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TS G5 TR AFE B, FAA Y W FAIA 2R A9A fafedo] et AT v
A Fdskdm=7), EFn=13) Y 354 &F A9 =3) H4E | 75454 (persistent toxic substances,
PTSs)9] #-3¥ 545 ylotstar, 712 9l ol eksl<=4-4=8-A| (aryl hydrocarbon receptor, AhR)2] 3-8 7} s}3ich
A PTSst 1552 92 thshaF5Eksl 4= 2 (polycyclic aromatic hydrocarbons, PAHs), 7% 2] &7 ¥ &
(alkylphenols, APs), 105-2] A~E]&ll-2-2] 179 (styrene oligomers, SOs) & 20%2] A5+ PAHsSIT. 7419 B4 & ]
PAHs+= 27-360 ng g' dry mass (dm) (B 120 ng g' dm), APsi= H=3HAI7]1E-730 ng g' dm (B3 120 ng g dm), SOs
= 36-270 ng g dm (37 110 ng g! dm), A7+ PAHst= 53-300 ng g! dm (B 140 ng g'! dm)2] HE= YERIT]
HANE-luc AXETE o]8-3to] 7% A4 AhR A5 30-230% BaP,,, (8 120% BaP,,, )% WERTH #4 )
2 AhR 4 313HE-2 5 U E s 17 A9 0.6-362% (Tt 40%)E Agslo], B4 E ) vx] AR B4 315t
EEo0] ZAES ARSI 71 PAHsS] 71015 0.1-47% (B3t 7.7%), SOs= 0.01-2.8% (F3F 0.5%), 123 A
TF PAHs= 0.7-315% (Bt 32%)E Kol Al9f PAHsS] 7|27} At o2 & Ao 7 gRIFQITt E4E U] PAHs
T A5 8, ARdA, T8 o] ggdellA TR 7deh 21 0% FEN, SOse APsi= sk A el 2 A
LAA o ZRE] 7|Qlek= A0 R Hlth 73w 24 A3 sk T EARAY EA| o] & IFelx Ao R =
& F5E9] PTSs7} e o] =0] 7 A9 Wl 2 2 994Y 7S Rl & A7 a3 d= 4R 74
FAEoA PTSs w228} 714, A4 543 =/3540] 7]o kel tigh 712101 RS Algsith= Aelx] 2Je)E 71t

Abstract — Geumho River is a major tributary of Nakdong River and is affected by the effluent of the wastewater
treatment plants and surrounding urban and industrial areas. In this study, we investigated distributions of per-
sistent toxic substances (PTSs) and evaluated potential aryl hydrocarbon receptor (AhR)-mediated activities in sed-
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iments from inland creeks (n = 7), Geumho River (n = 13), and Nakdong River (n = 3). Target PTSs included 15
traditional polycyclic aromatic hydrocarbons (t-PAHs), 7 alkylphenols (APs), 10 styrene oligomers (SOs), and 20
emerging PAHs (e-PAHs). Concentrations of sedimentary t-PAHs ranged from 27 to 360 ng g”' dry mass (dm)
(mean = 120 ng g' dm), APs ranged from below detection limit to 730 ng g dm (mean = 120 ng g dm), SOs
ranged from 36 to 270 ng g' dm (mean=110 ng g' dm), and e-PAHs ranged from 53 to 300 ng g' dm
(mean = 140 ng g"' dm). Significant AhR-mediated potencies were detected in organic extracts of sediments ranging
from 30 to 230% BaP,,,, (mean = 120% BaP,,,,) in the H4IIE-/uc bioassay. The targeted AhR-active chemicals par-
tially explained the total AhR-mediated potencies in sediments, ranging from 0.6 to 362% (mean = 40%), indicat-
ing that unknown AhR agonists widely distributed in sediments in the study area. Contributions of t-PAHs, SOs,
and e-PAHs to the total AhR-mediated potencies in sediments were 7.7%, 0.5%, and 32%, respectively (on aver-
age). Results for EPA PMF model indicated that PAHs in the sediments were mainly originated from coke oven,
coal combustion, and vehicles. In some sites, fresh APs and SOs seemed to be introduced from point sources such
as WWTP. Results for principal component analysis (PCA) revealed that the relatively great concentrations of
PTSs were found in WWTP area and urban area. Overall, the present study provides baseline information on distri-
butions and sources of PTSs and potential toxicity in river sediments of the urban areas in South Korea.

Keywords: PAHs(tF8H &< 835l 4), styrene oligomers(Z~E] @-&2] 129), alkylphenols(%Z 7| &), aryl
hydrocarbon receptor(¢FE B8}5A4=2-A)), sediment(¥E] 2}, bioassay("J=774)

LM B

ZH-4d 543 5 (persistent toxic substances, PTSs)< AF] Ak
Aolu H71E A7 22 oo 2 HE] WhAyska thek
25 238 s Uz 4 Hth(Hong et al.[2012]). SN
Ao F51E PTSse A & AX™ B4zl 5
A = glom = AEA U 7441 J3E F 5 UrKKim e
al.[2019]). T3 A 1 PTSsoll & T &8 8k 2~ (polycyclic
aromatic hydrocarbons, PAHs), &2#J= (alkylphenols, APs), 2~E]
&-8-2] 71 (styrene oligomers, SOs) 5°] SItt. PAHs= AJgke] &
HASE A, A, Asak wiETEs, 2El7] A7) A 29, 55
Al T2 3 vkt 71 o 27 E A EO] (Lin and Zhu[2004];
Moon et al.[2006]; Ghosh et al.[2015]), Th7] HA, sl 4
AR AFA B vlET 52 BARE FE 3 UlE S5
th = 3 UE 3-90¥ PAHsE st AP 0 E Qld] B4
AE 0, A e =EE A A e s
S FAAA JFS vA = A oZ 4R U ThNeff[1979],
[2002]). wetA], W= #7415 % (United States Environmental
Protection Agency, US EPA)°IXi= PAHsE -3 sletEd 2
A7 8} th(Kannan et al.[2005]; Gong et al.[2018]). APs:= 3]
dA 8} 78 XA R F2 0] §H Hlo]2A A 2434 714
EZ o] tH(White et al.[1994]). =€ = (nonylphenols, NPs)Z} <
73 (octylphenols, OPs)= XE33H= APsv= @A #x ol 54+
O]E(APEOs)?| Z3lliHEol™, dAERA S48 yehdle] A&
A WAl m3 s Hol= AR Ud#f A UTH(Giesy et
al.[2002]; Soares et al.[2008]; Lee et al.[2017]). SOs= ~E] &t}
o]H(styrene dimers, SDs)2} A~E]AEZ}O|H (styrene trimers, STs)E
32381, 240-300 °C2] 2ol EE| B SepAE o] dRs|
AADTHKwon et al.[2014]). SOs= F-AEA I} A=A &
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al.[2001]; Tatarazake et al.[2002]). 7]5& Aol A, SOs:= -2 e}
At B A E WA Fxdte A oE RE v QU tk(Hong et
al.[2016]; Yoon et al.[2017]; Cha ef al.[2019]; Kim et al.[2019]).
ol k3l A =8l (aryl hydrocarbon receptor, AhR)= 3
e AESA 9 ST JEs FNshs BlRtE &2 dAak
Q1AL th(Giesy et al.[2002]; Mitchell and Elferink[2009]). AhR-2
PAHs$} SOs 22 sI3tE< A3E 4= 9l 2 (Eichbaum ef al.
[2014]; Hong et al[2016]; Xiao et al.[2017]), AhR B4 E}gHES0]
T4 AE U2 5ol eW oM, S, BEsd 55 oo
71 4= 3 tH(Mimura and Fujii-Kariyama[2003]). HAHIE-luc MXETE
o] &3} in vitro AEA A PAHs, SOs&} &2 AFASAE2
o8 edH EHE U AR BYEE AN = UtK(Cha er al.
[2019]). 3HAIRE, 2234 Q) AhR B 3HE-S- 24 wdE AR
A T ks dyshs 202 Ry glor, o= g
7 A& U 1]X] AhR /JE2 2] EAIE AR Hong et al.[2016];
Lee et al.[2017]). o1& A5-ollA =957 H 7Heffect-directed
analysis, EDA) 7]'1& ©]-8-3}0] u|x]¢] AhR B ELS 13}
Row, 1 Ay 75 B ZA} o] FoXA] -2 PAHs
(emerging PAHs, e-PAHs) 3}gHE5°] =2 HE47 et v}
S1tH(Cha er al[2019]; Kim ef al.[2019]). 3F4] 3} e-PAHs2] B 4& )
39l AR AT s 7|50l thet At o7 ml&st Aot}
PTSs 2% EX|o]-&of we} A= T AHeks Kol TA|
9 FGA A, FQAS, sk wilETt ISR 93 o] TRk
3t 290 JFS W A9 - HRbel ¥k RS Helth
(Vaccaro et al.[2007]). AF, AR 2} =A|x o] B A
PTSs 249 &7} w9 =31 1 873 9 QAAEZHE 74
B vekel EAEE Qe sl g ivie s Wk 9w
2)7} AgFAo]tHOh and Chung[2000]). &Zoll= X&) BA|AE]
(geographic information system, GIS)= ©]-&-3to] EX] o] &%
e e AERe] B U AFTE s A7t s JE

S 2 |
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oJth(Yu et al[2015]; Huang et al[2017]). GIS mapping®l|X <17+

A& A oR AlEEsle] Z47e] EXo] & s i 5
on, o] AR} PTSs F1eF Hlwahd, easde] A4l 7
9 AES AR S QU o] A, 3 Bz
& & U PAHs 328 WEAol BX] o] g5rt 7 & 98k
w| X e”lolghs AS el vl QITh(Liu ef ol [2017]).
= —’F, FA 9} 22 veFst 7 miE Jl PAHs %}f Ql
UHE W EA) o] 859 WAshA dtEo] gtk 1
E]-(Huang et al.[2017]).

TS A S BEste] HE AR fidHe T8 AR
2 F2 94 118.4 kme} 92 2,053.3 km*S 7} tH(Bae
et al.[2001]). ThT= 1970ATHRE] AMd3t 2 =13} 3142 7%
A e AR gF AR o] /g el et -5k
F243] 57131 th(Park[2003]). 1991FF-E 2000 =7H4], &
71—3] /\XLO_ :Lj_ﬂ—g] ULEE Oi.x:l;{- Ag‘jsl—xi /\]-_/l\_ g_;ak

¥

P«z

_rsL‘
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(biological oxygen demand, BODYs =7} 45545 IETE 23

3l Th(Park[2003]). ool wel = FE 9] FAMNES
A&l skrEEAEAAL Bkt QAR 75 B3 AR
A3} %L =8S 7)1l Sltk(Bace ef al[ [2001]). FHt AR
TolNE 237 4 Ul BOD F5E A4S FAE Hele 5l0%
EJ-Q%!X]E’}, Ao Ao g e FYss tald 712 4

gro 2 3}shA Ak Qe (chemical oxygen demand, CODY 6.0 mg/L

olako 2 UEPITHJung ef al[2015]). A7 2570 4
TEH 29 A @8] A A T (Lee and Choi[1986];
Kwon[1994]; Bae et al.[2001]), E|&& ] PTSs] 32} 1%
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Aol digt A= 53] =8
B Aol 23 b, 8 8

£ Ul 1) PTSs] 2% ¥ 4S8 vlelshal, 2) 2414 AR 2H3&

37Y¥sk, 3) PTSs?] 7]9& F43taL, 4) GIS

alof wxol g sk falEd Bxe) WAS selelun sk,

2.1 AEXHF| ! X2
2018 62 w24 7 sk T AR, 57 25 137 B4,
G574 FFAS 370 oM BESEAES AFsIchFig. 1).
AL Ame eyl Yol ofolauiie] sl T, A
gz Ak 3 1A d7kx] 20 °Col WERY itk BEaEe
Az ﬂ@_ﬂ T 43} o F ARSI 40 g9
O%J%X]oﬂ %3] 350 mL t]E2E|

FESIc 1R 3

t

B39

2.2 PTSs &4
A A PTSs9] 4 B Table 10 ZA13] YeERAQIEE 7%
PAHs (t-PAHs) 158> ChemService (West Chester, PA)I|X], APs 7

A S \
Inland Creek (C1-C7) [ Forest [ Industrial

Nakdong River (N1-N3) 1l WWTP

[ Urban
Geumho River (G1-G13) [ Agriculture [l Watershed [l Landfill

Fig. 1. Map showing the sampling sites in this study.
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Table 1. Retention times, target ions, and confirmation ions of t-PAHs, APs, SOs, and e-PAHs in the GC/MSD analysis

Compounds Abb.* MW, RT.° (min.)  Target ion (m/z) Confirmation ion (m/z)
t-PAHs
Acenaphthylene Acl 152 17.36 152 151, 150
Acenaphthene Ace 154 18.06 153 154,152
Fluorene Flu 166 20.07 166 165, 167
Phenanthrene Phe 178 23.68 178 176,179
Anthracene Ant 178 23.85 178 176, 179
Fluoranthene Fl 202 28.33 202 200, 101
Pyrene Py 202 29.14 202 200, 101
Benz[a]anthracene BaA 228 33.87 228 226,229
Chrysene Chr 228 34.01 228 226, 229
Benzo[b]fluoranthene BbF 252 37.85 252 253,250
Benzo[k]fluoranthene BKF 252 37.94 252 253, 251
Benzo[a]pyrene BaP 252 38.90 252 253,126
Indeno[ 1,2, 3-cd]pyrene IcdP 276 42.33 276 138, 137
Benzo[ghi]perylene BghiP 276 42.46 276 138, 137
Dibenz[ah]anthracene DbahA 278 43.10 278 276,279
APs
4-tert-Octylphenol OP 206 14.82 207 221,193
Nonylphenols (isomer mix) NPs 220 15.35-15.72 207 221,193
4-tert-Octylphenol monoethoxylate OP1EO 250 16.60 251 265,207
Nonylphenol monoethoxylates (isomer mix) NP1EOs 264 17.04-17.34 251 265,207
Bisphenol A BPA 228 17.79 357 372
4-tert-Octylphenol diethoxylate OP2EO 294 17.93 295 309, 351
Nonylphenol diethoxylates (isomer mix) NP2EOs 308 18.24-18.58 295 309, 351
SOs
1,3-Diphenylpropane SD1 196 21.10 92 196, 105
cis-1,2-Diphenylcyclobutane SD2 208 21.92 104 208, 78
2,4-Diphenyl-1-butene SD3 208 22.35 91 208, 104
trans-1,2-Diphenylcyclobutane SD4 208 22.93 104 208, 78
2,4,6-Triphenyl-1-hexene ST1 312 33.52 91 117, 194
le-Phenyl-4e-(1-phenylethyl)-tetralin ST2 312 34.76 91 129, 207
la-Phenyl-4e-(1-phenylethyl)-tetralin ST3 312 34.93 91 129, 207
la-Phenyl-4a-(1-phenylethyl)-tetralin ST4 312 35.06 91 129, 207
le-Phenyl-4a-(1-phenylethyl)-tetralin STS 312 35.19 91 129, 207
1,3,5-Triphenycyclohexane (isomer mix) ST6 312 36.87 91 104, 130
37.33 91 117,104
e-PAHs
3-Methylphenanthrene 3MP 192 25.79 192 191, 89
2-Methylphenanthrene 2MP 192 25.89 192 191, 89
2-Methylanthracene 2MA 192 26.04 192 191, 189
9-Ethylphenanthrene 9EP 206 27.59 191 206, 189
1,6-Dimethylphenanthrene 16DMP 206 28.13 206 191, 189
1,2-Dimethylphenanthrene 12DMP 206 28.89 206 191, 189
Benzo[b]naphtho[ 2, 3-d]furan BBNF 218 29.88 218 189, 219
11H-Benzo[a]fluorene 11BaF 216 30.20 216 215,213
11H-Benzo[b]fluorene 11BbF 216 30.99 216 215,213
1-Methylpyrene IMP 216 31.12 216 215, 189
Benzo[b]naphtho[2, /-d]thiophene BBNT 234 33.09 234 235,232
Cyclopenta[cd]pyrene CcdP 226 33.53 226 259,260
Benz[b]anthracene BbA 228 34.56 228 226,229
3-Methylchrysene 3MC 242 35.71 242 241,293
4,5-Methanochrysene 4,5MC 234 35.76 240 239, 241
5-Methylbenz[a]anthracene SMBA 242 35.99 242 241,239
1,12-Dimethylbenzo[c]phenanthrene BCP 256 36.10 256 241, 239
1-Methylchrysene IMC 242 36.18 242 241,293
Benzo[;]fluoranthene BjF 252 38.03 252 253,250
Benzo[e]pyrene BeP 252 38.86 252 250,253
*Abbreviation.

®Molecular weight.
‘Retention time.
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2 Sigma-Aldrich (Saint Louis, MO Z¥2}F 1313t} SOs
10—?? Z}7} Wako Pure Chemical Ind. (Osaka, Japan)¥} Hayashi
Pure Chemical Ind. (Osaka, Japan)olA] -4SIIT) vix|Eto 2 20
9] e-PAHs2] 74-- 11BbF, BBNT, BBNF, BeP, BCP, 2MA, SMBA,
BjF, 9EP, IMC, 3MC, 3MP, BbA, IMP+= Sigma-Aldrich®l| 4], 2MP,
16DMP, 4,5MC+= Santa Cruz Biotechnology (Santa Cruz, CA)ellA],
12DMP+ AHH chemical Co., LTD (ChangZhou, China), CcdP+=
Accustandard (New Haven, CT)ellA 22}t +¢1slitt.

PTSs?] A2 o)A A9t FA3H 2831 th(Hong et
al.[2016]; Lee et al.[2017]; Cha et al.[2019]; Kim et al[2019]).
7t~AznlE T2y A3E2]71(7890B GC & 5977B MSD, Agilent
Technologies, Santa Clara, CA)E- ©]-2-5}0] =85}9] 91§ HP-5MS
(30 m x 0.25 mm x 0.25 pum film) A H S ©] &3} T} t-PAHs,
APs, SOs, e-PAHs= SIM (selected ion monitoring)7 == 0|85} 7
F 2kl ch W ESE PAHS, SOs, APsollA] 72} 0.03-
0.81 ng g, 0.11-0.89 ng g', Z1& I 0.08-3.7 ng g'9] W= K
Sick. 1 Q1TS) R PO £ 219 ol AATIN PAHS
4 S0s9] 3T 83-102%, APs?] 3582 77%% UEh} &
W 0 7 gkl 5270 lth(Lee e al.[2017]).

23 MEHY

E2= ] AhR A3e 32 A AIEFS] HAE-luce
o]-g3to] STt A H&F Edjo] Eolx] EFALE o] &35t
MEE B3 T 7.0 x 10* cells mL'Y] %= 96-well ZHO|E
o] 250 LA A|IEE EF319ich S0l E71 MEe vk
71014 37°CAlA 5%2] CO, EEZ 2447t Bt vllof & thz+t¢}
AFE wEsllt) T EE BaPE GAJUIET, 0.1% DMSOS
Sz, vt AU O R AASISIT). BaPe] 3 RA)
12 50 nM (=100% BaP, )= 44851 o] A< 3uj4 54
sto] F oA 9] FEE =E3AZITE FAIT oA S 4 AIRE

=% % Victor X3 'HE] 2P Zo]E 2|5)7](PerkinElmer, Waltham,
MAV o] gslo] FAsIint. =3 A= BaP Hofwkg-e] )

Agksle] JERNSLAL, AhR B2 BaP 57} 5 =(ng BaP-
EQ g dm)_Ea ARSI, |45 U AhR 279 813-E-2] BEQs(Ee
w41 7I4F BaP 57} s S49 S s} o) Al
A AR 718 A5 A (relative potency) Fhe 5t AATE
2ITHHong et al.[2016]; Cha et al.[2019]; Kim ef al.[2019]).

24 EX| 0|2k =0]

T 799 7} 2R AT Algshs & # Fn
A28l (http://water.nier.go.kr/)2] T 7|0 = Wro] SISl
7} 2 W EXO] &Y HlE SRS AlFe] w7k A
d (http://www.nsdi.go.kr/)2] GIS AFRE o]4-3lo] &It <
T A9 A7 4 EXo] & -2 ArcGIS 102 T2 73S
ol gsto] Falatola, 2ot Gl Exoleni I AR,

A, skrAel, 2] WA R G =)o

A, =AA, T

715151t Fig. 1).

2.5 PMF EI’JIEI

PMFE &2 TrEHE?J_ 9] 719 FH oA sl AREE L
J= QIAREA 9] 3t F-Fo|t(Paatero and Tapper[1993]). PMF &
A4 % ] Fel 29 ghE e daE|EE o] 88t
o] WSS ALtekar, ZF AbRe] HA Alsgte] HA vk
12~ (1)} ZTH(Moon et al.[2008]).
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4 581200 52 ovjgic. 98 X ARl Ulg e
o2 el 6ok 0919 BRES ovish FE e o
A g2 esie] Axee, A @9k e,

Etf/’ = XU _Z‘fz 1GikF jk 2)

AE X m x ng] A OZ AXEH o714 m AR F, n &
7]
]_

X;= AE ielA j PAH 33=2] 5%0]1l, p= factor?] 7iFolth

3). Gz AE iollA] factor k8] ZdThAIR1 710l E YEb 1L, F,
+ facto k°llA] j PAH 3159 50|t Eqx= A& iollA] j PAH
shekzol tigk PMF Ree] A2 vehdch. PMF 22 2 (3)

& olgslo] 7 SAARY S VRO R g Al AR

0E) = 3 ¥ (e/oy) 3

>

I\l

L
-

= AE ©IM j PAH 359 &

Il m PAH 3Fh=9] ot}

Eolal n &S &, 17

2.6 A &M

ATH 9] EA| o] 59 PTSsEE 92 oS gelahy]
218l SPSS24.0 (SPSS Inc., Chicago, IL)S ©]&-3}o] FAJEEA
(principle component analysis; PCA)y= <83} t}.

3. 21 g nEt

3.1 E|XE L} t-PAHs & APs 22X

B A7A Y HAE ) t-PAHs § Al s X199 (C2,
C6, G3, G8, G11)°1A4] 170-360 ng g' dm (%33 260 ng g' dm),
TARAY(C5, C7, G4, G5)ellA] 42280 ng g dm (140 ng g' dm), 71
9] A ellA 27-230 ng g' dm (71 ng g' dm)©.F LFEPHTHFig. 2a).
E]Z%‘:' LH t-PAHs lcr;__llz__t_ 5]._/’:ﬂg];<1— x]oﬂo] q& Zﬂ?ﬁoﬂ H]gﬂ Ak
yoz & T8 Bt HHA O F 15 PAHs 5 BbF7} 71
2 F5(53 ng g’ dm)E X131, BKF (23 ng g’ dm), BaP (7.4
ng g' dm), BghiP (5.9 ng g' dm) 2.2 HAEFSth Z& 44

oM 47 ool mElE ZH= 1A} PAHs (Fl, Py, BaA, Chr, BbF,
BKF, BaP, DbahA, IcdP, BghiP)7} X4 PAHs & 84.2%%5 %4310,
A 719] 11815 zH= A %2 PAHs (Ace, Flu, Phe, Ant)o]] B3] 5ul|
ol = EASHE Ao IRIEQILh &, ARG 7wz
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Fig. 2. Distributions of (a) traditional PAHs, (b) alkylphenols, (c) styrene oligomers, and (d) emerging PAHs in sediments of Geumho River.

Qo] dliag R A EE TEA} PAHs7) VRE, Alke) Ada® 7 242 170 ng g dm €} 125 ng g dm 2 AEYUT A
8 AAEE ARAF PAHsEY B 2 &S vX e Zo®E @ A uiEs olglel e 7ol Qe AoR FEE -l 4
T tH(Rogge et al.[1993]; Li and Duan[2015]). & Ul APs 55+ P4l 70-360 ng g' dm (B 170 ng g

U] 7 ElZEollA Bil¥E PAHs § 5 2.9-780 ng ¢! dm®]  dm) FEZ YERD B QIEH(Li ef al[2015]). ¥ ATAY BHAE
Hejoln, 3]sl Ul TAISE Aofela] Ao R & Ft R Ul APs T 3 EHERT U 58 Helal, CCME $4
I UTH(Lee er al[2018]; Kim[2019]). 5574 ¥ 4% W PAHs 71591 ISQG % PEL (CCME[2002])= iﬂro}ﬂ oo}, PAHs®}
FEE 02538 ng g dm, i 32 ng g dm)ETF =& ¢ vEIAE APsE Q13 AEYiAS ] & Ao g wukEn)
FolaL, FAAY, FUAY, FAAde] B HoldlE 797t AR ORI Aolx] ER1E PAHs9} APSJ W= SkAE
(18-780 ng g' dm, 87 310 ng g' dm)H = W $E2 #1E Ao JIS = Zlow B f=qlon 3o g {90% 3=
=] Ac & Al HEHE PAHs T AUttt 5] A3 52 FE ATAY HAE FHHE 2 0E Wl

2] $] ¥ 3] (Canadian Council Ministers of the Environment, CCME)®]|
A AAFE EZE 7]591 1SQG 9 PEL (CCME[2002])2 1]=52] =F
3l %] 7] = (National Oceanic and Atmospherlc Administration,
NOAA)®] % PAHs ¥|4% 7}o]=e}elel ERL @ ERM (Long et
al[1995])S Z9}514] 9k 7oz ol u}. ukahA,
92 PAHsTE QIsh AE| a3 A4 gk F1o R HRlrt.
E2E W APse] e sl el QI Aol 35-730 ng g
dry mass (dm) (360 ng g' dm), =A1A]<] 7oA 3.0-30 ng g’ dm
(18 ng g' dm), 1 ] | ¥oll4 N.D-320 ng g' dm (64 ng g' dm)=
SRl Aol A oR 52 s E HAITHFig. 2b). APs
o] Fu= 2 AA (730 ng g dm)ell 7P =9k C6 (640 ng g
dm), G3 (390 ng g dm) 4 O Z A2 2| A] A4
A0 7 A Uebth APsE & e sl f71EC] A4
A2 ST QI HA SN 32 s 7F BuE v} Qltk(Loos et
al.[2007]; Li et al[2015]). G10Z} G13 432 BPA 31822 &

_9_701— Z]

ME W] SOs & AT PAHs 23
oAl AZH ATHFig. 2¢).

3.2 N

SOS—‘: 3§7P E!l:_ 7@@4 QX%
37+ F485 Ul S0s] F5+ 36-270 ng g dm®] HSE AL,
I 110 ng g' dm F52 HEF3IT) SOs sk g A
ool 4] 91-250 ng g' dm (150 ng g' dm), =1 A} oA 55270 ng g
dm (130 ng g' dm), 72 £] #|}el|A] 36-200 ng g' dm (91 ng g' dm)
FEZ AT TAIANR] G4 B (270 ng ¢! dm)olA 7
2 w27 AEHA, AR A9 Gl (250 ng ¢!
dm), C2 47210 ng g' dm) =02 =it} 2 AFH S HAE
Yl SOst= kA 1 Ao} TAIK oA Akt s
o7 FRIFQ}. SOst= e AE]Rl Sk 9] el A==
Ao defA glom, 1719 P Slet o] S ulitel sk e,
AR e of gl AH] o] o BE el §iA Exshe A
©o2 wolr} A4 FHolM, & SOs 5 SD3 (38 ng g dm), STI,
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(28 ng g' dm), Z18]aL SD2 (15 ng g dm)7} 7P Bo] BE3I
th 237 B8 E Ul i SOs s+ ol JAF(4.4-6.9 ng g
dm, 5.7 ng g' dm)ellA HIuEPE FEe) v Ydo® 52
=12 1 THKim[2019]).

b AlES 3R] A EelA AEA ER1E e-PAHsE
T4 FAEANNE BE PHeM £ %El‘iioﬂ%(Cha et al.[2019];
Kim et al.[2019]), §%% 53-300 ng g’ dm (140 ng g dm)®] 8
9= B TH(Fig. 2d). e-PAHs Z=ol|4] BjF (20 ng g* dm)7} 7173
2 TEE YEREOH, FHolo] BeP (17 ng g' dm), 11 BbF (12
ng g' dm) =02 ERIE T} EXJo] g o) met sk A
Aol A Hat 220 ng g' dm, TAIA A 1t 140 ng g’ dm, 71 9]
A AoflA] Ht 110 ng ¢! dm =2 HEF ST} e-PAHs= 3+
A A7 EAR ol AT 0 & 52 FEE Hirk o= Al

A ER1¥ PAHs7} 5374 Ul sk, TAIX S 02 7E f
¢l= 4= 9l&S AJA}ETH BBNT, SMBA, 11BaF, 4,5MCE ©H)

A7|2HH fHsEE Ae® el A tH(Snook ef al[1978];
Karcher et al[1988]; Agarwal et al[1999]; Kumar and Kim[2000]).
11BbFS} BiF= 3] A& viE= Q13 AY/d = 1 (Koganti ef al[2000];
Wang et al.[2003]), BbA= S ¥kx]ollA4] OFETs$} OLEDsS] &
£ 0% AFR-E a1 Q) O 1 (Takahashi ef al.[2007]), IMCS} 3MCE=
A2 AAE QF YFHE AR B E T (Hedberg et
al.[2002]). A7F PAHsE 715 PAHs$} A sl=A]2] 4 %] <]
oA L 2 RQT}E ek, A9t PAHs?} 71 PAHsS}H
ARt 2939 9 3 ] 1ES Ho|= Zlog F==3 4= Qi)

3.3 E[XZ L AhR &Y HI}

A7 EJAE W AR 732 sk eld ekl 120-230%
BaP,,, (33 150% BaP,,,), =A1A 9 olA] 120-150% BaP,, (83 130%
BaP,,), 1 2ol Aol M= 30-220% BaP,,. (B 110% BaP,,)2]
7S ERNITHFig. 3a). B4 02, AhR B4J2 tiFEe

1*1 100% ©1’3¢] BaP,,, #k& 2o, & A7AY B 4= PAHsS}
< SRHEEE A e9Ee] Qe Alow dddn) & A
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TFrollA EA1¥ AR B4 3359 7|05 E ERIsH] 213l BaP
S} =59} BEQ %2 w3l tH(Cha ef al.[2019]; Kim ef al.
[2019]). El A& W] BaP 57} 5%+ a5 A e A HellA 760-
58,000 ng BaP-EQ g' dm (33 22,000 ng BaP-EQ g' dm), =A]
] &3 of| A 2,600-6,200 ng BaP-EQ g" dm (31 4,200 ng BaP-EQ g
dm), 71 2]l Al 27-36,000 ng BaP-EQ g' dm (H% 500 ng
BaP-EQ g' dm) F1=5 W3t BEQs Tt Al el Ao ellA]
260-410 ng BaP-EQ g' dm (¥ 3 330 ng BaP-EQ g' dm), A
2]l A 160-340 ng BaP-EQ g' dm (B 260 ng BaP-EQ g dm),
1 9)of] X130l 98-430 ng BaP-EQ g dm (B3t 170 ng BaP-EQ g
dm) s IRIESI 53], sl el A9ollx B 4= | BaP
s7F 558 BEQ 7t A o® o A o® Rl &
At AR Y =-E e AA 54 A s A
A4l 0.7-30% (I3t 10%), TAIX AN 4.8-12% (B3t 7.4%),
2 9ol A ellA 0.6-362% (B 61%)E E % TthFig. 3b). N2
(362%)2} N3 (121%)9705 Alelatar Adrg e -9 W}, x4
54 Ae 5 t-PAHsE 0.1-47% G 7.7%), SOs= 0.01-2.8%
(BT 0.5%), "FAIH S 2 e-PAHsE 0.7-315% (BT 32%)5 B3
1= ‘”F% 2= AhR 4 33HEES 5 Al9F PAHs?] 71957} 7}
AR Yol 100%E 2 sh= -9+ ST 7
Ao %t E3=A] o3 i og E?_hﬂr(Cha et al.
PAHs®] th#] 7]o{m7) Follie Eshal A4 SA4A
A o}, 237 HAE Yells AR 92> AR &4
RS CO] A Ak Ao® e ek FF, 55
HAE W vH] SEAE IRrIsp] Q13 3R A7) A esitt

3.4 Ol 71

PMF 29 A& 7@4 = Oﬂ?X] B4 E Y PAHsE 234~ 2
£, Mgkl o] 3t 7)o 2 28 4 QIth(Fig. 4a). Factor 1=
BbF (79%), Phe (75%), Flu (69%), Ace (67%), Py (46%)7} $-Al
sto] Q@ 7]go] A B o3t vjEd AFEo] e A
© 7 AT Yang et al.[2013]). Factor 1(F2 2E 719)9)
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Fig. 3. (a) Distributions of AhR-mediated potencies and (b) comparisons between instrument-derived BEQs and bioassay-derived BaP-EQs
(Mean values of contributions of known AhR agonists to total induced AhR-mediated potencies were shown) in sediments of Geumho River.
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Fig. 4. (a) Factor profiles and (b) relative contributions of factors resulting from the PMF model for predicting potential sources of PAHs
in sediments of Geumho River. Diagnostic ratios of (c) alkylphenols and (d) styrene oligomers for identifications of fresh sources inputs.

7% SrRlElg A QGolM 54-64% (B 60%), EAA oA
0-50% (B 19%), L 8] AGeNA 0-41% CH1 6%)= A=
T(Fig. 4b). Factor 2= BKF (80%)%} Py 47%)y} 3202 &
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