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3et BA& 7k 2§ AR ED L] S Bt AEsHA Bt el gl FHH o= o)
5= AHEEY 5 gelshs o] SR8t B AFdAs 1A £ 583 o 9] g AdAT S8 g
12:3)712) 58 227 (high-speed rotation-type passive sampling device, HSR-PSD)E =510 A4 57
7129849 A% RUHY 7Fs4& F718t. sl-5 HSR-PSDell A% 35814 600 rppm oA 248
2 3}, o3 S g8l A (polycyclic aromatic hydrocarbons, PAHs)$} Z 2] % 18] ) 'd (polychlorinated biphenyls,
PCBs)?] A4 7Fs A7k zkz} 393 1492 viebsth. 20219 7-8€ 9kl A4 E -84 PAHs U PCBs
B 5= 22} 3.640.90 ng/L, 107+61 pg/LYTE E3F 79 A7 o] AfF 02 2L FErt BEEQ o, oj=
HSR-PSD7} 2 HEA felol W 55 A5S W98 7 e 7Fe & ARt webA 71E sl 2583
HSR-PSDE 90519 7] 248 29, Lol A48 1712983 ARE A&SFH 22 gRsta
B} 224 e AslE Bkl 888 5 & 2 0= JigErh

Abstract — Accurate risk assessment of persistent organic pollutants (POPs) based on chemical analysis requires the
determination of their freely dissolved concentrations that are directly bioavailable to organisms. In this study, a
high-speed rotation-type passive sampling device (HSR-PSD) was introduced into the marine water quality aquatic
monitoring network in Suyeong Bay, Busan, a designated special management area to evaluate the feasibility of
continuous monitoring of freely dissolved POPs. Seawater passing through a sedimentation tank was continuously
supplied to the HSR-PSD operated at 600 rpm. The optimal operating times required to reliably obtain the fieely dissolved
concentrations of polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) were deter-
mined to be 3 and 14 days, respectively. During July to August 2021, the freely dissolved concentrations of PAHs and
PCBs in Suyeong Bay ranged from 2.6 to 4.4 (mean 3.6:0.90) ng/L and 45 to 162 (107+61) pg/L, respectively. Rela-
tively higher concentrations were observed during rainfall periods, suggesting that the HSR-PSD has the potential
to reflect concentration variability associated with the inflow of pollutants. These results suggest that the application
of HSR-PSD to a marine water quality automatic monitoring network is expected to enable the continuous accu-
mulation of freely dissolved data on POPs in highly contaminated areas and to support more reliable risk assessments.

Keywords: Polycyclic aromatic hydrocarbons(TH8H¥ 35 &3} 5=2v), Polychlorinated biphenyls(3E 2] & 3}1] 9]
), Passive sampler(=5 3 A3 71), Polyethylene(Z2] o & &l), Freely dissolved concentrations(AH-+-8F4¢
“5X), Special management area(5 8 #2] 3l %)
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LM B

ZH5740471 25324 (Persistent Organic Pollutants, POPs)> 313}
O T FXE 7Y &4 FollA Eal7l oleidl 2 7
T BEs54E 7H aEZ oI tHUNEP[2001]). ©52 7]
FoT T BSR4 1o, A5EF Hebl ulE) 30F o189
E40 di3l B4k D ARgo] FAH o2 FHAFH T THUNEP
[2026]). U= POPs®] L A4 B 7] Wiz} A1 detst
I 2 AYE s Y8le] 20013FE sFPeiA ) IR
712 EA ZARIRI0] A T 9o, sk YelA o} A E
3 SHelA A&5HQA #a] Yool A7|=a I THMOF
[2019]).

35 5 POPst 92H0.45 pm oVl F3% AV (particulated
phase), FE0|E E= §EF71840 AFE §E(dissolved
phase), 2231 oJuj 3t EAIE AFSHA] b2 AH-8E  (freely
dissolved phase) |2 T2} o] F AFEEY Hell= AE
0E A FHE F Qo] AYBEC dig HEFF o] f =
(bicavailability)5 A7 sh= 4 AA=E L&A ATHITRC[2011];
USEPA[2012]). WA sio8E2] AA| =3 ¢53) A S
Bk SEiE A-8E4 Pops AHE2] 17} £ Q35 tHDi
Toro et al[1991]; Perron et al.[2013]).

459 A77](passive samplery= 73 vl A2}l 247 7] 71 Hal
By galo) 7tsle] AR L9EANS AEFos &5
&4 3lom, AEEE A5 1 Sl Fokel xet 3gst &
8E AlIF-$H(You et al[2006]; Joyce et al[2015]; Ortega-Calvo
et al[2015]). 18 7]1E 538 A7 Bl E2517HA
ZAARIe] 2059, @3 F 4 A| AEFICE AT T £ A
ste} AR F4 5o FAIZ 8] A&5A AR FHof o) go]
A THComelissen et al.[2008]; Apell et al[2016]). ©] 2 & TAZ
FE5P] 93, B A7HE 553 A7) a4 ORE B4t
o £3 A2 £58 I 353132 753 A37] (high-speed
rotation-type passive sampling device, HSR-PSD)E 7} &5} o}
(Jang et al[2021b]). B3 o}F Suff AL 2 Jsljol] Z-§-3lo] T
3 R7129EAS AEEN FE ARE 753 vl 3tk (Jang et
al[2022]; Kim et al.[2020]; Oh et al.[2024]; Park et al.[2025]).

Y, YA T 7L 579 9 SEdSsGe 2270
HFTAATFILE S951 71, it 2 9 2 FAAFel
gt A5E AARICE RUEPSkaL QIThESFA- 12A] A
2022-20%). 2} FPA o= §37 AAFFA, ASAIEANR],
AEAFZ 2 FRAAEFA7717T 2R1=e] ATHME, 2023). ¥
TF9 A53Q] Sl 4= HSR-PSDS) -8 A3 24
At =3 F7] +80] 7t A9, 2E- A sGeNA A
£F% POPs A5E A& 0 E FH513 o5 7NleE Bt 3
&3t Qe B7t ks 2o Zldgc

wehA] B AT e HSR-PSDE 7|E U5 2RSS Sl
2 g5t A8 POPsS] 94 FUE 7S kst

St o] & $l8 FAF Qg =gute]] A% YA FZHLE
A8 oz AAsIGtt 9 973 sAE A RS
SO FEE W= el Yo s, TSRSl (polycyclic
aromatic hydrocarbons, PAHs)$} & 2] % 3}4] = d (polychlorinated
biphenyls, PCBs)¥} 22 7|2 @E30] A& o E AEH gk
THChoi e al[2011]; Han e al[2016]; Lee et al[2018]; Ok et al[2011]).
E Aol A= 28R A 52 (performance reference compounds,
PRCs)& ©]-8-3}°] HSR-PSD?] #HF &4 & =233, olF
ke = FgutelAe] AM-8E4 PAHs 9 PCBs 555 FYH
Fait. v et 2 S YrAAE ST Al4Elelx] HSR-PSD
9 A7) &% 7Vs/3E Hkeke, B A5HQ 23S S A8
ke AAEIAC

2.7z R YUY

2.1 BMUMEE W BEEEE

£ A7olM= sdelA FE ¥E7} 2 PAHsY) PCBsE
HEAE A5 ol82 =& AFY, AESHAY 9
2& 7K UEAR] 71298304, 53] PCBsE &%
Holol oJal Aak 2l ARgo] A|gkE T2 POPsol| sigE ).

PAHst= W58+ 373 (USEPAPIA A8 165 SAT= e
5 Z(naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene,
anthracene, fluoranthene, pyrene, benz[a]anthracene, chrysene, benzo
[b]fluoranthene, benzo[k]fluoranthene, benzo[alpyrene, indeno[1,2,3-
cd]pyrene, dibenz{ah]anthracene, benzo[g h,i]perylene)S- th}O 2
35t} PCBstE 994 A& 4= 2~7712] 22% congeners(PCB 8, 18,
28, 29, 52, 44, 87, 101, 105, 110, 118, 128, 138, 153, 170, 180, 187,
194, 195, 200, 205, 206)5 F4I51%ct.

BEAE2e] 398 52 IS ASsla vEY 244049
AEEL FEE BASY) $8 PRCsE AHE-3190t). PRCsE &
7 Foll A gowx EN Ve fARE B8] 38tE 5
3£ 71 of gitt. o]of] PAHs®] 7-%- 4% (fluorene-d,,, fluoranthene-
dyp, benz[a]anthracene-d,,, benzo[e]pyrene-d;;)& A}8-38+51 0 1,
PCBs# PRCsZ+ 105 congeners(PCB 10, 14, 21, 30, 50, 55,
78, 104, 155, 204)2 285151t}

A 3&8& Frkel) S8 ARS8 W EFE 2 (surrogate
standards)> PAHs 2 PCBs 212} 58 (naphthalene-d;, acenaphthene-d,,
phenanthrene-d,, chrysene-d,,, perylene-d,))¥} 238(PCB103, PCB198)2
A3t}

£ AT AMgE B8R, PRCs, WREEEA, 7|A3 2
VHE 7 # -8 ) F-3EF5 7 (gas chromatograph internal standards)
2 B5 AccuStandard(New Haven, CT, USAyIA Tist$ict.

Jt A

o

2.2 SHULE XIS=XTI0|| AJ2| HSR-PSD HE
HSR-PSD(#A110-2439213%)= AH| 2z~ A2 453 vjg
(60 L), 34 2¥, T29 AojF U AEY 53 A7) 74
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(b)

Fig. 1. (a) Sheet-type LDPE used in the HSR-PSD and (b) instal-
lation of the HSR-PSD at the marine water quality automatic mon-
itoring network in Suyeong Bay.

Tegez TerhFig 1). s WiE SHEE fYEe] AR =
HEEH, A EY 58 AR71= AR Zelldel g e )
 ypioll AAE: 3% RE9L 28 T2 9] 23] ofs)

Wi Ui sl aklEas 5 5‘“7&]7 | S BT A€ot
ANEZ $£53 ANF7Z2 = SEE-E 4l A 5 (octanol-water

partition coefficient, logKow)”} 3~7 ‘@-.M 7152 A A
9% Zz)of| g d(low-density polyethylene, LDPEyS AH8-31Th
(Fig. 1a). 7 254 ym®] LDPE A]E(Covalence, Minneapolis,
MN, USA)E 45x30 cm(®} 3.5 g) 712 A F, t]E= 2k, v
B 9l 2555 olgdlo] 4z} 1587 289 Al Al EES
AABISATHLao et al[2019]). ©]F W E-EE(80220, viv) E3+--ulje]]
Z} PRCE #F 5571 1 pg/Ut HEF 3718 ¥, 4139 LDPE
AEE 797 AAE] PRCsE F5A1ATHBooij ef al[2002]).

20213 7EFE 8874 AT A TH35°09'54.0'N, 129°0748 4"Ep]l
$R3 S AAE S A0l HSR-PSDE AA] W 7Fs-33ch
(Fig. 1b). A 5AFZE AR 5= 20 L/min®] #3# S 2 HSR-
PSD M2 f3l=]e] 22 aiEE =5 SI3ich HSR-PSDe]| PRCsE
AFd F57A170 LDPE AIES Z338H T 600 rpm 271904 3, 7, 14,
199 B¢ 43819l e, B #5815 HA)817] Y3l 2413wk
2577 AeeS AgsIit). 2 eF 7RE 55 ¥ LDPEAEE 3]
Tl dFulE TYE U539 F APAE LISt F5E
LDPE:= A3 4 oo 2 T o]BAE AAT F £4 A7kA
20T A W% Zas19c)

2.3 ®xE| ¥ 7(7] 24

LDPE ¥4l PAHs ¥ PCBs UF-EEE2S J/RE 3, 022
2 e 100 mLE ©]838t9) 1587 38 289 FEa%0h
(Ferandez et al[2012]; Lao et al[2019]). F2 4L LFuLH(1%
FTEAZAIAGSY% TEEF) AHoE AT F, 3H F
HEE7)|E FHdla ItoE g @l 717184 st Al

& 717184 A7) 20Tl B#@si0H, £4 FAe 714
IErlE T EE YREFEAS FVEI5H

PAHs % PCBst= 7| AlIF 2 FE 1|51 2533229 (gas chromatography-
mass spectrometry) (7890GC/5975MS, Agilent Technologies, USA)S: ©|
£33 3% 9 B4 #4824 #2lE $13l DB-SMS BAl#
A#(30 m x 0.25 mm id., 0.25 pm thickness, J&W Scientific)y2
AREEI o1, PAHs 9 PCBs®] 7)71%4] 712 227} Table S1 %
Table S2¢1 A|AJ8I%AT}

2.4 K& X2
HSR-PSD 7F& A% LDPE?] PRCs 552 o]83le] A At
B9 B3 = % (fractional equilibrium, £ )5 A5 + %
ThH(Fernandez et al [2012]; Sacks and Lohmann[2012])(2] (1)).
f o= CgRC_C;’RC )
“ CIO’RC
4714 f,, = FHY =25 (fractional equilibrium)
Chre =559 A-7] Ul 7] PRC FE(ng/kg)
Chre = X3AIRF €M) 538 a37] Ul PRC 55 (ngkg)

FEAVIEA0] sl 453 A7) 7 B 229 3,
A Ul ALY T 759 AR 359 =9 55y
A7) -5 BulAlrERE ARSIt (2). ¥bE 36l =25t
2] & 79, PRCSE ©]831] A{-8EY 58 Y W A2
BRATHA B)~(5)). olml ZF FAEAY] 58 A7) 2l
A= Lohmann[2012]¢] AEE ©|83131.07], Le Bas & 3] 3k
£ Mackay et al.[2006]°14] AIAE 2H& ARSI

.= If—i @
_ G
= Koy X [1 —exp( o :;P)] ¥
Ry = Rypmox(“322)" @
R prc = —In(1 ~fog) X Koy x 2 ®)
oI Cy = RUUWIRAS) 42T SE(gl)

p = B¥el E2331E W 753 A7) W EAHAEER
&= (ng/kg)
Kpy =753 712 EoiAT (Lke)
=ZARE 9] 53 A7) W EHWIEZS
&= (ng/kg)
m,= 5% A37])2] AZke)
R,= AW IEZS] FF S5 (L/day)
Rgpre=PRCE] 8F £5(L/day)
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Table 1. Operating period of HSR-PSD and mean temperature and salinity in Suyeong Bay for each survey (MEIS[2021])

Survey Sampling period Duration [day] Temperature [°C] Salinity [psu]
Tst Jul 8~11, 2021 3 21513 81551
2nd Jul 11~18, 2021 7 22+1.3 23+5.5
3rd Jul 18~Aug 1, 2021 14 26+1.1 27435
4th Aug 1~20, 2021 19 2740.84 28+1.7

V,=E4dP3E2 ] Le Bas & -3 (cm’/mol)
Vorre=PRCS] Le Bas & -] (cm*/mol)

58 AF7)-E BoASTE 2 9 8 9% vt
(Lohmann[2012]). m2bH 2] (6)~(7)& ©183lo] R w23 A&
F70% RAY BNAIEZAS] LDPE-B HHlAlE A&
(Table S3). T2 Y 9G¥ 3k HSR-PSD 7z 717 B4t sjokr4
AEESA Yo SAE FAgHE ARSI THTable 1).

1 1
Ko, = Kpw 200 X ex0] (AHpw/R) x (392 -1 | ©

Kgx[salt]

)

Kpw, satt = Kpw x 10

AN Kpyr = T2 TKPIAS 753 AZ7]-E AT
Kpwae = T 298 KoM 9] 58 278 BulAS
AHpy = LDPES} & Alo] dlgs] WM3H(-25 ki/mol)

R =7]301"347(8.3143 J/mol/K)

Koweae = 54 @A 758 A8 BolAlsr
K= 94 45035 M)

[salf] = €2 & FEM)

2.5 H=aa|

LDPE ¥4 ], PAHsS] YWHR-EFEZ 3|58 59~102%3 21,
PCBE 88~92% HW91E Uelsitt. ¥4l dE22] 5 5= LDPE
Ae] A% FEold durA R gk BAsle] AFgslsi)

WA EIHE A B HEE 0 EFEAN] 3

mid m7d m14d = 194

Fate] ARSIt 2 A3}, PAHsS] HHHAZ A= B2 Z(not
detected, ND)~4.3 ng/g(acenaphthene)3 2 ™, PCBs= ND~4.1 ng/g
(PCB101)°131t}. AETHA =|5ke] zkg el disiAl= NDE A2jst
Rt
3.43 3 n&

3.1 HSR-PSDQ| 2| 7|5 =A

HSR-PSD 7Fs- ARlell k& PAHs ¥ PCBs®] B3 52 A=+
A2 IRMES] 274 (logKow )] 275 A4t A¥E X
Rem, Y 24 7 ARe] #ETE 2 YElthFig 2).
PAHs®] 739, 3Y 7F5 A fluorene-d;y(logKow=4.2)<} fluoranthene-
d,logKow=52)2] HH E2 A 12 FY =23 2& &l
31 tHFig. 2a). ¥bE, At)H 02 454J0] 2 benz[aJanthracene-
d;y(logKow=5.9) & benzo[e]pyrene-d ,(logKow=6.4)= <F 0.4~0.6
FF& BHtH(Fig. 2a). PRCs= 7] 559 17% o1 24EH
2 AE 20178 A5 A4 e BAo] 7w Ao E 49
#] 9lthApell and Gschwend[2014]; Booij and Smedes[2010]). ©]
£ 13¥ v, PAHs:= 3YU7H2) HSR-PSD 7H5THO 2 & PRCsS
o] 83t AHEEY BE AHEo] 7% 20 E wdEnt

PCBs® 7%, logKow=4.8~5.6 ¥ $]12] PCB congers(10, 14, 21,
30, 505= 32 71502 HH ol =L5ITFig. 2b). logKoy=5.8~6.4
91¢] PCB congers(55, 78, 104, 155)= 7Fs Alzl0] Z713te] ot
2t 33 =2 A5t 718k o, 4 7Fs Alddlok 02 L=
QA 02 ZAEF Sk W, 71 257490 2 PCB204(log=7.3)=

mid m7d mij4d =19d

(a) (b)
5 1.0 o § 1.0
3 £
y X £ 08
= =
E 06 g 06
3 Y
"g‘ 0.4 g
- =
- rd -~
g 02 > E 0.2
y 0.0 0.0
) >
¥ @ & &
& g QB e
S &S S $
Aol o

Fig. 2. Fractional equilibrium of PRCs for (a) PAHs and (b) PCBs as a function of HSR-PSD operating time (3, 7, 14, and 19 days). Values
in parentheses on the x-axis indicate the logKow values corresponding to each PRC. Flu-d10=fluorene-d,y; Flt-d10=fluoranthene-d,;; BaA-
d12=Benz[a]anthracene-d,,; BeP-d12=benzo[e]pyrene-d,,.
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2193 7He ol 0.1 o] 3F=2 WAl A= ATHFig. 2b). whebA] 2}
F-8E7) PCBs A2 9181 H = logKoy 6.4 ©13} 318HEo] ths
14971e] 7Hg0) Bagt oz wagct FUF logKyy 2200
A PCBs9) BY =2 X7} PAHsK T} W2 o]+ PCBsS] &
F17} PAHsRETH A 58 AF7IE F5EE d o 20 AR
49%)7] wFo]chApell and Gschwend[2014]; Joyce et al.[2015];
Jang et al[2021a]).

o]2/30F LDPEE 3ol 9 =58 29, PAHsS B3 =
2 AIZEE 018904 17447 £ Q95E 2102 B = itk Apell
et al [2016]). =7t WY F7o|4 PRCSE o] 83810 BAT 7|1&E
BTFINE 553 AF7IE sl oF 12183 25 555
A1=319tHMceDonough er al.[2018]; Comelissen et al.[2008] and
[2009]; Monteyne et al.[2013]). Wb £ 7 A3}, HSR-PSDE
71E 758 A7) o] AdiFeE 3 71E Ao E AREE
4 719 EA ARE §uE 5 0SS Il

3.2 XIREZ=A PAHs ¥ PCBs 2% 5S4

HSR-PSDE F3ll 95X S53€ A8 PAHs 555
2.6~4.4 ng/L 1500, By 3.6:0.90 ng/LE JEPITH(Fig. 3a).
HSR-PSDS] 7Fg A|7le] 5713k wie} E¥ PAHsE 854 1252
2 Z71e15kc. 72 HE SRIE-S logKw<55%] acenaphthene(ACY),
phenanthrene(PHE), anthracene(ANT), fluoranthene(FLT), pyrene(PYR)
o2, 0olE 3RIEL ¥ PAHs 559 95%% A8t

i IR o B O K

A-8EA) PCBs 55 45~162 pg/L SR, B 107461 pe/LSd
Th(Fig. 3b). PCBs GA] 715 AlRle] S713kel wie} A& 3jke &
7t 586l 13522 F718I8I0. 72 AE AEL 1ogKow<6.5
(H& A@r<srhH e, A HE PCBs 95% o3& AFA|8t
Rt

12H3d) 2 4%xK(19d) FAF A7) olli= PAHsS} PCBsS] 557} 4
Aoz #A vebged, s Al71eE 242} 300 mm 3 100 mm
opde] 7971 ¥El T MEIS2021]. 71& Q7 PAHsE £2
DT Y A8 94 FFoT B4 Y AIAHN 2L FEE FE
o], 3¢ A] AEH] 2P PAHTL 7259 ] FAE 7
== 722 B35 cH(Burant ef al[2018]; Grynkiewicz ef al.
[2002]; Nguyen ef al.[2021]). PCBs 5-3F =A] 9] 4 AldA] el
719810 3% A B Sl Ak g fls= diEAS 8719
298242 A YrHDavis et al[2007]; Gilbreath and McKee
[2015]; Guan ef al[2009]). WA S4] R 3F9] F&FE we F
gutol A #5% PAHs ¥ PCBs 5% $7H= A 9-72E 5%
714 29849 7Y TS L NGT Ao ot
o]2j3t A7= HSR-PSD7H &2 715 AlREOE 73491 22 )
87 Azl e F5 A3E AT F A5 AR, Al
RNEHE F7he b a2 Zlos dddr

9%t d5= A2 PAHs 09 2 U SEE Y
Z shiRl viaket, Be) 2 Jel A8, 28la A F2 Aol
Ha1gl Hele} fASH Jang ef al[2021b; 2022]; Kim et al[2026]; Oh

E (a) mid m7d mi4d 19d

E

£ 4 -

5

- 3

o ~

%g, 2

s:\.i

s -m_bl.wi ﬂﬂﬂﬂﬂ

N -

:‘__’ T T T e pe— T T T

< RARFTHLAAXFTres - >

i FELCTFTITIFS F&d N Q’&«@

m3d m7d m14d w19d

z (b)

2

g 200

=

< 150

g _ B

Ea 100

< & L

s- g *1l‘ ST

% O T L] T LB S— T T T T T T

= FEHFP LIS LIPS AL @

rv] (P A gL AR, . ol ST . L LR L Y
FFP T DD DA

= TSP FTLIILETELELTILELE

Fig. 3. Freely dissolved concentrations of (a) PAHs (ng/L) and (b) PCBs (pg/L) in Suyeong Bay from July to August 2021. NAP=naph-
thalene; ACY=acenaphthylene; ACP=acenaphthene; FLR=fluorene; PHE=phenanthrene; ANT=anthracene; FLT=fluoranthene; PYR=pyrene;
BaA=benz[a]anthracene; CHR=chrysene; BbF=benzo[b]fluoranthene; BkF=benzo[k]fluoranthene; BaP=benzo[a]pyrene; IcP=indeno[1,2,3-

cd]pyrene; DhA=dibenz[a,h]anthracene; BgP=benzo[g,h,i]perylene.
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et al[2024])(Table 2). =2] 9} Bl v, A7}3E= mangrove 2|93
E]7] Izmit BaySl= A5 (Bayen et al[2019]; Ciftbudak et
al[2024)]), E)7] 244 9 AFF QT A9} 1= Deepwater
Horizon f7 F&°l 98-S ¥ dA| 38t SRk FulfollA
4] ) w2 F=Folth(Allan ef al.[2012]; Yilmaz ef al[2014]). ¥F
A, BB -5, i FT= AR WS o] K (Sobotka et
al[2021]; Zheng et al.[2021]), Bt thA ¥ L Hrijx Lol B
B FERTRE 74 vl %2 7701tH(Sun er al[2016]). 3 2
A1} B W 739, vI= Narragansett Bay % 7S Al2lshd F
=t Songhua River, Liaohe River Basin & Yangtze River¥} ©] =t
Ohio River %! Mississippi River8} -f-AFst %] thKim ef al.
[2023]; Yao et al.[2017]; Zhao et al[2018]).

9%t 34 A2 PCBs F5 20119 97l 5%
B e} oF 258 QO n|(Kim et al[2014]), A3THl= FASE
T8 B tHLee et al[2020]). 3] Fet v|wE o, A7pE=E
Mangrove A, E]7] 244227 Q1 919k W izmit Bay, 2~ 4]
¢l Bothnian Bay, 7H1}t} Cambridge Bay, Resolute Bay X Baffin

173

Bay 2t 8l Bl & 5|7 (Bayen et al.[2019]; Ciftbudak
et al[2024]; Lohmann ef al[2023]; Yiimaz et al[2014]), ]+ Palos
Verdes Shelf, Los Angeles Harbor, Santa Monica Bay, Namangansett
Bay®l= +AF8E ¥ $) o] th(Fernandez et al.[2012]; Joyce et al.[2015];
Zhao et al.[2022])(Table 3). ¥FA, Hipxek, el cirk, FoliAlek
g Z3el] ®3E FEHCRE 4~ ) & 0]t (Sobotka
et al[2021]; Sun et al[2016]). 3} ¥IWE -7, 17| A€ Indus
River?}:= A 9oL}, u]= Passaic River @ Anacostia River
Roh= oA 4] 8l Y th(Khairy et al.[2020]; Lombard et
al[2023]; Sohail et al.[2022])).

3.3 HYEXISSHYY L HSR-PSD MES 9I5H 2 1ot
99 S TS5 gel 282 HSR-PDS= 71€ 7538
A7) oy ¥ FL 7)) A AR 8R0) 7t
itk =3 A-RESs 22 S7IR10) 29 EA fYS
T AE 7F S EIETE 3F SRS 53] HSR-
PSDE =85ty QA 02 8517 3 thaa 22 AR 1

Table 2. Comparison of freely dissolved PAH concentrations (ng/L) with those reported in coastal waters, open seas, and rivers/watersheds

since 2010
. Concentration [ng/L] eof .

Site Range  MeantSD pas:izg sampler Sampling year Reference
Suyeong Bay, Korea 2.6~4.4 3.6+0.9 LDPE (HSR-PSD) 2021 This study
Masan Bay, Korea 2.1~4.6 ’ LDPE, LLDPE 2023 Kim et al.[2026]
Yellow Sea and South Sea, Korea 0.32~1.2 0.64 LDPE (HSR-PSD) 2019 Jang et al [2021b]
Yellow Sea and South Sea, Korea 0.67~1.9 1.3 LDPE (HSR-PSD) 2020 Jang et al .[2022]
Eastem coast, Korea 2.8~6.6 46+1.5 LLDPE (HSR-PSD) 2024 Oh et al.[2024]
Southem coast, Korea 32~7.0 52+1.6 LLDPE (HSR-PSD) 2024 Oh et al.[2024]
Western coast, Korea 5494  76+1.7 LLDPE(HSR-PSD) 2024 Oh et al.[2024]

ng:rm Mangrove sites, Singapore 03946 1816 SR 2013 Bayen eral[2019]
[zmit Bay, Turkey 2.0~10 - SPMD 2020 Ciftbudak er al.[2024]
{zmit Bay, Turkey 13~6.4 = SPMD 2021 Ciftbudak er al.[2024]
Major shipyards and marinas, Turkey 7.3~184 - SPMD 2012 Yilmaz et al.[2014]
Grand Isle, USA 3.8~170 - LDPE 2010~2011  Allan et al[2012]
Gulfport, USA 7.3-21 . LDPE 2010~2011  Allan et al[2012]
Gulf Shores, USA 9.1~26 - LDPE 2010~2011  Allan et al[2012]
Gulf Breeze, USA 3.9~16 - LDPE 2010~2011  Allan et al[2012]
North Pacific to Arctic 1.8~16 7.7+4.6 LDPE 2014 Zheng et al.[2021]

Ot South Atlantic 2.6~4.5 - SR 2016 Sobotka et al.[2021]
Tropical Atlantic - 0.083 PE 2012~2013  Sun et al.[2016]
North Atlantic - 0.15 PE 2012~2013  Sun et al.[2016]
Songhua Rivers, China 1.0~10 3.5+2.3 LDPE 2013 Yao et al.[2017]
Liaohe River Basin, China 1.7~7.9 44+1.8 LDPE 2013 Yao et al.[2017]
Upper Yangtze River, China 0.67~4.2 1.7£0.9 LDPE 2013 Yao et al[2017]

River/ Middle Yangtze River, China 1.3~8.5 43+2.1 LDPE 2013 Yao et al [2017]

Watershed Lower Yangtze River, China 0.2~33 11497 LDPE 2013 Yao eral [2017]
Watershed around Narragansett Bay, USA  3.6~340 44 LDPE 2014 Zhao et al .[2018]
Ohio River, USA 5.1~9.6 8.1 LLDPE 2022 Kim et al [2023]
Mississippi River, USA 3.5~7.6 5.2 LLDPE 2022 Kim et al [2023]

LLDPE=linear low-density polyethylene; SR=silicone rubber; SPMD=semi-permeable membrane device
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Table 3. Comparison of freely dissolved PCB concentrations (pg/L) with those reported in coastal waters, open seas, and rivers/watersheds

since 2010
; Concentration [pg/L .

Site Range Me[zi:t S]D pas;zgesaﬁpler Sampling year Reference
Suyeong Bay, Korea 45~162 107+61  LDPE (HSR-PSD) 2021 This study
Jinhae Bay, Korea 152~506 296+131 SPMD 2012 Lee et al.[2020]
Mangrove sites, Singapore 3.3~70 2021 SR 2013 Bayen et al.[2019]
Major shipyards and marinas, Turkey 2~186 - SPMD 2012 Yilmaz et al.[2014]
izmit Bay, Turkey 18~62 2 SPMD 2020  Ciftbudak et al[2024]
[zmit Bay, Turkey 8.4~78 - SPMD 2021 Ciftbudak et al.[2024]

Coastal Bothnian Bay, Sweden - 24 SR 2018 Lohmann et al.[2023]

water Cambridge Bay, Canada - 13 SR 2018 Lohmann et al.[2023]
Resolute Bay, Canada - I:5 SR 2018 Lohmann er al.[2023]
Baffin Bay, Canada 2.1-~3.0 - SR 2018 Lohmann et al.[2023]
Palos Verdes Shelf, USA 50~316 164+73 LDPE 2010 Fernandez et al.[2012]
Los Angeles Harbor, USA 5~50 - LDPE 2011 Joyce et al.[2015]
Santa Monica Bay, USA 2~250 - LDPE 2011 Joyce et al.[2015]
Narragansett Bay, USA 10~1370 200 LDPE 2014 Zhao et al.[2022]
North Atlantic - 0.8 PE 2012~2013  Sunet al.[2016]
Tropical Atlantic - 8.5 PE 2012~2013 Sunet al.[2016]

o - nd~3.4 . SR 2016  Sobotka eral.[2021]
Black Sea 10~63 - SR 2016 Sobotka et al.[2021]
Suyeong River, Korea - 2500+£2700 SPMD 2010~2011 Kim et al.[2014]

River/ Indus River, Pakistan 3.0~226 84+77 LDPE 2014 Sohail et al.[2022]

Watershed  Passaic River, USA 1300~1800 - LDPE 2015~2016 Khairy er al.[2020]
Anacostia River. USA - 910+290 LDPE 2017 Lombard et al [2023]

SPMD=semi-permeable membrane device; SR=silicone rubber

& Fev} k. 27t At

A, HSR-PSD EAle]l Y= s Ao 8irE 24 A
S3He AT A ZAHEE T SR AR Zo] Hlg .4 E

At AlEAFHZANE 35 7] 100 pm ©1Fe] HpA o] F
f=lo] F-{EHe] AAE sigE g 3t o= BAZ &
A== FREAS a9F o Z Asl] FH2 eHEFQ] -8
714 &= Qlct. b 71E sl AT FA L] ARAFRE
ggslo] FHANE A5 BRlold E7)(bypass)yE S £
A= FYshs TS AR

EA, & A7l A A3 HSR-PSDY] 715 =1L PAHsS}
PCBe A2 E, T f710984S thio= RUE™ & 3
S AH AR|ZALE B3 AR 71s AR A2 gslof st ANy
©F HSR-PSDS] 7F5 A7k BAUIER Y] 29790] FET5,
F53 AR719) FA7) k2SS, == HSR-PSDY) 34 £571
Z7RE d3E o= 5o, LDPEZ} A HSR-PSDE 1000
pmO E A ¢, logKow<6 W12l PAHs 313HEe] ois 3%
7V5 A7k oF 1241710)tHJang ef al [2021b]). BB} FAI7} gk
A8 A= Z2]of| 2 Fll(linear low-density polyethylene, LLDPE)
AEZ A48 490 3500 pm ZAA 1287 7FE A 168
PAHs 27 274 7F5313THOh ef al[2024]). whehA] BAoylEs}
+8 21& 7881 PRCsE o83 A 715 Alke ARAE

£ Aolxe A AFellA 7 HSR-PSDE FAF 9%t
LA S5 Dol A48t R854 PAHs E PCBs 5%
9] AE 7Fe9E H715I5it). AT A3 HSR-PSDS] 3% 7F5 Al
7+ PAHs ¥ PCBs 7|50 % 217} 3 9 144 %, 7|&E 53 A
7] din] 2 AR U S§30] 7Fs3iqlt). B3 ¢ 2Age] e
21 A3lE ZAXFe =A A)1 AFAAE I 5 A= TS
BTt o] F B3l 71 s AATFE RS S35l A
£F% POPsS] 4% BUEE A8 773 g]lselth

HSR-PSD t229] £2]-31817 54 At 753 AH
71 NEE Fggo 2N BUEY 58 §38 4 Q. e}
AL AR FFE A3 715 710 B3] 58 A7) Al
EE A5o2 AFEE ALY 752 A9, 9% 399 &
0] O g Ao W) 3§ -84 POPs AEE
A&H o2 A5 o8 7NkeE AETE S HIEP)
#3l, HSR-PSDS) AFs-3} A|AH] 758 93 5 A7 Yo g
ZAo= Alm¥rt
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Table S2. GC-MS conditions for PCB analysis

GC condition (Agilent GC 7890A)
Column: DB-5MS (30 m x 0.25 mm x 0.25 pm film)
Temperature program:
initial @ 60°C (2 min)
ramp (6°C/min to 300°C)
final @ 300°C (13 min)
Carrier gas: He 1.0 mL/min
Injection port temperature: 300°C
Injection mode: splitless
Injection volume: 2 pL
MS condition (Agilent MS 5975C)
Interface temperature: 280°C
Tonization voltage: 70 eV
Monitoring method: selected ion monitoring

Table S3. LDPE—water partition coefficients (logKpy, L/kg) corrected by temperature and salinity for PAHs and PCBs detected in Suyeong Bay

GC condition (Agilent GC 7890A)
Column: DB-5MS (30 m » 0.25 mm x 0.25 pm film)
Temperature program:
initial @ 100°C (1 min)
ramp1 (5°C/min to 140°C) (1 min)
ramp?2 (1.5°C/min to 250°C) (1 min)
ramp3 (10°C/min to 300°C (5 min)
Carrier gas: He 1.0 mL/min
Injection port temperature: 300°C
Injection mode: splitless
Injection volume: 2 pL
MS condition (Agilent MS 5975C)
Interface temperature: 280°C
Ionization voltage: 70 eV
Monitoring method: selected ion monitoring

logK py (L/kg)
Tret componinds 25°C, no salt* 1st 2nd 3rd 4th
Naphthalene 29 3.0 3.1 3.0 3.0
Acenaphthylene 35 3.6 3.6 35 35
Acenaphthene 3.6 3.7 3.7 3.6 3.6
Fluorene 39 4.0 4.0 3.9 3.9
Phenanthrene 42 43 43 42 42
Anthracene 42 43 43 42 42
Fluoranthene 49 5.0 5.0 49 4.9
Pyrene 49 50 5.0 49 49
LaEEs Benz[a]anthracene 56 5.7 5.7 56 5.6
Chrysene 56 5.7 5.7 5.6 5.6
Benzo[b]fluoranthene 6.2 6.3 6.3 6.2 6.2
Benzo[k]fluoranthene 6.2 6.3 6.3 6.2 6.2
Benzo[a]pyrene 6.2 6.3 6.3 6.2 6.2
Indeno[1,2,3-cd]pyrene - - . a a
Dibenz[a,h]anthracene 6.6 6.7 6.7 6.6 6.6
Benzo[gh,i]perylene 6.4 6.4 6.4 6.3 6.3
PCB8 4.5 4.6 4.7 4.6 4.6
PCBI18 49 5.0 5.1 5.0 5.0
PCB28 54 33 5.6 5.5 35
PCB101 6.3 6.4 6.5 6.4 6.4
PCB87 6.1 6.2 6.3 6.2 6.2
PCBI110 6.3 6.4 6.5 6.4 6.4
PCB118 6.4 6.5 6.6 6.5 6.5
PCB105 6.4 6.5 6.6 6.5 6.5
R PCBI53 6.8 69 7.0 6.9 6.9
PCB138 7.0 7.1 T2 7.1 7.1
PCBI187 7.1 72 =3 7.2 7.2
PCBI128 6.6 6.7 6.8 6.7 6.7
PCB180 7.1 72 =3 7.2 7.2
PCB170 73 74 7.5 7.4 7.4
PCB200 - - - - -
PCB10 42 43 44 4.4 4.4

*Lohmann[2012]
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