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Abstract

Despite the consumption of disinfectants have been increased by COVID-19 pandemic, the

fate of the chemicals in aquatic food webs are still unclear. In order to understand the trophic transfer of
the chemicals, the concentration of disinfectants including six benzalkonium chloride (BACs) and five
didecyldimethylammonium chlorides (DDACs) were measured at the Geum (2020), Han (2021), and Yeongsan
River (2021), before and after rainfall. The highest concentration of > JBACs (mainly C12 and C14) and
2.DDACsSs (mainly C10 and C14) were observed in the Han River, followed by Yeongsan River, Geum River
Estuary, and Gapcheon. After rainfalls, both concentration and detection frequency were decreased in all
sites. Although the BAC and DDAC seems to be accumulated in organisms, they were bio-diluted rather than
magnified in the aquatic food web with the biomagnification factor (BMF) of less than 1, trophic magnification
slope (TMS) from —0.236 to 0.001, and trophic magnification factor (TMF) from 0.85 to 1.01.
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Vshe $ATAY SEE HEAG FHA £ FE
£ ol 97| "ol (Hora et al., 2020) FAZE vi&H
£30] A A FHE 1A 4 Ugel AHHT et
(Institute of Public Health and Environment, 2014; Jeong et
al, 2017). ¥1E Ao FEL WE T SAcle] Egom
Ao RE o A7 Polo] et HAEE B
EZE Bttty ¢#A Atk (Chase et al., 2012; Estahbanati
and Fahrenfeld, 2016). 3}A|%F, YA3}7] ok B9 AME-
o &l o3 34 Wi AR s A wiEeo)
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7143 2UEE, A WA A=A e AT 8l
a3 Qieid B AR A ZRd A Easit
HEA 1H°ﬂ FSAL ol F3 gkl
FolEdS AR 802 Q13 17 A% F]
A FF= U]?—J—’F— ol I FaA4ol k& 4= Qi
2 20199 "EESEHA|IE 2 AYEA 9 T of
e HE (EEAIES Zd‘ﬂ)g]% HEE A, Aldste] A=
A, s FAES FAIsH e, 20209 [ A
A7led AEIEAE AT 7le/EA] AHAFE S
Forsto] A E o £ e E A B AR %‘—
T ZUHY, WiEAet A 54 A5 A8 TY 975
2353 Q).

20199 22419 By met il W SR WL
sl I Aol F7HeE 254 W AtAl (e.g., A=
ohFet S0l Y] AT FFer ol S7HE I
(Alygizakis et al., 2021). BB AE F HYEAE vE
PE&oE o] 8EE IE AAE HHOE st EES
ou|stm HlEA-& AFA, AtAl, 254, HEA, FA
5 TISIIH(HE A18170%). Z2UH9 UMY o] 5 ANE
Aloll Tzt WA AL 2ol FUE 4 = okttt &
oA A WL =T, ol WY 7|7 et A3t
45 tj&o]th(Dewey et al., 2021; Subpiramaniyam, 2021).
A28 =ZFAZE7E3 T Z2 0| A (SARS-CoV-2)
L vpolgla whgo] Tk v S EL 35718 Falo
Were| 2, A4S £ o]zl RNATT ol SEwA 7t
Q4 Aol2ES PR SA= A8 o 9o o] of
S317] fIst AskE Al 84 A53 gi=A 7t XY=
ATh(Zheng et al., 2020). HAZH F2 2549 H&
2 3R fEo A= T8} Aol o|2A Ha A
A7 L8 o o] AR {YEE Fiol e B2
XA} o]F0jR| 3L QJt}h(Zhang et al., 2020; Kataki et al.,
2021). T A WA 717 B 5670 EA] HpA 2
(WWTP)OA &5 A & A A= A% A4 &5F
9] 277} YEREAL (L ef al., 2020), 22419 S 7|7+ &
& ofe|u|9] steF Ao A AN gl 45
YEEIGEAHELA D AYEAZ AR oF 331%
Z7Ft s B E itk (Alygizakis et al., 2021).

o] A9 29 Wl ARE B 2EAE 52
AEL AXAZFLE o] AREESlen, S E 52
<ol 93 AzxE 5= ‘%HS’} ARG ol whet o] &5 3
o= BT B AFLHE H|EH & £ Ao o3t
A & 2 iAol et =t 271 Qo fH(ME,
2021). SFAIFE o} 7HA] &EAY AMEEE FEEEY 5
4 fedoll gt A+ 7129 seAER By 84
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AEZAE2E Ao 24 9tk (Seo et al., 2009; Kim et al.,
2020). o] Aol sl AUttt 5 G5 =7HlA
£ 5=E 448 AW 1.5pg L, CCME, 1999), 3l
o] B¢ HREAE AxsAU sYsks Aol 2o 5
At FA 7% FA] o738} Qo] A FEU Aol o
g E 7IE 2 Xﬂ/\]ﬂi’ WA 2 Aelth. 7 miA|
9 fatEd WF A% AL AR Al o
g AHEE AlFHA] J a‘ JoHA] B2 FUFY FFE =
oA = ZAZIREY] ARE whgRiet E3, b4 AF
gt AFE S, W9 77t Bt SRR ARS ) @A) e
= Tt 28 miA WY ol AR s L ols A &
Aof| gt o] fAE A= AE ST 20E2
(Juergensen et al., 2000; Cho et al., 2010; Won et al., 2022)
°l A mlX= Y ool HEsodl= 2 §
—‘1 H| 23 27 miAlefA ] dAAl AReEre 2
HH%OH: AL BE}E HojEr)h 9o o3t G243
A S7h ARl HilE FEE FTHRIEOE
A, BF W AR/l tiet A ol 873 Wi ZHRAol
of7|st= Pl gt A= AR oln AELS o=
3 270) 230) ojg At AestE A5l ot B
2 AESIH(Kim et al., 2020).
A2 E AL (O NyE A 72 oA Holgt
A9 apolE HoFe AEZ FEEo| gon, E8o| A
A W Holds B8l e & Q= 7FeAs s
flsl 229 =9 BEo] AMEE o] gt} (Choi and Shin,
2018). A¥HA ARE &83}= biomagnification factor
(BMF)$} trophic magnification slope (TMS)2 &9 H
o Y AsE A AE2H 2 AN 9
= B7rst7] 1% B 5 shuE A= Itk (Lavoie er
al., 2013). BMF= 12 7|&2=2 1Rt & S A& &
8 E4o] S2de Yu|shy B2 1 n|9e] Ffole A
Alg B8 249 F3o] YoluA] S 9m|gtt}(Borgd
et al., 2012). ¥FH, TMSE= @Y Hol#A 7t opd Ho|g
X8 249 AsS HoFe Ax= 49 grolH Hol
< wt S7HES gu|Eith 2 ATl dol2A A
A=A v 2ot FFolof it AARE-= S8l 4,
olm, A& oA AxtA] B HEAZ AAEEI e A
41 benzalkonium chloride (A& HEZ =28}t =, BAC or
BKC)2} didecyldimethylammonium chloride (g 3}] o] A T
HE =%, DDAC)E W2 FaiEd e A W As
= olsfstarar &4, ¥, ALY steFEA YA wiEs
9] FEe e AFol A5k offF AW Z-FFat A
W A=SE siA skt

¢
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AN B4 4R A9 FAGE H ST
o 9128 7+ (GC; 36°23'02"N 127°24'40"E)3} 27
9] a7 FAHQ HAFEE FAto] §AIgE 75 (GR;
36°01'12"N 126°44'60"E), &7 X579 A& AEo] YA
3t 23 (HR; 37°33'09"N 127°03'55"E)d}; F A3t ¢
23t GA) AFE(YR; 35°0920"N 126°49"28"E) Y] AH
o|gitt. o}F= 2020 483 9Yel AT} F7FlA, 2021
| 6d3t 9dof et FAPNA 22 AP E Aok BE
A ) EHE Ao 2R o1F 1
km He HHom FF(3E 7x7mm)@ ZH (FE 2x2
mm) 123 HH - AP 9 EHA S-S st
of A AT, =T 2ol 20m, =01 2m, T 4x4
mm/ 92, =% 10m, =°): 1 m, Y& 4x4 mm)T} 4
FA7H o] S0m, %o] | myE ol&) 12412 ol 57 A
A YL olesAT A1 Eo AU ojFE &
5 26% (92| (pale chub), 7F5X] (lake skygazer), =71
(barbel chub), %] (common carp), 5-¢] (crucian carp), 7}
o] (mullet), WA}7} (light bullhead), 4] (barbel steed), | ]
(Korean sharpbelly), SA}7l (Korean bullhead), 112] (Korean
piscivorous chub), &% (deep body bitterling), %]

(common mullet), Z5-¢] (stone moroko), B2 (largemouth
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bass), &= 7} (stripe false gudgeon), 7H=A] (snakehead), ™|
7] (catfish), EAAEE (triden goby), I FX] (goby
minnow), %7 (bluegill), &7l (short barbel gudgeon), 2
=7} (Korean gudgeon), B5-5A}2] (dark sleeper), 1 =547}
(black bullhead), =9FR} (Microphysogobio yaluensis))S-2
NEE WRoIN BRIAAT 5 28 BEE B0 o}
olofolzo] B F ARAZ olFake] el TEIAAL
o|% 52 71z A E& #4331 § BACs<} DDACs &
w9} 3 5N 24j0] 22k ol gl

Az 9 #23E A2E 0.1£0.02 g AFs}e] H--87]
o] Y WX EZEEZ (Internal standard, IS) 100ng & 5%

HC17} &% acetonitrile® 8 mL A7}l 87|15
80°Col A 3087t 7FEAIZ] & Microwave digestion system
(Goojung, Korea)2 &85 120°Col|lA 3027+ 23 & 3=
Z319th. o|F EES GF/A filters 0|83t 13} ojzt
3 F, acetonitrile 4 mLE H7Fsto] 22} oj7tste] gt oY
(& 12mLy& FaFS715 ol8ste] Az duES
acetonitrile 500 uLZ A|-8-3] & Nylon filterE 0|83} o
73}gich o}F AU BACs @ DDACsS] BA @ Aok
2 93} liquid chromatography-tandem mass spectrometry
(LC-MS/MS, LCMS-8050 with Nexera X2, Shimadzu, Tokyo,
Japan)E AR5} 21 electrospray ionization (positive) B

Table 1. Instrumental conditions of liquid chromatography-tandem mass spectrometry for BACs and DDACs analysis.

Precursor ion > Product ion (CE, eV)

RT .
Compound name (min.) Tonization
’ Quantifier ion Qualifier ion

BAC C8 10.96 M+H* 248.1 > 91.00 =25 248.1 > 156.25 —18
BAC C10 12.40 M+H" 276.1 > 91.05 =30 276.1 > 184.20 —-21
BAC CI12 14.07 M+H* 304.1 > 91.10 -35 304.1 > 212.30 —-22
BAC Cl14 15.83 M+H* 332.1 > 91.05 -35 332.1 > 240.25 —24
BAC Cl16 17.48 M+H* 360.2 > 268.30 —-26 360.2 > 91.05 -35
BAC C18 18.98 M+H* 388.2 > 296.25 —-27 388.2 > 90.0 =35
DDAB C10:C10 16.47 M+H* 326.2 > 186.20 -30 326.2 > 57.15 —-34
DDAB Cl12:C12 19.10 M+H* 382.2 > 214.35 -33 382.2 > 57.15 —38
DDAB Cl14:C14 21.16 M+H* 438.2 > 242.35 -37 438.2 > 57.05 —43
DDAB C16:C16 22.78 M+H* 494.2 > 270.35 —40 494.2 > 57.10 —47
DDAB C18:C18 24.12 M+H* 550.3 > 298.35 —45 550.3 > 57.05 -50
AEDAC C12(1S) 12.84 M+H" 242.1 > 74.14 -25 242.1 > 57.10 —-27
AEDAC C16(IS) 16.65 M+H" 298.2 > 74.10 -30 298.2 > 57.05 -30
BAC D7-C10(IS) 12.38 M+H* 283.2 > 98.10 -35 283.2 > 184.20 —-22
BAC D7-C12(IS) 14.04 M+H" 311.2 > 98.10 -30 311.2 > 212.25 —-23
BAC D7-C14 (IS) 15.80 M+H* 339.2 > 98.10 -30 339.2 > 240.25 -25
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oz BAs 244829 £9F st Agilent Poro-
shell 120 (100 mm X 3.00 mm, SB-Aq 2.7 um) ZHS AR
stglom, ol 54 = 0.1% formic acid ¥ 5 mM ammo-
nium formate”7} $-GF E3} methanol ARES}IT) inter-
face temperature= 150°C, heat block temperature= 400°C,
desolvation line (DL) temperature= 220°CE A%3}% S
™, nebulizing gas flow= 3 L min™', heating gas flow:= 10L
min~', drying gas flow 10L min™' 22 3}¢ch AA| o] &
3} 2AL Table 19] glon, ISE g3t YR EZATHS
A3 AT

T A5 dats 52 A2 NEE 443
T AA A glo] Y2EA7](EA, Elementar)9t AAE
5 HaFFEAT] IRMS, Isoprime)E ARESH] &
Astha zF 1079 A&2uit 82EZ (IAEA N-1, 8°N:
0.43£0.07%0)= &AIste] g 2 AHALS s
49 22549 220 229 0.1%0 ol et &

t

2 E 9 FauE BERY (H71 )] Aid HolS
McKinney er al. (1950)914 A|AZE delta (8)2 YERHSAT
2o RS PN/MN H1E Uehge, 8 B (%) TS AF
L34 THEq. 1).

RAIZ

REZEY

6(%o)=( —1))(1000 (1)

BMF= &v|zkel Ho| 7+ B4 529 B2 A4t &
Aol Ad4lof o3 == FYdE BoF= A FE (Gray,
2002) equation 2°] YeF 3ich

Concocnnsumer
BMF=——— )
Conc.gier
TMS< Lavoie et al. (2013)2] o] oat §°NE x=2
2 3= FEd ()T TARNA a2 71&7] #*
& o] g3ty WA F o, 7]&7] (b)E TMSE AREsIATH
(Eq. 3).

Logio [contaminants] = b X 8PN +a 3)

E7 242 IBM SPSS Statistics 23 (2015 SPSS Inc.,
IBM Corp., Armonk, NY, USA)& AME3le] 3f3gom,

FHE o7 A TALRH Y o7t o] Wi E

1. 0{§2| BACS} DDAC 5k

Table 2= ¥ 26%-2] o704 £3E BACS} DDACY] &
TE BojErh 2549 A& FolA = BACS DDACE &
2149 9 o] % Al gEFo] wore B4 2 (Hora ef al., 2020)
73 A3 ZHHo|ALE 12+25ng g '3 09+32ng g7,
27804 3.2+ 7.4ng g7 '} ND (not detected), 373
o|ME 43+39ng g' T 1.9+2.7ng g7, GAOME 13+
31ng g ' 0.53+22ng g7'Y HEE SBACs7F AEEHY
on, SDDACs A A4] olfAs A&HA gokn
B ANNE 4 A5l 0.8+3.7ng g7 ND, 37
oA 13+5ng g ' 23+32ng g, FAIAME 34+
45ng g "7 1.1+£24ng g7'9 X2 SDDACs7} AEE %
th(Fig. la, ¢). F &4 25 7} SN M =2 5%
£ BYed, ol 2APE £3E ST EA L 2
A URFeR AES o Ut s
Al AR gohgt o] =g Aelshe AldolH %
Al AT, AldskEA g R E RO Sk 2
o]7] HjEoZ ALRE M (ME, 2019) L H&¥% (detection
frequency) 3 oA 7HE =30t ol AE AW &
4 st A Revt skeA e iR 9 R W
= JFE weths AL gusith B sEE WET
2HEY A= g ¥ 5 et A7) A A
kA 2 oA +E AFME £4 9] BAC 5=
7F AlekgAoll A HolASE Fadte AdE EAth(Kim
et al., 2020). FA|TE, 7 A4] AEof| A= DDAC7} HE&E
A k2 B, F7EdAE o B2 T2 AEE A
o2 Hol A%} oA EFo] £AZ FYES X
25k 2= 919it}. Melin er al. (2016)] 2]3}H BACS} DDAC
o] HAlg Bet &) 3 120,000ng g ol o,
oA AAEA o] W=t E3H BACY] 48412 =&H
Daphnia magna= 382 (33.7~43.2)pg L™'¢] =04 &
FAHNE doFoH. 24Nt =EH Ceriodaphnia dubia
L 403.7(265.2~614.7) ug L' 9] £ 9] vk Al S 2=
T AN 22 5] BuEQith(Lavorgna ef al.,
2016). DDAC®] =&of t3}] coho salmon (Oncorhynchus
kisutch)®] of7tulo| A 2AHE|ea AEHATF FE Q]

18 o e
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Table 2. The concentration of BACs and DDACs and 8N of fishes (GC: Gapcheon, GR: Geum River Estuary, HR: Han River, YR: Yeong-
san River).

Site Nonne BAC (ng g”' dw) DDAC (ng g”'dw) SN
(season) €8 CI0 CI2 Cl4 CI6 CI8 Sum CI0 Cl2 Cl4 Cl6 CI8 Sum %
Pale chub #1 - - 5.8 - - - 5.8 - - - - - - 13.6
#2 - - - - - - - - - - - - - 13.5
#3 - - - - - - - - - - - - - 13.9
Lake skygazer - - 5.3 - - - 5.3 - - - - - - 10.7
Barbel chub - - - - - - - - - - - - - 9.7
GC Common carp #1 - - - - - - - - - - - - - 8.0
(June) #2 - - - - - - - - - - - - - 9.5
Crucian carp #1 - - - - - - - - - - - - - 10.2
#2 - - - - - - - - - - - - - 8.5
Average - - 1.2 - - - 1.2 - - - - - - 10.8
Standard deviation - - 2.5 - - - 2.5 - - - - - - 23
Detection frequency (%) 0 0 22 0 0 0 22 0 0 0 0 0 0
Crucian carp #1 - - - - - - - - - - - - - 9.1
#2 - - - - - - - - - - - - - 8.4
#3 - - - - - - - - - - - - - 10.0
#4 - - - - - - - - - - - - - 10.4
#5 - - - - - - - - - - - - - 9.9
#6 - - - - - - - - - - - - - 9.7
Barbel steed #1 - - 112 - - - 112 - - - - - - 16.3
(Sep.) #2 - - - - - - - - - - - - - 15.8
#3 - - - - - - - - - - - - - 14.7
#4 - - - - - - - - - - - - - 10.6
#5 - - - - - - - - - - - - - 9.5
Stripe false gudgeon - - - - - - - - - - - - - 11.3
Average - - 0.9 - - - 0.9 - - - - - - 11.3
Standard deviation - - 32 - - - 32 - - - - - - 2.7
Detection frequency (%) 0 0 8.3 0 0 0 8.3 0 0 0 0 0 0
Mullet #1 - - - - - - - - - - - - - 13.3
#2 - - - - - - - - - - - - - 12.5
light bullhead #1 - - 258 17 - - 335 - - - - - - 154
#2 - - 8.7 - - - 8.7 - - - - - - 15.1
Barbel steed #1 - - 8 - - - 80 179 - - - - 179 16.6
#2 - - 9.7 - - - 9.7 - - - - - - 17.2
#3 - - 5.9 - - - 5.9 - - - - - - 18.3
Lake skygazer #1 - - - - - - - - - - - - - 13.4
GR
(June) #2 - - 6.9 - - - 6.9 - - - - - - 15.7
#3 - - - - - - - - - - - - - 17.1
Korean sharpbelly #1 - - - - - - - - - - - - - 13.5
#2 - - - - - - - - - - - - - 14.1
Korean bullhead - - - - - - - - - - - - - 16.8
Korean piscivorous chub #1  — - - - - - - - - - - - - 17.8
#2 - - - - - - - - - - - - - 17.9
Deep body bitterling #1 - - - - - - - - - - - - - 16.7

#2 R e X
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Table 2. Continued.

BAC (ng g™ dw) DDAC (ng g”'dw)

Site 3N
(season) Name (%0)
C8 C10 Cl2 Cl4 Cl6 C18 Sum Cl10 Cl12 Cl4 Cl6 C18 Sum

#3 - - - - - - - - - - - - - 16.4
Crucian carp #1 - - - - - - - - - - - - - 17.3
#2 - - - - - - - - - - - - - 14.9
Common mullet - - - - - - - - - - - - - 14.9
GR Stone moroko - - - - - - - - - - - - - 9.1
(June) Largemouth bass - - - - - - - - - - - - - 20.8
Average - - 28 03 - - 32 08 - - - - 0.8 15.7
Standard deviation - - 60 1.6 - - 74 3.7 - - - - 3.7 24

Detection frequency (%) 0 0 22 43 0 0 26 4.3 0 0 0 0 4.3
Lake skygazer #1 - - - - - - - - - - - - - 17.2
#2 - - - - - - - - - - - - - 18.8
#3 - - - - - - - - - - - - - 17.8
#4 - - - - - - - - - - - - - 16.5
#5 - - - - - - - - - - - - - 13.5
Korean piscivorous chub #1  — - - - - - - - - - - - - 11.3
#2 - - - - - - - - - - - - - 13.5
(Sep.) Crucian carp #1 - - - - - - - - - - - - - 13.1
#2 - - - - - - - - - - - - - 13.1
#3 - - - - - - - - - - - - - 15.9
#4 - - - - - - - - - - - - - 10.2
Largemouth bass - - - - - - - - - - - - - 19.0
Average - - - - - - - - - - - - - 15.0
Standard deviation - - - - - - - - - - - - - 2.9

Detection frequency (%) 0 0 0 0 0 0 0 0 0 0 0 0 0

Common carp #1 - - 175 17 - - 252 52 - 7 - - 122 9.04
#2 - - 233 91 8.1 - 405 177 - 10 - - 17.7 103
#3 - - 137 46 - - 183 9.7 - 6 - - 15.7  8.05
#4 - - 288 144 - - 431 83 - 9 - - 17.3  8.67
#5 - - 307 170 64 - 542 90 - 11 - - 20 8.17
Crucian carp #1 - - 238 189 5.1 - 478 53 - 5 - - 103 7.33
#2 - - 11.0 102 - - 213 46 - 10 - - 14.6 9.14
#3 - -  21.7 6.6 - - 283 100 - - - - 10 10.6
#4 - - 293 150 59 - 502 63 - 7 - - 133 123
HR #5 - - 351 310 - - 66.1 99 - 13 - - 229 113
(Apr.) #6 - - 313 112 - - 425 15 - 6 - - 21 8.40
Snakehead - - 161 - - - 16.1 5 - 5 - - 10 16.9
Catfish #1 - - 144 - - - 144 6 - 5 - - 11 15.1
#2 - - 159 123 5.0 - 331 5 - 5 - - 10 12.9
#3 - - 140 47 - - 18.7 5 - 5 - - 10 14.0
Triden goby - - 136 9.7 - - 232 6 - - - - 6 11.7
Goby minnow - - 140 68 - - 207 6 - - - - 6 10.7
Average - - 28 13 1.8 - 43 7.3 - 6.1 - - 13 10.9
Standard deviation - - 29 11 2.9 - 39 2.7 - 3.8 - - 5.0 2.7

Detection frequency (%) 0 0 100 88 29 0 100 100 0 82 0 0 100
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Table 2. Continued.
Site e BAC (ng g”' dw) DDAC (ng g”'dw) SN
(season) C8 CI0 CI2 Cl4 CI6 CI8 Sum CI0 CI2 Cl4 CI6 CI8 Sum (%)
Common carp - - - - - - - - - - - - - 10.1
Crucian carp #1 - - - - - - - - - - - - - 9.83
#2 - - - - - - - - - - - - - 8.75
Deep body bitterling - - - - - - - - - - - - - 7.59
Lake skygazer - - 52 - - - 52 - - - - - - 4.06
(Sep.) Short barbel gudgeon - - 53 - - - 5.3 - - 7 - - 7 8.70
Stone moroko - - - - - - - - - 6 - - 6 9.30
Dark sleeper - - 49 - - - 4.9 - - 5 - - 5 10.0
Average - - 1.9 - - - 1.9 - - 2.3 - - 23 8.5
Standard deviation - - 2.7 - - - 2.7 - - 32 - - 32 2.0
Detection frequency (%) 0 0 33 0 0 0 33 0 0 33 0 0 33
Common carp #1 - - 103 - - - 103 5 - 9 - - 14 9.67
#2 - - 182 59 - - 241 6 - 9 - - 15 9.64
#3 - - 89 4 - - 132 6 - - - - 6 8.48
#4 - - - - - - - - - 5 - - 5 8.59
Crucian carp #1 - - - - - - - - - 6 - - 6 7.18
#2 - - - - - - - - - - - - - 8.05
#3 - - - - - - - - - - - - - 8.44
#4 - - 22 14 - - 358 - - - - - - 8.24
Catfish #1 - - - - - - 0.0 - - - - - - 10.6
#2 - - 7.2 - - - 7.2 - - - - - - 124
#3 - - - - - - - - - - - - - 13.0
#4 - - - - - - - - - 7 - - 7 144
Largemouth bass #1 - - - - - - - - - 6 - - 6 12.1
#2 - - 5.6 - - - 5.6 - - 9 - - 9 14.0
Goby minnow #1 - - - - - - - - - - - - - 11.1
YR #2 - - 6 - - - 6 - - 6 - - 6 11.1
(APr)  Blugill #1 - - - - - - - - - - - - = 108
#2 - - 5.7 - - - 5.7 - - - - - - 12.8
Barbel steed - - 303 - - - 303 - - - - - - 9.58
Pale chub - - - - - - - - - - - - - 11.3
Short barbel gudgeon - - - - - - - - - - - - - 11.3
Korean sharpbelly - - - - - - - - - - - - - 9.08
Barbel chub - - - - - - - - - - - - - 8.34
Korean gudgeon - - - - - - - - - 6 - - 6 10.4
Deep body bitterling - - - - - - - - - 7 - - 7 9.77
Dark sleeper - - - - - - - - - 8 - - 8 10.7
Black bullhead - - 5.2 - - - 5.2 - - - - - - 12.1
Microphysogobio yaluensis ~— — - - - - - - - - - - - - 11.3
Average - - 10 23 - - 13 06 - 2.8 - - 34 105
Standard deviation - - 25 8.6 - - 31 1.8 - 3.6 - - 4.5 1.9

Detection frequency (%) 0 0 32 11 0 0 36 11 0 39 0 0 43
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Table 2. Continued.
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BAC (ng g dw)

DDAC (ng g”'dw)

Site 3"N
(season) Name (%0)
C8 C10 CI12 Cl14 Cl6 C18 Sum Cl10 Cl12 Cl14 Cl16 C18 Sum
Common carp - - - - - - - - - - - - - 9.14
Crucian carp #1 - - - - - - - - - - - - - 7.92
#2 - - - - - - - - - - - - - 10.3
Catfish - - - - - - - - - - - - - 12.7
Largemouth bass #1 - - 9 - - - 9 - - - - - - 11.2
#2 - - - - - - - - - - - - - 12.0
#3 - - - - - - - - - - - - - 10.9
Barbel steed #1 - - - - - - - - - - - - - 11.6
#2 - - - - - - - - - - - - - 11.0
Pale chub #1 - - - - - - - - - 7 - - 7 9.84
(Sep.) #2 - - - - - - - - - 6 - - 6 9.81
Korean gudgeon - - - - - - - - - 5 - - 5 8.82
Goby minnow - - - - - - - - - - - - - 11.0
Blugill - - - - - - - - - - - - - 124
Korean sharpbelly #1 - - - - - - - - - - - - - 10.9
#2 - - - - - - - - - - - - - 8.97
Deep body bitterling - - - - - - - - - - - - - 8.86
Average - - 053 - - - 053 - - 1.1 - - 1.1 10.4
Standard deviation - - 2.2 - - - 2.2 - - 24 - - 2.4 1.4
Detection frequency (%) 0 0 5.9 0 0 0 5.9 0 0 18 0 0 18
—: Not detected

© ™ (Johnston et al., 1998), rainbow trout (Oncorhynchus
mykiss)®] 79-0]= DDAC Z=ZofA AEHA A3l I=2
E|FAH Zo|E X7} 7kl §F5 0] AdtE = 52
Auk7t FHREATHWood er al., 1996). #at ol 2}, Kim et
al. (2020) EHEI FAHE 0|85 BACY| &, 1M 54
B7F A5 B9l o] Edo] yEn|ugs 4o 5 s
A Aty AYeEA ES 742359t BACSH DDAC 2%
eI Gad A ARANAN =2 AE W% (5.9~100%,
Bt 46+35%)2 U= o|AYE w2 AENEY =
7b BEEE AEY A 213X g2 AERET H & =4
AAS HET 5= 9lgo] Addnt £ AtolA] A=A W
of Edo] HEH= AL THILS W, EHHE EF s==
RENA 54 FFE F= F2E0= 9$ FUAT BAC
¢} DDACY] e AoA 9] A7 mUEge 2a4dS
HojZ}h BACS DDACE 3=9] ] A mFo A fARet
Z/QHE 7ML AEE e, BACE C127F 7P HE °l
=7t =7 SAEAT FHolo] Cl47t B2 HI=2 HEE
t}(Fig. 1b, d). ©]= BAC B2 % C12, C14 ¥ C167} £H]
A} A FAA EAE = 7 LEHE Q] compound Y& 1123k

-2 W) (Hudalla and Fountain, 2019), 3}doA 24 EH= 5

=7t AEstrE Btgske AeR Btk 9] Aokt
o] Hj&e} QI S A = C129} C147F BAC 5 7MY &
L 2w E 73 AEEHQHKim ef al., 2020). =3 DDAC
Z HENEe F2rt 7P A $4% C10, C147F 48]2;
A EANA 71 wol AME- 9 wjEEE= compoundatal €
t}. ¥hH, BAC £ C8, C10, C183} DDAC % C12, C16, C18
2 HE A olaty 7 UYEhigl o ol BE A A
T2 AaE B o] GA] ARSFE BHe o2 Hel
t}(Hudalla and Fountain, 2019). 750l 23t 43 (Fig. 2)&
Yotr 7] 3l 9 A, T EHO| 5&E HuFS uf, u
A BERoA 7 AHT} 75 Fof] BACset DDACs 25
A& W= F=7F stk (Fig. 1a, ). 289 24 E
St 739 3o TRt ol Aol o8 E-o] F4E
AU E2 wjEE o] o7 AUl SHEA Y= F o= Ho
Zct.

2.

12

0%t L M X ZEA: BMFR TMS

TMS A430] AHEE1 5N o] Yol 4] 29| o
Fotal 91Ao] thet YRS AFHIR (Griffiths, 2020) 4
gHoz BAL 61N 2 AR 2% T wol



384

B
ol
rlo
oy

[ (M}
@ (b)

100 ° 100 r 100
o 807 -8 « r 80 &(v):
= = =
&8 60 60 S r60 ©
& = 2
5 E g
s 40+ 40 L40 S
kel PY = o
I = =
E . ° S 2
8 201 20 9 (20 §
5 . =z &
(&}

ol =T ; vl M2 1, a L0
© (d)

20 ° 100 r 100
E 2 <
o -80 & 180 Q
o 15 < a
=5 8 a
8 L 60 5 Le0 5
<< [}
a > S
a 101 S &
5 ° T L40 B
S Y o a2
= L= ©
© = [
£ 51
; 20 o 2
e 2 Ko
S 3 o
© ,Ltow ND é § ND_HD 0

' -~ Gr | ' Site  GC GR HR YR
e oS¢ Gk BB OR Year 2020 2021
Year 2020 2021
Month  June Sep.June Sep. Apr. Sep. Apr. Sep. Month  June Sep.June Sep. Apr. Sep. Apr. Sep.

’ I BAC C12 [ BAC_C14 [ BAC C16

B DDAC_C10 [ DDAC_C14

Fig. 1. The concentration (bar graph), detection frequency (dot graph) and relative abundance of (a), (b) BAC and (c), (d) DDAC in GC, GR,
HR, and YR. ND indicate ‘not detected’. The detection frequency was calculated by number of detections per samples.
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Fig. 2. Precipitation at (a) GC and (b) GR in 2020, (c) HR, and (d) YR in 2021, respectively. The red dot lines indicated each sampling date.

£2 ol A4S vehdth(Post, 2002). £ §°NE ¥l
P2 |, 7I=X] (snakehead), 7+F %] (lake skygazer), 112]
(Korean piscivorous chub), B} (largemouth bass)7} th=
o} 750 Hlg| AL 8°NE 7FH =l (10.7~20.8%0,
T 15.1£3.1%0) (Fig. 3a), 0l 22 oF 52 Hotd+e= &

[e]
o=
A 4 BRE wrlE o= 20159 FAsHRA A

H RN E SAA oFY H A ol vlE F
AL 8"NZ 7HHtH(Yoon er al., 2015). & AFAAE, 9
of, 5o, B FA g} o] f71ES He AL AES 7
B2 OUNE ze= AL sty E3 6N Wt
FTHERE Ao|gt AT B+ ol= Hol A4 EA 9
THE & 4 ek wiA(n=7)9] 7% 8N H7}

2z
i
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abcdefghijkimnopgrstuvwxyz GC GR  HR R other GR
June Sep.June Sep. Apr. Sep. Apr. Sep. sites

b. Korean bullhead
f. common mullet g. largemouth bass
k. deep body bitterling 1. black bullhead

p. microphysogobio yaluensis

t. dark sleeper u. crucian carp

y. barbel chub z..common carp

a. snakehead

m. blugill

c. lake skygazer
h. barbel steed

q. stripe false gudgeon
v. short barbel gudgeon

d. Korean piscivorous chub
i. catfish

n. pale chub

r. Korean sharpbelly
w. Korean gudgeon

e. light bullhead
j- mullet

o. triden goby

s. goby minnow
X. stone moroko

Fig. 3. The 8N of organism by (a) species in all sample sites and by (b) each site and season. And the 8'"°N of (c) crucian carp between
GR and other sites. The different letters (a, b, ¢) above the bars indicate statistically different groups (significance level at p <0.05).

10.9~20.8%0 (14.3£4.0%0) 2 AhH o2 Yo HolgLy
o= EAYo|E AT slA] gL, H] AgA oz A5t Hf
298] Ho| FAof o3t Ao=Z AA1H ] Hol 7§ o
2 Qe 9ol §°NE EIth(Choi er al., 2020). ©]&3t o]
2, ZAARZ dHA Sleoll= EtstaL, A of wet
FEAZ}E 4.1~54717] G2 HLE Hol7|= Frh(Kim er
al., 2022). ¥HH)|, HHRR] = A FHFFES AHE
6 2 A= WEZA (Katano et al., 2008) A& Rof AF
glo] vt e A& 7= Ao E g A ot o2t
Al ol B RA7F LHEAY AHE FF A7 A A=
2 885 7M5AS AR (Yang ef al., 2022). £ Gt
M= BHRR] (n=4)= §"N2| H7} 10.7~11.1%0(11.0+
0.2%0) 2 AAA|0] 4 glo] Hlwd AT MeE ok
AHER v aPL o, P37 §ONE F$ Ao =
AT FosHA FAL MAE Eth(Fig. 3b). o] =
SN FEHLE Y FolE 7|EE HAFS
%= Ze=H (Fig. 3c) 748kl A2lsk= gofollA

oJ5lA £AL §°NE 3Tt (p<0.05). 45
SO 2 Qe £=A4|Y] EF0] 9 i FH FHAE
e 19 AaY YT AEEFAEY 22 gHA
o2 9 vlud BAL §°NE 7HA ™ (Kim et al., 2019)
ol A Ao PRAG7IERL §N7} 10.2%02] FAL
Zrog BuE vh Q)th(Kim et al., 2022). TahA] £ @It
A PEE e A4 B RAL §PNE 7]A Hol

=
fu
=
R

e flo 4o

S

lake skygazer
Erythroculter erythropterus

,/:1@\;\\\\

).

BAC: 5.3 ng g'1 dw

BMF: 0.91/' 'VMF: 047

pale chub barbel steed
Zacco platypus Hemibarbus labeo
(mv\m'w'm.m e

BAC:5.3ng g™ dw BAC: 11.2ng g dw

Fig. 4. Biomagnification factors of ¥BACs at GC in 2020. The
fishes are illustrated by In Young Kim (http://fishillust.com).

9] AT AELnE BFs FANHRSE & & 3
.

A BA 2] BACY BMF AARS: 98 42X S Anjat2
11 Fx)e} gt Ho|2 AAsTh(Fig. 4). ol A
AL A S48 A S48 dadEdda

aT Aoz Y] A717F Holdd Hate] A

i

=

il
[

H]

]



386 Z5t2 - YT - WX - ZYS - oHET - MYE
(@)
2
[
@
’ Py @ BAC_C12
° o BAC_C14
© BAC_C16
. y=-0.09x+25 -@- DDAC_C10
= y=-010x+28 @ DDAC_C14
K 0 ' ' -8- IBACs or ZDDACs
o 8 12 16 20
(@]
C
8 (b) (d)
= 5 )
3 y=0.001x+1.2 y=-0.02x+11
=t y=-0.02¢+ 1.0
g 8 y=-0.01x+1.2
9 24 y=-0.002x+ 1.4
(o]
8 1
I
m 1]
=
o
C
S
§ 0 0
£ 0 4 8 12 16 20 0 4 8 12 16 20
g
S (c) (e)
3 2
g y=002x+0.7
- y=001x+0.7
2 4
.
1 [} __e
-S00 0
1 4
y=-0.2x+34
y=-0.2x+3.8
0 . . . . 0 . . :
0 4 8 12 16 20 0 4 8 12 16
85N (%o)

Fig. 5. Relationship between 8'°N and log concentration of BACs in (a) Geum River Estuary, (b) Han River, and (c) Yeongsan River and

DDAC:s in (d) Han River, and (e) Yeongsan River.

N

I 2 4 JdERE usie). 2 23t gatuiel =29 7
F2NAZ S BMFE= 242} 091, 0.479] ghe 7HAH Ad4l&
ol 4o =7 g2 B

TMS& F4& 371 o2 A|RojA HE0] Hojof dth=
7 Y3 f&of B dFoAE A=
BACHE, 3733t gAb}ol| A= BACSF DDACY] TMSE =
=% 5= AUk (Table 3). $7FollA BAC F C12, G4l A
DDAC % C14%} SDDACsE A3t BE ZAalo4 TMS
£ 0 mTke] gho 2 Ate|o] o7 o] A Fodan]e

£ 549 A5A AEY 5= B dadte AeE o
2= itk (Fig. 5).

Post (2002)7} AAEE 4

FA7E 1 7Vl whet 6PN

o] 3.4%0 7kete A& o83t TMSERE TMFE A&
Atk TMFE 1 71E22 1 oAl %% o3 53
Edo] ggS ouisin | ujgke] Ao BH S wolt
< 5% 3AE uldth(Borgd er al., 2012). £AH 229
TMF gol 2% 1.01 ugte @ 2 A7 2o A Ho|g-g
53 SEA] 22 & 5 ATk ol ThE A5A &
oA o] At fARE Az, 2549 g A& triclosan
2 oot AR Eo] F2 AMEE o sHA A
EL 57 HAEH Y gEA 921t (Janda, 2022), 2018

3T
| A7IEZ A =P RAMA triclosan¥t methyl
triclosan®] TMF= 7t} 0.159} 0.442 Ho |2 E3) 3
HA &= 237} E1ERIthH(Zhang and Kelly, 2018). &,
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Table 3. The trophic magnification slope (TMS) and trophic magnification factor (TMF) of BACs and DDACs (GR: Geum River Estuary,

HR: Han River, YR: Yeongsan River).

Site GR HR

YR

BAC BAC

DDAC BAC DDAC

Chemical

Cl12 SUM Cl12 Cl4 Cl16 SUM

C10 Cl4 SUM Cl12 SUM Cl4 SUM

T™MS —-0.093 -0.108 0.001 -0.057 -0.003 -0.002 -0.023 -0.018 -0.015 -0.204 -0.236 0.017 0.012
TMF 0.94 0.93 1.00 0.96 1.00 1.00 0.98 0.99 0.99 0.87 0.85 1.01 1.01
&5 gel BAEE SRAEE Fol BRE oFl 219 WA OIF 25 AT Qo) 254 T4 3L

oF Aol o] HoldE T3 AEH7| Bk W=
Al tiatEe] MiEEE Aol $AT AR YEoH, o]
= 2259 92 log Kow HH(BAC (C12: 0.59, C14: 1.67,
C16: 2.97), DDAC: 2.59, triclosan: 4.76, methyl triclosan:
5.39) (Tezel et al., 2009; USEPA, 2017; Zhang and Kelly,
2018) 5 AEFAgo] W2 ooty 54 fEo= A=
o & dFolA o7 Aol 4" 229 s== BH
otet zkel7h Qe TMFE 2E ZHoA vt 23t
(0.85~1.0)E B3 5o A3E Jdg2 HtgstR] &
£ Ao Bt ol BA9| FEgto] ofet thard

AZ7tA 2A3 ol 1z Ext 7+ tlokst 0l9 9
3 229 Asol 2ZHES & & ok 29| BMFE TMS,
TMFE &3t Ao Hi&d shehado] Hold2 F3f
ey 7| Eos 4 dns 2948 Ak o
2hA, B AolM 24" &5A4 719 #3iEEd BACS
DDACE JEA W ’%EIZJ AT FFEAE w2
H7|1Eohe wE2A diitEe 5 AEA AR Faidol
A 455 HolEth TMSS TMF 23t= AEA W 24
o] s 7kl ol 82 & glom 24 B B8
e AEE AT o2 Adke =R AEA W
oM F& AHEB7E AslA= WA 2 wEt
WA e 4 B Holde T AL 7S Tetste
REFEE ol3fste Aol Fads AT A2 o]F
2 AT aFo] tig A4S Aoz 25A)] ARgol
FAE 229 237G Bl weh ot SHBF
I 2449 WEAe Eol7] 2o 229 Hside 3
mtesty] HlsiAle 5 B2 a7 Basit

¥ 2

et ae ARAEOIA goldt o the Fadt 8
dolm, 1 FRe} WAo] TE3| F7bsHs FAolth. =

229 A4 0 WE EQ Z/HIAR, BRI ZolLt 4
549 Qo BeA W AFl Hiet A= FET A
;ﬂo]q- B AL 2020, 20219 27, 3, GAROA o
FE e k= AHA ‘:—FIO]EQ'% ZARSHL, o7 5
ANA &EA AE2l 652 benzalkonium chloride (BACs)
¢} 5%9] didecyldimethylammonium chlorides (DDACs)
SRS BAsel AR B ASS Asugih SBACsS}
SDDACsE 39 A4t o}5e] AH 13 %2 5
T2, FHolo gi, 375, A A2 FEESGL
&5 ol 249 w9 HE WIETL At AR
Z=E) itk BAC= C129}F C147}F DDAC= C103} C147} 7}
2 ues AEE o*u} BACS} DDAC7} ol 22 o]l A
el 0% ot B80l B85} dolt 3 99 4 38
£ ERIgIF oY, AU £HES 2 9FE= biomagnification
factor BMF)7} 1 w|gte] gro 2, wogh i AgS HolFe
trophic magnification slope (TMS)®©] —0.236%4] 0.0019]
ZFS. 2, trophic magnification factor (TMF)7} 0.85914] 1.01
o] gte g =ZE o] HolE T3 Edo] FiEr|Hrh=

sjHETks 2 & 4 ot

MAFHE 23t (Rsh stersauein A7), 4%
F @Y SR B ), DA (DN 5
Frh|e AL FOAFFREY B, 2GS (ALY
ABLANE AR, BN B4, AHE

(et )

MZZI0= HEA7: 282, Y24, A=d, AAE A=
AE: 232, 2R, F=, ARPe: 232, A=, 2L
2H2HY: 2k, %%X], ABE, 93 w7 2542, Het,
[e]

BE A%, IABY: AFE, A

e
O[aHEHH o] =&olle olsieA S=2 A7 glsyth

A7 2 A= 20229 S FNA A dsh= B}t
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