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Simultaneous Analysis of Alternative Antifouling Agents (Diuron and Ir-
garol 1051) and Triazine Herbicide (Prometryn) in Seawater Using L.C/
MS-MS

Mikyoung Lee, Sunggyu Lee* and Minkyu Choi

Division of Marine Environment Research, National of Fisheries Science (NIFS), Busan 46083, Republic of Korea

A simultaneous analytical method was developed to quantify antifouling agents and triazine herbicides in seawater
using liquid chromatography-tandem mass spectrometry (LC-MS/MS). The target compounds included diuron, ir-
garol 1051, and prometryn, which are prevalent in marine environments owing to their extensive use in antifouling
coatings and agriculture. The analytical procedure involves solid-phase extraction (SPE) using HLB cartridges fol-
lowed by LC-MS/MS analysis for precise quantification. The method exhibits high recovery rates for diuron (101%
+ 1.25), irgarol 1051 (94.7% + 2.08), and prometryn (93.7% =+ 3.06). Seawater samples from 30 coastal sites in Korea
were analyzed. Irgarol 1051 was not detected, whereas diuron was consistently detected across all sites, with concen-
trations from 0.68 to 11.3 ng/L, and prometryn was present at levels between 0.12 and 7.06 ng/L. The highest diuron
and prometryn concentrations were recorded along the southeastern and western coasts, respectively. These findings
underscore the critical need for continuous monitoring and regulations to manage these contaminants in marine
ecosystems, thereby safeguarding ecological integrity and public health. This study establishes a robust analytical
framework for the comprehensive assessment of multiple marine contaminants.
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5 F(pesticides)> gt A| 2200 o] Adto] FAHE(
T8 9 - hibE Z9hol| Zhfishs |, S, A Al SR
AFE-E| = AbtA|(germicide), A=A (insecticide), A2 A (her-
bicide), 7€} 7] 7] A|(repellent), -7-S1 4 (attracting agent), 212+
Al(spreader) & F2H=9] 2|75 SXIHAY AA5H= A
A2 A (plant growth regulator) 5-¢] St} 5oF A8 52}
ol =2 A1 F4 §AE 7Hs s stof Ao QE A
ol 27 718k AH(Khan et al., 2010), FFA=E 5 5
H e o 29| {5, F9of ot f4 2 FAEAZHE Y Hf

THRichards and Baker, 1993; Polyrakis, 2009). =35 ‘5<F A}
£& ANHonE BEE PAsk 5o} Bt glont, 4
7|1H 0 2= Fooll IS WA Y= MELR dF &, 7IE
315-9] woFoll that WA S7HAA A3 o B2 4 5oF
RFE3 ) 7Feit S okg paslor sk ohegio] Aot}
(Hawkins et al., 2019). T 2-0| T} =5} 50F A8 0 & QIS EoF
W &oF X AR Ao G mIAA EHe, Rt FREE S
3l QUAof| rmE =] o] Q17ke] 7ol & & oF Pk 71X TH(Eco-
bichon, 2001; Alewu and Nosiri, 2011; Mishra et al., 2021). &
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OF0 e A5 o] @] of| |4k HF 2 & & (marine antifouling paint)
o AMEEIT 9lon, o)% 714 e Aluolt a
Aol A F2Hd A= AAE Rt e e g o AgAR AL
S5 1 th(Boxall et al., 2000; Evans et al., 2000). o] &2 F-&+
3 A=Y AARETE ofu 2t =R AEO] =4, SR A wt
T gkl HEHA 1980 thHE of g viatof Al Ayt
5t AREfA|7F A2 @i Th(Lamoree et al., 2002; de Castro
etal., 2012). = ujof| A= 2003d FE] & Aufof o3l [ AL
& SAEH A2 (Kim et al., 2014), TR, =74l iAE | 5H(In-
ternational Maritime Organization, IMO)+= 2003 {58 L&
Ksto] chgt AL§-2 FA57] A2l 20086714 A
Hol| A ZhE8t= 77| =435S s AASHESE 5414
Q1 AFE1A12 AAI B AEHIMO, 2001). 714 BT/} -2 e,
=0 Al 7174 sk 2o] B H o] F Al 0.2 3
78 213k e w2 ¢l {7 | 2 AYA| 7T 575l th(Castro
and Fillmann, 2011). Diuron¥} irgarol 10512 t3E4{2] 7-7]
HEAPA RN G748 Eo] HAlE ol Ao e a e
FH YA AREE Atk Almeida et al., 2007). Diuron2 333+
% 282 A= phenylurear]] A|2A| =, sjgatollA=
At 9 wE o) Eeto] Bauo] 7545 ol mduof ofoj
|A= B 2loh, Av2R, S 22 =S 4%
H2)5}17] 98l ARE-E th(Konstantinou and Albanis, 2004).
Diuron2 sfi<=of] thgt-§-31&=(35 mg/L)7} Bl a4 3531, WHet7]
7}43-2, 180U = 7h=2-8l 9 F-Esflol] sl el gtk
(Okamura, 2002). Irgarol 1051 triazine| A|ZA| 2, diuron
3} uh A 2 Ao 91 b ol g Hake |
517] 98l A= E2o]ch(Okamura et al., 2003). Irgarol
1051-2 sfj=of] et @& &8 %= (7 mg/L)ol| = &6l A
%23} 7]7H(International Organization for Standardization,
1SO)of| = e E=ofA Zo 5.0 pg/emo] £ 3ok
o2 FEHE Zo 2 FAE T (Zhang et al., 2019), 3l
of| A1 2] W71 7F 100-300U &2 =S ol A 17| 2ol =] 2] &
= 7oz d#HA Qlth(Dafforn et al., 2011). Diuron¥} irgarol
1051 A=A Yol = E-takal Aej54 Ao W=d ofF
(van Wezel and van Vlaardingen, 2004; Key et al., 2008) 2! 5+
HFs=o] Waa thabel] A2 ok nA= AoR o
% th(Kobayashi and Okamura, 2002; Manzo et al., 2006;
Perina et al., 2011). ©|2]3t =2 317 X|SAT} v £ (714
of| et =4l oz ¢la) diuron} irgarol 1051 2000E ] =
HRE S, Hok, AgH 9 vl ARGl FA
7] A ZF8He 0. (Kim et al., 2014), IMOX= 2023 d HE] mE
Alepe]l B2t irgarol 1051 AR8-& FAI8FHTHIMO, 2021). =
WellAl+= diurone] 20219 7H4% Tafj Fekgwhel ™ Al 53
O|Asto] Auof| A o] ARgo] FAE e, o]= 2023 dHE
A3y = 1Tk,

TriazineA| AZA| 5 skl prometryn 52H=ol Al U

O:

tlo o
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A F 2o AA AHEE BEE, 98 019l ofF, Al
A, 2705, ik 59 A ol A ARE-E 7| = ghek(Yang et
al., 2022). Prometryn2- W] 1.3} &2 4831 %=(33 mg/L)S 7}
A|aL glo] BoF W BlAFof] F2HE 7hs/do] WAL, oA 9]
HE717F 55759 = e ol diet A A 1S vekd
= ITH(Sabik et al., 2000; Carafa et al., 2007). o]o]] F-H A+
© 20041 328] prometryn®] A3 FA S, ol 43| o
2 7)o A B J5HA] ALEE| T 9Jeh(Brvar etal., 2008)

2020 =t AgARE k2 ol E =&k 25 ol A] diurony}
prometryn®| 3] $¢l= 7| Hit & R HEH
HEE AF7E Sl o] £ S8 ] vARE- sk ol e B
Shal HEH Ao R Hol thefgt A2 =2 sl - 7t
57d0] Slch. whebA s ol Al AREE AL AREE 4 Sl E Ok
of| thallA] Z} uhA|of] gk JFARet A A Eol| gt G
AFE AAJSE] 8 F e EE ol et AbEat flsiA
Fe5l= Zlo] Pasirh. w3 s oA b Fore] &
= gpefslr] el nlge = MRohe thlRt w0 SAS 1L
gf5to] A<, AEsHA| AT o e 71 SHo] a4 E Tk
ol2fgt Alg/deoll e Etatal AA7HA] sFetd W si4=oll oh
3} diuron} irgarol 1051 ¥ prometryn ‘5=& 1tetslr| st
Al o] kA E o] Q1A ¢Fo ™, prometryn®] 739 82k o]
it - 9] A E3F FE5TE A A ot

HAJE= Ao =g 2 AM-H diurond} irgarol 10512] 7]
= HAHS Hedstar EgjobxlA A=A ¢l prometryng 57}
slo] FARAS Yok Al gk HE BAHS 2ge
o] sl A o] 13 Sholat opAPEe) f4kg4 ul Fuisel
oA AFE sl A o5 B8-Z B4t A = et
730 A1) RS gpotstarat gtk o] 2fgt At QHHE
TAHES AR o Sl S 245k 71oE 4= 9l

< Jlo|et detdte).

oo e BN 4

ot
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-
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E A2 3% (diuron, irgarol 1051, and prometryn)$] %
FEdY GAG/L-AE #E=2 diuron-d,, atrazine-dq2
Sigma-Aldrich (St. Louis, MO, USA)| A -3} T} A A
2] Alefo 2 ARE-H ofa|E(acetone)> Burdick and Jackson
Labs. (Muskegon, MI, USA)o|| 4], HE-2(methanol, MeOH),
O EY E H(acetonitrile, ACN), oEolA|g|o]E(ethyl ac-
etate, EtAC), Z<=<(water)== J.T.Baker (Phillipsburg, NJ,
USA)oAl HPLC SH2o& F+Yste] ARgstglon, 2=
Zuek(dichloromethane, DCM), 3ZEAF ¢FXE(ammonium
formate) 2! Z-EAK(formic acid)> Wako Pure Chemical In-
dustries (Tokyo, Japan)ol| A -+9) gt S5 Fi= w-4-8-2 A5}
Ar}. A 2] 2ol A 1AFF=Z(solid phase extraction, SPE)



Agerr gl E

7FE]#]Q] Oasis HLB (200 mg, 6 cc)= Waters (Milford,
MA, USA)ol|A] F-este] Alf-8o 85 Al ARSI AR
o] T}of] ARE-3} Glass fiber filter (GF/F, 47 mm circle, 0.45 pm
pore size)2} A8 o] }-8-0 2 AR8-3H PTFE syringe filter
+ Whatman (Clifton, NJ, USA)of| 4] F-43}% T}

BEESY 4 YREZEY

=4 350 tigt = 9 =23t 5
IH"*EP Diuron A|J3k 259 £AUY #2241} 259
BAG/AUAE 224 2 F2ol ¥ MeOHe| =
o] 1,000 g/mL O & 4| %3441, diuron2- 5,000 g/mLE A%
5ko] 4°C YAl ol 4] Bastgl EP 782419 ¥ 9l+= diuron®]

7% 1-200 ng/mL, L] x] FZ2AL 0.2-40 ng/mLZ 519
T, 4 Sk ENESEPAR R =1 %5% 7}7} 50, 100 ng/mL7} =]
=2 shln

PSE

2|4 o] AAe] WS 2Ystr] 9lste] Oasis HLB 7=
2R & AAslo] 4717 T2 79 FE&8u(EtAC, ACN,
MeOH:DCM = 1:1, acetone)= SPE &&= H|AESIY O,
o] T 7MY} w2 A& Kol FEEME ATURH SR AR
SFALE. 3482 water 1 Loj] #5574 diuron (5 ng), irgarol
1051 % prometryn (1 ng), A& #5754 diuron-d, (5 ng)=
FUsto] F7heklthn=3). WA SPE 7IE=|A & 7\1—‘_@2} SPE
%] (Dionex Autotrace 280; Thermo Scientific, Waltham,
MA, USA)o] 91435}o] DCM 5 mL, MeOH 5 mL, water 10
# 05 Fab SASIE 2ok o |l
min®] &= 2 A2 1 LE E7A]7] 3, 5 mL water2 A 0]3
Y305 A£A £ SIS FEAE £56 Belotg
A4 FHHs=7](Turbo Vap LV; Charlottle, NC, USA)E ©]&-
ko] 40°Cofl 4] ©F 200 uL7HA] 555t MeOH= 8- %12t 5}

E 42 Table 19 L}

:g

E2|opxl A AlzA ol tigt LC-MS/MS #4114 A& 329

%131, PTFE syringe filter (pore size 0.45 mm)= &{3}5to] A
2|4 724 atrazine-d, (100 ng) ¢ ¥ 2% 537} 1 mL
=5 5k 7]7|424 sHlth(Fig. 1).

LC-MS/MS &4

Ao 14 208 SRls] $lste] ok 4o &
2 AREEE geleaA| 2] 94 A=<l Acquity BEH CI8
(100 2.1 mm, 1.7 um; Waters, Milford, MA, USA)= A2}
o WA A= utE Tef Z/hlg AR A 7| (LC-MS/MS, SCIEX
Exion LC system coupled with SCIEX QTRAP 4500; To-
ronto, ON, Canada)E ©]-&3}4t}. = E2l9) tjsle] MRM
(multiple reaction monitoring) = =2 HEAs517| 98t 2 A4S
Ao R dsiglon, SE RAR | 7] xstke] HA
2] WS At 717] E42 2Y 2= U Capﬂlary
temperature= 212} 35°C, 450°C2 ‘8} o, FAEFL 5 ul
2 3} 300 uL/min 522 SHFE I, ol @_Z}.“?__l,:'—o]%
SH(electrospray ionization) positive E‘:E ion spray voltage
£ 5,500 V&2 A3 o] s o 2e wAEE o Eeetst
Z EAL 11835}o] water?} MeOH2S AR&-519 ). watero] 5
mM ammonium formate2} 0.5% formic acid & 7}5F &8-S
ol 54 AR 319111, MeOHOl| = -2 H7HA1E ARg-gh 8-9e
ol BE slof Alte] mE o5t A4S MR
A &0l JH F7loh= WAYl s = 7l 8211 (gradient
clutionys #-gsk3iet. o] WHS Uk or vho {7]-8nf
AFoz AJzfste] AlZto] Age] wheh gl o] s A4
o2 F7kgrema ol tiel i Al Hakzof upet 42
o ZEE Aol o2 2 AMGH: ol o] 54l l
formic acid4} ammonium formate2} 22 ¢S F=715HH 4
=3 A7t S7FAY v A 2ofo] AiAE 4= 9le], formic
acidi= [M+H]+ 0]2:9] 22 gpkAl717] glaf Hrhsksln

Table 1. Chemical information of antifouling agents and triazine herbicide (diuron, irgarol 1051, and prometryn) in this study

Compound Structure Formula Molecular weight Water solubility (mg/L)  Log K, pK,
Cl
Q
Diuron ~ )J\ C,H,,CLN,O 233.10 36.4 (25°C) 2.81-2.87 13.55
I‘|J H Cl
......... /L/
Irgarol 1051 n oS C,H,N;S 253.37 7.0 (25°C) 4.1 413
ﬁ\NJLN)\N/A
H H
......... <
Prometryn /J\ Nl)\\w J\ C,H, NS 241.36 33(25°C) 3.51 4.05
A
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Extraction by autotrace
(Oasis HLB 200 mg, 6 cc)

1
! » condition cartridge 5 mL DCM |
! — condition cartridge 5 mL MeOH H
! — condition cartridge 10 mL Water |
| — load 1,050 mL seawater sample |
i i
1 1
H 1
1 1
! i

— rinse cartridge 5 mL Water
— dry cartridge with N, gas 30 min
— collect 5 mL EtAC 2 times

Concentration to dryness

Make up to 1 mL
(MeOH)

LC-MS/MS analysis

Fig. 1. Flowchart of the optimized analytical method for simultane-
ous analysis for antifouling agents and triazine herbicide (diuron,
irgarol 1051, and prometryn) in seawater. DCM, Dichlorometh-
ane; MeOH, Methanol; EtAC, Ethyl acetate; PTFE, Polytetrafluo-
roethylene; LC-MS/MS, Liquid chromatography-tandem mass
spectrometer.

ammonium formate= 3 3 B4 7 A517] &l stk
(Weng et al., 2020).

oAt - Hu

71714841 2212 Table 29 YeH it 4] td=4 % diu-
ron, irgarol 1051, prometryn®] W& A|7H(retention time)
7}7}+7.78, 8.83, 8.29%- 0 & Ly}ttt ZF 532 9] precursor ion
(m/z)5 st & LEFU= product ion (m/z) 27 2] -2 242)
A% MRM (quantification MRM), 4 MRM (confirmation
MRM) O & 2-§-5}9] om, 7F7}o] A 5F 9l 4/d MRMe]| AHE-
% 7171854 27 (declustering potential, collision energy, col-
lision cell exit potential)}-S Table 22} Zro] &1 3}$i Tt

FtERIX| E2|d0f THE HYEE 3/4E HlW

B 5 ddE4 35S A48 fiste] SPEE o8&
FE1 ZAE 3skaLAt skt SPE g ol A Aol A
FAEAS G2el] Q13 Aet Sl o) dele Fadt Fi
o]tHNakhjavan et al., 2021). w2hA] &2 Ao A= Ao =
& W EQolRlA A=A o] FAEAE S8l ol dA4ES 3
aste] HAES 7HERA] 9 g2|de AAstelt) 7HER A
= A 2 AR BeE BAS 2 AREe HES Hgt
SPE S2HA| &2 d 2] ARE-E|= 2 0 2 def%l(Wang et al., 2019)
HLB 7FEZ| A& o]-&5}3lom, &2 2 A2 &= 2 (diuron,
irgarol 1051) £-4]o]] AF&-%l 37}4](EtAC, ACN, MeOH:DCM
= 1:1)¢} Ejolxl A A ZA|(prometryn) 4] of] ARG 17}4]
(acetone) & 4143l 3|+-E&S HIAE 519 th(Piedra et al.,
2000; Lamoree et al., 2002; Beceiro- Gonzalez et al., 2014;
Kock-Schulmeyer et al., 2019). o|ufl, 7FE =] 2] g-2]H 92 5
mL 22))= st =), ol= 0] =2 5oFe A A2 4=,
ol e tpoke] 29 Bhe obS B THOEA B58S 3
AA17 4 olrhe A7 AT vigo = RS B oS
=2 B8 93 A &22] 9K(500, 1,000, 2,000, 3,000 mL)o] 3
Fgol| |2 = FaFel et AFE B 845 1,000 mL =%
e o, A A o2 7P 28 0 e 7 A2 Hlo]
E] BARS 201t 4= Qo] (Kock-Schulmeyer et al., 2019) ] &
Hhgro & A|ZERS 1,000 mLE 3t

whA) Z5e] Selols ol g Al $24Y Ans
Fig. 200 LR 1. 41 210102 A5l (A) EACE &
%3t A7, diurone 101+1.25% (B + EEAZ)9] 85&
S B¢ oH, irgarol 10512} prometryn'= 212} 94.7 +2.08%,
93.7£3.06%% =2 34-&S FRlskleh vhdel, o
fgjofol (B) ACNY} (C) MeOH:DCM=1:12& Z}Z} diuron
2 93+1.7, 96.7+2.21%, irgarol 10512 75.3+1.53%,

filo

i

Table 2. Mass spectrometer parameters for determination of antifouling agents and triazine herbicide (diuron, irgarol 1051, and prometryn)

Compound Retentign Erecursor Product ions (m/z) DecIugtering Collision energy (V) Collision cell exit potential (V)
time (min) fon (M/z) Quantification Confirmation Potential (V) Quantification Confirmation Quantification Confirmation
Diuron 7.78 2331 721 160.1 76 35 35 6 6
Irgarol 1051  8.83 242.2 158.0 200.2 46 33 27 4 4
Prometryn 8.29 2541 198.0 108.0 81 25 37 6 6
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120
. Diuron

=3 Irgarol 1051

100 - === Prometryn

80

60 -

Recovery (%)

40+

20

A B C D

Type of solvent

Fig. 2. Recovery (%) of target compounds for optimized methods
using four different solvents. A, Ethyl acetate; B, Acetonitrile; C,
Methanol:Dichloromethane=1:1; D, Acetone.

85.0+3.61%, prometryn84.3+1.15, 83.7+2.08%= EtAC
K} oF 10% RA ekt vpAul-g-2] o o 2 ARE-H (D) ac-
etone 3]48&-0| 2tz diuron 67.2 +5.72%, irgarol 10512
62.0+3.46%, prometryn: 61.34.51%2 Al7tA] §2|of
13l & A 3] W 383 B Th T3t diuron 2 irgarol 1051
ZAEA o EtACE %E] Mo 2 A3l Beceiro-Gonzalez et
al. (2014)9] 3]<=E«(diuron¥} irgarol 1051 X5 90%)¥} v]ul
519w, 2 Aol A A8 B 9] 3l=go] v A £
eSS dholsldl o, 715 prometryn®] 3|48 90%
olito] s 0 wpehyie}. o]o), 270 2 SPE 245}
13k -8-2]o o 2 EtAC7} A= Sl
= AZ(Method validation)
A O] f-a A4S 53] 18l #=F 4 (calibration stan-
dard, CS) 2422 diuron A| 2|3t 252] A|ZAl= 74
CS #7-8-9(0. 2,0 4,1,4, 10,20, 40 pg/L)< 0]+, diu-
ron& 75| CS #38-90(1, 2, 5, 20, 50, 100, 200 pg/L)S ©]
STE BA B B E S xE A TE JEE yRoR
sto] CS& 2Hgstol AAAS Shelalgict. meEgel €S A
AR ZF 0.99971, 0.99922, 0.99920°.2, CODEX®
A B75HE HSI098)F Btk BAHel 7%
H|(instrument detection limit, IDL)2} A4 &3 (meth-

Eg|o}AA A=A o] st LC-MS/MS 4 A 331

od detection limit, MDL) 2 A g¥3kA|(limit of quantification,
LOQ) 18|31 A& (accuracy)2} A U = (precision)E 453
7] 9J&to] GF/F (47 mm)& o]7}3t 2= A2 1,000 mLoﬂ

Z&4 diuron (1 ng), irgarol 1051 ¥ prometryn (0.2 ng)=

U7 Al =5 22k EA S A 8-5he] 245kl ]
o AR oA A o Sl @S utefsh] $8f water
= B ulERA] 2 (procedural blank) 2 310 34 A| 2.2} 53}
A &4 sk3ick

359 tAE Ao gt 77 sl Al RS whE B-4% A bt
FAl RO A= dEde] B Hilen, ddEde A=
e] 122 Table 39 UeRY Q).

IDLE &7 JHEE et 74 =9 344 S4¥e
2, A" e o]kl o] obd AAl A= UE 99%
AlFsh=d 2R3 BAEA 0] 4 5 S el IDL =
AL 93l CS1 (diuron, 1 ng/L; irgarol 1051 & prometryn, 0.2
ng/L)& 73] WHE2 A shojof| A fg BEHA A S &
stof thESHRlT)

IDL=t X SD

(n=1,0.2 ng/L 78] WHEEA], t=3.143,99% Al =)

MDL-E B4 Ho] ol & 0 7 AZ3T 4= gl BAE0] ZA
=2 el Ao 2 MDL 242 94 7719 284S

A7102, 1 ngll) WEAES Fof A BRUA] A{E

£ Fstol &stol

MDL=t X SD

LOQ=10 x SD
(73] REEAE)

3Z9] A=A 9] IDLY MDL-S 717} diuron?] 7% 0.10,

Table 3. Method validation in the quality assurance and quality control of antifouling agents and triazine herbicides

Linearity Accurac Precision IDL MDL LOQ
Compound ° Range (ng/L) @) (%) (ng/L) (ng/L) (ng/L)
Diuron 0.99971 1-200 109 43 0.10 0.15 0.46
Irgarol 1051 0.99922 0.2-40 78 5.1 0.02 0.02 0.08
Prometryn 0.99920 0.2-40 73 3.7 0.02 0.02 0.05

IDL, Instrument detection limit; MDL, Method detection limit; LOQ, Limit of quantification.
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Concentration (ng/L)

oA - Hu
I Diuron
=3 Prometryn
- N O TN O - NO TN O M T OV © N 0 0O O «~ N M < I — N ™
ww W oW oW WwWwWw s « < = = < w w w
EEEEEE%%%%%%U) n n n n n nn

Fig. 3. Concentrations (ng/L) of diuron and prometryn in seawater collected from Korean coasts. W, West Sea; SW, Southwest Sea; SE,

Southeast Sea; E, East Sea.

0.15 ng/L, irgarol 1051 0.02, 0.02 ng/L, prometryn- 0.02,
0.02 ng/L 52702 ehon, LOQ: diurone 0.46 ng/L,
irgarol 1051-2 0.02 ng/L, prometryn2 0.02 ng/L <+ C 2 1}
ERtTh 3 FEEAS VIR T/ WHE A Y Aah kel 2
Aot A& YeEe A= 212} diuronS 109%, irgarol
10512 78%, prometryn 73%%0.H, 49| A& &
=5 Uil AUEE 24 diurone 4.3%, irgarol 1051
5.1%, prometryn< 3.7%th AW L= 25F 20% o]af= 9
et e UERE 24 fad A5 o] diAl=
gk 3la = vE B S 2F AAstkelon, HAotE &
ARle Z-8-5to] AA FA siaeAl = (n=30)0l] A-8-3f H Ut

= AA| sl Al &of 285t A
o it Ak, SHe-S5F
@ 5, Jal, FAE e,
=7-94, 2-E2)S e o4 5 AU eR 25 9
prometryn ZHFEFS HI7SIACE Al AlSf(west sea) 6%
A, A3l (southwest sea) 697, ‘F&3fl(southeast sea) 157
4, Eoll(east sea) 3 & F- 307 Foll 4] 2020 2H ] A
2{3haic.

ANFE sl ol et 24 A3, diuron} prometryns &
< A=A HEH L irgarol 10519] 79 2 AlRolA
AEEA] k). o= =] ¢Aote] diuron (0.68-11.3 ng/L)3}
prometryn (0.12-7.06 ng/L)o| gd&| &3£3}31 JA|9t, irgarol
1051 22317 o= Aoz Bol7th Kim et al. (2014)9)
w0 W 200920108 ASeHEES ) s 4
irgarol 10510] 0.2-14 ng/L 4:2 0.2 AZ |0 X759l ZJo]
= UAINE 2 A} Ak Anpr B E Qi Irgarol 1051

© diuron} 4] uldzg Al7]o] Lt F7 oA AR Ei
A E QoL irgarol 10519] sf4of| A &] ¥EZt7]| = diuronk
o} oF 7df gol sfj=ofl Z-F5kd irgarol 10510] W=7 £-3]
wlof A%o] B4 ekske Aolet ofAKIe}. Diurone] 24 o
oA o] Fle= 440+3.15 (Bt =+ EFHA) ng/ll
FOoR2 Yepton], Hgsf detollA 6.7+2.88 ng/L, A ¢
QtellA 2.75+0.35 ng/L, ‘FAl A< Ff AbellA 2zt
1.99+1.03 ng/L, 1.01 £0.30 ng/L s+ 2.2 AEH 0], F-53
Aol Aalf-gAal -5l ALt Hok 2-6ul =4 Vbt 12
o] 28 48712(EQS, 200 ng/L; EU, 2008) H.rh= &
23] W Z2zz0] 0 @ %7}bE| Q). Prometryn] <o) Al
o Ll 1694223 (Wi B+ REAA) ngll 2RO
LreRE o o, diuronh= B2 A3l 19H(5.88 £ 1.04 ng/L)ol|
A 7P A A= HaL, EA18(1.40+£0.71 ng/L) > -3
(0.43+0.10 ng/L) > E-39K0.16+0.05 ng/L) 29} %02 =
Al ER th(Fig. 3).

= ActollA HEH 230 = E4ZEHE =9 o
T} 8| aLsF G TH(Table 4). & Aol 4] 24K diuron®] &=
(0.68-11.3 ng/L, 222 th)= Kim et al. (2014)¢] =1} A
(13-1,360 ng/L)E Z3}3t o]=ke]o}9] Naples Gulf (11,380
ng/L), 27?19 Canary Island (2.00-195 ng/L), 5=r2] Da-
lian port (N.D-3,100 ng/L)ol| A H31% $=Z= Rt} oF 20-300H)
wrokth Tefuh 92.9] Seto Inland Sea (10-62 ng/L, N.D—-65
ng/L)2} 25919 Catalan coast (0.3-20 ng/L)Et} S &
Apgk 401 9fek, HEbel =) AR FolA] T ol g
T-oF 1Rt Aol A AHFE Al =l Al diuron®] F=7F
o2 A ollA AHFHE AR £7(1,000 ng/L ©)4)
HEEE 540l slth o]g3t 54 o= Qlsto] dss A
©H2.03-11.29 ng/L)o] ‘FAaf, Adl, Fa ¢ote] nls) A
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Table 4. Global comparisons of diuron, irgarol 1051, and prometryn concentrations (ng/L) in seawater collected from Korean coasts and

those reported for other studies

Study area Sampling year Diuron Irgarol 1051 Prometryn Reference

Naples Gulf, Italy 2005-2006 1-13802 0.2-173 - Di Landa et al. (2009)

Seto Inland Sea, Japan 2008-2009 10-62 11-55 - Balakrishnan et al. (2012)
Canary Islands, Spain 2008-2009 2.00-195 2.00-146 - Sanchez-Rodriguez et al. (2011)
Jinhae Bay and harbors, Korea  2009-2010 13-1360 0.2-14 - Kim et al. (2014)

Catalan coast, Spain 2015 0.3-20 0.2-85 - Kdck-Schulmeyer et al. (2019)
Seto Inland Sea, Japan 2016-2017 N.De-65 N.D-35 - Chidya et al. (2022)

Dalian port, China 2020 N.D-3100 - 27-12,000 Zhang et al. (2021)

Laizhou Bay, China 2021 - - 55.09-118.3  Zhao et al. (2023)

Korean coasts 2020 0.68-11.3 N.D 0.12-7.06  This study

“Range (min-max). *Not available. “Not detected.

& 59 Aufg-so] ghdstal, Ha4d into] gol AL
2=l 5rE Hol= Zog wslgict T3 Zhang et al.
(2021)€} Zhao et al. (2023)9] A= S| =48 A 5=
o] vhE e 2ARSHIET, prometryn®] HE S=7F
Z¥7} 27-12,000 ng/L, 55.09-118.3 ng/L ~&2.2, = 8
A= )& o= 3F 2 A-9] Hat 55(1.69 ng/L) .t}
Dalian port (1,447.36 ng/L)+= 2F 7008, Laizhou Bay (79.59
ng/L)%= oF S04} 359tk 5-3k0] 75 2010RE] S-4kabA) 4t
oA prometryn®] ARg-o] FAIE O, = £ 279
28 o] BTEo|2H: o] $.2 o] 5] 94 850] A)
S-%)31 QJth(Zhang et al., 2021). ©]+= =W oA prometryn2]
At B ARgo] FAE o] ol Etekal 2 Aol A dE
7l Qo] A3l Aol A prometryn®] F=7F 7HE woH F
3 AQto® Zps XA} Wolx| = A3Fo g Kol At}
AR F= R F=rofl of7t 2E A 8Qlo] AjFlE Ao=
Holck. wheba] = AgE FA o Bl F=Rsl o of] theh A <%5-4]
Qe e+ U E R HEo], A =& 2F U prometryn
I} 22 shehE A of F7HA Q1 2ARRE A o] Fasitt o] g

i)

o] =Eo 2024{E I4AlTEY STt A AN
(R2024014)2] A0 2 =3 AUyt
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