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Toxic Evaluation of Antifouling Paint (Irgarol and Diuron) using the
Population Growth Rate of Marine Diatom, Skeletonema costatum

Ju-Wook Lee, Hoon Choi, Yun-Ho Park, Seung-Min Lee, Yoon-Seok Choi, Seung Heo, Un-Ki Hwang'

Marine Ecological Risk Assessment Center, West Sea Fisheries Research Institute,
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We evaluated the toxic effects of antifouling paint (irgarol and diuron) on the population
growth rate () of the marine diatom, Skeletonema costatum. The r of S. costatum was
determined after 96 hrs of exposure to irgarol (0, 0.31, 0.63, 1.25, 2.5 and 5 g I") and
diuron (0, 7.81, 15.63, 31.25, 62.5 and 125 ug I"). It was observed that rin the control
(absence of irgarol and diuron) were greater than 0.04, while rin the treatment groups
decreased with increasing irgarol and diuron concentrations. Irgarol and diuron reduced r
in a dose-dependent manner with significant decreases occurring at concentrations above
0.63 and 15.63 pg I, respectively. The ECs; values of rin irgarol and diuron exposure were
1.09 and 4545 g I. No observed effect concentration (NOEC) were 0.31 and 7.81 ug I,
the lowest observed effect concentration (LOEC) were 0.63 and 15.63 pg I"". This result
indicate that a concentration of greater than 0.63 ug I of irgarol and 15.63 g I"' of diuron
in marine ecosystems induced to decreasing r of S. costatum. Also, these toxic values
can be useful as a baseline data for the toxic evaluation of irgarol and diuron in marine

ecosystems.

Keywords: Antifouling agent(®& 2= &), Irgarol(0|7}E), Diuron(CIR-E), Toxicity(54),

Marine diatom(SH&tF=5F)
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(Tributyltin, TBT)Z C{EE|= TBTO (Tri-
(Tributyltin fluoride) S TBT 7|8 SPC H|QIE
715 EEHEOZ AFRE|QUCHAmara et al, 2018). 5tX|2t Of
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=

%gga 82
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2019b). $4X TBT CHH2EE OH3HS(copper oxide)=
UOLL TBTO| HIsH #2520| KO}, chlorothalonil, dichlofluamnid,
diuron, irgarol 1051, sea-nine 211, ziram, zinc pyrithione 3! copper
pyrihtione 3t 22 MUHLEZRE FII5H0] ORittE ol £
M58 S 2251 QUCHChen et al, 2015; Jung et al, 2017; Shin
et al, 2015).
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MAMCE 48 WHQIEN FHLSHA ABE= =EOIT
(Konstantinou and Albanis, 2004). Irgarol2t diuron2 &2 54
SEE JWS=A7| o] TBTO| HisH ATHX o2 =40
2™ UAX|T booster biocide E-d4 TBTRt OHE7EX| 2 E&
£, Mz 8 o7 oA 542 012 £ UCKFernandez-Alba,
2002; Ishibashi et al, 2018; Lee et al, 2010). £t S ALRE|D
U= chlorothalonil, dichlofluamnid, sea-nine 211, ziram, zinc pyri-
thione & copper pyrihtionedt 22 A=z HI} =AHE|A 0]
QAT (0] SHUYENA Ol X|EX 2 ZHESS
0|& 7s40| Z&8}CHMarcheselli et al, 2010; Konstantinou and
Albanis, 2004).
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shAol o 22 RALCkKonstantinou and Albanis, 2004;
Okamura, 2002; Thomas, 2001).
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Of(Ensminger et al, 2001; Khanam et al, 2017), MZX|(herbicide)
HEoz TEOT irgaroldt diuron S4E EItst7| Szt A
SIMEZ IS MAS {02 MEIEICH 2 oM E Irgarolﬂl'
diuron0l| = &% S costatum 2| FEE& L (No-Observed Effect
Concentration; NOEC), %2 @8s T (Lowest-Observed Effect Con-

4o
centration; LOEC) & Bt=FeHs T (50% Effective Concentration;

S, costatume 22|

T oo o
EC)E ZESHH S costarwmO| TS HREEO| 54 gH2 LIE}
o, o[2{et XAtze SHAYWENA LHo|M Ol EE2 7|Esk

=

S 285| flet 7S AER 2EE AO|C

M= o
1. AEME
NYMEL S|MTZR Skeletonema costatum (Greville) Cleve
O|H, $H=s ¥ 0| MEF 23 (Korean Marine Microalgae Culture
Center, KMMCQOf| A 2 2ror S-240A 67HE Ot AHCHHY
SHRICE YR E = 20041.0°C, 2 F&SS 08310 3,000~
4,000 Lux, &F7|& 10 Light : 14 DarkE |X[SIH 2 H{XIZ HY

&SI CHLananan et al, 2013).

IEI

2. A

oot

SEEA

=

Al&o| At %l irgarol (irgarol, Sigma-aldrich, USA)1t diuron
(diuron, Sigma-aldrich, USA)2 DMSO (Dimethylsulfoxide, Sigma-
aldrich, USA)l =0 10,000 mg 9] stock solution2 2 H| =8I
C}. Irgarolt diuron2| stock solution® el Atlsi-Z &M
510 irgarol (0, 0.31, 0.63, 1.25, 2.5, 5 ug "2t diuron (0, 7.81,
15.63, 31.25, 625, 125 pg 12| =& Z-JSIQICE AlF8UR| =
o AFBE DMSOE AtiszE 001%0A 96AI17H leESH0] CHZE
T OiH] S costatum@| 7HHI SHEO &S O[X|X| e AS

OIS 0 (Okumura et al, 2001), A|EH0| AIRE B 29| &
TR = irgarol (0.01, 0.1, 1, 10, 100 ug I"), diuron (0.01, 0.1, 1,
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Fig. 1. Cell density of Skeletonema costatum exposed at different concentrations of irgarol.

Table 1. Experimental culture condition of Skeletonema costatum

[tems Conditions

Culture type Static non-renewal toxicity test

Ambient light condition and

Photoperiod 10 L: 14 D period

Light intensity 3,000~4,000 Lux

Temperature 20.0+1.0°C
Salinity 30.0+1.0 psu
pH 8.0+0.2

Chamber volume 50 ml test tube

Solution Filter (0.45 um) and sterilized seawater
Solution change None

Test solution volume 30 ml

Culture medium f/2 medium

Initial cell density 5,000 cells ml!

Experiment period 96 hrs

>0.04 population growth rate by

Acceptability criterion the hour

-—

100 pg M2l OfH|2ES S3t0] HEst Hel= 2FSHALL

3. MY ufg=d

ik

Al

WS 7t S 50 ml test tubeOil 30 mi¥ & 3tt=
8t /2 HIXIE HIFSIAULL S costatum BE 248 28l
R chamber@} inverted microscope (IX70, Olympus, Japan)2
8l £7|5E 5000 cells mi'e| MZUE=Z 2 AlF A0
SHCEH Al HI2 &= 3000~4,000 lux, BIYF2EE 200+
0°C, 7] 10 Light : 14 Dark2 SX[8IH 96A|7t Hi¥s3 0
KiM|BH B2 Table 10 LIEFLHRACHMOF, 2018).
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4. M2 8EE 54

S. costatum@| rg £785t7| {18l fluorometer (Model 10-AU,
Tuner designs, USA)S O0|8310] 24A|7F ZHACE 2 AJEatQ|
HAHS FHSIYD, %At = XT Y
costatum®| HHZ SHENS FEYLE &
£ 2| HYHAIZ 0850 M= 2
L) ofziet 42 AdtAle R EESIYL, TIEFO| O] 0.

2 ZL0| golst AldZAntz B CHMOF 2018).
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ne 32
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(r=70HT dEE N=AEZE T MEIUEL, Ne=Z7| N=Y
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5. 54

Hr

o=t Med ALO|2l F2l'd2 SigmaPlot software (Sigma-
Plot 2001, SPSS Inc. USA)2| Student's ttestZ ZAFSIASH, p7t
005 0[50l AR F2loh X102 HEHSIRICE Wz =AY
A1t S costatum®| rOf CHoE Bt=FokE 2 (ECs)2t 95% 2|
7+95% fiducial limit)2 Toxicalc software (Toxicalc 5.0, Tidepool
scientific software, USA)Q| probit SAHS ARSI 248191,
S ASkE I (NOEQ)QF X AFSHEZ(LOECQ)= Dunnett's test2 Al
Stof 2MBHAULY.
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1. IrgarolO| S, costatum®| rOf O|X]|

IrgarolO| S costatum®| rOfl O|X|= &2 Fig. 1, 20] LIEHH2
O, CHETO /2 004 O|MOZ BYSAZTHAITY SHAMES
YAH7|E(2018)0 HEtSIRALt S costatum@| r2 A|2&sE 031

ug oAl 0.0415£000202 2 CHET 004154000129 T3 At
0|7} LIEFLIR| BERtLE, 063 ug MFE 0] 72H(p<001)22
SAGHH ZasE7| ARSI 1.25 g '0A 55% O]4(p<0.01)
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Fig. 2. Change of population growth rate of Skeletonema cos-
tatum exposed to irgarol. Vertical bars represent means + SD for
three replicates. ND: not detected. **p<0.01 for control.
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Fig. 4. Change of population growth rate of Skeletonema cos-
tatum exposed to diuron. Vertical bars represent means+SD for
three replicates. *p<0.05, **p<0.01 for control.
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Fig. 3. Cell density of Skeletonema costatum exposed at different concentrations of diuron.

3| LABIACHFig. 2, Table 2). AE X 1&E 500 pg MollA T
T EE0| LIEFLEX| O}, S costatum@| r2 irgarol =7t
B8 SR ENCE Uadts AES LIEHICHFg. 2).

o3
o
I

2. DiuronO| S, costatum®| O O|X|= E
DiuronO| S costatum®| rOf O|X|= Y&
O, CHETO| r2 004 O|MO 2 BfjUstd
HAI” 7| Z(MOF, 2018)01l HESHRACE S costatuml| r2 AA sk
7.81 pg "0l A 0.0407+0.00052 CHZET 0.0413+000022+ 723
XFO|7t LIEFLEX| Q4QkOLE, 1563 ug 'EE O] §21H(p<0.05)
o= ZA87| AESIN 625 ug [M0IA 60% 0|4 (p<0.01) 24
SHA ZABIALHFig. 4, Table 2). 3 A3 X[ 1&E 12500 pg I

LH
N

Fig. 3, 401 LtE}

[e]
2 °
BHAYY oIPUS3

OlA 7HH| H&EO| o 90% ZASHY, S costatumQ| r2 &
7t B +E SEOENOE LAtts AYS LIEHHCHFg. 4).
ey

3. S. costatum®| r& 0|&%t irgarold} diuron2| =
447t

S costatum®| r2 irgaroldt diuron0l EEAS I 5=7F T
Iteeg 0 SA4GHH Yadle sZATEHQ deks LEHC
O(Fig. 2, 4), E3H 0|59| 82 BESYHECE & LT
Sigmoid HEHZ LtEFLECHFig. 5, Table 2). Irgarolofl CHSF 2] NOEC

QF LOECE Z+2ZH 0.31, 063 pg ez LIEFGt D ECso2t 95% Fidu-
cial limit= 1.09, 0.67~1.77 pg 'S E LIEFCHTable 3). DiuronOf|

oigt r2| NOECRF LOECE 42t 7.81, 1563 pg "= LEHGD

ECsodt 95% Fiducial limite 4545, 26.25~81.51 ug ez LIEFGE
Cl(Table 3).
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Fig. 5. Concentration-response by irgarol (A) and diuron (B) treatment using the population growth rate of Skeletonema costatum.

Table 2. Population growth rate in the Skeletonema costatum
exposed to irgarol and diuron

Table 3. Toxicity evaluation using population growth rate in the
Skeletonema costatum exposed to irgarol and diuron (ug I)

Concentraion g1 UL evaton
031 00416 0.0020
063 0.0295 0.0019
Irgarol 125 00190 00023
250 0.0060 00013
500 ND ND
781 0.0407 0.0005
1563 0.0388 0.0014
Diuron 3125 0.0247 0.0008
625 00161 0.0016
125.00 0.0032 0.0006

ND: Not detected

=

= dHste SEMAE FESY MEYT I M=
ZICH(Jones, 2005). & 7HA| HREZ = PSIl H3E5H 2
D1 G Aol QBOl ZetsH0], &(ight)oll 28 S& T2t D

HEOl QAE A QBE MEE Y= A2E YX|1 AUTCHDeng
et al, 2012; Jones, 2005). O|2 QI5}, PSIIOA{ PSI (phosystem )2

ltems Irgarol Diuron
NOEC 0.31 7.81
LOEC 0.63 15.63
ECso 1.09 4545
95% Fl 0.67~1.77 26.25~81.51

NOEC: No observed effective concentration, LOEC: Lowest ob-
served effective concentration, ECso: 50% Effective concentration,
95% FI: 95% Fiducial limit

2 HMX7h MY E|X| %0t ATP (adenosine triphosphate)2t NADP
(nicotinamide adenine dinucleotide phosphate)?t B3 E|X| £3t1,
2NN o2 JEEO| LA ElCHKottuparambil et al, 2017). 1
2l PSIZH AW Sl aFEOA BpMBEEAH0,)2t 22 EE At
(reactive oxygen species)= ZHA|H MItAEHAE FES}
PEA U MEEYS oA WE0| AL 02 T
PI01o 2 HCHEICHFlores et al, 2013; Jones, 2005). St j
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FWilkinson et al, 2015).
T80t S costatum r2| ECs2 irgarolO| 1.09 g I, diuron
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2 4545 pg N2 LENHO, 52 F(Dunaliella tertiolecta)2t
X (Thalassiosira pseudonana) irgarol®| 96A|Zt =%t 420
ECs0l 070, 041 pg N2 2 AFZIRL FASHA ZALE|RACH
(Delorenzo and Serrano, 2006; Zhang et al, 2008). StX|2t S5
A E (Artemia sp.)y= irgarol0 48A1ZH &S HL0|= ECyOl
9.73 mg "2 LIEHE D (Jung et al, 2017), &0{(Lates calcarifent
HO|\(Fundulus heteroclitus)E 96A|17t &8 AL ECs,0| 0.54,
322 mg "2 O|MZF0| Hlsh =540 0fR L UCHAl et al, 2015;
Key et al, 2009). Diuron EE3t irgarolat FAISHA =& F(Selena-
strum capricornutum)2t O| M| = J(Nitzschia punges)E 212t 72,
96AI12t e EAIZS [ EC5oO| 15, 664 pg 2 &2 7Lt 0|7t
3X| LAOLkHartgers et al, 1998; Jung et al, 2017), 223
E(Daphnia magna)2t LI F(Pimephales promelasE 242t 96A|
ZH 797 LEAHES W 179, 117 mg "2 DIMZEZLECH 40|
2 SLRUACHNebeker and Schuytema, 1998). O|+ irgarolzt diuron
Z2 getd 2 dXlste =Rt CHE MZ20| Hls) A28
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3]

0

o
=

7).
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YAENM FH0| LA Ll A2 2 TEHEITHJung et
PO 2 jrgarolO| diuron ECF A3 ZF2| Fatd &0
o Zst =M8 LIEPHCED 22X 2 H(Fernandez-Alba et al,
2002; Chesworth et al, 2004; Karlsson et al, 2006), & HTL0|A =
ECo2 2 Tt 582 HnRZ2 M, irgarolO| diurondf H|SH =
O & A LIEFGCE Irgaroldt diurong HZEF(Smechococcus sp)
o 96AIZE == AIZS I EC50] 0.019, 0.097 umol "2 irgarolO|
=40| %2 M(Deng et al, 2012), ZEF(Dunaliella tertiolects)
Ol 96AI1ZH mEAIZE W 1.1, 59 ug I, FZF(Navicula forcipats)
of 96AIZH eEAIZS [ 06, 27 ug I'2 CHEEQ| DM ZF0|
M irgarol0] ATHMO2 =40 &7 =1EQ{CHGatidou and
Thomaidis, 2007). £t Chesworth et al. (2004)0f (23 05 g I
9 irgaroldt diuron0ll &= HH2|Y(Zostera maring2| ECy
O] 114, 2719 pg "2 HEFOUME irgarole| 40| =%,
Kamei et al. (2020)= *Z(Seriatopora hystrix)Ol M= irgarol2
=40| O =Ctn E0stQIct a2, OMEFQ Arthrospira
maximae irgarol 2L diuronOfl A Fetdol ZatA Mozl
(Kottuparambil et al, 2013), Moon et al. (2019)}2 LSS A (Hemi-
centrotus pulcherrimus)2t F BB (Giona intestinalis) H{OHS| &
Efi % M (morphogenesis) E7 A= diuron0f Cf QIZSICHD &
1310 T £0[0| Us A2 E WEHED,

Irgarold} diuron2 Z|O|A|O, Y& R7|L{Ql, M7IEE, ZaA
g, 0=, B2td S92 2ok 8! S| oM HAEE ATl et
al, 2013; Basheer et al, 2002; Batista-Andrade et al, 2018; Caquet
et al, 2012; Diniz et al, 2014; Sheikh et al, 2009), 22|L2} Ci&
22| FQ Aot G oM HEEICHKIm et al, 2014, 2015).
Kim et al. 2014)0f] [F2H TISH2E O{EO|A irgarol2 4.04.2 g I,
diuron 348+422 g "2 ZAX|Y F0|M 74E =A LtEtktD,
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Uzt FRETUME irgarol2 2.5+3.0 pg I, diuron2 105+
g g

68 ug "E CHE Z70] H|sl MI{ECE 22 +FO= HEL|

ALt AL 40N AFEEZD RUE irgarolit diurondt 22

HZEH 7|@el Her 2 XEAHOE Z2 M2t dotez RY

2|1 QU0f(Cho et al, 2014), si¥=HE L} Mg SEs XS
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2 SYdE Eoof QRO HHZ Qo XEH 2LEHY &
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2 =8 AOol2h WEHEITE
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