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Abstract: The aim of this study was to define the toxic effects of diuron and irgarol,
which are new-antifouling agents, on the fertilization rate and normal embryogenesis
rate in the sea urchin, Hemicentrotus pulcherrimus. In addition, the study was intended
to confirm the hindrance of development in sea urchins. The fertilization rate of H.
pulcherrimus was not decreased by the tested concentrations. However, the normal
embryogenesis rate was decreased in a concentration-dependent manner. The 50%
effective concentrations (ECso) of normal embryogenesis rate were 712 mg L™ and
2.31 mg L7, respectively. As the embryos developed into pluteus larvae, after 18 h of
exposure to diuron and irgarol at ECso, development of the early gastrula stage was
delayed, and significant developmental delays were observed after 24 h. After this,
continuous developmental delays were observed in the process leading to the early
gastrular, gastrular, early pluteus, and pluteus stages. Therefore, the toxic effects of diuron
and irgarol on sea urchins were attributed to the delay in the developmental processes in
the early life stages. Diuron and irgarol are highly persistent in the environment and have
known-well toxic effects on various marine organisms including invertebrates, as shown
in this study. Therefore, it is urgent to establish an environmental protection strategy to
prevent the pollution of and preserve the marine environment.

Keywords: diuron, irgarol, Hemicentrotus pulcherrimus, acute toxicities, development
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thrgt YER sto], Auto|ut FA AHES 237
g o FFEE A= AAA EHE 27 flste] A
S EiaFAolg EQudFAat 22§75
A 5}9HE (Tributylting TBT)-, 19609 ©]% F23t A
GO 8 SfFEENA FT FFES vA= AoRE o

2] It} (Kim and Park 2001; Dubey and Roy 2003; Cho
2011; Dafforn et al. 2011; Han 2012). =AAL7] 4L (IMO;
International Maritime Organization) o A& 2003 EH=
A8 A, 2008\ d0ll= AR FEFA] 5O ARG AR QL
I g FAo2 Copper (1) salt, Copper oxide (Cu0)
9} Thiocyanate (CuCHNS), Zinc pyrithione (ZnPT)$} 2
< f7les Hekm EdE0] /EEo] AR E ] gte
U, A=Qsl4do] AA=HA (Karlsson et al. 2010; OSPAR
2010; Ytreberg et al. 2010; Cima and Ballarin 2012), @4+
Diuron, Irgarol, Chlorothalonil, Dichlofluanid, Sea-nine 211
WAL Hes YR 2850] NEE] AREH
31 It} (Voulvoulis et al. 2000; Cresswell et al. 2006; Yamada
2007; Chapman et al. 2014; Amara et al. 2018).

A e =554 F Diuron¥t Irgarol SA §H3} A
ol Aol 7MY w2 s ® FEsh= EH I ™ (Price
and Readman 2013), = ¢] 9= Diuron¥}t Irgarol 41
g o] FFo] B2 At AFolM 7HE &2 &= (Diuron:
35~1,360ng L, Irgarol: 14ng L) 2 HEE] 1L )T}H(Kim
et al. 2014; Kim et al. 2015). Diuron¥} Iragrol-2 A& 334
A <] Photosystem 19 Qp7t B9ok= EAEF =29 4
Slet AR = et M W A E S Ak
Sto], AEA EFAES EARE YA Aol A frolgt
Aoz deA Slth(Jones et al. 2003; Maccinnis-NG et al.
2003; Lambert et al. 2006; Bao et al. 2011). ©] &]of| &= T}4=9]
AFE77} US-EPAC] HarH o] glont, At F2d A=
of gt Fd= mhefet A= il F=53 Aol
THEAA (Hemicentrotus pulcherrimus)% S S d
S &2 FHoF A 0] 24y hvtell A F= AAls)
"g%(Agatsuma 2001; Hwang et al. 2014) 2, A AE 4
0@ olgelT glo] SttHoRE Ue Fa
ohJal, AAAES] A5T AB4HE B ot
F1-H, S800 diet Tigdol Heolu sidehd-s
7129 s F= AR R S5

T} (Hwang et al. 2020).
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Toxicity and embryo development effect of antifoulants to sea urchin

2 AFoNAME= A W 12k AHAE &S]
£ H. pulcherrimuss ©1-85t] HlE4% §7] ¥y &
A<l Diuron} Irgarol®] 54 FF2 B7Istalat shle
o, o] 2i& v o R FY3YEL (NOEC; Non-effec-
tive concentration), H4 Y& E (LOEC; Low-effective
concentration), Rlea:ioia- s (ECso; 50% effective concen-
tration) 2 10% FF5E (EC1o; 10% effective concen-
tration) 52 AtESte], o] 2HE9] YT 7 A
g SR AR E F8stal, HEo] o] 2dE0] 271Hot
A GAE =R v 2= JFS Felska A} skl

1 NEAE U YANE 89S

W& (Hemicentrotus pulcherrimus)= 202018 29 7
e Hobdt Az ¢19H(35°38'04"N, 126°27'41"E) &
HER oA, 27 3.5 em o] o8 FE5] AR JHAIE
Adsto] Aot AP E H pulcherrimus< ofo] A8}
2 Yol A A23H 2 Add=E o]EFHo, 1t 29 f
A 2oA 15£1°CE £AI_E H, Al ARgsh7] A A
Ao S o= 75o] Al & ske] ARE .

AAAZE= A7) Holl 0.5M KCl -8 1 mLE AL
T B8 frestlon, DEsiart @11 A H.
pulcherrimus®] A3A8-5 e EA|A AL AAu|ES
freste] ZYsleh 2R E BANZ= BoE 138 &
IO EF ARGSHe] ol &dE A|ARY H, 33] o FE5]
AR Fofl Aol ARESHAT BE AR ZF AR Sl
+ AA3l4E membrane filter (pore size 0.45 pm) = ]}

3te AHgsteic
2. \U8H =4

Alof] AMEE AHFQ T 7 Diuron (CiHioN;S, Cas No.
28159-98-0) 3 Irgarol (CoH1oCLN,O, Cas No. 28159-98-
0)-> DMSO (Dimethylsulfoxide, Sigma-aldrich, USA) &
carrier solvent2 A8-5F0] 15 (10,000 mg L™) <] stock
solutione A2t 7, of¥slisr= )4 sto] ARgSE3ITt. o]
o AEYENA =EE+E= DMSO2] s DMS02]
Z 5XE NOEC 3% 0.1% °Jot2 L& H == 244519
T (Manzo et al. 2006). A A-5E H = AHAE-E Foto
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A4 ol gl A%, Wek e
d2ke] AAHE 2ol 10 mintt Q13T
min °|% $AES AnFow Wt
JES BRIt 7 Aol AFEs AT AH-8H2 6 well
plate] SEEE 10mLY 3FHEC R BFE|Glom, AY
folick =2 100~150714] BEF51] 2% 16+0.5°C, 3
, 7] 8 Light : 16 Dark

Stoll A BieFstalet. SHA 7= H. pulcherrimus?t Q1845
7 & pluteus FAY 2 HDE = A7]Q 64hofl Z4H2F =4
sto] A4 vjoP Al E-& S75HTH (Hwang et al. 2014).
7% vioP A2 4-armed pluteus stage 752] 47H<] arm
| Bog AadstA=A9] A skt &2 Al
Y2, HFEETEAA7IES] HFB=2TEAIR7]

= A 259, BAE o8 HFEH=E AL HA <

N r;lm
oliL rLH
w9

rXL o
_1

Lot A
Lokt 10
% O]M-_O/] _/’\_

Tlo

ﬂ“i‘é:lo#o

-1

% 100+ 10 pmol photons - m”-s

o

715tod 4P = Atk (Table 1). E$h Diuron™ IrgarolO]
pulcherrimus®] 27| Blopddatgo] v x]= JFS &<l o].
7] 91stol, A2 dhat 64h B PR ES] W
FFEE (ECso) ol B4 78T 100~1507H4 551
1&A|7|, 1h, 1.5h,2h, 2.5h, 6h, 12h, 18 h, 24h, 42 h, 50
h, 64hell ZH2F @n| 7 stof| A g gke] el E E4lst
Aok A E SRR ] e, BEAI7E TR 100
7he] A ghS A ste] TSI, ool AEHAE
H|-& 2 et (Fig. 3).

4. A=A

A 7F g9 AAL SigmaPlot 12.0 version (Systat
Software, Inc., San Jose, Cahforma, USA) 9] Student’s t-test
2 vlustEom p7t 0.05 &2 0.01 ©J5H] A& Folt
Aoz gobsilet. A4 FARBE] tiet ECso2t 95%
A= 471(95% Confidence Interval; 95% Cl)-= Toxicale X
273 (Toxicalc 5.0, Tidepool scientific software, USA) <]

probit & AH-2 ©]-§5Fo] £45F3Ith NOEC ¥ LOECE
Toxicalc ZZ2 1 9] Dunnett’s testE ©]-80Fo] 2451
c.

2 o

AY FHE2 H. pulcherrimus®] 322} F2L 74 Fof

Table 1. Experimental conditions for this research using Hemicentrotus pulcherrimus

Class

Condition

Endpoint

10 min Fertilization rate (%)

64 h Normal embryogenesis (%)

Observation time

Culture type

Photoperiod

Temperature 16+0.5°C
Salinity 32+10
pH 8.0£05

Test solution volume

Culture medium

Number of repeats

Initial density of sperms and fertilized eggs

0.5h,1.5h,2h,25h,6h, 12h, 18h, 24h, 42h, 50h, 64 h
Static non-renewal
Ambient light condition and 8L : 16D period

10 mL (6 well plate)

Filtrated sea water (0.45 pm membrane filter)
Over the 3 replicate

1 pL cleaned sperm mL™

10-15 fertilized egg mL™

Acceptability criterion

Over the 90% fertilization rate

Over the 80% normal embryogenesis at control

520 ©2020. Korean Society of Environmental Biology.



Toxicity and embryo development effect of antifoulants to sea urchin

Fig. 1. The malformed shapes of Hemicentrotus pulcherrimus in the observed early developmental stages. A normal fertilized egg and an
abnormal fertilized egg (a) of H. pulcherrimus, determined by the presence or absence of a fertilized layer. Normal pluteus larva (b), undevel-
oped larva (c), and abnormal development larva (d) of H. pulcherrimus were observed under exposure to pollutants.

T7gurel @4 = W™ (Fig. 1a), 774 ol 4444
1 HjoPE A2 pluteus A 0. 20] FE| Holz wrsht
(Fig. 1b), B8 2 o 2 Hijopr} At 73-9-of= Fig. 1c, d
of|A] YEtER©] anterior arm™} posterior arm”}F WEFLEZ]
etk

859 7= Diuron} Irgarol®] 15 =}l 40 mg
L oAM= £3589 A7t ehdA] ehtot (Fig. 2a),
HlopI Y& FEoEH o & Hashs A UEit
(Fig. 2b). Diuron®|| :eE% H. pulcherrimus®] 737 vijord
BEL smg L 7= §I7 2kel7h Uea] ghgte
10mg L' ollA 84 §8I8E©] 83.00%= f+2loH 2
aotod, HEEQl 40mg L ollA= A4 vlopd g &2
28 4= YIATH(p<0.01). Irgarol @] 3= AH HAsT
1 125 mg L™ ellA] /4 viloPI &0 84.00% % 214 2
E f@ashr] Ast] (p<o.01), 7t S7ESS A
Sh= T = oEde WER It (Fig. 2b).

H. pulcherrimus®]] tiet A @ T2 9] SAZS AHE
W, A7 wioPd &2 ECio @ Diuron} Irgarol©] s}
o] 4.1140.30mg L™, 1.30+0.01 mg L™= YEFH, ECso

2 7.124£0.04mg L™}, 2.31£0.07 mg L' 2 YERTE
NOEC®} LOEC %t Diuron®ll4] 1.25mg L™, 2.5 mg L7,
Irgarol®l| 4] 0.625mg L™, 1.25 mg L™ 2 YEFGTH(Table 2).
ECso 32 71522 Diuron} Irgarolgq EAUIZIAES v
S| HH, Irgarol©] oF 287} =/ A%t Aoz vt
ot
R, 64h-7 HloPIAE O] W 5= (ECso)Oll A
TS e EAA Pluteus L2 TLol= S
10| (Zygote, 2-cells, 4-cells, 8-cells, Morular, Blastula,
Early gastrula, Gastrula, Early pluteus, Pluteus) = UFo] &
ol ] S WESHAT (Fig. 3). 0~12h7HA] -2
0|3t zfolE Holx] ¢refot 18 holl early gastular stage
zo] ddo] 2| A 57| Al2fStod, 24 Wi Bl = Fof et #po]
£ UEth 24 h 52T} t2 ol A Early pluteus stage
7} 77.7% 5 AAoh= A= e O, Diuron?t Irgarol
L Eo| A= Early gastular?} 71.7%, 81.0% & 22|51
gastular stage= 2] 'Hdo] 2|AE= Z O R LERNITE o]
T kF 24~50h T tiETol A<= Early pluteus©ll Al
pluteus 2 7442 02 Fdo] o] Fo)x sohoH e

ofv o
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Fig. 2. Fertilization rate (%) and normal embryogenesis rate (%) of sea urchin, Hemicentrotus pulcherrimus, exposed to serial dilutions of
diuron and irgarol. The vertical bar denotes the confidence interval and the asterisks indicate significant differences (p<0.05*, p<0.01**)
as determined by one-way ANOVA.

a.Zygote

i. Early pluteus

f. Blastula h. Gastrula

g. Early gastrula j- Pluteus

Fig. 3. Early sea urchin developmental stages of Hemicentrotus pulcherrimus divided by observation time. The cleavage-stages of H. puf-
cherrimus embryos are described based on 2-, 4-, or 16-cells, followed by the blastula (central cavity surrounded by an epithelial layer),
and gastrula (formation of the archenteron) stages. The larva is defined morphologically as an early pluteus or pluteus larva.

Z7J7ho] pluteus F4. 2.2 WEst= Z ol H]5t, Diuron LI §
I} Trgarol®l] kEol| A= Early pluteus©| 4] Pluteus= &
gol= I AAE A Dol YERT (Fig. 4). XH4 o=
H. pulcherrimus®] Z7| o} WO Ao m&E
% Diuron} Irgarol<> Early gastular-gastular-Early pluteus-
Pluteus®= ©]O1 %= ¥ A Hljop k-2 XI5k, 64 h

oalitalis B @l Zarelo] digtz ols)] uho B o]
ArgFo] WO, TBT O] AMEaA] 2] o] o] AHEE7]
Al2Fet A9 2491 Diuron¥t Irgarol<> ?H=t Qs o]

Al 2 TR A 0}“1 Vg &5l dEse =2

o] A} o S]] 2fo] = LR A 0 & mhohE ) OlE‘r Kim et al. (2014)°] 2|51, A= 1170 F2F7(UA,
AL S, o, 3, T %*—*J, =, 29, 23, £%)
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% cells of different stages at the same observation time
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20 4| o . 18.7 aa3

10 |

T T T T
1 1.5 2 25 6

N
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Exposure and observation time (h)

Fig. 4. The ratio of developmental stages of Hemicentrotus pulcherrimus embryo cells at each observation time. The concentration of di-
uron and irgarol was set to 50% effective concenation values (ECso). The reason for the degradation of development at each observation
time may be due to the delay in development over time. The development hindrance began to appear at 18 hours of observation, resulting

in significant differences after 24 hours of exposure.

S 429%, ZsT Ul 1371 1% - 73%, HHT, jelt A
Tl 187 A1 5 64%011419] Diuron == F=2] €7
HF55 (EQS; Environmental Quality Standard) 4t 100
ng L& 273t vt Qlek. fjeflA AE3t 273 Ul Diuron &
& 2 7= £A7|EY, & Aol =& Diuron®
=4%S Blas] B9, B4 wjord A& vtedd =

(ECs0) 2t 4295 = (LOEC)E 7.12mg L™, 2.5mg L™
2, feuet M= Ao s Wl Diuron®] 2R
5~1,360ng L', 9=+2] EQS 7! 100ng L™, EUS| ST
% &5 (PNEC; Predicted No Effect Concentration) 200 ng
L, g =t=9] #|t)5]-8-5 = (MPC; Maximum permissible
concentration) 430ng L' HT} 352 71 © 2 VFEFLITY. Irgarol
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9] 7%, ECso2t LOECE 2.31mg L™, 125 mg L™ & YEFG
o, eautat A=At si4 W Irgarolg HixH 9ol
0~14ng L™, M ATHEC} G0] EQS ¢l 24ng L™, G2
PNEC #¢] 439ng L' Htb= A3lsk= 2oz Uyttt
(Table 2).

o|e} Zro], 12} AH|ARQI Ao FAdgko] €7 Wi
T 9 Z4=0] fA7|E 7ol EelE AFE]shH, it

ol Ao go] Fh= 54 IS e vE 5

5| =2 9vhar YErgtTh SFA|TE Diuron® Irgarol @ 71

%]
=
HohHE ]l M1 /328 5 Photosystem 11°9] A&
=
(e}
o]
°

o o

H

Ae=Aor s Al AR A FAA o=
S o= Akl delA 9l #et ohy 2 (Okamura et al.
2000; Zhang et al. 2008; Sjollema et al. 2014; Jung et al. 2017;
Kottuparambil et al. 2017), Ho|AHE Sl Ho|=o B&
Al Well Al Cytochrome p450 AF2tHHS-3 Mitochondria 2]
A2 ol E Fofl &/d4t4 (ROS)E WAIAIA A2 7
Z Q2SI A ZAPES dor]= A oR Hild
"} 9tk (Michael et al. 2013; Tanja et al. 2018). T3k Irgarol
2 of|Fe WellAl Eal=] o], M1 (2-methylthio-4-tert-
butylamino-6-amino-s-triazine), M2 (3-[4-tert-butylamino-
6-methylthiol-s-triazine-2-ylamino]propionaldehyde) 2} 2
2 JeHi= EZ5HH (Lam et al. 2004), 5L A4 Irgarol
SEHT 14.38~30.81H] =7 BiEske Zow A Ql
T} (Zhang et al. 2019). T3} M2= X4 O 2 aldehyde A
2717t EAs7] whizoll Akl A= f1si/d0] Irgarol
Hotp =2 Ao=2 daA Utk (Lam et al. 2006). 23HH 0
2 Diuron} Irgarol:> 24 W FIkof Hlste] s =0l
0 4= Qe A 5G] gt kel A

Eoh WEAA Loll% 532 A (Mesocentrotus nudus,
Lytechinus variegatus, Paracentrutus lividus, Anthocidaris
crassispina, Glyptocidaris crenularis) 2] =/d%k & ECso %k
< 7|Eo = H|us] B, H. pulcherrimus®] =32 M.
nudusE.0H= WIZYSEAL, L. variegatus, P. livividus, A. crassipina,
G. crenularis B 0H= E4SH 2102 LEGT o], Atk
o= T AEFTAME &4 B A Foldof efsto
=/ W/goll Aol uEhd = 710l FAIA ol/E
RI5k7]= ofFrk. 3, AAIFTT 27]Hjobd Aol A
o] A& A 4o AJolstm, WYXt & 2ol 7} EA]
StR g, GAIFE 2te] g Zpol= of2iet A2 - AEetA
E o] 7]915}= A 0 &2 AtmHTh(Choi ef al. 2020).

524 ©2020. Korean Society of Environmental Biology.

Table 2. Toxicity evaluation using normal embryogenesis of sea urchins exposed to the antifouling agents

ECio
(mg L™

ECso

(mg L™

LOEC
(mg L™

NOEC

Observation

Effect
measurement

Species group/

References

Toxicant

Species

(mg L™

duration (h)

common name

25 712+0.04 4.11%0.30 This stud
1.25 2.31+£0.07 1.30+0.01 Y

1.25
0.625

64

Embryogenesis

Diuron
Irgarol

Hemicentroutus pulcherrimus

20.07+£3.97
22.45+0.33

1.25
25

<125
<125

Diuron

Hwang et al. 2020

Embryogenesis

Irgarol

Mesocentrotus nudus

Perina et al. 2011

0.99£0.63
1.07£0.03

3.756+£0.25
1.49+0.02

2
2

24

Embryogenesis

Diuron
Irgarol

Lytechinus variegatus

Invertebrates

2.39+£0.21

0.25

Diuron

/Sea urchin

Manzo et al. 2006

48-50

Paracentroutus lividus

Embryogenesis

0.99£0.69

Irgarol

0.001

Diuron

Kobayashi and Okamura 2002

32

Embryogenesis

Irgarol

Anthocidaris crassispina

Xu etal. 2011

0.42

48

Embryogenesis

Diuron

Glyptocidaris crenularis

ECso: 50% Effective concentration, NOEC: No observed effective concentration, LOEC: Lowest observed effective concentration

Wiater Quality Criteria or Guideline of Diuron; EQS of UK: 100ng L™, PNEC of EU: 200 ng L™, Dutch of MPC: 430ng L™

Water Quality Criteria or Guideline of Irgarol; EQS of Dutch and UK: 24 ng L', PNEC of UK: 43.9ng L



AZ7HA], Diuron} Irgarol©] s FHF5=ol7 Al
A= F] HAYUSS dHA A et ohA|qt, 74
F5=9] 27| wjopAutA Fof Diurondl =22 ¢

N

o] Wai7F dofttial d#A Lo H, Irgarolol =2
H A TR A 0 9= vA =4 Mgl 4
o wot 718 fAjo] TEEHT &2l Tk (Manzo
t al. 2006). =2t Moon et al. (2019)°] 2J5lA AHo
= TAES ABA H ZRARE T AT 4o
718, HeAlof] weta 4.0 7]a1, {J2] 9] ujotad o 4
& Uehdtha gttt 2 AG] Ao A% Diuront
Irgarol:> "7 9] Hijol W2 A AX7|= Ao w ey
O 2-cell, 4-cell, 8-cell, A 7] o] A7 = A7t LrEL
LHA] QA A7 R E I 271 AR, 27137
(Early gastular) ¢t 'dHi71E AA %71 pluteus §/Fl 4] 4
/g pluteus 782 & Brdsh= ¥of 2|4 B 71§ o] A
St Ao g Uehgh % 2494, oA, A%
FE T Eol 271l B A= B
5= Z2 Diuron} IrgarolC’] AA =] 27y e] 2|
2§t Y IR 4 S A o2 Helr

Omae (2003 )2} Moncada (2004)°]l ©Jo1H, slFehd W
oA ZH7/d0] -2 Diuron 43~2,180% 2] 7|5 7}
A ™, Trgarol 2] §HH7]4= 100~350 L 2 778 0] vll-$- =2
ZAog d&A ot T3 Diurondt Irgarol% A zA =2 A
|HE 28RA, FUl AMEE AL Zolut shdS whet H
50| Y or AEHH o FAHT o9 2 A
Heorgado 542 A= sjuetd oA 55 A

)
Q

c
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