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Toxicity Assessment of Antifouling Agent using the Survival and
Population Growth Rate of Marine Rotifer, Brachionus plicatilis

Un-Ki Hwang, Hoon Choi, Yun-Ho Park, Na-Young Park, Soo-Jung Jang,
Seung Min Lee, Yun-Seok Choi, Joon-Yong Yang and Ju-Wook Lee™

Marine Ecological Risk Assessment Center, West Sea Fisheries Research Institute,
NIF'S, Incheon 22383, Republic of Korea

Abstract - Toxicity assessment of antifouling agent, zinc undecylenate (ZU) has been investigated
using the rate of survival and population growth in marine rotifer, Brachionus plicatilis. The
survival rate of Brachionus plicatilis was determined after 24 h of exposure to ZU and was not
affected up to the maximum level of 100.0 mg L' of ZU. The population growth rate (r) was
determined after 72 h of exposure to ZU. It was observed that r in the controls (absence ZU) was
greater than 0.5 but exhibited a sudden decrease with an increase in the concentration of ZU. ZU
reduced r in a dose-dependent manner and a significant reduction occurred at a concentration
greater than 12.5 mg L™'. The 50% effective concentration (ECso) value of r during ZU exposure
was 26.4 mg L_], No-observed-effect-concentration (NOEC) was 6.3 mg L' and Lowest-observed-
effect-concentration (LOEC) was 12.5 mg L_], respectively. Based on the results, it is apparent
that ZU concentration greater than 12.5 mg L™ exhibited a toxic effect on the r of zooplankton, B.

plicatilis in natural ecosystems.
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(ZU), Ziram, Zineb 51} 72 AW o =27} AFR-E 3 ot
(Jung 2012; Shin et al. 2015).

A7 2o ZUE Yutd o2 0] 23kE Undecylen-
ateo] o3t Ft2HE-Z o] &5k, B A F =L )
o] H A (herpes virus)E Aot QFEOZ AL EHE &
Holt}(Lin et al. 2006). ZUE 58 T& A (rabbit,
guinea pig, mouse)o| A ThE ofAZRE| vl HEFIF
o] Atta &HA Qo1 (Lansdown 1991), W5 HAAHE I}
U q| 25 (Navicula incerta)®] AAES TAANFHOH, uhg
(Ulva prolifera) Zx}9] 254 FFL nx&= A=z &
A Atk Jung 2012). E3L, o] &351H Zne FEL50ZH
SN A2 El 9 (Brachionus plicatilis)@} U M| ZF (Skeletonema
costatum)®] WA 4EC| FFE PIF L (Hwang ef al.
2014, 2016), B2} Patos lagoon 2] E|Z &4 E|gt
FoT R AR A Cut Znol 7MY BA HEHUGE B
1% 1t} (Soroldoni et al. 2017).

Werge F, 244, o1F (fishing port) 53 22 3
Aol FEYA AFoA & FEZ YEdTh(Lam er
al. 2017). S-uzt AgtollA REFARES A A
Faer gl BF HE7t 20069 10.5ng Lol A 20094
503ng L2 ¢F 5Hf A= wwr} 27181901, 20099
AR QoA BEHYSE 215.18ng L2 2F0] =
= Ao BRI th(Lee et al. 2011, 2015). £3] SR+
o] W3 YT etalo] BakeH Aajet A Aol Al Al
T3 Ewo] 277 T H (Lee e al. 2011), 0] 2 <]
S FAMBO A BB opUet 7 ZHHOE o]
MFSRE dRel nrolE Azt 9L nd & Ug A
o= AyzhEr}
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= (Lowest Observed Effective Concentration; LOEC) ¥ 4}
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AN-BE B. plicatilis= AseAtAT2 SFA=H 1503
7HAE 240l Al 370 o)A Aldhul kst o]-&st3itt. Hl
Ao A5 0.45 pm membrane filter2 3} 3F S0
Htste] AFRSIH AL, HOlAER Chlorella vulgariss 3}
ol o ¥ FRSAE AL AdNEE
oA ZF<2 A (amitic female)E =25kl 247 oW
Fote AR AB7NA (female neonate) 5 50| et

neonateE AE3}to] Aol ARSI TH(Fig. 1).

ol B. plicatilis

2. Zinc undecylenate &4

Ao AFE-% Zinc undecylenate (Phenanthrene, Sigma-
aldrich, USA)2 DMSO (Dimethylsulfoxide, Sigma-aldrich,
USA)E carrier solution® 2 A}23}e] 100,000 mg L™'<]
stock solutions A &gt ¥, B H A2 345t AL
|59tk Al gEdof AHEE DMSOY o 5=+ 0.1%=
B. plicatilis?| A B4o] JElU}R] = 52 ALt
(Gallardo et al. 1997). E&°| n|X&= FgFS LolR7] ¢
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Fig. 1. The shape of an adult with egg (A), female neonate (B) and male neonate (C) of B. plicatilis.
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Table 1. Culture condition of B. plicatilis.

Class Condition

Culture type Static non-renewal

Parameter Survival rate (24 h) and population growth rate (72 h)
Temperature 25°C+1.0°C

Salinity 30+£0.5

Photoperiod Darkness

Test volume I mL

Solution Filtered (0.45 pm) and sterilized seawater
Feed organism Chlorella vulgaris (2,000,000 cell rnL_l)
Validity >90% survival rate, >0.5 population growth rate

Table 2. Toxicity assessment using survival rates and population
growth rates (r) in B. plicatilis exposed to zinc unde-
cylenate (Unit: mg L™").

Toxicant NOEC LOEC ECs, 95%Cl
Zinc Srt‘;té ‘svfl >100 >100 >100 -
undecylenate 60 125 264 195-370

NOEC: No observed effective concentration, LOEC: Lowest observed
effective concentration, ECso: 50% Effective concentration, 95% Cl: 95%
Confidence limit, SR: Survival rates, PGR: Population growth rates, *. No
effect of survival rate by Zinc undecylenate in 100 mg L™ limits.

ato] ZUY &L 0,125,25,50,100mg L' 22 243514
I, AR BARE WA= FFE GotE7] St FES
0,3.1,6.3,12.5,250,50.0mg L™'& 2A43t%ch /HA12 4
FE NFY F= 2 AR uAES g o2 MAst
AL AEE AFY oo A AHE iy 282

ARt

LAZEE

A2 AL 24-well plated] A/ FLHLS HE=HE [ mL
A 6WHE A AT 2h oY F3}8E B. plicatilis®] neonate
£ well G 57HA1E WL 25+1.0°Col|lA 24h ¢F v & 5,
An & o] &dte] BET MAF-E AFst FEES A
AFs}ITh (Table 1). B. plicatilis®] A& oRE= AFEH0|
=25 neonate®] F%4 254 © WE/F AR} AZ)
o] gAdof| whet wskAAL (Fig. 1), H2F9 AEE0] 90%
oY A YT AFATE AHESHTHASTM 1991).

4. AR BEE

A BZE ()2 24-well plated] AP ENE =9
2 1mL¥ 655 AAetgth HolME C. vulgarise YA
25t mA=F wFde Hid AAst AL
2t AYTE 2009 cell mL™'& Fofstdon], 27442 C.

vulgaris«= F93}A] &94th. B. plicatilis®] neonateS well

100 1

751

501

Survival rate (%)

251

Control 125 250 50.0 100.0

Zinc undecylenate concentration (mg L_l)

Fig. 2. The changes in the survival rates in B. plicatilis exposed to
zinc undecylenate for 24 h.

2 SANAA @3 25+1.0°ColA 72h & w3t F (Jansen
etal.1994),3% EE2LHOZ TA31 Hu|HOoZE BE 7)
Ag At MATE ZFES A4S TH(Table 1). 7R
A BFES ot 22 AAEE A4l er =&s)
FaL, =Y A FFEC] 0.5 oY Bl FT
AN @A 2 A3 TH(Lee ef al. 2016).

r=(InNa—1nNo) d™'
r= AT AZE, Na=2% dolA 2] A=,
No=27] A5, d=sjd

iz A8 594 HA-2 SigmaPlot software (Sig
maPlot 2001, SPSS Inc., USA)®] Student’s t-test= H| W3}
gom p7k 0.05 ofskel AS Fofet Ao w4
E& 9 AAZ BEEN et B F = (50% Effective
Concentration; ECs50)2} 95% A1 ZF7F(95% Confidence
Limit; 95% Cl)2 Toxicalc =213 (Toxicalc 5.0, Tidepool
scientific software, USA)2] probit FAHS 0|83} £4
St FEFeE A 2P eEx Toxicale TR

Dunnett’s testS ©]-8-3}o] EA35} %},

2 I

1L.AZE WS

24 h F<F Zinc undecylenate (ZU)o| :=&% B. plicatilis®)
& W3S Fig. 2o etk 279 AEES 90%
1oz Az Agstgoen, ZU0 #=7t S718l= A
E&ol= s yehuA] ghgten, A3 HisE 100 mg
Lo A= W3t gl9lch(Fig. 2).
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3.RE L AAZ BEES ol 8T 5497

B AFA AFHT F=2 100mg LM E P2
2 2o} vjwste] EES WEks YEhA] @tot, A
A AFES ZU 5&7t S718es fAadte 5 &
29l A3E vebych =3, ZUo| tig AAZ AFES W
2 BEEY g2 & 48 Sigmoid FEHE UEHY
(Fig. 4), B. plicatilis®) WA B4FEL ZU% 22 Ao
T2 B39 54%7to 483 N Ao Ak o
APAIE o] &3 Zuo tigt MAT AFES ECoo
26.4(19.5-37.0) mg L', NOECE 60mg L™, LOEC: 125
mg LS ey 4tk (Table 2).

e

Ll =

TBTZ HEEH= F7|F4gES ol & FeEgs
A=A TheFet FFE A= AR dHA FA
T (Barr et al. 2018), £3] o970 A Imposex B4}, 7|4,
DNA £4 5& §5hs 202 & %eld 9tk (acobson
and Willingham 2000; Jung 2012, Sousa et al. 2014). ©]&
gt O]fE, TBT AL 2 Q1% &4 F3j7} YAYstA] g
= 317] 93t TBTE WA = e AWLEEE ARS
3] 231 It} (Sousa et al. 2014; Oliveira et al. 2017). ©]&
Moz Agerat Ao o 9L nHA FE B4
o] glojok AU (Zecher et al. 2018), biocide?] 7|5 7}
Aopst= B4 A AL EE AR E HEA Y
AEA 54 dehl Ak Jung er al. 2017). @A o
G BES o] &sto] ALeEgo et BESAHF7L
Y E I A (Fernandez-Alba 2002; Kwok and Leung
2005; Bellas 2006; Ytreberg et al. 2010; Jung et al. 2017), 3}
PAEL olgelo] ZUS| SHBINE T ATE THE A
Lx 2o Hls| A FolE 4= Qlth(Tables 3, 4). 53],
HETIELE ofF Aof7] Ho|BEEH FaT 9
g8t AR E Y B. plicatiliss AHEE A= A
ot 299 8= (Swedish Maritime Administarion)©}| 4] 3]
L3 134 e =2 57 (Mile light, Micron Eco, SSC-44,
Legant H2000 ¥ Intersleek 700)0] &% &7 (Ceramium
tenuicorne)} T2yt (Nitocra spinipes) ZAe EAJo] LEr
% AL u]F o] Hol(Karlsson and Eklund 2004), ZUE %+
AH oz Aol 4 v sl Atk

B Q3 An zuo| 72h &% B. plicatilis®] NAZE A

4o ek ofn
o o o

AAS HAAW, BELL =& 24h & FIEE(100
mg L)l tze Sele 2ol vehl st 7]

A AgEol BEZ Hste] UASHA Yehhes AL =
ST 7} TEo], AELET AL AREC] 54
of MAsHA Bt Aoz ABE 4= Itk (Hwang er al.
2016; Lee et al. 2016). Garaventa et al. (2010)°] 23} Al
Wroxzg B9l Zin pyrithione (ZP)Y] %0l =EA|71Ho]
24hol| A 48h o2 ZOJX W, B. plicatilis®} T2 TEA
AEY AEE FFS = Aer Bust
TollA zuo] gt HAE BFEY wH
2l sigmoid FEE YEH, 7HAIT AAE
Herw E49 54S 7k AT A
E

ZUs o2 Bess E41 vlusty SHIAER,
%, uhellolel 22 MEW B4 W i Ueh
L Ao Busty 9ck(ung 2012). & A4 ZUY =
2% B. plicatilis’= 100% ZE3t4] LCs°] >100mg L™
2 9 &5E= A H|3l, B. plicatilisE Cu pyrithione (CP)
o) 24h &3 AL LCs°] 24 pg L' (Li er al. 2014), ZPo|
24h &% A$ LCs°] 0.07 pg L™'2 UE (Garaventa
et al. 2010), ZU= ZP&} CPoj H|F| EAo] ¥& Aoz T
S 3, ZUo| =2% 93 (Ulva prolifera) =x}9] &
SAE ZU7} ZPET} 10,0008] o]AF EAJo] Wekon (Jung
2012), +HZ5 (Ulva pertusa) EAE 647 Hor g
o &3t AFE ZPe}t CP7} 4ol & ALE Yeyth
(Shin et al. 2015). ZUE Adtd o2 Fz-go] FHolrt, 8vf
Bl 2lot (Bacillus subtilis)S ZUO| &3 A1 ZSA4A7|=
ZP>Ziram>ZU>CP &4 &2, ZU= CPEUE= oF 28] &
Aol &2 Aoe=x B3tA ok (Jung 2012). o]#et A}
£ T, ZU+= 5 - AEZEFIE 9 g FoAA BE
=40 WA Ueht, Mutd e g o2 He s Hg 54
o] Yot Ae 4= QAT AN A o2 Bt gotol A =4
ol #A Uet= AL ¢ 4 A Auty B A d E
2122l F40) s ZetE WeER ARt HAE 3
Hi, SA4E gergrt A&For GEE & W W
oxg9 =& F7HA7|Z Q17] W& (Song et al. 2005;
Soroldoni et al. 2017), ZUSt Zro] FjFo g e E4o
AFEe BeEgE 34 W =7t A&%esE 371 & +
Ahs A A= o He, ohekdt FES o8 =
AATe} BUEHPE F71H o2 AAFojof & Aolth

B AoAe ZUdl| Wt B. plicatilis Z&3 A
BAEEY AFLARE HF e R, 795 = (NOEC), a9
FEE(LOEC) ¥ ¥hF3F5 = (ECso)= EE510] 4Ade
R 549 5A4E BrkstnA stglen, ol=gt Aat= §
FoA WolH ZUS) 7124 4% U the AOER Aol
of S4AE MTT 5 YE ST AR 8D Aol
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H e

S| A2 €] 9 (Brachionus plicatilis)®] A& L A A%+
E (& AME3}Y Zinc undecylenate (ZU)ol| tf3t EA4F 7}
AX ST 24 h FeF ZUY =&F B. plicatilis®] BE
2 AY HuBE 100mg LM E F3Fo] Lpehta] ¢
o}, Zudl 72h =28 HAIE AFE @S s &3
o2 Zaste AFE e, 125mg L o4 $2H
445 UET %% 500mg LA AAIE A4E
0] 90% ©)AF AAE QT ZUY =29 B. plicatilis®] 7}A)
T AR5 W4T (ECs)R2 264mg L, L3
T (NOEC)E 63mg L™, {4 %85 %= (LOEC)E 12.5mg
L2 yepgth A4 A Yol zu Edo] dj4 Fo
A 125mg L™ o]A-e 23ate] YeRE wf B. plicatilisSt 2+
2 FEAESHIAEY AAT HFEC] IFE TE A=
A, o]ge A7 AT = AN =R 49 AHUAA
H7HE Qg 7|EX A 9 & e g EAAY 544
HIE 5= e 83 AR &89 o= wddrt

o

]

At Al

2 d7E 20189 = SHpATEY AAdTA (R2018
029)d 7] Ade= FYpATed Asfpitd 4 i
el lsiB 7 E ol A =333t
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