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Abstract: In this study, the toxicity of chlorothalonil was investigated using survival rate
and population growth rate of a marine rotifer, Brachionus plicatilis, typically used in
live food in marine aquaculture systems.The survival rate of B. plicatilis was determined
after 24 h of exposure to chlorothalonil (0.010-0.156 mg L™"). Population growth rate of
B. plicatilis was calculated after 72 h of exposure to chlorothalonil (0.078-1.250 mg L™).
The survival rate and population growth rate of B. plicatilis exposed to chlorothalonil in
single-dose toxicity assessment showed concentration-dependent reductions. Survival
rates of B. plicatilis exposed to chlorothalonil had the following values: NOEC, 0.020 mg
L™"; LOEC, 0.039 mg L™"; and ECso, 0.057 mg L™". Population growth rate of B. plicatilis
exposed to chlorothalonil had the following values: NOEC, 0.156 mg L™"; LOEC, 0.313
mg L™"; and ECso, 0.506 mg L™". When the residual concentration of chlorothalonil in the
marine coastal area was more than 0.039 mg L™, it had a toxic effect on B. plicatilis, a
zooplankton. This paper provides toxicity values that can be used as baseline data for
organizing environmental standards of chlorothalonil. It also provides insight into toxic
effects of chlorothalonil on other non-target organisms.
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7t2 g AH7F S7tetal A4S FESHY (Soroldoni et
al. 2017). 53] A4re] A4 A 1 mm<] AFEo] F2He
H A= §80] 10% #4057 AZsto iév—_"ﬂi Bl
o] Z|th 40%7H2] 7o, A AAIA o2 f24 9 1|
ool AmH] Aol A7t 209 Fefell 74T (Yee et
al. 2016).

e For Y= T’ﬁﬂ
27} AR e §7174 shgEal
Tributyltin (TBT)©] 1960 f_h:H 1 BRQIH AHEE S
T} (Darbre 2015). SFA|TF TBTS] F-2H g A2 215
SHEAEA B = AW ALeER FAE7] AlEs
A1 AFPEe] TR ZFF D imposex B L
SFATH (Rodriguez-Grimon et al. 2020; He et al. 2021). TBT
o] 7ot 5 FFe 2 2008 =AISHAL ] (International
Maritime Organization)©]| 2|2t Antifouling system %‘,9].:
o] A Aol TBTE A AlAIZ o= AHgo] FA= 3L
(Amara et al. 2018; Hwang et al. 2018), si|F2Hg ol & ?J
Ho =8 sded Wl ARshH siF=2A =4I
= A A0 & S HETH(Lee et al. 2019).

TBT-E WAISH] IaiA F2l2F-= (copper oxide)©]
AHEE o TBT O H]off Y- 12520 2 <15} chloro-
thalonil, diuron, irgarol, DCOIT, ziram, zinc pyrithione =
o] thoFet Al BA L 2ylste] B HoLal s
QFoFQLAT (Jung et al. 2017), AHQE4-2 F2AYE9] 3
W, 7 A2 GESAL, 254 Ast 2 AR 5 7
S 10 G uME UERATH(Zhao et al. 2015). Ao EH
A chlorothalonile 522 H5517] oA AHEE
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= ASA 2 A olth(DeLorenzo and Fulton 2012).
Chlorothalonil> TBTX.t} =40 Yol FH lstA A
a3 AR &7 ol A E5h = o] 2,4,5-trichloro-6-
hydroxy-isophthalonitrile (SDS-3701), chlorothalonil sulfo-
nic acid (R417888) %} -2 E4Jo] 75t —‘%H PAR-R-WPA DS
2T} (Zhang et al. 2016). ]2 gt l"i—OH/q'
H|t]o} (artemia) 52 AE
A7, et wl A °H°“§E°ﬂ7ﬂ s
EPATEH(Jung et al. 2017; Amara et al. 2018).
2 ATl s SHFERA HellA 12k 2821 T2
4 EFTECIH, ofF Ao7] HoldE= o YAt
o a3 TS FIoha A= H’q' 2 €] (Brachionus
plicatilis) 2] & D AT AFES o]-&dto], AT =4
2l chlorothalonil®] AEE=42S ¥ ]'0]'93\0111 AR
(NOEC, No Observed Effective Concentration), HA9%s
E(LOEC Lowest Observed Effective Concentration) 2}

O

g
=

Ao (ECso, 50% Effective Concentrat10n) = =S
1’4—, o] St AL A= chlorothalonil®ll ‘_HO]' e o
7HE 9t 7|2 At VxR R &gd 4 glon, A
ol JEQF P} Ants B o2 *1‘*2%% ko) =

AT L 5 e 8 A= R Aol 7| En

T %
LAY dE

A@AEe Al AT AR e

Fig. 1. Image of an adult Brachionus plicatilis with egg (A) and a female neonate (B).
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SHB7HE A 371E ol ATt siit =E
(Brachionus plicatilis) € AF-8-5FITt. B. plicatilis= US EPA
(EPA 1999) & =Y s =5 A 7]=(MOF 2018)°]
A A ASH A & AER,25.040.5°C T2 AFRA oA sjAT
Z= 2} (Chlorella vulgaris) S B oY= ohFof T+ H ¥

woto] Hjstant. sl s A7 IE=S _,_&o}oq 5
S} & 2AZF o o] 7|7} frAfShL Aol gt Al
ANAE AdEste] Aol AH8-sHAT (Fig. 1).

2. Chlorothalonil 5= Z=/d

Chlorothalonil 5=+ DMSO (Dimethylsulfoxide, sigma-
aldrich, USA)% carrier solution.© 2 A}8-5}o] 10,000 mg
L™" stock solutione A|XH ¥ B zAsf+= 5|45t
o] FLE AT Chlorothalonil®] A8 SE+ AR
ARIAIE-E Fote] BEE A2 0.010~0.156mg L™, 7H
A AFE AFL 0.078~1250mg L2 ZFE &
Sot 67| == AASFITE Carrier solutiond] X< ¢
Fg2 A AFAA 0.1%= 5 LotA 25kt

3.

(0
r
o

AJEE A8 24 well plateo]] A/ H-EHE 1mLA 6 5
Eo=r FFoIqch AMNAE AIE7t —E%% 24 well
plate®l] 1 welld 5 7HAIE Y11 25°C +1°C 24574
24 h & vl (Table 1). 24 h =& &, S duj4&
o5t 2t welld BERE B. plicatilis®] 7N AITE ]—1—3}
of ofgfje} -2 W] 0 2 AZES AFESIITE Al 5 |

ol FF-2 otA] QYL B. plicatilis®] A= o F-= A3t H]
2 8 7 o] Z29)-& yESto] wekgiTh

wd

H
T

RES = BE WA H2 5 %X 100

AFE S NP = AEET VAR

%ETE‘ = 3@' chlorothalonil2 24 well plate®l] A& 1

st 5], 28} 24170 |l A

E 1 welld 57H1ﬂ A oot 1 welld 2,000,0007H2] sfj4t

S22 (C. vulgaris) S A1H Z-of HolPEZ FFoFA

O, 72 h e F A1 o]F Z} welloll Y= B-= B. plicatilis 7N

A& o @nld-S AFgsto] Al F, ofefieh 22
© &2 AT EES AESHIT.
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Table 1. Summary of new antifouling agent toxicity test conditions

Class Condition
Culture type Static non-renewal
Test organism Brachionus plicatilis
Parameters Survival rate (24 h) and
population growth rate (72 h)
Temperature 25°C+1°C
Salinity 25+0.5
Light period Darkness
Test volume 1mL

Filtered (0.45 ym) and
sterilized seawater

Feed organism Chlorella vulgaris
Feeding volume 2,000,000 cells

Validity Survival rate >90%,
Population growth rate >0.5

Culture solution

7HAl2 43748 = (InNg - InN,) /d
(Na="g#} doll A e] R4 5, N = =71 7RA] &
d=HFY)

5 &4 &4

=t AlATe] o4 A2 IBM SPSS statistics
version 20 (IBM Co., New York, USA) 9] dYEAEA
(ANOVA) 9] th5 H| S 95t Tukey testS ©]-2o}o] H]
Wt om, FoE2 p<0.052 A5k &
AT AA7E] et 9% (NOEC, No Observed
Effect Concentration) 2} |4 95 (LOEC, Lowest Obs-
erved Effect Concentration)+ Toxicalc 5.0 (Tidepool Sci-
entific Software, California, USA)Q Dunnett’s test= AF=5}
¥, Wk F 5T (ECso, Effective Concentration) 2} 95%
A12]77E(95% Cl, 95% Confidence Limit)- probit test=
o]-g-sto] A sHHt.

[N
ic]

=219 chlorothalonil®]] :x&% B. plicatilisg‘/] S
%tﬂﬂ*—F 2200 e ti2T-0] AEE2 90% ©1

o g et Azl Aedsitt 0.020mg L™ =7}
£ A& foult Mgyt WEE A okt shA|gt
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Fig. 2. Changes in survival rate of Brachionus plicatilis exposed
to chlorothalonil. Vertical bars are mean+SD (n=6). Values with

different superscripts are significantly different (p<0.05) as deter
mined by Tukey’s multiple range test.
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Fig. 3. Changes in population growth rate of Brachionus plicatilis
exposed to chlorothalonil. Vertical bars are mean+ SD (n=6). Val-
ues with different superscripts are significantly different (p<0.05)
as determined by Tukey’s multiple range test.

0.039 mg L' o A 78] AE-&o] 457 AlZFste] 0.078
mg L™ oA AE&o] §AsH dastilor, 21 Ads
%21 0.156 mg Lol A= B5F APESto] 5 o)E2Q 4
7 bt

2. K2 YBE HE

B. plicatilis®] /NAIZ 4748 W32 Fig. 30 UeRch
x7o] AT BEC] 0.5 oo Ut Aldx
Al Agakelch AT HYEE AERT FAH
chlorothalonil®] 57} Z7}aH2 ZHashs o2 A
ol AE ettt 0.156 mg L HE7HA = 279} 1]
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Table 2. Toxicity evaluation using survival rate and population
growth rate of Brachionus plicatilis exposed to chlorothalonil (mg
L™

Parameters Survival rate Population growth rate
NOEC 0.0120 0.156
LOEC 0.039 0.313
ECso 0.057 0.506
95% CL 0.049-0.066 0.424-0.606

NOEC: No observed effective concentration, LOEC: Lowest observed
effective concentration, ECso: Half effective concentration, 95% CL: 95%
confidence limit

sl 2Rt zpe7F YERAA] koL, 0.313 mg L7HE
WA 48EC] Aastr] AEsto, 57t S71EeS
WA gl FAH dastalon, A9 #als=el

A
1250 mg L™ ol A= 7R Alwto] Z7FstA] gheket.

Chlorothalonil®| B. plicatilis®] &3 R4 38E
o PR FF= FAHAE UERTH(Table 2). NOECE
Z}7} 0.020mg L™, 0.156 mg L™= WL, LOECE= 22}
0.039mg L™, 0.313 mg L' & WEFGTE ECso> ZF2} 0.057
mg L™, 0.506 mg L™ & LJEFTE

2o

el def A= " TBTF 2 #7154kt

Aolket=
2 ojijF 59 SFHENA imposex, DNA £AF 1 7
Y S ks Ao IR HA|, TBTE AT A

e =4o] trEol AFEE A It} (Almeida et al. 2017).
SEATE A @ = o] ARgo] 2t Sl sk e W
A ol 710sks v EA =gl Ath(Oliveira
et al. 2017). 2 AFAT A= chlorothalonil®l *=Z&% B.
plicatilis®] BE-& D AT AFES solEd s
aches A= e, SA9de 2554 wed
sigmoid A1 FHIE Y, B. plicatilist= chlorothalonil &
= A gl Aastal ARl &
7t Aoz paEh shANE L EAITb] FUME =
“Jol F7koh= LRHAQl = tHEA chlorothalonil
of e EH 2E = 2447 AEE] F40] B = UE
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Fig. 4. Concentration-response after chlorothalonil treatment using survival rate (A) and population growth rate (B) of Brachionus plicatilis.

Wt} o]2gt A= chlorothalonil, DCOIT, dichlorluanid
oF -2 AEA (pesticide) 7192 WoEHofA e S
™ (Park 2020), HO =R FF 5= 527 C. vulgaris7}
chlorothalonil?} 22 A5A] & &5 9 55517 of
1291l chlorothalonil @] ‘&= 2te] whe} 2E|w ZA/d7
B9 54930 WA et Ao= j&ﬂ'gE}(Hussein et
al. 2017). @A Al HIE3E AR =to|l A= oheket E57-9
A7 AES olgol ATeEd o] Ae=d%877t 43
=] o] ATt (Ferndndez-Alba et al. 2002; Devilla et al. 2005;
Jung et al. 2017), U= A 2 O] SioF Wf TRt
RISl okl A& &2 o] 81t Ae=/d 3
7H= v]&et A7 o]t} (Lee et al. 2011; Hwang et al. 2018).

Chlorothalonil> YRFA 0 2 Al Ao 2h-goto] &
U] GABA-A receptor®] NA*Y &4-5 Atdst= |7
UES ARgSte] oS Weske 2oz deA ot
(Arora et al. 2013). T2t B. plicatilis©] A7 A 224 Tk
°|| chlorothalonil®] Z-g-5to] A7 HGE=4 0] S5 ol
s BgA A BBE= Aelishs Aor wdETh £,
chlorothalonil®] Bt4 F2jof] AgHH H4 o]2(Cl)9] B.
plicatilis®] A ZH} 212] 4 (Phospholipid) 7+ AgFsto] 3}
?12] (Chlorinated phospholipid)= *J-J5H, A W A%
RS2 Foll SAY9FS €od Ao= Tt (Arora et
al. 2013).

Chlorothalonil-2 THFJRt sFAYEN A =4 G vlAl
= ZA0® Hi%| 1 QIth(Jung 2012; Amara et al. 2018). =
W5 (Daphnia magna) 2] " 21282 2 Sli5HH (ECso: 28 pg
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L), 598 (Ciona intestimalis) 2] FRA| L 7|3 o] 3o
(ECso: 42 ug L) o= A0 2 LEFG O™ (Ernst et al. 1991;
Bellas 2006), BIth A (Oryzias melastigma) 2] 2] o128
= Al (LCso: 110 ug L") 0k= A2 YEFITH (Bao et al.
2011). E3h AT 0 2 chlorothaloniloll 718 ®17 oA ¥t
Sote AES ZEHZE IHA 01 (de Campos et al.
2021), chlorothalonil> THE A5A| 7|9 9] We =27} H
woto] 2E|H W E5F3E ZFF (planktonic crustaceans)
oA 7H At H49%E vetde Wesd 5 sl
T} (Table 3).

ZF9 s& A=) B4 (2000~2019)°] w2 HA tfgHl

2 AlIA s91 =] AHE &85h= Aoz UEdth
(Kim et al. 2014). W2 Adlo] 2-8-Fof upzt 8ol §-7],
Hay 9 524 SH0 R Qle) gt Ao =4 o
et o] HFsle] 242 072 uho 27 o HhEo| djAlH
Th(Kim et al. 2014). 55] chlorothalonil-> =W % a9
A ohg Hesd His] et A4 AE 50T (Lee
etal. 2011), AJelotA 0 & FAAIS] Wi oA Fast g
= @3chs 2EH} £ sjF=oA SHId=
B Aoz o SHh et Z&5AQ] BUEF A4S
53l chlorothalonil®] IRk U A5 E4o] HQslH,
F71H o7 Whe kg BARA chlorothalonil®] AFE-S A|
& 9 As}7] 9lgt Wbl Masih BekEL 2 A
A= chlorothalonil®ll W2} B. plicatilis 28E-&2 7N A
AEES ol 8 AHIEE AN E v o & SR
U chlorothalonil®] =742 B7Fs}7] 91t 7|2 A4 A =S
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o]z zo}7]o] ZQ Ho|g WEZ AFLELE A 2E
T (Brachionus plicatilis) ] "3&& 4 /WA 4FEES ©l

&5, =l dctell RS e Aow A A
L=< chlorothalonil®] =4J-& H7}otalzt 5HQITt. B.
plicatilis®] "JEE-2 0.039 mg L™ ol|A F-2J5HA] T4As}7]
A|ZF51e], chlorothalonil®] ‘§&X7F $71e+5 ZASH=E
FLolEgS YePTh AEE0 FIYFsTE 0.020 mg
L, H429FsEE 0.039mg L, B+ s = 0.057
mg L2 et AT A48 wa A8} oiz)
A2 0313 mg LA 8 sojE A 02 fadhs

< Yepith AAE e F9FsEE 0.156mg L7,
Ha2dFsEe 0313mg L, T dFEEs 0.506mg L™
2 ey 2 17 A, o1 A WolH A 2
¢l chlorothalonil®] ZH& 5=7F 0.039 mg L™ o4 E ¢
B. plicatilisol| Al =39S % Aoz s, & A9
AefEA] A EATE vig e 2 98 W chlorothalonil
o =42 Wrhel] 9 2ATAR U The o8
Tho] EAJoekS v W WISt 4 9l AlE 2 ShaE 2 o)

= Zolth.

AF A

2 AFE 20219 =AM AATA| (R2021
033) A7H] XY o2 g Atakel] AaflaitatA 2}

AT PRSI B7HIE A stac,
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