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« Dichlorofluanid caused a significant decrease in the survival and relative growth rate of U. pinnatifida female gametophytes.
- The toxicity values of dichlofluanid on female gametophytes are expected to be used as reference data for assessing the toxic

effects on U. pinnatifida.
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Abstract: Biocide dichlofluanid breaks down quickly and accumulates easily in
sediment, potentially causing a persistent impact on various marine organisms. We
analyzed the potential toxicity of dichlofluanid on major aquaculture species in Korea,
Undaria pinnatifida. Female gametophytes of U. pinnatifida were exposed to dichl-
ofluanid at concentrations of 0, 1, 2, 4, 8, 16, and 32 mg L™, and their survival and
relative growth rate were analyzed.The no observed effect concentration (NOEC), lowest
observed effect concentration (LOEC), and median lethal concentration (LCso) for
female gametophyte survival were determined as 1, 2, and 10.82 (95% CI: 8.87-13.23)
mg L, respectively. The NOEC, LOEC, and median effective concentration (ECso) for
relative growth rate were 1, 2, and 6.58 (95% CI: 6.03-7.17) mg L™, respectively. Female
gametophytes of U. pinnatifida were expected to experience toxic effects at concen-
trations above 2 mg L™ of dichlofluanid. These research findings are expected to serve
as important reference data for evaluating the toxicity effects of U. pinnatifida in its early
life stages when exposed to dichlofluanid.
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LN = A1Z17] {18l ZHE = ATt (Jung et al. 2017). Z3E g He
58& 7} tributyltin (TBT)7F 2008 =-A| s AH7]
Booster biocides (BBs)= W@ A9l W0 532 A (International Maritime Organization)25-E] T2 ]
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w2} cuprous oxide ¥ cuprous thiocyanate®t 2= -2
SRtEo] 8 Wekm RO 2 AEEA QItk(Chen
et al. 2015). TE|otetE2 AAEE woHIE A7 S
o etsigot TRTS} el Wo ks elo] Aol
™ 8-2]7|71o] Zo} ujsf] oWl E TAro] © Q35 A
o] Qltt(Almeida et al. 2023). Tk F o522 B}
7] 915l BBsE 7HY Y 28§51l )31 (Amara et al. 2018),
A7 chlorothalonil, copper pyritihone, dichlofluanid,
diuron, irgarol, dichlorooctylisothiazolinone (DCOIT),
(benzothiazol-2-ylthio)methyl thiocyanate (TCMTB),
zinc pyrithione, zineb 59| BBs= A AlAH = 7H4
o] AME-E| T Qlth(Amara et al. 2018; Almeida et al.
2023).

BBsi= TBTS @2 7|54kt vls] H|&2] 5
T F2 =4 53E e, w77 E
of sfetd W w=A EeEes Aoz dA A
(Amara et al. 2018). SFA|FF chlorothaonil, irgarol, copper

[¢]

pyrithione, zinc pyritione 5+ 4% HYElA TBT
T =2 =4 3@3’)(7} TS A3 (Bao et al. 2011), =
FAE, FHFEE, ol T HIY e e
= BBs9| 54 Jgo] HAE1L 3Ith(Bao et al. 2011; Heo
et al. 2021; Campos et al. 2023; Luo et al. 2023; Tokur
and Aksoy 2023). T3t BBs+= He59 ¥ st
o 1~3707F EFEo] o7 AEBS LA w7
o ThFe sl el 2Ae S4 Qe tehd
T} (Paz-Villarraga et al. 2022). StA|FF =/go] 2 dajxl
chlorothaonil, irgarol, copper pyrithione, zinc pyritione
ol H]3l dichlofluanid¢t Zo] Aoz 554 HE&
o] ¥ BBsoll Higt 54U F= F=5Itt (Abreu et al.
2020).

Dichlofluanid (N-dichlorofluoromethylthio-N’, N'-
dimethyl-N-phenylsulphamide)= §2fe& H25}7]
Aste] L HFH AxA Ee ddAR AFSEC] 2t
1:]'(Tokur and Aksoy 2023). Dichlofluanid+ &2, &

2o} 7+ QAR A Lo EAo] UhAE Q]

] 1§_ AT A= dichlofluanid”’t FEFHo 2 &
9 ZAH S SFYEANA SAFFE v 74
Att= S AAFGHE (Cima and Varello 2020; Cai et

. 2021; Lee et al. 2022a). 1~1,000 uMol| :e&H o] F Al
—zr(Epithelioma Papulosum Cyprini)°ll4] dichlofluanid

H:IN_O,EQH
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O] =/ geo] Hil% 3 0™ (Tokur and Aksoy 2023),
0.1~100 pg Lol k=% 5 (Perna perna)oll A AFsks
EfAE U6t (Rola et al. 2020). 1~3,125 nMe]l =
= W5 (Mytilus edulis) 2t 50~1,600 nMoll ‘=% /37|
(Paracentrotus lividus) 2] Bijob gt 1 fHAok= A
© 2 HIE It (Bellas 2006). T3}, 3.33~33.3 ug L'
L Z % YA (Botryllus schlosseri)oll A EH 4 A=

E]'k”;\_l_l(()ima and Varello 2020), dichlofluanid+ 5+
Fo= oYk 2.6 uMell keEH ZXF (Saccharina
latissima) ol 4] BH/d-& A7 F4 o] Hilk
%Itt(Johansson et al. 2012).

e uets AAAQ si2F A Aol sixR
A4S =U Al GAERle AAA o= ol S8ttt o
ghA =AJo] 2 &4 TBTS} BBs® e oty e} =AJo] 2
2|2 g2 dichlofluanid2} #-> BBs7} s/l Bl
A= 5 F9EFS wfohs o] Fasteh webA vt
2ol A wol FAE I = VY (Undaria pinnatifida)©l
A AE 0|85t dichlofluanid®] 573 F 3¢S H 7ot
12} 5hGiet A7 A= dichlofluanid®] 7]EE % 2
s 1to] 54 QS Hluwsh] 9t 7|22t E E-8E
A2 Ao wotEch

A o

Ny

38710l AH&H U. pinnatifida®l A= =TS
Lﬂ}—}% S FAFAoA Egol I Ateh A
SfeptdTtazoll A 170 o4 Al ST (Fig. 1). &
H-*-A Atiui ol = PESI ¥l (Tatewaki et al. 1996)
= AH-SFR AL PEST HHFH-2 0.45 um membrane filter
(mixed cellulos ester membrane Advance A045A047A;
Advantec, California, USA)Z o{3} & B3t 2AHA S
o]-g-5te] A5kt Hl-¢-AlE == 15°C, B 60~80
umol photon m™ s}, 3571 12 light: 12 dark Z71°|A] 1

L sZEeta o)A Aeigstaal, 5 13] vigde -
o W SHSHATE AltElSf T oA o] gt 4= 9
sto] 3718 FASHAL HE2F L= WA fs Al
el 2 Aol AR 2= PESI Mgl GeO S
I mg L A7Fshc,



Toxicity effects of dichlofluanid on female gametophyte of Undaria pinnatifida
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Fig. 1. Life cycle of Undaria pinnatifida.

2.2, LUl X 7L}

PESI HI¥ 9 100 mLoll AlThEieF 51 Aul-eA 1g
<& Y1 mixer (HR2607; Koninklijke Philips N.V.,
Amsterdam, Netherlands) 2 30% Z45l%ct 24 &
40 pm cell strainer (Falcon 40 um cell strainer, Corning,
NewYork, USA)Z oJ3}5to] 40 um ©o|44e] E4=]2] o
<= WIS AASFAT. 40 pm B[RS %*Hﬂ%iﬂ—a— T
Asto] 2 15°C, 3% 10 umol photon m™ 57!, F7]
12 light : 12 dark 27104 347 352 FEskaL 40
um cell strainer= {sto] F 40~50 um 2712] Hf
FAE A, 71t Gl AlE hemocytometer
(Counting chambers with V-slash, Marienfeld Superior,
Lauda-Konigshofen, Germany)+= ©]-8§5to] 2§ Wi
200 female gametophytes mL ™' 2 =51}

2.3. Dichlofluanid 5==/d

Dichlofluanid (CAS 1085-98-9, Sigma-Aldrich, St. Luis,
USA)E DMSO (Dimethylsulfoxide, CAS No. 67-68-

5, Sigma-Aldrich)°ll %°] 1,000 mg L™"] stock solution
< A %5t Dichlofluanid stock solution 0.032 mL-<
PESI H1 ¥ 99.968 mLE 3|45t 32 mg L& A 551l
PESI H|Joll-& o]-§-5to] Wh=5]4J5}19] 0 (control), 1, 2, 4,
8, 16, 32 mg L™'¢] F== 3|45ttt Dichlofluani®| &
=R A ES Fste] 246k e (Fig. 2), 24 A
Zd Ae-842 DMSO F&=H 91 0.001~0.032% L
rfl-e-Al o] AL B Al Fel gl A Selskant
(Park et al. 2023).

24, QUK WES U HUYHE £X

njqT g2 A2
Al Bls] B @2 HelemiAaE SA D 4 Ak (Liu et
al. 2016). °]= I5f YA M7} S=Hf-Aof Hlsh &
90 2 2~q8 7] wfEol (Lee et al. 2022b), =&}
SHEES] T} P 7tol| -§olstet. 200 female gameto-
phytes mL™' 2 w4 2H ¢4 2mLE 2 mL micro tube
(Microcentrifuge tube 2.0 mL, SPL Life Sciences, Korea)

QS A g gEo] ol o
2~
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of ¥17 3,000 rpm 2 2 527t Y4HE2] (Smart-R17; Hanil
Science, Korea)sto] v 9Fl-& A| A o}tSITt, vjeFeho] A A
H 2 mL tube®ll dichlofluanid A|8-8H-& Z-2F 1 mL
A5} voltex mixer (VM—lO; Daihan Scientific, Korea)
2 A5t Aol LHl-AIE 96 well plate (96 well
cell culture plate, SPL Life Sciences)2] ZF well®ll 0.25
mLA 39HE BE513 2 1540.5°C, FH 60+ 5 pmol
photon m™ s, 7] 12 light : 12 dark Z710[A 39 (A3

100
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40
20
0- T
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Survival rates (%)

Concentrations (mg L)

Fig. 2. Dichlofluanid range test on the survival rate of female ga-
metophyte of Undaria pinnatifida. Vertical bars represent mean
SD. Female gametophyte was analyzed in 50 individuals. Different
letters present significant differences (p<0.05), as determined by
Tukey's multiple range test.

2 &) vl FSHATH(Table 1).
& BA517] S5l 39 sige duleAE g5t
7

An|7 (1X70; Nikon, Tokyo, Japan) 2.2 F2+¢]2 50719
HE 558 A%elglon, AL EAdEo] Eris)
A WEEE A AR R BEstTh(Fig. 3A). 4%
F2 2451] 910 59 WR SPSAIE A 50
NE AdEiste] o|m| A E4 L2170 (iWorks 2.0, Nahwoo

Trading, Suwon, Korea)= ©]-8&5to] Aol& 45ttt

(Fig. 3B). A& A FES 33] §HE 4] 150714

Table 1. Culture condition on female gametophyte of Undaria pin-
natifida

Test parameter Condition

Culture type Static non-renewal toxicity test
Photoperiod Ambient light condition and 12L: 12D period
Light intensity 60+ 5 umol photon m™2 57"

Temperature 15.0£0.5°C

Salinity 30.0£1.0 psu

pH 8.0£0.1

Solution Filter (0.45 um) and sterilized seawater

Test solution 0.25 mL

volume

Culture medium PESI medium

Initial spore density 200 gametophytes mL™
Experiment period 3 days (survival rate),
b5 days (relative growth rate)

Validity Survival rate >90%,
Relative growth rate >0.158

S

Survival

Death —»

50 pm

50 pm

Fig. 3. Measurement of female gametophyte survival rate (A) and relative growth rate (B) in Undaria pinnatifida.
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Toxicity effects of dichlofluanid on female gametophyte of Undaria pinnatifida

Table. 2. Survival and relative growth rate in female gametophyte
of Undaria pinnatifida exposed to dichlofluanid

c%r(izleorg[?:t?(lni Survival rate (%) Relative growth
(mg L) rate
Control 98.0£2.6° 0.175+0.034°
1 977+2.5° 0.177£0.025°
2 88.3+15° 0.145+0.026"
4 80.8+2.8° 0.140+0.047°
8 71.4+6.0° 0.069+0.040°
16 28.4+3.6° 0.018+0.033¢
32 - -

Different letters present significant differences (p<0.05), as determined
by Tukey's multiple range test.

3} §EAES gl HAs
| AEL FHYRE S ot
B 01582 Aokt

2 4 gEL of

t_‘
o
¢}
Q
3}
SN
o
(=]
o
)
o
< o
o
FPN

M-8 (%) = Si/So x 100

(So="A] el

A =)

T, S= e FARE T AEL ol

e

=(InG;—1nGo)/t

(Go=27] A 2o, Gi==&F Hull-e-A Zo],

t==A7h)

2.5 SHEN

Dichlofluanid =77} A} Abo] €] -2]/3-& H] s}
7] $15te] IBM SPSS Statistics ver. 20 (IBM, New York,
USA) Z2 19| Tukey THEH| I H|AER G4
= 245t CoH, folrES p<0.05% A5
Dichlofluanid®l] tHet ool o] BEs 2 Foiid4d
E9] WX AFs S (median lethal concentration, LCso),
U485 & (median Effective Concentration, ECs)
2} 95% A1 Z|F7F(95% confidence interval)< Toxicalc
software (Toxicalc 5.0, Tidepool scientific software, USA)
9] logit AN ©]-85FATL FIFEE (No Observed
Effective Concentration, NOEC) 2} | A 935 I (Lowest

100.0

80.0
60.0 |
40.0 |
20.0 | I
0.0

Control

Survival rates (%)

Concentrations (mg L'l)

Fig. 4. Change of survival rate on female gametophyte of Un-
daria pinnatifida exposed to dichlofluanid. Vertical bars represent
mean+ SD. Female gametophyte was analyzed 3 times with 50
individuals each. Different letters present significant differences
(p<0.05), as determined by Tukey's multiple range test.

Observed Effective Concentration, LOEC)+ Dunnett’s

test= AAtSEATE

332 o

3.1, YHiHIQ M= Y HUEHE

1 93-S YERHTH(Table 2). AHl-9-A] &2 2mg L~
HH §2 0= (p<0.05) #4at7] A1ZSH] 16 mg L
oA = Btk vl oF 71% ol FASMA Hast
AL (Fig. 4), AN34E £ 2mg L' HE goxom
(p<0.05) F2:317] A1ZH5te] 8 mg Lol Al th27 B4t
tHH] oF 60% o1’ FAH Attt (Fig. 5). A1E 3
IEE 32 mg Lo Al 9-A17F &S] Eoto] A
Z& A AIEECl A E ] Foltgih

3.2. U. pinntifida 281 Z o] 23t
dichlofluanid9] =/d%o}

Dichlofluanid®ll l:=&% U. pinnatifida SeH--A2] A3
& B AT E A Z2E54T-E sigmoid =

Ao g FAE Tk (Fig. 6). Dichlofluanidoll tHet @FHl-$-
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Aol BEE JHd8ES] NOEC LOECE 1, 2 mg
L2 Vet AES9] LCs (95% confidence interval)
2 10.82 (8.87~13.23) mg L', AHAAFES] ECso (95%
confidence interval)< 6.58 (6.03~7.17) mg L™\ & el
TF(Table 3). FHl-¢A10] T ES AL 22 &
Lol 4] dichlofluanid®] = 7] AlZFsHAARE, AL
1t} dichlofluanid®ll Y13HoHA] ¥H-8-5H%Act.

b b
c
i d
2 4 8 16 32

Concentrations (mg L)

0.25

0.20 4

a a
0.15 4
0.10 1
0.05
0.00 T

Control 1

Relative growth rates

Fig. 5. Change of relative growth rate on female gametophyte of
Undaria pinnatifida exposed to dichlofluanid. Vertical bars repre-
sent mean = SD. Female gametophyte was analyzed 3 times with
50 individuals each. Different letters present significant differenc-
es (p<0.05), as determined by Tukey's multiple range test.

Response

0.1 1 10 100

Dose (mg L)

1000

Response

4.0 %

Dichlofluanid+= Q78 A 24| W A= /A
Elo] ARE-E|2 91O ™ (Tokur and Aksoy 2023), £ 10
Az ek 2 ST 2= biofouling= ¢AI5H] 91t
FeHE dEoR FHASHA AMEE AL Ut (Cima
and Varello 2020). Dichlofluanid+ 30| £ 23
oA oH™°ll ols FuljE= IHA 7= <lsh sf
FA oA Zofi7t - wEA e W77 oF 2
A|ZF o] 2 RS- ZFTh(Cai et al. 2021). Dichlofluanid
+ W2 ZFpeEeE o] o429 N,N-dimethyl-N'-
phenylsulfamide (DMSA)E “8/d5H7] Eth(Koning et al.
2020). DMSAE WH7]7F ¢F 4892 dichlofluanid©] ]

Table 3. Toxicity values of the female gametophyte of Undaria
pinnatifida exposed to dichlofluanid (mg L™")

Values* Survival rates Relative growth rates
NOEC 1.0 1.0

LOEC 2.0 2.0

LCso 10.82 -

ECso - 6.58

95% ClI 8.87-13.23 6.03-7.17

*NOEC: no observed effective concentration, LOEC: lowest observed
effective concentration, LCso: median lethal concentration, ECso: median
effective concentration, 95% Cl: 95% confidence interval.

10 100
Dose (mg L)

@ . population growth rate, Black line : maximum likelihood-logit estimate, Blue line : 95% confidence interval

Fig. 6. Concentration-response curves for the effects of dichlofluanid on the survival rate (A) and the relative growth rate (B) of Undaria

pinnatifida female gametophyte.
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= g rrskal ARgol S7Fd 4= Utk (Hamwijk et al.
2005; Lee et al. 2022a). Dichlofluanid®] 7F&3] &£k
£ 327 o9k pH, 2% ¥ i W &oie &
7)&ol whet et e T AR UENT (Lee et
al. 2022a). Dichlofluanid+ t|¥€x E4d3} dgel= &
Jo] Zoll Eld=0 A Aoty pH7t SIS TS
dichlofluanid®} E|&&E Ate]o] Aot o] F71Rttt (Cima
and Varello 2020; Cai et al. 2021). DMSAE E|Z-&of| A
N,N-dimethylsulfamide (N,N-DMS)Z HZtE]o] 5/
o] ZF43ANE N,N-DMSE XA sighEo|w vhgtr] 7}
1,000 oJ/do]7] wiZofl sheFehd of 91t 2| Hofl &
&= 1A &= 9tk (Koning et al. 2020). ©]2|2t 75

S NI ZHEHOR dichlofluanidd} HHFEL A
Wit g H2E | FH5e] A5H0E TR

Dichlofluanid?} oAt A=29F 9 =4 w7y
=l b S FYENA =44
FFE et & 9= B4 2 F1E o (Konstantinou
and Albanis 2004; Cima and Varello 2020; Koning et al.
2020). Dichlofluanid+= glutathione (GSH)< Z£9Fgt thiol
groupd} 225} reactive oxygen speices (ROS) 4374
< FEst ARIAEYAE Lo XIth(Rola et al. 2020;
Lee et al. 2022a). Hydroxyl radical, hydrogen peroxide
(H,0), Super oxide anion (0,7)2} Z-> It ROS9]
L mEZER L] B85 AAISHL (Rola et al. 2020;
Lee et al. 2023), 2| A48} (lipoperoxide) & &5t Al
ZuS &A= Al EEAS Aotk (Lee et al. 2023).
=] dichlofluanid= A/ AMASHE AZsHA WA 7|+=
Ao 7 LdHA carbon tetrachloride 2t} 757 2|4
THi8HE T (Suzuki ef al. 2004). O] 27 AISIAE

| 2= S o] 25 WA 75 9ISkl DNA
A4 9 555 Wefohs T sig=S] et 2201
=39S Uetl AlZATES FESHA Hth(Lee et al.
2023; Park et al. 2023).

Dichlofluanid+ P4 25, HiE]|2|of, F
7 B SRRl tefet S g0l Bl ATt (Table

A

4). 53] @Z-Fet [l A

i)

v

%] 31Tt (Bellas 2006; Rola et al. 2020; Lee et al. 2022b).
Dichlofluanide]l 54 &% WFEtE] 2ok (Vibrio fisch-
eri) W, 24A1% L EH =Y S (Daphnia magna) 9
Aoll&, 30417t e EE UM 27 (Selenastrum capricor-
notum) 2] MATHAHFES] ECso2 2+ 0.113+0.018,
1.3+0.17, 0.064%0.0118 mg L'= HI =1 E5] V.
fischeri®t D. magna+v =73°] B EHL 4H3 irgarol
3} chlorothalonil 2t} dichlofluanid®] =/Jo] = UEt
Tt (Fernandez-Alba et al. 2002). Dichlofluanid®ll 964
7t e E2H ZER (Neomysis awatschensis) 2] o1 7] A <}
g o] ABEEO] LCso> A2 3.1pg L7, 245ug L2 B
I = A} (Lee et al. 2022a). Dichlofluani®ll 48A17F =&
% A (Paracentrotus lividus) 2] BioF 2 (ECso, 627 pg
L) 2 SA84% (ECio, 206 pg L) AL A3
2] (Mytilus edulis)©] BjoPE (ECso, 81 ug L™= T4
A ZATh (Bellas 2006). T1'd-5- (Botryllus schlosseri)2]
T B A ZHES A7 EAA|E AFE T} AF
SIAEYAE YEYTH (Cima and Varello 2020). &
(Perna perna)<> dichlofluanid®] &% 0.1~100 pg L™
oA FAFEAE AAFE AtaiH|g St A |
ol #A4a T AYAR 75l FAAY &S UEHT
(Rola et al. 2020). T3+ ©]F fathead minnow?] A|Z=
(Epithelioma Papulosum Cyprini)E dichlofluanid®l 244
7F 9 96A17F e E5HS ) 1Cs (half maximal inhibitory
concentration)<= 217t 7.3139} 11.941 mg L' & YEHET
(Tokur and Aksoy 2023).

2 A543 T3t dichlofluanid= U. pinnatifida TR
A 9] AEET FHSdE FAHDEFS v Al
219 =49 dichlofluanid®l BEoE£H 02 Z7}
Sh= Aol YERT U pinnatifida 3E& 2 3%
E2°] ECsoft 10.82, 6.58 mg L' 7|F 0.2 7ZhRol o7
of| vl dichlofluanidell ®176}A ¥H-g-5HA] eFettt. 2009
g et Aot s B EETt 13.43ng LR £
AE Ao 2 u20] (Lee et al. 2010) $-2Ltet gt
Ul £45H= dichlofluanidi= U. pinnatifida Bi-%-Ael 3
&S u|2]7] o}t Dichlofluanid®t Z-& ug L™ 18
0|4 2 H4-=4 (micropollutants)< "j-¢ @2 5%
off BEFFol G4 HAsHA] b= 4 A
W A= 215202 TEEo] Y= oA F%
o]

)| 2 0] 4= 2tk (Johnson ef al. 2020). HEZ S

o oo

o=

b fu b

2oy 9 1o od
Hu
o

of
odk
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Toxicity effects of dichlofluanid on female gametophyte of Undaria pinnatifida

& dichloro-diphenyl-trichloroethane (DDT)+= SH| 4]
ol 2F7o] MAFE FAAF O (Batucan et al. 2022),
polychlorinated biphenyl (PCB)+= 1L2fF2] 4417|559
ol o= Aol HE It (Jepson et al. 2016). ©]
A9 ug L' olote] mlA|ledEZdol A7 =55 7
A 5 Sl AT et A5t ol
Dichlofluanid =&t ¢ EME} AN s=7F AEHH Y
S717F A/F =™ (Lee and Lee 2016), 52F 0.2 ALEE| o]
fFeE o2 252072 {E 0101 HFYE= o8
gt dichlofluanid®] =78 93 B71= S8oittal wte)

adurd o2 Ax7] e Ad 7\1] 71 ] BBs+= 24
II (photosystem 11)2] ¥H-g-54 @iz o] AzdE-S 9
Alste] sjxFolA FLd 545 YW ATH(Deng et
al. 2012; Lee et al. 2020a), dichlofluanid+= FANIE
Aot W-go] AR R] ¢Skt (Johansson et al. 2012).
Dichlofluanidi= FAINE Ast= Ao R Ho|x|= o
A9k ol 279 7ol B4 carbon concentrating
mechanism (CCM)°ll 92 v|A 1HFA o= FohAd 2+
242 JAI5H= A o7 Hlt}(Johansson et al. 2012). 3l
Z70] CCM2 Alxe} 9]F-0] ulA| AHd S} HCO5
£ CO,& H3HE Fulfoh= A4 e84 (enzyme
carbonic anhydrase) 2] Z3to|t(Mercado et al. 2006).
5ol A CO,2] Bt Agto] 7] wjRof| Si2Fe}t e
% B AEY B S=v AP oot (Axelsson
et al. 2000). ©]23t FA £ AstE FHs17] 9ot
o] CCM-2 Hp-ATPases®l ololiA =5 Hdgdqt
o= HjEstal Alazur oJFE AHISHAXITH (Klenell
et al. 2004). 27l A o= s co, FHi 2

o|7} WAt 959 CO,7F B WEA AlZ Y2 FY
ol Fed £27F fAE 4 A=E COE Favttt
(Mercado et al. 2006). CCM 9] 7]'5°] SJA|=H CO,°]
HEHoz o E&rt F45H A4ashy] "ol 1+
Ao g Y IS YErd & Atk (Mercado et
al. 2006; Johansson et al. 2012). ©]= H|E0]Z Z}-go]m
dichlofluanid®] thiol group™} 23}t (Rola et al. 2020)
CCM} At 840 A4S A7)0 A= Ao
2 ccMOll F&FE v+ o2 BtET (Johansson et
al. 2012).

Dichlofluanid= £HQl, =, J18]A dnp=9] A
dhghgo] gt Aol A o 600 ng L'E AZEH

(Daehne et al. 2017; Cima and Barello 2020; Koning et al.
2020; Cai ef al. 2021), F-2Hzt E3F dichlofluanid7t A
Z 5t} (Lee and Lee 2016). Dichlofluanid+= $-2]u2t
o] 8 TholA 2006'd H+F 7.62 (0~61.69) ng L™, 2009'd
Bt 13.43 (0~67.96) ng L' 2.2 HEE|T E3] &4 7
AF AL 5t detoll A = A UE T (Lee ef al. 2010).
E3F 2006, 2009, 20131 F-2utEt A9 of e, Frte]
BBs (chlorothalonil, dichlofluanid, irgarol 1051) =&
4% A7 37H4] BBs®| W5 e+= 10.83, 54.33, 63.06
ng L' 22 20061 ©]F oA @Ho] Skl jloH,
200997} 2013 ©fFell A dichlofluanid®] Hl-&-2 50%
o|Ato| 2 TtH(Lee and Lee 2016). 2015 FAF 13719} 24
1171 A2 Zebohe -2lvet At 1570 A1 9] HA=
of it 2443} dichlofluanidE= HAEEA] PO, &
S4HE<Ql DMSAE 171 A|HS AlQlsta mF 74%Q°*
E}(Lee et al. 2015). vﬂzﬂg’r?}%% A 213 BBs=
POM 4t 443 (195~738) ng g™ welght_o_i }.A}

3 oH, 53] S4tehy} fAkTo 1 7} 505 (132~790)
898 (371~2,664) ng g dry weight > 2 =7 HEE3L
DMSA-= chlorothalonil®} octyltin?} @74 7+ =2 H]
&8 AA|5H= BBsSAt (Lee et al. 2015). Dichlofluanid
£ Exy AHolA sigeEer HAEEE Aoz 4y

] Q131 (Cai et al. 2021), WA S Bot ol 2}t 52k
2o gk @o| &gH7| o £AE wt ¢2uet o
otof] 2|&AH 02 FUE 4 Qth(Lee et al. 2015; Lee and
Lee 2016). 2008'd A-§-0] 5% TBT7} ot&71A] 42
et detolld 52 5e® dEHe A2R 1T (Lee
et al. 2015), &=l 7 S2 == dichlofluanid®| &
T ERE AZEo] A 7 Ao g o E e uhebA
U. pinnatifida®t 22 T8 FA27F Ho9} o279
A DA GFE B el A&A a7t
dastH, & A4 54442 dichlofluanid®l thet
U. pinnatifida 27178 8A0] A5 H71st7] 917t 7]
FAmE 8oHA &8d Ao r ZdiHh

M 9
Dichlofluanid= S¥FEH3 W wi

27
of & AR AREE EH = A S = o 11%
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Dichlofluanid+= t}
= ‘]OE 01-31;(% ()]
29k s ol gt S —t— %—Erﬁl B =] Ak
o}, weba 2uete] 9 FAYEQ v (Undaria
pinnatifida) FHi-AC] BEE L AN IFES ol8st
o dichlofluanid®| 54 Y= ASIAT. U. pinnatifida
o] 4 ¢AE dichlofluanid (0, 1, 2, 4, 8, 16, 32mg L™)
of k&5t Hl-eA BEEY FYFEE (NOEC),
#| 2 JFEE (LOEC), R AAFEE (LCso)+= 1, 2, 10.82
(8.87~13.23) mg L', AAtHdFES] NOEC, LOEC, ¥
FFEE (ECso)2 1, 2, 6.58 (6.03~7.17) mg L2 EA =]
At} 2 AT ZATH= dichlofluanidoll ™t U. pinnatifida
Hfe-A o] 4GS Brtol] I Fas Fuas
7 ggE o= 7"}
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