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FeZ MR AR B 5000 ZLAIETBERG f dh S e e
W 2 SepE T LR

BRIUE '~ #9745 EHF ' FEE ' B EE

2

BUadf ~ th 48 ~ 2 90T~ B S T ) 02023 0 FE P RE S 50% 5 A
BABAR s Ed PR PHLELE 1511936

FEFS (phenthoate) & —FEHIH] Z BE &3 BEB¥  (Acetylcholinesterase) & R &
il o B X ELIEKE A LIEE: (Chilo suppressalis Walker) » Fy /K ERE o FH 2R Bl 5
i Pl o2 B2 8E o KR ZE DLESEMMEIHE S BT 50% L0 BT Bt 56 fdl e B IR i 22 B 1k
HEATELER - fEBE S s B M i - EE AT E L B R R VA B B A (PSR
0.907 ~ 1.353 ~ 2.020 ~ 3.015 Bil 4.5 mg/L » Jz 50% FLPIRCSIE S b 22 1 B M (3801
7K) > 0.625 ~ 1.25~ 2.5~ 5 10 mg/L » SEAEE I ARTE 96 /N2 L HEILIEE
(LCso) » % LIRS 1@@51:%735 3.016 mg/L (ZKEESMTIERE 2.706 mg a.i/L) » 50% FLH
F 2.95 mg/L (KEEIHTILRE 1.41 mg a.i/L) » SF B UG 2 E 3k B - A il
BUPAIE Ry 22 B GRIEK) ~ VAT EAE () ~ 1.897 ~ 2.875 ~ 4.356 ~ 6.6 B 10
mg/L &Eﬂﬂ.’%%ﬂ (FAbsh - 4.5 g/L) » & 50 % ZLAEIBCBIREE 72 (B IRM (B
Ay~ 1~2~4- 8B 16 mg/L R RS IRAH (FALSH » 5.0 g/L) » SHREDE IS fa R a2 28
96 /J\ Z*%&i&ﬂ%ﬁ (LCso) #EH » FEEMATHE R 3.827 mg/L (KEESHTIRIE
4.250 mg a.i./L) » 50% FLBI ks 8.615 mg/L (/KEEZIHTIEAEE 3.670 mg a.i/L) » iIfi o] FJE
e HLBHEARAE BN AL ~ SRl ~ LB ZIE - MOBk - i~ gk
FAGB I AEFEYCE - B L 4 FEEE IR LCs BEHaEE R e hhE
#ME (1-10 mg/L) » ELAMEMIERN M RURE - BEAFTe a2 (LB A g1 E Kk A d k2 3
Be% -
PSS « FOEM - A s - 23k

B HIA £ 2023 429 H 26 H
* ﬁgﬂ{’F% E-mail: ych@acri.gov.tw
2T RS ER
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Hi S

FEFEM  (phenthoate) By & ik 1% &2

Bl HEZEHREEREE (CE
dab o~ /NIRUR ~ o s B S HE) B ERIE AR

oz Faw (D1~ BB M) PG
@) [A]—REAY A HE Bl st T BE R A
(diazinon) ~ ZF ¥4 (fenthion) ~ % J§ 124
(sumithion) EAEEEMLERZHEHEE
/KIS AEY) » 38 Ba R e i = 22 ] 5 s R
EP RS KRS E BTG Rk AR
B @D AT IE R K A A2 ) i i RS R e B
Hofh AR BRES I BRI ES
BT RE @D+ WFo8 R & B 0 i A B el st
= 28 U KA AR YR B SR AR Ry
HE - HRFAIREE (embryos, 0-3 K) Al
fFf (larva fish, #8RRy < 1 27r) FEE
HEREETS BV R BURK » 25 52 B HAEH
mEENRH R PRR AR HG
VF R FEA A2 W DAG At st s B FR2 8 15 e W)
KAV R T T AL @) - FIHMH
[FEEEE LA (juvenile fish, f8EK 1-2
NGy EE R G B A B Y B SR A A 2 i
(buprofezin) (5-100 mg/L) Fl & &% &
(endosulfan) (96 h LCso 0.22 mg/L) » &k
JEWEZ 8 (Clarias gariepinus) W& BE )
(LSRR - B RSP A s Bod R B
SR ¢ 1 - [A - FR
% (cypermethrin) (400 pg/L) &5
(Zebrafish, Danio rerio) W & Fl ¥ £
(larva fish) &R @9 o BERE A
BA S - MIGEWN - #85M2h - 8%

FOB BT EEE - RO
By % B A K R B i 1 T R = A
¥ o Ahmed F A (2015, 2016) WF5LHE
FE RIS (sumithion) 1.0 mg/L 5%
JCEE B RS R LB AT s A At i - ®) o
TR Z IS IR B Ry B Pk AU
TR (022629 -

G EE B AL, (Organisation
for Economic Cooperation and Development,
OECD) f* 1992 4£ 07 H 17 H &k 4
Vit AL R Tk - R DI
7 oM oW R & fF 5l 203
(fish, acute toxicity test, Test Guideline 203)
RALB BRI G F R E I - &
IR Ry R EE G AP s Bl R S HEH & -
NI ERBERE 2 - wkd 60 % DLk
DGR > AR ACHIL RS
BB RO 5 A - FEE EHEA
JIiEE A R 5 B A A R AT AL B 2
A > TR AR e = B 5k
A7 DAL [A] & BB ) B 5 R A 1T B B e
RAENE < B iR B RE S - H 2019 DA
2K B _EEAS TR IS SRR T R Sl fa
(juvenile fish, fE8&k 1-2 2A4) siakfa
(adult fish, f4Ek > 2 %) #EITHZE
3 E& (OECD Fish, acute toxicity test,
Test Guideline 203, 2019) FYEFR /5L AITT
MO BCRBRTTEMER L (The
European Union Reference Laboratory for
testing, EURL-
ECVAM) f£ 2008-2012 FHfE8) OECD
2013 5 7 H 26 HF 82 iSRS ks

alternatives to animal



e EE R FFES | 236 (Zebrafish embryo
acute toxicity test TG236, ZFET) HyE&EE »
DG B - FH ARl E OECD
A BEHEN o Belanger %A (2013) JRAgHE
WSk G SRR E R B - D
FPAL HAHRA T ~ THIEREJAE A - B
BB ST P B RS S PRI 7F e S £ B0k
A S E BB TTE (3 18 3.2 .
Lammer £ ATE 2009 SEWFC S8 H - 1
Mt B miaE 143 LR ETH MR
B ARG SR RS SR FH O RS S 1T 3 1%
B G IEAER (19 - Rahman 5 A7E
2020 35 2R A B Bl Tt ek B B DR AL B B I
ARG B f (larva fish) B9 EES -
HA R BUR BRI BIRIRTE 24 /N LCso
BB 0.235 (0.079-0.428) mg/L Eil¥H{Ffh
72 /NEF LCso fH B 0.341 (0.177-0.617)
mg/L » BEPHR IE R IE #Y S8 1 3R & R
A FORHE S UG LA O BEIE A T 1
BRI @D - TETERIMETT T /KB R A
WERRE B < B 3E - AR 2005 FFHUR TR
AEEHE 09 - KifE2FZEEE 2019
FEALMEKTESH R RERHERR
) > FEHUFEFEFY (phenthoate) A% ¥E iy B
50 % FLEI5T RUAETT H DT RS fa S f R IR G
ki aER o W S T 2 BRI R
NeTERERY 8 - S BE DR ZE Y
KRG IE T EERIR I R FEAT - W22
(B P A HE B AL B2 BB B /K A AR W) i 55 1 o
R B TR RS SR A BRI A
Z BIRE TR T R BE S UK AR A Ve B e MR A
ZEAEREEE R - W AHR B E R

ELEMBIE g E 21

AR B 7] -
FRHEL 5k
— ~ BTk

1. 2FRESIFERRMAB (OECD)
2019 FAMEETCH 4 RAEZENE
ABEFE5] (Test Guideline No. 203, Fish,
Acute Toxicity Testing) @9 » DIFFE &AL

» J&K & (Reduction) Jz
FE#{t. (Refinement) & 3R F5iifl + fid
HEHERIER#ESE (US Environmental
Protection Agency, US EPA) 2016 24
i A5 +E 5 | “Freshwater and saltwater
fish acute toxicity test, OCSPP 850.1075”
@8 DIEF /AR ST (static test) LT FA
Mo -

2. % OECD 2013 AL faEis =
M EEIES | (Test Guideline No. 236,
Fish Embryo Acute Toxicity (FET) Test)
O EITHRREREREZSRERN
2017 R T AR -
R is CE AR Kk Xk (NIEA
B909.10C) ; @ DLEF/KK S0 (semi-
static test) HEITIEAG S MEAES

(Replacement)

SN UL ST

AR 2HZEEE 2019 FER/LtE
KiEEHEZRERERGR O  EEDE
S (phenthoate) FEHESLER 50 % FLHI Ky
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bR - T ERAEE A Z E -

1. FEEAMEHE LI 5 AR B e G IR A
H] (Fzh# © Chem Service » &7 © 95.6% *
% : 11082500 » BEEHEA © 2020.11.18)

2. FEM 50% FLAI SR E-GEHEL
TRt ERRAE - #E57 0812201 » #5d
FHA 2 2019.05.13) » &8} 53.29% (A
TAHE M7 BB B 3G o0 i - LC-MS/MS
G3AT) e

=~ BRI R AR

Fir B Ba B W) o o ) B4 PR 22K 8
T EEREYRGE B RRS] L (2018) @ 2
T - HASART B B IRGE & BE
/INFH (Institutional Animal Care and Use
Committee, ACRI) A - B E
{5 B 2 BEFE £ (zebrafish, Danio rerio) AB
e e — BRI AU AR 8 H A A (R = R e
BAE K e B L VR i IS A Py E ) 5 B A K AR
Baes HATEERCH - DRSS RSEE ¢ -
3 RRyMHNE (embryo) 5 4-29 K By ff fi
(larva fish, FEE#7 0.37-<1.0 2343) ; 30-90
KIS (juvenile fish, #8EH > 1.0 &
73) 5 90 REL LT (adult fish, #2RAY
>2.0 251) 19 e
1. SRS fash g e BE bR aanT 7 RETTIE
R TRy RTB S e S H IR
HES - B REHE AR EE Ry
7 & BRI R AR B R A 5 A AR
B} o
2. hasE ke be C MG G - QUG£

3-6 HEEZ MR AB MR B AR
B > BEER 1.0 £ 2.0 2% (-EER15
ERERINAYRA) - RFHE B R D
12 ZeBIHETTRCE - JEARACHO £ i
AR REINETT R R - o —
e BRAH ] o BB R s 5 i 20 B -

P ~ AR A B R

M AREEHEENEN > 50 L L
BeEEA B EABE L o PRSIk A B
MERK 90 mm IR - FNA R
#J 40 mL o AHFFEEAEE ST DAk A [ =
i@ (range-finding test) f5E#% > LAGE
< 2.2 fEWIFLLFYR B E R R
HEFTE MG -

1. FEHEMARAES,

(1) PG fEN - R E G R E
TR 0.1 1.0 Bl 10.0 mg/L ZET-HE
SRR 00 B 100% » #(LL 4.096 ~
5.12~ 6.4~ 8.0 i 10.0 mg/L #EITHEE
REE - 4.096 mg/L ZET-FK Ry 0% » 5.12
%2 10.0 mg/L JET-REE By 100% » fEE
KA LCso{H » #EEFTHEITEE 2 KT
B BB o A Ry VA R B R
(solvent control, sC » PN (Acetone) »
0.1 mL/L) ~ 0.907 ~ 1.353 ~ 2.02 -~
3.015 B 4.5 mg/L 55 6 fHER AL -

() TG FAIRIGTEIE ¢ T A = e b
R ETEEE R 0.2~ 1.0 Bl 5.0 mg/L 36 TC
ARy 5 10 Bd 65% » {KIBLL 3R
Bt SR ot T e SR R T e A B



ik OECD TG 236 7&Z ¥k 5
22 ¥ I8 (negative control, nC -
EIEHK) ~ VERIEIHE (sC - NEA - 0.1
mL/L) ~ 1IE ¥ B4 (positive control,
pC » & L $H (Sodium chloride) » 4.5
g/L) KB EE 1.897 ~ 2.875 »
4356 ~ 6.6 Bl 10 mg/L 5 8 HlpERIA
il

2. BEM 50% FLUH

)

()

h

PSR EN BRI ESEGAREE
IRE Ry 1.0~ 10 B 30 mg/L SRS
Aks 0~ 100 B 100% » #c#E DL 135
FE R o TR T A R S 1T B A
Be o ol R ze B IRGH (BIEK)
0.625+1.25+2.5+5 Bl 10 mg/L % 6
FH ) ERAH A o

PR IR AR a1t ¢ R S A
HEMRE Ry 1.0~ 10 Bl 30 mg/L 3R
AR 5~ 100 Bl 100% » 4KIELL -
RS TG E R BRI TR
R R ZE B RE C o BHE
ZK)~ 12~ 4~ 8EH 16 mg/L % IF $HiE
fH (pC » ZAbsm > 5.0 g/L) F 7 #HKR
SRR -

v BERG s £ B IR fi 1 S
KGR

AEE BRI TR — R EIKE - i

RAKBERF GBI - IR (temperature)
#iE Fy 28+2°C (JEFE 26+1°C) » B
(hardness, LI CaCOs JEFE B 15HE) #iFEky

ELEMBPS a8 23

40-250 mg/L (FEF 100-300 mg/L) > i
[ (conductivity) £y < 600 uS/cm - [
i (pH) #[E ks pH 6.0-85  AA &
(dissolved oxygen) > 80% » SEIEHEH 16 /]
REEIRY8 /NRFER I - GBS IE B g K
17KEHIE - FHKT 50 mL GREEw - {1
KA E RS -

N~ bt

LGt aEE (AR @ Ka e
FFCREELR - IFEERBYER
REHE iR BRI LI BB BN - ik
Eawn R LI BB K VAR - PR TE
KERFEEER 4 L WSS - %8
PO R R TR B e B S £ ST
fERE 96 /RS - BB AR
Nk - ERTIRBYRE 324
48 ~ 72 196 /NS B AL SR A5 R B A
Z BT RS 0 UL A S f 2 R R E
N3 R ERE ST

2. B A E SRS CEFAR) + &
LB DL BN ER B iR
VIE BN - RGBT 2 IR
BCBSER SR - FFASHET 40 mL AABSIIE
A 9 ArEEEIYp (20 FEREB5E
M) - FREGHAR ARG 241 /NEFJE 5 3,
Bl (HRBIZEMIE%IAT) - BGR
ot » AER 24~ 48 ~ 72 B2 96 /NEF 0 #H]
RIR G RE Fo 5% 50 B -
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B~ sk EA R YA B R A RO
SHIREE T T

B&%@ g MR E H & TRl ks
0 /INRF ~ B 48 /NRp BELERBEAG S (5 96 /]

FEEC AR ETE T REGE 100% MRy
WIBG > 4028 3~ 24~ 48 ~ 72 /NEF) HULK
IR N eSS A Y N L S SN LT
CHEERERE (5B 0~ 24~ 48 /NEF) ReE
Bafdoiee (B8 96 /INRF) HUKER - ERE
JE R A S5 Y 50 mL ZKAESEST KT SR
47 (active ingredient, a.i.) =087 © 3
B aipE BREY 50 mL B A 10 mL
KR 2 mL 258 8 mL A AHE# -
AP 28 T BLZEEU Ml % - LRIk
HWETNESR 30 B MRERITHEZEHE
R ERE %me%DMI\%%'
BFE S s BN EARE - B 0.2 um
PTFE HIEMER L% - u@ﬁfﬁ%”ﬁ
HEE (LC-MS/MS) 43 H7i 2% AOAC 2
%ﬁ{i (official method) 'V 3#ETTH %k 5>
TEEE ST AT o VRHE g BT ER B I 8 43 AT IR
B EHTEFE © SunShell C8 (250x3 mm, 2.6

R— REEBITRBEE GRS AR E RN

um) » JEHTE R - 40°C 0 FRE : 0.4
mL/min » {FSFE 1 pl - BEFE @ A B
100% #E#i7K : B ks 100% HIEE - F58)
MR R PREE - TR R—) -

\ ~ #EET

D% PR ss 96 /NFEigE e
Bk 2 i PR AH < D RS F B IS U iR 2 2B T
2 - L1 Probit 43 M1 J57% (ToxRat ¢
EcoTox #fiFT#kig) 2Kf5%H LCsofH (Lethal
Concentration 50%) k& 95% F]{3 %# W& fH]
(Confidence Limit, CL)

i e

— ~ B ) £ B R G i 1 el
i el Bt R 7K B b T s R

HKEBAKR (R BRSHE
R R A K - B (E -~ EE
JEE B AL FLHE [ B T & SR /K E e

Table 1. LC-MS/MS gradient conditions used in phenthoate separation

Run Time (min) A (%) B (%) Flow Rate (ml/min)
0 30 70 0.4
2 10 90 0.4
6 10 90 0.4
6.3 40 60 0.4
8.3 40 60 0.4
9 30 70 0.4
11 30 70 0.4
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Table 2. Properties of aquaculture water used in juvenile and embryotic zebrafish toxicity tests

Test srou Water quality test o Temperature Dissolved Hardness Conductivity
group time P °C oxygen % mg/L ps/cm
Standard- Before the test 7.02 26.8 99.9 203 446

juvenile  Dyring the test  7.98-8.08  26.7-27.2  96.7-98.6 - -

Standard- Before the test 7.53 26.8 98.8 212 426
embryos During the test ~ 7.78-7.99  26.2-26.5  98.9-100.9  204-231 421-425

50% EC.  Before the test 7.53 27.3 98.3 178 454
juvenile  Dyring the test  8.05-8.14  26.2-26.3  99.8-100.9 - .

50 % EC- Before the test 7.52 273 99.2 201 481
embryos During the test ~ 7.74-7.87  26.2-26.5  99.9-100.4  198-206 446-450

A 0.907-4.5 mg/L {E#TREHE SR 2R 3
~ FEEMAEE N B RS S NREBRAA B R RS )
BRI i e g PR R A Bt 2R PERAN ~ DRI TEH ~ Yo fa LSS -
FAREL BT ~ KEER_ 37 E) ~ i A
1. RS s i - YR BNl U ~ FARE RS TSP R
BHIEAL (PIBR) ~ 0.907 ~ 1.353 ~ 2.02 » R BEES SR A S ES - UEE R
3.015 B 4.5 mg/L 55 6 {HIRIE - iz P~ REIERIIE - BRI
T 96 /NI ZFHELRE (LCso) FRIPGRERE ~ ANELH]E A 7 Bl
Rk 3.016 mg/L (KEEMTIRE 2.706 Je B Gr FEE U IAREAR () -
mg a.i/L) » 95% SR (CL) K 2. {EHEARRESHEERE IR
0.961-9.46 mg/L (ZKEE/rHTIEE 0.361- AZE B (nC - EHEK) LT;;]‘H”
20.28 mg a.i/L - KIGRESBE R fa st & fH (pC - &ALEM) ~ WHIEKFHH (sC -
B SR EEEHEET o ik e il & PAE) ~ 1.897 ~ 2.875 ~ 4.356 ~ 6.6 il 10
EHIEERK) - B AR E AR mg/L 55 8 IR - HEREE 96 /NEZ
HERTE 96 /NRFHEE B AR - K FHEILRE (LCso) fHRk 3.827
SRR ESE 2R - HEM EEEE R mg/L (ZRERSHTIREE 4.250 mg a.i/L) »
iy (NOEC, no observed effect 95 % {EHEWEER] (CL) k 3.574-4.056
concentration) % 0.907 mg/L (0.94 mg mg/L (KB HTIRE 3.958-4.564 mg
a.i/L) (R=) o MKEAERAS R R iR A a.i./L) » B K FR VR i 08 o 5 A A T



26 EEMEESSERIEE 5 15 1)

R= BERRERHARERYEB LI 96 NFESMARZE
Table 3. Results of 96-hour acute toxicity tests investigating the effects of standard phenthoate
on juvenile and embryotic zebrafish

Zebrafish Zebrafish
Item . .

juveniles embryos
LCso mg/L 3.016 3.827
(mg a.i./L) (2.706) (4.250)
95 % Confidence Intervals mg/L 0.961-9.460 3.574-4.056
(mg a.i./L) (0.361-20.28) (3.958-4.564)
No Observed Effect Concentration (NOEC) mg/L 0.907 2.875
(mg a.i./L) (0.94) (3.53)

LCso: Lethal Concentration 50%.

KO EANRKEERREREBERE 96 Rzl RIEM
Table 4. Clinical symptoms observed in juvenile zebrafish exposed to standard phenthoate for

96 hours
Test Nominal Active ingredient Clinical signs code* (Number of fish)
concentrations concentrations
group (mg/L) (mg a.i/L) 3hr 24 hr 48 hr 72 hr 96 hr
A O-acetone ND 17 17 1(7 1(7 1(7
Solvent Control ™ ™ ™ ™ Q)
B 0.907 0.94 1@ 1©® 16) 1M Lo
6(3) 6 (1) 10 (1)
1(2),6(3) 10 (7) 2(1),5@2) 2(1),5(1) 2(1),5(1)
C 1.353 1.03 11 (2) 7(3),11(3) 9(1),10(1), 11(4)
11 (4)
D 2020 L7 2(1) 2 (1),10 (1) 2(1),5@2) 2(2),5(1) 2(2)
10 (6) 11(1),133) 11(1),13(2) 11(2)
E 1015 922 10 (7) 11(6), 13 (1) 10(1),11(6) 2(2),11(5) 6 (5), 11 (5)
12 (1) 19(1),20(1) 19 (3)
2(2),10(3) 4(2),10(1) 2(1),4(2) 9(1),10(1) 9 (1),10(1)
F 4.5 3.83 21 (2) 11(4),19(1) 11 (4),19(1) 11(3),18(1) 11(3),14(1)
18 (1)

ND : Indicates that the analytical result of the sample was below the quantitative limit of 0.01 mg/L.

* Clinical symptom codes:

1 © Normal 2 : Found dead 4 : Hemorrhage
5 : Abnormal spinal curvature 6 : Lethargy 7 : Increase Excitability
9 : Abnormal Breathing 10 : Sink in the bottom of the tank 11 : Float at the surface of the tank
12 : Swim pattern is a slant 13 : Swim pattern is swirly 14 : Lie on the bottom of the tank with with
side facing up
18 : Twitch of the fish body or fins 19 : Swims in a fast, circular pattern 20 : Swim pattern is irregularly and
when disturbed uncoordinated

21 : Swimming with the belly up



B 96 /NIFHEC B AR - Ml
FEFRIG IR T ZIRIE - HEA 5 F R
J& (NOEC) } 2.875 mg/L (3.53 mg
a.i/L) (RZ) o [RHEERELE 1.897 mg/L
B 2.875 mg/L [t 96 /NEFELIE(LR 43 HI]
By 10 %Iz 15 % » HIECHRAE - #EH]

ELEMB RS R in g 27

EEMARHE LS BB L IER - KL
BT RN E - 7R BN O
FOFNE - NPT - B HEE R e
ANEEHAFEPREE () - ZEERE
HE R IEYE 4356 me/L DL F RS 0 A
96 /INRFE MG 2 FEL Ry 100% °

'\ : _: (@

B— BEENRERHRESAMKIEERE 96 /NF MM - A 1.897 mg/L HIF
EER ~ MIRAEE VBRENEEFIENLHM ; B 2.875 mg/L HIRLTE
Wi~ BB ARER  ROBENEETIE ; C 4356 my/L HBFEERL - &
Ok~ DRENERIERHM S D 6.6 mg/L HIROLEENERTE - 1
REOBK D E 10 mg/L BIRMOEK - sCABIHRA - EEFREHEATA -

Fig. 1. Deformities in zebrafish embryos exposed to standard phenthoate for 96 hours. A:
Exposure to 1.897 mg/L phenthoate led to delayed hatching, abnormal spinal
curvature, pericardial edema, yolk sac edema, and hemorrhage; B: Exposure to 2.875
mg/L phenoate led to delayed hatching, spinal curvature, pericardial edema, and yolk
sac edema; C: Exposure to 4.356 mg/L phenoate led to delayed hatching, lack of
heartbeat, pericardial edema, yolk sac edema, and hemorrhage; D: Exposure to 6.6 mg/L
phenoate led to pericardial edema, yolk sac edema, hemorrhage, and lack of heartbeat; E:

Exposure to 10 mg/L phenoate led to lack of heartbeat; sC: normal larvae.
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= EE 50% FLBIEBEE fa s
fa BRI i S m T S B SR

L R it alle - AR Ena

PR (BHE/K) ~ 0.625~ 125255
Bl 10 mg/L 5§ 6 fEIEE - HERFE 96
/N R SEIR . (LCso) ARy
295 mg/L (KEE/HTIEE 1.41 mg
ai/L) > 95% SR (CL) K 1.95-
4.47 mg/L (KB HTIREE 0.91-2.29 mg
a.i./L) o HRBE S fa 4 FURGHEE 22 7 96 /)N
R AR ISR ER T ZIRE -
EHMEEREE (NOEC) F 1.25 mg/L
(KBRS HTIRRE 0.54 mg a.i/L) (RF) °
WeE B s FLEE R 0.625-10 mg/L 7E#% T
®EE 3 /NIFBHAA BRI - NI
B WENTERSIN ~ YRR FRUELIEER ~ IR
y== 8 O TR = 2 7/ = )
AR T L S BR A JESETS ~ MRS L S B
JEHS ~ SHEE R BT ~ R EE SRS

i~ SRS - AZERAE
ERYPRERERE ~ AR E A R i B
B SR CFRRIRAEAR (RI) -

AERE R SR e SaE VAR - SO SRR

AZE A (nC - BHE/K) ~ IERIR
fH (pC - & k)~ 1248 Hl 16
mg/L 5 7 {EIRFE - SR 96 /NEZ
FRHHIBIRE (LCso) FR Ty 8.615
mg/L (ZKEEZMHTIRE 3.670 mg a.i/L) »
95% {2 %8 W& [ (CL) s 6.192-11.99
mg/L (KA HTIRE 2.616-5.150 mg
a.i/L) o MBI FG fa IR RERGEAE 2R 96 /)N
RF s 2 f R E R S R T
ZIRE - A EMBEFIEE (NOEC)
Fo< 1 mg/L (KEEFITIEE < 0.41 mg
a.i/L) (1) - RESFEREUR 1-8 mg/L 2
96 /NRFFELCHR AR » HI bR
BT » 7RIV LI E ~ N
EEETAE - M RE AR e
KA EEFRATEEE (82) -

KRA - BERS0% ABHEREADEEN 96 NFEZFMERABER
Table 5. Results of 96-hour acute toxicity tests investigating the effects of a 50% phenthoate
emulsion product on juvenile and embryonic zebrafish

Item Zebrafish juveniles Zebrafish embryos
LCso mg/L 2.95 8.615

(mg a.i./L) (1.41) (3.670)
95% Confidence Intervals mg/L 1.95-4.47 6.192-11.99
(mg a.i./L) (0.91-2.29) (2.616-5.150)
No Observed Effect Concentration (NOEC) mg/L 1.25 <1

(mg a.i./L) (0.54) (<0.41)

LCso: Lethal Concentration 50%.
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]/~ ISR BTIEN 50% FLEEERE 96 /N2 B RAEAR
Table 6. Clinical signs observed of zebrafish juveniles exposed to phenthoate 50% emulsifiable
concentrate (EC) products for 96 hours

Test Nomingl Active ingre.dient Clinical signs code* (Number of fish)
concentrations concentrations
group (mg/L) (mg a.i./L) 3 hr 24 hr 48 hr 72 hr 96 hr
0-water
A Control ND 1(7) 1(7) 1(7) 1(7) 1(7)
1(1) 6(7) 6(7) 1(5) 6(7)
6 (1) 7 (1) 10 (1) 11(2) 10 (3)
B 0.625 0.32 7 (1) 11(1) 11(2) 11 (4)
11 (4)
6 (6) 6(7) 6(7) 6(7) 5(1)
10 (1) 10 (2) 10 (1) 11(7) 6(7)
c 1.25 0.54 11 (6) 11(5) 11 (6) 11(7)
16 (1)
503) 54 54) 2(2) 2(2)
11(7) 6(7) 7(1) 505 50)
D 2.5 1.10 20 (7) 10 (1) 10 (1) 10 (2) 11 (3)
11 (6) 11 (6) 14 (1) 18 (3)
16 (1)
10 (1) 2 (1) 3(1) 2(2) 2(2)
12 (1) 2 (1) 5(4) 5(2) 5(2)
13 (2) 5(12) 10 (3) 6(4) 11(2)
E 5 2.75 14 (1) 10 (3) 11(2) 10 (1)

17 (1) 12 (2) 14 (1) 11 (3)
20 (7) 15 (1) 19 (3) 18 (1)

16 (1)
8 (1) 2(7)

F 10 5.39 14 (5) - - -
15 (1)

ND : Indicates that the analytical result of the sample was below the quantitative limit of 0.02 mg/L.

* Clinical symptom codes:

1 : Normal 2 : Found dead 3 : Discoloration

5 © Abnormal spinal curvature 6 : Lethargy 7 : Increase Excitability

8 1 Atxia 10 : Sink in the bottom of the tank 11 : Float at the surface of the
tank

12 : pattern is a slant 13 © Swim pattern is swirly 14 © Lie on the bottom of the tank

with side facing up
15 : Lie on the bottom of the tank wit 16 : Swim with the head down and 17 : Swim with the head up and
belly up tail up tail down
18 : Twitch of the fish body or fins 19 : Swims in a fast, circular 20 : Swim pattern is irregular and
pattern when  disturbed uncoordinated
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Fig. 2.

RBENEEN 50% IABEZEBRES 96 NFHRE RN RTFRZEEE
oAl mgl HIREMFANERFELEEER B2 mg/l PRE8Y
B~ i SBEENOESAOARNME S C 4 mg/l HBEORENERTE - b
M~ BEER/NEBARE D8 mg/l BRORENETTIE - HIMLAREE
REHE:16 mgL BB OEENSTIESY MO - nC ZRHERA

FEFEREAFA -

Deformities in zebrafish embryos and larvae exposed to phenthoate 50% emulsion
products for 96 hours. A: Exposure to Img/L led to yolk sac edema and lack of
pigmentation; B: Exposure to 2 mg/L led to yolk sac edema, hemorrhage, short
body, and poor activity; C: Exposure to 4 mg/L led to pericardial edema, yolk sac
edema, hemorrhage, short body, and poor activity; D: Exposure to 8 mg/L led to
pericardial edema, yolk sac edema, hemorrhage, abnormal spinal curvature, and
spinal deformities; E: Exposure to 16 mg/L led to pericardial edema, yolk sac

edema, and lack of heartbeat; nC: normal larvae.
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Acute Toxicity of Standard Phenthoate and
50% Emulsion on Juvenile and Embryotic
Zebrafish

Shu-Chuan Chen', Fang-Yun Lin', Kai-Ping Wang', Wei-Ren Tsai'!, Yu-Chen Hsieh!"

Abstract

Chen, S. C,, Lin, F. Y., Wang, K. P, Tsai W. R., and Hsieh, Y. C. 2023. Acute Toxicity of Standard

Phenthoate and 50% Emulsion on Juvenile and Embryotic Zebrafish. Taiwan Pestic. Sci. 15: 19-36.

Phenthoate is a type of acetylcholinesterase inhibitor and insecticide frequently used
to prevent Chilo suppressalis (Walker) infections in rice. In this study, the acute toxicity of
standard phenthoate and a 50% emulsion product was assessed in juvenile and embryotic
zebrafish. For acute toxicity tests (zebrafish exposure time: 96 hours), the concentrations
of standard products across different treatment groups were 0.907, 1.353, 2.020, 3.015, and
4.5 mg/L (acetone was used as a solvent control), and the concentrations of 50% emulsion
products were 0.625, 1.25, 2.5, 5, and 10 mg/L (aquaculture water was used as a blank
control). Lethal concentration (LCso) values for the standard and 50% emulsion products
were found to be 3.016 mg/L (2.706 mg a.i/L) and 2.95 mg/L (1.41 mg a.i/L),
respectively. For acute toxicity tests on zebrafish embryos, the concentrations of standard
product in different treatment groups were 1.897, 2.875, 4.356, 6.6, and 10 mg/L, in which
aquaculture water was used as a blank control, acetone was used as a solvent control, and
sodium chloride (4.5 g/L) was used as a positive control. The concentrations of 50%
emulsion products in different treatment groups were 1, 2, 4, 8, and 16 mg/L, in which
aquaculture water and sodium chloride (5.0 g/L) were used as blank and positive controls,
respectively. After exposure for 96 hours, LCso values for the standard and 50% emulsion

products were 3.827 mg/L (4250 mg a.i/L) and 8.615 mg/L (3.670 mg a.i./L),
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respectively. Moreover, embryos showed obvious developmental defects and
morphological changes, including delayed hatching, spinal curvature, pericardial edema,
yolk sac edema, lack of heartbeat, hemorrhage, short body, and poor activity. In the four
toxicity tests performed, hazard classifications associated with LCso values were all
moderately toxic (1-10 mg/L), indicating that standard phenthoate and the 50% emulsion
product have similar toxicity levels. The findings from this study can serve as a reference
in alternative assessments of aquatic toxicity tests in Taiwan.

Key words: phenthoate, zebrafish, embryo, acute toxicity



