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B E: AP AE FRBRATA SRR AR R LB (spirotetramat) X KA A MO AESLE, VA
X% Daphnia magna AR %, WARETRRARTREGERCEY, BT 5 HHK
B, MR e TAREEARE RS, ARER OB KA Fe) St Ae 21 d R F M
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Acute and chronic toxicities of spirotetramat to Daphnia magna
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Abstract: In order to evaluate the aquatic toxicity of the new tetramic acid derivative spirotetramat, the
acute-chronic toxicity, offspring contamination and recovery test of Daphnia magna under different
concentrations of spirotetramat were conducted. The acute toxicity results indicated that spirotetramat
had low toxicity against D. magna, the 48 h-ECs, value was 46.55 mg/L. The results of chronic test
showed that, 21 days after exposure to spirotetramat, the first reproduction number, the number of total
offspring per female and the number of brood per female of D. magna were significantly reduced. The
first reproduction time was also evidently delayed at the concentration of 4.7 mg/L spirotetramat. The
offspring of F, generation D. magna (named F; generation D. magna) was more sensitive to spirote-
tramat than the control. And the first reproduction time, the first reproduction number and the number of
brood were significantly influenced, and only the body length of F; recovery group was significantly

affected. In conclusion, spirotetramat had severe reproductive toxicity to D. magna, and had inhibiting
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effects on its growth and reproduction.

Keywords: spirotetramat; Daphnia magna; acute toxicity; chronic toxicity; reproductive toxicity

BEE N A H &2, R4S ETE G
) F R —, KAERFAHANIEJZ H ik
(R A% 24 53 2 0k AR s SR KU T, i e Z R (spiro-
tetramat) S = A X n) A IR AR S 0% R, JE
AR L LS A FRAUEE (ACCase) HITE P
TR I AED G R, & FER R, HXT
R = #8 FE  BTE AOR AR, 5 H AR R 25
TEAZ E UMD, Sl A TS5 3 RO A B 1
Brva A, HAFFROREAS T, I B 2 R
FCHUE TR AR 77, AT I 3145 1) 55 HRURR O 2= 1AL
R tb Al R 2R Ab BRIE B T V6 B
F L (WAREE), AT ORGRE AR K LR 4R
A, BR AR ZHATE A R E R
Hispto, PRth, A 7008 R 2R PR 8T ) 52 e A AE
WAT .

CAM R, B H ] 520 AR AR A4
PIAT A S AT AT RE. . KTl SH S M
Danio rerio PRI T Bl 08 D 84 N 4R
I JE D20y AT 51K BE M £ R o A i i
Bufo gargarizans W= A2 SE A NI B, 38 L
AR s AT RRARES B Silurus asotus WG
IREAG 2R, FET P04 #0030 1 B R RE 0.
I, BR A EE AT Re A AR R AR AR A A . B
FACEIIRE, %k NSRS At A A T AE AR 52
-4,

KB Daphnia magna PRI H 0 ¥R 554840 1
BB . DA BB R B R AN AR 5 15 7R SRR T
N T KAEASTRE R, FikiEEH,
W 2B X NSk Ceriodaphnia dubia 1Y) 48 h-
LCso fE4 23.8 mg/LU, {H HHl ¥ WL B 28 X
KEVR 2 SR AARE. ST, %2
FHKEE T EES K EHLZ (OECD) 2% i ik
REDN, 3 ek 0 A [ A R e 2 o R 2 e e
BN H A R T S, A TT T R R S
XFRARLRE ) B 18 B M R H e K AR 8 A A 11

SN o
1 #MR5EE

L1 AFS5EENZHF
98.7% WR L Z.Jig (spirotetramat) J5i % (FHFEH-

TEVIRLZ A TS AE): THEE (73 Hr2l) 16T XAk
P TARF

FLTE A] O R R A WA (FE AR E A A
A]); SMZ-140 A0 B (4 E 22 v Bl sL 4
FABRAT): JEEE Eclipse 80i s (H A JE B
nA]); Xutemp AN LA (UM 2 Aok EIR
HARERAA).
1.2 REEY

KMV Daphnia magna (Wil K2R 265 53055
FEEHFFCAT I A 62 D. M 4l 5 RAEMIRE), T A
TR R FE, EHIEE N 20°C£1°C, A
W16 L:8 D, TFR%EE NG 50 mL K57 77
1 REEE. B2 d B 1 REEFRR (M4), &R
B/INBREE Chlorella. /NERTEZ I OECD 1k2 5l
AN <2017 SRR P BRBE IR RIH B N
2.0 x 10°~3.0 x 10° cells/mL, 47 Wl /NBREE ) 25
B, frHMBRRMEEEEERE. Pokhs
6~24 h ZEAT BRI .
1.3 REHE
1.3.1 AMEERE SESCEIRITEE T, B
PEFRIG L R, ¥ B A LR R R 50N
12.5. 25.0. 37.5. 50.0 A162.5 mg/L (B} Bhi%
FUPIBARC ), RIS 52 (0 BRI A% (0.01%
P 4. & Bt (100 mL) FFhnA 50 mL 4t
2GRN 5 RAEAE N — AN Ab 3, BRI 2 RO R
AV 4 NPATAREE, 3t 28 NabEE . R0 R
fERAREEIRFM 8, AREZRE. 55
ARG T IB 5 24 h AT 48 h W80 R 06 4 %
ARG SIZAMEE I, 48 h il FHRIGHIE 5 & 1B
132 BEHSEFERE SESCEIRITEDHET. B
SRR g R 3 AN BEIRE, 25
21N 48 h-ECs, {E 1 1/100. 1/50 F1 1/10, A& =
R ZH . T A U U B AR T IR L AR FE K
VAR EED), FEREARZN TR B, BRI
BTE HR AN BV AR R, A IR 1) 24 9 35 FH 8% 9
FLIERBRER . 7F 100 mL HEM R 50 mL fEif
7, BN 1 R (Fy %), A
20 k%%, BP 20 Meedf. KA LSRR
5, BERE 48 h ik 1 YGRS VETR . B H SR
/NBRTE (2.0 x 10°~3.0 x 10° cells/mL). MAF/4bHE
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HERETHE AR (F) A0) &Pkt 20 RiE7rK21d
R, HMM4S FoRAHEMA, 1ERF,
R FRE AR A2 F AR BT
A4 (F ) kit 20 2, 2 5E T 50 mL
TARFR T, #7210 A RERE, HAh%k
5L R P ARG RI AR, 18 F ARUIRE
R

IR BE 24 h WEL 1 Ik, BT AE 4% &
B, FEid st R BRE AR BRI . IR
FERREL. WA IREL. PERRECRIAE TR, A
06 309 1) = R BOR B . T R AR K&
Fy ARGREG 58 21 R, 78 B Ass & K A% ik
K. KH Lotka FFETHHE N ZIEKER ()"
1.4 HELE

iz ] IBM SPSS Statistics 19 ¥ 4b #4114+
(1] Probit f5iHt, >RIFUE 2, g Xt KA1 48h-ECs,
{8, X Duncan 55672 EUB FRZH 54 2 0 FEH
(A 22 P B, S5 BRI + At RR

2 FHRE5DR

2.1 FHRZEEAEERMIERAIEIER
A FAIR KW 1R R ZEER KT ) 48h-

ECs, 5 N 46.55 mg/L, 95% BAZ X 8N 41.79~
51.77 mg/L; FIE-XNITHEN y=1.42x — 15.95 (M
KEZHr 709180), Kkl (A RAHET AP
PraIe e EE 13 30 IR MRS H e =,
e R KA R KB L B
2.2 BEARZEEXTAKBGE 21 d HRNELE
F1HRBIH T Fo AR Fy ARYEFRE A F,AQ
P2 ARG v R BV IR 7 R I ) 5 0 Ok B
SRR MR BV Fy AOR BB Ak
R IE], HoHr 4.7 mg/L WKREHEE (P <0.05) 2K
TR A], FIR, Fo AARHEAIG R b
Z R RANE] . Fy ARG HANR R 83
ANEFEEREER, Hd 4.7 mg/L REFHEFET
MR, F AEFEREE, VIO REE S
T, HEIFIE-AKR. F ARELEREFRH
PR E R IR 5 (KB 4L), W= B 8] A
WHE X RAMLY CHEZER. 5 F,RAMELH,
F, X 0.47. 0.94 mg/L 455 AT A IR 6 B[R] BH
SAER, HIREBEEEM: £ 0.47.
0.94 mg/L W& dt Z Fg AL BRI Fo ARFT =1 Fy AR, 1E
P S A5 A1) = VR T ) B SR AR

F1 BB R RELRYDR RN 8] R AR = R #200

Table 1 Effect of spirotetramat on first brood time and first brood number of D. magna

VIV & [6] First brood time/d

VIR =& #L First brood number

Treatmeng(melL Fo fifeds Fy fokdy F, fotis Fo foke Py fikl F, foles
F, generation F, generation F, generation F, generation F, generation F, generation
(contamination) (contamination) (recovery) (contamination) (contamination) (recovery)
CK 6.58+0.45a 7.06+£0.13 a" 7.06£0.13 a" 19.41+£3.66 b 13.45+£0.97¢’ 13.45+£0.97a
0.47 623+0.17a 8.65 + 0.46 ab” 7.05+0.10a 17.76 £3.11b 9.40+1.51b 14.00£1.50a°
0.94 6.18+0.12a 8.79£0.17 ab’ 7.11+0.13 " 15.44 £2.96 ab 9.96+1.32b° 14.66 £2.82 a
4.70 7.27+044b 9.63+£2.56b 6.95+0.10a 10.84 +5.26 a 623+1.74a 13.11+1.51a

E: Fo A F) PR HBTIR R AT R, F, AIKEERRTRAGLE, AF/NG FEERRFESIEEE 2% 7+ 8% (ANOVA, LSD, P <

0.05); “FTRFITEIEZE R 5 (ANOVA, LSD, P <0.05).

Note: F,, generation (contamination) and F; generation (contamination) groups were treated with spirotetramat. F; generation (recovery) groups were not
treated with pesticide. Means (= SE) within a column followed by different letters are significantly different by LSD (ANOVA, P < 0.05); Means (+ SE) within

arow followed by “*’ are significantly different by LSD (ANOVA, P < 0.05).

HE 2 PEIETLEH: £ 47 mg/LiRHR L
AL EE ) Fo RO R, B3L B 21 d P37 3%
R FERRAL, OAXTIRAR 80%. 7E F A4E ik
e, 0.47. 0.94 F14.7 mg/L G752 21 d Bl
BRHO BT RA, AR E-X
oK F; 4.7 mg/L ALERA A AR H B 2 K. Fy AR
i 53 2 1) SR ME P VR R R B o B ZELAR B UG

REER, RWIBHHGHE Fy R KBS
W F, SR s . Fy AR K45 F,
RGP AATXEL, Fy ARG 0 R B 2
FART Fo ARYHAH, FARKEHFN 4.7 mg/L
ACFRLH PR EOE B35 s Fy ARG 047,
0.94 mg/L AbFH 1) 5 ™ 16 4500 221K T [R) Mk 2 Ak B
) Fo AR, F, RIKEHHIEMH 0.94 mg/L
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Table 2  Effect of spirotetramat on number of offspring per adult and number of broods of D. magna

B4 ME 7 AL Number of offspring per adult 7= it %% Number of broods
oy Fo fRik Fy fRke Fy AL Fo {0y F fRgei Fy 15
Treatment/(mg/L) F . . . . . ;

o generation F, generation F, generation F, generation F, generation F, generation

(contamination) (contamination) (recovery) (contamination) (contamination) (recovery)
CK 248.36 +23.45D 177.10+ 14.47 ¢ 177.10 £ 14.47 a 8.16+£0.66 a 7.84+0.70 b 7.84+£0.70 a
0.47 250.49 £ 8.02 b 116.55+19.36 b 179.80 £19.30 a’ 8.19+0.13 a 6.66 +0.56 ab’ 7.80+£0.33 a
0.94 257.33+7.51b 13493 +£11.62b° 171.28 +16.78 a" 8.45+0.53a 6.88+0.30 ab’ 7.76 £0.35a"
4.7 197.65+27.04 a 48.15+37.12a" 15771+ 14.57 a 7.63+0.72 a 540+322a 7.82+0.35a

e Fo A Fy RRBEFABTIRR OB FRLE, F MRIKEARHTREGLE . FRDNGF RS FASIHEE %R E % (ANOVA, LSD, P <
0.05); “Hon[FATEE % 7 2% (ANOVA, LSD, P < 0.05).

Note: F( generation (contamination) and F; generation (contamination) groups were treated with spirotetramat. F; generation (recovery) groups were not
treated with pesticide. Means (+ SE) within a column followed by different letters are significantly different by LSD (ANOVA, P < 0.05); Means (+ SE) within
arow followed by ‘*’ are significantly different by LSD (ANOVA, P <0.05).

REERA A P i R E AR T Fo R4 WAL SRR P 1) Fy AR, TEiRBEAT Je 3 sl
Fo AR 2 A B R R R AR A 4 S il 52 B S SALEE, 21 d Ja KA AT 2444 2o WY bl o i
MRAM LA N EZER (R 3). Fo AR AH i, BB ECE I B 2R
F 3 MZAZEERTAELE 21 d KRR R IR KA E2 0

Table 3  Effect of spirotetramat on body length and number of cumulative molts of D. magna

21 d #4+ Body length/mm I8 5% L Number of cumulative molts
oy Fo fRik Fy fRke Fy {15 Fo {3 F fRgei Fy {052
Treatment/(mg/L) F . . f A . :

o generation F, generation F, generation F, generation F, generation F, generation

(contamination) (contamination) (recovery) (contamination) (contamination) (recovery)
CK 3.04+0.0l a 3.85+0.10¢ 3.85+0.10¢ 1293+ 140a 1295+0.23 a 1295+0.23 a
0.47 3.10+£0.06 a 3.46+0.01 ab’ 3.71 £0.07 ab’ 1270 +£0.24 a 1256 £0.43 a 12.60 £0.71 a
0.94 3.00+0.15a 3.44+0.04 a° 3.75+£0.01 be” 12.70+£0.24 a 12.16+0.84 a 12.51+£0.37 a
4.7 3.04+0.09a 3.56 +0.08 ab’ 3.63+0.08a" 12.88+1.07 a 12.52+0.34a 12.57+0.35a

E: Fo M Fy ARBHHEIATIR R AT RFELI, F, KR ERRATRAGLE ., ARG TR R S5 2 57+ 8% (ANOVA, LSD, P <
0.05); “Fon[FATEE %7 2% (ANOVA, LSD, P < 0.05).

Note: F,, generation (contamination) and F; generation (contamination) groups were treated with spirotetramat. F; generation (recovery) groups were not
treated with pesticide. Means (+ SE) within a column followed by different letters are significantly different by LSD (ANOVA, P < 0.05); Means (+ SE) within
arow followed by “*’ are significantly different by LSD (ANOVA, P < 0.05).

R4 AT ORI AEAS [F) R LR R 2 I HISET &, BLACR Lotka J7iEiH 543 2A
#r N, 21dJA Fo R8RE. Fy ARUGeRE L F KR [l AL FEZH B A B R ()0 SRR Fo AR

F4 IBRZEENARERTRMAREIEKEZMN

Table 4 Effect of spirotetramat on mortality and innate rate of increase of D. magna

BET-F Mortality/% Py B8 KK Innate rate of increase, 7y,
J OS]
Treatment/ Fo R4t F, R4 3¢ F, Ik E Fo AAH F) ARG 2; F, Rk E
(mg/L) F, generation F, generation F, generation F, generation F, generation F, generation
(contamination) (contamination) (recovery) (contamination) (contamination) (recovery)
CK 0 0 0 0.56 0.52 0.52
0.47 0.37 16.84 0 0.57 0.44 0.58
0.94 22.17 1.11 0.38 0.56 0.49 0.60
4.7 22.97 36.51 7.93 0.45 0.39 0.57

T Fo AURN Fy ARG R BEAT IR N A FR R FR A0 3, Fy UK AR AT R 25 403
Note: F,, generation (contamination) and F; generation (contamination) groups were treated with spirotetramat. F; generation (recovery) groups were not

treated with pesticide.
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B F ARGLE LR F) AR RS Th 28 T F b i 1Y)
¥IN 4.7 mg/L AbERAH, SR RHR AR i 2R R 7R
Ja PG EL R BRI R, KB HE
TRBERTHARGSHAK F ARGHA, Hm
T AR A o 7, AT R IR KT IR Fh AL 7
WK RE ), M EATR Iz —. H
R PR RF 22 5 R AT A Fo AORBLIE I 1HL
Fy AUKE AR AN T 5 1A 5 250 i
15 ry KR IEH . R, — @RI R 2B
S 7 B o R K BRI (1 B AT R

3 FrR5itie

Fo AORBNRAEIR R R 21 d 12 PEdE 2
BRI LG LR, 98k 2 Fs T R KRR AR K
KB MEAT, B FRAE ] IEIR Fy AR EA]
U= BRI (], FEUslk D REWREATT K = 26 B 5 AP 3 7
BEA RANR I R VAN 18 1t 5 1 1) 4R
PRz —, KRG REY, ARG, 13
B EEX R 21 d R K B NI, KA
08 R 2R AR R SR AR I KB A AR (F) ARER) TN
TR B EE (B AR ), HAP 2K AT
BEMTXRA, FF AR RE T AR
WEEHME R 2 B8 h 21 d, S AL BEA KAV 857
BHURE TR, HPE RS B, FEEA
D= I AR, WIS E B . T
0B PR 2T R K 2R R Pt IR B e AN R, B
UEAE BAJE I SEa ] L BRIX — R bR . AR AR
By, Fo RAKBBEZIB R AR R G, Hieg
AR (F, ) AT A 5 2RI, X RS
Fo AR MIRE R A A B AR AT K
PR, FEERRE ZHmA R,

HAr, 88 Zm7e A B 3 280 T 3
MG BN, B, 2. SERZEMIEY LG
TEAD B LM W5 AR T el 7 TR A
T, W HZERE LA — B R s R, HAE
KA —E R, Y pH EN 78, S
A 8.5d (25 °C) Al 13 d (20 T, T KALERAI A
BRAMA RN T, Wik, KAFRE R —E R REZ
HBETRE 2 Fm 1~2 AR B AGFMES,
X P 22 A A TRy, A7 — 5 /K AR
A .
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