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Abstract; To establish a scientific basis for the rational use of neonicotinoid insecticides, the acute toxicities of
nine neonicotinoid insecticides to honeybees were determined by feeding and dripping methods, and the risk assess-
ment was also performed according to the risk quotient method. Flonicamid and pymetrozine were used as refer-
ence substances. Results from 48-h oral and contact toxicities indicated that six neonicotinoid insecticides (clothian-
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idin, dinotefuran, imidacloprid, nitenpyram, sulfoxaflor and thiamethoxam) were highly toxic to honeybees with
LD,, values ranging from 1.73x107(1.37x10°-2.45x107%) to 35.3x10%(30.5x107- 41.4x107?) pg- bee”, followed
by imidaclothiz that were highly and moderately toxic to honeybees with LD, values of 56.4x102(40.9x102-95.5
x107?) and 2.05 (1.13-3.18) pg-bee”, while acetamiprid and thiacloprid were moderately toxic to honeybees with
LD,, values ranging from 2.57 (1.94-3.75) to 9.85 (8.23-11.6) wg-bee™. In contrast, the reference pesticides flonic-
amid and pymetrozine exhibited low toxicity to the insects with LD, values > 100 pg-bee™. Results of risk assess-
ment showed that clothianidin, dinotefuran, imidacloprid, thiamethoxam, imidaclothiz, nitenpyram and sulfoxaflor
were classified with unacceptable risk, while acetamiprid, thiacloprid and reference substances (flonicamid and py-
metrozine) were classified as acceptable risk to honeybees. Therefore, the use of neonicotinoids, should be carefully

evaluated by integrated pest management (IPM) programs in order to avoid serious damages to honeybees.

Keywords: neonicotinoid insecticides; imidacloprid; honeybee; acute toxicity; risk assessment
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RAPBREZOEHE R, REDMEEHEY) R
HEBRS, B FRHEEERE M BHETIE
e ATt R R A P R BRAR A R
EIEAE R SR B R e, 0k 1e B B HLUAE
FEMERE RSN IR T MENIEE % E
WM M AE SR U REGBTR R M AR
A Ve R E W F BT B R Y 15%
~25% WIEYI - B RZ Mk, B RTR AT
RBETRAFE D, AR E T RETE K BT 6]
B2 E, SHMR RN, BEEEAF RS
R RSB AR, XHBEETEREZER
A fEERY

FETE AR BRE HATE NS T R R a ik
RGP EZ —  WREYRIP P REENILS
a7 R BFIVE A T X8 Z B AR AR SZ ARy H
FBE EDE RME A RGBS BT, 3
TEREARR N BT B 9 RIS 1, XF KRS AN R
B BRSE SATEEAEY LR TR B L A R
2 BB\ B TS5 R e 2 4% AR 4 PR g X
D88 F RE/R MR 80EH, T EXEEL Y
K5, EXER I R & RS, 2006 45, W
FIERUNAE LR 5 & T R HUBE i) 8 ¥ 55 98 28 IR E ( Colo-
ny Collapse Disorder, CCD), 2008 4EFg 3 Y1 1 2010
SERRINHRIE B I B BB B, 5 R AR E R
RAET ImEHRIED RS GBI LIEE K2
BEERAEFEWRARRE", FRRY, 3R
TR RAENEER L, Kb RHEA
REBREZ —, FFEHERER AT N EZE XK
HF0M ST 2 G Hh B R BT B 2K AR 24 0 W Y
FMRN , A SCGEBRC AR ET A 9 FhT EE

2 K 2 FpREIREXS R O A% F SUELA BT MY
AT B | R ARU ST e R R A e
B EPERRYE JEREAT R TR, B 1 3 E TR
BRAR L E 28 B RS RREN SR,

1 ## 57 % (Materials and methods)
1.1 R4y

) B i (Apis mellifera L.), WiiL48 X 21
BRSSO T LA R R
RIGET AR AP A B B R — B R 5 SR8 R,
KAN—B A T
1.2 ]

96% BE 3 Bk (acetamiprid) JR 25 (VL 75 % FE 4L TH
PR/ 1) ;95% 182 H Bz (clothianidin) R 25 ( B AR 4E A& 4k
FAR RS 4E); 95% Bk i B (dinotefuran) JR 25 (YL 7 &
Ak T BR A7) 95.3% Ntk 5 Bk (imidacloprid ) Ji 25
(T E AL T A BB 7); 95% A BEMK (imidaclothiz)
JRZ5(REEIT I 25 4 T e A BRAS 7)) 95% M e
H#(nitenpyram)JR 25 (BF @ 1T L A 254k TR B BR A
]);50% FBIE H i (sulfoxaflor) 7K 43~ Bk 37 (36 [ M
FGE AN T]);97.5% W HUBf(thiacloprid )R 25 (K EETH 2%
FeARZT);97.7% BE AL R (thiamethoxam) i 24 (B 7%
ERVEMRA A PR B1); 10% BULE B BEf% (flonicamid)
IRATBCREF (B A R 7=l B £ 4L) 5 96% it i BR
(pymetrozine)l 2 (VLI ZFRRALA FRA 7).

1.3 Rk
1.3.1 2H40HFEHRR

ARG SR FH 2 BB SCERUS ) e i ] PR I T R
X E R 2 R, AT, AR 25 FT N R
Rt -80 B il o — & MR B, HEAT W& I )
EHEEXRBHEEGEE, EXNRAR, 5%
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B FHE I 50% REEKIBE B B 5~7 ik
WeRE  ZE VR A SIS N 200 pL & A A RIVRE AL
RY BRI FR MR FE SR BB 6 h B
A MRS MARENRIEFER JMRRAE
ZHFH 50% REMKIE BB 2RISR, LIS WER
FentiR-80 #Y 50% FEEAE KBS MR AR R v R IR K5
20 TEFIXT R AN ZS 1 0 BB B 3 ANFAT, BE 10
R, BB TRERNQ2S+2) C,HXREN
50% ~70% ,SORAM T . TEXT IRA BB TR/NT
10% FYIEHL T WAR D SR EE % 24 h 48 h WP EIER
RKFET-F RFH“DPS AL B R 487 9.50 FruERR T
B2 e ) BRI B (LD, fH) 2 95% B fF
X JH]
1.3.2 SHEmEEAR

AR 6 R F 2 BR SCHRU 20 o 9 a5 T 1 T B A 2
SHE N SEEE ., #ITREAEHTRARR,
VIR EERRE R EEE, BN Rn e
BN RANIBRE 5~7 MRARKE, BHEER
A4S T R B E e T AEE L, Bk
FERZL MR, 3 T 2 N FL X o 2 e A AR AL
PR A RS2 5 B AR AR RIVR BEZ5 K 1.0 pL,
R NERE & 525 L i AR %% (10 cmx 10 cmx
10 c), ASEPRERYE FIAE AT I IR e 4
Xt BB 2 s X R AH P 3 AT, B 10 HE
e FEIRE R (25+2) C, MXRE 50% ~70% , i
He&MET F 50% RERK MR 2RI AR, 7EX IR
HEWEFET-R/PT 10% WIER T REFICRERE
24 h 48 h FPEAER K FET- 2R, 2R F “DPS H#E4b
FRSG"9.50 PRUERR T 257 0 58 e Y L JOB BT
B (LD, f8) %% 95% BfEXH,
1.4 FHESHRHKTE

FRYE IR E A 25 %F 5 0% ) B B RN A pR D
B aEFHES N 4 MFER .Y LD, <0.001 pg- &'
B, REZGXT B8 MBI FE,0.001<LD,, <2.0 wug- &' i}
LGP KT, 2.0<LD,, <11.0 pg- M B2l
YR LD, >11.0 ng- 8 BHRZGXE R
535, U LD {HM 95% BEREFAEBIENH
WigtEE R EE BERER,
1.5 REIEMRSE

R BRI E R X W AR PP AL HE R, A
FH X BB (risk quotient, RQ)43 7l | 28 7E B i 3 B
B ARG R T, R 25 N8 e 5 XU 7T 8
ZERE .Y RQ<1 B, KK A3, RQ>1 B, XK

RNajgz,
1.5.1 WiiEgs
AR 25 B B 1 B KU B EL(RQ,, 4R A 3(1)
HE,
AR
RQsp=IjD—50'x5—0 ' D
K AR—IEFEHIR GBI R R R(g ai-hm?),
1.5.2 THESMTLIEGR
R TR R 0 XU B (B (RQ,, R A
2).6).@iHE,
PED

. p)
RQ sys PNED oys ( )
PED,,, =R, xMFI ?3)
EnP
PNED sys = —U? (4)

. PED, ,— 468y TR N R R 25 B T B R
M (ng ai. -#"); PNED, ,— N R HEAR 245 i B T
BN B (pg ai 8" R—MRIEYRGERE
MEBAEEPHRGERE B (mg ai -kg'); MFI—8
REENSESHERR (g %), EnP—EHREL
H(pg ai. &) UF—ABER T,

2 %3 (Results)
2.1 HEER

EIR A 25 )5 4 h FEORLER, ML WF R | 96 0E LR
& I BB K s X B A B A R R
i 9 BT PR R ZG AL T B B e R I AR R 8
AR, EE R CFT R PRE BRI IE S A YA 5 M E &
Ry % BEME S AT A EE fhiE EIREH
R B e R R R B
2.2 11 MR ERSEZOFN

RS EIER 11 MRAXEENAKED
i LD, & 95% BEXETERE 1, GREH, it
Sof T A R RE S B e o 2 M S R 4 D E 4 LD, Y
KF 100 pg- %" HAth 9 FhFT PR AR 25 X B e 1)
St OB KA VR H R T M, 4
Z5J5 24 h,9 MFTEBAR X E RS L O/ LD,
BTG 1.75%10°(1.41x10° ~2.42x10°)~10.8(7.96 ~
186) pg "', BEETEFMBEMEK, KL AR EE
B AHE TR RN YA R 3G N, 4525 )5 48 h,9 FRETIR
BRI EE2 ML O LD, EEE R 1.73x10°
(137x10° ~245%107)~ 8.79(6.74~134) pg- ¥,

MR R LE 9 FhET R R X &
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ALS 48 h E BTN BEHAEF 24 h 1
SRR AR B R — , o i o kv 2 e
AHETHRAEMBENHE, 40 1.8 15, MR
B R R AR | BE DR A SRR
REEIIR/NF 1.1 £5, RIBRERG ERH 2
B ARSIk A R | RUNE R R AR B TR,
WE BBk R T B, HoAth 7 MRk
BTRES, 1 MERAMEENSEZ2OFRK
FF77(48 h S55L) . W HUBR >k H e > I8 ot > i e bk >
S5 S P > SR R > SRR R > 1R e ok > B o R > g
S I | SRUE M I
2.3 11 AR E N SR
MBI E R 11 MR X E S S A
¥ LDy, & 95% B XAIERE 1, 45RRH, i
T 1 SR L T e ot 5 e ) S PR B A R LD, K
F 100 pg- ' HAth 9 MFFEBAE RGN EEH S
YRR YRR BEE AR B A) B SE R T3S 0, 4524
J& 24 h,9 FPF B R AN E S 2B LD, E

JEEEN 165%107%(1.35%x102~231x10%)~ 139 (117~
174) pg 48", FE TR EHER, FHFIXEE
B PETR R RON YA R N, 45255 48 h,9 R ETE
BRI X M 2 A LD, fHIEEh 1.28x107
(1.11x102~1.56x107)~ 9.85(823~11.6) pg-#&"',

MR ZE R LIFE B, 9 P L&
i3S 48 h A MBI B E AR A EE
24 h K SEBHEMNA A FRRE RN, B Sk
XTEER AN B A B, 4R 5.66
£, FLUR Ry 45 e H Jie XoF 2 8 1 2 B AN 38
2.08f% , FIRE 7 FFTERBE R EEY 2T
PERRIE NN 2 £, RIBERERAIEER S
YRR RS AR vE ML R | SRUNE e BERE R TR
S, W bk | e Bk SRR TP R, oA 6 Rt
BB RLR TEHER, 11 RGN EEN I
HEA BT (48 h 455 ) . 88 e e > 8 s R > ik ot
Wk >k H e > I H Jre > SRUNE HL P G > LR I > BE T bk
> HRUB > ML AT I | JBUE H TR

F1 1 FRHBABEANBEEN
Table 1 Acute toxicity of 11 kinds of pesticides to honeybees

E et 24 h-LD;, and 95% Cl/(ng-bee™) 48 h-LDy, and 95% Cl/(pg-bee™)

Pesticides Test type

g ot bk £ Oral 10.8(7.96~18.6) 8.79(6.74~13.4)
Acetamiprid HEfih Contact 7.33(5.32~11.9) 5.45(4.11~791)

I h #£1 Oral 6.38%1073(5.25%x10 ~7.49x107%) 6.19%1073(5.05x 10 ~7.30x10%)
Clothianidin #fh Contact 1.65%10°%(1.35x107 ~2.31x10%) 1.28x102(1.11x102~1.56%10%)

ok e iz £ 11 Oral 2.19x107%(1.70x107 ~3.14x10%) 1.82x107%(1.43x 103 ~2.46x10%)

Dinotefuran Hfk Contact 14.2x10%(10.2x10%~26.5x10%) 9.85x10%(7.63x102 ~154x10%)

GA:=L £ Oral 320%x10%(1.69x102~11.1x106%) 1.78x10(1.12x 102 ~3.72x102)
Imidacloprid H:fih Contact 11.8x102(8.59x10% ~16.4x102) 6.43%102(4.16x102 ~8.74x10%)

FIER #11 Oral 83.5x102(57.6x102 ~1.74) 56.4x10%40.9%102~95.5%102)
Imidaclothiz i Contact 11.6(4.95~99.1) 2.05(1.13~3.18)

0 £11 Oral 4.68%102(2.95%1072 ~6.76%102) 436x102(276x102 ~623%x10%)
Nitenpyram #fi Contact 43.9x10%(35.4x102~63.1x102) 21.1x10%(16.9x102~29.1x102)
FE RN #£17 Oral 18.7%10°4(12.6x10% ~38.6x10%) 10.5%10%(8.12%102 ~15.3%10)
Sulfoxaflor 4k Contact 58.5x102(47.6x10% ~80.6x10?) 353x10%30.5x102 ~41.4x10%)

2 1 Bk #11 Oral 2.83(2.32~4.24) 257 (1.94~3.75)

Thiacloprid i Contact 13.9(11.7~174) 9.85(8.23~11.6)

18 SR 21 Oral 1.75%103(1.41x10% ~2.42x10%) 1.73x1073(1.37x10° ~2.45%107%)

Thiamethoxam il Contact 2.79x10(2.33x102~3.59%102) 1.74%10%1.52x102 ~2.14x10%)
S o B A #£ 0 Oral >100 >100
Flonicamid i Contact >100 >100
At 47 B #1 Oral >100 >100
Pymetrozine $fih Contact >100 >100
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SR T, 8P EREYE B MRARID
E R B , BN RATER B BC 1w H 8] Bk &
TR M 3 i P R B, 5] R o R TR TR T A8 1 48
h-LD, T+ E 1§ 11 FhR X B ¥ 8 RQ, LK 2,
11 Fp Ak 25 %4 58 e i 28 O XUBS IR B O TR e > 18 iy
TR >t Jile > Dbt H bk > 0 1 L P > SR BE L R i > L
Bk > B8 e bk > B B BK > Bk B R | 9RO B A 5 L
W 1 o DXUBGE YR S - TR > 8 R > I, Bk > Bk
B > 0 E B fHe > 9 U P > R O > I e o>
Hmk> L BT R sE R BERE, Hop, BERmk el
Pk Hk MF R SECRE R PR X 2 e 0 22 1 5 Bk RQ,,
EB/NT 1, 58X 4 FoR 257 B 5180 H M &
R P R B T W e X e ) U T D B S R
Jie O R | M RO R R U B MR | RCE B
JiE RBENR T & 0 58 RQ,, (H MR K
BXRMERT 1, R 7 M ERRALEEIE

10 B4 TA) 5% 55 6 R 300 2 T W T 2 e ) KU S T
B2,

EHESFFLAEGET, B T REGER
[EIVE S B A6y B 62 Hh 3% B8 (B Fn i RO e B i B B
BRAEWE, B R RABIAME 1 mg ai.-kg' 8
%, MFI R BRIAE 0.128 g- 8", 4F ST WL
REAMAT, UF {ER A 10,3 B AT 18 11 FR 3T £
B RQ,, A 2, 11 FA2 X 25 18 i) URE TR 0 -
TR > Ik Ve > R e > L R B > A i o > SR ER R
il > 50 R ok > 1B ot bk > B ol DK > Pk A R L R R B
Hor e kB PR | AR | RUNE B ) 2
RQ,, B/ T 1, HFAX 4 HRGHSTHTFE
AR, 1 S A0 T X B e ) XL G T 48 3% 5 v R IR R
Je Mk b mbk IR CRUBR M R R | FRURE ORI | S
ST RN RQ,, HHART 1, IR A 7 FhpT
KR ZGHATR FRR R LA B B B AR

F2 N ARGENEEHREEE
Table 2 Risk quotient of 11 kinds of pesticides to honeybees

Ry H (Rl 57 B (g - hm?) HIHR 8 i 37 9% T WA Rk 2
Pesticides AR/(g-hm?) Test type R R{E RQ,, iR KU B 1 RQ,y Risk level
Cliin%din 150 ;:ﬂDCoor::ct ZZi 207 AT Unacceptable
Diifin 150 ;;fczzct 13;28 703 AT 43 Unacceptable
Injszﬁ g 150 é:;czlt ;:3 719 ANW[ % Unacceptable
miiim 788 ;:ﬂu&()::ct 99;16 740 A A3 Unacceptable
Imlfac%z:iz 45 EQ:!{!DCZ:ZM 0146309 227 A 0] #2532 Unacceptable
f:fji 90 éifCoO;:c . ‘:5; 294 ] 3% Unacceptable
ot W 15 B2 R e
Af:;nikﬁd ” ;:muc:za §§§Z 0.146 FTEER Acceptable
Th:g;iw:id 123 ;:muc::a Ezjg 0.498 AT Acceptable
Pt & Kot <ot cwom R At
ny:fjfme 300 é;nc::m :gﬁ: <00128 T #3% Acceptable
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3 11i£ ( Discussion)

Ta] MR A ¥ 5 TR v R AR R AR 24 X B M Y R TR 4
R XMW ENZFHNE T FRESEHT
WE RGN E e 2 L D, 45 R B
BEREZERNEE LB EHERBERE
FEAE R RE RO ; SRR T B R G XT B 2
PER A REME , 45 SR IR e 25 e 5 [H 1) M e 1 25
REELOEKEMBEER AN, bR
BB ARG ERERECENEERR,
BELPRRBUBRFARBREN &N EFRTERE
SRR IE LR,

EAREFM T, 7R BESK H it 57 AR 55 500E & Bk
TR LD, (B, (HEAaHL 0 BMdEH LD,
(48 ) KTF 100 pg- e BT 25 % S FE MK
TR, XTTF 9 PhET s A 2y, nE W bk 55 e et xof
FiEMaMa0 BREESAPEY ik B
Hugg mth Ak ok o 05 0E e e | SRUNE H R X 9 e
HAMED BRI ST (U EEMRXT 2
AMZUFHSEMBESEA -, Haksaen
BHEARER, SHEMBEEIPER, HREE
K AUER R EEN A2 O FH S AN EM
BHEXREER, HAib 8 AT HEMIE AR LT E K
SHZNENYBER THAMEMENE, JFHE
RAEZMSE TR YT G 48 h24 h BIFFHERNY
HEHNH(1.01 ~ 1.80 ) ¥R F 2 8 Al 50 T 1
NI EL(1.29~5.66 £%), BT UL 22 H0H 2k 24
X W 1) T R R MR B R TR R B,

RAGFELWZERMG T WMERTHER, AEH
XTHIRRERGX BEWBERD, TARETLEE
Lt S B B T4 1) S5 B A AR 24 o B e 1 fR AR
B, FI, BP0 R 20 8 e 2 bk B g
EF BRI T HE A s 2y i A
R, FHR U R R AR, B,
TR R R R TR 1R W0 ROVE A AR 2 % e R
B2 BT R R TR, FEASBIF 9T i M it 3 5 o BT
SR A H EE AR 234 8 E A RIENRER &,
U O GEEMENE KB ERA B, RALES
MK, B FH R R AR R AR
MEFEE, T AT EAR AL 3 J 2R H-mg
FEEHRIEAELEY ., BRM TR L8 HE
AUl S E R HERE A S AR A
WHAENE T BEARELS BB It ER R
PSRRI R BN R R, BRI S R

Gh,BHAT T AT Ab B35 BT AR 25 % 5 e 1Y
BIBRRABVEAG ,, Z5RERW, TiewEgRTL R -5
SR A B S P, B Rk R bk | i el
e SRR MR IE B e | U R 7 AR BT R
X XU R T 57 Hofth 4 Rk 25 %4 B i
B R BS S8 AT 42 5%

FRIEEC AT AR e H A ERE M E R
T, AT SRR SRIEE PR 2% EBREE, HixlE
/ANTRUA RAERT , BHF TG R T BRI
WAL, B EATERE T RQ, MHRT 1 1 7 Fh pRE
224 R AR 0 08 40k 3R X e g XL T
Z, BN FRQMEART 1 7 FHEMAERS,
Tt — 25 3E 2 H JR) | FH () 45 7 2 YK RURSE TR A R
BARAGHIEM A EENEE, FERETHRRR
B AR R 900 e L B A AT B 32 R, B2 R i
i N iAW e i
R EW 7 M R R AR FEEY RER, T
T R o 2 e XL R P W LR | W LB Mk TR | R E
MR AT R

PSR, B RGW E SR ME KNG
FE SRS R R R R, 24 E RS RE
THIEM TYESUR 25 RS ., 2 E M 2008 48
FrUARRSEIE B T Mk HLobk I H bk BB R mk R e Bk
i BE U 6 FRETIRSAR 2 AT AR  BKR
ZRATEA M 2013 48 12 B 1 B 7 PR ok huokk | g
Bk ME U B SR YA A RAE Y LA
I | 2Tt ki 4 TF 4 Xof bt e mpk | W8 o R g o
3 FFTERS AR AT E RS RE M 2013 4FFF
16, ISR T BT AR AR 24 %) 4 e 5 e A M T AR
Ja sh TR B RVEY M TR AL P VE 9y b 18 R X 28 e Y
2 [H (8] XU PEAG B 5T, LA 32 ) PR 0K Bl A R 0 2
LR R R B R,

R T BRI S R  R A TEX g
A AT 332 XU R R AR 25 AT B s 2
RRS: PEAS B4 [RIB , X A0 - JXURG: T 48 3% 7K - A 1
ok BE UK R 2 AN TR i — R A
MR RAERER T8 AT HR TR
1% AN

BIREEE A AFET (1969), 8 RN, L E2HATOA
RGP RBIRFEEWIENBE , AR FREL 130 RE,
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