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Abstract Imidacloprid are widely used for pest control in agricultural area and have been detected in
nectar, pollen, and wax. To date, only a few studies have been carried out to assess the effect of pesticides
on honeybee larvae. Therefore we aimed to assess the acute and chronic toxicity of imidacloprid to honeybee
larvae using an in vitro rearing method. The following imidacloprid doses were used to determine the LDs,
for the acute and chronic test: 9.00, 3.60, 1.44, 0.58, 0.23 pg/larva. LDs, were calculated for larvae at 72h
following a single diet exposure. The LDjs, value was 1.465 (0.800 - 2.329) pg/larva. LDs, for in vitro reared
honey bee worker brood at day 8, day 15, and day 22 after grafting for the chronic test were 6.311, 3.315,
1.510 pg/larva, respectively. Various anomalies and mortality symptoms were observed in the reared brood
after the repeated exposure. The ratio of early or melanizing larval death to pupal death increased with higher
imidacloprid concentrations.
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M B o] % wlo] vlg) B sieE § FoF ¥ OAEES
HE RO R TN El f5 29% sk (pollen)t

B (4pis melliferaye 355 517] Qe WEozy 3P (nectaryS 3T EZH Fokol] =&2 4 UTH(Sanchez-
B HF 3-8km AYE HPshY 5k 25 o] 2F Bayo and Goka, 2014; Tosi et al., 2018). ¥ §-5& 412
E4o] =& "t Beekman and Ratnieks, 2000). 2= o1& A A AFH G} HEFo] FAlol| o] FoiAH = Aol H]
M E HE Wi R FoF AES B st A% 8l s B} vizkepA whggttal 4 A Sl 5
o] THL TF F5 FFMT ol L AEH, FoF, Al A7 e Bk AAQ] A7} el Y¢S FE=
teksl =48 FAhH o R =2 rH(Chazat and 93 W47 2 4= JATHWU et al,, 2011; Zhu et al., 2014).
Faucon, 2007; Mullin et al., 2010). P]ZoME 12159] % oo 3 B wFelM= & fJEd H7F 19AleA 4
of 3 gjAEZ ] 88T/ FE AEF(=L, S, ¥ 5)elA AR oplgl Yl FEEAS WrslES Hof it &
WA AT B3 = 1TH(Johnson et al., 2010). A9 fEvete] w4 843 7 A AIA = Tier 1940l
A B FAEAAE, Tier 28HAI0M B GARFAE,
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obz] E9 f-3o ek B IE A &AL e AdH
oity. Wb FUIME FFFEUA AN = %

A& wolo et WeA o =
olel] thgk A FH gHE 3
=498 A7LAFNE 2o LREATHIm et al, 2016;
Paik et al., 2016).

S QXS] in vivo Tk B £5 FF AP
°o§i %%‘%O]i e Aol A edvh. WA in vitro &
H 33 =AAIEHE] NEE I (Aupinel et al., 2007;
Crailsheim et al., 2012; Schmehl et al., 2016), OECD A&

HE H2 75 HAvk #A] OECD Al@HdM e %5 ¢
ﬂLZ AI&W(OECD No. 237, 2013)% wHE -2 AJ3H
(OECD No. 239, 2016)°] SA1=o] Ut}

Y LUFE| 0| EA] T AMAIHOZ 71 Bol AL
e 5 F sholth(Blacquiere et al., 2012). Y] QU SE]
Lol Tk acetamiprid, clothianidin, dinotefuran,
imidacloprid, nitenpyram, thiacloprid, thiamethoxam< 2%}
gt} Imidaclopride W] QU FE|Leo|EA] AFA R 22
nicotinic acetylcholine receptor®l] Tt AE14 Z3-A] (agonist)
2 AL, ARAES A goEN 23S AT 2
712 YERATHBrown et al., 2006). Imidaclopride= 35
olgy AE HEE 2 HA AE2FIHE AL 2 I
Ao vh g XGlE WAl de] AREE AL SITHElbert et
al., 1991; Yang et al., 2012). Imidacloprid= 20174 715
S A7 ko] 75,400 kgS E U QU FE 0| EA F
oF 5 7MY Bo] Y=+ ¥Alolth(Korea Crop Protection
Association, 2018). ZZ2] 3 imidacloprid= f-5, l=, o}A]

ofellA] &g A= 5 3HE(pollen)ell A %+ 19.7 ppb, 3
(nectar)ol| A 6.0 ppb, €2~ (wax)ollA 26.5 ppb7F AE= ATt
3 ¥ 37¥n8} 2dtk(Sanchez-Bayo and Goka, 2014). < 4
A, wloke], oRAIFA FaE AFATfel| o]stH
imidacloprid= =9 85y, 7|99, vdds, ALds
(homing behavior), &4 e] AJ2Hof| JgkS- —frﬁb_’_ B
%o} dtH(Bortolotti et al., 2003; Decourtye et al., 2003;
Eiri and Nieh, 2012; Ramirez-Romero et al., 2005; Wu-
smart and Spivak, 2016).

A AAHOR W ovmEmo] A soke] 2w A
Ha 54 ATE gl olFoAI IAW 3l Uat %
3 A7E AARARL & 4 9ok webd, £ Aol

=4 5 ©3 3 ‘i}—.l-:% AES F3t] imidaclorprid7}
= 3 vAE YT AH BRI SIS

Ao ARE3SE °FAll= Dr. EhrenstorferAl2] imidacloprid
(99.0%)5 Tdate] ARg-slaith. FYNEEZD 2= dimethoate
(98.9%, Dr. Ehrenstorfer)S AH8-3} T

FEEH|

Fig. 12 OECD 7le|=2iele] =9 f5 ©3] B vhgle
Z ANEHe] F8 PP 2o Yepd Ao lE}(OECD
2013; OECD, 2016). Aol AR&-3F e HlsEe
U RS AT FeAgel AXIE Al E%OM

pud

OECD TG 237 — acute exposure on day 4, end on day 7

OECD GD 239- chronic exposure on day 3-6, end on day 22

Diet A - B+test C+test C+test C+test Syrup +
solution | solution | solution solution pollen
Volume of 20 - 20 30 40 50 Ad libitum
Diet/larva(ue) o
D-2 D-1 Do D1 D2 D4 D5 D6 D8 D15 D22
Incubation Larval stage feeding period Pupation Emergence
(34 to 35°C, 95% RH) (34 to 35°C, (34 to 35°C,
80% RH) 50% RH)
Morning: Grafting of L1 Pupae moved
Isolation of the to emergence
queen into the box
excluder cage
Larvae
moved to a
second
desiccator
Afternoon: End of test
Release of
the queen
In hive In laboratory

Fig. 1. Schematic representation of the important steps of the larval acute and chronic toxicity test (D=day; RH=relative humidity).

Adapted from OECD (2016).
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(SPL, Korea)oll ©]%3}5itt.

o]%3}7] 7 48 well plate (SPL, Korea)oll grafting cell
cup (Niocoplast Society, France)s “i 5o AE
20 ul =Y F 19% %S ©15% (chinese grafting tool)
o]g-5}e] o]Z31t}. Grafting cell cup A3 A 70%
gkl 1A} o] He] A% o™ lamina-flow
Tox AT F ARG

75940l

fF5Hol= A, B, CEFIY] £ 3572 7442 Table 13
2o} SF59 yeast extract (Bacto, Sparks, USA), dextrose
(D1fco Sparks, USA), D-fructose (Junsei, Japan)& ¥ &
ek T 0.20 um ZE(Sartorius, Germany)E 133} T}

ojote GOl YA CIFBLSY, BT T §

_l

ZHolE A 23U 2eAE 1Y 3 T aFgog Y
Fo] WE(20°C ©]3}) Bslgon f2do] AzAm}
g2l = ARgEiTh fEHele Alx § +5°C olskE
WAL BAgHA] 3Y o) A #H71eh Rl
FoAs7] A 59 AS-LE0 35 e Y 7 E
2 2173 AAT & ARSIt T3 @ HE 2 Ao
A A 1Y }(Dl)oﬂ 250l AZ 20 ul, A1 322HD3)
o 52l BE 20 ul, Al 49xHD4)FE 6LXHDO6)

o] C& 30-50 pl FoIskitt.

34 ¥ Y SNE} 179
oF | X 2|

&

g, Sz, FZE imidacloprid 571 &
T Ages AT 7 Al 394 AT s

ZF N2 O F2odlA olFd frEo® AdEl
7HoZ AE plates THISH] 19
Al 442K D4yl A2l 2 tiRolA 5
7t 4] &2 F5S A7 JHAE A PM AE 4

ZHD4)ell 2+ A2eiet 36vF] 5-5(12 larvae x 3 colonies =
36 larvae)ollAl A E4& fFEHe] C& 30p &
&ttt PR LR E dimethoateS AFE-3t] A8 4
Aatel| 8.8 pg/larva® A2 at o™ 3HHE Al ATt

100% AHEo] WA sh= FE9F FA T 294 2o
e AR 2 T 7S AR s duiag
A ARE v RE LCyws To]
913 imidacloprid 2l 71 F%& 300.0, 120.0, 48.0,
19.20, 7.68 mg/lo-Z Aaltt. AP FEE FF g nf
g T =EH go= wFksd 9.00, 3.60, 1.44, 0.58,
0.23 ug/larva ©]At}. Imidacloprid® oFAlEe] = stock

R

7t
< FYsI o

solutiong THE % f5Ho] Co] Esle] A7 TR
AlE 442K DAYl FEHolE Fostslen ol Hol &

) o] 3FEES 3.45% o]Uth.

il
T3 eF A3} o] AP AR %”H"HZ“TL &
A zt3} 1m1dac10pr1d I F= Ao w Faion
7t Al 7 120k 3k A —’Fﬁgﬁ}?i‘ﬂr. R

Table 1. Daily food volumes and composition of different diets depending on the larval developmental stage

Diet Rearing Volume of diet/larva Royal jelly Yeast extract D-glucose D-Fructose  Distilled water
type day (1 (%) (%) (%0) (%0) (%)
A D1 20 50 1 6 6 37

B D3 20 50 1.5 7.5 7.5 335

C D4~D6 30/40/50 50 2 9 9 30
Table 2. Amount of imidacloprid in diet for repeated exposure tests

Concentration Total .. Amount of a.i. in diet (ug)
Treatment consumed
group mg/1 pg/larva D3 . D4 . D3 . D6 .
(20 pl diet) (30 pl diet) (40 pl diet) (50 pl diet)
Control 0 0 0 0 0 0

Control (acetone) 0 0 0 0 0 0

Solution 1 64.29 9.00 1.286 1.929 2.571 3214

Solution 2 25.71 3.60 0.514 0.771 1.029 1.286

Solution 3 10.29 1.44 0.206 0.309 0.411 0514

Solution 4 4.11 0.58 0.083 0.124 0.166 0.207

Solution 5 1.65 0.23 0.033 0.049 0.066 0.082
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b=
AE 3UIHDIYEE 6LXHD6YHA F 140 ule] Hol=
ool Fastem e T2 Hssith Ald 349
ZHD3YHE 6U2HD6) Bt FEollA HElskes 2 A+
¥ imidacloprid & 9= 77} 9.00, 3.60, 1.44, 0.58,
0.23 pg/larva©] 1 THTable 2). ImidaclopridE b+ =0 o
THE T Al 3UKD3)l fFEHel B}
stock solutionS E3Fate] 20 ul¥ FoI3kR L AE 4d3}
(D4FE A1d 642HD6YHA 53] Coll stock solution
S E§ste] 7zt 30, 40, 50 ¥ FoIsith §4 Yol &
Sujjo] L 0.5% °]Ah.

stock solution2

FEAMsEA

@32 APC] 79 o]Fo] 4RE A 1YADHY
B 48 well-plateZ K,SO, (Junsei, Japan) X3}-8-S o]&
st AJUlEErt 95+5%2 A= dIAAlo]E (Nalgene,
USA, 30 x 30 x 45 cm) toll €L, HAIACIHE &2 QAT

H|o]E|(DAIHAN Scientific Co., Korea) ¢tol] Wo] 2%
34-35°CE FAst5ith. dlolEl e YA dxds &
Ao ARERAS o]Est AlZke] Y 158S 233}
7| F=E skt

WS AJRY 79 AR 192HE 7T9AHDI1-D7Y7HA
@3eE AT 2 202 AFETh. AE71ZHD1-
D21) &<t elFHlole £XE 34-35°CE FA530T} A
8UZHDY)el| 48 well-plate2 NaCl(Sigma-Aldrich, USA) &
SHgAl S o] &ate] HUFEE 80+5%= A tlAIA ©]
HZ o539, A8 1592HDI15)e] 48 well-plates $-3}
k2 (emergence box)ol A AEEE 50%= FAI5F5

. $3PF~(180 x 115 x 130 mm) F0E 3717 53

o}
F YRS Pz T2 BEOH 50% AFEAE 7
g & 9 4N AAsa.
HAHH L o4 gol

WEmzo] 733 AF 4AHDIP] S =253 24,
482070 T Mol B Felap] A AIA 2 olEAe B

3 4-642HD4-D6)oll Aalzl A7kl oFA|E
AE 4-642HD4-DO)l SHAIE =&3h7] A X
HFsom AE TIAHDT)el F7H”]
opA| 9] Fof glo] AAPHAl E oS AEEA
A 8AZHDY)ell AAWHAl B o d57dE 71538t &
HEE7} 80+£5%%1 EIAACIH R o] 53ttt Ald 11-139
ZHD11-D13), A& 1542KDI15)e] Wl 7] XAPRA] & o
F5dE 7155k 3k plates &7 F FUFEE
50%2 FABATE A" 174XHDI7)FE #EFE(D22)
AR F3HA] B ol d-s el
$3IA 2 o]AFAFS Table 33 7ol S (surviving),
AD (adult workers deformed), FM (failed molt), FA (failed
adult molt), MD (melanizing death)2 & 67 2502 &
gate] #F 71Eth Se Hul7I7t Ao f3let
of A BFol © 49, ADe W77} -3lste] 7]

=
>

-

e 7R AFol 8 AT, FME |, FFolA w7
JHAQ SAE #FL F o =g W] =
ST 7%, FAE Wd7)7t A5 2ol dsfjste] 9-3}81A]
Felal = AF, MDE f5°] ofF& Ag HAu 4
NS Holn S5 49, EDE fraol Hul7] BAR o
7171 o el Zwistrt dojubrnt Holol A S 75l
Elkcais,

SAHXZ|

8§59 imdacloprid @3] ¥ WHE=ZFO] LCy3}
LDy, 2H&2 v|=F EPACIA #§5H= Probit 7 ZZ 13
(EPA analysis program probit, Version 1.5y& ©]-&3}3t}.
%5 AARE, A7) XARE, $-3HEolA] imidacloprid #]€]
3 iz AR s wdalrl 9ls SPSS
software(IBM Armonk, NY, USA)E AH&-313Th. 7ol A%
717 (Pearson’s chi-square testys AAISIAIL 7|RI=7} 5

Table 3. List and description of survivorship and observed mortality symptoms. This table is modified from Fine et al. (2017)

Symptom Description
Surviving (S) Survived and successfully eclosed as an adult bee
Adult workers Deformed (AD) Adults eclosed with malformed body or wings
Failed molt (FM) Appearance of some pupal characteristics, but the pupal molt is incomplete.
Failed adult molt (FA) Failed emergence from final molt
Melanizing death (MD) Mortality with darkening internally or externally of larvae

Early death (ED)

Sunken in diet, flattening, or melanizing occurring prior to pupation
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Ho}p 2o Aol A9l 25% o]l 7% Fishere] 4343
7473 (Fisher’s exact test)®] A& 345ttt P<0.055 &
Aoz folg Aoz W sk,

Hel AUIRT dimethoate XA
< Fig. 29 YeATE. ©3]=ZF dimethoate 2|2
Al & 72X 74 AAREO] 86.11% ©IUTH WHE=E
dimethoate A2 Ald 742HD7)NA F4 HARE©]
93.8% ©1U3L A8 22UxHD22)elM $-8Ho] 0%ATh &
3] 9 W E APY 75 A HUERE 75 A
AREO] 50% ol/dolefol gitke OECD Al@zzddl| -3t
AT},

120

EDimethoate 7.39 yg/larva (Repeated exposure)
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Fig. 2. Cumulative mortality of larva treated with dimethoate
for single and repeated exposure tests.
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Table 4= AJ7ro] WE imidacloprid A &]+8 AARES
UERATE 0.23, 0.58 pg/larva A2lollXE 72407 5%
A 2AHEO] 30% ©13IaL 1.44, 3.60, 9.00 pg/larva #2]
TAME 5 T4 XAREo] 70% ool 3.60 ny
larva A 2]2] 24A17F, 48A17F T A|ALEo] 1.44 pg/larva
AT O FRAT 2NN F AT BF R
AR AHEo] 79t} Table S AEEZ A 72417 5 9
o7} ol A= % TE UERATH 1.44 pg/larva o)’ A
golli s Aole 5 B Yol7t Esken 5ol &
of Slojk =A7)7F FA gl HlsiA Akt 0.58 pg/larva,
0.23 pg/larva ATl E Aol Al 5 22 74%,
39.3%7F Hol7t ogch. Wi FA s} Sl ozl A
= Yol7t golSle fZol fl3lth. ©l= imidacloprid7} A
TER REHAE §59] ddd 4TS F F dve A
< ojm|git},

Stardn et al. (2017)= formetanate’} = -5l PIX=
FFo tigh ATE TR AF 793l M2 TE
W {5 XA Aol £ Holle Hol 4 &
ALttt 2 A3} formetanate 432.9 mg/kg X214 36
nhe] §% 5 199k ASRA N 2 F 120k el
A e R Holzt ol Sle At AxE 4 F
=9 ol e Hole % AZANE YT A verd
T Uthal Bl

9 =4S Yepd ] ZEX(LDs=0.001 —1.99 ng/
bee), S7H54J (LDsp=2.0 — 10.99 ug/bee), A5 (LDs, >11
ug/bee)O- 2 H-73H}H(Hardstone and Scott, 2010). & 1+
oM LDy, %0l 1.465 pg/larva 0] o]& SA 2AUR
HokS u wEAol 3tK(Table 6). FLwdol <]shd
imidacloprid®] =% HZEF 9 44 LDs, w2 217 0.061,
0.013 pg/beeZ AEAJO]AL 5 LDs, ol HIsl 240 A=

Table 4. Mortality of the larvae treated with imidacloprid for single exposure tests

Total a.i.

24 h? 48 h? 72 h?
Treatment group consumed
pg/larva mortality statistic

9.00 5.56 V(x4.81) 55.56 (£9.62) 86.11 (+4.81) Hokk
) 3.60 5.56 (4.81) 33.33 (x16.67) 69.44 (£17.35) ok
(lmTSZZifl?n 4) 1.44 0.00 (0.00) 25.00 (+£16.67) 69.44 (+12.73) ok
0.58 0.00 (0.00) 13.89 (+4.81) 27.78 (+4.81) n.s.
0.23 0.00 (x0.00) 11.11 (x4.81) 22.22 (£9.62) n.s.

Control 0.00 (£0.00) 0.00 (0.00) 2.78 (+4.81) -

Control (acetone) 2.78 (+4.81) 5.56 (+4.81) 11.11 (£9.62) -

Reference item (dimethoate ) 8.8 16.67 (+0.00) 86.11 (+9.62) 86.11 (+9.62) -

“time after application,

Ymean of 3 replicates (colonies); 36 larvae, “standard deviation from 3 replicates, n.s.=not significantly different from the control;
***=significantly different from the control (P<0.001)
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Table 5. Presence of unconsumed food after 72 hours
Treatment group Total 3';/13?2 Zumed replicate® # larvae alive® # larvae with food?
1 2 2
9.00 2 2 2
3 1 1
1 3 3
3.60 2 6 6
3 2 2
1 5 5
Imidacloprid 1.44 2 4 4
3 2 2
1 9 4
0.58 2 9 9
3 8 7
1 10 4
0.23 2 8 4
3 10 3
1 12 0
Control 2 12 0
3 11 0
1 10 0
Control (acetone) 2 12 0
3 10 0
) . 1 1 0
K 2 | |
3 3 1

Yone replicate represents one colony (12 larvae per replicate), number of larvae alive at the assessment, “number of larvae with unconsumed

food

Table 6. Toxicological endpoints of imidacloprid at 48 and 72h after single exposure

Assessment time LCs (mg/C) LDs, (ug a.i/larva)
48 h 213.456 (126.643 - 507.863) 8.908 (4.693 - 34.997)
72h 48.757 (26.615 - 77.517) 1.465 (0.800 - 2.329)

-

L2Jo] =T}(Sanchez-Bayo and Goka, 2014). ©] 2
H ‘PF%‘O] A Bt} imidaclopridell that 4 wzter) o
th= AL HoFrh < imidacloprid ¥8F ofuz}
thlamethoxamﬁr formetanated]] W3t 5= SAIYSF Ao
ME fZol Aol s 54 W=7 gty B bt

ATHDai et al., 2017; Staron et al., 2017; Tavares et al.,
2015). Imidaclopride & nAChRe] 2&-3sl= Zo] ofY
2} 54 nAChRYl| 2H8-& shthal &efA SiTh(Decourtye et
al, 2004). 2 117]2] nACHR subunitS 7F43. 33 7}
subunit> 7] thE EH @g-3gollA] WA E TH(Jones et
al., 2006). Imidacloprid®] 2 EMlo] ¥ nAChRS %
z27] gANA gAo] FA] Z=THYang et al, 2012). o=

g Wl

[e1 =
o1

imidaclopridoll th3l 53 Aol 54 e zjols A

“ - ==
B T e T8 aglo] 2 4 ik
Imidacloprid®| Y 75 HES-& Y&
Fig. 3% 78 9208 4 AH-S vepdth A1 8

ZHDY)l| ErftiET FEAARES 5.56%, 0.23 ug/larva
A= 0.00%, 0.58 pg/larva A 2olXE 2.78%3
o} &) thRe XA 15% ©]8k2 OECD 7] 2
gtk &r iz 0.23 pg/larva g2 AE 229
ZHD22) % AARE-S 22.22% o|4th H F5 9.00 pug/
larva A gol e AlE 229 3HD22)0] F-50] 100% XA}
Fgom 058, 1.44, 3.60 ug/larva ATollM 22+ 36.11,
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58.33, 86.11% X|AlsISATE. AgoMe SpRAZE AT &0 xRt 9 0.23,

St 2ae] S8k 77.78%2 $-8-8°] 70%°1 = 0.58, 1.4 pg/larva 2|9 A4S FEA R H

ofoksl= OECD 71Eol A§atsitt. 0.23 pg/larva A2 g 7] ARgo] B &9t} o]} W E 9.00 ug/larva 22

o] $3HEE 77.78%= &0 tiERTE ZSkTh. 1.44, 3.60 AN 5 SACIA < 70% ool FaL W 7] YA

ng/larva A2l E $-8H80] 50% olstRoem HL % A 30% A=7F X|ALsHAtHFig. 4).

Table 72 imidacloprid /HE-=% A1¥ $ LCy 3 LDsofk

Evolution of mortalit < uepdth AlE F 8UAKDS), 159AKHDI5), 2293

100% (D22)¢] LCso #-& ZH2+ 45.078. 23.676, 10.778 mg/l ©1%]
T}, LDy, 352 2H2F 6.311, 3.315, 1.510 pg/larva ©] AT}

Fig. 55 &mth223} imidacloprid A2l & |APHA|

80% -+

= g | 24 9 AFH0R 9319 &S eI Fig 62 2
: ARl B AR QA RS ol g ARl
AAE BAZTE 900 pgllava 2L ED7F 66.7%
E T2 8% AR URE AF sAAKDS) ol wAEg

20% 1 o} 3.6 pg/larva A 2|9 AASd2 MD7F 30.6%2 7H

Zo] AP 1 tho]l ED7} 25%F ARSI 1.44
v ————e——8——5 gy Al 222%7F AEAOE $SEAT ED
-control (acetone) ©-0.23g a.i/larva 0,58 a.i/larva 7} 16.7%, EM©] 11.1%, FA7} 30.6%, AD7} 19.4%% 2}A|

*1.44‘19 a.i./larva -6_3.60;19 a.i./larva +9.00ug a.i./larva .(:5]_9114_ 058 }J.g/larva ;q‘-‘q%% 417%7]_ }\6] _TO/__Z__]' _Q_i _c')__ﬂ.é‘]_

Fig. 3. Evolution of mortality after oral application of five A3 AD7} 22.2% FA7}F 22.2%, FM©] 8.3%, MD7} 2.8%,
concentration of imidacloprid from day 4(D4) to day 22(D22). ED7} 2.8%1TH 0.23 pgflarva 228 A8 8AZHDS) ]

100.0%
H control (acetone)
80.0% -
ae . (.23 yg a.i./larva
60.0% - +
8 (.58 /g a.i./larva
40.0% - 51.44 g a.i./larva
©3.60 1g a.i./larva
20.0% -
9.00 zg a.i./larva
0.0% -
larval pupal adult emergence rate
mortality mortality

Imidacloprid

Fig. 4. Laval mortality, pupal mortality and adult emergence rate of honeybees exposed to imidacloprid. The comparisons between

exposed groups and control were performed with Chi-square test and Fisher's exact test ('P<0.05, "P<0.01 and “"P<0.001) (n=36
individuals per group from 3 replicates).

Table 7. Toxicological endpoints of imidacloprid at D8, D15, and D22 after repeated exposure

Assessment day LCs (mg/C) LDs, (ug a.i/larva)
D8 45.078 (32.655 - 71.339) 6.311 (4.572 - 9.983)
D15 23.676 (16.074 - 31.022) 3.315(2.250 - 4.344)

D22 10.778 (6.308 - 14.978) 1.510 (0.887 - 2.097)
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