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Abstract acute contact toxicity tests were determined as follows:

clothianidin, 0.467; dinotefuran, 3.741; imidacloprid, 3.967;
BACKGROUND: Bumblebees have been shown to be very and thiamethoxam, 0.747. The 48 hr LDs, values in the

effective  pollinators for most greenhouse tomatoes. acute oral toxicity tests were determined as follows:
Neonicotinoid insecticides are one of the most widely used clothianidin, 0.005; dinotefuran, 0.056; imidacloprid,
pesticides in tomato crops in Korea. 0.325; and thiamethoxam, 0.018. The acute contact and oral
METHODS AND RESULTS: This study was carried outto  toxicity of the test insecticides to bumblebees from most to
investigate the toxicity of four neonicotinoid insecticides least toxic was clothianidin > thiamethoxam > dinotefuran
(clothianidin, dinotefuran, imidacloprid and thiamethoxam) > imidacloprid.

to bumblebees based on the OECD guidelines (No.246, CONCLUSION: This study provided the basic toxicological
247). The 48 hr LDso (ug a.i. /bumblebee) values in the data of neonicotinoid insecticides for bumblebees. In the
near future, acute toxicity and mixture toxicity of other

*Corresponding author: Kyongmi Chon pesticides to bumblebees could be determined using this
Phone: +82-63-238-3252; Fax: +82-55-772-3837; method.
E-mail: kmchon6939@korea.kr
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g (Bombus sp)& &R MEA Bl WA o
I RFel SJeiA R ErfEL 7] 5 7R A=l
A s Eo] Holu AdAple 22 F2 ¥ H A
AR sEnigse] ddsit1-3]. Su ErE F
Al @Ak 7,000 ha) 5 64% 7} SREviZlE-S ARS8k
om, 71 % F G AREEHCF 8000 E1)°l 99% ©1d=
ApA|3kaL QITH4L. s7telA FH9e] AR wmE e d7
9 s T 2¥E 4 S dgolt2].

U QYFE| 0| EA] ok Aol Ho] ARE I Sl
§°F % SR nicotinic acetylcholine receptor$t A3s
o] AFHALEZR] acetylcholines #3l|5t] A 54S o
o7H[5] FFolayde] Fof Bkl Auld o] i #ow
T oldEle] S allFe] WAl aatAolthe]. tiEAow
clothianidin, dinotefuran, imidacloprid, thiamethoxam &
o] Jlow EmtE ZE9 dF oE FEEo] HEsAT,
oprg|7Fel = v, 2ATFFo|, wajrlFo] 5] WAl AR

o o 2] Aed, olo] RA A% 1w
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FH A7l ©J8hH imidacloprid & FellA F9d
U] gFol FHLs JS 7IAH B A Asfista

T sk ol 7 FA el vl 85% FHAE= A
o2 YERITH10, 11]. Thiamethoxam®] A|oFFGHe] B+
A 9 AbRhel] mX)= gl et A Aol Sabd $d
T B eET(1 pg/kg) oM Alekgel gk Gkl glol
ARE A =E75(10 pg/kg)olAl= s Aol 2719 A
AL, ARRREo] AskE Al 5ol AAEA trh12].

= I A2+ dothianidin 47314, dinotefuran
84, imidacloprid #4734, thiamethoxam 9473}
A & FAEER FAg Aaxsto] 34 AS5INEE T
st v} glom AJEA} U} A IE ZF 100% 1 7+
7R AAHES VERISITHS]. =il S o] 835t At 3t
1A A5}/ A A Z o] §u)= el et R =4 9
AAEAAAT7E 2loH[13, 14], Yl QU AE] o] =A] 5okl
Al gt 54 A= sk Aol

=Y (Apis mellifera)¥} F19H e, Ao, A
o7 A AolE e, sl wet LDspgke] 0.01-
25.88412] Aol 7k tar B ILE Qe 15]. =ujell = gote]
gk shtviZEe] feldE e Sl =eketar AN H
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A&k ©H(OECD No.246, 247) H: o]2 njgo g &
AE2H I stdon] A dE SASAEY =l
g9of gt AFAE TEsIsiti16].
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273st Qg ISRl sdeshd 2FakTelA] AL
I 9= 370 ol 77 el AlE ol Al
3}

2
L
o 1, ok

% o2 o
o iy

(RN

Al&2FA|

MG T AS 2 A AN AHEE A
542 deYFE oA 5ok UAZ clothianidin
(99.0%), dinotefuran(98.0%), imidacloprid(99.0%) %
thiamethoxam(99.0%)°]™  E% Dr. Ehrenstorfer
(Augsburg, Germany)ollX] T-4]ato] A3l o dh=
T 2%E dimethoate(98.5%, Dr. Ehrenstorfer)S A&
stk

NEEL
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2°C, AGE
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Algollx] AsTskgiet. s Alitd 104 30RHT 02 Al
15 st e AR EE 15 em® 3719 3]
7Vest ek /i AlPE7](roller queen cage, 2!
yell & wie)# Woj Alg87] AxIdiel 15704 vets]
Hjdstolon Ha 8AIRFERE Al =SAF &8
7IRE EA 50% w/v AdEAE Hol AIAE 2 mL FAV]
of Flste] ol AlFatict AAASAAIEL] g oAl
A 4AIZE ARE Holgu-g Apdsolnh okAl A7 = H
FHE AHrEA HolE HAAT AT sl
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=54 HE=4A™

w3 HAFFAIAIRE] HdETS dimethoate(10 pg a.i./
bumblebee) & AREEFILE Ul LU FE 0] TA] 4% oA A2
12 clothianidin(0.15-2.4 pg a.i./bumblebee), dinotefuran
(0.625-10.0 pg a.i./bumblebee), imidacloprid(0.5-8.0 pg
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a.i./bumblebee), thiamethoxam(0.34.8 pg a.i./bumblebee) 9] APEEo] 10% o) 71E A9 96A7HA] A3t &
o AMzlg WHelelx T 22 So] 5TAIR AT AlFE T30l 9 wF F oAt YA e
Clothianidin, imidacloprid, thiamethxam?] 7Z-¢- o}4l& “Jel(unaffected, U), 22U UARE AlA| 2dgo] 4w
S R ARgsislon AP S e 4% =g “Sll(affected, A), TFI2} tl5019] HAQlo] w9 oFstal, ¢
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Dinotefuran<

oI =
o AHgE OMIE i SR 2 ob Heled g
To AHgEITh A gl AR EEE 95 ANDY

=z

A|]] triton-X 100 (Sigma Aldrich, USA)E AHgH =
0.1%% 37FFoH, COE mAIZ] 3 multipette M4
pipette(Eppendorf, Germany)E AHg-ato] A4 &
ol 5 uLA A ok AT BT FEG 300
o7 AT ok 2 4, 24, 48417k 39 oA
AR S5 715319 00, 2441313} 48413k AFEE A
°|7} 10% W A A5 7243 2 96AIRHA] Agate]
EEE

]
=

N MASHA

A SR e dimethoate(4 pg ai./
bumblebee) 5 ARESISITE U] QU ATE| 0| =A 4 OFA] A2
< dothianidin(0.001-0.016 pg a.i./ bumblebee), dmotefuran
(0.02-0.32 pg a.i./bumblebee), imidacloprid(0.04-0.64 ug
ai./bumblebee), thiamethoxam(0.005-0.08 png a.i./
bumblebee)?] 2|3 HjA ¥H] 22 3o 5= A3}
At AlFoRAlE 50% AFd-g-oe fsto] Alxsision] ok
& FAP19] "ol 40 LA FYsto] 417 st wolailt =
3 AAEAAELS Al ol 80% MIWReE AT /A
(non-feeder)E A 2afioF s17] whitel, Azl 450k o]
AeJskal o] & non-feeders Al9]ate] 30mtelE AHslo] Al
sl

S i SR 74 o] Aol gultiEmow A}
21906k, obAl A2 4, 24, 48412 9] o5 8 A
55 715819108, 244315} 48X1719) A Aol 10% o]
29 4% 7243 8 96N Qgale] BaeleIn

OIAE A ol

w3 T 4A7L 24A17) 48A17F] AFRA] W o)A}
ok @] A] 24A17F 48A]7F Ato]

o oisk wkgo] g Jom B2 EsH= “dl(moribund,
M), Zojx ot 2290S wolx| o= AEl(dead, D)E T+
R3jo] B ¥ 7)Bsknh

SH X2
2y Al ASie B R Az Ao, of
Al A2z FAA fFolg X]'OV]' A=A glatr] S8l
SPSS ver 20(IBM, Chicago, IL, USA)S ARE-3to] H]E
7?1 Kruskal-Wallis testsE AAIeFth A8 #<]
L P0.05% stk Alg=de] 54 A9 Avks EPA
probit analysis program (ver 1.5)= AR&-3l] LDsy 3
95% A A A=k

k-

Zia} 2
=24 EESHAE

W AESAAE AR Sl AR 3
o 7= 244483 mgol 1o ofA AT 735 252430-
26235 mgl 3t oAl AHEw7t A FAE BANeRE
Frelgk Afo]7F ¢tk Table 1).

OECD TG 246(OECD, 2017)2] A& #84 715 u}
29 B2 F8A Sz APdEo] 10% w9 AT
Z38] AFEEC] 50% oY yERtok gtk gl zatellA
ANE7IZE Bt AP A HEEA] koroH, o duizt
Me =% 48A7 & APGES 70%% UERKTable 2)
OECD Alg7]Ee] Agksiadrh.

U LYFE 0| EA FoF 452 HES B3 AdF g
A AFNAlTE B3l ERlEkel e 11 A¥= Table 37
72t} Clothianidin, dinotefuran, thiamethoxam #]2]-2]

- oFAl A2] T 244171} 48AIZE H O] AFGANAIFTE T
sto] 48A177H4] eIl o, imidacloprid #2872 45
1.0-8.0 ug a.i./bumblebee?] | WSelr] APgEo]
10% o1& S7F7] wiiell 961k A% sHaiqlth

Table 1. The mean weight of B. terrestris used in this acute toxicity tests

Contact acute

Oral acute

Treatment group

Mean+SD (mg) No. of bumblebees Mean+SD (mg) No. of bumblebees
Solvent control 244+83 120 294+37 120
Clothianidin 252430 150 297434 150
Dinotefuran 255+39 150 293+38 150
Imidacloprid 262435 150 291438 150
Thiamethoxam 254+30 150 298+33 150
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Table 2. The number of affected B. ferrestris in acute toxicity tests for positive and negative control groups

Number of affected bumblebees

Treatment route Treatment group Symptom ah ~ih 18h h %h
Dead (D) 0 10 21 22 22
Dimethoate Unaffected (U) 21 8 4 2 2
(10 pg ai. / Affected (A) 9 12 5 6 6
bumblebee ) Moribund (M) 0 0 0 0 0
Total 30 30 30 30 30
Contact
Dead (D) 0 0 0 0 0
Unaffected (U) 29 30 29 30 30
Control Affected (A) 0 1 0 0
Moribund (M) 0 0 0 0 0
Total 30 30 30 30 30
Dead (D) 6 28 28 - -
Dimethoate Unaffected (U) 2 2 2 - -
(4 ug ai. / Affected (A) 5 0 0 - -
bumblebee ) Moribund (M) 17 0 0 - -
Oral Total 30 30 30 - -
Dead (D) 0 0 0 - -
Unaffected (U) 30 30 30 - -
Control Affected (A) 0 0 0 - -
Moribund (M) 0 0 0 - -
Total 30 30 30 - -
Table 3. The number of dead B. ferrestris in acute contact toxicity tests
Treatment groups ug a.i. / bumblebee 4 h 24 h 48 h 72 h 96 h
Control (acetone) 0 0 0
0.15 1 4 4
Clothianidin 03 2 6 6
0.6 7 17 17
1.2 5 29 29
2.4 9 29 29
Control 0 0 0
0.625 0 3 3
Dinotefuran 125 0 6 6
2.5 5 11 11
5.0 10 17 18
10.0 11 23 23
Control (acetone) 0 0 0 1 1
0.5 3 3 4 4 8
Imidacloprid L0 3 4 7 8 10
2.0 3 8 12 13 21
4.0 2 10 16 18 21
8.0 1 13 18 20 23
Control (acetone) 0 0 0
0.3 2 3 3
Thiamethoxam 06 4 1 12
1.2 7 20 21
2.4 8 29 29
4.8 9 30 30
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kAl Ag] & 24A17F Hell clothianidin, dinotefuran,
thiamethoxam A2l ZH7F 0.6, 50, 1.2 ug ai./
bumblebee ©]’d2] Az|FllA 56.7%~100% 2] AFEES L

E}ltHTable 3). Imidacloprid Agl7] ¢, kAl Az
T 48A17H7 4.0, 8.0 ug ai./bumblebee *2|olA] 77}
53.3, 60%°] AMgES WER oM ARtel| whe ARg Al
A2k F7keto] 96A1%E F APEEC] A2 70%, 76.7% ©13
t} 4.0, 8.0 ug ai./bumblebee H2|Felx] oFA| A2] F- 4
AREEC] 90% ©l’de] olv] RlAKmoribund) d B2 Al
Zro] Zastel whel HxF AP SR UEhd Zlow wdd
th 2 AR A AE F 2T AAReME A% 05 ug
/bumblebee Az|ollA THEF 8 ug /bumblebee A2
BT} APgEo] A UEREAIRE 24417 o] $-5-H &= TR E
oA APGARAIETE JAE Tkt 96A13F $oll AbPdE©]
70% ©1’% YR Imidacloprid % 578 AEH55AAE
of gk Aqtell W= HSE F 10A17F ofujelx]= 2.0 ug
/bee AETE] APE©C] 0.05, 0.01, 0.005 ug /bee AT
Hoh APgEo] S YEREARE 244131 o] Fofl= APEC]
A&H 0w Frheto] G AgtellA AARgo] EA| vEk
WTH17]. ]+ imidacloprid #2]-§%0] 57kl we} =

N
o
r_g(_,l
o
-
ﬁ
3

" dlo
to ¢
i
=
§2
_,VL

F }”0‘43 EU=E LDs%t
(ug ai./ bumblebee) S A3 A9 clothianidin(0.467) >
thiamethoxam (0.747) > dinotefuran(3.741) > imidacloprid
(3.967) wox F ol =4o] Ses yERTh SpANt
imidacloprid 73-%- Al A2] $- Algto] Z3fele] whe} AFgE
o] o= AFE Hlom oA Azl 96217 F LDso#k(1.64)
& 48A7F T ZH3.97)0l Hlal 2.41H) T £ BA4S Vel
(Table 5).

09 7 B @) 0 ) e el

A skl diek 349 4% SHALDWE D&+ 9

Table 63} o] & A|dAute} vl et} kAo %«]
A7VY S AEHEA ] v)7E FolA] 7] wie] Foke] of
o WIREETh o 2 Z0R oA QLOM(EFSA, 2012), H9
o) A71e] e vlatellA 717 2 1550297 g) Bt &
& 13(0.162 g)ollA dimethoate 5 =4 #ko] 2.361) %}
A YRt 327178 2245 dimethoateo| T8 AT
At QItH18].

_ELIH

Table 4. The number of dead B. ferrestris in acute oral toxicity tests

Treatment groups ig a.i./bumblebee 4 h 24 h 48 h 72 h 96 h
Control (acetone) 0 0
0.001 0
L 0.002 0
Clothianidin
0.004 5 14 14
0.008 3 25 25
0.016 5 30 30
Control 0 0 0
0.02 0 0
0.04 1 5
Dinotefuran
0.08 4 27 27
0.16 6 29 29
0.32 5 30 30
Control (acetone) 0 0 0 0 0
0.04 0 0 0 2 2
. . 0.08 1 1 1 3 6
Imidacloprid
0.16 0 0 0 2 9
0.32 0 4 15 21 26
0.64 0 13 28 28 29
Control (acetone) 0 0 1
0.005 0 0 1
0.01 0 6 6
Thiamethoxam
0.02 5 19 19
0.04 16 27 27
0.08 20 29 29
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Table 5. The acute toxicity (LDsg) values of four neonicotinoids to B. ferrestris

LDsy” (g a.i./bumblebee)

Assessment

time Clothianidin Dinotefuran Imidacloprid Thiamethoxam
Contact Oral Contact Oral Contact Oral Contact Oral
ih 8.068 0.093 10.458 1.523 0 17.749 0.047
(2.894-696.524)  (0.027-129.867) (5.892-665.452) (0.493-420.400) (0-0) (5.350-32716.992) (0.038-0.062)
2 h 0.467 0.005 3.867 0.058 11.266 0.815 0.780 0.018
(0.377-0.573) (0.004-0.005)  (2.852-5.643)  (0.023-0.143) (5.524-101.723) (0.573-1.833) (0.636-0.946)  (0.015-0.021)
8 h 0.467 0.005 3.741 0.056 3.967 0.325 0.747 0.018
(0.377-0.573) (0.004-0.005)  (2.773-5.382)  (0.048-0.065)  (2.585-8.108) () (0.608-0.905)  (0.014-0.022)
2 0.245
7 h i i i 3.288
(2.126-5.616) ()
1. .
9% h i i i 643 0.168
(0.954-2.538)  (0.137-0.208)

¥ The LDs values were calculated by log-probit analysis.

In B. terrestris contact and oral application, LDs, values were

determined from the two ascending parts of the dose—effect curve. Values in brackets represented 95 confidence limits.

Table 6. The comparison of the LDs values of four neonicotinoid insecticides for B. ferrestris from this study and

published values for Apis spp. and Bombus spp.

Contact LDsp
(ug a.i./bee)

Oral LDsg
(ug a.i./bee)

Pesticides This study? This study
. s study . is study
Apis spp. Bombus spp. (B.terrestris) Apis spp. Bombus spp. (B.terrestris)
Clothianidin 0.039 0.016Y, 0.39" 0.467 0.0035 - 0.005
Dinotefuran 0.049 - 3.741 0.0229 - 0.056
0.005(48 h)?
. . 0.061” b 3.967(48 h) ) ) 0.325(48 h)
Imidacloprid o 0029, 322 ’ 0.057(48 h)° 0.027°
0.007(48 h) 1.64(96 h) 0.037(96 h)? 0.168(96 h)
Thiamethoxam 0.025Y - 0.747 0.005% - 0.018

3 Sources: [19], ¥ Sources: [21]; lethal concentrations (LCso) are expressed as percentage of solution (wt:vol) (x 107),
° Toxicological endpoint at 48 h, 9 Sources: [22], @ Sources: [17].

u]=79] ECOTOX % #3 dlold] & =3t F del of
s WA SATAIHLDs) = Blast AdATel] wEd
clothianidin? imidacloprid®] =3} ¥ 7t LDs%k
Hl&2 7} 249} 3,008 FHol o] Wgdst Aow Ve
tH19]. 12} potter spray towerE ©]gst F kAl A
ZEAA A= LDsogk M-S 0513 0.68% Hiee] A3}
= UERATH20, 21]. & A9 Aael 3ol Bard Ed
EAAE v)wa] B, LDspak H]E°] 0.004-0.084% EHo|
23 o ugkst Aow gk

1 A[8elA] clothianidin?} imidacloprid®] 4847t LDso
> 217} 0467, 3.967 ug a.i./bumblebee® clothianidin
o] /o] oF 8.5ul| ZatA YERtom, M8 A7t AieA e
clothianidin¥} imidacloprid 2] LCs(%solution x 10°) ko]
717} 0.39, 3.22% clothianidin®] =4 ko] <F 8vl Z5Hi
e} £ Al vl s BolFSItH21].

A=A Gl A Szt AgH I 3
T A= 294437 mgolglom] oAl Helite] 9 291438-
298+33 mgol itk Srfchzrt W oAl Azt H9d T
L EARoR Gol8t 2jo|7} 99tiTable 1).2 A|&9] T3
2l 2 oFdulzal dimethoate 4 ug a.i./bumblebee
2 9| 1eE 48AIF - AbEEC] 27t 0%, 93.3% % U
ER} OECD TG 247(OECD, 2017)419 7]5=e] Agtaigict
(Table 2).

Table 4= YQUFE 0| =A] FoF 459 A4 wF
2 AFNAIGE YR Clothianidin, dinotefuran,
thiamethoxam &)~ kA 2] & 24417k} 4847 A}
ol9] AFIANATF AFol7F 10% wREORZ et 48417l A
#E F231990k Imidacloprid H2lw+2] 4% 0.32, 0.64
ug ai./bumblebee?] AHz|FFolx] kAl Al F 2441%F 4l
4847t Afole] AN 27} 742 11, 15 kel S7)ste]
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96X A3

Imidacloprid A welxs HESYAIE Aate}l 2o
oRAlAE] & AIRE el wet AFENATE A kel
AEE UERh olejst ek Edolx] A dtst A}
ANE B E Imidacloprid 414 =% - 4A17HAE
wE A 54 Fdo] ekt om 100413t F9t HxlA oz AL
o] S7FIIth ol9h 2 A g iNdelayed action)=
imidacloprid”7} tiAbE]o] A= olefin 52 22 TiARA
0] o & 54& vehliy A7 A 54 (long-term
residual effectiveness)s o= 202 Aoteti17].

7} 5okl 48A17F 414 LDso%k(ug a../bumblebee)s
AHE3 A3 clothianidin(0.005), thiamethoxam(0.018),
dinotefuran(0.056), imidacloprid(0.325) =& A%
Hof| tfst 5o & o2 UElHTHTable 5).

HIQUFE 0| EA] 5oF 450l dist AA59A 43}
BT HYHTEY] 54 WEE H|(EE LDso/ F9™H LDsp)
= 0.12-0.7% w=Ho] H e Z1o% YeRdtiTable 6).
olgfst A¥l= AL M3 dEEtel] Hod A (1 2 Ul
W HolwbAl) o] zto]7h she] @RQlo] & 4= QITH15].

Ul LY FE 0| BA FOF 4% 9] 48A13F 7| B G
< clothianidin > thiamethoxam > dinotefuran >
imidacloprid®] <=M 2 54 4= 9 A4 54 AlgelM &
T 2 A% Btk SR imidaclopridv A% 2 A
A5gAReNA B AAEATE Q7] wiel oA M7 &
96X179] LDsp#t 484171 LDspkRUH ] Sbth & A9
96417t 71 5499 FS B imidacloprid®] % 2 414
LDso#ke] ZHF 1.643, 0.168 ug a.i./bee® clothianidin TF

S SAS HeRh

Aol FHdel st vleyFE oA FoF
=S A5 AN F OO =E2RERE Frleigion 44
Jol ¥ & Aog Uehyith vl AyATAT e st
7107 “5k1 chlorpyrifos(contact LDs=0.072 ug a.i./
bee,oral LDs5=0.24 ug a.i./bee)s} Fe|AZo|=A FoF
¢l deltamethrin(contact LDs=0.024 pg a.i./bee,oral
LD5=0.27 ug ai./bee)] 75 & HF54o] 254
Hoh o 2 302 YERtH19, 22].
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