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§ Abstract é

This study was performed to evaluate the acute toxicity and residual toxicity of the 69 kinds of agrochemicals
(41 insecticides, 18 fungicides, and 10 acaricides) against honeybee, Apis mellifera and bumblebee, Bombus
terrestris. According to the IOBC standard, the toxicity showed below 30 % was classified as non-toxic. Among
41 insecticides, five insecticides {acetamiprid, chlorfenapyr, thiacloprid, milbemectin, and buprofezintamitraz)
against the honeybee; eight insecticides (methomyl, thiodicarb, acetamiprid, chlorfenapyr, thiacloprid, abamectin,
spinosad, buprofezin+amitraz) against the bumblebee did not show any toxic effect. Therefore, it thought to
being safe. Other 18 fungicides and 10 acaricides were safe against the honeybee and bumblebee. In residual
toxicity against the honeybee, eight insecticides (dichlorvos, methomyl, imidachlorprid, emamectin benzoate,
spinosad, cartap hydrochloride, chlorfenapyr, and endosulfan) among 41 insecticides tested were safe at three
days after treatment; however, sixteen insecticides (dimethoate, fenitrothion, fenthion, methidathion, phenthoate,
pyraclofos, fenpropathrin, clothianidin, dinotefuran, thiamethoxam, abamectin, acetamiprid-+ethofenprox, acetamiprid+
indoxacarb, bifenthrin+imidacloprid, ethofenprox-+phenthoate, imidacloprid+methiocarb) still remain high toxicity
at eleven days after treatment. Against the bumblebee, residual toxicity showed as safe in seven insecticides
(dimethoate, methidation, a-cypermethion, ethofenprox, indoxcarb, chlorpyrifosta-cypermethrin, esfenvalerate+
fenitrochion) at three days after treatment; however, eight insecticides (fenitrothion, pyraclofos, clothianidin,
fipronil, acetamiprid-+cthofenprox, chlorpyrifost+bifenthrin, ethofenprox-+phenthoate, imidaclopridtmethiocarb)
still showed high foxicity at seven days after treatment. From above results, it will be useful information to
select insecticides being safe and effective against the honeybee and bumblebee.
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Ao A S AF O RA G Fo4g0] HAF AXYA, 1 F
AN B3 AoFF A H(Bombus terrestris)o] AL
W Tiel 2 SRIPREEOR ofgo] uhd S7lele
ZAlofl 3tiLee ef al., 2004, 2006; Kim ef al., 2004, 2005).
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Jsi B0l o139 BUS) ol e B0
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2005).
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Table 1. Mortality of pesticides againsts adult of 4. mellifera and B. terrestris under laboratory condition

Pesticide AlY/Formulatio  Dilution Mortality (%, meantSD) :
n X) n A. mellifera n B. terrestris
Insecticides
Organophosphates
Dichlorvos SO0EC 1000 48 100+0.0 20 100£0.0
Dimethoate 46EC 1000 42 100+0.0 20 100£0.0
Fenitrothion S0EC 1000 52 100+0.0 20 100+0.0
Fenthion SOEC 1000 47 100+0.0 32 100+0.0
Methidathion 40EC 1000 49 100£0.0 20 100+0.0
Phenthoate 47.5EC 1000 43 100+0.0 20 100+0.0
Pyraclofos 35WP 1000 44 100+£0.0 20 100+0.0
YAl : Active ingredient. EC = emulsifiable concentrate, SC = suspension concentrate, SP = water soluble powder, WG = water

dispersible granule, WP = wettable powder, EW = emulsion in water.
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Table 1. Continued

Pesticide AlUFormulation ~ Diution Mortality (%6, mean+SD)
X n A. mellifera n B. terrestris
Carbamates
Methomyl 45WP 1538 39 10040.0 20 0.0:0.0
Thiodicarb 40WP 1000 67 100+0.0 20 15.047.1
Pyrethroids
a-cypemethrin 2EC 1000 43 100+0.0 20 100+0.0
Deltamethrin 1EC 1000 39 1000.0 20 90.0+14.1
Ethofenprox 20EC 2000 34 100+0.0 32 100£0.0
Esfenvalerate 1L.5wp 1000 43 84.8426.2 20 90.0+14.1
Fenpropathrin SEC 1000 48 100+0.0 20 90.0+14.1
Fenvalerate SEC 1000 59 90.0+17.3 20 85.0+7.1
A-cyhalothrin 3EW 2985 43 1000.0 20 100+0.0
Neonicotinoids
Acetamiprid 8WP 2000 56 0.0+0.0 29 10.6+0.8
Clothianidin 8SC 2000 46 100+0.0 30 100+0.0
Dinotefuran 10wp 1000 42 100£0.0 20 100+0.0
Imidacloprid 108C 2500 40 100+0.0 30 92.5£10.6
Thiacloprid 10SC 2000 49 0.0+0.0 41 12.142.2
Thiamethoxam L5WG 300 43 100:£0.0 30 100+0.0
Antibiotics
Abamectin 1.8EC 2985 43 100+0.0 30 17.5+10.6
Emamectin benzoate 2.15EC 2000 46 100£0.0 30 40.0+14.1
Milbemectin 1EC 500 46 2.0+3.4 31 35.7+1.0
Spinosad 10WG 2000 47 1000.0 20 20.0£0.0
Others
Cartap hydrochloride 50Sp 1000 44 10020.0 30 85.0+21.2
Chlorfenapyr 5EC 1000 43 2.6+4.4 40 12.543.5
Endosulfan 35EC 500 38 100£0.0 30 77.543.5
Fipronil 58C 800 43 100+0.0 20 10020.0
Indoxacarb 58C 1000 34 100+0.0 20 90+14.1
Mixtures
Acetamiprid +Ethofenprox 25+8WP 2000 +2000 43 100+0.0 26 100+0.0
Acetamiprid +Indoxacarb 4+5WP 2000 +1000 52 100+0.0 20 100+0.0
Bifenthrin +Imidacloprid 2+8WP 2000 +2500 50 1000.0 20 10020.0
Buprofezin +Amitraz 12.5 +12.5EC 1000 +1000 39 7.5+6.8 20 15.0£7.1
Chlorfenapyr +Bifenthrin 20+7WP 5000 +3500 39 1000.0 20 10040.0
Chlorpyrifos +a-Cypemethrin 10+1WP 1000 +1000 41 100+0.0 20 100+0.0
Esfenvalerate +Fenitrothion 1.25+15WP 1000 +1000 46 100:£0.0 19 100+0.0
Ethofenprox +Phenthoate 7+30WP 1000 +1000 41 100+0.0 29 100£0.0
Imidacloprid +Methiocarb 3+H20WP 1000 +1000 42 100+0.0 20 100+£0.0
Indoxacarb ~+Teflubenzuron 1+2WP 1000 +1000 69 8§1.9+£3.6 20 40+21.7
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Pesticide Al/Formulation Dilution Mortality (4, meatst3D) ;
(X) n A. mellifera n B. terrestris
Fungicides
Azoxystrobin 20SC 2000 42 2.2+3.8 30 25.0+7.1
Copper hydroxide TTWP 500 40 42+72 30 25.0+7.1
DBEDC 20EC 500 40 12.9+5.4 30 30.0+14.1
Difenoconazole 10WG 2000 44 24141 30 27.5£3.5
Ethaboxam 1558C 1000 40 2.6+4.4 21 14.14£5.8
Fludioxonil 20SC 2000 45 0.0+0.0 20 10.0+£0
Fenarimol 12.5WG 3000 38 5.3+4.7 20 10.0+14.1
Kresoxim-methyl 47WP 2000 58 1.3+£2.2 30 12.54£3.5
Myclobutani} 6WP 1583 37 8.2+1.0 20 10.0+14.1
Prochloraz 25WP 1000 43 4.9+43 20 15.0£21.2
Triadimefon 5WP 800 36 3.0£5.2 20 5.0£7.1
Triflumizole 30WP 4000 32 0.0+0.0 20 25.0£21.2
Triforine 17EC 2000 42 6.8+6.7 20 20+14.1
Diethofencarb +Carbendazim 25+25WP 1000 +1000 72 3.0452 30 35.0+7.1
Metalaxyl +Mancozeb 7.5+56 WP 500 +500 42 100+0.0 20 100+0.0
Oxadixyl +Mancozeb 8+56WP 500 +500 40 100+0.0 30 92.5+10.6
Sulfur +Carbendazim 30+10SC 500 +500 49 0.0£0.0 41 12.1£222
Thiophanate-methyl +Triflumizole ~ 45+15WP 2000 +2000 43 100+0.0 30 100+0.0
Acaricides
Acequinocyl 158C 1000 41 0.0+0.0 20 15.0£7.1
Amitraz 20EC 1000 44 45439 20 40.0+£13.2
Azocyclotin 25WP 1500 38 0.0+0.0 20 10.0+14.1
Bifenazate 23.58C 2000 51 0.0+0.0 20 15.0£7.1
Etoxazole 10SC 4000 41 0.0£0.0 21 10.0+14.1
Fenazaquin 10EC 2000 46 0.0£0.0 20 25.0£7.1
Fenpyroximate 38C 2000 48 2.0+3.4 30 10.0+14.1
Pyridaben 20WP 1000 75 2.0+£3.4 31 35.7+1.0
Spiromesifen 20SC 2000 60 0.0+0.0 20 0.0£0.0
Tebufenpyras 10EC 2000 36 0.0£0.0 20 5.0+7.1
Control 72 2.7+1.3 30 2.5+3.5
FUUE=EYd 33 15x7.5x7.5 cm2| ARREofl o] £& W& Hof ¥2 &
Bo] O OB g RS WEN WYL AW F I dhero] % S8 o) Sl R $A ¥t 30
50 ml FHE o]sfo] FHE 100} oAy =) T 3 AR §7) & BashiA 1d § A 2AE
o] AN Q% 50 ml FRO EAS U4 1 mm e Ak APL 3WHe AsigT
3% SA A= Fold Agstsirh. 50 ml FE R4S A3 APFGEL o5 oA M ARWL W UL
AYPFTYEEIYAA): 400 pm; 27 0.15 mm2] e Zof A BAC R TS A Suk 50 ml fEel g
AZEo] 3 ¥ =2 wjuic} 0.10)A4 0.15 ml¥ BAbEE B FAEEe] oF g AEsigint 50 ml FEE AR &5
B7)) 2 58) B8 Abegich Wo| ofolo] ¥ Br2 AFFH] orajo] F£5] BES 3 F 30x30x50 e
S8 AR BEo i, Bt HFo| IFH Ho|7} gl TEAEAA] 30 em o)) BUIE 539F Eadt oRiE
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2 ASHEES YA
2Bt ARS-EE TotgirhEY
AE Ao BEe % glou, A
R BRES PACECE
Atz gdsioloh. Ad 3o R ysigint. oA
Al A7k= Tukey’s Studentized Range Test(P=0.05)% H]
T3}SITHSAS Institute, 1990). SHAA o zhthe IOBCY)
JEollAl et -840 8] Tt 5oke] H2RE Hlo) mE 5
w0 Al 71&e] vt 540 RS Btk Hassan, 1992).
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o] Ay Fo|uf Ay x|oofx] dojriuirt okl -
Z5o] AR 2 "ol 2 HgdA 6959 A4
A A1F AtA] 18%, AulA] 103)0] oIzt Bdat A%
F9E 439 FAAEEAE A8 9(Table 1), =H4|
22 WA7|HI0BC) Y 7] et 30% olstE B
el Ae o 5o 2 ZR3IGT o] 71EE 48319, B
ol A= 4180 44| £ 5%(acetamiprid, chlorfenapyr,
thiacloprid, milbemectin, buprofezintamitraz), A%
HoflA = 8% (methomyl, thiodicarb, acetamiprid, chlorfenapyr,
thiacloprid, abamectin, spinosad, buprofezin+amitraz)o|
£230] ol QbR A Uehde, 18%] Ao 49, B
3 MeFF gl dialA] 35 (metalaxyl+mancozeb, oxadixyl+
mancozeb, thiophanate-methyl+triflumizole)?] A& A

t=
L

ostal B obdst Aog Uetdrh AHAY B4 1059
OFA] BE Eoi= qrAstglen, AT FHol = amitraz
7t 40%2] 58S et ot FAA P 349 5of RRARRE
o EAde BAVE §iE Aos Az

71U Ao AgAle F $of ol dalA 5 100%
4% B SEuRsae] &85 Hoke Aol £

o2 Beldh. wyARolEAGNNE BEY AYFHYE
of thated mE Aol tigte] e AL Bick AT £
F9 FiupolEof A= Eo] thslol 2 2L EIAT
AoFF e delAes E4o] WA vEtth HeyFE:
o|=A YO A A= acetamiprid®} thiacloprido A ]
EA4E BolA] ofgtort ymz] oo tisiAle v S
2ok AAe Ao g Bun NFHEEY =4
£ AA% AH metalaxyl+mancozeb, oxadixyl+mancozeb,
thiophanate-methyl+triflumizole2 A3t ZE kAo A
we =4S RS 4 4 1Y tHTable 3).

Johnson er al.(2006)-2 3%9] pyrethroids 24 2] £4
& A¥% A3 cyfluthrin(LDsy=68 pi/bee) > cyhalothrin
(LDs=103 Ll/bee) > fluvalinate(LD5=9,450 Ll/bee) 205
Bdo] i3t EAlo] 912 B3Ik E3} o|E pyrethroids
A HAE B 7|9EA O Qlste] B $HEFO|
Z+4 3 2(Thompson, 2001), Shires et al.(1984) T3 o
-cypermethrino] =T} sHEpglof ko] g 2T
h31 Bastgk. 28y Mayer and Lunden(1999)2 «
-cypermethrino] -F-4o] tigh HHQ| H&Fo| gl 7|=jg
Aol gl Ao8 ®Bilsgir}. o] Z& Bk ofF pyrethroids
ALY oAl Adel uet 11 A4S 9] YehfiE dos
2 2 ol Meled ef al., 1998). Kim er al.(2008)& 147
o G7lof Abgshe 2159 Bl tiet GAHESEAAAT

A EAE Kl %A= fenpropathrin EC 5 6% ©|3l%, &

S E
7 %

Q
B

[=]
A EA AR A = fenpropathrin ECTHO] 540& LiEhy
o] A%l wat FAo Aol7t §lE& B3 3t Choi
et al.(1989)2 E3 o AFo we} ol thgt EA4o]
oh2A Yehug goko] AL geiito A Ee
& £Y9 # U 7FeE AT Yim(2003)L E4E0]
ot 207 kA 5 HAIEA A lufenuron, diflubenzuron,

pyridaben, acetamiprid § 4%, H&EA o)A+ lufenuron,

diflubenzuron, pyridaben, acetamiprid, tebufenpyrad 5 5
Fo] a7t §lE-& Rastglh & Aol S48 2EA
(IGR)= S4AHE slA dgked, oAlY) B4 43le
a7 91& A2 WehErk(Thomson, 2001). 4 AFIAE
acetamiprid®} pyridabend 7} §iv ALE eyt
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5910| HATREN (Table 2). Z40] Ut 350%0] QPHREAS SORITAIE
o) thafo] ko] BAUANE B AT B BAS B A4S S0 ARAOR T o)A 5 9k HUL o
Q) opAjE Aele) o] gt JANREAL ASAT 2 7FsAol 2171 ufie] FRfH(Abrol and Andotra, 2001;

Table 2. Residual toxicity of pesticides against 4. mellifera adult

Mortality (%) of day after treatment

Common name n 1 3 5 7 9 T
Organophosphates
Dichlorvos 88 100 100 0
Dimethoate 110 100 100 100 0 0
Fenitrothion 182 100 100 100 78.6+11.4 0
Fenthion 154 100 100 100 100 0
Methidathion 165 100 100 75.0+£10.9 51.7+2.4 0
Phenthoate 146 100 100 100 40.2+17.5 0
Pyraclofos 184 100 100 100 100 94.1+8.3 36.2+7.7
Carbamates
Methomy! 65 59.8+41.1 0
Thiodicarb 123 100 97.5+3.5 50.2+11.0 7.3£1.5 0
Pyrethroids
a-Cypermethrin 167 100 100 100 100 91.2£1.6 85.2+0.8
Deltamethrin 116 96.9+4.4 53.9433.8 25.0£2.3 0
Ethofenprox 163 100 100 100 100 100 100
Fenpropathrin 92 100 933494 93.349.4 85.0£7.1 81.3+12.4 534453
h-cyhalothrin 126 100 100 72.248.8 35.3+5.6 0
Neonicotinoids
Clothianidin 175 100 100 100 100 100 100
Dinotefuran 177 100 100 100 100 86.7+18.9  83.3+23.6
Imidacloprid 79 13.0 0
Thiamethoxam 181 100 100 100 100 100 100
Antibiotics
Abamectin 174 100 100 100 100 100 100
Emamectin benzoate 59 61.9+10.4 2.8£3.9
Spinosad 69 79.4+3.5 0
Others
Cartap hydrochloride 71 23.8+13.5 3.3x4.7
Chlorfenapyr 67 4.5+6.4 2.8+3.9
Endosulfan 60 100 2.8£3.9
Fipronil 102 100 100 0
Indoxacarb 91 78.745.2 80.848.2
Mixtures
Acetamiprid-+ethofenprox 155 100 100 100 100 100 100
Acetamiprid+indoxacarb 175 100 100 100 100 100 51.9+11.5
Bifenthrintimidacloprid 182 100 100 100 70.0+£14.1  42.9+10.1 3.6+5.1
Chlorfenapyr-+bifenthrin 178 100 100 100 100 100 100
Chlorpyrifos+a-Cypemethrin 129 100 100 51.2442.6 45+6.4
Esfenvalerate+Fenitrothion 106 100 91.7+11.8  92.1x11.2 42459
Ethofenprox+Phenthoate 192 100 100 100 100 100 100

Imidacloprid+Methiocarb 188 100 100 100 100 100 100
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Abrol and Kumar, 2001). A823} Edo| tjalo] Al
AlA] Aol tiFE Qb A Al ﬂﬂ]@“ Aol
At =2 BAE Hof AFA didt 4FAdEE Zesigich

L.71¢14) oF4] 2ol dichlorvos®} methidathiong A2
3 HE FAEOl SUATA 100%8) BT RELE B
t}. 7hho| EA Al AFEA0] a}"f methomyl-2- OFA|
2l 3% ¥, thiodicarb= AFAIA2) 7Y & 5] itk
(Table 2). F|220]=A Q] a-cypermethrin, ethofenprox,
fenpropathrine %4 27} 114 IR ZHEAL B g
S deltamethrin®} A-cyhalothring ZzF 741} 99 2o
AEAl0] $IcHTable 2).

AUdFA © Z neonicotinoids A B 2] 2FAlE(clothianidin, dino-

tefuran, thiamethoxam)°] & FHEAL H9=d, Hg

A2t

olt

Table 3. Residual toxicity of pesticides against B. terrestris adult

0}

=

1
A

Yot

SOz PARFEALL Bt 2ou 22 A9 o
imidacloprid= ZREAS HolA] ootk AAA Y
SFAA Y 11020l 100%
REAS HI emamectin benzoate®} spinosad+ F
AAE 3dFo] AFEAo] gict. 7IEtefA o cartap
hydrochloride®} chlorfenapyrol A= 1 4R FsAd
ol AY ¢S ¢ & Ak

Kim et al(2008)2 20%¢] 5] tigh GAdRolAMe
fenpropathrin ECT1o] 109 ol A5-5/d0] gislen), 21% A

o]
UA M E abamectin
dly

L - W B4 )

o 2t

N

¢

Fisofol tfit A ¥ BHEIPIINE ATk %)
RBEA TS ore] TR B} AT, £, 7)a)
SEA|o] 2} 2 Ajo]5 Ho]A) Fick. o] ujge] e o]

ke Alet wolE Wolal 9Iti(Choi ef al., 1989). WebA] oF

Mortality (%) of day after treatment

Pesticide n
1 3 5 7
Organophosphates
Dichlorvos 80 80.0+14.1 75.0£7.1 15.0+7.1 0
Dimethoate 80 56.0:14.1 45.0+7.1 10.04+14.1 0
Fenitrothion 80 100 85.0+7.1 10.0£14.1 0
Fenthion 80 100 100 100 21.2415.0
Methidathion 80 25.0+7.1 20.0£0.0 15.0+7.1 0
Phenthoate 80 100 100 35.0+9.6 15.0+7.1
Pyraclofos 80 1060 100 100 100
Pyrethroids
a~-Cypermethrin 20 0
Ethofenprox 60 85.0+7.1 25.0+7.1 0
A-cyhalothrin 60 90.0+14.1 55.0£7.1 5.0+7.1
Neonicotinoids
Clothianidin 80 100 100 100 100
Dinotefuran 80 45.0+7.1 40.0+0.0 35.0+7.1 35.0+7.1
Thiamethoxam 80 160 100 100 100
Others
Fipronil 80 100 100 100 100
Indoxacarb 86 95.0+7.1 40.0+14.1 28.8+12.4 10.0+0.0
Mixtures
Acetamiprid-+ethofenprox 80 90.0+14.1 100 95.0+7.1 90.0+14.1
Acetamiprid+indoxacarb 80 65.0£21.0 60.0+14.1 60.0+21.2 55.047.1
Bifenthrin+imidacloprid 80 75.0+7.1 60.0+14.1 45.0+14.1 45.0+7.1
Chlorfenapyr-+bifenthrin 80 100 100 100 100
Chlorpyrifos+a-cypermethrin 60 25.0+£7.1 15.027.1 5.0£7.1
Esfenvalerate+fenitrothion 20 0
Ethofenprox-+phenthoate 80 100 100 100 100
Imidacloprid+methiocarb 80 90.0=14.1 85.0+£21.2 90.0+14.1 80.0+21.2
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A 100%2) ARE-E B2l 23%9] 5k Fof A 2
FEAS AR Zi(Table 3), SFAIA 19 5 gt ofAl=
methidathion, «-cypermethrin, chlorpyrifosta-cypermethrin,
esfenvalerate+fenitrothiono] 11, oFAjA 2] 3Y & oHATH oA
= ethofenprox©] i, AeF|o] tfstel ALgst=e] a7} of

L =2 789 kA= pyraclofos, clothianidin, clothianidin,

¢

thiamethoxam, fipronil, acetamiprictethofenprox, chlorfenapyr+
bifenthrin, ethofenprox-+phenthoate, imidacloprid+methiocarb
o7 xAESI

gutaog AFAls SREmEE SolA grotokshAt
5 odu 3HE, st AR Hel AFEs Y

= g A gAEEl Gk vAA "ol el
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