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Abstract Bumblebees are buzz pollinators and have been increasingly used in greenhouse tomato crops.
Risk assessment for bees in EU includes bumble bees and solitary bees in addition to honeybees and new
test methodologies for bees have been developed. Recently, OECD has published guidelines for bumblebee
acute contact (TG 246) and oral toxicity (TG 247). The objective of this study was to establish and validate
bumblebee acute toxicity tests using dimethoate for the reference chemical. The mortality of dimethoate 4 pg/
bee treatment was greater than 90% after 24 hr oral exposure. A droplet of 2 uL. and 5 uL solution containing
dimethoate for each treatment (10, 12, and 15 pg /bumblebee) was applied to the throax of each bumblebee.
The mortality of each treatment group with a droplet of 2 uL and 5 pL was greater than 70% after 48 h
exposure. There were no difference in mortality between 2 pL. and 5 pL of droplets. The acute contact and
oral toxicity tests were validated since the mortality of toxic reference group was greater than 50% at the end
of the test period. In the near future, this test method could be used to assess the effect of various pesticides
on bumblebees

Key words acute toxicity tests, bumblebees, dimethoate, domestic establishment, OECD guideline
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o] FEEF Y Y o] Jlom FepdEE ¥
o] FRgES A F e 8% 8% F ol
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WOk A 8] (semi-field test), ©F2A1 3 (field test)ol] T3+ 7}
ol=g}elg AASHAL AUTHEFSA, 2012). =l &9 984
WHAE & 3HAR FAE Jdom 19 2 HE
2 A FEEA, 29 GRS, 3EA0IA oklAl
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Jom F zpold wet Fefo ek Aol thE = 9l
(EFSA, 2012). oldl fH& FHoE = vk ozt H
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Fig. 1. Photographs of trial materials for acute toxicity tests: A, feeding devices ((left) a syringe with a tip, (right) a syringe without a
tip); B, a single housing cage; C, a trial setup (the rack is inclined to the syringes for ad libitum feeding).

a

Fig. 2. Photographs of trial materials and procedure for acute contact toxicity test: A, multipette M4 pipette; B, bumblebees placed on
W-folded papers; C, individual treatment on the dorsal side of the thorax of bumblebees.
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Fig. 3. Consumption amount of test solution after 4 hour
exposure: A, >30 uL; B, 20 pL-30 pL; C, 10 pnL-20 pL; D,
<10 pL.
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Table 1. Sublethal effects and mortality assessments, adapted from OECD (2017a, 2017b)

Assessments Observations and measurements
Unaffected (U) Showing inconspicuous behavior (including natural occurring phases of inactivity).
Affected (A) Still upright and attempting to walk but showing signs of reduced coordination.
Moribund (M) Unable to walk, and show only very week movements of legs and antennae, may recover but usually die.
Dead (D) Showing no movement and reaction to stimulation.
[Preparation] [Treatment] [Observations] i [Assessments]
Contact @— Micro-applicator
- ACngStheSia L | Recording
-30 replicates ( 2) \ | lv\ - Unaffected (U)
- Weighing NN << - Affected (A)
- Acclimation _| k \i\\ %\ ' —_ Moribund (M)
(at least 8 h, NV VN - Dead (D)
ad libitum feeding) Syringe ?,‘
(without tip)—~"
;o !
y a
Oral , X b ah24n4sh
- Starvation S -72h,96 h -LD
(2-4 h before 4 Rubber plug (if a prolonged S0
exposure) ’é’ Syringe (with tip) observation is required) - N OED
\\\ ‘— Test cage (if possible)

Fig. 4. Procedure of acute toxicity tests for bumblebees.
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Table 2. Experimental temperature and humidity conditions in acute toxicity tests

Treatment routes Temperature (°C) Relative humidity (%)
Contact 23.5 (+0.9) 48.1 (+8.4)
Oral 25.1 (£0.4) 48.4 (+8.5)
Table 3. Mean weight of bumblebees in acute toxicity tests
Treatment routes (J;iﬁ?gﬂ;gg&%zi) amco?lrllltff;u Mean weight (g)
Control - 2 0.276 (£0.036)
10 2 0.271 (+0.032)
5 0.280 (+0.034)
Contact . 2 0.278 (£0.038)
Dimethoate 12
5 0.288 (+0.026)
s 2 0.275 (+0.038)
5 0.280 (£0.034)
Oral Control - - 0.259 (+0.026)
Dimethoate 4 - 0.262 (+£0.025)

OECD A@WHoM = UF AAY & FA¥ES dFelA
ujAlstedof ghekar AAjStaL glov Mo FX|stE 7|
< fith 2 AFelM ARSE MYFHGE] HdAl M
B ATEE 0259 +0.026 g4 0.288 +0.034 gol At}
(Table 3). A FFFEE] FA7F 0.200 g o8kl A 0.300 g
olidel A& AlFol M A9l a3t} Helson 5(1994) &
I HAGH & XS 4% ol Uik permethrin,
aminocarb 59] =4 ]?’qoﬂfﬂ A 0.150 = 0.026 goll A
0.215+0.048 g ¥ ]«] H9HS ARSI Drescher and
Geusen-Pfister (1991)2 F9™ 74 0220 g& 7|50 2 F

Al 5(]—0] o] gk methomyl oral LD, 7S Y=L 3}190S wj
Fz 240 7blA 0.220 g o)Al Aol A 1.268) 2
LDs, 7ol Yebt B 738t Van der Steen (1994)=
Fgd HHEPAE 7|Fo R P 2 25(0.162 g)jl]— 7}
& 2450297 g)7Fe] dimethoate contact LD, 352 H| 2L
St FAZE 7P 2 252] LDy #tel 2368 =4
et v H9d Ha FAI7F 0.168~0.285 g8 1

H|S28 LDy, whs UERIITE & AlRolA A3
o] HAFFAE 0.259~0288 02 AP ¥ FAo we
SAYTFE e ZleE Ardn. A9 e
e} Aol o, At 45 Fo ¥ Rt
o ASE HAHh b FHGEe FARDS A84
o] Aot AedE 913 S a3 9ot

24 YESYME

OECD TG 246 W= FAlA 2] §32 2 Lz A8t
3 Jov FeA AP £%2 ge & 5 dvkal Z1A=HA
THOECD 2017a). 3+ ICP-PR non-Apis working group<]
ring testll A= A2 &FS 5 uLE stof Al & 96A |7l
A] dimethoate®] 3+ LDs, #4& 5 pg a.i/bumblebee®
33k th(Hanewald et al., 2015). 3419+ 2)2] &3l &
E9F ek A= g Aok wEA B A
M= MIFGEY A & e 5849 &
o1}l7] 9l&) 7t ﬂa; o 2 ule} SuLE A28l o) 4%
et x]/\]’ﬁ"% Z3le] 7] 2319 tH(Table 4).

okl M & 4A17ko] g 5 dimethoate 15 ug ai/
bumblebeeE A|£]3F 10, 12 ug a.i/bumblebee # 2|04
© AAPRAIZE HZEA] easkeh, B & 2447kt 4847
AbolellA] 2ROl 10% o1 S7Fsk7 el 96X 17
et A w717 S AN 7E AR A
eEAT) Al A F 24A7FllA 2 L B AElte] A
10, 12, 15 pg a.i./bumblebee dimethoate *]2]ell A XAH
A7F 242E 20, 21, 24 PR & 50% o] AAEo] AE

Atk 5 uL £3F A9 79 15 pg ai/bumblebee *E]
oA AAPAAZE 1T Z 50% o AAH-S RS
10, 12 pg a.i/bumblebeed X 50% m]2He] XAFE-o] H2E]
ATk, FAIA P 48717 A Foll= 5L &7 A9 10,
12, 15 ug a.i/bumblebee X2t ZFOAA 70% ©1/d<] A
ARES YERITE ol= 24A17F AR A affected “3EH
UG FAGEE0] 48717F & XAF AEi7E Ho] et A3
2 etk AlE T35 AIFHQ 96X 7IAM = 5 ul £ A
272 10 pg ai/bumblebee M EoAA XAHE©] 73.3%I L
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Table 4. Number of affected bumblebees in acute contact toxicity tests

Treatment Contact Total number of

Number of bumblebees

group amount (L) bumblebees Symptom 4h  24h  48h  72h  96h
Death (D) 0 0 0 0 0
Unaffected (U) 29 30 29 30 30
Control 2 30 Affected (A) 1 0 1 0 0
Moribund (M) 0 0 0 0 0
Total 30 30 30 30 30
Death (D) 0 20 23 26 27
Unaffected (U) 21 1 0
2 30 Affected (A) 9 9 4
Moribund (M) 0 0 0
Dimethoate Total 30 30 30 30 30
(10 hg ai/ Death (D 0 0 2 »  »
bumblebee) eath (D)
Unaffected (U) 21 8 2 2
5 30 Affected (A) 9 12 6 6
Moribund (M) 0 0 0 0
Total 30 30 30 30 30
Death (D) 0 21 26 28 28
Unaffected (U) 15 0 0 0 0
2 30 Affected (A) 13 9 4 2 2
Moribund (M) 2 0 0 0 0
]?llglﬂhoétj Total 30 30 30 30 30
ug ad.
bumblebec) Death (D) o 14 23 27 27
Unaffected (U) 18 4 0 0
5 30 Affected (A) 11 12 3 3
Moribund (M) 1 0 0
Total 30 30 30 30 30
Death (D) 0 24 28 28 28
Unaffected (U) 18 0 0 0 0
2 30 Affected (A) 1 6 2 2 2
Moribund (M) 1 0 0 0
Dimethoate Total 30 30 30 30 30
(15 hg ai/ Death (D 1 17 27 29 29
bumblebee) eath (D)
Unaffected (U) 18 1 0 0
5 30 Affected (A) 9 12 1 1
Moribund (M) 2 0 0 0
Total 30 30 30 30 30
U A Aol e BF 90% o) l ANES HERIT AR G- 48A7F e 96A7F 7IEo R B4 3E M
OECD TG 24601X+= F9dEe] 745243 A1dd7e] 4 S uf ARl A&7 2 pL, 5SuLyel wE SAIT
e ASs] Al Suitizae] AAR(<10%)2 ¥4 o7} glers 1T < AT

Z34(10 pg a.i/bumblebee) AAHE(250%)2] 7152 A4
SFATHOECD 2017a). & A3 A3 54 J554A300
A FAAUZETLOE dimethoate 10 pug a.i./bumblebee 2 uLE:
A28l 48A17F Fell 50% o)/de] AAHES vERfo] 443
e 71zl Fgteiainh. AR 548 3554

24 dASHAH
OECD TG 24794 Alg9] a7
)2+ dimethoate 4 pg/bumblebeed| Al F27|7F &9 50%

o]

ANgE AN

z 70w 94

2ATHOECD 2017b). A1& 2
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Table 5. Number of affected bumblebees in acute oral toxicity tests

Treatment erouns Total number Svmbtoms Number of bumblebees
group of bumblebees ymp 4h 24 h 48 h
Dead (D) 0 0 0
Unaffected (U) 30 30 30
Control 30 Affected (A) 0 0
Moribund (M) 0 0 0
Total 30 30 30
Dead (D) 6 28 28
h Unaffected (U) 2
Dimethoate
(4 pg a.i./ bumblebee) 30 Affected (A) > 0 0
Moribund (M) 17 0
Total 30 30 30
w312 ] with pollinator decline. Ecol. Econ. 68(3):810-821.
T ] pul

739 HF7 R AL A= A=A ks
t}. Dimethoate #2]ol e Z7] 4A7kll HG™-o] 20%
7} AAFE 0 48417 T 90% o)) AARE-S YERARY
THTable 5). & Al¥ A3} FoizolA #2717 52t
50% o] AXHES YEllo] OECD w78 HA=4A3
o] 7]l F-etstich

& AFM = OECD A8 84 7ol F-3ehes A
FHIE F4 15 2 AT S AT 9o
2 o] AIFHE FEate] H2 ot HA U= Lﬂgqi

wo|EA] FF 9 st wokol dist A9 54 A

S oF
BE AT o A& ol AzbEr

B ATE FYEYAN J1Raf AT AN
PI013516)°l &l sallH 5Lt ool A= T},
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