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Abstract : Neonicotinoid pesticides, widely used worldwide as potent insecticides, have been found
to have detrimental effects on the environment and living organisms due to their persistent residues.
This study aimed to investigate the neonicotinoid pesticides, imidacloprid, and clothianidin, focusing
on their impact on honey bee toxicity and foliar residue levels. Alfalfa was selected as control crop
while bell peppers, and cucumbers were chosen as representative application crops, respectively. The
investigation involved comparing the toxicity and foliar residue levels resulting from soil and foliar
treatments, with a focus on identifying potential shortcomings in conventional foliar residue toxicity
testing methods. Imidacloprid and clothianidin were applied to crops or soil at recommended rates and
through irrigation. The honey bee mortality rate (RTs) over time was determined, and pesticide
residues on leaves were quantified using High—Performance Liquid Chromatography (HPLC). The
results revealed that foliar treatment with imidacloprid on alfalfa resulted in an RT,s of less than 1
day, with residues ranging from 1.07 to 19.27 mg/kg. In contrast, application on bell peppers showed
RT,s within 9 days, with residues ranging from 1.00 to 45.10 mg/kg. Clothianidin foliar treatment
displayed RTs within 10 days on alfalfa, with residues between 0.61 and 2.57 mg/kg. On bell
peppers, RT,s was within 28 days, with residues ranging from 0.13 to 2.85 mg/kg. Soil treatment with
imidacloprid and clothianidin in alfalfa exhibited minimal impact on honey bees and residues of 0.05
to 0.37 mg/kg. However, in applied crops, imidacloprid showed RT,s within 28 days and residues
ranging from 4.47 to 130.43 mg/kg, while clothianidin exhibited RTys within 35 days and residues
between 5.96 and 42.32 mg/kg. In conclusion, when comparing honey bee toxicity and foliar residues
among crops, application crops had a more significant impact on honey bee mortality and higher
residue levels compared to control crops. Moreover, soil treatment for application crops resulted in
higher RT,s and residue levels compared to foliar treatment. Therefore, to ensure pesticide safety and
environmental sustainability, diverse research approaches considering different crops and application
methods are necessary for the safety assessment of imidacloprid and clothianidin.

Keywords  Clothianidin, Imidacloprid, Neonicotinoid, Pesticides, Toxicity
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Table 1. Dose of pesticides applied on the testing crops

Application rate

Pesticide Crop Applied dose (a.i.)
Imidacloprid Alfalfa
2 225 mL/45 1/10 m? 4.5 mL/4.5 L/10 m?
8% SC Cucumber (0.18 ai/md) (0.36 ai/md)
(10 mL/20 1) 18 a.i./m .36 ai./m
Pepper
. Alfalfa
Clothianidin - 225 mL/45 L/10 m’ 4.5 mL/45 L/10 m’
o ucumber 2 .
(10 mL/20 1) (0.18 a.i./m?) (0.36 a.i./m?)
Pepper
30 g/10 m? 60 g/10 m?
Imidacloprid Alfalfa (0.06 a.i./m? 0.12 a.i./m?
2% GR™ b
3 g/md), (3 g/tree) Cucumber 3 g/tree 6 g/tree
Pepper (0.06 a.i./tree) (0.12 a.i./tree)
30 g/10 m? 60 g/10 m?
Clothianidin Alfalfa 0.018 a.i/m?) 0.036 a.i/m)
1.8% GR
3 g/md), (1 g/tree) Cucumber 1 g/tree 2 g/tree
Pepper (0.018 a.i./tree) (0.036 a.i./tree)
" SC : Suspension concentrate
" GR : Granule
RT(Residual toxicity),s& ottt Ald-87]+= mL ENZ 7)o %71 & ®3HAAS 20 mLe}

zE|glel AL olgate] M7 15 cm, %l
5 o] AFFOR WAL olTAWOR AR
of AAE SEF AlAE AHgotIon, v
S0%(wi) AFEAS Foleldrt. AFTAL
2L 25~35C, AdEx 50~80%7t —.TX]H“
A Sastom BRAL ool xHL
485t exgket.

¢

2.6. 32 YolMol AIHEY TR

2450 Qo] WSt AFEA
2o 9P Potrug B
o AHed 59T A8 9

IS o e

e A
FREGARNN S eE
_]

AT
M 1z

>

s 01‘5‘
2o L0
2

rZi Ho, &

i
o

u
L O g @ > ook

ol
H}H_&

x e
)

2 dollA 5 g4 33] EFsto] AlY

4 B4 olgetdr. A8 4 7 5 gl
acetone 80 mL& 147}0]'@ 10,000 rpmo]lA] 5&
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80 mLE A2 Yol dichlomethane

oTT T

100 mL& THH THA] 50 mLE FH7fste] 23]
w2l FEsto] RESAMUERCR SES AA
g & 35TA Ay sFstck

Irrudac oprid®] FHFEHL clean up HHLE
ZZMALE ethyl acetate:hexane(50:50, v/v) 5
mLE &8 §F & hexane 5 mL2 EASIAT
silica  SPE  cartridged]  H/HAIZIZL  ethyl
acetatehexane(50:50, v/v) 15 mL= A|AsF &
ethyl acetate 15 mLZ & 0}0:1 s A
At 435 Ax /‘]71 S acetonitrile 4 mLE
Agstgrt 7]7]10] BARAL Table 29} 2t}
Clothianidin®] X-RE4-2 clean up HHLE
S=ZZIAME hexane 5 mLE A&3)] 9F & hexane
5 ml2 EASHAZI florisil SPE cartridgeoll Z7H
A7 hexane 5 mL¥} acetone:hexane(90:10)
5 mLef| A2 A S & acetone:hexane(60:40)
10 mLE &&35to] AYgs5S HAAstr 4o
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Table 2. Condition for the analysis of imidacloprid

Instrument HPLC (Allience €2695)
Detector UVD (Waters 2489 UVD)
Column C18, 250x4.60 mm, 4 u
Column Temp. 40°C

Mobile phase ACN:Water=40:60 (v/v)
Flow rate 1 mL/min

Wavelength 270 nm

Injection volume 10 ¢L

Retention time 3.5 min

Table 3. Condition for the analysis of clothianidin

Instrument HPLC (Allience €2695)

Detector UVD (Waters 2489 UVD)

Column C18, 250x4.60 mm, 4 u

Column Temp. 30C

Mobile phase ACN:Water=50:50 (v/v)

Flow rate 1 mL/min

Wavelength 270 nm

Injection volume 10 pL

Retention time 3.4 min
AR AZl Z  acetonitrile 435}9 imidacloprid HA4=8HA] A 2]Ftof|A dgmtof A
HPLC/ UVDE &Asgich. 71719 EAx7e £ 0.18 g a.i/m’Ql 7]EFolA 0L43ol 48%2]

Table 33} Ztt.

3. #nt ¥ nF
3.1. Imidacloprid ZAY x{g2|7e| EBHZ My}
g e

Imidacloprid2 neonicotinoidA] &2 A4
=44 (48hr, LDsp)°] Z+Z+ 0.0037 pg/bee, AE=
A(48hr, LDsp)©] 0.041 pg/beez FA4=Ao] 7
b E-olA[15] Al ARgRt FHES EEHS
SR mi/jEo R o]gdts EA AH FE F
5 EAdo] tE ZRAES] 159} Hill Qo]
AYstR =W AR7|ET WURe] FAH

S |
FAB gmuet vlmsigs O An

=

AXMER 7P B2 54 HYow, 1datoA
8%2] #|ARgo] FEE|e] RTsgk2 19 oletz
LreRgtth 0.36 g a.i/m?Ql HjEkolA Al 09}
of 68%2] AAER M w2 54& Holon
1dxtoll A 16%2] ZAPF #EE|e] RT,s%k0] 1
o olstz uehdtt AA sofo] AMEEE A&
220l Ad At 20l J|ESFA 04
o 71%ne AAER 7P w2 54L& BoH
193}l A XAFE0] 24%= =] RTs%ko]
19 olst2 yehgom, wigkAE 0Lt
82%9] A &R 71 L ZAS B, 2Y
| A o] x|AFRo] 23%2 AT o], RT,sgk0] 2
o olstz Uetgtt. HE8E 150 He 7E
oA 0gAtel 43%2] AAER 7MY =2 B4
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Table 4. Foliage residual toxicity of imidacloprid SC (8%) to honeybee

Mortality (%)

s

Pesticide Crop Dose RTys
0d 1d 2d 3d 4d 6d 9d 12d
0.18 gai/m> 48 8 0 0 0 -** - - ]
Alfalfa
0.36 g ai/m?> 68 16 11 0 0 - - - 1
)
Imdacloprid 018 gai/m* 70 24 2 0 0 - - - 1
Cucumber
8% SC 036 gai/m’ 8 54 23 1 0 - - - 2
0.18 g a.i/m? 43 39 28 27 19 5 1 0 4
Pepper
036 gai/m?> 60 51 35 37 30 28 20 0 9
" The time to be less than 25% of honey bee's mortality
" Did not observe
Table 5. Residue in leaves after application of imidacloprid SC (8%)
Concentration (mg/kg)
Pesticide Crop Dose
0d 1d 2d 3d 4d 6d 9d 12d
0.18 g ai/m? 810 6.01 381 1.07 ND.” -7 - -
Alfalfa
0.36 g a.i./m? 19.27 9.13 7.17 494 225 - - -
Imdacloprid 0.18 g a.i./m? 2326 17.32 513 1.00 ND. - - -
Cucumber
8% SC 0.36 g a.i/m?> 4510 20.07 1459 472 ND. - - -
0.18 g a.i/m? 1820 - - 8.98 - 387 473 2.26
Pepper
036 g ai/m? 2851 - - 1864 - 1175 802 3.59

" Not detected
™ Did not observe

497pol| A 19%=2 FEElo] RTsto] 44 olst
2 Yegton, aigofA= 042t 60%2] Ak
E2 7MY B2 BA4E BN, AZto] AdeE
AARgo] FAaste] 9dA oA 20%= TEE O]
RTyske] 99 olstaE yerth(Table 4).

G R A dEntoAE TEgelA
04ate] B 8.10 mg/kge ® 7Hd =A Jehy
I, 497l A= AEEA o, il
0L9xtol| Fa+ 19.27 mg/kgl & 7F% =74 Ye
T, 443 AJHOIME 2.25 mg/kge 2 UERG
oh Ag ZE QoM 7l viglA 0
Azt 4z @ 23.26 mg/kg, 45.10 mg/kgS

2 7 =A Uesen, 449394 = HEEHA
okt 19| A A vigellA 0¢atel
Z¥7Zy g4 18.20 mg/kg, 28.51 mg/kgl 2 7V
A UEhgen, 12934 ZZF Bt 2.26
mg/kg, 3.59 mg/kg & ERFTHTable 5).
Imidaclopride 29 A=Al & it JF
< d™utet Qo] AHFtolA= RTysgtel 29 ]
Stz H|lW A Yo} ¢l ¢to=w JF4 o|dfE|o] T
wWEA ZHashs Ao yehgtour 15 A
o] Autoll A 947kA] Bl A AA FIFol A&H

o woF grFepo] whak AxMEe] AP0l At
s Uehts AL glstgnt. olad ot
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Table 6. Foliage residual toxicity of clothianidin SC (8%) to honeybee

Mortality (%)

Pesticide Crop Dose 25
0d 2d 4d 8d 10d 14d 21d 284d
0.18 g a.i./m? 100 94 49 7 0o -** - - 8
Alfalfa
0.36 g a.i/m? 100 100 88 47 0 - - - 10
Clothianidin 0.18 g ai/m? 100 23 15 0 0 - - - 2
Cucumber
8% SC 036 g ai/m> 100 100 75 15 0 - - - 8
0.18 g a.i/m?* 100 100 100 92 90 82 24 0 21
Pepper
0.36 g a.i./m* 100 100 100 100 95 73 50 0 28

" The time to be less than 25% of honey bee's mortality

" Did not observe

o Aol Ao B4 W AF 5ol w v
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WA F9 S ARgele] AR Bt A
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T MR
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oNxe] EAYIAFEALAANE A FAEES]
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HAN, 88Ut AARE2 %= TR o]
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th A8 ZEoA 9 Al AT QoloA= 7EF
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2 rulo

o ru]o mlm
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Z|ARgo] 15%=2 o] RTsat 84 olst=
UErTE 150 A, JlEgelA 49371
100%9] A H-S 2P, 21931949 2Ae
o] 24%= ¥EEo] RTys#to] 219 ootz et
gom, il ds 84x7HA] 100%2] A M-S
HANW, 21493304 50%, 28U oAM= ko]
=] ool RTxsghe 289 olstz uetyict
(Table 6).

i RFY] A dEmAe TlEgelA
0datol] B 1.28 mg/kgl & 7P A Yt
o, 89zt AEEA ggto, gl
O%‘ﬂ'oﬂ Hat 2.57 mg/kgl 2 7 A et

T, 1093 AZELR] 4okt AL 2 o
Oloﬂ/ﬂ‘* Z1EFoll A 0dtell B+ 1.95 mg/kg
o= 7MY FA UEEL, 10d2elME AE

A grow, HiFolA= 0datel] W 2.34
mg/kg2 2 7HE EA uERL, 10015<]-01]A-]‘—
0.16 mg/kgo= Uepgth 159 A9, 7|EwF

oA 0gatel B 1.69 mg/kgl 2 7 =A
UeRd T, 21930 -= AEER] gkorom, Hjsk
e 0Uate] Wt 2.85 mg/kgl 2 7 &
e, 2897l HEEA FktH(Table
.
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Table 7. Residue in leaves after application of clothianidin SC (8%)

Concentration (mg/kg)

Pesticide Crop Dose
0d 2d 4d 8d 10d 14d 21d 28d
0.18 g ai/m’> 128 094 063 ND.” ND. -7 - -
Alfalfa
0.36 g a.i./m* 257 155 1.19 0.61 ND. - - -
Clothianidin 0.18 g ai/m’ 195 053 043 016 ND. - - -
8% SC Cucumber
© 0.36 g a.i/m? 234 1.11 113 0.32 0.16 - - -
0.18 g a.i./m? 1.69 - - 0.48 - 0.21 N.D. N.D.
Pepper
0.36 g ai/m? 285 - - 0.61 - 0.28 0.13 N.D.
" Not detected
" Did not observe
Clothianidin 9A] 29 YA Al@HES =2 ol B4 EHjAL, 8l 59 83t
St E ZHEo| W2 o oz T4 o5 B4 Ao e 2 gaFo 2 T 2=
of 0UAfolN B T} RFo] A BT ASSHol mel Fae] JFL uehom
Ay 7o) wef E4do] AAls] Aste AHR¥ [18] Bt} AR dakg flsixe F7Hd o
& Bgu oolod M A RTsge A% 77 washt
< et te aze] el o) =277}
F43] A= BFELLR oA FoF 2R 3.3. Imidacloprid EY% X2|7e| BHEMn}
o] Wo] 3HHGS Aoz WL Ao S TR
YAE FARESQ] dEoE HEFE 259U 2 Imidacloprid @A AHgTtelAe] EHASZHF
ole} 1EE Adelo] M APS 4T AT BANY AT TALEQ BsAT duuio]
TAREL A82E, F8&E Tl At ot M 71239 0.06 g a.i/m?d HiFel 0.12 g
2o et 28e] ASER0) wet obilel o ai/m? Rrold Tl gere PAEA ekt
o A 4edEe Ag A3 eoloas

ao] theA ueht: 2 Selsigch. ke,
A FBIAE o|gate] o
¥ 59 4A AEH ABOIA U 5

%0
T
Kl
E_L
)
i

st clothianidin¥}
imidaclopride] et EEQFAFEES Blwst
A3 EdHe]  ofgh clothianidin©]
imidacloprid ®tt o 2 9 Hyou I
Z+582 clothianidin®] imidacloprid Hth 27|
ottt et AE Qo] R Bl Je|
gt A2 HluA {ASHA UERey 7+
Fit vigS HwstRE A% 2Rl
E Qo ZH
Aol it Al Jeke] wET & gldl

ok £

Z1ESFNA 149210l 28%9] A SR VY =2
E4e B3, 219t 9] XA 8%E T
Z=lo] RTsgko]l 219 olstz urepgom, wijss
NME 14Uxt] 48%2] AAER 7MY & =
g HQA, 219AA 9] 2AEC] 22%2 T
Zwlo] RTsgh2 219 olstz uehdeh 139
785 71EFNA TLAel| 33%2] AAREER 71
Lo =4S BYw 2193 o)A 0] A& 13%
2 =] RTsgko]l 219 olstz urepgom,
f&ZFoll A= 1482k 51%2] AR 7P =2
J AN, 2143 o)A 30%, 28YA oAM=
8%2] x|Argo] TEE O] RT3k 289 olstz
et 2tk (Table 8).

r
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Table 8. Foliage residual toxicity of imidacloprid GR (2%) to honeybee

Mortality (%)

Pesticide Crop Dose RTys
0d 2d 4d 7d 14d 21d 28d 35d
0.06 g a.i./m? 0 1 o o o -7 - - 0
Alfalfa
0l2gai/m> 0 0 0O O 0 - - - 0
c 2
Imdacloprid 006 g ai/m’ O - - 27 28 8 8 0 2
Cucumber
2% GR 0.12gai/m* 0 - - 44 48 22 10 5 21
0.06 g ai/m? 0 - - 33 28 13 5 0 21
Pepper
0.12 g a.i/m? 0 - - 48 51 30 8 0 28
" The time to be less than 25% of honey bee's mortality
" Did not observe
Table 9. Residue in leaves after application of imidacloprid GR (2%)
Concentration (mg/kg)
Pesticide Crop Dose
0d 2d 4d 7d 14d 21d 28d 35d
0.06 g ai/m?> N.D.” 0.13 0.08 005 011 -7 - -
Alfalfa
0.12 g a.i/m? N.D. 015 0.12 0.37 0.16 - - -
Imdacloprid 0.06 g aifree ND. = - 4175 80.77 30.27 627 447
GR Cucumber
2% 0.12 g a.i/tree N.D. - - 11481 110.84 41.27 7.56 8.00
0.06 g a.i./tree N.D. - - 80.51 67.33 32.16 30.11 6.54
Pepper
0.12 g a.i./tree N.D. - - 13043 11238 59.55 29.22 9.11

" Not detected
™" Did not observe

T dEuoM = TIEFelA 2
= mg/kgo 2 7 EA e
I, 144FME 011 mg/kgo 2 UERGoH,

Azt W 0.37 mg/kgo B 71
A UER, 14493t 4= 0.16 mg/kgl =
U 28 AE oloM= TIEEelA 14
Azto] B 80.77 mg/kgl 2 7V A UEht
3, 359FME 447 mg/kgl R UERFoH,
el A 795o] Wt 114.81 mg/kgo2 7}
A=A UL, 35934+ 8.00 mg/kge

B UETh 50 A, ZIEFelA 74
P+ 80.51 mg/kge 2 7FF HA ueRta, 35
LA A 6.54 mg/kgo = UERFOH, HijolA
= 792t B 130.43 mg/kgl® 7HE =A
RS, 358t AE 9.11 mg/kglZ YR
HTable 9).

AAl Aol whet 23k E AAIRE &
o] 7| 2 HigelAe B9 F3e]
2] grgront mrAERt AgAEA EHY
FEol AAs| F7tste] 149 ol = FHAEo]

o+
=
d

o)
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Table 10. Foliage residual toxicity of clothianidin GR (1.8%) to honeybee

Mortality (%)

Pesticide Crop Dose RTys
0d 2d 4d 7d 14d 21d 28d 35d
0018 gai/m> 0 0 0 I 0
Alfalfa
0.036 g a.i/m* 1 0 0 0 - - - - 0
Clothianidin 0018 g aiftee 1 - - 67 8 75 22 0 28
1.8% GR Cucumber
70 0.036 g a.i./tree 0 - - 77 100 92 24 1 28
0.018 g a.i./tree 2 - - 82 70 46 2 0 28
Pepper

0.036 g a.i./tree 0

- - 98 81 95 48 0 35

" The time to be less than 25% of honey bee's mortality

" Did not observe

Al A7t BE AT Bep 2o gl
A A&EE AS WSt ol AFoldd
EAo] o3t Zor EgorTH F4 oPH
Fotol b mekete] EHe] J9FE mAL
D& HoAErt. A A=) AR dunt

A4 0.05~0.37 me/kgo2 W7 Yehton] o
olof A= 4.47~114.81 mg/kg, LFoAE 6.54
~130.43 mg/kgez =A YETE EFAF
AiE HEgor RS HYE o EY 2314
2= oo AR E4EHE mA o Hlsto
AEAU Sl B s Aol gzt
e 2AREY A AE Age fASHA
Uegton, Mo R 13 g 7Y 2
A 13043 mg/kgolwl, 2T A& W= v
1442te] 51%= Jergdh 9A Ao ¢
A AeFet Hlaste] QoA FoF xRl
Hlgl] 2ARgo] 117 =2 ¢tk ol &Y
£ 9 FA, g2 A7, 71FY 4, T
E4T #HASte] o #¥] WiEEHe &
o] & Azt AZEI FFo|g o]
FA Y] EFAA BElE 53 Folde
2HE2A el Edol ko] mjE & oke

4 HO
o

¢

= HU ol B ofn
_o|_|L
(e}
ol

3.4. Clothianidin EY X2|71e] ZH=Mu}
ga ThREF
Clothianidin YA Az=]FolAe] EEFd=E

=
=}
=4 2, SAEEY dEelME VIEF

¢l 0.018 g a.i./m2¥} HiEFQl 0.036 g a.i/m? &
oA Bl JgF2 TEEA] It AeA=E
oA AFAT, QoloA= ZIEFlA 1443}
of 88%° ArER 7HF w2 54S HIUXL,
28U ] AAHEE 22%2 WEEO] RTysk
o] 2849 olgt® uepgto, HigkeA= 144}
o 100%9] A e 7MY w2 5498 HX,
284}ol| A o] ZARgo] 24%= TEAE|o] RT3k
2 289 olstgE UEth 1139 A, 7ol
A TLRel 82%9] AARER Y E2 B4
HANW, 219204 46%, 28LAFl|A 2%2]
ARgo] PEE|o] RTosgkol 289 olstz Uehyt
o, HigollAE 7Ll 98%°] AR 71
£ B8 BN, 28YUAA 48%, 35Ut
A ZAREo]l WEER] ¢rot RTsgkE 359 olst
2 YEPFtH(Table 10).

Y AFFY A d™utolss Tl
493}o]| W 0.12 mg/kgl & 7FY E=A Yyt
o, 14zt E HEEA god, sigkds 4
Azte] W 0.19 mg/kgle® 714 =A Yert
T, 14439 0.08 mg/kgl &2 UEeRgdTh 2
& HE QoloAE ZIERFA 14U}l B
35.48 mg/kgQ 2 7P =7 veRda, 359310
AE 596 mg/kgoe= Uepow, HiglA=
14Q42to] B+ 42.32 mg/kgo 2 71 =4 e
A, 35U e AE 6.88 mg/kgl 2 UERGTH
nF0 A, ZIEgelA T7date]l Wt 30.13
mg/kg O &2 7P = Vb, 35%UatelA] 8.30
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Table 11. Residue in leaves after application of clothianidin GR (1.8%)

Concentration (mg/kg)

Pesticide Crop Dose

2d 4d 7d 14d 21d 28d 35d

0.018 g a.i./m?

ok

N.D.” 0.06 0.12 007 ND. - - -

Alfalfa
0.036 g a.i./m?

N.D. 0.14 0.19 0.10 0.08 - - -

Clothianidin

0.018 g a.i./tree N.D.

- - 3213 3548 23.61 12.11 5.96

1.8% GR Cucumber

0.036 g a.i./tree N.D.

- - 4031 42.32 40.87 12.54 6.88

0.018 g a.i./tree N.D.

- - 30.13 21.13 16.11 9.01 8.30

Pepper

0.036 g a.i./tree N.D.

- - 38.21 32.45 30.28 12.87 8.23

" Not detected
™ Did not observe

mg/kgC 2 UEoH, aigfolxs 793 H
o 3821 mg/kge 2 7P =A uERg, 359
2o A= 8.23 mg/kg & UERGTtH(Table 11).
Clothianidin®] QJAAZF+ AT wp7A=
EY E3Aee Jgnet mAAed AH84E
Zro| EHo] g 9 RO Aolrt Uyt
AHs] 548 Uedlo] EY E3tx e A8t
= ETtolAE A ¥ 23742 EHY kS
wEg 5 oglsloy, TAg" A8EE9
RTs3be o] 289, 15 28~35U= AAIZE
FFe HIh dAIA A bR gl
A= 0.06~0.19 mg/kgl & A Jehton, ¢
olo e 5.96~42.32 mg/kg, o) AL 823~
38.21 mg/kgo® EA UeRHTh o HRF
Qo] viZF 14L9AtAA 42.32 mg/kgl 2 LtERSE
om =4 S 100% AAHEE BHo 7FE =4
ebgth AlZE A e RSt 2ARE 9
A FAH UERT ol EY £33 E
gt dmbol s B o] yEhAl ¢gkar
ol WA et b A3 goRgle Tt
TR Hs) =] oA &5
AZre), weba, 22 A THS 28
A Aol get ARt 9FE wdsh]
o9l A= EF Aol web Aol of
gt =40l AgPrtE 4 oty moE
HFolslld EAdo] A3t neonicotinoidA 5FS
Agste] EGAHYE AAT AS 5ol &

sl Aol M3 Rt gARE B
NE 4 9ol olgt 2L 54
sto] @oIzrel A@EI meh A71AQ
gt AE7} ool Aok T Zeolni, @
o FAFERORE AURFEA
z

e ek A3s Wk 4 glol

2 o 2
2
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o -
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E4o] M2 AHgRHE Feste] LEFRe] 0t
2 BHe 4P AT, B BREHL

Bo BY AR b AR AuwAS
grofgton of

o9

= Mo
=
=
i, -
)
rr
)
oo
H
m
=

)

L BHQARREAAY AT 9y
Ay mRA BAAEL 4874
o Qo] Tzl Uehom, AgaE
Wt kA ekt A2e A%EA
Ao gfao] A tEhts AL gl

o
N
N,

QT

T+

!
N

ol -

e £

T
19 Y A% oS



Vol. 41 No. 2 (2024)

EG mAE] ditt EEQtT=4Al
o, AAZE el it

d 4 FFo] HAl= A
o] YEtE]o, i‘EO]ﬁ”HO] 7¥8t neonicotinoid 4|
FoFo] B ZRE FLEo] o ZHOR FFo]
Ysto] Ele] JFS 77]5‘]% Ag 2]lstH o,
Y AFe 34 o] HxT Edol#k of
Aol B4 wat dA5gol tE2A Yehts
AL FlstAct

web Asker SlshaEst @ B ojg o
a8 Aud) A4 g3 24 9 Aol
SEO
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