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Abstract The foliar residual toxicity test method for bees involves applying pesticides to test crops and exposing bees to
collected leaves every 24 hours to determine the RT»s value, the period during which bee mortality is 25% or less. This
test method is required in the United States and Korea during the bee risk assessment stages, and the RTxs value is used
to determine safe release periods for bees in relation to crops. Recently, the U.S. Pollinator Research Task Force (PRTF)
recognized the limitations of the foliar residual test method for bees and conducted a ring-test to improve and publicize a
revised test method. The improved method specifically addresses variables such as the placement method of alfalfa leaves,
bee age, bee test cages, and pesticide application methods. In this study, the foliar residual toxicity tests were conducted on
carbaryl and dinotefuran wettable powder (WP) according to the improved method. The pesticides were uniformly sprayed
when the alfalfa grown in the test fields reached approximately 40 cm in height, and alfalfa leaves were collected 6 hours
after spraying and then at 24-hour intervals until bee mortality fell below 25%. The test results showed that the carbaryl
50% WP had an RTs value of 5 days according to domestic standards, and 6 days according to the improved method. For
dinotefuran 10% WP, the RT»s value was 3 days in both the domestic and improved methods. It appears necessary to further
detail the bee collection methods and test cages in domestic regulations. Additionally, incorporating the residue analysis
results of alfalfa leaves may also be essential.
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Fig. 1 The test field plots and set-up for the foliar residual toxicity test: A,
the alfalfa field plots; B, alfalfa foliage (15 cm length, 15 g weight) was
placed vertically in each test cage; C, the overall experimental set-up.
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Table 1. A summary of the honeybee toxicity of residues on foliage test according to Korea and PRTF-updated guidelines

Study design

Korea guideline

PRTF"-updated guideline

Test duration

Collect the foliage after 4 and 24 h post-application;
Foliage sampling at 24-h intervals until the mortality is
below 25%.

Collect the foliage after 6+ 1 and 24+ 1 h post-applica-
tion; Foliage sampling at 24-h intervals until the mortali-
ty is 25% or less

Temperature and relative humidity

(laboratory)

25-35°C, 50 - 80 % humidity

Test chamber

A cylindrical container made of stainless-steel wire mesh
(diameter=approx. 15 cm; height=approx. 5 cm) with
a plastic lid containing hole for inserting a glass feeder
(diameter=approx. 1 cm; height=approx. 5 cm) in the
middle.

32 oz plastic cages (upper diameter=approx. 11 cm,
base diameter = approx. 9 cm; height=approx. 14 cm)

Foliage cutting
(length and placement)

Finely cut the foliage and place in test cages

Foliage length (12-15 cm); place it vertically/diagonally
in test cages

Transfer conditions of
alfalfa samples

Transport leaf samples to the laboratory in cooler bags
maintained at an internal temperature 8-12°C. Record the
temperature in the cooler bags using data loggers.

Test substance application

15 g portions of treated foliage per test cage

Age of bees

Healthy young worker bees (1-7 days post-emergence)
from single hive

Young adult worker bees of similar age (3-5 days post
emergence) and feeding status

Prepare the bees by emerging from brood frames taken
from the source colonies in an incubator (34-35°C, 45 -
90% humidity)

Number of test organisms and
replicates

Six replicates, with at least 25 bees per replicate (cage)

Test validity

If the average mortality of the controls is greater than 20%, the test must be repeated.

Field plots and harvest of

An area of at least 9m’ is required for each test sub-
stance.

To avoid rain damage, the test plots should be cultivated
using rain shelters.

Spray the test substance on foliage when the alfalfa plant
reaches a height of 20-40 cm.

No treatment with any chemicals is allowed within four
weeks of the start of the study.

foliage Apply test substance with a hand sprayer. At least nine alfalfa plots required for each test substance
(at least 1 m’ per plot, 3 replicates per sampling time).
Apply test substance with a hand sprayer.
Feeding 50% sugar/water (w/w) solution ad libitum
End point RT

The residual time to 25% mortality

Sampling for residue analysis

- Analysis for test substance concentrations:

- Sampling 15 g of the treated and untreated control fo-
liage after the spray 1 h+30 min, and residue analysis
according to sampling at each time interval after appli-
cation

- Three spray cards (mg a.i./cm®) placed randomly in test
plots during the application

- Field site conditions: record the minimum and max-
imum air temperature, precipitation, and relative hu-
midity on daily basis. Wind speed and estimated cloud
cover should be recorded at least at the time of applica-
tion. A data-logging weather station shall be placed on
site, within 1 km of the application area.

- Environmental conditions during application: appli-
cation on clear days with maximum temperatures be-
tween 20-40°C and < 30% chance of precipitation.

- Test plots need to be shielded from direct precipitation
for at least 3 h after application.

- If it rains, the rain protection covers should be used,
these should be removed 3 h after application.

- Average wind speed > 3 m/s duing application.

“Pollinator Research Task Force
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0.2 pm syringe filter2 ]33t A| ZE Table 20] A At B2
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2araitt. F=E 8L 0.2 pum syringe filter= A 743E 5 LC-MS/
Mol 3 L QJsto] heRd = 2ubE T Ape] 12w A S
o]-g-sto] Zhi-gofa A5kl

Spray card®] 7% 20 mL2] acetonitrile& ©]-83}% 690
rpmOl| A 20427t %1% 253 0.2 pm syringe filter2 o352
acetonitrile= 21} 3]4]3}= B © 2 matrix matching}¢] Table
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Carbaryl WPE tjAt o8 BHAARTEAAY
33t 717t B4 dEu 20 7|22 Wt 2 5
62.7%°] 2 TH(Table 3). H]= 5Y 26, 3049 ZH2F 3 mm,
2.5 mm WA H]7F 7] Aol AJAgALsE- A0 2
7] &2 Foba] o] vl 7} e R] GHe 5 Shoinh A AW
W77 5 Hat L4555 712 26.0(20.3)°C, 58.8(20.4)%2
A7) 20l 235} CHTable 4; USEPA, 2012).

Dinotefuran WPE Az gh & osghu} 7-0] 79 7].20] %t
20.9°C, FEE 63.9%°]%2H, AlF7]ZE Fet vl WA
O¥QYTH(Table 3). AEA W TRV & Hot 255 42
24.8(1.1)°C, 634(£7.9)%2.2 A& 7] Z0| 253} cHTable 4;
USEPA, 2012).
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A T 6A7E 19-6Y7ER] dEtat oS A FHsho] Eof
&S o 24417 3 B AAL 2 ol HAIE
Uetdth 2= BA S AIF77E 8 12.0% ©] 5k
A AkeE H 31Tk Carbaryl WP A 2ftofl A= AE 5 6A17E, 14,
29, 3U7IA= 100%0] 77K A ARES WEHAAL, 49 o=
84.7%, 54 F-olli= 60.7%2] A Ae= YR 0] % 6% Sofl =
B 2AHEo] 16.7%= 7Haxsto] AlEE SRk 1 A,
carbaryl WP2] RT,, 4fo] 64 & A4 %] ¢l tHTable 7).
Dinotefuran WP Z] 2]zto| A A3 & 6AI7F S0 = £
A&l 100%0] R 2H, 1Y Folli= 96.0%, 24 F-ofl=
68.7%°1 1L, 3U B0l = 16.7%=2 7rA4ste] AlES L&At
71 A7}, dinotefuran WP] RTos 42 34 2 AHY E] QI TH(Table
7). A& Ao A dinotefuran 10% WP E7] o] tfgt 24
AYRFEA AT A3, B7de] A F 17971 80%
ool &2 AAREol e ey Al o] thE dinotefuran
20% WGE A2 % 793 E BREAo] wola)7] Alztsio]
144 Fofl= ZJARA7F 10% B]Rko] th(Ahn et al., 2013).
F3}F 0]k EPAS] %9 RT3ES 2 carbaryl 80% WPE
3] 2 & 7] & (white clover)©] 0.28-2.24 kg/ha 2 A3} 4S
79 RTos 42 42 hiRth ZIth(USEPA, 2024). Dinotefuran
20% SGE &Zu}o] 0.15 kg/ha 2 AFZ3FYS 1] RT» 3HS
39 ho| QITHUSEPA, 2024). &, 5oF9 Alg 9 1324 54,
Ngx2A, AEZA7 wef FUet A H e 5ol

AR5 Aol Aol 7} Lpeket 2 9l
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Table 2. LC-MS/MS condition for the pesticide residue analysis of carbaryl and dinotefuran

<LC condition>

Instrument SHISEIDO NANOSPACE SI2
Column Imtakt UK-C18, 2.0 mm L.D. x 100 mm L. (3.0 um particle size)
Flow rate 0.3 mL/min

Carbaryl
. Dinotefuran
MODILE PRASE .
Time (min) A (%) B (%)
0.0 95 5
1.0 95 5
1.1 0 100
2.5 0 100
2.6 95 5
Injection volume 3uL
<Mass condition>
Instrument QTRAP 5500+ system, AB SCIEX, USA
lonspray voltage 4000 V Sheath gas pressure 35 psi
Treanfer capillary 275°C Aux gas pressure 10 psi
Ton source ESI+ Scan type MRM mode
<MRM condition>
Ion transition
Compound Precursor ion (m/z) CE®
Quantitation ion (m/z) (V) Confirmation ion (m/z) CE (eV)
127 39 145 15
Dinotefuran 203 114 20 129 5
“Collision energy
Table 3. Climatic conditions during the foliage residual toxicity test period
(A) Carbaryl 50% WP
Temperature (°C) Rel. humidity (%)
Date Rain (mm)
mean max min mean max min
24-May 20.7 30.5 12.5 61.1 91.7 275 0
25-May 20.4 27.8 13.6 63.8 89.0 379 0
26-May 18.7 25.1 12.9 64.3 95.2 31.2 3.0
27-May 19.5 25.2 12.2 60.8 86.4 40.7 0
28-May 21.6 29.8 12.5 51.0 91.1 21.4 0
29-May 21.4 29.8 11.5 57.9 84.3 329 0
30-May 20.1 23.4 16.9 80.0 95.2 68.1 25
mean 20.3 27.4 13.2 62.7 90.4 37.1 0.8
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Table 3. Continued
(B) Dinotefuran 10% WP
Temperature (°C) Rel. humidity (%)
Date Rain (mm)
mean max min mean max min
19-Sep 25.8 30.5 19.2 66.7 75.5 54.6 0
20-Sep 20 25.8 14.3 62.1 88.3 40.8 0
21-Sep 18.9 259 12.4 66.7 93.7 343 0
22-Sep 19 243 12.4 60.0 82.3 40.3 0
mean 20.9 26.6 14.6 63.9 85.0 425 0.0
Table 4. The temperature and relative humidity conditions in laboratory during the experimental phase
Treatment Temperature Relative humidity
(°C, mean £ SD) (%, mean + SD)
Carbaryl 50% WP 26.0 (£0.3) 58.8 (£0.4)
Dinotefuran 10% WP 24.8 (£1.1) 63.4 (£7.9)

Table 5. The number of worker bees that died or showed abnormal symptoms in the control and carbaryl 50% WP treated groups during the experimen-

tal period

6 hour Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Treatment Number D A D A D A D A D A D A D A
of bees

25 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25 0 0 0 0 0 0 0 0 0 0 1 0 0 0
25 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25 0 0 0 0 1 0 0 0 0 0 1 0 1 0
Control 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Total 0 0 0 0 1 0 0 0 0 0 2 0 2 0

M‘Z‘;f)ﬁty 0.0 0.0 0.7 0.0 0.0 13 13
25 25 0 25 0 24 0 25 0 25 0 3 0 10 0
25 25 0 25 0 25 0 25 0 21 0 25 0 1 0
25 25 0 25 0 25 0 25 0 17 0 13 0 2 0
25 25 0 25 0 25 0 25 0 25 0 24 0 1 0
Carbaryl 50% WP 25 25 0 25 0 25 0 25 0 25 0 10 0 3 0
25 25 0 25 0 25 0 25 0 14 0 16 0 8 0
Total 150 0 150 0 149 0 150 0 127 0 91 0 25 0

M"(ﬁz‘)“ty 100.0 100.0 99.3 100.0 84.7 60.7 16.7

D = dead bees; A = abnormal bees
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Table 6. The number of worker bees that died or showed abnormal symptoms in the control and dinotefuran 10% WP treated groups during the experi-

mental period

6 hour Day 1 Day 2 Day 3
Treatment Number of D A D A D A D A
bees
25 4 0 3 0 0 0 1 0
25 1 0 2 0 0 0 0 0
25 4 1 1 0 3 0 0 0
25 0 0 4 0 0 0 2 2
Control 25 9 0 2 0 0 0 1 0
25 0 0 6 1 1 0 1 0
Total 18 1 18 1 4 0 5 2
Mi‘;iiw 120 12.0 27 33
25 25 0 25 0 20 3 7 1
25 25 0 24 0 23 0 6 0
25 25 0 23 2 23 2 6 0
25 25 0 25 0 11 0 3 0
Dinotefuran
10% WP 25 25 0 24 0 17 1 3 0
25 25 0 23 1 9 0 0 0
Total 150 0 144 3 103 6 25 1
M‘zro;a)ﬁty 100.0 96.0 68.7 16.7
D = dead bees; A = abnormal bees
Table 7. The residual time to 25% mortality (RT:s) of cabaryl 50% WP and dinotefuran 10% WP to worker bees
Treatment Mortalty (%) RTas
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Carbaryl 50% WP 100 100 99.3 100 84.7 60.1 15.5 6 day
Dinotefuran 10% WP 100 95.5 67.8 13.8 - - - 3 day
SETRY =4 | olef A carbarylo] 4717 AHREA o] Vehhe Baratgic
Table 8 & Table 9+= Z+Z} carbaryl WP ¥ dinotefuran WP 3} QA o7 7FO 2 AL HAVSHY] carbaryl A 2|3 31}
AT F Gut Qe AFstel AFEAT ATE ekt 1020] Sl RAR 10 mmiday B RS 1) el F 1120
T oEoF BE AIZE Aol wet AREe] AAAer  wUY] GUREE 12.6 mgkgl® 2AEGOH, Y
2813tk Carbaryl WPR] 79- AFE AL 102.24(+2.1)  AJARE 2.7%3 7481
mgkg |01 24A7kukch o] 74dte] 6o 1699 Dinotefuran WPS] 79 GAFR RS ALE AL 8.19
mg/kgl 2 Asttt. 2 Al o)A carbaryl WP7} & E-u} mg/kg oA 3U}ol| 2.85 mgkg S 2 7rA 5} Carbaryl WP
%ol 40 mg/kg ool AFE U wf B AAE 100%E A2kl vlsf ko] WA ASE YA, el oF 6 my

U slem, ol oF 17 mgkeZt H e o X|ARE©]
16.7%%= 2251 tt. Kim et al., (2014) carbaryl WP &4
W T IA TS 513 0™, carbaryl WPE 5715 (625
mgkg)E 1.12 kghaS D o] 2]t uff, A2 & 1Yol =
w Qo Al 180 mgkg, 104 9f+= 110 mg/kg, 18Ul 18.6 mg/
kg ]It} EH AARE- OFA| A 5 219744 70% oo =

kgol 2l 96%9] =& EH Ak Letyich
Table 10 % Table 11 Z+Z} carbaryl WP & dinotefuran WP
A2 & )33 spray card®] em’ B AHERFRS UrERTE Spray
cardol] 715 carbaryl WP 2 dinotefuran WP2] 27 ¥ $j=
77} 3.34-6.84 pg/em’ 2 0.235-0.884 pg/em’ ©| 1Tt Spray card2]
S HA Ao A% dinotefuran WP H| 3} carbaryl WP7}

%]_"IT'\L‘ hl
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Table 8. Residue amount of carbaryl in alfalfa leaf samples during the residual toxicity test of carbaryl 50% WP

Treatment Date Detected concentration (mg/kg)
24-May (D0) N.D.
25-May (D1) N.D.
26-May (D2) N.D.
Control 27-May (D3) N.D.
28-May (D4) N.D.
29-May (D5) N.D.
30-May (D6) N.D.
24-May (D0) 102.24 (£2.1)
25-May (D1) 94.67 (+1.5)
26-May (D2) 61.47 (+4.9)
Carbaryl 50% WP 27-May (D3) 40.08 (£0.6)
28-May (D4) 25.45 (£2.6)
29-May (D5) 19.28 (+0.1)
30-May (D6) 16.99 (+0.3)

N.D. = not detected.

Table 9. Residue amount of dinotefuran in alfalfa leaf samples during the residual toxicity test of dinotefuran 10% WP

Treatment Date Detected concentration (mg/kg)
19-Sep (DO) N.D.
20-Sep (D1) N.D.
Control
21-Sep (D2) N.D.
22-Sep (D3) N.D.
19-Sep (DO) 8.19 (+0.14)
20-Sep (D1) 5.97 (£0.11)
Dinotefuran 10% WP
21-Sep (D2) 3.63 (+0.07)
22-Sep (D3) 2.85 (+0.02)
N.D. = not detected.
AR 2 AR vE I FF AR HEshe e AT BRI} k. B V&
= Aol A= 2 PRTFOIA Akt HAld Aldel  Alaie 1749 9] Bda ARSslofrittal A8k 3o,
whe} carbaryl WP, dinotefuran WP 52 2] i 'J o] B ol gt ekl Ao REsich A2 Ak
T3S BTk = Alof met AlEe carbaryl  AlRHoll A= A dolM BES FAA 3-59F 9] Aot
WPO| RTy b2 5L0I20A A AT RTs 2 Lol & RIS A[F o) AR = Tt b 2 o] B
60| 31t}. Dinotefuran WP| 7-¢- sij LA jAQte 2 AR ot JAjof REGE Havt ‘Rl om, FF FLET,
AR RTs o] 392 SU3H 718 Sl A 2 SR Eele s d2u) Qo iR A 23 Alfd e
AlkE AfAdRte) Al AT Hlaet A RTos gfo] 24 Rhgshes A= asjor atct
Ch2A] F3het. = AR A = Al o] A 7L 28|22~
o9 Aoz BAE i 4 A AREE Holgle.  ZIe| 2

SHAE i E AR A = 53 AlolAl] 9& 12-15 em
Zlo|2 Zral A YA vjR|3te), o] HFAlL A| & A o] &] AR
ZHEEHA B A A7 2 AAE 7HASE s~ glong

£ ATE TR AL 71 Bag AFA @A
PI01579701)0] o3} ATk ool A= F LT,
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Table 10. Residue amount of carbaryl in spray cards during the foliar residual toxicity test of carbaryl 50% WP

Treatment Spray card sample Detected concentration (pg/cm’)
Control-1 N.D.
Control-2 N.D.
Control-3 N.D.
Control
Control-4 N.D.
Control-5 N.D.
Control-6 N.D.
Carbaryl-1 6.84
Carbaryl-2 6.20
Carbaryl-3 3.34
Carbaryl 50% WP
Carbaryl-4 5.38
Carbaryl-5 5.71
Carbaryl-6 3.83

N.D. = not detected.

Table 11. Residue amount of dinotefuran in spray cards during the foliar residual toxicity test of dinotefuran 10% WP

Treatment Spray card sample Detected concentration (pg/cm’)
Control-1 N.D.
Control-2 N.D.
Control-3 N.D.
Control
Control-4 N.D.
Control-5 N.D.
Control-6 N.D.
Dinotefuran-1 0.235
Dinotefuran-2 0.468
Dinotefuran-3 0.470
Dinotefuran 10% WP
Dinotefuran-4 0.401
Dinotefuran-5 0.884
Dinotefuran-6 0.210

N.D. = not detected.
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