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Residues of Six Neonicotinoid Insecticides in Honey Samples
Originated from Korea and Other Countries

Jin Hyang Bae, Su Min Nam and Hwan Goo Kang*
Institute of Honeybee Health, Semyung University, Jecheon city 27136, Republic of Korea

m In the present study, we determined six neonicotinoid (acetamiprid, clothianidin, dinotefuran,
imidacloprid, thiacloprid, thiamethoxam) residues in 30 kinds of honey originated from
Republic of Korea and different countries using HPLC-MS/MS. As a result of analyzing 6 types
of neonicotinoid pesticides in 30 honey samples produced in Korea and foreign countries, all
neonicotinoid insecticides were not detected in 28 of the 30 samples. In one sample from New
Zealand (Manuka tree), dinotefuran was detected below the limit of quantitation, and in one
sample from Korea (apple tree), acetamiprid was detected above the limit of quantification, at 176
ppb, which is above the residue limit set by the European Union. The six types of neonicotinoids
examined were not detected in honey samples from 10 countries (United States, Italy, Mexico,
Greece, Russia, Turkmenistan, Germany, Thailand, Uzbekistan, and Vietnam). In Korea,
acetamiprid is a moderately toxic substance (class 3) to humans and livestock and is used in
combination with other pesticide ingredients to control aphids and moths in apples, pears, and
peaches, even before harvest. Therefore, it is believed that acetamiprid remains in apple honey
because pesticides containing acetamiprid were used to control aphids during the flowering
period of apple trees, and the honey was contaminated as bees engaged in foraging activities
during this period. The study suggests that the use of neonicotinoid pesticides during the
flowering season of fruit trees could contaminate honey with these pesticides and more extensive
residue surveys are needed for fruit honey produced in this way.

LGWEGES  Honey, Neonicotinoid insecticides, Residues, Monitoring, LC-MS/MS

N 2 ling ef al., 2016). Y QYT Elwo] A AFHRL 2F

O] FFA1Z3AN ARG 4173 Al 2ollA ahe] EE=S1}

U2 YT E o] EA| 5oF 1990 ol A2 0= AHe TEE Iy oA Ed 484 (nAChR)l 285t
o] =7] Al&tote] FRIQIt Ao AFA=A AL of 245 ot Y eUFE kot 4FAl= XIGF
THWood and Goulson, 2017). °FlF, &, 35, I, ©] nAChRO] H]3ll %2 nAChROl tt 25} o] =0},

Nz, WIAE T oder s2=ol ol Aot 28, E"J Zfiseol diAor E4o] W2 Aol =2 4%
g o A AL P2 A}go] 5¢lE o] QIth(Cod- Alo|th(Gbylik-Sikorska et al., 2015). ©]2 gt FH o2 4]
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=M MGlE 52 FAISH] St ASARA me &
o] ARgE oA AR, HZoll= -2 wiZiARQ] B
AE A=A E40] = ZoF BIET th(Jones
and Turnbull, 2016). &3], B0|e} f-HA TEE 74
o] elo 2 OJHE| T Itk (Christopher Cutler and Scott-
Dupree, 2014).

HIQYF B o] B Ao Epko] 5 X BE
7o g2 olFsto] 1R ZEL F& AlEolA A4t
£ BE AR e & ook ZEa 2R FoF
S HL EHA AHARI AP0 R o]oR| 1L, HX|oj=
Zof| 2 G} Jones and Turnbull, 2016). B H2 AES
el ZE} Z7HRo] oJEshH, WA A 4km B
71 o) Holxl 3R] olFole] EEW EUHRE o
4= AtH(Gawet er al., 2019). B 9] o]t E4J-& 115}
A YN U2 Eol| A o] AFA| 2He 2 T
o] oS S4ste 7ol 2 4 e AR dEA QL
th(Ligor et al., 2020).

B2 oat, XA, AT, ol Ao e A 9et
B BNt (Israili, 2014). 12, E4H 0] Y2 YFE| e
o|E &2 O QYo = ofojxH QIZF A7to] Tt &

A4 S e 4= Ah(Gbylik-Sikorska ef al., 2015).
Yl e U E|lco]| Ex= 7]E AFA ol Hlo Zf-Foll A =73
o] ¥ Zlo= 7rFEA|N A o W2 AolA vle
U Elo]Eof e ZEH EZa-FolA FAAA 1] 9L
== Bosth k& A AAEA, THEA, A5, 74
54 58 doHA A7tA A9 d
TH(Han et al., 2018). ©]213t Y L UFE| o] =4
o] A YFNA =9 o] Y5l FHATHEU)
o= Eol U QUFE ko] EA AFAE0] IF51-87]
2 10~200 pg/kg S 2 A4Skl QITh(Table 1).

A G7HA] Eell Zbohs U QUAE ko EA A4FAE

= s

s o= o, I

o 2~

49l B4E Yo S5
X
<)

Table 1. Current Maximum Residue Limits (MRLs) in the Euro-
pean Union

Substance MRL in honey (ng/kg)
Acetamiprid 50
Clothianidin 50
Dinotefuran 10 (default value)
Imidacloprid 50
Thiacloprid 200
Thiamethoxam 50

52

ZAFshE 9] 1 AiEo] BAlEQlT. Mrzlikar &
< LC-MS/MSE ©|-85to] SxH|Uofof| A BAHE 5171
o] HoA U LUFE|Lo|EE ZAFSIS O ™ (Mrzlikar ef
al., 2019), Tanner 52 LC-MS/MSE ©|-85}o] 2 ~Ed]
ofof Al At 417]9] Eoll A Y| QYA E| o] EA| A5A|
9 2712 AMFE-S ZAFSFRA T (Tanner and Czerwenka,
2011). Jones 5= LC-MS/MSE ©]-85t0] g=ofA] A
AHE 227]9] EolA] U RUYFE kO] EE ZAFSHOH
(Jones and Turnbull, 2016), Gawet 52 LC-MS/MSE ©]
goto] Etof A A4te 155709] EollA YU
o|t 9 1997F2] AFAE ZARY 235 Hargt B Q)
(Gawet et al., 2019). & o] 2o A|5oA] Y QLUFE] 0]
T zbgapol tigt 2AF A e 8% 9= BE Kim 52
HPLCE ©]-85}o] eh=9] -8 Aol YUY E
Lo|E Bk BIXE XAFSEY I (Kim et al., 2021), Park &
< UPLCE ©|-&3ato] k9] Y 9 fAofA oY=
E] o] A ‘52kS HYE HIHTH(Park ef al., 2010).
2 AFArEe] 2ARE 202 = 7] Sl =
FoA U QYT E o] EE ZARF ATHE 2RI 4 gl
ATt mEbA] 2 A= EellA JRTFsdel e
9] Y eYFE o] EA| AFA| (acetamiprid, clothiani-
din, dinotefuran, imidacloprid, thiacloprid, thiamethoxam)
£a] ZAsto] LC-MS/MS 2 FAlof A EAsh= v
& &-goto] et =oll A AibE 307H2] EellA 6
1S

govze o= 4E 4] HRAES 245}

8
6

¥@ ofN oE

£

Mz 3 Uy

1. Mot 3717

=]

=4 acetamiprid, clothianidin, dinotefuran, imida-
cloprid, thiacloprid, thiamethoxam< 25 Sigma-Aldrich
A}(Gangnam-gu, Seoul, Republic of Korea)oll A 755
I, Al@o] AFH8-H sodium phosphate monobasic, MgSOs,
NaCl-> Sigma-AldrichAFofl 4] F-J5F 0™, dispersive kit
£ AgilentAt2] 5982-49502 AH&SHATH LC-MS/MS &
o] ARG BE 81Ul HPLC 55= AH8SHAAL, 0.1%
formic acid in water, 0.1% formic acid in acetonitrile+=

Fisher chemicalX}, acetonitrile= Sigma-AldrichAl A&
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S A85t9Th 33F S /4= Water purification system
(EXL 7 Bio)= ©]-&5to] Al xat9ict. 1R |+= MaXshake
(Daihan, Wonju, Republic of Korea)2 AH&5FA9 L, Ths
S B WH7]E LM-2500 (SHsigma, Suwon, Republic of
Korea)= AH&SHAT. Y4+2]7]+= Eppendorf 5804R
(Eppendorf, Hamburg, Germany)= AF&3t%ch A4
=7]= Evatros T.C.S (Goojung EnT, Seoul, Republic of
Korea)S A8t A A 2otE T2 u]- A4 7]
(liquid chromatography-mass spectrometry, LC-MS/MS)
= LCMS-8050 (Shimadzu, Kyoto, Japan)& AH&3SFITt
LC-MS/MS®Jl+= system controller (SCL-40), binary pump
(LC-40B X3), autosampler (SIL-40C X3), column oven
(CTO-408)2.2 F4J= 3t 248 22 Sunfire C18
(2.1x150 mm, 3.5 pm)= AHE5F 2™ Waters (Milford,
Massachusetts, United States)l| 4] %5}t

2.

Hu

oA

A
T

oheret WA faigt oAU, WU, SV,
AU 5) 30719 & Alse =l 2 ohE of2] 57Hm
=, o|ge]of, WA, T A, HAjoh, F27]d|, FEHE,
=, =, S2H|7| A, HIES A it B ol
SEAU 213 ef=rellA =345kt (Table 2). 30709 & 5
of| A =4t E(13%)T vl=H(39), ol2=IoH3E), HAIZE (2
¥), 19202%F), dAlot1F), F2741F), FEHE
(1%), =L (1), H=(1F), FZH71 28 (15), FIEE (1
oz TS Y2 AEo] Ao R At
Rom U o] del Sl 7S AX|A] ottt BE A
= ARoA Agoto] Htstoit,

3. BEE 8% M=

FEEUAL 7t #EFC] £ 11251 methanol &
0] 5571 1,000 pg/mLe] HE= A5
2 ¥ (-20°0) B3It

4.717124 L Mz HXz|

WA T =rtE 7 ELREASS
A9 R Nam 52 232 ©]-85H1tk (Nam et al.,

2024).

|E
Ex
N
ha

N,
i)
Ei]
1%
N,
EX
A
>,
i

Table 2. Country and nectar source of honey samples

iﬁlggr Origin country Nectar source
1 Korea Robinia pseudoacacia.
2 Korea Prunus serrulata
3 Korea Hovenia dulcis
4 Korea Diospyros kaki
5 Korea Toxicodendron vernicifluum
6 United States of America  Vaccinium corymbosum
7 Italia Arbutus unedo
8 Russia Tilia spp.
9 Tiirkiye Pinus spp.
10 New Zealand Leptospermum scoparium
11 Korea Angelica sinensis
12 Korea Tilia amurensis
13 Korea Styrax spp.
14 Korea Malus domestica
15 Korea Fagopyrum esculentum
16 Mexico Persea americana
17 Greece Calluna vulgaris
18 Greece Quercus spp.
19 United States of America  Trifolium spp.
20 Germany Lavandula angustifolia
21 Korea Castanea spp.
22 Korea Wild flower
23 Korea Wild flower
24 Italia Helianthus annuus
25 Thailand Dimocarpus longan
26 Uzbekistan Centaurea cyanus
27 Italia Eucalyptus spp.
28 United States of America  Cactaceae spp.
29 Vietnam Coffea spp.
30 Mexico Calycanthus spp.

el 2=l A AATE 307]2] B Al HisiA 6%
o] Y| QYFE|lo|EA AFAEL] IFE TASE At
30712 Alm Z 287l A ZARRE E Y| QU ZE| ko]
A AFAE] AEEA] dgtor REHE 17]9 A=
(7 2 E)ell A dinotefuran©] ATRHA BIRES.
2 HEE U, = 1709 A= (AR e ol
A acetamiprid7t A=A o]0 2 F Adtol|A At
ZHR5]871% o4l 176 ppb7t AE= T (Table 3). 10
7Ae] vrekml=t, olgejo, AR, T, 2jAjo}, F 27
of, 54, Hi=f, S2H 7|28 HIE! 2] B AlmoflA e &

1o

ret

53



Table 3. Concentrations of neonicotinoids detected in honey samples

Honey number

Amount of residue (ng/mL)

Acetamiprid Clothianidin Dinotefuran Imidacloprid Thiacloprid Thiamethoxam

1 ND* ND ND ND ND ND
2 ND ND ND ND ND ND
3 ND ND ND ND ND ND
4 ND ND ND ND ND ND
5 ND ND ND ND ND ND
6 ND ND ND ND ND ND
7 ND ND ND ND ND ND
8 ND ND ND ND ND ND
9 ND ND ND ND ND ND
10 ND ND <LOQ** ND ND ND
11 ND ND ND ND ND ND
12 ND ND ND ND ND ND
13 ND ND ND ND ND ND
14 176 ND ND ND ND ND
15 ND ND ND ND ND ND
16 ND ND ND ND ND ND
17 ND ND ND ND ND ND
18 ND ND ND ND ND ND
19 ND ND ND ND ND ND
20 ND ND ND ND ND ND
21 ND ND ND ND ND ND
22 ND ND ND ND ND ND
23 ND ND ND ND ND ND
24 ND ND ND ND ND ND
25 ND ND ND ND ND ND
26 ND ND ND ND ND ND
27 ND ND ND ND ND ND
28 ND ND ND ND ND ND
29 ND ND ND ND ND ND
30 ND ND ND ND ND ND

*ND; Not detected, <LOD (limit of detection)

*#*LOQ: Limit of quantitation, Acetamiprid (8.5 ng/mL), Dinotefuran (35.8 ng/mL)
LOD: Limit of detection, Acetamiprid (2.8 ng/mL), Clothianidin (8.2 ng/mL), Dinotefuran (11.8 ng/mL), Imidacloprid (6.4 ng/mL), Thiacloprid (2.2 ng/mL),
Thiamethoxam (9.9 ng/mL)

ARt 682 Y LU E ko] EA| AF/d20] %

oreh. AHg 2
gl et
et

2

RS 3%
Joli} ShEo]
L e
Y, A9 ¥
54

!

AEEA &

52

HollA 6F2] YU FELo|EA A=

Al (LOD):= Table 39] o}

Z=A7} 7

E

of oJsfjA HAYE 4= Itk H 15Fth(Kavanagh et al.,
2021).

2o AFohs YA HEO|EA A4S =
St o2 A A9HE-S HWH Kavanagh 52 o=
= AzoAs Y eUFEH k| =A 4F5AE AR 4
7} imidacloprid (13.43%)7F 718 =A HE5H= WY
FE]L0]|E0]9 2™ clothianidin (12.40%)3’4' thiacloprid
(11.37%)7}F 71 F& o]kl B 116k3Ith(Kavanagh et al.,
2021). Tanner 5= LAEZo} & A|Zo)A| acetamiprid,
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thiacloprid, thiamethoxam®] &% 2 0.6~5 ug/kg
2 2~10 ug/kg®l B2 AE B AF A= HRS8IE
2 235E AlmE It (Tanner and Czerwenka, 2011).
Ligor 52 &Y= 3 78} =719] & Az 53708 24
A3, 2200 Am), ZHE A AR), S5 67 Al
=), B (170 Alm), olZ=lotal A=), EF= 1270
Alm)el & Alm 1971004 Ul LU ZE| o] =7F AHRFetA|
Hot 52 2 JEFA0al BAsH T (Ligor er al.,
2020). & A7olA Hietrl= B ovls, ofgEof, WA|A,
12, HAloh Fl2zld, EME, 5, Hi=, 2H]7]
28 HEY Foll it & A= 30700014 652 |l 2E
FE ol EA SRS FHRIARE A, tiehl= (174
Alg), FARA=E 70 AlR)E ARt 2E AR
A BAEEIY. ded BEEe acetamiprid, dinotefuran
olct.

Sl A W eURE ol EA HEAE 6% aceta-
miprid, clothianidin, dinotefuran, imidacloprid, thiacloprid,
thiamethoxam)©| 5]7}=]o] QAT 1% E 1o flal/do]
=0 FAEE imidacloprid, clothianidin, thiamethoxam,
dinotefuran 4] T4 2£o] mlo] = Al7]ofl= A=
SA5t2 2lth(Rural Development Administration, Agro-
chemical Safety Information System, 2025). Dinotefuran—
Ao o558, Y s FF= vIA= Alr U4
2] QT (Liu et al., 2019). & AolA = FHHE ohest
ol A eFeA o]ote] dinotefuran©] HEE ] oF &
ofo] 7o HEA EE 4 == AATSHAL ek
& Aol HREEVIEREH £ TR
e ARRelt, ey = 5
A7) wizoll At SHE flsh i 8l
oFS A ARESHAITE, oY W Al=0] -9
L7F AAY s AYolA Aeteg Ed0] 4
e EoF ol iH oz Ao 4 9lo]
Bl ool o gol A& 7H54o
e},

ol Al AAEE AFHE 17]oll 4] acetamiprid7F -H 2
FRo871Es et -2yl Al acetamiprid
+ A 7ESelA 339 HE=4 2424 HE BoF
=T AR AR H, Egot 5] AREelu WY
oa YA 5Ao2 $E7H7A] ARESHES o 9]
of. whebA] ARe] Ajghrlof JRE 52 A 5H o=

acetamiprid7} 2 AFAE AMESIAL o] A7l &

K

&
sl
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aJsHA| FAA17]15, ROS A/ FEstthal Hrskel
TH(Gomez et al., 2020). Hjo} A 2] THeFgt Y @ YT E| e
o|=of tigt MZE = thiacloprid > acetamiprid, thiame-
thoxam > clothianidin <=2 =A] AFgo|A= Qo] &9
ofl #Jslido] =t A= clothianidin BTt thiacloprid
9} acetamiprid’F FHA SR Yafdo] Hrhal HilE o]
Atk (Babel’ovi et al., 2017). & Ao A = AaHEolA]
acetamiprid”} 176 ng/mLZ AEE At o]t e @4=
2 G99 58752 3,580 SFEH, o] AEo]
Aol AIA A flsi/dol e A 29 oS
FE AT G2 EollA 9] olE A2l

BT BRA] E2BPL DAY AR AR

it ofN S o

&

o] =R s AH A EH (7.1543073-2024-25-01)
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