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ABSTRACT - To analyze the pesticide residues in commercial bee pollen products in South Korea, 61 samples
were collected and screened for 339 pesticides. Results revealed that approximately 34% (>LOQ) of samples were
contaminated with at least one pesticide. The pesticide residue detection rates of domestic and imported samples were
31% and 44%, respectively. Furthermore, the pesticide residue detection rate of online distribution (60%) was higher
than that of offline distribution (27%). Fifteen pesticides were discovered in bee pollen, and pendimethalin, chlorfen-
vinphos, chlorpyrifos, and fluazinam were detected in 7, 6, 3, and 2 order of frequency, respectively. Even though its
concentration was low, chlorfenvinphos which is banned in food crops in the United States, European Union, and
Korea, was detected in bee pollen samples commonly. Therefore, continuous investigation of pesticide residues in bee
pollen products and their acceptance criteria is required for safety.
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Materials and Methods

Orer=

20224 29EE 5U7A] RO SEEE= LA
FAk FEIMEE F 6171 AT FAE A EE
2020 9YFE] 2022 497kA] AALE A Eo Tt A
Are xE0le] AS A=W YInE W 24F=
A Ao A 2674S -rﬂé} Al La}o o AL Y& e}

1r >|.u

s 224 HAA2 LS Z Acetonitrile (Burdick &
Jackson, Muskegon, MI, USA), Methanol (Thermo Fisher
Scientific), 3™ distilled water (Thermo Fisher Scientific,
Waltham, MA, USA), QUEChERS Extraction Kit (BEKOIut®,
Bruchmiihlbach-Miesau, Germany), QUEChERS Purification Kit
(BEKOIt®)E AHE-3}3 .

A7 RASAATFLANA FF5F 3395 (Table 5) &
AN AMgERE BFEEC R LC-MS/MS Mixture (AccuStandard,
New Haven, CT, USA), GC-MS/MS Mixture (AccuStan-

dardy} AFEEIITE BE 5802 20°ColA BAES]

A

=
=
=

> e
o i
X

S AFEH 7022 TR AEH-A2Y
wet FESHATHY. st AR 10 g& FEs] FAs
50 mL polypropylene cenrifuge tubell 23, 33}
15 mLE %7138k th. Homogenizer (CAS, Seoul, Korea)s
ARgsle] 3 A E o2 (homogenization) 3+ 5 1087+
W] skA k. & 7](tube)?ll 10 mL Acetonitrile @ QuEChERS
Extraction Kit (4g MgSO,; 1g NaCl; 1g Na,Citrate;
0.5 g Na,HCitrate)S F7}ste] 187 AslA 53, 4°C,
10327+ 4000 rpm o= A4 28kt 45 (Acetonitrile
%) 1 mLE 2mL polypropylene cenrifuge tubeol| &7]37,
QuEChERS Purification Kit (25 mg PSA, 150 mg MgSO4)
£ 37kt E(vortexing)stiith. AR F, HF
Mg 0.2 um syringe filter (Whatman, Maidstone, UK)Z
o33}& GC-MS/MS (Gas Chromatography tandem mass
LC-MS/MS (Liquid Chromatography
NG ow ARSI

OIN o

spectrometry) %
tandem mass spectrometry)2]
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Methomyl #412] 73-¢-, 2F34 7.1.2.20 ARl o
2 NEE FESIADY. S AR 4% AD3] 5H3)
o 32 F/F4 6mL7}F 9= 50mL polypropylene
centrifuge tube®] ¥ %It} Homogenization ZH4 S Al &
1057 ®Fx] 38}, Acetonitrile 20 mL % NaCl 2 g& 9]
ZdetAl £55L 3500 rpmollA 5 7F AR s A4
N (AcetonitrileZ) 12mLE 180mg % 12} 23} 0}“1
mge] 917+ 2 mL polypropylene centrifuge tubeol] %

3L vortexing dto] AAEEF F FTAES ’\1@%9‘1*2i

Z o o

Table 1. Analytical condition of LC-MS/MS for screening pesti-
cide residue in bee pollen samples

LC

(Nanospace (QThﬁi/mSSOO)
NASCA)
Column CAPCE.LL C.ORE CI8
(Length: 150 mm, Particle size: 2.7 pm, [.D.: 2.1 pm)
oo
Flow rate 0.3 mL/min, 2 pL inject
Detecter MSD (MRM)
Min. A (%) B (%)
Initial 95 5
1 95 5
1.5 70 30
Mobile 12 2 98
phase 16 2 98
16.1 95 5
20 95 5

A: 0.1% formic acid, 5 mM Ammonium formate in DW
B: 0.1% formic acid, 5 mM Ammonium formate in MeOH

Tabel 2. Analytical condition of GC-MS/MS for screening pesti-
cide residue in bee pollen samples

GC MS/MS
(TRACE 1310) (TSQ9000)
TG-5SILMS

Column 1 ¢ th: 30 m, 1.D.: 0.25 um, Flilm: 0.25 um)

Carrier gas Helium, 1 mL/min

Splitless mode

Injection mode Volume: 1 L

Injection Temp.: 280°C
Transfer line Temp.: 280°C
Ion source Temp.: 280°C

Temperature

Rate (°C/min) Temp. (°C) Hold (min)

Initial 70 3

Oven condition
15 160 0
2 5 300 3
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&) LC-MS/MS 2431t}

AXE S A AFEH FREF 42 GC-
MS/MS (TRACE1310-TSQ9000) & LC-MS/MS (QTRAP4500,
AB Sciex, Framingham, MA, USA) FH|E Al&3}e] 2
A 7122 PR AFH-A2Eel wE E459
HFES GCMSMS A FEL 161612,
_‘\%Mz‘ﬂ-%% 178202 = 3395; H/\A }

Z71& Table 1| ¥ Table 29} 74},

824 HASE S8l 224 (Linearity), 73 (LOD, Limit
of detection) ¥ 7 Z$H(LOQ, Limit of quantification), g &+
= (accuracy)S =74 31 tH(Table 3). 2113 (Linearty)= <l
He A8 FEH e 10-200 pgkege] FE8 570(10, 25,
50, 100, 200 ugkg)s AlZste] GC-MSMS B LC-MS/MS
St dojzl Fl=e] MR oR PSS AAdsaL, 7t
A]@%@g} 74 Ek/\-] AA 74]3,:(R2)E_ ?;Z%-E;]_O:h:]. LOD ¥ o LOQ
= A o] oFE 1Al 2319 9 8] (International - Council — for
Harmonization of Technical Requirements for Pharmaceuticals

for Human Use, ICH)2] 7Io]=g2}le) wlel =435St

The standard deviation of the response ()

LOD=3.3 —
*The slope of the calibration curve (S)
The standard deviation of the response ()

The slope of the calibration curve (S)

LOD =10x

= (Accuracy)E & AEoR HTEsh AR

o] HEFA &S IE Alfﬂ%%%ﬂ AR BEE
a3 Pé}cﬂ 100 pg/kge e & AREF
N A B 0}04 2] = ﬂlﬂl éﬂrv‘;i— lRvASISSA=
3482 33] HrESLYsle] BN A5 A B HSSITh

Results and Discussion

o_-g_kl J-IE 713!_]-
2217 (Linearity)®] -, 5709 &= ®E8&AS At
{39S W AESH 1559 HE E% AR AR 7t

098260402 BEAHS AT 4+ 9

W= (Sensitivity)?] 739, LOD ¥ LOQE
VAL, B 77104 HAEE F 1559 AREGS
Table 30 3#A]3FATH LOD%LS] H<l= 0.003-0.006 mg/
kg 932, LOQFS] W& 0.009-0.018 mgkg 2 &+ 7]
Z2] 0.05 mg/kg °|31e] AZ3HA 7170 AT, A
% (Accuracy)®] 75, A 348 795t Bt
o};’iﬂtﬂ, M= 84.3+1.5-99.9+0.9% & 3=F7]FQ 3]
£(70-120%) 2 A EFZAZH20% o|5hell 2w a9 3%,
Diflubenzuron®] 3]5&©] 717 B3, Boscalid®] 3|5&-<]
74 =94t} Presicision®] 7%, RSD (Relative Standard
Deviation)S =7 3te] H7leli 2, B4 155 AR =
T RSD#Eel 20% olst= Jept FA12F44 9143 7}
ol=gile]l HFF EA

7]55(Codex Alimentarius
Commission, CAC/GL40) ¥ 2] F 2] FE b3 7kl o] <4

Table 3. Parameters of Linearity, LOD, LOQ and recovery of detected pesticides

Pesticide Class Linearity (;2/?;) (;2/?(;) Recovery (%)+RSD
Boscalid Fungicide 0.9922 0.005 0.014 99.940.9
Diphenylamine Fungicide 0.9991 0.005 0.015 96.6%5.5
Fluopyram Fungicide 0.9941 0.004 0.013 96.6+5.6
Fluxapyroxad Fungicide 0.9898 0.004 0.012 98.0£1.9
Kresoxim-methyl Fungicide 0.9985 0.003 0.009 97.843.0
Pendimethalin Herbicide 0.9929 0.005 0.014 93.745.6
Tebuconazole Fungicide 0.9963 0.004 0.011 95.94£5.0
Chlorpyrifos Insecticide 0.9964 0.004 0.011 95.6+4.9
Piperonyl butoxide Pesticide synergist 0.9925 0.004 0.012 92.6%6.6
Carbaryl Insecticide 0.9926 0.004 0.014 86.5£9.5
Chlorfenvinphos Insecticide 0.9905 0.006 0.018 92.848.1
Diflubenzuron Insecticide 0.9826 0.005 0.015 84.3+1.5
Methomyl Insecticide 0.9960 0.003 0.009 93.3+12.9
Fluazinam Fungicide 0.9984 0.005 0.016 87.1x18.7
Teflubenzuron Insecticide 0.999 0.006 0.017 90.8+12.7

DLOD: Limit of detection.
?L0Q: Limit of quantification.



PRk AiEE BA4%E BH, F 15
o] zkFsoFo]l HEE AL, fungicide (771), insecticide (6
7), herbicide (171), pesticide synergist (174)°0] 7& = o
fungicide®} insecticide A1B S| o] FE HEHE & +
AATE AJF2 2 2= Pendimethalin (11.5%), Chlorfenvinphos
(9.8%), Chlorpyrifos (4.9%), Fluazinam (3.3%), Fluxapyroxad
(1.6%), Tebuconazole (1.6%), Fluopyram (1.6%), Pipronyl
butoxide (1.6%), Carbaryl (1.6%), Diphenylamine (1.6%),
Boscalid (1.6%), Methomyl (1.6%), Kresoxim-methyl (1.6%),
Teflubenzuron (1.6%), Diflubenzuron (1.6%)°] 2}t AZ A
THTable 4).

7V¢ ®o] &% Pendimethalin®] 7§, &=F4at 387
At AEHAT= A& & 5 AUt Pendimethalin
Fz ol A¥E BT Alste HUERE-HAA
A2, Cell division ¥ Cell elongations A3 gt &
A QAL FE, B, okrlol T oY AEolA AREE
AT, wpebA oA = Pendimethalin AF&-©0] <4
oL, 2o wEt WshiolM hREeF AEECl 2 A
& AT ol AR HSHE £ Pendimethalin
FEE 19.6-28.3 pg/kg® (Table 4), Holl i3 544+
(LD50>11 pg a.i./bee) Green (Relatively Non-toxic)S=
B33 Q7] G2l CCDe] A ozMe] FERe @

1o dlo o kI W OB flo

Table 4. Concentration and frequency of detection of pesticide residues
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oA yro} BT,

B AFZ3} Chlorfenvinphos A E2 HEEC] F WA
(9.8%)Z =7 YE=Ul(Table 4), ©]= Chlorfenvinphos
gite] tlE® AEATe a9 Ar-dtel sk,
AZFEE 249-753 pgkg 2 AZE HAA F 9 83%
b FaAH 1614 AT (Table 4), 23210l A W3}
o] zHFeF nUHE A7ZA3o| = Chlorfenvinphos

HZEEo] =P, ChlorfenvinphosE Colinesterase
inhbitor® Z}-§-8tod, A 2A] B FHARE ARGEJAA T,
2925 AT v=(1991)3 7 (2006)0014] 28250
ARl FAEe] AP, F=e] A= 20219 FH FA
o] ZRrF &7 EE AN, A& &EdA =
Chlorfenvinphos AMH-S SA|351aL =d, U #5 d3}
B 7AA19] 9.8%94 Chlorfenvinphos7t AEE At 2 €
Q1o 2= ol shtg AHT o, 2A&AEAT F3hE o
ShES AFASHA 7] Wil Ao= Asdn. Eof
282 ol9ole A%, T4 2 FYPELE AMEE
A7] wZe 4]82E Chlorfenvinphos?] A4S &
Syl s HsHtolM e HEE 7FsAel UL
M AHEFA o] F 10d0] At Fo & o] 3]
A1 Chlorfenvinphos7} &= 3L ATV, A 3

N

Lo

>4y o
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o] 3}
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2 fr ot d

=

=2
ol
4

AMe ALtEE EshEe] 2HREeF AARE AldEkL A
@, 7|k AAREo] JA Rk S HeEe] A,
Hz FYA FFF 695 AAEES ol A=, A
S5 A¥ Chlorfenvinphos= 69%°l Z3E o] =] gho}
ol AFsk= AFlAl fellEde] =32 7FsAe] AT,

Concentration (ug/kg)
Pesticide Class Positive cases Frequency of detection (%)

Mean Max.

Pendimethalin Herbicide 7 11.5 19.6 28.3
Chlorfenvinphos Insecticide 6 9.8 249 75.3
Chlorpyrifos Insecticide 3 4.9 16.4 40.8
Fluazinam Fungicide 2 33 117.0 375.4
Fluxapyroxad Fungicide 1 1.6 16.7 16.7
Tebuconazole Fungicide 1 1.6 16.7 16.7
Fluopyram Fungicide 1 1.6 21.4 21.4
Piperonylbutoxide Synergist 1 1.6 20.9 20.9
Carbaryl Insecticide 1 1.6 30.8 30.8
Diphenylamine Fungicide 1 1.6 28.7 28.7
Boscalid Fungicide 1 1.6 233 23.3
Methomyl Insecticide 1 1.6 28.1 28.1
Kresoxim-methyl Fungicide 1 1.6 20.2 20.2
Teflubenzuron Insecticide 1 1.6 39.5 39.5
Diflubenzuron Insecticide 1 1.6 16.2 16.2
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=A%

ol AT A WAR HEEMEI%)O]
Chlorpyrifos= AE%X7F 16.4-40.8 nglkg Z(Table 4),
Chlorfenvinphos2} WFZF7FA] 2 Colinesterase inhibitor= %+
&ot] AFARE ARREIL AT Abghol Al 59T
Class 11 (moderately hazardous to humans)Z &% o1,
2020958 F-@ARollA= Chlorpyrifos A< &4 8haL
UL, Hl=-2 202178 28220l Chlorpyrifos AHE-S
FABIAL AT, g2 20243 FE FAHES] Chlorpyrifos
78871 FS HA st AMES A G olth. A
Sh=to| M= F4FES ChlorpyrifosE RIW 3] ARS8t 9l
ARk, 20243 5Bl = AE&AE AM-S 5AT dlf ol
5420 Chlorpyrifos7t AZE A &S A0 R oaalar
At 18} "3R4 Chlorfenvinphos’t 3] A&

i

R AR AL FAE 104 ol FelE 4%
Fsie] Q7] el A4 mUEYe] ey Ro

2 Helt},

Yl AR 2 AEE°] 2 Fluazinam®] 3%, 3.3%2]
ZEOAT HAFEE 1170 pgkg ©132, %
3754 ngkgo 2 WHHE AFsf A% F /M =2
2 AEEATKTable 4). ZF F=12F HAA HAEH

o H1
@ Horr o

o nEF=golollA oxidative phosphorylation®] uncoupler
2 Agsle Y FEBoARE FHoA &3] AFEH
= TR dHA UtkY. el tig 547F(LD50>2-
11 pg ai/beey Yellow (Moderately Toxic)Z L&A 001,
ol d3F o w2 FFE Fluazinam A& tis A
A ZAPF Fed Zow Holt

iRk A ET T 2 Aol A== ST
FoFS WAt T AEEE sl digh SIA <F

NE dY RS M Edn
Sholl A fEEe SHEAA
2% Ax 21742 AAAM B
LOQ # ooz #Fset AEE
AR BA A2 BE) sk g dEEeF A4
ZE2 31%CLOQAAL, FUAt AA S FsF AE
2 44%(CLOQ)ZE, FUA HAAM ¥ =2 vj&= 2t

Table 5. List of 339 pesticides analyzed by GC-MS/MS and LC-MS/MS

GC-MS/MS (161)

LC-MS/MS (178)

Alachlor Fenobucarb Phenthoate
Aldrin & Dieldrin Fenothiocarb Phosalone
Anilofos Fenoxanil Phosmet, PMP
Benfuresate Fenpropimorph Phosphamidon
BHC Fenpyrazamine Picoxystrobin
Bifenthrin Fenthion : MPP Piperonyl butoxide
Boscalid Fipronil Pirimicarb

Bromobutide Fluacrypyrim Pirimiphos-ethyl

Bromopropylate Fluazifop-butyl Pirimiphos-methyl

Buprofezin Flucythrinate Pretilachlor

Butachlor Fluensulfone Procymidone
Cadusafos Flumioxazine Profenofos
Carbophenothion Fluopyram Prometryn

Carboxin Fluquinconazole Propanil

Chlordane Flusilazole Propiconazole
Chlorfenapyr Flutianil Propisochlor

. Propyzamide(
Chlorobenzilate Fluxapyroxad Pronamide)
Chlorpropham Formothion Prothiofos
Chlorpyrifos Fthalide, Phthalide Pyraclofos

Chlorpyrifos-methyl

Heptachlor

Pyraflufen-ethyl

Acephate Fluazinam Phorate
Acetamiprid Flubendiamide Phoxim
Aldicarb Fludioxonil Picarbutrazox
Ametoctradin Flufenacet Piperophos
Amisulbrom Flufenoxuron Probenazole
Azinphos-methyl Fluopicolide Propamocarb
Azoxystrobin Flupyradifurone Propoxur
Benalaxyl Flusulfamide Prosulfocarb
Bendiocarb Fluthiacet-methyl Pydiflumetofen
Benthiavalicarb-iso- Flutolanil Pyflubumide
propyl
Benzobicyclon Flutriafol Pyraclonil
Benzoximate Fluxametamide Pyraclostrobin
B]?e’fllzlafrfl?;lci)rpl)irfl;e Fomesafen Pyraziflumid
Bistrifluron Forchlorfenuron Pyrazolate
Bromacil Fosthiazate Pyrazoxyfen
Cafenstrole Hexaconazole Pyribencarb
Carbaryl Hexaflumuron Pyribenzoxim
Carbendazim Hexazinone Pyributicarb
Carpropamide Imazalil Pyridaben
Chlorantraniliprole Imibenconazole Pyridaphenthion




Table 5. (Continued) List of 339 pesticides analyzed by GC-MS/MS and LC-MS/MS
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GC-MS/MS (161)

LC-MS/MS (178)

Clomazone
Cyflufenamid
Cyprodinil

Deltamethrin
(=Tralomethrin)

Diazinon
Dichlobenil
Diclofop-methyl
Dicloran
Dicofol
Diethofencarb
Difenoconazole
Dimepiperate
Dimethametryn
Dimethenamid
Dimethylvinphos
Diniconazole
Diphenamid
Diphenylamine
Dithiopyr
Endosulfan
Endrin
EPN

Epoxiconazole
Ethalfluralin

Ethion

Ethoprophos
(Ethoprop)

Ethychlozate
Etoxazole
Etridiazole
Fenamidone
Fenarimol
Fenbuconazole
Fenclorim

Fenitrothion : MEP

Hexythiazox
Indanofan

Indoxacarb
Ipconazole

Iprobenfos
Isazofos
Isofenphos
Isoprocarb
Isoprothiolane
Isopyrazam
Isotianil
Kresoxim-methyl
Lindane, y-BHC
Mepanipyrim
Mepronil
Metalaxy!l
Methidathion
Methoxychlor
Metolachlor
Metribuzin
Myclobutanil
Nitrapyrin

Nuarimol
Oxadiazon
Oxadixyl
Oxyfluorfen

Paclobutrazol
Parathion
Parathion-Methyl
Penconazole
Pendimethalin
Penflufen
Penthiopyrad

Pentoxazone

Pyrazophos
Pyriftalid

Pyrimethanil

Pyriminobac-methyl

Quinalphos
Quinoxyfen
Quintozene
Silafluofen
Simeconazole
Simetryn
Spiromesifen
Spiroxamine
Tebuconazole
Tebufenpyrad
Tebupirimfos
Tecnazene
Tefluthrin
Terbacil
Terbutryn
Tetraconazole
Tetradifon
Thifluzamide

Thiometon
Tolclofos-methyl
Triadimefon
Triadimenol

Tri-allate
Triazophos
Trifloxystrobin
Triflumizole
Trifluralin
Vinclozolin

Zoxamide

Chlorfenvinphos
Chlorfluazuron

Chloridazon
Chromafenozide

Clofentezine
Clothianidin
Cyantraniliprole
Cyazofamid
Cyclaniliprole
Cycloprothrin
Cyenopyrafen
Cyflumetofen
Cymoxanil
Cyproconazole
Daimuron, Dymron
Dichlorvos
Diclosulam
Diflubenzuron
Dimethoate
Dinotefuran
Disulfoton
Diuron
Dodine

Emamectin benzoate,
Bla

Esprocarb
Ethaboxam

Ethiofencarb
Etofenprox
Etrimfos
Famoxadone
Fenamiphos
Fenazaquin
Fenhexamid
Fenoxaprop-ethyl
Fenoxycarb
Fenpyroximate
Fensulfothion
Fentrazamide
Ferimzone

Flonicamid

Imicyafos
Imidacloprid
Inabenfide

Ipfencarbazone

Iprovalicarb
Isoxaben
Linuron
Lufenuron
Malathion
Mandestrobin
Mandipropamid
Mecarbam
Mefenacet
Mefentrifluconazole
Metaflumizone
Metamifop
Metconazole
Methabenzthiazuron
Methamidophos
Methiocarb
Methoxyfenozide
Metobromuron

Metolcarb
Metrafenone
Mevinphos
Monocrotophos

Napropamide
Norflurazon
Ofurace
Omethoate
Orysastrobin
Oryzalin
Oxadiargyl
Oxamyl
Oxathiapiprolin
Oxaziclomefone
Oxydemeton-methy]l
Pencycuron
Penoxsulam

Phenothrin

Pyrifluquinazon
Pyrimidifen

Pyrimisulfan
Pyriofenone

Pyroquilon
Quinoclamine
Saflufenacil
Sedaxane
Sethoxydim
Simazine
Spinetoram
Spinosad, spinosyn
Spirodiclofen
Sulfentrazone
Sulfoxaflor
Tebufenozide
Tebufloquin
Teflubenzuron
Tepraloxydim
Terbufos
Terbuthylazine
Tetraniliprole

Thenylchlor
Thiabendazole
Thiacloprid
Thiamethoxam

Thiazopyr
Thidiazuron
Thiobencarb

Tiadinil
Tolfenpyrad

Triafamone

Triazamate
Tricyclazole
Triflumuron
Triticonazole
Valifenalate

Vamidothion
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100%
90%

30% 60%
20% 44%
=Lt 27%

Domestic Imported Offline Online

m Detected Not detected

Fig. 1. Detection rate (*LOQ) of pesticide residues in bee pollen
samples classified by origin and distribution channel
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