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Weigh 2 g of honeybee sample to a centrifuge tube
Add 10 mL of water pre-chilled in a refrigerator, homogenize with a handheld homogenizer, and let it
stand for 20 minutes for later use
!
Add 10 mL of acetonitrile solution containing 1% acetic acid.
Then, add extraction powder (4 g anhydrous magnesium sulfate and 1 g sodium acetate) and 1 ceramic
homogenization bead, and shake vigorously several times.

!
Shake intensely for 1 minute (1,000 rpm)

!

Centrifuge for 5 minutes (15°C, 3,000 xg) to separate the extract from the supernatant

Transfer the entire supernatant into a 15 mL centrifuge tube, freeze for 2 hours
!
Transfer 7 mL of the supernatant into a purification centrifuge tube containing 450 mg PSA, 300 mg C18,
900 mg anhydrous magnesium sulfate and 50 mg GCB

Shake intensely for f minute (1,000 rpm)
Centrifuge for 2 minutes (15°C, 3,000 xg) ¢to separate the extract from the supernatant
Take 2 mL of supernatint to dry with nitrogen Take 2 mL of supernatint to dry with nitrogen
Add 1 mL methzfnol and mix well Add 1 mL acetone/hexarfe, 1/1 (v/v) and mix well
Filtered with O.Zim filter (PTFE) Filtered with 0.2¢pm filter (PTFE)
y

Perform LC-MS/MS analysis

Perform GC-MS/MS analysis

B— ZEREPLERERERBOITIME

Fig. 1. Flowchart illustrating the analysis of pesticide residues in honeybee.

=~ BEHE IR R

BN A« HUSERREE 0.4 g » DLK
BT 7K S A Y 1,000 mL > A FHES 1 mL
BEI9E - DURBEGERE - BRI EER &)
THEW A °

BN B © HUEERESZ 0.4 g » DI
BV RE 1,000 mL » DUB SRR - HUE
R EHAT B -

» BRI L BL

é}Bﬂﬂiéégéﬁiﬁﬁﬁﬁﬁ? Eh#T 50 mg
FEMERE E - DUBE BRI ERE 50
mL > ERAERE R - A -18°C LT TE

B o EISE B A M Vi DL o v R A B 2
10 pg/mL » HEAE 53 BT FIAEHEVS UK -

i~ B e /5
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IR ALTEEL 2 g A 4°C THR Z#l
7K 10 mL - DIFRIGEEISEERFE 20
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AUk S 58 VL e b SR A LC-MS/MS
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WAH B RAR S AT R BB AR - SRR B
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_—  Z&H 190 EEZZ GC-MS/MS DT K& EIW B4t R
Table 1. Parameters used in the determination of 190 pesticide residues in honeybees and recovery
test results obtained by GC-MS/MS

Spiked 10 ng/kg Spiked 50 ng/kg

Qualitative ion RT

Pesticides Chinese name pairs (m/7) (min) Recovery RSD Recovery RSD
(%) (%) (%) (%)
acetochlor - 222.9>132.2 8.99 94 9 88 6
acrinathrin Py 208.0 > 181.0 15.06 100 4 78 7
alachlor hiE 188.1>160.2 9.15 85 3 87 5
aldrin Pl 262.9>192.9 9.99 86 13 76 6
azinphos-ethyl - 159.8>77.0 1531 90 9 101 8
azinphos-methyl FASUIUN 160.0 > 77.1 14.76 99 8 70 17
benfluralin IEAEPES 292.0 > 264.0 7.16 90 2 78 5
benoxacor - 258.9>120.1 8.76 88 5 85 6
bifenox INESEE 189.1 > 126.0 14.34 87 11 85 6
bifenthrin HNe 181.2>165.2 13.97 88 3 85 4
bitertanol 7 170.1>115.0 15.69 90 5 85 4
bromacil TR 205.0 > 188.0 9.87 112 16 97 9
bromophos-ethyl LIRS 358.7>302.8 10.97 91 5 93 3
bromophos-methyl PRI 330.8>315.8 10.24 83 6 86 6
bromopropylate Hrasel 185.0 > 157.0 14.10 99 4 87 5
bromuconazole TR TT R 173.0>109.0 14.01 89 7 83 6
butachlor TELRTE 237.0>160.0 11.13 86 4 87 6
butralin s 266.0 > 174.2 10.13 102 6 76 7
butylate Wi 156.0 > 57.1 5.60 67 9 68 6
cadusafos - 158.8>97.0 7.41 86 3 85 4
chinomethionate EEESE 206.0 > 148.0 11.12 41 18 53 9
chlorbenside - 267.9 > 124.9 11.05 84 8 80 4
chlorfenapyr T LR 246.9 >227.0 11.97 87 16 93 7
chlorfenvinphos FAREVUN 266.9 > 159.1 10.66 88 5 38 5
chlornitrofen - 235.9>172.9 12.92 97 8 81 5
chloropropylate T 251.0>139.0 12.30 92 4 88 5
chlorpropham - 127.0 > 65.1 7.15 92 5 85 5
chlorpyrifos SEL N 196.9 > 169.0 9.83 96 7 79 5
chlorpyrifos-methyl [FEEEHINIT UN 285.9>92.9 9.03 87 6 85 6
chlorthal-dimethyl KITEr 298.9 >221.0 9.93 91 3 89 5
chlorthiophos SRR 268.9 >205.1 12.49 94 3 88 5
chlozolinate RS 186.0 > 145.0 10.54 64 11 82 5
cis-chlordane cis-n] & f+ 373.0 > 266.0 11.31 81 5 87 5
coumaphos Ll 361.9>109.0 15.87 98 7 96 7
CPMC (etrofol) T 127.9 > 64.0 6.07 95 12 94 9
cyanofenphos ALY 169.0 > 141.1 12.98 69 19 95 4
cyanophos E WAL 242.9>109.0 8.14 86 4 86 5
cyfluthrin Frphes 163.0>127.0 16.32 95 3 85 7
cyhalofop-butyl TR R 256.2>120.1 14.82 88 5 88 4
cypermethrin B 163.0>127.0 16.65 79 4 90 4
deltamethrin S 252.9>93.0 18.21 99 6 84 5
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Table 1 (Continued). Parameters used in the determination of 190 pesticide residues in
honeybees and recovery test results obtained by GC-MS/MS

o Spiked 10 pg/kg Spiked 50 pg/kg
.. . Qualitative ion RT
Pesticides Chinese name . . Recovery ~ RSD Recovery ~ RSD
pairs (m/z) (min)

(%) (%) (%) (%)
di-allate - 233.9>149.9 7.46 81 4 83 4
diazinon RFIE 137.1>84.0 8.18 88 7 88 5
dichlofluanid AT 223.9>123.1 9.71 108 11 81 16
dichlorvos & 184.9>93.0 4.60 49 11 66 8
diclofop-methyl - 253.0>162.1 13.40 78 5 87 5
dicloran K 206.1>176.0 7.79 80 8 76 5
difenoconazole syl 322.8>264.8 17.95 96 6 94 5
dimepiperate - 144.9>112.1 10.83 90 6 85 4
dimethipin e 123.8>75.9 7.95 105 10 103 6
diniconazole L] 267.9>232.1 12.57 89 5 87 4
dinitramine Ry 216.0 > 196.0 8.33 69 19 82 8
diofenolan - 186.0>77.1 13.02 90 14 90 5
diphenamid KEF 167.1 > 165.1 10.27 94 6 88 4
diphenylamine TR 169.0 > 168.2 7.00 83 4 85 4
ditalimfos FLACYN 148.0 > 130.1 11.29 47 17 67 8
dithiopyr KRR 353.9>306.0 9.31 90 5 96 4
edifenphos SRR 310.0 > 173.0 13.12 67 17 66 12
endosulfan-sulfate P e awiiyl 271.9>237.0 13.13 106 6 97 9
endrin LN 262.8>193.0 12.23 78 19 86 5
EPN — A 169.0 > 77.1 14.04 92 6 83 5
epoxiconazole A 192.0> 138.1 13.71 93 4 89 4
ethion L8 /N 230.9>175.0 12.45 98 6 88 5
ethoprophos AR 138.9>97.0 7.02 91 8 85 6
etofenprox s 163.0>107.1 16.90 90 3 86 5
etridiazole HRAEFI| 211.1>183.0 5.78 40 10 65 6
etrimfos WHI 181.0> 153.1 8.46 91 4 85 5
fenarimol paNi N 139.0 > 111.0 15.20 98 4 86 5
fenbuconazole 2 iR 128.9>102.1 16.27 91 7 87 4
fenchlorphos YLV 285.0 >269.9 9.32 89 8 83 6
fenitrothion BEURL 277.0 > 260.1 9.56 93 8 80 6
fenoxaprop-ethyl ey it 360.9 > 288.0 15.48 82 7 97 5
fenpropathrin St s 181.1>152.1 14.18 102 20 89 4
fenpropimorph paa 303.0 > 128.0 9.97 81 8 80 8
fenvalerate ZAbF] 225.0>119.0 17.47 111 15 90 3
fluacrypyrim - 145.1>102.1 12.54 96 5 91 5
flucythrinate MR 198.9 > 107.0 16.83 106 5 88 5
fluensulfone FRU PN 107.9>63.9 6.72 102 10 89 9
flumiclorac-pentyl - 308.0 > 280.0 18.35 92 8 93 5
fluroxypyr-meptyl EELbeEy 208.9>181.0 13.36 91 12 88 6
flutolanil RS 173.0>95.0 11.44 88 7 89 5

fluvalinate il 250.0 >200.0 17.59 99 17 87

—_
o
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Table 1 (Continued). Parameters used in the determination of 190 pesticide residues in
honeybees and recovery test results obtained by GC-MS/MS

o Spiked 10 pg/kg Spiked 50 pg/kg
.. . Qualitative ion RT
Pesticides Chinese name . . Recovery ~ RSD Recovery ~ RSD
pairs (m/z) (min)
(%) (%) (%) (%)
fluxapyroxad ik 381.0 > 158.9 13.97 95 6 103 5
folpet fratieped 259.8>130.1 10.91 61 10 63 19
fonofos PAN N 246.0 > 109.0 8.24 85 5 85 5
formothion TEAKS 224.0>125.0 8.76 50 10 76 7
fthalide (phthalide) E A 242.9>214.9 10.22 83 4 83 4
halfenprox Eixe 265.0>115.1 16.66 99 4 80 4
HCB (hexachlorobenzene) — /N&EIK 283.8>213.9 7.69 65 4 62 6
heptachlor FeffisE 272.0 >237.0 9.35 88 3 76 6
heptachlor epoxide BRETRE 352.8>262.9 10.66 86 6 90 7
heptenophos FRIE 124.0 > 89.0 6.53 69 8 80 5
hexazinone JERT 171.0>71.1 13.32 93 5 91 5
imibenconazole Gyl 124.9>89.0 19.23 90 4 81 5
iprobenfos [E-S=RUN 203.9>91.0 8.68 89 5 88 5
iprodione AR [F] 314.0 >245.0 13.86 91 6 97 5
isofenphos GHEEN VA 212.9>121.1 10.57 95 5 90 5
isofenphos-methyl 2SRV 198.9 > 120.9 10.32 96 4 91 4
isoprothiolane GHEC ] 290.0 > 118.0 11.53 92 9 86 5
isoproturon - 146.1 > 128.1 4.59 82 9 75 6
isotianil ke 297.0 > 180.0 13.13 85 11 83 6
isoxathion YIS 177.1 > 130.0 12.04 92 7 91 5
leptophos TEHGS 171.0>77.1 14.68 89 7 78 6
lindane (y-BHC) BF} 180.9 > 145.1 8.13 93 5 87 4
malathion FERIR 172.9>99.0 9.68 90 6 86 6
mefenacet b 192.0 > 136.1 14.90 88 4 87 5
mepronil It 269.0 > 119.1 12.78 96 4 92 5
metazachlor VL 208.9 > 132.9 10.51 92 10 88 4
methacrifos AR VN 207.9>180.1 5.99 78 5 79 5
methidathion WA 144.9>85.0 11.00 94 7 86 7
methoxychlor - 227.0> 141.1 14.16 102 4 85 4
methyl pentachlorophenyl — FLE ARG 296.0 > 246.0 9.71 65 6 68 6
sulfide t#n
metolachlor B 238.0>162.2 9.82 88 3 85 5
mirex Vs 271.8>236.8 15.13 73 3 66 6
molinate fefaitt 126.2 > 83.1 6.42 79 6 75 4
napropamide N REAii 271.0>72.1 11.46 93 8 92 5
nitrofen N 202.0 > 139.1 12.15 100 4 85 6
nitrothal-isopropyl - 236.0>194.1 10.07 117 13 79 7
nuarimol R 203.0>107.0 13.45 93 7 87 4
0,p'-DDD 2,4-15 1405 235.0 > 165.2 11.82 90 13 102 15
0,p'-DDE 2,4-15T5 K 246.0 > 176.2 11.08 83 4 80 5

0,p'-DDT 2, A-TRT R 235.0>165.2 12.51 93 4 79 4
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Table 1 (Continued). Parameters used in the determination of 190 pesticide residues in

honeybees and recovery test results obtained by GC-MS/MS
Spiked 10 ng/kg Spiked 50 ng/kg

Qualitative ion RT

Pesticides Chinese name pairs (m/7) (min) Recovery RSD Recovery RSD
(%) (%) (%) (%)
oxadiazon A 174.9>112.0 11.64 85 8 99 4
oxadixyl BRI 163.0>132.1 12.52 89 6 89 5
paclobutrazol Erisk 236.0>167.1 11.21 100 12 89 4
paraoxon BRI 108.9>91.0 9.34 95 12 104 13
parathion LRI 138.9>109.0 9.98 101 9 82 5
parathion-methyl FHELE R AL 263.0>109.1 9.14 92 4 78 7
PCNB Bk RS 249.0>214.0 8.05 75 5 72 5
penconazole ST R 248.0>157.1 10.62 93 5 89 4
pendimethalin G| 251.8>162.2 10.42 107 11 80 9
pentachloroaniline FEARE 265.0 > 158.0 8.87 76 17 77 7
permethrin e 183.1>168.1 15.76 92 8 84 4
phenothiol JRAREL 154.9>124.9 8.56 80 7 82 6
phenthoate FEEN 274.0>121.0 10.70 99 6 91 5
phorate TRERIS 121.0 > 47.0 7.48 81 7 84 4
phosalone R 182.0>111.0 14.67 94 8 87 6
phosmet ERR ATV 160.0 > 77.1 14.04 94 8 84 12
picolinafen - 376.0 > 238.1 14.08 96 7 101 4
piperophos - 320.0>122.0 14.10 100 4 97 5
pirimiphos-ethyl VAR THES S VN 318.1> 166.1 10.17 86 4 89 4
pirimiphos-methyl CHE=TUN 290.0 > 125.0 9.47 83 5 88 4
procymidone B 282.8>96.0 10.78 104 19 93 6
propachlor FHHEE 120.0>77.1 6.83 86 8 84 5
propaphos JIIEE VN 220.1> 140.1 11.07 93 10 91 6
propazine LR 2142>172.2 8.01 89 8 38 5
propiconazole Byl 172.9>74.0 13.20 91 10 91 6
propyzamide - 173.0 > 145.0 8.18 96 9 88 4
prothiofos RN 267.0>239.0 11.51 84 10 89 5
prothoate Ferips 114.9>72.9 9.02 84 8 88 5
pyraclofos e 194.0 > 138.0 15.43 92 79 10
pyraflufen-ethyl TRAREE 412.0>349.0 13.10 82 10 101 8
pyrazophos BRI 221.0>193.1 15.12 93 4 87 5
pyridaphenthion AZFRS 340.0 > 199.0 13.87 84 12 91 7
pyrimethanil IS 198.0>118.1 8.35 83 7 83 4
pyrimidifen L0y 2N 184.1>169.1 17.28 83 5 83 4
pyriproxyfen HEFIREZF 136.1>78.1 14.80 95 4 87 4
pyroquilon PR 173.0 > 130.1 8.32 79 9 85 7
quinalphos FEHA 146.0 > 118.0 10.73 98 11 90 5
quinoclamine B 207.0>172.1 9.83 81 10 64 10
salithion(dioxabenofos) FAIALVN 215.9>201.0 7.34 81 5 82 5
sedaxane - 158.9>139.0 15.08 96 9 90 4
silafluofen 0% 25 179.2>151.1 17.04 85 3 82 5
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Table 1 (Continued). Parameters used in the determination of 190 pesticide residues in
honeybees and recovery test results obtained by GC-MS/MS

Spiked 10 ng/kg Spiked 50 ng/kg

.. . Qualitative ion RT
Pesticides Chinese name . . Recovery ~ RSD Recovery ~ RSD
pairs (m/z) (min)
(%) (%) (%) (%)
simeconazole - 120.9 >100.9 9.16 89 4 87 4
tebuconazole [Ey=¥ 1| 250.0>125.0 13.49 92 4 89 5
tebuthiuron 1514EIk 156.0 > 74.0 6.26 82 4 84 4
tecnazene - 260.9 >203.0 6.76 69 11 71 5
tefluthrin N 177.1>127.1 8.37 87 5 86 5
terbufos FEimhas 230.9>129.0 8.14 86 6 83 4
terbuthylazine - 214.0>71.0 8.17 88 5 90 6
tetraconazole il 336.0 > 203.8 10.08 87 10 96 5
tetradifon 1B 226.9>199.0 14.57 93 5 85 5
tetramethrin IEIEE 164.0>77.1 14.06 94 6 95 6
thifluzamide TR 193.9>124.9 11.71 101 8 94 17
thiometon RN 125.0>47.0 7.68 81 7 82 5
tolclofos-methyl TN 265.0 > 250.0 9.17 88 5 86 5
trans-chlordane trans- 1] & F+ 373.0 > 266.0 11.08 92 6 86 3
triadimefon =R 208.0> 181.1 10.05 99 9 89 6
triadimenol =%k 168.0 > 70.0 10.86 79 7 102 4
tri-allate - 268.0 > 184.1 8.55 84 4 81 5
triazophos = 161.2>134.2 12.76 95 9 88 6
tridiphane = HhzR 187.1>159.1 9.36 90 8 76 7
triflumizole PR 206.0 > 186.0 10.85 100 15 92 8
trifluralin =R 305.9 > 264.0 7.12 85 5 80 5
vinclozolin T 187.0 > 124.0 9.07 87 4 87 5
a-BHC -5 AT 180.9 > 145.1 7.61 89 6 85 6
terbuthylazine - 214.0>71.0 8.17 88 5 90 6
a-endosulfan o- LR 241.0 >206.0 11.33 80 12 82 11
B-endosulfan B2k 206.9 > 172.0 12.43 86 11 87 9
5-BHC S-5BIATE 180.9 > 145.1 8.57 95 12 108 10
A-cyhalothrin TR 208.0 > 181.0 14.92 100 8 86 5

R RMEEBITEBBAERE RN

Table 2. HPLC gradient conditions

. Mobile Mobile
Time Flow rate
(min) (mL/min) phase A phase B

(%) (%)

0 0.40 98 2
5 0.40 60 40
20 0.40 0 100
25 0.40 0 100

I % B I FEAE HIAH B Fom i - I
I EA Rkt REE LS E
(ppm) :

F b 2% 8 2 (ppm) = XY

C: H#REZEH LR RERRGE
WY (ug/mL)
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Table 3. Parameters used in the determination of 255 pesticide residues in honeybees and recovery
test results obtained by LC-MS/MS

T Spiked 10 ng/kg Spiked 50 pg/kg
L. . Qualitative ion RT
Pesticides Chinese name . . Recovery  RSD Recovery RSD
pairs (m/z) (min)
(%) (%) (%) (%)
3-keto carbofuran 3-FFES IR 236.0>151.0 9.59 97 4 81 4
3-OH carbofuran 3-FEEN B 238.0 > 163.0 8.09 97 7 85 13
abamectin BT 890.5 > 305.0 20.76 99 9 79 12
acephate |EE N 184.0 > 143.0 4.59 103 10 75 7
acetamiprid nHRES 223.0>56.0 8.13 89 6 94 7
aldicarb sulfone [N R 223.0>76.0 5.69 104 6 91 7
aldicarb sulfoxide 1B ra i 207.0>132.0 532 100 2 87 3
aldicarb [EN s 116.0 > 89.0 9.79 105 3 87 7
alloxydim (sodium) HRYREE 3242>178.1  16.26 103 7 88 12
ametoctradin W E 276.2>149.0 18.14 73 6 66 14
ametryn HENT 228.0 > 96.0 14.27 98 5 82 4
amisulbrom LR 466.0>226.9 1841 98 7 77 7
asulam BH S 231.0 > 156.0 5.21 51 7 42 4
atrazine HF 216.0>1740  13.03 95 7 83 4
azafenidin BIRE 338.1>264.0  13.35 99 5 87 2
aziprotryne VBRI 226.0>1559 1527 98 3 85 1
azoxystrobin BHFERK 404.0>372.0 1432 93 3 82 3
benalaxyl AGELE 326.0>91.0 17.13 92 4 83 6
bendiocarb P 2240>167.0  11.23 99 6 78 5
benfuracarb Gk 411.0>190.0  18.52 64 8 55 11
bensulfuron-methyl kR 411.1>149.0 14.01 87 2 75 5
bentazone A 239.0>132.0 9.71 37 10 52 6
benthiavalicarb-isopropyl - 380.1 >320.2 15.22 98 13 86 7
benthiazole it 239.0>179.9  14.50 63 11 63 7
benzovindiflupyr - 398.0>342.0  17.01 103 3 87 5
benzoximate Bt 364.1>199.0  17.57 90 6 81 4
bifenazate PN 301.2>170.0  15.59 88 8 87 4
boscalid =g 343.1>307.0  14.90 73 6 85 5
bromobutide - 312.1>1940  16.02 103 5 85 5
bufencarb T 222.2>95.0 16.34 94 5 85 3
buprofezin KiiEAeEa 306.0>201.0  18.93 96 5 75 5
butafenacil Pt 492.0>180.0  15.69 91 6 97 4
butocarboxim sulfoxide iz ERHY 207.1>175.1 5.08 98 4 86 3
butocarboxim his(E 213.0>75.0 9.61 92 4 77 9
carbaryl HIRF] 202.1>145.0  11.89 79 7 68 14
carbendazim H 192.0 > 160.0 7.14 81 13 72 4
carbofuran TS 2220>123.0  11.30 101 4 88 3
carboxin - 236.1>143.0  11.81 94 6 79 10
carfentrazone-ethyl LHE TR 412.1>346.0  16.77 61 7 60 9
carpropamid JiIsai 334.1>139.1 17.02 92 4 88 3
chlorantraniliprole 2% 482.0>283.9 13.88 95 4 79 4
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Table 3 (Continued). Parameters used in the determination of 255 pesticide residues in
honeybees and recovery test results obtained by LC-MS/MS

T Spiked 10 ng/kg Spiked 50 pg/kg
L. . Qualitative ion RT
Pesticides Chinese name . . Recovery  RSD Recovery RSD
pairs (m/z) (min)
(%) (%) (%) (%)
chlorbenzuron - 309.0 > 156.0 16.90 90 5 83 2
chlorfluazuron TIiiEkE 540.0 > 383.0 20.00 96 4 79 8
chloroxuron - 291.0>72.0 15.67 96 3 83 3
chromafenozide A ZRE G 395.1>175.0 15.73 102 6 83 2
cinern I e 317.1>149.0 19.81 91 10 72 8
cinern II [ES= 361.1>321.2 17.92 91 5 82 7
cinosulfuron VY[ 414.0>183.0 10.40 82 2 67 3
clethodim oill B[] 360.1 > 164.0 18.00 79 8 74 6
clofentezine Ta 303.0 > 138.0 17.60 92 6 84 7
clomazone AR 240.0 > 125.0 14.08 102 7 82 2
clomeprop HEE 324.1>120.0 18.84 92 6 79 5
clothianidin wEaT 250.0>169.0 7.59 107 7 85 9
cyanazine G F 241.0>214.0 10.52 92 3 85 3
cyantraniliprole E- Sl 475.0 > 286.0 12.19 93 2 81 3
cyazofamid EERETR 325.0>108.0 16.13 117 4 78 17
cyclaniliprole - 602.0 > 283.8 16.28 95 9 84 3
cyclosulfamuron R 422.2>261.0 15.65 74 3 72 2
cycloxydim BRI 326.2 >280.0 18.21 73 4 68 6
cyenopyrafen BIRZF 394.2>254.0 19.89 80 4 60 12
cyflufenamid E- 2N 413.1>223.1  17.39 100 5 92 4
cyflumetofen F 0 448.2>172.9 18.33 94 4 73 8
cymoxanil ik E 199.1 > 128.1 8.77 103 10 86 7
cyprodinil VR 226.0>93.0 16.98 97 12 76 2
demeton-S-methyl sulfone WGP EY) 263.0>109.0 6.42 105 5 85 3
demeton-S-methyl T 231.1>89.1 11.46 93 6 79 6
dialifos (SEOLIN 394.0>208.0  17.74 91 6 94 6
dicrotophos HERAL 238.1>112.0 7.08 99 3 88 4
diethofencarb - 268.0 >226.0 14.46 97 3 83 3
diflubenzuron ZiiEkE 311.0>158.0 16.47 86 2 90 5
dimethenamid PN 276.0 > 244.0 14.81 98 4 81 4
dimethoate KIS 230.0>125.0 8.16 95 4 91 6
dimethomorph HEWEF 388.0>301.0 15.18 89 4 89 3
dimoxystrobin [{ESEA) 327.2>205.1  16.73 97 4 83 2
dinotefuran SRR 203.1>157.0 5.39 89 8 78 8
diuron SN 233.0>72.0 13.47 91 3 79 6
DMST - 215.1>106.0 11.58 128 4 116 5
dymron INEHE 2692>151.0 15.33 91 5 91 5
emamectin benzoate Bla [KlJ7] Bla 886.6 > 158.1 19.25 73 5 63 2
emamectin benzoate B1b [Klyg7T B1b 872.5>158.1 18.80 78 4 58 4
ethiofencarb - 226.0 > 107.0 12.31 90 2 72 4
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Table 3 (Continued). Parameters used in the determination of 255 pesticide residues in

honeybees and recovery test results obtained by LC-MS/MS

T Spiked 10 ng/kg Spiked 50 pg/kg
L. . Qualitative ion RT
Pesticides Chinese name . . Recovery  RSD Recovery RSD
pairs (m/z) (min)

(%) (%) (%) (%)
ethiofencarb sulfone - 258.0 >201.0 7.23 99 4 84 4
ethiofencarb sulfoxide - 242.0 > 185.1 7.41 105 2 92 5
ethiprole 2 397.0>2549  14.76 102 7 89 2
ethirimol HeH B 210.1>140.0 11.35 62 8 53 6
ethoxyquin - 218.0>148.0 15.52 89 16 77 5
etoxazole 5 360.0 > 141.0 19.66 95 1 85 3
famoxadone JLARIA] 392.0>331.0  17.17 101 9 75 1
fenamidone - 312.1>92.1 14.70 97 4 82 3
fenamiphos sulfone ZRIBIAMEHEY) 336.1 > 188.0 11.70 98 2 88 4
fenamiphos sulfoxide ZRIBIAMCEHEY) 320.1>171.0 11.41 97 3 84 3
fenamiphos BZRITIN 304.1>216.9  16.45 89 4 87 2
fenazaquin Sl 307.0 >57.0 20.56 90 3 71 8
fenobucarb TR 208.0 > 95.0 14.39 99 4 85 2
fenothiocarb 23RS 254.1>72.1 16.62 97 4 81 6
fenoxanil REEIR 329.1 > 86.0 16.43 91 4 87 5
fenoxycarb panriga 302.1 > 88.0 16.56 96 3 82 4
fenpyrazamine - 332.0>216.0 15.47 98 6 83 5
fenpyroximate ZRte 422.0>135.0 19.97 97 3 80 4
fenthion SRAR 279.0>168.9  17.03 95 5 88 6
fenthion-oxon RN EY 263.1>231.0 13.98 98 4 87 5
fenthion-oxon-sulfone ZRARAMEHEY) 295.0>217.0 8.43 96 3 86 4
fenthion-oxon-sulfoxide ZRARIAMCHEY) 279.1>264.0 8.10 97 7 92 8
fenthion-sulfone ARV EY) 311.0>124.9 12.08 110 12 80 6
fenthion-sulfoxide IR EY) 295.0>280.0 11.65 98 4 85 5
ferimzone EE S 255.4>2548  14.63 97 7 85 2
fipronil T2 435.0>330.0 16.42 88 5 100 6
fipronil-desulfinyl R 387.0 >351.0 16.09 99 5 91 6
fipronil-sulfone B Y 450.9>282.0 16.97 95 5 89 5
flazasulfuron R ERE 408.0 > 182.0 13.73 54 5 43 3
flonicamid SIEHE 230.1>203.0 6.45 106 10 83 4
florpyrauxifen-benzyl HeRIZF 439.0>91.0 17.69 101 2 85 2
fluazifop-P-butyl N 384.0 > 282.0 18.60 96 4 82 4
fluazinam 75 462.9>416.1  18.89 87 8 70 16
flubendiamide AT 681.0 >254.1 16.57 93 8 90 11
fludioxonil SHEYKEE 266.1>229.0 14.86 92 6 79 7
flufenoxuron PN 489.0>158.0  19.57 94 3 85 6
fluopicolide S 383.0>173.0  15.16 98 6 86 4
fluopyram IR HR 397.1 >208.0 15.66 96 4 89 5
flupyradifurone - 289.0>126.0 8.12 99 4 94 7
fluquinconazole G ST 376.0 > 306.9 15.78 84 6 90 4
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Table 3 (Continued). Parameters used in the determination of 255 pesticide residues in
honeybees and recovery test results obtained by LC-MS/MS

T Spiked 10 ng/kg Spiked 50 pg/kg
L. . Qualitative ion RT
Pesticides Chinese name . . Recovery  RSD Recovery RSD
pairs (m/z) (min)

(%) (%) (%) (%)
flurtamone - 334.0>247.0 14.51 97 4 85 4
flusilazole TS 316.1>247.0  16.45 94 3 89 3
flusulfamide EN T 415.0>171.0  16.73 71 8 65 7
flutriafol VRIS 302.0 > 70.0 12.99 91 12 82 3
formetanate 78 Tl 222.1>165.0 4.92 48 15 37 11
fosthiazate AR 284.1>1040 1244 99 3 81 2
furalaxyl - 302.1>2422 1441 95 4 90 3
furametpyr i kb 334.1>1569 1291 98 4 83 2
halosulfuron-methyl HERE 435.1>182.0  14.60 41 5 41 4
haloxyfop-methyl FAELA 5, 376.1>316.0  17.98 95 4 83 3
hexaconazole JETLH] 314.1>70.1 17.46 99 4 82 7
hexaflumuron NREE 461.0>158.1 18.08 94 5 78 9
hexythiazox 5% 353.0>228.0 1941 96 3 79 7
imazalil R 297.0>159.0 1345 80 10 71 9
imazosulfuron i 413.1>153.0  14.48 38 8 38 4
imicyafos - 305.0>139.0  10.50 99 3 86 3
imidacloprid 18N 256.0 > 209.0 7.44 94 6 90 5
indoxacarb FSIE YT 528.0>150.0 17.93 100 5 92 4
iprovalicarb - 3212>119.1 1576 99 5 84 3
isazofos MR 314.1>1200  15.57 96 1 82 2
isofetamid - 360.0> 1249  15.82 93 4 82 4
isoprocarb A 194.0 >95.0 12.97 98 5 82 1
isopyrazam YR 5 360.0 > 244.1 17.92 94 3 87 4
isouron Rk 212.1>72.0 11.73 92 3 82 4
jasmolin I e 3312>163.0 2037 101 8 74 10
jasmolin II e o 375.1>163.0  18.73 106 16 82 11
lenacil - 235.1>153.0  13.17 94 4 77 2
linuron ASE 249.0>160.0  14.55 90 2 87 1
lufenuron ik Sl 509.0>326.0  18.96 92 18 81 6
mandipropamid S 412.1>3282  14.90 100 3 87 3
mecarbam IV 330.1>227.0  15.95 110 5 87 4
mefentrifluconazole TRZREE 398.0 > 70.0 17.25 92 3 84 3
mepanipyrim VIR 224.1>131.0  15.82 84 14 85 5
metaflumizone ERiE 507.2>178.0 18.70 95 12 80 8
metalaxyl e 280.1>192.0  13.29 99 2 86 4
metamitron - 203.0 > 175.0 8.12 93 7 86 9
metconazole TR 320.0>70.0 17.51 95 6 84 8
methamidophos SN 142.0>94.0 3.96 91 4 73 4
methiocarb sulfone W T EY) 258.1>122.0 8.38 95 5 82 5
methiocarb sulfoxide G ERaw ] 242.1>185.1 7.72 89 9 71 13
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Table 3 (Continued). Parameters used in the determination of 255 pesticide residues in
honeybees and recovery test results obtained by LC-MS/MS

T Spiked 10 ng/kg Spiked 50 pg/kg
L. . Qualitative ion RT
Pesticides Chinese name . . Recovery  RSD Recovery RSD
pairs (m/z) (min)
(%) (%) (%) (%)
methiocarb AT 226.0 > 169.0 14.74 102 4 79 6
methomyl RS 163.0 > 88.0 6.32 118 8 110 2
methoprene £ 279.1>191.2 20.87 96 6 71 8
methoxyfenozide Wit 369.2 > 149.0 15.21 98 4 87 3
metobromuron B e 259.0>169.8 12.81 93 3 86 2
metolcarb TR 166.0>109.0  10.43 97 3 85 2
metrafenone WA 409.1>209.0 17.70 95 3 85 3
metribuzin BT 215.0>187.0 11.23 92 6 78 6
mevinphos FER 225.1>127.1 8.07 100 6 83 11
monocrotophos Gl 224.1>127.0 6.75 97 2 87 4
monolinuron - 215.0>126.0 12.21 97 3 84 3
morantel JEE BH TS 221.1>111.0 7.58 109 2 91 3
naproanilide 2R e 292.1>120.0 16.44 84 3 92 5
nitenpyram - 271.0>126.0 6.03 87 4 76 6
norflurazon - 304.1 >284.1 13.56 99 5 85 4
novaluron a1klE 493.0 > 140.9 18.18 81 5 81 11
omethoate BRI 214.0 > 124.9 5.02 99 2 82 4
oxamyl BRI 237.0>72.0 5.82 102 6 85 4
oxathiapiprolin ExpaLt 540.0 > 500.0 14.99 99 5 86 7
oxycarboxin ERE 268.0>175.0 8.81 97 6 83 8
oxydemeton-methyl NN 247.0>109.0 6.19 98 2 89 4
paraoxon-methyl FREE R 248.0 >202.2 10.08 88 4 79 4
pencycuron = 329.0>125.0 17.76 87 8 84 6
penoxsulam SR 484.1>195.0 12.02 68 7 56 2
phosphamidon R SN 300.1 > 127.0 10.21 103 2 84 3
phoxim (eI 299.1>129.1  17.36 104 3 85 6
piperonyl butoxide eyaL 356.2>119.0 19.11 82 6 90 7
pirimicarb Jamy)is 239.0>72.0 11.81 94 7 77 8
pirimicarb-desmethyl aw) IR ic7)] 225.1>168.0 8.35 94 5 81 4
pretilachlor WL 312.0>252.0 18.37 91 8 80 5
probenazole BERREN 224.0>41.5 10.48 60 5 63 6
prochloraz BEvohs 376.0>308.0  17.54 90 5 85 3
profenophos et 373.0>303.0  18.61 88 5 87 5
promecarb T 208.0>151.0 15.05 99 4 82 1
propamocarb hydrochloride #5547 189.1 >74.0 5.44 78 4 60 3
propanil SNk 218.0>162.0  14.68 88 7 81 5
propaquizafop I 4441>100.1  18.92 95 6 81 4
propargite 5 ES 368.0 > 175.0 19.66 97 8 79 7
propoxur ZFt 210.0>111.0 11.16 94 8 77 9
proquinazid EArSED 373.0>331.0 20.36 89 4 69 6
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Table 3 (Continued). Parameters used in the determination of 255 pesticide residues in
honeybees and recovery test results obtained by LC-MS/MS

o Spiked 10 pg/kg Spiked 50 pg/kg
Pesticides Chinese name Qual'ltatlve ton RT Recovery RSD Recovery RSD
pairs (m/z) (min) %) %) %) %)
prosulfocarb - 252.0>91.0 18.46 98 5 80 6
pydiflumetofen IR 426.0>193.0 17.88 95 4 89 4
pymetrozine IR IS 218.0>105.0 533 55 4 54 6
pyracarbolid ioIIEES 218.1>55.1 11.53 93 2 79 6
pyraclostrobin =g 388.1>163.0 17.39 100 5 83 5
pyrazosulfuron-ethyl KR 415.0>182.0  15.40 60 3 49 1
pyrazoxyfen S 403.1>91.0 17.03 99 3 86 6
pyrethrin [ I m B 3292>161.0  19.86 96 6 79 9
pyrethrin 11 I m B 373.1>161.1  18.08 97 6 84 6
pyflubumide - 536.2>155.0  19.04 97 3 83 4
pyribencarb - 362.0 >239.0 15.25 96 3 80 4
pyridaben AR 365.0>147.0 2043 96 4 71 9
pyrifluquinazon - 465.0>92.0 15.78 90 5 85 4
pyriofenone - 366.0 > 183.9 17.85 97 3 83 5
quinoxyfen REHZF 308.0>197.0  19.42 97 4 76 7
quizalofop-ethyl N 373.0>299.0  18.65 96 6 80 8
rotenone FEIBERS 395.0>192.1 16.44 91 4 87 4
saflufenacil FUZ =1 501.0>349.0  14.03 83 7 69 4
sethoxydim [icp A 3282>178.0  18.63 89 3 74 6
simazine R 202.0>124.0  11.24 92 5 80 4
spinetoram J Wi J 748.5>142.1 19.25 80 3 72 5
spinetoram L Wi L 760.5 > 142.1 20.35 81 4 66 7
spinosad A (spinosyn A) WAEERy A 732.5>142.0  18.18 85 4 70 8
spinosad D (spinosyn D) B3 D 746.6 > 142.0 19.17 87 6 71 11
spirodiclofen WA R AR 411.0>71.0 19.98 52 15 45 6
spiromesifen [N 371.2>273.2 19.53 74 13 68 4
spirotetramat IR 3742>270.1  15.82 41 10 48 6
spiroxamine - 298.3>144.1 15.03 73 4 66 2
sulfentrazone - 387.0 > 307.1 11.77 100 10 89 4
sulfoxaflor T 278.0 > 174.0 8.64 101 5 84 7
tebufenozide [ 3532>133.0  16.49 97 2 87 4
tebufenpyrad 15755 334.2 > 145.0 18.83 96 5 78 6
teflubenzuron 15nEkE 379.0 >339.0 19.09 94 5 76 17
tepraloxydim [CE LT 3422>250.1  15.60 88 3 81 5
terbufos sulfoxide i) 305.1>187.1 14.36 98 4 88 4
tetrachlorvinphos BEARN 364.9>127.0  16.65 90 5 86 5
tetraniliprole R 545.0>3560  13.56 96 8 86 6
thiabendazole Jgial 202.0>175.0 8.13 74 5 64 8
thiacloprid e 253.0>126.0 8.90 99 7 80 5
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Table 3 (Continued). Parameters used in the determination of 255 pesticide residues in
honeybees and recovery test results obtained by LC-MS/MS

T Spiked 10 ng/kg Spiked 50 pg/kg
Pesticides Chinese name Qual.ltatlve on BT Recovery  RSD Recovery RSD
pairs (m/z) (min)

(%) (%) (%) (%)

thiamethoxam R 292.0>211.0 6.52 102 6 80 10
thiobencarb BFt 258.0>125.0  17.72 85 7 88 4
thiofanox iksd 7 241.0>184.0  12.53 93 4 86 1
thiophanate SHRIT 371.1>151.0  13.50 57 10 47 10
tolfenpyrad JingEsin 384.2>197.0  18.98 93 8 83 3
trichlorfon =HEMm 257.0>109.0 8.17 90 6 90 5
tricyclazole = 190.1 > 163.0 9.43 80 16 71 6
trifloxystrobin =HE 409.0>186.0  18.02 97 4 87 3
triflumezopyrim FEIR 399.0>121.0  11.51 90 7 80 6
triflumuron - 359.0>156.0  17.44 109 4 87 6
triticonazole - 318.1>70.0 16.01 92 6 81 3
tepraloxydim B 3422>250.1  15.60 88 3 81 5
vamidothion FORA 288.0 > 146.0 8.00 95 4 82 7
XMC (macbal) T e 180.0>123.0  12.07 104 8 77 6
MPMC (xylylcarb) TR 180.0>123.0  12.37 98 3 84 2
zoxamide S 336.0>187.0  17.30 97 4 82 1

V: EEUGHS & 1% FERE . B AR
Z et (10 mL)

F o EHGRE 1/2 0 2 mL RS RIE
=% 1 mL

M : BRI Hriede < EHE (2)

JU > B0 EDCE SR

HY 2 g 72 (B IR B AR o+ 43
AEr 190 FE L GC-MS/MS A HI Ay 2 28 T
W&+ B 255 FELL LC-MS/MS aifl iy gk T
TR - BEHIREE Ry 10 J 50 pg/kg FFE 20
Gy8E 0 RXMETT 5 B - MR
HERIERAE » 25120 GC-MS/MS J LC-
MS/MS AT 73 #7 o [ FF LT 22 F i B

(blank analysis) 1F ks ¥t LR - Dl
TP IS 25 = BE B 1 1 B e o i
WRF R AR » 4] B A 8 g L 8
EEZ  KAUEISER -

T+ 2 M IR
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ng/kg » AR 7 I AR A o B A R EE IR
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$EIEAREL RSD JE/NY 30% - SE EHE AR
R /HEENLL (signal/noise ratio, S/N ratio) &
DRI 10 » DUFLAE Ry 5E Bl fR I 7 AR HE
1 o
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Table 4. Recommended maximum allowable
tolerances for relative ion ratios in
mass spectrometry analysis

Tolerance (%)

Ion ratio (%)

> 50 +20
> 20~50 +25
> 10~20 +30
=10 +50
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Analytical Method for the Determination of

Pesticide Residues in Honeybees
Jen-Hou Li'", Hsueh-Ping Lo', Hui-Shan Chen!, Tsyr-Horng Shyu!

Abstract

Li, J. H., Lo, H. P., Chen, H. S., and Shyu, T. H. 2025. Analytical method for the determination of

pesticide residues in honeybees. Taiwan Pestic. Sci. 18: 33-52.

This study established a method for determining pesticide residues in honeybees.
Honeybees were homogenized with ice-cold water and then extracted using an acetonitrile
solution containing acetic acid. The extract was then centrifuged, and the supernatant was
frozen for 2 hours. Purification powder was subsequently added for cleanup. Qualitative and
quantitative analyses were conducted for 190 pesticides using gas chromatography-tandem
mass spectrometry (GC-MS/MS) and for 255 pesticides using liquid chromatography-
tandem mass spectrometry (LC-MS/MS). The matrix-matched calibration range for both
analyses was 2~200 pg/L. Honeybees were fortified at 10 and 50 pg/kg concentrations for
recovery tests. The results showed that the relative standard deviations (RSDs) for
repeatability were less than 20%. For the low concentration (10 pg/kg), recoveries were
required to fall within the range of 60~125%, while for the high concentration (50 pg/kg),
recoveries were required to fall within the range of 70~120%. In total, 185 pesticides
analyzed by GC-MS/MS and 238 analyzed by LC-MS/MS met the quality control
requirements. The limits of quantification (LOQ) were set at 10 pug/kg. This analytical
method is suitable for conducting multi-residue pesticide analysis in honeybees that have
died under unknown circumstances. The results can serve as a reference for relevant
authorities in conducting risk assessments related to the potential link between bee mortality
and pesticide exposure.

Key words: honeybees, pesticide residues, gas chromatography tandem mass spectrometry,

liquid chromatography tandem mass spectrometry

Accepted: March 20, 2025.
* Corresponding author, E-mail: jhli@acri.gov.tw

! Agricultural Chemicals Research Institute, Ministry of Agriculture, Taichung



