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Abstract

BACKGROUND: Agricultural use and pest control purposes
of pesticides may lead to livestock products contamination.
Thiodicarb and its degraded product, methomyl, are
carbamate insecticides that protect soya bean, maize, fruit,
and vegetables and control flies in animal and poultry farms.
For maximum residue limit enforcement and monitoring, the
JMPR residue definition of thiodicarb in animal products is
the sum of thiodicarb and methomyl, expressed as methomyl.
This residue definition was set to consider the fact that
thiodicarb was readily degraded to methomyl in animal
commodities. And therefore the simultaneous analytical
method of thiodicarb and methomyl is required for monitoring
in livestock products.

METHODS AND RESULTS: The study was conducted
using a quick, easy, cheap, effective, rugged, and safe
(QUEChERS) method and HPLC-MS/MS to determine the
thiodicarb and methomyl in livestock products. The limit of
quantitation (LOQ) was 0.01 mg/kg for livestock products,
including beef, pork, chicken, milk, and egg. The coefficient
of determinations (r*) for the calibration curve were >0.99,
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which was acceptable values for linearity. Average reco-
veries at spiked levels (LOQ, 10LOQ, and 50LOQ, n=5) in
triplicate ranged from 73.2% to 102.1% and relative standard
deviations (RSDs) were less than 10% in all matrices.
CONCLUSION: The analytical method was validated for the
performance parameters (specificity, linearity, accuracy,
and precision) in livestock products to be acceptable by the
CODEX guidelines.

Key words: Analytical Method, LC-MS/MS, Livestock,
Methomyl, Thiodicarb
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INEE wE T 514 sl s8] A vl
ato] oF 19% FEox @A Wof, FakE 7 ok A5
$7]3(Maximum Residue Limit, MRL)S ] 4 <k
AR fIsh AR Jlde] F QstHMEDS, 2021).

HT AUle] FAE T sk A QAR 2
2SS st 718 ARl Ao, A A
g o] 1idste] EAAIEE G5 4 Sl QUEChERS
S wo] Agatar AH3-5]. FA1H 0= #5319 QUEChERS
W 5% el w2t citrate buffer(pH 5-5.5)% ©|-&-¢t
EN15662%], acetate buffer(pH 4.8)% 15t AOAC 2007.01
3} bufferg o484 %+ original'jo] 9lom, 5271
of| i Feke] FE&u pHell gt F3E e sto] vkl
g3k 4 glth5].

Thiodicarbi= carbamate”l] 25AIE &, S5 Lepidoptera,
Coleopter % Hemiptera 8152 UAloh=t] AR&-H ™, tirt
22l methomyl 4R 9]oll A 4 sl ke
o] AREETH6]. Thiodicarb: Codexell FAHE 5 7o) A
gEo] glom, R Aole i 2 7Hrel FEAll
A W27 methomyl® A8H=0], thiodicarb$} methomyl
9] &5 methomyl® stal QItH7].

B A 3y A S 1] Aol A o,
FhHEel 5o glof, HlEA R FAHEel| ks
°] 9li= thiodicarb} tIAFAQ] methomylell tjste] FAH:E
T ekl qhddEel &8 4 EF AlEsta g
)

EAEAHS QuUEChERSYHS #-g3to] 7iasaich
Mz 3 dk

Reagents, pesticide standards and samples

Thiodicarb %73 =% 98.6%(Sigma-Aldrich, St Louis,
USA), methomyl:> =% 99.7%(Dr. Ehrenstorfer GmbH,
Augsburg, Germany)E 431311, acetonitrile, methanol,
waterv= HPLC grade(J.T. Baker®, Radnor, PA, USA),
formic acid ¥ ammonium formate:= ACS reagent grade
(Sigma-Aldrich, St Louis, USA), sodium chloride= &
w(Junsei Chemical Co., Tokyo, Japan), 5% % A#l=
QuEChERS Kit(Agilent Technologies, Santa Clara, CA,
USA)E AHESISITE FAREAEe Aaolekichd el 7t
oj=gile] ZAste] £17|(FA), WAL, |
ZI(gvh), ¢, €9 555 dEAEE AFEl, S
b 237, A, gl e 3l A@ACA dry
ices Wil s E4fisto] £ ] A7 WEE
welolar, o1, &2 7Y F ukE 4ol ARSIITHMEDS
2016].

Preparation of matrix matched standard solutions

Thiodicarb$} methomyl2] &3 A 4x7gHE 74719
AFEe vk BAstel =S §, methanolel 83HAIA
Z¥7ke] %7} 1,000 mg/Lo] ¥ =5 AL, olF Ald

3|A3te] 1, 2, 5, 10, 20 2 50 pg/Le] working solution
ZABIF . F4kE AlEel ti$E matrix-matched %7892
working solution?} FAH A& FEENE FI7|E 1.92
=38l HEEErh1, 2, 5,10, 20 9 50 ug/L7}F HEE
ZAste] HF g ol AHESISltE Fiks & HAA R
9] matrix-matched A% FFgq3 EFgN0 7=k
o] 71€71& o]&3to] matrix effects 18ISt

LC—MS/MS conditions

Thiodicarb %! methomyl®] &A1& f15to] LC-MS/
MS(Exion LC UPLC/QTRAP 5500 Mass spectrometer,
AB SCIEX, CA, USA)E A3}tk LC column- Luna
Omega Polar Cig (100x2.1 mm, 3 um, Phenomenex,
CA, USA), 29 oven? 25+ 40C=E A3, o]
£ 0.1% formic acid/5 mM ammonium formate SHr
E(A)9} 0.1% formic acid®} 5 mM ammonium formate
SHr WekE(B)= ©]83te] °o]5d BE 0~127H] 5% %
A&k F, 1~327H4] 100% 2 71402 #95 21, 3~6
7] 100% 5 A8, 6~8%7FA] 5% = 7182 <
S S §, 8~9u7HA 5% FAISHE gradient F710]9)
o} oy o]54Y £42 0.2 mL/min, AEFYHES 1 ul
& AAste] #4818

A7) 274 20 pg/L9 thiodicarb9} methomyl
THREFLNS 0] 8319 scans Fsle], H7]EFol3}
"(Electro Spray lonization, ESI)9] ¢fol&REE ARg-3lo]
sholyl Aol (Precursor ion, m/z)°l Th¥3EE collision
energy(CE, eV)ats o] 127t 9575t 27119 ol&-& EHo]
2(Fragment ion, m/z)<& J@°](Quantitation ion)¥} %
’dol(Confirmation ion) 2= 7%3l] multiple reaction
monitoring(MRM) %31 23313111, ion spray voltage
+ 5,500 V, source temperature 550°C, nebulizer gas 60 psi,
heater gas 50 psi©|3it.

Sample preparation

AR 284 AEstaa FAkE & HANE 5 g
50 mL ¢4late] FHol A=ste] acetonitrile 20 mLS 4
o] AlEHAe] AH](Genogrinder, Labsystem, Korea)E
o]g-3to] 33241 1,300 rpm XFsE ¥, FEH FHS F4HE
= XN EE AE5to] AOAC(6 g NaCl, 1.5 g NaOA),
EN(0.5 g disodium sesquihydrate, 1 g Na citrate, 1 g
NaCl, 4 g MgSOy), Original(1 g NaCl, 4 g MgSO,) 2 41
AAT2] cottonA| 5 elA 288 NaCl(10 g)whs H7Ht ¥
S vy, FEe AxEe]7|(Fleta 5, Hanil science,
Korea)E ©]-431%] 4,000 rpmellA 587 4452 3k3ic
d-SPEZA| W= g=islr] #1810, PSA (150 mg PSA,
900 mg MgSOy) 2 C18 4150 mg C18, 900 mg MgSO4)
& vlwskial, AOAC, EN ¥ NaCluiks 7kste] %
g 459 6 mLS Z7e] PSA Al 9 C18 Al kit 15
mL 94Ee] FHol| dof vortex® 11 Z-i8| £33
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7, 4,000 rpmelA 523t A4 siglth S-S Al
ZE{(0.45 um, PTFE, Korea vaccine, Korea)Z ©]3}3}o]
LC-MS/MSZ A e=t4sl9ith

Method validation
FAHe % thiodicarb ¥ methomyl®] #4H A5
Codex 8 AoH] 70| =2ilel] Age] 244 51 87]20]
Aot A ATEES gRIskIt Codex 1993, MFDS
2016]. #4919 A3 (Limit of Quantification, LOQ):=
EFg s o]gato] 774 AErHEIR el S/N7E 10
1dgtAIe} 7171 FURHuL)= ARtstol 4
AE (), 717 FARUL), 4G
S(mL) 3 SRS 2§ ato] AHEaHITHE].
matrix-matched EF£% 67] 5%(1, 2, 5, 10,
ug/L)E 43t 7t chromatogram®] peak™
710 ® At el g4l g ARA(Y)
hRlataieh. A 2 AU |TEAEE A7,
HA] 100 2 A=A 5002 37) e el 2zt
O % st} 7} o] Ht 35E0] 70 ~ 120% ©|
U, CV(%)7F 20%°1H_1A] gelstsith
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Optimization of LC—MS/MS conditions

Thiodicarb ¥ methomyl®] log Pow+ 1.6 % 0.093%
=49 vlaigd ggtEela, F718H- 27 ~ 0.72 mPa(2
5C)= 3do] wtom], methomyle] 43} UVelA A
gl 7Fe7} goba, 0.01 mg/kg T2 AHEHAE ghisto]
Aol 4881314 HPLC-MS/MSE ]88 27244
< FH3I8ItH9]. Thiodicarb$} methomyl> LC-MS/MS
] ESI positive ion mode®l|4] thiodicarb ¥ methomyl2]
Arol22 ERlsh] fleto] 2t 250 ~ 450 m/z Bl 70 ~ 250
m/z WHPIE scane 851313, Thiodicarb %! methomyl:>
A Zhexact mass, M)l FIAHH)7F A3t [M+H]" ¥
B2 thiodicarb®] A0l 355 m/z, FFol 40|
22 88 % 108 m/z, methomyl®] 70|22 163 m/z,
Jegol et Aol 881 B 106 m/zE RIS
(Table 1).

Optimization of extraction and purification

Thiodicarb$?} methomyl®] QuEChERSH& 283 &
AlREATel oigk A= AR 2 Al diste] AOAC
2007. 01"l ©]3 3%(6 g NaCl and 1.5 g NaOAc) ¥
d-SPE(150 mg anhydrous MgSQO,, 50 mg PSA, 50 mg
Cis, 7.5 mg GCB)& 2831311, cotton AlE+ FE6 g
NaCl) % SPE cartridge®](Pesti-Carb/NH,)& %]-8-3F3
tH9, 10]. FAHzol thgh 49> AOAC 2007. 013 2|
¢ F%(6 g NaCl and 1.5 g NaOAc) ¥ Silica SPE
cartridge= #838laL 3lof, & AelMe= Fike F
Thiodicarb®} methomyl®] 71 QuEChERSH S| F%&
4 d-SPEYAIE &&ste] A&S sAEANS S8t
sk3itk. QUEChERSHl CJst &S gslahr] flsto],
AOAC, EN 9 A3 cottonr TollA 283+ NaClzt
= ¥ S AR, WSl 100, ARetAl 500
(0.01, 0.1 % 0.5 mg/kg)®] 37l FEF=r, 55O = H|w s
7%, thiodicarb % methomylel thalo] AOAC F=& 22t
83~103.5% 4 91.4~103.5%, EN F&& 217} 77.4~85.8%
2l 88.8~91.2%, NaCl %2 78.9~86.4% 9! 93.3~93.6%
o7 AokA 9] 58 7]F Agtelsith(Fig 1).

Thiodicarb % methomyl?] d-SPE A= AOAC, EN,
4 NaClgHs H7lste] 538 §, PSA T C18% #7Ish
o YAl s s, A=FeAl 100, FEsA 50u)
(0.01, 0.1 2 0.5 mg/kg)?) 37w+, 3WH 02 a3}
o 3]5&5 vlwsigivk Z2ke] AldRlel tigh Thiodicarb
2 methomyl?] 3582 AOAC % ¥ C18 FAS] 29,
717} 87.3~99.5% 4! 73.8~82.5%, PSAAI= 96.4~107.8%
3l 733~84.4%°]901, EN F& ¥ CI18 HA:= 247
92.3~95.7% 4 74.1~82.1%, PSA 44| = 85.2~107.5% %!
86.8~91.2% %2, NaCl % ¥ C18 #l°l|A] thiodicarb
2 methomyl®] 3|52 717} 74.0~83.5% % 101.3~102.9%,
PSA A AU 823~ 99.2% Y 88.7~91.5% % 2]2FA
9] guideline®lX Q-sh= F&4d9] 8871 Al
(Fig. 2).

e T HAAE s F20E, d-SPEAIHE
AL RIS 93 34 A8 thiodicarb: EN %
T PSA AA CV(%)7} 21.3% = 24U sbr]Eel A3tst
2] ¥kl NaCl &% $ C18 Aol LOQ <2 3+&

Table 1. LC-MS/MS parameters for the analysis of thiodicarb and methomyl

Compound Molecular weight Exact mass Precursor ion (m/z) Product ion (m/z) CE (eV) @
88" 27

Thiodicarb 354.5 354.04 355 107.8 21
338.3 13
88" 13

Methomyl 162.2 162.04 163 106 15
72.9 37

¥ Collision energy, ) Quantification ion
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(A)
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Loq 10L0Q 50L0Q
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Efficiency extraction(%)

Loq 10L0Q s0L0Q
Fig. 1. Efficiency comparison for extraction method of (A)thiodicarb and (B)methomyl at
LOQ, 10LOQ and 50LOQ (0.01, 0.1 and 0.5 mg/kg) in swine.

(A) B AOAC +C18 m AOAC +PSA HEN +C18
WEN+PSA  ENaCl+C18 mNaCl+PSA
130
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Mean recovery (%)

LoQ 1oLoQ 50L0Q

(B) W AOAC +C18 m AOAC+PSA mEN +C18
MEN+PSA  mNaCl+C18 mNaCl+PSA

Mean recovery (%)

LoQ 1oLoQ 50L0Q

Fig. 2. Mean recovery for extraction and dSPE method of (A)thiodicarb and (B)methomyl
at LOQ, 10LOQ and 50LOQ (0.01, 0.1 and 0.5 mg/kg) in swine.
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Table 2. Recovery and coefficient of variation of thiodicarb and methomyl at LOQ, 10LOQ and 50LOQ (0.01, 0.1 and

0.5 mg/kg)
Commodities Pesticides Fortification (mg/kg) Mean recovery+SD? (%) CV (%)? Linearity (r°)
LOQ 83.46.7 8.0
Thiodicarb 10LOQ 81.04.5 5.5 0.9943
50LOQ 83.42.4 2.9
Beef
LOQ 92.03.4 3.7
Methomyl 10LOQ 101.82.1 2.0 0.9997
50LOQ 102.11.8 1.8
LOQ 99.25.3 5.3
Thiodicarb 10LOQ 85.65.8 6.7 0.9976
50LOQ 82.37.2 8.8
Pork
LOQ 91.50.8 0.8
Methomyl 10LOQ 88.72.0 22 0.9901
50LOQ 89.60.9 1.0
LOQ 90.25.8 6.4
Thiodicarb 10LOQ 81.27.7 94 0.9944
50LOQ 80.73.9 4.8
Chicken
LOQ 81.72.5 3.0
Methomyl 10LOQ 86.02.4 2.8 0.9966
50LOQ 85.21.5 1.7
LOQ 85.52.3 2.7
Thiodicarb 10LOQ 75.33.0 4.0 0.9988
50LOQ 73.22.1 2.8
Milk
LOQ 91.32.4 2.6
Methomyl 10LOQ 89.71.5 1.7 0.9950
50LOQ 89.22.8 3.2
LOQ 89.01.1 1.3
Thiodicarb 10LOQ 81.81.9 2.4 0.9934
50LOQ 81.42.6 3.3
Egg
LOQ 84.12.0 2.3
Methomyl 10LOQ 85.91.2 14 0.9927
50LOQ 87.92.0 2.3

? Gtandard deviation, ® Coefficient variation

°] 70.6 ~ 75.8% 80% ©l5t31. 2™, methomyl> 10LOQ
2 50LOQ 42| 34-&°] AOAC F%& F C18 gAoIA
73.3~76.6%, PSA A1 72.0~76.1%, EN 3% ¥ C18
Ao 70.4~76.3% % 80% ]8Tt Table 2). Thiodicarb %!
methomyl 023154 ¢b= B 44 3lom, PSAY
A FaHe =9 organic acid, lipid 5o {HE4E &
2o AAT 4= IJTHIMPR 2000, EFSA 2008). %%
2%, 539 FAkaAlEe] digh QUEChERSH: NaCl 5%
T PSA Aol A, AEeAl 100, F A 500
(0.01, 0.1 % 0.5 mg/kg)®] 37N FLFFelA g4l 4
9 AU FgHE 5 s AoR stk

Method validation

kg A HEE Codex B 2J9FA guideline®l]
At AR, 5o, A, FFEAEE B A
4 2 IS FrbsIiTth AT el 0.01 mg/kg
oA FAA RS} Bl EA]8te] thiodicarb$t methomyl

EolAS ol

FAME AR 55(41), A, 93], S, DE A
43 Matrix-matched 734 EF=£9(1, 2, 5, 10, 20 ¥
50 ug/L)el sFAAe g AHAG(r?) 7} 0.9901 ~ 0.9997
2 AR sl on, AFstA|, destAl 10m, kst
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7 509(0.01, 0.1 2 05 mg/kg)®l 370 FEZSF, 5HHo]
gk S-Sl gk A4 9 AEAS 4], SAa
7], §a7], -, & AlEelM 27t 75.9~105.2% 2 CV
8.0%, 70.5~94.1% 4 CV 4.0%, 73.6~92.0% % CV 9.4%,
73.7~107.2% X CV 8.8%, 77.4 ~ 90.5% L CV 3.3% ©]
Wz 58715l A geitiTable 2).

Thiodicarb?] &AM djst 2 9+ thiodicarb
9} methomyl®] 3= methomyl® $HilelEs =of §lo
1, thiodicarb?] 3FE&AIolA FAE A8 T 237], #
A7), §17] 9 97+ methomyl®] 1.9 ~ 35.5% 4]
R, Lollx] 84.7 ~ 93.9% E th-i-0] methomyl = 215
Atk Thiodicarbi= pH 9914 W=7 7kp2elj ¥l =], &2
vk, e gl g} dhelol] 4191 4| pHE S7gd A,
wake] pHE 638, W 10.1, W&} wls 419l A
9.59%2 Z4E3lom, &ellA thiodicarbZ} 7l&3l7F Lo
W RoF woEn11].

H ATelA FAkEel it thiodicarb %! methomyl <+
Faokel ehdaElel €83 4 Y%= QuEChERSHS %
&3 2&st FEs AR S FAME F UM E 5%
(&2117], JA7], Far), -+ 2 el diste] it 2 A

= = > 5 = - = O ~:EL B o
Zaglom, 5 AR TARES FUS F, H54
VS
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