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Method Validation of Carbamate in Meat by LC-MS/MS
Chatchawan Rodjanasap Vichunan Leewan Wiphada Sirisomphobchai
Abstract

The method validation of carbamate 9 substances in meat by LC-MS/MS
triple quadrupole was conducted. This method was measured type and quantity of
carbamate consist aldicarb, aldicarb sulfone, aldicarb sulfoxide, carbaryl, carbofuran
3-hydroxy carbofuran, methiocarb, methomyl and propoxur. Results of the method
validation of carbamate had %matrix effect of standard solution compared with
matrix standard was in the range 0.85 - 19.90%. The coefficient of determination (RZ)
linearity of standard curve concentration 1 — 150 ng/mL was in the range
0.9973 - 0.9984. The coefficient of determination (RZ) linearity of carbamate analysis
concentration 1.5 - 75 pg/kg was in the range 0.9976 - 0.9998. %RSD of precision was
in the range 1.06 — 10.72%. The accuracy of carbamate analysis in term of mean
recovery percentage was in the ranged 71.04 - 104.35%. The limit of detection (LOD)
carbamate were 0.5 pg/kg and the limit of quantitation (LOQ) carbamate were
1.5 pg/kg. The method validation of carbamate in meat was consistent with the
criteria SANTE/11312/2021. The method was used to detect carbamate residues in
meat samples according to the department of livestock development's annual

pesticide monitoring plan according to the objectives.

Keywords : Carbamate, LC-MS/MS, method validation

Veterinary Public Health Laboratory, Bureau of Ouality Control of Livestock Products,
Department of Livestock Development, Tivanont Road, Bangkadi Subdistrict, Muang

District, Pathum Thani Province, 12000; Tel. 0 2967 9727
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nelmAneIN1sszAeLAnle Inevly carbamate Tliduansnauzise eniu carbofuran
wag carbaryl mnlasuannnissuusemunananildaisaiuassiniagneliinaisne
2 Py & P Yo a I a v X Y v v |
1z154le dauenmsmludialasuaisiy awn Uinfsee nda1uilaoaukse Wladutias iy

v a & v a ¢ & a s aa Y] I3
U9 LWNBaN LUUAU (WMWL‘WQJJ WILRAANNIA LLASUTEN SWU"IUUU‘W, 1.4.4.)

P '
AN 1 d@19nqU carbamate

Hoansiny Fonan1sdn
aldicarb temic
aminocarb matacil
oxamyl vydate
isolan isolan
carbofuran furadan
methomyl lannate
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1. Inguszena
Wanaaeuanuldldvedisuaaeuaisngu  carbamate  luillednideimaila
LC-MS/MS

2. YBuY

donaasuauldldvesitnaaouatsngy  cabamate luiilednidaemadna
LC-MS/MS triple quadrupole 91uu 9 v Usznoulusae aldicarb, aldicarb sulfone
aldicarb sulfoxide, carbaryl, carbofuran, 3-hydroxy carbofuran, methiocarb, methomyl
AT propoxur MINLUINIBY SANTE/11312/2021 lnevagdeunsiilmes laun wansynu
nLEnG (matrix effect) A dudunsweIns MunsgIy (linearity) aududunss
YaI5NAgau (working range) AT (precision) AMLLU (trueness) mmﬁwﬁusﬁ"wqm
fianunsonsranuls (imit of detection, LOD) LLazmmLSﬁmsﬁus‘i’ﬂqmﬁmmsamﬂ%mmléf
(limit of quantitation, LOQ) LﬁaL.Lﬁ@ﬂﬁLﬁMﬁ%MmaauﬁqnéngﬂﬁmLLazﬁm’mmL%aﬁa
Tneshegilidnuie Weld Authmane (target value) lunmsvndeu Ao seduusunaens
ﬁiﬁﬁmﬁwlﬁqqqm (maximum residue limit, MRL) Tuiiadmigemnsad 2 Wurildlunns

NaaauAUlYle

13999 2 A1 MRL @13n&y carbamate Tuiilodn’

Pesticides MRL in poultry and swine muscle (mg/kg)
UNY @ Japan © EU
aldicarb, - - 0.01*
aldicarb sulfoxide (sum of aldicarb, its sulfoxide and it
and aldicarb sulfone sulfone, expressed as aldicarb)

(Reg. (EU) No. 310/2011)

carbaryl 0.05 0.05 (swine) 0.05*

0.2 (chicken) (Reg. (EU) No. 1096/2014)
carbofuran and 0.05 (Lidjazjﬂi) - 0.01*
3-hydroxy 0.01 (ilednidn) (sum of carbofuran (including any
carbofuran carbofuran generated from

carbosulfan, benfuracarb or
furathiocarb) and 3-OH carbofuran,
expressed as carbofuran)

(Reg. (EU) No. 2015/399)

4 b4 dl
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M13999 2 A1 MRL @13ngu carbamate Tuiiiadin (o)

Pesticides MRL in poultry and swine muscle (mg/kg)
UNay @ Japan ® EU
methiocarb - - 0.03*

(sum of methiocarb and methiocarb
sulfoxide and sulfone, expressed as
methiocarb)

(Reg. (EU) No. 2021/155)

methomyl 0.02 0.02 0.01*
(sum of thiodicarb (Reg. (EU) No. 2016/1822)
and methomyl)
propoxur - 0.01* (swine) 0.05
0.03 (chicken) (Reg. (EU) No. 149/2008)
0.05 (other
poultry)

’ A limit of determination

© fo aw Thai agricultural standard (TAS 9002-2016) notified on 13 december B.E. 2559 (2016)

) &0 muUsynne The japanese positive list system (updated on 25 December, 2017)

3. Uszleviliimndnaslasu
3.1 eldduwisuasgiulunisnageuaisngy  carbamate luilodnimemaiia

ada 4 1

LC-MS/MS agafiuseansnineieisngnassiaziiugrvesiesufuRinisauiaiiomis
a13NANe wavansUuleu nqunsiadeunmn niledniuasnanananNded
3.2 el ludoyadmivdurenisfusesnuaiunsavesiotU Jufinis mussuy

AN ISO/IEC 17025 $18n15nAdaUansnay carbamate Tusilodnimemeatin LC-MS/MS

4. gunsaluazansiad
4.1 gunsal
4.1.1 w383 LC-MS/MS thermo scientific U TSQ quantis
412 psesduhminauazsun 0.001 nd
4.13 w503 homogenizer n¥ouunuiunauyfindludin awin 1 wuRwns
414 w3osdunies (centrifuge)

4.1.5 LAIRINANANS (vortex mixer)
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4.1.6  gunsalanUTiasansavarelaemsilisnguialulasiay (N-evap)
4.2.7 centrifuge tube ¥lla PP au19 50 mL Wioun1Lnae?
4.2.8 disposable syringe wun 3 mL wialufiwady
4.2.9  micropipette ¥u1% 10 - 100 pL, 100 - 1000 pL ez 5000 pL
4.2.10 syringe filter membrane %ia nylon w119 0.2 um
4.2.11 vial 1um 2 mL wioueh dnsuldiuaios HPLC
4.2.12 n3wunans (Separating funnel) ¥u1m 125 mL
4.2.13 column HPLC inertsil ODS-3 @u1a 2.1 X 150 mm, 3 um
4.2.14 SPE ¥ila aminopropyl (NH,)
4.2 gsadl
4.2.1 acetonitrile, AR grade
4.2.2 hexane, AR grade
4.2.3 formic acid, AR grade
4.2.4 sodium chloride, AR grade
4.2.5 sodium sulfate anhydrous
4.2.6 ethyl acetate, AR grade
4.2.7 methanol, HPLC grade
1.2.8 thainlossu (deionized, DI
4.3 #713U1M331U
@1301M351U carbamate vlina1sazateNaN 11 wia Anuduturlings 100 pg/ml

¥

8% CL-chem lab Lot 29.2441005
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5. Agandunns

5.1 JUABUATNISNAFU

A79819 5+0.010 NSy

: 8

LWy DI water 3 mL

111U homogenized 1 w1

: B

WU 0.8% formic acid in acetonitrile 20 mL

. 2

1A NaCl 2 g, vortex 5 W1

: 8

centrifuge 10,000 rpm 5 W17 i 25°C

: 8

NSDENUNTEABNTDILE M UNTIULEN wazUaneTUa1d

: 8

WAL hexane 15 mL g 1 U7

: 3

& o a o |
LAULUANN 91 NaZSO4 5 N3N LAZATDINIUNTELATIWNTD

anala 8 mL thluszmedeirdes N-evap Auuis

: B

\Ax ethylacetate : hexane (7:3) 1.5 mL 1lU vortex 1 u¥l

: B

USuanTg SPE NH, A1e ethyl acetate : hexane (7:3) 3 mL
load ansafafegafiazatesie ethyl acetate : hexane (7:3) 1.5 mL ldaslu SPE
elute M8 1% MeOH in ethyl acetate : hexane (7:3) 12 mL

: 8

inluszimeaiein3es N-evap

WAy 0.01% formic acid in MeOH:DI water (1:1) 1 mL, vortex 1 w1

: 3

A998 LC-MS/MS
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5.2 amamaam’%m LC-MS/MS

P59 3 @anzlalugiuees liquid chromatograph

column inertsil ODS-3 ¥UM 2.1 X 150 mm, 3 pm

mobile phase A1 0.1% formic acid in water, B : 0.1% formic acid in methanol

flow rate 0.25 mL/min.

oven temp. 35 °C

injection volume 10 pL

gradient conditions time (min) A (%) B (%)
0 60 40
1 60 40
7 0 100
10 0 100
11 60 40
13 60 40

M15199 4 annelglugiuves dynamic MRM parameter

compound precursor product RF lens CE (V) RT (min) polarity
name lon lon V)

aldicarb 116.2 70.3 68 10 6.23 positive
89.2 68 10
100.1 68 22

aldicarb sulfone 143.1 553 36 18 2.03 positive
223.2 86 52 12
148.1 52 10

aldicarb sulfoxide 206.9 89 a6 10 2.07 positive
132.1 46 10
147 46 10

carbaryl 202.1 115.1 58 35 7.29 positive
127.1 58 26
145.1 58 10

carbofuran 222 773 89 40 6.94 positive
123 89 19
165.2 89 10

3-hydroxy carbofuran 238.1 135.1 82 19 4.78 positive
163.1 82 10
181.1 82 10

' & o < a v & v a
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P59 4 anzAlslugIuees dynamic MRM parameter (5i9)

compound precursor product RF lens (V) CE (V) RT (min) polarity
name lon lon
methiocarb 226 107 69 35 8.45 positive
121.1 69 16
169 69 10
methomyl 163.1 88.1 40 10 297 positive
106.1 40 10
131 40 10
propoxur 210.2 1111 53 10 6.89 positive
153.1 53 10
168 53 10

5.3 Junaunsnadauanldldvasiznagey
5.3.1 NANTENUINNLUNSATG (matrix effect)
ATIVINETALANLNINTFIUABUAY matrix standard 11U 7 FEAUAIY
WU (1, 5, 10 30, 50, 100 wag 150 ng/mL) ANUINTUAE 3 31 1hen response 3

Useillu matrix effect (ME) 9191 inauaiNeausua <20%

Rstd in matrix extract
ME(%) = —1 [x100
Rstd in solvent

lne? R = detector response

5.3.2 Aududunswesnsmliinsg1u (linearity)

ATIVINENTATANLUINTFIUNGY carbamate 7 SesuAINTY (1, 5 10,
30, 50, 100 war 150 ng/ml) Aududuas 3 1demada LC-MS/MS  waradnensam
SeENIeALaleves response  wazAtmududulaefinnsanaduuseaninisindula
(correlation of determination, R) Tngan R 20.990

5.3.3 AnuduldunssesiSnaaau (working range)

naFoUfeg e spike sample Afimmiduturesansngy carbamate sy
ANILUNTY 1.5, 5, 25, 50 uag 75 pg/ke ANMLUNTUAY 10 grghemada LC-MS/MS
WEEenTINsERIeAREETeY response wavAAuLtulneRansanadudsansnig

snaula (correlation of determination, R) Ineen R- >0.990

¥ v o
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53.4 M’mﬁm (precision) kagAAULLAIY (trueness)

afnfeee spke  sample  Aiflannudutuvesansngy carbamate A
WNTY 5, 25, 50 wag 75 pg/kg ANUNTUAE 10 FuaENAFOUSIEIATLA LC-MS/MS
Wgusafunsvunnssiu Ussdiunanisvaaeulasfiansanainuiiesain %RSD  inasii
gausURD <20% uazfinnsanauuiiueIn %recovery Wnainieausufa 70 - 120%

5.3.5 %A1 LOD uagA1 LOQ

afnfeee spke  sample  Aiflanuidutuvesansngy carbamate A
Wty 2 pg/ke $1uan 10 SuazvedeUREmAda LC-MS/MS IneiguNanunImuInggIu
Ynaildunduianen standard deviation (S w&FIWIMIAT LOD 990 35, wazen
LOQ 311 10S,

n = UIUNAFDULTIIU routine
S = standard deviation a1nN1INAGEDULT

So' = standard deviation @1%suA1WIMAT LOD tag LOQ

5.3.6 guguaA1 LOD wazen LOQ

afinfee19 spike sample NHANUYNTUVRIANTNEN carbamate NIANUIN
A1 LOD wazA1 LOQ @@1ute 5.3.5 a11UANUINTUaE 10 T1Warnnd@aumigmala
LC-MS/MS  Taenfisunaiunsinunsgiu Ussiliunani1svaaaual LOD Taefiansanainan
[ .«.:4' = U o . . . 5.«.:4' o A
dygavetansiasaisuiudyaiusuniu (signal to noise ratio, S/N) InasiigoNsUA
S/N > 3 kazyUseiunan1snagaual LOQ tagfansmuImnusiiedaln %RSD tNunygausy

D <20% LazNANTUIAMULLILIIN Y%recovery LNAINTNIEDNSURAD 70 - 120%

6. NAN1INAEDY
a g
6.1 HANIENUIINLUNING
HANTENUINUNTNG  LiIBLlUSEUWEU response  U09a7158Ea18LIATHIUNWABUAY
response U84 matrix standard WUl &A1 response ALANFNAU AILA 0.85 - 19.90% &9

aglunaueausu Ao <20% AINN5199 5

nauasIvEeUANNNadn L naNAn NS i 10/15



M131991 5 %matrix effect YaIENIALANLNINTFIUMEUAU matrix standard 311U 7 s¥AU

AULTUTY
Compound %Matrix effect
1 ng/mL 5 ng/mL 10 ng/mL 30 ng/mL 50 ng/mL 100 ng/mL 150 ng/mL

aldicarb sulfoxide 13.27 19.88 13.19 13.94 12.82 3.81 10.45
aldicarb sulfone 18.59 18.89 4.87 7.58 12.16 5.59 7.30
methomyl 14.56 16.85 17.68 13.13 16.71 8.42 10.29
3-hydroxy carbofuran 12.48 17.14 19.70 19.87 19.54 19.69 15.34
aldicarb 18.68 19.90 12.30 11.77 12.05 9.39 7.13
propoxur 0.85 9.35 5.24 5.61 3.33 1.27 1.30
carbofuran 6.87 12.66 6.11 7.21 7.46 3.28 1.25
carbaryl 2.04 10.39 3.78 3.38 291 1.06 1.93
methiocarb 1.49 10.36 7.59 8.33 3.02 3.93 5.23

6.2 anududunsevainivinasgiy
174 U U 2 1 1 li!
nadoUANUUAUNTIVRINTINGRATEIL NUT AT R Bglugae 0.9973 - 0.9984

agluinaueifigausu fie 0.990 FAN3197 6

A 1 . 2 1
M1319N 6 AN slope, intercept kag R U83d13UIATIIUNAL carbamate

Compound Slope Intercept R’

aldicarb sulfoxide 45687 135797 0.9983
aldicarb sulfone 6262.5 22122 0.9982
methomyl 105192 232456 0.9983
3-hydroxy carbofuran 126009 363895 0.9975
aldicarb 55994 188767 0.9982
propoxur 116327 410809 0.9975
carbofuran 241767 853989 0.9981
carbaryl 100307 303707 0.9984
methiocarb 154855 655030 0.9973

& o < a o & v a
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6.3 aAnuduidunsevesisnadou

Y] ax [ ' 2 ' = '
V]@aa‘Uﬂ’J']llLﬂULau@]i\isﬂaﬂ?ﬁm@aaU WU A1 R @QWLUGU'N 0.9976 - 0.9998 “Uﬂa%

TunaeiNeausu Ao =0.990 AIANS19N 7

i ' . 2 a Ul
M1379%7 7 @1 slope, intercept kaz R Y093anAaBUAINGY carbamate

2

Compound Slope Intercept R

aldicarb sulfoxide 5207.3 -3290 0.9998
aldicarb sulfone 2696.4 -333.67 0.9998
methomyl 12757 6316.5 0.9994
3-hydroxy carbofuran 6771.2 -601.4 0.9984
aldicarb 9169.2 -8832.8 0.9985
propoxur 26962 18839 0.9992
carbofuran 44092 21261 0.9996
carbaryl 23471 8870.4 0.9986
methiocarb 14222 23027 0.9976

6.4 AUNYY

NAFBUAUTIES WU %RSD deneglurae 1.06 - 10.72% Feeglunusinesusu

A <20% MIR15199 8

M131997 8 %RSD UB3ITVAABUANINEY carbamate

compound %RSD
5 pg/kg 25 pg/kg 50 pg/kg 75 pg/kg

aldicarb sulfoxide 7.95 4.10 10.72 3.07
aldicarb sulfone 8.53 5.06 6.57 3.77
methomyl 3.77 4.05 3.93 5.00
3-hydroxy carbofuran 4.93 3.54 7.57 7.76
aldicarb 3.84 3.99 9.73 9.42
propoxur 3.44 4.55 6.82 5.17
carbofuran 557 5.62 7.33 4.35
carbaryl 4.40 4.12 5.30 6.18
methiocarb 6.59 1.06 6.08 6.76

nauasIvEeUANMNedniLazanGnaINdn
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6.5 AULIY

NAADUAIIINWIY WUTT Yrecovery denaglugie 71.04 - 104.35% Faoglunae

YRUSUABD 70 - 120% AIM15197 9

A N aal !
A1319N 9 Yrecovery (1aa8) VDNDTVAABUAIINGN carbamate

o
N

compound %Recovery (ade)
5 pg/kg 25 pg/kg 50 pg/kg 75 pg/kg

aldicarb sulfoxide 103.60 101.74 102.93 104.35
aldicarb sulfone 89.87 91.24 99.79 97.85
methomyl 101.79 99.66 102.99 100.29
3-hydroxy carbofuran 98.52 85.79 90.82 87.07
aldicarb 85.46 80.36 88.59 89.02
propoxur 95.80 86.26 96.27 95.28
carbofuran 87.77 85.63 91.65 90.96
carbaryl 85.58 83.62 90.72 85.76
methiocarb 84.98 71.04 84.55 84.67

6.6 #¥1A1 LOD wazA1 LOQ

AN 10 HaNe@aULNaunIAT LOD way

LOQ va335vaseUansnay carbamate

compound conc. pg/ke)
SP1  SP2  SP3  SPa  SP5  SP6  SPT  SP8  SP9  SP10  average SD(S)  LOD LoQ
(3S,)  (105y)
aldicarb sulfoxide 199 2137 2263 1998 1846 1804 1955 1861 1859 1715 1943 0163 0490 1633
aldicarb sulfone 2044 2246 2225 2104 1945 1860 1946 2121 2057 1804 2035 0147 0440  1.466
methomyl 1597 1813 1745 1650 1623 1477 1538 1486 1512 1489 1593 0116 0348  1.162
3-hydroxy carbofuran ~ 1.681 1951 1958 1664 1740 1540 1518 1514 1561 1581 1671 0167 0501  1.670
aldicarb 1483 1569 1621 1376 1481 1333 1328 1341 1346 1271 1415 0116 0349  1.164
propoxur 1714 1782 1837 1745 1669 1497 1594 1569 1645 1573 1663 0107 0322 1072
carbofuran 1654 1740 1789 1700 1594 1542 1506 1553 1600 1549 1623 00944 0283  0.944
carbaryl 1600 1873 2023 1642 1585 1603 1608 1616 166 1557 1681 0148 0445 1482
methiocarb 1578 1652 1668 1604 1510 1488 1432 152 1541 1454 1545 00798 0239  0.798

nauasIvEeUANMNedniLazanGnaINdn
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6.5 BudiuAn LOD uagA1 LOQ

vegeuiitedudud  LOD wud f1 S/N (10de) agflutae 46.33 - 375.87 Faaglu
inausifipensuldfe >3 nanaaeuiiladudiud LOQ wuin %RSD fidneglutis 5.15 - 9.70%
Feagluinaifiveniufie <20% uaz %recovery (10de) aglutag 71.93 - 106.46% daoglu

WNUNNEBUSUAD 70 - 120% FIRN5197 11

M1319% 11 wanaaeaudl LOD wag LOQ Y04ianaaauaIsnay carbamate

compound LOD 0.5 pg/kg LOQ 1.5 pgrkg
S/N (1ade) %RSD %recovery (1adg)

aldicarb sulfoxide 124.02 6.23 100.57
aldicarb sulfone 46.33 9.70 106.46
methomyl 271.39 5.15 96.63
3-hydroxy carbofuran 79.36 5.47 96.39
aldicarb 167.14 791 75.59
propoxur 375.87 8.29 82.73
carbofuran 319.91 8.57 76.36
carbaryl 359.11 6.03 79.24
methiocarb 205.89 5.66 71.93

7. @3Unan1Inaa

Tnadeuanangu carbamate Tuilodnifemeaia LC-MS/MS édiiunismagou
muldlaveddSluimide wansznuainuning anududunswosnsmuinsgiu Ay
Funssrediivedeu Aaflss auwaiu LOD uway LOQ lénamisneaeuiuluniu

(3 [ v g aa dyd a a 0 aa v
WNNNSERNSY  MetuIsnadsuliiusydnsain awisadniSaenaniulslunisnaasvans

o

nqu carbamate lufanssunisisefsansanansuseinleasnsuladndla
8. dorauauu
Fonaaeunlanunmageunuldlaveisnaaeuil un1snsraaeuauldlaves
WoaUURNITAET AITENISUSINMAERUANTIWIGY  (proficiency testing) %303In3
~ a i v a va . L. P vaal &
WIsuWeunaseninemieaufjusinis (interlaboratory comparision) tielviisnaaauilaiunse

ATIRATIEIREelagNAed
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9. AinAnTIUUITZNA
YOUDUANKMIENTEUNATIIERUAMANAUAUARRT TatuayunisAnuiluasall

=

FIUVAIMTNNUATE NS ansenekazansUullon nquasvaeuAunIniledniuay
(3 o w a
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