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Simultaneous determination of 16 kinds of carbamate insecticides in egg by solid
phase extraction coupled with liquid chromatography tandem
mass spectrometry

ZHANG Yan, CHEN Guo, WU Yin-Liang"

(Ningbo Academy of Agricultural Sciences, Ningbo 315040, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 16 kinds of carbamate
insecticides and 6 kinds of metabolites residues in egg samples by solid phase extraction (SPE) coupled with liquid
chromatography-tandem mass spectrometry (LC-MS/MS). Methods The egg sample was extracted twice with
acetonitrile, purified by liquid-liquid extraction (LLE) and SPE method with aminopropyl SPE cartridge. The purified
solution was dried and redissolved in 25% acetonitrile solution and then determined by liquid chromatography-
tandem mass spectrometry. The sample was separated by gradient elution with a mixture of 0.1% formic acid solution
and acetonitrile as the mobile phase. All of 22 kinds of compounds were monitored in the positive ion mode and
quantified with external standard calibration curves. Results The limits of detection and limits of quantitation were
in the range of 0.02-0.3 pg/kg and 0.05-1.0 pg/kg, respectively. The good linearities were obtained for the 22

compounds at a concentration range of 2.0-500 pg/L. The recoveries of the 22 compounds in egg samples were in the
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range of 78.7%-92.6% at 1.0, 5.0 and 50 pg/kg with intra-assay relative standard deviations of 1.3%-7.1% and

inter-assay relative standard deviations of 2.5%—7.1%. Conclusion This method is simple and accurate, and it is

suitable for determination and confirmation of carbamate insecticides in egg samples.

KEY WORDS: egg; carbamate insecticide; metabolite; solid phase extraction; liquid chromatography-tandem mass

spectrometry; residues
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G TR 2 A HUR R TE A AL R Huif) 22 5 TR R
AEFRERR . @ik, TRk X ABRE. Zammkesd
ARG, TEARON . Bl A0 A5 7 T 3z i i — 28 4k
o SR BE A (R ST R R, R 25 W ak B N6
it R AN R BT i B 14 £ 5 Bkl o AT ot i AR
22 6] G Rl DX 2 2 A AE AR P £ il T
JCHR BE PR (maximum residue limits, MRLs), i e
Pk b Pl T MRLS®Y, W ALE T v AR
FESPPEE S P MRLs ¥4 0.10 mg/kg, & EAKM
E B E AT IREE S A LR Y MRLs, HWL7E GB
2763.1-2018 { &M A E R & 5T H HAG S 43 Fik
it KRR R BR AL ) Wbl T 5 E R . I E
FBE M H A MRLs ¥4 0.05 mg/kg, PR T IEE 5%
4, AT SRR Y SRR YRR IS R ] A
Wik

Xof 6 i o R PP R T8 2 A% HLTR 8 43 B Uk A
ML W S ) SRR RO
MR A - H Ik U O R ME € BB
TR HL e SR €033 - B ER SR R 1 RO €633 R K TR
T FE AU R . HETE J S B & O
TR BT B 2, (B X G 2 BO R IR R
YIRS AR, BRSO ALANY, AT I S
H | M @ 3% & B B 3k 4 B 7 35 (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)}
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B B 3 A N I AT, DL A A A 2 P R
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fRAER LA, P WER . S 2 T BRI 26 R
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21 RFIESHE
ZNE (%4, £ E Fisher 24 H]); WER((Ai%4kE, £E
Tedia 2vFl); W ke, @AfLa. IECKE. ToKBLEREN

B (ardral, E2ERbRm A RA A, wE e
(99.53%) . 3-F%KE 70 A 51(96.32%) . T K JF(98.71%) . K
BL(98.34%) . T K B LAN(97.6%) . KL (99.66%). ik
KIF(99.78%) . KERE(99.78%) . TR IE(98.85%) . K HUJE
(99.35%) . K HEIH(99.99%) . K B FH(98.85%) . HiiF
(99.60%) . 2= H LA IF 5 (99.26%) . i B(98.59%)
SENEL(97.63%) . PUZEIN (98.94%) . M F(99.51%) . FR&
J8(99.9%) . F T )8k (98.4%) . 7K S (99.69%) F1 Bl HL
(97.37%)brifESh, 0 F1EE Dr.Ehrenstorfer GmbH /A F];
G EE A i YW T A iR T

22 UEEEREF

Acquity UPLC-Xevo™ TQ MS i i & WM (3% R 1k
SR (35 E Waters 24 #]); Sigma 3K15 &iE B LALEER
Sigma 7v#]); SPE-24 [EIAHAEHCE B (3E1E Supelco 22 H]);
BS124S SR FEGEE N 0.01 mg, JLRTEELHHLEEA
#]); PL1502E B FRFE-GREBEN 0.01 g, FiLAHEER -0 R £
N FD); HQ-60-TVRE IR IRA X (b i 7 IEZA Fl); Milli-Q 46
1k R 5 (34 Millipore 23 F]); 0.22 pum A HIAHE N IEEH(K
T S 0 A A B F ) U [ AH ZE BUINEE (500 mgy/
6 mL, £ Agilent2Aw]), ffFHIA 4 mL 5 B e - HH Bl
W(99:1, V:V)iFfk..

2.3 FERRBIECH

PRUERR SR MERRPRICE AR UESD 29 10 mg T 10 mL £3
R RET, OB ERIFER 2205, B s HkE R
1 mg/mL [AARERE I, —18 °CP-A745 -

IRETREMG R AR IR MR &4 | mL,
F 100 mL #EEEE, HOEHmREZE, Bk Rk E N
10 pg/mL HIR -G R HERE I, —18 *CIRAFE H -

PR TAEWG: A2 BUR A PR GG R oS &, FH 25%
BRI RE, FLHIRMR B 2.5.20.50.200 F1 500 pg/L
B RN AR E TAER
24 HmABTLE

BUARE 5 g, BT 50 mL RNEIRBLOE T, kiR
IMATCKBREREN 5 ¢ MZIE 15 mL, € 1 min, JRGIZHL
30 min, 5000 r/min &.[> 5 min, W5 R, EEHIMAZ
i 10 mL, [FFEAIRELIRI 1 &, AIFRBORE KM
AL A BN A O IE B BE4S 10 mL, WRE 1 min,
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5000 r/min #5.0> 3 min, FHEDEMRAERECHN)Z O IFHER T
50 mL ¥IRFELOAT T, 40 COKIBARMER T, I — % k-
R (99:1, V:V)6 mL VA frskiE, e 5/ME, ek
B, T 50 CKBARZIET, M 25%LJFH’E 1.0 mL
VAR, WIEIRAY, 1T 0.22 um JEAK, EAHLOHT.
2.5 (UEEEH

KA Acquity BEH C5(100 mmx2.1 mm, 1.7 um)473&5;
BN AAH: 0.1% P RRVAW, BAH: I, KR vEmi &0k
F1; HE 35°C; #FREE 10 uL,

®1 BERREG

Table 1 Gradient elution conditions

Fisf [11] /min Al% B/%  H}E)/min Al% B/%

0.0 75 25 9.0 15 85
1.5 75 25 9.1 75 25
7.5 15 85 10.0 75 25

S B R, IER R, SRR
] (multiple reaction monitoring, MRM); & 41l % &, J% :
3.5 KV; ZEUEFLHEE: 30 V; RF B4 E: 0.5 V; BFiF
JRIE: 150 °C; R FISIREE: 500 °C; HEFLAHE: 50 L/h;
TR % 1000 L/h; A53E# L 650 V; " hliE<:
TR AT R S IR 2.
2.6 ARSNEIYSEIE

I FH 28 43 A1 R 5 B2 ik R TR T 2 1% 17 () 008 R o

ITHSINSLES, FESANELE 2.4, 22 P& Rus IR B K
1.0, 5.0 1 50 pg/kg. FEMMFRERIG IMANSRHEA T, TRIERS]
HCE 0.5 h J5 A TR AL BE

2.7 BEESE

[l 2.6 PEAT28 FHUSINSEY, B —INInk B EAT 3 #Ek
SCEe, BRI S ASEATRRN, HEPVSE RIS AR X bR v
D22, U105 SR B0 ) AR T o o i 2

3 HR5SH

3.1 EEREHMRL

XoF B i v B R R 2 O O A BT ik, R ER
Ve R R ZENET, IR A TR I AGE S G HLER T
AR AR 24 2N BRI A R S LA
W, ARBIAGERE S 5 7 R A S, B WA FIK
EMELIA SO, DIERIARR D, RERBGBIUR B2,
SEIG e — A SR AERE N TP I A TCK SRR BN 0 I B0 T T 2 I
PRE, ZARFEATR(10. 15, 20, 25 F1 30 mL)ZJiEHEH 1
W, LA S g FEMFUIN 50 pe/kg 23 H BRIRZE R R
FUE, BEA A G PRI 2 ARG n IR g, (A 2 g
AR 30 mL i, 154 2 Fi Ak (25 BT R B R
AR AR B EISCRAR T 85%; S Hi i [, SERRE 4R E
75 RO TR 1 RS 2 IRCHEIRF 50 15 A
10 mL), AT L& B i il 90%, B ILIE L
T 2.4 R,

*2 SEFREEERATNEN. EEBETHFRIESH

Table 2 Qualitative ion pairs, quantitative ion pairs and other MS parameters of carbamate insecticides

o Wy SR TR (M) HEAL ppsAe R e FEVEES - XF HEFLHE  RlifERE R
HLE/V eV (M) 1A% eV

ERLIERER A 225.0/72.0%, 225.0>168.1 22 18,14 P g7 224.0>109.0, 224.0>167.0" 18 16,8
T K IR 207.0>88.9, 207.0>131.9" 12 14,6 A A 222.0>123.0,222.0>165.1" 18 20, 10
Tofs KR 223.0>85.9, 223.0>148.0" 16 12,10 Pa4ER 202.0>145.0", 202.0>127.0 12 26,8
Btk 239.0>72.0°, 239.0>182.0 22 20, 16 KI5 180.0>95.0, 180.0>123.0" 12 20, 10
KZ B, 163.0>88.0", 163.0>105.9 10 8,8 CHRARE  226.0>107.0", 226.0>169.0 12 16, 6
K H AR 242.0>122.0, 242.0>185.0" 18 28, 12 SN 194.0>95.0", 194.0>152.0 14 14,7
3REEWEEL  238.0>163.07,238.0>181.0 16 14,12 TR AR EL 194.0>109.0, 194.0>121.9" 14 20, 26
K B AR 258.0>122.0", 258.0>201.0 14 20, 8 T 208.0>95.0", 208.0>151.9 14 14,8
o 208.2>88.9, 208.2>116.0" 8 10, 6 K 226.1>121.1,226.1>169.1" 14 18,10
Kk 166.0>90.9, 166.0>109.0° 26 20,10 AR 302.1>88.0", 302.1>116.0 18 16, 10
B A 210.0>92.9,210.0>111.0 12 22,14 U 527.9>150.0, 527.9>203.0" 20 20, 42

T T ERE T
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JEH RS A BRI LC-MS/MS 43 Hr 7 i b BRAR X 1
BRI, PEBURH PSA SEHEA T oM HUE A AR BUA R,
TR L AR vy vk A T A R SCIR AR g e
ANTR] Ay 5 J5 X122 28 2% H T 190 8 SO RN A7 B S 25 5, RO
TN E B TAER R EEFIXERE o ASHIEST R IR A 2L BG4k

FESH NY/T 761-2008 { g e FIACR A HLEE . AP .
UL HiL 2 i 2 35 PP PR G 28 Ak 2 22 B Az ) U8 ofe i
17, SEURI & BN 2250 47 A5 TR A T 4 32k [ A 2K U/ VR
Feik, BT LAY IR EIREA ] 85%LL |, {HHL
W . ORIV A 8 IR AR X R (4 Ak A Y T
KRR AE TAERRER S5 RARE TR AR I E RS T
0.80~1.20 T M, JEJRA00 A 4008 1 42 Mr [l sk 25 1
Ji, WEBIMZRERRZERAN 24 mL £, #E
22 R A AL RN BEIS B 85% LA 1, 3L s e bR
HE AR MARER 50 R bR AR RORL R LU (B T 0.92~0.99 2
], o AN /0N, DR AR S 3 B oRe FH AR 1 R AT
o, RAEMT 2.4 W AR, b A
FE WP B b i AR Y B TS B I 1 A A B X A2
Zel 1 e D 3 R ARSI A M X R SR S, HL Ik

HALJR BT AT 22 FPE G MR AR JCHE RO, e I i 2 o
PRI, s
3.3 UERFHHMK

T 1Y 2 F R RS IR LC-MS/MS 43 #T 7
B, PG 8 A Tk e 32k 10K O Ak A 7 i
U ARSI R AT R 1.0 pg/mL BORRE TAEE BRI
{025 Intellistart FAFHEAT T ALY+ B FH4#, ik
MEERE =SS5, 158 TR 2 &

T 20 AH A 2 B RE 5 R T A00 I  B RO L fR B
B S FARRUCR M BN R, LBEERT 0.1%HRE
W -F A 0.1% F RIS -2 2 Fhifi sh AR X 22 Flik &
YR or AR, SRR, 2 B A M AR 22 Rk
Wy B XS A FRAR ) (H 2 0.1% R 1A Tk - Y VA RAE I 3D
AR a0 B IR B K AR K U R 3-%%
FETOH BB FOBUR X 2, S8 R U
22, MM024 0.1%H FRYE - 2 I 18 R i sh A IR R it 1k
BORG R TR, RS R RILT 1.0 pe/kg
B3 TSR, AR SE e e SR 1 BSR4
15007 o R FaA 60535 R 5T 1% 2% 040 4R 45 1 s ol 1 i 141
WL 1,

M of 4 Channels ES+

3: MRM of 8 Channels ES+

8:M
7.55 527 9>203 (mdoxcarbg 4.84 226>107 (ethiofencarb
100 l 00 5,9262
0 l R
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
8: MRM of 4 Channels ES+ 3: MRM of 8 Channels ES+
]00E 302.1>88 (fenoxilcarbl 100 E 4.39 222>165.1 (carbozﬂérzan
.32e
0756200 300 400 500 600 7.00 8-00 9.00 1.00 200 300 400 500 600  7.00 8 00 9.00
5 RM of 2 Channels ES+ MRM of 8 Channels ES+
100 ! ﬁz 07 238>163 (3- hydroxycarbofuran& 100 t 5.11 194>121 9 (trlmelhocarbg
OTT00 200 300 300500 600 700 800900 100 2.00  3.00 400 500 600 700 800  9.00
6: MRM of 4 Channels ES+ 3: MRM 0f8 Channels ES+
]00! 5.73 226.1>169.1 (melhlocarbl 100 4534.73 (xmcl
S\
0 0
1.00 2.00  3.00  4.00 500 600 7.00 800  9.00 1.00 500 3.00 400 500 6.00 7700 8 00 9.00
6: MRM of 4 Channels ES+ of 6 Channels ES+
100 5.73 208>95 (fenobucarbl 100 3.03 258>122 (methmcarb sulfonel
0 E 3.89%: o
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 1.00 200 3.00 400 500 6.00 700 300 9.00
0.84 225 168 1 ( Miore Cl!l?innds Esr 3.46 z MRI\éIO%f26 (lj{lgtznleés ESI;L
. > irimicarb-desmet] E 2> aldicarl
< ‘Og P P 18! 108 i 1 559
E 1.00 200 300 400 500 600 7.00 800 9.00 100 200 300 400 500 600 7.00 800  9.00
= 1.01 2075 131 Igl(alfd4 Cl{;’innlefls Eds§ 3.91 % MRI\lllégf ?(%h(annel? Esb-i
100 K > aldicarb sulfoxide) | 0 i > ‘metolcarl
E \ I 4.26¢:
0706 I00 300 400 500 600 700 806 900 0 1.00 200 300 400 500 600 7.00 8 00 9.00
4 4: MRM of 8 Channels ES+ 1: of 8 Channels ES+
100 i JSC 224>167 (bent}l%ngl 100‘ 1/211]6\? 242>1 85 (methlocarb sulfox1deg
.02e .
0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 0 1.00 2.00 300 4.00 5.00 6.00 7.00 8.00 9.00
431 4: MRM of 8 Channels ES+ 1: MRM 0f8 Channels ES+
100 E 2 210>111 (progoxur 100 1.39 39>72 (pmmlcarbg
0
1.00 2.00  3.00  4.00 500 600 7.00 800  9.00 0 100 2.00 300 400 300 6.00 700 g 00 9.00
4.69 4: MRM of 8 Channels ES+ : MRM of 8 Channels ES+
100 l : 202>145 (calib%yll 100 1.28 223>l48 (aldicarb sulfoneg
i .10e
TG Z00 300 400 300 600 700 K00 900 100 200 300 400 500 600 700 800  9.00
4: MRM of 8 Channels ES+ 1: MRM of 8 Channels ES+
]00E 5.10 194>95 (1soprocarbl IOOE 1.46 163>88 (methlogn(f/ll
.30e
0
1.00 200 3.00  4.00 500 600 7.00 800  9.00 1.00 200 3.00 4.00 500  6.00 7.00 800  9.00
I} 1] /min s} 8] /min
B 1 RAFRHETAEER(S.0 ng/L)MRM i

Fig.1

MRM chromatograms of 22 kinds of compounds in mixed working standard solution (5.0 pug/L)
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Fﬁﬂ’] 20 MEERLIEL

IR 2.4 T 2.5 R ETAL BRI 2 5 i B

T, BB 2, REIA IR

2o ARG, R BAE 22 Fifb & W Ok B It TRl A7

o DAE S 8 5 U 1T AR

PRARAR, Wﬁ‘/ﬁ‘«&zmﬁ(ugm)

AR, Ll LR, A5RIEILER 3. K 3 Al
GAHEFH BRIR S A HURITE 2.0~500 pg/L 2R3 FE Y 2tk 6 &

T%EE’JJFWF‘, FICTT I, J7ike s, P EbELT. B
B ) ML R
100 64168407, 78 indoxcarl 100 423 ethiofencart
E 6.32 MMMNW E WS-SI 36
0 0
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8 00 9f910Ch ISES 1.00 2.00 3.00 4.00 5.00 6.00 7.00 3 I?/Ig(])vl fg(():(lJ1 ISES
+ : +
100 E 634 718743 5 79302 025548 (ng?‘gi;carbg 100 E 406% 531 222>765.1 (g}rffofurlalnl
0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
100 187 227 2387165 '8“ E;S?&;‘é‘é’r%ﬂfufﬁf 100 4.50 3 MEMof %((Erl}?r?e';ﬁlgc];rsg
! ad 00y 4024101513527 547 : )
0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
2 SHSMUGRE B MRM o Gl B
ol 361 ) 626 % ol AN ?
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
100 562573, MRS denobucay 100 303352385 23 B meihiocars suong)
E ~6. [} E 2.885 0 N«
O 0 300 300 400 500 600 700 500 900 O TG TTEGG 00 A00 S0 600 700§ 00900
100 0.87 L2 225>?6§A1R E\Slg&éc(;r%:gﬁllilgzé 100 E 2’?‘8\:3"'923’_';,4 x MR“@(‘)’égg}izgzgﬂfCE%}é
£ 0 LAs! 0
;i( 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8 00 9.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
& 100 (034 0 1.01 2o7>131 9(ald?c§1!{frslﬂleflgxllsdse§ lOOE 3 56369 = MRMG"G@l%&ﬁESﬁc&i}
. 2.827" \{l\ .3.87
0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
: f 8 Ch: s f 8 Ch: 1s
100 407 4.875.14 ! Mmgfglgfé?fd?cgrsbg 100, 120131 242>I8%?45L(|)If§x(|:dear22t60?c§rsln§
] W27 (550 9 k!
0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
100 403447 5.17543 * MR“’%?SE1?‘1‘?‘$¥§E§E§ 100 1.64 1: MRM %S’i%"(%?#}ﬁlfcﬁ%
E akdsdg 17 124135}
0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
. E . W . 4 Mmfgzi?fg?gggfriﬁ . OOE 1.26(}@]175 12%%8&%%21%“5}?%3%
0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
100 E 407447 478550 * MRN{é’ztfi(s:lE?s%%erlgc]%%é 100 E 126 1181 MRV gsiscz?(ﬂlgﬁlgfgl}
0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
1 [E]/min B8] /min
2 AGESTNEE S MRM @RS
Fig.2 MRM chromatograms of 22 kinds of compounds in chicken sample from local market
#x3 2 MULEYINRERE. &EFEMEXRR
Table 3 The retention times, linear equations and correlation coefficients of 22 kinds of compounds
AR LRE I B /min By L RE() EwFZE LREIE/min Ltk e ES Y ()
RZ 1.46 Y=174.1X+141.4 0.9995 HR A 431 Y=432.5X+136.4 0.9998
Tof K N, 1.28 Y=53.6X+28.8 0.9997 ST U 4.36 Y=136.7X+66.7 0.9998
TR 3.91 Y=500.0X+212.9 0.9996 T KRR AR 1.01 Y=83.1X+25.0 0.9999
o Kk 3.46 Y=60.5X+42.3 0.9999 PR S i 0.84 Y=195.5X+58.47 0.9997
R AN 3.03 Y=3.963X+2.132 0.9998 T 5.73 Y=336.4X+347.4 0.9996
KB, 4.73 Y=374.6X+132.3 0.9997 K 5.73 Y=190.1X+160.7 0.9997
TR A 5.11 Y=101.9%+47.2 0.9994 3-FRHECA 2.00 Y=6.202X+3.797 0.9998
A A 439 Y=247.9X+145.4 0.9997 EiN.% Y 1.39 Y=183.3X+168.8 0.9997
YR %3 4.84 Y=724.2X+380.7 0.9998 I AR 1.64 Y=92.4X+40.5 0.9995
SR 5.10 Y=221.1X+212.5 0.9998 A 6.55 Y=324.5X+154.7 0.9997
a4k 4.69 Y=105.7X+56.8 0.9995 B U 7.55 Y=59.4X+67.0 0.9999
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[l sege, SRk E R,

gEIL PR 4, SCIRVS AR S SR UL 3.3 4 Hpal I,
22 Fifb & WITENSEE TP A EISCRTE 78.7%~92.6% 2 [H],
HEPI AT FRUEAR 227 1.3%~T7. 1% (), FHk [a)AH XA v f 22

TE 2.5%~7.1%Z 8], HEHR RO 35 5 Bl MRtk 4
AL, DAMATEAE S0 3 A5 10 A58 2 B0k i BR A E B BRTE
FEl 23 T 7E 0.02~0.3 pg/kg F1 0.05~1.0 pg/kg Z[Al, i FEXF
T U ML A2 o RO E 1 sh A £ kb b MRLs
27 0.05 mg/kg, ] ULRMUE L oEangik R EK .
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