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W OE: BB S oK R AR A I - o BRI R R B A S 80 - 3 BRI 75 (gas chromatography-
tandem mass spectrometry, GC-MS/MS)Il 52 A K A il & 2 9 A LI B HU 3G gk 25 R B W oM ik Fask FRELSE
SO NEHATIRI, SEBURIN A i DL-Ar 5 1 E S BECH B 5t Ry 1:3) G U B 7K M AR A2 Vs 300 A 7 43
FOBOR AR . X S0 ZE AR I TR 2R, QnRE SR AR IR . ZEIBGRIRN S J AR AR Gk aiiR i S5 AT T %5 4%
R A HRYAE 0.002~0.500 pg/mL L NZERAF, HSEREI) N 0.9964~0.9990, Ktk K 0.5~
2.0 ng/kg, EHRIRA 2.0~6.0 pg/kg, HIERPEIE N 72.5%~101.6%, FAX FRUE(w 22 (relative standard deviations,
RSDs) N 1.2%~6.0%. £5I® Z 5k Wil . 280 35 FF R 2 R il v 40U B 48 R R 24 i o
K BRI R SO MEE G AR AR A 2, 1R B PR Al i
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ABSTRACT: Objective To establish a method for the determination of 9 kinds of pyrethroid pesticide residues in
meat and meat products by hydrophobic deep eutectic solvent-dispersive liquid-liquid microextraction coupled with
gas chromatography-tandem mass spectrometry (GC-MS/MS). Methods The sample was extracted with
acetonitrile, the extraction solution was added with trace hydrophobic deep eutectic solvent that prepared with

menthol-1-octanol (1:3, substance ratio) for dispersive liquid-liquid microextraction. The factors affecting extraction
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efficiency, such as sample extraction conditions, types and volumes of extractants, and concentration of sodium

chloride, were investigated. Results The linearities were good within the range of 0.002-0.500 pg/mL, with the

correlation coefficient (r?) were 0.9964-0.9990, the limits of detection were 0.5-2.0 pg/kg, the limits of quantitation

were 2.0-6.0 ng/kg, the recoveries of the target were 72.5%—101.6%, and the relative standard deviations (RSDs)

were 1.2%—-6.0%. Conclusion The developed method is environmental, accurate and sensitive, it is applicable for

the determination of pyrethroid pesticide residues in meat and meat products.

KEY WORDS: hydrophobic deep eutectic solvent; dispersive liquid-liquid microextraction; pyrethroid pesticides;

meat and meat products
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SEARRZAL; FAty 3 RO AATEREM By 5t LB NAS A
F 8. REZAEE %5 PV YRR I8 1 43 W00 A BB R
(dispersive liquid-liquid microextraction, DLLME)H £
THAED | BRYERTEA . AR . B TR] R RN PR BT ACUF S0,
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BRI R AT & A HLEUGIE R 2 0GH], % 2850
HA— @, 15 Yerhg, Rt 48— Fh sk IO i 2L
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2003 4, ABBOTT %195 ¥k % B 44 9% 71 (deep
eutectic solvents, DESs) S5 &G A AR L, HA A S
L E . AR UASIRGR . JCRE IR N ] AR MR AR AR A
e 57 2 el A B LA (hydrogen bond donor, HBD)FI4
B 57 1K (hydrogen bond acceptor, HBA) i — & ¥ it 1)
it LSRR 45 & R B s i 7] . Ak B & B AR
AT % '€, DESs i $4E DLLME )2 BUR) i3 i ]
TR A A R P B A R Y IR T 2 R0
FE R TR 2O M o H G R Z80R 26 (1 DESs #HA
FROKE, $ULBR B IEAR 2 8 T s AL & ¥, A EK
P£ DESs 1fi &, R #i K DESs ZEBOGICR 4 124>
Hik, BRKPE DESs TER A O A BIA OGN o REF
EFAFDTIE FH T BORIE T T RE A SR K H: DESs FIF K
P v AT AR AR T O 5 e AR i A SR )
gk DESs F T sl b s i s X 0 0o (HH T
ik, BiKYE DESs 78 A K P il A 24 5% B8 A6 s T i
WHITEE D BARIE . AW RO 0 HBA, 1R REh
HBD & 0BT B2 0 IR DR (0 K P s v 0], itk — 20 r
3578 7K AP e A TR - 3 HIOUR R Tl 2 T 28 4 SR 0 3% - 3 K I
j& 5 (gas chromatography-tandem mass spectrometry, GC-
MS/MS) I A Bz P il ity v 40 H 4 TR A 25 5% B A4 7k,
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1.1 #R5RF

. AR B YT

EORZG R . FRA0E . S . AT . &5
SaTE . FECHER . FULATER . BT . BURAETR 9
FlbRAEY B AR B AN A 7= KLk 1, W, IEC ke, &
(B4, 15 E Merck 22 H)); N-N 5t H it ik
(N,N-dimethylformamide, DMF), DL-J#fffiE, 1E¥E. T
R | SERR(OrHTal, ¥ RThr T A bR B dn A BR A ;&
fhE (G tral, E254E A AR FBRA R,
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1.2 UFE5E%

TQ8040 S AH o k- Ef e s e AN, oA M P32 i IR
(electron impact ion source, EI)( H 4% 5 #23 F]); HP-5MS Ul
H:(30 mx0.25 mm, 0.25 pm, EELFERATF]); 3-18KS &
VRO HL(EE Sigma 24 F); UMV-2 i ER & #F (1L 4R
B LM AR\, Milli-Q #8 47K il & 4% (3£
Millipore 23 F); SQP-HLF R (K& 0.01 g, £ EZEZFIH
BB PR A D)

1.3 SRk
1.3.1 Hsara®

(OB AR TR A 3 )

RS MTR A SINERR 2 gl E 0.01 g)F
50 mL B.04H, A 8 mL IES e 2, 1RE 2 min,
AR 15 min, 8000 r/min 8.0 2 min, 43 FWRE T5
— 50 mL B0, FEHANA 2 mL Z 1R IE S bERRIE .
R i€ 2 min, 8000 r/min &0 2 min, LR

(2)DLLME

16 15 mL &0 A 2 mL FRRWE N 5%H8Ek
KR, 2 mL ZHEHRBGRAT 275 uL ) DESs (DL-#
o 25 1E 3 WA 0 S A i |E 123 S B in A 31 b s
Erh, IRHE 60 s, 8000 r/min B0 2 min, FHACE TSR B
DESs )2 F#EFE, TNEEZZE 0.5 mL, RS EHLHT.
1.3.2  AR/f v &R R AL

SrMER RS BUDCR 2 R . HRAETR . SR . AU
FAE . AFER . WEF LA . UMM . RS
s AR H A R % 100 pL Z[F— 10 mL &, FHNER
ER B . Bl BT R EE N 10 pg/mL TR A ARV
R

HER I 1 mL IR A AR B T 10 mL 25,

PN B RIF E A B 208 . Bl BB R 1 pg/mL 1)
TR BRI P R0 o o8 FF S A 8 A0 75 YR BE TR A T4
PRV
1.3.3 DESs #)#| 4

DL DL-Jfif sk SR AZ A, TR . ~FRRRIE RN &
LA, FRIEY R 13RS E T 10 mL BT, 78
ATER A PR 28 51 B Wk . R, G T
DL-#faf B MLEF I R oA 11, 120 14, 1.5 )
DESs,
1.3.4 BEHW &0

@R BiER: HP-5MS UI #1530 mx0.25 mm,
0.25 pm); FEFFHE: ®IREEN 50°C, fAFF 1 min, P
25°C/min FUEARTFE 125°C, FELL 10°C/min HIE R T} T
300°C, fR¥F 5 min; JFB1TIRE R 300°C; J5ia1T7AT[H
A5 min; PEREEREEC: R HEFRE: 1.69 mL/min; X
AR IFETREE 250°C.

FEig A B R B TR, R AR
70 eV; BT IRIEE: 200°C; PUZRATIREE: 150°C; Lk
JE:250°C; HEFIGER Ky S ming SRAERR: L0 WA =
(multiple reaction monitoring, MRM), Z%(IL% 1,
1.3.5 EREZEFHhF X

SR P 35 S5 DG P A o il £ 04 ko3 5 s ) T s o
LRARIER A HUAE, Ok BT LR BB R AR 2 A0 3 SRR
(matrix effects, ME). 204 ME=[% 5 VT FLAR 1 H 28 1) &}
/A B 2R E-11x100% . ME 28X {5 B R
FERON R . ME S 0 KR JCHEBIRLY, [ME|<20% 4 55
ISRV, 20%<|ME|< 50% K FE ALY, ME[>50% 4
SR JR A 120
13.6 #HELE

K FH Origin 9.0 BRAAXF 4 HEA 7 4347 o

F1 HFRBFEERZE MRM 2%

Table 1 MRM parameters of pyrethroid pesticides

T T BE/ P e Tl B 1/ R0 il 2 i e/
(pug/mL) eV eV
AR A i 1000 o I R ARSI B AR B 103 A7 B 181.10>166.10 12 181.10>179.10 12
R A T 1000 o T R ARSI B AR B 103 A7 B2 181.10>152.10 22 265.10>210.10 12
SR 1000 L SRR A A PR 183.10>153.10 14 183.10>168.10 14
EERTR ) 1000.3 5 IR R AGEIN 5 A A3 AT B 2 ] 226.10>206.10 14 198.90>170.10 25
SRR 1000.1 2 AR AN B A A B ) 163.10>127.10 6 163.10>91.00 14
R A g 1013.9 2 AR A I B A A B ) 199.10>157.10 10 157.10>107.10 12
FE R 1000.8 IR R U B AR B AR A PR 225.10>119.10 20 225.10>147.10 10
SN T A R 997.1 IR R U B A B AR A R 250.10>55.00 20 250.10>200.00 20
TR 5 i 1000 K HEB IR BRI A PR ] 180.90>151.90 22 252.90>93.00 20
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2.1.1 RIRANA LG EE

AHIFFE WO ZE TP A SR ORI A W T R, — 2
BT ARE S R K, 24N F—2 DLLME 1
P48, BTLAE B IU S SR A L
TN (D)X B AR R SR EURE J1; ()4 HURE TR,
£ DLLME H{ili 215G AU/ TR0 35 50 43 BCRE A i 5
th, Horir s s Q)5 BRI EER, AEmA
FRYIEIEIERI . T RS, AMRER THE.,
{51 DMF 43 3IAE AR BGRI B G S BCCR i e . i &
BB 1A), P FEVE PGS, BEA 40 ik
GG . 1EFE DMF FEAIRBGNE, BCRAEMEE . H 4T
SAAGTEA B EHE T 65%, FUA AT 0 1] i 38 45 i
WP MEVE RIS, RS ER SRR 72%, HA H
PR SR 5 T 85%. R ASHIFFE 0643 20056 V6 M OR 2
BOEBRAAREGR, [ et /2 542 DLLME 1943807
2,12 RIRAKREGLE

H T 2 SR BUM AR T B BORCR 5 e, 43 38
AREABIE. 6. 8. 10 mL)K ZIEIATRIULL . B9 %
B(E 1B), S ZHEAFUNT 8 mL s, BRIEZGMEE | H RA5Hs |
SAETR ) 1 SR B A N RBR RIS B Wi K, X ] BB
TGRSR BE TR /- S I B AR . RSN IR
WM, BRICORAGHES . HRE M . SR Z A A By
P SR EARN K . LB IE, NG 3 BUATR
& 8§ mL,

2.2 DLLME ZEERE& M1k
22,1 ERANA L LE

7£ DLLME 1, ZEBGH s BRI A BOSCR . 4
O T 0 2 TE K R A B /N 5 A BRI B Y TR
ks X H BT B A CRE 1A A R @S AT
POl H R 1.3.1 AT AL B AR 3 AR FPZE A DESs,
R DL~ faf - T R . DL-8faf B iR . DL-efuy - 1~ i
MR TSI A T 25 S, AW 504 ik 3 Ff' DESs Mk
FEAAIE R AL BGR), 2 EATx BRR I A BUOR . 2550
FWI(F 2), 35l DESs FIEFEREXT H bR 354 — 2 i A Bk
B {H DL-WEATREE- TR DL-JEA -7 FR A g 2K IR B,
HAR P (B T4, IE-FBEmERE R, 3+ BT Bird
B ZE BUSCRAR; DL-yieg 055 1E ¢ WEI¥ LAY DESs XA H
PRI ZEBUSCRARAR LY, Uk, #EFF DL-T oy B- 1E S BEAE
3 DLLME [HIZEBGH .
2.2.2 DESs ittty ik %

N T 5% DL faf FEAN IE 2 B2 Be A L 31, F% DL-
o WA U AZ AR, I ~E WA S A . AR SR T

%13 4%
A
COwmez [z WEEDMF
100 | :
80 b
X 60 b
% 40+
20
0 1
) ‘% o) X 0 X ) 0
AEESE ST
%g N
Y IELYIIES

B
[ lame [ Jome s oo 10 mL

i e [ el

il ] ul

100
f
80 |

=9

60

/%

40 |

20

0 5N BEN (BN HEN HEN HEN CHEN (B
2>

PP T R
A2

BT RE SR RIBOE 3R SR BOR Fh2E (A) IR TR (B) X I
M (n=3)
Fig.l1 Effects of the type (A) and the volume (B) of extractive
solvent in the extraction step (n=3)

L pr-wifme- TR I D1 - AR
120 | I pL-pme R [ | EoEm
100 + n
80 |

60 |

[ 4/%

40 |

20 +

E it e o
G T EFF T FE
oF TP g

AR P Fh

12 DESs KA HEIEA MR (n=3)
Fig.2 Effects of type of DESs on extraction efficiencies (n=3)
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DL-JEff BRI IE S B A e b oA 121, 1:20 1:3, 1:4, 135
JE LI DESs 43 5% 9 FbLIsR s 44 TR A 24 2 OGR4 521
WFIE L5 R (K 3) Eow, SFORTE H Bl Y DESs X H AR 354 —
SE AU, MWEY MR 1:3 B, SRk
YR BRI 2SR = . i FAE 1:1 Al 1.2 B} DESs
ARG A, F3 MRS B B 3E n, A% DESs Zb
JESER, AT BARYI AL 5 DI, 4 DL gf BN IE
VR R B R 1:3 19 DESs 15 A i E A BGR E 75256

100
Ceal 2 4 .5
80 | . " i
al il Wil ' - i
60 | T y I
8 1
A
X 40t
=
20 t
0 Ll Ll Ll L Ll Ll Ll L
'g‘b %@ %Q & 'g‘b & g@ & 'g;@
P
VI ESTHiES

Pl 3 JHEAar 5 TE T A 0 0 A ek LU 2 BRI 32 10 (n=3)
Fig.3 Effects of substance ratio of menthol and n-octanol on
extraction efficiency (n=3)

2.2.3 DESs kiR 49t

DESs AFPtE T DLLME RIZERGIER . AR TE4
UFSE6 5 B E RO AT R, BT T 2GR A (200, 250,
275, 300, 325 uL)XF T BARPIZEBOICR . SR A A an
4 fiR, MEEBGIATIE 200~275 uL 1, KB4 Hbr
P A TRUA SR I AR A T 34 0, {254 2 TR (AR L 44
B 325 uL B, FoHrP ey mIBCR I T B, R A BUR
DESs MRS 275 uL.
224 HIREMLE

RS A S S BB RN B TR, B iR
JE 25 AR 2 Bt P A 5 VA BRI A BRI 22 8] 1Y) 43 i 2R
o TERERE T A — 2 i SN A R T B A a8
F K A5G B B A WA AR B ASBIFGE 25 58 T A [R) o i e
(0% 5%. 10%. 15%)MS NN 2EBURAR ML . 25
RWE 5), HEAARTTRWRES 5%E, KREH B R
NI Syt o= = O il o B o G VAl 1 s AN S K 7V
TR R BB, RS A BN A BGLE, 55— ik ]
e XOKMZEE I, (F15 BAR K L i R B4 22,
T G SR ORI AR D DR A E 5% rp SR AL 0 o
JEVERE N 5%

100 {79200 pL[_1250 pLIEM275 nLEEN300 uL IE325 pL
80
o\\e 60 | 4 e =
=
E 40
20 +
O N } N B s A B 0 N 0 N
PP I P R < P <Y
el @\i@%@%@;@%@%ﬁ
LA
Rk
Kl 4 DESs X 2 UL AR M IR (n=3)
Fig.4 Effects of the amount of DESs on extraction
efficiencies (n=3)
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0w N s% [ 1o [ 5%
80
X 60+
A _
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B 40
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)@A& %A& %ﬁé& )&gg;e %A& %@e‘ )€§§@ ﬁ;\%@ @A&
# 8 FFFFEL
L AL
AR

P s b BT X 2 BUSCR B R MR (n=3)
Fig.5 Effects of concentration of salt on extraction
efficiencies (N=3)

23 EEAFRANER

TR it 32 T BN P A7 S e T v B R TR M, BRI
A BRSO A TR TN 8 FE 1.3 BRALHT
A PRI R, MERRICH] 0.002~0.500 pg/mL TR A H)
TRA 2 CISE AR HE W, 55 FH DA P Vs V0 42 1 ) 4 )
J R I AV AR 2R T B LT LA, #1355
S P FL B PR 2 TR A 2 I S8 iy o SRR 25 SR & RL(R
2), K RZGH ME FE-15.4%~—4.9%TL N, THHEA2Y
5 1 FH R B TR B9 MEE 4331 21.4%F1 20.6%, F N rh 454
SR SRALNE, PRIk T R i, ASFSER A A R IG
TR o VS TR 22 Tl B v R R o
24 FEAYHTFMN
241 FikSMITTE S XBUE

PAZS 35 BV iR HER L A1 0.002~0.500 pg/mL
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Y N TR A R AR . 4% 1.3.4 (USRI T RE,
VLS B pnid i ARk B AR BEAEARE IR £ . LA 3 55
Mg LB 52 K6 H R (limits of detection, LODs), UL 10 f5{5 M kb
1 2 & 5 PR (limits of quantitation, LOQs), %% 2 45538 H]: 9
PR s 34 A 257 0.002~0.500 pg/mL TRl L 56 R
Y RAE, o R A ik B 35 WTE R PA) B PR AR 4
FiR A 24 5% ¥ 1) B R PR 2K
242 FikeiE Aotk A

SR P T VG FCAR S M- bR vk B i, 2 AR 2
B s 9 FhAblER A TR A 25 04T RIIBCRSE 5, SRk
270.01, 0.10, 0.20 mg/kg, FA/KF-ELEWE 6 U, F&IL

F2 9 MUPRRBEERAMLMERE. HXRY,

AR 9 PRI o i, vk ISR EE R LR 3,
i B bR R 72.5%~101.6%, X b ofE i 22
(relative standard deviations, RSDs)}y 1.2%~6.0%, W] %174
Jr R LA LA A M B RTORS R, T R PR R PR e
PHE R AT HTINEEK
2.5 FHEERAMMERERS T

R T VRS S R RS AN, AR AMT

A3 I XF 25 2R PR AR R A TN AR [RTORS  ) SEBR
FES TR AR 20 png/kg F1 100 pg/kg He B 7K B 54 g
RAFIRE VU, T8 B9 inkg ISR Al RSDs WLEE 4.

TR, EEREERYN

Table 2 Linear ranges, correlation coefficients (r%), limits of detection, limits of quantitation and MEs for 9 kinds of pyrethroid pesticides

e 5% B Fh LR/ (ug/mL) R RE(r) LODs/(ng/kg) LOQs/(ng/kg) MEs/%
WA AG TR 0.002~0.500 0.9964 0.5 2.0 21.4
RS iR 0.002~0.500 0.9980 0.5 2.0 20.6

AR 0.002~0.500 0.9984 1.5 4.5 4.9

A A e 0.002~0.500 0.9990 1.0 3.0 —6.4

AF SR 0.002~0.500 0.9984 1.5 5.0 ~15.4

ERANE ) 0.002~0.500 0.9987 2.0 6.0 -5.8

& 0.002~0.500 0.9976 1.0 3.0 -8.4

EV i) 0.002~0.500 0.9983 1.0 3.0 -13.9

TSGR 0.002~0.500 0.9965 1.5 5.0 -12.5

3 9 IR 3L K 2R INAR B EE R AR X FRE R 2 (n=6)
Table 3 Recoveries and relative standard deviations of 9 kinds of pyrethroid pesticides (n=6)
0.01 mg/kg 0.10 mg/kg 0.20 mg/kg
PR HR TP
[EISR /% RSDs/% B /% RSDs/% [EISCR /% RSDs/%

AR A T 72.5 4.5 76.3 2.6 80.8 2.7
W H 2 R 85.2 3.7 97.5 4.4 101.1 3.3
]l 76.7 6.0 82.4 4.9 82.8 2.9
FAE S g 85.4 5.1 93.9 2.1 95.7 2.6
AT A 88.9 4.2 95.1 29 94.0 23
EUK A Mg 90.3 2.2 98.4 2.2 97.1 2.8
FH R 89.6 4.6 95.0 47 90.7 2.5
e A Mg 91.7 3.4 94.8 4.6 92.5 43
TR A 97.5 3.6 101.6 1.2 99.7 5.6




ST 0505, S5 T KA T R A 20 BIOBOR A SRS B SOR (35 - AR DR BT i D 5 1A B R R v 5685
F 4 9 MFEEER AL FAE RIS R AR B R AR S AR A IR 2= (n=6)
Table 4 Recoveries and RSDs of 9 kinds of pyrethroid pesticides in beef and lamb samples (n=6)
47 FH
PRLGIR TN BSIMAKF/(ug/kg)
M3/ % RSDs/% Ml /% RSDs/%
20 76.8 3.4 71.2 3.1
WA AG TR
100 88.6 3.6 87.6 2.7
20 74.0 4.2 72.8 4.8
H 5 2 g
100 82.2 3.9 83.4 53
20 78.2 2.5 85.6 6.4
Rl
100 80.7 6.1 79.7 2.3
20 96.4 5.8 85.4 7.0
A A R
100 86.1 49 84.1 4.5
20 84.2 2.0 79.6 3.2
SRS
100 87.5 0.6 94.4 3.3
20 83.4 4.0 81.0 2.5
EEREN [T
100 101.7 34 96.8 7.3
20 79.0 4.7 76.6 5.0
I B
100 85.0 4.9 76.4 6.0
20 79.8 3.8 77.0 4.7
S A P
100 82.3 5.1 87.5 7.2
20 87.0 53 86.4 7.7
TSGR
100 91.1 6.7 86.9 4.8
A B AR EISCR R 71.2%~101.7%, RSDs A 0.6%~ P
7.7%, VL HIAR J7 v RE 1t A2 — B PR B A ot v 4B H 3 i -
FEAR G RSN T 5K o SR A Iy i xR T A B Y 4 LI [1] e, FHH. BEMESHIEMAIUECD-GC N KINR & . # AT

. 3 MU . 2 UL 3R 2 S
oA o S 3R 14 UG P B P ) i 2 A7 A 24 5 B A
I, BARKH

3 4 i
kA

ARG T Bk P DESs-DLLME %454 GC-MS/MS
5 TR B PRI it e AR R A8 TR AR 24 8% BR 1 oA ik, [l
Xt B WA AL BURCR I R HEAT T % 8%, i T Il Se 5 &%
PR AR DL-Jff s A E = B2 ALY DESs M AEH
M, 545 DLLME JrikAith, H&& Ak  Joa K 3458
BRI . 12T R RAF I ER P AR R, 1R
FHF 1R B PR it v DA SR A TR AR 24 1) 2 A 7 o

HHUAMAGBEA R[], 1b2At51, 2019, 41(9): 958-962.
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