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Abstract: In this study, a new and reliable analytical method was established for the evaluation of 14 kinds of acidic
herbicides residues in livestock meat through optimizing the pH value of the extraction solution, dispersing solid-phase
extractant and concentrated sulfuric acid-methanol solution, in combination with gas chromatography-mass spectrometry
(GC-MS),. The samples were extracted by acetonitrile, the pH of the extraction solution was adjusted to <3, the fat was removed by
n-hexane saturated with acetonitrile, and purified by dispersed solid-phase extractor C18, dried with nitrogen, derivatized by adding
concentrated sulfuric acid-methanol solution for 2 min, extracted with n-hexane, t purified by saturated sodium chloride
solvent, and determined by EI source-gas chromatography -mass spectrometry and the matrix external standard method. The
results showed that the 14 kinds of acid herbicides displayed a good linearity in the concentration range of 0.01~0.5 pg/mL,
with all the correlation coefficients being greater than 0.999, the limit of detection in the range of 0.001~0.003 mg/kg and the
limit of quantification in the range of 0.003~0.01 mg/kg. At the spiking levels (0.01, 0.05, 0.1 mg/kg), the average recoveries
of blank samples were in the range of 88.21%~110.0%, with the relative standard deviations (n=6) ranging between 1.02%
and 8.32%. The advantages of this method include short derivatization time, less consumption of pretreatment reagents, convenient
method and high sensitivity, which can be used for the determination of 14 kinds of acidic herbicides residues in livestock meat.

Key words: livestock meat; 14 kinds of acid herbicides; dispersed solid phase extraction; concentrated sulfuric acid-

methanol solution; gas chromatography mass spectrometry

i B )& — T SR S AR R A A )
MDD . ISR 2 T AR AE 77 A IR R
A E EALHE 24- i 2.4- TR, 2 H 4 &1 2,4,5-
WA, IXUERRERIR pHAETE 3 & 6 2], [FJR T
PEBREEL. J8. - FEESYE F IR I bR B
Jerfp KM, RPE, @ AR E S, A s A
N R a =Y, Hitk, BRYERR SIS Y b
(AR SR E N AN 2 6. BRERIE 2.4- T T R
2,4,5- VA TE B W I KR B IR B (MRL) 43 51N
0.05~0.2 mg/kg. 0.01 mg/kg ; CAC #i 7€ 2,4- W 1E
& R H MRL 4 0.2 mg/kg s 3 E B E R RER
W MRL A 0.02 mg/kg. FIE GB 2763-2021" 4K
JE 2,4- A 2 B 4 SAEW ALY A 25 H MRL 43
N 0.2 mg/kg A1 0.1 mg/kg. F&PE R 555 5% B 1) 2>
PR 70 £ B LR AR LD R IR &
e, BB Y H A, SR A
) Bk B I A B R R 2 (Y 5% . GB/T 20772-
20082 1 GB/T 23200.104-2016"" 27T F 46 I3
YRR TERR B, BT DA X Sl I P o R 1 B
FRVRTRE VR ARG WU 52 AT A R T+ o3 2

WA AR, S A - B mAOR
FHE TSN = RO % - AR ROR, AT RLME
i ARG O S R P B R ) R B R R SR RE ™,
TRAH B3 3 A 5 ATE pH AR T pKa FISRER 214 T
BT, (HSRER &M S Rom i FE M R . A b ARt
BOR MELLSARI R PERR LT, T &ad T AR Ak S B
188 FL A A0 AR 5 /N AT A U AT SR £ S5

WA, ER, W RAAT ARG (R D
FAAE SRR . FEC b AR DU (H 25 1 e HLfR AR
SR FURCR RN NON- - FF B gk Jie — H Bk 4 st
A RE R A, SOV A = kb il &
R BEAFALI T RN B 5T, SEIR A RS T
YRR R R UR A, A A RERAE. R
SEIRIGL, LR AR R B AHAE IR, Bk
7 P E R VR BR IEVER AR, 1 2 Fh O AR AE
AT A B R R A% . AT LIS FE RS 1), o TR R
Jig 2 AR TR, B 75 B K ¥4 VR I T A BE 7™ s
iR 2% AF
® 1 A SCEPITEWIAT RITE FHHRIXTEE

Table 1 Comparison of this method and derivatization
reagents and derivation conditions in the literature (n=3)

PTAAIRA] ATAR ATARN AE L

GES WAL E/C Fl/min KT
200 60 120 [6]
A AFRE
100 60 60 [16]
o 1000 20 10 [10]
TRFHK
1000 20 10 [11]
ZwgsmEs 100 3020 (3]
it 200 30 30 [22]
N,N- = F A& F Bk
Aoty 400 160 50 23]
= AACHN T B 5000 65 45 [24]
AL (FEE+RAEL) 160 TR 2 /

301




MR B

Modern Food Science and Technology

2025, Vol.41, No.1

EEXF LA R R, AL TR AT AT AR A 2
i, R 2B BB pH fE < 3, & EUIE & kR
JIg A1 C18 B 2%, [nl 4t Z& B 63.3%~89.3% #& 1= %
88.6%~105.1%. # IS HAL H I — B RV VAT AE AL
%M, WANESN 2 min, HESCHERARIE AT AE AL I A
FET 5~60 5 (WK 1), SLBLT HWHF 14 PR
BREGIRE @R, BEPGERFE SR, AERT 14
T A o ) ) RS WU B AR T 5 ) 7 VA A

1 MRIEREE
L1 DU 54K

111 B3

Agilent 7890-5977 B T #H 4 i — 57 % B¢ FH X
(A HFEETE T, BED, £[E Agilent 2 7] ;
B 7 K (RS 0.01 g f10.000 1 g), Jb i 3R £
FH B 22 A8 A R A | 5 Milli-Q 48 2l /K L, 78 [F
Millipore 23 & 5 3-18 K & B0 L, {8 [H SIGMA 2
Al s MS 3 iR G A%, ME KA AR ZWREEE,
Organomation 2 & .

1.12 XA 5

[l & br fE e 4- K HOE T R, MM E
Dr.Ehrenstorfer A &) ; 3,4- %%, _iFE#EEY A F.
WARPRES: : 2 H 4 WAER. 2 H 4 REREH (H
HEZ) (1000 mg/L), REFT/REERF A RAA;2,4-
TTNER . 2,4- T~ 3,4- 1. 2,4,5- BTN R . 2,4,5- T 2,4-
TR WA, MRARER (HEE. MR
RRMERR CHEE) (1000 mg/L), Jbiig
AP ARAR . ECk. PEE. 2. &
e (Bikal), fEE Merck A H]; fRlE. R, &
W rbraD, EZER = RFARAR s )\
JEdE AR (C18), Waters A F s A HLAFLIEHR
(022 pum), FIFZERIEEARAT: FEW.
IRy = AT S R <2 e
1.2 A7 7 7R By L )

B —FRAEVAVR (1000 mg/L) « WHERAFREE A5
i 4- KA TR, 3.4-7, FF BRI T2,
SV C 1) B SR B Dl 1 000 mg/L AFRUERE £ o

TRAFRERE RS R (10 mg/L) = VERIFLEL 12
Pl AR s vHE it B — ARV VAR 100 pL,  FH P BV A
HEAZE 10 mL, FCH) R &R EN 10 mg/L 1R
B ARG R

i
o

A

302

B UCECAR A TAEM M BCH] . RS ERA
PR il VT, 25 R S SR DO R R i R
4 0.01. 0.02. 0.05. 0.1. 0.2 f1 0.5 pg/mL F 3 Jii
TRAVRUE TR, R 1.3.4 FikFRS#E. Br
BIRERRIT 4 CULU N RAE

1.3 ik

13.1 Houhlé

FERCOANTTE A ERE IS IR A,
FESUIRE, SR )5 A SSRGS REIR S, S0
REERE N AR, —18 CUKM T RTE, %M.
132 &I

AR JE PR IBOR R 1) 51 R 5.0 g REAfI 22 0.01 )
F 50 mL &E0EF, I 20 mL L0, iRiESEE
5 min, RGN 4 g AL, FAIESRT | min, P
L 8 000 r/min &5 0» 3 min. B _EEW T 50 mL &0
Erha .
133 %4k

PR MR pH <3, MA 5SmL &
HHR) I OB, WAHE 1 min, 8 000 r/min &5
O 2min, R ERIECKZ. BICREER 10 mL
R EIEH 150 mg C18 /) 15 mL EOEH, Wi
2 min, 8 000 r/min 250> 3 min. HL 4 mL EiEW® T
F—15mL B0, T 40 CKIBEERREILT
134 474

RS R INON 160 pL WK R R - WIS
(40 pL WRERERAN 120 uL HEE), %€ 2 min BEATHT
AR, N 1 mL IE e E 1 min, SRS
0.5 mL 1A SEALENA AR E 0.5 min, F#E 525 HL
iEWGE 0.22 pum AHUAHIERL, F GC-MS EALIE .

14 UHEFH

ARG HP-5MS B4 ik (30 mx
250 pmx0.25 pm 5 BEFE R E: 250 'C; HEFES
e AW SR 1 pL; A mAiES
(4li/%99.999%), ¥if: 1 mL/min; F2/FTHE M
WITRIRFE 120 'C, {#4F 1 min; LL 10 °C /min J} &
150 'C, {#%F 5 min; LLS5 °C /min JF% 280 C ; LA
30 C /min F+ % 300 °C, f£4F 5 min.

JRVESAT . B FURIERSE : 300 C 5 fRAZRIR L -
280 C ; DYMZAFIRIE: 180 C ; HEAEE: 70eV ; &
FULEIR : 5 min s MR 55K EREE MM (SIMD
B 14 FhERME R B0 B 8 B 25 7 L3 2




MR B R

Modern Food Science and Technology

2025, Vol.41, No.1

R 2 1AMBERER RITEFMRRERE. EEEFNEEST

Table 2 14 acidic herbicides and retention time, qualitative ions, and quantitative ions of the derived products

5 et e L AR CAS 5  fREuE /min TEBHT AHBT
1 4- REATE 4-Phenoxy-n-butyric acid 6303-58-8 9.32 101 94. 163
2 27 4 AAB Mecoprop 7085-19-0 10.16 169 142. 228
3 2 ¥ 4 5 (4-chloro-2-methylphenoxy)acetic acid 94-74-6 10.85 214 141. 155
4 2,4- AR Dichlorprop 120-36-5 12.06 162 189. 248
5 2,4- 74 2,4-Dichlorophenoxyacetic acid 94-75-7 12.89 199 234, 175
6 3,4- 7 3,4-dichlorophenoxyacetic acid 588-22-7 13.63 234 175. 236
7 2,4,5- H AR (2,4,5-Trichlorophenoxy)propionic acid 93-72-1 15.74 196 198. 282
8 2.4,5- % 2,4,5-Trichlorophenoxyacetic acid 93-76-5 16.62 233 235, 268
9 AR fluroxypyr 69377-81-7 18.12 209 211, 268
10 2,4- BT 2,4-Dichlorophenoxybutyric acid 94-82-6 18.23 101 59. 162
11 AR ER (A hE) Fluazifop free acid 69335-91-7 21.64 282 341. 254
12 o REAARR haloxyfop 69806-34-4 23.42 316 288. 375
13 £ZE A (HBER) Flamprop free acid 58667-63-3 24.96 105 77. 55
14 BRRZ (HHER) Quizalofop free acid 76578-12-6 34.58 299 243. 163
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Fig.1 Chromatogram of total ion flow of 14 acidic herbicide
solvent standard solutions
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Fig.3 Effect of extract pH on spike recovery of 14 acidic herbicides (n=3)
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Fig.5 Comparison of the volume of the methanol solution (40, 80, 100, 120, 140 pL) (n=3)
120 10 uL £S320 ul 22260 pL =380 uL
100
§ 80
M 60
=
m 40
20
0
B 6 iRERERMEFR (10, 20, 40, 60, 80 pL ) AIXTLL
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Fig.8 Changes in recovery of chloride and quinine due to

temperature (n=3)

2.6 FTEHEEAL

TR RSITR B 2 A% AT AR A R A AT 2R B
Yo 5 G 005 FE AR I 4% . T 4k S L o A i
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Table 3 Matrix effects of 14 Kinds of acid herbicides

o] HIRATAE th 2%, EEF¥d A AT 2R MK AEE R/ %
4- REA TR y=927.2x-2650.0  0.999 684  y=822.7x6 145.0  0.999 775 12.70
2V 4 A AR 1=266.9x-573.0 0.999509  y=254.6x-483.1 0.999 254 4.83
2 ¥ 45 y=4114x-2672.0 0999036  y=378.0x-2457.0  0.999 476 8.84
2,4- H A y=449.1x-2 4140 0999082  y=4232x-3376.0  0.999 062 6.12
2,4- i y=338.0x-1862.0 0999044  y=305.0x-635.5 0.999 772 10.82
3.4- & y=283.1x-22340 0999401  y=249.5x-1621.0  0.999 895 13.47
2,4,5- R B y=214.4x-1698.0 0999571  y=187.5x-1342.0  0.999 279 14.19
2,4,5- % y=262.1x-1031.0  0.999 508  y=249.4x-1625.0  0.999 176 5.09
AEm y=279.0x-2615.0  0.999 125  y=239.0x-697.5 0.999 094 16.74
24- HTER y=654.1x-5321.0  0.999 504  y=659.1x-5988.0  0.999 184 0.76
L ARE R y=1432x-1103.0  0.999034  y=103.1x-1149.0  0.999 088 38.89
AR ARR y=450.4x-3010.0 0999332  y=346.0x-1404.0  0.998 888 30.17
EE R y=310.7x-3978.0  0.999 111  y=2283x-1599.0  0.999 108 36.09
BRI y=407.4x-4240.0  0.999 828  y=375.3x-4 247.0 0.999 08 8.55
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Kz, BRAEMERKRSER HEaAEit
Ab TR, 14 PR 1 B R R AR H OO 0 R BT AL L. A
fF 5% 38 i I B B pH (E < 3.0 J5 Bk s, C18
A, MRS R A S O, A SRR L R
LRBMAT RS =AEME =Y, $#HT BV
W N TS T, R 3 s (BLE
PRI N9 Do 11 P IR 2 o3 5 791 D 356 Jo 280 349 ¢
/N (ME 184 0.8%~16.7%), {HM & AF R, it
BMAKRR, FRFRIN 55N (ME H
29.0%~38.9%), i KHEMESE . AR T H
B UCEC AR E M4 /L, AU/ T P 45 R
1) 5

28 &M E. Ed R, BREMRNEKE
o5k sz, k14 FhoRR M B BOA AE

0.01~0.5 pg/mL JuH N TR R I, KR
KT 0999, K Ib (1AL 1 5 325 0 7 75 V2K H B
(LOD, S/N=3) A& & [R (LOQ, S/N=10), 4- K
AT R 24- T T RA H R4 0.001 mg/kg, &
= R4 0.003 mg/kg, 2 B 4 FNER. 2,4- % N R
GBI AN R R A H PR A 0.003 mg/kg, sE RN
0.01 mg/kg, HAREYRHRA 0.002 mgkg, &
IR M 0.007 mgkg. EHCER. 4 RFIE RS A
FE&, 43 B 4E 0.01. 0.05. 0.1 mg/kg = > il /K
SEREAT SRS, 14 R P R B R 9 7 2 b R i 2R
N 88.21%~110.0%, FL A X} b #E W 2 (RSD) N
1.02%~8.32%, W% 4~6.

29 HEAHM
e S 9 0 5 T 0 30 VKR Y, AL

WA, FERMERSH 10K 458 F, 303
& R .

& 4 FATIAMBERERHET EMMAREY LR

Table 4 Precision and standard recoveries experiments of 14 kinds of acid herbicidesin mutton (n=6)

AAnE 0.01 mgkg

ANAg 0.05 mg/kg

RNz 0.1 mg/kg

o ELFE /%  RSD 4% /%  RSD B E/%  RSD

4- REA TR 91.91 3.71 92.12 5.43 91.12 2.77
2 ¥ 4 A AER 92.12 3.37 91.53 5.93 93.65 3.04
2 ¥ 4R 92.31 3.46 91.81 4.79 95.55 3.36
2,4~ B A 92.53 2.96 93.40 5.55 9261 2.67
2,4- i 90.34 217 93.25 436 92.11 4.17
34- 4 91.47 3.55 95.00 5.79 92.12 3.61
2,4,5- ¥ AL 101.9 2.55 90.53 3.56 91.53 2.06
2,4,5- # 91.23 3.21 92.10 2.51 97.60 3.02
24- H T 91.71 2.53 91.60 1.46 91.54 4.01
AFE R 102.7 1.52 92.11 3.25 92.92 5.02
AR E R 107.2 3.56 91.42 5.01 91.55 1.02
P ARAARR 95.56 4.56 96.91 3.02 97.90 2.01
EZHEA 98.62 5.22 99.82 1.02 99.91 5.02
BRI 108.4 2.56 90.01 2.05 90.71 2.36
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Table 5 Precision and standard recoveries experiments of 14 kinds of acid herbicidesin beef (n=6)

mE 0.01 mg/kg € 0.05 mg/kg g 0.1 mg/kg

o EE/%  RSD  EHKE/%  RSD =% /%  RSD

4- FEATE 88.9 5.32 90.12 7.82 93.56 5.72
2 F 4 AR 90.56 6.31 91.23 5.42 95.24 4.35
2 ¥ 4R 101.0 7.31 98.56 7.70 99.89 5.32
2,4- HRER 89.98 8.30 94.56 5.01 98.78 3.05
2,4- i 98.56 4.41 97.89 5.32 101.1 5.17
3.4- i@ 102.4 4.10 105.6 5.10 99.87 3.61
2,4,5- H AR 102.6 531 95.63 7.81 96.54 3.42
2,4,5- ¥ 9321 8.32 105.2 2.41 89.56 6.91
2,4- E T B 92.56 7.85 93.21 5.42 90.58 6.01
AT 105.8 5.71 101.0 432 95.23 6.20

b ARFE R 105.0 5.12 94.32 3.42 95.02 6.91
AR 101.0 2.45 94.32 5.02 102.1 532
A A 102.0 3.32 105.0 5.12 102.3 4.02
ERR 110.0 6.12 97.97 5.08 89.98 6.78

* 6 FER TP 1ATPER MERRE T O RE 2 B A AN AR (B SE 0

Table 6 Precision and standard recoveries experiments of 14 kinds of acid herbicidesin pork (n=6)

BNmE 0.01 mg/kg HAnE 0.05 mg/kg R E 0.1 mg/kg
a = E /%  RSD =R /% RSD =& /%  RSD
4- KA TER 100.2 571 104.2 6.71 92.81 2.32
2 ¥ 4 AR 101.2 8.21 92.63 6.52 89.98 2.13
2945 89.56 4.56 92.63 6.12 96.71 432
2,4- #AER 89.78 6.84 88.21 3.52 91.82 5.12
2,4- i 94.85 4.12 9321 321 92.15 1.52
3,4- i 97.85 5.21 107.0 5.42 92.20 2.63
2,4.,5- %R 91.12 571 9223 5.82 97.45 2.71
2,4,5- % 97.54 5.23 92.23 6.21 91.12 2.71
2,4- & T B 108.2 4.12 95.23 3.20 97.54 1.52
A 94.56 6.32 97.54 5.12 96.31 2.63
b AR R 101.2 5.23 107.6 3.26 98.56 2.72
AR R 102.6 3.12 103.2 432 92.85 6.52
EFR 101.2 6.23 95.23 1.52 96.21 3.52
AR 95.26 2.53 89.96 5.05 90.12 2.26

3 i AR pH (<3, AL Z I IE R g,

CI8 ¥k, K HE — B I Vs 00 R A7 7 A A RS,
FESL TSN R BRI E B A 14 R R I 5 J5 SR BRI SRR AL . AT R e 4 B
W 3 SR R (AT 5 0. AR SCRF 2GR E, BIF=P) /b, AT R E N 2 min, 5 HABAT
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