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Detection of nine herbicide residues in Angelica sinensis
by QUEChERS-GC-MS

FANG Xuyuan, XIA Gaofeng, SHI Qiaoqiao, HE Can, YANG Xiaoyun, XU Hanhong
(College of Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To establish a method for analyzing herbicide residues in Angelica sinensis.

[Method] The residues of nine herbicides, including fenamine, clomazone, acetochlor, prometryn,
metolachlor, pendimethalin, butachlor, pretilachlor and oxyfluorfen were analyzed by QuEChERS combined
with GC-MS. Samples were extracted with acetonitrile and cleaned up using primary secondary amine (PSA)
and graphitized carbon black (GCB). Nine herbicides were detected using the selective ion monitoring (SIM)
mode and quantified with external standards. Parameters which influenced extraction and purification efficiency
were optimized. [Result] There were good linear relationships between herbicide concentration and detected
peak area within the range from 0.01 to 5.00 mg-L"' for all nine herbicides. The average recovery rates of nine
herbicides in 4. sinensis were from 74.58% to 96.37% at the addition levels of 0.01 and 0.10 mg-kg, with
relative standard deviation less than 11.73%. The detection limits of nine herbicides were from 0.52 to 6.60
ug-kg"'. [Conclusion] This detection method is simple, fast and effective, and can be used practically to detect

a variety of herbicides in 4. sinensis samples.
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MM Angelica sinensis 7& P TER Y TG — M £
SEAERURAEY), H AR T EAR A2 3R [ — ik
2ibt, 2RI DT A . B B AN L, AL, 2R
i 8 B v P TR NEFRER, BH “+ I
57 Z BRI AR SR, rh 2R R 2 55 B ) L]
HAFPE . O B JE H 2 R 2455 B B BIIR DA A
RIBWIAETE, FFHH T F il g i sk ARSI L
TR NE 5 I % A 2R Ak 24 5 B T T A AE Y
IR, 0 T b 25 8F _EAR 2555 B A R KT 9
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QuEChERS(Quick; easy, cheap, effective,
rugged and safe) 712 H 2003 S5 IF & kY, 52 3
T2 RERE AN, Lh QUEChERS JyZEfliin A& i
FR A 245 B B 0 A 7 1 B T N B 22 AT T A
QuEChERS 75 V£ &4 36 B 70 4k 22 5 Wb o ARk B
R B SR AN 7K A it o AR 255 B o W B D7 R
PR 45 G OB G 5 B B AR
W5 B (GC-MS) B #EAT R 255 81 70 #r o AHIT
7t K Fl QUEChERS-GC-MS J7 %45 & it 75 4l Bh 2
B ST 7 24 0H 9 AR B B B B 0 BT T, 0
SR AS ORI 10 A R AT R GE I i a8, A A s
S, FEVEA J7 1 (AR B2 R 2 FRE I R ol 2

1 MRI57EE

1.1 MR

Agilent 6890N-5975 S AH €8 1% - Jofi #f X FHAX (3%
Agilent A F]); DB-5MS B4 (30 mx0.25 mmx
0.25 um)(3E H Agilent A 7]); GY-FS-06 2 L REK ¥
ML (L8 # = B MLk BR 2 7]); Anke TDL-4 &0
WL (22 ZRAXER T ); SK 2200 HP 7 5 1k
# (LIRS A AER A R A F).

BT bz v PRI, R RR L R AN 2R
TR mEIE 5 EAg AR A AT, SR R T
A A 5 P B L% W H #8 [EF Dr. Ehrenstorfer A ],
DA b A AR i T B VR FE YR 100 mg L' N-74 2
L% (PSA) A Sk k& (GCB) W H b 5t A
IREHE A R AT 2 R i al, AR5 8
afi, W R BT E MR A TR AT .
1.2 75k
1.2.1 Hseal&® ARSI THZE, 206
MUK FOR W38 50, ARG #EH 2 TR RE S 48
W, UFRRAS, RAT T-OKAE R, R . HERAFRIEN 5.0 g
IR MUEEE ST 50 mL R VUG 406 5 0 L I

10.0 mL X Z&7KF1 10.0 mL Z.JiE, ¥ 1 min J5 A
AL 20 min, FEIIA 4.0 g TE7K MgSO, A1 1.0 g
NaCl, 4 000 r-min™" .0 3 min, WX 1.5 mL &
% 2 mL BJEEOF T, 2 mL 8O F TR UL
50.0 mg PSA.10.0 mg GCB A1 150.0 mg /K
MgSO,. i€ 1 min J&, £ 10 000 r-min' &L
1 min, WH_EEWGE 0.22 um JERE, F5HL.

1.2.2 WHAEBRROEF ZATEHXGZE Ho
FEE W A A ) B E R R R SR £ R b
B A PR R T R IR
ARMBERER 1.00mL T 10 mL &M, HAiE s
G EARIRE], 98] 10 mg- L' FITR A b T/ . &
I — s B IR A A E TR, H 1% 2 IE8 Rk
et 1) B 5 R 43 3l D 5.00 1.004 0.50. 0.10+
0.05 A1 0.01 mg- L' [ RIIFRAEE IR - LA AR ZGH)
Jo3 B VR B R A KR, U TH AR AR AR, A I 55 b 1
2R o FF DAY A 25 1 6 o B2 B A V8 7713 2 B
10 mg- L VR ARt TAER, el ot 2 FE 43 01
“N'5.00. 1.00. 0.50- 0.10- 0.05 1 0.01 mg-L™" {155
HE 5 U C bR VA R, A 2 R AR A it 2, H DADE
WA 2 I (R R o AR o 24 0 A R o i L
TR 28 7 VE S IRFE S AT A B S . Bk B A VAR
BITE 4 °C A N #LIRAT

123 A& E-RETEAMN M4 GC FKfF: dFE
FHRBEB N 270 Cs BANEAR S (0 79 99.999%);
FEVLEN 1.0 mL-min s SR FE 7 TR : WIU6 16 %
120 'C, fR¥F 1 min, 35 LA 30 C-min "' FHE% 200 C,
4% 1 min, /5L 5 °C min”' FHEZE 250 C; #HFE
BEACNA D TREFE . MS & F: BTN T &S
U5 (ED), B TREEN 70 eV, & TUHIRE N 230 C;
VUG AT IR N 150 °Cs ME £ i fE N 280 C;
KPR B 7 I (SIM) B

1.2.4  AmeelioX e dEFRFRE 5.0 g A EAtiER
LA IEAE S, RN — e 'R E RS
BRVEVA W, 5 LRI 4> 5129 0.01 F10.10 mg-kg '
Hi B — BT R] R, P BT A ST 0 g v FL kAT A,
THE I IbR TSGR RAR AR AE R 22, BH 5 K.

2 BRGTH

2.1 REVFUSUEMRERE
XoF 4 B 7R 0 A 28 AR R P I 1) R A0 A
B EREAT UL, 45 1 Al 2% AT
2.1.1 REUEMGRF A RATRE 5T
SGER AR KM o K IR Cobes TN AN 2R iR
B FBEAT 1A S, ol s R IEC
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Bt B AR AR 25 (R BUKCRBAR, ~FIdm B A
69%; PIHRAN Z 5k 3R 9 Fofr b 5751 [ e 42 H A 2
TEAREF, TN ECER 73 700 9 80% A1 89% .. fH TN B2
Zy KBRS IA r s 2R, ol R A e 8
s R M 25675, EEL G 1R 9 2 3R &
9 Folt ok L B U 7 o
2.1.2 REEFIARARGEE  FRHIUEF AT
AR 2 5% BE 4y B AR DG B, o SRR B A A T
A, BAR 2 KR BB o H bR AR 25 1 B B, {H
AJ BT 2 H AR AR 25 HOAS 58 43 11 5 M H U0 s
RIEIGRAMARRL 2, BARBEE KR R E H H AR
R, HRH R KRR T BRI EIRE,
FLAT B T AR A HE PR, AT AN A H s 53 4k, i %
8 FH A WL T8 2 34 A 06 2 (1) TR B RN PR 555 il 8
ARG 53 82 T A AR (5.0410.0 F1 15.0 mL)
1) TGRSR B RCR B2, o A S SRR, M O
PIARFA 5.0 mL B, P3N R 70%, $2EX
OB AR AR FEAR, T [H AT B2 B HUA AR LR /D,
HAr R 25 R se 4R . M 2B K 2] 10.0
A115.0 mL B, # R 55008 92% F1 89%,
HRE R ST A A, 498 +# 10.0 mL A
CIEVERUAF
2.1.3 ABEEFR Ay AL R R A B A
I 454 QUEChERS J5 iR 24U i) 9 Fh bk 7050k
AT BEEURN 54k, o s e T ) A A K L 2 i
TIREEE R . A0 EE A IR E] (104 20 A1 30 min)
AT T 5%, I 2E AR B, TERE SIS A) 2 20 min
B, IR0 ETS A 94%, i 35 18 75 s i) O ZE 4, (AT
Rl TRae, AR R, %82 (A H
R, B A E 7 AU B ()R] A 20 mins
2.1.4  AdAediFE  HEEFRPE RS E
BONHE R ME R B HLER AN Z BEY, AR I8 4 R
Fi N- 3 2 % (PSA). f1 581k 7k 22 (GCB) A1 C18
I ARAE A TR B AT FR A8 T B AL, 5 Rk
Bl PSA Fll GCB VAL 4L A E s 5 3 12 24 H L R
VA T SR, 1AL S FIRE AR T X 9 FhERE 1 52
PEFIE &, i LA I I 28 4% 50 mg PSA 1 10 mg
GCB 1E 4 VAFE S (144077 o
2.2 WMEHRITRL

e Xof B AR A AR AR IR OEAT A A, B
H AR AR 25 1R AR B8 B 1), 43 )t 45 36 1) H s 25 -
K AN E &, BRI EaE R B RCR RS . K
X 2% 2 TR 2T AL B S HEAT AL B, ARG 4%
GC-MS ZF UG, J8 i i B v & H 2 AR
A 1% 9 PR BLR, I 10 32 B 1k 2 R

http://xuebao.scau.edu.cn

A AR 70 e ek g6 A A1 e o

R 1 N AR L R B I TR)RIAFAE 15 1R,
eI R A R TS A R, H s 1 4
(7 R 00 O Ao e N S S ) H AR 8, 5 5 AL
7 e S 00 5 f R A B F) bR e BB 1 R
ah 0.10 mg-kg™ I (VR G FrFE il &, i 1 ATl
B AR X O bR AR A i MLAE, AT BLB A
T8O 53k B 7R FAD H DR 4 VA B A i S
B LR Sh g R R R TR
i B RN 2 S TR T

®1 9 MBREFIBRER B MIFHES T

Tab.1 Retention time and characteristic ions of nine

herbicides
H A 5 tpgg/min  typge/min REAE B T (m/z)
R Ap i e 6.356 3.000 200.0, 204.0
S 6.482 3.000 200.0, 204.0
LN 7.634 7.000 223.0
N 7.981 7.800 184.0, 241.0
S R 8.687 8.300 162.0, 238.0
THIRR 9.526 9.000 252.0
T 10.570 9.750 176.0
RS 11.155 9.750 176.0
P N 11.467  11.300 252.0
«9 d2 BHP
£3
7
S6
x5 .
m 4 7
=3 3 8
L
ol O T
4 5 6 7 8 9 10 11 12 13
t/min

1: BT i s 20 S s 32 R 4: M5 52 S i 6: —HF
SRR T T R 8: TR 9: L 5A A i

E1 REFESITHEILE

Fig.1 Chromatograms of mixed standard solution

2.3 FIEUE

231 HMHEE. MXAKAAAMNR  CKRECT
BT P 1 224 VA 2 1 35 5 DG FC A v v v LA, DA
B BE (x) ABEAAAR, WETAR () AAEAR, 15
JoR A A 1 2, AT A5 30 9 Al i B0 ) 28 1 (913
T\ 2R MRV Ao R B a3k 2 Fow, 9 FhBR B
) J5R B FEAE 0.01~5.00 mg- L™ (1930 B Py 5 04 T FR
B8 RIFLNER R, Y7 AT, MG RE R
T 0.998 2, J7iE A HE FRAZ 8IS 3 55 ML (SIN=3)
B SXof JOE (1 o A P T AR
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Tab.2 Limit of detection, correlation coefficient and linear range of this method

R B LRAETE I /(mg- L) ALYy R RE() 6 H PR/ (ng-kg™)
[SIESE e 0.01~5.00 =206 977x-9 799 0.999 3 0.52
R 0.01~5.00 =280 281x—17 483 0.998 9 0.57
LHEE 0.01~5.00 =70 024x-5 493 0.999 1 2.90
HE 0.01~5.00 y=237 126x-10 159 0.999 5 0.75
S TR B 0.01~5.00 =513 152x-37 270 0.998 5 0.54
ZHRR 0.01~5.00 y=282 124x—44 980 0.998 6 0.96
THRZ 0.01~5.00 =180 091x—19 806 0.998 2 1.40
A ff 0.01~5.00 y=164 374x-20 539 0.998 7 1.90
VAR R 0.01~5.00 =70 968x-15 898 0.998 8 6.60

D) x RABRFERREREL, y RTE@R,

232 TR EHEAAEEE LSRR FME
T, %2 S A AT AR GRS . 00 g R
WZR 3 Fros, R INZKEN 0.01 mg-kg ' B, HIEF
a9 PR BRIP4 IR 74.58%~86.89% AH
S FRAEAR ZE KT 11.73%; FEANINZKT-4 0.10 mg-kg™
B, 22 URE SR O PRSP [N 85.65%~
96.37%, AHXT bR HER Z KT 8.74% . DL b4 il
0, 3277 V2% PR R P R A M S B T AR 2 5k T
SIHTIIELR
3 9 MAEFIE LIS A E R R AR R

Tab.3 Recovery rates and relative standard deviations of
nine herbicides in Angelica sinensis %

#00.10 mg kg

IN0.01 mg-kg!

P R ARXTARAE R 22 IR FES AR e 22
B 5 or i 82.04 9.74 95.70 6.30
S T T 83.27 11.73 96.27 6.06
LHEE 85.66 6.77 85.20 8.29
N 74.58 8.38 85.65 5.92
FAHERK  81.38 8.63 88.28 8.74
ZHIR  86.89 7.94 87.60 7.33
TR 81.82 4.64 96.37 6.69
HELf% 77.71 8.24 89.30 6.72
AHERE  79.36 7.63 92.09 5.42

233 AR EIEN BN E SURTT, BR
S AR TR 7 A TR A ) e DR g S TR RN E SN
ity K — P B2 AR AR 2 0 AR 4
YA JEE A ot R A U 58 7 AR WA R R — AL R
BEAT AR ZG R 0 A N, ARAEAFAE S RN AT
Bt Ox i S RN, i PH B DR T 9 A B T DG S i
BRI AN 2 H b 73 B0 ) 22 1 228 5 ) 4 BRORUR S

PRI 2 T LA LR E 4 08 2 B8 2
B, SR AT AR AR
ME = [(A/B) - 1] x 100%,

A, ME NS A, 4 A1 B 43 AR 2k it [T
s A 74 V5 0 T 28 1) A R R 7 b A 2R 1 R R
1 ME {8 N-20%~20% I, Ut B 35 57 20 B 4% 5595 24
ME B 7E-50%~ —20% Fl 20%~50% I, 15 B 35 it 2%
NP2 24 ME 5 KT 50% 8/hT—50% B, 1 B 3%
JR N 5

AR R JE 03 DT 2 23 VP Ad 24 A B o R )
9 b I BRI (10 5 0T R, 4 SR R L 9 b o L S
A HH 55 585 5 &8, ME B ] —18.27%~ —3.89%.
2.3.4 SFERAESAAEN  BENLXT s rh 255
BEATHRE, ISR 10 03 4 AFE 5, d8 A e
ST 5 R B A 2 AR A ) R 9 b R R
177 R, 25 IR 9 PR B AR B AS H

3 Z5ip

A58 K H QUEChERS J5 ik 45 &/~ ik FHAX
BN T T 9 MR BRI TR EE AT T, SRR
F) P A B8 AR 06 T AR A 48 1 S el P 2R 1 Ok R R AT #°F
il P2 RIS A 74.58%~96.37%, AH X bt (i 25
PET 11.73%, BRI 2 R 255 B A K o 1%
J7 i R PO A R TR T SEBR S A T 2
bR LR A o RS BT SRR S R AL
AR B 25 TS 035 2k FH IR 3R 4% 1) A8 Sk A5t AE X
] 5 9T AE I ), HR IR A 7 5 45 TR 3R 2 (A 1) A
BRom L e B EiR gy, Bl BEA —E M RIR
PE, PR RT DL P8R IR A2 158 i3 AT i3 — 2P e R
N
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