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Determination of 5 phenoxyacid herbicides in camellia oil by magnetic solid phase
extraction-ultra performance liquid chromatography-tandem mass spectrometry
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Abstract; A magnetic graphene composite was prepared and charac-
terized by transmission electron microscopy and fourier transform in-
frared spectroscopy. A novel method was developed for the simulta-
neous determination of 5 phenoxy acid herbicides in camellia oil by

magnetic solid-phase extraction-ultra performance liquid chromatog-
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raphy-tandem mass spectrometry, which using magnetic graphene
composite for enrichment and clean-up. The analysis time and cost of
this method were relatively decreased by use of magnetic graphene in
the detection of phenoxy acid herbicides in camellia oil, it also in-
creased the efficiency of adsorption and elution of the target com-
pounds. The result showed a good linear correlation with the coeffi-
cients greater than 0.999 68 when the 5 phenoxy acid herbicides with-
in the range from 0.01 to 0.20 mg/kg; the average recovery rate was
from 88.1% to 95.0% with the relative standard deviation (RSD)
ranged from 2.6% to 7.3% when these 5 targets on the levels of
0.02, 0.05, 0.10 mg/kg. which totally meet the testing needs of the
5 phenoxy acid pesticides in camellia oil.

Keywords: camellia oil; phenoxy acid herbicides; magnetic solid

phase extraction; UPLC—MS/MS
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T 5 RORE il A 2 5% L O EL7E BT S By 1 3 Bk BE AL L T 5 I
IR A 5 BT I R 45 TR 2R B H A YR AR R R g 3D
R AR B N i R R A R SRR L R A L e A
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W RE T B 27 KB R SR R

T AR AR TR IS AR 2 AR 43 W Ve Bk N 5y <Ak R
AR 8 1 R A IR T A S T A0 & 7 PR A 0R 1 = R AR T A
RAATAEAD U E NN TR &R P RA R
I e 550 114 22 5 BR ARG o R R I SR VAR € 3 1 R
FRERHEY Y RN EERE R R TS AT
Tt B 25 AE OC L {HL BRI i 0 56 T A8l A R AR TR S I O R ik
BT SCIRR 1B . A R Dy vk AR AL 3 b 22 ok ] I AR
FEHCOOT BRI B A A T L B AR E T 3 S S A
RO E B, — R B PR AR 2 R AR AR O A
AT B BT L AT A e AL 5] N 3 1Y T AL R A B A AR
b 2R AU 0 T 400 O R v A I R BB . A SR B AR AT
FRL I vh DL SR ARG 2 D2 A2 DL R ) 2= E T Y
MR RS T KB IF AR & ok 2 e k0 . AR
XM A B 5 M B8 0% O L SR G R A T AR
A S PR FR AR HEATE R MGAL IS G SR
TR 0 1% — H I O R AT 0 A R A R O T 25 T
5 R AR R R S I T ) ke B 1 PR G BT O
1 FRLS 5%
1.1 #RE5 e
LT BRI

2,435 (2,4-D) .2, 4-— G K A 5 & (Dichlorprop) | 9 &
M (Fluroxypyr) 2.4, 5- =@ KA LM (2,4,5T).2,4,5-=
SRR (2,4, 5-TP) bR i 4 G - 40 ¥ =>98.0% , f8 [{ Dr.
Ehrenstorfer 22 7 .

G R - a3l i, 35 [E Merck 237 5

DI - 235 26, 56 [§ Tedia 247

WRORER LR LS 4R B2 4 L Fecl, » 6H, O,FeCly » 4H, O,
IK S BE ARG AT Al b 2 4 A b2 N A
MR 5

80% /KA W30 H, O ATl AL 34k T

K 2252 ~ 28%, 43 BT £, K T 06 AR 40k T
i

RIK A B Ky 4y M 4l 4l B R+ 982, g & Ak 2% 3k 5
NG

ZRERR KA AME >50 nm, KB 10~20 pm, 2B K
F 95%, bk FHBUK T 40 m® /g, [ RE 2 e R A PLIL 2%
AHIRA T

5% Bk + 3R (florisil) : 100 ~ 200 H, | i CNW
Technologies 7\ #] ;

ZUM CRE BRI < W T390 R e 1l

R K g Atk .
112 FEEAUHER

R 75 AR R 8 1 — = D T 5 S BB A - LCMIS-8040
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A8 B A% 35 27 40 % 3% {X : Nicolet 380 %, 3% [ Thermo
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ARAHE
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NG
B % B 0 Hl. UNIVERSAL320 #1, fii [ Hettich
NG

LB FKFL MILLI-Q #, £ E Millipore 24 A,
1.2 KA
1.2.1 A BI%E A b R &

(1) Fes O, M 40 K KL T 19 1 % < 5% Ak 2% L3002 1 11
#% Fe; Oy FE N HRIEL 9.72 g FeCly » 6H, 0,3.96 g
FeCly » 4H, O43 5105 i T 1A 50 mlL & 46K 19 38 /N Be AR
o R 500 mL = HVBEI AL A S K i Bk R AR K
B Jg = HR R p R 4K ABLZY S 300 mL, f = 0 B S
T 50 °C iyl s w4 o m A Bt T TR S W E N R PR P
BUBEE B R S B R 19 O, 2R 5 38 o 43V U 31 2 5 4 o
LRI 100 mL YR BE S 25 Y6 1) FK 1 W CRT U 2% % T
AR RAE . pH 458 9~1D SR e K mis il B+ & 70 C
G IREWE N AR T Ak SR BB HE . AL 30 min. 7
SN INRE % I AE TR AT #E 43 #4581 7 4 Fes Oy K R JE7K
MR IG VE 3~5 W ZE .50 ‘CHERHLRE T4 24 b, B
ERETES THRENEM. B 1 RS RR T 6 Bk
HREA.

A1l BEALETAOREEFERE
Figure 1 Schematic diagram of the synthesis device

of magnetic nanoparticles

(2) F AL A B (GO Wil # >R Hummers 3%, &
WX 23 sl Ve R 2 S 45 4 Hh OF I A 4 B T UKOK M S Se R
1.0 g fr sy i A B Se it BRI By 0 C MR . R )5
YRS AE VKOKIE PRI 3.0 g = 5 B4 T ¢ IR B2 A 8 5
20°C, RIEWRAWHBEZMHEH D GRS WEE A
£ 35 °C,IFOR4F 30 min; ZEAUARRE BB B LS4 T L A
45 ml 8 457K J5 ¥ il v B R R TR 98 °C L IR R 30 min,
B ROokSEIA 150 mL B4k AR5 Z BN A 10 mL 30%
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H, O, F{ &
HE 24 h,
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(3) AHEM/ Fey O, 1l 45 5L 200 mL 8 4K & T
400 mL BEMRH LSRG A 200 mg Sk 7 B4 FIE it Fe; O,
BEPED KR F o 8% BE AR A B8 7R 0 Ve AL b B R 4
60 min/g BUH 4R G &0 A 80 %0 By K & ik 0.3 mL, 76 3k b
TR R IR 3 min, B4 IR ) A B A i R AT
VEURTILZS TG 19 B 00 0 oK B0 # M A BB 0 2 A MR
(GR-Fe;0,),
1.2.2 bRuE LR TS H WG ARIR 5 PR AR IR 2 b 1
i 75 10 mgCRE#3] 0.000 1 @), 43 & T 10 mL A &I,
T/ R A S E Y & A B AR IR 1.0 mg/mlLL f B
PR AW F 4 CuRAE PO A7 . AR B A 00 5 2 B R — S 1R AR
W25 BAR G & TR A )5 IR 3l 48 0.02 mol/L Z % + &
Jilf CRAREL 10 1) 3% SR R BGE 24 W B2 TR & b v AR T A
T ARV 0 B0 H B .
1.2.3  #ffh HHT AL 3

(1) B S AP MERR PRI 2.0 gOR§ I 2 0.01 @) 5T T
50 mL HIEZIF &L A 5 mL BaikA 15 mL &4
5% LRI RSV W, D TR A0 E TR A A b I IE IR R
S IMA 2.0 g EALEN R Y 1 min, 85 B 42 15 min,
Lk 8 000 r/min .0 10 min J5 . ¥ LW RHEBE S —iHEH
BOET L REHE 15 mL 56 5% L0 20 R i —

wRCR . BOHRARGY AR ETERT
U H I BE S 5 06 1) 8 R TROUE 28 A 45 B R AR 25
USRS 3. T 60 CHE TRIE. B AL

HELED RS,
(2) W AHAE G AL AR 1.2.1 5B h & R G A
BIGE AR 20 mg B PR IR L0 P, & J0 K BB Ak

WG, AR WE R 10 mL EAREREE
15 mLEZEZER L&, T 40 CTHARZERTE. H

H2mL&F 5/&%1’]Zﬁm’“miﬁfﬁfﬁ%tﬁmFﬁuA?HL
RO BEWREZAEME T RS G RG RS & ERE
3 min, # & 1 min J5 F) R 8k 09 20 38053 1E N 24T g 4
BLAREH SN LM OREE. 28)5 F 10 % i B B K 3
VERETE 98 K A} 3R 0 Y 2= BT, AR 05 T 5 mL 24k B (a0K +
S AR AR EL S 5 0 95) Yk B0 B i 1 A B 07 MR R 1) 5 R OR AR
BRI W A I M BA AR TS5 1 1.0 mL [ 34/
0.02 mol/LZ %+ 5 (RBE 10 D% MG . 0.22 pm
A AL AL U B L R A8 A 53— R BB B 3

1.2.4 UPLC—MS/MS 4 4

(1) 4 : COSMOSIL 5C;s-MS-T1 4% (2.0 ID x150 mm)
R, WA Ay 0.02 mol/L ZFR%L  BIAH B 2. #
FEVER AR :0.0~2.0 min,10% B~60% B;2.0~7.0 min,60%
B~75% B;7.0~8.0 min,75% B~85% B;8.0~8.5 min,85% B~
90% B;8.5~9.0 min,90 % B~10% B;9.0~12.0 min,10% B; i
0.4 mL/min, H:J& 40 C;@kkEE 5.0 pl,

(2) JRHs &1 EST & 78, 01 8 7 13l 2 =N il
(MRM) £14# ; 55 B B[] 30 s; B F 53 1 B R 3.5 KV i
FIVAE IR EE 250 °C 5 MFABIHIE EE 400 °C 5 55 AL B T 3
3.0 mL/min; TS A R A, W 15 mL/min; flf 18 54 &

W, LA 8 000 r/min B> 10 min, &I IR IR BOR T 95 — 3% ALARE 99.999 % s HoAh AT < Bl SR L& 1.
%1 MRMo#HRiLSH
Table 1 MS parameters for multiple reaction monitoring
Ry fi B A /min BIAES T Gn/2) PR BT (n/2) QL Pre Bias/V. CE/V Q3 Pre Bias/V
161.05 * 25.0 14.0 29.0
2,47 3.594 219.00
125.10 25.0 27.0 21.0
161.10* 26.0 12.0 30.0
2, 4- " A A TR 4.056 233.10
125.20 26.0 27.0 21.0
195.15 13.0 12.0 20.0
FH I 4.321 253.00
159.10 13.0 28.0 26.0
195.05 * 13.0 12.0 19.0
2,4, 5-ZH AR A LR 4.323 253.00
159.10 13.0 29.0 27.0
195.10 14.0 12.0 19.0
2,4,5- Z /AR AR 4.930 267.00
159.10 14.0 30.0 28.0

bR T

2 RS0
2.1 HIMEASEHMRLE

SR PR 3% B H B kA 0 R M A SR T B R AT R AE
W 2 T Ak 2 2T U 25 A% 0 1 R A KORL R AR DN
A DATE A 206 )2 B s B o £, BRI & 0 vk R R T
P, B F il £ 5 R BE K B EAT TEM R AE . Bl 2 (a) 7] L)
F L AORORL T I 6 & A VR AR A R . 1B 2(h)
B 28 Fey O 1M 94 KL 716 M 14 7 88035 (9 T SRR AE , 3 WA

RN R IB LT R KR T A B M A RS R A
ENOE N
A SR A e B T KBr A A BLE R A

L FEL I e 1 P OG55SR AR 09 B RE P AT E
0. Bl 3 R GO GR-Fe, O, (14 {# HL |45 5 47 43 [
B 3 AT 4. GO Fl GR-Fe; O, 3 7E 1 627 ecm A£G M T
— A sp” Hi k) C = C M4 ¥z 8y » 2 W1 705 i gy I 459 47 76 7 58
B ¥R AR 3B 4 . GOL IR R I » GR-Fes O, £1 41 W i s TT 44
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Figure 2 TEM images of Fe; O, and GR-Fe; O, composite
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Figure 3 FTIR spectra of GO and GR-Fe; O, composite

W B 5 . 53 A GO LA 1 730 em T AR Y — A
C— Oy M 4iiR 3 7E GR-Fe; O, Wil 2%, Ui B E AL £ 55 0% 3
KEWRE, 54 GO # GR-Fe, O, J5 48 ¥ 7E 3 400 cm ' Y
BT ¥ 35 1 M 45 B 8% L {0 GR-Fe, O, 75 11 b 14 16 45 98 35 A
X GO RIEE IR L. 30 GO L (% K 3B 2 A 4 5 A ok
JE 3 Bt B 52 T R R AR A Y A i AR B U R L T R
KA TS, TAE & 3 . GR-Fe; O, (1% 48 B A% GO
MIi%ZE AT S AR 583.89 cm™ AL T Fe— O Y HRAE M
AR B% B GR-Fe, O, B 4 I 4 1Y .
2.2 REBEFHMRL

RERBR IR RE TR ERR 5 7, e H 5 1 & Pk
SR B — A [ A AR IR L T Al AR X 2R 2 I —
BERE R A R AR ERERER MG TER Y
REH K., RBE T ZIBEMEA 5% LB IEXT 5 g
FARMRBR MR RS R LE 4,56 5% LRI
N5 B OB AR X 2 2 I 1 £ IO R R A 4 v s B DA W
5% LRI AR R I 56 ) BRI A

120 @2 O85%CRMZIE

100
X 80t
%z
= % 60
B oa0p
o=
20+
0 L L - L
24-1 24-T40 M 2,4.5-=524.5-=5
FEHINTR FKELM FENR
&Y
Compound

B4 RIBEFTSAREARERZNDKFGH R
Figure 4 Effect of different extract solvents on the

recoveries of 5 phenoxy acid herbicides
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2.3 WA AENRKL

08 % 58 TR [l il v AR L 5 R R R IR 2%
A2 W R R . FRER 6 4y 2K AN & bk H AR %
ZRUMFE A 2.0 g, BN 50 pL ¥Ry 2 pg/mL /9 5 FhOE
MR IR ZGIR A& A HEE W IR & 3 50 fR4- Bl m A 10,
20,30 mg G B G VE A SR 0% B ALEATIE 2 kLR 1.2.3
H20 BRAATRE R AL B, BR T RREIE A 2.4, 5- =W KRR LM
TERE A 8805 FH &R 10 mg Wik B e B B4, ) 4h 3 Fh E
B W) L LR P A S 0 T4 Dy 20 mg IR B B KA. 4k 2R3
IR A W B R B A LR A SRR A S b, R T
T 1 S B 00 P 4 A 5 P %ok 5 b IR SE0R IR 2 A 24 Y I B g B
TR -5 BRSBTS R ST T L T DA S ¢ 3 B R A SR 1
Bl 20 mg,
2.4 MEFEHRKL

T PR R T - AR EENE R, AR
T K— N 0.02 mol/L LR #— & I W Al K R 7k & 1
UL Bl R N R R TR A 2 A5 43 B M S A K — S VR S I
AR R I B AR Y 4 B R 25, 68 0 04 1 3 40 Sl R
G MR R MR I A 5 Fh B A5 9 1 o % 0 06 AL 2 3¢
X FR 43 85 BE R PRAR T B € 0.02 mol/L Z R /K B W —
A Dy 8 v ORI BT S vk A T AR AR IR B R 25 1Y
TBIAH . B S 5 R OR SUR TR 2 AR 23R B A o S R
WAAREE (0.1 mg/L),

1.5%x10°T
g
iﬂ311.0><10"— . 2 A
E z 3 5
£ 25.0x 10 /\
<
a1
0 ! 1
3 4 5
s 7]
Time/min

1. 2.4 2. 2. 4- " EENR
BE 5. 2,4.5- A AANR

B5 5ARAAMRERBROFERGEETFALHER

Figure 5

3. BEM 4. 2.4.5-ZHAEET

TIC chromatogram of 5 phenoxy acid

herbicides(0.1 mg/L)

2.5 AEMNEGETCEMEER

J T BRI TR . IR A 0.02 mol/L LRk + &
T CARBUEL 10 DG 5 Fh 20 S0 1R R 2 AR 20 1 TR & s 1M it 45 TR
B B 45 3 3 W B 4y B Rk 0,010, 0. 020, 0. 050, 0. 100,
0.200 pg/mLAARIE TAEET . 6010 I B LR 25 1 F F
AT53 0T LAE 2 0 5 €0 335 0 T AR 0 (% B bR AL & 9 10 J
VR FE R AT LR [ T 75 B A4S AL M Rk A R, 5 Rl OR
SRR AR 2519 E B PR (LOQ) 3 52 B PR KE S AR I =2 .
PRy ety B M R E BRI 2, 45
FW] S FORERIR R ZIHE 0.010~0.200 pg/mL B L H R
AR r ¥R T 0.999 68, 5 P A RMR 2 e 24 5% 1
) 2 i PR (LOQ) 2y 8.2~10.0 pg/kg,
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Table 2

Linear equations, correlation coefficients(») and limits of quantitation (LLOQs) of the 5 phenoxy acid herbicides

[aex?] LAy 2 MHRRE ERMR/(pg - kgD
2,474 Y=2 697.53X —722.744 0.999 82 9.0
2, 4- S EANR Y=3 717.44X —1 398.39 0.999 73 8.0
SR Y=2 050.62X +317.037 0.999 68 8.5
2,4, 5-=FAKE LK Y=2 743.38X +60.2826 0.999 99 10.0
2.4,5-=5EANK  Y=2797.16X +7571.09 0.999 87 8.2
2.6 JRAREINLEMBEE % 3k

TEZ R DR & LA R DU 90 ) 2% i R s i — s w5 FD
HE SRR AR G IR A bR DA (A & R WP R A &
4319 0.02,0.05,0.10 mg/kg, &AM AT 4351 6 4
SEATHE  F IR 1.2.3 D BRBEAT AR S AT AL L TE A AR B A SRR T
PEAT RGN . 5] e R 9 AN X AR v R 2% (RSD) L 5& 3.
2 3ATAAE 3 AW MZKE T 5 2 S0 AR 2 26 R 24 1 Tl i %
H788.1%~95.0% ,RSD ¥y 2.6 % ~7.3 % , 32 W A Jy 1 1] o Jt
F b 2,450 .2, - TSR AN IR G 5 R OR E R IR AR 28R
B A R

R3OFHEP O MERRBRERGMARE Y 2
MAENEZE

Table 3 Recoveries and precisions of 5 phenoxy acid herbi-
cides spikedin camellia oil (n=56)
ey WIHE/  FXSCE/ P m AR R v
" (mg -+ kg ™) (mg-+ kg™ /% /%
0.02 0.018 0 90.1 4.3
2., 4-T% 0.05 0.046 2 92.5 3.6
0.10 0.095 0 95.0 3.2
0.02 0.017 6 88.1 6.6
2, 4T KA
. 0.05 0.046 5 93.1 4.0
W IR
0.10 0.091 5 91.5 3.4
0.02 0.018 2 91.1 5.3
S 0.05 0.045 2 90.3 7.2
0.10 0.091 5 91.5 7.1
0.02 0.018 0 90.0 7.3
2,45 ZHHR i
. 0.05 0.045 5 91.0 3.9
4
0.10 0.090 6 90.6 5.8
0.02 0.018 5 92.7 5.9
2,4, 5-=FA KA
. 0.05 0.045 4 90.8 6.7
R
0.10 0.091 8 91.8 2.6
i:\
3 ik

AT 56 R & B R A 0 S 00 A A R R U G
Pt AL T Rl R 5 R SRR IR 6 Bk R ) R [ A A
B i A A 0 T — A TR B3 R 0 A 5 k. e K
YA S8 R Uil P AR SR R A G 4G T v 1y s L 20 A e [
A AT A HRAR X8 A o 5 ELIE 3w 1 % H b A& 0 W
ORIV R o 53 A 6 8 N2k L 7 i IR L ol 38 2 g
RS L A AP HT T BT SL A vk s T L 52 A2 BB A4S I
AR 5 Tl A SRR R S AR 25 A I 5 22
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