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Abstract: The complex matrix of rice samples and the small amount of the target analytes in

the sample necessitate an effective pretreatment process to enrich the target analytes and mini-
mize matrix interference before instrumental analysis. Magnetic solid phase extraction ( MSPE)
is a dispersive solid phase extraction technique which allows for the rapid separation of sor-
bents from the sample solution under an external magnetic field. Compared with other tradition-
al solid phase extraction methods, MSPE has the advantages of convenient operation, minimal
interference and absence of column pressure. In this work, a metal organic framework compos-
ite (Fe,0,@ MOF-808) was synthesized by a facile solvothermal method for using as an effec-
tive adsorbent to concentrate nitrofen ( NIT), oxyfluorfen ( OXY) and bifenox ( BIF') in rice
samples. Based on the pretreatment, a method was developed by coupling with high
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performance liquid chromatography-ultraviolet detection ( HPLC-UV). The prepared material
was characterized by Fourier-transform infrared spectroscopy, X-ray diffractometry, scanning
electron microscopy and vibrating sample magnetometry measurements for determining its func-
tional groups, morphology and magnetic strength. The results showed that MOF-808 has a regu-
lar octahedral morphology and well-dispersed, and the particle size of the material ranged from
400 to 500 nm with a smooth surface. The spherical Fe,O, particles were uniformly attached to
the surface of the octahedral MOF-808 crystals. The maximum saturation magnetization of this
composite was 40. 35 emu/g which is lower than the saturation magnetization Fe,O, (78.26
emu/g) but still sufficient for the requirements of MSPE. The prepared Fe,O,@ MOF-808 was
used in the MSPE of three diphenyl ether herbicides (Des) in rice. As is well known, the key
factors influencing MSPE are the adsorption and elution processes. In order to establish the
optimal extraction conditions, the adsorption parameters (adsorbent amount, extraction time,
elution solvent and elution volume) were investigated in detail. A 15 mL mixed standard solu-
tion was used in the experiment, and the concentrations of the three Des were 65 ng/mL. All
the experiments were performed in parallel three times. The effects of the dosages of Fe,0,@
MOF-808 (10, 15, 20, 25 and 30 mg), adsorption time (2, 4, 6, 8 and 10 min), elution sol-
vents (acetone, acetonitrile and methanol) and elution volume (0.5 mL, 0.5 mLx2, 0.5 mLx
3, 0.5 mLx4) were investigated. The Des could be adsorbed completely by using 25 mg of
Fe,0,@ MOF-808 for no more than 6 min. Elution was performed with 0. 5 mLXx2 of methanol.
Various parameters such as limits of detection (LODs) , limits of quantification (LOQs) , accu-
racy and precision of the method were evaluated. The method showed good linearity in the
range of 2-300 ug/L (r > 0.998). The LODs and LOQs were 0.6, 0.6, 0.4 png/kg and 2.0, 2.0,
1.5 pg/kg for NIT, OXY, BIF respectively. At spiked levels of 5, 10 and 20 pg/kg, the recover-
ies ranged from 87. 3% to 96. 7% with relative standard deviations ( RSDs) less than 10. 8%. The
enrichment factors (EFs) of the method for the three Des were between 25 and 29. The method
was applied to the pretreatment of the three Des in real samples, and none of the Des could be
detected at any of the samples. This method had a lower LOD than that of the national standard
method, but its LOD and recovery were similar to those of other reference methods. In summa-
ry, the developed method has the advantages of operational simplicity, rapidity and accuracy,
and it is suitable for the analysis of herbicide residues in rice samples.

Key words : magnetic solid phase extraction (MSPE) ; high performance liquid chromatography
(HPLC) ; diphenyl ether herbicides (Des) ; rice; metal organic frameworks ( MOF's)
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Fig. 1 Chemical structures of the three diphenyl
ether herbicides (Des)

T Ak DL L R 2 o T4, Rl kX B AR A7 &
£ o FORME S b BR300 532 B B i A 38y 1k 32 AT [
FAHEBURN A3 5 AR AE BT i T A 4K B ( mag-
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BLIE AT AR PSRRI P A 7 R e . MR B 2
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4 J&-A PLH 2 (metal organic frameworks,
MOFs) J& A A HILEC A Hh i 480 AU 3% 82 0
MLE & BT IE ) Z 1L ah iR AR, Bt i
VRS A P i LA R AL AT 45 A5 R 1 I A 32 K
FEN LA Ze &2 AL MOFs B KA
FEPE SRR E T, 2 A R K R U A — e A
MR . MOF-808 Hh &AL HE FI1 1,3, 5-78 = HT IR il
# AL, LA Zr,0,( OH),(-CO, ) (HCOO) , 4 — %%
MHETT, 5 6 1 1,3,5- K = HIRE TS i i
A FATE R DU T R A 2 T AR Y P AL
RS0, 48 nam, 1 10 A4>3% 22 14 DU T 1A S T8 1K 42
NIE 58 1 R FLAE M 1. 84 nm, Hb 38 1w L AT A3k 3]
2060 m*/g'"?! | [Alft, MOF-808 &4 i £ i 1 4 )@
B S A DA T DL AL - Sl SR fiE
HEA R AR B o s g

A HIE 5% ) 98 50 A B WG R A% D Fe O, 5
MOF-808 #1721 %%, 1 3 Fe,0, @ MOF-808 " i}

), Al [ A 4% MSPE BRI H: S« MOF-808 AL R
PEBE, KL T Ak 3 Fh Des O FTALBE, 45 &
HPLC-UV, & 57 T fif 1 PR3 5 KoK 3 F Des
)5 BT 7 o
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1.1 {EEFnitF

Agilent 1200 7 = 20 AH €015 - 58 Sl £ ( 58
[€ Agilent /A ) ; JEM-2800F 58 £ 5 7 -, 731
MR HLEE (35 [E FEI {38 A R/ Al 3 FTIR-84008
i B AR e 21 AR S %A ( H A Shimadza A A ) ;
D8-Venture 5 X FFEATHF (HEEAE LA ) ;
9600-1 JRZNAE kR ( 3€1E LDJ A %)) ; 100 mL-
IKIRA BN 28 (KA G iR AR R A B B A IR
Fl) ; ET-3301A BIRUHSR 25 B ( iRk B RH YA
FRAHD

1,3,5- % = H R (H,BTC) , S L f (ZrClL,) |
N, N'-ZF 5 ke (DMF) | B R Fl 2, e (2l
99% , I i BT hir TR A B #] ) 5 75K A S Ak 2k
(FeCl, - 6H,0) . =/K4& M4 (NaOAc - 3H,0) #il
ToK L LERE 99% , KR B AR A A ) 5 H
% ( methanol, MeOH) 1 Z Ji§ ( acetonitrile, ACN)
(a4l 3% E Thermo Fisher Scientific 23 7] ) ; i
WG Bl (BUN RS I SE AT IR A A

b B B NIT (4% 99.0%) Fl OXY ( 4l J&
99.5%) ( g Barhr Tl A BR 2 7l ) ; MeOH ic il
() 100 wg/mL BIF (4L 99. 0% , b 5t [ % JEFH A
FRAHD

FORAE S R LT Y A T
1.2 FRAERRAE

A3 FIFREL NIT F1 OXY 1 mg, fii i MeOH 44 H
BChl AL 100 g/ mL TR A AR EfE 2 1, Wi 0t 2 W
55 BIF ARUEFH (100 pg/mL) % 1:1 iR L
#1247 50 pwg/mL 4 NIT ,OXY F1 BIF J&&PRIER W,
4 CHRICIATT
1.3 Fe,0,@MOF-808 I Bt Ho#a 41

i 3 95 7 Bk ) 4 MOF-808' ", FRHX 174. 8
mg ZrCl, (0.75 mmol) I 52.5 mg H,BTC (0.25
mmol) & THEH KK A 8 mL DMF #l 8 mL
HHER , % 20 min, FHR GIE RS A RN 2T, 5T
SR 120 CHIMEFT Y, SO 24 h, [N 585
Ja FUGET ARA I EER, B0 E T, R
DMF (30 mLx2) A (30 mLx2) Fil MeOH(30 mL
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x3) MR PR , K A% AR R T 100 CFL28 T4,

¥ 93.2 mg MOF-808 43 H{ T 20 mL £
#7 3 h; B 270.0 mg FeCl, - 6H,0 Fl1 700. 0 mg
NaOAc - 3H,0 i#f# T 55— 20 mL £ i #5s 3
h B IR BOR G, B 1 hy BHIR SV IR AR B
& BT WM 200 CHIHEA T RV 24 h, =
N SERE G TR R A SRS H B =R, A ARG
SYETEY TS O R K Y, B R
IERIERGE M, i )5 60 C EH 2 T4 12 h, 15 7
Fe,0,@ MOF-808 M {51,
14 HHEH&E

WEBFRI 1 g RORFE S, J8 0 W i, 2 i, 55 %
%50 mL ZLE Y, A 2.5 mL MeOH, #7410
min #ATHEEC, L 10 000 r/min 2.0 5 min, b G
RS BRERU  AK ERE 15 mL, fF
1.5 #EEEENRRE

FREL 25 mg Fe,0,@ MOF-808 W& fff 71 , & T4k
BEAF 1Y 15 mL RORFE S, IR AT 45 LA 1000
r/min TSI 6 main, ji i S RE 76 W B 5510 5 0
WA T B, A W, SR T 0.5 mL MeOH #
FTUEIE, T840 PR % 2 min JE RGBS, B 2 R, &)
VR, = N ARk 4 =1, MeOH EA £ 0.5
mL, fF,
1.6 BIESEEG

(0, 1% #E ) Agilent XDB C,, #E (150 mm x 4. 6
mm, 5 pm) ;K53 35 C; WA A (A) H,O
(B)MeOH; /i # 4 1 mL/min, YEBiFEFHN 0~5
min, 88% B~89%B,izfTAf[H] 5 min, #EAEE K 10
L B 38 124 208 nm
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i 3 FT-IR %t il % #Y Fe,0,, MOF-808 Al
Fe,0,@ MOF-808 42 5 4 K} Y 1k A1 ¥ i #E 17 R AIE
WE 2a iR, Fe,0, @ MOF-808 & & ¥ L 7E 658
cm™ 1758 em” b BT 1Y MOF-808 H Zr-O
A 25 1 3R 3, 1380 em ™' 4b Y W% Wi 1 05 T MOF-
808 1 Zr-O-H % A1, 1575 em™ 4b Ay W& g i oy
MOF-808 1 -COOH A2 ik shir s "’ ; 570 ecm™
AR H W g I ] T Fe, O, 1 Fe—O-Fe {45 Ik
gh'"7, i it XRD Xt il £ 9 Fe,O, , MOF-808 Al
Fe,0,@ MOF-808 & & 1 BL Y i i 45 4 b 47 T 3%
fit, il 2b frix, Fe,0, @ MOF-808 7£ 35.54°
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Fig. 2 (a) FT-IR spectra and (b) X-ray diffraction
(XRD ) patterns of Fe;O,, MOF-808 and
Fe;0,@MOF-808

41.12°.50.75° .63.22° . 67.89° Fl 74. 15° Kb 13 T
FREWE, 5 Fe,O, #H LL, FEAE 0 /) 457 A [, % 5
Fe 0, AY(311) FhTI, (400) FhTAT, (422) FhTHT, (440)
FmTAT L (531) &b T A (533) & A [E) B AE 8. 32° Al
8. 69° 4L HI B T 5 MOF-808 i & XF [ij F R AE 1 | 5
SRS i —3L

Xif il % ) Fe,0, @ MOF-808 #1774 1 55 43
Br, g HOE S, 4nl&l 3a Firzn , MOF-808 HL A7 AL
(/N HHATE S, KEAEEEITE 400 ~500 nm Z [8] , R T
B B AR 5] BB B Fe, O, 9 KBk 5T
MOF-808 K ( ULIEI 3b) o R R S it 0 %o
Hl 45y Fe,0, Fl Fe,0,@ MOF-808 f i 1k ¥ 47
fE, S5 NE 4 fs, Fe,0,@ MOF-808 %4 M
(R LG, LR A58 o 40. 35 emu/g, HLAA
% Fe,O, HUMLAIREfL 3% 78. 26 emu/g 4 BT F %,
TEATS SR AT LA R PRSH R A 5 2K
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3 (a)MOF-808 #1(b) Fe;0,@MOF-808 #J SEM [E
Fig. 3 SEM images of (a) MOF-808 and
(b) Fe;O0,@MOF-808
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W, BFF TR M 1 A 2 52 i) MSPE 258 il G 8
T ARAF IR P ZE ISR, S50 6 W B 550 P 2 R o el
[) R R Ve AR AT T 04k, R 15
mL MeOH-/K (1:5, v/v) BB hRER R T35, 3
i Des ¥ i 74 65 ng/mL, fIr A 52 56 - 47 0 5
3R,
22,1 MR R & AR B R
SE 3N 5 T R A i 10,15.,20,25
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Fig. 5 Effects of (a) amount of sorbent and
(b) adsorption time on the recover-
ies of Des (n=3)

30 mg, W FftEtE A 2 4 .6.8 Al 10 min A}, 3 Ff Des
MISCR ARG O, S5 5N 1E] Sa B, >4 W B ) H
HON 25 mg B, DR R, 2k SR 3 T o i ) A
i, SR TC ] AR, W BREES (] 6 min B, 3
it Des f4 ISR AT IL 5] 95% LA |, 2 W JF B 283K
AT, R, S2 560 0k £ 25 mg by S A W B 750
7,6 min A E LN ]
2.2.2 BRI AR g AR AR

R AR ARL AR 5 Ji B, AR 52 06 %8 B MeOH
ACN FIPEAAE R e B 7 710, S 30 11 2 W o 7] P 2t
925 mg, WA A 6 min, BEBLAFR 0. 5 mLx2,
XT3 PRI AT B, RN 6a T, YTk
JBEE R MeOH B, [ 2 5 45250 100%, 5% 40 7]
A% 5 T R R BAAR AL (0.5 mL,0.5 mLx2.0.5
mLx3 F1 0.5 mLx4) %f Des [01% 1 5014, 45 510
Kl 6b 7w, Bk AR FL N 0.5 mLx2 i, 3 F Des
(I SRR B e, % 0.5 mLx2 ) MeOH
YE R B AR VELA
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Fig. 6 Effects of (a) elution solvent and (b) elution
volume on the recoveries of Des (n=3)

2.3 FHIEWIE
231 LZMHEE REHRMEER
TERAL B SEIR A5/ 42 B8 1. 4 45y b ¥ 25
F ORI S A5 312 RSO, 1) e s in—E &
(YR s R A VR T T BB et v 2 2. 4,20,40,80
200 1300 wg/L [ F G IR A FrifE A, LG
TR (y) XFBRE R BT 5 Wk BE (v, wg/L) 2l of
28 M AnE% 1 Fras, NIT . OXY #il BIF 7E 2 ~ 300
pg/LyE B Nt R R, HEREBH KT
0.998, LIEMEH (S/N)= 3 B 3 RhEREF AR
FR(LOD),LL(S/N)=10 #i5E 3 F B AnH 0 5E e R
(LOQ) , 4533k 1,

F 1 37 Des WEIEEE G HRMESER
Table 1 Linear ranges, LODs and LOQs of the three Des

Linear

R i LOD/ LOQ/
Analyte range/ egres§10n Q
equation (ng/’kg) (png/kg)
(ng/L)
BIF 2-300 y=56.804x-1.0564 0.9992 0.4 1.5
OXY 2-300 y=52.783x-0.3415 0.9991 0.6 2.0
NIT 2-300 y=55.413x+0.0566 0.9984 0.6 2.0

y: peak area; x: mass concentration, pg/L.

232 EREMETE

R T Ry T AR B RO 4 R XA T ROK
FESHEAT bR FIGR B, 3 A Des B9 INAR K F 43 51
95,10 F1 20 pg/kg, B IR A FATI0E 3 K,
FH 2 2 AL AR 7L 3 Fh Des W I 87. 3%
~96. 7%, H AT H [AIAE % BE (n=3) 53310 2. 9% ~
8. 2% Fl 4. 2% ~ 10. 8% , & FH AR Jy 2k () v 1 5 RS 25
R AT BRI R AT K

£2 AFENEREIEEE (n=3)

Table 2 Recoveries and precisions of this method (n=3)

Analyte Spiked/ Recovery/ RSDs/%
(ng/kg) % Intra-day Inter-day

BIF 5 89.8 5.8 9.1
10 93.1 6.2 8.6
20 96.7 4.1 7.5
OXY 5 91.6 7.4 9.3
10 93.5 3.6 4.2
20 94.5 2.9 5.8
NIT 5 87.3 8.2 10.8
10 91.4 6.5 9.3
20 95.7 4.2 6.7

2.4 LERESST

K FH B AR 1 5286 2514 (25 mg W B 57 W B 6
min) , W7 5 5 bR aT ik 2007 A, 28 0.5
mLx2 [ MeOH 1 JJy P 711, o7 LUK B A Ak
B0 e AV, 45 G e AORORE £ 1Sk W E 10 A
FOKFE S H 3 Ff Des, ME S5 R L 3, B AR i
PIARAE X 3 Fl Des, 38 i X AEANEE S 2R AT g 1]
WSO IE S 5 2 R E R P, 25 R o | SE PR 3
o3 A B I [0 2R (ChndR KP4 10 pg/kg) A
85. 7% ~95. 4%, RSD < 11. 3%, 1 /& 52 bR Ak 5 1 43
MrEsR

TERAMAAET ¥ 3 Fh Des #2118 20 wg/kg /K-
INASCKRE S, 454 HPLC-UV #4104, 1 7b N
2ot Wy HEI O, A MeOH 32 HUAb B 1% R K RE i 7
FEFER) o3 BT 48 5, 22 BT B 3 F Des ¥ KK
W M2 A D AL B | 25 RN Te fis , 2o ik
RAAR, 70X 07 HH 57 B JAT ARG 1R AR it 06 D00 AL ARy vk i
A 850 BV TR S (%) 3 P Des, #Eff 2%
PFF 3 % e 8 25 10 F BV VR 3 Fh Des 119
W 5 FORME S W R G ARk B =2 L, 1158
AKIFIEXT 3 Fh Des B9 & E KW+, 45 R AE 25 ~ 29
Z I,
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R 3 KKERT 3T Des BINHTEREMEREIYZE 5
Table 3 Analytical results and spiked recoveries for the a
determination of three Des in rice samples 4 1 NIT
1 BIF
Sample Analyte Found/(png/kg) Recovery/% RSD/% (n=3) o 3 1 OXY
1 BIF N. D. 87.6 6.2 < E
(0):9°¢ N. D. 90.3 4.1 > 2]
NIT N. D. 88.6 9.3 §z
Q
2 BIF N. D. 89.3 7.2 £ 1]
(6):4'¢ N. D. 9.5 4.6 ]
NIT N. D. 90.4 5.8 0+
3 BIF N. D. 91.3 2.9 .
OXY N. D. 93.7 3.1 1105"“" "12‘_""“"“"
NIT N. D. 90.4 5.4 1 b 2104
120 ] = 105
4 BIF N. D. 88.8 10.1 ] E 84
OXY N. D. 92.5 6.5 o 1004 £ Z‘
NIT N. D. 91.7 5.7 £ g0 g,
5 BIF N. D. 92.6 1.8 % 60 ] 0 e
(6):9¢ N. D. 89.7 3.5 g ] X
NIT N. D. 95.4 4.2 -
6 BIF N. D. 91.7 4.8
(6):4'¢ N. D. 91.3 6.9
NIT N. D. 90.2 10.5 e
7 BIF N. D. 90.5 9.1 100 12 4
1 ¢ = 104
0oXY N. D. 9.5 5.6 ] < .3
80 . e NIT
NIT N. D. 89.1 1.8 ] EE BlFoxy
8 BIF N. D. 85.7 2.7 Eﬁ ] ‘2 43
g 60 L ]
OXY N. D. 91.3 3.4 = E 24
NIT N. D. 88.6 8.3 g ] 0 F
§ 404 20 25 3.0 35 40
9 BIF N. D. 94.5 6.2 E ] .
1 t/ min
(0):4¢ N. D. 92.6 3.0 20 ]
NIT N. D. 89.6 7.7 ] A
10 BIF N. D. 9.5 3.9 ol N A~
L e e
(6):4¢ N. D. 90.6 4.5 0 X 5 3 4 5
NIT N. D. 91.3 11.3 ¢/ min

N. D.: not detected. Added level; 10 pug/kg.

2.5 SxwtAEIEE

7 (a)Des FRAERBIARIMFRKKEER (20 pg/kg) (b) B
BEHERD () BARF SRR E RN BILE

Fig. 7 Chromatograms of (a) Des standard solution,

B AT vk 5 [ FE AR T ik DL SRR 2 SRk 3 T spiked rice samples (20 pg/kg) (b) direct
EEATXT ( W3 4) 2k B O AR R HY R injection and (c) pretreatment with the pro-

posed MSPE method

$0.4~0.6 ng/kg, LT EZARER L, H 5 HAL S
M s Al HOAG HH BR AN [l AT 24 e ANfR PS8 O ROKAE i v Des HY MR, MSPE JG 5 i 4
T, A28 25 mg MR LA 6 min B AYELL RUESEAL IR BERT

F 4 AFESERIRES EREBR AN Des HATERMOT L

Table 4 Comparison of the present method with the national standard method and
reported methods for the determination of Des

Pretreatment method Instrument Sample Extraction time/min LOD/ ( pg/kg) Recovery/% Reference
QuEChERS LC-MS/MS spinach 1-4 76-114 [19]
DSPE GC-MS soil 10 3.5-10.5 76-111 [20]
ASE-DLLE GC-MS soil 14 1.2-2.6 83.5-103.3 [20]
SPE GC-MS rice 25 70-107 [21]
MSPE HPLC-UV wheat flour 25 0.24-0.68 88.8-96.6 [22]
MSPE HPLC-UV rice 6 0.4-0.6 87.3-96.7 this method

QuEChERS: quick, easy, cheap, effective, rugged and safe; DSPE. dispersive solid phase extraction; ASE-DLLE: accelerate sol-
vent extraction-dispersion liquid-liquid extraction; SPE. solid phase extraction; MSPE. magnetic solid phase extraction.
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