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Fluorine-functionalized zirconium-based metal-organic
framework immobilized thin film microextraction array
for high-throughput analysis of glyphosate residues
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Abstract: The development of high-throughput sample pretreatment methods is essential for the
rapid screening and accurate analysis of contaminants in food and environmental matrices. In this
study, we established a novel high-throughput sample pretreatment approach for glyphosate using
a 96-blade thin-film microextraction (TFME) device. The blade surface was coated with a func-
tionalized metal-organic framework (MOF) as the extractive phase. Specifically, a fluorinated
zirconium-based MOF (UiO-66-F,) was synthesized via a hydrothermal method. Various charac-
terization techniques, including scanning electron microscopy (SEM) , transmission electron mi-
croscopy (TEM ), Fourier-transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), and
nitrogen adsorption-desorption isotherms, were employed to confirm the successful synthesis of
UiO-66-F, crystals. The results demonstrated that the synthesized crystals possessed a high specific
surface area (559.5 m’/g) and an irregularly stacked porous structure. The prepared UiO-66-F, was

subsequently homogenized with a polyacrylonitrile (PAN) solution to form a slurry. This slurry was
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solidified onto 96 stainless-steel blades using an improved laboratory-developed spraying technique.
As a result, an array of 96 UiO-66-F,/PAN extraction coatings was obtained. Each coating in the array
was fabricated with uniform dimensions of 2 cm in length, 0.2 cm in width, and approximately 100
pwm in thickness. The relative standard deviations (RSDs, n=8) for the length, width, and thickness
of the coatings measured were 0.29%, 0.48%, and 4.64%, respectively. The UiO-66-F, adsorbent offers
multiple interaction forces with glyphosate, including metal coordination, hydrogen bonding, and
electrostatic interactions. Therefore, the adsorption of glyphosate onto UiO-66-F, occurred rapidly,
reaching equilibrium within 5 min. The pseudo-second-order kinetic model provides a superior fit
for the adsorption kinetics behavior of glyphosate on the surface of UiO-66-F,, suggesting that the
adsorption process is predominantly controlled by chemisorption. Furthermore, the glyphosate
adsorption isotherms indicate that its adsorption behavior closely conforms to the Langmuir isotherm
model (R*>>0.97). This finding suggests that glyphosate is adsorbed as a monolayer on the adsorbent
surface, giving rise to a maximum adsorption capacity of 239.4 mg/g. The developed TFME method
efficiently enriches glyphosate from aqueous solutions at pH 5-7 within 30 min and allows for analyte
desorption using an aqueous solution containing 5% (V/V) triethylamine. The UiO-66-F,/PAN coatings
displayed high repeatability and reproducibility, as evidenced by the RSD values below 2.3% (n=5).
In addition, the coatings exhibited remarkable robustness, maintaining a recovery of 98.2% after
nine consecutive TFME processing cycles. Furthermore, coupling this TFME method with ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) enabled high-
throughput analysis of glyphosate. The method demonstrated excellent linearity over a range of 0.5
-500 ng/mL (R*=0.999 9). The limits of detection (LOD) and quantification (LOQ) were 0.12 ng/mL
and 0.5 ng/mL, respectively. Intra-day (n=3) and inter-day (n=5) precisions, expressed as RSDs,
were 3.6% and 1.6%, respectively. The method was successfully applied to real-world environmental
water and fruit samples, detecting glyphosate residues of (1.7+0.7) ng/g in orange peel and (1.2+
0.5) ng/mL in irrigation river water. Spiked recoveries in real samples ranged from 88.1% to 107.1%,
with precisions (RSDs, n=3) below 8.1%. This method is accurate, reliable, and reproducible,
enabling parallel processing of 96 samples, which are well-suited for rapid screening and precise
quantification of glyphosate contamination in large-scale sample analyses.

Keywords: metal-organic frameworks (MOFs) ; array-type thin-film microextraction; glypho-

sate; high-throughput analysis
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43 T [E A A B (DSPE) ! il [ AH £ %% B (SPME )
A5 JF e VR0 A JBORT A A5 LG R o RO 2 B
FEAH A PLE R (I C b S B ) BR 568 i
FE 5T v A B 2% T, BT R BA AR K A e
[#] AF 25 BUH 7 56 AL 59 SPE /N, 1 BH B 152
FE L C18 #E | 2K 7K - 2% g °F i A (HLB) 55 ¥ b+
Al Ay AR B PRIME HLB /M XL
TR S IO 2R AT ¥ Ak, IR Fl UPLC-MS/MSS Il 2 F
rf L H R B R N AR 2 . SPE i w] SR
BT Y1 43 B0 I0 0 B A R X6 R v Y R R AT
EREE AR BRI VOV AR R R A A L
I, Ak SPE /N BUA R =, HLJCkE E A i
43 B30 A4 R} i £ ok R 0 BRE IS B O R R AE
FEAERER R BRAE o e Ah , BA J7 ik A RE i Ak T 5
38 AN 2 M DL 7R P R B e R R O A
55 o B, & — B i 38 5 4 & 704k 258 J7 1k 6t
- H 0 = R0 AT E AT R AL

WG AE I (TFME ) & —Fl i SPME & JE 11 K 1)
(D&% NN C e NIRRT LN R TR AR
FUZ B, R 48 v R B, 40 2 4K BT A s [l
TFME ] B3ty Z % JUIE AR (4 96-71 k), T
AN FEBRE B FES] X TFME 22 50K & | 1
JE KA R B i A4 ] s Ak B SR, DA A 4 R i Ak
P L B2 AR K, TFME R 7EAE 5
AL FE T BAT L, S 2t b B AR 0 A
o 3 A BT AR TR T fE

4 )8 A HLHE 22 (MOFs) 2l i 43 J& 47 05 5 2 ik
A HILEC A 0 2 1) T A A I AR SR = 4 A ) 2 AL
HE 2 bE L, B A i 1 AR E M AN Ak 2 e e M T
R LR /N AT AR B HE B8 A R 2 R 0 3 M
S TE R AL BN Tz L T R AL
i) £ B MOFs(UiO-66-F,) & —Ff 3 T Ui0-66 HE 4
(4 SR AR AT A= W, LR B0 0% Sk B 45 4 T LU L BE 2 1Y
TN I BUR T 19 5] A28 T MOFs /K
E ME RN BR B PE 2. Ui0-66-F, Al LA 1 % 5 1 3
A DL R 4 Ja i 5 R 1 I 4 2 ) JE i o 1) &
S A Je TC A R R HL AR 3 S A AR 22 1Y P
Tvi] 255 JO7 R AT 455 3 5 bk o o B A W MR R L TR
F, MOF's 119 i Lt 3% 10 FHURN 55 L B 3R 348 a] DL 4R vy X
FH M 0 U B AR . A S SRR 3 Y xR
MR I A S v T K L i Ui0-66-F, 0] 78 K AH v 4 i, e
o T A ML 4 8, A et A B (R AR

ZE Bk ARG R AR BOE & T & s g

b #9 MOFs #i 1A (Ui0-66-F,) , 3 6 H AE hy il %
TFME ¥ )2 (6 KL, DL TR0 i (PAN) b 26 3% 741
T BER VA TE 8 SRR AN B SR (R 12
W1 R ) # i % Ui0-66-F/PAN # BUiR 2, I K
L2 B B 96-T1 Fk TEME 26 BURE 51 . DL B H RS K
Sy TR S AR FE BRI I 2 480, 51 TFME Ak 38
FH B TAER AR . i —22P %454 UPLC-MS/MS £
I A e S — Bl R T R B KRR R K SR RE S
i v 3 Ay MR O T B % T R oy T b AR L OF
SXoF %~ R R T 7K v R R 1 R R R BR R A T AT

1 SEIERSY

1.1 UG F 5

ACQUITY UPLC-Xevo TQ-S cronos ## i &% i #H
o 3% - = F DU AR AT % (3 [E] Waters 23 ) ) ; Mira 4
s 7 B (SEM, £ 78 TESCAN 23 #]) ; JEM-1400
7 5 7 2 385 (TEM, H 7K Hitachi 23 7)) ; TENSOR
27 AR 4 21 4R IE L (FT-IR ) \D8 ADVANCE X
SR AATHH U (XRD, 7 E Bruker /A ] ) ; STA 449C
IR (TGA, #5215 Netzsch 23 H]) ; TriStar 1T 3020
Lt 2R AR AL PR % 3 A7 { (32 [E Micromeritics 23] )
Concept 96 Kit ¥ #Hg ¥k 3% %% (1% [E PAS Technology
NI

Sk B (98%) | HBE (a3 4l ) R &R B (>
98.0%) ¥ W [ 1 ¥ ] 37 T35 50 A BR 2 ) 5 DU J06S A
— WO (97%) | HOH B (95%) & W M I (M,
150 000) #4047 11 22 5 o 550 A6 AL B A BR 2
Al s O (s 4l ) W F 2 805 TR B A BR
A 5 B R (95%~98%) Al £k ik (36%~38% ) ) [ 14 J1| 74
Be Bt A IR~ "l 3 N, N-— W& B iz (DMF,
99.5%) . & AL (296.0%) . = L i (TEA,>99.0%)
K (25%) F R (299.5% ) ¥ g [ K LR 2 Wk Ak 2
A R 2 ] 5 25 AU Bt (Fmoce-Cl1,299.0%) 11
A b S R A AR BCA BR A R YR A (>
99.5%) 4 [ R H - FHE T A BRA R, L5 =E HK
B4 (18 MQ - cm , £5 [F 2R 7 2 PRI A ) o
1.2 LWAHE
1.2.1 UiO-66-F, 17 & A,

FREL 0.47 g SEALEEF 0.48 g DU FR AT 2K —HIR
ST 10 mLoK =R T ZFIRG  IFIMA
100 pL B2 , B85 RIRAG W AZ A A G HIRG
W H 2 50 mL AN AT ,90 THid# 16 h
¥ B UiO-66-F, ik . K45 R 5 K 7™ ) T 5 000
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r/min .0 3 min, 15 2 [ O A, HKER 4 K,
-65 TR U T4 24 h,
1.2.2 UiO-66-F/PAN % 2t #| %

e FREL 0.75 g UiO-66-F, [# 1A ¥ K T 6 mL
DMF i 75 4y 835, 5 4 mL % 6% (i & 43
) PAN () DMF S WIR G #E 1 iFE 6 h B iy %)
(9 50 05 VOB B A 12 15 T F B9 B S 45 4K 52
PEUR CGERI T A MK 4.20 cm, 96 0.20 cm, J5& )
0.04 cm, 45 #) /= &= & W B B S1, www. chrom-
China.com) #& ¥k FHIBD 40FT J5 | 4l K88 75 35 vk, £h iR
Zh, T G R L A B R R T R LR 5 B S R
FHAR 52 56 28 W0k A I8 0 280 AR 5 T e U
FEAVR 58 10 AN 55 4 JE IS 2R 1 (P K B2 R 2.0 em) |, &
YRS U e R S R B TR AR 100 CIENE 3
min. 55 MR FIE AR 10 R, B A5 B R 2
100 wm [ UiO-66-F,/PAN & )2 . 2 M [k R4k
il £ 96 A~ BUIR 2 (8 SCMUR AN 5 40 S 14, g 32
W& 12071 7)) B0 BT A TR 2 58 R E B R
F—.

1.2.3  SE PR & AL 2

THEIE AT 7K R B A 2 M A H B ST T L AR T A
AR MR AT o WK Gead UE bR 2 AN W IS AT 4y
T A e B B S S S = O N
THEAL AT W IR . TR AR 2 g SR FE ST 50
mL ¥R B L I 10 mL /KA1 10 mL 4 H
e, P8 % $2 B 20 min, F 4 000 r/min 25> 10 min,
WA 2K A, BR B in A 10 mL K 5 A 0 —
WA I BRIKAH . SR AL B0 B 5 2 B Af [
1.2.4 TFME T 1k ik 5 # & 47 &

¥ & A 96 1 Ui0-66-F,/PAN 14 J2 1) 3 I [ %)
LZHAE Concept 96 Kit VA ¥k % I, I E T 96
TR AL IR A (2.0 mL) . TFME i F2 40 45 U )= 0
b FEBC T VR VeI AL TR . 1o, IR LA 45 A AL
Woim A 1.5 mL HEEZK (1 1, VIV) 3, BL 500
r/min BYE ZYR % 10 min LAEE LG 2R Rk &4
L4 B A 1 mL # & % W (pH 5~7) , LA 500
r/min {4 3 R 4R 3% 4 B 30 min; B 5 5 152 1R BAE
gliZk i IE4R Y 10 s, X iR 2 R SEATIE U8 a1
mL 5%(V/V) = 2} K E W LA 500 r/min 1938 9% 5%
Ve 2 he

FOH 4> b R VAT AT AR AR B L AT AR AT EL 0.5
mL YEMEWE L 7E 65 T F i i &R R BRS ) 7
JIA 0.5 mL 2liK G % o fir ARk 2 - ] 52 VA FR TV

HA 200 WL DU 2 4R 7K % 8 (26 mg/mL) | iR TiE
1 min, F A 300 pL 774235 Fmoc-Cl Z B %
(1.0 mg/mL) , % HE IR 2] 1 min, = & F i 7% &N -
WA 0.22 wm 34 AL U8 I3 &, @ i UPLC-MS/
MS 547 .
1.2.5 UPLC-MS/MS 4 #f 4 1+

Shim-pack GISS-HP C18 43 #7#+ (150 mmx2.1
mm,3 wm) ;7 # 0.3 mL/min; # & 40 C; JEREARFHR
5uL, WizhAH A N 5 mmol/L Z R /KIEW , i 3h
B N LM o B BE B )T : 0~3.5 min, 10%B~
33%Bj; 3.5~6 min, 33%B~50%B; 6~7 min, 50%B~
80%B;7~7.5 min, 80%B~10%B;7.5~9 min, 10%B .,

LS 55 B9 7R (ESD IE & T H B, mi 55 d
JE 13000 V; B TR . 150 C; ZHE A E 15
L/min ; 22 ¥ 570 S0 £ 500 C 5% FH 22 F0 0 B85 1 W
B (MRM) #E47 58 5 43 B o H B A 2 f B5 - X
N miz 392.0>88.0, filf 44 G 1 Ty 25 eV P B X%t
1 m/z 392.0>214.0, Kl GE 54 10 eV,

2 HRSUE

2.1 Ui0-66-F, &k #1 Ui0-66-F /PAN & E I R 1E

A 5265 F SEM Fl TEM W< Ui0-66-F, & {4
4 2% 1T T2 35 R P4 38 25 4 LA K Ui0-66-F,/PAN %5 B
WA ERIES, 45 RME 1 PR, hmE 1a A,
KA B UiO-66-F, df 4k 42 4 /0y, H & A B i
VSR TE A U BRI 35 . Rl AR 2 TEM ] oW 52
| UiO-66-F, df {74 ks 522 30k BUR B0 22 18] T2 1
FLBRZE R (B 1b) . B & 1c F1 1d A] A1, 85 A9 L ik
2% 16 7 [ 55— 2 )R LY Ui0-66-F,/PAN IR )2, 2
PUHLES IR 25, 3F H UiO-66-F, f ik fi i 2, 5
PAN A WY AR Y .

&l 2a 2N UiO-66-F, fil UiO-66-F,/PAN 4140
K, T E 9981270 A1 1620 e Ab 3477 7 il i
C-F J C=0 i fih 45 4i o) F 25 i 41 20 5 & (9 21 7 i
I, I HL7E 3430 1 660 cm™ &b i Wz I i J& T O-H Al
Zr-O 46 PR30 . Al , Ui0-66-F/PAN 7 2242 Al
2930 e Ab I I % JE T PAN &% -CN Fil-CH,
()48 45 4R 3 47 AE I JIE ] Ui0-66-F, 5 PAN 28 T4
ARG . XRD EAE#E— RS T UiO-66-F, Fil UiO-
66-F,/PAN [JE i ([l 2b) , H:Hh Ui0-66-F, 5 Ui0-66
AR FE 7.4° 8.5°H1 25.8°4b A5 BH S A i S e, HL T
A AT S U 7 B AR — B0, SE I 3 HLAT A TR A AR
¥ SR B IE A AR ER 5 Zr &)@ R Z B
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Stainless-steel support \

Ui0-66-F,/PAN coating -~ o _SHO66
Imm fEE " S 100°m

E1 AMKUIO-66-F,f(a) AMBEFEHMERFM(b)EHFEFERERA;# &M UI0-66-F/PANRER (c.d) HEBRFEMER R
Fig.1 (a) SEM image and (b) TEM image of the synthesized UiO-66-F,; (¢, d) SEM images of the fabricated UiO-66-F /PAN
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2 Ui0-66-F, 1 Ui0-66-F /PAN iR R i (a) £L 5p S i B 70 (b) X-5F & R 1753 B ; Ui0-66-F I () & < IR Bt - B Bt %50 gh 2R B #0 (4) FLAZ2 53
7 H £ B
Fig.2 (a) FT-IR spectra and (b) XRD patterns of UiO-66-F, and UiO-66-F /PAN coating; (c) nitrogen adsorption-desorption
isotherms and (d) pore size distribution of UiO-66-F,

HELES%E . PAN BYARTE 17°4045 —A 56 {H4E UiO- 66-F,/PAN H [a] WL 42 5] J& T UiO-66-F, [ R AiE 717 51
66-F,/PAN HiiZ A7 i H 2% , & PAN R & W) T8 W | — 2 3iF 52 Ui0-66-F, 5 PAN 22 [a] i 11 IR &
TEVIRRTG & T WA RS0 B SRS . 18 Uio-  fE.
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ARSI GE G N, AF I 0 R - BB S g T
UiO-66-F, M fLBR 45+ . anl&l 2¢ fi7n , Ui0-66-F, Y
205 Y0 R A - RO BT 10 £ 4 A IV 7R 2 L 2 43 2 b o [l i
R B AR AR X R 7 3 X TE] (p/p,=0.7~1.0) , & B
UiO-66-F, fE e fLE5#) . FLAR A th 26 (1] 2d) %
B, UiO-66-F, 1 177 76 Wi F A [ 1 A FL 45 4 (COF- ¥ 4L
% 4.58 F19.69 nm) . %A fLEH ]I N & MOF
st VA R N K00 HE AT 7 A i FLBR . [, UiO-66-
F, BLA & i e R 1 FL(559.5 m/g) , ml kB Y
W B B IR T 22 (9 45 5 067 A1, OF HLA FLAL B Re % 4
H b5 P 7E 1 BE N IR 19 4% BT R0% . Ui0-66-F, il UiO-
66-F,/PAN 1 #4573 #r (TGA) 25 53 UL B I S2., H:
1 Ui0-66-F, 1Y 32 %2 2k 5 il & 3 [l o <150 T Al
350~550 °C, 43 HI % 8 MOFs i 4 3¢ 1 5 Py 3 5% 4%
K G F B K DL R PSR 0 R R A A o T
Ui0-66-F /PAN 1) %% 3 & *: 7E 100~300 Tl 300~
600 THI > FHil B B, 1l # £ 222 K Fl DMF 5% 8 %
FIBHE K J5E W& T PAN BA Y15 % ) MOFs
A HLEC AR i S5y o TGA MK 45 3R i — 25
WEMI T Ui0-66-F, 5 PAN [ s YR A o
2.2 UiO-66-F, i & H i B % B 1 &8

ARSI FE T Ui0-66-F, 1 b W B 51 , 76 % it
X R TR A R B Bl g 2 il 4 R B A TR 4R .
3a o, BT B AR b ORE R TEEL A B i I R
FLME 5 min B 3K ) 0 FE -5 . X 5 Ui0-66-F, £+
TE A FLE5 KA, B % PR 2 A% BT 8 G, i HL
W B ok A e, W B SR)  HCZE R R K v b, SR
TAT 55 5 B 0 5 22 R) B Ak LR R OR R v T
W B R 2Bl ) E BRI G S R B, WE G Eh

20

[

Ta

Adsorption capacity / (mg/g)
S

0 5 10 15 20 25 30

t/ min

0,/ (mg/g)

B R T AT A O B AR Ui0-66-F, 3% 1 1Y W B 47
Ay, 32 B sk PR A A R T2 S B R
T 5 W 590 22 T SR A R0 7 ik A 4R ) (D
AR A (Zr 4@ 7% 5 R 25 ) A 2w i AE FH (4 s
T H5RMAME ) %A B AEH R T H 7 Uio-
66-F, 3% 18] (19 W B o 2F — 20 25 5 B o iy Wi oF 4 T
L BL(E 3b) , V- Al W B 25 4t 5 1 4 vk B2 22 ] £°F
4 Langmuir %5 & 88 (R?>0.97) , 3% B w0 H 78 T
BiF 5F) 2% I kAR R R BN B R A B AR RO
239.4 mg/g. NIt UiO-66-F, H A7 I 5 1Y W b 25 &
FREE W B HREAE 36 & VE 8 TFME 7R )2 M4 BHH F 5
H B Y A
2.3 UiO0-66-F/PAN & E#H &84

T ARAT R E T B AR B 2 AR S I 6 WS v
Bl % TFME 3 2 S50 T 2500406, 6
Ui0-66-F, # £} F & (0.25.0.5.0.75 g) ,PAN Jfi & /)
£ (4% .6%.8%) , i £k i &£ (80,100, 150 C) Fl g I
WEL(5.10.15 k) R R R ARk, IR Z
EMERB WL LT R REARZE S RESER
VEM 6 b, e 20 2 B L S BT fF 075 g T
B350 A & 6% PAN ) DMF &, B 10 K,
B E LR E R 100 C. A A S 8 % 11 Ui0-66-
F/PAN % )2 WL B S3 FIIRR 1] S4. 7 i B £t 45 14
T, I AE 8 IR AN W SR A T 96 A
Ui0-66-F,/PAN 7% )2 (Kl 4a) ,JF H G & E MK
JE 2.0 cm, 58 0.2 em, JEFEZ) 100 pm. Bl HLI%E HX
8 1~ UiO-66-F/PAN i 2 W i , ik )2 K & 58 & FlJE
& RSF % RSD 43 51k 0.29% .0.48% F1 4.64% , 3iF B
TR ERST 0 — B0t oI5 2 5 IR 1 o 1 o BT 4

300

250 F

200

150 f

100 f

50 F

100 150 200

C./ (mg/L)

0 50 250

B3 (a)UiO-66-F & H ¥ i IR B et i8] # £ 70 (b) Langmuir 2230 & IR B &R &
Fig.3 (a) Adsorption time profile and (b) Langmuir model fitting of adsorption isotherm of glyphosate on UiO-66-F,

Adsorption conditions: adsorbent dosage, 5 mg; sample volume, 4 mL; sample pH, 5.

Q.: adsorption capacity at adsorption equilibrium; C,: glyphosate concentration in the supernatant at adsorption equilibrium.
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B4 (a)9641 Ui0-66-F/PAN & R A%
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Fig. 4 (a) Thin-film microextraction (TFME) array assembled by 96 UiO-66-F /PAN coatings; (b) semi-automated high-

throughput extraction device
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Fig.5 Effects of (a) pH and (b) salt amount of sample solution, and (c¢) extraction time on the extraction performances

of glyphosate on the UiO-66-F /PAN coatings (n=3)
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Fig. 6 Effects of (a) type of eluent and (b) elution time on the desorption of glyphosate (n=3)

1. 5% (V/V) ammonia aqueous solution; 2. 1% (V/V) triethylamine aqueous solution; 3. 3% (V/V) triethylamine aqueous solution; 4. 5%

(V/V) triethylamine aqueous solution; 5. 7% (V/V) triethylamine aqueous solution.
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Table 1 Comparison of the developed method with other reported methods
Ad ti
Sample matrix Method S;rp we Analytical performances Pretreatment time Ref.
phase
Commercial DSPE-CE-MS CSMS@TiO, linear range: 2-1 000 ng/mL, LOD: 0.5 ng/mL, 50 min [10]
baby foods recovery: 82.3%-102.6%, RSD: 2.1%-8.3%
Sediment SPE-UPLC-MS/ PRiME HLB linear range: 2.0-200 ng/mL, LOD: 10 ng/g, NA [14]
MS column recovery: 76.4%-88.8%, RSD: 3.92%-8.20%
Water, soiland MSPE-HPLC MIH-MIP linear range: 72-2 000 ng/mL, LOD: 21 ng/mL, 2.3 min [15]
vegetable recovery: 88%—-118%, RSD: 2%-9%
Tea SPE-LC-MS/MS DMIP linear range: 50-4 000 ng/mL, LOD: 2.8 ng/mL, NA [16]
recovery: 98.69%-106.26%, RSD: 0.91%-1.81%

Environmental ~MIP-SPE-HPLC ~ AFFINIMIP®  linear range: 0.25-5 ng/mL, LOD: 0.31 ng/mL, 30 min [33]
water and honey SPE cartridge recovery: 97.6%-103%, RSD: 0.29%-6.78%
Environmental ~MSPE-UPLC- PSA@Zr- linear range: 1.0-100 ng/mL, LOD: 0.02 ng/mL, 10 min [34]
water MS MOF@Fe,O, recovery: 86.3%-92.1%, RSD: 1.2%-7.2%
Plant commodi- Online SPE-LC- 710, linear range: 2-2 000 ng/mL, LOD: NA, 35 min [35]
ties MS/MS recovery: 80%-120%, RSD: 0.8%—12.8%
River water and TFME-UPLC- Ui0-66-F, linear range: 0.5-500 ng/mL, LOD: 0.12 ng/mL, 160 min for 96 sample, this
orange MS/MS recovery: 88.1%-107.1%, RSD: 0.7%-8.1% 1.7 min for per sample work

Pretreatment time includes required times for pre-condition, extraction and elution of per sample. NA represents the data is not

mentioned. CSMS@TiO,:

titanium dioxide-coated core-shell silica microspheres; MIH-MIP: mixed ion hydroxide molecularly imprinted

polymer; DMIP: dummy molecularly imprinted material; PSA@Zr-MOF@Fe,O,: N-(n-propyl) ethylenediamine modified magnetic metal-

organic framework composite.

R2 EBFMERAKPEHBEOGNLE RN IANKETHMREYEREEE(n=3)

Table 2 Detection results of glyphosate in oranges and irrigation river water, and spiked recoveries and precisions

(RSDs) at the three levels (n=3)

Low Medium High
Sample Found
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Orange pulp N.D. 101.4 3.1 92.5 5.0 90.5 2.7
Orange peel (1.7£0.7) ng/g 88.1 5.4 95.7 8.1 98.3 4.5
River water (1.2+0.5) ng/mL 96.1 2.1 107.1 2.5 101.6 0.7

Low, medium, and high levels: for orange samples,
not detected.

25, 250, and 2 000 ng/g; for river water samples, 5, 50, and 400 ng/mL. N.D.:
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