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Abstract . Tea is one of the most popular beverages worldwide, and its quality is often affected

by the excessive pesticide residues during production. During the detection of pesticide residues
in tea by chromatography-mass spectrometry and other methods, a strong matrix effect attribu-
ted to tea polyphenols and pigments is observed, which seriously impacts the analysis results.
In this study, Fe,O, magnetic nanoparticles and boric acid-functionalized metal organic frame-
work ( BA-MOF) materials were combined to prepare a highly efficient adsorbent Fe,O,@ BA-
MOF for capturing tea polyphenols and pigments. An effective analysis method for pesticide res-
idues in tea samples in combination with gas chromatography-mass spectrometry was
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established. The introduction of boronic acid ligands into the metal organic framework, as the
recognition site of cis-diols, enhanced the polyphenol capture ability. Adsorption of the pigment
in the matrix was achieved through 7-7 interactions between the MOF ligand and the pigment.
This new material has significant advantages such as rapid magnetic separation, large surface
area, and abundant functional sites.

Fe,0,@ BA-MOF was prepared by employing simple conditions and characterized by Fourier-
transform infrared spectroscopy, scanning electron microscopy, and X-ray diffractometry to
identify its functional groups and morphology. After investigating the adsorption effect of differ-
ent doses of Fe,O,@ BA-MOF adsorbents (5, 10, 30, 50, and 80 mg) on tea polyphenols, 50
mg of the adsorbent was added to the tea matrix and shaken thoroughly. The tea polyphenol
content in the matrix solution was determined using an ultraviolet spectrophotometer. The poly-
phenols were reduced by 74. 58% within 5 min. The effect of solution pH (2.0, 4.0, 6.0, and
7.0) on the adsorption efficiency was investigated, and pH 7. 0 was chosen as the optimal con-
dition. By adjusting the pH of the solution, Fe,O,@ BA-MOF could be recycled, and it main-
tained the excellent adsorption performance after four cycles of use. The introduction of Fe,O,
magnetic nanoparticles led to rapid magnetic response characteristics during sample pretreat-
ment and improved the pretreatment efficiency. In the actual application of tea pesticide detec-
tion, after Fe,O,@ BA-MOF pretreatment, the average recovery rates of the ten pesticides were
in the range of 75. 8% —138. 6%, and the RSD was in the range of 0. 5% —18.7% (n=3).

The Fe,0,@ BA-MOF nanocomposite prepared by introducing the boric acid ligand into the
MOF structure and incorporating Fe,O, magnetic nanoparticles could specifically adsorb the tea
polyphenol matrix. When applied to the detection of pesticide residues in tea, it purifies the
matrix and improves the detection efficiency, thus being suitable for the detection and analysis
of pesticides in tea.

Key words: magnetic nanoparticles; boron affinity; metal organic framework ( MOF); gas

chromatography-mass spectrometry ( GC-MS) ; pesticide residues; tea
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Fig. 1 Characterization results for Fe;O0, and Fe;0,@BA-MOF
a. scanning electron micrograph of Fe;O,; b. scanning electron micrograph of Fe,0,@ BA-MOF; c. FTIR spectrum; d. X-ray diffrac-

tion pattern.
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W BRI 5 %) 78. 78%

Y pH {H 7 fESZ I Fe,0,@ BA-MOF H iz
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Wi 6500 FH i TS (5,10 ,30,50 ,80 mg) , Fe,0,
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Fe,0,@ BA-MOF #1714k, SR EAH L, 25 4
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1 a 1 b c
80 - 1 1
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g g 007 g 007
£ 40 2 g
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204 1 ]
o¢———F—— 71— 40 4 47—
0 10 20 30 40 2 3 5 6 7 0 20 40 60 80
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BE 2 (a)WRFETE, (b)FE pH, (c) WM FIHINE X5 2 BRI (n=3)
Fig. 2 Effects of (a) adsorption time, (b) solution pH, and (c¢) adsorbent addition on
the adsorption efficiency of tea polyphenols (n=3)
a. pH 7.0, adsorbent addition 50 mg; b. adsorption time 5 min, adsorbent addition 100 mg; c. pH 7. 0, adsorption time 5 min.
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Jei , B0 B SR A, 1 A6 B I s Vi
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Florisil }¢ PSA X} 4% Z Wy 19 W BfF 280 3% 43 il &
78.78% 57.97% N 77. 34% , 1F N IEAHWEIH , 352
E R - E2R 22 M I W B T e = R S i
B R EIK, Fe,0,@ BA-MOF 5751k PSA 1 [}
FUXFAS 22 W 2 BRASCRAN 24, UF B HAE A0 3 Fide 4
D5 T HA — 2 W S

SRR G TG Y IR A B TR, SR FH i ROTRR £
2T EALSUR, A 3 iR, 433 Fe,0, @ BA-
MOF ¥t , €83 &1 v T 40 B o3 A € 33 06 db =225 ik
A AT ROAR R S A A ER R TR R, Ak
H AR AL B A T 0 T R 2 B0 26 A R 1Y) a7
fb. Fe,O, REMEAKKLT B A MR A R H A R
U PR P | FE AN RE R IVE R T, DRt 4 25 W B A4
B, FTAL AR (WA 3b, 3¢) .
2.5 Fe,0,@BA-MOF ZEZM 7 546 oh B 5z A

FE SRR 8 SAH 8535 438 v, 56 0T e i A
PR AT AT e s TEA S Ao A R A A (16 PR 53
fife, FEWEL R E, e SR &5 Birk 25
G RE a4 s B RERE SRR TE AL, &
s R Rk, BF 98 F R AT R i 3 5
R B AR, Xof S I P H e 245 7% Bt ) G T LA

B 3 ZFMiZE&ZH Fe,0,@BA-MOF 2 EHIFH
(a) BHEHBEER (b,c) ABRA
Fig. 3 Comparison of (a) HPLC chromatograms and
(b, ¢c) magnetic separation photographs of
tea extract before and after treatment with
Fe,0,@BA-MOF

FEERE S, WU 28 AR i, 20 iy Ak B R i1k
JE (R 1.3 1.4 s ) 8 3 AER i i, DA
25 A 35 TR TR R AR 25 B s v VA YR (AR A Sk
VERE 10 PRSIty WL A 2 ) | Ll s B o TR A
HEVS VR, 38 5 AORA (- B s B A A TR I, DA
BRI B TR () X o e B (o) A TR D5 43
BT, 76 1~ 10 mg/L B2t [ iy, AR & br e
WA RGAMER 4, DUEWRIL(S/N) = 3 i€
10 A 25 9K L FR (LOD) |, LA S/N=10 #fi & 10 Ff
K2 E BB (LOQ) (W 1),

R1 10 FRAGMEMTRE FUESHRGHR

Table 1 Linear equations, MS parameters, and LODs for the ten pesticides

Retention time/  Quantitative ion

Qualitative ions

LOD/ LOQ/

Target min (m/2) (m/2) Linear equation (mg/L) (mg/L)
BDMC-1 20.82 200 202, 201 Y =2565.750x-1098.68 0.03 0.10
Tri-iso-butyl phosphate 10.25 155 139, 211 Yy =4212.412-949.99 0.05 0.15
Dioxabenzofos 13.09 173 158, 145 y=7505.16x-2727.13 0.06 0.20
Desethyl-sebuthylazine 14.72 172 174, 186 y=14137.27x-2782.72 0.06 0.20
Musk ambrette 16.27 253 268, 223 Y=5244.070x-2961.27 0.10 0.30
Fuberidazole 17.37 184 155, 129 y=11082.79x-2776.89 0.10 0.30
MCPA-butoxyethyl ester 20.82 300 200, 182 y=3405.81x—-1459.83 0.03 0.10
Ditalimfos 21.86 130 148, 299 y=1678.82x+337.74 0.03 0.10
Triamiphos 24.81 160 294, 251 y=6048.100—-426.68 0.06 0.20
Resmethrin 26.41 171 143, 338 y=4967.23x-3187.67 0.06 0.20

y: peak area; x: mass concentration, mg/L.
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FERFIE SRR S P I — 2 TR B A AR 24 TR A A
HES VR, MCRR 1.3 1. 4 5 ik TRE T AL 38 SR S
HEAT GC-MS 78T, #5253 NER 2 iR, 10 Fif 251
SR AR R E Sy 75. 8% ~ 138. 6%, RSD 4 0. 5%
~18.7% (n=3),RMIZ G H TR R 21
I 3 A

x2 10 MARAGMRERERBEEE (n=3)

Table 2 Recoveries and precisions of the ten
pesticides spiked in samples (n=3)

Spiked/ Found/ Recovery/ RSD/

Target ug ug % %
BDMC-1 3 2.82 94.3 16.3
1 1.27 127.2 4.4
Tri-iso-butyl phosphate 3 2.82 93.9 12.6
1 1.09 109.1 7.5
Dioxabenzofos 3 3.07 102.4 3.2
1 0.92 91.2 0.6
Desethyl-sebuthylazine 3 2.48 82.8 6.2
1 1.03 103.4 2.5
Musk ambrette 3 2.28 75.8 10.6
1 1.27 126.7 0.5
Fuberidazole 3 2.28 75.7 6.4
1 0.89 89.0 4.8
MCPA-butoxyethyl ester 3 2.82 94.0 12.8
1 1.16 116.4 1.4
Ditalimfos 3 2.85 94.9 9.5
1 0.88 88.7 8.9
Triamiphos 3 3.54 118.3 10.3
1 1.32 131.6 10.0
Resmethrin 3 3.06 102.5 18.7
1 1.38 138.6 0.7
3 &g

ASHIFFEET RS 2 -4 245 5% B A DN o Ak B AR 2 5
(DR ) 1 — ol S A 255 e O ) 0 P [ A A
W Bt Fe,O, @ BA-MOF, £ R (355t i,
HESL T — PR E AR AR Tk, BETEAOR
K75 BE 3k MOF 454 A1 45 &, R 0l R iC 4R 51 A
MOF ZEH v 106 25k 20 By 45 28 o o0 AT W8 B 5
P, i 35 T VR AR B, AT LA TR A il i Ak AP B
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