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Abstract: In this study, magnetic molecularly imprinted biochar

RO R Ak

microspheres for specific adsorption of tetracylines (TCs) were
prepared by Pickering emulsion polymerization using tetracyline
(TC) as template and Fe; Oy and biochar as co-stabilizers. The
adsorption properties of the imprinted microspheres for TC were
studied by adsorption kinetics test, adsorption isothermal test,
and selectivity adsorption test, exhibiting the excellent specific

adsorption for TC with imprinting factor of 3.97. Further more,

the imprinted materials were used as adsorbents for extraction
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and purification of TCs in real samples, and the content of TCs
were detected through high performance liquid chromatography
(HPLC). Under the control of the optimum conditions, the es-
tablished method showed a good linearity in the range from
5 pg/L to 160 pg/L with the precision of 1.23%~9.99%, limits
of detection (LOD) of 1.42~1.5

90.6 % ~103.4%. This indicated that the proposed method could

8 pg/L, and high recoveries of

be applied for the accurate analysis of TCs at trace level in food.
Keywords: tetracyclines; magnetic imprinted biochar microspheres;
Pickering emulsion polymerization; solid-phase extraction; high per-

formance liquid chromatography
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P4 W B kBt 0 s vl B 1 38T B . 5 MINTPMs AH He
MMIPMs W] i FLA T i (¥ W B 6B 7 5 229 4 B 300 B4 kL 3% %)
W BRF AL TR o B 38 B R R B AT 5 L. R
bk B Ry 80 mg/ L B, B3I A4 A AR B3k A4 ) i) W B
S & 11,68, 3.08 mg/g, B B T S 3.79, U
MMIPMs B4 B4 14 BRI

2.2.3 #HEHEKXE @R 1 AT, MMIPMs X TC 1%
B 0 A kg 0 At 4 BT 4 (OTCL SMZ, TMO) 1) 1% Bt

i, A& T MNIPMs i W fff 4 . MMIPMs xi TC 14 1% f
(11,1 mg/g)&XF SMZ WL Fff i (0.353 mg/g) 131.4 %,
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% 1 MMIPMs F1 MNIPMs Xt 4 7 43 47 4 B9 3% 3% 14
Table 1 The selectivity of MMIPMs and MNIPMs for four different analytes
W B it Q/(mg + g ) K K
iR K’
MMIPMs MNIPMs MMIPMs MNIPMs MMIPMs MNIPMs
TMC 2.339 2.422 0.068 0.070 9.22 1.27 7.29
SMZ 0.353 0.427 0.018 0.022 34.83 4.04 8.66
OTC 6.562 3.083 0.219 0.083 2.86 1.07 2.67
TC 11.124 3.035 0.627 0.089 — - -

2.3 BEMHEREHHMLK

S T A5 30 g A 0 FE OSSR ki 30 0 R v BE R )
FEIBURKCA I DR R SHEAT AL B 565 0k JE 0 70 ) A 28 L M )
PR D B0 i (8] L 45 5% LR 3. 16 JH A TR R S 60 vk B T
(1026 ~20 % W R ZBE W5 %6 ~ 20 26 F IR 7K ¥ 380 S Wi
I )5 B9 MMIPMs 3k 9k » 41 & 3 Ca) 7 7% 24 2 i 7l 20 %
P4 FEY R K VR L AR 1 I e e (82.4%6 ~85.8%0)
PR M6 T 20 26 B4 FEY R K U VR R B . 3 AN ) A R (2 ~
5 mL) Y 20 %0 B R /K 7 W AEAT DR B n & 3. (b) iR Pk B
FMABUN 3 mL i, 3 Ff TCs (1 171 4 26 5k E 7% 31 94.8 %6 ~
104.0% o & 3Cc) A [F] P B B (8] (10~ 60 min) T [ A1 i
B BL 24 vk B B[R] A 20 min B [ R R 97.0% ~
100.0 %) . Bifi 2 Y Ft B 18] (9 15 0, Tm1 % 38 A B I 1 386 4
PRI 36 FHY 20 min Ay Yk JBE 5] ]

AR AR B 25 51, H 3 mL & 20% H R MY K W TR
VBV - VEBE 20 min $EAT RS20 50 .
2.4 EERFESPHKA

LU B MMIPMs 15 Ay 1 Pk [ AH 25 00 B+ R} , 45
& HPLC #3 T7 —Fhi& il T & b TCs & 25 5% B (1 &
W7, TEmAERERFMT 2 TCs W BEN 5~160 pg/L
i, E AR 5 5 0 T AR () R B R A R M e R (R >
0.997 2) , BEHUAFME L (S/N) Ny 3 B B MR 2 24 TCs 1Y
I A% R W R, TC F1 OTC 2% ke I B 43 53] o 1. 42,
1.58 pg/L, Jr ik B 43 524 0.46,0.51 pg/L.

g 3k — 25 UE W) BT 7 W] AT L X PR XS PR A K
FE A #EAT 3 AN BE K P IAR (5,10, 20 pg/ke) il id 153 5]
BN [T WO 0 B BT S 7 T vk R MERR . b 3R 2 Wl
Tbs B LY AL K RE R LR Sy B 91, 2% ~
103.4%,90.6% ~ 98.9%, 92. 0% ~ 101. 4%, RSD %
1.23%~9.99% ,iZ 45 i 2 GB/T 27404-—2008 & & 4
RG0SR gl I 241 4 5 B <<0.1 mg/kg, 8] R Fl A
60%~120%), 5 H A Ik (& 3 g iR or ik B A &
TR0 4 T i 2 AR TG 1 A6y s PR, 158 BH 3% 05 B WD T &
TCs B 8 & /1.
3 g5

LA 9y 5 R0 I S8 AL = B A D B2 v bk L A0 JE AR E

FBEEor T EVE A B BT — Bl B 0 R 7Y FR 3R Ep
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Table 2 The recoveries and RSDs of three TCs in different spiked samples (n=3)
TCs #eJiE / J— R/ Y% P/ % F kK /
(pg+ LD [m] i 4 RSD mEiEs RSD I Es RSD
OTC 96.1 5.35 98.2 4.94 101.4 6.42
5
TC 103.4 3.80 91.8 6.28 92.0 1.23
OTC 100.4 6.25 98.9 5.88 95.7 1.56
10
TC 94.6 4.43 92.5 3.71 94.7 5.99
OTC 91.2 1.30 96.6 1.98 95.2 9.99
20
TC 97.1 1.72 90.6 4.95 93.6 5.51
*3 HHMXEMAENREE
Table 3 Comparison of the analytical results with other method in the literatures
Tr VIRVES T T/ % RSD/ % LOD 2% ik
MIP-MSPE HPLC 90.6~103.4 1.23~9.99 1.42~1.58% iR 5 B
MIP-SPE HPLC 74.0~93.0 4.30~8.10 20.0~40.0" [16]
QuEChERS UPLC-MS/MS 80.1~105.0 2.90~17.80 1.70~4.40" [17]
HF-DLLME HPLC 92.4~107.0 <8.66 0.95~3.60* [5]

T a AR pg/Lsb Ak pg/kg.

I B 0 B ) L W B R 48K (11,68 mg/g) WX H AR 4
A ORI CERl 72k 3.79) o L 80 AH (0 3% X
VB 43 BT A3 o BT S 7 A A 7 i S BT X R o 3R
RRPUA R HE 7 (3 FhAR S A IR R 90,606 ~
103.4% ,RSD K 1.23%~9.99%) . NAEW R TE & AL
w5 Y W AR I T 0 L PR AR AL T — 2 I JELBR R O U
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