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The application of molecular imprinting nanostructured polymers for selective removal

of atrazine in aquaculture water environments
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Abstract: A technique for selective removal of atrazine (ATR) residues in aquaculture aqueous environment
based on molecularly imprinted nanostructured polymers (MIPs) was established. Under the optimal molar ratio
of template molecules, functional monomers and crosslinkers, MIPs were synthesized by precipitation
polymerization with ATR as template molecule, methacrylic acid (MAA) as functional monomer, ethylene
dimethacrylate (EGDMA) as cross-linking agent. Furthermore, the surface morphology, structure composition
and adsorption properties of MIPs were characterized by scanning electron microscopy, fourier transform
infrared spectroscopy and adsorption experiments. The effects of pH, ion concentration and humic acid (HA) on

the adsorption performance of MIPs were also investigated. The results demonstrated that the prepared MIPs
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exhibited a regular microspherical structure and good imprinting recognition capability. When pH 6.0, NaCl

4.0% and humic acid (HA) content 10.0%, the maximum adsorption capacity of the developed MIPs was

14.80 mg/g, and the adsorption equilibrium time was less than 30 min. The developed MIPs by this method

could be used for the rapid and highly efficient removal of ATR residues in aqueous environment.
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5 um); AR 25 °C; K #S A SPD-16, K il i



% 4 ERH, ¥ AToToadmREmRepEBERERRARKTIE Y FLE 617
)Y B )Y
N7 N N7 SN N7 SN
1 /\ | | I
)\ NHJ\N/ NH - NHJLN/ NS 7 NHkN/ NH
Cyprazine Simazine Atrazine
A 7 b i O

ST 03 9
Z : J\ )\ I J\ ~

NH N NH 7 NH*N/)\NH NHJ\N¢LNH I‘lI T 0

Propazine Ametryn

Prometryn Hexazinone

B 1 =BEBREFEER

Fig. 1

K 220 nm; JEBIAH N HIEE © 7K=80 : 20(v : v);
Ve Ty =R H 45 BE PRI, W R 1.0 min/mL, i
FEARFL R 10.0 uL,
1.3 MIPs (%

FE A i B 45.0 mL 215 BT X0 5] IS B
o, YA 1.0 mmol ATR F1 4.0 mmol MAA,
FEFTIR AT S min, £ 4 C &4 T WiR A 30 min.
B J= 1) B N 6.0 mmol EGDMA ., 80.0 mg
AIBN, F-/H AR 2] 3 min, il A &< 10 min L)
ERER, BAET 65 C /KIB4ERT, LL 150 r/min
(B PP N 24 ho N SE U , IR TR RS
% 50 mL B0 T, 8.0x10° g B0 10 min, H
J&, KR R A Y B TR ICH IS N, i
i © LR (v i v=9 « 1)IEATUENL, &5 8 h B4 —Ik
Ve, HAEVEBIROTIC ATR Kt [R5l 4%
Xif B 55 ) (non-imprinted polymers, NIPs) .

1.4 MIPs BRALRRPE K W BFHPERE 20 H

PR AL 5 M R AL R H 5 H 5% (scanning
electron microscope, SEM) M4< MIPs f{) 3% [ 1B 2%
Jo FERCSE 5 >R 8 B o AR 6 21 71 6 i ( fourier
translation-infrared spectroscopy, FT-IR) 4% K 43 #
MIPs Dy fig 3] .

W B 14 BE 23 B - ME B FR B 10.0 mg MIPs
BT 10 mL ZB.08 N, AR A 5.0 mL
(100.0 mg/L) Bt il & 19 ATR ¥ ¥k (2 TS B i
TRl pH. B 58 B sl & AR W BE ) HA) o 4%
B B TR IR T, e R 25 C,
LA 150 r/min $23% 12 he HRZHE5HS, L 1.0x10" g
B30 10 min, B EVEW . LIEWZ 0.22 pm JEE
i3 U8 5 A S RO €% (HPLC) #E4T &2 2t 40

Triazine herbicide structural formula

BT, A SR E 3 AT,
1.5 BRI B L 56

AERMFREL 10.0 mg MIPs ‘& T 10 mL 250045
P, 4 N 5.0 mL Z 6 B il B9 CYP, SMZ,
ATR., PPZ, PMN, HEX. ATN % & (¥ & &
100.0 mg/L), 7£ 25 °C Al 150 r/min 51 T & %
2h GG, UL 1.0 x10* g 5.0 10 min, B L
H W Z 0.22 pm 3§ BT U8, R HPLC & & 43
Br, AR E 3 AT,

2 #BREE

2.1 MIPs HHi 4

MR 73T 5 D) R PR 2 [] 9 A A R b
FE MIPs R 57 M 1R A7 51 B S B, 2 177 52 i)
RO W R, ARG 1 SE R T RS
F ATR 5TREMIA MAA RIA] % MIPs W B
PERERSZIN, 45 500K 2A FT7s . 24 ATR 5 MAA
FBiA 1 e 4 s, 0 Bt ik ) i KA (14.21 mg/g),
BEE MAA FE— 1400, MIPs [0 i & 2 80
Bt M, 24 ATR 5 MAA HefBil/hNTF 1: 4
B, MIPs - (8458 S P AR A7 A5 e 70, 0 o tho B
Zu, B, B ATR 5 MAA Ll k1 : 4
YER4E 18 MIPs (RS54 LA

T, SR 0T R S S MIPs 19 L
BRI FRHT T AR R 31 51
FH A X MIPs W BfF-PE 8 A9 52 ), 25 3R an 1] 2B fir
Ne BAZERFI A 6.0 mmol i, MIPs X} ATR
HA B KW B 2, G5 3] 14.63 mg/g; 24 38 Bk 7
P Z2 I, 3R H9 MIPs A2 BRJE 3od 5 . HL R
B K, T B BN L AR A5 5 /N HL e = sifpE,
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Fig. 2 Effects of the ratio of template molecule to functional monomer, the amount of crosslinking agent and pore-causing

agent on the adsorption of ATR by MIPs
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I, 7E ATR : MAA : EGDMA HFE/RIL N1 : 4 : 6
FIAAE T, BF9E T A [] FH 22 BOFL S MIPs 1% ff
PERE RS2, 45 AN 2C FrzR o 48U
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2.2 MIPs BRALAEYE BT
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Fig. 3 SEM images of MIPs and NIPs
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Fig. 4 FT-IR images of MIPs and NIPs
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Fig. 5 Effects of pH, NaCl and HA on adsorption of atrazine by MIPs
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Fig. 6 Effects of triazine herbicide species, storage days, synthetic batch and repeated elution times on the adsorption

properties of MIPs
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