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Antibiotics have drawn worldwide increasing attention because these compounds may cause serious health problems in living beings such as toxic effects, allergic reactions and antibiotics
resistance [1]. Hence, removing these drug contaminants from environmental water is extremely important, but traditional methods such as ozonation, biodegradation, electrochemical
advanced oxidation, photodegradation have several drawbacks [2]. Thus, there is a need for innovative technology to remove such residues with high selectivity and affinity for the analyte,
economically affordable, resistant, reproducible and chemically stable. Among different alternatives molecularly imprinted polymers have been suggested as a potential approach to achieve
this goal [3].

Introduction

Preparation of magnetic molecularly imprinted polymer (MMIP) for selective removal of fluoroquinolone antibiotics from river water.

Objective

Iron(II) sulfate heptahydrate (FeSO4·7H2O), Iron(III) chloride hexahydrate (FeCl3·6H2O), N, N-methylene-bis-acrylamide (MBA), potassium persulfate (KPS), Gatifloxacin, Theophylline,
Vinyltrimethoxysilane (VTMO), Levofloxacin hydrochloride, Ethanol, [2-(methacryloyloxy) ethyl] dimethyl-(3-sulfopropyl) ammonium hydroxide (SPE), Ciprofloxacin Hydrochloride
Monohydrate, Lomefloxacin hydrochloride, Fleroxacin, Norfloxacin, Acetonitrile, Ammonium hydroxide (NH4OH), Methanol, acetic acid, ultrapure water, HPLC grade methanol and
acetonitrile were obtained from comercial sources. HPLC Dionex Ultimate 3000 system, Fourier transform infrared spectrometry (FT-IR), Scanning electron microscopy (SEM), Transmission
electron microscopy (TEM), X-ray diffraction (XRD), pH/mV meter, Oven DHG-9053A, mixer with heating pot, C-MAG HS7 7" magnetic ceramic hotplate StirrerQL-901 vortex shaker and rotary
shaker for test tubes were used for the preparation and characterization of polymers.

▪ Characterization of MMIP
▪ Influence of pH and ionic strength on 

adsorption
▪ Binding and adsorption experiments
▪ Selectivity experiment
▪ Removal of fluoroquinolone antibiotics from 

the river water

Materials

Methods Synthesis process of MMIP

Results and discussion

Scanning electron micrographs (SEM) of the MMIP Transmission electron micrographs (TEM) of the MMIP

FT-IR spectra of Fe3O4 (black curve), Fe3O4-VTMS (red curve), SPE (blue 
curve), MMIPs or MIP (green curve) and MNIPs or NIP (pink curve).

XRD pattern of Fe3O4 (black curve), vinyl- Fe3O4 or Fe3O4-VTMS (red 
curve), MIP or MMIPs (blue curve) and NIP or MMIPs (green curve).

As shown by SEM a rough surface can be observed suggesting the presence of a huge
number of recognition sites, confirming the high affinity of the recognition sites
towards the template molecule. Such surface demonstrate the modification of the
Fe3O4-VTMS surface due to polymer molecular imprinting. TEM micrographs show
microspheres with a dark core surrounded by a transparent or grey coating due to the
magnetic particles (Fe3O4) have been functionalized with the synthetic polymer.

FT-IR and XRD results demonstrated the complete coverage  of the Fe3O4 particles surface with 
MMIP in agreement with the results of morphological characterization. 

The optimum pH that gives a higher adsorption percentage of levofloxacin to the
MMIP is pH 6.0. The amount of levofloxacin adsorbed is affected by the presence of
salt; the higher the salt concentration the lower the drug adsorption.

influence of pH on the adsorption of levofloxacin. Red line 
represents 2 μg / ml, and black line represents 5 μg / ml of 

levofloxacin.

Effect of ionic strength on the adsorption of the MMIPs for
levofloxacin (10μg/ml). (A) 15 mg of MMIPs were used; (B) 30 mg
of MMIPs were used. Concentration from 10 to 2000 Mm of NaCl.

Contact time on adsorption of levofloxacin on (A) MMIP and (B) MNIP Adsorption isotherms of levofloxacin on MMIP and MNIP

Drug adsorption follows pseudo-second-order mechanism. In addition, the initial adsorption rate v0
of MMIP is higher than v0 of MNIP. This indicates that the selective sites of levofloxacin in MMIP
have significant importance in the initial adsorption, and it occurs quickly.
The maximum adsorption capacity (qm) of levofloxacin by MMIP was calculated by the Langmuir
model to be 54.30 mg/g, this shows that MMIP has 1.6 more adsorption capacity than MNIP, and
in addition, the imprinting effect of MMIP for levofloxacin is evident.
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The plot above demonstrates the affinity of fluoroquinolones to MMIP and the selectivity
of the polymer since Theophylline, a drug with similar structure has no affinity to MMIP.

Influence of pH and ionic strength on adsorption

Kinetic and Isothermal adsorption experiments

Morphological characterization Chemical characterization

Selectivity experiment

Removal of fluoroquinolone antibiotics from river water

As shown, MMIP remove as high as 70% of different fluoroquinolones in aqueous 
solution regardless of the drug concentration within 0.2-1 μg/ml.

Conclusions

▪ The optimum pH for binding of fluoroquinolone antibiotics was 6.0.
▪ The adsorption process followed a pseudo-second-order kinetic and 20 min was enough for

the adsorption.
▪ The maximum binding efficiency obtained from Langmuir model was 54.30 mg/g for MMIP

and 33.80 mg/g for MNIP.
▪ The applicability of the MMIP was demonstrated by HPLC analysis in river water samples with

an added amount of fluoroquinolone antibiotics.
▪ The prepared MMIP proved selective adsorption capability towards fluoroquinolone

antibiotics in the presence of interference.
▪ The specific recognition capability and high adsorption capacity indicate that the MMIP is a

promising sorbent for the rapid, selective and efficient removal of fluoroquinolone antibiotics
from river water.
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HPLC analysis was set up for the
simultaneous determination of all
fluroquinolones assayed and potencial
interfering compound such as Theophylline.
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