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ABSTRACT

A study was conducted to synthesis a novel adsbfbeanrofloxacin (ENR) adsorption from aqueoukison. We
investigated the impacts of different pH and terapge on adsorption capacity. The magnetic ;£
nanoparticles were prepared by co-precipitation Imoet and modified by 3-mercaptopropyltrimethoxysldollow
by grafting with 1-(N,N-bis-carboxymethyl)amino{B/glycerol. The characterizations of prepared matjc
nanoparticles were carried out by Fourier transfomfrared spectroscopy and scanning electron micopy and
studied for adsorption and kinetic behavior of dlowacin on the grafted nano-adsboent. It was shihwlds nano-
adsorbent possess highest adsorption capacity aBpHhree kinetics model, pseudo-first-order, psesecond-
order and intraparticle diffusion were used to stuthe adsorption mechanism of ENR onto grafted mthgn
nanoparticles. The best fitting was obtained byupgsesecond-order model.
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INTRODUCTION

Flouroquinolones are synthetic antimicrobials hgvaignificant antibacterial activity against brogspectrum of
Gram-negative and Gram-positive bacteria. EnroftoaxdENR) (C19H22FN303) is a flouroquinolone baiater
antibiotic, which is used for treatment of infecisoin the respiratory, urinary and alimentary traepticemia, or in
the last few years, have been widely used as a deleitive to promote animal growth. ENR is a pyrido
carboxylic acid derivative (Fig. 1), which acts mhibiting bacterial DNA gyrase, thereby preventibiNA

supercoiling and DNA synthesis [2-6-14-15]. Theseevidence that the misuse of quinolones in animedslt in

adverse health consequences like quinolone-resistateria, allergic hypersensitivity reactiong, [@t5]. Hence, in
some countries such as the USA, EU and China, pliglalth agencies have regulated maximum resiaoi¢s i
which means allowable maximum concentration of imedey drugs in animals products [19].

Today, Nano-materials have highly attracted becafstheir physical and magnetic properties and dlsair

nanosize. Very small size of nanoparticles resutspecific properties and a increase of their elisjpn and
specific surface area which have significant eff@stadsorption capacity of nanoparticles. Magnséparation
technology is showing an attractive applicationspexrt due to the laboratory scale synthesis ofrpap@magnetic
magnetic particles (usually f&; or FeO,4), magnetic behavior and simple applications. Thgs#icles introduce
magnetic behavior under an external field, but {isperty disappears once the field is removed. &t@ays,
magnetic separation is well known as an appropalgrnative to centrifugal separation of chemmabiological

solutions. However, until now, the literatures itwilng magnetic separation technology were very rare
monitoring drug residue research. Surface chargepbparticles has important role in their intamactwith other
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compounds and environments [8]. Furthermore, éaisy to apply the chemical modification to chargedhemical
characteristics of the adsorbent’s surface [17gré&fore, the surface modified absorbents can halehaffinity to
some specific substances. In this research, sunfexhfication was made in two steps: first, surfacedification
with (3-mercaptopropyl)trimethoxy silane and secomtbdification of these modified nanoparticles wikhN-
dimethylacrylamide and IN(N-bis-carboxymethyl)amino-3-allylglycerol. The objee of this research was to
evaluate the adsorption potential of grafted matméteO,) nanoparticles for ENR. The kinetic adsorptiordgts
were processed to understand the adsorption mexhaoi ENR onto grafted magnetic ¢Bg) nanoparticles.
Kinetic data can be used to predict the rate athvitie target particle is removed from agqueoustisuis.
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Fig.1. Chemical structure of enrofloxacin

MATERIALS AND METHODS

2.1.Materials

Ammonia, ferric chloride (Fegl 6H,0), ferrous chloride (Fe¢l 4H,0), NaOH, NaHPO,, NaHPO,, CH;COOH,
CH3COONa, iminodiacetic acid (IDA), Anhydrous 1,4-déme, KOH and ethanol were purchased from Merck.
Allyl glycidyl ether (AGE) was purchased from Fluké,Ndimethylacrylamide, (3-mercaptopropyl)trimethoxgsié
was from Aldrich. 2,2Azobis (2-methylpropionittrile) was purchased fréxaros Organics. The pH value of the
solutions was adjusted via 0.01 M acetate bufféutiem 0.01 M (pH 3-6.5) or 0.01 M phosphate buffpH 6.5-
7.5).

2.2.Synthesis and surface grafting of magnetite naniges

Details of the synthesis of the magnetic nanofagiwere reported elsewhere [11]. Briefly, ammaahition was
added to a solution of Fefand FeCl drop wise under Nitrogen gas atmosphere. The isaoluvas agitated
mechanically at 8% for 2.5 h. The magnetic nanoparticles were wasinelddried at room temperature.

The functionalized monomer of N{N-bis-carboxymethyl)amino-3-allylglycerol was prepadrthrough coupling
method [3]. At first the iminodiacetic acid was ftralized and reacted with allyl glycidyl ether at 8C for 90 min
under stirring. The resultant yellowish liquid momer was purified by acetone and characterized byRETLH-

NMR and 13C-NMR.

The next step is silylation of magnetic nanopagsclThe magnetic nanoparticles (2.5 g) were redoyed0 ml
solution of 5% of (3-mercaptopropyl)trimethoxysiégaim anhydrous 1, 4-dioxane in the boiling statedf® h. Then,
the silylated magnetic nanoparticles were washeld Wi4-dioxane and dried at room temperature.

The final step is polymerization and grafting ohdtionalized monomer onto the silylated magneticoparticles.
The mixture of 10 ml of 1N,N-bis-carboxymethyl)amino-3-allylglycerol and 2 m] N-dimethylacrylamide as the
monomers, 0.1 g 2, 2"-azobis (2-methylpropiomjrés initiator, 20 ml ethanol as solvent and@the silylated
magnetic nanoparticles were poured in a tempeyatontrolled reactor and heated for 6.5 h at’COunder a
nitrogen atmosphere. The grafted magnetic nanapestivas separated from the solution magneticaiig, washed
with ethanol and dried under ambient condition. Tiethodology used to synthesis of grafted magnetic
nanoparticles is summarized in Fig. 2. The grafteaignetic nanoparticles were characterized by FTaiR
scanning electron microscopy.
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Fig. 2. Schematic presentation of silylation and @ft polymerization of grafted magnetic nanoparticles

2.3. Adsorption studies

The adsorption experiments of ENR were investigateajueous solutions at pH 3-7.5. Firstly, stogkitson (500
mgl™) was prepared by dissolving the appropriate an®oftENR in distilled water. Then, 100 ml of worgin
solution (20 pgmt) was prepared. Because of critical role of pHhe &dsorption process, the effect of pH in the
ENR adsorption was examined. For each pH, 0.02afisgt magnetic adsorbent was taken into a beal®emixed
with 10 ml of working solution. The pH values werdjusted to the desired value in the range of B3awith buffer
solutions (0.01M acetate and/or 0.01M phosphateg. fEsultant mixture was then equilibrated fort®/shaking at
room temperature. The supernatant was filtered thadconcentration of ENR in the solution was mesaduat
wavelength of ENR (271 nm) using UV/Vis spectromméter (Cary 50 UV/Vis1601 Spectrophotometer). The
amount of adsorbed ENR onto adsorbent was detednaiséollowing:

ge = (Co— Co) VIW 1)

whereCy andC, (mg/l) are ENR concentrations at initial and eipuilim, respectivelyy (I) is the volume of the
ENR solution andV (g) is the mass adsorbent.

In kinetics study, the effect of the contactdimn ENR adsorption by adsorbent was determineth&ysame
process mentioned above. A set of beakers contpEMR solution and 0.02 g magnetic adsorbent wadent and
then shaken at different time intervals at optinpith(pH=3). Then, the amount of ENR adsorption wasudated
from the following equation:

g = (Co— C) VIW 2

whereC, andC; (mg/l) are ENR concentrations at initial and ainyet, respectivelyy (l) is the volume of the ENR
solution andWV (g) is the mass adsorbent.

RESULTS AND DISCUSSION
3.1.The characterization of copolymer-grafted Magne@noparticles

Magnetic nanoparticles showed the peaks at 632 (€®-0) and 3717 cth(O-H) in FT- IR spectrum. There is an
additional band at 2961, 1104, 1623 and 3408 dmFT-IR spectrum of grafted magnetic nanopaetidlelated to
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C-H, C-O, C=0 and O-H groups in modified nano-satb@dicated (see Fig. 3) that grafting was perfedm
successfully. The morphology of grafted magnetimaparticles were analyzed by using scanning electro
microscopy. Fig. 4 shows the spherical agglomerataticles with an average diameter fewer than d®0 The
scanning electron microscopy image also indicdtasthe surface of agglomerated grafted magnetioperticles

is not smooth.
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Fig. 3. FTIR spectra of the grafted magnetic nanopdicles
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Fig. 4. Scanning electron micrograph of the graftednagnetic nanoparticles

3.2. Effect of pH on ENR adsorption

pH of solutions has an important effect on adsorpfirocesses. In this work, the wide range of ptwben pH 3 to
7.5 was examined. As shown in Fig. 5 the highesbgation capacity results at pH 3 while with in@edhe pH

value, the adsorption capacity decreases greathyn fhis, it is concluded that the optimal pH vaisi&. In this pH,

the hydrogen bonding occurs between COOH groupgtsern the surface of the superparamagnetic adsoabe

the oxygen of ENR. Regardless of the type of trepdzhte and modification, in other research, highdsorption

of Cu (Il) by micro-size magnetic polymer adsorbesis attained at pH 4.5 [16]. In other studies alsouption of

Pb (II) and Cu (ll) onto magnetic eggshells®gpowder [13] and sorption of Ni (Il) ions by deadfnass of fresh
water green alga€osmarium panamengg], this pH was around 5.5 and 6, respectivelye pPH did not affect the
adsorption of imidacloprid by magnetic activatedbca and powdered activated carbon [18]. The adisorpf Cd
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(I and Zn (1) using magnetic hydroxyapatite npadicles showed that the optimum pH was in thegeaof 4 to 8
[71.

Capacity (mg/qg)

Fig. 5. Effect of solution pH on the adsorption oENR onto grafted magnetic nanopatrticles

3.3. Adsorption kinetics

Fig. 6 shows the adsorption kinetics of ENR ontaftgd magnetic nanoparticles. Based on Fig. 6 htdeessary
time to attain the adsorption equilibrium of ENRt@magnetic particles is 15 min. It means the ENRoaption
onto adsorbent surface was performed in a shod. tdme reason of rapid adsorption is good accéipsibf the
binding sites in the grafted magnetic nanoparticd@ther possible reasons for this are adsorbemt $ugface area,
short diffusion path [13] or nonporous structurdlo$ adsorbent that result in happening adsorpiiothe external
surface [4]. Further, the study of adsorption kiteebdbf ENR onto magnetic adsorbents was perfornsatguwarious
equations such as pseudo-first-order and pseudmdearder kinetic equations.

The pseudo-first-order equation is represented as:
log (0— g) = log g, — kt/2.303 3)

wherege and g, (mg/g)are the amount of adsorbed ENR onto adsorbengatlitgium and at time, respectively,
andk; is the rate constant of pseudo-first-order (1/m#)straight line was resulted from the plotlo§ (q— @)

versust (Fig. 7). The slope of this line kg. The values ok;, the calculated and experimentgland the correlation
coefficientsR? are shown in Table 1.

Table 1: Comparison of the pseudo-first-order, psedo-second-order and intraparticle diffusion modelscalculated equilibrium, rate
constants and correlation coefficients

Kinetic models
pseudo-first-order

Ce.cal(MY/Q) 2.82
ki (1/min) 0.197
R 0.9370
pseudo-second-order
Ce.ca(MY/9) 4.08
K> (g/mg min) 0.114
R 0.9952
intraparticle diffusion

k, (mg/g mirf%) | 0.7462
C 0.8776
R 0.9363
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Fig. 6. Kinetics of enrofloxacin sorption on the gafted magnetic nanoparticles
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Fig. 7. The pseudo-first-order kinetics for ENR aderption by grafted magnetic nanoparticles

The pseudo-second-order equation is represented as:
/g = 1/ sze2+ t/ge (4)

whereg. and g; (mg/g)are the amount of adsorbed ENR onto adsorbengatliteium and at time, respectively,
andk, is the rate constant of pseudo-second-order (ghimj. A straight line was resulted from the plottéf;

versust (Fig. 8). The slope and intercept of this line larandg, respectively. The values &f, the calculated and
experimentat). and the correlation coefficien® are shown in Table 1.
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Fig. 8. The pseudo-second-order kinetics for ENR &brption by grafted magnetic nanoparticles

Because of the possibility of intraparticle diffoisj the intraparticle diffusion model was usedttalyg the diffusion
mechanism of adsorption. This model is given de¥ahg equation:

G = kpt0'5+ C (5)

where C is the intercept andi, is the rate constant of intraparticle diffusion (manin®d. A straight line was
resulted from the plot ody versust®® (Fig. 6). The values df,, C and the correlation coefficien® are shown in
Table 1. If the line does not pass through theilyrig means intraparticle diffusion is not the pmhte-limiting
process, so relationship betwegmndt’is not linear. Other rate-controling step can bglared by the boundary
layer effect [18].
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Fig. 9. Intraparticle diffusion kinetics for ENR adsorption by grafted magnetic nanoparticles

As seen in Table 1 the calculatgdvalue forthe pseudo-second-order kinetcis agrees with exjatalg. value
and its correlation coefficients was greater th&9®0This shows that the pseudo-second-order kmetodel could
well described the adsorption kinetics. Similautsswere also reported in other works [9-16]other researches
about imidacloprid adsorption by two form of acte carboni(e. powdered and magnetic form) [18], adsorption
of reactive yellow 21 dye on flamboyant shells atiéd carbon [10] and adsorption of Lead(Il) andkai(Il) ions
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by activated carbon [12], best discussion was aligained by pseudo-second-order kinetic model.Heanore, the
results of other research revealed that kinetia detre properly fitted by a pseudo second-orderahiaq.

It can be concluded that this kind of grafted maignadsorbent at low amounts has selectivity to ENR.
Moreover, comparing with the conventional adsorptiyocess, magnetic separation method has the tadyesn
such as easy operation, cost effective, high seigctrapid separation anetc

CONCLUSION

In this research, the ability of grafted magnetmaparticles for adsorption of ENR was studied.p@eeipitation
method was used to synthesize magnetic adsorbEms, this nanoparticle was modified in two stéfise SEM
analysis revealed that the modified nanoparticlad spherical shape with an average diameter abaWtnin.
Highest adsorption capacity was attained at pH takies 15 min to obtain the adsorption equilibriofflENR onto
magnetic adsorbents. In this study, three kineticglels consist of pseudo-first-order; pseudo-secwddr and
intraparticle diffusion were used to study the agson mechanism of ENR onto grafted magnetic nartiges.
Best fitting was obtained by pseudo-second-ordedehoT herefore, this type of modified nanopartictes be
introduced as low-cost and effective adsorbenEfdR adsorption from Aqueous Solutions.
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