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ABSTRACT

The adsorption of Metronidazole (MNZ) on Multi-Veéall Carbon Nanotube (MWCNTSs) samples of varying
compositions was investigated using a batch adsorgechniqueAdsorption studies were carried out for various
parameters such as adsorbent dosage, istriength and contact time. Adsorption of MNZ onMY®NTSs increased
with the increase in the adsorbent dosage and th@moam adsorbent dosage was found to be 0.1 g/ke. Th
equilibrium between the MNZ and the adsorbent engdblution was established within 60 min. The negatalue

of AGe showed the spontaneous nature of MNZ adsorptiom ®WCNTSs. The standard enthalpy and the entropy
changes were determined as 4.17 kJ mhd 0.0165 kJ molK™ respectively. The positive value/d- suggested

the endothermic nature of adsorption, while positialues ofAS showed the increasing randomness at the
MWCNTs-solution interface during the adsorption.
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INTRODUCTION

The problems of ecosystem are increasing with dgweént technology[l, 2]. Pharmaceutical residueshan
environment are received increasing attention asrgimg contaminants[3, 4]. Antibiotics occupy anpbrtant
place due to the high amounts consumed in bothimatg and human medicine[5-7]. Although the amaifrthese
pharmaceuticals waste in the aquatic environmeldws the accumulation of pharmaceuticals wastestitutes a
potential risk for the aquatic and terrestrial arigens at long-term[8-10].

Metronidazole (MNZ) with antibacterial and anti{erhmatory properties is a kind of nitroimidazoletibiotic,
which is commonly used in clinical applications amidiely used for the treatment of infectious digsasaused by
anaerobic bacteria and protozoans, such as Gikmdiblia and Trichomonas vaginalis[11, 12]. Asidenfr being
widel used as antibiotics for humans, MNZ is albused as an additive in poultry and fish feed imiekte
parasites[13]. As a result, MNZ was accumulatednimals, fish farm water, and effluents from memluistries.
Because of its low biodegradability and high sditibin water, MNZ is dif fi cult to be removed hyaditional
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methods[14, 15]. Thus, it can be accumulated iratiatic environment, causing adverse effects todms and the
ecological environment.

The conventional treatments of wastewaters comtgiantibiotics are considered incomplete and ioieffit, thus
there is a demand of development of new effectigatinents technologies[16, 17]. Among several nuthvehich

have been studied, such as oxidation, electrodaticex] ozonation and biodegradation, and photogital
degradation, the adsorption is considered the mgishble treatment because it inhibits the toxiopprties and
restricts the transportation into water systems[18]. Therefore, several adsorbents have been eapgbr

antibiotics removal, such as, sludge-derived adsdd) montmorillonite, graphene oxide, clay, antivated

carbon[20, 21]. The activated carbons are adscshemtaining high surface area and an appreciabteuat of

active sites available for adsorption, i.e. whi@vé sufficient affinity to retain certain pollutaf22, 23]. Due to
these characteristics they are commonly employadiious processes for undesirable chemicals relfizdya5].

Although efficient, the wastewater treatment bynated carbons is considered expensive due tagts groduction
costs and restricted application[26, 27]. Therefarany researches have been performed with thehohtaining

low cost adsorbent.

Carbon nanotubes (CNTs) are new carbon materialshame found many applications in a wide areas ssch
adsorption, sepa-ration, catalysis, sensors, biammedand electronic devices[28, 29]. Due to tHaige specific
surface area, small pore size, hollow and layemetttsires, carbon nanotubes have been proven tego® great
potential as superior adsorbents for removing miings of organic and inorganic contaminants fronueamys
solution[30, 31]. The objective of this study dsihvestigate the capability of MWCNTS, for the @ral of MNZ
from aqueous solutions in batch system. The effettdifferent process parameters like biosorbergedanitial
MNZ concentration, Contact time and temperaturettan biosorption of MNZ are studied. The equilibriiand
kinetic data of biosorption studies are processathtlerstand the mechanism of MNZ onto MWCNTSs.

MATERIALS AND METHODS

Chemicals and reagents

The multi-wall carbon nanotubes (MWCNTS) used iis study was of more than 98% purity and provideunf
Research Institute of Petroleum Industry (RIPI)hrB@, Iran). The size and morphology of SWCNTs were
examined by scanning electron microscope (JEOL 8500F) and transmission electron microscopy (TEM)n(g

a Philips XL30). Metronidazole (MNZ, §EgN3;Os) were purchased from the Sigma-—Aldrich chemicalse
chemical and physical characteristics of MNZ amaswarized in Table 1.

Bath adsorption experiments were carried out usD@mL plastic flasks containing 100 mg of MWCNT&ld.00
mL of MNZ solutions with different concentration®-100 mg/L. The plastic flasks were wrapped witlnghum
foils to prevent light induced decomposition of thi&NZ, and agitated at 220 rpm in a shaker at pexddahed
times. Then the mixtures were filtered using 0#brembranes, and solutions were properly dilutetth Wwuffer
solution of pH 7.0 for later analysis. The remagninoncentrations of MNZ, £ were determined by high
performance liquid chromatography (HPLC, ShimadZtil0A HPLC) equipped with a UV detector (SPD-10AV)
at 318 nm. A Diamonsil (R) C18 column (&n, 250 mm longx4.6 mm) was used, and the mobikse was
composed of a mixture of acetonitrile and water§@0v/v). The fl ow speed was set at 1.0 mL thirand 20uL
injections were used. The MNZ percentage remoa @alculated according to Eq 1[32, 33]:

%R = (G- G)/C, x 100 (1)

Where G corresponds to the initial concentration of MN@ns and € is the residual concentration after
stirring for a definite time. The metal uptake(opg/g) was calculated as[34, 35]:

g =[(Co —Ce)/m].V 2)

Where m is the quantity of sorbent (mg) and V tbime of the suspension (mL).
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Table 1: Physical and chemical characteristics of NZ

Molecular formula CeHgN3O3

Molecular weight (g mat) 171.2

Water solubility (g L) 9.5

pKa 2.55

Melting point (°C) 159-163

Molecular structure r\OH
ON__N__cH

3
L

RESULTS AND DISCUSSION

TEM and SEM images (Fig. 1a and b) show the monaiochl structure of MWNTSs. Images clearly suggébes
crystalline tubular structure of nanotubes. Theeimdiameter and the outer diameter of the MWCNEsiarthe
ranges of 5-10 nm and 40-50 nm, respectively. Kigand d shows the TEM and SEM images of MNZ adsbrb
MWNTSs. Clusters of adsorbed MNZ over MWNTs surfazen be seen from the images. The BET surface area
determined by Madsorption is 700 fry.

7 f‘ 1 F.E_':t_h'_,’::i :r-';
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Fig. 1. TEM and SEM images of (a and b) MWNTs andc and d) MNZ adsorbed MWNTSs

Effect of MWCNTs Dosage:The effect of biosorbent dose on biosorption of MdiZzto MWCNTSs was studied to
determine an optimum biosorbent dosage. The téstsdrbent dosages varied from 0.01 to 0.2 g/Lgusim initial
MNZ concentration of 100 mg/L and contact timfe60 min. As shown irfrig. 2, the biosorption capacity of MNZ
on theSWCNTs decreased from 3580 to 427.5 mg/g, whileMiNZ removalpercent increased from 35.8% to
85.5% when biosorbent dosagereased from 0.01 to 0.2 g/L. Lower biosorpti@pacity of MNZ ata higher
dosage of biosorbent is probably due to the deere&the surface area of the biosorbent by the oventappr
aggregation during the sorption[36, 37]. Howevie, higher the dosage of the biosorbent in the isoluthe greater
the availability of active sites for MNZ, leading the higher MNZ removal[38, 39].

Effect of Contact Time: Contact time studies are helpful in understandirggamount of MNZ adsorbed at various
time intervals by a fixed amount of the adsorbént @) nad temperatures (8) . Fig. 3 clearly indicates a rapid
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increase in the amount of adsorption with incraéaséme initially, gradually leading to equilibriunAlthough at

higher contact time, the rate of adsorption de@@asd a saturation stage was attained due tocctheraulation of

the adsorption sites by the MNZ ions. This decliise due to decrease in total adsorbentasarfarea and
increased diffusion pathway[40, 41].

Effect of ionic strength

MNZ adsorption data under three ionic strength82@nd 1 and 0.2 mol/L as NaCl) and initial MNzcentration
50 mg/L are given in Fig. 4. The MNZ adsorptionadahder two ionic strengths overlapped, indicatimagt ionic
strength can hardly impact the adsorption of MNZoddWCNT. Furthermore, this result again confirntbdt the
surface electrostatic effect had no influence enaverall adsorption of MNZ on MWCNT[42, 43].
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Fig 2: Effect of adsorbent dosage on MNZ adsorption(Co, = 100 mg/L, Contact time = 60 min, pH = 7, tempetare = 30 + 2C)
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Fig 3. Effect of contact time and initial MNZ concetration (C, = 100 mg/L, pH =7, Adsorbent dosage 0.1 g/L andrtgoerature = 30 +
2°C)
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Fig 4: Effect of ionic strength on MNZ adsorption.(CO = 100 mg/L, Contact time = 60 min, pH = 7, tengrature = 30 + 2C and
Adsorbent dosage 0.1 g/L)

Thermodynamic studies
The sorption behaviors of different concentratitdidZ onto MWCNT were critically investigated at 27293, 313
and 333 K, respectively. Thermodynamic parametengwalculated from following equations[34, 45]:

AGe =-RT InK

Where R is the universal gas constant (8.314 J#d), T is the temperature (K) and K is the distribati
coefficient. Gibbs free energy change of adsorptid-) was calculated using In K values for different
temperatures. The K value was calculated usingotig equation[46, 47]:

K=2Se

de
Where G is the equilibrium concentration of MNZ and ig the amount of MNZ adsorbed per unit weight of
MWCNT at equilibrium concentration (mg/g).

The enthalpy change\d’) and entropy chang@§) of adsorption were estimated from the followirggiation[48,
49]:
Ln K = g - ﬂ

R RT
The AHe and AS> parameters can be calculated from the slope ateicept of the plot of InK versus 1/T,
respectively. The thermodynamic parameters werensanmed in Table 2. The positive values Al and the
negative values afG- are showed the endothermic and spontaneous radtsoeption process.

Table 2: Thermodynamic parameters for the adsorptio of MNZ on MWCNT

Co(mg/L) AHe (Kj/mol)  AS (kJ/molK) AGe (kJ/mol)
273K 293K 313K 333K
100 mg/L 4.17 0.0165 | -2.876  -3.659 -4.534 -3.45
CONCLUSION

The adsorption of Metronidazole from aqueous sofutbnto MWCNT has been studied. Adsorption testsewe
carried out as a function of contact time, adsarblesage and ionic strength. The percentage of vahiocreased

111
Scholar Research Library



Davoud Balarak et al Der Pharmacia Lettre, 2016, 8 (11):107-113

with the increasing adsorbent dosage and ionicgthe The negative value @G- confirmed the spontaneous
nature adsorption process. The positive valueA8f showed the increased randomness at the solidiesolut
interface during adsorption and the positive vadfidH- indicated the adsorption process was endotherTiie.
adsorption experiments indicated that MWCNT wagdffe in removing antibiotics such as MNZ from aqus
solution.
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