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ABSTRACT 
 
The adsorption of Metronidazole (MNZ) on Multi-Walled Carbon Nanotube (MWCNTs) samples of varying 
compositions was investigated using a batch adsorption technique. Adsorption studies were carried out for various 
parameters such as adsorbent dosage, ionic strength and contact time. Adsorption of MNZ onto MWCNTs increased 
with the increase in the adsorbent dosage and the optimum adsorbent dosage was found to be 0.1 g/L. The 
equilibrium between the MNZ and the adsorbent in the solution was established within 60 min. The negative value 
of ∆G◦ showed the spontaneous nature of MNZ adsorption onto MWCNTs. The standard enthalpy and the entropy 
changes were determined as 4.17 kJ mol−1 and 0.0165 kJ mol−1K−1 respectively. The positive value of ∆H◦ suggested 
the endothermic nature of adsorption, while positive values of ∆S◦ showed the increasing randomness at the 
MWCNTs-solution interface during the adsorption. 
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INTRODUCTION 
 
The problems of ecosystem are increasing with development technology[1, 2]. Pharmaceutical residues in the 
environment are received increasing attention as emerging contaminants[3, 4].  Antibiotics occupy an important 
place due to the high amounts consumed in both veterinary and human medicine[5-7]. Although the amount of these 
pharmaceuticals waste in the aquatic environment is low, the accumulation of pharmaceuticals waste constitutes a 
potential risk for the aquatic and terrestrial organisms at long-term[8-10]. 
 
Metronidazole (MNZ) with antibacterial and anti-inflammatory properties is a kind of nitroimidazole antibiotic, 
which is commonly used in clinical applications and widely used for the treatment of infectious diseases caused by 
anaerobic bacteria and protozoans, such as Giardia lamblia and Trichomonas vaginalis[11, 12]. Aside from being 
widel used as antibiotics for humans, MNZ is also abused as an additive in poultry and fish feed to eliminate 
parasites[13]. As a result, MNZ was accumulated in animals, fish farm water, and effluents from meat industries. 
Because of its low biodegradability and high solubility in water, MNZ is dif fi cult to be removed by traditional 
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methods[14, 15]. Thus, it can be accumulated in the aquatic environment, causing adverse effects to humans and the 
ecological environment. 
 
The conventional treatments of wastewaters containing antibiotics are considered incomplete and inefficient, thus 
there is a demand of development of new effective treatments technologies[16, 17]. Among several methods which 
have been studied, such as oxidation, electrodegradation, ozonation and biodegradation, and photocatalytic 
degradation, the adsorption is considered the most suitable treatment because it inhibits the toxic properties and 
restricts the transportation into water systems[18, 19]. Therefore, several adsorbents have been applied for 
antibiotics removal, such as, sludge-derived adsorbents, montmorillonite, graphene oxide, clay, and activated 
carbon[20, 21]. The activated carbons are adsorbents containing high surface area and an appreciable amount of 
active sites available for adsorption, i.e. which have sufficient affinity to retain certain pollutants[22, 23]. Due to 
these characteristics they are commonly employed in various processes for undesirable chemicals removal[24, 25]. 
Although efficient, the wastewater treatment by activated carbons is considered expensive due to its high production 
costs and restricted application[26, 27]. Therefore, many researches have been  performed with the aim of obtaining 
low cost adsorbent.  
 
Carbon nanotubes (CNTs) are new carbon materials and have found many applications in a wide areas such as 
adsorption, sepa-ration, catalysis, sensors, biomedicine and electronic devices[28, 29]. Due to their large specific 
surface area, small pore size, hollow and layered structures, carbon nanotubes have been proven to possess a great 
potential as superior adsorbents for removing many kinds of organic and inorganic contaminants from aqueous 
solution[30, 31].  The objective of this study is to investigate the capability of MWCNTs, for the removal of MNZ 
from aqueous solutions in batch system. The effects of different process parameters like biosorbent dose, initial 
MNZ concentration, Contact time and temperature on the biosorption of MNZ are studied. The equilibrium and 
kinetic data of biosorption studies are processed to understand the mechanism of MNZ onto MWCNTs. 
 

MATERIALS AND METHODS 
 
Chemicals and reagents 
The multi-wall carbon nanotubes (MWCNTs) used in this study was of more than 98% purity and provided from 
Research Institute of Petroleum Industry (RIPI), Tehran, Iran). The size and morphology of SWCNTs were 
examined by scanning electron microscope (JEOL JSM 6500F) and transmission electron microscopy (TEM) (using 
a Philips XL30). Metronidazole (MNZ, C6H9N3O3) were purchased from the Sigma–Aldrich chemicals. The 
chemical and physical characteristics of MNZ are summarized in Table 1. 
 
Bath adsorption experiments were carried out using 100 mL plastic flasks containing 100 mg of MWCNTs and 100 
mL of MNZ solutions with different concentrations 10-100 mg/L. The plastic flasks were wrapped with aluminum 
foils to prevent light induced decomposition of the MNZ, and agitated at 220 rpm in a shaker at predetermined 
times. Then the mixtures were filtered using 0.45 lm membranes, and solutions were properly diluted with buffer 
solution of pH 7.0 for later analysis. The remaining concentrations of MNZ, Ce, were determined by high 
performance liquid chromatography (HPLC, Shimadzu, LC10A HPLC) equipped with a UV detector (SPD-10AV) 
at 318 nm. A Diamonsil (R) C18 column (5 µm, 250 mm  long×4.6 mm) was used, and the  mobile phase was 
composed of a mixture of acetonitrile and water (20/80, v/v). The fl ow speed was set at 1.0 mL min−1 , and 20 µL 
injections were used. The MNZ  percentage removal was calculated according to Eq 1[32, 33]: 
 
%R = (Co– Ce)/Co × 100       (1)  
 
Where Co corresponds to the initial concentration  of MNZ  ions  and  Ce   is  the  residual  concentration  after 
stirring for a definite time. The metal uptake qe (mg/g) was calculated as[34, 35]:  
  
q = [(Co –Ce)/m].V                 (2)  
 
Where m is the quantity of sorbent (mg) and V the volume of the suspension (mL). 
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Table 1: Physical and chemical characteristics of MNZ 
 

Molecular formula 
Molecular weight (g mol−1) 
Water solubility (g L−1) 
pKa 
Melting point (°C) 
 
Molecular structure 

C6H9N3O3 
171.2 
9.5 
2.55 
159–163 

 
 

RESULTS AND DISCUSSION 
 
TEM and SEM images (Fig. 1a and b) show the morphological structure of MWNTs. Images clearly suggests the 
crystalline tubular structure of nanotubes. The inner diameter and the outer diameter of the MWCNTs are in the 
ranges of 5–10 nm and 40–50 nm, respectively. Fig. 1c and d shows the TEM and SEM images of MNZ adsorbed 
MWNTs. Clusters of adsorbed MNZ over MWNTs surface can be seen from the images. The BET surface area 
determined by N2 adsorption is 700 m2/g. 

 

 
 

Fig. 1.  TEM and SEM images of (a and b) MWNTs and (c and d) MNZ adsorbed MWNTs 
 
Effect of MWCNTs Dosage: The effect of biosorbent dose on biosorption of MNZ on to MWCNTs was studied to 
determine an optimum biosorbent dosage. The tested biosorbent dosages varied from 0.01 to 0.2 g/L using an initial 
MNZ concentration of 100 mg/L and contact time of 60 min. As shown in Fig. 2, the biosorption capacity of MNZ 
on the SWCNTs decreased from 3580 to 427.5 mg/g, while the MNZ removal percent increased from 35.8% to 
85.5% when biosorbent dosage increased from 0.01 to 0.2 g/L. Lower biosorption capacity of MNZ at a higher 
dosage of biosorbent is probably due to the decrease of the surface area of the biosorbent by the overlapping or 
aggregation during the sorption[36, 37]. However, the higher the dosage of the biosorbent in the solution, the greater 
the availability of active sites for MNZ, leading to the higher MNZ removal[38, 39]. 
 
Effect of Contact Time: Contact time studies are helpful in understanding the amount of MNZ adsorbed at various 
time intervals by a fixed amount of the adsorbent (0.1 g) nad temperatures (30℃) . Fig. 3 clearly indicates a rapid 
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increase in the amount of adsorption with increase in time initially, gradually leading to equilibrium. Although at 
higher contact time, the rate of adsorption decreased and a saturation stage was attained due to the accumulation of 
the adsorption sites by the MNZ ions. This  decline  is  due  to  decrease  in  total  adsorbent  surface  area and 
increased diffusion pathway[40, 41].   
 
Effect of ionic strength 
MNZ adsorption data under three ionic strengths (0.02 and 1 and  0.2 mol/L as NaCl) and initial MNZ concentration 
50 mg/L are given in Fig. 4. The MNZ adsorption data under two ionic strengths overlapped, indicating that ionic 
strength can hardly impact the adsorption of MNZ onto MWCNT. Furthermore, this result again confirmed that the 
surface electrostatic effect had no influence on the overall adsorption of MNZ on MWCNT[42, 43].  
 

 
Fig 2: Effect of adsorbent dosage on MNZ adsorption. (C0 = 100 mg/L, Contact time = 60 min, pH = 7, temperature = 30 ± 2°C) 

 

 
Fig 3. Effect of contact time and initial MNZ concentration (C 0 = 100 mg/L, pH =7, Adsorbent dosage 0.1 g/L and temperature = 30 ± 

2°C) 
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Fig 4: Effect of ionic strength on MNZ adsorption. (C0 = 100 mg/L, Contact time = 60 min, pH = 7, temperature = 30 ± 2°C and 

Adsorbent dosage 0.1 g/L) 
 

Thermodynamic studies  
The sorption behaviors of different concentrations MNZ onto MWCNT were critically investigated at 273, 293, 313 
and 333 K, respectively. Thermodynamic parameters were calculated from following equations[34, 45]: 
 
∆G◦ = −RT ln K   
 
Where R is the universal gas constant (8.314 J mol−1K−1), T is the temperature (K) and K is the distribution 
coefficient. Gibbs free energy change of adsorption (∆G◦) was calculated using ln K values for different 
temperatures. The K value was calculated using following equation[46, 47]: 
 

K = 
��

��
 

 
Where Ce is the equilibrium concentration of MNZ and qe is the amount of MNZ adsorbed per unit weight of 
MWCNT at equilibrium concentration (mg/g). 
 
The enthalpy change (∆H◦) and entropy change (∆S◦) of adsorption were estimated from the following equation[48, 
49]: 
 

Ln K =		
∆�		



	- 
∆�		


�
 

 
The ∆H◦ and ∆S◦ parameters can be calculated from the slope and intercept of the plot of lnK versus 1/T, 
respectively. The thermodynamic parameters were summarized in Table 2. The positive values of ∆H◦ and the 
negative values of	∆G◦ are showed the endothermic and spontaneous nature of sorption process. 
 

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

C0 (mg/L)             ∆H◦ (Kj/mol)      ∆S◦ (kJ/molK) 
 

∆G◦ (kJ/mol) 
273 K      293 K          313 K       333 K 

100 mg/L                    4.17                   0.0165 -2.876      -3.659        -4.534       -5.451 

 
CONCLUSION 

 
The adsorption of Metronidazole from aqueous solution onto MWCNT has been studied. Adsorption tests were 
carried out as a function of contact time, adsorbent dosage and ionic strength. The percentage of removal increased 
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with the increasing adsorbent dosage and ionic strength. The negative value of ∆G◦ confirmed the spontaneous 
nature adsorption process. The positive value of ∆S◦ showed the increased randomness at the solid–solution 
interface during adsorption and the positive value of ∆H◦ indicated the adsorption process was endothermic. The 
adsorption experiments indicated that MWCNT was effective in removing antibiotics such as MNZ from aqueous 
solution. 
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