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Abstract Significant concerns have been raised over pollution of antibiotics including metronidazole (MNZ) in
aquatic environments in recent years. dried Canola biomass is a potential effective absorbent for metronidazole
antibiotics and can be used to remove them from aqueous solution. The adsorption isotherm fits Langmuir and
Temkin models well, and the theoretical maximum of adsorption capacity calculated by Langmuir model is 21.42
mg/g, which is approximately in a close agreement with the measured data. Higher adsorption percentages were
observed at lower concentrations of MNZ and Maximum antibiotic was removed within 90 min after the beginning
for every experiment.
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Introduction
For several decades now antibiotics have been used in veterinary and human medicine, yet these compounds when
released into the environment have potential risks for aquatic and terrestrial organisms [1-3]. The antibiotics are
excreted in large quantities with more than 75% of them are being unmetabolized and are therefore likely to end up
in domestic wastewater in significant quantities [4, 5]. Pharmaceutical ingredients are actually found as residues in
water and have been recognized as part of the hazardous chemical substances able to alter the natural equilibrium
system of the surrounding environment [6, 7]. Recently, antibiotics were quantified in hospital sewage water and
wastewater, in rivers and in wastewater treatment plants [8-10]. Metronidazole (MNZ) with antibacterial and antiinflammatory 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 widely used as antibiotics for humans, MNZ is also
abused as an additive in poultry and fish feed to eliminate parasites. As a result, MNZ was accumulated in animals,
fish farm water, and effluents from meat industries [13]. Recently, adsorption of antibiotic onto bentonite and
activated carbon has been investigated, and results show that the adsorption of amoxicillin onto activated carbon
plays an important role [14]. However, the most used adsorbents in this process are activated carbons (GACs) which
are costly [15]. Consequently, there is much interest in finding alternative adsorbents that are inexpensive to
implement [16, 17]. The canola stalk is one of lignocellulosic wastes that are widely produced in Iran and all of the
world due to the growth of the production and consumption of vegetable oils; therefore, the Canola stalk is easily
available and due to its characteristics has been used in several studies to remove the pollutants [18-20]. The
objective of this study is to investigate the capability of this lignocellulosic waste material, for the removal of
metronidazole 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
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equilibrium and kinetic data of biosorption studies are processed to understand the mechanism of MNZ onto Canola
biomass.
Materials and Methods
Preparation procedure of adsorbent: In this study, the Canola was used as low cost natural or agricultural wastes
for MNZ removal from aqueous solutions. The stalks of Canola(C) were collected from research farm of Tabriz
agricultural school. The stalks were washed several times with water to remove the contaminant, dried in the oven at
105 ℃ for 5 h. The biomass was then treated with 0.5M H 2SO4 for 2 h followed by the washing with distilled water
and then was oven dried at 105 ℃ for 5 h. After drying, adsorbent were sieved to obtain particle size of 18 mesh
prior to being used for adsorption studies.
MNZ (C6H9N3O3; 99% chemical reagent) was supplied by the Merck Company. Standard MNZ was supplied by the
National Institute for the Control of Pharmaceutical and Biological Products and was used for calibration.
Various experimental conditions which may influence on biosorption of MNZ by dried Canola, including contact
time, biosorbent dosage and initial MNZ concentration were assessed in batch experiments. Initial MNZ solutions
with different concentrations were prepared by diluting of MNZ stock solution (1000 mg/L) with distilled water.
The pH was adjusted using either diluted 0.1M HCL or 0.1M NaOH solution. The experiments in batch system were
carried out in a 100 ml Erlenmeyer flask. The resulting solutions were then shaken at 180 rpm and the samples were
taken at fixed time periods (10-150 min) in order to study the kinetics of the adsorption process. Preliminary
experiments showed that this time length was sufficient for adsorption of MNZ onto Canola sorbent. The samples
were subsequently filtered off through 0.45 µm cellulose filter and the residual MNZ concentration in the filtrate
was determined using Spectrophotometer (DR 5000) at wavelength of 340 nm [21].
The percentage of adsorption of MNZ from the solution was calculated from the relationship [22]:
%R = (Co– Ce)/Co × 100
(1)
Where Co corresponds to the initial concentration of MNZ ions and C e is the residual concentration after
stirring for a definite time. The metal uptake qe (mg/g) was calculated as [23]:
q = [(Co –Cr)/m].V
(2)
Where m is the quantity of sorbent (mg) and V the volume of the suspension (ml).
Results and Discussion
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Figure 1: Effect of biomass dose on MNZ biosorption
(C0 = 50 mg/L, pH=7, Contact time=90 min and Temp: 25 °C)
Changes in the amount of adsorbent during the adsorption process (Fig. 1) showed a general trend of increase in
percentage removal as the adsorbent dose increased from 0.5 to 3 g. This phenomenon according to balarak et al
[24], is expected since the Amoxicillin uptake capacity of the adsorbent increases with the increase in dosage as the
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number of active sites available for metal increases with increase in the amount of adsorbent. Malakootian et al
[25]., similarly reported that increasing adsorption with adsorbent weight can be attributed to increased number of
unsaturated active sites on the adsorbents as well as high accessibility of the various ions to the binding sites.
Adsorption isotherms for MNZ with Canola as adsorbent are presented in Fig. 2a. C e (mg L-1) denotes the
equilibrium concentrations in aqueous phase after the adsorption of MNZ on Canola. The equilibrium adsorption
capacity (qe, mg g-1) of Canola is the variation between initial (C0) and equilibrium concentration (Ce) caused by per
unit weight of the adsorbent, Canola. In short, q e is calculated by (C0–Ce)/Ccanola. As shown in Fig. 3a, adsorption
capacities increase with the increase in equilibrium concentration of adsorbates and the slopes of adsorption
isotherms decrease gradually. When initial concentration is lower than 25 mg L-1, the final equilibrium concentration
is lower than 1.04 mg L-1 and the removal efficiencies are higher than 94.8%. In the present work, the Langmuir,
Freundlich, and Temkin models, three classic adsorption models, were used to describe the adsorption equilibrium.
The mathematical representations of the Langmuir, Freundlich, and Temkin models are given below [26-28]:
Ce
qe

=

1
q max K L
1

+

Ce
q max

Log qe= log Ce + log KF
n

qe =Kt ln (A) + Kt ln Ce
Where qmax is the theoretical maximum adsorption capacity per unit weight of the adsorbent (mg g -1), KL, KF, KT are
adsorption constants of Langmuir, Freundlich, and Temkin models, respectively, and n is the Freundlich linearity
index. Langmuir model is an ideal model, which possesses perfect adsorbent surface and monolayer molecule
adsorption. As an empirical model, Freundlich model is used widely in the field of chemistry. Temkin model is a
proper model for the chemical adsorption based onstrong electrostatic interaction between positive and negative
charges [29-30].
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Figure 2: Adsorption isotherms of MNZ on Canola (a); Langmuir (b); Freundlich (c), and Temkin (d) model fitting
for the adsorption of MNZ on Canola. Experiment condition: pH 7; 25 ℃; dose biomass 3 g/L and contact time 90
min.
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The results of fitting these models are shown in Fig. 2b–d, and the fitting parameters for tetracycline are listed in
Table 1. In the range of tested concentration, the Langmuir (R 2 = 0.994) and Temkin models (R2 = 0.986) fit the
adsorption data well, while the Freundlich model (R2= 0.921) fits reasonably. Although the Langmuir model
globally fits well, it does not give apparently a nice fit at high concentration levels, showing the limitation of the
hypothesis about a monolayer adsorption. Considering the Temkin model gives the best fitting at all tested
concentration levels, we suspected that there was electrostatic interaction in the process of adsorption. From
Langmuir model, the ideal maximum adsorption capacity (q max) as a model fitting parameter was determined to be
21.42 mg g-1.
Table 1: The adsorption isotherms constants for the removal MNZ
Langmuir
Freundlich
Temkin
2
2
qm
KL
n
K
K
A
R
R
R2
F
t
21.42 0.43 0.998 3.57 0.95 0.886 9.85 0.368 0.975
The effect of agitation time on various concentrations of MNZ solutions (10 to 100 mg/L) is presented in Figure 3.
The removal rate was rapid during first 30 min of agitation. Then the rate slowed down gradually until it attained an
equilibrium beyond which there was no significant increase in the rate of removal. Adsorption equilibrium was
obtained at 90 min. Data indicated that the maximum adsorption (q e) was 3.24, 6.86, 9.21, 13.12, 18.5 and 22.2
respectively, for the initial MNZ concentrations of 10, 20, 30, 50, 75 and 100 mg/L.
The initial high biosorption rate of MNZ on dried Canola within the first 30 minutes was attributed to the high the
availability of binding sites on the surface of dried Canola [31, 32], and the subsequent lower biosorption rate after
30 minutes was decreased availability of binding sites on the surface of dried Canola due to the absorption of initial
MNZ molecules [33, 34].

25

qe (mg/g)

20
10 mg/L

15

20 mg/L
10

30 mg/L
50 mg/L

5

75 mg/L
100 mg/L

0
10 20 30 45 60 75 90 120 150

Contact time (min)
Figure 3: Effect of contact time and initial MNZ concentration(pH = 7, adsorbent dose 3 g/L, Temp: 25 °C)
Conclusions
This study focused on the biosorption of MNZ onto Canola biomass from aqueous solution. The operating
parameters, biomass dosage, contact time and initial MNZ concentration, were effective on the biosorption
efficiency of MNZ. The percent of MNZ removed by 3 g of biomass at 25 oC was nearly 99%. The equilibrium data
were analyzed using Langmuir and Freundlich and Tekmin isotherms. Langmuir isotherm fit data very well, which
implies the homogenous of surface and that adsorption uptake of MNZ by Canola biomass is mono-layers. Study on
the removal of antibiotic MNZ by using canola biomass showed that canola was able to successfully eliminate
antibiotic MNZ.
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