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Multi-walled carbon nanotubes (MWCNT) were used to separate amoxicillin from aqueous media. The parameters affecting
amoxicillin adsorption such as pH, temperature, time, interferences of similar molecules, and the amount of adsorbent used were
studied. Amoxicillin adsorption using MWCNT was compared to that using Fullerene C60 and activated carbon (AC). The
adsorption efficiency of 0.1 and 0.2 g of MWCNT using in a continuous mode were 86.5% and 87.9%, respectively. Evaluation of
the adsorbent capacity showed that each gram of MWCNT can absorb 22.9 mg amoxicillin. The effect of pH was studied over the
range 2–8 and revealed that adsorption of the amoxicillin at the initial pH of 4.6 was more effective than any other pH. The
adsorption of amoxicillin on MWCNT was much greater than Fullerene C60 and AC. Adsorption data showed that they were best
fitted to the Langmuir isotherm.
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1. Introduction

Environmental pollution as a consequence of technological
evolvement has become one of the most crucial problems for
the global population. The first reports on the presence of phar-
maceuticals in wastewater effluent and surface water were pub-
lished in the United States in the 1970s (1). Pharmaceuticals
such as antibiotics are widely used to treat many infections and
are considered as water and waste water pollutants. The pres-
ence of antibiotics in pharmaceutical company and hospital
waste that flow into surface or underground water has poses
two risks. The first is the occurrence of these materials in the
environment is in itself a threat and the consequence of environ-
mental contamination is the risk of microorganism resistance
which reduces the ability to treat infections (2). Amoxicillin is
widely used in human and veterinary medicine and has been
isolated in waste water (3), and this compound originating
from wastewater treatment plant (WWTP) effluent has reached
environmental water bodies (4). Many pharmaceuticals are

only partially removed using biological processes in Sewage
Treatment Plants and they are consequently often released into
surface water (5). The removal of antibiotics from waste water
is a great concern regarding the prevention of bacterial resis-
tance and side effects of exposure. Several methods have been
reported to remove amoxicillin from aqueous media and
include reversed osmosis, use of ion exchange resins (6), ozona-
tion (5), oxidation by Fenton’s reagent (7–10), use of micro-
and nanoscale iron particles (11), antibiotic removal by biologi-
cal treatment (12), nanofiltration (13), membrane separation
(14), and adsorption processes (15, 16). Adsorption is consid-
ered a highly effective means to remove contaminants in water
or wastewater even at very low concentrations (<1 mg/L) (15).
Depending on the type of adsorbent used this method is simple
and applicable for the removal of common substances with low
operation cost in comparison to other techniques (17, 18). To
our knowledge the use ofMWCNT as an adsorbent for amoxi-
cillin removal from aqueous media has not been reported.
Therefore, the main aim of this study was to use MWCNT to
remove amoxicillin using a batch and/or continuous process.

2. Materials and Methods

2.1 Chemicals

MWCNT and fullerene C60 (PlasmaChem, GmbH, Germany)
were used in this study. The purity of the MWCNT was >95%
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and the diameter and length was 10–30 and 1–10 mm, respec-
tively, with 3–15 walls per MWCNT. Commercially available
powdered AC was purchased from E. Merck AG (Darmstadt,
Germany). In all experiments, ultrapure water (UPW) is used
for the preparation and dilution of solutions and was produced
using a Milli-Q system (18.2 M, Millipore, Bedford, MA,
USA). Amoxicillin trihydrate was purchased from Cosar Phar-
maceutical Co. (Karaj, Tehran). Ampicillin, penicillin V K,
and cephalexin were kindly donated by Zakaria-Tabriz Phar-
maceutical Co. (Tabriz). Hydrochloric acid and sodium
hydroxide were used to adjust the pH of the solutions. All other
chemicals used in the study were purchased from E.Merck AG
(Darmstadt, Germany) and usedwithout furthermanipulation.

2.2 Optimization and Validation of the Spectrophotometric

Method for Determination of amoxicillin in Aqueous Solutions

The absorption spectrum and absorbance at 228.7 nm were
measured using a Perkin-Elmer Lambda 25 model UV–visi-
ble spectrophotometer (Perkin-Elmer, USA). A calibration
curve was constructed for the concentration range of 5–
80 mg/L, calculated on an anhydrous basis and was vali-
dated for precision, accuracy, LOD, LOQ, stability of the sol-
utions, and interference from compounds with similar
chemical structures such as ampicillin, penicillin V K, and
cephalexin. RSD%, error%, and interferences less than 5%
are considered appropriate.

2.3 Sorption Studies

Fullerene C60, MWCNT, and AC were used as adsorbent
materials. Sorption was studied using batch and continuous
methods. All experiments were performed using 20 mL of a
40 mg/L solution of amoxicillin. In all sorption experiments,
the samples placed in contact with the adsorbents were fil-
tered for batch experiments and was waste effluent for contin-
uous experiments. The samples were harvested prior to and
after exposure to adsorbent to establish the amoxicillin con-
tent by spectrophotometry.

2.4 Batch Sorption Studies

For the batch sorption experiments, 0.05 g of each adsorbent
was weighed and placed in contact with separate 40 mg/L
amoxicillin solutions in UPW. The adsorbents were placed in
contact with the amoxicillin solution for 0–40 minutes and
samples were tested at 10-minute intervals. The contact
between the adsorbent and amoxicillin solution was facilitated
by agitation using a shaker at a speed of 150 rpm (Heidolph,
Germany). After sampling at the specified time, the absor-
bance of the solution was measured directly. The amoxicillin
removal efficiency was calculated using the expression (1).

RED [Amoxicillin.init/]¡ [Amoxicillin.fin/]
[Amoxicillin.init/]

(1)

where
RE D removal efficiency,

[Amoxicillin (init)] D initial concentration
[Amoxicillin (fin)] D final concentration.
The amount of amoxicillin adsorbed per unit weight of

adsorbent, viz., Amoxicillin (ad) was determined as the ratio
of amoxicillin that had been adsorbed and the total weight of
solid used initially.

2.5 Continuous Sorption Studies

For the continuous sorption experiments, a 5-mL syringe
with an inner diameter of 10 mm and a length of 90 mm was
used to create a cartridge to pass through amoxicillin solu-
tions. Two membrane filters (0.45 microns, Sartorius, Ger-
many) were placed in the syringe outlet port. Prior to running
the experiment the cartridge was filled with 0.05 g of the
appropriate adsorbent that was conditioned by passing ethyl
alcohol and deionized water through the cartridge. At this
stage, 10 mL of the 40 mg/L amoxicillin solution was passed
through the conditioned cartridge. The absorbance of the
solution was measured prior to and following solution flow
through the cartridge.

2.6 Effect of Adsorbent

Using a batch type experimental approach amoxicillin
adsorption was studied with 0.05 g of AC, fullerene C60 or
MWCNT following exposure of the material to 20 mL of the
40 mg/L amoxicillin solution. Each experiment was repeated
three times to evaluate adsorption efficiency of adsorbents.

2.7 Effect of pH

To evaluate the effect of pH on amoxicillin sorption using a
batch approach the initial pH of the amoxicillin solutions
was adjusted to 2.0, 4.0, 6.0, and 8.0 using either sodium
hydroxide or hydrochloric acid. The pH of the amoxicillin
solution without any adjustment was also measured and
found to be approximately 4.6.

2.8 Effect of Time

To optimize the duration of water treatment for efficient
removal of amoxicillin sorption experiments were conducted
up to 120 minutes and samples were evaluated following
exposure for 2, 10, 20, 30, 40, 60, and 120 minutes.

2.9 Effect of Temperature

Adsorption experiments were performed at 30, 40, and 50�C
to establish the kinetics of adsorption of amoxicillin to the
MWCNT.

2.10 Amount of Adsorbent

Different amounts ofMWCNTof 0.05, 0.1, and 0.2 g of adsor-
bent were used in batch sorption experiments with 20 mL of
40 mg/L of amoxicillin solutions in an attempt to optimize the
amount of adsorbent that would be required for use.
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2.11 Effect of Interfering Agents on Adsorption Efficiency

As amoxicillin is not the only antibiotic that may be present
in waste water the effect of ampicillin, penicillin, and cepha-
lexin, compounds that have similar chemical structures to
amoxicillin, on sorption of amoxicillin were investigated.
Mixed solutions containing amoxicillin and the aforemen-
tioned antibiotics alone or in combination at a final concen-
tration of 40 mg/L were treated in the batch system to
establish if any effect on adsorption could be identified.

2.12 Adsorption Capacity Measurements and Desorption

The continuous system was used to assess the amoxicillin
removal capacity of the system. For this purpose two
amounts of adsorbent of 0.05 and 0.1 g of MWCNT were
used. In each experiment 20 mL of 40 mg/L amoxicillin
were passed through the cartridge column until the sorbent
was saturated. The quotient of the total amount of amoxicil-
lin removed by the sorbent (mg) and mass of adsorbent (g)
was used to calculate amoxicillin removal capacity of the sys-
tem. To evaluate the desorption of amoxicillin from
MWCNT and establish whether the material can be reused,
sodium hydroxide 0.1 N, hydrochloric acid, and distilled
water were used to study the desorption of amoxicillin.

2.13 Sorption Isotherm

The sorption data were fitted to the Langmuir, Freundlich,
and Dubinin–Radushkevitch (D–R) equations to establish
the sorption isotherm of amoxicillin removal by MWCNT.
Data generated using the batch system data were used for
this purpose.

3. Results and Discussion

3.1 Amoxicillin Analysis

Spectrophotometric method validation parameters for the
analysis of amoxicillin in aqueous media are summarized in
Table 1. The data reveal that the parameters are in the

acceptable range and the method is reliable for the determi-
nation of amoxicillin for all studies.

3.2 Optimization of Adsorption and Desorption

The adsorption of amoxicillin to AC, Fullrene C60 and
MWCT revealed that Fullerene C60 had no tendency to
adsorb amoxicillin from aqueous solutions with <1%
adsorbed after 40 minutes exposure whereas MWCNT had
the highest adsorption capacity for amoxicillin with >90%
removed from solution after 40 minutes exposure. The
adsorption capacity of AC had been approximately 10% after
40 minutes exposure (Fig. 1).

The effect of pH on the adsorption of amoxicillin is shown
in Fig. 2. A solution of amoxicillin has a pH of 4.6 and it can
be seen that the lowest percent adsorption of 83.8% was
observed at a pH of 2 and for all other pH tested the percent
adsorbed was > 93%. Therefore, if the pH ranged between 4
and 8, there would be little or no effect on the adsorption of
amoxicillin.

Studies to establish the amount of amoxicillin adsorbed at
different times reveals that adsorption increases over up to 40
minutes, after which there is little change in adsorption and
the curve of adsorption reaches a plateau. Consequently, 40
minutes was selected as the appropriate exposure time for all
following experiments. A major challenge was to optimize
the temperature to be used since temperatures other than
ambient consume energy. The effect of temperature on

Table 1. Validation data for the spectrophotometric determina-
tion of amoxicillin in aqueous media

Parameters Amoxicillin (λ D 228.7 nm)

Concentration range (mg/L) 5–80
Y D aXCb Abs. D 0.0236Conc. ˗ 0.027
Correlation coefficient 0.9999
Standard error of the slope 0.011
Standard error of the intercept 0.512
P value for correlation coefficient 0.0001
Within day CV% 3.5
Between day CV% 2.1
Limit of detection(mg/L) 0.2
Limit of quantitation (mg/L) 0.4
Recovery (%) 98.9
Stability of the solutions at

ambient temperature
Not less than 500 hrs

Fig. 1. Percent of amoxicillin adsorbed on different adsorbents.

Fig. 2. Percent of amoxicillin adsorbed on MWCNT at different
pH.
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adsorption of amoxicillin is shown in Fig. 3 and reveals that
increasing temperatures result in somewhat decrease in the
amount of amoxicillin adsorbed which may be related to the
higher kinetic energy of the molecules and less tendency to
interact with adsorbent. However in the range of 30–50�C
decrease does not appear to be significant and the amount of
amoxicillin adsorbed is acceptable at ambient temperatures
in comparison to higher temperatures.

The effect of amoxicillin concentration on the percent
adsorbed to MWCNT reveals that in the concentration range
of 10–60 mg/L, after 40 minutes, there appears to be a negli-
gible effect of concentration on the percent drug adsorbed.
This suggests that using 0.05 g MWCNT to remove amoxicil-
lin from 20 mL is adequate as there are many receptor sites
on the adsorbent material and saturation of the material by
amoxicillin would be unlikely.

The effect of the amount of adsorbent on the percent
adsorption reveals that increasing the amount of adsorbent in
the system will result in an increase the percent amoxicillin
removed from the solutions which is however, not significant.
This effect may be related to the concentration and volume
of amoxicillin solution used to investigate the effect of
amount of adsorbent on the efficiency of the system. Appar-
ently, the absolute amount of amoxicillin that was used in
comparison to the receptor sites available for adsorption is
extremely low.

The results of saturation capacity measurements indicate
that each gram of MWCNT can adsorb approximately
22.9 mg of amoxicillin when using optimum conditions.

The effect of the presence of interfering agents with a simi-
lar chemical structure to amoxicillin on amoxicillin adsorp-
tion to MWCNT is depicted in the Fig. 4.

As shown in Fig. 4, all interfering agents lowered the per-
cent amoxicillin adsorbed by MWCNT and cephalexin
appears to have the greatest effect. This indicates that the
binding sites on the MWCNT have an affinity for chemicals
with the same backbone structure and that the removal of
amoxicillin may be reduced by the presence of the interfering
agents. However this finding to remove antibiotics from
wastewater may be of great value, but in the case of selective
removal may be a trouble.

To determine the mechanism of adsorption of amoxicillin to
MWCNT, the data generated using a batch approach was fit-
ted to three isotherm models including Langmuir, Freundlich,
and D–R. The Langmuir isotherm, which is regarded as the
most applicable isotherm, is commonly applied in solid/liquid
systems to describe saturated monolayer sorption(19). The
Freundlich isotherm, which is based on sorption to a heteroge-
neous surface, is the earliest known relationship that describes
sorption equilibrium (20) and the D–R isotherm model is valid
at low concentration ranges and can be used to describe sorp-
tion onto both homogeneous and heterogeneous surfaces (21).
The results of datamodeling are listed in Table 2.

The results show that the data were best fitted to the Lang-
muir isotherm and therefore it can be concluded that adsorp-
tion of amoxicillin to MWCNT is monolayer in nature. The
results revealed that amoxicillin desorption rates are faster in
a basic environment than in either acidic or neutral
environments.

4. Conclusions

Antibiotic removal from aqueous media is an important pub-
lic health consideration to protect people from developing
resistance to safe antibacterials and also to protect the envi-
ronment from contamination by excess chemicals. The data
from studies reported in this manuscript suggest that
MWCNT have a greater capacity to remove amoxicillin
from aqueous environments that either AC or Fullerene C60.
The removal of amoxicillin can be accomplished under ordi-
nary conditions and MWCNT can be regenerated using

Fig. 3. Amoxicillin adsorbed to MWCNT following exposure to
30, 40, and 50�C up to 120 min.

Fig. 4. Adsorption of amoxicillin to MWCNT with and without
the presence of ampicillin, penicillin, and cephalexin.

Table 2. Isothermal model equation constants for amoxicillin
removal by MWCNT

Model Parameters

Langmuir b (L/mol) qmax (mol/g) R2

2.50e-5 6.42e-5 0.9994
Freundlich KF (mol1-nLn/g) n R2

0.0030 0.3749 0.918
D–R b (mol2/kJ2) qmax (mol/g) R2

2.00e-7 3.95e-4 0.9361
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acidic or alkaline solutions. A simple and effective means to
remove antibiotic contamination in aqueous solutions has
been reported and may be applied to improve water quality
for reuse and to remove unwanted contamination from the
environment.

Funding

The authors would like to acknowledge financial assistance
from Tehran University of Medical Sciences, Tehran, Iran.

References

1. Kim, S. D., Cho, J., Kim, I. S., Vanderford, B. J., and Snyder, S. A.
(2007)Water Res., 41: 1013.

2. Watkinson, A. J., Murby, E. J., Kolpin, D. W., and Costanzo, S. D.
(2009) Sci. Total Environ., 407: 2711.

3. Ying, G.-G., Kookana, R. S., and Kolpin, D. W. (2009) J. Environ.
Monit., 11: 1498.

4. Hijosa-Valsero, M., Fink, G., Schl. Monit., 11: 1498.711.e from
Tehran University of Medical Sciences,, and Ba-Valsero, M., Fink,
G., Sere, 83: 713.

5. Andreozzi, R., Canterino, M., Marotta, R., and Paxeus, N. (2005)
J. Hazard. Mater., 122: 243.

6. Morse, A. and Jackson, A. (2004)Water, Air, Soil Pollut., 157: 117.

7. TrovJackson, A. (2004) eira, R. F., Ag€uera, A., Fernandez-Alba,
A.R., and Malato, S. (2011)Water Res., 45: 1394.

8. Elmolla, E. S. and Chaudhuri, M. (2011) J. Hazard. Mater., 192:
1418.

9. Ay, F. and Kargi, F. (2011) J. Environ. Eng., 137: 472.
10. Ay, F. and Kargi, F. (2010) J. Hazard. Mater., 179: 622.
11. Ghauch, A., Tuqan, A., and Assi, H. A. (2009) Environ. Pollut.,

157: 1626.
12. Zhou, P., Su, C., Li, B., and Qian, Y. (2006) J. Environ. Eng., 132:

129.
13. Zazouli, M. A., Susanto, H., Nasseri, S., and Ulbricht, M. (2009)

Water Res., 43: 3270.
14. Javier Benitez, F., Acero, J. L., Real, F. J., Rold. 418.z, and Rodri-

guez, E. (2011) J. Chem. Technol. Biotechnol., 86: 858.
15. Putra, E. K., Pranowo, R., Sunarso, J., Indraswati, N., and Ismadji,

S. (2009)Water Res., 43: 2419.
16. Budyanto, S., Soedjono, S., Irawaty, W., and Indraswati, N. (2008)

J. Environ. Prot. Sci., 2: 72.
17. Homem, V. and Santos, L. (2011) J. Environ. Manage., 92: 2304.
18. Basha, S., Barr, C., Keane, D., Nolan, K., Morrissey, A., Oelge-

moller, M., and Tobin, J. M. (2011) Photochem. Photobiol. Sci., 10:
1014.

19. Hu, C.-Y., Lo, S.-L., Kuan, W.-H., and Lee, Y.-D. (2008) Sep.
Purif. Technol., 60: 1.

20. Milmile, S. N., Pande, J. V., Karmakar, S., Bansiwal, A., Chakra-
barti, T., and Biniwale, R. B. (2011) Desalination, 276: 38.

21. Vieira, A. P., Santana, S. A. A., Bezerra, C. W. B., Silva, H. A. S.,
Chaves, J. A. P., Melo, J. C. P., Filho, E. C. S., and Airoldi, C.
(2011) Chem. Eng. J., 173: 334.

Amoxicillin Removal by MWCNTs 169


