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Abstract:  Surface  hydrophobicity  is  one  of the most important chemical properties of carbon nanotubes
which causes a wide range of materials and compounds adsorption on the surface of these nano structures.
In this work, by considering this characteristic of carbon nanotubes, their ability in adsorption of
cephalosporins   antibiotics   from  aqueous   solution   has   been   investigated.   Batch   experiments  were
done  and the  effect  of  most  important parameters on sorption process and desorption studies were
observed.  It  was understood  that  cephalosporins  sorption  process  is  dependence  on   pH,  sample
volume,  sorbate  and  sorbent  concentration  and  it  is independence to temperature. Then the isotherm
models  were  used  to  explain  the  sorption  process  and  the  outcomes  reveal  that   cephalexin  sorption
best  fitted  with  Langmuir  isotherm  and  cefixime  sorption  follow  freundlich  model.  Finally kinetics model
applied and fitted to experimental data and results showed higher R  in first order kinetic model. Maximum2

adsorption capacity of CNTs for cephalexin and cefixime was determined to be 1100 and 820 mgg ,1

respectively.
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INTRODUCTION In spite of intensive requirement to clean the water

Environmental pollution as a consequence of sorbent with high sorption capacity recorded for this
technological evolvement has become one of the most purpose. In fact most of the removal methods are
crucial problems of the century [1]. Pharmaceuticals like biological methods such as using activated sludge or
antibiotics used in the remedy of many infections are biodegradation procedures [4- 8], although other methods
considered as a group of water and wastewater pollutants like filtration, membrane, ion exchange, ionic treatment,
[1-2]. The presence of antibiotics in pharmaceuticals using activated carbon as sorbent and electrochemical
companies’ wastes and hospitals flowing out streams and methods are applied [9-19].
their entrance into surface or underground water has Due to their unique physical and chemical properties
posed two influential risks. First, occurrence of these carbon nanotubes (CNTs) have been startlingly in the
materials in the environment itself is a threat and finally centre of scientists’ attention in the recent two decades.
their entrance into environment follows the risk of These nano materials since their discovery in 1991 by
microorganism resistance, which means not only is their Iijima [20] till now have been used in different fields of
effect as a cure lost, but also they become a problem application such as development of sensors and
themselves [1]. biosensors, nano probes, drug delivery, nano electronic,

Cephalosporins are a group of -lactam antibiotics gas separation and etc [21-25].
which were first found out by Edward Abraham and his CNTs are believed as empty graphitic tubes which
fellow workers in Oxford produced by Cephalosporium contain one (single walled carbon nanotubes, SWCNTs)
acremonium, a mould nurtured from a Sardinian sewage or more (multi walled carbon nanotubes, MWCNTs)
out fall by Giuseppe Brotzu in 1948 [3]. graphene layers. The longitude of these cylinders comes

and waste water from these antibiotics, there is no specific
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between  hundreds  of  nano  meters  to  some MATERIALS AND METHODS
micrometers and their diameter for single and multi wall
CNTs can range among 0.2-2 nm and 2-100 nm, Adsorbent: MWCNTs, a nano structured new sorbent
respectively [26]. with an average external diameter ‹ 10 nm, catalyst residue

Hydrophobic surface and high specific area are two ‹ % 1 and purity % 90 - 95 were provided by Research
main features of CNTs, making them good sorbents for Institute of Petroleum Industry ( Karaj, Iran).Fig 1 (a) and
keeping  vast  amounts  of compounds on their surface (b) shows the TEM images of the MWCNTs.
[20, 26]. Extraction and sorption of amino acids, proteins,
phenolic compounds, tetracyclins, sulphonamides and Adsorbate & Adsorbate Solution: Cephalosporins, viz.
cephalosporins are examples of adsorbed materials by Cephalexin and Cefixime (Farabi pharmaceutical company,
CNTs [20, 27-32]. Isfahan, Iran) were the target analytes. Chemical

In this work multi-walled carbon nanotubes are structures  of  the  selected compounds were shown in
subjected to treatment of aqueous solution including two Table. 1.
cephalosporin  antibiotics named cephalexin and cefixime. Cephalosporins dissolved in deionized water to ready
Our aim is to find the capable and economical new sorbent aqueous solution with concentration of 0.5 gr l  and
to remove these antibiotics from waste water, hence to using 0.1N HCl and NaOH, for adjusting pH values.
understand that the effect of some parameters on the
sorption process was studied. Then the isotherms and Batch Experiments: Batch experiments were done in 25 ml
kinetics investigations were performed. Finally desorption Erlenmeyer flasks included 10 ml of antibiotics solution
studies have been considered. with  concentration  of  0.5g   l    and   100   mg  sorbent.

1

1

Fig. 1: A and b (left to right): the TEM micrographs of multi-walled carbon nanotubes

Table 1 Chemical structures of selected compounds (Finch 2003)
Name Chemical Structure Chemical Formula Molecular Weight

Cephalexin C H N O S 347.39g mol16 17 5 4
1

Cefixime C H N O S 453.452g mol16 15 5 7 2
1
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Experiments were performed in constant temperature of Where b is Langmuir constant (l mg ), q is the maximum
25°C, to determine the equilibrium concentrations and the
effect of contact time on cephalosporins adsorption on
CNTs. pH values of antibiotics solution were adjusted by
0.1N HCl and NaOH in the range between 2 to 7. Solution
temperature was set between15 to 40°C to understand the
temperature influence on adsorption process. Other
studied parameters were the initial sorbent and adsorbent
concentration and solution volume to find out their
effects on adsorption process by varying them between
0.2 - 0.5 gl , 0.4 to 1 gl  and 10-25 ml, respectively.1 1

Removal efficiency, %, of cephalosporins on CNTs and
adsorption capacity were shown as

(1)

(2)

Where c  and c  are the initial and final concentration ini f

mgl , v is the solution volume in l and m is CNTs mass in1

g [33-35].

Adsorption Isotherms: The equilibrium distribution of
antibiotic in the solution is important factor to determine
the maximum of sorption capability. Adsorption
mechanisms of a sorbate on sorbent and maximum
sorption capacities are determined by adsorption
isotherms [33].

In this work, the equilibrium data were fitted with two
important isotherm models named Langmuir and
freundlich, also isotherm coefficients and correlation
coefficient (R ) were calculated.2

Langmuir Isotherm: Langmuir isotherm has a wide
application  in   lots   of   pollutants   sorption  process.
The main assumption of this theory is based on homogen
and one layer sorption without any interaction among
sorbate molecules. It is thought that sorbate molecule
takes up one site and then another sorption cannot take
place there.

By rearranging the Langmuir isotherm written in form
of fractional loading (è) given by Eq. (3), the linear form
given by Eq. (4) is achieved.

(3)

(4)

1
m

sorbate uptake per unit mass of sorbent (mg g ), q  is the1
e

adsorbed amount on unit mass of the adsorbent (mg g )1

and finally c  is the equilibrium concentration of sorbatee

in solution.
q  and b will be computed from slope and intercept ofm

the line derived from plotting C /q  versus C . The amounte e e

of R  a dimensionless factor given by Eq. (5) should rangeL

between 0 and 1. If R ›1 unfavorable adsorption occursL

and R = 0 means irreversible adsorption.L

(5)

Freundlich Isotherm: In this present investigation the
freundlich isotherm model has been chosen to estimate
the tendency of two antibiotics to the CNTs. This
isotherm is expressed by Eq. (6).

(6)

In which, kf and 1/n are freundlich constant,
representing adsorption capacity and intensity,
respectively and can be determined by plotting log qe
versus log Ce, which are obtained from linear form of the
equation (Eq. (7)).

(7)

Freundlich isotherm supposition is non uniformity of
active sites energy, which means different functional
groups adsorbed on surface by different energies. In
contrary to Langmuir isotherm sorption can happen in
multi layer manner [7, 33-36].

Kinetics Experiments: Removal process can be depicted
by using kinetics models. Terms of the order and rate
constant which are so significant for designing an
effective process will be derived from adsorption kinetics
studies; hence we have studied first and pseudo second
order models [37].

First  Order  Kinetics Model:  Adsorption  equilibrium
and  kinetics  are  consequential  key-factor  for
assessment of other adsorption parameters. Adsorption
of cephalexin and cefixime from aqueous phase to the
solid one is believed as a reversible reaction. The simple
form of first order model by applying the boundary
conditions, qt =0 at t = 0 and qt = qt at t = t, is expressed
as Eq. (8).
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(8)

Where K is the rate constant, q  is the antibioticl e

equilibrium amount (mgg ); q  (mgg ) is the amount of1 1
t

adsorbed antibiotic at any time t (min).

Pseudo Second Order Kinetics Model: Like first order
model, the pseudo second order model also used to study
the adsorption kinetics of cephalosporins on CNTs. The
general form of the model is given as Eq. (9).

cephalosporins on CNTs. volume= 10 ml, m =
(9) 100 mg, C = 0.5 gl , Temperature= 25°C

By applying the same boundary conditions and
rearranging Eq. (9) to linear form the Eq. (10) is gotten.

(10)

In which, k is the rate constant (gmg  min ) [4-33, 37].1 1

Desorption  of Antibiotic   from   the   Loaded  CNTs:
The reversibility of the antibiotics adsorption on CNTs Fig. 3: Effect of the pH on the removal of cephalosporins
has been investigated. The elution of loaded sorbent was by CNTs, volume= 10 ml, m = 100 mg, C = 0.5
carried out by help of the mixture of MeOH/water (9:1) and gl , Temperature= 25°C
tetrabutyl ammonium hydroxide/ACN (3:1) for cephalexin
and cefixime, respectively. The antibiotic loaded CNTs
were agitated with a solution of mentioned eluents and
the slurry was finally filtered and analyzed.

RESULTS AND DISCUSSION

Factors Affecting Efficiency of Cephalosporins
Adsorption on CNTs
Effect of Contact Time: Fig 2 is showing the relation
between  contact   time   and   adsorption of Fig. 4: Effect of temperature on sorption process,
cephalosporins. As a result, a direct association is Volume= 10 ml, m = 100 mg, C = 0.5 gl , pH= 5
observed among these two factors at first, which means
there is an increase in adsorption amount as the contact surface properties and sorbate solubility are the main
time increases and after some time adsorption rate reasons for functionality of pH. As it can be seen in Fig 3,
changes  more   slowly   and   ultimately  since    reaching pH= 5 is the optimum pH value in cephalosporins
equilibrium time it remained unmoving. Time 30 hr is sorption. Because of cephalosporins unsteadiness in
chosen as equilibrium time and other experiments were alkaline medium, there is a decrease in sorption as the pH
done at this time. As it is shown in Fig 2 q  for cephalexin increases and also reduction in adsorption is observe ine

and cefixime at 30 h is 1100 and 820 mg g , respectively. low pH values due to the presence of H  in solution.1

Effect of pH: pH is one of the most striking parameter on Effect of Temperature: The effect of temperature on the
adsorption process. H  competition with probable existing adsorption of cephalosporins on CNTs is shown in Fig 4.+

cations to occupy the active sites,  influence  on  sorbent As  it is vivid the sorption amount is not changing a lot as

Fig. 2: Effect of the contact time on the adsorption of
CNTs

0
1

CNTs 0
1

CNTs 0
1

+
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Table 2: Effect of initial sorbate concentration for the adsorption of cephalosporins on CNTs, Volume= 10 ml, m = 100 mg, pH = 5, Temperature= 25°CCNTs

Cephalexin Cefixime

------------------------------------------------------------------- -------------------------------------------------------------------------------------

C (mgl ) C (mgl ) q (mgg ) % C (mgl ) C (mgl ) q (mgg ) %0 e e 0 e e
1 1 1 1 1 1

200 51.28 14.87 74.36 200 41.84 15.82 79.08

250 78.23 17.18 68.71 250 64.83 18.52 74.07

500 168.40 33.16 66.32 500 185.75 41.43 62.85

Table 3: Effect of sample volume for the adsorption of cephalosporins on CNTs, C = 0.5 gl , m = 100 mg, pH = 5, Temperature= 25°C0 CNTs
1

Cephalexin Cefixime

---------------------------------------------------------------- --------------------------------------------------------------------------------------

V (ml) C (mgl ) q (mgg ) % V(ml) C (mgl ) q (mgg ) %e e e e
1 1 1 1

10 170.0 33.00 66.0 10 185.5 31.45 62.9

20 169.5 33.05 66.1 20 129.5 37.05 74.1

25 134.5 36.55 73.1 25 104.5 39.55 79.1

Table 4: Effect of sorbent initial dose for the adsorption of cephalosporins on CNTs, C = 0.5 gl , pH = 5, Temperature= 25°C0
-1

Cephalexin Cefixime

------------------------------------------------------------------- ---------------------------------------------------------------------------------------

C (mgl ) C (mgl ) q (mgg ) % C (mgl ) C (mgl ) q (mgg ) %CNTs e e CNTs e e
1 1 1 1 1 1

400 174.85 812.875 65.03 400 190.65 773.375 61.87

500 151.90 696.20 69.62 500 124.80 750.40 75.04

1000 131.75 325.15 73.65 1000 108.05 391.95 78.39

the temperature varies, although there is a slow reduction higher sorption efficiency, which may occur due to the
in sorption amount as the temperature goes up which can better distribution and contact of sorbate with sorbent in
be explained on account of Le chateliers’ principle, the solution.
because of the calefactive characteristic of adsorption
process. Effect of Sorbent Dose: Dependency of cephalosporins

Effect of Sorbate Initial Concentration: The dependence (400-1000 mgl ) is illustrated in Table 4. The examination
of cephalosporins removal from different initial of data reveals that sorption percentage increases with
concentration (200-500 mgl ) by CNTs is depicted in the concentration of CNTs in solution, but the specific1

Table 2. It is apparent that the sorption efficiency sorption decreases. This is expected because there are
decreases with increasing weight of antibiotics. In lower more accessible active sites for sorption of
concentration the fraction of the initial sorbate mole cephalosporins as the sorbent dose increases. The
number to the number of active sites is more than higher reduction in specific adsorption amount is due to the
concentration, whereas in higher concentration there is decrease in cephalosporins ratio to the sorbent and also
less active site on CNTs surface, of course the quantity of the competition for occupying the empty active sites.
active sites is constant, but there is no enough space for
large number of moles, so the removal percentage Adsorption Isotherms: As it was mentioned pervious, the
decreases. It is considerable that the sorption capacity is isotherms signify the relation between adsorption
increasing,  because  as  the  concentration  increase the capacity and concentration at equilibrium and also can
uptake rate increase as well. portray the sorption mechanism. Adsorption isotherms

Effect of Sample Volume: The effect of sample volume affinity and surface specifications of adsorbent to
(10-25 ml) was investigated and outcomes are recorded in sorbate. Langmuir and frendlich are two common
Table 3. The results reveal that for cephalexin and adsorption isotherms which are studied in this present
cefixime, water addition and diluting the sample, results in work.

sorption process from different initial CNTs concentration
1

are described by some constants which represent the
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Fig. 5: Langmuir   isotherm   curvespH   = 5, approved favorable adsorption process.
Temperature= 25°C

Fig. 6(a,b): Freundlich isotherm curves. (a) cephalexin implies that the first order kinetic model depict
and (b) cefixime. pH = 5, Temperature= 25°C cephalosporins sorption on CNTs appropriately.

Langmuir Isotherm: Experimental data have been fitted
by linear form of Langmuir isotherm (Eq. (4)). C /q  versuse e

C was plotted in Fig. 5 and q  and b recorded in Table. 5e m

were computed from slope and intercept of this figure.
The results yield good correlation coefficient, presented
an acceptable agreement between experimental data and
isotherm parameters and proved the monolayer
cephalosporin sorption process on CNTs. q , maximumm

antibiotic uptake, is found out as 2000 and 2500 mgg  for1

cephalexin and cefixime, respectively. R coefficient,l

calculated from Langmuir isotherm (Eq. (5)) is 0.53 and
0.69 (0‹ R  ‹1) for cephalexin and cefixime, respectively,l

Freundlich  Isotherm: Freundlich isotherm constants
were estimated from plotting log q  versus log C   givene e

as Fig. 6 and the values of k , n and R   are  shown inf
2

Table. 6. Comparison study between values of R2

achieved from Langmuir and freundlich isotherms show
that cephalexin adsorption comply better with Langmuir
isotherm and cefixime adsorption obey the freundlich
isotherm in a superior way.

Kinetics Study: To survey the sorption of
chephalosporins on CNTs experimental data were fitted to
first order and pseudo second order kinetics models.

First Order Kinetics Model: Cephalosporins adsorption
kinetic onto CNTs was tested with first order kinetic
model, by plotting ln (q -q ) versus t as shown in Fig. 7.e t

Calculated values of K , q  and R  are given in Table. 7.l e
2

The reckoned q  values reveal well-behaved agreemente

with experimental values with R  excelling 0.99, which2

Table 5 Langmuir constants for adsorption of cephalosporins on CNTs

Antibiotic b(l mg ) q (mg g ) R1 1 2
m

Cephalexin 0.000228 2000 0.8851
Cefixime 0.000109 2500 0.8707

Table 6 Freundlich constants for adsorption of cephalosporins on CNTs

Antibiotic n k Rf
2

Cephalexin 0.725 0.3242 0.838
Cefixime 1.345 1.5678 0.9448

Table 7 First order kinetic constants for the adsorption of cephalosporins on CNTs

antibiotic q (mgg ) k Re
1 2

cephalexin 1066.78 0.0011 0.9847
cefixime 780.86 0.0015 0.9894
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Table 8 Pseudo- second order kinetic constants for the adsorption of cephalosporins on CNTs

antibiotic q (mgg ) k Re
1 2

cephalexin 1250 0.000001140 0.8558
Cefixime 1250 0.000000813 0.8119

Fig. 7: First order kinetic plots for the adsorption of CONCLUSION
cephalosporins on CNTs. pH = 5, Temperature=
25°C In general, this work proved that MWCNTs can be

Fig. 8: Pseudo- second order kinetic plots for the appropriately to the Langmuir and freundlich
adsorption of cephalosporins on CNTs. pH = 5, isotherm models. By comparison of Langmuir
Temperature= 25°C constant, b, which shows the affinity between

Pseudo   Second   Order   Kinetics   Model:   Fig. 8 make stronger bond with CNTs. In the other hands,
exhibits the experimental data fitted with linear form of n, freundlich constant, is bigger for cefixime that
pseudo second order kinetic model (Eq. (10)), by plotting means sorption intensity in cefixime is more than
t/q versus t. slope and intercept were determined to cephalexin.e

provide the value of second pseudo order model The experimental data have been well fitted to
constants given in Table. 8. The conformance of kinetics models and they best fitted to first order
experimental data and pseudo second order kinetic model kinetic model.
was  declared  by  the  correlation  coefficient,  R , which2

is  equal  to  0.8558  and  0.8119 for cephalexin and ACKNOWLEDGMENT
cefixime,  respectively.  That  indicates  the  pseudo
second order model dose not depict the kinetic of This work was simultaneously supported by
cephalosporins adsorption as successfully as the first university of Isfahan and Farabi pharmaceutical company
order kinetic model does. and their support is gratefully acknowledged.

Desorption Studies: The loaded CNTs with cephalexin
and cefixime were renewed by the mixture of MeOH/water
(9:1) and tetra butyl ammonium hydroxide/ ACN (3:1) at
25°C and the desorption percentage for cephalexin and
cefixime is 94.37 and 91.22, respectively. Which means the
sorbent can be recovered and reused again.

The adsorption capability decreases in 5 cycles
27.52% and 30.49% for cephalexin and cefixime,
respectively. This indicates that CNTs can be reused for
some time but not many, because their capacity reduces
as it is regenerated.

efficient sorbent to remove cephalosporin antibiotics from
aqueous solution. The achieved outcomes may be useful
to develop more efficient waste water treatment plants.
The following results can be gotten from this study:

Results showed that temperature does not have any
special effect on sorption
 pH= 5,initial sorbent concentration and sample
volume have direct relation with sorption amount.
 Reverse connection is seen between sorbate dose
and sorption content. 
The experimental data have been agreed

antibiotics and active sites it is found that cephalexin



World Appl. Sci. J., 14 (11): 1642-1650, 2011

1649

REFERENCES 13. Kosutic, K., D. Dolar, et al., 2007. Removal of

1. Braschi, I., S. Blasioli, et al., 2009. Removal of
sulfonamide antibiotics from water: evidence of
adsorption into an organophilic zeolite Y by its
structural modifications. J. Hazardous Materials, ***-
***.

2. Andreozzi,   R.,   M.   Canterino,   et   al.,  2005.
Antibiotic  removal  from  wastewaters:  The
ozonation  of  amoxicillin.  J.  Hazardous  Materials,
123: 243-250.

3. Finch, R.G., 2003.  Antibiotic  and  chemotherapy:
anti-infective agents and their use in therapy,
Elsevier Health Sciences.

4. Urase, T. and T. Kikuta, 2005. Separate estimation of
adsorption and degradation of pharmaceutical
substances and estrogens in the activated sludge
process. Water Res., 39(7): 1289-1300.

5. Rivera-Utrilla, J., G. Prados-Joya, et al., 2009. Removal
of nitroimidazole antibiotics from aqueous solution
by adsorption/bioadsorption on activated carbon. J.
Hazardous Materials, 170(1): 298-305.

6. Xu, J., L. Wu, et al., 2009. Degradation and
adsorption of selected pharmaceuticals and personal
care products (PPCPs) in agricultural soils.
Chemosphere, 77: 1299-1305.

7. Balkaya, N. and H. Cesur, 2008. Adsorption of
cadmium from aqueous solution by phosphogypsum.
Chemical Engineering J., 140(1-3): 247-254.

8. Yu, T.H., A.Y.C. Lin, et al., 2009. Removal of
antibiotics and non-steroidal anti-inflammatory drugs
by extended sludge age biological process.
Chemosphere, 77(2): 175-181.

9. Kunin, R., S. Vetrano, et al., 1990. A novel approach
to the use of ion exchange and adsorption media for
the processing of pharmaceutical and biological
substances. Reactive Polymers, 13(3): 291-298.

10. Fotsing, L., M. Fillet, et al., 1999. Elimination of
adsorption effects in the analysis of water-soluble
vitamins  in  pharmaceutical  formulations by
capillary electrophoresis. J. Chromatography A,
853(1-2): 391-401.

11. Carlesi Jara, C., D. Fino, et al.. 2007. Electrochemical
removal of antibiotics from wastewaters. Applied
Catalysis B: Environmental, 70(1-4): 479-487.

12. Choi, K.J., H.J. Son, et al., 2007. Ionic treatment for
removal of sulfonamide and tetracycline classes of
antibiotic.   Science  of  the  Total  Environment,
387(1-3): 247-256.

antibiotics from a model wastewater by RO/NF
membranes. Separation and Purification Technol.,
53(3): 244-249.

14. Watkinson, A.J., E.J. Murby, et al., 2007. Removal of
antibiotics in conventional and advanced wastewater
treatment:  Implications   for   environmental
discharge and wastewater recycling. Water Res.,
41(18): 4164-4176.

15. Choi, K.J., S.G. Kim, et al., 2008. Removal of
antibiotics  by    coagulation    and   granular
activated carbon filtration. J. Hazardous Materials,
151(1): 38-43.

16. Yu, Z., S. Peldszus, et al., 2008. Adsorption
characteristics of selected pharmaceuticals and an
endocrine disrupting compound--Naproxen,
carbamazepine and nonylphenol--on activated
carbon. Water Res., 42(12): 2873-2882.

17. Ghauch, A., A. Tuqan, et al., 2009. Antibiotic removal
from water: elimination of amoxicillin and ampicillin by
microscale and nanoscale iron particles.
Environmental Pollution, 157(5): 1626-1635.

18. Redding, A.M.,  F.S.  Cannon,  et  al.,  2009. A
QSAR-like analysis of the adsorption of endocrine
disrupting compounds, pharmaceuticals and personal
care products on modified activated carbons. Water
Res., 43(15): 3849-3861.

19. Zimmermann, A., A. Millqvist-Fureby, et al., 2009.
Adsorption of pharmaceutical excipients onto
microcrystals of siramesine hydrochloride: Effects on
physicochemical properties. European J.
Pharmaceutics and Biopharmaceutics, 71(1): 109-116.

20. Niu, H., Y. Cai, et al., 2007. Evaluation of carbon
nanotubes as a solid-phase extraction adsorbent for
the extraction of cephalosporins antibiotics,
sulfonamides and phenolic compounds from aqueous
solution. Analytica Chimica acta, 594(1): 81-92.

21. Kim, S., T.W. Pechar, et al., 2006. Poly (imide
siloxane) and carbon nanotube mixed matrix
membranes   for   gas   separation.  Desalination,
192(1-3): 330-339.

22. Polizu, S., M. Maugey, et al., 2006. Nanoscale surface
of carbon nanotube fibers for medical applications:
Structure and chemistry revealed by TOF-SIMS
analysis. Applied Surface Sci., 252(19): 6750-6753.

23. Jeykumari, D.R. and S.S. Narayanan, 2008. Fabrication
of bienzyme nanobiocomposite electrode using
functionalized carbon nanotubes for biosensing
applications.   Biosensors  and  Bioelectronics,
23(11): 1686-1693.



World Appl. Sci. J., 14 (11): 1642-1650, 2011

1650

24. Manesh, K.M., H.T. Kim, et al., 2008. A novel 30. Roman, T., W.A. Diño, et al. 2006. Glycine adsorption
glucose biosensor based on immobilization of on single-walled carbon nanotubes. Thin Solid Films
glucose oxidase into multiwall carbon 509(1-2): 218-222.
nanotubes–polyelectrolyte-loaded electrospun 31. Xie, X., L. Gao, et al., 2007. Thermodynamic study on
nanofibrous membrane. Biosensors and aniline adsorption on chemical modified multi-walled
Bioelectronics, 23(6): 771-779. carbon nanotubes. Colloids and Surfaces A:

25. Singh, I., A.K. Rehni, et al.. XXXX. Carbon Physicochemical    and    Engineering   Aspects,
Nanotubes: Synthesis, Properties and Pharmaceutical 308(1-3): 54-59.
Applications. Fullerenes, Nanotubes and Carbon 32. Zhou, Q., J. Xiao, et al., 2007. Sensitive determination
Nanostructures, 17(4): 361-377. of  fungicides  and  prometryn  in environmental

26. Suarez, B., B. Santos, et al., 2007. Solid-phase water samples using multiwalled carbon nanotubes
extraction-capillary electrophoresis-mass solid-phase extraction cartridge. Analytica chimica
spectrometry for the determination of tetracyclines acta 602(2): 223-228. 
residues  in  surface water by using carbon 33. Semerjian, L., 2009. Equilibrium and kinetics of
nanotubes as sorbent material. J. Chromatography A, cadmium adsorption from aqueous solutions using
1175(1): 127-132. untreated Pinus halepensis sawdust. J. Hazardous

27. Cai, Y.Q., G.B. Jiang, et al., 2003. Multi-walled carbon Materials, 173(1-3): 236-242.
nanotubes packed cartridge for the solid-phase 34. Al-Anber, Z.A. and M.A.D. Matouq, 2008. Batch
extraction of several phthalate esters from water adsorption of cadmium ions from aqueous solution
samples  and  their determination by high by means of olive cake. J. Hazardous Materials,
performance liquid chromatography. Analytica 151(1): 194-201.
Chimica acta, 494(1-2): 149-156. 35. Fouladi Tajar, A., T. Kaghazchi, et al., 2009.

28. Cai, Y., S. Mou, et al., 2005. Multi-walled carbon Adsorption of cadmium from aqueous solutions on
nanotubes  as  a  solid-phase  extraction adsorbent sulfurized activated carbon prepared from nut shells.
for the determination of chlorophenols in J. Hazardous Materials, 165(1-3): 1159-1164.
environmental water samples. J. Chromatography A, 36. Wang, F., 2009. Adsorption behavior and mechanism
1081(2): 245-247. of cadmium on strong-acid cation exchange resin.

29. Fang, G.Z., J.X. He, et al., 2006. Multiwalled carbon Transactions of Nonferrous Metals Society of China
nanotubes  as  sorbent  for  on-line  coupling of 19(3): 740-744.
solid-phase extraction to high-performance liquid 37. Agrawal, A. and K.K. Sahu, 2006. Kinetic and
chromatography for simultaneous determination of 10 isotherm studies of cadmium adsorption on
sulfonamides in eggs and pork. J. Chromatography A manganese nodule residue. J. Hazardous Materials,
1127(1-2): 12-17. 137(2): 915-924.


