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This study describes equilibrium and kinetic sorption studies to remove the antibiotic drug Ciprofloxacin (CF) from aqueous
solutions using poly(acrylamide-co-itaconic acid) [poly(AAm-co-IA)] as polymeric cation exchanger sorbent material. The co-
polymeric sorbent was prepared by free radical induced aqueous polymerization and was characterized by FTIR spectroscopy and
TGA analysis. In addition, its physicochemical parameters were also determined. The various isotherm models, when applied to
equilibrium sorption data at 28◦C, followed the following order: Langmuir > Temkin > Freundlich, with the fair maximum sorption
capacity (Qo) of 178.5 mg g−1. The kinetic sorption data, obtained at 28◦C, was applied to kinetic models such as pseudo first order
equation, pseudo second order model and a simple Elovich model. Based on regression values , the order of fitness of these models
was pseudo second order > pseudo first order > simple Elovich model. The second order adsorption coefficients k2adswere found to
be 58 × 10−3, 52.7 × 10−3, 34.01×10−3 g/mg min for drug solutions with initial concentrations of 10, 20 and 30 mg L−1 respectively
The sorption mean free energy from the Dubinin–Raduschkevich (DR) isotherm was found to be nearly 8.839 kJ mol−1 indicating
an ion-exchange mechanism for drug uptake. The optimum pH value of sorbate solution for drug uptake was found to be around
6.0. Finally, the antibacterial action of drug was investigated and it was found that after adsorption there was a decrease in bacterial
growth inhibition efficiency of drug solution.

Keywords: Antibiotic drugs, Langmuir, adsorption, toxicity, ion-exchange resin

1 Introduction

Antibiotics are widely used in human and veterinary
medicines for therapeutic purpose. They are also largely
used in animal operations for growth promotions and for
disease prophylaxis (1). They are often partially metabo-
lized after administration and a significant portion of the
antibiotic can be excreted as the parent compound or in
conjugated forms that can be converted back to the par-
ent antibiotic. These residual antibiotics from human and
animal can enter the environment via various pathways,
such as wastewater effluent discharge, runoff from land to
which agricultural or human waste has been applied and
leaching. In fact, it is widely accepted that wastewater treat-
ment plants (WWTPS) are the main entry point of urban
antibiotics in the aquatic environment.

∗Address correspondence to S. K. Bajpai, Polymer Research Lab-
oratory, Department of Chemistry, Govt. Model Science College
(Autonomous), Jabalpur (M.P.) 482001, India. E-mail: polymer-
lab@rediffmail.com; sunil.mnlbpi@gmail.com

Recently, there has been growing concern on this poten-
tial water pollution problem caused by antibiotics. Differ-
ent from conventional pollutants, these materials which are
discharged daily, have high polarity and are easily soluble
in water. So there are greater chances of their accumula-
tion in aqueous environment such as sea, river, ponds etc.
and thus, their chronic influence over human beings are of
much concern (2, 3). In addition, their presence in water
may cause the death of micro-organisms which are effective
in wastewater treatment (3). A variety of antibiotics have
been detected in waste effluents and natural waters at ng/L
to low µg/L levels (4). Antibiotics can remain in the tissues
of animals, so that they can be considered as food pollu-
tants. It has been suggested that these compounds might
trigger allergic reactions on occasion, and contribute to
select for antibiotic-resistant bacteria in the human micro-
biota (5). In addition, antibiotics released to soils or waters
can modify the local environmental microbiota, producing
changes in their composition or activity that are not fully
understood. The alterations in the bacterial populations in-
clude selection of resistant mutants in susceptible species,
changes in the distribution of antibiotic resistance genes
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Fig. 1. Structures of monomers and drug.

present in gene-transfer units, and selection of resistant
species in such a way that overall composition of microbiota
is modified. For example, exposition to the ciprofloxacin of
salt marsh sediment microbial communities favors selec-
tion of sulphate-reducing and Gram-negative bacteria (6).
Apart from this consequence of antibiotic pollution, an-
tibiotics can also produce transient changes in the activity
of microbial populations that might be relevant for their
productivity even at their sub-inhibitory concentration. It
has been described that the pollution of manure with silfat-
diazine reduces microbial activity, mainly some processes
in nitrogen turnover, besides increasing resistance in soil
(7). Recently, Kummerer (8) has reviewed the effect of an-
tibiotics in the environment.

There are many methods that have been employed in
the recent past for the removal of antibiotics from water
sources which include use of nanofiltration membrane (9),
coagulation(10), membrane bioreactor (12), nanoscale iron
particles (13), activated carbon (14), bentonite clay (15),
polysaccharide (16) etc. In the recent past, a number of
polymeric sorbents have been employed for the purpose of
removing antibiotic drugs from aqueous solutions. For ex-
ample, Pisarev et al. (17) have studied sorption of antibiotic
erythromycin using a copolymer of methacrylic acid and
ethylene glycol dimethacrylate. Similarly a copolymer of
methacrylic acid and n-vinyl-2-pyrrolidone has been used
as an imprinting polymer for effective and selective removal
of antibiotic sulfamethoxazole (18). The removal efficiency
was found to be nearly 90%. Similarly, polyaniline has been
exploited for effective removal of diclofenac sodium from
aqueous solution (19). The overall sorption mechanism was
found to be diffusion controlled. Apart from synthetic poly-
mers, natural polymers like pectin have been used in the
form of beads to remove ciprofloxacin (20).

In the present work, we have made a fair attempt to use
copolymeric ion exchange sorbent for removal of antibiotic
drug Ciprofloxacin (CF) from aqueous solutions. The drug
Ciprofloxacin (Fig. 1) is a broad spectrum antibiotic that
is active against both Gram positive and Gram negative
bacteria (21). It destroys micro-organisms by interfering
with their DNA gyrase, a type II bacterial topoisomerase
necessary for DNA synthesis (22).

2 Experimental

2.1 Materials

Monomers acrylamide (AAm), and itaconic acid (IA),
crosslinker N,N′methylene bisacrylamide (MB) (Fig. 1)
and initiator potassium persulphate (KPS) were pur-
chased from Hi Media Chemicals, Mumbai, India ,and
were used as received except AAm which was recrystal-
lized in methanol to remove the inhibitor. The model
drug Ciprofloxacin (CF) (molecular weight 367.80, for-
mula C17H18FN3O3.HCl, Batch no.CFP-007),was ob-
tained from Karnataka Antibiotics Pharmaceuticals Lim-
ited (A Govt. of India Enterprise). The aqueous solution
of drug was used throughout the investigations.

2.2 Preparation of Poly(AAm-co-IA) Sorbent

The copolymeric sorbent was prepared by carrying out free-
radical induced aqueous polymerization of AAm and IA,
using MB as crosslinker and KPS as initiator (23). In brief,
211.1 mM of monomer AAm, 7.6 mM of IA, and 6.4 mM
of MB as crosslinker was dissolved in water and the final
volume was made up to 75 ml. Finally, 3.7 mM of KPS
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was added and the reaction mixture was put in an electric
oven (Tempstar, India) at 60◦C for a period of 2 h. The
copolymer formed was equilibrated in water for 48 h to
remove unreacted salts and then dried at 40◦C in a dust-free
chamber. Finally, the dried mass was ground and passed
through standard sieves to get particles with mean particle
size of 421µm.

2.3 Characterization of Sorbent

2.3.1. Physicochemical Parameters
The copolymeric sorbent was analyzed for measurement
of its physicochemical parameters. The method of deter-
mination was adopted from our previous report (24) using
n-heptane as a non-sorbent.

2.3.2. Thermogravimetric Analysis of Co-polymeric
Sorbent

The TGA was performed in Indian Institute of Technology,
Mumbai, India, using thermogravimetric analyzer (Perkin
Elmer Thermal Analyzer). About 12.0 mg of powdered
copolymeric sorbent was placed in ceramic crucible and
analyzed over the temperature range from 25◦C to 800◦C
at the rate 10◦C min−1under a dry flow of nitrogen at the
rate of 50 ml min−1.

2.3.3. FTIR Spectral Analysis
The FTIR (Fourier Transform Infrared) spectrum of co-
polymeric sorbent [poly(AAm-co-IA)] was recorded on
FTIR spectrophotometer (Shimadzu, 8400S) using KBr.

2.4 Adsorption Experiments

Sorption studies were carried out in thermostated water
bath shaker (Rivotek, India) at 28◦C, with a shaking speed
of 200 rpm using Erlenmeyer flasks of 100 ml capacity.
Batch experiments were performed by equilibrating 0.02
g of adsorbent with 50 ml of drug aqueous solution of
pre-determined concentrations. The required pH was ob-
tained by adding a few drops of 0.1 M HCl or 0.1 M
NaOH. The sorption system was agitated at 200 rpm for
a period of 1 h and was centrifuged and the supernatant
was analyzed spectrophotometrically (Systronics 2201-UV-
spectrophotometer) at 273 nm. The amounts of drug ad-
sorbed qe, in mg per g of sorbent and percent sorption were
determined using following equations (25).

qe = (Co − Ce) × V
W

(1)

and

% Removal = (Co − Ce)
Co

×100 (2)

Where Coand Ce are initial and final concentrations of
drug solutions (mg L−1), respectively; and V and W are
the volume of sorbate solution study (in liter) and the

amount of sorbent used (in g), respectively. The concen-
trations of drug in the solutions were estimated using
Lambert-Beers-Law plotted for drug solutions of known
concentrations.

All the experiments were carried out in triplicate and
average values have been reported in the data with standard
duration of 2%. In the experiments, where higher deviation
was observed, the data was discarded and a new experiment
was conducted.

2.5 Antibacterial Study

The effect of drug (CF) adsorption on its antibacterial ac-
tion was investigated on E. coli using a well method (26).
This is based on the principle that when the drug is placed
inside the well of a suitable nutrient agar medium inocu-
lated with test bacterium, there is radial diffusion of drug
outwards through the agar, thus creating an antibiotic con-
centration gradient. The concentration of drug is nearer the
well, and decreases on moving outwards. Finally, an inhi-
bition zone is produced around the antibiotic well, whose
width is a measure of susceptibility of pathogens.

For this nutrient, agar media was prepared and then ster-
ilized by autoclaving it in a conical flask for 30 min. With
this media, agar plates were prepared by transferring the
media to these sterilized Petri plates. After solidification
of the media, E. coli culture was spread on the solid sur-
face of the media and then wells of diameter 70 mm were
punched in. To this inoculated Petri dish, l00 µl of drug
solution was filled in the well and then incubated for 2 days
at 37◦C in the incubation chamber. The presence of inhi-
bition zones containing bacterial culture around the well
were observed. The diameters of each inhibition zone were
measured in mm.

3 Results and Discussion

3.1 Characterization of Sorbent

3.1.1. Physicochemical Parameters
Table 1 describes the physicochemical parameters of syn-
thesized copolymeric sorbent. Here, it is interesting to see
that, the % porosity is around 67% which suggests not only
the porous nature of the sorbent, but also the possibility of
occurrence of intraparticle diffusion phenomenon.

Table 1. Various physical parameters obtained for copolymeric
sorbent

S.No. Parameters Values

1. Pore volume 2.0 mL/g
2. Percent porosity 66.67 %
3. True density 1.0 mL/g
4. Bulk density 0.33 mL/g
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Fig. 2. Thermogravimetric analysis of co-polymer [poly(AAm-
co-IA)].

3.1.2. Thermogravimetric Analysis of Copolymeric Sorbent
The thermogravimetry analysis of copolymeric sorbent
poly(AAm-co-IA) was performed to investigate its thermal
stability. The results, as depicted in Figure 2 shows that the
initial decomposition temperature (Tid) is nearly 210◦C,
while the final decomposition temperature Tfd is approxi-
mately 570◦C. This suggests that the polymer is fairly stable
up to 200◦C.

3.1.3. FTIR Spectral Analysis
The FTIR spectra of plane copolymeric sorbent
[poly(acrylamide-co-itaconic acid)], as depicted in Figure 3,
clearly indicates a narrow band appeared at 3190 cm−1, due
to the overlapping of O-H and N-H stretching of acid and
amide, respectively. The symmetric and asymmetric >CH2
stretching of methylene occurs near 2930 and 2856 cm−1,
respectively. A prominent peak at 1650 cm−1corresponds to
>C=O stretching vibration of amide. Another band arising
for C-O stretching appears near about 1325 cm−1.

3.2 Effects of Sorbent/Sorbate Ratio (mg/mL) on Drug
Uptake

In order to optimize the sorption experimental conditions,
different quantities of sorbent were added to 50 ml of sor-
bate solutions with an initial concentration of 20 mg L−1, to
give a wide range of sorbent/sorbate ratio from 0.4 to 4.0.
The results, as depicted in Figure 4, clearly reveal that as
the value of sorbent/sorbate ratio increases, the amount of
drug adsorbed per gram of sorbent decreases. This may be
explained on the basis of the fact that initially the amount
of sorbent present in 50 ml of sorbate solution (say 20 mg
of sorbent in 50 ml of sorbate to give a ratio of 0.4) is more
than enough to cause an effective uptake of molecules to
yield a higher drug uptake of 15.5 mg g−1. However, as
the amount of sorbent is increased, the number of active

Fig. 3. FTIR spectral analysis of co-polymeric sorbent [poly(AAm-co-IA)].
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Fig. 4. Effect of solid/liquid ratio on the drug uptake.

sites available for sorption also increases, but there is not a
sufficient number of drug molecules available for sorption
on these new available sites. In other words, the amount
of sorbent is increased in a greater proportion, while drug
uptake increases slightly due to the unavailability of drug
molecules for accommodation at newly available sorption
sites. Therefore, the x/m value (i.e., drug adsorbed in mg
per g of sorbent) continues to decrease with an increase in
sorbent amount. Hence, in order to obtain maximum drug
uptake at the cost of a minimum quantity of polymeric
sorbent, a sorbent/sorbate ratio of 0.4 (i.e., 20 mg of sor-
bent in 50 ml of drug solution) was selected to carry out
adsorption experiments in the present study.

3.3 Effect of pH on Drug Sorption

pH of a sorption system plays a significant role in affect-
ing the extent of adsorption, particularly when both sor-
bent and sorbate molecules are ionic in nature (27). In
the present study, both poly(AAm-co-IA), the sorbent and
ciprofloxacin, the sorbate are ionic in nature and therefore,

0
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pH

%
 s

or
p

ti
on

Fig. 5. Effect of pH of the drug solutions on the amount of drug
sorbed.

pH of the sorption system was expected to play a significant
role in obtaining optimum drug adsorption. In order to in-
vestigate this, a drug solution of a known concentration
was prepared in the pH range of 2.0 to 10.0 and agitated
with a definite quantity of sorbent at 28◦C. The plot drawn
between percent sorption and corresponding pH of the so-
lutions has been depicted in Figure 5. It can clearly be seen
that percent drug uptake increases with pH of the solu-
tion and attains almost saturation value in the pH range of
6 to10. The observed findings may be explained as below.

When pH of the sorbate solution is 6.0, the copoly-
meric chains of sorbent particles remain in ionized state
due to complete ionization of –COOH groups of itaconic
acid present within the copolymeric network. Therefore,
ionized drug molecules present in sorbate solution under-
goes exchange with free H+ ions present within the sorbent
particles. Due to this ion-exchange process, ionized drug
molecules enter into polymer network of sorbent and bind
firmly with residual –COO− groups via electrostatic force
of attraction. In addition, the fully swollen network of sor-
bent particles also enhances the diffusion of drug ions into
network (28). As a result of these two factors, a maximum
uptake of nearly 81% is obtained. Here, it is also to be noted
that Ciprofloxacin is an antibiotic drug with pka values in
the range of 5.1 to 6.8 .Therefore, at the sorbate solution
pH of 6.0,it is almost in the ionized form (29) which also
favors its sorption through ion-exchange process. However,
when pH of the sorbate solution is below 6.0 the drug up-
take is also found to decrease. The reason is that as the pH
of the solution is 5.0, it is below the pK2 value of itaconic
acid (i.e., 5.44) (30) and hence, some carboxylic groups of
copolymeric sorbent become unionized thus causing a de-
crease in the extent of ion-exchange process; as a result,
drug uptake decreases. When pH of the sorbate solution is
further lowered to 3.0, it is just below the first pKavalue of
itaconic acid (i.e., 3.85) and therefore, all carboxylic groups
of itaconic acid, present within the copolymeric sorbent, re-
main unionized thus imparting almost neutral character to
the sorbent gel particles. As a result, ion exchange process
is now no longer operative and hence the extent of sorption
becomes quite low (i.e., nearly 35%). Finally, when pH of
the system is 2.0, almost minimum 8% drug sorption is ob-
served. This is due to the fact that, at an appreciably lower
pH, polymeric gel particles acquire a completely non-ionic
nature due to the presence of unionized carboxylic groups.
Now, these groups produce additional crosslinks via H-
bonding interactions (31) and hence, gel particles become
quite compact and remain nearly unswollen. In this con-
dition, the diffusion of drug molecules into gel particles is
almost restricted and hence, minimum drug adsorption is
observed. Thus, it can be seen that maximum drug sorp-
tion is observed at pH 6.0 of the sorption system. We also
increased the pH of the sorbate solution beyond 6.0, but
there was not any noticeable increase or decrease observed.
Hence, all the experiments were carried out at self pH which
was found to be nearly 6.2 to 6.6 in all the experiments.
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Fig. 6. Langmuir plot for the sorption of Ciprofloxacin onto
poly(AAm-co-IA) at 28◦C.

3.4 Equilibrium Sorption Studies

The study of equilibrium sorption is essential to design a
plant based on sorptive removal process (32). The sorption
equilibrium indicates how the sorbate molecules distribute
themselves between the liquid phase (solution) and the solid
phase (sorbent) at the equilibrium state (33). In order to de-
scribe sorption equilibrium data of CF on copolymeric sor-
bent, Langmuir, Freundlich and Temkin isotherm models
were used which may described as below.

Langmuir model (34) assumes monolayer coverage of
sorbate over a homogeneous sorbent surface and is given
as:

1
qe

= 1
Qo

+ 1
Qob

.
1

Ce
(3)

Where Qo(mg g−1)is the maximum sorption capacity cor-
responding to complete monolayer coverage on the sorbent
surface and b (L mg−1) is the Langmuir constant related to
the heat of sorption.

Freundlich isotherm (35) assumes that the adsorption
process takes place on a heterogeneous surface and is given
as:

log qe = 1
n

log Ce + log KF (4)

Where KF (mg/g (L/mg)1/n) is Freundlich constant related
to sorption capacity and n refers to sorption intensity.

Finally, Temkin isotherm (36) considers the effects of
some indirect sorbent/sorbate interactions on the uptake
process and is given as:

qe = RT
bT

.lnAT + RT
bT

lnCe (5)

Where ATand bT are Temkin constants.
Figures 6–8 show Langmuir, Freundlich and Temkin

isotherms respectively, drawn using the equilibrium uptake
data obtained with initial concentrations of drug solutions
in the range of 10 to 70 mg L−1 at 28◦C. It was found that all
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Fig. 7. Freundlich plot for the sorption of Ciprofloxacin onto
co-polymeric sorbent at 28◦C..

the three isotherm models fitted well on uptake data and,
based on their regression values, the order of fitness was
Langmuir > Freundlich > Temkin. The various isotherms
parameters have been given in Table 2. It is clear that a fair
maximum sorption capacity value of 178.5 mg g−1 (i.e. Qo)
is obtained at 28◦C, which indicates high removal efficiency
of the copolymeric ion-exchanger.

Finally, in order to investigate the mode of uptake pro-
cess i.e., whether physical or chemical sorption, the equi-
librium sorption data was also applied to the Dubinin-
Radushkevich (D-R) isotherm model, this is given as (37):

Cad = Cm.exp ( − Bε2) (6)

Where Cadis the amount of sorbate adsorbed in moles g−1,
Cmis the maximum amount of drug that could be adsorbed
on copolymeric sorbent under the optimized experimental
conditions, B is a constant with a dimension of energy, and
Polyanyi potential, ε = RT ln(1 + 1/Ce), where R is the gas
constant in kJ mol−1K−1, T is the absolute temperature
in K and, Ceis the equilibrium concentration (mol L−1) of
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Fig. 8. Temkin plot for drug uptake onto co-polymeric sorbent at
28◦C.
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Table 2. Parameters for various isotherms obtained using equilibrium sorption data at 28◦C

Langmuir Isotherm Freundlich Isotherm Temkin Isotherm

Qo (mg g−1) b (L mg−1) R2 n KF (mg/g)(L/mg)1/n R2 aT bT R2

178.57 6 × 10−3 0.9945 1.15 1.351 0.9827 0.3943 315.37 0.9927

drug solution .The linearized form may be written as:

ln Cad = ln Cm − Bε2 (7)

When ln Cad was plotted against ε2, a linear plot was ob-
served (Fig. 9) with a fairly high regression value of 0.9917.
The computed value of B from the slope of straight line
was found to be 6.4 × 10−3 kJ mol−2. From the calculated
value of B, the mean sorption energy was computed as:

E = 1√−2B
(8)

Which is the free energy transfer of one mole of solute from
infinity to the surface of sorbent. The numerical value of
B, as evaluated using Equation 8, was 8.839 kJ mol−1which
lies just within the prescribed range of 8–16 kJ mol−1 for
ion-exchange. In this way, it may be concluded that sorption
of the drug is mainly governed by an ion-exchange process
as also predicted in a previous section while discussing pH
effect.

3.5 Dynamic Sorption Studies

The effect of contact time on drug sorption was studied for
sorbate solutions with initial concentrations of 10, 20 and
30 mg L−1 at 28◦C.The results, as depicted in the Figure
10, shows that the amount of drug sorbed per unit mass of
sorbent increases with the increase in initial concentration.
The amounts of drug sorbed at equilibrium were found
to be 7.75, 18.21 and 24.17 mg g−1 for the sorbate solu-
tions with initial concentrations of 10, 20 and 30 mg L−1,

-12

-11

-10

-9

600 650 700 750 800 850 900

ε2

ln
 C

ad

Fig. 9. Dubinin-Radushkevich isotherm for sorption of drug onto
sorbent at 28◦C.

respectively. In fact, the initial concentration provides an
important driving force to overcome all mass transfer re-
sistances of the drug between the aqueous and solid phases
(38). Hence, a higher initial concentration of CF will en-
hance the adsorption process. Figure 10 also shows that
rapid sorption of drug takes place in the first five minutes
and thereafter, the drug uptake becomes quite slow and
finally reaches equilibrium.

3.6 Sorption Kinetic Models

The most commonly used kinetic models, namely pseudo
first order and pseudo second order, were employed to make
quantitative interpretation of the kinetic data displayed in
Figure 10.

A simple pseudo first order kinetic model (39) is given
as:

log(qe − qt) = logqe − kads

2.303
t (9)

Where qt(mg g−1) is the amount of drug sorbed on the
surface of copolymeric sorbent at time t and kads (min−1) is
the equilibrium rate constant of pseudo first order sorption.
Utilizing the uptake data, displayed in Figure10, we plotted
graphs between log (qe–qt) and t, which were found to be
almost linear, as depicted in Figure 11, however, with poor
regression. In addition to pseudo first order, use of pseudo
second order is also very common. There are four types of
linear pseudo second order kinetic models (40), of which
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Fig. 10. Kinetics of adsorption of drug onto copolymeric sorbent
at 28◦C.
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Table 3. Parameters for pseudo first and pseudo second order kinetic models obtained using uptake data at 28◦C

Pseudo first order Pseudo second order

Conc. (mg/L) R2 kads (min−1) qe (mg/g) R2 kads (min−1 mg−1g) qe (mg/g) qexp (mg/g)

10 0.9601 45.0 × 10−3 4.764 0.9926 58 × 10−3 7.99 7.75
20 0.9000 70.9 × 10−3 6.358 0.9949 52.7 × 10−3 18.11 18.21
30 0.9614 45.83 × 10−3 12.891 0.9945 34.0 × 10−3 24.39 24.17

most popular linear form is:

t
qt

= 1
K2ads

q2
e + 1

qe
t (10)

Where qe is the amount of drug sorbed at equilibrium,
k2ads is second order rate constant (g/mg min). The kinetic
drug uptake data, when applied on the above Equation 10,
yielded linear plots between t/qt and t with fairly higher
regression of 0.9926, 0.9949 and 0.9945 with solutions of
concentrations 10, 20 and 30 mg L−1, respectively (Fig.
12). Now, using slopes and intercepts of these linear plots,
obtained for pseudo first order and second order kinetic
models, adsorption rate constants and equilibrium drug
uptake were evaluated and are given in the Table 3. It can
be seen that regression values, obtained for pseudo second
order kinetic plots are much higher than those obtained
for first order kinetic plots. In addition, it is also clear from
Table 3 that the amounts of drug sorbed at equilibrium
(i.e., qe) evaluated using those pseudo second order kinetic
model are very close to the experimental values of qe. In this
way, it may be concluded that pseudo second order kinetic
model describes the kinetic uptake data most successfully.
Here, it is also worth mentioning that we also applied a
simple Elovich model (41) on uptake data but the regression
was quite poor.
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Fig. 11. Pseudo first order kinetic plots for sorption of
Ciprofloxacin onto copolymeric sorbent at 28◦C.

3.7 Macro and Micro-pore Diffusion

The uptake mechanism of a sorbate onto the sorbent fol-
lows three steps viz. film diffusion, pore diffusion and in-
traparticle transport (42). The slowest of the three steps
controls the overall rate of the sorption process. Gener-
ally, pore diffusion and intraparticle diffusion are often
rate limiting in a batch reactor (26). The adsorption rate
parameter which controls the batch process for most of the
contact time is the intraparticle diffusion. The possibility of
intraparticle diffusion resistance affecting adsorption was
explored by using the intraparticle diffusion model, given
as (43):

qt = kidt1/2 + I (11)

Where kid(mg g−1 min−1/2) is the intraparticle diffusion
rate constant and I is the intercept of plot of qt vs. t1/2.
If this linear plot passes through origin. then intraparticle
diffusion is the rate controlling step. In case the straight
line does not pass through origin, it indicates that there is
difference between the rate of mass transfer in the initial
and final steps of adsorption, and some other mechanism
along with intraparticle diffusion is also involved (44). To
investigate this, qt vs. t1/2 plots were obtained for dynamic
uptake of drug from solutions with initial concentrations
of 10, 20 and 30 mg L−1. The results, as shown in the
Figure 13, indicate that plots are non-linear in the initial
stage, then possess linearity and do not pass through origin.
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Fig. 12. Pseudo second order kinetic plot for sorption of drug
Ciprofloxacin onto copolymeric sorbent at 28◦C.
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Fig. 13. qt vs. t1/2plots for calculation of rate constant for intra-
particle diffusion.

The values of intraparticle diffusion rate constants kid, as
determined using slopes of the linear plot of later portions
of curves were found to be 99.7 × 10−2, 143.0 × 10−2 and
216.4 × 10−2 mg g−1 min−1/2, respectively. In addition, the
intercepts of linear plots are 1.9, 6.1 and 13.6, respectively
which represent boundary layer thickness. Therefore, it may
be concluded that with an increase in initial concentrations
of sorbate solutions, the corresponding values of kid and
boundary layer thickness increase.

3.8 Regeneration Study

The industrial applications of sorbent depend upon its cost-
effectiveness, which in turn depends upon its reusability. In
order to investigate the regenerating tendency of present
copolymeric sorbent, the sorbent was put in 50 ml drug so-
lution to attain equilibrium sorption and the drug loaded
sorbent was now placed in a KCl solution of 1M con-
centration, for desorption. It was found that nearly 83%
amount of drug was desorbed which could be attributed to
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Fig. 14. Effect of presence of Cu(II) ions on drug uptake.

the fact that ionized drug molecules present within the sor-
bent induced ion-exchange process with external K+ions,
thus resulting in a higher degree of desorption. However,
when the regenerated sorbent was again put in drug solu-
tion for sorption study, it was found that the amount of
drug adsorbed per gm of sorbent was nearly 30% of the
initial sorption. This indicated that although the sorbent
was regenerated, it could not be very effective in readsorp-
tion of the drug. A possible explanation for poor uptake
efficiency of regenerated sorbent may be that the K+ions
present at sorption sites within the sorbent may have poor
exchangeability with external drug molecules. This resulted
in poor drug uptake.

3.9 Effect of Cu-ions on Drug Uptake

The presence of other toxic metal ions, if present in the
drug solution, is expected to influence the drug uptake. To
investigate this, the drug uptake was studied in the pres-
ence of Cu(II) ions with their concentrations in the range
of 1.0 to 10.0 mg L−1at 28◦C. The results obtained were
just opposite to expectations and have been well depicted
in the Figure 14. It is clear that the presence of Cu(II) ions
enhances the drug uptake, which later attains almost sat-
uration value of 60 mg/g. The observed findings may be
explained as below.

When Cu(II) ions are present in the sorption system,
they compete with drug molecules and are preferably co-
ordinated with –NH2 groups of poly acrylamide chains. In
this way, Cu(II) binds with two –NH2 groups belonging to
two opposite polymeric chains as shown in Figure 15. As
two residual valencies of Cu(II) are still unoccupied, they
might be occupied by drug molecules. In addition, drug

Fig. 15. Scheme showing availability of binding sites for drug ions
onto coordinated copper.
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Fig. 16. Antibacterial Study: zone of inhibition in the petridishes supplemented with (a) original drug solution and (b) drug solution
left after adsorption.

is also adsorbed. Hence ion-exchange between counter H+
ions of itaconic acid moieties of copolymer chains and drug
positive ions present in the external solution, and overall
affects the presence of Cu(II) ions which results in higher
drug uptake.

3.10 Antibacterial Study

The major disadvantage of presence of drugs in aquatic
system is that they kill micro-organisms like bacteria, fungi
which take up toxic metal ions and thus help to protect the
aquatic environment. So, the presence of drugs increases
the metal ion toxicity by reducing the micro-organisms.
Figure 16(a) shows the growth of bacteria in Petri dishes,
supplemented with a drug solution of concentration 3.0
mg L−1 and Figure 16(b) that contains drug solution left
after adsorption. It is clear that the Petri dish containing
the original drug solution shows greater inhibitory action
of drug. Whereas, there is a larger population of colonies
in the Petri dish containing drug solution which remained
after adsorption.

4 Conclusions

From the above study, it may be concluded that
poly(AAm-co-IA) is a potential sorbent for the removal
of Ciprofloxacin from aqueous solution. The sorption pro-
cess is best described by the Langmuir isotherm model and
the ion-exchange appears to be the key factor to govern the
uptake process. Although the proposed sorbent appears to

exhibit fair removal efficiency from aqueous drug solution,
but its potential needs to be tested with municipal wastewa-
ter which has a very complex composition, depending upon
waste origin and treatment efficiency (45). For example,
Bodkhe (46) has reported that municipal water in some
cities in India, contains total sulfide (2 to 6 ml−1), oil and
grease (15 to 20 mg ml−1), phenols (30 to 40 mg ml−1), alka-
linity as CaCO3 (230 to 300 mg ml−1), and phosphorus (25
to 50 mg ml−1). Therefore, it is required to test removal ef-
ficiency of polymeric sorbent with municipal water as well.
The co-polymeric sorbent can be regenerated, although it
has poor reusability.
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