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Introduction
Pharmaceuticals are diverse groups of compounds including 

disinfectants, diagnostics, personal care products and pharmaceutical 
drugs, administered to prevent, cure and treat diseases and improve 
health. Tetracyclines are large group of compounds that are derivatives 
of polycyclic compound napthacene carboxamine, including 
Tetracycline, Chlortetracycline, Metacycline, etc. Tetracycline is 
selected in this study because of its frequent prescription and use as 
an antibiotic by humans and in veterinary medicine for combating 
parasites and treatment of bacterial transmitted diseases, in husbandry 
for the acceleration of poultry, swine and cattle production, and in 
crop production against fungal growth in fruit trees.1 Often partially 
metabolized and adsorbed in the system, a significant portion of the 
antibiotic is excreted either as conjugates or as the parent compound 
into the environment (excretion of unmetabolized TCs ranged 
between 70-90%.2,3 Also, unused leftover pharmaceuticals are usually 
disposed casually to sewage or trash bins.4 Thus, body metabolisation 
and excretion, followed by wastewater treatment plants (WWTs) are 
considered as the major routes of pharmaceuticals to the environment. 
WWTs are not designed for the removal of these micro pollutants, 
and are thus released into the environment together with treated 
wastewater leading to the contamination of receiving water bodies or 
soil.5,6 In the environment, they produce very subtle effects on aquatic 
and terrestrial organisms; development of drug resistant species, 
endocrine disruption in living tissues, irreversible changes.1 Several 
toxicological reports have indicated the occurrence and distribution of 
pharmaceuticals in the sludges and treated water from WWTs (Hirsch 
et al., 1999), thus indicating the inability and inefficiency of the WWT 
plants to remove pharmaceuticals from wastewater.7,8 Documentations 
have reported cases of pharmaceuticals in wastewater treatment plants 
in North America,9Japan,10 Canada11 and some European countries.6 
Consequently, several advanced technologies are being investigated 
as tertiary treatment options to enhance the efficiency of the WWT 
plants, including membrane filtration and advance oxidation at bench, 
pilot and full scale.6,12–14 However, these options are been hampered by 

high cost. Adsorptive treatments have being considered as a suitable 
appropriate technological option for the removal of pollutants from 
aqueous system due to its simplicity of operation, and availability 
of cheap, non- toxic and huge amount potential sorbents. These 
include clay minerals and soils, chitosan, zeolites, carbon nanotubes, 
waste materials from industry and agriculture,15–20 activated carbon. 
Biopolymers with high molecular weight compounds in particular 
polysaccharides such as chitin and its deactivated-derivative, chitosan 
are highly assessed as biosorbent in wastewater treatment. They 
possess properties such as biocompatibility, biodegradability, non – 
toxic and excellent adsorption properties.21 Low- cost, availability and 
a structure containing many reactive sites, chitosan provides excellent 
chelating materials for pollutants. It has drawn particular attention 
as an effective biosorbent due to its low cost compared to activated 
carbon and its high contents of amino and hydroxyl functional groups 
showing high adsorption potential for various organic pollutants.22 It 
is seen as an attractive alternative to other biomaterials because of its 
physico-chemical characteristics, chemical stability, high reactivity 
and selectivity towards varied pollutants.

This paper reports the synthesis, characterization and evaluation 
of a chemically-modified chitosan flakes obtained from chitin for 
biosorptive treatment of tetracycline contaminated wastewater. 
Modification of adsorbents (physical or chemical) are usually 
carried out to enhance the adsorption capacity of the materials either 
by increasing pore size, porosity, specific surface area, insertion 
of substituents, decrease/ increase of solubility etc. In this study, 
chitosan samples obtained via deacetylation of chitin was modified 
thus: To the chitosan flakes, glutaldehyde was added as crosslinker 
to enhance its stability in acidic medium; powered gastropod shell 
was added as a pore-forming agent to increase the porosity of the 
adsorbent formed, thereby increasing the surface area and diffusion 
coefficient for mass transfer;23 magnetic- inducing particles were 
added for ease of separation from the aqueous system. The kinetic 
and isotherms parameters from the time – concentration and sorption 
studies are also reported.
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Abstract

Tetracyclines are frequently used antibiotics for growth promotion and therapeutic 
pharmaceuticals both by humans and animal husbandry, and commonly encountered in 
municipal wastewater treatment plants and in the environment in their active form. This 
implies their continuous release into the environment may facilitate toxic effects both 
on humans and the environment including development of resistance strains, among 
others. This research was focused on the synthesis, characterisation and assessment 
of a tailor- made adsorbent: modified chitosan flakes, using several materials for the 
modification of chitosan to enhance its sorption properties thereby facilitating a higher 
percentage of TC removal from a synthetic pharmaceutical wastewater. TC adsorption 
onto the modified chitosan flakes was relatively fast (equilibrium time = 2h). Sorption 
studies revealed that TC removal by the adsorbent followed pseudo second order 
kinetics and Freundlich isotherm models. At higher TC input concentration, the 
amount of TC removed was also higher, this implied the sorption was concentration 
dependent. Insight into mechanism of sorption revealed cation exchange was an active 
means of interaction between the adsorbate and adsorbents moieties.
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Materials and methods
Materials

Powdery form of shells of the African land snail (Achatina 
achatina) was used as the pore- forming agent, whose preparation 
and characterisation has been well described and reported.24,25 Shells 
of prawns purchased from Malaysia were used to prepare chitosan 
samples (Figure 1). The deacetylation of the prawn shells was 
achieved by heating it with 80% NaOH solution of ratio 1:14 (w/v) 
for 6 h with intermittent stirring for homogenous reaction (Figure 2). 
The resulting chitosan was washed to neutrality using distilled water, 
filtered and air-dried. The chitosan sample prepared was tested by 
dissolving it in 1% acetic acid. The TC hydrochloride (Figure 1) was 
purchased from a registered pharmacy and was used as the source 
of TC without further treatment. Preparation of the magnetite was 
carried out by adopting a modified Massart method.26,27 To a well-
mixed solution containing 250ml of 0.2M FeCl3 and 250ml of 1.2M 
FeSO4, was added with vigorous stirring, 1.5M NH4OH solution. 

The resulting black precipitate was left for 30mins under magnetic 
stirring to crystallize, then filtered and washed with deoxygenated 
water until neutral pH and separated under magnetic decantation and 
dried in the oven. The prepared sample (magnetite) was tested with a 
magnetic bar to confirm its magnetic properties. The preparation of 
the Modified Chitosan Flakes (MCF) was carried out thus: To a 50mL 
of 25% aqueous acetic acid, 1g of chitosan was added and vigorously 
stirred. To a known amount of magnetite and snail shell powder, 25% 
glutaraldehyde solution was added in a round bottom flask followed 
by vigorous stirring. The mixture was then placed in a water bath 
and heated for 2h at 50°C. The chitosan solution and contents of the 
flask were mixed and stirred until a homogenous solution ensued. 
The resulting solution was then heated at 70°C for 6 h, producing a 
gelatinous precipitate. The gel produced was washed several times 
with 0.5M NaOH solution and distilled water and dried at 70°C for 
8h. The dried gel was grinded and sieved, soaked in 0.5M HCl to 
dissolve the snail shell, (whereby bubbles of CO2 were released to 
create pores in the adsorbent). The adsorbent produced was washed 
thoroughly with deionized water, dried in the oven and stored. 

Figure 1 Structure of Tetracycline Hydrochloride.

Figure 2 Preparation of Chitosan from Chitin, A Schematic Diagram.

Characterisation

The functional groups present on the surface of the chitosan flakes 
(CF) and Modified chitosan Flakes (MCF) samples were examined 
using Fourier Transform infrared spectrophotometer (FTIR). The 
porosity (ɛ) of the materials was determined using the method 
described by Chatterjee et al.28 1 g of sample was placed in a beaker 
containing 100mL of distilled water and allowed to stay for 24 h. The 
weight of the wet sample was determined after 24h and then dried to 
constant weight to determine the dried weight. The porosity (ɛ) of the 
material was determined using:
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Where, WW (g) is the weight of the wet sample before drying; WD 
(g) is the weight of the sample after drying; pw is the density of water 
and ρmat is the density of sample, (g/cm3). The degree of deacetylation 
of the prepared chitosan samples was calculated by:
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Where, DD is deacetylation degree, A1660cm
-1 and A3450cm

-1 are 
absolute heights of absorption band of amide and hydroxyl groups. 
The degree of swelling of the sample in distilled water was determined 
by monitoring the weight gain of the sample in the water. The dry 
sample was immersed in distilled water for 24h at room temperature. 
The degree of swelling (Sw) was calculated as follows:
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Where, W and W0 denote the weight of material with absorbed 
water and the dry material respectively. Moisture content of the 
prepared chitosan sample was determined using gravimetric method, 
by drying the sample to constant weight and measuring the weight of 
sample before and after drying. The difference in the weights gives 
the moisture content by: 

 ( )
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Ash content of chitosan samples was determined thus: 2 g of CF 
sample was placed into a previously heated and cooled crucible and 
heated in a muffle furnace preheated to 650°C for 4h. The crucible 
was allowed to cool in the furnace to less than 200°C and then placed 
in a desiccator. Ash content in the CF sample was determined by:
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The water-binding capacity (WBC) and fat- binding capacity 
(FBC) of the prepared chitosan flakes were assessed using a modified 
procedure described by Wang & Kinsella29 thus: 10ml of water 
or soybean oil was added to 0.5g of chitosan flakes contained in a 
weighed 50ml centrifuge bottle and mixed on a vortex mixer for 1min 
to disperse the sample. The contents were left for 30min with shaking 
for 5s every 10mins, followed by centrifuging at 3200rpm for 25min. 
The supernatant was decanted while the tube with the residue weighed 
again. The WBC or WFC is calculated from the difference in weight. 
The chemical stability test was carried out in an acidic medium using 
the procedure described by Khoo & Ting.30 The specific surface 
areas of the CF and the MCF samples were determined using a 
modified method of measuring specific surface based on the theory 
of the single-layer molecular absorption of methylene blue on a solid 
surface. Multiplying the value of the saturation adsorption capacity 
(qm) derived from a linear plot of the Langmuir equilibrium isotherm 
equation (see eqn 10) by 2.45 gives the specific surface area of the 
sample.31

Sorption studies

A stock solution of TC (2000mg/L) was prepared with laboratory 
grade water and working solutions of different TC concentrations 
(25-300mg/L) were prepared from the stock by serial dilution. The 
equilibrium isotherm analysis of the sorption process was assessed by 
contacting 50mL of TC solution of known concentration (25-300 mg/L) 
with 0.1g of MCF and agitated at 200rpm in a thermostatic shaker 
for 2h. Samples were then withdrawn and the sorbent was separated 
from the reacting mixture with an external magnetic bar. Residual 
TC in the supernatant was determined using a UV-spectrophotometer 
at a wavelength of 276nm. All of the concentrations considered in 
this work resulted in absorbance values that were <2 and followed 
Lambert–Beer’s law. The kinetic studies of the sorption of TC by 
MCF was evaluated by contacting 2g of MCF with 1L TC solution 
of varying concentrations (25- 200mg/L). Samples were withdrawn at 
intervals between 0 and 4 h of sorption. The amount of TC adsorbed 
per unit mass of MCF at equilibrium, (qe (mg/g)) was calculated by 
using the mass balance equation (Figure 3):
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Where, co and ce (mg/g) are the liquid-phase concentrations of TC 
at initial and final equilibrium, respectively, v and w are volume (ml) 
of adsorbate and amount (g) of adsorbent used respectively. The TC 
removal percentage was calculated as follows:
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Figure 3 Structure of Chitosan cross-linked with Glutaldehyde.

Results and discussion
The results of the physicochemical properties of the prepared 

chitosan flakes given in Table 1 revealed that the chitosan samples 
prepared from the chitin confirmed to that in reported data.32,33 The 
prepared CF samples have low ash content of 1.19%, an indication of 
an effective demineralization step for removal of mineral materials. 
Commercial chitosan has been reported to have ash content of 
1.18%.29,33 Hossein et al.,33 reported that the moisture content of 
chitosan from prawn is in the range of 1.0-1.30%, that obtained from 
this study was 1.26. The degree of deacetylation (DD) calculated by 
using Egn. 2 and FTIR analysis, (Figure 4) was 80%. The value of 
DD is usually affected by the source and preparation procedure and 
usually ranges between 30–95%.34 The degree of deacetylation of 
chitin affects the solubility, chemical reactivity and biodegradability 
of the chitosan obtained from the chitin.

The effect of the addition of the snail shell, the pore forming agent 
to the chitosan flakes was seen in the increase in the porosity from 
21.34% for CF to 44.26% for MCF when soaked in dilute HCl as was 
also observed in the specific surface area which was 47.95m2/g for 
MCF and 23.98m2/g for CF. Results obtained on the chemical stability 
of the two samples (CF and MCF) indicated a complete dissolution 
(instability) for CF. MCF, whereas was stable in the acidic medium, 
however, there was a minimal loss in weight (8%). This stability of the 
MCF in the acidic medium is attributed to the crosslinks inserted in 
the chitosan structure, which hindered its dissolution in acidic media. 
While, the loss observed in weight of the MFC in acidic medium 
could be as a result of the migration of some of its constituents into 
the acidic medium. The results obtained for the degree of swelling for 
the two samples indicated that the degree of swelling in the MCF was 
higher (1.83) than that of the CF (0.82). The higher degree of swelling 
of the MCF is also attributed to the increase in its porosity, which 
promotes fluid transfer and the movement of water into it. 

The FTIR spectra of the prepared chitosan sample (Figure 4) 
gave characteristics bands at 3404.37cm-1 attributed to -NH2 and 
-OH groups stretching vibration while the band at 1656.91cm-1 was 
attributed to the stretching vibrations of amide group carbonyl bonds 
in the infrared spectrum of chitosan.28 The characteristic carbonyl 
stretching of chitosan was observed at 1755.28cm-1. Chitosan 
absorption peak corresponding to the amine groups were observed at 
1558.54cm-1.28,35 Other notable peaks characteristics of chitosan C-H 
bonds were observed at 2922cm-1, 2877cm-1.36 Significant differences 
were detected in the spectra of the modified chitosan flakes MCF 
(Figure 4) in comparison to that of CF. New peaks were detected 
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in the infrared spectra of the MRC that were not in that of the CF 
sample. Vibration peaks detected at 2856.67 and 1635.69cm-1 were 
attributed to the C–H stretching of the secondary alcoholic groups 
and C=N stretching of the imine groups, respectively. This suggested 
the cross-linkage formed between the amine groups in the chitosan 
and the glutaldehyde (Figure 3).37 Also, the intensity as well as the 

positions of the peaks that were detected in the spectra of CF samples 
was reduced significantly in the spectra of the MCF. The characteristic 
absorption band of the –NH2 and –OH groups at 3404.47 in CF were 
shifted to 3441.12 in the MCF. The peak at 1712.85cm-1 was ascribed 
to the presence of free aldehyde group, which did not react with amino 
groups in the raw chitosan.

Figure 4 (a) FTIR Spectra of CF Samples, (b) FTIR Spectra of MCF Samples.

Table 1 Physicochemical Properties of Chitosan Flakes (CF) Samples

Moisture (%) Ash (%) DD (%) M.Wt (g/mol) Solubility WBC (%) FBC (%)

1.26 1.19 80 105 1% Acetic acid 670 420

TC sorption kinetics

The results of TC sorption by MFC conducted at varying initial 
TC concentrations (25-300mg/l) for 4h revealed that TC removal by 
MCF occurred gradually until 2h before equilibrium was attained for 
all initial TC concentrations studied. To derive the sorption kinetic 
parameters, the experimental data of the time - concentration profiles 
were tested with different kinetic models. The pseudo second order 
kinetic model that describes a chemical sorption and cation exchange 
reaction mechanism of pollutants adsorption from aqueous system38 
fitted the experimental data best among the kinetic models used with 
R2 values > 0.99. The non – linear rate law of the pseudo second order 
kinetic model is given as: 
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Where, k is the rate constants of pseudo-second order of adsorption 

((g/mg) /h), qe (mg/g) is the amount sorbed at equilibrium on the 
surface of the MCF. The linear form of Eqn. (8) is
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2   kq e is the initial sorption rate (mg/g h), is represented by h in 
Table 2. The values of the pseudo second order parameters (Table 
2) obtained when the kinetic parameters were fitted into Eqn. (9), 
showed that the amount of TC sorbed by the MCF (qe) increased with 
an increase in initial TC concentration. The value of qe increased from 
4.460 to 16.340mg/g as the TC initial concentration was increased 
from 25 to 300mg/L. Ho & McKay39 opined that for a sorbate uptake 
that is chemically rate controlled, the value of k will depend on the 
concentration of the ions in solution. This statement was depicted in 
this study. The value of k decreased from 0.077 to 0.044g/mg h as 
the initial TC concentration was increased from 25 to 300mg/L. The 
values obtained for h also increases from 1.532 to 11.748mg/g h, these 
high values indicated that the MCF is a good adsorbent for TC.40,41

TC sorption isotherm

The adsorption isotherm of TC by MCF at ambient temperature 
is shown in Figure 5. The result obtained showed that the amount of 

TC removed increased with increasing initial TC concentration. This 
may be attributed to the fact that increase in adsorbate concentration 
results in increase in number of available molecules per binding sites 
of the adsorbent thus bringing about a higher possibility of binding 
of molecules to the adsorbent. Increase in initial TC concentration 
enhances the interaction between the TC molecules and the surface of 
the adsorbent. This trend is a common phenomenon in most adsorption 
studies.42–45 The sorption isotherm parameters obtained from the 
fitting of the experimental data into isotherm models is presented in 
Table 3. The linearized form of the Langmuir and Freundlich isotherm 
equations respectively is given respectively, as:
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Figure 5 TC Sorption Isotherm.

Where, kL is Langmuir coefficient (L/mg), qm is theoretical 
monolayer sorption capacity (mg/g), qe is amount of TC sorbed at 
equilibrium, ce is equilibrium concentration of TC in solution, kF 
(L.mg) is Freundlich coefficient, 1/n is sorption intensity, depicting 
the affinity of the adsorbate for the adsorbent. To elucidate which 
of the models gave a better fitting to the experimental data, the 
correlation coefficients of their linear plots were used. Results 
obtained (Table 3) indicated that the Freundlich gave a higher R2 
value of 0.9914. The Freundlich isotherm model hints on multilayer 
sorption on a heterogeneous surface. This implies that the surface of 
the MCF is heterogeneous, believed to be caused as a results of the 
different materials used in tits synthesis. Fe- rich materials have been 
reported to release TC from aqueous system via surface complexation 
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mechanisms,46 while Ca- rich materials uses cation exchange as 
mechanisms of TC removal.47

TC energy of sorption 
The determination of the energy of sorption of TC by MCF was 

assessed by fitting the experimental data obtained from the equilibrium 
isotherm studies into the Dubinin-Radushkevick isotherm equation. 
The non linear form of the DR equation is given as: 

2        exp    ( )      (12)qe qm Kε= −  
where, ε (polanyi potential) is defined as:

( )1
 (1 )               13  RT

ce
ε +=

The linear form of D-R isotherm is:
2      ( )          (14)ln lqe qmn Kε= −  

K is related to the mean adsorption energy E (kJ mol-1) as:

( )1
                   15

2K
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The constants qm (mol/g) is the D-R constant representing the 
theoretical saturation capacity and ε (mol/J) is a constant, related 
to the mean free energy of adsorption per mole of the adsorbate, R 
is the ideal gas constant, (8.314kJ/mol), T(K) is the temperature of 
adsorption and E (kJ/mol) is the mean free energy of adsorption per 
molecule of the adsorbate when transferred to the surface of the solid 
from infinity in solution.45,47 The plot of lnqe against ε2 was used to 
obtain the constants qm and k, calculated from the intercept and slope 
respectively. Results obtained indicated that qm is 11.62mol/gm 
and ε2 is 0.00005 and E is 100x 106kJ /mol. The magnitude of E is 
used to determine and classify the type of sorption reaction, whether 
chemisorption or physisorption. For a physisorption reaction, the 
value of E is between 1-16kJ/mol, reactions with E values higher than 
16kJ/mol is termed chemisorptions.47–49 The value of E obtained for 
the sorption of TC by MCF is by far higher than16kJ/mol and this is 
an indication that the mechanism of interaction between TC and MCF 
is chemisorption. This further confirms the results from kinetic studies 
in which pseudo second order kinetic model prevailed. 

 Table 2 Pseudo Second Order Kinetics Parameters of TC Sorption by MCF Samples

Initial conc (mg/L) Relationship ( y= R2 qe (mg/g) k (g/mg h) h (mg/g h)

25 0.224x+2.926 0.996 4.460 0.077 1.532

50 0.136x+2.291 0.9997 7.305 0.060 3.202

100 0.094x+2.751 0.9917 10.549 0.034 3.784

150 0.660x+1.878 0.9916 15.083 0.035 7.962

200 0.061x+1.402 0.9977 16.340 0.044 11.748

Table 3 Equilibrium Isotherm Parameters for the Removal of TC

Langmuir Isotherm Freundlich

qm =23.81 n=1.872

kl =0.0131 kF =1.010

r2=0.963 r2=0.9916

Conclusion
From the results obtained in this study, the following conclusion 

can be drawn:

1.	 Preparation of chitosan from chitin and synthesis of an efficient 
adsorbent (MCF) for TC removal from aqueous system was 
possible.

2.	 Adsorption of TC on the adsorbent MCF followed pseudo-second 
order kinetics and equilibrium was attained relatively quickly 
(2h).

3.	 The mode of interaction between the TC and MCF moieties in 
solution was via cation exchange.

4.	 Adsorption of TC on MCF followed Freundlich adsorption 
isotherm with a monolayer adsorption capacity of 23.81 mg/g

5.	 Estimation of energy of TC sorption indicated chemisorption as 
the dominant mechanism 
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