Sorptive removal of ciprofloxacin hydrochloride from simulated
wastewater using sawdust: Kinetic study and effect of pH
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Abstract
The present work describes dynamic uptake of the antibiotic drug ciprofloxacin hydrochloride (CH), by using a costeffective agricultural by-product – sawdust (SD). The sawdust was characterised by FTIR and SEM analysis. The sorbent
particles were highly porous with average pore diameter of nearly 10 μm. The optimum pH and solid/liquid ratio for sorption of CH were found to be 5.8 and 2.0, respectively. The dynamic drug uptake data was applied to various kinetic models
and their order of fitness was found to be pseudo second order > Elovich equation > power function model, as indicated
by their regression values. The experimental equilibrium uptake values (qe) were in close agreement with those evaluated from the pseudo second order equation for initial sorbate concentrations of 10 and 20 mg·ℓ-1 at 33°C. The drug uptake
mechanism was found to be attractive non-electrostatic interactions, involving H-bonding interactions between H atoms
and other electronegative species such as F, O and N of the drug molecule. The mechanism is discussed on the basis of pHpzc
of sawdust and zwitterionic nature of drug CH. Mass transfer analysis was carried out using the drug uptake data obtained
with sorbate concentrations of 10 and 20 mg·ℓ-1. The used sorbent could be regenerated using 1.0 mol·ℓ-1 HCl solution with a
regeneration efficiency of nearly 85%.
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Introduction
Groundwater contamination by pharmaceutical ingredients
(analgesics, antidepressants, contraceptives, antibiotics. etc.)
has become an environmental problem of widespread concern (Ghauch, 2008; Robinson et al., 2007; Zhou et al., 2006).
Antibiotics are probably the most successful family of drugs
so far developed to improve human health. Besides this fundamental application, antibiotics have also been used for preventing and treating animal and plants infection as well as for
promoting growth in animal farming (Cabello, 2006; Martinez,
2009). All of these applications cause antibiotic drugs to be
released in large quantities to natural ecosystems. As microcontaminants, antibiotics in the aquatic environment may
persist and be transported to reservoirs, supply sources and
drinking water treatment plants (Ye et al., 2007). The potential
presence of antibiotics in drinking water sources is of major
concern due to the unknown health effects of chronic low-level
exposure to antibiotics over a lifetime, if the antibiotics survive
the water treatment process and persist in consumers’ drinking water. In addition, these drugs cause unpleasant odours
and skin disorders, and may cause microbial resistance among
pathogen organisms or the death of microorganisms which
are effective in wastewater treatment (Budyanto et al., 2008).
The resistant bacteria may also cause disease that cannot be
treated by conventional antibiotics (Andersons, 2003). For these
reasons, antibiotic contamination of drinking water needs to be
eliminated or minimised.
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Many methods have been attempted, in the recent past, for
the removal of antibiotic drugs from different water sources.
These include coagulation and sedimentation (Boyd et al.
2003), biodegradation (Kimura and Hara, 2005), photo-transformation (Pereira et al., 2007), chlorination (Boyd and Zhang,
2005), ozonation (Ternes et al., 2003), nanofiltration through
membranes (Koyuncu et al. 2008), and adsorption (Cahskan
and Gokturk, 2010; Cuerda-Correa et al., 2010; Gauch et al.,
2009; Putra et al., 2009; Reverra-Utrilla et al., 2009;). Out
of these, adsorption processes have proved to be an effective
technique because of major advantages such as applicability
over a large concentration range of sorbate, effective removal
efficiency, low instrumentation cost, and the presence of many
rate-controllable parameters (Bajpai and Bhowmik, 2010).
Recently, clays and oxides have been exploited for the removal
of antibiotic drugs using adsorption technology (Chang et al.,
2009; Li. et al., 2010). However, in the majority of the studies
involving sorptive removal of antibiotics, activated carbon has
been employed as a potential sorbent material (Cahskan and
Gokturk, 2010; Cuerda-Correa et al., 2010; Putra et al., 2009;
Reverra-Utrilla et al., 2009). The relatively higher production
cost of activated carbon places a question mark on its largescale application. Environmental chemists have therefore
focused their attention on employing agricultural wastes as
sorbents.
Ciprofloxacin hydrochloride (Fig. 1) is a wide-spectrum
antibiotic that is active against Gram-positive and Gramnegative bacteria. Its presence in drinking water may cause
headaches, diarrhoea, nervousness, tremors, nausea, vomiting, etc. (Eiselt et al., 2010). If this drug is present in relatively
higher concentrations in drinking water then it may cause serious adverse effects including acute renal failure, elevation of
liver enzymes, thrombocytopenia, eosinophilia and leucopenia,
etc. (Baek et al., 2010). CH was once considered as an
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