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ABSTRACT

This study is focused on the application of AzBlleculoides (AF) as adsorbents for the removatlu# cephalexin
(CEX) antibiotic from agueous solution. Several@gsion parameters including the adsorbent dosabe,initial
CFX concentration, contact time and temperatureeastudied. The kinetic data revealed that the émuiim time
for CFX adsorption was achieved within 75 min. $a&vkinetic models, i.e., pseudo-first order, psesecond
order, Weber Morris intraparticle diffusion, wer@plied, finding that the pseudo-second order meodsd the most
suitable for the fitting of the experimental kiwetiata. Thermodynamic parameters such as Gibbs émergy
change 4G°), enthalpy change4H®) and entropy change1€’) were calculated. The negative valuestéf’ and
4G indicates that the CFX adsorption process is eelohic and spontaneous in nature. The study shotatdA\F
can be used as a more efficient adsorbent for tse@tion of CFX From water solution.
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INTRODUCTION

Environmental problems, including water, air and gpollution and climate change, have attracted englobal
attention in the 21st century[1, 2]. Drugs agmtketic or natural substance that providgmificant advantages
to society[3, 4]. The occurrence of pharmacewicatd their metabolites and transformation prodittshe
environment is becoming a matter of concern becthesse compounds, which may have advers effecti/iog
organisms, are extensively and increasingly usdasuman and veterinary medicine and are releasetinconsly
into the environment [5-7]. The entrance of drugs the environment occur through various wasteastis such as
households, hospitals, and pharmaceutical comparvestitutes an emerging environmental issuertbatls to be
effectively addressed[8, 9]. However, conventionaktewater treatment plants (WWTPs) were desigvidtbut
consideration of antibiotic removal[10, 11]. Thimese chemicals are only partially eliminated in WR'¥, and
residual amounts can therefore reach the aquaticomment[12]. Numerous methods are being usecktoore
antibiotics: biological treatment, chlorination, vadced oxidation technology, electrochemical trestin
coagulation—flocculation, the membrane processeiatange, and the ultrasonic cavitation effechoditl 3-15].

However, these treatment processes present a nahtderwbacks in terms of low efficiency, usuallpguce large
amounts of sludge and cannot effectively be usetteat a wide Among the numerous techniques obetit
removal, the adsorption technique has been fourkteuperior to other techniques as it can be tsedmove
antibiotics from wastewater, due to its simple dgesieasy operation, and relatively simple regei@it6-18].
Various adsorbents also have been developed foetheval of organic pollutants[19-22].

114



Hossein Azarpiraet al Der Pharma Chemica, 2016, 8 (10):114-121

The numbers of non-conventional, low-cost agricaltumaterials are used as adsorbents for removpblbdtants
from wastewater[23, 24]. Azolla Filiculoides (AE)a floating water fern which it can grows rapidly the water
surface and can form a dense mat, therefore itlezh to many negative effects to aquatic life[23-Recently,
dried and modified AF has been used as a propsothent for the removing of heavy metal, phenol pounds
and dyes effluent[28, 29]. The present work inigedés the potential use of AF biomass as adsortoerthe

biosorption of cephalexin (CFX) from aqueous dohd. The effects of biosorbent dosage, contace,timitial

CFX concentration on the biosorption of CFX onto WEre investigated. Furthermore, the isotherms desise
evaluated.

MATERIALS AND METHODS

Cephalexin (CFX) (formula mass 347.6 g/mol) withrigguhigher than 99.6% was supplied by Sigma—Aldri€he
chemical molecular formulae and structure of th&X@Fe GgH;/N3O3S is given in Fig. 1 . The CFX stock solutions
were prepared by dissolving accurately weighted @Histilled water to the concentration of 1000/ngnd the
experimental solutions concentrations were obtamedilution.

In this study, the AF was used as low cost natoragricultural wastes for CFX removal from aquesakitions.

AF was collected from Anzali wetland, Iran. The A¥ere washed several times with water to remove the
contaminant, dried in the oven at 20%or 5 h. The biomass was then treated with 0.5 Mb&2 for 2 h followed

by the washing with distilled water and then wasrodried at 10% for 5 h. After drying, ground and screened
through a sieve with 110 mesh to obtain particdtesiess than 0.135 mm.

The morphological features and surface charadesisAF before and after use were examined using an
environmental scanning electron microscopy (ESEMtrument (Philips XL30). The specific surface amda
adsorbent was determined by the BET method usi@tmini 2357 of micrometrics Co.

Batch adsorption studies

The adsorption of CFX on AF adsorbent was studisthguthe batch adsorption technique. The adsorption
experiments have been conducted using 50 mL of &Hdtion of different initial concentrations (10160 mg/L).
The solutions were mixed with 0.3 g AF in 100 mUeBmeyer flasks. All experiments were performedhat
optimum pH (pH 7) by adding 0.1 M HCL and NaOH swmns. The flasks were placed in a shaker at ataohs
speed of 200 rpm and 30 °C for 90 min to reachlibgiuim. Then, the samples were placed in a camgaffor 10
min at 3600 rpm. The concentrations of CFX at elguilm (C,) were determined by DR-5000 spectrometer at a
wavelength of 263 nm. The amount of CFX adsorbetb & () and removal percent can be calculated as
below[30, 31]:

_ (CO-Ce)V
e w
R=5°"C€ <100

Cco

Where G and G(mg/L) are the initial and the equilibrium concettitons of CFX, respectively. V (L) is the volume
of the solution and W (g) is the mass of the adsarbThe optimum amount of the adsorbent dosage was
investigated using different amounts of the adsarf@ 05-0.5 g) at a concentration of 1200 mg/L.

Fig 1. Molecular structure of CFX
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RESULTS AND DISCUSSION

The specific surface area is related to the nurabactive adsorption sites of dried AF. The spedsiirface area of
the modified AF was determined in the size of 36gm

AF biomass was also examined before and after sisg @nvironmental scanning electron microscopy. E(a)
clearly shows the pore textural structure of AFniéss before use. However, as shown in Fig. 2(kgragbore
textural structure is not observed on the surfdo®Fobiomass after use which could be due to eidggiomeration
on the surface or the incursion of CFX into thegsoof dried AF.

e ﬁvl — :-n..;_- !i A # " ..;..""‘._. l Mo

26 KW 1.00 KX 10um KYKY-EM3200 SN:0548 26 KV 5.00 KX 10 um KYKY-EM3200  SN:0548

Fig 2: SEM image of Azolla Filiculoides a: before sed b: after used

Effect of Contact time and Initial CFX Concentration

In order to study the effect of contact time on temoval of CFX, experiment were conducted at céffé contact
times (from 10 to 150 min. The variation of the gartage removal of CFX by AF biomass with contanetwas
shown in Figure 3. The extent removal of CFX insemasharply initially and found to be constantréfie optimum
contact time. The optimum contact time was found¢o75 minutes with the effective adsorption 0f298.for
Initial CFX Concentration 10 mg/L. The percentagmoval of CFX was rapid in the beginning due todargurface
area available of adsorbent but it gradually desgdawith time until it reached equilibrium[32, 33].

The adsorption experiment was carried out varyirggdoncentration of CFX (10, 25,50, 75, 100 mggiing the
fixed dose of AF biomass (3 g/L), pH (7) and tenapare 28 + 2°C. The variation in the percentageonexhof CFX
with their concentration are shown diagrammaticailyFigure 3. It was observed that the percentageowal of
CFX by AF is low at higher concentration and grduiacreases as the concentration decreases.ig bise to the
fact that after the formation of mono-ionic layar lower concentration over the adsorbent surféweher
formation of layer is highly hindered at higher centration due to interaction between CFX surfaee ia the
solution[34, 35]. In addition to that at low contmation of the CFX, the ratio of the initial nuntl® moles of the
CFX ions to the available surface area of the dmsdris large and subsequently, the fraction ofatisorption
becomes independent of the initial concentratiothefCFX ion [36, 37]. But at higher concentratithre adsorption
sites available for adsorption become lesser, agwcdy the percentage removal of the CFX ions ahenig
concentration decreases. The optimum concentrataafound as 10 mg/L with the effective removada8.2.

Effect of adsorbent dosageThe effect of adsorbent dosage on the CFX remeffigiency from aqueous solution
is shown in Fig. 4. It reveals that the removalG#iX increases up to a certain limit (3 g/L) andntlieremains

almost constant. An increase in the removal efficjewith adsorbent dosage can be attributed tcease in the

surface area and the availability of more adsorpsibes [38, 39]. However, with enhancement of duksat dose,

adsorption capacity decreased considerably (FigTH¢ decrease in the CFX adsorption capacity witheasing

dosage of the adsorbent is essentially due to réentaunsaturated sites during the adsorption psop#3. For the

guantitative removal of CFX, a maximum dose of 3 @f'the adsorbent is required.
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Fig 3. Effect of contact time and concentration oi€FX removal (pH =7, Dose 3 g/L and Temp = 28+°F)
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Fig 4. Effect of adsorbent dose (£= 50 mg/L, pH=7, Contact time=75 min and Temp: 282°C)

Adsorption kinetics

The adsorption rate is an important parameter ts@dedict the adsorption process of tested adstshe order to
design an adsorption treatment plant. The kinedta @f CFX adsorption have been tested by the psfxst-order,
pseudo-second-order and intraparticle diffusion e®dsing the following equations, respectively.

The pseudo-first-order model can be expressedlagt:

ky
log(qe — q¢) =log(qe) — 555t

2.303
The pseudo-second-order model based on equilibcambe written as [43, 44]:
t 1 t
R + —
ac k2 q® e

where @ and q are the amounts of CFX adsorbed (mg/g) at eqiilibrand at time t (min), respectively, KL/h)
and k (g/mgh) are pseudo-first-order and pseudo-secodéeroate constants, respectively.

The adsorption kinetic data were further procedsedxplore the possibility of intra-particle diffos using the
Weber—Morris equation. The model is expressed éydhowing equation [45, 46]:

q =kt + C

Where k is the intra-particle diffusion rate comstand C is the boundary layer thickness.
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Also, to further justify adsorption kinetics, thermalized standard deviatiohQ(%), which was calculated for
kinetic model studies can be expressed as(47):

(qeexp—qecal>
deexp X 100

n-1

AQ() = J 3

Where N is the number of data points, ,gxp (mg/g) and g,cal (mg/g) are the experimental and calculated
equilibrium adsorption capacity value, respectively

The kinetic model parameters and the correlatigifaent values of different kinetic models arstdéid in Table 1.

It can be observed from Table 1 and Fig. 5. Thedinplot of t /g versus t for pseudo-second order equation
exhibited the highest correlation coefficientsvllue and lower normalized standard deviat@ In addition, the
experimental gvalues of AF are in agreement with the calculaiedalues generated by the pseudo-second-order,
indicating the adsorption of CFX onto the AF coblel best described by the pseudo-second-order &ineitel.
This implied that the rate-limiting step of CFX orthe AF is controlled by chemisorption involvinglence forces
through the sharing or exchange of electrons betwesorbents surface and CFX.

The Weber-Morris intraparticle diffusion model wasmmonly used to determine the sorption data, whiak used
to study the diffusion mechanism during the adsonpprocess. A linear plot of, oyersus ¥? at different initial
concentrations is shown in Fig. 5 and the modehpaters are given in Table 1. As can be seen frigmGl,:the
diffusion kinetic plots exhibited the three-stageedrity. It has a good linear correlation betweeand t2in this
stage, indicating that the adsorption process wasmly controlled by intra-particle diffusion biwto or more steps
were controlling the adsorption process. The fisttion of curve has sufficient available adsonptites on the
adsorbents surface with high adsorption rate; gugion was ascribed to the diffusion of CFX molecin
mesopores. Afterwards, the second linear portidonigs to intraparticle diffusion. The CFX molecutasme across
much larger hindrance because of transfer in déaper pores. Then the third section represente &quilibrium
stage where the intra-particle diffusion beginsltw down the arrival of absorption saturation, #meldiffusion of
CFX molecules into micropores.

Table 1: Adsorption kinetic constants CFX adsorptim onto AF

Co(mg/L) | geexp (mg/g) Pseudo-first order Pseudo-second order Intrapadiéiusion
Ky Qe R2 K, [} R2 K c R2
10 3.451 0.181 | 2.144 | 0.812| 0.035| 3.845| 0.997 | 0.825| 2.45| 0.884
25 8.942 0.294 | 5.483| 0.798 | 0.061 | 9.416 | 0.999 | 0.948 | 3.11 | 0.871
50 16.84 0.428 | 11.58 | 0.829 | 0.074 | 16.12 | 0.996 | 1.324 | 3.86 | 0.844
10C 25.1¢ 0594 | 18.42 | 0847 | 0.C8S | 26.2¢ | 0.9¢8 | 1.94¢ | 2.5¢ | 0.862
50 7 10 mg/L @ 25 mg/L © 50 mg/L ® 100 mg/L
40 -+
30 A
5
= 20 -
o W’/—/"//
0 T T T T 1
0 30 60 90 120 150

t (min)

Fig 5. Pseudo second order kinetics for CFX adsorjain onto AF
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Fig. 6. Intraparticle diffusion kinetic model for t he adsorption of CFX adsorption onto AF

Evaluation of thermodynamic parameters
The thermodynamic parameters such as, entraf)( enthalpy AH% and Gibbs free energy changeGl) were
computed using the following equations [48-50]:

AG’= -RT InK
AG® = AH%- T AS?

Where K is the distribution coefficient for adsagot Table 2 shows the thermodynamic parametedifigrent
temperatures. ThaG®° values were between -2.44 and -7.12 kJ/mol foX @dsorption. This negativkG° values
indicate that a spontaneous physisorption takeepldibe enhancement afG° negative values with increase of
temperature indicates a rapid and more spontaretchigher temperature. The endothermic nature of &dtption

by AF confirmed by the positive values 8H°. An adsorption proces is generally consideregtasisorption if
8> AH° kJ/mol and as chemi-adsorption if 284 kJ/mol. WhenAH® lied between 8 and 25 kJ/mol, both the
chemisorption and physisorption is responsibletfar adsorption process. Accordingly, we concluded CFX
sorption by AF AH° =11.34 kJ/mol) is the both chemi and physisormptadsorption process. The positive value of
AS° (Table 9) indicates an enhancement in the degfrfreedom of irregularities at the solid/liquictérface during
the adsorption of CFX on the AF. Thus, the adsomis favored on the AF.

Table 2: Thermodynamic parameters of adsorption ofCFX onto AF

Tem K) AGY(KJ/mol) AH%(kJ/mol) AS° (J/mol K)
273 -2.44
299 -3.85
313 -5.24 11.34 0.982
333 7.12
CONCLUSION

The following conclusions can be drawn based onritiestigation of CFX adsorption by AF biomass atsats.
The percentage adsorption of CV CFX on AF increas#ll increasing AF adsorption dose and increasgd w
increase in contact time. Higher percentage adsorpgpacity of CFX on AF was observed at highergerature.
The negative value AG° confirms that the feasibility of the reactiondaspontaneous nature of the adsorption.
Similarly the positive value oAH° and AS° suggests that the decreased disorder and ramdsnat the solid
solution interface with endothermic adsorption. éwition kinetics was tested with pseudo first ordeseudo
second order model and intra particle diffusion eiedKinetic studies indicate an adsorption psesstmnd order
reaction.
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