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ABSTRACT

Cefdinir, a semi-synthetic third generation cephalosporin antibiotic being considered as an emerging pollutant
which demands removal from environment. This work represents the biosorptive removal of cefdinir from aqueous
solution using dead biomass of Candida sp. SMINO4 as an adsorbent. Batch adsorption studies were conductedto
determine the effect of various parameters viz. pH, biosorbent dosage, contact time and initial cefdinir
concentration during cefdinir adsorption. The adsorbent was subjected to various pretreatments. The pretreatment
with succinic acid showed maximum cefdinir removal of 81.0% compared to other pre-treatments. Among the
various isotherms tested, Langmuir model fitted best showing maximum adsorption capacity 238.09
mg/grepresenting monolayer and homogeneous mode of adsorption, which was confirmed by SEM analysis. The
kinetic data were found to follow pseudo-first order model suggesting physisorption as an underlying mechanism.
Thermodynamic studies showed that the adsorption process was exothermic and spontaneous in nature. FT-IR
analysis showed the involvement of functional groups viz., hydroxyl, carboxyl, amine and sulfide groups during
cefdinir adsorption. Based on the results, it may be concluded that, the dead biomass of Candida sp. SVINO4 can
serve as potential adsorbent for the removal of cephal osporin antibiotics from aqueous environment.

Keywords. Biosorption,Candida sp. SMNO04, Cefdinir, Isotherms, Thermodynamics.

INTRODUCTION

Antibiotics are the most successful family of dregsfar developed for improving health aspect evpnting and
treating human and animal associated infections. Warld’s largest antibiotic production is around 50 kg per
year, from which 3x1bkg are represented by the grougdéctams [1]. Due to its wide production and apgiien,
antibiotic compounds are found to be releasedrgelamounts as active pharmaceutical ingredierfd)(ik natural
ecosystems [2Average antibiotic concentrations in the receivimgter bodies vary between nanograms to
micrograms per litre level, while their concentoas can be up to milligrams to kilogram level i tlneatment
sludges because ofthe accumulative behaviour aktipersistent compounds [3,14]general, waters containing
antibiotics is becoming as an emerging issue iarregears [5].

Cefdinir is an advanced-generation, broad-spectogmphalosporin antibiotic that has been approved tlier
treatment of community-acquired pneumonia, acuteroréb bronchitis, acute maxillary sinusitis,
pharyngitis/tonsillitis, acute bacterial otitis needmild skin and skin-structure infections in adahd paediatric
patients [6].The presence of high concentrationegthalosporin in the environment leads to a vegh lihemical
oxygen demand, which increases the toxic strenfitheoeffluent [7]Additionally, it contributes to an increase in
the ratio of generation of cephalosporin-resistaitroorganisms in the environment [8]. Therefoheré is a need
to develop an eco-friendly treatment process, wihiay help in removing antibiotic compounds from pgudluted
environment.
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Adsorption is considered to be the most effectind afficient method for removal of pollutants hayimumerous
advantages including applicability, suitability foatch and continuous processes, ease of operatissibility of
regeneration, reusability and low capital cost]@]. There are reports on adsorption of cephaldspntibiotics
using various adsorbents like activated carbonpparticles, ion-exchange resins etc., which ardnggeveral
drawbacks such as limited success, high cost ofatteorbent, production of toxic compounds, largedge
generation, etc [11, 12, 13].

So far, no report is available on the use of deaalsy biomass for the removal of cephalosporin emtitis. The
present study is focused on the following objeciV@ to explorethe potentiality of dead ye@sidida sp. SMN04
as an adsorbent forcefdinir removal, (ii) to stutlg effect of process parameters on adsorptionegsdiii) to
analyse the effect of pre-treatments on cefdintakg, (iv)to study the applicability of various feerm and kinetic
models on cefdinir adsorption and (v) to elucididie adsorption mechanism through FT-IR and SEMyaisa

MATERIALSAND METHODS

The yeast strain used in the present study wastesblfrom pharmaceutical effluent and maintainedoim
laboratory at 4 °C with periodic sub-culturing asmtioned in our previous study [14]. Theisolate veetified at
the molecular level by 18S rDNA, ITS regions and/MZ domains and named aSandida sp. SMNO4 using a
BLAST (Basic Local alignment Search Tool) similgriiearch in the database available on the NCBI weBhe
sequences were submitted to GenBank under thesioee®. KF963314.1.

Preparation of biosorbent

Yeast culture pre-grown for 48 hwas centrifuge@400 xg for 10 min. The cells obtained as pelletemgashed
twice with phosphate buffer and dried to a constaight at 95°C for 45 min. The obtained dried ydagmasswas
ground to fine powder sieved to a particle siz&53-30@um and used as native biosorbent.

Preparation of standard cefdinir solution

Cefdinir used in the study was of commercial qyaft95% purity, Sigma Aldrich, India; Mol. wt- 395.4M.F-
C1H1aNsOsS,) and used without further purificatiorstock solution (10 mg/L) was prepared by dissolving
accurately weighed quantity of cefdinir in dimetlylphoxide (DMSO) procured from SRL, India.

Pretreatmentof biosorbent (dried yeast biomass)

The dried native yeast biomass used as biosorbsriteated withvariouspre-treatment chemicgts formic acid,
succinic acid, sodiumdodecylsulphate (SDS) and letiegiaminetetra acetic acid (EDTA) at a conceiatnat
of0.1M.The pre-treated biomass wasdehydrated 4€C&0r 24 h in a hot air oven. The oven temperawas raised
to the desired temperature (60-140 °C) for varimection times (0.5-4 h). The surface modified Eesmwas
allowed to cool at room temperature, washed foerm@times in distilled water until the pH of thestilled water
became constant. The washed yeast biomass waydited in an oven at 60 °C for 24 h, preserved iesiccator
as a pre-treated biosorbent.

Batch biosor ptionstudies

Batch experiments were performed to demonstrategimoval of cefdinir onto untreated native biomiadkience
of process parameters such as pH (3.0-9.0), biesbdpsage(1-9 g/L), initial cefdinir concentra(®®-350 mg/L)
and contact time (30-300 min)was evaluated. Expamisy were conducted in Erlenmeyer flasks (250 mL)
containing 100 mL working volumewith aninitial céfdt concentration of 50 mg/L. The pH of the sodutiwas
monitored using 0.1 N HCI or 0.1 N NaOH solutioriedrbent (1g)was added to the flasks and shakembiial
shaking incubator maintained at a constant speetl46frpm for 12 h. Blank solutions were run undams
condition. All the experiments wereperformed iplidate. The samples were taken out at definite fimervals and
centrifuged at 8400 xg for 10 min in order to asalyhe residual cefdinir concentration in thesohuffhe amount
of cefdinir adsorbed per unit adsorbent (mg of icéfdper g of dried yeast biomass) was calculatsthgi the
following equation:

Co—Ce
Qeq = % XV (1)

The cefdinir removal (%) was calculated using thiefving equation:
Removal (%) -—-C";ﬁ x 100 @)
0

where, Qq is the equilibrium uptake, &and G are cefdinirconcentration initially and at edoilum respectively.
M is the mass of the biosorbent(g) and V is their@ of the working solution (mL).
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Equilibrium and kinetic studies

The equilibrium data were analysed using isotherodefs viz. Langmuir [15], Freundlich [16], Temkih7] and
Dubinin—Radushkevich [18]. Kinetic experiments wemnducted under optimized conditions and samplee w
withdrawn at regular intervals for analysis. Psefickt order [19], pseudo-second order [20], inadjzle diffusion
[21]and Elovich [22] models has been used for modgthe kinetic data for adsorption of cefdinir dead yeast
biomass.

Thermodynamic studies
The Gibbs free energy, enthalpy and entrofg,(AH, AS) for the adsorption process were obtained froen th
experiments carried out at different temperatusgsguthe following equations:

log O._ as _ aH -
C. 2303R 2303RT
AG =AH -TAS @

where,@/C, is called the adsorption affinity, which is thai@saof amount of cefdiniradsorbed per unit masshi®
solute concentration in unit volume of the solutadrequilibrium. The values @&fH andAS were determined from
the slope and the intercept of the linear plotogf (0/Ce) Vs 1/T. These values were used to calcul®e which is
the fundamental criterion of spontaneity. Reactieours spontaneously at given temperature if theevaf AG is
negative.

Instrumental analysis

For FT-IR analysis, Fourier transformed infrareéctpa were recorded in the scanning range of 500-481" on

an [R-affinity 1, Shimadzu FT-IR spectrophotometémg of biosorbent before and after pre-treatmestwa
encapsulated in 400 mg of KBr translucent discsclvivere obtained by pressing the ground materidl the aid

of a bench press. Each experiment was repeatedsttivice, both producing good results.

The surface morphology of the biosorbent beforeaftat cefdinir adsorption was analyzed using stanalectron
microscopy (SEM) (Stereo Scan LEO, Model-400).

RESULTSAND DISCUSSION

The dried biomass of yeaGandida sp. SMNO4 was used as biosorbent for the removakfdfinir from aqueous
solutions. Batch experiments were conducted toysthd effect various parameters during cefdinirogpoion as
shown in Figure 1(a-d).

Effect of pH

The most important parameter influencing the somtapacity is pH, which influences the biosorptwacess by
affecting the surface charge of adsorbent and degféonization and speciation of the adsorbatd. [EBom the
Figure 1(a), the biosorption efficiency of the bess was found to be low at acidic and kept on asing as the pH
was increased further [24]. The maximum adsorpti@s noted at pH of 8.0 and hence it was considesd
optimum. At alkaline pH, the protonation of theurface charge decreases by neutralizing the pesitharge
facilitating an easier diffusion of adsorbate frva aqueous solution onto the adsorbent [13].

Effect of biosorbent dosage

Biosorbent dosage is one of the parameter thattaffee sorption capacity.Figure 1(b) shows théingfiptakeat
different biosorbentdosage in the range of 1.0€10. The uptake of cefdinir increased with an ir@® in
biosorbent dosage due to the availability of marmber of binding sites on the biosorbent [13]. Maxim cefdinir
adsorption was found at 5 g/L. Further increas¢hn biosorbent dosage did not show any improverirette
biosorption capacity due to the binding of almdstlee ions to the sorbent and the establishmeraqiilibrium
between the ions bound to the biosorbent and ttereaining unsorbed in the solution.

Effect of initial cefdinirconcentration

The effect of initial cefdinir concentration onBandida sp. SMNO4 dried yeast biomass was studied by ngrtfie
cefdinir concentration ranging from 50-300 mg/L eTdmount of cefdinir uptake by yeast biomass irsgdavith an
increase in cefdinir concentration and remainedstzort after equilibrium time. Maximum cefdinir upgaby dried
yeast biomass was noted at 300 mg/Las shown irréify{c). The sorption process was rapid at thaéezaslages
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and gradually decreased with the adsorption prddeset al. [11] reported theadsorption of cephaleat a
maximum concentration of 32 mg/L using impregnasetivated carbon. The biosorptive removal (73.2 ¢fo)
pharmaceutical compounds at initial concentratibr2@500 pg/L using mixed microbial culture as sorbwas
also reported [24].
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Figure 1: Effect of process parameterson biosor ption of cefdinir onto dried Candida sp. SMNO4. (a) Effect of ph, (b) Effect of biosor bent
dosage, (c) Effect of initial concentration and (d) Effect of contact time. Error barson the curve represent standard deviation of triplicate
samples (p < 0.0001)
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Figure 2: Comparison of cefdinir adsor ption capacitiesfor various pre-treated Candida sp. SMN04

Effect of contact time

The contact time is one of the important paramfeterapid sorption process. The uptake of cefdiyirdried yeast
biomass increased with the increase in contact fithe amount of cefdinir uptake by the adsorbert xapid until
180 min and thereafter, the process proceededwéskate and attained saturation from 210 minasvehin Figure
1(d). The rate of removal of the adsorbate is higi¢he beginning due to the large surface aredahilityand few
active sites on the surface of the adsorbent [E3i{% time increased, the binding sites availabléhe biomass
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surfaces are filled up and thus thecefdinir uptedgacity was decreased. The decline may be dinetdecrease in
the total biosorbent surface area and less avaikitds.

Effect of pre-treatment on cefdinir uptake

The organic acid pre-treatment may introduce thditisthal functional groups in biomass which may &mte the
sorption capacities of the biomass [25, 26]. FigArshows the effect of various pre-treatment chalsion
cefdinirbiosorption by yeast biomass@dindida sp. SMNO4. The increase in the cefdinir uptakergite-treatment
was noted in the order: succinic acid > formic agi6DS > EDTA> untreated native biomass. The marimu
improvement in cefdinir uptake was noted as 16518fgin case of succinic acid pre-treated biomagrisT
succinic acid treated dried yeast biomass was fosddrther studies.

Equillbriumstudies

Equilibrium studies were conducted to get a deépsight on the equilibrium obtained between the amoof
cefdinirbiosorbed and the residual cefdinir conteXthong the various isotherm models, Langmuir isatiwas
found to be the best fitted one for untreated dbagesuccinic acid pre-treated dead yeast biorRagaEe 3a) owing

to their high B values as 0.990 and 0.991 respectively as showhaliie 1, which suggested homogenous
monolayer mode of adsorption. Theother isotherm eat®od viz.Freundlich, Temkinand Dubinin—
Radushkevichexhibited a poor fit owing to their I&walues.

Langmuir isotherm Pseudo-first order Kinetics
0.025 ¥ = 0.5264x + 0.0042 a5
(a) R?=0.9913 (b) ¥=-0.0124x + 2.2023
0.02 . R? = 0.9954
¥=0.5186x + 0.0053 = v=-0.0004x + 2.0265
R? = (0.9906 < i
0.015 _ R?=0.9971
z 1.5 -
Q‘ # succinic acid é_
T 001 pretreated ; # succinic acid
= 17 pretreated
Auntreated native
0.005 :
0.5 Auntreated native
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Figure 3: (a) Langmuir isotherm model and (b) Pseudo-first order kinetic model for cefdinir removal using untreated native and succinic
acid pre-treated dried Candida sp. SMN04

Kinetics studies

Information on the kinetics of pollutant uptakerégjuired for selecting optimum operating conditiémsfull-scale
batch process. The kinetic constants for pseudb-dirder, pseudo-second order, intra-particle difftandElovich
modelsare presented in Table 1. Results suggdsegseudo-first order model exhibited the bestrfibng all the
models owing to the high correlation coefficientues (0.9971 and 0.9954) for untreated and suceiciid treated
biosorbent. The suitability of pseudo first ordeodal suggested the involvement of physical modadsorption
(Figure3b). Other kinetic models showed a poodii to theirlow Rvalues.

Thermodynamic studies

The biosorption process was found to be spontanémudoth untreated native and succinic acid peeted
biosorbent as indicated by negativ& values with a maximum spontaneity was noted at@0The values oAH
andAS were calculated from the slope and intercephefpot of log (gCe) Vs1/T. The results indicated that the
process was exothermic or heat liberating in naasréndicated by thenegative valuesAdf (-138.91 kJ/mol) for
native and pre-treated (-60.45 kJ/mol) yeast biemBecrease in randomness at the solid/solutiarfate was
suggested by the negative valueA&t

Instrumental analysis

FT-IR spectra of the native (untreated) and praté@ driedCandida sp. SMNO4 biomass before and after
cefdinirbiosorptionare shown in Figure 4a and Fégdh The untreated native spectra showed sharp peaks at
3253.91 crit and 3194.12 corresponding to hydrogen bonded —®etch of alcohol and carboxylic acid.
Additionally, sharp peak at 2933.01, 1631.78 an@21®7 cni contributing to —CH vibrations, N-H bond for
primary amines and C=0 stretch of alcohols, acidsevalso noted. A sharp peak at 518.85 attributing to S-S
disulphide stretch in amino acids was also notadil&ly, in case of pre-treated spectra, the nsigificant peaks

of the adsorbent were observed in the regions avihift from a sharp peak at 3253.91 and 3194.E2hmad peak

at 3271.27 cm range which can beattributed to hydrogen bondeld stetch attributing to alcohol and carboxylic
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acid groups . The other peaks such as 2926.031, @883.71 criand 1217.08 cth range contribute to —GH
vibrations,N-H bond for primary amines and C=0 tstneof alcohols and carboxylic acids. Another pshift from
518.85 to 555.50 ciistretch were found to contribute to S-S disulptidads in amino acids.From the results, it
can be concluded that, the succinic acid pre-treatminduced no significant changes in the charistier
absorbance bands but significant peak shifts wetedn[25]. Thus, the FT-IR results signified theeggnce
ofhydroxyl, carboxyl, amine and sulfide groups be nhative biosorbent surface and they were founglag an
important role for cefdinir adsorption onto the finimss surface.

Table 1: Equillibrium isotherm model and Kinetic model parameter s of cefdinir adsor ption on native and pre-treated dried biomass of
Candidasp. SMN04

Candida sp. SMN04

Parameters Untreated native  Succinic acid pre-treated
I sotherm models
Langmuir Qmax (Ma/g) 188.67 238.09
K. (L/g) 9.65 x10° 7.604 x10
R? 0.990 0.991
Freundlich Ke (Mg/g) 119.91 27.675
n 1.87 3.27
R? 0.989 0.945
Temkin Ar (LUmg) 0.028 0.293
br 62.20 70.62
B (J/mol) 39.164 34.49
R? 0.897 0.880
Dubinin-Radushkevich  Qua (Mg/Q) 199.25 130.67
Kp 1X 10* 7X 10°
E (KJ/mol) 0.707 2.87
R? 0.6042 0.6471
Kinetic models
Pseudo-first order Qe (Mmg/g) 106.29 196.01
Ky (per min) 0.021 0.028
R? 0.9971 0.9954
Pseudo-second order Qe (Mmg/g) 270.02 222.21
K, (g/mg/min) 5.25x10 6.49x1C0°
R? 0.9682 0.9684
Intraparticlediffuson  Kiy (Mmg/g) 7.525 0.1032
C 50.753 4.077
R? 0.9783 0.9882
Elovich o (mg/g/min) 13.742 18.498
B (g/mg) 0.0358 0.0491
R? 0.9284 0.9326

4000 2 3000 2 =o00 | 4so0 4000 500
1fem

Figure4: FT-IR spectra of untreated native and succinic acid pre-treated dried
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Candida sp. SMNO04 after cefdinir adsor ption.

SEM analysis revealed the surface topology of mafikigure 5a) and succinic acid pre-treated (Fidibkedried
yeast biomassafter cefdinirbiosorption. As showrfigure 5(a), native biosorbent showed a smootleasmce
confirming homogeneous mode of cefdinir adsorptiere-treated biosorbentshowed porous and irreguidace
structure confirming more amount of cefdinir adsan (Figure 5b).
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Figure5: SEM analysis (a) untreated native and (b) succinic acid pre-treated dried Candida sp. SMNO4 after cefdinir biosor ption
Based on the reported works as shown in Table @ritbe seen that succinic acid treated dead peasiss can
serve as eco-friendly and potential adsorbent far temediation of cephalosporinantibiotics from exus
environments.

Table 2: Reported works on adsor ption of pharmaceutical compoundsincluding cephalosporin antibiotics

Phar maceutical Initial conc
Compounds Adsorbents of antibiotics (mg/L)  Removal (%) - References
Cefradine, 89.9
Cefalexin, . 94.9
Ceftazidime, Alga-activated sludge 100 89.7 [27]
Cefixime 100.0
Sulfamethoxazole, 73.2 [24]
Carbazepine, Mixed microbial culture 100 4.2
Caffeine, 5.3
Cephalexin Original and metal ion modified Activdigarbon 4-32 100 [11]
Cephalexin, .
Cefixime MgO nanoparticles 300 31.3 [13]
Cefdinir Dried succinic acid treated yeast biomass 300 81.0 Present study
CONCLUSION

The present study is the first report on the aptibn of dried yeast bioma&andida sp. SMNO4 as biosorbent for
the removal of cefdinirfrom aqueous environmentirelated native biosorbent showed cefdiniradosanfgd.02
mg/gunder optimized condition which was found to eehanced up to 238.09 mg/gafter succinic acid
pretreatment.Maximum cefdinir removal (81.0%) waed in case of succinic acid pre-treated yeasnags.
Equilibrium studies suggested a homogeneous moaolaypde of adsorption to be the underlying phen@men
Kinetic and thermodynamic studies defined the plajlsand exothermic mode of adsorption process.ay tme
concluded that, the dried yeast biomass can seryeotential agent for the removal of cephalosparitibiotics
from pharmaceutical wastewater.
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