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ABSTRACT

The biosorption of chromium ions from aqueous solution by Citrus reticulata was studied in a batch adsorption
system as a function of pH, contact time, chromium ion concentration, and biosorbent dosage and biosorbent size.
The biosorption capacities and rates of chromium ions onto Citrus reticulata were evaluated. The Langmuir and
Freundlich adsorption models were applied to describe the isotherms and isotherm constants. It was determined
that the best fitted adsorption isotherm models were obtained. The kinetic experimental data were properly
correlated with the second-order kinetic model.
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INTRODUCTION

The effects of heavy - metal ions on human healikiehreceived great attention in the last decades.aA
consequence, methods to remove metal species famstewvaters have been the subject of differentarebers, in
order to improve the water quality. The removatafic metal ions and recovery of valuable ions frorime waste
waters, soils and waters have been important im@o@ and environmental problems [1-4]. Heavy neetaid
other metal ions exist as contaminants in aque@sterstreams of many industries, such as metahg)atlectro
plating, mining, ceramic, batteries and pigment afacturing [5, 6].

Heavy metals such as lead, mercury, arsenic, coppssmium, zinc and cadmium are highly toxic wiaelsorbed
into the body [7]. Chromium is one of the most imtpat metals often found in effluents dischargexnirfiindustries
involved in acid mine drainage, galvanizing plamigtural ores and municipal waste water treatmkamitg and not
biodegradable and travels through the food cha@n hibaccumulation. Therefore, there is significamerest
regarding chromium removal from waste waters [8 &a toxicity for humans at levels of 100-500 meg/d9].
World health organization (WHO) recommended the imar acceptable concentration of chromium in driigki
water as 0.05 mg/L [10].

Conventional methods for removing toxic heavy mébak include chemical precipitation, chemical @tidn or
reduction, filtration, ion exchange, electrocherhiceatment, application of membrane technology ewaporation
recovery. However, these technology processes lamsiderable disadvantages including incompleteaimet
removal, requirements for expensive equipment aoditoring system, high reagent or energy requirdmen
generation of toxic sludge or other waste prodtitas require disposal [11-14]. Therefore, thera r®eed for some
alternative technique, which is efficient and caffective. Biosorption, based on living or non figi
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microorganisms or plants could be such an altareatiethod of treatment. It can be defined as thktyabf
biological materials to accumulate heavy metalsuh metabolically mediated or physico-chemicahpaays of
uptake which has advantages compared to other ggeseavhich include minimal cost of materials, esssnof
operation and selectivity over the alkaline mefatf. Kuyucak indicated that the cost of biomassdoiction played
an important role in determining the overall cdsa diosorption process [16]. Therefore, low-cdshiass becomes
a crucial factor when considering practical appi@aof biosorption.

The present work investigates the potential uasnodacted Citrus reticulata biomass as metal sbfbechromium
from aqueous solution. Citrus reticulata was chasea biosorbent because of the relative lackfofrimation about
its sorption ability. Environmental parameters efffeg the biosorption process such as pH, contiag, tmetal ion
concentration, biosorbent dosage and biosorbeatvgs evaluated. The equilibrium adsorption dateeealuated
by Langmuir, Freundlich and Temkin isotherm mode&lse kinetic experimental data were correlateditst find
second order kinetic models.

EXPERIMENTAL SECTION

2.1. Preparation of biosorbent

The Citrus reticulata is collected from local areas of Guntur, Andhrad@sh, India. They washed with deionized
water several times to remove dirt particles. Tihety are dried and powdered using domestic grindtérsize of 75-
212 um, which is used as bio-sorbent without aeyrpatment for chromium adsorption.

2.2 Chemical

Analytical grades of KCr,O;, HCI and NaOH are purchased from Merck (Mumbaih&fastra, India). Chromium
ions are prepared by dissolving its correspondinphate salt in distilled water. The pH of solusois adjusted
with 0.1 N HCI and NaOH. All the experiments arpeated five times and the average values have rlepented.

Also, blank experiments are conducted to ensurertbaadsorption is taking place on the walls of dpparatus
used.

2.3 Biosor ption experiments

Biosorption experiments are performed at room teatpes (30 + iC) in a rotary shaker at 180 rpm using 250 mL
Erlenmeyer flasks containing 30 mL of different @mium concentrations. After one hour of contact¢ading to
the preliminary sorption dynamics tests), with @.Litrus reticulata powder, equilibrium was reached and the
reaction mixture is centrifuged for 5 min. The nhetantent in the supernatant is determined usingnmid
Absorption Spectrophotometer (GBC Avanta Ver 1Adstralia) after filtering the adsorbent with 0.4% filter
paper. The amount of metal adsorbed by Citrusuletia powder is calculated from the differencesveen metal
quantity added to the biomass and metal contetfieo$upernatant using the following equation:

a=(c,-c, )% (1)

Where @ is the metal uptake (mg/g); &d G the initial and final metal concentrations in thalution (mg/L),
respectively; V the solution volume (mL); M is theass of biosorbent (g).The pH of the solution wdjsisted by
using 0.1N HCl and 0.1N NaOH.

The Langmuir [17] sorption model was chosen forgbéimation of maximum chromium sorption by thesbident.

The Langmuir isotherm can be expressed as

_ Qmaxbceq

= ()
1" Tenc,

Where Q. indicates the monolayer adsorption capacity obeakent (mg/g) and the Langmuir constant b (L/mg) is
related to the energy of adsorption. For fitting #xperimental data, the Langmuir model was lizedrias
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i1, 1 ®3)

q Qmax meaxCeq

The Freundlich [18] model is represented by thea&qn:
1

q=KCy, (4)

Where K (mg/g) is the Freundlich constant relateddsorption capacity of adsorbent and 1/n is tteaurkelich
exponent related to adsorption intensity (dimenss). For fitting the experimental data, the Fddich model was
linearized as follows:

Inq:InK+%InCeq (5)

2.4. Biosor ption Kinetics
The kinetic studies were carried out by conductiagch biosorption experiments with different iitaromium
concentrations. Samples were taken at differer pgriods and analyzed for their chromium concéntra

RESULTSAND DISCUSSION

3.1. The effect of contact time

The data obtained from the biosorption of chromions on theCitrus reticulata showed that a contact time of 30
min was sufficient to achieve equilibrium and thdsa@rption did not change significantly with furthecrease in

contact time. Therefore, the uptake and un -adslocheomium concentrations at the end of 30 mingaren as the

equilibrium values ¢}, mg/g;Gq mg/L), respectively (Fig. 1) and the other addorpexperiments were conducted
at this contact time of 30 min (pH 6).

3.2. Effect of pH

It is well known that the pH of the medium affetitie solubility of metal ions and the concentratidrihe counter
ions on the functional groups of the biomass callsyso pH is an important parameter on biosonptibmetal ions
from aqueous solutions [20—2@jtrus reticulata presents a high content of ionizable groups (caibgroups from
mannuronic and guluronic acids) on the cell wallypaccharides, which makes it very liable to thituence of the
pH. As shown in Fig. 2, the uptake of chromium @ased with the increase in pH from 2.0 to 6.0. imiesults
were also reported in literature for different basa systems [25-27]. At pH values lower than 2h@oraium
removal was inhibited possibly as a result of tbmpetition between hydrogen and chromium ions enstirption
sites, with an apparent preponderance of hydroges, iwhich restricts the approach of metal catiassin
consequence of the repulsive force. As the pH asmd, the ligands such as carboxylate grou@itius reticulata
would be exposed, increasing the negative chargeitgeon the biomass surface, increasing the gitramf
metallic ions with positive charge and allowing thiesorption onto the cell surface. In this stuidhgse chromium
cations at around pH 6 would be expected to interewwe strongly with the negatively charged bindsitgs in the
adsorbent. As a result, the optimum pH for chromiadsorption was found as 6 and the other adsorption
experiments were performed at this pH value.

3.3. Effect of metal ion concentration

Fig. 3 shows the effect of metal ion concentrationthe adsorption of chromium Igitrus reticulata .The data
shows that the metal uptake increases and thergageeadsorption of chromium decreases with inergasnetal
ion concentration. This increase (5.35-12.54 mgg@ result of increase in the driving force, cencentration
gradient. However, the percentage adsorption afrolum ions onCitrus reticulata was decreased from 76.29 to
45.93%. Though an increase in metal uptake wasraddethe decrease in percentage adsorption mayttieuted
to lack of sufficient surface area to accommodatechmmore metal available in the solution. The paiage
adsorption at higher concentration levels showseahsing trend whereas the equilibrium uptakehobraium
displays an opposite trend. At lower concentrati@ischromium ions present in solution could iatrwith the
binding sites and thus the percentage adsorptianhigher than those at higher chromium ion conegiotis. At
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higher concentrations, lower adsorption yield ie tluthe saturation of adsorption sites. As a tethé purification
yield can be increased by diluting the wastewatergaining high metal ion concentrations.

3.4. Effect of adsorbent size

The effect of different adsorbent particle sizespencentage removal of chromium is investigated stmalved in
Fig. 4 It reveals that the adsorption of chromium@itrus reticulata decrease from 76.29 to 52.64% with the
increased particle size from 75 to 212 um at atimaintoncentration of 20 mg/L. The smallest sizéaoled was
75um due to the limitation of available grinder figaration. It is well known that decreasing theeeage particle
size of the adsorbent increases the surface ateehn turn increases the adsorption capacity.

3.5. Effect of adsorbent dosage

Fig. 5 shows the effect of adsorbent dosage ohemoved at equilibrium conditions. It was obsdrieat the
amount of chromium adsorbed varied with varyingoaldent dosage. The amount of chromium adsorbe@ases
with an increase in adsorbent dosage from 0.15@0The percentage chromium removal was increfieetd78.29
to 90.61% for an increase in adsorbent dosage @rdnto 0.5 g at initial concentration of 20 mg/LheTincrease in
the adsorption of the amount of solute is obvious tb increasing biomass surface area. Similadtweas also
observed for chromium removal using Azadirachtaciads adsorbent [28].

4. Biosor ption equilibrium

The equilibrium biosorption of chromium on ti@&trus reticulata as a function of the initial concentration of
chromium is shown in Fig. 6-7. There was a graduakease of adsorption for chromium ions until dgtium was
attained. The Langmuir, Freundlich models are ofteed to describe equilibrium sorption isotherntge Talculated
results of the Langmuir, Freundlich isotherm contstare given in Table 1.

It is found that the adsorption of chromium on @igrus reticulata was correlated well with the Langmuir equation
compared to Freundlich equation under the concémtraange studied. Examination of the Freundlietadshows
that this isotherm was not modeled as well actessbncentration range studied.

5. Kinetics of adsor ption

The prediction of adsorption rate gives importaribimation for designing batch adsorption systeimfrmation
on the kinetics of solute uptake is required fdesting optimum operating conditions for full-scddatch process.
Fig.8 shows the plot between amount adsorbedmg/g) versus time, t (min) for an initial concextion of 20
mg/L. The adsorption rate within the first 5 minsamabserved to be very high and there after thelimaproceeds
at a slower rate till equilibrium and finally a atly state was obtained after equilibrium. The sditum time was
found to be 30 min based on the initial metal cotregion. The kinetics of the adsorption data waalyzed using
two kinetic models, pseudo-first- and pseudo-seewdér kinetic model. These models correlate solgtake,
which are important in predicting the reactor voluriihese models are explained as follows:

5.1. The pseudo-first-order equation
The pseudo-first-order equation of Lagergren [89)énerally expressed as follows:

da, _ _ 7
" k(d. - ) (7)

where ¢, and q are the sorption capacities at equilibrium andiraett, respectively (mg/g) an¥, is the rate
constant of pseudo first-order sorption (inAfter integration and applying boundary condisp =0toQ =
g att=0tot=t; the integrated form of Eq. b&comes:

K t
2.30¢

log(a, - q,) = log(a,) - (®)

The pseudo-first-order rate constdqt can be obtained from the slope of plot betweerfgeg) versus time, t

(Fig.8). The calculatek; values and their corresponding linear regressretation coefficient values are shown
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in Table 2. The linear regression correlation doeffit value R12 found 0.9689, which shows that this model cannot
be applied to predict the adsorption kinetic model.

5.2. The pseudo-second-order equation
If the rate of sorption is a second-order mechantbe pseudo-second-order chemisorption kinetie eguation is

expressed as [30]:
d
“t=ko.-af ©

Where 0, and ¢, are the sorption capacity at equilibrium and atetit, respectively (mg/g) and k is the rate

constant of pseudo-second-order sorption (g/(mg)mior the boundary conditiond, =0to ¢, = ¢, att=0tot
=t; the integrated form of Eq. (9) becomes:
1 1
-t (10)
e G

t —
0 kg
where t is the contact time (minf}, (mg/g) andq, (mg/g) are the amount of the solute adsorbed @tiegum and
at any time, t. Eg. (10) does not have the probbdérassigning as effectiv€l,. If pseudo-second-order kinetics is

applicable, the plot of t/ogagainst t of Eq. (10) should give a linear relagioip, from whichQ, andk can be

determined from the slope and intercept of the (faj. 9) and there is no need to know any paraniefrehand.
The pseudo-second-order rate constanthle calculatedgyalue and the corresponding linear regressioretaiion

coefficient valueRQZare given in Table 2. At an initial chromium contation of 20 mg/L, the linear regression

correlation coefficientRz2 value was higher. The highdR22 value confirms that the adsorption data were well
represented by pseudo-second order kinetic model.
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Fig.1. Effect of contact time on adsorption of chromium by
C. reticulata for 0.1 g/30 mL of adsorbent concentration.
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Fig.2. Effect of pH on chromium adsorption by C. reticulata
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Fig.3. Effect of metal concentration on the adsor ption of chromium by
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Fig. 5. Effect of C. reticulata dosage on adsor ption of chromium
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Fig.9 Pseudo-second-order adsorption of chromium by
Citrusreticulata for 0.1 g/30 mL of adsorbent concentration.

Table 1 Langmuir, Freundlich isotherm constantsand correlation coefficients

Metal ion Freundlich isotherm L angmuir isotherm
Ki(mgg) [ n R’ | b(/mg) | Qua(mglg) [ R?
Chromium 1.7676 0.4914 09839 1.0318 15.6 0.9893
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Table 2 Maximum adsor ption capacitiesfor chromium adsor ption to different adsor bents

Adsor bent material c a?)‘;?ﬁ;pg:ﬁg/ 9 pH Reference
Na-Mont morillonite 3.61 5 [31]
Crushed concrete fin 33 5.5 [32]
Coir 8.€ 5.t [33]
Barley straw 5.3 5.5 [33]
Peat 11.71 5.5 [33]
Coniferous bark 7.4 5.5 [33]
Sil/lPE1/GAs 32.79 5-6 [34]
Fontinalis antipyretic 149 5.C [35]
Activated carbo 31.1] 4.t [10]
Streptoverticillium cinnamoneum 21.3 55 [06]
Aspergillus niger 405 4.70 5. [36]
Penicillium digitatum 9.7 5.5 [37]
Streptomyces noursei 1.6 5.8 [38]
Mucor rouxii (live) 4.89 5.0 [39]
Mucor rouxii(NaOH pretreate! 5.6 5.C [39]
Mucor rouxii (NaCO; pretreated) 3.26 5.¢ [39]
Mucor rouxii (NaHCO3 pretreated 6.28 5[0 [39]
Pseudomonas syringae 8.0 n.a [40]
Rhizopus arrhizus 135 67 [41]
Citrobacter strain MCMB-181 23.62 6.5 [42]
Sargassursp 24.3¢ 4.t [43]
Animal bones 11.55 5. [44]
Botrytis cinerea biomass 12.98 516 [45]
Citrusreticulata 15.60 6 Present stud|

CONCLUSION

The present study shows that tBigrus reticulata was an effective biosorbent for the adsorptioclobmium ions
from aqueous solution. The effect of process pararsdike pH, metal ion concentration, adsorbergade and
adsorbent size on process equilibrium was studibd.uptake of chromium ions Igitrus reticulata was increased
by increasing the metal ion concentration and tteoebent dosage and decreased by increasing thebeds size.
The uptake was also increased by increasing pHoup. fThe adsorption isotherms could be well fitlgdthe

Langmuir equation followed by Freundlich isotherfithe biosorption process could be best describedhby
second-order equation.
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