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ABSTRACT

The presence of metal ions in aqueous solutions represents a major environmental problem. These inorganic species
are persistent and non-biodegradable pollutants that should be eliminated from water. In the recent years,
Biosorption is emerging as a technique offering the use of economical alternate biological materials for the
decontamination of polluted water. This paper presents a systematic characterization of new and commonly
abundant low-cost biosorbents: chitin of pink shrimp (Solenocera melantho). Lead was chosen as a model sorbet.
The effect of the most significant process parameters (pH, initial concentration of lead ions on kinetics, as well as
pH) on biosorption equilibrium was studied. The equilibrium was reached within 0-200 minutes. Optimum
conditions of pH, contact time, biosorption dosage and initial concentration of lead were determined to be 9, 0-200
minutes, 5gr/L and 7.99ppm respectively. The best efficiency biosorption was found to be 99.7%. The kinetics of the
process in the case of both biomaterials was described with pseudo-second order equation and the equilibrium of
biosorption by chitin produced by pink shrimp was described with the Freundlich equation and Langmuir model.
These equations were chosen to achieve the best consistency of experimental data with the model results.
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INTRODUCTION

In recent years, heavy metal pollution has becone af the most serious environmental problems. Keastal
ions have lethal effects on all forms of life amgge enter the food chain through the disposalastes in water
channels [1].

According to World Health Organization the metalsymst immediate concern are lead, chromium, cqppen,

cadmium and zinc. Among heavy metals, Lead has ldamtified as one of the most toxic metals duetgo
detrimental effects on human nervous system, bloadilation system, kidneys and reproductive systeead in
the environment commonly originated from variousds of industrial activities such as mining, snmgjtand metal
plating, battery manufacturing, ammunition prodoiefipaint production and paper and pulp processingrder to
solve the problems of heavy metal pollution in &émvironmental, it is important to bring pragmatitutions to the
issue [2, 3].

The traditional methods for removing heavy metagehseveral disadvantages. Chemical precipitatiadd to the
production of toxic sludge. Due to the economicsiedling with large volumes of liquids and of sait/dosses,
solvent extraction is limited to streams containingre than 1 g/l of the targeted heavy metal. Aygion of the
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ion-exchange process is rather expensive due tod$teof synthetic ion-exchange resins. Furtherpttwey are not
always selective enough to allow an effective recgwf heavy metals present in the waste [4].

Therefore, it is urgent to develop efficient andieznmentally compatible means able to remove doxi®y heavy
metals in an economical way. Among the physicochehtreatment processes for pollutant removal, igdism is
highly efficient, inexpensive and easy to adaptusBiption is becoming an important component initivegrated
approach to the treatment of aqueous effluents [5].

The main objectives were to determine the poss#slifor using the chitin of pink shrin($olenocera melantho) in
biosorption of lead, which is one of the most fregiuheavy metal found in waste and mining waters.

MATERIALS AND METHODS

Materials

Shells of pink shrimpsSplenocera melantho) were collected from a local fish market in bughétan. The shrimp
shells were soaked in 0.5 N sodium hydroxide sohigtifor 6 hours at ambient temperature. They wese washed
and flushed with distilled water at room temperat{20-25°C). This was conducted to remove the acgan
compounds or protein loosely associated on theaserrbf the shells. Sodium hydroxide; hydrochlorad sand
nitrate were purchased from Merck (Germany). Tapare solutions containing lead, double-distilledteravas
used for this experiment.

Stock preparation

In order to prepare the lead stock solution, Leirdte was used. Stock metal solutions were preplyedissolving
0.16 g of lead in 1000 ml of deionized water. Thifferent concentrations of lead (1-20ppm) werepgared. All
chemicals used in this study were analytical grMerck). The pH was adjusted with 1 mot.lsolutions of HCI
and NaOH.

Chitin preparation process

In order to produce chitin from pink shrimo{enocera melantho) Chang method [6] was used with some
modifications. The shrimp shells were washed anghiéd with double distilled water at room tempam{20-25
°C). This was conducted to remove the organic camgs or protein loosely associated on the surfatieeoshells.
The remaining shells were sun-dried at 24 hours. difells were then ground with a laboratory scatarmer mill
(Moulinex) and screened to 60-80 mesh powder. Tvedpr was prepared to serve as a single specidstrarsize
stimulant of the commercial shrimp shell powder.

Then 20 g shrimp shells were treated with 200m¥V%f hydrochloric acid at 25 °C for 24 hours. Aftbat, the
samples were respectively filtered and neutraliagt distilled water. The shrimp shells were soakedodium
hydroxide solution for 6 hours at ambient tempeaetiihen the mixture was placed in an autoclavefominutes.
Subsequently, the samples were washed with distillater and filtered again. For bleaching, theichitas placed
indirectly exposed to sunliglfor 24 hours until white and dry.

Method
The study was carried out in vitro and discontirsiolihe adsorption assays were performed using relatz
volumetric flask with the volume of 250ml, includii00ml solution.

To investigate the effect of pH on the lead ioncagson efficiency, the pH was adjusted in rangedf0. In order
to evaluate the effect of pH, the experiment wafopmed in optimum conditions of temperature, absot dosage,
initial concentration of lead ion, Solution agitatispeed and contact time that were determinée ®80°C, 3 gr/L,
10ppm,200rpm and 200minutes respectively. BefotkngdBiosorbent to an aqueous solution, the pH adjssted
with 1 mol.L* solutions of HCL and NaOH. Subsequently, the smiutvas filtered through Whatman filter paper
and Biosorbent was removed. After determining thgneal pH, the Effect of initial concentration afdd ions on
the removal of lead ions was studied. To deterrtirgeconcentration of lead ions in aqueous solutiorprocess
efficiency, the initial concentration of Pb (1, R, 10, 15, 20 ppm) in laboratory conditions suchirggal pH 9,
adsorbent dose 5 gr /L, stirring speed 200 rpmQ@-tiinutes at different times and temperatures ¢3@fere
studied. After determining the pH and initial contration of lead ions, the effect of absorbent des@-6 gr /L) on
the removal of lead was studied. To measure theesdration of lead ion, flame atomic absorptioncsmenetry
SpectrAA-10 Plus models (Varian) was used in tkgeeiment.

In all cases, the amount of lead adsorbed (R %)ewpeessed in equation (1).
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%R= (G-Co/Ci) x 100 (1)

Where R = metal ion uptake at equilibrium (mg/L), i€ the metal ion concentration remaining in solotat
equilibrium, G is the initial metal ion concentration.

RESULTS AND DISCUSSION

The effect of initial pH of aqueous solution on almrption efficiency of the lead ion

The initial pH of aqueous solution is one of thestrionportant parameters in retrieval and removatess of heavy
metal ion from the solutions. The initial pH of sibn has some effects on the absorbent surfacalandt is the
reason of ionization of heavy metal ion in solusdmn].

In order to evaluate the optimum pH, the experinveas performed in optimum condition of initial cemtration of
lead ion in aqueous solution, absorbent dosagetieolagitation speed and temperature were detexdrtim be 10 ,
3 mg/L biosorption, 200rpm and 30°C respectively.

The absorption efficiency mostly depends on theceatration of Hin aqueous solution. The effect of pH on
removal lead process efficiency is shown in Fidgtlshows that initial pH of solution increased thlsorption
efficiency until initial pH become 9. By increasitige pH 9 to 10, lead ions deposited it and lefthite deposit at
the bottom of the contain€Fhis factor decrease the contact time with the dmgd and therefore absorption of lead
by absorbent decreased .The highest amount of r@rtead ion was in pH 9 that is equals to 95.3 %.
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Fig.1. the effect of pH on the lead absorption effiency by biosorption
(T 30 °C, 3gr/L absorbent, 10 ppm initial lead ion200rpm stirring speed)

The effect of initial concentration of lead ion orabsorption efficiency—study the kinetic behavior

The initial concentration of lead ions in the smlntis an important parameter in adsorption prosgsse the initial
concentration of lead ions provide necessary enfrgynass transferring between the aqueous solatimhsolid
biosorption.

For determining the effect of lead ion concentraiio aqueous solution on the processes efficiennoyesparameters
need to consider such as different initial conaiun of lead (3,1,5,10,15,20 ppm) , initial pH (9, dose of
absorbent (5 gr/L), stirring speed(200 rpm) and{®r200 minutes) at room temperature.

In this study, the effect of initial concentratiohlead ion in aqueous solution was investigatad.&. The results
show that increases in lead ion concentration aswzd the absorption of lead ion by chitin biosorpti

According to the data, the highest amount of alismrmand removal of lead ion by absorbent coulddsehed in

initial time, because the slope of diagram risdskdy during this period due lead absorption by #ative absorbent
sites. After 50 minutes, the absorption decreasadiise the phenomenon of metal ions penetrateshatoner

layers of biosorption and settled ions on the acsites.

The highest amount of absorption efficiency wasawietd in 20 ppm initial concentration of lead iditea 200
minutes which is equal to 99.7 %.
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Fig.2. the effect of initial concentration of leadon on the absorption efficiency
(30 °C temperature, 200 rpm stirring speed, 5 gr/labsorbent and pH 9)

The effect of adsorbent dosage on absorption effericy of the lead ion

The amount of absorbent which is used in this sisdgn important parameter in absorption processuse this
parameter determines the absorption capabilitybebebent in the standard concentration of absorbatrial [8,
9]. In order to explore the effect of absorbentedos absorption efficiency of lead ion by produchitin from
white shrimp , the absorbent dose was used in gerah 1-6gr/L .The experiment were conducted abrdition
with pH (pH 9) , initial concentration of lead i¢200 ppm), contact time(200minutes) at 30°C andgrdte speed
(200rpm). It was found that an increase of adsdriosage resulted in absorption efficiency of lead
concentration. Adsorbent dosage has a great irfluem the biosorption process and determines ttenfial of
biosorbent through the number of binding sites lal?éé to remove metal ions at a specified initi@h@entration.
The highest amount of lead ion efficiency was 99at% gr/L Adsorbent dosage. By increasing the arhotibio
absorbent no significant changes observed in tBerption of lead ions. It is due to the saturatedhtive sites of

absorbent. The effect of bio-absorbent dose otetle ion absorption efficiency in aqueous solui®mdicated in
Fig. 3.
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Fig.3. The effect of bio-absorbent dose on lead i@bsorption efficiency
(30°C temperature, 200rpm stirring speed of solutio , 20ppm initial concentration of lead ion, 200 nm contact time and pH 9)

Kinetic Study

The absorption kinetic is used for determining ooliing mechanisms of adsorption. The processeshar@sm
depends on physical and chemical properties ofrbst In batch systems, adsorption kinetics icidesd by a
number of models based on adsorption equilibriuchsas the pseudo-first- order and the pseudo-secwatat
kinetic models. Pseudo-first and second models f@eshowing the quantity of absorption kineticeBdo-second
model illustrated that chemical absorption decredlse speed of process and control the adsorptidritdasis on
solid phase absorption. The pseudo-first-order @salido-second-order were applied to the kinetidysas shown
in Egs. (2) and (3) respectively [10] .For adjugtiaboratory data with kinetic models the correlatcoefficient
(R? was used. The®Rs determining by drawing a diagram of data withet software.

Ltn(qe —1qt) = Ln{le - Kt (2)
@ <qu£) oo @

The initial absorption rate was determined accardin

H=Kqg?
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Where K is the Lagergren rate constant of the biosorpfmim™); K, is the pseudo-second-order rate constant
(g.mg".min™); q. and gare the amounts of metal ions sorbet (Myag equilibrium and at time t, respectively. For
calculating absorption rate constant)Kve can draw Ln (gg,) against t [10, 11]. The pseudo-second-order model
suggests that the biosorption process follows agssecond order mechanism. Therefore, the rateafpation of
biosorption sites is proportional to the square¢hef number of unoccupied sites [12, 13]. The pbétBseudo-first

(a) and second- order (b) for the biosorption aflleon by the chitin of pink shrimp are shown ig.Bi
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Fig.4. Pseudo-first (a) and second- order (b) pldor the biosorption of lead ion by the chitin of pihk shrimp (Solenocera melantho)
(Conditions: pH 9 ; absorbent dose, 5 gr/L; stirrirg speed, 200rpmfemperature, 30°C)

The correlation coefficient and other constantpsEfudo first and second models is presented ineTlabAccording
to the determined data fof R different concentrations of lead, it is clehatt the laboratory data are following the
second grade kinetic model, and this model is neagable for characterizing equilibrium data of nwred
absorbent in different concentrations of initisddeion.

Tablel. Pseudo first and second-order adsorption ta constants and coefficients at different initiatoncentrations

kinetic The initial concentration of lead ions concentrations
L ppm 3 ppm S ppm 10 ppm 15 ppm 20 pmm
pseudo-first kinetic

ge ca 00333 02457 02727 0418 05224 05492

Kl 0.0197 00282 00114 00221 0.023 00191

- 01334 05628 0953 1938 204 3.988

R2 O BRR7 09714 09343 0 8396 07849 07806

psedue-second kinetic

QCen 0.133 45818 0972 19646 29744 40128

.op 01334 05628 0953 1.938 2.9 3988

H 003515 00023 02671 06144 L.15K9 20595

izz 1929 02727 02827 0.1592 al131l 01279
09999 0997 09999 0999 09929 09999

Biosorption isotherm models

Biosorption isotherm models usually are used faarabterizing absorption process and its mechanisth For
optimization of the biosorption design, it is nesa@y to develop an equation that can be used tpamndifferent
biosorbents under different operational conditioviarious sorption isotherm models are used fomfittdata in
order to examine the relationship between sorpioth aqueous concentration at equilibrium. In thigstigation,
the relationship between metal biosorption capaaity metal ion concentration at equilibrium hasnbdescribed
by two-parameter isotherm models: Langmuir and kadéch models. Langmuir & Freundlich are two isathe
which are used in a widespread surface [15].

The Langmuir isotherm model is expressed as follows

)l/ce +

ol

de KLqmax max

Where ¢ax is the maximum metal biosorption and {./mg) is the Langmuir constant. These constaresalated

to monolayer adsorption capacity and energy of gadiem [14]. G is metal ion concentration in counterweighti
the absorbed metal ion in counterweight for pengod absorbent. Rs one of the most important parameters that
present basic features of languir equation. Amofift, shows the manner of isotherm model. If Q<Rand R=0,
RL>1, the process in order is undesirable, irralbgslinear and desirable [16, 17]. R expressed as below:
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1
RL =I+KLCO

Where G (mg/l) is the initial concentration of lead ionansolution. Freundlich model is an empirical moaied it
can characterize that organic and inorganic compew@mne absorbed by the different types of absorfém non-
linear form of Freundlich isotherm model is expesbas follows:

1
qe = K¢ Cg

And the linear form is expressed as follows:

1
Lng, = Lnks + - LnC,

Where @ represent the absorption capacity of balance (In@lgis equilibrium concentration of cadmium ions in
solution (mg/L), and Kand n are constants of Freundlich model that aoevisty the relation between absorption
capacity and absorption intensity. For determirifgand K values, Lngwas drawn in front of LnCfor obtaining
line slope that shows 1/n and i& the intercept. In other examinations, the extérin” has reported from 1 to 10.
If Values ofn greater than 1 it can conclude that there are rmtehplay between metal ion and absorbent, but if n
equals 1, it shows the linear absorption for a#l #ctive absorbent sites [18]. For determining dpdmum
equilibrium model for characterizing the equilibridata, the correlation coefficientj)Rvas used. If Rbecome 1,
it shows that this model is very capable for chemazing the equilibrium behavior of absorbent. Tlegmuir and
Freundlich adsorption isotherm plots are preseimédg.5.
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Fig.5. Langmuir (a) and Freundlich (b) adsorption sotherm plots for the adsorption of metal iron
The constants and correlation coefficient)(8f the both models are given in Table 2.

Table.2. Isotherm models parameters and theirs cotents

therm models Langmuir  Friendlich
Parameters

R? 0.753 0.8465
R: 0.0028

Ki 17.64 -
mas 7.003 -

n - 5.804
Ke - 6.07

The maximum capacity of lead ion absorptiop.ggby produced chitin was 7.003. The capacity pivRlue for the
process determined 0.0028 which showed that tlieiterabsorption by chitin absorbent is a desirgioteess. For
comparing the capability of characterizing equilion data by two models the Langmuir isotherm madel more
capable for characterizing data than the other inode

CONCLUSION

This study investigated the feasibility of chitiroguced by chemical methods from the skin of whitedi shrimp

used as a low-cost adsorbent for the removal af feem aqueous solution. Chitin is a kind of polydaaride that
can be finding in the skin of some crustacean saglcrabs and shrimp. In this study, we considemdes
parameters such as initial pH and biosorption dmse initial concentration of lead ion in solutio@ptimum

conditions of pH, contact time, biosorption dosagd initial concentration of lead were determined¢ 9, 0-200
minutes, 5gr/L and 7.99ppm respectively. The bftiency biosorption was found to be 99.7%. Thedtic of the
process in the case of both biomaterials was destrivith pseudo first and second order equation thed
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equilibrium of biosorption by chitin produced fropmnk shrimp was described with the Freundlich amehdmuir
model. According to the correlation coefficient?’Rthe pseudo-first-order kinetic model is more atalp for
characterizing the kinetic behavior of process tthensecond one, as well as the Freundlich modabi® capable
than the Langmuir model, for characterizing theil@ziium behavior of biosorption. By consideringetlabsorption
efficiency of lead by using produced chitin of vehidindi shrimp’s skin since it is biocompatiblepdegradable and
renewable so we can recommend this new biosorfiforemoval the lead from solutions.
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