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Abstract

In this study, biosorption of Cu(ll) and zZn(ll) isrfrom aqueous solutions by water hyacinth fibes wa
investigated as a function of initial solution centration, initial biomass concentration and terapee.
Solutions containing copper and zinc ions were areg synthetically in single component and the time
required for attaining adsorption equilibrium wasdied. The optimum sorption conditions were stddie
for each metal separately. The adsorption equilibrdata were adequately characterized by Langmuir,
Freundlich, Temkin and Dubinin-Radushkevich equwtiolhe equilibrium biosorption isotherms showed
that water hyacinth possess high affinity and somptapacity for Cu(ll) and Zn(ll) ions, with soi
capacities of 99.42 mg &uand 83.01 mg Zii per 1 g biomass, respectively. All results showed water
hyacinth fiber is an alternative low cost biosorden removal of heavy metal ions from agueous medi

Keywords: biosorption, low cost biosorbent, wastewater treattnheavy metal

1. Introduction

Many industrial processes, such as mining, metginpit, refining ores, fertilizer industries, tariagr
batteries manufacturing, paper industries and gdss, result in the release of heavy metals tatgu
ecosystems. Heavy metals are toxic pollutants, hwigien accumulate in living tissues causing various
diseases and disorders. The major toxic metalhamardous to humans as well as other forms o&tiéeCr,

Fe, Se, V, Cu, Co, Ni, Cd, Hg, As, Pb, Zn etc. Reahof toxic contaminants from wastewaters is ofie o
the most important environmental issues. Sincehedlvy metals are non-biodegradable, they must be
removed from the polluted streams for the enviromalequality standards to be met (Witek-Krowkilal.
2011). Several methods have been employed to reimearey metal ions from wastewater, which include
chemical precipitation, chemical oxidation/redustioflotation, reverse osmosis, ion exchange,
membrane-related process, ultra filtration, eledtemical technique and biological process (DursQ®62
Satapathy & Natarajan 2006; Vijayaraghawhal. 2007; Wanget al. 2006; Denget al. 2007; Hanifet al.
2007; Preetha & Viruthagiri 2007). Adsorption isetmost attractive method due to its simplicity,
convenience and high removal efficiency. In comnsomption processes, activated carbon and synthetic
resins are usually used to gain high removal efficy. However, due to their high production cosdtewr
decontamination by using these two sorbents igrakpensive (Southichakal. 2006; Choi & Jang 2008;
Francescat al. 2008; Zhengt al. 2009).

Since 1990’s the adsorption of heavy metal ionsldwy cost renewable organic materials has gained
momentum (Vieira & Volesky, 2000; Rao & Parwate 2D0The utilization of seaweeds, moulds, yeasts,
and other dead microbial biomass and agriculturdter materials for removal of heavy metals has been
explored (Sudha & Abraham 2003). Agricultural mitker particularly those containing cellulose shows
potential metal biosorption capacity. The basic ponents of the agricultural waste materials biomass
include hemicellulose, lignin, extractives, lipidgroteins, simple sugars, water hydrocarbons, Istarc
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containing variety of functional groups that faetes metal complexation which helps for the setguieg)
of heavy metals (Hashert al. 2005; Hashenet al. 2007). Agricultural waste materials being ecoromi
and ecofriendly due to their unique chemical coritfmrg availability in abundance, renewable, lowcirst
and more efficient are seem to be viable optiorhEavy metal remediation (Setlal. 2008).

Water hyacinth Eichhornia crassipes) is a noxious weed that has attracted worldwidenéibn due to its
fast spread and congested growth, which lead touseproblems in navigation, irrigation, and power
generation. On the other hand, when looked froesaurce angle, it appears to be a valuable resauitice
several unique properties. As a result, researtikitgcconcerning control (especially biological rdool)
and utilization (especially wastewater treatmenploytoremediation) of water hyacinth has boomednup
the last few decades (Malik 2007). The objectivehi$ study was to investigate the potential ofewvat
hyacinth for absorbing copper (lI) and zinc (Ilprfin aqueous solution. Also the influence of various
parameters such as initial solution concentratimitjal biomass concentration and temperature on
biosorption potential of agricultural waste matkewas studied in detail.

2. Experimental

2.1 Biosorbent Preparation

Reaction of cellulose with phosphoric acid was @arnied according to the method described in the
previous research (Suflet al. 2006). In a 500 mL, three-necked flask equippétth & nitrogen inlet, a
condenser, a thermometer, and a stirrer, 224 gwasaadded, heated at 14D and flushed with nitrogen.
30 g water hyacinth and 168 mL phosphorous acic\added alternatively portionwise to the molteraure
in order to reduce the foaming. The reaction wéswad to proceed at 15 for 2 h. The fiber was
washed with distilled water and acetone. A samplfiber was treated with 0.5 M hydrochloric acid 4

h under slow stirring. The modified cellulose waasWwed several times with deionized water to remove
excess acid from biosorbent. It was dried for 2¢ B0°C in an oven before starting the experiments.

2.2 Metal Solution Preparation

All chemicals used were analytical grade reageMitsr¢k, >99 %purity). Stock solutions of metals were
prepared in a concentration of 2,000 ppm usingid@tsalts dissolved in deionized water with a tie#ig
value of 17 M2. The chemicals used in the batch experiments wirate solutions of Cu(N§), and

Zn(NGs)y.

2.3 Isotherm Experiments

Batch mode adsorption isotherm was carried oudaf@C. Amount of 1.0-5.0 g modified cellulose were
introduced into conical flasks with 100 mL of heawmyetal solution. The flasks were placed in a
thermostatic shaker and agitated for 150 min akedfagitation speed of 700 rpm. Samples were taken
periodically for measurement of aqueous phase afyhenetal concentrations. Adsorption isotherms were
performed for initial heavy metal concentrations26D-1,250 ppm. The Cu (II) and Zn (II) concentati

of the samples were determined by using a Varidmerty 220 inductive coupled plasma emission
spectrometer (ICP-ES).

The amount of adsorbed €wnd Zri* ions (mg metal ions/g biomass) were calculatethftbe decrease
in the concentration of metal ions in the mediuntbgsidering the adsorption volume and used amafunt
the biosorbent:

_(C-c)v

e )
m
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where g is the amount of metal ions adsorbed into unitsndghe biosorbent (mg/g) at equilibrium,add
C. are the initial and final (equilibrium) concentoasts of the metal ions in the solution (ppm), \he
volume of metal solution (L) and m is the amounbimfsorbent used (g).

2.4 Adsorption Isotherm Models

Batch Adsorption isotherms for copper and zinc ioemoval by water hyacinth in terms of Langmuir,
Freundlich, Temkin and Dubinin-Radushkevich modekre expressed mathematically. The obtained
experimental data here are expectedly well fittéh whe linearized form of four two-parameter isertim
models.

The Langmuir model assumes a monolayer adsorpticsolotes onto a surface comprised of a finite
number of identical sites with homogeneous adsmmpénergy. This model (Langmuir 1916; Langmuir
1918) is expressed as follows:

_ KiaC.
q 1+aC. @

where K and a are the Langmuir constants related to the adswrptapacity (mg/g) and energy of
adsorption (L/mg), respectively. The theoreticalxmam monolayer adsorption capacity, ¢mg/qg), is
given by K /a_.

The Freundlich isotherm is an empirical expressiat takes into account the heterogeneity of thifase
and multilayer adsorption to the binding sites tedaon the surface of the sorbent. The Freundliodeh
(Freundlich 1906) is expressed as follows:

q = K.C." ®)

where K and n are indicative isotherm parameters of adisorgapacity (mg/g) and intensity, respectively.

Temkin isotherm assumes that decrease in the heatdsorption is linear and the adsorption is
characterized by a uniform distribution of bindiegergies. Temkin isotherm (Temkin & Pyzhev 1940) is
expressed by the following equation:

q, = FE)T In (K,.C.) (4)

where K is equilibrium binding constant (L/g), b is reldte heat of adsorption (J/mol), R is the gas
constant (8.314 x T0kJ/K mol) and T is the absolute temperature (K).

Dubinin-Radushkevich isotherm is applied to find the adsorption mechanism based on the potential
theory assuming heterogeneous surface (Dabrowskl)2@ubinin-Radushkevich isotherm (Dubinin &
Radushkevich 1947; Dubinin 1960; Kalavathy & Mirar2D10) is expressed as follows:

q. = q.expl-Ke) (5)

where @, is the maximum adsorption capacity (mg/g), K isoastant related to the mean free energy of
adsorption and is the Polanyi potential.

3. Resultsand Discussion

Biosorption of heavy metal ions onto the surface bfologicalmaterial is affected by several factors, such
as initial solution concentration, initial biomasmcentration and temperature.
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3.1 Effect of Initial Solution Concentration

Figure 1 illustrates the adsorption of Cu(ll) an{l®) ions by water hyacinth as a function of iaitmetal

ion concentration. This increase continues up®0Q for C3* and 750 ppm for Zii and beyond this value,
there is not a significant change at the amourtdsbrbed metal ions. This plateau represents siatuiat

the active sites available on the biosorbent sasrfpleinteraction with metal ions. It can be comgd that

the amount of metal ions adsorbed into unit masthefwater hyacinth at equilibrium (the adsorption
capacity) rapidly increases at the low initial mhédas concentration and then it begins to a sligbtease
with increasing metal concentration in agueoustsmig in the length between 1,000 and 1,250 ppm for
copper, but 750 and 1,250 ppm for zinc. These tegudicate that energetically less favorable diiesome
involved with increasing metal concentrations ie #igueous solution. The metal uptake can be atdbu
to different mechanisms of ion exchange and adswrgirocesses as it was concerned in much previous
work (Bektas & Kara 2004; Buast al. 2007).

3.2 Effect of Initial Biomass Concentration

Experiments conducted with different initial biomasoncentrations show that the metal ions uptakes
increase with the biosorbent concentration (FigRye The number of sites available for biosorption
depends upon the amount of the biosorbent. Thel moets uptake was found to increase linearly with t
increasing concentration of the biosorbent up ®kitomass concentration of 2 and 3 g/100 mL forlu(
and Zn(ll), respectively. Beyond this dosage, tiereéase in removal efficiency was lower. Increashey
biosorbent dosage caused a wise in the biomasacsuafrea and in the number of potential bindingssit
(Witek-Krowiak et al. 2011).

3.3 Effect of Temperature

From Figure 3, the amounts of adsorbed copper amdians onto the water hyacinth increase with an
increase in the temperature of heavy metal solufitie maximum adsorption capacities was calculated
87.69 mg Cf" and 75.53 mg Z1 per 1 g biomass for initial concentration of 5Qfhpat 70°C, showed

that this biosorbent was suitable for heavy metatsoval from aqueous media. Concerning the efféct o
temperature on the adsorption process, the meptdke is favored at higher temperatures, sinceglaehi
temperature activates the metal ions for enharaisgrption at the coordinating sites of the mirseralso,

it is mentioned that cations move faster with iasieg temperature. Likely explanation for this lisitt
retarding specific or electrostatic, interactionscdime weaker and the ions become smaller, because
solvation is reduced (Babel & Kurniawan 2003; Irzgleiset al. 2004).

3.4 Effect of Initial Biomass Concentration

In addition to the experimental data, the lineatizi@rms of Langmuir, Freundlich, Temkin and
Dubinin-Radushkevich isotherms using Egs. (2), (8),and (5), are compared. The relationship betwee
the adsorbed and the aqueous concentrations dtbeigoni has been described by four two-parameter
isotherm models. The isotherm constants and caynelpg correlation coefficients for the adsorptimhn
Cu(ll) and zZn (Il) are presented in Table 1. Tharelation coefficients demonstrate that Langmuir,
Freundlich and Temkin models adequately fitted data for Cu adsorption. However, the coefficient of
determination (B values are higher in the Langmuir model for capped Freundlich model for zinc
adsorption when compared to other models. The Teisktherm shows a higher correlation coefficiemt f
both metal (R = 0.9886 for C&i" and B = 0.9870 for Zf", which may be due to the linear dependence of
heat of adsorption at low or medium coverages. Tihearity may be due to repulsion between adserbat
species or to intrinsic surface heterogeneity (Katlay & Miranda 2010; Caliskaet al. 2011). The
experimental data for both heavy metal ions fitlweth the linearized Langmuir, Freundlich, Temkind
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Dubinin-Radushkevich isotherms.? Ralues ranged from 0.8397 to 0.9933 and 0.804D.9948 for
adsorption of Ctf and Zi", respectively. These results indicated that théliegum adsorption data of
copper and zinc conformed reasonably well to the fawo-parameter isotherm models equations.

4, Conclusion

Water hyacinth is an environmentally friendly pdtahbiosorbent for heavy metals. This work exardine
the efficiency of this sorbent in removal of Cu(@hd Zn(ll) ions from aqueous environment. The Itesu
indicated that several factors such as initial twmtu concentration, initial biomass concentratiand a
temperature affect the biosorption process. Thesipbychemical characteristics of wastewaters from
varying sources can be much more complex comparetet agueous metal solution used in this study.
Because of this, the effects of other componentwadtewaters on commercial metal adsorption process
should be determined. However, this work can besiciened a preliminary study to conclude that water
hyacinth is suitable and efficient material for #isorption of Ctf and Zrf* from aqueous solution. The
experimental results were a good fit with the apon isotherm models.
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Figure 1. Effect of initial solution concentration the removal of Cu(ll) and Zn(ll) by water hyattin
(amount of biosorbent = 2.0 g, temperature 2G@nd contact time = 150 min)

120
+ Cu(ll)
X 100 [ m2Zn(ll) ’ ¢
oy
c * n
o ™ =
&
[:}]
5
2 60
g n
™
Q
wn
S 40 | <&
o
O
20
0 1 2 3 4 5 6

Initial biomass concentration (g/100 mL)

23



Civil and Environmental Research www.iiste.org
ISSN 2222-1719 (Paper) ISSN 2222-2863 (Online) pLLy
Vol 2, No.2, 2012 nstE

Figure 2. Effect of initial biomass concentratiantbe removal of Cu(ll) and Zn(ll) by water hyadint
(initial solution concentration = 500 ppm, temparat= 30°C and contact time = 150 min)
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Figure 3. Effect of temperature on the removal ofly and Zn(ll) by water hyacinth (initial solutio
concentration = 500 ppm, amount of biosorbent =g2a@d contact time = 150 min)

Table 1. Isotherm constants for the biosorptio€ofll) and Zn(ll) on water hyacinth

Isotherm constants Copper Zinc

Langmuir model

K. (mgl/g) 11.5372 | 17.6710
a_(L/mg) 0.2168 0.1432

R? 0.9933 0.9559

Freundlich model

Ke (mg/qg) 2.9154 3.7740

n 2.7198 2.2530

R? 0.9801 0.9948

Temkin model

Kre (L/Q) 2.8016 6.3063

b 1.1200 0.7220

R 0.9886 0.9870

Dubinin-Radushkevich model

om (Mg/g) 8.5975 11.4866
K 0.9429 0.4602

R 0.8397 0.8041
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