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BIOSORPTION OF COPPER(II)

BY LIVE AND DEAD CELLS OF Yarrowia lipolytica

BIOSORPCJA MIEDZI(II)

PRZEZ ¯YWE I MARTWE KOMÓRKI Yarrowia lipolytica

Abstract: The biosorption characteristic of Cu(II) using live and dead cells of Yarrowia lipolytica as

biosorbents have been investigated in the present research. Biosorption of Cu(II) was enhanced with an

increase in pH, temperature, agitation, contact time and initial concentration of the metal ion. It was observed

that dead and live biomass efficiently removed copper at 30 min at an initial pH of 5.0. Temperature of 35 oC

was optimum at agitation speed of 150 or 200 rpm. For initial copper concentrations of 1–200 mg/dm3, the

adsorption data provide an excellent fit to the Langmuir isotherm. The maximum metal uptake values (qmax,

mg/g) were found as 9.82 and 12.03 for live and dead biomass, respectively.
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Introduction

Wastewater contamined with heavy metals is a serious environmental problem

because they do not undergo biodegradation and are accumulated into the organism

entering into the food chains. During recent years, the intensive industrial activities,

such as electroplating, microelectronics, battery manufacture, dyestuff, chemical,

metallurgical, pharmaceutical and other, greatly contribute to the increase of heavy

metals in the environment [1].

The stringent limits of different pollutant concentrations in industrial and municipal

wastewaters, imposed by the environmental legislation, make the treatment to be

imperative. Conventional physiochemical methods for metals remediation include

precipitation, filtration, coagulation, evaporation, ion exchange, membrane separation

and solvent extraction. However, application of such processes is always expensive and

ineffective in terms of energy and chemical products consumption, especially at low

metal concentrations of 1–100 mg/dm3 [2]. Ion exchange, membrane technologies and

activated carbon adsorption process are extremely expensive when treating large
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amount of water and wastewater containing heavy metal in low concentration, they

cannot be used at large scale. Therefore, there is a great need for an alternative

technique, which is both economical and efficient. Biosorption, based on live or dead

biosorbents, has been regarded as a cost-effective biotechnology for the treatment of

complex wastewater containing heavy metals at high volume and low concentration [3].

In the concept of biosorption, several physical or chemical processes may be involved

such as physical and/or chemical adsorption, ion exchange, coordination, complexation,

chelation and microprecipitation. Biomass cell walls, consisting mainly of poly-

saccharides, proteins and lipids offer many functional groups which can bind metal ions

such as carboxylate, hydroxyl, sulphate, phosphate and amino groups. In addition to

these functional binding groups, polysaccharides often have ion exchange properties [4,

5]. In general, yeasts belonging to the genera Saccharomyces, Candida and Pichia are

considered to be valuable adsorbents for metal ions [6]. However, in the recent years,

there are reports on different strains of the non-conventional yeast Yarrowia lipolytica
tolerating, resisting and accumulating metal ions [7]. This microorganism utilizes

a variety of renewable carbon sources and its use in the waste water treatment processes

generates a large quantity of biomass [8, 9].

The biosorption characteristic of Cu(II) using live and dead cells of Y. lipolytica as

biosorbents have been investigated in the present research.

Material and methods

In this work, the strain of Y. lipolytica Polish Collection of Microorganisms was

used. Stationary-phase cells were typically inoculated on YEPD medium (yeast extract,

3.0; peptone, 10.0; dextrose, 10.0 g/dm3 of distilled water) for 48 h on a rotary incubator

shaker. Cells growing in this medium were harvested by centrifugation (6.000 rpm. 10

min) at the end of the exponential phase, while dead cells were fist subjected to

autoclaving at 121 oC for 20 min. After rinsing with distilled water three times, live and

dead cells of Y. lipolytica were prepared as biosorbents for Cu(II) biosorption.

First of all, effects pH, temperature, agitation speed, contact time and biosorbent dose

on copper biosorption and removal by live and dead cells were examined to find optimum

conditions. All the samples were incubated for 24 h in 50 mg/dm3 of Cu(II). Unless

otherwise stated, standard conditions for biosorption experiments included an initial pH

5.0, being agitated at 150 rpm and having a dosage of 1.0 g/dm3. Effects of 3.0–7.0 pH

values, temperature from 15–35 oC, agitation speeds from 50 to 200 rpm, contact time

(0–60 min) and different biomass densities (0.5–2.5 g/dm3) were tested in parallel.

The concentrations of copper solutions were determined in aqueous solutions

spectrophotometrically by measuring the absorbance of complex formed between

rubeanic acidand Cu(II) at 390 nm. Both the values of biosorption capacity and removal

ratio of Cu(II) were evaluated as follows:
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where qe is the equilibrium Cu(II) concentration on the biosorbent (mg/g dry cell); C0

and Ce is the initial and residual metal concentration [mg/dm3]; X is the biomass

concentration [g dry cell/dm3].

The Langmuir isotherm model is valid for monolayer sorption onto surface and finite

number of identical sites and given by:
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or presented in linear from as follows:
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where qmax is the maximum amount of the metal ion per unit weight of cell to form

a complete monolayer on the surface bound at high Ce [mg/dm3] and KL the constant

related to the affinity of the binding sites, qmax represent a practical limiting adsorption

capacity when the surface is fully covered with metal ions and assists in the comparison

of adsorption performance, particularly in case where the sorbent did not reach its full

saturation in experiments.

The general Freundlich equation is written as follows:

q K Ce F e
n� 1/

where KF and n are Freundlich constants characteristic of the system. KF and n are

indicators of adsorption capacity and intensity, respectively. The values of KF and n
were evaluated from the intercept and the slope, respectively, of the linear plot of ln qe

versus ln Ce based on experimental data. The Freundlich isotherm is also more widely

used but provides on information on the monolayer adsorption capacity, in contrast to

the Langmuir model [10].

All experiments were run in triplicates and mean values were considered for data

analysis. Error bars indicate standard deviation. Mean values were used for fitting the

data to different equations. All statistical analysis was done by using the SigmaPlot

software.

Results and discussion

The resulted response surface plots shown in Figs. 1–2 indicate the influence of the

experimental factors on biosorption process. It was found that the optimum pH for

Cu(II) removal by live and dead cells was 5.0. The maximum biosorption of Cu(II) by

living cels was 12.56 mg/g while that was 13.41 mg/g for dead cells.

Biosorption of Copper(II) by Live and Dead Cells of Yarrowia lipolytica 877



As reported by Li et al [10] and Vasquez et al [11], pH has a significant effect on the

solubility, speciation and biosorption capacity of heavy metals. The dependence of

metal uptake on pH is related to both the surface functional groups on the biomass and

the metal chemistry in solution. At lower pH in this research, the surface charge of the

biosorbent is positive, which is not favourable to copper ion biosorption. Meanwhile,

hydrogen ions compete strongly with metal ions for the active sites, resulting in less

biosorption. With increasing pH from 3 to 5, electrostatic repulsions between copper

ions and surface sites and the competing effect of hydrogen ions decrease: consequent-

ly, the metal biosorption increases [12]. Other authors [13] have found the same trend

for copper sorption by other sorbent materials. Beyond pH 5, insoluble copper hydroxide

starts precipitating resulting in lower amount of copper biosorbed at equilibrium.

Figure 1 shows the biosorption of Cu(II) ions at different temperatures for the yeast

cells. An increase in temperature showed a positive effect on metal biosorption process.

Maximal biosorption occurred at 30–35 oC. This result suggested that the biosorption

process was endothermic in nature. Enhanced biosorption was possible due to the

increased number of freely available active sites on the surface of the adsorbent at

higher temperatures. Increased metal biosorption efficiencies at elevated temperatures

have also been reported Shinde et al [9] and Bankar et al [14].

As can be seen in Fig. 2, the effect of agitation speed on Cu(II) biosorption by live

and dead cells had similar trends, where maximum biosorption capability was found at

150–200 rpm. An increase in agitation speed is known to enhance interactions of metal

ions with the binding sites on the yeast biomass [9, 10, 14].

Earlier studies of Li et al [10] and Yao et al [16] have indicated that biosorbent dose

was also an important parameter affecting biosorption capacity as well as removal

efficiency. Fig. 2 shows the effect of biomass concentration on Cu(II) biosorption.

These experiments were carried out for biomass concentrations ranging from 0.5 to

2.5 g/dm3 at pH 5.0. The maximum uptake of Cu(II) was obtained at a biomass

concentration of 1.0 g/dm3. This observation is possibly due to the enhanced number of
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Fig. 1. Effect of pH and temperature on biosorption capacity of Cu(II) by live (a) and dead (b) cells Yarrowia
lipolytica



binding sites that were available for complexation of Cu(II) ions and due to increased

electrostatic interactions with large quantities of biomass [10, 15, 16].

The effect of contact time on biosorption of Cu(II) ions by live and dead cells was

studied under favorable conditions. From Fig. 3, it is evident that the uptake of Cu(II)

was rapid during the time frame of 25–30 min. The biosorption process was slower at

later stages (30 min – 2 h). There was no significant increment in the biosorption after

2 h and equilibrium was thus attained at this time point.

The biosorption process of heavy metal by yeast cells usually completes rapidly. The

biosorption of metals such as copper, zinc, lead and uranium by non-growing cells is
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Fig. 3. Effect of contact time on biosorption capacity of Cu(II) by live (�) and dead (�) cells Yarrowia
lipolytic
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Fig. 2. Effect of biosorbent dose and agitation speed on biosorption capacity of Cu(II) by live (a) and dead

(b) cells Yarrowia lipolytica



a rapid process and often reaches equilibrium within several hours [2, 9, 10, 17]. Li et al

[10] indicates that the first phase of biosorption is always rapid, and it is considered to

be a spontaneous process with no energy consumed. This rapid initial uptake of metal

ion may be an important parameter for a practical application of biosorption in

industrial wastewater [17].

The adsorption isotherms are used to establish the ratio between equilibrium

concentration of solute in the solution and equilibrium concentration of solute on the

sorbent at constant temperature [10]. Langmuir and Freundlich models are widely

applied in the equilibrium analysis to understand the sorption mechanisms. The

Langmuir model considers sorption by monolayer type and supposes that all the active

sites on the sorbent surface have the same affinity by the sorbate [18]. This equation is

used empirically to simulate favorable equilibrium uptake curves. The Freundlich

isotherm is an empirical equation which assumes a heterogeneous biosorption system

with different active sites.

The linearized Langmuir and Freundlich adsorption isotherms on Cu(II) biosorption

for live and dead Y. lipolytica were show in Fig. 4. The adsorption constants, metal

binding constant and correlation coefficients for the metals obtained from Langmuir,

Freundlich isotherms analysis are given in Table 1.

Table 1

Constans simulated with Langmuir and Freudlich models for Cu(II) biosorption

using live and dead cells Yarrowia lipolytica

Strain

Langmuir model Freudlich model

KL [l/mg] qm [mg/g] R2 n KF [l/g] R2

qe = qmaxKLCe / (1 + KLCe) qe = KFCe
1/n

Live 0.6034 9.8231 0.9967 1.0511 1.7142 0.9139

Dead 0.5935 12.0336 0.9941 1.1511 1.8254 0.8762
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Yarrowia lipolytica



Former research of Shinde et al [9] and Benaïssa et al [12] have showed that the

biosorption process is defined by two Langmuir constants qmax and KL together.

Generally speaking, high qmax and high KL are desirable for good biomass. However,

sometimes at low metal concentration, a biosorbent with low qmax and high KL could

outperform that with high qmax and a low KL. So KL is also an important parameter

which is related to the initial sorption isotherm slope [10]. In the present work, the

affinity constant KL for dead biomass was 0.5935 and 0.6034 for live biomass,

respectively. Maximum metal uptake capacities of Y. lypolitica (qmax) were found as

9.82 mg/g and 12.03 mg/g for lives and dead biomass, respectively. Thus, with little

higher affinity towards Cu(II) than lives ones, dead cells of Y. lypolitica seemed to be

better adsorbents. Machado et al [19] found the maximum Cu(II) uptake values for live

and dead Saccharomyces cerevisiae cells as 7.81 and 9.98 mg/g, respectively. Velkova

et al [20] found the maximum copper uptake capacity of Aspergillus awamori as

35.97 mg/g.

In the case of Freundlich model, the adsorption feature is defined by both KF and n
values, where KF represents the adsorption coefficient and 1/n is related to the effect of

concentration of metal ions. On average, a favorable adsorption tends to have the

constant n between 1 and 10. Larger value of n implies stronger interaction between

biosorbent and heavy metal [10]. The KF value of dead biosorbents was 1.8254,

indicating a large biosorption capacity comparing to live ones, for which the KF value

was 1.742. The n value for live biomass was 1.0511 while that for dead one was 1.1511,

from which it could be derived that the effect of metal ions on dead biomass was

stronger than that on living material. Besides, with the n values between 1 and 10, the

biosorption by both types of biomass were favorable under studied conditions. Hence,

the results underlines that the adsorption of Cu(II) onto the dead cells of biomass is

favorable under all conditions considered in this work.

The correlation coefficients obtained for live biomass Y. lypolitica from the

Langmuir model and Freundlich equation were 0.9976 and 0.9139, respectively. For

dead biomass Y. lypolitica, the correlation coefficients for the Langmuir model and

Freundlich equation were 0.9941 and 0.8762, respectively. Langmuir equation was

more in correlation with the experimental data. According to coefficients of correlation,

the model of Freundlich is not adequate for modelling the isotherm of copper

biosorption by live and dead cells of Y. lypolityca in all the studied concentration

domain.

Conclusion

The biosorption of Cu(II) by live and dead cells of Yarrowia lypolitica has been

investigated at optimum conditions determined in advance The favorable conditions for

biosorption included a pH of 5.0, temperature of 35 oC, agitation at 150–200 rpm,

biomass dose of 1.0 g/dm3, and contact time of 30 min. The adsorption of Cu(II) onto

the biomass of Y. lyppolitica is an endothermic process and become more favorable

with the increasing of temperaturê. The Langmuir adsorption model and Freundlich

equation were used for mathematical description of the biosorption of Cu(II) ions onto
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live and dead yeast biomass and it was found that the adsorption equilibrium data fitted

well to the Langmuir model. According to Langmuir isotherm, the maximum adsorption

capacity of investigated dead biomass was found to be 12.03 mg/g. Taking into

consideration of present findings, dead cells of Y. lypolitica proved to be more efficient

and low-cost biosorbents than live ones, which can be utilized as an alternative for the

treatment of wastewater.
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BIOSORPCJA MIEDZI(II) PRZEZ ¯YWE I MARTWE KOMÓRKI Yarrowia lypolitica
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Uniwersytet Opolski

Abstrakt: W pracy przedstawiono charakterystykê biosorpcji Cu(II) przy u¿yciu ¿ywych i martwych

komórek Yarrowia lipolytica jako biosorbentu. Biosorpcja Cu(II) zwiêksza³a siê wraz ze wzrostem pH,

temperatury, szybkoœci mieszania, czasu kontaktu i pocz¹tkowego stê¿enia jonu metalu. W pracy zaobser-

wowano, ¿e ¿ywa i martwa biomasa skutecznie usuwa miedŸ w ci¹gu 30 minut, przy pocz¹tkowym pH 5,0.

Temperatura 35 oC by³a optymalna przy szybkoœci mieszania wynosz¹cej 150–200 rpm. Dla pocz¹tkowego

stê¿enia miedzi z zakresu 1–200 mg/g uzyskane dane biosorpcji by³y doskonale dopasowane do modelu

Langmuira. Maksymalne wartoœci sorpcji (qmax, mg/g) dla ¿ywej i martwej biomasy wynosi³y odpowiednio

9,82 i 12.03.

S³owa kluczowe: biosorpcja, miedŸ, Yarrowia lipolytica, ¿ywe komórki, martwe komórki
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