
 

 

 

Proceedings of ECOpole 
DOI: 10.2429/proc.2014.8(1)013 2014;8(1) 

Sławomir WIERZBA1 

BIOSORPTION OF Cu(II) BY LIVE AND DEAD CELLS  
OF Yarrowia lipolytica 

BIOSORPCJA Cu(II) PRZEZ ŻYWE 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 35ºC was optimum at 
agitation speed of 150 or 200 rpm. For initial copper concentrations of 1-200 mg · dm–3, the adsorption data 
provide an excellent fit to the Langmuir isotherm. Experimental maximum biosorption capacity turned out to be  
12.56 mg · g–1 for living material and 14.31 mg · g–1 for dead sorbents, respectively. 
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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 ·  dm–3 [1]. 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 [2]. Biosorption can be 
defined as the property of certain biomass to bind and concentrate selected ions or other 
molecules from aqueous solutions [3]. In general, yeasts belonging to the genera 
Saccharomyces, Candida and Pichia are considered to be valuable adsorbents for metal 
ions [4]. However, in the recent years, there are reports on different strains of the  
non-conventional yeast Yarrowia lipolytica tolerating, resisting and accumulating metal 
ions [5]. This microorganism utilizes a variety of renewable carbon sources and its use in 
the waste water treatment processes generates a large quantity of biomass [5-7].  

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. 
First of all, effects pH, temperature, agitation speed 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 ·  dm–3 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 ·  dm–3. Effects of 3.0-7.0 pH values, temperature 

                                                           
1 Department of Biotechnology and Molecular Biology, Opole University, ul. kard. B. Kominka 4,  
40-035 Opole, Poland, phone +48 77 401 6055, email: slawi@uni.opole.pl 
* Contribution was presented during ECOpole’13 Conference, Jarnoltowek, 23-26.10.2013 



 

 

 

 Sławomir Wierzba 

 

 

104

from 15-35ºC, agitation speeds from 50 to 200 rpm and different biomass densities  
(0.5-2.5 g ·  dm–3) were tested in parallel. The concentrations of copper solutions were 
determined in aqueous solutions spectrophotometrically by measuring the absorbance of 
complex formed between rubeanic acid and Cu(II) at 390 nm.  

Both the values of biosorption capacity and removal ratio of Cu(II) were evaluated as 
follows (1): 
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where qe is the equilibrium Cu(II) concentration on the biosorbent [mg ·  g–1 dry cell]; C0 
and Ce is the initial and residual metal concentration [mg ·  dm–3]; X is the biomass 
concentration [g dry cell ·  dm–3]. 

The familiar of the Langmuir isotherm is expressed as follows (2): 
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where qmax represents the maximum monolayer biosorption capacity of the biosorbent  
[mg ·  g–1] and KL [dm3 ·  mg–1] is related to the affinity of the binding sites. 

The general Freundlich equation is written as follows (3): 

 n
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where KF [dm3 ·  g–1] is a constant related to the biosorption capacity and n is an empirical 
parameter representing the biosorption intensity. 

Results and discussion 

The resulted response surface plots shown in Figures 1-4 indicate the influence of the 
experimental factors on biosorption process.  

 

 
Fig. 1. Effect of pH and temperature on biosorption capacity of Cu(II) by live cells Y. lipolytica 

 
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 cells was 12.56 mg ·  g–1 while that was  
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13.41 mg ·  g–1 for dead cells. As reported by Li et al [8] and Vasquez et al [9], 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. Kiran et al [10] reported that as the pH 
increased to 5.0, more functional groups with negative charge such as carboxyl, amine or 
hydroxyl became exposed with subsequent increase of attraction sites to positively charged 
ions, and thus enhanced the biosorption capacity. At lower pH in this research, the effect of 
pH could be explained as the competition for active sites between H3O

+ and positive copper 
ions. 

Figures 1 and 2 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. This result suggested that the biosorption process was endothermic in nature.  
 

 
Fig. 2. Effect of pH and temperature on biosorption capacity of Cu(II) by dead cells Y. lipolytica 
 

 
Fig. 3. Effect of biosorbent dose and agitation speed on biosorption capacity of Cu(II) by live cells Y. lipolytica 

 
As can be seen in Figures 3 and 4, the effect of agitation speed on Cu(II) biosorption 

by live and dead cells had similar trends, where maximum biosorption capability was found 
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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 [7, 8]. 

The effect of cell biomass quantity on biosorption was studied by varying the dose of 
the sorbent. From Figures 3 and 4, it was observed that specific uptake of Cu(II) decreased 
significantly with an increasing yeast biomass. This observation is possibly due to the 
enhanced number of binding sites that were available for complexation of Cu(II) ions and 
due to increased electrostatic interactions with large quantities of biomass [7]. 

 

 
Fig. 4. Effect of biosorbent dose and agitation speed on biosorption capacity of Cu(II) by dead cells Y. lipolytica 
 

 
Fig. 5. Effect of contact time on biosorption capacity of Cu(II) by live and dead cells Y. lipolytica 

 
The effect of contact time on biosorption equilibrium by live and dead cells of  

Y. lipolytica were represented in Figure 5. The effect of contact time on biosorption of 
Cu(II) ions by live and dead cells was studied under favorable conditions. From Figure 5, 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). Li et al [8] indicates that the 
first phase of biosorption is always rapid, and it is considered to be a spontaneous process 
with no energy consumed. 
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Fig. 6. Langmuir fitting plots of biosorption of Cu(II) onto live and dead cells Y. lipolytica 

 
Table 1 

Constans simulated with Langmuir and Freudlich models  
for Cu(II) biosorption using live and dead cells Y. lipolytica 

Langmuir model Freudlich model 
Strain 

KL [dm3 ·  mg–1] qmax [mg · g–1] R2 n KF [dm3 ·  g–1] 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 

 

 
Fig. 7. Freundlich fitting plots of biosorption of Cu(II) onto live and dead cells Y. lipolytica 

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

for live and dead Y. lipolytica were show in Figures 6 and 7. The adsorption constants, 
metal binding constant and correlation coefficients for the metals obtained from Langmuir, 
Freundlich isotherms analysis are given in Table 1. The adsorption data with respect to 
copper provide an excellent fit to the Langmuir isotherm. In the experiments of Cu(II) 
biosorption, the qmax value of live cells was 9.82 mg ·  g–1, compared to 12.03 mg ·  g–1 of 
dead cells. 
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Conclusions 

The biosorption of Cu(II) by live and dead cells Y. lipolytica has been investigated at 
optimum conditions determined in advance. Batch biosorption experiments with regard to 
pH, temperature, agitation, biomass dose, initial metal concentration, contact time, 
competitive biosorption analysis were performed in this study. When live and dead cells of 
Y. lipolytica were employed as biosorbents, the experimental maximum biosorption 
capacity turned out to be 12.56 and 14.31 mg ·  g–1, respectively. At various initial copper 
concentrations, batch biosorption data of live and dead cells preferred to be simulated with 
Langmuir isotherm. Taking into consideration of present finding, dead cells of Y. lipolytica 
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 Cu(II) PRZEZ ŻYWE I MARTWE KOMÓRKI Yarrowia lipolytica 

Samodzielna Katedra Biotechnologii i Biologii Molekularnej, Uniwersytet Opolski 

Abstrakt: Przedstawiono charakterystykę biosorpcji Cu(II) przy użyciu żywych i martwych komórek Yarrowia 

lipolytica jako biosorbentu. Biosorpcja Cu(II) zwiększała się wraz ze wzrostem pH, temperatury, szybkości 
mieszania, czasu kontaktu i początkowego stężenia jonu metalu. W pracy zaobserwowano, że żywa i martwa 
biomasa skutecznie usuwa miedź w ciągu 30 minut przy początkowym pH 5,0. Temperatura 35ºC była optymalna 
przy szybkości mieszania wynoszącej 150-200 rpm. Dla początkowego stężenia miedzi z zakresu 1-200 mg · dm–3 
uzyskane dane biosorpcji były doskonale dopasowane do modelu Langmuira. Uzyskane w trakcie doświadczeń 
maksimum biosorpcji dla żywego i martwego sorbentu wynosiło odpowiednio 12,56 i 14,31 mg · g–1. 

Słowa kluczowe: biosorpcja, miedź, Yarrowia lipolytica, żywe i martwe komórki 


