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a b s t r a c t
Chromium is one of the most common environmental pollutants due to its numerous industrial 
applications. In this work, Wickerhamomyces anomalus biofilm attached to two different supports 
(wood husk and zeolite 13X) was tested to remove chromium from aqueous solutions and a tan-
nery effluent. Fourier-transform infrared spectroscopy analysis allowed the identification of their 
chemical composition. The theoretical prediction of microbial adhesion showed a favorable attach-
ment of Wickerhamomyces anomalus to wood husk and an unfavorable one to zeolite 13X. The pre-
dictions were confirmed by environmental scanning electron microscopy. The comparative study 
of chromium removal using both biofilms showed that the optimal contact time to reach maxi-
mal chromium removal was 36 h and 40 h for W. anomalus biofilm supported on wood husk and 
zeolite 13X, respectively. For both supports, the chromium removal efficiency decreased with the 
increase of the metal initial concentration. The lowest flow rate (5 mL·min–1) and a support bed of 
15 cm allowed the highest biosorption efficiency. The developed systems were therefore used for 
the treatment of a tannery effluent with an initial Cr(VI) and total Cr concentration of 7.23 and 
42.56 mg·L–1, respectively. The highest depollution performance was obtained by the consortium 
W. anomalus – Bacillus sp. attached to the wood husk. In a batch system, it allowed the removal 
of 97.52% of Cr(VI) and 98.12% of tot Cr initially contained in the tannery effluent after 48 h of 
treatment. In an open system, the removal of 90.34% of Cr(VI) and 95.33% of tot Cr was achieved  
after 50 h.
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1. Introduction

Heavy metal pollution is one of the most significant 
global issues [1]. The disposal of these toxic compounds 
on water streams, as a consequence of industrial activi-
ties and technological development, is posing a serious 
threat to environment and human health [2]. Chromium 
(Cr) is one of the most toxic heavy metals of major concern. 
Hexavalent chromium (Cr(VI)) is known to have 100-fold 
more toxicity than its other forms [3]. It is introduced into 
the environment through tremendous industrial activi-
ties. The main sources of contamination are tanneries, elec-
troplating and metal finishing industries [4]. Increasing 
awareness of chromium pollution and its long-term 
effects has encouraged intensive efforts for its remediation.

Conventional chromium treatment methods such as 
sludge separation, chemical precipitation, electrochemical 
process and membrane separation were often impractical 
and expensive. However, biosorption is considered a cost- 
effective and ecofriendly treatment that brings chromium 
within permissible limits before the effluent disposal [5,6].

Biosorption refers to several modes of non-active metal 
uptake by microbial biomass, mainly adsorption, ion 
exchange, complexation, and diffusion through cell walls 
and membranes. The mechanisms may differ depending 
on many parameters such as the microbial species and the 
solution chemistry [7,8]. Biosorption consists of the use 
of harmless and native microorganisms for the removal 
of hazardous compounds. Their Cr removal ability does 
not require the use of toxic chemical reagents or high 
energy consumption. This constitutes a major advantage 
in overcoming traditional processes for the treatment of Cr 
wastewater [9]. Microbial cells are characterized by their 
important contact interface and high surface area-to-volume 
ratio due to their small size, which offer a high capacity for 
metals sorption from the surrounding environment [10].

Biofilm can be defined as an assemblage of microbial 
cells attached to a surface and enclosed in a self-synthe-
tized matrix of extracellular polymeric substances (EPS) 
[11]. Compared to planktonic cells, microorganisms exist-
ing in biofilm mode show greater tolerance to pollution and 
environmental stress. Varied harsh pollutants have been 
remediated using microbial consortia of biofilms including 
heavy metals, petroleum, explosives, and pesticides [2,12,13]. 
Biofilm mode offers microbes a great ability to degrade var-
ious pollutants via diverse catabolic pathways and a high 
level of protection from predation and stress due to the EPS 
matrix. Thus, the synthesis of EPS is of extreme importance 
in the development of biofilm in general, particularly in 
the biofilm that can be operated in bioremediation applica-
tions [8,14]. The adhesion to surfaces and the accumulation 
of elements from the environment are two key functions 
of EPS in biofilm-based bioremediation processes [15].

The aim of this work is the comparison of the biosorp-
tion properties of a Wickerhamomyces anomalus biofilm sup-
ported on wood husk or zeolite 13X for the removal of 
chromium from wastewater. The effect of the initial con-
centration of metal and the contact time between the yeast 
strain and the support were tested. The polysaccharides 
production of the Wickerhamomyces anomalus was quan-
tified. Fourier-transform infrared spectroscopy (FTIR) 

characterization was carried out in order to confirm the 
presence of functional groups in the biomass for its role in 
biosorption process. The application of both systems to 
the treatment of real effluent provided by a tannery was  
studied.

2. Materials and methods

2.1. Materials

A chromium resistant and removing yeast W. anoma-
lus was obtained from a previous isolation from wastewa-
ter samples, contaminated with chemical industrial wastes 
including those from tanning processing in Fez, Morocco, 
was used in this study. The pure culture was seeded on yeast 
medium agar (1% peptone, 1% yeast extract, 2% glucose, 
and 1.5% agar) plates and incubated for 48 h at the opti-
mal temperature of 30°C. The yeast strain showed a great 
Cr(VI) removal percentage [16].

Wood husk was obtained from a local wood industry. It 
was extensively washed under tap water in order to remove 
any particulate and sprayed with distilled water. This 
material was smashed, dried at 60°C, and sieved through 
a 1–5 mm size before further usage as biofilm support.

Zeolite 13X (13X MS Bead 5.0–8.0 mm) was obtained 
from Xiamen Zhongzhao Imp. & Exp. Co., Ltd., (China). 
It was dried at 200°C for 48 h under a dry air stream prior 
to use as biofilm support. The chemical composition of 
zeolite 13X is given in Table 1.

2.2. Contact angle measurements

Preparation of yeast strains suspension for cell surface 
contact angle measurements (CAM) was carried out fol-
lowing the protocol by the study of Mohd-Al-Faisal et al. 
[17] with slight modifications as described by the study of 
Asri et al. [18]. Microbial lawns suitable for CAM were pre-
pared as described by the study of Elabed et al. [19] and 
realized in triplicate with separately cultured microbes.

2.2.1. Hydrophobicity

According to Vogler’s approach [20], the value of water 
contact angle θW permits to evaluate the hydrophobicity 
of a surface qualitatively. A θW value higher than 65° indi-
cates a hydrophobic surface, conversely a θW value lower 
than 65° allows classifying a surface as being hydrophilic.

Table 1
Chemical composition of zeolite 13X [71]

Constituent %

SiO2 48.26
Al2O3 31.85
Fe2O3 3.2
TiO2 0.08
CaO 0.38
Na2O 15.7
K2O 0.07
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By contrast, van Oss [21] approach seems to be more 
precise. It permits the determination of the absolute 
degree of hydrophobicity of a surface which is calculated 
using Eq. (1).

In this approach, the degree of hydrophobicity of a given 
material (i) is expressed as the free energy of interaction 
between two identical surfaces immersed in water (ΔGiwi). 
If the interaction between the two surfaces is stronger than 
the interaction between each surface with water (ΔGiwi < 0), 
the surface is considered hydrophobic and conversely 
(ΔGiwi > 0), the surface is considered hydrophilic.
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where γi
LW is the Lifshitz–van der Waals component, γw

LW is 
the Lifshitz–van der Waals component of water, γi

+ is the 
electron acceptor of a given material (i), γi

– is the electron 
donor of a given material (i), γw

+ is the electron acceptor 
of water and γw

– is the electron donor of water.

2.2.2. Surface tension components

Once the contact angles were measured, the Lifshitz–van 
der Waals (γLW) and acid–base (γAB) surface tension com-
ponents were obtained using the three equation systems 
obtained from the application of the Young–Dupre equation 
to each probe liquid [21], by using three different liquids 
with known surface parameters values γL

LW, γL
+, and γL

–, for 
example water, formamide and diiodomethane (Table 1). 
The unknown surface tension components of a solid sur-
face (γs

LW, γs
+, and γs

–) or microbial surface (γLW, γ+, and γ–) 
can be estimated.
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where θ is the measured contact angle and the subscripts 
(s) and (L) report to solid and liquid phases, respectively. 
γLW is the Lifshitz–van der Waals component of the surface 
free energy, γ+ and γ– are the electron acceptor and electron 
donor parameters, respectively, of the Lewis acid–base 
component (γAB). The surface free energy is expressed as: 
γs = γs

LW + γs
AB where γs

AB = 2(γs
–γs

+)1/2 is the acid–base free 
energy component.

2.2.3. Calculation of free energy adhesion of the yeast strain 
to wood surface by Extended Derjaguin–Landau–Verwey–
Overbeek theory

In the Extended Derjaguin–Landau–Verwey–Overbeek 
(XDLVO) approach the total interaction energy between 
microbial cells (M) and substratum (S) through water 
(W) is described as a balance between attractive Lifshitz–
van der Waals forces, repulsive or attractive electrostatic 
forces and acid–base interaction forces, being written as:
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where d refers to the separation distance between a cell 
and a substratum:
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The usage of a suspension liquid with high ionic 
strength (KNO3 0.1 M) allows the negligence of electro-
static interaction free energy ΔGEL as done before [22,23].

2.3. Biosorption experiments

The microbial growth was obtained at 30°C, using yeast 
extract, peptone, and glucose (YPG) medium at pH 3.72 
[16], on a rotary shaker at 150 rpm. After 24 h of incuba-
tion, yeast cells were harvested by centrifugation at 7,000 g 
for 10 min, at 4°C. The cell concentration was adjusted to 
an optical density of 0.450 at 550 nm (A0) (approximately 
107 CFU·mL–1 cell density).

In order to study the chromium biosorption poten-
tial of microbial strains, the residual Cr(VI) concentration 
was determined using diphenylcarbazide method [24]. 
Chromium solution was prepared in sterile distilled water, 
containing an initial concentration of metal ions of 25, 50 
and 100 mg·L–1 of Cr(VI) as K2Cr2O7. Real effluent was 
obtained from a traditional tannery in Fez, Morocco.

The removal percentage was calculated as: removal 
(%) = ((Ci − Ct)/Ci) × 100. Ci and Ct are respectively the initial 
concentrations and the residual concentrations of metal ions 
at a given time (mg·L–1). Biosorption experiments were real-
ized in triplicate to assess the reproducibility. To eliminate 
the abiotic reduction of Cr(VI), an abiotic control set was 
prepared throughout the course of the study without bacterial cell.

2.4. Open system assays

The open-system assays were performed in Plexiglas col-
umns (height: 33 cm, internal ø 3.5 cm) (Fig. 1) filled with 
96 cm3 of wood husk or zeolite 13X supporting a W. anom-
alus biofilm, while two control assay columns were filled 
only with wood husk or zeolite 13X. The biofilm attach-
ment on the wood husk or the zeolite was carried out fol-
lowing the protocol by the study of Quintelas et al. [25]. The 
wood husk and zeolite 13X (15 g) were placed in 250 mL 
Erlenmeyer flasks with 150 mL of distilled water and steril-
ized at 120°C for 20 min to release the air inside the pores of 
the support. Then, these materials were placed in columns 
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of Plexiglas for open system studies. The culture of micro-
organisms and the culture medium were pumped (up-flow) 
at a rate of 25 mL·min–1. Then, the modified YPG medium 
was used for the development of the microorganism on the 
support for 3 d, in order to optimize the microbial adhesion. 
The high flow rate allows the formation of a compact bio-
film and therefore resistant to erosion stresses resulting from 
hydrodynamic forces. Afterwards, the metal aqueous solu-
tions with initial concentrations of 10, 25, 50 and 100 mg·L–1 
were pumped through the columns with a flow rate of 
5 mL·min–1 and a pH value of 3.72 [16]. The total chromium 
and Cr(VI) concentrations in the outflow were periodically  
evaluated.

2.5. Quantification of polysaccharides

In order to evaluate the effect of the support on EPS 
production by yeast biofilm supported on wood husk or 
zeolite 13X. The quantification of polysaccharides was real-
ized following the protocol by the study of Azeredo and 
Oliveira [26]. The assay of exopolysaccharides and total 
polymers takes place in three steps: (i) solubilization of 
the polysaccharide and the polymer network using glutar-
dialdehyde for 2 d at a low speed of rotation, (ii) dialysis 
of the obtained solution and (iii) precipitation of dialysis. 
This precipitation step is carried out with phenol and sul-
furic acid for the quantification of polysaccharides carried 
out by spectrometry at 440 nm. The quantification of the 
total polymers is obtained by precipitation of the dialyzed 
nitron solution, followed by centrifugation and drying. 
The residual material is finally weighed.

2.6. Fourier transform infrared spectrometer characterization and 
environmental scanning electron microscopy observation

Samples of the formed biofilms on both zeolite and 
wood husk were analyzed with environmental scanning 
electron microscopy and Fourier-transform infrared spec-
trometer (FTIR), after dehydration using gradual concen-
tration of ethanol. Samples were then gold coated before 
scanning electron microscopy (SEM) observation using 
(Leica Cambridge S360, USA).

For the FTIR analysis, the support-biofilm was finely 
grounded. Then, 10 mg of powder of the smashed bio-
film was encapsulated in 100 mg of KBr forming trans-
parent pellets and infrared spectrum of the unloaded and 
Cr-loaded wood husk and zeolite were obtained using a 
Fourier-transform infrared spectrometer (FTIR BOMEM MB 
104) in the 4,000–500 cm–1 range by averaging 20 scans at a 
maximum resolution of 10 cm–1.

2.7. Statistical analysis

All the experimental work was performed in triplicate. 
The results were subjected to statistical calculations for 
means comparison using XLSTAT software [27].

3. Results and discussion

3.1. FTIR analysis of wood husk and zeolite 13X

3.1.1. Wood husk

The FTIR spectrum of the wood husk is illustrated in 
Fig. 2. The peak 3,334 cm–1 corresponds to the elongation 
vibration of the O–H bond of the aromatic and aliphatic 
structures of phenol, lignin group and cellulose [28]. The 
band between 2,975 and 2,800 with a peak at 2,921 cm–1 cor-
responds to the asymmetric elongation vibration of the cel-
lulose C–H bond [29]. The peak 1,728 cm–1 is attributed to 
the C=O valence vibration of carboxylic acids and/or xylan 
esters present in lignin and hemicellulose [30]. The peak 
at 1,506 cm–1 corresponds to the C=C deformation of aro-
matic rings of lignin. The peak 1,324 cm–1 corresponds to 

 
Fig. 1. Schematic illustration of the Plexiglas columns for chro-
mium treatment open system. The biofilm is first formed on the 
support (wood husk/zeolite 13X) and the Cr solution is pumped 
with different concentration at flow rate of 5 mL·min–1.

 
Fig. 2. Fourier-transform infrared spectrum of wood husk.
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the valence vibration (C–H) of the cellulose and hemicellu-
lose. Peak 1,243 could be attributed to the elongation vibra-
tion of the C–O bonds of lignin and xylan [31]. The peak 
1,026 cm–1 is assigned to C–O stretching in cellulose, hemi-
cellulose and lignin [31]. Peak 894 and the band between 
7,200 and 400 cm–1 are assigned to C–H group elongations of  
cellulose [32].

3.1.2. Zeolite 13X

The obtained FTIR spectrum of the used zeolite 13X rep-
resented in Fig. 3 is consent with the previously reported 
values [33]. The peak 561 cm–1 is attributed to double 
six-member rings (D6R), symmetric stretch (668 cm–1) and 
asymmetric stretch (978 cm–1) are identified (where T = Si 
or Al). The band at 1,640 cm–1 is attributed to H2O defor-
mation mode due to incomplete dehydration of the sam-
ples. The observed strong band at 3,526 cm–1 corresponded 
to OH-stretching of water molecules present in the zeolite 
channel [34].

3.2. Physico-chemical surface characteristics of wood husk, zeolite 
13X and W. anomalus cells

The physicochemical surface characteristics of the 
used yeast strain and supports were obtained using CAM 
method. The characterization of W. anomalus and wood 
husk was reported in our previous work [16]. In this work, 
we mainly focus on zeolite 13X characterization.

Zeolite are extensively used in the bio-depollution of 
many pollutants. They are used as adsorbents or as sup-
port of microbial biofilm aimed for wastewater treatment 
[2]. The catalytic and adsorption properties of zeolite are 
mainly due to their acidity, molecular sieving ability and 
large contact areas [35]. The result of physicochemical char-
acterization of the used supports show that zeolite 13X 
presents an hydrophilic character (Table 2).

Our results are in agreement with previous work show-
ing that zeolite 13X is among the hydrophilic types of zeo-
lite [36]. It is well known that the silica content is the main 
parameter determining the hydrophobic properties of 
zeolite. Thus, zeolite with high-silica present hydropho-
bic surfaces properties, while low-silica zeolite such as 13X 
and NaY preferentially adsorb polar molecules and hence 
exhibit hydrophilic character [37]. Zeolite 13X are naturally 

exhibiting an hydrophilic nature, as the substitution of 
Si for Al in the zeolite structure creates a negative charge 
which is neutralized by cations. Thus, it is inducing a strong 
electrostatic field on the zeolite surface. Thus, depend-
ing on the Si/Al ratio, water molecules (or any polar mole-
cules) are adsorbed on zeolite 13X surface. This adsorption 
occurs through dipole-field interaction as well as hydrogen 
bonds with residual hydroxyl groups. With the increase 
of the Si/Al ratio, the amount of required cations to neu-
tralize the charge decreases and hence the hydrophobicity  
increases [35].

The zeolite 13X show a dominant donor electron char-
acter (43.24 ± 2.91 mJ·m–2) and a weak acceptor electron 
character (2.31 ± 0.83 mJ·m–2). Similar results were reported 
by the study of Costanzo  et al. [38]. In fact, it was reported 
that clay minerals typically have weak values of accep-
tor electron character γ+ and a donor electron character 
ranging from 3 to 60 mJ·m–2 [39]. The Lewis base compo-
nent of the surface tension is mainly due to the lone elec-
tron pairs of the oxygen atoms present in the zeolite extra  
frameworks [40].

Table 2 shows also the interaction free energies between 
W. anomalus and the wood husk or zeolite 13X. In other 
words, ΔGXDLVO show the ability of the attachment of the 

 
Fig. 3. Fourier-transform infrared spectrum of zeolite 13X.

Table 2
Contact angle values using water (θW), formamide (θF) and diiodomethane (θD), Lifshitz–van der Waals (γLW), electron–donor (γ–) 
and electron–acceptor (γ+) parameters, surface energies (ΔGiwi) of wood husk, zeolite 13X and Wickerhamomyces anomalus and 
the total energy of adhesion between yeast cells and the support (ΔGXDLVO)

Material Contact angles (°) Surface tension: components and 
parameters (mJ·m–2)

Surface 
energies

Interaction free 
energy ΔGXDLVO 

(mJ·m–2)

θW θF θD γLW γ+ γ– ΔGiwi (mJ·m–2)

Wickerhamomyces 
anomalus

23.8 ± 2.72 28.6 ± 1.70 30.9 ± 0.32 43.74 ± 0.28 0.13 ± 0.08 54.58 ± 1.19 36.27 ± 2.48 [16]

Wood husk 81.46 ± 0.32 61.73 ± 1.70 51.13 ± 1.00 33.57 ± 0.18 0.29 ± 0.18 6.28 ± 1.56 –49.27 ± 3.86 –7.13 [16]
Zeolite 13X 30.8 ± 1.05 23.86 ± 4.48 50.83 ± 1.62 33.73 ± 0.91 2.31 ± 0.83 43.24 ± 2.91 19.11 ± 4.30 23.99
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studied strain to the support. The obtained results show that 
ΔGXDLVO presents a negative value of –7.13 mJ·m–2. According 
to the XDLVO predictive tool, the attachment between 
W. anomalus and wood husk is favored. While the adhesion 
ability between the yeast strain and the zeolite is predicted 
as unfavored with a positive value of ΔGXDLVO 23.99 mJ·m–2.

The comparison of the theoretical formation of yeast 
biofilm supported on wood husk with that of biofilm fixed 
to zeolite demonstrated that the yeast strain showed a bet-
ter affinity to wood husk. The SEM observations were then 
performed in order to visualize the microbial adhesion. 
Fig. 4A shows the octahedral crystalline shape of 13X zeo-
lite with a very weak adhesion of microbial cells, while 
Fig. 4B shows an abundant adhesion on the rough surface of  
wood husk.

3.3. Effect of time contact between yeast strain and support on 
chromium removal

It is well known that the microbial adhesion is a com-
plicated phenomenon influenced by various factors [41]. 
Among these latter, the contact time between the support 
and the microbial cells is a prominent parameter affecting 
considerably the biofilm attachment and stability [42]. It is 
strongly required for the irreversible adhesion of microbial 
cells to the substratum [43]. However, works evaluating 
the effect of this parameter are aiming mainly to eliminate 
or prevent the adhesion of undesirable biofilms in food 
industries for example [44,45]. Thus, in this study, we eval-
uate its effect on W. anomalus adhesion on both supports, 

in order to optimize the biofilm stability that would lead 
to a better depollution efficiency. The experimental assays 
evaluating the effect of the contact time on W. anomalus Cr 
removal were conducted at the optimal pH of the strain and 
an initial Cr(VI) concentration of 50 mg·L–1 as represented in 
Fig. 5. The obtained results showed a contact time of 36 h 
was required for W. anomalus supported on wood husk to 
reach a Cr(VI) removal percentage of 98.02% ± 2.36% (Fig. 
5A). For the W. anomalus biofilm supported on zeolite 13X, 
the needed time was 40 h to reach 66.25% ± 3.12% of Cr(VI) 
removal (Fig. 5B). Our results are in agreement with pre-
vious works proving that depending on the support, the 
required time for the attachment of the microbial cells may 
widely vary. For instance, Beresford et al. [46] showed that 
the required time to Listeria monocytogenes attachment on 
polychlorure de vinyle was higher than on stainless steel.

Fig. 5 shows that the removal of chromium by W. anom-
alus biofilms increased significantly with the increase of 
contact time from 0 to 48 h until reaching a maximum value 
which remains contact or slightly decreases over time. Our 
results are in agreement with works reporting that the 
increase of the contact time is accompanied by the increase 
of microbial adhesion and the metal uptake efficiency [42,47].

3.4. Effect of initial metal concentration on yeast chromium 
removal efficiency

The obtained results of the effect of metal initial con-
centration on chromium removal efficiency are represented 
in Fig. 6. At a chromium concentration of 10 mg·L–1, a total 

 

Fig. 4. Scanning electron microscopy of Wickerhamomyces anomalus biofilm (3,000×) (A) zeolite 13X and (B) wood husk.

 

Fig. 5. Effect of time contact between Wickerhamomyces anomalus and supports on chromium removal (A) wood husk and 
(B) zeolite 13X.
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removal was obtained for W. anomalus biofilm supported 
on wood husk. While an adsorption quantity of 6.62 mg·g–1 
was removed by cells attached to the zeolite 13X at 
the same metal initial concentration.

At an initial concentration of 25 mg·L–1, W. anomalus 
biofilm attached to wood husk and zeolite 13X was able to 
remove 20.30 and 12.81 mg·g–1 of Cr(VI), respectively.

At an initial concentration of 50 mg·L–1, the percent 
Cr(VI) removal achieved by cells attached to wood husk 
and zeolite 13X was 30.56 and 15.65 mg·g–1, respectively.

The lowest removal efficiency (30.25 and 12.24 mg·g–1 
for W. anomalus biofilm supported on wood husk and zeo-
lite 13X, respectively) was obtained with the highest con-
centration of 100 mg·L–1. These results are in agreement 
with previous works [48], where the removal efficiency in 
batch experiments decreased with the increase of the metal 
initial concentrations. This can be ascribed to the increase 
of the number of ions competing for the available bind-
ing sites on the biomass and to the lack of binding sites at 
higher concentration levels [49].

3.5. Quantification of polysaccharides and total polymers

The attachment of microbial cells to a solid surface is 
a prominent stage in the biofilm formation [50]. Besides 
the implication of physico-chemical properties of both 
cells and the surface [51], a major player in this stage is the 
natural ability of microbial cells to produce EPS [15]. In 
microbial initial adhesion, the EPS function as cementation 
agents, aiding the firm adhesion of the microorganisms to 
each other and to the support [52].

The quantification polysaccharides revealed a value 
of 8.37 mg/gbiosorbent for the wood husk supported biofilm 
and 1.59 mg/gbiosorbent for the zeolite supported biofilm. 
For the total polymers, the quantification revealed a value 
of 61.2 mg/gbiosorbent for the wood husk supported biofilm 
and 11.8 mg/gbiosorbent for the zeolite supported biofilm.

The production of polysaccharide and total polymers 
has been reported to give important information about the 
biofilm formation capacity of the microorganism [53]. In 
this case, the important production of EPS by wood husk 
supported biofilm was correlated to its good adhesion to 
this substratum. Inversely, a low production of EPS by the 
zeolite 13X supported biofilm was accompanied by a weak 
adhesion to its surface. This may explain a good part of the 

difference of the chromium removal efficiency between 
the two systems. Indeed, besides assuring a good attach-
ment and nutrients sequestration, the binding sites in EPS 
enables the biofilm to remove toxic metals in biological 
wastewater treatment [54].

3.6. Effect of flow rate

The effect of flow rate on the Cr removal capacity of 
W. anomalus biofilm was investigated. The initial metal 
concentration (50 mg·L–1) and the bed height (15 cm) 
were kept constant and the flow rate was varied from 5 
to 20 mL·min–1. For both supports, the lowest flow rate 
(5 mL·min–1) allowed the highest biosorption efficiency, 
while the highest flow rate (20 mL·min–1) resulted in lowest 
removal efficiency (Fig. 7). Similar results were previously 
reported by the study of Ko et al. [55]. This may be ascribed 
to the insufficient time for the solute inside the column 
and the diffusion limitations into the pores of the biofilm 
system at high flow rates [56].

3.7. Effect of bed height

In open system, the effect of bed height on the chro-
mium removal by W. anomalus was reported to be a prom-
inent parameter [56]. In the present work, support beds of 
10 and 15 cm were constituted of wood husk or zeolite 13X 
in Plexiglas columns. The increase in bed height of both 
supports was accompanied with the increase of the chro-
mium removal efficiency (Fig. 8). Indeed, the increase of 
depollution capacity may be attributed to the increase of 
the support amount and hence the increase in surface area 
and the adsorption sites available for the chromium uptake 
[47,57] have attributed this effect to the availability of more 
binding sites for metal adsorption.

3.8. Application of microbial biofilm on wood waste for the treat-
ment of a tannery effluent

Several studies have focused on the application of micro-
bial systems in the treatment of real effluents [58,59] and 
particularly those based on the use of biofilms [60]. The 
applicability of these processes has proven its efficiency for 
the depollution of various pollutants contained in indus-
trial effluents [61–64]. In real effluents, the coexistence of 

 

Fig. 6. Uptake values (mg/gbiosorbent) obtained for batch experiments by Wickerhamomyces anomalus biofilm (A) supported on wood 
husk and (B) supported on zeolite 13X.
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ions and organic matter in aqueous solution makes cata-
bolic conditions more difficult and complex [65]. These dif-
ficulties prompted researchers to consider the application of 
hybrid technologies, which involve the combination of var-
ious processes for treating actual effluents [65,66]. The use 
of microbial biofilms, in particular those involving consortia, 
has proven successful against various pollutants [67,68].

The efficiency of microbial biofilms for the treatment of 
a real tannery effluent has been studied. The depollution 
performance of the biofilm of W. anomalus attached to wood 
husk was compared on the one hand to the efficiency of 
cells attached to zeolite 13X and on the other hand to that 
of microbial consortia in both batch and open systems.

3.8.1. Batch system

In this study, the use of the W. anomalus strain in mono-
biofilm and within consortia attached to wood husk was 
studied for the treatment of a tannery effluent. The ini-
tial concentration of Cr(VI) and tot Cr in the effluent were 
7.23 and 42.56 mg·L–1, respectively.

Experiments realized with a real tannery effluent in 
batch system have shown a Cr(VI) elimination percentage 
values of 60.21% and 26.27% with the W. anomalus – wood 
husk and W. anomalus – zeolite 13X systems, respectively, 
after 48 h of treatment. For microbial consortia attached 
to wood husk, the obtained removal percentages of Cr(VI) 
were 81.17%, 83.13%, 90.56% and 97.52% with W. anomalus 
– Enterococcus mundtii, W. anomalus – E. faecium, W. anomalus 
– Bacillus cereus and W. anomalus – Bacillus sp., respectively 
(Fig. 9).

For tot Cr, the results showed removal percentages 
of 35.05%, 86.21%, 89.45%, 89.21%, 95, 52% and 98.12% by 
W. anomalus – zeolite 13X, W. anomalus – wood husk, W. anom-
alus – E. mundtii, W. anomalus – Enterococcus faecium, W. anom-
alus – B. cereus and W. anomalus – Bacillus sp., respectively 
(Fig. 9).

A previous study by the study of Sharma and Adholeya 
[69] reported the ability of the fungal strain Paecilomyces 
lilacinus to reduce 100% of Cr(VI) contained in the tannery 
effluent at an initial concentration of 1.24 mg·L–1 after 18 h 
of treatment. Similar results were obtained using Bacillus 

 

Fig. 7. Breakthrough curves for Cr(VI) onto Wickerhamomyces anomalus biofilm (A) supported on wood husk, (B) supported on zeo-
lite 13X (bed height 15 cm, initial Cr concentration 50 mg·L–1, pH = 3.72) at different flow rates (×) 5 mL·min–1, (▲) 10 mL·min–1, 
(●) 15 mL·min–1, (■) 20 mL·min–1.

 

Fig. 8. Breakthrough curves for Cr(VI) onto Wickerhamomyces anomalus biofilm supported on wood husk or on zeolite 13X (flow 
rate 5 mL·min–1, initial Cr concentration 50 mg·L–1, pH = 3.72) at different bed heights (×) wood 10 cm, (▲) zeolite 13X 10 cm, 
(●) wood 15 cm, (■) zeolite 13X 15 cm.
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coagulans biofilm attached to granulated activated carbon 
[8]. In fact, the obtained results with aqueous solutions 
of Cr(VI) are often more promising than those obtained 
with real effluents. This can be attributed to the inhi-
bition of the metal removal process in the presence of 
other ions and compounds in the tannery effluent. Their 
presence leads to an interactive competitive effect for the 
same active sites [70].

The remarkable performance of the microbial consortia 
in terms of depollution toward Cr(VI) and Cr tot contained 
in the real effluent (especially that of 98.12% obtained by 
the consortium W. anomalus – Bacillus sp. attached to wood 
husk) would be due to the synergistic action between the 
two microbial species. This would be the result of the resis-
tance conferred by the biofilm mode and the robustness 
and catabolic diversity within microbial consortia [12,67].

3.8.2. Open system

Studies carried out on the tannery effluent have shown 
Cr(VI) reduction values   after 50 h, of 23.55%, 29.13%, 49.01%, 
58.23%, 66.07% and 90.34% by W. anomalus – zeolite 13X, 
W. anomalus – wood waste, W. anomalus – E. mundtii, W. anom-
alus – E. faecium, W. anomalus – B. cereus and W. anomalus – 
Bacillus sp., respectively (Fig. 10A).

The removal of tot Cr by W. anomalus – zeolite 13X, 
W. anomalus – wood waste, W. anomalus – E. mundtii, W. anom-
alus – E. faecium, W. anomalus – B. cereus and W. anomalus – 
Bacillus sp. allowed percentages of 21.18%, 37.09%, 48.12%, 
57.27%, 69.12% and 95.33%, respectively (Fig. 10B).

Compared to the depollution of aqueous chromium 
solutions, the metal removal process would have been 
inhibited by the presence of other compounds contained in 
the used effluent. The presence of a multiplicity of metals 
in the tanning effluent would lead to an interactive effect. 
It has been argued that these effects can be extremely com-
plex and that three types of response can be expected: (1) 
the effects of the mixture are greater than those of the indi-
vidual effects of the ions in the mixture (synergy); (2) the 
effects of the mixture are less than those of the individ-
ual effects of the ions in the mixture (antagonism); (3) no 
effects of the mixture (no interaction) are observed by the 
study of Salehizadeh and Shojaosadati [70].

4. Conclusion

W. anomalus biofilm on two different supports (wood 
husk and zeolite 13X) was tested to remove chromium from 
aqueous solutions and a real tannery effluent. The FTIR 
analysis of zeolite 13X and wood husk used as supports 

 

Fig. 9. Chromium removal percentages in batch system by the biofilm of Wickerhamomyces anomalus and the microbial consortia 
supported on wood husk and the biofilm of Wickerhamomyces anomalus on the zeolite 13X after 48 h of treatment.

 

Fig. 10. Breakthrough curves of the removal of (A) Cr(VI) and (B) Cr tot, contained in the tannery effluent by the biofilm of 
Wickerhamomyces anomalus and the microbial consortia supported on wood husk and the biofilm of Wickerhamomyces anomalus on 
the zeolite 13X, in an open system.
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for yeast strain was performed to identify their chemi-
cal composition. The theoretical prediction of microbial 
adhesion onto the support using XDLVO model showed a 
favorable attachment of W. anomalus to wood husk and an 
unfavorable one to zeolite 13X. The theoretical predictions 
were confirmed by the SEM visualization of experimental  
adhesion.

The comparative study of chromium removal using both 
biofilms showed that a contact time of 36 h was required 
for W. anomalus supported on wood husk to reach a Cr(VI) 
removal percentage of 98.02%. For the W. anomalus biofilm 
supported on zeolite 13X, the needed time was 40 h to reach 
66.25% of Cr(VI) removal. The comparative study of the 
effect of initial concentration of chromium removal showed 
that the highest removal percentage (100% and 66.23% for 
W. anomalus biofilm supported on wood husk and zeolite 
13X, respectively) was attained with the lowest initial con-
centration 10 mg·L–1. For both supports, the lowest flow 
rate (5 mL·min–1) allowed the highest biosorption efficiency, 
while highest flow rate (20 mL·min–1) resulted in lowest 
removal efficiency. Support beds of 15 cm allowed a better 
performance of chromium removal for both W. anomalus 
biofilms.

The systems developed were therefore used for the treat-
ment of a tannery effluent with an initial Cr(VI) and total 
Cr concentration of 7.23 and 42.56 mg·L–1, respectively. The 
highest depollution performance was obtained by the con-
sortium W. anomalus – Bacillus sp. attached to wood husk.

In batch system, this consortium allowed the removal 
of 97.52% of Cr(VI) and 98.12% of tot Cr tot initially con-
tained in the tannery effluent, after 48 h of treatment. In 
an open system, the removal 90.34% of Cr(VI) and 95.33% 
of tot Cr was achieved after 50 h of treatment.

Taken together these results indicate that the biosorp-
tion using W. anomalus biofilm in pure culture or within 
consortia supported on wood husk is a promising treatment 
for chromium rich effluents.
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