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1. INTRODUCTION 

The stresses of industrial development and an ever-increasing 

population have caused the accumulation of variants, resulting 

in great deterioration in the quality of the environment, 

contaminating food, water, air and soil [1]. Phenol is 

considered a toxic chemical compound and can threaten human 

health because of its hematotoxic and hepatotoxic 

characteristics [2]. Since phenol is highly soluble in water, it 

appears as the major pollutant in wastewater and industrial 

water that has a hazardous influence on human and 

environmental health [3]. Phenol characterizes a critical 

environmental problem due to its widespread use, occurrence 

and toxicity within the ambiance; hence, it is compulsory to 

improve efficient approaches for its waste control [4]. Among 

various methods available, biodegradation of phenol is eco-

friendly and cost active technique. Many materials of 

polymeric have been measured by encapsulating various 

microorganisms as matrices for immobilization such as Ca-

alginate beads, agarose cubes, polyacrylamide blocks, k-

carrageenan blocks, chitin, bio-ceramic and sponge [5,6,7]. 

Immobilization protects microorganisms against phenol and 

can strengthen their respiratory system [8].  The damage of the 

membrane was decreased in cells grown in immobilized form 

for extended times conforming to the excess in tolerance and 

immobilization of the microbes is advantage more than the 

freely suspended [9,10,11]. Furthermore, a microbial 

immobilization method is safe for removing toxic pollutants 

from environments[12] and the consortium of bacteria can be 

considered very potential in the treatment of phenol[13].   

Thus, immobilization of microbial cells has many advantages 

such as the reuse of biomass and phenol is confirmed as a cheap 

method for oxidizing the effluents [14]. Unique characteristics 

of Polyurethane deserve attractiveness as Polyurethane offers 

rubber elasticity, and resistance to fats, oil and solvents. 

Polyurethane was found to be applicable in the fields of 

biotechnological and biochemical as a proper assist for enzyme 

particle surface, the performance of immobilization by 

Rhodococcus sp F92 on the foam of Polyurethane can be used 

for the petroleum hydrocarbons bioremediation [15]. The 

efficiency of immobilization methods of used phenol to 

degrade many living organisms and no one found regarding 

Rhodococcus opacus 1G but able to live in phenol media with 

consolations of 0.75 g/L [16]. While the maximum degradation 

rate of immobilized Acinetobacter sp was 0.03125 g/L per hour 

[17].   

The efficiency of xenobiotic remediation by microorganisms 

remains a main challenge to microbial environmentalists [18]. 

Among the diverse matrices applied for immobilization Ca-
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alginate, polyurethane foam, agar and agarose with microbial 

degradation could be most effective and may be employed for 

removing phenols from wastewater. Therefore, the objective of 

the study is investigate the characterize immobilized bacterium 

for phenol degradation by Rhodococcus pyridinivorans. 

2. MATERIALS AND METHODS 

 

2.1. Growth Medium 

The mineral salts medium (MSM) contains of  1.25 g/L of yeast 

extract, 0.35 g/L of K2HPO4, 0.35 g/L of MgCl2.6H2O, 0.2 of 

Ca(NO3)2, 0.12 g/L of FeCl2 and trace elements (0.2 mg/L of 

MnSO4. 2H2O, 0.2 mg/L of CuSO4.5H2O, 0.1 mg/L of 

Na2MoO4 and 0.1 mg/L of ZnSO4.7H2O) with phenol as only 

carbon source in MSM. 

2.2. Inoculum Preparation For Immobilization 

One bacterium was isolated from soil samples that showed high 

phenol degradation by enrichment of phenol degrading and it 

has been identified as Rhodococcus pyridinivorans GM3 

(Figure 1). 

A conical flask (250 mL) containing 50 mL MSM (adjusted at 

pH 8.5) was inoculated utilizing a new slant culture of R. 

pyridinivorans GM3 and was grown at 200 rpm and 32ºC. After 

16 hours as exponentially grown, the culture is harvested by 

centrifuging for 5 minutes at 4000 rpm and 4ºC. The pellets of 

cells were washed with sterile normal saline twice and the 

pellets were suspended in 0.1 M buffer of phosphate at 

proportion 1:1 (w/v) [19]. The obtained vegetative cells were 

used directly for immobilization using Ca-alginate, 

polyurethane foam, agar-agar and agarose entrapment 

methods. 

Immobilization of R. pyridinivorans GM3 for phenol 

degradation 

Alginate entrapment of cells  

Calcium chloride and sodium alginate were used to make the 

alginate beads including the bacterial cell. Sodium alginate 

solutions on concentrations 2%, 3 % and 4% (w/v). The cell 

suspension of each 1.0 mL having 45×109 cells of bacteria and 

alginate slurry was blended for 8 minutes at a percentage of 

10% (v/v) to become a uniform mixture. The slurry was pulled 

into a syringe and then dripped into 0.2 M  CaCl2. 2H2O 

solution at an ice-cold temperature from 5 cm height to form 

uniform-sized beads and reserved at 4ºC for one hour. The 

beads were transferred into MSM consisting of 1.5 g/L phenol 

to study the best concentration of sodium alginate for phenol 

degradation. 

Phenol degradation studies were carried out in triplicates using 

50 mL of MSM  containing different concentrations of beads 

4%, 6% and 8% (v/v) to study the effect of various percentages 

of Ca-alginate immobilized cells on complete phenol 

degradation at a concentration of 1.5 g/L phenol during 24 

hours of incubation at 32ºC, 200 rpm and pH 8.5, each one mL 

of alginate-cells mixture product approximately 26-28 beads. 

Polyurethane foam entrapment of cells 

Polyurethane foam (PUF) of two types of densities i. e 0.018 

g/cm3 (PUF1) and 0.03 g/cm3 (PUF 2) and each PUF with two 

cubes of sizes (1.0 cm ×1.0 cm ×1.0 cm=1.0 cm3) and (0.5 cm 

×0.5 cm ×0.5 cm=0.125 cm3) were used for immobilized cells 

investigation. The PUF was rinsed with distilled water and then 

desiccated at 30ºC overnight . 

 A PUF (1.0 cm3 and 0.125 cm3 sizes) after sterilizing at 121ºC 

for 20 minutes was put in the flask (250 mL) containing 50 mL 

of MSM. Inoculum of R. pyridinivorans GM3 (2.0 mL) was 

placed into the flask and incubated at 75 rpm and 32ºC for 6 

days. The immobilized cells of PUF were washed with sterile 

MSM, and then the PUF was moved by sterile forceps. 

Different concentrations of two cubes of sizes of PUF1 and 

PUF2 were used at percent 8%, 10%, 12% (v/v ) and 10%, 

12%, 14% and 16% (v/v) respectively for full degradation of 

1.5 g/L of phenol concentration during 24 hours of incubation. 

Phenol degradation studies were carried out in triplicates using 

MSM (50 mL) and incubated at 32ºC, 200 rpm and pH 8.5 . 

2.3. Agar-Agar Entrapment Of Cells 

Agar-agar was dissolved in 90 mL of 0.9 % NaCl solution to 

get the concentration of 6% agar in a flask and sterilization (less 

than 6% of agar was not suitable for the experiment as the agar 

beads are unstable). Ten milliliters of cell suspension was 

added (10% ratio) into a dissolved agar flask that was 

maintained at 40ºC and mixed for several seconds without 

creating foam and then poured into Petri plates ( 9 cm diameter) 

to allow for solidification. The agar was cut after solidification 

into cubes of equal sizes 1.0 cm3 and 0.125 cm3. Then 

transferred to a sterile 0.2 M buffer of phosphate (pH 7.0) and 

saved in a refrigerator for one hour. The cubes were rinsed three 

times with sterile distilled water and transferred into MSM in 

an Erlenmeyer flask. Different concentrations of agar-agar 

entrapment of cells with each two cubes size were used at 

percent 8, 16 and 24% (v/v). Phenol degradation studies were 

carried out in triplicates using MSM (50 mL) and incubated at 

32ºC, 200 rpm and pH 8.5   . 

2.4. Agarose Entrapment Of Cells  

Agarose was dissolved in 90 mL of 0.9 % NaCl solution to get 

the concentration of 6% in a flask and sterilization (less than 

6% of agarose was not suitable for the experiment as the agar 

beads are unstable) and sterilized by autoclaving. Ten 

milliliters of cell suspension was added (10% ratio) into a 

dissolved agarose flask that was maintained at 40ºC and mixed 

for several seconds without creating foam and then poured into 

Petri plates (9 cm diameter) to allow for solidification. The 

agarose was cut after solidification into cubes of equal sizes 1.0 

cm3 and 0.125 cm3. Then transferred to a sterile 0.2 M buffer 

of phosphate (pH 7.0) and saved in a refrigerator for one hour. 
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The cubes were rinsed three times with sterile distilled water 

and transferred into MSM in an Erlenmeyer flask. Different 

concentrations of agarose entrapment of cells with each two 

cubes size were used at percent 8, 16 and 24% (v/v). Phenol 

degradation studies were carried out in triplicates using MSM 

(50 mL) and incubated at 32ºC, 200 rpm and pH 8.5. 

3. RESULTS 

 

3.1. Calcium Alginate 

Immobilization of bacterial cells is the most common method 

being used till now. Further, Ca-alginate gel is inexpensive, 

versatile and easily available. Immobilized bacterial cells were 

examined for degradation of phenol. 

The concentration of the sodium alginate solution varied from 

2% to 4% w/v for the preparation of alginate beads to establish 

the optimum concentration that has shown encouraging results 

with consideration of both structural strength and porosity of 

the beads for phenol degradation and 3% sodium alginate was 

investigated as the better matrix for immobilization (Figure 2). 

Further, experiments were carried out using 3% of w/v of 

sodium alginate and various concentration of Ca-alginate 

immobilized cells (v/v). Encapsulated R. pyridinivorans GM3 

was used to study phenol degradation at 1.5 g/L within 24 hours 

of incubation . The concentration of Ca-alginate immobilized 

cells (v/v) used for phenol degradation was 4, 6 and 8% at a 

phenol concentration of 1.5 g/L, phenol was completely 

degraded within 24 hours in the immobilized cell system with 

a concentration of 8% (v/v) Ca-alginate immobilized R. 

pyridinivorans GM3 (Figure 3). 

3.2. Polyurethane Foam 

Soft PUF is an insoluble structured entrapment, nontoxic and 

inexpensive material. R. pyridinivorans GM3 was immobilized 

on PUF which is the most often used method for 

immobilization. Microorganisms could play an important role 

when immobilizing cells onto PUF and maintain the ability 

efficiently for degradation in some aromatic and products of 

petroleum. R. pyridinivorans GM3 immobilized in PUF was 

used in two types PUF1 and PUF2 and two cubes of size 0.125 

and 1.0 cm3. The results obtained on phenol degradation using 

immobilized cells in the PUF matrix are present in Figures 4 

and 5. The data indicates that there was an incremental increase 

in phenol degradation with an increase in the PUF 

concentration (v/v). The degradation of 1.5 g/L phenol was 

observed within 24 hours with 10% (v/v) of PUF1 or PUF2 

immobilized cell at cubes of size 0.125 cm3 and it was observed 

that degradation of 1.5 g/L phenol within 24 hours with 14% 

and 16% (v/v) of PUF1 and PUF2 immobilized cell 

respectively at cubes of size 1.0 cm3.  Inference from these 

results, that the phenol degradation by immobilized cells of 

PUF in batch culture at cubes of size 0.125 cm3 was more than 

at size 1.0 cm3 with PUF1 more than PUF2.  

3.3. Agar-Agar and Agarose Entrapment Method 

Agar and agarose are natural polymers consisting of 

polysaccharide linear chains that are cross-related to supply 

mechanical stability. Small particles of agarose and agar act as 

porous gel filters or they can separate a mixture of molecules 

according to their sizes.  

 Agar and agarose were employed for the immobilization of 

bacterial cells and were tested several times under batch culture 

(Figures 6 and 7). The results showed that the phenol (1.5 g/L) 

degradation within 24 hours was 16% and 24% (v/v) on both 

agar or agarose at cubes of size 0.125 and 1.0 cm3 respectively. 

Agarose and agar beads were observed to be deformed after 24 

hours during incubation at 200 rpm for phenol degradation; 

therefore, they are not tested in further experiments.  
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Figure 1: SEM micrograph of R. pyridinivorans GM3 showing groups of cells 

 

Figure 2: Effect of different percentages of sodium alginate (w/v) in the preparation of immobilized cell beads on phenol degradation by R. 

pyridinivorans GM3 after 24 hours of incubation 

 

Figure 3: Effect of different percentages of Ca-alginate immobilized cells (v/v) on phenol degradation by R. pyridinivorans GM3 after 24 

hours of incubation. 

 

Figure 4: Effect of different percentages (v/v) of PUF1 and PUF2 immobilized cells (cubes size 0.125 cm3) on phenol degradation by R. 

pyridinivorans GM3 after 24 hours of incubation
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Figure 5: Effect of different percentages (v/v) of PUF1 and PUF2 immobilized cells (cubes size 1.0 cm3) on phenol degradation by R. 

pyridinivorans GM3 after 24 hours of incubation 

 

Figure 6: Effect of different percentages (v/v) of agar and agarose immobilized cells (cubes size 0.125 cm3) on phenol degradation by R. 

pyridinivorans GM3 after 24 hours of incubation. 

  

 

 
Figure 7: Effect of different percentages (v/v) of agar and agarose immobilized cells (cubes size 1.0 cm3) on phenol degradation by R. 

pyridinivorans GM3 after 24 hours of incubation 

4. DISCUSSION 

The best technique is immobilization which can embed the 

target microorganisms. Generally, the important features for 

immobilized cells are high surface area, simple techniques, 

cheap support materials and low loss of activity during 

immobilization [20]. As the high immobilization rate put in the 

experiments noticed higher degradation and major affinity 

among the hydrophobic these can increase the interaction 

among both the cells and substrates. Among the different 

matrices, Ca-alginate, polyurethane foam (PUF), agar and 
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agarose were used in immobilization studies that offered 

immobilization cells of the strain GM3 for phenol degradation 

on several consecutive batches of culture. A typical 

concentration of 3% w/v of sodium alginate with 0.2 M CaCl2 

2H2O solution to create synthetic Ca-alginate beads was 

supporting phenol degradation which also emphasizes the 

structural stability of Ca-alginate beads (Figure 2). The 

permeability of beads is impacted by the concentration of Na 

and resulting in much porosity when diluting with Na sodium 

alginate is used to form the beads, whilst increased sodium 

alginate lead to the structure stability of beads [21]. Thus, the 

encapsulated Pseudomonas putida in Ca-alginate beads that 

high mechanical strength produced decreased efficacy for 

biodegradation of phenol, hence, the best way as the author 

sought is immobilization as it could close the polluted cells 

going to the environment [22]. Because the biodegradation was 

increased several folds by immobilization[23].  

The phenol biodegradation by P. putida was immobilized up to 

0.3 g/L in batch experiments by using pellets of polyvinyl 

alcohol gel at different conditions in a bubble column 

bioreactor[24]. Observation of the immobilization study 

showed that Ca-alginate immobilized R. pyridinivorans GM3 

was more efficient than PUF, agar and agarose immobilized for 

phenol degradation (Figures 3, 4, 5, 6 and 7). The beads of 

alginate and PUF are better than beads of agar in resistance to 

damage[25]. In general, the beads protect cells against 

environmental stress and provide a surrounding for cell growth 

and metabolism and prevent cell contact with media, whereby 

immobilization protected Rhodococcus erythropolis UPV-1 

against phenol yielded in a significant improvement of their 

respiratory activity and a lower lag phase[8]. Besides, the 

alginate was a nontoxic compound, easily available and cheap, 

hence it was selected as the matrix for experiments of 

immobilization [5]. Though, beads of alginate gel should 

perfectly have chemical stability, high mechanical, controllable 

properties of swelling, a fine pore size distribution and a 

defined size of the pore [26]. Similarly, they were observed that 

operational constancy and permanence of cells immobilized in 

PUF is importantly better than with the other materials 

examined, polyurethane is very multipurpose and low cost with 

this approach, and also PUF was recycled 45 times over 90 days 

without losing degrading activity of naphthalene [27]. 

Bioremediation is a choice that proposes the opportunity to 

reduce various pollutants using the activity of natural biological 

[28]. However, the main problem still is the remediation of 

xenobiotics by used cells [18]. Many industries concerned with 

heath, chemical, energy as well as environmental sector are 

looking for the diversity of rhodococci organisms. In addition, 

they utilized bacterial strains of the genus Rhodococcus to get 

fantastic results to rescue the pollution incorporate with these 

cells [29]. Microbial species and degradation methods are 

factors that impact the degradation of phenols [30]. 

Furthermore, without immobilization, the ability of 

microorganisms in the degradation process will decrease. As 

Stenotrophomonas can degrade phenol concentration of 1.0 g/L 

in 18 hours [31] while the bacteria Klebsiella variicola can 

degrade 1.0 g/L phenol in the mineral salt medium [32]. In 

addition, the lag phase length is increase when used high 

concentrations of the phenol which affects on degradation rate 

[33]. However, the phenol-degrading ability of Rhodococcus 

aetherivorans has been quantitatively distinguished for high 

tolerance and assimilation of phenol as well as various 

hydrocarbons [34]. Nevertheless, the ability of bacteria to 

degrade phenol varies. Bacillus cereus can degrade a 

concentration of 1.4 g/L for 40 hours [35] while other alginate-

immobilized Pseudarthrobacter phenanthrenivorans cells 

degraded 1.0 g/L phenol for 192 hours [36]. Remarkably, the 

immobilized bacteria have higher phenol degradation 

compared with free bacteria [37, 38 ] and immobilization in 

alginate beads increased the many-fold of degradation and 

tolerance to the toxic of phenol[39] by adaption of cell 

immobilized can be more resistant to higher concentrations of  

phenol [40].  

5. CONCLUSION 

Nowadays, the earth witness increased pollutants and 

environmental deterioration, among these pollutants, phenols 

are extremely toxic even at low concentrations. The study 

observations exhibited the Ca-alginate immobilized with strain 

GM3 was more efficient than PUF1, agar and agarose on 

phenol degradation and the high degradation was on 8% of Ca-

alginate. The cubes of size 0.125 cm3 of PUF1, agar and 

agarose were degraded maximum phenol at 10%, 16% and 16% 

(v/v) respectively. The increment in degradation of phenol 

showed when was increased in the immobilized cells 

concentration.   R. pyridinivorans GM3 has the potential for 

phenol degradation and, hence, can be used for an in situ 

bioremediation approach by immobilization which can 

considered as a tool for acceptable cleanup to eliminate phenol. 
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