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Abstract  
For a better understanding of the fate and persistence of 1, 2-dibromoethane in the environment and for 

development of bioremediation techniques for the cleanup of polluted locations, it is important to study the 

physiology of bacteria that degrade this toxic compound. Bradyrhizobium japonicum 273 produces haloalkane 

dehalogenase, which promotes the biodegradation halogenated aliphatic pollutants. In our study the inhibitory 

effect of substrate was reduced by immobilization.  

This study compares biodegradation with free and immobilized cells onto a granular activated carbon and onto a 

granular polymeric support. Processes of dehalogenation were carried out in shaken flasks.  

Complete biodegradation was observed corresponding to stoichiometric concentration of bromide ions in the 

medium. 
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Introduction 
Immobilized cells performance has been extensively 

studied in the last three decades. The research on the 

properties of immobilized microbial cells is pretty 

widespread. The interest toward this type of 

biocatalyst is provoked by different reasons. First of 

all, it is their multiple use and the chance to manage 

industrial microbial processes in a continuous way. 

The second one is the possibility to attain much higher 

cell concentrations compared to free cultures. The 

choice of immobilization method depends on the 

kinetics of the microbial process, on the microbial 

growth, on the products of reactions, being possible 

inhibitors or catalysts, etc. 

 

Immobilization onto a granular activated carbon 

A special separate case of biofilm reactor is the 

operating with biomass adsorbed on granular 

activated carbon (GAC). In this case two important 

properties of GAC are used: first the microbial cells 

are easily attached to the carbon surface; on the other 

hand the toxic compounds to be treated are adsorbed 

by the activated carbon. The toxic substrate 

concentration in the bulk is reduced to values 

affordable for the cells and the latter are protected 

from the shock loads of organic pollutants (Beschkov, 

2008). Therefore the cells are not subjected to the 

adverse action of the toxic substrate or inhibitor at 

high concentrations. After biodegradation when the 

dissolved toxic substrate is degraded, new portions of 

it are released by the carbon because of the 

adsorption/desorption equilibrium. That is why the 

degradation rate for immobilized cells is usually much 

higher than that for free ones. However, there could 

be a competition for the adsorption sites between the 

substrate molecules and the microbial cells, resulting 

in apparently lower adsorption capacity. 

Tao et al. (2017) have investigated the granulation of 

activated sludge and effect of granular activated 

carbon (GAC) under the alternative anaerobic and 

aerobic conditions. The results showed that GAC 

accelerated the granulation, but it had no obvious 

effect on the bacterial community structure of 

granules. The whole granulation process could be 

categorized into three phases, i.e. lag-, granulation and 

granule maturation phase. During lag period GAC 

provided nuclei for sludge to attach, and thus 

enhanced the morphological regularization of sludge. 

During granulation period the granule size increased 

significantly due to the growth of bacteria in granules.  

Granular activated carbon (GAC) particles are widely 

used porous materials for removing gaseous 

contaminants in the air. In addition, GACs can work 

as pack-bed filters for removing particles. Live cells 

of a phenol-degrading bacterium, Rhodococcus sp. 

DCB-p0610, were immobilized on granular activated 

carbon by adsorption and in alginate beads by 

entrapment (Shwu-Ling et al., 1995). These 

immobilized particles were packed separately into two 

column reactors, which were used for continuous 

treatment of a mineral medium containing high phenol 

concentrations. The GAC was made of coconut shell. 

The alginate beads contained 1% powder activated 

carbon, 4% calcium alginate and 1% wet microbial 

cells. A comparison of both materials for cell 

immobilization showed that the phenol removal rate 

on alginate beads was higher than that on GAC when 

the influent contained 1000ppm phenol. 

The adsorption of Escherichia coli on different 

activated carbons has been studied by Utrilla et al. 

(2001). The activated carbon samples used have been 

characterized, determining their surface area, pore 

size distribution, by elemental analysis, mineral 

matter analysis and pH of the point of zero charge. The 

adsorption capacity of these carbons increased with 

their hydrophobicity and macropore volume. The 

number of bacteria adsorbed on the demineralized 

activated carbon in a solution of pH value in the iso-

electric point of the carbon was negligible.  

The ability of three different bacterial species 

supported on granular activated carbon to remove 

hexavalent chromium from low concentration liquid 

solutions was investigated, in batch and column 

studies (Quintelas et al., 2008). The microorganisms 

tested were Cr (VI) reducing types: Streptococcus 

equisimilis, Bacillus coagulans and Escherichia coli. 

The obtained results showed that the biofilms tested 

are very promising for the removal of Cr (VI) in 

diluted industrial wastewater. Despite differences in 

the cell wall structure and composition, the three 

bacteria exhibit comparable sorption affinities 

towards chromium, in the open systems studies. The 

Gram-positive bacteria tested (B. coagulans and S. 

equisimilis) presented best metal removal percentages 

in batch studies. 

 

Polymeric carriers for the microbial cell 

immobilization 

Polymers play significant role in different aspects of 

biological sciences. Fully polymer-based particles, or 

polymerepolymer coreeshell particles, with well-

defined morphologies are widely reported in the 

literature. Multi-layered polymer particles with 

specific functionalities, have become increasingly 

important in the recent years, arising from their 
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potential role in various applications, such as 

catalysis, optical devices, electronics, energy-driven, 

biotechnological and biomedical applications. 

Since the polymer–nanocomposites have been the 

staple of modern polymer industry, their durability 

under various environmental conditions and 

degradability after their service life are also essential 

fields of research (Kumara et al. 2009). Among 

various nanoparticulates, clay minerals and carbon 

nanotubes are more often used in enhancing physical, 

mechanical and thermal properties of polymers. In 

very few systems, the nanoparticulates have been 

incorporated into polymer as ‘nano-additives’ for both 

purposes: degradation and stabilization of polymers. 

Generally, two main strategies are employed for 

preparation of polymer nanoparticles (PNP): the 

dispersion of preformed polymers and the 

polymerization of monomers. Various techniques can 

be used to produce polymer nanoparticles, such as 

solvent evaporation, salting-out, dialysis, supercritical 

fluid technology, micro-emulsion, mini-emulsion, 

surfactant-free emulsion, and interfacial 

polymerization. The choice of method depends on a 

number of factors, such as, particle size, particle size 

distribution, area of application, etc. Raoa & 

Geckelera (2011) cover the general description of the 

preparation of polymer nanoparticles and the detailed 

description of the crucial parameters involved in 

techniques designed to obtain the desired properties. 
Increased application of engineered nano particles 

(ENPs) in production of various appliances and 

consumer items is increasing their  presence in the 

natural environment. Although a wide variety of nano 

particles  are ubiquitously dispersed in ecosystems, 

risk assessment guidelines to describe their ageing, 

direct exposure, and long-term accumulation 

characteristics are poorly developed. Goswami et al. 

(2017) were described what is known about the life 

cycle of ENPs and their impact on natural systems and 

examine if there is a cohesive relationship between 

their transformation processes and bioaccessibility in 

various food chains. Different environmental stressors 

influence the fate of these particles in the 

environment. Composition of solid media, pore size, 

solution chemistry, mineral composition, presence of 

natural organic matter, and fluid velocity are some 

environmental stressors that influence the 

transformation, transport, and mobility of nano 

particles. 

Escherichia coli cells were efficiently immobilized in 

reticulated polyvinyl formal resin biomass support 

particles (BSPs) that had been simply autoclaved with 

a solution of a cationic polymer such as 

polyethyleneimine. When the immobilized E. coli 

cells containing aspartase were used as whole cell 

biocatalyst for l-aspartic acid production, they showed 

specific aspartase activity comparable to that of non-

immobilized cells (Huanga et al. 2009). The use of 

porous support particles for cell immobilization has 

been successfully applied to a variety of microbial, 

plant, and animal cell systems. The advantages of this 

immobilization technique are its simplicity and 

convenience.  

The main goal of this study is to investigate biodegra-

dation of 1, 2-Dibromoethane with Bradyrhizobium 

japonicum 273 cells. 1, 2-Dibromoethane is very 

strong pollutant and therefore it is too dangerous for 

the environment. Its biodegradation passes through 

very toxic intermediates e.g. dibromoethanol and 

bromoacetaldehyde and that is why the complete 

biodegradation is not observed by higher substrate 

concentrations. In this paper we compare 

biodegradation with free and immobilized cells onto a 

granular activated carbon and onto a granular 

polymeric support. 

 

Materials and Methods 
Bacterial strain, media and experimental conditions 

Bradyrhizobium japonicum 273 was obtained from 

the National Bank for Industrial Microorganisms and 

Cell Cultures, Bulgaria (NBIMCC). The strain was 

grown in mineral medium (MMY) containing (per 

liter): 1g of Yeast extract, 0.2g of NaCl, 0.2g of 

MgSO4, 0.5g of K2HPO4, 10g of Glucose, 1 g of Tap 

water. The medium pH was adjusted to 7.2 before 

being autoclaved. 

The experiments have been carried out in flasks of 200 

ml in a rotary shaker at 28°C and agitation speed of 

100rpm. Processes of dehalogenation have been 

carried out with different initial substrate concentra-

tions of 1, 2-DBE:  0.1g.L-1 and 0.3g.L-1. Two flasks 

were with free cells, two with immobilized cells onto 

a granular activated carbon and two with immobilized 

cells onto a granular polymeric support. 

 

Immobilization procedures 
 

Granular activated carbon (GAC) 

Granular activated carbon, product of Fujikasui, 

Japan, with specific active area of 680m2.g-1, have 

been  used. Two very important properties thereof are 

used: first, the microbial cells are easily attached to 

the carbon surface; second, the toxic compounds are 

adsorbed by the activated carbon.  As a result, the high 

concentrations of the substrate are reduced to not 
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dangerous values for the cells and therefore avoiding 

inhibition caused by high concentrations of the 

pollutant (Beschkov, 2008). 

The immobilization of  Bradyrhizobium japonicum 

273 cells have been accomplished on 200g GAC. The 

preliminary cultivated bacterial suspension was mixed 

with the washed and dried to constant weight of GAC. 

Then the mixture was transferred to shaking flasks and 

they were incubated at 30°C for least 48h. 
 

Polymer carrier 

Immobilization have been carried out using the 

method described by Lalov et al. (2001). The 

supporting material was a copolymer of acrylonitrile 

and acrylamide formed as porous granules with an 

average diameter of 2mm. The polymer granules were 

activated for 4h, using a 12.5% solution of 

formaldehyde in 0.1M phosphate buffer at pH=7.5. 

The microbial cells were harvested from the inoculum 

culture by centrifuging at 5000 x g for 20min, washed 

in phosphate buffer at pH=7.5, and re-suspended in 

the same buffer to achieve a biomass content of 10 

mg/ml. Then the microbial suspension was mixed 

with the activated polymer beads for 20min under 

careful stirring. Thereafter the granules were tho-

roughly washed with distilled water until no free cells 

were detected in the flush. The overall volume of the 

beads was 55cm3 with a specific area about 30cm-1. 

Analytical methods 

Bromides were analyzed by the colorimetric method 

of Bergman & Sanik (1957). An aliquot of centrifuged 

sample (2.5ml) was mixed with 1ml of Fe (III) 

solution (8g (NH4)Fe(SO4).12H2O in 100ml of 6M 

HNO3) and 3ml saturated solution of 1.5g Hg(SCN)2 

in 500ml of  98% ethanol. The mixture was shaken 

and after 10min was filtered through 0.2μm filter. The 

light absorption was measured at wavelength 460nm 

using a spectrophotometer (VWR UV-1600 PC). The 

concentrations of bromide ions were calculated from 

the optical density, using a calibration curve. 

 

Results and Discussion 
The experimental results of bromide release are 

presented in Fig. 1-3. The bromide profiles for 

experiment with free cells are presented in Fig.1. With 

initial 0.1g.L-1 1, 2-DBE concentration was registered 

lightly bromide release. After 72h bromide 

concentration reaches 0.08g.L-1. This value, being 

comparable to stoichiometric one (0.085g.L-1), is an 

evidence that the biodegradation of 1, 2-DBE was 

almost completed.  

One plateau was observed in the bromide curve at 

initial 1, 2-DBE concentration of 0.3g.L-1. During a 

period of 50h (from 50th to 100th) bromide 

concentration reaches 0.14 g.L-1.  For this substrate 

concentration the stoichiometric bromide value is 

0.255 g.L-1. This result shows that a half of the 

bromide ions were released completely, i.e. only one 

of the bromide atoms is released from the substrate 

molecule. This is might be due to accumulation of 

intermediates (e.g. 1-bromoethanol and bromoacet-

aldehyde) acting as inhibitors of substrate 

biodegradation. 
The bromide profiles for experiment with 

immobilized onto a granular activated carbon cells are 

presented in Fig. 2. The results have similar trend like 

these with free cells. With initial 0.1g.L-1 1, 2-DBE 

concentration was registered easy bromide release. 

After 50h bromide concentration reaches 0.08g.L-1. 

This value, being comparable to stoichiometric one 

(0.085g.L-1).The second bromide curve presents 

experiment with initial 0.3g.L-1 1, 2-DBE concentra-

tion. After 50h bromide concentration reaches 0.13 

g.L-1. Only a half of the bromide ions were released 

completely because for this substrate concentration 

the stoichiometric bromide value is 0,255g.L-1. 

Obviously there is practically no difference between 

the results obtained by free cells or by ones, 

immobilized on GAC. 

The bromide profiles for experiment with 

immobilized onto a granular polymeric support cells 

are presented in Fig. 3. The results are different. Two 

plateaus are observed in the bromide curves. With 

experiments with initial 0.1g.L-1 1, 2-DBE concentra-

tion bromide release after 80 hours and the finally 

bromide concentration was 0.084g.L-1. This value is 

practically the same as the stoichiometric one (0.085 

g.L-1). The bromide profile for experiments with 

initial 0.3g.L-1 1, 2-DBE concentration have similar 

trend. A plateau is observed until 80 hours. Probably 

in the broth for this period are intermediate com-

pounds preventing the full bromine release? After 80th 

hour complete dehalogenation is observed. The 

bromide concentration reaches 0.205g.L-1 which is 

comparable with the stoichiometric value 0.255g.L-1.  

 

Conclusions 
On the basis of the presented experimental results the 

following conclusions can be drawn: 
1. Full biodegradation was achieved at low initial 

substrate concentration of 0.1 g.L-1 1, 2-DBE with free 

and immobilized cells.  
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2. Biodegradation with free and immobilized onto a 

granular activated carbon cells was impeded with 

initial substrate concentration of 0.3 g.L-1 1, 2-DBE. 

Dehalogenation stopped before one bromine atom in 

the substrate molecule was released completely. This 

fact is associated with the accumulation of 

intermediates i.e. 1-bromoethanol and bromoacet-

aldehyde acting as inhibitors of substrate 

biodegradation. 

3. Immobilization onto a granular polymeric support 

was successful. Biodegradation with immobilized 

onto a granular polymeric support cells was complete-

ly at higher substrate concentration 0.3 g.L-1 1, 2-

DBE. Concentration of bromide ions in the medium 

almost reaches stoichiometric values. 
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Figure 1. Comparison of biodegradation with free cells with different initial substrate concentrations: 

0.1g.L-1 1, 2-DBE and 0.3g.L-1 1, 2 DBE 

 

 

 

 

 
 

Figure 2. Comparison of biodegradation with immobilized onto a granular activated carbon 

cells with different initial substrate concentrations: 0.1g.L-1 1, 2-DBE and 0.3g.L-1 1, 2 DBE 
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Figure 3. Comparison of biodegradation with immobilized onto a granular polymeric support 

cells with different initial substrate concentrations: 0.1g.L-1 1, 2-DBE and 0.3 g.L-11,2 DBE 

 


