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Abstract: Halophenolic compounds are common environmental pollutants due to 

their extensive use in industry. 2,4,6-tribromophenol (TBP) is used in the wood 
industry as a preservative to control fungi and as a flame retardant. Limiting factor 
of metabolism of brominated phenols is chemical stability and the relative low 
carbon content of the compound. For example, carbon and bromide in TBP 
account for 21.6% and 72% of the compound weight, respectively. Thus, there is 
need of a secondary carbon source for the growth of microorganism and 
biodegradation of this compound. The aim of this work was to ascertain ability of 
bacteria Rhodococcus erythropolis and Pseudomonas fluorescens to degrade 

TBP and find suitable co-substrate for biodegradation by bacterial population. 
TBP concentration decrease during cultivation of both bacterial strains with 
succinate or glucose at concentration 10 g/l and phenol at concentration 0.3 g/l 
was observed. The ability to degrade mixture of two pollutants (TBP and phenol) 
could be advantageous for example for treatment of industrial waste water. 
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INTRODUCTION 

Among bromophenols, 2,4,6-tribromophenol (TBP) is the most widely produced 
brominated phenol. The production volume of TBP was estimated at 
approximately 2500 t/year in Japan and 9500 t/year worldwide in 2001 as was 
reported in OECD SIDS Initial assessment report (2003). This substance is 
used as a chemical intermediate to manufacture flame retardants or directly as 
a flame retardant. TBP is also widely used in industry as a pesticide for 
controlling insects, fungi, and bacteria and is a key component of wood 
preservatives. From the use pattern of the substance, it has been suggested 
that it is released to the environment through various waste streams. 
Brominated phenols are generally not readily biodegradable and tend to persist 
in the environment (AGUAYO et al. 2009; NICHKOVA et al. 2008). Furthermore, 
2,4,6-TBP has been reported by LYUBIMOV et al. (1998) to cause developmental 
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neurotoxicity when rats were exposed to 0.03 mg/m
3
, 24 h/day, 7 days/week) 

throughout inhalation. 

As Pseudomonas and Rhodococcus sp. are soil bacteria known to degrade 
a variety of compounds and their ability to utilize halogenated phenols was 
reported (KARGI & ESKER 2004; ZAITSEV & SUROVTSEVA 2000; GOSWAMI et al. 
2005) we chose these two bacterial strains to determine their potential for TBP 
removal. 

 
 

METHODS 

Two bacterial strains Rhodococcus erythropolis CCM 2595 (RE) and 
Pseudomonas fluorescens CCM 2115 (PF) were used in this experiment. 
Inoculum was prepared in Erlenmeyer flasks with nutrient broth. Cultivation was 
carried out in a temperature controlled shaking device (100 RPM, 30 °C). A 
mineral salt medium was used for degradtion tests (KH2PO4 0.34 g/l, K2HPO4 

0.26 g/l, (NH4)2SO4 2.84 g/l, MgSO4.7H2O 0.41 g/l and 1 ml of solution with 
elements (MnSO4.H2O 1 g/l, CaCl2.2H2O 0.26 g/l, FeSO4.7H2O 0.6 g/l, 
Na2MoO4.2H2O 2 g/l)), with TBF at concentration 10 mg/l and substrates 
succinate (10 g/l) or glucose (10 g/l) or phenol (0.3 g/l). We chose succinate 
and glucose as readily utilizable substrates that ensure good growth of bacteria, 
phenol for possible induction of genes for phenolic compounds degradation. 

Phenol and TBF were determined by HPLC (Agilent Technologies, USA). 
Samples were filtered prior to analysis (membrane pore size 0.22 µm) and 
injected on the column (RP C18, 123 x 4 mm, 5 µm, Watrex International, USA). 
Isocratic elution was performed with the acetonitrile/water/acetic acid (60/38/2) 
mobile phase at flow rate 1 ml/min. UV detection was carried out at 280 nm. 

The concentration of biomass was measured spectrophotometricaly  
(400 nm), the initial optical density (OD) was set to 0.25. 
 
 
RESULTS 

Tables 1 and 2 display obtained data from biodegradation experiments. The 
results show that TBP concentration decreased in all cases. After 140 hours 
Pseudomonas fluorescens cultivation with phenol and glucose or succinate 
remains 20% and 50% TBP, respectively. Similarly there is a 40% loss of TBP 
concentration during cultivation of Rhodococcus erythropolis. A decrease in 
TBP concentration and growth of biomass did not occur without the carbon and 
energy substrates – phenol, succinate, glucose. 

Fig. 1 shows the most efficient arrangement of the experiment, 
biodegradation of mixture of phenol and TBP and display corresponding cell 
biomass growth and decrease of both substances. 
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Tab. 1:  Decrease in TBP concentration during Pseudomonas fluorescens cultivation 

PF succinate [10 g/l] phenol 0.3 [g/l] glucose [10 g/l] 

time [h] TBF [mg/l] OD TBF [mg/l] OD TBF [mg/l] OD 

    0 10 0.26 10 0.25 10 0.25 

  20   8 0.80 10 0.25   6 0.31 

  26   7 0.85 10 0.26   3 0.28 

  44   6 1.00   7 0.32   2 0.29 

  50   6 1.50   4 0.50   3 0.30 

  68   6 2.40   3 0.50   3 0.36 

  74   5 2.40   2 0.50   4 0.35 

  94   5 2.40   3 0.50   2 0.58 

118   5 2.40   2 0.50   3 0.86 

140   5 2.40   2 0.50   2 0.86 

 
 
Tab. 2:  Decrease in TBP concentration during Rhodococcus erythropolis cultivation 

RE succinate [10 g/l] phenol 0.3 [g/l] glucose [10 g/l] 

time [h] TBF [mg/l] OD TBF [mg/l] OD TBF [mg/l] OD 

    0 10 0.26 10 0.255 10 0.25 

  20 10 0.51   9 0.161 10 0.30 

  26   8 0.83   9 0.305 11 0.30 

  44   8 1.08   7 0.300 10 0.32 

  50   7 1.40   7 0.350 11 0.32 

  68   8 1.40   6 0.360 11 0.36 

  74   7 1.40   6 0.360 10 0.36 

  94   7 1.40   6 0.370   8 0.39 

118   7 1.40   6 0.370   7 0.42 

140   6 1.40   6 0.370   6 0.50 

 
 
 

 
Fig. 1:  Biodegradation of phenol and decrease in TBP concentration during 

Pseudomonas fluorescens cultivation 
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DISCUSSION 

The decrease in TBP concentration could be connected with bacterial growth 
and sorption to biomass, but the largest decrease in TBP concentration did not 
occur in the case of P. fluorescens cultivation with succinate, which has the 
largest increase in biomass. From results presented on Fig. 1 the connection 
between degradation of phenol and decrease in TBP concentration is apparent. 
The fact that TBP decrease stops when phenol is completely utilized supports 
the assumption discussed also by RONEN et al. (2000) that TBP has low carbon 
content and secondary source is necessary for its utilization. YAMADA et al. 
(2008) suggested that the enzyme systems responsible for dehalogenation of 
2,4,6-TBP and cleavage of phenol may work cooperatively inside the cells. 
ARANDA et al. (2003) also discussed concept of secondary utilization instead of 
cometabolism. They reported that TBP is inhibitory and non-growth substrate 
and demonstrated dependence on glucose to allow bacterial growth and 
degradation of used compounds. The ability of Rhodococus sp. and 
Pseudomonas sp. to degrade trihalogenphenol was published. PAMUKOGLU & 

KARGI (2008) used Monod kinetic with non-competitive substrate inhibition to 
describe kinetic of biodegradation. Rhodococcus rhodochrous used in this 
experiment, able degrade 43% from 54 mg/l TCP, was more efficient than our 
R. erythropolis, but medium was supplemented beside glucose also with yeast 
extract. Similarly effect of addition of glucose and phenylalanine to non-dividing 
cells Pseudomonas paucimobilis S37, which dehalogenates 2,4,6-
trichlorophenol, was discussed (ARANDA et al. 1999). This addition improved the 
viability of the cells by providing protection against toxicity of the halogenated 
compounds. 

 
 

CONCLUSION 

Decrease of TBP during both Pseudomonas fluorescens and Rhodococcus 
erythropolis cultivation was observed. For further experiments it is necessary to 
determine the fate of TBP. All tested additional C-sources supported growth of 
bacteria, but in term of biodegradation is advantageous to use mixture of two 
pollutants, therefore use phenol as a secondary source. If the biodegradation is 
confirmed, Pseudomonas fluorescens will be selected as more efficient 
degrader for further experiments with the aim of optimizing the TBP 
biodegradation process. 
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