
58

Journal of Petroleum Science and Technology, Vol. 2, No. 2, 2012, 58-62

Biodegradation of Phenol by Newly Isolated 
Phenol-degrading Bacterium Ralstonia sp. 

Strain PH-S1

A. Tabib, A. Haddadi*, M. Shavandi, M. Soleimani, and P. Azizinikoo
Department of Biology, Faculty of Science, Karaj Branch, Islamic Azad University

haddadi@kiau.ac.ir

Abstract
A newly phenol­degrading bacterium, identified as Ralstonia sp. strain PH­S1, was isolated from 
oil-contaminated soil in Khark Island. It was isolated by a multistep enrichment and screening tech-
nique on mineral medium (MM) containing 100 mg.l-1 of phenol as the sole source of carbon. The 
bacterium was able to degrade up to 1100 mg.l-1 of phenol but the cell growth decreased with higher 
concentrations of phenol. The PH-S1 strain grew well in the pH range of 4 to 9 and in the tempera-
ture range of 30 to 40 °C. Different concentrations of NaCl ranging from 10 to 20% on the growth of 
bacteria was studied and it was found that this strain was able to grow well in 10% NaCl; but, higher 
concentrations of NaCl decreased the growth of the strain. 
The laboratory scale results indicated the potential application of the strain in the treatment of low 
saline industrial wastewaters. However, further investigations are required to confirm the ability of 
the strain.
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Introduction
Aromatic compounds are among the most prevailing and 
constant pollutants in the environment [1]. One of the 
pollutants in the wastewater of chemical and petroleum 
industries which is highly toxic to living organisms is 
phenol. Phenol is toxic upon ingestion, contact, or inha-
lation and is lethal to living organisms even at a concen-
tration of as low as 5 mg.l-1 [2, 3]. As it is fatal to fishes 
at 0.1 ppm [4] and can create serious problem to human 
beings and animals through food chain, its removal from 
industrial wastewater is necessary and the degradation of 
such hazardous compounds has thus far been a challeng-
ing task for the pollution scientists. Several approaches 
are available for phenol removal such as coagulation, 
adsorption on activated carbon and advanced oxidation 
process; in comparison to these chemical approaches, bio-
logical treatment is more effective and less expensive [5]. 

Saline wastewaters created by many industrial pro-
cesses raised serious concerns about treatment of these 
hazardous wastewaters [6, 7]. Organic compounds of 
high-salinity industrial wastewaters can be removed by 
using halophilic bacterial cultures without need to first 

decrease the salt concentration.

Typical nonhalophilic bacteria grow well in media con-
taining NaCl concentrations below 1% w/v (10 g.l-1). 
Bacteria with growth optima in NaCl concentrations in 
excess of 1% are defined as halophilic, and are further 
categorized into three groups according to the salinity 
of their growth optima: slightly halophilic (1–3% w/v), 
moderately halophilic (3–15% w/v), or extremely halo­
philic (>15% w/v) [8].

Many phenol biodegradation studies involve using non-
halophilic species [9–11], while capabilities of halophil­
ic phenol degrading bacteria are less investigated.
The present paper deals with the degradation of phenol 
by a newly isolated moderately halophilic bacterium iso-
lated from soils of Khark Island in the south of Iran. 

Materials and Methods 
Microorganisms Isolation and Growth Conditions 
Khark Island located in south of Iran. The samples were 
transferred into 100 ml sterile mineral medium (MM) 
containing 100 mg.l-1 of phenol as the sole source
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of carbon and energy. The composition of MM was K2H-
PO4=1.5 g, KH2PO4=0.5 g, NaCl=5.0 g, NH4Cl=3.0 g, 
MgSO4=0.3 g, CaCl2= 0.01 g, and FeCl3=0.01 g in 1000 
ml of distilled water. The pH was  adjusted  to 6.8±0.2. 
The flasks were incubated at 30 °C with shaking at 110 
rpm in the dark in order to avoid photo-destruction of phe-
nol. Growth was determined as absorbance at 600 nm.
After four transfers, serial dilutions of the cultures were 
prepared and spread on nutrient agar. The plates were in-
cubated at 30 °C for 3 days. Colonies were isolated and pu­
rified from this medium. To verify the phenol degradation 
activity of these isolates, they were again inoculated in MM 
containing 100 mg.l-1 of phenol and absorbance at 600 nm 
was determined one more time. 
Growth of bacteria was determined at different tempera-
tures ranging from 30 to 40 °C and at different pH values 
ranging from 4 to 9 in the presence of 100 mg.l-1 phenol.
Effect of Different Phenol Concentrations on the 
Growth of the Culture
Isolated strains were tested for their ability to tolerate dif-
ferent concentrations of phenol in a mineral medium (MM) 
supplemented with phenol at a concentration of 200, 300, 
500, 700, 900, 1100, and 1200 mg.l-1 at 30 °C with shaking 
at 110 rpm in the dark. Inoculum was phenol-adapted cells 
grown in the presence of 100 mg.l-1 phenol. Growth was 
determined as absorbance at 600 nm.
Ability of the bacteria to use various aromatic compounds 
as sole source of carbon were tested with MM containing 
100 mg.l-1 of the m-cresol, 3-nitro phenol, and 4-chloro 
phenol. Growth was determined as absorbance at 600 nm.
Measurement of Phenol Residual Concentrations
The residual phenol concentration was measured at every 
24-hrs interval by 4-aminoantipyrine spectrophotometric 
method [12].
Effect of Different NaCl Concentrations on the Growth 
of Bacteria
Effect of different concentrations of NaCl ranging from 10 
to 20% on the growth of bacteria was surveyed. 
16S rDNA Sequence Analysis 
After the partially characterization of isolated strain based 
on the morphological and physiological characteristics and 
biochemical tests (according to Bergey’s manual) the ge­
nomic DNA was extracted using a phenol-chloroform ex-
traction protocol [13]. The 16S rRNA gene was amplified 
using universal primers including forward primer, i.e. 9F 
(GAGTTTGATYMTGGCTCAG) and reverse primer, i.e. 
1541R (AAGGAGGTGWTCCARCC), and PCR product 
was sequenced. Nucleotide sequences of each 16S rRNA 
gene were aligned using respective sequences of allied ref-
erence strains.

Results and Discussion
Isolation of Microorganisms
After extensive screening procedure, seven morphologi-
cally different bacterial strains were isolated; but, among 
all of the tested strains 2 isolates were able to efficiently 

degrade phenol as the sole source of carbon and energy 
(PH-S1 and PH-S2). As demonstrated in Figure 1 the strain 
PH-S1 showed better growth characteristics.  

On nutrient agar plate strain PH-S1 showed beige, smooth, 
glistening with entire margin, dome-shaped, mucus colo-
nies, while the colonies of strain PH-S2 were white, rough, 
non-spreading, and dome-shaped.

The PH-S1 strain grew well in the pH range of 4 to 9 and in 
the temperature range of 30 to40 °C. 
Phenol Biodegradation
Strain PH-S1 was incubated in MM along with 200 to 1200 
mg.l-1 phenol as the sole source of carbon to identify the tol-
erance limit of bacteria to phenol. As shown in Figure 2, the 
PH-S1 strain was able to degrade phenol up to a concentration 
of 1100 mg.l-1 in 6 days at 0.5% NaCl. While the phenol con-
centration exceeded 1100 mg.l-1, growth of the bacteria was 
decreased and then stopped. These results are similar to that 
obtained by Nilotpala et al.; they isolated a serratia strain that 
was able to degrade phenol up to a concentration of 1050 mg.l-1 

but in 11 days and in the presence of 0.05 % NaCl.

Growth curve and phenol biodegradation curve of PH-S1 
strain in a medium containing 100 mg.l-1 phenol is illus-
trated in Figure 3. The growth of the strain was started af-
ter a short delay and after proceeding for several hours the 
bacteria entered the log phase. The highest growth occurred 
72 hours after inoculation and right after it stationary phase 
began. As the results indicated, in spite of little or no loss 
of phenol during the lag phase, a rapid biodegradation of 
phenol was seen with an increase in the biomass.

The strain was also able to decompose 100 mg.l-1 of the 
m-cresol but it could not utilize 3-nitro phenol and 4-chloro 
phenol as the sole source of carbon and energy.
Study of Bacterial Growth in the Presence of the Differ-
ent Concentrations of NaCl
Growth of PH-S1 strain in NaCl concentrations ranging 
from 10 to 20% was studied. As shown in Figure 4, this 
strain can grow well in 10% NaCl but a higher concentra-
tion of NaCl decreases its growth. These finding are compa­
rable to that of Bernet et al.; they reported five bacterial cul­
tures which were capable of biodegrading phenol from 50 
mg.l-1 to below the detection limit of 2 mg.l-1 in the presence 
of 10% NaCl. One of these cultures was able to degrade 
phenol at an initial concentration of up to 320 mg.l-1 [8].

As some industrial wastewaters have higher concentra-
tions of salts, the treatment of saline wastewaters created by 
many processes is of environmental concerns and while de-
salination by chemical and physical methods are expensive, 
microbial biodegradation can be an effective and economi-
cally viable method for the treatment of these contaminants.
According to Bernet et al. [8], bacteria with growth optima 
in 3­15% w/v NaCl concentrations are defined as moder­
ately halophilic; so the PH­S1 strain, as a moderately halo­
philic phenol-degrading bacterium, can be a good candidate 
for the treatment of low saline wastewaters.
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Figure 1: Growth of Ralstonia sp. strain PH-S1 at a phenol concentration of 100 mg.l-1

Figure 2: Growth of Ralstonia sp. strain PH-S1 at different concentrations of phenol

Figure 3: Biodegradation and growth curve of Ralstonia sp. strain PH-S1 at a phenol concentration of 100 mg.l-1
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Figure 4: Growth of ralstonia sp. strain PH-S1 at different concentrations of NaCl

Phylogeny Analysis of 16S rRNA Gene
Sequencing of 16S rDNA genes has been very useful 
for the recognition of isolated bacteria. To identify PH-
S1 isolate, gene encoding 16S rRNA were amplified by 
PCR and sequenced as described above. We found that 
PH­S1 isolate was classified in the Ralstonia genera; 
blast analysis demonstrate that the similarity between 
16S rDNA sequences of PH-S1 and uncultured Ralstonia 
sp. clone S-34, Ralstonia pickettii strain TA, and Ralsto-
nia sp. M22 were 99%, 99%, and 98% respectively. So 
the bacterium was identified as Ralstonia sp. strain PH­
S1 using 16S rDNA sequence analysis. The sequence of 
the 16s rRNA gene of the strain has been submitted to 
genbank under accession number of JN543508.

Conclusion 
The identification of bacterial genera capable of degrad­
ing phenolic compounds demonstrated the dominance 
of genus Pesudomonas, which is may be because of its 
spread distribution in soils. Other genera of bacteria in-
cluding Agrobacterium, Burkholderia, Acinetobacter, 
Ralstonia, Klebsiella, Bacillus, and Rhodococcus were 
illustrated as the degraders of phenolic compounds [14]. 
In this study, a slightly holophilic bacteria was isolated 
from the oil-contaminated soil of Khark Island. We con-
cluded that PH-S1 strain could degrade phenol up to a 
concentration of 1100 mg.l-1. Higher initial concentra-
tions of phenol had an inhibitory effect on the growth 
of bacteria. It was also able to degrade m-cresols, but it 
could not degrade nitro- and chloro- phenols. This bac-
terium grew well in the pH range of 4 to 9 and in the 
temperature  range  of  30  to  40  °C. The  bacterium  was 
identified as Ralstonia sp. strain PH­S1 by the phylogeny 
analysis of 16S rRNA gene. The ability of the strain to 
degrade concentrations of phenol as high as 1100 mg.l-1, 
to withstand a wide pH range, and to degrade cresol as 
a second prevailing phenolic contaminant and having 
slight halophilic characteristics make it a good candidate for 
the bio­treatment of industrial effluents containing phenol.
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