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Biodegradation of phenol at low and high doses by bacterial strains indigenous to  

Okrika River in the Niger Delta of Nigeria        
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ABSTRACT: 
  
 Assessments on biodegradation at low and high doses of phenol by bacterial 
strains indigenous to Okrika River in Niger Delta of Nigeria were carried out. Growth at 
low dose of 0.01 µg/l phenol showed that highest and lowest cell density values of 
OD540nm of 0.15 and 0.09 in Pseudomonas sp. SD1 and Citrobacter sp. RW1 while at     
1.0 µg/l phenol concentration the highest cell density values of OD540nm of 0.28 was 
observed in Staphylococcus sp. RW2. The highest specific growth rate of 0.019 h-1 at 
500 mg/l of phenol was obtained for Pseudomonas sp. SD1 while Citrobacter sp. RW1 
had the lowest specific growth rate of 0.014 h-1 at 500 mg/l of phenol. The specific 
phenol degradation rate ranges from 55.35 to 130.98 mg/(L.h.OD). The order                      
of specific phenol consumption rate at 1000 mg/l by the organisms is: Bacillus sp.            
SD3>Pseudomonas sp. SD1>Citrobacter sp. RW1>Staphylococcus sp.                          
RW2. Citrobacter sp. RW1 exhibited highest growth yield in 250 mg/l of phenol with 
the growth yield of 6.24 (x 10-4 A540 unit.l/mg). The results showed that the test 
organisms might be the most suitable bacterial strains for removal of phenols at low 
and high doses in phenolic polluted media. 
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INTRODUCTION 

 Contamination of aquatic environment brought 

about by the discharge of wastewater resulting from 

anthropogenic activities clearly continues to be a major 

environmental issue. Effluents are very important 

sources of chemicals entering aquatic ecosystems. They 

may contain hundreds, or even thousands of chemicals, 

but only a few of them are responsible for effluent 

toxicity (Tisler et al., 1999). High strength wastewaters 

have been reported to be associated with chemical 

processing industries. Wastewaters generated from these 

processing industries such as petrochemical, oil 

refineries, coke-processing plants, etc contain a large 

number of organic and inorganic pollutants at high 

concentrations that exhibit adverse effect on the 

environments when released (Papadimitriou et al., 2009). 

The presence of high level of these contaminants formed 

the major pollutant in the water body as a result of 

continuous discharge of effluents by industries into the 

ecosystem. In water these pollutants of the discharged 

effluent sorbs onto particulate materials and if not 

degraded eventually end up in sediments. As an ultimate 

respiratory of most xenobiotic contaminants that enter 

water bodies, sediments act as both carrier and sources of 

contaminants in aquatic environment (Akan et al., 2010). 

Thus, the contaminated sediments may represent a 

continual threat of recontamination of the aquatic 

environment as the adsorbed pollutants if not degraded, 

in turn lead to the exposure of aquatic life to organic 

pollutants such as phenol (Mort and Dean-Ross, 1994). 

On the other hand, the release of contaminants from 

sediments could increase the amount of toxic compounds 

in the waters making them more available to organisms 

and affecting their life cycles, reproduction, metabolism 

and physiology. Microorganisms being ubiquitous in 

nature exploit many carbon and energy sources in its 

niche for growth. Several species of micro-organisms 

inhabiting hostile ecological niche have been reported by 

Colwell and Walker (1977), Atlas (1981), Heinaru et al. 

(2000) and Polymenakou and Stephanou (2005). 

Microorganisms indigenous to aquatic environment are 

crucial for the biodegradation of organic matter and the 

cycling of nutrients, while these microorganisms are 

susceptible to toxic pollutants from industrial effluent 

discharges, especially petroleum refinery. Therefore, 

perturbations of aquatic microbial communities could 

have consequences for the higher trophic levels and for 

the overall aquatic environment. 

 The composition of effluents from petroleum 

refineries varies according to their origin, storage and 

treatments as these wastewaters are enriched with 

different pollutants. Phenol and its derivatives along with 

other organic and inorganic compounds is one of the 

most common contaminants present in refinery effluents 

(Jena et al., 2005) which renders refinery effluents its 

toxic nature. Phenols as constituents of industrial 

effluents may remain in water body for much longer 

period if it is continually or consistently released into the 

aquatic environments from sources thereby increasing its 

elevation in the environment. The toxic nature of phenol 

and its derivatives to microbial cells is well documented 

(Kahru et al., 2002; Keweloh et al., 1990). Owing to 

toxic nature of phenol, its contact with microorganisms 

always results in the decrease of microbial enzyme 

activity (Nwanyanwu and Abu, 2011) as well as leading 

to death of organisms at higher concentration. 

 A large number of microbial genera possess the 

capability to degrade organic pollutants. Among the 

bacterial genera implicated in the degradation of phenol 

include Pseudomonas, Bacillus, Corynebacterium 

species etc. The ability of organisms to degradation 

phenol and other toxicants is related to adaptation of the 

microorganisms to the compound of concern and 

adaptation is associated with synthesis of new enzymes 

capable of transformation of the toxicant to harmless 

substances (Jaromir and Wirgiliusz, 2007). The resultant 

effect of biodegradation of phenol and other organic 

compounds is growth as the organic pollutants are used 
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as the source of carbon and energy.  

          This research assessed the growth and utilization 

of phenol at low and high doses by bacterial strains 

indigenous to Okrika River in the Niger Delta of Nigeria. 

 

MATERIALS AND METHODS 

Chemical reagents 

 All chemical reagents used in the study were of 

analytical grade and were obtained from sigma chemical 

company, St Louis Missouri, USA, BDH chemicals, 

Poole, England and HACH chemical company.  

Sample collection and analysis 

 The Okrika River is a small tidal river that 

empties into Bonny estuary in Niger Delta of Nigeria. 

The River is highly polluted as a result of effluent 

discharges from Port Harcourt petroleum refinery 

industry sited along its bank (IAIA09 Conference 

Proceeding, 2009). Sediment and water samples were 

collected from the river as described by Nweke et al., 

(2007) and the samples analyzed within few hours of 

collection. The results of the physicochemical analysis of 

the samples are as shown in Table 1. 

Isolation and identification of bacterial strains  

 The bacterial strains used in this work were 

isolated from the samples by spreading one tenth of 

decimally diluted sediment suspension and water 

samples on mineral salt agar-phenol (2.5 mM) medium 

and the isolated organisms identified as described 

elsewhere (Nwanyanwu et al., 2012). The isolates were 

designated according to their sources (RW for River 

water, SD for sediment) and were then maintained on 

nutrient agar slants.  

Preparation of inoculum  

 The bacterial strains used for the assay were 

grown in 100 ml of sterile nutrient broth media for 48 h. 

The turbid culture medium were harvested, washed              

and suspended in deionized distilled water then           

followed by standardization of the suspensions 

spectrophotometrically to an optical density of                      

0.4 at 540 nm and used as inocula. 

Assay for isolates growth in very low concentrations 

of phenol 

 The ability of the isolates to grow and utilize 

phenol at low concentrations (0-1.0 µg/l) was assessed in 

sterile Bushnell Haas (BH) mineral salt broth medium. 

The assay was carried out as described by               

Nwanyanwu et al., (2012) with little modification. The 

medium without agar was used instead for the assay. 

After inoculation of the flasks, growth profile of the 

organisms was monitored by the optical density 

(OD540nm) on daily basis. 

Growth and biodegradation of phenol at high 

concentration  

 Degradation of phenol at high concentration by 

the organisms was carried out in sterile BH medium 

contained Erlenmeyer flasks. The flasks were 

supplemented with aliquot of sterile phenol (2000 mg/l) 

to bring the final phenol concentrations in the flasks to 

250, 500, 750 and 1000 mg/l. The flasks after inoculation 

with the test organisms were incubated at 30oC in an 

incubator. At predetermined time, samples were 

withdrawn to determine cell growth and phenol 

concentration. Controls, one without phenol and another 

without cells in BH medium were set up. At 

predetermined time, samples were removed and used to 

measure for cell growth (optical density, OD540nm) and 
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Table 1: Physicochemical characteristics 

 of Okrika River 

 

  

Parameter/unit 

Sample source 

Water Sediment 

pH 8.90 6.90 

Elect. conduc. (µscm-1) 364 615 

Oil and grease (mg/l) 16.0 103.0 

BOD (mg/l) 8.16 - 

COD (mg/l) 84.0 - 

PO4 (mg/l) 0.15 0.90 

SO4 (mg/l) 118 117 

Phenol (mg/l) 6.1 15.5 

Zn (mg/l) 0.03 3.48 

Cu (mg/l) <0.01 0.06 

Pb (mg/l) <0.01 <0.01 



 

 

phenol residue (4-amino antipyrine) in cell free samples.  

Analytical methods 

 C e l l  g r o w t h  w a s  d e t e r m i n e d 

spectrophotometrically while phenol was analyzed by 

photometric method using 4-aminoantipyrine as the 

colouring agent and measuring the absorbance at 500 nm 

(Folsom et al., 1990). 

Data Analysis 

Specific growth rate  

 The specific growth rate (µ) for each 

concentration of phenol was calculated from the slope of 

linear logarithmic plots of optical density against time  as 

expressed in equation 1 (Gokulakrishnan and Gummadi, 

2006): 

 
Specific degradation rate  

 The specific degradation rate (Qs) was 

determined through the relationship of equation 2 (Loh 

and Wang, 1998):  

 
 Where: [Ph] denotes phenol concentration                

(mg/l), t denotes incubation time (h) and X denotes cell 

concentration (optical density, OD540 nm).  

Yield factor  

 Yield factor (Y) of the biomass was calculated 

using equation 3 (Bajaj et al., 2009):  

   

 Where dX is the change in cell biomass related to 

the change in substrate concentration dS. X was replaced 

with the OD at 540 nm.  

 

RESULTS AND DISCUSSION 

 The phenol content of Okrika River water and 

sediment were 6.1 and 15.5 mg/l while oil and grease of 

the River water and sediment were 16.0 and 103.0 mg/l 

respectively (Table 1). This level of oil and grease as 

well as phenol in the River water and sediment were 

much higher than the previously reported levels of                    

10.56 and 15.23 mg/l (oil and grease) and 5.13 and           

16.0 mg/l (phenol) (Otokunefor and Obiukwu, 2005). 

This indicated that these compounds have accumulated 

in Okrika River over time and pose the major pollutants 

of the river.  

 Figure 1 shows the growth of the test organisms 

in low concentration of phenol amended mineral salt 

medium. All the organisms showed progressive growth 

in low phenol concentration medium. Highest growth of 

the organisms was observed in phenol concentration of 

1.0 µg/l followed by 0.1 µg/l. The least growth was 

observed in 0.01 µg/l. Among the test organisms, 

Staphylococcus sp. RW2 showed the highest growth in 

0.1 and 1.0 µg/l of phenol with optical density (OD) 

values of 0.23 and 0.28 respectively while Citrobacter 

sp. RW1 showed the least growth in all the low 

concentrations (0.01, 0.1 and 1.0 µg/l) of phenol 

amended medium with OD values of 0.09, 0.11 and 0.13 

respectively. Growth of microorganisms especially 

bacterial species at phenol concentration as low as 

microgram per litre have been reported by many authors. 

Chesney et al., (1985) have reported growth of water 

microorganism in water sample supplemented with 0.001 

to 1.0 µg/ml of phenol. Also Goldstein et al., (1985) 

have reported the growth of Pseudomonas sp. in a  
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Table 2: Yield factor (Y) of biomass after growth at 

different initial phenol concentrations 

 

  

  

Bacteria 

Yield factor, Y(x 10-4A540 

unitsa. l/mg) 

Phenol concentration (mg/l) 

250 500 750 1000 

Citrobacter sp. RW1 6.24 4.46 2.69 3.11 

Staphylococcus sp.RW2 4.96 3.80 3.28 3.00 

Pseudomonas sp. SD1 4.96 3.80 3.28 3.00 

Bacillus sp. SD3 3.28 4.46 2.69 3.11 
a A540 units = optical density at 540 nm 



 

 

 

 

 

 

 

 

medium amended with 1.0 and 10.0 µg/l concentration of 

2, 4-dichlorophenol. Pahm and Alexander (1993) found 

that Pseudomonas sp. K, Flavobacterium sp. M4, 

Flavobacterium sp. M1 and Pseudomonas sp. SP3 grown 

in p-nitrophenol (PNP) of concentration of 0.1 µg/l 

reached a total viable count of 105 and 106 cells/ml. 

          Figures 2 and 3 showed typical profiles of cell 

growth and biodegradation of phenol at high 

concentrations by bacterial strains of Okrika River 

ranging from 250 to 1000 mg/l. The lag phase of the 

organisms in phenol fortified medium was short. The 

short in lag phase period depends on the pre-exposure of 

the organism. Phenol was completely utilized by the 

isolates within 180 h of incubation. Phenol 

concentrations of 500, 750 and 1000 mg/l was degraded 

completely within 96, 132 and 156 h by Pseudomonas 

sp. SD1 while same concentrations of phenol was 

degraded completely within 108, 144 and 180 h by other 

test organisms. Time-dependent degradation of organic 

compounds has been reported to be linked with 

concentration of the organic compound as observed by 

many authors (Colwell and Walker, 1977; Kotresha and                

Vidyasagar, 2008). This may be due to changes in the               

transport mechanism of the substrate across the cell 

membrane in response to high phenol concentration 

hence diminished capacity to catabolize phenol. This is 

in line with the reports of Gilbert and Brown (1978), 

Keweloh et al., (1990), Collins and Daugulis (1997) and 
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   Figure 1: Growth profile of the bacteria in mineral salt medium fortified 

with phenol concentrations  
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Nwanyanwu and Abu (2011) who observed the toxic 

effect of phenol at the membrane level, thereby 

disrupting the activity of enzymes in phenol-utilizing 

bacteria. Also, Joseph and Joseph (1999) and Ye and 

Shen (2004) reported that phenol toxicity depends on the 

sensitivity as well as source of organism. 

          The growth profiles of the pure cultures expressed 

as optical density and phenol residues at different initial 

concentrations are shown in figures 2 and 3. The cells 

gradually increase in number as the phenol residues of 

the medium progressively decreased. This may be due to 

high phenol concentration made available more carbon to 

the organism for growth. Pseudomonas sp. SD1 

degraded 1000 mg/l of phenol in 160 h with a cell                        

biomass (OD540nm) of 0.363. 

 The dependence of specific growth rate on 

phenol concentration is shown in Figure 4. From this 

plot, the specific growth rate increased with increase in 

the initial phenol concentration upto 250 mg/l and then a 

progress decrease started with increase in phenol 
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Figure 2: Biodegradation and cell growth profile of planktonic bacteria of Okrika River in high 

phenol concentrations   
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concentration. In the present study, at 500 mg/l of phenol 

concentration, the specific growth rate of Pseudomonas 

sp. SD1 is increased (highest µ =0.017 h-1). For 

concentration higher than 500 mg/l, the specific growth                

rate of Pseudomonas sp. SD1 decreases and became 

almost constant at 750 mg/l (µ = 0.011 h-1) and          

1000 mg/l (µ = 0.011 h-1) of phenol. This is quite similar 

to the result obtained by Dey and Mukherjee (2010) who 

observed increase in specific growth rate (0.093 h-1) of 

mixed microbial culture up to 300 mg/l of initial phenol 

concentration and then started decreasing to a constant 

(0.057 h-1) at 600 and 700 mg/l of phenol. This trend 

suggested that the phenol is an inhibitory substrate. Thus 

the parameter has been found to be a strong function of 

initial phenol concentration. At 250 and 500 mg/l, the 

highest specific growth rate values of 0.026 and 0.017 h-1 

were observed in Citrobacter sp. RW1 and Pseudomonas 

sp. SD1 respectively while the lowest specific growth 

rate of 0.016 and 0.014 h-1 at the same concentration of 

phenol was observed in Pseudomonas sp. SD1 and 
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   Figure 3: Biodegradation and cell growth profile of sediment bacteria of  Okrika River in high 

phenol concentrations 

Time (h) 

P
h

e
n

o
l 

(m
g

/l
) 

A
b

so
r
b

a
n

c
e
 (

A
5
4

0
 n

m
) 



 

 

Citrobacter sp. RW1 respectively. However, the                 

growth rates of the test organisms are similar                            

to that of Pseudomonas aeruginosa and                                   

Pseudomonas pseudomallei degrading phenol in saline 

solutions (Afzal et al., 2007). 

         The specific rate of phenol degradation of the 

organisms is depicted in figure 5. The specific 

degradation rate (Qs), was estimated by correlating 

phenol concentration versus culture time using 

regression technique in Microsoft Excel to obtain the 

equation of best fit of the degradation curve. The 

correlation were differentiated with respect to time and 

then divided by the cell mass (Loh and Wang, 1998). 

The specific degradation (consumption) rate of a 

compound was suggested to be a measure of microbe 

performance. The highest specific consumption rate of 

phenol was observed in Bacillus sp. SD3 with specific 

degradation rate value of 130.98 mg/(L.h.OD) at                   

1000 mg/l while Staphylococcus sp. RW2 showed the 

least specific consumption rate of phenol with a specific 

degradation rate value of 99.83 mg/(L.h.OD) at the same 

concentration. The organisms in this work showed a 

robust decrease in specific degradation rate as the phenol  

 

concentration decreases. This is in line with the work of 

Cho et al., (2000) who observed an increase in specific 

degradation rate as phenol concentration increases in 

their assessment of influence of phenol on 

biodegradation of p-nitrophenol by freely suspended and 

immobilized Nocardioides sp. NSP41. Agarry and 

Solomon (2008) also made similar reports in their work 

on kinetics of batch microbial degradation of phenols by 

indigenous Pseudomonas fluorescence. 

        Table 2 shows the growth yield of the test 

organisms expressed as absorbance, A at 540nm unit litre 

of cells produced per mg of phenol substrate utilized. 

The growth yield varied among the test organisms 

ranging from 2. 69 to 6.24 (x 10-4A540 units. l/mg). High 

growth yield were obtained at low concentration of 

toxicant (phenol) while low values of growth yield were 

obtained at high phenol concentration. At 250 mg/l 

highest and lowest growth yield were observed in 

Citrobacter sp. RW1 and Bacilllus sp. SD3 with cell 

yield coefficients of 6.24 and 3.28 (x 10-4A540 units.l/mg) 

respectively. The higher value of Y observed in 

Citrobacter sp. RW1 indicate that phenol was degraded 

very efficiently by the organism. All the growth yields 
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Figure 4: Specific growth rate of the organisms 

at different initial phenol concentrations  
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Figure 5: Specific degradation rate at different                

initial phenol concentrations by the bacterial strains 
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reported here were lower than those reported by other 

authors. Yield coefficients of 0.14 and 0.16 have been 

reported (Bajaj et al., 2009). The yield coefficients 

reported by Yoong et al., (1997) are 0.16 and 0.27. 

         As Citrobacter sp. RW1, Staphylococcus sp. RW2, 

Pseudomonas sp. SD1and Bacillus sp. SD3 shown high 

specific phenol consumption rate, they have 

demonstrated strong potential to utilize and grow in 

phenol of low and high phenol concentrations of upto 

1000 mg/l. This indicated that these strains have great 

potential for application in the treatment of phenolic 

wastewater and in the bioremediation of phenol impacted 

media. 
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