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Assessment of viability responses of refinery effluent bacteria after 

exposure to phenol stress  
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ABSTRACT: 
 
 Toxicity of phenol on two bacterial strains isolated from biological treatment 
unit of petroleum refinery effluent was assessed based on viability responses after 
exposure to increasing doses of phenol. Viability was based on the reduction of TTC 
via dehydrogenase activity in viable cells but not by dead cells after 1, 2, 3 and 4 h 
exposure to phenol. The viability responses of the organisms to phenol are time 
dependent. At 1, 2 and 3 h of exposure, there was a stimulation of dehydrogenase 
activity in Pseudomonas sp. RBD1 and Bacillus sp. RBD2. In Pseudomonas sp. RBD1, 
dehydrogenase activity was progressively inhibited at phenol concentrations greater 
than 250 mg/l at 1, 2 and 3 h. In Bacillus sp. RBD2, dehydrogenase activity was also 
progressively inhibited at concentrations greater than 250 mg/l at 1h. Total inhibition 
occurred in 4 h exposure at all concentrations of phenol in both organisms. The IC50 
ranges from 190.605 ± 9.786 to 1070.546 ± 23.127 mg/l. The results of the viability 
responses assessment of the bacterial strains indicated that the toxicity of phenol 
depends on the duration of exposure of the organisms to the test chemical. 
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INTRODUCTION  

 The number, diversity and complexity of 

synthetic chemical compounds are overwhelming 

and its use has permeated every aspects of modern 

life. A particular widespread group of these 

chemical is phenol and its derivatives. Phenol 

enters the environment through wastewater 

discharges from a variety of industries such as 

leather, textile, petroleum refinery, coking-plants, 

pharmaceuticals, coal conversion, etc and also 

through the decomposition of attached algae and 

phytoplanktons (Afzal et al., 2007, Hidalgo et al., 

2002). In refining of crude oil process in the 

refinery, majority of phenols present in refinery 

effluent originate from the catalytic cracking 

process and chemicals added as additives during 

physical and chemical treatment of the crude oil 

(Jorgensen, 1979). 

 Phenol is very toxic to all forms of life even 

to those aerobic mesophilic microorganisms that 

utilize it as a sole source of carbon and energy 

(Gurugeyalakshmi and Orial, 1989). This aromatic 

compound is water soluble and highly mobile and 

as such is likely eventually to reach down stream 

drinking water sources where, even at very low 

concentrations, it can cause severe odour and taste 

problem. The toxic action of phenol is always 

associated with loss of cytoplasmic membrane 

integrity. This results in disruption energy 

transduction, disturbance of membrane barrier 

function, inhibition of membrane protein function 

and subsequent cell death (Collins and Daugulis, 

1997; Yap et al., 1999). Due to its toxicity to 

microorganisms, phenol may often cause the 

breakdown of wastewater treatment systems by 

inhibition of microbial growth (Ren and Frymier, 

2003). This sensitive bacterial assay for toxicity 

assessments is important. 

 Many biological endpoints are used to 

evaluate toxicity effect of phenol. This include: cell 

proliferation (increase in cell number), membrane 

damage (loss of ions or cofactors, NADPH), 

incorporation of radioactive precursors (thymidyne 

and DNA synthesis), cell viability (cell number, dye 

reduction/uptake), etc. The results from any cellular 

in vitro system are not only dependent on the 

properties of the cell type used but also on 

experimental conditions such as time, pH, medium 

composition, etc (Skowron and Zapor, 2004). Long-

term assays are based on measuring cell survival 

and cell proliferation over periods from 24 hour to 

several days. Short-term assays involve exposure to 

potential toxicants for periods from 1min to about 5 

hours and endpoint measurements focused on cell 

viability and cell membrane damage. Short-term 

assays determine toxic effects more effective than 

long term assay when fast degradable organic or 

inorganic substrates are considered which enhance 

microbial growth. 

 Continuous biomass quantification using the 

traditional methods such as gravimetric methods, 

direct microscopic count, plate count, measuring 

changes in the optical density and determination of 

cell constituents are very difficult (Ghaly and 

Mahomoud, 2006). Methods that are based on 

measuring microbial enzymes activity are fast 

gaining ground in the assessment of chemical 

toxicity to microorganisms. Measurement of 

microbial dehydrogenase activity is used in the 

assessment of ecotoxicological impact of 

environmental substrates as the enzymes are 

intracellular (Matthew and Obbard, 2001; Rossel et 

al., 1997). The use of dehydrogenase activity assay 

for the detection, control and monitoring of the 

presence of pollutants of both organic and inorganic 

in soil, water as well as wastewater are recognized 

as a useful indicator of the overall measure of 

intensity of microbial metabolism (Friedel et al., 

1994; Quilchano and Maranon, 2002; Repetto et al., 

2001; Cordina et al., 1993). Dehydrogenases are the 

group of endocellular enzymes that are present in 

all living cells and are involved in catalyzing 

biological oxidation of organic compounds. They 

transfer hydrogen and electrons through a chain of 

intermediate electron carriers to oxygen as a final 

electron acceptor which then combines with them 

and form water (Ghaly and Mahomoud, 2006). 

Tetrazolium salts are reduced by viable cells and 

not by dead cells. This property has been used in 

agriculture to assess seed viability (Altman, 1976; 

Brewer, 1949) and since then many other 

applications were reported including the use of 

triphenyltetrazolium chloride (TTC) in 

microbiology (Hurwitz and McMcarthy, 1986; 

Jones and Prasad, 1969). 

 This paper aims at assessing the viability 

responses of refinery effluent bacteria based on the 

reduction of 2, 3, 5-triphenyltetrazolium chloride by 

dehydrogenase enzyme activity after exposure to 

increasing doses of phenol. 

 

MATERIALS AND METHODS 

Isolation and identification of bacterial strains 
 Bacterial strains used in this study were 

isolated from the outlet of biological treatment unit 

(Rotary biodisk, RBD) of effluent from Nigeria oil 
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refinery company, Port Harcourt, Nigeria. They 

were isolated based on the morphological, 

biochemical and sugar fermentation tests. All 

microbial isolations were performed on mineral 

salts medium (MSM) containing (g/l): K2HPO4, 

0.750; KH2PO4, 0.840; (NH4)2SO4, 0.400; 

MgSO4.7H2O, 0.060; NaCl, 0.060; CaCl2, 0.060; 

FeCl3.6H2O, 0.060. Phenol (2.5mM) was used as a 

sole source of carbon and energy. 15.0g of agar was 

added and the pH adjusted to 6.9 using phosphate 

buffers. This was followed by the addition of sterile 

aliquot of ketoconazole (50µg/ml) into the medium 

after sterilization to exclude fungi. The medium 

was then poured into Petri dishes. Bacterial strains 

were isolated by spreading aliquots of decimally 

diluted (10-4) effluent sample onto the surface of the 

medium and incubated at 30oC for 72 h (Kahru et 

al., 2002). Morphologically distinct strains were 

isolated and were individually purified on nutrient 

agar. Characterizations were done using standard 

microbiological methods. Identification to the 

genus level followed the schemes of Holt et al. 

(1994). 

 Characteristics of the refinery wastewater 

which is the source of the organisms are described 

in Table 1. The pH, Total Dissolves Solids (TDS), 

Chemical Oxygen Demand (COD), Total 

Hydrocarbon (THC), Phenol concentration and 

Phosphate (PO4
2-) and Nitrate (NO3

-) in the 

wastewater sample were determined according to 

the standard methods (APHA, 1998). Heavy metals 

in the samples were estimated using Atomic 

Absorption Spectrophotometer (Perkins Elmer 

3110, Walthan, Massachusetts, USA) 

 

Test chemicals  

 The following items were purchased from 

the indicated sources: 2, 3, 5-TriphenylTetrazolium 

Chloride (TTC); phenol (C6H5OH, 99% pure) from 

sigma chemical Co (St. Louis, Mo, USA). Amyl 

alcohol from Wako Pure, chemical industries 

Osaka, Japan); nutrient broth and glucose from 

Difco (Aldrich chemical company, Milwaukee, 

Wisconsin, USA). 

Preparation of inoculum 

 Seed cultures of the selected bacterial strains 

were grown in 100ml nutrient broth medium (0.8 

%) in 250 ml Erlenmeyer flasks, covered with 

cotton wool wrapped in Aluminum foil and 

incubated on a rotary shaker (150 rpm) for 24 h at 

room temperature (28 ± 2oC). Cells were recovered 

by centrifugation at 4,000 rpm for 15min. 

Harvested cells were washed twice in deionized 

distilled water to avoid carry over and resuspended 

in the same deionized distilled water. The 

resuspended cells were standardized in a 

spectrophotometer to an optical density of 0.90 at 

540nm. The dry weight of the standardized cells 

was determined by drying 15 ml of the cell 

suspensions to a constant weight in an oven 

(Gellankamp. England) at 110oC. The standardized 

cell suspensions were used as inoculum in the 

assay. 

Preparation and treatment of inoculum with test 

chemical 

 Exposure (contact) period assay technique as 

described by Hidalgo et al., (2002) was employed 

with little modification. Briefly, a range of 

increasing doses of exposure solution (phenol) was 

prepared in 1.65 ml of physiological saline (0.85 %) 

medium in separate 15.0 ml screw capped test glass 

tubes arranged in four groups that represent various 

exposure time period. Aliquots (0.35 ml) of the 

bacterial suspensions were seeded into the triplicate 

glass tubes bringing the total volume of the mixture 

in the tubes to 2.0 ml to obtain final phenol 

concentrations of 250, 500, 750, 1000, 1500 and 

2000 mg/l in different tubes. The tubes were 

incubated on a rotary incubator (150 rpm) at room 

temperature (28 ± 2oC) for appropriate exposure 

time period. The control consisted of the organism 

and physiological saline medium without the 

toxicant (phenol). Once the exposure period 

(contact time) to phenol had elapsed (1, 2, 3 or 4 h), 

the medium was removed by centrifugation for 15 

min and the pelleted cells are washed twice with 

deionized distilled water. Thereafter, 2.0 ml of 
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Table 1: Characteristics of Biological treated effluent 

of the oil refinery samples 

Parameter/unit Wastewater (value) 

pH 7.64 

TDS (mg/l) 250 

THC (mg/l) 15.0 

BOD (mg/l) 8.0 

COD (mg/l) 76.0 

Phenol (mg/l) 13.6 

PO4
2-(mg/l) 0.14 

NO3
-(mg/l) 1.20 

Cu2+(mg/l) <0.01 

Pb3+ (mg/l) <0.01 



 

 

nutrient broth-glucose medium were added into the 

tubes, vortexed for 2 min and preincubated on a 

rotary incubator (150 rpm) at room temperature (28 

± 2oC) for 30 min. 

Viability assay 

 The assay is based on the inability of dead 

cells or injured bacterial strains to reduce 2, 3, 5-

TriphenylTetrazolium Chloride (TTC) into 

insoluble TriphenylFormazan (TPF) product. The 

ability of viable bacterial strains (by dehydrogenase 

enzyme activity) to reduce TTC to TPF provides an 

indication of membrane intact which in turn, may 

be interpreted as a measure of cell viability. At the 

end of preincubation with nutrient broth-glucose 

medium, 0.2 ml of 0.1 % (w/v) TTC in deionized 

distilled water was added into the tubes. The 

reaction mixture was incubated statically at room 

temperature (28 ± 2oC) for 6 h in the dark. Since the 

TPF produced by cellular dehydrogenases is 

insoluble in water, extraction of TPF was done in 

3.0 ml amyl alcohol and determined 

spectrophotometrically at 445 nm (λmax). The 

amount of formazan produced was determined in 

reference to a standard dose-response curve. 

Viability [Dehydrogenase activity, (DHA)] was 

expressed as microgram of TPF formed per mg dry 

weight of cell biomass per hour. 

Calculation of viability/stimulation or inhibition 

of enzyme activity      

 The viability/stimulation or inhibition of 

dehydrogenase enzyme activity was computed as 

percent deviation from the control. Where 

applicable, the IC50 of the test chemical (phenol) 

was determined by fitting the TPF values produced 

to simple equations using Table 2D Curve (systat 

Incorporation, USA) and calculating the 

concentrations of the test chemical at 50% 

inhibition of dehydrogenase activity. The greater 

the IC50 value, the lower the toxicity of phenol 

sample at that exposure time period. 

Statistical analysis                                                                                                                                                        

Data obtained from the study were analyzed by the 

use of two-way analysis of variance (ANOVA) and 

values for P < 0.05 were considered statistically 

significant. 

 

RESULTS AND DISCUSSION 

Two bacterial strains comprising gram negative and 

gram positive were isolated from the biological 

treatment unit of wastewater sample and identified 

as Pseudomonas sp. RBD1 and Bacillus sp. RBD2 

organisms. Results obtained from the control 

samples on viability assays showed that these 

organisms were able to reduce TTC to red fomazan 

at variable rates and extent (Table 2). The gram 

negative Pseudomonas sp. RBD1 had higher rate of 

dehydrogenase activity in all the exposure period 

time than gram positive Bacillus sp. RBD2. The 

reason for these differences is not known. However, 

variation may be due to differences in cell wall 

components or dehydrogenase systems, since 

different microorganisms have been reported to 

have different dehydrogenase systems (Praveen-

Kumar, 2003; Nweke et al., 2006). Moreso, Table 2 

showed decrease in formazan formation with 

increase in exposure period to phenol stress. This 

decrease in formazan formation with increase in 

time is in line with observations of Ross (1971), 

who reported that a gradual decrease, in formazan 

formation after an incubation time of 1 h. Griebe et 

al., (1997), also reported a decrease in the rate of 

formazan formation after 2 h incubation time when 

CTC was incubated with activated sludge and stated 

that no significant increase was realized in 

formazan formation after 4 h incubation time. 

Estimation of viability of the organisms by 

inhibition/stimulation of dehydrogenase activity at 

various exposure periods in different concentration 

of phenol is shown in Figure 1. The results showed 

decrease in stimulation of dehydrogenase activity 

upto 3 h of exposure at 250 mg/l of phenol in 

Pseudomonas sp. RBD1 while in Bacillus 

sp.RBD2, stimulation was observed at 250 mg/l of 

phenol only for 1 h of exposure. Thereafter, there 

showed total inhibition in both organisms in all the 

concentrations of phenol in the fourth hour. 

Stimulation of dehydrogenase activity in both 

organisms at 1 - 3 h exposure periods indicates 

viability of the organisms hence the utilization of 

phenol as a growth substrate is possible. The 

progressively decreasing stimulation of 

dehydrogenase activity with increasing exposure 

period in Pseudomonas sp.RBD1 is in line with 
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Table 2: Dehydrogenase activities in the absence of 

toxicant (phenol) at different exposure period 

  

  

    Exposure  

period (h) 

Dehydrogenase activity 

(µg Formazan/mg cell dry wt/h) 

Bacterial strain 

Pseudomonas sp. 

RBD1 

Bacillus sp. 

RBD2 

1 1.175 ± 0.056 0.719 ± 0.022 

2 1.097 ± 0.029 0.666 ± 0.009 

3 1.014 ± 0.021 0.606 ± 0.012 

4 0.964 ± 0.041 0.571 ± 0.023 



well documented inhibitory nature of phenol at 

lower concentrations. Variations in response of 

microbial processes on exposure to phenolic 

compounds have been reported. Repetto et al., 
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Concentration (mg/l) 

Figure 1: Phenol inhibition of dehydrogenase activity in (A) Pseudomonas sp.RBD1 and (B) Bacillus 

sp. RBD2. (>0% = Inhibition; <0 = Stimulation/viability) 
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(2001) reported decrease in bioluminescence of 

Vibrio fischeri bacteria with exposure period to 

pentachlorophenol. Also, Okolo et al., (2007) and 

Stotzky and Norman (1961) observed that 

nitrophenols repressed soil respiration and 

microbial activity with increasing exposure periods. 

 The effects of exposure to phenol on viability of 

the bacterial strains assessed via dehydrogenase 

activity are as shown in Figure 2. In both 

organisms, dehydrogenase activity decreased with 

increasing exposure period and concentrations of 

phenol. In Pseudomonas sp.RBD1, dehydrogenase 

activity was stimulated at 250 - 500 mg/l of phenol 

in the first hour while in 2 – 3 h of exposure, 

stimulation was observed only in 250 mg/l of 

phenol. In Bacillus sp. RBD2, stimulation of 

dehydrogenase activity was observed only in the 

first one hour at 250 mg/l of phenol. The 

stimulatory effects observed at the first hour period 

of exposure to phenol in both organisms may be 

attributed to the metabolic activity at this period 

thereby utilizing phenol as carbon and energy 

sources. At the fourth hour, total inhibition was 

observed in both organisms. The inhibition may be 

attributed to the disruption of membrane barrier 

function of the organisms that resulted in the 

inhibition of dehydrogenase activities in both 

organisms. The inhibition of dehydrogenase 

activities is attributable to the toxicity of phenol. 

Dehydrogenase enzymes are membrane associated 

and phenols have been reported to affect 

membranes (Irya et al., 2003). The dehydrogenase 

activities correlated with exposure periods and 

phenol concentration are as shown in Figure 3. The 

high R2 values ().6472 < R2 < 0.9809) for 

Pseudomonas sp. RBD1 and (0.7689 < R2 < 

0.8483) for Bacillus sp.RBD2 indicated that phenol 

concentration as well as exposure period was a 

strong determinant of metabolic activity in the 

organisms. 

 The toxicity threshold of phenol 

concentrations against the bacterial strains are 

shown in Table 3. The organisms showed variable 

response pattern to prolong exposure period 

incubation. In both Pseudomonas sp. RBD1 and 

Bacillus sp. RBD2 the toxicity threshold increased 

steadily upto the 2nd hour of exposure period and 

thereafter decreased progressively as the exposure 

period increased to the 4th hour. The median 

inhibitory concentration of phenol (IC50) against the 

organisms ranged from 590.870 ± 14.211 mg/l in 

Bacillus sp. RBD2 to 1070.546 ± 46.111 mg/l in 

Pseudomonas sp. RBD1 within 1h of exposure 

period. Cenci et al., (1987) had reported an IC50 of 

636 mg/l for phenol against dehydrogenase activity 

of a gram negative Escherichia coli. However, 

Pseudomonas sp. RBD1 with IC50 ranging from 

1070.546 ± 23.127 to 1654.903 ± 51.234 mg/l 

phenol appears to have high tolerance to phenol. 

 Findings from this study shows that much as 

the dependence on the dehydrogenase activity assay 

is a measure of the microbiological viability, 
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Concentration (mg/l) 

Figure 2: Effect of exposure time on reduction of 

TTC by the bacterial strains in response to  

increasing doses of phenol 
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Table 3: Median inhibitory concentrations (IC50) of 

phenol at different exposure period against bacterial 

strains 

 Exposure  

period (h) 

Inhibitory concentrations (mg/l) 

Pseudomonas sp. 

RBD 
Bacillus sp. RBD 

1 1240.100 ± 46.111 590.870 ± 14.211 

2 1654.903 ± 51.234 1609.829 ± 48.781 

3 1409.674 ± 34.564 1593.605 ± 34.451 

4 1070.546 ± 23.127 190.605 ± 9.786 



toxicity effects of chemicals on specific oxidative 

microbial metabolism such as aerobic degradation 

of organic compounds are better studied using the 

specific enzyme involved. 
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Figure 3: correlation of phenol concentrations with dehydrogenase activity in 

(A) Pseudomonas sp.RBD1 and (B) Bacillus sp. RBD2 in response to different exposure 

time to phenol toxicity 
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