
This article was downloaded by: [OARE Consortium]
On: 10 October 2013, At: 05:44
Publisher: Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

International Journal of Environmental
Studies
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/genv20

Kinetics of the decolourization of a
dyehouse effluent by Providencia
rettgeri ODO
Akinniyi Osuntokia, Ayodeji Awotulaab & Olumide Olukannic
a Department of Biochemistry, Faculty of Basic Medical Sciences,
College of Medicine, University of Lagos, P.M.B. 12003, Lagos,
Nigeria.
b Department of Biological Sciences, College of Natural and
Applied Sciences, McPherson University, P.M.B. 2094, Abeokuta,
Ogun State, Nigeria.
c Department of Chemical Sciences, College of Natural Sciences,
Redeemer’s University, P.M.B. 3005, Redemption City, Ogun State,
Nigeria.
Published online: 04 Jul 2013.

To cite this article: Akinniyi Osuntoki, Ayodeji Awotula & Olumide Olukanni (2013) Kinetics of
the decolourization of a dyehouse effluent by Providencia rettgeri ODO, International Journal of
Environmental Studies, 70:4, 515-526, DOI: 10.1080/00207233.2013.813794

To link to this article:  http://dx.doi.org/10.1080/00207233.2013.813794

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

http://www.tandfonline.com/loi/genv20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00207233.2013.813794
http://dx.doi.org/10.1080/00207233.2013.813794


This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

O
A

R
E

 C
on

so
rt

iu
m

] 
at

 0
5:

44
 1

0 
O

ct
ob

er
 2

01
3 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Kinetics of the decolourization of a dyehouse
effluent by Providencia rettgeri ODO
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The potential of an organism isolated from a mixture of azo dyes to decolourize textile wastewater
was investigated. The organism identified by 16S rDNA as a strain of Providencia rettgeri was able
to remove 94 ± 0.56% of the colour in a dyehouse effluent within 24 h in batch experiments. P. rettgeri
strain ODO was able to use the effluent as sole carbon and nitrogen source. The optimum pH and
temperature for colour removal ranged between 7–8 and 30–35 °C, respectively. Analysis of the data
showed that the decolourization process exhibited first order kinetics with respect to the colour
intensity and biomass concentration. The rate constant k = 5.6� 10�3 L/gDCMh at 37 °C. The
specific growth rate, μ, of the organism was 0.013 h�1 while the mean doubling time was 52.9 h. The
results indicated that P. rettgeri strain ODO has the potential for colour removal from textile effluent.

Keywords: Dyehouse effluent; Decolourization; Providencia rettgeri; Decolourization kinetics

1. Introduction

There has been an enormous increase in the volume of wastewater generation due to
industrialization, leading to a decline in the quality and availability of natural water in the
environment. It is estimated that about 100 L of water is required to process 1 kg of textile
material [1] while the textile industry consumes about two-third of the more than 7� 105

tonnes of a wide variety of synthetic dyes produced annually [2–4]. Azo dyes are the
largest and most versatile class of dyes. With more than 3000 different ones currently used
for different dyeing purposes, they constitute 60–70% of dyes use in textile processing.
Inefficiencies of the dyeing process lead to a direct loss of between 10 and 15% of the
dyes in the effluents, giving rise to highly coloured wastewaters. Up to 280,000 tons of
textile dyes are estimated to be lost in industrial effluents annually. The presence of azo
compounds in textile wastewater raises serious environmental and health concerns [5–7].

In Nigeria, there is a preponderance of cottage textile dyeing industries which operate
with a variety of dyes. More often than not, the effluents are released directly into sewage
pipelines and open water drainages without any treatment because these industries do not
have wastewater treatment plants. These dyes will eventually contaminate water bodies
and ground water.

*Corresponding author: Email: niyiosuntoki@yahoo.co.uk

International Journal of Environmental Studies, 2013
Vol. 70, No. 4, 515–526, http://dx.doi.org/10.1080/00207233.2013.813794

� 2013 Taylor & Francis

D
ow

nl
oa

de
d 

by
 [

O
A

R
E

 C
on

so
rt

iu
m

] 
at

 0
5:

44
 1

0 
O

ct
ob

er
 2

01
3 



Removal of colour in coloured effluents is important before discharge because the
colour affects the aesthetic quality, the transparency, light penetration and gas solubility of
water. These affect photosynthetic activity and hinder aquatic life. In addition, the
self-purification ability of water is impaired [8,9].

Many of the physicochemical methods to remove dyes are either costly or complicated
and time consuming. This effectively puts them beyond the reach of most cottage
industries. In addition, many of these methods generate large amounts of solid waste and
cannot remove completely the dyes/and or metabolic products from effluents [10–12]. As
viable alternatives, microbial treatment processes are being investigated because they are
cost effective, eco-friendly and applicable to a wide range of dyes. Bioremediation is fast
becoming an alternative environmental restoration technology.

In this study, the ability of Providencia rettgeri strain ODO to decolourize a dyehouse
effluent was investigated and the kinetics of the decolourization process were studied.

2. Experimental methods

2.1. Chemicals and reagents

The chemicals and reagents used are as stated in the methodology and were of analytical
grade. The nutrient agar and nutrient broth used were products of Lab M, Lancashire, UK.
Buffer tablets were from BDH chemicals, Poole, England. The azo dyes; Reactive blue 13
(RB13), Reactive red 58 (RR58) and Reactive yellow 42 (RY42) were obtained from a
textile company in Lagos, Nigeria.

2.2. Dyehouse effluent characteristics and pre-treatment

The dyehouse effluent was collected in air-tight containers from a textile-dyeing house in
Lagos, Nigeria. The dyehouse employs azo dyes in the dyeing process. The colour of the
effluent sample was noted and the pH was measured using a pH meter (H18014 Haniva
instruments, Romania). The concentration of dyes in the effluent sample was estimated as
total dissolved solid by drying known volumes of the effluent samples at low temperature
in pre-weighed vessels. An estimate of the dyes concentration was done by taking into
consideration the information provided by the dyehouse on the proportion of auxiliary
chemicals used in the processing.

Before the addition of media, the effluent sample was filtered using a Pyrex No. 1 glass
filter to remove any insoluble solid particle. The pH was also adjusted to 7.2 using
hydrochloric acid (HCl). The λmax of the effluent was also determined using a UV–visible
spectrophotometer (Shimadzu UV-1650PC). The effluent- media were always sterilized at
121 °C for 15–20min before inoculation.

2.3. Isolation and screening of organism for azo dye decolourization

The bacterium used in this study was isolated from textile dyes obtained from a textile
company in Lagos, Nigeria. A mixture of three azo dyes: RB13, RR58 and RY42 was
produced by adding 20mg of each dye to 50ml of sterile nutrient broth. This was
incubated at 25 °C overnight and then cultured onto fresh nutrient agar. Organisms isolated
were sub-cultured onto fresh nutrient agar plates.
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The organisms were screened for the ability to decolourize azo dyes using 60mg/L dyes
mix in nutrient broth. Approximately, 0.05 g dry cell mass were added into 100ml, 60mg/L
solution of three reactive azo dyes (RB13, RR58 and RY42; 20mg/L each) in nutrient broth
under static anoxic condition. Then, 6ml samples were withdrawn at 6 h intervals for 24 h
and centrifuged at 5000 rpm for 15min to remove biomass. Percentage decolourization
was recorded as [(A0�At)/A0]� 100, where A0 and At are initial and final absorbance
units, respectively, measured at the wavelength of maximum absorption of the dye mix,
546 nm.

2.4. Identification of bacterium and culture conditions

Presumptive identification of an isolate with significant azo dye decolourization activity
was done using microbiological and biochemical methods while the identification was
confirmed using 16S rDNA sequencing (Laragen Inc, USA). The 16S rDNA sequence was
analysed at NCBI server (http://www.ncbi.nlm.nih.gov) using BLAST (blastn) tool and
corresponding sequences were downloaded. A phylogenetic tree was constructed by the
Neighbour-Joining method using the MEGA 4 package [13].

The bacterium was maintained on nutrient agar slant at 4 °C and proliferated in a
250-ml Erlenmeyer flask containing freshly prepared sterile broth (13 g/L nutrient broth)
(LAB M, U.K) for 24 h. This formed the broth culture (BC) used in this study.

2.5. Dyehouse effluent decolourization studies

The pH of the effluent was adjusted to 7.2 using 0.1M HCl and fresh nutrient broth was
prepared with sterile effluent at a concentration of 13 g /L to produce effluent containing
media (ECM). Volumes of BC were added to the ECM at a ratio 1:25 (V/V) in 250-ml
Erlenmeyer flasks. The inoculated ECM were then incubated at 37 °C and 3ml aliquots
were taken at intervals up to 24 h after inoculation, centrifuged for 20min at 5000 rpm to
remove bacteria cells. The cell free supernatants were analysed for colour removal. All
experiments were done in triplicate and an abiotic control was set up with each set of exper-
iments. The abiotic control contains only the sterile ECM without the addition of BC.

Decolourization was followed by measuring the absorbance of the cell-free supernatant
at the effluent pre-determined maximum absorbance wavelength (λmax = 548 nm). The
effluent colour removal rate (percentage decolourization) was calculated as follows:

P ¼ ½ðAo � AtÞ=Ao� � 100% ð1Þ

where P= percentage decolourization, Ao = initial absorbance of effluent (pre inoculation),
At = Absorbance of inoculated effluent at a specific time after inoculation.

The decolourization process was also studied by the analysis of the UV–visible spectra
of the effluent pre- and post-incubation with P. rettgeri ODO using a Shimadzu 1650pc
UV–visible spectrophotometer.

2.6. Effects of nutrient concentration on colour removal rate

The effect of nutrient concentration on the decolourization activity of P. rettgeri ODO was
investigated by varying the concentration of the nutrient broth used in the ECM from 0 to
40 g/L.
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2.7. Effects of initial pH and ambient temperature of effluent on colour removal rate

The effect of pH on decolourization at 37 °C was determined. Effluent pH was adjusted
using either 0.1M HCl or 0.1M NaOH. ECM was prepared with effluent samples with pH
between 4 and 9. The ECM was inoculated with BC and the decolourization rate at the
various pH determined. To check temperature effects, decolourization experiments were set
up as previously described in this paper but the incubation temperature was varied between
25 and 45 °C at pH 7.2.

2.8. Estimation of biomass

Biomass concentration was determined as dry cell mass (DCM). Biomass was determined
by measuring optical density at 600 nm (OD600) essentially as described by Dong et al.
[14]. Harvested cells were diluted until the optical density at 600 nm (OD600) was 1.0 with
sterile water. Aliquots of the cell suspension (1, 2, 3, 4 and 5ml) were dehydrated in
pre-weighed tubes at 40 °C until constant weight. A relation was made using an analogue
of Beer–Lambert’s law:

OD600 ¼ eCl

Biomass ðgDCM=LÞ ¼ OD600=el

where OD600 = optical density (absorbance) of sample at 600 nm, C = concentration of light
absorbing entity in the sample that produces the OD600, ɛ= extinction coefficient, l= the
light path length = 1 cm and C =OD600/ɛl.

2.9. Kinetic modelling

For the purpose of data fitting and estimation of the specific colour removal rate, the
relative colour intensity (RCI) was calculated from the decolourization experiments as
follows:

RCI ¼ ½At=A0� � 100

where At= absorbance of inoculated effluent at a specified time interval, A0 = absorbance of
untreated effluent and the uninoculated effluent was assigned a RCI of 100.

2.10. Estimation of kinetic parameters

For isothermal kinetics of substrate conversion by enzymes and/living cells, a Michaelis–
Menten type rate equation (equation (1)) is widely used [15].

v ¼ d½S�=dt ¼ Vm½S�=ðKm þ ½S�Þ ¼ k2½E0�½S�=ðk�1 þ ðk2=k1Þ þ ½S�Þ ð1Þ

where v= velocity (rate) of the reaction, [S] = substrate concentration, t= time, Vm =maxi-
mal velocity, Km=Michaelis constant, k1, k�1, k2 are rate constants and [E0] = enzyme
activity.

According to Yu et al. [15], because of the non-linearity of the above equation, a conve-
nient general kinetic model is employed
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dC=dt ¼ �kMmCn ð2Þ

where t = time, M= cell mass concentration (gDCM/L), m= partial reaction order, C = dye
concentration, n = partial reaction order, k = specific decolourization rate.

Depending on the partial reaction order of dye concentration, the relationship between
effluent dye concentration and time is given by:

ðC=C0Þð1�nÞ ¼ 1� ½ð1� nÞkMm�=Cð1�nÞ
0 �t ðn 6¼ 1Þ ð3Þ

ðC=C0Þ ¼ expð�kMmtÞ ðn ¼ 1Þ ð4Þ

The order of colour removal with respect to colour intensity and specific colour removal
rate were subsequently obtained from a plot of ln RCI vs. time (h).

The order of decolourization with respect to biomass was evaluated from the log of the
ratio of initial dye concentration to the concentration at a given time. This was determined
from a plot of ln (RCI0/RCI) vs. biomass concentration where:

RCI0 = relative colour intensity of uninoculated effluent and
RCI = relative colour intensity of inoculated effluent.

Other process parameters; specific growth rate (μ, h�1) and mean doubling time (td, h) for
P. rettgeri ODO were calculated following standard methods [16].

2.11. Statistical analysis

All experiments were performed in triplicate and results expressed as mean ± standard
deviation except in the evaluation of the media concentration on colour removal, which
was done in duplicate.

3. Results

3.1. Characterization of dyehouse effluent

The colour of the effluent was observed to be deep purple and the pH was 7.4. The
UV–visible spectral scan revealed absorbance peaks at 205, 244, 260, 290, 294, 584 and
610 nm indicative of the presence of various chromophores in the effluent. The concen-
tration of azo dyes in the effluent sample was estimated to be approximately 150mg/L
taking into consideration the proportion of the auxiliary chemicals present in the effluent,
predicated on the information available from the dyehouse source.

3.2. Identification of the bacterium strain

The isolate used in this study was found to be a Gram-negative, rod shaped, aerobic bacte-
rium which was identified by 16S rDNA sequencing as P. rettgeri. It has been designated
as P. rettgeri strain ODO and the 16S rDNA sequence has been deposited at NCBI with
accession no GU395555 (figure 1).
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3.3. Colour removal by P. rettgeri strain ODO in BC

P. rettgeri strain ODO demonstrated a great potential to decolourize textile effluents. It
achieved 46 ± 3.0 and 95 ± 1.7% decolourization of a simulated effluent (60mg/L reactive
azo dyes mix) after 12 h and 24 h, respectively. Figure 2 shows that 94 ± 0.56% of the
initial colour of the dyehouse effluent was also removed in 24 h by this organism. The
changes in the UV–visible spectra of the effluent as a result of the colour removal activity
of P. rettgeri ODO are shown in figure 3.

Biomass concentration in the ECM was estimated as decolourization progressed at 6,
12, 24, 48 and 72 h. Results show that ɛ= 0.097 L/gDCM and OD600 = 1.0 = 10.34 gDCM/
L. Thus, biomass concentration was estimated from C =OD600/ɛl

Biomass concentration ¼ OD600 of sample� 10:34g DCM=L:

The results (figure 2) indicate that colour removal is growth associated.

3.4. Effect of nutrient concentration on effluent decolourization

The pattern of decolourization observed for the various concentrations of nutrient broth in
the ECM was similar, the colour removal peaked around 24 h. The decolourization
increased with increasing nutrient (broth) concentration (figure 4). But, P. rettgeri strain
ODO was able to achieve a significant reduction in effluent colour without the addition of
any nutrient or co-substrate.

3.5. Effect of pH and temperature on effluent decolourization

The optimal initial pH for the decolourization of the dyehouse effluent by P. rettgeri strain
ODO was in the range 7–8. Although the results show higher colour removal rates at pH

Providencia rettgeri strain ODO (GU395555)
Providencia  rettgeri (AB540649)

Providencia stuartii strain REG203 (GQ844978)

Providencia sp. UTDM314 (AY870456)

Providencia sp. YRL09 (EU37341)

Providencia sp. B282Ydz-ds (EU070350)  

Providencia vermicola strain OP1T (AM040495)

Providencia rettgeri strain IITRP2 (GU193984)

Providencia sp. MOLA 415 (AM990682)

Providencia rettgeri strain KR-3(GQ923882)

Providencia rettgeri strain CT20 (EU660370)

Providencia rettgeri strain CT15 (EU660367)

Providencia rettgeri strain ATCC 29944 (FJ971874)

Providencia rettgeri (DQ499753)

Providencia rettgeri strain CM7 (EU660316)

Providencia rettgeri strain YL (FJ151630)

96

72

61

44
41

16

14

10

10
15

27

0.01

Figure 1. Phylogenetic analysis of 16S rDNA sequence of bacterial isolate P. rettgeri strain ODO. Distance tree
constructed by neighbour joining method using MEGA 4. The sequences have been retrieved from NCBI
database, showing the phylogenetic relationships of P. rettgeri strain ODO and other species of genus
Providencia. Numbers at nodes shows the level of bootstrap support based on data for 1000 replication. Bar, 0.01
substitutions per nucleotide position and numbers in parentheses represent Gen Bank accession numbers.
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4 and 5, this was attributable to dye precipitation. In addition, the results were not
significantly different at pH 4 and 5 for the abiotic control, showing that the results
obtained were not due to the activity of the bacterium. The optimum temperature for the
decolourization of the dyehouse effluent by P. rettgeri strain ODO was found to be in the
range 30–35 °C (figure 5).

3.6. Kinetic parameters of decolourization by P. rettgeri

Figure 6 shows the time course of colour removal from the dyehouse effluent by the
P. rettgeri strain. The value of the specific colour removal rate, k, was obtained from the
slope of the plot of ln (RCI) against time (h). k= 0.0056 L/gDCMh at 37 °C.

The order of colour removal was determined with respect to two controlling factors;
effluent colour intensity and the biomass. The Spearman’s coefficient of correlation in the
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Figure 2. Changes in biomass and pH during decolourization of dyehouse effluent by P. rettgeri ODO.

Figure 3. Spectral changes in effluent after inoculation with P. rettgeri ODO. The continuous line is the effluent
spectra while the discontinuous line shows the spectra after inoculation with P. rettgeri.
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plot of ln RCI vs. t (figure 6) was R2 = 0.8834, implying a high degree of linearity between
the incubation time and effluent colour intensity. Thus bio-decolourization was first order
with respect to colour intensity.

The colour removal process was also found to be a first-order kinetic reaction with
respect to biomass concentration as revealed by R2 = 0.9989 in the plot of ln(RCI0/RCIt)
vs. [Biomass] (figure 7). Where, RCI0 = initial relative colour intensity = 100, and
RCIt= relative colour intensity at specific incubation time after inoculation. The data points
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Figure 4. Effect of media concentration on the colour removal activity of P. rettgeri ODO.
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Figure 5. Effect of initial pH and temperature on the decolourization of dyehouse effluent by P. rettgeri (⁄dyes
were precipitated at pH 4 and 5). The temperature for the pH study was 37 °C while the pH for the temperature
study was 7.2.

522 A. Osuntoki et al.

D
ow

nl
oa

de
d 

by
 [

O
A

R
E

 C
on

so
rt

iu
m

] 
at

 0
5:

44
 1

0 
O

ct
ob

er
 2

01
3 



selected for this analysis were for RCI remaining after 6, 12 and 24 h, respectively, during
which the organism was in the early to middle exponential growth phase and most active
(see figure 2).

3.7. Exponential growth kinetics of P. rettgeri

The biomass concentration was observed to increase in the batch decolourization culture
as colour removal proceeded. The specific growth rate, μ, calculated from the slope of ln
[biomass] vs. time was 0.013 h�1 (figure 8). The mean doubling time was subsequently
determined as 52.9 h.
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Figure 6. Time course of colour removal from dyehouse effluent, data fitting and estimation of biokinetic
parameters for colour removal by the P. rettgeri ODO with an initial biomass of 9.38 gDCM/L. Secondary axes
are for a plot of lnRCI vs. incubation time.
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4. Discussion

Light absorbance at the visible spectrum is a characteristic property of dyes [17] and azo
dyes are able to absorb in the visible range due to the presence of one or more azo bonds
[18]. Thus, the peaks at 548 and 610 nm in the spectral analysis of the effluent are of
significance since they showed the presence of dyes, which typically absorb light in the
visible region. The peaks are characteristic of purple and greenish blue, respectively [19].
This is in agreement with the information obtained from the dyehouse that the effluent
contains purple and navy blue dyes.

The UV–visible spectra scan of the inoculated effluent showed the loss of the peaks at
548 and 610 nm after 24 h indicating that the chromophores in the visible range were
degraded. The shifts in λmax value of a dye or disappearance of the characteristic peaks in
the visible spectrum have been reported to indicate the degradation of such dyes [20–22].
Many reported bio-decolourization studies used conditions such as single dyes or dyes
mixes under conditions which do not approximate an industrial environment. It is difficult
to extrapolate the results to real textile effluents which are known to contain usually a
complex mixture of dyes and auxiliary chemicals that are applied to impart to the finished
product specific properties or to facilitate certain production stages [23]. The effluent from
a dyehouse was employed in this study and a very high percentage of the colour was
removed from the effluent by P. rettgeri strain ODO under static anoxic condition; this
suggests that the strain may be useful for textile wastewater treatment.

The colour removal process was found to be growth linked. But, the decrease in colour
removal observed after 24 h may be due to the organism entering the late growth phase or
may be caused by the reaction of degradation products with degraded and undegraded
dyes [24].

Previous studies showed that the composition and concentration of nutrients affect
microbial decolourization [6,21,22]. The process is also affected by the initial pH of the
effluent and the ambient temperature [25,26]. In this study, the decolourization increased
with increasing nutrient (broth) concentration. But, P. rettgeri strain ODO was able to
achieve a significant reduction in effluent colour without the addition of any nutrient or
co-substrate, indicating that the organism was able to use the dyehouse effluent as the sole

Figure 8. Data fitting and estimation of kinetic parameters for cell growth.
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source of carbon and nitrogen. The optimal initial pH for the decolourization process at
37 °C was 7–8, since there was no significant difference in the values obtained at pH 7
and 8. The optimal temperature for the process was found to be 30–35 °C.

The dyes were observed to be precipitated out at pH 4–5, indicating precipitation and
filtration as a potential physicochemical treatment protocol. There are various associated
challenges such as the cost of equipment required and the generation of an acidic
wastewater. All these make biotreatment a more viable and eco-friendlier alternative.

The bio-decolourization process was growth-related as biomass concentration was
observed to increase with incubation time, necessitating an evaluation of the kinetics of
cell growth in the batch culture which is applicable mainly to growth-related fermentation
processes [27]. The organism appeared to be in its early to middle exponential (or logarith-
mic) growth phase between 6 and 24 h, in which decolourization was progressive until it
reached its peak at 24 h. The organism was probably in its late growth phase between 24 h
and 48 h, during which increase in biomass is not necessarily a function of increasing
number of cells but mainly attributable to the accumulation of lipids and carbohydrates.
This may be responsible for the increase observed in the RCI remaining when biomass
concentration exceeded 15 gDCM/L after 24 h. Between 48 and 72 h, the organism may
have entered into its stationary phase where its activities are expected to be mainly for
maintenance or survival purposes [27]. These may also affect the organism’s ability to
produce the enzyme(s) involved in the decolourization process. Microbial decolourization
and degradation have often been linked to the capacity of the organism to produce the
relevant enzyme(s) [28,29].

The pattern of effluent decolourization by the P. rettgeri strain was found to be first
order with respect to biomass concentration and effluent colour intensity.

5. Conclusion

The use of a microbial species as a tool in bioremediation depends on the ability to
metabolize the pollutant(s) in question and identification of the optimal process conditions.
From the results obtained in this study, it can be concluded that P. rettgeri strain ODO has
the potential for decolourization of dyehouse effluents, since observations indicate that
it decolourized a dyehouse effluent without nutrient supplementation or addition of
co-metabolites.
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