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In this paper, mathematical models were developed to simulate the inhibition effect of some
physicochemical parameters on the biodegradation rate of aromatic compounds in the presence of low
and high concentration of salinity. The inhibitive effects of salinity, in this case, were investigated. The
aromatic compounds were obtained from an oil-servicing firm in Port Harcourt, and the microbial
analysis was conducted on the water samples for the purpose of identification, isolation and
characterization of the Pseudomonas putida. A head-to head comparison of the degradation rates of
toluene, phenol and benzene in fresh medium was done based on the data obtained from experiments
conducted. The result showed that salinity did not inhibit the degradation rate of toluene and benzene.
However, phenol was significantly affected by salinity. The aromatic compounds removal from water
solution varied depending on the conditions, that is, the type of compound, the composition of the
water solution and the conditions of their exposure. The results obtained from this investigation was
compared with Suietlik et al. (2002) work which revealed 22 to 28% reduction in aromatic compounds
degradation while the present research shows 45-75% reduction in aromatic compounds under
investigation for a period of 2 weeks (21 days) exposure. The parameters form the bedrock for further
improvement of the kinetic models and also, serve as an outline for possible pilot-scale bioremediation

by engineers.
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INTRODUCTION

This paper gives a theoretical and an experimental
perspective of biodegradation of petroleum hydrocarbon
pollutants in aquatic environments. However, the inves-
tigation is target to derive a kinetic model that can predict
the rate of product inhibition due to the concentration of
salinity, Dissolved Oxygen (DO), Biochemical Oxygen
Demand (BOD) and other physicochemical parameters
as presented in the paper.

Kinetic modeling is the study of physical, chemical and
biological systems that change with time and is a
simultaneous system of differential equations associated
algebraic equation that defines the state variables and
rate laws for a particular physical, chemical or biological
system (which in this case is biodegradation and its

inhibition  of  petroleum  hydrocarbon  (aromatics)
(Hutchinson et al., 1979; Geyer et al., 1981; Dauta 1982;
Sims and Overcash, 1983; Vysotskaya and Bortun, 1984;
Neter et al., 1985; Nested and Giesy, 1987; Zepp, et al.,
1987; Miller et al., 1988; O’Brien, 1991; Lemaire et al.,
1992; Narbonne et al., 1992; IARC, 1993; Mekenyan et
al.,, 1994; Mekenyan et al., 1995; Djomo et al., 1995;
Djomo et al., 1996; Suietlik et al., 2002; Ukpaka 2004,
2005; Marrot et al., 2006). The model is a quantitative
statement of theory as to how the real-life system
operates. Models embody the principle of cause and
effect, and are based on descriptions of the physico-
chemical processes that comprise the biological system
under study (Eisler 1987; DeVoogt, et al., 1991; Levenspiel,



1999; Kreyzig, 1999; Okoh, 2006; Park and Marchaldn,
2006; Knightes and Peter, 2006; Egberongbe et al., 2006;
Ukpaka, 2010).

Investigation conducted on bioremediation of
contaminants in petroleum hydrocarbon revealed that
aromatic hydrocarbon is a big problem today (Belcher et
al., 1970; Levenspiel, 1999; Richardson and Peacock,
1991; Zhu et al., 2001; Prasad, 2000; Reardon et al.,
2002; Ukpaka, 2004; Djomo et al., 2004; Newsted and
Giesy, 1987; Ukpaka, 2004). This is because; the
degradation of one component can be inhibited by other
compounds in the mixture, as presented in an experiment
that were conducted by various research groups
(Chryplewicz-Kalwa, 1999; Thomas and Li, 2000; Mill et
al., 1981; Swallow et al., 1995; Kochany and Maguire,
1991; Lee et al., 1978; Kowalczyk et al., 2000; Gernjak et
al., 2003; Morrison and Boyd, 1974; Buitron et al., 1998;
Lante et al., 2000; Alexievaa et al., 2004; Pai et al., 1995;
Hidalgo et al., 2002; Prieto et al., 2002). Bioremediation
is by far, the most effective means of treating the
petroleum  hydro-carbon contaminants from the
environment.  Although  petroleum hydrocarbons
decompose faster in chemical and physical methods of
treatment, their by-products would go a long way to
damage its environment, as well as destroying the
aquatic life. Even since the success of bioremediation in
the clean up of the oil tanker Exxon valdez oil spill of
1989, in Prince William Sound, interest has grown
significantly in biodegradation (Halsall et al., 1997; Zerbe
et al., 1994; Adamczewska et al., 2000; Okoh, 2006).

The increase of salinity leads to a sharp drop in the
growth rate of microorganisms, compared to other
influence of the physicochemical parameters as studied
in this research. This is only temporary as the culture
recovers and adapts to its harsh environment. This effect,
however, is difficult to quantity as it is transient, and
applies to mixed culture (Mordocco et al., 1999; Monteiro
et al., 2000; Gonzalez et al., 2001; Sa and Boaventura,
2001; Annadurai et al.,, 2002; Chung et al., 20083;
Pazarlioglu and Telefoncu, 2005; Margesin et al., 2005;
Geyer, 1981; Hao et al, 2002). Inhibition can be
illustrated as when an enzyme is introduced in a reactant
(substrate) and the process causes the slow down,
pauses or completely tops further enzyme-substrate
reaction (Watanabe et al., 1996; Banerjee, 1997;
Kumaran and Paruchuri, 1997; Wang and Loh, 1999;
Kibret et al., 2000; Bandhyopadhyay et al., 2001; Hao et
al., 2002; Godjevargova et al., 2003; Timur et al., 2003;
Kumar and Kumar, 2004; Aksu and Gonen 2004;
Nuhoglu and Yalcin, 2005; Park and Marchland, 2006;
Newsted and Giesy, 1987). This paper covers both
theoretical and experimental approach, in the biode-
gradation of aromatic compounds and their mixtures in
fresh water medium. The parameters that influence the
microbial activities in the remediation of these samples
were highlighted. Kinetic modeling, rate of reaction,
petroleum hydrocarbon degradation, decays rate and
product inhibition kinetics. It is believed that these terms
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are key to understanding this paper.

THE MODEL

Microbial growth kinetics

Microbial culture consumes substrate as energy source
as well as it incorporates the substrates into its own
cellular material, and also in the synthesis of a product.
However, it would be necessary to mention the law of
conservation of matter. This is because the yield is used
to relate the quantities of materials consumed and
produced in a particular reaction.

The yield coefficient is the ratio of the mass of product
synthesized, to that of the reactant consumed. This is
usually a constant quantity. However, in relation to this
paper, the yield coefficient has to be more closely
defined. Yield coefficient may appear not to be a constant
quantity and it may rather be a function of time as well as
the physicochemical parameters. This is as a result of the
change in composition of the microbial cell, in which such
a situation can be derived from a very sensitive
experiment.

Mathematically, yield coefficient is written in terms of
concentration as:

_ Ax (1)
AS

The Equation (1) was first developed (Ukpaka, 2010).
The negative sign depicts a decrease in substrate or
nutrient concentration. This is as a result of an increase
in biomass concentration. It should be noted that in
biodegradation of aromatic compounds via microbes, the
products alcohol, (e.g. catechol) organic acids etc would
clearly mean that there would be two yield coefficients for
the biomass, which is related to the feed, and the yield
coefficient which would relate to the quantity of alcohol,
and other subsequent products of biodegradation of
aromatic compounds. The yield coefficient for biomass is
given as:

Ax
Y = — (2
x/S AS()

The vyield coefficient for products of biodegradation of
petroleum hydrocarbons is given as:

Ax

Vs =35 (3)
In the case of multi-substrate biodegradation, for
products 1, 2 ..., i, ... N resulting from microbial action,
each has a yield coefficient associated with it in Equation

(4)
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AP
Yp/S = A_S

From the law of conservation of matter,

n Y
Zi:l IS =1

It should be noted though that when the yield is based on
the mass of product and substrate consumed, then the
balance may appear to be contravened. In this, case
yield coefficients above 1 are obtainable. This is because
the reaction may well incorporate other materials into the
product, as well as yield coefficient of substrate, this
would increase the relative mass of product. In the
subsequent as discussed on the paper, yield coefficient
relating to biomass production will be measured
experimentally, in order to remove it from the overall yield
coefficient, in order to revert to the normal unity (1.0)
value of yield coefficient.

- A (5)

¢ AS,

Therefore, the material balance for the consumption of
substrate can be written as;

Total consumption
of substrate

Substrate used
for growth
{Substrate used }
+

for maintenance

Expressing the above material balance in terms of
mathematical application gives

dS dX /dt
= + mX (6)
dt Y,

Dividing both sides of the Equation (6) by X we have:

as _ dXldt  mX
D "
X X

1 dX = ,

where — —— = specific growth rate of the biomass.

x dt
This is usually denoted byu. Dividing through the

. - 1ldX o
Equation (8) with ———, we have the expression in

x dt

Equation (9)
ds
dt 1 N m
P - 9)
ax Y, wu
dt

Decay rate model

The mathematical model of the decay rate of a microbial
culture, which will be used for the experiments in the next
chapter, makes use of the concept of doubling time, this
is an exponential growth pattern. It can be said that
growth rate is directly proportional to the existing
population. In most cases, the cell number N, is usually
replaced by cell mass X. The exponential growth of
microbes is given by this equation:

dX
- = (10)
dt Hx

This is the Malthus’ law which can be resolved by
rearranging Equation (10) as well as applying the
mathematics tool of integration we have

x dX t

Jog = Jm (1

n| X = ut (12)
XO

X = M (13)

XO

x- X,.e" (14)

Exponential growth occurs only for a limited time during
the course of the development of microbial culture, with a
fixed supply of nutrients.



Effect of salinity on microbial growth rate

Increase in salinity leads to a sharp, drop in growth rate
of microbes. This is only temporary, as the culture
recovers after adaptation. The effect is however, difficult
to quantity. It is transient, and applies to mixed culture.
The model below was developed by Park and Marchland
(2005), to explain the effect of salinity on the maximum
specific growth rate of the biomass:

(e, —1,)s
K +S+(s*/K,)

IL[:

The mathematical expression for the salinity inhibition
constant can be expressed as:

I1.(% NaCl)

L= (16)
0.01 + %NaCl

The Park and Marchland’s model was modified, with
simpler parameters introduced to show the relationship
between the maximum specific growth rate and the
salinity. A basis of 1% salinity level was used, a specific
growth rate of 0.01 (h"), and the estimated density of
fresh water of 1.027 g/cm® were also used as a basis.
However, this is a hypothesis that would be tested in the
experiment:

Salinity is directly proportional to the density of sea
water, but inversely proportional to the maximum specific
growth rate, as shown below in Equation (17).

1
S ap o— (17)
ﬂm

S =D, (%) (18)

Fixing the values:

001 = D.(:027) (19)
0.01

. D = 0.00009737(h")

Substituting the constant above into the Equation (18)
into Equation (15) yield;

s = (1,-D,)S
K +S+(S*/K))

(20)
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Henry’s equation

Henry’s equation will be used to calculate the masses
and volumes of volatile hydrocarbons, which are present
in both gas and liquid phases in the bioreactor. Since the
microbial growth rate depends on the liquid-phase
substrate concentration only, and biomass yield depends
on the change in total mass of substrate. The equations
can be seen in Equations (21) and (22)

M, =M +M, (21)

T0T

MTOT:ML 1+£ &
RT)\V

L

=M, 0 (22

However, in a case where the temperature and volume of
liquid hydrocarbon is constant (which could be possible in
the experiment), then the rate of substrate consumption
shall be depicted by Equation (23) below:

a& = ——ﬂ(SL)x (23)
dt Y /s

Product kinetic model

Microbial products are formed as a result of a variety of
processes, which occur within the cells of a microbial
culture. The cell itself may be the desired product in
some cases, or it may be that the product is for due to its
growth.

However, many important microbial products are not
growth-associated. There may exist mechanisms within
the cells, which operate to produce a particular material.
As a result, the yield coefficient Yps is of little value in
predicting the course of product accumulation, except
when the overall productivity of a complete batch
operation is considered.

dP dX
— =0—+ &
dt dt 4)

where, quantities 6 and € are pH-dependent,

dX
0o— is growth-associated
dt

&X is cellular activity due to maintenance functions

Dividing the equation though by X (biomass concentration)



46 J. Bacteriol. Res.

gives the relationship in terms of specific rates, as seen
in Equation (25);

1 dP 1 dX
— — =0——+¢€ (25)
X dt X dt

. i 1 ax
Substituting u for specific growth rate X dt :
1 dP
— — =0u+¢€ 26
X dr 2 (26)

The model above shall be known as Product Formation
model. Its authenticity tested in the experiments of the
subsequent chapter. Values of 8 and € may be estimated
by calculating the slope, and the intercept of the plot of

the specific rate of product formation (1) (dp) against
X )\ dt

K. The second model for product formation kinetics that
shall be tested is was developed by various research
groups (Dauta, 1982; Neter et al., 1985; Hutchinson et
al., 1979; Geyer et al., 1981; Zepp et al., 1987).

Ciz_f = Ae™ (27)

Concentration of product accumulated in the broth over
the lifetime of the cell per unit mass of the cell is given as;

P=[2 Aetdr @8)

In the case of a range of cells of all possible ages, [§(t)]

and culture time = t.
Then overall cell concentration,

X; = I;f(t)dz' (29)

Overall product concentration in the fermenter is given as
_ T T —k;t )
p=] §r([0 > AeMdr (30)

Batch reactor equations

In batch reactor process microorganisms are added in

small quantity with the required amount of nutrient as an
activator in the system. Therefore, the material balance
equation for batch growth of microorganisms can be
written as:

Formatiorby Accumulatin
biochemich = within the (31)
reaction system

Therefore, in the case of the biomass, the mathematical
expression is given as:

dx
RV = X = —V
x H ar (32)
For the substrate:
ds
RV = —V
s dt (33)
The yield is used to relate to the equations above, thus:
AX
Y)C \) T o
‘ AS
Therefore,
ax
dt
y = 4L
as
dt
From the yield equation, which is:
X
dro_ L om
dj Yx/s y
dt
s _dx 1
dt dt 'Y
y _ds _ dx

= (34)

Cdr dr

Citing the original yield Equation (2), then this new



equation becomes:

ds dX
= == (35)
dt dt

From Malthus’ theory in Equation (10)

dX

7 = uX, substituting it into Equation (35), becomes
t

YRs = -uX (36)

Making R the subject of the formula we have

R, = —% (37)
ds uX
a Ty @
Since;
__AX
AS
Then
X-X
Y =SS )
0=
X-X
So -8 =—7-L
Y
Rearranging the equation,
X—-X
§ =8 ——— (40)

If the growth rate follows the Monod model, then in the
. dX . .
equation 7 = uX, u will be substituted for the Mond
t
equation. Therefore:
dX u,S

= X
dt K,+S§ “n

Substituting the Equation (40) into (41) will give:
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X - X,
zum(SO_ j
dX Y x

(42)

Integrating this equation using the separable differential
principle:

— Xoj
[ Y JaX_ [lai (43)

The resulting equation will be:

M (SoY + X)) Xo
N KgY _
:um(SO +X0 _X)

(K Y+SOY+X0)IH X

Note that Equation (44) above represents the biomass.

For the case of the substrate concentration:

(KsY + oY +Xo) | (1 L (So- S)Yj
M (SoY + X))

L KsY
M (SoY + X )

X
S
n|l—|=t¢
[SOJ

MATERIALS AND METHODS

Description of sampling site/station (Fresh water source)

The location of sampling site is the new Calabar River, which
passes through Choba Community. It flows from Aluu through to
Ibefaway at Emohua Local Government area and then to Kalabari
area and lined up with the Niger River. The river is used for
bathing, drinking and washing. Samples were obtained from the
following station/site:

Site 1: Aluu community which the up stream with little contamination
from the inhabitants through activities like washing of cloths and
plates and dumping of used water from domestic works, bathing
and dredging activities.

Site II: Sport close to the Wilbros Company just directly under the
bridge. This station is polluted with a lot of diesel oil from the
barges. Also some meters away are the local dredges and standard
dredgers, carrying out their dredging activity.

Site IlI: Is the Choba Community, which is located a few kilometers
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from the Wilbros Company. Here the diesel-oil also pollutes the
water and a lot of human waste is seen here because the
inhabitants defecate, bath, wash and dumping of refuse on this site.
Other activities like fishing and swimming are also carried out.

Collection of samples

Sub-surface water sample were collected at three (3) different
locations or station from the New Calabar Rivers, in sterile sample
bottles. This was taken from the sub surface water and the samples
collected were not up to the brine of the sample bottles. The sample
were immediately kept in an ice bag and taken to the laboratory
within two hours of collection. Samples were collected and analysis
conducted in the following parameters: Dissolved Oxygen (DO),
Biochemical Oxygen Demand (BOD), salinity, pH and conductivity.

Temperature

Mercury in glass thermometer was dipped into the water for 3 min
and then the result gotten was read and recorded. The unit for
temperature is Celsius/Centigrade.

Dissolved oxygen (DO)

The dissolved oxygen (DO) was determined by the modified Azide
or Winkler's method (APHA 1985). To A 70 ml BOD bottle filled with
sample, 0.5 ml Winkler Il reagent was added, stopper placed and
mixed for complete dissolution of precipitate. A 50 ml portion was
placed in an Erlenmeyer flask, 5 drops of freshly prepared starch
solution added and filtrated with 0.025 Na»S>03 (sodium thiosulfate)
solution. The titration was continued to the first disappearance of
the blue colour. DO mg/L was calculated using:

V x N x 8000
Mass of sample

Biochemical oxygen demand (BOD)

Water samples collected in the same way as the DO were
incubated at 20°C for five days. At the end of the incubation period,
the samples were treated in the same manner as the DO samples
stated previously to determine the dissolved oxygen. To ensure
presence of oxygen the BOD samples were diluted before
incubation and the DO of the dilution water determined. DO at day
5 was determined as in dissolved oxygen above and the BODs
calculated using the following (A-B) x DF.

Conductivity, pH and salinity

Measurement for pH, salinity, and conductivity were done using
Horiba water Clucker (model U-10) after calibrating the instrument
with the standard Horiba solution. The units of measurement, for
salinity and conductivity are in percentage (%) and ps/cm
respectively.

Experiment to determine total herrotrophic bacteria

Media

The media used for isolation of the organisms are: nutrient agar,

manifold salt agar, and petroleum hydrocarbon agar. The solution
for the nutrient agar contained 28 g of powdered nutrient agar and 1
L of distilled water Manitol contained NaCl (0.55 mg) and 1 L of
distilled water.

Petroleum hydrocarbon media contained 15 g of powdery agar,
dissolved in 1 L of distilled water, 0.5 g of NH4Cl, 5 g of Na;HPQ,,
0.5 g of KHPQOy4, 5 ml of toluene. The media were filtered with a filter
paper of hole-size 20 pm.

Chemicals

NaCl powdered nutrient agar (Biology Laboratory, RSUST, Port
Harcourt), Toluene (Oil Test Group of Companies, Port Harcourt),
distilled water (Biology Laboratory, RSUST, Port Harcourt), glyccrol
(Biology laboratory, RSUST, Port Harcourt). All chemicals used for
media preparation were reagent grade.

Apparatus

(i) Hot oven; (ii) conical flask, (iii) test tubes; (iv) cotton wool; (v)
aluminum tool, (vi) thermometer; (vii) Petri dishes; (viii) filter paper
(20 pum hole size); (x) pipette (sterile); (x) glass spreader (sterile);
(xi) Bijor storage bottle; (xii) Microscope (xiii) wire loop; (xiv)
wooden spatula.

Experimental procedure

All glass waves were sterilized in a hot air oven for 1 h at 160°C
and left to cool. Culture was extracted and re-grown in another Petri
dish. Plate count method was used to count the number of colonies
of bacteria formed. The diluent was then prepared using normal
saline.

Analytical methods

One ml of the original was transferred in triplicate into test tubes
containing 9 ml of normal saline. The sample was then inoculated.
The pure culture was isolated, using Gram’s stain method to
prepare the microorganism for observation under the microscope.
The following tests were conducted: (1) Biochemcial test, (2)
oxidase test, (3) Voges—Pros Kaner test, (3) Catalase test, (4)
Methyl red test, sugar fermentation test and (5) Coagulase test.
The tests were conducted on the colony of the test organism. This
is in order to identify the total heterotrophic bacterium that is
present in the colony.

Experiment to determine the degradation rate of aromatic
hydrocarbon content

Aim

The aim of this experiment is to determine the rate of
biodegradation of aromatic hydrocarbons, using aromatic
hydrocarbon-utilizing bacteria. The bacterium isolated is
Pseudomonas putida (from Pseudomonas sp).

Micro-organism used

Pseudomonas putida was gotten from the isolation of total
petroleum hydrocarbon utilizing bacteria from samples of fresh
water. The isolation and enumeration of the microorganisms was
carried out at the Biology Laboratory of the Rivers State University
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Table 1. Enumeration of total aerobic heterotrophic bacteria of water sample

for the period (cfu/ml).

Weeks Site | Site 2 Site 3 Total

Week 1 2.1 x10* 6.5 x 10* 3.0x 10* 11.6 x 10*
Week 2 1.1 x10* 1.2x10* 1.1 x10* 3.4 x10*
Week 3 6.0 x 10* 2.0x10* 6.8 x 10* 14.8 x 10*
Total 9.2 x 10* 9.7 x 10* 10.9x10*  29.8x 10*

Table 2. Enumeration of petroleum hydrocarbon utilizing bacteria (cfu/ml).

Weeks Site | Site 2 Site 3 Total

Week 1 2.4 x10° 6.1 x 10° 5.2 x 10° 13.7 x 10
Week 2 3.3x10° 3.9x10° 6.51 x 102 13.3x 10°
Week 3 4.0 x 10 6.6 x 10° 4.6 x 10 15.2 x 10°
Total 9.7 x 10 16.6 x 10° 15.9 x 10° 42.2 x 10°

The table shows the heterotrophy and petroleum hydrocarbon utilizing bacteria from Sites 1 to 3.

of Science and Technology, Port Harcourt.

Media

The media used was an aqueous nutrient agar. It contained 1litre
of distilled water, 15 g of powdered nutrient agar, dissolved in 1litre
of distilled water, in order to form a solution. It also contained about
0.5 g of NH4Cl, 5 g of Na;HPOs, 5.0 g/l of KH.PO4. The benzene,
toluene and phenol were added.

Chemicals

Benzene (Oil Test Group of Companies, Port Harcourt, HPLC
Grade), Toluene (Oil Test Group of Companies, Port Harcourt,
HPLC Grade), Phenol (Oil Test Group of Companies, Port Harcourt,
H>SO, acid (Biology Laboratory RSUST P.H), (CHsCN), (Biology
Laboratory, Port Harcourt, over 99.5% purity), chlorofoam and p-
xylene (Baxter GC Grade, Institute of Pollution Studies, RSUST,
Port Harcourt), De-ionized water (RSUST Biology Laboratory).

Apparatus used

The following apparatus were used during the investigation: GC
spectrophotometer, correlated to biomass concentration; Filter
paper (0.33 um); Gas chromatograph; Thermometer; 2 ml screw
cap vials; 25 pl gas-tight syringe and 10 ml Test tubes.

Method used

Cell concentration was measured as optical density of 600 mM
(ODeno) using GC spectrophotometer. It was correlated to biomass
concentration. 0.22 pm filtered samples were used as optical
density blanks. De-ionized water was used as the OD blank for
toluene (1.00 ODgoo = 1000 mg/L). Benzene, Toluene and Phenol
concentrations were mentioned by gas chromatography. Aqueous
samples were extracted (0.75 ml of sample to 0.75 ml of chlorofoam
continuing 25 mg/l of p-xylene as an internal standard).

The chloroform layer was removed and analyzed using an HP
5890 Il gas chromatography equipped with a mass selective

detector (HP 5971A). Samples were stored at 4°C in 2 ml screw
cap vials with Teflon-lived rubber septa until analysis. Chloroform
was used to extract the Benzene, Toluene and Phenol standard
solutions.

The gas phase concentration for the volatile hydrocarbons
(Benzene and Toluene) was determined through gas
chromatography.

Samples were injected into the gas chromatography equipment
using 25 pl gas tight syringe. Aqueous intermediated were formed
in the biodegradation experiments.

RESULTS AND DISCUSSION
Enumeration of total heterotrophic bacteria

Table 1 shows the aerobic heterotrophic bacteria count of
the water sample from Site 1 to Site 3 and from week one
(1) to week three (3), also the mean count of the bacteria
in cfu/ml was determined.

The values of the physiochemical constituent of the
various stations during the 3 weeks of study are as
shown in Table 1. The values for temperature ranging
form 19.5 to 20.02°C with a mean of 19.6 £ 0.3, pH
values ranging from 6.7 to 7.3 with mean of 7.1 £ 0.5.
Dissolved oxygen values ranging from 5.1 mg/L to 6.1
mg/L with mean of 5.7 £ 0.6, Biological Oxygen Demand
with values ranging from 12.5 mg/L to 15.3mg/L with
mean value of 14.4 = 1.7, salinity has no values, whereas
electrical conductivity has values ranging from 14 to 21.0
ps/cm.

Enumeration of petroleum hydrocarbon utilizing
bacteria

Table 2 and Table 3 enumerates the count of petroleum
hydrocarbon utilizing bacteria in the different sites.
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Table 3. Test results from sample sites (Fresh water medium)

Locations T°C pH DO(mg/L BOD(mg/L) Salinity %  Electrical conductivity
Fresh Fresh Fresh Fresh Fresh Fresh
Week |
Location 1 19.0 6.1 45 18.3 0.0 17
Location 2 19.0 6.3 4.1 18.3 0.0 15
Location 3 19.0 6.2 4.1 18.3 0.0 15
Week Il
Location 1 20.0 8.2 6.9 12.2 0.0 21
Location 2 20.0 7.9 7.3 9.1 0.0 16
Location 3 20.0 8.9 5.3 12.2 0.0 15
Week Il
Location 1 19.5 7.7 6.8 15.4 0.0 18
Location 2 19.5 7.5 6.z5 10.1 0.0 14
Location 3 20.0 6.0 5.9 15.3 0.0 16
Total 176.2 63.7 51.4 129.2 0.0 147
19.6 21.2 5.7 14.4 0.0 16.3
0.3 0.5 0.6 1.7 0.0 0.6

Heterotrophic and petroleum hydrocarbon utilizing
bacteria

Table 4 shows the result gotten from the different
constituents for temperature; week 2 has the highest
value.

Biodegradation of toluene in fresh water media

The plot in Figure 1 illustrates the rate of toluene
degradation with increase in time. It is seen that increase
in time yield decrease in toluene concentration. The
variation in toluene concentration can be attributed to
variation in time as well as the physicochemical
parameter. The micro-organisms within 3 h degraded
significant amount of substrate. However, the rate of
degradation soon started declining from the 5th h. This
lasted for about five hours. The degradation soon
stopped after the 11th h.

In the microbial population plot depicted in Figure 2, the
microbes experienced lag for about 4 h. This was
followed by an accelerated growth rate, which lasted for
2.5 h. Their growth became static from the 8th hour,
which lasted for two hours. They began to die from the
10th h.

Line weaver-Burk plot has been constructed below in
Figure 3 in order to derive the various parameters for the
Michaelis-Menten equation. The equation y = mx + ¢ can
be derived thus:

y =157.21 x—-6.7076,
Slope = 157.21,

1/ Viax OF Intercept ¢ = -6.7076, Therefore, Vi =
0.1491 mg/l per h.
Kn/Vmax. = 157.21, Therefore, K, = 23.44 mg/I per h.

Raw data for biodegradation of phenol

It can be seen from Figure 4, the substrate-time plot of
phenol that it experienced a period of steady growth for
over 20 h. This was soon followed by the steadily
decreasing consumption of the substrate for about 18 h.
In the microbial growth plot depicted in Figure 5, the
microbes underwent a lag phase for about 16 h. This was
followed by an exponential phase of 20 h. The
exponential growth soon declined from the 25th h.

Lineweaver-Burk plot has been constructed below, in
Figure 6 in order to derive the various parameters for the
Michaelis-Menten equation. The equation y = mx + ¢ can
be derived thus:

y = 8026.7x — 191.94,
Slope =8026.7,

1/Vmax OF Intercept ¢ = -191.94, Therefore, Viax = 0.0053mg/|
per h.
Kin/Vmax. = 8026.7, Therefore, K, = 41.82mg/l per h.



Table 4. Isolates of heterotrophic and Petroleum/aromatic hydrocarbon utilizing bacteria.
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Raw data for benzene

The plot in Figure 7 depicts the degradation rate
of benzene in fresh water; it can be seen from the
substrate-time plot of benzene that in about 8.5 h,
23 mg/l of substrate had been consumed. The
degradation rate decreased till it stopped
completely after 12 h. The degradation plot of
benzene is slightly similar to that of toluene.

In microbial growth plot depicted in Figure 8, the
Microbes underwent lag for about 3 h. This was
followed by an exponential phase of 13 h. They
began to die out by the 10th h.

Raw data for benzene

The plot in Figure 7 depicts the degradation rate
of Benzene in fresh water; it can be seen from the
substrate-time plot of Benzene that in about 8.5 h,
23 mg/l of substrate had been consumed. The
degradation rate decreased till it stopped
completely after 12 h. The Degradation Plot of
Benzene is slightly similar to that o f Toluene.

In Microbial growth plot depicted in Figure 8, the
Microbes underwent lag for about 3 h. This was
followed by an exponential phase of 13 h. They
began to die out by the 10th h.

Line weaver-Burk plot has been constructed, in
Figure 9 in order to derive the various parameters
for the Michaelis-Menten equation. The Equation
y = mx + ¢ can be derived thus:

y =1.973 — 2.685,
Slope =1.973

1/Vmax OF Intercept ¢ = - 2.685, Therefore, Vi =
0.3724mg/| per hour.

Kn/Vmax. = 1.973, Therefore, K., = 0.7348mg/| per
hour.
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Figure 4. Phenol degradation plot of substrate concentration
versus time for fresh water medium.
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Predicting the rate of degradation of aromatic compounds
requires a detailed understanding of the controlling physicochemical parameters as well as environmental
processes and their dependence on some of the conditions. Simulation results were presented from the



50

- Benzene

45 —

40 _|
35
30 |
25 |

Substrate conc. (ma/l)

20 —
15

10

0 5 10 15
Time (h)

Figure 7. Benzene degradation plot of substrate concentration
versus time for fresh water medium.
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Figure 9. Line weaver-Burk plot of benzene in 1/V versus
1/S for fresh water medium.
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model developed with was capable of addressing a wide
range of some physicochemical conditions that influence
the degradation of toluene, phenol and benzene in a
fresh water medium in Niger Delta Area of Nigeria.

Our comparison of benzene, toluene and phenol
degradation in a fresh water medium under different
physicochemical parameters indicates that biodegrada-
tion of benzene and toluene was more effective than
phenol. The physiochemical parameters play a major role
in determining the rate of degradation of aromatic
compounds in aqueous medium, since these pavements
affect many biochemical processes, both in dry and wet
season.

The results obtained in this paper were very promising
since Pseudomonas putida was able to degrade the
aromatic compounds in the fresh water medium.

This study has established that:

In the evaluation of the rate of degradation of aromatic
compounds, the properties of the fresh water medium
was considered as a major factors that influence the
biodegradation process.

The microorganisms used in the investigation were
found capable of degradating toluene, benzene and
partially phenol.

It is considered by the author that the bioremediation or
degradation of aromatic compounds e.g toluene,
benzene and phenol as presented in this paper can be
more effective if inhibiting agents are taking care of.

Isolation, identification and characteristics  of
heterotrophic and petroleum/aromatic  hydrocarbon
utilizing bacteria was presented in this paper with a view
of possible organisms present in system.

Nomenclature

Y = Yield coefficient (g/cell/l)
AX = Change in biomass concentration (mg/l)

AS = Change in substrate concentration (mg/l)

Yx/s = Yield coefficient for biomass (g/cell/l)

Yp/s = Yield coefficient for products (g/cell/l)

S = Substrate concentration (mg/l)

Ya = Yield coefficient for the conversion of feed or
substrate into the mass of cells (g/cell/ml).

m = Specific requirement for maintenance (mg/l)

dS = Change in substrate concentration (mg/l)

X = Biomass concentration (mg/l)

Rx = The rate of reaction of substrate (mg/l)

dX

E= Change in biomass concentration per unit time
(mg/l/h)

u = Biomass constant or specific growth rate (mg/l)

t = Time (h)

IS = Salinity inhibition constant (h™)

KI = Substrate inhibition constant (mgl™)
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I*S = Constant depending on culture (h™)

um = Maximum specific growth rate (mg/l)

Sa = Salinity level (% g/cm?®)

p = Density of water medium (g/cm®)

KS = Equilibrium constant of substrate (dimensionless)

Da = Constant for the salinity inhibition of maximum
specific growth rate (h™)

MToT =Total mass of substrate in the liquid phase in the
bioreactor (g) or (cm®)

Ma = Mass or volume of substrate in the gaseous
phase in the bioreactor (g) or (cm®)

R = Universal gas constant

T = Temperature

H = Enthaphy

Va = Volume of substrate in gaseous phase (cl°)

VL = Volume of substrate in liquid phase (cl®)

dP = Change in product concentration (mg/l)

) = Constant of pH dependent (dimensionless)

€ = Constant of pH dependent (dimensionless)

SL = Substrate in liquid phase (dimensionless)

Ai = Positive constant (dimensionless)

Kl = Positive constant (dimensionless)

T = Cell age (h) (dimensionless)
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