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Abstract

This paper presented the evaluation of crude oil degradation in fresh water
contaminated site. Experimental analysis was conducted to determine the Bonny
light crude oil degradation and the physiochemical properties of contaminated
site. Samples were collected from Orashi river in Niger Delta area of Nigeria at a
depth of 0.6m. Experimental analysis was conducted for the purpose of isolation,
identification and characterization of microorganisms. The result showed that the
Bonny light crude oil concentration decreases with increase in microbial
population and time. It was concluded that microorganisms has not only reduced
the toxic characteristics of polluted fresh water concentration but also showed
considerable less impact on the environment. The various physicochemical
parameters studied include fresh water temperature, pH, conductivity, total
dissolved solids, biochemical oxygen demand, turbidity, hardness, and dissolved
oxygen. The paper can be used in monitoring and predicting crude oil
degradation, microbial growth and effect of physicochemical parameters upon
crude oil degradation.
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Introduction

The Niger Delta of Nigeria has numerous enclosed areas and inlets where there has been a threat of oil
pollution of increasing severity for last few years. Catastrophic leakage from rusting subsea pipeline, error in
handling oil cargo, accidents involving tankers and barges, sinking of ships, illegal washing of tanker bilges and
spills and leakage from off-shore drilling rigs contribute to a growing oil pollution problem and occur frequently in
present times (Ravi-Kumar, Manjappa, Kiran, Pultaiah, 2005 and Ukpaka, 2005).

Similar releases of Bonny Light Crude Oil (BLCO) which can occur along Niger Delta coast can pose
severe, immediate, as well as long term ecological and environmental repercussions, since several constituents in
the crude oil are toxic and persistent in marine aquatic environment (Bhagde, 2005; Ravi-Kumar, Manjappa, Kiran,
Pultaiah, 2005; Dhembare, Gunjal, Pondhe, 2002; Hiware and Jadhav, 2001; Khatarkar, Shah, Rao, and Navale,
2004).

On account of oil pollution profound effects on flesh water quality and sediment quality are witnessed
(Khobragade, 2003; Mohanta and Patra, 2002-Nisar and Yeragi, 2004; Pawar and Pulle, 2005; Bhagde, 2005).
There is considerable evidence that petroleum and its products can impact toxic effects in varying degrees to
different organisms of the marine food chain. Effect of crude oil on fresh water quality parameters and biological
environment is assessed during oil spill (Zenetos, 2004; Dhage, Patkie, Tipnis, 2005; Jeevan, Vimalader,
Sreenivasa; 2003; Nanda, Mishra, Tiwari, 2003; Ravi, Sastry, Sarma, 2003; Tambekar and Kale, 2005). It is found
that field investigations on impact of spilled crude oil and its degradation characteristics on marine biota are often
inconclusive due to complexity of the open system, intricacy of biological processes involved, complex behaviour
of aqueous mixture and source of crude oil (Beckmann, 1947; Zolbell, 2002; Jack and Diblasio, 1985; Updegraff,
1982; Jang, Sharma, Findley, Chang, Yen, 1982).

Recent understanding of different biochemical processes has proved useful in determining the mechanism
of toxicity in different toxicants, also in unfolding the adaptive protective mechanisms of the body to combat the
toxic effect of the pollutants. Besides it is also observed that some biochemical alterations occurring on the body
give the first indication of stress in the organism and hence, the efforts on the part of pollution biologists to explore
the possibility of making use of the phenomenon to locate certain type of pollutants in nature (Wagner,
Lungershausen, Murtada and Rosenthal, 1995; Isalam and Gianetto, 1990; Atlas, 1981; Ogoni and Wami, 2001).
Considering the adverse effect of



crude oil on aquatic environment, the present study has been directed to understand the metabolic
characteristics of crude oil and microbial activities from different point of pollution. The freshwater or aquatic
environment causes multiple changes in terms of internal dynamics of aquatic organisms at different point and

levels.
The objective of the present study was to assess and evaluate the rate of crude oil degradation in a

fresh water contaminated site, in terms of crude oil concentration and microbial growth at different time
interval and physicochemical parameters.

The Model
The possible biochemical reaction to be observed as a result of activities of microorganism in a

contaminated site is as shown below:

Crude oil +0, + nutrient ——*"="— C0, + H,0 + new biomass+ heat releasel

From the equation shown above the following mathematical models can be developed to illustrate the
kinetics of biodegradation of crude oil.

The Microbial Kinetics
When a microorganism undergoes biochemical reactions, for dynamic studies, the general

conservation for a steadv state must be modified to give the following unsteady state mass balance.
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The rate of production of other petroleum product within the system and the rate of removal
of microorganisms from the system are equal to zero. Therefore, equation (1) becomes
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Let the biomass in the system be defined as = p

Therefore, the rate of production of biogenic gases in the system = ¢u. The necessary assumption into

equation (2) yield that

du ;
——— = (/)/u !_A}','
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Resolving equation (2) using the mathematical application of laplace transformation,
du :
— = Su — u(0) (4)
dt
QU = PU; (5)

Substituting equations (4) and (5) into equation (3) using the boundary condition of £(0) = 0 yields

equation (6)

Hy
Hy = (6)
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Taking inverse laplace transform of equation (6)
& s
My = .chm (/)
where ¢ = specific growth of the biomass, p = initial concentration of cell p, cell concentration

at time t
From equation (3), the mathematical expression in terms of time is given as:
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In terms of Monod equation the microbial kinetics can be written as

= o [S] (8a)
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Substrate Kinetic
Studies conducted showed that in the presence of an appropriate microbe, and suitable
conditions, the reaction takes places at relatively low energy. The biodegradation of a single substrate
(hydrocarbon) to produce product (biogenic gases) can be represented as:

£ K
Despite that this research is purely on crude oil degradation as regards to contamination of site. The
: o g Vo oaz 0]
general solution to the above reaction is given as: V, = ——— 9)
K, +[5]
Similarly, in terms of LineWeaver Burk Plot equation (9) can be written as:
| K, 1
VO VO max Vmax [S]

Product Kinetics
When microbes act on crude oil, they reduce the crude oil by feeding on them to form products.

Considering the product of degradation yield coefficient (-Y)
= Mass of product formed
g Increase in cell mass
For steady state process the material balance is written as;
D(Pin-P) + Y, gu =0 (12)
where D = Dilution rate, P, = Initial mass of product, P = Mass of product at time from equation (12)
P can be determined as:

Ypou 5

(1)

P = Pin +

From equation (13) the concentration of the product at effluent can be calculated.

Specific Substrate Utilization
Rate of growth of biomass

" Rate of utilization of substrate concert

[ds/d t]

Biomass Balance
Mass balance for microbes can be written as
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Fig 1: Complete mix bioreactor
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T = Is the rate of biomass change (mass/unit volume),
t

Q = Flow rate (Vol/time), ;4 = concentration of biomass in the reactor, (mass/unit volume) Biomass

concentration in the feed is insignificant compare to that in the effluent and in the bio-reactor.
Combining equation (15) and equation for microbial decay ratio from
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The mean cell residence time can be shown as
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where, Vr = Volume of the reactors, i = Microbial concentration, Q=  Flow rate
Assumptions: No sludge recycle, therefore mean residence time or hydraulic retention time
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where, K= (), = Maximum rate of substrate

lll.l)\

Utilize per mass of the biomass at steady state

d
s _,
dt
Therefore,
K (6 : 6.5 K
- O Su) _0.5Ku 535

K, +8§ K. +S

Solving for ££m (19) and the biomass concentration in the bioreactor as:
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while the substrate concentration can be predicted as:
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The research for efficient field implementation of MEOR due to low risk probability and
environmental friendliness in reserviour has been the main focus. In stimulating bacteria
transportation and metabolic process, one has to bear in mind the growth, transport of metabolism of
valuable.

Similarly, the subsurface formation are governed by many complicated physical, chemical
and biological phenomena. Some mathematical models, based on the growth and metabolic activities
(kinetic) have been developed. These works (both those in literature) have brought about a huge
success in the industry as an aid in enhanced recovery of heavy crude.

Materials and Method
Sample Collection and Determination of Physicochemical Parameters

Water sampie was collected at 0.6m depth from Orashi River during low tide at a particular
point of the river. After filtering the sample bacteria and fungi were isolated, identified and then
characterized. The microbial population obtained in each sample was recorded.

The Bonny Light Crude Oil (BLCO) obtained from the Orashi was extracted from the sample
with filterd autoclaved freshwater (1:9 v/v) at room temperature on magnetic shaker for 24h. Then the
mixture was allowed to stand undisturbed for further 24h. The mixture was extracted with
dichloromethane and the organic layer was dehydrated on sodium sulphate and evaporated to dryness
under reduced pressure to get a residue Water Dispersed Fraction (WDEFS). The aqueous layer was
treated with sodium chloride till saturation and extracted with dichloromethane to get the organic
matter. The organic layer was dried over sodium sulphate and evaporated to dryness under vacuum to
get a residue, i.e water-soluble fractions (WSF)

In the experimental reactors crude oil (1%w/v) was added giving surface layer of 1mm
thickness; the reactors were kept on mechanical shaker with a moderate speed to simulate wave action
effect. Observation for various parameters such light penetration, temperature, pH, biochemical
oxygen demand, dissolved oxygen, turbidity, total dissolved solid, conductivity and hardness are
made at time intervals.

The light penetration in each reactor was measured using luxmeter. Similarly, pH (Philips pH
meter); temperature (thermometer ; biochemical oxygen demand (differential do initial value after 5
days maculation, filtration and gravimetric Hg,Cl,; dissolved oxygen titrimettry with sodium
thisuphalt reangnet —winkles methods); turbidity (lackson candle turbidimeter); total dissolved solid
(filtration, drying and gravity, potentiometer method with silver nitrate solution); conductivity
(conductivity meter) and hardness was analyzed by standard procedure.



Enumeration of Hydrocarbon Utilizer Bacteria and Fungi

It involved the viable count methods using surface spreading techniques serial dilution of the
water samples was prepared from 10 to 10"%°. One ml, of water was plated in triplicate with agar and
50pg/C of nystartin to inhibit fungi count. After that, the polluted water was put in the petridish, the
plates was wrapped with masking tape and made airtight. This is aimed at supplying hydrocarbon as the
sole source of carbon energy for growth of the utilizer through vapour phase transfer. The plates were
incubated at 37°C from seven days before enumeration.

Results and Discussion

In this study, field investigate was used to assess the rate of degradation of crude oil in
freshwater system and as well as the relative impact of simulated crude oil spill on the marine
environment.

The system containing both crude oil and microorganisms were simulated for the wave action
with the help of mechanical rocker. Hence thin layer of crude oil formed on freshwater surface of
experimental reactor was persistent only for initial few minutes after addition of crude oil. The density,
viscosity and surface tension of the crude oil sample and fresh water were measured and recorded. The
results of the analysis shows surface tension of 0.040N/m, viscosity of 138.9CP, density of 0.834g/cm?®
for crude oil and 0.0727N/m, 4.10kg/m.h and dl000kg/m? for fresh water samples respectively.

Table 1: Analysis of the Results for Crude Oil Degradation, Microbial Growth Rate and
Product Concentration.

Time Crude oil|Specific rate (mol[Microbial concentration | 1/[S] |[1/Vo  |Prod
(day) concentration  [S]%/ day) vV cone

mol % \o B F Moll

(cfu/ml) (cfu/ml)

0 1.0 - 1000 1000 1.00 | 0.00
3 0.8 0.028 540 370 1.25 [35.71 |0.00
6 0.6 0.032 6.4 x 0 1.5 xI0* 1.67 [31.25 [0.15
9 0.4 0.030 9.7 x10*- 8.1 xIO* 250 |[33.33 [0.37
12 0.2 0.036 1.3 xIO® 1.0 xIO® 5,00 [27.78 (0.68
15 0.1 0.033 4.1 xIO® 3.7 xIO? 10.00 [30.30 [0.93

where B = bacteria and F = fungi

Results presented in Table 1 illustrates the experimental and theoretical value obtained from the
investigation such as the crude oil concentration per day, specific rate of degradation per day, microbial
population of bacteria and fungi per day in (cfu/ml), the rate of product concentration per day and the
establishment of reciprocal of microbial growth rate and specific rate of crude oil degradation.

Table 2: Analysis of the results for some physicochemical parameters
S/No |Parameters Concentration
Time (day) 0 3 6 9 12 15
1 pH 6.90 7.0 7.5 777 7.82 7.93
2 Biochemical oxygen demand4.47 4.12 3.51 2.64 0.93 0.89
(mg/1)
3 Temperature (°C) 140 [16.5 23.3 241 |255 25.5
4 Turbidity (NTU) 6.0 8.0 12.0 |15.0 23 30
5 Dissolved oxygen (mg/1) 10.76 [9.94 9.36 [8.51 [7.00 4.50
6 Total dissolved solid (mg/1) 200 [27.0 350 |46.0 149.0 60.0
7 Conductivity (n s/cm) 76.0 [78.0 80.3 63.1 3886 90.0
8 Hardness (mg/1) 6.45 |10.93 16.01 [38.50 [70.42 85.30




Results presented in Table 2 illustrate the physicochemical properties of the mixture or sample
used for the investigation. Results obtained showed that each of the physicochemical parameter varies
with time. It is seen that the variation of the physicochemical parameters influence the degradation rate
of crude oil, microbial growth rate and product formation in a fresh water medium.
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Crude oil concentration (mol%)
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. . Time (day) i
Figure 2: Crude oil concentration versus time

Figure 2 illustrates the relationship between crude oil degradation and time. From Figure 2 it is
seen that the crude oil concentration decreases with increase in time. This is possible since increase in
microbial growth rate was observed for both bacteria and fungi species present in the bioreactor. It is
seen that the rate of decrease in crude oil degradation can be influenced by the effect of the
physiochemical properties of the system.
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Figure 3: Microbial concnetration versus time

Figure 3 it is seen that the microbial growth rate of bacteria is higher than the
fungi. The variation in microbial population of bacteria and fungi can be
attributed to the effect of the physicochemical properties of the system. The
microbial population of bacteria in system ranges from 540cfu/nil to 1.30 +
105cfu/ml. The bacteria species present in the system experienced lag,
progressive, stationary and decline phase. Similarly, for the fungi species the
microbial population ranges from 370cfu/ml to 1.0 x 10%cfu/ml, it is seen from
the experimental results that the fungi experienced lag, progression stationary
and decline phase as shown in Figure 3.



Product concnetration
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Figure 4: Product concentration versus time
Figure 4 illustrates the rate of increase in product formation as a result of increase in reaction time. Increase in
product concentration was observed with increase in time. Figure 4 shows the rate of carbon oxide produced from
biodegradation process of Bonny light crude oil in a batch reactor. This paper was aimed to determine the rate of
carbon dioxide production using bacteria and fungi species isolated and identified from the samples.
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Figure 5: LineWeaver Burk Plot of 1/Vo versus 1/[S]
Figure 5 illustrates the relationship between l % and I%.I which can be used in the determination

of the maximum specific rate and equilibrium constant of the process. From Figure 5, it is not possible to
establish these parameters, since the curve does not obey the LineWeaver Burk plot. Hence, the maximum
specific rate is equal the equilibrium constant and solution to it is not possible (Vo = Ky implies not possible ).

Conclusion
The study gives an insight regarding the crude oil degradation at different time from 0-15 days. It was

observed that most of the physicochemical parameters analyzed under the present investigation have showed
higher value for contaminated fresh water obtained from Orashi River. The physicochemical parameters have
less impact on the microbial activity, thereby increasing the microbial growth rate as well as increase in
substrate degradation. The increases in substrate degradation may be attributed to the diffusion effect, climate,
fresh water characteristics, spillage period, geology of the area, rainfall. Moreover, when rainwater percolates
through the surface contact of crude oil in a polluted fresh water river it enhanced the spreading and diffusion
of the crude oil. Over a period the contaminants can easily enter the ground water. Leachates percolate through



the soil



and contaminate the ground water. This effect may persist for longer time if the best application is not
conducted on a way forward to remedial the polluted environment.

It is also observed from the analysis that the fresh water samples were beyond the permissible limit and is
not suitable for drinking purpose or other domestic purpose. However, as the time increases, its substrate
concentration decreases. This can be attributed to non stagnant of the polluted river.

In order to avoid pollution of river sources due to leakage of pipeline, error in handling oil cargo, accidents
involving tanker and barges, sinking of ship etc, adequate precaution is required.
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