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 5 
Abstract:   6 

Aim:  This study investigated the microbial degradation, kinetic and physicochemical studies of surface 
water contaminated with hydrocarbons of common interest (domestic purpose kerosene and diesel) by 
mixed culture of microorganism at ambient temperature (28-32oC). 
Methodology: Four experimental set ups were arranged of which two served as the control experiments. In 

this work, microbiological analyses were not carried out but organic supplement used have been reported by 
earlier investigators to contain heterotrophic bacteria, hydrocarbon degraders and fungi that are capable of 
utilizing hydrocarbons as carbon substrates. Bioremediation was principally monitored using reduction in 
TPH and the control experiments. Kinetic study and physicochemical analysis were also carried out.  
Place and Duration of study: Experiments were carried out in the Central Science Laboratory Complex, 
Taraba State University- Jalingo Nigeria. The study was carried out in a period of 4 months.  
Study Design:  In the first experiment, 37.5 g of the organic supplement that served as a source of nutrients 
and microorganisms was added to surface water simulated with diesel in a plastic container. In a second 
experiment, the diesel was replaced with domestic purpose kerosene (DPK). In the third and fourth 
experimental set-ups, the plastic containers had only DPK and diesel respectively without the organic 
amendment and served as controls. The four experimental set-ups were allowed to stand for 21 days for 
possible bioremediation. 
Results: The results obtained from the diesel medium showed that the native microorganism had positive 
response in utilizing hydrocarbon as diesel. The degradation followed a pseudo-first order kinetic with rate 
constant of 1×102 mg-1Lhr-1 and remediation efficiency of 59.14%. Only 23.1% of the physicochemical 
properties examined at the end of remediation were restored to their initial states and found to be within the 
W.H.O. standard. In the DPK medium, results showed that the microorganisms present had negative 
response in utilizing domestic purpose kerosene. At the end of the third week (504 hours) very low 
remediation efficiency of 39.62% was attained with a rate constant of 1×10-3hr-1. The control experiments 
showed non-appreciable reductions in TPH by 1.5% for diesel and 2.0% for DKP, this was indicative that 
bioremediation occurred in the diesel and DPK microcosms. 
Conclusion: Bioremediation of surface water contaminated with hydrocarbons using agricultural waste was 
found not to be very effective as a biological treatment option in a non-oil producing area. The 
physicochemical properties of the treated surface water samples were grossly impaired and therefore needed 
post treatments to make them safe for human consumption. 
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Industrialization and extraction of natural resources have resulted in large scale 11 

environmental contamination and pollution. Contamination of surface water and air with 12 

hazardous and toxic chemical is one of the major problems facing the industrialized world today. 13 

Indiscriminate and uncontrolled discharge of industrial and urban waste into the environmental 14 

sink has become an issue of major global concern [7, 8, 20]. Excess loading of hazardous waste 15 

has led to scarcity of clean water and disturbance of oil limiting crop production [9]. The need to 16 

remediate contaminated air, water and soils has led to the development of new technologies that 17 

emphasize the destruction of the pollutant rather than the conventional approach of disposal. 18 

Bioremediation is the issue of biological interventions of biodiversity for mitigation (and 19 

whenever possible, complete elimination) of the noxious effect caused by environmental 20 

pollutant in a given site. The term bioremediation has been introduced to describe the process of 21 

using biological agents to remove toxic waste from environment. Bioremediation uses biological 22 

agent, mainly microorganism, e.g. yeast, fungi or bacteria to clean up contaminated surface water 23 

[20]. Microorganisms used to perform the function of bioremediation are known as 24 

bioremediator. In (Ex situ) contaminants are removed from the original site. (In situ) 25 

bioremediation involves the treatment of contaminants where they are located. In this case the 26 

microorganism come into direct contact with the dissolved and absorbed contaminant and uses 27 

them as substrates for transformation [5]. Compared to other method bioremediation is a more 28 

promising and less expensive way for cleaning up contaminated surface water [18]. In 29 

bioremediation processes, microorganisms use the contaminant as nutrient or energy sources.  30 

Several remediation works have been reported with no or scanty literature on the kinetic study of 31 

degradation of hydrocarbon contaminated surface water [18, 21]. This study intends to evaluate 32 



3 
 

the effectiveness of bioremediation on hydrocarbons contaminated surface water using organic 33 

supplement of agricultural waste with special attention on the kinetics of the biodegradations.  34 

2. Materials and Methods 35 

2.1 Materials 36 

2.1.1 Organic Supplement 37 
Poultry, cow and piggery wastes were obtained from poultry and animal farms in Jalingo, Taraba 38 

State, North-Eastern Nigeria. The wastes were air-dried, grinded and thoroughly mixed in 1:1:1 39 

ratio.  40 

2.1.2 Petroleum contaminants 41 

The petroleum contaminants used in the study were diesel and domestic purpose kerosene and 42 

were obtained from Petroleum Products Marketers in Jalingo, Taraba State. All plastic and glass 43 

wares utilized were pre-washed with detergent water solution, rinsed with tap water and soaked 44 

for 48 hours in 50% HNO3, then rinsed thoroughly with distilled water and air-dried in the 45 

laboratory. 46 

  47 
2.2 Sampling Method 48 

Surface water sample was obtained in a pre-sterilized 25 litre container from river Bali, in Bali 49 

Local Government Area of Taraba State, North Eastern Nigeria. The sample point is located 50 

between latitude 7 o 30’ to 8o 10’N and longitude 5 o 45’ to 6 o 15’E. The surface water sample 51 

was obtained by the grab sampling method along the bank of the flowing river Bali which flows 52 

through the Bali main bridge in a 25 litre container as described by [1].  53 

2.3 Bioremediation Experiments  54 

Four sets experiments were carried out at ambient temperature (28-32 0C) following similar 55 

procedure of oil application methods that have been reported elsewhere [12, 13, 22]. In the first 56 
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experiment, 37.5 g of the organic supplement (wastes of poultry, piggery and cow dung) that 57 

served as a source of nutrients and microorganisms was added to the surface water simulated 58 

with diesel in a plastic container. In a second experiment, a second plastic container containing 59 

37.5 g of the organic supplement plus prepared surface water sample contaminated with DPK 60 

was arranged. Both experiments were allowed to stand for 21 days for possible bioremediation. 61 

In the third and fourth experimental set-ups, the plastic containers had only DPK and diesel 62 

respectively without the organic amendment, served as controls and were also allowed to stand 63 

for 21 days for possible bioremediation. In this work, microbiological analyses were not carried 64 

out but organic supplement used have been reported by earlier investigators to contain 65 

heterotrophic bacteria, hydrocarbon degraders and fungi that are capable of utilizing 66 

hydrocarbons as carbon substrates [13, 14]. These researchers [13, 14] recovered a total of 15 67 

bacteria isolates from the total viable count (TVC) plate, of which 6 were hydrocarbon 68 

degraders. The genera of indigenous bacteria they identified are: Bacillus spp., Pseudomonas 69 

spp., Corynebacterium spp., Flavobacterium spp., Alcaligens spp. and Cellulomonas spp. The 70 

fungal isolates obtained include: Candida spp., Aspergillus spp., Detorula spp and Tricoderma 71 

spp. Other researchers have also reported that many microorganisms have been found to have the 72 

ability to utilize hydrocarbons as sole source of energy and such microorganisms are widely 73 

distributed in nature [4]. Bioremediation was principally monitored using reduction in TPH and 74 

the control experiments. 75 

Chemical Analysis of Organic supplement 76 

Chemical analysis was carried out on the organic supplement to ascertain the presence and ratio 77 

of essential minerals such as C, N and P. 78 

 2.4 Kinetics of Bioremediation 79 
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Changes in total petroleum hydrocarbon (TPH) with time were monitored on weekly basis in the 80 

diesel and DPK microcosms for 4 weeks following similar methods adopted by [10, 12]. 50 mL 81 

of the diesel contaminated surface water that had undergone bioremediation was taken in a 250 82 

mL separating funnel. To this 10 mL of n-hexane was added and shaken manually for 2 minutes. 83 

The separating funnel was clamped on a retort stand and left for 20 minutes with the stopper 84 

removed. The water layer was drained off and the n-hexane layer was read off by T-60 85 

UV/Visible spectrophotometer (2007 model) at a wavelength 350 nm. A standard calibration 86 

curve was first constructed. A standard concentration of 1000 mg/L of diesel was prepared by 87 

dissolving 1 mL of diesel in 1000 mL volumetric flask and made up to mark using n-hexane. 88 

This solution was the standard stock. Working standard of 0, 10, 20, 40, 60, 80, 100 mg/L were 89 

prepared from the standard stock. The extraction and analysis was also repeated for domestic 90 

purpose kerosene contaminated surface water at wavelength of 310 nm. 91 

2.5 Determinations of Physicochemical Parameters of Uncontaminated, Contaminated and 92 

Treated Groundwater Samples 93 

Physicochemical properties of uncontaminated, contaminated and treated groundwater samples 94 

were investigated. pH was determined using a digital Jenway pH model 3505. Turbidity of 95 

groundwater sample was determined using HI 93414 model turbidimeter. Dissolved oxygen of 96 

groundwater sample was determined using a model DO-5509 dissolved oxygen meter. Total 97 

dissolved solids (TDS) were determined using TDS meter. Electrical Conductivity of the 98 

groundwater sample was measured using a digital Jenway conductivity meter model DDS 307. 99 

Inorganic phosphate, ammonia, nitrate, total alkalinity were determined using standard 100 

procedures described by [1]. The salinity values of the surface water samples were determined 101 

using a salinity meter. Surface water sample was digested using the standard method proposed 102 
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by [3] and heavy metals were analyzed by Atomic Absorption Spectrophotometer (AAS) 103 

following procedures adopted by [6]. 104 

3. Results and Discussion 105 

3.1 Bioremediation 106 

The results of the total petroleum hydrocarbon (TPH) left at the end of the bioremediation for the 107 

two contaminants of common interest (diesel and domestic purpose kerosene) are displayed on 108 

Table 1 and the profile represented in Figure 1. 109 

Table 1: Data for Progress profile of TPH as Diesel and Domestic Purpose Kerosene against Time 110 
in Bioremediation Method 111 

 112 
Time/hours TPH left as 

diesel(mg/L) 
[A] t 

% remediation in 
diesel medium 

TPH left as 
DPK(mg/L) 

[A] t 
 

% remediation in 
DPK medium 

0 6291.20±10.7 0.00 5373.23±10.65 0.00 

168 4530.60±6.57 27.99 2037.30±6.50 38.92 

336 2895.80±6.77 53.97 2127.20±6.77 36.22 

504 2684.50±6.75 57.32 2013.70±6.80 39.62 

672 2570.10±6.72 59.14 2292.50±6.72 31.27 

 113 
The result of the analysis of the organic supplement used in the study is displayed on Table 2. 114 
Chemical analysis had shown that the mixed-cultured organic supplement used for the 115 

experiment was very rich in nitrogen, organic carbon and phosphorus as required by 116 

microorganisms for growth and reproduction (Table 2). The adjustment of 117 

carbon/nitrogen/phosphorus ratios by addition of nitrogen and phosphorus in the form of N-P-K 118 

fertilizer simulated the biodegradation of crude oil and individual hydrocarbon has been reported 119 

[17, 24]. The addition of organic amendment was meant to accelerate biodegradation by 120 

providing the necessary support and stimulation for native microbes to quickly multiply and 121 

produce enzymes to speed up the metabolic process of biodegradation.  122 

 123 
 124 
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Table 2: Data for chemical analysis of organic supplement 125 

 126 

 127 

 128 

 129 

 130 

The progress of the TPH as diesel and DPK against time in the bioremediation process is showed 131 

in Figure 1. 132 
 133 

 134 

 135 

Figure 1: Progress Profile of TPH as Diesel and DPK against Time in Bioremediation 136 

Method. 137 

The profile showed that the total petroleum hydrocarbon as diesel and DPK decreased with time. 138 

This assertion supported the findings of other investigators who reported similar results [13]. 139 

Earlier investigators [12,13, 14] have reported that mixed waste of piggery, cow dung and 140 

poultry have the potential of biosimulating native microorganisms in groundwater obtained from 141 

an oil producing area thereby enhancing the degradation of hydrocarbon of common interest 142 

(diesel and DPK) by the microorganisms.  143 

The highest remediation efficiencies of 59.14% and 39.62% were obtained at the end of 144 

the 4th and 3rd week for the diesel and DPK contaminants respectively. These results were low 145 

compared with those obtained by [13] who used groundwater and organic supplement whose 146 

Parameters  
pH             7.90 ± 0.01 
Nitrogen (mg/kg)             0.51 ± 0.001 
Phosphorus (mg/kg)             0.11 ± 0.005 
Organic Carbon (%)             7.53 ± 0.03 
Organic Matter (%)             12.98 ± 0.01 
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source was from an oil producing region of the Niger-Delta of Nigeria and got high values of 147 

percent remediation of 82.35% on the 4th week for diesel and 81.30% on the 3rd week for DPK. 148 

The plausible explanation for these wide variations could be that the microorganisms in the 149 

groundwater were from an oil producing area and were not under stress being familiar with the 150 

contaminants in their environment [11,19] The results also showed that the microorganisms in 151 

the DPK medium were probably more affected by the devastating poisoning effect of DPK with 152 

poor remediation efficiency of 39.62% in comparison with the moderate remediation removal of 153 

59.14% obtained with the diesel contaminant. The observed trend is corroborated by the works 154 

of other investigators which showed that when DPK is present in water, becomes more soluble 155 

and as a result release more volatile toxic components which lead to poor growth of the microbes 156 

[2, 15, 16]. It was also possible that the observed reduction in TPH considered as remediation in 157 

both the DPK and diesel mediums were partly due to colloidal complexation of the contaminants 158 

by the organic amendment. The controls used in the experiments showed a reduction in TPH by 159 

2% in the DPK medium and 1.5% in the diesel medium (Table 3). These reductions in TPH were 160 

not very significant and were indicative that bioremediation had occurred in the non-control 161 

mediums with remarkable reductions in TPH observed (Table 1). Earlier investigators that 162 

worked with groundwater contaminated with hydrocarbons using organic supplement from an oil 163 

producing area have also reported similar results [13, 14].  164 

Table 3: Reduction in TPH in the control experiments 165 

Control  TPH (mg/L) at initial time 0 
hour  before bioremediation 

TPH (mg/L) left at final 
time 672 hours after 
bioremediation 

%  Removal of    
TPH 

Diesel  6291.20 6196.83 1.5 
DPK 5373.23 5265.77 2.0 
 166 
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The results of the kinetics of the two bioremediation experiments were pseudo-first order kinetic 167 

plots depicted in Figures 2 and 3 for the diesel contaminant and first order kinetic for DPK in 168 

Figure 3. The regression coefficients were found to be between 0.759 – 0.998 considering points 169 

of best fits. The outcome of the results adequately fitted into the first and pseudo first kinetic data 170 

of model Ln ([A] 0/[A] t against t, time.  171 

,  172 

 173 
Figure 2: Pseudo – first order plots for diesel in bioremediation method 174 
 175 

 176 
Figure 3: First order plot for DPK in bioremediation method 177 
The kinetics of bioremediation for the diesel and DPK contaminants followed pseudo-first order 178 

and first order with rate constants of 1x102 mg-1Lhr-1 and 1x10-3hr-1 respectively. 179 

The results of physicochemical parameters of unpolluted, polluted and treated surface water 180 

samples in the DPK and diesel broths are given in Table 4. In the diesel medium, bioremediation 181 
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process was found to be very effective in the removal of cadmium with remediation efficiency of 182 

84.7%; there was low remediation efficiency for nickel (9.43%) and chromium (4.08%). The 183 

process was also effective in the reduction of nitrate and phosphate level with remediation 184 

efficiencies of 53.5% and 23.5% respectively. It was found to be ineffective in improving the 185 

levels of turbidity, alkalinity, chloride, ammonia and total dissolved solids. Out of thirteen (13) 186 

physicochemical parameters analyzed only four of the properties (salinity, nitrate, alkalinity and 187 

selenium) were found to be within the W.H.O. [23] standard after remediation. This accounted 188 

for 30.7% of the physicochemical properties.  189 

The results of physicochemical properties of surface water samples before and after 190 

contamination, after bioremediation and W.H.O. Standard are presented in Table 4. 191 
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Table 4: Mean results ± Standard Deviations from triplicate Analysis of Physicochemical 192 
Properties of Surface Water Samples before and after contamination, after Bioremediation and W.H.O. Standard 193 
            
Parameters 

Before 
contamination 
surface water 
sample 

After 
contamination  
Diesel   + 
surface water 
sample 

After 
bioremediation  
diesel medium 

After 
contamination  
DPK + surface 
water r sample 

After 
bioremediation  
DPK medium 

W.H.O. 
Standard 

 
pH 

 
8.60±0.060 

 
9.5±0.060 

 
8.3±0.060 

 
9.4±0.000 

 
7.5±0.000 

 
9.20 

Turbidity (NTU) 
 

20.50±0.000 144.00±0.000 450±0.008 720.00±0.008 450.00±15.169 5.00 

Alkalinity  
(mg/L) 

66.00±0.01 80.00±0.005 570±6.720 540.00±6.720 540.00±0.000 100 

Salinity as 
chloride (mg/L) 

0.80±0.000 0.4±0.000 0.4±0.000 0.4±0.000 0.40±0.000 250 

Nitrate (mg/L) 1.68±0.044 2.37±0.000 1.10±0.000 1.51±0.022 3.30±0.001 50.00 
Phosphate 

(mg/L) 
0.14±0.001 0.17±0.000 0.13±0.000 0.19±0.008 0.14±0.0005 0.02 

Ammonia 
(mg/L) 

0.80±0.001 0.61±0.005 0.94±0.000 0.01 ±0.0001 0.58±0.01 0.5 

Total Dissolved 
Solids (mg/L) 

105.00±8.086 120.00±0.000 1300.00±15.169 140.00±0.000 760.00±1.000 500 

          Cadmium 
(mg/l) 

3.15±0.001 53.00 8.10 12.00±0.001 0.60±0.01 0.001 

Chromium 
(mg/L) 

0.05±0.0001 0.98±0.001 0.94±0.001 0.01±0.0001 1.10±0.006 0.05 

Nickel (mg/L) 1.29±0.0003 7.74 7.01±0.001 2.30±0.0005 6.33±0.01 0.02 
Lead (mg/L)           

1.25±0.001 
3.95±0.001 4.80±0.001 1.10±0.001 5.20±0.006 0.05 

 Mercury (mg/L) 0.31 ±0.001 1.44±0.001 1.52±0.001 1.26±0.001 0.80±0.0001 0.02 
 Vanadium 

(mg/L) 
BDL BDL BDL BDL 

 
BDL 0.05 

Selenium (mg/L) 
Arsenic (mg/L)    

0.01±0.000 
BDL 

 

0.16±0.0005 
BDL 

 

0.04±0.0005 
BDL 

 

0.12±0.000 
BDL 

 

0.13±0.000 
BDL 

 

0.05 

 TPH (mg/L) 
 

- 6291.20±10.7 2570.10±6.72 5373.23±3.21 2292.50±6.89 10.00 



  
 

In the DPK medium, bioremediation was also found to be very effective in the removal of 194 

cadmium from the surface water contaminated with DPK with remediation efficiency of 95%. 195 

There was low remediation efficiency for mercury (36.50%) and phosphate (26.30%). The process 196 

was also found to be ineffective in the removal of turbidity, alkalinity, ammonium, total dissolved 197 

solids, vanadium, selenium, lead, nickel and chromium. After remediation only three (3) out of the 198 

fifteen (15) physicochemical properties analyzed were within the W.H.O. [23] standard for drinking 199 

water. This represented 23.1% of the physicochemical properties. 200 

Conclusion 201 

In conclusion, the organic supplement of piggery, poultry and cow dung used in the study was 202 

capable of biostimulating the native microorganisms in the surface water for enhanced 203 

bioremediation only to an extent. Moderate and low remediation was attained in the diesel and DPK 204 

mediums respectively. Invariably microorganisms with high degradation potential such as the 205 

hydrocarbon utilizing bacteria were absent being a non - oil producing area or sparely present and 206 

adversely affected by the contaminants leading to the low efficiency.  207 

The study has clearly established that microorganisms with potential of degrading 208 

hydrocarbons are more readily available and thrive better in oil producing areas compared to non oil 209 

producing areas although it is generally reported that such microorganisms are widely distributed in 210 

nature [4]. The treated samples of the diesel and DPK contaminated surface water needed post 211 

treatment to make them fit for domestic and agricultural uses since most of the physicochemical 212 

properties particularly in the DPK medium that were highly impaired. It is recommended that the 213 

treated surface water should undergo further chemical treatment to reduce the level of diesel or 214 
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DPK present thereby making the surface water safe for domestic and agricultural uses. Surface 215 

water bodies in non-oil producing regions must be properly protected against pollution or reduce the 216 

tendency of occurrence to the barest minimum since natural attenuation would likely occur at a very 217 

slow pace and enhanced bioremediation by application organic amendment such as agricultural 218 

waste does not seem to be a practical solution. Further research should be carried out using 219 

enhanced bioremediation via bioaugumentation on surface water contaminated with hydrocarbons 220 

in the areas. 221 
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