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Abstract 

This data article details Pseudomonas aeruginosa effects on the bioremediation of soil that had been 

polluted by different concentrations, 5% w/w and 8% w/w, of raw (for simulating oil spills from well-

heads) and treated (for simulating oil spills from flow lines/storage tanks) crude oil. UV/VIS 

spectrophotometry instrumentation was used for obtaining absorbance measurements from the 

Nigerian Escravos Light blend (sourced from Chevron® Nigeria) of crude oil polluting soil samples, which, 

thus, also simulates light and heavy onshore oil spillage scenarios, in a 30-day measurement design. 

Data on bioremediation effects of Pseudomonas aeruginosa added to the crude oil polluted soil 

samples, and which were monitored at intervals via the absorbance measurement techniques, are 

presented in tables with ensuing analyses for describing and validating the data presented in graphs. 

Information from the presented data in this article is useful to researchers, the oil industries, oil 

prospecting communities, governments and stakeholders involved in finding solution approach to the 

challenges of onshore oil spills. This information can also be used for furthering research on 

bioremediation kinetics such as biostimulant analyses, polluting hydrocarbon content/degradation 

detailing, by Pseudomonas aeruginosa strain of microorganism, on petroleum pollutant removal from 

soil that had been polluted by crude oil spillage. 

Keywords: Bioremediation, Onshore oil pollution simulating system, Pseudomonas aeruginosa, UV/VIS 

Spectrophotometry, Absorbance, Crude oil polluted soil  

Specifications Table 

Subject area Engineering 

More specific subject area Chemical Engineering, Environmental Engineering, Sustainable 
Environmental Sciences and Management 

Type of data Tables, graphs, figures 

How data was acquired Absorbance data measurements from crude oil polluted soil sample 
systems using a Jenway 6405 ultra violet visible (UV/VIS) 



spectrophotometer instrument 

Data format Raw, statistically analyzed 

Experimental factors Absorbance data monitoring were executed as laboratory experimental 
data sourcing on crude oil polluted soil samples that had been inoculated 
using Pseudomonas aeruginosa strain of bacteria 

Experimental features Air dried loamy soil was polluted by two different concentrations of two 
types (raw and treated) of Nigerian Escravos Light blend of petroleum and 
then inoculated using Pseudomonas aeruginosa strain of microbe, for 
bioremediation monitoring via periodic absorbance measurements 

Data source location Loamy soil was collected from Covenant University Farm, Nigerian Escravos 
Light crude oil blend was sourced from Chevron® Nigeria, Delta State, 
Nigeria, Absorbance measurement procedures was carried out at Covenant 
University, Ota, Nigeria (Latitude 6.6718°N, Longitude 3.1581°E). 

Data accessibility The comprehensive dataset of the bioremediation effects of Pseudomonas 
aeruginosa, via absorbance monitoring, on soil that has been polluted by 
raw and treated crude oil is made available in this data article 

 

Value of the data  

 Information in this data article is valuable for implementing remediation amendment, using the 

techniques of microorganism mediated oil pollutant removal (bioremediation), which is being 

preferred as an environmentally-friendly/sustainable approach in the literature, on soil that has 

been polluted by oil spillage [1-5]. 

 Data on the use of different concentrations of crude oil in the polluted soil system is useful for 

decision making on remediation of soil pollution that could ensue from light oil spill and from 

heavy oil spill situations [6-7]. 

 Dataset on the performance of Pseudomonas aeruginosa on raw and treated Nigerian Escravos 

Light crude oil as soil pollutant exhibits the potential of detailing its effectiveness and promoting 

the usage of this microbial strain as an economical and efficient bioremediation technique [1,8]. 

 Absorbance data from the Pseudomonas aeruginosa inoculation in crude oil polluted soil, from 

this data article, can be employed for detailing bioremediation kinetic, such as petroleum 

hydrocarbon degradation potential and parameters, by this strain of bacteria on the Nigeria 

Escravos light crude oil polluted soil and such information will be useful to stakeholders involved 

in oil polluted soil amendment [1,8]. 

 Presented analyses of bioremediation data in this article is valuable for describing, analyzing, 

validating and detailing reliability of measured data [9-15], which for the present case involves 

dataset of bioremediation effects investigations and implementations. This could foster 

repeatability and/or applications of the analytical methods for future works that could range 

from laboratory experiment, pilot scale up to real-time field executions of crude oil polluted soil 

amendments. 

Data 

The always increasing global energy demand makes it imperative that the world is still highly dependent 

on petroleum products for meeting energy needs in many ramifications of livelihood, a condition that 

the necessitates continuous extraction/production of petroleum from its location deep down the earth  



[2,16-20]. The situation ensuing from this include crude petroleum oil spill that could be through 

uncontained excessive pressure from production installations/platforms, e.g. raw crude oil from well-

heads, blowouts, etc, or from transportation or improper handling e.g. of treated crude oil in flow lines 

or storage tanks [20-21]. The resulting oil spill that could be into marine (offshore) or soil (onshore) 

environments are very toxic and hazardous to the environmental ecosystem and could adversely affect 

well-being of living organs, air, water and soil processes as well as the potential of fire hazards [22-24]. 

Onshore spill of crude oil affects healthy living in the society, agricultural productivity, 

groundwater/sources for potable water, and living biota in flowing streams/rivers, among others [5,25-

27]. Avoiding or mitigating these adverse effects from crude oil spillage situation necessitates needs for 

amending the soil via the procedure known as remediation. 

Among known methods for remediating crude oil polluted soil, including physical separation, chemical 

degradation, photodegradation and bioremediation, the method of bioremediation is attracting 

preference due to its comparative effectiveness, relatively low cost and eco-friendliness compare to 

other the techniques [1-2]. Unlike bioremediation, other methods that could be used for oil polluted soil 

remediation have also been recognized with the potential of leaving daughter compounds, i.e. 

secondary residuals, after the parent/primary crude oil pollutant has been removed, which can even 

exhibit higher toxicity levels than the parent crude oil pollutant [1-2]. In contrasts, bioremediation 

technique usage detoxifies contaminants in crude oil and effectively removes pollutant by destroying 

them in the stead of transferring them to other medium [2-4]. 

Studies have employed plants species for bioremediation, in processed known as phytoremediation [7], 

but the use of microorganisms as biologically-mediated remediation of crude oil polluted soil is still 

linked to the effectiveness of phytoremediation systems. This is due to the fact that microorganisms are 

still required in the rhizosphere of plants for efficient crude oil polluted soil remediation via 

phytoremediation [6,23]. This is making the use of microorganism for crude oil polluted soil remediation 

purposes of increasing interests to researchers and stakeholders involved in crude oil polluted soil 

amendment. Bacteria strains of microbes, including Pseudomonas aeruginosa, have been used in 

reported works for effective repair of crude oil polluted soil [20,28]. However, there is paucity of 

reported work employing Pseudomonas aeruginosa for the bioremediation of Escravos Light crude oil 

blend obtainable in Nigeria. No dataset of absorbance measurements exists in the literature from the 

Pseudomonas aeruginosa effects on raw and treated Escravos Light blend of crude oil polluted soil 

systems. This data article, therefore, presents absorbance dataset and its analyses obtained from two 

different concentrations, for simulating light and heavy onshore spill, of raw and treated Escravos Light 

crude oil polluting soil systems that was inoculated for bioremediation effect using Pseudomonas 

aeruginosa. 

Table 1, therefore, presents absorbance data measurements obtained from raw and treated types of 

Escravos Light crude oil polluted soil that had been inoculated with Pseudomonas aeruginosa strain of 

microorganism for bioremediation effects. Shown in the table are the absorbance data for 5% w/w 

concentration of crude oil pollutant in soil, for simulating light oil spill, as well as the data for 8% w/w 

soil-polluting crude oil concentration, for simulating the spillage of heavy oil. These raw data 

measurements are in duplicate measures of experimental design, taken in five days interval for the first 

20 days and in 10 days interval, thereafter, for making up the 30-day period of absorbance data 

measurements from the crude oil polluted soil. This later jump in experimental monitoring interval was 



done for noting whether there will be a significant persistency of bioremediation effect by the 

Pseudomonas aeruginosa strain of micro-organism on the different types and concentrations of crude 

oil polluted soil systems, or otherwise. For these reasons, therefore, the table also includes the average 

of the periodic absorbance measurements taken in the intervals of measuring Pseudomonas aeruginosa 

effects on the different types and concentrations of crude oil polluted soil systems. 

Table 1: Absorbance data of Pseudomonas aeruginosa effects on Escravos Light crude oil polluted soil  

Type of Crude 
Oil Pollutant 
in Soil 

 

Time 
(day) 

 5% w/w  8% w/w 
 

 
Absorbance 

(nm) 

Absorbance 
{Duplicate} 

(nm) 

Periodic 
Average 

Absorbance 
(nm) 

 
Absorbance 

(nm) 

Absorbance 
{Duplicate} 

(nm) 

Periodic 
Average 

Absorbance 
(nm) 

Raw Crude 
Oil 

Polluted 
Soil (RCOP) 

 0  0.365 0.36 0.3625  0.409 0.405 0.407 

 5  0.423 0.417 0.42  1.177 1.177 1.177 

 10  0.289 0.312 0.3005  0.247 0.239 0.243 

 15  0.197 0.195 0.196  0.134 0.139 0.1365 

 20  0.139 0.139 0.139  0.088 0.088 0.088 

 30  0.034 0.034 0.034  0.078 0.08 0.079 
           

Treated 
Crude Oil 
Polluted 

Soil (TCOP) 

 0  0.105 0.104 0.1045  0.253 0.253 0.253 

 5  0.085 0.092 0.0885  0.112 0.117 0.1145 

 10  0.027 0.026 0.0265  0.053 0.053 0.053 

 15  0.0187 0.019 0.01885  0.026 0.0266 0.0263 

 20  0.013 0.013 0.013  0.007 0.007 0.007 

 30  0.009 0.009 0.009  0.006 0.006 0.006 

For aiding further analyses of the data proceeding from Table 1, Figure 1 presents plots of the 

descriptive statistics of the duplicated raw measurements of absorbance data by the Normal, Gumbel 

and Weibull probability distribution modeling functions. The use of these three distribution fitting 

models will lend insight into whether the bioremediation data could be best described by the random 

sampling distribution of the Normal and/or of the Gumbel and/or of the Weibull probability density 

modeling functions. For specific instance and comparison of the probability fitting models, the Normal 

distribution is a general descriptive statistics model that exhibits the advantage of being the simplest 

probability distribution that could be applied to randomly distributed data. This simplicity of application 

of the Normal distribution follows from the fact that the mathematical relationships for estimating 

important parameters for the distribution model are well-known and easily computed [29]. In contrast, 

the Gumbel and the Weibull distributions are extreme value distribution models useful for studying the 

existence of asymptotic test-response in the data that could motivate underlying extreme value process 

in the Pseudomonas aeruginosa bioremediation effects on the different types and concentrations of 

crude oil polluted soil systems. From these two models, the Gumbel distribution is the extreme value 

distribution of maxima, which indicates whether the maximum of the tested effect in a system is 

responsible for the reliability or the hazard encountered in the system. The Weibull distribrution is the 

extreme value distribution of minima, which details whether the minimum of the tested effect exhibits 

responsibility for the reliability or the hazard in the test-system. However, all of these distribution 



modeling tools suffer the disadvantage that their usage for describing data not distributed like the 

distribution could lead to grossly erroneous conclusion [30]. 

 
(a)  

 
(b)  

Figure 1: The Normal, Gumbel and Weibull descriptive statistics models of raw duplicated 



measurements of absorbance data from crude oil polluted soil inoculated with Pseudomonas aeruginosa 
(a) mean absorbance (b) standard deviation of absorbance 

Thus, Figure 1 entails the plot of mean (μ) models of absorbance data by these statistical distributions in 

Figure 1(a) and the standard deviation (σ) models of absorbance data by the distributions in Figure 1(b). 

In the figure, RCOP refers to the raw crude oil polluted soil system, and TCOP refers to the treated oil 

polluted soil system, while the duplicate sampling was indicated by attaching the tag “_Dup”. It is also 

worth noting that the mean and standard deviation modeling in Figure 1 employ the maximum 

likelihood estimation procedures [29,31-35] for these measurements of central tendencies and 

measurements of dispersions using the Normal, the Gumbel and the Weibull distribution modeling. 

From a similarly considerations, therefore Figure 2 presents plots of these descriptive statistics 

applications to the evaluated averaged data obtained from the duplicates of absorbance periodic 

measurements, and for these, also, the mean models are in Figure 2(a) while the standard deviation 

models are in Figure 2(b). In this second figure, the delineating tags now include “_5%” and “_8%” for 

indicating the 5% w/w and the 8% w/w concentrations of crude oil pollutant in the soil sample systems, 

as well as “_ave” was used for indicating the periodic average of absorbance measurements. 

 
(a)  



 
(b)  

Figure 2: The Normal, Gumbel and Weibull descriptive statistics models of periodically averaged 
measurement of absorbance data from crude oil polluted soil inoculated with Pseudomonas aeruginosa 
(a) mean absorbance (b) standard deviation of absorbance 

Experimental Design, Materials and Methods 

For the measured data in this article, loamy soil was collected from Covenant University Farm. This soil 

from the agricultural site was air dried before being polluted with two different pollution 

concentrations, i.e. 5% and 8% w/w, of raw and treated Escravos Light crude oil blend obtained from 

Chevron® Nigeria Limited, Delta State, Nigeria. This was followed by the inoculation of each crude oil 

polluted soil design with Pseudomons aeruginasa, a bacteria strain of microorganism, which was 

collected from the Applied Biology and Biotechnology Unit of the Department of Biological Sciences, 

Covenant University, Ota, Ogun State, Nigeria [36-37]. The Pseudomons aeruginasa bacteria strain usage 

for inoculation of the crude oil polluted soil system was at the concentration of 0.05 v/v of the microbial 

strain (obtained from Mueller Hilton Broth suspension) to each of the crude oil polluted soil systems for 

the study. From each of the systems of crude oil polluted soil detailed, selected mass sample was taken 

and dissolved in hexane by stirring in a magnetic stirrer. A portion from this dissolution was measured 

and made up with n-hexane for determination of absorbance at wavelength of 420 nm via a Jenway 

6405 UV/VIS Spectrophotometer. These absorbance measurement experiments were executed in 

duplicates, starting from the 0th day, then in five days interval for the first 20 days and, thereafter, in 10 

days interval, for making up the 30-day experimental design system (as earlier detailed), from which the 

data, presented in Table 1, was obtained. 

The descriptive statistics of the absorbance data from the crude oil polluted soil systems inoculated with 

Pseudomonas aeruginosa, as were presented in Figure 1 and in Figure 2, employ the distribution fittings 

of the Normal, the Gumbel and the Weibull probability density models [38-42]. These fittings of the 

absorbance data to the each of the probability distribution functions are respectively presented in 

Figure 3, i.e. for the Normal distribution in Figure 3(a), the Gumbel distribution in Figure 3(b), and the 

Weibull distribution in Figure 3(c). 



 
(a)  

 
(b)  



 
(c)  

Figure 3: Fittings of absorbance data from the crude oil polluted soil systems to the probability 
distribution functions of the (a) Normal (b) Gumbel, and (c) Weibull 

Compatibility of the absorbance data, from the crude oil polluted soil systems having Pseudomonas 

aeruginosa inoculants, to the fittings of each of the Normal, the Gumbel and the Weibull probability 

distributions requires the Kolmogorov-Smirnov goodness-of-fit test-statistics, α = 0.05 significant level 

[43-47]. This Kolmogorov-Smirnov goodness-of-fit testing of compatibility statistics application to the 

absorbance data in this article are presented in graphical plots in Figure 4, which also shows the linear 

plot of α = 0.05 level of significance. By these, therefore, plots of Kolmogorov-Smirnov goodness-of-fit 

probability value (p-value) that does not attain the α = 0.05 linear plot in Figure 4 indicate data that are 

not distributed like the probability distribution being applied for describing the model. In contrast, plots 

of Kolmogorov-Smirnov p-value that overshot the α = 0.05 linear plot in Figure 4 are indicative of data 

that are distributed like the probability distribution of application to the model. 



 
(a)  

 
(b)  

Figure 4: Compatibility testing to the Normal, Gumbel and Weibull distributions via the Kolmogorov-
Smirnov goodness-of-fit statistics (a) absorbance data experimentally measured from crude oil polluted 
soil having Pseudomonas aeruginosa inoculants (b) periodically averaged absorbance data from the 
duplicates of polluted soil system 

The duplicated design of absorbance measurements, as well as the different designs of crude oil 

pollutant systems in the soil samples, necessitates testing significance of differences from the measured 

absorbance data. For these, the between-duplicate and the between-different crude oil/soil system 

pollution test of significance models, employing the Student’s t-test statistics was applied to the 

absorbance data using the homeoscedastic (equal variance) and the heteroscedastic (unequal variance) 

assumption models [9,11,42,48-50]. Figure 5, therefore shows plots of the Student’s t-test statistics 

application to the absorbance data from the crude oil polluted soil system having Pseudomonas 



aeruginosa inoculants. In the figure, Figure 5(a) shows the between-duplicate and Figure 5(b) shows the 

between-different crude oil/soil pollution system tests of significance. Also included in each of Figure 

5(a) and Figure 5(b) are linear plots of α = 0.05, for which Student’s t-test p-value not attaining the α = 

0.05 linear plot is indicative of the fact that the experimentally observed differences between the two 

datasets being compared are statistically significant. Otherwise, Student’s t-test p-value that overshot 

the α = 0.05 linear plot indicates that the experimentally observed differences between the two datasets 

being compared are statistically not significant, but are due to randomization ensuing from the 

experimental test-measurements.  

 
(a)  

 
(b)  

Figure 5: Student’s t-test statistics of significance of differences in absorbance data from the 



Pseudomonas aeruginosa inoculated crude oil polluted soil systems (a) between-duplicate tests-of-
significance (b) between different crude oil concentration/different crude oil types tests-of-significance 

Worth noting includes the fact that the tags of abbreviations employed in Figure 5(a) could be detailed 

as: 

 RCOP_5%: compares significance of differences between datasets from the duplicated sampling 

for raw crude oil polluted soil system having 5% w/w crude oil/soil pollution concentration; 

 TCOP_5%: compares significance of differences between datasets from the duplicated sampling 

for treated crude oil polluted soil system having 5% w/w crude oil/soil pollution concentration; 

 RCOP_8%: compares significance of differences between datasets from the duplicated sampling 

for raw crude oil polluted soil system having 8% w/w crude oil/soil pollution concentration; 

 TCOP_8%: compares significance of differences between datasets from the duplicated sampling 

for treated crude oil polluted soil system having 8% w/w crude oil/soil pollution concentration. 

Also, the tags of abbreviation used in Figure 5(b) are as follows: 

 R-T_COP_5%: compares significance of differences between dataset from raw and dataset from 

treated crude oil polluted soil systems having 5% w/w crude oil/soil pollution concentration; 

 R-T_COP_8%: compares significance of differences between dataset from raw and dataset from 

treated crude oil polluted soil system having 8% w/w crude oil/soil pollution concentration; 

 RCOP_5%_8%: compares significance of differences between dataset from the soil systems 

polluted with 5% w/w and dataset from the soil systems polluted with 8% w/w raw crude oil 

pollutant; 

 TCOP_5%-8%: compares significance of differences between dataset from the soil system 

polluted with 5% w/w and dataset from the soil systems polluted with 8% w/w treated crude oil 

pollutant. 

Proceeding from the probability distributions, employed in this data article, is the measurement of the 

probability of obtaining the analyzed mean of the raw absorbance data measurements, Figure 1(a), and 

of the periodically averaged absorbance, Figure 2(a), from the crude oil polluted soil systems. This 

particular measure of probability indicates the reliability of either the raw or the periodically averaged 

data on the remediation effect of Pseudomonas aeruginosa in the different concentrations/types of 

crude oil polluted soil systems. Though, it is worth noting, that the reliability (or the probability of 

obtaining the mean) monotonically = 0.5 via the Normal, or = 0.5704 via the Gumbel distribution 

models, irrespective of the mean value, the value of this parameter varies with the mean values in the 

Weibull model [39,51-52]. This variability of reliability from the Weibull probability distribution 

modeling, therefore, aids comparisons with the reliability obtained from the other two distribution 

function models, of the Norml and the Gumbel. Thus, Figure 6 presents the plots of the reliability by the 

Weibull probability distribution modeling of the absorbance data, for the raw in Figure 6(a) and the 

periodically averaged measurements in Figure 6(b). In the figure, also, the monotonic reliability value of 

0.5 from the Normal and of 0.5704 from the Gumbel distributions are shown as linear plots. These 

reliability values are indicative of the cumulative distribution function applications of the Normal, the 

Gumbel and the Weibull to the mean models of these distribution fitting functions. They exhibit the 

significance that the estimated values, as indicated in Figure 6, detailed values that could be related to 



the degrees of the bioremediation effect by the Pseudomonas aeruginosa on the different crude oil 

polluted test-systems. The implications ensuing from the usage of such estimated model for reliability 

follows from the fact that for the types of experimental measurements in this study, it is desirable to at 

least obtain the mean value of bioremediation effect estimated for each test-system, if not more, rather 

than the desirable event in failure-causing data which is that of obtaining lesser value than the 

estimated failure-inducing mean value. 

 
(a)  

 
(b)  

Figure 6: Reliability plots of absorbance data from the Pseudomonas aeruginosa inoculated crude oil 
polluted soil systems (a) reliability from measured duplicates absorbance data (b) reliability from 
periodically averaged absorbance data 



Acknowledgements 

Authors wish to acknowledge part sponsorship of this research by Covenant University Centre for 

Research, Innovation and Discovery (CUCRID), Covenant University, Ota, Nigeria, as well as the 

collaboration of this work with NRF-TWAS Researcher of Grantholder No 105552. 

References 

[1] M.D. Ibrahim, R. Shuaibu, S. Abdulsalam, S.O. Giwa, Remediation of Escravous Crude Oil 

contaminated soil using activated carbon from coconut shell, J. Bioremediat. Biodegrad. 7 (2016) 

2. DOI:10.4172/2155-6199.1000365 

[2] O.P. Abioye, Biological remediation of hydrocarbon and heavy metals contaminated soil, in: S. 

Pascucci (Ed.), Soil Contamination, 2011, pp. 127-142. DOI:10.5772/24938 

[3] L.W. Perelo Review: In situ and bioremediation of organic pollutants in aquatic sediments. J. 

Hazard. Mater. 177 (2010) 81-89. 

[4] A.I. Okoh, M.R. Trejo-Hernandez, Remediation of petroleum polluted systems: Exploiting the 

bioremediation strategies, Afr. J. Biotechnol. 5 (2006) 2520 – 2525.  

[5] J.C. Philp, R.M. Atlas, Bioremediation of contaminated soil and aquifers, in: R.M. Atlas, C.P. Jim, 

(Eds.), Bioremediation: Applied Microbial Solution for Real- World Environmental Clean Up, ASM 

Press, Washington D.C., 2005, pp. 139-236. 

[6] F. Mohsenzadeh, A.C. Rad, Bioremediation of petroleum polluted soils using Amaranthus 

retroflexus L. and its rhizospheral funji, in: M. Öztürk, M. Ashraf, A. Aksoy, M.S.A. Ahmad (Eds.), 

Phytoremediation for Green Energy, Springer Science+Business Media, Dordrecht, 2015, pp. 

131-139. DOI:10.1007/978-94-007-7887-0_9 

[7] S. Minoui, D. Minai-Tehrani, M.H. Shahriari, Phytoremediation of crude oil-contaminated soil by 

Medicago sativa (Alfalfa) and the effect of oil on its growth, in: M. Öztürk, M. Ashraf, A. Aksoy, 

M.S.A. Ahmad (Eds.), Phytoremediation for Green Energy, Springer Science+Business Media, 

Dordrecht, 2015, pp. 123-129. DOI:10.1007/978-94-007-7887-0_8 

[8] O.S. Obayori, L.B. Salam, I.M. Omotoyo, Degradation of weathered crude oil (Escravos Light) by 

bacterial strains from hydrocarbons-polluted site. Afr. J. Microbiol. Res. 6 (2012) 5426-5432. 

DOI:10.5897/AJMR10.026 

[9] J.O. Okeniyi, A.O. Abioye, Z.C. Adikpewun, A.A. Otesanya, M.D. Eleshin, O.O. Gabriel, O. Adeoye, 

Effect of C5H11NO2S on Reinforcing-Steel Corrosion in Concrete Immersed in Industrial/Microbial 

Simulating-Environment, in: M.A. Meyers, H.A.C. Benavides, S.P. Brühl, H.A. Colorado, E. 

Dalgaard, C.N. Elias, R.B. Figueiredo, O. Garcia-Rincon, M. Kawasaki, T.G. Langdon, R.V. 

Mangalaraja, M.C.G. Marroquin, A. da Cunha Rocha, J. Schoenung, A. Costa e Silva, M. Wells, W. 

Yang, (Eds.), Proceedings of the 3rd Pan American Materials Congress, Springer International 

Publishing, Cham, 2017, pp. 191-203. DOI:10.1007/978-3-319-52132-9_19 

[10] P.K. Sahu, Statistical inference, in: Applied Statistics for Agriculture, Veterinary, Fishery, Dairy 

and Allied Fields, Springer India, 2016, pp. 133-194. DOI:10.1007/978-81-322-2831-8_6 

[11] J.O. Okeniyi, C.A. Loto, A.P.I. Popoola, Morinda lucida effects on steel-reinforced concrete in 

3.5% NaCl: Implications for corrosion-protection of wind-energy structures in saline/marine 

environments, Energy Procedia 50 (2014) 421-428. DOI:10.1016/j.egypro.2014.06.051 



[12] J.O. Okeniyi, I.J. Ambrose, S.O. Okpala, O.M. Omoniyi, I.O. Oladele, C.A. Loto, P.A.I. Popoola, 

Probability density fittings of corrosion test-data: Implications on C6H15NO3 effectiveness on 

concrete steel-rebar corrosion, Sadhana 39 (2014) 731-764. DOI:10.1007/s12046-014-0226-9  

[13] S.M. Ross, Introduction to Probability and Statistics for Engineers and Scientists, 5th Edition, 

Academic Press, 2014. DOI:10.1016/c2013-0-19397-x 

[14] J.O. Okeniyi, I.O. Oladele, I.J. Ambrose, S.O. Okpala, O.M. Omoniyi, C.A. Loto, A.P.I. Popoola, 

Analysis of inhibition of concrete steel-rebar corrosion by Na2Cr2O7 concentrations: Implications 

for conflicting reports on inhibitor effectiveness, J. Cent. South Univ. 20 (2013), 3697-3714. 

DOI:10.1007/s11771-013-1898-8 

[15] J.O. Okeniyi, U.E. Obiajulu, A.O. Ogunsanwo, N.W. Odiase, E.T. Okeniyi, CH4 emission model 

from the waste of Sus Domesticus and Gallus Domesticus in Nigerian local farms: Environmental 

implications and prospects, Mitig. Adapt. Strateg. Glob. Change 18 (2013) 325-335. 

DOI:10.1007/s11027-012-9365-7 

[16] J.O. Okeniyi, A.A. Atayero, S.I. Popoola, E.T. Okeniyi, G.M. Alalade, Smart campus: Data on 

energy generation costs from distributed generation systems of electrical energy in a Nigerian 

university, Data in Brief (2018) https://doi.org/10.1016/j.dib.2018.02.022 

[17] D. Minai-Tehrani, S. Minoui, M.H. Shahriari, Reciprocal Effects of Oil-contaminated Soil and 

Festuca (Tall fescue), , in: M. Öztürk, M. Ashraf, A. Aksoy, M.S.A. Ahmad (Eds.), 

Phytoremediation for Green Energy, Springer Science+Business Media, Dordrecht, 2015, pp. 

141-148. DOI:10.1007/978-94-007-7887-0_10 

[18] J.O. Okeniyi, I.F. Moses, E.T. Okeniyi, Wind characteristics and energy potential assessment in 

Akure, South West Nigeria: econometrics and policy implications, Int. J. Ambient Energy 36 

(2015) 282-300. DOI:10.1080/01430750.2013.864586 

[19] J.O. Okeniyi, E.U. Anwan, E.T. Okeniyi, Waste characterisation and recoverable energy potential 

using waste generated in a model community in Nigeria, J. Environ. Sci. Technol. 5 (2012) 232-

240. DOl:10.3923/jest.2012.232.240 

[20] Y. Liu, C. Li, L. Huang, Y. He, T. Zhao, B. Han, X. Jia, Combination of a crude oil-degrading 

bacterial consortium under the guidance of strain tolerance and a pilot-scale degradation 

test, Chin. J. Chem. Eng. 25 (2017) 1838-1846. DOI:10.1016/j.cjche.2017.02.001 

[21]  A.E. Ite, K.T. Semple, Biodegradation of petroleum hydrocarbons in contaminated soils, in: R. 

Arora (Ed.), Microbial Biotechnology: Energy and Environment, CAB International, Oxfordshire, 

UK, 2012, pp.250-278. DOI:10.1079/9781845939564.0250 

[22] O.G. Brakstad, S. Lofthus, D. Ribicic, R. Netzer, Biodegradation of Petroleum Oil in Cold Marine 

Environments. In: R. Margesin, (Ed.), Psychrophiles: From Biodiversity to Biotechnology, 

Springer, Cham, 2017, pp. 613-644. DOI:10.1007/978-3-319-57057-0_27 

[23] E. Akhundova, Y. Atakishiyeva, Interaction between plants and biosurfactant producing 

microorganisms in petroleum contaminated Absheron soils, in: M. Öztürk, M. Ashraf, A. Aksoy, 

M.S.A. Ahmad (Eds.), Phytoremediation for Green Energy, Springer Science+Business Media, 

Dordrecht, 2015, pp. 115-122. DOI:10.1007/978-94-007-7887-0_7 

[24] M. Hassanshahian, G. Emtiazi, S. Cappello, Isolation and characterization of crude-oil-degrading 

bacteria from the Persian Gulf and the Caspian Sea, Mar. Pollut. Bull. 64 (2012) 7-12. 

DOI:10.1016/j.marpolbul.2011.11.006 



[25] N.R. Maddela, R. Burgos, V. Kadiyala, A.R. Carrion, M. Bangeppagari, Removal of petroleum 

hydrocarbons from crude oil in solid and slurry phase by mixed soil microorganisms isolated 

from Ecuadorian oil fields, Int. Biodeterior. Biodegrad. 108 (2016) 85-90. 

DOI:10.1016/j.ibiod.2015.12.015 

[26] P.O. Isibor, F.E. Oluowo, Evaluation of some heavy metals and total petroleum hydrocarbon in 

water and palaemonid shrimps (Macrobrachium vollenhovenii) of Egbokodo River, Warri, Delta 

State, Nigeria,  J. Appl. Life Sci. Int. 4 (2016) 1-12. DOI:10.9734/JALSI/2016/27148 

[27] M. Van der Perk, Soil and Water Contamination, 2nd edition, CRC Press, Taylor & Francis Group, 

Boca Raton, FL, 2014. 

[28] X. Zhang, D.J. Xu, C. Zhu, T. Lundaa, K.E. Scherr, Isolation and identification of biosurfactant 

producing and crude oil degrading Pseudomonas aeruginosa strains, Chem. Eng. 

J. 209 (2012) 138-146. DOI:10.1016/j.cej.2012.07.110 

[29] J.O. Okeniyi, C.A. Loto, A.P.I. Popoola, Electrochemical performance of Anthocleista djalonensis 

on steel-reinforcement corrosion in concrete immersed in saline/marine simulating-

environment, Trans. Indian Inst. Met. 67 (2014) 959-969. DOI:10.1007/s12666-014-0424-5 

[30] ASTM G16-13, Standard Guide for Applying Statistics to Analysis of Corrosion Data, ASTM 

International, West Conshohocken, PA, 2013. DOI:10.1520/G0016 

[31] J.O. Okeniyi, C.A. Loto, A.P.I. Popoola, Effects of Phyllanthus muellerianus Leaf-Extract on Steel-

Reinforcement Corrosion in 3.5% NaCl-Immersed Concrete, Metals 6 (2016) 255. 

DOI:10.3390/met6110255 

[32] J.O. Okeniyi, A.P.I. Popoola, C.A. Loto, O.A. Omotosho, S.O. Okpala, I.J. Ambrose, Effect of NaNO2 

and C6H15NO3 synergistic admixtures on steel-rebar corrosion in concrete immersed in 

aggressive environments. Advances in Materials Science and Engineering, 2015 (2015) 540395. 

DOI:10.1155/2015/540395 

[33] J.O. Okeniyi, C.A. Loto, A.P.I. Popoola, Electrochemical performance of Phyllanthus muellerianus 

on the corrosion of concrete steel-reinforcement in industrial/microbial simulating-

environment. Port. Electrochim. Acta 32 (2014) 199-211. DOI:10.4152/pea.201403199 

[34] C.D. Lai, D.N. Pra Murthy, M. Xie, Weibull distributions and their applications, in: H. Pham, (Ed.), 

Springer Handbook of Engineering Statistics, Springer-Verlag, London, UK, 2006, pp. 63–78. 

DOI:10.1007/978-1-84628-288-1_3 

[35] H. Pham, Basic statistical concepts, in: H. Pham, (Ed.), Springer Handbook of Engineering 

Statistics, Springer-Verlag, London, UK, 2006, pp. 3–48. DOI:10.1007/978-1-84628-288-1_1  

[36] J.O., Okeniyi, G.S., John, T.F., Owoeye, E.T., Okeniyi, D.K., Akinlabu, O.S., Taiwo, O.A., Awotoye, 

O.J. Ige, Y.D., Obafemi, Effects of Dialium guineense based zinc nanoparticle material on the 

inhibition of microbes inducing microbiologically influenced corrosion, in: Proceedings of the 3rd 

Pan American Materials Congress, Springer International Publishing, Cham, 2017, pp. 21-31. 

DOI:10.1007/978-3-319-52132-9_3 

[37] J.O. Okeniyi, O.A. Omotosho, M.A. Inyang, E.T. Okeniyi, I.T. Nwaokorie, E.A. Adidi, T.F. Owoeye, 

K.C. Nwakudu, D.K. Akinlabu, O.O. Gabriel, O.S. Taiwo, Investigating inhibition of microbes 

inducing microbiologically-influenced-corrosion by Tectona grandis based Fe-nanoparticle 

material, in: AIP Conference Proceedings, AIP Publishing, 2017, Vol. 1814, No. 1, p. 020034. 

DOI:10.1063/1.4976253 



[38] J.O. Okeniyi, O.A. Omotosho, A.P.I. Popoola, C.A. Loto, Phyllanthus muellerianus and C6H15NO3 

synergistic effects on 0.5 M H2SO4-immersed steel-reinforced concrete: Implication for clean 

corrosion-protection of wind energy structures in industrial environment, in: AIP Conference 

Proceedings,  AIP Publishing. 2016, Vol. 1758, No. 1, p. 030031. DOI:10.1063/1.4959427 

[39] K. Krishnamoorthy, Handbook of statistical distributions with applications, 2nd Edition, CRC 

Press, Taylor & Francis Group, LLC, Boca Raton, FL, 2016. 

[40] J.O. Okeniyi, I.O. Oladele, O.M. Omoniyi, C.A. Loto, A.P.I. Popoola, Inhibition and compressive-

strength performance of Na2Cr2O7 and C10H14N2Na2O8·2H2O in steel-reinforced concrete in 

corrosive environments, Can. J. Civ. Eng. 42 (2015) pp. 408-416. DOI:10.1139/cjce-2014-0364 

[41] J.O. Okeniyi, O.S. Ohunakin, and Okeniyi, E.T., Assessments of wind-energy potential in selected 

sites from three geopolitical zones in Nigeria: Implications for renewable/sustainable rural 

electrification, The Sci. World J. 2015 (2015) 581679. DOI:10.1155/2015/581679 

[42] D.C. Montgomery, G.C. Runger, Applied Statistics and Probability for Engineers, 6 Edition, John 

Wiley & Sons, Inc., Hoboken, NJ, 2014. 

[43] P.K. Sahu, Statistical inference, in: Applied Statistics for Agriculture, Veterinary, Fishery, Dairy 

and Allied Fields, Springer India, 2016, pp. 133-194. DOI:10.1007/978-81-322-2831-8_6 

[44] J.O. Okeniyi, E.T. Okeniyi, A.A. Atayero, Programming development of Kolmogorov-Smirnov 

goodness-of-fit testing of data normality as a Microsoft Excel® Library Function, J. Softw. Sys. 

Dev. 2015 (2015) 238409. DOI:10.5171/2015.238409 

[45] J.O. Okeniyi, E.T. Okeniyi, A.A. Atayero, Implementation of data normality testing as a Microsoft 

Excel® library function by Kolmogorov-Smirnov goodness-of-fit statistics, in: Vision 2020: 

Sustainable Growth, Economic Development, and Global Competitiveness – Proceedings of the 

23rd International Business Information Management Association Conference, IBIMA 2014, 

International Business Information Management Association, IBIMA, Vol. 1, 2014, pp. 2561-

2578. 

[46] J.O. Okeniyi, E.T. Okeniyi, Implementation of Kolmogorov–Smirnov p-value computation in 

Visual Basic®: Implication for Microsoft Excel® library function, J. Stat. Comput. 

Simul. 82(2012)1727-1741. DOI:10.1080/00949655.2011.593035 

[47] T.T. Soong, Fundamentals of Probability and Statistics for Engineers, John Wiley & Sons, 

Chichester, West Sussex, England, 2004. 

[48] J.O. Okeniyi, C.A. Loto, and A.P.I. Popoola, Rhizophora mangle L. effects on steel-reinforced 

concrete in 0.5 M H2SO4: Implications for corrosion-degradation of wind-energy structures in 

industrial environments, Energy Procedia 50 (2014) 429-436. DOI:10.1016/j.egypro.2014.06.052 

[49] J.O. Okeniyi, I.O. Oladele, I.J. Ambrose, S.O. Okpala, O.M. Omoniyi, C.A. Loto, A.P.I. Popoola, 

Analysis of inhibition of concrete steel-rebar corrosion by Na2Cr2O7 concentrations: Implications 

for conflicting reports on inhibitor effectiveness, J. Cent. South Univ. 20 (2013), 3697-3714. 

DOI:10.1007/s11771-013-1898-8 

[50] Z. Wen, Z. Su, J. Liu, B. Ning, L. Guo, W. Tong, L. Shi, The Microarray quality control (MAQC) 

project and cross-platform analysis of microarray data, in: H.H.–S. Lu, B. Schölkopf, H. Zhao 

(Eds.), Handbook of Statistical Bioinformatics, Springer, Berlin, Heidelberg, 2011, pp. 171-192. 

DOI:10.1007/978-3-642-16345-6 9 



[51] O.A. Omotosho, J.O. Okeniyi, O.O., Ajayi, Performance evaluation of potassium dichromate and 

potassium chromate inhibitors on concrete steel rebar corrosion, J Fail. Anal. Preven.10 (2010) 

408-415. DOI:10.1007/s11668-010-9375-2 

[52] D. Kececioglu, Reliability Engineering Handbook, Vol. 1, DEStech Publications, Inc, Lancaster, PA, 

2002. 




