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Abstract

Biological catalysts foster less adiabatic the transformations of substrates into products and in thereof providing suitable
physiologic condition that lower the activation energy. Prevailing environmental physiologic conditions impounds on the
microbial physiology necessitating the stability of their respective producing proteins. In the present study, three stress marker
enzymes were produced from a hydrocarbonoclastic bacteria isolated from a crude polluted soil using standard microbiology
and biochemical techniques respectively. Petroleum hydrocarbon polluted soil from Atali Rivers state from which the bacteria
strain was produced showed the following physicochemical properties: pH of 5.44, Soil from Atalia showed electrical
conductance of 190(uS/cm) respectively while the control experiment showed conductance of 145(uS/cm). Dissolved mineral
contents were found in the following order: SO,>NO3;>P>N while heavy metals of Hg, As and Cd were found at below detectable
limit range (BDL) in both the contaminated and non contaminated soils. Strains of Pseudomonas were isolated using standard
microbiology and biochemical techniques respectively. Submerged fermentation technique was employed for the respective
hydrolytic enzymes production. Lipase, urease and peroxidase production showed optimum production day(s) on day 7, 14 and
7of the 21 days incubation study respectively. Peak activity of the enzymes (Lipase, urease and peroxidase respectively) were
recorded at 72, 75.67 and 69.32 umole/min. in the presence of p-NPP, O-dianisidine and urea respectively. Extracellular
enzymes: lipase, urease and peroxidase from Pseudomonas sp. showed optimum production at pH 7.5, 7.5 and 4.0 respectively.
The study has shown with empirical the kinetic cycles of three catalytic quality marker enzymes from crude oil contaminated
soil and their wide range catalytic stability suitable for an ecological remediation.
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1. Background of the Study

Petroleum, the main hydrocarbon classes found in crude oil
are the normal alkanes (rapidly degraded), branched alkanes,
and cycloalkanes (difficult to identify), isoprenoids (very re-
sistant to biodegradation), the aromatics(fairly identified and
much more soluble than other hydrocarbons), and finally the
polar ones containing primarily sulfur, oxygen, and/or nitro-
gen compounds [11, 38]. Exploration of these mineral compo-
sites has left the nation vulnerable in a special way [39]. Hu-
man aggression, marginalization, and major health issues
brought on by environmental pollution are among these vul-
nerabilities [32-35, 41].

The use of biological materials in phytoremediation and bi-
oremediation offer promising technique for sustainable waste
management (Gerhardt et al., 2009). These biological pro-
cesses are important and effective over physicochemical pro-
cesses because their end products are non-toxic and eco-
friendly [42]. As stated by [32, 33] generally, they are very
integral as cost-efficient and environmentally sensitive bio-
logical adduct(s) for chemical processes in the industries
which include: biotechnological and other alike.

The synthesis of 3-D activity proteins in organisms is vul-
nerable to the presence of catabolite inducers that need the
translation of polycystronic mMRNA [43]. Housekeeping en-
zymes, acylhydrolyases, and nitrification enzymes are primar-
ily examples of these signaling protein reactions within an
ecosystem known as stress marker proteins. Peroxidases are
widely dispersed in plants, animals, and microbes. They pro-
tect essential cells and organelles from the deadly effects of
oxidative stress, which is caused by the release of H,O, [1-5].
Recently, there are aroused noticeable concerns in organismal
peroxidases; these interests are because of their numerous cat-
alytic advantages including: their ability to display a high
level of biocompatibility, biodegradation, biodigestibilty, less
technicality in preparation and stability over a wide range of
physicochemical condition(s): temperature, pH and salt con-
centration when compared to peroxidases from other sources
[13-15]. Acylhydrolases, or lipases, are widely distributed
proteins with proven catalytic and commercial potential. At
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the oil-water interface, they catalyze the hydrolysis of triacyl-
glycerols [30-32], releasing glycerol and free fatty acids
(Abolemonaem, Hatem & Jeannette, 2011). Lipase has a lot
of promise in waste treatment systems, according to ecology
impact assessment studies, in addition to other biotechnologi-
cal applications [27, 32]. The nitrogen cycle of food chains is
maintained by ureases, which are in-situ inductive enzymes
that act on nitrogenous materials found in organic matter by
releasing ammonia. The present study was conducted within
the heavy wet season of the sub Saharan around the ecological
niche of petroleum hydrocarbon polluted soil where there are
heterotrophic presence of hydrocarbonoclastic bacteria capa-
ble of producing thesestress marker enzymes.

2. Materials and Methods

2.1. Materials

Materials including those of equipments, apparatus and re-
agents utilized during the course of the present study were of
products of designated companies like BDh, Bristol, May and
Bakers; the equipments were calibrated at each use and in
good working condition. The reagents were analytical graded
and properly stored.

2.2. Method

Soil Sample Collection

Soil samples were collected from petroleum drilling sites
located at Atali (Figure 1) (LONG.7°03”,25°2”E;
LAT.4517,53°.03”N). Atali was known with illegal pipeline
bunkering activities by oil hooligans. The samples were col-
lected as described by Eze et al. [25] from the stated areas at
6:00am in the morning using a spade. The collections were
done at the four perimeters of the marked soil with average of
9m apart from each other.
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Figure 1. Map of Atali oil bunkering site in Rivers state, Nigeria.
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2.2.1. Determination of Physicochemical Properties
of the Soil

Physicochemical properties of the petroleum spilled soil
were determined in the presence of the reference as described
in the [4-6].

2.2.2. Microbial Isolation from the Polluted Soil

Microbial ecology of the polluted soil was determined ac-
cording to the method described by Ezemonye and Ezemonye
[26]. From the isolates, strains of the bacteria were identified
using standard microbiology and biochemical techniques.

2.2.3. Bacteria Standardization

Standard Macfarland solution (BaCl, and sulphuric acid
(2N)) were prepared in 100 ml solution using distilled water.
The mixture was used to monitor bacteria growth exponen-
tially using spectrophotometer at 660nm.

2.2.4. Hydrocarbon Efficiency Properties of the
Organisms
Bacteria hydrocarbon clastic potentials were determined as

described by Ezemonye and Ezemonye [26] using the Bush-
Nell Has media. The prepared medium was suspended with

1%v/w of the crude oil asceptically and incubated accordingly.

2.2.5. Enzyme Production

Submerged fermentation system will be employed for the
enzyme production as described by Ezeonu et al. [28]. The
conical flasks (250 ml) were supplemented with nutrient me-
dia necessary for protein production whereas optimized con-

ditions for peak production were employed during the fermen-
tation process. The whole setups were sterilized at 121<C/
15psi for 20 minutes using the electronic autoclave.

2.2.6. Determination of Enzyme Activity

Activity of peroxidase was monitored using o-dianisidine
and hydrogen peroxide at spectrohotometric wavelength of
460 nm as described by Evanko. and Dzombak, [23].

Lipase activity was determined using the colorimetric
method as described Ejedegba et al.; Eze et al. [19, 25] using
p-nitrophenylpalmitate (p-NPP) as the standard substrate.

Urease activity in the soil will be determined in the presence
of standard urea as described by Douglas and Bremner,
Chukwu and Adams, [16, 18].

Corresponding total protein was determined in each en-
zyme assay as described by [36].

2.3. Statistical Analysis

Data obtained are expressed as mean £SD and tests of sta-
tistical significance were carried out using two-way analysis
of variance (ANOVA). Mean values with p < 0.05 i.e 95%
confidence interval were considered as significant.

3. Results and Discussion

Physicochemical properties of the soil samples.

Physicochemical properties of the soil samples are pre-
sented in Table 1. The result indicate that’ site with oil spillage
history such as Atalia show similar physicochemical contents
such as pH, conductivity, soil minerals relative to the control
experiment.

Table 1. Physicochemical Properties of the Soil from the three Different Points of Collections in Rivers state, Nigeria.

Physicochemical parameters Control Soil samplelAtalia
pH 6.7910.02¢ 5.4430.012°¢
Moisture contents (%) 11.0940.02¢ 12.3440.015°¢
Electrical conductance(jS/cm) 14540.018°¢ 19020.014°

Total organic carbon (%) 1.0240.014¢ 0.7240.018¢2

Total organic matter content (%) 13.0040.03¢ 11.4140.05¢

Total Sulphate(mg/kg) 1.1240.016°¢ 9.62240.03¢

Total Nitrate(mg/kg) 4.21240.02¢ 3.1240.025¢

Total Phosphate(mg/kg) 6.12140.014% 7.0240.039¢

N=3mean=SD. Mean values with the same superscript letters are not statistical significant at p<0.05.Mg/kg=milli gram per kilogram; %=per-

centage; pS/cm=micro resistance per centimeter.

In the presence of the control experiment, which maintained
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a pH of 6.79 throughout the experiment, the physiological
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characteristics of the hydrocarbon-polluted soil from which
the enzyme-producing bacteria were recovered showed a pH
of 5.44. According to the proceedings of the [4, 5, 20-24], this
might be ascribed to the type of the pollutant in the soil, such
as oil and other acidic substances (oleic, benzoic acids). The
corresponding polluted soils' electrical conductance gradually
increased. The electrical conductivity of the Atalia soil was
190 (uS/cm), whereas the conductance of the control experi-
ment was 145 (uS/cm). Their respective moisture contents (%)
were: 12.34 while the control had moisture content of 11.09.
It will be recalled from [7-13, 39, 40] that certain friable soil
is characterized with low water retention ability and as such it
conductivity of ions is seen very minimal.

In both the contaminated and uncontaminated soil, the dis-
solved mineral concentrations were detected in the following
order: SO4>NO3>P>N, and the heavy metals Hg, As, and Cd
were found at levels below the detectable limit range (BDL).

With the exception of organic nitrogen and phosphorus, the
Atalia soil sample's mineral concentrations were compara-
tively lower than those of the control trial.

Petroleum effluents contain a variety of minerals that accu-
mulate in any receiving body and improve the body's physico-
chemical characteristics [29, 36, 37, 39].

The progressive decrease in the concentration of these ions
in the respective contaminated soils can be attributed by the
availability of masking elements such as oxygen, sulphur and
other ligands which competitively bind to afore enlisted min-
erals (elements) and diminishes their bioavailability.

Microbial Isolation and Biochemical Characterization

Heterotrophic counts of the total viable cells and coliform
numbers of the bacteria and hydrocarbon utilizing bacteria as
shown in Table 2.

Pure colonies of Pseudomonas sp. were obtained using dif-
ferential nutrient culture medium from the polluted soil. From
the cultured plate, distinct colonies of the organisms were ob-
served with total heterotrophic number of 3.9 x 108 CFU/mI
(Figure 2).

The micrograph of the bacteria (Pseudomonas sp) suspen-
sions under an objective magnification of x40, showed clus-
ters of rod shaped, non-sporulating cream coloured non-motile
bacteria cells in a lactophenol blue stained background (Figure
3).

Table 2. Hetertrophic Counts (CFU/ml) of the bacteria.

Coliformcounts Control Atali H-C Bacteria
Total Viable 5 . 3
Counts (10?) 2.7x10 45x10 2.65x 10
Total Coliform 0.6 x 102 12 % 10°

Counts (10?)

Figure 2. Pure colonies of strains of Pseudomonas sp.on nutrient
media plate.

Figure 3. THe micrograph of the bacteria (Pseudomonas sp) suspen-
sions under an objective magnification of x40.

High levels of heterotrophic microbial diversity and activity
were found in Rivers State's crude oil-polluted soil.[14] found
that an effluent site undergoing in situ cleanup had more eu-
trophication of microorganisms from a wide kingdom. They
went on to say that a favorable and, more importantly, nutri-
ent-rich environment for microbial growth and proliferations
was the cause of the rise in microbial cells. The kingdom of
bacteria had the most variety among the microorganisms iso-
lated from the soil contaminated by crude oil. The total het-
erotrophic counts of the bacterium isolate were 4.5 x 107
CFU/g on nutrient medium plates and 2.65 x 103 CFU/g on
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differential media of Bush Nell Haas Agar, respectively,
plated from dilution factors of 10-2 folds. These finding
showed a relatively higher correlation with that of Corral et al.
(2006) on ecological relevance in whey surge polluted water.
They reported a heterotrophic microbial population of 3.5 x
10® CFU/qg bacteria on nutrient media plate and that of 2.0 x
10% CFU/g on differential media of Bush Nell Haas Agar.
The isolate was identified as Pseudomonas using basic mor-
phological and biochemical screening. Basic morphological
fea-tures of the bacteria showed that strains of Pseudomonas
under an objective magnification of x40, showed clusters of
rod shaped, non-sporulating cream coloured non-motile bac-
teria cells in a lactophenol blue stained background bacteria;
biochemically, they are obligate gram-negative, non-starch
hydrolyzing, catalase (+), oxidase (+) and lactic acid forming
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organisms with optimum growth at temperature of 25-400C.

These results are consistent with Ezeonu et al. [28] basic
manual for organism isolations and identifications. The pure
isolates of Pseudomonas were identified using a molecular test
(16S rDNA).

Enzyme Production

Effect of incubation days on lipase, urease and peroxidase
production showed the optimum activity of the enzyme on day
7, 14 and 7 of the 21 days incubation study respectively. Peak
activity of the enzyme was recorded at 72 and 75.67 and 69.32
umole/min (Figure 1). Corresponding protein concentration
was seen on day 4 of the 7 days incubation study.

Effect of pH on production of lipase, urease and peroxidase
from Pseudomonas sp. showed optimum production of the en-
zyme at pH 7.5, 7.5 and 4.0 respectively (Figure 2).
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Figure 4. EFfect of incubation days on stress responsive enzyme production from strain of Pseudomonas sp.
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Figure 5. Ffect of incubation pH on stress responsive enzyme production from strain of Pseudomonas sp.
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Figure 1 illustrates the impact of incubation days on the pro-
duction of lipase, urease, and peroxidase. The enzymes were
produced on days 7, 14, and 7 of the 21-day incubation research,
respectively. The enzyme's peak activity was measured at 72,
75.67, and 69.32 umole/min. On day four of the seven-day in-
cubation trial, the corresponding protein concentration was ob-
served. The extracellular synthesis of lipase, urease, and perox-
idase on these days is indicative of catabolite induction of the
substrate in the fermentation media to the organisms for in-
creased protein production [14, 39]. Peak lipase and urease ac-
tivity was observed in the last phase of the tri-phasic curve,
which makes this clear in the outcome. Closeness in the optimal
enzyme activity and protein concentration is unique to most ex-
tracellular protein especially those no sporulating bacteria. [14]
reported day 8 as the peak production day of lipase activity pro-
duced from Bacillus licheniformis ATCC-12759 in submerged
fermentation system while [11, 12] reported day 5 for peroxi-
dase production from Nonomuraeagerenzanensis growing on
alkali lignin. [44-46] day 5 for urease production from diculture
of E.coli and Bacillus sp.

The optimal synthesis of lipase, urease, and peroxidase
from Pseudomonas sp. was found at pH 7.5, 7.5, and 4.0, re-
spectively. [4] found that peroxidases preferentially need a
low pH medium for their maximum synthesis in their study on
the characteristics of peroxidase from white and red cultivars
of kolanut. Since they identified pH 4.5 as their peroxidase's
peak production pH, their conclusions closely match the data
of the current investigation. On day five, however, [17] found
that yeast from extra virgin oil produced the most lipase. He
continued by saying that the ideal pH for lipase synthesis was
8.0. However, Immanuel et al. (2018) reported that urease
from seeds are mostly produced within the peak time of the
seeds germination which are usually 3-4 days after seed imbi-
bitions and usually at seeping basic buffer of 7.5-9.0.

4. Conclusion

Environmental sustainability and ecotoxicological revolu-
tion still anchors on availability of essential bioprocessing in-
dicators and their stability for efficient utilization. Quality
marker proteins are multi-purpose enzymes that have found its
way in many signaling pathways of ecological reclamations,
management and toxicity profiling. The present study has
shown the basic enzymology and kinetic properties of three
quality marker enzymes of peroxidase, lipase and urease pro-
duced from strains of Pseudomonas from a crude oil polluted
soilthrough the significance of their large range of catalytic
peak conditions and stability.

Abbreviations

BDL Belwo Detectable Limit
mM Mili Mole

pmol/min  Micro Mole Per Min
CFU/mlI Coliform Unit Per MiliLitre
Km Michealis Menten

Vmax Constant Velocity Maximal

Acknowledgments

The authors appreciate the staff and management of Ap-
plied Biochemstry, Nnamdi Azikiwe University AwkaAnam-
brastatefor providing the enabling laboratory where the anal-
ysis and further experimentations were carried out.

AuthorContributions

Azubuike Umeh Aninachukwu Chukwudi: Conceptual-
ization, Project administration

Ezenwelu Chijioke Obinna: Data curation, Investigation,
Resources, Writing — original draft

Chigbo Malachy Chidiebere: Project administration, Val-
idation

Udemezue Onyeka lIzuchukwu: Methodology, Software

llechukwu Cyril Chijioke: Resources, Validation

Oparaji Emeka Henry: Methodology, Supervision, Writ-
ing — review & editing

Funding

This work was solely funded by the research group of Dr.
Ezenwelu Chijioke, O.

Conflicts of Interest

The authors declare NO conflict of interest as regards to the
empirical of the present research work.

References

[1] Abdel-Shafy H. and Mansour, M. (2018). Solid waste issue:
Sources, composition, disposal, recycling, and valorization.
Egyptian Journal of Petroleum, 27(4): 1275-1290.

[2] Abdullah, A., Salamatinia, B., Mootabadi, H. and Bhatia, S.
(2019). CurrentstatusandpoliciesonbiodieselindustryinMalay-
siaasthe world’s leading producer of palm oil. Energy Policy,
37(12): 5440-5448.

[3] Abolemonaen, M., Hatem, B. and Jeannette, B. (2011). Three
dimensional structure of Aradposis Thaliana lipase predicted
by homology modeling method. Evolutionary Bioinformatics,
7:99-105.

[4] Adewale, I. O and Adekunle, A. T (2018). Biochemical prop-
erties of peroxidase from white and red cultivars of Kola nut
(Cola nitida). Biocatalyst and Agricultural Biotechnology. 14:
1-9.


http://www.sciencepg.com/journal/ajbes

American Journal of Biological and Environmental Statistics

http://www.sciencepg.com/journal/ajbes

[5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Agency for Toxic Substance Development and Disease Regis-
try (ATSDR)(2009). Documentary on toxicological profile of
total petroleum hydrocarbon contaminations. Agency for toxic
substance and disease registry, division of toxicology and tox-
icology in formationbranch, Atlanta Georgia.

Agency of Toxic Substances and Disease Registry (ATSDR)
(2010). Public Health Statements: Used mineral based crank-
case oil. ATSDR. Atlanta Georgia.

Ajanaku, L. (2007). Battling with Darkness. TELL (Special
Edition). May 21, pp: 31-33.

Oparaji EH, Nweze EJ, Agho KU, Arinzechukwu EO, Anosike
JC and Arazu AV. (2017).

Estimations of Polycyclic Aliphatic Hydrocarbon and Total Pe-
troleum Hydrocarbon in Aquatic Faunas Found in Foccardos
Terminal River in Port Harcourt, Rivers State. Journal of Envi-
ronmental & Analytical Toxicology, 7: 6.

Alobaidy, A., Abid, H. and Maulood B. (2010). Application of
water quality index for assessment of Dokanlake ecosystem,
Kurdistan region, Irag. Journal of Water Resources, 2: 792.

Al-sayed, H., Mahasneh, A. and Al-Saad, J. (1994). Variations
of Trace Metal lons Concentrations in Sea Water and Pearl
Oyster Pinctadaradiate From Bahrain (Arabian Gulf). Marine
pollution bulletin, 28: 370-374.

Oparaji, EH., Okwuenu, PC, Onosakponome, 1., Eze, S. O. O
and Chilaka FC. (2022). Purification and enzymatic properties
of B-galactosidase from L.bacillus acidophilus from dairy in-
dustrial waste water. Journal of enzyme engineering, Vol. 1:
16-38.

Callot, H. and Ocampo, R. (2009). Wetland and water pollution.

Boston Collection on Environmental Affairs and Law Reviews,
23: 885-919.

Chen, Z., Ngo, H. and Guo, W. (2013). A critical review on the
end uses of recycled water. Critical Review on Environmental
Science and Technology, 43: 1446-1516.

Chiemchaisri, C., Juanga, J. and Visvanathan, C. (2007). Mu-
nicipal solid waste management in Thailand and disposal emis-
sion inventory. Environmental Monitoring and Assessment,
135: 13-20.

Ezenwelu Chijioke Obinna, llechukwu Cyril Chijioke, lloanya
Lauretta Eberechukwu, Onwah Joy, Chigbo Malachy
Chidiebere and Oparaji Emeka Henry (2024). Spectra Analysis
of Endocrine Related Compounds and Heavy Metals in Petro-
leum Hydrocarbon Impacted Soil. American Journal of Envi-
ronmental Science and Engineering.. 2(1): 22-34.

Chukwu, M. andAdams, E. (2016). Effect of Generato r(Ex-
haust) Fumes on the Growth and Development of Lycopersi-
cumesculentus(Tomato). Journal of Applied Environmental
Science and Management, 20(2): 335-340.

Casciello, C., Tonin, F and Berini, F (2017) A valuable perox-
idase activity from the novel species Nonomuraeagerenzanen-
sis growing on alkali lignin. Biotechnology Representative. 13:
49-57.

76

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Douglas, D. and Bremner, E. (1971). A rapid method of evalu-
ating different compounds as inhibitors of urease activity in soil.
Soil Biology and Biochemistry, 3: 309-315.

Ejedegba O., Onyeneke, E. and Oviasogie, P. (2007). Character-
isation of lipase isolated from coconut seed under different nutri-
ent conditions. African Journal of Biotechnology, 6: 723-727.

Emsley, J. (2011). Nature's Building Blocks. Oxford University
Press.

Environmental protection agency (EPA)(2008). Report on in-
tegrating management of watershed and coastalline. USA en-
vironmental protectionunit. 7"Edn. WashingtonDC.

EPA Method 8270D (2010)(SW-846)Semi volatile Organic
Compounds by Gas Chromatography/mass Spectrome-
try(GC/MS), Revision4.

Evanko, C. and Dzombak, A. (1997). "Remediation of Metals-
Contaminated Soils and Ground water". Technology Evalua-
tion Report (Pittsburgh PA: Ground-water Remediation Tech-
nologies Center). TE97-0-1.

Evanko, C. and Dzombak, A. (2017). Remediation of Metals-
Contaminated Soils and Ground water. Technology Evaluation
Report (Pittsburgh PA: Ground-water Remediation Technolo-
gies Center). TE97-0-1.

Eze, S. O. O, Chilaka, F. C., Nwanguma, B. C. (2012). Studies
on Thermodynamics and Kinetics of Thermo-Inactivation of
Some Quality-Related Enzymes in WhiteYam (Dioscore-
arotundata). Journal of Thermodynamic and Catalysis, 1: 104.

Ezemoye, N and Ezemoye E. (2005). Polychlorinated biphen-
yls(PCBs)levels and distributions in Ethiope and Benin Rivers
of the Niger Delta, Nigeria: surface water and sediment. Inter-
national Journal of Environmental Studies, 62(5): 491-504.

Ezenwelu, C., Aribodor, O., Ezeonyejiaku, C., Okafor, S. and
Oparaji, E. (2022). Assessment of physicochemical properties
and microbial loading index of soil samples from mgbuka mar-
ket, Anambra state. Journal of Environmental Pollution and
Management, 12: 134-176.

Ezeonu, M., Okafor, J. and Ogbonna, J. (2013). Laboratory Ex-
ercises in Microbiology. 1 Edn. Ephrata Publishing and Print-
ing Company, Nsukka. Pp100-117.

Gertler, C., Gerdts, G., Timmis, K., Yakimov, M. and Golyshin,
P. (2009). Populations of heavy fuel oil-degrading marine mi-
crobial community in presence of sorbent materials. Journal of
Applied Microbiology, 107: 590-605.

Haluk, E., Khawar. S. S., Julia. M., Tim. C., Ricardo, C. (2012).
Kinetic and thermodynamic characterization of the functional
properties of a hybrid versatile peroxidase using isothermal ti-
tration calorimetry: Insight into manganese peroxidase activa-
tion and lignin peroxidase inhibition. Biochimie, 94: 1221-1231.

Harvey, J., Handley, K. and Taylor, P. (2017). "ldentification
of the Sources of Metal (Lead) Contamination in Drinking Wa-
ters in North-EasternTasmaniaUsingLeadlsotopicComposi-
tions". Environmental Science and Pollution Research, 22:
12276-12288.


http://www.sciencepg.com/journal/ajbes

American Journal of Biological and Environmental Statistics

http://www.sciencepg.com/journal/ajbes

[33] Karak T., Bhagat, R. and Bhattacharyya, P. (2012). Municipal
solid waste generation, composition, and management: The
world scenario. Critical Reviews in Environmental Science and
Technology. 42: 1509-1630.

[34] Kiyouta, H., Higashi, E., Koitke, T and Oritani, T. (2011). Li-
pasecatalysedpreparationofbothenantiomersof-
methyljasmonatetetrahedron. Asymmetry, 12: 1035-1038.

[35] Ladero, M., Ruiz, G., Pessela, B., Vian, A., Santos, A. and Gar-
cia-Ochoa, F. (2006). Thermal and pH inactivation of an im-
mobilized thermo stable Pgalactosidase from Thermus
sp.strainT2: Comparison to the free enzyme. Biochemical En-
gineering Journal, 31: 14-24.

[36] Lee, K. (2018). Earthworms. Their Ecology and Relationships
with Soils and Land Use; Academic Press: Orlando, FL, USA.

[37] Lowry, O., Roseburg, N., Farr, A. and Randall, R. (1951). Pro-
tein measurement with Folin-Phenol reagents. Journal of Bio-
logical Chemistry, 93:265-275.

[38] Markou, G., Chatzipavlidis, I. and Georgakakis, D. (2016).
Cultivation of arthrospira (Spirulina) platens is in olive-oil mill
waste water treated with sodium hypochlorite. Bioresources
Technology, 112: 234-241.

[39] Miao, K., Cortazar, E., Bartolome, L. and Arrasate, S. (2001).
Distribution and bioaccumulation of PAHSs in the UNESCO
protected natural reserve of Urdaibai, Bay of Biscay. Chemo-
sphere, 72(10): 1467-1474.

7

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Morris, R. (1952). Determination of lron in water in presence
of heavy metals. Analytical Chemistry, 24(8): 1376-1378.

Narodoslawsky, M. and Krotscheck, C. (2015). The sustainable
process index(SPI): Evaluating processes according to environ-
mental compatibility. Journal of Hazardous Materials. 41:
383-397.

Nduka, J. and Orisakwe, O. (2007). Effect of effluents from
Warri refinery petroleum company WRPC on water and soil
qualities of contagious host and impacted on communities of
Delta state, Nigeria. The Open Environmental Pollution and
Toxicological Journal, 1(1): 11-17.

Nogale, B., Lanfranconi, M., Pina-Villalonga, J. and Bosch, R.
(2011). Anthropogenic Perturbation in Marine Microbial Com-
munities. FEMS microbial rev., 35: 275-298.

Nweke, C. andOkpokwasili, G., 2004. Effects of bioremedia-
tion treatments on bacterial populations of soil at different
depths. Nigeria Journal of Microbiology, 18: 363-372.

Predicpt, L., de Cassia Pereira e Silva, M., van Elsas J. and
Seldin, L. (2011). EPA Method 8270D (SW-846) Semi volatile
Organic Compounds by Gas Chromatography/mass Spectrom-
etry (GC/MS), Revision 4.

Shoemaker, G., Juers, D., Coombs, J., Matthews, B. and Craig,
D. (2013). Crystallization of B-galactosidase does not reduce
the range of activity of individual molecules. Biochemistry, 42:
1707-1710.


http://www.sciencepg.com/journal/ajbes

