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ABSTRACT

Crude oil toxicity possess a major threat to the aquatic ecosystem in the Niger Delta. This study investigated the inherent tolerability
potential of hydrocarbon degrading strain of Citrobacter amalonaticus - Y,ESWS; to crude oil toxicity. Sediment samples were
obtained from selected locations and subjected to  bacteriological analysis using standard methods. Bacterial identification result
revealed taxonomic group of hydrocarbon utilizing bacteria species including Citrobacter amalonaticus strain Y,ESWS,;. Toxicity
testing revealed that the toxicant concentration and exposure time were key variables that mediated toxicity. A second-order polynomial
regression model revealed significant (P<0.05, 0.01; R?=0.9852) relationship between exposure time and bacterial growth at 20% crude
oil. Citrobacter amalonaticus strain - Y,ESWS; was tolerant to crude oil toxicant concentrations as was evidenced in its prolonged
acclimation periods. In this study the toxicity of pollutants to bacteria cultures (Citrobacter amalonaticus strain Y,ESW,,) was highly
dependent on the concentration of the toxicants. The bacterial proliferation was hindered by 20% toxicant. It is a pointer to its poor
activity when exposed to hydrocarbon however it can be used in a consortium with other microbes including potent degraders to achieve

enhanced degradation of contaminated site.

Keywords: Citrobacter amalonaticus strain Y,ESW; , crude oil, toxicity

INTRODUCTION

Pollution is common in aquatic ecosystems. Freshwater, estuarine and marine
ecosystems, in recent times, have received attention owing to the considerable
stress that they have been subjected to, through deliberate or accidental oil spill,
ballast water discharge, untreated sewage and industrial waste water discharges,
dredging and agricultural runoff (Elenwo and Akankali, 2015 ; Antai et
al.,2016). Some hydrocarbon components have been known to belong to a
family of carcinogenic and neurotoxic  organopollutants (Temitope et al.,
2015). Crude oil pollution often results in serious effects on both the biotic and
abiotic components of the ecosystem. It has damaging effect on associated
microbial community because of their toxic propeies (Nseabasi and Antai, 2012
;lwatt et al .,2016).

Much of crude oil pollution can be eliminated by the activities of hydrocarbon-
degrading microbial community especially hydrocarbonoclastic bacteria (Das
and Chandran, 2011). However, biodegradation of crude oil by these
hydrocarbonoclastic bacteria are limited by the resistant and toxic components of
the oil itself, low water temperatures, scarcity of mineral nutrients, especially
nitrogen and phosphorus, the exhaustion of dissolved oxygen and the scarcity of
the hydrocarbon-degrading microorganisms (Ubani et al., 2013). The pollutants
discharged, also pose serious aquatic toxicity problems and affect
microorganisms  physiological processes, genetic machineries, population
density and diversity as well as microbes enzymatic potentials (Xie et al., 2016
and Asitok et al, 2017). Often, the pollutants inhibit some microbial activities
that are important in biogeochemical cycling and productivity in the aquatic
ecosystems.

Due to the complex nature of crude oil, biodegradation involves the interaction of
many different microbial species. In aquatic environment, it is largely carried out
by diverse bacterial populations which are ubiquitously distributed in the water.
The most commonly reported genera of hydrocarbon degraders encountered in
the crude oil impacted Niger Delta of Nigeria include Pseudomonas,
Acinetobacter, Nocardia, Vibrio and Achromobacter (Ekpenyong and Antai,
2007; Chikere et al., 2016 ; Antai et al.,2017a). Citrobacter species are rarely
implicated in hydrocarbon degradation nor the tolerance of indigenous strains of
oil degraders to hydrocarbon toxicity stress extensively investigated.
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Knowledge of the tolerance of hydrocarbonoclastic bacteria to crude oil toxicity
on in aquatic ecosystem is critical. This can help in monitoring the efficiency of
the process of bioremediation. Examination of the influence of crude oil on the
aquatic microbial community will give insight into the vulnerability of this rich
ecosystem to low level chronic pollution, which has continued unabated on
petroleum oilfields.

This study is therefore intended to examine the tolerance of hydrocarbonoclastic
bacteria, Citrobacter amalonaticus Y,ESWS; to crude oil toxicity and its oil
degrading potential in the aquatic ecosystem.

MATERIALS AND METHOD
Source of Test Isolate

The test bacterium Citrobacter amalonaticus Y,ESWS; was isolated from the
intertidal sediment of ko River Estuary in Eastern Obolo LGA of Akwa lbom
State, Nigeria. The area, an oil producing community in the Niger Delta region
of Nigeria lies within latitude 7° 30' N and 7° 45' N and longitude 7° 30' E and 7°
30" E. The Iko River Estuary takes its rise from Qua Iboe River catchment and
drains into the Atlantic Ocean at the Bright of Bonny. The river is characterized
by flood and ebb tides with shallow depth ranging from 1 to 7m (Udotong et al.,
2008). Sampling points were geo-referenced with a hand-held Garmine Trek-type
(Garmin 760F) GPS.

Collection of sediment samples

The intertidal sediment samples were obtained by scooping the top (1 - 5 cm
depth) using a short core sampler (Artiola and Warrick, 2004; Forstner and
Solomons, 1980). The collected sediments were scooped from the buckets,
mixed together to have a composite sample. All samples were collected in
duplicates. Samples were then placed in an ice-cooled chest and transported
immediately to the Microbiology Laboratory for analysis. Crude oil was
employed as the toxicants. Two liters of Qua Iboe light crude oil were collected
from Qua Iboe Terminal into 2 liter- capacity sterile glass bottle and stored at
room temperature until needed for use. The toxicant concentrations of 1%/,
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5%"/y, 10%, 15%"/, and 20%"/, were employed according to the methods of Zajic
and Supplison (1972).

Enumeration and Isolation of the hydrocarbon-utilizing bacteria (HUB)

The vapour phase transfer method described by Asitok et al. (2017) was
employed in this analysis using the mineral salt medium (MSM) of Zajic and
Supplison [1972] as the analytical medium. The medium comprises dipotassium
phosphate (0.8g/1), potassium dihydrophosphate (0.2g/l) ammonium chloride (0.4
g/l), magnesium sulphate (0.2 g/l), sodium chloride (0.1 g /) and ferrous sulphate
(0.01 g/l). Hydrocarbon utilizing bacteria in the sediment sample were estimated
by the viable plate count method using the spread plate technique. After a 10 -
fold serial dilution of the water and sediment samples, 0.1ml of the various
dilutions were plated in triplicates onto mineral salt medium supplemented with
nystatin to inhibit fungal growth. After inoculating the agar plated with samples,
sterile filter paper (Whatman no 1) were asceptically placed on to the inside of
the covers of the inverted petri dishes, saturated with 2.0 mls of filtered Qua lboe
light crude oil and sealed around with a masking tape. This was to ensure the
supply of hydrocarbons by vapour phase transfer as the sole source of carbon and
energy for growth of the organisms that developed on the agar surfaces. The
plates were incubated at room temperature (28+2°C) for 5 to 7 days and discrete
colonies that developed were counted and expressed as colony forming unit per
gram (cfu g™) of the sediment samples. The discrete colonies were picked and
purified by repeated sub-culturing and then stored on nutrient agar slants at 4 ° C
in a refrigerator for further studies.

Molecular characterization of hydrocarbon-utilizing bacteria

DNA extraction was performed using a 24 hours grown isolates in BHI broth
harvested by centrifugation at 14, 000 x g for 10 minutes. The cells were washed
three times in 1 ml of Ultra pure water by centrifuging at 12,000 rpm for 5 min.
DNA extraction and purification was done using ZR Fungal/Bacterial DNA
MiniPrep™50 Preps Model D6005 (Zymo Research, California, USA). The
Ultra-pure resulting filtrate (DNA) obtained was used as a template during the
assay. This was transported in ice — cooled chest to the laboratory for sequencing.
PCR amplifications were performed on a thermocycler (A & E Laboratories, UK
Model Cyl-005-1). Amplified products (10 pl) were separated using 2 % agarose
gel electrophoresis in TAE buffer (40mM Tris-acetate, 2 mM EDTA [pH 8.3])
performed at 70 V  for 1 hour. Gels were stained with 0.5 pg/ml of ethidium
bromide for 45 min and de-stained with water for 20 min. Stained gels were
examined under ultra-violet (UV) trans-illuminator in a photo-documentation
system (E- box). Major bands corresponding to the expected band size
considered in the analysis. A DNA ladder digest of 1 kb (Fermenters USA) was
used as a molecular weight marker

DNA sequencing was performed by Sanger (dideoxy) sequencing technique to
determine the nucleotide sequence of the specific microorganism isolated. This
was done with Big dye kit. The labelled products were cleaned with the ZymoSeq
clean-up kit. The cleaned products were injected with a 50cm array, using POP7
into automated PCR cycle- Sanger Sequencer™ 3730/3730XL DNA Analyzers
from Applied Biosystems (Russell, 2002; Metzenberg, 2003).The result was
obtained as nucleotides IN FASTA format. Identification of the species present
was done using the resultant nucleotides base pairs. This was performed by
BLAST analysis by direct blasting on http://blast.ncbi.nim.nih.gov. For every set
of isolate, a read was BLASTED and the resultant top hits with minimum E-score
for every BLAST result showing species hame was used to name the specific
organism.

Growth response of bacterial isolate to different concentrations of crude oil
toxicant

Bacterial response to varying concentrations (1, 5, 10, 15 and 20% v/v) of crude
toxicant was assayed using the modified method reported by Nseabasi and
Antai (2012). Twenty four (24) h broth culture of bacterial species were serially
diluted to dilutions of 10*to tease out bacterial population. One milliliter (1 mL)
from the dilution tube was introduced into 49.5, 47.5, 45, 42.5 and 40 mL of
MSM flasks at pH 7.0 to constitute 1, 5, 10, 15 and 20 % "/, respectively of crude
oil toxicant concentrations (Zajic and Supplision, 1972). The flasks were
incubated at room temperature (28 + 2° C) for 24 h. At an interval of 8, 16, 24,
32, 40, 48, 56, 64 and 72 h the number of viable bacterial cells in the flasks were
determined by pour plate technique and recorded as colony forming unit per ml
(CFU mL™).

Acclimation periods of bacterial growth

The bacterial isolates were subjected to acclimation to the various toxicant
concentrations. The methods reported by Silva et al.(2015)(modified) and
Nseabasi and Antai (2012)(modified) were employed. Twenty-four (24) h broth
culture of bacterial species were serially diluted to dilutions of 10 to tease out
bacterial population. One milliliter (1 mL) from the dilution tube was introduced
into 49.5, 47.5, 45, 42.5 and 40 mL of MSM flasks at pH 7.0 to constitute 1, 5,
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10, 15 and 20 % "/, respectively of crude oil toxicant concentrations (Zajic and
Supplision, 1972). The flasks were incubated at room temperature (28 + 2°C) for
24 h. At an interval of 8, 16, 24, 32, 40, 48, 56, 64 and 72 h, the number of viable
bacterial cells in flasks were estimated by the pour plate technique and bacterial
counts were recorded as colony forming unit per ml (CFU mL™?).

Statistical analysis

The data collected were subjected to statistical analysis using SPSS version 17.
Two factor analysis of variance was used to compare the mean counts among the
physiological groups while a second order polynomial regression was used to
determine the goodness of fit in the toxicity studies.

RESULTS AND DISCUSSION

The homology sequence and phylogenetic analysis of the 16S rRNA of the
isolates from this study showed that they are closely related Citrobacter sp.
(Figure 1).The organisms isolated in this study include some of the
commonly isolated degraders of hydrocarbon (Atlas and Bartha, 1992).The test
isolate, Citobacter sp is rarely encountered in the area. The toxicity of crude oil
on Citrobacter amalonaticus strain Y,ESWS; is presented in Figure 2. The result
revealed that the higher the concentration of the toxicant, the higher the toxic
effect on the bacterial cells. It showed that the exponential growth of the
bacterium in the control was observable within 8 h of incubation and growth
reached peak log-transformed concentration at 16 h. Trends in the test systems
were different with lag phases of bacterial growth extended when cells were
exposed to various concentrations of the crude oil toxicant. At1land 5%
toxicant concentrations, there was an extended lag phases until 40 h and growth
reached peak log-transformed concentration of cells of 7.03 at 56 h. At 15%
toxicant concentration, the organism grew marginally until 40 h with log-
transformed concentration of cells of 6.10. At 20% concentrations, the lag phase
was up to 24 h after which the toxicant inhibited the growth of the bacterium. A
two factor analysis of variance revealed that the toxicant concentration
significantly (p< 0.05) influenced the growth of Citrobacter amalonaticus strain
Y,ESWS,; but the duration of exposure did not significantly (p>0.05) influence
the growth of the bacterium. This shows that despite its tolerance to crude oil
toxicity, the bacterium may not have used the medium effectively for growth.”
The qualitative and quantitative differences in hydrocarbon content of petroleum
influence its susceptibility to degradation, a major consideration in determining
the toxicological effect of the petroleum
AF025370.1 Citrobacter amalonaticus USA 1997

&5 KP704285.1 Citrobacter amalonaticus shellfish Malaysia 2015
NR 104823.1 Citrobacter amalonaticus SPAIN 2011
KM515966.1 Citrobacter amalonaticus stool France 2014
KP704284.1 Citrobacter amalonaticus shellfish Malaysia 2015

o

HE575920.1 Citrobacter farmeri metalworking fiuid GER 2011
|-KT956239‘1 Citrobacter amalonaticus hindgut Onitis philemon 2015
KT956226.1 Citrobacter amalonaticus foregut Onitis philemon 2015

{—KT956222.1 Citrobacter amalonaticus hindgut Onitis philemon 2015
- HF572839.1 Citrobacter sp. S7 fecal contaminated soil India 2013
- JX383004.1 Citrobacter farmeri strain W17-1 edible frog intestine CHN 2009
KM355417.1 Citrobacter sp. termite gut USA 2014
— FN433034.1 Citrobacter farmeri Elephant dung sample India 2009
JX403603.1 Citrobacter sp. reducing enrichment culture Greece 2012
JX403602.1 Citrobacter sp. reducing enrichment culture Greece 2012
JX403600.1 Citrobacter sp.reducing enrichment culture Greece 2012
JX403601.1 Citrobacter sp. reducing enrichment culture Greece 2012
JX403599.1 Citrobacter sp.reducing enrichment culture Greece 2012
JQ864380.1 Citrobacter sp. TSB4 Termite gut China 2012
KP143089.1 Citrobacter sp. FKM11 treatment plant sludge Turkey 2015
FN667802.1 Citrobacter amalonaticus contaminated sediment FRN 2010
FNB67808.1 Citrobacter amalonaticus contaminated sediment FRN 2010
KM186147.1 Citrobacter sp. TUST-S5 oil-polluted soi China 2014
GU458277.1 Citrobacter sp. PM2 16S Gut South Korea 2010
GU458277.1 Citrobacter sp. termite gut South korea 2010

JN882042.1 Citrobacter sp. soil India 2011

KM186147.1 Citrobacter sp. oil-polluted soil CHN 2014
KM242513.1 Citrobacter sp. INBio beetle gut Costa Rica 2014

KM242513.1 Citrobacter sp.beetle gut Passalidae Costa Rica 2014
KM242576.1 Citrobacter sp. INBio 4515A beetle gut Costa Rica 2010

@ Ab17 27-F H11 23 Citrobacter sp
@ Ab12.2 27-F D11 11 (Citrobacter amalonaticus strain Y2(FSW))

82— @ Ab14 27-F E11 14 Citrobacter sp
@ Ab11.1 27-F C11 08 Citrobacter sp

M AB933265.1 Citrobacter amalonaticus India 2014

54
" B‘l KM242576.1 Citrobacter sp. beetle gut Passalidae Costa Rica 2014

Figure 1 Phylogram of Citrobacter sp.

@ Outgroup KX768294.1 Bacillus sp.flush water of swine farm CHN 2015
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Figure 2 Periodic toxicity of crude oil to Citrobacter amalonaticus strain Y
ESWS;. Crude oil concentrations are expressed as per cent (%)

The acclimation periods of Citrobacter amalonaticus strain Y,ESWS; growth
responses in glucose-minimal medium (control) is presented in Table 1.The
result revealed that the acclimation period for the bacteria isolates Citrobacter
amalonaticus strain Y,ESWS;, was 8 h. Two-factor analysis of variance revealed
that both the nature of the organism and the duration of exposure significantly
(p<0.05) influence the growth of the organism. Figure 3 shows the regression
analysis result of the plot of mean log-concentration of cells against the
incubation time in the control. The result revealed the second order polynomial
regression showing R? value of 0.8456 for Citrobacter amalonaticus strain
Y,ESWS;, indicating significant ability of the model to explain the glucose effect
on the growth of the isolate.
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Figure 3 Second — order polynomial regression time — kill plot for Citrobacter amal
mediu

Table 2 revealed that at 1% concentration of crude oil, there was a prolonged
acclimation period of 40 h for Citrobacter amalonaticus strain Y,ESWS;. Figure
4a showed the regression analysis of the plot of the mean log-concentration of
cells against incubation time in 1% concentration of crude oil. It showed that the
second-order polynomial regression showing R? of 0.2227 for Citrobacter
amalonaticus strain  Y,ESWS;, indicating significant ability of the model to
explain the event in 1% crude oil concentration effect on the growth of the
bacteria isolate. Similar prolonged acclimation period was observed for 5%
concentration of crude oil (Table 2). Figure 4b shows the regression analysis of
the plot of the mean log-concentration of cells against the incubation time in 5%
concentration of crude oil which depicts a second-order polynomial regression R?
value of 0.8538 Citrobacter amalonaticus strain Y,ESWS; indicating significant
ability of the model to explain the events in 5% crude oil concentration effect on
the growth of the bacterium .

Table 2 shows that at 10% concentration of crude oil there was an extended
acclimation period for Citrobacter amalonaticus strain Y,ESWS; up to 72 hours.
Figure 4c shows the regression analysis result of the plot of the mean log
concentration of cell against the incubation time in 10% concentration of crude
oil.
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Figure 4a Second-order polynomial regression time-kill plot for Citrobacter
amalonaticus strain Y,ESWS; grown in 1% crude oil-minimal medium

5 7.4 -

- y = 0.000x2- 0.002x + 6.278

-% 7.2 - R? = 0.8538 .

E 7 . P =10.000875 o *

=)

s =

8 36.8

3

ao 6.6

—

S 64

a

= 62 r .
0 20 40 60 80

Exposure time (h)

Figure 4b Second-order polynomial regression time-kill plot for Citrobacter
amalonaticus strain Y,ESWS; grown in 5% crude oil-minimal medium
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Figure 4c Second-order polynomial regression time-kill plot for Citrobacter
amalonaticus strain Y,ESWS; grown in 10% crude oil-minimal medium

The result presents the second-order polynomial regression showing R? values of
0.9592 for Citrobacter amalonaticus strain Y,ESWS;, indicating significant
ability of the model to explain the events in 10% crude oil concentration effect on
the growth of the bacteria isolate.

Results in Table 2.also revealed that at 15%, Citrobacter amalonaticus strain
Y,ESWS; recorded marginal growth until 40 hours of exposure before there was
a decline in the growth after exposure to the toxicant.

Figure 4d shows the regression analysis result of the plot of the mean log
concentration of cells against the incubation time in 15% concentration of crude
oil. The result presents the second-order polynomial regression showing R?
values of 0.9688, for, Citrobacter amalonaticus strain Y,ESWS; indicating
significant ability of the model to explain the events in 15% crude oil
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concentration effect on the growth of the bacteria isolate. However at 20%
concentration, Citrobacter amalonaticus strain Y,ESWS; recorded a marginal
growth until after 24 h and entered death phase at the 72 h of exposure (Table 2).
Figure 4e shows the regression analysis result of the plot of the mean log
concentration of cells against the incubation time in 20% concentration of crude

oil.
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Figure 4d Second-order polynomial regression time-kill plot for Citrobacter
amalonaticus strain Y,ESWS; grown in 15% crude oil-minimal medium
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Figure 4e Second-order polynomial regression time-kill plot for Citrobacter
amalonaticus strain Y,ESWS; grown in 20% crude oil-minimal medium

Table 1 Comparative acclimation periods of Citrobacter amalonaticus strain Y,ESWS; growth response to Glucose-minimal medium (control)

Organism 0hr 8 hrs 16hrs 24 hrs 32 hrs 40 hrs 48 hrs 56 hrs 64 hrs 72 hrs
Citrobacter

amalonaticus 2.12 x 10° 2.12 x 10° 7.13 x 10° 1.34 x 107 1.47 x 107 163x10° 1.6x10° 1.63x10° 55x10° 45x10*
strain Y,ESWS;

Table 2 Comparative acclimation periods of Citrobacter amalonaticus strain Y,ESWS,; growth response to concentrations (%) of crude oil.

Toxicant 0hr 8 hrs 16hrs 24 hrs 32 hrs 40 hrs 48 hrs 56 hrs 64 hrs 72 hrs
Conc.(%)

1% 205x10° 2.05x10° 2.05x10°  1.99x10° 2.0x10° 2.4 x10° 1.11 x 107 1.24 x 107 23x10°  1.81x10°
5% 2.02x10° 2.02x10°  2.02x10° 2.0x10° 1.89 x 10° 2.2x10° 9.9x 10’ 1.08 x 107 1.2x 107 15x 10"
10% 1.99x10° 1.99x10° 1.99x10° 1.96x10° 2.01x10° 2.11x10° 3.2x10° 5.4 x 10° 7.8 x10° 8.9 x 10°
15% 1.8 x 10° 1.8 x 10° 189x10° 1.97x10° 1.78x10° 1.26x10° 6.5x 10° 2.1x10° 3.2x10* 2.1x10°
20% 1.93x10°  1.93x10°  1.93x10° 2.0x10° 3.1x10° 1.26 x 10* 34x10° 2.3x10? 3.1x10* 0

The result presents the second order polynomial regression showing R? values of
0.9872 for Citrobacter amalonaticus strain Y,ESWS; indicating significant
ability of the model to explain the events in 20% crude oil concentration effect on
the growth of the bacteria isolate.

Crude oil spills constitute a world-wide problem because of the toxic components
in the oil. The toxicity of crude oil varies widely, depending on their composition
and concentration. The scale of pollution depends on the quantity of oil and the
damage done to the environment (Cowell and Walker, 1977). In heavily
polluted areas, there will be an immediate detrimental effect on biological forms
(Obire and Anyanwu, 2009). Tiku et al,(2016) and Paniagua-Michel and
Rosales (2015) emphasized that microorganisms play key role in the remediation
of petroleum pollution. However, it cannot be said that all the oil will disappear
in a proportionate time, since the remaining fraction may be more retractile to
microbial attack. The qualitative and quantitative differences in hydrocarbon
content of petroleum influence its susceptibility to degradation, a major
consideration in determining the toxicological effect of the petroleum. Although
microorganisms are capable of degrading petroleum and petroleum by-products,
there is a great deal of variability in the extent of degradation of the petroleum
components, with the more refractory components, such as aromatics and
polynuclear aromatics accumulating in the aquatic ecosystem (Das and
Chandran, 2011; Antai et al.,2017b). In the present study the toxicity of crude
oil to Citrobacter amalonaticus strain Y,ESWS;, revealed that toxicity increased
with time, leading to the reduction in the counts of the bacterial isolate. This
could be attributed to the inhibitive effect of crude oil components (Yemashova
et al., 2007). The study also revealed that the toxicity of crude oil to the isolates
was highly dependent on crude oil concentration. However at higher
concentration (10, 15 and 20 %) of crude oil, Citrobacter amalonaticus strain
Y,ESWS; was still able to grow marginally. The crude oil toxicant was toxic as it
could terminate growth of the bacterium at 20% toxicant concentration within 72
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h. This could be attributed to the presence of high concentration of short chain
biologically-available fractions as well as long and un-metbolizable hydrocarbon
chains (C, - Css) in the compound. The statistical analysis revealed that the
concentration of crude significantly affected the growth of the various bacteria
isolates (p<0.005). Like other microorganisms, bacteria are not insensitive to the
changes in their environment. At such whenever there is any alteration in their
chemical or physical environment, there is acclimatization period, during which
the microbial community adapts to the new environmental conditions (Chu and
Barnes, 2016; Oyedeji, 2016). This acclimatization period enables
microorganisms to possess the metabolic repertoire necessary for their survival
(Etuk et al., 2012). Acclimation periods of Citrobacter amalonaticus strain
Y,ESWS; growth response in crude oil concentrations revealed that at crude oil
concentrations of 1, 5,10 and 15 %, there was acclimation for the bacterial
isolates. This result agrees with Chu and Barnes (2016) who stated that,
whenever the chemical or physical environment is suddenly altered, there is a lag
period during which the microbial community adapts to the new conditions. At
20% toxicant concentration, the acclimation period was 24 h after exposure,
however, the organism was able to survive until 72 h of exposure. This agrees
with the findings of Nseabasi and Antai, (2012) who reported that microbial
community decreases in species richness in the presence of a selective pollutant.
The statistical analysis revealed that the nature of the organism and the exposure
time influences the growth of the organism (P<0.05).

CONCLUSION

This study has revealed that Citrobacter amalonaticus strain Y,ESWS; is not
adversely affected by the duration of exposure to the toxicants, rather the toxicity
to the organism is just a function of the concentration of the toxicant. In this
study the toxicity of pollutants to bacteria cultures was highly dependent on the
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concentration of the toxicants. The bacterial proliferation was hindered by 20%
toxicant. It is a pointer to its poor activity when exposed to hydrocarbon however
it can be used in a consortium with other microbes including potent degraders to
achieve enhanced degradation of contaminated site

Acknowledgement: We acknowledge the meaningful contributions from
Nigerian Institute of Medical Research, Yaba in the molecular studies.

REFERENCES

Ackleh, A.., loup, G., loup, J., Ma, B., Newcomb, J., Pal, N., Sidorovskaia, N., &
Tiemann, C. (2012). Assessing the deepwater horizon oil spill impact on marine
mammal population through acoustics: Endangered sperm whales. Journal of
Acoustical Society.of America. 131, 2306
https://asa.scitation.org/doi/10.1121/1.3682042

Antai,S.P, Asitok,A.D & Tiku,D.R (2017a). Influence of varying hydrocarbon
and heavy metal concentrations on the microbial density of agricultural soil
samples polluted with crude oil. Imperial Journal of Interdisciplinary
Research,3(9):1089 -1096.ISSN:2454 — 1362.

Antai,S.P, Iwatt, G.D,& Agbor,R.B. (2016).Interlocation comparison of
physicochemical properties of polluted and unpolluted soil, water and sediment
ecosystems of the Niger Delta region. World Rural Observations, 8(2):1-9
https://doi.org/ 10.7537/marswro08021601

Antai.S.P, lwatt,G.D, Agbor,R.B & Antonio,C.(2017).Bacterial plasmid analysis
and occurrence of integrons among the heavy metal tolerant —antibiotic resistant
microbes from hydrocarbon polluted ecosystems in Niger Delta.,_Advances in

biological parameters. New York Science Journal, 4 (8), 116 - 174.
http://www.sciencepub.net/newyork

Metzenberg, S.(2003).Sanger method-Dideooxynucleotide chain termination.
Retrieved October 13, 2017 fromhttp://www.csun.edu./-
hchio027/biotechnology/lec3/sanger.html.

Ndimele, P., Jenyo-Oni, A.& Jibuike, C. (2010). Investigation of acute toxicities
of Nigerian crude oil, dispersant, sodium dedecylsulphate and a mixture of crude
oil-plus-dispersant to Desmocaris trispinosa. American-Eurasian Journal of
Toxicological Sciences, 2 (2), 100 — 107.

Nseabasi, N. & Antai, S. (2012). Toxic effect of kerosene contamination on the
survival of bacterial and fungal species in soil from Niger Delta, Southern
Nigeria. International Research Journal of Microbiology, 3 (12), 382 —
387.ISSN: 2141-5463.

Obire, O. & Anyanwu, E. (2009) Impact of various concentrations of crude oil on
fungal populations of soil. International Journal of Environmental Science
and Technology. 6, 211-218. https://doi.org/ 10.1007/BF03327624

Oyedeji, A. (2016). Impacts of selected leguminous tree species and kaolinite
pre-amendment on oil-contaminated soil for bioremediation in the oil-bearing
region of Nigeria. A Thesis Submitted for the Degree of Doctor of Philosophy to
the University of Wolverhampton. Retrived August 11,2016 from
http://wlv.openrepository.com/wlv/bitstream/2436/609041/1/Oyedeji_PhD%20T
hesis

Paniagua-Michel, J., & Rosales, A. (2015). Marine bioremediation-A sustainable
biotechnology of petroleum hydrocarbons biodegradation in coastal and marine
environments. Journal of Bioremediation and Biodegradation, 6 (2), 273-279.
https://doi.org/:10.4172/2155-6199.1000273

Biotechnology and Microbiology 3(3):1-10 AIBM.MS.ID.555615 (2017) DOL.
10.19080/A1BM.2017.03.555615

APHA (2005). Standard Methods for the Examination of Water and Waste
Water. 20" ed., Washington, D.C: American Public Health Association. p 35
Artiola, J. & Warrick, A. (2004). Sampling and data quality objectives in
environmental monitoring. In Artiola, J. F.; Pepper, I. L. and Brusseau, M.
(Eds).) Environmental Monitoring and characteristics Burlington: Elsevier
Academic Press pp 11-27.

Asitok, A., Antai, S. & Ekpenyong, M. (2017). Water soluble fraction of crude
oil uncouples protease biosynthesis and activity in hydrocarbonoclastic bacteria;
implications for natural attenuation. International Journal of Sciences, 6 (7), 5-
21.https://doi.org/ 10.18483/ijSci.1344

Atlas, R. & Bartha, R. (1992). Hydrocarbon biodegradation and oil spill
bioremediation. Advanced Microbial Ecology, 12 :278-338.

Bob-Manuel, F. (2012). Acute toxicity test of different concentration of diesel
fuel on the mudskipper, Periophthalamus koelreuteri (Pallas 1770): Gobiidae).
Journal of Human Ecology, 39 ), 171 -
174.http//doi.org/10.1080/09709274.2012.11906508

Chikere, C., Okoye, A. & Okpokwasili, G.(2016). Microbial community
profiling of active oleophilic bacteria involved in bioreactor-based crude-oil
polluted sediment treatment. Journal of Applied and Environmental
Microbiology, 4 (1), 1-20. https://doi.org/: 10.12691/jaem-4-1-1

Chu, D. & Barnes, D. (2016). The Lag-phase during diauxic growth is a trade-
off between fast adaptation and high growth rate. Scientific Reports, 6:25191.

https://doi.org/ 10.1038/srep25191

Cowell, R., & Walker, J (1977). Ecological aspects of microbial degradation of
petroleum in the marine environment. CRC Critical Reviews in Microbiology 5,
423-445 http//doi.org/10.3109/10408417709102813

Das, N., & Chandran, P.(2011). Microbial degradation of petroleum hydrocarbon
contaminants: An overview. Biotechnology Research International ,vol.2011:1 -
13. http//doi:10.4061/2011/941810

Ekpenyong, M. & Antai, S. (2007). Cadmium toxicity on species of Bacillus and
Pseudomonas during growth on crude oil. Trends in Applied Sciences Research,
2, 115-123. http//doi.org/10.3923/tasr.2007.115.123

Elenwo, E. & Akankali, J. (2015). The effects of marine pollution on Nigerian
coastal resources. Journal of Sustainable Development Studies, 8 (1), 209-224.
ISSN: 2201-4268

Etuk, C., John, R., Ekong,U. & Akpan, M. (2012). Growth study and
hydrocarbonoclastic potential of microorganisms isolated from aviation fuel
spills site in Ibeno. Nigeria Bulletin of Environmental Contamination and
Toxicology, 89, 727 — 732 https://doi.org/ 10.1007/s00128-012-0796-3
Fallahtafti, S., Rantanen, T., Brown, R., Snieckus, V. & Hodson, P. (2012).
Toxicity of hydroxylated alkyl-phenanthrenes to the early life stages of Japanese
medaka (Oryzias latipes). Aquatic Toxicology, 106, 56—
64.https://doi.org/10.1016/j.aquatox.2011.10.007

Forstner,U. & Solomons, W. (1980). Bottom soil sampling. Environmental
Technology Letters. 16, 208-2009.

Iwatt, G.D Antai,S.P, & Agbor,R.B. (2016).Evaluation of Heavy metal and total
hydrocarbon levels in hydrocarbon polluted ecosystems in the Niger Delta
region. World Rural Observations, 8(1):95-102.
https://doi.org/10.7537/marswro08011613

Kakkar, P.,Saxena, R. & Pandey, M. (2011). Chronic toxicity of petroleum
hydrocarbons on freshwater fish, Cahnna punctatus with special references to

417

Russell, P. (2002). Genetics. Person Education,Inc, San Francisco,pp 187-
189.ISBN — 13: 9780.

Silva, D.,Cavalcanti,D.,deMelo,E.,dos Santos,P.,da LuzE., de Gusm-~ao,N.,
Sousa ,M. (2015) Bio-removal of diesel oil through a microbial consortium
isolated from a polluted environment. International Biodeterioration and
Biodegradation .97, 85-89. ISSN: 0964-8305

Temitope,A.B. Antai, S.P,& Tiku,D. R.(2015).Toxicity of crude oil and diesel
fuel to some gram positive and gram negative bacteria. Imperial Journal of
Interdiciplinary ~ Research  (JIR),2(12):273  -283. ISSN:  2454-1362,
http://www.onlinejournal.in

Tiku,D.R, Antai,S.P, Asitok,AD & Ekpeyong, M. G (2016).Hydrocarbon
biodegradation, heavy metal tolerance and antibiotic resistance among bacteria
isolates from petroleum polluted and pristine soil samples in Calabar metropolis.
Imperial Journal of Interdisciplinary Research,2(11):1448 — 1462.ISSN:2454 —
1362, http://www.onlinejournal.in

Ubani, O., Atagana, H. & Thantsha, M. (2013). Biological degradation of oil
sludge: A review of the current state of development. African Journal of
Biotechnology, 12 (47), 6544-6567. https://doi.org/ 10.5897/AJB11.1139
Udotong, I, Eduok, S., Essien, J. & lta, B. (2008). Density of
hydrocarbonoclastic bacteria and polycyclic aromatic hydrocarbon accumulation
in Iko River mangrove ecosystem, Nigeria. International Journal of
Environmental, Chemical, Ecological, Geological and Geophysical Engineering,
2 (8), 121-127.http //doi.org/10.5281/zenod0.1077645

Xie, J., Fan, J., Zhu, W., Amombo, E., Loul, Y., Chen, L. & Fu, J. (2016). Effect
of heavy metals pollution on soil microbial diversity and bermudagrass genetic
variation. Frontiers in Plant Sci. 7:755. https://doi.org/ 10.3389/fpls.2016.00755
Yemashova, N., Murygina, V., Zhukov, D., Zakharyantz, A., Gladchenko, M.. &
Appanna, V. (2007). Biodeterioration of crude oil and oil derived products: A
review. Review Environmental Science Biotechnology, 6, 315-337.
https://doi.org/10.1007/s11157-006-9118-8.

Zajic, E.,& Supplison, B. (1972). Emulsification and degradation of bunker C
fuel oil by microorganisms. Biotechnology and Bioengineering, 14, 331 — 343.
https://doi.org/ 10.1002/bit.260140306



https://asa.scitation.org/doi/10.1121/1.3682042
https://www.researchgate.net/publication/305754869_Interlocation_Comparison_Physicochemical_Properties_Of_Polluted_And_Unpolluted_Soil_Water_And_Sediment_Ecosystems_Of_The_Niger_Delta_Region
https://juniperpublishers.com/aibm/AIBM.MS.ID.555615.php
https://juniperpublishers.com/aibm/AIBM.MS.ID.555615.php
https://juniperpublishers.com/aibm/AIBM.MS.ID.555615.php
http://dx.doi.org/10.18483/ijSci.1344
https://www.tandfonline.com/doi/abs/10.1080/09709274.2012.11906508
http://www.sciepub.com/JAEM/abstract/5570
http://www.nature.com/scientificreports
https://dx.doi.org/10.1038%2Fsrep25191
https://www.tandfonline.com/doi/abs/10.3109/10408417709102813
https://www.hindawi.com/journals/btri/2011/941810/
https://scialert.net/abstract/?doi=tasr.2007.115.123
https://link.springer.com/article/10.1007/s00128-012-0796-3
https://www.sciencedirect.com/science/article/abs/pii/S0166445X11002803
http://www.sciencepub.net/rural/rural080116/013_30332wro080116_95_102.pdf
http://www.sciencepub.net/rural/rural080116/013_30332wro080116_95_102.pdf
https://link.springer.com/article/10.1007/BF03327624
https://wlv.openrepository.com/handle/2436/609041
https://wlv.openrepository.com/handle/2436/609041
https://www.omicsonline.org/open-access/marine-bioremediation-a-sustainable-biotechnology-of-petroleum-hydrocarbons-biodegradation-in-coastal-and-marine-environments-2155-6199.1000273.php?aid=40764
https://www.researchgate.net/publication/323615575_Toxicity_of_crude_oil_and_diesel_fuel_to_some_gram_positive_and_gram_negative_bacterial
https://www.researchgate.net/publication/309742325_Hydrocarbon_Biodegradation_Heavy_Metal_Tolerance_And_Antibiotic_Resistance_Among_Bacteria_Isolates_From_Petroleum_Polluted_And_Pristine_Soil_Samples_In_Calabar_Metropolis
https://www.researchgate.net/publication/264938570_Biological_degradation_of_oil_sludge_A_review_of_the_current_state_of_development
https://doi.org/10.5281/zenodo.1077645
https://www.frontiersin.org/articles/10.3389/fpls.2016.00755/full
https://doi.org/10.1007/s11157-006-9118-8
https://doi.org/10.1002/bit.260140306

