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Abstract
Environmental increase in the spilled diesel creates serious damages to our natural ecosystems.
Biodegradation provide the best removal alternative for such diesel contamination. This study was
carried out to monitor the bacteria survival response during diesel oil biodegradation. Bacteria
isolation was carried out using plating technique and screened at varying diesel concentrations (0
to 10%, v/v) before being identified using the 16S rRNA gene sequencing. Bacteria consortia were
formulated using the screened isolates through mathematical permutation approach. Prepared
bacteria resting cells of the selected consortium was grown at 2%, v/v diesel oil which was cocontaminated with varying concentrations of Mg++, Mn++, Zn+, Co++ and Fe++ (0 to 4 g/L) in
mineral salts medium. Total of 47 different bacteria strains were isolated and the finally screened
isolates were identified as Alcaligenes sp., Ochrobactrum sp., Alcaligenes aquatilis and
Alcaligenes faecalis UMYU001 (MN519483.1). These bacteria were found to be compatible with
one another despite being obtained from different environments. Of the prepared consortia,
combination 11 (CST11) was found to produce the highest population of 1.6 x 104 cfu/mL after 48
hours at 2% v/v diesel oil. This CST11 survived optimally at 350C, 7.0, and 2% v/v of the
temperature, pH and diesel oil respectively. Also, the resistance thresholds of the metals for CST11
include Mg++ (3.5 g/L) while Mn++, Zn++, Co++and Fe++were only resisted at 1 g/L. This
recommends the consortium as good enough in surviving at the sole expense of diesel oil even in
the presence of heavy metals co-contaminants.
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1. Introduction
Human civilisation enhances global technological advances in the field of rising energy demand
that majorly depends on fossil fuels (Somee et al., 2018). Certain percentage of such fuels ended
up being spilled onto the natural environment through variety of processes ranging from
exploration to utilisation while affecting the natural ecosystems adversely (Spini et al., 2018). To
deter and dissuade these spillage-induced catastrophic aftermaths, reclamation methods are
devised (Wu et al., 2019). Among such remediating techniques are the physico-chemical
approaches which nonetheless may have inherently debilitating side effects. Bioremediation is the
most promising alternative to remediating these contaminated soils, and it involves the application
of microorganisms such as fungi and bacteria to remediate polluted soils efficiently, effectively
and efficaciously (Umar et al., 2016; Habib et al., 2018). However, heavy metals are found as cocontaminants in the spillage environments frequently in higher concentrations which further
increase the remediating challenge (Sharma et al., 2018; Umar et al., 2018a).
The use of single microbial strain in biodegradation is usually faced with certain challenges due to
unilateral nature of the organism and complexity of the chemical substrate (Lee et al., 2019).
However, microbial consortia could provide better opportunity due to co-metabolism, synergy and
enzymatic diversification (Umar et al., 2018a; 2017; Bradacova et al., 2019). Moreover, well
performing strains in the laboratory studies may fail to perform in the field experiments as optimal
conditions are necessary for effective microbial performance (Umar et al., 2018b). Furthermore,
the use of heavy metal tolerant strains in the field of biodegradation is advantageous due to rising
levels of inorganic co-contaminants in the affected sites (Nwagu et al., 2017). This study was
therefore aimed at assessing the survival nature of bacteria consortium at the sole expense of diesel
oil. Such assessments include bacteria identification, consortia formulation, physico-chemical
parameters optimization, and heavy metals tolerance of the isolates.
2. Materials and Method
2.1 Chemicals and Media
Diesel oil used during the experiments was purchased from the Nigerian National Petroleum
Company (NNPC) petrol station in Katsina metropolis, Nigeria. All other chemicals used were
obtained from the standard manufacturers and are of analytical grade. Reagents and media were
prepared using de-ionised and distilled water respectively (Atlas, 2005). Bushnell Haas (BH) Agar
content of KH2PO4, K2HPO4, NH4NO3 with 1 g/L each and MgSO4 (0.2 g/L), FeCl3 (0.05 g/L),
CaCl2 (0.02 g/L), Agar-Agar (15 g/L) were used (Atlas, 2005). Phosphate Buffer Saline (PBS) was
also prepared using the protocols of Atlas, (2005) having the content of NaCl (8g/L), KCl (0.2g/L),
Na₂HPO₄ (1.44g/L) and KH₂PO₄ (0.24 g/L). All media were sterilized at 1210C for 20 minutes
before being used and experiments were conducted in replications.
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2.2 Soil sampling
Diesel contaminated Soil were sampled from 12 different locations covering the entire three zones
of Katsina State (Katsina, Funtua and Daura) which are located between 12059’ N latitude and
7036’ E longitude. Samples from all the sampling points designated as letters A to L were collected
in sterile polythene bags within 0 to 10 cm depth after clearing the surface litter. Temperature of
the sampling points were taken using handheld digital thermometer (ST9283B, MexTech) while
the pHs were recorded with pH meter (pH 100, EXTECH, USA) after preparing a slurry of each
sample. All samples were processed at the Microbiology research laboratory of Umaru Musa
Yar’adua University Katsina within few hours of collection.
2. 3 Bacteria isolation, screening and identification
Bacteria within the soil samples were isolated using serial dilution and plating techniques (Barrow
and Feltham, 1993). Each dilution was cultured in replications on the prepared Nutrient Agar (NA)
plates for 24 hours at 37⁰C. Colonies were purified on freshly prepared NA medium using the
same culture conditions and pure isolates were preserved. Bacterial resting cells (BRC) for the
individual strains were prepared, counted and separately used as inoculums during the screening
process (Sogani et al., 2012). The BRC counting was performed using British standard Naubeur
haemocytometer with 0.4% w/v trypan blue reagent where 1.5 x 105 cell/mL was obtained for each
isolate. Based on the microscopic BRC counting, living cells were calculated using the following
formula adopted from Doyle and Bryan (1998):
Total viable cells (cells/mL) = X x Y x Z x 104
(1)
Where,
X = volume of the inoculums used in microscopy (0.1 mL)
Y = dilution factor of cells in trypan blue
Z = average number of living cells counted per square
104= conversion factor of 0.1 mm3 (area of square) to mL
One hundred micro liter of each BRC in PBS suspension was inoculated separately on BH Agar
containing different diesel quantities (0%, 2%, 4%, 6%, 8% and 10% v/v) as the sole carbon
source. These were grown at 37⁰C aerobically and plates were monitored on 24 hours’ basis where
colonies formed were used to indicate the survival ability of the organisms at the sole expense of
diesel oil (Umar et al., 2016). Identification of the diesel degrading bacteria was based on a threetiered procedure adapted from Cowan and Steel’s Manual and Bergy’s Manual of Deterministic
Bacteriology (de Vos et al., 2003; Barrow and Feltham, 1993). Biochemical tests involving
catalase, oxidase, urease, casein, starch, citrate, H2S, mannitol and MR-VP were also carried out
(Barrow and Feltham, 1993; Kamzolova et al., 2010; Hemraj et al., 2013; Nikhil et al., 2013;
Karthika et al., 2014). Further identification was carried out using 16S rRNA gene sequencing
using the universal primers (Forward; 5’-GGACTACAGGGTATCTAAT-3’ and Reverse: 5’AGAGTTTGATCCTGG-3’).
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2.4 Formulation of diesel degrading consortia
Purity test was initially carried out from the screened bacteria using plating culture for 24 hours at
370C (Wang et al., 2011). Bacteria resting cells involving the screened strains at 1.5 x 105 cells/mL
for each strain was prepared separately and used as inoculums. These inoculums were used to
prepare diesel degrading consortia based on the protocols adopted from Sarkar et al., (2011).
Initially, compatibility testing was performed by cross spreading all the screened strains
simultaneously on a single NA plate and incubated for 24 hours at 370C (Raja et al., 2006). Mixed
appearance of colonies indicates all the screened bacteria as compatible to one another.
Experimental repetitions for the consortia formulation was calculated using the combined
mathematical permutation. This calculation was represented by the following formula as adopted
from Rosen, (2007).
E
=
n! ̸ (n-r)!r!
(2)
Where,
E = total number of experimental repetitions,
n = total number of bacteria involved (4),
r = number of bacteria per consortium,
! = factorial sign.
The component for each consortium was evaluated by the combination formula adopted from
Laisin et al. (2012). Hence, 11 variegated consortia named CST1 to CST11 were formulated for
each of 2% and 4%, whereby the isolates were arbitrarily represented by the alphabets A34, A35,
A36 and A38. These were made by combining equal proportions of the individual bacteria resting
cells (1.5 × 105 cells/mL each). From each formulated consortium, 100μL aliquots of the
inoculums was inoculated onto BHA medium containing 2% v/v and 4% v/v diesel concentration
separately (Umar et al., 2017). The plates were incubated at 370C for up to 192 hours with constant
monitoring on 24 hours’ basis for colony appearance (Karthikaet al. 2014). This criterion was used
in selecting the final consortium.
2.5 Optimization of the diesel degradation culture
During initial screening, the culture conditions used were temperature (370C), salinity (0 g/L), pH
(7.0), diesel concentration (2%, v/v). These factors were optimized using one factor at a time
analyses (Chan et al., 2009). The parameters range used include pH (5, 6, 7, 8, 9, 10, 11, 12),
Temperature (200C, 250C, 300C, 350C, 400C, 450C, 500C), salinity (0g/L, 5g/L, 10g/L, 15g/L,
20g/L, 25g/L), and diesel concentration (0%, 2%, 4%, 6%, 8%, 10%, v/v), as modified from Chen
et al. (2012). For each optimization analysis, best performing parameter value replaces the
previously used value for the subsequent experiments. Initially, the diesel degradation pH was
optimized by adjusting the BH medium pH using filter sterilized hydrochloric acid (0.1M) and
sodium hydroxide solution (0.1 M). Wide pH range of 5 to 12 was selected due to rare
documentation of pH effect on diesel biodegradation and results were recorded on 24 hours basis
up to 7 days (Pawar, 2015).
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The temperature optimization was performed using the best selected pH while incubation
temperature was varied as 250C to 500C with the remaining culture conditions being maintained
as those in the previous experiments. The plates were subsequently incubated and the growth of
the bacteria was measured at 24 hours intervals for 5 days. Salinity optimization was conducted
using 0 to 25 g/L sodium chloride (w/v) at 24-hours intervals for 7 days. Substrate optimization
was done by incorporating different concentrations of diesel oil (0% v/v to 10% v/v) into the
prepared BH agar. The pH, salinity and temperature were adjusted to reflect the optimum values
obtained. Bacteria population was measured at 24 hour intervals for 7 days.
2.6 Heavy metals tolerance on diesel degrading Consortium
The effects of Mg++, Mn++, Co++, Fe++ and Zn++were tested on the diesel degrading consortium
from the previous experiments based on the method adapted from Nwagwu et al. (2017). This was
performed using the BH agar supplemented with 2% filter sterilized diesel oil. Experimental
treatments were performed using different concentrations (1 to 4 g/L) of the selected heavy metals
at the optimum conditions.
2.7 Data analysis
The data obtained from the diesel biodegradation were statistically analyzed using one way
analyses of variance (ANOVA) at 95% confidence limit. Replicates data were presented as mean
± standard deviation based on the Tukey’s HSD and Duncan’s Multiple Range Test (DMRT).
3. Results
During bacteria isolation, 47 different strains were obtained from the 12 samples of diesel
contaminated soil based on plating techniques where profuse populations were observed with
different morphology. These bacteria were screened on varying concentrations of filter sterilized
diesel oil as the sole carbon source in BH agar. A total of 30 different strains produced colonies
range of 2.0 x 102 cfu/mL to 1.9 x 106 cfu/mL in 2%, v/v diesel oil after 192 hours (Fig 1). When
subjected to higher diesel concentration of 4% v/v, only 27 strains produced a population range of
3.0 x 102 cfu/mL to 7.8 x 104 cfu/mL which shows tremendous reduction from what was obtained
at 2% diesel oil (Fig 2). The entire 47 isolates where also subjected to increased diesel oil of 6%
which indicates no colony was produced even after 192 hours. Based on the screening results, four
isolates designated as A34, A35, A36 and A38 produced 7.3 x 104, 7.2 x 104, 7.0 x 104, 1.9 x 105
cfu/mL and also 1.9 x 104, 4.6 x 104, 4.8 x 104, 7.8 x 104 cfu/mL at 2% and 4% v/v diesel oil
respectively (Fig 1 and 2). These were found to be the highest recorded bacteria response and the
strains were selected for further analyses.
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Figure 1: Screening of bacteria isolates using 2% v/v diesel oil as sole carbon source in BHA at
370C incubation temperature.

Figure 2: Screening of bacteria isolates using 4% v/v diesel oil as sole carbon source in BHA at
370C incubation temperature.
International Journal of Environment

ISSN 2091-2854

56 | P a g e

During the initial 48 hours of incubation, the screened isolates started diesel degradation while
most of the remaining isolates started after 96 hours of incubation. These differences might be due
to the initial biodegradation resistance of 2% v/v concentration. The screened isolates A34, A35,
A6, and A38 were identified as Alcaligenes sp., Ochrobactrum sp., Alcaligenes aquatilis and
Alcaligenes faecalis UMYU001 (MN519483.1) respectively. The screened and identified isolates
were used in the formulation of effective diesel degrading consortia (Table 1). All the four bacteria
were found to be compatible with one another despite being isolated from different environments.
The mathematical permutation applied suggested 11 different consortia which were formulated in
a mixed combination of two, three, and four strains separately having equal volumes of 1.5 x 105
cells/mL resting cells for each strain (Table 1). The combined degradation strength of the
individual consortium was found to produce tremendous colonies even at 4%, v/v diesel oil. Hence,
consortium 11 (CST11) was selected to be the best for diesel biodegradation.
Table 1: Consortia formulation containing equal ratio of different bacteria strains (4.0 x 104
cells/mL) during diesel degradation after 96 hours at 2%, v/v diesel oil.
Name
CST1
CST2
CST3
CST4
CST5
CST6
CST7
CST8
CST9
CST10
CST11

Combination
A and B
A and C
A and D
B and C
B and D
C and D
A, B and C
A, B and D
A, C and D
B, C and D
A, B, C and D

48 hrs growth
(CFU/mL)
2.0 × 102 ± 7.07e *
3.0 × 103 ± 2.83b
4.4 × 102 ± 14.14e *
1.6 × 103 ± 22.63c
3.0 × 102 ± 33.94e *
4.8 × 102 ± 13.94e *
1.6 × 103 ± 11.31c
1.1 × 103 ± 22.63c
0.6 × 102 ± 22.7f *
4.8 × 102 ± 22.63d *
1.6 × 104 ± 90.51a

72 hrs growth
(CFU/mL)
3.0 × 102 ± 7.07f *
3.0 × 103 ± 2.83b
6.4 × 102 ± 14.14d *
1.9 × 103 ± 22.63c
7.8 × 102 ± 33.94d *
6.7 × 102 ± 13.94d *
1.7 × 103 ± 11.31c
1.4 × 103 ± 22.63c
3.3 × 103 ± 22.7b *
8.0 × 102 ± 22.63e *
1.7 × 104 ± 90.51a

96 hrs growth
(CFU/mL)
16.48± 4.30b
1.99±0.04e
5.67±1.83d
4.56±0.79d
23.12±1.36a
5.56±2.88d
18.76±4.81b
9.12±3.51c
4.89±3.27d
13.96±1.41bc
8.32±0.68c

Note: Different superscripts (a, b, c, d, e, f ) represent significant differences within columns while (*)
denotes significant differences between columns (p≤0.05). The letter A represent Alcaligenes sp.,
B: Ochrobactrum sp., C: Alcaligenesaquatilis, and D: Alcaligenesfaecalis UMYU001
(MN519483.1).
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Regarding the culture conditions optimization based on single factor at a time analyses, wide pH
range of 2 to 12 was selected so as to observe the response of the selected consortium. The result
indicates the consortium has an excellent performance at neutral pH of 7.0 which indicate all the
bacteria performance are pH dependent (Figure 3A). As for the diesel oil concentration, it was
evident that 2% diesel quantity provides the best concentration for the biodegradation experiments
(Figure 3B). The salinity optimization showed that sodium chloride only possesses inhibitory
effect to the formulated consortium (Figure 3C). This was observed from the decreased bacteria
population as the salinity concentration increases. The optimum temperature recorded was 350C
which is very close to the initial 370C used for the isolation. At this 350C temperature, consortium
population reaches up to 4.9 x 104cfu/mL ± 1.7 (Figure 3D).When all the optimum parameters
were used at a time to degrade 2% v/v diesel concentration, the result obtained indicate a very high
increase of 1.7 x 104cfu/mL while the individual bacteria attained 7.0, 3.0, 15.0 and 9.0 x102
cfu/mL for Alcaligenes sp., Ochrobactrum sp., Alcaligenes aquatilis and Alcaligenes faecalis
UMYU001 (MN519483.1) respectively (Figure 4).
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Figure 3: Optimization of biodegradation conditions using bacteria consortium CST11 indicating
optimum (A) pH, (B) substrate concentration, (C) salinity and (D) temperature.
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Figure 4: Comparison of the bacteria growth population that survived at the sole expense of 2%,
v/v diesel oil between the formulated consortium and the individual isolates.
The heavy metal resistance thresholds exhibited by the isolates in the chosen consortium (CST11)
for Mg++, Mn++, Zn++, Co++ and Fe++ was presented in Figure 5. Magnesium was the highest
tolerated heavy metal by the consortium where 70 ± 0.01 cfu/mL was produced at 3.5 g/L. As for
the Mn++, Zn++, Co++, and Fe++ only 1 g/L was tolerated by the consortium with a total population
of 670 ± 0.12, 50 ± 0.06, 510 ± 0.08, 80 ± 0.02 cfu/ mL, respectively.
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Figure 5: Bacteria population obtained when CST11 was grown at 2% v/v diesel oil which was
co-contaminated with varying concentrations (0 to 4 g/L) of Mg, Mn, Co, Zn and Fe.

International Journal of Environment

ISSN 2091-2854

59 | P a g e

4. Discussion
Persistent contamination is associated with buffering ability of petrochemical compounds to
neutralize basic pH (Essien and John, 2010). Study by Harrot-Paw, (2012) demonstrated the ability
of diesel, at high concentrations, to reduce microbial growth in soils up to 55%, depending on the
soil type. This could be as a result of the differences in the persistence of diesel contaminants over
time, and microbial survival capability which corresponds with those of the optimized parameters
in Figure 3. The study findings on the microbial counts are also within the range of the reported
studies by Karthika et al. (2014), and Nikhil et al. (2013) who obtained bacteria growth ranges of
2.64×107 -7.88×108 cfu/g from diesel contaminated soil. This can be explained by the selection
pressure that the heavy diesel contamination subjects the organisms. Musa, (2019) on the other
hand reported an average value of about 1.0 ×107 cfu/mL of diesel degrading bacteria from engineoil contaminated soil.
The screening results showed some of the isolates can readily withstand both 2% and 4% diesel
concentrations (v/v) where significant differences in the growth population was observed (Table
1). There is direct relationship between performance of diesel degrading bacteria at 2% and 4% as
evaluated using the Pearson Correlation Coefficient (r =0.92), with R value of 0.84. The results
from ANOVA indicate that the bacterial survival response in diesel oil after 8 days of incubation
was significantly different (p <0.05). The screened and identified isolates include Alcaligenes sp.
(A34), Ochrobactrum sp. (A35), Alcaligenes aquatilis (A36) and Alcaligenes faecalis UMYU001
(MN519483.1), A38. These isolates were reported in the previous literatures to be able to degrade
diesel oil (Lee et al., 2006; Nikhil et al., 2013; Karthika et al., 2014; Rehman et al., 2015; Umar
et al., 2020).
All these bacteria are gram positive which reduces the chances of antagonism among them through
the secretion of lytic enzymes and other toxic, inhibitory substances (Pelczar et al., 2003).
Occupation of the same ecological niche and co-metabolizing on the same substrate may also
contribute to the fact that in almost all the scenarios, the consortia performed better than single
strains (Figure 4). The longer time period taken before growth of the organisms can be attributable
to the time lag before cellular syntheses of necessary enzymes for diesel utilization as a sole carbon
source (Rehman et al., 2015).
The results of the optimization studies showed that the selected consortium can survive within the
mesophilic temperature range of 250C to 450C. The best temperature supporting the growth of the
consortium was 350C which produced a higher population of 4.9 x 104 cfu/mL ± 1.7, followed by
400C with 4.4 x 104 cfu/mL ± 1.04 while 200C and 500C do not produced any colony. These
observations are in concomitance with observed temperatures of the soils from where the samples
were collected. Therefore, the organisms were comfortable with the mesophilic temperature range
prior to isolation. The adversity of higher and lower temperatures to cellular physiologic
functionalities and enzymatic activities are well established. Mesophilic organisms are previously
International Journal of Environment

ISSN 2091-2854

60 | P a g e

reported to carryout diesel biodegradation by Agarry and Latinwo (2015) among many others.
Furthermore, higher temperatures can coagulate cellular proteins, and non-optimal temperatures
may predispose cellular activities to a sluggish nature, or stop them altogether. Nonetheless, the
presence of heat-shock proteins in some bacteria and endospore formation are advocated as
survival mechanisms in cases of extreme temperatures (Willey et al., 2013). Indeed, very few
reports of degradation at low temperatures exist (Darma et al., 2019).
The survival pH range of the organisms was 4 to 11 which showed the versatility of the organism
and their capability to potentially biodegrade diesel irrespective of wide pH fluctuations.
Additionally, changes in pH can damage the balance of microbial fluids/buffers. Extreme pH
values affect microbes by breaking the DNA and catalyze protein denaturation which is directly
related to survival, growth and proliferation of soil microorganisms (Rousk et al., 2009). In a
previous studies by Umar et al. (2017; 2020), the best pH for proliferation of hydrocarbonoclastic
bacteria was determined to be neutral.
Regarding the salinity optimization, the consortium can survive a salinity of up to 40mg/L, with
proportionate decreases in the cfu/mL of the diesel degrading bacteria as the salinity increases.
When applied in excess, sodium chloride can inhibit microbial growth due to high osmotic pressure
(Willey et al., 2013). However, survival may be entrenched by possession of genetic factors, such
as the presence of the Pro U operon, an important osmoregulatory locus. Comparatively, Riis et
al. (2003) demonstrated the ability of diesel degrading bacteria to survive at salinities of 025%w/v. The substrate optimization results indicate the preference of the consortium to lower
diesel quantity as higher concentration might slower the degradation process.
The results of the heavy metal tolerance experiments indicate that the highest resistance was
exhibited against Mg++, Mn++, Zn++, Co++ and Fe++. Generally, higher concentrations of heavy
metals are known to diminish microbial activity, through inhibition of microbial enzymes, causing
DNA mutation (Nordberg et al., 2007; Umar et al., 2018). This toxicity of the metals at the high
concentration may be responsible for the rapid decrease in the consortium population upon
increase in concentration (Hassen et al., 1998).
The resistance threshold of the consortium was higher in Mg++ and Mn++and Co++ than in the
Zn++ and Fe++. This suggested that lower molecular weight metals are more tolerable for the
formulated consortium than those with higher masses. The concentration of metals resisted by the
consortium was higher to those found in the contaminated soils of Katsina (Hassen et al., 1998).
An explanation for the relatively high resistance thresholds of these metals centers on the fact that
their natural habitats are potentially saturated with these heavy metals, and hence, the organisms
have in-built mechanisms for survival in heavy metal contaminated environments (Oaikhena et al.
2016).
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Furthermore, some of the heavy metals tested are required in low concentrations for effective
survival as Zn++ is quintessential constituent of many metalloenzymes and transcription factors
(Nordberg et al., 2007). Such play roles of significance in cell functions ranging from transcription
and replication to gene expression and signal transduction. However, higher concentrations of
Zn++ may be deleterious to absorption of other equally essential nutrients and minerals. Some of
these metals are used as co-factors in enzymatic reaction, and iron in particular, plays a role in the
electron transport chain. However, the low tolerance to Fe++ in this study can be attributable to
Fe++ insolubility and its reactivity, which may extirpate its ready availability and escalate its
toxicity (Nwagu et al., 2017).
The regulation of Fe++ is controlled by two protein subclasses during uptake and export in the
event of deficiency or excess with impending cellular toxicity. Hence, Fe++ can rigorously monitor
transportation. One of the major proteins involved in the cellular uptake of Fe++ is transferrin,
however, Mn++ and Zn++ are known to also bind to transferring thereby causing cellular
predicaments (Nordberg et al., 2007).
5. Conclusion
This study identified Alcaligenes sp., Ochrobactrum sp., Alcaligenes aquatilis and Alcaligenes
faecalis UMYU001 (MN519483.1) as the best performing isolates that survived at the sole
expense of diesel even in the presence certain heavy metals co-contaminants. The formulated
consortium has surviving conditions ranges of 25 to 450C (350C optimum), pH of 5 to 11 (pH 7
optimum), salinity range of 0 to 20g/L (0g/L optimum) and a substrate concentration (diesel
concentration v/v) of 2% to 12% (2% optimum). The heavy metal resistance thresholds of the
consortium were: Magnesium (3.5 g/L), Manganese (1.0 g/L), Zinc (1.0 g/L), Cobalt (1.0 g/L) and
Iron (1.0 g/L).
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