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Abstract The aim of work was to check and make com-
parison of efficacy for five approaches for petroleum crude
contaminated agricultural soil remediation by making use
of soil microcosms. Concerning the published literature in
our information, this is the first report comparing five
approaches i.e. abiotic losses, native microbial flora,
nutrient amendments and pre-adapted native microbial
culture and concurrent amendments of nutrients + pre-
adapted native microbial culture for agricultural soil
bioremediation using Pseudomonas aeruginosa NCIM
5514 by performing soil microcosm experiments.
96.00 + 0.18% degradation of petroleum hydrocarbon
fractions in 60 days of the experiment was observed when
nutrients and P. aeruginosa NCIM 5514 were applied
concomitantly. In nutrients- and P. aeruginosa NCIM
5514-added microcosm reduction in nitrogen, organic
carbon, and phosphorus was noted. P. aeruginosa NCIM
5514, can be applied as a prospective bioremediation agent
to remediate petroleum crude contaminated soil.
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Introduction

Terrestrial crude oil spills due to activities of the petroleum
industry is a burning research topic for environmental
scientists and engineers and hence is the most perspective
field of research [1]. The demand for petroleum products
has been increasing drastically in the past two decades. For
this petroleum, crude has been produced, explored and
refined globally [2, 3]. Therefore, the risk of soil contam-
ination due to oil spills is increasing at an alarming rate
[2, 4].

Petroleum crude exploration and processing activities in
the oilfields of India are apparent, very old petroleum crude
operation in India has been started in Southern Gujarat. Oil
and Natural Gas Corporation Limited (ONGC), a very
well-known oil and gas exploration company has installed
many units related to petroleum activities in Ankleshwar.
Therefore, this region is more susceptible to environmental
pollution from petroleum oil spills. This exuberant of
petroleum crude in Gujarat represent both blessing and
harm because petroleum crude exploration as well as
drilling locations and group gathering stations have been
situated near human settlings including agricultural area-
s/belts. During petroleum industrial activities petroleum
crude leakage leads to the contamination of adjacent
agricultural areas/fields and water resources [5]. Accidental
and purposeful petroleum crude spillage and environmental
pollution is a top-tier threat for soil ecosystem and its biota,
as the transfer of harmful components of petroleum crude
takes place into the food chain, which leads biomagnifi-
cation of petroleum hydrocarbons due to their recalcitrant
and persistent nature [3, 6, 7]. Contamination of agricul-
tural soil by harmful chemicals present in petroleum crude
makes it of no use for its landowners as it causes negative
consequences on fertility of soil, because of this soil losses
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its applicability to be used for agriculture. Therefore,
remediation of agricultural soil contaminated with petro-
leum is a global issue for agricultural land restoration and
its use [1, 8].

Physico-chemical and thermal methods used for reme-
diation of contaminated soil with terrestrial oil spills due to
their reported drawbacks have become less favorable [9].
Biological technologies particularly the application of
microorganisms because of their sustainable nature have
been favored by researchers globally for petroleum crude
contaminated soil remediation works [10-12]. Degradation
of hydrocarbons after oil spill, occurs by weathering pro-
cesses or indigenous microorganisms [13]. Natural atten-
uation has been reported as a long-time process as
compared to the engineered processes [14]. Bioremediation
approaches including biostimulation and bioaugmentation
have become thrust area of research for environmental
biotechnologists because of its fewer energy requirements
and comparable operating costs [6, 15]. Altogether it has
the benefit of soil restoration ability [10, 16]. However,
during the bioremediation process, toxic metabolites may
be generated affects the microbial growth [17, 18].

Bioaugmentation approach follows the addition of
exogenously enriched microbes (which may be native to
the site or may be engineered for desired characteristics) to
the contaminated soil for its bioremediation [11, 19].
However, it has been reported that in biostimulation
approach favorable growth conditions for better growth of
microorganisms in the contaminated soil have been pro-
vided [13, 15]. It has been reported that for faster,
notable and efficient degradation of petroleum compounds
synchronization of biostimulation and bioaugmentation is
required [15, 17, 18, 20, 21].

Numerous laboratory studies have been performed for
application of Pseudomonas aeruginosa on petroleum
crude degradation worldwide. The study was focused to
compare five remediation technologies for biological
remediation of artificially contaminated agricultural soil
using soil microcosm trials. Biodegradation study has been
performed by applying gravimetric (for qualitative analy-
sis) and gas-chromatography (for quantitative analysis)
methods. The degradation of petroleum hydrocarbon
compounds reported in this study is faster than the reported
degradation (of petroleum hydrocarbons) by other
researchers, shows distinctiveness of this study. The study
was emphasized to check the feasibility of this bacterial
culture to increase petroleum crude degradation using
nutrient amendments.

Materials and Methods

Soil Sampling and Its Physico-Chemical
and Bacteriological Characterization

Oil and Natural Gas Corporation Limited (ONGC) is the
largest petroleum exploration company handled by Govt.
of India and carrying crude oil exploration activities at
different locations in India since 1960. Ankleshwar with
21.6264°N, 73.0152°E coordinates in the Bharuch district
in south Gujarat, India is a hub for industrial units [2].
ONGC has developed pipeline network for transporting
petroleum from oil well(s) to its group gathering stations
[22]. Because of this petroleum oil drilling, storage,
transportation, production, exploration, and processing are
potential sources of agricultural soil contamination [1, 2].

Keeping this in mind pristine soil samples (equal
quantity) from different five sites were collected from an
agricultural field near ONGC site, Ankleshwar. Samples
were collected in sterilized plastic bags, labeled and
transported to the laboratory (Storage: 4 °C). The compo-
sition of soil in terms of organic carbon, nitrogen and pH
was performed using standard procedures such as ASTM
and IS, as explained earlier [22]. Total viable count and
hydrocarbon utilizing bacterial count of soil sample were
performed by dilution plate-counting technique. For total
viable count and hydrocarbon utilizing bacterial count,
nutrient agar plates and crude oil supplemented Bushnell-
Haas (BH) plates were used, respectively. Percentage of
hydrocarbon utilizing bacteria (HUB) in the total viable
count of heterotrophic bacteria (TVC) was calculated by
the following formula [22]:

HUB

HUB in TVC(%) = = x 100

Crude Oil Sample Collection Site
and Characterization of Crude Oil

Cambay basin is located in the Western states of India and
has been actively explored approximately 55 years for oil
exploration and production by ONGC. Important fields in
the Cambay Basin are Ankleshwar, Gandhar, Sobhasan,
and Kalol [22]. The crude oil sample was collected from oil
well of Kalol oilfield, ONGC. TLC-FID detector
(HYDROSCAN MK-6s) was used to perform SARA
analysis of the crude oil. Other physicochemical parame-
ters such as viscosity, density and API gravity has been
performed using the methods as described previously [9].
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Source of Oleophilic P. aeruginosa NCIM 5514

Petroleum crude utilizing and biosurfactant producing P.
aeruginosa NCIM 5514 was isolated by authors before
6 years. Enrichment culture technique has been utilized to
obtain the said isolate from crude oil contaminated soil
sample of Ankleshwar asset of ONGC. Culture preserva-
tion, activation and growth parameters have been explained
earlier [22-25]. Authors have previously reported effective
utilization of petroleum crude (qualitative) by P. aerugi-
nosa NCIM 5514 employing a redox indicator 2,6
dichlorophenolindophenol. More details on biodegradation
(of petroleum crude) using this organism in a laboratory
experiment have been published earlier [25].

Soil Microcosms Study: Experimental Design

To evaluate the efficacy of remediation for artificially
contaminated agriculture soil using the P. aeruginosa
NCIM 5514, simulated conditions of crude oil contami-
nated field plots in form of the microcosms were created in

keep 20% water content. Tilling was used every week to
perform manual aeration. The purpose of tilling was to
homogenize soil by breaking lumps, making fine particles
and increase air circulation, which in turn increases contact
between soil amendments, homogenous distribution of oil
contaminants and microorganisms.

Petroleum Hydrocarbons Extraction
and Gravimetric Analysis

The concentration of petroleum hydrocarbons in each soil
microcosms was analyzed by method as previously
described [2]. In brief soil sample(s) (10 g) from each
microcosm (in triplicates) were taken periodically e.g. 0,
15, 30, 45 and 60 days. Hydrocarbons from soil(s) were
extracted as described earlier using chloroform, hexane and
methylene chloride [2, 5]. All extracts were mixed and
moisture was removed using anhydrous Na,SO,4. Evapo-
ration of remaining solvents was performed by drying and
residual petroleum carbon fractions recovered were deter-
mined by gravimetric quantitation. Percentage of crude oil

Crude oil initial concentration — Crude oil final concentration

Crude oil degradation(%) =

x 100

Crude oil initial concentration

30 cm x 23 cm x 6 cm size (without lid) containers. Five
soil samples collected from nearby agricultural land of
Ankleshwar oilfield, ONGC were mixed to have composite
sample, which was considered as representative soil sample
and used for microcosm studies i.e. bioremediation work.

Preparation of soil sample for further experiment has
been reported earlier [5]. In each microcosm 1 kg artifi-
cially crude oil contaminated soil was kept and specific
treatment was given. Microcosm experiments were con-
ducted at room temperature (Experiment time: 60 days).
Abiotic control was prepared by adding of 2 g of HgCl, to
the microcosm 1 as a biocide [26]. Activity of indigenous
bacterial flora was observed in microcosm 2. For bioaug-
mentation, the active culture of P. aeruginosa NCIM 5514
(2%, w/v) was used in respective microcosms (microcosms
4 and 5). This strain was inoculated in microcosm(s) to
achieve 10’ CFU/g HUB count. In microcosms 3 and 5, for
biostimulation nutrient amendment was done to attain
proportion of C:N:P as 100:10:1. NH4;NO3 and Na,HPO,
were used as bio-stimulants.

Moisture of soil was monitored two times in a week and
required amount of water was supplied to microcosms to
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reduction was estimated by the following equation [22, 25]:

Statistical analytical software SPSS 16.0 was used for
statistical analysis of the results obtained. Analyses were
performed in triplicates and results are represented as
mean + standard deviation [25].

Petroleum Hydrocarbon Composition by Gas
Chromatography

GC-FID technique was used for determination of carbon
compounds present in extracted crude oil (Method: ASTM
D7169) [25, 27]. 0.2 W petroleum crude was injected for
one cycle of GC which was having total run time 53.3 min.
Other conditions for GC have been explained earlier [5].
Calibration of the GC instrument was checked by running
ASTM D2887. Quantitative calibration mix (for C6—-C44
fractions) and polywax 655 (for higher paraffins) were used
as standards. Biodegradation efficiency was calculated by
following formula [27].
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100 — (Carbon fraction peak areain respective treated soil sample)

Biodegradation efficiency(%) =

x 100

Respective carbon fraction peak areain respective non treated soil sample

Hydrocarbon Utilizing Bacterial Enumeration

Enumeration of HUB in soil samples which were taken at
desired time intervals was performed using dilution plate—
counting technique. For this soil (10 g) was withdrawn
from each soil microcosm on 0, 15, 30, 45 and 60 days, and
was mixed with 90 mL of normal saline. Vortex mixer was
used to shake it. Thereafter aliquots of 0.1 mL were plated
on oil agar plate (Incubation: 37 £ 2 °C for 24-48 h).
HUB density was determined in terms of CFU/g for soil
samples [22]. Statistical analytical software SPSS 16.0 was
used to perform statistical analysis and results were noted
as described earlier [24].

Results and Discussion
Properties of Agricultural Soil and Crude Petroleum

Characteristics of soil including nutrient profiling have
been summarized in table S1. It showed 0.0015% HUB in
TVC. The crude oil used for presented works was collected
from petroleum crude well of Kalol, Gujarat, India. Kalol
is a city having 25.42 km? area and also known as an
industrial city. Petroleum crude showed 16% of moisture
content and 6.1429 of Saturates/Aromatics. Density at
15.5 °C was noted 867.5 kg/m>. However, specific gravity
and API gravity at 15.5 °C were 868.3 kg/m> and 31.46°
API, respectively. The viscosity of petroleum crude was
1885.02 cp. It also showed the presence of resins (6%) and
asphaltenes (4%).

Table 1 Hydrocarbon utilizing bacterial count in soil microcosms

Count of Hydrocarbon Utilizing Bacteria (HUB)
in Soil Microcosms

Soil microcosm 1 because of treatment with HgCl, did not
show any microbial count throughout the experiment.
Microcosm 2 in which artificially contaminated agricul-
tural soil was kept, showed 1.47 £ 0.05 x 10* CFU/g of
indigenous HUB population at 60 days. In soil microcosm
2, HUB count was observed indicates growth of indigenous
HUB of agricultural soil. Soil microcosm 3 showed higher
HUB population than that for soil microcosm 2 because of
nutrient addition, this indicates the influence of stimulation
by nutrients (Table 1). Microcosm 4  showed
0.08 + 0.01 x 10® CFU/g HUB population at end of the
experiment. Microcosm 5 at the initiation of the experi-
ment showed HUB population 4.82 + 0.11 x 10" CFU/g.
HUB count reached up to 4.0 &+ 0.80 x 10° CFU/g at
30 days experiment. After this decrease in HUB population
was noted which was 1.3 +£0.06 x 10° and
1.07 £ 0.15 x 10® CFU/g at 45 and 60 days, respectively
(Table 1). Increasing HUB count in soil samples from
microcosms 4 and 5 reveals the ability of added P.
aeruginosa culture to be alive or exist in the system and
utilize petroleum crude for its growth.

Influence of Nutrients Addition
and Bioaugmentation

Degradation (Qualitative) of hydrocarbons in crude petro-
leum oil samples from agricultural soil was performed
using gravimetric analysis as depicted in Fig. 1. Petroleum

Soil microcosm no.

Hydrocarbon utilizing bacterial count (CFU/g)*

Time (days)

0

15

30

45

60

Soil microcosm 2
Soil microcosm 3
Soil microcosm 4

Soil microcosm 5

0.53 + 0.11 x 10?
0.54 + 0.11 x 10?
495 + 0.13 x 10’
4.82 +0.11 x 10’

1.29 + 0.02 x 10°
1.81 + 0.01 x 10°
5.36 + 0.31 x 107
832 + 0.11 x 10®

0.68 + 0.17 x 10*
1.35 + 0.19 x 10*
6.76 + 0.08 x 107
4.0 4+ 0.80 x 10°

2.20 + 0.01 x 10*
3.09 + 0.23 x 10*
0.93 + 0.39 x 10®
1.30 £ 0.06 x 10®

1.47 £ 0.05 x 10*
1.84 £ 0.11 x 10*
0.08 + 0.01 x 10®
1.07 £ 0.15 x 10®

CFU/g colony forming unit per gram

#Values are mean of three replicates noted during the experiment, error bars indicate standard deviation
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Fig. 1 Petroleum crude (% 100

degradation) in soil microcosms

for different bioremediation 90

approaches; Values are mean of 80

three replicates noted during 70

60 days of the experiment, error

bars indicate standard deviation 60
50

40
30
20
10

DEGRADATION (%)

crude degradation (quantitative) was performed by means
of fingerprinting petroleum hydrocarbons employing gas
chromatography technique. Influence of natural attenuation
on degradation of hydrocarbons in crude oil samples
extracted from microcosms 2 has been summarized in
table S2. Role of nutrients addition, bioaugmentation and
nutrients addition + bioaugmentation have been shown in
tables S3, 2 and 3. As shown in Fig. 1 in case of soil
microcosm 1, 5.18% degradation (gravimetric analysis) of
petroleum hydrocarbons was noted at end of experiment. In
microcosm 5 at 60 days, 96.00% and 95.22% degradation
of crude oil by gravimetric and gas chromatography anal-
ysis, respectively was noted (Fig. 1 and Table 3) As shown
in Table 3, at 60 days most of the normal alkane peaks
were decreased in soil microcosm 5 which was given a
concurrent treatment for addition of P. aeruginosa NCIM
5514 culture and nutrients. Normal alkanes fractions of
petroleum crude of soil microcosms for natural attenuation
(microcosm 2) and Bioaugmentation + Biostimulation
(microcosm 5) have been summarized in tables S2 and 3,
respectively. At 60 days in weathering control soil micro-
cosm C8 has been removed totally, showing the role of
abiotic factors in the degradation of petroleum hydrocar-
bons (Data not shown). In soil microcosm 2 i.e. in case of
natural attenuation, at 60 days of incubation C8—C10 have
been removed totally which indicates the role of native
hydrocarbon utilizers present in soil and abiotic factors
(Table S2). For soil microcosm 5 in which P. aeruginosa
NCIM 5514 and nutrients were added, C8—C14 and C16—
C17 compounds were totally utilized which indicates an
influence of external culture and nutrient addition
(Table 3). At 60 days in soil microcosm 5, C8-C14 and
C16-C17 were not detected but very less amount of C15
was detected, if taken as a whole then the trend by gravi-
metric analysis indicates an increase in the percentage of
petroleum crude degradation as shown in Fig. 1 and
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Table 3. C15 compound’s presence may be due to con-
version/transformation of compounds having high molec-
ular weight to low molecular weight compounds. Highest
and nearly complete biotic removal (99.92%) was observed
for C20 and C12 (41.96%) was noted to be least biode-
graded. C13-C15, C17-C24, C30-C32 and C34-C35 were
degraded more than 95%. C16, C26, C28, C29, C33 and
C36 + petroleum hydrocarbons were biodegraded from 85
to 95% (Table 3).

Effects of Pre-adapted P. aeruginosa NCIM 5514
Culture- and Nutrients-Addition on Selected
Nutrients in Microcosm

Sandy loam soil (colour: brown) was used in the study. Soil
properties and its nutrients profile have been enlisted in
table S1. Soil characteristics and selected nutrients at
bioremediation site (soil from microcosm 5) have been
depicted in Table 4. At the bioremediation site, a signifi-
cant change in pH during the experiment was not observed.
On the 60th day of experiment decrease in nutrients such as
organic carbon, nitrogen and phosphorus have been
observed. The nitrogen, organic carbon, and phosphorus
were recorded 0.25 &+ 0.05%, 0.96 + 0.03%, and
26433 £ 11.72 mg/kg on last day of experiment
(Table 4).

Significance of environmental factors, available nutri-
ents and biological factors in petroleum compounds’
biodegradation has been reported globally [5, 7, 13]. The
work reported in this manuscript also encourages the
importance of environmental, biological and nutritional
factors for rapid biodegradation of hydrocarbon com-
pounds present in petroleum oil (used for the said work). It
has been reported that microbial activities are faster (may
be due to efficient nutrient delivery) in the presence of
sufficient water indicates the significance of soil moisture
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Z;Bi)enzfr;e&(ﬁ:??sg?de Petroleum crude composition % Variation of petroleum crude composition % Removal

microcosm 4: effectiveness of 0 day 60 days

pre-adapted P. aeruginosa

NCIM 5514 C8 3802.70 0.00 100.00
Cc9 7237.61 0.00 100.00
C10 2003.70 0.00 100.00
Cl11 14,921.60 0.00 100.00
Cl12 23,780.03 0.00 100.00
CI13 20,938.79 0.00 100.00
Cl4 20,981.00 0.00 100.00
CI15 14,077.98 568.24 95.96
C16 16,859.91 4303.38 74.48
C17 18,624.03 16,815.59 9.71
C18 11,184.52 9154.32 18.15
C19 12,065.61 7118.22 41.00
C20 13,664.26 1543.71 88.70
C21 12,851.33 6030.39 53.08
C22 16,256.66 7241.60 55.45
C23 19,167.19 18,802.57 1.90
C24 13,908.54 9882.61 28.95
C26 12,546.89 3092.20 75.35
Cc27 14,221.29 8901.48 3741
C28 9006.22 2994.49 66.75
C29 8806.69 5662.51 35.70
C30 7143.20 2931.38 58.96
C31 5534.87 2024.47 63.42
C32 3890.80 267.12 93.13
C33 3253.79 385.20 88.16
C34 3008.78 721.18 76.03
C35 2000.21 660.57 66.97
C36+ 6748.64 1244.28 81.56
Total 318,486.84 110,345.51
Degradation (%) 0.00 65.35

content [28]. For soil microcosm study presented here, 20%
moisture level was maintained by addition of sterile water
in all microcosms during the whole experiment. 25-33 °C
temperature (temp.) was noted for all microcosms during
the experiment. Maintaining temp. is not possible to
achieve it on open land, therefore, biodegradation efforts
using P. aeruginosa NCIM 5514 shall be performed when
temp. is suitable for bioremediation works to be carried.
Most conducive C:N:P ratio to have notable crude pet-
roleum biodegradation is 100:10:1 [29]. Pristine agricul-
tural soil used to perform the study did not show reported
optimum C:N:P ratio. Hence, nutrients were added and
C:N:P was maintained at 100:10:1 for providing required
optimum nutrients concentration to native microbes (mi-
crocosm 3) and native microbes + P. aeruginosa NCIM
5514 (microcosm 5) for their growth. This in-turn leads
decomposition of hydrocarbons present in petroleum crude,

which was evidenced as the highest and speedy degrada-
tion of hydrocarbons in soil microcosm 5 (Tables 2, 3, S2
and S3). The decrease in petroleum hydrocarbons and
increase in HUB population has been reported by
researchers earlier [2, 30]. This supports results obtained in
the study presented here. Biodegradation can be conse-
quential when hydrocarbon degrading microbial population
in the soil sample is greater than 10° CFU/g [28]. Hence, if
HUB count is less than 10° CFU/g of soil, then to increase
hydrocarbon utilizing bacterial count treatment is required
by means of either biostimulation or bioaugmentation or
both [13, 15]. The agricultural soil used for the said work
showed very less HUB count (0.66 & 0.15 x 107) sug-
gesting treatment to the soil is needed to increase HUB
count. Therefore, artificially contaminated agricultural soil
was bioaugmented with P. aeruginosa NCIM 5514 and
biostimulation was performed using nutrient supplements
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Table 3 Petroleum crude carbon fractions in soil microcosm 5: effectiveness of nutrients + pre-adapted P. aeruginosa NCIM 5514 addition

Petroleum crude composition % Variation of petroleum crude composition % Removal Removal (%) by
P. aeruginosa NCIM 5514
0 day 60 days

C8 3802.70 0.00 100.00 0.00
C9 7237.61 0.00 100.00 0.00
C10 2003.70 0.00 100.00 0.00
Cl1 14,921.60 0.00 100.00 49.84
C12 23,780.03 0.00 100.00 41.96
C13 20,938.79 0.00 100.00 95.57
Cl4 20,981.00 0.00 100.00 95.21
C15 14,077.98 559.32 96.03 99.38
Cl16 16,859.91 0.00 100.00 94.27
C17 18,624.03 0.00 100.00 97.99
C18 11,184.52 2312.00 79.33 97.75
C19 12,065.61 1184.19 90.19 99.35
C20 13,664.26 567.00 95.85 99.92
C21 12,851.33 3250.03 74.71 97.04
C22 16,256.66 542.06 96.67 98.27
C23 19,167.19 41.71 99.78 94.62
C24 13,908.54 52.59 99.62 99.86
C26 12,546.89 22.58 99.82 90.21
C27 14,221.29 11.30 99.92 76.76
C28 9006.22 1331.42 85.22 91.37
C29 8806.69 1062.45 87.94 89.35
C30 7143.20 42.40 99.41 97.74
C31 5534.87 324.39 94.14 96.08
C32 3890.80 212.18 94.55 96.38
C33 3253.79 288.02 91.15 90.81
C34 3008.78 64.30 97.86 98.30
C35 2000.21 701.48 64.93 97.47
C36+ 6748.64 74.65 98.89 85.43
Total 318,486.84 12,644.07

Degradation (%) 0.00 95.22

such as NH4NO; (nitrogen source) and Na,HPO, (Phos-
phorous source).

The growth of hydrocarbon-degrading microorganisms
in the soil after it’s bioaugmentation in microcosms pre-
pared for bioremediation experiments is very important for
degradation of petroleum crude [5, 14, 19]. Results of the
present study demonstrate that biodegradation in 2nd and
3rd microcosms is because of native microorganisms and
native  microorganisms + nutrient(s) supplementation,
respectively. However, for 4th and 5th soil microcosms
biodegradation was because of exogenously introduced P.
aeruginosa NCIM 5514 and P. aeruginosa NCIM
5514 + nutrient(s) supplementation, respectively. For
microcosms 2-4, HUB count increased with time till

@ Springer

Table 4 Influence of pre-adapted P. aeruginosa NCIM 5514 cul-
ture—and nutrients—addition on characteristics of soil withdrawn
from microcosm 5

Characteristics Values®

0 day 60 days
pH 7.25 £+ 0.09 7.60 £+ 0.25
0.C. (%) 3.48 +0.03 0.96 £ 0.03
Nitrogen (%) 0.34 + 0.08 0.25 + 0.05
Phosphorus (mg/kg) 346.33 + 4.04 264.33 £ 11.72

O.C. organic carbon

*Values have been reported as the mean of three replicates + stan-
dard deviation
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45 days, but at the end of the experiment, the count of the
HUB was decreased. For 5th microcosm, HUB count
increased with time till 30 days thereafter it’s decrease was
noted till the end of the experiment. However, at the cor-
responding time interval, higher HUB count was noted in
microcosm 5 than that for microcosm 4. Similar results
were obtained for microcosms 2 and 3 i.e. higher HUB
count at a particular time was noted for microcosm 3 than
that for microcosm 2 indicating the effect of nutrient
amendments. This can be due to the utilization of nutrients
provided and hydrocarbons present in petroleum crude,
which leads to the increased microbial count and the
simultaneous decrease in petroleum hydrocarbons
(Table 4).

Soil microcosm experiments to study the efficacy of
various amendments in the soil including nutrients (NH,4.
NO; and KH,PO,) addition, soil grinding + nutrients
(NH4NO; and KH,PO,) addition and simultaneous
bioaugmentation and biostimulation on biodegradation of
crude oil carbon fractions have been studied [13]. They
have reported the highest degradation of petroleum crude
carbon fractions and increased hydrocarbon degraders
count when concurrent treatment of nutrient amendments
and bioaugmentation was given. The similar type of results
i.e. highest results for biodegradation of petroleum crude
has been reported in which researchers have concluded that
apart from bioaugmentation and biostimulation by nutri-
ents addition of biosurfactants gives better results [15]. In a
study presented here, P. aeruginosa culture used for
bioaugmentation produced a good amount of rhamnolipid
as reported earlier [23, 24]. Hence biosurfactant addition
was not performed for this study. Increased rate of degra-
dation of petroleum hydrocarbons and enhanced HUB
growth was recorded in microcosm 5 when collate to
microcosm 1, showing the efficacy of biostimulation and
bioaugmentation. Globally various reports are available
with similar results [15, 17, 30]. The presented study looks
similar with previously reported studies indicating better
biodegradation in a situation where biostimulation and
bioaugmentation have been applied in a synchronous way
[13, 14, 20].

Conclusions

The reported study here presents the feasibility of pre-
adapted P. aeruginosa NCIM 5514 with simultaneous
nutrients amendments for its application in agricultural soil
bioremediation. The results of soil microcosm (BA + BS)
study revealed nearly complete degradation of hydrocarbon
fractions at the end of the experiment. To summarise order
of the approaches used here for bioremediation from
increasing to decreasing pattern:

Bioaugmentation + Biostimulation > Bioaugmenta-

tion > Biostimulation > Natural attenuation > Weather-
ing control. The degradation of hydrocarbons reported in
this study is better both qualitatively and quantitatively as
compared to that of reported by other researchers. From the
results of microcosm study, it is concluded that P. aerug-
inosa NCIM 5514 can be employed as a potential bio-
degrader to remediate soil contaminated with petroleum
hydrocarbons.
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