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Abstract Three organic wastes (banana skin (BS),
brewery spent grain (BSG), and spent mushroom
compost (SMC)) were used for bioremediation of soil
spiked with used engine oil to determine the potential
of these organic wastes in enhancing biodegradation
of used oil in soil. The rates of biodegradation of the
oil were studied for a period of 84 days under
laboratory conditions. Hydrocarbon-utilizing bacterial
counts were high in all the organic waste-amended
soil ranging between 10.2x10° and 80.5x10°CFU/g
compared to unamended control soil throughout the
84 days of study. Oil-contaminated soil amended with
BSG showed the highest reduction in total petroleum
hydrocarbon with net loss of 26.76% in 84 days
compared to other treatments. First-order kinetic
model revealed that BSG was the best of the three
organic wastes used with biodegradation rate constant
0f 0.3163 day ' and half-life of 2.19 days. The results
obtained demonstrated the potential of organic wastes
for oil bioremediation in the order BSG>BS>SMC.
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1 Introduction

Engine oil is a complex mixture of hydrocarbons and
other organic compounds, including some organome-
tallic constituents (Butler and Mason 1997) that is
used to lubricate parts of an automobile engine, in
order to smoothened engine operation (Hagwell et al.
1992). Used motor oil contains metals and heavy
polycyclic aromatic hydrocarbons that could contrib-
ute to chronic hazards including mutagenicity and
carcinogenicity (Keith and Telliard 1979; Hagwell et
al. 1992; Boonchan et al. 2000). Prolonged exposure
to high oil concentration may cause the development
of liver or kidney disease, possible damage to the
bone marrow, and an increased risk of cancer (Propst
et al. 1999; Mishra et al. 2001; Lloyd and Cackette
2001). In Nigeria and some developing countries,
about 20 million gallons of waste engine oil are
generated annually from mechanic workshops and
discharged carelessly into the environment (Faboya
1997; Adegoroye 1997). According to USEPA
(1996), only 1 1 of used engine oil is enough to
contaminate one million gallons of freshwater. Used
engine oil also renders the environment unsightly and
constitutes a potential threat to humans, animals, and
vegetation (ATSDR 1997; Edewor et al. 2004;
Adelowo et al. 2006). Environmental pollution with
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petroleum and petrochemical products has attracted
much attention in recent times. The presence of
various kinds of automobiles and machinery vehicles
has caused an increase in the use of motor oil.
Spillages of used motor oils such as diesels or jet
fuels contaminate our natural environment with
hydrocarbon (Husaini et al. 2008).

As the usage of petroleum hydrocarbon products
increase, soil contamination with diesel and engine
oils is becoming one of the major environmental
problems. To investigate the countermeasure to
remediate soils contaminated with oils, bioremedia-
tion provides an effective and efficient strategy to
speed up the clean-up processes (Mandri and Lin
2007). Various factors may limit the rate of petroleum
hydrocarbon degradation including lack of essential
nutrients such as nitrogen. Therefore, the addition of
inorganic or organic nitrogen-rich nutrients (biostimu-
lation) is an effective approach to enhance the bioreme-
diation process (Hollender et al. 2003; Semple et al.
2006; Walworth et al. 2007). Positive effects of
nitrogen amendment on microbial activity and/or
petroleum hydrocarbon degradation have been widely
demonstrated (Jorgensen et al. 2000; Margesin et al.
2000, 2007; Brook et al. 2001; Margesin and Schinner
2001; Riffaldi et al. 2006).

The objectives of this work were to determine the
potential of banana skin, brewery spent grain, and
spent mushroom compost in enhancing biodegrada-
tion of used engine oil in soil as an alternative to the
use of inorganic fertilizers, which are very expensive,
and these organic wastes are widely available as
wastes in our environment. Also, we aimed to test a
kinetic model to determine the rate of biodegradation
of the hydrocarbon in the soil and subsequently
determine the half-life of the oil degradation.

2 Methods
2.1 Collection of Samples

The soil sample used was collected from the Nursery
section of Asia—European Institute, University of
Malaya, Kuala Lumpur in a sack and transported to
the laboratory for analysis. Used engine oil was
collected from Perodua car service center, Petaling
Jaya, while the organic wastes were collected from
different locations; banana skin (BS) was collected

@ Springer

from IPS canteen, University of Malaya, brewery
spent grains (BSG) was collected from Carlsberg
brewery, Shah Alam, Selangor, and spent mushroom
compost (SMC) was collected from Gano mushroom
farm, Tanjung Sepat, Selangor.

2.2 Microcosm Set-up Description

Soil (1.5 kg; sieved with 2-mm mesh size) was placed in
plastic vessels labeled A to D with a volume of about
3,000 cm® and polluted with 10% (w/w; Ijah and Antai
2003a) used engine oil (100,000 mg kg ' soil) and left
undisturbed for 2 days. After 2 days, 10% (Ijah and
Antai 2003a) of each organic waste (ground dry BS,
BSG, and SMC) were individually introduced into
each oil-polluted soil labeled A, B, and C, respectively,
and thoroughly mixed. The moisture content was
adjusted to 60% water holding capacity and incubated
at room temperature (28+2°C). Vessel D with only soil
and used engine oil served as control. The content of
each vessel was tilled twice a week for aeration, and
the moisture content was maintained at 60% water
holding capacity by the addition of sterile distilled
water. The experiment was set up in triplicate.

2.3 Sampling

Periodic sampling from each vessel was carried out at
14-day intervals for 84 days. Composite samples were
obtained by mixing 5 g of soil collected from four
different areas of the microcosm for isolation and
enumeration of bacteria and determination of total
petroleum hydrocarbon.

2.4 Physicochemical Property Determination of Soil
and Organic Wastes

Nitrogen content of soil used for bioremediation and
organic wastes was determined using the Kjeldahl
method, and phosphorus and carbon contents were
determined using ICP-OES and furnace method, respec-
tively. The pH was determined with pH meter (HANNA
HI 8424) on 1:2.5 (w/v) soil/distilled water after 30-min
equilibration. Triplicate determinations were made.

2.5 Total Petroleum Hydrocarbon Determination

Hydrocarbon content of the soil samples was deter-
mined gravimetrically by toluene cold extraction
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Table 1 Physicochemical

properties of soil and or- Parameter Soil Organic wastes

ganic wastes used for bio-

remediation BSG BS SMC
pH 6.12+0.23 6.66+0.49 7.04£0.29 5.64+0.25
Nitrogen (%) 0.4+0.02 1.02+0.1 0.4+0.01 0.5+0.03
Phosphorus 21.8+1.5 20.6+2.0 21.2+1.4 22.5+1.8

(mg kg ")

Organic C (%) 10.3+1.1 10.9£0.91 10.5+1.3 10.2+1.1
Moisture (%) 7.0£0.3 71.84+3.5 38.5+£2.86 62.3+4.12
Sand (%) 37.5+2.6 - - —
Silt (%) 18.75+1.95 - - -

BSG brewery spent grain, Clay (%) 43.75+2.75 - - -

BS banana skin, SMC spent Texture Clayey _ _ _

mushroom compost

method of Adesodun and Mbagwu (2008). Soil
sample (10 g) was weighed into 50-ml flask and
20 ml of toluene (AnalLar grade) was added. After
shaking for 30 min on an orbital shaker (model N-
Biotek-101M), the liquid phase of the extract was
measured at 420 nm using DR/4000 spectrophotom-
eter. The total petroleum hydrocarbon (TPH) in soil
was estimated with reference to standard curve
derived from fresh used engine oil diluted with
toluene. TPH data was fitted to first-order kinetics
model of Yeung et al. (1997).

y= ae ™™
Where y is the residual hydrocarbon content in soil
(g kg "), a is the initial hydrocarbon content in soil
(g kg'"), k is the biodegradation rate constant
(day™"), and ¢ is time (day). The model estimated
the biodegradation rate and half-life of hydrocarbons

in soil relative to treatments applied. Half-life was
then calculated from the model of Yeung et al.
(1997) as

Half life = In(2) /k

This model was based on the assumption that the
degradation rate of hydrocarbons positively correlat-
ed with the hydrocarbon pool size in soil (Yeung et
al. 1997).

2.6 Enumeration and Identification of Bacteria in Soil

Three replicate samples from each oil-polluted soil
were withdrawn every 14 days for the enumeration
of total aerobic heterotrophic bacteria (AHB). Seri-
ally diluted samples (0.1 ml) were plated on nutrient
agar medium (Oxoid) supplemented with 50pug/ml
nystatin to suppress the growth of fungi. Triplicate

B SOIL+OIL+BSG
0 SOIL+OIL+BS
8 SOIL+OIL+SMC

# SOIL+OIL
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Fig. 2 Counts of 90
hydrocarbon-utilizing bacte-

80 A

rial (HUB) population in
oil-polluted soil

B SOIL+OIL+BSG
0 SOIL+OIL+BS
B8 SOIL+OIL+SMC

SOIL+OIL

HUB Counts (x10° CFU/g)

plates were incubated at 30°C for 24 h before the
colonies were counted. Hydrocarbon-utilizing bacte-
ria (HUB) in the soil samples were enumerated using
mineral salt medium of Zajic and Supplission (1972;
1.2 g KH,PO,4 0.01 g FeSO,4.7H,0, 0.1 g NaCl, 20 g
agar, 1% used engine oil in 1,000 ml distilled water,
pH7.4). The oil agar plates were incubated at 30°C
for 5 days, and the colonies were counted and
randomly picked, and pure isolates were obtained
by repeated sub-culturing on nutrient agar (Oxoid).
The bacterial isolates were characterized using
microscopic techniques and biochemical tests. The
identities of the isolates were determined by com-
paring their characteristics with those of known taxa
as described in Bergey’s manual of determinative
bacteriology.

Fig. 3 Residual total petro- 90000 -

leum hydrocarbon in soil

during bioremediation 80000 ~
70000 ~
60000 -
50000 ~

40000 -

30000 -

Residual TPH (mg kg-1)

20000 -

10000 -
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2.7 Statistical Analysis

Statistical analysis of data was carried out using
analysis of variance.

3 Results

Table 1 shows the physicochemical properties of soil
and the organic wastes used for bioremediation
studies.

3.1 Microbial Counts

The counts of AHB in soil amended with BSG ranged

between 18.1x 107 and 60.0x 10" CFU/g, while that of
soil amended with BS and SMC ranged from 15.3 %

B SOIL+OIL+BSG
O SOIL+OIL+BS
8 SOIL+OIL+SMC
SOIL+OIL

Time (Days)
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Table 2 Net percentage loss of total petroleum hydrocarbon in soil during bioremediation
Treatment Time (days)

14 28 42 56 70 84
A 54.03+3.1 21.79+1.8 23.91+2.1 23.89+0.2 22.07+1.3 24.39+0.6
B 48.26+0.8 22.53+2.5 29.07+3.8 29.46+2.2 25.11+2.9 26.76+1.8
C 3243+1.7 7.11+£0.2 15.16+1.5 20.92+0.7 20.62+1.3 22.80+2.1

A=soil+oil+BS, B=soil+0il+BSG, C=soil+0il+SMC. Net% loss=% loss in TPH of oil-polluted soil amended with organic wastes—%

loss in TPH of unamended polluted soil

107 to 37.0x107 and 10.1x10” to 25.3x10"CFU/g,
respectively (Fig. 1). The unamended control soil had
the count of AHB ranging between 3.4x10” and 5.0x
10’CFU/g. The count of HUB was also higher in oil-
contaminated soil amended with different organic
wastes (Fig. 2). The count of HUB in soil amended
with BSG was about 5% higher than those amended
with BS and SMC. HUB count in BSG amended soil
ranged from 10.2x10° to 80.5x10°CFU/g, while
those amended with BS and SMC ranged from 8.4 x
10° to 52.0x10° and 11.5x10° and 32.4x10°CFU/g,
respectively. However, the HUB count in unamended
control soil was (1.0x10° to 3.5x10°CFU/g) lower
than those amended with organic wastes.

3.2 Biodegradation of Used Engine Oil

The level of biodegradation of used engine oil
throughout the study period is shown in Fig. 3. There
was a rapid reduction in the total petroleum hydro-
carbon within the first 14 days of the study in all the
soil amended with organic wastes compared to that of
unamended soil. At the end of the 14 days, there was
55%, 71%, and 76% TPH reduction in soil amended
with SMC, BSG, and BS, respectively, i.e., 54,872,
70,648, and 76,417 mg kgf1 TPH reduction, respec-
tively, was observed in amended soil compared to
22% (22,387 mg kg ') TPH reduction in unamended
control soil (Fig. 3).

At the end of 84 days, oil-contaminated soil
amended with BSG showed the highest reduction in
concentration of used engine oil (95%), followed
closely by soil amended with BS (93%), while
reduction in TPH in soil amended with SMC showed
92% in the concentration of used oil compared to the
unamended control soil that showed 68% reduction at
the end of 84 days. The effectiveness of each

amendment was determined by calculating the net
percentage loss of used oil in the contaminated soil.
The highest net percentage loss was observed at
14 days in soil amended with BS (54.03%) followed by
that of BSG (48.26%) and SMC (32.48%), respectively
(Table 2). However, the net percentage loss of oil
became higher in soil amended with BSG from 28 days
to the end of the experimental study (84 days)
compared with those of BS and SMC, respectively.

3.3 Biodegradation Rate Constant and Half-Life

First-order kinetics model of Yeung et al. (1997)
was used to determine the rate of biodegradation of
used oil in the various treatments. Table 3 shows the
biodegradation rate constant (k) and half-life (z;,,)
for the different treatments within the 84 days of
study. Data for the sampling periods were combined
before this model could be used. Soil amended with
BSG shows the highest biodegradation rate of
0.3163 day ' and half-life 2.19 days; the biodegra-
dation rates and half-life of soil amended with BS

Table 3 Biodegradation rate and half-life of hydrocarbon in
oil-polluted soil

Treatment Biodegradation Half-life (¢1/,) days
constant (k) dayf'

A 0.3016 a 2.30

B 0.3163 b 2.19

C 0.2189 a 3.17

D 0.1604 a 4.32

A=soil+0il+BS, B=soil+0il+BSG, C=soil+oil+SMC, D=
soil+oil. Values followed by letter b indicate significant
difference at the P<0.05 level, while values followed by letter
a are not different significantly at the P<0.05 level
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and SMC are 0.3016 day ', half-life of 2.30 days
and 0.2189 day ', half-life of 3.17 days, respective-
ly. The biodegradation rate of unamended control
soil was the least, 0.1604 day ' and half-life of
4.32 days.

4 Discussion

The counts of HUB in all the soil amended with
various organic wastes were higher compared to that
of unamended control soil; these counts are compa-
rable to those of Ijah and Antai (2003b), who
observed counts of hydrocarbon degraders in oil-
polluted soil to be x10°CFU/g but lower than those
obtained by Antai and Mgbomo (1989) whose counts
of HUB in hydrocarbon-contaminated soil was x10®
CFU/g; this may be due to differences in microbial
ecology of the soil or characteristics of the experi-
mental soils. The reason for higher counts of bacteria
in amended soil may be the result of the presence of
appreciable quantities of nitrogen and phosphorus in
the organic wastes, especially high nitrogen content in
BSG (Table 1), which is a necessary nutrient for
bacterial biodegradative activities (Nakasaki et al.
1992; Tjah and Antai 2003a; Joo et al. 2001, 2007;
Adesodun and Mbagwu 2008).

HUB isolated from the soil samples were identified
as species of Acinetobacter, Micrococcus, Pseudomo-
nas, Nocardia, and Bacillus. These bacterial species
had been implicated in hydrocarbon degradation by
different authors (Ijah 1998; Ahn et al. 1999; Van
Hamme et al. 2003; Bento et al. 2005; Das and
Mukherjee 2007). Of all the bacterial isolates,
Acinetobacter and Nocardia species demonstrated
higher ability in utilizing hydrocarbon when inocu-
lated directly into minimal salt broth containing used
oil as the sole source of carbon and energy (results not
shown); this may be due to the presence of efficient
hydrocarbon degradative enzyme systems and the
presence of catabolic genes involved in hydrocarbon
degradation in the bacterial species (Kyung-Hwa et al.
2006; Majid et al. 2008).

Total petroleum hydrocarbon was determined in
this study rather than individual petroleum compo-
nents because used oil is highly variable and have
altered structure due to combustion process (Tauscher
1988; Adesodun and Mbagwu 2008). Biodegradation
of used oil was high (92-95%) in all the soil amended
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with different organic wastes compared to the
unamended soil (68%). The kinetic parameters ob-
served in this study show that the rate of degradation
of used oil in soil amended with BSG was higher than
other treatments; this may be due to high percentage
of nitrogen present in BSG compared to other organic
wastes (Table 1) and bioavailabilty of the nutrients in
BSG to bacterial species in the oil-polluted soil.
However, the rate of oil breakdown in soil amended
with SMC was lower than those of BS and BSG; this
might be due to its low pH throughout the 84 days of
study (result not shown) because low pH condition do
affect the growth and biodegradative activities of
HUB in soil.
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