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ABSTRACT

To remediate crude oil-contaminated soil, poultry droppings and sunflower seed husk were incorporated at various concentrations. Initially, the
pH, moisture content, total organic carbon (TOC), total nitrogen content, and bacterial population of soil, poultry droppings, and sunflower
seed husk were determined. The initial bacterial population was 35 X 10° colony forming units/g soil (dry weight basis). The total petroleum
hydrocarbon (TPH) content in crude oil-contaminated soil was 7,048.4 mg/kg, in which 857.9 mg/kg accounted for eicosane. Naphthalene and
acenaphthalene were the two polyhydroxy aromatic hydrocarbons present in soil at low concentrations. After the amendment, the pH, moisture
content, microbial population, and TPH content of soil were determined on days 20, 40, and 60. The TPH concentration was considerably decreased
in the treatment T4 wherein 250 g of soil was mixed with 125 g of poultry droppings and 125 g of sunflower seed husk. The indigenous bacterial
population was also increased tremendously. The dehydrogenase enzyme activity was increased in the amended soil (T4: 0.74 = 0.06 ug TPF/g/h).

After the treatment of soil, the germination percentage and vigour index of maize, lady’s finger and tomato seeds were enhanced.
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1. Introduction

Crude oil is a naturally occurring, unrefined petroleum, and yel-
low-to-black liquid found within the Earth, and it is composed
of hydrocarbons, organic compounds, and small amounts of metal
[1]. Most of the components present in crude oil have low water
solubility because of their low polarity and high substrate
hydrophobicity. Soil contaminated with crude oil causes severe
environmental issues because crude oil particles bind to soil par-
ticles and the contaminated soil particles become nonbioavailable
for microorganisms, resulting in poor contact between food and
microorganism and thus limiting the rate of mass transfer for bio-
degradation [2-4]. Furthermore, the contaminated soil possesses
complex compounds, such as alkanes, benzenes, and methyl-
benzenes, and these compounds cannot be easily removed and
thus leach into groundwater systems [5]. In addition, these com-
pounds can penetrate through macro- and micropores in soil, thus
limiting water and air transport necessary for organic matter con-
version [6]. Furthermore, crude oil present in soil may impair aera-
tion and infiltration of water into soil, as well as inhibit plant

growth. Thus, the physical properties of soil, including water hold-
ing capacity, total porosity, and macro porosity, would be decreased
[7]. Various physical and chemical methods employed for treating
crude oil-contaminated soil are depicted in Fig. 1.

Considering the demerits of existing technologies, an alternative
cheaper and environmentally friendly approach for enhancing pe-
troleum hydrocarbon degradation is required. Studies have used
animal and plant waste as a biostimulating agent to remediate
crude oil-contaminated soils. For hydrocarbon removal, con-
taminated soil has been treated with sewage sludge (mixed in a
ratio of 7:3) [8]; inorganic fertilisers (N, P, and K), cow dung, and
palm kernel husk ash [9]; aged refuse from landfills [10]; rice husk
combined with chicken manure [11]; sawdust [12]; and poultry
manure [13]. Agricultural and industrial residues enhanced the
colonisation of microorganisms due to favourable sorption proper-
ties and high mechanical resistance [14, 15].

The carrier or immobilisation matrix provides a protective micro-
environment to microbial inoculants, either physically by providing
a protective surface or pore space or nutritionally by providing
specific substrates [16]. These materials should be nontoxic both

This is an Open Access article distributed under the terms
s ©f the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-n¢/3.0/) which per-

mits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.
Copyright © 2021 Korean Society of Environmental Engineers

Received June 26, 2020 Accepted October 14, 2020

T Corresponding author
Email: merline@annauniv.edu
Tel: +91 9884216255
ORCID: 0000-0002-4674-588X



Sinduja Boopathy et al.

More cost, airflow
through the
saturated zone is
not uniform

CRUDE OIL
CONTAMINAATED
SOIL TREATMENT
OPTIONS

Fig. 1. lllustration showing various physical and chemical methods em-
ployed for treating crude oil contaminated soil.

to microbial inoculants and soil organisms and also be biodegradable
while possessing such chemical characteristics that enable them
to stay in soil long enough for the immobilised bacteria to perform
their function.

For the proper maintenance of the biological equilibrium in
soil, the physical, chemical, and biological characteristics of soil
are crucial [17, 18]. Any disturbance in soil affects the biological
equilibrium because it is susceptible to modifications caused in
the ecosystem [18]. However, the stability and fertility of soil are
predominantly determined by the activity of enzymes and dis-
tribution of microorganisms. Soil harbours numerous enzymes in-
cluding the representative of all enzyme classes such as oxidor-
eductases, hydrolases, isomerases, ligases, and transferases. These
enzyme groups are involved in the biogeochemical cycling [18]
of organic matter for nutrient mineralisation and energy generation
[19]. The dehydrogenase enzyme belonging to the oxidoreductase
group is considered crucial because it occurs in all living micro-
organisms [20] and is closely connected with microbiological redox
reactions [20]. The dehydrogenase enzyme plays a vital role in
indicating pollution in soil, which is known by the absence of
the enzyme in the polluted environment. A reduction in enzyme
activity and microbial abundance is attributed to the recalcitrant
nature and toxicity of compounds [21]. Hence, for remediating
such soils, it is essential to increase the microbial profile with
necessary enzyme systems capable of degrading pollutants.

North Chennai situated in Tamil Nadu, India, is home to several
oil refineries and other heavy industries and thus is one of the
most polluted areas in the state capital [22]. A preliminary site
analysis showed that alkanes, benzene, toluene, ethylbenzene and
xylene (BTEX), and polyaromatic hydrocarbons (PAHs) were found
in the soil and groundwater of the Manali region [23]. Because
of oil spills in the Manali region, groundwater was heavily con-
taminated, leading to human health issues [24]. Thus, a cost-effec-
tive and environmentally friendly method for removing oil pollution
from soil is required. Furthermore, microorganisms present in crude
oil-contaminated soil should have a protective shield to degrade

pollutants. However, for the efficient degradation of pollutants,
the microbial population should be increased by supplementing
nutrients to soil. Studies have attempted to remediate crude oil-con-
taminated soil by using residues of crops and animals for enhancing
the nutrient content and increasing the microbial population.
However, no study has examined the combined effect of poultry
droppings and sunflower seed husk on the remediation of crude
oil-contaminated soil. Hence, the present study aimed to remediate
crude oil-contaminated soil with sunflower seed husk and poultry
droppings.

2. Materials and Methods

2.1. Sample Collection

2.1.1. Soil

The soil sample used in this study was collected from Manali,
Tamil Nadu, India (13.1636°N, 80.2586°E). The area is highly pol-
luted by petroleum products containing a high amount of hydro-
carbons, resulting in contaminated soil, surface, and sub-surface
water. The soil was collected from outside the industrialised area
and near the Santhankadu Lake. The soil sample was collected
at a depth of 15 cm and stored in polythene bags. The soil sample
was sieved through a 2-mm mesh to obtain a uniform texture of
the soil.

2.1.2. Poultry droppings

Poultry droppings (faeces of chickens) were collected from a nearby
poultry farming facility. The dropping were dried and ground into
powder and stored in plastic containers at 4°C without freezing
until further use.

2.1.3. Sunflower seed husk

The hull of sunflower seeds was bought from Sai Agros Ltd. (Parrys,
Chennai, Tamil Nadu, India). The hulls were shredded into smaller
pieces, sun dried for a week, ground into powder, and stored in
plastic containers at 4°C for further study.

2.2. Characterisation of Soil, Poultry Droppings, and Sunflower
Seed Husk

The pH was determined using a pH meter with a soil to water
ratio of 1:2.5 and an equilibrium period of 30 min [25, 26]. Other
parameters, namely moisture content [27], total nitrogen [28], total
organic carbon (TOC) by wet oxidation [29], and phosphorus [30],
were determined. The bacterial population was estimated using
the soil extract agar medium [31]. The oil content of the polluted
and remediated soil samples was determined through gas chroma-
tography (GC) by using the toluene extraction method [32] and
sonication water bath method [33]. The hydrocarbon content of
the samples was determined using GC-mass spectrometry
(MS)-Agilent 6890N GC, Santa Clara, USA, equipped with MS
and a GC column (DB-5 MS 30 m X 0.25 mm and 0.25 um). The
heat programme of the column was started at 100°C (hold: 2 min),
which was increased at a rate of 15°C/min until it reached 160°C
and then at a rate of 5°C/min until it reached 280°C (hold: 10
min). Then, 1 uL of the extract was injected into the splitless mode
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(1 min). The injector port temperature was set at 200°C. The detector
(Electron Ionization-Mass Spectroscopy) temperature was set at
250°C with a nitrogen flow rate at 1.0 mL/min.

2.3. Degradation Studies

The experiment was conducted in plastic containers (upper diame-
ter: 22.6 cm, lower diameter: 13.0 cm, and height: 8.5 cm). Each
container was filled with 250 g of crude oil-contaminated soil.
The study was conducted with the following treatments, and for
each treatment, five replications were maintained [26].
T1: Soil contaminated with crude oil
T2: Soil + Poultry droppings (25 g) + Sunflower seed husk
(25 g)
T3: Soil + Poultry droppings (75 g) + Sunflower seed husk
(75 g)
T4: Soil + Poultry droppings (125 g) + Sunflower seed husk
(125 g)
T5: Soil alone (without crude oil contamination and amend-
ments)

After amendment with poultry manure and sunflower seed husk
at various proportions, the experimental setup was kept at room
temperature. The pH, moisture content, bacterial population, and
total petroleum hydrocarbon (TPH) content of soil were determined
at 20, 40, and 60 days. The schematic showing the treatment of
crude oil-polluted soil amended with poultry droppings and sun-
flower seed husk is shown in Fig. S1.

2.3.1. Microbial activity
The dehydrogenase enzyme activity, which is the measure of micro-
bial activity, was determined based on the biological reduction
of triphenyl tetrazolium chloride (TTC) by microorganisms [34].
Approximately 6.0 g of soil collected from the different treatments
was transferred in 50-mL serum vials, and 0.2 g of CaCO; was
added to each vial and thoroughly mixed. The content of the vials
was fully saturated to a water holding capacity of 100% by adding
1.0 mL of 3% aqueous solution of TTC, 1.0 mL of 1% of sucrose
solution, and 2.5 mL of distilled water. The vials were sealed and
incubated at 37°C for 24 h. Triphenyl Formozan formed in each
sample was extracted with hot methanol through filtration.
Filtration was performed until the red colour disappeared, and
the volume was made to 100 mL by adding methanol. The intensity
of the red colour of the filtrate for each sample was measured
using a spectrophotometer at 485 nm by using methanol as blank.
The concentration of formosan for each sample (dehydrogenase
activity) was determined by referring to the standard curve of for-
mosan (TPF) in methanol and expressed as ug/g/h of the sample.

2.4. Seed Germination Test

After treatment with sunflower seed husk and poultry droppings,
the suitability of the soil for crop growth was tested. The experiment
was conducted using one cereal crop, namely maize (Zea mays
L.) var. Col, and two vegetable crops, namely lady’s finger
(Abelmoschus esculentus) var. CO1 and tomato (Solanum lycopersi-
cum) var. CO2. Growth parameters, namely the seed germination
percentage, vigour index (VI), and mean time to germination, were

determined. Initially, the seeds were surface sterilised with 0.58%
sodium hypochlorite for 1 min and subsequently washed with
deionised water and air dried to prevent fungal infection. The
seeds were grown in polystyrene Petri plates (100 X 15 mm in
size). Each Petri plate was filled with 100 g of soil obtained after
the degradation study (amended with poultry droppings and sun-
flower seed husk). For comparison, one set of experiment was
conducted using soil without any crude oil contamination and
amendments. Approximately 20 seeds were placed in each Petri
plate, and for each treatment, five replications were maintained.
During the experimental period, the moisture content of the soil
was maintained at 50% by spraying sterile water. The germination
of seeds was monitored for 20 days, and for every two days, the
number of seedlings was counted and removed from the Petri plate.
Seed germination was determined based on the final germination
percentage, number of days to first germination (delay of germina-
tion), and mean time to germination.

The mean time to germination was determined using the follow-
ing formula [35].

Mean time to germinate = X (ni X di)/N, where

ni = Number of germinated seeds at day i

d = Incubation period in days

N = Total number of germinated seeds in the treatment

Vigour Index
VI was calculated on the 7th day [36] using the following formula:
VI = Total length of the seedling X germination (%)
The total length of the seedling was measured using a wooden
scale, and the values were expressed in cm/plant.

2.5. Scanning Electron Microscope analysis

Bacterial species adsorbed on the amendments were examined
using a scanning electron microscope (SEM; Quanta 250 FEG,
Thermo Fischer Scientific) [37]. Crude oil-contaminated soil amend-
ed with poultry droppings and sunflower seed husk was removed
from pots and fixed overnight with 5 mM phosphate buffer (pH
7.0) with 2.5% glutaraldehyde for an hour, followed by repeated
washing with ethanol at different concentrations (10%, 20%, 40%,
60%, 80%, and 100%). The samples were dried and prepared using
gold sputtering before imaging.

2.6. Statistical Analysis

Data were subjected to analysis of variance [38], and differences
in significance among the means were compared using Duncan’s
new multiple range test at a significance level of 5%.

3. Results and Discussion

3.1. Characteristics of Soil, Poultry Droppings, and Sunflower
Seed Husk

The samples of soil, poultry droppings, and sunflower seed husk
were analysed for pH, moisture content, TOC, total nitrogen, total
phosphorus, and bacterial population, and the results are listed
in Table 1.

The pH of soil, poultry droppings, and sunflower seed husk
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Table 1. Characteristics of Soil and Amendments

Parameters Soil”
pH 8.5
Moisture Content (%) 11.4
Total Organic Carbon (%) 1.47
Total Nitrogen (%) 0.09
Total Phosphorus (%) 0.02
Bacterial Population (CFU/g soil dry weight basis) 35 x 10°

Poultry droppings’ Sun Flower Seed Husk

7.2 5.8
18.0 6.5
58.1 52.1
3.6 1.5
2.8 0.14

"Values represent mean of three determinations CFU — Colony Forming Units

was 8.5, 7.2, and 5.8, respectively. The moisture content of poultry
droppings was higher (18%) than that of soil (11.4%) and sunflower
seed husk (6.5%). The TOC content of poultry droppings was higher
(58.1%) than that of sunflower seed husk (52.1%) and soil (1.47%).
The nitrogen content of soil, poultry droppings, and sunflower
seed husk was 0.09%, 3.6%, and 1.5%, respectively. The phosphorus
content of soil, chicken manure, and sunflower seed husk was
0.02%, 2.8%, and 0.14%, respectively. The initial bacterial pop-
ulation of soil was approximately 35 X 10® colony forming units
(CFUs)/g soil (dry weight basis). Soil characteristics are considered
crucial parameters for microbial growth and hydrocarbon
degradation. The optimum pH for microbial growth and organic
matter decomposition is 6.5-7.5 [39]. Moreover, soil microbes thrive
better in neutral than in acidic soil [39]. An increase in soil pH
towards the neutral condition indicates the presence of more favour-
able conditions for soil microbes [40]. Soil with a pH of 5.5-8.8
and a moisture content of 25%-80% enhance microbial growth
and biodegradation [41]. However, sunflower seed husk with a
moisture content of < 9.0% [42] can be a stable medium to protect
microorganisms in crude oil-contaminated soil [43].

3.2. Total Petroleum Hydrocarbon Content in Soil

The TPH content in crude oil-contaminated soil collected from
Manali was determined, and the results are shown in Fig. 2. The
TPH content of crude oil-contaminated soil was 7,048.4 mg/kg.
Among various petroleum hydrocarbons, the concentration of eico-
sane was the highest (857.9 mg/kg). The concentration of other

a Il Decane
I Docosane

Il Dodecane

[ | Dotriacontane

I Eicosane
454.7 Hexacosane
449.9 [ Hexadecane
Il Hexatriacontane
Octacosane

280.7 Il Octadecane

4823 4309 581.2

604.9

857.9

: 4072 N Octane
7512 = 0 I Octatriacontane
196.5 763 B Tetracontane
) 786.7 I Tetracosane

Bl Tetradecane
I Tetratriacontane
Triacontane

petroleum hydrocarbon compounds, namely dotriacontane and
hexacosane, was 751.2 and 604.9 mg/kg, respectively. The concen-
tration of PAHs, namely naphthalene, phenanthrene, and acenaph-
thalene, was 0.6, 0.3, and 0.2 mg/kg, respectively. Crude oil contains
more than 17000 compounds [44]. Crude oil is a mixture of aliphatic
and aromatic hydrocarbons and is complex in nature [45]. However,
the composition depends on the source and refining methods [45].
Soil collected from Anatolia had a TPH concentration of 48,000
ppm [46]. In the present study, TPH and PAH concentrations de-
termined in crude oil-contaminated soil was in the range of milli-
gram per kilogram. This result is in agreement with that of a previous
study [47]. Furthermore, a study [47] reported that naphthalene,
which is one of the 16 Environmental Protection Agency (EPA)
PAHEs, is present in the highest concentration in crude oil. However,
in the present study, soil collected from contaminated sites con-
tained naphthalene (0.20 mg/kg), phenanthrene (below detection
level [BDL]), and acenaphthalene (BDL). Likewise, the naphthalene
concentration in soil collected from Manali was higher; this finding
is in agreement with those of previous studies [48]. The variation
in the TPH concentration in crude oil-contaminated soil collected
from different regions might be due to the fact that the extraction
efficiency is affected by the ageing and clay content of soil as
well as the high molecular weight of PAHs [48].

3.3. Effect of Amendments on Soil pH, Moisture Content,
and Bacterial Population

The pH of crude oil-contaminated soil without amendment ranged

@ Bl Naphthalene
[ Acenaphthylene

I 2-Bromo-Naphthalene
[ | Acenaphthalene
I Fluorene

Phenanthrene
I Anthracene
B Pyrene
I Fluoranthene
I Chrysene
I Banz[ajanthracene
I Banzo[a)pyrene
Il Banzo[a)fluoranthene
{0 Banzo[ghilperylene
Il Banzo[a hjanthracene
I Indeno[1,2,3-cd]pyrene

06

Fig. 2. Hydrocarbons present in the crude oil contaminated soil (mg/kg soil). (a) Total Petroleum hydrocarbons(TPHs), (b) Poly Aromatic Hydrocarbon

(PAHES).
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Fig. 3. Effect of amendments on (a) pH, (b) moisture content and (c) bacterial population of crude oil contaminated soil (Error bars showing
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Soil amended with poultry droppings and sunflower seed husk 700 |
had a higher bacterial population than did soil without amendment 600 }
(Fig. 3). The bacterial population was higher on day 60 of treatment el 1 i
(T4; 184 * 4.0 X 10° CFU/g soil) than for T1 (soil without amend- 400 1 UL
ment). The higher bacterial population found in soil amended 300 \ | g T2
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In all the treatments (with and without amendments), the degrada- 400 it
tion of TPH compounds was observed, and the maximum degrada- 300 ,
tion was observed at day 60. The decane concentration was 763 200 10 B ; L
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was significantly decreased in crude oil-contaminated soil. In all FIESTEE S FES & &
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triacontane, octacosane, octadecane, octane, octatriacontane, and Fig. 4. Total petroleum hydrocarbon (TPH) content in crude oil con-
tetracontane was observed on days 20, 40, and 60. The concentrations taminated soil amended with poultry droppings and sunflower
of tetracosane, tetradecane, tetratriacontane, and triacontane were seed husk. (a) 20 days after amendment (b) 40 days after amend-
BDL from day 20 for the treatments T1, T2, T3, and T4. ment (c) 60 days after amendment.
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Among PAHs present in crude oil-contaminated soil, naph-
thalene, acenaphthylene, phenanthrene, fluoranthene and pyrene
were detected on day 0, and their concentrations were 0.6, 0.2,
0.3, 0.1, and 0.1 mg/kg, respectively. Other PAH molecules, namely
2-bromo-naphthalene, acenaphthalene, fluorene, anthracene,
chrysene, banz[a]anthracene, banzo[a]pyrene, banzo[a]fluo-
ranthene, banzo[ghi]perylene, banzo[a,h]anthracene, and indeno
[1, 2, 3-cd] pyrene were at BDL. All the PHA molecules were found
to be at BDL on days 20, 40, and 60 for all the treatments T1,
T2, T3 and T4.

Sunflower seed husk is used to immobilise microbial culture
for degrading crude oil-contaminated soil, and it provides a favour-
able environment for the survival of microorganisms in soil and
improves bioremediation [51]. Poultry droppings, which have a
high nitrogen content, can serve as soil amendments by adding
organic matter as well as by improving the physical properties
of soil and soil fertility by adding essential nutrients that improve
moisture and nutrient retention. Furthermore, poultry dropping
provide essential nutrients for the habitation of microbes, which
can produce beneficial metabolites that indirectly reduce the
amount of pollutants in soil [52]. Thus, essential nutrients from
poultry droppings are crucial for necessary colonisation and survival
in order to achieve better activity of microorganisms to mitigate
recalcitrant hydrocarbon contaminants from soil. However, the po-
tential of the bacterial community to remediate crude oil determines
the treatment efficiency. An increase in the number of water-holding
pores and a decrease in the number of water-transmitting pores
[53] may be responsible for the increased moisture content in amend-
ed soil. Microorganisms present in soil require water for their meta-
bolic activities. Soil water helps in chemical and biological activities
of soil [54]. The organic matter present in soil improves binding
and water retention [55] as well as promotes aggregate formation
[56]. The presence of low organic matter in soil can be a cause
of low water accumulation in soil without amendment [57].

Soil amended with 50% amendment material exhibited a higher
hydrocarbon-degrading bacterial count compared with control. The
high concentration of the amended material supported the growth
of crude oil degrading-bacteria in soil; thus, significant stimulation
of such bacterial populations was observed [58]. The extent of
degradation of hydrocarbons was concurrently improved, indicat-
ing that microbial degraders were dependent on amendment supply
that acts as a nutrient material. Among different amendment concen-
trations tested, 50% of the amendment material improved degrada-
tion of both aliphatic and aromatic hydrocarbons.

In the present study, higher degradation was observed in soil

amended with sunflower seed husk and poultry droppings, and
the highest degradation efficiency was shown by the treatment
T4 (soil amended with 125 g of poultry droppings and 125 g of
sunflower seed husk). Nutrient addition can stimulate the growth
of petroleum-degrading microorganisms [59]. Indigenous microbial
species were biostimulated by the amendments, and poultry litter
is very high in nutrients, such as nitrogen, phosphorus, and potas-
sium, and is used as a high-quality soil conditioner [60, 61].
Sunflower seed husk is composed of lipids, cellulose, and the
reduced sugar pentose, and it provides a microenvironment for
microorganisms present in soil to multiply and degrade pollutants
[62]. In this study, PAH molecules were degraded in all the treat-
ments, and PAH-degrading organisms, such as Sordariomycetes,
Actinobacteria, Betaproeobacteria, and Gammaproteobacteria, are
capable of degrading TPH molecules in soil [63]. The PAH benzopyr-
ene could be degraded within 18 days by a novel strain that utilises
this compound as the sole carbon source [64].

3.4.1. Dehydrogenase enzyme activity of crude oil-contaminated
soil after treatment

The dehydrogenase enzyme activity of crude oil-contaminated soil

treated with poultry droppings and sunflower seed husk was de-

termined after 60 days, and the results are shown in Table 2. For

comparison, garden soil (with no prior history of crude oil con-

tamination) was also tested for the dehydrogenase enzyme activity.

Crude oil-contaminated soil amended with 125 g of poultry drop-
pings and 125 g of sunflower seed husk exhibited the highest
dehydrogenase enzyme activity of 0.74 * 0.06 ug TPF/g/h, followed
by control soil (without crude oil contamination and amendments)
at 0.66 * 0.08 ug TPF/g/h. However, the other two treatments (soil
with crude oil contamination and amended with 25 g of poultry
droppings and 25 g of sunflower seed husk and 75 g of poultry
droppings and 75 g of sunflower seed husk, respectively) showed
a dehydrogenase enzyme activity of 0.62 = 0.06 and 0.65 * 0.08
ug TPF/g/, respectively. The lowest dehydrogenase enzyme activity
of 0.08 + 0.04 ug TPF/g/h was shown by soil with crude oil con-
tamination and not amended with the substrates.

Compared with soil without amendment, increased dehydrogen-
ase enzyme activity was observed in crude oil-contaminated soil
amended with poultry droppings and sunflower seed husk. The
addition of crop residues enhanced the soil enzyme activity [65].
Furthermore, organic amendments have been reported to increase
the microbial population in soil and induce soil properties to regulate
the soil microbial community [66, 67]. The added amendments
supplied nutrients for the growth of indigenous oil-degrading micro-

Table 2. Dehydrogenase Enzyme Activity of Crude Oil Contaminated Soil 60 days after Treatment

Treatments

Control (uncontaminated soil)

Contaminated soil

Soil + Poultry droppings (25 g) + Sunflower Seed husk (25 g)
Soil + Poultry droppings (75g) + Sunflower Seed husk (75g)
Soil + Poultry droppings (125g) + Sunflower Seed husk (125g)

Values in parenthesis show Standard Error (n = 5)

TPH produced (ug TPF g'h™)
0.66 = (0.08)
0.08 = (0.04)
0.62 = (0.06)
0.65 + (0.08)
0.74 = (0.06)

+ o+

I+
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organisms in soil, which in turn increased the dehydrogenase en-
zyme activity [15, 68]. In the present study, the highest dehydrogen-
ase enzyme activity was observed in the treatment incorporating
sunflower seed husk and poultry droppings. Many studies have
reported that organic amendments can increase enzyme synthesis
[69, 70] and production by soil microorganisms as well as promote
the release of enzymes that are either immobilised by clay and
humic particles or entrapped within soil aggregates [71].

3.4.2. SEM analysis

On day 60 after the treatments, bacterial species adhered on the
amendments, namely poultry droppings and sunflower seed husk,
used for remediating crude oil-contaminated soil were analysed
using SEM, and the results are shown in Fig 5. Adherence of bacterial
cells was noticed on both the amendments. The adherence of bacte-
rial species on organic amendments improved the tolerance of
bacterial cells to toxic pollutants [72]. Many studies have been
conducted using different amendments, such as biochar [73], goe-
thite [74], and coconut coirpith [15], to immobilise bacterial species
to remediate contaminated sites. However, the adhesion of bacterial
species on organic matter could be achieved by polysaccharides
produced by bacterial species [75].
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3.5. Plant Toxicity Test

The effect of crude oil contamination on the germination of maize,
tomato, and lady’s finger seeds was determined. Parameters, namely
the percentage of germination, mean time to germinate, delay in
germination, and VI, were determined.

In the present study, the percentage of germination for maize
varied from 50% to 100% for various treatments. The lowest germina-
tion of 50% was recorded for the treatment T1 (crude oil-con-
taminated soil without amendments), whereas 100% germination
was observed in control soil without crude oil contamination (T5).
For the treatment T4 (crude oil-contaminated soil amended with
125 g of poultry droppings and 125 g of sunflower seed husk),
95%o0f germination was observed (Table 3).

The mean time to germination was 4 and 9 days, for seeds
sown in uncontaminated soil (control) (T5) and crude oil-con-
taminated soil (T1), respectively. The mean time to germination
for soil amended with 125 g of poultry droppings and 125 g of
sunflower seed husk (T5) was 4 days, which was the same as
that for uncontaminated soil (T5) (Table 3). Germination started
on day 4 of sowing in all the treatments, except in crude oil-con-
taminated soil without amendments (T1). In crude oil-contaminated
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Fig. 5. Scanning Electron Micrograph (SEM) of (a) bacterial cells in soil amended with poultry droppings (b) bacterial cells in soil amended with

sunflower seed husk.

Table 3. Germination of Maize (Zea mays L.) var. CO 1 Seeds in Crude Oil Contaminated Soil (60 days after Treatment)

S. No Treatment.s Geml(loza)ltmn

T1 Contaminated soil 50

T2 Soil + Poultry droppings (25 g) + 80
Sunflower Seed husk (25 g)

T3 Soil + Poultry droppings (75g) + 88
Sunflower Seed husk (75g)

Ta Soil + Poultry droppings (125g) + 95
Sunflower Seed husk (125g)

T5 Control (uncontaminated soil 100

Mean Time to Germinate” Delay in germination*

Vigour Index’

(days) (days)
9.0 8 175.0
4.4 4 544.0
4.2 4 633.6
4.0 4 769.5
4.0 4 800.5

Values represent mean of five determinations
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soil, germination was delayed, and it started only on day 8. The
VI of the seeds was calculated on day 7. The seeds grown in crude-oil
contaminated soil (T1) showed the lowest VI value of 175. The
highest VI value of 800.5 was observed for the seeds sown in uncon-
taminated soil (T5), followed by 769.5 for the seeds grown in crude
oil-contaminated soil amended with 125 g of poultry droppings
and 125 g of sunflower seed husk (T4) (Table 3).

The germination varied from 10% to 100% for the various treat-
ments (Table S1) for lady’s finger. The treatment in which crude
oil-contaminated soil was amended with 125 g of poultry droppings
and 125 g of sunflower seed husk (T5) showed the highest germina-
tion of 100%, which is the same as that observed for uncontaminated
soil (T5). In crude oil-contaminated soil (without any addition
of amendments; T1), germination was the lowest (10%). The mean
time to germinate the seeds of lady’s finger in crude oil-contaminated
soil (T1) was 14 days. However, for the uncontaminated soil (T5)
and crude oil-contaminated soil amended with 125 g of poultry
droppings and 125 g of sunflower seed husk (T4), the mean time
to germination was 4 and 5 days, respectively.

Germination started at 4 and 5 days, respectively, for uncon-
taminated soil (T5) and crude oil-contaminated soil with 125 g
of poultry droppings and 125 g of sunflower seed husk (T4). In
contaminated soil without any amendments (T1), germination was
delayed by 14 days. The highest VI value of 1000 was expressed
by the lady’s finger seeds sown in uncontaminated soil (T5) and
crude oil-contaminated soil amended with 125 g of poultry drop-
pings and 125 g of sunflower seed husk (T4). The seeds grown
in contaminated soil without any amendments (T1) showed the
lowest VI value of 70.

For tomato, germination varied from 10% to 100% for the various
treatments. The treatment in which crude oil-contaminated soil
was amended with 125 g of poultry droppings and 125 g of sunflower
seed husk (T4) and uncontaminated soil (T5) showed the highest
germination of 100%. The lowest germination of 10% was observed
in crude oil-contaminated soil (without any addition of amend-
ments; T1) (Table S2). The mean time to germinate the seeds of
tomato in uncontaminated soil (T5) and crude oil- contaminated
soil amended with 125 g of poultry droppings and 125 g of sunflower
seed husk (T4) was 4 days. However, the mean time to germinate
the seeds in contaminated soil without amendments was 15 days.

Germination was delayed by 14 days in contaminated soil (T1)
without amendments. The mean to germination for Uncontaminated
soil (T5) and crude oil-contaminated soil with 125 g of poultry
droppings and 125 g of sunflower seed husk (T4) was 4 and 3
days, respectively.

The highest VI value of 1100 was exhibited by the tomato seeds
sown in crude oil-contaminated soil amended with 125 g of poultry
droppings and 125 g of sunflower seed husk (T4), followed by
the seeds sown in uncontaminated soil (T5) (1000). The seeds
grown in contaminated soil without any amendments (T1) showed
the lowest VI value of 60.

The germination of the seeds in crude oil-contaminated soil
was only 50% when compared with other treatments. Furthermore,
the mean time to germination and delay in germination were found
to be higher in contaminated soil. The results of the present study
are in accordance with those of previous studies [76, 77].
Furthermore, the germination of Archis hypogea and Sorghum bi-

color was 100% in soil without crude oil contamination but lower
in crude oil-contaminated soil [78]. Oil contamination in soil in-
hibits plant growth and biomass production [79]. In the present
study, the seeds sown in soil after treatment with amendments,
namely poultry droppings and sunflower seed husk, exhibited
better performance, and this might be due to the reduction in
toxicity resulting from the efficient enhancement of degradation
of hydrocarbons present in soil by the organic amendments [80].
When wastewater sludge was composted and used as an amend-
ment in hydrocarbon-contaminated soil, there was a reduction
in phytotoxicicity and an increase in the germination percentage
[81]. Poor germination, low VI, and delay in germination are attrib-
uted to the inherent toxicity caused by hydrocarbon compounds
in soil and plants due to hydrophobic properties [77]. In addition,
the film or coating formed over the seed or root surface acts
as a physical barrier, hindering gaseous exchange, water uptake,
and nutrient absorption [82]. Furthermore, the cell membranes
of plants are damaged by hydrocarbons, which in turn affect
the metabolic transport and respiration rate [83]. In the current
study, the experiment was conducted only for 60 days. If the experi-
ment would have been performed for additional days, complete
degradation of hydrocarbons might have occurred, and soil would
have been suitable for growing crops. A field-level study is needed
for remediating contaminated soils with locally available agricul-
tural residues.

4. Conclusions

The results of the present study indicated that crude oil-con-
taminated soil could be remediated using sunflower seed husk
and poultry droppings. A considerable reduction in TPH com-
pounds was observed when 250 g of soil was mixed with 125
g of poultry droppings and 125 g of sunflower seed husk. The
highest bacterial population of 184 + 4.0 x 10° CFU/g soil was
observed in the treatment T4. The dehydrogenase enzyme activity
was found to be 0.74 = 0.06 ug TPF/g soil/h. This could be possible
because microorganisms have various enzyme pathways to degrade
and utilise different hydrocarbons as the source of carbon and
energy. Furthermore, after the treatment with the amendments,
the phytotoxicity of soil was reduced. The treated soils enhanced
the germination of the seeds within a short period. The germination
of the crops tested was 100%, and the highest VI value was obtained.
From this study, it can be concluded that hydrocarbon con-
tamination of soil, which is a global issue, can be solved by the
addition of organic amendments, namely poultry droppings and
sunflower seed husk, which are easily available and inexpensive.
Furthermore, remediated soil can be a suitable medium for growing
plant species.
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