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Abstract
Objectives: To study the effect of compost and biochar on phytoremediation
of crude oil-contaminated soil. Methods: An attempt was made to remediate
crude oil contaminated soil, using the phytoremediation method. The soil was
amendedwith biochar and compost. Initially, the pH,moisture content and C/N
ratio of the soil and amendments were determined. A pot culture experiment
was conducted to study the effect of the amendments on the degradation of
the Total Petroleum Hydrocarbons (TPH) in the crude oil contaminated soil
using the plant species nutgrass (Cyperus rotundus). To avoid seepage of water
from the pots plastic pots were used. The initial concentration of TPH was
found to be 17mg/kg soil. The experiment was conducted from January to
March 2019. Nomicroorganismwas inoculated either to enhance the growth of
the plant or degrade the hydrocarbon. The study was conducted with natural
microflora. The pots were kept (open) under direct sunlight with 8 hours of
photoperiodism. The plants were watered daily with tap water to maintain
optimum moisture content. Once in 15 days, the soil samples collected from
each treatment were analysed for pH, moisture content and C/N ratio. The
TPH removal rate was determined for the 45th day and 60th day. Findings:
The soil amended with compost (200 kg/soil) and biochar (50 kg/soil) enhanced
the degradation of TPH by the plant species. The highest degradation percent
of 62.2 and 77.1% was achieved on 45th and 60th day respectively in the
treatment T5 (amended with biochar and compost). Further, there was an
increase in shoot length (54.52 cm/plant), root biomass (0.74 g/plant) and shoot
biomass (5.08g/plant) of the plants in the biochar and compost amended soil
which was comparable with the results of the treatment T2 (Plants were grown
in soil without crude oil contamination). Applications: Biochar and compost
amendment improves thewater holding capacity and nutrient status of the soil,
thereby enhancing the growth of TPH degraders in soil. Hence, from the study,
it is understood that biochar and compost could be used for phytoremediation
of crude oil contaminated soils.
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1 Introduction

Crude oil pollution to agricultural soil is a global problem (1). The soil contamination with crude oil pollution is considered an
important issue because it destroys the soil structure, biodegradability and results in serious health hazards when exposed
to the environment (2). Due to contamination, the soil’s physical and chemical properties such as soil moisture content,
hydraulic conductivity, Atterberg units, Total organic carbon, total nitrogen and available phosphorus are affected (3). Further,
these pollutants are present in the environment for a long time due to the non – biodegrdable nature. Many physical and
chemical methods are followed to remediate the crude oil polluted soil (4). Conventional physical and chemical technologies
for petroleum hydrocarbon remediation involve excavation, air sparging, removal and off-site treatment in biopiles, pump and
treat, incineration, slurry and solid phase reactors, soil washing, soil vapour – extraction , asphalt batching, thermal desorption,
chemical oxidation, hydrolysis and photolysis (5). But the efficiency and adoptability of these methods are limited because of
high cost and non-environmental friendly (6). However, remediating such contaminated soils by bioremediation is the globally
accepted approach due to the cost-effectiveness and environmentally friendly nature (7). Furthermore, the incorporation of
organic amendments including coir pith, poultry droppings, cow dung, rice husk to the hydrocarbon contaminated soil to
enhance the biodegradation of pollutants (8–11).In addition, along with biological processes, some additional methods such as
chemical oxidation (12) and surfactant enhancement (13) were used to remediate crude oil-contaminated soil. On the other hand,
biochar application is an alternative method to remediate crude oil pollution in soil, due to the benefits such as improving soil
moisture retention, structure, microbial activity and plant growth (14). It has been reported that crude oil contaminated soil was
remediated efficiently with biochar obtained from rice straw (15). However, plants play a crucial role in the toxic pollutants in
the soil and the hydrocarbons present in crude oil contaminated soil is degraded using plant species such as nutgrass (Cyperus
rotundus) (16) and Mimosa pudica (17), 4’clock plant (Mirabilis jalapa L.) (18), mesquite (19) and forest tree species teak (Tectona
grandis) (20). However, it is advantageous to use grass species for remediation studies due to the extensive fibrous root system
with a huge surface area. Moreover, efficient degradation is achieved when nutrients are supplemented to the plant species used
for remediation studies (21). The plant species should grow well in the crude oil-contaminated soil. It is found that the nutgrass
(Cyperus rotundus) has the potential to grow well in the contaminated sites. Hence, the present study was conducted with the
objective of treating crude oil contaminated soil using the grass (Cyperus rotundus) supplemented with biochar and compost.

2 Materials and Methods

2.1 Collection of samples

The soil used for the study was collected from the garden of Anna University campus, Chennai, India (13o00’39.19” N and
80o14’54” E).The region was not having a prior history of hydrocarbon contamination. Soil samples were collected from 15 cm
depth using a spade. The clumps were broken to homogenize, air-dried, sieved using < 2mmmesh and used for further study.

The biochar used for the study was obtained from Aura Biotechnologies Private Limited, Chennai, Tamil Nadu. Compost
was purchased from themicro composting facility, AnakaputhurMunicipality, Chennai, Tamil Nadu.The plant species nutgrass
(Cyperus rotundus) was collected from a nearby area. Before conducting the experiment, the plants were grown in normal soil
for 30 days.

2.2 Characterization of samples

The soil, biochar and compost were characterized based on (22) for pH, Moisture content and C/N ratio. To measure the pH of
soil and biochar a solution was prepared using distilled water (1: 2.5 soil/biochar: water). The compost solution (1:10 compost:
water) was prepared, thoroughly shaken in an orbital shaker at 160rpm for 30min. Then the pH was measured using pHmetre
(Elico LI 120) equipped with a combined glass – calomel electrode).

2.3 Total hydrocarbon content in the soil

Residual oil in soil was extracted using the conventional Soxhlet extraction method (23). About 15 g of dry soil was placed in
a cellulose thimble mixed with 2 g anhydrous Magnesium sulfate to remove the moisture. The thimble and its contents were
extracted with dichloromethane for 16 h in a Soxhlet apparatus. The extraction efficiency of oil from soil was calculated using
the formula

Oil yield = ( weight of oil extracted/weight of soil) ×100
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The extract was condensed to 1 ml in a rotary evaporator and fractionated by silica-gel column chromatography to separate the
different fractions of crude oil. The components of hydrocarbons in extracted oil were analyzed by GC–MS (Agilent 6890NGC
equipped with MS, GC column (DB-5MS 3× 0.25 mm and 0.25 µm).

2.4 Pot culture studies

In order to study the efficiency of the plant species to degrade the hydrocarbon present in the soil, a pot culture study was
conducted. Uniform sized plastic pots (upper outer diameter 18cm, upper inner diameter 16 cm, lower diameter 9 cm and
height 15 cm) were used. Each pot was filled with 1.0 kg of garden soil (unsterilized) collected from Anna University campus,
Tamil Nadu, India. The experiment was conducted with the following treatments. For each treatment, three replications were
maintained.

T1 – Soil (with crude oil contamination and without plant)
T2 - Soil (without crude oil contamination) + plant
T3 – Soil (with crude oil contamination) + plant + biochar
T4 – Soil (with crude oil contamination) + plant + Compost
T5 – Soil (with crude oil contamination) + plant + biochar + compost
The soil was contaminated with crude oil (5% volume/weight basis). Biochar and compost incorporated into each pot were

50 and 200g respectively. For reference, a treatment with soil (without crude oil contamination) was maintained. Each pot
was provided with an outlet hole at the bottom and kept on separate trays. The plants already grown in normal soil were
uprooted carefully and planted in the pots. Uniform sized plants were selected and planted in the pots and each pot three
plants were maintained. The pots were kept open under direct sunlight to get adequate light. To prevent damage caused by
rodents, protective fencing was provided.The pots were irrigated daily. In order to avoid seepage of water from the pots, plastic
containers were used. The drained water from the pots was collected using plastic plates kept at the bottom of each pot. The
collected water was used for irrigation. The experiment was conducted with a field capacity of 60%.

2.5 Plant growth parameters

The plant growth parameters such as shoot length shoot biomass and shoot biomass were determined on the 60th day. The
shoot length was measured from the soil surface to the point where the last leaf left the stem. The shoot and root biomass was
determined by drying in a hot air oven at 85±5oC for eight hours. The oven-dry weight was recorded for biomass production,

2.6 Effect on pH, moisture content and C/N ratio

At the end of each week, the pH of the soil samples from the pots of the different treatments was determined. The moisture
content and the C/N ratio were observed in 15 days interval. The TPH content was determined on 0th, 45th and 60th day.

2.7 Removal of TPH from soil

The soil samples collected from the pots were analyzed for the TPH content. From this, the % removal was calculated using the
formula

% Removal =
A2−A1

A2
×100

Where
A2 and A1 represent TPH concentration in mg/kg before and after remediation

3 Results and Discussion

3.1 Characteristics of soil, biochar and compost

The soil used for the pot culture study, the biochar and the compost were characterized and the results are presented in Table 1.
The pH of the soil, compost and biochar was found to be 6.6, 6.8 and 7.1 respectively. Among the materials tested the pH

of the biochar was observed to be 7.1. The highest moisture content of 54% was expressed by compost. However, the moisture
content of the biochar was found to be 19.8%.There was not much variation in C/N content of the materials and it ranged from
25 to 28%.
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Table 1. Characteristics of soil, compost and biochar

S.No Sample
Parameters

pH* Moisture Content (%)* C/N ratio*
1) Soil 6.6 27.2 25
2) Compost 6.8 54.0 27
3) Biochar 7.1 19.8 28
* Values represent mean of three determinations

3.2 Effect of crude oil contamination on soil characteristics

After planting the pots with nutgrass (Cyperus rotundus), (the plants are having a fibrous root system and capable of establishing
soils highly pollutedwith petroleumhydrocarbons) the pHof the soil was determined up to 8weeks and the results are furnished
in Figure 1.

Fig 1.Effect of compost and biochar on pHof crude oil contaminated soil plantedwithCyperus rotundus (Values aremean ofthree replications)
(T1 – Soil (with crude oil contamination and withoutplant), T2 - Soil (without crude oil contamination) + plant, T3 – Soil (withcrude oil
contamination) + plant + biochar,T4 – Soil (with crude oilcontamination) + plant + Compost, T5 – Soil (with crude oil contamination)
+plant + biochar + compost)
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The pH of the soil collected from T1 (soil without crude oil contamination and plant) was found to be 6.8 to 7.0 for various
time intervals. The treatment T2 (without crude oil contamination and with plants) showed pH values of 6.8 to 7.2. Last three
weeks the pH was found to be 7.2. Likewise, the pH of the soil in T3 (Crude oil contaminated soil incorporated with biochar
and with plants) was observed to be 7.4 for the initial two weeks and 7.8 afterward. In T4 (soil with crude oil contamination
and incorporated with compost and with plants), initially, the pH was 7.3 and from the fourth week onwards, it was 7.7. The
same trend was noticed in T5 (crude oil contaminated soil, incorporated with biochar, compost and with plants) (initial four
weeks the pH was 7.4 and afterward, it was 7.5).

The moisture content of the soil in various treatments was determined and the results are presented in Figure 2.

Fig 2. Effect of compost and biochar on moisture content of crude oil contaminated soil planted with Cyperus rotundus (For each treatment
three replications weremaintained) (T1 – Soil (with crude oil contamination and without plant), T2 - Soil (without crude oil contamination)
+ plant, T3 – Soil(with crude oil contamination) + plant + biochar,T4 – Soil (with crude oil contamination) + plant + Compost, T5 – Soil
(with crude oil contamination) +plant + biochar + compost)

The initial moisture content of the soil in T1, T2, T3, T4 and T5 was 51.6%, 49.3%, 51. 5%, 42.3% and 52.0% respectively. On
the 15th day, it was observed to be 52.1, 50.2, 52.6, 40.3 and 52.8% for T1, T2, T3, T4 and T5 respectively. The moisture content
of the soil samples on the 30th day (53.2, 54.1, 55.2, 44.7 and 54.2%), 40th day (53.5, 54.4, 56.4, 46.0 and 55.1%) and 60th day
(54.2, 55.4, 56.9, 47.4 and 55.8%) for T1, T2, T3 and T4 respectively.

The C/N ratio was found to be 27, 27, 31, 28, and 29 (initial), 28, 25, 30, 29, 30 (15th day), 29, 26, 32, 30 and 31(30th day), 30,
28, 34, 31 and 32(45th day) and 31, 29, 35, 32 and 33(60th day) for T1, T2, T3, T4 and T5 respectively (Figure 3). Plant species
are employed for the removal of petroleum hydrocarbon compounds from the soil which is achieved by physiological processes
of plants and microbiological processes in the rhizosphere (24). In the present study, the grass species (Cyperus rotundus) was
used to remediate crude oil contaminated soil which was supplemented with biochar and compost. It has been investigated
that amendments are added to the soil to enhance the microbial activity and biodegradation of pollutants in soil (25). On the
other hand, organic matter is added to the soil to improve the soil characteristics including water holding capacity (26). Soil
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moisture content is an important factor to remediate toxic compounds in soil (27) because water helps to increase the solubility
of the compound thereby increasing the adsorption and degradation of pollutants within the plants. However, in crude oil
contaminated soil, the moisture content increases with the period of study (25).

Fig 3. Effect of compost and biochar on C/N ratio of crude oil contaminated soil planted with Cyperus rotundus(For each treatmentthree
replications were maintained) (T1 – Soil (with crude oil contamination and without plant), T2 - Soil (without crude oil contamination) +
plant, T3 – Soil(with crude oil contamination) + plant + biochar,T4 – Soil (with crude oil contamination) + plant + Compost, T5 – Soil (with
crude oil contamination) +plant + biochar + compost)

3.3 Effect on the removal of TPHs in soil

The effect of biochar and compost on the phytoremediation of crude oil contaminated soil was determined and the results are
presented in Figure 4.

The TPH content was 17.35, 13.01 and 10.25 mg/kg (0th day), 17.45, 10.12 and 8.74(T1) 17.45, 10.12 and 8.74 mg/kg (T2),
17.12, 9.45 and 5.88 mg/kg (T3), 18.11, 8.55 and 4.65 mg/kg (T4) and 18.00, 6.80 and 4.12 mg/kg (T5) at 0th, 45th and 60th
day respectively. In all the treatments, at 60th day there was much reduction in TPH content. However, the treatment T5 (soil
amended with biochar and compost recorded the least value of 4.12 mg/kg at 60th day when compared to other treatments.
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Fig 4. Effect of phytoremediation on crude oil content of soil amended with compost and biochar

Further, the % degradation ranged from 24.5 to 62.2 % for various treatments at 45th day and 40.9 to 77.1% at 60th day.The
treatment T5 expressed the highest degradation % of 62.2 and 77.1% respectively at 45th and 60th day respectively (Table 2).

Table 2. Growth and TPH removal rate of plants grown in crude oil contaminated soil

Treatments Root *
biomass(g/plant) biomass* (g/plant) Shoot length*

(cm/plant)
TPH removal rate (%)
45th day 60th day

T1 No plant 0 0 24.5 40.9
T2 0.56 4.25 52.06 42.1 49.9
T3 0.42 0.45 13.33 44.8 65.7
T4 0.54 3.92 38.14 52.8 74.3
T5 0.74 5.08 54.52 62.2 77.1
* Values represent mean of three replications

Application of biochar along with chemical fertilizers to the soil in order to enhance crop growth soil is widely followed (28).
It is found that biochar amendment to soil increases the availability of phosphorus (P), potassium(K), sulfur (S) and other trace
elements in soil (29). However, when biochar was applied along with rhamnolipid surfactant and nitrogen there was a significant
reduction in TPH (30). In the present study, there was a slight increase in pH after 4 weeks. This might be due to the application
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of biochar which improves the soil quality by raising soil pH (31). The optimum C/N ratio for the degradation process is 15 to
30 indicating that the crude oil contaminated soil is amenable for degradation. The C/N ratio is > 20 in soil, indicating the
consumption of nitrogen by microorganisms and enhanced degradation by microorganisms (32). Because of the conversion of
organic acids into CO2 andwater during the degradation process pH is increased. Further, the substrate availabilitymight be the
reason for the increased C/N ratio at the end of the experiment (35). The compost stimulates the growth of microorganisms (36).
Similarly, the microbial population in compost enables the degradation of organic substrates (37). Further, the TPH is made
bioavailable by the compost (38). The plant root system reduces the effects of TPH in soil, by stimulating the microorganisms in
the rhizosphere (39,40).

3.4 Effect of biochar and compost on plant growth in crude oil contaminated soil

The presence of low molecular weight toxic compounds in crude oil reduces the water and nutrient availability to plants
causing reduced growth in crude oil contaminated soil (41). It has been further investigated that biochar application in crude
oil contaminated soil increased the TPH degradation (27). The biochar protects the indigenous microorganisms from the toxic
effect of TPH in crude oil contaminated soil by giving shelter (28). In addition, biochar addition enhances plant growth (27).
This is achieved by the prevention of loss of nutrients by leaching in soil (42). Furthermore, the combined effect of biochar and
compost (39) in the degradation of TPH is better than their individual effect (40).

Comparison of results of present work with that of previous findings is given in the following table

Table 3. Comparison of results of the present work with that of previous findings
S. No Work done Hydrocarbon degradation (%)
1. Soil planted with mesquite and amended with compost (19) 44
2. Soil amended with biochar, nitrogen and rhamnolipid surfactant in marshy soil (30) 80.9
3. Soil thatching grass (Hyparrhenia rufa) and amended with cow dung (12) 74.4
4. Nut grass (Cyperus rotendus) + compost + biochar (present study) 77.1

4 Conclusions
The present study revealed that the plant species nutgrass (Cyperus rotundus) could remediate the crude oil contaminated soils
efficiently when amended with biochar and compost. The addition of biochar and compost could enhance the plant species to
remove TPH from spoil. On the 60thday, there was 77.1% reduction in TPH content in soil planted with nutgrass and amended
with biochar and compost. Hence, the findings of the study could be employed in the field scale study to remediate crude oil
contamination in soil.
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