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ABSTRACT

This present research work was conducted to determine the phytotoxic effects on tropical native plants, Ludwigia
octovalvis, in order to assess its application for phytoremediation of crude oil sludge in contaminated sand. For
this purpose of study, L. octavalvis plants were planted in containers containing different proportion of spiked
real crude oil sludge in sand (10%, 50%, and 100% (v/v)). Degradation of crude oil sludge by L. octovalvis was
measured in terms of total petroleum hydrocarbons (TPH) and was compared with TPH degradation inside control
crates without plants. The findings indicated that the average TPH removal after a prolonged 42-day exposure pe-
riod was high. The degrees of TPH degradation were 67.0, 42.4 and 46.2% in sand spiked with real crude oil sludge
at 10, 50 and 100% respectively, whereas the degradation was only 34.7, 29.1 and 20.5% for the unplanted contain-
ers at the same respective proportions of crude oil sludge in sand. These findings give evidence that L. octovalvis
has the capability to degrade hydrocarbons in crude oil sludge.

Keywords: phytotoxicity, Ludwigia octovalvis, total petroleum hydrocarbons, crude oil sludge, phytoremediation

INTRODUCTION

Crude oil or petroleum is a complex mixture
of hydrocarbons of varying molecular weight
and structure. This solid waste is usually gener-
ated from the petroleum industry mainly during
its crude oil exploration, refining process, trans-
portation and storage (Xu et al. 2009). Toxic and
harmful chemicals inside crude oil sludge can
threaten both the human life and the environment
(Robertson et al. 2007; Phillips et al. 2009). Hy-
drocarbon content inside crude-oil sludge is nor-
mally measured as total petroleum hydrocarbon
(TPH). There are many factors to be considered
in treating organic pollution including the stabili-
ty, evaporation, photolysis and adsorption to dead
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biomass of the chemicals, as well as the existence
of miccroorganism (Cai et al. 2007). Various
treatment methods for petroleum-contaminated
soil, including physical, chemical and biological
processes, have been established, including incin-
eration, landfill, burning, solidification/stabiliza-
tion, pyrolysis, photocatalysis, solvent extraction,
chemical treatment and biodegradation (Hua et
al. 2013). Phytoremediation, or plant-assisted
approach, is a biological process that employs
plants with the assistance of microbes to stabilize,
extract, accumulate, degrade, transform and de-
toxify contaminants in various media (sediments,
soils and water). It is a promising, efficient,
cost-effective, engineering-economical, environ-
mentally friendly, and alternative technology to
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remediate environmental contaminants. Several
factors need to be considered when selecting
plants for phytoremediation; native plants to the
oil-contaminated area are preferable and should
have high tolerance to the local climate conditions
and contaminants (Liu et al. 2011). The degrada-
tion of hydrocarbons is affected by plant species
characteristics. In addition, chemical characteris-
tics of soil and the inhabitants of microorganism
inside the soil itself can directly affect the perfor-
mance of phytoremediation process as stated by
Hanks et al. (2015) and Guo et al. (2012). The
application of plant species to the bio-remediat-
ed sites that have oil-contaminated soil has been
shown in several studies (Sanusi et al. 2016; Al-
Baldawi et al. 2014; Almansoory et al. 2019).
According to Khan et al. (2013) and Sharonova
(2012), the removal of hydrocarbons from soil
through phytoremediation highly depends on the
plants and their interaction with microorganism at
the roots. Different plants have different capabil-
ity towards the presence of hydrocarbons. Very
high potential plants can resist and tolerate the
hydrocarbon existence inside soil and simulta-
neously degrade the hydrocarbons with the aids
of rhizosphere microbes. Roots release some
compounds acting as inducers for microbes to
degrade hydrocarbon and plant roots assist soil
microorganisms to be tolerable to petroleum hy-
drocarbons (Cao et al. 2012). With the existence
of hydrocarbons in soil, plant roots are induced
to exudate chemicals that can enrich the growth
of the soil microbes which finally be tolerant to
the petroleum hydrocarbons. The capability of the
microorganism inside the root zones to remediate
hydrocarbons will determine the effectiveness of
the hydrocarbon degradation process (Cao et al.
2012; Tang et al. 2011).

In this study, Ludwigia octovalvis plants
have been described as a plant that can survive
on a contaminated site containing hydrocar-
bons. According to Al-Mansoory et al. (2017), L.
octovalvis is a good plant for contaminated sites
in Malaysia. L. octovalvis is an aquatic fruticose
shrub or perennial woody herb that can grow up
to 2 m in height with 1 cm for the stem diam-
eter. The plants are supported by long and tap-
roots that grow under the soil surface. It is locally
known as “Buyang samalam” and “Lakom ayer”
in Malaysia and Indonesia. The aim of this study
was to determine the effect of crude oil sludge on
L. octovalvis by assessing hydrocarbon degrada-
tion via TPH measurement by this plant.

MATERIALS AND METHOD

Characterization of crude oil sludge

The raw crude oil sludge in this study was ob-
tained from a contaminated site from a petroleum
industry in Malaysia. The parameters analyzed
from the extracted crude oil sludge include con-
centrations of TPH, BTEX, ammonia (NH,-N),
nitrate (NO,-N), nitrite (NO,-N), and phosphate
(PO,), as well as pH, as shown in Table 1 (Alan-
bary et al. 2018).

Experimental phytotoxicity run

The phytotoxicity study was executed in a
greenhouse at Universiti Kebangsaan Malaysia.
This phytotoxicity test was performed to deter-
mine the maximum TPH concentration in crude
oil sludge that L. octovalvis can survive and resist
in the contaminated medium. In the phytotoxicity
experimental set-up, 13 containers made of glass-
es were prepared. Glass containers were used to
reduce oil stick to the container walls. Each con-
tainer, with dimensions 60x30%30 cm (LxWxD),
was filled first with 10 cm of gravel at the bottom
layer and then another 10 cm of crude oil sludge
as the top layer. The following four different con-
centrations of sludge were prepared: 0% (v/v)
as the control (100% sand), 10% (10% sludge +
90% sand), 50% (50% sludge + 50% sand), and
100% (w/w) (100% sludge). Three replicates (R1,
R2 and R3) were used at each concentration, with
one container for a contaminant control without
plants (CC), and also a container without crude
oil sludge acted as a plant control (PC), as illus-
trated in Figure 1. Sand was used instead of sand
to maximize the dependence of plants to grow
based on available nutrients in crude oil sludge.
Seeds of L. octavalvis obtained from a parent
plant found growing at a contaminated site with
crude oil sludge in Malaysia, were used to propa-
gate the plants. In each container with different

Table 1. Characteristics of crude oil sludge

Parameters Unit Value
TPH mg/kg 14,700
BTEX mg/kg 0.005
Ammonia (NH,-N) mg/kg 4.09
Nitrate (NO,-N) mg/kg 0.028
Nitrite (NO,-N) mg/kg 4.7
Phosphate (PO,*) mg/kg 2.09
pH - 6.7
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Figure 1 Experimental phytotoxicity set-up for Ludwigia octavalvis in crude oil sludge exposure (R1, R2,
R3 = replicates with plants ; CC= crude oil sludge without plants; PC = plant control without crude oil sludge)

proportions of crude oil sludge in sand (10%,
50%, 100% v/v), 12 healthy L. octovalvis plants
of 8-weeks old were planted in replicate contain-
ers (R1, R2 and R3). All the containers includ-
ing the unplanted controls were watered at every
alternate day to a fixed level of water for plant
growth sustainability. Samplings of crude oil
sludge in the rhizosphere inside each container
were carried out on days 0, 7, 14, 28, 42.

Determination of the physicochemical
properties

An 1Q 150 probe (IQ Scientific Instruments,
UK) was used to record the physicochemical pa-
rameters of pH and temperature. The water in-
side the sand was sampled to record its pH value,
while the temperature of the environment inside
the greenhouse was recorded on each sampling
day (Day 0, 7, 14, 28 and 42).

Determination of anion and cation
concentrations in crude oil sludge

Anion and cation concentrations were deter-
mined to identify the changes in the plant biomass
and to determine the cause of such changes. An-
ionic concentrations were determined from the
sand or mixture of sand and sludge in the planted
and unplanted glass containers. A sample of 5 g
of sludge was obtained and mixed with 50 mL of
distilled water in a shaker for 1 h. After shaking,
the mixture was filtered using a vacuum pump
and filter paper (Whatman, England). Anions and
cations from the filtered components of water
were analyzed using an ion chromatogram (Me-
trohm 882 Compact IC plus, USA).
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Analysis of plant growth

On each sampling day (Day 0, 7, 14, 28 and
42), one plant was harvested from each replicate
container (R1, R2, and R2) and plant control
(PC). The procedure starts by rinsing the whole
plant with tap water, and then the excess wa-
ter was absorbed using tissue papers. The stem
height and the root length buried in the sludge
were measured. The wet and dry weights of the
leaves and stems (upper layer) were recorded
gravimetrically according to a protocol by Ogbo
et al. (2010). For the determination of dry weight,
all of the plant part samples were dried in an oven
(Memmert, Germany) at 70 °C for 72 h until it
reached constant mass (Peng et al. 2009).

Extraction of total petroleum hydrocarbons
in sludge mixture

Total petroleum hydrocarbons (TPH) in the
samples were extracted using an ultrasonic sol-
vent extractor following the method by Tang
et al. (2012). All replicates of spiked medium
were sampled on each sampling day. Approxi-
mately 10 g of each sample from each contain-
er was placed in a 100 mL flask on the same
sampling day for all treatments and kept at 4
°C before the extraction process. Sludge sam-
ples were dried by mixing with sodium sulfate
(Na,SO,) and later placed in a 100 mL Schott
bottle with 50 mL dichloromethane (DCM)
(R&M Chemicals, UK). The sample bottle was
rotated in an ultrasonic cleaner (Thermo-10D,
USA) for 30 min at 50 °C. Glass wool was used
to filter the supernatant and then it was concen-
trated by leaving it in a fume hood for 2-3 days
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to ensure the solvent totally evaporated, after
which, 2 mL DCM was added, and the extracts
were stored in gas chromatography vials for
TPH analysis.

Determination of TPH content

A gas chromatography with a flame ioniza-
tion detector (GC-FID) (Agilent Technologies,
Model7890A, GC System, U.K.) was calibrated
to detect hydrocarbon content in the crude oil
sludge. The sample extracts were analyzed by the
GC-FID using a HP-5.5% phenyl methyl silox-
ane column (30 m x 0.32 mm i.d. x 0.25 mm)
with helium as the carrier gas. The column tem-
perature was fixed at 50 °C for 1 min and then
increased at 15 °C per min to 320 °C for 10 min.
The determination of the TPH content in sludge
mixture was determined using Eq. (1):

TPH concetration (mg/kg) =

_ GC-FID result (mg/L) x GC vial volume (2 mL) (M

Mass of soil (g)

The percentage of TPH removal on each sam-
pling day was calculated using Eq. (2):
TPH,-TPH
Removal (%) = ——2——Lx100% (2)
TPH

0
where: TPH, = total petroleum hydrocarbons on
sampling day 0, and
TPH, = total petroleum hydrocarbons on

Statistical analysis of TPH removal

The statistical analysis of TPH removal by
plants was evaluated using SPSS version 21
(SPSS Inc., U.S.A.) to evaluate significant dif-
ference (p<0.05) between the values. Differences
in TPH removal between with plants and without
plants treatments were statistically analyzed on
each sampling day. All experiment run was con-
ducted in triplicate.

RESULTS AND DISCUSSION

Variation of pH and temperature

During the 42 days of the experiment period,
the recorded temperature changed from 27 to
29°C which is within 20-30°C, stated as the op-
timum temperature for the hydrocarbon biodeg-
radation in temperate countries as stated by Chan
(2011). The pH ranged between 7.02 and 7.75 for
containers with plants, and between 6.86 and 7.91
for containers without plants, indicating that pH
did not fluctuate significantly during the experi-
ments and that this pH range is most suitable for
plant and microbe growth

Plant growth response towards
the crude oil sludge

The nominal plant growth parameters were
monitored on each sampling day during the pro-

each sampling day. longed 42-day exposure (Figure 2). After 7 days
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Figure 2. Growth response of L. octovalvis plants in terms of wet weight (a) and dry weight
(b) in several proportionss of crude-oil-contaminated sand
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of exposure to crude oil concentration, all the
plants showed high growth compared with the
corresponding control treatments. At 14 days,
the plant biomass increased significantly for all
of the treatments until 42 days. The plants ex-
posed to crude oil sludge proportions of 50%
and 100% were found withered and yellowish.
These plants exhibited an reduced growth com-
pared with the control plants. In addition, the
percentage of withered plants and that some of
the leaves started to fall from the stem indicated
the percentage of the whole plant affected by
crude oil sludge contaminants. Consequently,
the plants withered due to the toxicity effects of
the crude oil sludge. The leaves turned red, and
stems changed to yellow displaying signs of im-
paired growth compared with the control plants.
According to Meudec et al. (2007), the withered
and yellowish symptoms might be due to chemi-
cally stressed tissues and cells. These effects
are similar to those detected by Agamuthu et al.
(2010) who exposed Jatropha curcas in sands
contaminated with lubricating oil. Additionally,
the water content in the plant tissues was also
significantly decreased due to the stressful con-
ditions with the existence of hydrocarbons in the
contaminated sands. A decrease in water content
may have occurred since the presence of crude
oil sludge in the sand can limit the plant access
to water and oxygen (Ogbo et al. 2010). Chandra
and Yadav (2010) mentioned that the contami-
nant can damage the tissues and membranes by
reducing their metabolic transport and respira-
tion rate. This outcome confirmed that pollut-
ants was adsorbed and accumulated on the sur-
face of the plant tissue. L. octovalvis growth was
affected at a crude oil sludge concentration of
100%, confirming that plant growth in the crude
oil sludge was significantly retarded compared
with the corresponding control plants. A similar
result similar was also obtained by a previous
study (Becerra-Castro et al. 2013). However, the

1.00 1
0.80 1
0.60 1
040 1
0.20
0.00 1

(mg/kg)

Concentration of potassium
DAY 7 e

plants survived healthily at crude oil sludge con-
centrations of 10%.

Concentration of cation and anion during
phytotoxicity study in sand mixture

Nutrient composition and concentration in
sand are other important factors for plant growth.
Sand fertility affects plant growth because min-
eral nutrients may be limited and fail to support
plant growth (Yousuf et al. 2013). Essential nutri-
ents can be classified according to the type of ion
(cation or anion). The performance of phytotoxic-
ity is affected by cation and anion contents of the
sand. The cation concentration of potassium (K)
during this study is summarized in Figure 3. Po-
tassium is a plant nutrient that functions as a cata-
lyst in many enzymes required for growth. It also
plays an important role in regulating water use of
plants (McCauley et al. 2009). In this study, K
was the most abundant cation in all of the treat-
ments (0, 10, 50 and 100% crude oil sludge con-
centration) and ranged from 0.24 to 0.85 mg/kg,
0.5 to 0.86 mg/kg, 0.33 to 0.65 mg/kg and 0.48 to
0.45 mg/kg, respectively. Al-Delaimy (2013) re-
ported that low pH may also reduce cation uptake
due to the competition between hydrogen ions
and other cations for sites on a carrier protein. Po-
tassium is among the nutrients absorbed by plants
in large quantity; this absorption is the primary
form of removal in sand contaminants (Rossmann
et al. 2012). The anions found in this study were
nitrogen in the form of nitrate. Figure 4 shows the
concentration of anions in all of the treatments.
At 7 days, the percentage of NO,” was high when
plants were exposed to 100% crude oil sludge. The
available NO,™ ranged from 0.12 to 0.05 mg/kg,
0.14 to 0.06 mg/kg and 0.15 to 0.16 mg/kg in the
sand contaminated with crude oil sludge concen-
trations of 10, 50 and 100%, respectively, where-
as, in the control treatment, NO,” was available
ranging from 0.21 to 0.05 mg/kg. A decrease in

Crude oil sludge concentration (% w/w)

Figure 3. Concentration of potassium (cation) in crude oil sludge throughout 42-day exposure
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Figure 4 Concentration of nitrate (anion) in crude oil sludge throughout 42-day exposure

NO," concentration was observed in all of treat-
ments towards the end of the exposure, indicating
that plants used the nitrates for their growth.

Variation of hydrocarbon content
in the sand mixture

Degradation of hydrocarbon in the sand
mixed with real crude oil sludge proportions
was obviously detected during this study. The
TPH degradation under various treatments with
crude oil sludge contaminants (10, 50 and 100%)
with plants and without plants during the 42-day
exposure period are illustrated in Figure 5. The
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removal efficiency of crude oil sludge contami-
nants in most treatments was significantly dif-
ferent among the three proportions and sampling
days (days 7, 14, 28 and 42). The removal of TPH
was significantly increased on day 7 relative to
the contaminated control without plants. On day
42 of treatment, the degrees of TPH degradation
were 67.0, 42.4 and 46.2% in sand spiked with
real crude oil sludge at 10, 50 and 100% respec-
tively, whereas the degradation was only 34.7,
29.1 and 20.5% at the same respective propor-
tions in the unplanted containers. These results
proved that L. octovalvis can speed up the remov-
al of petroleum hydrocarbons from real crude oil
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Figure 5 TPH degradation under different treatments with crude oil contaminants (10, 50 and 100%) (a) with
plants and (b) without plants during the 42 days of exposure
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sludge through the first 7 days of exposure. The
highest TPH removal of 67.0% was recorded in
the sand mixture exposed to a crude oil sludge
proportion of 10% after 42 days of treatment, in
contrast to only 34.7% removal observed in the
corresponding control.

As similarly obtained by Kirk et al. (2005)
and Tang et al. (2011), the TPH removal was sig-
nificantly higher in the planted containers com-
pared to the unplanted ones. The plants of L.
octovalvis with the assistance of microbes within
the roots have the capability to decrease the TPH
content. Figure 6 illustrates significant differ-
ences in TPH degradation by L. octovalvis among
the treatments with plants and treatments without
plants for the three proportions (10%, 50% and
100%) within 42 days. The highest degradation,
67.0% was obtained at 10%, whereas the average
removal in its respective control treatment was
only 34.7% giving evidence that L. octovalvis has
significant effects on TPH removal from contami-
nated sand. A previous study used L. octovalvis
to degrade 2 g/kg gasoline in sand. The removal
ratio of gasoline was 79.8% after 72 days of treat-
ment (Al-Mansoory et al. 2017). There are many
factors that affect the degradation of TPH in soil
such as suitable conditions for both the plants and
their associated microbes. Based on a study by
White et al. (2006), the presence of microorgan-
ism such as bacteria and fungi in the rhizosphere
can accelerate TPH degradation in sand. It has
also been reviewed by Phillips et al. (2009) that
microorganisms have significant role in the reme-
diation of petroleum hydrocarbon-contaminated
soil. Al-Sbani et al. (2016) have demonstrated
that the number of PAHs degraders was signifi-
cantly higher in the planted spiked soil than that

Bwith plant
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DAY | DAY
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. 42

14

in non-rhizosphere contaminated soil. According
to Lu et al. (2010), phytodegradation is the key
mechanism for TPH phytoremediation in con-
taminated soil. Cai et al. (2007) has defined phy-
todegradation as bacteria stimulation in the root
zones to degrade and speed up the TPH removal.
The microbe-plant interaction has successfully
metabolized hydrocarbons in the planted contain-
ers. On the other hand, volatilization, eluviation,
and photolysis are among the mechanisms that
can degrade TPH in the unplanted soil mixture
(Peng et al. 2009). They also stated that biodeg-
radation by indigenous microorganisms had de-
creased the gasoline concentrations in sand.
Furthermore, there are many factors that can
influence the degradation of total petroleum hy-
drocarbon in contaminated sites. Such factors in-
clude type of plant, physicochemical properties
of the sand, contaminant loading, and nutrient ac-
cessibility. Moreira et al. (2011) highlighted that
the attainment of rhizodegradation depends on the
interaction of plants with their associated micro-
organisms, suitable environmental surroundings
and the availability of contaminants. Factors of
pH, temperature, oxygen availability, microbial
population in the rizhosphere, degree of plant ac-
climatization, nutrient accessibility, cellular trans-
port properties of plants and chemical structure of
the contaminants can also enhance biodegradation
(Kotti et al. 2010; Jagtap et al. 2014). Figure 7 de-
picts the GC-FID chromatogram profile of hydro-
carbon reduction by L. octovalvis for exposure to
10% of crude oil sludge in sand which indicates
increasing degradation between days 0 and 42.
It suggests that L. octovalvis are able accelerate
the degradation of crude-oil-sludge-contaminat-
ed sand. However, the interaction between these

@without plant

Crude o1l sludge concentration (% v/v)

Figure 6. TPH removal by Ludwigia octavalvis under different concentration with crude oil contaminants
(10%, 50% and 100%) [A: significant difference at p<0.05 between with and without plants treatments;
a: no significant difference between with and without plants treatments]
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Figure 7. The GC-FID chromatogram profile of crude oil sludge degradation by L. octovalvis
for exposure to 10% crude oil sludge at days 0 and 42

factors contributing to the performance of phy-
toremediation remains unclear and thus more de-
tailed studies are required in future.

CONCLUSIONS

The results indicated that the removal of
hydrocarbons was enhanced by the presence of
L. octovalvis. 1t is possible that the presence of
L. octovalvis roots with microorganisms has an
advantageous effect on improving the degrada-
tion of total petroleum hydrocarbon pollutants.
L. octovalvis shows tolerance and resistance to
withstand the minimum concentration (10, 50 and
100% v/v) of used crude oil sludge in the con-
taminated sand. From the findings, 67.0% was re-
corded as the highest TPH removal in the planted
containers, as compared with the corresponding
unplanted containers which only achieved 34.7%
removal. Generally, L. octovalvis is a potential
plant species that can be effectively applied in
phytoremediation of soil contaminated with crude
oil sludge. This is an environmentally friendly
way of treating crude oil sludge contamination
and restoring sands back to their natural state.
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