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Phytoremediation is a process which utilizes plants to remove contaminants from the environment. It is the
latest alternative to treatment technique that needs to identify potential plants and their ability to resist
toxicity of contaminants before a full scale system can be installed to ensure that the remedy is effective by the
selected plants. The aim of this study is to evaluate the ability of two native plants in Malaysia, Ludwigia
octovolvis and Phragmites karka, to survive when exposed to real crude oil sludge. The experiment was
performed in a greenhouse for 15 days. The observation was made three times a week. The plants were also
watered using tap water to ensure the plants could grow. After 15 days of observation, the two plant species
had shown that they could grow and survive in pots with 100% of crude oil sludge. From this preliminary test, L.
octovolvis and P. karka showed their initial ability to treat sand contaminated with crude oil sludge. As a
conclusion, both native plants have the potential in the phytoremediation process of hydrocarbon and will be
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used in future prolonged phytoremediation of crude oil sludge.

Phragmites karka doi: 10.5829/ijee.2018.09.01.07
cost-effective ~ with  high  public  acceptance  and
INTRODUCTION environmentally friendly aspects [6 ,7, 8, 9]. Comparing

Petroleum is one of the most important energy resources for
industry, daily life and a raw material of the chemical industry.
Petroleum is a complex mixture consisting of thousand
compounds known as hydrocarbons [1,2]. The problems arises
from petroleum exploration that is currently solved through
clean up activities. Common techniques involved in the
cleaning up of soil contaminated sites are the physical,
chemical and thermal processes [3]. These techniques however
have some adverse effects on the environment and are also
expensive [3,4]. Some of the techniques are costly and not
environmentally friendly leaving recalcitrant by-products in
the environment. Recently, biological techniques are being
evaluated for the remediation of sites contaminated with
petroleum. Phytoremediation is one of the biological
techniques for cleaning up polluted soils. It is a highly flexible
and solar driven in situ pollutant extraction system for removal
of contaminants from soil, water, sediments, and air.
Phytoremediation potential has been widely accepted as highly
stable and dynamic approach for reducing eco-toxic pollutants.
It is also a highly perceptive and promising field of bio
resources technology [5]. Among the different remediation
techniques, phytoremediation is proposed to be efficient and
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natural  attenuation  between  bioaugmentation  and
phytoremediation, it was reported that phytoremediation was
the most efficient technique for cleaning up contaminated soil
[10]. Phytoremediation has been shown to be effective for
petroleum and assessed in a number of field and greenhouse
studies [11, 12]. Plants used for phytoremediation should have
the following characteristics: (i) tolerant to high levels of the
hydrocarbon, (ii) accumulate reasonably high levels of the
hydrocarbon, (iii) rapid growth rate, (iv) produce reasonably
high biomass in the field, and (v) have profuse root system
[13]. Table 1 lists down some plants used to treat
hydrocarbons in soils. The plant used in this research is
Ludwigia octovalvis, known as Mexican primrose-willow. It is
herb robust, erect, perennial, sometimes woody at base or even
shrubby. L. octovalvis is a cosmopolitan plant with a mainly
tropical distribution. The second plant used is Phragmites
karka, a local plant and is in poaceae family. This research
was carried out to screen for native plants that can resist and
tolerate in crude oil sludge for phytoremediation of
hydrocarbons. The growth of two native plants, L. octovalvis
and P. karka were observed for their survival and resistance in
real crude oil sludge. After determining their survival and
tolerance, further work will be done extensively to analyze the
concentration in another phytotoxicity test.
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MATERIAL AND METHODS

Propagation of plants of Ludwigia octovalvis and
Phragmites karka

L. octovalvis and P. karka werepropagated in a
greenhouse in Universiti Kebangsaan Malaysia using
soil garden in polyethylene bags with compaosition of
soil garden was 3: 2: 1 for topsoil: organic: sand. After
one-month propagation, the plants were ready and
transferred to the tested pots.

Source for crude oil sludge

Crude oil sludge which was used to test capability of
plants to survive was obtained from a contaminated oil
fields of a crude oil terminal in Malaysia. The sludge
was characterized for its TPH, BTEX and nutrients
content.

Total petroleum hydrocarbon extraction in soil The
total petroleum hydrocarbon (TPH) in the samples was
analyzed using an ultrasonic solvent extraction method
[1]. Three replicates of spiked medium were sampled at
each sampling periods. The collected samples were
stored in glass bottles and kept at 4 °C prior to analysis.
Approximately 10 g of each sample was placed in a
100-mL flask from each pot on the same sampling day
for all treatments to extract TPH. Soil samples were
dried by mixing with sodium sulfate (Na;SO4) and later
placed in a 100-mL Schott bottle with 50 mL
dichloromethane (DCM) (R&M Chemicals, UK), with
the bottle being agitated in an Ultrasonic cleaner
(Thermo-10D, USA) for 30 min at 50 °C. The
supernatant was filtered through glass wool. The
extracts were concentrated and were left in the fume
hood for 2-3 days to allow the solvent to evaporate
completely, after which, 1.5 mL DCM was added and
the extracts were stored in gas chromatography vials.

Experimental set-up for plant screening

The experimental set-up for plant screening was
prepared as depicted in Table 1. Three plants were
grown in each 3 L yellow pot containing 3 kg of the
crude oil sludge. Two replicates were used for each
plant. Another pot containing plants in 3 kg sand acted
as a plant control (PC). The observation was conducted
three times a week for 15 days for each plant by
physically observing the ability of the plants to survive
and resist the hydrocarbon contaminant in terms of the
number of withered plants within the period. The
percentage of withered plant was determined by
dividing thenumber of witheredplantswith the total
plants.

RESULTS AND DISCUSSION
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Crude oil sludge which was used to test capability of plants to
survive was obtained from a contaminated oil fields of a crude
oil terminal in Malaysia. The sludge was characterized for its
TPH and nutrients content as summarized in Table 2.

TABLE 1 Experimental set-up for plant screening

Plant Plants in Plants in Plants in
crude oil crude oil sand (PC)
sludge (R1) sludge (R2)
Yy ( o s ( o 7

Ludwigia \/r
octovalvis
Phragmites

karka

TABLE 2. Characteristics of crude oil sludge used for the
plant screening

Parameters Unit Value
TPH mg/kg 1.47E+04
BTEX mg/kg 0.005
Ammonia (NHs-N) mg/kg 4.09
Nitrate (NO2—N) mg/kg 0.028
Nitrite (NOs-N) mg/kg 4.7
Phosphate (PO4%) mg/kg 2.09
pH - 6.7

It contained 1.47E+04 mg/kg of TPH that are hazardous to the
environment. The physical growth observation of withering
effects of crude oil sludge on the physical plant (withered or
dried) were conducted, based on the change of colour from the
normal green color to brown color and shown in Table 3.
Based on the observation, after 7 days of exposure, L.
octovalvis plants were still healthy but for P. karka, one
planthad begun to wither while the rest were still healthy. On
Day 15 for L. octovalvis, two plants had withered in the
second replicate pot. The rest of plants was still healthy and
green in the first replicate pot. Whilst, for P. karka, plants
were still healthy in the first replicate and one plant in the
second replicate had turned its colors from green to yellow
and finally died at the end of exposure. Both plants showed
different survival abilities at the real crude oil sludge. Both
plants in the PC pots remained green and healthy in the crude
oil sludge and survived until Day 15. Figure 1 shows the
survival rates for the two plants at day 15 with 66.6% survival
for L. octovalvis and 83.3% for P. karka. The result of this
study suggested that these plants showed a high resistance to
crude oil concentration acting as a model of hydrocarbon
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contaminant. Exposure to gasoline can occur for workers on
the manufacturing chain, from gasoline production to
consumer use, gasoline at docks and gasoline fueling stations
or gasoline exposure as inhalation of gasoline vapors during
automobile refueling [15].

TABLE 3. Plant growth observation of on Day 0 and Day 15
for Ludwigia octovalvis and Phragmites karka

Therefore, it is expected that these two native plants will give
impressive results if used to treat crude oil sludge
contaminated soil due to its high ability to adapt it. Most
phytoremediation research has focused on specific plant to be
used in phytoremediation to enhance the degradation of
organic pollutants and crude oil sludge was chosen as a model
contaminant to represent petroleum hydrocarbons environment
[14]. Under this screening test, the physical observation for

Plant Day Plants in Plants in
crude oil crude oil
sludge (R1)  sludge (R2)

Plants in
sand (PC)

two plants in pots with real crude oil sludge had turned its
colors from green to yellow. Similar results were observed
in a study by Sanusi et al. [16]. The continued growth of the

Ludwigia
octovalvis

plants in the presence of the hydrocarbon contaminant can
be the first indication that these plants are potential
phytoremediant [17]. While other researchers showed when
exposed to diesel all species can survive up to 0.05 mL/L
diesel (v/v) but in concentration of 0.5 mL/L, Azolla
pinnata died due to the toxicity of high diesel
concentrations [18].

Results also showed that S. mucronatus exposed to different
levels of gasoline died after one day in high concentrations.
While the concentration of 40 g gasolines/kg to 70 g
gasoline/kg plants died after 7 days. However, plants can
grow successfully in low concentration of gasoline in which
the findings from this study also agrees with the study
conducted by Purwanti et al. [19] who had observed Scirpus
mucronatus when exposed to diesel fuel concentrations of

Phragmit
es karka

5, 10, 15, 100 and 200 g/kg the plants had changed their
colors, from green to yellow and the plants in
concentrations of 100 and 200 g/kg were withered after 10
days of exposure. Another study concluded that Paspalum
scrobiculatum can grow in different concentration of crude
oil (2.5, 5, 7.5, 10.0, 12.5 and 15.0%) and the length was
significantly reduced by the presence of crude oil .

CONCLUSIONS

Afterl5 days of observation, it was found that 66.6% of L.
octavalvis and 83.3% of P. karka could survive and grow
successfully inpots containing crude oil sludge. Therefore,
these plants are good candidates for remediation
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40%

20%

Plant survival (%)

0%

day 0 day 15 day 0 day 15

plant ludwigia
Exposure day

plant karka

Figure 1. Percentage survival of Ludwigia octovolvis and
Phragmites karka on Day 0 compared to Day 15

ofhydrocarbon in contaminated crude oil sludge. Hence, the
future phytotoxicity test will be conducted on 100% crude oil
by analyzing in details the TPH and heavy metal removals.

ACKNOWLEDGEMENT

The authors would like to thank Tasik Chini Research Centre,
Universiti Kebangsaan Malaysia (UKM) and the Ministry of
Higher Education, Malaysia, for supporting this project
through DIP-2016-030, AP-2015-013 and
FRGS/1/2015/SG05/UKM/01/1 grants.

REFERENCES

1. Zhang, Z., Hou, Z., Yang, C. Ma, Tao, F. Tao, F. and Xu,
P. 2011. Degradation of n-alkanes and polycyclic
aromatic hydrocarbons in petroleum by a newly isolated

50



10.

Iranica Journal of Energy and Environment 9(1): 48-51, 2018

Pseudomonas  aeruginosa Bio  resource
Technololgy, 102,: 4111-4116.

Gopinathan, R., Prakash, M. and Bharathirajan, R., 2012.
An experimental study for crude oil biodegradation in
contaminated soil. Int. J. Curr. Microbiol. Appl. Sci. 1(1);
12-16.

Frick C. M., Farrell R. E. and Germida J.J. 1999.
Assessment of Phytoremediation as an in-situ technique
for cleaning oil-contaminated  sites.  Petroleum

Technology Alliance Canada, Calgary. Retrieved from:

DQS™,

http://www.rtdf.org/pub/phyto/phylinks.htm  [Accessed
on 5th July 2016].
Lundstedt S 2003. Analysis of PAHs and their

transformation products in contaminated soil and
remedial processes. Solfjodern Offset AB, Umea,
Sweden, 55pp

Yadav R., Arora P., Kumar S., and Chaudhury A. 2010.
Perspectives for genetic engineering of poplars for
enhanced phytoremediation abilities. Ecotoxicology 19:
1574-1588.

Lambrechts T., Gustot Q., Couder E., Houben D.,
Iserentant A., and Lutts S. 2011. Comparison of EDTA-
enhanced  phytoextraction and  phytostabilisation
strategies with Lolium perenne on a heavy metal
contaminated soil. Chemosphere 85: 1290-1298.

Pandey V. C. 2012. Phytoremediation of heavy metals
from fly ash pond by Azolla caroliniana. Ecotoxicology
and Environmental Safety 82: 8-12.

Zhang X., Lin L., Chen M, Zhu Z., Yang W., Chen B,
Yang X., and An Q. 2012. A nonpathogenic Fusarium
oxysporum strain enhances phytoextraction of heavy
metals by the hyperaccumulator Sedum alfredii Hance.
Journal of Hazardous Material 229-230: 361 370.

Sinha S., Mishra R. K., Sinam G., Mallick S., and Gupta
A. K. 2013. Comparative evaluation of metal
phytoremediation potential of trees, grasses, and
flowering plants from tannery-wastewater-contaminated
soil in relation with physicochemical properties. Soil
Sediment Contamination 22: 958-983.

Cai B., Ma J., Yan G., Dai X., Li M., and Guo S. 2016.
Comparison of phytoremediation, bioaugmentation and

11.

12.

13.

14.

15.

16.

17.

18.

19.

saline  soil
Biochemical

natural attenuation for remediating
contaminated by heavy crude oil.
Engineering Journal 112:170-177.

Ferro, A. M., Rock, S.A., Kennedy, JJ. Herrick, &
Turner, D.L. 1999. Phytoremediation of soils
contaminated with wood preservatives: greenhouse and
field evaluations. International Journal of
Phytochemistry, 1: 289-306.

Euliss, K., Chi-hua, H., Schwab, A. P., Steve, R., Banks,
M. K. 2008. Greenhouse and field assessment of
phytoremediation for petroleum contaminants in a
riparian zon. Bioresource Technology, 99: 1961-1971.
Garbisu, C., Hernandez-Allica, J., Barrutia, O., Alkorta, I.
and Becerril, J.M. 2002. Phytoremediation: A technology
using green plants to remove contaminants from polluted
areas, Rev. Environ. Health. 17: 75-90.

Kathi, S. and A.B. Khan. 2011. Phytoremediation
approaches to PAH contaminated soil. Indian J. Sci.
Technol., 4: 56-63.

Keenan, J.J., S.H. Gaffney, D.A. Galbraith, P. Beatty and
D.J. Paustenbach, 2010. Gasoline: A complex chemical
mixture, or a dangerous vehicle for benzene exposure?
Chem. Biol. Interact., 184: 293-295.

Sanusi, S.N.A., S.R.S. Abdullah and M. Idris, 2012.
Preliminary test of phytoremediation of hydrocarbon
contaminated soil using Paspalum vaginatum sw. Aust. J.
Basic Applied Sci., 6: 39-42.

Erute, M.O., Z. Mary, O. Gloria, 2009. The effect of
crude oil on growth of the weed (Paspalum scrobiculatum
L.)-phytoremediation potential of the plant. African
Journal of Environmental Science and Technology, 3(9):
229-233.

Cohen, M.F., J. Williams and H. Yamasaki, 2002.
Biodegradation of diesel fuel by an Azolla-derived
bacterial consortium. J. Environ. Sci. Health A Tox.
Hazard. Subst. Environ. Eng., 37: 1593-1606.

Purwanti, I.F., M. Mukhlisin, S.R.S. Abdullah, H. Basri,
M. Idris, A. Hamzah and M.T. Latif, 2012. Range finding
test of hydrocarbon on Scirpus mucronatus as preliminary
test for phytotoxicity of contaminated soil. Revelation
Sci., 2: 61-65.

Persian Abstract

DOI: 10.5829/ijee.2018.09.01.07

ouuS>

a5 oS el leye ST gl Sl Cppasan Gl aiS e eoliul e e san¥T i (gl el 5l aS el Wiy, S Phytoremediation
Do 5o oile 0ady (sl Phragmites karka o Ludwigia octovolvis « sl cags olS g0 oUlgs bl asdlas cpl 5l Gas .l Sge oals Gl LS

el OT s O 5l ooliinl b 55 ylals as aslo atan 1o )b dw Slaslie ol plxl 55, 10 Soe a0 AldS o Giolej] .l a8ly pl i oy

u.o..uzJ/\ Lle lals jo 5 oS ad) adly o a8 ail eols (ylis LS 555 50 conalice 59, 10 5l e g oo o (lalS o, 5l ylicsdol cga

o ol o aiols lis sl el o a4 eogll awle 9 i Gleyd slp 1y 995 adgl LUl P karka g L. octovolvis sl [ialesT ol 51 .aisS adgs pls-

algs ooliiwl s> cis oz Sl am o SYeb oliend (0 g dlid S g 0 5l el gd Wg, 50 Jewdly sl segr LS 90 2 g S A

51



