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ABSTRACT
Soils are exceedingly complex. They contain a rich array of minerals and organic compounds,  
chemical reactions, physical states, and biological diversity and are responsible for countless  
ecological functions that belie their common appearance and colloquial namesake (dirt). Most  
importantly, soils sustain life by providing plants with essential nutrients, water, and physical  
support.  They  also  play  a  major  role  in  providing  a  clean  water  supply,  degrading  toxic  
compounds, supplying novel antibiotics for human health,  and circulating greenhouse gases.  
Thus, properly functioning soils are a prerequisite of terrestrial ecosystems and society alike, as  
discovered  by  several  ancient  civilizations.Fuel  contaminants  are  one  of  non  remediation  
pollutants. They are mostly found in the areas around petroleum refinery, fuel stations and other  
fuel associated sites or activities. These fuel contaminants alter the fertility of the soil. It can  
penetrate deeply and can contaminate the ground water also. So the pollution caused by the fuel  
contaminant is a big issue. Moreover they cannot be degraded very easily. The fuel contaminated  
soil so far can be treated mechanically, chemically or by the use of genetically modified micro-
organisms, which have to be performed periodically. The process is also a costlier one. Our idea  
is  to  implement  a  permanent  and  a  cost  effective  method  for  the  removal  of  these  fuel  
contaminants from soil and water systems. This can be done effectively with the help of the plant  
Chrysopogon zizanioides in the fuel contaminated area. This plant belongs to the grass family  
and has some unique features. It has the ability to undergo the phytoremediation process. Thus  
they can be subjected for the efficient removal of the fuel contaminant from the soil. It has the  
ability to prevent ground water contamination too. We can suggest it as a permanent remedy for  
making the soil fuel free.
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INTRODUCTION



Presently,itiswidelyrecognizedthatcontaminatedlandorwatersystemsareapotentialthreat to 
humanhealth.Awarenessofthisrealityhasledtointernationaleffortstoremediatemanyofthesesites,eith
erasaresponsetothehealthrisksortocontrolthedetrimentaleffectsontheenvironmentcausedbycontami
nationaimingtherecoveryofthecontaminatedsites.Fordecadeseffortshavebeendirectedtowardtheeva
luationofcosteffectivemethodstocleanupoilcontaminatedsoils.Overtheyears,manycleanupmethods
havebeendevelopedandapplied.However,theremediationofoilcontaminatedenvironmentsisdifficult
becausepetroleumisacomplexmixtureofchemicalcompounds,andtheirdegradationwhetherchemica
lorbiologicalisnoteasyasdifferentclassofcompoundsneedsdifferenttreatments.  (Umar  et  al.,  
2015B; Umar et al., 2015A; Ganti &Frye, 2008)
Release  o f  fueloilsduring dr i l l ing,  ref in ing,  transportation,  and  during  roadside 
a c c i d e n t s  or  use  point  spillsisvery  common. 
Accordingtothefiguresavailable,numberofincidentsinvolvinghazmataccidentshasincreased 
from7,297in1990to14,443in1999.  Inmostcasesthestandardcleanupprotocolisfollowed 
butinsomecasesit isnotpossibletofollowtheprotocolbecauseoftheaccidentlocations.Itis particularly 
difficulttoexcavatesurfacesoilwhereutilitylinesareveryneartothesurfaceand 
servicesofutilityagenciesarenotimmediately  available.Insuchsituations,itisconsidered 
safetouseeffectivebioremediationsolutionforon-sitecleanup. ( Ganti & Frye, 2008)

Soil  contamination  (soil  pollution)  is  caused  by  the  presence  of  xenobiotic  (human-made) 
chemicals or other alteration in the natural soil environment. This type of contamination typically 
arises from the rupture of underground storage tanks, application of pesticides, herbicides, and 
percolation of contaminated surface water to subsurface strata, oil and fuel dumping, leaching of 
wastes  from landfills  or  direct  discharge of  industrial  wastes  to  the soil.  The most  common 
chemicals  involved  are  petroleum  hydrocarbons,  solvents,  pesticides,  lead  and  other  heavy 
metals. The occurrence of this phenomenon is correlated with the degree of industrialization and 
intensities of chemical usage. Petroleum is a complex mixture made of thousands of compounds 
which  can  be  divided into  4  major  fractions:  the  alkanes,  the  aromatics,  the  resins  and the 
asphaltenes. The aromatics especially the recalcitrant polycyclic compounds such as polycyclic 
aromatic  hydrocarbons  (PAHs)  are  of  concern  owing  to  their  toxicity  and  tendency  to 
bioaccumulation. PAHs are considered as hazardous because of their mutagenic and carcinogenic 
activities (Kalf et al., 1997). A significant amount of PAH compounds is found in crude oil. Oil-
polluted soil poses a major environmental and human health problem, and the removal of such 
compounds has become of particular concern for the protection of the environment. Oil products, 
including petrol not only modify physico-chemical and biological properties of the soil but also 
contribute  to  limitations  of  the  productive  ability  of  arable  crops.  It  is  known  that  these 
compounds are able to affect the quality of surface and ground water and that these products are 
potentially dangerous for animal and human health (Frik et al., 1999). 
Generally  microbial  and  chemical  treatments  are  used  for  the  purpose  of  treating  the  fuel 
contaminated soil. Bioremediation is defined as the use of biological processes to degrade, break 
down, transform, and/or essentially remove contaminants or impairments of quality from soil and 
water. Bioremediation is a natural process which relies on bacteria, fungi, to alter contaminants 
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as  these  organisms  carry  out  their  normal  life  functions  (Flathman  et  al.,  1993).  Metabolic 
processes of these organisms are capable of using chemical contaminants as an energy source, 
rendering the contaminants harmless or less toxic products in most cases. But this process may 
need a  genetically  modified  microorganism to  resist  the  adverse  conditions  prevailed  in  the 
treatment area. It is also a costly one. One of the chemical treatments is ozonation and the Fenton 
method. It was applied for remediation of diesel fuel contaminated sand and peat, which is also a 
costly one. All these processes are to be repeated periodically to ensure proper cleaning. They 
cannot  be  a  permanent  solution  for  fuel  remediation.  Phytoremediation  is  well  suited  for 
applications in low-permeability soils, where most currently used technologies have a low degree 
of feasibility or success, as well as in combination with more conventional cleanup technologies 
(electromigration, foam migration, etc.). Phytoremediation actually benefits the soil,leaving an 
improved,  functional,  soil  ecosystemat  costs  estimated  at  approximately  one-tenth  ofthose 
currently adopted technologies (Newman et al., 1997; Ganti &Frye, 2008).

FUEL CONTAMINANTS
Total petroleum hydrocarbons (TPH) comprise a diverse mixture of hydrocarbons that occur at 
petrochemical sites and storage areas, waste disposal pits, refineries and oil spill sites. TPHs are 
considered persistent hazardous pollutants, and include compounds that can bioconcentrate and 
bioaccumulate  in  food  chains  (McElroy  et  al.,  1989),  are  acutely  toxic,  and  some  such  as 
benzene and benzo[a]pyrene are recognized mutagens and carcinogens. The application of plants 
for  remediation  of  contaminated  soil  with  PAHs  is  one  of  the  promising  cost  and 
environmentally effective approach.  Assessing the health of soils must be based on objective 
scientific analyses of changes in soil properties relative to pretreatment conditions. This task is 
made difficult by the wide variation in soil properties across the Universe and, at times, by the 
unpredictable nature of responses of soil to fuel treatments. With this in mind, our purpose in this 
synthesis is to identify(1) what constitutes a healthy soil (one that is resilient and easily restored 
following  single  or  multiple  treatments)  and  (2)  the  environmental  conditions,  soils,  and 
treatments that may lead to adverse damage. (Ganti &Frye, 2008)

MECHANISM FOR TREATING FUEL CONTAMINANTS:
The fuel contaminants are treated by phyto transformation, one of the mechanisms included in 
phytoremediation. Phytotransformation, also referred to as phytodegradation, is the breakdown 
of organic contaminants sequestered by plants via: (Kalf et al., 1997) metabolic processes within 
the plant; or (Frick et al., 1999) the effect of compounds, such as enzymes, produced by the plant 
(Schnoor,  1997).  The  organic  contaminants  are  degraded  into  simpler  compounds  that  are 
integrated  with  plant  tissue,  which  in  turn,  foster  plant  growth.  Remediation  of  a  site  by 
phytotransformation  is  dependent  on  direct  uptake  of  contaminants  from  the  media  and 
accumulation  in  the  vegetation.  Two  processes  of  remediation  can  occur  after  the  organic 



compound has been translocated by the plant: (Kalf et al., 1997) storage of the chemical and its 
fragments into the plant via lignifications; and (Frick et al., 1999) complete conversion to carbon 
dioxide and water (Miller, 1996).

PLANTS DETOXIFICATION MECHANISM 
Once the organic xenobiotic  enters the plant system, it  is  partitioned to  different plant  parts 
through translocation. Unlike microbial species that metabolize organic contaminants to carbon 
dioxide and water, plants use detoxification mechanisms that transform parent chemicals to non-
phytotoxic metabolites. The detoxification mechanism within plants is often described using the 
“green liver” concept (Sandermann, 1994; Ohkawa, 1999). Once a contaminant enters the plant, 
any number of reactions within the following series may occur.  (1)  Phase I  Conversion (2)  
Phase II Conjugation (3)Phase III Compartmentation 

Fig.1:  A  Schematic  representation  of  Phytotransformation.  Source:  (Sandermann,  1994; 
Ohkawa, 1999)

Conversion reactions include oxidations, reductions, or hydrolysis that the plant uses to begin 
detoxification. Conjugation reactions chemically link the Phase I products to glutathione, sugars, 
or amino acids and thus, the plant alters the solubility and toxicity of the contaminant. Once 
conjugated,  xenobiotics  can  be  removed  as  waste  or  compartmentalized.  During 
compartmentation, chemicals are conjugated and segregated into vacuoles or bound to the cell 
wall  material  (hemicellulose  or  lignin).  Phase  III  conjugates  are  often  described  as  “bound 
residues”  because  chemical  extraction  methods  do  not  recover  the  original  contaminants. 
Trichloroethylene (TCE), which is not a hydrocarbon but is one of the more studied volatile 
organic compounds,  has been shown to degrade to trichloroethanol,  trichloroacetic acid,  and 
dichloroacetic acid in hybrid poplars (Burken et al., 1996)

Mechanism for phytoremediator’s plants 
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Chrysopogon zizanioides, commonly known as  Vettiver (derived from Tamil),  is a perennial 
grass of the Poaceae family, native to India. It is a versatile, fast growing hardy plant having 
wide climatic tolerance to extreme environments including soil pH ranging from 3.0- 10.5 and 
temperature from 14-550C. It accumulated Pb ++, Cd++, Hg++, Ag++, Zn++, Ni++ & Cu++, 
and tolerates many organic poisons making it valuable for decontaminating around mines. It is 
tolerant to both alkaline and acid pH and it can survive salinity, fire and diseases. (Truong, 1999). 
C. zizanioides can grow up to 1.5 meters high and form clumps as wide. The stems are tall and  
the leaves are long, thin, and rather rigid; the flowers are brownish purple. Unlike most grasses, 
which form horizontally spreading matlike root systems, C. zizanioides's roots grow downward, 
2–4  meters  in  depth.  The  use  of  C.  zizanioides  in  soil  conservation  has  been  suggested 
throughout 20th Century (Veldkamp, 1999)
ATROPHA curcas  is  a  perennial  shrub that  is  native  to  Central  America.  It  is  now widely 
cultivated in tropical and subtropical regions of the world becoming even naturalized in other 
areas. Commonly called Barbados nut, purging nut or physic nut, the plant produces flowers and 
fruits throughout the year. It is resistant to a high degree of acidity. The fruit contains 37.5% shell 
and 62.5% seeds. The seed contains 27 – 40% oil (average of 34.4%) that can be processed to 
produce a high quality biodiesel fuel usable in a stand diesel engine. It is traditionally used as 
hedging plants in part of India to protect agriculture and livestock. It was used in some areas in 
Africa as a grave marker. Jatropha curcas  as biodiesel tree and countries like Nigeria to reducing 
emission  from  fossil  fuel  and  reduce  deforestation,  improving  energy  efficiency  and 
transforming urban transport (Agbogidi & Eruotor, 2012). Such an approach can simultaneously 
support economic recovery and encourages growth in areas that mitigate the impact of climate 
change. there was a buildup of heavy metals in areas of oil impact as the levels of heavy metals 
including iron, zinc, cadmium, copper, manganese, lead, chromium and nickel were significantly 
higher (P=0.05) in these areas when compared with  the uncontaminated subplots. Plant tissue 
analyses (leaves, stems and roots) also showed significantly (P=0.05) higher amounts of heavy 
metals  when  compared  with  tissues  obtained  from  areas  not  contaminated  with  spent  oil 
respectively(Agbogidi & Eruotor, 2012)

PHYTOREMEDIATION OF LEAD POLLUTED SITES
Among heavy metals, lead is one of the major contaminants found in soil, sediments, air and 
water. Total annual emission of lead by motor vehicles & industrial plants alone throughout the 
world amounts more than half a million tons. Lead can persist in the environment for 1505000 
years (Friedland, 1990). Once in the water it enters the food chain & adversely affects the flora & 
fauna. In plants, enhanced level of lead in soil caused significant reduction in plant height, root-
shoot ratio, dry weight, and nodule per plant, chlorophyll content in Vigna radiata (Tomar et al., 
2000)& in Mentha spicata (Bekiaroglou & Karatagli, 2002). A study was conducted to determine 
the tolerance of lead by C. zizanioides using Black gram (Vigna mungo). V. mungo was separated 
into two sets and both were planted in a lead contaminated soil.  In one set the plant alone was 
grown. In a separate experiment Black gram is intercropped with C. zizanioides grass to study 



the phytoremediation through C. zizanioides. In both the cases plants were treated with 9.0, 10.0 
& 11.0 mg lit–1 concentration of Pb (NO3)2 & a control set of plants (without any treatment) 
was also sown in the field. In the first set of experiment, the growth and metabolism of Black 
gram were adversely affected by the increase in lead concentration The maximum reduction (% 
of control) was obtained with the higher dose of lead i.e. 11 mg lit–1.  In the second set of 
experiment (intercropping with C. zizanioides) a significant recovery of this phytotoxicity was 
noticed in Black gram. Lead accumulation in roots of C. zizanioides grown in lead treated soil is 
higher  than  growing  in  non  contaminated  soil.  No  stress  symptoms  were  observed  in  C. 
zizanioides plants. The results of the present study reveal that C. zizanioides can be regarded as a 
potential  phytoremediator  plant  that  can  be  grown  in  a  site  contaminated  with  lead. 
(www.vettiver.org).
.  
MATERIAL AND METHODS
The plant species are collected and allowed to grow in normal soil until it  reaches a normal 
growth. Its normal growth conditions and growth patterns are observed. Then some of the normal 
plants  are  taken  and  its  constituents  are  separated  by  the  extraction  process.  Then  fuel 
contaminated  soil  is  taken  from  contaminated  sites.  Five  different  levels  of  contamination 
wereprepared.  One is  grown in normal soil  and kept as control.  The other four pots are the 
mixture ofnormal and fuel contaminated soil in the following ratio as 3:1, 2:2, 1:3 and the fourth 
one is fully contaminated soil. The soil sample from each pot is collected and subjected for soil 
analysis  to  determine  the  amount  of  fuel  contaminant  present  initially.  The  Chrysopogon 
zizanioides is planted in the pots above said. The plant is allowed to grow. The physiological 
parameters  of  the  plant  such as  height,  color,  roots  etc  are  noted  periodically.  After  certain 
growth the plant is taken off from all pots and its root length is noted down. Then the plant’s root 
and shoot subject to extraction to determine the chemical constituent of the plant after treatment. 
The soil  is  subjected to  soil  analysis  to  estimate  the level  of  fuel  contaminant  present  after 
phytoremediation with Chrysopogon zizanioides. Soil analysis can be done using UVSpec for 
general soil content, AS for analyzing the heavy metal constituents. Gas chromatography (GC) 
analysis  the  aromatic  fraction  of  the  resolution  of  PAH  compounds.  The  effect  of  fuel 
contaminants can be studied by analyzing the plant’s constituents before and after treatment. 
Chlorophyll & carotenoid contents were determined by as per Arnon (Arnon, 1949) and (Ikan, 
1969)  respectively. Nitrogen content was determined by Micro-Kjeldhal method of Lang (Lang 
& Martin, 1958). Protein content was measured by the Folin phenol method (Ganti &Frye, 2008; 
Lowry et al., 1951).

The merit of phytoremediators plants 
The advantage of the chosen plant is its ability to fix atmospheric nitrogen; this is in addition to 
the ability of this species to tolerate up to any all sorts of adverse conditions. On the other hand 
the advantage of the chosen monocot plant is its extensive fibrous root system, resulting in a 
large root surface area per unit volume of surface soil. This will penetrate very deeply into the 
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soil and helps in the removal of fuel contaminants present even at greater depth. This helps in the 
prevention of ground water contamination.

RESULT AND DISCUSSIONS
Recent work carried out will reveal the ability of the plant to degrade the fuel contaminants  
present in the soil. Based on its efficiency further improvements can be provided as needed. AS 
studies will reveal how much amount of heavy metal has been accumulated by C.zizanioides and 
further study about the plant’s roots, shoots and leaves may help to know whether the heavy 
metals are translocated through the vascular system or just get accumulated in the root itself. As 
the plant has a good value in the phytoremediation process they will be having the ability to 
degrade  the  fuel  contaminants  present  in  the  soil.  As  they  having  the  ability  to  tolerate 
temperature, acidity, salinity so there would not be any problem for the plant to get adapted in 
the fuel contaminated area. Since their roots are long so they can stop the percolation of these 
contaminants into the ground water.  There will  be no need to  change the plant periodically. 
Planting once may be a permanent solution.
These findings agree with earlier reports shows that heavy metals abound in soils contaminated 
with petroleum hydrocarbons. The presence of any metal varies from site to site depending upon 
the source of individual pollutants. Also reported that excessive uptake of metals by plants may 
produce toxicity in human nutrition. (Agbogidi & Eruotor, 2012) For example, Cd and Zn can 
lead to acute gastrointestinal and respiratory damages and acute heart, brain and kidney damages. 
High concentrations of heavy metals in soil can negatively affect plant growth and yield as these 
metals  interfere  with  metabolic  functions  in  plants  including  physiological  and  biochemical 
processes, inhibition of photosynthesis and respiration. Other effects of heavy metals in plants 
according to, include degeneration of main cell-organelles and even leading to death. Reference 
reported that  Pb is  known to cause some biochemical  and structural  changes  in fresh water 
snailwhen accumulated in the flesh of snail.  Soil  contamination with heavy metals  may also 
cause  changes  in  the  composition  of  soil  microbial  community  and  other  biological  and 
biochemical properties as well as the physical and chemical properties of the soil following the 
lowering  of  soil  pH (Agbogidi  & Eruotor,  2012).  The  results  of  the  present  study where  a 
positive interaction existed between the contaminant and heavy metal concentration confirmed 
the reports that this study has demonstrated that soil contamination with crude oil can lead to a 
gradual accumulation of heavy metals which have a direct effect on the tissues of the plants 
grown in such environment. Although the amount of metals observed in the present study are 
below  the  tolerable  limits  with  gradual  accumulation  and  bio-magnification  of  these  non-
biodegradable elements, a rise to a dangerous or lethal level with their inherent health hazard 
could be envisaged in man and his animals. This study also indicated that organisms including 
plants accumulate metals  from their  environments and the accumulation of these metals  is a 
strong indication of environmental degradation.  The present study has a vital implication on the 
sustainability of this multipurpose and veritable biodiesel shrub species. (Agbogidi & Eruotor, 
2012)



CONCLUSIONS AND RECOMMENDATIONS
Phytoremediation,  an emerging cleanup technology for  contaminated soils,  groundwater,  and 
wastewater that is both low-tech and lowcost, is defined as the engineered use of green plants 
(including  grasses,  forbs,  and  woody  species)  to  remove,  contain,  or  render  harmless  such 
environmental  contaminants  as  heavy  metals,  trace  elements,  organic  compounds,  and 
radioactive  compounds  in  soil  or  water  (Joner  et  al.,  2004).  Vegetation  is  important  for  all 
phytoremediation applications.  It  is  necessary to  use plants that  tolerate  high levels of toxic 
pollutants. For successful phytoremediation, both plants and microorganisms must survive and 
grow  in  adverse  environment.  Phytoremediation  utilizes  physical,  chemical,  and  biological 
processes to remove, degrade, transform, or stabilize contaminants within soil and groundwater. 
Hydraulic  control,  uptake,  transformation,  volatilization,  and  rhizodegradation  are  important 
processes  used  during  phytoremediation.  Phytoremediation  can  be  specified  into  many 
applications including: phytoextraction, in which plants decontaminate soil through uptake of 
heavy  metals  in  aerial  part  and  then  can  be  harvested  and  removed  from  the  site; 
Phytostabilization, in which plants are used to minimize heavy metal mobility in contaminated 
soil; and Phytovolatilization, in which plants extract volatile metals from soil and volatilize them 
from foliage (Cunningham et al., 1995). Plants such as alpine pennycress (Thlaspi caerulescens), 
Indian  mustard  (Brassica  juncea),  Chinese  brake  (Pteris  vittata  L)  are  often  used  as  hyper 
accumulators as they concentrate high pollutants.
The result of this study on the other hand indicates that fuel oils pollution would negatively 
affect the proximate composition of some edible seeds and leaves of plants; this indicated that 
cowpea as a plant  absorbed these heavy metals  from polluted environment. (Ogbuehi  et  al., 
2011) Humans and other animals that feed on the seeds and leaves of cowpea grown in fuel oils 
polluted environment stand a risk of gradual accumulation of heavy metals in the body system. It 
is therefore pertinent to prevent or remediate the spills and indiscriminate disposal of spent fuel 
oils in the arable land meant for agriculture (Ogbuehi et al., 2011)
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