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ABSTRACT: Petroleum hydrocarbons mostly contaminate environment due to inherent ability, such as 
solubility, volatility, and their biodegradable, they also identified toxic for animal. The petroleum has been 
released from an underground tank or refinery will likely be found in soils and possibly also in shallow 
groundwater and air that threaten health of human and environment. So the removal of these 
compounds from environment is vital. The stability of these pollutants at the soil and gradually 
accumulating over time disrupt the normal function of the soil, such as reduced agricultural capability. 
Phytoremediation describes the treatment of environmental problems (bioremediation) through the use 
of plants that mitigate the environmental problem without the need to excavate the contaminant material 
and dispose of it elsewhere. Phytoremediation consists of mitigating pollutant concentrations in 
contaminated soils, water, or air, with plants able to reduce or eliminate metals, pesticides, solvents, 
crude oil and its derivatives. In this study Phytoremediation method for treatment of polluted soil with 
petroleum hydrocarbon has been evaluated as well as its performance and efficiency.  
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INTRODUCTION 
 

 Over Two million tons of oil produced in the world. Pollution of soil and groundwater resources with 
hydrocarbons around oil refineries and the vicinity of fuel transportation facilities are considerable challenge of 
environment pollution issue. Mentioned Petroleum hydrocarbons naturally are in various chemicals used by human 
activities such as fuel of vehicles and warming homes. Spilled and leaked Crude oil fill soil pores by moving 
vertically with capillary forces and gravity in the unsaturated soil. Large amount leakage can reach water level and 
then accumulated and move to groundwater as its specific gravity less than water will float in the water. Total 
Petroleum Hydrocarbons (TPHS) mostly contaminate environment due to inherent ability, such as solubility, 
volatility, and their biodegradable they also identified toxic for animal. The petroleum has been released from an 
underground tank or refinery will likely be found in soils and possibly also in shallow groundwater and air that 
threaten health of human and environment. So the removal of these compounds from environment is vital. So far, 
several physical, chemical and biological methods have been used to remedy oil polluted Soils. Crude oil is the 
most important environmental organic contaminants especially soil   that causes cancer due to the toxic properties 
for living beings, particularly humans. So their entry into ecosystem is the most concern of the environmentalist 
(Anderson et al., 1993). However, this type of organic pollutants is stable and gradually accumulating in the soil 
over time disrupts the normal function of the soil such as reducing agricultural capability (Pulford, and Watson, 
2003). 
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Phytoremediation processes types 
Phytoremediation processes can be classified in to five groups (Esnor, 1997): 
 
Phytotransformation: chemical modification of environmental substances as a direct result of plant metabolism, 
often resulting in their inactivation, degradation (phytodegradation), or immobilization (phytoestabilization). In the 
case of organic pollutants, such as pesticides, explosives, solvents, industrial chemicals, and other xenobiotic 
substances, certain plants, such as Cannas, render these substances non-toxic by their metabolism. In other 
cases, microorganisms living in association with plant roots may metabolize these substances in soil or water. 
These complex and recalcitrant compounds cannot be broken down to basic molecules (water, carbon-dioxide, 
etc.) by plant molecules, and, hence, the term phytotransformation represents a change in chemical structure 
without complete breakdown of the compound. The term "Green Liver Model" is used to describe 
phytotransformation, as plants behave analogously to the human liver when dealing with these xenobiotic 
compounds (foreign compound/pollutant). After uptake of the xenobiotics, plant enzymes increase the polarity of 
the xenobiotics by adding functional groups such as hydroxyl groups (Ahmadi et al., 2005 and Schnoor, 1997). 
 
Rhizosphere Bioremediation: rhizosphere bioremediation or rhizodegradation is the enhanced biodegradation of 
recalcitrant organic pollutants by root-associated bacteria and fungi under the influence of select plant species. 
Vegetation can increase the total numbers of beneficial fungi and bacteria in contaminated soil from a general 
rhizosphere effect. In addition, some root-released compounds have the capability to induce genes for enzymes 
responsible for microbial metabolism of recalcitrant organic pollutants (Ahmadi et al., 2005). 
 
Phytostabilization: reducing the mobility of substances in the environment, for example, by limiting the leaching of 
substances from the soil. Phytostabilization focuses on long-term stabilization and containment of the pollutant. 
Example, the plant's presence can reduce wind erosion; or the plant's roots can prevent water erosion, immobilize 
the pollutants by adsorption or accumulation, and provide a zone around the roots where the pollutant can 
precipitate and stabilize. Unlike phytoextraction, phytostabilization focuses mainly on sequestering pollutants in soil 
near the roots but not in plant tissues. Pollutants become less bioavailable, and livestock, wildlife, and human 
exposure is reduced. An example application of this sort is using a vegetative cap to stabilize and contain mine 
tailings (Ahmadi et al., 2005 and Schnoor, 1997).  
 
Phytoextraction: Phytoextraction (or phytoaccumulation) uses plants or algae to remove contaminants from soils, 
sediments or water into harvestable plant biomass (organisms that take larger-than-normal amounts of 
contaminants from the soil are called hyperaccumulators). Phytoextraction has been growing rapidly in popularity 
worldwide for the last twenty years or so. In general, this process has been tried more often for extracting heavy 
metals than for organics. At the time of disposal, contaminants are typically concentrated in the much smaller 
volume of the plant matter than in the initially contaminated soil or sediment. 
 The plants absorb contaminants through the root system and store them in the root biomass and/or transport 
them up into the stems and/or leaves. A living plant may continue to absorb contaminants until it is harvested. After 
harvest, a lower level of the contaminant will remain in the soil, so the growth/harvest cycle must usually be 
repeated through several crops to achieve a significant cleanup. After the process, the cleaned soil can support 
other vegetation (Ahmadi et al., 2005). 
 
Rhizofiltration:This process is very similar to phytoextraction in that it removes contaminants by trapping them into 
harvestable plant biomass. First, plants are put in contact with the contamination. They absorb contaminants 
through their root systems and store them in root biomass and/or transport them up into the stems and/or leaves. 
The plants continue to absorb contaminants until they are harvested. The plants are then replaced to continue the 
growth/harvest cycle until satisfactory levels of contaminant are achieved (Ahmadi et al., 2005 and Schnoor,  
1997). 
 Phytoremediation is a technology based on synergistic cooperation of plant roots and soil microorganisms for 
decomposition, transfer, deactivate and inerting contaminant compounds of soil and underground water (Kanigam. 
et al., 1996). Rhizosphere in the phytoremediation technology has a stimulant effect on microbial activities which 
provide a suitable environment for growth and proliferation leading to decreasing petroleum contamination of the 
soil (Ganter et al., 1966). 
 Microorganisms in the rhizosphere benefit from the root exudates and plants, in turn, from the metabolic 
detoxification of potentially toxic compounds brought about by microbial communities. Additionally, microbial 
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populations benefit the plant through recycling and solubilization of mineral nutrients as well as by supplying 
vitamins, amino acids, auxins, cytokinins, and gibberellins, which stimulate plant growth (Escalante-Espinosa et al. 
2005). Some author's report a higher degradation of petroleum contaminants in soil vegetated with tall fescue, 
sorghum, cowpea, alfalfa, and black rush compared to no vegetated soil. (Merkl et al., 2004) Many plant species 
are sensitive to petroleum contaminants (Huang et al., 2004). Chaineau et al, (1997) found a growth rate reduction 
of beans and wheat by more than 80%. Significant reduction of plant biomass by the presence of petroleum 
hydrocarbons has also been reported by Merkl et al. (2004). Additionally, germination reduction and delay were 
observed by Adam and Duncan, (2002). 
 Inhibition of plant growth parameters (germination, plant length, and biomass) can be caused by toxic 
compounds of petroleum hydrocarbons (Bossert and Bartha 1985), such as low molecular weight hydrocarbons. 
They can enter and pass cell membranes leading to reduced membrane integrity and/or to death of the plant cell 
(Merkl et al., 2004). Phytoremediation is a site-specific remediation method, that's why some contradictory results 
have been reported regarding the efficiency of this technology in removing contaminants from soil (Joner et al., 
2004). Employing native plant species thatare tolerant to high concentrations of TPHs in soil can be a key factor in 
the success of phytoremediation. Phytoremediation is the use of green plants and the root-associated soil 
microorganisms, soil amendments, and agronomic techniques to remove, contain, or render harmless 
environmental contaminants (Shahriari, 2006). Phytoremediation makes use of the rhizosphere, or the zone of soil 
closest to and directly influenced by plant roots (Besalatpour et al., 2011). Phytoremediation, similar to 
bioremediation, is relatively non-invasive and provides a low cost remedial option well suited too many sites. 
Phytoremediation of petroleum-hydrocarbons is presumed to be based on the stimulation of microbial degradation 
in the rhizosphere. Plants can enhance microbial degradation by providing oxygen in the root area along root 
channels and loosened soil aggregates. Molecular oxygen is required for substrate oxidation which is the initial 
step in the degradation of most hydrocarbons (Yeung et al., 1997). Additionally, microorganisms are stimulated by 
root exudates. Gleba et al, (1999) studied 120 plant species and found that each species exudes a distinct set of 
compounds. Therefore, different species have varying effects on microorganisms and their degradation activity, 
depending on the individual composition of plant exudates. 
 
Plant selection for phytoremediation of petroleum-contaminated soil 
 The first goal in phytoremediation is to find a plant species which is resistant to or tolerates a particular 
contaminant with a view to maximising its potential for phytoremediation. Resistant plants are usually located 
growing on soils with underlying metal ores or on the boundary of polluted sites. Once a tolerant plant species has 
been selected traditional breeding methods are used to optimize the tolerance of a species to a particular 
contaminant. Agricultural methods such as the application of fertilisers, chelators, and pH adjusters can be utilised 
to further improve the potential for phytoremediation. 
 For successful phytoremediation, both the plants and microbes must survive and grow in crude oil-
contaminated soil that is typically low in nutrients. Microorganisms require N, P, K, and micronutrients to degrade 
organic soil contaminants (Rangzan, 2006). Of these, N is needed in the highest concentration (Besalatpour et al., 
2008). Fertilizer N additions are typically added to facilitate plant growth in petroleum-contaminated soils (Ahmadi 
et al., 2005). While N requirements for typical agronomic systems are well documented (Anderson et al., 1993), 
these requirements may not coincide with the N needs in crude oil-contaminated systems. Appropriate agronomic 
practices such as tillage and lime additions can also be used to improve soil physical and chemical conditions for 
enhanced plant and microbial growth. 
 
Evaluating the effect of traditional plants from Grass and legume species on removal hydrocarbon 
contamination  
Seyed Alikhany etal. Performed a study to evaluate the effect of different concentration of plant growth on 
treatment of hydrocarbon contamination, which aimed to treatment of contaminated earth with three different plants 
as: grain, mung and bean. These plants are from two different family, grass and legume and were planted in three 
concentration level named concentration 1, 2, and3. The test has repeated three times both at contaminated and 
non contaminated soil with a random and factorial pattern. The amount of soil pollution has been measured and 
analyzed at for steps: initial pollution content, germination, growing, and generation steps. The investigation 
showed decreasing in hydrocarbon pollutant at all three specimens (Seyed alikhani et al., 2011). They showed the 
ability of legumes and grasses at acceleration and facilitating of cleaning process of hydrocarbon polluted regions. 
Gudin and Syratt, (1975) and (Seyed alikhani et al., 2011) found the same results in a similar study plus that the 
bareley plant has the best performance at growing and absorbtion of hydrocarbon pollutions (Seyed alikhani et al., 
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2011).The other research performed by Rangzan, (2006) at agricultural academy of the University of Shahid 
Chamran the plant role at treatment of hydrocarbon contaminated soil. The aim of the research was to evaluating 
the role of barley, Lucerne, and clover to decrease the amount of gasoil contamination of soil at the greenhouse 
situation. In this research gasoil was added to the soil in varicose dosage. All three plant specimen of barley, 
Lucerne, and clover deliver a good performance on pollution cleaning (Rangzan, 2006). But barley has the best 
turnover. 
 
The effect of petroleum hydrocarbon concentrations on phytoremediation efficiency 
 Shahriary et al, (2006) performed a research to find the effect of clover plant from legume family and fescue 
from grass family on contaminated soils with 1%, 3%, 5%, 7%, and 10% for 120 days. The results showed that for 
concentrations less than 5% the number of bacteria were increased in comparison with the witness specimen but 
there were no meaningful change for concentrations over 5%. 
 Comparison between non planted specimen and planted specimens illustrated that petroleum reduction 
percent was higher at planted specimens. The most contamination reduction was at specimen with 1% petroleum 
contamination with the record of 36.7%. Meanwhile the lowest contamination reduction was at 10% petroleum 
contaminated specimen with the amount of 5.6%. The amount of dry biomass at witness specimen calculated as 
9.6 gram which was higher than others. The lowest biomass was found at 10% petroleum contamination pollution 
equaling to 0.24 gram. The research proved that despite of phytoremediation advantages regarding to petroleum 
contaminated soil treatment, it hasn’t practical efficiency for petroleum contaminations more than 5%.  
Germination of both specimens at high petroleum contaminations (7% and 10%) proved that these plants can 
withstand high levels of petroleum contaminations at soil (Shahriari, 2006). Some Researchists reported plants 
germination at 5.5% petroleum contaminated soils (Zoo and Janson, 1995). 
 
The effect of plants on population micro organisms of hydrocarbon polluted soils 
 Since the main mechanism of phytoremediation in oil-polluted soils is based on the stimulation of soil micro-
organisms, it can be assumed that the higher root biomass obtained with plants provides a larger rhizosphere for 
the microbial population and, therefore, an enhanced degradation of petroleum hydrocarbons in soils (Shahriari, 
2006). Fresh spills and/or high levels of pollutants often kill or inhibit large sectors of the soil microbial population, 
whereas soils with lower levels or old pollution show greater numbers and diversity of microorganisms (Shahriari, 
2006 and Rangzan, 2006). Shahriary et al, (2006) researches shows that the population of microorganisms at 
planted soils always is greater than its population at no planted soils. One of the reasons for withstanding soil 
microbial at high level petroleum polluted soils is the presence of plants rhizosphere in the soil (Ganter et al., 1996; 
Anderson et al., 1993 and Rangzan, 2006). 
 Lee et al, (2002) proved that the soils with rhizosphere have more microbial population in both quantity and 
activity aspects rather than soils without rhizosphere. Plants are able to actuate the destructive petroleum 
contamination bacterial population by releasing nutrient material and transferring oxygen in to the soil (Li and 
Zhang, 2002). 
 

CONCLUSION 

 
 Phytoremediation is a technology based on incorporation of plants activities and its microbial population to 
decompose, transfer, deactivates, and immobilize pollutant compound in soils and underground water. Regarding 
to low cost and low technology of this method, it is a suitable choice for petroleum hydrocarbon contaminated soils 
treatment. This method would be more efficient if the right type of plants have chosen.  
 Due to Barley plant resistance during its life time and high level of refining rate, it has been known as the best 
soil Phytoremediator plant.  Microorganism numeration in planted versus unplanted earth showed that 
microorganism population at planted soils is always more than no planted soils. Microorganism presence at high 
concentration petroleum contaminated soils proves that some microorganisms can tolerate high pollution 
concentration. One reason of these phenomena is the presence of rhizosphere at the soil which prepares a 
suitable growing environment by releasing nutrient substances and transferring oxygen to the soil. 
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