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Abstract: Phytoremediation is an emerging environmental friendly approach for remediation of contaminated sites using plants, is the 

matter of great attention from the past few years. Environmental problems are caused mainly due to accumulation of industrial effluents 

which form xenobiotants. There is an immediate need to degrade these xenobiotic compounds in an eco-friendly way. Various 

techniques that have been in use are microbial remediation, phytoremediation and photoremediation. Each having its own ways of 

degradation, and also have some impacts on the environment. This review examines the developments in the use of transgenic plants for 

the degradation and phytoremediation of organic xenobiotics. From last many years, considerable progress has been made to increase 

the efficiency and effectiveness of phytoremediation. Still the technique is not widely in use as it could be for the treatment of 

contaminated sites. Present studies with transgenic plants indicate that specific degradation capabilities can be added to plants for 

remediation of pollutants.  
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1. Introduction 
 

Biodegradation is the total breakdown of the complex and 

toxic contaminants into non-toxic elements by the action of 

microorganism and plants.  

 

Bioremediation is defined as ―The use of biological 

mechanisms to destroy, transform, or immobilize 

environmental contaminants in order to protect potential 

sensitive receptors.‖ (Bioremediation Discussion Group, 

2006). Bioremediation is the most effective method for the 

removal of wide variety of organic pollutants. Many 

compounds that are considered to be hazardous can be 

converted into harmless products. This eradicates the chance 

of potential problems associated with treatment and disposal 

of contaminated material. Phytoremediation is one of the 

sub-classes of bioremediation. 

 

Phytoremediation–the use of plants for cleaning up of 

xenobiotic compounds–has received much attention in the 

last few years and development of transgenic plants 

customized for remediation will further enhance their 

potential. Although plants have the inherent ability to 

detoxify some xenobiotic pollutants, they generally lack the 

catabolic pathway for complete degradation/mineralization 

of these compounds compared to microorganisms (Susan 

Eapen, 2007). Phytoremediation is the use of vegetation for 

in situ treatment of contaminated soils, sediments, and water. 

It is applicable at sites containing organic nutrients, or metal 

pollutants that can be accessed by the roots of plants and 

sequestered, degraded, immobilized, or metabolized in place. 

(Schnoor, 2001). Most of the recent studies are based on 

finding best plant for the job, pollutant transforming 

mechanism of plants and determining which plants can be 

use for phytoremediation.   

 

Due to man-made activities and natural processes 

environmental problems are increasing day by day which is a 

result of increase in population, industrialization, and 

urbanization. Since the time of industrial revolution, 

scientific and technological developments permitted humans 

for the over exploitation of natural resources and create 

disturbance to the natural environment.  

 

Phytoremediation is the best solution to the pollution 

problem. It is the most effective modern technology that uses 

floral systems for treatment of contaminants. This new and 

emerging technology is a multidisciplinary approach, and 

mainly depends on plants. 

 

Phytoremediation is based on one basic principle that is the 

use of plant that takes the pollutant through the roots. The 

pollutants can be stored in the plant, volatized by the plant, 

and metabolized by the plant, or any combination of these 

techniques.  

 

Some of the most commonly used techniques for 

phytoremediation are the following. 

1. Phytoextraction is the uptake and storage of pollutants in 

the plants stem or leaves. Some plants, called hyper-

accumulators, extract pollutants through the roots 

(Dzantor, et al., 2007). After the pollutants accumulate in 

the stem and leaves the plants are harvested. Then plants 

can be either burned or sold. This method is particularly 

useful when remediating metals. 

2. Phytovolatization is the uptake and vaporization of 

pollutants by a plant. This mechanism takes a solid or 

liquid contaminant and transforms it to an airborne vapor. 

The pollutant can be metabolized by the plant before it is 

vaporized, as in the case of mercury, lead and selenium 

(Dzantor, et al., 2007). 

3. Phytodegradation is the metabolization of pollutants by 

plants. These contaminants accumulate in plants tissues, 
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where the plant then degrades the pollutant (Dzantor, et 

al., 2007).  

Understanding of these processes needs an interdisciplinary 

approach involving chemists, biologists, soil scientists, and 

environmentalists. 

 

The term xenobiotic is derived from Greek where ‗xenos‘ 

means ‗foreign or strange‘ and ‗bios‘ means life. Xenobiotics 

compounds are chemicals which are alien to the biosphere. 

Depending on their fate in air, water, soil or sediment, 

Xenobiotic pollutants may become available to 

microorganisms in different environmental compartments. 

The principal means of transformation and degradation of 

xenobiotics compounds on earth inhabited in 

microorganisms (Doty et al., 2008). In natural habitats, the 

physiochemical properties of the environment may affect and 

even control biodegradation performances. Substances that 

are present in abnormally high concentrations can also be 

considered as xenobiotics. For example, the antibiotic drugs 

found in the human body are considered as xenobiotics as 

they are neither produced by human body itself nor a normal 

part of diet. Even a natural substance can be considered a 

xenobiotics if it has entered the body of another organism. 

But this term generally used to refer to a chemical or 

pollutants that are unfamiliar to almost all living organisms.  

 

Xenobiotics in the body are removed by the process called 

xenobiotic metabolism. In this process these compounds are 

degraded by liver where enzymes by the process of 

oxidation, hydrolysis, reduction or hydration degrade 

xenobiotics and then these excreted out of the body by the 

usual excretion routes of urination, exhalation, sweating, and 

excretion (Singh & D'souza, 2007). 

 

In early times, we had enough land and resources, but today 

our carelessness results in global scarcity of these resources. 

The speedy industrial development in the past has 

tremendously increased the amount of toxic waste effluents 

into water bodies. Environmental pollutions are caused by 

the release of domestic and industrial effluents mainly 

consist of wide range of organic and inorganic pollutants.  

But xenobiotics from industries are creating problems to the 

ecosystem, and this made environmentalists to focus more on 

effects of pollution and its prevention techniques. 

 

In some cases, industrial effluent releases are well 

synchronized while others are accidental which may be lethal 

and persistent in land and aquatic environments. The 

potential health hazard of a xenobiotic compound is its 

persistency in the environment and its toxicity. The issue of 

xenobiotics has now been a research study area for chemists, 

biologists and environmentalists. 

 

2. Materials and Methods 
 

This review paper has been written about the 

phytoremediation which is an analytical technique for the 

assessment of biodegradation of organic xenobiotic 

pollutants. It consists of the review of last ten years‘ articles 

on the said topic. The researchers selected articles, sorted out 

the relevant information and by gathering the information of 

the phytoremediation this review paper has been complied. 

 

Advantages of Phytoremediation: 

Phytoremediation also have many advantages, as compared 

to other remediation techniques.  

1. It is applicable to large contaminated sites without causing 

much environmental disturbance. 

2. Phytoremediation is applicable for organic and inorganic 

hazardous pollutants which are lethal to environments. 

3. It is easy to implement and maintenance cost is also low. 

4. Phytoremediation does not have the destructive impact on 

soil fertility and structure and the presence of plants is 

likely to improve the overall condition of the soil, 

regardless of the degree of contaminant reduction 

(Srivastava, 2007).  

5. Vegetation can also reduce or prevent erosion and fugitive 

dust emissions. (Srivastava, 2007).  

With all advantages phytoremediation is environmentally 

friendly and aesthetically pleasing to the sight. Although all 

remediation techniques are useful and have some advantages, 

depends upon the type of contaminants, their presence in the 

natural environment and some other factors.  

 

Disadvantages of Phytoremediation: 

Phytoremediation is rapid and sustainable technique but still 

have some negative impact on the environment.  

1. As this technique is based on plants and dependent on 

sunlight, natural environmental conditions like 

temperature, humidity, precipitation and other climatic 

conditions, phytoremediation is inhibited to some 

particular sites containing contaminants. 

2. High concentration of hazardous materials can be toxic to 

plants. 

3. Phytoremediation will likely require a large surface area of 

land. 

 

3. Discussion 
 

Remediation is the most suitable, efficient, and cheap way to 

deal with these so called xenobiotic compounds and to 

reduce the hazards associated to them. Different practices 

have been employed for degrading these recalcitrant. 

Bioremediation is probably the best available eco-friendly 

solution to the deal with organic pollutants. The use of flora 

for remediation is the sub type of bioremediation called 

phytoremediation.   

 

The recent studies of last decade shows that 

phytoremediation has been developed in the last few years 

by the work done on knowing the mechanism of plants 

uptake and by understanding about the enzymes, enzymatic 

metabolism of plants and functions of those enzymes that are 

practiced in the degradation processes. Research on the 

enzymatic transformation pathways will help in determining 

the definitive fate of organic xenobiotants and other 

chemicals in phytoremediation system. Recent studies on 

transgenic plants and gene technology of plants show that 

specific degradation capabilities can be added to plant 

species selected for phytoremediation purposes. 

Advancement to increase the efficiency and effectiveness of 

this technique has revolutionized the whole era of 

environmentalism. Still this technique is not widely in use as 

it could be for the treatment of thousands of contaminated 

sites. The use of genetic engineering has especially helped to 

step up removal rates of hazardous pollutants. 
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More research in the biological processing of xenobiotic 

compounds will provide thought provoking knowledge about 

phytotoxicity, and genetic engineering may allow plants to 

tolerate higher levels of organic xenobiotics. This new 

knowledge will allow phytoremediation to be applied more 

extensively and effectively. 

 

Many hindrances are on the way of wide applications of this 

technology. Scientists, engineers, and environmentalists are 

discussing about the more widespread future use of this 

technology.  Detailed, precise and simple information should 

be made easy available to the general public for their 

understanding, to enhance its acceptability and to make it a 

global, and sustainable biodegradation technology of the 

future. Environmental problems caused by the industrial 

effluents are pileup, turned into complex compounds, which 

in turn form a xenobiont. There is an immediate need to 

degrade these xenobiotic compounds in an eco-friendly way. 

Now a day phytoremediation technique is successfully in use 

in many contaminated sites of some developed countries, this 

technique is still in its infancy and yet to be applied 

commercially.  

 

References 
 

[1] Abhilash, P. C., Jamil, S., & Singh, N. (2009). 

Transgenic plants for enhanced biodegradation and 

phytoremediation of organic xenobiotics. Biotechnology 

Advances, 27(4), 474-488. 

[2] Alkorta, I., &Garbisu, C. (2001). Phytoremediation of 

organic contaminants in soils. Bioresource 

Technology, 79(3), 273-276. 

[3] Chatterjee, S., Chattopadhyay, P., Roy, S., & Sen, S. K. 

(2008). Bioremediation: a tool for cleaning polluted 

environments. Journal of Applied Biosciences, 11, 594-

601. 

[4] Chaudhry, Q., Schröder, P., Werck-Reichhart, D., 

Grajek, W., &Marecik, R. (2002). Prospects and 

limitations of phytoremediation for the removal of 

persistent pesticides in the environment. Environmental 

Science and Pollution Research, 9(1), 4-17. 

[5] Cherian, S., & Oliveira, M. M. (2005). Transgenic plants 

in phytoremediation: recent advances and new 

possibilities. Environmental science & 

technology,39(24), 9377-9390. 

[6] Conesa, H. M., Evangelou, M. W., Robinson, B. H., 

&Schulin, R. (2012). A critical view of current state of 

phytotechnologies to remediate soils: still a promising 

tool?. The Scientific World Journal, 2012. 

[7] Czako, M., Feng, X., He, Y., Liang, D. A. L. I., 

&Márton, L. (2005). Genetic modification of wetland 

grasses for phytoremediation. Z Naturforsch C, 60, 285-

91. 

[8] Dietz, A. C., &Schnoor, J. L. (2001). Advances in 

phytoremediation.Environmental Health 

Perspectives, 109(Suppl 1), 163. 

[9] Doty, S. L. (2008). Enhancing phytoremediation through 

the use of transgenics and endophytes. New 

Phytologist, 179(2), 318-333. 

[10] Doty, S. L., Shang, T. Q., Wilson, A. M., Tangen, J., 

Westergreen, A. D., Newman, L. A & Gordon, M. P. 

(2000). Enhanced metabolism of halogenated 

hydrocarbons in transgenic plants containing 

mammalian cytochrome P450 2E1. Proceedings of the 

National Academy of Sciences,97(12), 6287-6291. 

[11] Dzantor, E. K. (2007). Phytoremediation: the state of 

rhizosphere ‗engineering‘for accelerated 

rhizodegradation of xenobiotic contaminants.Journal of 

Chemical Technology and Biotechnology, 82(3), 228-

232. 

[12] Eapen, S., Singh, S., &D'souza, S. F. (2007). Advances 

in development of transgenic plants for remediation of 

xenobiotic pollutants. Biotechnology advances, 25(5), 

442-451. 

[13] Fetzner, S. Biodegradation of xenobiotics. Encyclopedia 

of Life Support Systems (EOLSS). 

[14] Gao, Y. Z., & Zhu, L. Z. (2003). Phytoremediation and 

its models for organic contaminated soils. Journal of 

Environmental sciences, 15(3), 302-310. 

[15] Garbisu, C., &Alkorta, I. (2001). Phytoextraction: a 

cost-effective plant-based technology for the removal of 

metals from the environment. Bioresource 

technology, 77(3), 229-236. 

[16] Garbisu, C., Allica, J. H., Barrutia, O., Alkorta, I., 

&Becerril, J. M. (2002). Phytoremediation: a technology 

using green plants to remove contaminants from 

polluted areas. Reviews on environmental health, 17(3), 

173-188. 

[17] Gerhardt, K. E., Huang, X. D., Glick, B. R., & 

Greenberg, B. M. (2009). Phytoremediation and 

rhizoremediation of organic soil contaminants: potential 

and challenges. Plant Science, 176(1), 20-30. 

[18] Glick, B. R. (2004). Teamwork in 

phytoremediation. Nature biotechnology,22(5), 526-527. 

[19] Hussain, S., Siddique, T., Arshad, M., &Saleem, M. 

(2009). Bioremediation and phytoremediation of 

pesticides: recent advances. Critical Reviews in 

Environmental Science and Technology, 39(10), 843-

907. 

[20] James, C. A., & Strand, S. E. (2009). Phytoremediation 

of small organic contaminants using transgenic 

plants. Current opinion in biotechnology, 20(2), 237-

241. 

[21] Lasat, M. M. (2002). Phytoextraction of toxic 

metals. Journal of environmental quality, 31(1), 109-

120. 

[22] Linacre, N. A., Whiting, S. N., Baker, A. J., Scott Angle, 

J., & Ades, P. K. (2003). Transgenics and 

phytoremediation: the need for an integrated risk 

assessment, management, and communication 

strategy. International journal of phytoremediation, 5(2), 

181-185. 

[23] Macek, T., Mackova, M., &Káš, J. (2000). Exploitation 

of plants for the removal of organics in environmental 

remediation. Biotechnology advances, 18(1), 23-34. 

[24] Macek, T., Mackova, M., Kucerova, P., Chroma, L., 

Burkhard, J., Demnerova, K., ...&Reineke, W. (2002). 

Phytoremediation. Biotechnology for the environment: 

soil remediation, 115-137. 

[25] Macek, T., Francova, K., Kochánková, L., Lovecká, P., 

Ryslava, E., Rezek, J &Mackova, M. (2004). 

Phytoremediation—Biological Cleaning of a Polluted 

Environment. Reviews on environmental health, 19(1), 

63-82. 

[26] Macek, T., Kotrba, P., Svatos, A., Novakova, M., 

Demnerova, K., &Mackova, M. (2008). Novel roles for 

Paper ID: SUB151075 2252



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438 

Volume 4 Issue 2, February 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

genetically modified plants in environmental 

protection. Trends in biotechnology, 26(3), 146-152. 

[27] Mangkoedihardjo, S. (2007). Phytotechnology integrity 

in environmental sanitation for sustainable 

development. Journal of Applied Sciences 

Research,3(10), 1037-1044. 

[28] Meagher, R. B. (2000). Phytoremediation of toxic 

elemental and organic pollutants. Current opinion in 

plant biology, 3(2), 153-162. 

[29] Nawaz, K., Hussain, K., Choudary, N., Majeed, A., 

Ilyas, U., Ghani, A., ...&Lashari, M. I. (2011). Eco-

friendly role of biodegradation against agricultural 

pesticides hazards. African Journal of Microbiology 

Research, 5(3), 177-183. 

[30] Newman, L. A., & Reynolds, C. M. (2004). 

Phytodegradation of organic compounds. Current 

Opinion in Biotechnology, 15(3), 225-230. 

[31] Niti, C., Sunita, S., Kamlesh, K., & Rakesh, K. (2013). 

Bioremediation: An emerging technology for 

remediation of pesticides. Research Journal of 

Chemistry and Environment, Vol, 17, 4. 

[32] Pilon-Smits, E. (2005). Phytoremediation. Annu. Rev. 

Plant Biol., 56, 15-39. 

[33] Reichenauer, T. G., &Germida, J. J. (2008). 

Phytoremediation of organic contaminants in soil and 

groundwater. ChemSusChem, 1(8‐9), 708-717. 

[34] Schröder, P., Harvey, P. J., &Schwitzguébel, J. P. (2002). 

Prospects for the phytoremediation of organic pollutants 

in Europe. Environmental Science and Pollution 

Research, 9(1), 1-3 

[35] Schwitzguebel, J. (2000). Potential of Phytoremediation, 

an emerging green technology. Ecosyst Service Sustain 

Watershed ManagSci B, 9(3), 210-220. 

[36] Shukla, K. P., Singh, N. K., & Sharma, S. (2010). 

Bioremediation: Developments, Current Practices and 

Perspectives. Genetic Engineering & Biotechnology 

Journal.Schröder, P., Daubner, D., Maier, H., Neustifter, 

J., & Debus, R. (2008). Phytoremediation of organic 

xenobiotics–Glutathione dependent detoxification in 

Phragmites plants from European treatment 

sites. Bioresource technology, 99(15), 7183-7191. 

[37] STOMP, A., HAN, K. H., Wilbert, S., Gordon, M. P., & 

Cunningham, S. D. (1994). Genetic strategies for 

enhancing phytoremediation. Annals of the New York 

Academy of Sciences, 721(1), 481-491. 

[38] Sung, K., Corapcioglu, M. Y., Drew, M. C., & Munster, 

C. L. (2001). Plant contamination by organic pollutants 

in phytoremediation. Journal of environmental 

quality, 30(6), 2081-2090. 

[39] Suresh, B., &Ravishankar, G. A. (2004). 

Phytoremediation-A novel and promising approach for 

environmental clean-up. Critical reviews in 

biotechnology, 24(2-3), 97-124. 

[40] Suresh, B., & Ravishankar, G. A. (2004). 

Phytoremediation-A novel and promising approach for 

environmental clean-up. Critical reviews in 

biotechnology, 24(2-3), 97-124. 

[41] Trapp, S., & Karlson, U. (2001). Aspects of 

phytoremediation of organic pollutants. Journal of Soils 

and Sediments, 1(1), 37-43. 

[42] Uchida, E., Ouchi, T., Suzuki, Y., Yoshida, T., Habe, H., 

Yamaguchi, I., ...&Nojiri, H. (2005). Secretion of 

bacterial xenobiotic-degrading enzymes from transgenic 

plants by an apoplastic expressional system: an 

applicability for phytoremediation. Environmental 

science & technology, 39(19), 7671-7677. 

[43] Van der Zee, M. (2011). Analytical methods for 

monitoring biodegradation processes of environmentally 

degradable polymers. Handbook of Biodegradable 

Polymers, 263-281. 

[44] Vanek, T., Podlipna, R., Fialova, Z., Petrova, S., 

&Soudek, P. (2010). Uptake of xenobiotics from 

polluted waters by plants. In Xenobiotics in the Urban 

Water Cycle (pp. 431-444). Springer Netherlands. 

[45] Van Aken, B. (2008). Transgenic plants for 

phytoremediation: helping nature to clean up 

environmental pollution. Trends in biotechnology, 26(5), 

225-227. 

[46] Vishnoi, S. R., & Srivastava, P. N. (2008). 

Phytoremediation–Green for Environmental Clean. In 

Proceedings (Schnoor, 2001) (Schnoor, 2001)of 

Taal2007: The 12th World Lake Conference (Vol. 1016, 

p. 1021). 

[47] Varsha, Y. M., Naga Deepthi, C. H., &Chenna, S. 

(2011). An emphasis on xenobiotic degradation in 

environmental cleanup. J BioremedBiodegrad S, 11, 1-

10. 

[48] Weyens, N., van der Lelie, D., Taghavi, S., 

&Vangronsveld, J. (2009). Phytoremediation: plant–

endophyte partnerships take the challenge. Current 

Opinion in Biotechnology, 20(2), 248-254. 

[49] Yadav, R., Arora, P., Kumar, S., &Chaudhury, A. (2010). 

Perspectives for genetic engineering of poplars for 

enhanced phytoremediation abilities. 

Ecotoxicology, 19(8), 1574-1588. 

[50] Zhu, L., Lu, L., & Zhang, D. (2010). Mitigation and 

remediation technologies for organic contaminated 

soils. Frontiers of Environmental Science & Engineering 

in China, 4(4), 373-386. 

[51] Zhuang, P., Yang, Q. W., Wang, H. B., & Shu, W. S. 

(2007). Phytoextraction of heavy metals by eight plant 

species in the field. Water, air, and soil pollution,184(1-

4), 235-242. 

 

Author Profile 
 

Adil Sikandar has done his Graduation in Environmental Sciences 

from University of Gujrat in 2013. He is now doing M.S in 

Environmental Sciences from University of Gujrat since 2013. 

Currently, he is working on the optimization of biodegradation 

potential for azo dyes degradation in different soil textures.  

Paper ID: SUB151075 2253




