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Phytoremediation: Environmental-Friendly Clean up Method
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Abstract: This review presents how green plants tolerate with heavy metal as for as environment cleaning up
technology together with exploited species in the previous studies, thus making it more viable for present
utilization. Phytoremediation has becoming a buzz word nowadays. It reflects the high public concern towards
environmental cleanup technique due to its low cost, environmental-friendly approach and absolutely plant
based technology used to decontaminate heavy metal pollution recently. This increasing of environmental
awareness emerged from the disposal of industrial waste increased critically without a proper treatment,
which caused environmental disasters. The high cost of conventional technologies used in remediate the
polluted sites recently had primarily driving force behind the search to develop new alternative technology,
which is called phytoremediation. Despites of its feasibility and great potential as a viable approach in cleanup
polluted environment, phytoremediation is yet become commercially available technology.
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INTRODUCTION

Nowadays, mankind has dominated industrial and
agricultural landscapes development. The rapid increases
of population together with fast industrialization growth
have caused serious environmental problems, especially
on dumping toxic waste materials, such as heavy metals
into water and soils. Singh and his co-workers [1] reported
that over the decades, annual worldwide release of heavy
metals reached almost 20,000 metric tons per year. This
phenomenon has reached to a promising toxic level due to
the consequences of anthropogenic activities and
urbanization in the past few years back [2]. These
pollutants are continuously released into the terrestrial
environment by natural resources also human activities
[3]. Heavy metals are essentially non-biodegradable
substances, thus its mobilization caused the spread of
toxic contaminants into the environment. Plus, there have
been reported that accidental release or disposal also

contributed to the spreading of contaminants in certain
areas nearby [4]. Heavy metals are identified as elements
with an atomic density greater than 6 g cm™, which are one
of the most occurred persistent pollutants in water [5].
These waste materials have a tendency to accumulate
along the food chains, thus causing health and toxicity
problems for the human and environment. They have
been known to pose several problems and expected to be
increased in the environment recently.

There has been reported that in United States of
America (USA), at least 60,000 contaminated brown fields
with heavy metals need reclamation [6]. According to the
European Environmental Agency (EEA), more than 80,000
contaminated sites have been remediated in the last 30
years and another 240,000 sites need to be in reclamation
[7]. In Republic of China, its one-sixth of arable land has
been polluted by heavy metals and more than 40 % has
been degraded due to erosion and desertification [8].
Severe pollution cases have been reported in India,
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Pakistan and Bangladesh, where their industrial units
have dumped out the untreated chemical wastes in the
surface  drain  irresponsibly  [9].United  States
Environmental Protection Agency (EPA) reported that the
bill for clean up thousands of polluted environment in
2004 cost as much as $250 billion. The amount is
increasing year by year, thus has driven researchers to
develop economic cleaning method. In order to maintain
good quality of water body and keep them free from
contamination, continuous efforts have been made to
develop technologies that are easy to use, sustainable
and environmental friendly feasible. Thus, for over the
last decades, the awareness to protect and sustain the
environment from pollution has increased. Societies
realized that during the race for development and
prosperity, both failed to protect the environment.

A lot of positive steps were taken over by the world
to counterbalance the development and compromise the
integrity of environment. They implemented  stringent
governmental regulation, forced government and private
agencies to manage their hazardous waste properly. The
heavy metals cleanup is a very challenging job with
respect to high cost and respectively technical complexity
[10]. Physicochemical approaches have been widely used
for remedying polluted environment, especially in small
scale sites. This approach is referred to heavy metal
removal mechanisms include sedimentation, flocculation,
complexation, microbial activity and uptake [11]. While the
classic and common physicochemical for metal
remediation in water, especially for drinking water include
precipitation, ion exchange and reverse osmosis process.
Reported that activated carbon adsorption remains the
most powerful technology available treatment for
wastewater and industrial effluents polluted with heavy
metals ions around the world [12]. Furthermore,
microfiltration and sedimentation techniques are also
being used as an environment contamination cleanup
process [13]. Based on Raskin et al. [14] and McGrath et
[15], they discovered that the physicochemical
approaches have its side effects as such potentially
creates secondary pollution problems. Therefore, there is
a need for researchers to come out with a new
development of a cost-effective, efficient and
environmental friendly of remediation methods
decontaminating the heavy metals pollution.

Instead of the used of conventional remediation
technologies in cleaning up the vast majority of polluted
sites, researchers came out with ideas of using plants to
remove or decontaminate the affected areas. The concept
of using plant to remediate contaminated environment has

al.

in

17

actually been implemented for the past 300 years is called
phytoremediation [16]. Green plants have an enormous
ability to uptake minerals, nutrient and ion from ground
through their root systems. Based on previous study,
Amin and co-workers [17] agreed that phytoremediation
is an energy efficient, cost-effective, aesthetically
pleasing technique done by plant naturally in remediating
polluted sites around the world. They believed to be able
to uptake pollutants from environment and accomplish
the detoxification process by various mechanisms.
These features allowed herbaceous and woody plants to
be utilized as an alternative remediation technique for
site polluted with heavy metals. Around 1990’s,
phytoremediation technology emerged to be a relatively
recent technology with mostly conducted research study
[18]. Previous studies visualized that phytoremediation
approach may be a suitable and satisfactory treatment to
measure heavy metals rate and its bioavailability in
contaminated areas [19]. This paper provides a review of
phytoremediation technology, its applications and
limitations, as a potential remediate approach to be
commercialized into field scale in future.

The Concept of Phytoremediation: Since early 1990’s,
phytoremediation technology has been introduced as
considerably alternative used to remediate the toxic
contaminated sites around the world. From the beginning,
hazardous and toxicity contaminants were spread in soils
and mobilized into the groundwater. Unlike other
organic matters, heavy metals are essentially in
non-biodegradable form and in the
environment. Phytoremediation techniques required the
uses of remarkable plant ability to filter, adsorb and
saturate the contaminants by using their roots system in
soils. Plants also capable in metabolizing various

accumulate

molecules in their tissues and this ability appear to be
compromise approach for the removal of organic and
inorganic pollutants from the environment [20]. Thus,
this green based technology has been reported to be an
effective, non-intrusive, aesthetically pleasing and
socially accepted technique to clean up hazardous
contaminants and remediate polluted environment [21-23].
The concept of phytoremediation was suggested by
Chaney [24], where he reported that plants are used to
clean up or remediate contaminated sites in several ways,
such as removing pollutants from soils, water or air by
breaking down organic or inorganic substances.
Phytoremediation process also benefits in degrade,
contain and stabilize, or filter the hazardous metals
occurred in the environment. Earlier, farmers have been



World J. Envir. Pollut., 5 (2): 16-22, 2015

rotating their crops plantation as an application of
phytoremediation for centuries, in term of preventing the
potentially hazardous substances buildup in the soil.
Thus, it also enriched the nitrogen in the soils to make it
available to other plants. This plant based technology
requires just one basic technique, where green plants take
up the pollutants through their roots system and
either Dbeing store in the roots, stems, or leaves
(phyto-extraction), volatized into the air
(phytovolatization), metabolized by plant itself (phyto
degradation), or any combination of the above (Figure 1).

Important Principles Mechanisms in Phytoremediation
Extraction: Contaminants such as organic or inorganic
heavy metal substances entered the environment through
its mobilization from anthropogenic activities. They were
also accumulated with soil particles happened to be
dangerous and hazardous towards plants, animals which
consumed plants and human being. As their natural
ability, certain plants able to tolerate with contaminants
by accumulate them onto and inside its root system.
Plants’ root system provides enormous surface areas that
enable pollutants which has attached and accumulated
together with water and nutrients, to be adsorb onto the
roots and also absorb through the root system [26].
Contaminants accumulated inside the plants’ body parts
will be transformed into various extents, depending on the
specific compounds, environmental conditions and plants
genotypes involved [27]. Naturally in some plant, they
can release special enzymes from their roots that aid in
further breaking down hazardous substances [28].

2. Transpiration causes
metals to move to the

This kind of mechanism helps in alleviating pollutant
substances and rendering them to be less harmful to the
environment, especially towards crops and animals as
shown in Figure 2.

Containment: Instead of extracting and stabilizing harmful
heavy metal substances present in the environment,
green plant-based technology also prevent the continuity
of contaminants’ leaching out to the surroundings by
using the mechanism found in plant roots system.
Their roots system takes up and absorbs mobilized
contaminants in the surrounding, thus accumulate them
in several parts of the plants without inhibiting their
growth. Referring to Baker and Brook [29] and Baker et al.
[30] they claimed that there are several plants species
have developed the ability to accumulate massive
amounts of indigenous metal substances in their tissues
without exhibiting symptoms of toxicity. Toxic substances
in the soils also can be immobilized by plants’ exudates.
This type of mechanism helps to retain contaminants
immobilization in the remediate environment, plus inhibit
the plant growth in the same time (Figure 3). Polluted sites
with heavy metals contaminants usually cannot be clean
up totally, but required to harvest the plants after they all
saturated with the hazardous substances for disposal.

Degradation: In term of using plants to remediate
polluted sites, public should be noticed that plant
itself have special ability to break down or degrade
contaminants, using natural mechanisms within their
body parts.

3. As water evaporates from
the leaves, metals are squestered
in plant tissue

Fig. 1: Basic mechanism of plants in tolerating and/or adapting with heavy metals contaminated sites [25].
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Fig. 2: Plant accumulated contaminants and extracted them into render harmless substances in the environment.
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Fig. 3: Heavy metals pollutants uptake mechanism. Plants absorb metals form soils and translocate them into shoots
and other plants' tissues.

Fig. 4: Break down mechanism of contaminants in plants' root system.

Despites of detoxifying contaminant substances in the sites, mostly still in a small scale application.
environment, plants have special enzymes which help Phytoremediation approaches mainly classified based on
them to break down the pollutants into simpler molecules five main clean up techniques, such as phytoextraction,
to enhance their growth. Enzymes in plants help to phytostabilization, phytovolatilization, phytodegradation
catalyze and accelerate chemical reactions, thus destruct and rhizofiltration [31-33]. All these techniques are
toxic substances into fragments (Figure 4). initialized by root uptakes in the soil or growth medium,

due to the presence of contaminant substances in the
Application of Phytoremediation Technology—Plants environment. Most of the findings reported that metal
Exploitation: Several different types of phytoremediation accumulated by plants were mostly distributed in their
are now being used commercially to clean up polluted root tissues.
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Table 1: List of some hyper accumulators/accumulators plants.

Metals
Plant species Pb Hg Cu Cd As Cr Ni Zn Mn
Brasicca sp. [35][36] [35] [35][36] [35][36] [37] [35] [36] [35] [35]1[36] [35]
Alyssum sp. [38] [351039]
Thiaspi sp. [35][40] [35][41] [35][40] [35][40][41]
Elshotzia sp. [42]
Azolla sp. [35] [35][43] [44] [35] [35] [45] [35]
Helianthus sp. [35] [46] [35] [35] [35] [35][47]
Arabidopsis sp. [48][49] [49]
Eichhornia sp. [35] [35] [35][50] [351[50] [50] [35]
Amaranthus sp. [51] [51]
Pteris sp. [52]

Today, there is an increasing demand to use
contaminated sites for phytoremediation and non-food
biomass production. Despites of using crops and food
biomass production in the previous research on
phytoremediation, we should have a critical and deep
consideration in exploiting the use weeds as to clean up
polluted area. Previous studies reported that agricultural
crops, flowering plants and aquatic macrophyte were
mostly introduced to polluted environments as
decontaminating organisms for remediating the sites.
In the last two decades, several plants have been
identified as highly effective in absorbing and
accumulating various toxic elements occurred in the
environment [34]. Currently, there has been more
than 500 species identified and reported suits for heavy
metal accumulators and some of them are presented in
Table 1.

CONCLUSION

There have been a lot of conducted research in
exploiting green plants as to as decontaminating
hazardous substances occurred in the environment.
Previous studies revealed that many of plants species
have developed various type of mechanisms that helps
them to tolerate and resists metal stress, thus accumulate
pollutants into their body parts. Green plants have shown
a variety of strategies in response to heavy metals in
nature, thus, they have been identified as natural and low
cost technology used to remediate polluted environment
by their extracting mechanism. This paper reviewed more
than one mechanism used by plants to detoxify
contaminated fields, thus helps human being to reclaim
the sites for other agriculture activities. There are also
recorded that wide variety of green plants have been
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introduced to remediate polluted sites around the
world and believed that there is still more possible
species to be exploited, by looking for the suitable
plants species which can uptake the contaminant.
Fortunately, it has gained glorious popularities from
the rediscovery of the vast potential of plants to do
effective jobs at low cost in term of decontaminating
polluted sites. Hence, phytoremediation technology is
still seems to be a prosperous way to remediate

environment  contaminated with heavy  metals
nowadays rather than applying the conventional
method used recently.

ACKNOWLEDGEMENT

The authors are grateful to Jabatan Pengajian
Tinggi, Kementerian Pengajian Tinggi Malaysia under
research grant RAGS/2013/UITM/SG03/3 for the financial
allotment.

REFERENCES

1. Singh, O.V., S. Labana, G. Pandey, R. Budhiraja
and R.K. Jain, 2003. Phytoremediation: An
overview of metallicion decontamination from soil.
Applied Micrbiol. Biotech., 61: 405-412.

2. Nadia, B., F. Manal and M.A. Khairia, 2012.
Phytoremediation: An Ecological Solution to
Heavy-Metal-Polluted Soil and Evaluation of Plant
Removal Ability. World Applied Sciences Journal,
16(9): 1292-1301.

3. Jayakumar, K. and Cheruth, Abdul Jaleel. 2009.
Uptake and accumulation of Cobalt in plants: a study
based on exogenous Cobalt in soybean. Botany
Research International, 2(4): 310-314.



10.

11.

12.

13.

14.

15.

World J. Envir. Pollut., 5 (2): 16-22, 2015

Fahd, A. and Ahmed, A. M. 2009. Phytoremediation
and detoxification of two organophosphorous
pesticides residues in Riyadh area. World Applied
Sciences Journal, 6(7): 987-998.

Akpor, O.B. and M. Muchie, 2010. Review:
Remediation of heavy metals in drinking water and
wastewater treatment systems: Processes and
applications. International Journal of the Physical
Sciences. 5: 1807-1817.

McKeehan, P., 2000. Brownfields: The Financial,
Legislative and  Social  Aspects of the
Redevelopment of Contaminated Commercial and
Industrial Properties. http://md3.csa.com/
iscoverygnide/brown/overview.php?SID=05c43ivv
p4rOdetrha3d9rSg

Gheorghe, A., T. Henrichs, D. Jaronsika, P. Part,
J. Fiala and P. Kristensen, 2007. Europe’s
Environment: the Fourth Assessment. Copenhagen:
European Environment Agency.

Liu, N.J., Q.X. Zhou, X.F. Wang, Q.R. Zhang and
T.R. Sun, 2006. Potential of ornamental plant
resources applied to contaminated soil, In: J. A.
Teixeira da Silva (Ed.) Floriculture, Ornamental and
Plant Biotechnology: Advances and Topical Issues.
London: Global Science Books, pp: 245-252.
Lone, M.I., Z. He, P.J. Stofella and X. Yang, 2008.
Review: Phytoremediation of heavy metal polluted
soils and water: Progresses and perspectives.
Journal of Zhejiang Univ. Sci. B., 9: 210-220.
Barcelo, J. and C. Poschenrieder, 2003.
Phytoremediation: Principles and Perspectives.
Contrib. Sci., 2: 333-344.

Magda A. Shafik, 2008. Phytoremediation of some
heavy metals by Dunaliella salina. Global Journal of
Environmental Research, 2(1): 01-11.

Yahaya, L.E. and A.K. Akinlabi, 2015. Adsorptive
removal of Lead and Zinc ions from aqueous
solution using Thiolated Tea (Camellia sinensis)
seed shells. Iranica Journal of Energy and
Environment, 6(3): 181-187.

Raskin, 1., D. Geiba and R. Smith, 1996. Using
plant seedlings to remove heavy metals from water.
Plant Physiol., 111: 552-557.

Raskin, I., R.D. Smith and D.E. Salt, 1997.
Phytoremediation of metals: using plants to remove
pollutants from environment. Current Opinion in
Biotechnology, 8: 221-226.

McGrath, S.P., F.J. Zhao and E. Lombi, 2001.
Plant and rhizosphere processes involved in
phytoremediation of metal-contaminated soils. Plant
and Soil, 232: 207-214.

21

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Henry, JR., 2000. In An Overview of
phytoremediation of Lead and
Mercury—NNEMS Report. Washington, D.C., pp: 3-9.
Amin, M., A.A. Hamidi, Z. Mohamed Ali, Q.A.
Shoukr and M.B.S. Razip, 2013. Phytoremediation of
heavy metals from urban waste leachate by Southern
Cattail (Typha domingensis). International Journal of
Scientific Research in Environmental Sciences
(IJRES), 1(4): 63-70.

Hazrat, A., K. Ezzat and S. Muhammad Anwar, 2013.
Review: Phytoremediation of  heavy
metals—Concepts and applications. Chemosphere,
91: 869-881.

Aderinola, 0O.J., O.M. Clarke, V. Olarinmoye,
Kusemiju and M.A. Anatekhai. 2009. Heavy
metals in surface water, sediment, fish and
periwinkle of Lagos lagoon. American-Eurasian
Journal Agriculture and Environment Sciences,
5:609-617.

Garbisu, C. and I. Alkorta, 2003. Basic concepts
on heavy metal soil bioremediation. The
European Journal of Mineral Processing and
Environmental Protection, 3: 58-66.

Alkorta, I. and C. Garbisu, 2001. Phytoremediation of
organic contaminants. Bio-resource Technology,
79: 272-276.

Garbisu, C., J. Hernandez-Allica, O. Barrutia,
L. Alkorta and J.M. Becerril, 2002.
Phytoremediation: A technology using green plants
to remove contaminants from polluted areas.
Reviews on Environmental Health, 17: 75-90.
Weber, O., R.W. Scholz, R. Buhlmann and
D. Grasmuck, 2001. Risk perception of heavy
metal soil contamination and attitudes towards
decontamination  strategies. Risk  Analysis,
21:967-977.

Chaney, R.L., 1983. Plant uptake of inorganic waste
constitutes, In: Parr, J. F., Marsh, P. B. and Kla, J.M.

(Ed.). Land treatment of hazardous wastes. Park
Ridge, N.J.: Noyes Data Corp. pp: 50-76.
Alkorta, I., J. Hernandez-Allica, J.M. Becerril,

I. Amegaza, I. Albizu and I. Garbisu, 2004. Recent
findings on the phytoextraction of the soils
contaminated with environmentally toxic heavy
metals and metalloids such as zinc, cadmium, lead
and arsenic. Environ. Sci. Biotechnol., 3: 71-90.
Ouyang, Y., 2002. Phytoremediation: Modeling
plant uptake and contaminant transport in
soil-plant-atmosphere-continuum. J. Hydrology,
266: 66-82.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

World J. Envir. Pollut., 5 (2): 16-22, 2015

Campos, V.M., . Merino, R. Casado, F.L. Pacios and
L. Gomez, 2008. Review: Phytoremediation of organic
pollutants. Spanish Journal of Agricultural Research
2008, 6:38-47.

Van, A.B., JM. Yoon, C.L. Just and J.L. Schnoor,
2004. Metabolism and mineralization of hexahydro-
1,3,5-trinitro-1,3,5-triazine inside poplar tissues
(Populus deltoids x nigra DN-34). Environ. Sci.
Technol., 38: 4572-4579.

Baker, A.JM. and R.R. Brook, 1989. Terrestrial
higher plants which hyperaccumulate metal elements
— a review of their distribution, ecology and
phytochemistry. Biorecovery. 1: 81-126.

Baker, A.JM., R.D. Reeves and S.P. McGrath, 1991.
In situ decontamination of heavy metal polluted soils
using crops of metal-accumulating plants—feasibility
study. p. 600-605. In Hinchee, R.L. and Olfenbuttel,
RF. (Ed.) In situ Bioreclamation. Boston:
Butterworth-Heinemann.

Rajeswari, P.M., 2013. Phytoremediation— insights
into plants as remedies. Malaya Journal of
Biosciences 2014, 1: 41-45.

Randazzo, A., 1999. Phytoremediation: Prospects and
Limitations. Restoration and Reclamation Review,
5:1-4.

Gosh, M. and S.P. Sing, 2005. A review on
phytoremediation of heavy metals and utilization of
its by-products. Applied ecology and environmental
research, 3: 1-18.

Amin, M., 2012. Phytoremediation of heavy metals
from municipal wastewater by Typha domingensis.
African Journal of Microbiology Research,
6(3): 643-647.

McCutcheon and Schnoor, 2003. Phytoremediation.
New Jersey: John Wiley and Sons.

Muthukumar, B.B., D.E. Yakubov and Salt, 2007.
Transcriptional activation and localization of
expression of Brassica juncea putative metal
transport protein BjMTP1 BMC. Plant Biology,
7:32.

Naser, K., G. Sayed Majid, R. Andrea, F. Joerg and
AM. Andrew, 2009. An arsenic-accumulating,
hypertolerant  brassica, Isatiscapadocica. New
Phytologist 184: 41-47.

Bernal, M.P., S.P. McGrath and A.]. Baker,
M. 1994. Comparison of the chemical changes in the
rhizosphere of nickel hyperaccumulator Alyssum
murale with non-accumulator Raphanus sativus.
Plant and Soil, 164: 251-259.

Kupper, H., E. Lombi. F.J. Zhao, G. Wieshammer
and S.P. McGrath, 2001. Cellular compartmentation
of nickel in the hyperaccumulators — Alyssum

22

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

lesbiacum, Alyssum  bertolonii and  Thlaspi
goesingense. J. Exper. Bot., 52: 2291-2300.

Prasad, M.K.V. and H. Freitas, 2003. Metal
hyperaccumulation in plants: Biodiversity
prospecting for phytoremediation technology.
Electron. J. Bitechnol., 6: 275-321.

Robinson, B.H., M. Leblanc and D. Petit, 1998.
The potential of Thlaspi caerulescens for
phytoremediation of contaminated soils. Plant
Soil, 203: 47-56.

Zhang, L., S. Tian, Z. Ye, X. Yang and H. Peng, 2005.
The efficiency of heavy metal removal from
contaminated water by FElsholtzia argi and
Elsholtzia splendeus. Proc. of the International
Symposium of Phytoremediation and Ecosystem
Health. Sept. 10-13, 2005, Hangzhou, China.

Jain, S.K., P. Vasudevan and N.K. Jha, 1990. Azolla
pinnata r.br and Lemna minor L. for removal of lead
and zinc from polluted water. Water Res., 24: 177-184.
Rai, P.K., 2008. Phytoremediation of Hg and Cd from
industrial effluent using an aquatic free floating
macrophyte Azolla pinnata. Int. J. Phytorem.,
10: 430-439.

Sela, M., G. Jacob and E. Tel-Or, 1989. The
accumulation and the effect of the heavy metals
on the water fern Azolla filiculoides. New Phytol.,
112: 7-12.

El Kassas, H.I., M.S. Sharaf, I.A. Mousa and
M.M. Niazy, 2003. Phytoremediation of Zinc and
Copper contaminated soils using different hyper
accumulating plants. J. Environ. Sci., 7: 1-23.
Schmidt, U., 2003. Enhancing Phytoextraction: The
Effect of Chemical Soil Manipulation on Mobility,
Plant Accumulation and Leaching of Heavy Metals.
J. Environ. Qual., 32: 1939-1954.

Bert, V. and P. Meerts, 2003. Genetic basis of Cd
tolerance and hyperaccumulation in Arabidopsis
balleri. Plant Soil., 249: 9-18.

Saraswat, S. and J.P.N. Rai, 2009. Phytoextraction
potential of six plant species grown in multimetal
contaminated soil. Chem. Ecol., 25: 1-11.

Zhu, Y.L., AM. Zayed, J.H. Qian, M. De Souza and
N. Terry, 1999. Phytoaccumulation of trace elements
by wetland plants: II Water hyacinth. J. Environ.
Qual., 28: 339-344.

Riffat Nasseem, M., Z.H. Syed and N. Ishfaq, 2010.
Heavy metal contamination and accumulation in soil
and wild plant species from industrial area of
Islamabad, Pakistan. Pak. J. Bot., 42: 291-301.

Ma, L.Q., K.M. Komar, C. Tu, W. Zhang, Y. Cai and
E.D. Kennely, 2001. A fern that hyperaccumulates
arsenic. Nature, 409: 577-579.



