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Abstract: Heavy metals concentration is increasing day by day due to the activities of the human.
Due to this increment heavy metals create serious problems to the survival of the organism on the
earth. So this is a need of the environment to protect or conserve it from different problems by
using different techniques. Phytoextraction is the widely use application of plant in Environmental
Biology. This technique was getting more attention for the hyper accumulation of heavy metals in the
plants. Plants were good source for the removal of heavy metals from the soil. In this review the use of plant,
some important plants which were used in Phytoextraction, pollution of soil causes by heavy metals, effects
of heavy metals specially Cadmium and Lead and the mechanism of uptake and adsorption of heavy metals by
the plants was studied. Further studies are required in this field to find out other techniques and also the
fixation of the plant which are used in this process. Because the organic contaminants, cannot be degraded

easily.
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INTRODUCTION

In Phytoextraction some specific plants were used to
remove heavy metals from soil. Than these plants were
harvested and removed from the contaminated soil and in
this way the amount of heavy metals was decrease in the
soil [1]. Now a days soil removing, soil filling or soil
washing were also used to removed heavy metals and
these were done by physical and chemical methods
however these chemical and physical methods were
expensive and depends heavy metals and soil conditions
and on environments [2]. Heavy metals pollution in soil is
extensively serious problem, due to quick growth of
industry and by the modern agriculture process.
These heavy metals remain in soil for a long time and
affect the plant growth because they are not simply
decomposed by soil microorganisms and for that reason,
can easily be absorbed by plants [3]. Only lead (Pb)
remain about 150-500 years in the soil and it was reported
that by the industry contaminations it will remain for
150 years in the soil [4]. Cadmium (Cd) which is a noxious
metalhas about 18 years of half life [S]. Many pollutants

released by modern human activities including pesticides,
poisonous gasses and heavy metals, has endangered the
healthy survival of living organisms [6]. Many human
activities cause pollution in different areas of world such
as Japan, Indonesia and China mostly such as Cd, Cu and
Zn [7]. The soils near any industry contain high levels of
heavy metals due to discharge by the industry [8-9].
Raskin et al. [10] and Blaylock and Huang [11] also
reported that the presence of heavy metals in soil was due
to smelting of metalliferous ore, electroplating, gas
exhaust, energy and fuel production, the application of
fertilizers and municipal sludges to land and industrial
manufacturing. Heavy metals constitute a very diverse
group of elements widely varied in their chemical
properties and biological functions [12]. Heavy metals
absorbed by the plants directly affect the plant growth
and many other processes including photosynthesis,
respiration etc and also they can affect human health by
their presence in food crops [13]. In this Era use of
metal-accumulating roots and rhizomes of aquatic or semi
aquatic vascular plants for the removal of heavy metals
from contaminated aqueous streams is studied very
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Table 1: Important Plant Used for Phytoextraction of Heavy Metals

Contaminant Plant Medium References
Lead (Pb) Chenopodiumalbum L. Soil [17]
Cadimum (Cd) Thlaspicaerulescens Nutrient solution [18]
Mercury (Hg) Arabidopsis thaliana Soil [19]
Copper (Cu) Haumaniastrumspecies Soil [20]
Cobalt Haumaniastrumspecies Soil [20]
Boron Gypophilasphaerocephala Soil [21]
Zinc Corn Soil [22]
Nickel Thlaspigoesingense Soil [23]
Uranium Loliumperenne L. Soil [24]
seriously and many plants are use for this purpose. Heavy metals can make bonds with sulfur

For example; water hyacinth (Eichorniacrassipes) [14],
watercress  (Nasturtium  officinale) [15], duckweed
(Lemna minor L.) [16] take up Pb, Cu, Fe, Cd and Ni from
contaminated solutions.

Pollution in the Soil: In 21" century pollution due to the
sewage cause a serious problem in land, rivers and
streams, also the fast growing development of
urbanization and industrialization led to the rising use of
sewage foragricultural land irrigation and water pollution.
Sewage provides water and valuable plant nutrients; it
leads tothe potential accumulation of heavy metals in
agricultural soils [25]. The sewage sludge is use as
fertilizer for agriculture and also the reformation of soil
because sludge contains a lot amount of organic contents
which benefits the soil [26]. The composition of sewage
is mainly excrement, excreta, wastewater from
clothwashing machines and waste from kitchen dishes,
bathing water, paper fiber, food particles, vomit and
garbage. Different types of dissolved oxygen were also
present which includes Biochemical Oxygen Demand
(BOD), ChemicalOxygen Demand (COD), Oxygen Demand
Index (ODI), Total Oxygen Carbon (TOC), nutrients and
heavymetals. Domestic water also contain huge amount
of phosphorus and nitrogen [27]. Many geochemical
forms of the heavy metals arepresent in the environment,
these forms are: exchangeable, water soluble, Fe-Mn
oxide-associated, water soluble, organic-associated and
residual forms [28]. In microorganism heavy metals can be
bounded intracellular accumulation, extracellular
precipitation and chemical transformationscatalyzed by
these microorganisms, such as oxidation, reduction,
methylation, dimethylation. The toxicity and the mobility
of heavy metals in soils depend not only on the total
concentration, but also ontheir specific chemical form,
binding state, metal properties environmental factors
and soil properties like pH,organic matter content [29].
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containing ligands and can easily enter in to the cell
and stop working of many enzymes and disturb the
metabolic processes by reacting with SH-groups of
ligands[30].

Heavy Metals Removed by Phytoextraction and Their
Effects to Human and Plants: Heavy metals can be
classified into four majorgroups on their health
importance.

Essential: Cu, Zn, CO, Cr, Mn and Fe. These metalsalso
called micronutrients [31]and were toxic when taken in
excess of requirements [32].

Non essential:Ba, Al, Li and Zr
Less toxic: Sn and Al

Highly toxic: Hg, Cd and Cd.
Cadmium (Cd)

Cadmium (Cd) is one of the most deleterious trace
heavy metals both to plants and animals. With the
development of modern industry and agriculture, Cd has
become one of the most harmful and widespread
pollutants in agricultural soils,and soil-plant-environment
system mainly due toindustrial emission, the application
of Cd containing sewage sludge and phosphate fertilizers
and municipal waste disposal [33].In humans, Cd
accumulates mainly in the kidney with a biological half life
about 20 years and leads to pulmonary emphysema and
renal tubular damage [34].Extreme cases of chronic Cd
toxicity can result in osteomalacia and bone fractures, as
characterized by the disease called Itai-Itai in Japan in the
1950s and 1960s, where local populations were exposed to
Cd contaminatedfood crops, principally rice. According to
recent soil survey done in China, at least 13330 ha of
farmland in 11 provinces were contaminated by varying
degrees of Cd [35].Under Cd stress, tolerant species and
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genotypes in plant kingdom could reduce Cd activity
to alleviate or eliminate its toxicity through regulating
the physiological and biochemical metabolism. In
order to survive, plants have to develop efficientand
specific heavy metal detoxification mechanism in
different plant species [36]. It has been demonstrated
that some plants can actively or passively change
H™ excretion under heavy metal stress.  Such
rootinduced changes of rhizosphere pH play a major role
in the bioavailability of many pH dependent nutrients, but
also potentially toxic metals and a range of trace
metals[37].Hassan et al. [38]also found that the toxic
effect of Cd on rice varied withthe form of nitrogen
fertilizer and application of (NH,),SO, to Cd stressed rice
plants, compared to NH,NO, or Ca(NO,),, would be
beneficial to mitigate detrimental effect of Cd and to
reduce Cd accumulation in plants. The maximum amount
of cadmium present in different countries soil is 1-20
mg/kg [39-40].

Lead (Pb): Lead is the industrial metal which is extensively
present in the air, water, soil and food. It is easily soluble
in the water and transported through atmosphere. It
behaves like calcium in body and accumulates in bone,
liver, kidney and other tissues.It is a cumulative tissue
poison and gets stored in different parts of the body
especially in bones, liver, kidney and brain [41]. In these
days lead consider as an effective soil and environment
pollutants. The cultivated soils near to industrial and
urban area have been large amount of lead (Pb) contents
where it becomesto accumulate in the surfaceground
layer[42].According to Schiitz et al, [43] lead (Pb) is the
most dangerous metal for human health and it seriously
affect the central nervous system, responsible for anemia,
gastrointestinal damage and leads to cause change
in the genetic expression. The presence of lead in the soil
was caused by direct contamination during the
processing of the food, by the soil, air or by the pesticides
and fertilizer in the fields. Contaminated soil and water
were also responsible for the introduction of the lead in
the food. During the casual transportation, storage and
industrial processing lead is also polluting the
food.[44].The major source of vegetables contamination
with toxic elements are irrigation with water from streams
contaminated by industries, the cultivation on former
industrial landcontaminated by spilled oil and
industrial ~ wastes, the pollution of crops by heavy
traffic,and the application of contaminated fertilizer [45].
The maximum amount of lead present in different
countries soil is 50-300 mg/kg [39 - 40].
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Mechanism for the Uptake and Adsorption of Cd and Pb
by Plants: The uptake of heavy metals also helps us to
enable to examine the tolerance of plants to heavy metals
[46]. Cd and Pb is uptake by the root system of the on the
root surface, Cd*" and Pb*" make bond with the carboxy-
groups of mucilage uronic acids. These Mucilage binding
stops the entering of the heavy metals and protect the
root system. But some of the metals which were bounded
are released whenmucilage biodegradation occurs [47]. In
the slighterdegree Cd and Pb enter into plants through the
leaves and this absorption of heavy metals depends upon
leaf morphology: the downy leaves, they absorb the
heavy metals from the atmosphere efficiently then others
[48].Yang et al. [49] studied that the lowest rate of uptake
of Cd was in ryegrass and the highest uptake and
transport rate in the Ladino clover plants. Two
mechanisms are responsible for metal transport from the
bulk soil to plant roots: (i)convection or mass flow and (ii)
diffusion [50].The sensitivity of plants to heavy metals
depends on an interconnectedsystem ofphysiological and
molecular mechanisms such as (i) uptake and
accumulation of metalsthrough binding to extracellular
exudates and cell wall constituents; (ii) efflux of
heavymetals from  cytoplasm to  extranuclear
compartments including vacuoles; (iii) complexationof
heavy metal ions inside the cell by various substances,
for example, organic acids, aminoacids, phytochelatins
and metallothioneins; (iv) accumulation of osmolytes
andosmoprotectants and induction of antioxidative
enzymes (V) activation or modification ofplant metabolism
to allow adequate functioning of metabolic pathways and
rapid repair ofdamaged cell structures [51].The uptake rate
of heavy metals depends on the pH value of the soil
solution, the organic matter content in the soil and the
concentrations of other ions. At higher pH values, the
solubility of Cd salts in the soil solution declines due to
the formation of lowsoluble compounds; as a result, the
biological availability of soil Cd decreases [52]. Other
metals also affect the uptake of Cd and Pb, Ca*effect is
most obvious though somewhat unclear: Ca®
considerably inhibited Cd*" uptake by roots of diverse
plant species[53].Emongor et al. [54] found that heavy
metals took up by vegetables grown with wastewater tend
to remain in roots. Only a fraction of heavy metals are
translocated to the shoots and even a small fraction
reaches the fruit [55].

Conclusion and Future Studies: It was concluded that
plants were good source to remove heavy metals
especially Cadmium and Lead. It has wide applications in
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the polluted environment. And the heavy metals have a
lot of serious affects on human and animal health and also
on plant growth. Phytoremediation is yet to become a
commercial technology.Progress in the field is prohibited
by limited knowledge of basic plant remedial mechanisms.
Further studies requires to tell about the more use of
plants for Phytoextraction and also the study about how
to fix the plant debris, because after the uptake of heavy
metals from the soil the questions arises that, In which
form the heavy metals were up taken, or the heavy metals
are converted in to any other soluble nutrients are any
other chelated form? How to fix the debris or litter of
plant? Because it may happened that if one place was
cleaned by the Phytoextraction process may pollute the
other place on which the plant litter was transported. So
further research required in this field.

REFERENCES
1. Kramer, U., 2005. Phytoremediation: Novel
approaches to cleaning up polluted soils.

Current Opinions in Biotechnology, 16: 133-141.

2. Lasat, M., 2000. Phytoextraction of metals from
contaminated soil: A review of plant/soil/metal
interaction and assessment of pertinent Agronomic
issues, Technology Innovation Office, US-EPA
(5102G), 1200 Pennsylvania Ave., N.W., Washington,
pp: 5-25.

3. Gallego, J.L.R., A. Ordonez and L. Loredo, 2002.
Investigation of trace element sources from an
industrialized area (Aviles, northern Spain) using
multivariate  statistical methods. Environ. Int.,
27: 589-596.

4. Nandakumar, P.B.A., V. Dushenkov, H. Motto and
I. Raskin, 1995. Phytoextraction: the use of plants to
remove heavy metals from soils. Environ. Sci.
Technol., 29: 1232-1238.

5. Forstner, U., 1995. Land contamination by metals:
global scope and magnitude of the problem.
In: HE. C.P. Allen, Huang, G.W. Bailey and
A.R. Bowers (eds). Metal speciation and
contamination of soil. CRC, Boca Raton, pp: 1-33.

6. Assche, F.V. and H. Cljjester, 1990. Effects of metals
on enzyme activity in plants. Plant Cell Environ.,
13: 195-206.

7. Herawati, N., S. Susuki, K. Hayashi, L.F. Rivai and
H. Koyama, 2000. Bulletin of Environmental
Contamination and Toxicology, 64: 33-39.

8. Zhou, J.M., Z. Dang, M.F. Cai and C.Q. Liu, 2007.
Pedosphere, 17: 588-594.

34

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Navarro, M.C., C. Pérez-Sirvent and
M.J. Martinez-Sanchez, 2008. Geochem. Explor.,
96: 183-193.

Raskin, 1., P.B.A.N. Kumar, S. Dushenkov and
D.E. Salt, 1994. Bioconcentration of heavy metals

by plants. Current Opinion in Biotechnology,
5(3): 285-290.

Blaylock, M.J. and JW. Huang, 2000.
Phytoextraction of metals. In: I. Raskin and

B.D. Ensley eds. Phytoremediation of toxic metals:
using plants to clean-up the environment. New York,
John Wiley and Sons, Inc., pp: 53-70.

Holleman, A.F. and E. Wiberg, 1985. Lehebuch du
Anoranischenchemie. Water de Gruyter, Berlin,
pp: 868.

Zhang, Q., X. Shi, B. Huang, D. Yu, I. Oborn,
K. Blomback, H. Wang, T.F. Pagella and F.L. Sinclair,
2007. Surface water quality of factory-based and
vegetable-based peri-urban areas in the Yangtze
River Delta region, China. Catena, 69: 57-64.

Kay, S.H., W.T. Haller and L.A. Garrard, 1984.
Effects of heavy metals on water hyacinths
(Eichorniacrassipes). Aquat. Toxicol., 5: 117-28.
Kara, Y., D. Basaran, 1. Kara, A. Zeytunluoglu and
H. Genc, 2003. Bioaccumulation of nickel by aquatic
macrophytaLemna minor (duckweed). Int. J. Agr.
Biol., 5(3): 281-283.

Kara, Y., 2004. Bioaccumulation of copper from
contaminated wastewater by using Lemna minor
(Aquatic green plant). Bullet. Environ. Contam.
andToxicol., 72(3): 467-471.

Celestino, M.D.R., R. Font, RM. Rojas and
A.D.H. Bailon, 2006. Uptake of lead and zinc by wild
plants growing in contaminated soils. Indust. Crops
Prod., 24: 230-237.

Brown, S.L., R.L. Chaney, J.S. Angle and A.M. Baker,
1995b. Zinc and cadmium uptake by hyper
accumulator Thlaspicaerulescensgrown in nutrient
solution. Soil Sci. Am. J., 59: 125-133.

Bizily, S.P., L.R. Clayton, A.O. Summers and
R.B. Meagher, 1999. Phytoremediation of methyl
mercury pollution: merB expression in Arabidopsis
thaliana confers resistance to organomercurials.
Proc. Natl. Acad. Sci., 96: 6808-6813.

Brooks, R.R., 1977. Copper and cobalt uptake by
Haumaniastrumspecies. Plant Soil, 48: 541-544.
Babaoglu, M., S. Gezgin, A. Topal, B. Sade and
H. Dural, 2004. Gypsophila sphaerocephalaFenzl ex
Tchihat: a boron hyper accumulator plant species
that may phytoremediate soils with toxic B levels.
Turk. J. Bot., 28: 273-278.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Intl. J. Water Resources & Environ Sci.., 1(2): 31-36, 2012

Hinesly, T.D., D.E. Alexander, E.L. Ziegler and
G.L. Barrett, 1978. Zinc and Cd accumulation by corn
inbreds grown on sludge-amended soil. Agron. J.,
70: 425-428.

Krimer, U., R.D. Smith, W. Wenzel, 1. Raskin and
D.E. Salt, 1997. The role of metal transport and

tolerance in  nickel hyperaccumulation by
Thlaspigoesingense  Halacsy.  Plant Physiol.,
115: 1641-1650.

Vadenhov, H. and M.V. Heese, 2004.

Phytoextraction for clean-up of low level uranium
contaminated soil evaluated. J. Environ. Rad.,
72: 41-45.

Abdel-Sabour, M.F., 2003. Impact of wastewater
reuse on cobalt status in Egyptian environment.
J. Environ.Sci., 15(3): 388-395.

Walter, 1., M. Bigeriego and R. Calvo, 1994.
Invest. Agrar. Prod. Prot. Veg., 9: 501-507.

Gupta, N., D.K. Khan and S.C. Santra, 2008.
An assessment of heavy metal contamination in
vegetables grown in wastewater-irrigated areas of
Titagarh, West Bengal, India. B. Environ. Contam.
Tox., 80(2): 115-118.

He, Z.L., XZE. Yang and P.J. Stoffella, 2005.
Trace elements in agroecosystems and impacts on
the environment. J. Trace Elem. Med. Bio.,
19(2-3): 125-140.

Nyamangara, J., 1998. Use of sequential extraction to
evaluate Zinc and Copper in a soil amended with
sewage sludge and inorganic metal salts. Agr.
Ecosyst. Environ., 69(2): 135-141.

Sanita di Toppi, L. and R. Gabbrielli, 1999.
Response to Cadmium in Higher Plants. Environ. Exp.
Bot., 41: 105-130.

Reeves, R.D. and A.JM. Baker, 2000.
Metal accumulation plants. In: Phytoremediation of
toxic metals: Using plant to clean up the environment.
(Ed: I. Raskin and B.D. Ensely). John Wiley and Sons,
Inc. Toronto, Canada, pp: 193-229.

Monni, S., M. Salemaa and N. Miller, 2000.
Environmental Pollution., 109: 221-229.

Davis, R.D., 1984. Cadmium-a complex environmental
problem: Cadmium in sludge used as fertilizer.
Experientia., 40: 117-126.

Ryan, J.A., H.R. Pahren and J.B. Lucas, 1982.
Controlling cadmium in the human food chain:
a review and rationale based on health effects.
Environ. Res., 18: 251-302.

Zhang, J.B. and W.N. Huang, 2000. Advances on
physiological and ecological effects of cadmium on
plants. Chinese J. Acta. Ecol. Sin., 20: 514-523.

35

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Punz, W.F. and H. Sieghardt, 1993. The response of
roots of herbaceous plant species to heavy metals.
Environ. Exp. Bot., 33: 85-98.

Hinsinger, P., 2001. Bioavailability of soil
inorganic P in the rhizosphere as affected by
root-induced chemical changes: a review. Plant Soil,
237:173-195.

Hassan, M.J., F. Wang, S. Ali and G.P. Zhang, 2005.
Toxic effect of cadmium on rice as affected by
nitrogen fertilizer form. Plant Soil, 277: 359-365.
Council Directive 86/278/EEC., 1986. On the
Protection of the Environment and in Particular of the
Soil, When Sewage Sludge is used in Agriculture.
EC Official J., L181.

McLaughlin, M.J., R.E. Hamon, R.G. McLaren,
T.W. Speir and S.L. Rogers, 2000.
Review: A bioavailability based rationale for
controlling metal and metalloid contamination of
agricultural land in Australia and New Zealand, Aust.
J. Soil Res., 38: 1037-1086.

Swarup, D., R.C. Patra, R. Naresh, P. Kumar and
P. Shekhar, 2005. Science of the Total Environment.
15(1-3): 67-71.

Di Toppi, S.L. and R. Gabrielli, 1999. Response to
cadmium in higher plants. Environ. Exp. Bot.,
41: 105-130.

Schiitz, A.M., Olsson, A. Jensen, L. Gerhardsson,
J. Borjesson, S. Mattsson and S. Skerfving, 2005.
Lead in finger bone, whole blood, plasma and urine in
lead-smelter workers: Extended exposure range. Int.
Arch. Occup. Environ. Health, 78: 35-43.

Garcia, M., R. Quintero and A. Lépez-Munguia, 2000.
BiotecnologiaAlimentaria, Goldberg, ., Ed.; Chapman
& Hall: Limusa, Mexico, pp: 48-64.

De Zeeuw, H.I., 2004. The development of Urban
Agriculture; some lessons learnt Key note paper for
the International Conference” Urban Agriculture,
Agro-tourism and City Region Development”,
Beijing, 10-14 October.

Coughtrey, P.J. and M.H. Martin, 1978.
Cadmium Uptake and Distribution in Tolerant and
Non-Tolerant Population of HolcuslanatusGrown in
Solution Culture. Oicos, 8(30): 555-560.

Morel, JL., M. Mench and A. Guckert, 1986.
Measurement of Pb, Cu and Cd Binding with
Mucilage Exudates from Maize (Zea mays L.) Roots.
Biol. Fertil. Soils, 2: 29-34.

Godzik, B., 1993. Heavy Metals Content in Plants
from Zinc Dumps and Reference Areas. Polish Bot.
Stud., 5: 113-132.



49.

50.

51.

52.

Intl. J. Water Resources & Environ Sci.., 1(2): 31-36, 2012

Yang, X., V.C. Baligar, D.C. Martens and R.B. Clark,
1995. Influx, Transport and Accumulation of
Cadmium in Plant Species Grown at Different Cd**
Activities. J. Environ. Sci.Health, 30: 569-583.
Barber, S.A., 1984. Soil Nutrient Bioavailability.
John Wiley and Sons, NY.

Cho, M., ANN. Chardonnens and K.J. Dietz, 2003.
Differential heavy metal tolerance  of
Arabidopsis halleriand Arabidopsis thaliana: a leaf
slice test. New Phytol., 158: 287-293.

Hagemeyer, J., H. Kahle, S.W. Breckle and Y. Waisel,
1986. Cadmium in Fagussylvatical.. Trees and
Seedlings: Leaching, Uptake and Interconnection
with  Transpiration. Water, Air, Soil Pollut.,
29: 347-359.

36

53.

54.

55.

Jarvis, S.C., L.H.P. Jones and M.J. Hopper, 1976.
Cadmium Uptake from Solution by Plants and Its
Transport from Roots to Shoots. Plant Soil,
44:179-191.

Emongor, V.E. and G.M. Ramolemana, 2004.
Treated sewage effluent (water) potential to be used
for horticultural production in Botswana. Physics and
Chemistry of the Earth, 29: 1101-1108.

Berry, W.L., A. Wallace and O.R. Lunt, 1980.
Ultilization of municipal wastewater for culture of
horticultural crops. Hort. Science, 15: 169-171.



