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Pollution is an undesirable change in the physical, chemical or biological
characteristics of air, land and water that will waste or deteriorate our raw
material resources. Modern technological innovations have increased

pollution levels above the self cleaning capacities of the environment. In recent
times, one of the major issues is the threat to human life from the progressive
deterioration of the environment. The rapid growth of industrialization,
urbanization, modern agricultural development and energy generation resulting
into exploitation of natural resources for fulfilling human needs and desires have
contributed much in disturbing the ecological balance on which the quality of our
environment depends (Anton and Mathe-Gaspar, 2005).

With these developments, problems especially pollution has attained
gigantic proportions beyond the control of natural recycling ecosystem and the
day is not far away when man may starve for even a gulp of oxygen-the life string,
a drop of pure water- the fluid of life, a mouthful of unpolluted food-the power
behind and a moment of calm and quick rest. Pollution, whether of air, land or water
is a man-made problem of far reaching repercussions. Increasing contamination is
a threat to the continuous existence of countless species of plants and animals of
the ecosystem and this may ultimately become the greatest hazard to human
population (Jayapragasam, 2000).

Industrial Pollution

Problems concerning industrial effluents are particularly more acute and obnoxious
in developing countries. The use of hazardous substances in industrial processes,
hospitals, nuclear and other fields like production of insecticides, dyes and
chemicals has become sine qua non in today’s world (Nelson and Nemerow, 1963).
It has given rise to very serious problems like threat to life of innocent people,
safety of workmen, contamination of underground water, environmental
degradation including disposal of hazardous wastes. Industries discharge large
quantities of highly objectionable waste waters rendering water bodies unsuitable
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for sustenance and propagation of life and unfit for the
agricultural uses, human and animal consumption (Table 1)
(Rao and Dutta, 2003).

There are numerous reports on the detrimental
effects of distillery effluents on the metabolic functions  of
plants as a result of the high concentrations of  organic carbon
and plant nutrients, particularly sulphur, potassium and
nitrogen. Effluents generated from food processing  units,
sugar mills and tanneries are reported to be capable of
inducing clastogenic and turbogenic effects on animals.
Textile, dyeing and printing industrial effluents which contain
a variety of organic and toxic heavy metals and exhibit high
BOD and COD affect the soil and ground water quality
(Warrier and Saroja, 2000).

Effluent and emission standards have been notified
under Environmental Protection Act in respect of specific
industries. General standards for the discharge of environmental
pollutants have been revised in 1993-94. But, according to a
survey by the Central Pollution Control Board, of the total
industries in India, 50 per cent have effluent treatment systems,

but their performance in most cases has been found to be far
from satisfactory (CPCB, 2001).

Biological Treatment Methods

As humans are beginning to recognize the negative effects of
their lifestyle and industry on the environment, the issue of
pollution and clean-up is becoming one of the greatest demands
on the scientific community. Two main methods have been
adopted for environmental cleanup: bioremediation, which is
the use of microbes to breakdown or immobilize toxic compounds,
using techniques allied to composting, and phytoremediation,
which employs plants that tolerate and accumulate
contaminants, ‘hyperaccumulators’ and also plants which can
break down wastes into less harmful products (Granger, 2001).

Phytoremediation – Natural Attenuation

Phytoremediation (‘phyto’ meaning plant, and the Latin suffix
‘remedium’ meaning to clean or restore) is the use of plants,

WHO-World Health Organisation
ICMR- Indian Council of Medical Research.

Table 1. Effect of pollutants on the human system
Trace metals 
(ppm) 

WHO 
(1984) 

ICMR Effect Source 

Arsenic 0.05 0.2 Cancer Production of pesticides and veterinary pharmaceuticals, 
and wood preservatives 

Cadmium 0.005  Kidney damage Cd-Ni battery production, pigments for plastics and 
enamels, fumicides, and electroplating and metal coatings 

Copper 1.0 0.5-1.5 Large doses-liver 
damage 

Textile mills, cosmetic manufacturing and hardboard 
production sludge 

Chromium 0.05 0.05 Cancer Corrosion inhibitor, dyeing and tanning industries, plating 
operations, alloys antiseptics, defoliants and photographic 
emulsions. 

Iron 0.3 0.01 Colour and bad 
taste 

 

Lead 0.05  Lead poisoning Pb battery manufacture, fuel additives, manufacturing of 
ammunition, caulking compounds, solders, pigments, 
paints, herbicides and insecticides 

Mercury 0.001  Liver and brain 
damage 

Electrical apparatus manufacture, electrolytic production of 
Cl and caustic soda, pharmaceuticals, paints, plastics, paper 
products, Hg batteries, pesticides and burning of coal and 
oil 

Selenium 0.01 0.05 Dental caries and 
cancer 

Coal power plant fly ash 

Silver   Argyria (skin and 
eyes) 

Photographic, electroplating and mirror industries 

Zinc 5.0 5.0-15.0 Renal damage Brass and bronze alloys production, galvanized metal 
production, pesticides and ink. 
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including trees, grasses and aquatic plants, to remove,
destroy or sequester hazardous substances from the
environment. It is an emerging technology for environmental
remediation that offers promise as a low-cost, versatile
technique suitable for use against different types of
contaminants in a variety of media. It is the use of vegetation
for in situ treatment of contaminated wastes, soils and
sediments (Salt et al., 1995). Plants have evidenced their
capacity of withstanding high concentrations of organic (and
inorganic) chemicals without toxic effects, and they can
convert chemicals to less toxic metabolites or secure them
within specific compartments or tissues. In addition, some
plants stimulate the accumulation and degradation of
chemicals by the rhizosphere through the release of root
exudates, enzymes and organic carbon in the soil (Salt et al.,
1998). Plants can also extract and concentrate metals from
soil or water. Progress in the knowledge of plant catabolic
activities (green liver) are opening the possibility of using
plants also for air treatment, especially indoors.
Phytoremediation potentially allows the inexpensive clean
up of polluted environments. These can be both aqueous
and soil based, and pollutants can range from complex organic
molecules to heavy metals such as lead, cadmium or zinc
(Table 1) (Raskin et al., 1994).

Some applications rely simply on plants ability to
accumulate large quantities of certain contaminants
(phytoextraction) or to take up and transpire large amounts of

water from the soil and groundwater (creation of hydraulic
barriers) (Table 2). Contaminants can also be removed from
aqueous wastestreams by absorption onto plant roots
(rhizofiltration). In other applications, the contaminants
are degraded or metabolized within the plant
(phytotransformation), sometimes coupled with volatilization
into the air from plant biomass (phytovolatilization); in some
others, contaminants are degraded in the soil by the action of
secreted plant enzymes (in one form of phytotransformation)
or by plant stimulation of microbial biodegradative activity
(phytostimulation), or contaminants are immobilized in the soil
by plant exudates (phytostabilization). Phytoremediation is
thus, a collective term which includes five different applications
of plants: phytotransformation, rhizosphere bioremediation,
phytostabilization, phytoextraction and rhizofiltration
(Meagher, 2000; Willams, 2000) (Table 3).

Phytoremediation Applications

Phytoremediation can be applied to all sites with shallow
contamination of organic, nutrients or metals. This new
ongoing technology is now considered for remediation of
contaminated sites because of its cost effectiveness, aesthetic
advantages and long-term applicability (Meagher, 2000). In
particular, phytoremediation is adapted for use in very large
field sites where other methods are less cost effective or
practicable, the concentration of the pollutant is not too high

Table 2. Phytoremediation technologies
Treatment method Mechanism Medium 
Rhizofiltration Uptake of metals in plant roots Surface water and water pumped 

through troughs 
Phytodegradation Plant uptake and degradation of organics Surface water and groundwater 
Plant-assisted 
bioremediation 

Enhanced microbial degradation in the rhizosphere Soils and groundwater within the 
rhizosphere 

Phytoextraction Uptake and concentration of metals via direct uptake into 
plant tissue with subsequent removal of the plants 

Soils 

Phytostabilization Root exudates cause metals to precipitate and become less 
bio available 

Soils, groundwater and mine tailings 

Phytovolatilization Plant evapotranspirates selenium, mercury and volatile 
organics 

Soils and groundwater 

Phytomining  Use of plants to extract inorganic substances from mine ore Soils 
Removal of organics 
from the air 

Leaves take up volatile organics Air 

Rhizosecretion  A subset of molecular farming, designed to produce and 
secrete valuable natural products and recombinant proteins 
from roots 

 

Vegetative caps Rainwater is evapotranspirated by plants to prevent leaching 
contaminants from disposal sites 

Soils 

 



4 ENVIS

and the time available for treatment is sufficiently long.
Interesting and promising are the combinations of
phytoremediation with other classical approaches where
vegetation is used as a final cap and closure of the site.
Remediation of different pollutants like metalloids (Se,
As) ‘nutrients’ (K, P, N, S) radio nucleotides (Cs, U) metals
(Pb, Cd, Zn, Cr, Hg) organics (PCB, PAH, TCE, TNT, pesticides)
(Susarla et al., 2002) can be achieved through this process.

Properties of a Good Phytoremediation Plant (Warrier and
Saroja, 2002)

1. The plant must be able to tolerate high levels of the
element in root and shoot cells; hypertolerance is the
key property, which makes hyperaccumulation possible.

2. In addition to tolerance, the hyperaccumulation
properties should be stable. Further, the plant should
have the ability to accumulate several metals.

3. The plant must have the ability to translocate an
element from roots to shoots at high rates. Normally,
root Zn, Cd or Ni concentrations are 10 or more
times higher than shoot concentrations; but in
hyperaccumulators, shoot metal concentrations can
exceed root levels.

4. There must be a rapid uptake rate for the element at
levels which occur in soil solution along with fast
growth of the plant and increased biomass production.

5. The plant must have the ability to grow outside of
their area of collection.

6. The species should be of economic interest.
7. The plant should be resistant to disease and pests.
8. Unattractive to animals minimizing the risk of

importing metals in to the higher trophic levels of
the terrestrial food chain (Bio magnification).

Plant Species Used in Phytoremediation

A variety of naturally occurring and specially selected plant
species are used in phytoremediation. A number of terrestrial
and aquatic plants are known to be natural hyperaccumulators

of metals (Warrier and Saroja, 2008), but since these tend to be
slow growers, researchers have turned to other species, more
recently identified or selected, as more promising commercial
candidates (Table 4 and 5). Deep-rooted trees such as poplar,
willow and cottonwood are most commonly used for
applications requiring withdrawal of large amounts of water
from the subsurface, while a number of different plants, trees
and grasses are used to stimulate microbial degradation of
organic contaminants in soil. Among plants at earlier stages of
research are plants and trees expressing biodegradative
enzymes, halophytic (salt-loving) plants, and plants such as
bamboo that are currently used in constructed wetlands.

Element Families No. of 
species 

Cadmium Brassicaceae 1 
Cobalt Lamiaceae, Scrophulariaceae 26 

Copper Cyperaceae, Lamiaceae, Poaceae, 
Scrophulariaceae 24 

Manganese Apocynaceae, Cunoniaceae, 
Proteaceae 11 

Nickel 
Brassicaceae, Cunoniaceae, 
Euphorbiaceae, Flacourtiaceae, 
Violaceae 

290 

Selenium Fabaceae 19 
Thallium Brassicaceae 1 
Zinc Brassicaceae, Violaceae 16 

 

Contaminants Amenable to Phytoremediation

Phytoremediation is potentially applicable to a diversity of
substances, including most of the more prevalent
environmental contaminants. Early work involving metal
hyperaccumulators focused attention on the technology’s
applicability to heavy metals and radionuclides. However,
phytoremediation has also been demonstrated against other
inorganic contaminants like arsenic and various salts and
nutrients, and on a variety of organic contaminants,
including chlorinated solvents, explosives, petroleum
hydrocarbons, polyaromatic hydrocarbons, and pesticides
(Glass, 2000).

Advantages
It is accepted that phytoremediation can be very
competitive with other more classical treatments. In
addition phytoremediation is aesthetically not disturbing
(sometimes can be pleasing). The experience so far has

Table 4. Prominent families for phytoremediation of
contanminants

Table 3. Mechanisms utilized in phytoremediation
For contaminated soils 
 

a. Phytoextraction 
b. Phytostabilization 
c. Phytostimulation 
d. Phytovolatilization 
e. Phytotransformation 
 

For contaminated waters 
 

a. Rhizofiltration 
b. Hydraulic barriers 
c. Vegetative caps 
d. Constructed wetlands 
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shown that phytoremediation operation can be carried
out at 30-50 per cent of the costs of a chemical treatment
and is also significantly cheaper than removal of soils
and its disposal in a landfill. Phytoremediation experience
based upon artificial wetlands and wetlands cells have
revealed an interesting economicity. The longer time
needed for phytoremediation as compared with classical
treatments is compensated at economical level by the
smaller  investment  necessary to carry i t  out .
Phytoextraction of heavy metals over a period of five
years with monitoring of residual concentrations had a
cost estimated three times less than physico-mechanical
methods.

Limitations
Phytoremediation is still in its early stages. At least two to
three more years of field tests and analysis are necessary to
validate the initial small-scale field tests.  Issues like soil or
water characteristics and length of the growing season of
the plants will also have to be taken into account. Other
limitations include limited regulatory acceptance, long
duration of time sometimes required for clean up to below
action levels, potential contamination of vegetation and food
chain and difficulty in establishing and maintaining
vegetation at some highly toxic waste sites. Although
phytoremediation seems to be very beneficial to remediation
processes in general, there are specific drawbacks to the
approach. The most relevant limitation of phytoremediation
is that it is a time-consuming process, which may take multiple
growing seasons to produce adequate results.

A criticism of phytoremediation is that it may
potentially cause a risk to the wildlife that eats the involved
plants. The possible scenario is that these harmful metals
may work their way up the food chain. Critics claim that
predators of the ecosystem may experience severe
biomagnification of toxins over time. Depending on the
specific food chains, ecosystems and contaminants, human
health could also suffer negative effects. Another drawback
of phytoremediation is the fact that most hyperaccumulator
plants aren’t very good at it. These plants are typically too
small and grow too slowly for use in phytoremediation.
Furthermore, high concentrations of toxins in soil can be
enough to stunt plant growth causing hyperaccumulating
plants to be even less effective. Because a plant’s root depth
determines the regions it can degrade and uptake chemicals
from, short root systems typical of smaller plants are
undesirable.

Highly hydrophobic compounds, which actively
repel water, pose another problem for phytoremediation

Table 5. Phytoremediating abilities of plant  species
Element Species Maximum 

concentration 
(mg/kg) 

As Pityrogramma calomelanos (L.) Link 
Pteris vittata L 

8,350 
22,630 

Au Brassica juncea 57.32 
Cd Thlaspi caerulescens 2,130 
Co Cyanotis longifolia 

Haumaniastrum robertii 
Hibiscus rhodanthus 

4,197 
10,232 
1,527 

Cr Dicoma niccolifera 
Leptospermum scoparium 
Sutera fodina 

30,000 
20,000 
48,000 

Cu Aeollanthus subacaulis  
Eragrostis racemosa 
Haumaniastrum katangese 
Ipomea alpina 
Pandiaka metallorum 
Vigna dolomitica 

13,700 
2,800 
9,222 

12,300 
6,270 
3,000 

Hg Lemna minor L 25,800 
Mn Alyxia rubricaulis 

Eugenia clusioides 
Macadamia angustifolia 

14,000 
10,880 
11,500 

Ni 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pb 

Adantum sp. 
Alyssum sp. 
Berkheya coddii 
Cochlearia aucheri 
Dicoma niccolifera 
Geissois pruinosa 
Pearsonia metallifera 
Phidiasia lindavii 
Phyllanthus sp. (41 taxa) 
Pimelea leptospermoides 
Psychotria douarrei 
Rinorea bengalensis 
Sebertia acuminate 
Stackhousia tryonii 
Streptanthus polygaloides 
Acer pseudoplatanus 
Agrostis tenuis 
Minuartia verna 
Polycarpaea synandra F.Muell. 
Thlaspi alpestre 
T. rotundifolium 

3,540 
29,400 
11,600 
17,600 
1,500 

34,000 
10,000 
1,850 

60,170 
1,620 

47,500 
17,500 
11,700 
41,260 
14,800 
1,955 

13,490 
20,000 
1,044 
2,740 
8,200 

Se Acacia cana 
Astragalus bisulcatus 
Astragalus racemosus 
Atriplex confertifolia 
Lecythis ollaria 
Machaeranthera glabriuscula 
Neptunia amplexicaulis 

1,121 
8,840 

14,900 
1,734 

18,200 
1,800 
4,334 

Zn Arabidopsis halleri 
Rumex acetosa 
Thlaspi calaminare 
T. caerulescens 
T. alpestre L. 
T. taraense Zapal. 

30,000 
11,000 
39,600 
51,600 
25,000 
2,700 
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because so many contaminated sites contain hydrophobic
compounds. Since they naturally prefer to sorb to the soil
rather than to the plant roots, these compounds aren’t prone
to uptake by plants. Polyaromatic hydrocarbons are an
example of a hydrophobic compound commonly found at
petroleum-contaminated sites. Although these individual
criticisms of phytoremediation are valid for the time being,
much can be done to lessen the negative effects they cause.
Concern over the time involved in a full remediation by
plants is valid, but much current research in biotechnology
seeks to find better ways to grow specific plants (used for
phytoremediation) quicker, stronger and larger. Increasing
the growth speed, overall strength and overall size of a
plant species will improve the amount of degradation or
removal it is capable of. In measuring the performance of
alfalfa clones in crude-oil contaminated sites it was found
that total petroleum hydrocarbon (TPH) degradation was
highly correlated with total forage yield. High correlation
between plant growth and TPH degradation rates indicate
that selection for enhanced degradation is accomplished
by selection of the plants with the highest forage yield.

Trees potentially provide one way of safely,
effectively and economically managing low value contaminated
land in the medium to long term. Despite concern about the
toxic effects of soil pollution, it has become increasingly
apparent that trees frequently survive and grow on soils
containing levels of contamination. Trees are already used for
wastewater clean-up, for site stabilization, and as barriers to
subsurface flow of contaminated groundwater. Trees such as
willows or poplar are being used to intercept contaminated
groundwater and remove it from the subsurface, in methods
analogous to longstanding use of trees. Trees are receiving
renewed attention as part of the growing interest in
phytoremediation. The perennial habit, extensive root mass,
and large transpirational rates give trees advantages over other
plants for use in remediation. Clonal propagation and the genetic
tools of both classical breeding and genetic engineering exist
for a number of species, facilitating the proposal of tree
‘remediation’ (Dickinson et al., 2000).

Work is in progress to screen tree species for their
ability to tolerate, take up, translocate, sequester, and degrade
organic compounds and heavy metal ions. Both an indirect
approach to remediation, through enhancing rhizosphere
degradation of pollutants by engineering larger root masses
in trees using Agrobacterium rhizogenes, and a direct
approach to remediation, through transformation of trees with
bacterial genes known to initiate the mineralization of
halogenated phenolic compounds and trichloroethylene have
been attempted (Glass, 1998).

Phytoremediation is, thus, in principle a low
environmental impact bioremediation technique as compared
with other physical, mechanical or biological techniques.
However, it may bring to some environmental impact because of
the release of the plants (leaves, seeds and branches), because
of the possibility that the contaminant is transformed into
something even more toxic than the original and because of the
risk that the original contaminant or its transformants are
dispersed into the food chain. All the measures which can abate,
reduce or control one of these factors should be activated at the
phytoremediation site. Mechanical protection from dispersion
with nets or rows of shrubs can be assured on the perimeter of
the site to prevent animals coming in and out of the site and also
to prevent dispersion of plant materials by wind. The application
of genetic technologies to reduce dispersion (sterility) and
environmental release of exotic material (incompatibility with
indigenous species) should also be considered.
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