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1. Introduction 

Aquatic macrophytes are represented by a variety of algal and macrophytic 
species that occur in many types of habitats. Members of Cyperaceae, 
Potamogetonaceae, Ranunculaceae, Typhaceae, Haloragaceae, 
Hydrocharitaceae, Najadaceae, Juncaceae, Pontederiaceae, 
Zosterophyllaceae, Lemnaceae, mainly represent aquatic plants. These 
plants are either emergent, submerged, or free floating. Some non-vascular 
plants, like macro algae, are rootless and capable of growing with their 
thalli in the water. Aquatic macrophytes are extremely important 
components of an aquatic ecosystem for primary productivity and nutrient 
cycling (Aksorn and Visoottiviseth 2004; Prasad et al. 2001, 2005). They 
also provide habitat, food and refuge for a variety of other organisms. The 
aquatic plants have been reported for long to detoxify environmental 
pollutants. The notable environmental contaminants are radionuclides as 
well as inorganic and organic pollutants which can be phytoremedaited in 
various ways (Fig. 1). The efficacy of the detoxification or remediation 
function of the of aquatic plants depends on a) sediment geochemistry, b) 
water physico-chemistry (Adriano et al. 2004), c) plant physiology (Prasad 
2004) d) plant genotype and e) nature of the contaminant or pollutant 
(Pilon-Smits 2005). 

2. Phytotechnologies 

Environmental protection strategies involving plants are called 
“Phytotechnologies”. Phytotechnologies employ plants to remediate, stabilize or 
control contaminated or polluted sites. Phytoremediation is one of the 
approaches in phytotechnologies (COST action 837). 
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Fig. 1. Different sub-sets of phytoremediation for removal/detoxification of both 
organic and inorganic contaminants 

2.1 Pollutants and Contaminants in Aquatic Ecosystem 

2.1.1 Inorganic Pollutants 

These include nitrate, phosphate, per chlorate, cyanide etc; trace elements 
essential to plants when present in excess viz., B, Cu, Fe, Mn, Mo and Zn; trace 
elements essential for animal nutrition when present in excess i.e. As, Co, Fe, 
Mn, Zn, Cr, F, Ni, Se, Sn and V and the most toxic trace elements like Cd, Hg 
and Pb which are not required by any organisms. Trace elements essential for 
human nutrition are identical to animal nutrition with the exception of As and 
V. Aquatic plants and constructed wetlands have been designed and used for the 
treatment of a wide range of inorganic pollutants and mine drainage, salt water 
and removal of radionuclides (Tables 1 and 2). Methods of phytoremediation 
have been demonstrated in Figures 2-4. 

Phytodetoxification of cyanide. Cyanide is the leach reagent of choice for gold 
and silver extraction, but also a toxic chemical that may cause severe 
environmental pollution problems. Vascular plants possess an enzyme system 
that detoxifies cyanide by converting it to the amino acid asparagine. The 
phytotoxicity of cyanide is directly connected to the efficiency of this enzyme 
system. Plants only survive cyanide exposure up to a dosage they can eliminate. 
Cyanide elimination with plants seems to be a feasible option for gold and silver 
mine waste and wastewater. During several metabolic reactions, plants are 
confronted with cyanide as byproduct, e.g., during the ethylene synthesis of 
mature tissue (Manning 1988), where hydrogen cyanide is formed as a by- product. 
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Fig. 2. Cyanide (CN-) is the leach reagent (ammonium thiocynate) of choice for gold 
and silver extraction. Salix sp. and Sorghum sp. contain the enzyme -cyanoalanine 
synthase which is involved in its detoxification. The final product in this treatment is 
asparagines, a non-toxic essential amino acid 

Fig. 3. Ceratophyllum demersum, a freshwater free floating species could serve a 
biofilter of toxic metals. It is reported to accumulate arsenic with a 20,000-fold 
concentration factor (Weis and Weis 2004) 

Fig. 4. Talinum cuneifolium (Portulacaceae), an ideal experimental system developed 
for rhizofiltration of environmental contaminants in hydroponic system 
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Table 1. Aquatic plants for biomonitoring of toxic trace elements in a wide range of 
toxicity bioassays (Prasad et al. 2001, 2005) 

Plant species  Metal  
Azolla fililiculioides  Cr, Ni, Zn, Fe, Cu, Pb 
A. pinnata  Cd, Cr, Zn 
Bacopa monnieri Hg, Cr, Cu, Cd 
Carex juncell Cu, Pb, Zn, Co, Ni, Cr, Mo, U 
Carex rostrata Cu, Pb, Zn, Co, Ni, Cr, Mo, U 
Carex Sp. Cd, Fe, Pb.,Mn 
Ceratophyllum demersum Cd, Cu, Cr, Pb, Hg, Fe, Mn. Zn, Ni, Co and 

radionuclides 
Cyperus eragrostis Cd, Cu, Pb, Zn 
Distichlis spicata Cd, Fe, Pb, Mn 
Elodea densa Hg, methyl-Hg 
E. nuttallia Cu 
E. sptangulare Hg, Pb, Cd, Cu and Fe 
Eichhornia crassipes As, Cd, Co, Cr Cu, Al, Ni, Pb, Zn, Hg, P, Pt, Pd, 

Os, Ru, Ir, Rh  
Elodea canadensis Cu, Pb, Cd, Zn, Cr, Ni 
Eriocaulon septangulare Hg, Pb, Cd, Fe 
Euryale ferox Cd, Cr, Pb, Cu 
Hydrilla verticillata Hg, Fe, Ni, Pb 
Hygrophila onogaria Hg, methyl-Hg 
Isoetes lacustris Cu. Pb 
Lemna minor Mn, Pb, Ba, B, Cd, Cu, Cr, Ni, Se, Zn, Fe 
L. trisulca Cu, Cd 
L. gibba Cu, Cd 
L. palustris Zn, Cu, Fe, Hg 
L. paucicostata Cd, Zn, EDTA, Cu, Ca 
L. perpusilla Cd 
L. polyrrhiza Cd 
L. valdivinia Cd, Cu 
Littorella uniflora Cu, Pb 
Ludwigia natans Hg, methyl-Hg 
Lysimachia nummularia Hg, methyl-Hg 
Myriophyllum spicatum Cd, Cu, Zn, Pb, Ni, Cr 
M. alterniflorum Cu, Pb 
M. exalbescens Zn, Pb 
M. aquaticum Zn, Cu, Fe, Hg, Cd, Pb 
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Melilotus indica Se
Mentha aquatica Cd, Zn, Cu, Fe, Hg 
Najas marina Cd, Fe, Pb, Mn 
Nasturtium officinale Cd 
Nuphar lutea Cu, Ni, Cr, Co, Zn, Mn, Pb, Cd, Hg, Fe 
N. variegatum Cu, Zn 
Nymphaea alba Ni, Cr, Co, Zn, Mn, Pb, Cd, Cu, Hg, Fe 
Nymphoides germinate Cd, Cu, Pb, Zn 
Potamogeton attenuatum Cd, Cu. Pb. Zn 
P. communis Ni, Cr, Co, Zn, Mn, Pb, Cd, Cu, Hg, Fe 
P. crispus Cu, Pb, Mn, Fe, Cd 
P. filiformis Cd, Fe, Pb, Mn 
P. lapathifoilum Cd, Cu, Pb, Zn 
P. orientalis Cd, Cu, Pb, Zn 
P. pectinatus Mn. Pb, Cd, Cu, Cr, Zn, Ni, As, Se 

P. perfoliatus Cu, Pb, Cd, Zn, Ni, Cr 
P. richardsonii Cd, Cr, Cu, Ni, Zn, Pb 
P. subsessiles Cd, Cu. Pb. Zn 
Phragmites karka Cr
Pistia stratoites Cu, Al, Cr, P, Hg 
Ranunculus aquatilis Mn, Pb, Cd, Fe, Pb, 
R. baudotii Cd, Cu, Cr, Zn, Ni, Pb 
Ruppia maritima Mn, Pb, Cd, Pb, Fe, Se 
Salvinia acutes Mn, Pb 
S. maritimus Cd, Fe, Pb, Mn 
S. natans Pb, Cr 
S. undulata Pb 
S. molesta Hg 
Scapania uliginosa B, Ba, Cd, Co, Cr, Cu, Li, Mn, Mo, Ni, Pb, Sr, V, 

Zn
Schoenoplectus lacustris Ni, Cr, Co, Zn, Mn, Pb, Cd, Cu, Hg, Fe 
Scirpus lacustris Cr
Spirodela polyrhiza Cr
Typha domingensis Cd, Cu, Pb, Zn 
T. latifolia Ni, Cr, Co, Zn, Mn, Pb, Cd, Cu, Hg, Fe 
Vallisneria americana Cd, Cr, Cu, Ni, Pb, Zn  
V. spiralis Hg 
Wolffia globosa Cd, Cr 
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Table 2. Aquatic macrophyts a for phytotechnologies to treat inorganic pollutants, acid 
mine drainage, salt water, regulation of water and removal of radionuclides (Prasad et 
al. 2001, 2005; McCutcheon and Schnoor 2003, COST action 837, 2003 and COST 
action 859, 2005, Kamal et al. 2004; Peles et al. 2002; Hattink et al. 2000; Sheppard and 
Motycka 1997) 

Plant name Common name Phytormediation function 
Azolla filiculoides Water fern Metal hyperaccumulation 
Bacopa monnieri Water hyssop Metal accumulation 
Canna flaccida  HM removal in constructed wetland 
Carex pedula  HM removal in constructed wetland 
Chara, Nitella, 
Mougeotia, Ulothrix 

Algae  If they could be induced to grow in 
mining effluents, they would provide a 
simple, long-term solution remove U 
and other radionuclides  

Cladium Jamaicense Sawgrass  Brine concentration 
Eichhornia crassipes Water hyacinth Metal accumulation and biosorption  
Elodea canadensis  Phytofiltration of storm water and 

removal of zinc 
Eriophorum 
angustifolium 

 Phytostabilization of metal rich mine 
tailings 

Eriophorum 
scheuchzeri 

 Phytostabilization of metal rich mine 
tailings 

Glyceria fluitans  Phytostabilization of mine tailings, 
treatment of acid mine drainage  

Hydrilla verticillata - TNT transformation and metals 
accumulation 

Hydrocotyle umbellata Pennywort Biosorption of toxic metals 
Ipomea aquatica Water spinach Metal accumulation 
Juncus articulatus  Phytostabilization of mine tailings 
Lemna minor Duck weed Concentrates technetium-99  
Lemna, Spirodela and 
Wolffia 

Duckweeds Biosorbents of inorganic and organic 
pollutants and metals accumulation 

Miscanthus floridulus  HM removal in constructed wetland 
Miscanthus 
sacchariflorus 

 HM removal in constructed wetland 

Nymphaea violacea  Waterlily Uranium and thorium series 
radionuclides 

Pistia stratiotes Water lettuce Metal accumulation 
Polygonum punctatum  radiocesium (137Cs) 
Potamogeton natans  Phytofiltration of storm water and 

removal of zinc 
Potamogeton natans - Metals uptake 
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Sagittaria latifolia - Radiocesium (137Cs)
Salvinia molesta Kariba weed Metals accumulation 
Scirpus spp Bulrush Used in constructed wetland 
Scirpus validus - Brine concentration 
Spartina alterniflora Cordgrass Saltwater, brine concentration 
Spirodela oligorrhiza Giant duckweed Metal accumulation 
Sporobolus virginicus Coastal dropseed Brine concentration 
Tamarix spp. Salt cedar Hydraulic control of arsenic  
Vallisneria spiralis Eel grass Metal hyperaccumulation 
Zizania aquatica Wild rice Uptake of 129I. 

Consequently, plants have evolved effective detoxifying strategies. The 
detoxifying enzyme system (beta-cyanoalanine synthase) connects free cyanide 
and cysteine to cyanoalanine. The final metabolite is asparagine, a non-toxic 
essential amino acid (Manning 1988; Trapp et al. 2003). 
 The fact, that plants can remove high amounts of cyanide in waste and 
wastewaters from gold mining, was demonstrated in constructed wetlands or 
artificial ponds with aquatic plants, if the concentration is low, or by planting 
selected crops or trees in an area and irrigated with cyanide containing 
wastewater (at higher concentrations). The chemistry of the cyanide leaching 
follows the equation: 
  Au + 2NaCN + ½ H2O   Na[Au(CN)2] + NaOH 
 Gold dissolves as negatively charged complex. The same reaction occurs 
with silver. In gold and silver mining, a diluted sodium cyanide solution 
(0.05%) is sprayed on gold-containing crushed ore, placed in heaps. The 
cyanide readily forms a water-soluble complex with the gold from which the 
gold can be recovered. Since its commercial introduction in New Zealand over a 
century ago, cyanide has been used worldwide in the extraction of gold and 
silver. Although chemical replacements for cyanide have been investigated for 
decades, it still remains the exclusive leaching reagent of choice due to a 
combination of availability, effectiveness and economics. This technique to 
leach silver and gold from low-grade ores and old mining wastes, has been 
increasingly used since the 1980s. In the US alone, more than 150 heap-leach 
operations were active in the 1990s. Currently, there are about 875 gold and 
silver operations throughout the world, of which about 460 utilize cyanide, 
using 347 000 tons of sodium cyanide per year. The cyanide heap leach process 
is an environmental hazard. 

2.1.2 Organic Pollutants

A number of aquatic plants work well also for remediation of organic 
pollutants. Sediments contaminated with organics can be cleaned with the plant 
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enzymes (e. g. dehalogenase, laccase, peroxidase, nitrilase and nitrate 
reductase). Enzymes excreted from plant roots into the rhizosphere can degrade 
the organic molecules (Tables 3 and 4). In the case of PAHs, there is evidence 
for both uptake and metabolism by plants (McCutcheon and Schnoor 2003). 
However, the uptake of large molecules by plant cells is difficult depending on 
the narrow “channels” in the structure of the cell wall system, especially when 
they are lipophilic. 
 Oxygenation is an important initial mode of attack and this step serves to 
increase water solubility and provides an opportunity for conjugation via 
glycosidic bond formation. Cytochrome P450, peroxygenases, and peroxidases 
are involved in plant oxidation of xenobiotics. Other enzyme classes like 
gluthathione S-transferases, carboxylesterases, o-glucosyltransferases o-
malonyltransferases, N-glucosyltransferases, and N-malonyltransferases are 
associated with xenobiotic metabolism in plant cells, transport of intermediates, 
and compartmentation processes (Macek et al. 2000). In addition, the plant 
roots serve as a habitat for biodegrading microbes and these microbes thrive 
much better and degrade organics much faster in the rhizosphere of specific 
plant species. Remediation of water contaminated with chlorinated alkanes and 
other organic chemicals has been shown with aquatic plants (Fig. 5). 
Phytotransformation of perchlorate using parrot-feather (Myriophyllum 
aquaticum) was described by Susarla et al. (1999). This plant has already been 
tested for successful remediation of soils contaminated with TNT as well as 
other contaminants (e.g. TCE, PCP). There are numerous defence disposal sites 
across the USA with explosives contaminated groundwater. The U.S. Army 
Environmental Centre is developing technologies to effectively clean up 
groundwater contaminated with residues of explosives like TNT, RDX, 
octahydro-1,3,5,7-tetranitro-1,3,5,7- tetraazocine (HMX), and DNT. Current 
groundwater cleanup technologies, such as granular activated carbon and 
advanced oxidation, are cost prohibitive. One potential treatment alternative is 
phytoremediation using constructed wetlands (Betts 1997). 

Table 3. Plant enzymes implicated in phytoremediation of organics (Sandermann 1994; 
Macek et al. 2000) 

Enzyme Contaminants degraded/ 
transformed into less toxic forms 

Phosphatase Organophospates 
Aromic dehalogenase Chlorinated aromatics (DDT, 

PCBs etc.) 
O-demethylase Alachlor, metoalchor 
Cytochrome P450, Peroxygenases, Peroxidases PCBs 
Glutathione s-transferase, carbooxylesterases, o-
glucosyltransferases, o-malonyltransferases, N-
glucosyltransferases, N-malonyltransferases 

Xenobiotics 
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Table 4. Aquatic macrophytes for phytotechnologies to treat organic pollutants (Prasad 
et al. 2001, 2005; COST action 837, 2003; McCutcheon and Schnoor 2003; COST 
action 859, 2005) 

Plant name Common name Phytormediation function 
Alisma subcordatum Water-plantain Uptake of explosives  
Apium graveolens  Celery Removes sulphonated 

anthraquinones in textile wastewater 
Carex gracilis  Degrades Trinitrotoluene (TNT) 
Ceratophyllum 
demersum

Coontail Degradation of organics  

Chara, Nitella, 
Mougeotia, Ulothrix 

Algae  If they could be induced to grow 
mining effluents, they would provide 
a simple, long-term solution remove 
U and other radionuclides  

Eleocharis obtusa Blunt spike Transformation of TNT (explosive) 
Eleocharis tuberosa Water chestnut  Transformation of TNT 
Iris pseudocorus Swamp/yellow 

iris
Methyl bromide and TNT 
transformation, 

Juncus glaucus  Degrades TNT
Myriophyllum aquaticum Parrot feather Explosives sensitivity to and 

transformation, halocarbon 
metabolism, halogenated organics 
transformation, hormesis, 
organophosphorus degradation, 
perchlorate degradation 

Myriophyllum spicatum Milfoil TNT monitoring and transformation  
Nelumbo nucifera Indian lotus TNT transformation 
Nymphaea odorata fragrant water 

lily 
TNT transformation 

Phragmites australis  Degrades TNT
Phragmites sp Reed Methyl iodide volatilization, integral 

component in wetlands 
Phragmites australis Common reed Treatment of dairy wastes in 

constructed wetland 
Potamogeton nodosus Pondweed Explosives degradation 
Potamogeton pectinatus - Transformation of explosives, uptake 

of metals 
Potamogeton pusilus - Used in free-surface wetlands, 
Rumex hydrolapatum - Removes sulphonated 

anthraquinones in textile wastewater 
Sagittaria latifolia Arrowhead Explosives degradation  
Salicornia virginica Perennial 

glasswort 
Perchlorate tolerance, Brine 
concentrator 
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Salvinia rotundifolia Floating moss TNT transformation 
Scirpus spp Bulrush Used in constructed wetland 
Spirodela oligorrhiza giant duckweed Organic degradation and metals 

accumulation 
Trifolium pratense Red clover  Rhizodegradation 
Typha angustifolia Cattail Degradation of explosives  
Typha latifolia Cattail Degrades TNT, Biosorption and 

perchlorate degradation 
Vallisneria americana tape grass  TCE transformation and metals 

accumulation 
Vallisneria spiralis Eel grass Metals hyperaccumulation 

 
Fig. 5. Phytodegradation of pesticides by plant dehalogenases 

2.1.3 Radionuclides 

Major sources of radioactive contamination and major radionuclides released 
with long-term impact are (Sheppard and Motycka 1997; Hattink et al. 2000; 
Peles et al. 2002; Kalin et al. 2004): 
a) The nuclear weapon testing (release of mainly 14C, 137Cs, 90Sr and 95Zr) 
b) Nuclear weapon production (release of mainly 137Cs, 106Ru, 95Zr) 
c) Nuclear power production 
 i. During the mining operation, the main radionuclide discharged is 222Rn; 

the environment of the mining and milling sites is contaminated 
through dispersion of 238U (and daughters: e.g. 226Ra, 210Pb, 210Po and 
232Th). 

 ii. During the operational phase small amounts of radionuclides are 
routinely released mainly 14C. 

 iii. Nuclear accidents can involve only small local contamination (coctail 
of 37Cs, 90Sr, 131I, 210Po, 95Zr, 144Ce). 
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 iv. Natural sources of contamination. Others, e.g. zircon and rare earths, 
the concentration of 238U and 232Th may be considerably elevated. 

The flux of an element from aquatic environment to plant is often referred as 
plant uptake or removal. The removal of the radionuclide from water with the 
harvested part of the plant (in Bq / area or volume), is the product of the 
concentration in the plant (Cplant, in Bq / kg) and the yield of the harvested 
biomass (kg per unit area/volume of water): 

Plant Removal = Yield x Cplant 
Transfer Factor (TF, dimensionless) TF = Cplant/Cwater or sediment 

   Activity in plant (Bq / kg dry or fresh weight) 
TF  =  
   Activity in background water (Bq / kg volume) 

A translocation factor (TLF) which is similar to TF is also used. 

   Activity in plant (Bq / kg dry or fresh weight) 
TLF  = 
   Activity in background water (Bq surface area per m2)
or 
   Activity in plant (Bq / kg dry or fresh weight) 
TLF  =  
   Activity in soil for wetland or marshy plants (Bq / m2)

 Hence, the transfer factor is an important parameter for determining the 
potential of phytoextraction of aquatic macrophytes. Alternanthera 
philoxeroides is one classic example that was widely used for removal of 
radionuclides (Prasad 2001). 

2.2 Aquatic Plants as Biomonitors of Contaminants and Pollutants 

The use of aquatic plants in water quality assessment has been in practice 
for years as in-situ biomonitors and bioremediators (St-Cyr and Campbell 
1994; St-Cyr et al. 1994; Kamal et al. 2004; Lytle et al. 1994, 1998). The 
occurrence of aquatic macrophytes has been found related to water 
chemistry and using these plant species or communities as indicators or 
biomonitors has been an objective for surveying water quality (Wang and 
Freemark 1995). Aquatic plants have also been used frequently in waste 
water treatment to remove suspended solids, nutrients, heavy metals, toxic 
organics from acid mine drainage, agricultural landfill and urban storm-
water runoff. However, the response of an organism to deficient or excess 
levels of metal (i.e. bioassays) can be used to estimate metal impact. Such 
studies performed under defined experimental conditions can provide results 
that can be extrapolated to natural environment. There are multifold 
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advantages in using an aquatic macrophyte as a study material. Macrophytes 
are cost-effective universally available aquatic plants and with their ability 
to survive adverse conditions and high colonization rates, are excellent tools 
for the study of phytoremediation. Rooted macrophytes especially play an 
important role in metal bioavailability through rhizosphere secretions and 
exchange processes. This naturally facilitates metal uptake by floating and 
emergent macrophytes. Macrophytes readily take up metals in their reduced 
form from sediments, which exist in anaerobic situations due to lack of 
oxygen and oxidize them in the plant tissues making them immobile and 
bioconcentrate them to a great extent. Metal concentrated macrophytes are 
available to be eaten by fishes. These may also be available for herbivorous 
and detrivorous invertebrates. This may be a major route for incorporating 
metals in the aquatic food chain. It is, therefore, of interest to assess the 
level of heavy metals in macrophytes due to their importance in ecological 
processes. The immobile nature of macrophytes makes them an effective 
bio-indicator of metal pollution, as they represent real level of metals 
present at that site. Data on phytotoxicity studies are also considered in the 
development of water quality criteria to protect aquatic life, in the toxicity 
evaluation of municipal and industrial effluents. In addition, aquatic plants 
have been used to assess the toxicity of contaminated sediment and 
hazardous waste leachates. 
 In the past, researches on macrophytes have focused mainly to find out 
effective eradication techniques for several aquatic species, such as Elodea 
canadensis, Eichhornia crassipes, Ceratophyllum demersum etc. Scientific 
literature indicates use of a wide diversity of macrophytes in toxicity tests 
designed to evaluate the hazard of potential pollutants, but the test species and 
methods used are quite scattered. Estuarine and marine plant species are being 
used considerably less than freshwater species in the toxicity tests conducted 
for regulatory reasons (Mohan and Hosetti 1999). The suitability of a test 
species is usually based on the specimen bioavailability, sensitivity to 
toxicant, reported data etc. The sensitivity of various plants to metals was 
found to be species and metal specific, differing in the uptake as well as 
toxicity of metals. Many submersed plants have been used as test species, but 
there is no single species being widely used. In a literature survey, only 7% of 
528 reported phytotoxicity tests used macrophytic species. Their use in 
microcosm and mesocosm studies is even rarer and although it has been 
highly recommended. Several plant species, like Lemna, Myriophyllum, 
Potamogeton have been exhaustively used in phytotoxicity assessment, but 
several others have given less importance as a bioassay tool. Duckweeds have 
received the highest attention for toxicity tests as they are relevant to many 
aquatic environments, including lakes, streams, effluents. Duckweeds 
comprise Spirodela, Wolfiella, Lemna and Wolffia, of which Lemna has been 
widely studied. 
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2.3 Constructed Wetlands 

The most important role of plants in wetlands is that they increase the 
residence time of water and thereby increase the sedimentation of particles 
and associated pollutants. Thus, they are indirectly involved in water cleaning. 
Plants also add oxygen to the roots generating favourable conditions for 
microbes and bioremediation. For efficient removal of pollutants, a high 
biomass per volume of water of the submerged plants is necessary.  
 Uptake of metals in emergent plants only accounts for 5% or less of the 
total removal capacity in wetlands (Sobolewski 1999). Not many studies have 
been performed on submerged plants, however, higher concentration of metals 
in submerged than emergent plants has been found (Fritioff and Greger 2003) 
and in microcosm wetland, the removal by Elodea canadensis and 
Potamogeton natans showed up to 69 % removal of Zn. 

2.4 Potential Role of Aquatic Plants in Phytotechnology 

Phytoremediation is defined as the use of plants for environmental cleanup. 
Aquatic macrophytes have paramount significance in the monitoring of metals 
in aquatic ecosystems (eg: Lemna minor, Eichhornia crassipes, Azolla 
pinnata) (Mohan and Hosetti 1999). Aquatic plants are represented by a 
variety of macrophytes including algal species that occur in various habitats. 
They are important in nutrient cycling, control of water quality, sediment 
stabilization and provision of habitat for aquatic organisms. The use of aquatic
macrophytes in water quality assessment has been a common practice for 
biomonitoring. 
 The submerged aquatic macrophytes have very thin cuticle and therefore, 
readily take up metals from water through the entire surface. Hence, the 
integrated amounts of bioavailable metals in water and sediment can be 
indicated to some extent by using macrophytes. Macrophytes with their ability 
to survive adverse conditions and high colonization rate are the excellent tools 
for phytoremediation. Further, they redistribute metals from sediments to 
water and finally take up in the plant tissues and hence maintain circulation. 
Benthic rooted macrophytes (both submerged and emergent) play an 
important role in metal bioavailability from sediments through rhizosphere 
(Mohan and Hosetti 1999; Prasad et al. 2001) exchanges and other carrier 
chelates. This naturally facilitates metal uptake by other floating and emergent 
forms. Macrophytes readily take up metals in their reduced form from 
sediments and oxidize them in the plant tissues making them immobile and 
hence bioconcentrate them to a high extent. 
 Constructed wetlands are man-made wetlands designed to intercept and 
remove a wide range of contaminants from water. These wetlands can save the 
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time and money by using natural mechanisms to treat non-point source 
pollutants such as oils, nutrients, suspended solids, and other substances 
before it reaches our lakes, rivers, and oceans. Conventional wastewater 
treatment plants can also effectively remove non-point source pollution, but 
are very expensive to build and operate. 

Treatment mechanisms 
These include: 
 Filtration and uptake of contaminants 
 Settling of suspended solids 
 Water velocity and trapping action of plants, leaves, and stems 
 Precipitation, adsorption, and sequestration of metals 
 Microbial decomposition of petroleum hydrocarbons and other organics. 

Benefits 
 Cost-effective treatment of non-point source pollution. 
 Compliance with water quality goals. 
 Reduction of operation and maintenance costs relative to conventional 

water treatment plants. 
 Conservation of natural resources.  
 Reduction of flood hazard and erosion. 
 Creation of wildlife habitat and aesthetic resource. 

 Plants may reduce element leakage from submerged mine tailings by 
phytostabilisation. However, high shoot concentrations of elements might 
disperse them and could be harmful to grazing animals. Plants that are tolerant 
to elements of high concentrations have been found useful for reclamation of 
dry mine tailings containing elevated levels of metals and other elements. 
Mine tailings rich in sulphides, e.g. pyrite, can form acid mine drainage 
(AMD) which may also promote the release of metals and metalloids such as 
As. To prevent AMD formation, mine tailings rich in sulphides may be 
saturated with water to reduce the penetration of atmospheric oxygen. An 
organic layer with plants on top of the mine tailings would consume oxygen, 
as would plant roots through respiration. 
 Some plant species seem to have an inherent tolerance to heavy metals. 
Since, some wetland plant species have been found with inherent metal 
tolerance, for example Thypha latifolia, Glyceria fluitans and Phragmites 
australis, wetland communities may easily establish on submerged mine 
tailings. Some plant species have mechanisms that make it possible to cope 
with high external levels of elements. Low-accumulators are plants that can 
reduce the uptake when the substrate has high element concentrations, or have 
a high net efflux of the element in question. Thus the plant tissue 
concentration of the element is low even though the concentration in the 
substrate is high.  
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3. Conclusion 

Surface flow constructed wetlands are being designed for the treatment of 
municipal waste waters in developed nations. However, use of constructed 
wetlands is not gaining momentum in tropical nations due to water scarcity and 
high surface evapotranspitration. But, in there countries for the bioremediation 
mine drainage, agricultural waste waters and flood water there is considerable 
scope as they have rich plant diversity. 
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