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Abstract  

 Salvinia exhibit capacity for removing contaminants such as heavy metals, 
inorganic nutrients, explosives from wastewaters. Properties such as high productivity, 
high sorption capacity and high metal removal potential establish Salvinia as an aquatic 
fern with immense potential for use in phytoremediation technologies. Realizing 
capabilities of Salvinia, its role for mass scale use in phytoremediation technology needs 
to be highlighted. 
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Introduction 

The role of aquatic plants in phytoremediation technology is well established 
(Dushenkov et al., 1995; Rai et al., 1995; Schneider and Rubio, 1999; Skinner et al., 
2007). Aquatic ferns in particular exhibit exorbitant potential to remove various 
contaminants including heavy metals, organic compounds, radionuclides from the 
environment (Olguín et al., 2002, Benaroya et al., 2004, Stepniewska et al., 2005; Sun˜e 
et al., 2007). Among various species, Salvinia, a free-floating aquatic fern holds a distinct 
position because of several advantages including high productivity and tolerance to a 
wide range of temperatures (Olguín et al., 2002). Several species of Salvinia including S. 
herzogii, S. minima, S. natans, S. rotundifolia show potential to remove various 
contaminants including heavy metals from wastewaters (Nichols et al., 2000; Olguín et 
al. 2002; Sun˜e et al., 2007; Sánchez-Galván et al., 2008; Xu et al., 2009).  
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Heavy metal removal 

The potential of Salvinia for heavy metal removal has been studied extensively 
(Srivastav et al., 1993; Banerjee and Sarkar, 1997; Olguín et al. 2002, 2005; Hoffman et 
al., 2004; Espinoza-Quinones et al., 2005; Mukherjee and Kumar, 2005; Molisani et al., 
2006; Sun˜e  et al., 2007) (Table 1). The heavy metal removal and compartmentalization 
in Salvinia is primarily a function of the presence of certain nutrients and chelants, with 
secondary dependence on environmental conditions (Olguin et al., 2003), though the 
mode of metal uptake varies depending upon the plant species and metal. The metal 
uptake in Salvinia occurs through a biological or physical mode. The metal (Cr, Pb) 
uptake by physical processes is fast and involves adsorption, ionic exchange and 
chelation, while biological processes such as intracellular uptake (transported through 
plasmalemma into cells) is comparatively slow but help in subsequent translocation of 
metals (Cd) from roots to leaves (Sun˜e et al., 2007). The maximum uptake occurs during 
the first few hours, though sorption capacity is limited by availability of adsorption sites. 
Studies involving scanning electron microscopy microanalysis suggest direct sorption of 
heavy metals through leaves as they are in direct in contact with the solution (Sun˜e et al., 
2007) and propose that as the main cause of increase in metal in the aerial parts (Maine et 
al., 2004). It has been postulated that uptake of heavy metals is driven by secondary 
transport proteins viz. channel proteins or H+ coupled carrier proteins where negative 
membrane potential inside the plasma membrane drives the uptake of cations through 
secondary transporters. Free carboxylic groups present on the cell surface provide the 
sites for metal binding (Olguin et al., 2005). High metal removal capacity of Salvinia 
biomass has been attributed to great specific surface (264 m2 g−1) that is rich in 
carbohydrates (48.50%) and carboxyl groups (0.95 mmol g−1) (Sánchez-Galván et al., 
2008). Proteins behave as important ligand atoms and also play an important role in metal 
sorption. The kinetics for the metal removal exhibit first order rate and equilibrium data 
fit well to both Langmuir and Freundlich’s isotherms (Mukherjee and Kumar, 2005). 
Among various Salvinia species, S. minima, is considered as a hyperaccumulator of lead 
and cadmium because it shows high bioconcentration factor (BCF) (Olguin et al., 2002) 
which can reach in the range of 2000–2600 in batch systems and 4134 to 17170 in 
continuous systems (Olguin et al., 2005). 

Non-living biomass of Salvinia exhibit equivalently high potential to remove 
heavy metals. The higher concentration of lipids and carbohydrates present on the plant 
surface act as the cationic weak exchanger groups that contribute to metal sorption by ion 
exchange reactions. Sorption of heavy metals by dry biomass also follows the Langmuir 
isotherm (Schneider and Rubio, 1999). 

Removal of other contaminants 

Another Salvinia species, S. rotundifolia show capacity for treating groundwater 
contaminated with explosives such as TNT. The removal of TNT by plants is rapid and 
result in accumulation of metabolic products such as aminodinitrotoluene (ADNT) 
(Jacobson et al., 2003). Salvinia minima show capacity to treat high-strength synthetic 
organic wastewater (HSWW). The plants raised in HSWW depict potential for fast 
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consumption of inorganic nutrients such as ammonium–nitrogen and nitrate–nitrogen and 
significant increase in relative growth rate (RGR) and productivity (2.3 fold increase) 
(containing ammonium–nitrogen concentration of 70 mg L−1) (Olguín et al., 2007). The 
greater sorption capacity of Salvinia biomass can be explored to use it as oil filter for 
removal of oil from oil/water emulsions. The superiority of the Salvinia sp. for removing 
oil (approx. 90% of the oil was retained by the biomass) from such emulsions appears to 
be due to large surface area, hydrophobicity of the aquaphyte biomass and hair-like 
surface that results in space between the hairs to hold oil (Ribeiro et al., 2003).  

Advantages 

Several advantages establish Salvinia as an important species for use in 
phytoremediation technologies. These mainly include (i) wide geographical distribution 
within the tropical and sub-tropical regions of the world; (ii) very high productivity 
around 5.8 to 11.4 g dw m−2 day−1 when cultivated in a chemically defined Hoagland 
medium, and around 20-120 kg-1 ha-1day-1 under natural conditions (Schneider and Rubio 
1999); (iii) physico-chemical properties such as a high surface area (264 m2g-1 d.w.) and 
high carboxylic content (ligands) (0.95 mmol H+g-1 biomass); (iv) efficiency for nutrient 
or pollutant removal from wastewater, throughout different seasons; (iv) higher rate of 
metal removal per surface unit and higher recovery of metals after suitable treatment 
(Olguin et al., 2005); (v) easy to harvest as it has bigger fronds (from 0.5 to 1.0 cm); (vi) 
the possible use of the harvested biomass (Olguin et al., 2003).  

Conclusions 

In light of these advantages, Salvinia can be recommended as a plant species with 
greater potential for use in phytoremediation of contaminants including heavy metals. 
Though protocols need to be developed and further studies are required to understand the 
mechanisms involved in the uptake/removal of contaminants so that maximum potential 
can be utilized for use in phytoremediation technology. 

Table 1 Salvinia species depicting potential for removing heavy metals. 

Plant species Heavy metal Reference 
S. minima 

S. auriculata 

S. herzogii 

S. rotundifolia  

S. natans 

As, Pb, Cd, Cr 

Hg 

Cd, Cr 

Pb 

Ni, As, Cu 

Hoffman et al. 2004, Olguin et al. 2002, 2005  
 
Molisani et al. 2006 
 
Maine et al. 2004, Sun˜e et al. 2007 
 
Banerjee and Sarkar, 1997 
 
Sen and Mondal, 1990, Sen and Bhattacharya, 
1994, Mukherjee and Kumar, 2005 

 
 



Dhir / Environ. We Int. J. Sci. Tech. 4 (2009) 23-27 

26 
 

Acknowledgements 

The financial assistance from Department of Science and Technology to 
Bhupinder Dhir is gratefully acknowledged. 

References 
 
Banerjee, G., Sarker, S., 1997. The role of Salvinia rotundifolia in scavenging aquatic Pb 

(II) pollution: a case study. Bioprocess Engineering 17, 295-300. 
Benaroya, R.O., Tzin, V., Tel-Or, E., Zamski, E., 2004. Lead accumulation in the aquatic 

fern Azolla filiculoides. Plant Physiology and Biochemistry 42, 639-645. 
Dushenkov, V.P., Nandakumar, B.A., Motto, H., Raskin, I., 1995. Rhizofilltration: The 

use of plants to remove heavy metals from aqueous streams. Environmental 
Science and Technology 29, 1239-1241. 

Espinoza-Quinones, F.R., Zacarlein, C.E., Palacio, S.M., Obregon, C.L., Zenatti, D.C., 
Galante, R.M., Rossi, N., Rossi, F.L., Pereira, R.A., Welter, R.A., Rizzulto, M.A., 
2005. Removal of heavy metals from polluted river using aquatic macrophytes 
Salvinia sp.  Brazilian Journal of Plant Physiology 35, 744-746. 

Hoffmann, T., Kutter, C., Santamaria, J.M., 2004. Capacity of Salvinia minima Baker to 
tolerate and accumulate As and Pb. Engineering Life Science 4, 61-65.     

Jacobson, M. E., Chiang, S Y., Gueriguian, L., Westholm, L. R., Pierson, J., Zhu, G., 
Saunders, F. M., 2003. Transformation Kinetics of Trinitrotoluene Conversion in 
Aquatic Plants In Phytoremediation eds. S. C. McCutcheon, J. L. Schnoor, John- 
Wiley-and Sons, Inc.  

Maine, M.A., Sun˜e, N.L., Lagger, S. C., 2004. Chromium bioaccumulation: comparison 
of the capacity of two free-floating macrophytes. Water Research 38, 1494-1501. 

Molisani, M.M., Rocha, R., Machado, W., Barreto, R.C., Lacerda, L.D., 2006. Mercury 
contents in aquatic macrophytes from two resevoirs in the paraiba do sul: Guandu 
river system, Se Brazil.  Brazilian Journal of Biology 66, 101-107. 

Mukherjee S., Kumar, S., 2005. Adsorptive uptake of arsenic (V) from water by aquatic 
fern Salvinia natans. Journal of Water Supply: Research Technology 54, 47-53. 

Nichols, P.B., Couch, J. D., Al-Hamdani, S. H., 2000. Selected physiological responses 
of Salvinia minima to different chromium concentrations. Aquatic Botany 68, 
313-319. 

Olguin, J., Hernandez, E., Ramos, I.,  2002. The effect of both different light conditions 
and the pH value on the capacity of Salvinia minima BAKER for removing 
cadmium, lead and chromium. Acta Biotechnology  22, 121-131. 

Olguin, E. J., Rodriguez, D., Sanchez, G., Hernandez, E., Ramirez, M. E., 2003. 
Productivity, protein content and nutrient removal from anaerobic effluents of 
coffee wastewater in Salvinia minima ponds, under subtropical conditions. Acta 
Biotechnology 23, 259-270.  

Olguı´n E. J., Sa´nchez-Galva´n, G., Pe´rez-Pe´rez, T., Pe´rez-Orozco, A., 2005. Surface 
adsorption, intracellular accumulation and compartmentalization of Pb(II) in 
batch-operated lagoons with Salvinia minima as affected by environmental 
conditions, EDTA and nutrients. Journal of Industrial and Microbiology 
Biotechnology 32, 577–586 



Dhir / Environ. We Int. J. Sci. Tech. 4 (2009) 23-27 

27 
 

Olguín, E.J., Sánchez-Galván, G., Pérez-Pérez, P., 2007. Assessment of the 
phytoremediation potential of Salvinia minima Baker compared to Spirodela 
polyrrhiza in high-strength Organic Wastewater. Water, Air and Soil Pollution 
181, 135–147. 

Rai, U.N., Sinha, S., Tripathi, R.D., Chandra, P., 1995. Wastewater  treatability potential 
of some aquatic macrophytes: removal of heavy metals. Ecological Engineering 
5, 5-12. 

Ribeiro, T.H., Rubio, J. Smith, R.W., 2003. A Dried Hydrophobic Aquaphyte as an Oil 
Filter for Oil/Water Emulsions Spill. Science and Technology Bulletin 8, 483–
489. 

 Sánchez-Galván, G., Monroy, O., Gómez, G., Olguín, E. J., 2008. Assessment of the 
hyperaccumulating lead capacity of Salvinia minima using bioadsorption and 
intracellular accumulation factors. Water, Air and Soil Pollution 194, 77–90. 

Schneider, I.A.H., Rubio, J., 1999. Sorption of Heavy Metal ions by the nonliving 
biomass of freshwater macrophytes.  Environmental Science and Technology 33, 
2213-2217.  

Sen, A.K., Bhattacharya, M., 1994. Studies of uptake and toxic effects of Ni on Salvinia 
natans. Water, Air and Soil Pollution 78, 141-152.  

Sen, A.K., Mondal, N.G., 1990. Removal and uptake of copper by Salvinia natans from 
wastewater. Water, Air and Soil Pollution 49, 1-6. 

 Skinner, K., Wright, N., Porter-Goff, E., 2007. Mercury uptake and accumulation by 
four aquatic plants. Environmental  Pollution 145, 234-237. 

Srivastav, R. K., Gupta, S. K., Nigam, K. D. P. and Vasudevan, P., 1993. Use of aquatic 
plants for the removal of heavy metals from wastewater. International Journal of  
Environmental Studies, 45, 43-50. 

Stepniewska, Z., Bennicelli, R. P., Balakhnina, T. I., Szajnocha, K., Banach, A., 
Wolinska, A., 2005. Potential of Azolla caroliniana for the removal of Pb and Cd 
from wastewaters. International Agrophysics 19, 251-255. 

Sun˜e, N., Sa´nchez, G., Caffaratti, S., Maine, M.A., 2007. Cadmium and chromium 
removal kinetics from solution by two aquatic macrophytes. Environmental  
Pollution 145 467-473. 

Xu, Q.S., Ji, W.D., Yang, H.Y., Wang, H. X., Xu, Y., Zhao, J., Shi, G.X., 2009. 
Cadmium accumulation and phytotoxicity in an aquatic fern, Salvinia natans 
(Linn.). Acta Ecologica Sinica  29, 3019-3027.    


