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and environment clean up of metal contaminants from different site. However, the full potential of 
this process is now being explored via reuse of these hyperaccumulators in nanotec
practices.
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INTRODUCTION 
 
In modern nanotechnology one of the most exciting areas of 
research is the biosynthesis of metal nanoparticles through the 
biological resources. Synthesizing nanoparticles via unicellular 
and multi-cellular biological entities i.e., micro
(Salunke et al., 2014), fungus (Ahmad et al
(Agnihotri et al., 2009), algae (Castro et al., 2013) and plants 
(Salunke et al., 2014; Philip, 2010) is 
acceptable as it offers a clean, nontoxic, cost effective better 
alternative compared to chemical/ and or physical method of 
nanopartical synthesis. Synthesizing nanoparticle via plant 
resources is suggested to be more advantageous since it does 
not need any special, complex, and multi-step procedures such 
as isolation, culture preparation, and culture maintenance 
(Iravani, 2011). Furthermore, synthesis in plants tends to be 
faster than microorganisms, is more cost
relatively easily available resource for the production of large 
quantities of nanoparticles (Kumar et al., 2009). 
are hazardous and dangerous, especially when introduced into 
the environment via pollution. However, heavy metal 
nanoparticles are used in various nanoscience and 
nanotechnology applications.   
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ABSTRACT 

The metal accumulating ability of plants (hyperaccumulators) has previously been used to detoxify 
and environment clean up of metal contaminants from different site. However, the full potential of 
this process is now being explored via reuse of these hyperaccumulators in nanotec
practices. This short review article is devoted to the ability for hyperaccumulator plants to form 
metallic nanoparticles by reusing the toxic metal accumulated in these plant for their positive 
utilization in novel nanoparticle synthesis. This approach inspires the search for new strategy of eco
benign, cost effective way on the synthesis of nanoparticle by using non renewable cost effective, 

sustainable resources. 
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Some plants have high potential to hyper
metal ions and biologically reduce metallic ions into 
nanoparticle form in their tissue through metabolic reactions
(Kulkarni and Muddapur, 2014). Because of these interesting 
properties, plants have been considered, a more environment
friendly route for biologically synthesizing metallic 
nanoparticles and for detoxification app
contaminants. It has been depicted that many plant species 
have inherent capacity to actively uptake and bio
metallic ion from soil and solutions through their specific 
metabolic pathway that result in the assembly of insoluble 
complex with metal ion in form of useful metallo
nanocrystal structures (Iravani, 2011)
 
This phenomenon of metal detoxification in hyperaccumulator 
plants attracts the phyto-remediation researchers to develop the 
eco-benign route of transformation
in plants in phytosynthesis of metal nanoparticles. 
bioactive metabolites such as alkaloids, polyphenols, proteins, 
sugars, and terpenoids play an important role in reducing the 
metallic ion and transforming into nanopart
2015). This process offers a new, environmentally friendly 
method of producing metal nanoparticles as well as recycling 
of hyperaccumulator plants (Anderson, 2013). 
accumulator plants are largely used in phytoremediation and 
phytomining due to its ability to sequester
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environment and it can be regarded as a low-cost, eco-friendly 
and efficient approach for the cleanup of metal polluted sites 
(Terry and Zayed, 1998). Though, metals in hyperaccumulator 
plants are good resource and reuse of these metals in 
nanoparticle formulation is more feasible and significant 
(Haverkamp and Marshall, 2009).  Such an approach offers 
innovative new ways, where plants are used to treat heavy 
metal waste effluents and renewed it to nanoparticle 
formulation. The formation of nanoparticles was first reported 
by Gardea- Torresdey et al. (2002) in gold hyperaccumulator 
alfalfa plant.   
 
They used this plant in phytomining of gold from mine ores 
and leachates and used it in synthesis of gold nanoparticle in 
cost-effective way. Various research and review papers deal 
with the phytoremediation of toxic metals by 
hyperaccumulating plants and the production of metal 
nanoparticles (Qu et al., 2011, 2012, Mahmood et al., 2012) 
(Table 1). The phytosynthesis of nanoparticles using a 
hyperaccumulator plants have positive aspects in eco-
sustainability both in solving the recycling of 
hyperaccumulator plants as well as replacing the toxic metal of 
plant into useful nanocomposite products. 
 
Acknowledgments 
 
Authors acknowledge Babasaheb Bhimrao Ambedkar (a 
central) University for providing necessary facilities. The 
author Dr. Rima Kumari is thankful to the Science & 
Engineering Research Board (SERB), for providing research 
grant under DST Start Up Young Scientist project (project File 
no. SB/YS/LS-231/2013). 
  

REFERENCES 
 
Agnihotri, M., Joshi, S., Kumar, A.R., Zinjarde, S.S. and 

Kulkarni, S.K. 2009. Biosynthesis of gold nanoparticles by 
the tropical marine yeast Yarrowia lipolytica. Mater. Lett., 
63: 1231–1234. 

Ahmad, A. and Sastry, M. 2004. Rapid synthesis of Au, Ag, 
and bimetallic Au core-Ag shell nanoparticles using Neem 
(Azadirachta indica) leaf broth. J. Colloid Interface. Sci., 
275, 496–502. 

Ahmad, A., Senapati, S., Khan, M.I., Kumar, R. and Sastry, M. 
2005. Extra-/intracellular, biosynthesis of gold 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nanoparticles by an alkalotolerant fungus, Trichothecium 
sp. J. Biomed. Nanotechnol. 1: 47-53. 

Anderson, W.N.C. 2013. Hyperaccumulation by plants.  In: 
Element Recovery and Sustainability, A. J. Hunt, Ed., 
Royal Society of Chemistry, 2013. 

Bali, R., Razak, N., Lumb, A. and Harris, A.T. 2006. The 
synthesis of metallic nanoparticles inside live plants 
Nanosci. and Nanotechnol., ICONN 06, International 
conference. 

Castro, L., Blázquez, M.L., Muñoz, J.A., Gonzaález, F. and 
Ballester, A. 2013. Biological synthesis of metallic 
nanoparticles using algae. IET Nanobiotechnol., 7: 109–
116. 

Cong, Q., Zhang, Q., Yuan, X., Luo, C. and Qu J. 2013. 
Synthesis of nonmaterials from Physalis alkekengi L. and 
their removal of Bisphenol A in water. J. Environ. Engg., 
10.1061 (ASCE)EE.1943-7870.0000797, 04013006  

Gardea-Torresdey,  J.L., Parsons, J.G., Gomez, E., Peralta-
Videa, J., Troiani, H.E., Santiago, P. and Yacaman, M.J. 
2002. Formation and growth of Au nanoparticles inside live 
alfalfa plants. Nano Lett., 9:397–401. 

Haverkamp, R.G. and Marshall, A.T. 2009. The mechanism of 
metal nanoparticle formation in plants: limits on 
accumulation. J Nanopart Res., 9: 1453–1463.  

Irvani, S., 2011. Green synthesis of metal nanoparticles using 
plants. Green Chem., 13: 2638-2650. 

Kulkarni, N. and Muddapur, U. 2014. Biosynthesis of metal 
nanoparticles: A review. J. Nanotechnol., 5: 102-146.  

Kumar, V. and  Yadav, S.K. 2009. Plant-mediated synthesis of 
silver and gold nanoparticles and their applications. J. 
Chem. Technol. Biotechnol., 84: 151–157. 

Lampis, S., Zonaro, E., Bertolini, C., Bernardi, P., Butler, 
C.S., Vallini, G., 2014.  Delayed formation of zero-
valent selenium nanoparticles by Bacillus 
mycoides SeITE01 as a consequence of selenite 
reduction under aerobic conditions. Microbial Cell 
Factories, 13:35 

Mahmood, T., Malik, S.A., Hussain, S.T. and Aamir, S. 
2012. Metallic phytoremediation and extraction of 
nanoparticles. Int. J. Phy. Sci., 7: 6105-6116.  

Philip, D. 2010. Green synthesis of gold and silver 
nanoparticles using Hibiscus rosa sinensis. Phys. E., 42: 
1417–1424. 

Qu, J., Luo C. and Yuan, X. 2013. Synthesis of hybrid 
carbon nanotubes using Brassica juncea L. application 

24685                       Rima Kumari and Singh, Recycling of Hyperaccumulator plants in synthesis of Nanoparticles: Green technological approach 
 

Table 1. Use of hyperaccumulator plants in phytosynthesis of metallic nanoparticles 
  

S. No. Hyperaccumulator plant species  Metal accumulated Synthesized nanoparticle Reference 

1 Brassica juncea, Helianthus 
annus, Medicago sativa 

Ag, Cu, Co, Zn and Ni Ag, Cu, Co, Zn and Ni Bali et al. (2006) 

2. Brassica juncea Ag Ag nanoparticle Haverkamp and Marshall (2009) 
3. Sedum alfredii Zn ZnO nanoparticles Qu et al. (2011a) 
4. Physalis alkekengi L. Zn ZnO nanoparticle  Qu et al. (2011b) 
5. Medicago sativa L. Au Au nanoparticles Gardea- Torresday et al. (2012) 
6. Eichhronia crassipes L. Pb, Cu, Zn, Cr,  Cd Pb, Cu, Zn, Cr,  Cd nanoparticles Mahmood et al. (2012) 
7. Brassica juncea L. Cu  Carbon nanotubes Cu/ZnO nanoparticles Qu et al. (2012) 
8 Brassica juncea L. Cu, Zn carbon nanotubes (CNTs), Cu0.05Zn0.95O 

nanoparticles, and CNTs/Cu0.05Zn0.95O 
nanocomposites 

 Qu et al. (2013) 

9. Physalis alkekengi L. Zn Carbon nanotubes (CNT), ZnO 
nanoparticle &  nanocomposites 

Cong et al. (2014) 

10. Astragalus bisulcatus L. Se Se nanoparticles (SeNPs) Lampis et al. (2014) 
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