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synthesis method, they can be identified as metal nanoparticles (NPs; 
eg. Pt, Rh, Pd, Ir, Ag, Au, Cu, Co, Ni, FeNi, Cu3Au, CoNi, CdTe, 
CdSe, ZnS), carbon nanomaterials (eg. fullerenes, carbon nanotube), 
Metal oxide NPs (eg. ZnO, Fe2O3, Fe3O4, MgO, BaCO3, BaSO4, 
TiO2), Polymer NMs (eg. polypyrrole, polyaniline), nanocomposite 
(eg. fluoropolymers, polyethylene glycol, polyester polyamides) and 
Bionanomaterials (eg. Viruses, plasmids, and protein NPs) [5].

In this context it appears fascinating the chance to apply NMs and 
NPs for optimizing the recovery strategies in extreme environments 
(with high ecological and social interest) such as the Arctic and 
Antarctic areas [6]. The peculiar environmental conditions of polar 
environments make the traditional applications of bioremediation 
strategies (biostimulation and/or bioaugmentation) scarcely effective 
due to the reduced catalytic bacterial rate; Innovative NPs and NMs 
can provide the needed support to biodegrading microorganisms and 
enhance their development by playing an important catalyst function 
for the activation of the accelerated biodegradation process.

An example of such approach was provided by the Italian 
National Research Project in Antarctica (PNRA) titled STRANGE 
(Integrated physical-biological-mechanical system for the recovery 
of oil spills in Antarctic environment; [6]) having two main goals: i) 
the development of new sorbent nanostructured materials [Multiwall 
Carbon Nanotubes (MWCNT)] to absorb oil and heavy metals 
hydrocarbons and to support Antarctic oil-degrading microbial flora; 
ii) the development of fast-response treatment, through a Membrane 
Bioreactor (MBR) system [7], of the oily mixture promptly recovered 
through the nanostructured sorbent utilizing specifically adapted 
hydrocarbonoclastic bacteria microbial strains. 

Nanomaterials can directly catalyze degradation of different type 
of pollutants and toxic materials and, at the same time, can promote 
the development of microorganisms able to degrade different toxic; in 
this short overview we have highlighted the role and the importance 
of potential application of nanomaterials in biodegradation process 
[8,4]. 

The evaluation NMs of ability in decreasing the pollution is still 
in progress and could potentially catalyze the most revolutionary 
changes in the environmental field in the coming decades According 
to its high potential, it is expected that the application of NMs in the 
recovery of chronically marine polluted area will dramatically increase 
in the near future playing a critical role in sustainable development of 
environmental management.
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Perspective 
One of the most challenging task of the 21st Century is to 

develop new eco-friendly, sustainable and economically-sound 
technologies to clean up the environment from contaminants. In the 
last years, different physical, chemical and biological technologies 
have specifically focused on actions to protect and restore marine 
environment (sediment and/or water) from pollutants. Many of these 
technologies have played a central role in marine oil spill response 
contingency plans.

Bioremediation techniques have been proved to be a new an 
effective method for cleaning up residual pollutants in a variety 
of environments and a quite flexible management option to be 
implemented, also at a large scale, in marine ecosystem. 

Stimulation of the growth of indigenous microorganisms 
(biostimulation) or inoculation of foreign oil-degrading bacteria 
(bioaugmentation) were recognized as effective measures for 
accelerating the detoxification of a polluted site with a minimal 
impact on the ecological system [1]. Although bioremediation 
provides an excellent and flexible recovery strategy for different 
pollutants, it is poorly effective when dealing with high concentration 
of the pollutants and xenobiotics or refractory compounds, causing 
unsustainable treatment efficiencies and recovery time [2]. 

In this context the development of nanotechnology and the 
integration of the use of Nanomaterials (NMs) and Nanoparticles 
(NPs) can represent [3] a promising innovation able to enhance 
the bioremediation action and to go beyond the actual limitations 
for in-situ or ex-situ applications. The combined approach appears 
to embrace a wider range of potential applications with reduced 
costs and increased control of undesired byproducts formation [4]. 
Hazardous and radioactive waste depollution, groundwater and 
wastewater treatment, heavy metal and hydrocarbons contaminated 
sediments remediation are only few of the most known potential 
applications of Nanomaterials (NMs) in bioremediation processes 
[5].

NMs exhibit unique physical and chemical properties (eg. 
morphology, particle size distribution, specific surface area, surface 
charge and crystallographic characterization) and according to their 
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Antartici (nanoPANTA).
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