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With  an  increasing  global  population  that  is  rapidly  ageing,  our  society  faces  challenges  that  impact  health,  environment,  and
energy  demand.  With  this  ageing  comes  an  accumulation  of  cellular  changes  that  lead  to  the  development  of  diseases  and
susceptibility to infections. This impacts not only the health system, but also the global economy. As the population increases, so
does the demand for energy and the emission of pollutants, leading to a progressive degradation of our environment. This in turn
impacts health through reduced access to arable land, clean water, and breathable air. New monitoring approaches to assist in
environmental  control  and  minimize  the  impact  on  health  are  urgently  needed,  leading  to  the  development  of  new  sensor
technologies  that  are  highly  sensitive,  rapid,  and  low-cost.  Nanopore  sensing  is  a  new  technology  that  helps  to  meet  this
purpose,  with  the  potential  to  provide  rapid  point-of-care  medical  diagnosis,  real-time  on-site  pollutant  monitoring  systems  to
manage environmental health, as well as integrated sensors to increase the efficiency and storage capacity of renewable energy
sources. In this review we discuss how the powerful approach of nanopore based single-molecule, or particle, electrical promises
to  overcome  existing  and  emerging  societal  challenges,  providing  new  opportunities  and  tools  for  personalized  medicine,
localized environmental monitoring, and improved energy production and storage systems.
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2.1    Cancer diagnostics using nucleic acids

’

  Nano Res. 2022, 15(11): 9906–9920 9907

www.theNanoResearch.com | www.Springer.com/journal/12274 | Nano Research



Societal health challenges

(3) Viral detection

(1) Cancer diagnostics using nucleic acids (2) Protein and peptide biomarkers detection

(4) Organic molecules and drug detection
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2.2    Protein and peptide biomarkers detection

 

2.3    Viral detection

 

2.4    Organic molecules and drug detection
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Societal environmental challenges 
(1) Nanoparticles in our environment 
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4.1    Blue energy
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4.2    Sensing battery with nanopores

Blue energy production 
(1) Osmotic energy harvesting 

(2) Osmotic power generation under salinity gradients with nanopores 
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(2) Detection of parasitic species 
(a) (b) (c) (d) 

(3) Battery performance improvement using track-etched membranes 
(a) (b) (c)  
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