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Overview

To provide an historical overview of relevant 
developments in nanoscience/nanotechnology.

To consider implications of this context to 
regulators in Canada (and internationally).  



Nanotechnology Defined

» Nanotechnology enables the atom-by-atom design and 
fabrication of structures that are very small, typically 1-
100 nanometres, and which have new properties and 
powerful application in medicine and biotechnology, in 
energy and the environment, and in computing and 
telecommunications.

» Nanoscale science and engineering



The Top Down, Bottom Up Dichotomy

Top Down
(Breaking Down)

Bottom Up
(Piecing Together)

Dry milling to create 
nanoscale materials with 
enhanced properties

Nano Sensors

Nano-filtration/Molecular 
sieving for purification

Novel encapsulation 
systems/Smart delivery

Supercritical fluid 
techniques

Molecular self-assembly to 
create functional materials 
and devices



Nanotechnology Product Inventory

»http://www.nanotechproject.org/inventories/consumer/











Materials of Particular Interest to 
Regulators

Fullerenes (C60) Aluminum Oxide
Single Walled Carbon Nanotubes Cerium Oxide
Multi Walled Carbon Nanotubes Zinc Oxide
Silver Nanoparticles Silicon Dioxide
Iron Nanoparticles Polystyrene
Carbon black Dendrimers
Titanium Dioxide Nanoclays

OECD Working Party on Manufactured Nanomaterials
Priority Testing List



http://www.nanotec.org.uk/finalReport.htm



Environment Canada

Canadian Environmental Protection Act
•New Substances Notification Regs
•Persistence and Bioaccumulation Regs

Canadian Environmental Assessment Act

Fisheries Act, Oceans Act

Agricultural Products, Pest Control and Fertilizers Acts

Health Canada

Food & Drugs Act
•Food & Drugs Regs
•Medical Devices Regs
•Cosmetics Regs
•Natural Health Products Regulations

Hazardous Products Act
•Controlled Products Regulations
•Work Hazardous Materials Information System

Regulatory ComplexityRegulatory Complexity



In the context of 
environmental technologies, 
what, exactly, are we talking 
about?

• Applications of Nanotechnology
• Direct Soil Remediation

• Sensing Technologies

• Water Purification/Desalination Technologies 
(membranes)

• (Nano-Bio interface: enablement of genomics and 
synthetic biology)

• (Green Chemistry, Green Energy)



What’s special about the 
nanoscale?

» Materials, known to us in their bulk form can behave differently at 
the nanoscale

» Physico-chemical properties are mutable as size changes

» Size ; Surface Area 

» How does surface area impact biological reactivity?

» Does size materially affect the toxicological profile of materials?

» Can the toxicological question be made predictable?

» Does this issue lead to the conclusion that NMs should be 
regulated differently than other new chemical substances?



“Nanotech companies are telling patent examiners and venture 
capitalists that they are taking advantage of nanoscale, quantum
effects to create novel materials while telling EPA that the chemicals 
are the same-old, same-old.”

Kathy-Jo Wetter, ETC Group



Canadian Patent Database

Search: (nano* AND environment) in claims

Result: 258 patent applications/patents

Major areas of focus appear to be:

»Functional, protective nanoscale materials

»Methods for flow-through remediation

»Sensing devices (contamination, spoilage)

As at Oct 2009



Nanotools for Contaminated Site 
Remediation

» Nanoscale iron particles can provide cost-effective 
solutions to some of most challenging environmental 
challenges.

» Large surface area and high surface reactivity

» Provide flexibility for in situ application

» Can be mounted on a solid matrix such as activated 
carbon and used to treat wastewater or gaseous 
process streams.

» Effective transformation and detoxification of 
chlorinated organic solvents, pesticides and PCBs



Direct Soil Remediation

W. Zhang “Nanoscale Iron Particles for Environmental Remediation: An
Overview” (2003) 5 J. Nanoparticle Res. 323-332.



(2008) 319 Science 162, 11 Jan 2008.

http://www.planktos.com



Public Action Groups Rise 
Against Nanotechnology

January 2003
» Ottawa based ETC Group 

publishes major report 
focussing on risks of 
nanotechnology

» Anti-globalization in tenor
» Express position re need 

for moratorium on the 
release of engineered 
nanoparticles



Nanoscience and Nanotechnologies: 
Opportunities and Challenges, UK Royal 
Society & Royal Academy of Engineering

July 2004
» Moratorium not feasible; exposure to NMs should be limited insofar as 

possible.

» The regulatory framework at the EU and UK level are sufficiently broad and 
flexible to accommodate the development of nanomaterials; regulations may 
need to be tailored.

» Relevant regulatory bodies should consider whether existing regulations are 
appropriate to protect humans and the environment from NMs/NPs.

» Life Cycle Assessment should be used to examine exposure risk from cradle 
to grave.

http://www.nanotec.org.uk/finalReport.htm



22



Canadian Council of Academies

July 2008

» Physico-chemical properties of NMs
may lead to unanticipated behaviours.

» No unique biological effects 
associated with exposure to NMs; but 
poor general understanding of effects.

» NMs require new ways of measuring 
exposure, dose and response.

» Truly evidence-based risk 
management/regulation not yet 
possible.

» Strategic research needed.



United States, EPA – Nanotechnology for 
Site Remediation (fact sheet)

October 2008

» Snapshot of NT and uses in 
remediation.

» Identifies sites where nanoscale iron 
has been tested for site remediation.

» Identifies contacts (vendors and 
project mgrs) with field experience.

» Outlines need for EHS research to 
inform practice and regulation.

» See also “Emerging Contaminants –
Nanomaterials”

»www.clu-in.org



Key Review of NT and in situ Remediation

June 2009

» Woodrow Wilson International  
Center for Scholars & EPA

» Comprehensive overview of what is 
known.

» Recommendations:

– Develop analytical tools to measure and 
monitor manufactured NMs in the 
environment

– Increase research to evaluate the effects 
of NPs on the full ecosystem

– Improve engineering applications using 
nanotechnology for in situ remediation



International Cooperation

» EU and US are leaders in NS 
and EHS regulation

» Opportunity to cooperate and 
converge

» Recognize need for global 
policy responses

» Canada is active participant in 
OECD and ISO committees

» US/Canada legal comparison 
remains to be done

»www.chathamhouse.org



Main Policy ChallengeMain Policy Challenge

» Maintaining public trust

» Opposition to NT may be mounting (?)

» Expect that something will go wrong

» Public trust is not unconditional

» Education, engagement and communication 
strategies around nanotechnology are needed



Conclusions

» Major gaps exist in our understanding of the health, safety and 
environmental impacts of nanotechnology.

» Coordinated, strategic research is essential to develop the 
foundational knowledge that will empower the responsible 
development of key technologies

» Nanotechnology will be used to enable controversial frontiers in
science (e.g. reproductive and genetic technologies, regenerative 
medicine, synthetic biology, food science); it has sparked public 
interest.

» Public trust in the scientific enterprise depends on a coherent and 
rational approach to stewardship.

» National and international dialogue, cooperation and coordination is 
necessary to ensure that: risks are mitigated as quickly as possible; 
and all nations have the opportunity to implement appropriate 
strategies to deal with the challenges.
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