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What is it?

While many definitions for nanotechnology exist, the 
National Nanotechnology Initiative calls it 
"nanotechnology" only if it involves all of the following:

1. Research and technology development at the atomic, molecular 
or macromolecular levels, in the length scale of approximately 1 -
100 nanometer range. 

2. Creating and using structures, devices and systems that have 
novel properties and functions because of their small and/or 
intermediate size. 

3. Ability to control or manipulate on the atomic scale.



What is nano technology?

A nanometer = one billionth of a meter. 

Atoms are generally one-tenth to one-sixth of a nanometer 
in diameter. 

A nanofiber might have a diameter of 1 or 2 nanometers 
and a length of several hundred thousand nanometers.  

DNA has a diameter of about 2.5 nanometers. 

Human hair averages 20,000 – 80,000 nanometers in 
diameter.  (One micron or micrometer = 1000 
nanometers).  

Viruses tend to be about 100 nanometers in diameter.  

Bacteria are generally 1,000 to 10,000 nm. in diameter. 

E-coli is 1500 nm. 



What is nano technology?

lRhinovirus 25 nm 10 nm particle 2 nm Nano-Silver particle 

Our red blood cells, are about 5000 
nanometers wide. Other body cells are 
10,000 to 20,000 nm in diameter. 



Tiny Technology

• Nanotechnology is the science of engineering on 
a molecular scale, in effect building matter atom-
by-atom from the "bottom up." 

• This developing industrial process would use 
microscopic machines, themselves only slightly 
larger than the products being constructed, to 
assemble atoms into precisely designed 
molecules. 

• These nanotech machines would be capable of 
repairing and replicating themselves. In 
essence, they would become never-before-
seen, manmade life forms. 



What is nano technology?

Size and shape matters.

• Tubes

• Fullerenes or Bucky Balls 

• Mean size Buckyball, 
Fullerene family

Carbon structure

Nanocar with 
“fullerene wheels”



Conflicting definitions

• Unfortunately, conflicting definitions of 
nanotechnology and blurry distinctions 
between significantly different fields have 
complicated the effort to understand the 
differences and develop sensible, effective 
policies.  



Technology with many uses 

• Food and Packaging 

• Agriculture

• Personal Care
• Environmental clean up

• Resource saving

• Communications and computing 

• Medical uses



What food, packaging, sanitation and  personal 
care products can use nano technology?

Food Packaging Sanitation Personal Care



What products use nano
technology?

PEN

The Project on Emerging 

Nanotechnologies

An inventory of nanotechnology-
based consumer products currently 
on the market. 

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



What is so exciting?

Properties that may emerge only at the nano-scale level include:

• Very attractive surface charge 
• Very repulsive surface charge 
• Reduced dispersion or solubility 
• Bonding with other substances 
• Persistence; many nano-scale materials are not biodegradable even 
when their macroscale variants are

• Supermagnetism
• Superconductivity 
• New optical properties 
• High mobility - inhalation, dermal, ingestion, ability to cross cell 
walls, blood-brain barrier, placental-barrier, enter blood vessels from 
the lungs, etc. 

• Molecular recognition (binding or disruption) in DNA, hormonal 
systems etc.



What is so exciting?

Reactivity

• When you reduce the size of the particles, the 
ratio of molecules on the outside of the particle 
as compared with those on the inside is greatly 
increased. 

• The enormous surface to volume ratio greatly 
increases reactivity and changes mechanical, 
electrical and optical properties. 

• Nanomedicine often involves engineering 
entities for molecular recognition to serve some 
health purpose. 



“Imagine a medical device that travels 
through the human body to seek out and 
destroy small clusters of cancerous cells 
before they can spread. Or a box no larger 
than a sugar cube that contains the entire 
contents of the Library of Congress. Or 
materials much lighter than steel that 
possess ten times as much strength.”

U.S. National Science Foundation

What is so exciting?



Who’s driving nano technology?

Nanotechnology in the Agrifood Industry:

Reported worldwide nanotechnology food market 
will be $20.4 billion by 2010 and five out of ten of 
the world’s largest food and beverage 
companies are investing in nanotechnology 
research and development.  

The big players include Kraft, Unilever, Nestle, 
Cargill, Heinz, General Mills, Pepsico, and 
Campbell’s Soup.



Who’s driving nano technology?

Examples of some products currently 

using nanotechnology:

• Canola oil (nutritionally “boosted”)

• Toothpaste (anti bacterial)

• Chocolate (mouth feel and/or nutritionally altered)

• Supplements:
– Humic and Falvic Acid 

– Lypospheric Vitamin C 

– Diatomaceaceous Earth 

– Copper and many other mineral supplements 

– Vitamin B12 spray



• Kodak, is using nanotech to develop 
antimicrobial packaging for food products. 
Kodak is also developing other ‘active 
packaging,’ which absorbs oxygen, thereby 
keeping food fresh.

• Intelligent packaging will release a preservative 
if the food within begins to spoil. 

• Some analysts predict nano food packaging 
could become a $30 billion industry.

Who’s driving nano technology?



Industrialization of farm-use nano materials and 

fertilizers.

The Chinese Nano Fertilizer “Industrialization of Functional 
Amortizing/Controlling Material for Plant Nutrition”
received 10 million yuan funding (1.4 million $).

Who’s driving nano technology?



Red blood cells lie in respose on a glass plate, with respirocytes scattered 
randomly about nearby. One nanorobot rests in the central cleft of a red cell. The 
image is a simulated view of a blood sample that might be taken from some future 
trauma patient who has received approximately seven therapeutic respirocyte
doses at an accident scene. Each single respirocyte in the scene can control nearly 
the same amount of available oxygen as all eight red cells present in the scene, 
combined.



Who’s driving nano technology?

Nano technology is a building block for Synthetic Biology: 

Design and construction of new biological parts, devices, and the 
redesign of existing biological systems to perform specific tasks. 
Synthetic Biology is the resulting technology of the convergence of 
nanotechnology, biotechnology and information technology. 

Primary and predicted usage includes: 

– Developing new micro-organisms to treat disease and perform 
“commercially-useful” tasks such as generating alternative fuels

– Assembly-line DNA; creating DNA that are function-specific

Public Awareness of Synthetic Biology: - less than 9% have heard of it.



What are the concerns with 
nanotechnology?

Product Safety 
•Dermal, inhalation and ingestion 
•Crossing biological membranes, cells, tissues and organs
•Organ bio-concentration 
•Increased surface areas provide vastly increased reactivity 
potential

Worker Safety 
•Occupational exposure 

Environmental Safety
• Multiple Pathways to the environment during manufacturing,
transport, use, and disposal
•Risks involving mobility, transportation, reactivity, durability and 
bioaccumulation not fully assessed.



What are the concerns with nano
technology?

Pathways to the environment:Pathways to the environment: during manufacturing, during manufacturing, 
transport, use, or disposaltransport, use, or disposal

RisksRisks
MobilityMobility

TransportationTransportation

ReactivityReactivity

DurabilityDurability

BioaccumulationBioaccumulation

It is important to consider where the waste products end 
up when they are washed off in the shower or dumped in 
the garbage.  



Case Study- Nano Silver

A universe of products (fastest growing A universe of products (fastest growing 
sector)sector)

food storage, washing machine, food storage, washing machine, 
refrigerator lining, shoe lining, air filters refrigerator lining, shoe lining, air filters 
and fresheners, drywall, paint, medical and fresheners, drywall, paint, medical 
coatings, and wide range of other coatings, and wide range of other 
products products 

Inserted for Inserted for nanonano--enhanced germenhanced germ--killing killing 
properties; but the same amplified properties; but the same amplified 
antimicrobial properties can seriously harm antimicrobial properties can seriously harm 
aquatic organisms, microorganisms and aquatic organisms, microorganisms and 
ecosystemsecosystems



Case Study- carbon fullerenes

Fullerenes (Carbon60) also known as Fullerenes (Carbon60) also known as 
buckyballsbuckyballs, used in some face and anti, used in some face and anti--
aging creams aging creams 

Environmental impactsEnvironmental impacts
Adverse impacts on aquatic species: Adverse impacts on aquatic species: 
cause brain damage in fish, kill water cause brain damage in fish, kill water 
fleas, and have bactericidal properties.fleas, and have bactericidal properties.

Human Health impactsHuman Health impacts
low levels have been found to be toxic low levels have been found to be toxic 
to human liver cells.to human liver cells.



Case Study-nano-sunscreens

Engineered Engineered nanoparticlesnanoparticles make them make them 

transparent or transparent or ““cosmetically clear,cosmetically clear,”” rather than rather than 

white.white.

legally patented for their novelty.legally patented for their novelty.

WidelyWidely--available and used, available and used, ““freefree”” particles; particles; 

placed directly on skin.placed directly on skin.

NanoparticlesNanoparticles of titanium dioxide and zinc oxide of titanium dioxide and zinc oxide 

shown to be photoactive in some studies, shown to be photoactive in some studies, 

producing free radicals and causing DNA producing free radicals and causing DNA 

damage to human skin cells when exposed to damage to human skin cells when exposed to 

UV light.UV light.

As with As with nanonano--cosmetics, jury is still out on ease cosmetics, jury is still out on ease 

of skin penetrationof skin penetration



What are the concerns with nano
technology?

Testing:

The companies producing 
these products claim they 
have been tested for safety, 
but the data is confidential 
business information.



Regulation:

• FDA  treats nanomaterial product ingredients no 
differently than bulk material ingredients or products.  
FDA’s current stance is to regulate (or decline to 
regulate) based on safety assessment of the same 
material in bulk form (e.g., nano- sunscreens)

• FDA “believes that the existing battery of 
pharmacotoxicity tests is probably adequate for most 
nanotechnology products that we regulate. Particle 
size is not the issue.”

What are the concerns with nano
technology?



Options for organic

January 15, 2008

• The Soil Association - one of the world's 
pioneers of organic agriculture - announced that it is has 
banned human-made nano-materials from the organic 
cosmetics, foods and textiles that it certifies. 

June 16 2008

• The Biological Farmers of Australia (BFA) has proposed 
organic certification only be applied to nano free 
products as the technology remains untested.

2008

• OCIA added a clause in their organic standard to 
regulate nano use. 



Soil Association Nano Standard
• Nanotechnology Nanotechnology refers to the production and application of material and devices at the 

nano scale (0.1 nm to 100 nm). A nanometre (nm) is a billionth of a metre, approximately one 80,000th of 
the width of a human hair. Atoms and molecules are measured in nanometres.

Nanotechnology can be applied to food, agriculture, medicines (for both humans and animals), cosmetics, 
textiles and packaging as well as many other things. 

Our standards ban products or ingredients produced using nanotechnology.

Nanoparticles can be produced naturally. For example, some nano sized wheat particles will be end up 
being produced during the milling process. This standard does not apply to established manufacturing 
processes that produce nanoparticles incidentally.

However, the standard does apply to engineered nanoparticles: it bans processes which specifically 
engineer particles to be nano sized. For example, the zinc and titanium particles at the nano scale are used 
in sunscreens because at this size they become transparent rather than white which is deemed to be more 
cosmetically acceptable.

Our concern with nanoparticles lies in the fact that the properties of materials at this size can differ 
significantly from those at larger scales. Nanoparticles are so small they can sometimes bypass the body’s 
natural protective boundaries such as skin. Is it safe to apply sunscreen with nanoparticles of titanium 
dioxide or zinc oxide? We don’t know. Industry and government are belatedly conducting safety tests that 
will take several years to reach firm conclusions. Therefore we’ve applied the precautionary principle and 
our standards now state that:

Licensees must not use ingredients containing manufactured nanoparticles, where: 
• the mean particle size is 200nm or smaller, and 

• the minimum particle size is 125nm or smaller



Questions considered by the Questions considered by the Questions considered by the Questions considered by the Questions considered by the Questions considered by the Questions considered by the Questions considered by the 

OTA Nano Technology Task Force:OTA Nano Technology Task Force:OTA Nano Technology Task Force:OTA Nano Technology Task Force:OTA Nano Technology Task Force:OTA Nano Technology Task Force:OTA Nano Technology Task Force:OTA Nano Technology Task Force:

– Is nano technology compatible with organic?

– If not, are the standards keeping them out?

– Are some sectors of the organic industry 
already using nano technology or it’s 
components?



– What are you concerns about nano
technology in food, textiles or personal care 
products?

– Do you know about any nano technology 
products in natural or organic use currently?

– Do you think that organic standards should be 
updated to regulate the use or uses of nano
technology or nano technologies?

– How can we protect the interests of the 
organic trade vis a vis nano technology?


