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Overview of Nanotechnology and Other
Technologies

Modern agriculture is developing an entire new toolbox of equipment and methodologies to
improve and increase crop production. Margaret Smith, professor of plant breeding and genetics
at Cornell University commented in an interview with Fox News, “We’re facing increasing
stresses from more erratic weather and new and different pests that move in. I think in that regard
we’re going to need every possible tool we can get to help make our crops as productive as they
possibly can be.”! How and what tools are incorporated will impact the future of our food
production. Just like other industries, agriculture will draw on biotechnology, chemistry,
engineering and computer sciences to move ahead. Some examples have already been discussed
in other Agriculture Update papers.

This section gives a brief overview of some of the latest technologies that are being incorporated
into modern agriculture and food production.

Nanotechnology

What is Nanotechnology?

The definition provided by the Royal Society/Royal Academy of Engineering Working Group on
the subject is:

“Nanoscience is the study of phenomena and manipulation of materials at atomic,
molecular and macromolecular scales, where properties differ significantly from those at
larger scale.

Nanotechnologies are the design, characterization, production and application of
structures, devices and systems by controlling shape and size at nanometre (sic) scale.”

Nanotechnology is a process that builds, controls and restructures materials that are the size of
atoms and molecules. A nanometer (nm) is one-billionth of a meter. (In a more familiar frame of
reference, a sheet of paper is about 100,000 nanometers thick; a human hair is approximately
80,000- 100,000 nanometers wide. See this chart http://www.engineeringtoolbox.com/particle-
sizes-d_934.html to help in understanding the nanometer scale. One micron is 1,000 nanometers.
Nanoparticles tend to be less than 100nm.? The small size of the nanoparticles gives them a
structure with a large surface area in proportion to size. The larger surface creates unique
response characteristics (for example increased reactivity or intensified color or flavor).*

At present:
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There is no “official” definition of “nanotechnology” at FDA:

FDA draft guidance document (June 2011): “Considering whether an FDA-regulated
product involves the application of nanotechnology” identifies 2 criteria for assessing the
use of nanotechnology in FDA-regulated products:

1. Whether an engineered material or end product has at least one dimension in the
nanoscale range (approximately 1 nm to 100 nm),; or

2. Whether an engineered material or end product exhibits properties or phenomena,
including physical or chemical properties or biological effects, that are attributable to its
dimension(s), even if these dimensions fall outside the nanoscale range, up to one
micrometer.’

Uses of Nanotechnology

Nanoparticles have always existed in nature (examples include particulate clay and ash and
biological nanoparticles such as exosomes), but their unique characteristics have only recently
been studied and used in science and engineering. Researchers are now studying uses for existing
nanoparticles and using technologies to produce new nanoparticles.® “By 2020, the increasing
integration of nanoscale science and engineering knowledge and of nanosystems promises mass
applications of nanotechnology in industry, medicine, and computing, and in better
comprehension and conservation of nature.””’

As 0f 2013, over 1600 commercially available products contain nanomaterials.®%!° Some
examples of newly developed products include a stain repellent in clothing, material to extract
toxics from water, sunscreens to absorb light, and a barrier in packaging such as beer bottles
(producing a lighter weight bottle with longer shelf life.)!!

Research is underway for a variety of future uses in agriculture production such as 1) precision
farming—acting as sensors that are distributed in the field and linked through GPS to detect soil
conditions, insects or presence of disease; 2) smart delivery systems, delivering chemicals in a
controlled, targeted manner, to address a problem such as disease, nutrient deficiency, or insects
even before the farmer can visually detect a problem; and 3) water filtration.'> Researchers report
that “so-called multiwalled carbon nanotubes (MWCNTs)” can penetrate through the thick
coatings on seeds, stimulate germination of the seeds and stimulate the growth of certain plants.!3

Within the food industry, nanosensors incorporated into packaging can be used to detect spoilage
or act as preservative (initial development is underway). In the future nanotechnology may be
used to control release of color or nutrients in foods based on the consumer’s preference. In some
instances, food additives in current use may contain nanoparticles in part as the result of varying
sizes of powdered components, for example titanium dioxide, an approved coloring and
anticaking additive frequently used in sugar products.!%!5 With growing awareness of
nanomaterials there is concern that the potential risks of nano titanium dioxide both in food and
in the manufacturing plant need to be better evaluated.'® An excellent chart that summarizes the
uses of nanotechnology in food and agriculture is found in the publication, “FAO/WHO Expert
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meeting on the application of nanotechnologies in the food and agriculture sectors: potential food
safety implications: Meeting report.”!”

Safety and Regulation of Nanotechnology

There is agreement that this technology may be important in the future; however, with the rapid
expansion of research and development of new uses, questions as to safety and potential toxicity
from these products need to be addressed as soon as possible. The risks include the ability of the
particles to cross the blood-brain, dermal, placental and other barriers, potential impacts on
biological systems and control and tracking of the particles.!31%20 For example a recent study
from the University of Missouri indicates that silver particles used as pesticide in treatment of
pears, can be retained on the pear surface and penetrate into the pulp, and could potentially be
taken into the human body. Whether or not these could be toxic is not yet known.?! Other
concerns include effects in the environment on soil organisms and insects.?> Both industry and
the public are seeking to have rules and guidance to address health and safety concerns.

The National Nanotechnology Initiative (NNI) is a collaborative, multi-agency, cross-cutting
program among 25 federal agencies, 15 of which have specific nanotechnology budgets: R&D
funds for research to advance understanding and control of matter at nanoscale with a goal of
“national economic benefit, national and homeland security, improved quality of life.”?324 The
NNI’s 2010 research budget totaled an estimated $1.78 billion. About 5% of that was devoted to
environmental, health, and safety research, with the rest going toward things like basic research
into nanomaterial behavior, research facilities, and developing nanoscale devices and systems.?>
Through this initiative governmental organizations have combined funding and are exchanging
information.

The EPA is in the process of developing rules and guidance.2627

General rules and legislation with regard to the FDA oversight of technology are discussed in the
Food and Drug Administration paper of this Agriculture Update. The FDA issued a draft
Guidance for Industry in April 2012. The guidance, although not binding, at present outlines the
following approaches to industry that will be consistent with FDA decision-making:?®

FDA is maintaining its product-focused, science-based regulatory policy.

FDA'’s approach respects variations in legal standards for different product-classes.

¢ Where premarket review authority exists, attention to nanomaterials is being

incorporated into standing procedures.

Where statutory authority does not provide for premarket review, consultation is
encouraged to reduce the risk of unintended harm to human or animal health.

¢ FDA will continue post-market monitoring.

» Industry remains responsible for ensuring that its products meet all applicable legal
requirements, including safety standards.
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»  FDA will collaborate, as appropriate, with domestic and international counterparts
on regulatory policy issues.

»  Both for products that are not subject to premarket review and those that are, FDA
will offer technical advice and guidance, as needed, to help industry meet its
regulatory and statutory obligations.”’

As of October 2013, a final United States regulatory policy on Nanotechnology had not been
developed and both industry and the public are concerned. A Report to the European
Commission looking at the need for strong public policy suggests:

1t has been difficult to identify products manufactured with the use of nanotechnologies
and, due to a lack of knowledge, it is also difficult to judge the current benefits of nano-
technologies. Policy instruments must be used to balance the two ends of the scale:
economic value (potential benefits, the replacement of scarce raw materials, stakeholder
interests, new job creation) balanced against ‘acceptable’risks (hazard and exposure
assessment, risk behaviour, uncertainties). However, a simple weighing up of the pros and
cons is not possible. Taking the precautionary approach seriously is an essential but
difficult task. Accepting precautionary measures (which are perhaps comparable with
preventive measures) might be problematic for many companies. Initiatives such as
voluntary codes of conduct may be helpful guides, but the view of trade unions and NGOs
is that these types of voluntary systems cannot replace binding legislation.?’

Throughout the literature, those involved in studying nanotechnology and its impact have
stressed the need for transparency in research, use and labeling and the need to provide public
involvement and education.3!

Other Technologies

There are many other evolving technologies that are having an impact on agriculture.

New More Efficient Agriculture Equipment

Modern tractors and harvesters are more fuel-efficient and emit less particulate matter and
nitrous oxide and yet are more productive than equipment sold as recently as 2000. Planting
equipment is improving, allowing for narrower rows and more selective seed planting, and less
soil compaction. The number of required passes by machinery is reduced by planting equipment
designed to penetrate crop residue. Reduced tillage means less soil erosion, improved soil tilth,
conservation of water, reduced carbon emissions and lower costs for fuel and labor.32 The cost of
these tools can be prohibitive to smaller farming operations.

Modern technology is allowing farmers to use engineering design to develop methods of
combating pesticide problems. In Australia, farmers have developed several systems for
addressing a problem with rye grass weeds invading wheat fields. Machinery has been adapted to
capture the seed and chaff at harvest and then burn the chaff after completing harvest. More
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recently a mining crusher has been adapted to crush the captured seeds (early test show this to be
95% effective).3?

Light Resources

Agriculture is dependent on light for the photosynthesis process. Mediterranean and desert
climates provide an ideal lighting situation with long days for growth. Unfortunately these
climates also tend to be short on water. New greenhouse and vertical farming techniques are
being developed using artificial light. The development of LED light sources allows a
combination of light that encourages photosynthesis.3* These methods are being applied to
standard greenhouses and in urban vertical farming. Dutch engineers are growing plants using
artificial light and carefully metered water. The controlled environment eliminates many disease,
insect and weed problems. However, questions need to be answered about the nutrition quality
and the required input of energy.*

Biofactories

Biotech companies are now beginning to create new organisms that can be programmed with the
capacity to manufacture chemicals that exactly duplicate ones that are now extracted from plant
sources. The new methods use mostly GE yeast that can convert sugar to medicine, create
biofuels and other products. A Swiss company Evolva has created a vanilla flavoring that
duplicates the natural flavor extracted from farmed vanilla beans. The US Defense Advanced
Research Project Agency (DARPA) has initiated a program called “Living Foundries” that has
provided grants to encourage industrial research intended to design living organisms that (in a
factory setting) synthesize materials we currently cannot manufacture.3 In the future these new
manufactured products may impact agriculture and food in many ways.

Energy Resources

“Twelve percent of global greenhouse gas emissions come from agriculture, and six to nine
percent of farm expenses are energy related.”>’

Farmers have long used wind power to pump water and generate electricity. Recently farmers
have added wind turbines to their farm and are using more energy from this source. Farmers are
also taking advantage of solar power and biomass energy. These three techniques may reduce the
energy costs of farming while allowing all types of farmers to more efficiently product crops.3®

Biofuels are liquid transportation fuels that substitute for petroleum products such as gasoline or
diesel. They include ethanol and biodiesel (from oil products). These products can provide an
income stream for the farmer and can be used on site to save on energy costs.?* However those
produced from crops use acreage and energy that might otherwise be used to produce food.

Anaerobic manure digesters collect manure and convert it to methane that can be used as energy
for farm operation or for sale. The added benefit is the protection of water from pollution that
can occur as the result to overflow or leakage in manure from lagoons or runoff of field
manure.*0
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Use of Satellites, GPS and Computers

Modern agriculture takes advantage of all the latest communication tools. Satellites can be used
to monitor field conditions, identifying the health and maturity of crops, and provide early
warning of crop failure of famine. In combination with the Global Positioning System (GPS),
satellites can provide detailed information on farm fields that can be used for more intense and
efficient cultivation practices.*!

Linked with GPS and satellites, computers can control field operation from monitoring irrigation
tracking soil nutrients to forecasting weather conditions and predicting yields.

In Summary

Adopting new technologies is part of farm operations. Farmers make these decision based on
their specific circumstances. New technologies require an investment in both labor and capital.
Farmers need to know the value of the investment. Obvious technologies that tend to provide
small but sure gains at limited cost are adopted quickly. Less obvious technologies take time to
be adopted because of many factors including education, costs, labor requirements, and a slower
rate of return. Farmers need to evaluate technology based on what they can gain from it, and look
at all ideas — even those that seem to be luxuries.*?
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