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This report has been edited to reflect new information as of June 13, 2014. Companies who have recently claimed they do not introduce 
nanoscale titanium dioxide into products highlighted on our nanofoods list have been removed. Friends of the Earth removed 11 products 
from our nanofoods product list to reflect claims made by companies regarding their use of nanomaterials. We have also added an 
additional 2 recently confirmed nanofood products to our list.

We encourage companies to inquire with their suppliers about the use of nanomaterials (beyond just titanium dioxide) in all products 
they offer. Lack of labeling laws and regulation in this area make it very difficult to assess the presence of these potentially hazardous 
ingredients in food, beverages and other products. Please note that Friends of the Earth has not conducted tests on products and cannot 
guarantee the nanomaterial content of brands on our nanofoods product list. For the purpose of this report we use the term “nano” to 
include particles up to 1,000 nm in size, due to the evidence of nano-specific problems associated with particles up to this size range. 
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EXECUTIVE SUMMARY 
This new analysis by Friends of the Earth docu-
ments a 10-fold increase in unregulated, unlabeled 
“nanofood” products on the American market 
over the past six years. A growing body of science 
suggests that these materials pose risks to the 
health of consumers, workers and the environment.

Nanomaterials are produced by way of nanotech-
nology and are now found in a broad range of 
products.

Nanotechnology has been provisionally defined as 
relating to materials, systems and processes, which 
exist or operate at a scale of 100 nanometers (nm) 
or less. However, this definition is still in flux, and 
some U.S. and EU regulators define nanomaterials 
as being in a size range of less than 1,000 nm 
across for drugs and other purposes. 

Nanotechnology involves the manipulation of mate-
rials and the creation of structures and systems at 
the scale of atoms and molecules, the nanoscale. 
The properties and effects of nanoscale particles 
and materials differ significantly from larger particles 
of the same chemical composition. According to the 
Woodrow Wilson International Center for Scholars, 
foods containing nanomaterials are rapidly entering 
the market at a rate of three to four per week.

In 2008, Friends of the Earth released a ground-
breaking report on the use of nanomaterials in food 
and agriculture, “Out of the laboratory and onto our 
plates: Nanotechnology in food and agriculture.” 
Six years later, the U.S. Government has made 
little progress in protecting the public from these 
potentially dangerous food ingredients, despite the 
fact that the number of nanofoods on the market is 
expanding rapidly.

Key findings of this report include:

• Nanomaterials are found in a broad array of 
common foods. 
Many food items that Americans eat on a daily 
basis contain nanomaterial ingredients. These 
include familiar products such as processed 
and cream cheeses, cookies, doughnuts, coffee 
creamer, chocolate syrup and other chocolate 
products, pudding, mayonnaise, mashed pota-
toes, milk, soy, almond, and rice beverages, 
mints, gum, popcorn, salad dressing and oils, 
yogurt, cereal, candy, crackers, pasta and sports 
drinks. There is also mounting evidence that 
nanomaterials are being used to package and 
preserve fresh fruit and vegetable products, which 
could threaten the integrity of staple healthy foods.

• The amount of nanofood we know to be on the 
market has grown more than tenfold in six years. 
In 2008 we found 8 food and beverage products 
with nano-ingredients on the market. In 2014, 
the number of nanofood and beverage products 
we know to be on the market has grown to 87—a 
more than tenfold increase in six years. This anal-
ysis is based on information documented in the 
Woodrow Wilson International Center for Scholars’ 
Project on Emerging Technologies Consumer 
Products Database, however, the rapid growth in 
nanofood products on the market has yet to be 

The number of nanofood 
and beverage products
we know to be on the 
market has grown to  

87—a more than tenfold 
increase in six years.
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analyzed or reported on in mainstream media. 
These products are being made by major compa-
nies including Kraft, General Mills, Hershey, 
Nestle, Mars, Unilever, Smucker’s and Albertsons. 
Due to a lack of required labeling and disclo-
sure, the number of food and beverage products 
containing undisclosed nanomaterials is likely 
much greater. 

• Major food companies are investing billions in 
nanofood and nanopackaging. 
Roughly 200 transnational food companies are 
currently investing in nanotech and are on their 
way to commercializing products. The nanofoods 
market is expected to grow to US$20.4 billion by 
2020.

• An increasingly large body of peer-reviewed 
evidence indicates some nanomaterials may 
harm human health and the environment. 
Nanomaterials have unique properties that offer 
many new opportunities for food industry applica-
tions, such as potent nutritional additives, stronger 
flavorings and colorings, or antibacterial ingre-
dients for food packaging. However, these same 
properties may also result in greater toxicity for 
humans and the environment. Nanoparticles pose 
new risks because: 

– They can be more chemically reactive and 
more bioactive than larger particles of the 
same chemicals.

– Due to their very small size, nanoparticles also 
have much greater access to our bodies, so 
they are more likely than larger particles to 
enter cells, tissues and organs. 

– Greater bioavailability and greater bioactivity 
may introduce new toxicity risks.

– They can compromise our immune system 
response.

– They may have long-term pathological effects.

 Nanoparticles of silver, titanium dioxide, zinc 
and zinc oxide, materials now used in nutritional 
supplements, food packaging and food contact 

materials, have been found to be highly toxic to 
cells in test tube and animal studies. Preliminary 
environmental studies also suggest that these 
substances may be toxic to ecologically significant 
species such as certain crustaceans, which are an 
important part of the food chain. Yet there is still 
no nanotechnology-specific regulation or safety 
testing required before manufactured nanoma-
terials can be used in food, food packaging, or 
agricultural products. Health experts have also 
raised concerns that the widespread use of nano-
silver in consumer products will further increase 
the problem of antibiotic-resistant superbugs.

 Nano titanium dioxide (Ti02)

 Most of the nanomaterial food products Friends 
of the Earth identifies in this report contain nano 
titanium dioxide. In laboratory studies, nanopar-
ticles of titanium dioxide have been found to be 
immunologically active, meaning they cause a 
reaction from the body’s defensive system. Recent 
studies have indicated these particles may play an 
important role in the initiation or exacerbation of 
gastrointestinal inflammation, by adsorbing bacte-
rial fragments and then carrying them across the 
gastro-intestinal tract. 
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 Nano-silver

 In the Woodrow Wilson inventory of nano prod-
ucts, silver is the most common nanomaterial 
mentioned in product descriptions. A recent court 
case in the United States found that the use of 
nano-silver was ‘ubiquitous’ and that there was 
no way for consumers to avoid exposure. Food 
and food contact products identified as containing 
nano-silver include baby bottles, food containers, 
packaging, cutting boards, salad bowls, appli-
ances, cutlery, ice trays, filtration devices and 
collapsible coolers. In agriculture it is used in 
poultry production and agricultural and aquacul-
tural disinfectants. 

 There is mounting evidence that nanosilver may 
have greater toxic effects when compared with 
bulk silver. Nano-silver can better penetrate 
biological barriers and attach itself to the outside 
of cells. Nanoscale silver can also enter the  
bloodstream and reach all organs of the body, 
including the brain, heart, liver, kidneys, spleen, 
bone marrow and nervous tissue. Animal studies 
have shown placental transfer and fetal uptake 
of nano-silver, a finding made disturbing by a 
recent study that found exposure to nano-silver 
caused zebra fish embryos to develop with head 
abnormalities and no eyes. Zebra fish have been 
widely used as a model organism for the study of 
embryological development in other vertebrates 
including humans. 

 Health experts have also raised concerns that 
the widespread use of nano-silver in consumer 
products will further increase the problem of 
antibiotic-resistant superbugs. 

• Nanomaterials raise concerns for the health of 
workers 
In the food sector, workers may come into contact 
with nanomaterials during production, packaging, 
transport, distribution and waste disposal of food 
and agrochemicals. To date, there is very little 
data relating to the exposure of workers to nano-
materials. Studies have shown that nanomaterials 

can enter the bloodstream via the lungs, raising 
major occupational health and safety concerns. 

• Nanotechnology also poses broader challenges 
to the development of more sustainable food 
and farming systems 
Against the backdrop of climate change, there 
is growing public interest in reducing the 
distances that food travels between producers 
and consumers. Nanotechnology appears likely to 
promote transport of fresh and processed foods 
over even greater distances. It has the poten-
tial to further concentrate corporate control of 
global agriculture and food systems and entrench 
systems of reliance on chemical and energy-in-
tensive agriculture technologies. The erosion of 
local farmers’ control of food production is also a 
source of concern. 

• Nano-agrochemicals are now being used on 
farms and released into the environment in the 
absence of regulations 
Conventional agrochemicals have polluted soils 
and waterways and have caused substantial 
disruption to ecosystems. Exposure to agrochem-
icals has also been linked with greater incidence 
of cancer and serious reproductive problems 
among agricultural workers and their families. 
Consequently, it is of great concern that nano-ag-
rochemicals are now being used on farms and 
released into the environment, absent regulations 
that require product manufacturers to demon-
strate the safety of new, more potent nanoscale 
formulations of existing chemicals.

• U.S. regulation of nanomaterials is wholly inad-
equate and leaves consumers, workers and the 
environment at risk 
A growing number of civil society organiza-
tions worldwide have called for precautionary 
management of nanotechnology, culminating 
in the release of “Principles for the Oversight of 
Nanotechnologies and Nanomaterials.” More than 
70 groups from six continents have endorsed that 
document.
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 While the U.S. FDA is charged with ensuring “the 
safety and security of our nation’s food supply,” 
at this time the agency has merely offered 
nonbinding guidance to industry on the use of 
nanomaterials in food. However, the agency’s 
2012 draft guidance on the use of nanomate-
rials in food warns about the different properties 
of nanomaterials compared to ingredients used 
in traditional manufactured food substances. 
Nevertheless, the lack of established regulations 
allows nanofood products to remain on the market 
while the public takes up potential health risks. 

 The U.S. Environmental Protection Agency has 
legal powers to compel nano agrochemicals 
manufacturers to provide toxicity data and to 
demonstrate product safety — that is, to place the 
burden of proof on the manufacturers. Producers 
of pesticide products must submit scientific and 
technical data for EPA review. However, according 
to a U.S. General Accountability Office report, 
“EPA estimated that companies provided infor-
mation on only about 10 percent of the nano-
materials that are likely to be commercially avail-
able. EPA also reported that in its review of data 
submitted through its data collection program 
there were instances in which the details of the 
manufacturing, processing, and use of the nano-
materials, as well as exposure and toxicity data, 
were not provided.”

 Moreover, the extent to which nanomaterials 
are used along the food chain continues to be 
shrouded with mystery due to the lack of publicly 
accessible product registries or product labels 
made mandatory by our regulators, leaving 
consumers, workers, other companies along the 
supply chain and even regulators in the dark. 

Recommendations:
Given the potentially serious health and environ-
mental risks and social implications associated with 
nanofoods, Friends of the Earth is calling for:

A moratorium on the further commercial release of 
food products, food packaging, food contact mate-
rials and agrochemicals that contain manufac-
tured nanomaterials until nanotechnology-specific 
safety and labeling laws are established and the 
public is involved in decision-making. 

What government must do:

Nanomaterials must be regulated as new substances.

• All manufactured nanomaterials must be subject 
to safety assessments as new substances, even 
where the properties of their larger scale counter-
parts are well known.

• All deliberately manufactured nanomaterials must 
be subject to rigorous nano-specific health and 
environmental impact assessment and demon-
strated to be safe prior to approval for commercial 
use in foods, food packaging, food contact mate-
rials or agricultural applications.

• Assessments must be based on the precautionary 
principle and the onus must be on manufacturers 
to comprehensively demonstrate the safety of their 
product. No data, no market.

• Safety assessment must be based on the nano 
content of products, not marketing claims.

• Safety assessment must include the product’s 
entire life cycle.

The extent to which 
nanomaterials are 

used along the food 
chain continues  
to be shrouded  
with mystery.
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The size-based definition of nanomaterials must 
be extended.

• All particles up to 1,000 nm in size must be 
considered to be “nanomaterials” for the 
purposes of health and environment assessment, 
given the early evidence that they may pose 
health risks similar to particles less than 100 
nm in size which have to date been defined as 
“nano.” 

Transparency in safety assessment and product 
labeling is essential.

• All relevant data related to safety assessments, 
and the methodologies used to obtain them, must 
be placed in the public domain.

• All manufactured nano-ingredients must be 
clearly indicated on product labels to allow 
members of the public to make an informed 
choice about product use. 

• The presence of nanomaterials must be disclosed 
to workers and other downstream users along the 
supply chain. 

Public involvement in decision-making is required.

• The public, including all affected stakeholder 
groups, must be involved in all aspects of decision 
making regarding nanotechnology in food and 
agriculture. This includes in the development of 
regulatory regimes, labeling systems, and prioriti-
zation of public funding for food and agricultural 
research. People’s right to avoid nanofoods must 
be recognized explicitly. 

Support for sustainable food and farming is 
needed.

• The assessment of food and agricultural nano-
technology, in the context of wider societal needs 
for sustainable food and farming, must be incor-
porated into relevant decision making processes. 

What industry must do:
Food producers and retailers must respect people’s 
right to healthy foods, in which all ingredients have 
been proven safe. Food producers and retailers must 
stop selling nanofood, nanofood packaging, nano-
food contact materials and nano-agrochemicals until:

• The public is involved in decision making.

• Nanotechnology-specific regulation is put in place 
to protect the public, workers and the environ-
ment from potential new hazards associated with 
nano-toxicity.

• All manufactured nano-ingredients are clearly 
indicated on product labels, allowing members 
of the public to make an informed choice about 
product use. 

• The presence of nanomaterials is disclosed to 
workers and other downstream users along the 
supply chain.

• Manufacturers work with regulators to ensure that 
their products have undergone appropriate safety 
testing, and provide the relevant data regarding 
the health and environmental safety of their 
product. No data, no market.

• All relevant data related to safety assessments, 
and the methodologies used to obtain them, are 
placed in the public domain.

• All food and agricultural products which include 
manufactured nanomaterials are clearly labeled to 
allow members of the public, workers and farmers 
to make an informed choice.

What concerned individuals and  
organizations can do:
Until we can move our government and companies 
to manage nanotechnology in a responsible and 
transparent manner, there are steps we can take to 
protect our health and the environment.



9 TINY INGREDIENTS, BIG RISKSFriends of the Earth 

Avoiding nanofoods and supporting a sustainable, 
just food system

• Avoid eating highly processed foods and eat more 
fresh food instead. Processed foods not only have 
higher environmental costs of production and have 
lower nutritional value, they are also a large source 
of incidentally produced nanoparticles in foods.

• Avoid highly packaged foods — packaging is 
energy intensive and produces lots of waste and is 
often unnecessary. Let your local food outlets and 
the manufacturers of your favourite foods know 
that you want to see less food packaging. 

• Choose food that is healthy for you and the envi-
ronment, and pays a fair wage to food producers. 
There are many simple steps we can all take to 
make food choices that are good for our health, 
good for the environment, and that support fair 
conditions for farmers. 

• Make environmentally friendly food and farming 
choices — look out for the organic label at your 
supermarket or store.

• Support local food producers and small scale 
retailers and buy directly from local farmers, 
butchers and bakers. You could even consider 
joining a food co-operative or bulk-buying 
scheme.

• Support the right of communities to control local 
food trade, including deciding how food is grown, 
who can sell it and what can be imported. 

Hold government and industry to account for 
nanofoods

• Write to your local representatives and members 
of state, federal and regional government, 
requesting their support for a moratorium on 
the use of all nanotechnology in the food sector. 
Demand that governments regulate and label 
food, food packaging and agricultural products 
that contain manufactured nanomaterials before 
allowing any further commercial sales. 

• Ensure that food and agricultural manufacturers 
take seriously public concerns about nanofoods. 
Contact the manufacturers of foods you eat often 
and ask them about what steps they are taking to 
keep unsafe, untested nanomaterials out of the 
food they sell. 

• Insist that governments and industry take seri-
ously the risks of occupational exposure to nano-
materials for food and agricultural workers. If you 
are concerned about nano-exposure in your work 
place, talk with your colleagues or your union 
representative about opportunities for collective 
action to secure a safe work place.

• Contact civil society organizations you think may 
be interested in taking action to ensure precau-
tionary management of the use of nanotechnology 
in food and agriculture applications. Find out 
what environment, public health, farmers and civil 
liberties organizations in your neighborhood are 
doing to work towards alternative food systems 
that deliver positive environmental and social 
outcomes.

Visit our website to learn more about nanotech-
nology or to support our work for safe food, and a 
just, resilient and sustainable food system.

Friends of the Earth-United States 
http://www.foe.org/projects/food-and-technology/
nanotechnology
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1. INTRODUCTION
In the past three decades the number of food prod-
ucts available to the American public has grown 
immensely. While our modern food system has 
brought about an ever-increasing variety of “food” 
options for consumers to purchase, this increased 
variety has also delivered the burden of potentially 
harmful ingredients—most recently, nanomaterials.

Nanomaterials are produced by way of nanotech-
nology and are now found in a broad range of prod-
ucts. According to the Woodrow Wilson International 
Center for Scholars, foods containing nanomaterials 
are rapidly entering the market at a rate of three to 
four per week.

In 2008, Friends of the Earth released a ground-
breaking report on the use of nanomaterials in food 
and agriculture, “Out of the laboratory and onto our 
plates: Nanotechnology in food and agriculture.” 
Six years later, the U.S. government has made little 
progress in protecting the public from these poten-
tially hazardous food ingredients, despite the fact 
that the number of “nanofoods” on the market has 
grown more than tenfold in six years. Due to a lack 
of required labeling and disclosure, the number of 
undisclosed nanomaterials in food is likely much 
greater. Simultaneously, an increasingly large body 
of peer-reviewed evidence indicates some nano-
materials, including those used in our food system, 
may harm human health and the environment. 

This rapid introduction of nanomaterials into our 
food system has been driven by billions of dollars 
of investment by roughly 200 transnational food 
companies in nanofood and nanopackaging, with 
the nanofoods market expected to grow to US$20.4 
billion by 2020. 

Unfortunately, many food items that Americans eat 
on a daily basis contain nanomaterial ingredients. 
These include familiar products such as processed 
and cream cheeses, cookies, doughnuts, coffee 

creamer, chocolate syrup and other chocolate 
products, pudding, mayonnaise, mashed potatoes, 
milk, soy, almond, and rice beverages, mints, gum, 
popcorn, salad dressing and oils, yogurt, cereal, 
candy, crackers, pasta, and sports drinks. There is 
also mounting evidence that suggests nanomaterials 
are being used to package and preserve fresh fruit 
and vegetable products, a dangerous trend that 
could threaten the integrity of staple healthy foods. 
These products are manufactured and sold by 
major food companiesincluding Kraft, General Mills, 
Hershey, Nestle, Mars, Unilever, Smucker’s and 
Albertsons. Due to a lack of required labeling and 
disclosure, the number of undisclosed nanomate-
rials in food is likely much greater. 

This report will examine the rapid increase in 
nanomaterials entering our food system since the 
release of our 2008 report, including the develop-
ment of new food and food-contact nano-products. 
It will provide a review of trends in nanotechnology 
and of the current literature relating to the potential 
environmental, health and safety impacts associ-
ated with nanotechnology and a summary of United 
States regulatory responses to date. 

Six years ago, inaction on this issue was based on 
a perceived lack of data. Inaction is still the norm, 
but the lack of data is no longer an excuse that 
regulators and industry can use. While it is certainly 
true that environmental, health and safety research 
is not keeping with the pace of commercialization, 
the volume of information and studies now available 
is enormous. Governments, scientists and scientific 
bodies such as the U.S. National Research Council 
have presented more than sufficient evidence to 
justify a proactive regulatory regime and a properly 
funded research program that will effectively target 
those areas of greatest environmental and health 
concern. 
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A growing number of civil society organizations 
worldwide have called for precautionary manage-
ment of nanotechnology, culminating in the release 
of “Principles for the Oversight of Nanotechnologies 
and Nanomaterials.”1 More than 70 groups from six 
continents have endorsed this document.

Unfortunately, there is little sign of willingness by 
government to provide the levels of funding required 
to support such work or to adopt appropriate regu-
lation. The notion of precaution has been replaced 
with an attitude that it is the obligation of industry to 
determine whether their products are safe and that 
regulators will only act when harm is shown. While 
France, Belgium and Denmark have implemented a 
mandatory register for nanomaterials, and the EU is 
in the process of implementing a nanofood labeling 
regime, which begins this year, U.S. consumers 
remain in the dark. 

This situation will need to change if we are to 
protect consumers and our environment.

What is nanotechnology?
The term “nanotechnology” does not describe a 
singular technology, but rather encompasses a 
range of technologies that operate at the scale of 
the building blocks of biological and manufactured 
materials — the “nanoscale.”

There is still no internationally accepted set of 
definitions and measurement systems for nanotech-
nology, although work towards these has begun. 
However, the term “nanotechnology” is now gener-
ally understood to encompass both nanoscience 
and the broad range of technologies that operate at 
the nanoscale. 

• Nanoscience: The study of phenomena and 
materials at the atomic, molecular and macromo-
lecular scales, where properties differ significantly 
from those at the larger scale.

• Nanotechnology: design, characterization, 
production and application of structures, devices 

and systems by controlling shape and size at the 
nanoscale.

• Nanomaterials: particles, nanotubes, nanowires, 
quantum dots, fullerenes (buckyballs) etc. 

To put the nanoscale in context: 
a strand of DNA is 2.5 nm wide, 
a red blood cell 7,000 nm and a 
human hair is 80,000 nm wide. 
One nanometer is one billionth of 
a meter. One way to understand 
how incredibly tiny these particles 
are is to consider a tennis ball in 
comparison with planet Earth. 
On scale, a tennis ball is the 
same size in relation to Earth as a 
nanoparticle is to a tennis ball.

Definition of nanomaterials for health and 
safety assessment
It should be noted that there exists an emerging 
trend to define nanotechnology as only applying to 
materials, structures and systems that measure no 
more than 100 nm in size. This distinction is quite 
artificial, especially from the viewpoint of biological 
interactions. The definition of nanomaterials is still 
in flux: the U.S. Food and Drug Administration uses 
a definition of 1-1,000 nm for drugs and requests 
information for ingredients less than 1,000 nm in 
size for other products it regulates. The European 
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Medicines Agency also defines nanotechnology in 
a size range of less than 1,000 nm across. Many 
small particles, which measure more than 100 
nm present a similar suite of physiological and 
anatomical behaviors, for example greater reactivity, 
bioactivity and bioavailability.2 When considering the 
health and environmental implications of nanoparti-
cles, their size range must be more broadly defined. 
It is essential to also consider the hazards associ-
ated with sub-micron (100-1,000 nm) particles, and 
microparticles (greater than 1,000nm). 

In a 2010 report, the UK’s House of Lords Science 
and Technology Committee recommended that 
any definition of a nanomaterial must be based 
on evidence for behavior that is different from that 
seen in the bulk, rather than some arbitrary size 
such as 100 nm.3 The authors of a review of the 
nanotoxicological implications of nanomedicines 
suggest that: “In practice, the useful range of 
nanomedicines more normally falls within the range 
of 5-250 nm as these tend to have a similar range 
of properties based on physiological and anatom-
ical consequences.”4 Researchers investigating the 
biological effects of nanoparticles have also defined 
their relevant size range to be up to a few hundred 
nanometres.5 Still other researchers publishing in 
the drug delivery6 and food7,8 literature have argued 
that a useful size definition for nanomaterials used 
in these fields is 1-1,000nm. 

The problematic nature of the arbitrary 100 nm 
ceiling on what is considered to be a nanopar-
ticle or nanomaterial for the purposes of future 
health and safety assessments is underscored by 
studies showing that small particles outside this 
size range can pose greater health hazards than 
particles within it. Wang et al conducted an in vivo 
study in which 20 nm and 120 nm particles of zinc 
oxide powder were fed to mice.9 Both nanoparti-
cles resulted in organ damage and thickening of 
the test animals’ blood, but it appeared that the 
larger nanoparticles actually resulted in greater 
liver damage. In another in vivo experiment, mice 
were fed high doses of 58 nm and 1,058 nm zinc 

powder. The microparticle zinc caused more severe 
liver damage, while the nanoparticle zinc caused 
anaemia and more severe kidney damage.10 

For the purpose of this report we use the term 
“nano” to include particles up to 1,000 nm in 
size, due to the evidence of nano-specific problems 
associated with particles up to this size range. 
We urge regulators to also adopt this definition to 
assess and manage the health and environmental 
hazards of nanoparticles. The health and environ-
mental hazards of nanoparticles should be based 
on physiological and anatomical behaviors of small 
particles, rather than arbitrary size distinctions.

Manufactured vs. incidental nanoparticles
Manufactured nanoparticles are those which are 
deliberately produced, in contrast to nanoparticles 
that “exist in nature,” or are by-products of other 
human activities. Manufactured nanomaterials 
include nanoparticles (e.g. metal oxides), and also 
nanostructures such as nanotubes, nanowires, 
quantum dots, dendrimers and carbon fullerenes 
(buckyballs), among others.

 “Incidental” nanoparticles (also called ultrafine parti-
cles in the study of air pollution and its epidemiology) 
are a by-product of forest fires, volcanoes, vehicle 
combustion and high-temperature industrial processes 
including combustion, welding, and grinding.11 

Much of the discussion about the health and envi-
ronmental implications of nanoparticles is focused 
on manufactured nanoparticles. However, many of 
the safety and regulatory issues relating to manufac-
tured nanoparticles are also relevant to incidentally 
produced nanoparticles. For example, we know that 
exposure to large levels of incidental nanoparticles 
in urban air pollution causes increased incidence of 
disease and even death among vulnerable sections 
of the population.12 It is important to ensure that 
workers, the public and environmental systems are 
protected from unsafe exposure to and production 
of incidental nanoparticles.
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Nanomaterials are already used widely for 
their novel properties
At the nanoscale, the physical, chemical and optical 
properties of familiar substances differ from those of 
the substances in larger particle form. For example, 
in larger particle form zinc oxide is white and 
opaque; as a nanoparticle zinc oxide is transparent, 
enabling it to be used to provide UV protection in 
products such as transparent cling wrap packaging. 
In nanoparticle form, the antimicrobial properties of 
silver are far greater, a property which has encour-
aged manufacturers to use it in chopping boards, 
refrigerators, food storage containers and food 
packaging. 

Altered properties of nanoparticles are a result of 
both the influence of “quantum mechanics” and 
the much greater relative surface area that nano-
materials have compared with larger particles. 
The large surface area of nanomaterials results in 
their increased chemical reactivity and biological 
activity,13 making them attractive for use in food 
fortification or as antimicrobials in food packaging. 
However, the altered properties of nanomaterials, 
especially their high chemical reactivity and greater 
capacity to penetrate biological membranes, also 
present serious new toxicity risks.14 

Nanomaterials are ‘first generation’ products of 
nanotechnology and have been the first nanoprod-
ucts to enter wide-scale commercial use. They are 
used in hundreds of products that are already avail-
able on supermarket shelves, including transparent 
sunscreens, light-diffracting cosmetics, penetration 
enhanced moisturisers, stain, moisture and odor 
repellent fabrics, long lasting paints and furniture 
varnishes, anti-bacterial household appliances such 
as vacuum cleaners, refrigerators and air condi-
tioners, and sporting equipment.15 

In coming years and decades, “next generation 
nanotechnology” is forecast to bring more complex 
nanodevices, nanosystems and nanomachines.16 
Nanobiotechnology may be used to manipulate the 
genetics of human, animals and agricultural plants 

at the atomic scale, and to incorporate synthetic 
materials into biological organisms and biological 
materials into synthetic structures.17

Why are food and agriculture 
companies interested  
in nanotechnology? 
Nanotechnology has existing and potential 
applications in all aspects of agriculture, 
food processing, food packaging and even 
farm and food monitoring. These include:

• Methods to enable foods such as soft 
drinks, ice cream, chocolate or chips 
to be marketed as “health” foods by 
reducing fat, carbohydrate or calorie 
content or by increasing protein, fiber or 
vitamin content;

• Production of stronger flavorings, color-
ings, nutritional additives and processing 
aids to increase the pace of manufac-
turing and to lower costs of ingredients 
and processing;

• Development of foods capable of 
changing their color, flavor or nutri-
tional properties according to a 
person’s dietary needs, allergies or taste 
preferences;

• Packaging to increase food shelf life by 
detecting spoilage, bacteria, or the loss 
of food nutrient, and to release antimi-
crobials, flavors, colors or nutritional 
supplements in response;

• Reformulation of on-farm inputs to 
produce more potent fertilizers, plant 
growth treatments and pesticides that 
respond to specific conditions or targets.
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Edible food coatings
Manipulation of materials at the nanoscale can allow 
food scientists to create “edible nanolaminate films” 
which can be used as barrier layers to prolong shelf 
life. These films can include lipids or clays as mois-
ture barriers, biopolymers such as carbohydrates 
as oxygen and carbon dioxide barriers, or nanopar-
ticulates and emulsified nanodroplets, which could 
contain active ingredients to improve taste, texture 
or appearance. Antibacterial substances can also 
be directly integrated into the edible coating, for 
instance for meat packaging.18 

Edible coatings containing engineered nanomate-
rials are reportedly already being used on fruit and 
vegetables in markets in the U.S. and Canada in 
order to extend shelf life. Tests conducted in Central 
and South American farms and packing stations 
found a number of fruits with a nano coating, 
including apples, pears, peppers, cucumbers and 
other fruits and vegetables delivered to the U.S. and 
Canada.19 

The complexity involved in detecting  
nanomaterials in our food
The detection of nanomaterials is a complex matter 
requiring state-of-the-art as well as experimental 
devices and techniques, especially when attempting 
to quantify or characterize nanomaterials in a 
complex matrix such as food. The lack of stan-
dards and internationally recognized measurement 
methods, coupled with the shrouding of the nano-
technology industry and reinforced by the lack of 
regulation in this area, have created significant 
challenges to simply understanding where nanoma-
terials are being used and the reality of their interac-
tions with the public and our environment. 
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2. HEALTH CONCERNS:  
WHY NANOMATERIALS AND 
NANOFOODS POSE NEW RISKS 
Nanomaterials have unique properties that offer 
many new opportunities for food industry applica-
tions, such as potent nutritional additives, stronger 
flavorings and colorings, or antibacterial ingredients 
for food packaging. However, the same properties 
exhibited at the nanoscale that make these mate-
rials attractive for use in the food industry may also 
result in greater toxicity for humans and the envi-
ronment. Nanoparticles pose new risks because: 

• They can be more chemically reactive and 
more bioactive than larger particles of the same 
chemicals.

• Due to their very small size, nanoparticles also 
have much greater access to our bodies, so they 
are more likely than larger particles to enter cells, 
tissues and organs. 

• Greater bioavailability and greater bioactivity may 
introduce new toxicity risks.

• They can compromise our immune system 
response.

• They may have long-term pathological effects.

Nanoparticles of silver, titanium dioxide, zinc 
and zinc oxide, materials now used in nutritional 
supplements, food packaging and food contact 
materials, have been found to be highly toxic to 
cells in test tube and animal studies. Preliminary 
environmental studies also suggest that these 
substances may be toxic to ecologically important 
species such as water fleas. Yet there is still no 
nanotechnology-specific regulation or safety assess-
ment required before manufactured nanomaterials 

can be used in food, food packaging, or agricultural 
products. 

Before the industrial revolution humans faced 
very limited exposure to insoluble nanoparticles. 
Consequently, our bodies have not developed effec-
tive clearing mechanisms, as we have with larger 
particles, to remove them from our lungs, gastro-in-
testinal tract, tissues and organs,. Nanoparticles also 
show greater adhesion to biological surfaces within 
our bodies (for example, the walls of our gastrointes-
tinal tract), which can increase rates of uptake.20 
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In the July 19, 2012, report, “Effects of Silver 
Nanoparticles on the Liver and Hepatocytes in 
vitro,” published in Toxicological Sciences, author 
Birgit Gaiser, Ph.D., states, 

At the moment, there is not much infor-
mation available on the topic of ingested 
nanoparticles and human health. There is 
evidence that a small percentage of these 
particles or particle components [of nano 
titanium dioxide or nano silver]…can move 
on from the intestinal tract into the blood, 
and reach other organs. This is why we 
believe it is important to assess the risk 
of even small amounts of particles in the 
human body.21 

In 2009, a team led by Roel Schins at the 
Environmental Health Research Institute in 
Düsseldorf, Germany, published research 
suggesting that some nanoparticles, including silica 
and titanium dioxide, can induce DNA damage in 
human intestinal cells.22 

Specific health concerns with nanomaterials 
in food and food contact materials

Silica

Uses: Used as a “trickle and flow” aid in powdered 
food products, as a clearing agent in beer and wine, 
as a food additive (amorphous silica found to be 
nano) and as a food coating.

Health concerns: Nanosilica has been found in the 
livers of rats and mice after oral administration. In 
vitro studies show a significant percentage of the 
nanosilica remains undissolved and that “the pres-
ence of undissolved nanosilica particles in the gut 
in vivo is considered likely.”23,24 Animal studies have 
shown placental transfer and fetal uptake of silica. 
Scientists have warned that the enhanced sensi-
tivity of the foetus may mean that even low doses of 
nanomaterials may cause adverse effects.25 

Nano-silver

Uses: In the Woodrow Wilson inventory of nano 
products, silver is the most common nanomate-
rial mentioned in product descriptions.26 A recent 
court case in the United States found that the use 
of nanosilver was “ubiquitous” and that there was 
no way for consumers to avoid exposure.27 Food 
and food contact products identified as containing 
nanosilver include baby bottles, food containers, 
packaging, cutting boards, salad bowls, appliances, 
cutlery, ice trays, filtration devices and collapsible 
coolers. In agriculture it is used in poultry production 
and agricultural and aquacultural disinfectants.28 

Health concerns: There is mounting evidence that 
nanosilver may have greater toxic effects when 
compared with bulk silver. Nano-silver can better 
penetrate biological barriers and attach itself to the 
outside of cells.29 Nanoscale silver can also enter 
the bloodstream and reach all organs of the body, 
including the brain, heart, liver, kidneys, spleen, 
bone marrow and nervous tissue. 

Animal studies have shown placental transfer and 
fetal uptake of nanosilver,30 which is especially 
disturbing considering a recent study that found 
exposure to nano-silver caused zebra fish embryos 
to develop with head abnormalities and no eyes. 
Zebra fish have been widely used as a model 
organism for the study of embryological develop-
ment in other vertebrates including humans.31 

Health experts have also raised concerns that the 
widespread use of nano-silver in consumer products 
will further increase the problem of antibiotic-
resistant superbugs.32 

Titanium dioxide

Uses: A whitener and brightener in a range of food 
products

Health concerns: The European Chemicals Agency 
is currently reviewing the safety of titanium dioxide 
(including the nano form) because of concerns it may 
be harmful to the environment and human health.33 
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In contrast to bulk particles of titanium dioxide, 
nanoscale titanium dioxide is biologically very active. 
Studies show that titanium dioxide can damage 
DNA,34 disrupt the function of cells, interfere with 
the defence activities of immune cells and, by 
adsorbing fragments of bacteria and “smuggling” 
them across the gastrointestinal tract, can provoke 
inflammation.35,36,37,38,39,40 A single high oral dose of 
titanium dioxide nanoparticles was found to cause 
significant lesions in the kidneys and livers of  
female mice.41 

In a 2010 study the German Federal Institute 
for Risk Assessment and the German Federal 
Environment Agency concluded that nanoscale tita-
nium dioxide is a possible carcinogen if inhaled.42 

Nano titanium dioxide is highly mobile in the 
body and has been detected in both humans and 
animals in the blood, liver and spleen.43 A study 
using pregnant mice found that nanoparticles of 
titanium dioxide were transferred in utero to their 
offspring. This resulted in brain damage, nerve 
system damage and reduced sperm production in 
male offspring.44 

A human exposure analysis of titanium dioxide 
through foods identified children in the 2.5 to 4.5 
year age range as having the highest exposures 
because the titanium dioxide content of sweets is 
higher than any other food products. It also calcu-
lated that a typical exposure for a U.S. adult may 
be of the order of 1 mg of titanium per kilogram of 
body weight per day.45 

Many of the products Friends of the Earth found to 
contain nanomaterials specifically contained nano 
titanium dioxide. In laboratory studies, nanopar-
ticles of titanium dioxide have been found to be 
immunologically active, causing a reaction from 
the body’s defensive system. Ashwood et al show 
that these particles may play an important role in 
the initiation or exacerbation of gastrointestinal 
inflammation, by adsorbing bacterial fragments and 
then carrying them across the gastrointestinal tract. 
Additionally, in 2013, a team led by Roel Schins 

at the Environmental Health Research Institute 
in Düsseldorf, Germany, published research 
suggesting that some nanoparticles, including silica 
and titanium dioxide, can induce DNA damage in 
human intestinal cells. 

Zinc oxide (ZnO)

Uses: Surface coatings

Health Concerns: Nanoscale zinc oxide is toxic 
when ingested and has been found to cause lesions 
in the liver, pancreas, heart and stomach.46 A 
recent review of the safety of nano zinc oxide by 
the European Commission’s Scientific Committee 
for Consumer Safety stated that “clear positive toxic 
responses in some of these tests clearly indicate 
a potential for risk to humans.”47 Inhalation expo-
sure of nano zinc oxide induces lung inflammation, 
leading the SCCS to conclude that “the use of ZnO 
(zinc oxide) nanoparticles in spray products cannot 
be considered safe.”48 

Copper

Uses: dietary supplements49

Health Concerns: The German Federal Institute for 
Risk Assessment compared the acute toxicity of 
micro-and nanoscale copper. No adverse effects 
were observed with microscale copper; however, 
nanoscale copper showed adverse effects on the 
kidney, spleen and liver of mice.50 

Carbon Nanotubes

Uses: While there are no confirmed commer-
cial food and food contact products containing 
carbon nanotubes, food packaging and food 
sensors containing carbon nanotubes have been 
developed.51 

Health Concerns: The Australian National Industrial 
Chemical Notification and Assessment Scheme and 
Safe Work Australia, which reviewed the safety of 
carbon nanotubes, found that multi-walled carbon 
nanotubes “have been shown to induce mesothe-
lioma in rodents.”52 
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Nano supplements could cause health 
problems
The head of the nanotechnology research group at 
the United Kingdom’s Central Science Laboratory 
warns of unpredictable effects of nanoparticles 
and nano encapsulated additives: “They can be 
absorbed faster than desired or affect the absorp-
tion of other nutrients. We still know very little, if 
anything at all.”53

In 2009, based on the growing number of commer-
cially available nano supplements, the Woodrow 
Wilson International Center for Scholars’ project 
on emerging nanotechnologies found that in the 
U.S. the Food and Drug Administration had neither 
the regulatory power nor the scientific expertise to 
determine if these supplements were safe.54 

Migration of nanomaterials from packaging
It is possible that nanomaterials could migrate 
from food packaging into foods. Polymers and 
chemical additives in conventional food pack-
aging, such as bisphenol A and phthalates, are 
known to migrate from the packaging into food 
products.55,56 The Institute of Food Science and 
Technology has expressed concern that manufac-
tured nanomaterials are already being used in food 
packaging, despite migration rates and exposure 
risks remaining unknown.57 To date there are only a 
few studies that have investigated the migration of 
nanomaterials from food packaging into food, and 
the results have been inconclusive. 

Nanoparticles and the link to Crohn’s 
disease and immune system dysfunction
It is well known that people with asthma are espe-
cially susceptible to air pollution. In effect, asthma 
sufferers act as the proverbial “canary in the coal 
mine,” alerting those around them that air pollution 
levels are getting dangerously high. Scientists have 
more recently suggested that the growing preva-
lence of Crohn’s disease — a damaging and chronic 

inflammation of the gastrointestinal tract that can 
lead to cancer — may be a similar warning signal in 
relation to microparticles in our food.58 

The relationship between the development of 
Crohn’s disease and factors such as genetic suscep-
tibility, immune system health, psychological health 
and environmental factors including, exposure and 
physiological response to nano or microparticles, 
remains poorly understood. However, data indicate 
that the inflammation associated with Crohn’s may 
be explained in part by an abnormal or exaggerated 
response to the individual’s intestinal bacteria. 

Numerous in vivo experiments using rats and 
mice have demonstrated gastrointestinal uptake 
of nanoparticles.59,60,61,62,63 and small micropar-
ticles.64,65,66 Pathological examination of human 
tissues suggests ingestion and translocation of 
microparticles up to 20 μm in size.67,68
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The absorption rate of substances via the gastroin-
testinal tract appears to depend on properties such 
as size and surface structure. In one study looking 
at rats, the smaller the nanoparticles the higher the 
uptake via the digestive tract.69 In another study 
mice were fed 4 nm gold particles. These were later 
detected in the liver, kidney, spleen, lung and brain. 
Larger particles (58 nm) remained in the gastroin-
testinal tract.70 

Studies have shown that nanomaterials may affect 
the human intestine. When human colon cells 
were treated with nano-sized polystyrene, which is 
commonly used in food packaging, the cells became 
more permeable to iron.71 Powell et al have observed 
that the daily exposure of people in the Western 
world to sub-micrometer-sized mineral particles 
has resulted in “pigmented cells” loaded with these 
particles in parts of the intestinal tract. The particles 
have been observed to be composed of aluminos-
ilicates, titanium dioxide and a small percentage of 
non-aluminum-containing silicates such as silica 
(SiO2) and magnesium trisilicate (talc).72

Preliminary evidence suggests that existing levels of 
nanoparticles up to a few hundred nanometers in 
size in processed food may be associated with rising 
levels of immune system dysfunction and inflamma-
tion of the gastrointestinal tract, including Crohn’s 
disease.73,74,75,76 Individuals with Crohn’s disease or 
colon cancer have been found with nanomaterials 
in their intestinal tissue.77 

The reasons for the disproportionate incidence of 
Crohn’s disease in the global north are still disputed, 
but it is possible that the high consumption of 
industrially processed foods plays a role.

Occupational health and safety concerns
In the food sector, workers may come into contact 
with nanomaterials during production, packaging, 
transport and waste disposal of food and agrochem-
icals.78 To date, there is very little data relating to the 
exposure of workers to nanomaterials.

A number of nanomaterials used in the food 
industry, such as zinc oxide and titanium dioxide, 
have been shown to be harmful when inhaled, 
raising OHS concerns for workers handling these 
materials.79 However, in the absence of a mandatory 
register and product labeling, many workers may be 
unaware that they are handling nanomaterials and 
of the need to use protective equipment.

Studies have also shown that nanomaterials can 
enter the bloodstream via the lungs, raising major 
OHS concerns.80 

Based on a 2009 review of carbon nanotubes by 
Safe Work Australia and NICNAS, carbon nanotubes 
were declared a hazardous chemical for purposes 
of health and safety laws.81 This ruling does not 
prohibit their use, but it means that carbon nano-
tubes used in the workplace must be accompanied 
by a data safety sheet.
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3. NANOFOODS ON THE MARKET
Our knowledge of the extent to which nanomaterials 
are used in food products is limited. Food manu-
facturers are not required to disclose details about 
their use of nanomaterials; nor is this information 
collected by the Food and Drug Administration. 
This, coupled with the lack of labeling laws, means 
the public is left to guess which products contain 
nanomaterials. The absence of transparency creates 
a chasm of knowledge not just for the public, but 
also for government regulators and even some food 
producers.82 

Nevertheless, we do know that major food compa-
nies are involved in nanotechnology research 
and development; at least 200 transnational food 
companies are currently investing in nanotech and 
are on their way to commercializing products.83 The 
nanofoods market is expected to grow to US$20.4 
billion in 2020.84 Table 1 shows a sample of food 
companies engaged in nanotechnology research 
and development.

Table 1: A sample of food companies engaged in 
nanotechnology research and development 85,86,87 

COMPANY

Table 2: Food products that may contain  
manufactured nanomaterials 88

PRODUCTS

Many foods Americans eat on a daily basis contain 
nanomaterial ingredients (see Table 2 for a list of 
product types that may include nanomaterials). 
In 2008, Friends of the Earth released a ground-
breaking report on the use of nanomaterials in 
food, “Out Of the Laboratory and Onto Our Plates: 
Nanotechnology in Food and Agriculture.” Six 
years later, our government has made little prog-
ress in protecting the public from these potentially 
dangerous food ingredients, despite the fact that 
additional nanofoods continue to be found on the 
market. 

While the FDA is charged with ensuring “the safety 
and security of our nation’s food supply,” at this time 
the agency has merely offered nonbinding guidance 
to industry on the use of nanomaterials in food.89 
However, the FDA’s 2012 draft guidance on the use 
of nanomaterials in food warns about the different 
properties of nanomaterials compared to ingredients 
used in traditional manufactured food substances.90 
Nevertheless, lack of established regulations allow for 

• Altria (Mondelez)
• Associated British 

Foods
• Ajinomoto
• BASF
• Cadbury Schweppes
• Campbell Soup
• Cargill
• DuPont Food 

Industry Solutions
• General Mills
• Glaxo-SmithKline
• Goodman Fielder
• Group Danone
• John Lust Group Plc

• H.J. Heinz
• Hershey Foods
• La Doria
• Maruha
• McCain Foods
• Mars, Inc.
• Nestle
• Northern Foods
• Nichirei
• Nippon Suisan 

Kaisha
• PepsiCo
• Sara Lee
• Unilever
• United Foods

• Almond beverages
• Candy 
• Cereal
• Chocolate
• Chocolate syrup
• Coffee Creamer
• Cookies
• Crackers
• Cream Cheese
• Doughnuts
• Gum
• Mashed Potatoes
• Mayonnaise

• Milk
• Mints
• Oils
• Pasta
• Popcorn
• Pudding
• Rice beverages
• Salad Dressing
• Soy
• Soy beverages
• Sports Drinks and 

other beverages
• Yogurt 
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nanofood products to remain on the market while the 
public takes up potential health risks.

Friends of the Earth has compiled a list of 87 food 
and beverage products known to contain nanoma-
terials (see Table 3 for a list of products that include 
nanomaterials). We have compiled an additional 
79 products since our 2008 report. The number of 
nanofood products we know to be on the market has 
grown more than tenfold in six years. 

Beyond food, nanomaterials are also found in kitchen 
equipment, health supplements, some types of agri-
cultural inputs, food contact materials and food pack-
aging, as well as in a broad range of other products. 
The use of nanomaterials in food contact materials, 
including packaging, cling wrap, storage containers 
and chopping boards, increases the probability of 

nanomaterial ingestion. It is also likely that nanoma-
terials in packaging that is not designed to release 
chemicals (for example, nanosilver antibacterial 
food storage containers) will nevertheless migrate 
from food packaging into foods. Polymers and 
chemical additives in conventional food packaging 
are known to migrate from the packaging into food 
products — such is the case with BPA and phthal-
ates.91,92 Conversely, flavors and nutrients in foods 
and beverages are also known to migrate into plastic 
packaging, a process known as “flavor scalping.” 
Nanotechnology is also expected to dramatically 
expand the use of edible coatings, which will clearly 
result in increased ingestion of nanomaterials (see 
nano fruit case study).

Nanomaterials are already integrated 
into food labels that indicate the fresh-
ness or temperature of a food product 
via color-coded display stickers. The 
company OnVu™ creates “the label 
that makes freshness visible” and is 
already featured in U.S. supermar-
kets. The OnVu™ Intelligent indicator 
has been applied onto meat product 
labels.93,94 

Nanofood products are also marketed 
for children and babies. Several prod-
ucts are commercially available in the 
form of powdered nutritional drinks 
(ToddlerHealth and NanoVM®).95,96
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PRODUCT NAME MANUFACTURER NANO CONTENT

Albertsons American Single Albertsons Titanium dioxide

Albertsons Cheddar Cheese Stick Albertsons Titanium dioxide

Albertsons Chocolate Syrup Albertsons Titanium dioxide

Albertsons Chocolate Sandwich Cookies Albertsons Titanium dioxide

Albertsons Coffee Creamer Albertsons Titanium dioxide

Albertsons Cream Cheese Albertsons Titanium dioxide

Albertsons Golden Sandwich Cookies Albertsons Titanium dioxide

Albertsons Italian Cheese Blend Albertsons Titanium dioxide

Albertsons Mini MarshMallows Albertsons Titanium dioxide

Albertsons Mozarella Stick Albertsons Titanium dioxide

Albertsons Vanilla Pudding Albertsons Titanium dioxide

Albertsons Whipped Cream Albertsons Titanium dioxide

Best Foods Mayonnaise Unilever Titanium dioxide

Betty Croker Mashed Potatoes General Mills Titanium dioxide

Betty Croker Whipped Cream Frosting General Mills Titanium dioxide

Breathsavers Mints Hershey’s Titanium dioxide

Cadbury Milk Chocolate Bar Hershey’s Titanium dioxide

Canola Active Oil Shemen Industries Nano-sized self assembled 
structured liquids = micelles

Carnation Breakfast Nestle Titanium dioxide

Dentyne Fire Spicy Cinnamon Mondel-ez International Titanium dioxide

Dentyne Ice Peppermint Gum Mondel-ez International Titanium dioxide

Dickinson’s Coconut Curd Dickinson’s Titanium dioxide

Eclipse Spearmint Gum Wrigley Titanium dioxide

Fancy Flake Coconut Spartan Titanium dioxide

Fiber One Cereal General Mills Titanium dioxide

General Mills Trix Cereal General Mills Titanium dioxide

Good and Plenty Candy Hershey’s Titanium dioxide

Hershey’s Bliss Dark Chocolate Hershey’s Titanium dioxide

Hershey’s Bliss White Chocolate Hershey’s Titanium dioxide

Hershey’s Chocolate Syrup Hershey’s Titanium dioxide

Hershey’s Cookie n Cream Bar Hershey’s Titanium dioxide

Hershey’s Milk Chocolate Bar Hershey’s Titanium dioxide

Hershey’s Special Dark Bar Hershey’s Titanium dioxide

Table 3: Commercially available nanofoods
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Hostess Frosted Donettes Hostess Titanium dioxide

Hostess Powdered Donettes* Hostess Titanium dioxide

Hostess Twinkies Hostess Titanium dioxide

Jello Banana Cream Pudding Kraft Titanium dioxide

Junior Mints Tootsie Titanium dioxide

Keebler Pepper Jack Crackers Kellogg’s Titanium dioxide

Knorr Pasta Sides Pasta Unilever Titanium dioxide

Kool Aid Blue Raspberry Kraft Titanium dioxide

Kool Aid Lemonade Kraft Titanium dioxide

Kraft American Single Kraft Titanium dioxide

Kraft Easy Cheese Kraft Titanium dioxide

Kraft Jet Puffed FunMallows Kraft Titanium dioxide

Kraft Jet Puffed MarshMallows Kraft Titanium dioxide

Kraft Mayo Kraft Titanium dioxide

Kraft Miracle Whip Kraft Titanium dioxide

Kraft Parmesan Cheese Kraft Titanium dioxide

Kraft Velveeta Kraft Titanium dioxide

Lays Ranch Seasoning Mix FritoLay Titanium dioxide

Lindt Milk Chocolate Lindt Titanium dioxide

Lindt White Chocolate Lindt Titanium dioxide

M&Ms Chocolate Candy Mars,Inc. Titanium dioxide

M&Ms Chocolate with Peanuts Mars,Inc. Titanium dioxide

Maternal Water La Posta del Aguila Silver

Mentos Freshmint Gum Perfetti Van Melle Titanium dioxide

Mentos Mints Perfetti Van Melle Titanium dioxide

MesoGold® Purest Colloids, Inc. Titanium dioxide

Mini Whoppers Eggs Hershey Titanium dioxide

Minute Rice Riviana Foods Titanium dioxide

Mothers Oatmeal Iced Cookies Kellogg’s Titanium dioxide

Nabisco Chips Ahoy Kraft Titanium dioxide

Nabisco Oreo Kraft Titanium dioxide

Nabisco Sugar Free Oreo Kraft Titanium dioxide

Nanoceuticals™ Slim Shake Chocolate RBC Life Sciences®, Inc. Titanium dioxide

Table 3: Commercially available nanofoods (continued)

PRODUCT NAME MANUFACTURER NANO CONTENT
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Nanotea Shenzhen Become Industry & 
Trade Co., Ltd.

Nano-ball milling procedures

Nestle French Vanilla Coffee Mate Nestle Titanium dioxide

Nestle Original Coffee Creamer Nestle Titanium dioxide

Peeps Marshmallows Born Candy Co. Titanium dioxide

Philadelphia Cream Cheese Kraft Titanium dioxide

Pina Colada Sobe South Beach Beverage Co.,Inc. Titanium dioxide

Powdered donuts* Dunkin’ Donuts Titanium dioxide

Primea Ring Saeco USA Inc. Silver

Ragu Classic Alfredo Unilever Titanium dioxide

Richardson Pastel Mints Richardson’s Titanium dioxide

Shamrock Farms Fat Free Milk Shamrock Foods Titanium dioxide

Smuckers Orange Cream Shell Smuckers Titanium dioxide

Tic Tac Mints Ferrero Titanium dioxide

Trident White Peppermint Gum American Chicle Titanium dioxide

Turkey Gravy Titanium dioxide

Vanilla Milkshake Pop Tarts* Kellogg’s Titanium dioxide

Vics White Cheddar Popcorn Vic’s Corn Popper Titanium dioxide

White M&Ms* Mars, Inc. Titanium dioxide

Wishbone Ranch Dressing Unilever Titanium dioxide

Edible food coatings
Manipulation of materials at the nanoscale can allow 
food scientists to create “edible nanolaminate films” 
that can be used as barrier layers to prolong shelf 
life. These films can include lipids or clays as mois-
ture barriers; biopolymers, such as carbohydrates, 
as oxygen and carbon dioxide barriers; or nanopar-
ticulates and emulsified nanodroplets, which could 
contain active ingredients to improve taste, texture 
or appearance.99 Antibacterial substances such as 
nanosilver can also be directly integrated into the 
edible coating, such as for meat packaging.100 

Edible coatings containing engineered nanomate-
rials are reportedly already being used to extend the 
shelf life of fruit and vegetables in markets in the 
U.S. and Canada.101 Tests conducted in Central and 
South American farms and packing stations found 
a number of fruits with a nano coating, including 
apples, pears, peppers, cucumbers and other 
produce that is delivered to the U.S. and Canada.102

Table 3: Commercially available nanofoods (continued)

PRODUCT NAME MANUFACTURER NANO CONTENT

Note: List based on the Project on Emerging Nanotechnologies’ Consumer Products Inventory current as of Feb. 19, 2014.97 
However, manufacturers change their product formulation from time to time, and such changes may not be reflected in the data-
base. Friends of the Earth has not conducted tests on these products and cannot guarantee their nanomaterial content; products 
marked with an asterisk have been found to contain nanomaterials via a laboratory study commissioned by As You Sow in 2013.98
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4. NANOFOODS AND  
NANOAGRICULTURE POSE 
NEW ENVIRONMENTAL RISKS
Nanomaterials now in commercial use pose 
serious ecological hazards
Nanomaterials used in the agri-food system inevi-
tably enter the environment from waste associated 
with product manufacture, product use (including 
ingestion and excretion) or disposal. Furthermore, 
nanomaterials are being released into the environ-
ment intentionally, for example as nano-agrochem-
icals and nano-feed used on farms. Early studies 
have demonstrated that nanomaterials already in 
commercial use pose serious hazards to species like 
largemouth bass and water fleas (Daphnea magna), 
which are used by regulators as ecological indica-
tors (see Table 4). 

Preliminary studies suggest that nanomaterials 
may accumulate (and possibly even magnify) in 
organisms along the food chain.103,104 The extent to 
which nanomaterials will “clump” together in the 
environment, forming larger particles that may pose 
reduced toxicity risks, is unknown. The ecological 
hazards associated with nanotoxicity remain very 
poorly understood, underscoring the urgent need 
for further research.105 

Friends of the Earth has expressed great concern 
about the environmental implications of the dramat-
ically expanded use of nanosilver and other antimi-
crobial nanomaterials in consumer and industrial 
products.106 Fullerenes,107 nano titanium dioxide, 
nano zinc oxide,108 nano-silver, single-walled carbon 
nanotubes109 and other nanomaterials have all 
been found to have bactericidal properties. Yet the 
effects of nanomaterials on microbes, bacteria and 
fungi — the foundation of all ecosystems — remain 

poorly understood. Increased commercial use of 
highly potent anti-bacterial nanomaterials and their 
increased presence in waste streams could disrupt 
the functioning of beneficial bacteria in the wider 
environment, for example those performing nitri-
fication and denitrification in freshwater and the 
marine environment.110 Nano-antimicrobial agents 
may also shift into microbial populations and disrupt 
the functioning of nitrogen-fixing bacteria associated 
with plants.111 Any significant disruption of nitrifi-
cation, denitrification or nitrogen fixing processes 
could have serious negative impacts for the func-
tioning of entire ecosystems. There is also a risk 
that widespread use of antimicrobials will result in 
greater antibiotic resistance among harmful bacte-
rial populations.112,113 

Early studies
have demonstrated 
that nanomaterials 

already in  
commercial use 

pose serious  
hazards to important 

aquatic species. 
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NANOMATERIAL AND 
CURRENT APPLICATIONS

SIZE AND PHYSICAL 
DESCRIPTION

EXPERIMENTAL EVIDENCE OF 
TOXICITY

Titanium dioxide
Nano form used in 
sunscreens, self-cleaning 
glass, remediation, widely 
use in small micro form in 
foods and cosmetics 

30nm Killed water fleas (Daphnea magna)114 
which are used by regulators as an 
ecological indicator species

25nm anatase UV-illuminated TiO2 toxic to algae and 
water fleas115

Zinc
Used in electronics, 
optoelectronics, gas sensors, 
sunscreens, cosmetics, food 
packaging, paint

Nanoparticle zinc oxide, 
size unknown

Toxic to algae and water fleas  
(Daphnea magna)116 

Carbon based nanomaterials
Carbon black used in tyres, 
dyes; carbon nanotubes 
used in specialist car and 
aeroplane materials and 
fabrics, potential use in 
packaging; fullerenes used 
in cosmetics, potential use 
in medicines, batteries and 
electronics

C60 fullerenes Water soluble C60 caused brain damage 
(lipid peroxidation) in juvenile largemouth 
bass (Micropterus salmoides)117, used 
by regulators as an ecological indicator. 
Subsequent study found tetrahydrofuran 
(THF)-solubilized fullerenes even more 
toxic than water solubilised fullerenes, with 
100% mortality in the THF-C60-exposed 
fish between 6 and 18 hours of exposure118 

Single walled carbon 
nanotubes

By-products associated with their 
manufacture cause increased mortality and 
delayed development of small estuarine 
invertebrate Amphiascus tenuiremis119

Single-walled carbon 
nanotubes

By-products associated with their 
manufacture delayed hatching of zebra fish 
(Danio rerio) embryos120.

C60 fullerenes Killed water fleas (Daphnea magna)121,122 

C60 fullerenes and 
C60HxC70Hx

Caused behavioural and physiological 
changes in water fleas that are associated 
with increased risk of predation and 
reproductive decline123 

C60 fullerenes Toxic to microbes, inhibits growth and 
decreases respiration124

Aluminium
Used in cosmetics, 
sunscreens, scratch 
resistant coatings 

13nm High levels of exposure stunted root growth 
in corn, cucumber, soybean, carrot and 
cabbage crops125 

Table 4: Experimental evidence of the ecotoxicity of nanomaterials now in commercial use
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The United Kingdom’s Royal Society and Royal 
Academy of Engineering have called for the environ-
mental release of nanomaterials to be “avoided as 
far as possible,” and for their intentional release to 
“be prohibited until appropriate research has been 
undertaken and it can be demonstrated that the 
potential benefits outweigh the potential risks.”126

In May 2013, a group of U.S. scientists published 
the first global assessment of the likely emissions 
of nanomaterials into the environment and landfills. 
It was estimated that in 2010, 260,000 to 309,000 
metric tons of global nanomaterial production 
were discarded into landfills (63-91 percent), soils 
(8-28percent), water bodies (0.4-7 percent), and 
the atmosphere (0.1-1.5percent). According to the 
authors, more accurate estimates of nanomaterial 
emissions were hampered by the lack of available 
data on use.

The annual worldwide market for nanomaterials is 
estimated to be around 11 million metric ton. By 
far the largest share of the nanomaterials currently 
on the market is industrial carbon (85 percent 
by weight) and silica (12 percent by weight). 
Nanoscale titanium and nano-silver are believed to 
be the most-used nanomaterials in food and food 
contact materials.127 

As the European Commission’s Scientific Committee 
on Emerging and Newly Identified Health Risks has 
noted, “the increasing use of Ag-NPs [nanosilver] 
in consumer and medical applications implies that 
they will find their way into the environment. The 
activity that makes them desirable as an antimicro-
bial agent could also pose a threat to the microbial 
communities in the environment.”128 

Impacts on aquatic ecosystems
A recent review of toxicological research on nano-
metal oxides silver, copper and zinc oxide reported 
that they are extremely toxic to freshwater aquatic 
organisms including fish and algae, with crusta-
ceans being most affected.129 

Titanium dioxide, one of the most widely used nano-
materials, caused organ pathologies, biochemical 
disturbances and respiratory distress in rainbow 
trout.130 Nano titanium dioxide is also toxic to algae 
and to water fleas, especially after exposure to UV 
light.131,132 

Impacts on soils
According to a U.S. study, emissions to soils 
represent as much as a quarter of nanomaterial 
flows, mostly from the disposal of biosolids onto 
agricultural land.133 This is troubling because 
studies have shown that nanomaterials can poten-
tially harm beneficial soil microorganisms, plants, 
nematodes and earthworms and prevent nitrogen 
fixation.134,135,136 

Another recent U.S. study found that metal and 
metal oxide nanoparticles accumulate in the soils 
to which they are applied, rather than aggregating 
or dissolving, and can be toxic to microorganisms, 
plants, nematodes and earthworms.137 Similar 
adverse effects on earthworms have been observed 
in reaction to other nanoparticles.138 

A recent study by Colman et al. found an adverse 
impact on plants and microorganisms in a long-term 
field experiment following the application of sewage 
biosolids containing a low dose of nano-silver.139 The 
nano-silver treatment led to changes in microbial 
community composition, biomass and extracellular 
enzyme activity, and affected some of the above-
ground plant species, as well. It also led to an 
increase in nitrous oxide (N2O) fluxes — significant 
because nitrous oxide is a notorious greenhouse 
gas, with 296 times the global warming potential of 
carbon dioxide.

Any significant disruption of nitrification, denitrifica-
tion or nitrogen fixing processes could have negative 
impacts for the functioning of entire ecosystems. 
There is also a risk that widespread use of antimi-
crobials will result in greater antibiotic-resistance 
among harmful bacterial populations.140 



28 TINY INGREDIENTS, BIG RISKSFriends of the Earth 

Bioaccumulation of nanomaterials 
A number of studies have shown that plant 
species can take up nanomaterials from soils.141 
This suggests a potential route for nanomaterials 
from sewage waste to return to the food chain. A 
recent report by the European Environment Agency 
concluded that “the extent to which specific nano-
materials are bioaccumulative or lead to irreversible 
impact is largely unknown, but the current state of 
knowledge suggest[s] that the potential exists for 
such behavior under some circumstances.”142 

Risks from pesticides with nanoscale active 
ingredients
The use of pesticides with nanoscale active ingre-
dients may pose particular risks because nanoma-
terials, which are more potent and behave differ-
ently than conventional chemicals, are applied in 
large quantities and over large areas in industrial 
agriculture. 

The term “nanopesticide” covers a wide variety of 
products and cannot be considered to represent a 
single category. Many nanoformulations combine 
several surfactants, polymers and metal nanoparti-
cles in the nanometer size range.143 

Conventional agrochemicals, such as pesticides, 
fertilizers and seed treatments, have already contrib-
uted to soil and water pollution, caused significant 
disturbance of ecosystems and driven a loss of 
biodiversity.144 It is feared that the broad use of 
nano-chemicals will exacerbate existing problems. 

The claim that nano agrochemicals will reduce the 
overall use of pesticides should be approached 
sceptically, given similar unfulfilled promises made 
by many of the same companies in relation to 
genetically modified crops.

Nanotechnology also appears likely to intensify 
existing trends toward ever-larger industrial-scale 
farming operations, and an even more narrow focus 
on producing specialized crops.145,146 This could 

lead to further losses of agricultural and ecological 
diversity. 

The intentional environmental release of 
nano-agrochemicals is of great concern
Nano-formulations of existing agrochemicals may 
be more reactive, more bioactive and may introduce 
even more serious environment and health hazards 
than the conventional agrochemicals they replace. 
The use of nanoscale agrochemicals is of great 
concern given the extremely limited understanding 
we have of how nano herbicides, pesticides, fertil-
izers and plant growth treatments will behave in the 
environment and will affect non-target organisms, 
and the potential for serious eco-nanotoxicological 
hazards indicated by the small number of studies 
that has been carried out to date. It appears we 
are on the verge of repeating many of the mistakes 
associated with our enthusiastic adoption of conven-
tional agrochemicals, whose long-term health and 
environmental costs are borne by farming commu-
nities and ecological systems worldwide. 

Conventional agrochemicals have polluted soils and 
waterways and have caused substantial disruption 
to these ecosystems.147,148,149 Exposure to agrochem-
icals has also been linked with greater incidence of 
cancer and serious reproductive problems among 
agricultural workers and their families.150,151,152 It is 
consequently of great concern that nano-agrochem-
icals are now being used on farms and released into 
the environment in the absence of regulations that 
require product manufacturers to demonstrate the 
safety of new, more potent nanoscale formulations 
of existing chemicals. 

Perhaps ironically, there is a large degree of interest 
in the use of nanomaterials for environmental 
remediation, including cleanup of toxic plumes 
associated with past use of agricultural pesticides.153 
Dozens of sites in the United States, Europe and 
elsewhere have already been injected with tens 
of metric tons of nanoparticles for environmental 
remediation or waste treatment purposes,154 despite 
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no study having being carried out to assess the 
efficacy of these experiments and the safety of these 
nanoparticles for environmentally relevant species.155 

There is little published, peer-reviewed information 
available about the outcomes of these releases; 
they are, however, of serious concern given early 
indications that nanomaterials present a whole new 
range of serious ecological threats.156 The United 
Kingdom’s Royal Society and Royal Academy of 
Engineering have warned that using nanomaterials 
in remediation of toxic plumes could introduce a 
whole new set of environmental pollutants that pose 
even greater ecological hazards. They have called 
for the environmental release of nanoparticles to be 
“avoided as far as possible,” and for their intentional 
release for pollution remediation or other purposes 
to “be prohibited until appropriate research has 
been undertaken and it can be demonstrated that 
the potential benefits outweigh the potential risks.”157 

Nanobiotechnology and synthetic biology 
pose even more uncertain hazards
Next-generation agricultural nanoproducts — crops 
manipulated using nanobiotechnology, for example, 
or synthetic biology organisms developed to assist in 
the production of biofuels — will present even more 
complex ecological hazards than those associated 
with nano-agrochemicals. Genetic engineering is a 
technology that transfers genes from one species 
to another in a way that does not occur naturally. 
As nanoparticles are now being used by biotech-
nologists as a new tool for genetic engineering of 
plants and animals, many of the potential ecological 
hazards associated with nanobiotechnology-manip-
ulated crops mirror those associated with genetically 
engineered organisms. These include the potential 
for use of herbicide-tolerant, insect- or virus-re-
sistant GE crops to result in: increased weediness 
of wild relatives; development of herbicide/insect/
virus resistance among crops; negative impact on 
animal populations through reduced food avail-
ability; development of more virulent and diffi-
cult-to-control viruses; toxicity to non-target species; 

ecosystem-level disruption as a result of any or all of 
these.158 

Despite the rapid commercial expansion of GE 
crops and the failure of the industry to prevent 
widespread genetic contamination of GE-free 
crops,159 the ecosystem-level impacts of genetic 
engineering remain very poorly understood. Batie 
observes that whereas research has demonstrated 
that GE crops can adversely impact lacewings, 
monarch butterflies, ladybugs and soil biota, and 
modelling has predicted a dramatic decline in the 
European skylark if there is widespread adoption 
of GE herbicide-tolerant sugar beets, it could take 
decades of larger-scale ecological monitoring to 
identify the ecosystem impacts of GE crop use.160 
And our capacity to identify GE crop-driven ecolog-
ical change is undermined by the wholly inade-
quate monitoring of environmental effects at field or 
ecosystem scales.161 

In addition to the potential environmental hazards, 
there is also concern that aggressive global 
marketing of a small number of high-tech crops 
will result in further displacement of regional crop 
varieties, and further erosion of agricultural diversity. 
Moreover, herbicide-tolerant and pesticide-exuding 
crops not only entrench our dependence on toxic 
chemicals for farm management, they are also likely 
to reduce on-farm biodiversity, for example among 
beneficial insects and birds. Reliance on crops 
designed to withstand greater applications of agro-
chemicals, or to themselves exude pesticides, takes 
us further from establishing the ecologically safe 
integrated pest management systems that charac-
terize organic and agro-ecological farming models.

The environmental and biosafety risks associated 
with the emerging field of synthetic biology are 
even harder to quantify, let alone control. Synthetic 
biology is an extreme form of genetic engineering, 
in which scientists write entirely new genetic code 
on a computer, “print” it out and then insert it into 
organisms to serve specific functions. Synthetic 
biology organisms are being developed for agricul-
ture, biofuels and energy production, nutraceuticals 
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and food processing, carbon sequestration, envi-
ronmental remediation, medicine, manufacturing 
and military applications, among others.162 Many 
synthetic biology organisms are being developed 
for intentional environmental release. The wide-
scale and worldwide genetic contamination of both 
GE-free crops and GE-free food processing163 high-
light the difficulties of preventing contamination in 
an industry that involves self-replicating organisms 
and millions of people. It suggests that we will fail in 
attempts to contain synthetic biology organisms. 

If released into the environment intentionally or 
accidentally, synthetic biology organisms could 
present a range of serious ecological hazards. These 
include the potential for disruption, displacement or 
infection of other species; alteration of the environ-
ment in which they were introduced, to the extent 
that ecosystem function is compromised; and estab-
lishment within a system such that they become 
impossible to eliminate.164 Many synthetic biologists 
working with fairly simple genetic circuits report 
rapid mutation of the circuits as a key challenge 
to their work. The potential for synthetic biology 
organisms released into the environment to mutate 
in unpredictable ways is of great concern. For 
example, the worst-case scenario of an accidental 
introduction into the environment of a synthetic 
biology organism designed to turn corn waste into 
ethanol could be catastrophic. 

Nanotechnology in agriculture and food 
production has broader environmental costs
Perhaps the most insidious environmental impact 
associated with the expansion of nanotechnology 
in agriculture is its entrenching our reliance on the 
dominant chemical-intensive industrial agricul-
tural model. Nanotechnology will intensify the key 
characteristics of this agricultural model, including 
trends toward ever-larger farming operations, an 
even narrower focus on producing specialized 
crops, further loss of agricultural and ecological 
diversity, an even greater dependence on chemical 

inputs and an even more atomized approach to 
farm management. The net result will be that 
we move further from real farming, where a key 
emphasis is maintaining and enhancing agricul-
tural and ecological diversity, and an agricultural 
alternative which has been demonstrated to deliver 
a range of other environmental benefits, including 
reduced use of water and fossil fuel energy, higher 
soil organic matter and nitrogen, and reduced soil 
erosion. Moreover, 60 international experts at the 
United Nations agree that “the world currently 
already produces sufficient calories per head to feed 
a global population of 12 to 14 billion.”165 The UN’s 
research confirms that “hunger and malnutrition are 
not phenomena of insufficient physical supply, but 
results of prevailing poverty, and above all problems 
of access to food.”166 According to a 2013 report by 
the Institute for Agriculture and Trade Policy, “there 
is no informed, broad-based constituency to support 
regulating ENMs [engineered nanomaterials] in 
fertilizers and biosolids to protect soil health and soil 
biodiversity.”167 

The expansion of nanotechnology in food 
processing and packaging will also result in a higher 
ecological footprint as food travels farther and is 
even more highly processed, requiring ever greater 
energy inputs. The United States agri-food system 
already uses more than 10,551 quadrillion Joules of 
energy each year, as much as France’s total annual 
energy consumption. Agriculture — growing food — 
accounts for only 20 percent of this; 80 percent of 
the energy is used to move, process, package, sell 
and store food after it leaves the farm.168 Incredibly, 
processing breakfast cereals requires 3,232 kilo-
calories per kilogram — five times the energy 
contained in the cereal itself.169 Nano foods will be 
even more highly processed than today, requiring 
even greater energy inputs to produce. Similarly, 
nano food packaging, which has a primary goal of 
extending the shelf life of packaged food, will inev-
itably encourage manufacturers to transport food 
over even greater distances, resulting in an increase 
in food transport-related greenhouse gas emissions. 
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5. NANOFOOD  
REGULATORY GAPS MUST  
BE URGENTLY ADDRESSED 
While the U.S. FDA is charged with ensuring “the 
safety and security of our nation’s food supply,” at this 
time the agency has merely offered nonbinding guid-
ance to industry on the use of nanomaterials in food. 
However, the agency’s 2012 draft guidance on the 
use of nanomaterials in food warns about the different 
properties of nanomaterials compared to ingredients 
used in traditional manufactured food substances. 
Nevertheless, lack of established regulations allow 
nanofood products to remain on the market while the 
public takes up potential health risks. 

A growing number of civil society organizations 
worldwide have called for precautionary manage-
ment of nanotechnology. This has included 
the release of “Principles for the Oversight of 
Nanotechnologies and Nanomaterials,”170 endorsed 
by more than 70 groups from six continents.171 
Additionally, the President’s Council of Advisors on 
Science and Technology, in its 2013 assessment of 
the National Nanotechnology Initiative, expressed 
concerns about “a lack of integration between 
nanotechnology-related [environmental health and 
safety] research funded through the NNI and the 
kind of information policymakers need to effectively 
manage potential risks from nanoparticles.”172 

Because of health concerns, bans on nanoparticles 
in food have been enacted by the largest organic 
certifiers in several countries, including the UK’s 
Soil Association,173 Biological Farmers of Australia174 
and the Canada General Standards Board.175 

The U.S. Environmental Protection Agency has 
legal powers to compel nano agrochemicals 

manufacturers to provide toxicity data and to 
demonstrate product safety — that is, to place the 
burden of proof on the manufacturers.176 Producers 
of pesticide products must submit scientific and 
technical data for EPA review; however, according 
to a U.S. General Accountability Office report, “EPA 
estimated that companies provided information on 
only about 10 percent of the nanomaterials that 
are likely to be commercially available.177 EPA also 
reported that in its review of data submitted through 
its data collection program there were instances in 
which the details of the manufacturing, processing, 
and use of the nanomaterials, as well as exposure 
and toxicity data, were not provided.”178 

Moreover, the extent to which nanomaterials are 
used along the food chain continues to be shrouded 
in mystery because of the lack of publicly accessible 
product registries or product labels made manda-
tory by our regulators, leaving consumers, workers, 
other companies along the supply chain and even 
regulators in the dark.

A growing number of 
civil society organizations 

worldwide have called 
for precautionary 
management of 
nanotechnology.
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6. URGENTLY NEEDED 
RESEARCH
Scientists currently lack the information and tools 
necessary to do basic risk assessments for most 
nanomaterials. The European Food Safety Authority 
has admitted that risk assessments for nano-prod-
ucts in food and feed will inevitably have significant 
uncertainties, because testing methods and data on 
risk and exposure are missing.179 

In relation to food, there are significant gaps in our 
knowledge, including information on: 

• The extent to which nanomaterials from pack-
aging, surfaces and coatings migrate into foods.

• Where nanomaterials are distributed in the human 
body following ingestion.

• The long-term chronic effects of ingesting 
nanomaterials, including impacts on sensitive 
populations.

• How nanomaterials interact with the human body 
and in the environment.180 

• How, where and in what quantities nanomaterials 
enter the environment.181 

• Once nanomaterials are released, how durable 
they are and the extent to which they are trans-
formed in the environment.182,183 

• The fate, behavior and ecotoxicity of nanomate-
rials throughout their life cycle. How to charac-
terize, track and detect nanomaterials in complex 
environments.184 

In 2012, the U.S. National Research Council set 
out an environment, health and safety research 
strategy for beginning to deal with the gigantic 
gaps in knowledge surrounding the environmental 
and human health impacts of nanomaterials. That 

research strategy became part of the National 
Nanotechnology Initiative in the U.S. in what was 
supposed to be an integrated, collaborative effort by 
many departments to ensure that the development 
of nanotechnology industries was done well.

A year later, the NRC report, “Research Progress 
on EHS Aspects of Engineered Nanomaterials,”185 
analyzed progress to date. Of the 20 indicators NRC 
used to assess progress, there has been little or 
no progress in 19. The report noted that “despite 
increasing budgets for nanotechnology-EHS 
research and a growing number of publications, 
regulators, decision makers and consumers still lack 
the information needed to make informed public 
health and environmental policy and regulatory 
decisions.”186 

These are not simply arcane research priorities; they 
are the basic research and knowledge needed to 
understand, identify, assess, control and remediate 
potential impacts. It is the kind of knowledge that is 
necessary if we are going to have coherent regula-
tion ensures nanoproducts that are not safe are not 
released, and that if unpredicted impacts occur we 
have the tools to deal with them.
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7. RECOMMENDATIONS
Given the potentially serious health and environ-
mental risks and social implications associated with 
nanofoods, Friends of the Earth is calling for:

A moratorium on the further commercial release of 
food products, food packaging, food contact mate-
rials and agrochemicals that contain manufac-
tured nanomaterials until nanotechnology-specific 
safety and labeling laws are established and the 
public is involved in decision making. 

What government must do:

Nanomaterials must be regulated as new 
substances.

• All manufactured nanomaterials must be subject 
to safety assessments as new substances, even 
where the properties of their larger-scale counter-
parts are well known.

• All deliberately manufactured nanomaterials must 
be subject to rigorous nano-specific health and 
environmental impact assessments and demon-
strated to be safe prior to approval for commercial 
use in foods, food packaging, food contact mate-
rials or agricultural applications.

• Assessments must be based on the precautionary 
principle and the onus must be on manufacturers 
to comprehensively demonstrate the safety of their 
product. No data, no market.

• Safety assessments must be based on the nano 
content of products, not marketing claims.

• Safety assessments must include the product’s 
entire life cycle.

The size-based definition of nanomaterials must 
be extended.

• All particles up to 1,000nm in size must be 
considered to be “nanomaterials” for the 

purposes of health and environment assessments, 
given the early evidence that they may pose 
health risks similar to particles less than 100nm in 
size that have to date been defined as “nano.” 

Transparency in safety assessment and product 
labeling is essential.

• All relevant data related to safety assessments and 
the methodologies used to obtain them must be 
placed in the public domain.

• All manufactured nano-ingredients must be 
clearly indicated on product labels to allow 
members of the public to make an informed 
choice about product use. 

• The presence of nanomaterials must be disclosed 
to workers and other downstream users along the 
supply chain. 

Nanomaterials  
must be  

regulated as 
new substances.
Transparency in 

safety assessment 
and product

labeling is essential.
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Public involvement in decision making is required.

• The public, including all affected stakeholder 
groups, must be involved in all aspects of deci-
sion making regarding nanotechnology in food 
and agriculture. This includes the development 
of regulatory regimes and labeling systems, and 
prioritization of public funding for food and agri-
cultural research. People’s right to avoid nano-
foods must be recognized explicitly. 

Support for sustainable food and farming is 
needed.

• The assessment of food and agricultural 
nanotechnology, in the context of wider societal 
needs for sustainable food and farming, must 
be incorporated into relevant decision-making 
processes.

What industry must do:
Food producers and retailers must respect people’s 
right to healthy foods in which all ingredients have 
been proven safe. Food producers and retailers 
must stop selling nanofood, nanofood packaging, 
nanofood contact materials and nano-agrochemi-
cals until:

• The public is involved in decision making.

• Nanotechnology-specific regulations are put in 
place to protect the public, workers and the envi-
ronment from potential new hazards associated 
with nano-toxicity.

• All manufactured nano-ingredients are clearly 
indicated on product labels to allow members 
of the public to make an informed choice about 
product use. 

• The presence of nanomaterials are disclosed to 
workers and other downstream users along the 
supply chain.

• Manufacturers work with regulators to ensure that 
their products have undergone appropriate safety 
testing, and provide the relevant data regarding 

the health and environmental safety of their 
product. No data, no market.

• All relevant data related to safety assessments, 
and the methodologies used to obtain them, are to 
be placed in the public domain.

• All food and agricultural products that include 
manufactured nanomaterials are clearly labeled to 
allow members of the public, workers and farmers 
to make an informed choice.

What concerned individuals and  
organizations can do:
Until we can move our government and companies 
to manage nanotechnology in a responsible and 
transparent manner, there are steps we can take to 
protect our health and the environment.

Avoiding nanofoods and supporting a sustainable, 
just food system:

• Avoid eating highly processed foods and eat more 
fresh food instead. Processed foods not only have 
higher environmental costs of production and 
lower nutritional value, they are also a big source 
of incidentally produced nanoparticles in foods.

• Avoid highly packaged foods — packaging is 
energy intensive and produces lots of waste and is 
often unnecessary. Let your local food outlets and 
the manufacturers of your favourite foods know 
that you want to see less food packaging. 

• Choose food that is healthy for you and the 
environment, and that pays a fair wage to food 
producers. There are many simple steps we can 
all take to make food choices that are good for 
our health, good for the environment, and that 
support fair conditions for farmers. 

• Make environmentally friendly food and farming 
choices — look out for the organic label at your 
supermarket or store.

• Support local food producers and small-scale 
retailers and buy directly from local farmers, 
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butchers and bakers. You could even consider 
joining a food co-operative or bulk-buying 
scheme.

• Support the right of communities to control local 
food trade, including deciding how food is grown, 
who can sell it and what can be imported. 

Hold government and industry to account over 
nanofoods:

• Write to your local representatives and members 
of local, state and federal government, requesting 
their support for a moratorium on the use of 
all nanotechnology in the food sector. Demand 
that governments regulate and label food, food 
packaging and agricultural products that contain 
manufactured nanomaterials before allowing any 
further commercial sales. 

• Ensure that food and agricultural manufacturers 
take seriously public concerns about nanofoods. 
Contact the manufacturers of foods you eat often 
and ask them about what steps they are taking to 
keep unsafe, untested nanomaterials out of the 
food they sell. 

• Insist that governments and industry take seri-
ously the risks of occupational exposure to nano-
materials for food and agricultural workers. If you 
are concerned about nano-exposure in your work 
place, talk with your colleagues or your union 
representative about opportunities for collective 
action to secure a safe workplace.

• Contact civil society organizations you think may 
be interested in taking action to ensure precau-
tionary management of the use of nanotechnology 
in food and agriculture applications. Find out 
what environment, public health, farmers and 
civil liberties organizations in your neighborhood 
are doing to work toward alternative food systems 
that deliver positive environmental and social 
outcomes.

Visit our website to learn more about nanotech-
nology or to support our work for safe food, and a 
just, resilient and sustainable food system.

Friends of the Earth-United States 
http://www.foe.org/projects/food-and-technology/
nanotechnology
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