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Next Steps Towards Feeding the World

Abstract

Everyone eats, so it is no surprise that food-related trade laws exist at the national, international, and
regional levels worldwide. Nanotechnology has transformed traditional food systems—from crop cul-
tivation and harvesting to storage, transport, marketing, drug delivery via food, and waste prevention—
since the early 2000s. These combined changes enable humanity to provide clean, safe, and affordable
food for everyone. But first, is it safe? The European Food Safety Authority (EFSA) uses strong scien-
tific methods to create a framework for monitoring nanostructures in food from “Field to fork.” Unfor-
tunately, nanoscale titanium dioxide (nano TiO») is deemed safe by one law but may be banned as a
gametotoxin under another, creating crossroads for international trade of nanomaterials in food.
Merging law and science to resolve these conflicting regulations has important implications for global
trade, the food industry, and human health. This article offers a broad view of the legal landscape
surrounding nanomaterials in food, leaving some questions for further consideration. In conclusion, the
time is right to harmonize regulatory approaches.
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Rationale, Purpose, and Limita- for human consumption. For the EU, concern
about nanomaterials in food has been a regula-

tlohs' o o tory issue for nearly a decade. In the USA, few
This research is driven by the rising commer- researchers have focused on the use of nano-
cial interest in producing components for pro- materials, which are generally exempt from

cessed foods and shipping fresh foods globally
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federal Food and Drug laws under the assump-
tion that small quantities at the nanoscale are
unlikely to cause harm. Because such materials
are regulated in Europe and banned in some EU
nations, this inconsistency creates a conflict of
laws and risks undermining both health and in-
ternational trade.

The purpose of this study is to identify the
main areas of legal consensus and conflict, to
highlight the unmet need for harmonization
across food laws. This paper aims to foster a
new dialogue to find a middle ground that both
safeguards public health and supports global
food trade and distribution.

Discussions in this paper are limited to law
and policy, without exploring the detailed dif-
ferences between nanomaterials and their vari-
ous applications in other areas of law. Since
everyone eats and every nation regulates food,
this knowledge is valuable beyond just tradi-
tional bench science or regulatory circles. The
article does not seek to create a new legal
framework but aims to be a valuable tool for ad-
vancing a critical discussion that needs to take
place across all countries in the food supply
chain.

Introduction: What is happening in

nanotechnology regarding food?

Consistent with the legislative agenda set
forth in 1999, nanotechnology has revolution-
ized how science views physical properties of
matter and thus has revolutionized commerce
by offering new products and ways to package
and transport those products that seemed like
science fiction a century before [1]. Nanotech-
nology has been applied to food since the early
21st century, with attendant implications for
food quality, quantity, food as a conduit for
drug delivery, and distribution [2]. Trillions of
dollars have been spent on research and devel-
opment funding for the application of nanotech-
nology in global commerce, including crops
and pesticides, better storage and longer shelf
life for food, and food as a drug delivery mech-
anism [3]. Food touches every human and every
other species in the world throughout daily life.
Food is therefore the subject of extensive regu-
lation nationally, internationally, across trade
agreements, and under some religious law, too

[4].
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Fortunately, the timing is ripe to harmonize
EFSA's and the US GRAS list's positions under
the US FDA. Recent developments in tandem
on both sides of the Atlantic offer hope that
these differences can provide the recipe for
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meaningful harmonization of food law, with an
inevitable positive impact worldwide. Signifi-
cantly, recent governmental initiatives by the
European Food Safety Authority (EFSA) [5]
and the USA White House report Making
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America Healthy Again (MAHA) [6] have both
drawn attention to the problem that remarkably
little is understood about the long-term risks of
these changes to the food supply:

(1) cumulative effects of nano-enabled stor-
age, transport, and distribution of food that rely
on nanomaterials (such as nanosilver as an an-
tibacterial in refrigeration);

(2) potential impacts of chemicals at the na-
noscale that increase shelf life and reduce the
risk of food loss;

(3) possible migration of nanomaterials such
as carbon nanotubes in packaging, and nanobi-
osensors that bring nanoplastics into question.

This new approach by the EU, EFSA, and the
US government may herald a new era in global
health diplomacy, expressing shared values
about the role of nanomaterials in food.

First, EFSA has the courage and wisdom to
address the key challenges and marvelous
promises of nanotechnology applied to food
[7], with a view to modifying its guidance so
that the key terms of its rules are workable and
accessible to the food industry. EFSA's recent
request for stakeholder comments in February
2025 represents an important recognition of the
legal scholarship that praised this pioneering
regulatory work while noting that EFSA rules
and guidance may lose their value and become
potentially unenforceable if they cannot be rec-
onciled with existing, although inadequate, par-
allel laws by the USA as a major trade partner.
Second, the newly confirmed Secretary of
Health and Human Services has pledged to
scrutinize for the first time in decades the valid-
ity of an exemption for nanoscale materials by
operation of law under the GRAS list published
by the USA FDA. Reportedly, the Secretary of
the US Senate at his confirmation hearings
stated that GRAS substances are “ innocent un-
til proven guilty” and represent an unquantified
and under-reported dangerous threat to public
health [8]. This new approach by the USA gov-
ernment heralds a new era for global health di-
plomacy to express shared values about the role
of nanomaterials in food. The implications for
rethinking the role of nanomaterials in food are
therefore profound. No surprise, the new Sec-
retary of Health and Human Services has
pledged to scrutinize the validity of the GRAS
list published by the USA FDA for the first time
in decades [9]. Although previously evading the
attention of regulators in the USA, migration of
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nanoparticles and the so-called “fate” of bio-
nano interactions are a hot scientific contro-
versy and may therefore enable USA rules to
align with EFSA [10]. This article describes
how these impactful nano-enabled applications
and these transatlantic developments hold great
promise for protecting global health while reap-
ing the benefits of nanomaterials used in food.

Discussion: Using the benefits of
nanotechnology for food, while min-
imizing the risk of harm: a compari-
son of the US FDA and the EU EFSA

Nanotechnology holds important implications
for food quality, quantity, and distribution that
represent an important admixture of traditional
values in food law with emerging agreements
governing international trade [11]. As dis-
cussed at Nanotexnology 2023, “Law and Eth-
ics of Nanotechnology Safety and Health in
Food” [12], emerging science and existing laws
hold great promise if synthesized with fore-
thought. For example, the European Food
Safety Authority (EFSA) has done an outstand-
ing job of setting the path analysis for tracking
oversight of nanostructures in food from “Field
to fork™ [13]. EFSA analysis represents the syn-
thesis of robust science. But nanoscale titanium
dioxide (TiO») is recognized as safe under one
body of law while subject to calls for its ban as
a gametoxin in the other. The law and science
required to resolve the conflict of laws that
drives this dramatic tension between the two
polar opposite approaches to food regulation
under well-established laws has important im-
plications for international trade, commerciali-
zation of food, and impacts of food consump-
tion that may promote or harm human health.
The EU and the USA remain the world's largest
trade partners. Thus, the division in their pre-
sent analytical paths represents a fork in the
road for international commerce when examin-
ing several nanomaterials used in food. The EU
and the USA currently hold two polar-opposite
approaches to food regulation under well-estab-
lished laws, which have important implications
for international trade, the commercialization
of food, and human health. The classic example
of conflicting laws resulting from two very dif-
ferent approaches to risk, therefore, presents an
opportunity to discuss the role of nanomaterials
in food and to bridge differing approaches to
food regulation. Although an EU determination
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may not be binding under US law, international
trade obligations militate in favor of examining
the strongly worded EU law designed to protect
the lives and well-being of hundreds of millions
of people.

EFSA and EU Parliamentary concerns about
TiO; in food, therefore, transcend geographic
borders that would otherwise limit EU jurisdic-
tion, thereby impacting food law in the USA.
Conflicts of law arising from the widespread
use of nanoscale titanium dioxide (TiO>) as an
emulsifying agent, a whitener, and to enhance
the attractiveness of food provide but one vi-
brant example of problems arising from these
parallel systems. Experts at EFSA, who were
appointed to respond to requests for infor-
mation from the European Commission, have
determined that nanoscale TiO; is potentially
genotoxic and therefore not recognized as safe
under EU law. France was the first country to
ban TiO; in food in 2020. In May 2021, EFSA
published an opinion that TiO; can no longer be
considered safe when used as a food additive.
Then, TiO, was banned as a food additive for
use only as a color in medicinal products across
the EU, according to Annexes II and III. Subse-
quently, the Court of Justice of the European
Union annulled part of EFSA's activities to ban
TiO; based on the agency’s determination of
carcinogenicity. The November 2022 ruling
does not apply to food. Still, the US Food and
Drug Administration (FDA) has remained si-
lent about nanostructures in food, having deter-
mined decades ago that less than one percent of
TiO; in food by volume is “Generally Recog-
nized as Safe” (“GRAS”) and does not require
regulatory oversight.

Significantly, recent governmental initiatives
by the European Food Safety Authority (EFSA)
and the US White House report, Making Amer-
ica Healthy Again (MAHA), have both sug-
gested that their approaches to nanomaterials in
food may change. When nominating Secretary
Kennedy, President Trump posted on the web:
"Our broken healthcare system harms everyday
Americans and crushes our country's budget.
He will also cut waste and fraud within our
country's most expensive government agency,
which is a third of our nation's healthcare spend
and a quarter of our entire national budget
[14]." According to the Make America Healthy
Again Commission report from the White
House, "the greatest step the United States can
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take to reverse childhood chronic disease is to
put whole foods produced by American farmers
and ranchers at the center of healthcare [15]."

US FDA: Titanium Dioxide Color Additive
Provisions Under the GRAS List: A Little Bit
Can't Hurt You

In the USA, FDA regulations allow TiO; to be
used as a safe color additive without consider-
ing its nanoscale properties, as it is used in eve-
ryday consumer products. The genesis of the
FDA [16] statute was a public health need for a
law to ensure the purity of product labelling and
the quality of food sold, dating back to the early
20th century. The Congressional intent was in
reaction to an uncontrolled market that harmed
millions of people [17]. FDA empowerment has
withstood the test of time with remarkable pub-
lic support. Prior to the FDA’s creation by Con-
gress, products were either mislabeled as food
or sold even when unsafe to eat. There is no
statutory test, however, for what substances
constitute food. Any product that enters the
U.S. market and is considered food or a food
additive (such as vitamins, herbal cures, and di-
etary supplements) is considered food under
FDA law and therefore automatically subject to
FDA regulation, without any premarket review.

FDA Act Section 201(f) defines "food": 'The
term 'food' means (1) articles used for food or
drink for man or other animals, (2) chewing
gum, and (3) articles used for components of
any such article [18]."

But, there is more, because the FDA’s re-
markably broad jurisdiction includes, “FDA-
regulated products account for about 20 cents
of every dollar spent by U.S. consumers. The
FDA regulates about 78 percent of the U.S.
food supply. This includes everything we eat
except for meat, poultry, and some egg prod-
ucts,” and purportedly is worth up to 20% of US
GDP.

In 1960, Congress enacted Color Additive
Amendments to define the term “color addi-
tive” Section 201(t) of the Food, Drug and Cos-
metic Act (FD&C); Establish a listing and cer-
tification process for color additives (sections
7217 (b) - (e) of the FD&C Act); subsequent
Congressional amendments expanded to em-
brace food adulteration [19]. Those provisions
reflected hard-won victories of lobbyists who
maintained that it was not possible to control
every molecule in food and that some stray ma-
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terials are inconsequential. Those materials, ac-
cording to the law, are not “adulteration” be-
cause they are “Generally Recognized as Safe”.
Hence, the infamous “GRAS List” was born.
Titanium Dioxide is on the GRAS list, be-
cause “Certification of this color additive is not
necessary for the protection of the public health
and therefore batches thereof are exempt from
the certification requirements of section 721(c)
of the act.” Subpart A — Foods (a) Identity. (1)
The color additive titanium dioxide is syntheti-
cally prepared TiO,, free from admixture with
other substances. (c) Uses and restrictions. The
color additive titanium dioxide may be safely
used for coloring foods generally, subject to the
following restrictions: (1) The quantity of tita-
nium dioxide does not exceed 1 percent by
weight of the food [20] “ (emphasis added).
Under 21 CFR 70.3(i), safe means that there
is convincing evidence that establishes with
reasonable certainty that no harm will result
from the intended use of the color additive. Un-
der this construct, nothing in FDA regulations
suggests that TiO, poses any risk or danger.
Consequently, FDA allows use of nanoscale
materials without offering a justification that
one could use to persuade EFSA or similar reg-
ulatory authorities in other continents to disre-
gard the issues about TiO,, even though food
adulteration provisions of the FDA statute gov-
erning color additives allow the agency to deem
adulterated any food that is, or bears or con-
tains, any color additive that is unsafe within
the meaning of section 721 of the Food Drug
&Cosmetic Act, section 402(c) of the FD&C
Act) [21]. On the surface, this regulatory
threshold is less protective of public health than
the EFSA operationalization of precautionary
principles. Still, there is no known threshold for
TiO; that justifies FDA action. FDA has not
stated a clear regulatory agenda nor a definition
of nanotechnology and nano-enabled products
that fall under its purview, ranging from mas-
cara, lipstick, and whipped cream to high-tech
Covid-19 vaccines, cancer-targeting drugs, and
regenerative tissue medical devices. Therefore,
nothing in FDA regulations would provide a
clue to a consumer who may be unaware of na-
noscience about the debate that rages in the
courts regarding TiO,. Nor would there be any
notice from the agency to industry, making
commercial food manufacturers aware of any
potential dangers concerning nanomaterials in
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food, even though those dangers have been
studied by EFSA abroad.

Consistent with FDA approval law, the names
of the materials involved have not changed,
such as whipped cream, donut fillings, com-
mercial cake batter, shaving cream, skin care
products and cosmetics, and a variety of food
fillings. Nor has their composition been altered,
so there is no question of misleading labelling
or branding. But the function of the substance
has changed dramatically. This process-ori-
ented function and characterization must be ex-
amined carefully by the FDA within a new
framework, appropriate for the nanoscale con-
text. Thus, there is an implicit, and perhaps un-
intended, exemption for the FDA laws for na-
noscale TiO, that parallel administrations
abroad find unacceptable regarding risks to hu-
man health. A fair reading of FDA regulations
could give rise to the conclusion that if one per-
cent in food is safe, then surely a fraction
smaller than one billionth of the same substance
must also be safe. But the inherent benefits of
nanotechnology, enabling materials to become
stronger and more potent at the smaller na-
noscale, render that logical conclusion untrue.

EU EFSA: The Ban That Is Not A “Ban”

EFSA has done an outstanding job of setting
the path analysis for tracking oversight of
nanostructures in food from "Field to fork.”
EFSA also relies on the European Union di-
rective on precautionary principles [22] and
therefore emphasizes precautionary regulation
and control to a much greater extent than the
collective USA agencies. EFSA views the use
of nanostructures as a significant promise for
improving public health, but one fraught with
risks. EFSA therefore has created a method for
outlining the scope of restrictions on particular
nanostructures on a case-by-case basis, using
detailed stepwise analysis in its definitions of
regulated nanomaterials published in the offi-
cial EFSA journal in 2018 [23]. EFSA’s rules
address the need for precaution to prevent mi-
gration of nanomaterials that may influence hu-
man health in the long term, and therefore also
regulate “contact transmission” of nanomateri-
als, to limit the presence of non-food nanostruc-
tures in food. Nanosilver in refrigeration is used
because of its potent ability to kill microorgan-
isms [24]. Also requiring further scrutiny is the
role of carbon nanotubes used in transport and
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packaging, with unclear data regarding poten-
tial migration into food or their role in nano-
plastic retention in the body [25]. According to
the Director of EFSA, the mantra remains, “Is
it food? First, is it safe? If it is not safe, it is not
food.” Therefore, the EFSA approach is the tac-
tical reverse of the FDA [26]. In the USA, fed-
eral law extends jurisdiction to any substance
that purports to be food, but does not require
discussion of quality, whereas the EU approach
requires premarket proof that products are safe.

EFSA analysis represents the synthesis of ro-
bust science. Applying EFSA’s “Field to Fork”
regulatory framework addresses nanostructures
in food, soil, transport, packaging, and na-
nopesticides that may involve use or consumer
exposure to TiO,. EFSA has the courage and
wisdom to address the key challenges and mar-
velous promises of nanotechnology applied to
food. TiO» is widely regarded as toxic, even in
its bulk form, and is classified as a carcinogen
by the European Chemicals Agency (ECHA)
[27]. Ironically, in the bulk form, TiO, is sub-
ject to extensive regulation in the USA and
abroad [28]. Therefore, the amount of TiO, that
is used is the actual linchpin of the safe use des-
ignation, not an inherently harmless feature of
the substance itself. In sharp contrast to the
USA law that allows a small amount of a mate-
rial not otherwise considered to be safe, EFSA
has concluded, “Overall, based on all currently
available evidence along with all the uncertain-
ties, in particular the fact that genotoxicity con-
cern could not be ruled out, the Panel concluded
that "E 171 can no longer be considered as safe
when used as a food additive.” (emphasis
added) [29]. Experts at the European Food
Safety Authority (EFSA) recommend banning
nanoscale TiO: in foods. Several nations follow
EFSA’s lead. Therefore, TiO; in various prod-
ucts readily available in commerce, ranging
from food and cosmetics to housing, challenges
pre-existing methods for regulating and manag-
ing risk because it is presently unknown which
pathways are essential in shaping the impact of
exposure, depending on the source or the cumu-
lative experience of exposure.

Interestingly, EFSA does not have the power
to declare a ban and cannot enforce guidance
that nations have not accepted as binding. Fol-
lowing a proposal from France, ECHA’s Com-
mittee for Risk Assessment (‘the RAC’)
adopted an opinion classifying titanium dioxide
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as a category two carcinogen, including the haz-
ard statement ‘H 351 (inhalation)’ [30]. Based
on the RAC Opinion, the European Commis-
sion adopted Regulation 2020/217, 2 setting
forth a Pan-European harmonized classification
and labelling of titanium dioxide, “recognizing
that the substance was suspected of being car-
cinogenic to humans, by inhalation, in powder
form containing 1% or more of particles of a di-
ameter equal to or below 10 pm. The EFSA ex-
pert Panel concluded that although gastrointes-
tinal absorption of TiO; particles is low, they
may accumulate in the body* [31]. EFSA ‘s of-
ficial report to the European Commission by
members of the EFSA expert panel stated:
“Several modes of action for the genotoxicity
may operate in parallel, and the relative contri-
butions of different molecular mechanisms elic-
ited by TiO; particles are not known. There was
uncertainty as to whether a threshold mode of
action could be assumed. In addition, a cut-off
value for TiO» particle size with respect to gen-
otoxicity could not be identified [32].”

According to FAQs on the EFSA website, af-
ter reviewing all relevant available scientific
evidence, EFSA concluded that a concern re-
garding the genotoxicity of TiO; particles (in
the food additive E171) cannot be ruled out.
Based on this concern, EFSA’s experts no
longer consider titanium dioxide safe as a food
additive because they could not establish an Ac-
ceptable Daily Intake (ADI) for E171. ” Start-
ing with a six-month phasing out period as of
February 7, 2022, until August 7, 2022, after
which a full ban applies [33]. Following the
publication of Commission Regulation (EU)
2022/63 in the EU’s Official Journal (OJ) on
January 18, 2022, Annex II and III to Regula-
tion (EC) No 1333/2008 on food additives were
amended [34].

Globalization of food commerce is far too
multi-layered and complex to enable manufac-
turers and vendors to exclude products based on
the presence of TiO- and the regulations at their
destination, even though there is extensive
niche marketing in food. This renders the clear
conclusions from EFSA problematic to apply or
enforce. For this reason, EFSA’s recent request
for stakeholder comments in February 2025
represents an important recognition of the legal
scholarship that praised this pioneering regula-
tory work. This shift in emphasis from expertise
to politics reflects a new understanding that
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EFSA rules that rely on robust science as guid-
ance may become unenforceable if not recon-
ciled with existing practical realities, such as
U.S. law.

RECOMMENDATIONS: LAW AND POLICY
RAMIFICATIONS OF NANOTECHNOLOGY
FOR FOOD DISTRIBUTION CHAINS

Nanotechnology in food under the law repre-
sents one transformative agent addressing per-
ennial global health legal issues related to food.
Nanostructures in food pose challenges about
unquantifiable risk that have been gnawing at
the larger concerns for risk governance and
management for years: not only is the amount
too small to study in advance or measure after
use, but unlimited sources of exposure to nano-
materials complicate any effort to chart a path
for characterizing exposure or analyzing nano-
material effects [35]. Cumulative doses are dif-
ficult to estimate because nanomaterials are
ubiquitous in commerce, yet, as demonstrated
by the USA GRAS list, they may also be unde-
tected because there is no regulatory reporting
requirement for their use.

Equally important, although equally ignored,
is the role of addressing the costs of unquanti-
fied risk and potential liability from unforesee-
able potential harms inherent in the use of any
new process, weighed against the remarkable
benefits that nanoscience holds, such as the
ability to feed the whole world using less food
than before [36]. Potential harm from the na-
noscale use and application of nanomaterials,
therefore, requires a new paradigm for risk gov-
ernance to address untraceable cumulative ef-
fects. Regulatory challenges posed by
nanostructures in food and by nanomaterials for
food transportation and storage, as well as by
the new foods that are nano-enabled, do not
change the essential character of food in com-
merce, making these regulatory issues of risk
governance vital worldwide.

Recommendations:

1. Need to educate the general public and po-
licy-makers in order to have meaningful dis-
course about nanostructures in food from field
to fork

There is a need to educate the general public
about the relevant laws governing nanotechnol-
ogies applied to food in the USA and abroad,
and to provide risk communication to directly
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impacted and secondary, passive-exposed pop-
ulations.

2. Create a Transatlantic Commission

Study data, offer policy conclusions about na-
nomaterials in food across the field to form a
paradigm and to draft a roadmap for harmoni-
zation.

Although many global efforts for harmoniza-
tion exist, there is no clear indication of which
harmonized body of nanoregulations will be-
come the most important. Meanwhile, well-in-
tentioned researchers in academia, govern-
ments, and private industry are nonetheless fill-
ing the regulatory void with scientific guidance
and developing guidelines to create a risk-test-
ing framework. Concerning the substantive
steps for risk management, employing best
practices, exposure assessment, and risk com-
munication tools provides the best way to avoid
liability and foreseeable harm, as well as to an-
ticipate problems that cannot be predicted at the
time of writing. The multitude of nanoregula-
tions and laws that lack a clear hierarchy for pri-
oritization poses an immediate obstacle to
sound international commerce because follow-
ing one law does not guarantee that a conflict-
ing law has also been obeyed. A pressing need
for clear mechanisms to promote the swift har-
monization of conflicting nanotechnology laws
becomes paramount to resolve legal conflicts.
Legal analysis of these regulations within the
broader legal framework can also offer signifi-
cant policy benefits by highlighting gaps where
new laws might be needed, as well as identify-
ing redundant or unnecessary provisions for re-
moval. Oversight by a commission composed
of both experts and novices offers a diverse
range of perspectives for open discussion of
technical issues, ensuring that regulators have
clarity about rapidly evolving standards such as
the Integrated Approaches to Testing and As-
sessment (IATA).

Next Steps for Regulation:

Potential harm from nanoscale nanomaterials
requires an enduring new paradigm for risk
governance regarding untraceable cumulative
effects: not only is the amount too small to
study in advance or measure after use, but un-
limited sources of exposure to nanomaterials
complicate any effort to chart a path for charac-
terizing exposure or analyzing nanomaterial ef-
fects. Significantly, recent governmental initia-
tives by the European Food Safety Authority
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(EFSA) and the USA White House report Mak- or spoiled before reaching the market. How-

ing America Healthy Again (MAHA) have ever, trade-offs have not been examined, such
both drawn attention to the problem that re- as the potential migration of carbon nanotubes
markably little is understood about the long- into food and the environmental impact of inde-
term risks of these changes to the food supply: structible packaging on the long-term ecosys-

(1) cumulative effects of nano-enabled stor- tem. These questions need to be raised and care-
age, transport, and distribution of food that rely fully considered against the benefits of using
on nanomaterials (such as nanosilver as an an- carbon nanotube packaging to help provide
tibacterial in refrigeration) food for all around the world.

(2) potential impacts of chemicals at the na- The cumulative impact of nanosilver antibac-
noscale that increase shelf life and reduce the terials across the human life cycle

risk of food loss;
(3) possible migration of nanomaterials such
as carbon nanotubes in packaging, and nanobi-

Nanosilver is widely used to protect clothing,
food packaging, and refrigerator linings, espe-
cially during trucking and food transport. One

osensors that bring nanoplastics into question. facet of this miracle for transport, however, re-

Carbon nanotubes in packaging mains understudied: the impacts of possible na-

Carbon nanotubes have been used to create nosilver migration caused by contact transmis-
stronger, more secure, and lighter packaging for sion, when protected surfaces on tables, coun-
food. This packaging is highly effective at ters, plates, and machines come in contact with
keeping out bugs and rodents, ensuring long- food. Like carbon nanotubes, the ability to use
term freshness and extending shelf life. It also nanosilver has important implications for distri-
makes food lighter, which reduces transporta- bution, to ensure that everyone in the world has
tion costs. The decreased costs also lower insur- access to food.

ance expenses, as food is less likely to be lost

CONCLUSION: BRIDGE THE INTERNATIONAL TRADE GAP CAUSED BY NANOMATERIALS IN
FOOD

In conclusion, nanotechnology involves small materials, but it raises big governance questions. The
Big Picture of nanoscience's impact on global food health provides several important new tools to fight
starvation in the future. Nanostructures in food pose challenges regarding an unquantifiable risk. Glob-
alization of food commerce is far too multi-layered and complex to enable manufacturers and vendors
to exclude products based on the presence of TiO2 and the requirements of regulations at their destina-
tion, even though there is extensive niche marketing for food. EFSA’s recent request for stakeholder
comments in February 2025 [7] represents an important recognition of the legal scholarship that praised
this pioneering regulatory work. This shift in emphasis from expertise to politics reflects a new under-
standing that EFSA rules that rely on robust science as guidance represent an effort to reconcile existing
practice with US law. EFSA will review its stakeholder input, and the FDA Gras list will be scrutinized
for the first time in decades. Globally, international trade and human health concerns raise several legal
questions that can best be answered by a transatlantic commission. Scientists and governments agree
that there are unquantifiable, presently unknown risks associated with the applications of nanotechnol-
ogy in consumer products. The first step towards mapping a solution for the differences between USA
and EU laws to resolve the conflict of laws concerning the use and limits of nanostructures in food
requires that each side soften its approach to these differences and produce coherent global health pol-
icies that offer predictable approaches for trade agreements shaping international commerce. Regula-
tory changes on both sides of the Atlantic support this new direction, a first step toward eventual har-
monization of these laws.

Data Availability Statement: All the data used in this article are publicly searchable through Lexis,
Westlaw, Bloomberg Law, and the US Library of Congress.

Author Contributions: Based on a project submitted in Graduate Independent Research, Georgetown
University Law Center, Washington, D.C., Fall 2022.

Funding: Self-funded in the LLM program for National and Global Health Law

Prnano.com, https://doi.org/10.33218/001c.146560 1 721 Andover House, N. Andover, MA USA
The official Journal of CLINAM — ISSN:2639-9431 (online) License: CC BY-NC 4.0



Acknowledgments: Special Thanks for Invaluable Technical Advice to Dr. Chrysovalanto Louka
(Irene), Project manager for contactpointnano.ch, Swiss national platform for regulatory knowledge and
expertise on synthetic nanomaterials, and Dr Mark Hoover, Scientist Emeritus, US National Institute
for Occupational Safety and Health.

Conflicts of Interest: The author declares no conflict of interest. For a statement, write to the Editorial
office at editor@precisionnanomedicine.com.

Quote this article as Ilise Feitshans, Food is Medicine: Next Steps Towards Feeding the World Us-
ing Nanotechnology Law, Precis. Nanomed. 2025,8(ICRAN): 1714-1724,
https://doi.org/10.33218/001¢.146560.

COPYRIGHT NOTICE ©The Author(s) 2024. This article is distributed under the terms of the Cre-
ative Commons Attribution 4.0 International License, which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if changes were made.

References

1. US National Nanotechnology Initiative (NNI) nano.gov, Fr: Subcommittee on Nanoscale Science,
Engineering and Technology, Committee on Technology of the National Science and Technology
Council. Updated agenda: The National Nanotechnology Initiative Supplement to the President's 2023
Budget, citing progress towards its goals, p. 31. February 2023, https://www.nano.gov/BudgetSupple-
ments/

2. Feitshans IL, “Law and Policy of Nanotechnology in Food: Global Commerce Promoting Global
Health from Field to Fork”, Georgetown Law Technology Review, 9 Geo. L. Tech. Rev. 121 (2025)
published online January 9, 2025 https://georgetownlawtechreview.org/law-and-policy-of-nanotech-
nology-in-food-global-commerce-promoting-global-health-from-field-to-fork/GLTR-01-2025/

3. European Commission “Towards A European Strategy For Nanotechnology Luxembourg Office
for Official Publications of the European Communities”, 2004, page 4 chrome-extension://efaid-
nbmnnnibpcajpcglclefindmkaj/https://nanonet.pl/wp-content/uploads/2018/02/Towards-a-European-
Strategy-for-Nanotechnology.pdf

4. Saeed Paidari, Reza Tahergorabi, Ensiech Sadat Anari, Abdorezza Moahammdi Nafchi, Nafiseh
Zamindar, and Mohammad Goli, Jianlong Wang, (Ed), Migration of Various Nanoparticles into Food
Samples: A Review of Foods. 2021 Sep;10(9): 2114. Published online 2021 Sep 7.
doi:10.3390/foods10092114

5. Miernicki, T. Hofmann, I. Eisenberger, et al. Legal and practical challenges in classifying nano-
materials according to regulatory definitions. Nat. Nanotechnol. 14, 208- 216 (2019).
https://doi.org/10.1038/s41565-019-0396-z

6. EFSA “Self-task mandate proposed by the Scientific Committee to develop an updated guidance
document for risk assessment of nanomaterials and materials containing nanoparticles in the food
chain” 14 July 2024 chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.efsa.eu-
ropa.eu/sites/default/files/2024-12/innovation-food-risk-assessment-methodology-efsa.pdf

7.US President, The White House Make America Healthy Again Commission, The MAHA Report:
Make America Healthy Again, First Report, May 22, 2025, page 29 https://www.whitehouse.gov/maha/

8. EFSA Scientific Committee, “Guidance on risk assessment of nanomaterials to be applied in the
food and feed chain: human and animal health, 03 August 2021,
https://doi.org/10.2903/j.efsa.2021.6768

9.https://youtu.be/xRAQNHzWRKo

10. USA FDA Food, Drug, and Cosmetic Act, Chapter I--Food and Drug Administration Department
of Health and Human Services, Subchapter A, General Part 73 -- Listing of Color Additives Exempt
from Certification, Subpart.

11. United Nations Food and Agriculture Organization, Report on FAO/WHO Experts Meeting on
Food and Nanotechnology, Dec 9, 2009, http://www.oecd.org/chemicalsafety/risk-assessment/iata-in-
tegrated-approaches-to-testing-andassessment.htm

12. Applications Of Nanotechnology-Based Agrochemicals In Food Security And Sustainable Agri-
culture: An Overview Agriculture 2022, 12(10), 672; Https://Doi.Org/10.3390/Agriculture12101672

Prnano.com, https://doi.org/10.33218/001¢.146560 Andover House, N. Andover, MA USA
P ¢ 1722
The official Journal of CLINAM — ISSN:2639-9431 (online) License: CC BY-NC 4.0



13. Aristotle University of Thessaloniki Nanotexnology 2023 Special Session on Law and Ethics of
Nanotechnology Safety and Health: Law and Policy of Nanomaterials in Food, Ilise L. Feitshans,
Global Health Impacts of Nanotechnology Law, A Tool for Stakeholder Engagement. In: Panstanford
Publications, Singapore 2018, Risk Governance for Regulatory Management of Nanotechnology, 271-
310.

14. US President, Donald J. Trump, The White House Executive Order 14212 of February 13, 2025,
“Establishing the President’s Make America Healthy Again Commission” https://www.federalregis-
ter.gov/documents/2025/02/19/2025-02871/establishing-the-presidents-make-america-healthy-again-
commission

15. US President, The White House Make America Healthy Again Commission, The MAHA Report:,
Make America Healthy Again, First Report, May 22, 2025 https://www.whitehouse.gov/maha/

16. US Congress, Food, Drug, and Cosmetic Act 21 U.S.C.A. § 301 et seq.

17. US FDA 21 CFR 70.3(i), “safe” means that there is convincing evidence establishing with rea-
sonable certainty that no harm will result from the intended use of the color additive.

18. US Congress, Food, Drug, and Cosmetic Act 21 U.S.C.A. § 301 et seq. Section 201(f) of the Act
defines "food": 'The term 'food' means (1) articles used for food or drink for man or other animals, (2)
chewing gum, and (3) articles used for components of any such article."

19. US Congress, Food, Drug, and Cosmetic Act 21 U.S.C.A. § 301 et seq.1960 Amendments: Color
Additive Amendments define the term “color additive” Section 201(t) of the Food Drug and Cosmetic
Act (FD&C Chapter I--Food And Drug Administration Department Of Health And Human Services
Subchapter A General Part 73 -- Listing Of Color Additives Exempt From Certification subpart A —
Foods (A) Identity.

20. US Congress, Food, Drug, and Cosmetic Act 21 U.S.C.A. § 301 et seq. Subchapter A General
Part 73 -- Listing Of Color Additives Exempt From Certification subpart A — Foods (A) Identity. 1)
The Color Additive Titanium Dioxide Is Synthetically Prepared TiO2, Free from Admixture With Other
Substances. (c) Uses and restrictions. The color additive titanium dioxide may be safely used for color-
ing foods generally, subject to the following restrictions: (1) The quantity of titanium dioxide does not
exceed 1 percent by weight of the food.

21. US Congress, Food, Drug, and Cosmetic Act 21 U.S.C.A. § 301 et seq Chapter [--Food And Drug
Administration, Department Of Health And Human Services, Subchapter A General Part 73 -- Listing
Of Color Additives Exempt From Certification.. 721 of the FD&C Act (section 402(c) of the FD&C
Act). Under 21 CFR 70.3(i)

22. European Commission, Commission Regulation (EU) 2022/1396 of 11 August 2022 amending
the Annex to Regulation (EU) No 231/2012 laying down specifications for food additives listed in
Annexes II and III to Regulation (EC) No 1333/2008 of the European Parliament and of the Council as
regards the presence of ethylene oxide in food additives (Text with EEA relevance), EUR-Lex(2022),
available at https://eur-lex.europa.eu/eli/reg/2022/1396/0j.

23 EFSA Scientific Committee, Simon More, Vasileios Bampidis, Diane Benford, Claude Bragard,
Thorhallur Halldorsson, Antonio Hernandez-Jerez, Susanne Hougaard Bennekou ... see all authors
“Guidance on risk assessment of nanomaterials to be applied in the food and feed chain: human and
animal health” 03 August 2021 https://doi.org/10.2903/j.efsa.2021.6768, https://efsa.onlineli-
brary.wiley.com/doi/abs/10.2903/j.efsa.2021.6768

24. European Commission EFSA Panel on Food Additives and Flavourings (FAF), Maged Proposal
for harmonised classification and labelling pursuant to Article 37(1) of Regulation (EC) No 1272/2008
of the European Parliament and of the Council of 16 December 2008 on classification, labelling and
packaging of substances and mixtures, amending and repealing Directives 67/548/EEC and
1999/45/EC, and amending Regulation (EC) No 1907/2006 (OJ 2008 L 353, p. 1). See also OECD,
Harmonized tiered approach to measure and assess the potential exposure to airborne emissions of en-
gineered nano-objects and their agglomerates and aggregates at workplaces, Organisation for Economic
Co-operation and Development (2015), available at https://one.oecd.org/docu-
ment/ENV/JIM/MONO(2015)19/en/pdf, See also: OECD, Publications in the Series on the Safety of

Prnano.com, https://doi.org/10.33218/001¢.146560 Andover House, N. Andover, MA USA
p! g 1 723
The official Journal of CLINAM — ISSN:2639-9431 (online) License: CC BY-NC 4.0



Manufactured Nanomaterials, Organisation for Economic Co-operation and Development(2023), avail-
able at http://www.oecd.org/science/nanosafety/publications-series-safety-manufactured-nanomateri-
als.htm.

25. USNIOSH Current Intelligence Bulletin 63: Occupational Exposure to Titanium Dioxide APRIL
2011 DHHS (NIOSH) PUBLICATION NUMBER 2011-160 https://www.cdc.gov/niosh/docs/2011-
160/, https://blogs.cdc.gov/niosh-science-blog/2024/06/03/nano 20 risk/xApproaches to safe nano-
technology: managing the health and safety concerns associated with engineered nanomaterials. Cin-
cinnati, OH: U.S. Department of Health and Human Services, Centers for Disease Control and Preven-
tion, National Institute for Occupational Safety and Health, DHHS (NIOSH) Publication No. 2009 125,
https://www.cdc.gov/niosh/docs/2009-125/pdfs/2009-125.pdf.

26. Bernhard Url, A Chat with EFSA’s Executive Director, EFSAchannel(2022), available at
https://www.youtube.com/watch?v=TLaT2DjVQI1L.

27. EU European Commission Delegated Regulation (EU) 2020/217 of 4 October 2019 amending,
for the purposes of its adaptation to technical and scientific progress, Regulation (EC) No 1272/2008
of the European Parliament and of the Council on classification, labelling and packaging of substances
and mixtures and correcting that Regulation (OJ 2020 L 44, p.1

28.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7353154/,
See also: https://www.youtube.com/watch?v=7LMnc4czpuY

29. World Health Organization, International Agency for Research on Cancer, Carbon Black, Tita-
nium Dioxide, and Talc IARC Monographs on the Evaluation of Carcinogenic Risks to Humans Vol-
ume 93 2010 ISBN-13 978-92-832-1293-5 ISBN-13 978-92-832-1593-6;
Publications.iarc.who.int/Book-And-Report-Series/larc-Monographs-On-The-Identification-Of-Car-
cinogenic-Hazards-To-Humans/Carbon-Black-Titanium-Dioxide-And-Talc-2010

30. https://www.efsa.europa.eu/en/topics/topic/nanotechnologyEFSA, Titanium dioxide: E171 no
longer considered safe when used as a food additive, European Food Safety Authority(2021), see also
ANSES, Opinion of the French Agency for Food, Environmental and Occupational Health and Safety
on the risks associated with ingestion of the food additive E171, French Agency for Food Environmen-
tal and Occupational Safety and Health(2019), available at https://www.anses.fr/en/sys-
tem/files/ERCA2019SA0036EN.pdf.

31. Judgment of the General Court in Joined Cases T-279/20, T-288/20 and T-283/20 | CWS Powder
Coatings and Others v Commission. https://algolprod.blob.core.windows.net/image-container/docs/li-
brariesprovider3/artikkelit_blogit pdft/cp220190en.pdf?sfvrsn=9e¢6a0504 0

32. Judgment of the General Court in Joined Cases T-279/20, T-288/20 and T-283/20 | CWS Powder
Coatings and Others v Commission chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://al-
golprod.blob.core.windows.net/image-container/docs/librariesprovider3/artik-
kelit_blogit pdft/cp220190en.pdf?sfvrsn=9e¢6a0504 0

33. EU Court of Justice of the European Union, Press Release “The General Court annuls the Com-
mission Delegated Regulation of 2019 in so far as it concerns the harmonised classification and label-
ling of titanium dioxide as a carcinogenic substance by inhalation in certain powder forms” Luxem-
bourg, November 25, 2022

34. Commission Regulation (EU) 2022/63 in the EU’s Official Journal (OJ) on January 18, 2022,
Annex I and III to Regulation (EC) No 1333/2008; Regulation (EC) No 1333 (2008) August 2022

35. Feitshans, I.L.; Sabatier, P. Global Health Impacts Of Nanotechnology Law: Advances In Saf-
ernano Regulation. Mater. Today Proc. 2022, 67, 985 994.

36. Hoover, M.D., L.J. Cash, S.M. Mathews, L.L. Feitshans, J. Iskander, and S.L. Harper: ‘Toxic’ and
‘Nontoxic’: Confirming Critical Terminology Concepts and Context for Clear Communication, in En-
cyclopedia of Toxicology, 3rd edition (P. Wexler, ed), Elsevier, Oxford, 2014.

Prnano.com, https://doi.org/10.33218/001c.146560 1 724 Andover House, N. Andover, MA USA
The official Journal of CLINAM — ISSN:2639-9431 (online) License: CC BY-NC 4.0



