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Risk Assessment -

« What we can learn from the past
« Some historical context

- Identifying a regulatory target
« The concept of novelty

« Is Nano More Toxic
- Specifying core data requirements
e Metrics
« Pharmacokinetics
Australian response to nanotechnologies in food.
« Co-ordinated whole of government response
« Co-operation and collaboration across key agencies
« Regulatory capture - focus on the areas of novelty
Codex (FAO/WHO) consideration of Nanotechnologies in food
and Agriculture
Definitions
Key concerns
Dynamics of the meetings
Recommendations of the Expert Consultation
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- What we can learn from the past
« Some historical context

. Ildentifying a regulatory target
« The concept of novelty

- Specifying core data requirements
o Metrics
« pharmacokinetics



- BENCEZFANDHM?

« BERRRTINN

- EEHEENREFET D

« FREOME

c FRREGDT—FEHZTIEET D
- HIERZE

- EYEIAE




= Those who cannot remember the past are
condemned to repeat it!.

= (Colloids).....this fascinating twilight zone
between physics and chemistry?.

= Much of what is presented as new technology
is in fact an extension of long standing
knowledge and practices, albeit considerably
more sophisticated.

= Effective regulation requires clarity of purpose
and precision of focus.

1. George Santayana, Life of Reason, Reason in Common Sense, Scribner's, 1905, page 284
2. Jerome Alexander, Colloid Chemistry, D.Van Nostrand Co, NY, 1919
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What are we assessing,
what is it that needs regulating

EFFECTIVE REGULATION REQUIRES CLARITY OF PURPOSE AND
SPECIFICITY OF TARGET

YOU CAN NOT REGULATE WHAT YOU CANNOT DEFINE

KEY ISSUE IS NOVELTY - WHAT IS NEW THAT REQUIRES A DIFFERENT
APPROACH
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= Historical experience of nanomaterials and
structures - What’s New and What’s Not

= What’s not
= Colloids
= Micelles
= Manufactured Nanostructures/textures
= Smokes/fumes
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“...extending the sphere of interest in this fascinating world between physics and chemistry.”
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= The Pharmacists Engler and Dieckhoff
discovered they could produce clear
solutions of cresol in concentrated aqueous
solutions of soaps in 1898.

m .. the small molecules in dilute solutions
tend to associate into aggregates (micelles)
of equivalent diameters in the 30 to 100 A
(3-10 nm) range....they are called
association colloids. Other names are
surfactants or surface active agents.”

IRemington’s Pharmaceutical Sciences. 15" Ed, Mack Publishing Company, Easton, Pennsylvania. 1975
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Micelles and Emulsions

Micelles are dynamic, self assembling nano-structures

Reverse
micelle of
an anionic
surfaclanl
in oil

Iamellar
micelle of
an ionic
surfactant

Cylindrical
micelle of
an ionic
surfactant

Spherical
micelle of a
nonionic
surfactant

Sperical
micelle of
an anionic
surfactant

IRemington’s Pharmaceutical Sciences. 15" Ed, Mack Publishing Company, Easton, Pennsylvania. 1975
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Electron micrographs of human breast milk Fat globules in ice cream. (A) entire globule g\ 404506 cream 2]
showing casein micelles following centrifugation. with coating of casein subunits, (B) broken
Bar =1 um in B and 0.2um in C. [1] globule with collapsed coating of casein

subunits, (C) crater left behind by a fat
globule, showing casein subunits aligned
around periphery. [2]

1From: Keenan & Patton. The Structure of milk:Implications for sampling and storage. In, Handbook of milk composition. R.G. Jensen ed. Academic Press. 1995

2. K.G. Berger. Ice Cream. In Food Emulsions. Stig Freiberg ed. Marcel Decker, NY. 1976, 141-210
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1From: Keenan & Patton. The Structure of milk:Implications for sampling and storage. In, Handbook of milk composition. R.G. Jensen ed. Academic Press. 1995

2. K.G. Berger. Ice Cream. In Food Emulsions. Stig Freiberg ed. Marcel Decker, NY. 1976, 141-210



Characteristics

1 Specsurface accardingto BETY il
2 Primary particlke size nrm
3 Agaregate or agglormerate size Hrn

4 Density @ 19to 2] ™
e

Figure 18: TEM of AEROEL® 130

Figure 17: TEM of AERCAN® J =0

Aerosil - fumed silica dioxide, used in various food, cosmetics, paints and
pharmaceutical applications for over half a century

Technical Bulletin, Fine Particles, Basic Characteristics of AEROSIL® Fumed Silica Number 11
https:/ /www.aerosil.com/www2/uploads_all/text/SR_11_AE_us_Basic_Characteristics_of AEROSIL_2006-04.pdf
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Figure 18: TEM of AEROEL® 130
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Technical Bulletin, Fine Particles, Basic Characteristics of AEROSIL® Fumed Silica Number 11
https://www.aerosil.com/www2/uploads_all/text/SR_11_AE_us_Basic_Characteristics_of AEROSIL_2006-04.pdf



In the broadest sense all materials have structure at the
nanometer scale.

All polymers, gels, emulsions, clays, colloids and larger
organic molecules are nanomaterials, many of them
engineered.

Living cells contain functional nanostructures such as
ribosomes and our environment contains a wide range of
natural and anthropogenic nano-particulates.

From a regulatory perspective therefore it is novelty, not
size, which raises concern.

Thus, if sugar were fabricated into nano-tubes (nano fairy
floss) its addition to food would result only in dissolved
sugar and not therefore present any novelty from a risk
perspective.
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Definition

= Must capture the concept of novelty

Physical and chemical characterization

= Unambiqguous specifications
Pharmacokinetics

= The single most important measure of novelty
Toxicity

= Primarily a consequence of pharmacokinetics ?
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Size and size distribution ‘ /\_ D\ M

Agglomeration and aggregation 0 0T
Solubility

Chemical composition and crystalline structure
Shape

Surface charge (zeta potential) & surface chemistry
Surface area, porosity, density and rigidity
Adhesion (the force by which components are held together)
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IS nano more toxic

(a). Micro-Cu (b). Nano-Cu (c). Control

¢4d 9
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Fig. 2. The appearance of kidneys of experimental mice in dose groups M3 (1077 mg/kg) (a): N7 (1080 mg/kg) (b) and the control (c).

Kidneys of mice given nano-copper, micro sized copper or no copper into the stomach.

Looks Dramatic but what does it mean

Zhen Chen et al. (2006) Acute toxicological effects of copper nanopatrticles in vivo. Toxicology Letters 163 (2006) 109-120
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Zhen Chen et al. (2006) Acute toxicological effects of copper nanopatrticles in vivo. Toxicology Letters 163 (2006) 109-120



Nano particulate copper administered to mice by stomach tube
is more toxic than micro-copper - BUT

The toxicity is similar to that of ionic (soluble) copper AND
Target organs reflect locations of particle accumulation
So toxicity reflects;

= Pharmacokinetics - absorption and distribution AND

= The toxicity of ionic copper, SO

= There is NO evidence of “nano-toxicity”

Table 2
The median lethal dose (LDsg). 95% confidence interval and toxicity class for micro-, nano- and ion-copper particles, obtained by OECD test
guideline 425 and the conventional (Karber) methods, respectively

Particles Specific surface Particle number LDsp (mg/kg) 95% PL (mg/kg)® Toxicity Class (Hodge
area [cm:fg) ( ug" ) 95% FL (mgafkg]h and Sterner scale)
Micro-copper (17 pm) 3.99 x 10 44 =5000° N/A* Non-toxic
5610° 5075-6202° Class 5
Nano-copper (23.5 nm) 2.95 x 10° 1.7 x 1017 413 305-560° Moderately toxic
413° 328-522° Class 3
lon-copper (0.072 nm) 6.1 % 10° 9.4 % 10" 110° 93-145° Moderately toxic
119" 102-139° Class 3

* Data obtained by OECD test guideline 425.
b Data obtained by the conventional (Karber) method.

Zhen Chen et al. (2006) Acute toxicological effects of copper nanoparticles in vivo. Toxicology Letters 163 (2006) 109—-120
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NO

Nano materials have NOT been shown to

produce any previously unknown (ie novel)
toxic effect. BUT

The toxicity of a nano-material may differ
from that of the bulk material

The nano-material may be
= More toxic

= [ess toxic

= Or have the same toxicity
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Most nanomaterials will present no or very low
potential for exposure
= No exposure = no risk

Many nanomaterials are a modification of existing
materials and present no new or novel hazard

Where significant exposure is possible and there is

potential for hazard -

= The sophistication of the nanotechnologies enables
SAFETY BY DESIGN - the intentional inclusions of
properties and characteristics that prevent toxicity.

Key issue is whether existing safety assessment

and data requirements are adequate to assess

nanomaterials
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= National Nanotechnology Strategy

= Review of regulatory adequacy
= Monash review

= Current Situation for food
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1.  Protect the Health and Safety of Humans and the Environment;
use a scientific, evidence based, approach to making decisions,

use existing regulatory frameworks,

Review capacity of regulatory schemes to deal with,

apply a precautionary approach, and

2. Foster Open Informed Community Debate;

. engage and inform the community on the benefits and risks of
nanotechnology

. enable community contribution to policy development; and

. ensure decision-making processes are open, transparent and engage
stakeholders.

3. Achieve Economic and Social Benefits from the
Nanotechnology;

. support nano-metrology as an essential resource

. maintain international engagement

. coordinate and co-operate across government

. facilitate a coherent approach to research, policy and regulation; and

. develop and maintain a responsible and viable nanotechnology capability in

Australia. .......
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A review of the legislative arrangements for chemical
regulation in Australia (conducted by the Monash Law
Faculty). ie not a risk assessment

“The overall message from this review is clear:

Whilst there is no immediate need for major
changes to the regulatory regimes, there are many
areas of our regulatory regimes which, potentially, will
need amending, and this will be a long term effort
across multiple regulators and regulatory agencies as
nanoproducts arise and as new knowledge on hazavrds,
exposure and monitoring tools becomes available “
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Australia’s regulatory frameworks
Wei;<e generally well suited to the
task.

All regulatory frameworks applying
to conventional products also
applied to NMs and applied equally
throughout the product lifecycle.

Many regimes also had potential to
restrict the availability or use of NM
based products.
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Dealing with the immediate need
» Jdentify a target requiring a new approach

= Determine the core “novelty” that requires
assessment

= Avoid unintended capture of existing materials and
processes.

Keeping up with advances, building capacity

m Testing assumptions and reviewing practices
= Facilitating informed debate
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m Few actual or potential applications of true nano-particulates in food matrices

» The higher the sophistication of a technology the greater the cost and therefore the greater
the return required

= Most currently anticipated applications are around
o Packaging,
= Monitoring of food safety,

= Controlled release of preservatives.

= No applications in Australia for any newly engineered nanoscale particles in foods

m Most examples of ‘nanofoods’ are not foods eg fridge liners, breadboards, vitamin
supplements

m Use of term ‘nano’ often misapplied to micro-scale not nano-scale

= Nanomaterials and nano-particulates have been used in pharmaceuticals for
greater than 20 years,

= Nno unique toxicological issues have been identified
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@ Most food additives are present in foods in a dissolved form, their
preparation as nano-scaled powders to facilitate dispersion and
dissolution would present neither novelty nor additional
regulatory concern.

@ Conversely, where a substance remains particulate in the final
food as consumed, reduction in particle size has some potential to
alter characteristics relevant to a safety assessment and therefore
requires greater scrutiny.

=@ Inresponding to the increased sophistication of the
nanotechnologies the primary focus for FSANZ is thus on
materials likely to exhibit physico-chemical and/or biological
novelty.
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m Strong growth in nano-packing forecast, but Europe
still cautious -By Rory Harrington, 24-Jul-2009

= “The current active packaging segment is dominated by
oxygen Scavenﬁers, moisture absorbers and barrier packing
products, which accounts for 80 per cent of this market.
Radio Frequency ldentification Tags (RFID) are forecast to
exhibit strongest growth in the intelligent packing sector,
while time/temperature indicators have the largest market
share presently.

= “Active packaging is already being successfully applied to
extending product shelf life in Australia, Japan and the US,
said report supervisor Dr Thomas Abraham. Examples c;f
commercial applications include moisture absorbers in fresh
meat and fish, as well as oxygen scavengers in sliced
processed meats, beer and ready to eat meals. Ethylene-
scavenging bags are also being employed for fruit and
vegetavble packing.”

1. Food production daily.com. 2009%10A13BIZ77tX
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Dealing with the immec

= Internal review of regulatory provisions

= Amend Application Handbook to require particle
characterisation where appropriate

= Applications must include particle size, size
distribution and morphology where the substance(s)

IS particulate in nature and will remain so in the final
food

= |f the substance is a ‘relatively insoluble’ particulate,
it will be important to ensure that the applicant has
provided this information and that there are studies

that support the safety of the specific form of the
substance

= Review of the applicability of existing standards

= Novel foods, food additives, processing aids, contaminants
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= International liaison

» US FDA, Health Canada, UK FSA, EFSA, OECD, IFCSLG, NZFSA,
Japan FSC

= WHO/FAO EXxpert consultation (July 2009)
o FSANZ Chaired the July expert meeting.
= Other Networks EFSA, UK DEFRA, Woodrow Wilson Centre

= Liaise with industry —
= potential nano food applications,

= future plans,
= industry research

m Jurisdictions & regulatory partners

= Academia
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Risk Communication

Facilitating Informec Debate

“| don’t care what you call IT I just want a choice about IT and do not want to eat IT in my food !”
FOE, ICONN 2008, Melbourne

@ Risk Communication hampered by
= Poor definition,
= Leading to a lack of a clear “target” for debate
= Evangelical promotion of the capabilities of the technology,
= Apparent absence of adequate safety science
= Perceived slow response of regulators
= Lack of historical context in most discussions
@ The honeymoon is almost over
= A perception of inaction is widely held amongst NGOs.
= Although the perception is inaccurate and inappropriate it is widely held
@ Sooner or later an industrial accident or Public Health incident will involve
a nano-material

=  Whilst the hazard will likely not be related to “nano-ness” the incident may
galvanise public and NGOs into opposition particularly if strong messages are
not in the public domain before hand.

=  Regulators need to be SEEN to be on the front foot and to be prepared for new
technologies rather than reactive

= Active contribution to the debate and in particular correcting the more extreme
inaccuracies from some quarters, is essential to keep the debate informed
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= The nature of CODEX and FAO/WHO
consultations

= Strengths and limitations

m Working definitions

= Recommendations in 3 key areas
= Risk assessment

» Stakeholder engagement
= Applications
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An international food regulatory body

FAO and WHO provide technical support through expert
committees and subject specific consultations.

FAO/WHO sought guidance on;

= Actual and anticipated applications of nanotechnologies and
potential food safety implications.

Suitability of current risk assessment methodologies,

The need for additional tools

Identification data requirements and research gaps

Lessons learned on the safety of nanotechnologies and foods.
Fostering transparent and trustful dialogue among stakeholders

Role/opportunities to promote good governance of
nanotechnologies.
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Broad range of scientists from around the world

= Participants selected from experts that respond to a
public call to nominate

Working papers prepared by a small number of

experts prior to the meeting

Expert meeting edits (peer reviews) working
papers into a final report and draws overall
conclusions

Final report is based on consensus within rigid
time constraints, so some compromise is
inevitable
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Agglomerate

Aggregate

Engineered nanomaterial
(also known as manufactured nanomaterials)
Nanomaterial

Nanoparticle

Nanostructure

Biopersistent

Collection of weakly bound particles or aggregates or mixtures of the two
where the resulting external surface area is similar to the sum of the
surface areas of the individual components.

A group of particles (also termed secondary particles) held together by
weak forces such as van der Waals forces, some electrostatic forces
and/or surface tension.

Particle comprising strongly bonded or fused particles where the resulting
external surface area may be significantly smaller than the sum of
calculated surface areas of the individual components.

A group of particles (also termed secondary particles) held together by
strong forces such as those associated with covalent bonds, or those
resulting from sintering or complex physical entanglement.

Any material that is intentionally produced in the nanoscale to have
specific properties or a specific composition.

Any form of a material that has one or more dimensions in the nanoscale.

A discrete entity that has all three dimensions in the nanoscale.

Any structure that is composed of discrete functional parts, either
internally or at the surface, of which one or more are in the nanoscale.
Often used in a similar manner to ‘nanomaterial’.

A substance that has been absorbed but is not readily broken down or
excreted.
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“The current risk assessment approach used by FAO/WHO and Codex is
suitable for ENMs in food and agriculture, including the effects of ENM on
animal health. “

FAO/WHO should:

continue to review its approaches & seek further advice on the use of a tiered risk
assessment for NMs

develop a decision tool for identification of the appropriate risk assessment approach
for NM categories.

encourage research that may lead to novel risk assessment strategies for NMs in food
and feed

Support development of validated testing methods and guidance to address data gaps
in the areas of;

o physical and chemical characterization of ENMs in food and feed matrices,

o determination of the presence of NP in biological tissues,

o biokinetic properties and their relationship with physicochemical characteristics,

o use of dose metrics other than mass concentration.

request, collate and disseminate data on levels of ENM in food and feed matrices
(background and levels of addition),

encourage the utilization of knowledge from other sources such as epidemiological
studies or clinical studies (pharmaceutical, material sciences) risk assessments .......
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= FAO/WHO should:

» provide a forum for continued international
dialogue to develop strategies to address
stakeholder issues surrounding the
development of nanotechnologies

= encourage Member Countries to engage the
public on applications of nanoscience and the
nanotechnologies. In support of this
engagement, provide guidance, training and
capacity building resources for governments to
engage stakeholders ......
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m FAO/WHO should :

= consider establishing an authoritative database of
current and emerging nano materials, products and
applications in agri-food sectors.

= support activities that promote agreement on a
~69!t7e_cifi§ set of clear and internationally harmonized
efinitions that relate to the agrifood sector.

» develop a procedure for classifying nanostructures
in agrifood products that supports risk governance
for ENMs.

= ensure that applications of ENMs in the agrifood
sector are covered adequately under the provisions
within the Codex Alimentarius.

= consider the whole I/I'fe cycle of ENMs in agrifood
applications particularly of bio-persistent ENMs .....
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Nano-structures and materials in food are not a new or recent
Innovation.

Although the increase in the sophistication of nano-technologies
creates possibilities for truly novel materials, to date these have
not been applied to any significant extent to either food or
agriculture.

FSANZ has not received any applications for a novel nanomaterial
for use in food and is aware that internationally only a handful of
such applications have been received. Most of these are related to
non migrating nanomaterials in food packaging.

In responding to the opportunities and challenges brought by new
technologies regulators need to clearly identify the novelty that
creates potential concern and respond in a balanced, targeted,
proportionate and progressive manner to address issues of real
concern.
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