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Nanotechnology-derived Graphene in Face Masks — Now There Are Safety Concerns

Warnings of potential “early pulmonary toxicity” associated with graphene-containing face masks raise serious questions
over safety checks and balances.
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According to a Spanish research team, graphene oxide is also contained in the Covid mRNA vaccine vial.
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Face masks should protect you, not place you in greater danger. However, last Friday Radio Canada revealed that residents of Quebec and
Ottawa were being advised not fo use specific types of graphene-containing masks as they could potentially be harmful.

The offending material in the masks is graphene — a form of carbon that consists of nanoscopically thin flakes of hexagonally-arranged carbon
atoms. It's a material that has a number of potentially beneficial properties, including the ability to kill bacteria and viruses when they're exposed to

it.
Yet despite its many potential uses, the scientific jury is still out when it comes to how safe the material is.

UPDATE Aprit 2, 2021; Health Canada have issued an advisory asking people not to “use face masks labelled to contain graphene or
biomass graphene.” More information here.

As with all materials, the potential health risks associated with graphene depend on whether it can get into the body, where it goes if it can, what it
does when it gets there, and how much of it is needed to cause enough damage to be of concern.

Unfortunately, even though these are pretty basic questions, there aren’t many answers forthcoming when it comes to the substance's use in face
masks.

How Safe is Graphene?

Emerging concerns

(Added March 26, 2021) Current concerns around the use of graphene in face masks stem from a memo sent by Health Canada to Canadian
Provincial and Territarial Ministries of Health on March 25. This memo hasn't, to my knowledge, been made public yet, although it does mention

plans to release a public statement. :

In the memo, Health Canada recommends users “stop pbrchasing and using face masks containing nanoform graphene” — a statement
that covers a growing array of commercially available face masks. :
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inhalation of nanoform graphene. To date, Health Canada has not received data to support the safety and efficacy of face masks containing
nanoform graphene. '

“As such, and in the absence of manufacturer’s evidence to support the safe and effective use of nanoform graphene coated masks, Health
Canada considers the risk of these medical devices to be unacceptable.”

Beyond this, there are no details yet of the data that went into that preliminary risk assessment.

How toxic is graphene?

Early concerns around graphene were sparked by previous research on ancther form of carbon — carbon nanotubes. It turns out that some forms
of these fiber-like materials can cause serious harm if inhaled. And following on from research here, a natural next-question to ask is whether
carbon nanotubes’ close cousin graphene comes with similar concerns.

Because graphene lacks many of the physical and chemical aspects of carbon nanotubes that make them harmful (such as being long, thin, and
hard for the body to get rid of), the indications are that the material is safer than its nanotube cousins, But safer doesn’t mean safe. And current
research indicates that this is not a material that should be used where it could potentially be inhaled, without a good amount of safety testing first.

>

Graphene Carbon Nanotube

Source: Wikimedia

In recent years there have been a number of comprehensive reviews on the potential toxicity of graphene, including this 2018 paper by Bengt
Fadeel and colleagues, and this one by Vanesa Sanches and colleagues. Both are solid reviews by highly respected research teams. And both
indicate that, while the toxicity of graphene is complex and may be low in some cases, it isn't negligible.

When it comes to inhaling graphene, the current state of the science indicates that if the material can get into the lower parts of the lungs (the
respirable or alveolar region) it can lead to an inflammatory response at high enough concentrations.

There is some evidence that adverse responses are relatively short-lived, and that graphene particles can be broken down and disposed of by the
lungs' defenses.

This is good news as it means that there are less likely to be long-term health impacts from inhaling the material.

There's also evidence that graphene, unlike some forms of thin, straight carbon nanotubes, does not migrate to the outside layers of the lungs
where it could potentially do a lot more damage.

Again, this is encouraging as it suggests that graphene is unlikely to lead to serious long-term health impacts like mesothelioma.

However, research also shows that this is not a benign material. Despite being made of carbon — and it's tempting to think of carbon as being
safe, just because we're familiar with it — there is some evidence that the jagged edges of some graphene particles can harm cells, leading to
local damage as the body responds to any damage the material causes.

There are also concerns, although they are less well explored in the literature, that some forms of graphene may be carriers for nanometer-sized
metal particles that can be quite destructive in the lungs. This is cerfainly the case with some carbon nanolubes, as the metallic catalyst particles
used to manufacture them become embedded in the material, and contribute to its toxicity.

The long and short of this is that, while there are still plenty of gaps in our knowledge around how much graphene it's safe to inhale, inhaling small
graphene particles probably isn't a great idea unless there's been comprehensive testing to show otherwise.

And this brings us to graphene-containing face masks.

Could graphene in face masks present a health risk?

As a general rule of thumb, engineered nanomaterials should not be used in products where they might inadvertently be inhaled and reach the
sensitive lower regions of the lungs. But do graphene-containing face masks shed graphene-containing particles that are small enough to be
inhaled and deposit in sensitive regions of the fungs?

Here, | must confess I've hit a dead-end in my search for evidence for or against the release of graphene-containing particles in the face masks
mentioned by Radio Canada. But this in itself is a red flag.

Given all that we know about the pulmonary toxicity of engineered nanopatticles, and the uncertainty over the inhalation risks of graphene, surely
someone should have asked this question when developing graphene-containing masks,




have the potential to cause a iot of harm — much more than you might imagine from the mass ot material alone.
And one consequence of this is that the smaller or thinner the particles are, the more harm they have the potential to create.

Graphene is typically made up of plate-like particles that are just a few atoms thick, and hundreds to thousands of nanometers wide (a nanometer
being one billionth of a meter). If these platelets were released into the air from face masks as a wearer inhaled, many of them would reach the

alveolar region of the lungs.

Of course, we don't know if they are released or not. | haven't seen any data on this, and they may be so firmly attached to the mask material that
they stay put. And from what we know of the physics of nanoparticles, individual platelets are unlikely to be dislodged as the forces keeping them
in place would simply be too strong.

But there’s a reasonable chance that clumps of platelets could be released — especially if the mask producer hasn’t thought the design through
adequately. In this case, any released airborne particles up to around 5-10 pm in diameter could potentially present a health hazard.

And this is where more information is desperately needed — especially as there are a growing number of graphene-based masks being sold
around the world.
If Radio Canada is correct that Health Canada has warned against “the potential for ‘early pulmonary toxicity™ associated with a particular brand of

graphene-containing face masks, this would suggest that there is a plausible potential for graphene-containing particles to be released and inhaled
when someone’s wearing these masks. And if so, serious questions need to be asked about the potential health risks, and the extent of the

problem.
Here, it's important fo stress that we don't yet know if graphene particles are being released and, if they are, whether they are being released in

sufficient quantities to cause health effects. And there are indications that, if there are health risks, these may be relatively short-term — simply
because graphene particles may be effectively degraded by the lungs’ defenses.

At the same time, it seems highly irresponsible to include a material with unknown inhalation risks in a product that is intimately associated with
inhalation. Especially when there are a growing number of face masks available that claim to use graphene.

Who's producing graphene face masks?

Radio Canada claims that the graphene face masks people are advised not to use are produced by the Quebec-based manufacturer Métallifer.
However, it appears that these masks originate from the Chinese holding company Jinan Shengquan Group Share Holding Co., Ltd.

Within the Shengquan Group, the Shandong Shengquan New Materials Co., Lid. makes a range of face masks and respirators that use graphene.
And a quick search on Amazon indicates that a large number of companies seem to be selling face masks containing Shandong's flagship

technology "biomass graphene.”

According to information on nbgenerator.com, Shandong's biomass graphene is “derived from natural straws as raw material, which use the
pyrolysis method based on group deposition carbon deposition”. The website also refers to the Chinese patent ZL 2015 1 0819312.x.

This patent provides a little more insight into the material, but sadly not a lot. What it does indicate however is that the product contains trace
amounts of various catalytic metals, including iron and nickel — possibly in the form of nanoparticles. And going back to what's known about the
inhalation toxicity of other forms of carbon, the presence of catalytic metals can be a problem.

Interestingly, the US Centers for Disease Control and Prevention National Personal Protective Technology Laboratory (NPPTL) ran tests on a
Shandong biomass graphene respirator back in June 2020, The respirator performed well in tests that are designed to evaluate its ability to
prevent exposure fo airborne particles in the air outside it. But these don't look explicitly at particles that might have been released from within the

mask.

The good news here is that the high filtration rates measured (over 97% effective) suggest that there was fittle internal shedding of fine particles.
However, the tests do not explicitly show that potentially harmful graphene particles were not released.

And Shandong isn't the only producer of graphene-based face masks. Over this past year, a number of researchers have explored adding the
material to masks — this Hong Kong-based research team is just one example. And more companies have started 1o use the technology. In fact, a
quick search on Amazon reveals a long list of products and manufacturers, all claiming to offer better protection because they contain graphene.

What's next?

Despite a lack of clear evidence on health risks associated with graphene-containing face masks (although Health Canada may have data that
haven't been released yet), | must confess that 'm concerned by what | see unfolding.

I've been at the farefront of researching nanomaterial risks and developing approaches to safe and responsible use for over 20 years. And over
this time, it's become clear that the safe and responsible use of any new products that potentially lead to nanomaterials getting into the human
body needs to be taken seriously.

Fortunately, many products of nanotechnology are relatively safe — or can be rendered safe with some forethought. But we know encugh — and
have done for years — to have a good sense of what questions we should be asking anytime there’s a product where nanoscale particles might be
released and inhaled.

These are basic no-brainer questions: Can the material get into the body? If it does, can it behave in ways that could cause harm? If so, what sort
of harm, and how is it caused? And how much material is needed to cause concern?

Some of these questions are tricky to answer when it comes to nanomaterials like graphene as we don't always know what it is about the material
that messes with our biology, and what the consequences are. But this is where research and a good dose of caution kick in under the universal

rule of “better safe than sorry.”

The irony here is that hundreds of millions of dollars have been poured into studying the risks of engineered nanomaterials over the past couple of
decades. Yet when it comes to real-world products and real-world risks, no-one seems fo be asking the questions that count, or providing answers!




satety of any graphene-contaning masks that are being soid.

And this uncertainty will persist untit manufacturers and regulators provide data indicating that they have tested the products for the release and
subsequent inhalation of fine graphene particles, and shown the risks to be negligible.

If these data don't exist, this is irresponsible innovation on a grand scale — even if the risks turn out to be negligible. It demonstrates a level of
naivety and disdain for past risk research that threatens 1o undermine trust and confidence in mask use. And it runs the additional risk of raising
anxieties within those who have been using face masks responsibly, and are now wondering if they risked their health as a result.

And if the risks are not negligible, we have a problem on our hands that extends far beyond Quebec!
| sincerely hope that any risks from using graphene in face masks will be negligible, and that data to show this will come to light quickly.

But when it comes to the risks of using new technologies, hope alone is not good enough. Neither is naively using a new material while ignoring
the potential risks.

*
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Addendum

In researching the Shandong graphene face mask, the following graphic came up on nbgenerator.com that seemed to indicate the mask has FDA approval:

ABOUT 5Q

READ MORE: Face Masks Contain Graphene, A Poisonous Substance

From nbgenerator.com
I've yet to find anything that fits this on the FDA website. Shandong have a number of 501(k) premarket notifications with the FDA, but none of these mention the use
of graphene in face masks. Until further evidence comes to light, my best guess is that this is FDA confirmation of approval to self a product that is substantiaily
equivalent to an existing approved product — although not one that uses or mentions the use of graphene — or a local certificate of production.

There are, interestingly, a number of other manufacturers of graphene masks that claim FDA approval (for example, MamaMoor, Medicevo and NQX. However, it's
frustratingly difficult to find out what exactly FDA approval means here. Or, for that matter, when FDA consider product equivalency, whether they consider the

potential for a mask to shed respirable nanoparticles.

In other words, even where the FDA is concerned, there seern to be more questions than answers,
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