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Abstract:
Copper has two key properties that make it an active ingredient in the medical devices 
currently being developed. First, copper is an essential trace element needed by hu-
mans, which plays a key role in many physiological processes in different tissues. For 
example, copper has been shown to be involved in angiogenesis and in wound healing. 
Second, copper has very potent antibacterial, antifungal, antiviral, and acaricidal pro-
perties.

Recently, a novel technology has been developed that introduces copper oxide par-
ticles into polymeric materials, where they serve as a slow release source of copper 
ions. For example, by using this technology, copper oxide containing wound dressings 
that enhance wound healing; copper oxide containing antiviral respiratory masks that 
reduce the risk of infection; socks that protect from athlete’s foot, and acaricidal  
bedding products that kill dust mites, have been developed.

While copper oxide is used as the source of copper in mineral and vitamin supplements 
and is considered safe, its use in medical devices, as well as in industrial and consumer 
products, is novel. The current manuscript reviews the safety aspects of the use of  
copper oxide in products that come in contact with open and closed skin.

Copper oxide products have been tested in 9 clinical trials and in several non-clinical 
studies and have been found to be non-irritating, non-sensitizing, and safe to use, with 
not even one adverse reaction recorded, both when in contact with intact and broken 
skin. This is in accordance with the extremely low risk of adverse reactions attributed  
to dermal exposure to copper.

In conclusion
Copper is an essential trace element for humans. Its use in medical devices is conside-
red safe to humans, as demonstrated by the widespread (millions of women) and pro-
longed (more than 10 years by a single individual) use by women of copper intrauterine 
devices [41,48,49]. 
The use of copper oxide in consumer and medical products that come in contact with 
skin is safe. The lack of adverse reactions due to exposure of skin to copper oxide im-
pregnated products, as described above, is in accordance with the extremely low risk of 
adverse reactions due to dermal contact with copper [58,59], including in wounds [8], 
and with copper being an integral component of many of the over-the-counter treat- 
ments for wound healing [60,61].
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Discussion
Could the addition of copper oxide into the masks result in an unsafe product for use? 
Several tests carried out in independent laboratories using good laboratory practices, 
which are not detailed in this report, have clearly shown that such is not the case. The 
amount of copper that eluted to the air from the test mask during 5 hours under simu- 
lated breathing conditions was 0.467±47 pg, a level that is far below (>105 folds) the 
respiratory copper permissible exposure limit (PEL) set by the USA Occupational Safety 
and Health Administration (‘‘OSHA’’). 
The lowest observed-adverse-effect levels (‘‘LOAELs’’) for chronic copper inhalati-
on exposure was determined to be 0.64 mg/m3 [37]. Again, the copper levels eluted 
during the simulated breathing test from the copper containing masks (0.09 pg/m3 ) 
are a tiny fraction (>106 folds) of this copper LOAEL.
Even when simulating a worst case scenario, in which the masks would be soaked in 
saliva, and all the saliva would be ingested, the amount of copper eluted from the mask 
into the saliva was  ~7.24 µg/hr (average of three replicates minus the background), 
which is significantly lower than 20.8 µg/hr, the minimal risk level (MRL) for oral  
exposure for a person weighing 50 kg. 
Importantly, the outer layers of the masks, which contain ~2.2% copper oxide particles, 
did not cause any skin sensitization or skin irritation as determined in animal studies 
(data not shown). Also similar fabrics containing 6 times higher amounts of copper oxi-
de did not cause any skin irritation [28]. These findings are in accordance with the very 
low risk of adverse skin reactions associated with copper [38] and with the lack of any 
adverse toxic irritations on the facial skin with ointments containing up to 20% copper 
[39]. In addition, the copper oxide containing masks passed flammability tests in  
accordance with US FDA (21 CFR Part 58) regulations, as determined in an  
independent FDA approved lab (Nelson Labs) using GLP.
In summary, we demonstrate that copper oxide impregnated masks safely reduce the 
risk of influenza virus environmental contamination without altering the filtration capa-
cities of the masks. Due to the potent antiviral and antibacterial properties of copper 
oxide, we believe that these masks also confer protection from additional pathogens, 
and, as such, are an important additional armament in the combat against the spread 
of and infection by dangerous pathogens. It is suggested that copper oxide should be 
also included in other personal protective equipment to further confer protection to  
the wearer and to the environment. 
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