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Health Care Without Harm Europe (HCWHE) supports 
the declaration: Principles for the Oversight of 
Nanotechnologies and Nanomaterials, signed by 43 
civil society, public interest, environmental and labor 
organizations in July 2007.

This report is consistent with these principles and 
provides valuable information for the healthcare 
community. HCWHE is particularly concerned about 
potential health risks of nanosilver and recommends a 
precautionary approach. 

For an Electronic copy of this report, or further brieý ng 
papers from Friends of the Earth please refer to our 
websites:

Friends of the Earth Australia
http://nano.foe.org.au

Friends of the Earth United States
http://www.foe.org/healthy-people/nanotechnology-
campaign

This is a report by FoE Australia and FoE United 
States. Any mention of ñFoEò or Friends of the Earth in 
this report refers to the above groups and not to FoE 
International.
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Silver has for a long time been known to be a 
potent antibacterial agent and toxic to fungi 
and algae, but in recent years the use of  silver 
as a biocide, either in solution, suspension and/
or in nanoparticulate form has experienced a 
dramatic revival. Silver biocides are used in an 
ever increasing range of  products, including fibers, 
washing machines, dyes/paints and varnishes, 
polymers, medical applications, sinks and sanitary 
ceramics and various ôconsumerõ applications such 
as disinfectants, cosmetics, cleaning agents, baby 
bottles, etc. 

Widely available consumer products which 
contain nanosilver include food contact materials 
(such as cups, bowls and cutting boards), cosmetics 
and personal care products, childrenõs toys and 
infant products and ôhealthõ supplements. 

There is clear evidence that silver, and in 
particular nanosilver, is toxic to aquatic and 
terrestrial organisms, a variety of  mammalian 
cells in vitro, and may be detrimental to human 
health. While undoubtedly silver and nanosilver 
have useful applications in the medical arena (for 
instance as coatings for medical devices or as 
wound care for severe burns victims), their use 
needs to be strictly controlled and the dictum ôno 
data, no marketõ should always be followed. 

Bacterial resistance to antibiotics is an ever 
increasing problem globally, and indiscrimate use 
of  biocidal silver in numerous consumer products 
is not only unnecessary, but may further increase 
bacterial resistance to a dangerous level.

There are preliminary indications that in 
nanoparticle form, the toxicity of  ionic silver 
may be increased, or that the nanoparticles may 
exert their own toxicity. The disposal of  biocidal 
silver products into waste water raises a number 
of  concerns as the resulting sewage sludge may be 
used on agricultural soils, disposed as solid waste 
in landfills or be incinerated. Biocidal silver may 
also disrupt the functioning of  key soil microbial 
communities.

A 2009 international study (EMERGNANO), 
conducted by imminent nanotoxicologists, 
reviewing the evidence generated by current global 
research on the toxicity of  nanoparticles found that 

òthere is sufficient evidence to suggest that 
silver nanoparticles may be harmful to the 
environment and therefore the use of the 
precautionary principle should be considered in 
this case.ó (Aitken et al. 2009).

Friends of the Earth calls for a immediate 
moratorium on the commercial release of 
products that contain manufactured nanosilver 
until nanotechnology-specific regulation is 
introduced to protect the public, workers and the 
environment from their risks, and until the public 
is involved in decision making. 

Our call is in line with recommendations 
from the United Kingdomõs Royal Society and 
Royal Academy of  Engineeringõs 2004 report on 
nanotechnology, which states that intentional 
release of  nanomaterials into the environment 
should be prohibited until this can be proven to 
be safe. A precautionary approach to nanosilver 
technology is essential.

EXECUTIVE SUMMARY
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THE RISE OF SILVER BIOCIDES

The fungicidal, bactericidal and algicidal properties 
of  silver have been known to humans for a long 
time. Silver has for centuries been known to 
effectively kill harmful bacteria contaminating 
various commodities, including milk and water. 
Ancient Greeks used silver containers to store 
purified water and wine. In the early 1900s, families 
in the United States placed Silver Dollar coins into 
milk containers to keep it fresh. But it is in recent 
years that the use of  silver as a biocide, either in 
solution, suspension and/or in nanoparticulate 
form has experienced a dramatic revival. 

Silver biocides are used in an ever increasing 
range of  products, including water treatment, fibers, 
washing machines, dyes/paints and varnishes, 
polymers, medical applications, sinks and sanitary 
ceramics and various ôconsumerõ applications such 
as disinfectants, cosmetics, cleaning agents, baby 
bottles, etc. (Hund-Rinke et al. 2008). Silver has 
also been incorporated as an antimicrobial agent 
in filters to purify drinking water and to clean 
swimming pool water, but we have excluded these 
applications from discussions as they are beyond 
the scope of  this publication. 

An increasing amount of  silver used in consumer 
and industrial products is in the form of  nanosilver. 
Nanoscale silver or ònanosilveró has become one 
of  the most commonly used nanomaterials in 
consumer products, predominately as a bactericide. 
Widely available consumer products which 
contain nanosilver include, for instance, food 
contact materials (such as cups, bowls and cutting 
boards), cosmetics and personal care products, 
childrenõs toys and infant products and ôhealthõ 
supplements. As of  August 2008, the Project on 
Emerging Nanotechnologies Consumer Products 
Inventory (at the Woodrow Wilson International 
Center for Scholars) listed 235 products (out of  
the 803 nanotechnology products in the inventory) 
as containing nanosilver (Project on Emerging 
Nanotechnologies 2009). 

A 2009 international study (EMERGNANO), 
conducted by imminent nanotoxicologists, 
reviewing the evidence generated by current global 
research on the toxicity of  nanoparticles found that 
there is

òindicative evidence of the harm of silver 
nanoparticles at low concentrations on 
aquatic invertebrates, which suggest that the 
environmental release of silver nanoparticles 
will be detrimental for the environment 
and that any industry/ institute using silver 
nanoparticles should consider taking the 
necessary steps to reduce or eliminate the 
potential exposure of the environment to these 
nanoparticles. é There is sufficient evidence 
to suggest that silver nanoparticles may be 
harmful to the environment and therefore the 
use of the precautionary principle should be 
considered in this caseó (Aitken et al. 2009).

Silver is included on the U.S. Environmental 
Protection Agency (USEPA) 1977 priority 
pollutant list (still in effect) and its discharge into 
the aquatic environment is therefore regulated by 
the EPA (Luamo 2008). Indeed studies, as far back 
as 30 years ago, demonstrated that silver can be 
extremely toxic to fish (Hogstrand and Wood 1996) 
algae, crustaceans, some plants and fungi (Eisler 
1996), especially nitrogen fixing heterotrophic 
and soil forming chemolithotrophic (Albright and 
Wilson 1974). Silver also inhibits microbial growth 
at concentrations far below that of  other heavy 
metals (Braydich-Stolle et al. 2005).

While elemental silver has well known 
antimicrobial properties, nanoscale silver may be 
even more potent. Studies (Damm et al. 2007, 
Zeng et al. 2007) have shown that nanoscale silver 
embedded in polymers is twice as effective in 
killing Escherichia coli (E. coli) when compared to 
elemental silver. The same studies also showed that 
nanoscale silver is able to kill bacteria for longer 
periods of  time, demonstrating the technologyõs 
potential use for long-term antimicrobial 
applications.
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WHAT IS NANOTECHNOLOGY?

Nanomaterials are òintentionally engineeredó to 
take advantage of  unique properties at the nano-
scale. While these new properties may be desirable, 
changing materials at this scale can also result in the 
introduction of  new toxicological risks. Nanoparticles 
have a very large surface area which typically results 
in greater chemical reactivity, biological activity 
and catalytic behavior compared to larger particles 
of  the same chemical composition (Garnett and 
Kallinteri 2006; Limbach et al. 2007; Nel et al. 2006). 
Nanomaterials may have greater bioavailability 
than larger particles, resulting in greater uptake into 
individual cells, tissues and organs. Nanomaterials 
that gain access to our bodies may also be more 
readily penetrate biological membranes and access 
cells, tissues, and organs. Materials which measure 
less than 300nm can be taken up by individual cells 
(Garnett and Kallinteri 2006), while nanomaterials 
which measure less than 70nm can even be taken 
up by our cellsõ nuclei, where they can cause major 
damage (Chen and Mikecz 2005; Geiser et al. 2005; 
Li et al. 2003). 

Unfortunately, the greater chemical reactivity and 
bioavailability of  nanomaterials may also result 
in greater toxicity of  nanoparticles compared to 
the same unit of  mass of  larger particles (Hoet et 
al. 2004; Oberdºrster et al. 2005a; Oberdºrster et 
al. 2005b). Other properties of  nanomaterials that 

influence toxicity include: chemical composition, 
shape, surface structure, surface charge, catalytic 
behavior, extent of  particle aggregation or 
disaggregation, and the presence or absence of  other 
groups of  chemicals attached to the nanomaterial 
(Brunner et al. 2006; Magrez et al. 2006; Sayes et al. 
2004; Sayes et al. 2006).  Nanosilver particles may be 
engineered by a variety of  methods including spark 
discharging, electrochemical reduction, solution 
irradiation and cryochemical synthesis and contain 
about 20-15000 silver atoms (Chen and Schluesener 
2008). They may be engineered to have different 
shapes, including spheres, particles, rods, cubes, 
wires, film and coatings (Winjhoven et al. 2009).

NANOMATERIALS HAVE NOVEL PROPERTIES AND POSE NOVEL RISKS 
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NANOSILVER PRODUCTS OVERVIEW

The worldwide production of  silver reached 
approximately 28,000 metric tons in 2007 (Hund-
Rinke et al. 2008); approximately 500 metric tons 
per year are nanosilver (Mueller and Nowack 
2008). The majority of  silver is used in industry 
(38.2%), as jewelry and silverware (32.5%), and in 
the photographic industry (23.8%). Silver biocide 
use (0.5% or approximately 140 metric tons) is still 
very small and the remainder of  the silver is used for 
investment and coins (5%) (Hund-Rinke et al. 2008). 
The use of  silver in the photographic industry has 
been declining rapidly with the introduction of  digital 
photography, but has apparently been more than 
offset by the use of  silver in the electronics industry 
as conductive pastes and solders. 

In the hospital setting nanosilver is used extensively 
for wound management, particularly for the 
treatment of  burns, various ulcers (rheumatoid 
arthritis-associated leg ulcers, diabetic ulcers, etc.), 
toxic epidermal necrolysis, for healing of  donor sites 
and for meshed skin grafts (Wijnhoven et al. 2009). 
The wound care market alone (salves and wound 
dressings) was worth approximately US$3 billion 
in 2004 (Biogate 2008). òActicoató by Smith and 
Nephew, a silver nanoparticle based wound dressing 
(Nucryst, Wakefield, MA, USA), captured US$25 
million in sales in 2004 alone (Wagner et al. 2006).  
The use of  silver is predicted to continue to rise as 
silver is now used in textiles, plastics, and the medical 
industries. 

Wijnhoven et al. (2009), cites several studies 
on the amount of  silver entering terrestrial or 
aquatic ecosystems and concludes that probably 
300,000 kg of  silver waste enters ecosystems each 
year worldwide. The European market for silver-
containing biocidal products is projected to reach 
110ð230 metric tons of  silver by 2010 (Blaser et al. 
2008). Germany alone used about 8000 kg (8 metric 
tons) of  silver in 2007, of  which 6,600 kg are used 
for water treatment purposes. 1100 kg are used 
in the treatment of  surfaces and may, potentially, 
include nanosilver. The remainder is used in various 
other silver products. Water treatment mainly 
uses ionic silver. Silver used in textiles comes in a 
variety of  forms including simple drenching of  the 
cloth in silver salts and nanosilver impregnation 
of  textiles. Nanosilver is also increasingly used in 
paints, lacquers and polymers and has appeared in 

many consumer products. It is unknown how much 
nanosilver is used in any of  these products (Hund-
Rinke et al. 2008).

According to the United States National Science 
Foundation, the size of  the nanotechnology market 
is forecast to grow to $1 trillion by 2015 (Roco 
2006). A 2008 nanosilver legal petition to the United 
States Environmental Protection Agency (USEPA) 
filed by the International Center for Technology 
Assessment in Washington, DC identified more than 
260 nanosilver products currently on the market, 
including household appliances and cleaners, 
clothing, cutlery, childrenõs toys and personal care 
products (Kimbrell 2008).

Products using nanosilver include:

Å ôHealthõ and food supplements, food packaging/ 
   storage and food contact materials 

Å Household appliances e.g. fridges, washing   
  machines, vacuum cleaners, air and water filters

Å Hospital and medical applications e.g. implants,  
   wound plasters and salves, medical devices

Å Paints, lacquers and sprays for surfaces

Å Surfaces in public spaces

Å Textiles and shoe products

Å Cosmetics and personal care products e.g. tooth  
   brushes, soaps, hair products, deodorants, female  
   hygiene products

Å House and garden e.g. bedding, wall coverings, air  
   and water filters, plant sprays

Å Electronic articles and computers e.g. mice,   
  keyboards

Å Childrenõs articles

Å Agricultural products e.g. seed treatment

An excellent source of  information on nanosilver 
products is the Woodrow Wilson International 
Center for Scholars Project on Emerging 
Nanotechnologies Consumer Products Inventory 
(http://www.nanotechproject.org/inventories/
consumer/). Rather than repeating the information 
available there, we have presented in Appendix 1 a 
selection of  products readily available in shops and 
from online retailers in Australia, Europe and the 
United States.

MARKET SIZE
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NANOSILVER CHILDRENõS PRODUCTS

By exposing children to 
increasing quantities of 
biocidal nanosilver, we 
may very well be robbing  
a child½s need to mature 
his or her immune system.



NANOSILVER IN DIETARY SUPPLEMENTS 
AND FOOD RELATED ITEMS 
Food products containing nanoparticles have entered 
the market, mainly in the form of  packaging and food 
contact material, which incorporate antimicrobial 
nanomaterials. Food and food packaging do not 
require labels to indicate that nanoscale materials have 
been added. Despite the growing number of  nanotech 
food products on the market, consumers are left with 
little information on what food products they may be 
purchasing that contain nanoparticles.

FOOD SUPPLEMENTS
A 2009 report by the Woodrow Wilson International 
Center for Scholars Project on Emerging 
Nanotechnologies looked at nanotechnology-based 
dietary supplements and their regulation in the United 
States and found at least a dozen dietary supplements 
on the market which contain nanoscale silver. The 
report calls for the United States Congress to òadopt 
legislation granting the FDA [Food and Drug 
Administration] the authority to collect additional 
information about these products and to ensure that 
they are tested for their effects on human healthó 
(Schultz and Barclay 2009). It is a serious concern 
that products on the market contain ingredients 
with unknown biological properties backed only 
by a producerõs claims. Very few studies have 
investigated the toxicity of  nanoparticle nutritional 
additives. The failure of  governments to require 
comprehensive safety testing of  toxicity risks in nano 
additives is concerning. Dr Qasim Chaudhry, leader 
of  the nanotechnology research team at the United 
Kingdomõs Central Science Laboratory warns that 
nanoparticle and nano-encapsulated food ingredients 
òmay have unanticipated effects, far greater absorption 
than intended or altered uptake of  other nutrients, but 
little, if  anything, is known currentlyó (Parry 2006). 

FOOD PACKAGING/STORAGE  
AND FOOD CONTACT MATERIALS  
(including household appliances)
One of  the earliest commercial applications of  
nanotechnology within the food sector is in packaging 
(Roach 2006). Between 400 and 500 nano packaging 
products are estimated to be in commercial use now, 
while nanotechnology is predicted to be used in the 
manufacturing of  25% of  all food packaging within 
the next decade (Reynolds 2007). A key purpose 
of  nano packaging is to deliver longer shelf  life by 
improving the barrier functions of  food packaging 

to reduce gas and moisture exchange and UV light 
exposure (Sorrentino et al. 2007). Nano packaging 
can also be designed to release antimicrobials, 
antioxidants, enzymes, flavors and nutraceuticals to 
extend shelf-life (LaCoste et al. 2005).

Distinct from trigger-dependent chemical release 
packaging, designed to release biocides in response 
to the growth of  a microbial population, humidity 
or other changing conditions, other packaging and 
food contact materials incorporate antimicrobial 
nanomaterials, that are designed not to be released, 
so that the packaging itself  acts as an antimicrobial. 
These products commonly use nanoparticles of  silver, 
although some use nano zinc oxide or nano chlorine 
dioxide (AzoNano 2007). 

Anti-bacterial nanofood packaging and nano-sensor 
technologies have been promoted as delivering greater 
food safety by detecting or eliminating bacterial and 
toxin contamination of  food. However it is possible 
that nanomaterials will migrate from antibacterial 
food packaging into foods, presenting new health 
risks. This appears inevitable where nano-films or 
packaging are designed to release antibacterials onto 
the food surface in response to detected growth of  
bacteria, fungi or mold. 

In recent years a number of  ôactiveõ food contact 
materials using the antimicrobial properties of  
nanosilver have been developed. Consumer products 
using these often claim that by inhibiting bacterial 
growth, the food material contained within will last 
longer. Typical examples include nanosilver food 
containers. For a similar purpose nanosilver has 
also been incorporated in various inner surfaces of  
domestic refrigerators (LG, Samsung and Daewoo) 
in an apparent attempt to prevent microbial growth 
and maintain a clean and hygienic environment 
in the fridge. For instance, Daewoo Electronics 
offers a refrigerator that employs òNano Silver Poly 
technologyó that claims to be òthe outcome of  
continuous research of  Daewoo to protect your health 
and that of  your familyó (Daewoo 2009).

Other household appliances include air and 
water purifiers/filters, washing machines, and 
computer parts and hardware. Similarly antibacterial 
coatings containing nanosilver have been applied to 
kitchenware, cutting boards and tableware (see below).

There is a risk to consumers if  nanosilver particles 
could migrate from food contact materials into food 
or drink and be subsequently ingested. Few studies 
have been done on this issue, and preliminary work by 
Chaudhry et al. (2008) does indeed indicate that some 
nanosilver particle migrate into food, but perhaps 
at an insignificant level. Clearly more studies need 
to be done on nanomaterial migration before nano 
packaging products can be allowed on the market.

Nano and Biocidal Silver 7



CLOTHING AND TEXTILES 

Textile products containing nanosilver include: socks, 
pants, shorts, swimwear, shoe pads/insoles, various 
business wear, sportswear, jackets, slippers, intimate 
wear, hats, gloves, bath towels and more. Silver 
nanoparticles are also embedded into textiles and 
fabrics for furniture, beddings and mattresses and for 
industrial material use. Companies are claiming that 
the nanosilver used in their products remains in the 
product for the products lifetime. However, studies 
show otherwise. Benn and Westerhoff  (2008) showed 
that the nanosilver contained in socks can easily be 
washed out (see case study below). In a report for 
the German Environment Ministry Hund-Rinke et 
al. (2008) critically queried the need for the use of  
antibacterial textiles, given the millions of  bacteria 
we come into contact with on a daily basis and the 
fact that our immune system has evolved to deal with 
them. 

COSMETICS AND PERSONAL CARE PRODUCTS 

Cosmetics and personal care products containing 
nanosilver include: soap, toothpaste, shampoo, facial 
masks and creams, skin whiteners, menstrual pads, 
hair dryers, hair straighteners, curling irons, hair 
brushes, and electric razors.

A South Korean company sells soap that thanks 
to its nanosilver content is òhighly effective as a 
disinfectant and guarantees protection of  skinó 
(Natural Korea undated). The ConairÈ Company 
claims to create its own niche in the òpremium hair 
care appliance categoryó by offering hair grooming 
products that are coated with a layer of  nanosilver 
(Conair 2009). There are nanosilver products on 
the market that come into intimate contact with 
our bodies, including menstrual pads and condoms. 
For example, Greenhealthy Australia Pty Ltd sells 
nanosilver menstrual pads; claiming their pads will 
strengthen the bodyõs immune system and: òregulate 
functions by the nanosilver and aloe negative ion that 
strengthens body immune system.ó (Greenhealthy 
Australia).

PRODUCTS FOR PETS

The nanosilver industry has not 
overlooked pets in its attempt 
to market products. Nanosilver 
feeding bowls, deodorants, pet 
water purifiers, dog beds and 
pet clothing are now on the 

market. Saywood Inc. offers a water purifier for 
pets, which òserves your pet with clean & healthy 
water preventing é bacteria through sterilization & 
antibiotic effect by the Nano silver photocatalytic 
coating ball & photo catalytic coatingó (Saywood 
2009).

HOSPITAL AND MEDICAL APPLICATIONS

The use of  silver for medicinal purposes has a long 
history. Silver has been used in wound management 
as early as the 18th century, during which silver 
nitrate (AgNO3) was used in the treatment of  
ulcers. Silver has also been used to induce abortions, 
cauterize wounds and remove calluses and warts. 
The use of  silver nitrate to induce abortion can be 
fatal, as a 1971 case showed. The woman died within 
3 hours of  having been administered a 7% solution of  
silver nitrate. Silver deposits were found throughout 
her body, including her brain (Landsdown 2007). 
Medical use of  soluble silver compounds have 
included treating mental illness, epilepsy, nicotine 
addiction, gastroenteritis, and infectious diseases, 
including syphilis and gonorrhea (Wijnhoven et al. 
2009).

During the early 19th century silver ions were 
used for their antimicrobial properties and were 
approved for wound management by the US Food 
and Drug Administration (FDA) in the 1920s. After 
the introduction of  penicillin in the 1940s, antibiotics 
replaced silver as the standard treatment for bacterial 
infections. The 1960s saw the reemergence of  
silver for the management of  burns in the form of  
0.5% silver nitrate solution. In 1968 silver nitrate 
was combined with a sulphonamide antibiotic to 
produce silver sulfadiazine (SSD) cream, which acts 
as a broad spectrum silver-based antibacterial. This 
continues to be prescribed to-date chiefly for the 
management of  burns (Chopra 2007). 

In the hospital setting nanosilver is used extensively 
for wound management, particularly for the 
treatment of  burns, various ulcers (rheumatoid 
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