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Twoof the greatest health problems of our
time—antibiotic resistance and the allergy
epidemic—shareaveryimportantlink.
Thenumbersofdeathscausedbybacterialresistance
toantimicrobialsandantibioticsinhospitalscontin-
uestorise.Hospital-associatedinfectionskillaround
100,000peopleintheUnitedStatesand150,000peo-
pleinEuropeeachyear.
Atthesametime,weareexperiencinganepidemicin
allergicdiseasesandasthmainindustrializedcountries.
Nearly40%ofchildreninAustralialivewithanallergy.
IntheUnitedStates,thefiguresareevenworse–more
than54%ofallU.S.citizenstestpositivetooneor
moreallergens;morethanhalfofU.S.householdshave
atleastsixdetectableallergens.
Compellingnewscientificresearchconnectsthesetwo
seriousandcomplexproblemstothemisguided‘war
onbacteria’ineveryaspectofourlife.
Now,agrowingnumberofexpertswarnthattherap-
idlyexpandinguseofnano-silverinbacteria-killing

productscouldmakebothoftheseproblemsalot
worse.
Fornearlyacentury,wehavewagedawaronbacteria.
Wehavelearnedtofightoffthese‘enemies’byusing
strongerandstrongerweapons.Asthebacteriahave
foundwaystoresistthelethaleffectsofoneantimicro-
bialweapon,wehavebeenforcedtounleashanother.
Thereisnowarealworrythatwemayberunningout
ofoptionstotackleresistantbacteria.
Themedicalcommunityhasbeenturningtonano-
silverasanantimicrobialof lastresort.Yetatthe
sametime,manycompanieshaveseenamarketing
advantageinincludingnano-silverasaningredientin
everydayproducts.
Nano-silverisfoundinternationallyintoothpastes,pet
shampoos,fabricsofteners,bathtowels,cosmetics,
deodorants,babyclothes,babybottles,refrigerators,
foodstoragecontainers,kitchencuttingboards,under-
wear,ATMbuttons,industrialdisinfectants,agricultural
pesticidesandhandrailsforbuses.HereintheUnited

executivesummary
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States,peoplearealreadycomingintocontactwith
nano-silvereveryday.
Ininterviewsforthisreport,expertswarnthattheuse
ofsuchapowerfulantimicrobialintheseeveryday
productsisnotonlyunnecessary,butdangerous.
Aswithantibiotics,theoveruseofnano-silverwill
promoteresistancetothisimportantantimicrobial.
Already,thereisearlyevidenceofbacterialresistance
tosilverinsomeclinicalsettings.
What’sworse,expertswarn thatnano-silverwill
also promote resistance to antibiotics and other
antimicrobials.
Asconcerngrowsaboutourallergyepidemic,scien-
tistshaverealizedthatinadditiontobreedingresist-
anceinbacteria,ouruncheckeduseofantimicrobial
compoundslikenano-silvermightcarryanotherhid-
dencost.
Alongwithotherexpertssurveyedforthisreport,
NobellaureateProfessorPeterDohertyagreesthat
childhoodinteractionswithbacteriaareessentialto
developstrongimmunesystemsinchildren.
Thewidespreaduseofapowerfulbacteriakillersuch
asnano-silverineverydayproductscouldfurtherin-
creasetheincidenceofallergies.
Researchintoanotherantimicrobialusedwidelyin
bothhouseholdsandhospitals-triclosan-hasre-
vealedboththemechanismsforbacterialresistance
andwidespreadincidenceoftriclosan-resistantbac-
teriainhospitals.
Expertsagreethatregulatorsneedtohalttheexces-
siveandunnecessaryuseofpowerfulantibacterials
ineverydayproducts.Thisisnecessarytomaintain
theeffectivenessofantimicrobialsandantibioticsfor
clinicaluseandtocounteracttheallergyepidemic.
Yetexistingregulationnotonlyfailstorecognizethat
nano-silverpresentsnewandoftengreatertoxicity
risksthanthesamesubstanceinbulkform,thereisno
provisionatallforassessmentofpublichealththreats
–includingthecapacitytodrivedevelopmentofmore
powerfulresistanceinbacteria.
FriendsoftheEarthUnitedStatesiscallingonthegov-
ernmenttoactnowtoseriouslyrestricttheuseof
nano-silverinconsumer,industrialandenvironmental
products.
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introduction

Some commentators have suggested that
there is no cause for concern about the
safetyof silver, given that itwasusedas an
antimicrobialinancientRome.Let’snotforget
thathistoricaluse isnoproofofsafety - the
ancient Romans, Greeks and Egyptians also
used lead, copper, arsenic and mercury in
cosmetics!

Definitionofnanotechnology
Nanoparticlesarecommonlydefinedasparticleswith
atleastonedimensionlessthan100nanometers(1
nanometer=1billionthofameter).Nanoparticles
shownovelphysicochemicalpropertiescomparedto
largersizedparticlesofthesamesubstance.
Someofthesenewpropertiesinclude:

• greater surface area to reactwith their
targets

• greaterchemicalandbiologicalreactivity
• higherbioavailability,includinguptakeinto

individualcellsandevencellorganelles

Historicalusesandpropertiesofsilver
Betterknownforitsusesinphotographyandjewel-
lery,ithasalsolongbeenestablishedthatsilvercan
killmicroorganisms.Thereleaseofsilverionsfrom
differentsilvercompoundscancausedamagetofungi,
algae,bacteriaandviruses,preventingtheirgrowth.
Thispropertyhaslongbeenexploitedintheuseof
silverasanantimicrobial(Wijnhoven,etal.2009).As
anantimicrobial,silverhasofferedtheabilitytodis-
infectwhileseeminglypresentingfew,ifany,acute

harmfuleffectstohumanbeings,otherthaninlarge
doses(Luoma2008,Wijnhoven,etal.2009).

Nano-silverisanevenmoreeffective
antimicrobialthansilver
Nano-silverismuchmoreefficientasanantimicrobial
thanbulksilver(Marambio-JonesandHoek2010).The
rateofionreleaseisgenerallyproportionaltoapar-
ticle’ssurfacearea;nano-silverappearstobemore
efficientthanbulksilveratgeneratingsilverions(Wijn-
hoven,etal.2009).
Inadditiontothisgreaterreleaseofsilverions,nano-
silverpresentsnewproperties,including:

• theabilitytocrossmanybiologicalbarriers
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• increasedproductionofreactiveoxygen
species

• capacitytoefficientlydeliversilverionsto
thesurfaceofbacteria(Marambio-Jones
andHoek2010)

Nano-silverisalsomorereadilymanipulatedintocom-
mercialproductsthanbulksilver.Duetotheabilityto
manufacturenano-silverasspheres,particles,rods,
cubes,wires,filmandcoatings,itcanbeembedded
intoarangeofsubstrates,suchasmetals,ceramics,
polymers,glassandtextiles(Wijnhoven,etal.2009).

Commercialuseofnano-silveris
expandingrapidly
In2009theestimatedworldwidemarketsizeofnano-
silverwas320tons/yr(Gottschalk,etal.2010),al-
thoughthisisexpectedtoexpandrapidly.Thisvolume
mayappearsmall,althoughitstoxicologicalburden
mighteasilybetheequivalentof32,000tons/yrof
bulksilver,orevenmuchgreater(aspercalculations
inMaynard2006).1

TheConsumerProductsInventoryattheProjecton
EmergingTechnologieslistsnano-silverasthemost
commonlyusedmanufacturednanomaterialincon-
sumerproducts(PEN2011).Ofthe1317products
listedhere,thereareover300productscontaining
nano-silver.Theseproductsincludetoothpastes,pet
shampoos,waterfilters,fabricsofteners,bathtowels,
shoes,socks,computerkeyboards,cosmetics,deodor-
izers,babyclothes,babybottles,babytoys,refrigera-
tors,foodcontainers,kitchencuttingboards,electric
shavers,curlingirons,wristbandsandmuchmore.
Thesenano-silverproductsincludethecommonbrand
namesCrocsandRemington(Appendix).Inpreparing
forthisreport,abriefwebsearchforproductsinthe
UnitedStateswhosemanufacturersacknowledgeuse
ofnano-silverrevealedthattheConsumerProducts
Inventoryisonlythetipoftheiceberg.Withoutman-
datorylabellingofnano-ingredients,itisimpossible
foreitherthepublicorregulatortoquantifythetrue
scaleofcommercialuseofnano-silver.
Inadditiontoitsuseinconsumerproducts,nano-
silverhasbeenappliedasanantimicrobialtoarange
ofindustrialproducts,includingdisinfectants,food
packaging,waterpurification,powdercoatings(coating
doorknobs),wallpaintsandairconditioning.Ithas

1  Comparing a “conventional” material made up of 2 mm diameter particles, to a 
nanomaterial comprised of 20 nm diameter particles, and assuming hazard is associated 
with either particle number or surface area, not mass

alsobeenusedasadisinfectantcoatingthroughout
HongKongsubways(Appendix).
Earlyexamplesinagriculturemayincludetheuseof
nano-silverasa“nanobiotic”inpoultryproduction
(Clement2009).Asianagriculturalchemicalcompa-
niesalsoadvertisenano-silverforuseasafungicide,
foliarsprayanddisinfectantforfishfarming(GihHwa
2011).Itisunclearwhethertheauthorsarereferring
tonano-silverasopposedtoacolloidalorbulksilver
suspension.
Significantly,nano-silverhasimportantapplications
withinaclinicalsetting,liningwounddressingsand
ascoatingsformedicaldevices,suchascathetersand
stents(Silver,PhungandSilver2006).Givengrowing
resistancetootherantimicrobials,nano-silverisused
increasinglyasanantiseptic,disinfectantandforex-
ternalwoundtreatment.

Mostexpertsagreethatantimicrobials
ineverydayproductsarecompletely
unnecessary
Whilerecognisingthattheuseofnano-silverincertain
clinicalsettingsisofgreatvalue,mostexpertsinter-
viewedforthisreportagreedthecurrentwidespread
useofnano-silverinhouseholdproductsmaybeexces-
siveandunnecessary.
ProfessorStuartLevy,ProfessorofMolecularBiology
andMicrobiologyandofMedicine,andDirectorofthe
CenterforAdaptationGeneticsandDrugResistance
atTuftsUniversitySchoolofMedicineintheUnited
States,suggestedin2001thatthedramaticrisein
householdproductscontainingantimicrobialagents
wasacauseforconcern.Hecautionedthatthiscould
selectforresistantbacteria,alterourmicrofloraand
ultimatelyourimmunesystems.Levystates:“Although 
we need to control pathogens when they cause dis-

ease, we do not have to engage in a full-fledged ‘war’ 
against the microbial world”(Levy,2001).
ProfessorAndrewMaynard,thenChiefScienceAdvi-
sortotheProjectonEmergingNanotechnologiesat
theU.S.WoodrowWilsonCenter,nowDirectorofthe
RiskScienceCenterandProfessorofEnvironmental
HealthSciencesattheUniversityofMichigan’sSchool
ofPublicHealth,cautionedina2008radiointerview
thatcompaniessellingnano-silverproductsweredoing
sowithoutconsideringtherepercussions.“It’s almost 
as if manufacturers are like kids in a toy store at the 
moment. They’ve got new technology nanosilver and 
they’re just putting it everywhere they are so excited 
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about it, but nobody’s really thinking about the long 
term consequences of that”(LivingonEarth2008).
Inaninterviewforthisreport,Dr.SamuelLuoma,
EmeritusattheU.S.GeologicalSurveyandJohnMuir
InstituteoftheEnvironmentattheUniversityofCali-
fornia,Davis,informedthat:“The biggest environmen-

tal danger with nano-silver and probably for human 
health as well is if hundreds of these products are used 
by millions of people. If it’s used wrong [nano-silver] 
and if it’s over-used, then you could indeed find re-

sistance. There are a large amount of products with 
unknown and unproved effectiveness and unproven 
necessity – their presence on the market is a way of 
unnecessarily increasing risk” (S.Luoma,phoneinter-
view6/21/11).
Afurtherinterviewforthisreport,withDr.Kristen
Kulinowski,aFacultyFellowintheDepartmentof
ChemistryatRiceUniversityandDirectorforExternal
AffairsfortheCenterforBiologicalandEnvironmental
Nanotechnology(CBEN),andcurrentlyservingasthe
DirectoroftheInternationalCouncilonNanotechnol-
ogy(ICON),stated:“I think the value to society of the 
use of nano-silver in a clinical setting is greater than 
the value to society of its use in a consumer product 
where there’s no potential health benefit” (K.Kulinow-
ski,phoneinterview6/27/11).
Inanotherinterviewforthisreport,ProfessorJohn
Turnidge,warnedthat:“It’s a market that created it-
self. In a sense, that they just use fear of bacteria as 
a marketing tool to introduce products that are un-

necessary” (J.Turnidge,phoneinterview3/17/11).
ProfessorTurnidgeisClinicalDirectorofMicrobiology
andInfectiousDiseases,SAPathology,Professorof
Paediatrics,PathologyandMolecularandBiomedical
Sciences,UniversityofAdelaideandcurrentpresident
oftheAustralianSocietyforMicrobiology.

Nano-silvermayexertbothionicand
particle-mediatedtoxicity
Thisreportfocusesonthepublichealthchallenges
raisedbynano-silver,ratherthanitstoxicitytohu-
mansortheenvironment.Toxicityissuesaretherefore
discussedonlybrieflybelow.Fordetailedreviewson
thesesubjectsseeAitken,etal.(2009),Batleyand
McLaughlin(2010),Luoma(2008)orWijnhovenet
al.(2009).
Recentstudieshavefoundthatnano-silverexertsboth
ionandnanoparticle-mediatedtoxicity.Nano-silver
deliverssilverionstoexposedorganismsevenmore

effectivelythanbulksilver(Luoma2008).Nano-silver
alsoproducesreactiveoxygenspecies(ROS)atthe
particlesurface(Hussain,Hess,etal.2005).
Thetoxicityofnano-silverisdifferenttoandhasbeen
observedtobegreaterthanthatofsilverionsalone,
inbothbacteria(Luoma2008)andzebrafishusedby
regulatorsasamodeltestspecies(Asharani,etal.
2008).In vitro studyhasalsoshownthatnano-silver
canactasadevelopmentalneurotoxicant,exerting
atoxicitythatisdistinctfromthatofsilverions,and
relatedtofactorsincludingparticlesize,coatingand
chemicalcomposition,inadditiontoionrelease(Pow-
ers,etal.2011).
Nano-silvercanshowhigherbioavailabilityanddif-
ferentaccumulationinexposedanimalsthansilver
in ionic form(Asharani,etal.2008,Griffitt,etal.
2009).Evenwhereasolutionofnano-silvercontains
asubstantialnumberofaggregatesandagglomerates
>100nminsize,thebioavailabilitycanbefarhigher
thanthatofsilverionsalone(Griffitt,etal.2009).
Foramoredetaileddiscussionofionicversusparticle-
mediatedtoxicitypleaseseeSenjenandIlluminato
(2009).

Thelossofnano-silverfromproductsinto
wastestreamsmayberapid
Arecentstudyrevealedthatnano-silverusedinsome
clothingcaneasilyleakintowastewaterduringwash-
ing.Twobrandsofsockslostnearly100%oftheirsilver
contentwithinfourwashings(BennandWesterhoff
2008).
Themajorityofnano-silvermayberemovedfrom
wastewatersanddepositedinsludgeorbiosolidsby
wastetreatment(BennandWesterhoff2008).Biosol-
idscouldthenreachtheenvironmentasagricultural
fertilisers,dumpinginlandfillsoroceans,orviaincin-
eration(Kiser,etal.2009).
Howeveritispossiblethatanionicandunchargedna-
nomaterialscouldpassthroughintosewageeffluents
andnotberetainedinsewagebiosolids(Batleyand
McLaughlin2010).Inevitably,themorenano-silver
inincomingwastewater,themorenano-silverwillbe
losttotheenvironmentintreatedeffluent(Luoma
2008).Swissresearchersrecentlymodelledtheen-
vironmentalconcentrationsofseveralcommercially
usednanoparticles.Theypredictedthatnano-silverin
sewagetreatmenteffluentsandsurfacewatersmay
alreadyposeriskstoaquaticorganisms(Gottschalk,
etal.2010).



Nano-silvercouldincreasegreenhouse
gasemissionsfromwastewater
treatment
Nano-silverhasbeenshowntoimpairthefunction
ofbacteriainactivatedsludge,resultinginfour
timesthenormalquantityofnitrousoxidebeing
released(Knight2010).Nitrousoxideis310times
moreeffectiveattrappingheatintheatmosphere
whencomparedtocarbondioxideovera100-year
timeperiod,whichmakesitanextremelypotent
greenhousegas(UNFCCCn.d.).
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Nano-silveristoxictonon-targetbacteria
Microorganismsarethefoundationofallecosystems
andprovidekeyenvironmentalservicesrangingfrom
primaryproductivitytonutrientcyclingandwastede-
composition(Klaine,etal.2008).
Earlystudieshaveshownthatnano-silvercanreduce
theactivitiesofmicrobesemployedintreatingwaste-
water(Choi,etal.2008,Knight2010).Nano-silvercon-
taminatedeffluentreleasedintonaturalwaterways
couldalsodisruptcriticalbacteria-drivenprocesses.
Ifbiosolidscontainingnano-silverareappliedtoagri-
culturalsoil,itcouldalsoreducesoilfertilityonfarms.

Earlystudiessuggestnano-silverpresents
newtoxicrisks
Atrealisticenvironmentalexposurelevels(below0.19
nM)nano-silverimpairedthereproductionofzebrafish
andcauseddeformities(Lee,etal.2007).Ahigh-level
internationalreviewhasconcludedthatevidencefor
nano-silver’senvironmentaltoxicityissufficienttore-
quireprecautionaryaction(Aitken,etal.2009).
Thepotentialtoxicitytohumansisverypoorlyunder-
stoodandinadequatetoundertakehumanriskas-
sessment(Wijnhoven,etal.2009).Nonetheless,in 

vitrostudieshavefoundthatnano-silverwastoxicto
mammalianlivercells(Hussain,Hess,etal.2005),stem
cells(Braydich-Stolle,etal.2005)andevenbraincells
(Hussain,Javorina,etal.2006).
Intheirreviewofnano-silvertoxicity,Wijnhovenetal.
(2009,p25)concludethatlong-termstudyofnano-
silver’spotentialtoxicitytohumansisrequired:“Devel-
opmentaltoxicityandneurotoxicitywillhavedramatic
consequencesandgiventheequivocalcarcinogenicity

effects,additionalinformationontheselong-termend-
pointsisneeded.”

Nano-silvercouldpromote
mitochondria-relateddisease
Eachhumancellcontainsancientformsoftiny
symbioticbacteriacalledmitochondria–ourcells’
energyproducers.
Earlyin vitro studieshavealreadydemonstrated
thatexposuretonano-silvercanreducemitochon-
drialfunction(Hussain,Hess,etal.2005,Hussain,
Javorina,etal.2006).
Thenumberofdiseasesassociatedwithmitochon-
drialmalfunctionisever-increasingandincludes
Parkinson’s,Alzheimer’sandHuntington’sdisease
(Schapira2006).Itappearsplausiblethatalong-
term increasedexposure tonano-silver could
resultinincreasedincidenceofthesetypesof
diseases.
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bacterialresistance:
anemergingcrisisinpublichealth

“There is no question that the resistance to
bacteriainhospitalsisaveryscaryissue.”

Clinicalandmicrobiologicalprofessionalsagreethat
weareinserioustrouble.Asaresultoftheoveruse
andabuseofantibiotics,inrecentdecadesantibiotic
resistancehasincreasedinbacterialpathogens.This
hasledtotreatmentfailuresinbothhumanandanimal
infectiousdiseases(WHO2010).Inarecentinterview
withThe Age(AAP2011),ProfessorPeterCollignon,
DirectorofInfectiousDiseases&Microbiologyatthe
CanberraHospitalandAustralianNationalUniversity
MedicalSchool,stated,“We’ve got resistant bacteria 
causing infections in people that are either untreatable 
or close to being untreatable.”
IntheUnitedStates,1in17hospitalinfectionskill.
TheU.S.CenterforDiseaseControlandPrevention
estimatesthateachyear,roughly1.7millionhospital-
associatedinfections,fromalltypesofbacteriacom-
bined,causeorcontributeto99,000deaths.InEurope,
hospital-associatedinfectionsarethoughttocauseor
contributeto147,000deathseachyear(WHO2010).

Significantly,theWorldHealthOrganisationdedicated
thisyear’sWorldHealthDay(April7,2011)‘Antibiotic 
resistance: No action today, no cure tomorrow’inanef-
forttoraisethegeneralawarenessaboutthisproblem.

Theimportanceofnano-silverinhospitals
Therapidriseinantibioticresistancehasrequiredthe
increaseduseofotherantimicrobialsindisinfectants
andantisepticswithinclinicalsettings.Theseinclude
hypochlorites,quaternaryammoniumcompounds,
nano-silverandtriclosan.Oftheseantimicrobials,
nano-silverisalsousedinwounddressings,especially
forburns,andtocontrolbacteriaoncathetersand
stents.Givengrowingresistancetootherantimicrobi-
als,nano-silverisofkeyimportance.
ProfessorRoyKimbleoftheUniversityofQueens-
landanddirectorofburnsandtraumaattheRoyal
Children’sHospitalinBrisbaneobservedin2009that:
“The vast majority of burns surgeons in Australia use 

Dr.SamuelLuoma,EmeritusattheU.S.GeologicalSurveyandJohnMuirInstituteoftheEnvironmentattheUniversityof
California,Davis(S.Luoma,phoneinterview6/21/11).
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silver dressings.” ProfessorCollignonhaspreviously
advisedthatnano-silverisveryusefulinstoppingthe
growthofbacteriaonmedicaldeviceswithoutrelying
onantibiotics(Salleh2009).
In2008ProfessorAndrewMaynardwasexplicitabout
theneedtosafeguardsuchclinicaluse:“At the mo-

ment silver is one of our last defenses against some of 
these bugs these microbes that are resistant to many 
other forms of antimicrobial agents. If we give the 
secret of our last best defense away, silver, it leaves 
us with very little else to kill these harmful agents… It 
literally is the silver bullet and I think we have to use 
it judiciously”(LivingonEarth2008).
Ininterviewsforthisreport,otherexpertsagree.Dr.
Kulinowskicautions,“It’s safe to say that over use of 
any type of antimicrobial raises the potential for resist-
ance. Therefore, in choosing which type of antimicro-

bial therapy to apply or if it’s even needed, for example 
outside of a clinical setting, resistance really needs to 
be taken seriously”(K.Kulinowski,phoneinterview
6/27/11).
Furthermore,despitewidespreadrecognitionofthe
clinicalutilityofsilverwounddressingsandotherappli-
cations,thereissomeconcernaboutpotentialtoxicity
topatienthostcells.Ithasbeensuggestedthatthis
coulddelaywoundhealingorposelocalisedtoxicity
(Luoma2008).Thereisalsoariskthatwidespreadclini-
caluseofnano-silver(forexample,incleaningprod-
ucts,soapsandsheets)couldcontributetomorerapid
developmentofresistance(seebelow).Thissuggests
thatclinicaluseofnano-silvershouldbelimitedto
patientsandanti-microbialapplicationsofmostvalue,
wherealternativedisinfectantsarenoteffective.
Inaninterviewforthisreport,Assoc.Prof.Faunce,Aus-
tralianResearchCouncilFutureFellowattheAustralian
NationalUniversity,recommendedthathospitaland
healthcareprovidersshouldestablishguidelinestore-
strictclinicaluseofnano-silverforcriticalapplications
andpatients(T.Faunce,phoneinterview3/15/11).

Whatdoesn’tkillbacteriamakesthem
stronger

Figure1:Selectionofbacterialresistancetoantimicrobials,
basedonadiagrambyGreenFacts(2009).

Widespreaduseofnano-silverinlowion
releaseconsumerapplicationsmaybe
especiallyproblematic
Tominimisedevelopmentofresistantbacteriainclini-
calsettings,expertsrecognisethatwounddressings
mustreleasehighlevelsofsilverionsinanattemptto
killallbacteriapresent(Chopra2007).
Itthereforeappearslikelythatwidespreadhousehold
useofproducts thatrelease lower levelsofsilver
ions,forexampledishcloths,babymatsorcomputer
keyboards,maybeespeciallyproblematicbreeding
groundsforbacterialresistance.

Earlyevidenceofnano-silverresistance
hasalreadyemerged
Itisdifficulttoknowhowwidespreadbacterialresist-
ancetosilvermightalreadybeinourhospitalsand
broadersociety(Chopra2007).Nonetheless,there
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arealreadyseveralreportsdescribingbacterialresist-
ancetosilver.AscitedbyGupta,etal.(2001)“The first 
report on the genetic and molecular basis for Ag+ [ionic 
silver] resistance concerned a Salmonellatyphimurium 

isolate, from the Massachusetts General Hospital, that 
killed several patients and required the closing of the 
burn ward in 1975 (McHugh et al. 1975).”
Silver-resistantbacteriahavebeenrepeatedlyfoundin
hospitalburnwards(exampleslistedbyChopra2007),
wherethesilvercompoundsilver-sulfadiazinehasbeen
usedfordecadestotreatburnspatients.Inparticular,
a2003investigationinaChicagohospitalfoundmore
than10%ofclinicalisolateshadsilverresistancegenes
(Silver2003).Arelativelyrecentstudyalsoreported
strainsofbacteriaabletosurvivehighconcentrations
ofsilvernanoparticles(Lok,etal.2007).

Exposuretosilvercanalsopromote
bacterialresistancetomanyother
antimicrobialcompounds
Selectionofbacteriawiththeabilitytoresistsilver
alsoselectsforotherantimicrobialresistancegenes.
Genesconferringantimicrobialresistanceregularly
travelquicklyandwidelyduetothepresenceofmo-
bilegenetic(DNA)elements,suchasplasmids,viruses,
transposonsandintegrons.Resistancegenestosilver
havebeenfoundonarangeofplasmids,notoriousfor
containingmultipleantibioticresistancegenes(Gupta,
etal.2001,Silver2003).
ProfessorStokeswarnsthattheriskwefaceisnot
justsilverresistance,adding“the one thing that I’d 
put money on is that silver resistance is very closely 
linked in a genetic sense to other types of antimicrobial 
compounds, like antibiotic resistance genes. It’s kind-of 
like a double whammy” (H.Stokes,phoneinterview
3/10/11).

Widespreadconsumerandindustrial
useofnano-silverwillpromoterapid
developmentofnano-silverresistant
bacteria
Inaninterviewforthisreport,Dr.Luomacautionsthat:
“The biggest danger posed by nano-silver to the envi-
ronment, and probably to human health as well, is if 
hundreds of products are used by millions of people”
(S.Luoma,phoneinterview6/21/11).
Expertsinterviewedforthisreportagreedthatthe
widespreaduseofnano-silverinconsumer,agricultural

andindustrialsettingsislikelytobreedfurtheranti-
microbialresistance.
ProfessorStokeswarned“the use of antimicrobials out-
side of the clinical context indirectly facilitates and fur-
ther raises the possibility that such resistance genes are 
going to make their way into very serious pathogens, 
and at that point , it becomes a major health prob-

lem….and if we start using nano-silver quite broadly in 
the environment, then not only will we have bacteria 
that are resistant to nano-silver, then I would bet that 
they’ll already be multi-drug [antibiotic] resistant as 
well.” (H.Stokes,phoneinterview3/10/11)
ProfessorTurnidgesuggestedthat“prudence and re-

straint are probably the critical factors largely missing 
from what we do. We use [antimicrobials] much, much 
more than we need to as a society”(J.Turnidge,phone
interview3/17/11).
InevidencetoaU.S.HouseCommitteeonEnergyand
Commercein2010,ProfessorStuartLevyobserved
thatmisguideduseof antibioticshas contributed
directlytothedevelopmentof‘superbugs’:“…the 
widespread use – and misuse – of antibiotic drugs has 
spawned the evolution of life-threatening bacteria that 
render our current antibiotics useless”(APUA2010).It
istobehopedthatwedonotrepeatsuchamistake
withnano-silver.
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thecaseoftriclosan:
acautionarylessonfornano-silver

“The usage of nano-silver is equally as
frustrating, bizarre and stupid as the use of
triclosaninconsumerproducts,whichisvery
widespread now. Antiseptics in toothpaste,
washingpowder,godknowswhatelse.It’sa
marketthatcreateditself.Inasense,thatthey
justusefearofbacteriaasamarketingtoolto
introduceproductsthatareunnecessary.And
nano-silver in consumer products is equally
loony.”
ProfessorJohnTurnidge,ClinicalDirectorofMicrobiologyand
InfectiousDiseases,SAPathology,ProfessorofPaediatrics,
PathologyandMolecularandBiomedicalSciences,University
ofAdelaideandcurrentpresidentoftheAustralianSocietyfor
Microbiology(J.Turnidge,phoneinterview3/17/11).

Triclosanoffersacautionaryexperiencefornano-silver.
Justlikenano-silver,triclosanisanothermajoranti-
microbialagentnowwidelyfoundinbothconsumer
productsandclinicalsettings.Thishasledtohighre-
sistancelevels,compromisingitsclinicaluseandposing
newpublichealththreats.

Thehistoryoftriclosan
Thecompoundtriclosan(2,4,4’-trichloro-2’-hydroxy-
diphenylether)wasfirstdevelopedandintroducedas
anantimicrobialandpreservativeinthe1960s.Since
thistime,triclosanhasbeenusedinclinicalsettings
asanantiseptic,butalsowithinavastrangeofdo-
mesticproducts,includinghandsoaps,toothpastes,
mouthwash,deodorants,cuttingboards,wounddisin-
fectants,facialtissues,plasticutensils,socksandtoys

(Yazdankhah,etal.2006).Likenano-silver,triclosan
isanon-specificantimicrobial-thathastheabilityto
kill(almost)allofthegoodmicrobesaswellasthe
bad(Saleh,etal.2010).Also,similartonano-silver,
triclosanhasdemonstratedtoxicitytoarangeofhigher
lifeformssuchasaquaticalgae(Tatarazako,etal.2004)
andhasbeenshowntointerferewithnitrogencycles
insoil(WallerandKookana2009).

Widespreadtriclosanusehasdriven
bacterialresistancetobothitandother
clinicallyusefulantibiotics
Theuseofantimicrobialsliketriclosanselectsforbac-
teriawithgenesresistanttoantibiotics.Severalstudies
havealsodemonstratedtheprevalenceoftriclosan
resistancewithinbacteria(Yazdankhah,etal.2006,Bai-
ley,etal.2009,Chen,etal.2009).Clinicalsurveyshave
revealedwidespreadtriclosan-resistantbacteriathat
arealsoresistanttoclinicallyimportantantibiotics.This
hasledscientiststocautionagainsttheindiscriminate
useoftriclosan(Mima,etal.2007,Chen,etal.2009).

Triclosandisruptsthedevelopmentofthe
immunesystem
Researchershavefoundthatpeopleage18andunder
withhigherlevelsoftriclosanintheirurineweresignif-
icantlymorelikelytoreportdiagnosisofallergiesand
hayfever(Clayton,etal.2011).Thisresearchutilised
datafromthousandsofindividualsfromtheNational
HealthandNutritionExaminationSurvey(NHANES)
collectedintheUnitedStates.Thisisthefirsttime
thatexposuretoanantimicrobialhasbeenstrongly
linkedtoalterationofthedevelopmentofthehuman
immunesystem.



Reasondemandsweactnow
Therearemanysimilaritiesbetweentriclosanand
nano-silver.Theweightoflaboratoryevidenceand
expertopinionsuggeststhatthewidespreaduseof
theseantimicrobialscouldincreasebacterialresist-
ancetomultipleantimicrobialswithinpathogenic
bacteria,whilsteradicatingthebeneficialbacteria
aroundus.Wemaynevergatherenoughcausal
datatocomprehensivelyidentifyandquantify
thepublichealthrisks.Weshouldinsteadapply
precautiontorestrictthewidespreaduseofthese
powerfulantimicrobials.
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Governmentsagreeontheserious
potentialfortriclosantocauseharm,
butsaythereisinsufficientevidenceto
regulate
RegulatorybodiesintheUnitedStates,Europeand
Australiahaveallconductedrecentreviewsintotri-
closan,focussingondifferentaspectsofitstoxicity
andpotentialforbacterialresistance(U.S.EPA2008,
NICNAS2009,SCCS2010).Allreviewswarnoftheen-
vironmentaltoxicityhazard,aswellasrisksinvolved
inhumanhandlingandoverexposuretothischemi-
cal.Nonetheless,theyalleffectivelyconcludedthat
therewasnotenoughscientificevidencetorestrictthe
widespreaduseofthiscompound.Theoneexception
hasbeenarulingbytheEuropeanUniontorestrict
thecontactoftriclosanwithfood(SCCP2006).Evenin
Europe,whichpridesitselfonprecaution-basedchemi-
calsregulation,alackoffullscientificcertainty(and
thecomplexityofconductingnon-laboratorybased

experimentsthatdemonstratecausality)isbeingused
asthereasontoindefinitelydelayregulation.
Thefailureofregulatorstorestricttheuseoftriclosan
isstrikinginlightoftheirexplicitrecognitionofthe
problemstriclosanhasbrought.
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allergyepidemic:
arewetoocleanforourowngood?

“The concept that you should kill every bacteria 
is a myth, no person with any knowledge of 
the literature of how resistance works or the 
function of the human body would suggest 
that. We survive because of the beneficial 
bacteria that help us—taking a big dose of 
antibiotics is one of the most dangerous things 
that you could do—there is no foundation for 
that at all.”
FromaJune21st2011interviewwithDr.SamuelLuoma,
EmeritusattheU.S.GeologicalSurveyandJohnMuirInstitute
oftheEnvironmentattheUniversityofCalifornia,Davis.

“…Putting yet another consumer product 
out to kill ‘germs’ is exactly the wrong thing. 
Germs are good for you. We actually need to 
promote the message that the immunologists 
are now putting out – that almost all germs 
are good for you. The more good germs 
you get exposed to the less bad germs and 
allergies you will have.”
ProfessorJohnTurnidge,ClinicalDirectorofMicrobiologyand
InfectiousDiseases,SAPathology,ProfessorofPaediatrics,
PathologyandMolecularandBiomedicalSciences,University
ofAdelaideandcurrentpresidentoftheAustralianSocietyfor
Microbiology(J.Turnidge,phoneinterview3/17/11).

Withmostwarschildrenareoftenthefirsttobearthe
consequencesandthewaronbacteriaisnoexception.
Allergiesandasthmahaverapidlybecomeamajorpub-
lichealthprobleminindustrialisedcountries.
Scientistshavelookedtoexplainthisrapidincrease
inallergiesintermsofinheritablegenesorindustrial
pollutants,buthaveruledtheseout(Table1).Itnow
appearsthatouruseofantimicrobialcompoundslike
nano-silvermightcarryahiddenprice.

Whatiscausingthisepidemic?
The‘hygienehypothesis’wasfirstproposedin1989
toexplaintherapidlyincreasedincidenceofhayfever
inEngland(Strachan1989).Thisideasuggestedthat
decreasedexposuretoinfectiousagentsearlyinlife
(owingtoincreaseduseofantibiotics,vaccinationand
sanitation)resultsinunbalancedimmuneresponsesto
antigenslaterinlife,causingallergies.Morerecently,
thishypothesishasbeenmodifiedtothe‘microflora
hypothesis’(NoverrandHuffnagle2005)orthe‘old
friends’hypothesis(RookandBrunet2005).Thesenew
namesshiftthefocustotheneedforhumanstobe
exposedtoenvironmentalmicrobeslikebacteriaand
fungiduringourchildhoodtohelpprimeourimmune
systems.Toolittleexposuretothesemicrobesprevents
thedevelopmentofawell-balancedimmunesystem,
leadingtoarangeofpotentialdiseases,allergiesand
disorderslaterinlife.
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Thedouble-edgedswordofdisease
Theriseofmodernsanitationandantibioticshasled
toadramaticdecreaseininfectiousdiseases(such
aspneumoniaanddiarrhoea)aswellasotherposi-
tivehealthindicatorslikeloweredinfantmortality.
However,autoimmunediseasesandallergieswhich
werevirtuallyunknowntomedicinebeforethe20th
centuryhavenowbecomecommon.
Humanshaveco-evolvedwithawiderangeofmi-
crobes,both‘good’and‘bad’(pathogenic).Thereis
agrowingbodyofcompellingevidencethatsuggests
thatmanyofthesemicrobes-bothonusandinside
us-playanimportantroleinthedevelopmentofour
immunesystemandinprotectingusfromimmune-
relateddiseases(MazmanianandKasper2006).

Exposuretomicrobesstrengthens
childhoodimmunesystems
Theoccurrenceofallergiesandimmunediseases
likeasthmainindustrialisedcountriescontinuesto
rise.Interestingly,notallchildrenareequallyatrisk.
A2007Canadiansurveyofover13,000children
foundthatchildrenwhogrowuponfarmshaveless
thanhalftheriskofdevelopingasthmathanother
ruralchildrenandchildrenincities(Midozi,etal.
2007).AsimilartrendwasfoundinEuropeanchil-
dren,whereagreaterdiversityofmicrobespresent
inchildren’shomeenvironmentswassignificantly
linkedwithaloweredriskofasthma(Ege,etal.
2011).
Inarecentinterview(Saggin2011),ProfessorPeter
SlyfromtheQueenslandChildren’sMedicalResearch
Instituteagreedwiththesefindings:
“Exposure to bacterial products, particularly from 
animals and farming-related activities, helps edu-

cate the immune system as to what to ignore in the 
environment and that helps to protect [against] the 
development of allergies and asthma, whereas in the 
city, kids don’t get quite the same sort of bacterial 
exposures”hesaid.
Othercomparativestudiesintoautoimmuneand
allergicdiseasesaddfurthersupporttotheideathat
we,intheindustrialisedworld,havebecometoo
clean(Table1).
NobellaureateProfessorPeterDohertyagreesthat
childhoodinteractionsseemtobenefitourimmune
systemandadds“Kids need to play in the dirt, and 
on the floor.”(PersComm3/24/11).
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Table1:Acomparisonoftheresearchlookingattheincidenceofautoimmuneandallergicdiseaseswith
humanlifestyles.Thistabledemonstratesthattheincreasingtrendtowardsthesediseasescannoteasilybe
linkedtoindustrialpollutantsorgenetics.Italsosuggestsaprotectiveroleinthesharingofmicroflorabetween
children.

Findings Implications Study

Childrenwhogrowuponfarmsaremuchlesslikely
tohaveasthmathanothernon-farmingruralandcity
children

Dismissestheroleofurbanindustrial
pollutantsinallergies
Stronglysuggestsaprotectiverolein
thesharingofmicrobes

Midozi,etal.(2007)
Ege,etal.(2011)

UponthefalloftheBerlinWall,ratesofasthmawere
higherinWestGermanythaninEastGermany-even
thoughairpollutionwasworseintheEast

Dismissestheroleofurbanindustrial
pollutantsinallergies

vonMutius,etal.
(1994)

Havingoneormoreoldersiblingssignificantlylowered
theincidenceofhayfever,asthma,TypeIdiabetesand
multiplesclerosis

Stronglysuggestsaprotectiverolein
thesharingofmicrobes

Strachan(1989);
Ponsonby,etal.(2005);
Cardwell,etal.(2008)

Childcareduringfirst6monthsloweredincidenceof
asthmaandeczema

Stronglysuggestsaprotectiverolein
thesharingofmicrobes Ball,etal.2000)

Auto-immunediseasesarerareinruralAsiaandAfrica,
butrisesharplywhenimmigrantsfromthosecountries
cometothedevelopedworld

Dismissestheroleofgeneticsinthe
inheritanceofallergies

Detels,Brodyand
Edgar(1972);Symmons
(1995)

TypeIdiabeteswas6timesmoreprevalentinFinland
thaninneighbouringRussia,inspiteofsimilargenetic
backgrounds

Dismissestheroleofgeneticsinthe
inheritanceofallergies

Kondrashova,etal.
(2005)

Friendlybacteriahaveakeyroleinhealth
Recentresearchsuggeststhatmanyskinbacteriaare
notjustharmless–theyareactuallybeneficialtoour
health(Lai,etal.2009,Cogen,etal.2010).Evenbefore
weareborn,maternalexposuretomicrobesappears
criticalforprotectingoffspringfromasthma(Conrad,
etal.2009).

Nano-silver:itswidespreaduseinthe‘war
onbacteria’couldproveagreatmistake
Nano-silverisanunselectiveantimicrobial-meaning
thatitefficientlykillsbothgoodandbadmicrobes.
Byplacingthispotentantimicrobialinclosecontact
withourbodies,wereduceourbody’sexposureto
goodbacteria-compromisingourimmunesystemand
increasingthechanceofcontractingimmunediseases
andallergies.
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nanosilver:
stillimmunetoregulation

Expertswarnnano-silverisapolicyfailure
MostAustralianexpertsinterviewedforthisreport
-ProfessorsTurnidge,StokesandFaunce-agreed
thattheabsenceofeffectivenano-silverregulation

amountstoapolicyfailure.

Truck-sizedgapsleavenano-silver
effectivelyunregulated
IntheUnitesStates,Europe,andAustralia,regulations
areprimarilyfocusedontheassessmentof“new”
chemicals.Todate,despitewidespreadrecognition
thatthetoxicityofananoparticlecannotbepredicted
fromtheknowntoxicologicalpropertiesofthesame
chemicalinbulkform,nanoparticlesarenotrecognised
as“new”(BowmanandHodge2006).Thismeansthat
althoughmanynanoparticlespresentnewandoften
greatertoxicityrisksthanlarger(bulk)particlesofthe
samecomposition,theydonottriggernewassess-
ment.Thisleavesnano-silvereffectivelyunregulated,
withnorequirementsforcompaniestoconductand
submitriskassessmentsbeforeuse.Manufacturersare
stillnotrequiredtoidentifynanoparticleingredients
onproductlabelsorconductnano-specificsafetytests
ontheseingredients.
However, in Juneof 2011 theU.S. Environmental
ProtectionAgency(EPA)tookthefirststeptowards

regulatingnanoscalesilverandothernanoscalepes-
ticideproducts(EPA2011).EPAhasbroadauthority
undertheFederalInsecticide,Fungicide,andRoden-
ticideAct(FIFRA)overallsubstancesintendedtokill
pests,includinggermkillers,buthasnotaddressed
untilnowthegrowingnano-silvermarketormost
othernanochemicals.EPA’snewproposedregulations
detailtwoapproachesforgatheringenvironmental
andhealthinformationaboutnanoscalematerialsin
pesticideproducts.Inaddition,thenoticeproposesa
newapproachforhowEPAwilldetermineonacase-by-
casebasiswhetherananoscaleingredientsisa“new”
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activeorinertingredient,evenwhenanidentical,non-
nanoscaleformoftheingredientisalreadyregistered.
Nevertheless,therecentnoticereleasedbytheEPA
givesnoindicationthattheagencyintendstoconsider
theissueofantimicrobialresistanceinadditiontotox-
icityforitsproposedregulations.
TheproposedrulesreleasedinJune2011areinre-
sponsetoalegalpetitionfiledwiththeEPAbytheIn-
ternationalCenterforTechnologyAssessmentandthe
CenterforFoodSafety(CFS)inMay2008,onbehalf
ofacoalitionof12otherpublicinterestorganizations
includingFriendsoftheEarth,callingonEPAtoregu-
latenano-silverproductsaspesticides.Thepetition
calledonEPAtocategorizenanoscalepesticideprod-
uctsasnewactiveingredients.Underpressurefrom
variousNGOs,theU.S.EPA(EnvironmentalProtection
Agency)decidedtoregulatewhattheycalledsilver-
iongeneratingdevicessuchaswashingmachines.If
themanufacturerdeclaredthattheaimofthedevice
istokillbacteria,thedevicewouldbeconsidereda
pesticide.TheEPAwasatpainstopointoutthatthis
noticewasnotanefforttoregulatenanotechnology;
itwasthesilver’sbactericidaleffectratherthanits
sizethatledtotheirdecision.
Inaninterviewforthisreport,Dr.DianaBowman,
SeniorResearchFellowintheMelbourneSchoolof
PopulationHealthatTheUniversityofMelbourne,
emphasizedthatnanoparticlesnottriggeringassess-
mentwasakeyregulatorygap.However,evenifthis
triggerwereactivated,thereisstillnorequirement
ormandateforregulatorstoassesspublichealth
implicationsofwidespreadnano-silveruse–forex-
ampleregardingantimicrobialresistance.Dr.Bowman
agreedthatthenarrowremitofregulatorswasakey
barriertoeffectiveregulationofnano-silver(D.Bow-
man,interview3/11/11).
Followingthereleaseofthe2009FriendsoftheEarth
report,Nano & Biocidal Silver – Extreme Germ Killers 
Present a Growing Threat to Public Health (Senjen
andIlluminato2009),prominentAustralianmicro-
biologists includingProfessorsHatchStokesand
PeterCollignonwarnedthatthewidespreaduseof
nano-silvercoulddriveanincreaseinantimicrobial
resistance.Sincethattimenoactionhasbeentaken
byrelevantregulatorybodiestohaltthewidespread
useofthisantimicrobial.Ininterviewsforthisre-
port,ProfessorsTurnidge,StokesandFaunceagreed
thattheabsenceofeffectivenano-silverregulation
amountstoapolicyfailure.

Whenaskedifhewasdisappointedinthegovern-
ment’sresponsetoexpertcallstoregulatenano-
silverintermsofgeneratingantimicrobialresistance,
ProfessorTurnidgeresponded“Yes, but it’s in keeping 
with the whole antibiotic resistance story. Recent 
meetings have highlighted that a decade of cage rat-
tling has had virtually no positive effect. When asked, 
the government put up a few phantoms and say 
we’re doing this and we’re doing that - but they’re 
not doing anything. It’s classic bureaucratic white-

wash, sadly”(J.Turnidge,phoneinterview3/17/11).
ProfessorAndrewMaynard,DirectoroftheRiskSci-
enceCenterandProfessorofEnvironmentalHealth
SciencesattheUniversityofMichigan’sSchoolof
PublicHealthexpressedthat:“If there is a policy fail-
ure anywhere, it is in the control of how antimicrobial 
agents are used, whatever the nature of the agent. 
That said, it has been remarkably easy for companies 
to use nano-silver without much consideration being 
given to possible long term consequences. Given the 
questionable benefits to consumers of some of these 
uses, and the possible knock-on impacts to efficacy 
in a clinical setting, I would argue that there is still a 
need for more informed and responsible use of such 
materials - whether guided by government policy or 
business codes of conduct” (A. Maynard, interview 
response via email 6/30/11). 

Lipservicetotheprecautionaryprinciple
–butnoprecautioninpractice
Aprecautionaryapproachtomanagingnanotechnol-
ogyriskshasbeenadvocatedbyhighlevelgroups
elsewhere.TheGermanFederalInstituteforRiskAs-
sessment(BfR)hastwiceconsideredthechallengesof
nano-silvertoxicityandbacterialresistance.TheBfR
concludedthatanassessmentofhealthriskswasnot
yetpossible,recommendingthatmanufacturersavoid
theuseofnano-silvercompoundsinfoodandevery-
dayproductsuntilthedataarecomprehensiveenough
toallowforaconclusiveriskassessmenttoensure
productsaresafeforconsumerhealth(BfR2009,BfR
2011).Similarly,theUnitedKingdom’sRoyalSociety
andRoyalAcademyofEngineeringhaverecommended
thatduetotheirnovelrisks,nanoparticlesshouldbe
regulatedandassessedasnewchemicalsbeforetheir
commercialuse,andfacemandatorylabelling(UKRS/
RAE2004).Themanagementofnanotechnologyin
theUnitedStateshasbeenanythingbutprecaution-
ary.Nano-silverremainseffectivelyunregulated;the
RoyalSociety’srecommendationshavebeenignored.
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Dr.Luomaisexplicitabouttheneedforregulationto
curbover-useofnano-silver.Dr.Luomastatesthat:
“My feeling is that nanomaterials represent a brand 
new challenge for regulators. A stronger regulation of 
how nano is used with the explicit goal of making sure 
its use is limited to those situations where it’s of great 
value or great benefit is a way to keep society from 
over using it [nano-silver]” (S.Luoma,phoneinterview
6/21/11).
Assoc.Prof.Fauncesuggeststhatregulatorsshould
takecontrolofnano-silverseriouslyandactstrongly:
“All we’re really asking is for … regulators to take on 
world’s best practice – and that they try to understand 
the precautionary principle. There are enough studies 
out there that show that there is a distinct effect of 
nano-silver at small sizes. In that sense, the product 
nano-silver needs to be regulated in its own right and 
not simply regarded as another version of silver”(T.
Faunce,phoneinterview3/15/11).

Expertsagreethatwecannotconsider
therisksofnano-silverbasedsolelyon
laboratory-basedtoxicology,butmust
alsoassessbroaderimplicationsforpublic
health
Professor Stokes expressed his surprise that the
governmentwasnotmoreconcernedtocurtailthe
widespreaduseofnano-silvergiventhecostimplica-
tionsofantibacterialandantibioticresistance:“The 
cost of managing antibiotic resistance in hospitals is 
enormous...I would have thought from a government 
perspective that they would be looking at the problem, 
if only from self-interest”(H.Stokes,phoneinterview
3/10/11).
Dr.Bowmanbelievesthatthereisdefinitelyaneed
tolookbeyondthelaboratorywhenconsideringrisk,
howeverrecognisesthatthescopeofthelegislative
remitrestrictshowbroadlyregulatorscanassessthe
riskofnano-silver.“It is not surprising that one of the 
things we have found when talking to regulators is 
that there may have been things we’d like them to look 
at, but their hands are tied”(D.Bowman,interview
3/11/11).
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Conclusion
Thewidespreaduseofnano-silvercarriesagreatpo-
tentialtocauseharm.Basedoncurrenttrends,itis
reasonabletosuspectthatwidespreaduseofnano-
silverwillcontributeto:

• greaternumbersofdeathsrelatedtoanti-
microbialresistantbacteriainhospitals

• anincreaseinimmune-relateddiseasesand
conditionsinthecommunity,and

• furtherdamagetothewiderenvironment
FriendsoftheEarthcallsontheUnitedStatesCon-
gresstoacttoensurethatregulatorsintheUnited
Stateshavethepowertolimitthewidespreaduseof
nano-silver.
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appendix
Examplesofnano-silverproductsavailableonlineorwithintheUnitedStates
Note:allproductswereviewedonMarch31,2011.

Product Manufacturere Nano-silverclaim Website
Babybottle GoBiz “Feedingbottlesandmugcups

developedwiththistechnology,help
protectbabieswithweakimmunity
fromge[r]ms,thesourceofalldiseases.
ThroughnewNano-polytechnology
[1/1000,000,000m],andcutting-edge
science,forthefirsttimeintheworld,
thisperfectlypreventsSecondaryVirus
Inflammationbycontrol[l]inggerms,and
actingasananti-bacterialdeodorant,
andmaintainingfreshnessupto99.9%
withoutadditionaldisinfectingbyboiling
andsterilization.”

http://www.gobizkorea.
com/blog/ProductView.
do?blogid=dream21&id=860332

Baby
toothbrush

GenEzentials “Thistoothbrushismadeofsafeand
cleannon-toxicsilicon,containssilver
nano(Ag+),andthenegativeions
releasedfromthebristleinhibitbacteria,
virusesandfungi.”

http://genezentials.com/
genezentials-products/baby-silicon-
finger-toothbrush/silicon-finger-
toothbrush

Shoes Crocs “CrosliteAg+™materialexpandsupon
thecomfortattributesinherentto
Croslite™materialwhileaddinganti-
bacterial,anti-fungalandodorresistant
nano-Silverceramiccrystals.”

http://www.crocsrx.com/sCloud.html
http://company.crocs.com/news-
releases/top-us-government-
agency-validates-benefits-of-
croslite%E2%84%A2-material/

Foodstorage
container

Prepology
Kitchenware

“Eachcontainerinthisnine-pieceset
featuressilvernanotechnologythat’s
embeddedinthepolypropylenelid.This
helpstoslowdowntheintroductionand
buildupofbacteria.”

http://www.qvc.com/qic/qvcapp.
aspx/view.2/app.detail/params.item.
K30602.desc.Prepology-9piece-Nano-
Silver-Food-Storage-Set?&cookie=set

Foodstorage
container

Kinetic “ApprovedNanoSilverTechnologythat
keepsyourfoodsfresherupto3times
longerthanconventionalplasticfood
storage.”

http://www.kinetic-cookware.com/
product.asp?cat=59&subcat=113
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Product Manufacturere Nano-silverclaim Website
Epilator Remington “DepilationheadwithNanoSilverwhich

inhibitsthegrowthofmicro-organisms
onthehead.”

http://www.drugstore.
com/products/prod.
asp?pid=210106&catid=45531

Industrial
disinfectant
forHongKong
trainsand
subway

MTR “99.9%effectiveinkillingawiderangeof
virusesandbacteriaunderalaboratory-
controlledenvironment.Thecoatinglasts
foraboutthreeyearsafterapplication
andMTRwillconductcheckseveryeight
monthstoensurethebacteria-fighting
powersremainintact.”

http://www.mtr.com.hk/eng/
corporate/file_rep/PR-06-084-E.pdf

Agricultural
fungicide

NSM “Stronganti-fungalpropertieshavefound
extensiveusageintheagriculturesectors
toimprovegerminationandtoaccelerate
growthanddevelopmentwithouttheuse
ofchemical.”

http://www.nanosilver.com.my/ecs.
asp

Aquaculture
disinfectant

GihHwa
Enterprise

“Eliminatethediseasescausedby
bacteria,virusandfungi,suchas
Aeromonas hydrophila,Edwardsiellosis,
Redspotdisease,mold,and
Streptococcus”

http://www.gihhwa.com/en/nano_
silver.html
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“Thebiggestenvironmentaldangerwithnano-silverandprobablyforhumanhealthaswellisifhundredsof
theseproductsareusedbymillionsofpeople.Ifit’susedwrong[nano-silver]andifit’sover-used,thenyou
couldindeedfindresistance.Therearealargeamountofproductswithunknownandunprovedeffectiveness

andunprovennecessity–theirpresenceonthemarketisawayofunnecessarilyincreasingrisk.”
Dr.SamuelLuoma,EmeritusattheU.S.GeologicalSurveyand

JohnMuirInstituteoftheEnvironmentattheUniversityofCalifornia,Davis

“Ithinkthevaluetosocietyoftheuseofnano-silverinaclinicalsettingisgreaterthanthevalueto
societyofitsuseinaconsumerproductwherethere’snopotentialhealthbenefit.”
Dr.KristenKulinowski,aFacultyFellowintheDepartmentofChemistryatRiceUniversityandDirector

forExternalAffairsfortheCenterforBiologicalandEnvironmentalNanotechnology(CBEN),and
currentlyservingastheDirectoroftheInternationalCouncilonNanotechnology(ICON)

“Ifwestartusingnano-silverquitebroadlyintheenvironment,thennotonlywillwehavebacteriathatare
resistanttonano-silver,thenIwouldbetthatthey’llalreadybemulti-drug[antibiotic]resistantaswell.”

ProfessorHatchStokes,TheithreeInstitute(UniversityofTechnologySydney)and
formerpresidentoftheAustralianSocietyforMicrobiology

“Theusageofnano-silverisequallyasfrustrating,bizarreandstupidastheuseoftriclosaninconsumer
products,whichisverywidespreadnow.Antisepticsintoothpaste,washingpowder,godknowswhatelse.
It’samarketthatcreateditself.Inasense,thattheyjustusefearofbacteriaasamarketingtooltointroduce

productsthatareunnecessary.Andnano-silverinconsumerproductsisequallyloony.”
ProfessorJohnTurnidge,ClinicalDirectorofMicrobiologyandInfectiousDiseases,SAPathology,

ProfessorofPaediatrics,PathologyandMolecularandBiomedicalSciences.UniversityofAdelaideand
currentpresidentoftheAustralianSocietyforMicrobiology

“Forsomereason,Australianregulatorsseemtobemoresympathetictoindustrywantingtouse
theseparticles–morethantheenvironment.Thereseemstobeasortofinertiatotake

intoaccountenvironmentalandhealthhazardsofnano-silver.”
AssociateProfessorThomasFaunce,AustralianResearchCouncilFutureFellow

attheAustralianNationalUniversity


