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300 Nano Silver Products

Children’s products-baby bottles, toys,
clothing

Cutlery, cutting boards, food containers

Gym wear, bed sheets

-

General anti-microbial applications, gels, etc.

Many of the nano-silver infused products are for children (baby bottles, toys,
stuffed animals, and clothing) or otherwise create high human exposures (cutlery, food
containers, paints, bed sheets and personal care products) despite very little study on
nano-silver’s potential human health impacts. 5tudies have questioned whether
traditional assumptions about silver’s safety are sufficient in light of the unique
properties
of nano-scale materials. Potential health risks from nano-silver's widespread use also
include increased bacterial and antibiotic resistance and risks created by
nanomaterials’

unprecedented mobility in the body.

Many of the nano-silver infused products are for children (baby bottles, toys,

stuffed animals, and clothing) or otherwise create high human exposures (cutlery, food
containers, paints, bed sheets and personal care products) despite very little study on
nano-silver's potential human health impacts. Studies have questioned whether
traditional assumptions about silver's safety are sufficient in light of the unique
properties

of nano-scale materials. Potential health risks from nano-silver's widespread use also
include increased bacterial and antibiotic resistance and risks created by
nanomaterials’
unprecedented mobility in the body.



EPA failed to Act

* Despite Concern by Water Utilities and
environmental groups that Samsung’s new
washing machine emitted nano-silver in the
waste water, the EPA issued a guidance in
2007 that did not address nano silver as a new
pesticide.

Concerns over nano-silver were first raised by national wastewater utilities in

early 2006. Their concerns were highlighted by one then-new nano-silver product,
Samsung’s Silvercare Washer, which releases silver lons into the waste stream with
every

wash. In response, the media reported in November 2006 that US EPA would regulate
nanaosilver

products as pesticides. One year later, EPA published a guidance covering only the
Samsung washer and allowed it to remain on the market. EPA denied that this
guidance

was “an action to regulate nanotechnology.”



Groups petition EPA

International Canter for Technology Assessment
Center for Food Safety

Friends of the Earth

Loka Institute

Institute for Agriculture and Trade Policy
Consumers Unlon

Beyand Pestickdes

Greanpesce

Sificomn Valley Toxics Coalition

Center for Environmental Health

Center for Study of Responsive Lanw
Food and Water Watch

Clean Production Action

ETC Group

Despite this nano-silver product explosion and its associated environmental and
health risks, EPA has yet to take any meaningful regulatory action. The petitioners
present both a legal blueprint and impetus to take such needed oversight action.



Nano Silver is a pesticide

*]1. EPA should amend its
regulations to clarify
that nano-silver is a
pesticide

First, EPA called to amend its regulations or otherwise act to clarify

that nano-silver is a pesticide and those products incorporating it are pesticide
products

that must be registered, approved by the agency, and labeled prior to marketing. Nano
silver meets the pesticide law's [FIFRA) definition of a pesticide because it is a highly
efficient antimicrobial or antibacterial agent and is intended to be used for that
purpose.

EPA should clarify that pesticidal intent and public health claims can be both implicit
and

explicit and that manufacturers cannot avoid pesticide classification simply by stripping
their products of labeling, a potential loophole several manufacturers have already
exploited.



Nano pesticides new pesticides

»2. EPA should clarify
that nano-pesticides
such as nano silver
products require new
pesticide registrations.

Second, EPA should clarify that nano-pesticides, such as nanosilver

products, are new pesticide substances that require new pesticide registrations, with
nano-specific toxicity data requirements, testing and risk assessments. Nano-silver
must

be classified as a separate substance than macro-silver based on the nanomaterial’s

capacity for fundamentally unique and different properties and because nano-silver
many

new antimicrobial uses are not previously registered silver uses.



EPA must assess Nano Silver

*3. EPA must do full
assessment of potential
human health and
environmental risks of
nano-silver.

Third, EPA must assess the potential human health and environmental risks of
nano-silver. These assessments are required by and must comply with FIFRA, as well as
the Food Quality Protection Act (FQPA), the Endangered Species Act (ESA), and the
Mational Environmental Policy Act (MEPA). As part of this assessment, EPA should
analyze all existing scientific studies as well as require manufacturers to provide all
necessary additional data on nano-silver. Pursuant to FOPA, EPA must assess the
potential impacts of nano-silver on children and infants and ensure that no harm will
result from aggregate exposures. Additionally, EPA must ensure that its activities
reparding nano-silver comply with the ESA and the protection of endangered and
threatened species. Finally, EPA must comply with NEPA by ensuring that it assesses
the environmental impacts of its actions regarding nano-silver pesticide products.



EPA should stop nano silver sales

4. EPA should prohibit
sales of nano silver
products as illegal
pesticides.

Fourth, EPA should take immediate action to prohibit the sale of nano-silver

products as illegal pesticide products with unapproved health benefit claims. The
nanosilver

consumer products currently on market are in clear violation of FIFRA's mandates.

To this end, EPA should issue Stop Sale, Use or Removal Orders or other enforcement
penalties or actions to those manufacturers and/or distributors currently selling these
unregistered nano-silver pesticide products.



EPA to apply FIFRA to nano

* 5. Amend FIFRA regulations to
require submission of

nanomaterial specific data for
nano silver.

Fifth, should EPA after rigorous assessment approve any nano-silver products as
pesticides, the agency must fully apply its pesticide regulations to any registered
nanosilver

pesticides. FIFRA's pesticide registration requirement instills with EPA the duty
to prohibit, condition, or allow the manufacture and use of nanomaterials in
nanopesticides

and prescribe conditions for manufacture or use. These include: requiring
nano-specific ingredient and warning labeling; applying conditional registration;
applying

requirements for post-registration notification of adverse impacts; applying
postregistration

testing and new data development; and requiring the disclosure of all
information concerning environmental and health effects, including confidential
business

information.



Special Review Needed

* Finally, EPA should use its FIFRA
authority to further review the
potential impacts of nano-silver
and the setting of a Federal Food

Drug and Cosmetic Act Tolerance
for nano-silver.

Finally, EPA should use its FIFRA authaority to further review the potential

impacts of nano-silver, including: undertaking either a Classification Review or a
Special

Review of nano-silver pesticides; amending the FIFRA regulations to require the
submission of nanomaterial and/or nano-silver specific data; completing a registration
review of existing silver pesticides; regulation of nano-silver pesticide devices; and the
setting of a Federal Food Drug and Cosmetic Act Tolerance for nano-silver,

10



For More Information

Full petition available at:
www.nanoaction.org

laydee Hanson
Policy Director
International Center for Technology Assessment
660 Pennsylvania Ave, SE Suite 302
Washington DC 20003
202-547-9358 x24
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r l‘ International Center for Technology Assessment
(N |

) Pennsvlvania Ave., S1., Suite 302, Washington, DO 21603
Phone (202) 5479359 Fax: (207) 547-9429

Movember 1H, 2011

The Honorable Swephen A, Ohwens

Azzisrant Adminsmmator

Othice of Chemical Safery and Pollunon Prevennon
Anel Rios Puilding

Ml Code TTONM

1200 Pennsylvania Avenue, N.W.

Washingron, 1. 20460

Diear Assistant Administrator Ohwens:

The Inrernagonal Center for Technology Assessment (ICTA) submits this foromal
request calbng for you and your office o investgate a significant issue related o your
mversight of nanotechnology and pesncides: nano-copper pesticides.

Intresduction

The Intemational Center for Technology Assessment (ICTUY) 15 2 non-profit, bi-partisan
organizaton committed to providing the public with full assessments and amalyses of
echnological impacts on society. TETA s devoted m fully explonng the economic, ethical,
sucial, environmental and polical impacts that can result from the applicaitions of
techrology or technologeal systems. [CTA seeks to ensure that regulatory ageneies adopt
accurate, sciennfic and sandardized definions of nanotechnology and 1o regulate emenging
manotechnologies as they would other materals whose safery has nor been determined.

TCTA has worked on tssues of nanotechnology oversight for o number of vears and has o
specific nanotechnology program, NanoAction. A= part of that program, 10T A acovely
works with the publie, policymitkers, agencies and other non-profits o further improve
swarenicss and oversight. Most relevant here, as you know, 1 May 2008, the Internanonal
Center for Technology Assessment (ICTA) and the Center for Food Safery (CFS) fled a
lepgal petition with the EPA on behalf of a coalition of 14 public interest organizatons calling
un FPA o regulate nano-silver and other nano-pesticide products pursuant 1o its authonty
under the Federal Inseenade, Fungieide, and Bodenncide Act (FIFRA)' The legal petinon
called om FPA o, iwfer alie regpulate these nanotechiolopy produces as new pestcides;
require kabeling of all products; assess health and safety dara before permaring markenng;
analyze the potenoal human health effects, partculardy on children; and analyee the potental
environmental impacts on ccosystems and endanpered speaes.

' A full copy of the petition is available at hep:/fwww.icts o/ nanssctionidoc/CTA_nsno-
silver Aipetithom__fnal_3_1_08.pdf
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This mizsive concems & related issue, naso-copper pesocides.
Bunmary

Here, HETA wrtes speaifically reganding the submissions made by Osmose, Ine.
(Clsmose] to obtan its regstranons for the following theee pesnode products contaiiog
“micnmiecd™ copper carbonaie:

ORL-X3T2 (Miern Pro 200), EPA Reg, No, 3008-90 (initial registration 5/12/05)
CIRD-N370 (Miesns Peo 200C), EPA Reg. Mo MOH-92 (inital registration &/ 340/05)
CRD-X400 (Micro Pro 2000 V3), EPA Reg. No. 3008-99 (initial registration 4,7 /08)

In each msrance, although the actove ingredienr copper carbonate was purchased
feom another megétmnt, the copper carbomate was subsequendy milled inendonally o
produce very small particles of copper carbonmate, incuding many parmicles with ar least one
dimension measuring less than 100 nanomerers (the U8, Environmenial Protecnon Apency
(EI'A) Office of Pesnode Progeams® (OPP) “worling defininon” of sanoscale marenal,
hiravever other Agency defininons inchede particle sizes up to 3Minm” and 1000nm"), Rased
nn a review of publicly available records, it does not appear that Olsmose advised EPA when
it applied for these three ropistrations that any of these products included imennonally
produced nanvscale miterial, but, as explained below, it clearly knew this was the cnse.

It has been the announced policy of QP sinee 2008 w “presutne thar any active or
wert ingredient that 18 or conming munoscale matenal s 2 ‘new’” ingeedient for fepulatory
purposes under FIFRA™  EPA eonfirmed that 1 intends to cononue this policy n a
presentanon made to the Pestade Program Dialogue Committes on Apnal 20, 2000.° All
regastrants were also on nobce well befose 2008 that OPP wanted any applicant requesung
repstrition of 4 pesticide preduct contuning a nanescale acove mgredient or inert ingredient
tor dhselose thar fact during the applicabon process.

¥ United Seates Depariment of Agriculture Natiooal Organic Stundsnds Board Materiuls Committee,
Guidance Document — Engineered Nanomaterials in Organic Produciion, Processing and
Packaging (Sept. 2, 2000) i 156, availubie
i eiew ams sk gon  AMSy | NigetlTle M Doc Name=STEL PRDCS (868 s namedies =muape
ﬂl

, Food and Drug Administration Center for Drug Evaliation and Research, Reporting Fomuat for
Nanotechnoloyy-Related Information tn CMC Review (June 3, 2000) 0t 3, aaileble ar
ot Sl oo Sorwm gl Ao D A e et O e DER Mansul pfPolicies Proceduncs]!

O 14308 pulf

- "Manotechnology and EPA's Dffice of Pesticide Programs,” anschinent o e-mail from William
Jordan, Senior Policy Advisor, OFF (Nov, 10, 2008) (Exhibit A 1o this leter).

‘ “Nanosechnology and Pesticides.” slides of presentation by William Josdan, Senior Policy

Advisor, OPP, w0 Pesticide Program Dialogue Committee (Apr. 29, 2000) { Nanotechnology
Slides), at slide 18, auallable ar hrip:faws epa gow fpesticides ppdg 0 (Wapefl 20 Oivexioa |
g puf



Osmose appeses 16 have withheld from FPA entical information conceming the
presence of manoscile parneles of copper earbonate in the three products TETA has
wennfied. This has some very significant legal tmplications. Tn each instance, it farther
appears that the company was able o obuin 2 product egistmion by claiming the
“formulamic’s exempoon” Since FEPA would have imposed separate and/or addinonal dara
requirernents for the “new” actove inpredient created when Osmose intennomally modified
the structure of the purchased acowe mgredient 1o create nanoseale paricles, it was clearly
improper for Osmose o clam the formulator’s exemption for these products.  Osmose
could aot have ubamned the registmnons in queston without geneeaong and submirmng dam
thar are different From the data suppariing registration of the convenoonal scale purchased
product. Aceordingly, ITCTA believes that these Osmuose nano-copper pesticide registrations
should be deemed by ETA w be invalid ab iwitio and subjecr o immedinte cancellanion.
Moreover, each sale and disribution by Osmiose of any version of these three prosducts tha
contming manoscale partcles should be deemed w be an unlawful ace under FIFRA Secton
12{2){1}{C)," because the composioen of each such product “differs ar the ame of s
distobugon or sale from ity compostbon as descobed i the statement  required n
eomnection with i3 regstranon under section 136a of this ke

Like the pending penton by 1A and 13 signamory orgamzanons requesung that
FPA further regulate nano-sibver pestiesde produers, 1T A requests that FT'A assign a high
prionty o nancscale copper compounds in registered pestiades. 5o have other nen-praofits
that have rised this ssue of concern”  In fact, EPA iself has recently recognized that,

!

“Nano copper is more acutely tuxic than micro copper:

ICTA believes thar EPA must acr peompidy o proteet the public from uniniended
health and environmental hazards resulting from further widespread commercial disinbunon
of Olamose’s registered nano-copper wood preservative pesdcides.  As we will show anfne,
there is substanna] scientfic evidence thar nanescale copper and cupper compounds are
highly toxic. And cven though EPA has not yet evaluated the safety of the Osmose
products contmining “micronized” copper carbonate, the company stated over a year ago
that “Ower 5 Billion board feet of MicroPro reated wood has been sold since the product

L TUSC. & 136j{a){ 1%C).

ICTA, Petition for Rulemaking Requesting EPA Regulsle Nuno-Silver Products ss Pesticides
(May 1, 2008), evailable at hitp:licts ooy/nanoactiondoc/CTA_nana-

silver® 20pstition__fingl 5 1 D8.pdf.

. In a submission to & meeting of the FIFRA Scientific Advisory Panel conceming nanosilver end
other ounometal pesticides, the Motural Resources Defense Council (MRDC) ol requested that
EPA tuke action concerning micronized copper pesticides, stuting that “it appears that EPA, has
never been provided with any sefiety dats for the nano-seale “micronized’ formulation of this wood
treatment biocide, Dr. Jennifer Soes, Comments from the Nawral Resourees Defense Council for
the November 346, 2008, FIFRA Scientific Advisory Pancl (SAP) Session (October 28, 2009, at
2, Dockel Mo, EPA-DPP-O00-0683-0076. 1, avadlable ar

hitpeifwww negutations goviscarchfRegs/contemSireamer Tobjeotld=09000064 80a-4hed | &dispositi
on=attuchmentdcontent Type=pdf.

Manowechmdlogy Slides, an slide 6,
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incroducton i 2006, EPA has ample legal basis to cancel the repseranons, w detesmine
exch 13 voud, and/or o mke enforcement action conceming the sale and distabuton of these

products.

A detaled discussion of e materals und evidence that support these factual and
legal conclusions concerning the theee speeified Osmose products follows,

The FPA product chemmsiey review for QRIXI72 stames:

The apphcant has provided a jusoficaton for ol
required to sabsty the requiremients of the following Part A
product chemistry data requiements: 30,1620 (Descnpoon
of Producton Process), and 8301700 (Preliminary Analysis).
ORIMX372 15 an end-use product that is formulated from
registered manufacionng use produers by smaple mising. "

Thus, EPA's approwval of ORID-X372 was based on the premise that the actve
inpgredient in the cegistered manufacharing use product purchased by Clsmose s maf ool
prior (o mcorporation in the Osmose product. Based on that same premise, (Osmase
applicd for and receved the formulator’s exemption for ORD-X3T2 That basic premize is
false, because the purchased acove mgredienr 3 acomily modificd by milling before
incomortion in the regstered end use producs.

Mr. Jack | lousenger, the Assoerte Director of the Health Effects Division m PP,
asked personnel in the Antdmicrobials Division o eeview the submissions by Osmose
eonceening thewe products.  FPA anatyst A. Najm Shamun replied w Me [Tousenger’s
reguest by stating:

[ looked into the fackers for Reg#t 3008-%0 and 300692 and

poured over 300 pages, | could not find any reference abour
the size of the active prodoct which i called copper
earbonue,

Mr. Shasun further stared that he eonducted a “guick Google search™ and found “tha by
definiton a mieromzed COpPEr 18 SUMY pam ared abenee.™

Osmuse Press Release, “Consumer Safety and Product Performance of Micronized Copper
Technology Confirmed" (Feb, 10, 2009) (Dsmuse Press Release), available ar

hitpediwors meatedwoodinch comdconsumer-sofety-and-prodisct-performeance -of-micronized-
cupper- gk v -coafEroed php,

Subject; Product Chemistry Review of ORD-X372, TO: Wallace Powell, EPA Work Assipnmen

Manager, FROM: Joan Cuddleback, CSC/DynCorp Work Assignment Mannger (Feb, 21, 2006),
at 2 (Exhibit B).

Text of e-mail communication from A. Najm Shamin to Jack Housenger (date unknown],


http://www.trc<ltedwooUtruth.com/consumer-safety-and-prooucl-pcrt"urmancc-of-micronizoo

As late as November 21, 2008, Mr. Housenger stared 10 an e-mail thar he thoaghi
EPA had determined for the (smose products that “the partcles wese preates than 100 nm®”
ang that the particles in queston were oot “engineercd 0 have special properties.”
Unformunately, neither comchision i comrecr. TCTA 15 uncerrain whether the ineorrect
conclusions by EPA smff concerning the composition of these products weee based solely
on the falures by Osmuse o disclose the inclusion of nanoscale matenal in s registeation
submissions for OHD-X372 and ORD-X370, or shether Osmose made affirmative
representativns on which EPA relied in seaching these incoreet conclissions.

ORD-X40 15 0 newer formulaton designed for use wath “refracory™ wood speeies.
As we will show below, this prsduct contains smaller and more numerous nanoscale
parncles than ORD-X372 and ORD-XA70, ORD-X400 was regstered on Apal 7, 2008, at
about the tme when EPA was formalizng its policy positon that it would treat intennonally
created nanoseale parteles of exising active and inert ingredients a5 “new” ingredients. In
the letter transmitnng s appheanon for ORD-X400, Osmose smted that ORD-XA00 is
“substannally stmilar™ o ORI-X3T0, asserong thar “Both products contain the same acsive
tngredhent purchased from the same sources,” and “The only difference in the two products
i# the percentage of copper carbonare.”™'  In that same letter, Osmose seared that the
decreased percetntage of copper carbonate i ORD-X400 would “only improve upon the
wixielly chamerenstics,” even though the inclusion of smaller and more numeroas mnoseale
parficles in this product miscs significant ehrcsolved concerns regacding the hakards
associared with s use.  [CTA hos oot determined whether Osmose peovided any
informaton o EPA concerning the reducoons m parocie size in its product chemastry
subrmissinn for ORD-X400, but the assemons in ths letter suggest it did not. In any case,
TCTA believes it is improbable that EPA would have registered thas product had it been
gaven accurate information on the inclusion of nanoscale paracles in its composinon,

M - [oaa "l:n'lq

The manufacunng process for Osmose's “micromzed” copper carhonate products
is described in a U5 Patent thar Osmose applied for on Apnl 9, 2004, shonly before the
reggseration of CORI-X372 and ORDXKIT. Thes Osmose patent defines “meromzed’” as “a
parocle seee i the moge of (LK1 © 25 microns,™ which 15 1 oo 250000 nanometers.  The
parent claims include wood preservanves that use micronized parncles of an nsoluble
copper compaund (such as copper carbonare) wath either a soluble organic biocide or
miceomzed particles of an insoluble orgamic biocide (such as chuconazole). The patent
explains that these small sizee can be amained by “grnding copper compounds using «
commercilly svallable gonding mill.”

s Letter from Teri Muchow, Manager, Regulatory Administration, Osmaose, to Document
Processing Desk, OFP, Re: ORD-X300 Application for Prosfoct Registration (Deg, 27, M7, af 2
(Exhibit C}.

s Leach e el United States Patent No. US 7,674,481 B2, application Apell 9, 2004, gronted March
9, 2000 (Exhibit D, Provisional applications were previonsly submitted on April 9, 2003, und
Movember |1, 2003,


http:ingn:die.nf

The first “micrimized” copper carbonate product registered by Osmaose was CRD-
X372, which alss copmins soluble guatemary ammonum  compounds.  Osmose
subsequently regisrered ORI-X3TI, which contains only the “micronized” copper carbonate
compound. This seeond produet is labeled for tank mixing with ORD-300, 1PA Reg. No.
HHE-9T, o rebuconazole product sensteced by Owsmeose. Based on the daims in the Osmose
patent and the hmited solubility of tebuconazole, UCTA bebieves that it 18 very likely this
product also contmns “micronpeed” pamicles.  Unbke the three “micronized™ copper
carbonate products, TCTA has net been able to collect sufficient informanon o confirm thar
ORD-X300 eonins nanioscale particles.

The Osmose patent for “mcronteed” word preservatves coverss a wide mnge of
particle gizes, from sizes thar are at the low end of EPA%s working definition for nanoscale
parteles o parneles that aee much larger than the high end of this definioon. Thus, 1t s
eatical tor detenmine what particle sizes are sciually present in the Osmose “micronized”
prosducts.

The first clear evidence thar Osmnse’s “microniped” produces contain nanoscale
partcles of copper carbonate emerged when a group of sclenofic researchers smrered
evalugting the effects of these products on treated wood, In October 2008, the journal
Natwre  Nanatechwelogy published a letter from sevenal rescarchers from the Centre for
Advanced Wood Processing in Vaneouver, Canuda, and the Foresiry and Forest Products
Research Institure in Tsukuba, Japun, descabing the “lagpe-scale commercml use of
manopacticles for the bindogieal protection of dmber™"” ‘These rescarchers desenbed “wood
preservatives that consist of copper carbonate particles and an ornganic co-biocide, both
dispersed m water,” and referenced the Osmaose parent. They also smted unequivocally thar,
"Nanoparticles, some as small as 3 am in dimeter, are sbundant in the agueous
:|'|-:|'|:|.|:rl.r1:I1'|."-|.-.'l

This letter fullowed publicadon of repons by these same researchers in whach they
examined wood treated with “micrimized” copper carbonate preservaaves with a scanning
electron micrmsoope and found nanoscale particles of copper carbonare and iron oade’
vindds in the structure of the woud.” The rescarchers stared:

Field Fission Scanning Flectron Micmscopy (FE-SEM) in
combinatiom with %-ray microanalyas (FDX) revealed the
presence of nano-sized copper and ron particles 0 treared

Evang, P., Matsunaga, H., and Kiguchi, M. (2008}, “Large-scale application of nammechnology for
wood protection,” Nefure Nanatech, 3577 (October 2008) (Exhibit E),

ICTA does pot know the source of the nanoscale iron axide particles, or whether iron oxide
particles were reported by Osmose us an inent ingredient for any of the “micronized” copper
carbonate procducts. [nany case, EPA’S policy concemning nanoscale inert ingredients is the same
as EPA's policy conceming manoscale active ingredients.,

Masunaga, H,, Kiguchi, M., and Evans, P. (2007}, “Micro-Distribution of Metals in Wood
Treatesd with a Nano-Copper Woud Preservative,” Paper Prepared for the 38 Annual Meeting of
the International Research Group on Wood Protection [ May 20-24, 2007} (Exhibir Fi; Mutsunag,
H., Kiguchi, M., and Evans, P, {2008), “Microdistribation of copper-carbonate and iron oxide
nasisparticles i treated wood,” J. Naropars. Ree 11{5):1087-1098 (Exhibit G,


http:micronl7.ed

wood. These parnieles oinged in gze from 10 1o 700 nm and
were abundsntly present in pit chambers and on teriiary wall

lavers adjacent o the lumens of tracheids and ray parenchyma
ﬂ'l:ll."l."'

The same group of rescarchers tecently presented anather paper at a meeting of the
International Research Group on Wood Protecoon. The researchens reported fnding cven
smaller copper carbonate nanoparacles (about 2.5 nm) in the my parenchyma cell walls of
wood treated with a “micrmaized” copper carbonaie produce.”

At this same meenng of the Intermaponal Research Group on Wood Peotection,
Osmose consultant De. Crap Melniyre presented a paper that compared particle sizes in
severtl formulitons of “micronized” copper carbonate with particles acrually deposited m
rrented wood ™ Tn this paper, Dr. Mclnoyre staced:

Basically, all of the mucronized copper woas <1 nm and
roughly the mnges corresponded

Formudanon 12 menn = 200 o 500 am
Formulaon 2 mean = 100 (o 200 fm
Fomuladon 3 mean = 50 o 95 am™

The three formulanons descobed by Dr Melntyre generally comespond to the
Camose spectBications for several formuelatdons containing “micronsed” copper carbonate
partcles thar Osmose has markered pursuant o s FIFRA registanons,  Forther, wsomaony
given in 200 by the Osmose Director of Research in a beanng in Federal Disiicr Conrt
indicates that the mean parncle size specficanons for three “micronized™ copper carbonate
formudations marketed by Osmose are 0.23 o (L3 microns (250-30 am), < 0,12 microns
(12} nm), and = (MR microns (Bl n.'m]-.= The third Osmose formulaion iz ORID-X400
{also marketed as Micra Pro 2000 V3, o product that is tnended for freamment of
“sefractory” wood species ke Douglas fir and hem fir thar have an mternal seruciure char
reslats impregnaton with wood prescrvatves,

Matsunagn, el (2007), at 2.

o Masunaga, H., Kasoka, ¥, Kigechi, M., and Evans, P. (20000, “Copper nanoparticles in southern
pine wood treated with a micronized preservalive: Can nanopartickes penetrabe the cell walls of
tracheids and ray parenchyma ™, Paper Prepared for the 41" Annual Meeting of the [niernational
Research Group on Wood Protection | May 9-13, 20000 {Exhibiz H),

Maclmtyre, C.H. (2000, “Comparizon of Micronized Copper Particle Sizes,” Paper Preparcd for the
41" Anmual Meeting of the International Research Group on Wood Protection (May 9-13, 2000)
{ Exhihit [},

Melniyre, €.R, (20101, 4.

Transcnpt of Preliminory Injunction Hearing, Testimony of Dy, Jun Zhane, Director of Rescarch,
Dsmose (Jane 25, 2009], ar TRE-TH), 3T4-329, Document 200 in Owsose, e, v Vianee, LLC, No-
JAW-CV-I13-JTC (M. Dra, Mov. 5, 2009), available ar hupShesw. pocer.gov! (Exhibit ),

=]
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Although it may ininally appear that the first twn of the three Osmose formulstions
have a particle size specification thar falls ourside of the mnge specified in OPP's “working
defininon”™ for nanoscale material, there ie subztantnl seientifie evidence thar nanoscale
Fm‘l'l'l:'l.i:.l af Copper cachonate are abundanr in all of the [ Jsmiiise formulanons.  This 18
demonstried both by the data colleered in the vanous studies by Matsunaga, of al, us arell as
by & study by MVA Saennfic Consultants™ that 15 included 1n the public record of a cour
proceeding. This smady shows that the Osmose specifications for particle stee anc based ona
weighted mean that reflects the higher mass of the luger partiches, mther than on a mean
determined from the numencal abundance of paricles of each size in the formuladon.

MVA Seiennfic Consultants 12 a firm thar has conducted many forenme studies of
particle size, and thus has conaidesable expertise in this area. In this soudy, MVA saenasts
analyzed a sample of ORIIX372 w determine the particle size distnbuton by direct
visualizaton using transmission clecoron micmseopy. MVA determined thar 188 out of 260
discreet particles (T2.3") in this sample had an equivalent spheacal diamerer of less than 100
' This smedy demonsieates that a specficadon based om the mean partide sze
determaned by mass can be misleading berause there are actually 2 much grearer number of
particles in the range below 100 nm.  Because the shape of the visushzed parncles was
uregular, and MVA reported the results by equivalent sphencal diameter, the numencal
prevalence of particles wath at least one dimension smaller than 100 am would bkely be even
greater,

The newest Osmose “micronized” copper carbonate formulinon for “refmciory™
wood (ORD-X400) has a mean paricle size that s clearly nanoscale under the EPA
defininon based on Osmase™s own specificanon.  In addinen, i i# elear from the published
litermture and from the MVA swudy that each of Osmose’s “mieronized” copper carbonate
products has a composinon thar meets the KPA definiton for 1 nanoscale active igredicnt.
Each product conming numerows particles that have been imentionally produced by millhing
to achieve o particular funcoonalioy and that have at least one dimension thar measures less
than 100 am. Under EPA policy, the active imgredient in these products is “new.” In each
instance, It was improper for Osmaose o fail o inform EPA that the produer eontains
naniscale partcles, fur Osmose o clam the “tormulatoe’s exempnon™ based on ns purchase
of 1 comventional stzed active ingredient. and for Osmose not (o support its apphcation with
addinnonal data submusssons based on the actual composinon of the prosduct.

Wosd products treated with  the Osmose  “micromecd”  copper  carbonate
formulanons are used for & vanety of consumer applicanons that may mvolve dircer dermal
cunmet with the reared wod. In addinon, copper nanopartcles could be released from the

g Covaliere, M_R.. and Miller, M.A. {2009), MY A Scientific Consultants, “Report of Results:
MVATH 2, Parische Sizing of Micronized Copper Preservative™ (Jane 19, 2008) , listed as Defense
Exhibit 1022 in Appendix A 1o Defendants and Coumter-PlaintifTs Second Revised Amended List
of Documents 1o be Presented at Preliminary Injunction Hearing, Document 157-2 in Qsmaose, fac

v. Viance, LLC, No-300.CV.-23.1TC (N.D.Ga. June 30, 2009 ), wrvarilepble ar hnpadiwww pocer oy
(Exhibit K}

- Cavaliere and Miller (2009}, a1 3



treared wood dunng sawing or machining, dunng dleaning, through noomal wear and tear, or
trom product decomposibon, and then become avallable for potential inhalaton or
ingestion. s nowd above, Dsmose stted m ecady 2009 thar over five billion board feer of
wid have been wreated wath s “micromzed” copper prosducts, so the potendal for
consumer cxposure W nanoscale copper paricles could be quire larpe.

Copper 18 knowm to be extremnely soluble and can leach into the surrounding
environment and bind very quickly to both organic and inorganic matter™  Copper has
detnmental effects on most aquate species, but cspecially algae, which in tum can affect
eniire :mr_rlrmu." Studies of the acute oxicity of clemental copper nanoparticles (23,3
nim) in m]l:: found "erl'g' woxicolugical effecrs and heavy injunes on kidney, Iver, and
spheen.™ In a study comparing the tondeity of vadous merl oxide nanoparnicles and carlyon
munoiubes, copper oxude nanopartcles (averging 43 nm) were the most potent of all the
nanoparticles tested ar causing cymtoxiaty and DNA damage™  Although the potenal
mixicity of menoscale particles of copper earbonate has nit been equally well chamctenzed,
the results of the siudy with copper oxide nanoparticles are of particular concem becanse
bath copper omde and eopper carbonate include a bivalent copper won.  Addiuonal, nano-
copper particles lead to the accurmulation of excessive alkalescent sulstance and heavy metal
wins {copper 1ons) in mice culminaong in metabolic alkalosis and copper ion ovedoad ™

T our knowledpe, FIPA has never evalunted the potenon] haeards associated with
the nanoscale pamcles of copper carbonate in Osmose products, Yet Osmose ssued o press
release in 2009 1n which wt clayned thay the “consumer safey™ of ns products has been
“comfirmed™™ In addinon to severely misrepresennng the seroal degree to which the safery
of the Osmose products has been evaluared, this press release clearly violares FIFRA based
on applicable EPA policy. EPA construes FIFRA Sectons 3{c)(1)(C) and 21" o
prohiber any clams concerming “safety™ of & pmoduct in advertising because such claims
would not be permissible if they were included in proposed product labeling. ™ EPA

- NOAA (2008 The Use of Trested Wood Products in Aguatic Environments,

" EPA Office of Pesticide Progroms (2008) Copper Facts — Pesticide Rercgisiration, EPA 738-F-06-
04,

" Chen, Z., Meng. H,, Xing, ., Chen, C., Zheo, Y, Jia, G., Weng, T., Yuan, H., Ye, C., Zhao, F.,
Chai, 7., Zhu, C., Fang, X., Ma, B, and Wan, L. [2006), “Acute oxicological effects of copper
nanoparticles in vive,” Tomiool, Ler, 163109120 (Exhibit L), Meng, H,, Chen, £, Xing., G. Yuan,
H., Chen, C., Zhao, F. Zhang. C. Wang, Y., and Fhao, ¥, (2007}, “Ulirshigh reactivity and grave
nanctoxicity of copper napoparticles,” J, Radioanalyt. Nuc, Chem, 272:595-598 (Exhibit M)

- Karlsson, H, 1, Cronholn, P_, Gustafsson, 1., and Miiller, L. {2008); “Copper Oxide Nanoparticles
are Highly Toxic;, A Comparison berween Metal Dxide Nanopanicles and Carbon Nanotubes,”
Chem Rei, Toxienl 2100 T26-17T32 {Exhibdt ).

- “Llrakkgh reactivity provokes memnatoaicity: Explenation of orsl toxicity of nano-copper particles™
Toxicolugy Letters Yolume 175, Isspes 1-3, 10 Decomber 2007, Pages 102-110.

w Osmuose Press Release, note 7 supra.

" 7 U.S.C. §§ 136ale) 1(C) and 135§uk 1 KB}

see EPA, "Pesticide Labeling Ouestsons and Answers,” ot Section 1 (CAdvertisang Clatms™),
avarilable ai i wws epugovipesticudesiegulgtinglabelslabel_review_[agim.
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regulstions expressly prohilst any labeling that includes “claims s to the safery of the
pesncide or its ingredients™"  Accurdingly, it appears thar distbunion and sale of the three

Olsmose prisduets following samnee of this Osmose ress relense was also a vialanon of
FIFRA.

Osmose’s MiceoPeo “ORD-X372" vas the first wood preservative o be certified an
Fovirusmentally Preferable Product (EPP) by Scientific Certificancn Systems, a certification
bused on puidclines developed by EPA. Addinonally, Osmose’s MieroPro recently carmed
OGREENGUARD Chidren and Schools Certificanon  from  the GREENGUARD
Environmental Insamate (GET) and has also eamed Green Approved Peesdoct Certification
from the Maoonal Assoosoon of Home Bulders (NAHB)] Research Center under the
Natienal Green Building Standard program.

Motwithstanting the evidence thar exposure o nanoscale copper carbonawe may
pose very serous  moxoodogical concerns, Osmose has  introduced  nanoscale  copper
carhonate nm commerce on a very large scale n wood preservative produces registered by
EPA. Osmese has not been required o produce any dat addressing the potennal nsks
assoiciated wath this nanoscale acove ingredient, nor has EPA evaluated the nsks that muy be
associated with occupational and consumer cxposure o nanoseale copper carbonate
resulting fromm use of these products. EPA may eonclude that it was not previowsly aware of
these potential hazards becawse of the fulure of Osmose w0 disclose informaoon on the
composition of these produces, but EPA must not neglect this matter nuw that it 15 sware of
the presence of nanoscale matenal in these products.

Concliss Lt

Foir all of the above nasons, TCTA requests thar EPA immediitely invesogaic the
compositton. of ORD-X37L, ORD-X370, and ORD-X4M, and whe sppropoate
adinsstranve acton. 1 BT determines thit these products weee registered on the basis of
an mvalid claim of the formulater’s exempoon, EPA should immediately revoke the
registranons for these products. [ EPA dereemines thar i must afford  the repistrant
Olsmiose an opportunity for 2 heanng paor w cancelling these products, notwithstanding the
fulure of Osmose 1o include crneal mfammanon in s applications, the sole 1ssues in tht
heanng should be whether Osmose accurately charactenzed the composinon of iis producs,
and whether Osmose was legalle eligble to elaim the fuomulators exemphion.

We further request that EPA thoroughly investigate other possible nanoseale copper
produces, winch should tnelude bur not be limited w0 copper-based wood rreament products
currcnily avalable on the market, as sumilar acnons under FIFRA may be necessary,

It EPA determines that Osmose, or any other manufacrorer of copper-hased
pesticide products, has diseobured or sold any produet thae has o composinon that differs
fromn the eomposiben descobed in the smement Osmose submined as pane of the

tegistration of the product, EPA should mke enforcement acoon under FIFRA Secnon
120a){1)(C3).

1 40 CFR. § 156, 1000 Si{ix),


http:nanosca.le
http:cvaluar.ed

Fimally, FPA should publish its long-awaited industry guidance oo nanio-scale
pesticicles  (Tocket Moo EPA-TTQ-OTP-2008-0631. A nooce on pestiode products
contasning nanoscale matenals was submutied o the US Office of Management and Budget
ont July 30, 20M0; however, no further actdon has been mken.  Industry will have less
meentive and abihry o violae the low if EPA makes clear its policy regarding nano-
pestcides like nano-siver and tano-copper. 10T\ assumes that part and parcel of thae
awaited guidinee will be the answer to ICTAs nano-silver petinon, diseussed ngpra.

Again, clanficanon and cermamty from the agency would lessen the hkelihood of
future companies filing oo divalge new nano-pesticides. The requirement of new data from
the prospecove registrants would further illuminate the safery and rsks of these matenals.
And programmane and mdividual impact nssessmens, under FIFRA, NEPA and other
appheable laws, wall fuarther build thar needed body of sudy.  Finally, the requirement of
labeling any mano-pesoode will provide tmnsparency and cavsanon dat for any potennal
future negative UNpaces.

ICTA appreciates your prompt consideration of the matiers described in this letter
and the anached exhubits. Tlease contact me if you have any guestions concerning any
matter discussed in this letter.

Jaydee Hansen
Policy Dircctor

George A\ Kimbeell
Soatl Atomey

Internaunonal Cenrer for Technology A\sscssment

Attachments
ce Jamwes . Jones, Deputy Asswonr Admimsteaior (w/amachmenis)
Steven P Bracdbury, Ph.3., Director, Office of Pesticide Programs (w/atachmienis)
Lents Risss, [irector, Registration Division (w/atachmenis)
Leslye M. Fraser, Faquire, (ffice of General Counse (w/attachments)
Williwm Jercan (w/atachments)
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r l‘ International Center for Technology Assessment
A ol G660) Pennsvivania Ave., S.E., Suite 302, Washington, DO 206103
Phone: (202) 3479359 Fax: (202) 547-9429

July 21, 2011

Mr. Steven Bradbury

c/o Jeff Kemprer

Acting Direcror, Office of Pesticide Programs
Repulatory Public Docker (75021

LS. Environmental Prowenon Agency

1200} Penngylvania Ave. NW

Washington, T 204600001

CC: submirted wo hotpo/ oo mopulatons.gor
Federal Register: May 19 20010 (Volume 75, Mumber 946)
Doeket Mo, EPA-H QOPP-2010-0282

Comments on Diraft Guidance for Pesticide Registrants on False or
Misleading Pesticide Product Brand Names

EPA Must Address the Houndreds of Manotech Pesticide Products on the Market

Introduction

The Internatonal Center for Technology Assessment (TCTA) 15 a non-profit, bi-pamisan
oqgamzanon commitied to providing the public with full assessments and analyses of
technological impacts on socety. TCTA seeks o foree federal regulatory apencies o adopa
acciimte, soientific and stndardized defiminons of mnotechnology and o egulite emerging,
nanotechnologies as they would other marenals whose satety has not been determined.

1CTA has been acovely working on issues related o nanstechnology for many years, fling
separate legal peaooms with both the U5, Food and Dirug Adminstmnon (FD0) and
Fovironmental Proteetion Agency (ETPA) on behalf of coalinons of public mnerest
otganizations, calling for the repulaion of nano-enabled products. Addigomally, TETA oo
chairs the Nanotechnology Task Foroe of the Trnsatlanoc Consumers [ialogue, a forum of
L5 amd ELUT consumer omganizations, which develops and apgrees on jomt consumer pobey
recommmendanons 1o the 1715 govemment and the European Union o promaote the eosmes
mrerest i KL and US policy mildng.

The Use of N boalory i Peaticide Pynd
Nanotechnology (“mana™) 15 a powerful new platform technology for taking apart and
recunstructng natere af the atomme and molecular level. Increasingly manufacmrers are
mifusing 4 large and diversic number of consumer products with nanoparticles, inchiding
stlver ("tano-silver™) and other nano-metals, for their enhanced “germ killing”” ahilites.
MNanuo-sibver 15 now the most common commercilized namomarerial wath over 250 produces
comaiming nano-silver already on marker shelves, ranging from household apphances and


http:manufacntrc.rs
http:hllp:/!w\v"\\-n:guiat1ons.gn

cleaness o clothing, cutlery, snd children’s toys, tw personal care producrs, fiod packaging,

and coared electromees.

In Alav 21618, the Intemamienal Center for Technology Assessment (TCTA) and the Cenner
fror Food Safety (CFS) filed a legal petition with the EPA on behalf of a coalition of 14
public interest organizatons calling on EPA o regialare nano-silver and other nano-pestiade
products.’ The legal pention demands thar T2PA use it authonty under the Federal
Insecoicide, Fungicde, and Rodennecide Mer (FIFRA) 1o assess the safery of nanomaenuls o
the public and the environment before permimng commeraalizanon. The peutton also calls
nn the agency to require safery dara from manufacmorers and require mandatory and
approved labeling

In Movember 2000, the EP'A eomvened a Sewennfic Advisory Panel (SAP) mo assess and
evaluated the harard and exposure assoctared with nanosilver and other nanometal pesnesde
programs.” The SAP concluded that data gaps about porenial exposure and hazards relared
1o manopacicles are broad; most existng models are not appropoate for use with
ninamaterials and wall not accurately predicr nanomaienal exposure scenanos; and, exestng
data on current exposure and toxicity srudies vary greatdy wath respect to metnes, parocle
size, cte. Llnmatedy, the AT concluded thar nanaparticles are fundamesntally different
substances from their luneer seale eousing and thar sanomarenals can create new wnd wiguoe
health and enmronmental risks that necd new forms of safety testing,

I '..I.

Currently, the largest nano markers are personal care products and anomicrobial products,
many of which fall under FIFRA punsdiction, Numerous nano-pesticides, including nano-
silver products, make marketing claims thar imply complere or total efficacy, safety, or
ﬂu‘np;ﬁ'n:i;m I'ﬂ-'lJlL;ttg fﬂ:ll'l'l I‘]'iﬂ (HETS |::|f' Hu’.nl:l[ﬂﬂ'm::ll.-nmr. ."m 'rﬂlr:;ﬂ: i.n F:P."'l."s [.'I-Thﬁ FH. :"h.rr:ll;inl:_|
false or misleading smtements of any tpe are vinlations of FIFRA und certain regulations
prrommulpated under FIFRA. TCTA' 2008 peanon notes thar the vast maponny of companics
marketing their aano-silver products put emphasis on the nano-silver ingredient, toming s
antimicrobial and annbietenal qualines, as well as making other sweeping medical claims,
tncluding:"
*  “Anobacrenal, Anublone effeer™
® Cehunares 99.9% of bacreria, fungt and hundreds of other disease causing
microorganisms by inhibidng multplicason and growth and prevening tansfer”
®  “long lasang anthactenal funenon™
*  pepders matenal “pesnancnily ant-mcrobial and ano-fungal”
s “elirmnates the growth of one-celled organisms (such ns bacrena and viruses) by
deactivating the organtsm's oxvpen metabolism enmmmes™

" ARl copy of the PEH-I-H.II i% availoble a1 hioptioes w e s franiocioiidoc T A jmnps-
;ii:-'-.:l"‘_-;'.s.liwq fign__Fensl 51 DM pad)f i e SR

Enviranmental Protoetion Agency FIFRA Scientific Advisory Panel (2009) SAP Meeting Notes 2010401+
“Evaluation of the Hazard and Exposure Associated with Nanosiiver and Chher Nanometal Pesticide
Products,”™ Arlingion, WA, Moy, 3-5, H8,
! Sew Appendix A frige iy W bets ongiranonchlinedoc T T A % 0P erion 20 Append v % 104 _nuno-
silver product inveniary pdf 2



“antbactenal effect agminst baciena, yeasts, mould, and fung™

“clinically proven 1o fight against haemfil bactena™

“lastng annsepue that ean exterminate bactena in a shor gme™

“can kill and prevent all kinds of discase germs and microorgansms™

Yis prowen to kill over 99%0 of bactens mcluding MRSA™

“kills baetern in vitro in as livile as 30 minutes, 2-5 omes fster than other forms of

sibver™

®  “kills approamarely 630 kands of harmful perms and vinases with a germ resistance
rake of 19,4955
“euntrol s free from bactena, virs, germs, fungus, or even AL (Avian Influenza)”
“can kill and preven: all kinds of disease germs and microrganisms"
“naturally kills most of bactera, mold, and germs . . stedlizanon bencfirs for over
650 types of bacteria like “Te ool 5 aarews, Pueswscocons, Sadwrowells, Typds, 1 i,
haserae, cic.”
*natural bactenostat”
“insmnt knockdown of bactena & virus™
“deactreate enzymes and proteins of bactena from surriving on the surface of the
prisdct

®* “when in conmer with bactenia amd fungrus will adversely affect ccllular membolism
and inhibar cell growth™

& “works agninst all types of bactena and vinses, even kalling anohiotic pesismant strains
as well as all fungal infections . . . remauins potent up o 100 washes.”

* “senlizes bactera of over 63 species.”

While the abowve list is nor an exhanstove account of markenng /labeling chims relared o
napo-silver, EPA showld take action to amend its Final Pesticide Regstranon Nooce (PR
Matice) to include specihe language that would address the hundreds of nano-cnabled
pesucide products with potentally false or misleading statements appeanng on pesticide
labeting, Furthermore, EPA should amend s dum requiremenis o mclude the sulmission
of nano-spectfic resung dat from manutaciueess making any clums char selare m the use of
nanotechnology.

Mislabeled N h Pesticide Prod

Recently, manufacturers of engineered nuno products (indeding pesicide products) have
used the wmms “munonized”, “sub-micron™, or “ultna-miceomzed™ o descrbe their
engnesred manotech products i an effort to either distanee thetr produces from Foaderal
atcnnon or from any negaove assocmnon with nanotechnology iselll [ lowever, the
miglabeling of nano-enabled products 15 parncalasdy concerming because it prevents the
public from making informed decisions when purchasing products as well as prevesmng
emplovers and workens from taking the necessary precautions agunst the potenial human
health and enviconmental safety haeands of exposune w0 nenoparticles, HPA should
articulate that labeling nano-pesocide products as “miceomzed™ is 2 dear example of o “false
and misleachng statement about composioen™ and thercfore sepresents a viodation of FIFRLA
lnbeling repulanons. EPA should additooally clanfy that pestcidal intent and public health



claims can be both implicie and exphicit and that manufacturers cannot avedd pestcide
ciassificanon simply by srapping their products of lnbeling.

i

Hq.ﬁmnm[.!_ Innur-m. 1, 2004 P l:lr.ga.n tnfumng the volunry restncnons on the use of
chromated copper arsenate (CEA) a5 a preservative in pressure-treated wood intended for
restdennal purposes.’ The result has been 3 shift by wood preservers and pesticide
manufacturers to a mosnere of copper carbonate parncles and a0 organic co-biscde” and
mure recently from the use of dissolved copper (such as copper azole) w a soluton of
“micronieed™ copper partcles inoa water suspenson, [Towever, products advertising
“mucromezed” or “micen” copper can have parmicle sizes mogng anywhere from 1 nanomerer
{m) tiz 23 microns.” Some of the wood preservatives in eommercitl use in the US. havea
micnn parncle dae in the 30 w0 95 am ange.

A 2008 Lemer to the editor published n Natwe Namafecimaigy nored that “miceonized” copper
woind preservanves have caprured ac least 50%n of the North Amencan wood preservanve
marker." A more recent report chaims that “microntzed” products now account for more
than 73% of the wood preservanve market. s the marker fur enginecered nano-copper
preservatives continues o grow, EPA must clanfy its position on the use of the labeling
term “micronized” for pesnade products m arder o mmg—.m: any future effects on
consumers, workers, and manufactures thar may result from false o misleading adverusing,

icies [e i ol
Below 1 an everview of the Prscder for the Orersigl of Namolechnoleser and Noamematernals, an
intermational declasaton agreed upon by a broad coalioon of over B0 cvil socien, public
interest, environmental and laber organizinons concerned about vanous aspeces of
ranatechnolopy’s human health, emaronmenial, soaal, ethical, and ocher impacts.

L. A Precautionary Foundation

Grovernment und businesses n the US. and EL have invested enommous resources oo
nanntechnology rescarch and developmenr (Récl), yer both regrulation and mnsatlantc
dislogue are woefdly lagging behind commeraal release. The small size of engineered
nanormuierials can imbuoe them with novel physical, chemucal, and bioksgnenl propertics that
that are potennally useful; hivwever, the comparaiively high reacovity, mobiliny, and arher
propersies that come wath small size aee also likely o impan novel woxicy.” Fxisang
research om the impects of nanomatenals on hwnan health and the erviconment have mised
red Hags thar warrant precautionary action and further study.” The FLU has begua o

4 EPA {2002) “Chromated Copper Arsenate (OCAY Manafacturers to Use New Wood Preservatives,
Replacing Most Ressdentin] Uses of OCAL” Availabbe online ot
|;_||:;r“-'.'3 Wve epa. posoppad L rerepisnionipalocs_insnsithm. him

Evans, et al. (2008) “Letter fo the Editor: Lurge-scale application of nanotechnology fior wood protection,”
Hm:reﬂ!nmemuﬂhg}' October, Yol, 3, pp. 577,

It=

" Mclntyre, Craig R (2010, “Comparison of Micronized Copper Particles Sizes” Prepared for 41 Annual
Iniemational Research Group on Wood Protection, Melntyre Associates, Inc., Walls, M5,

ﬂ'p Ci 3

" See, 0.8, THE ROYAL SOCIETY AND THE ROYAL ACADEMY OF ENGINGERING,
NANOSCIENCE AND NANOTECHNOLDGIES: DPPORTUNITIES AND UNCERTAINTIES {3004):
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meoepoate the Precavtionary Prnciple into s chomeeal segulanons, while the U5,
regrenably remains in the dark on chemical seform, This dispanty will undoubredly place
tremenidous trade-relanons and regulatoey strain on both sides of the Atflantic unfess
mutually agreed upon policies are underpinned by the Precautonary Prnciple

I1. Mandatory Nano-specific Regulations

A muodified or s gererts, nano-speeifie regulatory regrme must be an integral aspect of the
development of nanotechnolignes. Considering the already advanced and rapidly expanding
development and commeroializanon of nanomatcrials, o ransatlantic assessment of curment
iversght mechamisms is argently needed, aking mio aceount the novel propemics exhibired
by ninomaterials. Furthermore, regulaory actions should retroncvvely cover all
nancmatenal products already on the marker.

Voluniary initiatives are wholly inadequate to oversee nanotechnoloagy. Volunary
programs lack incentives for “bad actars™ ar those with fdsky products o pardapate, thus
lewvang our the entnes most i need of regulation.”’ Under volunmry inidari+es, companics
may lack motvaton o test for long-term or cheonie health and environmenial effeces. ™
Voluntary imnanves often delay or weaken essennal regulanon, forestall public involvement,
and himit public access o vital environmental safery and health data. For these reasons, the
public evershelmingly prefiers mandarory regulatory oversight to voluntary minamves.”
Additiomally, the EL and LS. should establish mandatory reporting schemes to keep track
of the introduction mto the macketpluce of menufactured nanomatenals und exchange
mivrmaton ohiamned about products betng introduced.

Amdre MNel el al., Toxic Potentinl of Materials at the Manolevel, 31 | SCIENCE 622, 622-23 (Z006);
Huolsapple et g1, Rescarch Strategics for Safery Evaluation of Manomaterials, Part [ Toxicological nrd
Safety Evaluation of Nanomaterials, Current Challenges and Data Needs, BR TOXICOLOGICAL
SCIENCES 12 (2005); Oberddrster gt al., Nanotoxicology: an Emerging Discipline from Studies of
Ultrafine Particles, 113 ENVIRDNMENTAL HEALTH PERSPECTIVES 23 (2005); TRAN =t al,
INSTITUTE OF DCCUPATIONAL MEDICINE, A SCOPING STUDY TO IDENTIFY HAZARD DATA
NEEDS FOR ADDRESSING THE RISKS PRESENTED BY NANOPARTICLES AND NANOTUBES
(2005); EURDPEAN COMMISSION'S SCIENTIFIC COMMITTEE ON EMERGING AND NEWLY
IDENTIFIED HEALTH RISKS (SCENIHR), GPINION ON THE APPROPRIATENEERS OF EXISTING
METHODOLOGIES T ASSESS THE POTENTIAL RISES ASSOCIATED WITH ENGINEERED AND
ADVENTITIOUS PRODEUCTS OF NANOTECHNOLOGIES 6 (2005} Andrew Moynand, Nanotechnology:
The Mext Big Thing, or Much Ado about NothingT, 51 ANNALS OF ODCCUPATIONAL HYGIENE 1, 4-7
(2006); 1. 5ASS, MATURAL RESOURCES DEFENSE COUNCIL. NANOTECHNOLOGY'S
INVISIBLE THREAT, { 3007); FRIENDS OF THE EARTH, NANODMATERIALS, SUNSCREEMNS AND
COSMETICS: SMALL INGREDIENTS, BIG RISKS (20060,
" The Europenn Union plans to apply the precautionary principle 1o issues that may have “potentinlly

s effiects on the environment, human, snimal or plint bealth,” EURDPEAN COMMISSION,
COMMUNICATION FROM THE COMMISSION ON THE PRECAUTIONARY PRINCIPLE {2(00).
" See, 5., British Department for Environment, Food, and Rumi Affairs,
www dlefr. gov.ukienvironmentalinanctech (voluntary program launched in Seplember 2006, and as of
Apnl 2007 has received only six submdssions).
). CLARESNCE DAVIES, WOODROW W ILSON INTERMATIONAL CENTER FOR SCHOLARS, PROJECT ON
EMERGING NANITECHNILOGIES, EPA AND NANCTECHNOLOGY: DVIRSIGHT FoR THE 21" Ciniuny 18
{27 ' s heard b0 see what will mtivaie manufaciurens o carry oal chromic amd covironmenial esting if
regulntion cdoes not requine it}
" JanE MACOUBRIE, WOODROW WILEON INTERMATIONAL CENTER FOR SCHOLARS, PROIECT ON EMERGING
MNANCOTECHNOLOGIES, [NFRMED PURLE PERCEPTIONS OF NANDTECHMOLOOY AND TRUST IN GOVERMMENT
14 (25).


www.ucfr<l.gQv.uk./cnvironmcntal/nanolcch(voluntary

I11. Health and Safety of the Public and Waorkers

Adeguate and effective nanomarenal oversight requires an imimediare emplass on
preveniog knimen and potenoil exposures oo ninomatedals that have not been proven safe,
This 15 essenttal for both the public and nano-indusery workens because some marerials
present potenitl hazasds and others are lngely untested.  Free nanopasticles (nanomaterials
that are not bound up in ocher marerials) are of parmeular concem because they appear mose
likely m enter the body, react with cells, and cause nssuc damage.” Embedded nanoparndes
alz0 pose exposure concems. Workers may be exposed w such matenals throughout the
munufacmunng process, while digpogal and recycling activities may expose the public and the
environment

IV. Environmental Sustainability

A nanomaterinl ifecyele’ assessment = including manufacturng, manspaort, product use,
recycling, and disposal into the waste stream — 18 necessary o understand how yarioas
stamutory sysicms apply and where regulatory gaps exist.” Full lifecycle environmenial,
health and safery effects must be assessed pror to commuercialization.

Once loose in nature, manufactured nanamaterials represent an unprecedented elass of
manufacrired pollutants. Powenoally demaging envirenmental impacts can be expected o
stern fromn the povel namee of manufscrared nancormitenals, including mobilice and
persistence 0 sofl, water and wir, btoaccumulanon, and unpomeipated micracthons wath
|:i'.||.-|:| d-:pl n.rul i.'li.trl::giq:l rn;HL'rL'uip.. ¥ T'hr.' 1.1I'l.1i|.|..'l.1 rlLl.ﬂ'lllnr."r raf uﬂﬁnﬂg Jun.ld:iu! I'I.rl:l. ﬁl:.-nl n:er.
thags, such as exposure w high levels of nanoseale aluminum stunong seor growreh m fve
commercial crop spedes,” byproducts assocated wath the manufacmze of sngle-walled

carbon nenotubes cousing increased mortalioy and delayed development of 2 small estuanne

" Sep, e.p., THE ROYAL SOCIETY AND THE ROYAL ACADEMY OF ENGINEERING, NANOSCIENCE AND
NANCITECHNDLOGIES: OPPORTUNITIES AND er'rmjﬁ. 'm-ﬁﬂ t:l:m:r ﬂl:m:l'ﬂﬂ".il]!l‘ﬂ[ al M

P',M_MEPMLFMMTMME i!il'-['.!lﬂﬂ

A lifecycle asscaament is the “systematic analiysis of the resoirces usages (c.p., cnergy, waier, raw
mazerials) and the emissions Mtﬁtmﬂrplﬂznwirchmﬁmﬂunidlcufpnmmm: s the
grave of recycling or disposal.” THE ROYAL SOCTETY AND THE ROY AL ACADEMY OF ENGINEERING,
WW AMND MANDTRCHNOLOGIES: OPFORTUNTIIES ARND UNCERTAINTIES 32 (2004,

See. ey, THE ROYAL SOCIETY AND THE ROYAL ACADEMY OF ENGINEERING, NANDSCIENCE AND
N AROTRECHNOLOGIES: mmm&umﬂmdﬁ{ﬂjﬂ]rﬁm}wﬂkﬁm“ﬂ
nanopanicles in products such as medicines (if the partickes are excreted from the body rather than
biodegrudod} and cosmetics {that are washed off) will present a diffuse source of namoparticles io the
environment, for example through the sewage sysiem, Whether this presents o risk w the environment will
depend oo the toxicity of nanoparticles 1o organismes, abri wilch alimast rothing ds koo, and the
quantities that are discharged ™) (emphasis added}; see, glsp Wardsk ¢t al,, The Product Life Cyele and
Challenges o Nyniechnolopy Begulation, 3 NANOTECHNOLOGY Law & BUSMESS 507 (2008), Scientific
experts estimased that it might ke enti] 20102 w bave “the ability 1o evaluste the impact of enginéered
nanomaterials from cradle o grave.” Maynard et al . Safe Hondiling of Nanorecimofogy, Vol 444 NATURE
267-68 (November 16, 2006),

”Eﬂtg.: LLS. ENVIRONMENTAL PROTECTION AGENCY, NANOTECHNOLOGY WHITE PAFER 11 (2006),
1 Haag m_mml.mmmmmm_{m IMJML‘“ [REN 5]

[ MS).


http:ha2an.ls

crustacean,” and damage o benefici] micmorganisms from nanosiver.® The UK, Roval
sactety has recommended thay, “te release of nanoparticles and nanomibes in the
environment be avotded as far as posaible™ and that, “factones and research laboratorics
treal manufactured nasoparneles and nanotubes as hazardous, and seek to redsee or remove
thein from waste streams.™

V. Teansparency

Assessment and oversight of nanomatenals requires mechanisms ensuning transparency,
mcluding labeling of consumer products that congain nanomaterals, installing workplace
nght to know laws and protective measures, and developing a publicly sccessibile inventory
of health and safery information. Polls show that the vast majonty of the public lacks even
bhasic 1 ml‘nrmauur'l about nenotechmilogy or the presence of nanomarenals in consurmer
products.™

The public’s right to know requires the labeling of all products containing
nanomaterial ingredients,” Morcover, product labeling facilisares documentation of
potential envimrmental rebeases, human exposures, and accountabality for adverse impacts.
U November 20, 2009, The Coundl of the Exmpean Union, the EU"s main decision-
meaking body, issued 2 new regulation regquinng cosmetics manufacturers o label any
nanopariches contined in products marketed within the Fumopean Union.™ Transatlannc
dialogue on nanotechnology and ranspareney 13 urgendy aeeded; the EU has mken posiove
steps 0 regieds to rransparency and now the US. most eatch up in order to remain
compettve in the global marketplace.

Safety testing data must be available for public scrotny, 1o hight of the poor record of
industry in preventing workplace exposures and environmental releases of hazardous
chermeals, ctfeeuve oversght should include sinetures on the use of confidenbaliey shields

19 Templwinn II ﬂ.ﬁlﬁl Lite-cycin g Mmwin i I.-H-wﬂrl E.n'h'- H—nhn PHWRT i e Enl.-'lr- Hnﬁ'rm.: C__. 4“

i mani Slrube b anlr [ roiummme lzm].

mﬂ. SENIEN, FRIERDS OF THE EARTH ALUSTRALLA, WAROSILVER = A THREAT TD 50IL, WATER ARD HUM AN
HEaLTH?, (2007) wvailahle ot Mipyinane foe org gwf; J, 5ass, NATURAL RESOURCES DEFENSE COUNCIL,
NANDTECHNDLOGY S INVISIRLE THREAT (2007 ),

I' See, e, THE ROYAL SOCETY AND THE ROYAL ACADEMY OF ENGINEERING, NANOSCIENCE AND
NANOTECHNOLOGIES: OPPORTUNITIS AND UNCFRTAINTIFS £6 (2004,

= Dan KAHAN ET AL, WODDROW WILSON INTERNATIONAL CENTER FOR SCHOLARS, PROJECT 0N
EMERGING MANTTECHNOLOGIES, NANOTECHNOLOGY RISK PERCEPTIONS 2 (2006) [ Consistent with past
surveys {Peier D. Hart Rescarch Associates, 2006}, the resuls suggested that Amcricans are largely
uninfommed abou nanotechnology: B1% of subjecis seporied having heard ether “nothing an all” (3% ) or
“just & little™ (285 aboat pupoiechnolopy prior o being surveyed, and oaly 3% reporied having heasd “a
fot.™).

 See, e.g., Paraco Inc v. Dept of Agriculiure, 118 Cal. App. 2d 348, 353-54 (1953) (holding that the putilic

“have a right o know what they are buying”™); Fredrick H, Degnan, The Food Label and the Right-to-
Kopw, 52 Food & Drug L1, 49, 50 (1997) (Pursaant o the “consumer’s fight o know', “the public has a

basic right 1o know any fuct it deems smportant abowt food or o commaodity before being forced io make a
ng decision. ™).

EHMEW Council: Regulation on cosmetic products (10 November 2009).  Availuble onling at:

hup:fregister consiliumetropa, safpd HenD3/5t03/60362 3 enld, pdf



http://rcgister.consilium.europa.eulpdf/cnl09/st03/s103623.en09.pdf

for nanomatenals, The provisions of intermaoonal coavennons on public aocess wo
informanon should be respeeted.™

V1. Public Participation

The potentin] of nanotechnologies o mnsfoem the glihal social, economic, and political
landscape makes it essential that the public fully participate i the deliberative and deasion-
making processes.” These processes must be apew, Facilitating equal tnput from all interested
and affecred partes. Parocipanon must also be sreamingiod 10 must proceed and infomm policy
development and decision-making, mther than be imited to after-the-tact, one-way public
‘engagement’ in which the goverment and/or industry “educates” the public with the goal of
guelling debare and smoothing pubbe aceepranee.

Finally, fuf public parncipanon reguires democrane involvement for the entre range of
processes by which nanowchnologies are developed and vsed and 15 necessary st each stage
of development on a contnuing basis o ensure that public concemns, values and preferences
mform and guide nanotechnology oversight. Addibonally, special efforts must be made to
meclude persons living in poor communiies, who have suffered dispropormonately from the
development of new rechnologies in the pase

VII. Inclusion of Broader Impacts

Consideranon of nanntechnology's wade-mnging etfects, including ethical and social impacts,
kst cocur at each stage of the devilopment pricesz, Adequate asscssment of bath impons
and exports contaimng nanomaterals s cisenmal

In additivn w posing health, safety and environmental risks, nanomaterials present
broader socio-economic concems. For example, as new nanomatenals gun widespread
use, they may disrupr marckers for existing eommodines, with porennally devasiating
comsequences for the economes of commodity-dependent developmg countmes (e, the
porest counmmes).” The adverse impacts of grantng patents for fundamenal
nanomarenals, which may amount ro pravansng the bulding blocks of the maniral world,
mudl be comsidered and addressed. Moreover, the anticipared nexr genermnons of

* United Nations Economic Commission for Europe (UNECE), AARHUS CONVENTION, CONVENTION
Do ACCESS TO INFORMATHH, PUBLIC PARTICIPATION 1N DECEINN-MAKING AND ACCESS TO JUSTIOH IN
ENVIRONMENTAL MATTERS, adopted lune 25, 19495,

" Sor, o, NATIONAL SCIENCE AND TECHNOLOGY COUNCTL, NMATIONAL NANOTECHNOLOGY INITIATIVEL
NANOTECHNOLOGY: SHAPING THE WORLD ATOM BY ATOM 4 (1999) (proclaiming nanotechnelogy as "o
likely launch pad to a new fechnological era because it focuses on perhaps the final enginecring scales
people have yet 1o master,™); id, of 8 {"If preseat trends in nanoscience and nunotechnology continae, most
aspects of everyday life are subject to change.™; i, ("The 1otal societal impact of nanotechnology is
expoctod ti be much greater than that of the silicon inscgrated circuir because it is applicable in many more
ficlds tham just clectromics,"): ul, al 1 [H‘Iﬁl‘iﬂﬂ: revialation will result in “u

control over ibe material world *): P Ervessi o iy rrms s ammas, SOy ws Tioissidam I-u-u-u.-.
Wi moa v Tes THOPERLGY W0k Tl 5 Cioetimy. % T Tl Pl Mty 34 1 1f mhnnlngr li golng o
revolulionize manufacturing, health care, energy supply, communications and probably defenss, then
it will transform labor and the workplace, the medical system, the transporization and power
infrasirctures and the military. None of these latter will be changed without significant social
glfqi:?j:::hmm.h- thnu. I-|-¢|.|.-r|:- Hmr«l‘l IR O cl:l‘nu'n Ml...u:i. Tils Im‘u._'- p:-';u.—.u-n
J:F'Iﬂ'l""l’[)l?lm I‘:lH.Il-TH.I IE.IHI_
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nanutechnologies, including the production of mone sophistcated nanodevices for
manufacturng, military or medical use = mduding enhancement of human perfomance -
can be expected to pose complex ks as well as socal and ethical challenges. Some
laboragones arc already engineenng viruses, veasts, and bactena (o make nanomarenals. Full
public debate on both gides of the Atlantic on all these izzues w4l be crocial.

VI Manufacturer Liability

All who marker nano-products, including nanomatenal developers, handlers and eommercial
users, the makers of products contining nanomarenils and rewaters who sell nano-
comuaiming produces m the public must be held sccountable for liabilioes mcorred from cher
products. While product liabality claims are the mose likely hability for the nanomaterials
ndustry, nther forms of hability, including neghigence, demvatve Bubdlity, musance, fraud and
migrepresentation are relevant. Incomporating and addressing manuferurer kabality would be
a key area of focus for any mansatlanue dinlogue on nanotechnology,

Conclusion

As manomatenals become increasingly perrasive in the global marketplace, EPA must amend
15 Final Pesnade Registranon Nonce (TR Notice) oo address the bundreds of nano-enabled
pesucide peoducts with potentially false or misleading statements appeanng om pesocide
labeling. MNanuscale pesticides, morcover, should be labeled as duch. Furthermaore, ET'A
should amend its data requirements o inchude the submission of nano-specific tesung dat
from manuficturers making any claims relating to the use of nanotechnotogy. Frnally,
regralatory action should be based on the Prsaples far the Orersaght aff Nawotechnobgie: wrd
Namumateriali and ceafied in consultadon with ol society, public interest, enviconmeniml amd
kabor organizanons currently focusing on nanotechnology’s human health, eraronmental,
ancial, ethical, and other impacts.

Respectiully submitted,

Jaydee Hanson

Palicy Dirvctar

Inrermpnonal Center for Technolopy: Assessment
660 Pennsylvania Avenue, SE, Suire 302
Wazhinpgeon, T30 20003

Ph: M12-547-9350 Ifax- 2025-547-9429

' See, e.g. Andre Nel et al., Toxic Potential of Materials a1 the Nanolevel, 311 SCIENCE 622-27, 621, 623
Fig. 1 (2006),



T il -
e T ' T [ I —
o] | o o o — ] b R —

, ) [t S ]
-lv-_u_-*!ﬁ-_ﬂ _ ) Pl == =
= — o -~

S e — (| imm——y b W o iy —
CETT I S S I#.ﬂ'l'h.l—li‘ e T
. . N

|_|n-r-r—T L -—-ﬂ*mm__l_— )
. ‘ i =l e i
- ﬁ““ e al —

| et ---.-.—::—u- i v

- L:'ﬂ-.—ul-“-.“-l-ﬂp—ﬂ"_.l—.
v - A S S () el S—
'--.l-—-—“ . - —

fom - D i - —— il_l'-l:‘-.l—h ———

s i g e 1

A

e

WSl i o @ F ] s ] f——————

' O TR T| -

L T R L e

o uu_ummwu_-.__-'_-,__..;' - ;'..:
Twn

--J-
e



i‘ ’i‘ International Center for Technology

Assessment
661 Pennsylvania Ave., 5.E., Suite 302, Washington, DC 20003
(202) 547-9359  fax (202) 547-9429 wwwicta.ong

CITIZEN PETITION FOR RULEMAKING TO THE UNITED STATES
ENVIRONMENTAL PROTECTION AGENCY

{MTice of Pesticide Programs
Environmental Protection Apency
1200 Pennsylvania Ave,, MW
Washimgeon, DVC, 20260-(001

THE INTERNATIONAL CENTER FOR
TECHNOLOGY ASSESSMENT,

660 Pennsylvania, Ave.. 5.E., Suite 302
Washington, DC 20003

ctal,

Petitiomers,
Filed With:

STEPHEN L. JOHNSON

in his official capacity as,
Administrator

Environmental Protection Agency
5630 Fishers Lane, Room 1061
Rockville, MD 20852

e

Oiffice of Pesticide Proprams
Environmental Protection Agency
Cine: Patomac vard

2777 5, Crystal Dr.

Arlingion, WA 22202401

Dvocket Mumber

PETITION FOR RULEMAKING REQUESTING EPA REGULATE NANO-SILVER
PRODUCTS AS PESTICIDES

Inrroduction

Nanotechnology and products containing manufactured and engineered nanomaterials

have amived and represent the crest of a product wave spanning many industries, A rapidly

expinding universe of products containing nanomaterials is currently widely available, being


http:v\\,\\,.icta.org

sold to the public and disposed of into the environment. These new materials can have
fundementally different properties from their bulk material counterparis—properties that also
create unigue human health and environmental risks-which create new oversight challenges for
the regulatory agencies charged with protecting public health and the environment. A large and
incrensing percentage of the currently known commercial nanomaterial products are infused with
forms of nanoparticle silver (“nano-silver™) for its nano-enhanced ability to kill microorganisms
and bacteria. While the risks of nano-silver to the environment and human health are not well
understood, existing studies have indicated cause for concern, such as harmful impacts on fish
and aguatic ecosystems, potential interference with beneficial bacteria in our bodies and the
environment, and the potential development of more vimalent harmful bacterin.

EPA has recognized that its oversight of materials pursuant to the Federal Insecticide,
Fungicide, and Rodenticide Act {“FIFRA™) will include the oversight of pesticide products
containing nanomaterials (“nano-pesticides™). Despite the explosion of nano-silver products on
the market implicating that jurisdiction, the agency has yet to take any meaningful steps pursuant
e FIFRA or other applicable statutes (o address the human health and environmental impact
challenges created by nanomaterials generally or nano-silver products specifically. While not
conventional agricultural pesticides. these nano-silver products meet FIFRA's definition of
pesticides as substances intended 1o kill pests such as microorganisms. EPA's Region 9 office
recently ook action against a manufacturer of a nano-silver product for FIFRA violations, a
precedeni-setting action that strongly suppons the legal arguments outlined in this petition on a
broader scale. Petitioners call on EPA (0 immediately take the steps necessary to properly
regulate nano-silver products as pesticides pursuant to FIFRA and other applicable statutes, This

legal petition provides both the blueprint and the legal impetus W take such regulatory actions.



Accordingly, pursuant to the Right to Petition Government Clause contained in the First
Amendment of the United States Constitution,’ the Administrative Procedure Act (“APA"™),” and
EPA’s FIFRA-implementing regulations,’ the undersigned submit this citizen petition for
rulemaking and collateral relief pursuant to the provisions of the Administrative Procedure Act, 5
U.S.C. §§ 551 gt seq., the Federal Insecticide, Fungicide, and Rodenticide Act, 7 U.S.C. § 136w
et 5q,, the Federal Food Drug and Cosmetic Act (“FFDCA™), 21 U.5.C. §§ 301 et seg,, the Food
Quality Protection Act (“FQPA™), 21 U.B.C. §§ 346 et s2q.. the Endangered Species Act
(“ESA™), 16 U.S.C. §§ 1531 et seq.. and the National Environmental Policy Act (“NEPA"), 42
U.5.C. §5 4321 erseq,

ACTIONS REQUESTED

PETITIONERS REQUEST THAT THE EPA ADMINISTRATOR UUNDERTAKE THE
FOLLOWING ACTIONS:

L Classify Nano-silver As a Pesticide and Require the Registration of Nano-silver
Products as Pesticides

II.  Determine That Nano-silver is a New Pesticide That Requires a New Pesticide
Registration

I11. Analyze the Potential Human Health and Environmental Risks of Nano-silver

"5, Const., amend. I, ("Congress shall make oo law . abridging ... the Aght of the people ... 1o petition
Caovernmend [or o redress of grievances.™ ). The right to petition for redress of grievances is among the mos
F'T'l““'i“JJI= of the liberties safeguarded by the Bill of Rights. United Mine Workers of Am., Dist. 12 v, Wlinois State

ar Axen, 389 U5, 217, 222 (1967). It shares the "prefered place™ accorded in our system of govermment oo the
I-u-m Amendment froedoms, and has a sanctity and o sanction not permitting dishiows intresions. Thomas v. Collios,
333 LS. 516, 330 { 1945). “Any uttempt to restrict those First Amendment Hibertics must be justified by clear public
interest, threstened not doubtful or remotely, but by clear and present danger.” 1d The Supreme Court has
recepnized that the right to petition is logically implicit in, and fundamental o, the very idea of o republican form of
l. Lnited States v, Cruikshank, 92 U5 (2 Oue) 342, 332 (1875).

5L 8 5538 e) (205} ( “Each agency shall give an interested person the right 1o petition for the issuance,
amendment, or repeal of a mle.”).

“Bee e, 40 CF.R Chapier |, Subchapier E Pesticide Progrums.; 40 CF.R. § 15240 (apphication for new
registration of a pesticide product); {id. § 154,10 (petition to begin Special Review process); id. Part 158 (pesticide
elass-specific changes (o data requirements ), id, § 158.5(data requirements for pesition 1o eslzblinh tolerance under
FRDCA 4081 Part 138 {pesticide class-spocific changes to dain requirements); 71 U.S.C. § 3d6ai{d) (petinon for
sefting olerance).



VL

A Pursuant to FIFRA, Analyze the Potenrial Human Health and Environmental
Impacits as Part of the Nano-silver Pesiicide Registration Process

8 Pursuant to the FQPA, Assess the Potential Impacts of Nano-silver Exposures on
Infants and Children and Ensure that No Harm Will Result From Aggregare

Exposires

E Compliance with the ESA, Including Undertaking Consultartion Procedures
In Accordance with ESA § 7 for Any EPA Actions, Activities, or Programs
Impacting Nano-silver Oversight

. Compliance with NEPA, Including Assessing the Human Health and
Envirommenial fmpacts of EPA s Current and Funtiire Actions or Programs
Regarding Nano-silver, Including Completing a Programmatic Environmental
Tripract Sratermient

Take Regulatory Actions against the Class of Nano-silver Products Illegaily Sold
Without EPA FIFRA Approval, Including Issuing Stop Sale, Use or Removal
Orders for [llegal and Unlabeled Nano-silver Pesticide Produocts

If any Nano-silver Pesticide Registration is Approved, Apply and/or Amend (o
Specifically Apply the FIFRA Pesticide Requirements to the Class of Nano-silver
Pesticides, Including

Labeling

Post-Registration Notification of Adverse Effects
Pogt-Registration Testing and New Data Development
Conditional Registration

Crnfrdenmal Business Informarion

oo L P

Take Other EPA FIFRA Actions Necessary for Adequate Oversight of Nano-silver
Pesticides, Including:

L. Undertaking a Classificarion Review of Nano-silver Pesticides
Undertaking a Special Review of Nano-silver Pesticides
Requiring the Submission of Nano-spectfic Data from Nano-silver
Registrants

Amending FIFRA Regulations to Reguire Nano-Specific Data
Registration Review of Existing Bulk Silver Pesticide Registration
Reguwlare Namo-silver Devices

Set a Pesticide Tolerance for Nano-silver

Ha b

o' B~ L



PETITIONERS

Petitioner The International Center for Technology Assessment (“CTA"™) is located at
6} Pennsylvania Ave., 5.E., Suite 302, Washington, DC 20003, Formed in 1994, CTA seeks o
assist the public and policy makers in better understanding how technology affects society. CTA
is a non-profit organization devoted 1o analyzing the economic, environmental, ethical, political,
and social impacts that can result from the application of wechnology or technological systems,
CTA works towards adequate oversight of nanotechnology throogh its Nanotechnology Project,
NanoAction.

Petitioner The Center for Food Safety (“CF5") is located at 660 Fennsylvania Ave.,
S.E.. Suite 302, Washington, DC 20003 and 2601 Mission Street, Suite 803, San Francisco, CA
94110, CFS is a non-profit public interest and environmental advocacy membership
organizaiion established in 1997 by its sister organization, International Center for Technology
Assessment, for the purpose of challenging harmful food production technologies and promoting
sustamnable alternatives.

Petitioner Beyond Pesticides is located at 701 E Swreet, SE, Suite 200, Washington, DC
20003. Founded in 1981, Beyond Pesticides is 2 non-profit membership organization that serves
a nationwide network and works to redoce threats to human health and environmental quality
from the use of hazardous pesticides. Beyond Pesticides” primary goal is to educate and advocate
for the adoption safe pest management praclices and products.

Petitioner Friends of the Earth (“FOE™) 15 located at 1717 Massachusetis Avenoe, NW,
Suite 600, Washington, DC 20036, FOE is a non-profit organization that seeks to create a more

healthy, just world. FOE is the U.S. voice of Friends of the Earth Intemational, the world's






approach and the appropriate regulatory structure 1o emerging technologies, such as
nanctechnology, that have the potential for tremendous good as well as devastating harm 1o
human health and the environment.

Petitioner Institute for Agriculture and Trade Policy (“IATP") is headguariered ai
2103 First Avenue South, Minneapolis, Minnesota 55404, and has an office in Geneva,
Switzerland. IATP is dedicated 1o policies and practices that suppon sustainable agriculture
and development, healthy and safe food, and fair trade. IATPs interest in the petition concerns
hazards 1o both our rural and urban constituencies posed by the unregulated and unlabeled
incorporation of nano-silver materials into a broad array of products, including agricultural
chemicals.

Petitioner Clean Production Action (“CPA") is a non-profil organization registered in
the US. CPA’s designs and delivers strategic solutions for the movement to green chemicals,
sustainable materials and healthy products. CPA partners with environmental organizations,
public health advocates, labor unions, and progressive businesses to develop and build technical
and policy support for clean production policies that promote the use of products that are safer
and cleaner across their life cycle.

Petitioner Food & Water Watch is a national non-profit public interest consumer
organization, based in Washington, D.C. that works to ensure safe food and clean water, FWW
has worked on many emerging technologies that impact our food supply, by educating
consumers, the media, and policymakers about the impact on the food system and public health
and by calling for appropriate regulation.

Petitioner Loka Institute is located at 736 Bonita Dr., South Pasadena, California 91030,

The Loka Institute was founded as a 501(c)3 non-profit organization in 1996 to advocate for
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many types of nanomatenials can be toxic to human tissue and cell cultures, resulting in increased
oxidative stress, inflammatory cytokine production, DNA mutation and even cell death.”

Onee loose in nature, these nanomaterials represent a new class of manafactured non-
biodegradable pollutants. Nanomaterials’ unique chemical and physical characteristics create
foreseeable environmental risks, including potentially toxic interactions or compounds,
absorption and/or ransportation of pollutants, durability or bicaccumulation, and unprecedented
mobility for 8 manufactured material.'* Because of their tiny size, nanomaterials may be highly
mohile and travel further than larger particles in soil and water. Because nanoparticles tend to be
more reactive than larger particles, interactions with substances present in the soil could lead to
new and possibly toxic compounds. Environmental impact studies have ruised some red Mags,
including dangers from nano-silver to aguatic life; however, despite rapid nanomaterial
commercialization, many potential risks remain dangerously untested due to the government’s
failure to prioritize and adequately fund environmental impact research.” In addition,
nanomaterials” unique chemical and physical characteristics create foreseeable, yet unexplored,
risks. For example, nanoparticles are the subject of vigorous drug research because of their
ability to curry and deliver drugs to specific targets. But this same transport propensity could

give nanoparticles the ability to carry toxic chemicals present in the environment.

" Siee penerally International Cir. for Technology Assessment, “Petition Requesting FDA Amend its Regulstions o
Provucts Composed of Engineered Nanoparticles Generally and Sunscreen Drug Products Composed of Engincercd
Wanopamicles Specifically,” Docker No. 2006P-0210 {fled May 17, 20065, gvaileble st

hrtpdfw ww. sctn pegidocNono % J0EDAE 2 petrtont 20fnalpd]

" Bep generally pp. 36-91 infro and sccompanying foomotes.

“Woodrow Wilson Internutional Cemor for Scholars, Project on Emerping Nanotechnolopies, Press Rilease,
Mamoechmalagy Developmear Siffers from Lack of Risk Research Plan, Inadeginaee Funding & Leadership,
Scptember 21, 2006, pf

hatpsfwww. wilsoneenter.orgfindes cfmNopic_id= [ 66 1924 fseactiop=topics, ism&news._jd=1)| 594
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Nanotechnology Report, more than $32 billion in products incorporating nanotechnology were
sold last year, more than double the previous year.” Lux predicts that by 2014, $2.6 trillion in
manufactured products will be nano-products, 15% of total global manufacturing.

The only publicly available nanomaterial product inventory shows approximately 600
currently available on U.S. market shelves.” Since its launch in carly 2006 the database shows
an addition of about one new product every working day.™ The nano-products found include:
paints, coatings for numerous products, sunscreens, medical devices, sporting goods, cosmetics,
stain-resistant clothing, supplements, nanoceuticals, and vitamins, food and food packaging,
kitchen and cooking ware, light emitting diodes used in computers, cell phones, and digital
cameras, film and photo development products, automotive electronics, automotive exteriors,
batteries, fuel additives, and tires, computer accessories, children’s toys and pacifiers. laundry
detergent and fabric sofieners, personal hygiene products, cleaning agents, air conditioning units,
pet products. jewelry, bedding and fumiture, lubricants and foams, waxes, MP3 players and other
clectronics.” Bul because there are no labeling requirements for products containing
nanomaterials, the total number and range of nano-products is unknown.

Nane-sifver Products

Nano-silver has quickly become the most commonly used nanomaterial in consumer
products and the fasiest growing sector of nanomaterial commercialization. The use of nano-
silver as an antimicrobial agent is now widespread, with a wide variety of products now on

market shelves. The petitioners discovered no fewer than 260 self-identified nano-silver

" See e g, Lox Research, 2006, rpeuxrescarchine.com/TNES TOC pdl

= The Woodrow Wilson International Center for Scholars, Project on Emerging Namotechnologies, Nonotechroloyy
Comunmer Products frvertory, available a1 bup:www nanolechproect ongleonsumerprixiucts

: ;u-r:‘rl 2006: aver 200 products; December 2007: 600 products.
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consumer products, which are listed in Appendix A. These are just the products that are self-
identified and many more likely exist since there are currently no labeling requirements. In
addition, several of the products were previously marketed as containing nano-silver but have
removed advertising or labeling noting that Lngmdienl.r'

The numerous nano-silver products found include:

air and water purifiers and their replacement filters
multipurpose, bathroom, and kitchen cleaning products
sanilizing sprays

children’s toys, baby bottles and infant products
laundry detergents and fabric softeners

food storage containers

food/produce cleaners and cleaning sprays

cutlery

cutting boards

numerous types of clothing including underwear, socks, shirts, outerwear, gloves and hats
various fabrics and fibers

refrigeralors

washing machines

wel cleaning wipes

hair care products, brushes, straighteners, and other hair appliances
personal care products including creams, lotions, masks
bandages

razors and shaving accessories, including disposable razor blades
pel accessories

soaps

ingestible “health™ drink supplements

pillows

humidifiers

door handies

computer keyboards and mouses

printer ink

shoe inserts

toothbrushes

air sanitizers

showerhead [lters

automaobile cleaning and waxing products

& & ® @ 8 % = 8 & B S F @ F B B & & @ W B W F & & 8 & 8 @8 " @
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* powdered and liquid nano-silver in bulk form™

The nano-silver producis’ countries of origin include the U S., U.K, Canada, Korea,

Japan, Tuiwan, China, New Zealand, and lG-l:l:cl:l:u:n:,-u‘I1I The vast majority of the companies

market their nano-silver products putting emphasis on the nano-silver ingredient, outing its

antimicrobial and antibacterial qualities, as well as making other sweeping medical claims,

including:

*Antibacterial, Antibiotic effact”

“eliminates 99.9% of bacteria, fungi and hundreds of other disease causing
microorganisms by inhibiting multiplication and growth and preventing transfer™

“long lasting antibacterial function™

renders material “permanently anti-microbial and anti-fungal™

“eliminates the growth of one-celled organisms (such as bacteria and viruses) by
deactivating the organism’s oxXygen metabolism enzymes™

“antibacterial effect against bacteria, yeasts, mould, and fungi™

“clinically proven to fight against harmful bacteria™

“lasting antiseptic that can exterminate bacteria in a short fime™

“¢an Kill and prevent all kinds of disease germs and microorganisms™

“is proven to kill over 99% of bacteria including MRSA™

“Kills bacteria in vitro in as little as 30 minutes, 2-5 times (aster than other forms of
gilver”

“kills approximately 650 kinds of harmful germs and viruses with a germ resistance rate
of 99.9%"

“control air free from bacteria, virus, germs, fungus, or even AL (Avian Influenza)™
“can kill and prevent all kinds of disease germs and microorganisms”

“naturally kills most of bacteria. mold, and germs . . . sterilization benefits for over 650
types of bacteria like “E. coli. 5. Auress, Pneumococcus, Salmonella, Typhus, Vibria,
Cholerae, ete.”

“natural bacteriostal™

“instant knockdown of bacteria & virus™

“deactivate enzymes and proteins of bacteria from surviving on the surface of the product
“when in contact with bacteria and fungus will adversely affect cellular metabolism and
inhibit cell growth™

“works against all types of bacteria and viruses, even killing antibiotic resistant strains as
well a3 all fungal infections . . . remains potent up to 100 washes.™

“sterilizes bacteria of over 650 species.”

:E;:Appmdixﬁ.

14,
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®  “sierilize up to 99.9% of harmful bacteria, such as colon bacilli, saImnnElJn, vellow
staphylococcus, pseudomonas aeruginosa and salmonella enteritidis. ™™

Nano-silver Risks

Simultaneously with this product explosion, research has mounted o indicate that nano-
silver materials pose serious risks 1o human health and the environment.® Even in its bulk
form, silver is extremely toxic o fish and other aguatic Epnniﬂs..m At the nano-scale, nano-
silver can be many times more toxic.” Becsuse nanoparticles of silver have a greater surface
area than larger particles of silver, napo-silver is more chemically reactive and more readily
ionized than silver in larger particle form.™ Nano-silver therefore has greater antibacterial
and toxic effects compared to larger silver particles partly because it is more readily
converied to silver ions. There is also preliminary evidence that nano-silver can exert
effective antibacterial action at a considerably lower concentration than that of silver ions,
suggesting that the antibactenial properties and toxicity of nano-silver are not explained only
by its chemical composition and by the production of silver jons alone.™

While the long-term potential impacts of widespread nano-silver use and disposal are
unknown, an increasing number of studies have raised wamings regarding potential toxic
effects on human health and the environment.™ Recent research found that washing nano-
silver impregnated clothing caused substantial amounts of nano-silver to leech into the

discharge wastewater and eventually into the environment.™

® Goo Appendiz A
"'s‘m pp. 58-72, 74.76, H2-84 & §6-31 infrp and accompanying foatnoles.
ﬁg, infry pp. 39-60, B2-44 and sccompanying footnates,
ﬁ infra pp. 58-59, 662, 82-83 and sccompanying footnates.
™ S mode 19 supr.
= Eu.q. pp. 35-68, 80-EH infra and sccompanying foomotes.
™ e infin pp. 66-67 and BoCcompanying foomolcs.
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Al the nano-scale, silver exhibits remarkably unusual physical, chemical and biological
|:|r-|:||:|1=r:if:::.""!I Physical characteristics of nanomatenials, such as shape, size, and surface
properties, can exert a toxic effect that goes beyond their chemical ::::nmpu:rﬁlil:m.j'J Research
has demonsirated thal nano-silver produce reactive oxygen species (ROS), resulting in
oxidative stress toxicity; ROS production is a key mechanism for nanomatenials toxicity.
Nano-silver can capse toxicity at a cellular level in mammals and other organisms and has
the potential to disrupt key cellular functions.™ Environmental release and accumulation of
nanosilver can also have negative impacts on beneficial bacteria important for soil, plant, and
animal health,”

Studies have also shown that nanosilver may potentially compromise our ability 1o
control hirmful bacteria by creating increased antibiotic resistance which may have an
overall negative impact on human health.” The powerful antibacterial and toxic effects of
nano-silver are of significant concern given that the burgeoning use of nano-silver in
disinfectants and other consumer products is likely to result in both human and

environmental systems facing greater overall exposures.

PROCEDURAL HISTORY

EPA's Stared Positions on Nanotechnology and Nanomaterials, including Nanosilver

Based on the National Nanotechnology Initiative’s (“MNNI") definition, EPA has informally

defined nanotechnology as

research and technology development at the atomic, molecular, or
macromolecular levels using a length scale of approximately one to one hundred

™ Ses infn pp. 8- 10, 42-46, 46-51, 8791 and accompunying footnotes.

Id,

* See infru pp. 60-73 and accompunying looinotes,
™ See infm pp. 66-69 and accompanying footnotes.
* See infra pp. 64-66 and nccompanying footnoles,
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nanometers in any dimension; the creation and use of structures, devices and

systems that have novel properties and functions because of their small size; and

the: ability 10 control or manipulate matter on an atomic scale.*'

In itx 2007 *“White Paper™ on nanolechnology, EPA notes that nanomaterials™ “special
properties” can “cause some nanomatenials 1o pose hazards o humans and the environment,
under specific conditions.”™ EPA believes that “at this point not enough information exists to
assess environmental exposure for most engineered nanomaterials™" and that “the fundamental
properties conceming the envimnmental fate of nanomatenials are not well understood. ™ There
are numerous sources of potential direct and indirect nanomaterial release into the environment,
including, inter alia, “releases resulting from the use and disposal of consumer products
containing nanoscale materials.™ The “high durability and reactivity of some nanomaterials
raise issues of their fate in the environment.™ Many nanoparticles in current products are non-
biodegradable materials (such as metal oxides used in sunscreens) and are not expected o
hiodegrade. '’ EPA has noted that “the use of nanomaterials in the environment may result in
novel by-products or degradates that also may pose risks.™* EPA has also noted that
“nanomateriels may affect aquatic or temrestrial organisms differently than larger particles of the

same materials,”™ In general, EPA acknowledges that “there is a significant gap in our

“Science Policy Council, U5, Environmental Protection Agency Nanotechnology White Paper, US. EPA, at 5_
i Febraary 2007),
214, ar 13-14.
" . az 14.
“ I, at 33,
w3,
* il w14
' 1d ut 36.
k]
'ﬁ at 58,
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knowledge of the environmental, health, and ecological implications associated with
nanotechnology.™™

With regards to “current intentionally produced™ nanomaterials, EFA White Paper
specifically lists as one category that expressly includes nano-silver:

(2} Metal-based materials. These nanomaterials include : quantum dots, nanogold,
nanosilver and metal oxides, such as titanium dioxide,”

In addition, the EPA White Paper lists examples of products that “use nanotechnology and
nanomaterials,” that include “wound dressing,” “antibacterial socks,” “antimicrobial pillows,”
and “antimicrobial refrigerator,™* which are all nano-silver products.™
EPA s Stated Position on FIFRA Authority and Pesticide Products Containing Nanomaterials
EPA has recognized that nanotechnology and nanomaterials do and will impact vanous
statutory regimes under its authority, including FIFRA.* Specifically with regard 1o its statutory
authority pursuant to FIFRA, EPA has said
Pesticide products containing nanomaterials will be subject to FIFRA's review
and registration requirements. In addition, 1o the extent that the use of pesticide
products nmmmng nanomaterials results in residues in food, the resulting
residues require the establishment of a tolerance [muuhum allowed residue limit})
under the Federal Food, Drug, and Cosmetic Act, >
EPA has further stated that in response to the “rapid emergence” of nano-pesticides, the Office of
Pesticide Programs (OPP) is currently studying the issue in order 1o develop policy and

evaluating its FIFRA regulatory authority for nano-pesticides:

1, ar 52,
* 1, a1 B {emphasis added).
%14 ut 11 Table 1.
“See Appendix A.
*EPA, Nanotechnology, i hipiics.cpagovincerinana! EPA, Science Policy Council, Nanotechaodogy White Paper.
”Pchmr! 2007, wt hiig/fes epa. govincen/nuypublications/whitepaper | 2022003, pdf. (hereafier EPA White Paper),
EFA White Paper., gupea note 41 an 66,
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[M Jembers of the pesticide industry have engaged the Office of Pesticide

Programs (OPP) regarding licensing/registration requirements for pesticide

products that make use of nanotechnology. In response 1o the rapid emergence of

these products, OPP is forming a largely intra-office workgroup 1o consider

potential exposure and fsks to human health and the ecological environment that

might be associated with the use of nano-pesticides. Specifically, the workgroup

will consider whether or not existing data are sufficient to support additional yet

undefined testing. The workgroup will consider the exposure and hazard profiles

associated with these new nano-pesticides on a -case hasis and ensure

consistent review and regulation across the program.
In the interim, voluntary “pre-submission conferences™ between companies manufacturing
pesticides using nanotechnology and Agency stafT are being held”” EPA’s Office of Pesticide
Programs has declined further requests to discuss its ongoing efforts to develop policies for
pesticides designed with nanotechnologies.™
Concerns Raized over the Samsung Siivercare’™ Washing Machine

In early 2006, EPA received letters from both the National Association of Clean Water
Agencies (NACWA) and Tri-TAC, a technical advisory group for Publicly Owned Treatment
Works in California, expressing concemn with the growing number of household products that
use pesticides such as nano-silver for general antimicrobial purposes.™ Both entities pointed out
that the silver ions released by the Silver Care washing machine can be highly toxic to aguatic

organisms such as plankton,™ and have the potential 1o bioaccumulate in some mquatic species.”

1 ur 20.; see also Par Phibbs, Pesticides: Firms Making Nanoengineered Pesticides Urged 1o Meet with EPA
iﬂﬂm Drata Needs, DALY ENVIRONMENT RIPORT, May 15, 2006, ar A-6,
* Pai Phibbs, Pesticides: Firmys Making Nancengineered Pesticides Urped to Meer with EPA Siaff on Duta Needs,
DALY ENVIRONMENT REPORT, May 15, 2006, af A-6,
* Letter from Ken Kirk, Executive Director, Naticnal Association of Clesn Water Agencies, to Stephen lohason,
Administrator, Envirenmental Protection Agency {February 14, 20061; Letier from Chock Weir, Chair, Tr-TAC, 1o
James Jones, Director, Dffice of Pestickde Programs, Environmental Protection Agency (Janaary 27, 2006); Letter
from Tobi Jones, Assistunt Director, Registration and Health Evaluation Division, Department of Pesticide
thgﬂuli-lm. Californis Environmental Protection Agency, 1o Chock Weir, Chair, Tr-TAC (February 22, 2006},
' pat Phibby and Tripp Boltz, Pemivider: Evamining Use of Nenssoale Silver in Wasking Machines as Pogsible
-Fr-l:'l".lﬂl" DAILY ENVIRONMENT REPORT, May 15, 2006, at A-5 - A-6 (quoting Phil Bobel, who sasks with Tri-
TAL),
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Widespread use of household products that release silver ions into the sewage system could
greatly increase silver concentrations in influents and effluents and adversely affect the nation's
wum*wuys.ﬂ Both entities recommended that EPA require pesticide registration for producis
using “silver ions” as disinfectants, including washing machines.* Both entities also requested
that EPA request data regarding wash cyvcle volumes and silver ion concentrations when
registering the Samsung Silver Care Washing Machine. ™

In its March 10, 2006, response 1o the letiers, EPA slated that the issuc was being
reevaluated, and it anticipated it would have a decision “within the next few weeks.™ On May
9, 2006, EPA clarified that it was still examining the guestion “but does not know when it will
matke a decision.”™
EPA November 21, 2006 Arnowncement

In response o the public concern and calls for action, on November 21, 2006, the media

reported that EPA would regulate the nanosilver products used to kill bacteria as a pesticide.”’

' Lener from Ken Kirk, Executive Dircctor, National Association of Clean Water Agencies. 1o Stephen lohnson,
Administrator, Environmeniu] Protection Agency (February 14, 2006); Letier from Chock Weir, Chair, To-TAC,
Jamses Jones, Director, Office of Pesticide Programs, Environmental Protection Agency (Janiary 27, 2006).
" Id.; Put Phibbs and Tripp Baltz, Penticides: Evamining Use of Nanovcale Silver in Washing Machines uy Possibe
Pesticide, DALY ENVIRONMENT REPORT, May 15, 2006, &1 A-5 - A-6 (quoting Phil Bobel, who works with Tri-
TAC),
* Leter from Ken Kirk, Executive Director, National Association of Clean Water Agencies, o Sicphen Johnson,
Admministrabor, Environmental Protection Agency (Febroary 14, 2006},
™ Letter from Ken Kirk, Executive Dircctor, Matlonal Association of Clean Water Agencizs, to Biephen Johnson,
Adrministrator, Environmental Protection Agency (Febrdary 14, 2006); Letter from Chuck Weir, Chair, Tr-TAC, w
Jaimes Jomes, Directog, Office of Pesticide Programs, Environmental Protection Apency (Jamuary 27, 2006).
% Letter from James Jones, Director, Office of Pesticide Progmms, Environmental Protection Agency, o Ken Kirk.
Executive Dincctor, National Association of Clean Waler Agencies (March 10, 2006); Letier from Jumes Jones,
Drirecior, Office of Pesticide Progrums, Environmenial Protection Agency, to Chuck Weir, Chalr, Tr-TAC
{Febroary 17, 2006,
* Pat Phibbs and Tripp Baltz, Pesticides: Examining Use of Nanoscale Silver in Washing Machines as Poisible
Pesticide, DAILY ENVIRONMENT REFORT, May 15, 2006, at A-5 - A-b [guasting Agency spokeswoman Encsin
Jones).
‘1I"l1 Phibhs, EFA o Regulafe Manoscale Silver Ulved o Wastung Maciines fe Kl Bacteria, Daily Environment, &t
A, BMNA, November 21, 2006,
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The Washington Post, in & front page article entitled, EPA ro Regulate Nanoproducts Seld as
Crerm-killing, explained

The Environmental Protection Agency has decided 1o regulate a large class of
consumer itéms made with microscopic “nanoparticles’ of silver, part of 2 new but
increasingly widespread md:nnlngy that may pose unanticipated risks, a
government official said y:ucrday

Thus, “eompanies using nanoscale silver as a pesticide will have to register their product or seek

an exemption from federal pesticide rules.™ As reported, the then-forthcoming EPA action
would address the Samsung Washing Machine —reversing its decision o be classified as a
“device™ and classilving it as a “pesticide™ - but would also apply to the broader umiverse of
nano-silver products. M EPA spokeswoman Enesta Jones was reported as saying that,
As for the increasing number of other products that incorporate silver to fight
microbes, such as air sanitizers and food-storage containers, Jones said that they
will have to be registered or meet a registration exemption if they make pesticide
claims.”’
While the announcement was not limited to the Samsung Washer, it was limited in scope:
according to EPA officials, this “large class™ of produects would be limited only to those
nano-silver products advertised as “germ-killing™ or the like, and not 1o those who

dropped or did not include such anti-microbial marketing claims,”™

The Federal Register (FR) notice proposing the new rule was said to be coming “soon.”"

The EPA September 21, 2007 Federal Register Notice

* Rick Weiss, EPA i Regubate Nanoproduces Sold s Cierm-kilfing, Wash Post, AlJ], November 23, 3007,
i H'II:rIm supry noge G

JsL

" d

" Weiss, supra note 68,
T id,
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Nearly a year later, on September 21, 2007 EPA finally issued the long-awaited FR
notice, entitled “Pesticide Registration; Clarification for Ion-Generating Equipment.”™ EPA
summuarized its purpose and scope:

[The notice] clarifies the Agency’s position on the distinction between devices

and pesticides with regard to ion-generating equipment and explains why such

equipment will now be regulated as a pesticide. The Agency has now determined
that these machines will be regulated as pesticides if the machines contain silver

or ather substances, and if they generale ions of those substances for express
pesticidal purposes. ™

Generally speaking, the FR notice was opague in its language (i.e., “silver ion
generating equipment.”) described by one well-known technology reporter as
“Washington mumbo jumbo, translated into English, means that Samsung’s SilverCare
washing machines are covered by pesticide regulations because Samsung claims they kill
germs by injecting 100 quadrillion silver ions into each wash load. S

The notice's purpose was stated to: “alert manufacturers of the Agency’s
determination;” assure that the Agency “will work to identify the information needed to
apply to register the machine as a pesticide;” and to “give those products currently cut of
compliance time to obtain mgisn'nr.iuu."” EPA opened a docket, EPA-HQ-OPP-2007-
0949, for affected parties to submit information. Producers of the equipment can
continue to sell or distribute the equipment as long as they file registration papers by

March 23, 2009.™

™ Sep T2 Fed Reg 54039 (September 21, 2007),

™ EPA, Pesticides: Topical & Chemical Fact Sheets. Pesticide Beginranion: Clarification for lon Generating

Equiprent, ai bt werw e govioppad0 ] fen_gen sguip.him (kast visited October 16, 2007

™ Barnaby J. Feder, Samumg's Nanatech Washer Wast Follow Bug-Sproy Rules, New York Times ity Blog,

September 26, 2007, gt bup://bitsblogs. nytimes comy2007 A2 6/summungs-washers reguluted-as-a-pesticide.
Id.

™72 Fed. Reg. 54009, 54041,
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The products covered by the notice are cabined 1o “jon generators that incorporate
a substance (e.g., silver or copper) in the form of an electrode, and pass a current through
the electrode to release ions of that substance for the purpose of preventing, destroying,
repelling, or mitigating 4 pest (e.g., bacteria or algae).”™ Crucially, the notice gave no
relerence to EPA"s oversight of nanotechnology, nanomaterials, or nano-silver
imgredients; in fact, it did not contain the prefix “nano™ anywhere. Instead, the Agency
gave this one-paragraph explanation of that omission on 115 website:

While recent press articles have referred 1o the silver ion generating washing
machine as a product of nanotechnology, EPA has not yet received any

information that suggests that this product uses nanotechnology. EPA will

evaluate any applications to register this type of equipment according to the same

regulatory standards as any other pesticide. The notice does not represent an

action (o regulate mmﬂhnnhg}'.”
EPA's statement that it “has not vet received any information™ on the nano-aspects of the
Samsung Silvercare™ washer defies ratiomality given that Samsung itself touts its use of
nanotechnology on its website, entitled the “Silver Nano Health System”™ and pictures the
washer, among other products.®

Finally. in the FR notice no mention is given to the rest of the existing fleet of nano-silver
products {besides the “ion generating™ equipment ) or any proposed action by the agency
regarding it, contrary (o repors of the quotes from EPA officials in the November 2006
announcement. Nowhere does the notice request information about such products or in any way

solicit comment from interested parties or the public on the regulation of nano-silver products.

™72 Fed. Reg. S4039, 54040 (“Berause these items incorporate o substance or substunces that sccomplish theis
pesticidal function, such items are comiadered pesticides for purposes of FIFRA, and mus2 be registered prior 1o sale
or distribation."),

* EPA, Pesticides: Topicel & Chemical Facy Sheers, Pesicide Reginrarion; Clarification for lon Generating
Equiipsmien, il fip v spepoy oppediil | ongen egusp,bun (last visited Ociober 16, 2007).

* Samsumg, Silver Namo Health Svssem, g1 Lo {Pwme s g comdphsi] vernane!
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Further communications between petitioners (in an attempt to get further clarification regarding
the notice) and an agency official noted that

The point that was being made was that this notice will not address or represent

an action o regulate nanotechnology. It is also pointed out that the Agency at

some time in the future may set criteria (in addition to particle size) for

determining whether technology would qualify as nanotechnology and until

such criteria are established Samsung’s claims may or may not be u.;:nl'lvn::l:i.i"I
However neither the September 21, 2007 FR notice or anything on EPA’s website giving further
explanation included such notice of any future crileria-selting process.
The February 27, 2008 Consent Agreement Between EPA Region 9 and ATEN Technology, Inc.

On February 27, 2008, EPA's Region 9 office settled an action against a California
corporation that manufacturers a nano-silver product for violations of FIFRA.® EPA fined the
technology company ATEN Technology, Inc., of Irvine, Calif., acting for its subsidiary IOGEAR
$208,000 for “nano coating” pesticide claims on its compaiter peripherals, for selling
unregistered pesticides and for making unproven claims about their effectiveness.™ The
IDGEAR products at issue were: wircless laser mouse with nano-silver shield coating, laser
travel mouse with nano-silver coating technology, and wireless RF keyboard and mouse
combinations. After being contacted by EPA, IOGEAR stopped making claims that their
computer peripherals protect against germs.*™ In its complaint EPA alleged that:

1} the IOGEAR electronic equipment with “nano shield costing”™ was labeled containing
pesticidal claims;

- September 25, 2007 Email From Melba 5. Marrow, 0.0, Special Assistant 10 the Direcior, Antimicrobials
Division, Office of Pesticide Programs, Environmental Protection Agency 1 Jaydee Honson, Policy Analvsl, ICTA
l'.-:m file with muwhor),

" In the Matter of: ATEN Technology, Tne. dibva IOGEAR, n.. Dicket # FIFRA-09-2008-0003, Consens
.lu'rﬂrurl.r and Fimal Order Pursvians o Sections 2203 and 22,15 (Febrsary 27, 2008),

™ Nanowerk News, EPA fines tecimology comprny 5208000 for ‘mano coaring’ pesticide clalms on compurer
ﬂl!-‘-"l'ﬂ'ﬁl!‘-l'ﬂ-rl. March 7, 2008, @t tpadiiw v namrwerkcomideewsinews d=485T.php

Id,
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2} in the marketing of the products, that IODGEAR had made both “implicit and explicit public
health and pesticidal claims.” including claims that the nano coating has “mechanisms 1o
deactivate enzymes and proteins to prevent bacteria from serviving on the surface of the
product™ and “the compound has been tested and proven effective against various bacteria.”

) that “each of the nano products is a “pesticide” as defined by Section 2{u) of FIFRA, 7T US.C.
§ 136{u). Each of the nano products is not a registered pesticide™;

4) and that in 2007 IOGEAR had distributed or sold the nano products on 4() separate occasions,
in violation of 7 US.C. § 136j(a) 1)(A).*

In giving its authority to take this enforcement action EPA explained its relevant FIFRA
authority, including, infer alia, the definition of a pesticide and that it is unlawful to distribute or
sell unregistered pesﬂcides."? Thus EPA charged that IDGEAR violated the law by failing to
register its products as pesticides prior o distribution and sale as well as making health claims
ithout its products that were unsubstantisted. IOGEAR neither admitted or denied EPA's
allegations but consented to the all the conditions of the final order and settlement, waived the
right 1o appeal it, and agreed to pay a fine of $208,000."

As explained in detail in the legal argument section below, the legal bases and analyses
by EPA in this IOGEAR enforcement action is precisely the legal argument petitioners herein
present regarding the regulatory status of nano-silver products as illegal, unregistered pesticides
as well as EPA’s FIFRA authority over these products. This precedent-setting enforcement
action by EPA strongly supports petitioners’ position and highlights the urgency of this matier.
Unformunately press accounts noted that EPA is not making any concerted effort in this area nor

does EPA have a new strategy for dealing with these products.™

" In the Magter of: ATEN Techoology, Inc. dfa IDGEAR, Ing.. Docker # FIFRA-0U-2008-0003, Consent
::rrmrﬂr arid Fiaal Ovder Pursiant to Sections 22,03 gnd 22,18 (February 27, 2008), ot p.d.
I e 23
1, ut 5-5,
* Lacey, Firsr-Time Fine May Signal New FIFRA Nano Enforcement Effor, INsiDE EPA, March 14, 2008,
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Accordingly, petitioners hereby file this legal petition with EPA in order to, inter alia,
address the reasonably foresecable adverse human health and environmental consequences
caused by the explosion of nano-silver products on the market that the agency has thus far
avoided, and to call on the agency to take the actions required to fulfill its statutory duties of

protecting public health and environmental welfare.
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EPA ACTIONS REQUESTED REGARGING NANO-SILVER PRODUCTS

Summary of Actions Requested

There are currently ar least 260 consumer products in the marketplace that contain nano-
silver, which either expressly make pesticidal claims or imply pesticidal effectiveness -- none of
which are currently registered with EPA. First, EPA should classify nano-silver as a pesticide
and require manufacturers (o register nano-silver pesticides pursuant 1o FIFRA's pesticide
regulations. As explained in Section [ below, nano-silver products meet the FIFRA definition of
& pesticide because nano-silver is a highly efficient antimicrobial or antibacterial agent and is
intended to be used for that purpose. Further. EPA should clarify that pesticidal intent and public
health claims can be both implicit and explicit and that manufacturers cannot avoid pesticide
clussification simply by stnpping their products of labelling.

Second, EPA should clarify that nano-pesticides, such as nano-silver products, are new
pesticide substances that require new pesticide registrations, with nano-specific toxicity testing
and risk assessment. As explained in Section [L, nano-silver is not covered under previous
registrations for bulk silver because nano-silver should be classified as a separate substance than
silver based on nanomaterials’ capacity for fundamentally unigue and different properties and
because nano-silver's many new antimicrobial uses are not previously registered silver uses.

Third, EPA must assess the potential human health and environmental risks of nano-
silver. As explained in Section 11 below, these assessments are required by and must comply
with the FIFRA, the Food Quality Protection Act (FQPA), the Endangered Species Act (ESA),
iand the National Environmental Policy Act (NEPA). Pursuant to FIFRA. in order 1o assess

nano-silver pesticides EPA must assess whether nano-silver presents “any unreasonable risk 1o

2R



man or the environment.” As part of this assessment, EPA should analyze all existing scientific
studies as well as require manufacturers to provide all necessary additional data on the EHS
unknowns of nano-silver. Pursuant to FQPA, EPA must assess the potential impacts of nano-
silver on children and infants and ensure that no harm will resalt from aggregate exposures,
Additionally. EPA must ensure that its activities regarding nano-silver comply with the ESA and
the protection of endangered and threatened species, including ESA Section 7 Consultation
requirements. Finally, EPA must comply with NEPA by ensuring that it assesses the
environmental impacts of its actions regarding nano-silver pesticide products, including
completing a programmatic environmental impact stalement.

Fourth, EPA should take immediate action 1o prohibit the sale of nano-silver producis as
illegal pesticide products with unapproved health benefit claims. If a nano-pesticide is
unregistered, it may not be distributed or sold in the United States.”  Similarly, distribution and
sale of registered nano-pesticides is prohibited if it is distributed, sold, or used in a manner that
departs from the conditions of EPA"s approval. This includes: pesticidal claims substantially
different from those approved with registration;”’ 2 composition different than that reviewed in
the n:g;isiruriun:"" adulteration:*® or & use inconsistent with labeling ™ The nano-silver consumer
products currently on market are in clear violation of FIFRA's mandates. To this end, as
explained in Section IV below, EPA should issue Stop Sale, Use or Removal Orders {(“SSURO™)
or other enforcement penalties or actions to those manufacturers and/or distnbutors curmently

selling these unregistered nano-silver pesticide products.

™ This prohibition is subject 1o certain exceptions for RED and exports. 7 US.C. §§ 136j{a)( 1A}, 136a{a),
"7 US.Co§ 136 a) ] B,
7 US.C. § 136Ha)] KO,
7 US.C. § 136ja) | WE.
I US.C§ 136NN
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Fifth, should EPA, afier rigorous assessment, approve any nano-silver products as
pesticides, the agency must fully apply its pesticide regulations to any registered nano-silver
pesticides. FIFRA's pesticide registration requirement instills EPA with the duty to prohibit,
condition, or allow the manufacture and use of nanomaterials in nano-pesticides and prescribe
conditions for manufacture or use. As explained in Section V, these include, inter alia: reguiring
nuno-specific mgredient and warning labelling; applying conditional registration; applying
requirements for post-registration notification of adverse impacts; applying post-registration
testing and new data development; and requiring the disclosure of all information concerning
envirenmental and health effects. incloding “confidential business information.”

Finally, as explained in Section VI, EPA should also use its FIFRA authority 1o [urther
review the potential impacts of nano-silver, including: undertaking either a Classification Review
or a Special Review of nano-silver pesticides; amending the FIFRA regulations to require the
submission of nanomaterial and/or nano-zilver specific data; completing a registration review of
existing silver pesticides; regulation of nano-silver pesticide devices; and the setting of a FFDCA

Tolerance for neno-silver,

L Nano-silver and Nano-silver Products Are Pesticides Requiring FIFRA
Registration

EPA should clarify that nano-silver and nano-silver products are pesticides requiring
registration under FIFRA because nano-silver is a highly efficient pest killer and is incorporated

into the products with the intent of using its nano-enhanced antimicrobial properties.
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A The Federal Insecticide, Fungicide and Rodenticide Act (" FIFRA")

The Federal Insecticide, Fungicide and Rodenticide Act (“FIFRA™™ is the federal
regulatory scheme for the manufacture, labeling, sale, and application of pesticides.”™ FIFRA
controls the manufacture, sale, and use of a broad range of chemicals and biological pest
controls, as well as substances to control plant growth.” Although first passed in 1947 to ensure
product efficacy and accurate lnheling.“ Congress significantly overhauled it in 1972 through
the Federal Environmental Pesticide Control Act to shift the regulatory focus to protection of
human health and the environment,™

Every pesticide chemical [0 be sold in the United States must be registered with EPA
before it can be distributed or sold." If a substance is found to have “unreasonably adverse
effects on the environment,” it cannot be registered and brought to market.'""' Accordingly, the
Apgency must conduct a cost-benefil analysis, balancing the risk of allowing a pesticide to ba

registered and sold in the market with any potentially harmful effects.'™

T US.C. §§ 136-136y et seq,

* The Federal Food. Drug, and Cosmetic Act (FFDCA} also regulates pesticides in a number of ways. In particular
the FFDXCA requines EPA 10 establish o “wilerance™ for each ingredient of a pesticide used wn conmection with fiood
oir amimal feed, 21 U.S.C. § 3460, In sddition, saricus other laws and regulations govermng chemical substances
such as the Toxic Substances Control Act (TSCAL 15 US,C §§ 2601-26%2, Hazardous Maoerials Transportation
Act, 49 LILS.C. 8§ 51001-5127, and the Oveupational Safery and Health Act Hazard Communication Stundarnd, 29
C.FHR. § 1W10.1 2000, ey apply o pesticides.

TUSC. 8 1360, Lralso includes more limited authority over mechanical pest control devices, including FIFRA
lnbeling and estoblishment registration requirements. 7 U.S.C. 88 136(h), 136w(cid); 40 CFE. § 152 S(XKa),

* Pub. L. No, 30-104, 61 St 163 (1947},

* Pub. L. No, 92-516, 86 Stat. 973 (1972); see alw Alexandra B, Klass, Bees, Trees, Preemption and Nufsance: A
Mew Path to Resolving Pesticide Land Use Dispates, 32 Bcology L.Q. 763, 771 (2005).

"I VS § 136ain)

" iti ¥ York, 351 F2d 602, 604-05 (2d. Cir. 2003) (citing 7 US.C. §

1 36a(cy WD),

"® peter 1. Martinez, Damon L. Worden, Luke M. Jones, Jaon $. Juceam, Environmental Crimes. 43 Am. Crim. L.
Rev, 381, 452 n.540 (2006},

3l
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B, Nana-Silver is a Pesilcide under the FIFRA Defindtion of Pesticides

Pursuant to section 2{u) of FIFRA, a pesticide is defined as “any substance or
mixture of substances intended for preventing, destroying, repelling, or mitigating any
pest.™™ A “pest™ is in turn defined as

Pest: (1§ any fnsect, rodent, nemalode, fungus, weed, ar (2) any other form of terrestoal or

aquatic plant or animal life or vires, bacteria, or other micro-organism (except viruses,

bacteria, or other micro-orgimisms on or 0 Hving man or other living ammalsy which the
Administrator declares to be o pest pursaunt to 7 U.S.C. 136wicK1)."™

The pesticide’s “active ingredient™ is the ingredient which “will prevent. destroy, repel, or
mitigate™ p:sls-m Nano-silver is the ingredient in these nunomaterial products infused 1o fight
bacteria, i.e., prevent pests. Therefore, nano-silver meets the definition of a pesticide and/or the
active ingredient in a pesticide.'™

C. The Intent of Nano-Silver Demonstrares that il is o Pesticide

Nano-silver is 4 pesticide because its intended use is as a pesticide, As noted above, the
FIFR A definition of pesticide hinges on the intent: FIFRA defines “pesticide™ not in terms of the
inherent characteristics of purticular substances but rather in terms of the intesr underlying the
use of a substance. """ EPA's FIFRA-implementing regulations elaborates on intent as the

statutory touchstone, providing that a pesticide is “any substance (or mixture of substances)

"TUSC § 1360ulin 40 CFR. § 1523,

e 1 £ 8 13600; a0 C.FR. 3 1525, In addition. the Apency Administrator is nothorized, ofter notice and the
opporiunity for hearing, to declare as a pest any form of plant of animal life (excluding man and any other bacterio,
virus, and micro-organism on or in living man or other animals) that is injurious to human health or the
environment. T US.C§ 136wy 1) 40 CE R § 152.5,

MIUS.C & 136(a) 1 A0 CFR, § 153.125.

" EPA has concluded that one company s nano-silver coated mouses and keyboards were pesticides. Soe o the
Matier of: ATEN Technology, Inc. dbis IDGEAR. Ine., Docket # FIFRA-S-2008-0003, Cansent Agreement and
Final thrder Pursigni o Secrlons 2203 and 32,18 (Febraary 27, 2008} at 24 (EPA action explaining FIFRA
ﬂf;iﬁl:l'l-[ﬂrpﬂ‘ﬁiik and conclading that nano-silver coated electronics were pesticidos pursaant o 7 US.C. §
136018)).

"7 USC.§ 136{ubl 1) (emphasis added); Office of Prevention, Pesticides & Toxic Substances, Enviroamental
Protection Agency, Label Review Manual, p. 24 (3d ed. 2003),



intended for a pesticidal purpose.”"™ The regulutions give three factors for determining “intent”

i.¢., whether “a substance is considered to be intended for a pesticidal purpose, and thus to be a
pesticide requiring regulation:™

A substance is copsidered o be intended for o pesticidal purpose, and thas 10 be o pesticide
requirimg regulation, if;

i@ The person who distributes or sells the substance cliims or implies (by labeling or
mtherwise):
1y That the substance || can or should be used a3 o pesticide; or
2) That the substance consists of or coniains an active ingredient and that it can be
used in manufaciure a pesticide; or
ih) The subsiance containg one or mone active ingradient and has no significant eommercially
valushle wse a5 distributed or sold other than (1) use for pesticidal purpose [, (2) use for
manufacture of o pesticide; or

() The person distributing or selling the substance has actual or constructive knowledge that
thiz substance will be used, ar is intended 10 be used, for & pesticidal purpcur_"'"

Any one of these factors could be sufficient to show intent; in the case of nano-
silver products, all of the factors are present. First, the manufacturers of these nuno-silver
products claim - indeed they proudly tout, by product labeling and/or other advertising --
the highly efficient perm-killing propensities of the nano-silver ingredients in their
products. These claims include, infer alia, varous stalements that the nano-silver
ingredients have a “long lasting antibacterial function;” or renders material “permanently
anti-microbial and anti-fungal™; or “kills approximately 650 kinds of harmful germy and
viruses with a germ resistance rafe of 99.9%." See geperally supra p. 14-15 and

Appendix A infra.  According 1o well-established precedent, labeling or advertising

" MCFR § 15215
WA CFR § 15215
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material recommending a product for use against a pest may be clear evidence of that

intent,"*"

Second, nano-silver is specifically and solely wsed for its anti-microbial
propertics. Research has shown no other “significantly commercially valuable use.”

Third, the manufacturers have both actual and constructive knowledge that the
nano-silver i infused in said product for a pesticidal purpose. For every nano-smilver
product listed in the attached appendix and chart,''' the product description clearly
emphasizes its ability to kill, eliminate, curb, prevent or reduce the growth of
microorganisms such as fungus and bacteria. These nano-silver product descriptions
include: “con kil and prevent all kinds of disease gérms and microorganisms™, “nairol
bacteriostar”; “deactivate enzymes and proteins of bacteria from surviving on the surface
af the product”; “works against all rvpes af bacteria and virnses, even killing antibiotic
resistant straing as well av all fungal infections . . . remaing potent up to 100 washes™
“kills bacteria in vitro in as little ay 30 minuses, 2-5 times faster than other forms of
silver”; and so forth. See supry pp. 13-14 and Appendix A infra. These representations
and their variants alone are sufficient under the definition of intent provided in the

FIFRA-implementing regulations.'”

In addition, these product descriptions make it
impossible for manufacturers and distdbutors o deny they did not have actual or

constructive knowledge the substance was 1o be used, or was intended to be used, for

"™ Seg In e Chemeo Indus, Ine, LE &R 1988 WL 50057, *4-5 (EPA Jun, 24, 1984); see sl In re Myers, | F.&R,,
PO WL 19379, =5 (EPA July 31, 1980) {“The mtended use of o prodoct may be determined from its lzbel,
sccosmpanying labeling. promotional material, sdvertising and any other relevan sowrees, ™) (citing Unijed Staies v
216 Boitles, 409 F.2d 734, 739 (24, Cir, [9699),

" Sog Appendix A

" 40 CFR. § 152.150a)



pesticidal pmpnm."'-' The nano-silver product descriptions and the manufacturers’ and

D Inteni Showing Pesticidal Purpose fs Not Limited to Only Product Labeling

EPA should clarify that infent can be shown by means far broader than just labeling. As
the factors above illustrate, “u substance is considered (o be intended for a pesticidal purpose. and
thus 1o be a pesticide requiring regulation™ for reasons including “claims or implies (by labeling
or otherwise) that the substance can or should be used as a pesticide.”'"! In addition, intent can
be shown by the active ingredient having “insignificant commercial value as anything else
besides a pesticide.™" Finally, intent can be showing by the “active or constructive knowledge™

of the manufacturer that the substance “will be used or is intended 1o be used for a pesticidal

nlla

purpose.
Al least one Federal Circuit Court of Appeals applies an ohjective standard 1o determine
intent in the FIFRA context, asking whether the company could expect a reasonable consumer o
use the product against pests.'"” “Industry claims and general public knowledge can make a
product pesticidal notwithstanding the lack of express pesticidal claims by the producer itself.”" "
Accordingly, the general advertising of nano-silver specifically as a germ-killer,'"” creates public

knowledge that leads a consumer knowledge and expectation that nano-silver prodisct is an anti-

WO CER §152.15(c).
" 40 C.F.R. § 152.15n) (emphasis added)
"2 1d, 152.15(h)
" 40 CFR § 152.15(c),
T & Jonas & Co. ve, EPA 666 F.2d 820, 833 (3d Cir. 1981) (“In determining intent objectively, the inguiry canndgt
be restricted 1o g progduct's label and 1o the producer’s representations. Indusiry claims and general public knowledge
can make o prodiect pesticidal notwithdanding the lack of express pesticidal claims by the producer itself, Labeling,
industry representations, advertising materials, effectiveness and the collectivity of all the circumstances wne
!I-tmn'rfnrz relevant.”}.
"See Appendix A,
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microbial agent, not withstanding any lack of specific germ-killing advertizing on said specific
nano-silver product. The appendix includes more than 260 products that contain nano-silver, of
which nearly all include some reference to nano-silver's germ-fighting propensity in the
manufacturer's advertizing and/or the product’s labeling.

Subsequently EPA has incorporated that objective standard into its regulations: “EPA
believes that a producer who sells a product with full knowledge of its intended pesticidal use
should be held responsible for its regulation ™' Thus, manufacturers who produce and market
products containing nano-silver with “full knowledge™ of its intended uses as an anti-microbial -
even if they do not label the material ax “nano™ and/or “germ killing "~are still properly subject
to FIFRA's pesticide regisiration quuil'!lll‘.'ntl-.m

EPA must ¢larify that a pesticide classification is not solely based on a product’s
labeling.'* This distinction is crucial, as early reports of EPA's planned action on nano-silver
products from November 2006 quoted EPA officials erroneously claiming (or erroneously
quoted as claiming) that only products marketed or advertised as anti-microbial or germ killing
will have 1o be regulated, providing a huge loophole for companies that drop anti-microbial
elaims from their nano-silver products.'™ This potential loophole has been exploited: in

respanse to EPA's anticipsted proposed action regarding nano-silver, several nano-silver product

" Gee Pesticide Registration Procedures, Posticide Data Requirements, 53 Fed Reg 15952, 15954 (May 4, 1988)
jcodificd a1 40 C.F.R. § 152.15(c)); see glso Clarification of Treated Aricles Exemption, 63 Fod Reg. 19256, 19257
{Apnl 17, 1998) idiscussing 40 C.F.R. § 152.25) (" The Agency has consisiently interpresed and applied this rle to
probibit dmplied or explicis public health claims for unregistered products, and continmses ti regard any pablic health
claims as mod consistent with the provisions of the fule.”) (emphasis sdded),

WSee, e, Nlonos & Co,. 666 F.2d at 833 (“1n determining inient objectively, the inguiry cannot be restricted to a
:|deum;'n lnbel @nd 1o the producer's representalions.”),
# Ser In the Mutier of: ATEN Techpo : OGE -, Docket # FIFRA-0%- 2008-0003, Cansens
Agreement and Final Order Parduant o Sections 22,13 aad 22,18 (Febraary 27, 2008 al 4 (EPA alleging that
HGEAR hal made **bith implicis pnd expliciy public healsh clatms and pesticidal claims™), 3 {unregisiorad pesticide
Eudunu may not be markewsd i, infer alin, they make any “implied or explicit public bealth claims™),

= Weiss, jupry note 68,
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manufacturers removed their nano-specific labeling. For example, The Sharper Image's
FresherLonger'" Miracle Food Siorage containers were previously marketed with an entire
section entitled “The Silver Nanaparticle Miracle,” noting that the food storage containers were
“infused with antibacterial silver nanoparticles™ that were *25nm in diameter”™ and “created by
advanced nanotechnology.”'™ The nano-silver ingredient was “anti-germ, anti-mold, and anti-
fungus™ ind “compared to regular containers ... reduced the growth of microorganisms by over
98 percent.™'™ Afier EPA’s November 2006 announcement, Sharper Image stripped its website
and all its print and online advertising of any claims to either nano-silver ingredients or that
ingredient’s biocide activity.'” Another U.S. company, Pure Plushy, also dropped its claims to
be selling toys and stuffed snimals made vsing nanoparticlés of 25nm of silver for their
antimicrobial effects.'”’ Appendix A includes other products previously marketed as nano
andfor anti-microbial which are no longer so marketed.'™

EPA should clirify that manufacturers such &s Sharper Image and others cannot
purposely evade EPA purview by disclaiming its previous advertising or intentionally
misrepresenting its products” ingredients, Manufacturers who produce and markel products
conteining nano-silver with “full knowledge™ of its intended uses as an antimicrobial —even if

they do not label the material as “nano™ or do not label the nano-silver’s intended antimicrobial

"“huipedweb, wrehive omgiweh 2006020502 | S 30y www.sharperimogs comdasiencanlog/productdetailsitka £N
Hi

%_14.

1% Comgare, FresberLonger™ Miracle Food Stornge Containers,

nitp:/fwww sharpermage. comfusienicatslosproducidetailsiskn_ #NG20 with FresherLonger™ Miracle Food

Storage Containers,

hiips/fwch archiveongweh 2D0GINE021 5300etps www shurpenmage. comusfondcatnlog/prodocidetailsishn__AN02

0

" Andrew Maynard, SafeNano Commumity Blog, Senny the Bear and the Case af the Disappearing nanoparticles,

December 15, 2007, g hupsicommunily. s fenamo.ong/hlogsandrew_maynandanchive 200712/ | Stbenny-the -bear-

anil-the-casc-ol-ihe<hsappearini -nanoparticles.aspx

" Sex Appendiz A.
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effects—are still properly subject to FIFRA's pesticide registration reguircments and must be
regulated by EPA as such.'™

E. Nano-silver Products Fir into the Category of Antimicrobial
Pesticides

FIFRA also defines one particular subset of pesticides as “antimicrobial

pesticides:™

Antimicrobial Pesticide: a pesticide intended to (i) disinfect, sanitize, reduce, or

mitigate growth or development of microbiological organisms; or (i) pmotect

imamimate objects, industrial processes or systems, surfaces, water, or other

chemical substances from contamination, fouling, or deterioration caused by

bacteria, viruses, fungi, protozoa, algae, or slime.'™

Thus. an antimicrobial pesticide is one meant either to affect the growth or
development of microbiological organisms or to profect inanimate objects, industrial
processes, or chemical substances from contamination from such organisms.”' Common
antimicrobial products include disinfectants for medical and household surfaces including
floars, walls, linens. and other surfaces, sanitizers for food contact products such as
dishes and cooking utensils and non-food contact products such as carpet cleaners and
laundry additives.'” The nano-silver products listed in Appendix A easily fall within this
pesticides definition subset, as products include: flloor, wall, and other surface cleaners,
cutlery and food contact substances, laondry additives and so on, all intended to “reduce,

or mitigate growth or development of microbiological organisms” and/or “protect

"See In the Maver of: ATEN Technoligy, Ine. s IOGEAR, Ine.. Docket # FIFRA-09-2008-0003, Consent
Agreement and Final Order Pursuant to Sections 22,13 and 22,18 (February 27, 2008) a1 4 (EPA alleging that
IDGEAR had misdhe “both imngrlicit and explicit public health claims und pesticidal claims™),
™7 US.C§ 1360mm), Products excluded from this definition include wood preservatives or antifouling paint
products, an agricultural fungicide, or an aquatic herbicide. However, the term “antimicrobial pesticide”™ does
include any other chemical sterilant (other than for wse with critical devices), disinfectan! product, industrial
In;lli:mhiu-;iad: product, or preservative product not excluded above, [d,

EPA, Pesticides: Topical & Chemical Fuct Sheets, Antimicrobizl Pesticide Prodocts, 2
ks g iy pestbe e Tac s heets/unt g i
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inanimate objects ... or other substances ... from contaminution ... caused by bacteria,

viruses, fungi...."'™

Accordingly, the logical fit of the nano-silver products in this subset
of pesticides further buttresses the conclusion that these products are pesticides and must
be regulated as such.

F. Limited FIFRA Pesticide Exemprions Do not Apply te Nano-Silver

Finally, there are several exemptions or exclusions from the FIFRA pesticide definition
and accompanying regulations relevant to the nano-silver determination. As discussed below,
the nano-silver consumer products do not qualify for these limited regulatory exceptions.

First, there are several classes of substances expressly excluded from regulation by
FIFRA for reasons including that they are regulated by other statutes, like those products
gualifying as human or animal drug products under FFDCA.™ The products incorporating
nano-silver are consumer products that have come to market already and not new drug products
classified and subject to pre-market review by FDA. However any nano-silver drug products
approved by FDA pursuant 1o its drug approval process would be exempt from EPA FIFRA
pesticide regulations.

Second, FIFRA also exempts products intended for use only against microorganisms,
internal parasites, or nematodes in or on living humans or animals and Lebeled nn:!l:'nml‘riirlgljll'.":'5
The nano-silver consumer products in Appendix A are not so limited in the scope of their

pesticidal intent, nor are they so labeled.

' gew Appendin A.
"MSee 40 CFR. 8§ 1516, 152.20.
A CFR. § 1528
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Third. some products are exempled from FIFRA regulation because they are not “deemed
to be used for a pesticidal effect.™' ™ This exemption has an explicit lists three types of products
exempted which includes, inter alia, deodorizers, bleaches, and cleaning agents.'” This is
relevant since several of the nano-silver products currently on market are cleaning agents. Sce
Appendix A, However this exemption expressly does not apply if “a pesticidal claim is made on
their labeling or in connection with their sale and distribution.”"* Thus, any nano-silver
cleaning agent products would be disqualified by their express labeling andfor advertizing as
antibacterial agents. See Appendix A (listing products and advenizing claims).

Finally, some pesticide-treated articles or substances are exempted from FIFRA
regulation, if several prerequisites are met.'” One such class is pesticide “treated” articles. As
EPA recognizes

many products (e.g. culting boards . . .) are being treated with antimicrobial

pesticides. Antimicrobial pesticides are substances or mixtures of substances

used to destroy or limit the growth of microorganisms, whether bacteria, vrrum:

or fungi — many of which are harmful - on inanimate objects and surfaces, a
“Treated articles™ refers to the products treated with an animicrobial pesticide to protect the

article itself.'*" The pesticide is usnally added to the treated articles during manufacture or added

S AOCFR, 515210,
YA CFR, § 152, 10(2). The complete list of exempied products ander this section:

The following rypes of products or aricles are not considered o be pesticides unless o pesticidal
chaim is mesde on their labeling or in comnection with their sale and distribiation:

{a} Deodiorizers. bleaches, and cleaning agents;

(b Products pot containdng toxicants, intended only 10 artract pests for survey or detection
purposes, and labeled secordingly;

() Products that ane inended to exclude pests only by providing s physical barrier against pest
nceess, and which contuin me toxicants. such a8 cerfain pruning paints o tress.

H‘dﬂ CFH §152.10,
A CFR §152.25,

"EPA, Pesticides: Topical & Chemical Fact Sheets, Consimer Products Treated with Pesticides, g2

v ere. v pesticilss e mbess e st liim
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after manufscture but before use.'™ Such pesticide-treated products can be exempt from FIFRA
registration, but only if

1} the pesticide is added only to protect the article itself; and
2) the pesticide added to the treated article “is registered for such use.”'*

Nano-silver consumer products such as those lisied in Appendix A do not qualify for this
exemplion. As to the lalter requirement, nanc-silver itself is not registered as a pesticide, for
these current uses or any other uses for that matter. As to the former, as detailed in the
Appendix, the nano-silver products make express claims to protection from bacteria or germs
beyond and separate from just the protection of the incorporating product itself. As EPA notes:
“Any pesticide-treated product that is not registered by EPA must not make public health claims,
such as ‘fights germs, provides antibacterial protection, or controls fungus.”'' Many of these
nano-silver products do make exactly such beyond product and/or public health claims. including
but not limited to “can kill and prevent all kinds of disease germs and microorganisms™;
provides “antibacterial effect against bacteria, yeasis, mould, and fungi®; “kills approximately
630 kindy of harmful germs and viruses™; “fights against cross infection of super bugs such as
MRSA"™; “natural antibiotic that can kil and prevent infections™; “killy athlere's foot germs and
staphyiococcus”™, “nanosilver coated foils have been scientifically proven to reduce redness and

irritation™; and =0 forth. See Appendix A.

I

“L0CFR § 152.25(s), Examples include paint trested with a pesticide to protect the peint coating. or wood

producis tresied (o protect the wood against insects or fungus infestation. See alss EPA, Pesticides: Topical &

Chemical Fact Sheets, Consamer Products Treated with Pesticidles. gt

W L oy pesticidies/ T s heg tsfime atan. bim

" EPA, Pesticides: Topical & Chemical Fact Sheets, Consumer Products Treated with Pesticides, at

s epil e pestividlesTicisheetarestlan. Btm ;
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EPA further clarified the interpretation of Section 125.25(a) (the Treated Article
Exemption) in Federal Register notice," staling that unregistered products may be marketed
only provided that

(1) no implied or explicit health claims of any kind arc made;

(2) the claims concerning the presence of 4 pesticide in the ireated article are
limited to protection of the treated article only:

(3) when such claims involve antibacterial properties, (a) the words
“antibacterial,” “antimicrobial.” or “germicidal,” or related terms, are not pan of
the name of the product, and (b) the permissible claims are qualified by
statements indicating that the presence of the antibacterial properties does not
protect users or others againsi disease and that users should follow prudent
hygienic measures, i.e., cleaning and washing the article;
(4) the pesticide in a treated article is present only as a result of using a pesticide
product which is registered under FIFRA and labeled for use in treating the article
in question," "
As explained above, these conditions are not met and the limited exemption for treated articles
does not apply for the nano-silver pnﬁr.':id:i.“."

II. Nano-silver Is a New Pesticide That Requires New Pesticide
Registrations

Next. EPA should classify nanomaterial pesticides such s nano-silver pesticides as new
pesticides that require new pesticide registrations. The risk assessment for nanomaterials is
different from that larger particle substances and must include a nanotoxicology assessment
assessing physicochemical characteristics and factors not otherwise assessed. The safety of

nanomaterials cannot be reliably predicted or derived from the known toxicity of the bulk

! Clarification of Trested Article Exermption. 83 Fed. Reg. 19256 (April 17, 1998),
M L 19257,
" Soo Lo dhe Manter of: ATEN Techaoloey. inc. LGE . Docket # FIFRA-09-2008-0003, Corsent
Agreemeni and Final (rder Pursiant e Sections 22,03 and 22,18 (Febouary 27, 2008) at 34 (explaining the
Treated Article Exemption before alleging that the FDGEAR nano-silver coaned eboctronics were illegal unregisiensd
pesticides).
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material. Further, the claims, composition, and new uses of these nano-silver pesticides are very
different from bulk material counterpant pesticides, Finally, the conclusion that nanomatenials—
including nano-silver—are distinct and new substances is supported by their patentability, a legal
standard which requires, inrer alia, non-obviousness and novelry.

A Nano-pesticides Require New Pesticide Registrations

Under FIFRA, a pesticide is considered unregistered if, inter alia, 1) its claims differ
substantially from the claims made for the registered pesticide, or 2) if its composition differs
from the composition of the registered pesticide.'™ In general, claims for nano-pesticides will
and do differ from those made for conventional pesticides because nanotechnology allows for
many new applications. Nano-silver pesticides and their claims, as discussed infm, are one
example. A new registration is required for a pesticide containing an active ingredient that has
not been previously registered or used in a registered formulation."” Thus, nano-pesticides are
not covered by existing registrations of conventional pesticides.

The unique characteristics of nano-pesticides result in different risks and benefits than
any miacro-scale versions, Product chemisiry, toxicology. and other information submitted for
macro versions pursuant to 40 C.F.R. Pan 158 C & D do not apply to nanomaterials,
“Composition” includes the identity of both active and inert ingredients and their ratios. Given
the unique characieristics of nanomaterials, nano-pesticides do nol have the same composition as
bulk material, macro versions.'™ In short, EPA must employ a different risk assessment based

on the actual characteristics of the nano-pesticide. Any previous analysis/balance of risks and

T USIC§ 136j0a)0 1 )0B) & (C).

“* 40 C.FR. § 152.403 {new chemical registration review ).

™ See. ep,, Reut Snir, Regulating Risks of Narotechnanlogies for Water Treatment, 38 Evvr'L L REpORTER 10233,
1024446 (2008); James Chen et al., ABA-SEER, The Adequacy of FIFRA 10 Regulae Nammechnology-Based
Pesticices { 006), at 11, gvailuble &t higewww abanel orglenvirosmanoechpd FIFRA pdl
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benefits and appropriate control measures for a conventional pesticide containing a macro-
ingredient of the same nanomaterial is different, because of the nano-specific properties, the
"nano-ness” of the nanomaterial.

Further, under FIFRA § 3(c¥5) D). registration decisions depend in the main on EPA’s
determination that a pesticide *“will not generally cause unreasonable adverse effects on the
environment,”' To comply with FIFRA, EPA must weigh the precise benefits and risks of
individual pesticides and determine under what conditions a pesticide may be registered. if any.
Key factors in this determination are the claims and composition of the pesticide. Since the
balancing of risks and benefits of 2 nano-pesticide is different from a cormesponding conventional
pesticide containing a bulk material ingredient of the same substance, EPA must require a new
registration for the nano-pesticide.'™ Substitution of a nanoscale ingredient for a macro
counterpart constitutes a change in composition per s¢ requiring new registration.

“Experts are overwhelmingly of the opinion that the adverse effects of nanoparticles
cannot be reliably predicted or derived from the known toxicity of the bulk material.”™ For
example, the European Commission’s Sclentific Commitiee on Emerging and Newly Identified
Health Risks (SCENIHR ) concluded: “Experts are of the unanimous opinion that the adverse

effects of nanoparticles cannot be predicted (or derived) from the known toxicity of material of

:i_: TUSC § 136alu), (eSHCHD).

“Sec also Reut Snir, Regulaning Risks of Mumotechnologies for Water Treqmenr, 38 Envr'L L. REmsrer 10233,
10244-45 (200K); James Chen gl ol ABA-SEER, The Adeguacy of FIFRA 10 Regulate Nenotechnology-Basad
Pesticides (2006), at 11-12, gvailablg af bup:fwws abanet orglens i nanoechipd HFIFRA pdl Where a registruni
of & conventeonal pesticide upplies for registration of a nono-pesticide, un amended registration may be appropriate.
A0CFR. § 152.44, provided it is required 1o provide additionn] information specific 1o the nano-pesticide’s risks
end henelits
' The Allianz Group and the Organisation for Economic Co-operation and Development (OBCTY. Small Sizes thar
Marter: (pporiunties and ridks of Neaotechrologies, (Jane 3, 2005) at & 6.4, ar 30,
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macroscopic size, which obey the laws of classical physics.”'™ Similacly, the U K. Royal
Society and the Royal Academy of Engineering emphasized: “Free particles in the nanometre
size range do raise health, environmental, and safety concerns and their toxicology cannot be
inferred from that of particies of the same chemical at a larger size."'™ And finally, the British
Institute for Occupational Medicine similarly concluded:

Because of their size and the ways they are used, they [engineered nanomaterials]

have specific physical-chemical properties and therefore may behave differently

from their parent materials when released and interact differently with living

systems. [t is accepred, therefiore, that ir is not possible to infer the safery

nanomaterials by wsing information derived from the bulk parent material. "
Toxicology normally correlates health risks with the mass to which an individual is exposed.
resulting in an accumulated mass as an intermal dosefexposure. However, the biological activity
of nanoparticles is likely 1o depend on physicochemical characteristics that are not routinely
considered in toxicity screening studies ' There are many more factors affecting the
toxicological potential of nanoscale materials, up to at least sixteen in fact, including: size,
surface area, surface charge, solubility, shape or physical dimensions, surface coatings, chemical
composition, and aggregalion potential- a “far cry from the two or three usually measured.”"™"
Size is one of many factors, but is crucial: The relevance of the nano-size is that unlike larger

particles. we cannot predict the toxicity of nanomaterials from the known properties of larger

"™ European Commission's Scicntific Commines on Emerging and Newly ldentified Health Risks (SCENIHR),
Opindon on the appropriaieness of exisning methodalogies fo assess the poterntial risky associated with engineeved
aved autvenritions producty of nanciechnologies, ut 6 (adopted Scptember 28-39, 30058 ) {emphasis added); Id, ai 34,
" Bee. ¢.g.. The Roval Society und the Royal Acudemy of Engineering, Nonoscience and nanotechnolagies:
-‘.E,uqmlrir.r and uncertainties, Loodon, 2004, supra note 19, at 459 (emphasis sdded).
" Tran et al, A Scoping Srudy to Mdentify Hazard Date Needs For Addressing The Risks Presented By
Nemopariicler and Noatuhes, INSTITUTE OF OCCuPATIONAL MiDicine Research Report (December 2005), af 34
{emphasis added).
" European Commission’s Scaentific Commitee on Emerging and Newly Identificd Health Risks (SCENTHR),
Opindon an the appropricteness of exliring methodelogies o aerers the potential risky avocinted with engineered
drd advertitious products of rurorechnolopies, o 6 (adopted Seplember 28-20, 2005}, &f 32; Maoala Maran,
Namomedicine lacks recognition in Ewrope, 28 NATURE BIOTECHNGLOGY, Mo, 2 (February 2K
" Andrew Maynard, Nonotechnology: The Next Big Thing, or Much Ade abour Nothing?, 11 7 ANNALS OF
ChoCUPATION AL HYOENE, T Seplember 20106,
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substances. Unless EPA requires a thorough manufacturer testing and investigation of all these
varigbles and then applies a subsequent agency assessment (o that submitted data. it cannot
properly assess the toxicity of nano-pesticides or assure their safety.

In fact, nanotoxicology is an emerging feld in its own right, underscoring the differences
of nanomaterial toxicity, In un agenda-setting 2006 article in Mature, fourteen intemational
nanotechnology scientists put forth nanotechnology’s five “grand challenges,” which included
the urgent need to develop methods for assessing nano-toxicity.” Two recently published
articles suggest new paradigms of predictive toxicology for engineered nanoparticle testing. '™
EPA should develop a basic screening frmmework to guide its lesting and data-submission
requirements, such as the ticred approach that would start with non-cellular tests 1o establish
particle reactivity, followed by in vitro and in vivo tests for exposure pathways that are relevant
10 a chemical's anticipated use patterns and lifecycle.'”

8. Nano-silver Pesticides Require New Chemical Pesticide Registrations Because

They are Substances With New Compositions and Claims that Require New,
Nano-specific Risk Assessments

Nano-silver exemplifies why nuno-pesticides require new pesticide registration. Silver is
already registered as a pes!icide.’” It is registered for use in water filter systems as a bacteria
inhibitor (90% of use) and in swimming pools as an algicide (3% of use).'™ As of its 1993-94
Re-registration, there were 80 pesticide products registered with silver as an active ingredient, "

The nano-silver products being used as antimicrobials in consumer spplications and appliances

:“ Maynard et ol Safe Hendling of Nanotechnology, NATURE, November 16, 2006,

¥ Andre Nel e1 al, Toxic Potensial of Murerials o the Nanolevel, 311 SCIENCE 627 (2006); Oberdorster ¢ sl
Principles for characterizing the potentiol uman health effects from exposure to sunomaterials: elements of o
sereening strateyy, 2 PARTICLE AND FIRRE TOXICOLOGY §, at 1O (2005).

"™ Ser EPA, Silver Reregistration Eligibality Docoment (RED), June 1993

53 1, a1,

™ arp. 2



differ substantially in both uses and claims from these registered silver pesticides. The nano-
silver product explosion has included a broad swath of industries and products including much
maore than water filtration systems and swimming pools; these new nano-silver produects include,
but are not limited to, vanoos cleaning and sanitizing products, food storage containers,
toiletries, clothing, home applinnces, air filiers, medical supplies, dietary supplements, and
powdered and liguid nano-silver in bulk form, See Appendix A.

These new nano-silver producis also differ in the breadih of their product claims, which
are much broader than previously-registered silver pesticide products. Silver pesticides are
limited to claims as water-based bacteria inhibitors and algicides. In contrast, these new nano-
silver products” claims include: “corrrol air free from bacteria, viras, germs, fungus, or even AL
(Avian Influenzal™, “kills approximately 650 kinds of harmful germs and viruses with a germ
resistance rare of 99.9%"; “is proven to kill over 99% of bacteria including MRSA™; “sterilize up
ro 99.9% of harmful bacreria, such ax colon bacilli, salmonella, vellow staphylococeis,
preudomonias aeruginosa an salmonella enteritidis™; “can kill and prevent all kindy of diseaxe
germs and microorganisms’; renders material “permanently anti-microbial and anfi-fungal™; and
so forth. Sec Appendix A.

Further, the risk assessment needed for nano-silver is wholly different. Exposures are
substantially increased and varied, For example, in the 1993 Silver RED, EPA notes that
“residential exposure™ (o silver pesticides was expected at only “very low levels™ through the
silver drinking water filters and by swimming in treated pools.'™ The Re-registration document

lists as “currently registered” uses of silver as only two types: “aquatic non-food residential

"% EPA. Silver RED, suprs note 162 at 3, Appendix A
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(swimming pool systems) and indoor food uses (human drinking water systems).'™ About 0%
of the B0 registered silver pesticides are basteriostatic water fillers; 7% are media which contain
silver for actual filter housing; and 3% are algicides."”’ The sudden appearance of nano-silver
consumer products dramatically increases exposure potential and levels as well as the routes of
exposure, Sce Appendix A. These new uses include household cleaners, sprays and wipes,
personal care products and soaps, children's toys and bottles, food storage containers and cutlery,
clothing and fabrics, and 5o forth.

Similarly, in the Silver RED, EPA concluded that there were nol unreasonable advene
effects to the environment from silver because the exposure from silver pesticides used in
swimming pools and drinking water systems would be discharged into municipal water systems
and treated."™ The broad range of new nano-silver products encompasses many environmental
discharge and exposure routes, creating a very different environmental risk and exposure
assessment. Sgg Appendix A. Moreover, public utility and water treatment expernts have already
warned EPA of their concerns aboul nano-silver's potential negative environmental impacts and
their inability to adequately treat that substance '*

Finally, as discussed, at the nano-scale silver exhibits remarkably unusual physical,
chemical and hiological properties.' ™ Taking into account their unigue physicochemical
properties, it is likely that nano-silver possesses unigque toxicity mechanisms.””'  For example,

nano-silver may deplete the antioxidant defense mechanism, which leads to ROS accumulation

:“"' fl’-i.. Silver RED, supru note 162 a1 4.

i
"3 EPA. Silver RED, supry note 162 st 4.
" Letter from Ken Kirk, Executive Dircctor, National Association of Clean Water Agencics. to Stephen Johnson,
Admsinistrator, Environmental Protection Agency (February 14, 2006); Letier from Chuck Weir, Chalr, TH-TAC, 1o
.1:&9 Jones, Director, Office of Pesticsde Programs, Environmental Protection Agency (Januury 37, 3006).
" Chen and Schivesener, Nanosifver: A nanoproduct in medical application, 176 TOXICOLOGY LETmHRS 1-12
{20M08),
1#i id. ut &,
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and can initiate the destruction of mitochondria and eventually cell death.'™ In addition, damage
1o cell membranes appears to be another part of nano-silver’s mechanism of cytotoxicity.' "
There is also preliminary evidence that the nano-silver can exert effective antibacterial action &l a
considerably lower concentration than silver ions, i.e, is a “far more efficient” conveyer of
antibacterial effects.”™ This suggests that the antibacterial properties and toxicity of nano-silver
ane not explained only by its chemical composition and the production of silver ions alone. As
with othér nanomaterials, nano-silver will require 2 nano-specific oxicily assessment,

€. Mano-silver Pesticides Require New Chemical Pesticide Registrations Becanse
Nano-silver is Patented for its Novelry

The U.S. legal patent framework also strongly supports the conclusion that engineered
and manufactured nanomaterials generally-and nano-silver specificall y-are novel substances, for
which manufacturers should be classified and regulated as new products, in this case, new
pesticides. As such, nano-silver requires a separate risk assessment and FIFRA registration
process. Many of the manufacturers of these nano-silver pesticide products, regulated by EPA,
have applied for and received patents for their products and/or the nano-silver in them, a legal
and commercial reality that belies any claim that the engineered nanomaterials are not wholly
unique substances which must be classified as new subsiances and new pesticides.

1. Patent Law Reguires Novelty

By law, the issuance of o patent requires a determination of novelty and
nonobviousness,' ™ and claims for novel disclosures are assigned one or more patent

classifications, The applicant must demonstrate that the invention is novel, non-obvious, and

IT2
I3 m

'™ Lok oral,. Proveomoic anadviis of the mode of amibacterial action of siiver nanopariicles. 5 ). PROTEAME RES,
S16-924 (2007 ).
™35 US.C§4 102-103,
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useful.'™ 1t is well-cstablished patent case law that a mere change in size. scale, or dimensions
of a known composition are not alone sufficient w establish novelty and nonobviousness and
render new material patentable.'” As early as 1928, the legal principle was well established that
a “mere difference in dimension cannot add novelty™ 1o a claimed new product.'™ Courts have
since consistently held that the mere scaling of a prior art. capable of being scaled. would not
establish patentability in a claim over that prior art.'” The United States Court of Appeals for
the Federal Circuit held that when the only differénce between the prior art and its claims was a
recitation of relative dimensions of the claimed device, and a device having the claimed relative
dimensions would not “exhibit qualitatively different phenomena”™ from the prior an, the claimed
invention was nol patentably distinct from the prior art."™ Thus, whether a nanomaterial is
patentable mums on whether the nanomaterial or nanoparticle exhibits “qualitatively different
phenomena™ than that of its bulk material counterpart, ™'

Nanomaterials meel this threshold because matter behaves uniquely when manufactured
or engineered (o the nano-scale: nano means more than merely tiny, a billionth of a meter in
scale.'™ Rather, it is best understood to mean substances having the capacity to be

fundamentally different. “The nano-scale is not just another step toward miniaturization, but a

" 35 LL.S.C. §8 101-103.

" Application of Troke], 274 F.2d 944, 949 (C.CP.A_ 1960 ("1t is well established that the mier: champe of the
relative size of the co-acting members of a known combination will nol endow an otherwise unpateniable
combination with patendabiliey,"),

™ Wi Venilatine Co. v. St Jumes Ventilating Co,, 26 .2 357, 350 (2th Cir. 1928),

™ In re Rinehan. 531 F.2d 1048, 1053 (C.CP.A, 1976); sco also LS, Indes Ine. v Nomon Co, 210 US.POQ. 94,
T (L UNL Y. 19RO} (holding chat “mene changes of proporticns of o known composition with a resuliant increase
m streagih, size, etc., is generally deemed insufficient 10 consti e patentability. such changee, though wseful, being
only of degres ruther thum kind."}.

" Gurdner v, THC Sva, [og,. 725 F.2d 1338, 1346 (Fed. Cir, 1984),

' Soc o, at 134546 (noting thae dimension! limitations do not inherently distinguish the subsequent version from
the prior art),

" Sioc. cg. pp. B-11, 4446 supry,
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qualitatively new scale.”'® Taking advantage of quantum physics, nanotechnology companies
have and are continuing to engineer materials that have entirely new properties never before
identified in natre, and patenting them in the 1.8 and other countries.

Recognizing this, in August of 2004, the United States Patent and Trademark Dffice
(LSPTO) created an art collection of Nanotechnology, Class 977, in response 1o the desire to
gather in one place all published US Patents and US PreGrant Publications (US PGPUBs) that
claim subject matter related to nanotechnology.'™ In December of 2005, the USPTO revised the
nanotechnology patent classification, replacing one comprehensive digest with 263 new
subclasses for cross-referencing all nano-related patents. Class 977, which establishes the
definitions and cross-references for these patents, has a two pronged definition of
“nanostructures,” a necessary ingredient of all patents for which the class provides disclosures, '™
to be an atomic, molecular, or macromolecular structure that both: 1) “has at least one physical

dimension of approximately 1-100 nanometers;” and 2) “possess{ | a special properry, provides a

* Muz'l Sei, Found,, Sm-urn.rl Jn-pi.rrmmu qfhhnuﬂiﬂmtﬂﬂﬂh‘maw# -lt I (Mihail C. Roco & Sims Banbadge
“"Pm:n: nl‘ﬁm El.pml‘n_-um Definitons, Class EI'F'.I' MNanosechnology, mmm 20H15 ), available af
bt g tvewew, usplo.gov wehdpatentaielass i floation wspe9 T TidefsH T i PO TV SICOON0)
" i The definition of nenotechnology as a class includes “nanostructures” and their chemical compositions,
devices that include at beast one napcstructure, mathematical algorithms lor modeling confiurstions or properties of
nustrsciunes, of specified uses of nunostractung,

Patent Class 977, Nanotechnology, Section | - Class Definition, reads:

i. Nanostructure and chemical compositions of nupostroctune;

it, Devace that imelude at least one nanosructane;

iil, Mathematical algorithms, &.g., computer softwuare, eic., specifically adapted for modelimg
comfigurations or propertics of puposruciae;

iv. Methls or apparates for making, detecting, analyzing, or treating nanosiructune: and

v. Specificd particular uses of nanostre e,

A nsed above, the term “nomostrociure™ is defined o menn an atontde, molecular, o
macromolecilir struciure that:

(1) Has ul beast one physical dimension of approgimately |- 100 nanomesers: and

{h) Possesses a specinl property, provides o special function, or prodsces a special effect that is
uniguely alErrbutable to the stucian:"s nanoscale physical size.
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special function, or produces a special effect that is aniguely attributable to the structure’s

nanoscale physical size.”"™ Thus, to be included in USPTO Class 977, a patent must not simply

be a reduction in size of an existing clement or particle; rather, (hat new size must alter the

classification class notes on Class 977 are even more explicit, clarifying that

Special properties and functionalities should be interpreted broadly, and are

defined as those properties and functionalities that are significant, distinctive,

non-nomiinal, noteworthy, or unigue as a result of the nanoscale dimension. In

general, differences in properties and functionalities that constitute mere

:i:lt:ﬁ'cm?slﬁfm are insufficient to warrant inclusion of the subject matter in
ass 977,

The President”s Council of Advisors on Science and Technology (PCAST) reported in
May 2005 that the Patent Office issued over 8,600 “nanotechnology-related™ patents in 2003, an
increase of 50% from 2000 (compared to about 4% for patents in all technology fields).™ More
discrete surveys have found at least 5,000 nanotechnology patents as of March 2006, with the
number of patents growing by over 30% every year since 2000."™ The “gold rush” for patents
on the building blocks of the platform technology continues unabated.'™ Claims include
composition of matter claims (claims to nanomaterials themselves, nanotubes, nanowines, and

nanoparticles), device, apparatus, or system claims (claims to electrical, mechanical, and optical

[L fal.

U8, Patent Class 977, Nanotechnology, Classificstion Definitions, Note (3), availshle at

IEg e e s, g e perieris i das e s bispe T gle (o577 ST T TSONNN) (emphasis addad);

™ President's Councl] of Advisors on Science and Technology (PCAST), The Nutional Namotechnolegy Initiative
at Five Years: Assesoment ond Recommenduriony of the National Nenotechrology Advizory Parel, m 15-17 & fig. 4,
May 2005, gvailublc 3 hop)fewis manc gov IFINAL PCAST NANO BEPORT il ; Jube A Burger g1 pl.
Nanorechnology mnd the Intellecrual Property Landscape, Chapier 14, p.3, NANOSCALE: [S5UES AND PERSPECTIVES
FOR THE MAND CENTURY, ED. NIGEL CaAMERON ET AL, (Wilsy Pub. 2T

** Nanowork, The parent lard grab in nenatecheslogy continees inabaad, crearing probleams down the road,
Marey 30, 2006, i wis napawer b comspotlp i spotide 186, php

™ See, g, Charles Choi, ManoWorld: Nano Patents in Conflict, Wasi. TiMES, Apeil 25, 2005,
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devices incorporating nanomaterials), and method clatms (claims to processes for synthesizing

nanomaterials or constructing devices or systems),

k8 Mano-silver Patents Demonstrate the Novelty of Mano-Silver Products

Many of these nanotechnology patents are for nano-silver products. An enumerated

seanch of curmently-held patents disclosed a number of relevant nano-silver material, formulation,

and use patents and patent applications including, infer alia,

U.S. Patent 6,379,712, Yan, et al.. April 30, 2002: Manosilver-confaining antibacterial
and antifungal granules and methods for preparing and using the same

LIS, Patent 6,979,491, Yan, et al., December 27, 2005: Antimicrobial varn having
nanosilver particles and methods for manufacturing the same — “The present invention
provides a yarn with antimicrobial effects. The antimicrobial antifungal effect of the yam
is derived from nanosilver particles (diameter between | and 100 nm) which are adhered
to the yarmn.”

LLS. Patent Application 200502871 12: Antibactenial paint containing nano silver
particles and coaring methods using the same — December 29, 2005 Kwon, Kyuk-Min;
Samsung Electronics — Assignee. An antibacterial paint containing 30 ppm of nano silver
[:IHHIII:IEE on a uufal:u MNano A-alw:r p-nm:lﬁ have admn:mr of § nm. w

W
grain size of a material, such as metal or ceramic, hl:umm: smaller than mu nm and which

is difficult te explain by conventional theories. It is known in the ant that nano silver
particles have antibacterial properties.™

U.S. Patent Application 20020051823 (3/22002): Nanesilver-containing antibacterial
and antifungal granules and methods for preparing and using the same

LS. Patent Application 20030135889 (| V22003): Colloidal nanosilver salution and
method for making same — “The present invention provides a collodal nanosilver
solution which contains nanosilver particles having dinmeters between | am and 100

L5, Patent Application 20040135480 (7/15/2004): Refrigerator with an inner case
containing nanosilver particles

LS. Patent Application 20050152992 (7/14/2005): Antimicrobial surface preparation
and method for producing the same — “The antimicrobial surface preparation of claim |
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wherein said particles of silver have a size between about 5 nanometers and about 100
nanometers on average.”

* LLS. Patent Application 20060243675 (1 1/22006): Novel compagire for inhibiting algae
growth and use thereof — A composite for inhibiting algae growth comprising of a
polypore base curmier and 4 nano-metal mixture coated on a carmer . . . . The composite
of claim 4, wherein the nano-metal is nanosilver.”

o 115, Patent Application 20060272342 (12/7/2006): Nanasilver as a biocide in building
materials.

s LLS. Patent Application 20070256560 (1 1R2007): Silver nanoparticle-contatning
polymer film for facilitated olefin rransport and method for the fabrication thereaf

The patenis and patent claims above belie any argument that manufactured nano-silver
particles and materials are not wholly new substances with their novel properies; specifically in
the case of nano-silver, that nano-silver pesticides are substantially different from other
pesticides made without them. If these substances were the same as their bulk material
counterparts (silver pesticides), they would not be patentable, as they would be unable 10 meet
patent law standards for novelty.

0. "New Use " Would Also Require Registration of Nano-silver Pesticides

I a pesticide product to be registered contains an active ingredient that is already
registered, but has not previously been used in the manner proposed for the new product, it
requires a “new use” registration.”” For the ahove reasons, petitioners firmly believe nano-silver
is & new active ingredient of 8 new pesticide that requires its own separate pesticide registration
process that accounts for the nano-specific nsk assessments, toxicology, and exposures discussed
above. However, even if the agency comes (o the mistaken conclusion that nano-silver is the
equivalent of silver for FIFRA registration purposes, EPA must still act, because nano-silver is a

“new use” of previously registered silver pesticides,

™ Sec generally Pesticide Regulation Deskbook, ENVIRONMENTAL LAW REPORTER, 24-25 (2000),



The definition of & “new use™ of a pesticide product is:

New use, when used with respect to a product containing a particular active
ingredient, means:

(1) Any proposed use pattern that would require the establishment of, the increase

in, or the exemption from the requirement of, a tolerance or food additive

regulation under section 408 or 409 of the Federal Food, Drug and Cosmetic Act;

(2) Any aguatic, terrestrial, outdoor, or forestry use pattern, if no product

containing the active ingredient is currently registered for that use pattern; or

(3) Any additional use pattern that would result in a significant increase in the

level of exposure, or a change in the route of exposure, to the active ingredient of

man or other organisms.'™

In this case, nano-silver pesticide products meet all three of the possible ways of creating
a new use. First, nano-silver requires the establishment of a olerance, see Section VI(E) infra,
and no tolerance has been set. Second, many unregistered nano-silver products have uses that
have the capacity (o impact aquatic, terrestrial, and ouldoor environments, as discussed inira
Section [II{A), (C). & (I}). Neither nano-siiver, nor silver, is registéred for such use. And third,
nano-silver pesticide products are resulting in new use patterns, with significant increases and
new routes of exposure 10 man and other organisms. See supra & Appendix A,

A pesticide's use is required o be included in the mandatory statement that must
accompany the registration.'™ When the use is being changed, or a new usc is being added, the
registrution must be updated if the manufacturer wants to avoid selling an illegal and misbranded
product.™ The registration amendment process'™ is similar to the registration of & new
pesticide, requiring a statement, and supporting data, except ceriain data may be re-psed from the

initial registration.'™ EPA may also need new data to evaluate the potential effects of the

MO FR § 1523

B2 See TUS.C. §136alc) | NC). §136aic) | KE),
™I USC EI36g I KF) & TUSC. §1360gi 2B,
WA CFR §15244.

® See TUS.LC. §136ale ) 1 MF).
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pesticide in the new use application. EPA can conditionally register a pesticide for a new use
only if it determines, infer alia, that the applicant has submitted “satisfactory data pertaining o
the proposed additional use, and (i) amending the registration in the manner proposed by the
applicant would not significantly increase the risk of any unreasonable adverse effect on the
environment,"""’

E Conclusion: Nano-Silver is a New Pesticide

In surnmary, nanomaterial pesticide products such as nano-silver products are new
pesticides. They have new claims and compositions, requiring new risk assessments. Pesticides
comprised of enginecred or manufactured nano-silver cannot be considered safe andfor to not
have an “unreasonable risk 1o man or the environment,”'™ based on the testing or previous
approvals of macro-silver pesticide counterparts. Rather, EPA must require safety informaiion
specifically addressing the new dangers presented by these new novel substences. EPA must
analyze their nano-specific potential for “unreasonable adverse effects on the environment,™ as
discussed in section [Tl infra. Moreover, consistent legal treatment of nano-pesticides with
established patent law necessitates that EPA’s pesticide regulatory regime treat nano-pesticides
as new pesticides for which manufacturers must complete new and separate pesticide
applications. Finally, even if EPA erroneounsly concludes that silver and nano-silver are the same
active ingredient, new use registrations are required for nano-silver pesticides because of the

broad swath of new uses of nano-silver pesticide products,

"I US.C § 136aicKTHB).
"IUSC 5 136bh.



III. EPA Must Analyze the Potential Environmental and Human Health
Risks of Nano-silver Pursuant to EPA’s Statutory Obligations under
FIFRA, FQPA, ESA, and NEPA

Next, EPA must assess the potential human health and environmental risks of nano-
silver. These assessments are required by and must comply with FIFRA, the Food Quality
Protection Act (FQFA), the Endangered Species Act (ESA), and the National Environmental
Policy Act (NEPA). Pursuant to FIFRA, in order 1o assess nano-silver pesticides EPA must
assess whether nano-silver presents “any unreasonable risk (0 man or the environment.” As part
of this assessment, EPA should analyze all existing scientific studies as well as require
manufacturers o provide all necessary additional data on the environmental, human health and
safety (“EHS™) unknowns of nano-silver. Porsuant to FQPA, EPA must assess the potential
impacts of nano-silver on children and infants and ensure that no harm will result from aggregate
exposures. Additionally, EPA must ensure that its activities regarding nano-silver comply with
the ESA and the protection of endangered and threatened species, including ESA Section 7
Consultation requirements. Finally, EPA must comply with NEPA by ensuring that it assesses
the environmental impacts of its actions regarding nanomaterial andfor nano-silver pesticide
products. including completing a programmatic environmental impact stalement.

A, Ax Part of the FIFRA Pesticide Regisiration Process, EPA Must Analvze the
Potential Human Health and Environmental Risks of Nano-silver

1. ] 1ci istration Standard: Unreasonable Adw,
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EPA can register a pesticide if, in conjunction with any restrictions that it may plece on
the use of the pesticide, iner alfa, the expecied use of the product will not canse unreasonable
environmental harm.'™ FIFRA defines “unreasonable adverse effects on the environment” as

(1) any unreasonahle risk o man or the environment, taking into account the

economic, social, and environmental costs and benefits of the use of any

pesticide, or (2) a human dietary risk from residues that result from a use of a

pesticide in or on any food inconsistent with the standard under The Federal Food,

Drug and Cosmetic Act 21 U.S.C. § 346a relating to tolerances and exemptions

for pesticide chemical residues.”™
The “environment™ is defined broadly to include the “water, air, land, and all plants and
man and other animals living therein, and the interrelationships which exist among
these.™™ Thus, as part of the registration process, EPA must assess whether nano-silver
specifically creates an unreasonable risk o man or the environment. EPA acknowledges
as it must that, “some of the same special properties that make nanomaterials useful are
also properties thal may cause some nanomaterials (o pose hazands (o humans and the
environment, under specific conditions. "™

2. Nano-Silver May Pose Unreasonable Risk ta Humans and the Environment

While the long-term potential impacts of widespread nano-silver use and disposal are
unknown, its use 25 an antimicrobial agent is now widespread including in numerous products

such as sprays, liquids, gels, cleaning agents, food containers, clothing, and appliances.™ These

nano-silver producis are in direct human contact and direct and/or are indirectly released into the

"7 US.C. B 1 36n(e )y see also Montans Pole & Treating Plunt v, LF, Lascks & Co_ 775 F. Supp. 1339, 1343 (D,
Mont. 1991 ) ("Under FIFRA. the EPA is required 1o registes u pesticide if it determines (1) the pesticide’s lsbeling
anif other moserinds comply with FIFEA's requirements; and () the pesticide, when used properly, will perform its
';Lh:udnd purpose without unrcasonable alverse effects on the envinnmend. ™).

TURC. § 136(bb).
T USLC. | 1364).
*Science Policy Council, L5, Enviroamentl Priatection Agency Nanotechnology White Paper, U5, EPA, a1 13,
(Febmumry 2007)
* See Appendiz A
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environment. Simultaneously, concerns have been mounting that nano-silver particles pose an
unacceptable wxicity risk to human health and the eavironment.™ While silver in it's larger
forms is already known to be toxic, the dramatically increased surface area of nano-silver
enhances that toxic propensity. Existing research has shown that nano-silver is toxic at a cellular
level in mammals and other organisms and has the potential 1o disrupt key cellular functions. ™™
Negative impacts can be expecied on beneficial bacteria important for soil, plant, and animal
health. ™ Studies have also shown that the widespread use of nano-silver may compromise our
ability to control harmful bacteria by creating increased antibiotic resistance.” The petition
summarizes these issues below,

i Silver Poses Adverse Environmental Impacts

Even in non-nano form silver is extremely oxic o fish,™ algae, crustaceans, plants,
fungi.™ and bacteria (especially nitrogen fixing heterotrophic and soil forming
chemolithotrophic).”’” As noted shove, EPA already regulates silver as a pesticide’' and
requires labeling that states silver pesticides are “highly toxic to fish and aguatic

invertebrates.™"" Silver also inhibits microbial growth at concentrations far below that of other

*gee, g.g. Lloyd"s of London, Risks: Llovd's Emerging Risks Team Report, Nanotechnology Recent
Developments, Risks and Opportunities, 2007,

¥ goc infra pp. 62-64 and accompanying fitnotes.

* Cop infra pp. 66-T0 and acoompanying footmoies,

”Em{upp.ﬂ-mudmmyiug[mu.

™ Hogserund e al. The wxicire of stiver to marine fish, 2 109112 in Andren, Anders W .. Bober, Thomas W, (ed.)
THE 4TH INTERNATIONAL CONFERENCE PROC EEDINGS: TRAKSPORT, FATE AL EFFECTS OF SILVER BN THE
ENVIRONMENT (1 596),

™ Eisler, R. A review of sitver hazardy to planty and animals, 143-44 in {1996)., pp. 143-144 in Andren, Anders
W.; Bober, Thomas W, (e} THE 4TH INTERNATIONAL CONFERESCE PROCEEDNNOS: TRANSPORT, FATE AND EFFECTS
CF SILVER I THE ENVIRONMENT { 1996],

" Albright et al., Sub-lethal effects of seve ral mesailic sali-organic compound combinations upon heterotrophic
micraflors of @ nateral water, 8 WATER RES 101-105 { 1974).

MEPA, RED, supra ote 162 at 4.

2 Brown eLal, Astessing Toxicanr Effecn in a Complex Exmary: A Case Stady of Effects of Silver on Reprodisction
in the Bivatve, Potemocorbicla Amurensts, m San Froreisco Buy, 9 HUMAN AND ECOLOGICAL RISK
ASSESSMENT 935, at 117 (2003}
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heavy metals.”" It can also bioaccumulate and persist in water sediment. Silver is toxic to both
freshwater and saltwater organisms and is particularly damaging to reproductive svsiems. Ina
study of the bivalves, Potamocorbula amurensis and Macoma balthica, silver presence resulted
in a decreased level of reproductive rates. The highest levels of silver were synonymous with the
lowest levels of reproductivity.”" Other studies have shown that silver accumulates in the liver,
gills, kidneys and blood plasma of fish causing circulatory failure and ion regulation
disruption.”"” Silver can also accumulate in invertebrates and will thus be passed on to different
organism when consumed.”" Silver exposure via direct uptake and trophic transfer can be toxic

o gooplankton, a primary food source for developing larvae and fish.2"

I, I he Nano-Enhanced Toxic
Silver

In addition to silver's known impacts, nano-scale silver exhibits remarkably unusual
physical, chemical and biological properties.”’" The extremely high reactivity and very small
mass of nanomaterials means that nanomaterials can be toxic at fur lesser weights than bulk
materials. Their small size confers greater particle mobility in the environment and in the body.

EPA has noted: “Nanoscale materials are typically more reactive than larger particles of the same

" Braydich-Stolle g1 ul., In Virro Cyrovoxiciry of Nanoperticler in Mamnalian Germiine Stem Ceils 88 (2)

ToOCHLOGICAL SCIERCES 412-19 (2H05).

** Brown gf al, Assexsing Taxicant Effects in a Compler Estuary: A Case Sty of Effects of Silver on Reproduction

in the Sivalve, Poamocorhnin Amiarensis, in S Franciscs Bay, 9 HUMAN AND ECOLOGICAL RISK

ASSESSMENT 95, a 116 (2003)

' Wood ¢y al., Bloavaiiahility, Physiology and Toxcology of Sitver in Freshwiter Fish: implications for Warer

Qualiry Criteria, PROCEEDINGS OF THE 5™ INTERNATIONAL CONFERENCE ON THE TRANSPORT,

FATE AND EFFECTS OF SILVER IN THE ENVIRONMENT 205, at 206-207, (1997); Dethloff i al, Efects of

Sodivam Chieride on Chrowie Silver Toxicity o Eardy Life Stopes af Rainbow Trour { Oneorfymetie Mykics), 26

ENV. TOX. CHEM. 1717, at 1722-1723 (2007).

S:EE’IE:‘_IL- Trophic Transfer of Silver in Marine Herbivores: A Review of Recent Sidies, 17 ENV TOX CHEM
{ 1948),

" Hook ct al., Sublethal Effects of Sitver in Zooplankion: Importanee of Expovure Patloways and bplications for

Toxiciry Testing, 20{3) ExvIRON TOXICDL AND CHEMISTRY 55874 (2000,

:mcnm and Schluesenes, Namosilver: A manoprodiet in medical spplication, 176 TOXCOLOGY LETTERS 1-12

(2008),
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material. This is true especially for metals and metal oxides.™" The smaller a particle, the
greater its surface area 1o volume ratio and the higher its chemical reactivity and biological
activity,” The increased chemical reactivity of nanoparticles results in increased production of
reactive oxygen species (ROS), including free radicals.™' ROS production has been found in a
diverse range of nanomatenals including carbon fullerenes, carbon nanotubes, and nanoparticle
mietal oxides.™ ROS and free radical production is one of the primary mechanisms of
nanopirticle toxicity and may result in oxidative siress, inflammation, and consequent damage (o
proleins, membranes, and DNA.™ Size is therefore a key factor in determining the potential
toxicity of a particle. Other fuctors influencing toxicity include shape, chemical composition,
surface structure, surface charge, aggregation, and solubility. ™’

As with many nanomaterials, the toxicity of nano-silver is greater than thal of silver in
bulk form; furthermore, nano-silver is considerably more toxic then other metal nanoparticles. ™
Al the very small nanometer size the particles’ surface area is exponentially large comparative 1o
its volume. The comparatively large surface area of nanoparticles increases their reactivity,
which in many instances also increases toxicity. For example, one study showed that the

interaction with the HIV-1 virus is highly size dependent, with silver nanoparticles in the 1-10nm

1 EPA White Puper, suprg note 41 at 3K,

nstitute of Ocupational Medicine for the Heatth and Safety Executive, Nanopariicles: An occupational lygiene

revima (L)

DinNel A gl al,. Torde potential of maerals ol the napalevel 31 15CIENCE 622-617 (2006).

Fberddrster G et ul., Munolorvicology: an emerging discipline from studies of ltrafine parficles, 11307)

ExvimcramERTAL Hear TH PERSPECTIVES 823-339 (20H15),

el A gt al,. Taxic potential of marerials af the naaplevel 31 1SCIENCE 622627 (2006).

Nel A et pl,. Toxle potential of materials af the memolevel 3115CENCE 622-627 (2006).

= Braydich-Stolle. L egal,, i Vieo Cwotaviciny of Nenspurticles in Mameadian Germiine Stem Ceils, 88021
TOXGCOLOGICAL SCIENCES 412-419 (20051,
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range exclusively attaching 1o the virus and consequently inhibiting it from binding 10 hosts
cells. ™

Moreover, because nano-silver has a greater surface area than larger particles of silver,
nano-silver is more chemically reactive and more readily ionized than silver in larger panicle
form. Mano-silver therefore has greater antibacterial and toxic effects compared (o larger silver
particles partly because it is more readily converted to silver ions, which are extremely toxic to
fish and other aquutic species.”™

There is also preliminary evidence that the nano-silver can exert effective antibactenal
action al a considerably lower concentration than silver ions.™ This suggests that the
antibacterial properties and toxicity of nano-silver are not explained only by its chemical
compaosition and the production of ions alone. Physical characteristics of nanomaterials, such as
their size. shape, and surface properties. can exert a toxic effect that goes beyond that associated
with their chemical composition.™" For example one study demonstrated that nano-silver
produces reactive oxygen species (ROS) and this can result in oxidative stress-mediated
toxicity.™ Production of ROS, highly reactive molecules which include free radicals, can
interfere with cellular metabolism, cause inflammation, and damage proteins, membranes and

DNA. ROS production is a key mechanism of nanomatenials’ mici:ry.“'

“Jose Luis Elechiguerrs ¢ gl fureraction of sitver nanaparticles with HTV-1, JOURNAL OF NANORIOTECHNOLOGY
26 (20050, g hagp e | mobite o loa v oy contenl 3 LF

*Hopstrund ¢t gl The Acure and Chronic Taticity of Stiver o Marine Fivh, Proceedings of the 5 Internationul
Conference on the Transport, Fale sand Effecs of Silver In ihe Enviroament, 317-324 (1997).

B Lok et ol Proveamoic analvsis of the mode of antibacterial aotion of silver nanoparticles, § §. PROTEAME RES.
W1H-U24 (2007}

™ Brunner ¢t al., In Vitro Cytertoicity of (heide Namoparticler: Comparisan io Ashegsios, Silfcn, and the Effect of
Particle Salubiliry, 1 ENVIRON SC1TECHNOL 424781 (2006),

™ Hussain, S M. ¢i ol In vitre foxiciry of manoparicles in BRE 24 rar Bvereellz, 19 TOXIOOLOGY 18 VITRO 975
ORI (2005).

B Goe e g, Andre Nel gt al. Tove Potential of Materials af the Nanofevel, 311 SCENCE 62227 (2006).
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ifi, Stugdies Show Nano-silver is Toxic to Manmalion Cells and Febra fish

Mumerous studies have shown not only the mobility of nano-silver but also the negative
and toxic effects of nano-silver on mammalian cells. Tr vitro (test ube) studies demonstrate that
nano-silver is woxic to mammalian liver cells,”™ stem cells™ and even brain cells. ™ An
overwhelming majority of studies reporied abnormalities in basic cell functions as a result of
nano-silver contact.”™ One study demonstrated the mobility of inhaled nano-silver after it
concentrated in the lungs of rts and then followed systematic pathways throughout the body 1o
enter the kidney, brain and heart.™ In another study, C18-4 germline stem cells from mice
exposed to nano-silver underwent dramatic structure changes and apoptosis, a form of cell self-
destruction. ™ Silver carbonate had no significant cytotoxic effect on mitochondrial and cell
functions while nano-silver caused extreme toxicity and reduced mitochondrial function and cell
viahiliry. ™"

Other studies confirmed that cells reated with nano-silver had decreased mitochondrial

function and additionally reported that cells shrank and developed irregular shapes,™

SHnssain, 5.M. gt ul. fa vitro noxiciry of nanoparticles in BRL 3A raf fiver cells, 19 TOXICOLOGY 1N VITRO 975-
TR (2003),
™ Hraydich-Swolle, L et al,. In Vitro Cytotoricity of Nameparticles in Mammalion Germiline Stem Cells, BR(I):
TOXMCOLOGICAL SCIENCES 4124149 (2048).
T Hussain. S.M gt al, The Interaction of Manganese Namoparticles with PC-12 Ceils Indwces Doparmine Depletion,
9212} TOXOODUEGICAL SenircEs 45663 (2006).
*Hussain et al. fn Vitro Toxicity of Nanoparticles in BRL FA Rar Liver Celix, 19 TOXICOLOGY IN VITRO 977-
Y78, (20051 Stolle et al, In Viero Crieroxicity of Nanoparicles in Mammealion CGermline Stem Cells, 88
TOXICOLOGICAL SCIENCES 412 (2005),
™ Health & Safety Laboratory, Heglth & Safery Executive NanoAlert Service,
hmminm s ukihorioonsinanaech! nanaake 0] pdil, December 2006 &t p.26.
"Stolle et al, n Vitre Cyinraxicity of Naroparticles in Mammation Geemiine Stem Cells. 88 TOXICOLOGICAL
SUITENCES 412, 414 [2N5).
T“l.dl
T Hussain ¢l al. The fnteroction of Manganess Nanoparticles with PC-12 Cells Indices Dopamine Depletion. 92
TOXICOLOHCAL SCIENCES 456, at 460 (2004 Hussain ¢t al, fn Virs Toxieine of Nosparticles in B8L 34 Ror
Liver Celly, 19 TOXICOLOGY [N VITRO 977-8978, (2005),
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Additional research showed that nano-silver agglomerated in cell cytoplasm and fully permeated
cell membranes.**

Similar studies performed on zebra fish demonstrated that nano-silver could diffuse into
developing embryos and affect embryonic development.™'  Zebra fish are commonly used in
human drug studies because their protein sequences are similar to humans.* Such similarities
indicate the potential risks for human embryonic development if exposed to nano-silver. In all
studies nano-silver was the most toxic and damaging when tested against several other metal
nanoparticles. ™

Similarly, a study investigating the cytotoxicity of silver nanoparticles in mammalian
germline stem cells showed that silver nanoparticles were more toxic than other metal oxides, **
The authors of the study also pointed out that while silver nanoparticles are proposed to be used
as antimicrobial agents in bone cement or other implantable devices, they may in fact be toxic o
the bone-lining cells and other tissues,™  Silver nanoparticles significantly reduced
mitochondrial function and interfered with cell metabolism leading 1o cell leakage. Furthermore,
the significant toxicity of silver nanoparticles on mammalian germline stem cells (mice testes)
indicates the potential of these particles to interfere in general with the male reproductive system.

These findings are of significant practical implications becanse nano-silver is now available via a

*Bkebo ¢f al. Avvexsment af Metal Nanoparticie Agglomeration, Uptake, and Interaction Using High-Wlumineting
ﬂmml’,ﬁ INTERNATIONAL JOURNAL OF TOXICOLOGY 135 (20071

Les gt al, Ia Vive Imaging of Transport and Biocomparibiline of Single Silver Nanoparticles in Eariv Developenr
of Zetrafinh Embrees, | ACS NAND 133, 141 (2007),
14, gt 134,
*"Hussain et ul. The Inreraction of Manganese Nanoparticles with PC-12 Cells Indiwces Dopamine Depletion, 92
TOXICOLOGICAL SCIENCES 456, at 460 (2006 Husiain ¢ al. fn Vi Towledry af Munapdeticles in BRI 34 Rar
Liver Celis, 19 TOXICOLOGY IN VITRO 977-978, (2005); Stolle el al. fr Vire Cutataxiciry of Nanoparticles in
Marmmalion Germling Stem Cefly, 38 TOXICOLOGICAL SCIENCES, (2005] at 418; Chen and Schluesener,
Nanosilver: A nanoproduct in medica! application, 176 ToxoOL0GY LETTERS [-12, 7 (2008
““Braydich-Solle, L gt al, I Vitre Cyterecricity af Nanoparricles in Mammalian Germline Stem Cells, 88(2):
denmcmrml:u SCIENCHS 412419 (2005),
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variety of commercialized products, including contraceptive devices and maternal hygiene items.
Fertility problems may occur.”™ These studies establish the risk and toxicity of nano-silver in
mammalian animals and denote the possible hazards of nano-silver in humans.

i Himian Healtly: Nano-stlver Promotes Bacterial and Antibiotic Resistance

MNano-silver poses a unigue threat to humans in the form of bacterial and antibiotic
resistance. Nano-silver is an antimicrobial biocide that can kill or inhibit the growth of
microbes,”" Certain harmful bacieria may become resistant against nano-silver. In addition,
because of the type of resistance mechanism developed, the harmful bacteria could develop
resistance to 50% of currently used antibiotics.**

Silver resistance genes have been found in some large plasmids (a small ring of
genetic material) that also carry several genes that encode for antibiotic resistance. Carrying
plasmids is energy intensive so bacteria may lose plasmids thal are unnecessary. Yel, with
increased silver exposure, bacteria are encouraged to retain plasmids with silver and antibiotic
resistant genes, increasing the potential for antibiotic resistance.™

“Silver can ...constitute a part of selective pressure and may actively contribute to the
spread of antibiotic resistance. Silver resistance assoctated with antibiotic resistance has been
ohserved in isolated bacteria from birds and in salmonella spp.” ™" It can also be induced under
Iaboratory conditions, and “is most easily developed in bacteria with already documented

resistance mechanisms to antibiotics, such as methicillin-resistant Staphyvlococous aureuns

M8 Clyem umid Schlucsener, Nanosilver; A nonoproduct in medical application, 176 TOXXOOLOOY LETTERS 1-12,7
(2008
Wgor generally Sass, Jennifer. Nanotechnology's Invisible Threat: Small Science, Big Consequences, NRDC, ar 3
[ Mary 20007,
Hstelhus, A, Sitver threateny the wye of antibiotics, Unpublished manuscript, (on file with author) (2007),
R Melhies, A, Silver threaiens the e of angibiotics, Unguablished mansscript. {on file with author) (20071,
Fo
Ik
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(MRSA), vancomycin- resistant enterococei (VRE), enterobacteria with production of extended
spectrum beta-lactamases (ESBL), multiresistant Prewdomonay aeruginosa.”

Thomas O Brien of Harvard Medical School states that, “antimicrobial-resistance genes
and their genetic vectors, once évolved in bacteria of any kind anywhere, can spread indirectly
through the world's interconnecting commensal, environmental, and pathogenic bacterial
populations to other kinds of bacteria anywhere.™™"' The widespread introduction of nano-silver
into consumer products could thus contribute significantly to the spread of antibiotic resistance
throughout the world.  Uncertainties about silver and resistance prompted Swedish pharmacies
to stop selling band-aids containing silver in April 200654

", Environmental fmpoces: Envirommental Exposures and fmpacts on
Benefivial Bacteria

As a powerful bactericide, when released into the environment nano-silver particles
threaten bacteria-dependent processes that underpin ecosystem functions. The releass of nano-
silver from consumer products into the environment is inevitable after products degrade andfor
are thrown away. Exposures will also come from use: a recent study™ by Arizona State
scientists found that socks impregnated with nano-silver released substantial amounts of the
nano-silver when washed in both nanoparticle and ionic forms. ™ The study suggested that

nano-silver could travel through & wastewater treatment system and enter natural waterways to

=1 0’ Brien, Thomas F.. Emergence, Spread. and Environmerntal Effect of Antimicrobial Resistance; How Use of an
Antimicrobial Anywhere Can lncrease Reistaice to Any Antimicrobial Amywhere Else, 34 {Suppd 3) CID 578,
(20HI2,

- Suntiph.l.. Anna, Swecish Pharmacies Ban Silver Band-Addy, 3 MILJOAKTUELLT April 2006.

“ Benn and Westerhoff, Munopurticle Sitver Released in Water from Commercially Available Sock Fabrics,
Arirona State University, presentation for EMPA nanoECD conference, Ascona, Switrerland, March 3, 2008:
fotheoming in ENVIRONMENTAL SCIENCE & TECHROLOGY.

Rachel Petkewich, Toric Socks! Sitver ranoparticles imtended fo control odor release in the wask, CHEMICAL
AND ENGINEERING NEWS, April T, 2008,
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impact aquatic organisms.”™ The study was the first (o examine how nanomaterials are released
during laundering from commercially available clu&in;.m As discossed infra, nanomaterials
can be extremely mobile and can trevel large distances in air and water which could have
impacts in areas far away from their area of release, ™’

Beneficial bacteria are important for soil, plant and animal health. ™ Once these
nanomaterials are released into the environment, their biocidal activity is harmful and potentially
deadly to beneficial microbes like bacteria and fungi, and may cavse disturbances to critical
ccosystems and ecological food webs.™” Some researchers suggest that nano-silver could
damage bacterial cells by destroying the enzymes that transport the cell nutrient and weakening
the cell membrane or cell wall.™ Other researchers believe nuno-silver destroys the ability of
the bacteria’s DNA to replicate. *'

A recent study provided one example of nano-silver’s damage to beneficial bacteria: a
2008 University of Missouri study has found that nano-silver also may destroy benign bacteria

that are used to remove ammonia from wastewater treatment systems.”™ The study's authors

=9 GeieneeDally, As Nanowechnelogy Goes Mainstream, “Toxic Socks” Raise Concerns; Unknown Risks from
E.;rmﬂwr Cited, April 7. 2008, ot hivp:fiiwww scienceduly comimelenses 2008 ARG 1 73050, bilm
el
7 Soe infra pp. 59-90 and sccompanying foomotes
**Fur example, bacteria form symbiotic relationships with all animals from insects 1o homans. Many of these
bacteria add their animal hosts to digest food, others perform more unusual functions. Antibiatic-producing bacteria
prodect thie European beowolf {(wasp) from pathogenic fungal infesiation. Light- producing bacteria help the
Hawaiinn squid to camouflage rself from predators,
**It is nano-silver particles” increased surfaoe arca that is credited with enabling the highly effective destruction of
bascterin and other micndbes. The actaal mechanism by which nano-silver pamicles imerfere with bacterio is as
enknown.
gy thetr study of E eoll bacteria, Sondi and Salopek-Sondi found thot nunosilver damaped ond pitted the bactera’s
cell walls and sceamulated in the cell wall. leading to increased cell permeability and altimately cell death. Som,
Land Solopck-Bondi, B, Silver neraparticles ay anfimicrobiad agent: a cose stady on Ecoli ar o model for G
negative bacteria, 275(1) LODLLOM INTERFACE SCIENCE | TT0-82 (XXM ), E cofi is often wsed as a model for
gram negative bacteria, sugpgesting that these results could be mare broadly relevans.
'Berger, M. (2007}, Stabilizing antimicrobial nanosilver on o natiral porpis plant matericl, Manowerk, January
IE 2007, ug hitpeffeaw numowerk comfspotlightispotid=1 276, pligp.
2 Chad gt al,, The inkibitory effects of vilver nanoparticles, siver jons, und sifver chiloride o microbial :m‘rl-lrﬁ
WATER RESEARCH (20018 ), clow: 10,101 6. seatres. 2008802021
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summarized: “that silver nanoparticles are extremely toxic. The nanoparticles destroy the benign
species of bacteria that are used for wastewater treatment. It basically halts the reproduction
petivity of the good bacteria.™ Further, the study concluded that nano-silver penerates more
highly reactive oxygen species than do larger forms of silver inhibit bacterial growth. This
outcome could impact the use of wastewater treatment “sludge” as land-application fertilizer,
which is common practice. If high levels of nanp-silver are present in the sludge, 50il used to
grow food crops may be harmed.”™ The study concluded that “the results of nano-silver toxicity
to environmentally sensitive nitrifying microorginisms suggest that stringent regulations of
[nano-silver] entering [wastewater] are necessary.™™

Nano-silver coatings have also been implicaled in adverse environmental impacts which,
“may resull in enhanced interactions with bacteria, algae, and other microorganisms in the
environment, and may resuli in bioaccumulation and possibly biomagnifications up the food
chain "

v, Environmental Impects: Soil

While limited scientific studies on the microbiological effects of nano-silver in soil
systems have been conducted. ™ it is well-established that silver in its bulk form inhibits
microbial growth in soils and has the ability to disrupt denitrification processes. ™

Denitrification is a bactenia-driven process, where nitrates are converted to nitrogen gas in some

" Too much technology may be killing beneficial bacreria, Nanowerk. April 29, 2008, at

haip e oo serk cominewsinewsid=5520 php

™ Choi ¢4l The inhibizory effects of sifver nanaparticles, silver ions, and sitver chiloride on microbial growth.
WATER RESEARCH (2008), doi: 100 1006/ watres. 2008.02.021, at 8.
'“’M:uwﬂ el al., Namotechnology and the Water Marker: Applications and Health Effects,
El:rljm Rye, Manosiver: o threar to water, sofl wid fimman fealth ?, Friends of the Earh Austrulia, March
e}
L Tl"ll'ﬂhl:k gt al, Sitver (Ag+) reduces denitrification and indices enrichment of novel RirK gewonpes in soil, 170
FEMS MICROBIOL LETT 189, (2007): Finnsson, A. et ul.. Twe Approaches fo Prevenr Bio Film in Moderm Household

Washing Machines, nr 10 (Jupe 2006} (on file wil:h ugithor),
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sonls. wetlands and other wet environments. For example, denitrification bacteria play an
important role in removing nitrate from water contaminated by excessive fertilizer use.
Denitrification is also important because excess nitrates reduce plant productivity, can result in
eutrophication in rivers, lakes and marine ecosystems, and are a drinking water pollutant.

In situ studies have demonstrated that silver, even in larger particle form, inhibits
microbial growth at concentrations below that of other heavy metals. ™ It is especially toxic to
heteroirophic (ammonifying/ nitrogen fixing) and chemolithotrophic bacteria. Chemolithotropic
bactenia belong to the fithotropic family of microbes and consume inorganic material. These
orgunisms liberate many crucial nutrients, and are essential in the formation of soil ™"

vii.  Envi. Impacts: Bi

The persistence of nanomaterials and their potential for bioaccumulation is poorly
understood, however early studies suggest that microorganisms and plants may be able to
produce, modify and concentrate nanoparticles that can then bioaccumulate (or even biomagnify)
along the food chain.®"' Once ahsorbed the nanoparticles may travel up the food chain to larger
animals in a similar way t0 mercury. Mercury is a toxic pollutan that concentrales in maring
ecosysiems and has the well-known and docamenited ability to bioaccumulate and biomagnify at
all trophic levels in the food web. Mercury is absorbed by micro-organisms which are then
consumed by larger organisms. This allows the chemical o conlinue 1o be passed along the food
chain and in the process increasing in conpcentration. In large animals, birds and humans

mercury concentrations can reach toxic concentrations and may cause birth defects, neurological

" Murata et al. (2005, ar cited by Throwback et al., Silver (Agi+ 1) reduces denitrification and induces enrichment
of movel nirk genotypes in soil, FEMS MicroaoL LETT, [Jan 2007},
™ hnpdisodls usda, govisqiiconceneyieoil_binlogyvihaceeria him
'Tram C, Donaldson K ef al, A scoping study to identify hazurd data needs for addressing the risks presented by
rautapariicies and manotubes Rescarch Report. sstinoe of Oocupational Medicine, Edinburgh (2003,
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disorders and death. The deadly effects of mercury were first discovered and publicized in
Minimata, Japan, afier causing severe disabilities and death among people eating seafood
contaminated through indusirial mercury discharge, which had accumulated through the food
chain.'™ Given how mercury has negatively affected the environment and human health in the
past, the potential biological magnification caused through mass manufacturing and dizposal of
nanomaterials, such as nano-silver, are a definitive possibility that must be investigated and if
found 10 occur addressed. The impact of nanomaterial exposure on plant growth also remains
largely uninvestigated; however, high levels of exposine 1o nanoscale aluminium have béen
found to stunt root growth in five plant species.”’ No such studies have been performed on
silver nanoparticles.

The NACWA and Tri-Tac letters to EPA pointed out that widespread use of household
products like the Samsung washing machine will increase the release of nano-silver into samitary
sewer systems.” " This in turn will greatly increase nano-silver concentrations in treatment-plant
discharges, leading to adverse effects, such as bivaccumulation in fish and the killing of squatic
life. Ti is also possible that nanoparticles. persistent organic pollutants, and other hazardous

metals may form associations and spread together, thereby amplifying their toxicity.?”™

Booth ¢ al., Merciry, Food Webs, and Marine Mammaly: Implicarions of Diet and Climate Change e Hinman
Health, 113{5) ENVIRONMENTAL HEALTH PERSPECTIVES 521-526 (2005) a

|']r|':: AL . ['I-_:mh;!].l.'hll.: nlhpsnariclerender fopi k= 25754 1

ang L et gl,, Parricle surface chavaclerisiics may play an important role in phyiotoxicity of aluming

rnaparicies. 138 (2) Toxoow LErT. 132-33 (W5,

"™ etter from Ken Kirk, Executive Dirscto, National Association of Clean Water Apencies, to Stephen lohnson,
Administrator, Environmental Protection Agency (February 14, 2006) (on file with author); Leter from Chuck
Woir, Chair, Tri-TAC, 1o James Jones, Director, Office of Pesticide Progmms. Environmental Protection Agency
Januupy 27, 7006] {on file with authar).

ang, H.; Wang, D Ge, K., Envirommemial mono-pollufany and aguaiie micro-intedacial procesyes, 50{12),
WATER 501 TECHROL [03-902004 ),
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viii.  Human Health: Nano-Silver May Adversely Impacts Human through
Ingestion and othe Unknown Exposures

Very little attention has been given to the study of nano-silver's potential human health
impacts, such as their entry portals into the human body, biodistribution, potential to accumulate
in orgins as well as their potential interactions with tissues, cells and molecules and their
relevant toxicological implications.”™ As discussed above, exposure o nano-silver in the body
15 becoming mcreasingly widespread and invasive. Consequently, nano-silver has gained an
increasing access to tissues, cells, and biological molecules within the human body.”” At least
one study has noted that the traditional assumptions about silver being only a minimal health risk
may not be alone sufficient because “once reaching the nano-scale, certain materials do exhibit
significant toxicity to mammalian cells even if they are biochemically inert and biocompatible in
bulk size,” like carbon.*™

Ingestion of colleidal silver (a suspension of silver in microparticles and/ or nanoparticles
in a gelatinous base) has been linked to newrological problems, kidney damage, stomach upset,
headaches, fatigue, and skin irritation. *° One study demonstrated that silver atoms present in
drinking water for purification purposes can accumulate in the cerebellum “which is eritical for
the motor coordination and functional efficiency of the locomotion system”, and oxidative
muscle tissee, including the hearts, of rats. The study exposed rats to silver concentrations three

times fower than the World Health Organization maximum level for drinking water

™ Chen apd Schluesener, Narosiver: A pemoproduct in medical application, 176 TOXEOLOGY LETTERS 1-1Z, 2

[ 28 )

™ Chien and Schlucsener, Nanositver; A nanoproduct in medical applicaiion, 176 TOXXOUL00Y LETTERS 1-12, 2

[ 2OE R,

bl | i

oW hite JM, Powell AM, Brady K. Severe gereralized argyria secondary to ingestion of volloidal xitver protetn,
2B(3) Clinical and Experimemal Dermatology 254-56 (20035 Hori K, Martin TG, Rainey P, Belsewe it or nor—silver
srill poisons!, 4405 ) VETERINARY AND Hudas ToXICOLOGY 259 1-292 (M2,
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disinfection.”™ Considering the growing number of nano-silver water purification systems on
the market and the demonstrated ability of silver to pass the blood brain barrier like
nanoparticles, this study shows the potential for nano-silver Lo create similar effects. ™

One product, a nano-silver coated dressing- Acticoat (Smith & Nephew, Inc,), has
generated concern after a previously healthy teenager developed symptoms of hepatotoxicity and
argyria symptoms as well as elevated liver enzymes and silver levels in plasma and urine. ™™ Six
days after treatment the patient developed grayish discoloration with blueish-lips (argyia) and
elevated serum asparate aminotransferase, alanine aminotransferase, and y-galactosyl transfernse
without elevation of bilirubin, lactate dehydrogenase. or cholinesterase. The patient had elevated
urinary {28 pg/kg) and serum (107 ppikg) silver levels. Cessation of the nanoscale silver
treatment resulted in an immediate decrease of the clinical signs of hepatotoxicity, argyria, and
serum and unnary silver; however, serum and urinary levels of silver (42 and 2.3 pgikg,
respectively) were still elevated a1 7 weeks, ™

£x, Addditional Research s Needed

One recent study specifically examined the potential of nano-silver coated consumer
products o cause environmental damage in freshwater aquatic and terrestrial ecosystems.”™
Noting that there 15 strong growth potential in the number of nano-silver products in the near

future, Blaser ci. al conclude that by 2010 nearly 15% of all silver emissions in Europe will be

“Runghy, J.. An experimental siudy on siver in the nervous system and on aspects of its general cellular fexieity.,
ITDARISH MED. BULL., 442-449 {1990); Pelkonen ¢t al., Accurmidarion of silver from drinking water inte cerebeilum
and musculies soleies in oice, 186 To)xeoLoy, 151-157 (2003),
“Lloyd’s of London, Risks: Lioyd's Emerging Risks Team Repor, Nasotechnology Recsnt Develppments, Rivks
wid Opportunities, at 15, 2007,
2 Trop gLal. Silver-Coated ressing Acticomt Ceusved Raived Eiver Enzymes ang Argyrta-fike Svmmiomes in Bam
?‘:ﬁﬁm' B0 JoUrNAL OF TRAUMA-ISIURY INFECTION & CRIICAL CaRk 648 (2006),
*Blaser o1 ul., Evimation of cumulative aguatic exposire and sk die to silver: contribution of nane-
functionaiized plastics and textiles, 390 SCIENCE OF THE TOTAL ENVIRONMENT 396409 {2008,
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released from biocidal nano-silver products. The study specifically recognizes the prevalence of
nano-silver particles imbedded into plastic matrixes and the ability of these plastics to break
down in water over ime. Additionally, the researchers raise concemns over nano-silver
contamination in agricultural ficlds due to the spreading of sewage sludge and the potential for
nano-silver products to decompose in landfills. The study strongly recommends additional
research (o examine “not only the aguatic exposure (o silver from biocidal plasties and
textiles._but also the impact on terrestrial ecosystems, ™™

3. Heal Envi act U
A Sh ire itional Data from Manu

The approval of a pesticide 15 contingent on an agency determination that no additional
data are necessary to make the determinations required by FIFRA sec. 3(ci(5), including, tmrer
alia, the determination that the product will not cause unreasonable adverse effects on the
environment.™ Il more data is necessary, EPA should require manufacturers provide it. To
perform its statutonily-mandated risk assessment for a pesticide, EPA needs information on the
potential risks and benefits of a pesticide. While existing studies show potential risks regarding
nanomaterials and nano-silver, there are also many still-unexplored potential buman health and
environmentzl impacts that must be “imperatively answered before people rush to indulge in the
nano-5il ver boom. '

“If information required generally is not sufficient 1w evaluate the potential of the

product to cause unreasonable adverse effects on man or the environment, additional data

™ 1, at 407
MUOCFR § 152112 7 US.C, § 136aici SN,
™ Chen and Schluesener, Nonosilver: A romoprodiecr in medion! application, 176 ToxicoLocy LETTE®S 1-12, 2
{2008),
73



requirements will be imposed.™ Therefore, to ensure it has all the data it nesds on nano-silver
to perform the risk assessmenis, EPA should require the necessary data from prospective
registrants for nano-silver products. ™
B.  PumsuanT 1O THE FQPA, EPA MUST ASSESS THE POTENTIAL IMPACTS OF NAND-SILVER

Opd INFANTS AND CHILDREN AND EXSURE THAT NO HARM WILL RESULT FrOM

AGGREGATE EXPOSURES

1. EPA Must Apply The Food Quality Protection Act to Nano-Silver Products

Enacted in 1996, the Food Quality Protection Act (“FQPA"™) amended the regulatory
scheme set forth by FIFRA and the Federal Food Drug and Cosmetic Act (“FFDCA™) for the
movement of pesticides in interstate commerce.”™ The FOPA requires EPA to reevaluate its
safety standards for all existing pesticide tolerances using scientific risk factors resulting from
“anticipated dietary exposure and all other exposures for which there is relisble information,™™!
Pursuant 1o the FQPA, before granting a 1olerance EPA must assess the risks a pesticude poses 1o
infants and children and “ensure that there is a reasonable certainty that no harm will result from
aggregale exposure 1o the pesticide chemical residue, ™"

Among the FQPA requirements for tolerance level reassessment was a mandate for EPA
o “apply a presumptive “lenfold margin of safety in order to take into account potential pre- and
post-natal toxieily and completeness of the data with respect to exposure and toxicity to infants
and children."**" The EPA Administeator may deviate from the tenfold factor only if, on the

basis of reliable scientific data, such deviation is safe to infants and children. ™

™40 C.FR. § 158.75(a).
*IUSC. § 1360
™ New York v, EPA. 350 F. Supp. 2d 429, 432 (5.D,N.Y. 2004); Croplifc Am. v, EPA. 329 F1d 4§76, §79 (D.C,
Er 2003) (FOPA “substantially revised" and rewrote most of the FFDCA method for sctting tolerances),

g roplife, 329 F3d at 879 (quoting 21 U.S.C. § 346bWIWAMIi),
221 US.C.§ 36a(b)2 O,
* New York. 350 F. Supp. 2d at432 (quoting 21 U.S.C. § 346a(bi(2NCI): Am, Farm Bureas v EPA_ 121 F. Supp.
2d 34, 89 (D.C. Cir. 20000; SEDC v, Jolnson, 461 Fkd 164, 168 (2d Cir. 2006 {noting new regitrements
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2 EPA Must Assess the Health Risks of Nano-silver on Infants and Children and Ser
an Exposure Tolerance

Before setting a tolerance for nano-silver, see Section VI(E) infra, EPA must assess the
risks a pesticide poses 1o infants and children snd “ensure that there is a reasonable certainty that
no harm will result from aggregate exposure to the pesticide chemical residue.”™ Exposures
include both dietary exposures and all other exposures for which there is reliable information. ™™
EPA must “apply a presumptive ‘tenfold margin of safety in order to take into account potential
pre- and post-natal toxicity and completeness of the data with respect to exposure and toxicity to
infants and children™ for nano-silver,”™

The importance of the agency’s application of, and compliance with, the FQPA's
standards for child safety is underscored by the plethora of nano-silver children and infant
products currently on market. As listed in Appendix A, these products include: children's
stuffed animals and toys, strollers, baby bottle cleaner, baby textile softener, baby mug, infant
teething toy, and baby milk bottle. See Appendix A. In addition, it is foreseeable that many
household nano-silver products will also increase exponentially pre-natal, infant, and baby nano-
silver exposures. As listed in Appendix A, these nano-silver products include: dietary
supplements, bed sheets and pillows, bandages, soaps and personal care products, food storage
conluiners, cutlery and cooking utensils, clothing, flters, washing machines and refrigerators,
paints, sprays, cleaners, and bulk and powdered and liquid nano-silver in bulk form. See

Appendix A. Healthcare and hygiene spray products contzining nano-silver have entered daily

peraining b the safety of several major subgroups of individuals); Physicians o Henp Sk
EPA, 45] F. Supp. 3 223, T26 (D.DUC, 200060 ("Tn other wornds, mmwwwmwmmmm
side is pen Hmes sofer than the typical exposure limdts for adulbis™),
350 F. Supp. 2d st 432,
21 US.C. § 36ab) 2NCHiENT).
ific, 329 F.3d a1 879 (guoting 21 U5.C, § 360002 AN ]
' See notes 286-59 supra.
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use, ruising concem of respiratory entry and potential effects.™ These nano-silver products
create dietary and skin exposures 1o infants and children that must be assessed.

With regard 10 nanomaterials generally, o growing number of peer-reviewed scientific
studies have demonstrated both the potential for nenomaterials 1o present serious toxicity risks
for human heslth™ and the capacity for nanomaterials to penetrate the skin in at least some
circumstances.”" Research has shown that many types of nanomaterials can be toxic to human
tissue and cell cullures, resulting in increased oxidative stress, inflammatory cviokine
production, DNA mutation and even cell death™ Nanomaterials® small size confers greater
particle mobility both in the environment and in the body.™ Potential health concerns from
nano-silver were addressed above, suprs Section [ICAN2), and include inter alia, nano-silver
toxicity and bacterial and antibiotic resistance concerns, as well as numerous unknowns. These
include respiratory impacts from inhalation, as studies have noted the potential for nano-silver,
like other nanomaterials, once inside the lungs, to “serve as an efficient facilitator of generation

of radicals and ROS™ due to their “enormous surface area.™™ Transdermal penetration for some

% Chen and Schluesener, Nanasileer: A nanoproduct in medical application, 176 TOXICOLOGY LETTeRs [-12, 3
(2008,
** For overviews of the emerging field of mapoxicobogy, see Obordirder G ol gl Norotoxioslogy: an emerging
discipling from pacdies of wlivafine particlex, 11307} ENVIRONMENTAL HEALTH PERSPECTIVES B23-830 (2005);
Chverddirster G, Maynurd A, Donaldsen K, Casirsnova ¥, Fitzpatrick §, Ausman K, Carfer J, Eam B, Kreyling W,
Lai D, Qlin 5, Montciro-Riviere N, Warheit D, and Yang H, Princigles for charmctenising the potentiul human
health eiffecis from exposune o nandwaterials: elements of a screening strategy, 1:8 PARTICLE AND FibiR
Toxonoy (MY Hoet P, Breske-Holfeld | and Salata O, Samomaterialy - beevn and imknown bealth rivks 2
JOURNAL OF NANOBICTECHNOLOGY 12 (2004).
Moee, g Ryman-Rasmussen J, Riviere 1, Monsciro-Riviere N, Peserrstion of mfact xkin by guarium doty winh
eiverse plhiysfcochemical properties, 91 TOXICOLOGICAL SCIENCES 11159165 (2006); Tmkle 5, Antonind 1,
Roberis ), Salmen B, DePree K, Adkins E, Skin ay o soule of exposare and sensifisation in chronic berllim
ditease, 111 ENVIRONMENTAL HEALTH PERSPECTIVES 12021 208 {3003}
* Oberdarster G, Maymard A. Donaldson K, Cassranova V, Fitrpatrick ), Ausman K, Carter 1, Kurm B, Krevling W,
Lai [, Olin 5, Monteiro-Rivicre N, Warheit D, and Yang H, Principles for characteriving the potentiol hwan
heaalehy effecis from exposine to aanoviateriels: elements of o screening straregy, 28 PARDICLE AND Fiars
TGy (0S|,
** Chen and Schiuesencr, Namasilver: A nancproduct in medical application, 176 TOXICOLOGY LETTERS 1-12, 3
{2008,
s !ﬂ-
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nanomaterials (titanium dioxide, quantum dots) has been observed in studies, but there is no data

for nano-silver.”™ The release of nano-silver from clothing fibers, underwear, socks, lingerie.

hospital and lab gowns, under various real life conditions (sweating, laundering, broken skin)
remains to be investigated.™™ “Dermal toxicity is still a topic of dispite and concern,”™ Other
potential impacts include impacts on the liver, 8 major accumulation point of circulatory nano-
silver"” and interference with beneficial bacteria in the gut once ingested, ™

In sum, in setting a nano-silver tolerance EPA must set a 10-fold margin of safety in
setting the nano-silver tolerance and ensure that there is o reasonable certainty that no harm will
result from aggregate exposure.

C. ANY EPA ACTIVITIES OR PROGRAMS REGARDING NANO-SILVER OVERSIGHT MUST
CoMPLY WITH ESA, INCLUDING NANO-SILVER PESTICIDE REGISTRATION, REQUIRE ESA
SECTION T CONSLULTATION
1. The Endangered Species Act (ESA)

The ESA obligates federal agencies “to afford first priority to the declared national policy
of saving endangered species.™ " To that end, the ESA contains numerous substantive and
procedural provisions designed 1o protect species listed as threatened or endangered under the
Acl.

Ome such provision, Section 7, requires federal agencies to “insure that any action
authorized, funded, or carried out by such agency . . . is not likely to jeopardize the continued

existence of [endangered or threatened species] or result in the destruction or adverse

¥ o s
it &
Hm

a7
¥ lowd's of London, Risks: Liovd's Emerging Risks Team Report, Marstechnology Recent Developmaents, Ritks
ard Oppormanides, at 15, 2007,
"™ Tenn. Valley Auth, v. Hill. 437 U.S. 153, 185 (1978),
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midification of [critical | habitat.™" Thus, before engaging in any type of activity that may have
direct or indirect effects on endangered species or critical habitat, agencies must “consult” either
the Fish and Wildlife Service (“FWS™) or the National Manne Fishenes Service (NMFS) in
order to evaluate the impact of such agency action.”' FWS regulations implementing section
§7(aN2) state thai such formal or informal consultation must be initiated whenever an agency
determines its action may affect a histed species, and that ongoing actions must be re-evaluated
when species that may be affect by those actions are listed. ™

The Act’s consultation provision applies to “activities or programs of any kind
authorized, funded. or camied out, in whole or in part, by Federal agencies in the United States or
upon the high seas.” " The conced of agency action has been given broad application by the
courts and agency regulations, including the promulgation of regulations, the granting of
licenses, and actions directly or indirectly causing modifications to land, water, or air.”"*  Other

examples of activities include the creation of interim management strategies,””

and ongoing
activities and projects.’™ EPA must comply with ESA when acting under FIFRA. “FIFRA does
not exempt EPA from complying with ESA requirements when EPA registers pesticides.

Indeed, a pesticide registration that runs against the clear mandates of the ESA will most likely

cause an unreasonable adverse effect on the environment under FIFRA.™"

" ISUSC § 1536
M6 US.C. § 1536aN2L
YIS CFR. §§ 402 14, 40216,
YIS0 CFER § 40202
M e CER. § 40200
* Lane Cry Audubon Soc™y v Jamsison, 954 F.2d 20019 Cir. 1992),
s Bl Water Users Projective Ass'n v, Patiersan, 191 F.3d 1115 (9" Cir. 1999).
Defpnders of Wildlife v, EFA. 882 F.2d 1294, 1299 (8 Cir. 1989).
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FWS regulations under the ESA require agencies 1o review their action “at the earliest
possible time 1o determine whether any action may affect listed species.™""® The threshold for the
requirement to make the determination of whether a particular agency sction may affect a listed
species is riggered where “an endangered or threalened specics may be present in the area of the
proposed action,™ "

2 ESA applies to agency actions taken purswant to FIFRA and EPA Must Comply
with ESA Secrion 7 With Regard 1o Nano-Silver

Any “agency action” EPA takes with regard 1o nano-silver triggers Section 7
Consultation procedures. This includes oversight programs. and ongoing activities and pesticide
projects. 0 EPA should now, “at the earliest possible time™ consult with the applicable wildlife
agency o determine whether its actions regarding nano-silver may affect listed sp:ci:s.ﬂ'

FIFRA does not exempt EPA from compliance with the ESA’s requirements with regard
to pesticides.™ Rather, the statute’s mandates apply to agency actions taken pursuant to FIFRA,
including pesticide registrations and rescissions. In Washingion Toxics Coalition v. EPA, EPA
argued that it was bound 1o follow only the provisions of FIFRA concerning the registration of
54 pesticide active ingredients that plaintiff environmental coalitions argued might harm
endangered or threatened salmon in the waters of the Pacific Northwest.™ EPA argued that the
ESA’s Section 7 Consultaiion requirements did nol confer independent responsibilities on EPA.

The Ninth Circuit disagreed, holding that EPA was not relieved of its obligations to comply with

"% 50 CF R § 402, 144a).

" iy of ibo v, O Nesill, 386 F.3d 1186, 1215 (9 Chr. 2004} Pacilic Rivers Council v. Thomas, 30 F.3d
1050, 1055 (9% Cir. 1994) (agency sctioms “may affect” the protecied salmon where “the plans set forth eriteria for
harvesiing resources within tee salmon’s labits™),
- ' aerson, 191 F3d 1113 (9% Cir, 1999),

L TEa L 1= COYE Add 0 i
WA CER & 402 144u)

g W&Lﬂﬁ- 413 F3d 1024, 1032 (9" Cir. 2005); Defenders of Wildlife v, EPA, 882 F. 2d 1294,
1290 (8" Cir. 1989).

" Wash, Toxics Coal, 413 F3d at 1028; see alse Defonders of Wildlife v, EPA. BE2 F.2d 1294 (8™ Cir. 1989)
{EPA"s continued registration of strychnine pesticides effected a taking of endangered speciesh,



the ESA by its compliance with FIFRA: “We agree with the Eighth Circuit that even though
EPA regisiers pesticides under FIFRA. it muost also comply with the ESA when threatened or
endangered species are affected. ™ EPA was required to engage in ESA Section 7 consultation
with the National Marine Fisheries Service (NFMS. now NOAA Fisheries) before engaging in
pesticide registration. Further, EPA's obligation 10 comply with the ESA is “continuing”™ since
the agency relains ongoing authority o register pesticides, aller registrations for reasons that
include environmental concerns, and cancel registrations. ™

3 Nana-sitver Causes Adverse Environmential Exposires

The proliferation of nano-silver products makes it increasing likely that protected specics
and their critical habitat may be affected by the increasing release of these materials. The nano-
silver products listed in Appendin A create numerous foreseeable direct and indirect
environmental exposures. Some nano-silver products will enter the environment directly over
the course of the products’ use, including: washing machine waste water, laundry detergents and
fabric softeners, multipurpose, bathroom, kitchen, and automobile cleaning products, soaps,
cleaning and sanitizing sprays and wipes, personal care products, dictary supplements, and
powdered and liguid nano-silver in bulk form. See Appendix A. Other nano-silver products will
enter the environment at the end of their use during disposal, including brushes, straighteners,
and other hair appliances, bandages, food storage containers, pet accessories, various fabrics and

fibers, razors and shaving sccessories refrigerators, electronics, and other household appliances.

S 1t 1032 ("The statutes at issue in this case simélarly have different bul complementary purposes. FIFRA
utilizes @ cost-benefit analysis o ensure that there is o unneasonable risk created for people or the environment
from a pestacide, taking into sccount the econamic, social, and environmental costs and benefits of a pesticide's use.
Headwaters, fnc., 343 F.3d a0 532, In contrust, the ESA affords endangerced species the “highest of priorities™ in
asscasing nsks and benefity, Tennesswer: Wallev Awrth v, Hill, 437 LLS. 153, 174 {1978), The reasoning of our case
|lzrw thirefore leads us o conclude that wn apency cunnot escape i obligation o comply with the ESA merely
l;’:'.i;um it ix bownd 10 comply with another statuse that has consistent, complementary ohjectives.”™ .

1, ut 1033,



Id. 5tll other nano-silver products will indirectly leach nano-silver into the environment over
the course of their use and cleaning and/or washing including numerous types of clothing such as
underwear, socks, shirts, ovterwear, gloves and hats, bedding, sheets, and pillows, and air and
water purifiers and their replacement fillers. Id. A recent study™® by Arizona State scientists
found that socks impregnated with nano-silver released substantial amounts of the nano-silver
when washed in both nanoparticle and jonic forms. ™ The study suggested that nano-silver
could travel through a wastewater treatment system and emter natural waterways to impact
aquatic organisms.” The study was the first to examine how nanomaterials are released during
laundering from commercially available clothing. ™

These products will continue to enter the environment through product manufacture,
transport, use, and disposal pathways. Because these products are household consumer products
available on market shelves across the country, nano-silver environmental disposals and releases
will occur nationwide. Many of the nano-silver products are in “free™ particle form (such as
creams, lotions, sprays), rather than “fixed™ in a product matrix, speeding up ecosystem
interactions. Even if they are in a product matrix nanomaterials are “highly durable™ and will
remain in nature long after the disposal of their host products.™ It is unknown how quickly
these maierials will leech or dissolve into the environment as the product is washed. broken, or

thrown away. These disposals will lead to greater environmental exposures by nuatural systems

Y Benn and Westerhoff, Numoparticle Silver Released in Water from Commercially Available Sock Fabrics,
Artrona Stute University, presentation fr EMPA nanoECO conference. Ascona, Switzerland, Murch 3, 2008;
memvmm—mm SCIENCE & TECHROLOGY.

* Rachel Petkewich, Tavic Socky: Silver ramoparticles intended o conrol odor relerse in the wash, CHEMICAL
AND EnvcaNEERING MEws, Apnil 7, 2iH,

* SeienceDaily, Ay Nanorechnology Goes Mainstream, “Taxie Socks® Raise Concerns; Unknown Risks from
"'"“9"'"-'“'-‘5" Cited, April 7, 2008, at hitp:iwwi scicnoedaily comirelensis INNRMANR0406 | TS50, him

i,

™ Andrew Maynard, Marorechnology: A Research Strategy for Addresning Risk, Woodrow Wilson Intermational
Center for Schodars, Project on Emerging Manotechrologies, a1 12 {July Xia).



than those of larger discarded materials since nanoparticles have the ability to reach places that
larger particles cannot. Because of their tiny size, nanoparticles move with grear speed through
aquifers and soils and settle more slowly than larger particles. In addition, because of their large
surface area, nanoparticles provide a large and active surface for interacting with and absorhing
other materials. The foreseeable result will be a large and quickly increasing aggregate
environmental exposure of protected species and their habitat to nano-silver discharges.

4, Nano-silver Canses Envirommental Impacts and Potentially Impacts Protected
Species

In addition to the potential environmental impacts discussed infra, many protected
species are potentially impacted by the nano-silver product explosion. For example, it is well-
established that silver in larger forms is highly toxic to fish, aguatic invertebrates and estuarine

! Products containing silver are not to be applied to marine/estuary environments

OTZAnISmS,
or oil fields. As explained above, among other nano-specific properties, nano-silver’s
exponentially increased surface area makes it even more dangerous to these species. Nano-silver
therefore has greater antibacterial and toxic effects compared to larger silver particles partly
because it is more readily converted 1o silver ions. There is also preliminary evidence that the
nano-silver can exert effective antibacterial sction al a considerably lower concentration than
silver ions.™™ This suggests that the antibacterial properties and toxicity of nano-silver are not
explained only by their chemical compesition and the production of ions alone. As EPA has

noted, “nanomaterials may affect aquatic or terrestrial organisms differently than larger particles

H: BPA, Silveer RED, supra nose 162 at 4,
:' Lok gt al,, Proteomoie analysix of the mode of antibacterial acrion of silver manoparticles, § 1. PROTEAME RES.
16=924 | BKT )
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of the same materials” and that “the use of nanomaterials in the environment may result in novel
by-products or degradates that also may pose risks,™™

There are 139 listed species of ESA-protected fish (65 Threatened and 74 Endangered)
potentially negatively impacted by widespread nano-silver releases and individual and
cumulative exposures.” . Similarly, there are 70 listed species of protected claims (8 Threatened
and 62 Endangered), and 22 listed species of protected crustaceans (3 Threatened and 19
Endangered) also potentially negatively impacted by nano-silver releases and exposures. ™
Finally, there are at least 10 water-based protected reptiles (6 Threatened and 4 Endangered) and
15 water-based mammals (4 Threatened and 11 Endangered) potentially negatively impacted by
nano-silver releases and exposures, ™

Unfortunately, despite rapid nanomaterial commercialization, many potential
environmental risks of nanomaterials such as nano-silver remain dangerously untested due 1o the
failure to prioritize relevant research and pavcity of funding for environmental impact research.
However some extrapolations from the known risks of silver are helpful to show potential risks
to species. [t is well-known that silver is among the most toxic metals for aquatic organisms.™’
The highly toxic levels generally have been considerad to resull from the presence of the free
silver ion in water. ™™ Because nano-silver has a greater surface area than larser particles of
silver, nano-silver is more chemically resctive and more readily ionized than silver in larger

particle form. Nano-silver therefore has greater antibacterial and toxic effects compared to larger

™ EPA White Puper, supm note 41 af 58,

E % hatveww, P govienskan gerediwi Mlife. imil#Spevics

" See hatputiwww, P goviendangerediwidlifi. biml#Spesics

! Fisher et ul., Trophic Transfer of Silver to Maring Herbiveres: A Review of Recent Studies, 17 ERVIRONMENTAL
Toxansy AND CHEMISTRY S62-571 {159498),

" Call gt al., Toxicity of Sitver in Water and Sediment To the Freshwarer Amphipod Hyallella Azteca, 25
EnvRONMENTAL TOXBEDOLOGY AND CHEMISTRY TRI2-08 (20063,
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silver particles, partly because it is more readily converied to silver ions. Thus, 139 federally
protected species of fish, as well as other protected aguatic species, are potentially at risk from
widespread and cumulative nano-silver releases.

Free silver ions are extremely toxic to fish,” For example, studies have shown the
severe toxicity of silver to juvenile rainbow trout,™” a figh closely related to several endanpered
members of the Salmonidae family (trout and salmon). The Salmonidae family includes
numerous distinet population segments of pacific salmon (Chinook, Sockeye, Chum, and Cohao),
atlantic salmon, and trout (steelhead, bull, gila, cutthroat and others), collectively representing al
least 40 different federally protected fish species,™' with critical habitats from coast to coast.

Silver is also toxic o aguatic invertebrates  such as sea urchins™ and arrq:lhip-l:-du.}"
Studies have shown that the young life stages of nomerous marine and estuarine life forms such
a5 mollusks (e.g, clams, snails) and crustacean (e.g.. lobsters) are highly susceptible to silver
toxicity. ™ There are 75 federally protected members of the snail species,™ 70 different
protected clam species.” five members of the amphipod family,™" and four members of the
crayfish family.*”

" Hogstrand &1 gl., The Acute and Chronic Taxicity of Siiver to Marine Fish, Proceedings of the 3 International
{'uuiuruw: on the Trunsport, Fute and Effects of Silver In the Environment, 317-324 (1997,

M Maddy ¢1al, Effects of Sadium Chioride on Chranic Sitver Toxicity to Early Life Stuges of Rainbow Trou, 26
EH"I'WHFHTM Tm'l' AND CHEMISTRY 1717-25 (2007

M tetp leco Py, goll igs_pabliciSpecicsReapordo Temups=F& hitne T ypesL & mametis=]

“Uniaddy et al, Chronic Toxicity of sitver mitrate fo Cerindaphmia dubmmd'ﬂuphhmg‘n.ﬂ, arvsal proareniund
mitigeting factors, 84 Aguamc Toxicouocy |-10 (2007).
“Ward ¢t al., Chronic Toxicity of Silver to the Sea Urchin, 25 ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY
15363-T3 (2006,
" Call gt al., Toxicity of Sitver in Waser and Sadiment To the Frashwater Amphipod Hyallella Azeca, 25
ENVIROSMENT AL TOXICOLOGY AND CHEMISTRY T802-08 (2006).
"' Looma gt o), Fare, Bioavailahility, and Toxicity of Silver in Estuarine Environments, 31 MARINE POLLUTION
BULLETIN 44-54, Table | (1995)
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Additionally, low levels of silver when ingested can be toxic to both marine and
freshwater zooplankton.™ These are important components of marine and freshwater food webs
since they are the primary grazers in many ecosystems and are often the major food source for
developing larvae and fish ™' Contaminant impacts on these animals are important because they
can affect food web structures by altering the grazing on phytoplankton communities and
affecting the food supply of predators andfor impact the critical habitat of protected species.

4, Conclusions Made for Bulk Silver Are Not Sufficient To Protect Species from
Nano-Silver Releases

Conclusions of potential species’ safety and/or the lack of a need for ESA consuliation
with regard to bulk silver are inadequate for nano-silver releases. First. as explained above,
nanomaterials such as nano-silver require a specific nanotoxicology analysis: a bulk materiuls
toxicity assessment is not alone sufficient,”™ In addition, the nano-silver product explosion is
creating a vastly increased agpregate environmental exposune than previous releases of bulk
silver. One reason that EPA concluded, in the 1993 Silver Re-registration Eligibility Document,
that it did not expect “unreasonable adverse effects™ on aquatic organisms from silver was
because only “little exposure (o lish ond aguatic invertiebrates is expected from these uses™ and
that “the agency does not expect unreasonable adverse effects from these uses.™ In contrast,
nano-silver products ane creating many more opportunities for exposure from increased and
different uses/products, as listed above and in Appendix A. Thus, EPA’s 1993 conclusion of no

unreasonable adverse effects is inadequate for a plethora of 2008 products of nano-silver.

™ Fisher g1 al., Sitver Accumulation and Toxieiry in Marine and Freshwuter Zooplaniten, PROCEEDINGS OF THE §™
ARNUAL CONFERENCE ON THE TRARSPORT, FATE. AND EFFECTS 0f SILVER IN THE ENVIRONMENRT, pp. 265-274
(1994,
! Hook gt al,, Sublethal Effects of Silver in Zooplankion: Imporiance of Exposure Pathways and Implications for
Toxicity Texring, 20 ENVIRONMENTAL TOXCOLDGY AND CHEMISTRY S368-574 (2001 ),
™ S pp. 9-11, 43-46 yupr and sccompanying footnotes.
“EPA. Silver RED, supra nobe 162 a1 17 (emphases added),
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Moreover, because nano-silver has a greater surface area than larger particles of silver,
nano-silver 18 more chemically reactive and more readily tonized than silver in larger particle
form. Nano-silver therefore has greater antibacterial and toxic effects compared w larger silver
particles partly because it is more readily converied to silver ions, which are extremely toxic to
varied protected species.

There is also preliminary evidence that nano-silver can exent effective antibacterial action
al a considerably lower concentration than silver ions. ™™ This suggests that the antibacterial
properties and toxicity of nano-silver are not expluined by its chemical composition and the
production of ions alone. Physical characteristics of nanomaterials, such as their size, shape, and
surface properties, can exert a toxic effect that goes beyond that associated with their chemical
mpmiliu-n.‘“‘" For example one study demonsirated that nano-silver produces reactive oxygen
species (ROS) and this can result in oxidative stress-mediated toxicity.™ Production of ROS,
highly reactive molecules which include free radicals, can interfere with cellular metabolism,
cause inflammation, and damage proteins, membranes and DNA, ROS production is a key
mechanism for nanomaterials’ toxicity,™’

5 EPA Must Comply with ESA Requirements

Accordingly, EPA must act as soon as possible to protect endangered and threatened
species by complying with the ESA, including inter alia by consulting with the appropriate
wildlife agency about the impacts on protected species of EPA's oversight actions, including

inter alia any pesticide registration or classification decisions, for nano-silver.

" Lok et al, Proreamote anelysiv of the mode of antibacterial action of sifver raoparifeies. 5 1. PROTEAME RiS,
Q16-024 (2007 ).

™ Brunner ¢t al., In Vitre Cytotaxiciny of Chride Nanaparticles; Comparison to Asbesios, Sifica, and the Effect of
Particie Solubiline, 40 ENviRos 501 TECHNOL 4247-H1 {2006,

** Hussain, S.M. gt al,. Jn vitrs toticity of nanoparticles in BRL 3A raf liver cells, 19 TOXCOLOGY 18 Y ITRO 975
G4 (2005).

" See_ ey, Andre Nel g )., Tovie Potential of Materials ar the Nanolevel, 311 SCIENCE 622.27 (2008),
BA



D, EPA MUST COMPLY WITH THE NATIONAL ENVIRONMENTAL POLICY ACT (NEPA) TO
ASSESS THE ENVIRONMENTAL IMPACTS OF EPA’S DECISIONS REGARDING NANO-
PESTICIDES ANDVOR NANO-SILVER PESTICIDE PRODUCTS, INCLUDING COMPLETING A
PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT (PEIS)

I, The National Environmental Policy Act
The National Environmental Policy Act (“NEPA™) is the “basic national charter for

protection for the environment.™ " NEPA is intended to “promote efforts which will prevent or

eliminate damage to the environment and biosphere and stimulate the health and welfare of
man.""® Agency NEPA duties are not “inherently flexible,™™ Recognizing the effects of new
technologies on the environment, Congress explicitly states in NEPA that “new and expanding

technological advances™ are activities that could threaten the environment.™® Thus, in order 1o

understand and control the effects of new lechnologies like nanotechnology, Congress requires

federal agencies to consider the environmental effects of new technology by complying with the
requirements of NEPA.

2, The Potential Environmental Impacts of Nanomatertals, Including Nano-Silver
This Section hereby incorporates the above Sections’ discussions of the potential

environmental impacts of nano-silver pesticides. Seg supra pp. 57-73, 79-85 and accompanying

footnotes. In addition, summarized below is more general information on the potential

environmental impacts of nanomaterials. Engineered and manufactured nanomaterials are

entering the natural environment throughout their lifecycle: via manufacturing, transportation,

WCFR b 15061,
42USE i-l-"lZI

T i ; 1 v Comm ', 449 F.2d 1109, 11540,.C. Cir, 1971,
In Ill:l "Tl:inm:lr.Fm‘unn l:ll nhmmmr: mﬁiwlr_'.' d-:hl:r ar Econgmic 4:01-1 will not suffice 1o strip the section of is
fundamental importance.” [d,
A2 U8 § 43300 In the legislative history, Congress expressed 18 concern with “|a) growing iechnological
power ® ™ ® fir ouistrippig mans capacity o understand and ability 10 control s imgact on the environment.'"
Found, gn Economic Tromds v. Hecklor, 756 F.2d 143, 147 {D.C. Cir. 1985) quoting 5. Rep, No. 91-296 (1963,
87




use, disposal, andfor intentional introduction.™ Al of these lifecycle stages present possible
environmental impacts and are potential foci of a comprehensive NEPA impacts assessment '™

MNanomaterials’ unique chemical and physical properties can create reasonably
foreseeable environmental risks, Nanomaterials® potential health and ecological impacts could
occur as a result of direct and/or new routes of exposure; the toxicity of the materials themselves;
and alterstions or byproducts from interactions with other compounds and the environment over
time."™ Cumulative exposures with other manufactured nanomaterials as well as bulk-scale
pollutants could also create T.nw::u."“ Onee loose in namre manufactured nanomaterials
represent a new class of non-biodegradable pollutants.

Toxicity: Studies assessing the role of size on toxicity have generally found that
nanoparticles are more toxic than larger particles of the same substance.”™ Other studies have
shown that some nanoparticles are toxic in ways that cannot be attributed 1o particle size
alone. ™ Scientists have yei to determine what physicochemical propenies will be most
important in determining ecological and toxicological properties of nanomaterials. ™

There is an emerging literature on the ecotoxicity of nanomaterials. Given all the

unknowns dbout nonomaterials, researchers have focesed on the traits that make nanomaterials

" The Royal Society and the Royal Academy of Engineering. Namoscience and nuﬂpw.ﬁm.[r:l-lgrf.j. Opprtunities

d-l'l'ﬁl'-ll'il'-'l'-l'lﬂ-l'l'lhf-l' London, July 2004, pp- AT Fig. 5.1, 46 gvgilahleg g g s pamites vrg ukf nnlRepuiri him,
E:;__:,g, Enﬂmumull"rmmunnam:rp:y Dyl Nanomarerialy H‘emmh .i'tmugﬂ.ﬂ.fi'_'n.l January 24, WHE, at
&2, avilable i hip:fescpa govincey penolpublicatons'mano_sirpegy 0] 2408 pdr ; 1. Michas] Davig, How o

Assess the Risks of Nanorechnelogy: Learning from Past Experience, T JDURNAL OF NANDSCI AND
NARDTECHROLOGY , 402, 406-07 (2007,

™ See. ey, Environmental Proteetion Agency, Draft Nanomaterials Research Strategy (NRS), January 24, 2008, a1
2. 38, gvailable of hitpafesepa.govincerinomupublications'nang srratggy (12408, puF

'y .

**Science Pulicy Council, 1.5, Environmental Protéction Agency Nanotechnology White Paper, U5, EPA, supra
e 41, oi 54 | February J007],

Wy

WhSee, e g, Maynurd of gl Safe Hemelling of Narotechnology, Vol 444 NATURE 267-69 (November 16, 2006);
Oberdorster g1 al.. Namomnxicalogy: an emerging discipling evolving from siudies of ultrafine particles, 113 ENVIRON
HEALTH PERSPRCT B23-839 {1051
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attractive for applications in indusiry and medicine—their ability to enter cells and carry other
materials as well as a slew of other bebaviors that make nanomaterials potentially damaging for
humans and the environment. A number of studies have shown respiratory toxicity of various
types of nanoparticles in small mammals.™* These mammalian studies raise concerns that some
nanomaterials may also be wxic to wildlife. EPA noted that “nanomaterials may affect aquatic
or terrestrial organisms differently than larger particles of the same materials.™ ™ Several studies
on the effects of various nanomaterials on fish and aguatic species have shown potentially
negative impacts.”’' Significant lipid peroxidation was found in the brains of fish (largemouth
bass) after exposure to carbon fullerenes, demonstrating the toxic effects of these nanoparticles
on aquatic and possibly other organisms,”” This is especially important given that this fish
species is seen as o model for defining ecotoxicological effects. Studies on fullerenes have
shown other potential impacts on aguatic ecosystems,” ~ Similarly studies on various
nanomaterials cumrently in use commercially have shown poiential negative impacts on fish and
03

aguatic organisms, e.g. carbon nanotubes,’ copper nanoparticles,”  titanium dioxide

nu.nuputi:lﬁ,jn and silver n.annp.nrlifll:n]ﬂ

"Handy ¢t al,, Texe effects of nanoparticles and nanomaterials: rplicenions for public health, risk assessment,
cired thee pachilie perception of ronotechralogy, 9 HEALTH, RISK AND S0Cu0Y 125- 144 (2007 ).
M grience Policy Council, U5, Environmenial Protection Agency Nanotechnology White Paper, U.S. EPA, at 58,
(Fehnuary 2007).
! Handy gt al.. Ecoraxiciry of nanomaterials to fish: Challenges for scotaxiciny testing, ¥ INTEGRATED
BNy RONMENTAL ASSESSMENT AND MANAGEMENT 45 H-6d) { N7,
™ Diberdorster gt al. Menforivned Nanomaterialy { Fullerenes, O Tnduce Chidanive Siress n the Brain of
Juvenile Largemouth Basy, 112 ENVIRONMENTAL HEALTH PERSFECTIVES [0 (2004 ).
'™ Fortmer et al, 080 in water; Manocrysial formation and microbial response, 39 ENVIRON SC1 & TeCH 4307-16
(2005); Rick Weiss, NManoparticles Toxc v Aguatic Habims, Study Says, WasH, PosT (March 29, 2004) at AZ; Press
Release Rice University's Center for Biological and Environmental Nanotechoology, CEEN: Buckyball agyregales
are soluble, antibacterial, (June 22, 008), available ar hipetwww. curckaleriorgdpub_releases/ 2005 06/mu-
ihall 2205 phip: Geoff Brumfel, A Linle Knowledpe . . ., Vol 424 NaTume 246 (July 17, 2003); Saves C, gial, The
ﬂ;iiﬁﬂl‘l.l"ﬂf criefaxiciy of water-ielihle fullerenes, 4 NaNOTECHNOLOGY LETTERS 1881-87 (2004,
** Smith gt al,, Taxiciry af single walled carbon ranotbes 1o rainbow rout; respirarory taxiciry, organ pathologies,
ard orer phivsicdogical effects, 82 AQUAT. ToXICOL. 94- 109 (2007 )
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There is little research thus far on impacts of nanomaterials on plants, for instance in
terms of bivaccumulation. One study found that engineered nanoparticles of aluminum oxide
slowed the growth of roots in at least five species nl'phm:.“ Manoparticles also can be “1aken
up” by bacteria, creating a means of potential bioaccumaulation up the food chain.”™

Mobility and Darability: Because of their tiny size nanomatenials may be highly mobile
and travel further than larger particles in soil and water, which could foreseeably create
environmenial iru|::.mvc~.r.u..3"!"II Initial studies on potential remediation uses indicate that
nanoparticles of iron can travel with groundwater over a distance of twenty meters and remain
reactive for up to two months.”' Early studies on the effects of nanomaterial exposure to
biological systems have shown a high mobility in organisms or cells.™ The translocatory
potential of nanomaterials that mokes them commercially aitractive for drug delivery could canse

unintended consequences as nanomaterials are released into natural systems.

"Griffin g1 ol Exposure to Copper Naroparticles Canies Gill njury and Acute Lethality in Zebrafich | Denio
rerie), 41 ENVIRON, SCL TicuNoL., 81788 L86 (2007},
™ Federici, Taxiefry of ianium diccide onoparticles 1o rainbow trout {Oncorfynchns mykise ) Gill injury,
cerbirnive sivess, and odher physiologfoel effecie, AQUAT TOMICOE. 2007 Jul 25; - 17727975 (P.5.EB,D); Fhang ¢l
gl Enfuaced Porecumulnrion of codmien g carp in the preseace of niasdion diocide naaopaerticles, 67
CHEMOSPHERE |60-6T (2007},
7 Lee et al, fn Vivo frmaging of Trarsport and Biocompatibility of Single Silver Nanoparticles in Early
Development of Zebrafivh Embryos, ACS Mano, 102}, 133-143 (2007,
™ Wans, ., Particle Surfisce Characteristics May Play an bportant Role in Phytotaxicity of Alumina
Mumoipartfefes, 138 TOXICOLOGY LETTERS 122-133 (2005); Sruaty Shows Manoparricle Cowld Damage Planr Life.
ScENCEDALY (November 22, 20057, gvailable ag
Ell‘l Sraraiw sl lendebin [y oo J-':..'.IH.:'h:':-! TR 3] J':_I_ {LALCE By,

Science Policy Council, [1.5, Envirammenind Protection Agency Nanareckiology White Paper. US, EPA, 21 36,
{Febraary 2007),
™ Science Policy Council, .5 Environmental Protecrion Agency Nanotechnology White Paper, US. EPA. 2t 14,
{Febraary 2007),
! Zhang 5 ol Namoscale fron Particles for environmental remediation; An overview, 5 JOURNAL OF
MNANOFARTICLE RESHARCH 339332 (213,
"8er, e, Limbach gf i), Oride nanoparticle uptake in human ling fibrobiastr: Effects of particle size,
apgioeneration, and difiedes af low covcentrotions, 39 ENVIRON, SCL TECHROL. 93709376 (2005% Rathen-
Rutishauser ¢f 4l Mreracrion of fine particles and nanoparticlies with red blood eells visislized with advarced
microscopic fechnigues, 40 ENVIRON, SO TeCHNOL 43534359 (2006); Geisor. 21 &l , Uivafiae pamicles cross
cetlilar mesmbranes by nonphagocyic mechanisms in g and dn caltured cells, 113 ENvIRON. HEALTH PERSPECT.
I 555- 1560 (2005
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Lintle is known about the potential of biodegradation of nanoparticles and mechanisms
will depend on the nature of the material. The “high durability and reactivity of some
nanomaterials raise issues of their fate in the environment,™ Many nanoparticles in current
products are non-biodegradable materials (such as metal oxides used in sunscreens). ™

Interactions and Transport of Pollutants: Possible interactions between nanoparticles and

harmful environmentsl chemicals may lead to unique exposures and impacts. Because
nanoparticles tend to be more reactive than larger panicles, interactions with substances present
in the soil could lead to new and possibly toxic compounds. EPA has noted that “the use of
nanomaterials in the environment may result in novel by-products or degradates that also may
pose risks."™ Many nanomaterial products (such as cosmetics and sunscreens) consist of “free”
nanoparticles not fixed in a product matrix which will speed up their interaction in the
environment.

Nanoparticles are the subject of vigorous drug research because of their ability o carry
and deliver drugs 1o specific targets,™ This same transport propensity could give nanoparticles
the ability to carry toxic chemicals present in the environment. Natural and accidental|y-created
ultrafine particles can similarly carry toxic chemicals such as hydrocarbons and metals which

can then damage natural systems,” The large surface area, crystalline structure and reactivity of

* Scicnce Policy Council, £7.5. Environmental Protection Agency Nunorecinotogy White Paper, U.S. EPA, m 14,
{Fehreary 2007},
** Science Policy Council, {15, Environmental Protection Apency Nanerecimotogy White Paper, US, EPA, a1 36,
{February 2007},
**Science Policy Council, I8, Environmental Protection Agency Nomotechnology Whire Paper, U5, EPA, ot 58,
i Fehrwary 2007 ).
- See, g2, Chavanpatil g1 al., Menopariicles for celldar drug delivers: mertanisms and factors nflsencing
defivery, 6 ), Nanoscl, NanOTecHNOL 265 1-2663 [ 26
" Bee. g, Penn efal, Combustion-derived altrafine particles iransport organic toxicants b larger rexpiratory
eeifly, | 13 ENvBion Heal T PERSPECTIVES 956-T9 (2003); Guitierrez-Castills et al,, Effect of chemical compazition
nn thee induciion of WA damage by wrban airborme particalaie marer. 47 ENvIRON Mol MUTAGEN 1992211
(2006; Schwaree et al., Particulaie maiter properiies and kealih effecrs: consinency of epideniologioal aad
tnxieological stedies, 25 Hum EXP Toxioo. S59-749 (2006).

gl



some nanoparticles may facilitate transport of toxic pollutants in the environment.™ Moreover,
recent research has discovered a possible “trojan horse”-like 1oxicity mechanism of
nanoparticles, which could carry harmful metals into cells. ™ Once inside the cell, the metal
ions can leach from the nanoparticle and create oxidative stress.™
k3 EPA's NEPA responsibilities

To accomplish NEPA's purposes, all federal agencies are required to prepare a “detailed
statement”—known as an Environmental Impact Statément (E1S - regarding all “major federal
actions significantly affecting the guality of the human environment . . ! To determine
whether an EIS is required, federal agencies must prepare an Environmental Assessment (EA),
that provides sufficient evidence and analysis to support the agency’s determination on whether a
proposed action will significantly affect the environment.™ In addition to environmental
concerns, the proposed action’s possible direct, indirect, and cumulative impacts on public health
must be reviewed if they are linked 1o its environmental impacts. ™

Beyond just assessing the impacts of particular project-related actions, EPA is also
required to assess the broader impacts of its programmatic actions and 1o consider alternative
program approaches. A programmatic EIS (PEIS) is called for under the CEQ NEPA

regulations, which define a “Federal action™ broadly to include, in pertinent pari, when there is:

*Thang et ul.. Environmental Technologies af the nanascales, 37 ENVIRON SC1L TECHNOL. 102A-108A (2003),
"*Limbach ¢ 3l Expasure of Engineered Nemoparticles to Hurman Limg Epithelial Ceils: InfTuence of Chemical
Eﬂmﬂnﬂl " ition ang Caralyviie Acriviry on Qxldenive Srreas, 41 Enviroed, SO TROHNDL, 4 158-4163 (2007,
* 42 US.C. §43320c). The EIS must describe (1) the “environmental (mpsct of the propused action,” (2) any
“wilverse environmental effects which cannot be avoided shoubd the proposal be iaplemented,” (33 “allermatives fo
the proposed sction,” (4) "the relationship between local shori-term wees of man's environment and the maintenance
and enhancement of kng-term productivity,” and (5§ any “imevenible or retrevable commitment of resotrces
which would be invoived in the proposed action should it be implemented.” 1,
" 40 CF.R. §§ 1501.8(b), 1308.9.
" 40 CFR. § 15088 Baltimore Gae & Flec. Co. v, NRDC, 462 ULS. 87, 106 (1983 )(explaining that “NEPA
requires an E1% to disclose the significant health, socisecinonic, and cumulative consequences of the environmental
impact of a proposed action™),
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Adoption of programs, such as a group of concerted actions to implement a

specific policy or plan; systematic or connected agency decisions allocating

agency resources (o implement a specific statutory program or executive

directive.”™

If EPA grants this petition and enacts new regulations, or amends existing regulations
with an aim at regulating nano-silver products, or adopts an official policy in another form, such
programmatic regulatory action would necessitate a PEIS if the action “significantly affects the
quality of the human environment."™ Moreover, an agency “program” or “proposal”™ that exists
in fact, but is not necessarily expressly declared by the agency, also requires a PEIS."™
Accordingly, if EPA declines to enact or amend its regulations, but instead continses acting
pursuant to 4 “de fucto™ nano-silver regulatory policy, such concerted action would also
necessitate a PEIS.

At least one Court has said that EPA does not need o prepare an EIS before it can
register a pesticide.™ That said, the registration and labeling of a pesticide under FIFRA does

nol exempt an agency from its general NEPA uhiigal.ims.’“ A pesticide registration under

™40 CFER. § 1508.18(b)3) (defining “Federal sction™). CEQ’s "Ouestion 24u” is instructive bere as it addresses
programmatic complisnce on the topic of; "“When ure EISs required on policies, plans or programsT” It provides:

An EIS mst be prepared if an agency proposes to implensent o specific palicy, o adopt & plen for o
groip of reluted actions, or to implement o specific statutory program or executive directive. In
acldition, the sdoption of official policy in the form of rules, regalations, and interpretations
plarsugnt to ,, , formal documents establishing governmental or agency policy which will
substantially alter agency progrums, could requine an EIS . .. . 1t should be noted that a proposal
ey ealsr b (et as well as by pgency declarution that ope existy,

46 Fed. Feg. 1026, 18033 (Forty Mowt Asked Questions Conceming CEQ's NEPA Regulatinns) {(Qsesidon and
Answer 24ia)l.
a1 CFR. § 25.22(b),
™ e 40 C.FR. § 1508.23 {Defining “Proposal™ o include that a “proposal may exist in fact as well as by apency
-lh?:l-um'u:m that ome cxists™].
Ferrill v, Thomas, 807 F.24 776 (9% Cir. 1986).
U2 USLC. § 4332; Oregon Envil, Council v. Kungman. 714 F.2d 901, 905 (9* Cir, 1983); Save Our Ecosysiems v.
Clark, 747 F.2d 1240, 1248 (9" Cir. 1984),
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FIFRA does not require the same examination of environmental concemns that an agency is

required (o make under NEPA'™

EPA regulatory action or program regarding nano-silver and nanotechnology is “significant™
and reguires a PEIS

CEQ"s implementing regulations list factors 1o determine whether a Federal action, such
as EPA’s pesticide regulatory approach to nanotechnology and nanomaterials, is “significant,”
which include:

-- The degres 1o which the proposed action affects public health or safery

-= The degree to which the effects on the quality of the human environment are
likely to be highly controversial

- The degree to which the possible effects on the human environment are highly
uncertain or invoalve unique or unknown risks

— [t]he degree to which the action may establish a precedent for future actions

with significant effects or represents a decision in principle about a future

consideration, "™

[n this case, all the above factors are present. First, given the unprecedented
environmental and human health risks of nanomaterials, EPA regulatory actions or programs {or
maction) for nano-silver will greatly affect public health and safety. The petition discusses the
significant risks nano-silver poses to public health and safety and the environment. These nano-
silver pesticide products being released into the environment are under EPA’s FIRFA
junisdiction, and represent the highest percentage of known nanomaterial consumer products

currently on markets and being disposed into the environment. "'

™ Save Oyr Egosysiems, 747 F.2d at 1248: Washinglon Toxics Coal. v, FPA, 413 F.3d 1024, 1032 (9™ Cir, 2005).
WA CER § 150827(b)2 M4 LISLIB) & (9. The Supreme Court has held thar CEQ's NEFA implementing
regulations are entitled 1o substantial deference by the courts, Andnes v, Sicrra Clyb, 442 U5, 347, 358 (1979);
Marsh v, Orggon Nybiml Besources Council, 490 11,5, 360, 373 { 1985). FDA has expressly adopted CEQ's
“significantly” definition in its own NEPA regulations. 21 CFR. § 25.5(2)(19)

The Woodrow Wilson Intemationnl Center for Scholars, Project on Emerging Nanotechnologies.
Nanorechaotogy Consumer Products faventory, geailable an hop. s ss nasotechprodec] omlcommaimerprodaiels
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second, EPA’s current general stance is that it has “no information™ regarding nano-
silver pesticide products. ™™ Yet this petition includes an appendix with over 260 such products,
aver 100 pages and 400 footnotes providing information publicly svailable. Further, EPA"s
Region IX has taken an enforcement action against one nano-silver product manufacturer for
violating FIFRA, using the same statutory provisions and statutory authority outlined in this
petition. Still, EPA has also limited any proposed action 1o the “ions™ of the Samsung Washing
Machine, withoul even mentioning nanotechnology or nanomaterials. This is at odds with the
scientific studies on nanomaterials regarding their fundamentally unique properties and risks.
Thus, the agency’s regulatory stance, if not corrected, is highly controversial at best and prossly
negligent at worst.

Third, dee to the paucity of research funding on the environmental and health impacts of
nanomaterials, the passible effects on the human environment are highly uncertain; ™ given the
fundamental differences of engineered nanoparticles from bulk materials, those risks are also
quite unigue.”™ The nano-ness created capacity for fundamentally different properties and the
associated unknowns about potential adverse environmental and health impacts of
nanotechnology apply 1o both nanomaterial writ large as well as nano-silver specifically.

Finally, no LS. regulatory agency has enacted regolations governing the release and
marketing of nanomaterials. However, EPA has acknowledped that products containing

nanomaterials such as nano-silver are currenily available w consumers and fall under iis pesticide

Y% Spe moies 75-82 and sccompanying text upra.
" EPA White Paper. supra note 41, at 33 *The fundomental properties concerting the environmental fae of
namsmiberkals ore mod well anderstood [, as their are few available srudies on the environmenal fae of
nanpmnteriale. | | foodmote omitted].
"”ingj_EnI 544 (discussing, meer alin, the different behnvior of nanoparticles in water and soil, the inability o
meaningfully predict the bindegradation, bioavailability, or biowccumulation of nomematerials, and the inshility of
existing methods to detect or track nanomaterials in the environment),

95



regulation, Accordingly, EPA’s pesticide regulatory and/or policy stance on nenopesticides and
nano-silver regulation i significant and precedential.

The “presence of one or mone of these factors should result in an agency decision to
prepare an EI5.”*" 1n this case, a1 least four factors are pre:&:nt."" Accordingly, NEPA requires
EPA 1o conduct a PELS before enacting, adopting. or amending its regulations to create a
regulatory program for nano-silver pesticide regulation, and before continuing (o act under its
regulatory program on nano-silver pesticide n:gllluliun.'m

IV. EPA Must Take Immediate Action to Prohibit the Sale of the Class of
Illegal Nano-silver Pesticide Products with Unapproved Health Claims

A Both Nano-silver as an Active Ingredient and Nano-silver Products are Hlegal
Pesticide Products

Under the above statutory and regulatory framework, the nano-silver infused consumer
and household products are illegal pesticides that require registration.™™ The products easily
meet the FIFRA definition of pesticides, even a specific subset of antimicrobial p-csliﬁdns.‘m
The products are intended for such use. Their labeling illegally connotes a germ-killing
propensity without registration.*'" Even if unlabeled or if such labeling is stripped, the nano-
silver products are pesticides because manufacturers have actual knowledge of the nano-silver’s
germ killing powers and advertising has created a reasonable expectation of that use from
industry-wide ads on other nano-silver products.”''  The nano-silver pesticide used 1o treat many

consumer items is not registered for use in the items or use (or registered ot all for any use).

** Public Service Co. of Colo. v. Andrus. 825 F, Supp, 1483, 1495 (D. Idshe 1993} See Friends of the Earth, [ng. v,
Mﬁm 109 F. Supp, 2d 30, 43 (D. D.C. XK.

EL ACER & 1308 27 (h 2104051061 & (9],

J.L.I!I' 1502.40c)i3). 1508, 180 1),

o See upr) pp. 3042,

g pp- H0-38 suprd snd accompanying foottotes,

* Sor supra pp. 14-15, 32-34,
“uuun
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EPA itself lists several types of common “illegal pesticides,” including antimicrobial products
used in households:

Mauny common household products, ranging from cleansers to cutting boards,

claim to protect against bacteria. Such claims are illegal unless the product is

registered with EPA or the claim only applies to protecting the ilem itself from

damage by microorganisms, not to provide any additional health benefits. In

addition, Ihel?uunhieusnimmmeimmuﬂh:mﬁnnndh—minmmmr

treated item.*?

In this case, the nano-silver pesticide products are not registered, and the widespread
claims made include various other additional health benefits besides protecting the product itself.
These claims include claims like “sterilization benefits for over 630 tvpes of bacteria like “E,
coli, 5. Aureus, Pnewmococcus, Salmonella, Typhus, Vibria, Cholerae, etc.™; “kills bacteria in
vitro in as lintle ax 30 minutes, 2-5 times faser than other forms of silver™, “works against all
tvpes of bacteria and viruses, even killing antibiotic resistant straing as well ax all fungal
infections . . . remains potent up to [0 washes™; and “sterilize up to 99.9% of harmful bacteria,
such as colon bacilli, salmonelia, yellow staphylococeus, pseudomanas aeruginosa an
salmonella enteritidis,” See Appendix A. Further, nano-silver itself is nol registered for use on
the items or any items for that matter. Thus, the claims and products are clearly illegal,

B EPA Must Act to Stop the Sale of Hlegal Nano-silver Pesticides by All Means
Possible, Including the Issuance of Stop Sale, Use or Removal Ordery

With express limited exemptions, no pesticide products may be distributed or sold if not
rtgia.:nmd_m EPA’s statement on “illegal pesticides™ notes:

EPA is concerned about these claims because, in addition to being unlawful, they

are also potentially harmful to the public (e.g., if people believe that a product has

a self-sanitizing quality, they may become lax in their hygiene practices).
Practicing standard hygiene practices has been proven 1o prevent the transmission

‘"“EPA, liegal Pesticide Products, ai www cpugovipesticideshealtillegniproductafindes. itm
10 CFR. §§ 152.15, 152.42 (application for new registration must be approved before product may be legally
disiribated or sold),
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of harmful microorganisms and, therefore, reduce the possibility of public health
risk.

In response to the marketing of unregistered pesticide-treated products with

illegal, unsubstantiated public health claims, EPA has acted quickly and
decisively to prohibit sales of such products. It will continue to be the Agency's

policy to take action against companies that make such illegal claims.*"

In accordance with the mandates of FIFRA and EPAs own regulations and policies,
petitioners call on EPA to act “quickly and decisively™ 1o prohibit the sale of these nano-
silver products and take further actions it deems necessary against the companies making
these illegal claims,

To that end, EPA should issue Stop Sale, Use or Removal Orders (“SSURO") 1o those
manufacturers and/or distributors corrently selling these unregistered nano-silver pesticide
products, EPA may issue a stop sale, use or removal order (SSURO) under FIFRA § 13(a) to
uny person who owns, controls, or has custody of a pesticide or device that EPA has reason to
believe, inter alia, is in violafion of any FIFRA provision or has been or is intended 1o be
distributed or sold in violation of FIFRA.*® EPA may issue such orders based on only a
reasonnble belief of a FIFRA violation. According to the EPA’s FIFRA Enforcement Response
Policy, a SSURO must be issued for a number of instances, including

a pesticide for which there is reason to believe that there is a potential hazard to

man or the environmeni because: (1) they are not registered or are 50 over-

fﬂﬁulﬂad. under-formulated or adulierated as 1o present a serious health hazard
L]

RRE]

EPA, Pesticides: Topical & Chemieal Fact Sheets, Consumer Prowducts Treated with Pesticides, i

ok, ot W LOULE i TN D TN ERE TP N T o CT By oI G T )

I US.C§ 136Kk{3),

YMUS. EPA, Enforcement Response Policy for the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
(July 2. 19907 (FIFEA ERP} 1 6 (emphasis added).

a8
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EPA should 1ssue stop sale orders to the manufacturers of nano-silver products nol properly
registered as pesticides. Appendix A lists many of these illegal pesticide products and their
manufacturers.

Finally, as discussed above, there is already precedent for such actions: EPA's recent
consent agreement with ATEN Technology fining that company for unlawfully marketing and
selling unregistered nuno-silver pesticide products,*'’

V.  If Any Nano-silver Pesticide Registration is Approved, EPA Must
Apply the EPA Pesticide Requirements To Nano-silver Pesticides,
Including Requiring Labeling and Post-Registration Notification
Requirements

If approved. EPA must insure that nano-silver pesticides abide by all pesticide
requirements. The pesticide registration requirements provide EPA authority 1o require the
generation of data necessary for risk assessment on nano-pesticides; o prohibit the use of a
nuno-pesticide that is determined to present unreasonable adverse effects 10 human health or the
environment; and to condition the use of nano-pesticides to ensure that it does nol present the
threat of unreasonable adverse effects. Accordingly, when making registration decisions, EPA
should impose appropriate restrictions on the registration of a nano-silver pesticide in onder to
prevent it from causing unreasonable adverse effects. These resirictions include but are not
limited to: Registration for general use or restricted use under FIFRA Section 3(d) and 40 C.FR.
Part 152, Subpart I; Labeling restrictions under FIFRA Section 3{c5)(B) and 40 C.F.R. Part
156. (including the use of personal protective equipment, disposal restrictions, use restrictions,
etc.): Tolerances under the FFDCA Section 408 and 40 C.F.R. Part 18(; Worker protection

standards under FIFRA Section 25 a) and 40 C.F.R. Part 170; and Packaging standards under

in

Sce pp. 15-26 supm and accompanying foomotcs.



FIFRA Section 25(c)3) and 40 C.F.R. Pant 157. Further, the pesticide registration requirement
is supported by strong enforcement powers that can be exercised over unregistered pesticides
under FIFRA §8 12, 13, 14, & 19, Finally, in addition to information required to be submitted
under § 3(c)2)(B), registrants are under a continuing obligation under FIFRA § 6(a)(2) to submit
factual information regarding unreasonable adverse effects on the environment of the pesticide
whenever the registrant has such information, 7 U.S.C. § 136d(a)(2).; 40 C.F.R. § 152.125.

A, EPA Must Require Labeling of Nano-Silver Products

Registered pesticides must have EPA-approved labels, including a proper ingredient
statement, dircetions lor use, classification for restricted use, and hazard and precantionary
statements.*" In addition, all other written. printed, or graphic matter accompanying the
pesticide or any other such matter to which the label or literature accompanying the pesticide

419

refers must conform to EPA requirements.” Warnings and precautionary statements include

sratements for environmental risks, ™ such as those to non-target m‘g;nnisma.“'

For example,
silver pesticides must carry o label siating;
the pesticide [silver] is toxic to fish and aguatic invertebrates,
Do not discharge effluent containing this product into lakes, streams, ponds, estuaries,
oceans or other waters unless in accordance with the requirements of a National Pollution
Discharge Elimination System (NPDES) permit....*"
Current nano-silver pesticide products are in violation of FIFRA for their commercial
sile without proper labeling, EPA must require a unigue identifier to be commonly understood

1o designate a nano-formulation; these products need to be labeled as containing nano-silver,

"M CFR. § 156.10.
7 US.C§ 136012,
4OCFR, § 15680
M ACFR, § 15685
“* EPA, Silver RED, suprs note 162 at 5.
L



including any nano-specific environmental precautionary statements; and any other limitations
the agency saw appropriate to mandate,

B. EPA Must Require Post-Registration Notification of Adverse Effects

Registration of nano-silver pesticides places upon registranis a continuing obligation to
report to EPA any new factual information the registrant learns about unreasonable adverse
effects on the environment from the pesticide.'™ This includes information from scientific
studies, including toxicological, ecological, and human epidemiological and exposure studies, ™
Any study that suggests a pesticide may present greater risks than previously known is
reporiable. In addition, registrants imust provide information they know or should know that
EPA might regard as raising concerns about the continued registration of the pesticide or about
the terms or conditions of the registration.

This post-registration notification requirement 1s especially crucial for emerging
technologies and materials such as nanolechnologies, with rapid commercialization happening
ahead of EHS rescarch. Significant health, safety and environmental impact information on
nanomaterials and nano-silver will continue 1o appear. EPA must require nano-silver pesticide
registrants to timely provide all information refated to unreasonable adverse effects on the
environment from nanc-silver.

Further, this post-registration reporting obligation includes information related to a class
of pesticides, not just individual pesticides.”™ EPA has previously tailored post-registration

reporting requirements for certain types or classes of pesticides, such as plant-incorporated

TIUSC § 136diaM 2y O CFR. § 159,152(a): 40 C.F R, Part 159 {specifying the kinds of infornmtion reguired

o be subamitted),

1 20 CF.R. §§ 159.155(aK1), (3K 159.165; 159.170

A CFER § 15919520

 See PR Notice 98-3, “Guidince on Final FIFRA Section 6{ AN 2) Regulations for Pesticide Product Registrans”™

(Apr. 3, 1995), § X, availsble at hip:{www cpa govioppomsd VPR_Nosices/prds-3.pdf, 10
[
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protectants ' and specifically singled out genetically-engineered microbial pesticides on their
duty to report adverse effects.™ EPA should undertake similar actions for nanomaterial andfor
nuno-silver pesticides as well, to ensure the agency timely receives all pertinent data on the
impacts of these new materials in order to best inform its oversight actions.

i EPA Must Regquire Post-Registration Testing and New Dara Development

EPA should also require nano-silver registrants to develop new data post-registration.
EPA can require post-registration testing of nanopesticides under FIFRA § 3c)(2ZHB) and 4.
EPA has the authority to require regisirants conduct new studies whenever EPA determines such
data is “required to maintain in effect an existing registration of a pesticide. ™™  As new
scientific data on nano-silver emerges EPA should use its authority to ensure FIFRA s standards
are maintained. In addition, EPA should require, as part of reregistration, submission of missing
or inadequate duta, "

0o Conditional Registration

When EPA does not have enough data to make an unconditional registration
decision it may conditionally register a pesticide **' Most new pesticide registrations are
conditional “** EPA can conditionally register a pesticide for a time period sufficient to
allow the generation and submission of additional data.*™ Because of the many
unknowns about nanomaterials and nano-silver specifically, EPA should ose its

conditional registration authority.

TACFR §174.71

% 51 Fed. Reg. 23313, 23320 (June 26, 1986),
BT US.C§ 136uic)(2)(B),

7 U5.C. §136a-10d)i3),

MrusC B Palc)T).

WAMCFR §152.111

1 36alc W THC
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E Disclosure of Confidential Business fnformarion is in the Public Interess

All information concerning the environmental or health effects of a registered pesticide or
its ingredients is available for public disclosure.*™ Data submined with registrutions must be
made part of the public record and be available for public inspection.*™ In addition, EPA may
disclose confidential business information (CBI) concerning production, distribution, sale, or
inventories of a pesticide in connection with a public proceeding 1o determine whether the
pesticide cavses unreasonable adverse effecis on health or the environmeant, if EPA finds such
disclosure is necessary in the public interest."™® In the case of nanolechnology, nunomaterials,
and nano-silver products, disclosure of claimed CBI is in the public interest because of the dearth
of information on the risks of nanotechnology, The public interest is benefited from a
transparent and open dialog on the risks of any new and emerging technology such as
nanotechnology. Here, nano-silver product information would substantially enhance and inform
the public interest and EPA should require the disclosure of such information with regard 10
nano-silver pesticide products.

VI. Other EPA Actions Requested for Adequate Assessment and Oversight
of Nano-silver Pursuant to FIFRA

FIFRA grants EPA general authority to prescribe regulations 1o carry oul the provisions
of the Act,* and separate sections of FIFRA include more specific grants of ralemaking
authority. ™ EPA thus has broad powers under FIFRA to make regulatory changes as it sees

necessary to prodect public heath and the environment from the potential dangers of nano-

W|IUSLCE 138N 1),
WCFR §IS2119
=T US.CO§ 136MWdb I,
I USC § 136win)( 1)
= Sog, 0.9, TLUS.C. 8 136aic)2) A registration dutn puidelines shall be revised from time to tme); § 136((a)
{regulations for recordkecping requiremenis necessary for effective enforcement ),
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pesticides, including nano-silver products. Accordingly, in addition to the above delineated
agency actions, EPA should also use all other relevant FIFRA oversight mechanisms 1o
adequately address the potential environmental and buman health impacts of nano-silver and
determine whether nano-silver presents an unreasonable risk to man or the environment.

A EPA showld Undertake a Classification Review of Nano-silver Pesticides

EPA should underiake a classification review of nano-silver pesticides. Pursuant to its
classification procedure regulations, EPA may, by regulation, prescribe classification restrictions
relating, inrer alia, 1o a pesticide product’s composition, labeling, packaging, uses, or distribution
and sale *™ EPA may identify “a group of products having common characteristics or uses and
may classify for restricted vse same or all of the products or pses included in that gmup."“‘
Such a group c¢an be comprised of products that:

(1) Contain the same active ingredients.

(2) Contain the same active ingredients in a particular concentration range,

formulation type, or combination of concentration range and formulation type.

{3) Have uses in commion.

(4} Have other characteristics, such as toxicity, lammability, or physical

properties, in common.*'

Thus, EPA can conduct a classification review of such a group of products with the same
active ingredient, same usape, or sume characteristics in common if it deems such review

necessary to avoid unreasonable adverse affects on the environment, ™ Al of the nano-silver

products have the same aclive ingredient (nano-silver), in the same concentration range

I CER § 152160,
“ACFR. & 152184,

14 6 152 164(a).

50 CFR. § 152 168(a)-(h),


http:group.'�.wJ

(manoscale), for the same or similar use (antimicrobial effects). In this case, the environmental
impacts of nano-silver and existing unknowns warrant such a classification review.*"

Classification reviews are often conducted as part of a review of an application for a new
registration of a product containing an active ingredient not contained in any currently registered
product. ™ Nano-silver is not registered for use and is a new active ingredient. 1f the EPA
determines that & product or one or more of its uses should be classified for restricted use, it can
do so by regulation.*"

B EPA Should Undertake a Special Review of Nano-silver Pesticides

Alternatively, EPA should undertake the Special Review process for nano-silver pesticide
products.*** The purpose of Special Reviews is for the agency 1o determine whether 1o initiate
procedures to cancel, deny, or reclassify registration of a pesticide product because that product
may cause unreasonable adverse effects on the environment under FIFRA sections 3(c¥6) and
6. The Special Review procedures expressly note that even though EPA is taking review
action, the burden of persuasion that a pesticide is entitled 10 registration remains on the pesticide
product manufacturerfapplicant,**"

The EPA Administrator may conduct a Special Review of a pesticide use for 2 broad
wrray of reasons, including, inter alia:

(3) May resull in residues in the environment of nontarget organisms at levels

which equal or exceed concentrations acutely or chronically toxic to such

organisms, or a levels which produce adverse reproductive effects in such

organisms, as determined from tests conducted on representative species or from
other appropriate data,

“ See supm pp. 5891,
MACFR § 152.164(bK1).
H 40 CF.R. § 152.168c)(1).
T ACFR §§154.1-15435
SWNCFER §154.1
“SOCFR §1545
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{(4) May pose a risk to the continved existence of any endangered or threatened

species designated by the Secretary of the Interior or the Secretary of Commerce

under the Endangered Species Act of 1973, as amended.

{5) May result in the destruction or other advernie modification of any habitat

designated by the Secretary of the Intenior or the Secretary of Commerce under

the Endangered Species Act as a critical habitat for any endangered or threatened

species,

[and the catch-all provision|

(6) May otherwise pose a risk to humans or (o the environment which is of

sufficient magnitude to ment a determination whether the use of the pesticide

product offers offsetting social, economic, and environmental benefits that justify

initial or continued registration.*”
Nano-silver poses environmental risks pertaining o one or more of these types of risks sufficient
to conduct a Special Review."™ Nano-silver aimed at killing bacteria and microorganisms in or
on consumer products, homes, and other goods, when released into the environment pose
dangers o non-target species such as fish and other aquatic species. These residues may exceed
levels toxic to such organisms. In addition, many of these fish and aquatic species may be
federally protected as endangered or listed species. See Section I1I(C) infra. The current Fish
and Wildlife Service (FWS) protected species listing counts at least 258 protected relevant fish
or other aquatic species, including 139 threatened or endangered fish, 70 threatened or
endangered clams, and 22 threatened or endangered crustaceans, and 25 reptiles or mammals, ™™
Given the widespread usage and potential disposal routes, nano-silver reieases could also result
in the destruction or adverse modification of these species” habitat. Finally, nano-silver releases

miay pose other risks to humans or the environment, see supra, of sufficient magnitude to merit a

determination.

WACER § 18470

4 Bep supry pp. S8-91 and accompanying footmotes
Y Sce Appendia C; Difpfeww fvs gov 'endangered wildlile. him|#Soecies
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As pant of the Special Review of nano-silver the Administrator should, among other
duties, open a public docket for comments,™ request a Scientific Advisory Panel hold a public
meeting o review the scientific issues related to the Special Review, ™ hold hearings.*™ and
meetings with interested parties.""

C. EPA should Reguire the Submission of Nano-specific Data from Prospective
Nano-Silver Registrants

EPA should require the necessary data from prospective registrants for nano-silver
products. EPA must ensure it has all the data it needs on nano-silver necessary to perform its
risk assessments. Where data does not exist, EPA must require its development.*™ The data
requirements for registration are infended to generate data and information necessary to address
concemns pertaining (o the identity, composition, potential adverse effects and environmental fate
of each pesticide,'” Data needs include, inter alia, data on physical and chemical charscteristics
of a pesticide active ingredient, wildlife and aguatic organism data, environmental fate data,
mobility studies, accumulation studies, and hazards to nontargel urganisms-.‘“ To perform its
statutorily-mandated risk assessment for a pesticide, EPA needs information on the potential
risks and benefits of a pesticide. There are many unknowns currently about potential the human
health and environmental impact of nanomaterials, including nano-silver. “If information
required generally is not sufficient to evaluate the potential of the product to cause unreasonable

milverse effects on man or the environment, additional data requirements will be imposed. ™"

WA CER. § 154,15, 154,26,
40 CFR. § 154.25(d),
™MWCFR § 15429

W ACFER § 13477
PHOCFR. § 152011
:’jl-“}l:.F.IL § 158,130

BANCFR & 158.7%a).
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D, EPA should Amend FIFRA Regulations o Require Nanomaterial andfor Nano-
silver Specific Dara

Tao account for the unique challenges of nanomaterials and nano-pesticides, including
nano-silver products, EPA should amend its regulations to require nano-specific data for nano-
penﬂcb:ies.“ The data requirements are intended o generate the data necessary o address
concerns. FIFRA section 25(a) instructs EPA 10 "take into account the difference in concept and
usage between various classes of pesticides || and differences in environmental risk and the
appropriate data for evaluating such risk berween agriculiural, non-agriculiural, and public health
pesticides. ™' Accordingly, FIFRA gives EPA the ubility to make regulatory data requirements
for specific types of pesticide products.*™

Current data requirements for product composition, certified limits, and physical and
chemical charactenistics do not address information regarding some of the key unique properties
of nanomaterials,* For example the regulations do not require either identifying or esting the
surface area, shape, or aggregation of particles, all of which can modify cellular uptake, protein
binding, translocation, and the potential for injury. Further the regulations define threshold
limits by mass concentration rather than surface area. '™

There is well established precedent for actions amending data requirements for specific
types of pesticide products. For example, EPA has promulgated regulations that apply
specifically to testing of genetically modified microbial pesticides."™ The data requirements for

this category of pesticides differ from those typically required for ather types of pesticides,

40 CFR. Part 158 (Data Reguirements).

= 3 US.C 8 1 36w(a),

" AWCFR §I581,

"% See TULS.C. § 136aleH2NAY, 40 CFR_ Part 158,
™A CFR § 158.175(b).

“X30 CFR. §§ 172.43-.59
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E. EPA should Undertake Registration Review of Existing Bulk Silver Pesticide
Registration

A registration review decision is “the Agency's determination whether a pesticide meets,
or does not meet the standard for registration under FIFRA.™™ “Registration review is intended
to ensure that each pesticide’s registration is based on current scientific and other knowledge
regarding the pesticide, including its effects on human bealth and the environment.”™’ Silver last
re-registered in 1993 Since then, nanotechnology has come of age and a fleet of nano-silver
products have come to market and thus entered the natural environment.*” “At any time, the
Agency may undertake any other review of a pesticide under FIFRA, irrespective of the
pesticide’s past, ongoing scheduled, or not yet scheduled registration review."™"

EFPA should undertake a registration review for its existing pesticide registrations for the
active ingredient silver, in order to take in account and properly analyze the new scienlific issues
of nanotechnology and nano-silver. This review is needed not only because of the new scientific
challenges and risks created by nanotechnology and nanomaterials but also the new nanomaterial
uses and nanomaterial products, and nanomatenial created routes of exposure for humans and the
environment.

As part of the silver registration review EPA should issue a data call-in notice under
FIFRA Section 3(c2)B) to gather the nano-specific health and safety and exposure data
necessary 0 condoct the registration review, ! Additionally, as part of the registration review

472

process, EPA should: open o public docket; pssess changes since the pesticide’s last review;™

A CFR § 15557

“T40 C.FR § 155.400a)(1).

** Silver Re-negistration ERgibility Document (RED), 1993,
** Sec. c.p., suprn pp. 11-14, 66-7, B9-9()

A CER. § 1555400 1),

TADCFR § 15548, 155.53(bM 10 7 US.C. 136aicH2NB)
TTWHCFR § 15550
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“consider whether any new data or information on the pesticide ... warrant copducting new risk
assessment or & new risk/benefit assessment;” and “conduct new assessments as needed.” ¥
Any proposed hindings, revised or new nisk assessments, risk mitigation measures, and/or
labeling changes must be subject to public notice and comment."™

F, EPA should Ensure that Nano-silver Pesticide Devices Comply with
FIFRA

Some nano-silver products may qualify as a pesticide device in addition to (or
instead of) classification as a pesticide. A pesticide device is defined as

Pesticide Device: any instrument or contrivance (other than a firearm) which 15

imended for trapping, destroving, repelling, or mitigating any pest or any other

form of plant or animal life (other than man and other than bactera, virus, or

other microorganism on or in living man or other living animals). "™

In general, an article is a device if it uses physical or mechanical means (as opposed 1o
chemical or biological agent) to control a pest. Some of the nano-silver products in Appendix A
contain not only nano-silver intended to prevent and destroy pests, but also a mechanism such as
a filter, coating, or other process where the product itsell is intended to trap or mitigate pests,’”
The possible “co-packs™ nol only contain nano-silver, but also are items capable of trapping or
repelling the microorganisms that come into contact with them.

Nano-silver products properly classified as devices are still subject to FIFRA
regulation. Devices are subject to FIFRA labeling requirements.””" They are also subject

to establishment registration requirements, record requirements, inspection requirements,

T ACFR §155.5Ma-b)

40 CFR. 35 155.53(c), 155,58,

27 U.5.C. § 136dh); 40 C.F.R. Pan 152, Subpan Z {Devices).

T US.CE 136K

TTTUSC § 136wicyd): 40 CFR. § 152500064 1), Part 156 (labeling requirementsi; 7 LLS.C. § 136ig) 1}
imishranded definition).
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import and export requirements, and child-resistant packaging requircments.’™ Devices
are subject to FIFRA's violation, enforcement and penalty |:|'|1:1|wi::imr:f"'iI

Accordingly, if EPA determines that one or more of the nanosilver products ane
properly classified as pesticide devices rather than pesticides, the agency should ensure
eich complies with FIFRA's pesticide device requirements, including accurate labeling.

tr. EPA should Set a FFDCA Tolerance for Nano-silver

In addition to direct oversight and regulation of pesticides, EPA regulates pesticide
resicdues in food and animal feed. EPA cannot register a pesticide under FIFRA uniil the
applicant has obtained the necessary tolerance or exemption under the FFDCA. Under § 301,
FFDCA prohibits the shipment in interstate commerce of “adulterated food.™™ Under FFDCA §
402(ap2)B), a food is considered adulierated if “'it bears or contains a pesticide chemical residue
that is unsafe” within the meaning of § 408(a)."'  Section 408(a) provides that a pesticide is
“unsafe” (und the food containing it adulierated) unless EPA has established a tolerance for the
pesticide and the pesticide residue 15 within that tolerance; or EPA has exempted the pesticide
from the requirement for a tolerance. ™™ No food containing any pesticide residue can be
introduced into commerce unless the amount of the pesticide residue is within the prescribed

tolera IE'IE.‘“"‘

A0 CFR. §8 152.5006b); 7 U.S.C. §§ | 36e (registration and reporting of establishments), 136§ (books and
records), 136g (inspection of estshlishmenis), 1360 (imports and exports), | 36w(ci3) (child-resistant packaging).
40 CFR. §§ 152.5000b); 7 U.5.C. §§ 136] {untawful acts), 136k (stop sale, awe, removal, and scirure), 1361

{Eslﬁmﬂl.
11 USLC § 331

3 US.C § MUaN2NB).
S 21 US.C. § 3dbaiapl)
“ 21 US.C § 33l
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A “tolerance™ is the maximum level of a pesticide residue that may be present in food or
animal feed; ™ it is established by substantial testing demonsteating that it meets statutory
standards for safety.’™ The statutory standard of “Safe” is defined as a “reasonable certainty that
no harm will result from the aggregate exposure to the pesticide chemical residue, including all
anticipated dietary exposures and all ather exposure for which there is relisble information,™**"
Section 408 of the FFDCA and its regulations layout the procedures for the establishment of a
tolerance and factors to be considered by the agency, which can be begun with the filing of a
petition 1o establish a tolerance. "’

Alternatively to a tolerance, EPA can register a pesticide if an applicant obtains an
“exemption™ from the tolerance requirement if EPA determines that there is o “reasonable
certainty that no harm will result from aggregate exposure to the pesticide chemical residue.”™™
However such an exemption would be arbitrary and capricious given the information provided in
this petition,

2, In o1 1o Regisier Mano-silver Pesticides EPA Must Set a Nano-silver

Tolerance

EPA establishes tolerances and exemptions for specific chemicals not products,™ Silver
is not registered for use on food or feed crops or for use on processed commodities."™ There is
no tolerance for silver or exemptions from the requirements of a tolerance. In the Silver RED,
EPA concluded that “Silver is a natural element and trace amounts are normally present in the

human diet.” EPA further concluded that only “minimal dietary exposure may resuli from the

MAUUSC § 6.

10 346aibi N A).

1L § 3abalb) 2 A,

" 1l § 346aldi] ),

UL § 3balc)(2HA)L

"I CFR, § 15211208,

! EPA, Silver RED, supra note 161 at 3.
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use of silver in human drinking water systems. EPA does not anticipate that dietary exposure to
these low levels of silver will be associated with any significant degree of risk,”™"

In sharp contrast, the recent explosion of nanosilver consumer products presents much
higher human exposures, See Appendix A. These exposures are dietary through colloidal silver
“health” drinks. Pesticides can reach food or feed several different ways, including by the
migration of pesticidal chemicals from containers or processing equipment. Nano-silver is being
used in a number of food-related products, including storage containers, cutting boards, cutlery,
baby bottles, refrigerators, food and produce spray cleaners, wothbrushes, and dietary
supplements. See Appendix A. While the nano-silver is in a “fixed” matrix in some products, it
15 unknown how and if they will migrate to food. Given their close proximity to food by many
different products it seems likely that they the nano-silver particles will cause aggregate
contamination and ingestion by the public, creating an internal build-up of the nanomaterial
within the body before the toxicological effects of the nanomaterial are fully known, For
example, the effect of organs storing nano-silver over a long period of time is unknown. Nano-
silver could also interfere with beneficial bacteria in the gut.

Moreover, these nano-silver exposures are also occurring as skin-contact exposures. The
statutory stundard of “Safe” is defined as a “reasonable certainty that no harm will result from
the aggregate exposure to the pesticide chemical residue, including all anticipated dietary
exposures and all other exposure for which there is reliable information.™ Many nano-silver
products will create direct and indirect skin exposures. These nano-silver products include
personal care products, hair products, soaps, various cleaning products, detergents and sofleners,

clothing, pillows, bandages. and shoving accessories. See Appendix A. Nano-silver clothing in

iRl E.
W21 LSO 5 MealbX AN,
113


http:risk.'.49

particular will be in direct contact with skin over prolonged periods of tme. EPA must assess
the safety of these materials with regard to these exposures as well when setting a tolerance for

nano-silver.

CONCLUSION

EPA has said that “in response o the marketing of unregistered pesticide-treated products
with illegal, unsubstantiated public health claims, EPA has acted quickly and decisively to
prohibit sales of such prodocts. It will continue o be the Agency's policy to tike action against
companiés that make such illegal claims.™™ Yet with one recent exception EPA has not acted to
prohibit the widespread sale of illegal nano-silver pesticide products, including products with
false and misleading claims. Instead, EPA has taken action only with regard to a limited
category of these substances ("ion machines™) while still permitting them to remain on market
and expressly denied that its action in any way was related to nanotechnology or nanomaterials.

Petitioners urge EPA 1o act to remedy these failings in a timely fashion. EPA has
jurisdiction over and a continuing statutory obligation to regulate nano-silver pesticide products.
EPA has set precedent already for this with its action and consent agreement with IOGEAR Inc.
Yet EPA has thus far denied its actions are even nanotech-related, or that oversight measures are
needed 1o account for nanomaterials’ regulatory and testing challenges, including those of nano-
silver pesticide products. In general, there is currently a vacoum of regulation in the field of
nznitechnology and nanomaterials. Indusiry has no guidance regarding the classification of
these nano-silver products. ™ This legal petition provides both the blueprint for EPA"s needed

regulatory actions with regard 1o nano-silver and the legal impetus to take those actions. In

"oy W Epa eol peshicuiesilacisheessiregian i

™ Gow v, Feder, New Device for Germophobes Buvis Into Old Law, NEW YorE TIMES, March 6, 2008
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addition, FIFRA grants EPA general authority to prescribe regulations to carry out the provisions
of the Act,* and separate sections of FIFRA include more specific grants of rulemaking
authority. ™ EPA thus has broad powers under FIFRA to amend its regulations as it sees
necessary (o protect public heath and the environment from the potential dangers of nano-silver.

Specifically, petitioners requests EPA take the following actions with regard to nano-
silver pesticides:

PETITIONERS REQUEST THAT THE EPA ADMINISTRATOR UNDERTAKE THE
FOLLOWING ACTIONS:

L Classify Nano-silver As a Pesticide and Require the Registration of Nano-silver
Products as Pesticides

IL Determine That Nano-silver is a New Pesticide That Reguires a New Pesticide
Registration

M.  Analyze the Potential Homan Health and Environmental Risks of Nano-silver

A Pursuant to FIFRA, Analvze the Potential Human Health and Environmental
Impacts ax Part of the Nano-silver Pesticide Registration Process

B Pursuani to the FOQFA, Assexs the Potential Impacts of Nano-silver Exposures on
Infants and Children and Ensure that No Harm Will Result From Aggregate

Expasures

' Compliance with the ESA, Including Undertaking Consuliation Procedures
In Accordance with ESA § 7 for Any EPA Actions, Activities, or Programs
Impacring Nano-silver Oversight

D. Compliance with NEPA, Including Assessing the Human Health and
Environmental Impacts of EPA’s Current and Future Actions or Programs
Reparding Nano-silver, Including Completing a Programmatic Environmental
dmpact Staremens

IV. Take Regulatory Actions against the Class of Nano-silver Products Illegally Sold
Without EPA FIFRA Approval, Including Issuing Stop Sale, Use or Removal
Orders for lllegal and Unlabeled Nano-silver Pesticide Products

" 'I'U 50, & 136wdiak )
™ See e, TUS.C. § 136ac)iZ)iA)Kregisration data guidelines shall be revised from time o time): § 1368a)
{regulations for econdkeeping requirements necessary for effective enforcement),
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V. If any Nano-silver Pesticide Registration is Approved, Apply and/or Amend to
Specifically Apply the FIFRA Pesticide Requirements to the Class of Nano-silver
Pesticides, Including

Labeling

Post-Regisiration Notification of Adverse Effects
Post-Registration Testing and New Dara Development
Conditional Registration

Confidential Business Informarion

Bl

VI.  Take Other EPA FIFRA Actions Necessary for Adequate Oversight of Nano-silver
Pesticides, Including:

Undertaking a Classification Review af Nano-silver Pesticides
L'ndertaking a Special Review of Nano-silver Pesticides
Requiring the Submission of Nano-specific Data from Nano-silver
Regisiranis '
Amending FIFRA Regulations 1o Reguire Nano-Specific Diarg
Registration Review of Existing Bulk Silver Pesticide Registration
Regulate Nano-silver Devices

Set a Pesticlde Tolerance for Nano-silver

b 1o =

N A

In accordance with the APA, petitioners request that EPA provide an answer to this

petition within a reasonable Limﬂ_m

Respectfully submitted,

George A. Kimbrell
Staff Attorney
International Center for Technology Assessment

Joseph Mendelson 1
Legal Director
International Center for Technology Assessment

*75 USC. § 555(b) (“TWlithin o reasonable time, ench agency shall procesd 1o conclude & matter presented tn it.”)
il § TOB{1) (The reviewing coust shull ... compel agency action anlawfully withheld or unreascnably delayed “);
id. § 535(c) ("Prompt aotice shall be given of the denial in whole or in part of 8 writien application, petition, or
other request of an interested person masle in connection with any agency procesding.” ).
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EXECUTIVE SUMMARY

Legal Petition Challenges EPA's Failure to Regulate Environmental and
Health Threats from Nano-Silver

On May 1, 2008, the International Center for Technology Assessment (CTA) and
a coalition of consumer, health, and environmental groups filed a legal petition with the
Environmental Protection Agency (EPA), demanding the agency use its pesticide
regulation authority to regulate numerous consumer products now using nano-sized
versions of silver. The petition is the first legal challenge to EPA"s failure to regulate
nanomaterials, Nano-silver is the most common commercialized nanomaterial.

Nanatechnology and Nano-silver Products have arrived

Nanotechnology takes apart and reconstructs nature at the atomic and molecular
level. Nanotechnology and products containing manufactured nanomaterials have arfived
and represent the crest of o product wave spanning many industnes, Hundreds of
consumer products composed of manufactured and engineered nanomaterials are now
widely available. The largest percentage of the currently known commercial
nanomaterial products are infused with forms of nanoparticle silver (“nano-silver™) for ils
nano-enhanced ability 1o kill microorganisms and bacteria.

The Producis

The petitioners discovered no fewer than 260 self-identified nano-silver consumer
products being sold in the U.S. The products listed in the petition’s appendix include: air
and water purifiers and filters; bathroom, kitchen and multipurpose cleaning sprays and
wipes, children’s toys, baby bottles and infant products; laundry detergents and fubrc
softeners; food storage containers, cutlery, and cutting boards; numerous types of
clothing including underwear, socks, shirts, outerwear, gloves and hals; various fabrics
and fibers; soaps, personal care and hair products; pet accessories; refrigerators and
washing machines; computer hardware; ingestible “health™ drink supplements;
nutomobile products; and powdered and liquid nano-silver in bulk form. The products
come from the U.S., the UK., Canada, Korea, Japan, Taiwan, China, New Zealand, and
Germany.

The nano-silver products make broad claims about the power of their nuno-silver
ingredients, such as: “eliminates 99% of bacteria™; renders material “permanently anti-



microbial and anti-fungal™; “kills approximately 650 kinds of harmful germs and viruses™
and *kills bacteria in as lintle as 30 minutes, 2-5 times faster than other forms of silver.”

The Environmental and Human Health Risks of Nano-silver

The same property that makes these nanomaterials antractive to manufacturers—
their highly enhanced antimicrobial action—can be highly destructive to the environment
and raise serious human health concems. Even in bulk form, silver is toxic to fish,
aquatic species and microorganisms and a 2005 study found that nano-silver is
approximately 45 times more toxic than standard silver. In addition, nanomaterials such
a5 nano-silver exhibit remarkably unusual physical, chemical and biological properties.
such as the ability to be harmful in new ways. Impacts are occurming through use and
disposal: A 2008 study showed that washing nano-silver socks releases substantial
amounts of the nano-silver into the laundry discharge water, which will ultimately reach
natural waterways and ecosystems and potentially poison fish and other aguatic
organisms, Another 2008 study found that releases of nano-silver destroy benign bacteria
used in wastewaler treatment.

Many of the nano-silver infused products are for children (baby bottles, woys,
stuffed animals, and clothing) or otherwise create high human exposures (cutlery, food
containers, paints, bed sheets and personal care products) despite very little study on
nano-silver's potential human health impacts. Studies have questioned whether
traditional assumptions about silver’s safety are sufficient in light of the unigue properties
of nano-scale matenials. Potential health risks from nano-silver’s widespread use also
mclude increased bacterial and antibiotic resistance and risks created by nanomaterials’
unprecedented mobility in the body.

EPA's Failure 1o Act

Concems over nano-silver were first raised by national wastewater utilities in
early 2006. Their concerns were highlighted by one then-new nano-silver product,
Sumsung’s Silvercare Washer, which releases silver ions into the waste stream with every
wash, In response, the media reported in November 2006 that EPA would regulate nano-
sifver products as pesticides. One year later, EPA published a guidance covering only the
Samsung washer and allowed it to remain on the marketr. EPA denied that this puidance
was “an action 1o régulate nanotechnology.™

The Peiition

Despite this nano-silver product explosion and its associated environmental and
health risks, EPA has yet 10 take any meaningful regulatory action. The petitioners
present both a legal blueprint and impetus to take such needed oversight sction.

First, the petition calls on EPA to amend its regulations or otherwise act to clarify
that nano-silver is a pesticide and those products incorporating it are pesticide products
that must be registered, approved by the agency, and labeled prior to marketing. Nano-



silver meets the pesticide law's {(FIFRA) definition of a pesticide because it is a highly
efficient antimicrobial or antibacterial agent and is intended to be used for that purpose.
EPA should clarify that pesticidal intent and public health claims can be both implicit and
explicit and that manufacturers cannot avoid pesticide classification simply by stripping
their products of labeling, a potential loophole several manufacturers have already
exploited.

Second, the petition calls on EPA 1o clarify that nano-pesticides, such as nano-
silver products, are new pesticide substances that require new pesticide regisirations, with
nano-specific toxicity data requirements, testing and risk assessments, Nano-silver must
be classified as a separate substance than macro-silver based on the nanomaterial's
capacity for fundamentally unique and different properties and because nano-silver many
new antimicrobial uses are not previously registered silver uses.

Third, EPA must assess the potential human health and environmental risks of
nano-silver. These assessmenls nre required by and must comply with FIFRA, as well as
the Food Quality Protection Act (FQPA), the Endangered Species Act (ESA), and the
National Environmental Policy Act (NEPA). As part of this assessment, EPA should
analyze all existing scientific studies as well as require manufacturers to provide all
necessary additional data on nano-silver. Pursuant to FQPA, EPA must assess the
poiential impacts of nano-silver on children and infants and ensure that no harm will
result from aggregate exposures. Additionally, EPA must ensure that ils activities
regarding nano-silver comply with the ESA and the protection of endangered and
threatened species. Finally, EPA must comply with NEPA by ensuring that it assesses
the environmental impacts of its actions regarding nano-silver pesticide products.

Fourth, EPA should take immediate action to prohibit the sale of nano-silver
products as illegal pesticide products with unapproved health benefit claims. The nano-
silver consumer products currently on market are in clear violation of FIFRA's mandates.
To this end, EPA should isspe Stop Sale, Use or Removal Orders or other enforcement
penalties or actions o those manufacturers andfor distributors currently selling these
unregistered nano-silver pesticide products.

Fifth, should EPA after ngorous assessment approve any nano-silver products as
pesticides, the agency must fully apply its pesticide regulations to any registered nano-
silver pesticides. FIFRA's pesticide registration requirement instills with EPA the duty
to prohibit, condition, or allow the manufacture and use of nanomaterials in nano-
pesticides and prescribe conditions for manufacture or use, These include: requiring
mino-specific ingredient and warning labeling; applying conditional registration; applying
requirements for post-registration notification of adverse impacts; applying post-
registration testing and new data development; and requiring the disclosure of all
information concerning environmental and health effects, including confidential business
information.

Finally, EPA should use its FIFRA authority to further review the potential
impacts of pano-silver, including: undertaking either a Classification Review or a Special



Review of nano-silver pesticides; amending the FIFRA regulations to require the
submission of nanomaterial and/or nano-silver specific dats; completing a registration
review of existing silver pesticides; regulation of nano-silver pesticide devices; and the
setting of a Federal Food Drug and Cosmetic Act Tolerance for nano-silver.

Relief Reguested

Should EPA grant the petition, the result would be that nano-silver is classified as
il new substance and nano-silver products regulated as new pesticides. That would
require current and future nano-silver products to undergo mandatory EPA pre-market
approval. Current products would have o be removed ontil and unless they received
EPA approval. Approval would only occur if the agency found the products did not
create an unreasonable risk to the environment. EPA would also have to assess nano-
silver's potential impacts on human health, particularly on children and infants, and on
the environment, particularly on endangered species and their habitat. EPA would
require manufaciurers (o submil any needed data about the nanomaterials and current
EHS unknowns 1o conduct its assessments. If any of the nano-silver products were
approved and regisiered as pesticides, their use would be conditioned as necessary 1o
protect the environment and human health, incloding the use of warning labeling. EPA
would also amend its regulations to require nano-specific data, testing. and risk
assessments for nanomaterial pesticide products.

The Petitionery

Joining the CTA petition are: the Center for Food Safety, Beyond Pesticides,
Friends of the Eanth, Greenpeace, ETC Group, Center for Environmental Health, Silicon
Valley Toxics Coalition, Institute for Agriculiure and Trade Policy, Clean Production
Action, Food and Water Waich, the Loka Institute, the Center for Study of Responsive
Law, and Consumers Union.

CTA

CTA is a non-profit, non-partisan organization committed to providing the public
with full assessmenis and analyses of tiechnological impacts on society. CTA works
towards adequate oversight of nanotechnology through its Nanotechnology Project,
NanaAction, weww.nenoaction org

CTA’s uses a variety of legal and policy tools to fulfill its mission, including
administrative law petitions. This is the second legal action CTA has filed on the health
and environmental risks of nanotechnology: in May 2006 CTA filed a legal petition with
the Food and Drug Administration (FDA), calling on that agency to address the human
health and environmental risks nanomaterials in consumer products, particularly nano-
cosmetics and neno-sunscreens.
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on the proposed conditional registration of a pesticide product
HeiQ) AGS-20, containing nanosilver

Daocket ID & EPA-HQ-OPP-2009-1012

I. Background

EPA is proposing to conditionally register a pesticide product containing nanosilver as a new
active ingredient for a period of 4 years. The antimicrobial pesticide product, HeiQ AGS-20, i a
silver-based product that is proposed for use as a preservative for textiles. As a condition of
registration, EPA is proposing to require product chemistry, toxicology, exposure, and
environmental data. The data requirements are based on the regulations governing the
registration of pesticides and on a November 2009, independent consultation EPA held with the
Federal Insecticide, Fungicide. and Rodenticide Act (“FIFRA”) Scientific Advisory Panel (SAP).
In its final report. the SAP addressed a number of questions associated with assessing the hazard
of and exposure to nanosilver and other nanoscale metal-based p:iir.idi:-s.'

The Agency states that it “will evaluate these data as they are submitted during the period ol the
conditional registration to confirm the product will not cause unreasonable adverse effects 1o
human health and the environment.”™ {Decision Doc at 4)

On August 12, 2010 EPA issued a 36-page Proposed Decision Document for the Registration of
HeiQ) AGS-20 as a Materials Preservative in Textiles which is available in the docket as [D#
EPA-HO-OPP-2009-1012-0014. Unless otherwise indicated, references are 1o this Decision
Document.

In its Proposed Decision Document. EPA determined that *“the nanosilver active ingredient in the
product differed from currently registered silver-based antimicrobial products™ and thus, “EPA
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reclassificd the application under the PRIA [Pesticide Registration Improvement Act] as one
invalving a “New Active Ingredient Registration™ (Decision Doc at 4).

IL Summary of comments

NRDC opposcs registration of nanosilver, because its usc as an antimicrobial in textiles may
cause “unreasonable adverse effects on the environment.™ Specifically, its use will result in
human exposures and environmental releases which are likely to cause harm to beneficial
microbes and other unintended targets; the impacts of these risks have not been evaluated. EPA
acknowledges that it “lacks information to conduct a complete assessment of the potentiaf risks
to human health and the environment associated with the use of AGS-20." and so EPA
determined that “more extensive product chemistry, toxicology, exposure, and environmental
data are necessary.” (Decision Doc at 3, 36, Appendix A). EPA therefore may not lawfully
register this pesticide. Regrettably, despite this extensive and significant lack of data, rather than
denying the registration until the data is submitted and reviewed, EPA is proposing to require
these studies as a condition of registration. (Decision Doc at 3).

NRDC is opposed to the conditional registration. In general. we are concerned that conditional
registrations, representing two-thirds of current product registrations, have been overused,
possibly as a way for registrants to gain rapid market access while delaving, or even avoiding,
the data requirements for product registration. But more specifically, EPA has failed to show
that AGS-20 satisfies the conditions under which a conditional registration may be granted.
First, the registrant for AGS-20 has failed 1o submit data that EPA regulations specifically
identify as required to register an antimicrobial pesticide. These data requirements are clearly
Inid out in the Code of Federal Regulations. The registrant does not need and is not entitled 1o an
additional period of time to generate the data because these are not supplemental requirements —
they have always been required by EPA. Second. EPA has failed to show that registering it will
not cause any unreasonable adverse effect on the environment. these uses, in addition to offering
no measurable or documented benefits to the public, are likely to lead to occupational inhalation
exposures, incidental dermal and oral exposure to children wearing treated clothing, and releases
of silver ions o the environment. Silver ions are well-known to have non-specific microbe-
Killing activity, threatening beneficial microbes on cur bodies as well as in the environment.
Third, EPA has failed to show that conditional registration of AGS-20 is in the public interest.
Therefore, the proposed registration of AGS-20 is a misuse of EPA’s authority and is likely to
lead to unsafe exposures to consumers and the environment. Instead of giving AGS-20 market

access, EPA should be reining in companies that are marketing unregistered and therefore illegal
nanosilver pesticide products.

Hl. Summary of silver toxicity and regulation: need for stringent registration review of
nanosilver

Silver metal is a well-recognized non-specific antimicrobial metal. Silver ions (positively
charged atoms, Ag+) are more toxic to aquatic organisms than any other metal except mercury.’
Silver is toxic, persistent in the environment, and has the potential to bioaccumulate in ocean
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plants at concentrations 10,000 to 70,000 times higher than in the surrounding sea water. * ts
historical use in developing film for traditional photography proved that the release of silver into
the waste stream is deadly for aquatic biota. Silver is acutely toxic 1o aquatic organisms at
exquisitely low concentrations, as low as 50 ng/L (parts per trillion, ppt); a study in fish embryos
reported toxicity down to 10 ng/L.* Because of its extreme toxicity o aquatic organisms,
discharges of silver effluent into lakes, streams, ponds, or any public water is subject to National
Pollutant Discharge Elimination System permit restrictions, and any water that has been treated
with silver pesticide cannot be discharged into the sewage systems without first notifying the
sewage trestment authorities.”

EPA’s 1993 Reregistration Eligibility Decision (RED) for silver notes that in humans when it is
inhaled or ingested, it can be absorbed from the lungs and the gastrointestinal tract into the blood
stream, where it causes a permanent skin discoloring condition called argyria,” * The oral
reference dose, considered the acceptable daily intake limit over a lifetime, established by EPA
in 1991 for silver is 0.005 mg'kg/day.

Manosilver, or silver nanoparticles, are made up of clusters of silver jons. Silver nanoparticles are
intentionally engineered to release silver ions, which is the mechanism of their enhanced
microbe-killing activity. In addition to releasing more antibacterial jons, silver nanoparticles
appear to be able to penetrate into cells better than silver, or possibly. 1o deliver ions directly into
cells. These are believed (o be the properties that make nanosilver a much more efficient
antimicrobial than silver, and much more toxic.” In cultured mouse sperm stem cells, a 48 hr
treatment of nanosilver (15 nm diameter) was 45-fold more toxic than silver carbonate (ECS0 of
8.75 v 408 ug/ml) in a concentration-dependent manner; nanosilver was the most toxic of the
nanomaterials tested, and drastically reduced mitochondrial function and cell viability,"” The
Scientific Advisory Panel (SAP) in its 2010 report noted several major differences between
silver and nanosilver that were likely to result in a distinct hazard profile for nanosilver.
However, the SAP noted that there are no studies that are definitive regarding a comparison of
silver and nanosilver toxicity, and more research is required. '’ The SAP repon therefore
provides an argument against the actions EPA is proposing here, to pul nanosilver on the market
essentinlly untested, with an inadequate hazard datzbase, while knowing that it is likely to be
more hazardous than silver.

IV. Specific comments

A EPA has not satisfied the requirements for granting AGS5-20 a conditional
registration

FIFRA allows EPA to grant conditicnal registrations for active ingredients not contained in
currently registered pesticides

for a period reasonably sufficiemt for the generation and
submission of required data (which are lacking because a period
reasonably sufficient for generation of the data has not elapsed
since the Administrator first imposed the data requirement) on the



NROC cormments Docket 1D OPP-2009-1012

condition that by the end of such period the Administralor receives
such data and the data do not meel or exceed risk criteria
enumerated in regulations issued under this subchapter, and on
such other conditions as the Administrator may prescribe. A
conditional registration under this subparagraph shall be granted
only if the Administrator determines that use of the pesticide
during such period will not cause any unreasonable adverse effect
on the environment, and that use of the pesticide is in the public
interest.?

EPA proposes to grant the conditional registration for AGS-20 claiming that insufficient time has
elapsed for the generation of data since the requirement fior that data was imposed: use of the
pesticide during the period that the newly required data is being developed and reviewed by the
Agency will not cause unreasonable adverse effects: and use of the pesticide is in the public
interest, {Decision Doc at 3) However, EPA has misapplied the standard and failed to make the
requisite showing to grant a conditional registration.

I} The registrant has had sufficient time to generate and submit required daa

FIFRA allows EPA to grant conditional registrations of active ingredients not contained in any
currently registered pesticides to allow registrants to generate and submit required data."
However, that data can only be lacking “because a period reasonably sufficient for generation of
the data has not elapsed since the Administrator first imposed the data requirement.” (emphasis
added). As further explained in the regulations

EPA will not approve an application for conditional registration of
a pesticide containing an active ingredient not contained in any
currently registered product unless data required by this part are
available for EPA 1o review except for:

(i) Those data for which the requirement has been waived.

(if) Those data for which the requirement was imposed so
recently that the aElplir:am has not had sufficient time to
produce the data.’

EPA regulations specify the types of data and studies that are required for EPA 1o evaluate the
risks or benefits of a product having a particular use pattern.”” Some studies are abso lutely
required. such as genetic toxicity studies, which are used to screen chemicals for mutagenic or
carcinogenic potential. '

Other studies are conditionally required.'’ 17 certain conditions apply, then the conditionally
required studies must also be submitted. The burden is on applicants 1o evaluate those conditions
1o determine whether or not conditionally required data musi be submitted as indicated by the
conditions and eriteria specified™ in the regulations."” For example, a 90-day inhalation toxicity
(rat) study is required if use of the pesticide product may result in repeated inhalation exposure at
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a concentration likely to be toxic.” A 21-day dermal toxicity (rat) study is required if the
intended use of the pesticide product is expected 1o resull in human exposure via skin contact.™

In this case, EPA proposes conditionally registering AGS-20 and identifics a list several pages
long of studies that the registrant will need to submit during the conditional period. EPA
explains that the conditional registration is appropriate because it only recently reached a
position about what types of data are needed to evaluate the potential risks to humans and to the
environment.”'

EPA has misapplied its authority to grant conditional registrations under FIFRA. Only when a
data requirement is “first imposed” so recently that a registrant is unable to generate the data in
time for the registration application may EPA grant a conditional registration. For example,
there are situations where EPA may require addithonal information be provided because those
data specified in the regulations are insufficient to permit EPA to evaluate the product.™ When
that new information is requested, a registrant should be given sufficient time to generate the
data. That, however, is nol the case here. In many instances, this application is completely
missing data that are specifically required by the regulations and which are not new
requirements.

For example, genetic toxicity tests are absolutely required under 40 CFR §161.340a). The
Decision Document indicates that there are “No Data™ from genetic toxicity tests, which are used
to determine whether the product is a potential mutagen or carcinogen. These tests have been
required since the regulations were first established in 1984, * As such, all registrants have had
over 25 years of notice that EPA has imposed this requirement, which is more than “sufficient
for generation of the data.,..”™" It is a violation of FIFRA to allow registration of this product in
the complete absence of these required data.

The missing conditionally required data also mean that the conditional registration cannot be
granted. For example, the application is missing, infer afig, two conditionally required studies:
90-day inhalation toxicity data and 21-day dermal toxicity data. The applicant should have
known that these conditionally required studies must be completed and submitted based on the
notes in the regulations. ** ** First, the formulation of AGS-20 as a powder will cause
occupational inhalation exposures during handling during textile treatment and during
manufacturing of clothing. It is reasonably foreseeable that inhalation exposure would occur (the
conditkon requiring a 90-day inhalation toxicity test), and the registrant should have submitted
that data. Second, the use of this product on clothing means that consumer dermal exposures
could occur while wearing treated textiles. Again, this is a reasonably foreseeable oocurrence,
and should have been considered by the registrant. The registrant has the burden of identifying
that these conditional data must be submitted. These are not new data requirements. The
registrant’s failure to provide these data in the application means the registration cannot be

granted.
2) AGE-20 may cause “wareasonable vdverse effects on the environment "

To grant a conditional registration, EMA must also determine that ~use of the pesticide during
such period will not cause any unreasonable adverse effect on the environment.™ 7 1L.5.C,
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§136alcTHL). Such a determination includes any “unreasonable risk to man or the
environment. taking into account the economic, social, and environmental costs and benefits of
the use of o pesticide.”™ 7 ULS.C. $136(bb). EPA cannol make such a determinglion for AGS=20.

For Hei) AGS-20 products, EPA has already properly determined that both dermal and
incidental oral exposures will occur to consumers, and particularly children, through wearing
treated clothing and mouthing of treated clothing (Decision Doc, App A at 10). NRDC agrees
that people wearing treated clothing will have dermal contact with the chemical, and that some
mouthing of the material is highly likely to occur with infants and young children who come into
contact with the clothing, either on themselves or a parent, sibling. etc. The special
considerations of the impact of these exposures on children and infants must be incorporated into
FPA's assessment of these unigue materials. Because EPA has failed to consider or evaluate
these exposurcs, the Agency may not make the required safety finding under FIFRA.

When considering life-stage related sensitivities to nanoparticle toxicity. the elderly also
represent a vulnerable subpapulation. The EPA-funded study by Gordon et al (2008) found a
significant difference in the toxicity of inhaled zinc mnanoparticles on young versus old mice
which varied depending on the inbred strain of mice. The ald (8-12 months) mice were more
sensitive than the yvoung (2-3 months) adult mice in three inbred strains, but the opposile was
true in the BitBr strain. ©° These data sugpest that age-related sensitivity and genetics may be a
very significant factor in the toxicity of inhaled metal nanoparticles like zinc and silver, which
EPA unlawfully failed to consider it its assessment of Hei() AGS-20."

Aggregation of nanosilver is likely to be a significant influence on toxicity, which the SAP noted
in its report (SAP at 10), An EPA funded study by researchers from the New York University
Nelson Institute of Environmental Medicine (Gordon et al, 2008) exploring the role of particle
agglomeration on nanoparticle toxicity reported that particle composition as well as size affected
toxic properties.”™ The researchers tested inbred BALB/c mice exposed by inhalation. Inhaled
freshly generated carbon nanoparticles (1 1-60 nm range) produced much greater lung
inflammation than the larger-sized aged carbon nanoparticles (150-250 nm). Under identical test
conditions, copper and zinc nanoparticles showed less of a difference between fresh and aged,
bst both metals produced 3-fold more inflammation and lung injury {measured by protein) than
carbon nanoparticles, demonstraling particular concerns with the toxicity of agglomerated metal-
based nanoparticles. These effects seemed to override size differences, because even the larger-
sized aged and agglomerated copper nanoparticles (approximately 200 nm diameter) produced
significantly more lung inflammation than freshly generated carbon nanoparticles of a
comparatively smaller size (1 1-60 nm). This demonstrates the exquisite immunotoxicity
potential of metal-based nanoparticles like copper, zing, and silver. Other published studies by
independent scientists have also identified inflammation and immunotoxicity as a very sensitive,
possibly the most sensitive endpoint of toxicity for metal-based nanomaterials including
nanosilver.™ EPA unlawfully failed to consider imm unoloxicity in its assessment of HeiQ) AGS-
20, and therefore may not make the required safety finding under FIFRA.

3} Ulse pf the pesticide is not in the public s imteresi,
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In order to grant a conditional registration, EPA must also determine that use of the pesticide is
in the public interest.” EPA has sided with the registrant that the registration of this product
benefits the public based on four points: 1) conservation of the environment, 2) consumer
benefits, 3) market equity and international trade, and 4) innovation. (Decision Doc 28-30) EPA
provides no actual economic calculations or numerical data 1o support its finding for any of these
points. Rather, the determination is based on supposition, conjecture, untested assumptions, and
unproven claims. EPA also entirely ignores the public interest in not registering AGS-20 before
its safety has been established, as required by law.

For the first claim, EPA notes that silver is already a registered pesticide, and that compared with
normal-scale silver, the volume of silver in HeiQ's product is reduced. EPA argues that by
making nanosilver available, less overall silver (by mass) will be released into the envircnment
(Decision Doc at 28-29). This argument is false logic, a red herring, since nanosilver is much
more potent (effective) — that is, less nanosilver kills more microbes. While AGS-20 may
possibly lead to  reduction in the overall mass of silver released into the environment, its killing
potential is greater and therefore the potential for environmental damage and non-target impacts
is greater. In fact, the SAP noted in its 2010 report that the rate and concentration of deadly silver
ions released from nanosilver is different and will likely affect the acute or chronic toxicity of
nanosilver compared with silver.™ The SAP referenced data showing that nanosilver, but not
silver, can penetrate cell membranes and deliver toxic ions directly inside of cells and that this
may be its mechanism for killing microbes so effectively.” The SAP also noted that “when
compared as a function of silver jon concentration, the toxicity of silver nanoparticles appeared
to be much higher than that of silver nitrate.” Moreover, the SAP noted that because of these
differences in chemical properties, there are likely to be differences in exposure and
environmental fate of nanosilver that should be considered ™

The second claim of consumer benefits is also false logic. EPA claims that consumers will
bencfit because the nanosilver product is a more effective antimicrobial, and therefore consumers
owning textiles treated with the product will enjoy more durable, longer-lasting antimicrobial
protection. But, EPA has not explained why consumers need antimicrobial textiles. In fact, the
textiles that nanosilver products are being used in are mostly unnecessary and lead to potentially
harmful exposures. For example. sporis clothing that may stink less, camping clothing that may
stink less, and owels and bed sheets that are towted to have less germs. This is a marketing
campaign that targets consumers who mistakenly believe all mi¢robes are harmful — not unlike
the pre-1970s advertising campaigns of the leaded paint industry that marketed deadly leaded
paints for children®s toys and furniture by associating brighter colors and whiter whites with
cleanliness and better health.™ In fact, our bodies are covered with beneficial bacteria and
microbes — litthe “perms™ that eat away our dead hair and skin, help us digest food, and fight off
other bacteria.

The third claim is market equity. EPA makes two arguments. First, it argues that the Agency
may conditionally register pesticides that are identical or substantially similar to currently
registered pesticides or pesticides that differ only in ways that would not significantly increase
the risk of unreasonable adverse effects on the environment (Decision Doc at 29-30), This is
inapposile. Compared with silver, nanosilver releases more ions and is therefore more toxic,
more biologically active, more deadly to microbes, and more persistent in the environment
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(Decision Doc at 28). Second, EPA argues that other products that are on the market were
registered as silver, but are now known to contain nanosilver. EPA states that although the
registrations were approved without EPA’s knowledge that nanosilver was a component of the
product, it would give Hel() an enfair disadvantage to deny its registration while s competitors
are already on the market, This has nothing to do with the public interest; it goes only to the
private financial interest ofthe registrant. EPA should not allow amy nanosilver pesticide to be
in commercial products, It is an off-label use, and therefore illegal. EPA has stated that
nanosilver is not silver, and therefore it must be reviewed and registered under FIFRA separately
from silver.” William Jordan, Senior Policy Advisor, OPP, made clear at the April, 2010 public
meeting of the Pesticide Program Dialogue Committee EPA’s inténtion Lo issue a Federal
Register notice clarily ing the Agency’s position that the presence of a nanoscale material is
reportable under FIFRA Section 6{a)(2) and that an active or inert ingredient would be
considered “new” if it is a nanoscale material ™ Moreover, at the same meeting Mr. Jordan
announced that the EPA would respond to the May 2008 Cittren’s Petition on nanosilver that
requested that the EPA take action on some 600 unregistered nanosilver pesticidal products.™
The SAP also voiced its scientific opinion that the toxic profile of nanosilver is likely to differ
from silver in many significant ways, including rate of ion release, environmental fate, chemical
reactivity, agglomeration, and distribution in biological tissues," EPA should be issuing fines for
violation of FIFRA to those companies that keep their products on the market without a lawfil
repistration, not giving companies a free pass.

Innovation is EPA"s fourth argument that the registration of AGS-20 is in the public’s interesi.
EPA bemoans the high costs of regulatory requirements. including new data generation, on the
registrants and even frets that these regulatory costs may “discourage technology providers from
pursuing the development of beneficial new applications of nanotechnology in the field of
pesticides.” [ Decision Doc at 30}, This argument is presented without any supporting data. or
even “guesstimates” of the actual costs and benefits of this “innovative™ technolopy. Pesticides
are inherently hazardous. In passing FIFRA, Congress mandated that all pesticides go through a
rigorous pre-market chemical risk assessment and product registration process, which must be
repeated every fificen years, The costs of research and development should include the
development of statutorily mandated pre-market hazard data. EPA must apply and enforce these
requirements under FIFRA.

The conditional registration of AGS-20 i not in the public interest, It provides no measurable
medical or health benefits o consumers, but puts them in harm s way. There seems to be little
doubt, incleding with EPA, that workers will inhale the powdered pesticide during
manufacturing processes, that consumers will come in direct contact with the pesticide while
wearing treated clothing, and that children have a high likelihood of ingesting the pesticide while
mouthing the clothing in addition to direct dermal contact. Because the proposed application is to
treat textiles that consumers will come into direct contact with, exposure will be unavoidable.
The potential harm from such contact is poorly understood and untested, which is a direct
violation of FIFRA requiring that safety findings be made, Moreover, release of the silver lons
mto the water wasie stream from manosilver-impregnated clothing through routine washing will
pose a threat 1o aguatic ecosystems, aquatic food webs where bioaccumulation may occur, and
embryonic fish that may be killed by even ppt levels of silver fons. It is also possible that
nanosilver may impair the beneficial microbial systems that are used to treat sewage, leaving
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waste water plant effluent highly contaminated and unsafe. These harms are more than
speculative. They can be reasonably presumed 1o oceur in at least some individuals and
ecosystems, based on what we know about silver toxicity and about the strong likelihood that
nanosilver is more harmfiil than silver 1o non-target aquatic species and beneficial microbes. "'

B. Time to generate data should not be time on the market

In addition to violating the law, EPA’s proposed conditional registration is also irresponsible.
With the amount and the importance of the data that EPA is requiring (see Decision Doc,
Appendix A for full List), it is unacceptable that EPA has given this product market access,
conditionally or otherwise. EPA recognizes the inherent hazards of nanomaterials generally, and
nanosilver specifically, commenting that the inhalation of other nanoparticies has led to
pulmonary fibrosis, that workers could be exposed during handling of the powder, and
consumers will be exposed dermally through wearing treated clothing. EPA comments that
“there is a potential for children’s incidental oral exposure 1o AGS-20 during the wearing and
mouthing of treated clothing.” triggering the requirement for reproductive/developmental studies
(Decision Doe, Appendix A at 10).

In addition. EPA does not appear to have a reliable tracking system to identify when required
data for a conditional registration are still missing, identify and sort data that has been received,
review the data and record the Agency staff conclusions, and incorporate the incoming data into
the chemical assessment and product registrations in a timely and appropriate manner that
reflects any hazards identified in the data. Therefore, products and technical products that are
conditionally registered float through the registration system without any transparent or public
access o assurances that the registrant has supplied the data that the registration was conditioned
upon, or that those data have been reviewed and sppropriately incorporated into the chemical
registration. As such, EPA cannot reliably assure the public or itself that the conditions of the
registration will be met because the agency’s conditional registration program is so disorganized.

i, Dither nano-scale antimicrobials are on the market without having
undergone a full chemical risk assessment on the nano-scale material

MNanosilver is not the only nano-scale antimicrobial that enjoys unregistered illegal widespread
commercial use. There are other nano-metal pesticides that are commercialized, but not yet
registered or safety tested. For example, Osmose, Inc., a wood préservation technologies
company, advertizes nano-scale “micronized” copper-based biocides for wood treatment. A
product report on their website confirms that an analysis of the treated wood “revealed the
presence of nano-sized copper and iron particles (from grinding media) ranging from 10 to 700
nm in micronized treated wood. ... This product is already in widespread use: a 2009 media
release from the manufacturer on the safety and performance of micronized copper technology
baasts that “over 3 billion board feet of MicroPro treated wood has beén sold since the product
introduction in 2006."** The company ¢laims that its micronized technologies are certified as an
Environmentally Preferable Product (EPP), sugpesting that its products are safe for the
environment. " However, it appears that EPA has never been provided with any safety data for
the nano-scale “micronized” ormulation of this wood treatment biocide.,
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D. Problem with conditional registration generally

EPA has overused conditional registrations, as they now represent the majority of active
registrations. The EPA Office of Pesticide Programs (OPP) has over 16,000 pesticide product
active registrations (that is, currently registered). OF these, over 11,000 {68%) are conditionally
registered.

Although the proportion of active registrations that are conditional is disturbing, it is not a new
oecurrence. This is a luug-mding pattern with EPA s pesticide office. Based on a search
through the registration database™’, of the 16,000 active produets registrations:

*  Almost 8200 products have been conditionally registered {“CR status™) since
2005,

Approximately 5,400 products have had CR status since 2000,

Ower 3,200 products have had CR status since 1995, for 15 years.

Ovwer 2,100 products have had CR status since 1990, over 20 years,

Over 800 technical products (that is, pure sctive ingredient), currently have CR
status,

These astoundingly high numbers of product registrations that arc still conditionally registered,
cven after so many years, raise several concerns.

First, it calls into question EPA™s assertion that, “Ultimately, the Agency will use these data to
determine whether the ingredient can be registered under FIFRA Section 3(c)(3)” when over
2000 active product registrations are conditionally registered for twenty years and almost 7084
arc conditionally registered at this time. (Decision Doc at 36).

Second, and more importantly, OPP may not be meeting i legal requirements under FIFRA to
review each chemical every 15 years, address the hazards through mitigation measures, and
incorporate the required mitigation through label amendments to address identified risks,*®
Instead, it appears that several thousand chemicals are “hiding out™ in conditionally registered
status, possibly avoiding registration review, while staying on the market despite significant data
gaps. Al a minimum, it shows an inexcusable lack of transparency and public accountability.

EPA must not register a pesticide until all the required data is provided, reviewed by EPA, and
integrated into the chemical {ai) risk assessment and the product registration,

IV. Conclusion

EPA’s proposed conditional registration of AGS-20 would violate FIFRA. EPA must cease
allowing untested nanomaterials to flood consumer markets. EPA has misused its authority under
FIFRA and has misinterpreted the use of conditional registrations. Further, EPA has failed to
show that the use of AGS-20 will not cause unreasonable adverse effects and has failed to show
that use of AGS-20 is in the public interest, In fact, the opposite is true — use of nanosilver-
treated ftextiles is expected to kead to human exposures, environmental releases, and harm to non-
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target beneficial microbes. EPA must withdraw this proposal, and instead issue fines against
companies that are marketing nanosilver pesticidal products without having undergone the full
registration process. If EPA were to do this, it is possible that the companies would work
together 1o share the costs of generating the data required for a proper and complete registration
application, leading to an even playing field for registrants, better data for EPA, and increased
public confidence that pesticides are being regulated as the law requires.

Thank you for the opportunity to provide comments.

Respectfully,

Jennifer Sass, Ph.DD., Senior Scientist, NRDC
Mae Wu, JD, Staff Attorney, NRDC

These comments are supported by the following organizations:

Alaxka Community Action on Toxics (Pamela Miller, Exec Dir)
Bevond Pesticides (Jay Feldman)

Center for Environmental Health (Caroline Cox)

Center for Food Safety (George Kimbrell)

Consumers Union (Michael Hansen, PhD)

Environmental Working Group (Jane Houlthan, PhDY)

ETC Group (Kathy Jo Wetter, PhD)

Food & Water Watch (Wenonah Hauter, Exec [ir)

Friends of the Earth US (lan llluminzto)

International Center for Technology Assessment (Jaydee Hanson)
Madison Envirommental Justice Organization (Maris Powell)
Nanotechnology Citizen Engagement Organization {Mathilde Colin)
Cirganic Comsumers Association (Alexis Baden-Mayer, Esq.)
Pesticide Action Network North America (Karl Tupper)

TEDX The Endocrine Disruption Exchange (Theo Colborn, PhiD)
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Abstract

Titanfum diozide |Ti0,) nanoparticles are manufo:tisred
werldwide in large quantities for use in @ wide range of appli-
callins including pigment and cosmetic monofscturing. Al
though Tl is chemlcally lnert, Tily sanoparticlos can
cuipe negalive heallh effects, such as respirntory tract caneer
in rote. Howewer, the mechandisms volved in Ti0y-induced
genotoxicity and carcinngeakelty have pot been clearky defined
wind are poarty studied in rivo. The present study investigates
TH)y sanaparticlos—induced genotodcity, cxidative DNA dam-
age. amd inflammation in & mice moded, We treated wild-type
miive with Ti0; nanoparticles in drinking water and dotor-
mined the exteni of DNA damage using the comet sssay, the
Hﬂlllthildlr.illlh'r}ﬂ.ﬁli-—uﬂ.ﬂdu‘_!uﬂ
by measuring §-hydrovy- 2 <lenvygaanasine levels and, s o
genetic instability endpoint, DNA deletions. We also deter-
reined mRNA levels of inflammalory cytokines in the periph-
eral blood, Our resulis show thai Tilly aesoparticles induced
S-hydroxy-2'-deosyguanssine, ¥ 2AN focl, micromschel, and
DA deletions. The lormation of 3-H2AX fod. indicative af
INA dooble-strand breaks, was the most sensitive paramslor,
Inflammation wis alse present as characterized by 0 mader-
ale infllummalory response. Together, these resalls describe
e firsl cumprehinsive stady of Til, asneparticles— dsced
anln:ldtjhliﬂhnlu,ﬂlﬂhlg’mﬂndbrlltmﬂr[
geovinxic mechanizsm associated with inAammation andor
onldative siress, Given the growing use of Tilly nanogarticles,
these Andings ralse conesrn abool potential health harards
assockated with Tilly nanopariicles exposure. |[Cancer Hes
ZHERGH 2L ETR-49]

Introduction

Titamum disaide (Tiky,) acensusts s 705 of the fstel prdue
tion ol of plgments worldvwide (1), Bt s widely ased o provide
whiteness and opacily o products sich o palnte paslicy pagpors,
inke, food coloramts, and tnothpastes. TWL, b8 aleo ol in cosmetic
and gkim care pridiscts, particalardy i sunblocks, where i@ helps to
protect the skin from [V light, especially in the e of namgsiped
purticles (<100 nm). Nevertheless, Tiill; hes recently been reclaso-
fled by thee LAHL s group 20 earcinagen: “possibly carcinngens: Lo

Baguests four repimne Miden |1 Sl Depummmeal f Pl sineraly
nf [afilrms lus Angriss Schead sf Wmlicise, RS Dhardes B Youug Urse Smib
Tas Angrles. A WIS Phanr 1103073087, Fen Si0 245 3917& ©-mmlb
o bagd vl et saa b snlin

WM AMENE Adsiciaban ki Cacer Mestinb

AN E R U R SRR B,

humans™." The reason lor this new cossification stems Fom the
lact that high conconiraiions of plgmeni-grade (<15 jum) and ul-
Lrafine {100 nm) Ti0y dust can catse respiratory bract cancer in
erposed] rals (2 3}, Howvr, it alsialid be notel had epidemialogic
stufins of workers exposed to plgment-grade TH, conducted this
far hanw mol boen whle fo deled an association belveen oocupa-
tional exposure Lo Tedy and an iscreased resk for lung cancer
4. Bl Genotodoity siudies thot meswsre differomt bypees uff %A
damag (Fg. geor midalions chromusemal damage, and T8
strund roak formation) g en aepartant pan of caneer aseanch
anil risk asseament of potentiol marcinogens. These studies help o
usderstand possithle mechantems cassing tumer induction, As
such, in vive mechanisms undedyteg TiO; nendparticles tumar
imifuction are 28l unclear.

Because nanaparticle dizmeter does not excesd 2 bundred nan
cimeters Wl maetlnem, they die able lo peietrite colls (6] and in-
terfere with several subeelhder mechanisme. Indeed. spme studies
show that some manoparticles can penctrage mto cell facled and
henge may directly inberfess with the stnsctues and function ol ge
nomic TINA (7], Additionally. after oral adminstration m mice.
Tl pastivles were shown (o translacatio to systemde ongans such
as Inver amd spleen g2 well as lung aml peritoneal tissues (8] Gen-
otoabvity studies have been done to umderstand the carcinogenc
potential of Titl, nunopasticles using dssuys that measume mota-
thns in genes [og- Ames) Sadmoaells and hypoxanthine gsanine
phosphoribomnd transferise (1pei) assas; relk 9-11L chromimsimasl
alitrage reprrsEntg poisible castogenie actnaty of the particles
1::..., micronuelel; refe. 10, 12-15), and DNA strand hrrnl:u.gl
[ albmline comel aseay: tefo 10, V3L Facept for ae, s stud-
T warre comdleetind i opites dn cwdbured cells but condliet in their
resudie. Half of the shisdies show that Ti, nonoparticles ane gen-
ot in oell (Enes | 10, 1% 13 15) wheneas the other hall show that
Tilly nannparticles are not (9, 11, 140 The rationale for these
vmnilicting resuldts & nol chear becguse different cell types. doses,
and nanpeparticle sizes have been ssed. Some studies saggest
possihle mechanisms lor TIO; panoparticles genotodcity, Tily,
nanopartiches might domage DNA directly or indirectly via oxida-
tive stress aidor iflamimatory respenses. Twe fecenl stwidles
show u direct chemical interaction between Ti0, nanopartiches
arii DN through te A phosphate grov, but a lnk o maate-
genesis has nod been proven (16, 170 O the other hand, other
studies show that Til, maneparticles can cause DNA damage
indireitly through nflammatiom {18-21) wnd generation of fec-

Live sxygen spocies (1L 13, B2, 210

*JARL. Algeagraphs on i neletien of Gancinogenic meis te emans Larbon
hiark iStarum daridy aml nis-asbescdorm ke T [Frasesl DR b press
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baabily Budds aml tissises, which cmald be an explanation for Tey
musiparticies higher toxicity, It has also been repartod ihat T,
w&mlmﬂmmﬁ[mhm“ha
halation study showed that T, nanoparticles sgglomerates of
=T men dissocisle mio smaller uniks after deposition i Lhe hing
(1), Even if nansparticls agerepale Iali lerger-sbied agglomeralas,
their primary particle stees remain o significant tralt thob affects
lhdrluudrq. Further humon studies woalld be peces=sary Lo umder-
stind nunaparthcle bealth offects. For matance. one ceuld dse
biloosd-hased assays similar (o those done in s study in oo futuee
malecular epidemsology sty i occapational seitings. Fierther
ey, Ty is alsa meed b feod eolomnts and iootbhpaste. This sug-
puris Lhe notion Lhal manuparticle ingestbon consiitutes a relevant
ronale ol eaposiare in omans. amd underscores the significance of
the Aedings of our stisdy, 1m adidition. ghen the capsbility of nami-
purtiches to enter the systemic blood ciroulatson, nenoparticles moy
puse hazasd o o veriely of siher organs s we have shown bere,

As supgested privioisly, o pusatlile mechandam for nasoparticles-
cacsed genotaxicity might be via axidative stress (A8L Indhed, e
wioum studivs showed thal Till, manoparticlis have hydrood rdieal
aabvily | 39—41) and camn also Erigges reatine oo species prodie-
tan in elifferent cell N (1L 42) on interaetion with the co8 mem-
himme or even imoeell-fFe smdronment (25 403 We condirmes these
resulls mnoowr m s experiment by showing oodatiee DNA domage
(E-OIdLE) increase i maouse Bvers after Ty minoparticles el
munt. Alsa, Ti0, nanoperticies-increased DMA doletions during
letal develnpment might be o resull of oxdakive geoome demage.
A iscansed previowsly (441, ovidalive sines s panicudarly haeand-
ok s replicating cells. For mstance, axidative DA betions (.
oM i, single-strond breaks, or stalled replication Todks ) can lead
ti NENe alter replication, which can fesid in recambination, s
prodiscsng permanent gennms reurangemenbe &5 shown n yest,
oridutive mutagens might be powerdil inducers of TINA deletions
{45). Pevaase embryonic cells are generally charuchoriznd by a high
replivatian indes. they might be purtieularly susceptible o axidative
gEnumes damage.

We have also observed an inflammatony reaction as shown by
changes in cvtokine expressbon in peripheral Mood i which
T, nanupurticles could be exerting direct. inflammatory effocis
on circulating innate cells and Th1 effector cells. The inflasmmalony
response invalving recrultment and asthution of phagootes b

cupable of musing ovidative borets thal may sene as a possible
explaration lar the abservsd graolusdcily to periphera leakootes,
micrunuelel lormation, oddsibe DNA damage in ler cells, aml
A deletion induction in fetal APE. Because we showed thad in
mive Tilly nunopanicles induce an mflummastory resilion and ox-
Huhu[ﬂﬂhnlu,lthlrmplh tov speculale that the mechs
nigm wniderlying Tily naniparticles gemploxicity might be a
seconeury (imdirect | peeoteedily puthway g supgested Ty Dunkovss
iﬂmlhpﬂﬂlﬁnmndﬂ]'mh:ﬂyhmnﬂutdmhﬂt
ke aapect of some particle loxksily (e, quaris and silica)l because
af their ahility to elicit. persistent inflammation v v (9, 461
This mnglics thal particles have providant ansd proinflamsmatery
aciivily, beading 1o genotoaicily.

Ini smmury, our study showed for the et time thad Till; ms-
fopuriiches mdiuce clastegenicity, genotozicity, exidative [NA
dumnage. and inflammatinn & v in mice. These results have been
observed alter omly 5 doys of treatment via donkmg waler and in
itniiMiphe organs sigpesting 4 systemic elfnel We alao diowed thal
i terer papisnire b TIOy namoparticles resailis noen inereased (re-
qmjhﬂﬂldﬂrdmmﬂtmlfmmmﬁ
fimal. commpredienshve in vive penotodcity study of TH), nenopari-
oles, Theso dats suggest that we shauld be coseerned abost a e
tential riek of cancer or genetic disorders especially for peaple
orcupaimmallty cxposed to high concentrtions of Tily ramoparti-
dles and that it might be prslest o limit ingestion of T, nane-
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1. Introdasction carbon black [CB) and luminescent particles. were found. In this

Manamaterfals ane defined as matenials having a physicochem-
ical siructure on & scabe greaver than rypécal atomic/molecular
dimentions but fess chan 100mm {ranostruciure ). which exhibdi
physical, chemical amdjor biolegical characteristics assoclaced
with a nanostructure [1]. Manopariicles are defined as par-
ticles with &t lsast one dimension smaller than 100am and
include manufactured nanoparticles, ambient uitrafing particles
and biglogical nanoparticles [1.2]. Humans have been expoded
o airborne manoparticles throughowt evolution, bk exposure has
increased dramatically becanse of anthropogenic [actors including
combusison engines, power plants, and other soarces of thermod-
egradation [2]. The rapidly developing field of ninotechnology,
which is creating materials wigh size-dependent properties, &
likely o become another sounce of exposire o nanomaterials.
The surface and Interface of particles are particularly isnporiant
companenits of nanoparticles, Nanomatenals have an mcreased
surface area: mass ratio thereby greatly enhancing their chesmi-
cal/catalytic resctivity compared to aormal-sized forme of the same
substance. Surface coatings can be atilized w aker surface prop-
ermies of nanoparticles to prevent aggregation or agglomeration
with different partiche-rypes, andfor serve to passivate the particle-
wype to migrate the effects of ulimavislet rdiation-induced reactive
anbdants [1] The distinctive and often unique properties of nano-
materials offer the promise of broad advances for a wide range of
echnelegies. Manomaterials are used in a vanety of areas inclad-
ing advanced materials, electronics, magnetics and optoedectromnics,
blomedicine, pharmaceuticals, cosmetics, enetgy, and catalytic and
environmenial detection and monitering [ 34]. At present, there are
reiatively few emvironmenss where exposures are known to ooour.
Hewever, i the commercialization of producs using nanomateri-
als develops af anticipated, the petential for exposure is Bkely to
increase notably over the coming decade [ 1] Despite growing con-
cem over the possible risk that nanomatenals pose, there is a lack
ol information on their pofential toxicity, AL this moment, there is
a knowledge gap between the Increasing development and use of
nanmaterials and the prediction of possible health risks.

In recent years, reproductive and developmental toxicity has
Increasingly become recognized a8 an important pant of overall
toxicology. In fact, adverse effects of emvironmental chemicals on
the reproductive success of wildlife pepulations have been noted
[S] It is reparted that nanoparticles can pass through binlogical
membranes [6.7]; raising lears chat they can affect the physiol-
agy of any cell in the body, The possibility of chemicals entering
biological systeme is of great concern to the public with regard o
possible reproductive and developmental toxdicioy, Inthis paper. we
review studies an the reproductve and developmental toxiciny of
nanamaterials, published in openty available schentific lineratare.

2. Reprodiective and developmental voxicity of
manafacnered nanomaterials

The literature on manofactured manomstenals was searched
using TOXNET TOXLIME for studies in wihvo and in vitro of repro-
ductive and developmental eoxicity, excluding abstracts. Althouagh
no imformation was available on the reproductive and develop-
mental toxscity of single- or multi-wall carbom namotubes. articles
on metallic and metal oxide-based particles, fulleremes [Cay ), and

paper, we review siudies using mammalian animals and cells on
ithe reproductive and developmental effects of namoomsberials, The
final search of the lifterature was conducted in March, 2000,

2.1, Memllic ored meral oamde-hesed parmicles

I vive and in vitro studies of Uandam dioxide {Tils | nambpari-
cles. and fn witro shudies al silver, alumimm, molybdenum mrexde
[Miodly), gold, magnetic ron oxdde [FegOy), cobalt-chromdem
[CnCr] and silica nanoparticies have been pistlished.

21.7. Teramm déoside (T80

TiDy is widely used a5 a white plgment in paints, plastics, inks,
paper, creams. casmetics, dnags and foods, Til, was previously
classifbed as blologically inert in animals and humans [8-10] amd
has been used a5 3 pegative control particle in a wariety of tox-
icalogical studies. Recently, concern has been raised on possibile
silverse effects of TiD; on human health because exposure o high
cancentrations of dlrafine TiOy was imvolved in the induction of
luig infamimatory responses | 11] and temors [12]. Very recently,
thee Imternatbonal Agency for Research on Cancer (IARC ) Manograph
Working Group classified Tidy as possibly carcinogenic to humans
[i.e., group 20 ) based an resubts fram stsdies inwhich the inhalation
and intratracheal instillation of TIOy provided sufficent evidence
i anirmals for carcinagenicity [13] As for genotoxkcity, the results
of studies on Tily nanoparticles are inconclusive | 14.15). In v
and in vitre studies of Tidy are summarized in Table 1,

2111 In vive sndy of ftomium diexcide (TideL Pregmant BALBIc
mice on pesarional day (GD) 14 or controd mice were
administered Ty | 16], that is less than 10 um in
particle size [17], suspended In phosphate-buffered saline [PBS)
at 50 pgfmouse by a single inranasal insuffiation. Pups obained
by spontaneous delivery recelved a single intraperitoneal injec-
tian aof avalbumdn (OVA) with alum an posinatal day (PMD 4
These pups were exposed (o serosoliped OWVA on PNDs 12-14,
and subjected to an examination of pulmonary function and &
pathological analysks. Alrway responsiveness 1o increasing concen-
tratiens of acrosolived methacholine was measured using whobe
bady plethysmography. Bronchoalveolar lavage [BAL) dilfenen-
tlal cell ounts and histopathalogical examinations of the lung
were also performed. Lung Inflammatry responses were deter-
mined 48 h postadministration in nonpregnant and pregnant mice
[m> Sigroup]. TiDy-treated nonpregnant mice exhibited minimal
increases in BAL polymorphonuoclesr leekooyte counts, whereas
pregnant mice showed acute neutrophilic infammation. Preg-
nant mice exposed ta Tily had higher senem levels of cytokines,
inclisding interlenkin-1[L, tumor necrasis factor-a, interbeukin-G
and chemokine, 48 h after exposure companed with nonpregnant
meice [m=9group). fEpring of dams exposed 1o TiDy showed
increased airway hyperresponsiveness, increased percentage of
cusinGphis. and pulmonary inflammation {n = 17-21/group). These
findings indicate that Tily caused acute ceflular inflammation in
pregnant mice and increased allergic susceptibificy in their pupa.
A TiDy nancpowder (25-70nm in particle size, 20-25m% /g
i sumface arva, anatase, Sigma-Aldrich Japam, Inc.] suspemded
in =aline with 0.05% Tween BO was subcutamesusly injected
inin pregrant SlezlCR méce (n=15) on GDs & 9 12 and 15 ae
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the first Hdmin of incubation, 23% of the partiches were taken up
by sperm cells, Laver on, aboist 60 al these particles were refeased
from the calls and 4 further Hosar uptake wes obuerved for an addi-
iaal 1.5 b al intubation. Fartscles were bound © the acrosame in
the head al the sperm, and 1o mitochandria in the tail of the sperm
The spermi was further incubated for 4 b Matility and the abitity
to undergo an acrosome reaction. Le, the abdlity to fertilize an egE.
were not affected by the presence of the magnetic nanoparticies.

215, Cobalt-cheomium (Colr ) manopasthcles

Internal expesure to CaCr napoparticles can occur by wear
mechanism associated with metal-on-metal (CoCr) orthopaedic
jaing replacerments |30) An in vitro study of CoCr particles is pre-
sented in Table 3,

2151, Imviero shedy of cobalt-chromium (CoCr} manaporticies. The
celiular malchy of Colr nanopanicies (285 + 6.3 nm in diameter,
Oisprey Metals) wheen located on the other side of a fully confluent
cellalar barrber was assessed using BeWo b3l cells, 4 human tro-
phoblast chenipcarcinoma-derived cell line, wiich were grown as
4 mulek-layered (34 cells thick) barrier to simulate tight barriers
in the bosdy like the placental barrier |30]. Human fikroblast ceils
wire pleced on one skde of this layer of cells, and CoCr pamides
ot the other_ The (Ibroblasrs were checked far DMA damage wsing
the alkaline comet assay afier introduction of the partcles. Indi-
rect exposure (o Colr nanapartickes caused DA damage., Indirect
exposuge o micromeder-sized Colr (2.0 4 1.1 um in dizmetes ) also
darmaged DNA Maore than 85% of the nanoparticles were locaned
within the cells al the superficial layer after 24 b of exposure, indi-
cating that nanoparticles were internalized by the BeWao cells and
didd not pass through the bartier. The authars of this paper poted
that thie DNA damapge was mediated by a movel mechanism invalv-
ing pamiexin and commexin hemichannels and gap junolions and

peurimergic signaling. These findings saggess that there is some pos-
sibdliny of placental wansfer of particles.

216 Sibica (50 )

Industrial silica products are widely used in the electronics
indiasery and a5 a food additive, amd nanosized amorphous silica
is ised inod wide variety of spplications including catalytic sup-
pils, photonic crystals, gens delivery, photodymamic therapy, amd
biomedical imaging [31)]. An m vitre study of silica particles is pre-
sepybed im Table 3.

2UAT, Invitre study of sitog (502 ). The embeyonic srem [ES) e=ll
test sing the D3 murine E5 o2l line was performed to determine
the patential of spherical amorphous silica nanoparticlss |10, 30,
Bl and £Xlom 0 average primary pamicle sipe, Glandren Lid) to
inhihit the differentiation of ES cells into sponataneously conirac-
ing cardiomyocytes | 32 Slica nenopart cles were dialyzed against
pure Mille)) water and diluted in distilled water, and the ES cells
were expased af 1-100 pgiml throughous the entice 10-day test
pernd. Transmission electron mécroscopy revealed that the dried
silica particles were spherbcal and shewed no substantial aggre-
gation, except for the 10 nm particles, and measured dismeters af
the particles specified a5 10, 300 B0, and 400 nm by the manufac-
turer were 11, 34, 34, and 248 nm. respectively. Sifica particles of
3, 80 and $00 am were observed incelis of the embryanic body,
A concentrafion-dependent inhibltion of the differentistion of ES
ciells into contracting cardiemyoacytes was ohsened after exposure
to 1 amd 30 nem partscles while the 80 and 400 nm partiches did not
inhibit the differentiation # up o 100 peimi. The inhibitony efiect
of the 30nm particles was greater than that of the 10nm part-
cles a3 evidenced by the estimated [Ty values, 29 and 59 pgfml,
respectively. inhibiton of tee differentiation of E5 cells ocourmed

beldow cytotoxic concentrations, suggesting a specific effect of the
10 and 3 nm particles oo the differentiaton of the E5 oells:

A2 Fulierenes (Cgy )

A fullereme k5 any malecube entirely in the form of 3 bellew
sphere, ellipsoid, ar mube. The first fullerene o be discoversd
is known 25 buckmensierfullersne Cpp. Follerenss have uhigue
physicochemical properties that have been exploited for use in
cosmetics, lubricants, dietary supplements, building masterials,
clothing treamment, electranics, and fuel cells [33]. In vive and i
ity stndies on [ullesenes ane [Esed n Tahle 4.

22T Invive srudy of fullerenes (Cag)

| GOfFullemene [Ce. purity=>09.5% Terms Co) was solubilized
with poty[vinylpyrrodidens ) (FYP)L Pregnant S mice [m=2/group)
were intraperitoneally inpected with Cgy ar 25, 50, or 137 mg/kg,
PP, or distilled water on DG 10, and thelr embryos were exam-
ined 18k after indection [34]. Mo effects were observed inembryos
of dams kinjecred with FVP ar distilied water, Afver the injection of
Can., all embryos died at 137 my/icg. A 50 mgkp. Cos was clearly dis-
tributed into the yaolk sac and emibryos and 502 of embryos were
atmormal in shape predeminantly in the head and il regions, At
25 mp/kg. pne pregnant mouse had all normal embryos and the
ather had anly one abnormal embnyg, The authors of this study
speculated that Cen was Incorporated into the concepts and the
sevierply disrupted the fumction of the yolk sac and embiryandc meac-
phagenesis.

The distribution of | '4C) g was determined in rag dams and thedr
pre- and postnatal alfspring |35]. Cee, with an averape particle size
of less than 10 mm and estimated af 2 nm, was suspended in PP, 50
FatTs wEre given an intravenous injection of a suspension al approx-
inanely 0.3 img | "C e kil iito the tabl vein on GO 15 or lactational
lay (LI B, ansd thasies of damds were colleced 24 h(n=4)and 485
{m=3] later, In pregnant dams az 24 b after injection, radioactivity
wias found in tee liver [43% of the injetcted radicactivity), spleen
(4%), reproductive tract (3], amd placenta [71). Radioactivity was
alse detected in the digest ol fetuses (0.E7%)L In lactating dams,
raidioactivity was detectad in the Hver [ 35%) spleen [4%), reproduc-
riwe tract [0L10-042%], mammary tissoe [0L48-0.94%), and milk at
2dih alter inpection, Radioactivity transferred to pups via lactation
wad found in the gastroemdestinal tract (0C38%) in peps sacrificed af
24 hoafer injection, with an imcrease in distribution to the gastroln-
testinal tract of pups [0.47%] by 48 h after injection, The authors of
this study moted that Cgp distributed to the placenta and fetuses

afl expossd pregnant dams and to the milk and pups of exposed
lactating dams.

222 In vitro study of fullerenes | Cgy)

Mlidbrain rissie samples of embryos of pregnant Slc-3CH mice
on GO 11 were dissocisted Entn individual cells, cell suspensicns
were prepared in culture medium, and a midbrain micromass cul-
tere was perlormed to evaluate the foniciiy of Cey solubilized witl
PVIP [34]. The Cgn solution in the medium was incorporated into the
mid brain culture plates, and further cultured for & days. The My
valwes of Cap for cell differentiation and proliferation were 0.43 and
047 mgimL, respectively, Differentiation was inhibited a5 cytotox-
icity increased. Cpp was assumed o decrease cell proliferation via
ative oxygen speties, becasse cell profiferation inhibited by Cay
was partly restored by the addition of antioxidative enzymes.

23 Corbon block {CH)

CHis a low solubility particle produced Industrially fram incom-
plete thermal decamposition of hydrocarbons, 4 process congmalled
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to achieve pre-defined and reproducible parficle sizes and proper-
ties suitable for a diverse range of indusirial applications [36). The
CH particles so farmed dre complex, with a degenerated graphitic
crystullite striscture and high-power electron micragraphs cledrly
sharw brreguiar Layered graphitic plates. The most common use af C
i3 as 3 pigrment and refnforcing phase in automobile tines. CB helps
conduct heat away from the tread and belt area of the tire, reduc-
ing thermal damage and increasing tire life. OB |s 2lso employed
in some radar-absorbent materials and in photomoplers and laser
printer tooer. in wvo and in vima studies of CB ane lised in Tabde 4.

231, Inmvive srudy af carbon black (O8]

The effect of CB nasopanicles with a primary size of 14am
[300mdg in surface area, Printex 50, Degussal, S6nm (45 m3 /g
in surface area, Prinkex 25 Degussal and 95nm {20m/g in
surface area. Flammruss 101, Degussa) on the male
five system was determined [37] Ss-week-0ld make ICR rru::z
[m=15-16/group) were inrarracheally instilled with CB parti-
cles suspended in normal saline confaiming 0.05% Tween 580
ar L] regfmouse for the 14, 56, and 95nm CB particles and
1.56 pg/mause for the 14 nm OB [ particle pumiber cancentration of
14 nam CH 18 the same a5 that of 56 nm CB]. Mice recerved 10 weekly
instiflations and were killed on day after the last instillation. Mo
effiect of the 14, 56, or 5 nm particles was chaerved an body weight
or male reproductive crgan weights. Vacuolation af the semanifer-
oes mubiiles and decreased D5P wers found in mice instilled with
all three sizes of (B partickes. Lewels of serum tesfosterone were
increased after instillation of all three particles. The group exposed
o the 14 nm particles, with approximately the same number of par-
ticles per unlt valume 28 the 56 nm particles, showed fewer effects
than did the group exposed to the S6nm particled. The authars
noted that CB nanoparticies impaired the function of Leydig cells,
amd the conseguent lucruation of sperm estosterane levels caused
2 redisction of OGP, These Andings sugpest that CF nanoparticlss
ailversely affect mouse spermatagenssis and the elfect depends an
particle mass rather than pamicle number.

232 M witva scudy of carbair blaek {C8)

Thee direct effects of CB [ 14 nm in particle sige, Printex S0,
Degussal on testis-constimoent cells was determined using the
mouse Leydeg cell line TMI [ 20]. The test was perdfarmed using the
procedure described above in the TiOy section. The uptake of C8
manopartiches by Leydig cells was detected after 48 b, Cell viahil-
ity was markedly inlibited ae 1000 wg/ml, but CB did not affect
the prodiferation of TM3 cells. No =fect of CH was found on the
mrpression of HO-1 mEMA in TMI cells at up to 100 ug/mi. SEAR
mEMNA expression was increased 3t 30 pgfml after incubation for
48 h, These findings suggest thar CB nanopartiches have no direct
effect on the induction of oxbdative stress but affect the prodsction
of steroid hormanes in Leydlg cells.

24, Lurminescent partiches

in wiro stedies of cadmium selenfum-core quatum  dots

{Cd5eQDs and: polystyrene-based uoresoent particle have been
published,

240, Cadmiurm selersim-core quontmm docs [ CdSeiDs

Duengum dots are calloidal ranocrystalline semiconductors that
have unique light-emitting properties and can be used as a movel
laminescent material [38). Cd5eQDs are wieful as an alternative
to Aueorescent dyes for use in biclogical imaging, dise o their
bright flucrescence, marrow emission, woad UV excitation, and
high photostability |38). An in viro study of CdSeQDs is shown in
Table 4.

2411, Inwitro study af codmium selenium-core guamum does (Cf5e-
Qs ). The developmental effiect of Cd5eQDs {approximately 3.5 nm
in diameter ) was determ ned using mouse embiryos [38). For water
solubifization, the CESeQDs were surface coupled with mercag-
toacetic acld and suspended in PBS. Maomilas and blastocysos were
obstained from superovulating ICR female mice, which were mated
with fertibe males of the same strain, by flushing the fallopian
tubes on GO 3 and Hushireg the uering homs on GD 4, respec-
tlwely. After incubation of monles or Blastoeysrs witl CAd5e00 for
24 b, an inhibition of the preimplantation developeent af monulas
inn blastooysts, increased mumiber of apoplotic cells in the inner
cell mass (O] of blastooysts (i = D00/ growp) and inlibition of cell
protiferaticn, primmarily in the PO, of biastooysts {n=1 B0} group)
at 250nmedfL and above, and Inhibiton of the postimplania-
tion deselopment af blaspocysts ar 125 nmal/L and above were
observed To examine the effect of CdSeQDs oo the plostim-
planation developmens of blaspeoysts, blastooysis | =200/ group)
crposed to 0 or S00nmod/L for 24 b were transferred to recipl-
ent ICR méce (n=25/proup L wihich were mated with vaseciomized
CSTHL{E] male mice, on pseudopregnant day (PD)4 and killed on PD
18, A decreased |mplanration race and fetal weight, and fncreased
numbers of embryos with abnormal development and resaeptions
were phserved in the CdSeQDs-reated group. CdSe0Ds coated with
Za5 had no sigrificant cytedoxic effect on blastocyst development.
These Rndings indicate thar CSeQDs affect adversely pre- and
postimplantation embrganic servival znd devel opmentand the Zn5
coating alters the CdSeQD-imduced tmescby.

242, Polystyreme-hased fluonescenl partiles

Fluprescent nanoparticles sre promising toald for optical dats
storage and other technbcal applications in beochemical, bio-
analytical, and medical areas and were Swocessfully used for
imnoassays [40). An in viro shedy of Duarsscent nanoparticles
5 shwn in Tabse &

24201, In witre study af polystyrens-Based Muorescent particles. The
effect of ultrafine palysiyrene-based Muorescent particles (Molec-
wlar Frobes Inc)l ranging from 40pm o over 1200mn in size
with different flusresrence colors corresponding to particle size,
an mouse embryos was examined [41). Two-cell stage embryos
were incubated with Nuorescent nanoparticles at 11.0million/miL
for 4 days, and development was assessed, Unireated embryos
imtubkied for 4 days were fusther incobated with floonescent
nanoparticles at 11,0 mallion/md, for 48 b, and the developmental
stages of the blastocysts were assessed. Mo effect of nanoparti-
ches was [ownd on the development of 2-cell siage embryos to the
blastocyst stage. There was no effect of nanoparticles on hatching.
implantation on the culture dish. or degeneration after addi-
tinndl expasure until the blastooyst stage. Although nanoparticles
were internadized, the development of emibryos was not affected
Nanparticles were predominantly found in the rophoblas: cells
with 4 Tew located in the {nper cedl mass in hatched blaspo-
cyirs. These ndings show that luorescent nanoparticles dad pet
affect the development of mouse carly embryos and suggest that
internalized nanoparticles did not affect cellular processes or the
expression af factors needed for development.

3, Discussion and conclusions

This paper resdewed the in vivo and in vitro studies on the repro-
ductive and developmental toxicity of nanemareriale. Although
it provides mitial information on the potential texicty of nano=
materials, it should be followed up by relevant hazand studies of
nanamaterials,

I vive studies have showed increased allergsc suscepsibility i
offs pring of mouse dams intramasally nsulflated with respirable-
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slze TiOy, adverse elfects on spermatogenssis and histopathological
changes n the testes, and charges in gene expression in the
brain in mouse -ul'ﬁpring after maternal shcutaneous injections
of ThDs nanoparticles, transfer to rat fetuses of radiolabeled gald
nanopamicles and Gy alfter maternal infravencus injection, death
and morphodogical abnormalities in mouse embryes after matermal
Intraperitomesl injections of Ceg. and adverse effacls on spefinaio-
genesis in mouse offspring after maternal intratracheal instillations
of CB nanoparticles. However, these studies were performed with
1-10 admindstrations of & large bolws andjor a mate of exposume
not relevant to humans using relatively small numbers of ani-
mals. fm wivo stadies showld be performed that inclede doses that
closely reflect expecied exposure levels, Major mustes of exposirme
Lo nanaparticles are the respiratory tract, skin, eves, and gastrodn-
testinal tract. Stedies using redevant rowtes of exposure are needed
i elarify the toxicity of nanopanticles. The number of animals per
graup should be sufficient to allow meaningfil interpretation of
the data for reproductive and developmental toxicity studies, and 4
dose - respamie analysss s also needed to allew more realistic ooem-
parisons with acfual buman exposure, In the studies presented in
this review paper, there was i lack of information regarding mares-
mal toxicity. The investigation of maternal bodclty ks essential for
repradictive and developmental toxiciny snedies, bicause the lox-
icity to offspring may be modified or influenced by toxicity o the
mather, and toatcity to offspring eften ooours in conjunction with
maternal todoity in animal stwdies.

Radipactiviey was detected in ral [etuses af dames infrvenously
injected with gold nanopartiches or Cgp, but unlabeled gold
narsparticles were not detected in mowse febuses of dams injected
intravenously or in the fetal outfiow of human placenta. In vitm
study also revealed some possibility of placental transfer of CoCr
particles mediabed by a novel mechanism. In terms of developmien-
tal boicity, mformation on the placental transfer of nanomateriaty
to offspring of dams given during gestation and lactation is of great
interest in interpretation of the data. Measwrements of the placen-
tal transfer of nancparticles are an important source of information
on the mechanism of action and the risk of nanoparticles, and
may help o darify che eproductive and developonental toxscioy
of nanoparticles,

As for the effect of nanoparticles on embryanic developoment,
matermally administered Cap Impalred embryonic development
and the results of micromass calfure suggest a dysmorphagensc
effecrof Cay. The gy was clearly distributed imo the yolk sac. These
tindings resembile those of developmental toxicing studies of trypan
blue. which was teratogenic in mice. rats, hamsters, and guinea pigs
42 It Is generally acoepied that teratogenic action of mrypan blue
i Fats i due to its secumilation and intefference in the function
of the yolk sec, an ongan of histstrophic nuatrition that provides
the principal source al nuErents befose the initsation ol fundctional
chorio-allantesc placentae. Mice and rafs have 3 yolk see placemta,
wihich plays a significant rele during early in organogenesis, This is
ot the case for nimans and mcnkeys in which the yolk sac placenta
is ol Insignifcant bmportance. Tryped bhee produces malformations
i rars and mice due do iy sccumilation in the yolk sac This is not
posaible in umans and monkeys [43 ],

It i5 nated thar test conducted and repored secording fo
international sccepted test guidelines and in compliznee with
the principies of Good Laboratory Proctice [GLF) should have
the highest grade af reliability and dats far harard identifica-
tien must be evaluated considering their quality and adeguacy
for risk assessmend [44]. At present, however, such studies ane
nat available lor reprodsttive and developmental ity of nano-
matesials. Oberddister e al. [1] described that studies to aswess
repreductive effects following pulmonany expasine to nanoma-
ierials ghould follow protocols similar to DECD guldeling 422 for
the Testing of Chemicals (Combined Repested Dose af Toxicity

EI:'I.I.dy' with rhe Eeproduction/Developmental Toxicity Screening
Testl The DECD guideline 421 for Testing of Chemicals (Repro-
duction/Developmental Toxicty Screening Test) is also useful W
obixin initial information on possible effects an reproduction and
development, in these tests, et materials are given o male rats
for a minimum of 4 weeks beginning before mating and o fermales
beginning belore mating to shontly after parmarition of pups. These
screening tests are performed using relativedy small pumbers of
anémals in the dose groups and do nol provide complete informa-
fien on all aspects of reproduction and development due o the
timatation of the exposure peried and selectivity af endpaints. The
two-generation stdy, which covers the whole reproductive cycles
of ar least one generaiion, may be adeguate to evaluate the repro-
dusctive and develapmental texicity of ranomaterials, Howsever, the
concentrations, papulstions, and duration of exposure fo nanoma-
terials are different from ane another. It is required (o modify the
expasiere period and the endpoints correlated with the expasune
period. To further evaluate the reproductive and developmenial
maxicity al nanematerials, a mare specific test should be designed
on 4 cage-hy-case basis according to the characterizstion of kuman
EXpaOsUTE,

Ir vitro stuclies revealed high concentrations of Ti0y nanopars-
cles to affect the viability and proliferation of mouse Lewdig oells,
bt ool the gene sxpression associated with spermatogenssis. Gold
nanoparticles decreased the motility of haman sperm, silver, alu-
minum, and Moy were toxic to mouse spermatogonia stem oells,
Colr nanoparticles damaged DNA of human fbmoblast cells, silica
nanoparticles inhibited the differentiation of mowse ES oells, Cap
inhibited the differentiation of mouse midbrain cebls, CB decreased
the wiabilicy of mouse Leydip cefls. and Cd5=00s inhitdred the pre-
and postmplantaten development of mouse embryos. In these
stsdies. the concentrathons of mamopamicies were very high and
unlikely to ooour in animal shudies, The mechanistic pathways that
operate at bow realistic concentrations ane Hkely to be different
fram those operating at very high concentrations when the oell’s ar
arganism's defenses are overwheimed [2]. The findings of these in
vitra sodies ane difficult to evaluate because of differences in the
chemical composition and sizes of particles, argercells, durarion of
exposure, endpoints, and exposure concenirations among cxperi-
ments. i vive studies cormelated with results obtained from i vitre
studies should be perfarmed.

Oxidarive sress a5 4 common mechanism for cell damage
indwced by nanoparticlies is well known and a wide rmnge of nane-
material species have been shown (o Creale reactive Oxygen species
(RS both [ whio amd [n i, It s suggested that a free radical-
induced mechanism or another form of oxidative siress played a
rale i the developmental tsheity of Ca in 2ebrafish, inwhich Cu
caused decreases in the embryonic survival rate, the hatching rate,
heartheat and pericardial edema, and the toxicity was effectively
attenuated by sdding glutathione, a0 antoxidant |45). L inamimals,
Tily nanoparticles in Leydig cedls, Sertili cefls, spermatids, and cells
afthe elfactony bulb and cerebral cortex of pups, and Cgp inembinpas
and yolk sat were noted aftes 4 maternal administraton, Inin witro
studies, Tidy and CH nanoparticles in Leydig cells, FegOy and gold
nanoparticles in sperm cells, silica nanoparticles i cells of the
embeyonic bady, CoCr nanaparticles m BeWa cells, and Nuorescent
nanoparticles in trophablast cells were abserved. Determination of
the oxidative stress in these cells may belp us to understand the

The contradicting results phtained from the studies presented in
thia feview may be attributed to the nse of different panomaterials
and experimental modeds, the exposure during different stages of
olfspring development, and evaluations with different endpoints, it
i1 likely that the sire, shapes, chemistry, crystallinity, surface prop-
ertiey, concentration, aggiomeration, and dose of nanoparticles are
all irmvalved in detecting biological activity, The charmctenization af
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admindsmered matesiaks inoxicicy studies is undamental, and char-
acterizing delivered nanomaterials after administration in a fest
sysiemh o model prowvides the best qoality data on dose and mate-
rial properties that are related to observed responses. but this s
limited by current methodological capabilities | 2], Further studies,
especially in vivo, using different types of characterized materi-
als, refevant rowbes of administration. and doses chosely reflecting
expected lewvels of exposure are needed m adequately evalsare the
reprisiuctive and developmental moxicity of nanomaterials.
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Tabis 5. Silver retesved during tomicity charsctenzation lescheng procedure (TCLPLT

Samplel Samole mas TOLP salution wolums TCLP silwer condent Mgy of witver beached
9 . gL i3 Ag g product
Meclical mask ar k| B 1.7
ecdical clothy a9 jr X1 2900 54
Snall hurmsciter iplastic) 1.5-10 30-30 10+00 0T & DA
Large harnidiber [resing 1.9=24 1548 7835 0L & DOF

1 The & walues repiesenl starcdied deviations of thres repelitans.

# Mecical mask pnd midical cloth were analysed only once due 1o Imited wmple guastity,

may be higher than those olserved here if oxidizing agents
vach ax bleach arc used (Geranio o all, 20000, The quandtities
of sibver passing 100- and 20-nm-pore-size Alocrs moss likely
consiss of both sonic and nanoparticle silver, Sorne of the silver
retained by the 100-nm-pore-she filer may be lonlc andfor
naneparticles asociated with material karger than 100 nm.
Diesection methods specific 1o nanosilver are needed 1o provide
i mofe sccurite characterization of silver. Finally, the quantites
nfﬁhrﬂdﬁmﬁmpﬂdumhmnﬁdﬂdnm
Irsinial leschimp charscrerizarion dise 1o the lack of replication in
the leaching experimens. The validity of assumptions made for
WWTT and landfill influxes could be assessed by replicating

produsct life cpcles.

Because government does not specifically regulate the wse
of nanosilver in produces, the onus of protecing human and
envimonmcnial healdh from pul.-l:lll.:l.l] adwerse cffecty -.':Ltru!d'_r
Falls o bndividuials. This research demonseraces thar consumens
will subject themuclves and/or the environment 1o some expo-
sure of silver (nanoparrice, ionic, or micmscale) by using and/
of disposing of siver-conalning produces. Althowgh many fac-
tors comribite o inns of nanotechnology rsks (Kahan
et al., 2008], these daca allow individuals i conceprually weigh
the pornal adverse cHects nfﬂiﬂqmﬁiunfﬂh‘ﬂ.‘llﬂﬂ
the perceived benefis from wse of these produces.

It has been demonsirared thay silver pamicles can agglom-
erate and sertle out of some products, sisch a5 the descrpent.
Thails suggests thar some silver products may nor perform s
designed. Manufacturers may want to consider validasing the
Function of the namosilver in their prodoco using some of the
methods described here, For example, these chiracierizsrion
rechniques cam verify the of nanoslver (&g, con-
cenerachon, sire} being varied in a producy while the impact on
amtimicrohinl cficacy i monivoned.

The sibver being used In produces clesrdy will be released
into the envirenment 4t ome palar of the prodisc life ovle.
meering and manapement approach o the design of nanasilver
proxhuces (Allenky, JEIT, 20071, That & we should recognie
that by engineering a product o be antimicrobial, we ane also
engineering vhe concenmation of silver In vanous envinon-
mienon. This allows fior the potenial human and environmenesl
effects 1o be faceored o an improved design or a regulasony
Framewark for panosilver produces,

Eavironmenial occwrrence and towicisy data related o
engineered panomsterials are needed before @ repulatory
dircctmm can be cwldished (Morris and YWilkis, 2007). This
research provides an al occarrence and environmen-

MNanomaterial Stewardship Program was designed to produce
(LISEPA, 2009a), The efficiency of ther program has been
guestioned (Maynand and Rejeski, 2000), and one posibles
explanarion for the lack of participation is the coss, in time and
maney, of prodiscing such dara, The methods prescosed here
indicate thar baske data regarding the envinonmen-
ezl rranspor of nenomarerials from consumer products can be
achieved with relative sase ar the laboratory scale, Bue it will be
a challenge 10 scale up chis approsch to sequire somunence and
environmental release dara for all conmuner produsc conmin-
ingg nanomareriaks.

The uncemainty regarding the potential negative impaces
from the use of nanosibver In consumer preduces makes it
ceonmmic market for these lems, The roacarch preseneed here
hrtﬂmmfnrmpud;ﬂﬂmﬁiﬂtﬂl.m
and policymakers thar nanomarerisls will enter our envimon-
ment a5 @ mesult of their use 0 consumer producs. Because
these darn only specify quantities of silver in produc and pos-
sibile relcases into the environment, mot wascioy, the nanosibver
regulation debare remains open.
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