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S| LVERDI HYDROGEN Cl TRATE COVPOSI TI ONS COMPRI SI NG A
SECOND ANTI M CROBI AL AGENT FI ELD F THE | NVENTI ON The
WO pwsoeioeh rel ates to antim crobial conpositi oOPGT/ERZN04/027820
their methods of use. In particular, the invention
relates to silver dihydrogen citrate conpositions
conprising quaternary am nes, an oxidizing agent or a
hal ogen conmpound, and net hods of using the
conpositions to confer an antimcrobial effect on
vari ous substrates. BACKGROUND OF THE | NVENTI ON A
SIWMHMO@ENMTNAQ@@OMP@SM@N@ € OMPERISING A SECOND
Compounds that kill revent the spread of mcrobes
have been used for Aé‘ QEKERQBI#L %ﬁ fes and in
numer ous products to prolong product shelf-life, and
to confer antimcrobial benefits to end-users, their
FIEpPRB SEIFIRY EMBIQNei r envi ronnents. Sone anti ni crobi al
conpounds that may be nentioned include quaternary
amitheiinventonpdatests antmicaotidlrgmagenes aad tharahetheds of use. In

d
par R AR G pu s 30 S S LBt PR KR o5 RkpBinE,
quaRERPEihines anloRideflE bdedbot Lhaddteh Bawpeiddabndrhempedd é@Sing the
sonme quaternary ammoni um conpounds al so Fossess

compegtioRACONiRE 1 AEnicrbiab pich P VREGUS SEhspRics. and
enuIS|fy|2%Fact|V|t|es Benzal koni um chl ori des are
BAGKGROIND X et hyl anmmoni um chl ori des,
and are widely used as antiseptics in clinica
seth ianmnmm pApitimicrabiat poropquadsarg kaowh.s Gompeendsdhat kill or

pre\ge&g t?hg SPIE & XF%icr% s h??/(eal;géh ﬁsédr%orogmgl %&ﬁo&%#%ldqg fiumerous

elrr ac alnst vario
prodluved tutﬂ)lm’lgn@mdmp@heﬂf llfee alﬁhtd confeparEnsiorobing ériefits to end-users, their
bact er i

.and f o
PoSEBHR RO AT ERPBRE S SHE SO PG TG eh 86y b fentioned
incl{fl SqR028R b Psh 86hBoundl ORiBSnSSRUHQNE MaD ge ¥irhunds.

such conpounds are beneficial at relatively |ow

CONGEIrhAY RfSoni@h cBPBRIds GRRGEE:E ﬁIrfa@f&%ts%Hﬁ)haG@@eeH 8hown to
irrrtati ng or even toxic. Al SO, quat ernary Corrpoun S

havt: emdoat:@ndh Isgmmse Ih pdditien @mntlbwfﬁmhproqm@k Isgme gRfempys
am mum cm&poun Ya s\6lspg<1 5658 Eleora faslt %{t etrtt%gérﬁl qgit{) %ﬁ%d

en ap surfaceées an
emulsifying activities. Benzalkonlum chlorides are mixtures of alkylbenzyldimethyl

ammonium chlorides, and are widely used as antiseptics in clinical settings. Benzalkonium
chlorides are also used as preservatives, for example in ophthalmic solutions, due to their
activity against various bacteria, including Gram-positive and some Gram-negative bacteria,
as well as some viruses and fungi. However, benzalkonium chlorides are not effective
against some Gram-negative bacteria, such as Pseudomonas. While such compounds are
beneficial at relatively low concentrations, at higher concentrations they can be irritating or
even toxic. Also, quaternary compounds tend to dissipate in the environment quickly, and
thus tend not to provide extended antimicrobial effects when applied to solid surfaces and

other substrates.

Oxidizing agents, such as hydrogen peroxide, have been used as disinfectants.

Hydrogen peroxide is known as a disinfectant for disinfecting skin and wounds and for
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Oxi di zi ng agents, such as hydrogen peroxide, have been
used as disinfectants. Hydrogen peroxide is known as a
wale@sntme: ant for disinfecting skin and woundsPemnus2004/027820
fordi sinfecting water supplies. Potassium pernmanganat e
(KML1O4) is an oxidizing agent that has been used as a
bactericide, fungicide and algicide in cooling towers,
evaporative condensers, air gash systens, cooling
fountains, and in human drinking water. Potassium
per manganat e has al so been used to control externa
disinfdceing walssupblibd. SotasSiuabbamnhhbahats (RIMAOTPRRA LAIdiARANERnt that has
Monoper sul f at es, such as_pot assi um nonopersul fate, are
beepusef 232 Yarterridedimgieide apdialgisidsip epqling teanteyapasativerpondensers,
) . | diisi o oy
o RO LT e P RAS PO BRE Berrbngonate
hasigise dreneska te brindiod pitere] infdotorstof fish or emstings seornamental ponds.

i L] f I chlori.ne or in
MoK PATEE B RoRineth e i Shend abinftdomepap o
shonlyg bgentsefit ihepechsimel disinkoydn qramamKiney fdtk HAGHANIn use as

erborate, which have al so been used as antimcrobial
shog Gy Bets MORPR IR arstizsgnd Gesak dowp ehlpwnynes; thetaby irsreasing
the @ffedtNE @6R R Stion! JTE¥e LBIRENE O iqe;ﬂfo?iqg-&%gt'eg gajra%r.' Btﬁeg Ig)r(]iélizing

environment, and thus are not suita providrt
ageatstthatiney Gpinzantiefigdeare benpoplrpesnxidoand sddidmyertoate ofhith have also

> have, al.s0, been .used as .

bl A P DB " VP 0 B ery e pive
disinfeictiai} they tead ﬂg@égrz&i&hlmmltl}diﬁ i éhlvﬁaiﬁlﬁ&ﬁ,r atrﬁ&ﬁusfe&@ aata@rﬁwe for

herein, in view of their specjal characteristics. e
proyﬁgnlg ap{inmFEeRis! e&@d X A FxEeest RATiod #f §88n conpounds are

chlorine and i odine. Bromne is also used in sone

si thelegenrempgundihar ealgo pesndiser amtbsinfastartondltheugh they may be

e sy . e . .
thof bl oab, bl ecANohfRofii Mo B APk 8 S viow of thei
spegiplhpradiesstivs e hentost, coamuorly used edtihrobighatbgbn eatpemtls are
' i i nf ion .a wat.er sani.tization., lodi ne na

ohiqiteuSlout! 350 S a6y M o280, 1 g Ragpison who may
comledtlionentattneithithe antiiSRrobisl ieki¥orselhatd Deensitivity ecHifstene

with 2.4% sodi umiodide in 50% ethyl al cohol or

| s Apdia@islonalot te@ldesTitstndisistet@nts 2R d 3PRlel €6k WhinaHehdtent, skin

.to skin for disinfection and wound treatnent, or can
: d1s1Bfg

Cn pfl etqr fanigizationt dpdivn wevbewsell enan indiredopiwer dsena
o I e
50%¢thylelepbnk eriisppacpyialchhals T3@Wresowh be appliedetighbily toakin for

. A t - 80% be r sed as .avai.l abl e iodi ne
dlslﬁ\f%%tﬁolﬁ Oal%ﬁ 8‘#1“8% ?re%ﬁmeegg%}é 8arpgb&fﬁ]lagea 1n wa%r for 1smf%ct10n.

An iodophor is a composition including iodine, detergents, wetting agents,
solubilizers, and other carriers. Iodophors often contain as much as 30% iodine by weight,
of which about 70-80% may be released as available iodine upon dilution. These compounds
are safe with low toxicity and almost no odor. While not as irritating as tinctures, when used

on skin iodophors can act as desiccants and can result in dermatitis.

Chlorine may be prepared in situ by electrolysis of an electrolyte solution containing

chloride jons. Chlorine made in this manner is short-lived, but is a highly effective water
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are safe with low toxicity and al nost no odor. Wile

not as irritating as tinctures, when used on skin
WO o@spkons can act as desiccants and can resul PCT/HS2004/027820

dermatitis. Chlorine may be prepared in situ by

el ectrolysis of an electrolyte solution containing

chloride ions. Chlorine made in this manner is

short-lived, but is a highly, effective

wat er di si nfectant, for i nstance in SW mmi ng pool s,

spas and drinking water systens. Chlorine may al so be
disipfeeat, 6t ifSarlck GuEWiniThi@a ®Bols,isPay andiriaking @ehitd ¥y stems. Chlorine may

hypochl orite. . Chl ori ne may al so_be ﬁrepared as asolid
alshlpyemarest astluidyplpadh. that isps eadiys hyraghionte (criaas mpy also be
prep BB &L SsoliARypsBRYorkE vHifies b¥n RIrAE@ thdVbdida Br ﬁﬁ@lte%rt? t may be

containers to produce the desired disinfectant e ?ecg.
dirqgtlp planed Wihinegdergpuieingrsits prbdaee the dkdined disyrifedtad efilatt. and

wound treatnment than is iodine. Brom ne has al so been

us eldroasneais dessrivtidedy ngpdaag eskini disinfocthntragd tvowad geatsmhinthimiy iodine.
Br %%r(%el }Sl'asaai]d bels d\é\gen d .ssogve in e pal S | Iﬂ%lflrllrgin ools and
Fom he Torns dr st AfEer4ne 24hBIsP e S Vst & gP
spafd Wiheh @sandd i Fetar)leguid bdhdifdfosas disinfectanehypobldrGo@ScH.

er . t he hal ogens are

.caoncentrated liquid in water. All [o]o];
DlSﬁ%‘fw ?”é‘(ﬂl?e isroiften seld gy thegwplic s qopeqrérated didifea walgic us

menby anes_and open wounds, Additionally, the hal ogens

ar Al fhedhalngersare apteytiallyiatise pspesighs odhe eyps mucysgnebranes

i | . .
ondRENBIAY, ORRIAE AOpaEnt A8 P2 PRGN Bl when ingssted. T,
it isigenemaily desirable tovategthe halogens fortdisimfsctimet teimtowmesy effedieas
mn%&ﬁ&ﬁfgctants. Silver solutions have been used as
PSionf &ct ants in cooling towers, sw mm ng pools, hot

wat er.. systens in.hospitals, portable ter. systens, and

s pe BBk gy P e RO Brise) P B iRy STV
solBRBE hpreaeal egtd a0 distdletirtSAlodBIMg 1B eMOHNEInink PYEIY Hot Wakr

silver ions used in the proposed net hods are unstabl e

systemd inbespitple ngsiakle avata shdems erespaderls AAdigpardly, siver ion solutions
v .
haviy S need OEURRR I IP RSl ey PRk ihs nd i proposed
methodrros auktabde andthndt be gbicattediust thegvaigd i srdeHowelieer,a therapeutic
¢m%§$%g %us&ng agents nust be kept dry and are
genergip§ HOt convenient for i mparting preservative
val to.consuner. praducts, oy fo eliverin - .
ot et PSR B Bt QS S e o G opesil g antimicrobial
dus€iy hdea MBIV eREr, e @REny 8@Its et bOkeRldrypdd dvRE ghiRsally not
found a variety of uses, including: as a wood
conyeieE frdipgiding pesarvatieg Yaluedo sprsupr prodectapiior delivering

antimicrobial effects to an end user or to the environment of the end user. Colloidal silver

o]

has found a variety of uses, including: as a wood preservative; as a disinfectant of food and
beverage containers and industrial processing equipment; as a bactericide in paints; as a

biocide in synthetic polymer films; and as a sterilizing agent in bandages.

Aqueous solutions of silver dihydrogen citrate and citric acid have been disclosed in
US Patent No. 6,197,814 (incorporated herein in its entirety) as disinfectants in a variety of
settings. These water solutions of silver dihydrogen citrate and citric acid are made by

passing an electrical current through a pair of silver electrodes that are immersed in a water



10

15

20

25

bever age containers and industrial processing
equi pnent; as a bactericide in paints; as a biocide in
wayesieit pol ymer filnms; and as a sterili zi ngPEER10041027820
bandages. Aqueous sol utions of silver dihydrogen
citrate and citric acid have been disclosed in US
Patent No. 6, 97,8 4 (incorporated hereininits
entirety) as disinfectants iQ a variety of settings.
These water solutions of silver dihydrogen citrate and
citric acid are nmade by passing an electrical current
solittohaifghrida@ial Thét sBvdrddiydRiges tiharas|utibad ardkffedti@RESAE a wide-
jn a watersol utj on of citric acid. These silver
Var@ﬁh RFAPIGERDRS, Ry pEDAckra: Yigies aiddupsis @Ay BOnpiGig thehuman

enifoYAak B ketailSh§ EORRDe 1] AAHERGoRRAGhRL kAo, Vi F USES
ungl and are non-toxic in the human environnent

_at 1§ GE meraﬂmn%éblaféfﬁ@gcy\s?vmug il pfema@kom ounds, there
robi a ? P

i nfestation. Despite the"antimc ficacy

remagnsiaggsd an@mmnmhmhcombuadmsdbamm&stlvd atéo\eerroenmnnstiws of

need, f or m cr o tio ns that are
entliERp el o pRF 2R et PR SRtnisr g P o B Gisthe PRy ine
adviafitagdss qBatB@esl; dnfihies BkidiFir £8ht8 knCRAIPGSIcbhPBEnds/Rlt in addition
provi de_t he advantages of quaternary am nes, oxidizing

possese Friendeddnimicseliel EisauLIold surhses il ofprtisubsiiatesod e present
invERtfoR ARt §‘ﬁiebé%ééﬁ@%@ro@iﬁgﬁ%&te@hﬁﬁltég@s sitaces and

er su strat es

present I nvention satisfies
‘u des rel ated advantages as wel | .
\VENTT ON The present invention
pr t
Wﬁegﬁgslegﬁyvgﬂgﬁk%?M&es%ﬁﬁ%’&ga‘ 2}111%33188%%5% otf%aitte;r Mfhe
corn:pdsitlons emiphise rsdva dﬂqdm‘gén amaterrmmmmchdmdaag@nmd aftienicrobial agent.

second ant.i obi al is selected fr.om r
The R S Bl SR s ReL B R oD rtREof STy o
amM@ARhScodPduads) akla@ﬁ% é‘g@ﬂiﬁ@h@ﬁiﬁa1ogéﬁazoh@u@msl on al so

provi des a met hod conferring an antim crobia

ef f-eed 1n9éhtﬁn %H,B %)I dvidBa Iﬂ—aﬁod@tcbﬁf%rﬁl{éqn%ﬁﬁuﬁglﬂhyéfﬁgt &la
antimcrobial conposition to a substrate.

subgtmate.nl be woibad lr@brdpsasmlma ag @ﬁpﬂﬂm@égl g¢mm§rtlo@| thpgrlsiete. The
h
antﬁmjnﬁnrogfaf COngﬂ)os o% c%ﬁqggﬁegggvgr %@@ Qen gitra{eo gln Sgcli'(g )a(nd la memaer of
the ggmptmnmtmghﬂlqogemammﬁomdm coﬁiﬁiﬂﬁﬂdsﬁ&@ﬁﬁ@@lg&ﬂ f3d Kafogen
THE | NVENTI ON The i nvention descri bed herein provides
conpquafiosi ti on having activity agai nst

DETAILED DESCRIPTION OF THE INVENTION

The invention described herein provides a composition having activity against
microbes, such as bacteria, viruses and fungi. The compositions comprise silver dihydrogen
citrate, citric acid and a member of the group consisting of quaternary ammonium
compounds, oxidizing agents and halogen compounds. The invention further provides

antimicrobial methods of using the aforementioned compositions.

As used herein, the term “silver dihydrogen citrate” refers to molecule having the

chemical formula AgCsH707. The chemical structure is represented by formula I:
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m cr obes, such as bacteria, viruses and fungi. The

conpositions conprise silver dihydrogen citrate,
wa@eaosiozodati d and a nmenber of the group consi stPEyUsSf004/027820

qguat er nary anmmoni um conpounds, oxi di zi ng agents and

hal ogen conmpounds. The invention further provides

antim crobial nethods of using the aforenentioned

conpositions. As used herein, the term"silver

di hydrogen citrate" refers to nol ecul e having the

chem cal fornmula The chem cal structure is represented

by formula |:-COOH HO COOH (| Gthd its positional

i sonmers, such as where the Ag ion is on the

3- carboxyllc acid group rather than the 1-carboxylic

aci d group as depictedH HskilDed in the art

wi Il recognize that the conpound of fornmula I is a

salt. Thus, silver dihydrog citrate will exist in a

di ssociated state in solution. ¥RE& meentlon provi des

conposi tions conprising silver dlhydrogen citrate as a
andfitsipdbitia Rl ishntes) Bhchl as 3R the Algt {dnGs 8f bifd ﬁhqb@ﬁ yRE a8 grou rather

anti m crobi al agent The second anti m crobi agen g
thany g d reaghpalie pejid Swoup @ depisted nThdrerspnckidled omtie grt.vng rexfognize that
the g&ﬁ%g é’lﬁ%gg%p Lol gu'@”‘n‘? Og@%ﬂg%}ﬁrg dif} drg.%efz?' c%’atf %fel:f eXist 1ncai dissociated
statelithsofirtmgen citrate, citric aC|d and second

anti m crobial agent give rise to inproved

ant Thei invenltioa brovides chrﬁposditﬁ’ls comph@ngsiiver diBddrogen citrate as a first

antlﬁ%froblal act$ % |Iver on (A and the

antgRIBRg! 28T FOLF Jantigriesglial o dl heceend apigiorobial
RIOTBO It OE\R1yNeR¥ el Sron B

agedue to fﬁe cgﬁﬁlngtlzn of%hﬁksggﬂ%% yg?%gg%&fltragéém

compeyndsy exidizingagentn @ﬂdﬁl&i@@blcampagﬁht In asnmmtiona&le silver dihydrogen

citr&td tc?t%g gglg,%ﬂg :sggoﬁ{i 910 nitic %flafl ?1% n? gl(dyg %13%90 im ;ﬁo red.an gpécr(gmal effects,

duettdn thetcomdired agtiln&trotasl aptﬂfltyt o sﬂhﬁ tiam CA giy aﬁdﬁtﬂie degha aiairhiefobial

S5 BB A RE T CoU PR ST GRIPPRsT Ry P GYIs TR tiigRbial ffctsdue

to tle doinit@natio@oNSilRr Bihy&logkd Liftgte raﬁ§ t@%@c&ﬁ%ﬁtlﬂn@@flﬁlsagent as well as
exﬁ@gﬁg | asting antim crobial effects. For exanple

%WlF@ﬁlaé) pifeqty dusrto diernpuisiens Antirnicrabiad actiin afisversiiltydrogen
citr88n fhe%&agr Pﬁsrt% 2%&%&%@8 ldggra@e{éﬁx L FRS LG lfanﬁlmlcroblal

antimcro galn %SGm 6
agemti dn slpbssmbodihant, tig sBsedilodnozs citease, ‘upéﬂ drylng, forms a crystalline

residue that imparts long-lasting antimicrobial effects. For example a composition of silver

dihydrogen citrate, citric acid and a quaternary ammonium compound provides immediate
antimicrobial effects against a broad spectrum of microbes, including Pseudomonas, as well
as extended antimicrobial effects when applied to a substrate, such as a surface or an article.
As another example, a composition of silver dihydrogen citrate, citric acid and an oxidizing
agent provides immediate antimicrobial activity due to the combination of silver dihydrogen

citrate and oxidizing agent, as well as long-lasting antimicrobial benefits when applied to a

substrate.
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as extended antim crobial effects when applied to a
substrate, such as a surface or an article. As another
We@z@spk®1s a conposition of silver di hydrogen cPCT/EBmN4/027820

citric acid and an oxidi zi ng agent provides imredi ate
antimcrobial activity due to the conbination of

silver di hydrogen citrate and oxidi zi ng agent, as well

as long-lasting antimcrobial benefits when applied to

a substrate.ln other enbodi ments, the conbination of
silver dihydrogen citrate and the second anti m crobia

agen bttt Mlﬁbédﬁﬁnﬁs Qh@ cSHBBAt D isihved fdfh%fogelT BRratcmtthe second
"synergistic" as defined herein neans

t th
antigynipbinkageat glee Fiselp atsyperaistiqeffest. afafern |%’?1@1igéﬁé1§ ps dgiigpd herein
meatgg @naa? ghfeg;%habﬁfeﬁ'egf\éﬁc?rf gwé%lt 1ﬂ01tehél ljitm @%ﬁ‘é}ttﬁ%nt & @ﬁ‘ect achievable
w1t1'pﬁue ttwa agauts takgasep&mdw\/da igeticha, ﬂh(sl rhelams ﬂgit ffor anpdracula organism,

Wh@g%fi%?Oi]ly%gr} Oh e}llgolsn%és %gg COf E%\é\ﬁ%aq_ ?ent 2 é (ij 1S

syn&gitic:means the concentration effective to bri ng about
a 50% reduction in a neasure of organismactivity. A

and B repr esat, (Ahs) RCHahHBegts | al agents,
ECso(A+B) is thse EC%O fog(@%)he %%)Er?bl nation of A and B,

%@feﬁaﬁc;;}(ﬁ%éa(qme%oﬁ&ﬁtrﬁ%%ffeeﬁvﬁo %hﬁg SbAR Q 508 Irea@cn%ma

for B alone. Organl sm activit y can beé either or ganl sSm
preaduré efqgaruﬁm ertiviyg dnisiB vipreskittthe tiomtibsienl egenih Efe(A+B)

t fi t
bsgﬁ %& o a Ic?mginfaﬁgri gﬁ%écgﬁ whe;re%e X Ssu@§ 10@ %Céo for A alone and
EQB&B}HS FtEd EQx fait BualinehOtdaeisageerititywdn ber edttleicergimisib PPaliferation

t he or. anls ate of cell division re the ey
AP et ARy EPF BErle pgie Bt FRpSRpial Bk tjel Rrgired is
%Qdi&?dﬁaﬁ@teﬂ@a BE s Mbh fRaduRCo A Bnc¥httatioh @EWERRh ttl’{éeagent will
nunber of |ive organl sns by 50% For exanple,

ewivpoky P9°GrheenspriFsisigtc of m}ledwxaxony oY hﬁg@ﬂle@mlmmf@vlal effect is
?h&téﬁ%lcﬁ? %qhgc&%ltaﬂgﬁgn \Q'El#t w1f1‘?9cﬂfc£ Bhe fefitber of live

concentration each I'Iver
dirdaydme derd0Ld. t Faterarapie, zrmlmpgemon oorppiNiak ah/er dihydrogen citrate,

AR e A S L R

B Qe @hydiok¥etitrdicd hAg g dohipoah®asio ABRSdaty ¥hén each is used
conpri si ng quat ernar nmoni um conpounds. aternary

senseriely hen aprsasda aeébwt?@ak apiangahopantByak or nul a |1 or

[11:
The invention provides silver dihydrogen citrate compositions comprising quaternary

ammonium compounds. Quaternary ammonium compounds can be represented by formula

M or III:

1 1
R'—N—-R? X (I0) X (Im)
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++n- RL-N - X (O 11" (H) n nwherein each of Rl
R2, R3 and R4 is independently an organic radical, n
WO 2008/0209m% eger and X i s an ani on (count er-i on)P¢EUSIVG4/627820
negati ve charge of n. Appropriate organic radicals in
formulas Il and 111 above include al kyl, al kenyl,
al kynyl, al kyl having at | east one substituent,
al kenyl having at |east one gubstiruent, and al kynyl
havi ng at | east one substituent. In fornulas Il and
11, alkyl means Cl1-C30, optionally branched, fully
whegsingacht &R hﬁ&rﬁmﬂWlls lnﬁmedn}llﬂymar@nma@ﬁﬂ n is an integer and X"

o GE8bYr P AREPEF BB B i VY, Lt od
A e 2 ST S S et

alkybfyﬁ rfkyl lavink@akhstQRe siRGabs] AkéBNhivin@atlledsPb® substituent, and
car bon-carbon bond.  Suitabl e al kyl groups include

alkypyl PRMIng adleapt ong UBBiS | n- propyl, n- butyl t-butyl,
s-butyl, and optionally branched pentyl, hex

heﬂpf@mwly pod Hbraily! m@@r@ﬂrcmm@@yally hmfén@@qﬁﬂly saturated
hydgfc'la(ugoﬁ/ﬁl AR m &Gk \?’\]‘; aé loptnﬂ?ﬁgﬁfla c e@?&’tml%{fr ful%l hﬁs%Mrﬁed

grolps 1'nc
hydieqarbtyb @vhekqm 8aghrumpannation is-ahiotlblﬂ cdrbygh-caDeb bblﬁh Altkyiﬁl means Cp-

Czogqggiygﬁ YI bra ac%@lgﬁ,ﬁ;fl? glg}gagﬂ%} e rlll%&ﬁ‘glé@gﬂy %éﬂé %m at east one
unshtiifagikR @L@p@@yd car%t@M%ﬁa StitaBlelal Jﬂé‘rcﬁipﬁ ARAldR trh 8 Ydthyl,
e

9,12- octadecadi enyl 15- oct adecatri enyl, etc.

isorgppytl PP Hl, Ryl fglv%y}p%wtﬁb alarh@tm@%ybryncheipewb Bs heptyl,

t t
oct ollr;He g?&ﬁé’ lalfrﬁl %H &’cﬂk(l:e}?lytklska?%gg dse]'i:&llg glgggalg (le,‘zﬁjé le{c %ultable
alkanyt groapsintlufs aethcrgﬂ eldproperp'h Qtprapényfl GAsapanyitl dd#e;n—é}lyy R;buten-

b SRERTEFGH brh s ReRy oD s sfaS i decenst

undEd;anyh ylddacbnyl NiriskAeciyt oc@t&b@ﬁl $<8 11 lmraldé@a&&ra%aplu D abed
aIk such as cycl opr cl obuty

Oct%%qdb%h Wi2, 15:9Atads iy, %Cy|£%fﬁ@ﬁtaﬁﬂynylogrem§deq1w6 cibyeyl, 1-

SLAEHHAR S bt etlapht hyl , ant hracenyl, etc.
mnégxérngc |ncP§ééé(%yrrolld|nyl piperidinyl

%%ﬁ&%& forgg?é' %ﬁ%oin%%iky‘l rll'll&ﬂ?lra%ﬁ% 1&}%91‘ grgﬁﬁs include: cycloalkyl

Het eroary
(saturated or partially unsaturated), aryl, heterocyclyl (saturated or partially unsaturated),

heteroaryl, fluoro, chloro, bromo, iodo, hydroxyl, sulthydryl, nitro, etc. Cycloalkyl includes
saturated cycloalkyl, such as cyclopropyl, cyclobutyl, cyclopentyl, cylcohexyl, cylcopentyl,
cyclooctyl, etc. Aryl includes: phenyl, naphthyl, anthracenyl, etc. Heterocyclyl includes
pyrrolidinyl, piperidinyl, piperazinyl, morpholino, thiomorpholino, etc. Heteroaryl includes
pyridyl, thiophenyl, furanyl, thiazolyl, pyrimidinyl, etc.

The invention provides compositions comprising silver dihydrogen citrate and citric
acid in combination with particular quaternary ammonium compounds of formulas II and I,
wherein each of R', R%, R® and R* is methyl, ethyl, isopropyl, n-propyl, n-butyl, t-butyl, s-
butyl, C4-Cyp alkyl, or one of the following having a substituent: methyl, ethyl, isopropyl, n-
propyl, n-butyl, t-butyl, s-butyl, or C4-Cy alkyl, wherein the substituent is aryl, in particular
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pyridyl, thiophenyl, furanyl, thiazolyl, pyrimdinyl,
etc. The invention provides conpositions conprising

W@ 2008020985 hydr ogen citrate and citric acid i n PCT/US2004/027820
conbi nation with particular quaternary ammoni um
conmpounds of fornulas Il and Il, wherein each of R1,
R2, R3 and R4 is nethyl, ethyl, isopropyl, n-propyl,
n-butyl, t-butyl, sbutyl, CASCQO al kyl, or one of the
foll owi ng having a substituent: nethyl, ethyl,
I sopropyl, npropyl, n- butyl t-butyl, s-butyl, or

phe@yl. G26icalak yhlncswidR eRA Rhed &itist maga bn tnelnaomerd}alre miethyl, ethyl,

Particul ar R3 and

isofi bl EHRLD AEEEL, obRRLE BBl (A heeﬂr%wl Rsopr opyl
oherln? ﬁmpg BRI PR eliostiops AP BRI e ibydipeen ciate

citrieQRIOHE tal gﬁ%in‘éhﬁh% Sonp6Rhd &f fayile Ies: 161 vhedef: the counter-
citric aC|d an uat er nary annonlun1conpound of

iongsamep hayinga qharge afhbréph- 3t Iaitalda pewtergany include:shiooide,
t
brofifle DRIcR, SAE TR, ontee A6 bimptle AR, PRUBRAE 4y AEen
phosplsitd, flibtydrogem phaspbgte, Biyduoxfdat @c. su I f at e, phosphate,
hydr ogen phosphate, di hydrogen phosphate, hydroxi de,
et cTheTireention prtvides ppmtmuliadmnp@ambhs:dzdlmnsﬁmtvsﬂ dihgliSgen citrate,
sjlver dihydrogen citrat citric acid and

o AP ol Al e T BB o efrbyEd Ammonium

broinéde] fBUbULY] AMMBKIUBTAYAFREh Sefatd, BifaBRyL Mhmaﬁnﬁnﬂumae tetrabutyl
hydr ogen sul f at e, tetrabuté amoni um f | uori de,
LY

amm@mflmm etitRAhy prErIn Bemide tetaethy) ammenium dieride,
tetrg’ertwpaﬂﬁiorﬁtﬁlg f(%ﬁ&equ‘gtra é?l%%rﬁgﬁl%&ﬁiﬁe t&?%ﬁ %@’1 I?\%ﬁlmomum iodide,

anmoni um i o anmoni um
tetraretthﬂpmmmumwhhmda,rtBﬂmnbﬂm anmetnienbtdmyile, aetmmuﬂwtnmmomum

hl or i tetraneth romde, tetr,
o0 BB B Do TR GRSy PG T a<tsbety
amihGhiGRQBIcde 20etRIt ¥ R ing Q)dldeeiefra&ﬁﬂ)élmrﬁ‘éﬁi@rﬁ'hlyﬂi‘omde benzyl
hIorlde tetraoctyl anmonj um | odi de traoctyl

trie Ry sidedenzildbyiy] smmenipp) chlmﬁigmeaﬁy I¢timsthyle,
amiEREN! chtofrid@ US el 13BN P%ﬁbﬁﬁ&'cﬁ 1?1*8‘?5‘&1é{é behdyTR lﬂ%‘dé¥1

amoni um chl oride, benzyl tri met ammonii um-“di
amm@mumémlb@ﬁzwtylttrlﬁiﬂml mommﬂthledﬂhndhyldapctbLmWomum chloride,

b S SRR B0 T s SR it

ammblhihmtbyd)mﬁlmmmep&dtﬁ lhhlﬂgthylmjﬁrhsmmhl Hrdhhﬂﬁ} 1|Bbiﬂy1 trimethyl
ammni cetrimade cet tri net Yy almonl um
amrs?fanwﬁfgq St Pylttpmﬁtthmam%lrﬁhiﬂﬂdehlpwalh@mu@wémde

tetrABulyTREdMOn B BRRh IS MR LamMEHHA KDl R, #fracthyl

ammonium p-toluene sulfonate, cetyl trimethyl ammonium p-toluene sulfonate, tetraethyl

ammonium tosylate, tetrabutyl ammonium tosylate, cetyl trimethyl ammonium tosylate, cetyl
pyridinium chloride, cetyl pyridinium bromide, lauryl pyridinium chloride and lauryl

pyridinium bromide.

The invention provides compositions comprising silver dihydrogen citrate, citric acid
and a quaternary ammonium compound in various concentrations, depending upon the

intended use of the compositions. For example, the invention provides compositions
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tetrabutyl ammoni um perchl orate, tetrabutyl ammoni um

p-tol uene sul fonate, tetraethyl ammoni um p-tol uene
waemosommte, cetyl trimethyl anmmoni um p-t ol uenePCT/US2004/027820

sul fonate, tetraethyl anmmoniumtosylate, tetrabutyl

amoni um t osyl ate, cetyl trinmethyl anmonium tosyl ate,

cetyl pyridiniumchloride, cetyl pyridiniumbrom de,

l auryl pyridiniumchloride and |auryl pyridinium

brom de. The invention provides conpositions

conprising silver dihydrogen citrate, citric acid and
COmBriyng #tdpas ?Rﬂuh%tmm%é wslipgen; cifrajandoaideast about 50 ppm

quate@RSARhMibBSmpdeRENdi Ng upon the intended use of the
composi tions. Fgr exanpl e, the invention provides

co ok ;5] | . 5 silver o\
i P SRR TR UL WhnfHost GG on B3 o AR ten Uit ciric
acidqgratesranaaymanivoncampaadpodin dispefiag bgvne nSuiebleadi§rsing agents
rovides.c osiiions..co i sj ng. silver dihydrogen
are Y SR Rioh er B0 ApdseKL iz st Bl el camedyool
octadectli SREY. SSudY cBFPBSEitiostichipbkeg@hiS @S At BOPNL vt ispersi
l]gener al I} y surcf g%t alr%?s, ogﬁ)?h %\13 sodi um dodecg/})l @Vstaklf)ac%lsepersmg
agelgr Qct oxynol (pol yet hyl ene gl ycol octadecyl ether).
Such conpositions conprise greater than about 0.01%
( wi'hg ipventiogipspadesicogpasjtions coMpeising vembinationsrof il ve dihydrogen
0 o4 .S NG: i_nations.of silver
citale) PRSI A% BT Riok bt RTINS QRAP kaclpts 5 oy be
mentporied iz pregoxidmsntueh aOliydtbgdnngragiing behalyl peryxide; permanganates,
Suchmenttioned are gerQX|des, such_as hydrogen peroxi de and
SERYBYT ) BY BN EH1 % BP RIS StoB 85 PRaRsHITA g ppcasd faim
pe nan?anate,VR§rsulfaLes, such as potassium o
oMY SO & IdepRamPAYPHscOMPRFiay Filvss dihwingst eitiatescitric acid
and &QRRdiLiBk Bgen i VRTous LiehRR s, leﬁénﬁfn%'ulp‘ah e ifitef@ddis8 0f e
an_oxi di zing agent in various concentrations,
compRsHientli Py cponlct the nvendonderdviderconfpositiont ooty a0 st about

. I ' [ j ositions

0.5 ppR iR Frogch i ULk 1O R it SOIP st ogen

[ ! I t about...50 .axi di zi t.. The . .

it PeiBl oG ks cBRBHGorR PRPHTS i AuEo iy ciric
acid, dixtdydnpagent aida ditersiog dgent SAGhBle dRpbdingiaBentagRYendnly a

di spersjn ent.. . Su tﬂgle di spersing agents are _
surfagtay é’rsé‘F% o0 gpdecy uliaigon Ogtoxypeli Shelienmeropitions paraprése
greatSf th&XABDMY 0019, (RUFH CASRAII QRS Comprise greater than

about 0.01% (wt./w". ) dispersing agent.

The invention provides compositions comprising combinations of silver dihydrogen
citrate, citric acid and one or more halogen compounds. Halogen compounds that may be
mentioned are iodine (1), bromine (Br,), chlorine (Cly), sodium hypochlorite, calcium
hypochlorite, etc. When iodine is used as an ingredient, it may be added as a tincture or an
iodophor. When bromine is used as an ingredient, it may be added as liquid bromine or as a
dilute solution. When chlorine is used as an ingredient, it may be bubbled into the solution

as Cl, gas, or it may be added as a liquid or solid hypochlorite compound.

The invention provides compositions comprising silver dihydrogen citrate, citric acid

and halogen compound in various concentrations, depending upon the intended use of the
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The invention provides conpositions conprising

conbi nations of silver dihydrogen citrate, citric acid
war@son®1dr nore hal ogen conpounds. Hal ogen coPEDURZIS4/027820

that may be nentioned are iodine (12), bromne

chlorine (Cl2), sodium hypochlorite, calcium

hypochlorite, etc. Wen iodine is used as an

ingredient, it may be added @ a tincture or an

i odophor. When bromine is used as an ingredient, it

may be added as liquid bromne or as a dilute

comsymisitioh® NFor\dhanplethe irvegtidrsprusiael dspakitibitOroeirRitg,at Idast about
olution as C 2 gas, or it may

eb bb ed into the
0.1 pathlie QP TRt ganghat e ORARRIA P@ngtnecoem%e@md
The |nvent|on prOV|ges conposi tions conprising silver
di hYRfrIBY@HOR Alsp BEQY 8 PORPES BRI QORI gesihedrogesitrate, citric
acid, rhamgéﬂ SRR GRS Hﬁf:ér@iﬁ%agéﬁ% p%&'bn;qh &'ihgt {;%nﬂs nteadedny

use of theconp05|t|ons or exanp e I'nventi on
surfgetgpisdaseh evvedom dodeasl sulfateror anwgyml Sectstongivsition cdmprise

greﬁ@{%?ﬁ&boﬁl!o%i‘ ngp‘%%ﬁf% cifyate and at |east about 2 ppm

agen
ogen conpoun %Nentlon al so provides

oSl ki sing, si ydr trate,
cr ronarate el SRR i of Frahle DA PR by aBing stver
ele&mdéﬂhlaﬁ adiicone et il yRG6NtiSn eHabc@eity @lrlchcRUrARabamiRic
s sodj.um dodecyl sulfate or Cctoxynol. Such
PO‘E@B t§ 40 apRde Jg]faﬁ%? Fledragee athereby i¥PT A0S EenPrgedan the solution.

Wh@h 5&%1%@91 tﬁﬁ Ry, mﬁ%f‘ﬁﬁl? 5111&/ eitrf a &b ElWe‘[ij ﬁﬁ)?fﬂﬂ)g@ﬁ tit@ewhich

formul a can be nmade I Mmer st ng Si
is S@bh@dﬂ AQLPOYS ¢1mcaa¢1chaqmwms Ileiscm;et sobodireergobiithe rventiat, the

eleé%ﬁ;@;h@h&% 1% htsr t?xﬁn a equAg ( » 8 é&lgr@%érlreéts t?lél?e iglv)é.l? ll?‘{/:?ﬁzltpg acid (%

wt/grﬂmaé)ahmﬂmbfe ﬁaﬁ&uﬁe@lylﬂO%)ﬂr grthen Thosidved AchydfogeR cBra¥dy then be
i.lver ions and citrie acid formsilver di hydrogen
“%l?q’da‘i’lgl |IE$F‘3?1‘§H‘§P%§F@G’F SSRFISSEIRi tri ¢ aci d
sol ution, sone enbodi nents of the invention, the
el dePRAsiioas ebsilvar flydpesn Wirateritrc apid @nd sojpast one member of the

groﬁ’@é&ﬂsﬁﬁﬁ@éﬂ & %&E%? bR u{l‘lﬁ%ciukg Cdxtldflhg énq I(éx%@ﬁer) and a

nmore partic A)or
hal@ewempmﬂdm}dgeema@ iy eomebining & h@ntldueofcsdm dlhyﬂwgdnl’cltrate with
ents as fu t.h descri bed here
oncs ke it SR B b A B SRR P oS sompoaoty
ox1dl|2|ﬁllg ageﬂts;‘ aslo gﬁﬂ@mﬁﬁiﬁl’ﬁ@ﬂ ardfcotrbéhaf616URer6 6 Th Sé1h®B8mBbdiments, the

nary,anmb |un1conpoun an OXIdIZIng agent
Sllvgbﬁf%c{%ﬁn)méﬁﬁas utEng %ﬁgﬂéﬁfir%gﬁlaﬂ)/ﬁds dfe apaprropyate

conb&fHatio f@)gzr@atosé)'vv%l;lén?é‘sd?ﬁtlo%' {o%ﬁlclg{hlwﬁjgr &R iChdd; étu‘?aﬁ’\ﬁﬂppopnate
fro

one or nore appropriate ingredients se ecte

ameyuhtvarhmixings ioinally Soiirpoantidgerobial ingredients, d1spersmg agents or

combinations thereof may be added to the working solution. When all the desired
ingredients are added and fully integrated into the solution, the solution is then further diluted
with water to form the final composition. The person skilled in the art will recognize that the
order of addition of silver dihydrogen citrate and other ingredients may be altered as desired

without affecting the efficacy of the solution.

Silver dihydrogen citrate has been shown to be antimicrobial against a variety of

organisms, including bacteria, fungi and viruses. Particular microbes against which efficacy
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oxi di zi ng agents, hal ogen conpounds and conbi nati ons
thereof. In sone enbodi nents, the silver dihydrogen
wa@riosar®1sol uti on as descri bed above is dil ut ePICT/OSZN4/027820
appropriate concentration to create a worKking
solution, to which the ingredient is added in an
appropriate anount, with mxing. Optionally further
antim crobial ingredients, qispersing agents or
conbi nati ons thereof may be édded to the working
solution. Wen all the desired ingredients are added
has émn dembdnytrated mgluae é’@lezddﬁh@nctshﬁm%@ﬁd&h (&@PecidiReasOLUtsUO),

B RO SAITE (ST A R R

ATCGQ’)SQZB &R Ahet 7bb@989 rdepl Qéspédilﬂblm@'? 194 ASICY R 888 and ATCC
drogen citrate and ot h redi ents may

ih
1 12%?% iv@alaa@"@égpg@es WISIPWEMB’ Aai‘f‘% 1#43gnife1 be)fEmawoms faecium
tr as been
o A e B P A PR B i Bl R LY,
Herpmmplllen yirbaiypel I(HSVfll),riglhomuis tybe T.{SIﬁﬂuenEﬁN; Rﬁﬁioafrus

m cr,obes again f1i en denonstrat ed
Propiofibaeter L 4 u’i‘ﬁf??% @%ﬁ@&%@?ﬁ ?ﬁélgﬁ%@ VRI TKEnfaerephytes (especially
AT(QG442)), Thas, ﬁlﬁﬁhﬁ%rﬂloﬁ hedvedca ReMbSsifiGis mﬁﬁhglacti/w@c%gnst a broad

10708 Staphylococcus aur eus” (especi al

speciitgn ffeieropgn domydingbackeial spesispsestnas spe@wf tthemmcc

e O e [
A I e D —
Progzggz@g@tﬂaquny %Fd]ﬁ/@ﬁ@@alammomm(ﬁﬁlﬁﬁﬁﬂ)hs hiingbroad-spectrum

actN{ W%g%\%g@h§jﬂ SIS% | lggshn% 10{1 ‘Hé‘?eﬁprov Fe g%ﬁéog%%@%)s( hg¢1£1g gct1v1ty

agaiRstideonatoplgtesPruoha® ficbRs bethe UshRIRREopSRREC] al |y ATCC
6921), Trichophyton nentagrophytes (especially ATCC

95 Ehihternblfy SmmbhRind EBHSFYuh@haE YRS WA BRARI hlifiSo 1a1 effects
having activity against a broad spectrumof mcro

agaipst@ biRAdrg gt @?mwm@ﬁ»émlé@ng Szprpasitiepunsi Ce@nnnegahee bacteria,
v@RaeLGn R
as wafl € Sdine 1 i &L)rligs)itﬁg ﬁéﬁpﬁg{,’%gl}%@éﬁgwﬂo&fe A3 been found
effeqtivg rgg@m;tb]aﬁmgrspmumﬁheoﬁanm tubeha, atead e and HiEs
conposi tions having broad-spectrum activity agai nst
vafxadizing agantsdmyve Tean s"hnwe i haoe aftweddpectinOwitieisrobial effects.

d h
o N T N —

Hydﬁjm peroRide (3rPhRdssolR¥E uRAeN 2 SHAWRatidh thAUBent with 5 % acetic acid
robial effects against a broad spectrum of

t
R SRAES i o O e
PotaB@&h $Einfing %?atéggézl%flgg i$ 9&"@;{1 zfn%sagg'nt g h% l'g]e%n ch < as a bactericide,

particul ar niumc e has been
fungicide and alglclde in cooling towers, evaporative condensers, air wash systems, cooling

fountains, and in human drinking water. Potassium permanganate has also been used to
control external infections of fish in aquariums and ornamental ponds. Monopersulfates,
such as potassium monopersulfate, are used as oxidizing agents in the shocking of swimming
pools and spas. Other oxidizing agents that may be mentioned are benzoyl peroxide and
sodium perborate. Benzoyl peroxide, 5% or 10% solution has been used as an acne

treatment.
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effective against the viruses nmunps, rotavirus,

rubel l a, neasles, and H V. xidizing agents have been
W@ b@#f2905 have a broad spectrum anti m crobi al eET/E81084/027820

For exanpl e, 3% hydrogen peroxide solutions in water

have been used as topical antiseptics. Hydrogen

peroxi de (3% has al so been used in a conbination

treatment with 5 % acetic aq ihd (vinegar) solution as a

surface treatnent to kill Fnonella and ot her

bacterial species. Pota33|un1pernanganate s an

oxiIdala gdm@o&g)emﬁdstaltmthahabe@%ﬁﬂﬁvm seithvaraadBpedteiid Sitfidcrobial

i de .and al gi.cide i.n ¢oolin ower s, evaporative

effe&@ngfé’ﬁ%ﬁés Copside %&@rﬁ%@%ﬁ’émf@&%% o g% B¢ Heaiment g grater, such
as ih Rvated BBIP1iES, icBKlipSoWals esfwmﬁﬁh?ﬁ@dlé‘ﬁﬁ@s%ﬁm gadtehQstPR

al so been used to control ernal infections offish
Conpwﬁ&a%qf@ﬁnroawtfdy A 408 i@l althowahsn swbnwpermeglsfaatl epas its
con§ 16 ls%gage beh n %gﬁgﬁ aF %’tal?ﬁl%nﬁg' gro%’?ine gﬁls beglhased as

Iz n SW T ng
an ﬁpa@tlc @ndh disinfocitaohi. sz@uagfsmfﬁctNm anamideﬁtidmmbbmﬂe@t)oqum

b I i d sodi u rborate.. Benzoyl
con G R EX s BBt R e oAb potnae
disibfeeRhivmAlas BRbAGRHL: TRULASEI PR 2B AY EntRERT 8RARWAcRation of
have broad-spectrum antim crobial effects. Chlorine is

aboplohte; fér é’d’VﬁlOﬂ‘? todine|bap beenishpvin tchayn eotivity ageiast abrosdbspectrum of

bacfehg ‘ﬂl&ﬁ@ﬁ%ﬂ?frot\@% gzragh U&J}c%sté’&dm% fars §tye27?c%co§csus cf%erzcl}zga
s an

Salmwmﬂe,n@a@tdaoﬁsrmﬁa é’p@fe@-}@amﬂzﬁi YldstrddHomplyielahiohough in

i AR SRR Shisdhe 2%21? e

Mydvdatrersn BRI LANS @i SERHoB Aty p&%ﬂl&@ A, HeRIRNERSardsiella,
is effective as an antlseptlc "at” about 1, 000 ppm

CitreBa@@nt raidegria. ArieneiebasterdipidernppigtateMicrasposwoubengillion and

NodBr@BMn elcﬂ?doﬁlﬁo 'aéhw‘iltg%%allﬂg’(t 1B s@g&hﬁﬁ B Gle ?ﬁt o%?@on@%cgcﬁﬁ]e (an
anti septic. erally used as an antise

IOd@nﬁém begm; fomndﬁffe&bmﬂm 1mntodmlizn% adl@mmmds;rmumpxjvms fodesyirus,

to hayve acti nst spect.r
pol R, SO TR althls BrbiocREP el g 6D uneies. nfienza and
huni%&&mﬂﬁﬂiﬁdiﬁfslensy VR @IVY.C(See RERGHEAd &Rl aDeraaidlofye] 955 Supp. 2,
g/% Serratia, Spores-Baccillus; Costridium
293ﬁ%] R nor nonas, Enterobacter, KIebS|eIIa G ostridium
Sh| el la, Cbrynebacterlu Di pl ococcus, Mycobacterium
ineipentianpiovids mﬂx@%%mmﬁmmg@a@ommyﬁom ranprising

s1lvéi‘ecf1§}l'dr Soe E:M Qﬁh@‘la @amga %chgﬁgﬁtlﬁlgrroggig%éegfn &‘féc@ed from

Acl enetobact er er mophyt on
quateaney arhmgmugm@mpounds oxidizing agents and halogens. The invention also

provides methods of treating various substrates with the antimicrobial compositions to
achieve an antimicrobial effect. The antimicrobial effect may be antibacterial, antiviral
and/or antifungal. The antibacterial effect may be bacteriocidal or bacteriostatic. Antiviral
effects include immobilization and disruption of virions. Antifungal effects include
fungicidal and fungistatic effects. The method comprises applying to a substrate an amount

of the treatment composition effective to bring about the desired antimicrobial effect.

The term “substrate” is generically used herein to mean any surface, article or

environment that is in need of antimicrobial treatment. The invention provides treating
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Nocardia. In addition to activity against a broad
spectrum of bacteria, povidone iodine (an i odophor)
whawslozmens f ound effective in i mobilizing adenPT/DeaR04/027820
munps virus, rotavirus, poliovirus, coxsackievirus,
rhionviurs, herpes sinplex virus, rubella, neasles,
i nfl uenza and human i nmunodeficiency virus (H V). (See
R Kawana et al ., Dernatolog¥ 195, Supp. 2, 29-35
(1997). The invention providés nethods of using
antim crobial conpositions conprising silver
varghub yutfaoes mchidingadoantettbps; floomcgleksadmdaces,s@aalndrfaces (such as

o B o s e S Lom vt TR
and paugat dubfcal T0e REAVisEEsceRL [R0d Rerbih tb E&RIOL y\éﬁff%l%? thcluding

. Substrates with the antim crobial conpositions t

ntegiop g Rteior a¥rachs ef ebions oedts dncludimgintgriorsricpalsingts (such as
boilkd AR RRECHE 3 ine RO oY LAY

o s B OGRS OBl 20 oonssols s
andipgplisnces coutdértops, dizss tvendovstaatiidoors Alihe termakuréfck@ stiged herein to

.k nclude | ilizati.on and. di.sr.upti.on of viri.ons. .
aisti1oRer A WEel: wiepB 1R ERicr RIS 3 aPhieh & D gusteceina
con@érftidblSnanhibeg skl ROY poOHRY, isEaFing P bWaUbhg tBe folGHkISEMEHR surface.

an_anmpunt of the treatnent coq£03|t|on effective to

Thasioliigna g GonysRiente Sipedopr ameqdit s spHiceehqveeyer immemetnsefared
embRHHSHE M ard RAGFRL bfifAbd o 13 Aflerd6Y GloDictifk IRADIARNG

surface, article or environnent that is
antignietobiabresidiiedr filmeert e werfacghe i nventi on provi des

treatingvarious surfaces, including countertops,

f | oresnvegtias proyides actd®ds nbtreting othbnabstrdtsy) afehaking various

w2 SE g hp LG A SRR Sl ASEEL 1 CLLE: e

are pRbMrededswith aqRsus dbmidgomtioss!l FRERImpIS, M8 Sl cRRSBIrBvilies for
épnnote any surface, including interior and exterior
me

B drsating fod femp it herntisnicrohie] ermmegition cempbsiag eifver
dih {20 egli cri‘tgafti; cftibafld asq hbhe ?rﬁimi\@f%ﬁf aget! kﬁxen?’f%?%&ﬁitems that are

pools, etc.), Interiors of pipes, exterior
treappgugighibk dntitmictabia sompokitipplindwnesgeteld endrarfruiiss Exginplasy

' : ter.m"surface" .I.s used. here
ol A0 bR Sy Bl o P Pov iR Pl o
car® | bdeits) nadistes); amgirsi (8bhtag pblages,utiingBesvidet pot@tggs}/ﬁfdltyitaﬁfé,)ﬂ,'bulbs

: r swahbin e .
(oG G L0 Bh R & Lol Germ 8 16aeiHos (ich as Spinach,
kald; WMG8O R dablagdh: REEiRFout sBEE (Qch af ﬁ%cédﬁf{na%ﬁﬁn Y é%ﬁd

in sone preferred embodinents, they are left ont
leguygsf(sish ap beans ywnd peranishyExamplarglifrgfs that may bt asatedgith the

antiﬁﬁct,riog[iiaﬂro?l%io@ftiorrlseﬁlicﬂggz gqruagﬂ, 'm%lo%'é‘, Jp}lgﬁes,sp%aéh%g,epears, bananas,
tomatoes, citrus (such as oranges, grapefruit, tangerines, tangelos, lemons and limes), grapes
and olives. The invention also provides for methods of treating a food item by spraying or
wiping the antimicrobial composition onto the food item. The invention alternatively
provides for dipping the food item into a the antimicrobial composition to achieve an

antimicrobial effect.

The invention also provides methods of treating a variety of articles with the

antimicrobial silver dihydrogen citrate, citric acid and second antimicrobial agent
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The invention provides nmethods of treating other
substrates, including various articles, such as
wo adwsioe®1s netal articles, plastic articles, naPCF/ab2004/027820
products and other articles that are often treated
wi th aqueous cl eani ng sol uti ons. For exanple, the
invention provides for methods of treating food itens
with the antim crobi al conpq@!tlon conpri sing silver
di hydrogen citrate, citric acid and second
antim crobial agent. Exenplary food itens that are
coripasioad Foi éxtantple tlertntimiaobibi @hap@gﬁmxsmay Bsprayed|od d&ped onto a

bl d f Exe veget.abl es that may
Vafk?gg?’f %5183’30 i IP&H{GEI@%% P%ﬁ%%@ﬁnﬁpoctm&%wﬁo%gmcess
mahiTBdtbEles. THRALEMIGHER *MpostibRl Bay NEShSusel WLRALS 23 and other

t ubers & such as potatoes, turnips, sweet potatoe
iteryphagyiled fpy|chiddren anchméaatso ik heresstimégselial conwpsitiowymay fttstihctrbe used

| h
to e il iflis, A cgfﬁ%%*a?%%?‘??gg mé IEO BB RART
as ’Pl{eQﬁ eg1|t10n Qﬂg P‘f;c}quil(!i nlle(gh [ )of tr?atlll}ig §ge1rﬁvd€1 tﬁ,g@nt%lcroblal

eans an ary

compasalbﬂsi Qid .hlch h&:tlﬁﬂltdoﬁip&ﬁ@hjr@hdmg B8R estithicRibsal icBfbbEon having a
eaches, pears, bananas

pretsglﬁﬁtfe%% rgglla:t?%]?)gg 1@ | e?}lhé( rogﬁ%ﬁgé@ an% palﬁgcfn(qﬂn%pound A suitable,
illubted#e, rdoﬁ@eitraﬁ&[‘&ﬁsﬁl‘@@v dih éb% AP for g@)mﬁgﬁ)ﬁﬂgﬁ 1@? the range of

olives. The invention a so provi des
abowt, egierialy abdqug 90D pemn th ey SHPP mymoandw piitablet Mestrative,
n thefo item .The
confl bt K e Bl QR e SO0 B 8 B e of e 3900 v
about 2h000dpm. aAh hmoamtdf MQ&mmlabblabqu&Bihbﬁ) i then added @/@e water
cro The invention

al . | d |
confiinet B ot ot it S it qomgyovtion of koL ipbig about 50

pprd[¥speiially Abbwl0. Shpny &8 aBiUth@jﬁﬁiﬂ &hd %'h%fo%h?corﬁf)ddhﬂ GoRehBation of
and second antim crobial a tco osition.

abogl@pp, to abitt JA PP PRy 2 meSTmVatbmnstm w@u

conBineMiGh ﬁﬁlupaté?d \S%Elélﬁé ¥ tl%frodﬁqﬁmg%% Itﬁécgllogr CHE rggelnc atrate and
parts use SErvi roces

hdmmmabmpmuﬁnm@ugﬁm¢ Hmsumﬁﬂmohmahembﬁp&ﬁmhbg@ﬁaﬁ@&l@ksﬂm

used t an.toys. and other. . itens handl.ed b
bl R o 2 o ST 0 TG EGLi] pespeosicion n
orderay ehsukd thef anlidtits&ebiDarhdi @@ bffsatdr dhyldt e mtﬁ'&@iﬁd@ﬁlo gen
cl ot hi ng, wash rags, bedding and other Tabric ite

compound 5ein ddhe WRiehCtEYed diS keqvhn der examplee thet ﬁgomm@ri
broMfirdelbofd 8u1ﬁ1§tairé7é:§1| bR P tﬁ@}%@&ﬁbé 6%&%}11118%@&&%&?%@93@8&63),

conprlses provi ng an antimcro
biolpgigklmpeterigd (leacteslacd ge, andotten fareizh aratted tha;u thajebe lntroduced into the

ul.

watgll J},}é&'{n%g_eﬁh&' }fr tﬁ‘et v%at%p gonl:[]a%llecr)gs cqo&g/rg% (r)}lqerwwesb 1eve to contain
organic material or biological infestation, the water should be checked periodically after
addition of the antimicrobial composition to ensure that a silver dihydrogen citrate

concentration in the above-mentioned ranges is maintained.

The invention provides methods of using antimicrobial compositions comprising
silver dihydrogen citrate and halogen compounds. Such antimicrobial compositions are
prepared as described above, with silver dihydrogen citrate being present in an amount of

about 1,000 ppm to about 5,000 ppm and halogen compound being present in the range of
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illustrative, concentration of silver dihydrogen
citrate for such conposition is in the range of about,
wezpsor@is y about 1, 000 ppmto about 5,000 ppnPCEON2084/027820
suitable, illustrative, concentration for hal ogen
conmpound in the conposition is in the range of about
2,000 to about 20,000 ppm An anpunt of the
anti m crobial conposition is&hen added to the water
container to obtain a silver “di hydrogen citrate
concentration of about 0.1 ppmto about 50 ppm
aboes P00 pirh yo et 20,00@pmpnTFécraatinit oPRatepPsappHey] dénking water,

hal agen conpound .concentration_of about 0.5 ppmto
vocfyt P B mﬁsﬂﬁ@a %vafmgawd $OPBOSiiipryig #a5HE theayaser o
obthifl chiRnM@iRE i AREMIRVF absut DA abdut G0b BhRG T kv AN gBn citrate,
t horough m xing of the silver dihydrogen citrate ang

andabpRidbh locahepiotiherms hrleggrsmpound. Foy suidededisinisctians treattaent of
foolﬁ bRl 2Bl H%lgtfcﬁ)qgag%c%st {}@tcgm%)gﬂg@éinﬁgfeoehgf#%?lﬁg p?e%ggoauéggqposition

evel, or sequent I"on

. of Zhaut (vl torabloirtal 00qpmp sibiet dibpdriogenoritige atdatens 0.L2do bbatt 26ppm

antini crobij amobynt s.aof silver di hydrogen, ci.trate an .
hal Gt RO R Sh S A e (S e o g et it b oS artice
or saffavdto bt Bieated aAPhRcativh of the BOIGHAOMS A&V sMPace will give rise to

ounds are exhausted in_ the presence of organic

conmpou .
bothgmmediatejapd lang-temn apapepial pifeftvgi cal nateri al
(bacteria, algae), and other foreign matter that may
be Thairwatienduther provides metheds eorating eelid spraess, suchahthose
. . . e o ' oved 1
enclh Bt SR el o s By SR PO B i mploys
an aritignievabiel camipmsitidnihevinp eoketbcpd conadhtatidng ofifitver dihydrogen citrate
addition of the antimcrobial .conposition to._ensyr
and3 iplei oy Rpmontien JRPOYGR o1 Gi e Co RS RREHOR &f e Avaigen
citréte B EhEBREtInOMBrIpRBIEES is i tHEBhiEeIfABELt 0.1NSHrh BVl B ppm silver
. provi des net hods of wusing antim crobial conpositions
dihycpgm cdirzig ard 4hest O dipRyde ShH 20iPpmevateatiay frIMegEM compound.
T g e BB b Mo PATRIHE AR af) Gainlos tcc
suriace. r Btigmigthiod grqidssentendet rasidutrprotdctiof fratmomterdhifl Gifestption.

Ond Ry 9 S 090 PSR ETRE B8 BB e

perdisis, prév@éibgentenddd antibidrobibiRhéfSo tHsoR bilghcsPdndhen®ORlyS
and spas, an anount of the above-nentioned conposition

) p )
matedals thabpay gomp in Geptast with thsgUERSE- concentrations in the
range of about 0.1 to about 100 ppm of silver )
di hifgriBgaHor pravides anether ragindt foptreating selibsirfapes, piliah employs an
R SRR Lo UG8 LG Gl AR g
agego e sihtimamebiatepnipesitiph bisedpre-sclprtebameerdrationpaiilveradihydrogen

citrate and oxidizing compound. A suitable concentration of silver dihydrogen citrate for the

treatment composition is in the range of about 0.1 ppm and 100 ppm silver dihydrogen
citrate; and a suitable concentration for oxidizing agent in the treatment composition is in the
range of about 0.2 ppm to about 20 ppm oxidizing agent. The antimicrobial composition is
applied to solid surface, such as a stainless steel surface or countertop. This method provides
extended residual protection from microbial infestation. Once the oxidizing agent has

dissipated, a silver dihydrogen citrate residue persists, providing extended antimicrobial
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of about 0.1 to about 100 ppm sil ver di hydrogen
citrate and about 0.2 to about 20 ppm hal ogen
w@orosoenyds The diluted solution is then appli ePICT/0S1004027820
food article, non-food article or surface to be
treated. Application of the solution to the article or
surface wll give rise to both inmmedi ate and | ong-term
antimcrobial effects. The ifvention further provides
nmet hods of treating solid surfaces, such as those
encountered in the food preparation and food services
beriefithoghe sl suffaes, sndhente hiyod aterilk hasman cant imdakzebivith the
conposi tion having pre-sel ected concentrations of
SulgaﬁcF'ver di hydrogen citrate and a quaternary ammoni um
conpound. A suitabl e concentration, of silver )
di hyfrByeiopitither erqvides peethodefticating L ebpErsughhas asfopd article

or 4 R§h-f08A 4RI wRR N Ent%i%ro@ﬁ%&rﬁ%@gwgtco%gsiﬁ R1edr gﬁé}ﬁlﬁro rz%en citrate,

di hydrogen citrate and about pm to about

citrip aetdegndzahioriges hianrine ofysbitebde conhentiatiem phsitver dihydrogepn citrate for
41 i S .l [ [ r : ch
the R AP DT BB L B R IR o E
suiekleent@dtratei o ahlofinodrdabdmine if themeningdnobomposition is at least about
i nf est ati.on. .Otg,ce t he quaternary a :}i um c ound has
02PE PREEUATY imfbe Gmed & SRPH{) PBBLIA B0 PRI oh s g gnent
corRpaitiodliiNghpPiel enaie duitbicMvaicR Rlaglbe RRPRA kirfidce, 4 364 8@icietr a non-
surface, and hence any materials that may conme in
food grticke t This mthol eravides speergivieantimienbiebeflipravi des
anot her nmethod for treating solid surfaces, which
enplies/igveniioamayeanesifally anprgsirsadt wishredoepeite thegolowingr
11, r CLLE (Lric acid and an oxidi zing
lllug{é%ﬁ%.aggﬁéh g#lntltlr“%t egcrag*g)lietgl conposition has a
pr eE%%lﬁgst ed concentrations of silver dihydrogen
Ci t T d oxidi zing conpound. A suitable
concentratipon af sil.ver § hydrogen citrate f X
t r eat MEAEEON e Ay e o S5 hpm
uit

TO( ON 0L
and 0 m.siJ ver. di hydrogen citrate; .and a abl e
o OBl pBR Mo ipf8 AR S g P TR iy augi e permeable
mefBIRO S fenfVe iBpiritids A8d prA0EnOHeidkiost whter ARHPItds 8DAWure citric
ppm oxi di zi ng agent. The anti m crobi al cori‘gosn tion
Yo

20
aciql syag pyirqdewith e seterdo pigareecid0 ggliens odg 28 % (wul/ ylbe/90 Sredtdr acid
L R R R v
chaniter cxitalhing hgviag ensitihamddiegativeateettpdes, sich vensisting of 200 troy

ouet YOI sl e SR EeERER TS ebiro B sibrd pdenst 20 mm
apai) dlhhﬁﬁg Ehettyic HB1debIuabS td Prat bERYerC8Bwb BleEideC AN G feneration

t he surface. ) . . .
controller (IGC) power supply including a positive and a negative conductor was attached to

the positive and negative electrodes. The IGC applied a current of 5 amps at 17 volts, pulsed
every 9 seconds, with a polarity change at 1 minute intervals. Throughout the process, the
electrode gap was adjusted in order to maintain the 5 amp-17 volt output. The electric
current flow caused an ion current to flow between the positive anci negative electrodes,
producing free silver ions within the diluted citric acid solution. The silver ions reacted with
the citric acid in the citric acid solution to produce the silver dihydrogen citrate solution. The

20% citric acid solution was recirculated through the ion chamber at 50 gallons per minute
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The invention further provides a nmethod of treating a
substrate, such as a food article or a non-food
w@eaosok@iswi th an antim crobi al conposition conpeT/E51094/027820
silver dihydrogen citrate, citric acid and chlorine or
brom ne. A suitable concentration of silver dihydrogen
citrate for the antim crobi al conposition is at |east
about 0.1, especially at zt about 0.5 ppm A
sui tabl e concentration for chl orine or bromne in the
treatnment conposition is at |east about 0.2 ppm
for Pelrttousuindit the desird¢dglverang eorotntedtion twad oBtamem The sibv@ntlih®@rogen

The treat nt Onposi d.t
citrf Rytfontuss G HievieaJO BRA0rtes i oy RO grpigf Aing the
prodefiire @ PredipitateN OTHA O tRgl frod iRt wihh Silvee Bih@@ro@é@&trﬁ@%oluﬁon
synergistic antimcraqbial efficacy. The invention nmay

havigg apgye iy Fanpeniiion of 24 paRt-t Hereaffesr iseelutign {sfgferred to as a

n v
stock gglh'g&ﬁe 0 &hb ISﬂOH? Eélﬁ‘tfldn c%ngg %tse%?%{r}]lr%%dmé%l}l ggr tf& ﬁﬂﬁ i ogeexre]lmples or
stor@lforéﬂt@uscock Sol uti on Water was introduced into a

reverse osnosi s unit, passing through a sem -perneabl e
e ftshanid teamdensiwoé by tipae bki]l@tin&hﬂammaMcmgusdxeﬁaMméni the size

99%. pure citric, aci d, was
and 3P RGne o e G P EHrioB ndhgpea el B merous
variftic@ 119th@|tin|i1h% s@fubstef thedaflehBitedRioBhde Sty c@NreadifEbe?ied to
gallons of 20%citric acid were directed into an ion

obtaimBisisayer dihideegsn sHrabLiPr Beg ip g inyspEonnd negat i ve

el ectrodes, each conS|st|ng of 200 troy ounces of 999
f|yFa{a§p16uZ=rPro A& b HOSIHON of-Sike g i

SRSty 6F by CATRRR! oy o;&&&ﬁWAr,b&mI &% ﬁal&éan%o%%oﬁnd

solut ass petween tn

gengr c l r s dj H@

0o g% &gée%%rﬁldgﬁ&reg nllt?llir{}eélla%o% (rj\ﬁ) %‘@1011 HPEP d??(b H]ﬁbgr %{ %lﬁss flask,
therp @®id dowtbimaddthe ﬁg&tdnen@ st focthrinTetse 1 Th mellﬁﬁfcaielbﬂmopd*tlans.

current of 5 anps at 17 volts, pulsed every 9 seconds,

wWth a polarity change at Tabl nute intervals.

Thr oughout the process, the el ectrode gap was adj usted

in orider to nm@&cmrﬂ the 5 amp- 7 \p@@_on%ﬂ put. The

el ectidic.current QW _cause nion current tao fll ow

bet wgdhire RearpasiuticgleCranel negrﬂa 2% ect r odes,

proddcjng,. free silver ions thin the diluted citric

acidi|solution. The silver ions reacted with thejcitric
aci d |iQuatdrearyiAminoniadd%h sol ultd).Bm}%o produce the{silver
di hydr&%en citrate solution.| The

centrate
Triton X-100™ surfactant 0.500%
Non-toxic Scent 0.300%
Non-toxic color 0.015%

(b) Scented, non-colored composition: In a 1,000 ml Pyrex™ glass flask, there were

combined the ingredients listed in Table 2 in the indicated proportions:



wangosloemhe desired sil ver

20%citric acid solution was recircul ated through the

i on chanber at 50 gallons per m nutefor 144 hours

i on concentration WaBCT/US2004/027820
obt ai ned. The silver di hydrogen citrate solution was

then allowed to sit in order to allow any solids

formed during the procedure to precipitate. The

resul ting product was a siIY r di hydrogen citrate
solution having a silver ion concentration of 2400

ppm Hereafter, this solutio
st ock sol ution.
i mredi ately per the follow n

nis referred to as a

The stock Eable2i on can be used

g exanples or stored for

| at er| use. |t nghedidrd be unde
the & j
spaci
the p
sequ

e@ktey 0l t age and nunerou
nce of the internttent

rtthat nunerous—variat
dgrePharmacatigdltGgdes an

r st ood pypottiase skilll ed in
ions in the size and/or
P8R ous vari ati of

1S in
s variations in theftimng
voltage polarity ca

r eadi
citrd
Pr odu

| QuatenaryednmonieB0%i n t h
t‘?folg se in the inven
ctSHYEFC a Conposi tion

AN
’SO.Q(DO%er di hydr ogen
i on. Exanple 2:

of Silver Dihydrogen

Citra
OXxi di

nt_or a Hal cagen

tRiteR - 00D tSichat Y Amipmseow, Conpound,  an

Conpound (a) A scent ed,

Zk-ng—Age g
col or|@OT-PKEISHl at e conposi

Pyr e)J" glass flask, there wer

%1n a 1,000m
e _conbined the ingredients

t 9. 300°

set forth in Table 1 in the
Tal$)Nan-sqegied ogodeved mprepnsitiono

con S B B AR e

Non-toxi ¢ Scent 0.300% No

kS B L0
A g(éc col or 0.015% (b)

anled

i ndi cated proportions:
i 2,080 ml Pyrex™ glass flask, there were

.y Ammoni a
ant 0.500%

Scent ?d’ non- col ored conp n: Ina 1,000m _
e Fan st e | nli cat ed ERRSRISH | ons: T e
| ngr edheaPhdrhapaiticAlQBrade 99.182%

Water

Quaternary Ammonia 80% 0.300%

Concentrate

Triton X-100™ surfactant 0.500%

Non—toxic color 0.015%

5 (a) Non-scented, non-colored composit

ion: Ina 1,000 ml Pyrex™ glass flask, there

were combined the ingredients listed in Table 4 in the indicated proportions:
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Pure Pharmaceuti cal - Grade 98.897% Water Quaternary
Ammoni a 80% 0. 300% Concentrate Triton X-100"surfact ant

W@ 28802%9MoNn-t oxi ¢ Scent 0.300% (c) Non- scent edPCT/OBZIO€ 027820
conposition: In a 1,000mM Pyrex"glass flask, there
were conbined the ingredients listed in Table 3 in the
i ndi cated proportions: Table3 Ingredient Proportion
Pure Pharmaceuti cal - G ade 93 182% Wat er Quaternary
Anmoni a 80% 0. 300% Concentr ?e Triton X-100"surfactant
0. 500% Non-toxi c color 0.015% (a) Non-scented,
non-col ored conposition: ITakded, 000mM Pyrex"gl ass
flask, there were conbined the ingredients listed in
Tabl e[.4 1 n t hendredeiiat ed proporti onw4 I ngrledi ent
Propojrtion Pure Pharmaceutichal -G ade 99 _197% \Matler
Quat el Piae Phamesentigalsdmde. 300p8TbNentrate Trit of
X- 100" gMfdact ant 0. 500% The resulting internediate
conpositions from(a)-(b) abpve are m xed for about
m nut eQudiemeryeA mahdhia g0 003% 0808%ock sil ver

di hydrggnecrém%tgrat e solution from Exanple 1.

Triton X-100™ surfactant 0.500%

The resulting intermediate compositions from (a)-(b) above are mixed for about 15
minutes before adding 0.003% of stock silver dihydrogen citrate solution from Example 1.
All the ingredients are then mixed for the remainder of a 1 hour time period. The resulting

composition (test solutions (a)-(d)) is then used as in Example 3.

Example 3: Antimicrobial Effect of the Composition from Example 3

An E. coli test strain (E. coli PIPSA, German H.) was grown at 35°C for 24 hours.
The cells were harvested by centrifugation for 10 minutes and were washed twice with
Butterfield’s Phosphate Buffer (BPB pH. 7.2). The cells were then re-suspended in BPB to
obtain a cell suspension of approximately 108 CFU/ml. (Target inoculum levels were

approximately 10° CFU/ml in the final test solution).

Three sets of two non-porous glass slides were provided. For each set of test slides,
one was treated with the test solution in Example 3 and the other slide was treated with the

intermediate test solution from Example 3. Each slide was then inoculated with E. coli.

After inoculation, the test slides were then stored for periods of 1 and 24 hours, then
plated out at the indicated time period and incubated for a period of 24 hours. A score of
Pass indicates no bacterial growth. A score of Fail indicates bacterial growth. The results in
Table 5 below demonstrate the residual activity of a combination of silver dihydrogen citrate
and quaternary ammonium compound, which properties are not possessed by compositions

comprising the quaternary ammonium compound alone.
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Al'l the ingredients are then m xed for the remai nder
of a 1 hour tine period. The resulting conposition
w@ e@s2®ed uti ons (a)-(d)) is then used as in ERENpPbm®08027820

Exanpl e 3: Antim crobial Effect of the Conposition
from Exanple 3 An E. coli test strain (E. coli PPSA
German H) was grown at 35°C for 24 hours. The cells
wer e harvested by centrifugation for mnutes and were
washed twice with Butterfield s Phosphate Buffer (BPB
pH. 7.2). The cells were then re-suspended in BPB to
obtain a cell suspension Jabkdroxi mately 8 CFU .
(Target inoculumlevels were approximately 6 CFUmM in
t Bemplimintdregingodisiti Pn). Thy Beuset s oj two n2HHpEr ous

i i st

%i]iv@é@i,hyé‘i?ée‘?/\&@raﬁ Eat nga%i th the test $8R¥tion in

RhEv AndRgitie other slide was treafed with the
il%?:tt?aer nezli ate test sol Ution from Exanpl ¢ 3. Each slide

Wepsnpawed i nocul ated with E. coli. After inocul ation,
the—test—stides—were ﬁ"‘cil stored—for—perods—of —t1—ant—
24 hours, then plated gﬁsts at the indi ca;Pgﬁjs time period
and incubated for a pephgd of 24 hours. Pphssscore of
Pass jndicates no-bactlerial qgrowh. A score of Fail

iQuiferpary Anyaenismi al g 8Msh. The resul t$Fp¥ Table 5
trate the|residual activity of a

(@ﬁ@gﬁgﬁi@; of silver {dihydrogen citrate and

guat er nary ammoni um co®psund, which proeilti es are not

possessed by conpositions conprising the quaternary

amoni um conpound al on@askabl e 5 Sanpl | n@ail

I nterval /I ngredi ent Hour 24 Hour Silven D hydrogen

Ctrate + Pass Pass Quaternary Amoni um Conpound Pass

Pass Pass Pass Quaternary Ammoni um Pass Fail Conpound

Only Pass Fai | ) . : :
As can be seen from the foregoing examples, the present invention provides

significant advantages in the field of antimicrobial methods. The invention provides
antimicrobial compositions and methods that possess broad-spectrum antimicrobial
properties. In addition, the invention provides compositions and methods that possess
synergistic antimicrobial properties. Further, the invention provides antimicrobial

compositions that possess extended antimicrobial properties when applied to a substrate.

While the invention has been described with reference to certain exemplary
embodiments, the person skilled in the art will recognize that further embodiments may be

realized within the scope of the foregoing general description of the invention.
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Pass Fail As can be seen fromthe foregoi ng exanples,
the present invention provides significant advantages
w0 poostoz09is el d of antim crobial nethods. The i nRENUSIN4/027820
provi des anti m crobial conpositions and nethods that
possess broad-spectrum antim crobial properties. In
addition, the invention provides conpositions and
net hods that possess synergistic antimcrobia
properties. Further, the invention provides
anti m crobi al conpositions that possess extended
Whabisiciaiiaedsi al properties when applied to a substrate.
Wil e the invention has been described with reference
110 cem @nfposiioflRbApisiBEbiddt BRDEDged (BaBEHERMcAKINI2&8c0nd
in the art wll recognize that further enbodi ments may
be RNl ggenhicleciddrane Biseram qongsting o goiuatgrgenamajonium
des Shiuh®in¥kidiflfe b%é\ﬁ?mq %lé%ﬁtco%?oﬂda' med is: 1. A
conposition conprisinhg silver dihydrogen citrate,
2CI LT qh@%lﬂg&ﬂ?onaof%fa%ﬁﬁd“ﬁ%ln%g EQBh At BBE Ui g#e%ﬂseq%atemary
fromthe group consisting of a quaternary anmmont um
conpumpria. an oxi di zi ng agent and a hal ogen conpound.
2. The conposition of claim1, wherein the second
3ant i nilbe otrpdsitaparficlaim 1gwhtreintae yecandmitingicroBial Ifet is an
coqﬁﬁiition of claim1, wherein the second
ant &Fobi al agent is an oxidizer. 4. The conposition

of claim3, wherein the oxidjzer is selected from
Yy dr ogERCHBPIHBET s EPeisier o GpEiZeUs peleedkfiam hydrogen
pm}i’e‘i@ﬁ&@]ﬁ@ﬁﬁdﬁﬁﬁﬁ aadp&sulfite AAHoERIRAYelhfaRfte.Cl @i m 1,
wherein the second antimcrobial agent is a hal ogen
5CONMPOURE corfiposiiiti JTRIMASL Wh&Rindhe &c d%rﬁimim%fa? hfent 36 halogen
hal ogen i's chlorine, a hypochlorite, bromne or

i od¢omwourld. The conposition of claim1, further

conprising a dispersing agent. 8. The conposition of

6¢cl ai mlfe cathieasgion oflekind i5s peersinrthe bajegen is shlarinks b dwypeiblorite,
9.|£Q%F%Qgpg%5§ion of claim@8, wherein the detergent

IS SO ecyl sulfate or
7. The composition of claim 1, further comprising a dispersing agent.
8. The composition of claim 7, wherein the dispersing agent is a detergent.
9. The composition of claim 8, wherein the detergent is sodium dodecyl sulfate or
Octoxynol.
10. A method of using the composition of claim 1, comprising applying the

composition to a substrate, whereby an antimicrobial effect is achieved.

11. The method of claim 10, wherein the substrate is a solid surface.

12. The method of claim 10, wherein the substrate is a fabric.

13. The method of claim 10, wherein the substrate is an article.

14, The method of claim 10, wherein the antimicrobial effect is a bacteriocidal effect.
15. The method of claim 10, wherein the antimicrobial effect is bacteriostasis.

16. The method of claim 10, wherein the antimicrobial effect is a virucidal effect.
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of claim 10, wherein the substrate is an article. 14.
The nmet hod of claim 10, wher® n the antim crobia
effect is a bacteriocidal effect. 15. The net hod of
17¢c] ai MThe meWvdroFichith e, whértifitkd binatrobbf €dct is% fungicidal effect.
bacteriostasis. 16. The method of claim 10, wherein
the antimcrobial effect is a virucidal effect.17. The
met hod of claim 10, wherein the antim crobial effect
is a fungicidal effect.



