9 March 2007 WD 2004/023877 PCT/ US2003/ 028423 1 BI OCl DE COVPCSI TI ON AND
RELATED METHODS TECHNI CAL FI ELD [0001] The present inventi on 9l 207t o
bi oci des f Ll m cr oor gani sm; BACKGROUND [0002] Several attenpts
have been \96&564{&251&2\/6' op bi oci dal TTEOSI tions capabl e SCTERYEHOL3432| v
destroying mcroorgani sns which are hatnful to human health. Typically, the
devel opment s nade BIQEMECQMEOQIITHONAND BFE A ARIHQ@DSher * because t he
solutions developed are too toxic to humans or other life forms which are
not the intended target, or because the solutions are not sufficiently
stable to enable their effective storage and use under practical

ci rcunst ances. Mbreover, nmany biI@cj}MIcpgp}mgj tions are ineffective to
destroy certain mcrogrganisns in spore form(e.g., Bacjllus anthracis).
[0003] ~ TH03} orlhe peesersdaveation rakutestortincides Sor Mbﬁg@l%P@@ﬂmorrpo& tion which
Is extrenely effective in destroying m croorgani sns, whether in vegetative
or spore form and which is sufficiently stable to faci litate storage,
transportat i on and use under typiBACKGRIOIﬂNBt ances wi t hout a significant
loss (i.e., >10%reduct|on in njcrobi aI k| I t;e) i n bioci dal

ef fect | vgms' 3L, Sexavalrartengpts hpve heprneraden cempafitionscapehle 8 s
d dt I n
oﬁ:ngmo | nen{aly&i?étﬁﬁ%"rg\%ﬁ@? ﬁ’gircg %H%?%ﬁgalgﬂnﬁbl ocCl derlf OrT‘p}gStﬂ?I on

whi ch i sdéwlopatnfsr madd mg‘feecfrcﬂntwemmponesdlw@vmtm ceithee bevadseniheomhitions t e,

wherein the, biocide co ition is f d by, addin ero I de i ngredi ent
to the hipEianedaiaieo t?ﬁé?%ﬁ%ms ar e PRES g g%tB%H@ éarag‘ﬁp hlorite
to the pgraxidihe écﬁutﬂﬂls hfesf?)t%%glum&ble tb@nahle ﬂl@@@ﬁicﬂv@ Sﬁﬂ%ﬂtﬁﬁm } ment of

t he inventi on, ci’ng a biocid conposi tionh is provided. The
met hod cprapm:azt escmmam:gamngeww,es&efl biacidpl anmpm;moﬂs are ifeffeotived tordestzoy and

then addin to t he hypochlorite so char uantity of a peroxide, the
wei ght r § H‘fcr?qéalﬁ%%’gﬁpﬁﬁ fggniﬁg'cﬁﬁ‘gg@da’?@’afﬁi peroxi de added thereto
bei ng noydgdsp trineRfor8PPHdednfinues to exist for a biocide composition which is extremely

effective in destroying microorganisms, whether in vegetative or spore form, and which is

sufficiently stable to facilitate storage, transportation and nse under typical circumstances
without a significant loss (ie., >10% reduction in microbial kill rate) in biocidal

effectiveness.

SUMMARY OF THE INVENTION

[0004] The present invention is deemed to meet this and other needs in a unique and highly
facile way. In one embodiment of the invention, there is provided a biocide composition
which is formed from ingredients comprising a peroxide and hypochlorite, wherein the
b.iocidc composiﬁon is formed by adding the peroxide ingredient to the hypochlorite
mngredient so that the weight ratio of the hypochlorite to the peroxide is no less than about
10:1. |

[0005] In another embodiment of the invention, a method of producing a biocide
composition is provided. The method comprises charging to a vessel a quantity of a
hypochlorite, and then adding to the hypochlotite so charged a quantity of a peroxide, the
weight ratio of the hypochlorite so charged to the peroxide added thereto being no less than
about 10:1. |

[0006] In still another embodiment of the present invention, a method is provided which

comprises



[0006]: I n still another embodi ment of the present invention, a nethod is
provi ded which conprises 9 March 2007 WD 20041023877 PCT/ US9 Odrzsh 8223 2
contacting a mcroorganismw th a biocidally effective anount of a biocide

conposi ti orwoameongimng to this invention. [0007] These apgRidaghs@sEpodi ments
of the.present invention will now becomre apparent fromthe foll ow ng

figures, _ 0SG SUMVARY
T PRy BRGelin i o bEiy SR0eO0 uB0 SPRMSER: Cliion, SN o
a biocide accnrﬁmgtctthmnnmmbﬂ:l s -invention. The spectral pattern was taken
usinga e sca |sa hlllustrtin t he spectral
pattern of mgd@l gttf 5%%%%%&“&1051@8% Otfﬁt? Spwqeﬂ %prot“hée nggwé@ tof

Baci | | us dRieths SRR zﬁg,sﬁg@éa?wﬂ&dfdb@up@d@&&:@e Bbenfibi gHdedppeadéd @ims, The spectr al
pattern was taken using a fluorescent probe. The Iovver I|ne represents a

bi ocide of this invention at 10:1 weight ratio plus probe solution, and the
hi gher line is biocide, prObQUT?EQRW f%ﬁh es in conbination. [0010]
Fig. 3 is a graph illustrating rga ngs or a m xture of hydrogen

per oxi de dmslsoﬁigumﬂwgmp]mﬂhstmtmghh@mmﬂ@m 268 bidcidp rpmpedidorn of thiscor dance
with this.inventign en per Ione both taken at the tine
i nterval s n?"r?ﬁ'i@atﬁ’c?“’f%@ﬁﬁﬁ%eﬁ%“ tg(gqnsuﬁ q‘ﬁ% ISPPsr:’t rating the DV readings
for a m xt[ume ofF1§yzl s Sraptpitteiatide tiaug ect&ﬂ)ﬁatwm B P B bikie EbtfosMticRAE this

(2500: 250Q0 B gﬁee in accordance with this invention and for sodium

hypochl or i ¥ Biegsiee ofReaiilnsgerqys spores shawingthe seleaso of singlefoesygered. |
[0012] Fi Cppe3pdciaFpaftbmRihs zéléﬂﬁélﬁg?é et iR \?%EO elgﬁéimn@g%dééyeﬁ@ abfobRl per

6.45 square centineters (inch) present o e I ndi cat tine intervals

for a contofdhis mwintien anl0: lf‘mlgh'ty'wmﬁmrpb&mhhd@, and fhehighetlingrs bigpds prabei t e, and
for a comjj two conponents in accordance wth this
~ invention. %&@oﬁggﬁfé OF PREFERRED EMBODI MENTS [0013] It will now
- be appreci[ond) Figas istapeaphrilbseaing thy ONtreatings fovintieare df bydt gdramsdxided
" enbodi nent,, nt . c ocj de,t hat ks s dl ai ngt a wide
variety of0di B@&m?wﬁﬁ\ﬁéﬁﬂﬁgﬁﬁ{oﬂg B‘é‘iﬁ’f“éﬁ PWAECH Pp??i’l1 E%E)F\ﬁ‘lmt%‘ﬂ@n i oci de
conposi t i ghe 18{drdgeh PedoRiME Rlohd) Both taken at the time intervals indicated.
[0011] Fig. 4is a graph illustrating the UV readings for a mixture of hydrogen peroxide and

sodium hypochlorite bleach (2500:25000 ppm) made in accordance with this invention and
for sodinm hyptchlonte bleach: alane, both taken at thg o ntervals mdmcatcd
: [9012] Flg Sisa graph 111ustrat1ng the coleny forrnmg u:u‘ts (cfu) per 6. 45 square centlmeters

(inch) present over the mdlcated_tlme imtervals for a colt_l @_1 solution, for hy¢

drogen peroxide,
for sodium hypochlorite, and for a combination of the latter two componenis in accordance
with this invention, | |

DETAILED DESCRIPTION OF PREFERRED BMBODIMEN’I‘_S
[0013] It will now be appreciated that the present invention provides, in at least one
embodiment, a bi-component contact biocide that works rapidly against a wide variety of
bactetia, whether in the vegetative or spore form. The biocide_ composition of this invention
is considered to be equally effective against other forms of microorganisms (e.g., viruses and
fingi). It is effective in both a dip and a spray mode, and will perform well when aerosolized
or used in foam applications. It is non-corrosive and pH independent (i.e. it can be used in

formulations at any pH). It is also effective across at least the temperature range of 4 to



I's considered to be equally effective against other forns of m croorgani sns
(e.g., viruses and fungi). It is effective in both a dip and%Maph2807node,
and wi || p‘ﬁrformwel | when aerosolized or used in foam aggl ications. It is
non- cor r osY YEYYAF L i ndependent (i.e. it can be used i nPCTSANEARY3Rs at
any pll). It is also effective across At least the tenperature range of 4 to
9 March 207C an\@abiaw /08877 It haTARSIOOBLBREURBLS cffddive agénstndrganismpiressur e.
It has al.so..been shown to be effective against organisns in biofilns.

[ 0014] TH’éO%{n-S'corrponent contact biocide (sporocide or bacteriocide) of the

i nventi onodf]a THY tildehoRént RyAAARECIMREEPHioeRe 3P BadtyiRRSdY) OF iHeSnveiig@isuS| Ng a
particul ar sequence of "addition and using relative anmounts within a desired

rati ﬁ |OI tIiREge p_flgxﬂir@ﬁfpsllpprmidmgﬁhqucaloﬁm,madgusihespartiwl_@r scqmgng@idiﬁnn d |h ead
PRI 8 B TR e S i e R

absence awooE@ARURAS WRAY EE to ARl dedirue o F Bhe FRREEEPAExidE. (Hbweveny BNt ON
t he biocidal activi %ﬂ of the biocidal conplex of the invention is effective

for at | egeerdancs withiahe peerenddnventigsithialdestructins hips begoofonad de beralowiim Ehedal

conpl ex i 0: | IS [api.d o . O | rid s
(o ch 1 R RE SRS Behun tuddERiod Bkl RIBSRARGR, vy ABPLE AT REE T/
typi cal | yactisitpof thengidcidilecomplexusf tae iblentory BastiectiOfbplat Teast Hei@cdagieperiod.
conpositions of this invention are fornmed by adding the peroxide to the

hypochl or§xpically,ithqbrgalkdon eidhmbiosidakcomplar of shepinventign isyapiddppsantencs of any
ot her se ; N | ; g i A s OX] ( abl e
composi ¢ 14 S it i hace iolbRORRARY, (hobiludith BRASIUE SomPlind!
hypochl orthére tgdicdlyiisan ipasdiantvoldilve dfvaygdn. of peroxide added to the
hypochlorite is preferably sufficjent to, provide hypochlorite, it o peroxide
wei ght A99%3 Jfhedipqidacomnesitons i this wyention gre forsd poddding f:htpgﬁroggd[eé@. ' 100: 1

or hi gher G- R0 $Si Rl kiR r.abl ~Mei ght
rati o of hﬁgg%ﬂgﬂ?tg'r ?ttsﬁeagtbgelgfgﬁ%% g‘%lhé}{ about gglelwﬁ{pggér%%% ati?g#ser géo}ﬁf%\%' med are
par ti cul delgy, adtiap e lypdchionte itoltie pproxddel abistable dofipbsitio fsdfommesdo Xihd esoustef ul i n

th ti f.ths, | ' th i.ch f bl e, i oci dal
e o P e FeBo e 8 i PdaPE, The B 48
i ncl ude dané&fa&ﬁélpggcgfgﬁ%qs %%téfgdfly sﬁaelﬁ:tdﬁ!owdeah&ﬁbdm{ﬁé toRERIASRSigRs el |

as other netal pe S. peci fic non-limting exanples i'nclude barium
per oxi de,ratip ofriainsspbanmbiode] 0: hewjthagtiomas high as 50:1, 100:1 or higher being possible but

less preferred. Most preferably, the weight ratio of hypochlorite to peroxide is about 10:1.

Compositions so formed are particularly stable and biocidally effective.

[0016] The peroxides useful in the practice of this invention are those which form a stable,
biocidal composition with the hypochlorite. Examples of suitable peroxides may include
hydrogen peroxide, alkali and alkali earth metal peroxides as well as other metal peroxides.
Specific non—limitiﬁg examples include barium peroxide, lithium peroxide, magnesium
peroxide, nickel peroxide, zinc peroxide, potassium peroxide, sodium peroxide, with
hydrogen. peroxide and sodium peroxide being preferred, hydrogen peroxide being
patticularly preferred.

[0017] The hypochlorites useful in the practice of this invention are those which form a
stable biocide composition with the peroxide. Bxamples of suitable hypochlorites may
include alkali metal hypochlorites such as, e.g., sodium hypochlorite, calcium hypochlorite,
lithium hypochlorite, with sodium hypochlorite being preferred.

[0018] The biocide compositions of this invention may be mixed or otherwise used with



per oxi de, nickel peroxide, zinc peroxide, potassium peroxide, sodium
peroxide, with hydrogen peroxide and sodi um peroxi de bei ng pridflarch &7
hydr ogen | ing particularly preferred. T0017] hlorites
useful in the %‘r@g?ﬁce of this inventign are t hose whi chﬁ%ﬂ%g‘]"’?ﬁﬁﬁl e
bi oci de co%om tion with the peroxide. ml es of sw t abl em#/p_ochl orites
may i nclQHEE DAROIBINIGRATAPOnSYS SEMALSHRIS.@ d§ﬁ§‘2§ﬁ Ggntagt gith ongauie dorite,
cal ci um hyp, t. I t p bei ng
pr ef erreg:>é %Edlg')ﬂﬁfﬁ fo JSEJH g&&igﬁg‘g@t@éﬁ Wﬁftﬂe%&y%en élhgng(rf%gérg fr%glxed or
ot her wi seonditidnswf 1hse9tliva1mipoﬁ€tﬂs7 of tAO bR/ QAPITTHORGH SO ZBQ«ﬁBeMas ot her
non-organi c_conponents. or naterials, as desired. Contact w anj,c

Tt eri al ASHERHPAISE (@Bt aéiamﬂetrnaﬁﬁq EPIBROSIOR. oﬁ%onﬁet@%%%&s ﬁ%@w@of t he
conposi i flooudtdfipohifist Rkione BB rk 0B € rodllte SRR AR 9O bbldifedb! 0CT de
corrpositlzelneo Pge brso t togetker gt aéé%ué% S |el gut ds to or E;P‘Felqw

bi oci de amﬁmcfmaicannpos‘ﬁhm concentratlons of t he respectlve aqueous conponent

sol ution r S rati os are erved in
the 11 nal0URl Y Yonionss g@]wﬁﬁgﬁ SRR PO aE PR and
hypochl orib g § BRI Y $hif i eR AR Bﬁ’c vtriﬂr@@au%e%ée bid kSmppaRt | on
can vary, but will typically be under anbi en erature and pressure.

Vari ous pmd@e@sm (Warmus phecesses (ise rhatchommmnwoue,mwmwg)sljm ftlar addifion

addi tion ncl.u O3 f n but atc ocessing in the
par t1 cul AP Bedeeae. pine Beelng biChHER brsitin iR PRUEHEN SRR, { 2o o
corrposltlspamﬁécpe%@afemmm@mﬁtmmmeamptrsmonlt s bel i eved that the
source of "the oxygen is either the peroxide and/or conversion of

hypochl or{ﬂQ?é’]t 0 ingrboued tochenry At fbelioved S e swurcendhe euyssreeither a 10:

ypochl orPY EeSRer U (RS bl R AGBRARE o kbt lird U TIRE TopBfs O U7

sem - st aldhectrdl BERY GEslil el ewéifiatragh mﬂ@aﬂhﬁd@ﬁtzﬁboﬁand%wmm%ﬁtﬁn uT;bg form
t he biocidal conplex of the _invention takes is uncertain and may

seni st ablsedignpyrochlosicaad hydospe pevoxide, andiitiindicatpy fuewtion iof @, Setmetables
di t d t
the | pyerPElne8 th RAbGEE bfer ah LR b e B e locklal bR EUIE |

reduct i venvemeoch &ikics mamcbiymeﬁd napbs agenidtabke conplexvisetddenchel perokide tahé ther act i ce

of this invention
hypochlor?te that 1s disrupted by organic materials. The sporocidal activity of the mixture

of the invention is most likely a combination effect between oxidative and reductive
mechanisms. Hypochlorous acid is a known biocide. In the practice of this invention, the
peroxide appears to form free radicals, also very strong antimicrobial compounds. See, e.g.,
Fig. 2, which evidences release of singlet oxygen. Figure 2 illustrates a comparison between
a control sample and a sample with the specified bacterial spores in solution with a biocide
of this invention having the characteristics described earlier in this paragraph for a 10:1
weight ratio biocide. As will be shown below, the fractional inhibitory concentration (FIC)
values show a synergistic effect against all organisms on any surface. Most probably there
is a synergism by the combination cocktail produced by breakdown of the semi-stable
biocidal complex of the invention by organic materials.

[0021]  The effectiveness of the biocide complex of the invention versus that of the
individual components and other known biocide compositions is shown below. On a
concentration basis it is more effective than previously known biocides. For example, the current

recommendation for B. anthracis spore disinfection is 15 % bleach for an hour, or use of



per oxi de appears to formfree radicals, also very strong antim crobial
conpounds. See, e.g., Fig. 2, which evidences rel ease of sin§Mdrcho3dpgen.
Figure 2 i r a conpari son between a control sanple and a sanple
with the s"géclilﬁ'%‘(og%lﬁe’zact erial spores in_solution with a bPEEUSRN3E2842H| s

i nvention having the characteristics _d%scri bed earlier in this paragraph for
a 10:1 gletehdehyde ¢orofornaldéhade. As fani thxicile thehinitial belk easing thee formixingosfahe

inhibito t |0 I roi st fect i nst al l
or gani snectIRABEE it Tl vl Bioigre otalofns ¥ B Bhd, il Rl B

conbi nat todre aqueldemidie jprtoduthe aagoy plessasdatd wolulbititytofi ehleeus gas fredpdter. bi oci dal
conplex of the invention by organic materials. [0021] The effectiveness of

t he bi oci de conpl ex of the invention versus that of the individual
conponengpendn@t her known bi ocide conpositions is shown below. On a

concentration basis it is _nore effective than_previously known biocjdes. For
exanpl e, (0P#d ﬁwﬁwm %@BW@&E@@%PW@?OHB@: ishovld he Pgteéﬁ% sulgssther®igse i on i s

15 % bl efagRat@ AR conontts EmPlhyed WR L DA B herdMd2RRH LO ARS8 solnti
PCT/ U200 asg Al ol conlon, dehgﬁc?é or fo?rragglephyde. As fo@?oxigiﬂt?ﬁ t he

initial BelerRt GA%: wet Ivee) rnd ithrghappcltlorite emplopeshent & sqdinmp aypgehlotitefeoe may be
trace le Tol Q¥ S PL; L Serl ' a

pr obl em %%@?@Isgglﬁlh%ﬁgﬁ Sa gorvvéﬁ esglgir;lg)%ﬁ%%ﬁ%?’?ﬁ?%%ﬁégﬁ%rs? ér?giegzos in

wat er . Experdimprteadxidd, de2ptinmhpaojfowes fvm 4 30%omiight/velumeragnenus ablutiexct i on,

it shoul noted that, unless otherwi se indicated, the peroxide conponent
enpl oyed S"a hydrogen peroxide froman aqueous solution thereof (30%

wei ght/vol une), and the hypochlorite enployed was a sodi um hypochlorite from
an aqueomgllution t her eof (5% wei ght/vol une). Wen the peroxi de enpl oyed
was specrti to. be sodi um peroxi de, the sodi um peroxi de was froma 30%

wei ght / voloihemagiieabisteifcdt i on  thereof. STUDY 1 Organisns and Maintenance

[ 0023] Spores and spore fornmers: Bacillus subtilis, Bacillus pumlus RJ

0055, an@OBHci Pperes andespetesionese Banillus wukfilivr Bepillusovpmitys R 10051, 8¢ Beridisgi cal

Sci encescaabyshaiit St Boflife bRMEES dbiolbdiah QB Lol SEAEUKRESIN®

strain of B. anthracis was obtained fromthe LSU School o Vet erinary

Medi ci ne(BattagRangei luds). cBhd wceifie Sain 04 Bisu/pacipens opjriapdh fremt thy LW Selvadof ng 25
m flas kVeterinary Medicine. Vegetative cells of Bacillus sp. were prepared by inoculating 25 ml flask
of tryptic soy broth (TSB) (Difco, Deiroit, MI) with 2 ml of an overnight TSB suspension. All
flasks were incubated at 37°C for 24 lus. Preparation of spore suspensions was achieved by
growing Bacillus sp. on agar plates containing yeast extract and beef extract. Spores were
harvested, washed three times and re-suspended in sterile distilled water. The washed suspension
was heated at 75-80°C for 20 mm to desiroy vegetative cells. Spores were stored as a dense
suspension in distilled water at 4°C for 3 days pridr to use to.allow autolysis. Spores were kept
at 4°C until needed. Spore verification was achieved by the Shaeffer-Fulton method. See
Schaefler, A. B. and M. Fulton, 4 simplified method of staining endospores, Science 77:194
(1933).

[0024] Vegetative cells: Listeria monocytogenes, obtained from the wild, was grown on TSB
for 24 tws at 35°C. Leuconos(oc mesenieroides B5S12F was cultured on Lactobacilli MRS broth
(Difco, Sparks, MD) and grown for 24 hrs at 30°C. All other organisms used were from the

culture collection of Dr. D. F. Day.

Minimum Inhibitory Concentrations
{0025] To determine the Minimum Inhibitory Concentration (MIC) of each biocide or

combination, dilutions of each biocide component were made with TSB for Bacillus spp.



of tryptic soy broth (TSB) (Difco, Detroit, M) with 2 m of an overnight
TSB suspension. Al flasks were incubated at 37C for 24 hrs. ‘Pepat®fi on of
spore suspgn s achieved by grow ng Bacillus sp. on agar plates

cont ai ni ng y?g{s])‘{)ééégract and beef extragct. Spores were WK&IIEPBI284zAshed
three tinmes and re-suspended in sterile distilled water. The washed

suspensi (mporesemdhestative tcells) - &id Wikteria 20onveytogenis,s MRS busthy fonLenenogbt s.

Spores were stor d as ense sus enS|on Ln [ |1 ed ter gt 4C for 3
days pri BeSFHeTe ﬁ?‘%\?@ g&/ﬁé 14029, V?S&ge 14,6011 B needed.
Spor e VeAfIfO(Fﬁzzg 'ﬁn&‘@ﬁntﬂs}ﬂbﬁ&’ﬁﬁhl}aﬁﬂzﬂ%ﬁ 928 aEBéh%bfﬁ? iﬁ?cﬂﬁ&&‘ﬁﬁhosf

Schaefler, A B. stnplif st al ni ng enc?ospores
Sci ence 17 SpO% sqsp@ﬁib)ﬂ. (E{cﬁﬁlﬁmgl)&/dgeglac |a/éndet¢mcntlatmtt1eof approxiveyely défies,

bt d_f 24 hi t

oDt a1 1o B ! Do 95 e oy gt B HEROR
MD) and gHeOMMprdR fatééeniyeﬁat@te é@@ foi\lBacﬁmQ%pp Okl ImBReNE BShMalAnt HOFCCE he
culture coll ect i on of Day. M ni num I nhi bi torém ncentrations

[0025] TS eﬁOﬁCnﬁ)rth@tcwwtcrmmesqmmrmdebrl%ﬁlz’&n@@dat%éﬂ Esohapichia evdich

bi oci de conbi nati o f each biocj nt e with
Ten tor SaubraRIR R o ST R eSS BB RSB L BB
(spores poelspoegedny)iwes Rbleked bytihsleiriipel. 5 &1l BPERE BiRURNES nﬂiﬂ&l&ﬁm:hnﬂor
Leuconosggcswrreseﬁ)er oi deg and NBY for Sal nonella typhi rDrurl um ATCC 14028,

Escher | oRfB/Rrmiraizingloth G4m0 Spesks, MRk FResHISIHEN WepRotexmixed 3. L mEeh t ube
| }"’;’if}a: nocy E@ﬁ] % m,félg Ign]H}ea%ﬁlsﬁsl%%ﬁqnswg%’&gaﬁté@@&%F% 552y ﬂkdiﬂjce\él)fo} 79' ve a

con r oxi etative cells pores

bi oci de mlauﬁen@matﬁhgd@uhba.ﬂrabswﬂme Nﬂﬁbwésaie&@mimﬂ as?ﬂaehmumnmbncetdmauon
appropriate terrperatéj 37C for, Bacillus spp. and 8%1 nonel | #1 hi muri um
ATCC 149@3001@@@%? fosrewh S bidityrekenll sxprrapcntsig yeblegoyntefeck gf spore

Escheri c @}W 948, and Listeria
nonocyt oge es nI\Ygutra |zat|on§ mbﬂ&p Fom € (for spores only) was achieved
by transferring 0.5 m of each biocide or conbination to 5 mMm of DE

neutralizing bro (Difco, Sparks, MD). The suspension was vortex-m xed for
1 nmin. ﬁ@&%@—%@%@—%—w each suspension was transferred to 5 nl TSB
and | ncuRmber TRE Fabofl HuifibitdrP CBRRIAG HEP Al BRCLIADIURCH TGRS

deternmn € mnl num concentrati on
of Berenbaum. See equation below:

AJA.+BJB,

Where, A, and B, represent the biocide components used in combination; A, and B, represent
the biocide éomp onents used exclusively, wherein A represents the effective concentration
(MIC) of'a component of the biocide and B represents the effective concentration (MIC) of
another component of the biocide. When the sum of these fractions is 1, the combination is
additive; when the sum is <1, the combination is synergistic, and when the sum is >1, the
combination is antagonistic. The MIC values of combinations of biocide components were

determined and the FIC calculaied as described above.

Antirnicrobial Activity of Biocide against Spores on Stainless Steel

[0027] Preparation of stainless steel coupons: Stainless steel coupons (1cm x 1cm) were

washed with 1 N NaOH to remove any surface residue and then sterilized prior to use by




of biocide required to prevent turbidity. For all experinments the viable
count of cell or spore suspension was determned prior to bi 8dateh2007
treatment. Fractional Inhibitory Concentration [0026] The Fracti onal

I nhi bi t ory vwonmeoiskat i on (FIC) was cal cul ated based on bﬂ&uﬁ%ﬂ@ﬂusof
Ber enbaum See equati on bel ow. AC A, +78C/B Wiere, A an represent the

bi oci de ¢ 2] e I de
component STeuaa s HREE K SSAT AR ShnotiB13 o of AL S £ Gubl 28

C?Pcent r atRI@as5 (ok/lBG)rerajs (a0 Eegm@hdhwmahdehenmmuﬂ@:saﬂ?iﬂﬁnteemeﬁengi@t we ]
effective.co er co nent .o i OCi en the
sum of - t hé%&rgggtg a‘%ﬁr‘l é &Fﬁgﬂeéfb%fﬁ& HQ?ROB?I appéﬂ’ﬂﬁn?'ieé’ Lgtsenres ﬁ’érlz sumis
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cereus ( 1@ecrig @itk Riele dde, pl aced on the coupons and then | et dry over ni ght
in a 55C incupat or. Contr.ol nl ess_steel cqupons had pI‘OXI mat el y 1x105
spores/ cd plategay Taypti ‘f§932é’]gafE€7f§9tP14§?5 Difee %ﬁf‘é&sgﬁiﬂ@é ‘F_jg fotib&riohas
sprayed twigeg, anﬁol%ﬁpdﬁs%réiﬁaye@hg&‘é\gﬁﬁ eGRIBhSHtIf WA, |nvent|0n and
exposed to it for 30 see 5 mn-at 4C, 23 C, and 37C. Coupons

were vortex-mxed for 1 min in test tubes containing 5 m of 0.1% peptone
sol uti on Elgf ﬁ%% a‘ & rile glass beads (Fisher, Fair Lawn,
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spores. Stainless steel coupons were prepared as described previously.

Industrial Application

[0030] The biocide complcx of the mventlon, mn spray form, was tested on heavﬂy

Preparation of Biocide Complex
[0031] Three strengths of biocide complex of the invention, 5X, 20X, and 50X, wherein X

is 35 ppm by weight/volume hydrogen pcroxidc:SSOppm. by weight/volume sodium
hypochloride, were prepared and tested on site. '

[0032] Bacterial population reduction: An 20.32 cm x 101.6 cm (8 mchx40 inch) section
(covered wu—__h biofilm) behind the wash tables was used as the testmg area. This area was
divided nto 4 sections (control, 5X-20X, and 50X) of approximately 20.32 cm x 15.24 cm
(8inchx 6 inch) each. A stainless steel shield 20.32 cmx 78.74 cm x 15.24 om (8 in. x 31
in, x 6 in.) was built to protect the area from dripping water. Each area was swabbed with



[ 0029] The stability of the biocide conplex of the invention (pH 10 and 6.5)
was tested for. 1 week at 4C, 24C, and 37C on stainl ess st eel? Madpd3

cont ai ni n . subtilis spores. Stainless steel coupons were

pr epar ed ggﬁg:ﬂ@@?ﬁd previously. Industrial ApplicationPCI083p03082%i oci de

conpl ex of the invention, in spray for was tested on heavily contam nated
gi rder s ootten tipnprioveatd dftdoladditivn af bivoids i(30haecs dGaninradd 30 Ged)e cTldbiaeidas of

the surface were s ed and then 6. 45 can square (.0 nch square) .areas
swabbed aﬂlaplﬁmfﬁwﬁ BHtopwEs SRR twiss aﬁmm@ 5 hiﬁ‘ﬁéssna@.az%r%%ﬁh ex
[0031] Thpess, ﬁaﬁl L %)96 4Bic 91‘&519&?119 Ve %W{?hﬂoﬁl%ﬁﬁﬁéé #8 Wrihe €8S ofand

50X, wherein pm by wei ght rogen peroxi de: 350ppm by
wei ght / v dthanostrelodieay dlstlﬂqdmaﬂat wad wed msteacbo ader dibtandwabswerd phwedmitest [ 0032]

Bacteri al_,popul ati o uc 2 cmXx,101. 8 i nch)
ceot | on RS GUFBHESaHFP wﬁ?%suﬁﬁreqﬁfap%@%%ﬁ St foly ootk
testing oA AgAH (PCN)QR 118 Sameidy ﬁﬂ@:ﬂl}ih@é@s 4n BRLbASS fdrOAAY Bhurs aY30¢0X, and
50X) of approximately 20.32 em x 15 inch x 6 inch) each. A

st ai nl es$aeh bietidg horepenead waPrumms xomsol7 4 cmx 15 24 cm (8 in. x 31 in. x 6
in.) was built to protect the area fromdripping water. Each area was
swabbed with 9 March 2007 WO 2004/ 023877 PCT/ 1TS2003/ 028423 8 cotton tips

pri or an@ta@ of e Hibdi@) C¥mdMxoci de (30 see, 15 min, and 30 nmin). The
bi oci de g{/) ex of the.invention was sprayed tw ce (approximtely 5.4 nl)
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plated on Plate Count Agar (PCA) on the same day in, duplicates and
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conplex o nvention was I've for scan
showed abﬁkmMIamﬂwptlon in a broad peak absorbing around 300 nm form ng an
i ncreasi ng trough (using hypochlorite as the base scan - Figure 4) or a
decreasi ng peak (when

MIC and FIC Determinations _
[0034] MIC and FIC were calculated for each food-grade biocide component of the biocide

-

complex of the invention against vegetative cells. These calculations are summarized in
Tables 1 and 2 below.

Table 1
Organism MIC (wt%) FIC
H,0, NaHCl10, H,0,/NaHCIO,

B. anthracis 0.01 0.05 0.0025/0.025 0.75
B. cereus 0.025 0.1 0.0015/0.01 Q.7
B. subtilis 0.025 0.1 0.005/0.06 0.8
B. pumilus RJ 0055 0.025 0.1 0.0015/0.01 0.7
L. mesenteroides B 512F 0.006 0.035 0.0002/0.018 0.85
E. coli B ATCC 23226 0.01 0.02 0.005/0.005 0.75
S typhimurium ATCC 14028 0.01 0.02 0.005/0.005 0.75
Listeria monocytogenes 0.005 0.05 0.001/0.025 0.7
Xanthomonas maltophilia 948 0.005 0.01 0.0035/0.001 0.85




peroxide is used as the base - Figure 3) which it is believed is |nd|cative
of the biocidal conplex of the invention. Change in this wa

correl ateg, Bf%gghdl sappear ance of bLglc:LS?Lt 2gt :c \(;lrtgal,g#l,ﬁ%ggﬂ%%zg

Determnatlons ] MC and FI C wer

bi oci de co § fthe bjo i’lde co lexq% thelnventl n agai hst vegetative
cells. R FoB L ablp o dhe Piocids f WvegtipR shawetha syngsgistifnetiocdp) e 1
O gani sm 021

0. 0025/ 0 %’%%t%?“%*ﬁs%;t%us BRUSA SEri Pt b e el T3 B o 05

0.1 0. 005¢dmcfb@1 0.tBe aﬁoummﬁﬂypecmw Bir@] @2%ach the MMEDFHEDa BthalDarfiourt.of
nmesent er oi des 1% %p 006 0.035 0.0002/0.018 0.85 E. colt B ATCC 23226
0.01 0.0% ]6”‘%5]6@% #el 0. 75 5 t yphi nuri um ATCC 14028 0.01 0.02 0.005/0. 005
0.75 Listeria nonocytogenes 0.005 0.05 0.001/0.025 .0.7 Xanthononas

mal t ophilia 948 0.005 0.01 0.0035/0.001 0.85 9 March 2007 WO 2004/ 023877
PCT/ US2003/ 028423 9 As seen from Tabalde 2, the biocide conplex of the

i nvent i op—shonwed—a—syRetrgstie—efHect—agatnst—at-—bacteraqtestes—A t hough
speci es ppeciOrganismp average there wasMACH@ut?)f ol d reductign i FIChe pnount
of hypochlorite required|tTo TEach thg M Cwienya smart—_anount of perpxi de
was addefl. Table 2 O gan{sm M3 0w % |FI BClG2 op H,MN¥aBi€182/[NaHC103 B
ant hr aci bBlﬂJ(l)th% c?s 0.5/0.25 0. 7150 B. cereti.s0 5. 0] 4. 005/&3/2 5 [0. 68‘75

B. cereus 5.0 4.0 0.25/2.5 0.68

B. subtilis 5.0 4.0 0.25/2.5 0.68

B. pumilus RF 0055 4.0 3.5 0.25/2.5 0.85

As seen from Table 2, the biocide complex of the invention showed a synergistic effect
against all spores tested. On average there was a two-fold reduction in the amount of

hypochlorite required to reach the MIC when a small amount of peroxide was added.

Kill Rate Measurements
[0035)
before and after treatment with the biocidal complex of the invention for 0, 30 sec., 1 and 5

Table 3 shows the log number of Bacillus sp. spores on stainless steel coupons

minutes at three different temperatures. The rate of kill for spores was less than 30 sec. The
best reported kill rate for hypochlorite on spores requires a 15 minute to 1 hour contact time.

There was no difference in kill rate over the temperature range tested (4 -37°C).

Table 3
number of spores/cm?®
4°C Control (log) 30 sec 1 min 5 min
B. pumilus RJ 0055 3.31 0 0 0
B. subtilus 593 0 0 0
B. cerus 4.81 0 0 0
23°C




B. subhlis 5.0 4.0 0.25/2.5 0.68 B. pumlus RJ 0055 4.0 3.5 0.25/2.5 0.85

As seen from Table 2,

hypochl oride (i.e.,
' [0036]

t he biocide conplex of the invention sh&\lbé@icla2007

a 1: 10 peroxide to hypochlorite wei ght

hypochloride (i.e., a 1:10 peroxide to hypochlorite weight ratio).

ratio).

synergi sti % agal nst all spores tested. On average there was

t wo- f ol d rﬁe’c(l’ c ‘Iﬁgz?lsl n the anmount of hypochlorite requireddh (Psiz%“é@ﬁs"tz?le M C
when a spall armunL of peroxide was added. F_Kill Rate Measurenents 100351
Table 3 0 nunber Bacl | | ug sp. [sporeg on stjai nl egs st egl
coupons E are :\nrp&'ﬁf Na erd:.\ nent \I\A'fﬁ fEn hipnr‘i | r‘nr‘Tﬂ ex ?f the
invention_:,f aibtiths 30 sec|, 1 @pd 5 [mnupes af thr eg di fferent berrpercltur es.
The r at e fof—kt+t++—Fot SPpres—was Fesis—tran—30+sec—Fhe—best |cpunncu kil l
rate for|Bypwoelsl orite op spor®s require® a 1% mnube to 1 hour Ocontagt tine.
There wa§ no_drfTerence|in Rt ratfe over tng tenperaturg range testgd (4
-37C). TaBY€ 3 nunber of spores/cn? 4C Contr¢l (log) 30 dec 1 min 5 rfin  B.
pum | us 05, subtfilus 5.9310 0 O, B. cdrus 4,81 0 0 23C
9 March %oﬂ““@@%r@é%wsm BT/ U32003P028423 1098, purilus B 0055 5.67 0
00 B nggd}) s 6.07 0 6gécereus 5,0 0 37C,B. purfil us 005% 5.53 0
0 0 "B. sub s 6.03 0l0. : cerleus Q3.0 0.0 [0036].1Table 4 givegs the
survi val j gf cdBeysant hr aci Spaf.e3 on stai pl ess steel pcoupor)s u5| 09 2500 ppm
wei ght / votunme—hydrogemr—peroxide—250606—7pmwetghtvotume—sodium

Table 4 gives the survival of B. anthracis spores on stainless steel coupons using

2500 ppm weight/volume hydrogen peroxide: 25000 ppm weight/volume sodium

Table 4
Time (min) Log # spores/ cm?
) 0 4.35
1 3.0
3 0
15 0

[0037]

The biocide complex of the invention was also tested in an industrial situation

against thick biofilms of Leuconostoc mesenteroides found of cane wash equipment at a

Louisiana sugar mill. The application was by sprayer, dispensing a known dose of biocide.

The results are summarized in Table 5.

Table 5
Colony Forming Units/cm®
Time (min.) Control A B A/B
0 8.4 6.7 7 73
0.3 8.2 6.9 4.6 23
15 8.2 6.8 4.5 1
30 8.3 6.7 4.5 1




Table 4 Time (mn) Log # spores/ cn2 0 4.35 1 3.0 30 15 0 [0037] The
bi oci de conplex of the invention was also tested in an indust OiMircls2G0dat i on
agai nst th@ﬁl&og‘il@gg.,l,m of Leuconostoc nesenteroi des found of cane wash

equi pment at ‘a  Loui siana sugar nill. The application waSCH{ISYBAgE23

di spensi ng a known dose of biocide. e results are summari zed in Table 5.
Tabl e 5 Iadhotaple BEbove, Ag= lydrogéngreRoiden® = sudium hpmchiosite; A/B =4hBcofbifators. 7 7
7.3 0.3.8.2 9,4.6 2.8, 15 8.2.6. .h,1 30.8.3 6.7 4.5 9 ch 2007
VO 2004/ ﬁ% logiteropepies Heghisatio Oﬁoﬁnﬁ“ﬂlﬁgo%%rv@s X ,spwé_ﬂ aﬁ%%%

per oXi defesfsmaydi Jd8h Eﬂé?@i%ﬁlly% iFiRire 5\BTHe $RRt GAFVEN 558 witR kil BoBRARE BT 1 e o
peroxi de weight ratio of 10:1. e control was a Wwater sprayed area. These
resul t s lssythie26 sumitey. aphéreavdsya cantais ayaouat BF residnabadtivity asaofilsydid api d, with

kill co tein_less than 20 mnutes. There.was a certain anount of

resi dua%&’gﬂ%\% %‘Wﬁgﬁ%‘fl%fﬂﬂﬁﬁfsc%%mﬂ%ﬁw’w%@%{’%@%@“?@% al hours, under
conditions favorable for filmformation. Order of Addition [0038] The
followi ng Table 6 shows the significant effect of order of addition on the
hal f-1i fm‘@m@w ex formed. Half-life was determned spectrally on
sanpl es at in 4 =0 S =141 al so
determ n@gﬁglor Telgegt?h'lg‘{vom ?géﬂi'e gg&%ﬁ‘%ﬁg‘}ﬁ 5%%%%%@%%}.0%5%%@&%3&&“& I e

half-life of the complex formed. Halflife was determined spectrally on samples kept at

alkaline pH and 24°C. For comparison, half-life was also determined for each biocide

component separately.

Table 6
First Second Half-life (days)
Hydrogen Peroxide - 262
Sodium Hypochlorite - 221
Sodium Hypochlorite Hydrogen Peroxide 809
Hydrogen Peroxide Sodium Hypochlorite 148

STUDY 2

[0039]  This study evaluated the performance of a biocide on six types of material
characteristic of civilian office environments. The test surfaces were uniformly contaminated
with B. subtilis spores and let dried overnight at room temperature. The test surfaces were
sampled at time zero min prior to treatment with biocide and at times 5 min and 10 min {when
necessary) after treatment with biocide.

Materials Used in Test

* Commercial carpet, tightly woven
* Wood floor tile

* 01d concrete block

* Rough surface tile

* Smooth surface tile

* Acoustic ceiling tile




First Second Half-life (days) Hydrogen Peroxide - 262 Sodium Hypochlorite
- 221 Sodi um Hypochl orite Hydrogen Peroxi de 809 148 F Hydr o§eMaréhe?0dXi de
Sodi um Hy rd STUDY 2 [0039] This study eval uated the performance of a
bi oci de Oﬁ&??}b&ldﬁéﬁlg of material chargcteristic of civi IPFEHPSG?‘W“&¥23
environments. The test surfaces were uniformy contamnated wth B.
subtilis 1QCe8s dri ed overnight at roomtenperature. The test
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* dd concrete block . * Rough surface tile_ * Snooth surface tile *

Acoust i c Pegsndigupryitp shapusiaee af vastically suspensied paneb bepts abetiistmpe obatopbldm. 12

Cont ami nat, i P ' égus? el HY i i ed

I nsi de a@%hggggﬁ%ﬁgag%ésea éqh%eggﬂv%&% HPll n é&éﬁl&ﬁlﬁ?@ﬁc ’f(;u 5 llﬂ(r)l%\@gnfgf?%% A
Baci | | us appritiimhiety186 cokoal fdiay unitst(CFU)/ nemplezzta(1via2). di r ect ed
perpendicularly to the surface of vertically suspended panel tests at a

di stance of about 14 in. Each test material received three sprays of 108
spor es/ nipl._ i 1 L.nal ition density of approxinmatelyl 06 col ony

form ng g} ool e Sag@g@gr ea (1 in2). Pre-Decontam nation Sanpling

[0041] THW4tpnTiendontdreidated sdst mateeinls wless allowed & diywerdrnight dt soomtemperghitre at r oom

tenperatyre for approximatel 17 hours. [Each .contam nated nmaterial was
Sa$| ed It a(pmpxgpgtgﬁ(r g},thours. ]%.ch contamlrnated material was sampled at two d1ftacrent

=

locations at time zero. A sterile cotton tip applicator was rolled back and forth within a 1.25
inx 1.25 in area and placed into a test tube containing 5 ml of D/E neutralizing broth (Difco,
Sparks, MD). The test tubes containing the swab samples were analyzed immediately for

spore survival.

Decontamination

[0042] The test materials after drying for approximately 17 hours at room temperature were
sprayed four times with the biocide and each biocide component at a distance of about 14 in.
inside a microbiology-safe hood. After 5 min or 10 min (when necessary) of exposure to each
treatment, a 1.25 in x 1.25 in area was swabbed with a cotton tip applicator and the swab was
placed in 5 ml of D/E neutralizing broth. The test tubes containing the swab samples were
analyzed immediately for spore survival. Effectiveness of the biocide of this invention as a

potential disinfecting agent will next be presented.

Microbiological Assays
[0043] The concentration of Bacillus subtilis spores (pre and post-decontamination) was

determined on Plate Count Agar {PCA). The spore suspension was serially diluted between
100 to 106 using Butterfield Bs phosphate buffer, pH 7. Aliquots of the appropriate dilutions
of each sample were plated in triplicate. All plates were incubated at 37°C for 24-48 hours.

Comparison of Technologies for Decontamimating Bacillus spores on Commercial Surface
Materials ‘ -
[0044] Data from various disinfecting technologies for Bacillus spp. spores presented by




| gcati-ons at tine zero. A sterile cotton tip applicator was rolled back and
forth within a 1.25 in x 1.25 in area and placed into a test %Mheh 2007
containing 5 mM of DYE neutralizing broth (Difco, Sparks, MD). The test

t ubes cont Fotongodske swab sanpl es were anal yzed i medi a ore
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bi oci de%%%%?e&é SBVW%%@ Stéat%&:?mg‘fé@%%ba%ﬁﬁt"f%& INFPRUon i de a
m cr obi ola@wotgﬂ{apsﬁaﬁeﬂal /ﬁcbﬁtramﬁlaﬁﬁghg%t A&um fo étﬁﬂﬁﬁiﬂ%@%@%WS 9bp@xposure
to each treatnent 25 in x 1 in areawas swabbed V\nthacottontlp

appl i cat df- éﬁasetiwéﬁgw&bblwaﬂle “Bresent lvemion” wps sbiogidefomaed inarordange witht h.  The
test tub f
Survi val petiBh Bl i YR BARALE R peRe WE RO BRI, T, P07

di sinfecti ng agent w I | next be presented. M crobiological Assays [0043] The
concentration of Bacillus subtili SJEI’C}‘T&S (pre and post-decontam nation) was

det erm ned on Pl ate nt, ‘Aga <] 0 serial l
di luted pelREpe SDW&;O 9 %&-Eﬂf ii%n{l spg -' Blogk o 7 y
Al i quot s| of the appropri atle dil u1 M¥as C@Eamﬁﬁoﬁ I at ed iIn

’ Egrﬂ&ﬁ

triplicaje. Al_plates werle Kgcubat ed @efo3dC for OXeSConpar i son of
Technol ogi es ¥eShnPeEB Nt ani nqtnhgg Bagidohthsnin e S oﬁf%ﬂﬁﬂ“&’ﬁmﬂgﬁﬁf ace

Mat erial $ [0044] Data frorh !‘iﬁlo s di sichfsgef 1 ng tlechnol GIWEE) for Baci | | us
Spp. Spores—presented—bhby—G—Marchi266074-—NO—20084+-0238/+RcHUS20034648423 13
Har per aqhﬂlniyeﬂsﬁﬁafmm Was usedQui)Xdérmnstrate theXdbfi cacy of a|bi ocide
of this i|Nusdiélt on as a pdtential sporicidal /decjontam nati ng agent. Results
are su i TTT, J T8, 9and— 0 —7As used 1 LHEbe tabtesit he -
"Present | Feaneiandia Najigeala |BVéci de7f# &lfed in accord@#t®Mith this ilnvention
usi ng sogiLebersgpydchl orit e jand hygrogen per oxi de a weight ratio ¢f 10:1.

Table 7 son of Techinglo "¢ Decont am nfat aclllus s dres on
Concr ete%_r@eg a‘E@%ﬁ‘? C%E\ta%%natl % B{glﬂr vi val Sporﬁégmk&n Technol ogy* Ti ne
e 8 ft

Bef ore er Decbntanination
' Activated Hypochlorite | N/A 54X 10° 37X 10°
(Naval Laboratory) :
Reactive nanoparticles | N/A | 231X 107 723X 10°
(Nantek, Inc.) :
GD-5 Decontaminant | N/A | LO6 X 10° 122X 10°

(O.W. Rittersbach)
Ozone UV (DiligenTl) |N/A | L71X107 i

Present Invention 5 147X 108 ]:.“M'LSQ

.

*; All data except for Present Invention taken from SBCCOM Report (Harper and Larsen, 2001 )
NA: Data not ava.ﬂable




(2) (m

n) (cfu/in2) cfnlin

Uni versity of Mchigan 90 9.15 X 107 7.

1 X 101

Nanot ek Foam (Sandia National NA 7.4 X 107 9.25 X 102 Labor &Margh 2007Gel
(Lawr ence ﬁ?ﬁ"zﬁ% 07 6.67 X 103 Livernore Laboratory) Activated
Hypochl orite X 106 3.7 X 104 (Naval Laboratory) PRIAE2PEH28423
nanoparticles NVA 2.31 X 10" 7.23 X 10 (Nantek, Inc.) GD-5 Decontam nant
NA1.06 X 10$ 1.22 X 106 (O W RitTableBach) Ozone-UV (Diligen I1) NA 1.71
X 107 7 58 106. Pr | nvention 51.47 X 10 X3.92 * I ta.except for
bresent | nvCREPEOR S oGl ShprRRBh e i B s o 801 )7
Dat a not| avai |l able. 9 March 2007 WO 2p04/ 023877 PCTITUSZOOS/ 028423 14 Table
8 Conpar} son of Technol ogi gs for Decon a\ra'&n Baci |(1 mmng S onAqoustic
Ceiling [lile I\/Ean Cont ami nat ion, Sur F‘ ‘?ﬁ@é’é’n’ Tec PYE:| | Ti e
Before After ‘pggont ani n&dlldimpec bnt aniBefereon (jfu/i n cfulin2)
Uni versifty of |v| chi §an 90 3. 6 Xuig) 1. peDecontmmingtiont lkDmeﬂ;geﬂm‘a
National} N A 3.4 X 10' X 103 (cfu/in?) (cfo/in?)

University of Michigan | 90 3.6 X107 1.06 X 10?

Nanotek

Foam (Sandia National | N/A 34X107 6.8 X 10°

Laboratory)

L-Gel (Lawrence 30 2.65 X 107 9X 10°

Livermore Laboratory)

Activated Hypochlorite | N/A 25X107 3.95X 10*

(Naval Laboratory)

Reactive nanoparticles N/A 425X 10 1.63 X 107

(Nantek, Inc.) :

GD-5 Decontaminant N/A 2.19 X 107 275X 10°

(O.W. Rittersbach)

Ozone-UV (DiligenII) | N/A 45X 10 1.63 X 107

Present Invention 5 74X 10° 1X 10!

*: All data except for Present Invention taken from SBCCOM Report (Harper and Larsen, 2001.)
NA: Data not available.




Laboratory) L-Cel (Lawence 30 2.65 X 10' 9 X 103 Livernore Laboratory)
Activated Hypochlorite VA 2.5 X 10" 3.95 X 10 (Naval Labor at9dviyih R@acti ve
nanopart i %@306\%&%725 X 10" 1.63 X 10' (Nantek, Inc.) G5 Decontan nant
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Table 10

Comparison of Technologies for Decontaminating Bacillus spores on Steel Surfaces

Spore Count Before

Spore Count After
Technology* Kill Time cfw/cm? cfu/cm?
(min)
Ozone-UV (Diligen) - 7.6X 10° 3.53 X 10°
Reactive nanoparticles - 93X 10 2.1X 107
(Nanotek)
L-Gel (Lawrence- 30 6.67 X 10° 45X 10?
Livermore)
U Michigan Nanotek 90 1.3X 107 {0
Sandia Foam - 72X 108 0
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Provi ng 7 April 2001. STUDY 3 Biocide Synergistic Effect against

Pseudono M&id@ﬁ@f@ﬁﬁﬁiﬁec’u against Pseudomonas aeruginosa

Organism and maintenance

[0045]  Pseudomonas aeruginosa ATCC 1942 was obtained from the American Type
‘Culture Collection (ATCC, Manassas, VA) and grown overnight at 35°C on nutrient broth
(Difco, Detroit, M) to approximately 108 CFU/ml. Cultures were maintained in nutrient agar

plates and stored at 4°C.

Preparation of stock solutions

[0046] Hydrogen peroxide (2.5% and 0.5%) (Sigma-Aldrich, St. Louis, MO), sodium
hypochlorite (5% and 0.5%) (Sigma-Aldrich, Allentown, PA) and sodium peroxide (0.5%)
(Sigma-Aldrich, St. Louis, MO) solutions were prepared freshly before each experiment by

dilution of concentrated stock solutions with sterile distilled water.

[0047] Determination of Minimum Inhibitory Concentration: The Minimum Inhibitory

Concentration (MIC) of each biocide or combination was obtained by mixing each biocide

component or combination in 15 ml test tubes and gradually adding nutrient broth to the

desired biocide concentration and a final volume of 10 ml. Each test tube was then inoculated

with 0.1 ml aliquot of an overnight culture of Pseudomonas aeruginosa ATCC 1942 to a final

concentration of approximately 106 CFU/ml. The cultures were incubated for 24 hours at
© 35°C. The lowest concentration of biocide where there was no growth after 24 hours was

taken ag the MIC (Lorian, 1991).

[0048] Determination of Fractional Inhibitory Concentration: The Fractional Inhibitory

Concentration (FIC) was calculated by the obtained MIC values as described by the method

of Berenbaum. See equation below:

AJA,+B/B,

Where, A, and B, represent the biocide components used in combination; A, and B, represent
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Table 12
FIC Values for Pseudomonas aeruginosa ATCC 1942
Biocide Combination (weight ppm) FIC
Hydrogen Peroxide: Sodium Hypochlorite 0.77
25:300
Sodium Peroxide: Sodium Hypochlorite 0.83
50:250

According to the data obtained in this study, a synergistic effect exists between hydrogen
peroxide: sodium hypochlorite and sodium peroxide: sodium hypochlorite against

Pseudomonas aeruginosa ATCC 1942,

[0050] As the foregoing description and experimental studies show, the present invention
enables the production and use of biocides which have tremendous biocidal effectiveness,
while at the same time provide a stable composition capable of being stored, used and/or
transported without significant degradation in effectiveness over reasonable petiods of time.
[0051] It should be noted thai compounds referred to by chemical name or formula
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herein is not intended to limit, and should not be construed as limiting, the description or a

claim to a single element to which the article refers. Rather, the article "a" or "an" if and as
used herein is intended to cover one or more such elements, unless the text expressly indicates
otherwise.

[0054] This invention is susceptible to considerable variation within the spirit and scope of

the appended claims.
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C ai m 1, hyhehRiife.t he peroxide is hydrogen peroxide. 5. A biocide conposition
as in daim1l, wherein the hypochlorite is an alkali metal hypoch]orite. 6.
A bi oci d& conpodacidsn campesitien Asnims, Claiardi Wheredn nipg obynashloriEs jissadigpum
hypochl o Shlofite. A bi oci de conposition as in Caim1l, wherein the peroxide

i s hydrogen peroxi de and the hypochlorite is sodiumhypochlorite. 8. A

bi oci de Tonpogi tibade esnpositicnak in Claiih whérsinttheperexigeis hydtogen pérofdde asddi um

‘the hypochlorite is sodium hypochlorite.

8. A biocide composition as in Claim 7, wherein the weight ratio of the sodium

hypochlorite to the hydrogen peroxide is about 10:1.

9. A method of producing a biocide composition, the method comprising charging to a

vessel a quantity of a hypochlorite, and then adding to the hypochlorite so charged a quantity

of a peroxide, the weight ratio of the hypochlorite so charged to the peroxide added thereto

being no less than about 10:1. |

10. A method according to Claim 9, wherein the method is carried out in essentially the

absence of organic matter.

11. A method according to Claim 9, wherein the peroxide is an alkali metal peroxide.
12, A method according to Claim 11, wherein the peroxide is sodium peroxide.

13, A method according to Claim 9, wherein the peroxide is hydrogen peroxide.

14. A method according to Claim 9, wherein the hypochlorite is an alkali metal

hypochlorite.

15. A method according to Claim 14, wherein the hypochlorite is sodium hypochlorite.

16. A method according to Claim 9, wherein the hypochlorite is sodium hypochlorite and

the peroxide is hydrogen peroxide.
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