; e3eqgkgbbcDf d@k6RkTK r_ 5 ~~~ Y 2i ?~3 1 FORMULATI ONS FOR NEUTRALI ZATI ON
OF CHEM CAL AND BI OLOG CAL TOXANTS CROSS REFERENCE TO RELATED APPLBCHAY OS3
s This application is related to U. S. Patent Application Serial No.
091109, 235, filed oh“[{&lne 30, 1998, now abandoned and to Provi sional

Appl i cation Ser| 46,432, filed July 29, [ plication
was nade with sliﬂ@ H Hm the United States Gover UJ mﬁwmgr contract
DE- ACO4- 94AL850 y the U S. Departnent ' e Gover nnent

has certain rights T%H“his invention. BACKGROUND OF THE®N¥/ENTI ON The
present invention is directed to materi Al's for neutralization of chenical
is and biol ogi cal conpounds or agents, and especially chem cal and

bi ol ogi cal WeRPRIIELATHDNS FORINEUTRALIZATHON QF CHEMICAL AND BIOLQGIKIAL , the
present invention is directed to mtfégghﬁ cont ai ni ng sol ubi li zi ng
conpounds and reactive conpounds that~Ca §e delivered as foans, sprays)
i quids, fogs and aerosols to enhance the rate of reactions |leading to

neutralizati ] r additives which serve to
kill or atte%glgé ﬁﬁ%‘?ﬂbﬁmﬁgﬁé“@ﬁﬁmw agents. Terrorist

L h[ ﬁa_t S, t:ﬁot enti Zglswnmmimiimgplmmus. Fhtamb Applibatiom SetialdNu. oamsjzasr easi ng
0 in e S L phr . r

chem cal anﬁéoq %ﬁo‘lgl"lﬁtgg?&abggg;#s&%gﬁ%g o;é-%%taééﬁ boflg%&}esg%gﬁg&%@aﬁ%@ ?e"gt
destruct i on No.80A#6A32pfiled dulyi@S, t99&ern both to national defense as well as
to state and local |aw enforcenent. Certain CWagents known to pose a
threat by terrorists share chem cal characteristics that present an
opportunity for This applicatioprwas made withustiepartliomtae United StatesCoxernapeht s
hosphor fs. anaPE FoltRet DERCBRSAREccR awipa by Bis Uk esfkrment of Enetoy,, _,_y3
2 cheni cal | yThecaevermaenthasicertaigyiohts:i thisinyentiod. whi ch is an exanple of the
H agents, and VX, which is an exanple of the V-agents) can also be altered
chem cally and rendered harm ess. In addition, certain of the known BW

agent's i ncl (RACHRBROUNRRF: 0E INVEMEIRNax and ot her spore-formi ng bacteri a,

vegetative bact elrh@ prdgent itdbmtibnSs Blrédiettormteyialsi fEtiSelr=lizRR of @RedicaPp be
deactivated chemcally. A CWor BWattack can invol ve either | .ocal

pl acenent’ orangi Biglogjcah cPapPuRds OR A08HSH@Ndr espgsially chgmigal 1adJpiplogicaly
pogulB\a/t\t/ i(CégWQiFeabBﬁtﬁagérﬁtgia\b‘\Hdl&@J' iﬁaetﬂagroamu@t |hhst%1rfﬁdu@f,ihtltnbldrésenw:ﬁvbnt{$m ch C\/\t/
an . agents, can be depl oyed, . respondents ni ncount er e agents
in a varietyS oa'r?ﬂﬁ%i t?alm§‘95{?|§s c%ﬂ‘@\“ﬁ'@i rT%?'{?ﬂizﬂ‘,g aF&F%é’HT‘g? oa'?fﬂdre\?ﬁb‘fﬁ s. An
ef fective, roampdlndsithat 8 bé eliverex s fadints, Bprays Oiquitsi Soi)s dheicnbsons that i on
technol ogy is,requjred f0f trg; reéta.ratti on Ffl. Ca%'Vi I '#ag fac{ lities in the
event of a GBREYEH Ine Bl 8f reattans keding, QuIg23HRT OF CORMIGE) SYPPLGE d be
appl i cabioe tamdootherradditiveswrictessrve tskilt e attarsustd eedain diidlagital @bmpounds open,
sem - encl osed, Bgé}g enclosed is facilities as well as sensitive equi pnent.

Exanpl es of C}rﬁ' of facilities where the decontam nation fornulation may
be utilized i ncl Wedroriststheedits) rpoterialthy) invalvingndeapprsucfdmasd weytrgdtian] are

(sem -encl 056ad45iR BofInthé PRftda S S a8oal! TheGusBU bhd it8ar &se03F )
chemical and biological agents in the context of weapons of mass destruction are
25  of paramount concem both to national defense as well as to state and local law
enforcement.

Certain CW agents known to pose a threat by terrorists share chemical
characteristics that present an opportunity for the development of
countermeasures. The chemical agents sarin, soman, and tabun (G-agents) are

30 all examples of phosphorus-containing compounds which, when altered



Decont am nation of chem cal conpounds have focused primarily on zq_gh@qLCQI
war fare agents, particularly on the nerve agents (such as G agents &n ~y 2003
agents) and on the blistering agents (such as nustard gas, or sinply,
nmustard). Reactions involved in detoxification of chem cal agents can be
di vided into substitution and oxidation reactions. Decontam nation of
bi ol ogi cal agents is primarily focused on bacterial spores (e.g., anthrax)
whi ch are considered to be zs the nost difficult of all mcroorganisns to
kill. Substitution Reactions Hydrolysis of chem cal agents can be carried
out with water) hydroxyl ions or other npucleophiles. The rate of hydrolysis
of nustard and the nature of the 30 proaucts formed depends primarily on
the solubility of the agent in water and on ~j;ny 3 the pH of the
?ol ution. | lrbrfehﬁca?lf?t@ﬂ lbsecthicir aokicHy. MSstatdwhitils axamah;?e of rna] Hdgeaty) e first
orms a cyclic Qni um ration [ reacts th . n e ilic reagents
(Yang, "1655araK vl oA Sisiiie, et e a6t <o g b ferS BEmieBIN A7

react w th gehderad harmiesss In addjiiors ceraio il tieknowh @Wadeatsdsclude Bdtelintugdr ol ysi s

g1 ves. the. cdRIBe AR ArdBier HEHE e acond VBoahls el G AL O

hydr ol ysis qflagiié anid variQe$ viruses cas alsoibe deantplated. chemicaliyi ti on t o di spl acenent

of the thioal kyl - P- S ! is

i splaced (1o, ALY G AN FeosRariyoRs shaiar blacadfi of ShGebSE L0

EA- 2192 ~o (tvaagenitoragents 508 )to affect|aqmphilatios othuyrean individisisrBecauee of

i nt er medi at . i L1 C (TRY; p s RO
groups, pr e]ﬁ te‘% ggﬂ'gﬁ@ﬁ%hp%ﬁdcgw (;)C?g?)téldgﬁ%e%ﬁ eg?eﬁ%‘&t %ésp agét%t ul ky or
el ect ron dormoight eraechtes heRepantounps variely o physigeh statesainciydingtbiuiq aercsak i nal
product | 'a“q’%ﬁﬁg- on the bal ance between apicophilicity and | eavi ng group
ability. The result is that P-S bond is cleavage is favored over P-O bond

cl eavage by a faéngifediveatspid, apd spiar(BRYtRXR AdRANScorEnsivel deeart@minalion, usi ng
OOH ions i Qe@ﬂﬁ@%@@trﬁg{ﬂfé\,ﬂoﬁﬁ% THRBIRiLS of RKAla CraBiMdY irf Hel ¥fer-op & €avage

at rates 30-40 ti Thi's selectivity was related to the

rel ative baglomestietererist attacknidadlly, thisdebwpieny eheid bemerlicable g wafiedhs. 20

Catal ytic sppebesaridl’suk @8tk abidiftartihafidtPl dden! LoMi-8RAGSddOBAd lRAMBs&ELEN
reported. One exanple is o-iodosobenzoate (!'BA). An exanple illustrating

the cat aldyt ifécwti@&ggiwlsaso‘-’@”ﬁﬁ?’%eﬁ'diﬁiﬁ‘@ﬂhoe?i@‘%‘? AYRRs fhfesilitigsavheia e (1993).

In this exargakantahifatbn RARNEIECnaP tod UAISACTERC ol sidditn Yiopedy gt i on
t hat then part|0|gates in the reaction wth thgﬁ%@’ggnt. 2s The | BA

conpound wadndeeEgEoyneh sy slateny (segniranciogedic &n rhdermingl yor(Hlies act ant
character) tuuilling (&dse@).group (Moss et al., 1986). Metal ion-am ne

conpl exes, with surface, agtive i et were alsq devel oped and shown to
oy bi 1t cat al yi i DEGPREBINGtP, &, GOTICHL iGPPUSHS NS, TeDgeanaarin o
organppfm_smméml afarecaytyntt, y ,@bﬁiﬁ:ﬁlagﬁ‘ﬁﬁ Otlné V;mbegananmlhfea@gmeaMe 0
substitution,reacgtion th.so.the a agent §. . L st~ cu
2 Oxi dat | on EGTIPANGEN e BItEne Bests et ¢8 S STRIE 98 OGS BHRr oy

must ard and Rééctidlsn gavohedsin. déoxifiestion ok icHemical agdntsasam dieasividaah into

per manganat e, cent | a. m.xture of KHSOb KHSOA. 2904 was_devel oped.
Sever i per GUbBEHIRH Ak HeBEh eSethe. Dreleonaldt & Hapdrdosedtiiit o
agents (e. g.prinmfﬂpmcaf]mhorr)eadeéali sgog&s @.g. menthiany Ol(tjlmhoarxe ) bmm'dececami ok
magnesi um oper e. and.ben peroxi de). More recently,

hydr operﬁxggﬁ?ﬁwﬁ%éﬂb{%@@’%\&@&ﬁ%ﬂni@%Le reacti on of bicarbonate ions
wi t h hydrogen peroxi de have been shown to effectively oxidize nustard and

VX. Pol yoxy al.at.esare. bei ng devel oped as roomtenperature io catalysts
for oxidati (ﬁ“gkﬁbﬁéﬁea@&%ggents but the reaction rates are reported to be

sl ow at this statlydalystscafeihepicahtagerBscan b cahriesicout withowmatds hydobylgons col or

change upon j ' | hem s ¢ o 1.ndj e of
chem cal agedﬁ%ﬁééﬁ%élﬁkpﬁéf zrar}% ’%gah%gg“’&n%ﬁg‘tss%fr'ﬁ%ﬁga Eg%%{‘%fe}.%&% fqr?]ﬁ'g&at . This
is in paja iprothsisicemedidepenrdshprithanilyeindhe golobilitp\of dugeagent in twster araken of

acqui sition and production, and difficulty in detection. There are hundreds
of biological warfare agents available for use by terrorists. They nmay be
grouped into the categories of spore form ng bacterium(e.g., anthrax),
veget ative bacterium (e.g., plague, cholera), virus (e.g., smallpox, yellow
fever), and bacterial toxins (e.g.) botulism



20 ricin). Bacterial spores are recognized to be the nost difficult.-g5 pay an3
m croorganismto kill. Bacterial spores are highly resistant structures .
formed by certain granpositive bacteria usually in response to stresses in
their environnment. The nost inportant spore-formers are nmenbers of the
genera, Bacillus and Costridium zs Spores are considerably nore conpl ex
than vegetative cells. The outer surface of a spore consists of the spore
coat that is typically nade up of a dense |ayer of insoluble proteins

usual ly containing a |arge nunber of disulfide bonds. The cortex consists

of peptidoglycan, a polynmer primarily made up of highly crosslinked

N-acet yl gl ucosam ne and N-acetyl murani c3acid. The spore core so contains

nor mal (veget ative) cell structures such as ribosones and a nucl eoi d. --

~ T T T P B ofitne solie hfifd getﬁkﬁéﬂbbﬁrdf}n&%?é'@fé%ﬁertﬁéﬁ?&%&né‘as been
carried out to'investi gate nethods to Kkill bacterial spores

spores are Iflfgihf%imﬁe%|GyFI%EU‘fQﬂl%rﬂﬁﬂ@@rrWBﬁhp’ﬁﬁtﬁcwfh mle@n@m d’&‘#g%@ﬁants a
few anti bact I JoHe R&Y/ ul

bact erici dessrraha 19%?”& In nﬁ?ttadoré&&mgbg're b‘ebr m na l?Jghmor ohe?gtr/‘@m h

(i.e., sporl%-ﬂfalt“%")m'ﬁ%lqﬁ‘fe Q%Hd%mtﬁrﬁi tes. Exarrpl es of sporicidal

reagent s,s using rmbényu i dfiséfin (OBYanYd §@harP(GD) bd&QIéh@ﬁdl}MdHr%h@ﬁﬁé’de
f or mal dehyde, |od| ne chl ori ne OXﬁ ids.c ound)a I@;P B acids, and
ethyl ene oxiSPIGRPRS ok Bps 1he| carresphadine Qlyl mritphsaphAa saddd 1 i o be
t oxi c. Ther eontrasts ¢ hidirolyeis "efrV% rwitrg OREliens I nhemogahpled. f v agditigretdi |1 .

Th h {, i | ar. | I .
reohant om - (PRt B o hGaRueE e 58 pind PisaRees, Fe et 8B % coar
can al | ow pafislacd (Re., PEO Gshd Briakagetprodlning atoxid prodwdt khben ss@EAE21$eVer al

t udi Ki d I 69: | | d et al t that the S-S
Coiourti 195) WraBh St B, Nulhophles A1ty arel acbait s pErefiRfRoh gbbicel 1 1
masks oxi dargositieac Electronédative ghitpgesuch dsiRO gcbupsum’efénmraﬂgeﬁcmdap&as bonds

i ncrease the _sen |t|V|t of .S 0 oxXi ants ch is
| oosely cr ospso-sﬁpﬁﬁ«ﬁﬁl‘da Yt & r%ﬁsﬂﬁ'ﬂ vE e?ﬁg{?g st hsé‘cgo%lst Z% (9f°l5’ss por e.
I n anot her rechanieguatodalt posifiansi ntﬁeaﬁnaloprobed:tvwd!ndapém onsthef balaacd

sol ution an o] 1 of

resi st ance. qlﬁi\g %de%?%%ﬁw&n o%%iﬁg %&"é)?%ﬁ'& Erg%pg?@g '%%tzf?%sbgﬁchm C

aci ds (ise. clenyageriss favored yaver oP- Qr b@mdamleﬂvapel hedabfagivroobhalbautgboups) .

|0, anot her TR EBlysiY, Shunk! il Slorld Gl GOR! fordhcaiRgthy Tedufiaag ause
eficiencies I'n can stru€ture ma ore susceptible

to attack. mdmwmtonavolyq quaaﬁﬁaiwa %-Srq:la@ta@ntas rates 3%@@ dimse thabwmthH ng
potential Ofridigeiafiiy wad lialel 18 tHe'teRilvE KL aHed'Sr the aflchRVHEBA and
penetration of oxIdan into the interior o spore ere are a variety
of materi al slhﬂ?@tv’m@@ﬁ"qs@ used to address the so decontam nation of one or

more CW.gr BW agenjsvticHspdcdis ¢ Iaé’QeIéISEd?Pto?rEu'Bgtf}h@cfh reacT jons 'LI'\Jve beery % ~3

i. 6 solutions have ocused strictly on neut r al |zat| on of

cheni cal andeeeriadgOpglexamele is. °'I9d9§¢t@néﬁ§iﬁ4!ﬁ/’s) i 95%'@&'%'"%’@&"@#‘9

restorati on caiyticeredstions lof 46 chinpb@fi BTUhe?bY %E@hnd Izaaﬁﬁfbgst) hg® thid t ens
were considered to be expendabl e and were exgecte be replaced in the

event of a EEAMPKat BACH SRavestee o dedoxyiRenzeg s(lB?Q)s‘{'a RedAiea mhak them

for mul at i onNpAEftipRES INtthé Foadfich RitletHROCW dyeitt! y toxic and highly corrosive.
Additionally) nost of the materials used for decontam nation address either

CW or BWSbut not BBtﬁ Agrimround Wash plpo fuactinnplized tor inBpdyRs: sefRcsr adiitugent s.

The neutr al i(@afactanht Shafdden) fca{hew@crtm,a gmﬂgcm@@ aeaarn sm) UpIdish iBhaAfiMe Ng t O
powder to neutralize pustar 5%:gent upertropi cal a mxture of 93%

cal ci um hy pSORPXes Wit aurtane asHY S POV LR @iso 4ﬁé(§|°Pﬁ Qépﬂ’ﬁﬂaq ghibihg i s

nore stabl e dabayticoérRReini Subb0tor! RIaBliGHsO n@a%&asaseérgbﬁoaws gRstoudlist ar d
gas reacts W|5£ bl each b OXI dation of the Sui‘hl de to.sul foxide an%sulfone
and by dehy@StAMdrolass et:ﬂsq PeR s 562@‘(

agents ajoe ithe QamVXegefity. hydrol ysi s to the correspondi ng phosphonl c acids
with the hypochlorite anion acting as a catalyst. In acidic solutions, VX

i s oxidized rapidly by bleach at the sul fur atom and di ssol ves by
protonation at the nitrogen. On the other hand, at high pH, the solubility
of VX is significantly reduced and the deprotonated nitrogen is oxidized

| eadi ng to consunption of greater than 20 stoichionetric anmounts of bl each.
A non-aqueous |iquid conposed of 70% di et hyl enetri am ne, 28% et hyl ene

gl ycol nononet hyl ether, and 2% sodi um hydroxi de, referred to as

Decont am nati on Sol ution Nunmber 2 (DS2), is a highly effective

decontam nant for CWagents. Ethylene glycol nononethyl ether has shown
tetragonl CI ty in m ce zs and repl acement W|th propyl ene gI ycol nononet hyI

s o - o NN N



30 and chemcal ly pr otective gloves. The reactions of DS2 with nustard Iead
to N B ~'~~~.3,) 7 elimnation of HCI. The nerve agents re ct’t03
with DS2 to form di esters, which further deconpose to the corresponding
phosphoric acid. DS2 is rat very effective in killing spores. Only 1-1o0g
kill (90% was observed for Bacillus subtilis after 1 hour of treatnent
(Tucker, 2000). s A mxture consisting of 76% water, 15%

tetrachl oroet hyl ene, 8% cal ci um hypochl orite) and 1 % ani oni ¢ surfactant

m X was shown to enhance the solubility of agents but contains toxic and
corrosive material (Ford and Newton, 1989). It is also not stable towards
segregation. There are a variety of fornulations that are currently used
for the io decontam nation of personnel in the event of a CWagent attack,
primarily usdddipntReactibs. military and are, in general not utilized in

th ivili e, f | at ti Kit
hat i i Go a. SoURBRU PSRBT BRLAT g BT UPRFIERd G YRR Bpur war
The kit consliggbs A eaﬂyoox)mmed wiaa plotdssiumomerinanganate.t Reeérlyt @ nixtemset t ed

wi th phenol di_u oxi d and water. Packet |1
Contal ne. 5 ORI STy BTSN ey Sevels sRoy U8 Spmpogidic.
anpoul e fsi | Ihademisbrbeenrshowh kwoxidize chémicabagenihi@ g nparbbeats, perametieacid) is

br oken and e h [ ' e or to
use. The pr tenlil hl%ﬁo‘ﬁ%k&&ﬁ%@oi%}%af d%am’aéﬂfrél ﬁgﬁ%eﬁ&%&ﬂtoda% agﬁl %%(n fne B i
}Nat er | bet we@erdxide)d Mdresgashtiyudydbperaxyeatberate apions orcmused by thawsahtéon .
orul ati on 1995
The kit is SE@E?E{I’%"%Q&“%‘”W“Y%@ bﬁogﬁ?ﬂ%rom gﬁ‘ltﬁ)é%ﬁ%é’%%osed of
non-woven f instardzang VXJ |%¢lywm$t%latﬁe§iren bﬁingtdavelopw@Sr mmtanyaen%tu@ of a
car bon 25 alists BEERHaRR 7 bR hckd KRS Ao Tt B M LR e
sites (sul f slavwatthisistage gf dayrigpmentd Seimeef §esh Aegwounds yndergo a color
(tetraal kyl ﬁm y u (h [ [ o] liquid
agents and ?’ eg@bﬁvgfér?ég?ﬁsq'gﬁe&ﬁnglg% g éﬁiqgrlﬁ?}%’?? tﬁ%fp@@@f{ég gﬁ? t he
reactions. Qbamicalagents-ecent NVR study has shown neither VX nor a nustard

si nul ant were hy@'ﬁ@'swweaﬂcémse%%ré%‘énwémansméfmemﬁwtl Nhid taqnf.sarrest 10
days (Leslie et al 19 olyzed with a half-life 30 of

about 3015hobesausen et dhe e’P'Q%oFO?"&BY &faaé‘htagﬂﬁtéoﬁ?%ifn%&'?l 8h acauisifien rand ¢ i s

~ "~ pTcsduzhoril dnd difficully @ JEEtRWEATHIRY ate” Alihdtedhy o%@d@ﬂ:ai mrférer esin
bI end was found to be | ess corrosive t%st he skin tha m Mbst
i

8
formul at i on@gﬁgtéd"’ﬁ‘!ﬁb'qWé”ﬁeeewﬁr%‘ﬁﬁat K "y Bagrg @%@'eﬁé%@ ?Pt ary and
cnh ?/l l'ian ggepgneewﬁfngt abtekilR WQ?CéHtﬁr@kﬁ e\{e@@iame(tbaaper)un?l(e?chpmu? 50/
chl ori ne- bas s.salu ol utions_conta centrati 0 0 Oor
ot 6 bl each HAGEIREN Ebaialpay 1eRBETEE. 1B eRTAl o e o APELET,
1996) . /Aovalrrick).y Battefighsparto aid rocaghizéd anbe litry moblegifficdit titroprnisar to
decont am nation of BWagents including 2-6 percent aqueous sodium
hypochl ori t s ol ut i on (househol d bl each), a 7 percent aqueous slurry or
solid cal ci um hypaetbtigirspoees( bie-highly tesisidht Baucterds formedwsy certam grames of

| ci h 1 b h,..S lid
S ura of P 2aRire hbsiefh Uafall b 5ims do hRERER I TR BH RS il et 2 20 s
cal ci um hypdraportarit tspotafofraersdarei mbmberdi ofrhei derera gacilpisoamnd &l estrédiah.

deter o) il oAl AR BIBE YRS Lo B k.

capabl e of lof blspore consispoofdbe sparehcaas that ssdyplcagjlyl madaoup @f avdense® layquofprrent

et oxi 11 cat SAHBTe BRTRneRPEaP ERMARR: & Tissciiet “oaREE0 SR8y S0, G

ways, I ncl udbrtex | camsistss ,of f peptislpglyosrs andol@zmeosmims)nly Snabé eumgofe bighlyt oans

have been u via | fi i | aw

enf or cenent %gdsﬁ"w(ggtﬁ %aﬁégr?%@?éz%”% gg%y'ﬁ'lug%"co% g’l ngﬁ%ts}]’gm@%ghe f oans,
however , 30hacentajnsi noahaly(vegatativen dell schhgeaamabrawlmlsomastaadtammle@idam oni c or
noni oni ¢ pol yners. These foanms, unfortunately, have not been effective in
the chem cal deconposition and neutralization of nost chem cal and

bi ol ogi cal weapons (CBW agents. They did not have the necessary chem cal
capabilities to deconpose or alter CWagents) 2s and they are not effective
in killing or neutralizing the bacteria, viruses and spores associated with
some of the nore preval ent BWagents.



Gas phase reagents are attractive for decontam nation if an environnental
acceptabl e gas can be identified. The advantage of gas decont ani nants (1's ZmB
their penetrating (diffusing) capability that makes them a 30 necessary
conplenent to the other decontam nation techni ques. Ozone) chlorine ~" o~
~r~.""~ 333 9 dioxide, ethylene oxide, and paraformal dehyde have all been
I nvesti gated for decontam nation applications. These are all known to be

ef fective agai nst biological agents. The effectiveness of ozone for killing
spores appears to be well established (Raber et al., 1998). Wile ozone is
an attractive decontam nant, experinents by Edgewood Chem cal Bi ol ogi cal
Center (ECBC) show that it is not effective towards GD and with VX it |eads
to the formation of toxic products via P-O bond cl eavage (Hovanic, 1998).
Useful would be materials that are effective for neutralizing both chem ca

d bi ol ogi cal t t.h tall ' to both I d
R v R
]'Ehat can be lnvest{gﬁmtf abﬂ?:_dlsrtb &lllabaueﬂal sporest &\ltlnﬂugt:aspb{esrare(rﬁgmmmsnmits

0gs, aerosols sat i . var era i ves

by B Deser 19 ety Serias phischt o e icer Bttt £ 6 Hohbadens? BoSiREh o ca

Strﬁ:t u[ es% alsbesparitidalo waemér.amayd powamuitbau;tancuﬂfesamyt anlp beinaigary o Fi ]gure
2 ustrate nen e an form
i cel s, - i SR8 S RARADE P oulioull st ABPRarRlioL i o 88 Shhriqdhl Blpipiefinc

present i nvent | sporididalur magestspwaisinbe relgtivelgi drigh atoncamicatiohs bi Inlctuyleof one

erbod: ment ol hEaLAHE Hrnldirdlie 8o SR A8 S588HELEHRNAdO Wy dr oven

peroxi de. Figure SRhandion ratio an

hydr ogen per esidsieandréthylene exudhom genaral; b of tr@sefcompeumdaﬁreaqonﬂdenedrtoof live
agents on, paBgE(‘g sts. Figure 7 shows results of tests conducted with the G
agent si nul ant I phenyl chl orophosphate). Figure 8 shows results for the G
agent simul ant ontherg &fe eg\ger@fmgqhan@a@sqenﬁraymr@c@nws\xpft srore kiuthesasi ng a

Lgﬁtmr glt | g;{ T On@l@%nfﬁéﬁ?ﬁﬁﬁa&dgéhﬁﬁ -Singule tﬂr& ar snmmta?ﬂguslf | gHTdhelMeSHieh, e
dissolution or chemlcal dlsruphon of the outer spore coat can allow penetration of
oxidants into the interior of the spore. Several studies (King and Gould, 1969;

15 Gould et al., 1970) suggest that the S-S (disulfide) rich spore coat protein forms a
structure which successfully masks oxidant-reactive sites. Reagents that disrupt
hydrogen and S-S bonds increase the sensitivity of spores to oxidants.

Peptidoglycan, which is loosely cross-linked and electronegative, makes up
the cortex of a spore. In another mechanism, cationic interaction between a

20 disinfectant solution and peptidoglycan can cause collapse of the cortex and loss
of resistance.

The peptidoglycan of spore-forming bacteria contains teichaic acids (i.e.,
polymers of glycerol or ribitol joined by phosphate groups). In another
mechanism, disruption of the teichoic acid polymers can cause deficiancies in the

25  peptidoglycan structure making the spore susceptible to attack.

Additionally, certain surfactants can increase the wetting potential of the
spore coat to such an extent as to allow greater penetration of oxidants into the
interior of the spore.

There are a variety of materials that can be used to address the

30 decontamination of one or more CW or BW agents. Historically, decontamination



Figure 91 shows the neutralization of B. globigii in surface testsg. Q
12 shows the neutralization of E. herbicola vegetative cells in soﬂhg 2003
tests. 5 Figure 13 shows the neutralization of MS-2 bacteriophage in
solution tests. Figure 14 shows the neutralization of B. anthracis spores
in solution tests. Figure 15 shows the neutralization of B. anthracis
spores in surface tests. Figure 16 shows the neutralization of the anthrax
surrogate, B. globigii. Figure 1 T is a graph showi ng neutralization
results obtained using the foamio of the present invention on diphenyl

chl orophosphate (a CWsimulant). Figure 18 is a graph show ng
neutralization results obtai ned using the foam of the present invention on
mai at hion (a CWsinulant). Figure 19 is a graph showi ng neutralization
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._ ~ ~~=,.vr ~rn3 12 nol ecul e. These carbon-to-chlorine bonds can. al g, be
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hydrofluoric acid is liberated: OOPH0 0, ~~OH+HQOI,F -, OH~

S 5f ., ~~~~,, 314 1t should be noted that this nechani sm of

nucl eophilic attack to detoxify toxants such as CWagents can operate with

o o o o o o o



to group could be renoved as a result of the same kind of nucleophiic
attack and hydrolysis reaction, thereby rendering the toxant i nef f eCth V&Y 2nna
In the particul ar case of the VX agent, the hydreeophiles for '
detoxification of the VX agent. An exanple of nucl eophiles specific to

cl eavage of the P-S bond are the hydroperoxi de anion. Hydrolysis will also
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phosphorus contai ni ng toxants. As exanple of a reaction according to this
mechanismis the follow ng: 1~-S~-Cd ,~ 2H20 O H ~ HO-$~CH + aHCl Hydrol ysis
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environmentally acceptable gas can be identified. The advantage of gas

decontaminants is their penetrating (diffusing) capability that makes them a
30 necessary complement to the other decontamination techniques. Ozone, chlorine



s various conpounds used in the fornulation of the present inventidny MAY 2903
greater than 99.999% and often as nuch as 99. 99999% or nore of bi ol ogi cal
toxants can be neutralized (killed) with approxi mately one hour. For the

pur poses of this invention, the cationic surfactants are typically

guat ernary ammoni um salts such as cetyltrimethyl ammonium brom de, io
benzal koni um and benzet honi um chl ori de, and pol yneri c quat ernary conpounds.
Exanpl es of suitable hydrotropes include but are not limted to,

tetrapentyl amroni um brom de, triacetyl nethyl anmoni um brom de and
tetrabutyl ammoni um brom de. Exanpl es of suitabl e water-soluble polyners

i nclude, but are not limted to, ponvinyI al cohol ) guar gum (cationic or

non-ionic), polydiallyi is dinmethyl amoniu hl ori de, and pol yagril am des.
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sol ubi | i zand with WXt éanasls|te thefrsmatian of '%ﬁ%@}ﬁ yia P beag clravaaa éidovanic,
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wat er was used as the carrier. v oyt ~...1; 2(e73 to COVPOUND RANGE OF
CONCENTRATION (WM. % of overall formulation) Cationic surfactant 0.1 -10
Hydrotrope 0.1 -10 Water soluble polyner 0O -10 Long chain fatty al cohol O
-1 Oxidizerlnucl eophile 0.1 - 9 0 s io 15 zo



The chem cal toxants addressed by the fornul aabun, o-alkyl, s-2-diaLh¥L

am noet hyl al kyl phosphonot hi ol ates and corresponding al kyl ated or =5 Y 2003
protonated salts, such as VX, nustard conpounds, including

2- chl or oet hyl chl or onet hyl sul fi de, bis(2-chloroethyl)sulfide,

bi s(2-chl oroet hyl t hi o) met hane, 1, 2-bi s(2-chl oroethylthi o) et hane,

1, 3-bi s(2-chl oroet hyl t hi 0) - n-propane, 1, 4-bis(2-chloroethylthio)-n-butane,
1, 5- bi s(2-chl oroet hyl t hi 0) - n- pent ane, bi s(2-chl aroet hyl t hi onet hyl ) et her,
and bi s(2-chl oroethylthioethyl)ether, | _ew sites, including

2- chl or ovi nyl di chl or oar si ne) bi s(2-chl orovinyl)chl oroarsi ne,
tris(2-chlorovinyl)arsine, bis(2-ch|or05{hyl)ethylanine, and

bi s(2-chl oroet hyl ) net hyl am ne, saxitoxin, ricin, alkyl

phosphonyl di f | uoiFigige 18lskyws tHeQwREraIRHLES of BIYIEBIgIFASOlUtioR sty OSOMaN, ami ton,
1,1,3,3,3,-penta¥Luor -2-§tr quor0ﬁ§%hxl?-l- anene, 3-ﬂy nucl i di nyl

benzil ate, mnethyl &%%3?‘.8!1 S Hedifubalizaton g ﬁ-&'&g}g' RetA9FS S Sphonat e, ~ di al kyl
phosphor ami di ¢ diFiguré i sholvél they | ngukralizaiion adfi Eahedicold vegétative iceld @i i de,

Bi phenyl hydroxyacetic acid, quinuclidin-3-ol, dialkyl

am noet hyl - 29-02@%85?%%5, di al kyl ani noet han-2-ols, dial kyl

am nogaéI hamﬁ- (21- t hiFiguse 18 ishowss oiﬁ?/rmtra;izaﬁbmmﬁyﬂ baﬁitsrtdnﬁhgé irmﬁnnigpgﬁts.cyanogen
chl oride, hydrogen c i de or opj. Cr.i n ospharous oxychl ori de

Shosphor ous t 1 RS 43 s GG BlRY ot B SRFASS Si6ed W RS surrur
nmonochl ori de, sulFigure df shdws themeutralizatiom of | anttirhcis isperes i defazetestnounds,

and ot her chem c 0 nds..t h (o) . tralj ' toxified) b
and oG CheM C Raur TRV st Ribe o K R okl =, B o ot ¢ ne
present inventi offjguse &7 ieea graphi showirigyneutraliZatiomrdsalts obtsinefl using the éxment
i nventi op, i1 I wncorporated in
the for m{JbI a?ﬁ?ﬁésb%g é%tﬁ%veaﬁgégﬁtﬁﬁ#ﬁcﬂﬁrﬁg%ﬁ% g"@rﬁ%ﬁ%@#g\k‘ beégbbf rgacti on. For
exanpl e, s i odos&igwe d8iea graphchpying nevirakzatiomssuitecbtained Ustngrthe fasth and
found to i nGirGReGeEehieilon 8h iiafbRFd chpeRpiRgls ey also be added to the
formati on as needed to enhance other reactions (‘'such as oxidation
reactions) wth Figsre dRima graphtshpwingrmeutrelizationi rashis oktainedasingtthe faanwi | |
ermt thos i i i i.an to their
Pequi rement ?fimﬁét hﬂgg%tt'ﬁ\leé?ﬂgggﬁbgfrf%uﬁﬁg?a @99‘8?{?&@9?&& on and to without
departing from t Figussidq is angrapbogbowinatBi globigl csrasarneulialization easplihded
clains. One A&l g._g,gg g.];]eJB?,ﬁed‘fg{er%gédt effiod he present invention is that

t he reactive conpoun ] carrier (generally, water) can be stored
separately . frofiQue 2dtige? SRt shewiag desultserft ysindthe: fasmn (f itee Presete. The
separ ati on Qghvdnifien b &, @adHidore conpound from the ot her conpounds of the
formulation is useful in increasing storage stability. Because water wl|
generally be available at or near the site where neutralization needs to

occur, the MEMALEDDESCRIPTRORDMTHE INPENTIONUI ation other than water do
not need to be conbi ned i Mmedi atela with water but can bhe transported

separately to t hdnBdresant inventien addessesninepaed, fonaqeneral foraylatian ek at i on

and tine. Thieutraiizs the 0686 Bffebls dfleRASHEN Both TAGMIcAr il BioldyicaP toxaht, pr esent
invention is therefore sg“_ablefor se.in a kit form |
%'Ee‘braﬁ

Ki t n_anot her
embodi ment , WO - RERG § A ehemiEal o Siclpsisa SPRRRG SansHiLeRte
Peut rial | zat ispRcies, mém?iatt)mrmam fts oau@tmaa(sjr %b_g‘gﬁmaiprwgenfgimﬂédmes o
ormul atj on co i,ses splubilizin onpounds i.ch include both a cationic
25 surf et arEian PSR s FRUsk ARAR e eaperitalion. e adent Ao & rpound,
wher e the rdamadnseorc anjmalnd This ineludes il sumphthensicale ngrobivtbgicah agentd, zi ng
conpound (an_oxidi zer.),.or a. m xture,t.hereof wat er.. SO | e | L can be
optionally Jgg%rgﬂes%.ﬁfsthg{)r%frhpf g’rflqu'r é'ﬂf?%qy 9@950&&@?'?&&%6#@%% er in a
fluid prd1asehvfnmthafahéwereyprbmctddﬁ?tﬂimﬁlﬂieSﬁh n!um'ftfmts or Afsbwhettdnﬁmntralwa_tibai ng
conpound enhan o_exposur.e of t chemical foxant.ta the reactive
conpound, tH# 5@?‘8& ga ey mgf,?ga?log,' ,qee;t%ngﬁmgo %BR%CW 'o8erfEr 8PVRC i | d
oxi der ssich destractiperaftoxdatsctortip@axtdnt thatathé soxantsmotlbregenganse aaite bdverby an
oxi dation or hydrolysis reaction, to neutralize the chem cal taxant. in
anot her enbodi nent, a fornulation is provided, that is used primarily for s
the neutralization of biological toxants wherein the fornulati on conprises
a sol ubilizing conmpound selected froma cationic surfactant, a cationic
hydrotrope, and a fatty al cohol, and at |east one reactive conpound, where
the reactive conpound can be a nucteophilic conpound, an oxidi zing conmpound
(an oxidizer) or a mxture thereof. This fornmulation is added to a carrier
such as water in a fluid io phase for delivery to the biological toxant.
After the solubilizing conmpound enhances exposure of the biol ogical toxant
to the reactive conpound, the reactive conpound reacts with the toxant,
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concentration range of 0-10 wt% This fornulation is particularly useful in
nat ural i zi ng biological toxants. The fornul ati on can be easily dekiqeﬁepé%b3
30 dispersed as a foam - 5§ ~a~~:~i 2.0J3 21 Cationic surfactants ar
typically quarternary amoni um salts such as cetyltrinmethyl anmonium

brom de. The fatty al cohols may contain 10-16 carbon atons. Exanples of

sui tabl e hydrotropes are tetrapentyl amoni um brom de, triacetyl nethyl
anmoni um brom de, and tetrabutyl anmoni um brom de. The s conbinati on of

bi car bonat e and hydrogen peroxide forns an oxidizer (the highly reactive
hydr oper oxycar bonate species) and is the actual killing agent for spores.
This fornmulation is both non-toxic to aninmals, including humans, and
general ly non-corrosive and can be used for the neutralization of toxants)

both chem c%fflea@otgbriumtnag&ib@r?émmme The rarmatation aabldaeants&mér{aaai}mf ten of
areas i o popu W 0 sensjtjive e ment . e ..
For mil at i on Aresat SNt cAn Aliancs. anites S el eonEtt OEptisen Mewaen as
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spores) was achi.eved .in our in solution n-t oxi non: corrosi ve
f gr nul ati on s¢1§§§tcp? bRPMUCA s @ﬂ%eh‘f’@b‘:a' °°m°$¥dé %?tn@"%t '?rﬁﬁ%“ of VR esent
[ Event i ors cagtldiessdels that eﬂcﬁevmt:dﬂeuamm\&l) iand diclegical twarfzre (BYW) @gentand

ases to pr e necessar e o)
oo u 1 or mSMweyEri 08 ASTRER FRAMioTR robaRies e 199 2R s e S am
wi t h enhanc edivptspdiealih eﬁaetblttb iahigndis) rindluding atpmwsqettterealsuqlaadmse)healtbx ant s,
especi al | v QR IMRORHL Abn02 SliBE Bnd SUFRAR Rodih BRoBR! arfl chilificlr esent

i nventi on. oam on “I'S based on a surtac Syst em W
hydr ot r opes Additooalyithe preserpiamvemgbty addrbssdsisdhe ogech e samtl atformuiatmatbet rates

of reactjon I ier T, I [ s mld
oxi di zi nlg? aéyémﬁ%g'f B gﬁ'r@ﬁ #l@g-%?%?gé%gglthgoéﬁpg %}'g%gﬁiga*ég%%% and
wat er sol ub(@msmnsdﬁferm#)haﬁﬂ_s. the physical stability of the foam 25

Thi s neutral i zal GARelfy G RS deverd! :%Heﬁﬁédl dfasaog.byu 4drASbABE gt Y
applications for “sever reasons I nc ingle neutralization

sol uti on canh®@reseat inventigrocan dire weeflly émileﬁl @J"ﬁo@V‘ééth%Waﬁg@fs 2)Th9c can be
rapidly depl Nt ?r)veﬁiéd Hé’éb %ovﬁﬂﬁmu%c@émp%@ﬁsﬁwba &é}sﬁf | ONWOaH

aer osol , vapor phases, It exhibits m ninal and coI | at er al

danage) a) BW agents aad gem .bﬁaapnhe@.t%ﬂq% §93@95QWB?Q' ans*) b'piogﬁalsfoefamfﬁ mal
run-of f of fdéﬂaﬂﬁoﬁtﬁg Hh@whw é&nWﬁaE&?@F@ﬂ&%} to ;S%Cé threat from terkorists™ ~7 ~3

22 and 7) it is relatively_ inexpensive. ffoam fornul ati on of the present

i nvention c&hae %@m‘%r%@"wyv!ﬂ |t6%sfaﬁ*etﬂf'ﬁ§d§“eyo‘i€5 URGSRhOHECRBIAININY hased
on an aspi r ohPBulds Vg Icanebd ediferedMineh QlujdbtetR t@ Snuidisbphfie Jattek PETP
additional air,into a closed environ Foans grat ed b thl nFt hod
have been sIPXERUeR RERRSSIES maQ} gi‘ﬁ%s@fﬁ ﬂ%ﬂi% of S&WHufO 'H% 1 and
have beegp fhﬁbﬂ‘iylblﬁbdtibﬁoﬁémbh&atfew staﬁahoxormiatbwt llmtétﬂycpwhosmh?@ﬂwﬂda?)onf

envi ronnen itign erature re ive e foam
can al so be Mgéf%laﬁb@"{ Hﬁ)@és@? B')'qr 'F’5§ﬁ¥ ﬂhgg]e&%ﬂeﬁl Sfirectly
injected i ntdmsémspylérﬂmbdthfyomthﬁmgmtmdlaé) bYTﬁd”llcﬁeﬁiﬁath'uaefﬁsr af |y has

expansion rati os of abo fromio 1- ours. The
fogm can be%a%s& g9rege ‘I"'HJJS a'i?aF'i‘%“t’" "i‘.ng:d%% ies?” &@aﬁ s%naqenés \)()Fllﬁ’re of
foam that i hdeﬂ'ldrwh-c&mnmgSchMpdﬁﬁ ay mendmibalsy oammsd ew ULWdﬂQl sigrabd

arge- scii S%%ﬁ?@éﬂmﬁe oot et haeohindiialE e £ GV a§88‘be3§?‘iﬁ
gecont am nagteom agenlmau‘earﬁy@AhaglglsBMbmg@mwanﬂ si mul ants has been ]
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t hese agent chionodthy)siiide). sg;\mucmgh reusiardtis ehemibally ghite? distinettfeomn the 8er nut es.

Addr essi ng es een
achi eved af WB Sc&e'zm{ngﬁ alé’ dr{é%}%ﬁ%%ggé%t ﬁaégﬁ?é@a%pﬁg&ﬁ'cgﬂgﬁi

wor k has3od e rgvougs, ritadared emmltcbﬁkmrlrie atbms heusd tutarbos atams pt hotheends of dlyet at | ve
bacterial cell) and for the smallpox virus. The fornul ati ons of the present
i nvention exploit the principles of cationic mcelle catalysis and the

sol ubili zati on power of cationic hydrotropes to dissolve the otherw se
sparingly soluble toxants. The fornul ations of the invention can be 2s

di spensed as foam usi ng foam generating technol ogy known to those skilled
in the art. Especially suited to the objectives of the invention is foam ng
apparatus that enploys Venturi principles whereby air is drawn into the

f oam generating nozzle fromthe contam nated environnent instead of from
some other air source. This causes toxants in the air to be conbi ned
directly with the foamingredients as



5 1~16~"0 2CD3 23 the foamis nmade. In this way, the effectiveness of
neutralization is enhanced significantly. By enpl oying use of thehjgagl\ "
formul ations of the present invention, in conbination with nmechanic I”ﬁéaﬁm3
generating devices well known to those s know edgeabl e about foam

depl oynent, the desired rapid response and mtigation of bulk, aerosol and
vapor nedi at ed weapons agents can be obtained. If foangenerating equi pnent
is enployed that draws ambient air fro Wi thin the contani nat ed

environnment, contamnants in the air are forced into intinmte physi cal
contact with the foamlanel|lae. In this way, neutralizafion capabilitjes of

to the fJRAEFYR; dege carRon-iepetHetinbends eatalpe B8 subiestactaRysrelysia@ndshe
neutrali i | QR r ; ta(1l)
o pr ovi GerALSy Rl BahHd Gy Kok c i Bifex(de) refhPRTRIeThofté fRi el
at t ack wiinéffadtive @apEabMV iaggnt d.ikefhiedhgrve @gpotsd mustartés enlyrspaaing!yt soldelalinwi t h
potential casualties; and (2) to restore a facility to useful ness after an

att ack. ivga(igror the first responder, it is critical to decontam nate

facilities or T@UnBERaHishdotReddraRictruetibreyFBW Bgdnty Byhs RetiriuldtiofFofaRe t hat
casualties can be located and treated. In the restoration scenano? time is
of | ess ipigeentanantiontis oot well eingerstieerhgl thgwaise ©f yegelayve dactesialcells and

i Citi . " ' ) . _
consequeiZ8es ekt frerpFANLE e IRBLLAR Bt g brredd B bREzers such
bi ol ogi cals agirogen perdxide (RaskdllhaooousTydiealyy inyddgen peroniis concentriations
variety of building materials commonly found in civilian facilities.
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peopl e arsppopsspditeyspora DN Musbhe elxhes&btd themxiditerdo detoxifydtheapdes aghetn cal
d bi ol ogj cal t ' bl ' f,. 10 e, t hat
el at vel §h% 2pele FA% Al kR PN e M Bo s BeBd I P TRU Parshrac s on

of the pragpent invention acconplishes these goats. The foam fornul ation of

the present invention is effective for neutralizing both chem cal 3o and

t5)i ol ogi cal ggégdhz;pﬂesiahmvenhfmntm fqm‘lnﬂml |q11?ptqyldnt£t ?it rbmmt Imtiarsolql?hmagt y;
~ r,~ rks qn .cyrren anticipate erjal surfaces;

and can’ SEMARBEIRLSRY SR 16 shaciiel roasrang Toxau e SrarS Polienerierlatd s,

ig(rj_osw S bidiBgicaP ’ﬁahﬁd’arﬁy W BnY BW bihpdlun8 sdiidch B6 t@BitSEKk bME Bt least one

itionall yﬁ)/ t he fgqrmr‘glﬁgttl on 01; tak&ebgggger%“:aggg?%&n hgs ?hovvn t%m_ﬁ sm .

capabi | i rgagtivencamp sratesdoiatta ( f xaap or texeatssThe
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f or nul at icwra ofixtuhe gfrbetlenthel corapbued caarbelbseth loeiditseg ard dusleppbititi ofihe

scenari os r..hath ani mal,s,and i nani objects., i.o,The foam formul ation

of “the. peoldiZRh fefihobRe; ©Tihe sA58 0T TV AGH end i PikigarachLed g

cationic p { : 1 L 1

Feact | vi (5T AARnSPrIcR, (o CERBTGL AP AR SORLR CIVNBGR: drPali e .

conpound rescidophilicioxittiziag topgoardde p positihdn chddgutokimity e the GW ageat. | This

concentrati on. drogen peroxide reacts with bicarbonate in the foamto
formis tHECHTHR 'i}“%&ﬁfﬁ%“@ the ArEIsEPING caMpeHAHR aEpRRgA ely ghargedangiheo

these in i : ' : C ' 2S iR C
pol yrer (o biiahd. ool Bhibe 2 cBlicAct AT, halbths Scahes BAL o8, ¢
t o i ncr egrusitiviey scihvdrged, viteeetsy t gttrelcling e nuelotiphiiés oBuch t alss Higlr&ds aliond, o

m x the ﬁfnstituents,of the foamfollow ng a sg&cific 20 procedure in order
to sol ubiNYdsRPereyidenignsd e iysranessarhenaleeians: y Mith seepachdor BYY pagntsenbes
Water an ; [oTpY r : } | i |
Compound Sy NSy AREF SR HGHRES Bl Teh g HORRE Boerf PR CRIT A
wat er - solproviderbatiemaccess ofttie deactivevdompauraitoi tHe IBWrademt NA dfagilitatimg the

di ssol ved.  The polyner is optional but is added to increase the viscosity
of the 2&iIhfIRIPIBY g naui@Eiralicen repabidly Sitke fasAwatioRe pH can be adjusted to
facilitate solubilization of the polyner. The cationic surfactant is then
added. A fatty al cohol, such as dodecanol, can be added to increase the
foam surface tension to enhance the stability of the foam Diethyl eneglycol
nonobutyl ether, or a simlar solvent, is generally used as a solvent for
the fatty al cohol. The solution can be so stored for later use. A
preparation procedure for one enbodinent in described in -~ (~~r~.
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2s Exanple 3. The solution can be then m xed with the reactive conpound,
such as the peroxide conpound. Generally, in practical use, the solution is
pre-m xed and stored wherein the reactive conpound is added |ater - ghgty 2003
reacti ve conpound, such as hydrogen peroxide is added to the fornulation
i medi ately ,before use s because its reactivity degrades over tinme. Note
that the hydrogen peroxi de can be added to the foamin the formof a solid
(urea hydrogen peroxide) which is considered to be safe for shipping and
handling. This elimnates the need for Qandl ing highly concentrated liquid
hydr ogen peroxi de. Most foans are stored and depl oyed as concentrates.
Typical fire fighting io foans are available in concentrates ranging from
0.1 %to 6% |n &itheughwthediorméletiornofthe preseoh inwrotien bas sgrae gimigtiesmtd ons of
foamis nad etk gal | ons
of water. Fegohgn%agoéggiﬁbﬁé;?e;te@g\n{g?ﬁ dcsg%ﬁ%% grﬁ]g'\ag]‘c&!a ?Bodaér)ngkl's mangsga% of 6
gal | ons of tuysedcdctonmr gnigelias| §@|Pm5arﬁ§9994°ga¢>19mf§e.of~’umﬂ?erU SThRBatepim
formil ation i é’ﬁﬁéﬁﬁ%@&e SN Bitd @B it Sooptahy ab?é‘ébtﬁ@‘ﬁ%hgﬁﬁﬁd 'tﬁataéadﬁ
F‘or’rru i

concentrate. ati1'ons of tvveen 14% to 25% have be devel o .e.,
for a 25% comsdralizeataxantspacopsding e the presant inventione Mpreoversfogmuiatiens of t he

concentrat e ggh 'éE 'tlﬁﬁkeaéﬂ.@gZﬁeS #H JuPBfa d¥notRbitaih- ca%ﬁtc %ﬁﬁé@éﬁs 8hd tafonic

preparation of foam concentrate 1s given_ in Exa The foam

concentrate *EYG‘EQVQF?GF- the @ruw@t'ﬁpa%beﬁraﬁen@n Faonif (‘.?Y‘PIPHQP%nat e. These
constituents wWoulrguge QeérﬂJvszarbexa?ﬁbradﬂacbatmé hacélRamac el fokmet whemnasd at el y

before the se f t he foamfo ont am na n purposes. Usefu ributes
of the 1 oam GRS 4b8 ATeseRlBHETION ILFPEKEY e BOaRUE SVETTIRLE e um ¢ o
hi gh expansithe hyabryeabremd oxidlizabelthgmidantuixent (Iheh ex pCWi agent) & isdocatedr f oam

def d th t t d d.th
IO?I glen:alne 3@?"@ \%orf’ﬁ?élo ?ﬁl?"ﬁ}fﬁ%eﬁvf?‘i égsrﬁﬂ%tpt gﬁlsu%%%%t}g@gﬁfgﬁgpw'gkp:n5| on
ratios all O\M)/dmwm tils U emihy theginteride @ord afithatrhioalles varett hydrophiliever , i f

For mal bt 1 on Teshe aPRepBeryag el e AR PORE mhiela s PaHtnat Hh04s Beifinsi on

ratios (gregiositivelpahamjedlieads httidct nmletlphﬂes; with the cpnseduencenthat reaatiorof f oam

t hat ted. t 1 fall
Strai ght HouA®S PHrERgeoT BopH e HEMLAES shar Feaplely HARBIINR 21 )
However, fodoms8Q hrdtatytacmdgartlae onicellat iWds {sdpmootrastawiti thessituatian), which
ext r enel y el ! b % %Q%Ye%w%&u? tpﬁ?%@ﬁz@gdarﬁ@ﬁrc bl AakEhisnG | arge
surface areas. an oam w medi unrexpansi on ratl os
(appr oxi mat e‘llfycmfmeeﬁl):eﬂaaﬂreytegétfvelytdwweﬂ@ndsmthet@rdmxytpea.l fic tar get s and
s for sticking t g t f aee e d
surfacesI Tlhegf or?rﬁJY'Fat:? g'r?tds“?iétshg{é &ggg%tg'ﬁn?/#e%tgn can&Le)Bﬁiée generate
a foam wea h reactioni apnsisterh wih dne pmqmb%a@fdhwm%eat invemtioax pEhesligyre F%QW*‘O in an
aspirating ahg obARM i@ wtﬂfstar%&vtahtgméipmeaeckngntm@emrs@prI ate

e an

f oam generating nozz contro VI scosi t of

f or mul at i on.thgsingleueqvalant besd te befattaeledis theoberd 40 ibshveas: @P PhReRNIYS degree
of spr eadi NGuah dria kRAGSrHeNBtolr?2BuBAEZAng s[rta%ctatslue%f tthe phb§tictug @ St ri ke
t he cone of e nozzle in the appropriate location to generate a foam All
f oam nozz| esPxygen deuhlg hend fancor mthmpmert@mamon&f wartigt plaﬁrses yell kpewid £ i ¢

bul k' vi sg0SihYnbsaa8fed iNEhafféR/, tﬁé’bg&%pﬁoﬁe' araarsma ﬁ«drrtaorgate bb&rs a

appropriate concentration to gi‘'v K viscosity he range of that
required forpartsaltpﬁetlgeéaamp@nﬂd@mgméteaphmrgsm %&hm ydrpet N SR, 1n a

conpressed &itfradtod B men@re%t:tdmaﬁaébrs& wha%wxrﬁemé case bﬁﬁyd?oxyts berageﬁéled by
changi ng the vol urre of alr injected into iquid stream ggortant

physi cal pr dpsieophilg, they 8894'195 i§ t"§P|§Q9<90|bV| hxﬂm’%aﬂﬁogi’a'ﬁl the §°’13§t 2ured by
its half-dr giydpsRiofic BEd idfberirels defined as the time required for a 2o foam
to lose half of its originalyliquid volume. Forgexanple, if 1 L of solution
is used to generate a foam (%he hal f - drai nage tline is defined as the anpunt
of time for 500 M to dralngromtﬂwofoa ThI,SPpI’ er | i s i nportant
because a stable foam @/05‘ aE.gr eater co bet ween the fornul ation
and the chenical or bifl ogical” age@ll. Foam st abi I|ty is achi eved by
increasing the tinme reqwred for 2s liquid to drain fromthe film

I ncreasing the surface viscosity of the liquid can control |iquid drai nage
fromthe film The higher the surface viscosity, the nore stable the foam
The fatty al cohols increase the surface viscosity by packing in between the
surface nol ecul es and increasing the resistance to flowin the liquid film
thereby creating a nore stable foam bubble The foam fornul ati on of the so
present invention produces a foamw th half-drainage times of several

hours r -~ 1 ~~~~ C 13 27 Fi gure 4 shows the expan5| on rat| 0 and
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St udi es have been perfornmed with the formulation of the present invention
to determne the effectiveness of neutralization of CWand 8W agent -3 ;.-;\,(\élrlg,,
i ; s L 003
wi th chem cal agents focused on two general classes of agents, the nerve
agents and io the blistering agents. Exanples of nerve agents include sarin
(&B), soman (GD), tabun (GA), and VX. An exanple of a blistering agent is
mustard (HD). Initial work was conducted with chem cal agent sinulants. For
the G agents, the sinulant di phenyl chl orophosphate was used. For VX, the
simul ant was mal athion (o,s diethyl phepyl phosphonothioate). For nustard,
the sinmulant was half nustard (2 is chloroethylsulfide) and half

2-chl oroet hyl phenyl sulfide. Liye agent tests were perforned at the
I11inois Institutleshgulddematécdthat ks emachanismsefi nualeophilic Btk i detoxify he

Edgewood Chegpi i~Al 90iGA (o%gm ] f rd
Proving G oﬁ%@ﬁg h%.cgsggggl agsgéggf S%:?a tests @\Itgl,’ tgm‘?%ocﬁ)g.n@%dﬁfogﬁggt e?’r?n&ne t he
ef f ect i veneshydsexyl ipasmetad here arggemexample ob nederpiilic snseies dhatacecapahleng i s

d i bed b i ; 0 i AWl N
escri be ﬁf%gﬁv. grgg%cmtn R &<kt ﬁwénuém\g%yétm%@auy%tst mea%?ﬁbngv'o? a

known nass ent cal agent or sinulant. 2. > mnutes. 1s 3. Apply
foam to the decontastogtion ang neplrizatifre wilk oragateigeperally inepses wherq adexant he
unreact ed agshdrs GQshospAbLERbAtalMrighcrRARER Yrédd trat idvuidéableas tiurbpRiic

sol ution by glas chromat ography, t0 determ ne the mas% ﬁ‘%ﬁ unr eact ed,_agent .
r'~ r, > > ratack. For example).a simitar reagtiop yall deks, place B Rptapres whereln| # test s

are conduct egaald dueh a¥ih thal dasb @F tabud) B bURIRE ¢S tHRthidispidrud th plat&d] ust ed
V\,ith3NNa?]”Ii|)a ‘?’%ﬁogpéﬁ%riﬁ%to botsh ageﬁ@js d, si i ps Fi ElraeGShows

: IS a and si ts, :
the resul t s Yitheriucgee seupsashabeve Likewlpen(as Eﬁbggﬁelﬁrqeésqhgm'@t remel y
rapitd gewntg%?w%bmgr?@reﬁwt_ lvlbeésza)fesbf?bhtlﬁﬁaﬁ_e%ﬁ@ %%FL)JdBwN amf agjaaahh@n ofth
nmustard was sl ower, but sti extrenely effectjve. .3 studies usin e
U st il ant. RAOERVES rRBCHon ferBRLIDISLR SHETh S pe ae A RE R bl erge
excl usi ve C[I_cﬁéthé]gb( ﬁéeﬁtﬂﬁe%ﬂyd&ﬂﬁdn%hﬂ@pr@f@rﬂm (mbclbb?hiie(be{maewntis
I nvent] on. refqre, the toxi 6] { pll S _ho or s.a
result of P—r@?ﬁ‘Bﬁ‘aﬁ%f%%ﬁ@%%@%ﬁwmgﬁ%b'&giﬁgﬁf %Q)E?%ﬁﬁigg "} result
of neutral i zsdtidasirdlyle theeafiseatie réaatichqaroddat risnalsat highly havdc. alTherdbarenit is
denonstr gt ed fective | trall i e N S
docont anthatemed 16456 Binel fud Gheiot fof e Rk ot e Yk Bobt noxante
pl astic, cargfenucimpphiles specific & elpavédes of the (S8 dwindd srenthechystiopdroxide he G
agent sinul ant. (di phenyl chl orophosphate) are shown in Figure 7. Exposure

time to the ?Qﬂ% was 15 mnutes. The formnul ati on has al so been denpnstrat ed
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20 the case of the phosphorus containing toxants. As example of a reaction

according to this mechanism is the following:

NS\, szo__(EI_:, H0-\_8" \-OH . :HCI

Hydrolysis is only one mechanism by which toxants such as CW agents

may be detoxified. Oxidation can also result in detoxification of CW agents and

25  other chemical compounds consistent with the principles of the claiméd invention,
as shown in the following example:

HCO;

0
NS\ Ol 210, —> 1o\ 8\ OH + 2HCI .
0



pol ymer (Rohm & Haas, Inc.) K125 is an organic polyner. Polynmers are often
added to a pure agent solution to stabilize or protect the agent ( oy onn
simul ant) during deploynent to minimze the inpact of environnmental? M 2003
conditions (i.e., sun) wind, rain) on the agent and to make it nore
effective. 2s Also, tests have been conducted to assess how tenperature
affects the neutralization effectiveness of the foam Neutralization of the
VX simulant (o, s diethyl phenyl phosphonothi oate) was eval uated at 4C and
23C (roomtenperature). Results, shown in Figure 9, denobnstrate that the
foamis effective (although slower) even at |ow tenperatures. ~~irl ~~ G
i U3 29 Live agent tests were conductedl®at ECBC. Two types of |ive agent
tests also perforned were kinetic (or reaction rate) tests and contact
hazard tests. The foll ow ng test procedures were used. s Procedure for ECBC
Reaction Rate Test ' 1. Al tests were conducted with CASARM grade agents
(Cheni cal Agent $ #naembodiment; theaformuletier of dheviresenhinvention peldializehs of

hydrogen perigxirig s&ht Q@ GWLEH@EW%béﬂQ hﬁétcoﬁfe;hséd QBRLINGHE d&ﬁﬂ:%uﬁ&b the day
of the tests.. 10 3. tests were conducted In a stirred, |acketed
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rom 2o t e rea tio
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E nt ac
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were used: dyddimpecah iokieswrfdent-tkea matatizhwith ghodAydiocarbiohlseGmeB i3 ¥°)
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Pai nt - M L- C
15 subsequent reaction rates between the reactive compound and the toxant.

Anionic hydrotropic compounds such as sodium xylene surfactants are typically
used in the detergent industry to solubilize surfactants and soil; however, in the
context of the present invention, cationic hydrotropes are used to ensure
compatibility with the cationic surfactants. To further enhance solubility and bulk
20 viscosity, a water soluble polymer can be optionally added. The cationic
hydrotrope also contributes signiﬁcahtly to increasing the rate of hydrolysis of the
toxant. In order to neutralize biological toxants, the solubilizing agent can be a
cationic surfactant, an alcohol such as a fatty alcohol or a cationic hydrotrope.
Surfactants are known to denature proteins such as biological toxins and to act as
25  bactericides and algaecides. Included among these are quaternary ammonium
compounds such as benzalkonium chloride, cetylpyridinium chloride and
cetyltrimethyl ammonium bromide. The cationic surfactants, fatty alcohols, and
cationic hydrotropes serve to aid in exposing the biological toxant's DNA to the
reactive compound. Therefore, the mixture of a cationic surfactant and a cationic
30 hydrotrope provides the necessary set of solubilizing agents to enhance exposure



- ~f~f ~sy 2003 30 c. Aircraft (AC) Topcoat M L-PRF-85285C d. Navy. g\lfwg N
Pai nt DOD- E- 24634, color 26270 (haze gray) 3. A border was drawn on al’l"™ 2003
test coupons with a black grease pencil. 4. Each test coupon (positioned
hori zontal ly), was contam nated with 2 uL drops s of VX, TGD (thickened
G)) or HD at a density of 1 ng/cnR2. 5. The agent was covered with a gl ass
di sh for one hour to prevent evaporation. 6. Fresh neutralization

formul ati on was m xed i medi ately prior to use. 7. The contam nated coupons
were then treated with 1 ng of neutralizing agent for 15 mnutes (in the
case of the foam- the test was performed with the liquid io used to
generate the foam not the foaned materjgal ). 8. After 15 m nutes, the
neutralizing agent was rinsed fromthe contanm nated coupons (front and
back) with de-jonized/distilled water %ge? m) with a | aboratory punp. The
punp del i ver@dnatexanisppspeciglly EMband, BRbRgeNR e thgirpaciive sampeynd Meiiies af t er
which a 20 cedlutiiiizrifcdthpolpBtethahSestaiposa® dblattersht &Y e Fdaetiveosdrapbumal ed
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25  (oxidizers) such as peroxides, for example, hydrogen peroxide and urea hydrogen
peroxide, and percarbonates can be added to neutralize toxants, both chemical
and biological, including spores and bacteria. The addition of bicarbonate, such
as potassium bicarbonate or sodium bicarbonate, when the oxidizer is a peroxide
compound, such as hydrogen peroxide, reacts to form hydroperoxyca}bonate,

30 which is especially effective in reacting with biological toxants to neutralize them.



tested can be achieved in a period of approximately 2-60 m nutes dep qdl g?
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solution test, the m croorgani snms were di spensed directly into the |iquid
sol uti ormethoxlde and ethoxide, and aryloxides such as aryl substituted benzenesulfonates,

In neutralizing biological toxants, it appears that a synergistic effect between the
cationic surfactants and the hydrogen peroxide/bicarbonate (i.e., the
hydroperoxycarbonate species) is responsible for the high rate of spore kill achieved
in exposing the formulation to the spores. A possible mechanism for spore kill is that
the cationic surfactants soften and disrupt the spore coat resulting in breeches through
which hydrogen peroxide can enter and attack the spore DNA. This synergistic effect
was confirmed by experimental results. Other oxidizing compounds that can be used
to neutralize the spores include aldehydes, such as glutaraldehyde (at concentrations
between 1-4%) and peroxymonosulfate (1-4%), Fenton's reagent (a mixture of iron and
peroxide), and sodium hypochilorite.

The following table provides a list of constituents in one embodiment of the
formulation of the present invention and a range of concentrations that have been
shown to effectively neutralize toxants, both chemical and biological, where water was

used as the carrier.



fromwhich the foamis generated. After specified periods of tine, the

m croorgani sns were extracted fromthe solution by centrifugati on, ~ Wai&éd2003
and then plated on an appropriate biological nediumto deternmine if they
had been killed. The general test protocol for solution tests using spores
and vegetative is cells is given below. M croorganisns used for the spore
tests were Bacillus gtobigii (ATCC 9372) and Bacillus anthracis ANR-1. The
m croorgani smused for the vegetative cell tests was Erwi nia herbicol a
(ATCC 39368). The Ms-2 bacteriophage (ATCC 15597B) with the bacterial host
Escherichia coli (ATCC 15597) were used for the viral inactivation tests.
20 Protocol for Solution Tests: 1. Prepare a suspensi on of washed

m croorganisms in sterile de-ionized wat®r. The popul ati on shoul d be
approximately 5 x 107 microbeslm. 2. Add 5 ml of m croorgani sm suspensi on
to each of 12 centrgdHhupounbdes. 25 Oerpur‘mégw: CbﬂdE!h%A‘f@N 15 mnutes to
pell et the mcrobes. Discard the superna hﬁg of the test
solution at 25C to each tube. 4. Re-su¥%p Gf?‘f?éa' E"f“t'fﬁ?‘ﬂ'ﬁm sms in the test
sol uti ons. - 5 t ~Catiénic surfaciadt 5. Af tce1 tpe specified contact tinme (15

m nutes, 30 mnutes or 1 hour), dilute ieh test solutions by a factor of
ten with sterile délYHAYRY water and & ?pifuge for thirty minutes to

peI let the m croorgwatgsrgmubﬁ dymard G.hﬂ) super nat ant and re-suspend the
m croorgani sns in élrﬂm of ts{ ﬁ':g di iponi zed water. 7. Repeat the

washi ng step two addinNG RN faity 9h°'Aft Flthe final wash, resuspend the

m croorgani sns i n SOxitizef/ndolesphilst eri 11 paOri ent broth. 8. Plate each test
solution and the original mcrobe suspension solution on Brain Heart

| nfusi on Agar (for Bacillus globigii and Bacillus anthracis) or Nutrient io
Agar (for Erw ni aTteecHBntiodidgxants ddiird<y'ed by éne falmulatieri ofdthe peasdnt inverd@ne at

37C 101 48 N iy SAURS: IifboPledloSioh BriSlRRaRRabls, Kldd o8'plifiapacy for

each test so 1 Oh. rotoco cul ture
of E. coli fepmas, loealkyd pinprthqumrdccyeoydatasmswclatassmbum 0+aﬂ€)’bu5-§t-d§alkylesh

hour's. at * 3oty dlofitdbididufoia! ana (4R8I0 ISIAGE S Mblongfea™ 0
test sol ut| osglts,a. ssughi | e e- |onN2<ed wamastarzo b Cbmam-lmdﬁr.rrul aincleding. After

one hour, ?Lgh(f‘a %{*ﬁ){'?@?%"‘%ﬂj‘a‘“@d’ s by a factor %E,K%\éhﬁgbezﬁt}iﬁéblr'&e

dei oni zed wat er I'Scard the su er nat end 't he
pellet in5 MS(Mhlng@thYItblo)metbamﬁﬁfer at pH 7.%2- QBS(Z-SBIQf@ﬂtMthm)@tDﬁ@et he

phage Suspen%'s%e 2'—6h|&o&tﬂyﬂf@o) eeraﬁé on seri @%.&3 dcﬁlorJ&ﬂ?lHﬁ’cﬁ% Qitafid®! t €N
over | ay agar try ¢ soy %aaa phage
suspensi 0f aﬂ@'&'sfafﬁmr° V'@W)r”‘emtﬁﬁ?ve ip cofhyithispethyheteri i c ¥y agar

pl ates. bis(2-chloroethyithioethyl)ether, Lewisites, including 2-chlorovinyldichloroarsine,
bis(2-chlorovinyl)chloroarsine, tris(2-chlorovinyl)arsine,
bis(2-chloroethyl)ethylamine, and bis(2-chloroethyl)methylamine, saxitoxin, ricin,
alkyl phosphonyldifluoride, alkyl phosphonites, chiorosarin, chlorosoman, amiton,

15 1,1,3,3,3,-pentafluoro-2-(trifluoromethyl)-1-propens,  3-quinuclidinyl  benzilate,
methylphosphonyl dichloride, dimethyl methylphosphonate, dialkyl
phosphoramidic dihalides, dialkyl phosphoramidates, arsenic trichloride, dipheny!
hydroxyacetic acid, quinuclidin-3-ol, dialkyl aminoethyl-2-chlorides, dialkyl
aminoethan-2-ols, dialkyl aminoethane-2-thiols, thiodiglycols, pinacolyl alcohols,

20 phosgene, cyanogen chloride, hydrogen cyanide, chloropicrin, phosphorous
oxychloride, phosphorous trichloride, phosphorus pentachloride, alkyl phosphites,
sulfur monochloride, sulfur dichloride, and thionyl chloride.. These compounds,

and other chemical compounds that can be neutralized (e.g., detoxified) by



7. After 18-24 hours of incubation at 37C, count the plaque-form n% L;lnlut
on the tryptic soy agar plates. 30 G ,',"~zuo.~ P~ ~i~. urfacé
tests were conducted only for spore kill (both for Bacpllus gl ob| gii and
Bacillus anthracis). This protocol is also given below Protocol for
Surface Tests: s 1. Prepare ~a suspension of washed spores in sterile
de-ionized water to give approximately 5 x 108 sporeslim . 2. Evenly deposit
0.2 m of the spore suspension on nine frosted glass slides (22 mmx 30 mm
and air dry under aseptic conditions for 24 hours. 3. Place six of the
glass slides in separate sterile 400 m gl ass beakers. io 4. Place 100 m
of the following test solutions in separmate sterile 250 ml gl ass beakers:
a. foam (W th no hydrogen peroxide) b. foam + 4% hydrogen peroxide 5.

Bubble ultra high-purity air throu solution tq createf

The i o oam RPERPHE st oxBinaRervadepnis  ins ety Svetlon araevialEa foam.
reaches apprgyingdéreutations of thelprésEninvedtont op of the beaker. Cover the
beaker with a sterjile |Iid and i t_one, hour this st nt|I 3 gl ass
slides are exposéﬁ’d{tﬁ’ t,yst C%’m@ Jiave 5 be%fhds?%?g%a] re'"'é?{BB'?gegj

Sol uti on " b"forriulatidrisesf tha erésent invéntienio nhandsi natss Qfsrea:ttloualﬂoy elxamfplee a

ot i ni vy S0RBLAnt e HhecbontSP <Hind BrpleRes rebe SUeR, fodEnTlrodff iF )

with a stir Maeasﬂeacttémratemoom\eUWHMundemayra|mdddﬁsqodhe fartmatiorsaep f or

all slides that ; t AL ONGL] e of six
31 des) 7. kel W nPHER AR fch SRRl ¥t St e Wl 0%
beaker cont alt i andicipatesithal sush asiddions willdesrind ihesedskilleddn thendrt 4o adagtdhne t wo
hours. 8. e ; 400 m
12t o LA SRS S GBI T
col | ectedd Pvithaut daparfiog ifroot the Spcwrﬁnsi(ﬂcgw oh thi discleserenand thegappenged and
dilute by a fgafsor of ten with sterile de-ionized water. Centrifuge for
thirty m nutes. - F*;;', " 2 003 36 9. Carefully draw off the |iquid
and re-suspend tm!‘esﬁé\’%%ag‘h of dheyiforgiulation ¢f| theqrresent; ibyenligneis. thabdeait t he
washi ng st epr%aEtWé @dmpbédn‘an&‘ld in@émerQbeh@r%lli'Wé’tbr)V‘&?hbe 'forSd HRpatdy e

Spores in5 fresh sterile nutrient brot . Plate the Spar es

recovered.f rf&?ﬂ‘ ﬁﬂﬁe"ﬂ"@éﬁ?f@l@qﬂlﬂfﬁsd}ﬁ tm%iofrewaﬂ%pw% |Uﬁ@ sTk&HggParation Cﬁrﬂéﬁ n Heart
I nf usi on; AgagadtivelEbmBounds fbincthedbthert tafigowidd bMHebfrAuRtios 1€ Usful in

increasing storage stability. Because water will generally be available at or near

the site where neutralization needs to occur, the compounds associated with the
formulation other than water do not need to be combined immediately with water
but can be transported separately to the detoxification site and water added at that

20 location and time. This aids in economy of transport. The formulation of the
present invention is therefore suitable for use in a kit form.

In another embodiment, a formulation is provided that is used primarily for
the neutralization of chemical toxants, such as CW agents, wherein the
formulation cofnprises solubilizing compounds which include both a cationic

25  surfactant and a cationic hydrotrope and at least one reactive compound, where
the reactive compound can be a nucleophilic compound, an oxidizing compound
(an oxidizer) or a mixture thereof. A water soluble polymer can be optionally
added. This formulation is added to a carrier such as water in a fluid phase for
delivery to the chemical toxant. After the solubilizing compound enhances
30 exposure of the chemical toxant to the reactive compound, the reactive



48 hours. 11. Plate the spores in the rinse solution on Brain Fbart

| nfusion Agar (or the appropriate nmedia for anthrax) at 10-10"' _senia 003
dilutions and incubate at 37C for 48 hours. to 12. Count the plates an3

cal cul ate total nunber of spores recovered. 13. Plate the original spore
suspensi on solution on Brain Heart |nfusion Agar (or the appropriate nedia
for anthrax) at 10-10'"' serial dilutions and incubate at 37C for 48 hours.
14. Count the plates and cal culate total number of spores originally placed
on the is glass slides. Al tests were conducted under aseptic conditions
to mnimze potential of contam nation by indigenous m croorgani Sns.
Controls were run to confirmthe presengg of aseptic conditions during the
experinments. Hydrogen peroxide was 20 added to the foam sol ution

i nmedi ately before the start of a test. The pH of the final foam

formul ati on €éropoand, ¢ehénatly agetd quideosucteds agperdXide. cottgoundsieactemwith ther f or ned

11 (Paet | nERerac SRy R oo B REcRBls° clBid 13 refla g, rBRIRRI D C

bi ol ogi cal ctapohents) of B. gI obigii and B. anthracis spores were 25

obt ai ned after oqﬁ %ﬁ%mw%ﬂﬁf&@g‘alﬁg@&g QQ&S.H@@ HéddCB? il fopr face

tests - conplete eblcoac S was talned after
15 mi nut e§ i thes peurgligatione of sbl°|°§l§#p¥°é§fétsd‘€6%fﬁ|f\/éh!q (5W"(Lﬂﬁt196g9°f'@ﬂrls@ﬁea MB- 2

bacteri Ophag§ol\ﬁ@iﬁzﬁ’6’k@ﬂnﬁ$@r@§él6&te@%m é‘%@cﬁu@émﬁrﬁ 4 Calidic ﬁp&a&&ﬁ uti tion

(note: 60 m nutes was e only tine period tested
033 The resubfd afatyaelrolal, aRd £t least ope @agﬁwomaomdgw&e foe I@acnl"ﬂ

addi tion to EhRpd@if Gards alrueRd miwa&npduaal av%xra&rﬁ@%Hoﬁn@?aﬁ 6Rdeym ver e

testedlndlwduallyto determnethelr ef t on spore kill. In solution

tests, Bacil PU3 "'@fﬂ%ltﬁﬁre°§pﬁ?'§§°r%'@3°’é5?;ﬁﬁi9§ tq Bcﬁﬁ@r pigh avveter Badiddent s
from the jpoaphdser farl eéuvary télend cuiulczgaaal VigkeRit. (Aﬂ@a’f ltrQJ )soluBﬂrzuﬁgltddmpand
surfactant in de-ionize E ? oni.c h r i oni zed
vater . 59 al SUIICORFIPTaHES Rie LIS RNt B AR FTRRHEAS A mobut
et her, and 7c@ﬁ(pdurdnvéacmmth)thenomf lenherzlgdammanor%mwmyswmcﬂm qai de and
4% SOdI um bi carb nate,in n| zegh? 2% al cohol, m,x, 4% hydr ogen

n

per oxi de,’ anfeYt §5d|@ﬁ1 b| onat r8§¢'t|v8n| S%'Bp%én er. s 38°05k '?Snl
surf act ant ahphréﬁérbxyhadmtqaeommum fhat ¢sefdrmad dgdtheaaddition of a hydrogen

15 peroxide compound and a bicarbonate compound, such as potassium bicarbonate
or sodium bicarbonate.
In one embodiment, the formulation of the present invention is comprised of
the following compounds.

Compound Range of Concentration
20 (wt. % of overall formulation)
one or more of cationic surfactant - 0.0-10
long-chain fatty alcohol 0-1
or cationic hydrotrope 0.0-10
hydrogen peroxide 0-4
25 sodium bicarbonate 0-4
water 71-91.9

Additionally, a water soluble polymer can be optionally added at a
concentration range of 0-10 wt%. This formulation is particularly useful in
neturalizing biological toxants. The formulation can be easily delivered or

30 dispersed as a foam.



3.8% cationi c hydrotrope, 4% hydrogen peroxi de, and 4% sodi um bi car bonat e
in de-ionized wafer. 3% cationic surfactant, 4% hydrogen perOX|de_q?qJ%%?mB
sodi um bi carbonate in de-ionized water. The results for these tests

shown in Figure 16. The results clearly show a synergi sm bet ween the
cationic surfactant, the hydrogen peroxi de, and the sodi um bi carbonat e,
whi ch accounts for the dramatic sporicidal effect of the foam formulation
of the present invention. An additional conmpound can be added to the foam
formul ation of the present invention to aid in inhibiting corrosion of
metal to which the foam could be exposed. In one enbodi nent, dinethyl

et hanol am ne was added and i nhi bited c05r05|on of the steel substrate

wi t hout detracting fromthe det oxi fi catfon of the CWsinul ants; the
conmpound coul d have actually enhanced the chemi cal deact i vation 5 ~"-~;
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hand- hel d L S A . t,

aﬁg byel ar ;?e%héq\%g{“ﬁo@{r%r’gé%{é'sﬁgg ﬁ%n? 'f ese lo@tfr}{‘%gﬂer a gcfpé/unlrflg uses
a foamio nozzl e Thig dormidatien isi bothnnan-tokis fm@mnnais.omtgwdmgvbumams. and ect .
There is no eé?al@ n&PQ&!’&éN@'éﬂgﬁ@ar\t 5 uEQ@?%Mézﬂe%traﬁﬁﬂoﬁ%%iﬁﬁggﬁﬂ{ at ed

t hr ough the room because a supp air foam
gener at or wi¢Hemickl and higJogibal. r Jbwn Wﬁ@ﬂ@tlmaﬂbm degantarpinatianc ofl) arpas hi ng

the existin gAY f i n of
chem cal tld gx%!u!ﬁtogl c‘gf agerf’%? Pl ah?h oam ?@3 ngénqgﬁﬂ:lgﬁ&# f)
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nozzl e. Anot her i oftant 1ssue concer.ni ng 0an1 nent is clean- up of

t he foam af thqurj {n hﬁ@ul'fébnbbetﬁﬁr d108doX%iHd 'PP&‘S"%'@HHVEV mydation ¢ éﬂ?ﬁ?&??%n of
the CW 20 af%b@%@é}ﬂ@f . Al'though the foamis highly stabl e, it can be
br oken down very _easi with the use of comerciall % Ie de f oamer s.
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envi r onnent ssouhie polymersitoamhaheecthkiphysied! stabdityt of thafdam.t at e access of the s
forrrulatl ntot r | gy:nent t can
have varlgus advgﬁ%&%@%ﬁp omﬁﬁﬁﬁ% '(rgre%? Hcﬁ\\% dt%P gg'ﬂn?rgx% I@fﬁ@n be
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a foam woul dcféé% £k ot Hbér%:cif ?&O&olog]%gﬂ%&% ggecaﬂwpéﬁmy %ef:ﬂ?e&l gyeri or

of air conditioning erated ers’and
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30  support, 8) it has minimal run-off of fluids and no lasting environmental impact,



advantage of a fog is that a relatively autonmated decontam nati on system
could be set-up at the scene of an attack. Renotely activated foggers, ¢oul d
be placed inside of a facility and turned on at periodic i nt erval s 4 #79m?803
renmote |ocation) to is conpletely decontam nate the facility. This nethod
woul d greatly decrease the potential for decontam nation personnel to be
exposed to a CBWagent. tn one enbodinent, the fornulation of the present

i nvention is an aqueousbased formul ation that is capabl e of being depl oyed
as a fog (i.e., as an aerosol with particul ate sizes ranging from 1-30

m crons) for the rapid neutralization of 20 chem cal and biol ogical warfare
(CBW agents. The formulation exhibits |oworrosivity and towtoxicity
properties and can be depl oyed through ébmmercial | yavail abl e fog generating
devices. The formul ati on consists of cationic surfactants and cationic
hydr ot r opes | | ' A - | axi de and
a bi car bonat éﬁ'% Zﬂm % (Faa %ﬁ@ws'\é%%ﬂl}%gﬁ%oﬁgggﬁ]ﬁm?&m@m itﬁynp 'rfggﬁiqg%gﬁat e).
Current decoermbendelivered oy nvariaus onatheds; | iOnre wskiut reatidis bgsedany en

chem cal s t 0,86046N & %a}f\ilricléﬁfhbtoﬂhieﬁ efitfaiag trd ﬁemocdmlnffguadmnsm fitd ¥ damage

sensitive equlpnent 1In 't comes iInto contact. dition, nost

current forneiPsed emdrongent.r Eoaras genasalad by dhis metbadhavahesfictiomndaing¥ei on.
The formukat i ahagRiaxpansibAratR of eBHRECL 10 BndhaldBediisMnto lberdtase

formul ati on. Howevey, wvar |_253 constituents aqnl n;in%s%c?%for foatm ng have
been - ~i forapproximately 1-4 heursdegending onyrnYispEMegiah coRditionstanppratuft,
formul ation ?fndg FetatR@URAY éiw.a?;ﬁﬂfd‘aﬁgca\cmw %@Qeﬂre&at@& Hycdodh@rﬁsbj e€elioamd s |
cationic surfactant cati.oni rotraqp to eroxi de bi carbonate salt
o water RanBEGTS MORGLAL POl risked Tria thes At aRy o Semessiscy s
0.1-40 0-5 omamoasglé}@raumg Slpafsion Fatws Lol bauR2E-60M parchis| alsa) stabler frarn y
anmoni um sal %s such as cetyltrinethyl amoni um brom de. O her exanpl es of
cat i oni ¢ Bur 14N s i ncl ude pol ymeric quaternary compounds. Exanpl es of

suitable lt;ydr _ofjr op@g@q“rﬂ dasit b@l;mepblyéd &rmaoplérim{)lmfmévd:es,TEepmetgynb_ bnntebhy| f
tet t . t
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a chemcal a crol
15 CW and BW agents and simulants has been demonstrated. For CW work, live

agent testing has been conducted with GD (Soman), VX, and HD (Mustard). The
half-lives for the decontamination of these agents in the foam system is on the
order of 2 minutes to 20 minutes. Addressing BW agents, 7-log kill (99.99989%)
of anthrax spores has been achieved after approximately a one hour exposure to

20 the foam. Other BW work has demonstrated rapid kill of the simulants for plague
(a vegetative bacterial cell) and for the smallpox virus.

The formulations of the present invention exploit the principles of cationic
micelle catalysis and the solubilization power of cationic hydrotropes to dissolve
the otherwise sparingly soluble toxants. The formulations of the invention can be

25 dispensed as foam using foam-generating technology known to those skilled in
the art. Especially suited to the objectives of the invention is foaming apparatus
that employs Venturi principles whereby air is drawn into the foam-generating
nozzle from the contaminated environment instead of from some other air source.
This causes toxants in the air to be combined directly with the foam ingredients as



(~20 ng) of a chem cal agent simulant (diphenyl chloro phosphate) was

pl aced on zo a test coupon (carpet, netal) wood, etc.). The coupon KAy 2003
pl aced inside of a test chanber that was then filled with the fog o '
formul ati on generated froma comercial fogging device (droplet sizes

bet ween 1-20 mcrons). The sane sinulant was placed on identical test
coupons to serve as an experinental control. After one hour, the control
and experinental test coupons were placed in a solution of 2s acetronitrile
for one hour to extract unreacted sinulant. The acetonitrile solution was

t hen anal yzed by gas chromat ography to determ ne the mass of unreacted
simulant. Geater than 99% neutralization of the G agent sinulant (diphenyl
chl oro phosphate) was achi eved after on hour exposure to the fog in a test
chanber on all surfaces tested and conpl ete neutralization was achi eved

et o e TSR3 99l 581 B! Grebl el P et L aRERE o2

99% neut r al | significantiyas achi eved after four successive foggings of the VX
ItOthI h h ki % and 85%
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by first responders to effectively neutralize chemical or biological toxants while

remaining relatively harmless to both people and property. In addition, the

25 formulation should render chemical and biological toxants harmless in a

reasonable period of time so that relatively rapid restoration of facilities may be
achieved.

The formulation of the present invention accomplishes these goals. The

foam formulation of the present invention is effective for neutralizing both chemical

30 and biological toxants; is environmentally benign to both people and property;



3 w.%WTCO VARI QUATT"" 80 MC - Cationic surfactant that may sol ubilize
the chem cal agents 1.5 wt.% 1:1 Dodecanol and diethyleneglycolnngppHy¥Zm3
ether ~ Hel ps stabilize the foamis 2.0 w. % Hydrogen peroxide 2.0 w. %
Sodi um bi car bonat e (NaHC03) - The hydrogen peroxi de and sodi um bi car bonat e
t oget her serve as a strong nucl eophile. The foll ow ng summary of results
and data is based on tests perfornmed 20 using standard sinulants for CW
agents. Due to the high toxicity of actual (live) agents, sinulants are
selected to mmc both the chem cal and physical properties of actual CW
agents. For exanple, diphenyi chlorophos hate is aliquid, sparingly
soluble in water that is chemcally sim far to G agents. Malathion is
anot her sinulant often substltuted for VX chemi cal agents in | aboratory
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cl eavage occdl
dnssolved. Thé polymer is optional but is added to increase the viscosity of the

25 mixture, producing a more stable foam. The pH can be adjusted to facilitate
solubilization of the polymer. The cationic surfactant is then added. A fatty
alcohol, such as dodecanol, can be added to increase the foam surface tension to
enhance the stability of the foam. Diethyleneglycol monobutylether, or a similar
solvent, is generally used as a solvent for the fatty alcohol. The solution can be

30 stored for later use. A preparation procedure fot one embadiment in described in



2-chl oroethyl ethyl sulfide (half-nustard). Reliable surface testing with
hal f rust ard cannot be done because it evaporates rapidly fron1thed§q%$a%mm
For this reason, nodified experinments were carried out in a close ot
cont ai ner using 500 ng of half nmustard and 100 m of foam The results from
this test are shown in s Figure 19. Unlike 2-chloroethyl ethyl sulfide,
2-chl oroet hyl phenyl sulfide does not evaporate quickly and can be used for
surface testing. It is recognized, however, that it is nmuch | ess reactive
as conpared with nustard gas. Results indicated that the foamreacts with
this rather inert material, as shown by NVR anal ysis data. ~o BW Si nul ants
1. Surface Testing with Bacillus globigii Spores: Bacillus globigii (ATCC
9372) were used in all tests as a surrogate for Bacillus anthracis. The
bacteria were cultured on Tryptic Soy Agar slants for three days. The
bacteria Wer@(a?r&ﬂ’é’ia' TR siiutibmBan 86 tvsh hReEWHA IR Fach@EorhPdiink! Qith #80ar

suppl enented with 002@6NhC1§PH20 sl.ants and i ncubated at 37.C for,L 17 - 20
days. The Séh%@PPéPelﬁBPIPBH" RPIRYY. 47 Bractich! 4sf.ihe ROHBPTLIBAR-BAdRNS) was

enpl oyed t o dtérel f'whepeiAthé dbadlive fhpoasd!is abdedSRAdre Thb! reatiR@t conysiund,
conducted in both the foam sal.u est, t ubes nd in.the foaned

foam pl us glSHEa A YERAFD R%‘%'d%aﬁﬁaﬁéﬂef% g’ﬁré%‘@ afjqrsimimiediagly Hpfore use oy
procedur es B)eoghsm&greacﬂmermeo\&uamndweltmtahewdmgdn@arm gamier. A

ol at 65, _ai 1 o8 PR faanp YREE 1S B8 et A 3RuS TR Giooh PRI R am o us

addi ti ve forcobsifetedunsbensaf@Far slBpping andr fhianckisg. Wwdihis éliminatestbe edefl fom t he

f oam and wa r tion for 2 hours. The foam
2s sol uti On%g@g"@"ﬁfﬁﬁ%n%%&%%ﬁ, glyﬁrq%%hésﬁjgldémpenm on solution were
tested for B. gl Mostioamspare astoreg apt deplogedas Borxientrétear (Typichiuse dighthgar at

10-10° " ger 'fgémg {é"é\} tﬁe%gorfc%w}éfeggaﬁrﬁifrorﬁ% T"P Y6 B%. Pﬁwséﬂlwér%orgé q4r € 20

depicts e Fasuf alne proced gxperiments
wer e st art ed Qitthecawentater e\serwl@osgalloma/ofrfgamesenadempow ngallons Bf the- ~

~.~J 45 Obsegoy‘ggwaﬂﬁg géluﬁorﬁgndqé@gtg%ﬁorﬁoégﬁér (HdrS &gt nEg\ﬂrafté’aéTbrysﬁsth' on

experinments carried out® an irmthe effectiveress

foam 2. Solgalprmoffeamiingade up afbaaiensefithe eecentrate selutionand S4galionsst r at ed
a conpl ete kjs ‘vJate(r7‘lthQoJ§rh 'f&r}nuﬂétnoﬁrdﬂtﬁ@pr‘é@érﬁh%nﬁoﬁ hésAIQG b%@ﬁ@%)/elbﬁbcf he foam

solution within 15 m nutes. The experimental met owed t hose
descri belf atfSv@ CPRGENYBis: eFQfmq|att°é‘§tC§ betwaesnt4% Hatzﬁ/héaméﬁﬂ? dgvelaredul t ur ed

on tryptic gpy, ﬁﬂ%rzs%'%ﬁ@éﬁu%fe Bb@lg&nbﬁesaéftfoémf.ywaa IS 25 BRIRME ®f He
illustrates that data indicated a kill of the bacteria follow ng

exposure to qoneent@éﬁﬁwquoﬁg@ms ir‘T’EWé*ﬁf)r ofine iexamRigmf thepreparatien gt edur e
for Foam Pr eomealdopiertfaté Reyive ineieria Tl m okt 80t ifcidda Xt ur &

et amed by FHATGERA AP e 15tk RS ABRBaea RS oas terds G edetslly ha 8000

|s a Guago Gtamdeal B lthelrfoampeoniion ainffddiatdly Bifore Utk Lusef oflethentozasl 620 i nt o
| ar ge car boy, wi th Iarlgest stir bar available. 2. Add 691.2 g of Adogen 477

(Wtco) (hydBSPHBpUNatioRPHPRSBRaker used to weigh 477 W H20 from car boy,
addi ng rinses bagisefub dthibuiear bbythe Joamddf 36€ ;ge@énthOérhttdn e that( ¥ 4%

0, 0,
Inggﬂﬁ 2”8:_" tf%6 A)’%\ %\%Bﬁigd?ug {%2}1@9 %Qggnas?o%l )atlos and |s hlgRIH gangecon.Pl pue to

expansion ratio of a foam is defined as the ratio between the volume of foam
25 produced and the original liquid volume. This property is important because
higher expansion ratios allow less water usage during a decontamination event.
However, if the expansion ratio is too high, there may not be enough water in the
formulation for effective decontamination. In addition, at high expansion ratios
(greater than about 60) it is difficult to produce a stream of foam that can be
30 directed to various locations (i.e., the foam simply falls straight down as it leaves



procedure. 4. Add 36 g of Jaguar 8000 (water-soluble polymer]. Add the
Jaguar 8000 slowy to avoid lunp formation; tap in slowly from spagq.l-,ga,;. 2
After finished adding the entire Jaguar t3000, stir for 15 m nutes. JI‘Fl'e 89—?
should rise as the Jaguar 2s dissolves. Note: This is a polyner used to
slightly increase the viscosity of the water, producing a mare stable foam
5. Slowy adjust the pH of the solution with drop by drop addition of 10%
HCl. Adjust to pH=6.5; this only takes a fewmnms. Stir for 1 hour. The pH
is lowered to solubilize the polynmer. %HCI: 53.5 mM HC (37.4% + 146.5 ni
dH20 aJ3 4G 6. Add 540 g of Variquat 80'VIC (surfactant, slowmy. Note the
pH (will rise). Rinse the beaker used t 8 wei gh the Variquat W solution
fromthe carboy, adding rinses back to the carboy. Renove the pH probe and

cover the caf{OYoanvt §éndratin nBQ#.IéE- tﬂewé\ﬁ&i‘, Addn Owith High éxdandfondegigsanol
u

and DEGMBE, di et hyl eneg .mno | et her.. Add dropwi se_over a 1-hour
e og et | (arproXmtalycAd-T S AP BRI pavei AT VOmES Of PRI o used
?s a sol \\I/\Aent b{aﬁketfrbea@emfa@hmaﬁp@maa?kﬁaa?@,edamlomimméeiag\eepr?siaur face
ensit on In e am nar ayer am, ncr eas surt ac

Lensi on br ovraies (epraRaatats el iVery efooh dot 8 ans i SEod 1eAts B8 ueen

E) he : am nar furl stisking It vesticall savifacessarfdathie . urllersitis bf htizomed! Wuifaces. nThe st or age
ottles. Exa

= o it PO el T LRSS BoBE s et einc oves”
careful |y, omediuanesyznsizxi natid ehy with Ehigh expansioerratialin aroaspinatipg aitdoamt f or m
VRN o AR T SHBR, SR M g Vg BeRend e .,
(76.8 9) angiav%dl cohtodlling thel baikOvigcagity ohde lfqrmptaltiymeifhs dduii¢ viecositpdgfube pH to
o v | by ot Ml b ols i Mg HE S pltp o1,
7. 3% dodecanaliowstheAlitid/to istfkatthe eRe C6thenepzienind ther appropriste logsation ta.  Add
A'conol i x Saniatet foalry Aol ndzS e idhet 6 Jop WM qutPlomupliéneTR L B, 4
t et r adecanol specific bulk viscosity ranges. The water-soluble polymer was added at the
appropriate concentration to give a bulk viscosity in the range of that required for
15 the specific foam generating nozzles which were used. In a compressed air foam
generating system, the expansion ratio is governed by changing the volume of air
injected into the liquid stream.
An important physical property of a foam is its stability. Foam stability is
measured by its half-drainage time, which is defined as the time required for a
20 foam to lose half of its original liquid volume. For example, if 1 L of solution is
used to generate a foam, the half-drainage time is defined as the amount of time
for 500 ml to drain from the foam. This property is important because a stable
foam allows a greater contact time between the formulation and the chemical or
biological agent. Foam stability is achieved by increasing the time required for
25 liquid to drain from the film. Increasing the surface viscosity of the liquid can
control liquid drainage from the film. The higher the surface viscosity, the more
stable the foam. The fatty alcohols increase the surface viscosity by packing in
between the surface molecules and increasing the resistance to flow in the liquid
film, thereby creating a more stable foam bubble The foam formulatioh of the

30 present invention produces a foam with half-drainage times of several hours.



Exanple 5. Field denonstration of foamfornulation A field denonstration
was conducted at the U S. Arny Dugway Proving G ounds, UT to detegqiqq\;gg
efficiency of the foamformulation for the kill of bacterial spore336hh 03
common office materials. Six test panels (1 fi" x 16") were set i ~n'.~

| ~ 47 up and tested. The test panels consisted on ceiling tile, painted

wal | board, . carpet, painted netal, office partition, and concrete. The
panel s (except for concrete) were set up in a vertical position. The panels
were sprayed with a suspension of Bacillus globigii spores, allowed to dry
overnight, and sanpled for their initial_s spore concentration. The
concentration of fornulation sprayed ond each panel was approxi mately 100
m per square neter of surface area. The foamforrulation (at pH 8.0) was

sprayed onto the yidedsgndifs thacexb8HiorPai8ahd 2Rubiline bt o 8MBbdIMent &Y the"
approxi mately 20 hours, the test panels were @g@ﬁws@fgor survi ving spores.

The tests wefeam &fcthecaresset, inneption, gengiated: ya gayeeroxide Has@Mt s f or
gr e-t test _ sa{@?gﬁﬁcﬁﬁg . %Fﬁﬁﬁmﬁ%nalwtb?]@fwé@@ﬁbaﬁs?ﬁ ral?f’@ﬂ £25 éi&m haF:fB t
econtami nat g or..each_day s at hi es spor il et ween
S nt i mum of CiAin25g e P SRROTAEN SvHer ROTES fiavs Pedpleda wibdhen at)
_(I)_];] fi :‘:el lmatsgar ﬁmljfaamff_azmulelﬁm (iestvith hyd%o@napmd bxidd). |Bah®<¢édep&t;! ?I(paniio?ﬂ por ;as
e follow ng_desgri n erime enonstrate spore kill. o
test sol uti o??tﬁoés Bfﬁ@éﬁ"qa'?‘?@%l"@” fsg'%%g?urf'ube to which 0.1 n of a
sol ution of suspeStddidsBavebebn gerfornedrvith the doraniitition ofiftiies presemt ihvantiont he
solution is i r i 4 hj } oni zed and
centrifuged o‘#é{é’gﬂﬂ?ﬁﬁfﬁs&ﬁﬁgsgy i%ﬂéﬁagp%é{é\(‘{%@u%%gé‘édr%24‘? usi ng
?sgpt [ % ht echuoheroies! agentscfavesed qretwoegenefal staaseauioﬁa:gentsetnmmemgmts Bhd tezt
ube. sp . I p ; r i ze
water and®cotienisRfa =GRt TXames brherieHoehih i schin (B8 adaf fUBH! 820
of f and t he t3bundGAhrand\ES AP exatapie ofa Blisteringfagentisimustardi(biB).Zoifalwarkr . The
solution is I i n@&ﬁi at IS | of f.
The spores a%gﬁééﬁgﬁﬁg% matggﬁt %Jtﬁgfrglhﬁe Eﬁgp_ﬁmgtg?ébghg't%ﬁ g' SO lﬁti on is
gl iat ed on a dipheayleforophosphateawas jusedsifion W§athe isimuignh wasr inglathien(@s
ilution serj PR ! s afl i
i shes ar o SRuyL DRI BAGphBdlsa), PorhBitpictreiinlicht ARE Rait FRRRIZ: 1 1
are countldd sgracthyisuifidg) and Baif &chigrostwlheheny| sulfisle. t he ant hrax surrogate, B.

gl obigii after ongyd@dent3fistf werd PeHbfndd af RO IO Nn&ituté of TedHmBlogpd wat er
al one (control), 2) cationic et h sur f act ant no

t St~ =7 J3 48 - f J ,aJne
hydr ogen per Besefrch dastiuteafiidih@ey  atsther Edgewead: Gemical JRiglogics %5?8 gen

per oxi de and(éﬂ:@@{)&%éﬁﬁ& Ay ABérdeEn PrdViH QicLABSE Mb OSRvERP sifsbicteste
peroxi de or bicarbognate), SHydrogen per oxi de and bi cgrbonat |r{ dei oni zed
sfermise Poplpes)

water (no caleshp¥iamedied the etfectivenass &f the foany g ge e), 6)

s cationig Serfsafhcdtositd i8 dB¥eHbea®BIaRer Oxi de and bi carbonate, 6) fatty
al cohol with hydrogen peroxide and bi carbonate, and 7) cationic hydrotrope

wi th hydrogen peroxi de and bi carbonate. Al experinents were conducted at
pH 8. 0. Fronsulacd Désk Poodegiurkescr i _pti on, one skilled in the art can easily

ascertain th ssenti al ,charact.eristics of the invention defined in this
Spoci frcati o dngrdae st SalfieRifiA Riawrmdss greRamthlaeed B SR 1 1 om t he
spirit and s@oWait h®emirftescan nmake vari ous changes and nodifications of the

i nvention to,ada it to.,various usages and conditions. Such changes and
modi fi cat?f ond: Mﬂ?‘a tgg"eg}ﬁ§{)?ﬂ5’§°?'o one skilled in the art are intended to

be included v tWaihspdeifieddinmeeparfodt he fol | owi ng cl ai ns.
5. Extract the unreacted agent (or simulant) with acetonitrile.
6. Test extraction solution by gas chromatography to determine the mass of
. unreacted agent.



R;r',~~ ~~t~.3 49 CLAIM5 1. A fornulation for use in the neutralization of
at | east one toxant, conprising: at |east two solubilizing conpound$, M4Y 2003
wherein at | east one solubilizing conmpound is a cationic surfactant, said
cationic surfactant being a quaternary ammonium salt, and at |east one

sol ubilizing conpound is a cationic hydrotrope, at |east one reactive
conpound, said reactive conpound sel ected fromthe group consisting of

nucl eophi | i ¢ and oxi di zi ng conpounds, and water to produce an agueous
formul ati on, said quaternary anmonium salt having a concentration betureen
apprOX|nater 0.1 to approximately 10 wei ght percent of the aqueous
formul ati on, wherein said at | east two §%Iub|||2|ng conpounds and at | east

one reactive conmpound) when mxed with said water and exposed to at |east

one, toxant . e gof fhd 80guartl tndimusfitd 10881 £ 2Bhduded FNBHTET LY 0 G Of

claim1l furt wat er - sol ub concentration
bet ween 0 and é@ﬁ!ﬁ'@'ﬂ%ﬁéﬁ?d ﬁDPBép@éﬁ@luﬁﬁdWB @@Q!‘Q flbisnanrdes botly. The

fornul ation of agbadsEhd siiibhgr conprising a fatty al cohol conprised of from
10 to 16 carbon atons per nolecule, with concentration between 0 and
approxi mately 1 percent of the aqueous fornulation. 4. The fornulation of

claim3 fyrtppiree @wa it résuﬁabﬁ{wéSdecoﬁtahﬁhaqaﬁ I ¥ed agws%hqﬁptaf R!ﬁst he
group consi st ng of 1 odosobenzoate and CqOB {: am ne CO exes
(0]

formul ati on B¥remaly mrapighcfesontamiration; @ fRfoubrt %%c?’@g ch)m t he
group consi sbba@ntaﬁmbu&ﬁ @germsma Westslowsi Bt dwobwgmalypenféaﬁvde)a‘P NMR

hydr oper oxycar honat e e al koxj des r | dehydes..
peroxym)nosu%f‘a B8, q_sgm Ygag%'ﬁ't"%ng §§t8ﬁ %ﬁﬁ%b ﬁ?ﬂyﬁm"’? 0 .ﬁ"'gﬁ%%

fornul ati on démensiiated trialrekd:taswe:@lqawage of) theaPe$ tamdausiag rthe foame dif he f or

dot oxi 11 bt BirSeet BEHREI TudtEroRe dRe gPic. Ak E R IS HARaf Rimed as a5 o4
7. The for nutestit oh Ped tandi aﬁe@agﬂm WKrwdulie nbtoserek@ecterhto fermtasaa mdulbfof bet ween
appr oxi mat el F%‘ﬁrﬂ%gﬁ"p"y(ﬁx' mately 11. 8. The fornulation of claim6 wherein

t he fornul at ?ﬁmapprom mately 9. 9. The fornulation of claim
6 wherein the forfhe &dnorfornsulationahphate beérecdeatbristratedt toe bgr effgetiemrisi st i ng

o ot o PRI I 038 56 Sk Y hrelor Hikfl Bibir, o
and 125. 1531. (sthle asovaodl, ptasticy aafpatihgi andicaniestali Restits ofitasts aondyctethwithi um
salt is sel eﬁltee‘il:‘; agent simulant (diphenyl chlorophosphate) are shown in Figure 7.
Exposure time to the foam was 15 minutes.
The formulation has also been demonstrated to be effective against
thickened agent simulants. Results are shown below for the G agent simulant on

20 a variety of surfaces (Figure 8). The simulant was thickened with 5% K125
polymer (Rohm & Haas, Inc.) K125 is an organic polymer. Polymers are often
added to a pure agent solution to stabilize or protect the agent (or simulant) during
deployment to minimize the impact of environmental conditions (i.e., sun, wind,
rain) on the agent and to make it more effective,

25 Also, tests have been conducted to assess how temperature affects the
neutralization effectiveness of the foam. Neutralization of the VX simulant (o, s
diethyl phenyl phosphonothioate) was evaluated at 4°C and 23°C (room
temperature). Results, shown in Figure 9, demonstrate that the foam is effective
(although slower) even at low temperatures.



fromthe group consisting of cetyltrinethyl amoni um brom de, benzal koni um
chloride, benzethoniumchloride, cetylpyridiniumchloride, tetrabutyl
ammoni um broni de and pol yneric quaternary conpounds. 12. The for fubdtf'6r?063
claim9 wherein the cationic hydrotrope is selected the group consisting of
fromtetrapentyl ammonium brom de, triacetyl nethyl ammoni um brom de, and
tetrabutyl amoni um brom de, with concentration between approximtely 0.1
and approxi mately 10 percent of the aqueous fornulation. 13. The

formul ation of claim2 wherein the water-sol uble polyner is selected from
t he group consisting of polyvinyl alcohol, guar gum cationic polydiallyl

di met hyl ammoni um chl ori de, non-ionic p61ydiallyl di met hyl anmmoni um
chloride) and polyacrylam de. 14. The formulation of claim2 further

conprising a cor f@y @gbmméut@wemeonh@cteafh@ HOBAV Al 9Pebf MePddBni degtdier €i N

t he corr05|on i nhibitor is sel romthe t|n of d| rrethyl

.
et hanol ani ne?ls® PeREYrMadovelRikinstic &THQ?RS'PBH? trotes qrgpcontacthazar glests. The - "5

of C9, C10 amubmgtgbt?mdédmegwEeﬁsedjl cycl ohexyl amine nitri te and N, N
di benzyl am ne. 16. A fornulation for use in neutralization of chem cal

toxants, conprising: at |east two solubilizing conpounds, wherein at |east
one sol ubj | i Ridobadre iR%a&tl tema8r y ammoni um salt, and at Ieast one

P01 ubi || 21 oy QPR ko esrebigd” il A SARRRS e AL (EBhHRRE AL
Bhase Wiorehy SHLA | FaLl I SHAID b DE codbeunds And Al ) cost one
Peacti ve corf%oaﬁﬂig?n tﬁytﬁ?%‘dpwzf'ﬂ Eqa{ V@éﬂgﬁzqﬁﬁn gesgﬁaﬁﬁ?’&s ﬁ@s@a felds a
formul ati on t han thwdayraﬂthe@tschem cal toxants. 17. The for rruI ation of claim

16 wher el 11 ol QLU Uniudly 105 Blind jackdfod RUBHBPLLQY RlarfliAbdaF o

wherein the guat-ernary anmoni um s has ‘a” concentr
approxi mately @5°€C.to approxi mately 10 wei ght percent of the aqueous

for mul ati on) e GRLIBMGR LA 250 i) 351 SHARH HAE LG AUBLCANP! S 10

of tetrapentyl nmont am brom de
tetrabutyl ammixedrfoba soffidieht pmrtot:l of imedo aliaw fcmeqbihbmgm (i e oaeemfttbéy 0. 1

hater ol ubl o oAy wan® st $ab sralingt Bt Ft oyl O R Bl eyl o4, oty
al cohol , 1guar therfpamedimaterialpol ydi al | yl di met hyl anmmoni um chl ori de
non-ionic podYehAhb¥batl! {EETY cBHRANG WefbHdulRa 4BH SOFYATKYhARIS
were conducted at pH 10.5 (adjusted with 3 N NaOH).
6. At the start of the test, 2 ml of the agent was placed into the reaction vessel.
7. At measured intervals (10 minutes and one hour), samples were removed from
20 the reaction vessel. The samples were quenched with solvent and analyzed
by gas chromatography mass spectrometry (GC MS) for unreacted agent.
8. All test samples were analyzed in triplicate.

Procedure for the ECBC Contact Hazard Test

25 1. Ali agents were CASARM-grade. All tests were conducted at ambient room
temperature (23°C).
2. The following test coupons were used:
a. Chemical Agent Resistant Coating (CARC) - MIL-C-53039A,
Polyurethane Topcoat with Primer MIL-P-53022B epoxy.
30 b. Navy Non-Skid Paint - MIL-C-24667A.



19. Afornulation for use in neutralization of biological toxants,
conprising: at |east one solubilizing conpound, selected fromthe group
consisting of a quaternary ammoniumsalt, a cationic hydrotropéj5aﬁéYaﬂm3
fatty al cohol conprising 8-20 carbon atons; at |east one reactive conpound,
wherein said at | east one reactive conpound is an oxidizer selected from
the group consisting of hydrogen peroxide, urea hydrogen peroxi de, and

hydr oper oxycar bonat e; "5 M"': 52 a peroxide activator which reacts with
said at | east one reactive conmpound to form hydroxynonocar bonate; and
water, thereby formng a fornulation at _a pH value of approximately 5 to
approximately 12. 20. The fornul ation of®cl ai m 19 further conpri sing an

al cohol having between 2 and 6 carbon atons. 21. A fornulation according to

claim5 used i @ a Afidraft 24) THpEodtMIMARR-BEBzRECOT di ng to claim 21 wherein
the kit conprises a prem nt_conprisi nght he at |east two

m Xed conpone
sol ubi i zi ng a&ent'%‘?VVtNEVqA%?'@trDéTBTﬁIB‘F@“p81"9?1%@2,70 FaHavk atty al cohol, and

a component gonsherHeMNPadirah®n MassticeapsrardatidBlackreass Pentilon m xi ng with
wat er can be u%ed in neutralization of at . |east one

MO0 Act - ot ERESt RowPOr oS Roned hoTzagialhy Was SISO 2 WL drops
AL AL. ALs AsUl of\rx; TebStHidikenéd GDYor Hib-¥t a 8bnsity of 1 mg/em?.
5. The agent was covered with a glass dish for one hour to prevent evaporation.
6. Fresh neutralization formulation was mixed immediately prior to use. '
7. The contaminated coupons were then treated with 1 mg of neutralizing agent
for 15 minutes (in the case of the foam — the test was performed with the liquid
10 used to generate the foam, not the foamed material).
8. After 15 minutes, the neutralizing agent was rinsed from the contaminated
coupons (front and back) with de-ionized/distilled water (37 ml) with a
laboratory pump. The pump delivered 30 ml/min.
9. The coupons were air dried for 2 minutes after which a 20 cm? piece of dental
15 dam was placed over the contaminated area. A 1 kg weight was placed on top
of the dental dam.
10.After a contact time of 15 minutes, agent on the dental dam was extracted in
18 ml of chloroform for 15 minutes.
11. The unreacted agent in the extraction solvent was analyzed by GC.
20
Results from the reaction rate tests indicating the weight percent of chemical
toxant neutralized are shown below. The results are compared to DS2.

HD GD VX
Neutralizing 10 10 10
Agent min 1 hour min 1 hour min 1_hour
DS2 100 100 100 100 100 100

Foam 47 100 >99 100 100 100
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Work with biological agents has been focused on what is perceived to be

the most difficult of agents to kill, bacterial spores (e.q., Bacillus anthracis or

5 anthrax). Numerous tests have been conducted with the spore-forming bacterium
Bacillus globigii (a recognized simulant for anthrax) to determine the effectiveness
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efficiency of the foam on a simulant for plague (Erwinia herbicola — a vegetative

bacterial cell) and on a simulant for the smallpox virus (the MS-2 bacteriophage).

5 In addition, live agent testing has been conducted with Bacillus anthracis ANR-1

at the lllinois Institute of Technology Research Institute in Chicago, IL. The foam

has been shown to be effective in killing all of these organisms in a timely manner.

Two basic types of tests have been conducted to test the foam’s

effectiveness in the killing of BW simulants and agents. In the first type of test, a

10 solution test, the microorganisms were dispensed directly into the liquid solution

from which the foam is generated. After specified periods of time, the

microorganisms were extracted from the solution by centrifugation, washed, and

then plated on an appropriate biolagical medium to dstermine if they had been

killed. The general test protocol for solution tests using spores and vegetative

15 cells is given below. Microorganisms used for the spore tests were Bacillus

globigii (ATCC 9372) and Bacillus anthracis ANR-1. The microorganism used for

the vegetative cell tests was Erwinia herbicola (ATCC 39368). The MS-2

bacter?ophage (ATCC 15597B) with the bacterial host Escherichia coli (ATCC
15597) were used for the viral inactivation tests.

20
Protocol for Solution Tests:
1. Prepare a suspension of washed microorganisms in sterile de-ionized water.
The population should be approximately 5 x 107 microbes/ml.
2. Add 5 ml of microorganism suspension to each of 12 centrifuge tubes.
25 Centrifuge the tubes for 15 minutes to peliet the microbes. Discard the

supernatant.
3. Add 5 ml of the test solution at 25°C to each tube.
4. Re-suspend the microorganisms in the test solutions.
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test solutions by a factor of ten with sterile de-jonized water and centrifuge for
| thirty minutes to pellet the microorganisms.
6. Discard the supernatant and re-suspend the microorganisms in 15 ml of sterile
5 de-ionized water. . '
7. Repeat the washing step two additional times. After the final wash, re-
suspend the microorganisms in & ml of fresh sterile nutrient broth.
8. Plate each test solution and the original microbe suspension solution on Brain
Heart Infusion Agar (for Bacillus globigii and Bacillus anthracis) or Nutrient
10 Agar (for Erwinia herbicola) at 10°-107 serial dilutions and incubate at 37°C for
48 hours. '
9. Count the plates to determine the kill efficiency for each test solution.

Protocol for Virus Solution Tests:

15 1. Grow a culture of E. coli for 18 hours in tryptic soy broth at 37°C.

2. Inoculate fresh tryptic soy broth with cultured E. coli. Incubate this inoculum
for 3-6 hours at 37°C with continuous shaking.

3. Add stock MS-2 to the following test solutions:
a. sterile de-ionized water

20 b. foam formulation

4. After one hour, dilute the test solutions by a factor of ten with sterile, de-
ionized. water. Centrifuge and discard the supernatant. Re-suspend the pellet
in 5 ml of sterile Tris buffer at pH 7.3.

5. Serially dilute the phage suspensions in a 10°-10-7 dilution series.

25 6. To tubes of molten overlay agar (tryptic soy broth with 1% agar), add 0.1 ml of
phage suspension and 1 ml of E. coli culture. Mix and pour onto tryptic soy
agar plates,

7. After 18-24 hours of incubation at 37°C, count the plaque-forming units on the
tryptic soy agar plates.

30
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Surface tests were conducted only for spore kill (both for Bacillus globigii and
Bacillus anthracis). This protocol is also given below:

Protocol for Surface Tests:

5 1. Prepare a suspension of washed spores in sterile de-ionized water to give
approximately 5 x 10® spores/ml.

2. Evenly deposit 0.2 mi of the spore suspension on nine frosted glass slides (22
mm x 30 mm) and air dry under aseptic conditions for. 24 hours.

3. Place six of the glass slides in separate sterile 400 ml glass beakers.

10 4. Place 100 ml of the following test solutions in separate sterile 250 ml glass
beakers:
a. foam (with no hydrogen peroxide)
b. foam + 4% hydrogen peroxide
5. Bubble ultra high-purity air through a test solution to create foam. Allow the
15 foam to flow into a beaker containing a glass slide until the foam reaches
approximately ¥ inch below the top of the beaker. Cover the beaker with a
sterile fid and wait one hour. Repeat this step until 3 glass slides are exposed
to Test Solution "a" and three are exposed to test Solution “b".
6. After one hour of exposure time, aseptically remove a glass slide from a 400
20 ml beaker and place it into a 250 ml beaker containing 50 mi of sterile, de-
ionized water (i.e., the rinse solution) with a stir bar., Stir for two hours at
medium speed. Repeat this step for all slides that have been exposed to a
test solution (i.e., a total of six slides).
7. Place the three untreated glass slides (control) into @ 250 mi beaker containing
25 50 mi of sterile de-ionized water and stir for two hours.

8. Immediately collect the collapsed foam solution from each 400 ml test beaker
with a sterile 10 mi pipet. Record the volume of foam solution collected. Place
the collected foam solution into a centrifuge tube and dilute by a factor of ten
with sterile de-ionized water. Centrifuge for thirty minutes.
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9. Carefully draw off the liquid and re-suspend the spores in 15 mi of sterile de-
ionized water. Repeat the washing steps two additional times. On the final
wash, re-suspend the spores in 5 ml of fresh sterile nutrient broth.
10. Plate the spores recovered from the foam solution (after the washing steps) on
5 Brain Heart Infusion Agar at 10°-107 serial dilutions and incubate at 37°C for
48 hours. _
11.Plate the spores in the rinse solution on Brain Heart Infusion Agar (or the
appropriate media for anthrax) at 10°-107 serial dilutions and incubate at 37°C
for 48 hours.
10  12.Count the plates and calculate total number of spores recovered.
13. Plate the original spore suspension solution on Brain Heart Infusion Agar (or
the appropriate media for anthrax) at 10°-107 serial dilutions and incubate at
37°C for 48 hours. '
14. Count the plates and calculate total number of spores originally placed on the

15 glass slides.

All tests were conducted under aseptic conditions to minimize potential of
contamination by indigenous microorganisms. Controls were run to confirm the
presence of aseptic conditions during the experiments. Hydrogen peroxide was

20 added to the foam solution immediately before the start of a test. The pH of the
final foam formulation (foam + 4% hydrogen peroxide) was 8.0. All tests were
performed in triplicate. The results from these tests were as follows:

- complete kill ( defined as 7 Log kill or killing 99.99999% of the originally
present biological components) of B. globigii and B. anthracis spores were

25 obtained after one hour exposure to the foam in both solution and surface tests
—~ complete kill (7 Log) of the E. herbicola cells was obtained after 15 minutes in

solution tests
~ complete deactivation (4 Log) of the MS-2 bacteriophage was obtained after
60 minutes exposure to the foam solution (note: 60 minutes was the only time
30 period tested)
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tested individually to determine their effect on spore kill. [n solution tests, Bacillus
globigii spores were exposed to the following components from the foam formulation.

de-ionized water (control).

3% cationic surfactant in de-ionized water.

3.8% cationic hydrotrope in de-ionized water.

2% alcohol mix (36.4% iso-butanol, 56.4% diethylene glycol monobutyl
.ether, and 7.3% 1-dodecanol) in de-ionized water.

t}%, hydrogen peroxide and 4% sodium bicarbonate in de-ionized water.

2% alcohol mix, 4% hydrogen peroxide, and 4% sodium bicarbonate in
de-ionized water.

3% cationic surfactant and 4% hydrogen peroxide in de-ionized water.

3.8% cationic hydrotrope, 4% hydrogen peroxide, and 4% sodium
bicarbonate in de-ionized water.

3% cationic surfactant, 4% hydrogen peroxide and 4% sodium

bicarbonate in de-ionized water.

The results for these tests are shown in Figure 16. The results clearly show a
synergism between the cationic surfactant, the hydrogen peroxide, and the sodium
bicarbonate, which accounts for the dramatic sporicidal effect of the foam formulation
of the present invention,

An additional compound can be added {o the foam formulation of the present
invention to aid in inhibiting corrosion of metal to which the foam could be exposed.
In one embodiment, dimethyl ethanolamine was added and inhibited corrosion of the
steel substrate without_detracting from the detoxification of the CW simulants; the
compound could have actually enhanced the chemical deactivation
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as ethanolamine is known to catalyze the hydrolysis reaction of certain CW agents
such as G-agents. The range for the addition of dimethyl ethanolamine is from
0.1 to 10%. Other potential corrosion inhibitors include triethanolamine,
ethanolamine salts of C9, C10 and C12 diacid mixtures, dicyclohexyl amine nitrite,
and N,N-dibenzylamine.

The foam formulation of the present invention has been successiully
deployed by small fire extinguisher-type units pressurized by CO2 cartridgés, by
hand-held units which are pressurized by a connection to a fire hydrant, and by
large military-style pumps. Each of these foam-generating units uses a foam
nozzle which draws air into the foam through a Venturi effect. There is no need to
supply air to the foam nozzle, the foam is generated through the use of room air.
This is important because a supplied-air foam generator will add air to the room
where foam is being produced, pushing the existing air away (outside of the room)
and causing the migration of chemical and biological agents.

The foam has also been successfully generated through compressed air
foam systems. In these systems, air is directly injected into the liquid stream
before the liquid leaves the foam nozzle.

Another important issue concerning foam deployment is clean-up of the
foam after it has been generated and has achieved decontamination of the CW
and BW agents. Although the foam is highly stable, it can be broken down very
easily with the use of commercially-available de-foamers. After deployment of the
foam and a sufficient period of time for decontamination of the agents, the foam
can be removed with a water spray containing a low concentration (1-2%) of the
de-foamer. This process returns the foam to a liquid state.

Alternative deployment methods for the foam formulation are also available
with the formulation of the present invention. Foam is nothing more than a liquid
solution with a gas phase (in this case, air) blown through it. It is the formulation
that is effective in the destruction/neutralization of the CBW agents, not the foam
(in other words, the liquid formulation decontaminates CBW agents, not the air).
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Tf_\erefore, alternative methods such as sprays, mists, and fogs can be utilized

with the same basic formulation. The objective of these alternative methods will

be to minimize the quantity of water that is required to be used in the restoration of

controlled environments (such as indoor facilities) and to facilitate access of the
5 formulation to the CBW agents.

These alternative deployment methods can have various advantages over
foam deployment. A fog, for example, can be used to achieve effective
decontamination in areas where decontamination by a foam would be difficult, i
not impossible, One example is the interior of air conditioning ducts. A fog could

10 be generated at registers and other openings in the duct and travel a significant
distance inside of the duct to decontaminate hard to reach places. An additional
advantage of a fog is that a relatively automated decontamination system could be
set-up at the scene of an attack. Remotely activated foggers could be placed
inside of a facility and turned on at periodic intervals (from a remote |ocafion) to

15  completely decontaminate the facility. Tﬁis method would greatly decrease the
potential for decontamination personnel to be exposed to a CBW agent.

In one embodiment, the formulation of the present invention is an aqueous-
based formulation that is capable of being deployed as a fog (i.e., as an aerosol
with particulate sizes ranging from 1-30 microns) for the rapid neutralization of

20 chemical and biological warfare (CBW) agents. The formulation exhibits low-
corrosivity and low-toxicity properties and can be deployed through commercially-
available fog generating devices. The formulation consists of cationic surfactants
and cationic hydrotropes in combination with low concentrations of hydrogen
peroxide and a bicarbonate salt (e.g., sodium, potassium, or ammonium

25 bicarbonate). Current decontamination formulations utilize toxic and/or corrosive
chemicals to achieve destruction of CBW agents which can potentially damage
sensitive equipment in which it comes into contact. In addition, most current
formulations require large amounts of water for decontamination.

The formulation contains similar constituents as the aqueous foam

30 formulation. However, various constituents only necessary for foaming have been
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aB78 I wt. % of overall formulation)
cationic surfactant 0.1-20
cationic hydrotrope 0.1-40
hydrogen peroxide 0-5
bicarbonate sait ' 0-10
water 25-96.8

Cationic surfactants are typically quaternary ammonium salts such as
cetyltrimethyl ammonium bromide. Other examples of cationic surfactants include
polymeric quatemary compounds. Examples of suitable hydrotropes are
tetrapentyl ammonium bromide, triacetyl methyl ammonium bromide, and
tetrabutyl ammonium bromide. The combination of bicarbonate and hydrogen
peroxide forms an oxidizer (the highly reactive hydroperoxycarbonate species)
and is a significant contributor to the neutralization of CBW agents.

In one test to demonstrate neutralization of a chemical agent, 25 microliters
(~20 mg) of a chemical agent simulant (diphenyl chloro phosphate) was placed on
a test coupon (carpet, metal, wood, etc.). The coupon was placed inside of a test
chamber that was then filled with the fog formulation generated from a commercial
fogging device (droplet sizes between 1-20 microns). The same simulant was
placed on identical test coupons to serve as an experimental control. After one
hour, the control and experimental test coupons were placed in a solution of
acetronitrile for one hour to extract unreacted simulant. The acetonitrile solution
was then analyzed by gas chromatography to determine the mass of unreacted
simulant. Greater than 99% neutralization of the G agent simulant (diphenyl
chloro phosphate) was achieved after one hour exposure to the fog in a test
chamber on all surfaces tested and complete neutralization was achieved after
four successive fog treatments (with a one hour wait between each treatment) for

“9s1 TEVRM™ 1 951 100 () RACEHY GHEBM3IOM, 951 100 () -
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all surfaces. Between 70% and 99% neutralization was achieved after four

successive foggings of the VX simulant (O-ethyl-S-ethyl phenyl phosphonothioate)

and between 30% and 85% neutralization was achieved with the mustard simulant

(chloroethyl ethylsulfide) after four successive foggings. For the anthrax simulant
5 (B. globigii spores), 7 Log kill was achieved after four successive foggings.

One difference of this formulation over existing fogging solutions for
decontamination of CBW agents is that it is aqueous-based. Current fogging
solutions for CBW decontamination are organic liquids. This formulation has low
toxicity and low corrosivity properties. This allows the formulation to be used

10 where exposure to people, animals, or equipmént may be necessary or prudent.

The following two examples describe how to make two foam formulations
according to the present invention. Thereafter, examples of testing resuilts
obtained using foams made according to the principles of the claimed invention
are presented. Although the sequence of steps indicated in Example 1 and

15 Example 2 represent preferred embodiments of the invention, the specific
sequences described here are not necessarily required in order to accomplish the
objectives of the invention.

Example 1: Combine the following in 100 mi of water:

20 3.84 wt. % WITCO ADOGEN 477™ (50%) — Cationic hydrotrope
20 wt% Alcohol mix (36.4 wt% isobutanol, 56.4 wt%
diethyleneglycolmonobutyl ether, 7.3 wt.% Ci2 - 14, blend of
dodecanol/tetradeconol) - Long chain fatty alcohol
0.2 wt.% JAGUAR 8000™ polymer ~ Water soluble polymer

25 Hydrochloric acid (to adjust pH to approximately 6.5 in order to
enhance dissolution of the polymer )
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Example 2; Combine the following in 100 m! water in the order shown:
3.84 wt.% WITCO ADOGEN 477™ (50%) — Cationic hydrotrope
20 wt% Alcohol mix (36.4 wt% isobutanol, 56.4 wt%
5 diethyleneglycolmonobutyl ether, 7.3 wt.% dodecanol) - Long chain

fatty alcohol
0.2 wt.% JAGUAR 8000™ polymer — Water soluble polymer
Hydrochloric acid (to adjust pH to approximately 6.5) ~ May serve to
activate the polymer and cause the mixture to attain desired

10 viscosity .
3 wt.% WITCO VARIQUAT™ 80 MC — Cationic surfactant that may
solubilize the chemical agents
1.5 wt.% 1:1 Dodecanol and diethyleneglycolmonobutyl ether —
Helps stabilize the foam

15 2.0 wt.% Hydrogen peroxide
2.0 wt.% Sodium bicarbonate (NaHCO3)— The hydrogen peroxide
and sodium bicarbonate together serve as a strong nucleophile.

The following summary of results and data is based on tests performed
20 using standard simulants for CW agents. Due to the high toxicity of actual (live)
agents, simulants are selected to mimic both the chemical and physical properties
of actual CW agents. For example, diphenyl chlorophosphate is a liquid, sparingly
soluble in water that is chemically similar to G-agents. Malathion is another
simulant often substituted for VX chemical agents in laboratory testing and

25 development.

CW Simulants
1. Testing Protocol:
25 mg of simulant were spread on @ 25 cm? on a 25 cm? surface, i.e., 10 g/m?
30 (regular printer paper and soda-lime glass surfaces were used) foam was applied
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on top of the sample (to a height of 12 ¢cm of foam). The sample was removed
after a certain duration. The sample was extracted with either acetonitrile or
carbon tetrachloride. Acetonitrile enabled the observation of polar products in the
gas chromatography (GC) and gas chromatography/mass spectrometer (GC/MS)
which could not be observed with carbon tetrachloride. After the foam has
collapsed the liquid residue, 15 mi, was also analyzed by GC and GC/MS.
Hewlett Packard™ HP-6890 GC was used with Flame Photometric™ (6%
CNPRPH siloxane), 1 microliter injection sample, 1:100 split, injection temperature
250 C, detector temperature 250 C, oven temperature ramp from 100 to 250 C
over 9.5 minutes, helium flow rate 2 mi/minute. Control experiments were carried
out using water plus additives to determine the catalytic effects of the foam.

2. Results: ’

Diphenyl chlorophosphate.  Figure 17 illustrates a comparison of
decontamination effects obtained using the foam of the present invention with
results obtained with the foam plus the peroxide/bicarbonate additive and water
plus the same additive. The results depicted in Figure 17 are for the
decontamination of 25 mg of dipheny! chlorophosphate on 25 cm? of regular
printing paper (half-life of about 2 minutes). The results demonstrate that the
additive in water is not effective, but synergistic enhancement is noted with
additive in foam. Similar results are obtained on soda-lime glass surfaces.

Malathion. Figure 18 shows a comparison or results of malathion
decontamination on paper using the foam of the invention and using water. On
glass (frosted 1 in. x 3 in. microscope slides) we observed that some malathion is
physically washed-off the glass into the foam liquid. Also the same observation
was made in the control experiments using just water. For this reason we
analyzed both the surface and the residual liquid for malathion and added to
determine the amount of total unreacted malathion. When this was done results
on glass were found to be comparable to results on paper.

Nuclear magnetic resonance (NMR) results showed that P-S rather than
P-O cleavage occurred, as desired.
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2-chloroethyl ethyl sulfide (half-mustard). Reliable surface testing with half-
mustard cannot be done because it evaporates rapidly from the surface. For this
reason, modified experiments were carried out in a closed container using 500 mg
of half-mustard and 100 ml of foam. The results from this test are shown in
Figure 19.

Unlike 2-chloroethyl ethyl sulfide, 2-chloroethyl phenyl sulfide does not
evaporate quickly and can be used for surface testing. lt is recognized, however,
that it is much less reactive as compared with mustard gas. Results indicated that
the foam reacts with this rather inert material, as shown by NMR analysis data.
BW Simulants

1. Surface Testing with Bacillus globigii Spores:

Bacillus globigii (ATCC 9372) were used in all tests as a surrogate for
Bacillus anthracis. The bacteria were cultured on Tryptic Soy Agar slants for three
days. The bacteria were aseptically transferred to Endospore Agar (Nutrient Agar
supplemented with 0.002% MnCl.e4H;0)slants and incubated at 37° C for 17 — 20
days. The Schaeffer-Fulton staining procedure (with malachite green) was
employed to verify sporulation had occurred.

Spore kill tests were conducted in both the foam solution (i.e., test tubes)
and in the foamed foam plus glutaraldehyde (3%) additive (surface tests).

Surface test procedure: B. globigii spores were suspended in sterile
dionized water. A known volume of spore suspension was then deposited on
frosted glass plates, air dried under aseptic conditions, and exposed to foamed
foam plus additive for 0.5 hours at 25°C. Glass surfaces were then removed from
the foam and washed with a stirred sterile sait solution for 2 hours. The foam
solution, wash solution, and original spore suspension solution were tested for B.
globigii spores by plating on Brain-Heart Infusion Agar at 10°-107 serial dilutions
and counting after 48 hours.

Results; Figure 20 depicts the results obtained following the above
procedure. The experiments were started with 107 spores and survivors were
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observed after a 30 minutes contact time with the foam. Solution experiments
were also carried out and confirm the effectiveness of the foam.
2. Solution Testing with Erwina herbicola.
We have also demonstrated a complete kill (7-log kill) of Erwina herbicola
5 (ATCC 39368) in the foam solution within 15 minutes. The experimental method
followed those described above for spore kill tests, except that the bacteria was

cultured on tryptic soy agar instead of Brain-Heart Infusion Agar. Figure 21

fllustrates that data indicated a complete kill of the bacteria following exposure to

the foam of the present invention.
10

Example 3. Procedure for Foam Preparation
In the following examples, Variquat 80MC is a mixture of benzyl (C12-C16)

alkyldimethammonium chlorides; Adogen 477 is a pentamethyitallow

alkyltrimethylenediammonium dichloride; and Jaguar 8000 is a Guar Gum, 2-

15 hydroxypropyl ether.

1. Pour 18 L of deionized H;0 into large carboy with largest stir bar available.

2. Add 691.2 g of Adogen 477 {Witco) [hydrotrope]. Rinse beaker used to weigh
477 wl Hx0 from carboy, adding rinses back to the carboy.

3. Add 360 g of Alcohol Mix 1 (36.4% isobutanol; 56.4% DEGMBE; 7.3%

20 dodecanol). Note the pH and continue to measure pH throughout the
procedure.

4. Add 36 g of Jaguar 8000 {water-soluble polymer]. Add the Jaguar 8000 slowly
to avoid lump formation; tap in slowly from spatula. After finished adding the
entire Jaguar 8000, stir for 15 minutes. The pH should rise as the Jaguar

25 dissolves. Note: This is a polymer used to slightly increase the viscosity of the
water, producing a more stable foam.

5. Slowly adjust the pH of the solution with drop by drop addition of 10% HCI.
Adjust to pH=6.5; this only takes a few mis. Stir for 1 hour. The pH is lowered
to solubilize the polymer. % HCI: 53.5 m| HCI (37.4%) + 146.5 ml dH0
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Add 540 g of Variquat 80 MC [surfactant], slowly. Note the pH (will rise). Rinse the
beaker used to weigh the Variquat w/ solution from the carboy, adding rinses back
to the carboy. Remove the pH probe and cover the carboy. Stir for 2 hours.

Add 270 g of 1:1 (wt.%) dodecanol and DEGMBE, diethyleneglycol monobutylether.
Add dropwise over a 1-hour period. Stir for 1 additional hour. Note final pH of
foam. DEGMBE is used as a solvent for the dodecanol. Dodecanol is used to
increase the surface tension w/in the laminar wall bilayer of the foam. Increased
surface tension provides greater foam stability because the liquid layer between the
laminar walls will not drain as fast.

Pour the solution into storage bottles.

Example 4. Preparation of a 25% foam concentrate.

1.

Mix deionized water (280 g) and Jaguar 8000 polymer (2.6 g). The polymer should
be added carefully, over an approximately 5-10 minute period, so clumps do not
form. However, if the polymer is added too slowly, it will begin to gel at this ratio of
polymer:water. Let the solution stir for 2 hours.

Mix Adogen (76.8 g) and Alcohol Mix 1 (40.0 g); add to polymer solution. Adjust pH
to 6.5 with 10% HCI. Cover and let stir > 1 hour. Note: Alcohol Mix 1 contains
36.4% isobutanol, 56.4% diethylene glycol monaobuty! ether (DEGMBE), and 7.3%

dodecanol.

3. Add Variquat 80MC (60.0 g) and stir > %2 hour.
4. Add the Fatty Alcohol mix (93.4 g). Cover and mix > 1 hour. Note: the Fatty Alcohol

mix contains 69% DEGMBE, 15% dodecanol, 6% 1-tridecanol, and 10% 1-
tetradecanoil.

Example 5. Field demonstration of foam formulation

A field demonstration was conducted at the U.S. Army Dugway Proving

Grounds, UT to determine the efficiency of the foam formulation for the kill of

bacterial spores on common office materials. Six test panels (16" x 16") were set
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up and tested. The test panels consisted on ceiling tile, painted wallboard,.carpet,
painted metal, office partition, and concrete. The panels (except for concrete)
were set up in a vertical position. The panels were sprayed with a suspension of
Bacillus globigii spores, allowed to dry overnight, and sampled for their initial
s spore concentration, The concenfration of formulation sprayed onto each panel
was approximately 100 ml per square meter of surface area. The foam
formulation (at pH 8.0) was sprayed onto the surface of the test panels and left
overnight. After approximately 20 hours, the test panels were sampled for
surviving spores. The tests were repeated each day for four consecutive days.

10 Results for pre-test samples (i.e., contaminated) and post-test samples
(i.e., decontaminated) for each day showed that high rates of spore kill (between a
minimum of 4 Log kill and a maximum of 7 Log kill) were observed on all office
materials that were tested.

15 Example 6. Detoxification of spores.
The following describes an experiment to demonstrate spore kill. 1 ml of

test solution is placed in a sterile test tube to which 0.1 mi of a solution of
suspended B. globigii spores are added. After one hour, the solution is diluted by
a factor of ten with sterile deionized water and centrifuged for 30 minutes. The
20 supernatent (liquid) is drawn off using aseptic techniques to leave a pellet of
spores in the bottom of the test tube. The spores are resuspended in a 5 ml
solution of sterile deionized water and centrifuged again for 30 minutes. The
supernatent is again drawn off and the spores are resuspended in 5 ml of sterile
deionized water. The solution is centrifuged again and the supernatant is again
25 drawn off. The spores are resuspended in 5 mi of sterile DI water and this
solution is pfated on a media of brain heart infusion agar using a serial plate
dilution series from 10EQ to 10E-7 in sterile perti dishes. The petri dishes are
incubated at 37C for 48 hours after which colony forming units are counted and
recorded. Figure 16 shows kill of the anthrax surrogate, B. globigii after one hour
30 of exposure in a solutil:n of 1) deionized water alone (control), 2) cationic
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surfactant alone (no hydrogen peroxide and bicarbonate), 3) fatty alcohol alone
(no hydrogen peroxide and bicarbonate), 4) cationic hydrotrope alone (no
hydrogen peroxide or bicarbonate), 5) hydrogen peroxide and bicarbonate in
deionized water (no cationic surfactant or fatty alcohol or cationic hydrotrope), 6)
cationic surfactant with hydrogen peroxide and bicarbonate, 6) fatty alcohol with
hydrogen peroxide and bicarbonate, and 7) cationic hydrotrope with hydrogen
peroxide and bicarbonate. All experiments were conducted at pH 8.0.

From the foregoing description, one skilled in the art can easily ascertain
the essential characteristics of the invention defined in this specification and the
appended claims, and without departing from the spirit and scope thereof can
make various changes and modifications of the invention to adapt it to various
usages and conditions. Such changes and modifications as would be obvious to
one skilled in the art are intended to be included within the scope of the following
claims.



1098 ()-'\ 109& ()-'\ 109& ()-!'/K'r\ 109& ()-!+<|]>*\ 109& \ 109& ()-'\
109& ()-'\ 109& ()-!\ 109& ()-!/K'r\ 109& ()-!<K* yX7*10$ T 32! 1098& ()- @
321 1098& ()-@ 10%& ()-!/K'r\ 109%& ()-!\ 109%& ()-1PbA10$ T  +M 4GP@RY( Y503
3F1094& ()-g0 31094 ()- L' 1094 ()-3 ' 10% #{& ()-310$10$D w z |[: Al0$

3' 10994 ()- 3, &&10%& ()- "M 1094 ()- ! M 10%4& ()- 3{ M 10%& ()-

+T M 1098& ()-z ! 3456 [ NA40$1094.09%4.0% 3s31098& ()- 9 * ! 10%0& () --

3% 110088 ()-- v * 110984 ()-- 3)F 1099& ()-6G) |[: NA40$10

3 11096G2) G ()- | U 1109%R) & ()- 3! 10%R) G& ()- a&PA0%i2) u& () -
3910%2) GLIAMSSEL0%) G& () - 3bR| [: NA40$10 3& 10%2) G& ()- 33%A0%R) G&' () -
03"MO0%R) & ()-f 3 10%R) G& ()- 3310%R) G& ()- ! 10%-8%& ()- kx| [: NA40$10

3f 210%R) G& ()-f 1210%-& ()-f ~)!1109%R)& ()-@4 )! 10%#H () - @
)1109%R) & ()- @3 (10%32) G&' ()-vU40$ 3f mlO%W&' ()-f 310%&' ()- &F10%& () -
10GR2) GLOGZ) GLO@E{pGn@iatavaaR iG2in the nBuli SraSaEYIGL I¢ast o 8ai 0gmprising:

35 110%& ()- & s 108K 1 “solubfiizing Blfhdolinds, WAL #3&adt 6@ Solubilizing
compound is a cationic surfactant, said cationic surfactant being a quaternary
ammonium salt, and at least one solubilizing compound is a cationic
hydrotrope, at least one reactive compound, said reactive compound selected
from the group consisting of nucleophilic and oxidizing compounds, and water
to produce an aqueous formulation, said quaternary ammonium salt having a
concentration between approximately 0.1 to approximately 10 weight percent of
the aqueous formulation, wherein said at least two solubilizing compounds and
at least one reactive compound, when mixed with said water and exposed to at
least one toxant, neutralizes said at least one toxant.

2. The formulation of claim 1 further comprising a water-soluble polymer, with
concentration between 0 and approximately 10 percent of the aqueous

formulation.

3. The formulation of claim 2 further comprising a fatty alcohol comprised of from
10 to 16 carbon atoms per molecule, with concentration between 0 and

approximately 1 percent of the aqueous formulation.

4, The formulation of claim 3 further comprising a catalyst, said catalyst selected
from the group consisting of iodosobenzoate and copper amine complexes.

5. The formulation of claim 3 wherein the reactive compound is selected from the
group consisting of hydrogen peroxide, urea hydrogen peroxide,
hydroperoxycarbonate, oximates, alkoxides, aryloxides, aldehydes,

peroxymonosulfate, Fenton’s reagent, and sodium hypochiorite.

6. The formulation of claim 5 further comprising water as a carrier medium for
said formulation to produce an agueous formulation capable of detoxification of

chemical and biological compounds.
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between approximately 0.1 and approximately 10 percent of the aqueous

formulation.

13. The formulation of claim 2 wherein the water-soluble polymer is selected from
the group consisting of polyvinyl alcohol, guar gum, cationic polydiallyl dimethyl
ammonium chloride, non-ionic polydiallyl dimethyl ammonium chloride, and

polyacrylamide.
14. The formulation of claim 2 further comprising a corrosion inhibitor.

15. The formulation of claim 14 wherein the corrosion inhibitor is selected from the

group consisting of dimethyl ethanolamine, triethanolamine, ethanolamine salts
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19. A formulation for use in neutralization of biological toxants, comprising:
at least one solubilizing compound, selected from the group consisting
of a quaternary ammonium salt, a cationic hydrotrope, and a fatty alcohol
comprising 8-20 carbon atoms;
at least one reactive compound, wherein said at least one reactive
compound is an oxidizer selected from the group consisting of hydrogen

peroxide, urea hydrogen peroxide, and hydroperoxycarbonate;
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a peroxide activator which reacts with said at least one reactive
compound to form hydroxymonocarbonate; and
water, thereby forming a formulation at a pH value of approximately 5 to

approximately 12.

20. The formuiation of claim 19 further comprising an alcohol having between 2

and 6 carbon atoms.
21. A formulation according to claim 5 used in a kit.

22. The formulation according to claim 21 wherein the kit comprises a premixed
component comprising the at least two solubilizing agents, the water-soluble
polymer, and the fatty alcohol, and a component consisting of the reactive
compound, wherein upon mixing with water can be used in neutralization of at

least one toxant.



