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BACKGROUND OF THE INVENTION
The present invention is directed to materials for neutralization of chemical
15 and biological compounds or agents, and especially chemical and biological
weapons agents and their method of making. In particular, the present invention
is directed to materials containing solubilizing compounds and reactive
compounds that can be delivered as foams, sprays, liquids, fogs and aerosols to
enhance the rate of reactions leading to neutralization of chemical compounds,
20 and other additives which serve to kill or attenuate certain biological compounds
or agents.

Terrorist threats, potentially involving weapons of mass destruction, are
increasing both in the United States and abroad. The use, and threat of use, of
chemical and biological agents in the context of weapons of mass destruction are

25 of paramount concern 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



chemcally, can lose their toxicity. Mustard, which is an exanple of the

H agents, and VX, which is an exanple of the V-agents, can also be altered
chemi cal Iwoame192 endered harm ess. In addition, certain oPCTHS0KIIZWN BW
agents include botulinum toxin, anthrax and other spore-form ng bacteri a,
vegetative bacteria, including 5 plague and various viruses can al so be
deactivated chemcally. A CWor BWattack can involve either | ocal

pl acenent or w de dispersal of the agent or agents so as to affect a

popul ati on of human individuals. Because of the flexibility with which CW
and BW (CBW agents can be depl oyed, respondents m ght encounter the
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15 facilities as well as sensitive equipment. Examples of types of facilities where the
decontamination formulation may be utilized include a stadium (open), an
underground subway station (semi-enclosed), and an airport terminal or office
building (enclosed).
Decontamination of chemical compounds have focused primarily on
20 chemical warfare agents, particularly on the nerve agents (such as G agents and
V agents) and on the blistering agents (such as mustard gas, or simply, mustard).
Reactions involved in detoxification of chemical agents can be divided into
substitution and oxidation reactions. Decontamination of biological agents is
primarily focused on bacterial spores (e.g., anthrax) which are considered to be

25 the most difficult of all microorganisms to Kill.

Substitution Reactions
Hydrolysis of chemical agents can be carried out with water, hydroxy! ions
or other nucleophiles. The rate of hydrolysis of mustard and the nature of the
30 products formed depends primarily on the solubility of the agent in water and on



the pH of the solution. In the detoxification of nustard, for exanple, the
nol ecule first fornms a cyclic sulfoniumcation, which reacts with

nucl eophiw® e2emeyents (Yang, 1995). The dom nant product PCEUSHIVIBEESgl ycol
but this product may react with sulfoniumions to give secondary

i nternmedi ates. 5 The hydrolysis of sarin (GB) and soman (GD) occurs rapidly
under alkaline conditions and gives the corresponding O al kyl

met hyl phosphonic acid. In contrast, the hydrolysis of VX with OH" ions is
nore conplex. In addition to displ acemeht of the thioal kyl group (i.e.,
P-S bond breakage), the Oethyl group is displaced (i.e., P-0 bond

br eakage) C R4 9

2067y RIS BHCHBe B h R EldRah B nEbidd or SRaliing indicule
posi tion. Eirstctarmsegad:yohe syiim;wn calion, aghietD rgaotspwithpniadleophilic aeagermcupy

o oups, " odkang. o aneaiornenroRus 9 ucHieRee R SR ausakERf® o

bal ance b%uw&qumahgwbivblsébed@rlydndemudﬁamgroup ability. The result is
that P-S bond is_ cleavage is red over P_Oé)lﬁnd cl eavag ‘ft or of
W{qurﬁ'%ﬂ'

about 53 PeroxJWoﬁV&r?lﬁ@ °f§ﬁ”'? @B) @ndrsaman(CRLPererap! R&l i ne
medi um was coﬁBﬁiWﬂst &nd f\?wéé/%euaéﬁéépﬂdd\@ -2kl apdtBgRNBkpheiieSagl; 40nt i nes

that with OH . his selectivity was related to the relative basicities of
the ani oni @onuasfedbﬁuhmr@lws qfh\éxlwékh% iansoifsMopR) comRieX:t i 1B aﬁ@&wéswf or

I t h t
o1 odosobe SRS 1 Sal bl e, P15 pDRE BredkeBgl, (A9 O BlIF) GIURST o1
this corrpommb!a@dgheerP-@bebreaMgéharcgiu@ﬂ:M)oxm praduict knewa@s| BA-2182 | s
nverted tg i odoxyb I B ' hat, th iCi i
Theredbt i 6h0R Eh ot Mystrcpet #iis” Far dssapdin el el R T 2ea
t o i ntrodugpstiohl ectpsidgative grdups! %acrﬁ éisGt igadslmt ﬁl‘éfertamtlbhrjeoe@lpy\/@ugalouD
(Mbss et al., 1986). Metal ion-anine | exes, sur f aceﬁé&rguﬁ)%

moi ety, wePOSHions a&/@r@wd tatcareh Biglky: & GIaGnt dO*&%{?aWPhcaSe
substi tuti Qg E@Cédtﬁ?énal Epgsifitiss. S UThe afndP! SrREQBNASIPRHE oACiHE dalurdeol ase

have al so been shown to accel erate substitution reactions with 30 the G
and VX ageretweew apigaphiisity RUH gS0073B3peup ability. The result is that P-S bond

15 cleavage is favored over P-O bond cleavage by a factor of about 5.

Peroxyhydrolysis, on the other hand, using OOH" ions in alkaline medium was
shown to involve quantitative P-S cleavage at rates 30-40 times that with OH".
This selectivity was related to the relative basicities of the anionic nucleophile and
the leaving anions.

20 Catalytic species for acceleration of substitution reactions have been
reported. One example is o-iodosobenzoate (IBA). An example illustrating the
catalytic reactions of this compound is given by Moss and Zhang (1993). In this
example, IBA is converted to iodoxybenzoate (IBX) via oxidation that then
participates in the reaction with the CW agent.

25 The IBA compound was also functionalized to introduce surface activity
(surfactant character) to the active group (Moss et al., 1986). Metal ion-amine
complexes, with surface active moiety, were also developed and shown to exhibit
catalytic effects in substitution reactions. Enzymes such as organophosphorous
acid anhydrolase have also been shown to accelerate substitution reactions with

30 the G and VX agents.



4 Oxidation Reaction Oxidative decontam nati on nmethods are useful for
mustard and VX (Yang, 1995). An early oxidant used was potassi um

per mangamed @2/0Rerently, a m xture of KHSC5, KHSO4, and KRPSDUSeWES255

devel oped. Several peroxygen conpounds 5 have al so been shown to oxidize
chem cal agents (e.g., perborate, peracetic acid, mchloroperoxybenzoic
aci d, magnesi um nonoper oxypht hal ate, and benzoyl peroxide). Mre recently,
hydr oper oxycar bonat e ani ons produced by g he reaction of bicarbonate ions
wi th hydrogen peroxi de have been shown to effectively oxidize nustard and
VX. Pol yoxynet al ates are being devel oped as roomtenperature io catalysts
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15 because of the high toxicity of BW agents, their ease of acquisition and
production, and difficulty in detection. There are hundreds of biological warfare
| agents available for use by terrorists. They may be grouped into the categories of
spore forming bacterium (e.g., anthrax), vegetative 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 most difficult microorganism to
kill.

Bacterial spores are highly resistant structures formed by certain gram-
positive bacteria usually in response to stresses in their environment. The most
important spore-formers are members of the genera, Bacillus and Clostridium.

25  Spores are considerably more complex than vegetative cells. The outer surface
of a spore consists of the spore coat that is typically made up’ of a dense layer of
insoluble proteins usually containing a large number of disulfide bonds. The
cortex consists of peptidoglycan, a polymer primarily made up of highly
crosslinked N-acetylglucosamine and N-acetylmuramic acid. The spore core

30 contains normal (vegetative) cell structures such as ribosomes and a nucleoid.



WO 02/ 02192 PCT/ US00/ 33255 5 Since their discovery, considerable research
has been carried out to investigate nethods to kill bacterial spores.

Al t hough wpor/ea9are highly resistant to nany comon physPCrRUS@vs2zshen cal
agents, a few antibacterial agents are 5 al so sporicidal. However, nany
power ful bactericides may only be inhibitory to spore germ nation or
outgrowth (i.e., sporistatic) rather than sporicidal. Exanples of
sporicidal reagents, using relatively hlgh concentrations, include

gl ut ar al dehyde, formal dehyde, iodine and”chlorine oxyaC|ds conpounds,
peroxy acids, and ethylene oxide. In general, all of these conpounds are
considered to to be toxic. There are several mechanisnms generally

recogni zed for spore kill. These nechanisns can operate singularly o
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bacteria contal ns teichoic acid mers of glycerol or ribitol
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t ei choi % acb(gkit&eé ynmers can cause deficiencies in the 25 peptidoglycan
structure INg the spore susceptible to attack. Additionally, certain
surfactants can Tttereeateesavleeal\meazhan@mmgenenaﬂy redogriized fpapere it Thﬁ&uch
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30 decont angigadlLifih of cREMic disPlticAWahe BUaOspdls cokl sdroailembkletration of
decontam nactnilggnts 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 teichoic acids (i.e.,
polymers of glycerol or ribitol joined by phosphate groups). In another
mechanism, disruption of the teichoic acid polymers can cause deficiencies 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



WD 02/ 02192 PCT/ USOQ 33255 6 solutions have focused strictly on the kill
and neutralization of chem cal and biological agents. Little enphasis has
been pl acedopoeipestorati on and re-use of facilities and PQDAURINEILSS
Instead, these itens were considered to be expendable and were expected to
be replaced in the event of a CBW (both CWand BW 5 attack. Thus, nost
decontam nation formulations currently in use are both highly toxic and

hi ghly corrosive. Additionally, nost of the materials used for

decont ani nati on address either CWor BWhbut not both and often only a
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15 converted by hydrolysis to the corresponding phosphonic acids with the
hypochlorite anion acting as a catalyst. In acidic solutions, VX is oxidized rapidly
by bleach at the sulfur atom and dissolves 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 leading to consumption of greater than
20 stoichiometric amounts of bleach.

A non-aqueous liquid composed of 70% diethylenetriamine, 28% ethylene
glycol monomethyl ether, and 2% sodium hydroxide, referred to as
Decontamination Solution Number 2 (DS2), is a highly effective decontaminant for
CW agents. Ethylene glycol monomethyl ether has shown tetragonicity in mice

25 and replacement with propylene glycol monomethyl ether was proposed to
produce a new formulation referred to as DS2P. In addition, DS2 attacks paints,
plastics, and leather materials. To minimize these problems, the contact time with
DS2 is generally limited to 30 minutes followed by rinsing with large amounts of
water. Personnel handling DS2 are required to wear respirators with eye shields

30 and chemically protective gloves. The reactions of DS2 with mustard lead to



30 and chem cally protective gloves. The reactions of DS2 with nustard | ead
to WD 02/02192 PCT/ US00/ 33255 7 elimnation of HCI. The nerve agents react
wi th DS2 woot/exim di esters, which further deconpose to thRCTOSIESRINdI Ng
phosphonic acid. DS2 is not very effective in killing spores. Only 1-1o0g
kill (90% was observed for Bacillus subtilis after 1 hour of treatnent
(Tucker, 2000). 5 A m xture consisting of 76% water, 15%

tetrachl oroet hyl ene, 8% cal ci um hypochl7ori te, and 1 % ani oni c 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
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for the 10 decontam nation of personnel in the event of a CWagent attack,
primrily Ggtherideconiposetsthercorrespopdingdohasphonic apitheP8R is potveryi | i zed in

the civilia .4 f ' hSo 5 i L on kit
that i m o SNgEQR ko, PBfes,, 8P H-Rd RIL(ORYT Wi ool RFHINAR G,
war . The Kiaftec dious bftrebtment (Packeet2000facket | contains a towel ette
prewetted with phenql, ethangl [,um_hydr,axi nia, 15 d ter.
Packet Pl cont a&g‘"&“f%ﬁgﬁ‘%'?‘ﬂ@ Pﬁ‘gg%gWQF%d@n&/‘t ﬂéﬁﬁ?‘gﬁﬁﬁhxl@!‘% Q% cailé?“gﬁal ed
gl ass anpowygodhiblited andt 1% Ziriéni€ BLFatEAt ANt WiasWhowH® effidncedhe sofutsiiitgt 11
is broken and the towelette is wetted with the solution i mredjately prior

to use. Thef ageaisdwt Coptaing HXiCADEIHRS YR MAteiF Fordeang Newtamh d S88)-oftdRi ne- B
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of the reactions. However, a recent NWVR stud% has shown neither VX nor a

mustard si RANiENS adewelaigrrreyetied yathtphengk-eiBanclesediudy iydsgxde, ammonia,

15 and water. Packet Il contains a towelette impregnated with chioramine-B and a
sealed glass ampoule filled with zinc chloride solution. The ampoule in packet Il is
broken and the towelette is wetted with the solution immediately prior to use. The
presence of zinc chloride maintains the pH of the chloramine-B in water between
5 and 6 which would otherwise rise to 9.5.

20 Another formulation is the M291 kit, which is a solid sorbent system (Yang,
1995). The kit is used to wipe bulk liquid agent from the skin and is composed of
non-woven fiber pads filled with a resin mixture. The resin is made of a sorptive
material based on styrene/divinylbenzene and a high surface area carbonized
macroreticular styrene/divinylbenzene resin, cation-exchange sites (sulfonic acid

25 groups), and anion-exchange sites (tetraalkylammonium hydroxide groups). The
sorptive resin can absorb liquid agents and the reactive resins are intended to
promote hydrolysis of the reactions. However, a recent NMR study has shown
neither VX nor a mustard simulant were hydrolyzed on the XE-555 resin surface
during the first 10 days (Leslie et al., 1991). GD slowly hydrolyzed with a half-life

30 of about 30 hours. The observed rapid agent decontamination in the field is



during the first 10 days (Leslie et al., 1991). G slowy hydrolyzed with a
hal f-1ife 30 of about 30 hours. The observed rapid agent decontam nation in
the fiel a&voe2a¥¥D2/ 02192 PCT/ US00/ 33255 8 achi eved physi BE@r/UgouBs2ss pi ng.
This resin blend was found to be less corrosive to the skin than the M258
system Mst formnul ati ons used for the decontam nation of BWagents by both
mlitary and civilian agencies contain the hypochlorite anion (i.e.,

bl each or chlorine-based 5 solutions). gSolutions containing concentrations
of 5% or nore bl each have been shown to kill spores (Sapripanti and

Boni faci no, 1996). A variety of hypochlorite solutions have been devel oped

for decont achigaéd physitalVbpoipine Thizl redinmigledd vasfeune id badessocorresive ton
hypochl orite solution (household bleach), a 7 percent aqueous slurry or

sol i d cal cienskiy SeRINGMERB SYPRIN, 7 to 70 percent aqueous to slurries of
cal ci um hypocfilagt fdrfdtibriealset yar e dontahipbliowBl B aQé@t@QJg, bt Bilitay

solid mxture of calciumhypochlorite and nagnesi um oxI de, 0.5 percent
aqueous cabnd givillaprgsancies cantgiothe hyposhietiteaninn thedi Mgarroeeshl A8e¢ and
det er gept, 0. s ' f Lt h
sodium Aol FoRhAfHonBRUEP iinaRt Gl BB Ot flork Pisten Rl
capabl e of stowh itadill d@orep ¢Sapripanticénd Boaifawndi HA6). cArvapietwef hyposhiariperent

and toxic t ersonnel.. The c ounds, t - v ' in
et oxi 1 catPLRoRs "BupPeR R Mo BT BF BV R Rt 28, "oy
ways, i ncl péicest ldquebds sodiupdmypotiagateasslution gsolssholdSbidzich), aa) e pescenbans
have been used in various _applicatjons incl ucil_brm 1} re7f inghti np and | aw
enf or cemenBaE@PHS EHMORE s(oﬁgc??"aﬁmZU}’qu%Qm?r(i ote nt%i/InBRTePN SRFOHDans,
howeven, haygidy Bt Edlclum hy&&m&ﬂs ahd BllcibRREqsapétrapican blea8RJSTR) 081 C_or
nonioni ¢ polyners. These foans, wunfortunately, have not been effective in
t he cheni cablidigoixtgres of i eaiciamd hypeehieriiei 2adi ®RIBESIHDS OXideend cBE Repcent

Lo o0h oo SRSl RERL e BOR i Wi ErpmaRanpsaRtcpRE o2,
i n killingdetergent; aatiz05gparbentoamiemuiscalsiimungpochiodtesbaifered withs sedistred
wih some Alnbigal 8 AhSyd shitions, ARR"YSrying BRAARS, HF8 AdbaBie?'eF killing

15 spores, each is also highly corrosive to equipment and toxic to personnel.

The compounds that have been developed for use in detoxification of both
CW and BW agents have been deployed in a variety of ways, including liquids,
foams, fogs and aerosols). Stable aqueous foams have been used in various
applications including fire fighting and law enforcement applications (such as

20 prison riot containment). Such foams, however, have typically been made using
anionic surfactants and anionic or nonionic polymers. These foams,
unfortunately, have not been effective in the chemical decomposition and
neutralization of most chemical and biological weapons (CBW) agents. They did
not have the necessary chemical capabilities to decompose or alter CW agents,

25 and they are not effective in killing or neutralizing the bacteria, viruses and spores
associated with some of the more prevalent BW agents.

Gas phase reagents are attractive for decontamination if an
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



environnmental | y acceptable gas can be identified. The advantage of gas
decontam nants is their penetrating (diffusing) capability that nakes them
a 30 neceavg@argiennpl ement to the ot her decontam nation teROnHU§UEs2550zone,
chl orine WD 02/02192 PCT/ USOQ' 33255 9 di oxi de, ethyl ene oxide, and

par af or mal dehyde have all been investigated for decontani nation
applications. These are all known to be effective against biological
agents. The effectiveness of ozone for killing spores appears to be well
established (Raber et al., 1998). Wilile ozone is an attractive

decontam nant, 5 experinents by Edgewood Chem cal Bi ol ogical Center (ECBC)
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fogs, agro t;
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Figure 2 il] UStcLa]t es homcon?oqggbf of the foans of the present invention
can form nicRPrdcleayags Hiowan, -ates the micellar catalysis mechani sm of
the present 20UisBi#RMdUM befhgterialsttshens etfbetivexformeutraliziag ibotiicHemicabi | i ty
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neutrall za n I'tve agents on pdper ‘tests. Figure 7 7 shows results of
t est s condiroospbratach inthea widgevariety raf| eaftiers (foams gels, fogs, aerosols) that

satisfy a wide variety of operational objectives.

DESCRIPTION OF DRAWINGS
15 Figure 1 illustrates portions of the chemical structures, relevant to the
claimed invention, of certain CW agents.
Figure 2 illustrates how components of the foams of the present invention
can form micelles.
Figure 3 illustrates the micellar catalysis mechanism of the present
20 invention.
Figure 4 shows the expansion ratio and stability of one embodiment of the
foam of the present invention generated without hydrogen peroxide.
Figure 5 shows expansion ratio and stability of a foam with hydrogen
peroxide.
25 Figure 6 shows the results of the neutralization of live agents on paper
tests.
Figure 7 shows results of tests conducted with the G agent simulant
(dipheny! chiorophosphate). '
Figure 8 shows results for the G agent simulant on a variety of surfaces.
30 Figure 9 show the results using a foam at different temperatures.



(di phenyl chl orophosphate). Figure 8 shows results for the G agent sinul ant
on a variety of surfaces. 30 Figure 9 show the results using a foam at

di f f erentw@empapat ures. WO 02/ 02192 PCT/ US00/ 33255 10 Fi par/@sdid3gssows t he
neutralization of B. globigii in solution tests. Figure 11 shows the
neutralization of B. globigii in surface tests. Figure 12 shows the
neutralization of E. herbicola vegetative cells in solution tests. 5
Figure 13 shows the neutralization of Mg, 2 bact eri ophage 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. Firi@dM® sHowsPehUiralingidn ¥l B. ZhBigiNincdol it Bighr ax

surrogate, B. globigii. Figure 17 is a graph show ng neutralization
resul ts obtai nefigedd shewsfibamentrairatianeofft. ciehigii insustacedastsn di phenyl

chl or ophosphat e rtha@J tsﬁi)%ﬂﬁv@é‘ﬁ%e fé\ﬂ%i‘zﬁtﬁ Iof 2 ﬂ%?dt?ﬁbeléggé!e@&we cells .in

neutralization al ned using t oam O ent 1 nvention on
mal at hi on (salufMhdests] ant). Figure 19 is a graph showi ng neutralization

501100 1Y 4 e Ger A BHIET ehERRR OB ¢
neutralization rragubts sHsthaeteutlirgionef B. cahratistsporeys essulitidrtestst i on.

Figure 21 is a graph showing results of using the foam of the_present
i nvention on E. Bi1 @W%emﬁﬂ%@'ﬂ @ﬁ?f@%éﬁ%ﬁéﬁwﬁ?ﬁeﬂﬁhe

present inventi @igaddiecsvivs theshdi@eizatin &f tB6RAfHrhx Safroyatal B.Oglob_hﬁﬂ _
neutralizes the adverse effects of either or both chem cal and biol ogical

toxants, wher e Figurexdris g grapbisheuing seutglizatientesults abtained sgingdhe feaBound,
consti t.yent LES; ; : | ' bi ol ogi cal
action lgn ﬂf{%égf%éﬁﬁfgggﬁtﬁg@@#&??’ El‘ %&%&Eﬁ?ﬁ%@%g@%%@u%@t h, tenporary
i ncapaci t ati on, Figurpeiénisreegriaphashomting neutnglization resuiltsedbdaingdiusingtbeddam al |

Fuch chert <85 SasBhlEFBHSN R LB oSGl i hei orioi or of
Figure 19 is a graph showing neutralization results obtained using the foam
of the present invention on half-mustard (a mustard simulant).
15 Figure 20 is a graph showing B. globigii spore neutralization results
obtained using the foam of the present invention.
Figure 21 is a graph showing results of using the foam of the present
invention on E. herbicola.

20 DETAILED DESCRIPTION OF THE INVENTION
The present invention addresses the need for a general formulation that
neutralizes the adverse effects of either or both chemical and biological toxants,
where a toxant is defined as any chemical or biological compound, constituent,
species, or agent that through its chemical or biological action on life processes
25 can, if left untreated, cause death, temporary incapacitation, or permanent harm to
humans or animals. This ’includes all such chemicals or biological agents,
regardless of their origin or of their method of production, ‘and regardless of
whether they are produced in facilities, in munitions or elsewhere. Neutralization
is defined as the mitigation, de-toxification, decontamination, or otherwise
30 destruction of toxants to the extent that the toxants no longer cause acute adverse



whet her they are produced in facilities, in nmunitions or el sewhere.
Neutralization is defined as the mtigation, de-toxification,

decont amw@n/e192 or ot herwi se 30 destruction of toxants tBCTH8033ENt t hat
the toxants no | onger cause acute adverse WO 02/02192 PCT/ US00/ 33255 11
effects to humans or aninmals. The fornul ati on and descri bed variations of
the present invention can neutralize, and does not itself contain or
produce, infection, significant advers? health effects, or even fatality
in animals. One inportant subset of chéhi cal and blologlcal conpounds t hat
the present invention 5 addresses is that of chem cal warfare (CW and

bi ol ogi cal g#eéts abenurfdills BB MirRals. HPME &imultith BRESE¥cribBY S2kibBEns b the
addresses toxants that can cause potential adverse health effects to
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i nf ecti O”SF >gé\ﬁi}[éﬁlé‘t aRJecB ABLIth RFRbish #fdrH BataRPdnf é‘ﬁﬁ{éli | €8ne |mportant

Addi ti onal resent 1 nvention addresses the need for such
f or mul at i osubsedt oiocrnea’nucalsarid ninlogisel ccqmpbund& dbat dbev ereseamt t myentwh be

del i vered by .a varie nean S the
nost sever 339'@5?&%5 h'}(lﬁﬁd’ftﬁh(? o' ?'9%82'8% l%ﬁ?% \ngfﬂ%e M@H?m

i nvention epweler,ubefprobantappéntish alkse M@Sﬁésﬁ\ﬂka@eﬂhat céihe;aupe qteritial

i nvention has been shown to successf ul lé neutralize or dohox C%\/aﬂ1

BW agent s AAvereghasingiiactste agimals sneldingnumans. cdrergrH %@’%?% palt
toxants.  eaeéml thcidd NRfdENoms QW RO cHbrki® Reaitt Iéﬁ@dst@naowaméshreat

fromterrorists share chemcal simlarity in the fact tthey are

phosphor us Agditicaally.tge Pé%?ﬁmmt'ﬂﬂlaéﬁf%ﬁsﬁlée aped rf%rds%ﬂbﬁ farmylatianethat o
nucl eoppi | 'iﬁcitg%ﬁ ?n@bhtgflc R ﬁj\%'ﬁ?ro@f\fécgﬁéefﬁat ééﬂ)% HQIﬁ/’%‘?e@rﬂ? é’\?érléﬂﬁ%fsa“ n

(0-isopropy hosphon uoridate), soman (O pinacolyl
met hyi phosp’l&amsfanddnidﬂfﬁrem phasﬂmn (0 et hyI N, N- di net hyI

Do o o BREPY R o3 o el Dbt = BERBEEP ERIORES M B
in Figure. tHe présep@dhvéntionhess t&ge:sémuylép;inba areh GYY hand B\WCcagdrits.ni Tige
ot oxi 11 ed PESRPPE HBIEDUIN TaS heAN SHAMAL0 SbsRhaH o e orodbagiifeda, o
only spari pglYagiPhd/BhE ddh BB!Splied to less severe chemical and biological toxants.
Certain of the known CW agents which are likely to pose a threat from terrorists
share chemical similarity in the fact that they are phosphorus-containing
compounds which can be altered when subjected to nucleophilic attack or
oxidation processes. Among these are included sarin (O-isopropyl
20 methylphosphonofluoridate), soman (O-pinacolyl methylphosphonofluoridate),
tabun (O-ethyl N,N-dimethyl phosphoramidocyanidate) and VX (O-ethyl S-2-
diisopropylaminoethyl methyl phosphonothiolate). The chemical structures of
these compounds are shown in Figure. 1. In each of these agents, if the
phosphorous-containing compound is chemically altered by hydrolysis or
25  oxidation, it can be detoxified and thereby neutralized as a CW agent. These
nerve agents are only sparingly soluble in water.
Also shown in Figure 1 is the chemical structhre of mustard (bis(2-
chloroethyl)sulfide). Aithough mustard is chemically quite distinct from the other
CW agents mentioned above, in that it does not share the phosphorus-containing
30  group, it does exhibit chlorine atoms bound to carbon atoms at both ends of the



Al'so shown in Figure 1 is the chem cal structure of nustard (bis(2-

chl oroethyl )sul fide). Al though nustard is chemcally quite distinct from

t he ot hewOo@Magents nenti oned above, in that it does not PENER&/I3R%S
phosphorus-containing 30 group, it does exhibit chlorine atons bound to
carbon atons at both ends of the WO 02/02192 PCT/ US00/ 33255 12 nol ecul e.
These carbon-to-chlorine bonds can al so be subjected to hydrolysis and the
central sulfur can be oxidized to sulfoq? and sul foxi de, thereby rendering
the nol ecule ineffective as a CWagent. 'Li ke the nerve agents, nustard is

only spari ngI y soluble in water. 5 The nechanismfor the kill or
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I'n the present Invention, the fornulation provides at |east. one
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| d
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susceptlble one r actlve co Serves to
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corrpound c n _be an oxi.di Zi I r
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The sol ub| | effeictigelg Gipioatidrialfsporédie 'ﬁ’asspm’e CINWA angast t e ambsed to the oxidizer
simlarly-structu chem cal u serves to so e the ringly
ol Ubl ¢ OMaGUIPINAIE SPFSEeehe. HIRFRnEPEG PEAPaR o Ao DO 3Bt u5E B
position i I‘breééﬁé'iﬁoﬁgf@@h%fy)klﬂ hetdpprédgagent . This is accorrpl I shed because
t he nucl eophilic onpoundS are negati velui/q%char ged and the sol ubi LI zj ng

conpound can be la ﬂZ% peessdrinverdion; N prevides mtdepsteang fg QF'@Q
posi tively EhiARd thah SRR to effectively render the toxant or toxants, both chemical

and biological, particularly CW and BW compounds, susceptible to attack and at
least one reactive compound that serves to attack and neutralize the toxant or
toxants. The at least one reactive compound can be an oxidizing compound, a
nucleophilic compound or a mixture of both; the compound can be both oxidizing
20 and nucleophilic. The solubilizing compound, for the case of CW agents and
similarly-structured chemical compounds, serves to solubilize the sparingly
soluble CW agents and attract the nucleophilic/oxidizing compound to a position in
close proximity to the CW agent. This is accomplished because the nucleophilic
compounds are negatively charged and the solubilizing compound can be a
25 cationic surfactant that forms micelles that are positively charged, thereby
attracting nucleophiles such as hydroxyl ions, hydroperoxide ions, or
hydropercarbonate ions. With respect to BW agents, the solubilizing agent serves
to solubilize and soften the biological agent outer core to provide better access of
the reactive compound to the BW agent DNA, facilitating the Kill capability or
30 neutralization capability of the formulation.



attracting nucl eophil es such as hydroxyl ions, hydroperoxide ions, or

hydr oper carbonate ions. Wth respect to BWagents, the solubilizing agent
serves twosepbabilize and soften the biol ogi cal agent out PET/@80033RES provi de
better access of the reactive conmpound to the BWagent DNA, facilitating
the kill capability or 30 neutralization capability of the formulation. WO
02/ 02192 PCT/ USOCQ 33255 13 Although thegsfornmul ation of the present

i nvention has sone simlarities to comrercially avail able detergents and
shanpoos in that cationic surfactants are used to formmcellar solutions
(see for exanpl Athdugtethe farnsilatim efhthe pliesent iggantBarhas isope siglilatitiesto do
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present si NKeOfrale tokaptd|=eketding o Ae PHESSHISINPEMIGRNMRBieov8r, forAulafiéns
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mcelle. As manFigmne& shaows ant éyameple b= camlqwhdl@mtmwmedtwhmﬁhe

nucl eophi | | 0 The
figure al sgﬁm“ﬁm A& ggcﬁﬁééﬂﬂggegﬁmbggten{&%dedmhé@ra gé%\ﬁ@fﬁwgﬁg ’
attractied the hydrolyzebld er. oxidizableschiemical noxard t(sueh hstdq@Ws apent) Bds loasted h
woul d be observed wit ueous .f or Iatlons t||i i n ni ni syrfactants,
o Wt on B e aitbel B0 ERRRe o) A ATt e B UfeRRPR dhdistilR F R e,
Figure 3 Ihyu&iphabi%SténI@mser@hﬂmgsmeoint@ndry@or@abf rthélmwélnel %nﬁahy”drbpmdc 20
reaction consistent with the principles of the present invention.

fi gure shoheads B8 gepcensating afath? ree 96 theyaiicslle. sip Mmegtiopgd ﬁE@Y%éBﬁF‘Fl c
attack. In BQl‘h%l # é&eaﬁﬂa'&ghﬁclg e‘%n@v PQHQ doRsé %&%ﬁéﬁ%a’cﬁ%ﬁ he

bond 40 berveen or us atom an uorine a
char actiér i satecis emharmedphd'shphﬁgufs also lltuwm dmlblhegaikvﬁw charged diydgoxyd t he
phenon‘enonlé)r}‘s ra}ei %ktractgd e ?hé'\% l:el*é ¥fis is in contrast with the situation, which
would be observed with aqueous formulations utilizing anionic surfactants, in
which the micelles are negatively charged and repel the hydroxy! ions.
Figure 3 illustrates the mechanism of a typical nucleophile-catalyzed
20 reaction consistent with the principles of the present invention. The figure shows
the portion of a toxant 35 that is subject to nucleophilic attack. In this example,
the single covalent bond to be attacked is the bond 40 between the phosphorus
atom and the fluorine atom. Due to the characteristics of the phosphorus to
oxygen double bond, according to the phenomenon of partial charges well known
25 to those skilled in chemistry, the phosphorus atom shown in the figure bears a
partial positive charge and hence, nucleophilic species such as hydroxyl ions are
attracted to it. A reaction takes place whereby, in the case of hydroxyl being the
nucleophile, the fluorine is replaced by hydroxyl group in the toxant, and

hydrofluoric acid is Iiberated

P HZO + HF
F o




25 to those skilled in chem stry, the phosphorus atom shown in the figure
bears a partial positive charge and hence, nucl eophilic species such as
hydr oxyl wonx02ape attracted to it. A reaction takes pl acRCWuseds9ss i n the
case of hydroxyl being the nucleophile, the fluorine is replaced by

hydr oxyl group in the toxant, and hydrofluoric acid is liberated: 0 O |
I~ PHOP+ H 0 1FO0OHd OHW 02/Q192 PCT/US00/ 33255 14 It should
be noted that this mechani smof nucleophilic attack to detoxify toxants
such as CWagents can operate with any strong nucl eophile. The hydroxyl
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of the ¥X @6 colfdl BE 28Mbeed @k él\u@dmomme@rﬁ@wd be nn@lecbmwageclofanuhe
P-S bond are the hydroperoxide aniaqn. dr ol g3| s w | ﬁo t ake place in

the case ofhydalysis deadtionhiiRieby feaderipg Hﬁt%‘ﬁn Weﬁﬁﬁtl"@oplﬁl £ PAHGUANLaFGes
not oper at gsiifle ¥ SHkMt, YRE ryaFBxyl'RY% i@Shdt Preferred as a nucleophile because it is

not specific to cleavage of the P—S bond, it also breaks the P—O bond. This is
not desirable because the reaction product is also highly toxic. Therefore, it is
15 preferred to use other nucleophiles for detoxification of the VX agent. An example
of nucleophiles specific to cleavage of the P—S bond are the hydroperoxide

anion.
Hydrolysis will also take place in the case of mustard, although the
mechanism of nucleophilic attack does not operate in exactly the same way as in
20 the case of the phosphorus containing toxants. As example of a reaction

according to this mechanism is the following:

1/\/S/\/Cl + zHZO—EI:I; HO/\/S/\/OH + 2HCI

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 claimed invention,
as shown in the following example:

HCO;

1/\/5/\/C1 +2H,09 —— > HO/\/S/\/OH + 2HCI .



20 the case of the phosphorus containing toxants. As exanple of a reaction
according to this nechanismis the followng: 1/\ _S~C + 2H20 HO -~S \/(H
+ 2HC1 Myapwh218t s is only one nechani sm by which toxant sSPEDERIES2BW agent s
may be detoxified. Oxidation can also result in detoxification of CWagents
and 25 ot her chem cal conpounds consistent with the principles of the
clainmed invention, as shown in the follow ng exanple: HCO G5~ I-' VS~-Cl +
2H202 HO~- \OH + 2HC1 0 WD 02/02192 PCT/ USOQ' 33255 15 In one enbodi nent,
the formul ation of the present invention’neutralizes toxants, such as CW
and BWagents, and conprises solubilizing conpounds which include both a
cationic surfactant and a hydrotrope, also cationic, and at 5 | east one
reactive conpound, where the reactive conpound can be a nucl eophilic
conpound, an oxilrdiaiewgn‘bodinmm;itr(eaformdlatiomoj tle paesant tinventiohenadralizes
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by the forrrul ations of the Bresent 1o invention. The formul atlon IS ;?dd
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cationic surfactant solubilizes the sparingly soluble toxant and the
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agueous ne ease subse uen react lon ra
reactive cbiglogioal, dinat arechydralypable o@xmmhzablbytw thter fopialationp afitids presdntas

sodi um xyI en urfactants are typi aI used in, the deter t . Lndustry to
ol Ubi 11 e TRGrT B aneroumuREn ¥ Bk i e e i SEwelKkER Bl bhrRla

i nvention, d%ﬁf/ér?rtthbmﬁﬁilyﬁMOﬁbﬁld%blb foxafis Uincordep tpadithalizetay toxdaht) t he
cationic surfactants. further. enhance sol ubil |%and bul k, 20 vi scosity,

a wat er so[t@p@tlgalpy%facégm sRlukjiresofg spanRglefol texant 5#3¢; the cationic

hydrotrope, an ionic-surfactant-like material with short hydrocarbon segments, is
added to increase the solubility of the toxant in aqueous media and increase
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



hydrotrope al so contributes significantly to increasing the rate of

hydrol ysis of the toxant. In order to neutralize biological toxants, the
sol ubi | i Ava@2egent can be a cationic surfactant, an al corOT/USUEI323S a
fatty al cohol or a cationic hydrotrope. Surfactants are known to denature
proteins such as biological toxins and to act as 25 bactericides and

al gaeci des. I ncluded anong these are quaternary anmmoni um conpounds such as
benzal koni um chl ori de, cetyl pyridiniumchloride and cetyltrinmethyl
ammoni um brom de. The cationic surfactanss, fatty al cohols, and. cationic
hydrotropes serve to aid in exposing the biological toxant's DNA to the
reactive conpound. Therefore, the mxture of a cationic surfactant and a
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reactive co und reacts with the toxant, ei.ther by, an oxidati.on o

hydr ol ysi s FeAGRE, 18 eytEalie, fie. 1Bt \eberding RSt iicROCEtA g the
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present invention, greater than 99.999% and often_as much as 99.99999% or

more of bi SPSHLAANCLMEN as Muchnas SSRGS SeaorRiof BiRi9OiGRk WXapts &N Ret el v

one hour. RaitrhitRedd@kiRaT @fth AppkdXitatdly 8AEHB0r. the cationic surfactants are
typically quaternary amoni um salts such as cetyltrinmethyl anmonium
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wat er - sol uhl e | rs .jncluyd but ar ot, l,imted,to,. lLvvinyl al cohol,
guar gum %le‘é‘frﬁ’g#g%ofu'tﬂ??ﬁ hﬁf%?pﬁél m?%ﬂr% yput gee dﬁ"ﬁé‘f‘i’fﬁ“oﬁn%“rkﬂﬂmﬁ
chloride, aptmBAILWACHIdMIdEdefiacétie hidthyl admednlum Carorfiiet aamd 1estrabliy!
carbon atons. (Typically, the term "fatt%eal cohol " connotes a straight
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wel | as the surface viscosities of the foam|anellae
15 dimethyl ammonium chloride, and polyacrilamides.

The fatty alcohols can contain 10 — 16 carbon atoms. (Typically, the term

“fatty alcohol” connotes a straight chain primary alcohol having between 8 and 20

carbon atoms.). The combined function of the polymer and the fatty alcohol is to

increase the bulk as well as the surface viscosities of the foam lamellae and

20 increase foam stability against drainage and bubble collapse. Other compounds

that can be added include short-chain alcohols (at concentration between

approximately O to 4 weight percent), which are used to aid in solubilization, and
glycol ether, which is also used to solubilize fatty alcohols.

One reactive compound that can be added are oxidizing compounds

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 hydroperoxycafbonate,

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



20 increase foamstability against drai nage and bubble coll apse. O her
conpounds that can be added include short-chain al cohols (at concentration
bet ween veppreprately 0 to 4 weight percent), which are BER#S0B3235d in
solubilization, and glycol ether, which is also used to solubilize fatty
al cohol s. One reactive conpound that can be added are oxidizing conpounds
25 (oxidizers) such as peroxides, for exanple, hydrogen peroxide and urea
hydrogen peroxide, and percarbonates can be added to neutralize toxants,
both chem cal and biol ogical, including spores and bacteria. The addition
of bicarbonate, such as potassium bi carlBonate or sodi um bi carbonate, when
the oxidizer is a peroxide conpound such as hydrogen peroxide, reacts to

f hyd b h |y _effect f
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signifi cantsltqdnesdﬂver aIEarrd:nlsgratdde tmteﬂ'mcmudmtlon haf sblfdas b@Enat emustard)i bye
hydr oper oxycar bonate i s an effectlv dlzer g 1o 19

(e cace. o SHRKERT Borgas it 5%y Sl smNe. Selfraee’ Byenel presdrite of the

sul fone andfjcarbonkteasnh @mce(wmdipér@ﬁﬁdaru@aw an @@cﬁﬁ@oﬂldﬁe@(@m‘ﬁdd 6t al.,
conpounds that include oxipmates such as butane-2, 3-di one, nponooxi mate ‘i on

and berifohyldedkalmthe cme&ms&arguémd@@emyﬁasaoaat%ﬁadgeﬁdnﬁcf@ntrahauifur
aryl oxi des tgugifarie Hdios Wiitokida! ed ARBE eraeid o dten Shlilediphflicnd

bi ol ogi cal toxants, It appears that a synergistic e ect et wee
cationic smohmumdsﬁhahmcﬂme lexunatge rsyshr ox i lidng-2 Z-tdionat enqrioosimatehien

i P O Yot RNBARIRTAS) D ERRSTER' B uhd . 8he Bl e
mechani sm fapyloxides such as aryl substituted benzenesulfonates
15 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 Kkill
achieved in exposing the formulation to the spores. A possible mechanism for
spore Kkill is that the cationic surfactants soften and disrupt the spore core resulting
20 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
25 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
wés used as the carrier.

30



spore kill is that the cationic surfactants soften and di srupt the spore
core resulting 20 in breeches through which hydrogen peroxide can enter and
attack tweospaxie2 DNA. This synergistic effect was confir PETUB0/33255
experinmental results. O her oxidizing conpounds that can be used to
neutralize the spores include al dehydes, such as gl utaral dehyde (at
concentrations between 1-4% and peroxynonosul fate (1-4%, Fenton's
reagent (a m xture of iron and peroxide), and sodium 25 hypochlorite. The
followi ng table provides a list of constituents in one enbodi nent of the
formul ation of the present invention and® range of concentrations that
have been shown to effectively neutralize toxants, both chem cal and

bi ol ogi cal, where used as t ' l‘#ﬁ 192

PCT/ US00/ 33255 18%%5RANGE OF MQ@F%@ Rﬁ(@@ overal |

formul ation) Cationic surfactant 0.1 (0%HfdvetalidpemOlation) 10 Wat er

sol ubl e polynmer 0-1Q. Lo chaj,n fatty,al ol 0-1 Oxidizer/nucleophile

0.1 - 10 The chem(%aglonf%ggmgg{@ddresse%qb'gﬂ]he formul ati on of the present

invention includedydrefropge not |imteglqt.o,0 o-al kyl phosphonofl| uori dates,

such as sarin and_ soman, o-al kyl phophoram docyani dates, such as tabun,

o-al kyl, s-2-dial K{/ptes spldbiR RPN MeEr A ky? pABsphonot hi ol at es and correspondi ng

al kyl ated or protaqr airs &t h ag_MX, nustard conpounds, including

2-chl or oet hyl chl or onet yllsﬁ% mg I s(2-chl oroet hyl ) sul fide,

bi s( 2- chl or oet hyl t@xidiget/nuelaephite, 2- bi sQ.2--cWl or oet hyl t hi 0) et hane,

1, 3-bi s(2-chl oroet hyl t hi 0) - n-propane, 1, 4-bis(2-chloroethylthio)-n-butane,

i o 1, 5-bis(2-chloroethylthio)-n-pentane, bis(2-chloroethylthionethyl)ether,

and bi s(2- chl oriet ¢hemicabiekants)aetdiessed imvinei fomsylation blitiiengresent invention

2-chi orovi “.Xél%%,hb&r 8% Rof fimited to, o-alkyl phosphonofluoridates, such as sarin and
soman, o-alkyl phophoramidocyanidates, such as tabun, o-alkyl, s-2-dialkyl

5 aminoethy! alkylphosphonothiolates and corresponding alkylated or protonated

salts, such as VX, mustard compounds, including
2-chloroethylchloromethylsulfide, bis(2-chloroethyl)sulfide,
bis(2-chloroethyithio)methane, 1,2-bis(2-chloroethylthio)ethane,
1,3-bis(2-chloroethyithio)-n-propane, 1,4-bis(2-chloroethylthio)-n-butane,

10 1,5-bis(2-chloroethylthio)-n-pentane, bis(2-chloroethylthiomethyl)ether, and
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, chlorosarin, chlorosoman, amiton,

15 1,1,3,3,3,-pentafluoro-2-(trifluoromethyl)-1-propene,  3-quinuclidinyl  benzilate,
methylphosphonyil dichloride, dimethyl methylphosphonate, dialkyl
phosphoramidic dihalides, dialkyl phbsphoramidates, arsenic trichloride, diphenyl
hydroxyacetic acid, quinuclidin-3-ol, dialkyl aminoethyi-2-chlorides, dialkyl
aminoethan-2-ols, dialkyl aminoethane-2-thiols, thiodiglycols, pinacoly! 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



bi s(2-chl orovi nyl)chl oroarsine, tris(2-chlorovinyl)arsine,

bi s(2-chl oroet hyl ) et hyl am ne, and bi s(2-chl oroet hyl) net hyl am ne, saxitoxin,
ricin, avéytroxbosphonyl difluoride, alkyl phosphonites, chCDUS&EI3LTS,

chl orosoman, amton, 15 1, 1,3,3,3,-pentafluoro-2-(trifluoronethyl)-1
-propene, 3-quinuclidinyl benzilate, nethylphosphonyl dichloride, dinethyl
nmet hyl phosphonat e, di al kyl phosphoram di c di halides, dial kyl
phosphor am dates, arsenic trichloride, diphenyl hydroxyacetic acid,

qui nucl i di n-3-o0l, dial kyl am noethyl -2-¢hl ori des, dial kyl

am noet han- 2-ol s, dial kyl am noet hane-2-thiols, thiodiglycols, pinacolyl

al cohol' s, 20 phosgene, cyanogen chl oride, hydrogen cyani de, chloropicrin,
phosphor ou8uclgephii¢ apf @xidizing spawive @gents @HF‘@ PreRent iesiaBy are neutralized

pent achl or Pg?“‘? ?dr*%n'lat%@%?rﬁj\é Eﬁesen?h'\lvéﬁhﬁorim”ocm oride, sulfur dichloride,
chl ori de.

and t hi ony [¢] hese conpounds, and other chenical conpounds t hat
can be neutral i Additicpally,, cadalystsf ihauy beemD Vrressigly POTPEENELd3 %S5 the 9

nucl eophi | | . OXi H. 2] | Ve | n ' ar e
neut ral i ze RS dfuphiebfibiaiioRiE Yrhelbn rifeDiTRRR oM ARG bl
catal ysts tmiospbermawmh sbpbéry ahﬂn?rqmmpﬂem:k ha\,ée heserf usledlatdS(ﬁasmd)ﬁot he
present inyention to, enhgnce yates of reaction, For a : .
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of the forméllrﬂgi on of the present invention is that the reactive conpound
and the carrier (generally, water) can be stored separately fromthe other
conpounds of t h@nkoadvartage nofptheoformulation off the sErpaent invention tisethab the

reactive co und f t t d ft f | ati i ful i
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associated wt_ o ]
15 reactive compound from the other compounds of the formulation is useful 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



formul ati on other than water do not need to be conbined inmediately with
wat er but can be transported separately to the detoxification site and

wat er addedoz021phat 20 | ocation and tinme. This aids in echaDUR0EE3255
transport. The formnulation of the present invention is therefore suitable
for use in a kit form In another enbodinent, a formulation is provided
that is used primarily for the neutralization of chem cal toxants, such as
CW agents, wherein the fornulation conprises solubilizing compounds which
include both a cationic 25 surfactant ang a cationic hydrotrope and at

| east one reactive conmpound, where the reactive conpound can be a

nucl eophi | i ¢ conpound, an oxidi zi ng conpound (‘an oxidizer) or a m xture
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t he chem cqugrﬂxant to the reactive corrpound t he reactive WO 02/ 02192

PCT/ USOQO 33255 20 corrpound general ly m oxi der such as_ a peroxide
conpound, react 3N @neHheramb %Q;I@ﬁt"t aefof'ﬁlé*at'BS? '%lﬁ’r%\k‘ij%th%rﬁs eﬁeqhyamr%fog
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formul ation 1s provi t hat use rinmaril e neutralzatlon
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to the reactive conpound, the reactive conpound reacts with the toxant,
ei t her by ANGRFAXEXRPSWE iyl Biojagical fewpt fq)we fegctiyR 6eMRPUNGD the seatiVent .
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formed by t Irtion rogen 15 e conpoun a bl carbonate
conpound, Necikralize poﬂ@ssﬁqmrlltl car bbneit ereagtives odcempounchr bisnagenerally  a

hydroperoxycarbonate compound that is formed by the addition 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 aicohol 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.



In one enbodi nent, the fornulation of the present invention is conprised of
the foll owi ng conpounds. Conpound Range of Concentration 20 (Ww. % of
overal | fwoomudavi on) one or nore of cationic surfactant BCOU@/33035g- chai n
fatty alcohol 0-1 or cationic hydrotrope 0.0-10 hydrogen peroxide 0-4 25
sodi um bi carbonate 0-4 water 71-91.9 Additionally, a water soluble

pol ymer can be optionally added at a concentration range of 0-10 wt% This
formulation is particularly useful in neturalizing biological toxants. The
formul ation can be easily delivered or go di spersed as a foam WD 02/02192
PCT/ USCQ 33255 21 Cationic surfactants™are typically quarternary amoni um
salts such as cetyltrinethyl ammoni um brom de. The fatty al cohols may
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useful in neutralization of BWagents such as ant hr ax. i), and
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ot a1 oy St EoRShyS 0 B b Ry A feupipaal bR, boty
i nventi on chamigaldehd veiplegicab t Adet forandatiam allows decontamination of areas
10 populated with both people and sensitive equipment. The formulation is
especially useful in neutralization of BW agents such as anthrax. 7-log Kill
(99.99999%) of Bacillus anthracis spores (i.e., anthrax spores) was achieved in 1
hour in solution by this non-toxic, non-corrosive formulation (described
subseqtjently). | _
15 The formulations of the present invention can be delivered to the toxants in
a variety of manners and phases to provide the necessary detoxification
(decontamination). One useful form of delivery is foam. A non-toxic, non-
corrosive aqueous foam with enhanced physical stability for the rapid
neutralization of toxants, especially CW and BW agents, has been developed as
20 part of the present invention. The foam formulation is based on a surfactant
system with hydrotropes to solubilize sparingly soluble toxants and to increase
rates of reaction with nucleophilic reagents. The formulation also includes mild
oxidizing agents to neutralize biological toxants and fatty alcohols and water-
soluble polymers to enhance the physical stability of the foam. ‘
25 ' This neutralization technology is attractive for civilian and military
applications for several reasons including 1) a single neutralization solution can be
used for both chemical and biological toxants, 2) it can be rapidly deployed 3)
mitigation of agents can be accomplished in bulk, aerosol, and vapor phases, 4) it
exhibits minimal health and collateral damage, 5) it requires minimal logistics
30 support, 8) it has minimal run-off of fluids and no lasting environmental impact,



a variety of manners and phases to provide the necessary detoxification
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| ar ge- scal oam generating devices ese devl ces, ccessfu
decont ani ngenenmatofg HJevikes. Using these devices, successful decontamination of both

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 (99.99999%)
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



Is CWand BWagents and sinul ants has been denonstrated. For CWwork, live
agent testing has been conducted with G (Soman), VX, and HD (Mustard). The
hal f-1 i vegodwe21dhe decont ami nati on of these agents in theP€DaERIEB2ISeM i S on
the order of 2 mnutes to 20 m nutes. Addressing BWagents, 7-log kill
(99.99999% of anthrax spores has been achieved after approxinmately a one
hour exposure to 20 the foam Oher BWwork has denonstrated rapid kill of
the sinulants for plague (a vegetative bacterial cell) and for the

smal | pox virus. The fornul ations of the present invention exploit the
principles of cationic micelle catalys¥s and the solubilization power of
cationic hydrotropes to dissolve the otherw se sparingly soluble toxants.
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potential casualties; and (2) to restore a facility to usefulness after an attack.
15 For the first responder, it is critical to decontaminate facilities or equipment
to an acceptable level in a very short time so that casualties can be located and
treated. In the restoration scenario, time is of less importance but collateral
damage, public perception, and re-certification (i.e., complete decontamination) is
of greater consequence. A common formulation effective against all chemical and
20 biological agents is required that must be suitable for use on a wide variety of
building materials commonly found in civilian facilties.  Additionally, the
neutralization formulation must be able to be rapidly deployéd in large quantities
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. A
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;
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15 the highly reactive hydroperoxycarbonate species. In addition to these
ingredients, the formulation also contains a water-soluble cationic polymer to
increase the bulk viscosity of the solution and fatty alcohols to increase the
surface viscosity of the formulation.

it is necessary to mix the constituents of the foam following a specific

20 procedure in order to solubilize key ingredients such as the polymer and the fatty
alcohols. Water and the cationic hydrotrope are mixed in a container. The
alcohol compound or mixture of alcohol compounds are then added to this
mixture. A water-soluble polymer is added, slowly to avoid lump formation, and
dissolved. Theé 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 for one embodiment in described in
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concentrate _solution and 99.9 gallons of water. For a 6% concentrate, ever
100 of water. The foam formulation of the present?nvention has also been deve oped Y

—

15 as a concentrate. Formulations of between 14% to 25% have been developed
(i.e., for a 25% concentrate, 100 gallons of foam is made up of 25 gallons of the
concentrate solution and 75 gallons of water). One example of the preparation of
a foam concentrate is given in Example 4. The foam concentrate does not include
hydrogen peroxide and bicarbonate. These constituents would generally be

20 added to the foam solution immediately before the use of the foam for
decontamination purposes.

Useful attributes of the foam of the present invention are that the
formulation has medium to high expansion ratios and is highly stable. The
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



gal lons of foamis made up of 6 gallons of the concentrate solution and 94
gallons of water. The foam fornul ati on of the present invention has al so
been devavopzokids as a concentrate. Fornul ations of betweR@T/U46/3305525% have
been developed (i.e., for a 25%concentrate, 100 gallons of foamis nade
up of 25 gallons of the concentrate solution and 75 gallons of water). One
exanpl e of the preparation of a foamconcentrate is given in Exanple 4.
The foam concentrate does not include hydrogen peroxide and bi carbonate.
These constituents would generally be 207added to the foam sol ution

I medi ately before the use of the foamfor decontam nation purposes.
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nozzl e {n YRE BBRHERGAR JerlePAfg ALAS 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. Fpam 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 formulation of the

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



generate a foam All foam nozzles are designed for use with liquid
formulations in specific bulk viscosity ranges. The water-sol ubl e pol yner
was addedvav2/ohie2 appropriate concentration to give a bul RCviuSamseisy i n the
range of that required for 15 the specific foam generating nozzles which
were used. In a conpressed air foam generating system the expansion ratio
is governed by changing the volune of air injected into the liquid stream
An i nportant physical property of a foar'%lns its stability. Foamstability
is neasured by its half-drainage tine ich is defined as the tine
required for a 20 foamto lose half of its original |iquid volune. For
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Figure 4 shows the expansion ratio and stability of on odi ment of the
foam of t hechenmiedragents/ ineused ofcwer ganatalvilasrestoflaaenty dhe pere«agrnts mngn
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with chem cal ents focused on two _general classes of agents, the nerve

agents and C!E%thb’ vl phesphenothjeates. Fe oK Bistard. the sioplant &{?@rﬂ%f MHetR#IE-sar i n
(GB), sgmanH&rkthylsulfide) and half 2-chloroethyl phenyl sulfide.

~ Live agent tests were performed at the lllinois Institute of Technology
Research Institute (IITRI) and at the Edgewood Chemical Biological Center
(ECBC) at the U.S. Army Aberdeen Proving Grounds, MD. Several surface tests
were performed to determine the effectiveness of the foam. The general protocol

20 for surface testing is described below:

Surface Test Procedure

Inoculate test coupon with a known mass of chemical agent or simulant.
Wait 15 minutes.

25 Apply foam to the test coupon.
Wait specified time period.

Extract the unreacted agent (or simulant) with acetonitrile.

o 0 bk W N =

Test extraction solution by gas chromatography to determine the mass of
. unreacted agent. ‘



tabun (GA), and VX. An exanple of a blistering agent is nustard (HD).
Initial work was conducted with chem cal agent sinulants. For the

G agent s, wohzoxddnul ant  di phenyl chl or ophosphat e was used. PEDUSMX3235he

simul ant was mal athion (o,s diethyl phenyl phosphonothioate). For nustard,
the sinmulant was half nustard (2- 15 chloroethyl sulfide) and hal f

2-chl oroet hyl phenyl sulfide. Live agent tests were perforned at the
[I'linois Institute of Technology Research Institute (IITRI) and at the
Edgewood Chemi cal Bi ol ogi cal Center (Eé%C) at the U S. Arny Aberdeen

Provi ng Grounds, MD. Several surface tests were perforned to determ ne the
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unr eact ed age?ﬂertt%ﬁn iSHﬂF'&H{S; wWth acetonitrile. 6. Test extraction

sol ution by gas chromat ography to determ ne the mass of unreacted agent.
WO 02/ 02192 PCT/ US00/ 33255 28 7. For the G agents and nustard, all tests
are conductFiguratd ppws the resyits ef the dacentamipationy plilive agenls gnpPapertests.
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result of ragut 6RPLEadrNclBRvAdEein YANould not be expected to form as a result of
neutralization by the foam. ‘
The foam formulation has also been demonstrated to be effective in
neutralization, in this case decontamination, on a variety of substrate surfaces

15 (such as waod, plastic, carpeting, and concrete). Results of tests conducted with
the G 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 effeclive 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. Neutralizatiqn of the VX simulant (o, s
diethyl phenyl phosphonothiocate) 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.
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tests conducted with the G agent sinmulant (di phenyl chlorophosphate) are
shown in Figure 7. Exposure tinme to the foamwas 15 m nutes. The

formul ati on has al so been denonstrated to be effective against thickened
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variety of surfaces (Figure 8). The simulant was thickened with 5% K125
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the VX simulant (o, s diethyl phenyl phosphonot hi oate) was eval uated at 4C
and 23C (r om. 4 coper e’){ Res ts, shown in Figure 9, denonstrate that
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types of Iive agsnt tests erformaq were kinetic (or reaction rate)

tests and com'd a%@ﬁ?'&ﬁ‘?%ﬁ% eren@ Matel@lhwi ng test procedures were used. 5

Procedure éorAfémﬁsﬁﬁydr‘éaeR%?oxT@é to the AblitrAIBSLiSN WSSt SRRAIIAY /&S WabE
CASARM grade agents (Chem cal Agent Standard Anal ytical Reference

Material). 2.0ndhgidavoeltheftestgdr ogen peroxide to the neutralization test
sol uti Qps r [matl iaf e 0, I ts
conduc?gd ?ﬁ '4; S reege éac et e raetggﬁle%nﬁ&ggtgé re%g}uﬁf‘t\ gﬁnsﬂ ?W%ﬁ%d ajf. The

neutralizati c25°§ol ution (100 mM) was placed in the reaction vessel and
m xed for fICI erio to all r. UI|Ib .ation (in the
case of th e neu&ahzal:{lon squhon ( 6@ ml) was pygceg in t(a\e reac ion vessel and

mixed for a sufficient period of time to allow for equilibration (in the case of the

foam — the test was performed with the liquid used to generate the foam, not
15 the foamed material).
5. For the foam, tests for GD and HD were conducted at pH 8. For VX, the tests
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 quenchéd 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. All 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.



foam - the test was perfornmed with the liquid used to generate the foam
not 15 the foaned material). 5. For the foam tests for GD and HD were
conduct eav@p2/H9B. For VX, the tests were conducted at pPCTOS®/I32%8 ust ed
with 3 NNaOH). 6. At the start of the test, 2 m of the agent was placed
into the reaction vessel. 7. At neasured intervals (10 m nutes and one
hour), sanples were renoved from 20 the reaction vessel. The sanples were
guenched with solvent and anal yzed by gas chromat ogr aphy mass spectronetry
(GC M5) for unreacted agent. 8. Al test 0sarrpl es were analyzed in
triplicate. Procedure for the ECBC Contact Hazard Test 25 1. Al agents

wer e CASARMgé.ad?fi%d\ﬁ%a*]&A(?El‘?p%%ﬁﬂlﬁw-%%g%ét anbi ent room tenperature

(23C). 2. Thefo pons were used: a. Chem cal Agent Resi stant
Coat i ng ( CARQ). - Navy-AGkps 0ai DODE-24634, lealtar 26230dhazengnay) Pri ner
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test coupons with a black grease pencil. 4. Each test cgupon (positioned
hor i zonBal | y)of Vs TEbhitaigkenad@Dli arHD at agesnsdy o61HMa/GR”. TGD (t hi ckened
@), or HDgAat i : -t gl ass
di & for ofe Ranropat s SousreBMETF lass dlotPigh 8D holP fRYERE ok ich

f or mul at i o1®. wBreshi neadraliratinh faraliatipn vas mixeddmmediatelyepricoto 8sénat ed coupons

vere e o b o b Podle S 44 el oo M { Pl Sl o "
generate the fopadidmimuted (ie tHeocasedofithe éoaral-) theBestAae peddrmediwith the ligeid
o 7" S8Rl S e e ol oB b (SSPE ARk gf, coupors, (fromt and
punp del i vy efftéP 16! mitites, 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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fornul at i Oécﬁméliyhertﬁﬁﬁ@h the use of pre-measured packets in which a base (such as
NaOH) will be included with the solid hydrogen peroxide and will be added to the
liquid foam formulation immediately before use. The formulation will function at pH
values of approximately 5 to approximately 12. The optimum pH values for
15 neutralization of various CW and BW agents using the formulation of the present
invention are generally between approximately 8 and 11.  However, for first
responders, the specific agent will be, in general, unknown. Therefore an
intermediate pH must be selected that will effectively react with all agents. This
intermediate pH value will be, by necessity, é compromise. A suitable pH for first
20 responder use was found to be approximately 9. Neutralization effectiveness of
the foam against various CBW agents and simulants is summarized in the table
below, showing the percent of the agent or simulant neutralized for various
exposure times. (In summary, neutralization of CBW agents that have been
tested can be achieved in a period of approximately 2-60 minutes depending on
25 the agent.
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neutralization of CBWagents that have been tested can be achieved in a
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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.g., 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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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 biological medium to determine if they had been

kiled. 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

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 suspension of washed microorganisms in sterile de-ionized water.
The population should be approximately 5 x 107 microbes/m.
2. Add 5 ml of microorganism suspension to each of 12 centrifuge tubes.
25 Centrifuge the tubes for 15 minutes to pellet 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.



has been shown to be effective in killing all of these organisns in a
tinmely manner. Two basic types of tests have been conducted to test the
foam s aféewoitveness in the killing of BWsinulants and pOPUS&/33R35 t he
first type of test, a 10 solution test, the m croorgani snms were di spensed
directly into the liquid solution fromwhich the foamis generated. After
specified periods of tine, the mcroorganisns were extracted fromthe
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bi ol ogi cal mediumto determne if they had been Kkilled. The general test
protocol for solution tests using spores and vegetative 15 cells is given
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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-
ionizedA 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



8. Plate each test solution and the original mcrobe suspension solution on
Brain Heart Infusion Agar (for Bacillus globigii and Bacillus anthracis)
or Nutri ewoo02/409Agar (for Erwinia herbicola) at 10-10-7 speT/akoodizkist i ons
and incubate at 37C for 48 hours. 9. Count the plates to determ ne the

kill efficiency for each test solution. Protocol for Virus Solution Tests:
15 1. Gow a culture of E. colt for 18 hours in tryptic soy broth at 37C.
2. Inoculate fresh tryptic soy broth with cultured E. coli. Incubate this

i noculum for 3-6 hours at 37C with conti nuous shaking. 3. Add stock Ms-2
to the followng test solutions: a. sterile de-ionized water 20 b. foam

w th steri puack togis 8%, OQiiucséd el ro Npe Hih ot o Bacilbs BbBBh Ging "
Re- suspendBatitupahiheécis). MTHis protoéolds$ elsolgiverr belowuf fer at pH 7.3. 5.

Serially dilute the phage suspensions in a 10-10-7 dilution series. 25 6.
To tubes of nolten overlay agar (tryptic soy broth with 1 %agar), add 0.1

m of phaggisesiReNSuA8caemdsty: M of E. coil culture. Mx and pour onto
tryptic soy agar plates. 7. After 18-24 hours of incubation at 37C, count

the pl afjuelf draparg ansuspessionhel waphed ispoRRsy inagterilgdatierizedovaier ¢2/qive1 92
PCT/ USO0/ 332%3’P6‘%?@.§Fg'g§§g1%§ﬁﬂ§?m'e conducted only for spore kill (both

for Bacillus us anthracis). This protocol is also given
bel ow. Pr o2od@enfyodephsit @2enlTafdhe spsrelsuspeppmncoranvedpasted glasefslides (221

hor o/ . 2 eocad FrHERRE R 47 bR St eoeBBBR te i en on i ne frost ed
gl ass sl idgs Hidék sixrofthéglasslslideslinadepatity stevile 40aseijlass bealdirs.i ons for. 24
hourss. 10 4. Place 100 ml of the following test solutions in separate sterile 250 mi 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 lid 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 ml 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 a 250 mi beaker containing
25 50 ml 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 ml 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.



3. Place six of the glass slides in separate sterile 400 m gl ass beakers.
10 4. Place 100 mM of the followng test solutions in separate sterile 250
m gl ass wohezknpss: a. foam (with no hydrogen peroxide) bPCT/oam38235%

hydr ogen peroxide 5. Bubble ultra high-purity air through a test solution
to create foam Allowthe 15 foamto flow into a beaker containing a glass
slide until the foamreaches approximately 1,4 inch below the top of the
beaker. Cover the beaker with a steril§ lid and wait one hour. Repeat this
step until 3 glass slides are exposed 0 Test Solution "a" and three are
exposed to test Solution "b". 6. After one hour of exposure tine,
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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 kiling 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)



for 48 hours. 10 12. Count the plates and cal culate total nunmber of spores
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4% hydrogen peroxide and 4% sodium bicarbonate in de-ionized
water.
2% alcohol mix, 4% hydrogen peroxide, and 4% sodium bicarbonate
in de-ionized water.
15 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

20 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
25  formulation of the present invention.

An additional compound can be added to 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 with detracting from the detoxification of the CW

30  simulants; the compound could have actually enhanced the chemical deactivation



2% al cohol m x (36.4% i so-butanol, 56.4% diethylene glycol 10 nonobutyl
ether, and 7.3% 1 -dodecanol) in de-ionized water. 4% hydrogen peroxi de and
4% sodi uwoozeribonate in de-ionized water. 2% al cohol m RCTAS%HIBATS0gEN

per oxi de, and 4% sodi um bi carbonate in de-ionized water. 15 3% cationic
surfactant and 4% hydrogen peroxide in de-ionized water. 3.8%cationic
hydr ot r ope, 4% hydrogen peroxi de, and 4% sodi um bi carbonate in de-ionized
water. 3% cationic surfactant, 4% hydrogen peroxide and 4% sodi um 20

bi carbonate in de-ionized water. The reslits for these tests are shown in
Figure 16. The results clearly show a synergi smbetween the cationic
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and by 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.

15 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

20 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.

25 ‘

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

30  (in other words, the liquid formulation decontaminates CBW agents, not the air).



large mlitary-style punps. Each of these foamgenerating units uses a foam
1o nozzle which draws air into the foamthrough a Venturi effect. There is
no need MooOFMIply air to the foamnozzle, the foamis gereTasedseis ough
the use of roomair. This is inportant because a supplied-air foam
generator will add air to the room where foamis bei ng produced, pushing
the existing air away (outside of the roon) and causing the mgration of
chem cal and biol ogical agents. 15 The foam has al so been successfully
generated through conpressed air foan1§§stens. In these systens, air is
directly injected into the liquid strean1 before the |iquid Ieaves t he foam
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depl oynent or exanple, can be use | eve“effective -
inside of a facility and turned on at periodic mtervals (from a remote location) to
15 completely decontaminate the facility. This 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



decontam nation in areas where decontam nation by a foam woul d be
difficult, if not inpossible. One exanple is the interior of air

conditi owagzeuers. A fog could 10 be generated at regi strewUsKdB3Isher
openings in the duct and travel a significant distance inside of the duct
to decontam nate hard to reach places. An additional advantage of a fog is
that a relatively automated decontam nati on system could be set-up at the
scene of an attack. Renotely activated fpggers could be placed inside of a
facility and turned on at periodic intervals (froma renote |ocation) to is
conpletely decontam nate the facility. This nmethod woul d greatly decrease
the pot entémbvdd frofte teen foam Hatmulatigrer Toerfetmulatiba cfxthe srplebos-basBiVfagent .

I n one enbodj nent, tgﬁ formul ati on of the present invention is an aqueous-
based for naPHHIPRS 8RIRIOWS: capabl e of being depl oyed as a fog (i.e.: as an
aerosol wth particulate sizes ranging from1-30 mcrons) for the rapid
neutralization of 20 chem cal and biol ogical warfare (CBW agents. The
fornul ati on exhibits | &@Mpindosi vity and | owResgR&f CPneedisRtian es and can

be depl gyed through commercial l y- avail abl e Mg%ggfwe%“ ﬂﬂmﬂ%gibﬁ s. The
formul ati on consists of cationic surfactants' and cationic hydrotropes in

conbi nati on with | owationicesutrfaatanbns of hydrogen Q&£20xi de and a bi carbonate
salt (e.g., sodium t assi or amoni um 25 bi carbonate). Current

decont ani nati on for rﬁ%ﬂgf"f%wg%mq ze toxic and/ or&ab‘ﬁ]osi ve chenicals to
achi eve destruction HydrégBN pgoride whi ch can poterg-6al | y damage sensitive
equi pnent in which it comes inﬁo contact. |In addition, nbst current

formul ations requir ®¢3PERAERAt s of water for 9d@ntanination. The

formul ghi on contai nsygipi | ar constituents as tbg.ggigeous foam 30

formul ati on. However, various constituents only necessary for foam ng have
been WO 02/ 0219LaticmcUsatpgantss areiCypigatin SHatarBait REPORIHTY §alI WChoAS The

oo o CasShnRRMARUTIRSRTyed e Mok BabAL sBtacg R ReLEl
sur f act ant pllymetit cqpidtemacy hgmmpouraise O Ekadtples of suitable hydrotropes are
tetrapentyl ammonium bromide, triacetyl methyl ahmonium bromide, and
15 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
20 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
25 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
30 four successive fog treatments (with a one hour wait between each treatment) for



hydr ogen peroxide 0-5 bicarbonate salt 0-10 10 water 25-96.8 Cationic
surfactants are typically quaternary amoniumsalts such as cetyltrinethyl
anmoni umwoe omvxde2 O her exanpl es of cationic surfactants paTUSEEs32550! yeri c
guat ernary conpounds. Exanpl es of suitable hydrotropes are tetrapentyl
ammoni um brom de, triacetyl nethyl anmonium brom de, and 15 tetrabutyl
anmoni um brom de. The conbi nati on of bicarbonate and hydrogen peroxide
forms an oxidizer (the highly reactive h{droperoxycarbonate species) and
is a-significant contributor to the neuttalization of CBW agents. In one
test to denonstrate neutralization of a chem cal agent, 25 mcroliters
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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 ml of water:

20 3.84 wt. % WITCO ADOGEN 477™ (50%) — Cationic hydrotrope
2.0 wt% Alcohol mix (36.4 wt% isobutanol, 56.4 wt.%
diethyleneglycolmonobutyl ether, 7.3 wt% Ci2 - 14, blend of
dodecanolftetradeconol) — 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 )



decontam nation of CBWagents is that it is aqueous-based. Current fogging
solutions for CBWdecontam nation are organic liquids. This formul ation has
| ow toxiveooyoasd | ow corrosivity properties. This all owsP€hv&Soasessul ati on
to be used 1o where exposure to people, aninmals, or equi pment may be
necessary or prudent. The follow ng two exanpl es descri be how to nmake two
foam fornul ati ons according to the present invention. Thereafter, exanples
of testing results obtained using foa made according to the principles
of the clainmed invention are presented.” Although the sequence of steps
indicated in Exanple 1 and 15 Exanple 2 represent preferred enbodi ments of
the invention, the specific sequences described here are not necessarily
required in order to acconplish the objectives of the invention. Exanple
1: Combi neExa@mpie2) &arpkjne theyfatjoyingdn 168 at watey irgthevorder sligwi: TCO ADOGEN

A7T7TM (509 - Cati oni@&4hwid MC X 0
i sobutanol, 56.4 wt. ‘%84di étoﬂyrﬁgﬁggm%%?ut@%& %éhérﬁ@?@&%r‘% 12 - 14,
bl end of dodecanol /2& r wiifeoAdsonol IniKng (SR nwhdh t ysebiutatell 6624 wwt.%

JAGUAR 8000TM pol ymeg: X&ﬁ ﬁﬂ! o) r [ e i.d

adj ust %H to approxi Ir:'lml%etthl y egl I H'gérbg"éﬁ %tﬁgﬁgnig‘ﬁ'%%&aég%ﬁ{ﬂT&%%gfcﬁ'g

pol ynmer ) WO 02/ 0219fttyGl¢ddadO0/ 33255 42 Exanpl e 2: Conbine the foll ow ng
I I . 0, 0, -
Cati oni ¢ hydr ot rope. 920vés AGURBHRROLT poliseets Wetor sabPahaner 56. 4 ne . %
5 di et hyl enegl ycol mopo@kdchlorRidfd (to adiistpHtodaseRiRRdly 6.5 My rfe tdat ty
al cohol 0.2 w.% JAGUXR 8000TM pof ymer s‘;(thV\aétt er sol ubl eypol ymerég, ]
Hydrochl oric acid (tactgtestheppolypraippndxrauselthesmbture Nay aiaipy desised
activagge the pol yrrer#%gﬂuse the m xture to attain desired 10 viscosity

3 wm.% W TCO VAR QUA MC - Cationic_surfactant that may
3 wt.% WITCO VARIQUAT™ 80 MC — Cationic surfactant that may

solubilize the chemical agents
1.5 wt.% 1:1 Dodecanol and diethyleneglycoimonobutyl ether —
Helps stabilize the foam

15 2.0 wt.% Hydrogen peroxide
2.0 wt.% Sodium bicarbonate (NaHCOs3)- 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 a 25 cm” on a 25 cm? surface, i.e., 10 gim?
30 (regular printer paper and soda-lime glass surfaces were used) foam was applied



solubilize the chem cal agents 1.5 wt.% 1: 1 Dodecanol and

di et hyl enegl ycol nonobutyl ether - Helps stabilize the foam15 2.0 wt. %

Hydr ogen weppedige 2. 0 wt. % Sodi um bi carbonate (NaHCO3) - TheT/gavizgsn

peroxi de and sodi um bi carbonate together serve as a strong nucl eophile.
The follow ng summary of results and data is based on tests perfornmed 20
using standard sinmulants for CWagents. Due to the high toxicity of actual
(live) agents, sinmulants are selected {9 mmc both the chem cal and

physi cal properties of actual CWagents. For exanple, diphenyl

chl orophosphate is a liquid, sparingly soluble in water that is chemically
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to det er ni @&t LRBgMALEr plus @dgitives ta determine thepatalptic ‘Ffé%Qﬁ$ pkthe foam.
2. Results:

Diphenyl chlorophosphate. Figure 17 illustrates a comparison of
decontamination effects obtained using the foam of the present invention with
15 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 diphenyl 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
20  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
25 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

30 P-O cleavage occurred, as desired.



D phenyl chl orophosphate. Figure 17 illustrates a conparison of

decontam nation effects obtained using the foamof the present invention
with 15wese22192 obtai ned with the foam plus the peroxi dePOT/CasUE3RE €
additive and water plus the sane additive. The results depicted in Figure
17 are for the decontam nation of 25 ng of di phenyl chl orophosphate on 25
cn2 of regular printing paper (half-life of about 2 mnutes). The results
denonstrate that the additive in water4ks not effective, but synergistic
enhancement is noted with 20 additive in foam Simlar results are

obt ai ned on soda-line glass surfaces. Mal athion. Figure 18 shows a
conpari son or r@sfhlarsethlyl ethlybsuifide (hatemustead) Reliable surfaceptastiog with halfe f oam

of the inventi ' ter. Ox I 0. i B .
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this rather inert materia shown by NWR anal ysis data. io BWSi nul ants
1. Surf ace Breldlus mgthiacis. B&ei hadlerigwers gilturependgyptic Soy Agar slants for three

days. The bacteria were aseptically transferred to Endospore Agar (Nutrient Agar

15 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).

20 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 salt solution for 2 hours. The foam

25 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



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 threavodz9a92 The bacteria were aseptically transferreBCTOSERIRSpOr e
Agar (Nutrient Agar 15 supplenented with 0.002% Wnd 2. 4H20) sl ants and

I ncubated at 37 C for 17 - 20 days. The Schaeffer-Fulton staining
procedure (with nmalachite green) was enployed to verify sporulation had
occurred. Spore kill tests were conductf;\1 in both the foam solution (i.e.,
test tubes) and in the foanmed foam plus™ gl utaral dehyde (3% additive
(surface tests). 20 Surface test procedure: B. globigii spores were
suspended igpsgivebl dffer &30 hfsGle¥aioRtact Aime WA el feBkh, Ofs cHRRIE e P REHRE ON
was then deposited on frosted glass plates, air dried under aseptic

condi t i ons weiadlssxgarged ouband saptrm theeifastivenessdfithg éoamr 0.5 hours at 25C.
d ass surfaces r f : m and washed with a stirred
sterile salt so%t#%%t??@ﬁgmr%ﬁ/ﬁgé@wg lﬁ%g'r%g sol ution, wash solution, and
ori gi nal spore Vepewsialso sdemonstratedea eomptdte dillf (@-loB. kill)gbfdEivgna hepuicals by
pl ating on N t. ILnfuysion Agar at .10-10"7.serial dilutio

counti ng aﬁ?@&ﬁ%%r'g .tﬁﬁigﬁmts:?.]&ﬁ”g '&@n gé 'agbﬁt%ﬁ'sLrﬁﬁeexlpggmef‘%ﬁd'ﬁ?atﬁ%ed
fol I owi ng thiwePiHosedeseABEE abolBGoc ¥psel KIE Résts, exXcpt tindtt the baickdrial Bias

spores and survivors were WO 02/02192 PCT/USO /3323:2f 45 gbse\rm\é:ed af égr a
30 ni nut es GeBHERs: PN iNYRLIC SOy 3gRE ingieR o PlRNGIPAk JaHEIeBNTgar draurS

carried outyaRdiORGt 4atd MRS aldorjiIeRkiPbf ieba&ana f&lov@ﬁ%!é&‘:@%r@%t' ng
with Erwi na herbicola. W have al so denonstrated a conplete kill (7-1o0g
kill) of Ertie feanef thiecpiesenbiny@mom. 39368) in the foam solution within 15
m nutes,. The experinental nethod followed those described above for spore
kill tests, except that the bacteria was cultured on tryptic soy agar

i nst ead of Breaple BeProceddnesiooFospaPregeratiore 21 il lustrates that data

of the. precentt MevialeMe ofompRamyiiose! Bpleinf e i Ra bRl o Bt

alkyldimethammonium chlorides; Adogen 477 is a pentamethyltallow

alkyltrimethylenediammonium dichloride; and Jaguar 8000 is a Guar Gum, 2-
15 hydroxypropy! 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 wi H20 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 mls. Stir for 1 hour. The pH is lowered
to solubilize the polymér. % HCI: 53.5 ml HCI (37.4%) + 146.5 ml dH20



In the foll ow ng exanples, Variquat 80MC is a m xture of benzyl (Cl12-C16)
al kyl di met hammoni um chl ori des; Adogen 477 is a pentanethyitall ow

al kyl t ri me®hy/daaedi ammoni um di chl ori de; and Jaguar 8000 i BCHUSWA32BUM 2-
15 hydroxypropyl ether. 1. Pour 18 L of deionized H2O into | arge carboy
with largest stir bar available. 2. Add 691.2 g of Adogen 477 (Wtco)

[ hydrotrope]. Ri nse beaker used to weigh 477 w H20 from carboy, addi ng
rinses back to the carboy. 3. Add 360 g46?f Al cohol Mx 1 (36.4% i sobutanol ;
56. 4% DEGVBE; 7.3% 20 dodecanol). Note the pH and continue to neasure pH
t hroughout the procedure. 4. Add 36 g of Jaguar 8000 [water-sol uble

olymer]. Ad r
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drop by dropSini(ﬂmtthoum‘ 10% HCl. Adjust to pH=6.5; this only takes a few

B5s g A 2680 Larag BT Bl dieshlL 19 PoRHRE) SuBR RGeSt Gy
540 g of Varinwrdbudfeter] Wdﬁfdtép\msb]oveﬁbd\#\he’ur périogl. tStr forH @dditional tsar.
R nse the beaker used to we

\/, / | ,
addi ng ri nsedNatgdinal PH 1t feaﬁ%boPEeW%rgi/ uat%‘yv@rﬁsgr%\léé)"grfg; gg]%gz%ﬁ%%rr‘@g?/boy.
Stir for 2 h@yddecanol’is lﬁ%@@?t%rgaég the Qurfé&b téhsidpdaranel lamir WeibHayer

di et hyl enegl yco nmonobut yl et her. Add dropw se over a 1-hour peri od Stir
for 1 additi ®fathendomm. Nocwased abufateofteRiann PIOFUBESTaatels &AM sSEbUlY vent

for the,dode [ wgé?.plt JrTA R Tay= nsion win
t he Ia(r?n nar V%E?L%? ayﬁg@ﬂan&e{ﬁ% oamhhﬁﬁ@?%gﬁlgﬁjpﬁggeat'gnsr%sﬁ provi des
great er fo@mPsuslbthé solutiondntbesterage bottles! i qui d | ayer between the | ami nar
walls will not drain as fast. 8. 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
15 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.
2. Mix Adogen (76.8 g) and Alcohol Mix 1 (40.0 g); add to polymer solution.
Adjust pH to 6.5 with 10% HCIl. Cover and let stir > 1 hour. Note: Alcohol Mix
20 1 contains 36.4% isobutanol, 56.4% diethylene glycol monobutyl ether
(DEGMBE), and 7.3% dodecanol.
3. Add Variquat 80MC (60.0 g) and stir > ¥4 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
25 10% 1-tetradecanol.

Example 5. Field demonstration of foal 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

30 bacterial spores on common office materials. Six test panels (16" x 16”) were set



Exanpl e 4. Preparation of a 25% foam concentrate. 1. M x deioni zed water
(280 g) and Jaguar 8000 polyner (2.6 g). The polyner 15 should be added
caref ul | ywoowex19an approxi mately 5-10 mnute period, so PBCTR&®/IIRS5N0t
form However, if the polyner is added too slowy, it will begin to gel at
this ratio of polyner:water. Let the solution stir for 2 hours. 2. MX
Adogen (76.8 g) and Alcohol Mx 1 (40.0 g); add to polyner sol ution.

Adjust pHto 6.5 with 10% HCI. Cover and7let stir > 1 hour. Note: Al cohol
Mx 20 1 contains 36.4% i sobutanol, 56.4% diethylene glycol nonobutyl
ether (DEGVBE), and 7. 3% dodecanol. 3. Add Variquat 80MC (60.0 g) and stir
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appr oxi mat e ours, the test panels Y or es.
The tests \f\k-ﬁe eepriaminptedlinr gash B%Y S'P?)\M quﬁ%oﬁ% Lf‘f”oebﬁb@gﬁri for
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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 ml 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 mi
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 ml of sterile DI water and this
solution is plated 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



materials that were tested. 15 Exanple 6. Detoxification of spores. The
foll ow ng describes an experinent to denonstrate spore kill. 1 m of test
solutionw@opbdaerd in a sterile test tube to which 0.1 mnl POT/US0EISRESt | on oOf
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 mnutes. The 20 supernatent (liquid) is drawn off using aseptic
techniques to |l eave a pellet of sporessgn the bottom of the test tube.
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changes angdjmdifications of the invention to adapt it to various usages
and conditions.” Such changes and nodifications as woul d be obvious to




one skilled in the art are intended to be included within the scope of the
followng clainms. WO 02/02192 PCT/USOQO 33255 49 W claim 1. A

for nul at ivodot/e21921se in the neutralization of at |east onePCDY&N33255
conprising: 5 at least two solubilizing conpounds, wherein at |east one
solubilizing compound is a cationic surfactant and at |east one

sol ubilizing conpound is a cationic hydrotrope; and at |east one reactive
conpound, said reactive conpound selected from nucl eophilic and oxidi zi ng
conpounds, wherein said at |east two sol*dbilizing io conpounds and at

| east one reactive conpound, when m xed with water and exposed to at | east
one toxantwvgqmﬁﬁﬁlizes said at |east one toxant; and preferably wherein
said at |east one'toxant is selected frombiological toxants and chenica
toxants, nore preferably wherein said chem cal toxants are selected from

o- al kyl phosphonof | uqri dat o; al kyl . phophor am. docyanj dates, o 15 al kyl,
s-2-di al kyl am noet h% *%m&fﬁ%%&s%aﬁ%?m@%&?ﬁwﬁoﬁ @@ﬁﬁﬁ?&i%& xﬁ?tat ed
or prot onatRehpiing, 2- chl oroethyl chl oronmet hyl sul fide,

bi s(2-chl oroethyl )sul fide, bis(2-chloroethylthio)nethane,

1, 2- bi sf2- chl or @t Ipgst W) salukiling 1campeunds, wgrsiroét Heasth0eP- solgbiliziage,
1,4-bis 2-%}@' hl & Ri@)aiR- ﬁlfh =bi ~reh ;

| or oet h§/| t hi o) -d%ﬁge%t%%?b%@s% ch Jr%"e"tBﬁg?%&?%t %%W))Ilel%'ﬂgr?omb?%u(nf 5;03
chl or oet hylcetipoisthydroteapeeandLewi sit es, saxitoxin, ricin, alKkyl

phosphonyl di | U%gfng%%tn ﬁ% %¥£ct%088§\p§p§(ﬁssai8hﬁe%#j/\fe?fc:&ﬂmpgﬁﬂh%e‘fé&gﬁr\‘rom

amton, 1,1, 3, 3, af | uor o- 2- uor one ropene,

3- qui nucl i diucidopbidicz ahdtaxidinvghgompoapdis) nwhereil cdalidrat deastitwet sgilbilizing
met hyl phosphaonat e,, di a| kyl osphoranm di c_di hal j des, di.al kyl.
phosyhdPamtatunds e, A ledetcai e adive foshniid. it yRedivin aater and
qui nucl i di Rx@ogsd & at st dNd torahi Pelitrilized g2 af ledStsonediorhikty land

am noet han- 2-ol s, dial kyl ani noet hane-2- thiols, thiodiglycols, pinacolyl
al cohol s, phosgdheferabiuWRsgin: BRisk etideasiyens Jexpnt dyaslaeiedcfipdr Bislegica,

Do b o eSS Rpicd1BRNE! A bR o SORIRENS forgr o,
selected from o-alkyl phosphonofluoridates, o-alkyl phophoramidocyanidates, o-
15 alkyl, s-2-dialkyl aminoethyl alkylphosphonothiolates and corresponding alkylated
or protonated salts, 2-chloroethylchloromethylsulfide, bis(2-chloroethyl)sulfide,
bis(2-chloroethylthio)methane, 1,2-bis(2-chloroethyithio)ethane, 1,3-bis(2-
chloroethylthio)-n-propane, 1,4-bis(2-chloroethylthio)-n-butane, 1,5-bis(2-
chloroethylthio)-n-pentane, bis(2-chloroethylthiomethyl)ether, bis(2--
20 chloroethylthioethyl)ether, Lewisites, saxitoxin, ricin, alkyl phosphonyldifluoride,
alkyl phosphonites, chlorosarin, chlorosoman, amiton, 1,1,3,3,3,-pentafluoro-2-
(trifluoromethyl)-1-propene, 3-quinuclidinyl benzilate, methylphosphonyl
dichloride, dimethyl methylphosphonate, dialkyl phosphoramidic dihalides, dialkyl
phosphoramidates, arsenic trichloride, diphenyl hydroxyacetic acid, quinuclidin-3-
25 ol, dialkyl aminoethyl-2-chlorides, dialkyl aminoethan-2-ols, dialkyl aminoethane-2-
thiols, thiodiglycols, pinacolyl alcohols, phosgene, cyanogen chioride, hydrogen
cyanide, chloropicrin, phosphorous oxychloride, phosphorous trichloride,
phosphorus pentachloride, alkyl phosphites, sulfur monochloride, sulfur dichloride,
and thionyl chloride, and most preferably wherein said biological toxants are
30 selected from bacterial spores, vegetative bacterial cells, and viruses.



and thionyl chloride, and nost preferably wherein said biological toxants
are 30 selected from bacterial spores, vegetative bacterial cells, and

Vi ruses. woop@102192 PCT/ USOQ' 33255 50 2. The fornul ati orCDUS@/BLRFH 1
further conprising a water-soluble polynmer, with concentrati on between 0O
and approximately 10 percent of the aqueous fornulation, and preferably
wherein the water-soluble polyner is selected from pol yvinyl al cohol, guar
gum cationic polydiallyl dimethyl ammonjum5 chloride, non-ionic

pol ydi al I yl di net hyl ammoni um chl ori de, and pol yacrilam de, and preferably
further conprising a corrosion inhibitor, and nore preferably wherein the

corrosion inhibptor TheserAtiigtibrd e meidin¥ed higirinhet h@crmlbﬁm ea water-soluble
tri et hanol am ne, ethanol ani ne, salt

10 d Cl2 d d
di cycl ohexy© hangrnvith coneentratign ke %ﬁrbgg 2D a"ﬁ‘?‘%gx‘ ely. H&ﬁéerf’g:?ﬁﬁrégéon of
claim 2 furéqheaug%ﬁhu@.ea aarfcﬁtérhéfeﬁ*éﬁ?h%eréiﬁ”ﬂfe' wleafsombmﬂd%@r 58

carbon atons per nol ecul e, concentration between and appr oxi mat er

1 pelr cent celactrsl Homeamlyvinyratcohali guar gum Caﬁpélpé?%t‘ﬂ@"w @irmwéyl IOMONIUNng a
t
corpl oxds, ShISHERC v R IR B Gy EuinBHERT CARERR, S o aBRER AL o
ﬁelject ed f ramah E;eiem@@n fprtiherx icdmprisinga ahgdrosjen ipbibiter, dend more preferably
' L.koxi d
per oxymonoSEaRe thee BHReEN dABBIET  ncEear i EUb RSPt CihaRame

pref er abl y triéthahdlamins) Methaiioiamitrt saltgSof CHY romr amdlcm f diaciglaintixtures,
formulation to produce an . aqueous or nmul t| on capabl e of neutralization of

cheni cal ar?dFYGM]eéZfl rgine nitsite AN, N- ”5¥ gf¥&bly wherein the fornul ation
i's provjpded in a kit, and nore preferably wherein the kit conprises a

prem xeg conponent conprising the at 25 |l east two solubilizing agents, the
wat er - sol ubl e pd ymedhe fernulakon ft glaimcghsirtheingomprisingp éndaity caaehdt i ng

of the react e a in
et o1} SoeRSBATEE o 5614, R0 ot el S st
between 0 and approximately 1 percent of the aqueous formulation, and
preferably further comprising a catalyst, said catalyst selected from
15 iodosobenzoate and copper amine complexes.

4, The formulation of claim 1 wherein the reactive compound is
selected from hydrogen peroxide, urea hydrogen peroxide,
hydroperoxycarbonate, oximates, alkoxides, . aryloxides, aldehydes,

20 peroxymonosulfate, Fenton’s reagent, and sodium hypochlorite, and preferably
further comprising water as a carrier medium for said formulation to produce an
aqueous formulation capable of neutralization of chemical and biological
compounds, and preferably wherein the formulation is provided in a kit, and more
preferably wherein the kit comprises a premixed component comprising the at

25 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.



51 5. The fornulation of claim4 wherein the fornmulation is at a pH of

bet ween approximately 8 and approxi mately 11, and preferably wherein the
formul at ivemor/e219t a pH of approximately 9, and optional | yPef@s@/as2ishe
formulation is wused for decontam nation. 5 6. The fornulation of claim4
wherein the fornulation is in a phase selected froma foam a fog, a gel,
an aerosol, and a liquid, and optionally wherein the fornulation is used
as a disinfectant, and preferably wherei;p the foamhas an expansion ratio
of between approximately 20 and 125, angl preferably wherein 1o greater than
99.99% of B. globigii spores are killed within approximtely one hour

after exposure 50 thenéoorLRLIOALf Adith AOWRCRISTtRE FBIMUIMDEH 64 rat O @R ©F than
99. 9999% of B. globigii spores are killed fgthl n ;mgrom mat el y one hour

after expBstvees eRRrPUTAAILS aNd aRarqureatehatly Ak mEpierabis whemebnites
hydr ot 1 0P rdrfhuitRiE R @ JH BMLbECAARABK Y, RETEUOHENPLABHEAS thd forAGRkish igret hy!

amoni um 1s rom de, cﬁtet rabutyl armmoni um brom de, concentration
bet ween appemfarmcengarmnahqmd apprOX| mately 10 percent of t he agueous
formulation. 7. The formulation of claim1l wherein the cationic surfactant
is a quaternary ammoniumsalt, with concentrati on between approxinmately
0.1to 20 appraxi rra‘l’laéyfoihﬁulaﬁbglﬂf glairc dnivhefeirt hbedqumaiaﬁorh@smmlaiphase and

preferably t he uat e r nmoni um sa from .
R I B A Y T e AR T P e g et A
chloride, g b}éﬂﬁh' i§ us@Haéseé Ainfe SBAD AhadrefetablWHE P28 20am has an
PCT/ US00/ 33255 52 8. A fornulation for use in neutralization of chem cal

toxants, E¥PRISieN Iﬁ@t.*o &F hedwsen rappredmataly i28) agd ceRp AndderefemblewWherin| east
SQFUE.O: |le3: hg@g%gﬁ%?%%dof B. @gtﬁllﬁg'g,lﬁgﬂe%yaz@%l%@ﬁﬁln%r@itmEanQ%ur
after exposure to the formulat:on and more preferably wherein greater than
99.9999% of B. globigii spores are killed within approximately one hour after
expose to the formulation, and preferably wherein the cationic hydrotrope is
selected from tetrapentyl ammonium bromide, triacetyl methyl ammonium
15 bromide, and tetrabutyl ammonium bromide, with concentration between

approximately 0.1 and approximately 10 percent of the aqueous formulation.

7. The formulation of claim 1 wherein the cationic surfactant is a

quaternary ammonium salt, with concentration between approximately 01 to

20 approximately 10 weight percent of the aqueous formulation, and preferably

wherein the quaternary ammonium salt is selected from cetyltrimethyl ammonium

bromide, benzalkonium chloride, benzethonium chloride, and polymeric
quaternary compounds.

25



a water-soluble polynmer; at |east one reactive conpound said reactive
conpound sel ected from nucleophilic and oxidizing conpounds, and; water in
a fluidi ov@hzasaImherein said at | east two sol ubilizing cor@gDUREE32350 and at
| east one reactive conpounds, when mxed with said water in a fluidic

phase yields a fornulation that neutralizes chem cal toxants; and
preferably wherein the forrmulation is a foam and preferably wherein the
cationic surfactant is a quaternary a fumsalt, wth concentration

bet ween approximately 0.1 to approxing?g$y 10 wei ght percent 15 of the
aqueous formul ation, the cationic hydrotrope is selected fromtetrapentyl

amroni um brom dg, tf{o‘a%w&laﬁ@{ i REEOR, URLGEAYatlEn B dchdthical Uokhnts,
anmoni um broni dé, w th concentration between approximately 0.1 and
appr oxi mat ebypfi€inger cent of the aqueous formul ation, and the water-sol uble

polymer is sele r [RYAVAN I Q”?e.r u I Qo wdial |yl
di met hyl 20 am%tﬁ%?étcﬁ%%%@jm%-@o %2"%881 y |z£?ﬁyg{ é‘?%ét ﬁ@% Cs%wt% g
g hi Frl de, | eompopnd iaca ichtionid surfactant @ndustateash ohersalidslidimg meotpoaindzista on  of
i ol ogi cal toxants conprising: 25 at |east one solubilizing conpound,

sel ect e fFBtr'ﬁ'Hci‘é{yf%rrﬂp@'surfact ant, a cationic hydrotrope, or a fatty

al'cohol ; and at gl\get-seRBld SRghere compound, wherein said at |east one
reactive conpound is an oxidlzer selected_ from hydrogen roxi de, urea
hydrogen per oxRtideastneneyaadiyer SXPRAYM rﬁéﬂ%;re%ﬂﬂ’%m’g%‘l" Asigeted fram,
conpri sing i 6 carbon WD 02/ 02192

PCT/ US00/ 399@'&613&@@%Igfjméiﬂgﬂgsﬁﬁgﬁgcrjéb y 'wherein greater than 99.99% of B.
gl obi gii spor eswater i alfleiic phase wheppinsdideat deast dwe sadubilizing compaspdare t o

e LByl 5Bed e dgEn ool G5 AUUCHR SRS 8t4dc o

phase vyields a formulation that neutralizes chemical toxants; and
preferably wherein the formulatioh is a foam; and

preferably wherein the cationic surfactant is a quaternary ammonium salt,

with concentration between approximately 0.1 to approximately 10 weight percent

15 of the aqueous formulation, the cationic hydrotrope is selected from tetrapentyl
ammonium bromide, triacetyl methyl ammonium bromide, and tetrabutyl
ammonium bromide, with concentration between approximately 0.1 and
approximately 10 percent of the aqueous formulation, and the water-soluble
polymer is selected from polyvinyl alcohol, guar gum, cationic polydiallyl dimethyl

20 ammonium chloride, non-ionic polydiallyl dimethyl ammonium chioride, and

polyacrilamide.

9 A formulation for use in neutralization of biological toxants,
comprising: y
25 at least one solubilizing compound, selected from a cationic surfactant, a
cationic hydrotrope, or a fatty alcohol; and
at least one reactive compound, wherein said at least one reactive
compound is an oxidizer selected from hydrogen peroxide, urea hydrogen
peroxide, and hydroperoxycarbonate; and '
30 preferably further comprising an alcohol having between 2 and 6 carbon



solubilizing a cationic hydrotrope, at |east one short-chain al cohol
conpound, and a water-soluble polyner in water; adding a cationic
surfactawQ oaemd9d0 addi ng at | east one fatty al cohol conmpPONESOMEA3ASS
preferably wherein a reactive conpound is added, said reactive conmpound
sel ected from hydrogen peroxi de, urea hydrogen peroxide,

hydr oper oxycar bonat e, oxi mates, al koxi des, aryl oxi des, al dehydes,

per oxynonosul fate, Fenton's reagent , and sodi um hypochlorite; and 15
preferably wherein the concentration of 3 he cationic hydrotrope i s between
approximately 0.1 to approximately 10 weight % the concentration of the

cationic %Flgéﬁgc%rﬂpt I s between approxinmately 0.1 to approximately 10
wei ght % ‘concentration of the at | east one short-chain al cohol

conpound is bet pesfarably wheagipr greatert thap 29.86glof B4 gibbigiicsparestarat kided of
concent r at PURTLRORREIAISY S s aren epburESRBTS B iedn 0 1o
approximately 1 weight % and the concentration of the reactive conpound
'S bet vvseen appr ?6‘ natAerlr\gth%dlofthaI%RBra%xég&toeulsyfo%r?w f\g?riwggttio% for neutralization
of at least one toxant, comprising the steps of:
solubilizing a cationic hydrotrope, at least one short-chain alcohol
compound, and a water-soluble polymer in water;
adding a cationic surfactant; and
10 adding at least one fatty alcohol compound; and
preferably wherein a reactive compound is added, said reactive compound
selected from hydrogen peroxide, urea hydrogen peroxide,
hydroperoxycarbonate, oximates, alkoxides, aryloxides, aldehydes,
peroxymonosulfate, Fenton's reagent , and sodium hypochlorite; and
15 preferably wherein the concentration of the cationic hydrotrope is between
approximately 0.1 to approximately 10 weight %, the concentration of the cationic
surfactant is between approximately 0.1 to approximately 10 weight %, the
concentration of the at least one short-chain alcohol compound is between 0 to
approximately 4 weight %, the concentration of the water-soluble polymer is O to
20 approximately 10 weight %, the concentration of the at least one fatty alcohol is
between 0 to approximately 1 weight %, and the concentration of the reactive

compound is between approximately 0.1 to approximately 10 weight %.



