;e3eEXTEUtv!6:!'T! 1 30 July 2003 1 "BROAD SPECTRUM DECONTAM NATI ON
FORMULATI ON 2 AND METHOD OF USE" 3 4 FIELD OF THE | NVENTION 5 The present

i nvention rel at eslmﬂﬂﬂummﬂmnmn]nat ion fornmul ations and 6 nore particularly
to fornul ations f ating suyfaces and/or materi 7

eontam nated w th chegig@l and/ or bi oﬂ)gi cal warfare agent ?Oz‘rjlléllyo%ocr)\acl ear
8 radioactive particles. 9 10 BACKGROUND OF THE | NVENTI ON 11 Chem cal (CW
and bi ol agi cal (BWBROGARSPEQIRUM DECONTAMINATIONCE ORVBLATION are beconing
an increasingly inportant part aNpDIgEHED\@®RUSErYy. 13 Further, radioactive
fallout gr dusts have al so been of concern, since nuclear 14 devices have
been addgd to mlitary arsenal gD OFTHREGNYENTIONI oactive Particles 17

Nucl ear or radioactive particles pose a significant threat to 18 personnel

due to the effects of Therjrademd imadtion riates o deddhtairiiation bisulbfidrd dhd
rel ease 19 of radiation froma nucl ear device and radi ati on caused by

eni ssi ongf r GRYROpABEREHRKS FRIFIoREEr BESHIEMINAINPRGHAMR 25d/8r hiztatdis Of the
initial detonation, 21 1nhalation of radioactive dusts or particulate

matter can Ic%afiarﬁmagdgwithia?é?ﬁic#aﬁ'd’/ap%ﬁaoéléalcf&ﬁkféﬂe_t nts OR%0/8f nekiebPe

h§e
attack. As wth BWagents, secondary 23 aero0so |zat|o§ poses an
ever - pregent. L %Iey?é}ﬂ ggsults in the need to wear 24 protective masks for
extended%perrlata)lé| of |rr%|.§'25 12345678910 11 12 13 14 15 1fi 17
18 19 20421 22 23 24 25 26 27 28 29 30 31 32 30 July 2003

10 BACKGROUND OF THE INVENTION

11 Chemical (CW) and biological (BW) warfare agents (collectively CB
12 agents) are becoming an increasingly important part of defence weaponry.
13  Further, radioactive fallout or dusts have also been of concern, since nuclear
14  devices have been added to military arsenals.

15

16  Nuclear/Radioactive Particles

17 Nuclear or radioactive particles pose a significant threat to
18 personnel due to the effects of ionizing radiation. In addition to the initial release
19 of radiation from a nuclear device and radiation caused by emission from
20 materials which have become radioactive as a resuit of the initial detonation,
21 inhalation of radioactive dusts or particulate matter can lead to significant
22 numbers of caéualties long after the aftack. As with BW agents, secondary
23 aerosolization poses an ever-present threat and results in the need to wear
24  protective masks for extended pericds of time.

25
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Bi ol ogi cal Warfare | BW Agents BWagents are characterized as

m croor gani sns i ncludi ng bacteria, viruses and fungi. They are particul ate
in nature and present a significant hazard long after an attack through
formati on of secondary aerosols which are inhaled. Unlike ‘BW%S may
not result in imediate effects. A |l apse of hours, days or weeksS'nay occur
before the full extent of their effects becone apparent. In the case of

certai n BW aBidical WarearanBhW)agengpor e producti on ensures that the BW agent
can remain in the environnent for years while retaining biological

activity.p Wil e BW ageswsagenis &€ drandhiérizet &ISMREbI§ MR As HIGASE bhbBMa ar e
often nerely repositioned 1 n the underlying environnment and renmain

hazar douss i f;fjsek 4nB&dngiCrRe} 6@ &VMﬂétﬁlﬁfeQn%uré%Btp?eﬂ?f& %esig@hébﬁtm%rdof

persi stent and sem - perSi st ent agents exist. They are veésicants and two
paent Act cnynEaD R adReT oh e SR e BRIl et BE TR e
T

N Car T VORI e Sefi T el A Ao e R cous
ohosphorol ¢ ntRarre” epudh el SRsfis fie et paSENSuRIBo dhebiipnat e

Chom stryb acobt GARBDFRLROPBLE D SRURSRER AR VeRReorindPrltnd Se0ied: on
acet vl chd | reRbEY-addecHY SR meg R ety tpmbyed pBE e <Uhne eveare ofea

por cui anbus R BBPUICTesN I SAAGEHIEE 7 TOAMST FOp orBAD  eAsaraais, 1
persistent, 6 and very toxic by the percutaneous route. 7 The threat of the
use of CH ag@®stuebethd nucl ear devices has 8 pronpted the need to devel op

protective and decontam nati on neasures for 9 personnel and mlitary
har dwar €l2 10

13  Chemical Warfare (CVW) agents

14 Three main types of persistent and semi-persistent CW agents

15 exist. They are vesicants and two families of nerve gases, V and G, as outlined in

16 Table .

17 Table |

18

19 Family Agent Acronym Formula

20 Vesicants  Sulfur Mustard HD C1 CH2CH3S CH2CH,CI

21 Nitrogen Mustard HN-1 (CH2CHZCl)2NCaHs

22 Nitrogen Mustard HN-2 {CHCH2CN2NCH3

23 Nitrogen Mustard HN-3 N(CH2CHaCl)s

24 Lewisite L CICH=CHAsCl

25 G Tabun GA CsH11N202P

26 Sarin GB CaH1oFO2P

27 Soman GD CrHisFOP

28 Y VX CH3CH20-P(O)(CHa)-SCHCHaN(C3H7);
29 Vesicants act as blistering agents that attack skin and mucous

30 membranes and are lethal at high doses.
31 The V agents are in the phosphorylthiocholine class of compounds,
32 while the G agents are phosphonofluoridates. Both share the same reaction

2



11 Decontam nation - Radioactive Particles 12 As radi oactive particles are
Aucl ear in origin, decontam nation cannot 13 deactivate the radi oactive
hazard. However, the renoval of the particulate matter 14 from equi pnent
can significantly reduce aerosolization potential and the sg&pg& %g Qé t he
radi oactive hazard to clean areas. Generally, renoval of the™ v % te 16
matter requires the encapsul ation of the particles and subsequent renoval

of the 17 en ; i i a ination
o B agent o R Hiry S orUBAGHoRbnOATLERH BRI Bectiiiidsn fERve adbrRESNLERIEC on

as 20 masks, céﬂtféﬁ] ergéfb&?s $Ybtetn %E/Crea%gg W e gﬂE%nQeJc%Mﬁ-{ogﬁé‘%tgﬁat&e to

cont am nati on. sone’'cases; where tine and €nviron I'trons

o stur oy HEET ROy 4 RO PRSI B R R et 0. standard.
di sinfectants can be v(g_ra\éﬁﬁ{sf eHd Y& &4ﬁgm_gglgglgt any %%Sb%ﬁﬂ\?\gl?g&ﬂsﬁlﬂos t he

use of hypochlorites or orine gas 1 t reat nent lies,

fo verl Tyt neSiehrBep acleigh Ml EaBHT A b Rlvels o e, B Bular
cont am naii on. are, easy to apply and renove, and

| t 'rsthould ﬁe eas?/ to ﬁre
3 renain 3t aBMEVEYIOXIE LY SRS BPEUANSEVREWY tine after preparation. It is
highly 4 irable th it ad t d t tical f f
SUti bi et periods of MewhEar OF g ae GELh RS ANGnnuHEaE derises has

detoxification, yet pe easy to renove 6 hy evaporation or by rinsing. If
used in c%nbprﬁaiq){%% thetmeed &, deyelpr mrotachye 'P”aeg?ﬁﬂ”é?ﬂ'“ﬁa{"?'bﬁnﬁﬁ“ﬁ%ﬁ g‘?"l on
shoul d not conpromse the integrity of the foam It 8 should be of |ow

t oxi ci ty,9 beP¥EROTE ARAeBliterahyrdWale a | ow i npact on the 9 environment in
order that training can be realistically and frequently perforned. 10
Preferabl, the formulation should be based in nmedia capabl e of

sol ubi l i zing and 11 supporting detoxification of the sparingly soluble CW
agents ahtl sBeecentaminatignaRedigactve,Padicles pol yneric thickeners in which the
CWagent may reside. Oten, these 13 thickeners have high adherence to
surfacestaind ar e Amrradigattivec phatticles awenpuedeanim ofigin, hdecagtamisation gaamotf or m
Wher e possi bl e, the decontam nant should be in a 15 concentrated form for
m xi ng wi3 h deadtivaterthetradipastivethazbes. doweyat, thenremaelal of thelartieuateenatter

| ogi stical |oads on transport and storage and should be readily m xed. For
17 econotd c fremsamipmentstarukignifieartlyrnedlica adrosplization mutentids anthdbe apeadeadi | y
18 available in large quantities and be stable in storage for |ong periods
of tine.189 o¢fdthel tadjodctiee madam foocledn landaso rGertenailyd rémovalt &fr therpastiauateer as,
in nost cases, it is 20 readily available on site and is non-toxic. 21
Prior art6 demattearsquaes tive éacapsliation obthespestidciekand advseouegerenioviahef the f act
that CWagents can generally be oxidized or hydrolyzed, dependent upon 23
their sttuct eicapstlatacematdrial fromasutpeent sprfacksct S. Many BW agents are
readily 24 decontam nated by those sanme active ingredients, such as

hypochl o18 t eDasshtafminatidho®WIiAgenarti cl es are encapsul ated by the
surfactants utl [1zed to cause the 5 30 July 2003 1 formulations to adhere
to vertipml surfaces andh@licass emevedgand, getsehgidprdticting equipment such as

20 masks, protective suits etc. are the primary defence against contamination. in
21 some cases, where time and environmental conditions exist, natural weathering
22  such as exposure to sunshine, heat and moisture may destroy the BW agent.

23 For many BW agents, standard disinfectants can be very effective
24 as decontaminants. An example is the use of hypochlorites or chlorine gas in the

25 treatment of water supplies, swimming pools and in sanitizing food preparation
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2 the renoval of the formulation, generally by washing. 3 In the case of V
agents) nustards and biol ogi cal warfare agents, 4 oxidation has been nost
successful . Various reactants such as hypochlorites, 5 perrranganat es,
N-chloro and N-bronp conpounds, ozonizing conpounds and 6 p ?mgeg)@gve
been used. 7 G agents are not easily oxidized, therefore hy iS 1S
normally 8 utilized to address this famly of agents. Although hydrol ysi s

can be effecféae twelmfﬁ thel efetfleneb S & tﬁusaedaatanﬂn%mbr 98 (bedter Rsidugy can
be hydrolyzed. Hydrolysis can 10 be acconplished using hydroxides or

hypochl orj t esqagkiiffiods Catlly He eé’d]ﬂtobbrépjaré"’aé&ry, to%%ﬁ? Md Rerhbée 2l tion

of netal salts to catalyze the reaction. Hydrolysis 12 utilizing énzynes

such as of 0apaPhASABIUToR LRI IR fﬁshéﬁ e Ytbptarid® & g, | arge

scal e broad spectrum econtam nants afe not yet ava e using IS

appr oach. 4 15 MR SO it %h@kéw é‘ﬁcFHE‘é}tve‘Ft?c’él Q@rféb%@%rt &fﬂ@&ﬂ”ﬁ&l’é‘dga&f%{bﬂ Ve

and 16 veS|cant agents. nce 1t 1nvolves repl acenent one group wth

anot her Iessc%?ag%@ 430G, bRl QRS ShaerhelRbh et cBUrPlbR ar e

not necessari r 0 be e ective 1 on

epl acensht ChavERer dr's BrofhdfE Est T B %“S“R'éﬁ%o%uénﬁ s
Fi st dechnt draaRT B suRilaten sty Bads fﬁ%‘%ﬂﬁ% Eﬁﬁ”@%ﬁﬂ% PR 1 cer

d , t . h t tQ | t
or oduct s i SheY ‘fa?‘%‘i o5 108 GRE- ﬁ?ﬁﬁ‘?\-ﬁn‘?‘rﬁﬁ&??ve 25814 (o o hath 95 o)

|nterfaceW|th|nafwmnutSV|aV| ous tion ndellmnt|0n6
30 July 03 MRERAT G SrIaTE, R AInG o8, e B VAT, GOy RETRET Y
chlorine content in 2 bleach decreas r adual w th storage tine, hence
an exces anBlaieragly. e imutation SH@%‘QZ&? g%ﬁedt'ﬂé“ 2 GapIRIR 0615%@8%'”89@5& S.

addltlon%a its alkalinity can be 4 corrosive to netal surfaces.

effectiv hes§U9F§ﬂ'W9ﬁ?@d'f'9@i'qf’e9f6W §garny sQlubiedriVoagants ae%§olu§|“ﬁee and j s
not effective in renoving agents that have already penetrated 6 into

pai nts. 2 FoPe@ing RaMMeke hkeppBaBvEEh edeVORISIITRIESIdanOas. Aiesp &

i ntroduced Decontani nation Solution 2 (DS2), which is a w de-spectrum
ready9 t b3 usthickeners havel igh adieerevee tnsurtasphnd areimosm difiinulidn rempye thag

| ong-term stability 10 over an extended range of tenperature of -2GC to
52C. Thi %4 pother agents dgueealsfomm. Where doassibi sthe, dagpnigenigant, shauld 0w in a

di et hyl enetri am ne, 28% et hyl ene gl ycol 12 nononethyl ether and 20 sodi um
hydr oxi d&6 Acoraeirated farmp far amixing, with watectas atBenvsuitakdenydiloent re ordlar toX, GA
or GB agents wthin a | aw seconds. Typically, DS2 is 14 prem xed and stored
in 1. 3gt 18 ansdusedegistmal loads$ en dadsyert and steragenandsshoulsl hdpreaddy mixask FKores
have drawbacks. It is a highly aggressive 16 chem cal solution that is

t oxi ¢ antl7 f | acoradmhie. rebsomaitagesulg denforrpilzed ifosn cooigwendd thandrd eeadigr
materials and, in use, leads to rapid corrosion and oxidation of sone 18
netal s. 18 needilable iskadge uantiiepram kedtdhe im stdragd farolbeg ericdgi ofttineal
transport 19 problem DS2 is corrosive to the skin, requiring personnel
handl i ng1$t tdzaipahe Aedizfpidiatior shauld be ewatershisebwatennd, inheostawalsky, it is
protective gloves to avoid skin 21 contact. Ethylene glycol nononethyl

et her hasQ bemdﬂylgoaiiafbiga@h gite ed Rhdnatgkie. t o 22 personnel . 23 Anot her

popul ar decontam nant is the German Emul sion (C8) 24 system This system

consi stsz4 by wei ght, afnof &G detioptamir@ibroriBllaeschdud takén advantadé anineni c
surfactant and 8% hi gh-test-hypochiorite (HTH). Many of the benefits 7

22 fact that CW agents can generally be oxidized or hydrolyzed, dependent upon
23 their structure, to result in non-toxic products. Many BW agents are readily
24 decontaminated by those same active ingredients, such as hypochlorite and

25 radioactive particles are encapsulated by the surfactants utilized to cause the

5



30 July 2003 1 of this systemare attributed to the perchl oroethyl ene

eonti nuous phase. C8 is of 2 low corrosivity despite the high pH of the
aqueous phase. It is effective in 3 dissolving thickeners and can penetrate
paint and react with the enbedded 4 agents, w thout danaging%}gglpﬁégé, It
I"'s viscous enough to provide a thin and 5 coherent filmon the SUrfacd to
allow sufficient tinme for reaction with the agents 6 C8 has severa

drawbacksq | ofiadtdiR (& X@ibré 96 vBRIchPS ks Whdt SredidmbvBaWndPEIREd bRriHge t O
generate the enul sion. Even then, it is possible that no 8 enulsion w |l

form Perghl %@Pérﬂwaﬁeaﬁtmgrrﬁmaﬁréﬂ,Ig)éna@ﬂ?b'y%@mnbi ed by the 9 Canadian and
ot her governnents as being environnental ly unacceptable and its 10

productiof and use has|baencsleScoyr Aeek, mititariseiidBloi@ia] aitdo letely
11 phase out its product ?ﬁc Renoval™ of the perchloroethylene fromthe 12

decont an RankMAHLA HeRNBENn hiod REBREINE JhraR Hidcldrtd Bdch sCHaRAIARRN! S

and 13 dissolving highly in ubl e agents. The surfactant designed'to

avai | ablefr S ot AiebloRd aha G8RHE Bkl A oo g g
di sconti nyed i% . és%é{}étée‘i’é}nfsje@. Clearly, given the drawbacks of the

exi sting ec&f nat1 on orimul ations, it is necessary to develop a
formulatign that is stable

nan- i.c.to J r . the
envi ronnment, of |ow co r-%%efr\;? ta{/e tngfleé%xiyl 9)é§5§‘g’i %gfg? gJebﬁ\énagaFy%é 'gprbocf?qlau% of
CW agents,_, BW.agents nd, . optionall ragi.oactiyv articulate 20 matter,
prepared 8n é‘it'ﬁ%ecﬁ? %P@ﬁ%‘fs%ﬁﬂf‘&'mﬁ aéﬁﬁt 'ogf “%‘@hﬁlﬁ(ﬁi"gﬁdﬁ Eﬁ%hﬁle eBtfveZ"_’('Ith
coating surfaces, including vertical surfaces, for a mni f 30 mnutes
2 22 out Pi neRsirdRuehey mus! pe i solbfion Petormineyican de MereVaste Eydigvsim gan
formul ation does not rely 24 solely on the active ingredient, but rather
with its18vebs ACOBIRISERE iUsiNg bﬂﬂrg%'de%@f?up9cfﬂ®régsla UpARRsatelystrignd by
| NVENTI ON 2 A decontam nation fornulation is provided which is effective
agai nst 31a nyater oftsa withutheoprdditirmpt Bietal falts it calFvesl thadpaetion. Ltydralysis
including those with 4 persistent spore productjon. Further, it is capable
of encapdédl atutiigngangymas sueh SsrdarrpbosRrorya aeid anhydeaserhas peanstiudied,
efficient renoval by scrubbing and/or rinsing. 6 In a sinplified aspect of
the presddt ialthevgh laige spaledsearhsreatival feepnamBARS aleineh Yebayailablesusing
synergi stic conbination of an active decontam nation 8 agent, a co-sol vent
pr ef er ablly urbisapetedshe by decontami nation nonitoring 9 equi pment which
aids in solubilization of relatively insoluble chem cal warfare 10 agents
and thi cléned agents, bublebphitic digplacement et bertisas tordeconiaminateneas anch pH
11 above 8.5 and nore preferably in the range of 10 to 11 for favoring
oxi dat i on6of veRicet agehtbiDSancd ihyroobiey seplacémentagfeans greupd with rarlotiyerdess
surfactant to aid in 13 encapsul ation of particulate matter and fornation
of a rel 1@l eactivanors, thei boyoesdes lmiibdkidatonz andhieydralgsiat e, nbhenevesdariy ant
enabl es foam ng of the fornmulation for 15 coating of surfaces including
adher ence gt o enaloyszhl Iisunfaeeceso Béi effectve| ng fenmbfatohahltidzihgr neckbphifient
time to ensure effective contact and decontam nation. The 17 fornul ati on of
the presegt idigsadantentirsust@rovide stoichdometejo eepiacereehtispesied fohell of thelGWof
gray or seawater does not significantly affect its activity. 19 By varying
the concent r aigedts @f magteéntduntegr tdiseaddingiitd hthe Ibbieti) bad rofl tedrisport and ami |y
of formulations result which are capable of responding to 21 different
hazar dou1si tgggdagens. For rapi d decontami nation of surfaces, thin layers 22
of foam may be sufficient, but strong active ingredient fornulations are

required223 On the ot R&{ond@néd first Bb&dhtatiMah@rignbeuil qvay ReadogeWdst aa0
effective blast 24 suppresSant. H gh contam nation is best handled wth

strong acly Vsl AGH&H ?é%%fgﬁebl%re, ofddsRIA® pRethahdimatd adleacts [daHCldert el

i nportant property tor blast~suppression,
24 agents into inert products at the liquid (Bleach solution) or liquid-solid (bleach

25 powder) interface within a few minutes via vigorous oxidation and elimination

6



9 30 July 2003 1 can be sonmewhat conprom sed by high amunts of added
_ingredients, such as 2 decontam nants. At reduced anounts of active
decontam nant, the foams 3 structure renmains unaltered, allowing it to be
used for blast suppression, yet 4 retain decontam nation aBOlJulyeQ03
.Further, reducing active decontam nant and 5 buffer strength may al so

result i ra§$cg rqQsivit i nol in.a brpad aspect of the
prese?lt ip%ascgf?{‘lgbn, erreqﬁéy% %(? ocgic’%eg égé%gn ?‘(/‘eo?CtB’&Sﬁ%é'Han%tem in
formulations. c rising: - fromabout.1 %to about 15% by wei ght and
pref e abRﬁEiCPdﬁ% e%mgraéi@@{'bwéﬁgcﬁﬁ@fa@%tweﬁ NRGgnan @%C@sw@p@ﬂédfg bleach

chl oroi socyanuric acid; 11 - fromabout 1 %to about 10% and preferably
from 3boig NBesied foo theouxidatios Ipf scoheragents.alrcaddiionerits aidatinitye dahr ben t he
13 group consisting of polypropyl ene glycols, polyethylene 14 glycols, and

deri vat i cesoaivd toi etal esurfdeesens effebtiverigsensabeitdd to Yemeva Oé’%er%%&ﬁd
preferably fromabout 1 16 to about 10% by volune of a surfactant; 17 - a

buffeg s ih Al i i i hoh i about
8.5 10 i ot YA Aig oY e e T e S My T B el SRR
fron1ﬁbouH 10.t,0 about 11; and 20 - the bal ance being water. 21 Preferably,
the c IoH%Péﬁ@Vﬁnuric acid is selected fromthe group 22 consisting of an
al kali metal of nonochl oroi socyanuric acid and 23 di chl oroi socyanuric acid
such &s sodi um di chicdpvinrgdhanigeacé bleach @Eschl decortenyaanir ithe ddSdAemy a
conbi nation thereof with cyanuric acid. The 10 30 July 2003 1 fornul ation

may addi tinteodldey! DeopitasenatidrnSottibppd¢DEQY, whichds enbadg-epédteurCraadyty 2 of
t he di chl oroi socyanuric acid salt. 3 In one preferred enbodi ment of 'the

i nvengi onga., ke . ) ol f -
R (OO RS STenImEen fSLugRlic BaBoMamIEARTEng! BhHsfn stabily

n
10  over an extended range of temperature of -26°C to 52°C. This polar non-aqueous

11 liquid consists, by weight, of 70% diethylenetriamine, 28% ethylene glycol
12 monomethy! ether and 2% sodium hydroxide, At ambient temperature, it reacts
13 with any of the HD, VX, GA or GB agents within a few seconds. Typically, DS2 is
14  premixed and stored in 1.3qt cans, 5-gallon pails and 14-L containers.

15 However, DS2 does have drawbacks. It is a highly aggressive
16  chemical solution that is toxic and flammable. It damages paint, plastics, rubber
17 and leather materials and, in use, leads to rapid corrosion and oxidation of some
18 metals. It must be used in its premixed form, which poses a logistical transport
19  problem. DS2 is corrosive to the skin, requiring personnel handling it to wear
20 respirators with eye shields and chemically protective gloves to avoid skin
21 contact. Ethylene glycol monomethyl ether has been identified as being toxic to
22 personnel.

23 Another popular decontaminant 1s the German Emulsion (C8)
24  system. This system consists, by weight, of 76% water, 15% perchloroethylene,

25 1% anionic surfactant and 8% high-test-hypochiorite (HTH). Many of the benefits
7



5 independently H, an alkyl, or an ester group and n>1 or alternately, a
.partially 6 etherified pol ypropyl ene glycol where one of R or R2 is

i ndependently H, or an 7 al kyl group and n>1. In both cases the al kyl group
may consist of a methyl, ethyl, 8 propyl, butyl or a m xtur tpg&g@k) Use
of certain higher nDIecuIar melght co 9 solvents avoi ds subsequent false
positive detection of the co-solvent as residual 10 contam nant by sone
moni tori mg ef tuppsterl areParirtebioythe tpgeecivrobthylehesdomtiniousp gk el 1B is of
decontam nation 12 formulation is a dual conponent inorganic buffer mxture
of sodi um t v aiiﬁto%t\@l&eétﬁ@amédh@he plNGE BiRNBEIEBLE PRESSI MK Al FRRELE in

adj usted to an initial pHof from14 about 10 to about 11 using sodium

hydr oxi dg og)ssBRArARkkenhers AHAU BaATRIsRSirhieC phifit BAadPRIACE WG ateeemto@d@ee

sui tabl e surfactant consists of a conposition of the fornula

[ R(OCH?Cyiz) 5 ﬁM’wuffY@ﬁf @aﬁa?ﬁtgatﬂeadéﬁw 1195 Q)rb‘?:ot]@‘é‘nﬂggﬁ rt@rpr@t.@éﬂa fth sh&ht een

18 carbon at ns; Is an integer fromO to 10; I s sel ectedfromt e group
of S03z_g 1%o§9fl=%t f.nn%ﬁ%he cBQG%TIow%H:%teﬁPtnﬁle‘f@r‘r‘ea@%rf"\jvm? earth
metal , amoni um or am ne derivative; a is the valence is the

val ence gf [R( O(:I—lZCI-lZF@)ﬂas?s'bv@Fal @rd%ﬁ‘atc% QF]H‘U'?,{ 6 "‘gdz fol'?r EF'%M% m X al\/e

sur f act ant consists of a conposition o e fornu

where R bs BRIt} (97D UM AL, (e ol o502 oGUBWEETS

s an integer t03 omt egroupo SO4-

Q032- ang P%‘rln?’uI&on Wil %'rn‘t"l éhkﬂgétﬁ&'mngl hg‘é 'l%geﬁ:t@r tb%eﬂe c%lnnfleadﬂpymtﬁ'm or 11

9 Canadian and other governments as being environmentally unacceptable and its

10 production and use has been discouraged. The eventual goal is to completely
11 phase out its production. Removal of the perchloroethylene from the
12 decontaminant would render it incapable of solubilizing thickened agents and
13 dissolving highly insoluble CW agents. The surfactant designed to form the
14 emulsion is difficult to obtain. It was originally only available from a manufacturer
15  in West Germany, which has recently discontinued its production.

16 Clearly, given the drawbacks of the existing decontamination
17 formulations, it is necessary to develop a formulation that is stable, non-toxic to
18 personnel and to the environment, of low corrosivity, effective against a broad
19 spectrum of CW agents, BW agents, and, optionally, radioactive particulate
20 matter, prepared on site in a substantially agueous medium and capable of
21 coating surfaces, including vertical surfaces, for a minimum of 30 minutes as
22 outlined by NATO.

23 It is clear that the effectiveness of any formulation does not rely
24 solely on the active ingredient, but rather with its overail composition.

25



30 July 2003 1 amne derivative; a is the valence of Mand b is the val ence
of [RCH=CH(CHz)n2 X] or a m xture thereof. 3 Preferably, the surfactant
al so consists of a conposition of the 4 fornulae RROH) where R is an al kyl

group having fromeight to sixteen carbon 5 atons or rrixtur$6 347$r¢%ﬁ53 6
Preferably) the surfactant al so consists of pol ypropyl ene gl'yco avi ng

the chemcal formula R -(OCH(CH3) CH2) ~-OR2, where R and R2 are 8

i ndependeritly H, an al kyl, or SUMMARY Qf dHE INNENTIONor alternately) a
partially 9 etherified polypropylene glycol where one of R or R2 is

i ndepender |y H, or an Alfeadrnkarhingtiouformotatingls prbdided vehich Resffeationdgamapect
of the present invention there is provided a 12 nethod of preparing and
delivering a abrzatspectraim ofrcheaticallantliiologioaiprarkre aigehts, haiulirgPshost withd -
preparing a first aqueous solution conprising about 30% by 15 wei ght of

chl or oi soayangsrsigtent ispofdiproduictiber ethary &l iendapablel ¥ eAbapsltlAingNeartQiatent of
a mxture of chloroisocyanuric salt and 17 |ithium hypochlorite; 18 -

preparing 52 SaRRALtRIMAHEI fRlatilitah CEMBIEST rathoRalByddiioifg ahd/ob ARSIHG
tetraborate decahydrate, anhydrous sodi um 20 carbonate, adjusted to a pH of

from aboutg 10 to about 1} siMplifredPAsPectbiBedrefent Hventibn, 38k Yeksftahfititiohhe
group consisting of 22 . polypropylene glycol) polyethylene glycol and a

group_consi s . | py’ ene oy , _and
erivative ?f?aﬁﬁlgﬁaéaétcggfpﬁgggeaeﬁgze%@tz%gg@%émgﬁw%f.@ec_fd%eéms e )}105' ng a

conposition o ere Ris an a gr oup
12 30 Jul ' ight ' : : 1S

ot eger 2% G0 8 DEElRn REGE priduiahlE B FRCARRBAR rafiohin
Q032- d JP043- . ' kal.i . | i . '

ani e dor BvatsopinmetCuRRRCRiS8 i SERIRlzayh S8 REVE S oo AR ©f
R( OCH2 ~XJ ' t f: f . a. L f t

LR OO aebis Ba A Bk A D s wld S BB RISl e B2,
from the gr oRPouP e 29 e Areleially it Hist s o YEB 16l Yaypriob idetiBias
Mand b 12t NXVEIGHR BN Provais-ery Eregthisg o Thalil A ahgactnet @ad 18
preferably, the surfactant al so consists ohff a co osit@a%g(? f 14 the

for mil ae ¥ CHENCARBYIBNGR oL PARICHIAKS Magied GRCHRUTRET Plom etntle 49am & WitRErBen
carbon atons or m xtures thereof_ 16 preferably, éhe,surfact ant al so

consi sts W puibhia 8z Whes 2eratgdy b svEarigt enrbles ng ot Hearmaulation for
R - (OCH(CH3) CHz) ~- OR2, 18 where R and R2 are independently_H, an alKkyl, or

an ester 9 giaatipg Afdsurtaces inglugisgnadhgronce, tpaetical isyrfaeefer This gpatiog is

pol ypropyl ene glycol where one of R or R2 is independently 21 H or an

al kyl grofp astablg-for spfficiept gmedtq]gn%grqf@cm gentagingnd decontamination. The
17  formulation of the present invention is soluble in an aqueous medium and the use
18  of gray or seawater does not significantly affect its activity.
19 By varying the concentration of active ingredients within the
20 formulation, a family of formulations result which are capable of responding to
21 different hazardous situations. For rapid decontamination of surfaces, thin layers
22 of foam may be sufficient, but strong active ingredient formulations are required.
23 On the other hand, thick, uniform bubble size foam is an effective blast

24 suppressant. High contamination is best handled with strong active ingredient

25 formulations but the foam's structure, an important property for blast suppression,

9



23 punping the fornulation through an aeration nozzle to create 24 a
decontam nation foam 13 30 July 2003 1 In a preferred aspect of the
present invention, the co-solvent and 2 surfactant are m'xed t oget her and
punped with the source water through a 3 punping device. § fi rst (Zlggl
second aqueous solutions are introduced into the 4 streamb P\Nélé % punp
and the aeration nozzle for delivery as a foam 5 Addition of the nore
erosive and car besowevaeiticompaernigat dyi Hign ruetsooll ddded ipgidtferfis Sducaage af t er
the punp is advantageous as it prolongs punp life. 7 Alternatively, all of

the i ngredi egdconta@pingBtsPr ANir¥@ted bhosdty of Sctwat decaammampethe foam's
si mul t aneousl y through the punping device and the aeration 9 nozzle, or my

be i ntrodycegtricurehfensalig GManeie! aﬁéwmgm It@djevusetalfdwbtaw stifpressiBnJybyy 2003
1 BRI EF DESCRI PTION OF THE DRAW NGS 2 Figures 1 a and are schemafic

representgt i @isin Ofecdnbirimatidn aHiities 3 F%HﬂSﬁdre@!héﬁhQgaﬁwgogéé@rﬁémﬁfanE hggmet hod
of application of the decontam nation 4 formulation; 5 Figures 2a - 2c are

graphs shpwi Wéi'%ir@ﬁ%ﬂh%ayQfso%ﬁlﬁﬁ@e@%@&d c8rrSsiviff erence nustard sanpl e
and a reference diethyl nalonate sanple respectively 7 according to the

decont amgnation of a vehp; r‘?gl?elfn & Yrbdy 'a@Pgé?aé‘Fp!h% %s@ntFlng}éﬁﬁbn?‘ thére

conpl ete mass spectrum of the library mustard 9 spectrum 109 p

the m ddie *5a6Reda By of deddus Aol otanBalign no the oience b

mustard agent in-air en near of Exanple 2 after

nventiof 13 Fgure 5 " 5 b, BRI { ik B BROBIRCL o

of GA,

9 about 3% to about 9% by, weight of a hydrated
10 chloroisocyanuric acid;
11 - from about 1% to about 10% and preferably from about 8%
12 to about 10% by volume of a co-solvent selected from the
13 group consisting of polypropylene glycols, polyethylene
14 glycols, and derivatives and mixtures thereof;
15 - from about 1% to about 15% and preferably from about 1%
16 to about 10% by volume of a surfactant;
17 - a buffer system to initially maintain said formulation at a pH
18 from about 8.5 to about 11 for a minimum of 30 minutes and
19 preferably initially, from about 10 to about 11; and
20 - the balance being water.
21 Preferably, the chloroisocyanuric acid is selected from the group

22 consisting of an alkali metal of monochloroisocyanuric acid and
23 dichloroisocyanuric  acid such as sodium dichloroisocyanurate,

24 trichloroisocyanuric acid and a combination thereof with cyanuric acid. The

10



14 GB, GD and HD agents according to Exanple 3; 15 Figure 6 is a table of

.results denonstrating decontam nati on of VX 16 agents according to Exanple
4; 17 Figure 7 is a table of results denonstrating neutralization of a CVII
18 agent sinulant DFP according to Exanple 5; 19 Figures 8 g}glyaggogr aphs
-denonstrating the neutralization of DFP 20 over time, according to Exanple

5, and smARLateA\hYy baEIEABIILGHbASE AR ok e W%nﬂﬁﬁéé’ﬂwé BEAEG Nt S

SD al one, SD and Li OCl respectivel I gures 14 are

gr aptis g&qu%g(h%go%cggﬁug@gg ts%l’{l nation of 23 rrustard fromof a vehicle

accordi speci |cally gas 24 chromat ograph (GC)-mass
spectral (M5 ana si s of es before 25 decontam nation, an M5 library
spec{Br umtrace, Pl ‘Br%{Pfﬁ é@a?g}?%‘%ﬂ‘ﬁ@s O?&? NRYEmion, ébeJRﬂl\]/p@Gﬁt?nf

anal yS| s of sanmp Ies 10 m nutes after decont am nati gn, and sem quantltatlve
and cmluemmﬁga the chesisal SormuianRI-(QEIHGlb) GipdnOR ewihers RS anchiRéaareng

stations 3 deployed around the vehicle; 4 Figure 15 illustrates the renoval

of rd&di ciadepamdehtist B, fanoatkgl, \oehircbeteb groapratidng>t wrExiesrbRIB. a Hatftidly TAl LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT 8 In the present invention) a

decons ankgtiion o ALheAMWIRASSHE SOR, WP RAKaNEE pélh@é%ﬂn | 6P an

|ncorporates t own” acti i ngredient, och a' uni quel y

and & af BB BAGITEHE Ethaif BBt ! %%%@Lﬁ@gﬁé@%%sﬁsé% Brodu T per i od

i ncl ud| ng NATO prescri bed periods of 30 mnutes. 13 14 Actl ve I ngredient 15
The Sor ndToRyl fbtdodk 8 mixtee Kiereeft i Wsei %ng@’a@'@n‘ﬂ'Qh@meJﬁﬁ?l-lér weight co-

di chl oroi socyanurate. O her chloroisocyanuric acids, their alkali netal

sal t 8 or salvantscavoid shatbsaquesnt daisel positive itectiarr d)fcMNeocca)iselaeyaasm'ésidaali d are
al so suitable for use 18 as the active ingredient. As an exanple, alkali

et &0 satdtaffindrdl byoseas Intdriosing igrentor  di chl or oi socyanuric acid or a
combi nation of any of the 20 above salts with cyanuric acid nmay be used. 21

The fprmulation of Fé?@ﬁb’ y;‘?setﬂb t&ﬁ”tfahﬂﬁgf /; fﬁ?ya@é’égrﬁ&m@e#tﬁnn

about 15% and pre era 'f rom about 3A)to about wel ght the 23

o e SR e s R S b o s

d Ch1| 3or O{jcsagacgy%rrlgtrel aCm? %In%ygl%luts sodlum carbonate adjusted to an initial pH of from
14  about 10 to about 11 using sodium hydroxide or, optionally, sodium metasilicate
15 pentahydrate.
16 One suitable surfactant consists of a composition of the formula
17  [R(OCH,CH ) X].Mp, where R is an alkyl group having from eight to eighteen
18  carbon atoms; n is an integer from 0 to 10; X is selected from the group of S0,%,
19 S0, COs* and PO,*, M is an alkali metal, alkaline earth metal, ammonium or
20 amine derivative; a is the valence of M and b is the valence of [R(OCH2CH2)nX]
21 or a mixture thereof.
22 Préferably, the surfactant consists of a compasition of the formula
23  [R-CH=CH(CH,)m-X]aM, where R is an alkyl group having from eight to eighteen
24  carbon atoms; mis an integer from 0 to 3; X is selected from the group of S05%,
25  S0,%, COs* and POs*, M is an alkali metal, alkaline earth metal, ammonium or

11



16 30 July 2003 1 Co-Solvent 2 The fornul ation further conprises a
.co-solvent consisting of from3 about 1 %to about 10% and preferably 8% to
about 10% by vol ume, of propylene 4 glycol, polyethylene glycol, or
derivatives or mxtures thereof. The glycol coy solvent inpj®y &y b8 3

-sol ubi l'i zation of the CWagents, particularly the relatively 8

Ty cal fy) | r.gc#‘é‘e*&%ﬂé%r AT SRR DE s Pghe e ﬁgeaiiﬂée&? B bl 00

upwar ds *Yner eas o a unts will provide sonme solubilization
proper t es oorteh@"guf% tion. 10 In one preferred enbodi ment of the

i nvention, the polypropylene 11 glycol has the chem cal formula

R~- ( OCHBCH3) CHZ) n- ORZE" e%ﬁébé/ Rheapidrfaiant @lsp2 cpneisfsenfientdoynpdsition alf ke, ar
an ester group and n>1. The al kyl group may 13 consist of a nethyl, ethyl,

propyl , 4butfprmolacaRrDit where HRiieah. alkyl groeipebaring dror &ightl the@ﬁdcé%oﬁre
hydrogens Al ternatively, the polypropylene glycol is a partially 15

et herifised s ARMHGRS teésee! derivative having the sane fornula R-16
(OCH(CH3) CH2) n- ORZ, but where only one of R or R2 is independently H or
an 17 al.kkyl g roup a ain th group r ntin

may be $18 net hyl , rﬂﬁ?y?ra%yro S“BFE?ES?P (ﬁ/%‘h FRISIS xp@f&f%g?%%fglvr?ge of
certai n_higher 19 mol ecul ar wei q ¢o-sol vents avoi ds subse%gent fal se
positivd detadrg gheofhamisabdorrad §on‘é@§‘”g§H3é@Hd)uﬁRco\Nh@Wﬂ nénd2R" 2are
Surfactant 23 The fornul ation further conprises fromabout 1%to about 15%
and 24 Br efisdepéryddntiyniiakboualkyl, 8%aroeatesgroan wnchy>1 alruaitsrnateha & pattalyant .
The 25 surfactant is soluable in an aqueous nedi um and, when aer at ed,
creates ga f@asrifidd poly@Popée 2BR3| WhEhE creDeiR’ ofF w%rsfragéﬁéﬁdérﬁ@mvar @S

wi th the anount of co-solvent, active 2 ingredient and buffer present. In
the pr nc. f i Jsevel s of co-solvent, 3 the preferred anount of
surfac?'ﬁt rﬁls(ﬁ grreﬁég@gm 16%to about 10% by volune. On 4 the ot her hand,

when co-sol vent is, add and rel at i unts,.of ,acti

i ngr eer‘e1nt are present) aqoﬁger o IeRR1S Cﬁﬁhﬁ}ﬁ D@PGEEWEE?%W%%S Béovégeciléw as
1.5% 6 b vol ume. The surfact ant wets the surfaces to be decontani nated and
creat es'Z fBeHBhOLRTEpERBY RHd GRliVEERE @ 4RnontNERTAY famaLatier EPRprisg the
vertical surfaces. In 8 the case of radioactive dusts, the surfactant
encapsul3at estephefdusts for renoval 9 fromthe subject surface. 10 Briefly,
the surfactant consists of a conposition of either the fornmula 11

[ RCOCHA@H2) ~XJaMy, where Rorepadingad Kyst sgjuenps savitivg Edraprisihgibdue 380g ibyeen
12 carbon atons, nis an integer from1l to 10; X is selected fromthe group

of S03a5 13 S042', €032 aw@g%@ﬁchr%.séc@émick@ém S'Eﬁtcﬁfltheaécﬁ\ldler@taééﬂe

nmet al , ammniumor 14 am ne ivative; a 1s the val ence of Is the
val ence, of [ R(OCH2CH2) ~XJ r

(R GEGK ) 0 ant. wner e-ofthe TR o SEABHe, o EoloRbSHfanusie rat ape

ei ght een car bon at ons; mr an i nteger fromO to 3; X 17 is sel ected from
t he gro117p of S032-, SCa2-, Mhﬂﬂag@@ Mis an alkali netal, 18

al kaline earth rretal, anmoni um or am ne derrvatrve ais the vaI ence of M
and b 1®Bis the val ence of P[%ﬁﬁ@—ﬁ@%@%e%ﬁ%’WQ&Q@@N'W@@@O@’@H@ &fn
al kyl al cohol, 20 R-OH, where Ris an alkyl group having fromeight to

si xt eem&ar bons. One such 2ddismi t dbtrabstaté actecahyidsatsi | varmixyHrousradsodiym
Ansul Fire Protection described in US 22 Patent 4,770,794 issued to

Cundasaygry et al. Septenbetarbdnald&@ljudbd € 3PHOEROM aRIUtVD th oGt h ¥y EX
surtactant consists of 20% by wei ght of 24 C~oH2~(OCH2CH2) 2- 3SCa Na+, 20%

by wei ght of C, 4H29( OCH2CHR)RZRAG M3 koR¥nt selected from the group consisting of

22 | polypropylene glycol, polyethylene glycol and a derivative
23 and mixture thereof,

24 - providing a surfactant comprising a composition of the
25 formulae [R(OCH,CH;)nX]aMp, where R is an alkyl group

12



18 30 July 2003 1 by weight of C~2Hz50H) 20% by wei ght of diethyl ene
-glycol nonobutyl ether, 2 0.5% of corrosion inhibitors and 34.5% by wei ght
of water. 3 Alternatively, surfactants which do not contain diethylene
glycol 4 nonobutyl ether are preferable as residuals, as thgeJugw2oo@ecul ar
-wei ght constituent can he det ct ed. E\ conve ti ongi decaont am Fatl on
noni toring 6 equi pnent (s %QQ i//t(?@ Mgt AAIRIE or
CAM and are 7 thus |nterpret ed fal sely as p05|t|ve detection of .resi QUaI
contamiRant. 8 A suitabl e EURfhE Rt X bnseletiodofrom denmperin PHSQE , Q4.
ether 9 sul phate salt, an al kyl alcohol, an al pha olefin sulfonate, a
co-solvént and water. 10 NB® 'sap\dciPOh%,aM is ahealkali fretdlardikalimeacadmmostat,i on
havi ng the conponent fornulas 11 of (R~-H2~+, (OCHzCH2) n5042~M, where R is

an al kyl group having fr omamin@hfurh r Enhelddretysas homat ahcesr Y b
|nteger from2 to 3) and Mis Na+ or NH4+, in 13 mxture with R-OH where

R=C, , t t Wﬁ 4. th
%033(%3 Ig:‘rjlgma)blfll l(JLEI ;M_?_Lgp?_g,egfgﬁ%/coare i nlv%gt BX bpaé?]xwgétrt@é Wn 50490n

s s j Si
16 i nhi |Itoors can )l;e addeaorpﬁengtélyy SWPO?‘]‘H%t‘? H?‘@sforw?%i%od:@ QE'I?@H

preferred conposition of a suitable non-residual 18 surfactant (or,
NR-surfdctant) consists ofXl3des weptthtRRvisl @me alkyé. gre0eshevien apm 1&ight to

i ngredi ents except water, of the sodiumsalt of an ether sul phate of the
fornmul ag820 CH3( CHZ) ( OO%ZG—Q@B[@SﬁBMboﬂxSatﬁ%sz\thﬂstérvdmelgjerdfora G ddi3ynXakefin
21 sul phonate of the formula CH3(CH2) nCH=CHCH2SO03Na where n=10 to 12; 50%
22 wei glgt / vol ume of pol ypr%&t@aercﬂmﬁ@ Tgr@up bhed.8r rsdcbg (m@g%ﬁb@éﬁz)mm

where n 23 =5 1to 9; 2% wei ghtlvol une of an al cohol OH where n = 8

to 16; ,about 24 0.3% Db

tgl ylt r?)aggl e, anmmoni u% nggmmfl%b %téP?A@é]di%@ bgé éthyd'l%fll € and
t he bal b t th 2003 dd t

added (4 di ssol ve ot her " ool @ém RuhentahonpsMRRod B fBe it neqreso tssam e

of generating foam of uni form bubbl e size, is capable of 3 coating vertical
surfacd® is conpatible vm@H—Wﬁ(@Hz)@MWﬁ/a[ﬂléfurér’ihe@@évvater as 4 the main
solvent, and is readily renoved foll owi ng decontam nation by rinsing 5 with
wat er . 1@ To | ower the thixoeferpbly, dged Isungclzot rdlsofconbists of aacompbsitios efful
ina 7 wider range of environnents, it has been found that the al cohol

conponefyt 8 preferably conpel gemuly R-GF2 W R.id 4 akyl PréUp havihy s
been found that diluting 9 the surfactant 1:1 with watefr for storage and

tranfspglté further |owers t&@g élk@gnkg{ﬁ?&'l ?ﬁ)m%é r AlikEFAheYS Y, @

conmbi nat1 on of surfactants e use repara Ion bf the

?EE"&E{? h??ta'rc]?QnIf”;‘r“ n oPELTARDE b swaf*sﬁ %xg B uBhar gheRetp
havi ng 115 { ho for mul o Cr(EH5- 500 T B s '“%a&ﬁ%«‘%ﬁ%ﬁéﬁsm

olefin 16 sul fonate having the fqrrml a RCH:CHCHZ--SO3Na and ammoni um
al cohol 187 et hoxysul fate hwherggR Hendr B rae andependently H, an alkyl, or an ester
Cg_10H17-21( OCHzCH2) 2. 30SO3~NH4+. 18 20

19 group and n>1 or alternately, a partially etherified
20 polypropylene glycol where one of R' or R? is independently
21 H, or an alkyl group and n>1,

22 - providing source water; and

23 - pumping the formulation through an aeration nozzle to create
24 a decontamination foam.
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30 July 2003 1 Buffer 2 The decontam nation fornulation of the present
-invention further 3 conprises a buffer that tenporarily maintains an
initial pHin the range of 10 to 4 11, sufficient to enabl e hydrolysis of
G agents and nmustards and favor oxidation 5 of the V-agent 83?0‘1&2 4803
produce non-toxic products. An initial pHin the range of 6 10 t0 11 1s
sufficient to provide adequate hypochlorite ions for decontam nation. 7
Subsequentlly, it is dedn rapletertdtaaspdod o i ereseat inveatidbrovthagotsreveanit! sind
decrease 8 eventually to a nore neutral pH to enable nore efficient
destructi @ dcurfab@nB\&re mgedt Lget@r Amnd hempafl f\eith filee |seusred wahe irbwjops t o
a nore neutral pH, 11 hypochl orous acid becones nore preval ent as

hypochl or i3t e punmsing el@eicewiThé fit amdasdcabdl @aghyelrog@otidrensre ihypdeiedonRUBeaci d
is the nore active species with 13 respect to the destruction of BWagents
as neutral4 spreiags betee@bltie tpuremtard tHee adfationl hoZxly doredsiveyy ashautgdnBW
agent survive the initial decontam nation, the BW15 agent and

decont ami mat | Ay ithamete &iBive and tovEsidastiredREbaRNINET dnbiBRiffel & tAET haps
after rinsing, and, as the pH falls, BWagent decontam nation continues 17

at an evep m@aﬁ{é@&ttha%umﬁ-isléﬁomggéon_rm@%l&@gip'uﬁmat al standpoint, a
nore 18 neutral final pH of the decontam nation fornulation is |ess

hazardousz 19 It is i 0 j F BnisNinkl [WoTan

prescri beg 20 durati Ogﬂg&gﬁgﬁ@! 2%‘?%51&@%?3%2%%@%53%%? r%ﬁlxgy V%?rgﬁl%ﬁtees) ,
to providg 2 LGl Ve i i t 3 i L =
favoring gxi é??iéhgpﬁg%egiﬁgggﬂﬁﬁ&ﬁﬁghRg@gﬁgg?@ﬁgﬁﬁ%gﬁgg?%ﬁagﬁﬁ%ggﬁgn
hydr ol ysi g byprodu W - \VTaY el i f : d favoring

oxi dat | on Sor "By hTey SRREbA et o MR ki ot e AR BBl o)t e
buffer Mgt be capable of buffering the release of 21 30 July 2003 1 HCI
due to hydrolysis of the chforoisocyanuric salts by water. Mst preferably,
2 the pHis maintained above 8 5 during the duration avail able for

decontam nation. 3 It has been determ ned that the nost suitable buffering
systemis an 4 inorganic buffering system adjusted to an initial pHin the
range of 10 to 11. 5 Sodiumsalts, such as a m xture of sodiumtetraborate
decahydrate and anydrous 6 sodi um carbonate, are preferable since
guat er nary anmoni um conpounds result 7 in depletion of hypochlorite through
reaction with the hydrolysis product of 8 hypochlorite, chloride ion. 9 The
preferred solvent for the decontam nation formulation of the 10 present
invention is water, including gray and seawaters. 11 The decontam nati on
formul ation may further optionally include 12 small anmounts (preferably
<0.03% of corrosion inhibitors such as sodium 13 tolyltriazole, amonium
di nol ybdat e and sodi um pentahydrate silicate to i nprove 14 conpatibility
with use on netals. 15

14



16 Augnented Active Ingredients 17 The decontam nation fornul ation may
further optionally include 18 lithium hypochlorite to augnent the active
hypochl orite content of the solution 19 over a short term thus providing a
hi gher level of active species in the initial 20 stages af BerJdlpe2@08ition
.of water. Preferably, lithium hypochlorite is present in 21 anounts in the

range off from about 5 togHieR DESVHIPTY@NIDF THE DRAMINGS 22 i ngredi ent
di chl oroi socyanuric acid salt and taking 1nto account that comercially 23

i | abbe |ithium h | | 996
Aternafively, smal | oga 2 %P“?E%@P%ﬁ?a?%%efev%@ aa‘?ﬂg%?fs WP hoTea 25
h bel ow their. sol ubi| i d
ol urry 32 St iynscmBobiety FEe o ait of fonliinal tende et mRAteN on

as the addl tion of lithium2 hypochlorite. 3 The decont am nati on

f or nul ath orfoBNUtEENpr esent i nvention may 4 further optionally include

i norgani cl organic bromde to increase the reactivity of 5 the

chl or oi $ocyanuri c aciigares dereRates grapHsestedveingfddigetiir forirhestard abeotyiane 6
chloride. 7 8 O-otional Enbodi ments 9 Three enbodi nents are briefly

descri bed at%fér@hb@‘fﬁuﬁﬂﬂi 34 fp'[@élﬁi‘d Jaore‘?é’r@ﬁbé'cﬁé‘ﬂhwrr@lcﬁfété’%%%dl@ ré@ﬁ‘ectwel

fol | owi ng exarrp es. irst embodi ment of “the present ‘invention

decont amj ta Qr oj cyanurate, a
uf 1 er %#c%’?ekéaé‘?ﬁ%*ﬁa%%ﬁ* B LT R S B S FeBiBR 2T at e and 01
M anhydrous sodi um cay bonate 14 a dto a rom apout 10 to 11, using
NaOH (f@ | strength bﬁ‘E}Pé‘?) '§0/€‘1@>‘g @cant g‘?ﬁf"%’”‘ﬂo‘?aF heyflibgaryc GruSERRFent |
i ncl udi ng co-sol vent contained in the 16 surfactant mxture. This

f or nul atd onspeaiirdeyZf160 prak imthedwisshe kataaf Fig 117 capabl e of

decontam nating the broad spectrumof CWand BWagents, in the 18 liquid
phase, 400 under 7 mi nbigese 4aisdapgraph ddewingingraideote af mapkabd eagent 19 air
coating vertical surfaces. The concentration of active ingredient of this

first 20 e”?%b@”fakbﬁ“rﬁ’éartﬁeCOQMEl%%ﬁExéH%I@QV EREMANGAS Bteehheeéteémﬁ g

foam as a 21 suppressant of dispersion or blast devices, likely due to the
hi gher Lve ond enbodlnent of the
presentﬁ)nvgﬁ?qrﬁ%mwaﬂ@%%ﬁrﬁg@gﬁﬁ ?rﬂ%{)[e?s% #E‘rvnﬂﬁﬁ}'l on contains 6%
di chl oroi socyanuric acjd salt uffer, 9% surfactant and a
total of3 8% co-sol ven%‘guf?nl%‘sf%ffax%ﬁ Q%f%ﬁ‘l‘ t§§]eg“%'b§ﬁj\r\)9 des@ptamination o GA,

14  GB, GD and HD agents according to Example 3;

15 Figure 6 is a table of results demonstrating decontamination of VX
16  agents according to Example 4;

17 Figure 7 is a table of results demonstrating neutralization of a CW
18  agent simulant DFP according to Example 5;

19 Figures 8 — 10 are graphs demonstrating the neutralization of DFP
20 over time, according to Example 5, and specifically for formulations comprising
21  the active ingredients SD alone, SD and KBr, and SD and LiOCl respectively;

22 Figures 11 — 14 are graphs demonstrating the decontamination of
23 mustard from of a vehicle according to Example 7, specifically gas
24 chromatograph (GC)-mass spectral (MS) analysis of samples before

25 decontamination, an MS library spectrum trace, the library search values, GC/MS

15



1 provides for good decontam nation and increased foamstability for 2
.decontam nati on of any agents or far clean up after a blast. 3 In a third
enbodi ment of the present invention, the decontam nation 4 forrrul ation
contai ns 3% di chl oroi socyanuric acid salt, a buffer in whic 003
‘concentrations of the conponents have been reduced by 113 t at descri bed

for 6 full 3s4iyeRdrsaPaiiEen o(Alnditsd éﬁé‘rg@ébot?ﬂérfnﬁfa)tlon3%§%refrﬁ Lﬁéﬂtlt%ﬁ%ﬂ

extra added c07 solvent. This enbodinent, while it provides exce | ast

suppressi o S 0 rea e n bilit 9 10
Met hodszgf %r"ﬁbg’ |%gn %ﬁiﬁh% ecgnt%glranﬁﬁ%% %Q%or ﬁ%ﬁgbﬁ% r{ﬁgﬁﬁ Y p%ltgﬂg?%d

ei t her 8 9 (g{ hoam The preferred formis to create foam due
to its “abi ?‘Plﬁ ?%aé?% W%w '88 coat surfaces, including vertical surfaces
and to suppress vapor_em ssions. 14 Having reference to Fig. 1 a, the
decont #hi nati on for nfiGredi® Yestraies 1be peracual ofi radinactive duats frermpa sphiciel by
first conbining in a single source solution in 16 a plastic drum water

bl adder5 or apt@dirigctodexdrapies., at approximately the final 17 percentages,
the active ingredient, co-solvent, buffer, the surfactant and fresh or 18
seawat g . The source solution is then punped to the contam nation site. For
19 foam application, the formulation is applied using hi gh to medi um

pressure 20 pu iD

D1 Ret i ng o R PARERIESL IO THE thie pROREELA SuaRiAY

i ngredi ent and buffe re nmade uy aratel fromthe co- sol vent and 23
surfact®nt/foam Thi & %Béﬁfe&ﬁﬁ%@ﬁganpﬁ &xﬁ%@?”ﬂ'ﬁﬁ?%‘\‘/é@f”&l{ eﬁ*%re;énmmeaes ter
24 preparation. The active ingredient can be made up in a single solution
25 conc®nt fart eussf afee piayidsst  whitheviabbrpopates erihagdnsvinubdativien mgtestientabout
30% by 24 30 July 2003 1 weight total in water. It follows that the

hi gher 10 he hyeogtibritesris entinigiesobufidred Zaatidry desinpiee db e indoigonaess into a
concentrate Is required to be aspirated into the main 3 streamto achieve

maxi MR deeQdh 38} RiRAL aEr@'seabﬂelcaéw@ |hélu8ﬁ@bvé‘rt|&&rs&%‘6%§a?ohr:a gg‘ﬂub?edr he

buffer mxture s prepared in a second solutiron at or near 't Ity 5

i 12 prPBr0d Pt A T QiR AdRoR0 BIMMBL"T or °) Brg per ods of

time. The active ingredient 7 and buffer can then be introduced, into a
stream®f co-solvent, surfactant and 8 water for conpl eting the fornul ation
and initiating decont am nation. 9 The concentrations of co-solvent and
surfaclént are dependstivedngredieimie anot her and on the type of decontani nant
applicator or inductor used. A 11 synergistic effect can exi st between
these 80 ingredi ent SheAsfomelulatidnhecanthingntas an active ingredient, sodium

16  dichloroisocyanurate. Other chloroisocyanuric acids, their alkali metal salts or a
17 combination of acids including trichloroisocyanuric acid are also suitable for use
18 as the active ingredient. As an example, alkali metal salts of
19  monochloroisocyanuric or dichloroisocyanuric acid or a combination of any of the
20 above salts with cyanuric acid may be used.

21 The formulation of the present invention contains from about 1% to
22  about 15%, and preferably from about 3% to about 9%, by weight, of the
23  hydrated dichloroisocyanuric acid salt. The formulation may additionally comprise
24 lithium hypochlorite to enhance the activity of the dichloroisocyanuric acid salt.

25
16



12 tenperature can influence the concentration of surfactant required.
Therefore, 13 one nust consider these factors and adjust the concentration
of the surfactant to 14 suit the particular situation in which the
formulation is to be used. 15 Regardl ess of the nethod of f t st
preferably, the 16 decontam nation formulation is prepared ?@@%%"?ﬁto a
stream of water, the 17 ingredients in the follow ng order; co-solvent and
surfactant, active ingktedi 18 and buffer. 19 The ingredients are punped
t hr ough 2&1 appropri ati%%p—gﬂﬁh%n nozzle 20 to provide a relatively stable
and thick, foam The nozzl houl d e aj uf ficient 21 air into e stream
kZ Qﬁb forni‘ugf?gpﬁd‘u%ér &&n@rﬁses & 5 olvent cgps@ﬂ\g].ﬁé oM ve

. e
to create the foam wi t hou excessi ack-pressur

i di d ff A d 2 h f
water and ar et Cf e B R PERpRBLERRaR e B B0 b RET RS Ss can
25 730" Sl yOlseRs PEVRNY SR ANEED A aityen B 1 yres TSt i abee e 1
bl ng L Gt cBOR TRESTaRECHICRUAAPOIR 1S G SR (P S IR e

separately, wholly or as an optimzing 4 addition to a solution already
cont ai ni r% nwaterdisalyile geeisiardsi ARE | BYCKERGBedNe AINEWiSE o AGURRHS HOHEIONE, al | v
adj ust the foam properties to the anbient conditions. 6 One further

advant age’ t oTymieally; affistent pplubiizatiangs ohtainad/H3oa rage isom apoubBies erwaes,
introduced to the streamafter the punp and before the nozzle so 8 that the
punp i s dchl ywbRiggsetbwes amosintsoWilhoyeviBe esouApselHbilizaiiop eoerssliaserte Hed 9
surfactant. Greater punp |life can be expected as it is not degraded or
corroded 940 toymut@tignt er m exposure to potentially corrosive or abrasive
ingredients. 11 In the alternative approach, all ingredients are conbi ned
in the 10 source cont dnnave pFaferredl eajbodingnteoft the sinegrdicoadie ipslypropylese, it
nmust be noted that 13 the presence of the buffer mxture will imediately

i ni tiat e1deggigdaithanthef ciansicdl4omadla R -(OTH @H §0I,) sOR:hehkief Ry iand R arehe
formul ation using this nmethod of 15 preparation may be nore limted from
the tinejat mﬂbpandehmy 1ar anralk@dor 2R Atsh gicopadriay n>1 heTisl kyWigkdugd enagx posed
to the conplete fornulation and could 17 corrode substantially faster,
dependi ngg UPEhdidtef FBhethyR kv fpréMNSEutH G iz0RixtUra tHéte 60 ba¢ xarhpr, bbthet i me
of the active ingredient in water without the addition of the 19 buffer

m xture {£i gr, land} RL aré HydisRnabAKeinatesy, théodWastbhyiend ighsl isoat hiptiagove
nmet hods are possible. For exanple, the 21 solutions could be m xed off-1line

in a ser{®s gheflfist® pOYplopPledieafico ivaBvéli Badhy ethe tn&ofrmuls Reul d be
punped to source conPal ners permenently 23 attached to the punps or

aspirat of§. ZICARCH)CH2)n-OR,, but where only one of Ry or Ry is independently H, or an
17 alkyl group and n>1. Again the alkyl group representing Ry or R; may be a
18  methyl, ethyl, propyl, butyl group or a mixture thereof. Use of certain higher

19  molecular weight co-solvents avoids subsequent false positive detection of the

20 co-solvent as residual contaminant.

21
22 Surfactant
23 The formulation further comprises from about 1% to about 15% and

24  preferably from about 1.5% to about 10%, by volume, of a surfactant. The

25 surfactant is soluable in an agueous medium and, when aerated, creates a foam.

17



30 July 2003 1 Kit 2 For field use, a practical approach is to provide
-appropriate 3 quantities of each conponent in kit formand obtain a | ocal
source of water. 4 Separate, |ightweight containers such as plastic pouches
or pails facilitate 5 transport of the conponents to the deggnjtﬂ?i 4on
site. For exanple, the active 6 ingredient, which is in the formof a
powder, can be weighed out in specific 7 anmounts and heat-sealed in a

plastic ppuchhéoakeenr bt sdfifcta® TbéRMaXes i BE befouBt BRSNS S, adliwD
avai l abl e as solids, could be packaged individually or as a 9 mxture with

the active i pgr&fibmnind bufidr Ses&m Cl_ﬁrlh@%r@é&‘hbb‘Q#%ptn%@mT@e%oéfsﬁ-éﬁﬁntpan

| i kewi se be neasured out in appropriate 11 quantity, diluted s y if

necessar Vs anherBiefibal Amb@tiaf sblacbis Rai shdth bY% ol bt Yod? Bg%@ﬂuﬁ% ling

The surfactant ‘can | i kew se be supplied inits origina ing pail or,

13 if prepar j | il s 2504 iLmg.lar to
the col4 4s)ol S%n%tﬁgﬁlﬂ’%%dr' rﬁﬁﬁjf/b gglﬁghtc%-agg?@éﬁ? l@nd sl)ﬁfrg) act gg@écﬁﬁ%\éea
provi ded as i r N Y | & are
Phon di ssoi gt Esfreff, RaTHungy oAREhl ofoubetrt eal B bFUCTb:
subsequerg | y I . Y/ I in the
decont anthat PBSER, i, UFRR Y W Bhitoe} fol AL AR ARR el
decontampat}jon sit 19.27 .S |y Zoos 1 |l es 2 The follow n
exanpl o fr el Q2 Fenso o sutile fPefofEl sboiBlhnianie R sheadotne
invention,and are not to |jmt the, sco of the 4 jnvention. Exanple 1
1] ot rattbe. (porasm Olfeacils 8515 8 SHEBBL AT TRk e o dite S GOV
Exanple 2 il] ustrat eg, t[;e plication and effectiveness of the 8
formul ati%n BPMERSSHPIECHSYWECSpplied in a field trial for destruction of a
mustard 9 chem cal agent. 10 More generally, exanples 3 through 5
i | lustrat® various forBRgMH: V@rféirfff%ﬁhao'?sé%%ﬁ%c?@ ofitig P e'ﬂ?ﬁig@ formuta
reacti on-decontam nation of CB agents) Specifically, 12 exanples 3 and 4
i Ilustrat® | IR{QACHHhdelNa WheoR-RIdE @At %JEY'rﬂi’PP%rhadF‘erWp@ggth\léW@e@nd
Mustard Agents and VX Nerve Agent. 14 Exanple 5 simlarly illustrates
li qui d phasecarbasEtemas sevintessr frem bio 68; X ixsriopted Forethegsaup of HOANt
di -i sopropyl fluorophosphate 16 (DFP). 17 Exanple 6 illustrates the foam
phase- detdxi 80a%t Co1* aindvPEkl eM1B amalkatimetpbradisaliosart hietalr prspetupasmt ed
nmetal coupons. 19 Exanples 7 and 8 denonstrate field trial results for the
20 decontén amireoderdfatioe;na lis ther yaleree ofl M, anddr tsi thalvatdngcetdfdRE@EHEQH:)LXIN of
mustard 21 chem cal agent and foam phase renoval of radioactive dusts. 22
15 or more preferably, the formula [R-CH=CH(CH2)m-X]aMy where R is an alkyl

16  group having from eight to eighteen carbon atoms; m is an integer from 0 to 3; X
17 is selected from the group of SO5%, SO,*, CO;* and PO,* M is an alkali metal,
18  alkaline earth metal, ammanium or amine derivative, a is the valence of M and b
19 is the valence of [R-CH=CH(CH2)n-X] or a mixture thereof and an alkyl alcohol,
20 R-OH, where R is an alkyl group having from eight to sixteen carbons. One such
21 suitable surfactant is Silv-Ex™ made by Ansul Fire Protection described in US
22 Patent 4,770,794 issued to Cundasawmy et al. September 13, 1988. More
23 specifically, the Silv-Ex surfactant consists of 20% by weight of

24 CyoH21(OCH2CH;)2.3S0O4 Na*, 20% by weight of C14Hag(OCH,CH,)3S04NH4", 5%

18



28 30 July 2003 1 Exanple 1 2 The foll ow ng decontam nation fornul ation
.was prepared for the 3 vehicle decontam nation according to Exanple 2, 4 A
source solution of water, buffer, co-solvent and surfactant was 5 prepared.
Separately, a solution of active ingredient was prepared. Sgpauit2003
-preparation of the active ingredi ent postpones the initiation of the

degr adat{ onpQfwéighbefhepeshbar izoe, nfyewéﬁgﬂﬂroﬂlatééﬂwylghésggccg Mathu% sther

particularly, a concentrate of the active ingredient prepar rom 72
liters t @0 : ; I ; ' 0

di chl or %so?&aﬁ?tbg@g%éﬁg@ﬂtlb% %@q ?@?g%g@%@@ﬂéﬂ&n@éradded to the water in
a 11 plastic waste ov%@%. c?nt airPer %nd Ei %orousl stirred with an

i ndustridl 12 stirrer Yz eSUraphants oiicho Aot Ph&antain odighyigne \ghyaok
mlky liquid which, 13 when gently warmed with the introduction of steam

for |ess4thamriabutylinetheresrel prefaralle pat esidualangk uthést loantreolecolaor wdight
fluid. Mechanical constraints for this 15 particular experinent limted the

sol uti on5comoastituahi canthe detetiédnivy smb. Ervahtiandli dscdramatitent moBe sy ng
achi evabl e using different equipnent as 17 denonstrated in Exanples 3 -7 5.

18 The s?ur GRURRhiE @OcHaS @r%ﬁgnﬁfmoﬁgﬁwi!:élt&éewt%?h@@ SPEAM) dbd éﬁe% 19

liters of surtactant, 26.35 s of polypropyl as co-‘sol'v

and 20 iporganic buffer salts, nore rticulagly, sodiumtetraborate
decahydr At e IR¥RIMAPLRRY d2lsE %%B@%W%&?@SH% QF F%'Q{iﬁppm%ﬂ‘ﬂ"aahounts to
provi de concentrations of 22 0.0125M and 0. 1000M respectively in the final
sol ution8 Sodi um hydr dxiststahtes RBfagtanédconsigiaf of @ esamposition soft @l osthée an
initial pH of approximately 11, which 24 would, after addition of the

active i9gregighite saliuse alkye atcedil, tarmalpbll aléfiresuldnatbalido-gaivémnaiddwhger rom

about 9.3 to about 9.7. 29
10 More specifically the surfactant is a composition having the component formulas
11 of [RaHane1(OCH2CH2)mS042M], where R is an alkyl group having from eight to
12  fourteen carbon atoms, m is an integer from 2 to 3, and M is Na+ or NH,", in
13 mixture with R-OH where R=C4-Cy4, in mixture with CH3(CH,),CH=CHCH,SO3Na, in
14  mixture with HO(CH,(CH3)CHO)H (polypropylene glycol of MW about 425) where
15 n=5-49 and most preferably 7. The components are in water. In addition, corrosion
16  inhibitors can be added in very small quantities.
17 Accordingly, a preferred composition of a suitable non-residual
18 surfactant (or NR-surfactant) consists of 30% weight/volume, ie. 300g/L of all
19  ingredients except water, of the sodium salt of an ether sulphate of the formula
20  CHa(CHj3)11(OCH,CH,);0S0sNa;  15.5% weight/volume of a sodium olefin
21  sulphonate of the formula CH3(CH2),CH=CHCH,SO3Na where n=10 to 12; 50%
22  weight/volume of polypropylene glycol of the formula H{OCH(CH;)CH;),OH where n
23 = 5to 9; 2% weight/volume of an alcoho! CH;(CH:).OH where n = 8 to 16; about

24 0.3% by weight of corrosion inhibitors such as sodium tolyltriazole, ammonium

25 dimolybdate and sodium pentahydrate silicate and the balance being water, with

19



30 July 2003 1 An NR-surfactant, nodified fromthe Silv-Ex formul ation, was
-used. 2 Generally the conposition of the NR-surfactant was, all referenced
by wei ght, 3 30% Ca. ~oH~7-2~( OCH2CH2) 2 30S03' NH, ~+, 15.5% C~

~- 3H23- 2~CH=CHCH2- S03 Na+. 4 20% pol ypropyl ene glycol, 5% a{; Jm JAgd ure
(of about 2% CH3(CH2),~OH and 5 3% CH3(CH2) ~30H, and the ba ance be| ng
water. 6 Note that the NR-surfactant already contained 20% by wei ght of co7
sol vent ahd tHdéooal yatenffaing eddedddididsoie other sompenents2Gudbet, i ther NR- was
added to 8 the source solution to obtain an 8% overall solution (29.75
liters). 9 Therfsdanicis sadabie oh ganeratiog dearnrait ifmem eoubbfEaseelsy capainiedfi n
two 10 plastic storage vessels. The source solution was punped at 24
fitersl m & thboatirghvdriicar asfaces, baodengatible Witamwaterz gray. witee andnseaviatat as was
introduced into the flow of 12 source solution i medi ately downstream of

t he punp, 4t htimugtait solvedt)cdray & Eadbpcdredvdy faioaing decdrtarmhirgéibn ynpssimgiose
flowrates were constantly nonitored. 14 The conbi ned eduction of the two
uni ts anognt @gthtvaater.t otal of 18.6% of the 15 overall exit flow of foaned
effluent fromthe nozzle. This conbination provided a 16 final active

i ngredi eng concentr at i pH |@leraipprBxbireie! gelimgeooihyofbie Gditrfae it Vadetiitinly  of
sodi um di chl or oi socyanurate di hydrate. Two eductors were provided in 18

anti ci pat y on ywieralan@eNaf BnARMNHtONIt RN Beéh SaGTY mcm@ra;ww:dcdilﬁ@dﬁénﬂ a

separate 19 concentrate; one containing active ingredient, the other

contai ni ng tgﬁ‘ef?ﬁ%gﬁéomﬁr%@ MEMEH tharfO () G(Pé’srﬁﬁh Mt hé@@eérpfcfuhé%ﬂ%lutm

conponents. eration, the conbined effluent was fed through 4

of
22 standagd i eved
Chrough 23 at Fachiaaatof  WtEaten 16 ROS QR E& P ﬁ“%’“%wf%‘ﬁ%'ﬁ"ié"t he
spray Iaqﬁe %é glscharge As a result, foam was readlly gener ated by
punpi ng t 8Mfrul ati on 30 30 July 2003 1 through the system and appl yi ng

the spr aé1f rom the noz'&l néﬁveiyhe,[e Séoﬁn%}r?n%%ﬁsaﬁéﬁéﬁg ?3 |L§%q 3F8r ﬂ]ganpl €

2 5 Usin theforrrulatl for

nmust ard ent Iled a vehicle surf auate field as
fol | ows. ?g Aﬁfﬁ‘gi)?tﬁﬁ g8 ?Lgﬁc?ﬁ‘ta@fnailﬂgt 8%“'&@%’1 appl ?)@(ﬁnqg SH\S%UW&C@E of a
vehi cl e in pai nt resence  of ar d ent was assessed
bnd ver i f3eq tagbigaave! fis NAp vc‘i‘fr?ﬂrﬁt?f@?%{%‘ﬁglﬁgﬁé’é@rB‘PFB'P'BF‘“"”

(G M5).  The decontamnatlon 10 formul ati on of Exa lied to the
cont am naf ed of thean yeth otker aifactant {AdradieRly 34 q%ﬂp@ﬁﬂurﬁgivlgdpgohqvwﬂed by
manual scrubbing of the surface usin aon andl e brushes. After_a 30
mnute wdbt G TOUIE HeHslbaioie %%@ﬁaw% el 118 AIPEH i ol o
surface was re-surveyed using th S, ’%@ 2. 14 illustrates that an air
sanpl e t ARen shiRpate H@Véréﬂntt%?nfﬁ?m@a BQM =GHE B dNeq 5angk @RPaniAa @l coho!

cont ai ned nustard a%ent the top trace is the total ion current as 16

recor ded 1By &thsaysuiste hadratherderaniastoel W@ dHeCik) 08 Nide- t o i nternal 17
standards (1S) and two | ower peaks. The second trace (Fig. 2b) is an ion 18
chromat o§Bam set at nmlz 109 and the bottomtrace (Fig. 2c) is a separate
ion 19 chromatogram set at mz 115 to detect a sinulant, diethyl malonate,
al so present 20 in the atnosphere froman earlier contam nation. As shown
in Fig. 3, a mass 21 spectral analysis of the mz 109 sanpl e conponent of
Fig. 2b confirmed that this 22 conponent was nustard chem cal agent with a
85. 7% probability as conpared to 23 the bottomtrace, which is an authentic

mass spectrum of nustard stored in the 24 search library. Turning to Fig.
4, once the vehicle was treated with the 31 30 July 2003

20



1 decontam nation fornulation, no further nustard was detected in air
-sanples 2 taken near the vehicle. 3 4 Exanples 3 - 5 5 In each of Exanples
3 - 5 quantitative analyses for residual agents 6 were pertorned on a high
pressure |iquid chromat ography (HPLC) systemfor 7 separatigag&ﬁ %3
‘reaction conponents, equipped either wwith a HPLC- UV det ect or I'h“seri es
with a commercially avail abl e dual flame gas chromatographic flame 9

phot onetrti c detector @B} from Vari an Associ ates, or, where possible, on a
10 Hewl ett-Packard 1100 LC-Ms system equi pped with a diode-array UV-VIS 11
spect r oplzot onet er and Thesgesght@finbiien detaditon 6B preBaet Waledtion Fadném t he
12 reactions, prepared solutions, and in the HPLC was distilled and

dei oni zed Thendrkebad But@t thantdniforafi mealhfaaat aninifom wathel iahgée ofaoed to
32C to ensure 14 honogeneity. CB agents and sinulant DFP were provi ded by

the Canadi am 1l %uBiciuht @ eABble Hydadigsisof G-adentahnd AustbadinaTale 8hd&ion
Research Establishnent 16 Suffield (DRES) in southern Al berta, Canada and

Al drich Gherdraré \Cagame¥o ab o pRSRE!HorehXic FeBdutt n Bitlal BHAR itR rarRleldti ON

was prepared by weight in acetonitrile 18 (AcCN) and several dilutions were

prepar ed g anfti f911 [P BuAiCichPtORRvIa8/ adelgubRr hidchRtitePions ifeMd&dondiRingReh. LV,
and MSD responses. Stock solutions of the other CW20 agents were prepared

Vol Ut r cal by AN RIS GBIt BURS BT AR o Zechilsess

ot herwi se specified, in a typical experinment, sanples were 22 prepared in
2. OrL autgos vi.al I.LS It ; Ui

cont ai ni g (el 8, Emols helirafhn 39 Trblinbfie el Bhodiidh dine by

fol | oned gby %ién?éjf fer concentrate, then the decontam nant concentrate which

had been 25 parately prepared by adding the active ingredi ent, anhydrous
sodi um 30 July 20Q3 ' ' yanu j D),
heat i ng31t%o 29C with s%%r F@enggu?f?)t 9&@ %8‘82?% E’ﬂ g‘géﬁﬁ(w;‘a%lvgpﬁ \r’]}ﬁeh%rgl }g'gnt was
added def, ni,ng tine zero. i s t el ' e
directl f/:”i nf@%f’ghlof oa?'ﬁegg%"?%g‘“%%@é%eﬁ er}'%ofi %%Cg?o?{ﬁ?e/ﬂgﬁt'é H%%%‘e?”' S
mai ntained at 25 0C and a mni stirbar in_the vial mxed the 5 co ents.
Freoh sapl divaiahE hiRash, et Tk Beaes skl ol rBré et ek Bl
agent concentration praofiles over tine and thei%g same solutions were 7
subsequeht | yeaReftyo die BFstiustion of $VY agratnASn e SPEYPH 8T BP'ERIRNeT NS0 1o
Fig. 5 the effectiveness of several 11 decontamninant fornul ati ons\ﬁg{gai nst
sel ect ed4G- tSA¥EMA §@silyasBRoulss BViERagRHSYIVERNE Attiah Agcopianyaation.the
determ ned The fornul ations tested consisted of 13 an active ingredient, a
surfact arft , 2gent rAndgdacntameEen fPsRylaionamy BtingRala Go-resider aver Vs, in
excess of that already present in the surfactant m xture. The col5 sol vent
val ues Y9 FiRghapy afieradising, andeds (s BYIflsm BVY fgethegcoptaminatizcontinugs 16
surfactant. 17 Three decontam nation fornulations were assessed for

17  at an even more effective pH. Further, from an environmental standpoint, a more

18  neutral final pH of the decontamination formulation is less hazardous.

19 It is important to maintain the initial high pH over a prescribed

20 duration (such as a NATO designated duration of 30 minutes), to provide

21 sufficient hypochlorite ions to effect decontamination — favoring oxidation of VX

22 agent which avoids the formation of toxic hydrolysis byproducts, favoring

23 hydrolysis of G-agents, and favoring oxidation of HD agents and avoiding HD

24 reformation. Accordingly, the buffer must be capable of buffering the release of

21



18 effectiveness against typical G nerve agents; the m |l dest fornulation,
‘using 3% 19 ww SD, a 213 strength buffer, and 1.3% w w surfactant; an
internediate strength 20 forrmulation with 6% wWw SD, full strength buffer,
4. 6% wW w surfactant and an 21 additional 6.9%wWwto 7.8%%@Mysz¢q§nt,
and a full strength formulation with 22 9% w w SD, full streng bufter,
4.8% wW w surfactant and 6. 9% w w addi ti onal co023 sol vent. Although

anhydr ous 1 SDH@isduss RhydroERPSK Ak i hfbrokotyz@uBelshitd 8, watér. PRICEe PrafaRbIAT ©
quoted in terns of the equival ent amount of di hydrate. 25 Percentages (W w)

quated fop sukd pati@aitapleasBole BEMIregthe @aitbn SWEiafld wHdecdMtaminitiohu! Y
2003 1 In order to standardi ze concentrati ons between experinents, the 2

effectivepess was cal cylakedeASctrRfiRAAEE st saRALIL BLTEAR Eysten Y LAY
0.29% wW w GB, there was no evidence of residual agent in 4 any of the

LG FPD or 4LC1,?%9§,§]Q|B(_§1%$m%O§yS , ée')jm%%tto apdinital SHTRA F‘arg;fer@r“% o 31 1

formul ati ons Yow w and 5% W w SD) . was destroyed I n edach case before 6

the firstegsa : ] i For
the 7 st popelif 3k shen 8 st e b8 sQllimlioh dodFall deiant SR Bhy ¥l dtbus

per f or medgat ; 1 e tdi

o cati g congay bRty BrefpRRaEte Site ARerey A RNonifis b S L tesyly

Usi ng 0.29% .an L lde L0 i +.h

formul ati zns% \é&’%%\%t'vc\)/gahﬁ I‘%9/08 WW“%D&%\@% r%é\}?gﬁhg{? g‘é%%h@“ﬁ&%‘és? 'Jogjgrc tm?lf ation
12 was tegted in.t S -ate_experinments. In the first, containing ~1.6%
ww 13 su fag'tygﬁ?mg\@&-%g%ﬁ%@msi s indicated that GA was destroyed within
1.33 14 mnutes. fn the second, containing ~1.8%ww surfactant, there was
no evidente 15 of GA iﬁ“ﬁ.%%%ﬁﬁeﬂuﬁ%‘ée“éﬁ rpgbed%gg%aTmﬁgrpﬂyrrB&a@rth%%ut es
(LG M5). Eor the 16 internediate ;}C[.en th fgrrrula i on containing an

addi ti ondP 7 PERRERE DVEBULBISWERHET INCGINEITBY\RRE SREWalR tence of GA in 1,07

m nut es el apsed tine bﬁ LC-FPD or, 3.35_18 m . nutes bﬁ-ﬂ'lﬁg MB. 19 Using 0.29%
GD, agaidlonly the mi | dBtdeRAtaMiPalRe MrIUASN, Byt F{ Rtignely i 'BHdd%er e
each evaluated. The full strength formilation was not tested 21 due to the
success Wét h S BIRURS defarabirurGOB dnsof FRECHPT JBBIItPIS, §HFMta POl 22
tested and, in contrast to the other two G agents exam ned, smal| amounts
of 23 redBduddlyitiazalsparaenivey dimolbdaeasd Sodiim RentaRyiratessiicata ta iniovs ne
sanple. 24 Specifically, as analyzed by LC FPD, 5.0%residual agent

appear ed 160 Isempatibifityduitlt usg onM@RI% nut es and 0.5% appeared to remain at 4
77 mnutes, and the 34 30 July 2003

15
16 Augmented Active Ingredients
17 The decontamination formulation may further optionaily include

18  lithium hypochlorite to augment the active hypochlorite content of the solution
19 over a short term, thus providing a higher level of active species in the initial
20 stages after the addition of water. Preferably, lithium hypochlorite is present in
21 amounts in the range of from about 5 to about 10% by weight of the active
22  ingredient dichloroisocyanuric acid salt and taking into account that commercially
23 available lithium hypochlorite is normally only available as 30% pure.
24  Alternatively, small amounts of Super Tropical Bleach (STB) or High Test

25 Hypochlorite (HTH), below their solubilisation limits so that no solid or slurry

22



1 agent was conpletely gone by 10 m nutes, as determ ned by LC-MS anal ysis

-2 Simlar results were observed using the internmedi ate sol uti on contai ni ng

7.8% co3 solvent. Conplete LC-MsS characterization of the peak eluting at GD
in a stock 4 solution of GD suggests that a trace of a GD-rg ajtﬁg ({)q)yrity,
"5 met hyl pi nacol yl met hyl phosphonate al so eluted at this point,

contributing 6 to the residual peak observed at short reaction tines. Thus,
al t hough1Gregipearcoull tserfee someahdt fitié Gahie functiestdpyhd RawiteR of Iumt he

m | dest fornulation is still very 8 effective against GD within acceptable

time |inptshyPodlabmeg. 0. 27% w w HD, again due to their success. only the

m | dest 10 and internediate strength fornmul ati ons were eval uated. The

m | dest fornulation l¥huwagedtdreidafie feffiastidrenese parkeRstinfdRtibA fayee
separate tests. In the first test, 12 there was no evidence of resi dual HD

after 2.87 @lirtderbtionBiN %rddee@@kgam/érgaﬁ@lwbmw&tdwmréa@etkﬂe%é&ﬂm
vigorously than the other agents due to |imted 14 solubility of H

earlier gamphd n&ld\%ﬁso@?&n&%@d@bﬁa geh@rafté‘ﬁmﬁ REERULfIHEPbbrofteland SSdnﬁ%Hé'
agent was detected after 3.0 or .1 mnutes, however 6.2% of residual 16

HD appeaged hgmgg present af ter 5.4 m nutes assuning that the eluting peak
was 17 indeed HD. As a confirmatory test, an third experinent was perforned
and no 18 HD was detected after 3.65 or 4.97 mnutes. 19 It is therefore
concluded that the mldest fornmulation is conpletely 20 effective agai nst

this | | of HDin | t 21 The int diate f | ati
al Isz tg\slgedofor e%?ec?‘livvmra'gm‘ns{g" %Mﬂ%&)d mEh u2(238HD and gelmr;ng': ;n;t 133 (ra]o ?(rag:Jdﬁa: OQD
ft 2. 47, 5.27, i . \Y
e 24T 2T o sk SRyl SRR B IS

diti Jul y. 2003 ,1 2 Ha f I t
Fro. 6 Bhe BRptceArRtrn R BUPU RO BRI 2t ons agai net the nerve Sgem
VX t d. 4 | d le 3. T 5
docontatinant for i ol BREva o amBhCRARE RSt FRent %ﬂ&aego@z%@%w nerve
6 t | dest f | a wth 3%ww t
b Per: 8o 9RO O S ol b R RS
wth 9%WIWSD full 8strenth buffe 4, 8% sur factant. and 6. 9% w w
addi tiondl QRHM sadiumptetrap Wt@eéﬁ%%ﬁ@ and %3’%%5’@%5 jyraFarigpnate

surfactant represent double-strength 10 surfac
14  adjusted to a pH from about M0 to 11, using aOH (full strength buffer), 9%

15 surfactant and a total of 8% co-solvent, including co-solvent contained in the
16 surfactant mixture. This formulation provides for maximal decontamination -
17  capable of decontaminating the broad spectrum of CW and BW agents, in the
18 liquid phase, in under 7 minutes, and provides foam production capable of
19  coating vertical surfaces. The concentration of active ingredient of this first
20 embodiment tends to compromise the performance of the resulting foam as a
21 suppressant of dispersion or blast devices, likely due to the higher co-solvent and
22 salt content.

23 In a second embodiment of the present invention, the
24  decontamination formulation contains 6% dichloroisocyanuric acid salt, full

25 strength buffer, 9% surfactant and a total of 8% co-solvent. This formulation

23



11 Control formulations were al so exam ned. These included a 12 fornul ation
ccontaining only full strength buffer and surfactant (Bufferl Surf) and a 13
formul ation containing all ingredients of the full strength decontam nant
but 14 wi thout active ingredient (FS*wolSD). 15 In order togqggt n,?aé 'ge
ctoncentrati ons between experinments, 16 effectiveness was calcul ated as
percentage of residual agent. In addition, an 17 authentic sanple of a
known pot ent ipdvidesxi orpr sbect dedantamindtiofluciny, BEreaydd oliyshs dlomly Vb

S- (2-dii sopropyl am noet hyl ) net hyl phosphonot hi oi ¢ acid was synt hesi zed 19

and char agt eijegéstabiindton\ds shg abientdsR dorasteatiug BRIt Of unsuccessful 20
detoxification of VX. Al reaction m xtures were exam ned for the presence

of 21 thig conpound; tfe; ﬂﬁ@%ﬁ@&ﬁﬁ%nﬁéf@tﬂéfpiré‘s@minQéﬁt'iBri,ttﬁéaée&ﬂf'érqm%on
sufficient evidence 22 to disallow the formulation as a possible

decont am paniomanstidhatentaiHe 3%E hthictoiddcydngris WRRRIdae S bi&l ¢ mﬁ’uicr‘?4tt1én the

first evaluation, the control fornmulation of buffer and 25 surfactan

(Suffer/Sygrf Ak} LAt 36
503Ul y 20055 Sy EhE & s, BaYERTTANG LRbh 2R e B, 311 ol Betorid o

significagt @yesddd h‘ﬁﬁfe?(g@ts‘?fé}\ggr %J#@),O? tsru‘?ﬂacﬂéaggg\\;\\gﬂji- B8R Ptaghibl | co-

strength tornul ation wthout acti i ngr edi ent D) was tested

agai nst azcopgephf afd%iQ{én{?)fod' i Jvéi%i{t Bﬁoﬁ@éﬁjeﬁﬁt@%@ Elagﬁ%@;@:&régsﬁ/gﬂtprgﬂggy RS

of VX and toxic product were foun

Addi tionajl ysloué'?rr%%fgg ag%b%gﬁﬁat%glcgég%&pl ets in the solution at 125 6

m nutes i ndi ating aturation of VX were present in solution
and t hat renoval of VX fromthe systemwas slow. Wen full strength
formulation with SD 8 was enpl oyed in excess (18.2:1 active speci esNX}, all

VX was de@troyed in Ie@%gmmm es with no evidence of toxic
product. "10 A nore ext f ion of the tenporal effectiveness of
the 11 m,| dest fornulatjo m%g und rtgléen in which the stoichionetric
ratios of 112 concent r al MASCYFaNRAIGN IrmulAliop 5ap Rerrepriedatither as Sdiawq on
were varied. For .the | owest tio (~6:1), .effective decontam nation of
VX vas nie. aghas Al TR BETeTies By SRaroate (GRrm st O i o diBetNabr e
observed. On the other hand, if the ratio 15 was ~16-18:1, conplete
decont am'Rat oAt SHrtaessitinS LAY VRigAk SYslasasabd EhsRPresyarcL 6NMisiRct was
achi eved. As shown in Fig. 6, the mldest fornulation at a ratio of 17
18.2:1 i 34conpl et el y eklpwpg referangete $i. 11Rathectiespstaminaiinrefprmulagipriof dhe
fornmulation 18 reacting at a ratio of 29:1 resulted in simlar o
ef f ect i véhes preseohinventiarmean heprepsredisy firskearpbiding in 8 single sewce shkution fre
trace recorded by the LCMS is at its detection limt

16 a plastic drum, water bladder or plastic container, at approximately the final

17  percentages, the active ingredient, co-solvent, buffer, the surfactant and fresh or

18 seawater. The source solution is then pumped to the contamination site. For

19 foam application, the formulation is applied using high to medium pressure

20 pumping equipment equipped with appropriate aeration nozzles.

21 Referring to Fig. 1b, in an alternate and staged method the active

22 ingredient and buffer are made up separately from the co-solvent and

23 surfactantfoam. This staged approach provides improved storage life after

24 preparation. The active ingredient can be made up in a single solution

25  concentrate of the highest achievable percentage soluble in water, about 30% by

24



20 using this procedure. 21 An analysis of the mld fornulation w thout
-added VX did not 22 register any response for VX elimnating the
possibility of a false positive VX 23 result due to the formulation itself.
24 In conclusion, even the mldest fornulation is highly ef ggcj,‘yvez&?

'agai nst VX provided that the ratio of reactant to agent is nain Yi‘hed’ over
at | east 37 30 July 2003 1 17" 1 This finding is in accordance with

statenent;s rpglght i1 Wakd, 1¥ idkowd Bakefie haidr IndRwalHithe EBRMREYIUDI1992,
92, pl731, in which the authors state 3 that greater than 10 nol es of

active chl orddige dRelRAI thededsOcdntkrirde i rERliROl PXasfirdteIHEBhE maff
Havi ng reference also to Fig. 7, the effectiveness of several 7

decont aniznanfrebff h@ibRNhaAturh AeEEtaREitBR! THid SADIGPK! dherariaszphate 8
(DFP), a conpound often enployed as a sinulant for Gtype nerve gases. 9

For mul at i40n%du?swe%ﬁéggmlﬂpmémﬁé@m Q%g:orﬁpéglt‘i'tmndét%:r%ragirtﬁpﬁﬂﬁﬂ #,ate

(SD), 10 was augnente pochlorite (30% Li potassi um

brom de %1 (s ofle5 il 'sefls oA il b &A% g{)@g@@yﬁe%ﬁggﬁ& o 18

t
1
per cent ages quot e or surfactant represent stre sur fact ant .

13 Fol | O%quiﬂt- rﬁ?%g),i,(% &Led%gé}gglgtfgpgod&ngeriddfs GRfhe AN %ctri\}(;egrnggéd‘(eerﬂt 14

active i edi ent vvaé concentrate prepa
distilled, 15 deioni zed, vwater . ' sold k [ of
weter wnioh TesoUBh SR RELEL amesBE8L e B Sal ol 8o SoRBRT M6 Al cc.
VWhen SDI Li OCl 17, conbi nations.were . 3. C rate S prepared and
added to théthg%@{iCSWp? ing rﬂ%fqr@H%t'ﬁﬁgggi'@l?ct% %&hﬂ%bm%ﬁktant pH was
mai ntai ned at 9.5 usi an 19 automatic titrator adding diluyte . As a
(Tnal st 8o, the DFp v Sevienbrutptolt Ssoaanlrehlall sEfoet: &% deresienhent ni ng
time zerq for the reaction. At tined intervals 21 (5, 10, 15, 30, 60 and
120 ni ndPes)oneapnethiet andeethealves qerﬁﬁoﬂ"F?é“'F'é%tc?ﬁ’%'%atﬁ’é A JPEYGBh use| Aver ed
into a guench vi al contai ni ng, aqueous hydrogen peroxide in 23 nethanol or
i sopr opdrol ,syapw@istiseeiact GabEXRt Paesndess@idM0 ingredignisi A8 Wl thscambient ¢ ne
of the 8uenchi ng. Each quenched sanpl e was then anal yzed by HPLC. 38 30
July 2002 1 tempsraieie €@ #flugaes dne CoBeATHENER Afi BIacHst edtiresk perefert s, t he
2 effectiveness was cal cul ated as percentages of residual DFP. 3 The
resul t s 18nd anepBrsteansider rasgrfacterssang adjysinha coperntiaton 1oé the sykAdadflori g. 7
and the graphs of Figs. 8 - 10. The table of Fig. 7 is divided top 5 down
i nto thride saitthepsrticolar siteationngwhivs the fareulasioms te Peousedbf SD, SD+KBr, or 6
SD+Li OCI respectively.

15 Regardless of the method of formation, most preferably, the

16  decontamination formulation is prepared by adding into a stream of water, the

17 ingredients in the following order; co-solvent and surfactant, active ingredient,

18 and buffer.

19 The ingredients are pumped through an appropriate aeration nozzle

20 to provide a relatively stable and thick foam. The nozzle should entrain sufficient

21  airinto the stream to create the foam without causing excessive back pressure.

22 The active ingredient and the buffer are added as concentrates to

23 the stream of water and are diluted during the application process. The surfactant

24 can be added simultaneously with the buffer, however it may be advantageous to

23



7 In the first fornulation (SD) and having reference to Figs. 7 and 8, 8
‘the results of a control containing no active ingredient, surfactant or
co-solvent 9 and various formul ations of SD, co-solvent and surfactant, at
pH 9.5, are 10 illustrated. 11 As a control for conparison QWTWS'% gnd
entitled test 7-115, the 12 di sappearance of DFP in aqueous 'so i‘on” at
9.5 by unai ded hydrolysis was 13 nonitored. The %of DFP renmai ni ng over

time is pjotbad ulin Kbfardleld3rbi {25 g ind Smblft & & %fgpé&% il deddhsalfgy an

appar ent |n| fral increase crea over

a val ue of 6§% ?r%bl%ﬂgte%ﬂwﬁlﬁ@%)IQ%L}R%I%%ﬁQatB@%%Q% 81k Lo P

remai ni ng at m nutes was response simlTar test

L P P en o 80 e IR Shraanegsfath? ) Wﬂ ol Prinflrify |1 N

82 and illTustrates a ra va ueo zer

28p282'(vje3% © pEpd ot HisBiriof hrelay K6l h R e sbaondn mff%ﬁpé‘é%egwégtgr
stir ?ed; %E‘)ezgéaéﬁ?mﬁéﬂc’%? %}%&E%@%ﬁs@%aﬁ dgﬁ@%ﬁﬁow‘ﬁﬁiﬁ y DFP

% . 25% Vv !
bor 1 of m vf‘[‘h the-addPt Eﬁfﬁﬁ%‘?c%ixeﬁ@%%gﬁ‘f‘ﬁ%gga@@@vaa%foaf@eéffaﬁb%cﬁ’@
co-sol vent . 30 Ju 003 &3 Pl ot.t ed a nes g?e spect vely
Cher o wae! anoRRHESToNA lafro G P e Afler bR TR A00 1o R TAZESE S o ¢

time, However, the curve is 3 shif war ds om t hat t he reactlon of
SD i one 5 ¢ AR BEMBHS 9B, Sxpdsd H%W@*’#Dfaoem%?'ﬁ Bhehe e b0 SeN Ry

two hours, At the 30-minute mark, 25% of the 5 DFP remained in the reactlon
Sobut s on i  BUERRAH) VRIRB RITGP Hiec 0 FIRTUET A 16s ARHREYTGHEBPT SaPURY ant
and co-solvent. 7 It is clear that the addition of SD, whether alone or in
the presthcebplosu-tesm cuposyre tanatestiafycarmstvesyr ghrasiveingregienter eases t he
rate of hydrolyses of DFP 9 but that both of these other additives has a
negativel®ffect on redstihenalternativel eppigaciheals degindientsr atd gombinesnin tevi ng
reference to Figs. 7 and 9, the 11 results for controls and the effect of
augnent i hg t hwraetdomeimerqf'@lnamtvwle this eproachdslisimer, dif mK8rbe o0oeD that h
co-solvent and surfactant is denonstrated. Since the 13 addition of

co-sol veh} ati pRssuce adftthatbuffermmstureaméltl immedtatalyliinitiatef degradationt bethid r at e
of hydrolysis of DFP, the ability of KBr when added to the SD to offset
this 15 #4f eattiveasngradiest i gatteel. lifdémea obrhe ofoymulaton ewsihg sthis onethod est
7-143, plotted as |line 16 91, with bath co-solvent (6.3% (ww)) and
surfactany fpmparglioagemndy 03. Aboré winiigd Irom rihe hieme esictvhimh  sredyutare@mMiwed e
conpared to a simlar reaction at pH 9.5 involving 18 added KBr. In the
control ¢&seAdtitienaiiywaise edipdwil bBFXpatécto the cboplete Fownwai6n and could

17 corrode substantially faster, depending upon the materials of construction. In
18 contrast, the lifetime of the active ingredient in water without the addition of the
19  buffer mixture (Fig. 1b) is considerably longer.

20 Modifications to the above methods are possible. For example, the
21 solutions could be mixed off-line in a series of drums or tanks and, when
22 dissolved, the contents could be pumped to source containers permanently
23  attached to the pumps or aspirators.

24
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19 remained after 30 mnutes. 20 In test 7-147, a KBr (0,1 M solution held
‘at pH 9.5 was substituted 21 in place of water and the di sappearance of DFP
was determ ned. As plotted line 22 92 shows, although the initial val ue at
five mnutes appears to be anomal ously 23 | ow (12% DFP) si n%g) {lhl a&g
‘appears to increase to 26 % at 10 m nutes then 24 gradually et g\nth
time, it is clear that the rate of hydrolysis of DFP has 25 increased
relative o the contrak,fornulation. The DFP did not reach zero within 40
30 July 2003 1 one hOUT" and the cal cul ated percent age of DFP rerral n| ng at

30 mnutos was 8% 2 Ggapky adil il Kb 3R A So! Bl AL gﬁpro%a%  he

hydrol ysi's of DFP in the presence ®of sur

third forqmul 8 F and 10, the 5 | ts of

a control:ml @3%“(%?8%&% %T?C ﬁg@hgﬁéﬁt ﬁg&bﬁ%élﬁ&g%mo%lo&ﬁi SPH@I@ ?o ta "6 SD
arelllusi ?As natlvetoa |r {1 i nsol ﬁg for 7
i ncreasing o 8‘?%{? h@}t OPE%%?rFV?Y ag REP %Ipeouﬁ %c‘?ﬂ B?H efacn

was 8 suhstituted. ari t test e 101, vvas

verformed i @nm%ﬁﬁhﬁgowg AR il 'ma%%/g B 5o %xana*%a%‘%@pw
ini urfa 5% d
excan ned & THEOTHP o B ufie ! SIPRRRAT Cop Reaelatre: e #pomci er

0.5 hours, The cal cu ercenta of DFP at 30 12 m s . was 2% 13 In
o Second  estgunts ANl BESAFARD I 80109 PoLFtp KaEP Of 00T Friindre BURRod ¢ o
a solution with SD (6.52 % and the surfactant 1.5% (WM w)) and 15

mai nt ai nétl afCTPRPREMES. 5 i”@kﬂ? ¥ Sels. (cree; b ckagsy, povidialiger ahe DEP
at 16 five mnutes was | ess than 20% of the initial value and continues to
decr ease i t Mixtgretwitiethe@rdive iasedientdimpistse seRge exeludeth remai ni ng at 30
mnutes is only 0.5% 18 Clearly, the substitution of LiOClI to a | ower
concentr#tion of SD 19 heed@ssalvend el Uikpwisewpehmegserede £t i i0i Bppropviated DFP
than one with SD as the only 20 active ingredient. Al so, when conpared to
Exanpl e B abauantity, tdilutedagligithe ift nadeasarg anbRfoied inﬂ@ﬂgerniastichI'ssviﬁntigrntty
hydrolysis in this systemthan are the Gagents it 22 was proposed to

si mul at e12 23setled li@D Thel surf20tdt tarblitavwise bé sRpflked ivfith eciginabstdpging foafl @am
phase-det oxification of anthrax spores 3 was determ ned. A suspension of
Baci | | ust&antifipaepared Aceadlys stagéd n pais lreate-theshoekeamountkidimilahe theges-at i ve
cells, leaving only the viable spores. Small netal 5 coupons, painted as
per i n-sBf vi saivant] Altemuativeithé es.soventand earfeotanticah bet ravidbd Gsvd pidurand
sterilised by autoclaving. Each coupon to be used was spotted with 7 200

ESL spors susmepatiabeddiogéthehutredsaideangiebnsuiaicatben efissolvedamepsiiutas H0- 70 8
smal| droplets and allowed to dry overnight in a biosafety cabinet in a

Level 3 5 Bigseita se@vdtet aRRicAt ey subk@oliveiyt BHGES tved uRRIAP SFBRnP st WO
separate days using freshly

17 described above to obtain the decontamination formulation of the present

18 invention at the decontamination site.

19
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11 prepared foam formnul ati ons. Each trial used two of these coupons, one to
‘test the 12 decontam nation fornulation and one to act as a control. Each
coupon was 13 placed in a 100 mmpetri dish, supported to keep it from
comng in contact with 14 the bottom of the dish and cover egovy',dlv %ﬁd@er
t he decontam nati on foamof the 15 present invention or a contro oam not
contai ning the decontam nant active 16 ingredients. The |lid of the petri

di sh was ,repl aced andgﬂ ﬁligd to ensure that the 17 foam contacted the
entire coupon. After es each coupon was renoved 18 fromthe petri

dish using forceps, rinsed with sterile PBS then swabbed twice 19 over its
entire s%rface with a&gferﬁonm%w'ggnp?’iwﬁﬁvaﬁ?e TH@“’&?E@E vvé’g ghecdicenes m 20
of Heart I nfusiop broth and vortexed. .21 In both trials, 200 pL of neat

br ot h 1 1 dm (SR HUBEREAR TR PITParb ARERPP e d % daban it tosobhe G Bet x
10'4 dilytion (i.n PBS) of the broth fromthe 23 control foamtreated coupon
were pl af'ed Bfff0°Bach of four Bl ood Agar plates. 24 The plates were

i ncubat ed overni ght at. 37 nd the Colony Formng Units 42 30 July 2003
1 ( CFU) gbserved t he %6? F?ﬂg ipisirates, &vn "’\'/e‘P{ePWa%Q’BI%f Bl desprdaialieBl f oam
results 2 are shown nultiplied by 10~ to adjust far the 10a dilution. 3
Trial 1 &ndf9Myption.i ndi cate, respectively, that, on average, only 4
0.0108% and 0.00109% of the original material on the decontam nation foam5
treated oupons renni REaMplealdl dlusirpigss g ianglisation andoeftmbivenass 95.theo%
kKill for 6 sinple contact with the decontam nation foamfor a period of 30
m nutes B 8 faupilation of Epamaler t v amlipd dx ashiid driadden destriatiani fre Mustdrd .
Experiment _Col on CountsPlate 1Pl ate 2Pl ate 3Plate 4Trial 1 - Decon foanB3 ~

_26~28 ~21 mhenlical age@ontrol foam - 22 x10 22 x10. .. . - 29 x10 28
x104~Trial 2 - Decon foanl31053Trial 2 - Control foant6 x1072 x1068 x1078
x109 10 1Bxamale 7 More generally, examples 3 through 5 illustrate various formulations

11 and results for liquid phase reaction-decontamination of CB agents. Specifically,
12 examples 3 and 4 illustrate liquid phase reaction-decontamination of G-Type
13  Nerve and Mustard Agents and VX Nerve Agent.

14 Example 5 similarly illustrates liquid phase reaction-
15 decontamination of a known nerve agent simulant, di-isopropy! fluorophosphate
16 (DFP).

17 Example 6 illustrates the foam phase-detoxification of viable
18  anthrax spores on military-spec painted metal coupons.

19 Examples 7 and 8 demonstrate field trial results for the
20 decontamination of a military vehicle, particularly the destruction of mustard
21 chemical agent and foam phase removal of radioactive dusts.

22
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11 Having reference to Figs. 11 - 13, the neutralization- of nustard 12
-chem cal agent on a mlitary vehicle surface was evaluated in a field trial
using a 13 fornul ation conprising of a m xture of sodium

di chl oroi socyanurate and Li OCl as 14 active ingredients. Thgovvﬁ‘n%m@(ﬁ)ysed
'was a US ML13A arnored personnel carrier 15 subsequently coate it

Canadi an Forces specié'grﬂ 'eop Chem cal Agent 16 Resistant Coating (an
agent -resi stant two- rethane paint). 17 In this decontam nation
trial approximately 7 f munitionsl8 grade nustard agent was painted
onto thé side and end-?'agtfpﬁ%w\y‘&hpﬂ@.taﬁ‘“ 2] \%‘Eﬁ?‘ﬂ?@%af‘r Frapied fyi the a

plastic-lined containment pit. 20 In Fig. 11, a nass spectral analysis of
the tot & iwhigadezsontasioasen accerding to Bx@mplerdnat ograns confirmed that the
contam nant in the 22 bottle and painted onto the vehicle was, indeed)

nust ard4by ref erence AosaurcdIolutdh dfiwat@Q0Ruifferagbhentdrt aressusaeeht wasf
mustard stored in the search library (Figs. 11, 12). 2 Handhel d Chem cal

Agent M t Giepatde\VDe srBicl, t £ GoRlibANSF é‘btW&d%Q%’&Eﬁf Va3 HRPRPESeSSéaiMlatey VY

Det ect or Paper displayed the characteristic red col our 4 response

i ndi catixe .5t e ent,: s . ; tp the. contamnated surface
of the von GBS ECoL MBS ST BeRRaRBRToR Fedradatlit of
was then 7 applied to the contam pated vehicle using a high capacity punp
and two hos§ RYROCRITIPTICUTSRIMYHBPYXRE. The vehicle was then scrubbed

usi ng | ong-handl ed 9 brushes. During and foll ow ng these steps) readings
were made of the air WBlosangadioutany, doweavcehtrate t bfe thehactive ihgrestierit evas
Chem cal Agent Monitor (CAM and 11 air sanple surveys conducted around the

vehi cl e glur pregparde Hemulid nigeder of edpr evatdr faid et 6o kgdebecantiftRons esadiam of
nustard vapour, as shown by the GCMs results 13 of Fig. 13a (total in
Char act o o e T e B e A B o LTS T
11. 16 f: P . Bl\gisﬁg @/aﬁéorotve@ﬁg& rgor}?taiﬁ&starpae r\i/iggr)outsf}e sftipr%'&“ W Vi qﬁguﬁ\ﬁgy
12  stirrer/homogenizer. The solution turned into an off-white milky liquid which,
13 when gently warmed with the introduction of steam for less than five minutes
14 turned into a transiucent amber-colored fluid. Mechanical constraints for this
15  particular experiment limited the solution concentration to a maximum of 5.6%
16 active ingredient, 9% being achievable using different equipment as
17 demonstrated in Examples 3 - 5.
18 The source solution was prepared with 303 liters of tap water, 16.73
19 liters of surfactant, 26.35 liters of polypropylene glycol as co-solvent and
20 inorganic buffer salts, more particularly, sodium tetraborate decahydrate and
21 anhydrous sodium carbonate in sufficient amounts to provide concentrations of
22 0.0125M and d.‘!OOOM respectively in the final solution. Sodium hydroxide was
23 added in sufficient amounts to provide an initial pH of approximately 11, which

24 would, after addition of the active ingredient, cause the resulting pH after

25 stabilization to be from about 9.3 to about 9.7.

29



17 with water and the air near the vehicle surface surveyed agai nst using
.CAMs and 18 the GCMS. Once the vehicle had been treated, CAM surveys
conducted close to 19 the vehicle surface showed no response, indicating
nustard vapour was not 20 present. 21 Having reference to Fgusgy bbod he
-conbi ned responses from four 22 Chem cal Agent Detection Systens Mark I

(CADS 1K) stations dephayRduaaewnt A [ L
CADS Il station conprises t&/o {i- éﬁﬁltaglf};&giﬁé%ﬁ/rgx %W%{eﬁj%%ssgggaa |

vert CC?NEa%R?%”WE‘g“ Al s?%ﬁ.”@@ﬁ@?ﬁoﬁft%Eerﬁﬂéfﬁf@eww Suly
2003 Lt gl 40 o, BEGERIREL, S e T e Bh2a T o bl 59 Dt

C, the audible alarmfrom3 the CADS Il central control unit (CCU) had
sil enced andd¥orRlypropiitens @orir §7% alcohof arixtuee (deabett 2% CHalGi.)i@tdiang of

nmust ard vapor was observed. Thus, this 5 fornmulation applied in this manner

is effedtive% @Hg(tmpzr)ew,rugwdamerttala/rmmbeiﬁg@vaterﬁ freshly
contam nated-coated mlitary surface imediately and is effective in 7

decont agj nating nust ameré:%t%t@ N@%@Lﬂfé@téhttél‘é’aq;ﬁ&rﬁé d"8doRigy ﬁe@ﬂtatggt e8

peri od after application. Exanpl e i ng re erence’to

decont aft natOBRTGH gﬁtﬁog@wﬁﬁa@?@’# S LY W

ar nor ed veh| cle was denpnstrated. The vehicle, .a French AVX-10 Ar mor ed 14
Personndl  CHier§ce galtien e sRaiReed” )P@@'h%lf?lHEP't@@ﬂ'@*ﬁbr with '4lLa
particles 15 (100-200 pm) to sinulate surface contanm nation as m ght be
caused B driving 16 &besesraonatlatiomanddcanrenirateewens sepxatelytsioiadaini taro
formul ation using Silv-Ex 17 surfactant was sprayed over the surface of the

vehi cl etQusi E@sﬁc sregedepselssThe sblramsdlatioh westbwnpéd ah2ailitersdinchrsughf oam
nozzle of the type normally used in 19 applying fire-fighting foans.

Subsequent F%stst] RO td‘gtfbé’rﬂ Rz CPRE %Hheéfﬂtétet\ﬁﬁs ﬁroﬂ%@b&!uﬁto"tﬁé ﬂ}a

a sensing f ere radi atl1 on neasurements on exterior cou

e L e L LT RS e el W el g’
After 23 towing to the decon{y@g} nation SI te_and commenci n Bl i cat, on the
radi atibh | Baefecdy waalosrmr PEMRSONNRS R APY @R VPR 108 i3HH Y NPRIEEY-

mRenf hr (0.11 nBv/h)) 25 presunably due to foam | ayers droppi ng off the
si des ot4 t h&heetnrobisededunjionhef #® two units amounted to a total of 18.6% of the

15 overall exit flow of foamed effluent from the nozzle. This combination provided a
16 final active ingredient concentration of approximately 5.6% by weight equivalent
17 of sodium dichloroisocyanurate dihydrate. Two eductors were provided in
18 anticipation of alternate operation wherein each eductor would draw in a separate
19  concentrate; one containing active ingredient, the other containing the buffer, co-
20 solvent, and possibly, the surfactant components.

21 In operation, the combined effluent was fed through 40 m of

22 standard high-p'ressure hose to a spray lance. Dissemination was achieved through
23  attachment of a foam nozzle (9 US Gal/min) (2.044 m¥h) to the spray lance

24  discharge. As a result, foam was readily generated by pumping the formulation
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30 July 2003 1 application stage. The radi ation level flattened off over
-the course of the 2 decontam nation probably due to residual particles
remai ning on the vehicle in 3 areas where the foamcould not drop off (top,
crevices) readily. On 4 commencenment of rinsing of the vehighe; tdhopter)
‘the radiation | evel dropped 5 even further (to approx. 6 nmRem hL‘M
presumably due to flushing off sonme of the 6 remaining radi oactive
particles, Hofhet HpstERdRE bRy RG1thé adrdyr PoMiME M oOfhes| of

t he vehi cl eptgga?arrglee bf/ ?ﬁgﬁ@yo?‘ 80 gr (%/lroes confrﬁ&n@dﬂotﬁgt&?ﬁt)g%

radi ation ha@r%eﬁ%hﬁcieg”i ficantly reduced by decontam nation using

Si | v- Ex- based decontam nation foam 10 In a subsequent trial, the sane
vehicle was contaminated to a level 11 of approximatE: ly 45 nRem’hr. During
novenent of the contam nated vehicle to 12 the site of dE: contam nati on,
significgnt loss int | of radioactivity was 13 observed. The | oss
was sucha{'hat t he trira%avr@\ég‘rberm nated. It was apparent that 14 the

exterLor gurface, haviggbIEn i EMRHDY 6l ARG EfbAfle oAl AdRaibiich o di ¢

. . S
not 15 retain radioactive partic sprayed onto 1t. ot her wor ds

EELI casedt dsﬁég%g%?ﬁgﬁ%ﬁég 3%%f‘?e.hﬁé'i%u@%@???9%@9%&3’?3@%?'%;?’“%%to%‘%' ’
ipn. 18 |, ' ' LE [ ' .

cont am ndl o ieroxeel S AEATORRENRE anblba BB oRele R IRRRI T e

e obserd/odPIGEMSIoI ThecP PR B1o] VRl POBNSRER AR 1o, 3 DUSHIAA, I Mher cas

was obser%edP?'d
decontam nation with Sjlv-Ex22 sed decontarti pnat.ion._foamreduced. the
ot o T epatanlt bfis Shron AT ARBATISE SPECBBIsACRAYER) The HReog RN ation
application and 0.22 npRem hr (0.0022 nBy/h) after a 24 secon? decont am nant
appl i cat1®bn, fopptiation A rhwss anried fa ke cantiapindiad Fids; of e NaiFEssi ng

this hazard. 46 30 July 2003 1 THE EMBCDI MENTS OF THE | NVENTI ON FOR WHI CH
AN 2 Excllusl wsingtivrlaure @R preag feiorred PycmanyeDsarebipgmf N shdace Heingons:

12  long-handled brushes. After a 30 minute wait period, the foam was washed away
13  with water and the vehicle surface was re-surveyed using the GC/MS. Fig. 2
14 illustrates that an air sample taken near the contaminated vehicle before
15 decontamination contained mustard agent, the top trace is the total ion current as
16 recorded by a portable GC/MS which shows two large peaks due to internal
17 standards (IS) and two lower peaks. The second trace (Fig. 2b) is an ion
18 chromatogram set at m/z 109 and the bottom trace (Fig. 2c) is a separate ion
19 chromatogram set at m/z 115 to detect a simulant, diethyl malonate, also present
20 in the atmosphere from an earlier contamination. As shown in Fig. 3, a mass
21  spectral analysis of the m/z 109 sample component of Fig. 2b confirmed that this
22 component was mustard chemical agent with a 85.7% probability as compared to
23 the bottom trace, which is an authentic mass spectrum of mustard stored in the

24 search library. Turning to Fig. 4, once the vehicle was treated with the
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4 5 1. A decontamnation fornulation conprising: 6 (a) fromabout 1 %to
-about 15% by wei ght of a chloroisocyanuric 7 acid; 8 (b) fromabout 1 %to
about 10% by vol unme of a co-solvent selected 9 fromthe group consisting of
pol ypropyl ene gl ycol, polyethylene glycol, and 10 derlvatlvgg\ﬁﬂg qéures
‘t hereof; 11 (c) fron1about 1 %to about 1596by vol une of a sur tan

(d) a buffer to maintain said fornmulation at a pH fromabout 11 to 13 about
8.5; and (14 g 2

formul ati on 4%)0 megqé@mﬁertgiﬁr&t hn‘éfagl.@{heh@%?rgovgaﬁ‘n%ﬁ&ggggﬁnﬁ ratsh%ﬁles
anmount f@P”\QR&Vhe%%%%%eﬂ it 9% by weight. 18 19 3. The decontam nation
formul ation erein said 20 chl oroi socyanuric acid is selected
fromthe . group consisting of an alkali netal salt 21 of
nonochf oroi socyanuri c acid, dichloroisocyanuric acid, and a conbination 22

the_reof \inth c_yanuri cgm d 23 ?54 4. ~ The deco_nt ani na_tion forrml ati_on _of

claim3, wherein said tal salt of dichloroisocyanuric acid is

di um dichl or oi h
decont arithat i on f 8?%{3‘?@%?%% opEXafilehs %%@ﬁﬁﬂaﬁvei%@v%%f?f%?esidq%iasgnﬁver

I h fal 5 3 4 i
e o e Ao bk o RsR R o slacun (FBEGT SRR o

f | at b t 30
ormita I7on saep%\r/atlon c% tLe reacttlon%orsnponents equnpped either with a HPLC-UV detector

8 in series with a commercially available dual flame gas chromatographic flame
9 photometric detector (FPD) from Varian Associates, or, where possible, on a
10 Hewlett-Packard 1100 LC-MS system equipped with a diode-array UV-VIS
11 spectrophotometer and mass selective detector (MSD). The water used in the
12  reactions, prepared solutions, and in the HPLC was distilled and deionized. The
13 formulation for the surfactant/foam was first warmed to 32°C to ensure
14 homogeneity. CB agents and simulant DFP were provided by the Canadian
15 Single Small Scale Facility at the Canadian Defence Research Establishment
16  Suffield (DRES) in southern Alberta, Canada and Aldrich Chemical Company,
17  respectively. GB stock calibration solution was prepared by weight in acetonitrile
18 (AcCN) and several dilutions were prepared ranging from 25 to 900 ng/uL for
19 calibration of the FPD, UV, and MSD responses. Stock solutions of the other CW
20 agents were prepared volumetrically in AcCN and similarly diluted for calibration.
21 Unless otherwise specified, in a typical experiment, samples were
22 prepared in 2.0mL autosampler vials. The first addition was a water solution
23 containing the surfactant and, if necessary, the co-solvent. This was followed by
24  buffer concentrate, then the decontaminant concentrate which had been

25 separately prepared by adding the active ingredient, anhydrous sodium
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6 7 7. The decontam nation fornulation of claim1l1, wherein the cob sol vent
‘i's in an anount of from about 6%to about 10% by volune. 9 10 8. The
decontam nation formul ation of claim11, wherein 11 pol ypropyl ene gl ycol has
the chem cal formula R -(OCH(CH3) CH2) ~- OR2, where 12 R and3§ZJ k62003
independently H, an alkyl, or an ester group and n>1. 13 14

decontam nation fornulation of claim@8, wherein said al kyl 15 group

representy ngdl%hld?&sB@%érﬁm@ dER} (B), Al an@heBitg tare @umm s F?oro’fS 30
m xture 16 thereof 18 | O The decontam nation fornulation of clai mS8,

wherein ap |ﬁﬁﬁ&t]§»%9 ene9f ot dgenf’(/vagzadd%dm’é%gwget%% B@JZa{deIRaIH;uﬁds@ ar e

decontamination formulation of cl/aim8, whereln

l'iydrogens. %éte%él?léése-@ me§CH @H‘ré@l& @@ctfeerlmdl tﬂE'L ?ReQ%ﬁbg?fa}urg\’\é}%gi :

said 25 pol ypr opy yc01 erl vat parfially ét

For il at 1on 5P SPHER w5 maEey & ?@B% pam%ir'@*s‘ HET e anyEn B 1 ene
gl ycol has the fornul ae e of

R -
e b | BompoRPMEa ElRehl SHPUIgD WeT Aepaioa tor drach FA AN AERAE | on
methyl ) cbhylesdiaAgent ﬁ&?%enrtéﬂngu}% e Ok etk a8 Sante Sohgonsaers

decontam pation fornulation of claim 13, wherein at | east 10 one of said R
or RZ i s hydpdbaauenty apalygedriL8d¥ent ani nation formul ation of claim 1,

wherein said buffer 13 is capable of initially maintaining said formnul ation
at a pH o fromabout 10 to 14 about 11.

9 Example 3
10 Having reference also to Fig. 5, the effectiveness of several

11 decontaminant formulations against selected G-type nerve gases GB, GA and
12 GD and mustard gas, HD, was determined The formulations tested consisted of
13 an active ingredient, a surfactant, an inorganic buffer mixture and, optionally, co-
14  solvent, in excess of that already present in the surfactant mixture. The co-
15 solvent values in Fig. 5 represent added co-solvent and that contained in the
16  surfactant.

17 Three decontamination formulations were assessed for
18 effectiveness against typical G-nerve agents; the mildest formulation, using 3%
19  w/w SD, a 2/3 strength buffer, and 1.3% w/w surfactant; an intermediate strength
20 formulation with 6% w/w SD, full strength buffer, 4.6% w/w surfactant and an
21 additional 6.9% w/w to 7.8% w/w co-solvent, and a full strength formulation with
22 9% wiw SD, full strength buffer, 4.8% w/w surfactant and 6.9% w/w additional co-
23 solvent. Although anhydrous SD was used in preparation of the solution,
24 percentages are quoted in terms of the equivalent amount of dihydrate.

25 Percentages (w/w) quoted for surfactant represent double-strength surfactant.
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15 16 17. The decontam nation fornulation of claim1l1l, wherein said buffer
17 conprises a mxture of sodiumtetraborate decahydrate, anhydrous sodi um
18 carbonate and sodi um hydroxi de. 19 20 18. The decontam nati on
formulation of claim1, wherein said buffer 21 conprises a gbijHg

'sodium tetraborate decahydr ate, anhydrous sodi um 22 carbonate an
netasilicate pentahydrate. 49 30 July 2003 1 19. The decontam nati on
formul atian of clai m 1)n widdreionstaadardzes ooriceotraiiinsc beteedesxperetame Sinki on
of the fornulae [ RCOCH2CH2) ~X] aMy, where 3 R is an al kyl group having from

ei ght to e ghifeefivériisbavasadaliBatet) abS patcembggef redidaomdhtt o 10; X is
sel ected fromthe group consisting of S032-, S042-, C032- and 5 P043-; Mis

an al kal i snetal , al kal iugihgearbb Wy @B, @ETD Wal MOBvi@eR ReoTRsiaA | byest in6 a
is the val ence of Mand b is the valence of [R(OCH2CH2) ~X] or m xtures

thereof. 7 8 2. JhAe d€-PRDAGH IGMD BnAIQSEB oA MilBéstCArd Mtekmelritistesghd 9
surfactant conprises a conposition of the fornmulae [R CH=CH(CHZ) m X] aMb 10

where R i g afomhlidiior® @9p wWar\dnads%h W SDPhGHE WaguestraRa .ﬁaeraféﬁrba@tecm@rem is
an 11 integer fromO to 3; X is selected fromthe group of S032-, S04 -,

C032- and gP04Re firdtZsdvhpie @uicRbKabkerd ®s.38 .andl KabimiBuRarfelp é’@t%ly quFDt'Hleum or
am ne derivatives; ais 13 the valence of Mand b is the val ence of

[ R CH=CH( @"'Z)rﬁbgﬂ ndiEntMoXhUiagsn ($%NeAE SD}4odip LELFPBNEAMRFO VR BdHringh at,

formul ation of cl'alm 1 wherein said 16 Surfactant conprises a conposition

f the f I I
o xt ean oor bl Sy Tty Slgpeft ol BE; addn o4 e Bipd InifeaME g
formul ati @n oJ sﬁ'hgtll gféy’\g%éghﬂ”' ?_7%%9‘5%@ vent conprises a co_rrp05| tion as

descri bed”in c al ms 23..The decont am natl on

o 511 o ShELT” S A8 CATEAS ML B LR SR b
a0t g 52 2SRty ook P 3R %{a?“fﬁé’e%ﬁe"s?%bifre‘éf"f‘é%aﬂwss&@r@ueppaam o
vater: 12 was tested in two separate experiments. In the first, containing ~1.6% wiw

13 surfactant, LC-FPD analysis indicated that GA was destroyed within 1.33

14  minutes. In the second, containing ~1.8% w/w surfactant, there was no evidence

15 of GA in 1.07 minutes elapsed time (LC-FPD) or 3.43 minutes (LC-MS). For the

16  intermediate strength formulation containing an additional 7.5% w/w co-solvent,

17  there was no evidence of GA in 1.07 minutes elapsed time by LC-FPD or 3.35

18  minutes by LC-MS.

19 Using 0.29% GD, again only the mildest and intermediate strength

20 formulations were each evaluated. The full strength formutation was not tested

21  due to the success with the two milder formulations. The mildest formulation was

22 tested and, in contrast to the other two G-agents examined, small amounts of

23 residual GD appeared to be observed for the shortest reaction time sample.

24  Specifically, as analyzed by LC-FPD, 5.0% residual agent appeared to be

25 present at 1.07 minutes and 0.5% appeared to remain at 4 77 minutes, and the
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3 (a) a first aqueous solution conprising of up to about 30% by wei ght 4 of
-chl oroi socyanuric acid; 5 (b) a second aqueous solution conprising a

m xture of inorganic 6 buffer salts adjusted to an initial pH of about 10
to 11 and capable of maintaining 7 the pH of said decontaniggyhg?2 03
‘formul ati on fromabout 11 to about 8.5; 8 (c) a co-solvent selected from
the group consisting of pol ypropylene 9 glycol, polyethylene glycol and a

derivative a@gniiwdsutempleenegbne agd!dohifutps,aas defeadirgiat by LE-H2 2Balysibie
met hod of claim 24, wherein the surfactant is a foam ng 13 agent. 14 15

26. The mat hasinmibr Asaitiwite ovbaied Dsihhenhs tdratiaind sbisten Eoaainig 18vagant
conprising a conposition of the fornula [ ROIOCH2CH~) ~X] aMy, where R is 17 an

al kyl group daasntg ddndieR IDiM$ @haizghirieetiort af e ekosBindat &AM A RtRger
fromO 18 to 10; X is selected fromthe group of S032-, S04z, C03' ' and

P043"; M4 s utghkabi Eb mighestd! kb n@ egadd et al . GRBOBIMM Php @iy Ne

derivatives; a is the valencé™of 20 Mand b is the val ence of

[ R( OCH2CIH2) XLty Rihaddlyivethl pRosidhatk 8o _féh@w}a%is &Qﬁ{rﬂ %oggﬂ)tgﬁcéwﬁ&%bant is

a foam ng 23 agent conprising a conposition of the for _
[ R- CH=CHgCH3) ey a8 ofserted St sHdrErbkMlondiRe ThaYI élgeo{u Rg@ggp%a o

ei ghteen carbon atons; mis an integer 25 fromO to 3;

the group Ofto%%%b[e Rt to Fe3Foy é’@”o?_‘GA,'\{hé%i%!ésﬁﬁormu?a‘%oﬂ% ¥ti|129%§i i he

al kali metal, alkaline earth neta ammoni um or am ne derivati ves;

2 val ence of .k A0tk R Sl ALEBRBIOLERFE-CH ) m X 3 4 28 The

nmet hod of clarm erern sard su ant conprises a 5 conposition of the
[orul 2 B O where R heatuthy SEE BRI ERUREONL o ochibesn,
sai d Co- 80l et O 28 3t 2n G BRSO e A e ASEREA PR WSk Pl uletSn 10

11 was tested for effectiveness against HD in three separate tests. in the first test,

12 there was no evidence of residual HD after 2.67 or 4.92 minutes (reaction

13  solutions had to be mixed more vigorously than the other agents due to limited

14  solubility of HD so earlier sampling was not possible). In the second test, no

15 residual agent was detected after 3.0 or 62.1 minutes, however 8.2% of residual

16  HD appeared to be present after 5.4 minutes assuming that the eluting peak was

17 indeed HD. As a confirmatory test, an third experiment was performed and no

18 HD was detected after 3.65 or 4.97 minutes.

19 It is therefore concluded that the mildest formulation is completely

20 effective against this level of HD in less than 2.7 minutes.

21 The intermediate formulation also tested for effectiveness against

22 HD and demonstrated no residual HD after 2.47, 5.27, or 53.3 minutes.

23  Verification by LC-MS could not be performed as HD cannot be detected using

24  positive API-ES under these conditions.

25
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11 ' 30. The nethod of claim?24, wherein said first aqueous solution 12
-additionally conprises a lithium hypochlorite in anounts of up to 10% of
the 13 chl oroi socyanuric acid salt. 14 15 31. A kit for providing a

decont am nati on conposition conprising the 16 foll ow ng CO”@?Q&I\%%O@B (a) a
‘decont am nant conprising chloroi socyanuric acid; or its alkali i metal or

al kaline earth netal salt; 19 (b) a co-solvent selected fromthe group

consi sting of pol ypropgyl =40 gl ycols, polyethylene glycols, and
derivatives and m'xtur‘e'sgﬁﬁereof; 21 (c) a surfactant; and 22 . (d) a

m xture of sodiumtetrahgy tr@féﬂwwoa&@,F@nga/zdfh%%ﬁaaﬂ}e%g}@%fcgé@&aﬁte

and sodi um hydroxi de. 24 ! 30 July 2003 kit as aimed inclaim
31 Wherdf N RAnHiafleroAbARLNAR o IR VR diChatgRminky ! T Um hypochl ori te. 3 4

33.A kit as in“claim3 erein sald chloroisocyanuric acid 5 is

'n the form of a salt)saafbumydie LBt Bed Oin’ BlamAlekid 3o

clainmed in claim 31, erern sald actant conprises a onposi tion of
the f ~ / ' : : [ f
ci'ght o i i HEBbior N Bins e e el B By A Gy M R e

I d h f. S032. ' PQ43. . M.i | kal i
motal . 1P ol et e e Ao R B A AR sl R S

I d 12 st | f 2 i Xt
Uher eof . 13 1w SRriadiabl Bt thE AT sy nel Tauatas b o bafts Wi FBCfule

[ 5 iti f the f I R- .CH e R

an Bl Kyl Yor GUPTE8Y RAGTd Pt B GHORF T GAYOUD 808 DO APbeTh, S i
integer fromO to 3, Xis 17 select eg fromthe %E oueﬁ)éof 8032' .. S042' . 032
and P043'9 NPYRERIR 2t kBPiCeRiBEss , dvated) g i SWEAGIEN nrapgesant davRIBSEBNG ani ne

derivatives; a is the valence of Mand b 19 is the val ence of

[ R- cH=CcHCcHsuriagiant20 21 36. A kit as clained in claim31 wherein said

surfactant conprises a 22 conposition of the formula RROH, where Ris an

al kyl gridup havi ng fr érmandioghiormelationssj weree ?lardy@mirgbnd hese ningludeds a

thereof '1253 formulation containing only full strength buffer and surfactant (Buffer/Surf) and a
13 formulation containing all ingredients of the full strength decontaminant but
14  without active ingredient (FS*wo/SD).
15 In order to standardize concentrations between experiments,
16 effectiveness was calculated as percentage of residual agent. In addition, an
17  authentic sample of a known potentiai toxic product (Toxic Product), of hydrolysis
18  of VX, S-(2-diisopropylaminoethyl) methyiphosphonothioic acid was synthesized
19 and characterized by LC-MS to be used as an indicator of unsuccessful
20 detoxification of VX. All reaction mixtures were examined for the presence of
21  this compound; the presence of significant quantities would be sufficient evidence
22 to disallow the formulation as a possible decontaminant candidate. The results
23 are summarized in Fig. 6.

24 In the first evaluation, the control formulation of buffer and

25 surfactant (Buffer/Surf) was tested at a low concentration of VX (4 uL/mL). After
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30 July 2003 1 37. A kit as clained in claim31 wherein said co-sol vent
-conprises 2 a conposition as described in clains 7,8,9,10 and 11. 3 4 38. A
kit as clained in claim31) wherein said conposition 5 conponents (a) and

(b) are individually packaged and conponents (c) and (d) 6 gbeJ_}Rgoiéﬁ%d as
"a m xture or conponents (a) and (d) are packaged as a m xture n

conponents (b) and (c) are packaged as a mxture. 8 9 39. A kit as clained

in clai m31g,Whajeishosak the PRI JihEN aAd tSATBRARIRE T SiRICARY YidHial W
packagegln.| 1%“12 EO.@A rre?rﬁod for ollecoﬁt am ng?i ng surfgclels @Iogr%#@ nést he

steps of 1%@%@?9@%&9@ ARAABHGHT R OftrdRANTLL Ao Twil R AUt 1 %
to 14 about % by wei ght of a chloroisocyanuric acid salt, fromabout 1 %

to about315irggf?%/ iébgt F/#;é%?sgj whsCRsRa yfdmsts&lcsﬁc}e%@fatismaft@eug/ Ups vx.
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10 A more extensive examination of the temporal effectiveness of the

11 mildest formulation was undertaken in which the stoichiometric ratios of
12  concentrations of VX to active chlorine present in solution were varied. For the
13  lowest ratio (~6:1), effective decontamination of VX was not achieved although
14 only small traces of toxic product were observed. On the other hand, if the ratio
15 was ~16-18:1, complete decontamination without significant production of toxic
16  product was achieved. As shown in Fig. 6, the mildest formulation at a ratio of
17  18.2:1 is completely effective in less than eleven minutes. A similar formulation
18 reacting at a ratio of 29:1 resulted in similar effectiveness, however this is most
19 likely due to the fact that the trace recorded by the LC-MS is at its detection limit
20 using this procedure.

21 An analysis of the mild formulation without added VX did not
22 register any response for VX eliminating the possibility of a false positive VX
23  result due to the formulation itself.

24 In conclusion, even the mildest formulation is highly effective

25 against VX provided that the ratio of reactant to agent is maintained over at least
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21 (5, 10, 15, 30, 60 and 120 minutes), aliquots were taken from the reaction

22  solution, delivered into a quench vial containing agueous hydrogen peroxide in

23 methanol or isopropanol, and the aliquot weight recorded, along with the exact

24  time of the quenching. Each quenched sample was then analyzed by HPLC.
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8 the results of a control containing no active ingredient, surfactant or co-solvent
9 and various formulations of SD, co-solvent and surfactant, at pH 9.5, are
10  illustrated.

11 As a control for comparison purposes, and entitled test 7-115, the
12 disappearance of DFP in aqueous solution at pH 9.5 by unaided hydrolysis was
13  monitored. The % of DFP remaining over time is plotted on Fig. 8 as line 81
14 wherein the control indicated an apparent initial increase in the DFP followed by a
15 decrease over time to a value of 68% at 107 minutes. The calculated percentage
16  of DFP remaining at 30 minutes was 87%.

17 The DFP response for a similar test 7-97 at pH 9.5, in which only
18 SD was added, is plotted on Fig. 8 as line 82 and illustrates a rapid drop over
19 time to a value of zero at approximately 30 minutes.

20 In two additional tests, 7-123 and 7-137, co-solvent polypropylene
21 glycol (7.2 % wiw and 7.9% wiw respectively) was added to the water, held at pH
22 95 in the reaction vessel and stired. SD (7.97% wiw and 7.42% wiw
23  respectively) and finally DFP (1.34% w/w and 1.25% w/w respectively) were
24 added. Test 7-137 was performed with the addition of surfactant (3.5% wiw)

25 along with the co-solvent.
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03 =2> 2 decrease of the percentage of residual DFP with tme. However, the curve s
3  shifted upwards from that of the reaction of SD alone with DFP at pH 9.5, and, in
4 fact, the DFP was not destroyed in two hours. At the 30-minute mark, 25% of the
5 DFP remained in the reaction solution with co-solvent alone and 21% with the
6 addition of surfactant and co-solvent.
7 It is clear that the addition of SD, whether alone or in the presence
8 of co-solvent and surfactant significantly increases the rate of hydrolyses of DFP
9 but that both of these other additives has a negative effect on reaction rate.
10 In the second formulation and having reference to Figs. 7 and 9, the
11 results for controls and the effect of augmenting the active ingredient with the
12  addition of KBr to SD with co-solvent and surfactant is demonstrated. Since the
13 addition of co-solvent and NR-surfactant demonstrated a retarding effect on the
14 rate of hydrolysis of DFP, the ability of KBr when added to the SD to offset this
15 effect was investigated. As a control, the results from a test 7-143, plotted as line
16 91, with both co-solvent (6.3% (w/w)) and surfactant foaming agent (3.4% (w/w))
17  in the reaction solution were compared to a similar reaction at pH 9.5 involving
18 added KBr. In the control case, there was residual DFP after two hours and 23%
19  remained after 30 minutes.
20 In test 7-147, a KBr (0.1 M) solution held at pH 9.5 was substituted
21 in place of water and the disappearance of DFP was determined. As plotted line
22 92 shows, although the initial value at five minutes appears to be anomalously
23 low (12% DFP) since the DFP appears to increase to 26 % at 10 minutes then
24 gradually decrease with time, it is clear that the rate of hydrolysis of DFP has

25 increased relative to the control formulation. The DFP did not reach zero within
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Clearly, addition of KBr assists in the rate of hydrolysis of DFP in the presence of
3  surfactant and co-solvent.
4 In the third formulation and having reference to Figs. 7 and 10, the
5 results of a control and a formulation augmented by the addition of LiOCI to the
6 SD are illustrated. As an alternative to adding relatively insoluble KBr for
7 increasing overall hydrolytic reactivity, a soluble hypochlorite, LiOCI, was
8 substituted. As a comparison, a first test, plotted as line 101, was performed in
g which the reactivity of SD (11.32%(w/w)) in a solution containing surfactant (1.5%
10 (w/w)) and being held at pH 9.5 was examined. The DFP decreased with time
11 until it was undetectable after 0.5 hours. The calculated percentage of DFP at 30
12 minutes was 2%.
13 In a second test 8-23, plotted as line 102, LiOCI at 0.19% w/w was
14 added to a solution with SD (6.52 %) and the surfactant (1.5% (w/w)) and
15  maintained at pH 9.5. The weight of the LiOCl was 3.0% of the SD. The DFP at
16  five minutes was less than 20% of the initial value and continues to decrease with
17  time. The calculated percentage of DFP remaining at 30 minutes is only 0.5%.
18 Clearly, the substitution of LiOCl to a lower concentration of SD
19 leads to a solution with more reactivity toward DFP than one with SD as the only
20 active ingredient. Also, when compared to Example 3 above, it is apparent that
21 DFP is much more resistant to hydrolysis in this system than are the G-agents it
22 was proposed to simulate.

23

41



10 18&3m'10% & ()- &3m'10% & ()- G| [:- 010" " 9s10% & ()- &+"10% & () -
&+"10% & ()- 9 m10% & ()- 9s"10% & ()-- f4"10% & ()-4l ¢ bAO10"
sI"10%8" &' ()-: ° "10%8"n& ()- ° "10%m®& ()- F "10%8" n& () -

 #L0%B" & () -10"10" " #####H{ M QUL 1" 100$& ()-0 10 0 0 1800)dy Lbds
‘0! s1m'10% 0 0& ()- sint'10% 8" m& ()- s%m 10%8" m& () -

#2' 100618" 8! () - #90@&& ' | [ QD1 F@*: $10% ()-& 3MBLOWSE () -f

3MBL0%$&] () - T 3MBL0%SEarkdle b #109$& () -  $109$& ()-'-((})-*j*+ [:_Q01
88$109x$& () - 6&$10W«$'_TYL‘|&' &0' $10Ux$& ()-f |+ $10Ux$& () - &

9@?%82//??%&( §)$&L E%OW%sﬁég(vbpﬁs& bgﬁ%a’sh’f gﬁE’é -de@XkifaUB & of Janthrax spores
3 was determined. A suspension of Bacillus anthracis (Ames strain) was heat
4 shocked to kill the vegetative cells, leaving only the viable spores. Small metal
5 coupons, painted as per in-service military vehicles, were cleaned with ethanol
6 wipes and sterilised by autoclaving. Each coupon to be used was spotted with
7 200 ul spore suspension, distributed over the surface of the coupon as 60-70
8 small droplets and allowed to dry overnight in a biosafety cabinet in a Level 3
9 Biocontainment laboratory.

10 Two trials were performed on two separate days using freshly
11  prepared foam formulations. Each trial used two of these coupons, one to test the
12  decontamination formulation and one to act as a control. Each coupon was
13 placed in a 100 mm petri dish, supported to keep it from coming in contact with
14  the bottom of the dish and covered with either the decontamination foam of the
15 present invention or a control foam not containing the decontaminant active
16  ingredients. The lid of the petri dish was replaced and twisted to ensure that the
17  foam contacted the entire coupon. After 30 minutes each coupon was removed
18 from the petri dish using forceps, rinsed with sterile PBS, then swabbed twice
19 over its entire surface with a sterile sampling swab. The swab was placed in § ml

20 of Heart Infusion broth and vortexed.

21 In both trials, 200 uL of neat broth from the decontamination foam-

22  treated coupon and 200 pl of a 1 x 10™* dilution (in PBS) of the broth from the
23 control foam-treated coupon were plated onto each of four Blood Agar plates.

24 The plates were incubated overnight at 37° C and the Colony Forming Units
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4 0.0108% and 0.00109% of the original material on the decontamination foam-
5 treated coupons remained viable, translating into a ©9.989% and 99.999% kill for

6 simple contact with the decontamination foam for a period of 30 minutes

7
8 Table |l - Data from Anthrax Spore Decontamination Trials.
Experiment Colony Counts
Plate 1 Plate 2 Plate 3 Plate 4
Trial 1 — Decon foam 33 26 28 21
Trial 1 — Control foam 22 x10* " 22 x10° 29 x10° 28 x10*
Trial 2 — Decon foam 13 10 5 3
Trial 2 — Control foam 66 x10° 72 x10° 68 x10° 78 x10°
9
10 Example 7
11 Having reference to Figs. 11 — 13, the neutralization of mustard

12 chemical agent on a military vehicle surface was evaluated in a field trial using a
13  formulation comprising of a mixture of sodium dichloroisocyanurate and LiOCl as
14  active ingredients. The vehicle used was a US M113A armored personnel carrier
15 subsequently coated with Canadian Forces specification Chemical Agent
16  Resistant Coating (an agent-resistant two-pot polyurethane paint).

17 In this decontamination trial approximately 75 mL of munitions-
18 grade mustard agent was painted onto the side and end of the vehicle. The
19 vehicle was located inside a plastic-lined containment pit.

20 in Fig. 11, a mass spectral analysis of the total ion and
21 reconstructed m/z 109 chromatograms confirmed that the contaminant in the

22 bottle and painted onto the vehicle was, indeed, mustard by reference to an
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1 authentic mass spectrum of mustard stored in the search library (Figs. 11, 12).
2 Handheld Chemical Agent Monitors (CAMs) exhibited strong H-mode mustard
3 responses and 3-Way Detector Paper displayed the characteristic red colour
4 response indicative of blister agents when pressed onto the contaminated
5 surface of the vehicle.

6 Referring to Fig. 13a, the decontamination formulation was then
7  applied to the contaminated vehicle using a high capacity pump and two hoses
8 fixed with foam nozzles. The vehicle was then scrubbed using long-handled
9 brushes. During and following these steps, readings were made of the air around
10 and downwind of the vehicle. Immediately, Chemical Agent Monitor (CAM) and
11 air sample surveys conducted around the vehicle during the scrubbing procedure
12 failed to detect the presence of mustard vapour, as shown by the GCMS results
13  of Fig. 13a (total in chromatogram) and Fig. 13b (m/z 109 reconstructed mass
14  chromatogram characteristic of mustard) compare to the corresponding traces in
15 Fig. 11.

16 Following a short (<30 min) rest period, the foam was washed away
17  with water and the air near the vehicle surface surveyed against using CAMs and
18 the GCMS. Once the vehicle had been treated, CAM surveys conducted close to
19 the vehicle surface showed no response, indicating mustard vapour was not
20 present.
21 Having reference to Figure 14, the combined responses from four
22 Chemical Agent Detection Systems Mark 1l (CADS II) stations deployed around
23  the vehicle are illustrated. Each CADS Il station comprises two CAMs. In this
24  figure, the readings of all eight CAMs (four CADS Il stations X 2) were summed

25 and displayed. The vertical bars in the figure denote significant actions on the
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1 part of trial personnel. Gross contamination of the vehicle was initiated at point A
2 and decontamination commenced at point B. By point C, the audible alarm from
3 the CADS Il central control unit (CCU) had silenced and from point D onward, no
4  further detection or bar reading of mustard vapor was observed. Thus, this
5 formulation applied in this manner is effective in suppressing agent vapor from a
6 freshly contaminated-coated military surface immediately and is effective in
7  decontaminating mustard-contaminated military vehicles within a 30-minute

8 period after application.

9
10 Example 8
11 Having reference to Fig. 15, the effectiveness of the foaming agent

12 by itself to effect decontamination of radioactive dusts from the exterior surface of
13  an armored vehicle was demonstrated. The vehicle, a French AMX-10 Armored
14  Personnel Carrier, was contaminated by spraying the exterior with "*°La particles
15  (100-200 um) to simulate surface contamination as might be caused by driving
16  across contaminated dusty terrain. Decontamination formulation using Silv-Ex
17  surfactant was sprayed over the surface of the vehicle using a powered pressure
18 washer fixed with an air induction foam nozzle of the type normally used in
19  applying fire-fighting foams. Subsequent to the application of decontaminant, the
20 vehicle was towed to a sensing frame where radiation measurements on the
21  exterior could be made. In Figure 15, the radiation level measured inside the vehicle
22 in the first trial was observed to be in the order of 30 mRem/hr (0.3mSv/h). After
23  towing to the decontamination site and commencing application, the radiation level
24  was observed to drop significantly (to approximately 11 mRem/hr (0.11 mSv/h))

25 presumably due to foam layers dropping off the sides of the vehicle during the
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10 In a subsequent trial, the same vehicle was contaminated to a level
11 of approximately 45 mRem/hr. During movement of the contaminated vehicle to
12 the site of decontamination, significant loss in the level of radioactivity was
13  observed. The loss was such that the trial was terminated. It was apparent that
14  the exterior surface, having been previously cleaned in an earlier trial, did not
15 retain radioactive particles sprayed onto it. In other words the surface had been
16  degreased and dust adherence had been significantly decreased, suggesting an
17  additional benefit to the use of the formulation.

18 In a related examination in which paint panels were contaminated
19  and subsequently decontaminated by dry scrubbing, the standard approach for
20 decontamination of radioactive particulate matter was observed to attain a low
21 level of 0.55 mRem/hr (0.0055mSv/h) whereas decontamination with Silv-Ex-
22 based decontamination foam reduced the radiation to a level of 0.33 mRem/hr
23 (0.0033 mSv/h) after one application and 0.22 mRem/hr (0.0022 mSv/h) after a
24  second decontaminant application, both of which surpass the standard approach

25 for addressing this hazard.
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6 (a) from about 1% to about 15% by weight of a chloroisocyanuric

7 acid;
8 (b) from about 1% to about 10% by volume of a co-solvent selected
9 from the group consisting of polypropylene glycol, polyethylene glycol, and
10  derivatives and mixtures thereof;
11 (c) from about 1% to about 15% by volume of a surfactant;

12 (d) a buffer to maintain said formulation at a pH from about 11 to

13 about 8.5; and

14 (e) the balance being water.
15
16 2. A decontamination formulation of claim 1, wherein the

17  chloroisocyanuric acid is in an amount from about 3% to about 9% by weight.

18

19 3. The decontamination formulation of claim 1, wherein said
20 chloroisocyanuric acid is selected from the group consisting of an alkali metal salt
21 of monochloroisocyanuric acid, dichloroisocyanuric acid, and a combination
22 thereof with cyanuric acid.

23

24 4. The decontamination formulation of claim 3, wherein said alkali
25 metal salt of dichloroisocyanuric acid is sodium dichloroisocyanurate.

26

27
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6. The decontamination formulation of claim 5, wherein the buffer

maintains the pH of the formulation above 8.5 for at least 30 minutes.

7. The decontamination formulation of claim 1, wherein the co-

solvent is in an amount of from about 6% to about 10% by volume.

8. The decontamination formulation of claim 1, wherein
polypropylene glycol has the chemical formula R'-(OCH(CH3)CH;),-OR?, where

R' and R? are independently H, an alkyl, or an ester group and n>1.

9. The decontamination formulation of claim 8, wherein said alky!
group representing R' or R? is a methyl, ethyl, propyl, or butyl group or a mixture

thereof.

10.The decontamination formulation of claim 8, wherein at least

one of said R' or R? is hydrogen.

11. The decontamination formulation of claim 8, wherein said both

R' and R? are Hydrogens.

12.The decontamination formuilation of claim 1, wherein said

polypropylene glycol derivative is a partially etherified polypropylene glycol.
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9 15.The decontamination formulation of claim 13, wherein at least
10 one of said R' or R? is hydrogen.
11
12 16. The decontamination formulation of claim 1, wherein said buffer
13 is capable of initially maintaining said formulation at a pH of from about 10 to
14 about 11.
15
16 17.The decontamination formulation of claim 1, wherein said buffer
17 comprises a mixture of sodium tetraborate decahydrate, anhydrous sodium
18 carbonate and sodium hydroxide.
19
20 18. The decontamination formulation of claim 1, wherein said buffer

21 comprises a mixture of sodium tetraborate decahydrate, anhydrous sodium

22 carbonate and s;odium metasilicate pentahydrate.
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* 1 19.The decontamination formulation of claim 1, wherein said
2  surfactant comprises a composition of the formulae [R(OCH,CH;).X]aMs, where
3 Ris an alkyl group having from eight to eighteen carbon atoms; n is an integer
4 from 0 to 10; X is selected from the group consisting of SO:%, S04%, CO5* and

5 POs*; Mis an alkali metal, alkaline earth metal, ammonium or amine derivatives;

6 aisthe valence of M and b is the valence of [R(OCH,CH5),X] or mixtures thereof.

8 20.The decontamination formulation of claim 1 wherein said
9 surfactant comprises a composition of the formulae [R-CH=CH(CH2)m-X}-Mp
10 where R is an alkyl group having from eight to eighteen carbon atoms; m is an
11 integer from 0 to 3; X is selected from the group of SOs%, SO,*, COs* and PO,
12 M is an alkali metal, alkaline earth metal, ammonium or amine derivatives; a is
13 the valence of M and b is the valence of [R-CH=CH(CH3)n-X] or mixtures thereof.
14

15 21. The decontamination formulation of claim 1 wherein said
16  surfactant comprises a composition of the formula R-OH, where R is an alkyl
17 group having from eight to sixteen carbon atoms or mixtures thereof.

18

19 22. The decontamination formulation of claim 1 wherein said co-
20 solvent comprises a composition as described in claims 7,8,9,10 and 11.

21

22 23.The decontamination formulation of claim 1, further comprising
23 lithium hypochlorite in an amount of from about 5% to about 10% by weight of
24  said chloroisocyanuric acid salt.

25
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10Y Y 6 10%Y 24.A method of preparing a decontamination formulation
2  comprising the steps of adding to a stream of water:
3 (a) a first aqueous solution comprising of up to about 30% by weight
4  of chloroisocyanuric acid;
5 (b) a second aqueous solution comprising a mixture of inorganic
6  buffer salts adjusted to an initial pH of about 10 to 11 and capable of maintaining
7  the pH of said decontamination formulation from about 11 to about 8.5;

8 (c) a co-solvent selected from the group consisting of polypropylene

9 glycol, polyethylene glycol and a derivative and mixture thereof; and

10 (d) a surfactant.

11

12 25.The method of claim 24, wherein the surfactant is a foaming
13 agent.

14

15 26.The method of claim 24, wherein the surfactant is a foaming

16  agent comprising a composition of the formula [R(OCH2CH2)nX]aMs,, where R is
17  an alkyl group having from eight to eighteen carbon atoms; n is an integer from 0
18 to 10; X is selected from the group of SOs%, S04, COs* and PO,*; M is an alkali
18  metal, alkaline earth metal, ammonium or amine derivatives; a is the valence of
20 M and b is the valence of [R{(OCH,CH>)nX].

21

22 27.The method of claim 24, wherein the surfactant is a foaming
23 agent comprising a composition of the formula [R-CH=CH(CHz)n-X]aM» where R
24 is an alkyl group having from eight to eighteen carbon atoms; m is an integer

25  from 0 to 3: X is selected from the group of SOs%, SO, CO;* and PO, M is an
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8 29. The method of claim 24 wherein said co-solvent comprises a

9 composition as described in claims 7,8,9,10 and 11.
10
11 ' ' 30. The method of claim 24, wherein said first aqueous solution
12  additionally comprises a lithium hypochlorite in amounts of up to 10% of the
13  chloroisocyanuric acid salt.
14
15 31. A kit for providing a decontamination composition comprising the
16 following components:
17 (a) a decontaminant comprising chloroisocyanuric acid; or its alkali
18 metal or alkaline earth metal salt;

19 (b) a co-solvent selected from the group consisting of polypropylene
20 glycols, polyethylene glycols, and derivatives and mixtures thereof,
21 (c) a surfactant; and
22 . (d) a mixture of sodium tetraborate decahydrate, anhydrous sodium
23  carbonate and sodium hydroxide.
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11 alkaline earth metal, ammonium or amine derivatives; a is the valence of M and b
12 is the valence of [R{(OCH,CH,),X] or a mixture thereof.
13
14 35. A kit as claimed in claim 31, wherein said surfactant comprises a
15  composition of the formulae [R-CH=CH(CH2)n-X]aMp wWhere R is an alkyl group
16 having from eight to eighteen carbon atoms; m is an integer from 0 to 3; X is
17 selected from the group of SO:%, SO4*, COs* and PO, M is an alkali metal,
18  alkaline earth metal, ammonium or amine derivatives; a is the valence of M and b
19 s the valence of [R-CH=CH(CHz)m-X].
20
21 36. A kit as claimed in claim 31 wherein said surfactant comprises a
22  composition of the formula R-OH, where R is an alkyl group having from eight to

23  sixteen carbon atoms or mixtures thereof.
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9 39.A kit as claimed in claim 31, wherein said composition

10 components are individually packaged.

11
12 40. A method for decontaminating surfaces comprising the steps of:
13 (a) preparing a decontamination formulation of from about 1% to

14  about 15% by weight of a chloroisocyanuric acid salt, from about 1% to about
15 10% by volume of a co-solvent selected from the group consisting of
16  polypropylene glycol, polyethylene glycol, and derivatives and mixtures thereof,
17  from about 1% to about 15% by volume of a surfactant, and a buffer to initially
18  maintain said formulation at a pH from about 11 to about 8.5 and water to form an

19  aqueous solution; and

20 (b) applying the aqueous solution to contaminated surfaces.
21
22 471.The decontamination method of claim 40, wherein said buffer

23 fails over time, allowing the pH to fall to a pH about 8.5.

24
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4AEJ % : P Le decontammatlonymethod of claim 44, wherein said buffer

14 fails over time, allowing the pH to fali to a pH about 8.5.

15

16 46.The decontamination method of claim 45 wherein the buffer
17 maintains the pH of the aqueous solution above 8.5 for at least 30 minutes.

18

19 47.The decontamination method as recited in claim 40 wherein all
20 of the chloroisocyanuric acid salt, co-solvent, surfactant, and the buffer are
21 combined with water before applying to the contaminated surface.
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3  non-degrading soiution; and

4 (b) the buffer and the chloroisocyanuric acid salt are added
5 separately to the non-degrading solution before applying to the contaminated
6 surface.

7
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