; XYZ[ e3e**: Z6T19 DEC 2002 WD 99/ 66961 TI TLE: | MPROVED DI SI NFECTI ON

TECHNI CAL FI ELD The invention relates to the field of di SI fi B
BACKGROUND PCT/ AU99/ 00505 The di si nfection of surfaces, m B0%:+

ski n, non-autocl avabl e nmedi cal instruments, hospital war ds operating
theatres, walb9eeeend rails, air conditioning ducts and t lpeTIAUSR008BTBI NS
one of the mast problematic areas of infgction control. The majority of

di sinfection nmethods rely on direct contact of the surface to be

di si nfected nt. These methods require considerable
gquantities omﬁ@qwtﬁ%é}fg?@?sﬁ@@m to ensure that all areas of the
treated surface_are cove_red with the disinfectant. Usually the disinfectant
is applied ei {EAENIGALF] E]rHui d or a spray. Conmonly the anmount of

di sinfectant used is 100-100,000 tinmes nore than required to kill the

m croor gani snms pr ébemyention tdlmesso tfedichl of pinfestiampl e, 10' S (0. 00041 )g of
iodine is sufficient to kill all bacteria on a surface area of 1 n2 with a
cont am nat i oBAGKGEROUNDL OS ~ 5 cfu/cn? in 10 m nutes (Block, S.S.,
Disinfection, Sterilisation and Preservation, 3rd Edition, p.183) whil st

the r ecom‘?”dEd arReimbinfabtich ofisRES B exdpd 8% sﬁ&“ﬁ&i—&t&l&va@le%&mﬁl 10, 000
tinmes the level) of iodine. Such a high usage creates a serl es of problens

Wth respect , ot her
pr obl em assoclls grfl&gﬁ\%ﬁhto%qt%‘ﬁ‘gﬁp 'Elun%%ﬁ%{r todgé}l\éfrmyg? |hnd(jl ;@%ft’%g@s] 20
with liquid ,nfectants i that of humanto it The use of

di si nfecti ng%qslﬂﬁed?nm‘ﬁﬁoéaﬁ ISt RIGYIEINRAICArGS eﬁ'ﬂf?%%/ne"rﬂ‘try handl ed by humans
requires that the active disinfecting agents are typically present at |ow
concentrations, r&Bumeorly qfﬁ“ﬁﬁ?&é@‘éﬁ‘?@ﬂ‘?ﬁ%@ﬁ&“&%ﬁ?‘&é‘ﬂ of thgwurface tgbehi eve t he
required | evels of disinfection. 19 D E C 2002 WD 99/ 66961

PCT/ AU991005@tsinfectddovittexkiqnid disinfectatmTbereynethodsireguinecnnsideriable qfintiticsaef

sol ution, containing 2% gl ut aral dehyde. requires soaking tinmes of around 6
to I O houg s ligGidaksiifestghtd 10 teadurdthhtlall afeds bhbe trgakedBleace arYovares vithghe
encountered when liquid disinfectants are applied to common surfaces, |ike

wal I's, hand rdidteotart Us&ﬁgﬁ{etdiisﬂﬂé tQ‘éﬁ%lﬁed%ﬂﬁEr%?E’ﬁ qid bKY sgiRA| Ehmehly

i nstrunents. Apart fromthe stat prac ical difficulties I'n coverihg such
surfaces wt f the espgsual Iy
contain m nu?ée aérrma’il(r:1 gf&ls eV| cgsedl Ogl%g‘r%é@ﬁw&lﬂmtﬂg% E‘ﬁ’[%gﬁ"r i act eria. As
the surface tension of nost tgw d_di s nf ect ni@sl S r L)%tlve .hi gh. such
areas are notnnﬁré?ﬁ’@f”i“a‘%l%ﬂe%?ﬁb‘mr FreHrfIcT JiPr AP ©&1odiEdt onged

di si nfection cycles. 5
sufficient to kill all bacteria on a surface area of 1 m> with a contamination level of 10

15 cfu/cm’ in 10 minutes (Block, S.S., Disinfection, Sterilisation and Preservation, 3rd
Edition, p.183) whilst the recommended amount of disinfectant would contain 0.1-0.2 g
(10,000 times the level) of iodine. Such a high usage creates a series of problems with
respect to cost, occupational safety and environmental impact.

Another problem associated with the traditional methods of contacting surfaces

20  with liquid disinfectants is that of human toxicity. The use of disinfecting fluids which can
be safely and conveniently handled by humans requires that the active disinfecting agents
are typically present at low concentrations, resulting in unacceptably long contact times to

achieve the required levels of disinfection.
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1 o One solution to the problemis the use of disinfectants in the gaseous
phase whi ch addresses the problem of access to cracks, crev%?eggegﬂmzores.
The smal| particle size of gaseous disinfectants creates an0fh | em

t he concentr gd f the active biocidal chem cals need t hi gh or
t he chem cal 3&(? %(V:]kt%ﬁs?ed are toxic and dangerous to handl e. E%'egyéﬁf)?v{ggt hods
enpl oyi ng disinfectants in the gaseous phgse have been ~ 5 devel oped. The
nost common utilise either ethylene oxide™and its anal ogues, or

f or mal dehyde. Bot cquoqnds are extremely toxic, and have been |dentified
as primary carci nogER&mAls, aggmmoplypsedaauequs disinfreting soluiiogecontyniag g4ses
requires a thorough control of pressure and humdity in the chanber, which
necessitat es glytaraldelydss ragnings| seakingriimes,ob ameynd &tod@ioprsamachicph tasal kilhei r use i's
limted to hospitals and critical nedical 20 instrunents and requires

caref ul supervi si ofurthénmodtiems mpypalenisdencauntsseidvhen liguidalisinfegtarnd arp hpsied to

di sinfecting nethods. In these nethods disinfection under essentially dry
condi tions i scaffbeyefcddSHlRavala Hafdifild GlricefdifithChicts 280 SorhORFkPBedibg

bi oci de. These can be fornmed from conventional disinfectants (as
precursors)s u S f e bt d ] L. t_.and
conplexitysofﬂgﬁéngh%E 2002 VEQ%%?g%%%%“%%%?%fﬁgﬁ%g%% Qfgfg%ﬁggﬁgﬁan

equi pnent, these.net s.t.end to result in.degradat.ion of many. consiruction
macer 1 als suchea g S HSEHRRRabr 6 SElfstuls T S AE AR RHRCREYCSRH ousl v,
pl asma net hods can_not he used fax bul ky ?quipnent and,large_surfaqes. An
area of parti BUPRVhigh ganrhprbonr hagteria Anthe gatace iensonyef mesklinwd disintertantidnt al
prosthetics. The invention will be described herein with particul ar
reference to rdativelydighnsuchateasdrenal ppretraied ang lemaipeonianinatedeveh aftst t o be
limted to that use. Dental personnel axe exposed to a wide variety of

pat hogens i n pilobnpéddisinfactbnsgtlesya of patients. These pat hogens can cause

i nfections such as the common col d, pneunonia, tubercul osis, herpes, viral
hepatitis gnd HIV.0Ode RlufioR & the lébin iPthe Rk dRadettmtsvi et £0svud phadatvarhdent al
i npressions taken from patients' nouths are used to nmake dental casts. In

t hese circuns thd T r i ne. | Si Ak
transferred t%ﬂgﬁgﬁégg?&ﬂ%ﬂfgﬁgﬁégﬁ?%g %ﬁ%?§%§§a§?%‘§§?ﬁgmi nlgéfﬁgg% t he
pum ce pans and pol i shi ng. wheel s ich.are used in shapi t he.cas for
manuf act uri ng gﬁ?‘g‘?tdﬁé’imfcé‘g‘&eﬁ?aieé @&{f“ﬂ iPLoblgm, 69 n%?rngﬁtéodlﬁ Bt{?‘g f"ﬁ“’teﬁ’r‘%}&ag roduces
an 15 atnosphere of infectious dust which is potentially harnful. The

pol i shing of ksHHeAlEEediorls varytiehRsiheRhginicals seanirethare fxiG 4didapeeitted? can | ead
to cross-contam nati on between patients. Disinfection of the inpressions
and casts hashigdien Sevarelmmsinde dmployiag disinfestintsfin fhe ggsenes migset hawe beeansf er of
infection in the field of dental prosthetics. The nost commonly 20 used

i mpr essi onismatiericpbd Ereen@t ginmadrastiiaseither ddhyjemalkils ahéndartatogsssebl on soaki ng
i n agueous solutions, thus reducing the accuracy of the subsequently

ger i ved casti ngmaiachydbt BoMcemYoundest bittendly 1xi8 hnd ASHH tea® ldentificdsh PRinkE
evi ce.

carcinogens. In addition. sterilising with the above gases requires a thorough control of
pressure and humidity in the chamber, which necessitates the use of complex and
expensive equipment. Thus, their use is limited to hospitals and critical medical
20  instruments and requires careful supervision.
Another approach 1s used in a variety of plasma disinfecting methods. In these
methods disinfection under essentially dry conditions is achieved using various active
radicals and ions as the biocide. These can be formed from conventional disinfectants (as

precursors) under plasma forming conditions. In addition to the cost and complexity of



To overcone the imrersion of alginates into bulk |iquids, a nunber of
researchers recomrend using spray atom sed disinfectants generated by

manual spray punps. 19 DEC 2QQ2 -4 Wen spray atom sed difs§ rﬂ@e:t @s are
used, a CO”SiW%sﬂa%é{ smal | er amount of liquid is brought iné ﬁé)rﬂl]?? W th
t he i npression an is the case with i mmersion and thus thg ffﬁ ene

| i quid absorption is reduced. However the shape of the dental inpression is
conplex and it requires spraying fromdifferent angles to achieve even
coverage. Thus the 5 amount of disinfectant delivered into the contact with
al gi nat e i s sphimaeqipmenn thdsesmethbdsttérel takegguln ai degladatiad df inany adnssidiohi Ng whi | e
being insufficient to ensure even coverage of the surface. A nunber of

studies have gRRYRIskithtas iBRs@lih bAdS¥ped aniQfties inSiefentl. DB RElyIMhsahen used
as a spray to coat a very uneven surface is |low See for exanple "Efficacy

of t o Variou Y - nsl drocol | oi d

| npr essi ons"; ﬁ\?@g{ji‘%ﬂ%ﬂ%&%‘%ﬁ%fﬁ%ﬁy %@Fﬁmrge%f%lﬁlﬁkg%ﬁ?t%r ost hodont 1992;
5:47-54). S.25% sodi um hypoch] ari.t nd 2% ar al dehyde .achi eve anly a
log 3tolog 4 re ’&?ﬁ%ﬂy‘?%ﬁlc&lagéé‘rfg?‘ﬁ?lls ‘B&%)%"IL“‘!‘E ?{) n'ésr“yyﬁgﬂﬁ‘i}gd’é &S aur eus
and M phlei when sprayed on_to the_al ginate inpressions. These |iquids,

whi ch are éxpect edlfegusation witl be desoribediarein @ith patirdgraefsrange 1 ifsgige ; thaduct i on
in the 15 nunber of m crobial pathogens when they were sprayed on

i npr essi ons i ficld bt will bei understogbnattto beelimites th thatussubt i | is. A severe

di sadvant age of the various spray nethods is the probability of severe
irritation to eyesDéil peRsGragSaréExposcane s wide vatiery of pathapesk ihithiblebd and saliva

di sinfectants. Methods of atom sing |iquids using ultrasonic irradiation

have been Cit gfhakiByid OTIREEYAIRIgEnsRhh cduBE inflcBHsS sl the bt dFEIE biGimoni

di sinfectants and for noisturising human tissues: For exanple, US Patent

4,679,5S 1 di f‘%&%&gg ,tth%eé,‘t%Saﬁ{ppa?m'sQn"& IlfIT‘;equency ul trasoni c sprayer for
e cavrty o

noi st uri si ng ora ermnal 'patients. lgusa et al US 5,449, 502

descri bes the use of an uItrl?eisoni ¢ transducer vagrat iibng at 30-80 kHz to

atoni se a th si nf ectPRGCUFHI RIRTER OHE whanicQRAM DS fp1idliRRIeSIORS AKER GP he
solution for the disinfection of 19 DEC 20Q2 -5 hands. WC c) % 1733

di scl oses a newtisay’ wputbparayseddo makpdental ensts o Imihierg sireynasianses, BlGEEOIEHYMAS
produced by | ow frequency (20 to 200 kHz, preferably 20-40kHz) ultrasonic
i rradi ation ufromitsé ingprassispmaterigilare ttasferrededhd castUThBdbfected Egst @noin2é@, The
atom sation at |ow frequency produces, in large part, particles with

di ameters in tdifaniaite the@lmielplnslddd polbhiigVIREIS iwhich hY Bed B sBhpihidiie S@BEoOr der
or larger than that obtained by the application of nmechanical spraying

techni ques. At ol proditfic B0RUOT TAS slbMinfhoBEEU TLAL bR shhe 1 eat ed

surface is significant”.” This anount o quid is sufficient to cause

unaccept ablse atmosphere of infectious dust which is potentially harmful. The polishing of dentures with

a common pumice pan and polishing wheel can lead to cross-contamination between
patients.

Disinfection of the impressions and casts has been recommended as a method of
preventing the transfer of infection in the field of dental prosthetics. The most commonly

20 used impression materials are alginate-based. Alginates tend to swell on soaking in

aqueous solutions, thus reducing the accuracy of the subsequently derived casting and
ultimately, resulting in an unsuitable prosthetic device.

To overcome the immersion of alginates into bulk liquids, a number of researchers

recommend using spray atomised disinfectants generated by manual spray pumps.



di nensi onal distortion of noisture sensitive materials such azsgmayg
al ginate i npressions. Low frequency (ie 40 KHz) ultrasonic irradiati plzhas
been recagni sed as a neans of quantitatively transferring bacteria from
solid surfaces (eg ACAC Met hod of Analysis No. 991.47) and thus is not of
itself bactericidal. US 4, 298, 068 discloses apparatus for sterilization
of food containers in which a sterilization agent is heated and atom zed.
U trasound nay optionally be used to generate the m st Frequencies of 30 -
100KHz and 1.0 - 2.0 MHz are disclosed. Both are said to 15 produce
droplets of 2.0 wWhbn britly &60MNdaAlsidletant8QE.usdd)e comhdioghly Whillee aploani i ng a
reduction in bacterial contam nation, does not provide sterilization at

accept abl e 034 isWeodhhs 8o é(%éacqivﬁt%ltf’?%?t%r@sgf?ﬁrtﬁ&nQ§ tHeQasSHRE *r%ﬁ\élsngl a%laqg&st o

material w th hydrogen peroxide uti ng a conbi nation of ultrasoun

generate a treating . mst ., in conmbination wth irradiation of the sheet
downst r eam %f" p?‘ﬁ%“agéll%@i QR T ﬁ‘écﬁ'tc?gTIﬁgwﬁ‘fef %ébﬁ%aoqjit@e deval fmpression gy and
produces droplets of which nost are aprox 10 micron dianeter.

Si gni fi cantdoyplex andiif seguirgssaraxingram fgfarguengipytorackigvheren covaragepel by Be was
ineffective. Also substituting imersion of the material to be treated in
per oxi deswasnaint sf disinfectaef dedivebicd éme sise dontagswitly aigitareas cuffidiegetoatistde dhem St .
This met hod has the di sadvantage of involving substantial capital and

runni ng cosfiginke by ah&itibhl lsiviing WMlebeind Qhsudidiért €8l sBreleden covebrdPBEtid0 - 6
treat non sheet material having internal surfaces which woul d be shadowed
fromUVv US 4. 880, | 63 di scloses a nethod for sterilizing non conductive
cont ai ners Sby génerating a mst of sterilizing agent with ultrasound and
electrically chayging the droplets b ns aof a corona di.scharge. The
char ged dropl ets&gi“é‘gﬁ@g&‘gte@ a i‘Pﬁé t&%laﬂi‘e ?f?‘c%’y éegésé"ﬁ'?‘gfjﬁ e%?%’é%wh?rhe

i nfluence of the electric field. The ultrasound frequency is 1 - 5 VHz

(al t hough oskgasia SiBaMexopisa st npdvehisedice iMost.  Secofor exasnplé "Hifsgeey ef | ess
than 10 mcron , preferably in the range of 2 - 4 mcron, are generated The
cont ai ngs MigiousSpyDisidfdedtsn Iaretdrgbleiydra@dor] lagidssidas"; Widteglylmna

di scharge is said to deconpose the peroxide to formatom c oxygen. The

met hod suf figng1.{ S dmLhe —FhSastyani RRE1§9524.47.50) 5 B9, %&inyr%}r OC?or&@HﬁcPY%d

(20-50 kV) ralse safety concerns due to'the risks of elec ution or ozone

[ [ d the d f sterilizati tai.nable is | .t han desired.
Vor cover -t eI ter e by aeioe 46 B CAARACE I F Rl i Woed 1o

surround the surface to be treated by a high voltage el ectrode. None of the
met hods enpiteshyiRgosqus pasBssrd Msphllai whan praved oatathe plednatoimpsessioesn These

hol | ow nedi cal instrunents, hospital surfaces or the like It is an object

of the predepuidsj whiehtateoaxpeaedwdredighty efficaciels, aclatve anlyea g Znedectioh it e

di sadvant ages of the prior art, or at |least to provide a useful

al t er nat vewmbeMYARYcrobiall dehd VMR EF e NGRS prdYad bR iplebdis ifedueRdd withe

i nvention consists in a nethod of disinfection 20 conprising the step of

appl ying ulgrasoush SRR A sESIUSARAREL SEHE JariQisRPrad WMfodb i the

probability of severe irritation to eyes and mucous membranes by the atomised liquid
disinfectants,
Methods of atomising liquids using ultrasonic irradiation have been cited in
20 previous art for atomising liquid medicine, disinfectants and for moisturising human
tissues. For example, US Patent 4,679,551 discloses the use of a low frequency ultrasonic
sprayer for moisturising the oral cavity of terminal patients. Igusa et al US 5,449,502
describes the use of an ultrasonic transducer vibrating at 30—80 kHz to atomise a

disinfecting solution and deliver a sufficient amount of the solution for the disinfection of



MHz to a liquid conposition conprising a disinfectant in coplination with
at |l east one surfactant, to produce a nebulised disinfectan19pﬂﬁgugm2
Preferablly the frequency of the ultrasonic energy and the liquid

di sinfectant formulation (including surfactant) are sel ected such that 90%
of m crodroplets are between ~ 9 DEC 20Q2 O 8 and 2.0 mcronetres m

di aneter. The applicant has found that when a disinfectant is conbined with
a surfactant and then atom sed by an ul tTHhsoni ¢ nebul i ser at frequenci es
greater than 1.5 MHz, a reduction in particle size of the nebulized product
i s obt ai nabh&disn WQPar P sbdiselpieh atnrshqslafispraly medjquidsmngbananeépsiaugihg
absence of the surfactant at the sane frequency, and significantly inproved
di si nf ecti osprag pbdaided [dw frequepay (280a0 200 kHzj praferabiyoP0-00k d)tultrsphidys of the
sanme or simlar disinfectants, including sprays nebulised at |ower

frequenci esiW:kiBRYLLWAS RkRdy b0n B&ROLUN (BYPARRST Y76, bé6. | ThbsbhEVEdn PR, t he
i nprovenent is due to actlva¥|on of the disinfectant by ultrasonic

irradiation t | ect.eq_frequen and.not nmerely to s er,particle
e The aPgpebrEr R Rt drbt SR P St AR 8B Vit e
bi oci dal conpound are_desirably delivered onto the surface to be |

di si nf ecPedMiEoneEs: gl iy Sefdhatsme %éﬁff@ﬁ%@eré}aﬁg&obﬁmﬁ 58 PeRiicetian ofrhe
amount of disinfectant delivered, the concentration of the disinfectant
m st and t Bedwonitehspatyimgtechmaliesi dns result, the gmloanteaf ligpidascemnlating of thehe
guantity and type of surfactant incorporated, by varying the size of the

droplets, tieadd JurfaboOly s?hfﬁﬁahi. Ortgs @neudt beliged inshiidiedits cafse ahasetptapit act
with the surface to be disinfected. Preferably, the nebulising tinme and

ultrasoni ¢ gpLAUGIE VMo 6F REkATe LsitiOIH [@itanls%ﬂcfb%v.e'ﬁghl %gxgaliég%ngﬁestsm?ls.

di si nfectant conposition to provide a predeterm ne eve

di sinfection of an abject ex to the nebulised product..The surfaces to
be_d1'si nf ect ed. nagh BeuFory B AMHHE efrisor o s B ETEsistH 68 AR o
war ds, operation theatres, walls, hand rails, air conditioning ducts,

dental dAd grsstiedvelpiiepsfpingbactetiy Homsald sp&sessgfdIAbiethpdohdpalysipNoed t o
such surfaces. The present invention also relates to the disinfection of
vol ume cont 1) amd thus is not of Asdifactéditidaly  an encl osed space According to
second aspect of the invention the size of mcrodroplets and their

susceptibility tQsacige/abs AfdclosesTPirhius thrRierfibpioadifbd Oebnefineds fiiwhidRhant or
surfactant system A "surfactant” as herein defined is any surface active

SO Lot it PN GTRRE e R0 e 6 OB Bk 1

S

a
a

the mist Frequencies of 30 - 100KHz and 1.0 - 2.0 MHz are disciosed. Both are said to
15 produce droplets of 2.0 - 5.0 microns at 50 - 80°C. The method, while providing a
reduction in bacterial contamination, does not provide sterilization at acceptable cost
US 4,366,125 discloses apparatus for sterilizing sheet material with hydrogen
peroxide utilizing a combination of ultrasound to generate a treating mist in combination
with UV irradiation of the sheet downstream of the peroxide treatment. The ultrasound is
20 at 1 -2 MHz and produces droplets of which most are aprox 10 micron diameter.
Significantly, sterilization with UV followed by treatment with peroxide was ineffective.
Also substituting immersion of the material to be treated in peroxide was of similar
effectiveness to using ultrasound generated mist. This method has the disadvantage of

involving substantial capital and running costs for the UV line, and is not applicable to



the disinfectant. A consequence of reduced surface tension qaé be an

i ncrease in vapour pressure of the disinfectant conposition. lﬂE@gﬂﬁé
surfactants include al cohols, ethoxylated al cohols, wetting agents

ot her surface active agents. Preferably the disinfectants sel ected for use
in the present invention are conpounds which can be activated by high
frequency ul trasound. Disinfectants usef}g_in the present invention

i nclude, but are not limted to, those which inprove their performnce when
exposed to high frequency ultrasonic irradiation, for exanple those based
on the pero%VQEBﬂﬂﬁghﬁ'éte(@. ".V‘%yafreﬁlj‘éﬁ"ﬁ‘é?so‘i’i“a}é,"VOB[Qrb&cSQE“? vegddian UV

per sul phat es and percarbonates), hal ogen sol utions, hal ogen conpounds and
sol utions of hal dgé30depdupsliseseemgthod datistem! 1 2&¢ mppeetruotive @ntmokrpbyi done

i odi ne), phenolic conpounds and hal ogenat ed phenolic conmpounds in solution
(e.g. Tricl gsantinpavastgsererfi@ingdgé vagngfridouiid afl Widckas0picRarpmpagd ati on.
According to a third aspect the invention consists in performng the

di si nfectiog, .errH;yr}n@ajﬁs‘Spglzﬂﬁﬁéjdig&ﬁlir f?g%]g%ggee@mgﬁgﬁm gbsifeh_% the wall of

nebul i sati on occurs In a ne I'sing 20 resides in or

comuni cates with the encl osed disinpfecti.o h . According to a fourth
copect - ehete HompboimeEb e fRfients St BEHbS Rafl AP i B CheuPfloef 135 Second
aspects further conprising the step of nebulizing one or nore neutralising
agents, forMéled{pishaughenlyxl. nalEizds sysrarlified). Mist Rplcs ohgnmees less thygdiOum

thi osul fate for hal ogen based di sinfectants, after the conpletion of a

st eri | i sat i mivray cprefetablydiaabemogeo? + 4 midrdn Srdeenerddedadhe ventinarangke be
According to a fifth aspect, the invention consists in selecting a

conbi nat i onsupfoui@aWyl Shipl vbltdgR eRRfodl. ThasaBhLdbEReEan6d RPNdcBapb&aREd t O
the disinfectant conposition so as to ensure adequate disinfection of a

predet er m | . | & I I
Frequency Araoasy EbumafiFbRviel. THE bt sk, b MRl ek B0
l'iquid and suych that the_disinfected_ object is quickly and easily dried.
Thi's. carldberalehr ROty B0 Fits Bibksys Ay Brits B clse tagiign o

conbi nati on of these, whereby a given level of sterilisation and drying of
an obj ect mepnbpoisehngasidhe degreqelmterilivatiomebtainatierisi lesstthanadepieedatMereovar o
According to a sixth aspect, the invention consists in a disinfected vol une

i n a nebul ithé AgtlRAANTBRIEMPEEaRpliesbikgdo v idwngf thonedeo adrrduné thesubfackstodde t he
invention. The invention also consist in a nethod of disinfection

conpri sing &é#hi igﬁv gg lelesirge. @ | iquid disinfectant conposition
including at [ east ohe surfactant to formmcrodroplets, allow ng the

m crodropl ets tq, cont.act surface .and, appl vi.ng . rasoni I to at

| east ong of t hg\l%xl?r eemgtﬁ‘ag% PR 'CF Bﬁ?ag(glfnétlss gu&fjihtae t?rm/ltsaln clcé(?n gﬂsr g gr

consists in a mst_of droplets of which a majority have a particle size of

bel ow 2 i diodlay medieal insrumentsnpspithskitasen gr Be ¢fkei nf ect ant i n conbi nati on

with a surfactant for use in accordance with the nethods of the invention.
It is an object of the present invention to overcome or ameliorate one or more of the

disadvantages of the prior art, or at least to provide a useful alternative.
SUMMARY OF THE INVENTION
According to a first aspect, the invention consists in a method of disinfection
20 comprising the step of applying ultrasound energy at a frequency selected to be above 1.5
MHz to a liquid composition comprising a disinfectant in combination with at least one
surfactant, to produce a nebulised disinfectant product.
Preferably the frequency of the ultrasonic energy and the liquid disinfectant

formulation (including surfactant) are selected such that 90% of microdroplets are between



Unl ess the context clearly requires otherw se, throughout the description
and the 20 clainms, the words "conprise', "conprising', and t A8 IDEGazgﬂge to
be construed in an inclusive as opposed to an exclusive or exhaustive
sense; that is to say, in the sense of "including, but not limted to".

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows an enbodi nent of a

di sinfection apparatus in accordance with one 19 D E C 2002 aspect of
the present invention. Figure 2 shows a pfeferred configuration of an
enbodi ment of a disnfection apparatus m accordance with one aspect of the

pr esent i”"@?taint-O Flgh&red l§gg}%~‘éteqnot her preferred configuration of an
enbodi ment of a disinfection apparatus in accordance with one aspect of

the present invention.. BEST \ FOR, CARRYI NG QUT THE | | ON.. The

i nvention will nﬁ}\? %Dé’hfi@g?‘?? %@85 BRA Whgn ?)fhsggl%fﬁaﬁ‘ltg ??m%“%yﬁgﬂ-?é'ﬁré?cé%én@o
preferred enbodi nents. U trasonic and acoustic vibrations are known to
produce aer $§pRYMIFHdYREHEFOBIMNEbYisOF atftegnensias gratayuhans! . MKzl redegionnd
consists of the m croeruption of cavitafion bubbles close to the liquid/air
interface: hreaidagzdoftbt esbisiced pretdudthicobthigablelin ddsipagisen with titsargelselzat ed
either by punping air or by the Bernoulli effect, the m st of droplets can

be separ gt eghthihedrt heatiehde Gfihd HiRfakiafit Qlll@é&%eqiré'qﬁ@ﬁc%gam SnifiBarR) i\i;ar\nﬁ)%%ve-gh €

invention will be described with particular referenCe to its usé

hydr ogen 15.peroxi de based .di sinfectants. but .it wll be understood not to
b T D Tea SERERGER ERER R BB oh ity olibith P8y B RE BR8P 07 oct al
action of commonly used djsjnfectants is not due to the nmolecule itself,
but to the Prdaudipingstagts. mehdgsRes nrbwised deverdEeduprricse X iprw wishiag to
hydroxyl radical in the.case of peroxy conmpounds or hypochlorous acid in

t he case ofb&wuny by cidoay,iitie bblacyed tidit Hierinpoivamest. is Theactiagiaadfthaor mal |y
formas a result of irradiation with ultraviolet or infra-red radiation or

the cat al ytdisinaetahoOby @frasticiraliRbion attielsQaeal PefuerdydRdURP i¢tel$ tedrhallerer S
have been used in the past. These sterilisers have a series of drawbacks,

anongst 1H‘hi§ar?tié'1§sirzé‘.e need for a high tenperature to generate vapour. The
i ncreased tenperatures are required for vaporisation and the production of

. ] 9 DE C 2Q0 .actjve biacidal particles |, .t.he concentration, of
hydr oxyl radi cal Q%OEFES@gﬁWeft%P’GB‘{)&P‘F ’%er‘féﬂm ?‘@‘%‘W@gélberﬂféﬁ?t?ggfocﬂfﬂbf hydr ogen
peroxide in the fornulation and the tenperature, the highest practical
t enper at ur ecomnduadareaiasirably dmlivared ontnetdic syrface frebpdisindasted asacaeld Grethragly
frequency ultrasonic energy is utilised for both the
below 40° C) mist of microdroplets.
The amount of disinfectant delivered, the concentration of the disinfectant mist and
15 condensation conditions are regulated by selection of the quantity and type of surfactant
incorporated, by varying the size of the droplets, the air flow conditions and the period of
disinfectant contact with the surface to be disinfected.
Preferably, the nebulising time and ultrasonic frequency are selected in
combination having regard to the disinfectant composition to provide a predetermined level
20 of disinfection of an object exposed to the nebulised product.
" The surfaces to be disinfected may be for example skin, medical instruments,
hospital wards, operation theatres, walls, hand rails, air conditioning ducts, dental and

medical prosthesis, skin, and open wounds but are not limited to such surfaces.

The present invention also relates to the disinfection of a volume contained within



5 atom sation of disinfectant solutions and the production of biocidally
active hydroxyl radicals. The presence of at |east one surfaagfgf has been
found to nediate a significant reduction in particle size, a Eclmmg
significant increase in activation of the disinfectant allow ng achi evenent
of the required concentrations of biocidal actives w thout increasing the
tenperature or the concentration of biocide in the bulk liquid. 1 o The
conbi nati on of atom sation and activation by ultrasound in the presence of
one or nore sur ag%ants overcones the mmjor drawbacks of the previous art.
The anount BFESIPTSEBET ¢ vapour delivered on the object to be disinfected
is very much less than required for bulk liquid and spray disinfection

met hods. The parf¢erdngjozescepnd aspsctiohty i2vantipn hesimstof @gsrodropless adabty 0. 8 -
2.0 mcroneters), of the majority of the atomsed mst is of t s the sane
order as thassiprbiliof totdedvaivalib estifedagkse antiopaifasumiitah of anrfRehne Ristah | y
har bour m croorgani sns. The | ayer of the condensed antiseptic which forns
in the courgeg@factagnds PEREEHMERY id By sTECREV L RO MasNS s& é&fdco o@i@i%n
anount of active biocide to destroy all susceptible m croorgani snms. 20 The
| ow concegnt | of disinfectant, in the case of hydrogen peroxide eft
on"the o1 ek T8 beR Bt EEb AN m ek uE e s R AR B o
oxygen. Ifﬁbhg.r mai ni ng per oxi de needs to be deconposed after treatnent, a
smal | anourlt€ nsmg%—%&-i (9B gHSRAFOE resiucedRprigea eRsia MR B &1 HISIRAFAIN WePUcan be
atom sed on the object. In the case of other disinfectants the small

anount s r ermaéssimecpf tre disinfesant eoeposiionbBuitableGuifadtan®s 20@de alcphdly, ethadfytated
neutralised or rinsed off as required Wien subjected to ultrasound at 1.2
Mz water plaobesetdiaphiditemddthdt shificeRege 4edisan aer odynam c di anmet er
(MVAD) of 4 - 5 micronetres (The Utrasonic Generation of Droplets for the

producti on of Suhpa I L i : L AFNE

Aerosol Sci. V. L@%@E&E%BFHF&%S@%%%%@ %gﬁ%e p%sg{;tggv‘éernﬁlfo ?equen |Oélédst5he
articles are |arger and i gher frequencies.the MVAD is reduced. At 2.5
r | i e SheiecacBed fo Mol dhuety RHER GUgeDl T Mty i BRS¢ he
i ncrease of energy density and - hence an increase in the tenperature of

t he nebul | dBYEntipginckdeThil areal hirdfed i shgse iwhich ipprovs their pHEMABRIWRGON | n
aerosol particle size to 0.8 -1.0 micronetres can be achieved by | o

decr easi ng epesed tw high dretjesisy aitrdsynit ireaddedohng foo exaniplati®sabdsediom thet peadxyan
appropriate surfactant without significant increase in tenperature. A

m xture of cWalBindsQk.BPhyRIrSsehiREIxAI Perhbetib abibEpersitbatedAn®berdBonaésy sol ubl e

surfactants to suppress foamis found to be effective in one of the
enbodi nment f current invention. | it C i.ncl ude a
%gﬁ)ﬁextl p(ﬁu ons, aallcé%eﬁ Sea p%)térbcﬁ.fmd §ol§q§n&%?lh?lgg§[ {]ogtgﬁo%ﬂ?%(e. ga.‘@oc!hﬂffl

m xt ure of oxyl ate eric
acid salts, or ethoxyl ated ohol s a$on or bl ock
Bt her al one

SSSS%LE?Q%S%%W aErosicns iaﬁaebpbfwllg%nwa%%aﬂ earaieh
compounds in solution (e.g. Triclosan) have been found to benefit from ultrasonic
irradiation.

According to a third aspect the invention consists in performing the disinfection
within an enclosed disinfection chamber, such that nebulisation occurs in a nebulising
20 chamber which resides in or communicates with the enclosed disinfection chamber.
, According to a fourth aspect, the invention consists in a method according to the
first or second aspects further comprising the step of nebulizing one or more neutralising
agents, for example peroxidase enzymes for peroxy-compounds or sodium thiosulfate for

halogen based disinfectants, after the completion of a sterilisation cycle to decompose all



or as part of a mxture with the above surfactants. A skilled,ggdressee
woul d understand that the above surfactants are included onl UEC@Q
non-limting exanples of species which can 20 be applied as part of the

i nvention. The anount of |iquid condensed on a surface after a 2 mnute
exposure to nebulised droplets in a sealed systemwas found to be in the
order of 30 g/n2 for |Iow frequency ultrasound. Wen ultrasound in the high
frequency range which is the subject of this invention is used, the
condensate | evel was found to be reduced to 3 g/n2 in the sane ~ 9 DFC
2002 - | | @ctivelipgdesyst em A substantial advantage of the invention is
associated wth the small anmount of condensate fornmed on surfaces.

I ncl usi on i n t heAdosimg ©ct fafl agpbctsthbstvantasconsists thsgbctingpowmbpramawie i s
advant ageous to reduce drying tine. For exanple alcohols with high 5 vapour

pressure r eleBllisiey tife Wad Sliras@iiNQEGuentyt MvigdBgarapOthe dpi SRSt oot 8o t O
wat er, hydrocarbons with high vapour pressure relative to water, esters

wi th high r.el-at:i AL.ef: -ot.h i tances
W th high R ERaNKEaEAbY B ) Bt Hinal R Bro ISR R SHBSETTEY, o
of such substances W th high vapour pressure suybstantially reduce the
i e r equi RERF FEI oIS deaenny A isietaietich GRtR{eEHen Beqor Wik mpnirgm of
process has a rel atively high vapour pressure (eg aqueous hydrogen peroxide
sol ution), lignidsandesuelr that the drsinfectediehieap iv @nalde andsasiy diied. dFis ngn bevachdeved !
relative humdity of 50 to 60% and a tenperature of 22C the air drying of
an obj ect \iytafr diyingS blawelrangar @dculiribg akothbinifion sf theds, ehertby @ gliknflevel 5

m nutes. However if warm dry air is blown across the surface of the object
the drying grkfRlisatioh 8HYABLEhS OF £ objdcPmiy B RHiISRA id RRTifhAILtiRe 2t BRbRRAEE,

cold disinfection cycle which begins wwth a mcrobially contam nated
instrunenttand Qesults in adry, disinfected instrunent can 1 o be achi eved
qui ckly, siﬂgv§a3ﬁh cheaply. The application of such equipnent is
potentially very broad and_ i ncludes hospitals, nedical clinics, dental
clini cslO vet eri Mgegrdig taiacixth penset, tedpeation sonsistsip ardiviefesigd vakuge iBa@aut y

sal ons, hairdressers, tattoo parlours, etc. Wth reference to the draw ngs,
figure 1 shebwisarg chainbek preparediccarditigsto whe of the metlodapp threatventisni t abl e f or
use in the present invention. An article to be disinfected is placed in

encl osed chanberrh invERgod 4l6b 8dnsish LLhelbEbf disinfectiGBoARiEnd Bk stdpicT pur pose.
The disinfectant is placed in ultrasonic nebulising chanber 3, and

bul i sed Yt . ' ' i.des th
necessary Ay G oo e s b P B B o

nebul i zi ng _chanber 3 enters disinfection chanber 1 vi . .
g MmICro ropliets, aﬁow&g the m?cro roplets to contact a surface ang applying ultrasonic

15 energy to at least one of the surface and the microdroplets.

The invention further consists in a mist of droplets of which a majority have a
particle size of below 2 microns in diameter and comprising a disinfectant in combination
with a surfactant for use in accordance with the methods of the invention.

Unless the context clearly requires otherwise, throughout the description and the

20 claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an inclusive
as opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including,
but not limited to”.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an embodiment of a disinfection apparatus in accordance with one



20 an outlet 6. Preferably outlet 6 conprises a tube disposed at an angle
to the direction of sorucation whereby to mnim ze entralnhﬁnBEBfﬂmarge
drops if .any. Figure 2 shows a preferred enbodi nent of a disinfection
apparatus suitable for use in the present invention. An article to be
disinfected is placed in enclosed chamber 2 by neans of a renovable lid 1.
The disinfectant is placed in ultrasonic nebuI|S|ng chanber 3 25 and
nebul i sed by ultrasonic transducer 4. The® hebul i ser intake 5 provi des the
necessary air 19 D E C 2002 -13 frominside the rnanber. Figure ~-
.sh:~ws an agapaticoncssht mhentigppar at us according to Figure 2. Wile
uItrasonlc transducer 4 is | ocated outside the chanber, nebuliser intake 5
still provides thgurecsssanyrakired caifigwatibm 6f thenlrichas eda ahambenn2. The
advant age of configurations shown in Figures 2 and 3, and simlar
Conf'gurat'ﬂﬂﬁmhﬁ1EQ&%n&h@waBQMbQﬁm@nﬁQHﬁﬁg&ﬁ hvegred system The
di sinfectant ‘both prior to, and after, nebullsatlon is contained within the
seal ed system OVI fIC pyer un eal.e wher e
t he d|S|nfectanE%%%§ |%brﬁgg %H%a@nfﬁcml PnPomhﬁﬂ%ﬁ§ &Rt A d‘WH£05PEty
1 oln the enbodinents of figures 2 and 3, mhen t he transducer is
energi zed, HPBIRYSIBACErdanaE lé/étf‘é’ﬁ? a?HeE)trﬁfﬁléeo&’IFfiefh‘tniVﬁH‘O@hanber 3 within seal ed
di si nfection chamber 1 directly enters chanber 1 via nebulizer outlet 6.
Consequent | BEST MODRBAEHh CARR YING O He BHE INYENITIOMNf ect ant in the '
sterilisation chanber 1 increases and air entering intake 5 from seal ed

chanber 1 carri ephedfvéntioh®aH nbY HeQRE@IVed B maR 0D ExdngNéibhlz ol iHeferdice €d ant
which is thus 15 recycl ed. Enbodi nents of the invention will now be

exenpl|f|e§?eg%%gg%§péfgmﬂlcacy data was obtained with the foll ow ng

di sinfecta ydr ogen peroxi de (pH=3), 9496m/m1mater 20 B 6%
w w hydrogen per |de+15%vvlwn 0 +030/(q§§>iwlr S 02%
W PUP K+ 0. Elpaanis wresor LR RO A A PRSI LT | TR IS
peroxyacetic acid, diluted 1:50 with distilled water D. 2% w w
chl or hexXPdi ﬁ@tgmgmg hiqtigls withgsigregoundh cosispenidhe misrearantion|of gaviiatien buledes
Procedures: 25 Equi pnent. .~ 9 DECD - t3a The pnnciple of operation of
nebul i sers dlssede genhpill/gt Ressfiee ehredkiiny bubbieptatebthe KigGdl [Uskig 4it flowns Far ady
Soc v 32, p 1532, 1936) Tlie nmain elenments of an ultrasonic
generated either by pumping air or by the Bernoulli effect, the mist of droplets can be
separated from the bulk of the liquid and directed onto an object.
The invention will be described with particular reference to its use with hydrogen
15 peroxide based disinfectants but it will be understood not to be limited to these
disinfectants.
It is believed that the mode of biocidal action of commonly used disinfectants is not
due to the molecule itself, but to the production of more powerful derivatives, for example,
the hydroxyl radical in the case of peroxy compounds or hypochlorous acid in the case of
20 hypochlorite-based disinfectants. These radicals normally form as a result of irradiation
with ultraviolet or infra-red radiation or the catalytic action of metal ions.
Hydrogen peroxide vapour sterilisers have been used in the past. These sterilisers

have a series of drawbacks, amongst which is the need for a high temperature to generate

vapour. The increased temperatures are required for vaporisation and the production of



nebul i ser are. a high-frequency generator, a p~ezoceram-c tra a
reservoir for the solution to be nebulised. The production ofpggﬁmﬁZZ@E?

aerosol involves forcing the transducer 5 to vibrate nmechanically by
appl yi ng resonance frequency. These high frequency vibrations are focussed
in the near-surface part of the solution, and create an "ultrasonic

fountai n” 19 D E C 2002 -14 Once the energy exceeds a certain threshol d,
droplets break off and are forced by air-8treans out of the reservoir A
Mousson 1 ultrasonic nebuliser (currently discontinued, simlar nebulisers
are manuf actdecdibydDphichehi Ad thatbide&irflibn, of Ky divRdi rZd bd1e hhiiekstly ﬁﬂfp@ﬁﬂﬂﬂll
with a concave 5 gl ass covered transducer was used to atom se the various
di si nf ect anisURIReniiMNor l;pﬂ?o%@ﬁlﬂgrlo'xﬁi%rin ORgs M fticAtand (fheM rangg',efhe
nebulising rate was approxirmtely 1 m./mn. The nebulised qu

di si nfectan A u into a 1.5L hernetically sealed vessel (Figure 1)
for 2 mnut éég%% Eaﬁggﬁgufl%eerat&fes?rﬁifcé){:lfeé‘rtf?u%%8H?éépr essure in the vessel
reaches the sane value as .in the nebulising chanber of the nebuliser within
30- 40 seconds. A tR@TeseRy inestion shigly frequeacidgasoals areyHe uiplised doi koth the
differential, the vapour delivery rate reduced significantly after 30-40
seconds, sandtomasation st disunféatanit soltitios andneepreditotiofi of bideedatlp ndevesiedirasapour .
Total armount of nebulised disinfectant during the cycle was under 1 ni. The

i nocul ated glidalse rlshegp%seg&l AGL fabtbnk RErfAck A8 Basebh Riuhll t@eliRf NaPMESINT:
horn. Inoculum t 5 The inocula of vegetative Pseudononas aeruginosa (ATCC

15442), WCP&&G&E%&%}%@% %?E? al(lﬂ i n&élrﬁ@ldrﬁ%&: ‘r\hoz%citiv&eé-gc& é§e7 éi)’xg%\ft?c% S. aureus

(ATCC 6538), wer re romair overnig culture and containe
approxinatelg 1 Og-.1 @ cfu/nL. The inocuLunl?L.dr RAIIA etative,

C ost ri di unfEPEPS FehisHEMEA PERCIEgUTed copePnEalQns O i°§‘d\éA?Féi"FSD§B U IRGBASHE was
prepared as per the nethod described in AOAC 20 966. 04. Each carrier was

i nocul at ed thetttmpgpinreartbe edngera@nef biskide tiethe holkdiqwid.t o provi de for

contam nation | evels of 106 -10" cfu per carrier. Carriers: ~9DEC

2002 WO 99/ 6696 TR IR BT mit&icaGiniactivtibd bR &lt@koumd ih HRIEdEAI\ESone
pl aced on sterile {3 hours at 180C oven) 10x20nm Mass el ates, and dried for

40 m nutes bf‘rn&%%uffﬂ&%ﬁ%%@érc%ﬁsstﬁgﬁ STk dvibabi Jl}'gﬁe rfr&vx%g@g W%‘g(ﬁm}t of

peni cyl i nders were so In the 1noculumfor utes and t or 40

T e ROHRRLIesTc T (LR GEBRATES M) B MG 5.
al ginate Watsor r113l;}lrf(dliqrtrliici( fnccli sfp(r)e{y ggn?e%figg glgthlcj)gsi,. n’lgne particle size of less than 2.0
micrometres, ( preferably 0.8 - 2.0 micrometers), of the majority of the atomised mist is of
15 the same order as the size of the smallest cracks and pores which can potentially harbour
microorganisms.

The layer of the condensed antiseptic which forms in the course of, and subsequent
to, sonication contains a sufficient amount of active biocide to destroy all susceptible
microorganisms.

20 The low concentration of disinfectant, in the case of hydrogen peroxide, left on the
disinfected object rapidly decomposes forming harmless water and oxygen. If the
remaining peroxide needs to be decomposed after treatment, a small amount of peroxidase

enzymes or any other suitable neutraliser can be atomised on the object.

In the case of other disinfectants the small amounts remaining on the surface can be



manuf act urer recommended wat er/ powder ratio and | oaded onto dr sﬁgﬁlle
trays. After settling for 3 mnutes al ginate has been cut mﬁt C 2002
flame-sterilised scalpel into a 20x10x1 mm slices . The slices were
aseptically placed on a sterile Petri dish and contam nated by 1 o pressing
t he scal pel soaked in inoculumonto the slices. Extreme care was taken to
avoi d inocul ation of the slides and the surface of Petri dish. Sterile
silicone slices were prepared fron1FNdrbEﬁflic Vi nyl Pol ysi | oxane

| mpression Material (Heavy Bod Normal Setting, ADA Spec. 19, Elite H D by
Zher mack) ugﬁhgaﬁﬁwﬁﬁbﬂﬁﬁﬁéﬁaﬁﬁé“F@ﬂ@#nended by the manufacturer and | oaded
onto a 15 sterile tray. After setting for five mnutes, the inpression

mat eri al was cutWhen sxbaecmmmmkﬂasnmncbdtil(Qel‘sIPw»tdnertmcﬁimezirﬂicseswah pled maskhe
slices were sterilised by soaking in a 1 peroxyacettc acid for three

m nutes, theedifd 8964 MniddibRBtes IMMAB) d¥f £ maddénetedsqUthe! DtteLso MY Chdn@hikioh Or
five mnutes. The slices were aseptically placed on a sterile Petri dish

i cesr 3o RGN TS B ﬁ’%“ﬁg‘?%ﬁsﬁﬁﬁé Fi2datfis EndDACHHAM, (r??*é’%h%&‘ej
di f d ht |
Chour e bt S vy TP oreh T o s o il e absedradihe ppled ofe°

d|5|nfect|on cycle conS|sted of 2 m nutes nebuI|S|ng, and then left for
four m nut dargeiand at bighehiequapeiey the dMddtisnediced. 192D ¥MHg, MHGADIO 19D/ b6961
PCT/ AU99/ 00505 -16 Immedi ately after opening the lid, each carrier was
asepti cal | ymigtoagerdsi Ruitiiee in@edse ilifde@qushdyresiigrin the imuéarsé efendpgptdnsitpandi ni ng
di si nfectant deactivator (Tween 80). Bacto Letheen broth was used for P.

aer ugi NOS&, pegee ﬁlui'fl@rlé%ea}ﬂ %eﬁeﬁgéﬂatur@oﬁﬂg heouMds i R 0ake THRNRPHES forhd Mat a

terrae and a Bacto Fluid Thioglicolate Media for the spores. As a control,
5 i nocul at St er|L |st| | ed mater
¢ac vedéay

in place oﬁgﬁﬁ |rﬁfhé°&°§r‘i? a‘ggioér?fl'i'tléffel ‘VC t? IQ LeerBgm Rp on the

AOAC s sterjlant testing methods. rowh in the tesé tube i ndi cates that
100% ki I'? d#ecraa%lre%theévﬁmt@wm vb@éépglaerhp%a/%eﬁll amppunt PEAARNIRRTIAG cant | y
nore severe requirenment than the log 5 reduction in the bacteria ~ o

popul at i on sudguantedthoyt dipEfigdddinciduss imemperdtuiias been chosen as the surest
met hod for denonstrating the efficacy of disinfecting techniques, Results:

“nt" - not testedmiRaeTwater s6RBRI saffBctlh WitBfthd ditioatfadn AVgaoRbldhas been
achleved on at least 15 10 out of 10 replicas, with no survivals "growh"

number of i &M fils Bhkl i thul WbEefiibe B AR BlPembdiReAEGt A2 VO

current invention.
15 Suitable surfactants can include a mixture of ethoxylated alcohols
(eg Teric 12A3) together with dodecylbenzenesulfonic acid salts, or ethoxylated alcohols
alone or block copolymers of ethylene oxide and propylene oxide with alcohol either alone
or as part of a mixture with the above surfactants. A skilled addressee would understand
that the above surfactants are included only as non-limiting examples of species which can
20 be applied as part of the invention.
. The amount of liquid condensed on a surface after a 2 minute exposure to nebulised
droplets in a sealed system was found to be in the order of 30 g/m2 for low frequency
ultrasound. When ultrasound in the high frequency range which is the subject of this

invention is used, the condensate level was found to be reduced to 3 g/m2 in the same



-17 TABLE 1 Mycobacteriumterrae: Inoculum10g cfu/m, in trygtﬁff Soya
brot h PCTI AU99/ 00505 Carrier/ /disinfectant ABCDA ass Zﬂﬂg

sl i despassespassespassespassesd ass

peni cyl i nder snt passespassesnt Si | i conent passespassesnt Al gi nat e

sl i cespassespassespassesgrowh 8 out of 8 5 TABLE 2 Pseudonbnas aer ugi nosa
| nocul um 10a cfu/nmL in tryptone soya broth Carrier/ /disinfectant ABCDA ass
sl i despassespassespassespassesd ass penilH i nders5 out of
9passespassesgrow h 6 out of 10Siliconent passespassesgrowth 10 out of

10Al gi nat gedkd spsgriowt h 8 out of 10passespassesgrowth 9 out of 10 19 UE
C 2002 WD 99/669G1L _ 18 TABLE 3 E,coli: Inoculum 108 cfu/nL in tryptone
Soya broth PCT/ Aﬁ%{%%fta‘%‘?ép%&ﬂ{a%ﬁ the W2h RS RLRWARDRA AR small amount of

sl i despassespassespassespasseSE ass

peni cyl i nder snt passespassespt Si | i conent passespassesnt inate. .

sl i cesnt péegi%gtgif @ SABEE AnelUSio BLES AIHUECIREhAl AR Hithibigh  ypt one
soya broth Carrier/ disinfectant ABCDA ass

sl i despasyeppagsesprss edpaspes®@ tassdypediiyg timde Fogexanie 8lcobwls wfith high
10passespassesnt Si | i conent passespassesnt Al gi nate sl icesnt passespassesnt

19 D E £ 28PcurpréSurbABlabivetdavaxst, RERH WP RIgAGAPaS fHEdseld reRaAEeH whtegcul um 10~
cfi~/nmL in tryptone Soya broth Carrier/ disinfectant ABCDA ass

- Soy2 CABC
of  1opaasdinRetlh fufthello IPRRSTIPARIEEE) ARRCRRKAIL RARSRL A2, °5'

"passes" conplete kill of the tested organi sm has been achieved on at | east
10 out of rg_letly%tﬂ wetgand piher prganjg ubstances with high vapour pressure relative to water



"growt h" nunber of carriers which carried viable test organisi§ Eﬁa le 2
10 Assessing the efficacy of the disinfectants on al gi nate demwva C 2002
i-mpressions using a sealed system (Figure 2). The testing procedure has
been adapted fromthat described in US Patent No. 5,624,636. Sterile nodels
of a patient's maxillary and mandi bl e teeth and soft tissues were

contam nated with the bacterial suspensions containing 10g to 109 cfu/nL in
sterile water. ~ 5 Fast set al gi nate dent 41 i npressions (Pal gat Plus Quick,
ESPE) were hand m xed for 30 seconds using the water/powder ratio the.

manuf act ur er°" MEEGRTHOASEA, SUBHEPACH X8 ¢ 8ntapO tRassSY T Sy bstantiablyrediips thettiae

i npressions were nmade of contam nated nodels, and these were allowed to
bench set fdeaBredifpridrg®g. after which tine the nodels were renoved. To
transfer viable 20 bacteria the parts of the inpressions containing the

12t h and 13t h t ediven (Mbkd ttenblsiifieSpntfuiised ibhdprEceSs RAOLre\WBvVOR/ 6§ 0Ghou20

PCT/ AU99/ 00505 naxillary jars and 30th and 29th (LL4 and LLS) teeth for the
mandi bl e | aysesserkegeCaifucOutt hydrbgendpesd idd orutidaRkiiematsnd inagedsiiyemoded bl of
sterile tryptone Soya broth, sonicated in a 40KHz ultrasonic bath for 2

mnutes, Pl afefyRpt Add ¥RECOBLRRYS 02880 GUW ahd SRR O Re ¥ df Pl 48
hours. After disinfection, the parts of the inpressions containing 4th and

5 5th (UR4 apd, thea%it%i?%}rhacrb Ofea TRXH4 JoairSﬁ chn? %hgervsfgi{b t%nl(% rﬁl%ﬁ&s( LR4 and

LRS) teeth for the man e Jaws were cut out an e bacterra were ’
transferred,n the..tryptone.so braoth as d scrigﬁg above. Both maxillary
and mandi bl 419 TP LB -3 BPaeSiosy R s oL MR LRFLIE anfig Bkt at oo
results of bacte i%{ survi.val s_are_an average between the bacterial .
bopul at i ons THHUCEhis -1 1 FRGSSTBHERI2 BEFARE SUNIGEEtEn CHiF SDisRgLs
| nocul um Pseudonpnas aerugi nosa 10g cfu/nL in tryptone soya broth
ABCDBef or e tWitlhd missebidiy eontpmipated myironan apd tesplés injagsy elisinfraigd drstrument can
treatment. 1. 2X10 ' 85476. 4x10' cfu per inpression 19 D E C 2002 WD 99/ 66961
-21 TABLE 7 balaghipeadeuickiy, eeplpasd ¢heaplyl um Pseudononas aer ugi nosa 108
cfu/nmL in tryptone soya water PCT/ AU99/ 00505
The application of such equipment is potentially very broad and includes hospitals,
medical clinics, dental clinics, veterinary clinics, food processors, fast food outlets, beauty
salons, hairdressers, tattoo parlours, etc.
With reference to the drawings, figure 1 shows an embodiment of a disinfection
15 apparatus suitable for use in the present invention. An article to be disinfected is placed in
enclosed chamber 2. The lid of the chamber 1 is removable for this purpose. The
disinfectant is placed in ultrasonic nebulising chamber 3, and nebulised by ultrasonic
transducer 4. The nebulizer intake 5 provides the necessary air from outside the chamber.
Nebulized disinfectant produced in nebulizing chamber 3 enters disinfection chamber 1 via
20 anoutlet 6. Preferably outlet 6 comprises a tube disposed at an angle to the direction of
sonication whereby to minimize entrainment of large drops if any.
Figure 2 shows a preferred embodiment of a disinfection apparatus suitable for use
in the present invention. An article to be disinfected is placed in enclosed chamber 2 by

means of a removable lid 1. The disinfectant is placed in ultrasonic nebulising chamber 3

25 and nebulised by ultrasonic transducer 4. The nebuliser intake 5 provides the necessary air



ABCDBef ore treatnent. cfu/nL4.5x10'4.5x10'4.5x10'4.5x10‘Aftern1§EBEEent.
cfu/ nL7. 2X10' 004. 3x10' 5 TABLE 8 Al gi nate inpressions |nocul u UE b1 200208
c¢fu/m, in tryptone soya broth ABCDBefore treatnent ,

cfu/ m.8x10' 8x108x108x10After treatnent. cfi.~/ nL5.5X10 003x10’ WO

99/ 66961 -22 TABLE 9 Alginate inpressions 1 g D E C 2002 PCT/ AU99/ 00505

| nocul um Pseudononas aerugi nosa 10g cful [T}- in tryptone soya broth, rinsed
after inoculation with 250 nL sterile tap water as per the ADA protocol
ABCDBef or e tyeat ment , ,cfy/ M 9x10"9x10"' 9x10" 9x10" After treatnent,

cf u/ mL00060 XL BC F# Pt onpar e the biocidal efficacy of sonicated and
non-soni cat ed sol utions of hydrogen peroxide the follow ng experjnment was
conduct ed. 0.1 mlig@scuhawsin plapkatigyphbis apparatanacepighng b Hgyededbhift i ve
Bacillus subtilis were spread evenly over 20 x 15 mm areas of gl ass plates,
dried far 40lmisenannsdveer 4 isdatagad antdide e Omber,afebuligehintirkogentilllprovigesrtbxi de
for 2 mnutes. The surviving mcroorgani sns were transferred, as descri bed
i n exanpl e Inecésndrg atrrfyopt aivkirsthy anddoset bhammtebr 2hen pl at ed. The sane

contam nated plates were treated for 1 ~ seconds with the nebulised m st of
the sane 4% hydr ogendpaitae ofeosfduditions shoaitintfi@ited 2add 5 ,ahd dinfilaaut e and 45
seconds. The total anobunt of hydrogen peroxi de condensed on each piate was

bel ow 0. 01 rgbnfiQra@dnsli€@at thby E}otvidz%scohfmel% béiled §stehe TH &JiSREEn both prior
experinment). The results were as follows; 1n the experinment with the bul k

R T

hydr ogen per oXi erira and no survivors were

on Petri dishes, or in the, test tubes with tryptone .soya broth. Exanple 4
10 D E C 200974545 PEA ook sy M6 PiSrsdhe disiploktant Bas immiguiiing wifhgesbect to
disinfectingwgggution has been used to disinfect nandi bl e dent al

i npressi ons bgglth a0d safeke nodel as described in Exanple 2. Three

di fferent nodes of disinfectant delivery were conpared: _ .
10 In the embodiments of figures 2 and 3, when the transducer is energized, nebulized

disinfectant from nebulization chamber 3 within sealed disinfection chamber 1 directly
enters chamber 1 via nebulizer outlet 6. Consequently, the concentration of nebulized
disinfectant in the sterilisation chamber 1 increases and air entering intake 5 from sealed
chamber 1 carries an increasing concentration of nebulized disinfectant which is thus

15 recycled.

Embodiments of the invention will now be exemplified.

Example 1
Efficacy data was obtained with the following disinfectants:
A 6% w/w hydrogen peroxide (pH=3), 94% w/w water.

20 B. 6% w/w hydrogen peroxide + 15% w/w n-propanol + 0.3% w/w Irgasan DP300 +
0.02% w/w PVP K15 + 0.5% w/w STPP (pH=7) + 2% w/w LAS +2% w/w Teric12A3
C. 5% w/w peroxyacetic acid, diluted 1:50 with distilled water
D. 2% w/w chlorhexidine gluconate + 15% w/w n-propanol in distilled water

Test Procedures:

25 Equipment.



1. Atomsed with a fine spray hand punp (AC Col mack Ltd). The di
was ‘5 sprayed on the inpressions and left for 10 minutes. 2. At‘gm gﬁm

a 40KHz M crom st ultrasonic atom ser (M sonix Inc) for 3 mnutes, then
left for another 8 minutes. Total contact time is 10 minutes. 3. Atonised
with a 2. b4 Mz Musson ultrasonic nebuliser for three mnutes and then

| eft in the nebulising chanber (seal ed sylStéem fox seven m nutes. Total
contact tine is 10 mnutes. The results are as follows: TABLE 10 Delivery
ModeAnount of ConfTaapnadiplernfbpstelien oCidbufists is described elsewhere, (for example by K

i npressi onDi si nfectantDeliveredBefore disinfectionAfter disinfectionHand

Sprayed0. 41s@fnct 1 X THAs Faady J2~482kHak2 nﬂbj‘éb | $8€ haln ded&tdol aduldaXot®’ 2. 4

x 10''2.6 MHz jnebuliser ~"0.06 g5. 3 x 10 ~ ~~ oEC zooz -Zalt can be
seen t hat |l at
26 i be oy e ﬂ%ér%nﬁ%ge@c‘f%lh%%‘é’?%ﬁv‘ o L BRSBTS

al so signtic ntI Bi oc ef fi cacy, of .soni

di si nf ect ant®" I{W BVH?ﬁgﬁﬁeEUPPﬁéyh ‘”%%ﬁﬁ%%% S&§°W§ﬁ€ “@mdﬂﬁﬁeous
solutions: CL: 0.5% sodium hypoch]orite CLA 0. 5% sodi um hypochl orite +

0. 5% LAS 5t otacYiReateanephagisatluhy Appies|resonarecefragugwpEddogoh g Asmyenap.viraggns
hydr ogen peroxi de HPA: | % hydrogen peroxide + 0.5% LAS HPN: 1 % hydrogen
peroxi de + @Gre306RKRGAROEE MRESUrfackophtdif tigpeselpenoxddacate 594 Htdasomad fauntimer e
nebulised in the closed chanber (using Miusson-1 2.64 MHz ultrasonic
nebul i ser) on glass plates wth dried inoculum of P.aeroginosa (109 cfu/nl)
and vegetative Bacillus subtilis until evenly covered with the condensed
nebul a. Then the glass plates were transferred, as described in exanple 1,
into tryptone Soya broth in order to quantify surviving mcroorgani sns. The
total anount of condensed disinfectant was wei ghed using 20 an anal yti cal
bal ance and the tine taken to evenly cover the plates with the nebul a was
not ed. ~ 9 DEC 2002 - 25 The results are: Disinfectanttinme, secAnount
of disinfectant, ngP. aerogi nosaB.

subtili sBeforeAfterBeforeAfterCL100+/-1080+/-206.5* 10'07.1 * 10"1.4*

10" CLA50+/ - ~40+/-106.5* 10'07.1 * 10"5.0* 10

CLN55+/ - 540+/ - 106. 5*1007. 1*102. 2*10HP110+/ - 8100+/-106.5 * 10'3.3 * 10'7.1 *
10"6.1 * 10" HPA60+/-550+/-106.5* 10'07.1 * 10" OHPN60O+/-550+/-106.5 *

10' 07.1 * 10" OHPE55+/-560+/-106.5* 1007.1 * 100 Thus, the nebulised
disinfectants with reduced surface tension possess significantly 5 better
bactericidal properties. Not |ess than 90% of the droplets of nodified
surface tension disinfectants (CLA, CLN, HPA, HPN, HPE) had MVAD bel ow 2.0
m crons, whilst the MVMAD of disinfectants (HP and CL) with non-nodified
surface tension was



between 2.5 and 5 microns. Al though the invention has been desd?gb@ECW%my
reference to specific exanples, it will be appreciated by those skilled In
the art fromthe reading hereof that the invention may be enbodi ed in other
Forms wi thout departing fromthe scope of the concept herein disclosed. 1
g DEC 2002 -26 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS 1. A net hod
of disinfection conprising the step of applying ultrasonic energy at a
frequency selected to be above 1.5 Mz 1§ a | i qui d conposition conprising a
di sinfectant in conmbination with at | east one surfactant to produce a

nebul i sed (Hosithd ersranexopedscueartairsthgeshaldpdrohlsts tredorldprdaredorskdbmair wher ei n
the liquid disinfectant conposition is selected and the ultrasound energy

i s appl i edtrs@mt batof90%ceérvoircr odropl ets are | ess than 2.0~ mcroneters in
dianeter. 3. A nethod according to claiml or claim2 wherein the

ul trasoni c ener ' i : - L LEdon i.sing
A I T O A S A TR R
wherein the ul.trasopic ener [ plie r.a nebylisin uration and at
an ultras WwaF%ﬁB%QtO hg{pé’ﬁ*??f ‘Jc:,%ngr &%@lzﬁﬁe‘ﬁﬁﬂb%g@%e}“ 20V Fi ned
| evel of disinfection of an object exposed to the nebulised disinfectant
products. Blaspcensrérbaansduenr diasgsebtozatgmise theofariohe disindestands warlee kaidys Thier ei n
the ultrasound ~ 5 frequency is above 2 MHz 6. A nmethod according to any

one of theechilgeeshdisteshtal. 6% MMET FidheblBsif} sdt{vas hpRoxiafedly $mamie! Py 40C.
7. A nethod according to any one of the preceeding clains wherein the

surfactan Lk h.es. t i 1.l O I : . according
o any ondeBReh G aRah Bhs bEnIOFT SprEhaecly Beolds TBLIRFLBREFL
susceptibility.to activation of the mcrodroplets. 9. A pethod according to
any one oifort%@lw%%é}mrﬂ@hw% RS Ee Y APUR TEPE i vl T aaeétﬂil%&% by

hi gh frequency ultrasound. 10. A nethod according to any one of the

pr ecedi ng veluaiasin thh eckilisinghehadiber of the mabuliseswithia 30-4)-secondsz AXhesel ect ed
fromthe group consisting of peroxy conmpounds, hal ogenated conpounds,

phenol joc  aepmRMpdate RPEndAAEEe pRkae BITRIGIHAE tROVRRUNER i verylrated YeBEdI0d

according to claim 10 wherein a peroxy conpound is selected fromthe group

cons! o1 geBls B8R RELAE, RFLRESL] BRELS 1 BEIRHLDE Py aened
di sinfect ?/Q;Eouir.s Tgta? gxln?)%tno%tnggul(i:s%g%?slijr?fgctam during ‘the cycle was under 1mL.
The inoculated carriers were placed in the close vicinity of the nebulising horn.
Inoculum:

15 The inocula of vegetative Pseudomonas aeruginosa (ATCC15442), Mycobacterium
terrae (ATCC 15755), E.coli (ATCC 8739), and S.aureus (ATCC 6538), were prepared
from an overnight culture and contained approximately 10%- 10° cfu/mL.

The inoculum of dry, non vegetative Clostridium sporogenous (ATCC 3584), and
B.subtilis (ATCC 19659) spores was prepared as per the method described in AOAC
20  966.04.
. Each carrier was inoculated with approximately 0.02 mL of the inoculum to

provide for contamination levels of 10° -107 cfu per carrier.

Carriers:



sel ected from sodi um hydrochl ori de and povi done iodine. 13. A method
according to claim10 wherein the disinfectant is is TriclodghDEEA2)R

nmet hod according to any one of the preeceeding clainms wherein the

appl i cation efpdslskgspsound nebulises the |iquid conpositi Onpc‘.“b{xﬁés%ofb

encl osed ultrasonic chanber which 1 o resides in or comuni catées w

encl osed di sinfection chanber. 15. A nmethod of disinfection according to
any one of the preceding clains wherein th%“liquid conposition includes an
al cohol as a surfactant 16. A method according to any one of the preceding
clai ms wherein the2(h@l§mlit1§a@ﬁ3®nn@u}uatW@Srplﬁn@wmstsmla@%ms trl80Cemey are

sel ected such that a disinfected object is quickly 15 dried. 17. A nmethod
of perform nglék20nmi glassipbatesamiairidd fog 40 enimites inthkSnanbatot 4136716 wherein t he
disinfected article is blow dried. 18. A nethod of perform ng disinfection

accordi ng t0 Sti1OMrO4t mofctmra@spﬂicggn&%sabmsmiﬁit& ih&@drh #4116 nGRIROSI ti on

i ncludes at | east one substance wt I gh vapour pressure 20 relative to

water. 19. A %ﬁhﬂ&ﬂﬁ@ggg&ﬂhﬂ%n&gu%hﬁh&h& ?@pereln the at | east one

substance wt ressure 1s selected to reduce drying time. 20.

A net hod accordlng 0 any. one of c 9. wher ei,n east one
substance W th hi gﬁl%e%@ﬂ\‘eé"s%"ﬁ?aé% %’Bnéé?ség?té%gw‘%ﬁf”ﬁ'ﬂ@ @Q%%ﬁ%&m ting
of al cohols, ethers ~ ~ ~~C 28 hydrocarbons, and esters. 21 A
net hod accor dESBEX féerdﬁsﬂ f@ﬂéhb"ft 12@1@ Hﬁleélémawg% ibaadmixed for 38 1seqonds usitieng t he
step of neutralising the disinfectant with a neutralising agent subsequent
to the disinfsenifeciust epommendedwatet/prydicacitio patl gdedentl diy sedlt tnafisr&fter t he
neutralising agent is applied in s nebulised form 23. A nethod according
to claim 21 ogetidg drSrginttes lginmte bigtrbn Qit MGthadhmie-stesilise] ®ealbeldntdb aQox10x¢ gr oup
consi sting of peroxidase enzynes or sodiumthiosulfate. 24. A disinfected

vol urre i n 2 nefiicel NOnelRENRE: RBRANPHINEN & JRAOBALERGA Bfhudrfndfpone Of

t he proceedi ng cl ai ns. . A conposition for use in a d|5|nfect|on

met hod accoy di @951%%?{%1 éé%p%ﬂ%al?edg%ﬂ%mﬁur%%ﬁ%ltﬂ ll%ésagmi\x%g & Wwab efo ayoid

di si nf ect ant actant mposi t1 on accordi ng

to claim25 wherein the d i nf ant, i s cted fronlthe group consi sting
of peroxy conﬁ@ﬁ @§m4hﬂ%§§ gﬁﬁdgﬁmﬁﬁgﬁﬁpﬁ ElCorrpounds and hal ogenat ed

phenol i ¢ conpounds. 15 27. A conposition according to claim?26 wherein the
di sinfectant is sePedlesticoncshicasheergprenaeddms Hyérpn'gh@%ww@lwmmﬁer oxi de,
peracetic acid, persulfates, and percarbonates. 28. A conposition according
to clai m 26 whepression Materit! §Heafe Body NoirsalSeftimgt AdAfSpeml 8 délitelir-Dpsir ochl ori de
and povi done i odi ne.
Zhermack) using mixing procedure recommended by the manufacturer and loaded onto a
15 sterile tray. After setting for five minutes, the impression material was cut into a 20x10x1
mm slices with the sterile scalpel. The slices were sterilised by soaking in a 1%
peroxyacetic acid for three minutes, then rinsed with the sterile water and dried under UV
light for five minutes. The slices were aseptically placed on a sterile Petri dish and
contaminated by pressing the scalpel soaked in inoculum onto the slices.
20 A Petri dish with inoculated carriers was placed into the disinfecting vessel. The
vessel was then covered tightly with a lid to ensure that nebulised liquid could not escape

from the vessel. The disinfection cycle consisted of 2 minutes nebulising, and then left for

four minutes to allow the vapour to condense.



29. A conposition according to claim26 wherein the disinfectant is
Triclosan. 20 30. A conposition according to any one of claq@p E@ 229
further conprising a surfactant. 31. A conposition according to any one of
clains 25-29 wheygbs s the surfactant is one or nore corrpoungé,ngg%,g?o%gogd from
the group consisting of ethoxylated al cohols, dodecyl benzenée sulTonic acid
salts, block copolyners of ethylene oxide and propyl ene i 9 v Fc 2002
-29 oxi de and al cohol. 32. A conposition-¥ccording to claim31 wherein the
surfactant is Tenc 12A3. 33. A conposition according to any one of clains
2~ to 32 further clmmediselyafta openixgd thalid, east darrizr agisepticalp placedin @kest e t han
water. 5 34. A conposition according to claim 33 wherein the substance

and/ or m xt ur gbekwith URElAHNERS: Mbth bR diVFRMM JREOTIM (Twbsn s8] Bedied from
the group consisting of al cohols, ethers, hydrocarbons, and esters. 35. A
m st conpri si | £ t.al; R ISk d
navi ng. 90% of e Rava: e or 1o ERAFhish 1 S AUE.AE, RS MUAB LI
formed by the t hod of an e. of. claj 1.t 3. 36. A m st _gccording
o chai m 35 Wheh Srdindas s atbie FRE) Dol eyt Bl g Ash tedr aing <o
any one of clainms 25 to 34. 37. A disinfected, article when disinfected -
accordi ng to HORPAESERIEES WAL tisaed with aetaslised, serile distilledgyatenin glase@iyre to a

m st according to claim35 or 36. 15 38. A disinfected article according to
claim 37 in tHginfestam of a dental inpression. 39. A nethod of disinfection
conprising the step of applying ultrasonic energy at a frequency sel ected
to be above 1.5 MiZsstmiahy, b etpefifentdOmpesled bothe AT Siefifinttestingintiget.ant i n
conmbi nation with at | east one surfactant. 40. A nethod of disinfection

conpri sing t hgo$h&RhH the %@Hhﬁesih&‘i?at@s thit1004 é&li Sf aﬂés@%ﬁg%ﬂi}smi Has g&nﬁ@lﬂp‘jeﬂ?t ion

with at | east one surfactant to formmcrodroplets, allowng the

Lo e Ao B B B8 M R =

di si nfection conpri sing; clo I.Si nfection chanber adapted to receive
an articIe"&opﬂgﬁﬁpgfﬁﬁg%ﬁgﬂ¥eggﬂhqﬁﬁﬁﬁﬁﬁ%gpsBﬁWﬁﬁ???ﬁ@gﬁSﬁ@ﬁﬂ??%ﬂ%ﬁ?
chanmber adapted in use to receive a disinfecting 19 D E C 2002 -30 agent
to be nebul i séemonsipingibaificase of digipfeptipederhaigieset For di scharging a
nebul i sed di sinfecting agent directly and wi thout tntennediate tubing into

the cl osed di Resndltect t on

“nt” - not tested
“passes” - complete kill of the tested organism has been achieved on at least
15 10 out of 10 replicas, with no survivals

"growth" number of carriers which carried viable test organisms



chanber,

42. Apparatus according to claim4l wherein the nebuliser
whol Iy or partly within the disinfection-dhamber. 43. Apparatus according

to claim4l or 42 wherein the transducer

chanber .
t ransducer

and having an intake conmmunicating directly and w t hout
intermediate tubing wtth the disinfection chamber interior; {h@Fp
transducer adapted to sonicate the disinfecting agent within the n
chanber; whenghyodsbiuse air entering the nebulising charrberi,Cy'Ag
carries a progressively increasing concentration of nebulise

g%uuzl i sing
ooifikgd | Nt ake

I SI nfectant.
is situated

is exterior of the disinfection
44. Ap@EUEatus according to any one of clains 41 to 43 wherein the
is adapted to sonicate the disinfectant at a frequency of 1 Mz

or greater. 43yodpadratisrraccording to any one of clains 41 to 44 wherein

t he nebul i si ng chamnber

cont ai ni ng hydqrodemn. pf

41 to 46 wher

elrn |1 ngre
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A8
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TABLE 4
S.aureus:
Inoculum:10® cfu/mL in tryptone soya broth
Carrier/ A B C D
disinfectant
Glass slides passes passes passes passes
Glass penicylinders growth 3 out of 10 passes passes nt
Silicone nt passes passes nt
Alginate slices nt passes passes nt
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10 10: 10: Inoculum:10®cfw/mL in tryptone soya broth

Carrier/ A B C D
disinfectant
Glass slides passes growth 4 out of 10 passes passes '
Glass penicylinders nt growth 5 out of 10 passes passes
Silicone nt nt nt nt
Alginate slices nt nt nt nt
“nt” not tested
5 “passes” complete kill of the tested organism has been achieved on at least 10 out of
10 replicas, no survivals ,
"growth" number of carriers which carried viable test organisms
Example 2
10 Assessing the efficacy of the disinfectants on alginate dental impressions using a

sealed system (Figure 2).

The testing procedure has been adapted from that described in US Patent No.
5,624,636. Sterile models of a patient's maxillary and mandible teeth and soft tissues were
contaminated with the bacterial suspensions containing 10® to 10° cfu/mL in sterile water.

15 Fast set alginate dental impressions (Palgat Plus Quick, ESPE) were hand mixed for 30

seconds using the water/powder ratio the manufacturer recommended, and loaded onto
sterilised plastic trays.

The impressions were made of contaminated models, and these were allowed to
bench set for 3 minutes, after which time the models were removed. To transfer viable

4

20  bacteria the parts of the impressions containing the 12th and 13th teeth (UL4 and ULS5) for
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aerobically for 48 hours. After d1smfectlon the parts of the impressions containing 4th and
5 5th (UR4 and URS5) teeth for maxillary jaws or 28th and 28th (LR4 and LRS) teeth for the
mandible jaws were cut out and viable bacteria were transferred in the tryptone soya broth
as described above. Both maxillary and mandible impressions were processed in the same
cycle. The tabulated results of bacterial survivals are an average between the bacterial
populations of the two impressions.
10 TABLEG®6

Alginate impressions

Inoculum: Pseudomonas aeruginosa 10® cfw/mL in tryptone soya broth

A B C D
Before treatment, 3x10’ 3x10’ 3x10’ 3x10’
cfu per impression
After treatment. 1.2X10° |85 47 6.4x10°
cfu per impression
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5 TABLES
Alginate impressions

Inoculum: E.coli 10® cfu/mlL in tryptone soya broth

A B C D

Before treatment , 8x10° 8x10° 8x10° 8x10°

cfivmL

After treatment. cfymL | 5.5X10° [0 0 3x10*
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5 Example 3

To compare the biocidal efficacy of sonicated and non-sonicated solutions of
hydrogen peroxide the following experiment was conducted. 0.1 mL inocula of
P.aeruginosa (10° cfw/mL) and vegetative Bacillus subtilis were spread evenly over 20 x 15
mm areas of glass plates, dried for 40 min and then treated with 0.05 mL of 4% hydrogen

10 peroxide for 2 minutes. The surviving microorganisms were transferred, as described in
example 1, into tryptone soya broth and then plated. The same contaminated plates were
treated for 135 seconds with the nebulised mist of the same 4% hydrogen peroxide solution,
and then left for 1 minute and 45 seconds. The total amount of hydrogen peroxide
condensed on each plate was below 0.01 mL (or at least 10 times less than in the reference

15 experiment). The results were as follows: In the experiment with the bulk solution the
observed survival level was 4 x 10° cfu/mL; the nebulised hydrogen peroxide killed all
bacteria and no survivors were detected either on Petri dishes, or in the test tubes with
tryptone soya broth.

Example 4.
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disinfectant delivery were compared:

1. Atomised with a fine spray hand pump (AC Colmack Ltd). The disinfectant was

5 sprayed on the impressions and left for 10 minutes.

2. Atomised with a 40KHz Micromist ultrasonic atomiser (Misonix Inc) for 3
minutes, then left for another § minutes. Total contact time is 10 minutes.

3. Atomised with a 2.64 MHz Mousson ultrasonic nebuliser for three minutes and
then left in the nebulising chamber (sealed system) for seven minutes. Total contact time is

10 10 minutes.

The results are as follows:

TABLE 10
Delivery Mode | Amount of Contamination levels, cfu per impression
Disinfectant
Delivered
Before disinfection After disinfection
Hand Sprayed | 0.41 g 8.7x 10 3.9x 10
40 kHz
nebuliser | 028 ¢ 1.2x 10’ 2.4 x 10
2.6 MHz i
nebuliser ; 0.06 g 53%x10° 0
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2.6 MHz than by the other methods. The quantity of disinfectant used is also significantly
lower
Example 5
5 Biocidal efficacy of sonicated disinfectants with and without surfactants was

compared as follows.

Aqueous solutions:

CL: 0.5% sodium hypochlorite
CLA: 0.5% sodium hypochlorite + 0.5% LAS
10 CLN: 0.5% sodiumrhypochlorite + 0.5%PEG6200 (BASF)
HP: 1% hydrogen peroxide .
HPA: 1% hydrogen peroxide + 0.5% LAS
HPN: 1% hydrogen peroxide + 0.5% PEG6200
HPE: 1% hydrogen peroxide + 5% Ethanol

15 were nebulised in the closed chamber (using Musson-1 2.64 MHz ultrasonic nebuliser) on
glass plates with dried inoculum of P.aeroginosa (109 cfu/mL) and vegetative Bacillus
subtilis until evenly covered with the condensed nebula. Then the glass plates were
transferred, as described in example 1, into tryptone soya broth in order to quantify
surviving microorganisms. The total amount of condensed disinfectant was weighed using

20 an analytical balance and the time taken to evenly cover the plates with the nebula was

noted.
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10%C! & ()-2Zb}]=|[: 10) " 10%Ri! &8 ()-1-25109%&Ri ! &&' ()-1 ~10%&Ri ! && ()- |
"10%Ri ! &&' ()- ° S10%&ki ! &&' ()-4 " S10%ki ! &&' ()-uY9|[: 10)  10%&i ' &&' ()-|
T 10%Ri ! &&'Thy rdsults?ard:0%&i ! &&' () -1 ~10%&i ! &&' () -1 ~10%&i! &&' () -1 uY9|[:
10) " 109&i ' &&' ()-1 " 109%&i! &8 ()-1 )2 10%&i ! &&' () -1 "~ 109%&i!&& ()-1
C10%&i ! && () - DisiH¥ShA | &Y, sdOV& A§&udchr ! lW@Sﬂekgﬁéo&z) -TTY 7 BO%Ei&& () - |
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Before After Before After
CL 100+/-10 | 80+/-20 6.5%10" [0 7.1%10° | 1.4*10°
CLA 50+/-5 40+/-10 6.5¥10" |0 7.1*10° |5.0*10
CLN 55+/-5 40+/-10 6.5%*10" {0 7.1%10° [ 2.2*10°
p
HP 110+/-8 | 100+/-10 6.5*10" [3.3*10° | 7.1*10° [6.1*10°
HPA 60+/-5 50+/-10 6.5*10" |0 7.1*10° [0
HPN 60+/-5 50+/-10 6.5%*10" |0 7.1*10° |0
TIPE 55+/5 | 60+/-10 6.5%10" |0 71%10° |0

Thus, the nebulised disinfectants with reduced surface tension possess significantly
5 better bactericidal properties. Not less than 90% of the droplets of modified surface
tension disinfectants (CLA, CLN, HPA, HPN, HPE) had MMAD below 2.0 microns,
whilst the MMAD of disinfectants (HP and CL) with non-modified surface tension was
between 2.5 and 5 microns. _
Although the invention has been described with reference to specific examples, it
10 will be appreciated by those skilled in the art from the reading hereof that the invention

may be embodied in other forms without departing from the scope of the concept herein

disclosed.
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I. A method of disinfection comprising the step of applying ultrasonic energy at a

frequency selected to be above 1.5 MHz to a liquid composition comprising a disinfectant

in combination with at least one surfactant to produce a nebulised disinfectant product.

5 2. A method according to claim | wherein the liquid disinfectant composition is
selected and the ultrasound energy is applied so that 90% of microdroplets are less than 2.0

micrometers in diameter.
3. A method according to claim 1 or claim 2 wherein the ultrasonic energy is applied
to the liquid composition in a nebulising chamber.

10 4. A method according to any one of the preceeding claims wherein the ultrasonic
energy is applied for a nebulising duration and at an ult;asonic frequency selected in
combination to provide a predetermined level of disinfection of an object exposed to the
nebulised disinfectant product.

5. A method according to any one of the preceeding claims wherein the ultrasound

15 frequency is above 2 MHz
6. A method according to any one of the preceding claims wherein the disinfection
occurs at below 40°C.

7. A method according to any one of the preceeding claims wherein the surfactant
modifies the size of the microdroplets.

20 8. A method according to any one of the preceeding claims wherein the surfactant
modifies the susceptibility to activation of the microdroplets.

9. A method according to any one of the preceding claims wherein the disinfectant is
activated by high frequency ultrasound.

10. A method according to any one of the preceding claims wherein the disinfectant is
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Il. A method according to claim 10 wherein a peroxy compound is selected from the
group consisting of hydrogen peroxide, peracetic acid, persulfates, and percarbonates.

12. A method according to claim 10 wherein the disinfectant is a halogenated compound
selected from sodium hydrochloride and povidone iodine.

13. A method according to claim 10 wherein the disinfectant is is Triclosan.

14. A method according to any one of the preeceeding claims wherein the application of
ultrasound nebulises the liquid composition within an enclosed ultrasonic chamber which
resides in or communicates with an enclosed disinfection chamber.

15. A method of disinfection according to any one of the preceding claims wherein the
liquid composition includes an alcohol as a surfactant

16. A method according to any one of the preceding claims wherein the nebulisation
duration and ultrasonic frequency are selected such that a disinfected object is quickly
dried.

17. A method of performing disinfection according to claim 15 or claim 16 wherein the
disinfected article is blow dried.

18. A method of performing disinfection according to any one of the preceding claims
wherein the liquid composition includes at least one substance with a high vapour pressure
relative to water.

19. A method according to claim 18 wherein the at least one substance with high vapour
pressure is selected to reduce drying time.

20. A method according to any one of claims 18 to 19 wherein the at least one substance

with high vapour pressure is selected from the group consisting of alcohols, ethers,

L
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20 30. A composition according to any one of claims 25 to 29 further comprising a
surfactant.
31. A composition according to any one of claims 25-29 wherein the surfactant is one or

more compounds selected from the group consisting of ethoxylated alcohols,

dodecylbenzene sulfonic acid salts, block copolymers of ethylene oxide and propylene
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33. A composition according to any one of claims 25 to 32 further comprising a
substance with a higher vapour pressure than water.

5 34. A composition according to claim 33 wherein the substance and/or mixture of
substances with higher vapour pressure is selected from the group consisting of alcohols,
ethers, hydrocarbons, and esters.

35. A mist comprising droplets of a composition containing a disinfectant and having
90% of the droplets between 0.8 and 2.0 micrometres in diameter when formed by the
10 method of any one of claims 1 to 23.
36. A mist according to claim 35 when formed from the nebulisation of a composition
according to any one of claims 25 to 34.
37. A disinfected article when disinfected according to a method of any one of claims 1
to 23, or by exposure to a mist according to claim 35 or 36.
15 38. A disinfected article according to claim 37 in the form of a dental impression.
39. A method of disinfection comprising the step of applying ultrasonic energy at a
frequency selected to be above 1.5 MHz to a nebulised composition comprising a
disinfectant in combination with at least one surfactant.
40. A method of disinfection comprising the step of nebulising a liquid disinfectant in
20 combination with at least one surfactant to form microdroplets, allowing the microdroplets
to contact a surface and applying ultrasonic energy to at least one of the surface and the
microdroplets.
41. Apparatus for disinfection comprising;
a closed disinfection chamber adapted to receive an article to be disinfected;

25 a nebulizer comprising a nebulizing chamber adapted in use to receive a disinfecting
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in which the transducer creates an ultrasonic fountain which nebulises the disinfecting

20 agent and recirculates the nebulised disinfecting agent.



