WD 2004/ 103452 PCT/ GB2004/ 002212 - 1 Apparatus and
Met hods for Disinfecting a Surface This invention
WO edoatierst o apparatus and net hods for use in PEEGB2004/002212
di.si nfection of surfaces and in particular to 5
di si nfect wounds using a higH concentration agueous
ozone and also to nethods and apparatus for producing
a high concentration aqueous sol ution of ozone.
Wunds can be divided into two basic categories, acute

and chnggagatagusﬁdMQHQHSdgreoeabisqnwﬁa%lﬁgnag%urface
occurs TS

i ncl udes surgi cal wounds, bites, burns, cuts,

abrasions, lacerations and nore traunatic crush or

gunsh onj n associ ated wt
endoggh%%gyﬁgéﬁtggéngeg%ﬁggc? Pgaga BPe8P§p8§§h°gs for use

tmnﬂhélﬁﬂsiﬁﬁéceyeﬁtuﬁlburﬁaﬁage§nah§ndpéﬂﬁhc&§ar to
tissue. Chroni ¢ wounds often result when the supply of
%&%@%ﬁe%ﬁdwﬁﬁ???eﬁ?én?pérhh@hoﬁ?nFﬁnFF§§a@§ pgueous ozone
&ARLLEY. o HROVESHS ALhaT hBba PLERLY £oXeRRY gQEBEHQGElgh

nmet a | seases can cause c ronic
u@neestrébn@nuhqeesusaadlptessuoﬁ spors. are al

exanpl es of chronic wounds. 20 Hunt et al (Hunt, T.K

and Hoptndsl ¥én 1987divbaad iheal twg vadicntgekybhies, acute

what surgeons and anaest hesi ol ogi sts_can do. Surg
T nChROrt R ArRFHES. W%%Pd?7ar%5%7u%@@)Wg?%t@amﬂﬁﬁtOCcurS to
SR EnUIS, ¥ T4 i 0oty 62RL A ¥nif PhOPHapET LU8L0Bal Syounds,
maxi m sed, thus providing the cel [ ne
by%esnwb@enQB @u@@enabndsn@m$;ehasenatessargndommaed

i nfecti ge i S, an_integr requi renment, for
Eﬁﬁ?miﬁ%ﬁw$Fu%?v?§ %n%%%t %%%% hea%bﬁ%nﬁflg?uﬁ?s af*e
ds3deiated WKER, efdogdlRbtls MechalUsds LonndBdSe88! &',
D.J. 2000. Supplenental perioperative oxygen to reduce

R¥RA} FROTRMcEORAL Bioyi ehat SoeRbembLY ndebagen. tirhedarmal

Enalagd dprnal oM Ghog YoLu¥P O 2R848%0p1y or

oxygen and nutrients (perfusion) to tissues is impaired.

Reduced arterial supply, venous drainage or metabolic
diseases can cause chronic wounds. Leg ulcers, foot ulcers

and pressure sores are all examples of chronic wounds.

Hunt et al (Hunt, T.K. and Hopt, H.W. 1997, Wound
healing and infection - what surgeons and anaesthesiologists
can do. Surg. Clin. North America. Vol 77, p587-606) state
that acute wounds will heal rapidly if blood perfusion is
maximised, thus providing the cells of the immune system the
oxygen and nutrients necessary to ward off infection. Oxygen
is an integral requirement for cell growth, division and
wound healing Grief et al (Grief R., Akca, 0., Horn, E.,
Kurz, A., and Sessler, D.J. 2000. Supplemental
perioperative oxygen to reduce the incidence of surgical

wound infection. The New England Journal of Medicine. Vol
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- 2 342, pl61-167). It is also critical for the
respiratory burst of Pol ynorphonucl ear | eukocytes

w@ Rivigd3450hi ch produce potent anti-m crobial PCT/GB2004/002212

conpounds. As well as providing the energy for

met abol i ¢ reactions and henceé tnfection defence 5
mechani snms, oxygen al so plays a major role in
determining the oxidation - reduction potential of

ti ssues. Bakker (Bakker, D.J. 1998. Severe trauma and
343, e@licdnsl.67)Anadst Hesiaal sov/atriZ3lcgplb5:@7 ) thavvumsibiratory

nm_cr.obj_ol and , associ at ed roache identifjes
D R S A et oui 6F produce
pRtRerto kint: ibagitedish.a Bawngsogidsal Ad Bayd Bras Rofviding the

Duerden, D.I1., and Arnstrong, D.G 2001. Wbund
SREEIAOD 610 G tRP 6l AR EP Hp AN ARRCe ol nkRmigion defence

I. i ni.c i ol / [ Vol , 14 .
R AR L Y BRI LB S i 3P ey rdbbhing
thac ioxitdattd onl 5 trieslwdehied ro preren toifa Isyoferigi sdwes . Bakker
er obi ¢/ anaer qhj ul ati ons. Wunds often have a
Gridies 13 Tk DA, Vi et S Herons
ArRvehtred iian t ke 1 fEctdam @f) .ChnRiind ant: r S48 Bo yWP WS

are thought to be Staphylococcus aureus, 20

apsegdairstasPaaodgiiesda igen tidtieshddvityta clow redox potential
t‘?at\;o%]&tso G REC 'g’rﬁ(y)v\-ll;\eeso% %q’xtal'é%%qgci %raect[aﬁ%rioab.l BMier e%te al

acultative. Ver, ~ anaer obi ¢ pathogens are often
(@veilleagk @d G.n Daewidn nfredt.i,orand Mrestt gatg 0ns., G bex@uise
they reside deep within the dernmal tissue. Anaerobic

MAEFo I rFRRISMA%R0IPRG 6P S At iIFRRT B S difyy wound
Bl Rhin®n et L WUHTNG 1RO, R d N ARSI Vs, o 2,

Bowl"er et al (referred to above) i nvesti gated
pedrcl26@e stthdit ttherte a dooomesicat itk dgtiwelerwilhie facilitate

i nci dence of anaerobic at hogens and t he preval ence
th T B PO Bt G B0 oF HoP Y 2 BITH
p@?ﬁ@ét@@@@Qbes as visible villans. 30 European Jour nal

of Surgery. Vol 162, p351)reports that anaerobic

bact GihAddr @ ke Have GURINR B YO SBE Wra. The
primary pathogens involved in the infection of chronic and
acute wounds are thought to be Staphylococcus aureus,
Pseudomonas aeruginosa and beta-hemolytic streptococci.
These pathogens are aerobic or facultative. However,
anaerobic pathogens are often overlooked in wound infection
investigations, because they reside deep within the dermal
tissue. Anaerobic micro-organism isolation, identification
and collection are time consuming and labour intensive.
Bowler et al (referred to above) investigated and conclude
that there is correlation between the incidence of anaerobic
pathogens and the prevalence of infection. Bascom (Bascom,
J.U. 1996. Pilonidal care: anerobes as visible villans.
European Journal of Surgery. Vol 162, p35l1)reports that

anaerobic bacteria are the true causative micro-organisms of
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WO 2004/ 103452 PCT/ GB2004/ 002212 - 3 wound infection
and that inproved oxygenation of wounds is required

W oooaited4nt se i nfection. The pol ym crobi al nat uP€r/6B82004/002212
wounds has been wi dely published, however
St aphyl ococcus aureus is conSidered to be 5 the nost
probl ematic bacteriumin traumatic, surgical and burn
wound i nfections Bower et al (referred to above),
Tengrove et al (Tengrove, N. J., Stacey, MC MGCechie,
@Lmd antecbieon &d 1dest xm@rwaduwey@am‘ewul ggywandds is

h l i J d Vol 5,
-5%8) rgjgrlljtm%%et%g{g le(% T\gﬁ:rmorcﬁnr)(ree bgcterl al
t hi the |ikelihgo
3¥ el e P ST R T4 L e e SRR a4 eS (PR ng SeLy

RIS 18RS | heo ROt hesishi hako b6 OBl pbus SYDEESN s PEEHES to be
wi t hin wounds_increasing the net pathogenic effect

i mesferprgbbemathic ibrekrs b Okygeaurahbanpsioaleyl and

I
Gt ARG DR S ey oS [YEPALR AN HELS).
‘]hﬁb;ﬁcﬁief@tr ahnawm@mt@v@,r g\anlrs,rrBSté.\luéy; ents. pmodecktle, D.F.
one mcr o- %anl sm na%a encourage the grow h of

aﬁ?ﬁ éﬂﬁfraad 15 phl HogerReal R hare t%@t%w@ow gaRfsheg ulcer
aer@a?aléi SRSt rd MPEFE1 hsast?% Fpg0 feblport

unctlon and hence provide an advantage
ﬂﬂ'ﬁélmldt@lfesf@md ot hevrededetietial gienps argapresgnt within a

I 0T Ui, TP HETheo ST EHOe o1 bt can LY

W@hié I fir{@lri’é-ﬁygr&ﬁifﬂéﬁ Yehdbisyes M ses | €Rs€i@ecrobial
25 University Hospital) states that m cro-organi sns
B B 0FNL Ji Wi dakh WUHRGS windreR alg@ue net pathogenic

el\flfé@c OJrQ?”éé&@mﬁgpc?f'&{é nfd{‘cQJo%'n:dS%%%SI ncg:]@nﬁjlg]m%tlon by

communi cati on nec ntsm Ca|
desrabinelbactensi 4 yi rbpess ent s e rhyox Caonamcdi taveos, the redox

facilitatin rvival nanewh sh 30 environpent.
DA A b ot 5y A TV HIF St SRAT Rt T FRBF A1 Dabitat for

anaeroblc organisms. Nutrients produced by one micro-
organism may encourage the growth of potentially pathogenic
co-habiting micro-organisms. Some anaerobes are able to
impair host immune cell function and hence provide an
advantage for themselves and other co-habiting micro-
organisms. Bowler (Bowler, P.G. 2002. Microbiology of acute
and chronic wounds. Facing the challenge of wound
management in the 21lst Century. Master Misericordiae
University Hospital) states that micro-organisms are able to
aid each other within a wound. Micro-organisms (especially
in biofilms) use a communication mechanism called Quorum
sensing. This is a cell density dependent form of
communication, facilitating survival in a new harsh

environment. They release signalling molecules informing
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WO 2004/ 103452 PCT/ GB2004/ 002212 4 each ot her of
"survival tips" (i.e. produce a specific
woreoophad46yi cal change or a specific def ensive PCT/GB2004/002212
chemcal). Debridenment is an integral part of wound
heal i ng. The renoval of deadd and unhealthy tissue is
essential to 5 mnimse the habitat available for
m crobi al colonisation and allow new tissue
formati on. Debridenment is achieved through physica
caehbvaheaf offi Sswevisiarig td pafar(d .enstrrdernde orsddwei fic

applicati,on_of saline or sterile water. The )
TRRRAGIREHC A0t CBRRE i SHRTHIES ORGP s Shapical)
irrigatign 10 to reduce mcrqobial load. Historically
ozon&h&d dsBER tus€d 3o 1aitSiaTPec PARSuRfs Waynd thealing. The
r338624S cfrOLTAQr S Sanked iyt Hiin0ld 1 Pdeetn 920ng gas
application, intravenous injection, recta
miins ofisleattihen hab i tadt alverid-adden dichre meimyr cdriea laldo llamowa t ion
nmet hqods of nedi,cal ozone 15 applicat,ion. Reference
28 Rodid e HHOE g Ung RO hg DoPRURTRIb b A Y=<
tﬁQbu%%t%hg%i@ElS%%ﬁo&%ﬂﬂkﬁﬁﬁﬁ%éu@uuélh &9%harp instrument
FR-2784388, US-6073627. Aqueous Ozone Hypotheses 1.
opi shef eppildgazdon pf Gadd@s SrhisFani e adtbiare dhe
de s th h f Qr oAt f: fr radi cal.s f. .
S ReRT B Geap oy yekt e AETErLRY ok B g e don
tel eeduee imlctlodiialodbed. orbital making them highly
unstabl e and reactive. These free radicals conprise

hydr ex¥ltorséRengXxiodene’ hezohiede M s didd Bedte wounds in
m cro-organismattack is primarily on the cellular

1 enbpgase v switolTd ¥ agé sseBYEequ it noeddrr iHgaF sasme gas
1. i.tes. . e i..sm_of tis ' .

SElceRutes. Theghepased sehan s et Loyt ion o

abhapdemei-blzion ot-he ratogr a+eorgddnikswwee e themds arfe reelimgpl ozone

attacked by ozone to forman 30 ozonj de or . ot her .
A BB la el on Rataacace Fhe R g A dce tne o1 1ouing
Patent Publications for details of such treatments: RU-

2178699, FR-2784388, US-6073627.

Agueous Ozone Hypotheses

1. Disinfection

1.1. Ozone 1s highly reactive and decomposes through
the formation of free radicals to form molecular oxygen.
Free radicals have an unpaired electron in their outer
orbital making them highly unstable and reactive. These free
radicals comprise hydroxyl, superoxide or ozonide radicals.
Ozone micro-organism attack is primarily on the cellular
membrane, with damage subsequently occurring to other cell
sites. The proposed mechanism of action is thought, in large
part, to relate to the olefinic bonds within the micro-
organism cell membrane being attacked by ozone to form an

ozonide or other decomposition product. The ozonide reacts
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sul fhydryl groups and al dehydes, rel easing peroxyl
w@ovpoeass. The peroxyl conpounds further danaR@er/GB2004/002212

proteins, DNA and other structures. The cell is |ysed

and the cytoplasmdispersed® +n essence, the aqueous

ozone would 5 be used to reduce the m crobiol ogi ca

organisns within the wound. 1.2. Agueous ozone w ||

be particularly effective against anaerobic bacteria
wdtd temzvireisr, |sadkEhgfdranit igroxipdarkirs] aldlelgtdeay, releasing

oxi dat.i on defence stens. Aerobic bacterja produce
PEGORIL CORPRRRLE -s 148 SELOHYSr BHES i §p damage

pRO2AMs , CONAUIAId dAMRGE stakRedddy . ough RSNl & i1Qked and
usi ng oxygen. Anaerobic bacteria do not use oxygen to
thes giterdadThericéPeisede Aot e®rsInfsd ddearmspigous ozone would

anti - oxi.dants. The.,regov f r-ohi.c C [ i
BoTel RS e meba et ad PR Bl A ene
wolugker red to above). 1.3. Free radical based oxidation

i s random and hence it wll be extrenmely difficult
1f.0n Agieu® VAR SN0 pevRlrad culesilSt ¥FFR dtd RIWRRUSNIst
ozone. Free radical based disinfection does not
appesiopd o degderdiat dlugpde ttingilty lae e aditdaloxwiant p@nd
ff i gaj | .4 - O, ' st st h
R R P D e o EpEN AR on A aae ST i Rgeduce
ahhe -prevanerc sucdf asntsivpexictkdtes ddistitrasd ffoeparvent
m_crobial species. 1.4. A sufficiently |ong contact
Char A TWIRMAgEEAR SR EIHOERE. EgRRI ST oY Jaindom@en
AReEr o188 HaRG & 1S @l B t2RsRNWH B Ho redpire and hence
Debri denent 2.1. Aqueous ozone i'S not cell "specific
hawe widt] eatotlaekd iy angedh@ntilsowrd denbgel IThes nemeval of

TR hoal U e 50 SRS e hccetion
BRIt cGONtraifR ra% dteh addivie) QXi dant or enzymatic

1.3. Free radical based oxidation is random and hence it
will be extremely difficult for a micro-organism to develop
resistance to aqueous ozone. Free radical based disinfection
does not involve target site specificity. Free radicals will
be effective against all micro-organisms, with the killing
rate being dependent on, among other things, the prevalence

of anti-oxidants within different microbial species.

1.4. A sufficiently long contact period will remove all
micro-organisms from a wound bed, creating a sterile

environment.
2. Debridement

2.1. Aqueous ozone is not cell specific and will attack the
wound tissue as well as the micro-organisms. Unhealthy or
dead tissue is less well perfused than healthy tissue and as

such does not contain as much anti-oxidant or enzymatic
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WO 2004/ 103452 PCT/ GB2004/ 002212 6 agents
(superoxi de, disnutase, glutathione, macrophage,

we@e@}/103is2 unheal thy tissues will nount a far REHREBR004/002212

defence against the free radical attack than the
heal thy tissues and hence-wel+ be nore prone to
damage/ rupture/ renoval than 5 healthy tissues. Hence,
t he agueous ozone will provide a quasi-selective
chem cal debridenent system creating an inproved

sl g sapd vooninit .didmieisd, helattdithiesnd ) aerdpiade,
The agfllcatlon of aqueous ozone wi Il provide a noi st
eif@ hediNen GreRA Y W@?ﬁssmer? LMQ4n aikar mepler gefence
J§1tst heal 'ﬂ%ée@éldl@'éﬂﬂa@t‘da%]@rﬂﬁérp%hé %M\E}T/ tls%ues and
I on sca

ea Ing Wnter  (Wnter, 62. For mat
hamet et ha Irlathe cnforeemnchra |tmtdamaqﬁ/194mmﬂe/aiahowmhndmn

hE%Q%?f 3#|n Nat |esq? 19<i59293 294E ¥gE%WR;OVlde a

qwa@qurseae%ﬁ;qe;ts \eh VAN RRAGIRMSROYyAfem, creating an
deconposition internediaries. The ROS produced wi |

lgmrevede e alHa D GdVes BWeNFat ur al  def ence systemiin

whi ch  pol ynor phonucl eocytes (PMNs) produce ROS to
3r.enoVe isitc he a2l ngr ganiistenimeTie aqueous ozone heal i ng
systemis biomnetic, providing a "booster" when the
3bddi &heovwpRiNs thavre die exryiuemrer whedmee dv iyl iprfcacitde)ra moist

hﬁ&ﬁﬁ Agqueous ozone;C'5 Hé“mcg’%t as an R(B gltlrélata]or ”}nmst

HRAM ey @wﬂmrﬁie&ﬁc 125 drhe ikedy’ o PR QiR Woifnter
RCS t hrough a deficiency in nutrient/oxygen/energy.

Wﬂr@t@qfue@ﬁ 028 -ar thofmaitaiany Ofcrseml%sar’t%éﬂ'kﬁ)df}ﬂt? of
%%E%%@lz t'éy1§Q?g?ﬁy h Wﬁﬂg %%ﬁ\MllNa ure.
Upport no

ormati vessel S angl ogenesl s

V@nd19Bwa2@Be2®@DLagen productlon (Sen, C. K., 30
Khanna, S., Babiar, B.M, Hunt, T.K |, EIIison, E. C

4and Reactive Oxygen Species (ROS)

4.1. Aqueous ozone produces Reactive Oxygen Species (ROS) as
decomposition intermediaries. The ROS produced will
complement the bodies own natural defence system in which
polymorphonucleocytes (PMNs) produce ROS to remove micro-
organisms. The aqueous ozone healing system is biomimetic,
providing a “booster” when the bodies own PMNs have been

overwhelmed by infection.

4.2. Adueous ozone will act as an ROS generator in poorly
perfused ischemic tissues. The lack of perfusion inhibits
the body’s own production of ROS through a deficiency in

nutrient/oxygen/energy. The aqueous ozone artificially

creates the body’s natural infection removal mechanism.

4,3, ROS will support the formation of blood vessels
(angiogenesis) and stimulate collagen production (Sen, C.K.,

Khanna, S., Babiar, B.M., Hunt, T.K., Ellison, E.C., and
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WO 2004/ 103452 PCT/ GB2004/ 002212 7 Roy, S. 2002.
Redox control of wound repair. JCB (paper in press)
woekowsexspt M203391200). 4.4. M cro-organi sms PCT/GB2004/002212
comuni cat e t hrough quorum sensing, which is
facilitated through the rel éase of signalling 5
nmol ecul es. ROS nay actively oxidise these signalling
nol ecul es reduci ng synergistic survival effects. This
mechani sm woul d be inportant in reducing any biofilm
Rbgy nAti BAD25. Emﬂganabmam01005 Youadueepsiozod€B (paper in

decopposes to The deconposition
pF@ﬁE?p%ﬁnPﬁﬁé% |§%8§%%§%6ﬁ the wound provi di ng
surface application of oxygen to cells and roduces a
hdfabre

{h§pelbgre-erePPOARENCOMRHER B e thacHER JUe&ioensing,

wﬁy Niye EQC@lE¥H%E@X%ﬁr%U§hrQﬂ@eBbleé%gu%fnglgnalllng
ect 1 on. A hyperoxi c environnment produced

mbheou@;hsaqﬁ@ﬁumayzeﬁélvayigl psadiies tasspr evotelding

source of o en to poorl.y, .perf d tls .
M LEEHORPCFSORHILH ARSI IIPSTE RBONG oResireytos, Jhis
mE¥heki BRSwalddgbewt ipbaekats iahewdas ingp ta@\_(/emwllm

mechani stic action in a hyperoxic environnment, which

fesmabéonfacilitated through the use of aqueous ozone
application equipnent. 5.4. The aqueous ozone

S5appl PesxuepAtéqni pnent contains an oxygen concentrat or
that can be used to provide high 25 pressure sterile
50kyganguetoua waond. déwp@@nseg toi wiatalr vod Dh@gwmunahe

heal i n [ 0cess. &6 h al Io t.he %b% tion
dBFOBRYGARLED ERECHAORA VIR aPPgR Brebddr 678
ptBuoUgRgt Baryaeeohp 1hb@eﬁaarb@ @&@@a@rt@r@@nqsta@d

wound "area. 30 6. Acute wound response
produces a hyperoxic environment. Anaerobic bacteria cannot

survive in a hyperoxic environment, reducing infection.

5.2. A hyperoxic environment produced through aqueous ozone
application can provide a source of oxygen to poorly
perfused tissues (ischemic), which may improve wound

healing.

5.3. Cytokines and growth factors show an improved
mechanistic action in a hyperoxic environment, which can be
facilitated through the use of aqueous ozone application

equipment.

5.4. The agueous ozone application equipment contains an
oxygen concentrator that can be used to provide high
pressure sterile oxygen to a wound. Oxygen is critical to
the wound healing process. The equipment allows the
application of oxygen to the wound via a high pressure jet
or through the use of a hyperbaric chamber around the wound

area.

6. Acute wound response
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has identified that inflicting an acute wound wthin

wa@2@hnensr wound can i nduce a wound heal i ng r eBEDGS2004/002212

The cel lul ar oxi dati on caused by aqueous ozone

application may induce an—-aBute wound type response

Wi thin a non-healing 5 chronic wound. Ozonated water
Ozonated water is widely used to kill bacteria and

ot her m cro-organi snms. However, when generating and

tdilss Hadaey v dres iidantticiidd thatusiral ot expert dewed swound
af_, .10 under |.ppm A- 0020343 di scl os an |,
W&&ﬁlénat%scq?roqnlpcfé”ocﬂ}g?%caann lnaa(Sfuceeo& ‘o Cgﬁ%%?n]u][r?%nr onse.
THes idaf1aai] sanigrlddoiuse dastdaderaquedits S As@SSapplication
requi res pressurisation of the contactor to .
TRgciinduace By eriationous! (IWRe sERRIE ik bises arpn-healing

éyggmﬁgxﬁnhnﬁt utilises aqueous ozone to treat foot
ungi . sl ng

le "in-line" ozonation process is used
1agueous ozone, whi | st conpl etely subnerging

{0 _Rpr e

9¥ﬁ%§%%%§§ﬁ%ge-to be treated. US-A-5098415 di scl oses

an apparatus, to treat faoo 20 di seases, .usi.ng ,aqueous
2 BT 1 o STSTPI0F SRS Sghhidage Gy 1o and
A0 WS AT o 1N LN HOMvAEQ 1 132 sl p88%y aand
nobi |.e spray apparatus for providing an aqueous ozone

A 1SEedMiTEh @ Zeife dus Wide 1 Hhricdwduadn b comectuskayvels of
deggi#%'ﬁ met hod of production as 25 well as a de-gas
unit. - A- 6455017 di scl oses a nobil e apparatus for

wash i 1. Si-ng usi_ng _aqueoys. ozone. Th .
aqueg@g%é' g’%g)ﬁ?pé uscctlicgsr?spraocé_’?%atfsaesusa ol &ﬁ?‘%ﬁ%ﬁlng an
ag@feb@% @fz O et tdidon WO 204345 2 R 1G24 G dvater.

The process requires pressurisation of the contactor to

facilitate ozonation.

US-A-5834031 discloses an apparatus that utilises
aqueous ozone to treat foot fungi. A single “in-line”
ozonation process is used to produce aqueous ozone, whilst

completely submerging the appendage to be treated.

US-A-5098415 discloses an apparatus to treat foot
diseases using aqueous ozone utilising submersion of the

appendage into aqueous ozone solution.

WO-A-0172432 discloses a mobile spray apparatus for
providing an aqueous ozone stream. The aqueous ozone
production process uses an “in-line” method of production as

well as a de—-gas unit.

US-A-6455017 discloses a mobile apparatus for washdown
and sanitising using aqueous ozone. The aqueous ozone

production process uses an “in-line” method of production.
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US- A- 2002139755 di scl oses a nethod for enhanci ng

di ssolution of gasses in |iquids. The nethod uses a
w@bkwnabissy of nozzles sized and sited to produp€r/GB2004/002212

mcro-fine bubbles and initiate rotational flow. 5

RU- A- 2175539 di scl oses a netdhed of treating wounds

W th ozone gas. The treatnent is based upon the

application of gas to the wound. US-A-4375812

di scl oses a nmethod for treating burn injuries wth

aquegPsA0z00218PVEEVidAgcsubEBr gi Mgthbe be pahiagatsg

entire body in a bath of aqueous ozone. is an
doppeebtapnt pé presest itndéAbLEA -t SRpr aeﬁéedauSmSgﬁ

p%ﬁ?ngEg?BEOHOQgQQE §9EEH'QHdCQEQQBethBEeeh@e micro-fine

I'srn I on rovide a nethod and apparatus for

bapplgsngnd hnghlaoecentaaupnalofénw solution to a

surface to 15 be disinfected and in particular to a

humaruen-an7eeBowalBsdlosEli & mavaoti off dirsetdseswannds with

apparatus for disinfecting surfaces and in particular
ORARENnJaAd aRiRalFrREGHEST aFt RBS§R UBEBcFPBedPPhifféion of

ggn%gxghgfweuﬂ@und surface the scope of the invention

9eovers all types of surfaces, conprising a 20

[ eSehXOLL 4505 535CUIUALLAY QZﬂe@hsa #aLet -ane 1pRARE O
el i vér “ozona Smthe reservoir to a nozzl
ihavirnigs @tehoaqoebes] ezsntoindeliviayi sgbacspiay ahe

ozonated water on  tqQ the surface to be treated. The
PRbIZNESNEEARCCRERAYCIFnG P8RPodd ARICAESNSZAPE-

provi ded for w thdraw n ozonated gas 25 | iberated at

t he A6zPeafr 8k &FSURd gﬁé RE22PBL AnV€8FPQEtF8nPFP§V0e a

hggh E8¥hgﬁﬁ g@aeh b%ok%CQBQQtHBﬂeEmgQSlesBEf%%%ﬁﬁpund

reated to receive ozonated ow ng from
dﬁbenfeeaﬁaenandegbopro?hdebaseebhod eatichppatratusy foan
taln a nBer of h throug mhi; used,L 30 £ ¢
aBBL Yt PEnS) B8 aﬁHHSSP RE PFRYCbyCAUpaRE Wi nSurtace to

peaH$gsnkhe+¥@ 39Q4ﬁ$0%6§%18§Ié§52@06/Qgﬁahzor'ah@mal wound.

This invention discloses an apparatus for disinfecting
surfaces and in particular human and animal wounds, although
described in the context of a wound surface the scope of the
invention covers all types of surfaces, comprising a
reservoir for accumulating ozonated water and means to
deliver ozonated water from the reservoir to a nozzle having
one or more jets for delivering a spray of ozonated water on
to the surface to be treated. The nozzle has an encircling
shroud and means are provided for withdrawing ozonated gas
liberated at the nozzle from around the nozzle. A
collection tray is provided which is located under the
surface/wound to be treated to receive ozonated water
flowing from the treatment region. The base of a catchment
tray can contain a number of holes through which used

solution is drawn out of the tray by a pump which causes the
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solution to pass through a catalyst to break down any
resi dual ozone contained in the solution. The

WO odokood4sy i s a description of some specific PCT/GB2004/002212
enbodi nents of the invention, reference being nmade to
the 5 acconpanying draw rg30i B which: Figure 1 is a
diagrammatic illustration of a systemfor generating
and applying ozonated water to a wound; Figure 2
illustrates a first nodification to the system 10
silgtrien3 tdd Ipastsr ateouahs ec ead atyditf itoatdremk dowgureesy 4
to 10 illustrate a spray ,head for .the apparatus; and
IESqered PEAG £ONYAL dfe TR EONEPR -t ray and |inb
support for a patient to be treated. 15 Referring

firstihg folfioyiimg Lsof des dlakilngs Oft womeaspaitiis
e&%%d&%k%%%”b&gt%%eih%%%%ﬁk%” TRH e %%Eﬂ?'ﬂ%#é to fhe
conponent’s: an apparatus fol generating a concentrate
aaguepas yiolguidraw iofgsoZonehiieti:cat ed at 10; an

apparatus for spraying the ozone solution onto a

surf gdgyuede a lisma 0d abe aZthattieatiad ustdia¢dioad oft alkystem for
and an apparatus for, supporting a linb to be treated
g§ﬁ§rﬁ6ﬂn8b@P@b@@ﬁéyé8ﬁupﬁ8ﬁaﬁﬁ%cW@FF&W§O Gf froumet 7

treated linb for disposal indicated at 1la. A contro

syst &mIUE6t ZsHavmstiratgsow dédstomodidigRglien to the

S&%Q%h@tus conpri sing a programrabl e | ogi c conputer
' 25 interfaces with the controll able el enents of

t he paratus..to contraol the operatiaon.of the .

hppar ABUEE T AR SEaas o8z Bnd CGONG, BESH HLOEoMiri ses a

contacgtor 12 i i,s.connected to a reservair of

ot e REmats o 1 8D ST S eE e SRR nere oy Fheve
abparki@ure sdagshows an WO 2004/103452 PCT/ GB2004/ 002212

- 11 alternative arrangenent in which nmains water is

SUPPF;i e MisA11 to 15 illustrate a catchment tray and limb

support for a patient to be treated.

Referring firstly to Figure 1 of the drawings, the
apparatus for performing the invention comprises three main
components: an apparatus for generating a concentrated
aqgueous solution of ozone indicated at 10; an apparatus for
spraying the ozone solution onto a surface of a limb to be
treated indicated at 11; and an apparatus for supporting a
limb to be treated and for collecting solution which flows
off the treated limb for disposal indicated at 1lla. A
control system (not shown) is provided for the whole
apparatus comprising a programmable logic computer which
interfaces with the controllable elements of the apparatus

to control the operation of the apparatus.

The aqueous ozone generator 10 comprises a contactor 12
which is connected to a reservoir of water 13 via a pump 14

and solenoid controlled valve 15. Figure 2 shows an
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a pressure restriction valve. The punp 14 is activated
and solenoid valve 15 is opened to transfer water
WO e@aioas2 reservoir into the contactor 12 untPET/@B2004/002212

sufficient level is 5 reached to activate a water

| evel sensor 16. The senserilaetivates a relay sending

a signal back to the PLC, which turns off a punp 14

and cl oses a solenoid valve 15. The contactor has a
conduit 17 extending froman upwardly facing inlet 18

addkbaeant veha rrapgehehite inomhaetomaih@ threugh sa spwilied via
19 and a differential pressure |nject|on 20 (such as a
aNRESEPUILR] ECEEL18818NsYPaYEd | TPESPAIMEREF4138) aqitd vated and

%ggﬂggdtqaa@eoq%'gg %%eh@ﬁotbh%r%ﬁgE%QI%%t%@ ! tihe

om of the contactor. is activate
réahrnplmnlnm@téhethDOMthbhelﬁnM@tlLSa @mﬁiubaEmmglevel is

thr h t he 5 dlfferen i al .pressure injector, 20 an
rPBCOPH G PELRIEReS BONELcABY o SERE P! ShsuErBEoT
aailvgmésnaz%bqa§e@éaalhgoa suRekilonsckPric®hel Yrict, which
provides the back pressure required by the

tdrpbeprdit paPuig] éét endardosecordiSplenpiichgedased St-he
gas/liquid mxing within the contactor. 20 An oxygen
supppe22ongeetereheisakl gousivag an @%y@@ding from an

concentr tor suppli dry..ox n.gas,thro
u?H?S%ﬁV a&&P@e gge 38 a& e§§%%e %eg&PgtS#gi etgogﬁaCtor
tRzenghganguapon 9 2hd Ehalfabwenandlr@g@bahak Q@ﬂebelon 20

| ocated elither before or after the ozone %Fner

(FHEhO26nE Hereeat dnJE&HOGt ARSI §éS2308ecr 4 vi ér@r5863128) and

tREREAN ¢ ngﬁagﬂﬁlgﬁnéﬁaQ%tBr far e cdi-gehangs o Ragedne

production netho but preferentially is an air
booobmdoéotheacba$adtozoneTgen@mmpoﬂ9 IBeaataNeted taking in

v3bEReanoeRaRe e SPAR LA obdh G CATEl STERPER! tho

d@E%é%%h%lb@J%Q%@%u%@ wWhgEe thol Q@nb@@t&e&ﬁ%nwabe&t the the
iquid mxture streamis forced through the outl et

Cv@t20@@K1UQ@SZhPCWPe=2@O@PG@221Z1 - The nozzle serves two

functions. Primarily it provides the back pressure required
by the differential injector and secondly, it increases the

gas/liquid mixing within the contactor.

An oxygen supply 22, preferentially using an oxygen
concentrator, supplies dry oxygen gas through a throttle
valve 23 and a pressure regulator 24 to an ozone generator
25. The valve and regulator can be located either before or
after the ozone generator. The ozone generator can utilise
ultra violet, proton exchange membrane or corona discharge
based production methods, but preferentially is an air

cocoled corona based ozone generator.

The ozone generator is activated and a solenoid valve
26 is opened. Ozone is drawn through the differential
pressure injector 20 where it contacts the water. The

gas/liquid mixture stream is forced through the outlet
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nozzle 21 and into the contactor 12. Ozone gas bubbl es

nmove up through the contactor and exit at an outl et
wWQ72004nex3sn pi pe 28. The pipe 28 is angl ed dowsEGHRON4/002212

towards the outlet so 5 that any condensation that

occurs within the pipe ruaslbaek down through the

outlet and into the contactor 12. Any ozone gas which

reaches pi pe 28 passes through a destruct device 30,

where it is broken down into oxygen. A heating
nehemen213aadiSnaotkhatednhaatbmgl@zon@zwﬂﬁIgmﬁ bubbtles move

A_tenperature sensor 30h . is |inked back _into

uphéhrSPsaraﬁﬁaspgtﬁsﬁpe BBRpGEeE EBLER, AWHLSH dntiidics @

pgg@ oReating process and nmaintains the destruct unit
at a constant tenperature between 40 and 80C, but

pref %%”'p‘n? Ll ¥g ﬁgcangﬁ%dda%%%trd%?/ 't%u%%%ltse%ev‘%h‘?c'iet 50

prevents I'sture 15 forming within“the destruct
thasebhy Ebadenygenoga$hBM|ohcu6ﬁ|M&t@&ﬂt¢maip3®epa&$esback
is drawn fro

t f h th
SRty EORRUR SnpaRubd gt indplE £ped oLl omy e

destruct device 32a, ,The oxy%en gas exits the
secoRddr PZ6P6n82de ¥PAGR: TREFREE PLEM WleP@SiSES §hrough a

d@%%ﬁﬁk%dd%glﬁﬁtgoth%h%%@nﬁtgﬁgebQBQ%nzﬁo&%f%&&%do%Qgen A

earlier where it aids in cooli ng the unit Ret ur ni ng
hbatuhg edenanicod Opr dsesstiimathe beatdagoozonienldesti8ct unit

e .re-circulation _sys has .an,upt urned .end nd
3De <A bETPEG AL Eee ARG oing Dhas o datiel Batky ot she
prBbRadable Neggicr @dhl@hft@@ smtem wﬁh%haq:u;e@lrsn@zm%

concentration is nonitored é a di ssol ved ozone

hsahépg BIoreARe@nPniginkainpLEhevkes tinetdvadsl védat a
ozone concentration reaches t desi.ked | evel
PRE apEr ZEOPS-ehUZPLESCIFRENAD BPF PREC: RypeRreterettially
centy at hgo 0ZONg. 9EDST a4 ﬁ‘”;gélzﬁ 04
6 eno? c%%?epﬁ?%d§%a ve 3%? %Unp %5 i rsm?tgﬁ @ ??ure
famﬂlagmﬁlﬁﬁﬂﬁ/1@%45%sEGﬁbEBZﬁ@éﬂ@OZZTﬁe oxygen gas which
exits destruct 30 passes into manifold 31. The oxygen gas
is drawn from the manifold by a fan 32 and into a secondary
ozone destruct device 32a. The oxygen gas exits the
secondary ozone destruct device from where it is directed
onto the ozone generator 25 referred to earlier where it

aids in cooling the unit.

Returning to the ozonation process in the contactor,
inlet 18 to the re-circulation system has an upturned end
and is shaped to prevent ozone gas bubbles being sucked into
the re-circulation system. The aqueous ozone concentration
is monitored by a dissolved ozone sensor 33 linked into the
PLC. When the dissolved ozone concentration reaches the
desired level, set by the operator, the PLC switches off the
oxygen concentrator and the ozone generator and closes

solenoid controlled valve 26. Pump 19 is switched off and a
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punp 34 activated for delivering the aqueous sol ution
of ozone to the spray system 11. A solenoid valve 35

w0 200epeasrl and the sol ution noves al ong the pPEEGBR®IH02212
the pressure is restricted to between 40 and 100
nbar, but preferentially #0135-nbar, by a pressure and
flow regul ator 36. The aqueous ozone solution is
delivered to one end of an inner conduit 37 of a pair
of concentric conduits 37,38. The other end of
ptopd3idt a3 ikatcal Forayldidadridd ahadaequeyys flution of
mul tiple jets of aqueous qgzone.. 10 The spray head is
oZoNgs tHeattd® Sk TaYy HYSS tlé'loAar?d’]ieédegé’laglﬁ’&j 3nds opened
a%ﬁn%‘hreu%Bﬂ@lti%na%o%spraQ%“ge tAS YIRS e JPlthe pressure is
preferentially 1 n an interl’ocking fan confi guration.
rEserisyedy toy Stedmegint Hdugmdagpdambrg syl erefementially 70

unber of _inportant f ures. en hi concentration
m%?&ne%é’olauﬁrgﬁsfgei é“rdg?f@é’é“ Fﬁﬁmgﬁ%% erture a
pressure differential is reated a q63$uses t he ozone

gas di"§sGIER S ARG S 5SS ergd &9 (wcoend of

ahnt @ nihe hRaRrhere Jfdue ol 0 EINRchctARAY JYRRSWL)37, 38.
The higher the pressure differential the greater the

Tasooirheaf egds dfi bengueéd Bd dEawospiseray TreaB9 dgal delivery
%tnoi%geric.linitff%r Qzone is 0. lppm which is very

! ﬁ&g PﬁgssﬁraquEa& haé Been devel oped to use
"jet __holes" 4 see Fi.gures 7 and  10)_.that are .
suf f it :eer?ﬂrﬁysi]ﬁl(ald 1o _S|$°6®t&&ar+ﬂ s dolty iidh and 1s
defsaginleidt ahidngdnke reldd so 26 @b didd }a aREit of jets,
have a | arge enough diameter to 25 prevent an
perdessnfdiey i g giedodes lgickiade feinalc B gy radrieat-ed The

Ii ber at g ram.t.he _sql ution.

e A R e L A
impotrhanthead tiugeadl.so Wachattioh aachdeesirathave dzutiecaloddition
that a level around 70 nbar is the nost suitable.

g gR&CeFr E950MGE RBaRPSE thESe 2oPERE SYES i ffiegenddead 1s
rRa2LIPSRRE LS 1 2RE #h$0 CRNeeHaW0EAU1IR3AR2 the stream to
PCT/ (B2004/ 002212 14

come out of solution into the atmosphere (due to ozone's
vapour pressure). The higher the pressure differential the
greater the amount of gas liberated to atmosphere. The
legal atmospheric limit for ozone is 0.lppm, which is very
low. Hence the spray head has been developed to use "jet
holes" 41 (see Figures 7 and 10) that are sufficiently small
to use low quantities of solution (facilitating the small
size of the unit) and yet have a large enough diameter to
prevent an excessively high pressure differential being
created that liberates too much ozone gas from the solution.
The pressure at which the ozone solution is supplied to the
head is also a factor and tests have indicated that a level

around 70 mbar is the most suitable. Higher pressures mean

more ozone gas 1s liberated to atmosphere and also causes
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the jets to be too powerful "drilling" bugs down into

the surface of the wound. As the solution exits the
wapagoasend 39, the pressure drop causes 0zonECTEB2G08/002212

come out of solution. An 5 overl appi ng arrangenent of

the jets as can be seen in Eggurs 4 and 5 mnim ses

the surface to volune area of the outer edges of the

spray cone, thus reducing the anmount of ozone gas

that is |iberated fromthe solution. Ozone w |

thaphdhy tdesmpese dowedifalamdiensagrheurduwess into the

surface to volune 10 ratio is critical in preventing

std agec Ofp sict WOMNGF- the ozone solution as it is

travelling fromthe spray head to the wounds surface.

The Pst $heperaudisn e&dfs dWwepsesayr &sad 3% itihe geessure

t he amount. of 0zo g t hat a from.sol uti,on and

dgpgoCegsgﬁsﬁfgnﬁhggsngg}5£%Fg§%%s%§859éuh&9n'15A@riven

offewn aiphtid gt Be rapurthebed ofTh@espieiy Readans beoGaleed in Figurs

w thin a head attachnment (further referred to as_the

4 @pfle 5 REAdMLsES toRaFEE frGemiOc FoLhESd FeRsodn & her outer

eﬁ?%s %t £6@NeH R edvieed Ry, st he g3pn g Q%%gamgﬂﬁtl%?gkﬁone

of the cone hgag IS ependent upon the pressure o

gtlse thets isbldtibiesa2@dpifefosr ehei slollypti2hmmOzohe widildeapidly

of the cone head is ,maintained at a negative pressyre

GEGOTRE S Ads rier €76y "ERES ThF 35 UGRAeStadoFe Lhe oL ure

rARAL, @lsd 31+ 10BY QZ0RE 8% thidlgeased delbamosatubnoR i Rhe

the spraying-process is drawn _back through outer

oceonguist 138 iont @st e ﬁﬁnitfrél‘f@léﬁ@gs@fﬁmﬂ}%ﬁt sprpasdead to

h nd e ct.,32a, e it

R o R g en Y, R PRE e e SR gBl S b slstres

tposiihioneed aher amomdtndft ozohe deconhan ratcegkledired

The di stance fromthe wound _surface to the edge of

SfﬁétéSHeaﬁgaélPQ &Qp@ﬁ&@ﬁ@ GhathBLSEOFPESET TG 2 Re NOT
dkgbénbﬁbwhsiBE%f%%%n%bghbyb%@q”Th@Ds%Qg§/%Q%ﬁ5%s located

PCT/ GB2004/ 002212 - 1

within a head attachment (further referred to as the “cone
head”) 40, shaped to match the dimensions of the “jet cone”
produced by the spray head. The length of the cone head is
dependent upon the preséure of the jets, but is
preferentially 125mm. The inside of the cone head is
maintained at a negative pressure to the atmosphere by the
fan 32 connected to the manifold 31. Any ozone gas released
from solution in the spraying process is drawn back through
outer conduit 38 into the manifold and subsequently passed

through a secondary ozone destruct 32a, where it is

decomposed to oxygen.

In use the cone head 40 is positioned over a wound to
be decontaminated/healed. The distance from the wound
surface to the edge of the cone head is dependent on the

pressure of the jets but is preferentially 10mm.



10

15

20

25

30

The patient whose wound is to be disinfected/ heal ed
can be bed-ridden or nobile. A collection tray 43
wokioghodasi | be described in greater detail beP@WGB2004/002212
pl aced under the patient's appendage on which the
wound is |located. The 5 catthnent tray contains a
jointed support nechanism (not shown) that takes the
wei ght of the patient's appendage during the
treatnment. The support mechani sm can be rigid or
f | exthé epabubnPrehesenibahllyi gogprbsedisindctesayabkeed can
padded concave or convex support, |ocated upon a )
b@n@%@fél?@ﬁﬂtOfomeliﬁeiﬁiF@E eRbiPRORFAY A8t high will be
This:inaturn_j a em.f] 0
ASSPELRPR o cabRatOEREERRE Bp18CL pXGLelPRhRey phe,
pabetest em dppamiegeé noanwhichi hheheovrdt isalocpkade. The
Preferentially this is a pin joint. The catchnment
CRFaYRRS Er?%nBQ%B?énaneg?lﬁ SHhaHPRIEChBPEEaRS STy (PP
sﬁew&f ahlew fhesusgd ﬁ@igBtQBftQhéréhﬁiéﬁttBea Bsfdabe
the tray. This insert 48 will preferentially be a
dyedhgwibé arsarment.ofhhaosepragtinachaniew che be rigid or
olution to draip thr u i y_I
e3Pt ot Chek EFFaF CHEHERLA BrTPEREtRoERe PRMBrapLe padded
c8hshhéecti opnpeRcesppoTbe tatabsentipbnay kasckildejdf@nt to
fl anges 50 upon which the spray head, systemis
fagihtbate TRBisprEyLnEAHRBLOPs TR kBdiPot U oAt tRG2AREG on
sSURPPELoqdeyi £Re (81 15BPYE) LBBLc8eBYr REYNBOLESat BBint 47
spray cone In position above the wound. This nounting
tdevi eéloas thapsise tofmavei e aangecofinsthacveresced

etain_the head.in its 25 ired iti typi cal
oL iR Ber PECREERANTRAFY ob M 8] b5t PoRmlneotE et getpoorneht
tPEPVhES AttagbiEPLet OndcttexB- thhgi HagOREUEE YWPOAN it to

whi ch the spray head is clanped. The base of the
atheehhpat usedySadutbaparasdsahnnber the PAGPesisthe tray.

T%ggoygge%gigg &Dgﬁuéfgfé9gﬂ£ﬁgﬂlgsbgranvggt Qﬁthhﬁ.series
tray. punp reates a negative pressure W thin
o¥esskbs539conpt edliowt hhet sayutsen Ebgdrein) tbavsphgbut

the liquid in WO 2004/ 103452 PCT/ GB32Q04 21 :
retain gny large b%olog%cal materig? gguégg% o%f the wound
in the disinfection process. The catchment tray has side

flanges 50 upon which the spray head system is mounted.

The spray head 39 is fixed to a mounting and support
device (not shown) that securely holds the spray cone in
position above the wound. This mounting device can comprise
of a wide range of structures to retain the head in its
required position, typically either a mechanical or
electromagnetic device to provide attachment to a flexi-

rigid conduit upon which the spray head is clamped.

The base of the catchment tray 43 contains a number of
holes 51 through which the used solution is drawn out of the
tray. A pump 52 creates a negative pressure within vessel

53 coupled to the tray (see Figure 1) causing the liquid in
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- 16 the collection tray to be drawn into the vesse
53. The gas renoved fromvessel 53 by punp 52 is
walreoenors2 i nto mani fold 31, where it passes tPCDGHR004/002212

the secondary catal yst 32a. Any residual ozone gas

rel eased by the used sol uti 08 +s 5 deconposed here.

The solution is applied to the wound for a period of

time determ ned by the operator and programed into

the PLC at the start of the treatnment. Once the

thequbledcdubat ikeay has bpasirawhhénPbCthlkoses sedl \58 35The gas
and continues to gperate 10 fan 32 and punp 52 for a
rgePVREd LEER 88581t Pe Yo PEMBar2t AE déé@@ﬁﬁgnﬂnﬁﬁawﬁﬂifold

3§O|th?@ lguﬁbgge%hkﬁrB%rhogh%a%%%oﬁ@agﬁpcgE% ?%ta@@a. Any

he solution w thin the contactor is p
reesdeb153zonatgbsleeéba§wdtbw 6hei msekle sodmtdactorsi s

dactlvateg 34 is turned off and valve 60 is
ErgeRase 1§e£Frer this perlod has passed the punp 52
and fan 32 are swi t che inlets %nd out | ets

of vE§SeFOLIEGARR £8 GPP &@gktocg Re¥CURGupPENGs REg1od of

tEﬁ%'BbE@Eﬁth%'bye%%% ehekareyabnang rodt-hagbeEihtAlthe PLC
he end of the treatnen vessel 53 is 20 di sconnected

aandhehetaatepfc@hﬁatﬁ@dtWﬁnhlnOmpepéhﬁeaeq§ﬂ¢§ﬁgerﬁ@lon

sh WS an alterggtlv arr

drain of
hERaPaghpnl b E O ALERES VaAYE onfIAneE ko) pperate

faﬁnBQnta&dotoumbhe2cab@h@era1bfhh@yi @reelpdnnedtdmreecttd ylear the
drain via a punp. 25 The excess solution remaining in
cehehpgptattay P SerPédondi r BEEILRot ShdfaPfra®yssyed 60 is

ng asagg 2Re Bllﬁta%uwl%lﬁaﬁehep@%atglartgtfgHsapca %@Qﬁlnto
ter

thi’n the waste pi pe lI'ine estroy a
vezené BBatunaylréeaeﬂ sWhechy§ﬂean|$heeson¢bedor is

th t 30 f
2B iareRa) CSUBoR. LFné CFROEnErdn A0edamSE b 13 cloded.
A%QQQ/%93@5%e?@%@Cﬁ%@oﬁéQ@%alghe pump 52 and fan 32 are
switched off.

The inlets and ouflets of vessels comprise of quick
connect couplings to facilitate their ease of removal and
attachment. At the end of the treatment, vessel 53 is
disconnected and the water contained within it poured

straight to drain.

Figure 3 shows an alternative arrangement of the
apparatus, whereby vessel 53 is removed and the contents of
the catchment tray are pumped directly to drain via a pump.
The excess solution remaining in the contactor is pumped
directly to drain as opposed to vessel 53. This solution can
pass through a carbon filter 65 within the waste pipe line

to destroy any ozone that.may remain.

The system is described operating with tap water taken

from a domestic or commercial supply. The invention does not
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wat er supply. Such a water supply will have an effect
wo@boogpesi ng up the ozonation process, but i SPEDGBRGVE/002212

preferred water supply of use due to the reduction in

portability filtration systems- 5 present. The ability

to capture and destroy as nmuch as possible of any

aqueous ozone gas rel eased to atnosphere from any

aqueous ozone solution is paranount to the successful

ﬁ@@l@&éoﬁh@fu§QYOﬂnatflib@ré@|bﬁMtﬁgdaDDanQHUQatsr supply.
dlrected 10 to that objective. fgure 7.1s

Su¢hust vateBnsePPE HeWhdk Z'@v892ang %ﬁEl?EIFH@egﬁPBUHp the
o%%?ggi?ﬁhSrQQégge bQE ﬁgpﬁ¥£nghQZBP@E@Qre&a%QEeEOsﬁpply of

ot her surface; and Figures 1
udd dhéussdrahe teeucaionnmntpbrhybsbpbprfnhgraheoareastems
of 15 the patient's |linb or body to be treated and for
P¥@88Vering ozonated water which flows off the area of

the patient bein treated. Aqueous ozone i S creat
by dFB@onFﬁgthgﬁeC@EEHFﬁt6“ | fgEFEOY TRE @HFBra?eBOSSlble

O%ﬂ?g# n@ﬁgéﬁgrSZBBe0%99eréﬁeﬁZ@Q”ﬁB@atﬁgséhegé g&om any

~means that ozone w Il actively diffuse out of
atiheolisqouzdnensolthiont iespheawoulzone hhe aguregaksful

exposure Limt o hence this ses
OB?BBFéﬂ?mﬁEnaﬁyhPﬂﬁg coﬁggnng}Pgﬁngqﬁggus ozon(lezél directed
téongtogbhgcggggsed to the atnosphere (the ozone

readily conmes out of solution and the 25 concentration

In tEfgé&ﬁn§p9§r§nrh§§§s€99¥§ohh8fot$€pﬂbzh&E‘BP anBe
rate a the ozone gas liberates fromthe Iliquid

en31ﬁc@hhg dbpendeAf 6nrt&hpernarale Apy ppesyipg. oFReated

er the t ature the por S

wgbiht FBn ViR S0B4F 102485 RCrT CRobOS/ 0035100 - 2g Moures 11
to 15 illustrate the catchment tray supporting the area of

the patient’s limb or body to be treated and for recovering

ozonated water which flows off the area of the patient being

treated.

Agueous ozone 1is created by dissolving ozone gas into
liquid. The saturated vapour pressure of ozone is >760mmHg
at 25 C, which means that ozone will actively diffuse out of
the liquid into the atmosphere. Ozone has a legal exposure
limit of 0.1 ppm and hence this poses a problem when a high
concentration aqueous ozone solution is exposed to the
atmosphere (the ozone readily comes out of solution and the
concentration in the atmosphere rises above the 0.lppm
limit).

The rate at which the ozone gas liberates from the
liguid is highly dependent on temperature and pressure. The

higher the temperature the more ozone comes out of solution
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and the |lower the pressure the nore ozone cones out of

sol ution. The aqueous ozone solution is produced at
w@remespsr i ¢ pressure. It is then placed undePCT/GB2004/002212

i ncreased pressure as it 5 is punped to the spray

head. When it is under presg@re (i.e. in the pipe from

the punp to the spray head) no ozone cones out of

sol ution, because of the fact that it has been put

under increased pressure. Wien it reaches the spray
aﬁ@aﬁheith&rSQQQEQkﬁseu@esedetmo@@rﬁabnétEB&QBEbb@ e

conditions (i.e. a drop in pressure occurs) and hence
salupi@poertion of the ozone contained in the liquid

streamis released to atnosphere. There is a pressure

d.ff@h@nﬁqaeou@réapeé 861854 0nhé sapepdireds pti atipepheric

B eads The $hek pohoLll SnfbesIuEecdlblerelbile 2o it

5 ermnes "t hé anmount ozone released

ikr pobke kbqtithd aprat hmaﬂs tWheﬁpﬂay1sheaderTbeessure

rel ease of ozogne gas ha two conse gences E first
(ha$-alPedllf BEBR %BWaF &dPUBPoRE g § PETEYx @agﬁdno ozone

ﬁ@%eoﬁ%'%%Ssbﬁ%t@bHUSBQ@EbSeC%@C%HEY%Eb%ntﬁQQVQttH@s been
egal exposure |imft. The second is th th

pubnuedbmann@meeﬁeﬂhprzeSaqaeou@henoné ﬁbache@rﬁbg sPiray

pose of th temis_t p a-hi_gh
ESHCeﬁ?réﬁl %g8¥2 ﬁpPgeghe m§8% lh@%@ospﬁerlgnnunt
c@hd@@ﬁ@ﬁ@t«ateonalagspdmﬁ becgzame ga&uksbeaaﬁlaence a
needs to be m nimsed. Experinents were conducted
PusPRE tdpray thEREs ORPRR 28“@8#??§91§|E@§ apeiidr §§ream is

90! %%dgw Efem@'sbgeg@t' NGHRLESSUr §S rfs@,gmrtehalgmenltaal
was “foun .5mm di anet'er apeffure is the nost
ceééeeﬁiuersssetheoapemedrmnsh anl thei dpprgsbere. offhe size

ofi FPaFcREPAPUERaf LAGe EoR Pl o RBS FRor AEcRngunt Of ozone

gadbshanrt hal re3@a3@BURLORAf tA20NEHAS, adr QRPERY tkh€he spray
solution concentration from 20ppm down to 12ppm A

headsmTbearetepsapeit GEenAOIAG0AAE0 W92 consequences, the

f?gzécﬁégoéﬁgggé§2been explained, ozone gas is toxic and

hence raises the atmospheric concentration above the legal
exposure limit. The second is that the concentration of the
aqueous ozone fluid drops. The purpose of the system is to
apply a high concentration solution to the wound, hence the
amount of concentration loss due to ozone gas liberation

needs to be minimised.

Experiments were conducted using spray heads with
varying sized apertures combined with alternating pressures
from the pump. It was found that a 0.5mm diameter aperture
is the most effective size, combined with a liquid pressure
of 70mbar. 0.2mm diameter apertures produced a pressure
differential that was too large and liberated a substantial
amount of ozone gas, dropping the solution concentration

from 20ppm down to 12ppm. A 0.75mm diameter aperture
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- 19 allowed too nuch liquid through the head. Too

much liquid wll cause a wound to nmacerate and hence
wawwhdoddshi bit  rather than aid the healing prRCEE82004/002212
The 0.5mm di aneter aperture still allows a proportion

5 of the ozone gas to escape® f+romthe liquid, due to
the change in pressure. The concentration drops from
20ppmto 17ppm The ozone gas that escapes to the

at nosphere has to be dealt with; otherw se over a

aPESH &S ©bo tihdi®n t DEguLanth abuye EﬁéenéaﬁmulﬂobamﬁChtthuld
ozone concentration above 10 0. 1ppm To that end the

st&aga%%%da|@O%EﬁrEﬁnﬁﬁﬁPE@ﬁ%w@n%x??%%?|%ﬁu%QS%%h¥blt
r3he0 in DB B8 G, PN ASLS, | Deral ed on

e spray hea i's i mredi ately taken back

i nto,t chlne | t The
an oRT aRt DO EHTCt SEe TRE (BEF 1S S50 R cRiRge g on
ofh@hép@ﬂyn@a§é§r@oed$éam@ fhem sphaylbeatld, Thee to the

i npl enentation of an_extract stem nmeans t hat ozgpe
CRRIRIE sincRHREFFEEE! v %%?H@O%???%B%El??oﬂF?ﬂé §H??a§§pBW to

m&ma' fmgé’fé;ﬁ on@0YeOUshA i %‘éé‘aﬂuéé’”’t&h@hépéﬁlﬂ{ogﬁﬁgréohas to

woun unt of ozone gas being renoved can
bdedéabi t ettty o@@er@dgelmgerh@ sariadecfotymeubkeratio

of he, spray_cone. S confi '
el et S it LRar £0¢ Pha Bt e cORup b et Bopnioove
0 EXbBACt Bb Tt BAE €8Ny Mmé|§§ra revadi ng aukasgadedrbacen
|npact area. The sg head has a series of
exhrect bekedlypeen 3 e@ Figerekal andthy PRARS2%2Hr b8uce

l%bdua{ &agne££f€£ ofi €O$B¥%grhgga fgtlgelﬁﬂgdggﬁély taken

onflgura spray pattern
b@dkrﬁﬁto"shéomﬂ Eh#fei snitheneetdrbotbeia sbonsamabl e
item (i.e. it can be quickly replaced between

pat i eRé Shse Aot expl akbedceasyseem 0zobetgasthet deeiyn and
di ffuses out 30 of aqueous sol ution. When aguequs
sh2pnecf sthpr apEay opa Ebe BN VEX PbbRg 1bRgsepray head. The

iﬁ%&é&ggggéiggzgézan extract system means that ozone gas is

continually being stripped from the surface of the air borne

aqueous liquid from the spray head to the wound.

The amount of ozone gas being removed can be limited by
reducing the surface to volume ratio of the spray cone. The
optimal spray configuration is one that has a very small
surface area exposed to the extract air stream, whilst
providing a iarge surface impact area. The spray head has a
series of interlocked jets (see Figures 4 and 5) that
produce a dual fan effect. This may or may not be the most

optimal configuration for the spray pattern.

The extract “shroud” 40 is intended to be a consumable

item (i.e. it can be quickly replaced between patients).

As explained earlier, ozone gas actively diffuses out

of agueous solution. When agqueous ozone is sprayed on to a
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proportion of the ozone is broken down on the
WG eoofiaexas2 However, the waste run-off |iquid se¢T/AGB2004/002212
contai ns ozone, which, as previously described, wll
actively enter into the atmpgphere. The 5 cat chnent
tray has two main "concepts” that allowit to
function. The first of these relates to the catchnent
tray 43 which is basically a tray that has a solid
w@hﬁétbf bpaert ord8nivhisehrhseangl edryd pRopBYELbRJOY the
shape. A series of 10 holes 49 (e.g. four cmapart are
odoné¢| g brokgnt dewaper bhe snefyceTheHprsEer,akhewsaste
aqueous. ozone sol . pas ro he_ho
r%%p?gf léﬁ§l§a Qlyﬁeggggg%ﬁgt éoégp HQE éfnggthg§Vl8Hgly
deeseibel enenli agtitrel yosneseaphng tﬁe atmbsphete_ 1%he
The second concept of the catchnent tray is a_catalyst
CoF EBReHWRTAY | BRBCHEAL o kR pSFPROFBSFY EHEh PaRGH78EAE
hori zontal |y above the waste liquid collection
fgﬁggiggl Bel ow each fan is a bed 72 of ruthenium
pel | t her tepi '
Phe Fa8shrateos FiEbE At ashB, S0 Ehs PR iy 42
whess dsabasioaaly éanﬂathhae hay atﬂbimﬂepﬂasbionénsert
as ozone i s heayi than air) t he hgl es

1§h e R abaaoralent inran apversedod 9Benlt g SpeBasor

h@7eBesbi qui g, df@ﬁkngmogﬁaﬁeyaQéoaﬁlgﬁédtB@bng”@hebg ex of
com ng out of the solution. This ozone air mx is Zg

thaeW. drda thseughadlensakguepughpPehneoAPepEsont tpnpass
t%ﬁégsghEggigggég? u% cgluﬁggdahptg %h?eﬁggggehﬁﬁethe gap

a €S a er o Frevi ous syste

uﬁ@é@ﬂ@aﬂﬁnﬁhétQﬁseexygeevéﬁﬂiﬂgtﬁatﬁ&omdeéﬁepEnUIab
Eressure i njector) and conbines themin such a way as
POpPBEHGe a WO 2004/ 103452 PCT/ GB2004/ 002212 - 21

The second concept of the catchment tray is a catalyst
break down arrangement. A pair of six inch fans 70 are
mounted horizontally above the waste liquid collection area
71. Below each fan is a bed 72 of ruthenium pellets or

other catalytic material, through which the fans draws air.

As can be seen in Figure 11 the fans draws in air (and
hence any atmospheric ozone, as ozone is heavier than air)
through the holes in the V shaped insert. The air passes
over the aqueous ozone liquid drawing off any ozone gas that
may be coming out of the solution. This ozone air mix is
then drawn through a catalyst, which converts it into

oxygen. The oxygen is released into the atmosphere.

Thus the system takes a number of previous systems
(ozone generator, oxygen concentrator, differential pressure

injector) and combines them in such a way as to produce a
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portable and highly nobile unit that is able to
produce very high agqueous ozone concentrations

W@ 200pmaF2 Previ ous aqueous ozone based di si nf BCT/GBR004/002212

systens have been based on |arge | ess-portable

systens or on nobile 5 systeis - hat can only produce

| ow concentrati on aqueous ozone solutions (5ppm. The
concept of applying ozone to wounds is not novel,

however the theories devel oped based on the inventors
poesedrleh aared hirgtelnys travidi g wfithitdladyi calablsy si@eradidte very
t.hei r nodes of interactiqp wi t h aqueous ozone is 10
lﬂ&jblaquﬂ?élsd%%r@ﬂced’f LAt M ciaPRYst em t o appl y

hi gh _concentrati on aqueous ozone to a human (or

ani maYS W Ao RIEARRARFI S PATRE sHtS EHteqthrBugtystems have
ROy & 4 %rpzl%&q%gsiﬁaﬁ\s%lé%gmgaeﬁ/%n }:}t};eoile

i nventi on incorporates an agueous -ozone ive
syiesteams thhett dedn \oerly tdwduagh looncemtoattimat ikm aqueous

solution ta the und surface whilst mnimsing the
st e s o S o1 et i (o A R ke P 2 0

WRSIAE i@f rdte nSi18Y HiGURMd Ahed iR PIRSEUSHed based on
requi renents and the spra head encl osure design are
tae imyeaItans regsed aho afAchivnRdsinsf anskgre gfadirel agism 1

e _of [ .0 A tQ.r v.e .20 0zone gas .
T L DO SRR F LR BB 1
niovedr.paha eevdlepagueous ezorRE fdeltiveyr s yeauido aigbly high
ozone gas .extract into a single pipe system The ,
G R 1OPaP RISER S RESort& és (FRpsmigl) without

cHRSingfe i8Rt WiRS pathe merdhRled ddifdrd Y ddne gas is
designed to 257all ow aqueous ozone solution to pdss
noivedugindt d niviea tiortet.offibef itventtiay,  iOommpogad-€ss an agueous
heavi er .t.han _air and nce wi.l,l remain.at .the bottom, .
OB et A e S e PN 1 Pt oy g P tion
se0Mfe ogagd it Hheoeid emrdhadehentinax away firsdMd e amount
patient. Waste solution within the tray is renoved by

o 3G OpeEr iGgFalnGleAs@th Ao 1£hA ts porlerhiamerldrodesign of the
R Pa et R 00 T saSy mCtralob iRt e spray
head enclosure design are all novel in regard to minimising
ozone gas release. The use of an extraction system to remove
ozone gas from the wound area is novel, as is the design,
which incorporates the aqueous ozone delivery conduit and

ozone gas extract into a single pipe system.

The catchment tray also incorporates other important
design features. The perforated insert tray is designed to
allow aqueous ozone solution to pass through to the bottom
of the tray. Ozone gas is heavier than air and hence will
remain at the bottom of the tray. The insert 48 functions to
trap the ozone gas in the bottom of the tray away from the
patient. Waste solution within the tray is removed by a
peristaltic pump and fan system, therefore removing the

ozone gas as well as the waste solution. The arrangement



- 22 has been designed so that all sources of ozone
gas are extracted back to a single manifold at the

WO ppytios2 t he systens main fan, which forces PEEGBa®4/002212
through a catalytic destruct. The design of the
systemis novel and inventige in 5 that a single
catal yst is used as a final destruct for gas com ng
fromthree individual sources. Further, the
catalytically reacted gas is directed to and exhausted

n¥ebechh@esUlghRee s&f tHe @2ANe PerReIsAlH o2MHLydsS are
preferentlally an air- cooled (as opposed to

exdractedobadk Fener figglermaridodd pdr heatlappt ¢o the
e el Y al,yt estr
g%%%gésﬁgﬁédQ%%loﬂgﬁg¥gq¥??% d%he g%% gﬁﬁ%qﬁgg% dg%éiytlc
deatenchoi Thmrs dasiigre atfaltyst $ys"Elaam desngivedf anle 1nvent1ve in
ystem al |l gws the catal,yst to destr t ozone gas
> t?aatthautsmaiﬁa@a&ga%et O MP 2518 FRCdppscast for gas
c%&nll%e g ¥seled arlAkAIHANE She ceGRNERMRl] onef the
solution that is to be applied to the surface
cepréiverentilyl Inpacheg g S demdi reckeghip. alide axd@ustiesl over
bIe Lo I the 0 n ratj
eqﬁPFeEC%a?%:ﬁgw%f%%#%bé%P%é%%%r’ W%iﬁglﬁse refeﬁentlally
aabke rt-eoselkact( a0 ddpd sddr ald el thear cslilel )t e nsalatidran
is to be applied to the surface. WO 2004/103452

10 PCT/ @B20041 802231 Zatal1d3 i Cistiuck. 18N ndRRAr 3tnds iffentive.
produci ng a spray of ozonated water for disinfecting

Catadittace desipiicdisngre Feséonsicdr toorresedemwidd) migry gas
sﬁégﬂgggd g@tﬁﬁteﬁe%% sﬁﬁéﬂll eEa%éﬁ@%%%q %?%F% €5p®f the

Fresérvoir nozzIl € having oné-or nore
sgeltieverilngwa $m@a¢amblqzmnabedewamey m@t00&bae5@mha0®1thout
to be treated, an encircling shroud as a neans to

dBragiad ftoe CEfr& thdramaI of ozonated gas |i berated

at the nozzle from _
15 The apparatus allows the user to determine the

concentration of the solution that is to be applied to the
surface (preferentially ranging from 1 - 2lppm). The user
is able to select the aqueous ozone concentration required
at the start of the cycle. The user is also able to select
20 the duration for which the solution is to be applied to the

surface.
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around the nozzle, nmeans to circulate a flow of water
from 10 the reservoir through an ozonating station

w@nw4ties4she reservoir, neans to supply ozone tRCT/G82004/002212

ozonating station to be dissolved in the flow of

circulating liquid returni-ng3ste the reservoir to

enabl e the ozone concentration in the water to be

raised to a requisite level prior to delivery of the

15 ozonated water to the spray nozzle for application

diaidd® surface to be treated. 2. An apparatus as

—clainmed in claim1 wherein the circulation neans has

1an i netaddy A d o688 WHJduhine) d Sspranaydl oy, AReed Quater

mnimse éntry of bubbles of o0zone into the 20 inlet.

fpr A sdpacitivg & Winfiansd donpdlisimagl sorrederivni; for

wher ei.n, .t he ozaonat i tati QMRri Ses .a venture

B LI AHE " SaraT i T8 5 rute e G o5 vater

firfoen GRS tid vl Oft oM aloz Alke herongy gafke i sup iptks for

to be entrained in the water flow 25 4. An apparatus

ded ivediimsd g Ry &if Qzandtet veter idreithe airface to be
le%i S #Md aarfgeeqlél eﬂﬂg‘/ghﬁo% a(g aogr%}ng'fsec&o yfilcﬁ{ide for

q_»d«;fi
With a'l ow pressure drop across the no to m™nimse

- thel edshdofawadonet fammmeattesl apedlidbesmudgd at. the Aibzzle from

SRR Rl TR 3 S e Sl L 8 4080 ceon
t3ee PR ZORAMNL A3ARA JICHRZARPAH AR bd a i A arll @\d datk

for withdrawi ng ozone gas |liberated at the nozzle .
Heseavaigundedms rfex AWWHIGr FeRS & itde gongting station to

r at . j in f [ t. , j s
AT 5 R R Y sstihthe et g by o
0 naisatgr Siratico reradipy ithe & dogreCidotideattirat lcopif dthe water
carrying a gas/liquid mxture having at | east. one

téhﬁoleetra_ & &d G Te Ye d@Viton R}fégeltodtde&ﬁeveew_d of the
AR Rifler NS Al RS FRAHI O PRSREt @n IS the

ot her end, neans for
surface to be treated.

2. An apparatus as claimed 1in claim 1 wherein the
circulation means has an inlet in the reservoir which is
upwardly open to minimise entry of bubbles of ozone into the

inlet.

3. An apparatus as claimed in claim 1 or claim 2, wherein
the ozonating station comprises a venture through which the
water in the circuit passes and to the constriction of which

the ozone gas is supplied to be entrained in the water flow.

4. An apparatus as claimed in any of claims 1 to 3,
wherein the nozzle is arranged to deliver jets of ozonated
water with a low pressure drop across the nozzle to minimise

release of ozone from the aqueous solution.

5. An apparatus as claimed in any of the claims 1 to 4

wherein the nozzle has an encircling shroud and means are
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di ssolving gas into the fluid within the | oop, and
means for 10 noving fluid around the | oop. 7. An

w@ppanedes as clained in claim®6, wherein the PEHERGB2004/002212

applying a gas into the fluid within the loop is a
differential pressure injectuy.-8 An apparatus as

clainmed in any of the preceding clains, 15 wherein

the reservoir has nmeans for neasuring the dissolved

ozone concentration and/or the oxidation reduction
gratveddal foofwithelddwirty owmans Jo8 A yd 1w S8 dche nozzle
fluid. 9. An apparatus as clainmed in any of the

I e R I 02 3 i h A BuGhiPent ers and exits

the reaction vessel 20 through the same orifice. 10.

6An apgparsRsradsiclas ik inedhny giny e prlexiaes ng to 5,

' ' ' v I et rvolir
AR PSR SRR AR L R B e
oArvrnaipiaratais taore |ainped den ol @0 ifsu hterei Niddie £25
destruct device conprises: a) .a gas decaonposition unit
o YorEald rgg“c@vw ﬁb’-thsz‘); AViRheéd iRt hmrowylet
R RARIRY A & SRS WREAD041Q35%nd and an inlet

PCT/ GB2004/ 002212 25 12. An apparatus as clained in

congienterl tehdme reawdiatestaanst] @i titconprtiseseral, means for

manganese djoxi.de catal yst .for . br.eaking .down the
T YT R SR Rl et e Gy P mpans for
melvaing ¥Auidb aMieinel rHdhe o@gs. deconposition unit is
connected to the reservoir by a tube angled to the

7hor i 2entadlpalr@ tals QW WalBmed astldiiadigh fd,0MHd\&in the means
condensation of ozone to flow back to the reservoir.
applyAmdappaicdt ddtaes tdicaifded d wigdyirofthel dionp I too 13,

differential pressure injector.

8. An apparatus as claimed in any of the preceding claims,
wherein the reservoir has means for measuring the dissolved
ozone concentration and/or the oxidation reduction potential

of the fluid; means for applying said f£luid.

9. An apparatus as claimed in any of the preceding claims,
wherein the fluid enters and exits the reaction vessel

through the same orifice.

10. An apparatus as claimed in any of the preceding claims,
wherein any undissolved gas in the reservoir is captured and

passed through a destruct device.

11. An apparatus as claimed in claim 10, wherein the

destruct device comprises:

a) a gas decomposition unit for breaking down ozone
gas;
b) a heating element

c) and a temperature sensor.
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10 wherein heating el enent and tenperature sensor keep
the gas deconposition unit at a tenperature of

wheimaeds2t0 and 80C, al though preferential |l y BOZGB1@4/002212

An apparatus as clainmed in any of clainms 11 to 14,
wherein the deconposed gas kg directed through a
secondary 15 destruct unit. 16. An apparatus as

clai med claim15, wherein the secondary destruct unit
is an activated carbon catalyst. 17. An apparatus as

101,81 18 aiphaad udf e 1RieeRdiing GlAiTB1, WHRIRIIh BaNs
are provided to apply negative pressure ‘around = 20 t he
gqr@ﬂtvmléi ClenpreESs @n Mengiadissse shoayisle ot lyst for

b%%r ¢8 b8m %%eaggﬁﬁgggéhqs claimed in any of the

eced I’ng clI a device is provided for
upp rting_a_patient penda t.0 treat.ed aq%
14

156 T80 PROFARTT &5t i o 0 38 Wb B e

wappendagee Yhe Heashipe® iftlikind uns tSAKAYRRMIQE t Ve

and i s subsequently collected in a device, onto or

riefed VRRite BVt e tiyREl @mgdedageidiggdars asmdedd to1@llay water
clai [ in

R A2y SRRt 18, ol 500 oG5k o the

rE@E&@BZ&O4/002212 - 26 20. An apparatus for applying

an aqueous ozonated fluid produced within a reservoir

1t40 ansu efp@@eaau@ aBr elapmelkernentangl lof aiedwmzd 1l to 13,
onpr.ising: .a) a_conduit for conducting the fluid from

WPRECIE PESEARE! £1EBM e 28Gh ﬁ&@@eﬁ)atéa@prs@ylswwﬁeﬁ@r the gas
pra |n the fluid_gnto,the rface o
A o 58P0 P ofdc Pd A EREB R oo ofr S CHRE™ T ohd B0°C,

a8 undnt Re$R-aKtRgady so°c.

15. An apparatus as claimed in any of claims 11 to 14,

wherein the decomposed gas is directed'through a secondary

destruct unit.

16. An apparatus as claimed claim 15, wherein the secondary

destruct unit is an activated carbon catalyst.

17. An apparatus as claimed in any of the preceding claims,
wherein means are provided to apply negative pressure around
the region where the reaction fluid is sprayed onto a

surface.

18. An apparatus as claimed in any of the preceding claims,
wherein a device is provided for supporting a patient's
appendage to be treated and collecting fluid sprayed onto a
wound on the appendage, the reaction fluid is sprayed onto a
wound and is subsequently collected in a device, onto or

into which the patients’ appendage is placed.

19. An apparatus as claimed in any of the preceding claims,

wherein the equipment is portable.
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21. An apparatus as clainmed in claim20, wherein a
punp noves the fluid along the conduit. 22. An

w@ppaned4es as clained in claim20 or clai m 21, PCIHOB2@i/002212

the spray head consists of a nunber of orifices to 15
produce fluid jets 23. An.apparatus as clained in
claim 22, wherein the spray head consists of a nunber
of jets that are |located to produce an overl appi ng
pattern 24. An apparatus as clainmed in claim?22 or

2.2 M2 3ppAd WY &idt i ISERY dieath et Yo mh trdberuid
of orifices between O0.Z2mmand 1.5mmin di anmeter, but

paosysest eriddtiinald yeRSWALr 2B sAd ety aw0rd ai ned
[ f, _Gl,aj wherein the punp means is
péfr%rf:jlenl})géé1 J‘tangg}u% vt%#éogl %fbénpt ot ng' spray head at a
pressyre of bet n 50 and 10Qnbar, ,but_ .25

pr ef @Lrjent iaalqoﬁld'}mgecnﬁi% Cfbndlu,&:gclétgp g J i S28hedd'S n
cl ai m 25, peherreidid e raasud®eadk i s nounted on a
framework | ocated in the opening of one end of a

t ube)and whenein Hhey atdiers g, 19fg the tubs d Snt
connegted to a éﬂction devi Ce. V[f5004/103452 © the
PCT/ GB2ZE@4/€002212 - 27 27. An apparatus as cl ai med

in any of clainms 20 to 26, wherein the spray head has
a shroud whistirawd pyram dal in shape and has an open
end to encircle a wound through which the spray is

del i vBr ed.andl 28 meAm sapfampatadsicasicelainee dive lptanike
wherein the dinensions of the shroud are such as to
closel y cOfCHNe t& SBTGY N fere with, the fluid
spray pattern. 29. An apparatus as clained in any of
2d]-ai AB 2OPEE LGS AFhErSHShd s @ Thedd e idl jan pump

mRkRace ¢ i%l§#gf%?%6¥}a%ﬁgraggqgg;_ 30. An apparatus as

cl ai me erein

22. An apparatus as claimed in claim 20 or claim 21,
wherein the spray head consists of a number of orifices to

produce fluid jets

23. An apparatus as claimed in claim 22, wherein the spray
head consists of a number of jets that are located to

produce an overlapping pattern

24. An apparatus as claimed in claim 22 or claim 23,
wherein the spray head contains a number of orifices between

0.2mm and 1.5mm in diameter, but are preferentially 0.5mm.

25. An apparatus as claimed in any of claims 21 to 24,
wherein the pump means is arranged to pump the fluid to the
spray head at a pressure of between 50 and 100mbar, but

preferentially 70 mbar.

26. An apparatus as claimed in claim 25, wherein the spray
head is mounted on a framework located in the opening of one
end of a tube, and wherein the other end of the tube is

connected to a suction device.
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support structure consists of a switchable
el ectromagnetic base and a vari abl e position clanping

waelewitae34581. An apparatus for collecting the fPCi/GBeiwg©02212

it has been 15 applied to a wound, conprising: a) a
catchnment device b) a neans ®»f <€onducting the fluid
fromthe catchnent device to the main unit. c¢) neans
for conducting ozone gas fromthe catchnent 20 device

to the main unit.
27. An apparatus as claimed in any of claims 20 to 26,

wherein the spray head has a shroud which is pyramidal in
shape and has an open end to encircle a wound through which

the spray is delivered.

28. An apparatus as claimed in claim 27, wherein the
dimensions of the shroud are such as to closely contain, yet

not interfere with, the fluid spray pattern.

29. An apparatus as claimed in any of claims 20 to 28,
wherein the spray head is held in place by a support

structure.

30. An apparatus as claimed in claim 29, wherein the
support structure consists of a switchable electromagnetic

base and a variable position clamping device.

31. An apparatus for collecting the fluid once it has been

applied to a wound, comprising:
a) a catchment device

b) a means of conducting the fluid from the catchment

device to the main unit.

c) means for conducting ozone gas from the catchment

device to the main unit.



