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products agai nst m crobiol ogi cal spoilage and/or to prevent
I nfection of their consuners. Such efforts have involved both the treatnent
of products and packagi nFheatgeisght indentiondaedpsprebe dispafsciioy

presesdldrihation of food, water, air and packaging
materials, and more particularly, is directed to
deactivation or killing of organisms, such as cyst-
forming protozoa, such as Cryptosporidium parvum, or
viruses, such as poliovirus, in food, water, or air, or
on packaging matgrial. Even more particularly, the
present invention relates to deactivation of such
organisms using high-intensity short-duration pulses of
polychromatic light in a broad spectrum.

As used herein the terms "deactivate”, or
“decontaminate” and forms thereof refer to the killing or
sterilizing, i.e., rendering unable to produce, of
microorganisns.

Substantial technical effort has been directed
to increasing the levels of microbiological
decontamination in water, air, foodstuffs and other
microbiologicaliy labile products, and packaging
materials so as to preserve these products against
microbiological spoilage and/or to prevent infection of
their consumers. Such efforts have involved both the
treatment of products and packaging material, and the
development of packaging technigues for preservation.

The photobiological effects of light, including
infrared light (780 nm to 2600 nm; i.e., 3.9x10' Hz to
1.2x10°* Hz), visible light (380 to 780 nm; i.e., 7.9%10%
Hz to 3.9x10"* Hz), near ultraviolet light (300 to 380 nm;
i.e., 1.0%x10°" Hz to 7.9%10°° Hz) and far ultraviolet light
(170 to 300 nm; i.e., 1.8x10" Hz to 1.0x10° Hz), have
been studied, and, in particular, efforts have been made
to employ light to deactivate microorganisms on food
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30 The phot obi ol ogi cal effects of light, including infrared

| rght (780 nmto 2600 nm i.e., 3.9XIJerr] Hz to 1.2x10[err] Hz), visible
light (380 to 780 nm i.e., 7.9x10[err] Hz to 3.9x10[err] Hz), near
ultraviolet light (300 to 380 nm i.e., I.OxlJerr] Hz to 7.9x10 Hz) and
far ultraviolet light 35 (170 to 300 nm i.e., 1.8xlO[err] Hz to :

| .OxI O[ err] WPPY1S3Bave been studied, and, in particul ar, fFEYPY1¥3Ue been

made to enploy light to deacti.vate m croorgani sms on food SUBSTI TUTE SHEET
(RULE 26) WD 97/ 15332

PCT/ US96/ 16437 -2- products, containers fo& food products or nedi cal
devices. See, e.g., U S. Patent Nos. 4,871°559; 4,6910,942; and 5, 034, 235,
i ssued to Dunn et al. (the 559, 942, and 235 patents) i ncor porated herein

by 5 reference. onEﬁ&t§tUééx%ax@fer%“?o?“?&é@'ﬁd&%‘e%@' off fegisapf light are
reported in Ja "I ntroductign_to I%ésearc |n UItraV| ol et

Phot obi ol ogy" gF’gr‘lFF'ﬁe HEFS: 9%, U186773%8E Mo 4nB719°9%D, 417 descri bes
10 il lum nati ng4sabgt aﬁ(?,ESamt @034m‘2Bﬁ, pesueddio \Dgnnayt abuctthes

ultraviolet raysgsh, S=olgl.adp. z%,s8iaZtZQ§sﬂeSiq{doQPp%rateali,éf-@imsy of
| ight-transm_ssiv materl al  usi ng pul sed | aser light; and U. S No.
3. 941, 670 5 Treference

Other studies of the photobiological effects of
light are reported in Jagger, J., "Introduction to
Research in Ultraviolet Photobiology", Prentice Hall,
Inc., 1967. U.S. Pat. No. 2,072,417 describes

10 illuminating substances, e.g., milk, with active rays,
such as ultraviolet rays; U.S. Pat. No. 3,817,703
describes sterilization of light-transmissive material
using pulsed laser light; and U.S. Pat. No. 3,941,670
describes a method of sterilizing materials, including

15 foodstuffs, by exposing the materials to laser
illumination to inactivate microorganisms. However, such
methods have various deficiencies, such as limited
throughput capacity, limited effectiveness in killing
microorganisms (particularly, cyst-forming protozoa and

20 viruses), adverse food effects (e.g., negatively
affecting food flavor or appearance), inefficient energy
conversion (electrical to light) and economic
disadvantages.

In the area of water decontamination in

25 particular, heretofore known methods of killing cyst-
forming protozoa are in many cases ineffective and
inefficient, i.e., overly time consuming or too costly.
One commonly used method of water decontamination is the
addition of chlorine to water for the purpose of killing

30 microorganiSms. Unfortunately, chlorine, at levels that
are not also toxic to humans, is ineffective at killing
some cyst-forming protozoans. In recent years, for
example, outbreaks of Cryptosporidium parvum (C.parwvum)
have caused illness in hundreds of thousands of people,

35 and have killed numerous others. Such outbreaks are -
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describes a nethod of sterilizing materials, including 15 foodstuffs, by

exposing the materials to | aser |Ilun1nat|on t-o inactivate m croorgani sns.
However —such-+wet-hods—have—vart+ous—deft+etreretes—such as | i mted—throughput
capacity, limted effectiveness in killing mcroorganisns (particularly,

cyst-form ng protozoa and 20 viruses), adverse food effects (e.qg.,
negatively a food flavor or appearance), inefficie :
cogverm on ((e‘}lcoe%Hgga to light) and econom ¢ di sadvant agegET}IEﬁg{'ﬁé"ar ea of
wat er decontamination.in 25 particular, heretofore known methods of killing
cyst- formng protozoa are in many cases ineffective and inefficient, i.e.,
overly time consum ng or too costly. One_cgmmonly used nethod of water
decontam nation is the addition of chlorine to water for the purpose of
killing 30 mcroorganisns. Unfortunately, chlorine, at levels that are

not al so tOXI c comROABDS , thé sp&aﬁwbeﬁhavguﬁeklbﬁdllﬂ?g s88BnSYoheh QHEderig

pr at ozoans. n xa out.breaks 0 ptos oridi um
parvum ( C. par E?Sﬁa%/axgg%ése Itgle g?#ﬁ Ah 1fﬁ8051§a’ﬂﬂ’é %f"’jﬁ'é'bpl e,
35 and have kil PBRifiRR} GREeR Wélmhsach Mt@%@fapélwm‘tﬂ'&;ﬂESHEET

(RULE 26) WOe2Z416882ng C.parvum has heretofore been available.
PCT/ US96/ 16437

One attempt to eliminate live C.parvum from
water involves exposing contaminated water to

ultraviolet light. While limited success has been

observed using ultraviolet light and special methods for

increasing exposure time or intensity (such as by

10 trapping oocysts in a mechanical filter and exposing the
mechanical filter to ultraviolet light) to eradicate low
concentrations of C.parvum, i.e., about 2 log cycle
reductions, such method requires that the water be
exposed to ultraviolet light having an intensity of 15

15 W/s for more than two hours, i.e., about 150 minutes.
Thus, the use of ultraviolet light has proven not to be a
viable approach to eradicating C.parvum in municipal
water treatment facilities. What is needed is a method
of eradicating C.parvum, other cyst-forming protozoa, and

20 other microorganisms, such as viruses, that is both fast,
i.e., that can be used practically in a water treatment
facility, and that is highly effective, i.e., is
effective to deactivate high levels of C.parvum, i.e.,
more than 2 or 3 log cycles.

25 In the area of air decontamination, airborne
microorganisms, and in particular viruses, and even
chemical contaminants, are of major concern. In order to
be effective, an air treatment approach must be able to
process flowing air as it passes from a contaminated

30 space into an uncontaminated or sterile space.
Heretofore, the most common method of air treatment has
been to employ micro filters, such as HEPA filters, in a
duct in order to physically remove particulate
contaminants from the flowing air. Unfortunately, the

35 micro filters employed pose significant impediment to air
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-3- common in the spring and sumer rainy seasons when vvater' from feedl ots
and the like may be undesirably m xed with mmici'pal wat er supplies. No

cost - effective nmethod of eradicati ng ret of ore been
.avail able. 5 one attenpt l#%L ve C. parvum from wat er
I nvol ves exposi ng contam nated water t travi oI

ght. Wiile limted
success has WR¥5EBserved using ul trpviEl %E\L“L% mnd spe®CRUSINSHTds f or
i ncreasi ng exposure tine or intensit yiagisilg trapping oocysts in a
mechani cal filter and -exposing the nechani cal f| lter to ultraviolet |ight)
to eradicate | ow concentrations of C par vym_ i.e., about 2 log cycle
reductions, such nethod requires that the water be exposed to ultraviolet
l'ight having an intensity of 15 15 Ws for nore than two hours, i.e.,

about bIlSO m ”Utiefow TRy, tﬁQ?ctaf'&E‘e Yequliteavhel ele |df9fht1gha§o€3&9t¥8”ffﬁ’é EO be
a viable approac eradicatin arvumip nmunjc reat men
facilities. ?‘ﬁeéd § 18 %?gdrfe‘t %8dp8f“pe£}é °@mga£{}ﬁn?“6t her
cyst-formng prf)lth:zeo:& ahd fore mmqmleteocgratammntsubhcasevtrm t hat
is both fast, ii@.thd mﬁbrﬁaelbeew%aw ehbCathys i ﬂnfpzm*ea& teeaipent

| e "8 B retiel. * Ciddifn, “ape Ly S sEsVGa RELA " ©
In the area of xesistencet am narli)'mw Fosledr kg such gurggafiidtersand i n
particular VvirUupaskaq®$fe%¢8 around the filters becomes a significant
factor in their design. Such filters also are subject to
releasing trapped contaminants into the duct when they
10 are removed for replacement and such released
contaminants can be subseguently carried by the duct into
areas sought to be protected by the filter. Furthermore,
‘'some microfilters may be unable to remove particularly
small contaminant particles.
15
SUMMARY OF THE INVENTION
The present invention advantageously addresses
the needs above as well as other needs by providing a
method for deactivating cyst~forming protozoa, such as
20 Cryptosporidium parvum, and viruses, such as poliovirus,
using short duration pulses of very intense polychromatic
light. Application of short duration pulses of high
intensity, incoherent polychromatic light provides
efficient, effective, high throughput processing and
25 results in many practical and economic advantages.
Generally, in accordance with the present
invention, methods are provided for deactivating
microorganisms, including cyst-forming protozoa and
. viruses, by exposing the microorganisms to at least one
30 short duration pulse of incoherent polychromatic light
having an energy density in the range of from about 0.01
to about 50 joules per square centimeter using a
wavelength distribution such that at least about 50%, and
preferably at least about 70% or even 95% of its
35 electromagnetic energy is distributed in a wavelength

This Sheet Has Been R
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chem cal contam nants, are of major concern. In order to be effective, an
akr treatnent approach nust be able to process flowng air_as it passes
fomea—comtam ated 30 Space 1nto an uncontam nated or sterile space.
Heretofore, the nost common nethod of air treatnent has been to enpl oy
mcro filters, such as HEPA filters, in a duct in order to physically .
renove parti gsaiigsgontam nants fromthe flow ng air. UnforCumnseeley3? t he 35
mcro filters enpl oyed pose si.gnificant inpedinent to air SUBSTI TUTE SHEET
(RULE 26) - 4 - flow, and therefore require the use high powered fans
and the like in order to punp the air through the air filters. As nore
particul ate contam nants becone trapped Fn5the mcro filters over tine,
this inpedinment to air 5 flow increases. In addition, due to the relatively
hi gh resistance to air flow posed by. such mcrofilters, |eakage of air
around the filtERBIBeRHARP™ 1F0gARRPREREX S £ FBOOnNERePRL RS ANA Such
:‘Nihl-t erﬁ al so ar ausdbiestin &Heelrelagénaftfmwabdmnuam pant soi about he xuct

en they 10 are,he or, [.e a r ed,contam nants can
be subsequentlyggar??égg%;'t?é§ ﬁggggﬁpgyaggﬁiqggﬁb% %?g gg pr ot ected by
the filter. Furﬂhélhﬁ#%ﬁngévne mcrofilters may be unable to renove

particularlys Desirably, at least about 40 percent, and
typically greater than about 70 percent of the energy of

the light pulses should be of continuous emission
spectra. However, intense pulses from sources including
significant line emission spectra may also be

10 beneficially utilized in specific processes. Such short,
intense, incoherent light pulses may be provided by
pulsed, gas-filled flashlamps, spark-gap discharge
apparatuses, or other pulsed incoherent light sources.

Pulsed, gas-filled flashlamps produce broadband

15 1light when an electrical current pulse is discharged
through the flashlamp, ionizing the gas and producing an
intense burst of both continuum and line emission over a
broad spectral range. Such flashlamps typically employ
inert gases such as Xenon or Krypton because of their

20 high efficiencies of electrical to optical energy
conversion. The use of other gases or gas mixtures and
gas discharge systems is possible and may be desirable
for specific applications.

Desirably, the intensity of a particular

25 wavelength distribution will be selected to provide at
least a reduction of initially present colony forming
units at the surface, or throughout the volume of a fluid
media to be treated, by a factor of at least 10 (one log
reduction, base 10) and more preferably at least one

30 thousand (3 log cycles reduction, base 10) upon treatment
with the intense pulses of light. Reduction of colony
forming units by a factor of at least a million or more
{6 log cycles reduction, base 10), ranging up to complete
sterilization may be provided in accordance with the

35 present invention.'
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-smal | contam nant particles. SUMVARY OF THE | NVENTI ON The present invention
advant ageousl y addresses the needs above as well as other needs by

provi ding a nethod for deactivating cyst-form ng protozoa, such as 20
Cryptospori di um parvum and viruses, such as poliovirus, using short
duration pul ses of very intense polychromatic |light. Application of short
duration pul®Wes”g®3high intensity, incoherent polychromati®%ETTYEHI4BT ovi des
efficient, effective, high throughput processing and 25 results in many
practical and econom c advantages. In accordance with a first aspect of the
present invention, there is provided a nethod of deactivating a virus 5
conprising: illunminating the virus using at 1east one short-duration,

hi gh-intensity pul se of broad spectrum polychromatic light. In accordance

with a second aspect of tfH3aB&E@?Qﬁ.ié“gﬂﬂﬂdpEcokh§%53&6%§”€ﬂgt?ﬁﬁaa met hod

of decontam nating,ajr contal.ning m Croorgani sns rising: Jm_nat i ng
t he ni croor gani $¥BiRbhidrametic, ippecvgnents 44 ghelfasifo s Fdabiddtst i on,
hi gh-intensity &spalsesulft kifoatzgpatic umdaliyebbdant imadtighition,

aseptic packaging materials, fluids such as air or water,

5 and medical supplies such as surgical instruments, may
also be subjected to intense, short pulses of
poelychromatic incoherent light. 1In accordance with such
methods, at least about 5 percent, and preferably at
least about 10 percent of the energy of the light pulses

10 will be at wavelengths shorter than 300 nanometers. Such
pulses may typically have relatively low total energy
density, such as in the range of from about 0.01 to about
15 joules per sgquare centimeter, and typically from about
0.1 to abont 3 joules per sguare centimeter. A single

15 pulse of such light having a broad spectral range may
produce effective sterilization of a desired substrate,
and may be absorbed by and damage with lethal effect a
broad range of different groups of microorganisms.
In accordance with various methods within the scope of

20 the present invention, food products, fluids, such as
water, juices or air, or packaging material, may be
treated with intense, polychromatic incoherent light
pulses having at least about 90 percent of their energy
distributed between 170 and 2600 nanometers and a flash

25 duration in the range of from about 0.001 and about 100
milliseconds at an energy density at the food or
packaging material surface, or throughout the volume
undergoing treatment in the range of from about 0.01 and
about 20 joules per sguare centimeter. In addition to

30 flashlamps, other pulsed light discharge devices
producing appropriate broadband spectra and intensities
may be used for the processes described herein.

Typically, food surfaces, fluids, and packaging

substrates may be exposed to between about 1 and about 20

35 pulses of high intensity, short duration, incoherent
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4a In accordance with a third aspect of the present invention, there is
provi ded a nethod of deactivating protozoa conprising: illumnating the
protoZoa using at Teast one short-duration, high-intensity pul se of broad
spectrum pol ychromatic light In accordance with a fourth aspect of the
present invention, there is provided a nethod of decontam nating water
‘cont ai ni ng cyas9mIdsazi ng protozoa conprising: 30 ROTVUS9%/nedi ng t he
water using at |east one short- duration, high-intensity pulse of broad
spectrum pol ychromatic light. In accordance with a fifth aspect of the
present invention, there is provided a systemfor deactivating

m croorgani sms in water conprising: an wat erti ght housing; an inlet port of
the watertight housing; 15 an outlet port of the watertight

h i ng; a tubular I| ht _souyyrce position thin the waterti ht housi ng;
a(rjlgsiat tgubul ar barre go§ g% % i A Pﬁ@r%f‘é‘h? f* HE3ET n§ PoPUYF®Rcti ng

a substantlaJI)/hﬁﬂnﬂopﬁrt1CU1ar1Y desirable. In various embodiments, the
foodstuffs or fluids may be contained in a packaging
material that is sufficiently transparent to the desired

5 treatment spectrum prior to exposing its surfaces to the
light pulses. In this regard, the packaging material
containing the foodstuff, juice, water or other products
to be treated may best transmit at least about 1% or
more, preferably at least about 50%, of the energy of the

10 1light pulse over a7predetermined treatment wavelength
range less than about 320 nanometers.

In the treatment of fluids (such as air or
agueous liquids such as beverages, or water) which may
contain undesirable microorganisms, intense incoherent

15 polychromatic light pulses may be provided which have a
specified energy density (as described herein) throughout
the fluid volume undergoing treatment in a treatment
zone. In this regard, at least a specified minimum energy
level of the pulsed light should best be present

20 throughout the treatment volume which is sufficient to
produce the des;réd level of disinfection. Such methods
may be static in a fixed treatment volume of fluid, or
may, preferably, be continuous in which case the fluid is
conducted through a treatment zone at a rate that (in

25 conjunction with the light pulse rate, i.e;, pulse
repetition rate) assures that the entire volume of fluid
passing through the treatment zone is subjected to the
prescribed minimum level of pulsed light treatment, i.e.,
a prescribed minimum number of pulses. This later method

30 is particularly suitable for use in applications such as
in a municipal water treatment facility.

Various fluids such as substantially pure air -
and water have a high degree of transparency to a broad
range of wavelengths, including the visible and

35 wultraviolet spectral ranges, so that the treatment
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20 flow of water in a direction substantially parallel to the |ight source.
Generally, in accordance with the present invention, nethods are provided
for deactivating mcroorganisns, including cyst-form ng protozoa and
viruses, by exposing the mcroorganisns to at |east one 30 short duration
pul se of incoherent polychromatic |light having an energy density in the.
range of frd¥R&WER2 0. 01 to about 50 joul es per square ceﬁﬁrﬁ'@?%‘r“ﬁsi ng a
wavel engt h di stribution such that at |east about 50% and preferably at

| east about 70% or even 95%of its 35 el ectromagnetic energy is distributed
in a wavel ength WD 97/ 15332

PCT/ US96/ 16437 range of from 170 nanoneter& to 2600 nanoneters, and a
duration in the range of fromabout 1 x 10[err]Jto about 1 x 10[err]
seconds, but preferably l.ess . thap ab m.l i seconds.

out ,
‘Desirably, at |¥3AI™eHEM Eﬁtﬁﬁrﬁ‘éﬂt?uuﬁhclf BFcﬁ?Yf%rree&taz‘r“FHé{n about 70
percent of the taxgey Qtherhdihijfs sndhsas seardsbh@anfsaimttiiomseouwinei ssion

spectra. Howevestc] HB8NHAVRUNSEE [iPMBP4raRSphBeheyl] Nehidndalyl gant |ine
em ssi on spect ra rr%a/ oaA gcroﬁdgﬁ 1gh benef |fg| %Irlr% Ut}\él%e&l n @%m fic
processes. Such*SHyIees Yo FOF Nt Bh e MO FEGREBURS ﬁ@ & $Pofr ded by
5 thinner in the direction(s) of propagation of the light
pulse) treatment volumes. It is preferred that the fluid
have a transparency to light, such that at least half of
incident light at 260 nanometers is transmitted through a
0.025 centimeter thickness of the fluid. Desirably, when
10 treating fluid materials the fluids will be substantially
free of solid, particulate materials (e.g., pure liquids
or liquid mixtures, or solutions in which solids are
. dissolved in a liguid solvent) so that any microbial
and/or enzymatic content of the fluid will be maximally
15 subjected to the intense light field without shadowing
effect. However, it will also be appreciated that solid
materials such as cut, sliced or particulate foods (e.g.,
dried vegetables) may be conveniently treated in a fluid
{e.g., water) suspension medium, preferably with multiple
20 pulses, which may desirably be in multiple propagation
directions to insure that all solid surfaces are treated.

In addition to treating fluids by providing a
suitable intensity of pulsed incoherent light throughout
the volume of fluid to be treated, the fluid may also be

25 treated by proQiding multiple pulsed light treatment with
mixing (preferably turbulent mixing} of the fluid between
the individual pulses. However, while such treatment
methods may reduce the microbial and/or degradative
enzymatic content, they are significantly less desirable

30 and less efficient than the whole volume treatment
methods.

A plurality of the closely spaced pulses of
intense light, and in some cases a single pulse, will
substantially reduce the population of viable

35 microorganisms, such as cyst-forming protozoa and
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pul sed, gas-filled flashlanps, spark-gap di scharge apparatuses, or other
.pul sed incoherent |ight sources. Pulsed, gas-filled flashlanps produce
b+eadband—t5—tight—wheman erectrical current pulse is discharged through
the flashlanp, ionizing the gas and produci ng an intense burst of both
conti nuum and |ine em ssion over a broad spectral range. Such fl ashl anps
typically enpbQyndaert gases such as Xenon or Krypton becapswusdensdsei r 20
hi gh efficiencies of electrical to optical energy conversion. The use of

ot her gases or gas m xtures and gas di scharge systens is possible and may
be desirable for specific applications. Desirably, the intensity of a
particular 25 wavelength distribution wld -be selected to provide at | east
a reduction of initially present colony formng units at .the surface, or

t hroughout the volune of a fluid nedia to be treated, by a factor of at

| east 10 (one |'GFusesuctypicabhy oyl @reatgrnshan pldwy M58 oxdere88t one 30
thfusandf(l?:, ! ﬁgna‘g&cﬂme_r qeusti 00) AP PrbFerupoy it eﬁémttw ol tnfbeei nlt ense
pul ses o i ght uctd on _of ony. form.n ni actor of at |east
amllion or rnﬁ?é%%%lng Sﬁgﬁﬁggéé (éh%gn}egsgg %%)rééé%éﬁa%b up to conplete

sterilization néintmdingyicanglere akaniddnesien] hnehdancogmpddshefnatnti on.
SUBSTI TUTE SHEEgbﬁﬂﬂﬂﬂia%@)energy levels and treatment pulse numbers.

Usnally between about 1 and about 50 pulses of light are
used to sufficiently treat a food, fluid, medical device
or packaging material surface, and preferably between

about 1 and about 20 pulses are used. Typically between

10 1 and 10 flashes are used, e.g.,.2, 5 or 10 flashes. It
is generally desirable that a plurality of at least 2 of
the high intensity light pulses be applied.

‘The time between pulses applied to the surface

being treated desirably be generally between 0.001

15 seconds and about 30 seconds (e.g., 0.1 to 5 seconds),
and preferably less than about 2 seconds in commercial
treatment applications. When the pulses are provided by
a single flashlamp (or flashlamp assembly of a plurality
of lamps that are flashed simultaneously), the maximum

20 1repetition rate is governed as a practical matter by
individual lamp cooling parameters, which will typically
provide a repetition rate in the range of from about less
than 1 to about 1000 times per second. However, the
effective repetition rate may be increased by employing

25 multiple flashlamps which are sequentially flashed either
individually or in groups such as pairs, and by providing
relative movement between the flashlamp and the surface
or volume being treated. -

Ihcoherent pulsed light of sufficient inténsity

30 as well as appropriate duration and wavelength
distribution is obtainable from a flashlamp system. A
suitable flashlamp system is sold by PurePulse
Technologies, Inc., under the trademark PUREBRIGHT. A
particular model, the PUREBRIGHT Model PBS1-3, consists .

35 of a DC power supply, which charges energy storage
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WD 97/ 15332 PCT/ US96/ 16437 -6- In
addition to solid food products that may exhi bit dramatic inprovenents in
shelf life and stability as a result of enzymatic and m crobial
Fnactivation, aseptic packaging materials, fluids such as air or water, 5
and nedi cal sug,pl | es such as surgical instrunents, may al so_bhe subjected to
i ntense, shd¥2M5¥8es of pol ychromatic incoherent |ight. FYTAE&Ince with
such net hods, at |east about 5 percent, and preferably at |east about 10
percent of the energy of the light pulses 10 will be at wavel engths shorter
t han 300 nanoneters. Such pul ses may typically have relatively | ow total
energy density, such as in the range of “f+®n about 0.01 to about 15 j oul es
per square centineter, and typically fromabout 0.1 to about 3 joul es per

square centi melayps A8 B9l & J9; Bl 328 (SUEDRLLSN KNG, g broagl spect ral
range nay producep eflfectl\_/e sterilization of a desired Su st ate, and may
be absorbed by HIRFISARGEIHPE - |2 tTFAIIEE BeFSR b iPad irgngBeosvwiteh artent

groups of ni cr gregriogtammeéd wimoritareealst favednatic Modeyderwihéh nat he

scope of 20 NanRiseal hOKPOLLON by RL BRRILELS. (ofddadS noRlFD ESsd@ter: |

juices or air, or packagl ng materi al, may be rea(ted"vvltﬂ1 I Nt énse,;

pol ychromat i® i dHe NPIERGR SR fds %Rﬁ?ﬁgcﬁ{ry%t"—h&bééﬁcberﬁ%rcent of

‘their energy diptY¥Yddsutfedmbehseespadcitcandw26oh aedwmimlyer anan@ramf bash

' to four flashlamps mounted in reflectors to direct the
light emitted from the lamps.
- In one embodiment, the present invention can be

10 characterized as a method of deactivating cyst-forming
protozoa, viruses or the like. The method involves
illuminating the cyst-forming protozeoa, viruses or the
like using at least one short duration, high intensity
pulse of broad spectrum polychromatic light. 1In

15 wvariations of this embodiment, the light has an intensity -
of at least 0.1 J/cm, e.g., of from between about 0.5 and
1.5 J/cm, the pulse duration is from between about 10
nanoseconds and 10 milliseconds, and/or at least 50% of
the pulse's energy is transmitted in light having

20 wavelength from betweén about 170 and 2600 nm.

Advantageously, the cyst-forming protozoa may
be Cryptosporidium parvum, which is unaffected by
conventional water treatments, such as chlorine, and

. against which continuous ultraviolet light has proven of

25 1little or no_effect. The viruses may be poliovirus,
rotavirus or other viral agents.

In another embodiment, the present invention
can be characterized as method of decontaminating-water
or air containing microorganisms. The method involves -

30 illuminating the water or air using at least one short
duration, high intensity pulse of broad spectrum
polychromatic light. 1In variations of this embodiment
the light has an intensity of at least 0.1 J/cm", e.qg.,
from between about 0.5 and 1.5 J/cm; the pulse duration

35 1is from between about 10 nanoseconds and 10 millisecondé;
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25 duration in the range of from about 0.001 and about 100 m | iseconds at
an energy density at the food or packaging material surface, or throughout
tTe—votrume under gor ng treat ment 1 n the range of from about 0. 0T and about
20 joul es per square centineter. In addition to 30 fl ashl anps, other pul sed
l'i"ght di scharge devices producing appropriate broadband spectra and .

i ntensities mmasswsed for the processes described herei necTyussemidry, food
surfaces, fluids, and packagi ng substrates nay be exposed to between about
1 and about 20 35 pul ses of high intensity, short duration, incoherent
SUBSTI TUTE SHEET (RULE 26) WO 97/ 15332

PCT/ US96/ 16437 -7- light, with the use ef 13 plurality of at |east two

pul ses being particularly desirable. In various enbodi ments, the foodstuffs
or fluids may be contained in a packaging material that is sufficiently
transparent to ¥/ At deastt PRAt o rthe padiselim PReDsY t s dgrosimid tietls
surfaces to theihipightpHasdng WavéhésgtRgarém bleweas kagito 1% anigal
containing the fgogstuff, juice, water or other products to be treated may
best transnmit at least about 1% or nore, preferably at | east about 50% of
the energy of the 10 |i J1Vapspgece®REy, &h# &a&esr MeYiegontaddt rent wavel ength

5 Cryptosporidium parvum oocysts, viruses or other
microorganisms, and such method is effective to

deactivate these Cryptosporidium parvum oocysts, viruses,
and other microorganisms. The air may contain such '
microorganisms and such method is effective to deactivate

10 these microorganisms in air as well.

In operation, the water or air may be flowed
into a treatment zone, and the illuminating may take
place in the treatment zone. After the water or air is
il;uminated in the treatment zone, the water or air is

15 flowed out of the treatment zone. The flowing of the
water or air may be accomplished by containing the water
or air in appropriate pipes, and by pumping the water or
air into and/or out of the treatment zone. The flowing of
the water or air may be carried out continuously with the

20 illuminating being repeated at a flash repetition rate
selected so that all of the water or air passing through
the treatment zone is illuminated before it exits the
treatment zone. _ _

Advantageously, an outlet port of the treatment

25 2zone may be positioned to receive high-intensity, short-
duration pulses of polychromatic light in a broad
spectrum so as to deactivate microorganisms present in
the outlet port that may otherwise conﬁéminate
decontaminated water leaving the treatment zone.

30 . It is therefore a feature of the invention, in
some embodiments and variations, to deactivate cht-
forming protozoa, viruses and other microorganisms.

It is another feature of the invention, in some
embodiments and variations, to deactivate such
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range | ess than about 320 nanoneters. In the treatnment of fluids (such as
air or aqueous liquids such as beverages, or water) which may contain
undesi rabl e m croorgani sns, intense incoherent 15 polychromatic |ight

pul ses may be provided which have a specified energy density (as described
herei n) throughout the fluid volunme undergoing treatnent i nt:
zone. In thi‘gglg'é{bsé?zd, at least a specified mni num energy &(%“’%?;ﬁ

pul sed |ight should best be present 20 throughout the treatnent volune
which is sufficient to produce the desired | evel of disinfection. Such
met hods may be static in a fixed treatnment, yvolunme of fluid, or may,
preferably, be continuous in which case tHE fluid is conducted t hrough a
treatment zone at a rate that (in 25 conjunction with the |ight pulse

rate, i.e., pul 38ck-gBeLhhL&Hs iRl gﬁsyeeéuztmtont,hﬁiﬁﬂtiﬁeem_wre of fluid
passi ng through the tréatnent zone.is SUbprCt ed tqQ the \QI’ESCI’I bed m ni num

| evel of pul sed PUGRE PF R RHISPECEEU™ ROy e amafdd ArAPHum nunber of
pul ses. This | ater nethodiB0is iss fyatherufeatureswift &bkeifwventsen, nin

app! i cations Su%nésehﬂpéirﬁ@ﬁ‘tié?iafx‘fa' _v%&@éiéﬁé?,atﬂ@'aﬁaafzé‘i‘{rﬁﬁéYc Sarious
fluids such substanti al | cE)ure .air and %vat?‘r have a hl%h.d}é ree of
transpar ency % o ZETBBEdPTEhGRCr AEVELENIRR LR PIGFRGTERRISASi Ml e and 35

ul traviol et spedilndds; aag@syatry tangdt athein rpsttiewmlasSBSTTUTE SHEET ( RULE
26) It is an additional feature of the invention,
in some embodiments and variations, to deactivate cyst-
forming protozoa, viruses and other microorganisms in
10 fluids as such fluids are passed through a treatment
zone. _

It is an added feature of the invention, in
some embodiments and variations, to deactivate cfst-
forming protozoa using pulses that have a prescribed

15 pulse repetition rate such that all fluid passing through
a treatment zone is treated with at least one intense,
short duration pulse of broad spectrum, polychromatic
light.

20 BRIEF DESCRIPTION OF THE DRAWINGS
The above and other aspects, features and
advantages of the present invention will be more apparent
from the following more particular description thereof,
presented in conjunction with the following drawings
25 wherein: ' _
FIG. 1 is a schematic view of an embodiment of
a pulsed light processing apparatus that treats pumpable
products, such as water or air, flowing longitudinally
through a jacket surrounding an-elongated, incoherent
30 pulsed light source; ’

FIG. 2 is a schematic view of another
embodiment of the pulsed light processing apparatus of
FIG. 1 that treats pumpable fluids, such as water or'air,
flowing in a direction parallel to one or more elongated

35 incoherent light sources; ’
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vel umes and rates for such fluids may be relatively large. Other |iquids
suUcTh as cl ear sugar solutions, wne, etc. may have nore |limted
transparency, which may be accommobdat ed by the use of correspondingly
simaller (e.g., 5 thinner in the directions) of propagation of the Iight
pul se) treatneobiadunes. It is preferred . that the fluid harernasee/16437
transparency to light, such that at |east half of incident |light at 260
nanoneters is transmtted through a 0.025 centineter thickness of the
fluid. Desirably, when 10 treating fluid materials the fluids wll be
substantially free of solid, particulate-maBerials (e.g., pure liquids or
liquid m xtures, or solutions in which solids are dissolved in a liquid
solvent) so that any m crobial and/or enzymatic_ content of the fluid wll
be maxi mally 15 subj ect ed FE6-t Bel® i sirhematdht Viee| of \@n ifRoddmeaswehg

ef frect. However,aigrogdssiakgsapparatps cfurattedatiag podduttntpasisihg such as
cut, sliced or | e; ( e t )

conveniently trgggxted, | n%ta‘{1 #F’Slggé?e%%hev\%ﬂér guggggeﬂgﬁl tmagl tT%%tpr ef erably
with nul tiple 206YRR®Y, which may desirably be in multiple propagation
directions tosinsure that FalGl. gols da trdsacaecaiendl eai@d.off mnaddition to

directions to : ; t
| irgﬁt . ?ﬁroughoat%ﬁm&n@ RE 8 pHLLAdY d RppRaThids Of o P W ST siAC QRRLEN

flowing through a treatment chamber made up of two
concentric cylindrical structures in which an elongated,
incoherent pulsed light source is positioned along a

10 central axis;

FIG. 5 is a cross-sectional view of another
embodiment of the pulsed light processing apparatus of
FIG. 4, wherein a quartz jacket is employed surrounding
the elongated, incoherent pulsed light source and through

15 which air or water is flowed in order to cool the
elongated, incoherent pulsed light source;

FIG. 6 is a cross-sectional view of a further
embodiment of the pulsed light processing apparatus of
FIG. 4, wherein an outlet port is positioned to receive

20 high-intensity, short duration pulses of polychromatic
light in a broad spectrum emitted from a flashlamp; and

FIG. 7 is a perspective view of a pﬁlsed light
processing apparatus that treats air flowing through a
duct in which an elongated, incoherent pulsed light

25 source is positioned transverse to the airflow.

The APPENDIX is a collection of test results
obtained in accordance with the procedures set forth
below in EXAMPLE I.

Corresponding reference characters indicate

30 corresponding components throughout the several views of
the drawings.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description of the presently
35 contemplated best mode of practicing the invention is not
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the volune of fluid to be treated, the fluid may al so be 25 treated by
providing nultiple pulsed light treatnent with m xing (preferably turbul ent
m xi'ng) of the fluid between the individual pulses. However, while such
‘treatment net hods may reduce the mcrobial and/or degradative enzymatic

content, they are significantly |less desirable 30 and | ess fiCi t han
t he whol e voY@P#¥3%at rent nmethods. A plurality of the cl ogcg\t’\}égg’bégéd

pul ses of intense light, and in sonme cases a single pulse, wll
substantially reduce the popul ation of viable 35 m croorgani snms, such as
cyst-form ng protozoa and SUBSTI TUTE SHEET ( RULE 26) WO 97/ 15332

PCT/ US9/ 16437 -9- viruses, typically by gfrdafer than about one order of
magni t ude (base 10) and preferably at |east two or nore orders of

magni t ude. Hi 9_h€% %£v€é)§enofinr %dli%%.gpn ineludi ag, coml ecﬁee mstre,?_rli I ifégt i on)
may be acconplished a appropriat e ener gy el’evef:s an_ola T eatnent -pal se
nunbers. Usual | fhecpyereraisfutescribingdiie SEngHR3cBY BICIR AR ofr &hgsed to

sufficiently treavemti®od THd wicdpendtlitid iFeenteoAr sReskddag nat eri al
surface, and b SLELARl NebS) 150 ctBRMRcd ELrAPRL;40. PUI ses are used.
5 Referring to FIG. 1, a flashlamp system that
may, for example be a flashlamp system, such as '
PUREBRIGHT Model No. PL-320 available from PurePulse
Technologies, Inc. of San Diego, California, includes a
pulsing device (not shown) that includes a DC power

10 supply that charges energy storage capacitors (not
shown); a switch (not shown) used to discharge the
capacitors; a trigger circuit (not shown) used to fire
the switch at pre-programmed time intervals in response
to sensors that detect a liquid flow rate or the like, or

15 in response to a button being depressed; and a set of
high voltage coaxial cables (not shown) carrying the
discharge pulses from a capacitor-switch assembly to a
flashlamp assembly. The flashlamp assembly includes from
one to four or more flashlamps 504 mounted in metal

20 reflectors 502 so as to direct polychromatic light 25
emitted from the flashlamps 504 toward the fluid, e.q.,
water, liquid food product or air, flowing through a
treatment conduit, thereby exposing the fluid to such
light. :

25 Such-éxposure deactivates, i.e., kills or
sterilizes, substantially all (i.e., more than 50%, e.q.,
90%) of the microorganisms in the fluid flowing in the
treatments conduit. '

The intense (i.e., 0.01 to 50 J/cm', e.qg.,

30 between 0.5 and 1.5 J/cm", energy density measured at the
surface of the metal reflectors 502), short duration
pulses of polychromatic light in a broad spectrum (i.e.,
170 to 2600 nm; 1.8x10° Hz to 1.2x10"° Hz) are preferably
from between 0.001 ms to 100 ms, e.g., between 10

35 nanoseconds to 10 milliseconds, in duration and have a

SUBSTITUTE SHEET (RULE 26)



10 1 and 10 flashes are used, e.g.,. 2, 5 or 10 flashes. It is generally
desirable that a plurality of at least 2 of the high intensity light pulses
be—apptTed. Tne time between pulses applred to the surface being treated
desirably be generally between 0.001 15 seconds and about 30 seconds
(€.9., 0.1 to 5 seconds), and preferably less than about 2 seconds in
commerci al tweat/q®s applications. Wien the pul ses are prowcTresbehgssn si ngl e
flashlamp (or flashlanp assenbly of a plurality of lanps that are flashed
si mul t aneousl y), the maxinum 20 repetition rate is governed as a practi cal
matter by individual |anp cooling parameters, which will _ typically provide
a repetition rate in the range of from abpgt-1ess than 1 to about 1000
times per second. However, the effective repetition rate may be increased
by employing 25 multiple flashlanps which are sequentially flashed either

i ndi vi dual | y orpulsegrepptitich mwtepaifr Sromndnéyterind gulgesel et gve mwvenent
between the fl gahlsean ped gQ@bﬁyrface or volume being treated. |ncoherent

pul sed 1ight of sufficrepgt, inte s wel a ropriate_duration
and wavel ength distri but RSE éfl%iﬂﬁétﬂ“%%lsﬂ SPBELRPORS

sui't abl e fl ashlwave 9y§tannoshsmmatHQ/dEupePytheoﬂ&tﬂuuﬂng@mehavhng , under
the tradenmark Rid¥eBRhgEhs &Pétiéé Q!#earbrmdeé ped ¥t URRRVET Q(Qd&%%ﬁ& 3,

35 f r whi ch har es ener st of age | TUTE
gﬂESéITSE SRULE 28)501 QC '%‘8&’? prepgrglbly at least to So%y or morge,

the energy of the light should be from light having

wavelengths within the broad spectrum defined above.
FIG. 1 is a schematic view of an embodiment for
10 the treatment of pumpable products such as air, water or
liquid food products, such as fruit juices with pulses of
intense incoherent pulsed light. The apparatus 50
comprises a reflective, cylindrical enclosure defining a
treatment cavity, chamber or zone 502 through which the
15 fluid flows and that surrounds a pulsed light source 504,
which in the embodiment 50 shown may be a high intensity
Xenon flashlamp provided with a suitable power source
(not shown) in accordance with conventional practice for
flaéhlamp operation. The reflective treatment cavity 502
20 serves to increase the effective energy density of the
pulses of light .that impinge upon the volume of pumpable
products'passing therethrough. A circulation pump 508
controls the flow rate of the pumpable product through
the treatment cavity 502, which is coordinated with the
25 pulse repetition rate of the flashlamps so that during
the product's residence time within the treatment cavity
502, all of the product that passes therethrough receives
a predetermined number of high-intensity, short-duration
pulses of incohereﬁt; polychromatic light in a broad
30 spectrum.

The product exiting the treatment cavity 502
will therefore be sterile or disinfected to the degree
desired (as determined in accordance with the number of
pulses of light and the energy density of the pulses of .

35 1light throughout the treatment volume).

SUBSTITUTE SHEET (RULE 26)
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capacitors, a switch used to control the discharge of these capacitors, a
trigger circuit to fire the switch at pre-progranmed tinme intervals
(automatic node) or when a button is depressed by the operator (nanual

node), a set 5 of high voltage coaxial cables carrying the_discharge pul ses
fromthe cap¥@Ptb¥¥xwi t ch assenbly, and fromone to four chgﬂéﬁﬁgg’mg" mount ed

in reflectors to direct the li.ght emtted fromthe |anps. In one

enbodi ment, the present invention can be 10 characterized as a nethod of
deactivating cyst-form ng protozoa, viruses or the |ike. The nethod

~involves illumnating the cyst-form ng p’r&t Zoa, viruses or the like using

at | east one short duration, high intensity pul se of broad spectrum

pol ychromatic light. In 1 Latl : i | W has ah
intensity of at |east O. 1&]7%%‘2 %*.“g.gzé”gé"‘%%1'0%“%?3%%%&%%&%&8‘@ g’ﬁg 1.5
J/icm, the pul séSdiriately jarmngripepveentaRsuSePOrARRSsEEIhdd®and 10

mlliseconds, asidashlamp|EEstscb@® 86 phevent Ihes peodugy fxomransmitted in

l'i ght having 20 Yy n ou 7Q 5 0
Advant ageousl_y, c%éﬁlé&%ﬁ%&?é ;Eo'%rm nggﬂ%}tﬂgz%gpha?%egé?@g%%gp%fr inlg}eum parvum
which is unaﬁfe&?éﬁtﬁ?“t cavity will vary depending upon many factors

including but not limited to the specific light
absorption characteristics of the product to be treated
within the broad spectrum. The diameter of the treatment
cavity also varies as a function of the physical and

10 operating characteristics of the flashlamps and the
degree of product mixing expected between multiple
pulses.

The treatment chamber preferably includes a

- reflector assembly 502 as its outer wall or as an

15 external reflector, in order to reflect illumination
traversing the product back inward toward the flashlamp.
It is noted that fluids such as air and water are |
relatively transparent to light. Accordingly, there is
relatively little attenuation through absorption in such

20 products, with the flux density decreasing largely only
as a function of distance from the flashlamp. However,
for fluids that have significant absorption, such as some
liguid food products, such as juices, this factor will
also decrease the flux density of the light emitted from

25 the flashlamp as a function of distance from the
flashlamp. In any event, the desired minimum flux
density, as previously described, preferably should be
maintained throughout the treatment zone or alternatively
mixing must occur to insure that all of the fluid is

30 subjected to the appropriate minimum flux density and
nunber of pulses. .

Referring to FIG. 2, while the flashlamp 556 is
located internally of the treatment chamber 502 in the
apparatus 50, one or more lamps may also or alternatively

35 be located externally of the treatment chamber. An ’

SUBSTITUTE SHEET (RULE 26)



conventional water treatnents, such as chlorine, and agai nst which
continuous ultraviolet |light has proven of 25 |ittle or no effect. The
VITUSES TRy De potToviTUuS, rotaviTus or otner viral agents. Tn another
enbodi ment, the present invention can be characterized as nmethod of
decontami nating water or air containing mcroorganisns. The nethod involves:
30 il lum nat wigoAildssizwat er or air using at | east one short dmnaxﬁqnmyhlgh
intensity pul se of broad spectrum polychromatic light. In variations of

this enbodinment the light has an intensity of at least 0.1 J/cm e.g., from
bet ween about 0.5 and 1.5 J/cm; the pulse duration 35 is from between
about 10 nanoseconds and 10 mlliseconds; {QUBSTI TUTE SHEET ( RULE 26) WO
97/ 15332 PCT/ US96/ 16437 - 11 -

and/or at |east 50% of the pulse's energy is transmtted in |ight having
wavel engt hs froaﬂberneeiwalﬁnaigbmaanslh%ﬁ)mmmI_GAdvzamiageh)m}h ythé he wat er
may contain 5 Cpypiasperd di WIPALY ¢BLR Whdoe VI/RaEs B QiPelto pe

i i fivate these
WGCE A A g N A RO IR R
may contain suckonduit (e.g., a quartz glass tube) 552 that is

5 positioned along one focus of an elliptical reflector
554. A flashlamp 556 is positioned along another focus
of the elliptical reflector 554. Multiple elliptical
segments (not shown), each having a lamp at one focus and
the quartz tube 552 at the other focus, may be utilized

10 if desired. 1In this manner, because the light emitted

- from the flashlamp 556 is focused toward the center of
the treatment chamber, compensation is provided for the
light absorption of the liquid being treated, so that all
of the liquid is subjected to more uniform light

15 treatment.

The flashlamp 556 may be jacketed in, e.g., a
quartz sleeve or jacket for water or air cooling and/or
spectral filtering (as can the flashlamp 504 in FIG. 1).

Referring to FIG. 3, an embodiment is shown of

20 an intense incoherent light processing station 60 having
a pulsed light source/reflector array 602 through which
the product 601 passes, for example, in guartz tubing
(not shown). The flashlamp/reflector array 602 is
connected by umbilicals to an electrical pulse forming

25 network 603 or pulser that energizes the flashlamp array
either simultaneously or sequentially and a
cooling/filtering liquid circulator 604 that circulates
liguid medium through a jacket assembly external to each

] lamp for cooling and/or spectral filtering by the use of

30 selected solutions with the desired spectral
transmittance/absorbance characteristics. For high speed
operation and high power densities, it may be desirable
to cool the flashlamps using an optional quartz
containing water jacket.
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m croorgani sns and such nethod is effective to deactivate 10 these

m-croorganisns in air as well. In operation, the water or air may be fl owed
into'a treatment zone, and the illum nating may take place in the treatnent
zone. After the water or air is illumnated in the treatnment zone, the

water or air is 15 flowed out of the treatnment zone. The flow ng of the.
wat er or air WMeR//1B¥2 acconpl i shed by containing the water oPCHP$I{IFA37
appropriate pipes, and by punping the water or air into and/or out of the
treatment zone. The flowi ng of the water or air may be carried out

continuously with the 20 illum nating bei ng repeated at a flash repetition
rate selected so that all of the water Br passi ng through the treatnent
zone is illum nated before it exits the treatment zone. Advantageously, an

outlet port of the treat mpgL ??aé‘?{‘aﬁné!ﬁ%ffliécf?{??'éhﬁﬂﬁ%otz Bﬁ\??ﬂgs

hi gh-intensity, short- durat|0n$ chr I'n a broad
spectrum so as tRAHEHCEY Sfe 1ATE o"i'ﬂ%é'rﬁ@ﬁEtBF‘és’@Fﬂt |°r¥etaﬁ@ dnteeseport t hat
nmay ot herw se costiori-tatratdesobigint matle@swdhea tesatimentt fegivaabatwéerone.

30 | &p é%tJHE’QBQE? Raivad Wee vk Eh§s¢{§§§¥£é¥1ec£BrSQPF

enbodi nents and var| atiaons, gleact | vat e &%st - rotozoa. W ruses
and ot her ni c?oo?%mi dsley Fth LA eC: shgPEinent H"é’ |“ﬁ\?§nFF5H19hTﬁ some
enbodi nent s and lampsatdrehseflectiencdlamntss uohh&tBEHafgEmeSHEShay Rbb E 26)

utilized. For example, flashlamps may be constructed in
any shape in much the same way that neon lighting signs
may also be made to any shape. Similarly, the reflector

10 elements may be made of many different materials in many
different geometries to accommodate imaging the flashlamp
source upon the treated product with a desired energy
density distribution. "The Optical Design of
Reflectors", Second Edition, William B. Elmer, Published

15 by John Wiley and Sons, Inc., New York is an appropriate
resource as an introduction to the fundamentals of
reflector design.

Although the present invention includes many

potential applications for the reduction of viable

20 organisms, microbe or virus numbers or enzymatic activity
in the preservation of food products, the use of high
intensity, short time duration light treatment for the
sterilization of water in water treatment applications
and air in air treatment applications is considered an

25 important aspect of the present patent document. For
example, even at very high organism densities (up to 1 X
10°/ml to 1 X 10 /ml Cryptosporidium parvum oocysts M1),
only two flashes at an energy density of 1 J/cm” per flash
will result in sterilization of the Cryptosporidium

30 parvun. ) |

Referring to FIG. 4, a cross-sectional view is

shown of a water treatment cell 700 in accordance with
one embodiment of the present invention. Shown are an
outer cylindrical housing 702, a cylindrical baffle 704,

35 a first end plate 706 and a first lamp holder 708, a
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m-cr oor gani sns usi ng short-duration, high-intensity pul ses of ;
‘broad-spectrum polychromatic ITi1ght. Tt i's a further feature of the
Irnvention, in sonme enbodinents and variations, to deactivate cyst- 5

form ng protozoa, viruses and other mcroorganisms in fluids, and water and
air in particuemnss®t is an additional feature of the | NVeIHoTAUE96/16a350NE
enbodi ments and variations, ta-deactivate cyst- form ng protozoa, viruses
and other mcroorganisns in 10 fluids as such fluids are passed through a
treatnment zone. It is an added feature of the invention, in sone _

enbodi ments and variations, to deactivate gyst- formng protozoa using
pul ses that have a prescribed 15 pul se repetition rate such that all fluid
passing through a treatment zone is treated with at |east one intense,
short duration pigepndofenisy pddtepet? rang apslegohdohamp chdlidght 7120 BRI EF

DESCRI PTI ON OF H&&R&\AﬁM@Sﬁbe arb@vm@td afliNgEcasParditter fRANLLES, 2R

advant ages of t resent ventio re apparent fr.om.the
fol I owing nore par ic °cft8 sEPP f%iﬁ¥tﬂ+ e5go €6P Cylindrical

housing 702 and cyllndrlcal baffle 704 is a flashlamp 722
5 of the type described hereinabove.

The outer cylindrical housing 702, aleng with
the first and second end plates 706, 710 form a water-
tight container into which water flows through the water
inlet 714, and out of which water flows through the first

10 and second water outlets 716, 718. Coaxial with the
outer cylindrical housing 702 is the cylindrical baffle
704. The cylindrical baffle 704 is mounted to the second
end plate 710 and terminates just short of the first end
plate 706 such that water can flow from a region within

15 the water-tight container outside the cylindrical baffle
704, around an end 720 of the cylindrical baffle 704 near
the first end plate 706 and into a region within the
cylindrical baffle 704.

.This arrangement provides for a fluid flow

20 pattern that is as follows: water flows into the water-
tight container through the water inlet 714 and into the
region outside the cylindricél baffle 704; next the water
flows past the cylindrical baffle 704 (to the left as
oriented in FIG. 4) and around the end 720 of the

25 cylindrical baffle 704; the water next flows within the
cylindrical baffle 704 back toward the second end plate
(toward the right as oriented in FIG. 4) and exits the
cyllndrlcal housing through the water outlets 716, 718.

Advantageously, the above-descrlbed

30 configuration provides for a substantially uniform eddy-
free flow of water in the region within the cylindrical
baffle 704. This is largely due to flow uniformities
achieved when the water flows over the end 720 of the
cylindrical baffle 704 into the region within the

35 cylindrical baffle. As a result, uniform treatment with
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presented in conjunction with the follow ng drawi ngs 25 wherein: FIG 1 is
a-schematic view of an embodi ment of a pulsed |ight processing apparatus

t hat ‘treats punpabl e products, such as water or air, flowng |ongitudinally
through a jacket surrounding an el ongated, |ncoherent 30 pul sed |ight
sdurce; FIG 2 is a schematic view of another enbodi nent of the pul sed

| i ght proceswiﬁﬁbar atus of FIG 1 that treats punpabl e PFUVE1643TUch as
water or air, flowing in a direction parallel to one or nore el ongated 35

i ncoherent | i ght sources; SUBSTI TUTE SHEET ( RULE 26) WO 97/ 15332

PCT/ US96/ 16437 - 13 - FIG 3 is a schematic view of an enbodinent of a
processi ng apparatus for treating product‘sZBaESi ng through an intense

i ncoherent pul sed |ight treatnent st ation; 5 FI G 4 }s a
cross-sectional _ cessi s or
treating water f ‘?W“?" q;ﬁt‘EHEQ treat rrer?targﬁi)%epulﬂ%dg%pg

concentric cyli n’b‘i?i\fials%etcltﬁé‘f“uiésa‘FWQMﬁdch &he eterafdiard of ncgnefem pul sed
i ght source is flxs: tdyoaedcaliAnghé region within the cylindrical baffle

704 is further achieved by the use of an annular baffle -
5 726 positioned between the cylindrical baffle 704 and the

outer cylindrical housing 702 about 5 centimeters in from

the inlet port 714. This annular baffle 726 helps to

distribute the water flowing in through the inlet port

714 throughout the region between the cylindrical baffle
10 704 and the outer cylindrical housing 702.

During its residency within the cylindrical
baffle 704, the water is exposed to high intensity,
short-duration pulses of polychromatic light emitted from
the flashlamp 722. Advantageously, the inner surface 724

15 of the cylindrical baffle 704 is reflectorized such that
light emitted from the flashlamp 722 and passing through
the water in the region within the cylindrical baffle 704
is reflected back toward the flashlamp 722. The
reflected light is therefore passed back through the

20 water, thereby increasing the effective energy density to
which the water in the region within the cylindrical
baffle 704 is exposed. This effective energy density is
increased even further in view of the fact that the light
is preferably reflected back and forth'multiple times

25 within the region within the cylindrical baffle 704
before being absorbed by microorganisms and other
particles within the water, by the reflectorized inner
surface of the cylindrical baffle 704, etc.

Preferably, the energy density to which the

30 water within the cylindrical.baffle is exposed is from’
between 0.01 J/cm” and 50 Jfcm”, e.g., between 0.5 J/cm’
and 1.5 J/cm”. The pulse duration of the high-intensity,
short-duration pulses of polychromatic light is from
between 0.001 ms and 100 ms, e.g. between 10 nanoseconds

35 and 10 milliseconds, and the pulse repetition rate is

-SUBSTITUTE SHEET (RULE 26)



10 central axis;

the pulsed Ilght proceSS|ng apparatus of FIG 4, wherein a quartz jacket

FIG 5 is a cross-sectional view of another enbodi nent of

efpreyed—surToumdi gt e _er ongat €d, 1 ncoherent pul sed Iight source and
t hrough 15 which air or water is flowed in order to cool the el ongated,
i ncoherent pul sed light source; FIG 6 is a cross-sectional view of a
further enbodiownsasef the pul sed |ight processing apparat uSCEUSIYIEA3T4

wherein an outlet port is positioned to receive 20 high-intensity, short
of polychromatic light in a broad spectrumenitted froma
flashlanp; and FIG 7 is a perspective view of a pulsed |ight processing

duration pul ses

apparatus ‘that treats air flow ng through @l duct in which an el ongat ed,
i ncoherent pul sed |ight 25 source is positioned transverse to the airflow

The APPENDI X is a collection of test results obtalged |ﬁﬁaichg?£ce W th

the procedures $&C™ BPEREBRI buiT PNEXAPBLEZ| T 5 9%
charact ers i ndi daiveang0Oac dengisip i firgprc bepwaent 30 trhirlduigledetrst Apdsger al

views of the drqwﬂqﬁletEAlé

The foll ow ng descri ptlon E resently 35 cont | at ed bestlg?de of

practicing the i
5

10

15

20

25

30

35

fehof> |§1%’o’cm STRPOTES SHEE {ISE 265 - 9

millimeters. Preferably, the flashlamp emits at least
50% to 60%, e.g., 70% to 90% of its light at wavelengths
of from between 170 nm and 2600 nm. Furthermore,
preferably at least from between 1% and 1%, e.g., 10% of
the energy density of the light emitted from the
flashlamp is concentrated at wavelengths of from between
200 nanometers and 320 nanometers, e.g., 260 nanometers.

Referring to FIG. 5, a cross-sectional view is
shown of a water treatment system 700 made in accordance
with another embodiment of the present invention. Shown
are the outer cylindrical housing 702, the first and
second end plates 706, 710 and lamp holders 708, 712, the
water inlet 714, the first and second water outlets 716,
718, the cylindrical baffle 704, the flashlamp 722, and a
guartz Jjacket 726.

Except as described hereinbelow, the embodiment
of FIG. 5 is substantially the same as the embodiment of
FIG. 4

The quartz jacket 726 provides a water tight
barrier that separates space within the cylindrical
baffle 704 from a space immediately proximate to the
flashlamp 726. This arrangement allows air or cooling
water to be circulated within the spéce immediately
proximate to the flashlamp 726 for the purpose of cooling
the flashlamp 722 or for spectrally filtering the light

emitted from the flashlamp 722. Advantageously, the

embodiment of FIG. 5 may provide for longer flashlamp
life, a more desirable freguency spectra, and/or a
shortened pulse repetition rate (due to increased
flashlamp cooling between flashes) than possible in the.
embodiment of FIG. 4.
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WD 97/ 15332
be taken in a limting sense, but is made nerely for the purpose of
descri bing the general principles of the invention. The scope of the
i'nvention should be determned with reference to the clains. 5

Réferring to
flashl anp sy
Pur ePul se Technol ogi es, Inc. of San Diego, California, includes a pulsing
devi ce (not shown) that includes a DC power 10 supply that charges energy

PCT/ US96/ 16437 - 14 -

a flashla systemthat may, for exa
gﬁééﬁwéﬁc np Sy y "Bk%mg f%ﬁ%

h as PUREBRI GHT Mbdel No. PL-320 avallable

to

storage capacitors (not shown); a swtch (ggt shown) used to discharge the

capaci tors;

flowrate or the |ike,
set of high volt

atrigger circuit (not shown) o
pre-programred time intervals in response to sensors that detect a liquid

or R&e‘rglﬁ S@&r!ﬁfé;t% a be}&e&t%mrﬁquw@s and a

ed to fire the switch at

e COgx ab S omn carrying the disch arge
pul ses froma caPat ?o? “ia%ﬁ aggﬁéﬁﬂ’if’tt c?y:ftﬂ"agﬂ? S b AGSPTdpREe
f1ashl anp assenbwythrﬂnqnh§§ fembpdiment ff dive present inwsitimms 384éwnount ed

in metal 20 refl egéome meioc?hh@rﬂééﬁﬂougqln)ﬁc%é’”aéﬁ& FiH¥ a2y emtted

fromthe fl as

(1 o B FREwTb e iadenarob Lot i e sbyldsth sy a1 Bogd Lo

or air,

such

10

15

20

25

30

35

water inlet 714, the cylindrical baffle 704, the
flashlamp 722, and a quartz jacket 726.

Except as described hereinbelow, the embodiment
of FIG. 5 is substantially the same as the embodiment of
FIG. 4

The first and second water outlets 716, 718, of
FIG. 4 are replaced in the embodiment of FIG. 6 with a
single frustoconical outlet 902 that passes through the
side of the cylindrical baffle 704 thereby permitting
light from the flashlamp 722 to irradiate the interior of

" the frustoconical outlet 902.

This arrangement prevents contaminants from
surviving within the frustoconical outlet 902 and
contaminating decontaminated water as it exits the
treatment system 900. A recirculating hose 904 receives
water from the frustoconical outlet 902 when
decontaminated water or air is not needed, and recycles
such water through the water treatment system 900. When
the recirculating hose 904 is removed, decontaminated
water flows through the frustoconical outlet and can be
utilized as needed. .

This embodiment is particularly suited for
laboratory use where water is withdrawn from the water
treatment system 900 periodically, and contamination of
the water after it exits the water treatment system 900
is of particular concern. Numerous uses of the present
embodiment are however contemplated.

Referring next to FIG. 7, a perspective view is
shown of an air treatment system 800 in accordance with
one embodiment of the present invention. Shown are a

SUBSTITUTE SHEET (RULE 26)



l'ight. 25 Such exposure deactivates, i.e., kills or sterilizes,
substantially all (i.e., nore than 50% e.qg.. 90% of the nicroorgani sms in
the fTurd flowng in the treatnents conduit. The intense (i.e., 0.01 to 50
J/icm e.g., 30 between 0.5 and 1.5 J/cm energy density neasured at the
surface of the netal reflectors 502), short duratlon pul ses of

pol ychr omat i wolonggss2z i n a broad spectrum (i.e., 170 to 2600PCmYSIb/resy O Hz to
1.2x10 Hz) are preferably from between 0.001 ns to 100 s, e.g., between
10 35 nanoseconds to 10 mlliseconds, in duration and have a SUBSTI TUTE
SHEET ( RULE 26) WD 97/ 15332

PCT/ US96/ 16437 - 15 - pul se repetition ratzs of fromone to 100 pul ses,

e.g., 10 pul ses, per second. Note that the |light may al so incl ude

conti nuous wave and nonochromatic or polychromatic Iight having 5

wavel engt hs out $rgatuert pregicrs $@et plinan Holseviiict 8041, ednclBdod  60%

preferably at | gaghedf¥d Oiip QlrfBES, 864, 'daranavaysoly tofieady shoul d
DT om LM e Ay SO el B e AR SRECLEU S Lo above
: 804 and an exhaust duct 812,

5 In operation, air is flowed into the treatment
region 802 of the air duct 804, as a result of a vacuum
pressure created by a fan (not shown) in the exhaust duct
812. The air is flowed within the treatment region 802

of the air duct 804 past the flashlamp 808. During its
10 residence within the treatment region 802, the air is
exposed to one or more high-intensity, short-duration
pulses of polychromatic light in-a broad spectrum, which
are emitted from the flashlamp 808. Advantageously, the
effective energy density to which such air is exposed
15 during its residency within the treatment region 802 is
dramatically increased by the presence of a reflectorized
interior surface of the treatment region 802, which
causes light emitted from the flashlamp 808, and passing
through air within the treatment region, to be reflected
20 Dback into the air within the treatment region.
After. passing through the treatment region 802,
the air passes into baffles 814 in the exit region 810.
The exit region 810 contains, for example, three baffles
814 that separate the exit region 810 into four distinct
25 airways. The baffles 814 help to assure uniform air flow
as the air exits the air duct 804, and more importantly,
serve to prevent light emitted from the flashlamp 808
from exiting the treatment region 802. 1In order to
further prevent light fromlexiting the tfeatment region
30 802, an interior surface of each of the four distinct
airways is painted flat black.
If desired,_an entrance region through which
the air flows before reaching the treatment region 802
may also contain baffles like those in the exit region .
35 810, and such baffles can be painted flat black. The
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10 the treatnent of punpable products such as air, water or liquid food
products, such as fruit juices with pul ses of intense incoherent pul sed

| i ght. The apparatus 50 conprises a reflective, cylindrical enclosure
defining a treatnent cavity, chanber or zone 502 through which the 15
fluid fl ows g&p t hat surrounds a pul sed |light source 504, which in the .
enbodi nent 50OSHIWYE nay be a high intensity Xenon flashl anPCHVHMIBY with a
sui t abl e power source (not shawn) in accordance with conventional practice
for flashlanp operation. The reflective treatnent cavity 502 20 serves to
i ncrease the effective energy density of the pulses of |ight.that inpinge
upon the vol une of punpabl e products pas§i%@ Therethrough. A circul ation
punp 508 controls the flow rate of the punpable product through the

treatment cavit Vo043 kCONL SesQY N wiih the 25 | se etition
rate of the fl a}s/bhl arrp’egwglg ?Rgted'ur |'ﬁ!§ _?tﬁgqg?om%% 'sgwrwé’%i %gﬁgé ﬁ})ﬁ% W hin
the treatment cRAGH}eS02t Ehe exi% kegiced8e?  tpravetsddgbthemétredugh

receives a predetmmithed thashbampisdd Fhromnegitiny tHh@reatneati pogiuy ses of
i ncoherent, polychromaticalkight, r.Qad e um__The, product,
exiting the treatnent cavﬁtkiggoaﬂv}n"ﬁéjt%ﬁgr 3?&%‘? ecstsoi“eﬁ‘fr@ugp i Fit et ed
to the degree® dEEPED 38 dEFRItehatin i sasuekedinntaithe exbanstbéuctf

pul ses of |ight &xed whiereeder §iy dibrsited @b thepied Sias whficBOstbi9idé air

throughout the tiea{dmBREqVOl #HE) exrna i3Sl lah it B SEERT s(u%éla%lges):onnected

to the air duct 804 so as to prevent untreated air from
entering the exhaust duct 812.

10 'Having generally described the present
invention, various aspects of the invention will now be
described in greater detail by way of the following
specific examples. These examples demonstrate
qualitativzly and quantitatively the effectiveness of the

15 invention for decontamination of fluids, specifically
water, and air by reducing or eliminating microorganisms,
specifically cyst-forming protozoa and viruses, more
specifically Cryptosporidium parvum cocysts and
poliovirus, and the like.

20

EXAMPLE 1
Five vials containing 1 ml each of 1 x 10 /ml
suspension of Cryptosporidium parvum oocysts and five
vials containing 1 ml each of 1 x 10 /ml suspension of

25 Cryptosporidium parvum oocysts are obtained. Four vials
of each oocyst concentration are processed as follows.
One vial at each concentration is exposed to each of the
following amounts of pulsed very-high-intensity, broad-
spectrum polychromatic light: - 0 flashes, 2 flashes, 5

30 flashes, and 10 flashes, all at 1 Joule/cm.
Approximately 800 microliters of each original (1000
microliters) suspension is recovered and transferred to
fresh vials (labeled, siliconized microfuge tubes). Each
oocyst preparation is condensed by centrifugation to

35 approximately 200 microliters and administered to
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WD 97/ 15332 PCT/ US96/ 16437 - 16 - In
some enbodi nents, the treatnent cavity 502 is suitably arranged so as to be
separated tromthe flTashlanp 504 so as to prevent the product from
contacting the flashlanp 504. The dianeter of the 5 treatnent cavity wll
vary dependi ng upon nmany factors including but not limted to the specific
| i ght absor pwoonngar acteri stics of the product to be treaPEHUSGIMIA t he
broad spectrum The dianeter of the treatnment cavity also varies as a
function of the physical and 10 operating characteristics of the flashl anps
and .t he degree of product m xi ng expected between multiple pul ses. The
treatment chanber preferably includes a-reélector assenbly 502 as its outer
wal | or as an 15 external reflector, in order to reflect illum nation
traversing the product back inward toward the flashlanp. It is noted that
flui ds such as nfnaddd Wacer iareS mejonolisey vehwngsar edftes | i ght .

Acccﬁrdi ngl ya t hegprdxxdmatkeayi Yré ywddX tl6d gtayenuaté Qﬁlj.ld&ranugEuaPSﬁiﬂéa on in
such 20 product | t ity decr i.ng. l.arge only as a
function of dis aﬁ%%%gpogﬁfkéaél%gﬂﬁgﬁ%Panm§3§¢%%%Q§i °&¥8S t hat have

si gni fi cant absQ#RHHQ%4Fa§BéH hscmorks removed from each neonatal mouse

5 and placed in a microfuge tube containing 400 microliters
of 2.5% potassium dichromate (w/v in deionized water). A
remaining portion of the intestinal tract is removed from
each of the neonatal mice and pooled with the intestinal
tracts from the other neonatal mice within respective

10 treatment groups (according to the number of flashes of
light administered to each sample). The terminal colon

samples are vortexed vigorously and the supernatants are
processed over discontinuous sucrose gradients to recover
and isclate oocysts. The samples are incubated with a

15 Cryptosporidium oocyst specific monoclonal antibedy
conjugated with fluorescein isothiocyanate (OW 50-FITC)
and is analyzed by flow cytometry.

Logical gating identifies the oocysts that are

enunerated in 100 microliters of each sample suspension.

20 This volume represents approximately 1/12 of the original
sample volume. The raw data (number of events in the
logical gate representing oocysts) for each sample along
with example flow cytometry plots for positive and
negative samples are included in the APPENDIX, on péges

25 3-4 and 1-2 respectively. A three dimensional bar chart,
also included in the APPENDIX, on. page 5, illustrates the
mean oocyst number for each treatment group {(and an
uninfected control group).

The pooled intestines from each group are

30 homogenized in potassium aichromate and the homogenate is
evaluated in a manner similar to that described above for
the terminal colon segments. The purpose of the pooled
intestine assay is to attempt to detect low numbers of
oocysts in the pooled samples that may have been missed .
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liquid food products, such as juices, this factor will also decrease the
~flux density of the light emtted from25 the flashlanp as a function of

di stance fromthe flashlanp. In any event, the desired mnimum fl ux
as previously described, preferably should be maintained _
t hroughout the treatnent zone or alternatively m xing nust_occur to insure

that all of WRE"$PBR d is 30 subjected to the appropriate EGHYATAI4PUX
density and nunber of pulses. ,Referring to FIG 2, while the flashlanp 556

density,

is located internally of the treatnent chanber 502 in the apparatus 50,
or nore |lanps may also or alternatively

treat nent chanber. An SUBSTI TUTE SHEET (-RUI6E-26) WD 97/ 15332

PCT/ US96/ 16437 -17- alternative design, as shown in FIG 2, in which the

fluid, e.qg., liquid fpod, product, ter, or-air, to be treated is conducted
t hr ough agtransgﬁrbﬁé1Y¥Q§%Hﬁ§%?”&B%ﬁU??lﬁﬁtﬁijlﬁsqué??% WHSE NYPEPTS52

that is 5 posithoacpresenteddorf tbese csarpiesl linptheahPPENDBCtow 554. A
flashl anp 556 i
554. Multiple e

f ocus and

5

10

15

20

25

30

35 be | ocated externally of the

one

faggsg;ioned al ong another focus of the elliptical reflector

_ . . : -
I|pt|calzﬂg ment s gnot ShO%p), each_having a | anp at one

een based on the information
presented in the APPENDIX, no evidence of infection-is
observed in the intestinal samples from mice inoculated
with oocysts that received any tested level of treatment

of pulsed, high-intensity, broadband, polychromatic

'light, while mice receiving control ococysts exhibited

large numbers of oocysts in their intestinal samples.

These tests show that even high C.parvum
ococysts concentrations can be rendered non-infectious as
measured by in vivo infectivity assays.

EXAMPLE 11

Using a 100 microliter. pipettor, from 700
microliters of a solution containing approximately
25 X 10 Cryptosporidium oocysts approkimately 200
milliliters of solution is transferred into a 1
millimeters thick space between two quartz discs. The
disks are gently tilted until the Cryptosporidium-ococyst-
containing solution is positioned in the center of the
disks. The disks are positioned on a lab jack so that
the Cryptosporidium- ococyst-containing solution is
centered under-é flashlamp set to deliver 0.1 Joules/cm”
energy density measured at the Cryptosporidium-oocyst-
containing solution. A number of flashes are emitted
from the flashlamp at a pulse duration of 300

microseconds and a pulse repetition rate of 1 flash per

second. The Cryptosporidium-ococyst-containing solution
is then withdrawn from between the gquartz disks using a

sterile pipettor and.is placed in a sterile labeled vial.

Control suspensions were also prepared by transferring
the Cryptosporidium-oocyst-containing solution to the

SUBSTITUTE SHEET (RULE 28) -



the quartz tube 552 at the other focus, may be utilized 10 if desired. 1In
this manner, because the light emtted fromthe flashlanp 556 is focused
foward the center of the treatnent chanber, conpensation is provided for
the light absorption of the liquid being treated, so that all of the liquid
IS subjected to nore uniformlight 15 treatnent. The flashlanp 556 may be
jacketed in,wesyisizza quartz sleeve or jacket for water or BEFUREGé4hg

and/ or spectral filtering (as.can the flashlanp 504 in FIG 1). Referring
to FIG 3, an enbodinment is shown of 20 an intense incoherent |ight
processing station 60 having a pul sed Ilght source/reflector array 602

t hrough whi ch the product 601 passes, for éxanple I n quartz tubing (not
shown). The flashlanp/reflector array 602 is connected by unbilicals to an
el ectrical puls twork 603 or, pul ser. that 8491,2 e

fl ashl anp arrayqeltz dlgrnﬂl?gﬁé%u§1m°vfngea %%tl?ﬁ?ig% ng WIE§°u@

cool i ng/ filteritrpatimgnitdusing upwtsad dé4hthat C|rculates l'i qui d nmedi um

t hrough a j acket assenblthX&éﬁfgﬁltgmggaﬁblbagpafénpﬁgyyﬁeagfagd/or spectral

filtering by th f sel ed O|Ut|0 d red spectra
transm ttance/a sor%gﬁc %%E%tééls ?ds ?8 ﬁYpﬁﬁgggrgaé at?%ﬁmﬂhd hi gh
power densit? es°°qyt51‘-|$a$°el§eméibl;ﬂle&ﬁre e 9c08| 5¢ h’elﬂca]sllﬂ%' med igyPkgedin
optional quart zHe RHotol suBh&is igie ket aidWBSd | TN T SHET o1RYeEs26)

tissue culture grade phosphate buffered solution (T-PBS)
yielding a 1/10 dilution. Control and treated

Cryptosporidium parvum oocyst suspensions are titrated to
10 suspend oocysts and are dispensed into four-day cultures
of Maden-Darby Caﬁine Kidney (MDCK) cells (in
Ultraculture). Each oocyst suspension is dispensed in a
100 microliter volume in duplicate chambers (two per
treatment). Remaining oocyst suspensions are stored at 4¢
15 centigrade. The four-day cultures are incubated at 37e
centigrade (5% CO.). Each chamber is washed at three
hours PI with T-PBS and fresh culture medium is replaceg.
Fresh culture medium is again replaced at 24 hours PI.
At 48 hours PI chambers are washed with T-PBS three times
. 20 and fixed with Bouings solution for approximately one
hour (2.0 milliliters per chamber well).

" The Bbuings solution is decolorized by five
successive washings with 70% ethanol over the course of
one hour. The chambers are washed with T-PBS and the

25 T-PBS is replaced with phosphate buffered solution/bovine
serum albumin (PBS/BSA) and incubated for 30 minutes.
The PBS/BSA is replaced with fluorochrome-labeled
monoclonal antibodies solution (C3C3-CyC, 1/500th
dilution, 300 microliter per chamber). The chambers are
30 then incubated for 90 minutes at room temperature in the
dark on a rocker platform. The chambers are then washed
three times with T-PBS. The T-PBS is aspirated and two
drops of polyvinyl alcohol/anti-quenching agent
(PVA II/DABCO) (the anti-guenching agent is
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The flashl anp/reflector array 602 conprises a plurality of |anps and °
reflectors that create intense, short-duration light pulses in a treatnent
regi on between upper and | ower halves of the flashl arrp/reflect or array 5
602. Wiile the illustrated enbodi nrent 60 uses straight mgs and refl ector
el ements, ot R¥%74533ngenents may be utilized. For exarrpl e, PFIASHY4A3s may
be constructed in any shape in nuch the sane way that neon |lighting signs
may al so be made to any shape. Simlarly, the reflector 10 el enents nay be
made of many different materials in many different geonetries to
accommodat e i magi ng the flashl anp source-up®bmthe treated product with a
desired energy density distribution. "The Optical Design of Reflectors”
Second Edition, W) Publ.ished 15 by John W/l ey and Sons,
Inc., New YorKk i s’Ja dl&ﬁﬁ%&ﬁ?’FS‘?e“’r@s&dr CE*38e ofF I iHEAGc CPERLIERL t he

f undanent al s of G¢afHagyVoisdaddeh. taileadsbughanber pr edvaver isdipat (p& i ncl udes

many potenti al Egljﬂdz@wlqniméﬂéréﬁ%ﬂeemcﬁt@ﬁ' @éki\ﬂgﬂl@a%ezﬂ:loerganﬁfﬁ
m crobe or Vvirus ﬂ“;ﬁ&%b " Q%grra];ela act Vlt%%,g_ op servation of food
product s, the use ghe i At ensi %‘hor dea i%n

PEfght/PRRSR nent
for the is aspirated. Para51te development is then scored
microscopically for each dilution and disinfectant
treatment.

The control and treated oocyst preparations are
titrated and dispensed into microcentrifuge tubes (100
10 microliters per tube). An equal volume of DMEM base
medium supplemented with 1.5% NaT is added and the tubes
are incubated at 37 centigrade for 45 minutes.
Excystation is accessed by preparing wet mounts and
scanning the slides for free sporozytes and empty and
15 partially empty oocyst walls.
As can be seen based on the information
- presented in Table 1 below, in vitro culturization
results show that all treatment levels except a single
flash at 0.11 Joules/cm effectively inactivated oocysts
20 or reduced the infectivity to a level below approximately
100 oocysts, which is the limit of detection for the
results presenied.

TABLE 1
25 Tremtmen | Oocysts per 1 vitro growtl
t (Joules) | Chamber :
| Flash 2 Flash
0l on <j+ | <+ - -
0.22 3 I L L - - - -
0.44 " - - - -
30 0.67 Rl - - - -
0.89 10" - - - -
1.1t e - - . .
Control o >4+ | >4+ | NA | NA
Control 0 4+ |34+ | NA [ NA

- SUBSTITUTE SHEET (RULE 26)



sterilization of water in water treatnment applications and air in air
teeatment applications is considered an 25 inportant aspect_of the present
patent docunent. For exanple, even at very high organismdensities (up to 1
X 10[err]/mM to 1 X 10 /m Cryptosporidi um parvum oocysts M), only two
fl'ashes at an energy density of 1 J/cmper flash will result in
sterilizati oWOMs3[¥e Crypt osporidium 30 parvum Referring PETHBE/16487 a
cross-sectional viewis shown.of a water treatnent cell 700 in accordance
wi th one enbodi nent of the present invention. Shown are an outer
cylindrical housing 702, a cylindrical baffle 704, 35 a first end plate 706
and a first lanp holder 708, a SUBSTI TUE BHEET (RULE 26) WO 97/ 15332
PCT/ US96/ 16437 - 19 - second end plate 710 and a second | anp hol der 712, a
water inlet 714, and first and second water outlets 716, 718. Located
coaX|aIIy with the outer c Gﬂgﬁltqh:hOUSI rical baffle 704
' - b out er
cylindrical housing 702, Aghd pl ates 706,
710 forma water- tight container into which water flows through the water

5 These results indicate that oocyst infectivity was
reduced by between 3 and 5 log cycles or greater at two
flashes of 0.11 Joules/cm™ or alternatively, one flash at
0.22 Joules/cm” minimum treatment. While at 0.11
Joules/cm” and 0.22 Joules/cm’, one or two flash

10 treatments, at least a few sporozytes are indicated with
excysted oocysts, as indicated in Table 2 below, it
appears based on the results presented that liberated
sporozytes from two flash treatment at 0.11 Joules/cm or

greater renders the oocytes incapable of infecting and/or
15 growing in host cell monolayers.

SUBSTITUTE SHEET (RULE 26)



inlet 714, and out of which water flows through the first 10 and second
wat er outlets 716, 718. Coaxial with the outer cylindrical housing 702 is
the cylindrical baffle 704. The cylindrical baffle 704 is nmounted to the
second end plate 710 and term nates just short of the first end plate 706
such that g flow froma region within 15 the water; t ai ner
out si de thga%yfﬁn r?cal baffl e 704, around an end 720 of t%e c%*“g ?lca
baffl e 704 near the first end - plate 706 and into a region within the
cylindrical baffle 704. This arrangenent provides for a fluid flow 20
pattern that is as follows: water flows Lné the water- tight container
through the water inlet 714 and into the r gion outside the cylindrical
baffl e 704; next the water flows past the cylindrical baffle 704 (to the
|l eft as oriented in FIG 4) and around tfggngd 720 of the 25 cylindrical

baffl e 704; the water next nln LH S ARRLC AR |l e 704 back
toward the second end pl at r B)Wé cgn i g ndyith FIG 4) and
exits the cylindrical hou3|H Thr wa;ﬁ%houtggai 71 718.

Advant ageously, the above- escr.ucu 30 ccn s for a
substantial 'y uniform eddy{?tee flllBw of waten+|n {1 he eegi within the

ties achieved
fle 704 into
i form treat ment

cylindrical baffle 704. Thi s lgrgely dup tq TTowunirtor
when the water flows over E%ienﬂ gb—nf the g§|in*rir al
the region within the 35 ¢ MthricaW baf f |

D

As a tesul-t, u

with 0.67 10° : :
0.89 to° . .

L1 e . .

10 Control 10" 4 NA

EXAMPLE I1III

15 An experimental apparatus is constructed
similar in structure to the embodiment shown in FIG. 7
with the addition of an ultrasonic sprayer that
introduces a Bacillus pumilus spore-containing spray into
the air as it passes into the air duct, and with the

20 addition of a collection plate positioned between the air
duct and the exhaust duct for collecting the Bacillus
pumilus spores after treatment.

The flashlamp is flashed at a pulse repetition

rate of about 2.5 or about 5.0 flashes per second. About

25 one second after the flashing of the flashlamp is
commenced, the ultrasonic sprayer sprays 180 microliters
(or 160 microliters in the case of the 5.0 flash per
second pulse repetition rate) of spores into the air
passing into the duct. After the spraying of the spores,

30 the flashlamp is flashed for an additional 20 seconds
insuring that the air duct is free. of spores before
ceasing flashing of the flashlamp. The air, which has a
central line velocity of 0.5 meters per second, carries
the spores through the treatment region past the

35 flashlamp and into the exit region. Upon exiting the air

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WO 97/ 15332

PCT/ US96/ 16437 - 20 - the high-intensity, short-duration pules of light in
a proad spectrumis ‘achieved. The creation of a uniformflow dynamic in the
region within the cylindrical baffle 704 is further achieved by the use of
an annul ar baffle 5 726 positioned between the cylindrical baffle 704 and
the outer cyWOmanssdal housing 702 about 5 centineters in fPERUSMES43R| et
port 714. This annular baffle.726 helps to distribute the water flowing in
through the inlet port 714 throughout the region between the cylindrical
baffle 10 704 and the outer cylindrical housing 702. During its residency
within the cylindrical baffle 704, the wat®r -is exposed to high intensity,
short-duration pul ses of polychromatic light emtted fromthe flashl anp
722. Advant ageously, the inner surface 724 15 of the cylindrical baffle 704
is reflectorizedustehthdepdriegharencateied rahd fthef batheahpory 3 abed passi ng

thiough the wat @pchfed "@eﬁvféﬂno'%h\éﬂ E@fndﬁé"@ aﬁ%ﬂ 't'ﬁ@r hﬁﬂku?@féﬁ@t 704 is
refl ected back toward the f ang 8% he refl ected g? is therefore
h f

passed back through the ﬁ’\ﬁétc eW?W@&&’ Be't"ﬁﬁa TG &%ner gy
density to whi cRonfiected efuximgt Wbichgthe wititrsontibespyayedrépeays

5 spores into the air stream, but the flashlamp is not

flashed so as to provide a baseline measurement of
deactivation of the spores.
The result of one set of experiments conducted
in accordance with the methodology is presented in
10 Table 3.

TABLE 3
Conirol Flashing Control Sample
(mcan + sid. dev.) {mecian + sid. dev.) (mean + sid. dev.)
2.5Hz H25+3Y 126+ 103 Do+0
log 2.05 log 2.1
(+ 2.18/-1.86) {+2.36/-1.36)
15 50Hz 1231 +48 14+ 48 0.0+0
log2.09 log 2.03
(+2.23/-1.87) ' (~2.2/-1 82)
EXAMPLE 1V

Lab jacks are initially set up for a 0.8

20 Joules/cm~ fluence level (which results from a 120
millimeter distance between a quartz window and a
flashlamp light source to a bottom guartz disc. A vial
of Poliovirus is'vigorously shaken. Using a 100
microliter pipettor a 150 microliter sample of the

25 Poliovirus are transferred from the vial to a 1
millimeter space between a pair of quartz discs. The
pair of discs is gently tilted until the 150 microliter
sample is positioned near the center of the discs. The
discs are then placed on the lab jack. For an untreated

30 contrel sample, the discs are removed from the lab jack
and the 150 microliter sample is withdrawn and placed in
a sterile vial. For additional samples, two flashes at

SUBSTITUTE SHEET (RULE 26)



baffle 704 is exposed. This effective energy density is increased even
further in view of the fact that the light is preferably reflected back and
forth nultiple tines 25 within the region within the cylindrical baffle 704
bef ore bei ng absorbed by m croorgani snms and other particles within the
water, by the reflectorized inner surface of the cylindrical baffle 704,
etc. Prefera¥PY71%8Re energy density to which the 30 wat erPGlYHHH4he
cylindrical baffle is exposed.is frombetween 0.01 J/cmand 50 J/cm, e.g.,
between 0.5 J/cmand 1.5 J/cm. The pul se duration of the high-intensity,
short-duration pul ses of polychromatic light is frombetween 0.001 ns and
100 ns, e.g. between 10 nanoseconds 35 and210 nilliseconds, and the pul se
repetition rate i s SUBSTI TUTE SHEET (RULE 26) WD 97/ 15332
PCT/ US96/ 16437 -, frombetween 1-Hz and 10Q Hz faor _a cylindrical baffle
havi g a | engt o5t FPORBERdnt G5 NVEFPRerD % A Os0chbH Fifb P Les, ¢
220 mil|inet er sFunther ganpdesrare orrdrteferitRStwe | fianhas atafd6250
Teast 505 16 605 g 100 Lo, B00har 1 e bl t Weel angths of Trom.
eas oto . e.a., 0to 0.,0f | | at wavel en S0 rom
bet ween 170 nn1%§ﬂf%ﬁ;ﬂ? %%F ﬁPt?@ﬁ5ﬁﬂw¥¥%e efdiedd SHleE dke
5 respectively withdrawn and placed in sterile vials. The
Polio virus suspensions are then guantitated using tissue
culture plagque titer assays.

Table 4 presents results of virus assays.

10 TABLE 4

Sample Titer
(plaquc forming uniis/ml)
0.8 Yem® - 235 0¥
w.6 Moy 85
0.4 Jenr® 22x 10
15 0.2 Jew® 1.6 x 1O°
Control (non-trcated) 9x10*

Thus, the above examples demonstrate the

20 effectiveness of the methods described herein for
deactivating microorganisms, such as cyst-forming
protozoa, specifically Cryptosporidium parvum, in fluids
such as water and air, and such as viruses, specifically
Poliovirus,

25 While the invention herein disclosed has been
described by means of specific embodiments and
applications thereof, numerous modifications and
variations could be made thereto by those skilled in the
art without departing from the scope of the invention set

30 forth in the claims. '

SUBSTITUTE SHEET (RULE26) -



preferably at | east from between 1% and 1% e.g., 10% of the energy density

of —t-he |ight

emtited fromthe 10 flashlanp is concentrated at wavel engt hs

of. from bet ween 200 nanoneters and 320 nanoneters,

Referring to FIG 5, a cross-sectional

e.g.,
view is shown of a water treatnent

260 nanommerers.

system 700 made in accordance with another enbodi mrent of the present

i nvention. Sh¥@P832are the outer cylindrical
second end plates 706, 710 and: anp hol ders 708, 712,
the first and second water outlets 71633718, the cylindrical

the flashlanp 722, and a quartz jacket 726. 20

descri bed herei nbel ow,

housi ng 702, ekeaishésizsand -

the water inlet 714,
baffl e 704,
Except as

the enbodinment of FIG 5 is substantially the sane

as the enbodi nent of FIG 4 The quartz jacket 726 provides a water tight
barrier that separates space within the cylindrica

space imedi ately proximate to the flashlanmp 726.
air or cooling water to be circulated within the
proximate to the flashlanp 724

or for spectrally filtering tks

Advant ageously, the enbodi nen
life, a nore desirable freque

repetition rate (due to incregg

possible in the
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35 enbodi ment of FIG 4. SUBSTI TUTE SHEET (RULE 26)

PCT/ US96/ 16437 -
of ,a water treatnent system 900 nade in accordance w th anot her enbodi nent

of the present

first and 5
inlet 714,

€ cy

22 -

invention.

T hdrical

Shown are the outer cylindrical
end plates 706, 710 and | anp hol ders 70
the flashlanp 722,

baffl e 704,

j acket 726. Except as descri bedherei nbel ow,
substantially the sane as the enbodim8At~of 10 FIG 4 The first and second

water outlets 716, 718,
with a single frustoconical

cylindri cal

Referring to FIG 6, a cross-sectional

housing 702,

Herlsss

WO 97/ 15332
view i s shown

t he
t he wat er

SQetit ¢ 2

t he enbodi nent of FIG 5is

to irradiate the interior of the frustoconi cal
prevents contam nants fromsurviving within the frustoconica
and contam nating decontam nated water as it exits the 20 treatnent system
900. A recirculating hose 904 receives.

of FIG 4 are replaced in the enbodinent of FIG 6
outlet 902 that passes through the side of the
baffle 704 thereby permitting 15 light fromthe flashlanp 722

outlet 902. This arrangenent
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wat er fromthe frustoconical outlet 902 when decontaninated water or air is
not needed, and recycles such water through the water treatnent _system 900.
VWien tThe recircul ating hose 904 is renoved, decontam nated 25 water flows
t'hrough the frustoconical outlet and can be utilized as needed. This

enbodi ment is particularly suited for |aboratory use where water is

W t hdrawn freowetisssavat er treatnment system 900 peri odi cal | yPCEMSR6/16437

contam nation of 30 the water .after it exits the water treatnent system 900
is of particular concern. Nunerous uses of t-hespresent enbodi nent are
however contenplated. Referring next to FIG 7,_1_ a perspective view is shown

of an air treatnent syaﬁsr}},ﬁg i I0%8e enbodi ment of the
present invention. Showl-are P 2 %%@FP?W
PCT/ US96/ 16437 23 - treatnent region 0 ai'r & , Including a

reflective inner surface 806, a transversely oriented flashlanp 808, a
baffled exit region 810 of the air duct 804 and an exhaust duct 812. 5

I n operation, air |EAlBRWGhsh I0ck colyst QUaRtIAtioR BY fiow aHlomatry réBrighg'fF al ' duct
804, as a result off/a vacoum -
Treatment #fmbL Dose | Mouse ID Wk-1
HIGH 107 10*6 H7-1 9
HIGH 107 106 H7-2_ 1
HIGH 10°7 10*6 H7-3 4
HIGH 107 106 | H7-4 3
RIGH 10°7 106 H7-5 3
MEDIUM 107 10%6 M7-1 2
MEDIUM 107 10"6 M7-2 1
MEDIUM 10*7 106 M7-3 5
MEDIUM 10*7 106 M7-4 3
MEDIUM 10°7 106 M7-5 2
MEDIUM 107 106 M7-6 2
MEDIUM .| 107 10*6 M7-7 5
LOW 10*7 106 L7-1 1
LOW | 10°7 106 L7-2 7
LOW 10°7 106 L7-3 10
LOW 107 10*6 L7-4 2
CONTROL 107 106 C7-1 1411
CONTROL 10*7 10°6 C7-2 i 34
CONTROL 10*7 | 106 C7-3 | 2325
CONTROL 10°7 10%6 Cr4 | 1209
CONTROL 10°7 10*6 c7-5 963
- ]
HIGH © 10%6 105 H6-1 3l
HIGH 10" 10" H6-2 1]
HIGH 10%6 10°5 H63 | 2
HIGH 10*6 10*5 H6-4 2
MEDIUM [- 10%6 10°5 M6-1 41
MEDIUM 10*6 10°5- ‘M6-2 1
MEDIUM 10%6 10*5 M8-3 4
MEDIUM 10"6 10°5 M6-4 3
LOW 106 10°5 L6-1 5
LOW | 10%6 10°5 L2 | 6!
Low ! 9% | 10°S L6-3 1
LOW 106 | 10*S L6-4 0
CONTROL 106 10*5 c6-1 | 239
CONTROL | 10% 10*5 ce2 | 1621
CONTROL 106 105 1+ C6.3 | 22701
CONTROL 106 | 10" | Cb6-4 . 43441

APPENDIX - 3 '
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pressure created by a fan (not shown) in the exhaust duct 812. The air is
flowed within the treatnent region 802 of the air duct 804 past the
flashlanp 808. During its 10 residence within the treatnment region 802, the
ar is exposed to one or nore high-intensity, short-duration pul ses of

pol ychromatic light in a broad spectrum which are em ttefd{is9fRdsde

fl ashl anp 806s97MAdwmant ageously, the effective energy density to which such
air is exposed 15 during its residency within the treatnment region 802 is
dramatically increased by the presence of a reflectorized interior surface
of the treatnent region 802, which causes light emtted fromthe flashlanp
808, and passing through air within the treajement region, to be reflected
20 back into the air within the treatnment region. After passing through the
treatment region 802, the air passes into baffles 814 in the exit region
810. The exit region 810 contains, for exanple, three baffles 814 that
separate the exit region 810 into four distinct 25 airways. The baffles 814
help to assure uniformair flaw as the air jexits tHe air_duct 804, and nore
importantly, serve tRNINBEGTED!| i gt elnt@ed fim tHe fl asfh] anp 808 from '
exiting the treat nenfUNIRBECHEDS02. 0l n brder it o Utem t Her pregent |ight from
exiting the treatment_reqion 30 802, &an inﬁ(?rior sdrface of eachlof the
four distinct airways is paintled flattblacki If dedired, ah entrance region
t hrough which the aif_flows before rehching the treatnment fegion|802

Control {calf 81A10) 8052

Nota: values <=10 are considered background
i i

Mean # oocysts/100 pi suspension

HIGH |MEDIUM; LOW ICONTROL

10°7 4| 29 5| _1188.4

10°6 2 3 3| 21185

UNINFECTED - 2
L

I |

RAW DATA (P. 2 OF 2)
NO. OF EVENTS IN THE LOGICAL GATE REPRESENTING CRYPTOSPORIDIUM
PARVUM OOCYSTS (NOT POOLED)

APPENDIX - 4
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may al so contain baffles like those in the exit region 35 810, and such
The SUBSTI TUTE SHEET ( RULE 26) WO

baf rT.es—can e panted—at—black
97/ 15332 PCT/ US96/ 16437 - 24--
baffl es at the entrance region (not shown) also, |like the baffles at the

light emtted fromthe flashlanp 808 fromexiting

exit region 81lQ, nt
Qﬁ@é?After exiting the air duct 804 through\xﬁﬁ] g‘?i t 5
ers

the treatnent region.
is sucked into the exhaust duct 812 s

region 810, treated air
directed to a space in which sterile ai r=i¥ desired. The exhaust duct 812

I's suitably connected to the air duct 804 so as to prevent untreated air
fromentering the exhaust duct 812. 10 Havi ng generally
descri bed the present invention, various aspects of the invention will now
be described in greater detail by way of the follow ng specific exanples.
These exanpl es denonstrate qualitatively and quantitatively the
effectiveness of the 15 invention_for gecont am nat £&8n of fl uids,
specifically water, ai Shy reuci or gl I m ng&l ng m croorgani sns,

a ané Vviruses, e specifically

specifically cyst-foffing & oto

Crypt ospori di um par vamr-oogy gt oVt ; the |ike. z
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20" EXAMPLE | Five vials containing 1 ml each of 1 x 10/m suspension of
Crypt ospori di um parvum oocysts and.-five vials containing 1 m each of 1 x

| o/ M " suspension of 25 Cryptosporidi um parvum oocysts are obtai ned. Four
vial s of each oocyst concentration are processed as follows. One vial at
each concentration is exposed to each of the follow ng anbunts of pul sed
very- hi gh-i nW@#31§332 broad- spectrum pol ychromatic |ight: BCT/USISHES] 2
flashes, 5 30 flashes, and 10 flashes, all at | Joule/cm Approximtely 800
mcroliters of each original (1000 mcroliters) suspension is recovered and
transferred to fresh vials (labeled, siliconized mcrofuge tubes). Each
oocyst preparation is condensed by centrifugatjgon to 35 approxi mately 200
mcroliters and adm ni stered to SUBSTI TUTE SHEET ( RULE 26) WO 97/ 15332
PCT/ US96/ 16437 - 25 - neonatal mce in 25 mcroliter volumes. After

approxi mately one week (6 days) the m ce are euthanized by carbon dioxide

I nhalation. Atermnal _colon (approximatelyv 1 cm_is rempved from each

neonat al nouse 5 an aﬁeamummfgmmbn bhto cht%l;ﬁummm croliters -
r _
Traatment #/mL Dose |# intestines| Volume Wk-1
HIGH 107 10*6 5 20 ml -]
MEDIUM 107 10*6 7 _20 mi 10
LOW 107 10*6 4 20 ml 10
CONTROL 107 106 5 20 ml 510
HIGH 10*6 10*5 4 20 mi 14
MEDIUM 10*6 108 4 20ml - 24
LOW 106 108 4 20 ml 11|
CONTROL 108 10"5 4 20 mi 441
UNINFECTED 0 0 2 20 mi 8y
Pooled intestines were homogenized in 20 mi K2Cr207
VirTis VirTishear setting 70, 40 sec |
1 m! traction collected and stored at 4 C
200 mucroliters processed over gradient, washed, labelea with Mab
and analyzed on flow cytometer |
1 ]
Note: values <=25 are considered background |

{this set was a little noisier than the set above)} !

RAW DATA (P. 1 OF 1)
NO. OF EVENTS IN THE LOGICAL GATE REPRESENTING CRYPTOSPORIDIUM
PARVUM OOCYSTS (POOLED SAMPLE)

2 TINT LRIV £
T3 b St VAP Bl b ~
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of* 2. 5% OtaSSI um di chromate (W v in deionized water). A remaining portion
of the :mll'm"'mnluﬂlltﬁmr S rem)ved fromeach of the neonatal nmice and.
pool ed tracts fromthe other neonatal mce within
respectlve treht ent groups (acwosSHBET HASBEENnumber of flashes of |ight

adm ni stered to each sanple). The ter RGPAACEB| on sanples are vortexed .
vi gor ousl y awe shss3super nat ant s a %ﬁg ﬁmﬂm er di scont PRT/YSY/ 164 ose
noc

gradients to recover and isol ate npl es are incubated with a
15 Cryptosporidi um oocyst specific onal anti body COI’IJ ugated with
fluorescein isothiocyanate (OWN50-FI TC) and is anal yzed flow cytonetry.
Logical gating identifies the oocysts tha%dare enunerat é%@ﬁﬁ-? BEEN
mcroliters of each sanple suspension. 20 This vol ume repr ED

approxi mately 1/12 of the original sanple vol ume. The raw:d {noxtbér of
events in the |ogical gate representing“3d&¥s8ts) for eaghmsﬁg@he“ahmhg with
exanpl e fl ow cywwatetis/ qladimedf @s: positive and negative sanples are included
in the APPENDI X, on pages 25 3-4 and 1-2 respectively. A three dinensional
bar chart, also included in the APPENDI X, on. page 5, il]Justrates the nean
oocyst number for each treat mBnPetheRiPY A%@ckAVahing ezt WF¥ont r ol group) .
The pool ed i at esdmpress frgom each group are 30 honogeni zed i n potassium

dichromte and the NOMoeNGihs: N YAl Sl BsTRRNGE fldUd And O that
descri bed above for the termna on segnents. pur pose of the pool ed
short-duration, high- 1ntens:.ty pulse of broad spectrum

polychromatic llghtf

10 2. The method of Claim 1 wherein said
illuminating includes:
illuminating said virus using said at least one
short-duration, high-intensity pulse of broad spectrum
polychromatic lith having an intensity of at least 0.1
15 J/cm. '

3. The method of Claim 2 wherein said
illuminating includes:
illuminating said virus using said at least one
20 short-duration, high-intensity pulse of broad spectrunm
polychromatic light, having a pulse duration of from
between about 10 nanoseconds and 10 milliseconds.

4, The method of Claim 3 wherein said
25 illuminating includes:
illuminating said virus u51ng said at least one
short duration, high intensity pulse of broad spectrum
polychromatic light, said pulse having at least 50% of
its energy transmitted in light having wavelength from
30 between about 170 and 2660 nanometers.

5. The method of Claim 1 wherein said
illuminating includes:

This Sheet Has Been Reﬂlaced_
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I ntestine assar s to at Wt to detect |ow numbers of oocysts in the

pool ed sanﬁmﬂ Iﬂel“mm'“ e been mi ssed SUBSTI TUTE SHEET (RULE 26) WO
97/ 15332 PCT/ US96/ 16437 - 26 - in

i Adi vi dual {erfinal coI on sanpl es. THiS&HEET KAS BEBNber s are presented for
t hese sanples_in _the APPENDI X on page mEPLAcEDan be seen bﬁ?’g&’
SRA i

| nformatlonv???( &¥nted in the APP ence of
observed in the intestinal sanpl e ii“m gcul ated with oocysts that
received any tested | evel of trea se hi gh-intensity,

br oadband, pol ychromatic |ight, whi I e mce receiving control oocysts

exhi bited 10 | arge nunbers of oocysts iné4bheir intestinal sanples. These

tests show that even high C parvum oocysts concentrations can be rendered
non-i nfecti ous as neasur eg ‘3?{ iag:,,i\/i VO bnf ectivit ass%yi

EXAVPLE || Using a 100 nftHEMRaRing BeLigyirys dfingo2 ?B’F‘Ft%’?% of a

sol uti on cont aishorg-dppabiematieigh-28nxensity yplsspofi Hroadospgetsm

approxi mately 20 yeéhlrbibhti&rsigfe.sol ution is transferred into a 1 20
mllimeters thick space between two quartz discs. The

5 6. A method of decontaminating air containing
microorganisms comprising: _
' illuminating the microorganisms contained in
the air using at least one short- duration, high-
intensity pulse of broad spectrum polychromatic light.
10
7. The method of Claim 6 wherein said
illuminating includes:
illuminating said air using said at least one
short-duration, high-intensity pulse of broad-spectrum
15 polychromatic light, having an intensity of at least 0.1
J/om . :

8. The method of Claim 7 wherein said
illuminating includes:

20 illuminating said air using said at least one
short-duratioh, high-intensity pulse of broad-spectrum
polychroﬁatic light, having a pulse duration of from
between about 10 nanoseconds and 10 milliseconds.

25 9. The method of Claim 8 wherein said
illuminating includes:
illuminating said air using said at least one
short-duration, high intensity pulse of broad-spectrum
polychromatic light, said pulse having at least '50% of
30 its energy transmitted in light having wavelength from
between about 170 and 2600 nanometers.

" This Sheet Has Been eﬂlaced
p———— | (.




di'sks are gently tilted until the Cryptosporidi um oocyst- containing

sol ution Ilmﬂm“ﬂllmmmum he center of the disks. The disks are positioned
ypt ospofdisiEeT pa&EENCONt @i ni ng sol ution is 25

center ed under® a'fl Ashiafp set to del i veepihcEnJoul es/ cm energy density

measured at the Cryptosporidi um oocyst - ' solution. A nunber of

fl ashes arewveodpiassst fromthe flashl §A ‘ggg?hiﬁniiﬁdurat i OrPaITUS3QI06437

m croseconds and a pul se repetitio W h per 30 second. The

Crypt ospori di um oocyst-contai ning solution is then withdrawn from between

the quartz disks using a sterile pipettor and is placed in a sterile

| abel ed vial. Control suspensions were al;g0 prepared by transferring the

Crypt ospori di um oocyst - cont ai ni ng sol ution to the SUBSTI TUTE SHEET ( RULE

26) WD 97/ 15332 PCT/ US96/ | 6437 -

27 - quartz disks, and then rhe m}t’hnénpfn@batmé wheiredwht Badd tr eat ment

usi ng pul sed I|ﬁyyhmlxgglﬁgniﬁéludg%spens|ons are prepared for d||ut|on
yi el ding 10, 10, and 10 C%%$t qridiu liliter,

e.g, a 50 mcroliter alid S Soﬁ]ﬂg Y‘s%p%gngcﬁ:ﬁtﬁé’ dPPﬂf‘ ¥in 450
mcroliters ti sShegesulinuseidraide ysiogpsaie duf¥easad onel shpoh—-( T- PBS)

5 duration, high-intensity pulse of broad-spectrum

polychromatic light.

11. The method of Claim 6 further comprising:
flowing said air into a treatment zone;

10 said illuminating said air including
illuminating said air within the treatment zone using
said at least one short-duration, high-intensity pulse of
broad-spectrum polychromatic light.

15 12. The method of Claim 11 further comprising:
flowing said air, having been illuminated, out
of said treatment zone.

13. The method of Claim 12 wherein said
20 flowing said air into said treatment zone includes
continuously flowing said air into said treatment zone,
and wherein said flowing said air out of said treatment
zone includes continuously flowing said air out of said
treatment zone.
25
14. The method of Claim 13 wherein further
comprising: '
repeating said illuminating at a flash
repétit}on rate sufficiently high that all of said air is
"30 illuminated at least once as it passes through said
treatment 2zone.

15. The method of Claim 14 wherein said
illuminating includes:

This Sheet Has Been Rerlaced
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yi el di ng a 1/10 dilution. Control and treated Cryptosporidi um parvum oocyst

o AR S Tlec " e

Wl tracul turé).®Edch"o8yst suspens ; EET

2D

R& in a 100 mcroliter

vol unme in duplicate chanbers (two per t t) REITB.I ni ng oocyst

suspensi ons WP ed at 4[err] 1%% gﬁlﬁd J7The four - RETEWPAHETS are

i ncubated at 37[err] centigrade (5 H Haldlnber is washed at three
hours PI with T-PBS and fresh culture nmediumis replaced. Fresh culture
mediumis again replaced at 24 hours Pl. At 48 hours Pl chanbers are washed
with T-PBS three tinmes 20 and fi xed MAth-Bburngs sol ution for approxi mately
one hour (2.0 mlliliters per chanmber well). The Bouings solution is

decol ori zed by five succ J,‘lev vvgshl ngs wi th 70% et hanol over the course of
one hour. The chanbers ar 5\}65151 234 FEE Nsdngnat obeastpme sheafraced
wi th phosphate éurab;@m. Sulldi-iiptebs ity ep syl mfabbuad AspRBSIARSA) and

i ncubated for 3golyont&Ratitha iGRE/, BRévisg r&pPls | 40rQe 0 | abel ed
nonocl onal anti Zdles sol UtIOI’IB(CéC?) ‘29 1/ 58’%?%531: Bﬁoér? %%Bs’m'ﬁgrlol iter
per chanber). Bhanbers are 30 then I ncubated for 90 m nutes at room

t enperat ure ﬁn the dark on a rocker platform The chanbers are then washed

three times with T-PBS. The T-RBSnkendePhf d1edmahd {MO-PRSQf Pol yvinyl

al cohol / anti - q“efi‘iﬂr'.\{‘ﬁa@ﬂ,eg”tmﬁﬁ\ééeg',’ DABCO) (the anti-quenching agent is

illuminating said air using at least one short-
duration, high-intensity pulse of broad-spectrum
10 polychromatic light, having a pulse duration of from
between about 10 nanoseconds and 10 milliseconds.

17. The method of Claim 16 wherein said
illuminatiag includes:

15 illuminating said air using at least one short-
duration, high-intensity pulse of broad-spectrum
polychromatic light, said pulse having at least 50% of
its energy transmitted in light having wavelength from
between about 170 and 2600 nanometers.

20

is. The method of Claim 17 whereln said
illuminating 1ncludes
illuminating a plurality of Bacillus pumilus
spores in the air using said at least one short-
25 duration, high-intensity pulse of broad-spectrum
polychromatic light.

19. A method of deactivating protozoa

comprising: ' '

30 _ illuminating the'protozoa using at least one
short-duration, high-intens::y pulse of broad spectrum
polychromatic light.

20. The method c¢Z Claim 12 wherein said
35 illuminating includes:

_ This Sheet Has Been R
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SUBSTI TUHE-SHEETF— WD 97/ 15332

PCT/U896/1 dlazablcyclo [ 2. 2. 2) octane from Sigma Cheni ca
E jiﬂHll m ctramber—Cover s 18 square ml [T nmeters) are

nount ed t trap air Bi® Tﬂg% EB¥neat h. Excess T-PBS or

PCAI1/DABCO 5 is aspirated. Parasite ment is then scored

m cr oscopi C%bl‘wi g, each dilution and d; Emumm t r eat nepdrrusiegedPNt 1 Ol

and treated oacyst preparations aregbwm i spensed into

m crocentrifuge tubes (100 10 mcroliters per tube). An equal volune of

DMEM base nmedi um suppl enented with 1.5% NaT i s added and the tubes are

I ncubated at 37[err] centigrade for 45 nigytgs. Excystation is accessed by

preparing wet nounts and scanning the slides for free sporozytes and enpty

and 15 partially enpty oocyst walls. As can be seen based on the

information presented iniTahendtiie} ®aid Protdbica ABiny isadldl @8 Lesstts show

that all treatnent | evgl_g. exge t gﬁsi ngl 3 fl agh at, 0. 11 Joul es/cm

effectively ina®t§ vaP BEH5T R ML By 1 PEGREAEY AL TH O BETRRY to a | evel

beI ow appr oxXi nvspﬂqﬁﬂﬁOpo@gyhrsmam cdhghs bhheihgman Joftedxstlawt pdnator the

least 0.1 J/cm.

21. The method of Claim 20 wherein said
illuminating includes:
_illuminating said protozoa using said at least
one short-duration, high-intensity pulse of broad
10 spectrum poiychromatic light, having a pulse duration of
| from between about 10 nanoseconds and 1D milliseconds.

22. The method of Claim 21 wherein said
illuminating includes: o
15 illuminating.said protozoa using said at least
one short duration, high :ntensity pulse of broad
spectrum polychromatic light, said pulse having at least
50% of its energy transmitted ir light having wavelength
from between about 170 and 2600 nanometers.
20
23. The method of Claim 12 wherein said
illuminating includes:
il;uminatihg & plurality of Cryptosporidium
parvum oocysts using &t ieast one short-duration, high-
25 intensity pulse of broad-spectrum polychromatic light.

24. A method of decontaminating water
containing cyst-forming protozoa comprising: .
illuminating the water using at least one
30 short- duration, high-irtensity pulse of broad spectrum
polychromatic light.
-
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results presented. TABLE 1 25 Treat ment Oocysts per In

T S e S
0.89¢ %Yo[&rr} T.11 10 ?'Q'SSHEETHASBEE“ Control 10 4+ >4+

RS iy T S Ny gﬁmﬁm MFET/SUESE/ rEdiy

Cont r ol 10[ err] 2-3+ NA ., NA 1-2+ 1-2+ NA NA S

These results indicate that oocyst infectivity was reduced by between 3 and

5 1log cycles or greater at two flashes of 0.11 Joules/cm or alternatively,

one flash at 0.22 Joules/cnierr] mini mmAtreatment. Wiile at 0.11

Joul es/cnferr] and 0. 22 Joules/cn{err]z one or two flash 10 treatnents, at

| east a few sporozytes ae indioatedowi L XL RARYEL Ssafip 1 Nl cated in
illuminating includes:

illuminating said water using said at least one
short-duration, high-intensity pulse of broad-spectrum
5 polychromatic light, having an intensity of at least 0.1
J/cm. ' '

26. The method of Claim 25 wherein said
illuminating includes:

10 illuminating szid water using said at least one
short-duration, high-intensity pulse of broad-spectrum
polychromatic light, having a pulse duration of from
between about 10 nanoseccnds and 10 milliseconds.

15 | 27. The methcd of Claim 2€ wherein said
illuminating includes: '
illuminating said water using szid at least one
short-duration, high intensity pulse cf breoad-spectrum
polychromatic light, said pulse having &t least 50% of
20 its energy trangmi:ted irn light having wavelength from
between about 17C and 2600 nanometers.

28. The method of Claim 24 wherein said
illuminating includes:

25 illuminating & plurality of Cryptosporidium
parvum oocysts in said water using said at least one
short~duration, high-intensity pulse of broad—spectrum.
polychromatic light. '

30 29. The methcd of Claim 24 further comprising:
flowing said water into a treatment zone;
said illuminating said water including

illuminating said water within the treatment zone using

~ This Sheet Has.Been Rep
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appears based on the results presented that

| i berated sporozytes fromtwo

flash Joul es/cm or greater renders the oqcytes jncapable
mﬂmmmmmlmm grow ng 1 n host cell nonol ayers. SUBSTI TUTE SHEET

RULE 28) ¢ WO ™7/5%15332

PCT/ U896/ 16437 - 30 - TABLE 2 Treat nﬁHﬁSHEE%%%Q%E%cr Excystation (with

spor02|tes) woeuhges) Chanber | Flash 2 REP

10[err] 1.11
NA EXAMPLE | I|

10[ @CT/US96/16432 +
0. 22 10[ err]

10[ err] - 10 H
15 An experinental apparatus is constructed

] 1T

simlar in structure to the enbodi nent shggn-in FIG 7 with the addition of

an ultrasoni c sprayer that

spray into the air as it passes into the air duct, and with the 20
addi tion of a cebdidct dma;sltatoeepebort-mhmm@m/ebmgbhenaemmty pulse of

10

15

20

25

30

broad-spectrum polychromatic light.

30. The method of Claim 29 further comprising:
flowing said water, having been illuminated,
out of said treatment zone.

31. The method of Claim 30 wherein said
flowing said water into said treatment zone includes
continuously flowing said water into said treatment zone,
and wherein said flowing said water out oZ said treatment

zone includes continuousiy flowing said water out of said
treatment zone.

32. The method ¢f Claim 3 wherein further
comprising:

repeating said iilumineting at a flash
repetiticn rate sufficiently high that all of said water
is illuminated at least once &g it passes through said
treatmen- zone..

33. The method oi Claim 32 wherein said
illuminating intludes:

illuminating said water using at least one
short-duration, high-intensity pulse of broad-spectrum
polychromatic light, having an intensity of at least 0.1
J/cm .

34. The method of Claim 32 wherein said
illuminating includes:
illuminating said water using at least one

short-dura<-icn, high-intensity pulse of broad-spectrum

i ntroduces a Bacillus pum | us spore-containing

" This Sheet Has Been R
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duct uct for collecting the Bacillus pum|lus spores after
treat np Is flashed at" a pul se repetition rate of about 2.5
or g&mm M“l& r second. About 25 one second after the flashing of
t he fI menced, the ul t r aBURBYEEPHA$BEENprays 180 microliters

(or 160 nmicroliters in the case of the 5.RFAYASER per second pul se
repetition rwoeyisas spores into the m\ﬁ.ﬁﬁmﬁlmﬂi llllo the QRGIUSIEFSAT, t he

sprayi ng of the spores, ~the flas ﬁ d for an additional 20
seconds insuring that the air duct is free of spores before ceasing
flashing of the flashlanp. The air, which has a central line velocity of
0.5 neters per second, carries the sporesiét hough the treatnent region past

the 35 flashlanp and into the exit region. Upon exiting the air SUBSTI TUTE
SHEET (RULE 26) - WD 97/15332°

PCT/ US96/ 16437 poBuchramadtic tlhghtporasing & @azdrseeduoamxprt e daomect i on
plate |ocated bgf tdidl 1 0dHEho b IE N8 YShH; fitdecddustach set of

experinments, several passes are conducted during which the ultrasonic
sprayer sprays 5 spores into the air stream but the flashlanp is not
flashed so as to provide 3 .bagsaki neth@fSoy @I@An 8% wherein said

5 1illuminating includes:
illuminating said water using at least one
short-duration, high-intensity pulse of broad-spectrum
polychromatic light, said pulse having at least 50% of
its energy transmitted in light having wavelength from
10 between about 170 and 2600 nanometers.

3€. The method of Claim 2% wherein said
illuminating includes:
' illuminating a plurality of Cryptosporidium
15 parvum oocysts in the water using said at least one
short- duration, high-intensity pulse of broad-spectrum
polychromatic light.

37. A system

th
Q
ty
Q.
M
Q
0
r
i
-
}
[y}
(R}
'Y
o
2

microorganisms
20 in water comprising:
an watertight housing:
an inlet port of the watertight housing;
an outlet port cf the watertight housing:;
a tubular light source positioned within the
25 watertight housing; and
a tubular baffle positioned within the
watertight . housing for directing a substantially uniform
flow of water in a direction substantially parallel to
the light source.
30
38. The system of Claim 37 wherein:
said tubular baffle has a first and a second
end; and
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deactivation of the spores‘ The result of one set of experinments conducted
in accorﬁmﬂﬁ"mnﬂ“ﬂu I thodol ogy is presented in 10 Table 3. TABLE 3
nIrOI Sanpl e (nmean + sid. dcv.) (mean + sid.

dev.) (rmkarf +%id. 8cv') 2.5 He 112.5 1 39. 126 103 0.0 +0
|l og 2.05 log 2.1 (+ 2. 18/- 1.8WYSS E@'B&%BEEN%) 15 5.0Hz _
123.1 48  wooiAdd, +4 0.00 | og 2. Iog 2. 05pE&tdsiedeass. 87)

(-2.2/-1 82) EXAMPLE |V Lab Jacks ar e |-h u E up for a 0.8 20
Joules/cm fluence |evel (which resul t\h‘éﬁ \ “& | I'i meter distance
between a quartz w ndow and a flashlanp |'1ght source to a bottom quartz
disc. Avial of Poliovirus is vigorously épaken Using a 100 mcroliter

pi pettor a 150 microliter sanple of the 2 Poliovirus are transferred from
the vial toa 1l mllineter space between a pair of quartz discs. The pair

of discs is gently tiltedaddt ihléhepdsd amacrsall'at eut$ &ﬁ Srfeosi tioned

near the center | r L, a | ab j ack.
For an untreate% % éq (E%X1IQ§ ,1fﬁ%&a%ggg argd 4L Bherhe Iab
jack and the 1592 ollter sarrple is withdrawn and pl aced in

5 33. The system of Claim 38 wherein:

said tubular baffle directs said water from
said inlet port in a direction substantially antiparallel
to said light source, and directs said water to said
outlet port in a direction substantially parallel to said
10 1light source.

40. The systeh of Claim 39 wherein:

said inlet port is positioned to flow water
into said tubular housing from outside said tubular

15 baffle; and _

said outlet poft is positioned to withdraw
water from said tubular housing from inside said tubular
baffle, said water flowing around said second end of said
tubular baffle.

20
41. The system of Claim 37 wherein:
said light source is positioned substantially
along a central-axis of said tubular baffle.
25 '
42. The system of Claim 41 wherein:
said tubular baffle is substantially
cyllndrlcal.
30 43. The system of Claim 41 wherein:

said tubular'housing is substantially
cylindrical.

—_—
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a-sterileé vial. For additional sanples, two flashes at SUBSTI TUTE SHEET

(RULE 2 ﬂmll‘IQMl PCT/ US96/ 16437
- 32 - “|“| I delivered to the 150 mcroliter sanple. Further

sanples arettreéat®d With two flashes at™® ERJHASBEEy err], 0.4
Joules/cnferr] and 0.2 Joules/cm[err], by B}-‘é@ﬁﬂng t he Iab acks. The
treated sanpWe8”HB® 5 respectively wi tHERIHMEED ed i PCI(USPH1643%j ) s.
The Polio virus suspensions ate then quzing ﬁuﬂmmﬁ tissue culture

pl aque titer assays. Table 4 presents results of virus assays. 10

"TABLE 4 Sanpl e Titcr (plaque formng units/m) 0.8 J//cnferr] 2.3
X. 10[err] 0.6 J/Crerr] 85 0.4 rd¥err] 2.2 X 4 15

0.2 J/cm 1.6 x 10[err] Control "(non-rented) 9 x 10[err] Thus t he
above exanpl es denonstr at g th ffecg §ﬁness t he .net hog CI‘I bed
herein for deactivating Cro a s"fhefr&’ﬂn fig* rB‘f

specifically Cr!}?itfoslﬁomdﬁahﬁ@atwmﬁpqsm fhyipterior surface thereof to
light emitted from the light source.

5 45, The system of Claim 44 wherein said outlet
port includes a frustoconical inner surface.
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such as water and air, and such as viruses, specifically Poliovirus. 25
Wil e the invention herein disclosed has been descri bed by neans of
specitic enbodi nents and applications thereof, nunerous nodifications and
variations could be nmade thereto by those skilled in the art w thout
departing fromthe scope of the invention set 30 forth in the clains.
SUBSTI TUTE SWEBmssiAULE 26) WD 97/ 15332 PCT/US96/16437

PCT/ US96/ 16437 - 33 - [err] SUBSTI TUTED SHEET ( RULE 26) WD 97/ 15332

PCT/ US96/ 16437 - 34 - [err] SUBSTII TUTE SHEET (RULE 26) WD 97/ 15332
PCT/ US96/ 16437 175 .
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- 35 - RAW DATA (P. I OF 2) NO OF EVENTS IN THE LOG CAL GATE REPRESENTI NG
CRYPTOSPORI DI UM PARVUM OOCYSTS (NOT POOLED) BALB/ c nouse fecal oocyst

Quantitation by flow cytonetry (PureBright) Treatnent #/ i~ Dose
Mouse | D Vk-1 H GH | O[err]7 10[err] 6 H7-1
9 H GH 10[err]7 10[err]6 . H7-2 - 1 HG&H
10[err]7 w9/ ¥832] 6 H7- 3 4 H CGH rcidls8é 1 dads
10[err]6 H7- 4 .3 H GH 107 1076 H7.5
3 MEDI UM 10n7 1076 M. 1 2 MEDI UM 1077
1076 M7. 2 11 MED UM 2/5 10[err]7 10[err] 6
M7 -3 5 MEDI UM 1007 1076 M- 4
MVEDI UM 10[err] 7 10[err]6 M7 - 6 2 MEDI UM
1077 1076 ' M7 - 6 2 MEDI 1077 10[err]6
M7 -7 5 LOW 10747 10 LY- | LOW
10[err]7 1076 L7342 ol | 7 L 1087 1076
L7.3 10 Low ~HOR 7 6N JL3~’4 2
CONTROL 1077 10T (i-Ll | N 1441 ROL 1077
1076 Cr-2 «| 34 "G Cr-3
2325 CONTROL 10X 107 12091 CONTROL
1077 1076 C7. 5 ‘o | 963 o
=~ -~
N | ~
{
Sz
S —a
N 3
N
N \
a ¢
N \ AN
G
~
N - - U
NI | 3
1 \
O
i N
. ax ?‘\j '
AT 2772722727777 7777%
]
3/ '

708

™)

-
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H GH. 1076 1075 H6 1 1 3 H CGH 1076

1075 H6. 2 1 HGH , 10*6 - 1 0”5 ~H6.3
2 H GH 1006 105~ H6- 4 2 MEDI UM 10[err] 6
1075 M. 1 4 NMEDI UM 1076 |O[err]5 Mb- 2
| MEDI UM 1076 10[err]5 Mb. 3 4 NMEDI UM
10[err]6 wopr1s}S . M- 4 3 Low 10[ masnh€96r16437
10[err]5 L6.1 LOW . 106 10[err]5 L6-2 6
LOW 10[err]6 1 05  L6.3 1 LOW 1076
1075 L6-40 CONTROL 1076 1?}5 C6-1 239 :
CONTROL 10[err] 6 10[err]5 C6 1621 CONTROL
10[err] 6 10[err]5 Co6-3 2270 CONTRCL 10[err] 6
10[err]5 C6-4 : 43441 APPENDI X 3 SUBSTI Tut e 5HEET (RULE 26)
PCT/ US96/ 16437 WD 97/ 15332 - 36 - UNI NFECTED 0 0 Ul-1
0 UNI NFECTED 0 0 U1-1 Control (calf_81A10) 8052
S
N N o)
U N j;
N
N I
! R s |
| | N
q | F
¢ | 3§
S \
N »
a . Iy
. N \ {
N\ N
N ~
N /] \
. < B
. N
N i 5 o~
3 3 W
N N
N \
Y N
" b
-
: 1] T
A 7727777777777, 7 i
)
| N |
| o
N
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Not e: val ues <-10 are consi dered background Mean # oocysts/ 100 [err]

suspension HGH MEDIUM LOW = CONTROL 10[err]7 4 2.9
5 - T1188.4 10[err]6 2 3 ' 3 2118. 5T UNIr'NFECTED
2 2 RAW DATA (P. 2 OF 2) NO OF EVENTS IN THE

LOG CAL GATE REPRESENTI NG CRYPTOSPCORI DI UM PARVUM OOCYSTS ( NOT POOLED)
APPENDI X - #wcadAsssk TUTE SHEET ( RULE 26) WD 97/ 15337 PChipiaodisah37 - 37
- [err] SUBSTI TUTE SHEET (RULE 26) V\Dtgé[t15332

PCT/ US96/ 16437 - 38 - BALB/c nouse tecal yst quantation by flow
cytonmetry (PureBright) K2Cr20O7 Treat nent #1 mL Dose intestines Vol une

N
N
\ S
N S
N K
2V
s
Q
g (S
N ~ .
3
[+Y
Q i
N N
h ) :
N . ©Q
. | ]
S~
N 3 E g
N N
o ‘\
N
‘.
S N
N
B . E
N
-
zissi s} N sy
N ([ 7277272 2227722777 27727 17
o ;
N
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H GH 1077 1076 5 20 m 9 MEDI UM ' 1077

10”6 7 20 m 10 LOW - 10M7 | 0"6 4

20-m 10 CONTROL 1077 10”6 5 20 M~ 510
HI GH 10M6 1005 4 20 m 14 MEDI UM 1076
1076 4 20 m 24 LOW 1076 1075 4

20 m WO 9TasI3ONTROL 10”6 1075 4 P2OrUSY6/16437 )
441 UNI NFECTED 0 » 0 2 20 m : 8 Pool ed

i ntestines were honogenized in 20 mM K2CR207 VirTis VirTishear setting 70,
40 sec 1 m traction collected and stor&#bat 4 C 200 microliters processed
over qradient, washed. | abeled with Mab and anal yzed on fl ow cytoneter
Not e: val ues <=25 are consi dered background (this set was a little noisier
than the set above) RAWDATA (P 1 OF 1) NO OF EVENTS IN THE LOd CAL GATE
REPRESENTI NG CRYPTOSPORDI UM PARVUM OOCYSTS ( POOLED SAMLE) SUBSTI TUTE SHEET
(RULE 26) 1. A net hod of deactivating a virus 5 conprising:,
illumnating the virus using at |east one short-duration, high-intensity
pul se of broad spectrum

812
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ENT SHEET

illumn

pefychromatic Iight.
‘i'Tlum nating includgs:
short-duration, hightiht@shP
having an intensity of|at Ieas
wherein said illum nati I'ncludes: il

| east one 20 short-ddrati Bnsj ty pul sle 195,., SRRBEPRE; _ngw,eu,/qq?

i REPLACEMENT SEEETS =G

The met hf! g@ﬁﬁﬁfmfmlp@mﬁ &i.to gagadl .22
ating lsdid virus usith§limin at pbeadl. oneaged 47
W br oad sp,e(Elﬂ memg{,.yc Ipagaaht‘]’m Ipagladt..:.

pol ychr omat iﬁ?ldw,ghmd irecf o ep eg@ i ter ahieonsef ofr-Brighepoweredb@aisib——

d | th | d 25
P?In(tj?ne?\gtnl ?\g | ncI udes i Si'l(?"CQﬂ%;et [ ;1%8 BAi g’ VI g?%sﬁx&gé:;&xmtixt W%ggglt noflgl
short dur at ifgttessyh |I‘1ﬁ aeYie pqmmseu@rteblc@amspmmanmoy@hmamed light,

said pul se [ aMid f g I havi ng
wavel engt V?Pequ%b oo ot 5 saqeaspis ixpedisients £o Wl " 1o

of daim i HEHPSES urﬁmétq%%%l Gdes o theninedatdyedd hdahy us
using at | easesbsteargse Simratndtﬂlaiw Posel Py, isulcd Hildr didl 13 re,

br oad- 5peCtri§QﬁEﬁé“%¥‘H§¥ SddiHthe filters becomes a significant
factor -in their deslgn Such filters also are subject to
releasing trapped contaminants into the duct when they

10 are removed for replacement and such released

contaminants can be subsequently carried by the duct into
areas sought to be protected by the filter. Furthermore,
some microfilters may be unable to remove particularly
small contaminant particles. |
SUMMARY OF THE INVENTION

The present invention advantageously addresses
the needs above as well as other needs by providing a
method for deactivating cyst-forming protozoa, such as

20 Cryptosporidium parvum, and viruses, such as poliovirus,
using short duration pulses of very intense polychromatic
light. Application of short duration pulses of high
intensity, incoherent polychromatic light prov1des
efficient, effective, high throughput processing and

25

results in many practical and economic advantages.

In accordance with a first aspect of the present
invention, there is provided
| | 2@ method of deactivating a virus
5 comprising:
illuminating the virus using at least one

short-duration, high-intensity pulse of broad spectrum
polychromatic light.

In accordance with a second aspect of the present
invention, there is provided

'@ method of decontaminatlng air containlng
microorganisms comprising:
illuminating the microorganisms contained in
the air using at least one short-duration, high-intensity
~ 5 pulse of broad sSpectrum polychromatic light.



- 40 - 6. A method of decontam nating air contaﬁﬁ?HﬂENW§Jo%#%gnisns
“Conprising: illuminating the mcroorgani sns cdntfained in the i using at

| east one short-duration, high-intensity 5 pulisd 0pgbAPRAI$PEGt UM

pol ychromatic light. 7. The nethod of Claim®6 wherein said il jui nating

i ncludes: illumnating said aig.%§ing sai d at { e€ast—ome~T0 Shor t{- dur ati on,
hi gh-i ntensity pul se of broad-spe@tfun1polychronatic | i ght . _haviing an
intensity of at least Q.1 J/cnjerr]. . The. met.hod of Caim7 wherein said
15 illum nating incl Jod‘esa‘.ccﬁﬁ ﬁ?laﬂl%% Enith iz AFPETE oF: G, PPEREPtope
short - dur at i inwenk gin | ritherss tiys br oad- spectrum pol ychromatic |ight,
having a pul se duration of & raasthedwsendakevivatingnprecezda and 10

m | liseconds °ﬁ$r in be met hod of Claim@8 wherein said illumnating

I ncl udes: iIFu na? ng"said air using said at |east one short-duration,

hi gh int@fsity pul se oflbunidatpsgtthen pFopokpahnsding et ilgmst omed pul se
havi ng at 'eﬁﬁbrﬁo&ﬁ?ﬁtibg,ggggﬂ¥iﬁﬁéﬁ§ﬁhyt§ﬁlé@ eI Rircad ispdotaal engt h

n

from bet ween anuh 170, an anormet ers.
~ polyChromatic light.

In accordance with a fourth aspect of the

present invention, there is provided
a method of decontaminating water

containing cyst-forming protozoa comprising:
30 - 1lluminating the water using at least one

shoxrt- duration, high-intensity pulse of broad spectrum
polychromatic light.

In accordance with a fifth aspect of the present
invention, there is provided ,

a system for deactivating microorganisms
in water comprising:

an watertight housing; . :

an inlet port of the watertight housing;

15 an outlet port of the watertight housing;

a tubular light source positioned within the
watertight housing; and

a tubular baffle positioned within the
watertight housing for directing a substantially uniform

20 flow of water in a direction substantially parallel to
the light source.

Generally, in accordance with the present
invention, methods are provided for deactivating
microorganisms, including cyst-forming brotozoa and
viruses, by exposing the microorganisms to at least one

30 short duration pulse of incoherent polychromatic light
having an energy density in the range of from about 0.01
to about 50 joules per sgquare centimeter using a
wavelength distribution such that at least about 50%, and
preferably at least about 70% or even 95% of its

35 electromagnetic energy is distributed in a wavelength



©10." The method of Claim9 wherein said 30 illum nating in

“Tllumnating a plurality of Bacillus punilus spores in SﬂEFLNﬁHME“EI

at | east one II I hi gh-intensity pul'se of Rrg
pol ychromat i H!"mgymu mslm IﬁmPLACEIVENT SHEET - 41 - 11.

6 further conpri

illumnnating said air including illumnating said air t

he

ng: "1 8w hg said air into a treatnent Zon%

geggﬁd\m

zone using 5 said at |east one short-dur&®ion, high- |nt}n5|ty pulse Q

broad- spectrum pol ychromatic light. 12. The nethod of Cla

conprising: flowing said air, having been_illum nated, out 10 of said
treatnent zone. 13. The nethod of cl aFkRI¥B\herein said flowng said air
into said treatnent zone includes continuously flowng said air into said
treatment zone, 15 and wherein said flowing said air out of said treatment
zone incl udes contlnuously flow ng said air out of said treatnent zone.
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1. A method of deactivating a wvirus
comprising:

illuminating the virus using at least ome
short-duration, high-intensity pulse of broad spectrum
polychromatic light.

2. The method of Claim 1 wherein said
illuminating includes:

illuminating said virus using said at least one
short-duration, high~intensity pulse of broad spectrum

polychromatic light having an intensity of at least 0.1
J/em®.

3. The method of Claim 2 wherein sa;d
illuminating includes:

illuninating said virus using said at least one
short~duration, high-intensity pulse of broad spectrum
polychromatic light, having a pulse duration of from
between about 10 nanoseconds and 10 milliseconds.

4. The method of Claim 3 wherein said
illuminating includes:

illuminating said virus using said at least one
short durat;on, high intensity pulse of broad spectrum
polychromatic light, said pulse having at least 50% of
its energy transmitted in light having wavelength from
between about 170 and 2600 nanometers.

5. The method of Claim 4 wherein saiqd
illuminating includes:

illuminating poliovirus using at least one
short-duration, high-intensity pulse of broadvspectrum
polychromatic light.




20 conprising: repeating sai.d

air is |II once an it passes through sa

25 15. The 4 wherein said illumnating i clu :
i 11uninating sal d air using.at |east one short- duration, Thi grﬁ-ﬁz rAPe&ﬁ?Q%/
pul se of broad-spectrum 30 polychromatic |ight, having anj%rtensity of

‘|Ilun1nat|n tition rate sufficiently hlgh}thqﬁAgtMENﬁ SpiaEt
Mk § Yadt e

least 0.1 J/cnferr] . -42 16. The nethod of Caim 15 ereln said

illumnating includes: illumnating salg air using at |east._.ane short
duration, high-intensity pul se of broad- gpectrun15 pol ychromati.c |ight,
havi ng a pul se duration of from between about 10 nanoseconds and 10

m|liseconds. 17. Thegrethqd of %P’dab%‘ %ﬁ@&%@g&%&%yq lglfﬂgdﬁﬁa'ﬂ%?

i ncludes: 10 . i 11 Gin arr using at léast one
dur ati on, hMQPIPNFEnmhﬁwﬂpGP@@m@ﬁlmGGad spect rum
illuminating the microorganisms contained in

the alr using at least one short-duration, high-intensity
5 pulse of broad spectrum polychromatic light.

7. The method of Claim 6 wherein said
illuminating includes:
illuminating said air using said at least one
10 short-duration, high-intensity pulse of broad-spectrum

polychromatic light, having an intensity of at least 0.1
J/cm?.

8. The method of Claim 7 wherein said
15 illuminating includes: .
illuninating said air using said at least one
short-duration, high-intensity pulse of broad-spectrum
polychromatic light, having a pulse duration of from
between about 10 nanoseconds and 10 milliseconds.
20 :
9. The method of Claim 8 wherein said
illuminating includes:
illuminating said air using said at least one
short~-duration, high intensity pulse of broad-spectrum
25 polychromatic light, said pulse having at least 50% of
_its energy transmitted in light having wavelength from
between about 170 and 2600 nanometers.

10. The method of Claim 9 wherein said
30 illuminating includes:
illuminating a plurality of Bacillus pumilus
spores in said air using said at least one short-
duration, high-intensity pulse of broad-spectrum
polychromatic light.
35



polychronatic se having at |east 50% '
“fransmitted in | | ht havi ng wavel ength from between bBRERLACEMENT SHEED o}
nanomatersm'l @MH! od of Claim 17 wherein said{iITumnating
i ncl udes urality of Bacillus pum | yis|spgy Rspgfghear
using said at east one short-duration, 20 high-intefsity pulse
br oad- spect rum pol ychromatic light. 19. A nethod of de&et+vet+nre—prot ofoa
conprising: 25 i1lum nating -+ hgg prot ozoa ugi ng at | east one
short-duration, high-intensity pul se of broad spectrum polychromaiirc T1ght.
20. The nethod of Caim 19 wherein said 30 illum nating includes:
i 1luminating said protbkoa Thermethod of Chaim 6nfurtber- domprising:
hi gh-intensity pul se t C gg@é g Vi ng an .
intensity of at Ieast0%1§&g§§ QE& éﬂg‘ﬂﬁh& & Sﬁeﬁt Qang?hod of Claim
20 wherein said said ill ting said air includin
illuminating said air within the treatment zone using
5 said at least one short-duration, high~intensity pulse of

broad-spectrun polychromatic light.

12. The method of Claim 11 further comprising:
flowing said air, having been illuminated, out
10 of said treatment zone.

13. The method of Claim 12 wherein said
flowing said air into said treatment zone includes
continuously flowing said air into said treatment zone,

15 and wherein said flowing said air out of said treatment
zone includes contlnuously flowing said air out of said
treatment zone.

14. The method of Claim 13 wherein further
20 comprising:
repeating said illuminating at a flash
repetition rate sufficiently high that all of said air is
illuminated at least once as it passes through said
treatment zone.
25

15. The method of Claim 14 wherein said
illuminating includes:

illuminating said air using at least one short-
duration, high-intensity pulse of broad-spectrum

30 polychromatic light, having an intensity of at least 0.1
J/cn?,



i 1iuminating includes: illuminating said protozoa using saj RERLAGRMENT SHEET

"Short-duration, high-intensity pul se of broad 5 spectrum plol [JChTt omat 1 c

i ;ei‘?m!ﬂlﬂlzlﬂlﬂ TR "o 27 23 wherei n said i1 i nd

angprafGg 10

tlng

l oot

I ncl udes: 10* ¢ " Ssiltumnating said protozoa using s

MI.

ICUdol UTl

short duration, high intensity pul se of broad spectrum pol ychromatic |ight,

sai d pul se having at | east 50% of its-ea@rgy transmtted i TTgnt

havi ng

wavel ength from between about 170 and 2600 nanoneters. 15 23. The nethod of

Claim 22 wherein said illumnating includes: illumnating cyst-form ng-

protozoa using at |eadé.onThehmethdd aifi Glaim gi5- winenedint ywadd se of broad-

20 spectrunla_uﬁyg' qﬂ d1Wdes:24. The nethod of claim 23 wherein said
nc 3Es |I

illumnating i

par vum oocysts using dtluEgaa

unlnatlng lyrality of cryptosporldlun125
ﬁﬁﬂi) ad¥ XS ot JRast Q% isheEhn se of

br oad- spect waﬂmhqumﬂer@ﬂty Pulse F Mrdad-sprtizham nating water

cont ai ni

wat er us %g%\ét &%

spect rum

8OV Mok Ayeasiep o T 19 (1o

between about 10 nanoseconds and 10 milliseconds.

17. The method of Claim 16 wherein said

illuminating includes:

10

illuminating said air using at least one short-

duration, high-intensity pulse of broad-spectrum
polychromatic light, said pulse having at least 50% of
its energy transmitted in light having wavelength from
between about 170 and 2600 nanometers.

15

18. The method of Clajm 17 wherein said

illuminating includes:

illuminating a plurality of Bacillus pumilus

spores in the air using said at least one short-duration,
20 high-intensity pulse of broad-spectrum polychromatic

light.

19. A method of deactivating protozoa

comprising:

25

illuminating the protozoa using at least one

short-duration, high-intensity pulse of broad spectrum
polychromatic light. '

20. The method of Claim 19 wherein said

30  illuminating includes:

illuminating said protozoa using said at least

one short-duration, high-intensity pulse of broad
spectrum polychromatic light having an intensity of at
least 0.1 J/cm.

35



_pol ychromatic |ight. - 44 - 26. The nethod of O aim.25 wherein said

poi yehr om 44 26 Then _
Shor - dur gﬁﬂllﬁmﬂﬁiliﬂl[lﬁ]w y pul e of br oad spedt PAEEACEYEN] BRERTat i ¢

i ght, havi f at least 0.1 J/cnferfr]|l 27. The net h¢d|of
G aim 26 wheteim gaid 151w nating includes: 10 26 APR!19gM hati ng
said water using said at |east one short-duration,] High-intensity]|pdl se of

br oad- spectrum pol ychromatic light, haviggg.a pul sq duratrtomnmof—fromjbet ween
about 10 nanoseconds and 10 mlliseconds. 15 28. The nefhod of

.Claim 27 wherein said illumnating includes: illum nating said water using
said at | east one shor4t durpie afletiod of NtXatm (20 prthereih sabdd- spectrum

. ; : : v ;
ranom tred FHHROE RS HERRFEroTh ' om bot ween. about . 170 and 2600
nanoneters. 29. The neilhbanimating nszbd \protozos meing| saidaetndeast| udes:
25 one | AW L340 foRd| W Bdh L InLénd I P PSPEE! 8F UBtoad
5 spectrum polychromatic light, having a pulse duration of
from between about 10 nanoseconds and 10 milliseconds.

22. The method of Claim 21 wherein said
 illuminating includes:

10 illuminating said protozoa using said at least
one short duration, high intensity pulse of broad
spectrum polychromatiec light, said pulse having at least
50% of its energy transmitted in light having wavelength
from between about 170 and 2600 nanometers.

15 |

23. The method of Claim 22 wherein said
illuminating includes:

illuminating cyst-forming protozoa using at
least one short-duration, high-intensity pulse of broad-

20 spectrum polychromatic light.

24. The method of Claim 23 wheérein said
illuminating includes:
illuminating a plurality of Cryptosporidium
25 parvum'oocysts using at least one short-duration, high-
intensity pulse of broad-spectrum polychromatic light.

25. A method of decontaminating water
containing oyst-forming protozoa comprising:
30 illuminating the water using at least one _
short- duration, high-intensity pulse of broad spectrum
polychromatic light.



parvum oocysts in said mater Using said at | east one

"hi gh-i nt ensi spectrun1po|ychronatic |i gnt -
30. The metmlmn [ﬂ?lml urther conprising: flow nRg 582g APR 4999 ntola
3]

treatment zorre; ¢sai m-#ating said water includin |Ilun1nat|ng S

water within the treatnent zone using said at |east one on,

hi gh-i ntensity pul se of 35 broad- spectrun1po|ychronat'c I|ght -45: 131,
The method of C aim30 further conprigipg: .fl owing sai g water, havi ng been
illum nated, out of said treatnent zone. 5 32. The rethod of

C aim 31 wherein said flow ng said water into said treatment zone includes
continuously flow ng . d e mdthda oF @11 b Rihez¥ih Wil Wherein said

fl ow ng sai sai. d treatnment zone includes continuously flow ng
sai d wat er gﬁ%&ﬁiqigi? fnt zone. 33. The nethod of daim 32
further conprising: rdﬂdammmqi saild i water mpirg sdidet lepst toren rate

Suf 111 ent | nsh e bl 85 ey Sriid df B ot Rast Once as

it asses, thr salcrtre { et
P %f%hr omatic fight, Qng an intensity of at least 0.1

J/cm?.

27. The method of Claim 26 wherein saiad
illuminating includes:

‘10 illuminating said water using said at least one
short~duration, high~intensity pulse of broad-spectrum
polychromatic light, having a pulse duration of from
between about 10 nanoseconds and 10 milliseconds.

a5 28. The method of Claim 27 wheresin said
illuminating includes:
illuminating said water using sajd at least one
short-duration, high intensity pulse of broad-spectrum
polychromatic light, said pulse having at least 50% of
20 its energy transmitted in light having wavelength from
between about 170 and 2600 nanometers.

29. The method of Claim 28 wherein said - .

illuminating includes: _
25 illuminating a plurality of Cryptosporidium
parvum oocysts in said water using said at least one

short-duration, high-intensity pulse of broad-spectrum
polychromatic light.

30 30. The method of Claim 25 further compr151ng-
flowing said water into a treatment zone;
sald illuminating said water including
illuminating said water within the treatment zone using
said at least one short-duration, high-intensity pulse of
35 broad-spectrum polychromatic light.



34." The method of Caim.33 wherein said I llumnating includes: 20

“illumnating said water using at |east one short-dura,iQEPLA@EWENTrgH§@$i
pul se of br jm mﬂt hromatic |ight, having ar .m-ens-l-t-yh-e-f—-aw
| east 0.1 J/ ﬂﬁ “HHMIT“ 35. The nethod of @ 4i m 34 wher

n
i |l um nating 1ncludes” |f|dh1nat|ng said water using gt || c26&tARR 63
short-duration, high-intensity pul se of broad-spectrurp gol ychro '

noseconds and 10

having a pul se duration of from 30 between about 10 na
m | liseconds. 36. The nethod of C ai m3®3Terein said

illumnating said water using at |east one 35 short- duration,
hi gh-i ntensity pul se of broad spect

| east 50% of31. -The mthggéﬁgqééghrgﬂ@h#??%%g$t ?ﬁ@%? 1ng

wavel ength from bet weeficiing 8404 awalit€6) harsimgebees. iBIum#nétﬁéthod of
n ga%%hg £££ Qﬂ&l?ﬂnéncludes illumnating a plurality of

i ncl udes:

havi ng at

Cl ai m 36 wher gj
cryptosporid?ﬁ

10

1S

20

25
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35

oocy S1n wat er usi ng sai d at Ieas_t one

32. The method of Claim 31 wherein said
flowing said water into said treatment zone includes
continuously flowing said water into said treatment zone,
and wherein said flowing said water out of said treatment
zone includes contlnuously flow1ng said water out of said
treatment zone.

33. The method of Claim 32 Ffurther comprising:

repeating said illuminating at a flash _
repetition rate sufficiently high that all of said water
is 1lluminated at least once as it passes through said
treatment zone.

34. The method of Claim 33 wherein said
illuminating includes:

illuminating said water using at least one
short-duration, high-intensity pulse of broad-spactrum
polychromatic light, hav;ng an intensity of at least 0.1
J/em?.

35. Tha method of Claim 34 wherein said
illuminating includes:
~ illuminating said water using at least one
short-duration, high-intensity pulse of broad-spectrum
polychromatic light, having a pulse duration of from
between about 10 nanoseconds and 10 milliseconds.

36. The method of Claim 35 wherein said
illuninating includes:

illuminating said water using at least one
short~-duration, high-inten91ty ‘pulse of broad-spectrum
polychromatic light, said pulse bhaving at least 50% of

se
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short - duration, high- intenSity pul se of broad-spectru %FH ﬂﬂppghg

I'i ght deactivating microorgani sns| i

an vvaterﬂllmmmlﬂllfmm inlet port of the watertight|hg
an outlet*pott 'of ®hé waterti ght housing; a tubular |ight
within the watertight housing; and a tubular baffle posi!

usi ng; 15 .
§Hv#ﬂ§2ﬁﬁ@it 0
loned within th

watertight housing for directing a substantially unifofm
in a direction substantially parallel togéhe |ight sounce.

20 fTow of watef
39. The .syste

of claim 38 wherein: said tubular baffle has a first and a second 25 end;
and said inlet port and said outlet port are positioned proximte for the
first end ofitheehebg?atrbnéﬁihteaoin light havifig wakelengthntvbmC ai m 39
inlet port in a
and directs said
rallel to said 35
| i ght source. . 37. The method of Claim 36 wherein said

i rect i o oubsPHRERCRRIRE o ToCROATapoBThantaL Pkt O ce.

water to said outlet port in a direction substantlally pa

5 illuminating includes:

illuminating a plurality of Cryptosporidium
parvum oocysts in the water using said at least one
short- duration, high-intensity pulse of broad-spectrum

polychromatic light.
10

38. A system for deactivating micreorganisms

in water comprising:
an watertight houszng,

an inlet port of the watertight housing,
15 an outlet port of the watertight housing;
a tubular light source positioned within the

watertight housing; and

a tubular baffle positioned within the
watertight housing for directing a substantially uniform
20 flow of water in a direction substantially parallel to

the light source.

39, fThe system of Claim 38 wherein:
said tubular baffle has a first and a second

25 end; and

sald inlet port and sajid outlet port are
positioned proximate for the first end of the tubular

baffle.

30 40. The system of Claim 39 wherein:
said tubular baffle directs said water from

said inlet port in a direction substantially
to said light source, and directs said water

antiparallel
to said

-outlet port in a direction substantially parallel to said

35 light source.



“-47 41. Theﬂswﬁ4yn4ﬁ_ileg140 wherein: said inlet port is p05|t|oned to -
flow vvate m"‘Ho sai d tubul ar housing from outside saifd ax:) Cy

ort is positioned to withdr
tubul ar H' ,ﬁmme said tubular baffle, said

sai d second end ‘of sald tubul ar baffle. 10
Claim 38 wherein: said |light source is positioned sutstantlally alonn 3
central axis of said tubular baffle. 43.,Jhe systemq i f:
said tubular baffle is substantially- cy? ndrical. 44.. The system of Clai m
42 wherein: said tubul ar housing is substantlally 20 cylindrical 45.  The

system of Cl aim 38 mhea$| @ﬁéd 9g POk ?aiﬁ géesﬁgggého expose an

interior surface thereo rom t source. 25 46. The
system of clai m 45 mheSéiﬂ saletOHPrttiﬁoPPSiﬁépneésta flovwt wasercal inner

surface.  into said tubular housing from outside said tubular
baffle; and
5 said outlet port is positioned to w1thdraw
water from said tubular housing from inside said tubular
baffle, said water flowing around said second end of said
tubular baffle.

10 | 42. The system of Claim 38 wherein:
said light source is positioned substantially
along a central axis of said tubular baffle.

. 43. The system of Claim 42 ﬁherein:
15 said tubular baffle is substantially.
cylindrical.

44. The system of Claim 42 wherein:
said tubular housing is substantially
20 cylindrical.

45. The system of Claim 38 wherein said outlet
port is oriented to expose an interior surface thereof to
light emitted from the light source.

25 . .
46. The system of Claim 45 wherein said outlet
port includes a frustoconical inner surface.
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