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(57) ABSTRACT 

A method of deactivating microorganisms in food products, 
packaging material, Water, air, and other products involves 
illuminating the microorganisms using at least one short 
duration, high-intensity pulse of broad- spectrum polychro 
matic light. In variations of this embodiment, the light has an 
intensity of at least 0.1 J/cm2, the pulse duration is from 
betWeen about 10 nanoseconds and 10 milliseconds, and/or 
at least 50% of the at least one pulse’s energy is transmitted 

in light having Wavelength from betWeen about 170 and 
2600 nanometers. Advantageously, the microorganisms may 
be Cryptosporidium parvum oocysts, Bacillus pumilus 
spores or poliovirus. 
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DEACTIVATION OF ORGANISMS USING 
HIGH-INTENSITY PULSED POLYCHROMATIC 

LIGHT 

[0001] This is a Continuation Patent Application of US. 
patent application Ser. No. 09/025,210, ?led Feb. 18, 1998 
for DEACTIVATION OF ORGANISMS USING HIGH 
INTENSITY PULSED POLYCHROMATIC LIGHT, of 
Dunn, et al, Which is a Divisional Patent Application of US. 
patent application Ser. No. 08/741,560, ?led Oct. 31, 1996 
for IMPROVED DEACTIVATION OF ORGANISMS 
USING HIGH-INTENSITY PULSED POLYCHROMATIC 
LIGHT, of Dunn, et al, now US. Pat. No. 5,900,211, Which 
is a Continuation in Part of US. patent application Ser. No. 
08/548,453, ?led Oct. 26, 1995, for DEACTIVATION OF 
PROTOZOA USING HIGH-INTENSITY PULSED POLY 
CHROMATIC LIGHT, of Dunn et al., noW abandoned, all 
of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to disinfection or 
decontamination 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 material. 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. 

[0003] As used herein the terms “deactivate,” or “decon 
taminate” and forms thereof refer to the killing or steriliZing, 
i.e., rendering unable to produce, of microorganisms. 

[0004] Substantial technical effort has been directed to 
increasing the levels of microbiological decontamination in 
Water, air, foodstuffs and other microbiologically 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 techniques for preservation. 

[0005] The photobiological effects of light, including 
infrared4 light (780 nm to 2600 nm; i.e., 3.9><1014 HZ to 
12x10 HZ), visible light (380 to 780 nm; i.e., 7.9><1014 HZ 
to 3.9><1014 HZ), near ultraviolet light (300 to 380 nm; i.e., 
1.0><1015 HZ to 7.9><1014 HZ) and far ultraviolet light (170 to 
300 nm; i.e., 1.8><1015 HZ to 1.0><1015 HZ), have been 
studied, and, in particular, efforts have been made to employ 
light to deactivate microorganisms on food products, con 
tainers for food products or medical devices. See, e.g., US. 
Pat. Nos. 4,871,559; 4,910,942; and 5,034,235, issued to 
Dunn et al. (the ’559, ’942, and ’235 patents), incorporated 
herein by reference. 

[0006] Other studies of the photobiological effects of light 
are reported in Jagger, 1., “Introduction to Research in 
Ultraviolet Photobiology”, Prentice Hall, Inc., 1967. US. 
Pat. No. 2,072,417 describes illuminating substances, e.g., 
milk, With active rays, such as ultraviolet rays; US. Pat. No. 
3,817,703 describes steriliZation of light-transmissive mate 
rial using pulsed laser light; and US. Pat. No. 3,941,670 
describes a method of steriliZing materials, including food 
stuffs, by exposing the materials to laser illumination to 
inactivate microorganisms. HoWever, such methods have 
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various de?ciencies, such as limited throughput capacity, 
limited effectiveness in killing microorganisms (particularly, 
cyst-forming protoZoa and viruses), adverse food effects 
(e.g., negatively affecting food ?avor or appearance), inef 
?cient energy conversion (electrical to light) and economic 
disadvantages. 
[0007] In the area of Water decontamination in particular, 
heretofore knoWn methods of killing cyst-forming protoZoa 
are in many cases ineffective and inef?cient, 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 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 (Cparvum) have caused illness in hundreds of 
thousands of people, and have killed numerous others. Such 
outbreaks are common in the spring and summer rainy 
seasons When Water from feedlots and the like may be 
undesirably mixed With municipal Water supplies. No cost 
effective method of eradicating Cparvum has heretofore 
been available. 

[0008] 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 trapping oocysts in a mechanical ?lter 
and exposing the mechanical ?lter to ultraviolet light) to 
eradicate loW concentrations of Cparvum, i.e., about 2 log 
cycle reductions, such method requires that the Water be 
exposed to ultraviolet light having an intensity of 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 Cparvum in municipal Water treatment facili 
ties. What is needed is a method of eradicating Cparvum, 
other cyst-forming protoZoa, and 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 Cpar 
vum, i.e., more than 2 or 3 log cycles. 

[0009] In the area of air decontamination, airborne micro 
organisms, 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 ?oWing air 
as it passes from a contaminated space into an uncontami 
nated or sterile space. Heretofore, the most common method 
of air treatment has been to employ micro ?lters, such as 
HEPA ?lters, in a duct in order to physically remove 
particulate contaminants from the ?oWing air. Unfortu 
nately, the micro ?lters employed pose signi?cant impedi 
ment to air ?oW, and therefore require the use of high 
poWered fans and the like in order to pump the air through 
the air ?lters. As more particulate contaminants become 
trapped in the micro ?lters over time, this impediment to air 
?oW increases. In addition, due to the relatively high resis 
tance to air ?oW posed by such micro?lters, leakage of air 
around the ?lters becomes a signi?cant factor in their design. 
Such ?lters also are subject to releasing trapped contami 
nants into the duct When they are removed for replacement 
and such released contaminants can be subsequently carried 
by the duct into areas sought to be protected by the ?lter. 
Furthermore, some micro?lters may be unable to remove 
particularly small contaminant particles. 
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SUMMARY OF THE INVENTION 

[0010] The present invention advantageously addresses 
the needs above as Well as other needs by providing a 
method for deactivating cyst-forming protozoa, such as 
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 ef?cient, effective, 
high throughput processing and results in many practical and 
economic advantages. 

[0011] Generally, in accordance With the present inven 
tion, methods are provided for deactivating microorganisms, 
including cyst-forming protoZoa and viruses, by eXposing 
the microorganisms to at least one 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 electromagnetic energy is distributed in a Wavelength 
range of from 170 nanometers to 2600 na6nometers, and a 
duration in the range of from about 1><10 to about 1x10“ 
seconds, but preferably less than about 10 milliseconds. 

[0012] 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 signi?cant line emission 
spectra may also be bene?cially utiliZed in speci?c pro 
cesses. Such short, intense, incoherent light pulses may be 
provided by pulsed, gas-?lled ?ashlamps, spark-gap dis 
charge apparatuses, or other pulsed incoherent light sources. 

[0013] Pulsed, gas-?lled ?ashlamps produce broadband 
light When an electrical current pulse is discharged through 
the ?ashlamp, ioniZing the gas and producing an intense 
burst of both continuum and line emission over a broad 
spectral range. Such ?ashlamps typically employ inert gases 
such as Xenon or Krypton because of their high ef?ciencies 
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 speci?c applications. 

[0014] Desirably, the intensity of a particular 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 ?uid media to be treated, by a 
factor of at least 10 (one log reduction, base 10) and more 
preferably at least one thousand (3 log cycles reduction, base 
10) upon treatment With the intense pulses of light. Reduc 
tion 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 present invention. 

[0015] In addition to solid food products that may exhibit 
dramatic improvements in shelf life and stability as a result 
of enZymatic and microbial inactivation, aseptic packaging 
materials, ?uids such as air or Water, and medical supplies 
such as surgical instruments, may also be subjected to 
intense, short pulses of polychromatic incoherent light. In 
accordance With such methods, at least about 5 percent, and 
preferably at least about 10 percent of the energy of the light 
pulses 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 
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joules per square centimeter, and typically from about 0.1 to 
about 3 joules per square centimeter. A single 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 the present invention, food 
products, ?uids, such as Water, juices or air, or packaging 
material, may be treated With intense, polychromatic inco 
herent light pulses having at least about 90 percent of their 
energy distributed betWeen 170 and 2600 nanometers and a 
?ash duration in the range of from about 0.001 and about 
100 milliseconds at an energy density at the food or pack 
aging material surface, or throughout the volume undergo 
ing treatment in the range of from about 0.01 and about 20 
joules per square centimeter. In addition to ?ashlamps, other 
pulsed light discharge devices producing appropriate broad 
band spectra and intensities may be used for the processes 
described herein. 

[0016] Typically, food surfaces, ?uids, and packaging sub 
strates may be eXposed to betWeen about 1 and about 20 
pulses of high intensity, short duration, incoherent light, With 
the use of a plurality of at least tWo pulses being particularly 
desirable. In various embodiments, the foodstuffs or ?uids 
may be contained in a packaging material that is suf?ciently 
transparent to the desired treatment spectrum prior to eXpos 
ing 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 light pulse over a predetermined treatment Wavelength 
range less than about 320 nanometers. 

[0017] In the treatment of ?uids (such as air or aqueous 
liquids such as beverages, or Water) Which may contain 
undesirable microorganisms, intense incoherent polychro 
matic light pulses may be provided Which have a speci?ed 
energy density (as described herein) throughout the ?uid 
volume undergoing treatment in a treatment Zone. In this 
regard, at least a speci?ed minimum energy level of the 
pulsed light should best be present throughout the treatment 
volume Which is suf?cient to produce the desired level of 
disinfection. Such methods may be static in a ?Xed treatment 
volume of ?uid, or may, preferably, be continuous in Which 
case the ?uid is conducted through a treatment Zone at a rate 

that (in conjunction With the light pulse rate, i.e., pulse 
repetition rate) assures that the entire volume of ?uid 
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 is 
particularly suitable for use in applications such as in a 
municipal Water treatment facility. 

[0018] Various ?uids such as substantially pure air and 
Water have a high degree of transparency to a broad range of 
Wavelengths, including the visible and ultraviolet spectral 
ranges, so that the treatment volumes and rates for such 
?uids may be relatively large. Other liquids such as clear 
sugar solutions, Wine, etc. may have more limited transpar 
ency, Which may be accommodated by the use of corre 
spondingly smaller (e. g., thinner in the direction(s) of propa 
gation of the light pulse) treatment volumes. It is preferred 
that the ?uid 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 ?uid. Desirably, 
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When treating ?uid materials the ?uids Will be substantially 
free of solid, particulate materials (e.g., pure liquids or liquid 
mixtures, or solutions in Which solids are dissolved in a 
liquid solvent) so that any microbial and/or enzymatic 
content of the ?uid Will be maximally subjected to the 
intense light ?eld 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 conve 
niently treated in a ?uid (e.g., Water) suspension medium, 
preferably With multiple pulses, Which may desirably be in 
multiple propagation directions to insure that all solid sur 
faces are treated. 

[0019] In addition to treating ?uids by providing a suitable 
intensity of pulsed incoherent light throughout the volume of 
?uid to be treated, the ?uid may also be treated by providing 
multiple pulsed light treatment With mixing (preferably 
turbulent mixing) of the ?uid betWeen the individual pulses. 
HoWever, While such treatment methods may reduce the 
microbial and/or degradative enZymatic content, they are 
signi?cantly less desirable and less ef?cient than the Whole 
volume treatment methods. 

[0020] A plurality of the closely spaced pulses of intense 
light, and in some cases a single pulse, Will substantially 
reduce the population of viable microorganisms, such as 
cyst-forming protoZoa and viruses, typically by greater than 
about one order of magnitude (base 10) and preferably at 
least tWo or more orders of magnitude. Higher levels of 
reduction (including complete steriliZation) may be accom 
plished at appropriate energy levels and treatment pulse 
numbers. Usually betWeen about 1 and about 50 pulses of 
light are used to suf?ciently treat a food, ?uid, medical 
device or packaging material surface, and preferably 
betWeen about 1 and about 20 pulses are used. Typically 
betWeen 1 and 10 ?ashes are used, e.g., 2, 5 or 10 ?ashes. 
It is generally desirable that a plurality of at least 2 of the 
high intensity light pulses be applied. 

[0021] The time betWeen pulses applied to the surface 
being treated desirably be generally betWeen 0.001 seconds 
and about 30 seconds (e.g., 0.1 to 5 seconds), and preferably 
less than about 2 seconds in commercial treatment applica 
tions. When the pulses are provided by a single ?ashlamp (or 
?ashlamp assembly of a plurality of lamps that are ?ashed 
simultaneously), the maximum repetition 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 multiple ?ashlamps Which are sequentially 
?ashed either individually or in groups such as pairs, and by 
providing relative movement betWeen the ?ashlamp and the 
surface or volume being treated. 

[0022] Incoherent pulsed light of sufficient intensity as 
Well as appropriate duration and Wavelength distribution is 
obtainable from a ?ashlamp system. A suitable ?ashlamp 
system is sold by PurePulse Technologies, Inc., under the 
trademark PUREBRIGHT. A particular model, the PURE 
BRIGHT Model PBS1-3, consists of a DC poWer supply, 
Which charges energy storage capacitors, a sWitch used to 
control the discharge of these capacitors, a trigger circuit to 
?re the sWitch at pre-programmed time intervals (automatic 
mode) or When a button is depressed by the operator (manual 
mode), a set of high voltage coaxial cables carrying the 
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discharge pulses from the capacitor-sWitch assembly, and 
from one to four ?ashlamps mounted in re?ectors to direct 
the light emitted from the lamps. 

[0023] In one embodiment, the present invention can be 
characteriZed as a method of deactivating cyst-forming 
protoZoa, viruses or the like. The method involves illumi 
nating the cyst-forming protoZoa, viruses or the like using at 
least one short duration, high intensity pulse of broad 
spectrum polychromatic light. In variations of this embodi 
ment, the light has an intensity of at least 0.1 J/cm2, e.g., of 
from betWeen about 0.5 and 1.5 J/cm2, 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 Wavelength from betWeen about 170 and 2600 
nm. 

[0024] Advantageously, the cyst-forming protoZoa may be 
Cryptosporidium parvum, Which is unaffected by conven 
tional Water treatments, such as chlorine, and against Which 
continuous ultraviolet light has proven of little or no effect. 
The viruses may be poliovirus, rotavirus or other viral 
agents. 

[0025] In another embodiment, the present invention can 
be characteriZed as method of decontaminating Water or air 
containing microorganisms. The method involves illuminat 
ing the Water or air using at least one short duration, high 
intensity pulse of broad spectrum polychromatic light. In 
variations of this embodiment the light has an intensity of at 
least 0.1 J/cm2, e.g., from betWeen about 0.5 and 1.5 J/cm2; 
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 Wavelengths from 
betWeen about 170 and 2600 nm. 

[0026] Advantageously, the Water may contain Cryptospo 
ridium part/um oocysts, viruses or other microorganisms, 
and such method is effective to deactivate these Cryptospo 
ridium parvum oocysts, viruses, and other microorganisms. 
The air may contain such microorganisms and such method 
is effective to deactivate these microorganisms in air as Well. 

[0027] In operation, the Water or air may be ?oWed into a 
treatment Zone, and the illuminating may take place in the 
treatment Zone. After the Water or air is illuminated in the 
treatment Zone, the Water or air is ?oWed out of the treatment 
Zone. The ?oWing 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 ?oWing of the Water or air may be carried out 
continuously With the illuminating being repeated at a ?ash 
repetition rate selected so that all of the Water or air passing 
through the treatment Zone is illuminated before it exits the 
treatment Zone. 

[0028] Advantageously, an outlet port of the treatment 
Zone 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 contaminate decontaminated Water leav 
ing the treatment Zone. 

[0029] It is therefore a feature of the invention, in some 
embodiments and variations, to deactivate cyst-forming 
protoZoa, viruses and other microorganisms. 

[0030] It is another feature of the invention, in some 
embodiments and variations, to deactivate such microorgan 
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isms using short-duration, high-intensity pulses of broad 
spectrum polychromatic light. 

[0031] It is a further feature of the invention, in some 
embodiments and variations, to deactivate cyst-forming 
protozoa, viruses and other microorganisms in ?uids, and 
Water and air in particular. 

[0032] It is an additional feature of the invention, in some 
embodiments and variations, to deactivate cyst-forming 
protoZoa, viruses and other microorganisms in ?uids as such 
?uids are passed through a treatment Zone. 

[0033] It is an added feature of the invention, in some 
embodiments and variations, to deactivate cyst-forming 
protoZoa using pulses that have a prescribed pulse repetition 
rate such that all ?uid passing through a treatment Zone is 
treated With at least one intense, short duration pulse of 
broad spectrum, polychromatic light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The above and other aspects, features and advan 
tages of the present invention Will be more apparent from the 
folloWing more particular description thereof, presented in 
conjunction With the folloWing draWings Wherein: 

[0035] FIG. 1 is a schematic vieW of an embodiment of a 
pulsed light processing apparatus that treats pumpable prod 
ucts, such as Water or air, ?oWing longitudinally through a 
jacket surrounding an elongated, incoherent pulsed light 
source; 

[0036] FIG. 2 is a schematic vieW of another embodiment 
of the pulsed light processing apparatus of FIG. 1 that treats 
pumpable ?uids, such as Water or air, ?oWing in a direction 
parallel to one or more elongated incoherent light sources; 

[0037] FIG. 3 is a schematic vieW of an embodiment of a 
processing apparatus for treating products passing through 
an intense incoherent pulsed light treatment station; 

[0038] FIG. 4 is a cross-sectional vieW of an embodiment 
of a processing apparatus for treating Water ?oWing through 
a treatment chamber made up of tWo concentric cylindrical 
structures in Which an elongated, incoherent pulsed light 
source is positioned along a central ads; 

[0039] FIG. 5 is a cross-sectional vieW of another embodi 
ment of the pulsed light processing apparatus of FIG. 4, 
Wherein a quartZ jacket is employed surrounding the elon 
gated, incoherent pulsed light source and through Which air 
or Water is ?oWed in order to cool the elongated, incoherent 
pulsed light source; 

[0040] 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 
high-intensity, short duration pulses of polychromatic light 
in a broad spectrum emitted from a ?ashlamp; and 

[0041] FIG. 7 is a perspective vieW of a pulsed light 
processing apparatus that treats air ?oWing through a duct in 
Which an elongated, incoherent pulsed light source is posi 
tioned transverse to the air?oW. 

[0042] The APPENDIX is a collection of test results 
obtained in accordance With the procedures set forth beloW 
in EXAMPLE I. 
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[0043] Corresponding reference characters indicate corre 
sponding components throughout the several vieWs of the 
draWings. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] The folloWing description of the presently contem 
plated best mode of practicing the invention is not to be 
taken in a limiting sense, but is made merely for the purpose 
of describing the general principles of the invention. The 
scope of the invention should be determined With reference 
to the claims. 

[0045] Referring to FIG. 1, a ?ashlamp system that may, 
for eXample be a ?ashlamp system, such as PUREBRIGHT 
Model No. PL-320 available from PurePulse Technologies, 
Inc. of San Diego, Calif., includes a pulsing device (not 
shoWn) that includes a DC poWer supply that charges energy 
storage capacitors (not shoWn); a sWitch (not shoWn) used to 
discharge the capacitors; a trigger circuit (not shoWn) used 
to ?re the sWitch at pre-programmed time intervals in 
response to sensors that detect a liquid ?oW rate or the like, 
or 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 ?ashlamp 
assembly. The ?ashlamp assembly includes from one to four 
or more ?ashlamps 504 mounted in metal re?ector assembly 
502 so as to direct polychromatic light emitted from the 
?ashlamps 504 toWard the ?uid, e.g., Water, liquid food 
product or air, ?oWing through a treatment conduit, thereby 
eXposing the ?uid to such light. 

[0046] Such eXposure deactivates, i.e., kills or steriliZes, 
substantially all (i.e., more than 50%, e.g., 90%) of the 
microorganisms in the ?uid ?oWing in the treatments con 
duit. 

[0047] The intense (i.e., 0.01 to 50 J/cm2, e.g., betWeen 0.5 
and 1.5 J/cm2, energy density measured at the surface of the 
metal re?ectors 502), short duration pulses of polychromatic 
light in a broad spectrum (i.e., 170 to 2600 nm; 1.8><1015 HZ 
to 1.2><1014 HZ) are preferably from betWeen 0.001 us to 100 
ms, e.g., betWeen 10 nanoseconds to 10 milliseconds, in 
duration and have a pulse repetition rate of from one to 100 
pulses, e.g., 10 pulses, per second. 

[0048] Note that the light may also include continuous 
Wave and monochromatic or polychromatic light having 
Wavelengths outside the broad spectrum. HoWever, at least 
50% to 60%, preferably at least 70% to 90% or more, of the 
energy of the light should be from light having Wavelengths 
Within the broad spectrum de?ned above. 

[0049] FIG. 1 is a schematic vieW of an embodiment for 
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 re?ective, cylindrical enclosure de?ning a treatment cavity 
501 through Which the ?uid ?oWs and that surrounds a 
pulsed light source 504, Which in the apparatus 50 shoWn 
may be a high intensity Xenon ?ashlamp provided With a 
suitable poWer source (not shoWn) in accordance With 
conventional practice for ?ashlamp operation. The re?ective 
treatment cavity 501 serves to increase the effective energy 
density of the pulses of light that impinge upon the volume 
of pumpable products passing therethrough. A circulation 



US 2002/0091294 A1 

pump 508 controls the ?oW rate of the pumpable product 
through the treatment cavity 501, Which is coordinated With 
the pulse repetition rate of the ?ashlamps so that during the 
product’s residence time Within the treatment cavity 501, all 
of the product that passes therethrough receives a predeter 
mined number of high-intensity, short-duration pulses of 
incoherent, polychromatic light in a broad spectrum. 

[0050] The product exiting the treatment cavity 501 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 light throughout the 
treatment volume). 

[0051] In some embodiments, the treatment cavity 501 is 
suitably arranged so as to be separated from the ?ashlamp 
504 so as to prevent the product from contacting the 
?ashlamp 504. The diameter of the treatment cavity Will 
vary depending upon many factors including but not limited 
to the speci?c 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 
operating characteristics of the ?ashlamps and the degree of 
product mixing expected betWeen multiple pulses. 
[0052] The treatment cavity 501 preferably includes the 
metal re?ector assembly 501 as its outer Wall or as an 
external re?ector, in order to re?ect illumination traversing 
the product back inWard toWard the ?ashlamp. It is noted 
that ?uids such as air and Water are relatively transparent to 
light. Accordingly, there is relatively little attenuation 
through absorption in such products, With the ?ux density 
decreasing largely only as a function of distance from the 
?ashlamp. HoWever, for ?uids that have signi?cant absorp 
tion, such as some liquid food products, such as juices, this 
factor Will also decrease the ?ux density of the light emitted 
from the ?ashlamp as a function of distance from the 
?ashlamp. In any event, the desired minimum ?ux density, 
as previously described, preferably should be maintained 
throughout the treatment Zone or alternatively mixing must 
occur to insure that all of the ?uid is subjected to the 
appropriate minimum ?ux density and number of pulses. 

[0053] Referring to FIG. 2, While the ?ashlamp 556 is 
located internally of the treatment chamber 501 in the 
apparatus 50, (FIG. 1) one or more lamps may also or 
alternatively be located externally of the treatment chamber 
501 in an alternative apparatus 52. An alternative design, as 
shoWn in FIG. 2, in Which the ?uid, e.g., liquid food 
product, Water, or air, to be treated is conducted through a 
transparent treatment conduit (e.g., a quartZ glass tube) 552 
that is positioned along one focus of an elliptical re?ector 
554. A ?ashlamp 556 is positioned along another focus of 
the elliptical re?ector 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 if desired. In this 
manner, because the light emitted from the ?ashlamp 556 is 
focused toWard the center of the treatment chamber, com 
pensation is provided for the light absorption of the liquid 
being treated, so that all of the liquid is subjected to more 
uniform light treatment. 

[0054] The ?ashlamp 556 may be jacketed in, e.g., a 
quartZ sleeve or jacket for Water or air cooling and/or 
spectral ?ltering (as can the ?ashlamp 504 in FIG. 1). 

[0055] Referring to FIG. 3, an embodiment is shoWn of an 
intense incoherent light processing station 60 having a 
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pulsed light source/re?ector array 602 through Which the 
product 601 passes, for example, in quartZ tubing (not 
shoWn). The ?ashlamp/re?ector array 602 is connected by 
umbilicals to an electrical pulse forming netWork 603 or 
pulser that energiZes the ?ashlamp array either simulta 
neously or sequentially and a cooling/?ltering circulation 
pump 604 that circulates liquid medium through a jacket 
assembly external to each lamp for cooling and/or spectral 
?ltering by the use of selected solutions With the desired 
spectral transmittance/absorbance characteristics. For high 
speed operation and high poWer densities, it may be desir 
able to cool the ?ashlamps using an optional quartZ con 
taining Water jacket. 

[0056] The ?ashlamp/re?ector array 602 comprises a plu 
rality of lamps and re?ectors that create intense, short 
duration light pulses in a treatment region betWeen upper 
and loWer halves of the ?ashlamp/re?ector array 602. While 
the illustrated processing station 60 uses straight lamps and 
re?ector elements, other arrangements may be utiliZed. For 
example, ?ashlamps may be constructed in any shape in 
much the same Way that neon lighting signs may also be 
made to any shape. Similarly, the re?ector elements may be 
made of many different materials in many different geom 
etries to accommodate imaging the ?ashlamp source upon 
the treated product With a desired energy density distribu 
tion. “The Optical Design of Re?ectors”, Second Edition, 
William B. Elmer, Published by John Wiley and Sons, Inc., 
NeW York is an appropriate resource as an introduction to 
the fundamentals of re?ector design. 

[0057] Although the present invention includes many 
potential applications for the reduction of viable 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 appli 
cations is considered an important aspect of the present 
patent document. For example, even at very high organism 
densities (up to 1><106/ml to 1><107/ml Cryptosporidium 
parvum oocysts M1), only tWo ?ashes at an energy density 
of 1 J/cm2 per ?ash Will result in steriliZation of the 
Cryptosporidium parvum. 

[0058] 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 baf?e 704, a ?rst end 
plate 706 and a ?rst lamp holder 708, a second end plate 710 
and a second lamp holder 712, a Water inlet 714, and ?rst and 
second Water outlets 716, 718. Located coaxially With the 
outer cylindrical housing 702 and cylindrical baf?e 704 is a 
?ashlamp 722 of the type described hereinabove. 

[0059] The outer cylindrical housing 702, along With the 
?rst and second end plates 706, 710 form a Water-tight 
container into Which Water ?oWs through the Water inlet 714, 
and out of Which Water ?oWs through the ?rst and second 
Water outlets 716, 718. Coaxial With the outer cylindrical 
housing 702 is the cylindrical baf?e 704. The cylindrical 
baf?e 704 is mounted to the second end plate 710 and 
terminates just short of the ?rst end plate 706 such that Water 
can ?oW from a region Within the Water-tight container 
outside the cylindrical baf?e 704, around an end 720 of the 
cylindrical baf?e 704 near the ?rst end plate 706 and into a 
region Within the cylindrical baf?e 704. 
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[0060] This arrangement provides for a ?uid ?oW pattern 
that is as follows: Water ?oWs into the Water-tight container 
through the Water inlet 714 and into the region outside the 
cylindrical baf?e 704; next the Water ?oWs past the cylin 
drical baf?e 704 (to the left as oriented in FIG. 4) and 
around the end 720 of the cylindrical baf?e 704; the Water 
next ?oWs Within the cylindrical baf?e 704 back toWard the 
second end plate (toWard the right as oriented in FIG. 4) and 
exits the cylindrical housing through the Water outlets 716, 
718. 

[0061] Advantageously, the above-described con?gura 
tion provides for a substantially uniform eddy-free ?oW of 
Water in the region Within the cylindrical baf?e 704. This is 
largely due to ?oW uniformities achieved When the Water 
?oWs over the end 720 of the cylindrical baf?e 704 into the 
region Within the cylindrical baf?e. As a result, uniform 
treatment With the high-intensity, short-duration pulses of 
light in a broad spectrum is achieved. The creation of a 
uniform ?oW dynamic in the region Within the cylindrical 
baf?e 704 is further achieved by the use of an annular baf?e 
725 positioned betWeen the cylindrical baf?e 704 and the 
outer cylindrical housing 702 about 5 centimeters in from 
the inlet port 714. This annular baf?e 726 helps to distribute 
the Water ?oWing in through the inlet port 714 throughout 
the region betWeen the cylindrical baf?e 704 and the outer 
cylindrical housing 702. 

[0062] During its residency Within the cylindrical baf?e 
704, the Water is exposed to high intensity, short-duration 
pulses of polychromatic light emitted from the ?ashlamp 
722. Advantageously, the inner surface 724 of the cylindrical 
baf?e 704 is re?ectoriZed such that light emitted from the 
?ashlamp 722 and passing through the Water in the region 
Within the cylindrical baf?e 704 is re?ected back toWard the 
?ashlamp 722. The re?ected light is therefore passed back 
through the Water, thereby increasing the effective energy 
density to Which the Water in the region Within the cylin 
drical baf?e 704 is exposed. This effective energy density is 
increased even further in vieW of the fact that the light is 
preferably re?ected back and forth multiple times Within the 
region Within the cylindrical baf?e 704 before being 
absorbed by microorganisms and other particles Within the 
Water, by the re?ectoriZed inner surface of the cylindrical 
baf?e 704, etc. 

[0063] Preferably, the energy density to Which the Water 
Within the cylindrical baf?e is exposed is from betWeen 0.01 
J/cm2 and 50 J/cm2, e.g., betWeen 0.5 J/cm2 and 1.5 J/cm2. 
The pulse duration of the high-intensity, short-duration 
pulses of polychromatic light is from betWeen 0.001 us and 
100 ms, eg between 10 nanoseconds and 10 milliseconds, 
and the pulse repetition rate is from betWeen 1 HZ and 100 
HZ for a cylindrical baf?e having a length of from betWeen 
50 millimeters and 500 millimeters, e.g., 220 millimeters 
and a diameter from betWeen 25 millimeters and 250 mil 
limeters, e.g., 114 millimeters. Preferably, the ?ashlamp 
emits at least 50% to 60%, e.g., 70% to 90% of its light at 
Wavelengths of from betWeen 170 nm and 2600 nm. Fur 
thermore, preferably at least from betWeen 1% and 1%, e.g., 
10% of the energy density of the light emitted from the 
?ashlamp is concentrated at Wavelengths of from betWeen 
200 nanometers and 320 nanometers, e.g., 260 nanometers. 

[0064] Referring to FIG. 5, a cross-sectional vieW is 
shoWn of a Water treatment system or cell 700 made in 

Jul. 11, 2002 

accordance With another embodiment of the present inven 
tion. ShoWn are the outer cylindrical housing 702, the ?rst 
and second end plates 706, 710 and lamp holders 708, 712, 
the Water inlet 714, the ?rst and second Water outlets 716, 
718, the cylindrical baf?e 704, the ?ashlamp 722, and a 
quartZ jacket 725. 

[0065] Except as described hereinbeloW, the embodiment 
of FIG. 5 is substantially the same as the embodiment of 
FIG. 4 

[0066] The quartZ jacket 725 provides a Water tight barrier 
that separates space Within the cylindrical baf?e 704 from a 
space immediately proximate to the ?ashlamp 722. This 
arrangement alloWs air or cooling Water to be circulated 
Within the space immediately proximate to the ?ashlamp 
722 for the purpose of cooling the ?ashlamp 722 or for 
spectrally ?ltering the light emitted from the ?ashlamp 722. 
Advantageously, the embodiment of FIG. 5 may provide for 
longer ?ashlamp life, a more desirable frequency spectra, 
and/or a shortened pulse repetition rate (due to increased 
?ashlamp cooling betWeen ?ashes) than possible in the 
embodiment of FIG. 4. 

[0067] Referring to FIG. 6, 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 ?rst and second 
end plates 706, 710 and lamp holders 708, 712, the Water 
inlet 714, the cylindrical baf?e 704, the ?ashlamp 722, and 
a quartZ jacket 726. 

[0068] Except as described hereinbeloW, the embodiment 
of FIG. 6 is substantially the same as the embodiment of 
FIG. 5. 

[0069] The ?rst 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 baf?e 704 thereby permitting light from 
the ?ashlamp 722 to irradiate the interior of the frustoconical 
outlet 902. 

[0070] This arrangement prevents contaminants from sur 
viving Within the frustoconical outlet 902 and contaminating 
decontaminated Water as it exits the treatment system 900. 
A recirculating hose 904 receives Water from the frustoconi 
cal 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 ?oWs through the frustoconical outlet 
and can be utiliZed as needed. 

[0071] This embodiment is particularly suited for labora 
tory 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. 

[0072] 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 treatment 
region 802 of an air duct 804, including a re?ective inner 
surface 806, a transversely oriented ?ashlamp 808, a baf?ed 
exit region 810 of the air duct 804 and an exhaust duct 812. 

[0073] In operation, air is ?oWed into the treatment region 
802 of the air duct 804, as a result of a vacuum pressure 
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created by a fan (not shown) in the exhaust duct 812. The air 
is ?oWed Within the treatment region 802 of the air duct 804 
past the ?ashlamp 808. During its 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 ?ashlamp 
808. Advantageously, the effective energy density to Which 
such air is exposed during its residency Within the treatment 
region 802 is dramatically increased by the presence of a 
re?ectoriZed interior surface of the treatment region 802, 
Which causes light emitted from the ?ashlamp 808, and 
passing through air Within the treatment region, to be 
re?ected back into the air Within the treatment region. 

[0074] After passing through the treatment region 802, the 
air passes into baf?es 814 in the exit region 810. The exit 
region 810 contains, for example, three baf?es 814 that 
separate the exit region 810 into four distinct airWays. The 
baf?es 814 help to assure uniform air ?oW as the air exits the 
air duct 804, and more importantly, serve to prevent light 
emitted from the ?ashlamp 808 from exiting the treatment 
region 802. In order to further prevent light from exiting the 
treatment region 802, an interior surface of each of the four 
distinct airWays is painted ?at black. 

[0075] If desired, an entrance region through Which the air 
?oWs before reaching the treatment region 802 may also 
contain baf?es like those in the exit region 810, and such 
baf?es can be painted ?at black. The baf?es at the entrance 
region (not shoWn) also, like the baf?es at the exit region 
810, prevent light emitted from the ?ashlamp 808 from 
exiting the treatment region. 

[0076] After exiting the air duct 804 through the exit 
region 810, treated air is sucked into the exhaust duct 812 
Where it is directed to a space in Which sterile air is desired. 
The exhaust duct 812 is suitably connected to the air duct 
804 so as to prevent untreated air from entering the exhaust 
duct 812. 

[0077] Having generally described the present invention, 
various aspects of the invention Will noW be described in 
greater detail by Way of the folloWing speci?c examples. 
These examples demonstrate qualitatively and quantitatively 
the effectiveness of the invention for decontamination of 
?uids, speci?cally Water, and air by reducing or eliminating 
microorganisms, speci?cally cyst-forming protoZoa and 
viruses, more speci?cally Cryptosporidium parvum oocysts 
and poliovirus, and the like. 

EXAMPLE I 

[0078] Five vials containing 1 ml each of 1><107/ml sus 
pension of Cryptosporidium parvum oocysts and ?ve vials 
containing 1 ml each of 1><106/ml suspension of Cryptospo 
ridium part/um 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 ?ashes, 2 ?ashes, 5 ?ashes, and 10 
?ashes, all at 1 Joule/cm2. 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 centrifuga 
tion to approximately 200 microliters and administered to 
neonatal mice in 25 microliter volumes. After approximately 
one Week (61% days) the mice are euthaniZed by carbon 
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dioxide inhalation. Aterminal colon (approximately 1 cm) is 
removed from each neonatal mouse and placed in a 
microfuge tube containing 400 microliters of 2.5% potas 
sium 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 treatment groups 
(according to the number of ?ashes of light administered to 
each sample). The terminal colon samples are vortexed 
vigorously and the supernatants are processed over discon 
tinuous sucrose gradients to recover and isolate oocysts. The 
samples are incubated With a Cryptosporidium oocyst spe 
ci?c monoclonal antibody conjugated With ?uorescein 
isothiocyanate (OW 50-FITC) and is analyZed by ?oW 
cytometry. 

[0079] Logical gating identi?es the oocysts that are enu 
merated in 100 microliters of each sample suspension. 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 
?oW cytometry plots for positive and negative samples are 
included in the APPENDIX, on pages 3-4 and 1-2 respec 
tively. 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). 

[0080] The pooled intestines from each group are homog 
eniZed in potassium dichromate 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 in individual 
terminal colon samples. The oocyst numbers are presented 
for these samples in the APPENDIX on page 6. 

[0081] As can be seen 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 oocysts exhibited large numbers of oocysts 
in their intestinal samples. 

[0082] These tests shoW that even high Cparvum oocysts 
concentrations can be rendered non-infectious as measured 
by in vivo infectivity assays. 

EXAMPLE II 

[0083] Using a 100 microliter pipettor, from 700 microli 
ters of a solution containing approximately 25><106 
Cryptosporidium oocysts approximately 200 milliliters of 
solution is transferred into a 1 millimeters thick space 
betWeen tWo quartZ discs. The disks are gently tilted until the 
Cryptosporidium-oocyst-containing solution is positioned in 
the center of the disks. The disks are positioned on a lab jack 
so that the Cryptosporidium-oocyst-containing solution is 
centered under a ?ashlamp set to deliver 0.1 Joules/cm2 
energy density measured at the Cryptosporidium-oocyst 
containing solution. A number of ?ashes are emitted from 
the ?ashlamp at a pulse duration of 300 microseconds and a 
pulse repetition rate of 1 ?ash per second. The Cryptospo 
ridium-oocyst-containing solution is then WithdraWn from 
betWeen the quartZ disks using a sterile pipettor and is placed 
in a sterile labeled vial. Control suspensions Were also 
prepared by transferring the Cryptosporidium-oocyst-con 
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taining solution to the quartz disks, and then moving them 
into the vial Without treatment using pulsed light. 

[0084] The control suspensions are prepared for dilution 
yielding 106, 105, and 104 Cryptosporidium parvum oocysts 
per milliliter, e.g., a 50 microliter aliquot of the control 
suspension is diluted in 450 microliters tissue culture grade 
phosphate buffered solution (T-PBS) yielding a 1/10 dilu 
tion. Control and treated Cryptosporidium parvum oocyst 
suspensions are titrated to suspend oocysts and are dis 
pensed into four-day cultures of Maden-Darby Canine Kid 
ney (MDCK) cells (in Ultraculture). Each oocyst suspension 
is dispensed in a 100 microliter volume in duplicate cham 
bers (tWo per treatment). Remaining oocyst suspensions are 
stored at 4° centigrade. The four-day cultures are incubated 
at 37° centigrade (5% CO2). Each chamber is Washed at 
three hours PI With T-PBS and fresh culture medium is 
replaced. Fresh culture medium is again replaced at 24 hours 
PI. At 48 hours PI chambers are Washed With T-PBS three 
times and ?xed With Bouings solution for approximately one 
hour (2.0 milliliters per chamber Well). 

[0085] The Bouings solution is decoloriZed by ?ve suc 
cessive Washings With 70% ethanol over the course of one 
hour. The chambers are Washed With T-PBS and the T-PBS 
is replaced With phosphate buffered solution/bovine serum 
albumin (PBS/BSA) and incubated for 30 minutes. The 
PBS/BSA is replaced With ?uorochrome-labeled mono 
clonal antibodies solution (C3C3-CyC, l/sooth dilution, 300 
microliter per chamber). The chambers are 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 
quenching agent is 1,4-diaZabicyclo-[2.2.2] octane from 
Sigma Chemical Company) is added to each chamber. Cover 
slips (18 square millimeters) are mounted taking care not to 
trap air bubbles therebeneath. Excess T-PBS or PCA 
II/DABCO is aspirated. Parasite development is then scored 
microscopically for each dilution and disinfectant treatment. 

[0086] The control and treated oocyst preparations are 
titrated and dispensed into microcentrifuge tubes (100 
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. Excys 
tation is accessed by preparing Wet mounts and scanning the 
slides for free sporoZytes and empty and partially empty 
oocyst Walls. 

[0087] 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 ?ash at 0.11 Joules/cm2 
effectively inactivated oocysts or reduced the infectivity to 
a level beloW approximately 100 oocysts, Which is the limit 
of detection for the results presented. 

TABLE 1 

Treatment Oocysts per In vitro growth 

(Joules) Chamber 1 Flash 2 Flash 

0.11 106 <1+ <1+ — — 

0.22 106 _ _ _ _ 

0.44 106 _ _ _ _ 

0.67 106 — — — — 
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TABLE 1-continued 

Treatment Oocysts per In vitro growth 

(Joules) Chamber 1 Flash 2 Flash 

0.89 106 _ _ _ _ 

1.11 106 — — — — 

Control 106 >4+ >4+ NA NA 
Control 105 3—4+ 3—4+ NA NA 
Control 104 2-3+ 2-3+ NA NA 
Control 103 1—2+ 1—2+ NA NA 

[0088] These results indicate that oocyst infectivity Was 
reduced by betWeen 3 and 5 log cycles or greater at tWo 
?ashes of 0.11 Joules/cm2 or alternatively, one ?ash at 0.22 
Joules/cm2 minimum treatment. While at 0.11 Joules/cm2 
and 0.22 Joules/cm2, one or tWo ?ash 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 ?ash treatment 
at 0.11 Joules/cm2 or greater renders the oocytes incapable 
of infecting and/or groWing in host cell monolayers. 

TABLE 2 

Treatment Oocysts per Excystation With sporozites 

(joules) Chamber 1 Flash 2 Flash 

0.11 106 2+ 2+ 
0.22 106 1+ 1+ 
0.44 106 — — 

0.67 106 — — 

0.89 106 — — 

1.11 106 _ _ 

Control 106 4+ NA 

EXAMPLE III 

[0089] 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 addition of a collection plate 
positioned betWeen the air duct and the exhaust duct for 
collecting the Bacillus pumilus spores after treatment. 

[0090] The ?ashlamp is ?ashed at a pulse repetition rate of 
about 2.5 or about 5.0 ?ashes per second. About one second 
after the ?ashing of the ?ashlamp is commenced, the ultra 
sonic sprayer sprays 180 microliters (or 160 microliters in 
the case of the 5.0 ?ash per second pulse repetition rate) of 
spores into the air passing into the duct. After the spraying 
of the spores, the ?ashlamp is ?ashed for an additional 20 
seconds insuring that the air duct is free of spores before 
ceasing ?ashing of the ?ashlamp. The air, Which has a 
central line velocity of 0.5 meters per second, carries the 
spores through the treatment region past the ?ashlamp and 
into the exit region. Upon exiting the air duct, the spores are 
carried onto the collection plate located betWeen the air duct 
and the exhaust duct. 

[0091] On each set of experiments, several passes are 
conducted during Which the ultrasonic sprayer sprays spores 
into the air stream, but the ?ashlamp is not ?ashed so as to 
provide a baseline measurement of deactivation of the 
spores. 
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[0092] The result of one set of experiments conducted in 
accordance With the methodology is presented in Table 3. 

TABLE 3 

Control 

(mean + std. dev.) 
Flashing Control 
(mean + std. dev.) 

Sample 
(mean + std. dev.) 
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ered to the 150 microliter sample. Further samples are 
treated With tWo ?ashes at 0.6 Joules/cm2, 0.4 Joules/cm2 
and 0.2 Joules/cm2, by adjusting the lab jacks. The treated 
samples are respectively WithdraWn and placed in sterile 
vials. The Polio virus suspensions are then quantitated using 
tissue culture plaque titer assays. 

[0094] Table 4 presents results of virus assays. 
2 5 HZ 112.5 1 39 126 r 103 0.0 r 0 

log 2.05 log 2.1 
(+2.18/—1.86) (+2.36/—1.36) TABLE 4 

5 0 HZ 123.1 1 48 114 r 48 0.0 r 0 

log 2.09 log 2.05 Titer 
(+2.23/—1.87) (+2.2/—1.82) Sample (plaque forming units/ml) 

0.8 J/cm2 2.3 X 102 
0.6 J/cm2 85 
0.4 J/cm2 2.2 X 104 
0.2 J/cm2 1.6 X 103 
Control (non-treated) 9 x 108 

[0093] Lab jacks are initially set up for a 0.8 Joules/cm2 
?uence level (Which results from a 120 millimeter distance 
betWeen a quartZ WindoW and a ?ashlamp light source to a 
bottom quartZ disc. A vial of Poliovirus is vigorously 
shaken. Using a 100 microliter pipettor a 150 microliter 
sample of the 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 control 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 ?ashes at 0.8 Joules/cm2 are deliv 

[0095] Thus, the above eXamples demonstrate the effec 
tiveness of the methods described herein for deactivating 
microorganisms, such as cyst-forming protoZoa, speci?cally 
Cryptosporidiumparvum, in ?uids such as Water and air, and 
such as viruses, speci?cally Poliovirus. 

[0096] While the invention herein disclosed has been 
described by means of speci?c embodiments and applica 
tions thereof, numerous modi?cations and variations could 
be made thereto by those skilled in the art Without departing 
from the scope of the invention set forth in the claims. 
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RAW DATA (P. 1 OF 2) 
-continued 

NO. OF EVENTS IN THE LOGICAL GATE 
REPRESENTING CRYPTOSPORIDIUM PAR VUM BALB/c mouse fecal oocyst quantitation by ?ow cytomety (PureBright) 

OOCYSTS (NOT POOLED) HIGH 10:6 10:5 H6-3 2 
HIGH 1O 6 1O 5 H6-4 2 

[0097] MEDIUM 10:6 10:5 M61 4 
MEDIUM 1OA6 1OA5 M6-2 1 
MEDIUM 1OA6 1OA5 M6-3 4 
MEDIUM 1OA6 1OA5 MS-4 3 

BALB/c mouse fecal oocyst quantitation by flow cytomety (PureBright) 2 

Treatment #/mL Dose Mouse ID Wk-1 LOW 10 A6 10; L6'3 1 
LOW 1OA6 10A5 L64 0 

HIGH 1OA7 1OA6 H7_1 9 CONTROL 1OA6 1OA5 C6-1 239 
HIGH 1OA7 1OA6 H7_2 1 CONTROL 1OA6 1OA5 C6-2 1621 
HIGH 1OA7 1OA6 H7_3 4 CONTROL 1OA6 1OA5 C6-3 2270 
HIGH 1OA7 1OA6 H7_4 3 CONTROL 1O 6 1O 5 C6-4 4344 
HIGH 1OA7 1OA6 H7_5 3 UNINFECTED O O U1-1 O 
MEDIUM 10A7 10A6 M7-1 2 UNINFECT ED 0 0 U1-1 4 
MEDIUM 1OA7 1OA6 M7_2 1 Control (calf 81A10) 8052 
MEDIUM 10 A7 10 A 6 M7_3 5 Note: values <= 10 are considered background 
MEDIUM 10 A7 10 A 6 M7_4 3 Mean # oocysts/l O0 Iul suspension 
MEDIUM 10 A7 10 A 6 M7_5 2 A HIGH MEDIUM LOW CONTROL 

MEDIUM 10:7 10:6 M7-6 2 10] 4 2-9 5 1188-4 
MEDIUM 10A? 106 M7-7 5 10 6 2 3 3 2118-5 
LOW 10 A7 10 A 6 L7-1 1 UNINFECT ED 2 

LOW 1OA7 1OA6 L7-2 7 
LOW 1OA7 1OA6 L7-3 10 
LOW 1OA7 1OA6 L7-4 2 
CONTROL 10A? 106 c7-1 1411 RAW DATA (P. 2 OF 2) 
CONTROL 107 1OA6 C7-2 34 
CONTROL 1O 7 1O 6 C7-3 2325 
CONTROL 107 1026 C7_4 1209 NO. OF EVENTS IN THE LOGICAL GATE 
CONTROL 10 A7 10 A 6 c7-5 963 REPRESENTING CRYPT OSPORIDI UM PAR VUM 

HIGH 1016 1015 H6-1 3 OOCYSTS (NOT POOLED) 
HIGH 1O 6 1O 5 H6-2 1 

[0098] 
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BALB/c mouse fecal oocvst quantitation by ?ow cvtometrv (PureBright) 

K2Cr207 
Treatment #/mL Dose # Intestines Volume Wk-1 

HIGH 10A? 1OA6 5 20 ml 9 
MEDIUM 10A? 1OA6 7 20 ml 10 
LOW 10A? 1OA6 4 20 ml 10 
cONTROL 10A? 1OA6 5 20 ml 510 
HIGH 1OA6 10A5 4 20 ml 14 
MEDIUM 1OA6 10A5 4 20 ml 24 
LOW 1OA6 10A5 4 20 ml 11 
cONTROL 1OA6 10A5 4 20 ml 441 
UNINFECTED 0 0 2 20 ml 8 
Pooled intestines were homogenized in 20 ml K2Cr207 
VirTis VirTishear setting 70, 40 sec 
1 ml fraction collected and stored at 4 C. 
200 microliters processed over gradient, washed, labeled with Mab 
and analyzed on ?ow cytometer 

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 CRYPT OSPORIDI UM PARVUM 

OOCYSTS (POOLED SAMPLE) 

What is claimed is: 
1. A method of deactivating a virus comprising: 

illuminating the virus using at least one 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 poly 
chromatic light having an intensity of at least 0.1 J/cm2. 

3. The method of claim 2 wherein said illuminating 
includes: 

illuminating said virus using said at least one short 
duration, high-intensity pulse of broad spectrum poly 
chromatic 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 
duration, high intensity pulse of broad spectrum poly 
chromatic 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 1 wherein said illuminating 
includes: 

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

6. A method of decontaminating air containing microor 
ganisms comprising: 

illuminating the microorganisms contained in the air 
using at least one short- duration, high-intensity pulse 
of broad spectrum polychromatic light. 
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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 polychromatic 
light, having an intensity of at least 0.1 J/cm2. 

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

illuminating 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. 

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 its energy 
transmitted in light having wavelength from between 
about 170 and 2600 nanometers. 

10. The method of claim 6 wherein said 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. 

11. The method of claim 6 further comprising: 

?owing said air into a treatment Zone; 

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. 

12. The method of claim 11 further comprising: 

?owing said air, having been illuminated, out of said 
treatment Zone. 

13. The method of claim 12 wherein said ?owing said air 
into said treatment Zone includes continuously ?owing said 
air into said treatment Zone, and wherein said ?owing said 
air out of said treatment Zone includes continuously ?owing 
said air out of said treatment Zone. 

14. The method of claim 13 wherein further comprising: 

repeating said illuminating at a ?ash repetition rate suf 
?ciently high that all of said air is illuminated at least 
once as it passes through said treatment Zone. 

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 polychromatic 
light, having an intensity of at least 0.1 J/cm2. 

16. The method of claim 15 wherein said illuminating 
includes: 

illuminating said air 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. 

17. The method of claim 16 wherein said illuminating 
includes: 

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. 






