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(57) Abréegée/Abstract:

The disclosure relates to a portable apparatus for decontaminating an enclosed room or other space comprising a passageway
(17) having an air inlet at one end and an outlet at the other end. A pump (12) to cause a flow of air through the passageway from
the Inlet to the outlet. A heater (13) to heat the air flowing through the passageway to a predetermined temperature, and a flash
evaporator (14) In communication with the passageway. Liquid decontaminant is pumped (16) from a supply (15) of
decontaminant to the evaporator (14) to be evaporated and for the evaporant to be delivered to the air flow In the passage (17) to
flow In the air flow from the outlet to the rooms to be decontaminated. A universally rotating nozzle (18) Iis provided at the outlet to
distribute the decontaminant containing air throughout the enclosure.
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(57) Abstract: The disclosure relates to a portable apparatus for decontaminating an enclosed room or other space comprising a

passageway (17) having an air inlet at one end and an outlet at the other end. A pump (12) to cause a flow of air through the
passageway from the inlet to the outlet. A heater (13) to heat the air flowing through the passageway to a predetermined temperature,

and a flash evaporator (14) in communication with the passageway. Liquid decontaminant is pumped (16) from a supply (15) of
decontaminant to the evaporator (14) to be evaporated and for the evaporant to be delivered to the air flow in the passage (17) to
flow in the air flow from the outlet to the rooms to be decontaminated. A universally rotating nozzle (18) is provided at the outlet to
distribute the decontaminant containing air throughout the enclosure.
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METHOD AND APPARATUS FOR DECONTAMINATING ENCLOSED SPACES

This i1nvention relates to methods and apparatus

for decontaminating enclosed spaces such as hospital

wards and clean rooms 1n which a manufacturing or

other processes take place in sterile conditions.

Vaporised agueous solution of hydrogen peroxide

has been used to decontaminate the i1nternal surfaces

of enclosures used for aseptic processing 1in the
pharmaceutical industry since about 1990, but 1t has
always been difficult to use the same technology to

decontaminate larger enclosed volumes such as rooms.

The conventional apparatus for decontaminating
enclosures comprises a gas generator 1in a closed
circuit including the enclosure such as described 1n
US Patent 5,173,258. In this design the hydrogen
peroxide and water vapours are produced by flash
evaporation of an aqueous solution i1nto a heated air
stream, which then carried the gas to the space to Dbe
decontaminated. The air and mixture of gases then
mixes with the air inside the chamber before beilng
returned to the gas generator, where the gas 1s
decomposed, dried, heated and more liquid 1s flash
evaporated and the air mixture 1is returned to the

chamber.

The processes performed on the returned gas are
complex, and include the steps of decomposing the gas,
drying and re-heating. This complete process was
considered necessary because it was understood that
the hydrogen peroxide gas decomposed according to a

half-life rule and hence to maintain an adequate
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concentration inside the chamber a circulating system

that decomposed the gas was thought to be necessary.

Recent work by Watling, ISPE Conference Zurich,
September 1999 has shown that the gas does not
decompose but 1s stable. It 1s therefore not

necessary to remove the returning gas from the

chamber.

S.S. Block reports in the 5th Edition of

Disinfection, Sterilisation and Preservation page 189
that a 3% hydrogen peroxide aqueous solution gives a
log 8 reduction of Staphylococcus aureus in under 20
minutes. A slower rate of deactivation has been found
in experimental work when exposing Staphylococcus
aureus to gas generated from 35% solution, when the
process was operated at a temperature below the dew
point thus causing condensation. Under these gassing

P

conditions the first droplets of dew form on the

organism at a much higher concentration than that of
the original liquid, typically about 65% w/w, the
exact value depending on the moisture content of the

carrier gas.

As stated above, in the conventional system the air in
the chamber to be decontaminated 1is driéd prior to
injecting the decontaminating gas. This 1s done elther
to allow a high level of gas concentration to be
achieved before the onset of condensation, or to
operate the process avoiding condensation maintainling
the gas in a dry state. The vapour pressure equations
for hydrogen peroxide and water may be used to
calculate the concentration of the hydrogen peroxide
and water vapour that will cause condensation and

hence may be used either to avoid the conditions that
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will cause the onset of condensation or to calculate

the concentration of any condensate that may be formed

as a result of passing the flash evaporated vapours

into the sealed enclosure. If the RH in the chamber 1is

high the condensation will form quickly but as a

relatively weak solution. Evaporating 35%w/w hydrogen
peroxide into a chamber at 20°C and 85%RH will cause
the condensate to form at in excess of 6% w/w,

although the concentration of the vapour will be about

120 ppm. It is well known that 6% hydrogen peroxilide 1s
active against microorganisms and will cause bilo-

deactivation of surfaces. If 1t 1s intended to operate

a process where condensation 1s formed 1t 1s therefore
not necessary to reduce the humidity 1in the chamber
under normal operating conditions as the RH will be
less than 85% and hence the condensation will form at
a concentration greater than 6%. The same 1s not true
when operating a process that is intended to avold
condensation, in such a process 1t 1s essential to
ensure that the moisture content of the air 1nside the

enclosed space at the start of the process 1s low.

It is believed that the difference between the
liquid process as reported by Block and a gaseous dew
process 1s the rate of delivery of the hydrogen
peroxide condensation. It follows that using a
standard recirculating gas generator placed outside
the space to be bio-decontaminated; there may not be
an adequate evaporation capaclity to achieve a
sufficiently high condensation rate to deactivate the
organism inside the chamber. The deactivation process
may be enhanced by the use of mixtures of chemicals
but the principal of the rate of delivery still

remains. Whilst for a dry gas process the rate of
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delivery of hydrogen peroxide and water vapour are not

so critical it is still important to evaporate the

liquid as fast as is practical as this will shorten

the time required to raise the gas concentration and

achieve a satisfactory bio-decontamilnation.

An analysis of the equations governing the wvapour

pressure of water and hydrogen peroxide by Watling et

al and published in the PDA Journal of Science and
Technology Nov/Dec 2002 vol 56, No 6 291-299, shows
that the gas concentration inside a chamber may be
ralsed to the dew point by passing flash evaporated
vapour into the sealed enclosure, but as soon as the
dew point 1is reached condensation will form at a
higher concentration than the evaporated ligquid thus

reducing the gas concentration. The gas concentration

- will continue to fall as more liquid 1s evaporated

until the equilibrium vapour pressure for the

evaporated liquid 1is reached at the temperature of the

chamber.

There are two views about the mechanisms 1involved
in the bio-decontamination using hydrogen peroxide and
water vapour. The first is that i1t 1s i1mportant to
ensure that the gas remains in the dry étate and the
second that condensation 1s essential. It has been
well established that dry hydrogen peroxide gas at

elevated temperatures will bio-deactivate micro-

organisms, and the same dry process has been shown to
work at room temperatures. The condensation process 1n

which the gas concentration is raised to the dew point

and condensation 1s allowed to form appears to be

faster at room temperatures.
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The apparatus and method described in the present
invention will work equally well with both the dry and
condensation processes. When operating a dry process 1t

is essential to monitor the water and hydrogen peroxide

concentration in the gaseous phase to ensure that they
remalin below the saturated vapour concentrations. When
operating a condensation process it is helpful to have an
indication of the point during the cycle when
condensation starts to form and the subsequent rate of
formation.

An ideal bilo-decontamination cycle is in three
phases. The first phase 1s to bring all of the eguipment
to thermal stability but may also be used to adjust the
relative humidity in the chamber to a pre-set level, the
second 1s used to raise the gas concentration to the
required level and maintain that concentration for a
sufficient length of time to achieve the required level
of bio-decontamination, and the third and last phase to
reduce the concentration of the sterilant in the enclosed

space to a predetermined value.

US-A-4863688 discloses a method of selectively
destroying organisms within a chamber such as an
1ncubator comprising the steps of introducing vapour
phase hydrogen peroxide into the chamber at a rate
sufficient to cause a predetermined concentration of
hydrogen peroxide to be reached while preventing a
substantial change in pressure or condensation of the
hydrogen peroxide 1n the chamber. When the predetermined
period of time was elapsed, the vapour phase hydrogen
peroxide 1s removed from the chamber. In a preferred

embodiment disclosed an incubator is provided with
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a separate apparatus for producing a flow or air containing
hydrogen peroxide vapour which is delivered to the
incubator. Alternatively the apparatus for producing the

5 air flow containing hydrogen peroxide vapour may be built

into the incubator.

, RU-C-2054295 discloses a device for sanitary treatment
of air for use in livestock and poultry facilities and in

10 various branches of industry including biological, food,
light industry, chemical, coal, construction and other
applications. The device includes a housing with an inlet
and an outlet, a heating element, disinfected evaporator in
the form of a perforated header closed at one end and

15 enclosed in a porous sheath, the header is installed along
the housing axis. The device has a reservolir containing
disinfectant solution secured to the housing and connected
to the open end of the evaporator. The tubular evaporator
is arranged in the porous sheath along a spiral line and the

20 heating element is mounted within the centre of the spiral.

This invention provides a method of decontaﬁinating an
enclosed space comprising the steps of providing an aqueous
solution of hydrogen peroxide in the enclosed space,

25 producing hydrogen peroxide/water vapour fromsaid aqueous
solution, creating an air stream in the enclosed space,
introducing hydrogen peroxide/water vapour into the air
stream, distributing the hydrogen peroxide/water vapour
containing air stream throughout the space to be

30 decontaminated and then removing the hydrogen peroxide/water
vépour from the space; characterised in that the air stream
is heated before hydrogen peroxide/water vapour is
introduced to it, the hydrogen peroxide/water vapour is

flash evaporated from an aqueous solution of hydrogen
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peroxide/water vapour from said supply into the air stream,
and the air stream carrying the flash evaporated hydrogen
peroxide/water vapour 1is distributed throughout the enclosed

5 space to achieve bio-decontamination of the enclosed space.

By placing the gas generator inside the room and simply
heating the carrier gas and then evaporating this sterilant
into the air stream it is possible to use the available

10 energy much more efficiently. The increase in efficiency is
derived from the removal of the system for decomposing and |
drying the carrier gas, and also because there 1s no need

for any pipe work to transport the carrier gas and

decontaminant from an external generator.

15
This increased efficiency provides more energy for the

primary function of heating the carrier gas and flash
evaporating the liquid. The efficiency increase is so great
as it allows a trebling of the rate of flash evaporation

20 from the same energy source and hence the rate of increase
in the gas concentration or the achievable rate of formation

of condensation once the dew point has been reached is also

trebled.

25 The simplified design is also much smaller and lighter
than a conventional gas generator and hence considerably
less expensive to manufacture. It is therefore realistic to
place a number of such devices 1inside a sealed enclosure to
be decontaminated. This reduction in size and weight makes

30 the apparatus portable and hence makes 1t practical to use

the same apparatus to bio-decontaminate a number of
facilities either on the one site or at different locations.

As stated above it is important to make measurements of
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the hydrogen peroxide and water vapour concentrations.
To satisfy this reguirement an i1nstrument module that
is placed inside the enclosed space has been devised

that will also link back to the control system that 1is

external to the enclosed space. Provision has been

made within the control systems both at the gas
generator(s) and the instrument module to connect a
number of condensation sensors so that the process may

be operated either as a dry gas or as a saturated

vapour pProcess

FEach simplified generator will have 1ts own

control system, which 1s linked to a control box

external to the room and connected by a single control
cable. By using a central control system, such as a
laptop computer, it 1s possible to control a number of
generators that are linked together from outside the
enclosed space. With the present arrangement 1t 1is
possible to control eight generators from a single
laptop, should a larger number be required a second
computer would be needed. It 1s also possible to

control multiple aeration units and dehumidifiers from

the same laptop computer.

Because the apparatus 1s portable and may
therefore be used at different sites 1n order to
ensure that the apparatus does not carry contamination
from one location to another i1t 1s essential that all
of the external and internal surfaces are bio-
decontaminated during the gassing cycle. To achieve
this objective components have been mounted in such a
way to ensure that they are exposed to the sterilising
gas. The tubular steel frame has been sealed and the

control box is purged with the sterilising gas drawn
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from the room. Tests have been performed to check that
following a bio-decontamination cycle all of the

surfaces of the apparatus have been rendered safe.

The following is a description of some specific
embodiments of the invention, reference being made to

the accompanying drawings, 1n which:

Figure 1 is a wholly diagrammatic view of an
apparatus for generating and delivering an air flow

containing an evaporated decontaminant to an enclosed

space;

Figure 2 is a similar view to Figure 1 showing

the components of the apparatus including the

evaporator, liquid sterilant supply and outlet nozzle

in greater detaill;

Figure 3 is a perspective view of a portable unit

embodying the apparatus of Figures 1 and Z;

Figure 4 is an exploded view of the unit of

Figure 3;

Figure 5 is a plan view of the evaporator;

Figure 6 is a cross-sectional view on the line O5-

5 of Figure 5;

Figure 7 is a cross-~sectional view of an

alternative form of evaporator;
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Figure 8 is a perspective view of a control box

gy ol

for the apparatus of Figures 3 and 4 with a lid of the

box shown open;

5 Figure 9 is an exploded view of a monitoring unit
for use in conjunction with the apparatus of Figures 3

and 4; and

Figures 10 and 11 show further embodiments.

10

The gas generator apparatus will be described

firstly with reference to Figures 1 and 2. Room air,
which may or may not already contaln previously
supplied hydrogen peroxide and water vapour, 1s drawn

15 into an inlet conduit 10 through a HEPA filter 11 by a

variable speed motor driven fan 12. The HEPA filter
11 removes any particles from the air stream to ensure
that the delivered air is of the correct quality when
the generator is used in a clean room. The condult

20 delivers the air to a heater 13 where the temperature
is raised to a predetermined level as described below.
The heated air then passes into an evaporator 14 where
a liquid sterilant comprising aqueous hydrogen
peroxide is flash evaporated. By way of example, the

25 sterilant may comprise an aqueous solution containing
30 to 35% hydrogen peroxide. If the sterillent
includes peracetic acid, the proportion of hydrogen
peroxide can be reduced to 15% with 0.5% peracetic
acid and a balance of water. In practice the heater

30 13 and the evaporator 14 are combined 1n a single unit

as shown in Figures 2 to 7 to which reference will be

made later. The physical shape and dimensions of the

combined heater/evaporator are designed to control the
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enerqgy balance between that used to heat the carrier

gas and that used for flash evaporation.

A supply of aqueous hydrogen peroxide liquid 1s
stored 1n a container 15 and is pumped to the
evaporator 14 by a liquid pump lo. The carrier gas
and vapours are delivered from the evaporator through
a condult 17 to a distribution nozzle 18 for delivery
of the sterilant vapour to the space to be

decontaminated. The liguild contailner 1s demountable

from the frame 19 to reduce the weight of the unit and

make it more easily hand carried.

Figures 3 and 4 show a practical embodiment 1in
which the gas generator apparatus 1s supported in an
tubular steel framework 19 for ease of movement. The
apparatus 1s light enough to be carried by the user
and as can be seen 1n Figure 4 can have caster wheels
20 to enable it to be easily manoceuvred into position.
The tubular framework 1s sealed to prevent any
contamination being introduced to the enclosure by the
frame. Ideally, the apparatus should not be placed
inside a housing unit. Any covering of the apparatus
would restrict the sterilant gas movements around and
through the apparatus, which 1s essential to ensure

that the apparatus itself 1s also surface

decontaminated because otherwlise it may contamilnate
the area in which 1t 1s placed. Figures 3 and 4 also
show the enclosed control box 70 for the apparatus

which will be described in greater detail below.

Figure 3 shows the outlet nozzle in greater
detail. The nozzle has a motorised power unit 18a

which rotates the nozzle assembly about a vertical

PCT/GB03/01386
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axlis. The nozzle assembly includes a laterally
extending arm 18b having an enclosed drive for
rotating the nozzle tip 18c¢ about a horizontal axis to
provide a universal discharge of heated air/hydrogen
5 peroxide sterilant vapour around the room or other

enclosure. The motor and nozzle assembly are formed
as a unit and may be detached at the coupling 18d
shown in Figure 4 from the outlet of the
evaporator and dismounted from the frame to be

10 transported independently of the gas generator unit.
Multiple units may be provided as necessary and
separate fan units may also be provided to circulate

the sterilant atmosphere throughout the room or

enclosure,
15

An ideal decontamination cycle may have three
distinct phases. In the first, optional phase the
relative humidity in the room or other enclosure 1s
adjusted to a pre-set level. In the second phase the

20 gas concentration of sterilant gas 1is raised to form a
required layer of overall surfaces in the enclosure
condensation for a sufficient length of time to
achieve the required level of decontamination. In the
third and last phase the sterilant 1s removed from

25 the enclosure. This 1s achieved using the room

aerator system described and 1illustrated 1in

International Patent Application No. WO 02/11864.

If a HVAC system 1is avallable for the room or
30 enclosure then this may be used to achieve the
required level of relative humidity at the start of
the process, and 1f the HVAC exhausts to a safe area
to remove the sterilant at the end. Alternatively a

portable dehumidifier may be used to adjust the
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initial relative humidity and a catalytic scrubber

used to circulate the gas to remove the sterilant.

In the decontamination cycle referred to above

the initial phase of treatment 1n the adjustment of

the relative humidity in the room or chamber may Dbe
omitted and the process commenced at the current
prevailing conditions in the enclosure since the
relative humidity in the enclosure would normally be
well below dew point and so a considerable amount of
sterilant/water vapour would need to be generated in

the enclosure before condensation would occur.

Reference is now made to Figures 5 and © which
illustrate the combined heater/evaporator 14/15 in
greater detail. The heater/evaporator comprises a
cast cylindrical aluminium block 30 which 1s mounted
framework 19 with the axis of the block extending
vertically. The lower end of the block has a shallow
cylindrical recess 31 and a circular base plate 32 1s
attached to the periphery of the block extending
across the recess by screws (not shown) the base plate
32 has a central aperture 33 in which the end of the
inlet conduit 10 is mounted to deliver a supply of air

to the recess in the block.

The upper end of the block also has a cylindrical
recess 34 and a central top plate 35 1is mounted.on the
periphery of the block over the recess by set screws
36. The top plate 35 has a central aperture 39 1in

which an outlet conduit 40 from the block 1s mounted.

The block is formed with a central cylindrical

cavity 37 extending into the block from the upper end

PCT/GB03/01386
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thereof in which the outlet conduit 40 extends stopping
short of the bottom of the cavity. The block 30 has a
multiplicity of axially extending passageways 38
adjacent the outer surface of the block and spaced
around the block leading from the lower recess 31 and
the block ﬁpper recess 34 for flow of air from the
bottom recess to the top recess from where the air can
flow into the cavity 37 and thence into the outlet
conduit 40. The liquid sterilant from the storage
container 15 is delivered via one or more inlet
conduits 41 providing injection points which extend
through the top plate 35 adjacent to the outlet conduit
40. The conduits 41 lead into the cavity 37 in the
block but stop short of the bottom of the cavity. A
second inlet conduit 41 is shown and.preferably three

such conduits are provided at spaced locations around

the outlet conduit.

The body 30 is encircled by a cylindrical jacket
in which an electrical resistance heater 42 is mounted
for heating the body 30 to a requisite temperature to
pre%heat the airflow through the block and also to
ensure that sterilant delivered by the conduit 14 to
the bottom of the cavity 37 of the block is flash
evaporated from the bottom of the cavity to produce a
vapour which 1s entrained in the flow of air through
the flow of heated air'fhrough the outlet conduit 40

for delivery into the room to be sterilised.

The heating unit of the heater-evaporator is
coupled to the control unit to the apparatus and a
temperature probe 44 is mounted in a radial drilling
45 in the body 30 below the cavity 37 to measure the
temperature of the body for adjusting, through the




CA 02480859 2007-06-13

WO 03/082355 PCT/GBO0O3/01386

10

15

20

23

30

_14_

control unit, the power supply to the resistance
heating element to enable the body to be maintained at
a requlsite temperature for pre-heating the air
fiowing through the body and flash evaporating the
sterilant delivered to the body.

Figure 7 of the drawings shows an alternative
form of heater 13 in which the outlet from the fan 12
is coupled to an inlet 50 to a lower chamber 51
containing an electrically powered air heater 52. At
the upper end of the chamber 51 there 1s an annular
evaporator block 53 having a central port 54 for gas
flow and an evaporator plate 55 1s located on top of
the block. The block has a spirally wound heating
element 56 embedded adjacent the surface of the block.
Thus the heater 52 can be used to raise the
temperature of the air flowing through the device to
one level and the second heater 56 can be used to
maintain the surface of the evaporator plate at the
requisite temperature for flash evaporation of an

agqueous solution of hydrogen peroxide.

The heater has an upper chamber 57 1in which an
outlet conduit 58 is mounted having ports 59 spaced
around the condult through which air can enter the
conduit from the upper chamber as indicated by the
arrows. The lower end of the condulit is closed by an
air deflector 61 which partially overlies the
evaporation plate and causes the air flow emerging
from the port 54 in the evaporator heater to disperse
outwardly over the evaporator plate before flowing
upwardly and hence through the port 59 into the inlet
conduit. Delivery tubes for agueous hydrogen peroxide

extend downwardly through the upper chamber 57 to stop
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just short of the surface of the evaporation plate tO

drip aqueous hydrogen peroxide onto the plate which

flash evaporates and is entrained 1n the air flow over
the plate which passes upwardly into the outlet
conduit 58. The arrangement 1s otherwlse similar to

F

that of Figures 3 and 4.

Reference 1s now made to Figure 8 of the drawings
which shows the control box of the gas generator ot
Figures 3 and 4 in greater detail. The control box

comprises a casing 70 having a lid 71 shown 1in the

open position in Figure 8. The fan 11 which 1s of the

centrifugal type is mounted 1n the upper end of the
box and has an upwardly facing mounting plate 72
formed with an outlet port 73 to receive the
evaporator 13, 14 with the inlet to the evaporator 1in

communication with the port 73.

A liquid pump 74 is mounted on one side of the
box powered by an electric motor for delivering
aqueous hydrogen peroxide to the evaporator. A mains
cable connection for the unit for the various motors
and other devices requiring power supply 1s indicated
at 75. The cable also provides couplings to the
controllers 76 for the unit which are mounted on the

inside of the 1lid 71.

To ensure that contamination does not reach the
enclosure from the interior of the control box for the
gas generator, a fan 77 is mounted on one side of the
control box to deliver air carrying sterilaht from the
surrounding atmosphere in the enclosure through the
control box to sterilise the interior surfaces of the

control box.

PCT/GB03/01386
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Reference is now made to Figure 9 of the drawings
which shows in exploded form a monitoring unit for
monitoring air temperature, gas concentration and
humidity in the enclosure. The monitoring unit
comprises a box 80 to receive the monitoring equipment
and mounted on wheels 81 to enable the box to be
readily manoeuvred around the enclosure and also moved
from side to side where it is to be used. The box has

a lid 82 formed with inlet and outlet ports 83, 84

respectively. The inlet port has a motor driven fan

85 disposed below the port to draw 1n air from the
enclosure containing the dispersed sterilant to cause
an ailr flow through the elements in the box to
sterilise the interior surfaces of the box and thereby
to ensure that the room or other enclosure 1s not

contaminated by anything within the interior of the

box.

The apparatus described particularly with
reference to Figures 3 to 9 is intended to be readily
portable or transportable from room to room where 1it
is to be used. It provides a source of heated air
carrying hydrogen peroxide vapour sterilant directly
into the room and distributes the air flow throughout
the room until condensation occurs on ail surfaces
within the room. No external pipework connections are
required to pass through walls of the room just power
supply and control cables for the apparatus. NoO
special installation requirements arise as 1n
conventional gas generator circult systems as referred

to earlier.

Thus each of the components of the equilipment

required to sterilise a room, that 1s the gas
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generating apparatus, the gas distribution system, the

instrument-module, the dehumidifier and the aeration

unit are all manufactured such that they can readily

be carried by a single person.

Reference 1s now made to a further form of
apparatus 1n accordance with the i1nvention shown in
Figure 10. The apparatus i1s mounted on a mobile

trolley and comprises a gas generator 100. Air 1s

drawn 1n through a HEPA filter 101 by a fan 102 and

passed 1nto a vaporiser 103. Inside the vaporiser the

alr 1s first heated by a heater (not shown) and then

passes over an evaporation plate (also not shown) A

pump 105 delivers liquid sanitant from a sanitant

pottle 106 1n the form of droplets onto the

evaporation plate from which it 1s flash evaporated.
The heated alr carrying the sanitant vapour 1s passed
to a distribution plenum 108 and exits to the room at

high velocity through one or more nozzles 1009.

Provision 1s made eilither to connect a number of
optical type condensation monitors 120 directly to the
gas generator and hence to a control module 121 (see
Figure 11), or the monitors may be connected directly
to the control module. The optical condensation
monlitors measure the layer of condensation as 1it
builds up on a surface or surfaces of the monitor.
Connecting condensation monitors to the gas generator
has the advantage of reducing the number of
connections to the control module, especially when a

number of gas generators are used.




WO 03/0823355

10

15

20

25

30

CA 02480859 2004-09-27

- 18 -

The condensation monitors are placed around the
room at the locations where the rate of condensation

1s the lowest.

A complete multiple installation is shown 1n
Figure 11, with three gas generators 100 each with
eight condensation monitors 120. Also connected to
the control system is an aeration unit 122 used to
remove the gas at the end of the cycle and the
dehumidifier 123. A separate instrument module 124 1is
also shown which has additional instrumentation to
measure the gas concentration and the RH within the
room. A single communications cable connects 24 all

of the components to the control module.

The normal technigque to establish 1f a

decontamination process has been successful 1s to

-
p—

place Biological Indicators (BIs), i1n those parts of

the chamber where it is the most difficult to achieve
a kill. It is often undesirable or not permitted to

place BIs in a room, but 1t 1s necessary to know that
deactivation to the required level has been achieved.
To overcome this difficulty condensation monitors may
be used to establish that the mass and the rate of

formation of condensate are sufficient to achieve

deactivation of the microorganisms on the surfaces. It
has been well established that once the required
conditions have been achieved that the “D” value for
the most resistant organisms is about two minutes.
Therefore an exposure of the organisms under the
correct conditions for twelve minutes will achieve a

log 6 reduction in the count of viable organisms.

PCT/GB03/01386
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Satisfactory decontamination will only be
achieved in a room if a sufficiently high rate of

liguid sanitant vapour is delivered into the room to

provide an adequate rate of formation of condensation.
But to be assured that decontamination has been
achieved it 1is necessary to measure the condensation
levels with time in multiple locations in the room.
The data from the condensation monitors together with
the information from the other instruments in the room
may then be used to establish that a satisfactory

deactivation cycle has been completed.

The condensation sensors may be used 1n one of

two ways. The first is to measure and then control
the level of condensation by adjusting the liquid
evaporation rate and the second 1s simply to use the

monitor as a switch. When used as a switch it simply

gives a signal when an adequate amount of condensation
has formed and the process is then considered to be
complete or allowed to dwell in that state giving a
sufficient period during which the organisms are
killed. There is a further variation to the "“switch”
method in which two sensors are used at each location
set at different levels of condensation. The first
indicates when condensation has started and the second
when the level of condensation 1is sufficient to have
caused a satisfactory level. It may then be necessary

to have a “dwell” period during which the kill occurs.

The condensation monitors of the above apparatus
are optical devices which measure the layer of
condensation. An electronic device may be used
instead that gives a switch signal when a known level

of condensation has arrived. The switch level depends

PCT/GB03/01386
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on the construction of the sensor plate. Sensor
plates are single use disposable i1tems and hence are
inexpensive. The plates plug into a box which may be

placed at a remote location within the room.
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The embodiments of the invention, in which an exclusive property or privilege

is claimed, are defined as follows:

1. A method of decontaminating an enclosed space
comprising the steps of producing hydrogen peroxide/water
vapour from a supply of an agueous solution of hydrogen
peroxide placed within the enclosed space by creating a
heated alrstream within the enclosed space and flash
evaporating hydrogen peroxide/water vapour from said
supply 1nto the heated airstream and introducing the
alrstream carrying the hydrogen peroxide/water vapour
into the enclosed space to decontaminate the space and
then removing the hydrogen peroxide vapour from the
enclosed space; wherein the ailr vapour stream in the
enclosed space 1s circulated and further hydrogen
peroxide/water vapour is flash evaporated into the
circulating gas stream until the dew point is reached in
the enclosure and condensation of hydrogen peroxide/water
vapour on the surfaces of the enclosure takes place to

decontaminate the surfaces.

2. A method as claimed in claim 1, wherein after the dew
point of the vapour has been reached and condensation of
hydrogen peroxide/water vapour on the surfaces of the

enclosure has taken place, the hydrogen peroxide is

removed from the enclosed space.

3. A method as claimed in claim 2, wherein the
condensation of the hydrogen peroxide/water vapour is
measured by a monitor and when the condensation has
reached a requisite level, air flow containing hydrogen

peroxide/water vapour is terminated.

4. A method as claimed in claim 2 or claim 3, wherein
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condensation 1s measured in the enclosure at a number of
locations by condensation monitors to ensure that

condensation has taken place throughout the enclosure.

5. A method as claimed in claim 1, wherein air carrying
hydrogen peroxide/water vapour 1is introduced into the
enclosure until a predetermined concentration of hydrogen
peroxide/water vapour in the atmosphere in the enclosure
has been reached after which introduction of the air is

terminated and the hydrogen peroxide is removed.

6. A method as claimed in claim 5, wherein biological
indicators are used in the enclosure to determine when
the concentration of hydrogen peroxide/water vapour in
the atmosphere 1n the enclosure has reached the requisite

level following which the hydrogen peroxide 1s removed.

7. A method as claimed in any one of claims 1 to 3,
wherein the heated air carrying hydrogen peroxide/water

vapour 1s delivered as a jet within the enclosure.

8. A method as claimed in claim 7, wherein the heated air
carrying hydrogen peroxide/water vapour is delivered in a
universally rotating jet to distribute the wvapour

throughout the enclosure.

9. A method as claimed in any one of claims 1 to 3,
whereln one or more fans are provided spaced from a
location where said airstream carrying hydrogen peroxide/
water vapour 1s introduced into the enclosed space to
deliver the air carrying the vapour to remote locations

of the enclosed space from said location.

10. A method as claimed in any one of claims 1 to 3,
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wherein the vapour of hydrogen peroxide and water also

contains peracetic acid.

11. A method as claimed in claim any one of claims 1 to
3, wherein the solution from which the hydrogen
peroxide/water vapour is produced contains 30 to 35%

hydrogen peroxide and a balance of water.

12. A method as claimed in claim 10, wherein the solution
from which the hydrogen peroxide solution 1s produced
comprises 15% hydrogen peroxide, 0.5% peracetic acid and

a balance of water.

13. A method as claimed in any one of claims 1 to 3,
wherein hydrogen peroxide 1is removed by circulating the

alr containing hydrogen peroxide over a catalyst.

14. A method as claimed in any one of claims 1 to 3,
wherein the enclosure has a heating/ventilation air
conditioning system, the hydrogen peroxide 1s removed
from the enclosure using the heating/ventilation air

conditioning system.

15. A method as claimed in any one of claims 1 to 3,

wherein a plurality of heated air flows are provided to
which the hydrogen peroxide/water vapour is added to
provide a plurality of flows of heated air carrving
hydrogen peroxide/water vapour at different locations in

the enclosure.

16. A method as claimed in any one of claims 1 to 3,

wherein the method is controlled from outside the

enclosure.
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17. A method as claimed in any one of claims 1 to 3,
wherein the air is dehumidified to reduce the relative

humidity in the enclosure to a predetermined level prior
to delivering heated air containing hydrogen

peroxide/water vapour to the enclosure.

18. A method as claimed in claim 17, wherein the ailr 1is
dehumidified using an air conditioned system for the

enclosed space.

19. A method as claimed in any one of claims 1 to 3,
wherein a portable apparatus is used in the enclosure
having a duct with a fan for delivering air through the
duct, a filter for filtering air entering the duct, a
heater for heating air passing through the duct and means

for delivering hydrogen peroxide/water vapour to the air

passing through the duct and a nozzle for delivery of air
carrying hydrogen peroxide/water vapour from the duct,
the nozzle being rotated universally to distribute the
hydrogen peroxide/water vapours throughout the enclosure,
circulation of air carrying the hydrogen peroxide/water
vapour through the duct causing decontamination of the

duct.

20. An apparatus for decontaminating an enclosed space
comprising the following components: means for providilng
a flow of heated air, and means for delivering a liquid
decontaminant to the heated air to be evaporated into the
heated air to produce an air stream containing a vapour
of the decontaminant for delivery to a space to be
decontaminated; the apparatus having a duct having an
inlet end and an outlet end, a fan for causing air to
flow through the duct, a filter for filtering air at the
inlet end of the duct, means for holding a supply of
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aqueous hydrogen peroxide solution, means for delivering
agueous hydrogen peroxide soclution from said holding
means to a heater to flash evaporate the aqueous hydrogen
peroxide to produce hydrogen peroxide/water vapour which
1s entrained in the air flow passing through the duct,
for delivery of hydrogen peroxide/water vapour from the
outlet end of the duct to the enclosure for condensation
of the hydrogen peroxide/water vapour to decontaminate
the enclosure; whereln a nozzle 1s provided at the outlet
end of the duct and means are provided to rotate the
nozzle universally about the end of the duct to deliver
hydrogen peroxide/water vapour carrying air throughout
the enclosure; and the components of the apparatus are
supported in a frame for transporting the apparatus so
that all internal and external surfaces of the apparatus
are exposed to flow of hydrogen peroxide/water vapour in
the enclosed space to decontaminate the external surfaces

of the apparatus.

21. An apparatus as claimed in claim 20, wherein the
apparatus i1s a self contained unit which is mobile or

portable for movement from location to location where it

1s to be used.

22. An apparatus as claimed in claim 21, wherein the
supply of hydrogen peroxide/water vapour and/or the
nozzle and means to rotate the nozzle are readily

removable for transport of the apparatus.

23. An apparatus as claimed in any one of claims 20 to 22
including a control box for controlling operation of the
apparatus, having internal surfaces, wherein means are
provided for delivering air carrying hydrogen

peroxide/water vapour from the atmosphere in the
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enclosure through the control box to decontaminate said

internal surfaces of the control box.

24. An apparatus as claimed in any one of claims 20 to 23

including a separate monitoring unit for monitoring the
temperature of the atmosphere in the enclosure and the
concentration of hydrogen peroxide/ water wvapour in the
atmosphere, said monitoring unit having internal
surfaces; whereln means are provided for delivering a
flow of air carrying hydrogen peroxide/water vapour
through the enclosure of the monitoring unit to
decontaminate the internal surfaces of the monitoring

unit.



CA 02480859 2004-09-27

WO 03/0823355 PCT/GB03/01386
1/10

A5 7

/S 7/ B 770NV
AOZZL L
l 77
L/g/D
] NP
L7084 70 76
Y4
AELTERL
JT L/GL/D

SIOIGE

l 75
7
sz . 4

SUBSTITUTE SHEET (RULE 26)



WO 03/0823355

H20¢2

<3

CA 02480859 2004-09-27

2/10

SUBSTITUTE SHEET (RULE 26)

PCT/GB03/01386



CA 02480859 2004-09-27

WO 03/0823355 PCT/GB03/01386
3/10

SUBSTITUTE SHEET (RULE 26)



CA 02480859 2007-06-13

WO 03/082355 PCT/GB03/01386
4/10

SUBSTITUTE SHEET (RULE 26)



CA 02480859 2004-09-27

74
o -
T Fd T 7 35 FO
BIS5E
| V4 VAVAVA VA 7AW
9 4 Ve A7 7 7 77 7 A 77 ".‘?

I -

7 1 7

EILCae7oe - A4 Sem— ' '
e ] . .

e AT s

AN

PONTS 4' \g}. WA“ 'A\YAvﬁ /
LT LRLE ad ALA7ER

IROEE (LL) LLEAIENT




CA 02480859 2004-09-27

WO 03/0823355 PCT/GB03/01386
6/10

ArG 7

,4f/,<75:45 DEL/VERY

N

4
/
A %

*Qf
R

;
/
/ AR
ELLPoed 770N /
§
A2ZIE i LUAL EC7D8
!
e
/
SE 52
L8770 ; 53
NELTER 2 Nz
P AR
' 4 . IN?
SZ7 | — 52
\
i o7
/R 5 -
AELTER NI i

SUBSTITUTE SHEET (RULE 26)



CA 02480859 2007-06-13

WO 03/082355

| PCT/GBO.}/O]386

7/10

SUBSTITUTE SHEET (RULE 26)



CA 02480859 2004-09-27

PCT/GB03/01386

WO 03/0823355

8/10

AN
AN

¢ )/

SUBSTITUTE SHEET (RULE 26)



CA 02480859 2004-09-27

WO 03/0823355 PCT/GB03/01386
9/10

A& 7

N
.

¥ /43 SURNETHLT/E
NS

AGNVEL

! >
SINS TN T

——- l\{(‘i‘~ LO)7LE

- /
V /4

LALPOUR/SER

LS

720

SUBSTITUTE SHEET (RULE 26)



CA 02480859 2004-09-27

PCT/GB03/01386

WO 03/0823355

10/10

SAOLLY.TH7D

SOOLNCH
NC/ LN TN |

FA7Th
LN TR LGN

SUBSTITUTE SHEET (RULE 26)



USRS BL T7ON

AOZZL L
AT '
N\
l 77
2/ D
e Ve
A7

AELTER
i LGP
l IS G

_ 75
P VAN
sine Bty

A rEe— NNV




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - abstract drawing

