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scribed. Steps are: pumping fluid portions of a first reagent and a
second reagent into the proximal end of an elongate reaction cham-
ber (24) to form a reaction mixture, the reagents being selected to
react together to form aqueous chlorine dioxide; providing a stream
of water around or adjacent to the distal end of the reaction cham-
ber (24); continuing to pump fluid portions of said reagents so as
to cause the reagent mixture to travel through the reaction chamber
and then into the stream of water to form a stream of aqueous chlo-
rine dioxide sterilizing fluid; wherein the pumping rates and the
internal dimensions of the elongate reaction chamber (24) are se-
lected so that the reaction to form chlorine dioxide is substantially
complete when the reagent mixture exits the reaction chamber (24);
and continuing pumping fluid portions of said reagents until a de-
sired quantity of said sterilizing fluid has been produced; wherein
the pumping of each reagent is carried out by means of a diaphragm
pump (90, 92) or a piston pump via a pressure-control valve (32, 34)

so that each fluid portion is pumped at substantially constant pressure.
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CHLORINE DIOXIDE GENERATION

FIELD OF THE INVENTION

The present invention relates to a method of producing
chlorine dioxide on demand, and to a chlorine dioxide
generator for use in the method. The invention is
particularly for use in a medical facility for producing a
stream of aqueous chlorine dioxide for sterilizing medical

and dental equipment or for wound irrigation or skin asepsis.

BACKGROUND TO THE INVENTION

Chlorine dioxide is an important sterilizing agent in medical
facilities such as surgeries and hospitals. It may be formed
from mixtures of various reagents including: chlorite and
acid; chlorate, peroxide and acid; and chlorite,
hypochlorite, and a suitable buffer. Chlorine dioxide has
excellent sterilizing and bactericidal properties, and oral
ingestion in man and animals has been shown to be relatively

safe.

The cleaning of endoscopes and other medical equipment with
suitable chlorine dioxide solutions is described in European
Patent Number 0 785 719 and United States Patent Numbers
5,696,046 and 6,007,772, the contents of which are hereby

incorporated by reference.

It is not always convenient to mix up batches of chlorine
dioxide solutions for use in sterilizing equipment or other
applications. Accordingly, there is a need for apparatus to
produce chlorine dioxide ‘on demand’ in a medical

environment.
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Apparatus for producing chlorine dioxide is known from

US patent number 4,534,952 and International patent
publication number WO 03/000586. However, these apparatuses
are intended for applications such as pulp bleaching, fat
bleaching, and water treatment. In many of these
applications, reagents such as sulphuric acid may be
tolerated, as may the presence of unreacted reagents and
side-products such as foam or froth in the chlorine dioxide

solution.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is
provided a method of producing a stream of aqueous chlorine
dioxide sterilizing fluid suitable for use in sterilizing
medical and dental equipment or for wound irrigation or skin
asepsis, the method comprising:

pumping fluid portions of a first reagent and a second
reagent into the proximal end of an elongate reaction
chamber, the reagents being selected to react together to
form aqueous chlorine dioxide;

providing a stream of water around or adjacent to the
distal end of the reaction chamber;

continuing to pump fluid portions of said reagents so as
to cause the reagent mixture to travel through the reaction
chamber and then into the stream of water to form a stream of
aqueous chlorine dioxide sterilizing fluid;

wherein the pumping rates and the internal dimensions of
the elongate reaction chamber are selected so that the
reaction to form chlorine dioxide is substantially complete
when the reagent mixture exits the reaction chamber; and

continuing pumping fluid portions of said reagents until
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a desired quantity of said sterilizing fluid has been
produced;

wherein the pumping of each reagent is carried out by
means of a diaphragm pump or a piston pump via a pressure-
control valve so that each fluid portion is pumped at

substantially constant pressure.

By pumping through a pressure-control valve, accurately
metered portions of each reagent may be dispensed. This in
turn means that an accurately metered quantity of chlorine
dioxide can be injected into the water stream to provide a
sterilizing fluid having a chlorine dioxide concentration
which is appropriate to the specific application for which it

is required.

The stream of water may be mains-pressure water or may be
pumped at any other pressure appropriate to the intended
application. For example, the chlorine dioxide may be
injected into water pumped at low pressure from a bottled
supply for point of use applications such as wound irrigation

during surgery.

The method enables the provision of chlorine dioxide on a
continuous basis for direct injection into a water supply at
a rate dictated by the application. Only two separate pumps
are needed when mains water is used, or three pumps for

applications requiring the use of bottled water.

The fluid portions may be pumped simultaneously or
sequentially. It is preferred that the fluid portions are
pumped simultaneously. In one embodiment the fluid portions
are pumped alternately at low flow rates, and simultaneously

at higher flow rates. This arrangement facilitates
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adjustment to a variety of flow rates within the performance
specifications of the pumps. For very low flow rates,
fractional volumes may be pumped, compared to the volume
dispensed on a complete pump cycle. It is preferred that
each reagent is pumped at the same rate, so that equal

volumes are mixed.

It is important that the reagents are selected such that the
sterilizing fluid is physiologically acceptable for
applications such as wound irrigation. Preferred reagents
are chlorite (notably sodium chlorite) and organic acids
(notably a mixture of citric acid, sorbic acid and boric
acid). For convenience hereinafter, the invention will be
described with reference to the use of sodium chlorite
solution as the first reagent (or ‘base’), and a mixture of
solutions of citric, sorbic and boric acids as the second
reagent (or ‘activator’). However, it is to be understood
that the invention is not limited to this preferred
embodiment. For applications involving sterilization of
medical apparatus, a corrosion inhibitor may be included,
notably in the activator. Suitable corrosion inhibitors are
described in EP 0 785 719. These inhibitors are preferred
for the present application, but other suitable corrosion

inhibitors may be employed.

We have found that either piston pumps or diaphragm pumps are
suitable for use in the present invention. The pump body and
valve components coming into contact with Cl0O, are preferably
made from stainless steel, ceramics, or a chemically
resistant grade of plastics material such as PVDF or PTFE.
Diaphragm pumps are particularly preferred for cost
considerations, and the invention will for convenience be

described herein with reference to the use of diaphragm
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pumps. The diaphragms are preferably coated with PTFE.

Each pump is preferably provided with a vent valve to allow
it to be primed. 1In a preferred embodiment, the pumps are
electronically controlled using a stepper motor. It is
particularly preferred that the stepper motor shaft is
provided with an optical encoder for precise measurement of
the shaft movement. By feeding measurement data from the
optical encoders to the electronic controller, very precise
measurement and control of the pump operation can be
achieved. This in turn allows precisely controlled
quantities of aqueous chlorine dioxide to be fed to the water

stream.

In addition to controlling the pumps precisely, it is also
desirable to measure the concentration of chlorine dioxide in
the sterilizing fluid, for example by using an ion selective
electrode or other probe to confirm that this is within
acceptable limits or to trigger adjustments in the process
parameters. It is preferred also to measure the water flow
rate and to operate the method under a closed loop feedback
control. Depending on the desired chlorine dioxide
concentration in the sterilizing fluid, and the flow rate,
the pumps are controlled to meter the reagents to the
reaction chamber at the required rate, which is monitored by
means of the optical encoders and dynamically adjusted if

necessary.

The probe may be linked to a processor which gives a visible
or audible signal when the measured concentration of chlorine
dioxide is within specified limits. For example, white,
green and red lights could indicate respectively: too low a

concentration, an acceptable concentration, and too high a
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concentration.

Because of space limitations in medical environments such as
operating theatres it is preferred that the reaction chamber
is curved or bent so as to make it more compact. It is
particularly preferred that the reaction chamber is a coil,
notably a helical coil. The invention will, for convenience,
be described with reference to the use of a helical coil. A
preferred dwell time in the coil is in the range 20-40
seconds, notably about 30 seconds. We have found that for
pump rates to achieve 20 ppm of Cl0; in water, at a flow rate
of 20 1/min, a 20 ml capacity mixing coil with an internal
diameter of about 4 mm is appropriate, while for larger
mixing coils of 100 ml or 200 ml capacity (for achieving 100
ppm or 200 ppm respectively) an internal diameter of about 8
mm works well. In each case, the coil capacity is selected
so that a dwell time of about 30 seconds will produce the

desired ClO; concentration in the sterilizing fluid.

Vent valves may be provided to permit purging of reagents and
chlorine dioxide from the reaction chamber. By purging the
reaction chamber when chlorine dioxide is not required, the
life of the reaction chamber, and associated valve members,
may be prolonged. 1In a preferred embodiment, the valve
arrangement permits flushing of the reaction chamber with
water from the water supply that provides the water stream to

form the sterilizing fluid.

Product variants

The Cl0; generator must be capable of providing Cl0, for a

variety of dosing requirements. Some will require Cl0, to be

injected into a mains water supply at up to 400 kPa, others
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will require ClO, to be injected into water pumped at low
pressure from a bottled supply for point of use applications
such as wound irrigation during surgery. The concentration of
ClOz and flow rate will vary depending upon the application.
Typically ClO, concentrations will be in the range 5 ppm to
200 ppm, notably 20 ppm to 200 ppm, and flow rates of dosed

water in the range 0 to 30 litres per minute,

Product variant 1 - A device that adds Cl0, to the incoming
mains water supply at a concentration of 20 ppm for use in

the rinse cycle of endoscope washer disinfection machines.

Product variant 2 - A device that adds Cl10, to the incoming
mains water supply at a concentration of 20 ppm for use in
the rinse cycle of endoscope washer disinfection machines and
adds ClO; to the incoming mains water supply at a

concentration of 80 ppm for use in the decontamination cycle.

Product variant 3 - A device that adds ClO; to the incoming
mains water supply at a concentration of 200 ppm for use in
the decontamination cycle of endoscope washer disinfection

machines.

Product variant 4 - A device that automatically adds ClO, at
a dilution of 20 ppm into the ‘break’ tanks that are fitted
into the mains water supply circuit at multiple locations in
hospitals. Break tanks are installed to ensure that there is
no back contamination from the hospital point of use into the
incoming mains water supply. Cl0, at a dilution of 20 ppm is
currently manually dropped into the tank by the maintenance

team. This activity could be automated.

Product variant 5 - A device particularly for use in the
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Endoscope cleaning room of hospitals which have a washing
regime that uses 4 sinks. Sink 1 is for detergent. Sink 2 is
for water rinse with filtered water. Sink 3 is for
disinfectant. Sink 4 is for rinse with filtered water. Each

sink has a wall mounted tap above it.

This system is often found in France, where glutaraldehyde is
currently used. In addition to the health and safety benefits
of Cl0, there is a desire to discontinue use of
glutaraldehyde because it does not effectively destroy CJD

prions and because of its toxicity to humans.

This variant would provide a dose of 400 - 2000 ppm into the
disinfecting water to replace the glutaraldehyde. The unit
may be mounted under the sink and C10, may be piped up to the

wall-mounted tap.

Product variant 6 - A stand alone irrigation unit supplying
ClO; at a concentration of 20 ppm as a biocidal wash unit.
Typical applications could be wound irrigation during
surgery, hip replacement surgery, dentistry and for washing
and disinfection of the feet of diabetics who are prone to
foot infections. The mobile irrigation units would typically
need to pump base and activator plus sterile water from 5

litre bottles.

Product variants 1 to 3 demand Cl0O, at a rate dictated by the
washer disinfection machines, configurations 4 and 5 demand
ClO; at a rate dictated by the mains water supply flow rate,
and configuration 6 demands Cl0, at a relatively slow flow
rate dictated by the pump speed appropriate for those

applications using a bottled water supply.
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In order that the Cl0; generator can service a variety of
application needs, and have the minimum amount of stored,
batch produced Cl0,, the rate at which we mix Base and
Activator and allow it to react for 30 seconds will dictate
the rate at which we can continuously supply Cl0O; into the

water supply.

The highest flow rates for pumping mixed Base and Activator
are encountered on applications requiring Cl0; to be injected
into the mains water supply at concentrations of 200 ppm.
This concentration requires a dose rate of 13.3 ml of ClO;
reagent mixture per litre of water. To prevent damage to flow
meters and internal components within the Cl0, generator
system it 1s preferred to restrict flow to 15 - 20 litres per
minute. The dosing rate will therefore be in the range 202 -

270 ml/min for these applications.

For endoscope washer disinfection machines the anticipated
maximum rate at which Cl0; must be manufactured by the
Generator has been calculated at 40 ml of Cl0, solution per
minute. This dosing rate assumes the washers require 40 ml
of Cl0, reaction mixture to be injected into 30 litres of
water in one minute for the rinse c¢ycle and 160 ml of
reaction mixture to be injected into 30 litres of water in
four minutes for the decontamination cycle. These
concentrations require a dose rate of 1.3 ml and 5.3 ml of

ClO; reaction mixture per litre of water respectively.

This decontamination dosing rate assumes a ClO, concentration
of 80 ppm rather than 200 ppm, based on a combined rinse
dosing system and decontamination dosing system that provides
the washer disinfector machines with a minimum dose of 20 ppm

for all water entering the machine. It is 1likely that
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decontamination can be carried out with a lower Cl0, dose of
80 ppm given that bacterial growth within the washer system
will already have been minimised by the low dose 20 ppm rinse

water.

Summary:

A low dose (about 20 ppm) 1s needed for product variants 1,
2, 4 and 6. The dose concentration is about 1.3 ml/litre of
H,0 at a flow rate 40 ml/minute. Dosing for the
decontamination phase on a combined rinse/decontamination
product (variant 2) will use a dose concentration of 5.3 ml
of Cl0; reaction mixture per litre of H,O at a flow rate of

40 ml per minute.

A high dose (about 200 ppm) is appropriate for product
variants 3 and 5. The dose concentration 1is about
13.3 ml/litre of H,O0, at a flow rate 40 ml/minute for product
variant 3 and a maximum of 270 ml/minute for product variant

5.

Applications such as use 1in dental 1lines and wound
irrigation, or to prevent build-up of biofilms in systems,
may require Cl0; concentrations lower than 20 ppm, typically

about 5 ppm.

Other aspects and benefits of the invention will appear in

the following specification, drawings and claims.
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BRIEF DESCRIPTION OF DRAWINGS

The invention will now be further described, by way of
example, with reference to the following schematic drawings

in which:
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Figure 1 is a flow sheet for a method of producing a
stream of aqueous Cl0O; sterilizing fluid in accordance

with an embodiment of the present invention;

Figures 2 and 3 are flow sheets for methods of measuring
Cl0O; concentration in a sterilizing fluid produced in

accordance with embodiments of the present invention;

Figure 4 is a flow sheet for a method of producing a
stream of aqueous Cl0O; sterilizing fluid in accordance

with another embodiment of the present invention;

Figure 5 is a flow sheet for a method in accordance with

a particularly preferred embodiment of the invention;

Figure 6 1is a perspective view of an apparatus for
producing aqueous chlorine dioxide in accordance with

the method shown in Figure 5;

Figure 7 1is a perspective view of the apparatus of

Figure 6 with the cover off;
Figure 8 1is a perspective view of the apparatus of
Figure 7 with the control panel and electronics panel

open;

Figure 9 1is a perspective view of the apparatus of
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Figure 8 with the lower partition removed;

Figures 10 and 11 show the lower manifold assembly of
Figure 8 as, respectively, an exploded view and a

perspective view;

Figures 12 and 13 show the upper manifold assembly of
Figure 8 as, respectively, an exploded view and a

perspective view;

Figure 14 1is an exploded view of the manifolds and

bracket assembly of Figure 8;

Figure 15 is a perspective view of a sensor and holding

tank arrangement for use with the apparatus of Figure 6;

Figure 16 illustrates the electrical architecture of a

preferred embodiment of the invention.

DETAILED DESCRIPTION

Referring to Figure 1, apparatus is shown for producing a
stream of aqueous chlorine dioxide (Cl0;) sterilizing fluid
for use in sterilizing medical and dental instruments or for
wound irrigation or skin asepsis. The concentration of ClO0;
will be wvaried according the intended application. The
apparatus comprises a first pump (Pump A) connected to a
source of base and a second pump (Pump B) connected to a
source of activator. In this example, the base and activator
are comprised as set forth in Example 3 of EP 0 787 719.
When the base and activator are mixed they react to produce
aqueous Cl10;. The reaction mixture preferably has a pH in

the range 4.5 to 6.5, notably 5.5 to 6.5.
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The output from each pump connects to the proximal end of a
tubular helical coil (ClO; mixing coil) which functions as an
elongate reaction chamber. As pumping continues, reaction
mixture is pumped progressively through the mixing coil to
the distal end of the coil. With pumping continuing, the
reaction mixture passes from through the mixing coil in about
30 seconds, during which time the reaction to form Cl0, 1is
substantially complete. With further pumping, the reaction
mixture is injected into a conduit through which passes a
stream of water. The reaction mixture mixes with the water
to form a stream of aqueous Cl0, sterilizing fluid.
Depending on the rate of pumping, the concentration of C1l0,
in the sterilizing fluid can, in this example, be varied
between about 20 ppm and about 200 ppm. Concentrations above
or below this range may be generated either by wvarying the
pumping rate, the water flow rate, or the concentration of

reagents.

Each pump is a diaphragm pump, which uses an elastomeric
diaphragm to draw fluid in and to expel fluid from the
pumping chamber. On the down-stroke the diaphragm draws
fluid into the chamber through an inlet valve and on the up-
stroke the diaphragm forces fluid out through an outlet
valve. The pumps are self-priming. They can provide pumping
pressures up to 600 kPa and flow rates in the range 0 to
300 ml/min. Advanced motor control technology speeds up the
motor on the intake stroke to minimize fluid output pulsing.
In this example, the pump body and valve components are made
from stainless steel, and the diaphragms are coated with
PTFE. A variety of motor and encoder options are available
to drive and control operation of the pumps. In the present

example, the pumps are operated under stepper motor control
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and monitored by means of optical encoders mounted on the
motor shafts. The optical encoders measure graticules as
they pass the optical sensor, giving precise measurement of
shaft rotation, and hence volume pumped. The displacement

volume for each pump per cycle is about 0.5 ml.

Each pump is provided with a pressure regulator (pressure
control valve), which ensures that pumping is carried out
against a substantially constant back pressure. The pressure
control valve comprises a spring-biased piston against which
the pump works. This arrangement ensures that the pump
operates at a constant pressure regardless of the pressure in
the water supply. To increase the working 1life of the
pressure control valves it 1s preferred that the valve
fittings are coated with PTFE or a fluoroelastomeric material
which has good resistance to chemical attack. In the present
example example, the back pressure is 4 bar (400 kPa), which
is the same as the nominal mains water pressure in the
conduit. All pumps are affected by back-pressure, which
reduces the flow rate. By setting a constant back pressure,
the pressure experienced by the pumps is kept constant, which
in turn keeps the volume expelled during each pump cycle
substantially constant. Thus, the apparatus enables
precisely controlled quantities of reagents to be mixed and
injected into the water stream, thereby providing a stream of
sterilizing fluid with the concentration of Cl0, controlled
to within the 1limits demanded by particular applications
within a medical or surgical facility. In a preferred
embodiment, the spring pressure may be adjusted if desired,
to permit corresponding adjustment to the bolus volume

delivered by the pump.

PTFE tube connections are used to connect the pump outputs to
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the mixing coil, with stainless steel fittings used to
provide greater resistance to damage from C10,. The valves
are stainless steel solenoid valves with Viton®
fluoroelastomer fittings. Suitable valves are sold by Parker

Hannifin and Cole Palmer.

The mixing coil 1is a vertically-mounted stainless steel
helical tube. The volume capacity of the coil is selected
according to the intended application. For most
applications, the mixing coil will have a 20 ml capacity.
However, for Product Variant 5 the coil may have a 100 ml
capacity, based on a preferred mixing time of 30 seconds.
The distal end of the coil is connected to the water supply
conduit wvia a T connector. A three-way valve (Valve 2)
isolates the top of the coil from the T connector. A two-
way valve (Valve A) allows water to be introduced into the
base (proximal end) of the coil. Operation of valves A and
B allows the coil to be vented to drain and back-flushed
with water. A flow meter in the conduit allows the
necessary injection rate of Cl0, into the water stream to be
dynamically calculated and adjusted under software control
(not shown) . In a preferred embodiment, a second flow meter
(FM2, as shown in Figure 4) is provided in series with the
first flow meter to provide a confirmation that the correct
water flow is being measured. If the measured flow from
both meters differs by more than a predetermined amount, an

alarm condition is triggered.

Example 1:

The washer needs 40 ml of ClO; solution from the mixing coil
to dose the rinse water of the 15 litre sink at the rate of
40 ml/minute. Base and Activator are injected into the base
of the mixing coil by the two pumps. The internal volume of

the coil is 20 ml. It takes 30 seconds for the Base and
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Activator to fill the coil. During the 30 seconds the Base
and Activator are thoroughly mixed and ClO; is produced. The
Base and Activator pump continue to push the 20 ml packet of
Cl0; out of the mixing coil and into the water line at 400
kPa at the demand rate of 40 ml/minute. At the end of the
delivery cycle the mixing coil 1is still full of C10;.
Software control may be used to determine whether to hold
this Cl0; in the coil, because there is an expectation that
another batch will be required in a pre-determined period, or

whether to flush it out using Base or water.

Example 2:

The washer needs 160 ml of Cl0, solution to dose both
chambers of a washer disinfection machine at the rate of
40 ml/minute. We proceed exactly as Example 1 above but
continue to mix and pump Cl0O, at the rate of 40 ml/minute
until 160 ml of Cl0;, has been dispensed into the water
supply. At the end of the delivery cycle the mixing coil can
be flushed with Base or water or the Cl0, retained as

required.

Verification of Cl0, concentration using probe technology

Probes exist to measure ClO, concentrations in the range 1 -
20 ppm. Such a probe may be located in the sterilizing fluid
stream and used to check that the correct concentration of
Cl0; 1is being generated for an application such as wound
irrigation. However probes for measurement of Cl0O, in higher
concentrations, for example in the range 100 - 200 ppm, tend
to have limited lifetimes. As an alternative to using such
higher concentration probes, a 1 - 20 ppm probe may be used
to verify Cl0, concentrations in all applications. This would

require concentrations nominally higher than 20 ppm to be
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diluted before measurement, which creates a ‘virtual’ result
rather than an absolute result measured directly from the

sterilizing fluid output from the generator.

For measurement of ClO; at concentrations up to 20 ppm we can
insert the probe directly into the dosed water stream, as

illustrated in Figuie 2.

For measurement of Cl0O; at concentrations greater than 20 ppm
the dosed water would have to be accurately pre-diluted and
an algorithm wused to interpret the result. A suitable
arrangement is illustrated in Figure 3. Here, sterilizing
fluid is drawn into a dilution chamber and mixed at the
correct ratio with plain water to bring the Cl0;
concentration to within the measuring range of the probe. 1In
a gravity fed system, valves and a flow meter are used to
control the dilution. Alternatively, a pump may be used to
accurately dispense sterilizing fluid and plain water into

the chamber in the correct quantities.

By changing the Cl0; concentration, or flushing the system
with water, from time to time, a check could be made that the

probe has not become “stuck” at the required concentration.

Referring now to Figure 4, an alternative arrangement 1is
shown, in this example for providing Cl0O; sterilizing fluid
to a washer disinfector. Base and activator are fed to their
respective pumps (Pl and P2) via a non-return valve and a
filter. To facilitate priming of the pumps and optionally
purging of the system, for example to remove crystals or
sediment, a line is taken from the mains water supply conduit

to provide filtered mains water to the pumps via valves V.
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Thus, the entire system can be flushed with mains water,

including the pumps.

The distal end of the Cl0; mixing coil is connected to a ClO;
injector via a valve V. Reagent mixture is injected into the
mains water stream by the injector. Because diaphragm pumps
do not pump continuously, there will tend to be a cyclic
variation in the quantity of Cl0O, which is injected into the
water supply when the pumps are in phase. The problem may be
reduced or eliminated by operating the pumps alternately. 1In
the present example, to avoid an in-line Cl0O, probe
momentarily measuring a concentration which is not
characteristic of the actual concentration in the washer
disinfector, and triggering an alarm condition, the probe is
located in a small reservoir connected to the mains conduit
by a T-connector flow restrictor. The restrictor passes most
of the sterilizing fluid to the washer disinfector, but
continually diverts a small quantity (for example 3-5%) to
the reservoir where the probe is located. The concentration
of Cl0O; in the reservoir will be representative of that in
the washer disinfector. To permit time for a sufficient
quantity to be collected in the reservoir the probe may be
located near the top of the reservoir so that it only
measures Cl0O, concentration in fluid that has initially mixed
in the reservoir. Fluid which has passed the probe may be
vented to waste (as illustrated in Figure 4) or to the washer

disinfector.

Alternatively, the probe reservoir could be fully filled in
the same time that the washer sink is filled, and the probe
then activated prior to carrying out washing/disinfecting.
For example, a 15 litre washer sink and a 0.5 litre probe

reservoir may fill simultaneously, the ratio being 30:1.
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Only when both have filled would the ClO; concentration be

measured.

A particularly preferred embodiment of the invention will now
be described with reference to Figures 5 to 16. 1In the flow
sheet of Figure 5 the tubing which carries the activator and
base solutions to their respective pumps is provided with a
100 pm filter and a check valve to ensure one-way travel of
fluid. The base and activator are pumped against a back
pressure of 350 kPa to the mixing coil where they mix and
travel through the mixing coil as previously described. The
reaction mixture takes about 30 seconds to travel to the top
of the coil, by which time the reaction to form Cl0, is
substantially complete. The Cl0, solution is injected into
the mains water supply via a solenoid valve. If air is
initially in the system this may be bled off via a bleed

valve.

In this embodiment, the dosed water outlet line has a check
valve, which ensures that water will not pass through until a
preset pressure of 100 kPa 1is reached. This arrangement

ensures that the system is always pressurized when in use.

The system includes an arrangement for priming and purging
the system. Priming the system involves initially filling
the diaphragm pumps with water so that they can operate on
liquids, which they pump efficiently, and not air, which can
cause diaphragm pumps problems. Purging the system involves
flushing aqueous Cl0; out with water to prevent long-term
contact of the internal surfaces with Cl10,, which 1is
desirable to increase the operating lifetime of the system.
To initiate purging, the solenoid purge valve 1is opened,

permitting water to pass through a purge line to the tubing



10

15

20

25

30

WO 2005/011759 PCT/GB2004/003203
- 20 -

which connects the base and activator sources to the
diaphragm pumps. The purge water passes through a 100 pm
filter, and check valves ensure that the purge water passes
up through the pumps and into the mixing coil. With the C10,
injection solenoid valve closed, and a purge outlet solenoid
valve open, purge water passes from the coil and leaves
through a waste outlet. To prime the pumps without purging
the coil, the solenoid prime valves are opened so that water
which passes through the pumps goes directly to the waste
outlet. A 100 kPa check valve connects the output from the
purge inlet to waste, thereby limiting purge water pressure.
Similarly, a 500 kPa check valve is provided to vent reaction
products from the mixing coil to waste to prevent dangerous
excess of pressure if the Cl0; injection valve and the purge
outlet valves are closed. A drain valve 1is provided to

permit manual draining of the coil to waste.

Referring now to Figures 6-15, a particularly preferred
embodiment of apparatus 2 for generating ClO, sterilizing
fluid is described by way of non-limiting example only. The
apparatus 2 has a chassis 4 of C-section folded stainless
steel and a cover 6. In this embodiment a user-accessible
control panel 10 is located above a decorative moulding 8.
The cover 6 is releasably secured to the chassis 4 by means
of screws (not shown) in slots 12 of the cover 6. Holes 14
are provided on both sides of the chassis 4 for pipe
connections for water inlet, sterilizing fluid outlet, and
waste outlet. Only the holes on one side will typically be
used, but holes are provided on both sides for flexibility of
installation. Alternatively, pipe connections may be taken
out through the bottom of the chassis. Grommets are provided

in the holes 14 that are not used for the pipes. The
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apparatus may be wall mounted by means of fixings 126 in the

chassis 4.

The control panel 10 is releasably secured to a pair of
standoffs 84 by releasable securing means, in this example,
by bolts (not shown). With the cover 6 off, the bolts can be
removed and the control panel can be swung outwardly as shown
in Figure 8. A cover 80 encloses electronics components and
assemblies 94 for operating the apparatus, including solenoid
valves, pumps, a flow meter, and bottle level sensors. A
lead acid battery 96 is provided as a backup in case of mains
power failure. If mains power fails, the battery 96 will
power a mains failure alarm and ensure orderly shutdown of

the system.

The activator and base solutions are provided in bottles 16,
18. Fluid from the bottles 16, 18 travels through Tygon®
flexible tubing 20, 21 to pumps 90, 92. The tubing 20, 21
terminates in a bobbin 84 which is open at the bottom to
allow fluid entry from the bottles 16, 18. Each bobbin 84
contains (Figure 5) a 100 pm stainless steel filter at the
bottom and a non-return valve at the top. Purge water tubing
22 is connected to the top of each bobbin 84, above the non-
return valve, to permit purge or priming water to pass

through the tubing 20, 21 and up through the pumps 90, 92.

The activator pump 90 and base pump 92 are connected to a
lower manifold assembly 48 via an activator pump inlet 26 and
a base pump inlet 28, as best shown in Figure 10. The base
and activator solutions mix in the lower manifold housing 36
and pass to the mixing coil 24 through a lower coil fitting
30. An ‘activator’ pressure control valve 32 and a ‘base’

pressure control valve 34 provide a constant back-pressure
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for the pumps 90, 92, as previously described. In the
preferred embodiment, the streams of base and activator meet
‘head-on’ which we have found to give efficient mixing,
before being diverted up a single passageway normal to the
direction of the streams. A drain valve 42 is provided at
the bottom of the lower manifold housing 36 for manually
draining the contents of the manifold housing 36 and coil 24.
Fluid from the drain valve 42 is received in a tray 82 and
passes to a waste outlet 108 through a drain hole (not shown)
in the tray 82 and a T-piece 112 connected to the drain hole.
Also provided in the lower manifold assembly 48 are an
activator prime valve 44 and a base prime valve 46. The
prime valves 44, 46 are opened during priming of the pumps
90, 92. The lower manifold housing 36 is also provided with
a waste inlet 38 for receiving waste fluids from an upper
manifold assembly 76, which will be described below, and a
lower manifold waste outlet 40. Waste fluid passes from the
lower manifold waste outlet 40 to the waste outlet 108 via

waste outlet pipe 102 (Figure 14).

The top of the mixing coil 24 is connected to an upper
manifold assembly 76 through a reaction mixture inlet 68 on
the upper manifold housing 50. This housing 50 receives
mains water from a mains inlet pipe 98 via a mains inlet 54.
Opening of a Cl0; injection valve 70 permits injection of the
reaction mixture into the mains water stream to form a
sterilizing fluid which exits the upper manifold housing 50
via a sterilizing fluid outlet 52. The sterilizing fluid
passes through an output pipe 88 to sterilizing fluid outlet
106 (Figure 9). An optional check valve 86 is provided in
the output pipe 88 to ensure the system is always pressurized
when in wuse. A blanking plug 60 blocks an outlet which

communicates with the mains water supply. This plug 60 may
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be replaced by a conduit to supply water to a sensor assembly
for monitoring Cl0, concentration in the fluid stream, as

will be described later.

A purge water inlet 62 1s connected to the mains inlet pipe
98, for channelling water for priming or purging of the
system through a purge line 118 when a purge inlet solenoid
valve 72 1is opened. Purge water from the inlet 62 is fed
through a 100 pm filter 116 to the purge water tubing 22 for
priming of the pumps 90, 92 and optional purging of the
system as previously described. A purge 1inlet pressure
relief valve 64 is provided to limit purge water pressure, in
this example to 100 kPa, by diverting purge water to the
waste pipe 102.

An air inlet 56 is provided to permit ingress of air or
venting of air from the system, via a bleed valve (not

shown) .

An upper waste outlet 58 communicates with reaction mixture
inlet 68 from the top of the mixing coil via a purge outlet
solenoid valve 74. This valve 74 is opened when the system
is being purged, and feeds purge water from the mixing coil
to the lower manifold waste inlet 38 via the waste pipe 102.
A purge outlet pressure relief valve 66, in this example
having a 500 kPa burst pressure, is provided in parallel. 1If
pressure in the coil 24 exceeds the specified wvalue, the
pressure relief valve 66 opens to permit pressurised fluid to

escape to waste.

Referring now to Figure 14, the upper manifold assembly 76
and the lower manifold assembly 48 are each secured to a

mounting bracket 78 by bolts 79. The base pump 92 is secured
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to the mounting bracket 78 by a base pump bracket assembly
120. Mains water flow through the mains inlet pipe 98 is-
controlled by a tap 100 and measured by a flow meter 114.
The waste outlet pipe 102 includes a T-piece 122 which is
closed at the top by a blanking plug 124. This plug 124 may
be removed and the top of the T-piece 124 may be connected to
the waste outlet of an optional sensor assembly 154, a
preferred example of which is described below with reference
to Figure 15 and which may be located in the chassis where

indicated by the broken lines (Figure 9).

The purpose of the sensor assembly 154 is to maintain a Cl0;
sensor immersed in water until a Cl0, concentration reading
is to be taken, and then to flush out the Cl0, solution and
leave the sensor in clean water. This is desirable because
commercial ClO, sensors tend to become saturated, or
‘blinded’ after more than about two minutes of immersion in
aqueous Cl0,. The preferred arrangement ensures that reqular
Cl0, concentration measurements can be taken (each
measurement taking less than two minutes) without the sensor
132 becoming saturated. The assembly 154 has a waste outlet
pipe 152 for connection to the top of the T-piece 124 in the
waste outlet pipe 102. The assembly 154 comprises a manifold
block 138 connected to a 100 ml holding tank 156, a sensor
unit 132 and a circulation pump 134. The sensor unit 132
comprises a housing in which the sensor (not shown) 1is
located. The pump 134 keeps fluid circulating through the
sensor unit 132, A check valve 130 prevents backflow from
the sensor unit 132 into the holding tank 156. The holding
tank 156 has an overflow pipe 136 which is connected to the

waste pipe 152.
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The manifold block 138 has a water inlet 142 for introducing
purge water into the sensor unit 132 under control of a water
inlet solenoid valve 146. The water inlet 142 receives purge
water from the water outlet on the upper manifold housing 50
which 1is otherwise blocked off by the plug 60. A water
outlet solenoid valve 148 controls fluid output to waste 152.
The manifold block 138 has a sterilizing fluid inlet 140 and
a sterilizing fluid outlet 150 for <connection in the
sterilizing fluid outlet pipe 88. Thus, sterilizing fluid
normally flows through the manifold block 138. Operation of
a sterilizing fluid input solenoid valve 144 diverts the
passage of sterilizing fluid from the inlet 140 to the
holding tank 156. When a ClO, concentration reading is to be
taken the water inlet valve 146 is operated to close off the
water inlet 142. The sterilizing fluid input valve 144 is
opened long enough to allow sterilizing fluid to flow into
the holding tank 156 for circulation through the sensor unit,
and the water outlet valve 148 is opened to allow water to
leave the system and be replaced by sterilizing fluid. The
fluid capacity of the holding tank 156 is much greater than
that of the sensor unit 132 so that water in the sensor unit
132 is quickly substantially replaced by sterilizing fluid.
The Cl0; concentration reading is taken and the water outlet
valve 148 is opened to allow sterilizing fluid to be pumped
out of the sensor unit 132. The water inlet valve 146 is
then opened and water is pumped through the sensor unit 132
until the sterilizing fluid has been pumped to waste. After
the holding tank 156 has emptied and the sensor unit 132 is
again filled with undosed water, the outlet valve 148 is

closed.

Referring now to Figure 9, a level sensor 110 is provided for

each bottle 16, 18. 1In this example, the level sensor 110 is
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of a type known per se which works by capacitance
measurement. Other level sensors, such as optical sensors,
may be used. Behind a lower partition (Figure 8) are located
the mains inlet 104, sterilizing fluid outlet 106, and waste
outlet 108 for connection to pipework which will be disposed
through selected holes in a side of the chassis 4, or through

the bottom of the chassis.

Suitable means for automating the operations of the apparatus
will be well known to those skilled in the art of
electronics. Details of a preferred electrical architecture
for the apparatus are given by way of example in Figure 16.
The control panel includes a keypad for data and command
entries, an alphanumeric LCD for displaying user information
data, an ‘alarm’ LED, a ‘bottle empty’ LED and a ‘dosing’
LED, together with a sounder for producing an audible alarm
in the <case of system failure. These functions are
controlled by a main processor, in this example a Motorola
MC68HC11K1l 8-bit microcontroller running in expanded mode,
with 64K Flash memory and 8K RAM. The main processor
controls the valve drivers, stepper drivers, and probe pump
on the sensor unit. It has RS232 and printer interfaces, and
a real time clock to allow for the programming of dosage
regimes at specific times. A watchdog processor, for example
a Motorola MC68HC11Kl1 8-bit microcontroller, running in
expanded mode, 1is linked to the main processor by and SPI
interface. The watchdog processor receives service messages
from the main processor and uses these messages to verify
correct operation of the main processor. If an error
condition is detected, the watchdog puts the system in safe
mode. The electronics are powered by 24 volts from the main
switched-mode power supply. This provides power to the valve

and motor circuitry and the bottle fluid level detectors.
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The remainder of the system runs from 5 volts, which is
generated by an on-board switched-mode step-down regulator.
The main processor monitors the 24 volt power supply voltage
to verify that it is within required limits and to detect
when the system if running from (12 V) battery power. The
main processor also monitors the 5 V supply by applying this
to the ADC reference input and comparing with a 2.5 V

reference voltage.

Thus, the preferred embodiment provides for accurate pumping
of reagents to the reaction coil, which enables the
production of Cl0O, solution at the correct concentration and
an appropriate dwell time in the coil to enable substantially
complete reaction. The pumping rates can be varied according
to the measured water flow rate to ensure that the
concentration of ClO, in the sterilizing fluid is within a
desired range for the particular application, and this
concentration may also be confirmed by the use of suitable
probe technology. The system is therefore ideal for use in a
medical facility, where accurate concentration control is
needed. Moreover, the preferred reagent mixture avoids the

use of strong acids and is physiologically well tolerated.

It is appreciated that certain features of the invention,
which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a single
embodiment. Conversely, various features of the invention
which are, for brevity, described in the context of a single
embodiment, may also be provided separately, or in any

suitable combination.
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CLAIMS

1. A method of producing a stream of aqueous chlorine
dioxide sterilizing fluid suitable for use in sterilizing
medical and dental equipment or for wound irrigation or skin
asepsis, the method comprising:

pumping fluid portions of a first reagent and a second
reagent into the proximal end of an elongate reaction chamber
to form a reaction mixture, the reagents being selected to
react together to form aqueous chlorine dioxide;

providing a stream of water around or adjacent to the
distal end of the reaction chamber;

continuing to pump fluid portions of said reagents so as
to cause the reagent mixture to travel through the reaction
chamber and then into the stream of water to form a stream of
aqueous chlorine dioxide sterilizing fluid;

wherein the pumping rates and the internal dimensions of
the elongate reaction chamber are selected so that the
reaction to form chlorine dioxide is substantially complete
when the reagent mixture exits the reaction chamber; and

continuing pumping fluid portions of said reagents until
a desired quantity of said sterilizing fluid has been
produced;

wherein the pumping of each reagent is carried out by
means of a diaphragm pump or a piston pump via a pressure-
control valve so that each fluid portion is pumped at

substantially constant pressure.

2. A method according to claim 1, wherein the pumps are

operated under stepper motor control.

3. A method according to claim 2, wherein the stepper motor

shaft for each pump is provided with an optical encoder for
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use in a closed loop feedback control arrangement.

4. A method according to any preceding claim, further
including the step of measuring the flow rate of the stream
of water, calculating the amount of Cl0, required to be added
to the stream to produce a desired concentration of Cl0, in
the sterilizing fluid, and adjusting the pumping rates if

necessary to achieve said desired concentration.

5. A method according to any of claims 1-3, further
including the steps of measuring Cl0O; concentration in the
sterilizing fluid, comparing the measured concentration with
a desired concentration, and adjusting the pumping rates if

necessary to achieve said desired concentration.

6. A method according to claim 4 or claim 5, further
including the step of triggering a visible or audible signal
to indicate whether the sterilizing fluid is within a desired

concentration range.

7. A method according to claim 4, wherein the step of
measuring the flow rate comprises measuring a first flow rate
at an upstream location and a second flow rate at a
downstream location in the stream of water, and the method
further comprises triggering an alarm condition in the event
that the first and second flow rates differ by more than a

predetermined value.

8. A method according to any preceding claim, wherein the

elongate reaction chamber is a helical coil.

9. A method according to any preceding claim, wherein the

first reagent is an aqueous solution of a chlorite, and the
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second reagent is an aqueous acidic solution.

10. A method according to claim 9, wherein the first reagent
comprises aqueous sodium chlorite and the second reagent

comprises citric acid, sorbic acid and boric acid.

11. A method according to claim 10, wherein the second
reagent further comprises a copper and brass corrosion
inhibitor, a steel and aluminium corrosion inhibitor, and a

buffering agent.

12. A method according to claim 11, wherein the copper and
brass inhibitor is a triazole or benzotriazole present in a

weight percent of 0.01 to 2.0.

13. A method according to claim 11 or claim 12, wherein the
steel and aluminium corrosion inhibitor is selected from the
group comprising phosphates, molybdates and nitrates, and is

present in a weight percent of from 0.01 to 5.0.

14. A method according to any preceding claim, wherein at
least one of the first and second reagents further comprises

a wetting agent, a defoamer or a combination thereof.

15. A method according to any preceding claim, wherein when
equal fluid portions of the first and second reagents are
mixed the resulting reagent mixture will have a pH in the

range 4.5 to 6.5.

16. A method according to any preceding claim, wherein the
pumping rate and the internal dimensions of the reaction
chamber are selected such that the time taken for the reagent

mixture to travel from the proximal end to the distal end of
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the reaction chamber is in the range 20 to 40 seconds.

17. A method according to any preceding claim, wherein the
pressure control valve produces a back pressure in the range

300 to 500 kPa.

18. A method according to any preceding claim, wherein fluid
portions of said first reagent and said second reagent are

pumped simultaneously to said reaction chamber.

19. A method according to any preceding claim, wherein said
stream of water is directed through a pressure control valve

to ensure that the water is at a desired minimum pressure

20. Apparatus for producing aqueous chlorine dioxide from
reaction of a first reagent and a second reagent, said
aqueous chlorine dioxide being capable of dilution to form a
sterilizing fluid suitable for use in sterilizing medical or
dental equipment or for wound irrigation or skin asepsis, the
apparatus comprising:

a first pump for connecting to a fluid source of said
first reagent;

a second pump for connecting to a fluid source of said
second reagent;

an elongate reaction chamber having proximal and distal
ends;

both pumps having outputs in fluid connection with said
proximal end;

wherein operation of the pumps when connected to the
fluid sources will feed portions of the first and second
reagents initially to the proximal end of the elongate
reaction chamber to form a reaction mixture and wherein

continued operation of the pumps will progressively pump the
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reaction mixture through the reaction chamber to the distal
end and then eject the reaction mixture from the distal end;
wherein each pump is a diaphragm pump or a piston pump
and is provided with a pressure-control valve in the fluid
path between the pump and the reaction chamber so that each
fluid portion will be pumped at substantially constant

pressure.

21. Apparatus according to claim 20, further comprising a
conduit connected to a source of flowing water, the conduit
being in fluid connection with the distal end of the reaction
chamber for receiving reaction mixture therefrom to form a
stream of aqueous chlorine dioxide sterilizing fluid suitable

for use in sterilizing medical equipment or wound irrigation.

22. Apparatus according to claim 20 or claim 21, further
comprising a first container which contains a fluid
comprising said first reagent and a second container
containing a fluid comprising said second reagent; wherein
salid first container is in fluid connection with an input of
the first pump and wherein said second container is in fluid

connection with an input of the second pump.

23. Apparatus according to any of claims 20-22, wherein each

pump is provided with a vent valve for priming of the pump.

24. Apparatus according to any of claims 20-23 wherein each
pressure control valve produces a back pressure in the range

300 to 500 kPa.

25. Apparatus according to any of claims 20-24, wherein the
pumps are provided with stepper motors for controlling

operation of the pumps.
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26. Apparatus according to claim 25, wherein the stepper
motor shaft for each pump is provided with an optical encoder

for use in a closed loop feedback control arrangement.

27. Apparatus according to claim 21, wherein the conduit is
provided with a first flow meter for measuring the flow rate
of water from the socurce; the apparatus further comprising
means for calculating the amount of Cl0; required to be added
to the stream to produce a desired concentration of Cl0O; in
the sterilizing fluid at the measured flow rate, and means
for adjusting the pumping rates if necessary to achieve said

desired concentration.

28. Apparatus according to claim 21, wherein the conduit is
provided downstream of the distal end of the reaction chamber
with a probe for measuring ClO, concentration; the apparatus
further comprising means for adjusting the pumping rates if
necessary so that the measured Cl0; concentration falls

within a desired range.

29. Apparatus according to claim 27 or claim 28, further
comprising means for triggering a visible or audible signal
to indicate whether the sterilizing fluid is within a desired

concentration range.

30. Apparatus according to claim 27, wherein the conduit is
provided with a second flow meter in series with the first
flow meter; and wherein the apparatus further comprises means
for comparing output from both flow meters to produce a
compared value and for triggering an alarm condition in the

event that the compared value exceeds a predetermined value.
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31. Apparatus according to any of claims 20-30, wherein the

elongate reaction chamber is a helical coil.

32. Apparatus according to any of claims 20-31, further
comprising valve-controlled means for introducing a purging
fluid into the reaction chamber and for draining fluid from

the reaction chamber.

33. Apparatus according to claim 21, further comprising a
valve-controlled fluid connection between the conduit
upstream of the distal end of the reaction chamber, and the
proximal end of the reaction chamber for feeding purging

water into the reaction chamber.

34. Apparatus according to claim 33, further comprising a
valve-controlled drain connection from the reaction chamber
at or adjacent to the distal end, for feeding fluid from the

reaction chamber to a drain.

35. Apparatus according to claim 28, wherein the probe is
located in a reservoir arranged and adapted to continuously
collect a sample part of the sterilizing fluid which passes

through the conduit.

36. Apparatus according to claim 20, further comprising a
sensor for measuring chlorine dioxide concentration in a
sensor housing, means for selectively directing water into
the sensor housing to keep the sensor wet, means for draining
liquids from the sensor housing, and means for selectively
directing said aqueous chlorine dioxide into said sensor
housing to allow the concentration of chlorine dioxide to be

measured.
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37. Apparatus for producing a stream of aqueous chlorine
dioxide sterilizing fluid suitable for use in sterilizing
medical and dental equipment or for wound irrigation or skin
asepsis, the apparatus comprising:

a first pump connected to a fluid source of a first
reagent;

a second pump for connected to a fluid source of a
second reagent;

the first reagent and the second reagent being capable
of reacting together to form aqueous chlorine dioxide;

an elongate reaction chamber comprising a tubular
helical coil having a proximal end and a distal end;

both pumps having outputs in fluid connection with said
proximal end;

a conduit connected to a source of flowing water, the
conduit being in fluid connection with the distal end of the
helical coil;

wherein operation of the pumps will feed portions of the
first and second reagents initially to the proximal end of
the helical coil to form a reaction mixture and wherein
continued operation of the pumps will progressively pump the
reaction mixture through the coil to the distal end and then
eject the reaction mixture from the distal end into the
conduit for mixing with the stream of water from the water
source;

wherein each pump is a diaphragm pump or a piston pump
and is provided with a pressure-control valve in the fluid
path between the pump and the reaction chamber so that each
fluid portion will be pumped at substantially constant

pressure.

38. Apparatus according to claim 37, wherein the first

reagent comprises aqueous sodium chlorite and wherein the
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second reagent comprises an acid and a corrosion inhibitor,
said corrosion inhibitor comprising a copper and brass
corrosion inhibitor, a steel and aluminium corrosion
inhibitor, and a buffering agent; the first reagent and the
second reagent, when combined in equal portions, providing a
reaction mixture having a pH from 4.5 to 6.5; wherein the
acid comprises a mixture of citric acid, sorbic acid, and

boric acid.
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