(12) PATENT (11) Application No. AU 199747622 B2
(19) AUSTRALIAN PATENT OFFICE (10) Patent No. 735201

(54)
(51)

(21)
(30)
(31)

(43)
(43)
(44)

(71)
(72)

(74)

(56)

Title
Control programming arrangement

International Patent Classification(s)
A61L 002/20 A61L 002/24

Application No: 199747622 (22)  Application Date: 1997.12.09

Priority Data

Number (32) Date (33) Country
08/764795 1996.12.12 us
Publication Date : 1998.06.18

Publication Journal Date : 1998.06.18
Accepted Journal Date: 2001.07.05

Applicant(s)
Ethicon, Inc

Inventor(s)
Leon M. Heredia

Agent/Attorney
FREEHILLS CARTER SMITH BEADLE,Level 43,101 Collins Street, MELBOURNE
VIC 3000

Related Art

US 4908188
US 5225160
US 4863688




10

15

ABSTRACT

Apparatus (210) and methods for generating, administering, extracting and
recovering sterilant gas for sterilizing and/or decontaminating enclosed spaces such
as, for example, interior spaces of microbial isolators, and also to components
associated with such apparatus and methods. Specifically contemplated herein, inter
alia, is an arrangement (210) and a method for automatically, and in a selected one
of a predetermined and a predeterminable sequence, carrying out at least two of the
steps of: providing decontaminant gas; initiating the administration of decontaminant
gas into a target volume; and extracting gas from the target volume (1310)
determining the concentration of a given component of fluid or gas, including an
arrangement (450a, 450b, 450c), responsive to an arrangement (430) for sensing the
intensity of radiation emitted by an emitter (450b), for providing a correcting
feedback to the emitter (450b). This arrangement (210) and method may
conceivably be utilized in contexts other than contexts of apparatus and methods for
generating, administering, extracting and recovering sterilant gas for sterilizing

and/or decontaminating enclosed spaces.

BGC:JL:TMP:27145JIR.ABS 4 December 1997
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TITLE

CONTROL PROGRAMMING ARRANGEMENT

FIELD OF THE INVENTION

The present invention generally relates to

apparatus and methods for generating, administering,

10 extracting and recovering sterilant gas for sterilizing
and/or decontaminating enclosed spaces such as, for
example, interior spaces of microbial isolators, and also

to components associated with such apparatus and methods.

BACKGROUND OF THE INVENTION

15 Historically, there have been developed a wide
variety of enclosed spaces for facilitating the handling,
inspection, analysis and/or production of various
materials in a sterile and/or decontaminated environment.
P Examples of such enclosed spaces are (but are not limited
o, s 20 to) : microbial isolators, sterile transfer bays,
% industrial spaces, contained volumes, ‘“small-transfer”
§ e ' microbial isolators (such as those having a volume of
eell® about 25 cubic feet), microbial isolators with large

flexible work stations (such as those having a volume of
$eeee 25 between about 350 and about 400 cubic feet with two or

fes® o more flexible-suit work stations), autoclave interface

microbial isolators, industrial spaces that Trequire
Te “: sterilization (such as glass rooms and industrial-scale

: aseptic processing isolators), and sterilized enclosed
30 spaces used in the food industry for various functions
oo (e.g. for the sterilization of spices, flour bleaching,

eoes’ . surface decontamination of giwven products, etc.).

J&J 1637 -1N - OGHLE-0080295 O1-KSAM /i ¢
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Some . known *glove-type” isolators, which
provide long gloves in the shape of a human forearm and
that extend inwardly from the outer surface of an
isolator into the enclosed space itself, are manufactured
by, for example, “la Calhene” of Velizy, France and
Laminar Flow, Inc. of Ivyland, Pennsylvania. Further,
“la Calhene” 1is known to produce half-suit isolators,
such as the “series iso 2100" which involves an airtight
suit in the shape of a human torso and extending arm
portions, also including a helmet portion, and that
extends from the bottom surface of the enclosed space and
into the enclosed space itself. Several other types of
enclosed spaces, 1including entire sterile rooms, are
disclosed in “Clean Rooms” magazine, Vol. 10, No. 5, May,
1996.

Generally, two types of isolators have been
available, namely those with sides or walls that may
generally be regarded as “flexible” and those with sides
or walls that may generally be regarded as “rigid-”.
Historically, these have been considered as being
virtually interchangeable with one another and/or
equivalent in their performance, function and operation,
and their use or desirability of use has often been
governed by little more than considerations of cost.

Historically, in order to effect the actual
sterilization or decontamination of enclosed spaces such
as those described hereabove, there have been proposed
numerous apparatus for providing in such enclosed spaces
appropriate qQuantities of sterilant gas, in appropriate
proportional concentrations of various compounds known to
provide a sterilizing or decontaminating effect. »
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Recently, many efforts have focused upon: the
generation of a gas or compound believed to be
appropriate to help effect sterilization or
decontamination within the space 1in question; the
efficient application of such a gas or compound to the
space to be sterilized or decontaminated; and the
environmentally-sensitive disposal and/or recovery of
such gases or compounds once they have been used for the

purpose of sterilizing or decontaminating the space in
question.

A need has also often been observed in
connection with providing sterilization/decontamination
apparatus that do not necessarily require permanent
attachment to a given enclosed space, i.e., that are
sufficiently portable and versatile as to be connectable
or disconnectable with a single enclosed space or type of
enclosed space.

Further, a need has been observed in connection
with providing sterilizaticn/decontamination apparatus
that are sufficiently portable and versatile as to be
connectable or disconnectable, on different occasions,
with different enclosed spaces or types of enclosed
spaces.

Although many different types of gases or
compounds have been proposed for use as sterilants or
decontaminants in the context described hereinabove, many
have been found to be not as effective as desired or as
not lending themselves to facilitated
environmentally-safe disposal or recovery once
sterilization/decontamination procedures have been

completed. Over the years, the use of chlorine dioxide
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gas as a sterilizing agent has been widely recognized.
Its use in such a capacity is described, for example, in

the following U.S. Patents to Rosentlatt et al.:

Nos.

5,326,546; 5,290,524; 5,234,678; 5,110 .580; 4,681,739 and

4,504,442. Manners of generating chlcrine dioxide gas in

such a capacity are also disclosed  among
aforementioned patents. However, a need has

the

been

recognized to utilize chlorine dioxide gas as a sterilant

in an efficient manner that provides effective

sterilization or decontamination capabilities, that lends

itself ¢to facilitated exhaustion 3into the ambient

atmosphere in an environmentally-safe manner as well as

efficient recovery of a designated aczive ingredient or

ingredients, and that can be controlled in a manner
conducive to undertaking the sterilization
decontamination task at hand.

most

or

The present discussion will now turn briefly to

various subsidiary coroonents

sterilization/decontamination apparat:s, as well

of

as

processes for manipulating and/or corzrolling apparatus

and/or their constituent components, fcr which particular

needs have been recognized.

Sterilization/decontaminatior. apparatus

have

often included, among other components, an arrangement.

for generating sterilant gas and an arrangement

for

recovering and/or exhausting used Zas. “Recovery”

normally involves the task of retairing at least
active ingredient of a sterilant gas once it has

one

been

used in a sterilizing procedure, while ‘“exhausting”

normally involves the environmentally-safe expulsion of

used sterilant gas, or at least portions thereof,
the ambient atmosphere.

into
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Conventionally, gas recovery systems for use in
sterilization/decontamination apparatus often include
arrangements in which incoming gas, that is to be
exhausted or recovered, will be directed into a container
that holds a “scrubber solution”. In this, what may be
termed a “liquid-based system”, the gas 1is thus forced
through a column of 1ligquid having a significant
hydrostatic head, so that bubbles of gas will appear
shortly thereafter at the surface of the column of
liquid. Conceivably, the incoming gas will have
sufficiently interacted with the scrubber solution so as
to have been effectively “scrubbed” or even neutralized
by the time it arrives(at the surface of the column of
liquid. The resultant “bursting” of bubbles at the upper
surface of the 1liquid column will then result in the
further upward expulsion of “scrubbed” gas, then either
to be exhausted directly intAo the ambient atmosphere or
to be sent to a “post-scrubber’ arrangement for recovery
of at least one active ingredient. “Soda-lime”
post-scrubbers have been used for at least the latter
purpose.

Several drawbacks have been recognized in
conjunction with such liquid-based systems. First, it is
generally necessary to maintain a relatively large
hydrostatic head of the scrubber solution within the
container, in order that the incoming gas will be
sufficiently “scrubbed” prior to being sent either to the
ambient atmosphere and/or to a post-scrubber such as that
mentioned above. Since the hydrostatic head would appear
to be a critical parameter, it has often been the case
that very large hydrostatic heads have been required.
This, in turn, will usually present the disadvantage

that a significant degree of pressure, associated with
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the entry of the incoming gas into the recovery system,
is required in order for the gas to sufficiently progress
upwardly through the liquid column in the first place.
In the presence of a significantly high hydrostatic head,
this pressure, often referred to as “back-pressure”, can
be significant, with the result that the “back-pressure-”
is effectively transmitted rearwardly back into the
sterilization/decontamination apparatus, with the
possible result of damage to valves and/or other
components. It has often been found that the service
life of given components in a
sterilization/decontamination apparatus 1is effectively
shortened because of such back-pressure or that very
elaborate and expensive valve arrangements are required
within the system in order to withstand such high degrees
of back pressure. As a result of this back-pressure, it
has been the case that expensive and/or bulky pumps have
been required to effectively propagate the incoming gas
upwardly through the column of scrubber solution.

In the context of sterilization/decontamination
apparatus (and elsewhere), the importance of measuring
relative concentrations of given gases and/or compounds
during a sterilization/decontamination procedure has been
widely recognized. = Particularly, a need has been
recognized in conjunction with measuring the relative
concentration of “sterilant” portions of gas while being
directed into and out of an enclosed space, or while in
the enclosed space, in order to ensure that it falls
within an acceptable range. Furthermore, many
conventional measuring devices lack the capability to be
utilized for more than one specific, préd'etermined
purpose. Therefore, a need has been recognized for

versatile gas - measurement devices that eliminate the
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deficiencies associated with conventional measurement

devices.

Historically, a wide range of control wvalves
have been used in cenjunction with
sterilization/decontamination apparatus. However, many

of the valves proposed to date have been relatively
complex, expensive and not reliably hermetically tight.
Therefore, a need has arisen for the provision of simple,
inexpensive and hermetically tight valves both in the

context of sterilization sciences and elsewhere.

A need exists for other simple and inexpensive
valving systems and/or valve operation schemes,
particularly in the context of inflating and deflating
sterilization/decontamination spaces (particularly if the
walls are flexible) or at least flushing enclosed spaces,
introducing sterilant gas into such spaces and
subsequently extracting the sterilant gas.

In the context of sterilization/decontamination
apparatus, there has also historically been a need for
effective software or other programming logic capable of
effectively controlling the components and sub-components
of the apparatus.
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In this context, a particular need has arisen
in conjunction with permitting the admission of a
sterilant gas into an isolator (or other enclosed space)
under controlled conditions for a defined period of time.
In this vein, difficulties have often been encountered in
defining, planning and programming any software or
programming logic that may be required to bring a new
sterilization/decontamination apparatus on-line (i.e., to
establish its operating parameters in such a manner that
it is able to effectively perform a sterilizing or
decontaminating process). A need has also arisen in
conjunction with modifying any existing control programs
(or programming logic) to accommodate any new control
functions or new operating environments and also
“validating” a sterilization/decontamination apparatus
on-line (i.e., to establish “worst-case” operating
parameters in such a manner that it is able to
demonstrate and verify that the system can effectively
perform a sterilizing or decontaminating process under
“worst-case” conditions).

T e e eAv .

-

Finally, many problems have been observed to
date, in conventional sterilization/decontamination
apparatus, in conjunction with properly “charging” the
circulating air/gas in the apparatus so as to accurately
infuse proper concentrations of sterilant gas into the
system at start-up. Particularly, in the past, many
conventional apparatus have based *“charging” on direct
measurement of gas concentration in the enclosed space to
be sterilized or decontaminated. However, such direct
measurements are only accurate after the sterilant gas
has uniformly distributed throughout the enclosed space.
Thus, valuable time is often wasted while awaiting a

state in which accurate measurements can be taken.
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Accordingly, any attempt to continue a sterilizing
process before such a state has been achieved could
result 1in inaccurate measurements. Further, many
conventional sterilizing or decontaminating processes
have estimated gas concentrations at “charging” based on
pressure change within the enclosed space, which is an
indirect and thus potentially inaccurate estimate of the
concentration, or even the mere presence, of sterilant
gas in the enclosed space. Finally, many spaces which
are to Dbe sterilized or decontaminated cannot Dbe
evacuated and have required manual sterilization or
decontamination, thus involving potentially significant
expenditures of human time and effort and introducing
the potentially harmful risk of human error.

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention,
there is provided a system for decontaminating at least
a portion of a target volume, said system comprising:

means for providing decontaminant gas;

means for selectively initiating the administration
of decontaminant gas into the target volume;

means for selectively permitting the permanent
extraction of gas from said target volume; and
sequencing means, for automatically, and in a selected
one of a predetermined and a predeterminable sequence,
carrying out at least two of the steps of: providing
decontaminant gas; 1initiating the administration of
decontaminant gas into the target volume; and extracting
gas from said target volume wherein said sequencing

means comprises means for selectably self-validating

RNM:AXM:JMD:40348038-RES -9- 19 April 2001



said sequencing means while executing a sequence.

In another aspect of the invention, there is
provided a method for decontaminating at least a portion
of a target volume, said system comprising:

5 providing decontaminant gas;

'selectively initiating the administration of
decontaminant gas into the target volume;

selectively permitting the permanent extraction of
gas from said target volume; and

10 carrying out at least two of the followihg steps

automatically and in a selected one of a predetermined

and a predeterminable sequence: providing decontaminant

gas; initiating the administration of decontaminant gas

.
.
L]
.
oo oeeco 0o

into the target volume; and extracting gas from said

see 15 target volume;

cees selectively self-validating said system while a
s sequence of steps is carried out.

.i". In a preferred form of the present invention there
.":i is provided a system for decontaminating at 1eaét a

. 20 portion of a target, the system comprising:
vee an arrangement for generating a decontaminant gas;
R an arrangement for administering the decontaminant

gas to the target;

an arrangement for circulating decontaminant gas;
25 and

an arrangement for extracting decontaminant gas,
the extracting arrangement comprising:

an arrangement for accepting decontaminant gas that

has been administered to the target;

RNM:AXM:JMD:40348038-RES -10- 19 April 2001
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an arrangement for recovering at least one

ingredient from decontaminant gas accepted by the

accepting arrangement, the recovering arrangement

comprising an arrangement for introducing a medium
for interacting with the accepted decontaminant gas
and promoting the recovery therefrom of at least

one predetermined ingredient; and

a selectively removable arrangement for holding a

predetermined quantity of the interacting medium.

Another presently preferred embodiment of the

present invention broadly contemplates

apparatus for

extracting a gas from at least a portion of a target

having Dbeen

exposed - to the gas, the apparatus

comprising:

an arrangement for accepting gas that has been
administered to the target;

an arrangement for recovering at least one
ingredient from gas accepted by the accepting
arrangement, the recovering arrangement comprising an
arrangement for introducing a medium for interacting
with the accepted gas and promoting the recovery
therefrom of at least one predetermined ingredient; and

a selectively removable holding arrangement for
-holding a predetermined quantity of the interacting

medium.

RNM:AXM:JMD:40348038-RES -10a-
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A further presently preferred embodiment of the
present invention broadly contemplates a system for
decontaminating at least a portion of a target, the
system comprising:

an arrangement for generating a decontaminant
gas;

an arrangement for administering the
decontaminant gas to the target;

an - arrangement for circulating decontaminant
gas;

an arrangement for extracting decontaminant
gas; and

an arrangement for determining the
concentration of a given component of the decontaminant

gas, the determining arrangement comprising:

an arrangement for emitting radiation at a
predetermined intensity through a flow of the
decontaminant gas;

an arrangement for resolving the emitted
radiation to a wavelength compatible with the
absorption spectrum of at least one selected

component of the decontaminant gas;

an arrangement for receiving at least a portion
of the emitted radiation and for measuring at
least a portion of the radiation not absorbed

by the flow of decontaminant gas, to determine

- 11 -
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a concentration of the given component of the
decontaminant gas;

an arrangement for sensing the intensity of the

radiation emitted by the emitting arrangement;

and
an arrangement, responsive to the sensing
arrangement, for providing a correcting

feedback to the emitting arrargement.

Yet another presently preferred embodiment of

present invention contemplates apparatus for
determining the concentration of at least one component

of a fluid, the apparatus comprising:

an arrangement for emitting radiation at a

predetermined intensity to a £luid;

an arrangement for resolving the emitted
radiation to a wavelength ccmopatible with the
absorption spectrum of at l=sast one selected
component of the fluid;

an arrangement for receiving at least a portion
of the emitted radiation and for measuring at
least a portion of the radiation not absorbed
by the fluid, to determine a concentration of
the given component of the fluid;

an arrangement for sensing the intensity of the

radiation emitted by the emitting arrangement;
and
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an arrangement, responsive to the sensing
arrangement, for providing a correcting
feedback to the emitting arrangement.

An additional presently preferred embodiment of
the present invention broadly contemplates a system for
decontaminating at 1least a portion of a target, the

system comprising:

.an arrangement for generating a decontaminant

gas;

an arrangement for administering the

decontaminant gas to the target;

an arrangement for circulating decontaminant

gas;

an arrangement for extracting decontaminant

gas;

at least one conduit; and

an arrangement for selectively and alternately
admitting and restricting the flow of gas through the

conduit, the arrangement for admitting and restricting

comprising:
a housing;

a driven element being slideably disposed

within the housing;
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an arrangement for slidingly displacing the
driven element;

the displacing arrangement comprising an
arrangement for selectively advancing and
retracting the driven element; and

an arrangement for providing a 1locating
feedback to the displacing arrangement to
ensure substantially precise positioning of
the driven element within the housing.

Another additional presently preferred
embodiment of the present invention broadly contemplates
a syétem for decontaminating at least a portion of a
target volume, the system comprising:

an arrangement for providing decontaminant gas;

an arrangement for selectively initiating the
administration of decontaminant gas into the target

volume;

an arrangement for selectively permitting the
permanent extraction of gas from the target volume; and

an arrangement for selectively initiating the
recirculation of decontaminant gas back to the target

volume.

Yet another presently preferred embddiment of
the present invention broadly contemplates a method for
decontaminating at least a portion of a target volume,
the method comérising the steps of:

_14_
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providing decontaminant gas;

selectively initiating the administration of
decontaminant gas into the target volume;

selectively permitting the permanent extragtion of
gas from the target volume; and _

selectively initiating the recirculation of
decontaminant gas back to the target volume.

A further presently preferred embodiment of the
present invention broadly contemplates a system for
generating, administering, circulating and extracting a

gas for decontaminating at least a portion of a target

" volume, the system comprising:

an arrangement for selectively administering
decontaminant - gas into the target volume at a
predetermined flowrate; and _

an arrangement for continuing the administration of
decontaminating gas into the target volume for a period
of time that is a function of at least the flowrate into

the target volume.

RNM:AXM:IMD:40348038-RES -15- 19 April 2001




5
10

cee 15

. 20

25

&

Q7 o5

This page has been deliberately left blank.

RNM:AXM:JMD:40348038-RES ' -16- 19 April 2001




Yet anothef presently preferred embodiment of
the present invention broadly contemplates a method of
operating a system for generating, administering,
circulating and extracting a gas for decontaminating at

) least a portion of a target wvolume, the method comprising
the steps of:

selectively administering decontaminant gas
into the target volume at a predétermined flowrate; and

continuing the administration of decontaminant
10 gas into the target volume for a period of time that is a

function of at least the flowrate into the target volume.

Finally, another presently preferred embodiment
of the present invention broadly contemplates a modular
system for decontaminating at least a portion of a
15 target, the modular system comprising:

at least one modular section (A) comprising an
arrangement for:

S selectively administering the

decontaminant gas to the target; and

20 selectively recirculating gas back to the.
.o target; and

at least one of:

. at least one modular section (B)
comprising an arrangement for generating a

esee 25 decontaminant gas; and

LA XA
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at least one modular section (C)
comprising an arrangement for selectively

extracting decontaminant gas away from the
target.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention and its presently
preferred embodiments will be better understood by way of
reference to the detailed disclosure herebelow and to the
accompanying drawings, wherein:

Figure 1 is a schematic illustration of a

conventional sterilizing apparatus and an enclosed space
interfaced therewith;

Figure 2 is essentially the same view as Figure
1 but further illustrating a connection scheme between
the sterilizing apparatus and enclosed space;

Figure 3 schematically illustrates a
conventional isolator and associated components;

Figure 4 schematically illustrates an isolator
with conventional modifications to accommodate gas
sterilization;

Figure 5 illustrates an alternative isolator

arrangement that may be employed in accordance with the
embodiments of the present invention;

Figure 6 illustrates, in perspective view, a
gas generating and recovery system that may be utilized
in accordance with the embodiments of the present
invention;

Figure 7 schematically illustrates a concept of
modular, interchangeable and selectively integrable
sections;

- 18 -
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Figure 8 is essentially the same view as Figure
6, but also indicating three distinct sections of the
system;

Figure 9 is essentially the same view as Figure
8, but showing an alternative arrangement for pressure
and humidity sensing;

Figure 10 illustrates a gas-recovery system
that may be utilized in accordance with the present
invention;

Figure 11 illustrates an optional arrangement
based on the embodiment shown in Figure 10;

Figure 12 illustrates an alternative recovery
arrangement in accordance with a preferred embodiment of
the present invention;

Figure 13 illustrates a close-up view of a
packed column within a recovery system according to the
present invention;

Figure 14 is a cross-sectional and longitudinal
view of an optical gas measurement system;

Figure 15 illustrates, also in longitudinal
cross-section, an alternative embodiment of an optical
gas measurement system;

Figure 16 illustrates, in perspective view, the
general construction of a valve body according to an
embodiment of the present invention;

Figure 17 illustrates a driven element for use
with the valve body shown in Figure 16;

Figure 18 is an elevational view of a complete
valve according to an embodiment of the present

invention;
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Figure 19 is an alternate view of a coil shown
in Figure 18;

Figure 20 is a plan view of a valve in an
“open” position;

Figure 21 is an elevational view of a valve in
an “open” pqsition;
Figure 22 is a plan view of a valve in a

“closed” position;

Figure 23 is an elevational view of a valve in
a “closed” position;

Figure 24 illustrates a pneumatic variant
construction of a valve body;

Figure 25 illustrates a driven element for- use
with the valve body illustrated in Figure 24;

Figure 26 is an elevational view of a complete
valve according to the variant embodiment of the present
invention illustrated in Figures 24 and 25;

Figure 27 is an elevational view of a valve in
a “closed” position;

Figure 28 is a plan view of a valve in a
“closed” position;

Figure 29 is an elevational view of a valve in
an “open” position;

Figure 30 is a plan view of a valve in an
“open” position;

Figure 31 illustrates a variant in which a
valve housing body is cylindrical in shape;

Figure 32 shows a wvalve such as that
illustrated in Figure 31 in a “"closed” position;

_20_
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Figure 33 shows a valve such as that

illustrated in Figure 31 in an ‘open” position;

Figure 34 illustrates a simple shuttle valve

arrangement in a first position;

Figure 35 illustrates the same valve

arrangement as Figure 34 but in a second position;

Figure 36 illustrates, in perspective view, a
shuttle for use with the shuttle wvalve illustrated in
Figures 34 and 35;

Figure 37 illustrates a valve-and-blower

arrangement in a “deflate” configuration;

Figure 38 illustrates the same valve-and-blower
arrangement as Figure 37 but in a “circulate”
configuration;

Figure 39 illustrates, in schematic form, a
possible operating environment employing the valve-and-
blower arrangement illustrated in Figures 37 and 38;

Figure 40 illustrates an alternative view of
the arrangement shown in Figure 39;

Figure 41 illustrates a
sterilization/decontamination apparatus that may be
utilized in accordance with the embodiments of the

present invention;

Figure 42 illustrates, in schematic form, a
“circulate flow” mode of operation of the system shown in

Figure 41;

Figure 43 is essentially the same view as
Figure 42 but illustrating a “gas injection flow” mode of
operation;

- 21 -
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Figure 44 is essentially the same view as
Figure 42 but illustrating an “exposure flow” mode of

operation;

Figure 45 is essentially the same view as
Figure 42 but illustrating an “air-flush flow” mode of

operation;

Figure 46 is essentially the same view as
Figure 41 but additionally illustrating a control

arrangement;

Figure 47‘schematically illustrates a concept

of modular, interchangeable and selectively integrable

sections in accordance with at least one embodiment of

the present invention;

Figure 48 illustrates an assemblage of
components according to the principles illustrated by

Figure 47;

Figure 49 illustrates a possible external
configuration of an assemblage of components according to

the present invention;

Figure 50 is an alternative view of the

arrangement illustrated in Figure 49;

Figure 51 illustrates a variant concept of
modular, interchangeable and selectively integrable

sections;

Figure 52 illustrates, in ladder logic, a

“function” programming template according to the present

invention;

Figure 53 (a through ¢) illustrates,
logic, various “step time” presets;

- 22 -
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Figure 54 (a through c) illustrates, in ladder
logic, alarms employing the presets shown in Figure 53 (a
through c¢);

Figure 55 illustrates, in ladder logic, a “time
in step” timer;

Figure 56 illustrates, in ladder logic, a “time
made good” timer;

Figure 57 illustrates, in ladder logic, a step
control scheme; and »

Figure 58 illustrates, in ladder logic, an
“abort step” control scheme.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

GENERAL OVERVIEW

For the purposes of the present discussion, and
throughout the entire instant disclosure, it can be

assumed, if not otherwise noted, that the terms
“sterilant®, *“sterilizing” and others based on the root
forms “steriliz-" and/or “steril-" can broadly encompass

concepts related to, but not necessarily exactly
equivalent to, sterilization. Such concepts are not
necessarily limited to decontamination, "cleaning,

contaminant purging, disinfecting, and other concepts of
a substantially equivalent nature and scope.

Typically, as schematically 1illustrated 1in
Figure 1, a sterilizing apparatus 30 may be provided to
sterilize the air or gas present within a given enclosed
space 34, as well as any object or objects contained
therein. Examples of such enclosed spaces include (but
are not limited to): microbial isolators; sterilized

rooms; sterilized spaces in the context of the production
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of items requiring sterilization or decontamination (such
as spices, foods, pharmaceutical products, or elastic
bandages); and sterilized spaces in surgical operating
rooms. A more detailed discussion of such enclosed
spaces is provided at the beginning of this disclosure.

‘ As shown in Figure 1, the general purpose of a
sterilizing apparatus 30 1is essentially to afford the
provision of sterilant gas into, and extraction of the
same out of, the enclosed space 34. For this purpose,
there will characteristically be provided appropriate
conduits 38 and 42 which, respectively, may direct air cr
sterilant gas from sterilizing apparatus 30 to enclosed
space 34 and thence extract such air or sterilant gas
from enclosed space 34. Conduit 42 1is also 'used to

collect air or gas initially present in enclosed space
34.

Figure 2 is a slightly more detailed
illustration of the arrangement shown in Figure 1.
Particularly, insofar as it is conceivable for either
sterilizing apparatus 30, or closed space 34, or both, to
be self-contained and portable, Figure 2 schematically
illustrates the possibility of such components being
selectively integrable with one another on separate
occasions.

Thus, sterilizing apparatus 30 may be
considered as having an outlet portion 38a and an inlet
portion 42a, respectively, for the purposes of
propagating sterilant or gas outwardly and receiving the
same back into its interior. Similarly, enclosed space
34 may be considered as including an inlet portion 38b

for receiving air or sterilant gas from an external
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source, such as sterilizing apparatus 30, and an outlet
portion 42b for returning sterilized air or gas to the
external source (or initially providing air or gas to the
external source prior to its being sterilized). Thus,
insofar as sterilizing apparatus 30 and enclosed space 34
may be considered as being separate, there may be
provided connection schemes 46 and 50 for affording the
connectability of sterilizing apparatus 30 and enclosed
space 34 with one another.

Thus, a first connection scheme 46 may be
present so as to couple the outlet portion 38a of
sterilizing apparatus 30 with the inlet portion 38b of
enclosed space 34. Further, a second connection scheme
50 may be present to afford the connection of outlet
portion 42b of enclosed space 34 with inlet portion 42a
of sterilizing apparatus 30. As discussed further below,
the present invention contemplates, in accordance with at
least one preferred embodiment, a portable sterilizing or
decontaminating apparatus that is selectively connectable

to any of a wide range of enclosed spaces.

The disclosure will now turn to a brief
description of some conventional enclosed spaces,
followed by a brief discussion of a type of enclosed
space that can advantageously be used in conjunction with
a sterilizing apparatus according to the ©present
invention.

Figure 3 schematically illustrates a
conventional isolator 110 (such as a microbial isolator)

and associated components.
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Typically, such an isolator 110 may include an
inlet portion (generally indicated at 114) and an outlet
or exit portion (generally indicated at 118), the purpose
and function of which portions will be more fully
appreciated herebelow. Such 1inlet and outlet portions
may be configured for being connected to a separate,
external device, such as a sterilizing apparatus, in
order to permit the interior of isolator 110 to be
sterilized.

Typically, inlet portion 114 may include a
blower 122 which directs air through a filter 126 intc
isolator 110. A pressure regulator 130 may be connected
to blower 122 and may also be connected wvia a suitable
line 134 to isolator 110. There may also be an outlet
line 138 leading away from isolator 110, through another
filter 142, at exit portion 118. Filters 126 and 142 ma-
conceivably be embodied by those produced according tc

“HEPA" (1.e., High Efficiency Particulate Filter)
specifications. ’

Figure 4 schematically illustrates an isolatoxr
110 with some conventionally known modifications. =
system cabinet (not shown in any greater detail) has
leading therefrom a line 146, which itself leads through
a blower 122 into a valve 150. As in the arrangement
shown in Figure 3, a pressure regulator 130 is éonnected
to blower 122. A line 154 leading from valve 150 also
feeds through a filter (such as a “HEPA” filter) 126 into
isolator 110. However, some differences with comparison
to Figure 3 may be found in that capped connections for a
gaseous sterilizing apparatus are provided. Capped

connection 160 provides an inlet for sterilant gas, while
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capped connection 158 provides an outlet for sterilant
gas.

Another difference with respect to Figure 3 is
that, although there 1is an outlet 1line 138

leading
through a filter (such as a “"HEPA” filter) 142, there is
also found at exit portion 118 another valve 170, leading

to another 1line 174 that itself, when connected to a

sterilizing apparatus, 1is designated to lead to the
aforementioned system cabinet.

In contrast, Figure 5 illustrates an
alternative isolator arrangement 110 that may be employed
in accordance with the embodiments of the present
invention. Shown, in perspective view, are blower 122,

filters 126 and 142, as well as inlet and outlet portions
114 and 118.

Figure 6 illustrates, in perspective view, a
gas generating and recovery system 210 that may be
utilized in accordance with at least one embodiment of
the present invention.

An “air in” portion, indicated at 212, leads to
a valve 218 that may be configured in a manner to be
described more fully below and will presently be referred
to as a “control valve”.

There may preferably be provided an inlet 222
and an outlet 226 which, respectively, may be connectable
to appropriate lines of an external device, such as a
microbial isolator. Preferably, a line leading from
control valve 218 and “air in” portion 212 will lead to a
‘Junction in the vicinity of outlet 226.
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In accordance with at least one preferred

inlet 222 will
preferably be configured so as to accept air or gas from
a microbial

embodiment of the present invention,

isolator (ox other enclosed space) .

Accordingly, outlet 226 will preferably be so configured
as to feed air or gas so sterilized back to the microbial
isolator (or other enclosed space) in order to sterilize

the isolator or enclosed space.

A branch 1line 234, spanning between 1lines
associated with inlet 222 and outlet 226, may include a
humidity sensor 238.

On either side of the humidity

sensor 238, positioned along 1line 234, there may be
suitable valves 242.
Continuing along the *“inlet” 1line, indicated

generally at 246, there may preferably be provided a

pressure sensor 250, followed by temperature sensor 254

and a cross-flow cell 258. As will be described in more
detail further below, the cross-flow cell 258 could serve
as a suitable location for an optical gas measurement

system.

In what may be termed the gas generator portion
260 of the device (see Figure 8), there may be provided a
line 266 that originates from a gas supply (not showvnm) .
This, in turn, may subsequently lead to valve 270 and a
gas generator 274. Frém the gas generator 274,

for carrying chlorine dioxide gas 278,

another
line, may lead
into another wvalve 282 and then into the system piping

proper.

Another line 286 spanning between the “inlet”

and “outlet” sides of the device, for the purpose of
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returning circulating air or gas f£rom the “inlet” side of
the device to the “outlet" side of the device, may
include, starting with the “inlet” portion, a control
valve 290 (possibly similar in makeup and function to the
aforementioned control valve 218) and a humidifier 298.
Humidifier 298 will preferably be configured to variably
control the humidity of circulating gas by any suitable
means (for example, by increasing the water content of
the gas via a conventional atomizer or evaporator and/or

by decreasing the water content of the gas by adding dry
air).

Preferably, there will be a “scrubber branch
line” (generally indicated at 302) leading away from a
junction with cross-line 286. Immediately subsequent to
this junction, a control valve 30€ may be provided, which
could possibly be similar in appearance and function to
the aforementioned control valve 2.8. Line 302 will then
preferably lead into a recovery arrangement, indicated
schematically via dotted 1lines at 310. This recovery

arrangement 310 will also be described in more detail
further below.

Proceeding from a junction 314, in a clockwise
direction with respect to Figure 6, there may preferably
be provided: inlet 316, a scrubber 334, a post-scrubber
330, a valve 326, a low-level chlorine dioxide sensor
322, and another wvalve 318. Preferably, post scrubber

330 will be in appropriate fluid communication with a
scrubber 334.

From the bottom of scrubber 334, a 1line 338
will preferably lead into a pump (or suitable equivalent)
342, which itself will preferably feed, via a line 346,
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back to the top of scrubber 334. Preferably, in the
close vicinity of the point at which line 346 enters the
top of scrubber 334, there will be a -alve 350 and a
“£ill” portion 354.

Figure 7 schematically illustrates, in
accordance with a preferred embodiment of the present
invention, a concept of modular, interchangeable and
selectively integrable sections. Indicated at 260 is a
generator system, which, for example, could correspond to
that shown (further ahead) 1in Figure 8 containing
components relating to the generation of sterilant gas.
Section 215, on the other hand, may ke considered an
“*adapter arrangement” and which, for example, could
correspond to that section shown (further ahead) in
Figure 8 containing components serwving to administer gas
from an 1isolator or other enclosed space, extract it
therefrom and either recirculate 1i: or direct it to
recovery arrangement 310. Further, reccvery system 310
could be embodied as yet another modular section and
could, for example, correspond t¢c th2 corresponding
dotted section 310 shown in Figure 6&.

Thus, in this manner, with continued reference
to Figure 7, it will be appreciated that a multi-
portioned modular arrangement is contemplated, in which
each of the three aforementioned modular components
(generator system 260, adapter arrangement 215 and
recovery system 310) can be singular, discrete entities
that are selectively integrable with one another or with
other compatible modular components. For this purpose,
each modular component will preferably bear an interface
or connection scheme that allows it to be readily

integrable with other ' modular components. Thus,
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generator system 260 will preferably have an interface or
connection scheme 260a that pezmits facilitated
connection with an interface or conneczion scheme 215a of
adapter arrangement 215. Likewise, =zdapter arrangemeric
215 will preferably have an interface or connection
scheme 215b that permits facilitated czonnection with an
interface or connection scheme 310a of a recovery system
310. Finally, adapter arrangement 235 will preferably
have an interface or connection scheme 215c that permits
facilitated connection with an interZace or connection
scheme 1310a of a given target volume 1310 (i.e. a

microbial isolator or other enclosed space).

Referring now back ¢to Figure 6 as a non-
restrictive example, it will be aprreciated that the
interfacing of connection schemes 2€60a and 215a (see
Figure 7) might occur, for example, &t a point between
valve 282 and the intersection with cross-line 286.
Further, the interfacing of connectior. schemes 215b and
310a (see Figure 7) might occur, for example, at a point
between valve 306 and junction 314. Connections may be
embodied in any suitable manner, such &s via conventional
pipe couplings (which will preferably be releasable to

facilitate selective disconnection and reconnection).

In any event, it will be aprreciated that the
general arrangement of modular components and connection
schemes illustrated in Figure 7 broacly contemplates a
wide range of connection schemes and modularities that
can be configured and arranged in essentially any manner
deemed suitable. A further general discussion of this
concept 1is provided further below with reference to
Figures 47 through 51.
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It will now be appreciated that, as a non-
restrictive example of the “modularity” principle
illustrated in Figure 7, Figure 8 shows essentially the
same system shovn in Figure 6, butz also indicates three
distinct sections of the system. Thus, in Figure 8, the
dotted section indicated at 215 represents the “adapter”
section, the dotted section indicated at 260 represents
the “gas generator” section and the dotted section
indicated at 310, as already stated, represents the “gas
recovery” secticn. As was discussed hereinabove with
relation to Figure 7, the three sections 215, 260 and 310
shown in Figure 8, 1in accordance with a preferred
embodiment of the present inventior., may be considered as
being selectively connectable and de-connectable with
respect to one another and interchangeable with other
modular sections, to selectively and variably assemble
such modular sections in a manner o construct a greater
sterilization apparatus 210 with a view to customizing
the collectively assembled sterilizing apparatus 210 for
use with a particular target volume (e.g. a microbial
isolator or other enclosed space).

Accordingly, with reference to either or both
of Figures 7 and 8, it is to be uriderstood, for example,
that a given adapter section 235 may preferably be
configured and arranged so as to be able to accommodate a
wide range of gas generator secticns 260 and/or recovery
systems 310. For example, although a chlorine dioxide
gas generating system is specifically discussed and
illustrated herein, it 1is conceivable to selectively
integrate, with the illustrated adapter section 215,
other types of gas generators. Likewise, although
specific types of recovery systems 310 are described and
illustrated herein, it is conceivable to selectively




10

15

20

25

integrate, with the adapter arrangement 215 illustrated
in either or both of Figures 7 and 8, a wide range of
othei types of recovery systems, each conceivably
suitable for a corresponding gas generation system 260.
In turn, such different permutations of adapter system
215, gas generation system 260 and recovery system 310
may be specifically customized for the particular target
volume to which the adapter system 215 is to be connected
(i.e., via inlet and outlet portions 222/226).

Figure 9 illustrates essentially the same view
as Figure 8, but shows adapter sectior. 215 as containing
an alternative arrangement for pressure and humidity
sensing. Particularly, as shown in Figure 9, the
pressure sensor 250 shown in Figures 6 and 8 has been
eliminated in favor of a differentizl pressure sensor
250a, which has lines extending from the sensor itself to
both the inlet portion 222 of adapter 215 and the outlet

portion 226. Differential pressure sensors per se would
appear to be well-known to those of ordinary skill in the
art and will be further discussed hereir. Preferably,

the differential pressure sensor 25Ca contemplated herein
will afford the capability of detecting significant
pressure'differences between inlet and outlet portions
222 and 226 which could indicate, for example, a leak
somewhere in the system or a loose connection between
inlet or outlet portion 222 or 226 and corresponding
connections of the target wvolume.

Also shown in Figure 9 is the use of an optical
measuring system 258b in place of the previously
illustrated and described humidity sensor 238 (with the

original optical sensor 258 now being indicated at 258a).
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As will be discussed further below with relation to
Figures 14 and 15, optical sensors 258a and 258b may each
be respectively configured for measuring sterilant gas
concentration and water concentration within the gas
circulating in the sterilizing apparatus 210. For
example, sensor 258a will ©preferably be suitably
configured for measuring the concentration of sterilant
in the sterilant gas being propagated through the system,
while sensor 258b will preferably be suitably configured
for configured for measuring to concentration of water

(1.e., overall humidity) within the system.

GAS RECOVERY SYSTEM

Figure 10 illustrates a gas-recovery system 310
that may be utilized in accordance with at least one
preferred embodiment of the present invention.

First, it 1is to be understood that a gas-
recovery system such as that indicated at 310 in Figure
10 may, in accordance with at least one preferred
embodiment of the present invention, be incorporated into
the system illustrated in Figure 6. In such a context,
the purpose of gas recovery system 310 would be to
receive, via line 302 (see Figure 6), a gas mixture that
has already been circulated through a microbial isolator
and that needs to be exhausted in an environmentally safe
manner and/or treated in a manner that facilitates the
recovery of one or more ingredients (such as active
ingredients) . Conceivably, with reference to Dboth
Figures 6 and 10, the effective inlet into the recovery
system 310 could be represented by pipe segment 316.
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Turning now to Figure 10, inlet 316 preferably
feeds into the scrubber 334 proper. Inlet 316, in this
manner, will preferably penetrate the outer wall of
scrubber 334 and, 1in accordance with at least one
preferred embodiment, will bend substantially at a right
angle in a downward direction. As 1indicated by the
arrows, the flow of exhaust gas will thus preferably
proceed through this inlet portion 316, through the right
angle, and into the interior of the scrubber 334 proper.

Preferably, the interior of scrubber 334 will
be so configured as to present to the incoming exhaust
gas a quantity of scrubber solution for interacting
therewith. Such scrubber solutions are well-known to
those of ordinary skill in the art and will thus not be
further discussed herein. However, it suffices to point
out that such scrubber solution will be capable of
interacting with the exhaust gas in a manner as to
recover process sterilant gas present in the exhaust gas

prior to the gas being exhausted to the ambient
atmosphere.

Thus, for the purpose of presenting to the
incoming exhaust gas an appropriate quantity of scrubber
solution such as that just described, preferably disposed
within the interior of scrubber 334 is a packed column
336 of rings. The layout and function of such rings will
be described in more detail herebelow.

Essentially, it 1is to be understood that the
packing material used in packed column 336 need not
necessarily be restricted to rings as discussed herein.
Generally, essentially any shape or size (of individual

packing components) can be wused that afford the
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presentation of large surface areas for the accumulation
of scrubber solution thereon, as well as having a shape
that lends itself to facilitated stacking. Further, the
packing material should preferably present low resistance
to airflow. Thus, although ring-shaped elements have
been cited herein as one possibility, it 1is also
possible, for example, to use slightly curved or wavy
“ravioli” shapes, or simpie prismatic shapes (such as
triangular or rectilinear shapes with hollowed centers
that permit the accumulation of scrubber solution on
inner surfaces) .

At the top of scrubber 334, there will
preferably be an outlet 332 leading to a post scrubber
330. In ‘accordance with at least one preferred
embodiment of the present invention, post scrubber 330
will preferably be a soda-lime post scrubber. Such post-
scrubbers would also appear to be well-known to those of
ordinary skill in the art and, as such, will not be
described in further detail herein. It suffices to point
out that a primary function-of such a post-scrubber is to
recover at least one ingredient from the exhaust gas in
question, prior to the gas being exhausted to the ambient
atmosphefe. In the context of chlorine dioxide gas, for
example, the retained ingredient could be an active
ingredient such as chloride or chlorite, either of which

may subsequently be used for the generation of new
sterilant gas.

Post scrubber 330 will preferably include one
or more exhaust portions 331 (one of which is shown in

Figure 10), through which exhaust gas or air may flow.
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In accordance with at least one preferred
embodiment of the present invention, the provision of
scrubber solution will preferakly take' place wvia an
interchangeable supply. Thus, preferakly extending from
the bottom of scrubber 334 is a line 338 which leads to a
suitable container 340 containing scrubber solution, and
preferably leading from the container 340 is another line
341 which leads to a pump or other suitable propagator or
propulsion arrangement 342. In accordance with at least
one preferred embodiment of the present invention,

propagator 342 may be a corrosion-resistant pump.

Thus, in accordance with at least one preferred
embodiment of the present invention, a recirculation
system will preferably be provided with respect to the
scrubber solution, in that scrubber solution originating
from container 340 will preferably be transported to the
top of scrubber 334 via line 34€, at which point it is
introduced into the interior of scrubber 334. Once so
introduced, it will preferably progress downwardly
through the interior of Sérubber 334 iz a ‘“percolating”
effect to be described more fullv belcw, and will thus
preferably exit from scrubber 334 via the aforementioned
line 338. Upon return to conﬁainer 340, the scrubber
solution so circulated can conceivably be utilized again
in another, subsequent cycle of providing scrubber
solution to the interior of scrubber 334, to an extent
(i.e. through a number of cycles) predetermined by the
operator and/or deemed appropriate for the scrubbing task
at hand.

For the purpose of propagating the scrubber
solution upwards through 1lines 341 and 346, it 1is
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conceivable to utilize a compressed air source instead of
a pump.

Thus, in accordance with a preferred embodiment
of the present invention, recirculating scrubber solution
may preferably proceed from pump 342 (via another 1line
346) to an upper or top portion of scrubber 334. In
accordance with at least one preferred embodiment of the
present invention, line 346 may preferably enter scrubber
334 at a region that is located vertically above packed
column 336.

As discussed heretofore, the scrubbing solution
so introduced into the interior of scrubber 334 will
preferably pfoceed to- the bottom of scrubber 334 via a
“percolation” effect (i.e. through the intervention of
the packing rings 336a discussed herebelow with respect
to Figure 13), it will preferably exit the scrubber 334
via line 338 and be collected in container 340.

The top of container 340 will preferably be
equipped with dip tubes 340a and 340b as illustrated in.

Figure 10. In this respect, entry tube 340a could be
significantly short, so as to facilitate filling of the
container 340, while exit tube 340b could Dbe

significantly long, so as to facilitate the withdrawal of
fluid from container 340. The top will preferably be
secured by a quick-disconnect system.

If and when the scrubber solution loses its
efficacy (i.e., through repeated use), or if it is simply
desired to replace any scrubber solution for other
reasons, the container 340, containing spent scrubber

solution, can be exchanged for a new container. It is




10

15

20

30

desirable that a cap from the new container be used to
secure the contents of the old container to ensure safe
handling. In this manner, the cap previously used for
the old container, already hawving dip tubes 340a and 340b
disposed therethrcugh, can readily be placed (e.qg.
screwed) on the new container.

Post scrubber 330 will preferably filter the
exhaust and ensure that entrained droplets do not exit
the system. For chlbrine dioxide service, it has been
found that loosely pécked soda lime in the post scrubber
will essentially remove any and all traces of the gas.

Figure 11 illustrates an optional afrangement.
In accordance with a preferred embodiment of the present
invention, thé option illustrated in Figure 11 may be
provided if it is desired, for example, to monitor the
content of chlorine dioxide (or other substance) that is
being exhausted to the ambient atmosphere.

The opening of wvalves 318 and 326 will permit a
suitable amount of effluent to bleed away from junction
314 so as to be measured by a suitable sensor 322.
Conceivably, such a sensor 322 could be embodied by an
optical gas measurement system of the type to be

described herebelow with references to Figures 14 and/ox

15. In one sce:'iario, if sensor 322 detects a
significantly low level of chlorine dioxide (i.e., lower
than a predetermined boundary level), it is conceivable

for a prompt to then be sent to a control arrangement
(see Figure 46, for example) that will have the effect of
subsequently bypassing all effluent to a vent while
circumventing the recovery arrangement 310.

Alternatively,  if the measured chlorine dioxide
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concentration 1is unacceptably hich, the exhaust of any

chlorine dioxide gas into the ambient atmosphere could be
prevented.

Preferably, valves 326 and 318 will be shut
when it 1is desired not to undertake measurements via
sensor 322; in this manner, the sensor 322 can be
protected from extreme levels of chlorine dioxide, which
would otherwise compromise the effectiveness of the
sensor 322 and, among other things, =equire the sensor

322 to “recover” after a prolcnged period of time.

As another example, if, at startup, the level
of chlorine dioxide (or other substance) in the potential
effluent initially is above a predetermined level, it is
conceivable to permit the effluent to progress through
the recovery system 310 until such a time that sensor 322
indicates that the chlorine Jdioxide content (or content
of another predetermined substance) has been reduced
below an accepted threshold.

Figure 12 1illustratss &n alternative recovery
arrangement 310 in accordance with a preferred embodiment
of the present invention. The altermative arrangement
310 illustrated in Figure 12 is representative of a more
“completely” disposable arrangement. Whereas, in the.
arrangement 1illustrated in Figure 10, zan interchangeable
container of scrubber soluticn is provided, the
arrangement illustrated in Figure 12 involves the
wholesale exchange of scrubber tank 34 (with attendant
scrubber solution and packing material 336) with another
scrubber tank when deemed necessar.
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As shown in Figure 12, a branch 317 may extend,
via a right-angle “tee”, away from inlet 316 and
vertically downwardly into the scrubber tank 334 proper,
preferably parallel to the central longitudinal axis of

the tank. Further, a capped extension 319 may also
branch off from inlet 316. Preferably, a recirculating
pump 342 may be provided for recirculating scrubber
solution. Further, inlet 1line 338 may lead from the

bottom of the scrubber tank 334, direct liquid upwards,
and thence down to pump 342. Conduit 346 may preferably
lead away from recirculating pump 342 into a spray head
350 at the top of tank 334.

In accordance with a preferred embodiment of
the present invention, the embodiment shown in Figure 12
will permit the maintenance of a limited reservoir of
scrubber solution, having a height H =2t the bottom of
packing column 336. Preferably, a ZJistance will be

maintained between the reservoir height H and the mouth
of inlet 317.

As described heretofore, the packing rings in
column 336 will each preferably be cover=d by some of the
scrubber solution that has emanated from spray head 350.
However, it 1is possible to maintain a limited reservoir
height H at the bottom of scrubber tarnx 334 as long as

the mouth of inlet 317 is not met by the reservoir height
H. |

In accordance with a preferrsd embodiment of
the present invention, pump inlet 1line 338 may
recirculate scrubber solution from the kottom of tank 334
by way of extension 338a. Extension 333a, as shown, can

preferably extend nearly all the way to the bottom of
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tank 334 and, in this manner, withdraw scrubber liquid

upwardly to the top of the tank 334 and then over to pump
342.

In accordance with at least one preferred
embodiment of the present invention, packing rings 336a
(see Figure 13) may be made of polypropylene, may be
cylindrical in shape and may have a diameter of 5/8“.
With such dimensions for the packing rings 336a, tank 334
may have a vertical dimension, top to bottom (with the
exclusion of exhaust 332), of about 22.63 inches and a
diameter of 14.00 inches. Of course, these dimensions
are provided merely as examples but, in the context of
the present invention, have been found as being
particularly effective for the purpose of enabling the

effective cleaning, recovery and/or exhaust of gas,

infused with chlorine dioxide, that has circulated
through a sterilizing apparatus and attached enclosed
space. Although it 1is conceivable to use to utilize
dimensions (for each of the three aforementioned

parameters) that are different from the dimensions cited
above but similar in scope, it will be appreciated that
the specific dimensions just mentioned (or dimensions in
the neighborhood thereof) afford an economy of size, in

the context of a scrubbing apparatus, that might not have
previously been realizable.

Other referenced components shown in Figure 12,
whether or not described hereinabove, can be considered

as being substantially similar to similarly numbered
components in Figure 10.

Figure 13 1illustrates a close-up view of a

packed column 336 in accordance with an embodiment of the
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present invention Preferably, packed column 336 will
include a significant quantity of individual packings
336a (only a few of which are shown for the sake of
simplicity) . The individual packings 336a will each
preferably be wetted with the scrubber solution from
container 340 (see Figure 10). In this manner, the
exhaust path will not pass exclusively through 1liquid,
but will encounter liquid scrubber solution only insofar
as the solution 1is present on the surfaces of packings
336a. Preferably, the packings 336a will be so
configured. and dimensioned as to provide, in sum, an
optimal composite surface area for bearing the liquid
scrubber solution thereon and presenting the same to the
exhaust flow.

Thus, the scrubber solution will preferably be
circulated by a propagator 342 (as shown in Figure 10),
thence to flow to the top of the scrubber 334 (as shown
in Figure 10) and subsequently be sprayed over the
packings 336a. The spraying may preferably be
accomplished by any suitable port arrangement serving to
introduce scrubber solution into the interior of scrubber
334; a single spray port 1is conceivable, as 1is a
plurality of such ports distributed about the periphery
of scrubber 334 in any desired manner.

It is to be understood that, within the scope
of the present invention, it 1is possible to utilize an
arrangement or arrangements, other than the packing
materials described heretofore (a non-restrictive example
of which is shown in Figure 13), to afford the capability
of enabling gas to be passed over tortuous surface
material and simultaneously contacting the tortuous

surface material with an interacting medium to minimize
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the wvolume of interacting medium required. As non-
restrictive examples, such interacting medium could be
emtodied by the scrubber solution described heretofore.
Further, the tortuous surface material could embodied by
another type of packing arrangement, such as a singular

net or mesh capable of retaining an interacting medium,

~such as scrubber solution, thereon, or could be embodied

by types of plural packing materials such as those
described heretofore.

OPTICAL GAS MEASUREMENT SYSTEM

Figure 14 illustrates a wide-range optical gas
measurement system 410 that may be utilized in accordance

with at least one preferred embodiment of the present
invention.

As briefly stated heretofore, non-restrictive
examples of appropriate locations for such a system might
be: in the wvicinity of the cross flow cell 258
illustrated in Figure 6; at the 16cations indicated at
258a and 258b in Figure 9; or at the location indicated
at 322 in Figures 6 and 11. However, as discussed below,
other locations are feasible. Further, this optical gas:
measurement system could conceivably find applications in
contexts outside of the sterilization sciences. -

A large diameter pipe (such as that which may
be employed in the gas generating system 210 shown in
Figure 6) 1is indicated at 414 in Figure 14. Generally,
the measurement system may be primarily comprised by a
tube 418 that spans the diameter of pipe 414. Preferably
the tube 418 has a slot 422 to permit the flow of gas
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flow transversely through tube 418 and into the optical

path of the radiation arrangement described herebelow.

Preferably, on one side of the pipe 414, tube
418 may terminate at an interference filter 426.
Preferably disposed adjacent filter 426 ié an ultraviolet
photoreceptor 430. Preferably, photoreceptor 430 may be
mounted on a “preamp card” 434 or other suitable mounting
board. Further, interference filter 426 may also be
mounted with respect to this card via a suitable support
element or elements 438a/b. In accordance with a
presently preferred embodiment of the present invention,
such support elements can be constituted by an annular
sleeve 438a extending from card 434, and a disc-shaped
holder 438b for filter 426.

For physical protection and sealing purposes,
an o-ring 442 or the like may be provided between filter
426 and the outer surface of pipe 414. In accordance
with a presently preferred embodiment of the present
invention, the aforemertioned photoreceptor 430 may be
embodied by a phototransistor.

At the same side of pipe 414, there may
preferably be provided a photoreceptor 446 in the
vicinity of card 434, as well as a radiation arrangement
collectively indicated at 450a-c. Phcotoreceptor 446 will
preferably be embodied by a suitable photodiode,
photoresistor, phototransistor or the like. In
accordance with a presently preferred embodiment of the
present invention, photoreceptor 446 may be embodied by a
small photodiode.
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Preferably in communicazion with the radiation
arrangement 450a-c is an intensity-dependent lamp power
supply 454 (which itself is mounted on preamp card 434).
A suitable fiber optic cable 4:5lc preferably connects
radiation source 450a (which czuld be embodied, for
example, by a suitable lamp) with emitter 450b (which
could be embodied, for example, by a suitably shaped and
configured end of the fiberoptic cable 450c). At this
portion of the device, i.e., that portion disposed in the
vicinity of that portion of the outer wall of pipe 414
located toward the right-hand sicde of Figure 14, there
are external threads 462. Preferably mating with the
external threads 1is a sealing threaded disk 466 and,

similarly to the other side, there may preferably be an
o-ring 470.

As stated briefly heretoZore, it 1is clonceivable
to position a gas measurement syszZem 410 (such as that
illustrated in Figure 14 or that illustrated in Figure
15) at essentially any point of a gas generating system
(such as that illustrated inr Figure 6) deemed suitable.

It will be appreciateZ that, by mounting
radiation source 450a in the same general vicinity as
power supply 454 and photoreceptor 430, essentially all
components are immediately access:ble and the need for-
providing a second mounting medium (e.g. another card or
board) is precluded.

Preferably, radiation arrangement 450a-c will
be embodied by components .that are appropriate to the
absorption spectrum of the gas to be quantified. 1In the
case of ultraviolet measurements, in the context of

measuring chlorine dioxide concentration, a quartz-
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halogen lamp may be used (similar to those used in
microscopy) as radiation source 450a. since these have
been found to be particularly rich in UV radiation and

are available in pre-focused bulbs.

In accordance with a preferred embodiment of
the present invention, filter 426 «will preferably be
mounted so that it can removed. 1In such a context, it is
possible to afford the interchangeability of filters, so
that the overall measurement apparatus can be customized
for different contexts. For example, although it is
desirable, in the context of chlorine dioxide
measurement, to utilize a filter 426 that propagates
light that will be in the UV range, it will be
appreciated that the measurement of other gases may
require filters that propagate 1ligh:z in the infrared
range. In one embodiment of the preseat invention, it is
even possible to use the illustrated measurement
apparatus to measure humidity (a more detailed example of
which will be described further below). in which case the
filter 426 could be configured to propzgate light that is
in the absorption spectrum of water. For example,
infrared wavelengths would appear to be compatible with
measuring water concentration (i.e., m2asuring humidity).
Thus, filter 426 could be config:red to propagate
wavelengths in the neighborhood of arout 360 nm in the
case of measuring chlorine dioxide concentrations or
about 1800 nm in the —case of measuring water
concentrations.

Although standard interfersnce filters will
normally suffice for use as filter 426, it is conceivable

to utilize essentially any suitable equivalent, such as a
diffraction grating.
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A standard voltage regulator 454 will
preferably provide a stabilized voltage supply to the
radiation source 450a. A small photoreceptor 446,
preferably mounted adjacent to radiation source 450a, can
be provided to monitor the actua: intensity of the
radiation source 450a. The intensity so monitored is
input to the voltage regulator 454, which in turn will
provided a correcting feedback to radiation source 450a
for the purpose of maintaining a constant intensity of

radiation source 450a. Such feedback can also be used to

. self-zero the system (1i.e., zero the system without

operator intervention).

Thus, it will be appreciated that, in contrast
with conventional optical measuring devices, -which
function on the principle of stabilized voltage input to
a radiation source, the present invention, in accordance
with at least one presently preferred embodiment,
provides a virtually constant intensity of radiation

source 450a during a given period of operation, which in

turn vields several advantages. For one, consistent
radiation intensity will lead <o more accurate
measurements. Furthermore, the lack of occasional

“surges” in radiation intensity (as may be experienced in
the context of a radiation source with fluctuating
intensity), will result in longer service life for the
radiation source 450a in question.

A further advantage will be appreciated in that
it 1is possible, at the start of the service life of a
radiation source 450a, to utilize a lower wvoltage than
might otherwise be used in the context of conventional
arrangements. As a result, it will be appreciated that

the lower voltage will “stretch” the useful radiation
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spectrum of the radiation source, rather than
concentrating the useful radiation spectrum in a limited
range of wavelengths. Furthermore, as long-term
deterioration of the radiaticon source 450a is
experienced, it 1s only necessary that the voltage
applied to radiation source 450a be gradually increased

over time in order to maintain the desired intensity.

Preferably, voltage regulator 454 = and
photoreceptor 446 will be appropriately calibrated so as
to operate in the manner described. This will preferably
result in a constant “zero value” in the presence of a
clear optical path. In addition, simple programming
software can provide compensation for physical occlusion
of the opticél path.

Board 434 is preferably a shielded printed
circuit board. Filter 426 will preferably be appropriate
for to the gas being measured (as discussed above).
Preferably, filter 426 should pass enough of the active
spectrum to maximize the signal »ut eliminate inactive
wavelengths, so as to improve the signal-to-noise ratio.
For use as photoreceptor or phototransistor 430, a number
of photodiodes and phototransistofs are commercially
available which span a broad spectrum, such as from about
190 to about 2000 nanometers. It also highly desirable
to use a low-noise pre-amplifier 471, +which could drive
an output with calibrating facilities, such as an output
of up to 10 volts. It may be desirable to provide
resistive heaters 473 a/b in the vicinity of various
optical components, in order to maintain the optical

components at temperatures adequate to prevent
condensation.




As shown in Figure 14, there may preferably be
a lens 458, such as a quartz lens, interposed Dbetween
emitter 450b and the rest of passage 422. In accordance
with a presently preferred embodiment c¢f the present
invention, this may be either a specially designed lens
for the designated purpose of collecting any divergent
rays from emitter 450b and concentrating them into a
substantially straight path through slct 422 or a simple
blank that does not significantly affect the path of the

rays and merely serves as a “block” in the passage for

protecting the emitter against the :iIntrusion of any
matter from within pipe 414 that mighk:z otherwise sully
the emitter 450b and reduce its efficacy. Since, in

accordance with a presently preferred embodiment of the
present invention, the apparatus 410 shown in Figure 14
may advantageously be used for the detection of high
levels of a given component in pipe =14, the tube 418
will not need to be significantly long. thus diminishing
the need for a 1lens at location 458 tha%t concentrates
divergent rays (and thus warranting no more than the use
of a “blank” as just described). Howevar, in the case of
a significantly long tube, the former .i.e. a lens that

concentrates divergent rays) would likely ke preferable.

Figure 15 illustrates an alternative
embodiment, in which the system 410 is mounted
essentially only at one side of a pipe (nct shown). In
this case, essentially all of the corponents discussed
heretofore with regard to the system 410 may be provided
solely at one side of the pipe. Similar components are
designated with similar reference numbers.

Preferably, a radiation arrangement,
collectively indicated at 450a and 450b, may include,
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similarly to the embodiment of Figure 14, a suitable
radiation source 450a and a suitable emitter 450b (such
as a bulb). However, in the embodiment illustrated in
Figure 15, it will be appreciated that these two
components may essentially be substantially directly
adjacent one another, thus precluding the need for an
arrangement such as the fiberoptic cable 450c shown in
Figure 14. Preferably, with the respect to the
embodiment shown in Figure 15, tube 422 may be suitably
perforated or otherwise suitably provided with apertures
and/or holes so as to permit the flow of gas
therethrough, at least in a manner to permit a sufficient
quantity of gas to be intercepted by the path of emitted
radiation from radiation source/emitter 450a/b (including
the return path reflected from a mir<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>