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SPECI FI CATI ON - TI TLE

" SYSTEM FOR PRESERVI NG AND DELI VERI NG GAS- CONTAI NI NG
SCLUTI ONS" 5 _ BACKGROUND OF THE | NVENTI ON The
present invention relates generally to a system and a nethod for
cont ai ni ng and preserving gas contai ni ng sol utions, such as

bi car bonat e conweesiseeg sol uti ons, for 10 future delivecyusssoisse. Mre
specifically, the present i nvention relates to a system for

cont ai ning a gas
I ndication in

cont ai ning solution that provides a visual
the event gas |leaks fromthe container system

Gas contai ning solutions, such as bi car bGnite-
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SEPECIFICATION
IITLE
YSYSTEM FOR PRESERVING AND DELIVERING
GAS-CONTAINING SOLUTIONS”
BACKGROUND OF THE INVENTJION

The present invention relates generally to a system
and a method for containing and preserving gas containing
solutions, such as bicarbonate containing solutions, for
future delivery or use. More specifically, the present
invention relates to a system for containing a gas
containing solution that provides a visual indication in
the event gas leaks from the container system.

Gas containing solutions, such as bicarbonate-
containing solutions, are often used in medical
procedures. Specifically, bicarbonate-containing
solutions are often used for hemodialysis or peritoneal
dialysis solutions. In a bicarbonate-containing
solution, bicarbonate is in equilibrium with carbon

-dioxide. Because carbon dioxide is a gas at room

temperature and atmospheric pressure, the carbon dioxide
easily escapes from the solﬁtion. The escape of carbon
dioxide from the solution needs to be avoided because it
changes the physical and chemical characteristics of the
solution. Por example, the release of carbon dioxide
from a bicarbonate-containinq solution will increase the

' PH of the solution. of course, any change in the

characteristics of the bicarbonate-containing solution
is undesirable when the solution is being used for
medical purposes.

Therefore, the release of carbon dioxide from a
bicarbonate-containing solution that is to be used for
medical purposes, such as a dialysis solution, needs to
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15 containing solutions, are often used in nedical

pr ocedur es. Speci fically, bi car bonat e- cont ai ni ng solutions are
often used for henodialysis or peritoneal di al ysis sol utions.

I'n -a bicarbonate-containing sol ution, bicarbonate is in
equilibriumw th carbon 20 di oxi de. Because carbon dioxide is a gas
at room . _tenperature and atnospheric pressure, the carbon di oxide
easi |y escapes twoosss4se sol ution. The escape of carbon PCT/USSBOMB4? de from
t he solution needs to be avoi ded because it changes the physical and
chem cal characteristics of the 25 solution. For exanple, the rel ease
of carbon di oxi de from a bi carbonate-containing solution wll

i ncrease the pH of the solution. = @&-<-course, any change in the
characteristics of the bicarbonate-containing solution S

undesi rabl e when the solution is being used for 30 medi cal purposes.
Therefore, the rel ease of carbon dioxide froma

bi car bonat e-contai ning solution that is to be used for medi cal

purposes, such as apdiagb¥sdss SRIr¢htdN foPERMSridhs-containing solution®r i Nt ed
from M mosa 03/31/ 1?nggw191‘.8c:h46a: 392aquge i'n?"equilibrium with a solute, the
release of the gas from the container, vessel or package
containing the solution needs to be avoided because, as
5 discussed above, the release of the gas will change the
characteristics of the solution.

Until now, attempts at preventing the release of gas
from a solution container have been directed toward
obtaining fail-proof container designs. For example, gas

10 impermeable materials have been used which prevent carbon
dioxide or other gases from escaping the container to
ensure the stability of the solution. However; the
accidental damage of the gas impermeable material always
remains a possibility. Further, in the case of

15 bicarbonate-containing solutions, carbon dioxide is a
colorless and odorless gas. Therefore, any leakage of
carbon dioxide from the container will go undetected by

the user.
Accordingly, there is a need for an improved
20 container system for containing and preserving gas

containing solutions such as bicarbonate-containing
solutions which will provide a visual indication to the
user in the event the gas barrier capabilities of the
container system have been impaired or compromised. With
25 such an improved container system, medical personnel or
patients utilizing bicarbonate-containing dialysis
solutions will be provided with a visual indicator in the
event carbon dioxide has been permitted to leak or escape
from the container system resulting in a change to the
30 characteristics of the dialysis solution. Further, users
of other gas containing solutions will be provided with
a visual indicator in the event gas has been permitted
to leak from the containment system thereby altering the
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-2- be avoi ded. Further, for other gas-containing solutions

i'n which a gas is in equilibriumwith a solute, the rel ease of the
~gas fromthe container, vessel or package cont ai ning the solution
needs to be avoi ded because, as 5 di scussed above, the release of the
gas wi Il change the characteristics of the solution. _

Until now, attewpbsmssas preventing the rel ease of gas pCT/usseMisgy sol ution
cont ai ner have been directed toward obt ai ning fail-proof container
designs. For exanple, gas 10 | nper meabl e materials have been used which
prevent carbon : di oxi de or other gases from escaping the container to
ensure the stability of the solution. Hovdever, the acci dent al
damage of the gas inperneable material always remains a
possibility. Further, in the case of 15 bi car bonat e- cont ai ni ng
sol utions, carbon dioxide is a col orl ess and odorl ess gas.

Therefore, any | eakage of

physical and/or chemical characteristics of the solution.
SUMMARY OF THE INVENTJION

The present invention provides a container system

for a gas containing solution and a method for containing

5 a gas containing solution. The container system of the
present invention provides a visual indication to the
user of the system in the event gas has been permitted
to leak or escape from the systen.

To this end, in an embodiment, a system is provided

10 for packaging a gas containing solution. In an
embodiment, the system includes a gas impermeable
container that houses the solution and an indicator
device for indicating a change in one or more physical
and/or chemical characteristics of the solution which

15 would result in the event gas is permitted to leak or
escape from the container.

In an embodiment, the system has an ‘inner gas
permeable container disposed within an outer gas
impermeable container. The inner gas permeable container

20 . is at least partially filled with the gas containing
solution. The gas is contained between the inner and
outer containers because of the gas impermeable

' properties of the outer container. An indicator is.
provided either between the inner and outer containers

25 or within the inner container which indicates a change
in one or more physical and/or chemical characteristics

' of the solution in the event gas is permitted to leak or
escape from the systen.

In an embodiment, a space is provided between the

30 inner and outer container which serves to contain gas
generated by the solution and passed through the walls
of the inner container.
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carbon di oxide fromthe container will go undetected by t he user.
Accordingly, there is a need for an inproved 20 contai ner system for
containing and preserving gas cont ai ni ng sol utions such as

bi car bonat e- cont ai ni ng solutions which will provide a visual

I ndication to the user in the event the gas barrier capabilities of
t he ~container system have been inpaired or conprom sed.. Wth 25
such an inprovedbsesntsi ner system nedical personnel or PCT/USISMSMTI ent s
utilizing bicarbonate-containing di alysis solutions wll be
provided with a visual indicator in the event carbon di oxi de has
been permtted to |eak or escape fromthe contai ner systemresulting
in a change to the 30 characteristics df the dialysis solution.
Further, users of other gas containing solutions will be provided
W th a visual indicator in the event gas has been permtted

to leak fromthe contai nnent systemthereby altering the
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In an embodiment, a system is provided for
containing and preserving a bicarbonate-containing
solution. A gas permeable inner container contains the
bicarbonate solution. The inner container is disposed

5 within a larger gas impermeable outer container. The gas
generated by the bicarbonate-containing solution is
contained within a space provided between the inner and
outer containers. An indicator is disposed within the
outer container for providing a visual indication to the

10 user when carbon dioxide gas has been permitted to leak
through or escape from the outer container.

In an embodiment, the indicator is disposed between
the inner and outer containers.

In an embodiment, the indicator is disposed within

15 the inner container.

In an embodiment, the indicator device is provided
in a tablet form, consisting of a binder and an indicator
substance.

In an embodiment, the indicator device comprises a

20 container made of a gas permeable material containing an
indicator substance.

In an embodiment, the indicator device comprises'a
container made of a gas permeable material containing a
solution and an indicator substance.

25 In an embodiment, the indicator device comprises a
tablet, consisting of powder and an indicator substance,
with or without alkalizing or acidifying agents.

In an embodiment, the indicator device comprises a

_ container made of a gas permeable material containing a

30 powder and an indicator substance.

In an embodiment, the indicator device comprises an
indicator substance as well as moisturizing agents,
electrolytes and/or stabilizers.
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- 3- physi cal and/or chem cal characteristics of the solution.
SUMVARY OF THE | NVENTI ON The present invention provides a
cont ai ner system for a gas containing solution and a nmethod for
containing 5 a gas containing solution. The container system of the
present invention provides a visual indication to the user of the
systemin the ewemsssgms has been permtted to | eak ccressapar fromthe
system To this end, in an enbodiment, a systemis provided 10
for packaging a gas containing solution. In an enbodi nent,
the systemincludes a gas i nperneabl e contai ner that houses the

sol ution and an i ndi cator devi ce foB rndicating a change in one or
nor e physi cal and/ or chem cal characteristics of the solution which
15 woul d result in the event gas is permtted to | eak or escape
fromthe container. - In an enbodi nent, the system has an inner
gas : per neabl e contai ner di sposed within an outer gas

In an embodiment, the indicator substance is a
substance that changes characteristics, for example,
color when the pH of its surroundings changes.

In an embodiment, the indicator substance is cresol

5 red (o-cresolsulfonephthalein).

In an embodiment, the indicator substance is m-
cresol purple (m-cresovlsulfonephthalein).

In an embodiment, the indicator substance is a-
napthtolazobenzene-p-sulfonic acid.

10 In an embodiment, the indicator substance is thymol
blue (thymolsulfonephtalein).

In an embodiment, the indicator substance is
bromothymol blue (dibromothymolsulfonephtalein).

In an embodiment, the indicator substance is p-

15 xylenolsulfonephtalein.

In an embodiment, the indicator substance is phenol
red (phenolsulfonephthalein).

In an embodiment, the inner gas permeable container
can be a multiple chambered container with one or more

20 compartments filled with the bicarbonate-containing
solution or the gas-containing solution.

In an embodiment, the present invention provides a
method for containing a gas containing solution. The
method comprises the steps of filling a gas permeable

25 inner container with the gas containing solution, sealing
the inner container, enclosing the inner container within

a larger gas impermeable outer container thereby leaving

a space disposed between the inner and outer containers

for containing a guantity of gas generated by the

30 solution and passed through the walls of the inner
container, placing an indicator between the inner and

outer containers for indicating a change in at least one
physical and/or chemical characteristic of the gas
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| nper meabl e contai ner. The inner gas perneabl e container 20 Is at |east
partially filled with the gas containing solution. The gas is
cont ai ned between the inner and outer contai ners because of the gas
I nper meabl e properties of the outer container. An indicator is

provi ded either between the inner and outer containers 25

or within the

I nner container which indicates a change I n one or nore physical
and/ or chem cal wossi3528t eri sti cs of the solution inpchwssesat gas is
permtted to | eak or escape fromthe system In an
enbodi ment, a space is provided between the 30 I nner and outer

cont ai ner which serves to contain gas

passed t hrough the walls of the inmef Ttontainer.
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containing solution and, sealing the outer container.

In an embodiment, the indicator is disposed within
the gas permeable inner container as opposed to the space
between the inner and outer containers.

It is, therefore, an advantage of the present
invention to provide an improved container system for
containing and preserving bicarbonate-containing
solutions.

Another advantage of the present invention is an
improved container system for containing and preserving

‘gas generating or containing solutions.

Another advantage of the present invention is an
improved container system for containing and preserving
bicarbonate~-containing solutions which further provides
a visual indication to the user in the event carbon
dioxide has leaked from or escaped from the system.

Yet another advantage of the present invention is
to provide an improved system for containing and
preserving gas generating or containing solutions which
provides a visual indication to the user in the event gas
has been permitted to leak from or escape from the
system. _

A still further advantage of the present invention
is to provide an improved system and a method for the
containment and preservation of gas generating or
containing solutions which provides the user with a
visual indication in the event the gas barrier
characteristics of the system have been impaired or
compromised. '

Additional features and advantages of the present
invention are described in, and will be apparent from,
the detailed description of the presently preferred
embodiments and from the drawings.
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-4- In an enbodi nent, a systemis provided for

cont ai ni ng and preserving a bicarbonate-containi ng solution. A gas
per neabl e i nner container contains the bi carbonat e sol ution. The

I nner container is disposed 5 within a | arger gas inperneabl e outer
container. The gas generated Dby the bicarbonate-containing
solution is woosisszsnt ai ned within a space provi ded bet weemsdslose? Nnner and
outer contajners. An indicator is disposed within the out er i
container for providing a visual indication to the 10 user when carbon
di oxi de gas has been permtted to | eak t hrough or escape fromthe
out er cont ai ner. In an enbodi#@nt, the indicator is disposed
bet ween t he inner and outer containers. In an

enbodi nment, the indicator is disposed within 15 t he inner container.

In an enbodi nent, the indicator device is provided in atablet form
consi sting of a binder and an indicator subst ance. In an
enbodi ment, the indicator degwresr GEEBRISEONOEOraE DRAWINGAI Ner nade of a gas

permeabl e material cont ?55‘ rn 1a£'11ustrates, schematically, an embodiment

of a container system of the present invention.
Figure 2 illustrates, schematically, an embodiment
5 of a container system of the present invention.
Figure 3 illustrates, schematically, an embodiment
of a container system of the present invention.
Figure 4 illustrates, schematically, an embodiment
of a container system of the present invention.
10 Figure 5 illustrates, schematically, an embodiment
of a container system of the present invention.
Figure 6 illustrates, schematically, an embodiment
of a container system of the present invention.
DETAILED DESCRIPTION OF
15 IHE PRESENTLY PREFERRED EMBODIMENTS
The present invention provides a system and a method
for containing and preserving gas—generating solutions
such as bicarbonate-containing solutions. More
specifically, the present invention provides a system and
20 a method for containing gas containing solutions,
including bicarbonate-containing solutions, which
provides a visual indication to the user in the event gas
is permitted to leak or escape from the system.
As illustrated in Figure 1, the system 10a of the
25 present invention includes an inner container 11 which
is at least partially filled with the gas generating
solution shown at 12. The inner container 11 and
solution 12 are housed within an outer container 13. The
inner container 11 is made from a gas permeable material;
30 the outer container 13 is made from a gas impermeable
material. The outer container 13 is larger than the
inner container 11 thereby providing a space shown at 14
between the inner container 11 and the outer container
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i ndi cat or subst ance. In an enbodi nent, the indicator device

conprises a contai ner nade of a gas perneable material containing a
solution and an indi cator substance. 25 I n an enbodi nent, the

I ndi cat or device conprises a tabl et, consisting of powder and an

I ndi cat or substance, wth or without al kalizing or acidifying
agents. - In an enbodi nent, the indicator device conprises a
contai ner nmade ofowmmsspas perneabl e material containing a 30pcrusediagder and
an indicator substance. I n an enbodi nent, the indicator device
conprises an I ndi cat or substance as well as noisturizing agents,

el ectrolytes and/or stabilizers. Printed from M nosa
03/ 31/ 1999 08: 46: 32 page - 6- -8 -

13. The space 14 contains gas that is generated by the
solution 12 that passes through the walls of the inner
container 11 but which is not permitted to pass through

the gas impermeable outer container 13.
5 However, in the event the outer container 13 becomes
damaged or otherwise impaired, gas may leak from the
outer container 13 to the atmosphere. In such a
situation, an indicator 15 is provided which will dQetect
_ a change in condition within the space 14. Specifically,
10 in the case where the solution 12 is bicarbonate-
containing solution, the space 14 is at least partially
filled with carbon dioxide. If the carbon dioxide is
permitted to escape through the outer container 13, the
partial pressure of carbon dioxide within the space 14
15 will decrease as the carbon dioxide escapes from the
space 14 and air enters the space 14. The indicator 15
will provide a visual indication of this lowering of the
carbon dioxide partial pressure. Prefefably, the
indicator 15 will change color as the partial pressure
20 of carbon dioxide decreases and air enters the space 14.
As 1illustrated in Figure 2, the system 10b is
equipped with an inner container 11 that includes a
separating wall 16 that divides the container 11 into two
separate compartments 17, 18. The compartments 17, 18
25 contain isolated solutions 19, 20 respectively. Again,
the indicator 15 is provided to detect the change in
partial pressure of gas disposed within the space 14 in
the event the gas barrier properties of the outer
container 13 become impaired or compromised. The
30 isolated solutions 19, 20 may be used separately so that
two solutions 19, 20 may be housed within one system 10b
that provides a visual indication in the event the gas
barrier properties of the outer container 13 become
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- 5- - I'n an enbodi nent, the indicator substance is a
substance that changes characteristics, for exanple, col or when the
pH of its surroundi ngs changes. In an enbodi ment, the indicator
substance is cresol 5 red (o-cresol sul fonephthal ei n). In
an enbodi ment, _the indicator substance is m cresol purple
(m.cresol sul f onawpdnéshshei n) . I n an enbodi nent, pdRUseBsisHat or
substance is a- napt ht ol azobenzene-p-sul fonic acid. 10 In
an enbodi nrent, the indicator substance is thynol bl ue

(t hynol sul f onepht al ei n) . In an enbodi nent, the indicator
substance is br onot hynol bl ue (di broforhynol sul f onepht al ei n).

In an enbodi ment, the indicator substance is p- 15

xyl enol sul f onepht al ei n. I n an enbodi nent, the indicator

subst ance i s phenol red (phenol sul f onepht hal ei n). In an
enbodi ment, the inner gas perneabl e contai ner can be a multiple

chanber ed cont ai ner Wwgairediorocommreni&@. Furtbeparinnsons applitadons,th the
bi car bonat e- cont ai ni @ bicarbcn@télt iBMuiord hes gas-KRayatsvaE Sldithon.
I'n an enmbodiment, thg, RLEIENT {IVEALEALL PLRY! HESrBonate solutions that
are used for peritoneal dialysis are typically provided
5 in bags having two separated chambers. One chamber
contains a solution of dextrose and calcium, the other
chamber contains the solution of bicarbonate and carbon
dioxide gas. These substances cannot be sterilized by
heat together and are therefore separated. Both chambers
10 are connected by a frangible or peel seal to allow
sterile reconstitution before |use. For these
- applications, the container system 10b as illustrated in
Figure 2 1is particularly appropriate. Further, by
providing two solutions 19, 20 in one system 10b, the
15 packaging cost per solution is decreased and sterile
reconstitution is favored in case this is needed.
The systems 10c and 104 as illustrated in Figures
3 and 4 do not include an indicator 15 disposed between -
the inner container 11 and outer container 13 as
20 illustrated in Figures 1 and 2. In contrast, the
solution 21 (Figure 3) contains an indicator dissolved
within the solution 21. 1In the event the solution 21 is
a bicarbonate—-containing solution and the outer container
13 leaks or permits carbon dioxide to pass through the
25 outer container 13, the pH of the solution 21 will
increase. As a result, the indicator dissolved within
the solution 21 will change color thereby providing a
visual indication to the user that the physical
characteristics of the solution 21 have been changed and
30 that the solution 21 should not be used.
In the event that it is undesirable to dissolve an
indicator within a solution that is to be used by a
patient, the inner container 11 can be divided into one
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met hod for containing a gas containing solution, The met hod

conprises the steps of filling a gas perneable 25 I nner container with
the gas containing solution, sealing : t he inner container, enclosing
the inner container within a |larger gas inperneabl e outer container
t her eby | eavi ng a space di sposed between the inner and outer
containers . _ for containing a quantity of gas generated by the 30

sol uti on and paseeshskdsr ough the walls of the inner e sRonaT

pl aci ng an indicator between the inner and outer containers for

i ndi cating a change in at |east one physi cal and/or chem cal
characteristic of the gas Printed from M nposa 03/ 31/ 1999

08: 46: 32 page -7- WO 98/ 35228 10 -
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or more walls 16 'so that the inner container 11 is
divided into two or more compartments 17, 18. Then, an
indicator may be dissolved in either the solution 22 or
the solution 23 illustrated in Figure 4. Preferably, the
5 solution contained within the smaller compartment, or the
solution 23 contained within the smaller compartment 18
will include the dissolved indicator. If the outer
container has leaked, the smaller solution 23 containing
the dissolved indicator will have changed color alerting
10 ~ the patient not to use the solution 22 or any of the
solutions contained within the system 104 and that the
system 104 should be simply discarded.

Figure 5 illustrates a container 10e which features
an inner gas permeable container 11 disposed within an
15 outer gas imperméable container 13. An indicator 15a is
disposed within the bicarbonate containing solution 24.
The housing of the indicator 15a is gas permeable.
Hence, if carbon dioxide gas is permitted to leak through
the inner container 11 and out through the outer
20 container 13, the concentration of the carbon dioxide
exposed to the indicator 15a will change and, hence, the
indicator 15a can change color or otherwise provide a
visual indication that carbon dioxide, or any gas
contained within the solution 24 for that matter, has

25 been permitted to leak from the system 10e.
Figure 6 illustrates a system 10e which includes
" only an outer impermeable container 13 that houses a
solution 25. An indicator 15a is disposed within the
solution 25 and the housing of the indicator 15a is gas
30 permeable. If gas is permitted to leak from the outer
container 13, the concentration of gas exposed to the
indicator 15a will change and, hence, the indicator 15a
can provide a visual indication of this change to the
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- 6- cont ai ning solution and, sealing the outer container.

In an enbodi nent, the indicator is disposed within t he gas perneabl e
i nner container as opposed to the space : bet ween the inner and outer
containers. 5 It is, therefore, an advantage of the present

I nvention to provide an inproved contai ner system for cont ai ni ng
and preserving bi car bonat e- cont ai ni ng sol uti ons.

Anot her advant ageossisshfie present invention is an 10 | NP&RYRGsHNt ai ner
system for containing and preserving gas generating or containing

sol utions. Anot her advantage of the present invention is an

| nproved cont ai ner system for containing and preserving

bi car bonat e- cont ai ni ng sol uti ons whi ch furt¥er provides 15 a Vvisua

i ndication to the user in the event carbon di oxi de has | eaked from or
escaped fromthe system - Yet anot her advantage of the present

I nvention is to provide an inproved system for containing and
preserving gas generating or containing solutions which 20 provi des a

vi sual indication tqgdepe user in the event gas has been permtted to

leak fromor escape fromyhe t_invention £ Sidddos Ly her
vi de, an 1

ten of Bha! e
advant age of the present Lnfgﬁtf%no 2 |%?W()£g() | roved system

and a nethod for théseful for containing bicarbonate~containing dialysis

solutions. A visual indication, by way of an indicator

5 15 disposed between the inner container 11 and outer

container 13 or, in contrast, a dissolved indicator in

the bicarbonate-containing solution 21 (Figure 3) or éne

' of the bicérbonate—containing solutions 23 (Figure 4) or

floating indicator provide the patient with a visual

10 indication when the gas barrier properties of the outer

container 13 have failed or have been compromised. Thus,

the patient or medical technician is provided with a

visual indication that the properties of the solution

have changed and that the product should be discarded.

15 O0f course, the system- of the present invention is

applicable to other gas containing or generating

solutions in addition to bicarbonate~containing

solutions. '

The substances available for use as an indicator

20 include, but are not 1limited to crescl red (o-

‘cresolsulfonephthalein), m-cresol purple {m~-

cresolsulfonephthalein), a-napthtolazobenzene-p-sulfonic

acid, thymol blue (thymolsulfonephtalein), bromothymol

blue (dibromothymolsulfonephtalein), p-

25 xylenolsulfonephtalein and phenol ‘red
{phenolsulfonephthalein) or combinations.

The outer container 13 is preferably fabricated from

a gas impermeable material, such as a multi-layer

laminated or co-extruded material which contains a gas

30 barrier element such as aluminum, polyamide, ethylene

vinyl alecohol, polyvinylidene chloride, and/or an

intermediate layer with aluminum oxide or silicon oxide

deposit coating. An appropriate mono-layer of these
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25 contai nment and preservation of gas generating or

cont ai ning sol utions which provides the user with a vi sual
indication in the event the gas barrier characteristics of the
system have been inpaired or conprom sed. 30 Addi ti ona
features and advantages of the present I nvention are described in
and wi Il be apparent from the detailed description of the presently
preferred wooddandi nents and fromthe draw ngs. PCT/US98/01847 '
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materials will also work. In the alternative, a thick
permeable material such as polyvinyl chloride can be used
since a thick layer of such material will reduce the
permeability to an appropriate level.

5 The inner container 11 is preferably fabricated from
a gas permeabie material such as polyvinyl chloride or
polypropylene obtained by blow molding and/or extruding
or a mono-layer or a multi-layer of laminated or co-
extruded polyolefin-based material.

10 The materials for the outer container 13 and the
inner container 11 should, of course, be selected so that
the inner container 11 is relatively gas permeable,
whereas the outer container 13 is relatively gas
impermeable. The inner container 11 should be at least

15 twice as permeable as the outer container 13.
Preferably, the inner container 11 is 10 to about 1,000
times more permeable than the outer container 13. The
inner container 11 should be sufficiently permeable to
allow an equilibrium to be established between the

20 solution contained within the inner container 11 and the
gas contained in the space 14 disposed between the inner
container 11 and outer container 13.

It should be understood that various changes and
_ modifications to the presently preferred' embodiments

25 described herein will be apparent to those skilled in the
art. Such changes and modifications may be made without
'departing from the spirit and scope of the present
invention and without diminishing its attendant
advantages. It is, therefore, intended that such changes

30 and modifications be covered by the appended claims.
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7. -~ BRI EF DESCRI PTI ON OF THE HEET HAS BEEN

Fi gure 1 ematically, an enbodi nent 0 [OEDai ner
systemo mm QWEM‘) @ entlon Figure 2 ih_l_u&t-gugf—e

schemati c of a container systemof the present

i nventi on. : Flgure 3 il lustrates, schematically, an enbodi nent
of a container.system of the present invention. Figure 4
illustrates, scwesssssal |y, an enbodi nent of a contrgrwsdsnidst em of
the present invention. 10 Figure 5 illustrates, schematically, an
enbodi nent of -a contai ner systemof the present invention.

Figure 6 illustrates, schematically, an enbodi nent of a contai ner
system of the present invention. =13 - DETAI LED
DESCRI PTI ON OF 15 THE PRESENTLY PREFERRED EMBODI MENTS

The present invention provides a systemand a net hod for containing
and preserving gas-generating sol utions such as

bi car bonat e-contai ning sol utions. More specifically, the

present invention [wEAY U®CIAINEDSiImEN and 20 a nethod for containing
gas containing solutigns, 4 contamaclgﬂw.g rol! £ RONGhRRGAMA! U N

sol uti ons, whi ¢ indication to the user in the

event gas o ospernrrRLFobE oL, s Butadher PORRIAIRE ot o
As illustrated in Figur® 9es ifreragaklenputex efnteppen sontaindpgddigt 9asvent i on
I ncl udes an i Bner omENezabhing Eblwhigh and an indicattorefist paticetingy il ed

with the gas generajiange in at least one physical or chemical
characteristic of the gas generating solution.

2. The container system of claim 1 further

10 comprising a gas permeable inner container enclosed

within a gas impermeable outer container with a space

located between at least portions of the inner and outer

containers, the ‘inner container containing the gas

containing or generating solution, the space disposed

15 between the inner and outer containers containing a

quantity of gas generated by the solution and passed
through the inner container.

3. The container system of claim 1 wherein the
20 indicator is enclosed in a gas permeable capsule.

4. The container system of claim 2 wherein the
indicator is disposed in the space between the inner anad
outer containers.

25
5. The container system of claim 2 wherein the
indicator is disposed inside the inner container.
6. The container system of claim 1 wherein the gas
30 containing or generating solution has a pH and the

indicator indicates a change in the pH of the solution.

i 1
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sol uti on shown at 12. The i nner container 11 and sQlution 12 are

P(r)gfneg gmnm MIHHIMHPTZ: neg013. T'?ﬁe outer. icgm:a;i ﬁg 1UHI$%{EE';% Agfr a

gas |rrperrrea blet " 5 taterial. The outer container 13=s—lak ban
the - I nner container 11 thereby providing a space shown at 14
bet ween the inper container 11 and the outer container
Printed from M woosise#s/ 31/ 1999 08: 46: 32 page - 9- PCT/USIISHB/ 35228
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7. The container system of claim 1 wherein the
indicator indicates a change in the composition of the
solution.

5 8. The container system of claim 5 wherein the
indicator comprises a gas permeable bag containing an
indicator substance.

9. The container system of claim 1 wherein the

10 indicator comprises an indicating substance selected from
the group consisting of cresol red {o-
cresolsulfonephthaleinj, m~cresol purple {(m-

cresolsulfonephthalein), oa-napthtolazobenzene-p-sulfonic
acid, thymol blue (thymolsulfonephtalein), bromothymol

15 blﬁe (dibromothymolsulfonephtalein), p-
xylenolsulfonephtalein and phenol red
(phenolsulfonephthalein).

10. The container system of claim 2 wherein the

20 inner container further comprises a- plurality of

compartments for containing gas containing or generating
solutions.

11. A container system for a gas containing or
25 generating solution, the gas containing or generating
solution having a pH, the container comprising:

' a gas permeable inner container disposed within a
gas impermeable outer container with a space disposed
between the inner and outer containers, the inner

30 container containing the gas containing or generating
solution, the'space disposed between the inner and outer
containers containing a guantity of carbon dioxide gas

' generated by the gas containing or generating solution

Sheet Has Been Reﬂlaced
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13. The space ‘Iz contai ns gas that is generated by the —THISQMEETU'@IS BEEN,

that p f wal I s of the inner cont ai nJr 11 RepLAdepch TS|
not pequ |tIMﬁ m” .1rough t he gas i nperneabl e ooter—coft-ai-Rer

13. 5 "» ¢ L Hewevers in the event the outer container 13 becones

damaged or otherw se inpaired, gas may |l eak fromthe out er

container 13 _to the -atnosphere. In such a situation, an-

i ndi cator 15 i sy¢ssmwizsied which wi |l detect a changecrrosegiaadti t i on
within the space 14. Specifically, 10 in the case where the solution
12 is bicarbonate- cont ai ning solution, the space 14 is at | east
partially filled wth carbon dioxide. If the carbon dioxide is
pernmtted to escape through the outer comaPrier 13, the parti al
pressure of carbon dioxide within the space 14 15 wi || decrease as the
carbon di oxi de escapes fromthe space 14 and air enters the space
14. The indicator 15 w Il provide a visual indication of this

| owering of the carbon dioxide partial pressure. Pref erably,

t he i ndi cat Opnd Jatlsbl ©liv0gR R @fin@s coheaymirti al pressure 20 of
carbon di oxi de decrease%ntaﬂl(?di%a{:of%grﬁ!&iggtﬁﬁagech]a/l]lg_e in a pH of th8S

illustrated in Figure 2, e sr}/stem | Ob lﬁg soluticgdul pped with an inner
container 11 that i HBPfREE4NINg or 9eneFariRg 5§ Wat9" 16 that divides the

container 11 into two separate conpartnments 17, 18. The conpartnents
17, 18 25 sont ai n | sal.at Btk SEnbdimns syStek ®fr edpbutlly ahpreiniddien,
the indicator 15 is;RsQbcdptid Qisiisatid RRe GpABEELdtveen. the iRA&TH iadd
pressure of gas di sgoged cvgn Fi&rtshe space 14 in t he event the gas
barrier properties FEEheOater container 13 becone inpaired or
conprom sed. The _

' 13. The container system of claim 11 wherein the

10 indicator is disposed inside the inner container.

14. The container system of claim 11 wherein the
indicator comprises an indicating substance selected from
the group consisting of cresol red (o=

15 cresolsulfonephthalein), m—-cresol purple (m-
cresolsulfonephthalein), oa-napthtolazobenzene-p-sulfonic
acid, thymol blue (thymolsulfonephtalein), bromothymol

blue (dibromothymolsulfonephtalein), p-
xylenolsulfonephtalein and phenol red
20 (phenolsulfonephthalein).

15. The container system of claim 11 wherein the
inner container further comprises a plurality of
compartments for containing gas containing or generating

25 solutions. '

16. A container system for a bicarbonate solution,

the container comprising:
a gas permeable inner container disposed within a
30 gas impermeable outer container with a space disposed
between the inner and outer containers, the inner
container containing the bicarbonate solution, the space
__disposed between the inner and outer containers for

——————

PhsBemlkTﬂmxd

" WA

Printed from Mimosa 03/31/1999 08:46:32 page -17-




30 i sol ated solu

sol uti ons

vi sual i ndﬁm m"
out er cont at nex
08: 46: 32 page -10-

PCT/ US98/ 01847

~ 20 may be used separately so trmH
sed within one system|0b : 'hz;ts Sﬁﬁéﬁ{/” g{ﬁgEN
ment t he gas barrier propeHH =Y-ra
c

ED

Printed from M nosa 03/ 31/ 1999

WD 98/ 35228
-9-

WO 98/35228 PCT/US98/01847

-

10

i5

20

25

30

- 16 -

containing a quantity of carbon dioxide gas generated by
the bicarbonate solution and passed through the inner
container,

an indicator for indicating a change in the qguantity
of carbon dioxide gas located in the space between the
inner and outer containers.

17. The container system of claim 16 wherein the
indicator is disposed in the space between the inner and
outer containers.

18. The container system of claim 16 wherein the
indicator is disposed inside the inner container.

19. The container system of claim 16 wherein the
indicator comprises an indicating substance selected from
the ‘group consisting of cresol red (o=
cresolsulfonephthalein), m-cresol purple (m-
cresolsulfonephthalein), o-napthtolazobenzene-p-sulfonic
acid, thymol blue (thymolsulfonephtaleih), bromothymol
blue (dibromothymolsulfonephtalein), p-
xylenolsulfonephtalein . and phenol = red
{phenolsulfonephthalein).

20. The container system of claim 16 wherein the
inner container further comprises a plurality of
compartments for containing bicarbonate solutions.

21. A method for containing a gas generating
solution, the gas generating solution having at least one
physical and/or chemical characteristic, the method
comprising the following steps:

an}hsBem1R1imxd

‘T
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| npai red or conprom secd—+Further, in some applications, t he

bi car bo ready-t o-use nedi cal solution. In

contrast mﬂ"m'mﬂnﬂtmg sol utions that are used for peritoneal

di al ysis *are typic ovi ded 5 in bags having two separated
chanbers. One chanber contains a solution of dextrose and cal ci um
t he ot her . - Cchanber contains the solution of bicarbonate and carbon

di oxi de gas. Thewosssist ances cannot be sterilized by pCT/URSss4l Oget her
and are therefore separated. Both chanbers .10 are connected by a :
frangi bl e or peel seal to allow sterile reconstitution before

use. For these applications, the container system 10b as
illustrated in Figure 2 is particullddrty appropriate. Furt her,
by providing two solutions 19, 20 in one system|Ob, the 15
packagi ng cost per solution is decreased and sterile reconstitution
is favored in case this is needed. The systenms 10c and 10d as
illustrated in Figures 3 and 4 do not include an indicator 15

di sposed between dtheldasBepariianay neillihgandgeslt pérmeablai Neferl3 as 20
illustrated in Fi g%BﬁéaﬁneQ-”Qi& theléhé:%@;\éf’aﬁ:tlng é&!ﬁltlo , solution 21

(Figure 3) contains an i1ndi.catqr, di.ssolvVv |nthe sol ution 21.

In the event the sol uti dite2t"yhe inner §°BF%Je{lre50nat e cont ai ni ng sol ution
and the outer container e“°1°51“9‘1§h|ee&k%e%r°°ﬁéﬂﬁecrsWéﬁ'i”dbr'? dREAFH IR0 pass
t hrough the 255 dwpermeziilieaiouser 18ontdimepH therelje Iedwingorn 2dpasiel |

izgcrefilse hAS' a relsutatls bt | putiveah Otndli $§ﬁ&r\/%cwc§dﬂeﬁl contaméﬁ;e ey UE ihon
W change col or r C O e
9 }, eL.60% B ﬂ%&rﬁ;&g@g“ ¢ 925 gel?é/rl dd p O;} e @L%%%

user that the physic ave been
changed and 30 taﬂgtp"ﬁ*?@dsﬁl"iﬁ“iqanﬂ?l lgﬁﬁﬁl"d’"ﬁﬁ’cnﬁe used I'n
the event that it is undesiciagl| antindiiceter \ketygen the inner and outer

10 containers for indicating a change in at least one

physical and/or chemical characteristic of the gas
generating solution,
sealing the outer container.

15 22. A method for containing a gas generating
solution, the gas generating solution having at least one
physical and/or chemical characteristic, the method
comprising the following steps:

at least partially filling a gas permeable inner
20 container with the gas generating solution,
placing an indicator in the inner container for
indicating a change in at least one physical and/or
chemical characteristic of the gas generating solution,
sealing the inner container,

25 enclosing the inner container within a larger gas
impermeable outer container thereby leaving a space

' disposed between the inner and outer containers for
containing a quantity of gas generated by the solution
and passed through the inner container,

30 sealing the outer container.
ThﬁiﬁﬁrﬁﬁmrmﬁlRTimxd
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indicator within a solution that is to be used by a patient, the

i nner container 11 can be divided into one Printed from
M nosa 03/31/1999 08: 46: 32 page -11- WO 98/ 35228
PCT/ US98/ 01847 ' - - 10 - or nore
wal s 16 so that the inner container 11 is
" Wo 9sns228 PCT/US98/01847
1/3

FIG.1

12 10a

FIG.2

10b

18
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divided into two or nore conpartnents 17, 18. Then, an i ndi cator may
be dissolved in either the solution 22 or the solution 23 '
‘illustrated in Figure 4. Preferably, the 5 sol ution contained within
the smaller conmpartnent, or the solution 23 contained within the
smal | er conpartnent 18 will include the dissolved indicator. | f

t he outer . _ container has |eaked, the smaller solution 23 containing

t he di ssol ved iwebgssier will have changed col or al erting X»orusssotste patient
not to use the solution 22 or any of the solutions contained within
the system|10d and that the system | 0d shoul d be sinply discarded.
Figure 5 illustrates a container |0Oe which features an i nner gas

per neabl e contai ner 11 di sposed within A 15 outer gas i nperneabl e
container 13. An indicator 15a is di sposed within the bicarbonate
cont ai ni ng sol ution 24. The hogEjEZSQf the indicator 15a is gas

per meabl e. Hence, i f carbon di okl géé is permtted to | eak through
the inner container 11 and out through the outer 20 contai ner 13, the
concentration of the carbon dioyj de . exposed2io the ipdreHor 15a
wi Il change and, hence, the i ndi cator 15a canh chan col or or

ot herwi se provide a 11 sual i Rdication that arbon/Adi oxi de, or any
gas contained within tNie sol iion 24 fgf that ter, has 25

been permtted to leak fromthe s 10 _ Figure 6
illustrates a systsin | Oe which Hete é of an-oster inperneable

contai ner 13 that Houses' a solution 2. An indreqtonN\lba is

di sposed within the . Aolution 25 and the housi ng of e N\ndi cator 15a
is gas 30 per meabl e Nf gas is pernmitted to | eak fromthe duter
container 13, the concehtraNon of gas exposed to the i nd) cator 15a
w || change and, hence, XYhe indthgator 1ba can prowrte a Visual

i ndi cation of this change™yp the

FIG.4

22 104
13 17 18

11 : /)
' 23

14

16
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The system of the present invention is especially useful for

cont ai ni ng bi carbonat e-cont ai ni ng di al ysi s
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RBo L2145 -y _
sol uti-ons. A-vtsual—indication,~ by way of anmfoedi g3 5 -Rgﬂiggmgnpssq.;igr

bet ween the I nn Hiﬁ and outer contafner |1 .
contrast, ‘ ﬂﬁ t he bi carbonat e{céntai ni ng
sol ution 21 (mm of the bicarbonat e- cdnf aiti? JYL 1999

sol utions 23 (F| gure 4) or fl oati ngqgndi cator provide _the patient
with a visual i ndi cation when the gas barrier propgrties of the

out er cont ai ner 13 have failed or have been conpro :

the patient or i Lci@an is provided with a - sual

i ndi cation that %@h%@%@ 'gf t he sol ution IS ﬂlﬁﬁTgHNSMENt hat
the product should be discarded. 15 O course, thel sysRERLACED he
present invention i cabJ e to ot her COH[dIHIH

gener ati ng sol at i oné cor?tﬁr?‘ebcféﬁ Mdor & gas %T(iefr (S8R 2 PRtRIBIRG 4 ARG ng

sol uti ons. generatlngThdumlbﬂtaa@ﬂsratesatHea@sewhﬂé sHRIEs@StioN i B@Htﬁiﬁé@r 20

i ncl ude, but cre
cresol sul f onepht Wﬁp'&sﬁ d con a"iﬁ’éY%E’Sr the comsﬂrmr éys?em(c%;npnsmg
cresol sul f onepht hal ei n) [ ar ghs nwmhblbamené@ﬂﬁn@“ skloséd Cwithin a gaé;' d,

Eglyg?lomt;![ Esm()lt gﬁr?gﬁglp);?gfgpt arln(eaéltr;lza ‘outar con au¥e[5 Wwithsa space R)cated between at

xyl enol sul f onepht al ei n least paﬂldns of theemdkr and otitefl containers, the inner
(phenol sul fonepht hal ein) o e outer cont ai ner

13 is preferably fabricat eﬂorﬁ?'ﬂ?ﬁ contta'"'"ga{" EES W%@me%f@ee%?@q sglutiogy, ch as

a multi-layer | ami nﬁbesbaw mgpweﬂrbdwdemh@rm@rhdvfu eltef Wah&irdps 2 Igas
30 barrier el enent suc s al um e viny
al cohol , pol yvi nyl i dene chF‘?ﬂ?‘H‘@g aa%'y%]rpr%?u}/e 845§ gas ﬂ?ré%ﬂt&aiebgttge SOYHPN Wi t h

al um num oxi de or silicon anxd ahich has pasSsguotirbughottiel ingler cortain@p it Peaidht e
mono- [ ayer of these space, and an indicator for indicating migration of the gas
through the outer container which results in a reduction in the
partial pressure of the gas in the space and a change in at least

one physical or chemical characteristic of the solution.

2. The container system of claim 1 wherein the indicator is
enclosed in a gas permeable capsule.

3. The container system of claim 1 wherein the indicator is
disposed in the space between the inner and outer containers.

4, The container system of claim 1 wherein the indicator is
disposed inside the inner container.

5. The container system of claim 4 wherein the indicator comprises
a gas permeable bag containing an indicator substance.

6. The container system of claim 1 wherein the gas containing and
generating solution has a pH and the indicator indicates a change in the pH of
the solution.
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of such material will reduce the perpgpability to éanklappropriate
| evel. 5 The inner container 11 is preferably tfabricated from
- T. The container system of claim 1 wherein the indicator indicates

a change in the composition of the solution.

8. The container system of claim 1 wherein the indicator comprises
an indicating substance selected from the group consisting of cresol red (o-
cresolsulfonephthalein), m-cresol purple (m-cresolfulfonephthalein), o-
napthtolazobenzene-p-sulfonic acid, thymol blue (thymolsulfonephtalein),
bromothymol blue (dibromothymolsulfonephtalein), p-xylenolsulfonephtalein
and phenol red (phenolsulfonephthalein).

9. The container system of claim 1 wherein the inner contafner
further comprises a plurality of compartments for containing gas containing or
generating solutions.

10. A container system for carbon dioxide gas and a carbon dioxide
containing and generating solution that generates a gas while said solution is
contained within said system, the carbon dioxide containing and generating
solution having a pH, the container system comprising :

a carbon dioxide permeable inner container disposed within a carbon
dioxide impermeable outer container with a space disposed
between the inner and outer containers, the inner container
containing a carbon dioxide containing or generating solution,
the space disposed between the inner and odfer containers
containing a partial pressure of carbon dioxide gas generated by
the carbon dioxidé containing and generating solution and which
has passed through the inner container;

an indicator fix indicating a change in a pH of the solution.

11.  The container system of claim 10 wherein the indicator is
disposed in the space between the inner and outer containers.

12. The container system of claim 10 wherein the indicator is
disposed inside the inner container. '
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a gas perneable material such esTfﬂsjlsglfﬁﬁﬁAScB\E&N de or REFLABBAIS DT OpeEP 73
"~ obt ai ned b: extr or a noho T Of~~E-——ny

mul ti-| ayer of co- extruded pol yolef}nib afl

10 I Wﬂ r the outer container 13 andjt eq%eﬂuﬂ‘i{ﬁﬁ ei

cont ai ner 11 W, se be sel ecterh so that Lnner

container 11 is relati veI y gas perneabl e, Wnereas the outer

container 13 is relatively gas i mper neabl e. The i A '

shoul d be at | east 15 WI ce erneabl e qut nt a| ner

13. Pr ef er abl y, the rﬁgptaér@ﬁt g P 9 (fli'mlc;ot Ehfﬁ%ﬁt ﬁ’f d

ti mes nore per necdphprisesan wtditmtmglsehssta:rmetaieuaﬁ f&&n thehgroup oonsnstingrwlt:resol
cont ai ner 11 shoul d be s ICIF’E\B é per neabl e

equilibriumto H& e‘thé‘Eﬁ SUHRP nM- ﬁ@s%'o"“rp'e (%F'ﬁ?'éwf%ﬁmta?'ﬁ@éi %t hin

the inner cont ai mpthtdlbzébeizéntep-sulfonic 888, GRRhal MGk | thjriSisfoASBhtarkin %
di sposed bet vvee(r}yt he Inr&fh‘%ﬁ'e contai per 11 and outer caontai ner

It should be un v%’qr@?}gthéfﬂ‘&ﬁﬁg@eQH@'e'") p"‘“ﬁ@fﬂ?‘f'ﬂ"@&ﬁ’htﬁ'ﬁg' to

the presently pr&idshend! .@&i@p}wnaguﬁ@eaﬁthabm)descrl bed herein wll be
apparent to those skilled in the art. Such changes and nodifications

may be made wi t hout departing fromthe spirit and scope of the
present i nventign mwoomauhétosysterﬁhdmyuﬁhlm@hereirt the iRhércstagiher

advant ages. t herefore, intended that suc changes 30 and
modi fi cati ons bets URhRrsomprisss arplraliy é’g&%@pﬁmﬁ?’ﬁﬁ or contalning gas containing or

generating solutions.

15. A container system for a bicarbonate solution that generates
carbon dioxide gas while the solution is contained within said container system,
the container system comprising :

a carbon dioxide permeable inner container disposed within a carbon '
dioxide impermeable outer container with a space disposed
between the inner and outer containers, the inner container
containing a bicarbonate solution, the space disposed between
the inner and outer containers for containing a partial pressure
of carbon dioxide gas generated by the bicarbonate solution and
which has passed through the inner container,

an indicator for indicating a change in the partial pressure of carbon
dioxide gas located in the space between the in;Ier and outer
containers.

16. The container system of claim 15 wherein the indicator is
disposed in the space between the inner and outer containers.

17.  The container system of claim 15 wherein the indicator is
disposed inside the inner container.

. 18. The container system of claim 15 wherein the indicator
comprises an indicating substance selected from the group consisting of cresol

red (o-cresolsulfonephthalein), m-cresol purple (m-cresolsulfonephthalein), o-
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a gas contai ﬁnmm["mﬁ"l!(ﬂ(lul\g §e+-ui+e£—%f§t?ig-e ates tihg gas while s:?d

solution is conta nad Wt hi n*said container system the corta'l HelUls yi99%m

conpri si ng: a gas perneabl e iqgner contai ner Jenglosed wi thinfa
gas i nper meabl e outer container with a spacg |ocated between
at | east portions of the inner and outer cortatrers—theinnefr

cont ai ner containi s_cont ainin ner.atin ol ut i

the space di sposr@?r}g‘é'?@gﬂz‘?q?epf EPé‘#‘ga%ﬂéjog 'c&lﬂeg & Isﬁ%hephtalem)

contai ni ng a partrombthymes liee (dibrem@BfimoROEsrRIpAtaIdNY), t fiRyidmdisUfoAdphtalein
and phenol red (phenolsulfonephthalein).

19.  The container system of claim 15 wherein the inner container
further comprises a plurality of compartments for containing bicarbonate

solutions.
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space, apd an i ndicator cating d’raflfeﬁm t he ghs

t hrough t he out|ﬂ|lu‘ mg‘ §l!|| h results in a reduction {n}the :

partial pressur he space and a change in t | 8&:DEC 1999
r

one physical or chen1ca| characteristic of the solution, ein
said indicator is disposed in the space between the inner}and
outer containers or inside the inner container. 2
system of claiml1 wherein the indicator3is enclosed in a gas perneabl e
capsule. 3. The contai ner systemof claim1l wherein the

I ndi cator conprises a gas perneabl e bag contai ning an indi cator substance.
4. The container systemof claim1l wherein the gas containing and

gener ating sohyiin9iseiaieplisand the indicator indicates a change in the pH
of the solution

REPLACENENT SHEET 14

1. A container system for a gas and a gas containing and
generating solution that generates the gas while said solution is contained
within said container system, the container system comprising:

a gas permeable inner container enclosed within a gas
impermeable outer container with a space located between at
least portions of the inner and outer containers, the inner

N container containing a gas containing and generating solution,
the space disposed between the inner and outer containers
containing a partial pressure of a gas generated by the solution
and which has passed through the inner container into said
space, and an indicator for indicating migration of the gas
through the outer container which results in a reduction in the
partial pressure of the gas in the space and a change in at least
one physical or chemical characteristic of the solution, wherein
said indicator is disposed in the space between the inner and
outer containers or inside the inner container.

pd 2. The container system of claim 1 wherein the indicator is
N " enclosed in a gas permeable capsule.
3. The container system of claim 1 wherein the indicator comprises

a gas permeable bag containing an indicator substance.

4, The container system of claim 1 wherein the gas co.ntaining and
generating solution has a pH and the indicator indicates a change in the pH of
the solution.
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5. . Thé& contai ner system of cl aim 1 wherein the indi catREPLAGEMENTt SHERT
change in the conposi H“’“I ﬂmmnﬁumuml on. 6. | [TTETTO .
system of claim1l whe conprises an i ndi caébn&ﬁ%&éa ce
sel ected fromthe group consisting of cresol red (o-

cresol sul fonephthalein), mcresol purple (mcresolfylf |

napht ht ol azobenzene- p-sul fonic acid, thynol blue (thyngl sul fonepht aI ei n)
bronot hynmol bl ue (di bronot hynol sul f onephtal ei n), p-xyl enmotrsut-fomephtatetn
and phenol red (phenol sul f onepht hal ei n) .44 7. The cont ai ner

systemof claim1l wherein the inner container further conprises a plurality
of conpartnents for containing gas containing or generating sol utions.

8. A cont ai ner system for car bon di oxi de gas and a carbon di oxi de

contai ning and genetati s tlon t ner t S _a gas sol ution
i s contained withi f\gsal d Pg‘gﬂmbll © "%%F‘ghcﬁ* di‘f‘?ge
generating soIaﬂ:hamgehmthen@nmoplhbn bﬂhetsolutnan ner system conpri sing: a

carbon di oxi de perneabl e i nner container disposed within a carbon
di oxi de i npermeabl e outer container with a space disposed
between the inner ehd oultercontatiexispstes oftcledmilniesreindhd &idlvator oompnses

containing a carb i OXi d cont ai ni enerating .sol
t he spacegdl sp%‘s@g'csg'f%lé bPRNcE ?qi ‘pgﬁ E‘gt%rpu%(?ﬂ?%?t ‘Ll# résd red (o-
containing a meéolwlfommmlﬁ) of mapgdodn plirs i d(@n gresoliffoRsstitedeiR), a-

the carbon di ox gﬁmﬁ a| ul ng%gtﬂgygﬂ‘ﬁner ' hyﬂm? bt ! 8Rym&£mephtalem)

has passed t hr'
bromothymol blue (dibromothymolsulfonephtalein), p-xylenolsulfonephtalein

and phenol red (phenolsulfonephthalein).

7. The container system of claim 1 wherein the inner container
further comprises a plurality of compartments for containing gas containing or
generating solutions.

8. A container system for carbon dioxide gas and a carbon dioxide
containing and generating solution that generates a gas while said solution is
contained within said system, the carbon dioxide containing and generating
solution having a pH, the container system comprising :

a carbon dioxide permeable inner container disposed within a carbon
dioxide impermeable outer container with a space disposed
between the inner and outer containers, the inner container

~ E containing a carbon dioxide containing or generating solution,
the space disposed between the inner and outer containers
containing a partial pressure of carbon dioxide gas generated by
the carbon dioxide containing and generating solution and which
has passed through the inner container; .

an indicator fix indicating a change in a pH of the solution, wherein said

indicator is disposed in the space between the inner and outer
containers or inside the inner container.
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9. The contai ner systerk of* clfai M. 8 wherein the indicatpr_conprises
I ndi cating substance selected fromthe group consistingjof cresol red (o-
cresol sul fonephthal ein), mcresol purple (mcresolsulfo ek y A i-
napht ht ol azobenzene-p-sul fonic acid, thyt®l blue (thynol sul fonephtal ein),
br onot hynol bl ue (di bronot hyl nol sul f onephtal ei n), p-xyl enol sul fonephtal ein
and phenol red (phenol sul f onepht hal ei n). 10. The cont ai ner
system of claim@8 wherein the inner container further conprises a plurality
of conpartnments forg contgiJ\ ; | ¥U: ' LONns.
71, %A cont ai ner Syst omear ieiid SYCRH & i Hherdf e Rlclbr B0nhedt

an indicating substance selected from the group consisting of cresol red (o-

cresolsulfonephthalein), ~ m-cresol purple (m-cresolsulfonephthalein), o-
naphthtolazobenzene-p-sulfonic acid, thymol blue (thymolsulfonephtalein),
bromothymol blue (dibromothylmolsulfonephtalein), p-xylenolsulfonephtalein
and phenol red (phenolsulfonephthalein).

10.  The container system of claim 8 wherein the inner container
further comprises a plurality of compartments for containing gas containing or
— generating solutions.

11. A container system for a bicarbonate solution that generates
carbon dioxide gas while the solution is contained within said container system,
the container system comprising :

a carbon dioxide permeable inner container disposed within a carbon
dioxide impermeable outer container with a space disposed
between the inner and outer containers, the inner container
containing a bicarbonate solution, the space disposed between
the inner and outer containers for containing a partial pressure
of carbon dioxide gas generated by the bicarbonate solution and
which has passed through the inner container,

— - an indicator for indicating a change in the partial pressure of carbon
dioxide gas disposed in the space between the inner and outer
containers or inside the inner container.

12. The container system of claim 11 wherein the indicator
comprises an indicating substance selected from the group consisting of cresol
red (o—cresolsuIfonéphthalein), m-cresol purple (m-cresolsulfonephthalein), o-
napthtolazobenzene-p-sulfonic acid, thymol blue (thymolsulfonephtalein),
bromothymol blue (dibromothylsulfonephtalein), p-xylenolsulfonephtalein and
phenol red (phenolsulfonephthalein).
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system 't he cont aj i Si ng: a carbon did
i nner cont ai ner dﬂamamf Hr“mml‘car bon di oxi

outer container w a space di sposed bet ween

outer containers, the inner container contain

bi carbonat e sol ution, the space di sposed between

and outer containers for containing a partial pressure o

car bon di oxi de gas generated by the bicdbbonate sol ution and

whi ch has passed through the inner container, - an indicator for
indicating a change in the partial pressure of carbon di oxi de

gas disposed in the space between the inner and outer

containers or insigg t Nernbiffaitd? ¥yaleRfbf claim 11 wherdip- the ilhk GRfdiRdrer
system of claim 11 wherein the indicator conprises an indicating

subst ance sel déthed eoropfsenea gRlwiajityc oh sPawRHKents fareeentainig bicarbonate
(o-cresol sul f garpbadral ein), mcresol purple (mcresol sul fonephthalein), a-
napt ht ol azobenzene-p-sul fonic acid, thynol blue (thynol sul fonephtalein),

br onot hynol bl ue (di bronot hyl sul f onephtal ei n), p-xyl enol sul fonephtal ei n and
phenol red (phenol sul fonepht hal ein).
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13. The cont ai ner system of claim 11 wherein the inner conta
conprises a plurality of conpartnents for containing bicarbona
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