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(54) Title: PH GLASS ELECTRODE FOR A DISPOSABLE CONTAINER

(57) Abstract: The invention
provides a pH glass electrode in a
storage compartment, for use in a

disposable container or a component
of a disposable container, wherein
said storage compartment is filled
with a sufficient amount of a buffered
storage solution so as to cover at
least the pH sensitive membrane(s)
of the glass electrode during storage
of the pH glass electrode in the
storage compartment, and wherein

said storage solution is selected such
as to provide for a stable pH upon
expo-sure of the storage solution to
gamma rays. One-point calibration
of the electrode is enabled due to
the specified storage solution and a
pre-determined slope of the potential
of the electrode at the manufacturer’s
site.
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PH Glass Electrode for a disposable container

The present invention relates to the technical field of pH glass
electrodes especially for disposable containers such as biopro-
cess bags, and methods for testing and calibration of such pH

glass electrodes.

The biopharmaceutical industry increasingly uses disposable lig-
uid containers and tubing in their processes. Single-use systems
promise a more cost-efficient biotechnological production. With
fixed installations like steel tanks there are expensive clean-
ing and validation procedures necessary before using the system
for production in order to meet regulatory requirements. Dispos-
ables are wusually supplied in sterilized and clean state and
with certificates meeting regulatory standards. Therefore the
need of cleaning procedures necessary for fixed steel or plastic
tanks like clean-in-place, steam-in-place and their wvalidation
is obsolete. Furthermore, the risk of cross-contamination 1is
strongly minimised by using disposable equipment. There are a
variety of plastic bags, filters, tubing etc. for virtually all
stages of biotechnological production available, upstream proc-
essing, from media and buffer preparation to storage, cell fer-
mentation, downstream processing and waste collection. A brief
review of the current disposable bioprocess technology is given

in BioProcess International, May 2007, p 44-51.

There is a growing need to monitor chemical parameters such as
pH, conductivity, dissolved oxygen and many others alsoc when us-
ing disposable equipment. This is done by using electrochemical,
optical or other sensors. An overview of the state of the art in
bioprocess monitoring can be found in BioProcess International,
January 2007, p 32-41, and in US 2007/0159920. However, it 1is

widely known and a matter of current discussion that there is a
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multitude of additional requirements in the single use domain
compared to using the chemical sensors which are well known from
process analytical technology. The sensors need to be easy to
handle, calibration-free and cost-efficient to allow for dispos-
ability. Especially, they need to be able to withstand the ster-
ilisation treatment without affecting the analytical perform-

ance.

Irradiation by gamma rays is the most abundantly used procedure
for sterilisation in the field of disposable bioprocess equip-
ment. The standard procedure in the case of bioprocess bags is
to fabricate the bags in a clean room environment, to package
the bags ready for use and then to subject the whole package to
gamma sterilisation to obtain sterility inside. The sterilised

bags are then shipped to the bioprocessing site.

Mounting a sensor into the bag system after this sterilisation
procedure 1s cumbersome. It requires sensor sterilisation, a
sterile environment and an expert person to perform the mounting
of the sensor. The sensor 1is preferably mounted earlier during
the manufacturing process of the bag and sterilised together
with the packaged bag. The sensor is not accessible anymore af-
ter sterilisation without the risk to break sterility. There-
fore, the sensor cannot be taken out of the installation for
calibration. This 1is a severe problem for sensors requiring
calibration before use, especially for pH glass electrodes that
are calibrated using dedicated buffer solutions. These issues
apply to any prepackaged assembly that contain a potentiometric

pH electrode.

For meeting the calibration needs of a pH electrode as stated
above, there have been suggestions of automated calibration sys-

tems such as detailed in US 2002/0050460 Al. However, these are
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complex installations with wvalves and tubing that require main-
tenance and special care in the case of sterile operation. For
connecting to bioprocess disposables, these installations are

too complex.

In cases where sensors are not compatible enough to be inte-
grated with disposable containers, samples for off-site analysis
are taken from the container to be tested. Care has to be taken
that the sample is not changed by the sampling procedure and re-
mains representative for the contents of the container. This
type of wvalidation can become expensive and takes a lot of ex-
perience. Therefore, it 1s highly desirable to integrate the

sensor into the disposable container system.

On the basis of the considerations above the industry nowadays
focuses on optical solutions. The plastic materials used for
manufacturing the Dbioprocess disposables often is optically
transparent. This allows for reading out the optical properties
of a chemically sensitive material on the inside of a disposable
system without endangering sterility. The chemically sensitive
material has typically a very low mass and i1s often provided as
a small adhesive patch that can be easily fixed on the inside.
Sensing materials that withstand the gamma sterilisation process
have been found and are in use today. Their optical properties
are often stable enough so that calibration data obtained during
the manufacturing of the sensing material is still valid for
measurement months and years later. Therefore, such a system 1is
perceived as “calibration-free” by the final user in biotechnol-
ogy. A good example is given in US 6,602,716 Bl and references
therein. It discloses a process for optical determination of pH,
CO, and ionic compounds based on the decay times of luminescent
complexes. The disadvantages of optical sensing are the limited

measuring range from pH 4 to pH 8 in the case of the pH sensors
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in US 6,602,716 B1l, and other interferences e.g. of ionic

strength on the signal.

In principle, pH glass electrodes are still the most robust and
selective pH sensors available. For many applications such as
media and buffer preparation in biotechnology, it would defini-
tively be an advantage to use glass electrodes for pH measure-
ment. pH glass electrodes are very well known and well accepted
in standard biotechnology equipment such as steel tank fermenta-
tion etc. pH glass electrodes are abundantly used the heavily
regulated field of biopharmaceutical production and fulfil cur-
rent regulatory, quality and safety requirements such as GMP,
cGMP and other regulatory systems. Sterilisation in those clas-
sic systems 1s wusually done by autoclaving the electrodes

mounted to the tank or bioreactor.

In 2006, a fermentation system with disposable bags called “Ap-
pliflex” was marketed by Applikon Biotechnology BV (Schiedam,
The Netherlands), including the option to mount a single use
sensor module consisting of a pH glass electrode, Clark-type dO
sensor and a temperature sensor. The sensor module was steril-
ized by gamma irradiation, but had to be mounted under sterile
conditions into a threaded port on the bag. The calibration had
to be performed using external calibration solutions. Further-
more, the module could only be mounted on the top of the system
with sensors pointing downwards due to the liquid-filled sen-

SOrs.

It is thus an object of the present invention to overcome the
above-mentioned shortcomings, especially to allow for pH cali-
bration and measurement in disposable containers by means that
are easier, contamination-free, access-free and which allow for

broad-range pH detection.
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This object is solved by a pH glass electrode in a storage com-
partment according to the independent claim 1, and related inde-
pendent claims, 1i.e. the use of a buffered solution as a storage
solution for a pH glass electrode, a method of testing a pH
glass electrode, a method of calibrating a pH glass electrode,

and a method of putting a pH glass electrode into operation.

According to the present invention, a pH glass electrode (for
use in a disposable container or a component of a disposable
container) 1is stored in a storage compartment. This storage
compartment is filled with a sufficient amount of a buffered
storage solution so as to cover at least the pH sensitive mem-
brane(s) of the glass electrode during storage of the pH glass
electrode in the storage compartment. Moreover, said storage so-
lution is selected such as to provide for a stable pH upon expo-

sure of the storage solution to gamma rays.

As used herein, “storage” shall mean to keeping of at least the
PH sensitive glass of the electrode in a liquid milieu while no
actual use of the electrode for pH measurement is being intended

at that time.

A “disposable container” preferably is a disposable bioprocess-
ing bag (cf. overview in BioProcess International, May 2007, p
44-51), but the invention 1is not limited to such bags. The pH
glass electrode according to the invention could also be mounted
in another piece of disposable equipment such as a transfer tub-
ing setup or other disposable component in contact with a bio-

process fluid whose pH is of interest.

As used herein, a “storage compartment” is a housing that seals

the pH sensitive glass membrane of the electrode leakproof from



WO 2009/059645 PCT/EP2007/062130

the environment. Typically, such a storage compartment has an
inner volume of no more than 50 cm’, preferably no more than 10
cm’, most preferably no more than 2 cm’. A very simple storage
compartment 1s e.g. a flexible plastic cap that fits the pH
glass electrode. Thus, the cap can be filled with the storage
solution and is then pressed onto the pH electrode. After check-
ing and calibrating, the cap is removed for measurement into the

disposable container.

The pH glass electrode can be integrated in a disposable con-
tainer such as a bioprocess bag system during the bag production
process. Subsequently, the pH glass electrode undergoes gamma
sterilisation with the fully packaged bag. The final user only
has to attach the sensor cable to the pH meter to take the pH
sensor into operation. Since the electrode is stored in a solu-
tion suited for a one-point calibration (as will be outlined be-
low in more detail), there is no need to bring the electrode in
contact with additional calibration solutions. The electrode
will remain in its original storage compartment throughout the
testing and/or calibration procedures, thereby maintaining ste-

rility.

Typically, the liquid compartment in which the electrode and its
storage solution are kept is very small and can be opened after
calibration towards the inside of a bioprocess bag 1in order to
get the pH electrode into contact with the whole bag volume. It
should be unproblematic that the small amount of storage solu-
tion in the order of a few millilitres quantity 1s being dis-
solved in the media on the order of 100 to 1000 litres. This 1is
especially the case with e.g. phosphate buffers which are con-
tained in many buffer and media compositions, anyhow. Alterna-
tively, the remainders of the storage solution may of course be

flushed out with the first quantity of process solution from the
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interior of the container. Another alternative would be to pro-
vide a storage compartment with fill and drain tubing. This tub-
ing could be used to drain and dry the compartment before bring-
ing the container’s contents into contact with the sensor. The
exact choice of procedure will evidently depend on the specific
application, on the phase of the biotechnological production
(upstream/downstream, etc.) and finally on the user and his spe-

cific regulatory requirements.

Thus, in brief, the object of the present invention is solved by
storing the sensor in a small amount of buffered solution that
substantially maintains its pH throughout the sterilisation
process by gamma irradiation. Although the suggested process 1is
not entirely calibration-free, it can be simplified by automatic
means to a point where the user only has to connect the elec-
trode to the pH measuring equipment and to enter (or automati-
cally read out) two values only, i.e. the slope from an elec-
trode certificate and the pH of the storage solution. For a
valid calibration, an electrode slope value and the offset po-
tential wvalue are required. For the definitions and the basic
science and technology of pH measurement, pH glass electrodes,
origin of the electrode potential and general calibration proce-
dures 1t 1s referred to the corresponding chapters in Galster,
pH Measurement, VCH, Weinheim (DE), 1991 (included herein by
reference). DIN 19268:2006 provides further details for pH elec-

trode calibration (included herein by reference).

It was surprisingly found that the slope of a pH glass electrode
remains sufficiently stable within a small error margin through-
out the sterilisation process at 25 - 50 kGy and during storage
time in the order of several months to a few years. However, the
offset potentials may exhibit a significant change of several mV

with time. Thus, at the time of use, knowing the well-defined pH
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of the storage solution allows to determine the current value of

the offset potential of the electrode.

It is already customary that pH electrodes are tested by the
manufacturer and that a certificate informing about the results,
i.e. offset potential (compared to the “ideal” pH glass elec-
trode according to the Nernst equation) and slope, 1is issued to
the customer. The slope taken from the certificate and the off-
set potential determined by the customer before use then form a

set of calibration data for measurement.

The systematic error due to a changed slope will increase the
more the pH to be measured differs from pH 7. However, according
to experiments conducted in the course of the present invention,
this error will typically not exceed 0.02 pH units even at pH 1
or pH 12.

According to a preferred embodiment, the combined pH glass elec-
trode according to the invention has electrolyte gels in both
the reference electrode and the measuring electrode; these gels
do not flow. This allows for mounting and operating the elec-
trode 1in any orientation, including the electrode pointing up-
wards. Such electrodes can be integrated at any location of the
container. It is preferred to mount the electrodes at the bottom
of the containers such that the electrode can be used to measure
already during the first filling process as soon as both dia-
phragm and pH sensitive glass are immersed. This may be impor-

tant in media and buffer preparation steps.

A pH glass electrode according to the invention comprises buff-

ered storage solution, preferably containing:
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i) a first compound or combination of compounds that buffer (s)
the storage solution at a substantially constant pH, despite
irradiation with gamma rays; and

11) a second compound or combinations of compound that func-
tion(s) to adjust the ionic strength of the storage solu-

tion.

The compound(s) of lit. i) constitute a buffer system selected
from the group consisting of phosphate buffers, carbonate buff-
ers, borate buffers. Despite these three types of buffers being
named specifically, the person of routine skill in the art will
easily find further suitable buffer systems, be 1t organic or
inorganic buffer systems, by simple routine experiments, e.g. by
subjecting a buffer candidate to the desired gamma treatment and
monitoring the change of pH. It is currently believed that inor-
ganic buffers are generally more stable than organic buffers;
phosphate buffers are currently preferred. Phosphates do not ex-
hibit any measurable shift in pH up to a gamma irradiation dose
of 49 kGy. For comparison: A very commonly used dose for biopro-

cess equipment is 25 kGy.

Preferably, the buffer system is adjusted to a pH of £ 6.5, pref-

erably 6.5; or 2 7.5, preferably 7.5. This is advantageous be-
cause a pH in the above ranges results in an electrode potential
different from 0 mV when the electrode is fully functional; how-
ever, a broken or otherwise short-circuited pH electrode could
exhibit a potential of 0 mV, as well as an “ideal” electrode at
pH 7. In that case, a false positive would occur, 1.e. the user
would take a container with a defective electrode into opera-
tion. To prevent this, the following procedure is applied. If
the pH of the storage solution within the above pH ranges re-

sults in a stable sensor signal within a certain margin of pref-

erably = 15 mV around the expected Nernstian potential during the
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electrode check, it can be reasonably assumed that the electrode
is fully functional. For all measurements and calibration proce-
dures, the temperature of the solutions shall be taken into ac-
count. Towards this end, slopes and measurements are routinely
(and throughout all embodiments described herein below) tempera-

ture-compensated according to the Nernst equation.

The compound(s) of 1lit. ii) (above) comprise an alkalli metal
salt, preferably potassium chloride, wherein the concentration
of the alkali metal salt in the storage solution substantially
equals the concentration of the alkali metal salt in the refer-
ence electrolyte of the pH glass electrode. Typically, the stor-
age solution is either saturated with the alkali metal salt,
preferably potassium chloride; or contains the alkalli metal
salt, preferably potassium chloride, at a concentration of about
3 mol/l. Thereby, potassium chloride in the reference electro-
lyte is prevented from leaching out of the electrode by diffu-
sion and the inner potential at the silver/silver chloride elec-
trode 1is kept stable. It has to be noted that the addition of
large amounts of salt to the storage solution also changes the
hydrogen activity. The buffer solution pH is therefore adjusted
to match the hydrogen activity to the target pH of the buffer

solution.

As 1s evident from the above, a further aspect of the present
invention relates to a disposable container or a component of a
disposable container, equipped with a pH glass electrode as de-

scribed above.

Yet another aspect of the present invention relates to the use
of a buffered solution which is stable in pH upon exposure to

gamma rays, as storage solution for a pH glass electrode. As
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outlined above 1in any detail, the buffered storage solution

preferably contains:

i) a first compound or combination of compounds that buffer (s)
the storage solution at a substantially constant pH, despite
irradiation with gamma rays; and

11) a second compound or combinations of compound that func-
tion(s) to adjust the ionic strength of the storage solu-
tion.

Using such a solution for storage of a pH glass electrode in the

context of disposable containers for the first time opens up the

possibility of one-point calibration under sterile conditions,

as outlined above.

In another aspect, the invention concerns a method of testing a
PH glass electrode as described above, comprising the step of
determining the potential of the pH glass electrode in the stor-
age solution prior to opening the storage compartment. In brief,
(shortly) before taking the disposable container with the pH
electrode into operation, the electrode according to the present
invention may be checked for good measuring condition by measur-
ing the potential in its storage solution. This procedure will

prevent the accidental use of a bag with a defective sensor.

Yet a further aspect of the invention concerns a method of cali-
brating a pH glass electrode as described above, comprising the
steps of:

i) Measuring the potential of the pH glass electrode in the
buffered storage solution of defined pH, at a time ti, prior
to opening the storage compartment;

11) Determining an expected reference potential of the pH glass
electrode in the buffered storage solution of defined pH,

said expected potential being either
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a) calculated theoretically, based on the Nernst egquation;
and/or
b) deduced from a suitable pre-determined data set corre-

lating at least one measured potential at time ty; < t;
to a defined pH of a calibration standard;
11i) Calculating a current offset potential from the results of
steps 1) and 1ii), compensating for the shift of the poten-
tial from to to t;; and
iv) Linear offsetting (a) slope(s) of (a) pre-determined cali-
bration plot(s) by the offset potential determined in step
1ii), wherein the calibration plot or a suitable pre-
determined data set for generation of said calibration plot
correlates the potential of the pH glass electrode with the

pH of standard solutions at the time t,.

Typically, to is a point in time at the manufacturer’s site, be-
fore sterilization by gamma irradiation and/or installation into
a disposable container; t; 1is typically a point in time at the
end-user’s site, after sterilization by gamma irradiation and
installation into a disposable container. If the pH of the stor-
age solution differs from 7.0, the offset potential U, can be
calculated by Ugss = U, — U’y * (7.0 - pHats); wherein U, 1s the
measured potential according to step i), U’y is the slope of the
predetermined calibration plot at ty and pHs:: is the hydrogen ion
activity of the storage solution (notation according to Galster,
pH Measurement, VCH, Weinheim (DE), 1991 (p. 157; included
herein by reference). Choosing pH 7 as the zero potential point
is a common convention for the construction of pH Electrodes,

e.g. according to DIN 19263:2006.

According to common practice, the pre-determined calibration

plot or suitable pre-determined data set allowing for generation
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of such a plot is derived from a two or three-point calibration,

e.g. at pHs 4.0, 7.0 and 9.0.

As 1s readily apparent, the above aspects of the invention can

be combined in a method of putting a pH electrode into opera-

tion, i.e. by a method comprising the steps of:

i) Testing the pH glass electrode according to a method of
testing as outlined above; and,

11) Calibrating the pH glass electrode according to a method of
calibrating as outlined above,

wherein steps 1) and 1i) are performed prior to opening the

storage compartment, 1i.e. still under sterile conditions and

with the pH glass electrode being stored in the storage solution

in the storage compartment.

The invention 1is henceforth described in more detail by means of
a specific embodiment, in order to aid the skilled artisan in
complete understanding of the invention; it is to be noted that
the breadth of the invention is not to be limited to the pre-

sented embodiment.

Fig. 1 a) pPH glass electrode in a storage compartment, sche-
matically;
b) pPH glass electrode in a storage compartment, in-

stalled 1in a disposable container, the storage
compartment still being sealed leakproof from the

interior of the container, schematically;

c) pPH glass electrode in a storage compartment, in-
stalled in a disposable container, the storage
compartment being opened towards the interior of

the container, schematically.
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Fig. 2 Graphical representation of a calibration process ac-

cording to the present invention.

Fig. 1 a) represents a conventional pH glass electrode 1, here a
combined pH glass electrode with an inner electrode 2 and an
outer electrode 3; both electrodes are to be connected to a pH
meter. The pH glass electrode according to the invention 1is
stored in a storing solution 4 as outlined above, in a storage

compartment 5 as outlined above.

The pH glass electrode of Fig. 1 a) is installed in a disposable
container 6, as shown in Fig. 1 b), the storage compartment 5
still being sealed leakproof from the interior of the container
6. In this configuration, sterilization of the whole container
assembly 1is performed, as well as (optional testing and) one-
point calibration of the pH glass electrode 1 in the storage so-

lution 4.

Thereafter, the storage compartment 5 can be opened towards the
interior of the container 6, as is shown in Fig. 1 c¢), thereby
enabling pH measurements in the container 6 with the glass elec-
trode 1. Opening of the storage compartment 5 has to be suffi-
ciently wide in order to provide for substantially free fluid
transport from the inside of the bioreactor 6 towards the elec-
trode 1. In the schematic drawings, enabled fluid communication
between storage compartment 5 and the interior of the bioreactor
6 1s illustrated schematically by the long-dashed line at the

bottom of the storage compartment 5.

pPH glass electrodes

Standard combined glass electrodes with a ceramic pin diaphragm

were used for the experiments.
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Buffer

The following buffer system in the storage compartment of the pH
glass electrode has been used in the subsequent examples:

4.565 g KH,PO, and 2.979 g Nay,HPO, were added to 500 ml of Milli-
pore® grade water, resulting in a pH of 6.51. To this mixture,
111.8 g KCl1 were added. The pH was shifted to 5.81 due to the
higher ionic strength. The pH was then readjusted to 6.50 by
adding 9.57 ml of 1 M NaOH solution by means of an automated ti-

tration.

Table 1

Before Gamma treatment:

Sensor Potential(lc))ff:l\elg: Slope 4/7% Slope 7/9% Rei::l:f‘lie)
10938502 -1.2 0.994 0.978 22.78
10938503 -2.3 0.992 0.983 22.78
10938504 -3 0.994 0.977 22.78
10938505 -1.6 0.993 0.980 22.78
10938506 -1.8 0.993 0.983 22.78
10835832 -5 0.996 0.974 22.46
10835833 -4.6 0.996 0.975 22.46
10835834 -3 0.997 0.973 22.46
10835835 -5.1 0.997 0.975 22.406
10835836 -4 0.995 0.978 22.406
After Gamma treatment® :
R

Sensor® potential(f)’ff:s;‘ Slope 4/7% Slope 7/9% ei:;:r_l?ﬁ
10938502 7.4 0.997 0.977 26.37
10938503 9.5 0.994 0.972 26.37
10938504 7.4 0.997 0.981 26.37
10938505 5.7 0.996 0.975 26.37
10938506 7.7 0.997 0.981 26.37
10835832 9.3 0.998 0.973 26.41
10835833 3.4 0.996 0.976 26.41
10835834 0 0.998 0.973 26.41
10835835 1.4 0.999 0.976 26.41
10835836 8.6 0.998 0.973 26.41
Sensor” potentia?.‘lc))ffrsn\elg: A Slope 4/7%% A Slope 7/9%®

10938502 8.6 0.004 -0.002

10938503 11.8 0.001 -0.010

10938504 10.4 0.003 0.004

10938505 7.3 0.003 -0.005

10938506 9.5 0.004 -0.002

10835832 14.3 0.002 -0.001

10835833 8 0.000 0.000
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10835834 3 0.001 0.000
10835835 6.5 0.002 0.001
10835836 12.6 0.003 -0.005

Ten pH glass electrodes (identified by the 8 digit num-
bers) have been investigated under the regime of the
present invention.

The offset potential has been calculated based on the
difference of the measured potential at pH 7.0 and the

theoretical potential at pH 7.0 (; 0). The resulting
difference in the offset potential after Gamma treat-
ment has been determined.

Three-point calibration has been performed with stan-
dard solutions of pH 4.0, 7.0 and 9.0. The resulting
potentials at the different pHs were plotted against
the respective pH (cf. Fig. 1, thin straight line), and
the slopes were determined for the pH ranges 4-7 and 7-
9, respectively. The values are given as a fraction of
the ideal Nernstian slope. The resulting differences in
the respective slopes after Gamma treatment have been
determined, clearly indicating high stability with re-
spect to gamma sterilisation treatment.

The term “Reference Temperature” denotes the tempera-
tureduring the measurements which were used for poten-
tial correction according to Nernst.

Gamma treatment was performed by a specialist service
provider (Studer Hard AG, Daeniken, Switzerland) with a

total dose of 46-49 kGy.

Fig. 2 1is a graphical representation of a calibration process
according to the present invention. The inclined dotted 1line
represents the pH dependent potential of an ideal pH glass elec-
trode, calculated with the Nernst equation. Before shipping of

the electrode, a calibration data set is generated, indicated
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“original slope”; this calibration can be easily performed with
standard solutions of well defined pH, e.g. a three-point cali-
bration at pHs 4.0, 7.0 and 9.0 at the manufacturer’s site. The
same calibration was carried out after Gamma sterilization. As
can be seen from Fig. 2 (“current slope”), the slope of the ac-
tual potential (U/mV, plotted against pH) only deviates by 0.17
mV/pH after Gamma treatment (which is a neglectable deviation),
but the offset potential may change by several mV, e.g. here by
+ 6 mV. This difference in offset potential must be corrected,
what can be easily achieved according to the invention by meas-
uring the potential in the buffered storage solution and subse-
quent linear offsetting the complete prior calibration data set

by this actual determined offset value.
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Claims

1.

A pH glass electrode in a storage compartment, for use 1in a
disposable container or a component of a disposable con-
tainer, wherein said storage compartment is filled with a
sufficient amount of a buffered storage solution so as to
cover at least the pH sensitive membrane of the glass elec-
trode during storage of the pH glass electrode in the stor-
age compartment, and wherein said storage solution is se-
lected such as to provide for a stable pH upon exposure of

the storage solution to gamma rays.

A pH glass electrode according to claim 1, wherein at least

the storage compartment is sterile.

A pH glass electrode according to one of claims 1 to 2,
wherein the electrolytes in both the reference electrode

and the measuring electrode are gels.

A pH glass electrode according to one of claims 1 to 3,
wherein the buffered storage solution comprises:

i) a first compound or combination of compounds that
buffer(s) the storage solution at a substantially
constant pH, despite irradiation with gamma rays;
and

ii) a second compound or combinations of compound that
function(s) to adjust the ionic strength of the

storage solution.

A pH glass electrode according to claim 4, wherein the com-
pound(s) of 1it. 1) constitute a buffer system selected
from the group consisting of phosphate buffers, carbonate

buffers, borate buffers.
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A pH glass electrode according to claim 5, wherein the
buffer system is adjusted to a pH of < 6.5, preferably 6.5;

or 2 7.5, preferably 7.5.

A pH glass electrode according to one of claims 4 to 6,
wherein the compound(s) of 1lit. 1ii) comprise an alkali
metal salt, preferably potassium chloride, wherein the con-
centration of the alkali metal salt in the storage solution
substantially equals the concentration of the alkalli metal
salt 1in the reference electrolyte of the pH glass elec-

trode.

A pH glass electrode according to claim 7, wherein the
storage solution is either saturated with the alkali metal
salt, preferably potassium chloride; or wherein the storage
solution contains the alkali metal salt, preferably potas-

sium chloride, at a concentration of about 3 mol/l.

A disposable container or a component of a disposable con-
tainer, equipped with a pH glass electrode according to one

of claims 1 to 8.

Use of a buffered solution which is stable in pH upon expo-
sure to gamma rays, as storage solution for a pH glass

electrode.

A method of testing a pH glass electrode according to one
of claims 1 to 8, comprising the step of determining the
potential of the pH glass electrode in the storage solution

prior to opening the storage compartment.
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A method of calibrating a pH glass electrode according to

one of claims 1 to 8, comprising the steps of:

i)

ii)

iii)

1v)

Method

Measuring the potential of the pH glass electrode in
the buffered storage solution of defined pH, pref-
erably pH 7, at a time t,, prior to opening the
storage compartment;
Determining an expected reference potential of the
PH glass electrode in the buffered storage solution
of defined pH, said expected potential being either
a) calculated theoretically, based on the Nernst
equation; and/or
b) deduced from a suitable pre-determined data set
correlating at least one measured potential at
time ty < t; to a defined pH of a calibration
standard;
Calculating a current offset potential at the pH of
the buffered storage solution, preferably pH 7, from
the results of steps i) and 1ii), compensating for
the shift of the potential from ty; to ti;; and
Linear offsetting (a) slope(s) of (a) pre-determined
calibration plot(s) by an offset potential deter-
mined in step 1ii), wherein the calibration plot or
a suitable pre-determined data set for generation of
said calibration plot correlates the potential of
the pH glass electrode with the pH of standard solu-

tions at the time t,.

according to claim 12, wherein the pre-determined

calibration plot or suitable pre-determined data set allow-

ing for generation of such a plot is derived from a two-

point or a three-point calibration.
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14. A method of putting a pH electrode according to one of
claims 1 to 8 in a disposable container or a component of a

disposable container into operation, comprising the steps

of:
i) Testing the pH glass electrode according to a method
of claim 11,
1i) Calibrating the pH glass electrode according to a

method of one of claims 12 to 13;
wherein steps 1) and 1i) are performed prior to opening the

storage compartment.
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Fig. 1:
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Fig. 2:

10 —

— current slope -58.58 mV/pH
" original slope -58.41 mV/pH

== slope error; 0.17 mV/pH

U/mV

offset difference: +6 mV (if not compensated leading to an error of 0.1 pH units)

I ! I [ !
6.96 6.98 7.00 7.02 7.04
pH
B Original offset potential (at time of manufacturing)
— QOriginal siope of -58.41 mV/pH (at time of manufacturing) obtained by 3-point calibration

& Current offset potential obtained from measuring in buffered storage solution
— « Current slope of -58.58 mV/pH (only measured for estimating slope error)

= Resulting calibration curve according to present invention
O lIdeal pH electrode at pH 7 (theoretical)

--------- [deal slope -59.17 mV/pH (theoretical)
--------- 0 mV potential line
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