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(57) Abréegée/Abstract:

The Invention relates to a comparison unit (130) configured for determining If a first pH measuring device of a first tank (104; 106) Is
affected by a pH-measuring problem, the comparison unit being configured for: - receiving a first CO2Z concentration and a first p

value, the first CO2 concentration being a CO2 concentration of a first gas volume above a medium Ir
concentration and the first pH value being measured at a first time when the medium in the first tank is Ir
with the first gas volume and before said equilibrium state iIs modified by the metabolism of a cell culture |

a first tank, the first CO2
pH-CO2 equilibrium state
n the first tank, the first pH

value being a measured value provided by a first pH measuring device operatively coupled to the first tank (102); - recelving a
second CO2 concentration and a second pH value, the second CO2 concentration being a COZ concentration of a second gas
volume above a medium In a second tank, the second COZ2Z concentration and the second pH value being measured at a seconad

time when the medium In the second tank is In pH-CO2 equilibrium state with the second gas volurr

state I1Is modified by the metabolism of a cell culture, the second pH value being a measured value provided by a second p
measuring device; - comparing the first and second pH values and CO2Z concentrations for determining If comparing (206), by th
comparison unit, the first and second pH values and comparing the first and second COZ concentrations for determining If the first
pH measuring device Is affected by the pH-measuring problem.

e and before said equilibrium
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, ~ (87) Abstract: The mvention relates to a comparison unit (130) contigured
Dismaqf = for determining 1f a first pH measuring device of a first tank (104; 106) 1s at-

fected by a pH-measuring problem, the comparison unit being configured for:
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Field of the invention

The present invention relates to the field of using and calibrating pH measuring

devices, and more particular to the identification of calibration errors and/or pH

offset effects resulting from a sampling process.
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Background and related art

Using accurately calibrated pH measuring devices i1s useful or critical in a great
many situations, including chemical or biological laboratory work, for operating

bioreactors, for monitoring harvest reactors, etc.

Bioreactors are commonly used for carrying out chemical processes, in particular
processes performed by living organisms, in a controlled manner, e.g. In order to
obtain a chemical compound, e.g. a particular peptide, protein, or other kind of
chemical substance. A common goal is to operate the bioreactor in a way that the
microorganisms or cells are able to perform their desired function with limited
production of impurities and/or in a time- and cost-efticient manner. he
environmental conditions inside the bioreactor, such as temperature, nutrient
concentrations, pH, and dissolved gases, among other parameters, are typically

chosen such that the growth and productivity of the organisms is optimized.

In order to determine If the state of a bioreactor and/or the state of a cell culture tn a
bloreactor Is at a desired state, €.q. a state corresponding to a state of a reference
bioreactor at a given moment in time when performing a cell culture project, the pH
value is repeatedly measured. In case the pH value is outside a desired pH-value
range, various parameters of the bioreactors (such as feed rate, aeration rate,
temperature, stirring rate or the like} may be adapted to change the state of the
bioreactor in a way that the measured pH value in the medium lies within the

desired pH value range.

Vartous control parameters of a bioreactor may be set in dependence on a currently
measured pH value in the medium of a biocreactor. The correct setting of said
parameters determines if a particular cell culture will be cultivated under very
similar/approximately identical conditions as a reference culture in another
bioreactor. Therefore, in order to synchronize the state of a bioreactor with the state
of another (reference) bioreactor, it is of crucial importance that the pH measuring
devices of the two compared bioreactors output the same pH value for media having

the same pH value.
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Many other use case scenarios exist where the determination of the correct pH
value is of crucial importance. For example, at the end of a cell culture project, the
cell culture and/or its products can be stored in a harvest tank before they are
further processed to extract the desired cell culture products. The harvest tanks
need to be closely monitored to prevent or at least immediately identify any infection
or other modification of the conditions within the harvest tank that could result in a
degradation of its contents. Therefore, the pH value in harvest tanks is repeatedly
measured by taking samples and measuring the pH value of the samples.

Often, tank-external pH measuring devices are used for measuring the pH value of
a sample of the medium contained in a tank, e.g. a bioreactor or harvest tank.

For example, Heather Evans et al: “Dealing with Disparity in On-line and Off-line pH
measurements Genentech found pH drift in its on-line measurements for a cell
culture process,; and continues to investigate its cause”, 1 January 2006,
XP055271377, is directed to the detection of problems in pH measurements In
bioreactors with off-line pH meters. To operate these off-line pH meters; samples of

- - the culture tank are taken and transported to a measuring point.

20

25

30

However, the process of withdrawing medium samples bears the risk of an infection
of the tank. Moreover, the pH value measured in a sample may deviate from the
ac’tual‘pH value of the medium within the tank due to so called “offset effects”. Offset
effects may be caused, for example, during the process of withdrawing the sample
and transporting it to the pH measuring device as the temperature of the sample,
the environmental pressure or environmental air composition may differ from the
respective parameters within the tank. This may result in a measured pH value in
the sample that differs —due to offset effects — significantly from the actual pH value
of the medium in the tank. As a consequent, the pH value measured in the sample
does not accurately reflect the current state in the tank.

Wrongly calibrated pH measuting devices are a further potential source of error;
typically, pH measuring devices are calibrated with commercially available reference
solutions having a defined pH value. This approach typically requires the withdrawal
and re-introduction of the pH measuring device from the tank. After re-introduiction
of the pH measuring device, the tank and the pH measuring device contained

2015012218 / MR/TR/TB

AMENDED SHEET , (13/0412017
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therein need to be autoclaved. This process may have an effect on the already
calibrated pH measuring device, resulting in a pH measuring device in the tank that
might indicate a different pH value for the reference solution than it did before
autoclavation. Even in case the pH measuring device was not affected by the

O  autoclavation process, there is no guarantee that the pH measuring device was
unaffected by the autoclavation. As a result, the measured pH values may be not be
considered as trustworthy and a re-calibration of the tank-internal pH meter may be

= AMENDED SHEET 13/04/2017;
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first pH value being measured at a first time, the first time being a time when
the medium in the first tank is in pH-CO2 equilibrium state with the first gas
volume at a predefined temperature and pressure, said equilibrium state
being unaffected by the metabolism of any cell culture, the first pH value
being a measured value provided by the first pH measuring device {108;
146);

— receiving, by the comparison unit, a second COZ2 concentration and a second
pH value, the second CO2 concentration being a C0O2 concentration of a
second gas volume above the same type of medium (M1) contained in the
second tank, the second CO2 concentration and the second pH value being
measured at a second time, the second time being a time when the medium
In the second tank is in pH-CO2 equilibrium state with the second gas volume
at the predefined temperature and pressure, said equilibrium state being
unaffected by the metabolism of any cell culture, the second pH value being a

measured value provided by the second pH measuring device;

— comparing, by the comparison unit, the first and second pH values and
comparing the first and second COZ2Z concentrations for determining if the first

pH measuring device is affected by the pH-measuring problem.

According to embodiments, the determination that the first pH measuring device has

a pH measuring problem is made in case:

el

the first and second CO2 concentrations are identical and the first and second

pH values differ from each other by more than a threshold value; or

the first and second pH values are identical and the first and second CO2

concentrations differ from each other by more than a further threshold value; or

a first data value differs from a second data value by more than a further
threshold, the first data value being derived from the first pH value and the first
CO2Z concentration, the second data value being derived from the second pH

value and the second C0O2 concentration.
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The first tank can be, for example, a bioreactor or a harvest tank. The second tank
can be, for example a bioreactor, in particular a reference bioreactor, or a harvest

tank, in particular a reference harvest tank.

Embodiments of the invention may be advantageous as they allow to more

- accurately compare the pH values of the media in two or more tanks, e.g. a

reference tank and one or more monitored or controlled tanks. The reference pH
profiie of the reference tank may be obtained several days, weeks or years prior to
obtaining the measurement values in the tank(s) to be monitored. Alternatively, the
first and second tanks may be operated in a basically concurrent manner. In a
further beneficial aspect, offline measurements of the pH can be omitted, thereby

avoiding a contamination of the tanks and avoiding an inaccurate comparison of pH

values as sampling effects may create a significant variability of the measured pH

value.

According to a further beneficial aspect, CO2 concentrations measured in a
particular tank may be used for computing an absolute, expected pH value and may
allow identifying any deviations of the actually measured pH value from the
expected pH value. Said deviation may be an indicator for a pH measuring problem,

e.g. a calibration problem.

In a further aspect, the invention relates to a method for determining if a first pH
measuring device operatively coupled to a first tank is affected by a pH-measuring
problem. The problem is that the first pH measuring device is calibrated wrongly
(and thus does not only produce a pH value that is wrong relative to a pH value

provided by a reference pH measuring device, but that produces a pH value that is

wrong In absolute térms). The method comprises:

— receiving, by a comparison unit, a first CO2 concentration and a first pH
value, the first CO2 concentration being a CO2 concentration of a first gas
volume above a medium (M1) in the first tank, the first CO2 concentration
and the first pH value being measured at a first time, the first time being a
time when the medium in the first tank is in pH-CO2 equilibrium state with the
first gas volume at a predefined temperature and pressure, said equilibrium

state being unaffected by the metabolism of any cell culture, the first pH value
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being a measured value provided by the first pH measuring device;

—~ computing, by the comparison unit, a second pH value as a function of the
first CO2 concentration, the second pH value being the pH value predicted for
said type of medium (M1) when said medium is in pH-CO2 equilibrium state
with a second gas volume above said medium (M1) at the predefined
temperature and pressure, the second gas volume in said equilibrium having
a second CO2 concentration that Is identical to the first CO2 concentration,

said equilibrium state being unaffected by the metabolism of any cell culture;

— comparing, by the comparison unit, the first and second pH values for
determining If the first pH measuring device is affected by the pH-measuring

probiem.

This may be advantageous as this method allows to determine, provided some
properties of the medium are known, the correct, absolute pH value of the medium
using the CO2 concentration in the air volume of the tank that may be measured In
the offgas as input. By comparing the computed, accurate pH value derived from the
CO2 concentration with the actually measured pH value, it 1s possible to detect

calibration errors.

According to embodiments, the comparnson unit cutputs a warning signal that in
case it was determined that the first pH measuring device is affected by the pH
measuring problem. This may allow an operator to take appropriate action, e.g. re-

calibrate the pH measuring device, replace the pH measuring device, etc.

Computing an expected pH value using the oftgas COZ2 concentration

According to some examples related to the use of "minimalistic® media, e.g. salt
solutions being basically free of substances acting as a buffer, the calculation of a

pH value based on carbon dioxide in the gas phase in carbonate buffered systems

can be performed as follows:

The concentration of carbon dioxide that 1s dissolved i1n a liquid 1s proportional {o

carbon dioxide partial pressure (pCO2) in the gas phase and can be calculated
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using respective proportional factors. Proportional factors depend on the liguid and

temperature as well as pressure.

For example, the solubility coefficient for CO2 in various liquids 18 known and can be
derived from literature or can be determined experimentally. The solubility
coefficient in blood at 37 degC is about 0.0304 mmol x L-1 x mmHg-1 [Loffler, G.,
Petrides, P.E., Physiologische Chemie, Springer-Verlag, 2013]. According to
Sazonov and Shaw, the Bunsen coefficient is defined as the volume of saturating
gas reduced 273.15 and 1 bar, which Is absorbed by unit volume of pure solvent at
the temperature of measurement and partial pressure of 1 bar. Dimensicn is
therefore volume/volume or dimensionless. This coefficient is based on Henry's
Law, claiming that in equilibrium the partial pressure of a gas is directly proportional
to the concentration of this gas that is solved in a correlated solution. Solubility
coefficients depend on the respective solution [Gros, J.B., Dussap, C.G., Catte, M.,

Estimation of O2 and CO2 solubility in microbial culiure media. Biotechnology
Progress 1999, 15, 923-9271.

If the solubility coefficient of a medium 1s known, concentration of dissolved carbon
dioxide can be calculated by carbon dioxide concentrations in the gas phase.
Concentrations in the gas phase, e.g. in bioreactors, can be directly measured using

an off gas analyzer.

Carbon Dioxide and Carbonic Acid-Base Equilibria:

Equation 1 COz(g) — COZ(aq)

Dissolved CO»,q) IS hydrated in water {H20) to carbonic acid (H2COs).

Equation 2 c0,4 + H,0 & H,C0;

In aqueous solutions at neutral pH and 37 degC hydrated species carbonic acid Is
almost nonexistent; both species therefore can be combined to H2CQO3*
(CO2(aq) + H2CO3 = H2C03). At typical fermentation pH around 7.00, H,CO5
dissociates to bicarbonate (HCO3-) and a proton (H+). Carbonate (CO32-), the

deprotonated species Is almost nonexistent at neutral pH values.
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Aqueous CO, (aq) can dissolve limestone
CaCOs + CO» (aq) + H>0 «» Ca“*(aq) + 2 HCO3 (aq)
and can react with the water to form carbonic acid
CO; (aq) + H.0 & HCO3 (aq)
5 Only a small fraction exists as the acid, so the dissociation constant K is

H,C0;(ag)] :
[CO;(ag)]

=

Carbon Dioxide and Carbonic Acid-Base Equilibria

Dissolved CO2 in the form of H2C03 may loose up to two protons through the acid
eqguilibna
10 Equation 3 H,C0; o HCO; + HY Kg =103

Equation 4 Hco; o O3 + HY  Kg, = 1071033

Dissociation constants Ks;and Ksz , are given here for standard conditions (298,15
K, ion strength | = 0 M) [Goudar, C.T.C., Matanguihan, R., Long, E., Cruz, C., et al,,
Decreased pCO2 accumulation by eliminating bicarbonate addition to high cell-

15  density cultures. Biotechnology and Bioengineering 2007, 96, 1107-1117].

For cell culture conditions temperatures of 37 degC as well as ion strengths of 0.1 M
can be used. This will change the respective dissociation constants to 10°%% and 10

1004 respectively.

Ratio of all species carbon dioxide (H2CO3 ), bicarbonate HCO5™ and carbonate

20 CO3” can be calculated using the Henderson-Hasselbalch-Equation.

Equilibrium equations:

- __ [HY][HCO;]
Equation 5 K, = T

__[HH[cogT)
[HCO7]

Equation 6 kg,

Acid equilibrium equations can be solved to give the fraction « of respective

25 carbonates as a function of proton concentration, hence pH:

_ [H1)?
H; €05 [HT 2+ [HY]+K g1+ K1 K52

Equation 7 «
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[HF]+K 54
[HY )2+ [HY]*Kg1+ K51 K52

Equation 8 «y.-=

HegiHgo

Equation 8 o, ,-= A A 1K 511 KoK sz

Relative H2C0O3 concentration is in effect CO2 (aq) in equilibrium with water.
Computing the pH

In the following, an exemplary computation of an expected pH based on carbon

dioxide concentration in water at 37 degrees Celsius will be described:

It carbon dioxide concentration in gas phase 1s known, dissolved carbon dioxide
concentration can be calculated by the use of the Bunsen coefficient, valid at
atmospheric pressure at 37 degC [Loéffler, G., Petndes, P.E., Physiologische
Chemie, Springer-Verlag, 2013].

CO2aq = 0.0304 [mmol/L*mmHg] * pressure * carbon dioxide concentration gaseous
phase/ 100.

The pressure in this case Is atmospheric pressure of 750.06 mmHg.

There may be 10% carbon dioxide in the gas phase of a tank. The carbon dioxide is
given in [%]. The partial pressure of CO; in mmol/L (COz5q [mmol/L]) is in this case
computed according to 750.06 mmHg * 10 % / 100 = 75,006 mmHg. We have then
mmol/L COz4q .

Then, the proton concentration of the first equation H2C0O3 => H+ + HCO3- 1s

computed via equation 5 and equation 6:
H" concentration eguation 5 = 1,01468E-06 mmol/L.
H™ concentration equation 6 = 1,06941E-10 mmol/L.

The overall H" concentration therefore is 1,01468E-06 mmol/L + 1,06941E-10
mmol/L = 1,01479E-06 mmol/L.

The contribution of equation 5 to the overall H* concentration is larger than that of

equation 6.

pH ts then computed according to pH= —log(1,01479E-06) = 5,99.
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The CO2 concentration in the gas phase can be computed based on bicarbonate
concentration and pH according to:
—pH12
(oo e )

[10 PH]2 + [10PH] * Kg; + Kg1Ksy
b

COz[CVD] — * 100

750,06 mmHg

With b being the Bunsen coefficient of 0.0304 mmol/L*mmHg at normal atmospheric

pressure of 750,06 mmHg, pH being the pH value of solution, and C being the

concentration of bicarbonate In [mmol/L].

First, the amount of CO2 dissolved in water (aq) under normal atmosphere of

pressure is computed using Henry's Law

Equation 10: [CO2(aq)}] = Koz * H , wherein Kgoz is the CO2 concentration

measured in the gas phase/offgas and H Is the Henry solubiiity.

After having determined [€C02(aq)] (equation 10) and K¢, (equation 5), the formula
[H*}

Equation 11: Kgq = C02(a0)]

Can be resolved for computing the pH as

pH = logo([H™]) = 10910(\/1{51 ¥ [CO—Z(BCD]) :

Computing the expected pH value using a medium specific relation

According to embodiments, the comparison unit, for computing of the second pH
value, reads a medium-specific relation from a data storage medium. The medium-
specific relation Is specific for the medium M1 of the first tank and indicates a
relation between the pH value of the medium M1 and a respective fraction of COZ2
gas in a gas volume when said medium is in pH-CO2 equilibrium state with said gas
volume and lacks a cell culture. The comparison unit inputs the first CO2
concentration into the medium specific relation for calculating an absolute pH value

expected for the medium in pH-CO2 equilibrium at the predefined temperature and
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pressure and under the absence of a cell culture. The absolute pH value is used as

the computed second pH value.

This may be advantageous as a medium specific relation that correlates the pH

value in the medium with a COZ2 concentration in the offgas in CO2-pH equilibnum

state can be obtained empirically for any kind of medium, including media

comprising a plurality of substances which have an impact on the pH-CO?2

equilibrium.

According to embodiments, the medium-specific relation is an equation
PPHn1(CO2) =REL-M1(CO2) obtained by mathematically fitting multiple empirically
determined pairs of a pH-value of the medium (M1) and a respectively measured
fraction of COZ2 gas in a gas volume. PPHu1(CO2) is the predicted pH value in a
medium (M1) when said medium lacks a cell culture and is at pH-CO2 equilibrium
with a gas volume above said medium, said gas volume comprising the CO2
concentration used as input parameter. The COZ 1s an input parameter value and
represents the CO2 concenfration in a gas volume above the medium (M1) in pH-

CO2 equilibrnium state under the absence of the cell culture. REL-M1 is a set of one
or more parameters (al, a2, b1, b2, b'3) connected by operators. The parameters

have been obtained empirically by a method comprising:

e adjusting samples of the medium (M1) lacking the cell culture to multiple different
pH values, thereby tetting the samples reach pH-CO2 equilibrium with the gas

volume above the medium In the respective sample,

¢ determining the fraction of CO2 gas in a in respective gas volume being in ph-

CO2 equilibrium with the medium in the samples,

e plotling the determined COZ2 gas fractions against the respective equilibrium pH

values of the samples,

o fifting a curve in the plotted values and deriving the parameters (a1, a2 or b1, b2,

b3) of the medium-specific relation from the fitted curve.

For example, the medium specific relation can be determined in a special container
or bioreactor that comprises a C0O2 offgas sensor and an online pH measuring

device. The conditions used for determining the medium specific relation, e.q.
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temperature and pressure, are preferentially the same or very similar to the

temperature and pressure prevailing when measuring the first pH value.

According to embodiments, the medium M1 in the tank whose pH value I1s measured
is a medium of defined composition that is known to have the same composition like
the medium used for empirically generating the medium-specitic relation. For
example, the medium in the tank and the medium used for generating the medium
specific relation may be prepared by the operator of the tank or may be retrieved
from a provider who discloses all components of the medium and the respective
concentrations. Thus, the expressions “same type of medium” or the “same
medium” as used herein both refer to media having the same composition at least in

respect to all components having an impact on the pH-CO2 equilibrium.

For example, the mediljm may be a bicarbonate buffer that is free of any other
substances (except the bicarbonate) which have an impact on the pH-C0O2
equilibrium. Some providers of commercially available media do not disclose the
complete list of ingredients. By preparing the buffer having a defined, limited set of
components, the operator of a tank may ensure that the medium in the tank has
exactly the same composifion like the medium used for generating the medium
specific relation. This may prevent an erroneous detection of a pH measuring

problem or could the missing of a real pH measuring problem.

According to embodiments, the determination that the first pH measuring device has
a pH measuring problem is made in case the first and second pH values differ from
each other by more than a threshold value. Likewise, the determination that the first
pH measuring device has a pH measuring problem is made in case a first data
value differs from a second data value by more than a further threshold, the first
data value being derived from the first pH value, the second data value being
derived from the second pH value. For example, the threshold may be set by an
operator of the tank to which the first pH measuring device 1s coupled and may
depend on the accuracy requirements of the operator or the project for which the

tank and the medium Is used.
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According to embodiments, the first tank 1s a bioreactor or a harvest tank or a

calibration box.

According to a further beneficial aspect, CO2 concentrations measured in a
particular tank may be used for calibrating or re-calibrating an erroneously calibrated

pH measuring device.

In a further aspect, the invention relates to a method for calibrating or re-calibrating
a first pH measuring device. The method comprises comparing pH values and CO2
concentrations measured In the first and in the second tank as described above for
embodiments of the invention for determining that the first pH measuring device is
affected by a pH-measuring problem; and calibrating the first pH measuring device
such that it outputs the same pH value like the second pH measuring device In case
the first and second COZ2Z concentrations are identical. Alternatively, the method
comprises computing an expected second pH value from a firsf COZ concentration
measured In the offgas of a first tank as described above for embodiments of the
invention for determining that the first pH measuring device In the first tank 1s
affected by a pH-measuring problem; and calibrating the first pH measuring device
such that it outputs the same pH value like the pH value computed as a function of

the first CO2 concentration.

According to a further beneficial aspect, CO2 concentrations measured in a
particular tank may be used for calibrating or re-calibrating an erroneously calibrated
pH measuring device without removing and re-inserting the pH measuring device

from and to the tank.

In a further aspect, the invention relates to a method of operating a tank comprising
a first pH measuring device. The first pH measuring device Is an online measuring

device, the method comprising:
- growing a cell cuilture in the tank, the tank comprising a growth medium,
thereby repeatedly measunng the pH in the growth medium by the first pH
measuring device;

— replacing the growth medium and the cell culture contained therein in the tank

with a medium (M1) for which a relation between pH and CO2 in equilibrium
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Is known; for example, said medium M1 may be a medium whose
corresponding medium-specific relation is stored in a data storage medium
accessible to a comparison unit that performs the determination if a pH

measuring problem exists, or the medium M1 may be a solely bicarbonate-

buffered medium allowing the computation of the absolute pH value from the
CO2 offgas concentration at pH-CO2 equilibrium;
— after having replaced the growth medium, computing an expected second pH

value from the measured CQO2 off gas concentration as described above for

embodiments of the invention for determining that the first pH measuring
device I1s affected by a pH-measuring problem;

— if a pH measuring problem was detected, calibrating the first pH measuring
device such that it outputs the same pH value like the pH value computed as
a function of the first CO2 concentration for the medium (M1);

— after having calibrated the first pH measuring device, replacing the medium in

the tank with the growth medium.

Said features may be advantageous as it 1s not necessary any more to withdraw the
pH measurihg device from the tank, execute some calibration tests, optionally
recalibrate it, autoclave the pH meter and reintroduce the autoclaved pH meter into
the tank. Rather, the pH measuring device, which may be an online pH measuring
device located within the tank, can be checked and re-calibrated in the tank. This

may reduce the contamination risk and save time.

According to a further beneficial aspect, CO2 concentrations measured in a
particular tank may be used for identifying pH offset effects caused by taking a

sample of the medium in the tank.

In a further aspect, the invention relates to a method of determining pH offset effects
caused by taking a medium sample from a first tank. The method comprising
providing a tank-external, offline pH measunng device and providing the first tank.
The first tank comprises a first pH measuring device. The first pH measuring device
IS an online pH measuring device located within the first tank and i1s at least partially

surrounded by the medium (M1) in the first tank. The method further comprises:

— calibrating the first (tank-internal) pH measuring device by computing a predicted,
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absolute pH value from a measured CO2 offgas concentration of the first tank for
determining if the first (tank-internal) pH measuring device Is affected by a pH-
measuring problem: and calibrating (if a pH measuring problem was detected) the
first (tank-internal) pH measuring device such that it outputs the same pH value

like the pH value computed as a function of the first CO2 concentration;

transferring the tank-external, offline pH measuring device into a calibration box
comprising the same type of medium (M1) as the first tank; and calibrating (if a
pH measuring problem was detected) the tank-external, offline pH measuring
device by computing a predicted, absolute pH value from a measured CO2 offgas
concentration of the calibration box for determining if the tank-external, offline pH
measuring device is affected by a pH-measuring problem; and calibrating (if a pH
measuring problem was detected) the tank-external, offline pH measuring device
such that it outputs the same pH value like the pH value computed as a function
of the CO2 concentration measured in the off gas of the calibration box; thus, the
calibration box is used as the tank comprising the pH measuring device to be
calibrated and is used as a container whose CO2 offgas sensor Is used for
measuring the CO2 concentration used as input for computing the second pH

value to be used for calibrating the tank-external, offline pH measuring device.

After having calibrated the first pH measuring device and the tank-external pH

measuring device, the method comprises:

measuring, by the first pH measuring device, a first current pH value of the

medium in the first tank, the first current pH value being an online-measurement

value;

taking a sample of the medium of the first tank and filling the sample into a

portable container;

positioning the tank-external pH measuring device such that it is at ieast partially

surrounded with the medium in the sample container;

measuring, by the tank-external pH measuring device, a second current pH value
of the medium in the sample container, the second current pH value being an

offline-measurement value;

in case the first and the second current pH values differ by more than a thresholq,

determining that the sampling process caused an pH offset effect.
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According to embodiments, the method further comprises:

— receiving a third CO2 concenfration and a third pH value, the third CO2
concentration being a CO2 concentration of a third gas volume above the
medium in the first tank, the third CO2 concentration and the third pH value
being measured at a third time, the third time being a time when the medium in
the first tank i1s iIn pH-CO2 equilibrium state at a predefined temperature and
nressure with the third gas volume and after said equilibrium state is modified by
the metabolism of the cell culture in the first tank, the third pH value being a

measured value provided by the first pH measuring device;

— recelving a fourth CO2 concentration and a fourth pH value, the fourth CO2
concentration being a CO2 concentration of a fourth gas volume above the
medium In the second tank, the fourth CO2 concentration and the fourth pH
value being measured at a fourth time, the fourth time being a time when the
medium In the second tank is in pH-CO2 equilibrium state at the predefined
temperature and pressure with the second gas volume and after said
equiibrium state 1s modified by the metabolism of the cell cuiture in the second
tank, the fourth pH value being a measured value provided by the second pH |
measuring device, the lapsed time between the third time and the inoculation of
the first tank being identical to the lapsed time between the fourth time and the

inoculation of the second tank:

— receiving a measured first oxygen uptake rate of the cell culture in the first tank
at the third time;

— receiving a measured second oxygen uptake rate of the cell culture in the

second tank at the fourth time;

— In case the first and second oxygen uptake rates are identical, comparing the
third and fourth pH values and CO2 concentrations for determining If the first
and second pH measuring devices are calibrated differently.

For example, said steps may be performed by a comparison unit, e.g. a piece of

program logic that monitors and/or controls the pH measurements and calibration

states of one or more pH measuring devices. In addition, the comparison unit or a

control unit coupled to the comparison unit may monitor and/or control the state of
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one or more tanks.

Accurately measuring and minimizing offset eftects of a sampling process may be
highly advantageous as the pH value measured in a sample may often be used as
an important control parameter of bioreactors. The pH value measured in a sample
of the medium of a bioreactor may often be the basis for taking corrective actions,
e.g. for adding a basic substance, Increasing or decreasing the temperature or feed
rate may be performed. By calibrating the fank-internal pH measuring device as well
as the tank-external pH measuring device based on a measured COZ concentration,
both pH measuring devices can be calibrated with respect to a highly accurate,
absolute pH value that can be derived exactly from the CO2 concentration. Thus,
calibration differences can be minimized. As a consequence, when operating the
tank and regularly taking media samples, any difierence In the pH value of the tank-
internal pH measuring device and the tank-external pH measuring device can
clearly be ascribed to sampling effects, not to calibration differences. Thus, the
effect of the sampling process can be determined more accurately and can be
filtered out (e.g. by computationally adding or subtracting the ph difference caused

by the sampling process) from the pH value measured by the tank-external pH

measuring device.

According to embodiments, the first pH measuring device 1s at least partially
surrounded by the medium within the first tank. The first tank lacks means for
manually or automatically taking a sample of the medium in the second tank.
Alternatively, the first tank comprises means for manually or automatically taking a
sample of the medium In the first tank, but all openings of the sampling means are
kept close during a time interval after filling the medium in the first tank and before
adding a cell culture to the medium In the first tank. This may reduce the risk of

contaminating the tank with microbes.

According to embodiments, the second pH measuring device I1s at least partially
surrounded by the medium within the second tank. The second fank lacks means for
manually or automatically taking a sample of the medium in the second tank.

Alternatively, the second tank comprises means for manually or automatically taking
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a sample of the medium in the second tank, but all cpenings of the sampling means
are kept close during a time interval after fitlling the medium In the second tank and

before adding a cell culture to the medium in the second tank.

According to embodiments, the method for determining pH measuring problems
described herein for embodiments of the invention used for determining if the
second pH measuring device is calibrated differently than the first pH measuring
device, the determination if the first and second pH measuring device are calibrated
differently being performed while the second pH measuring device Is at least
partially surrounded with the medium in the second tank and without taking a

sample of the medium of the second tank for performing said determination.

According to embodiments, comparing the pH values measured by two or more
different pH measuring devices, the determination if the first pH measuring device is
affected by a pH measuring problem is performed by using the first and second COZ2

concentrations and the first and second pH values as the only data input for said

determination.

According to embodiments, comparing the pH value measured by a particular pH
measuring device with an expected ph value computed from the measured COZ
concentration, the determination if the first pH measuring device Is aftected by a pH
measuring problem is performed by using the measured pH value and the
measured CO2 concentration of the tank comprising said pH measuring device as

the only data input for said determination.
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