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The growth of continuous processing in the
bioprocess industry is driving demand for sen-
sors that can be used reliably for extended
periods of time with no degradation in sensor
performance. This push toward continuous
manufacturing, coupled with the benefits of
single-use technology, creates demand for sin-
gle-use sensors that have proven performance
during long-term use. The following article de-
tails extensive lab testing conducted by Pendo-
TECH to demonstrate the reliability and per-
formance of PendoTECH Single-Use Pressure
Sensors™ over time. This data demonstrates
that PendoTECH sensors are durable enough
to meet the demands of continuous processing
with no loss in performance compared to more
traditional, nondisposable technologies.

In addition to being robust enough for
continuous processing, PendoTECH single-
use pressure sensors are accurate enough for
processes requiring highly precise measure-
ments, including leak testing. It is critical to
ensure the integrity of disposable bags prior
to use in processing. PressureMAT™ HR
monitors, along with single-use pressure sen-
sors, are a cost-effective and reliable means of
performing leak testing without compromis-
ing the sterility of a disposable system.

Requirements for
Use in Continuous Processing

For single-use sensors to be viable in a com-
mercial continuous processing facility they
must be made of highly durable materials and

be available in smaller sizes than sensors tradi-
tionally used in large batch processes. All prod-
uct contact components used in PendoTECH
single-use pressure sensors are designed and
have been tested to withstand continuous use
of up to 90 days. Any use of PendoTECH sin-
gle-use sensors for greater than 90 days should
be evaluated by the end user before incorporat-
ing into their process.

Another challenge of incorporating single-
use sensors into a GMP process is the closed
nature of the bioprocess system and associated
single-use manifold. Generally, this manifold
arrives presterilized, and thus calibration can-
not be done at time of use without compro-
mising the sterility of the system. PendoTECH
has developed a solution for each single-use
sensor, and associated monitor, resulting in the
claim of “no calibration required” at the point
of use. The methods used to make this claim
for single-use pressure sensors are shown in
Table 1 under “Built-In Accuracy Method.”

In addition to examining the impact of
time and type of exposure of the sensor ma-
terials, during a continuous process of up to

90 days, the susceptibility of the sensor to
measurement drift/change in calibration was
examined. Finally, during continuous pro-
cessing, it is imperative that all data from the
sensors be transmitted in real time to higher-
level control systems and to data historians.
The method in which PendoTECH monitors
communicate with higher-level control sys-
tems will also be discussed.

Single-Use Sensor:
Materials of Construction,
Sizes, and Technology

For use in extended continuous processes,
single-use sensors must be designed for single
use without sacrificing performance and life-
time compared to traditional stainless-steel in-
struments. The materials used in PendoTECH
single-use pressure sensors are well-character-
ized and highly durable polymers commonly
found in other biopharmaceutical and medical
device products that require long life cycles.

Because of the lower flow rates and smaller
working volumes found in some continuous
processes, relative to traditional batch op-

Figure 1. PendoTECH’s Single-Use Pressure Sensors measure static and dynamic pressure of
gases and liquids in biopharmaceutical processes. As this photo indicates, these sensors are
available in a range of sizes.
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erations, small ID tubing and associated
sensors are desired to increase linear ve-
locity inside the tubing, promoting uni-
form flow and preventing settling from
occurring. To meet these requirements,
PendoTECH single-use pressure sensors
are available with 1/8-inch hosebarb spe-
cifically designed for flow rates less than
15 mL/min. Conversely, PendoTECH
single-use pressure sensors are also avail-
able with inlet/outlet up to 1-inch hose-
barb and 1.5-inch TC to accommodate
larger scale processes. The complete
range of sizes is shown in Figure 1.

Performance and Results

The growth of continuous pro-
cessing coupled with the benefits of
single-use technology creates demand
for single-use sensors that have proven
performance during extended use. To
demonstrate the performance of Pen-
doTECH single-use sensors over time,
lab studies on PendoTECH single-use
pressure sensors were carried out, dem-
onstrating that the sensors maintain
accuracy during periods of prolonged
continuous use.

PendoTECH also conducted stud-
ies to demonstrate the accuracy of its
PressureMAT-SHR™ model. This
“high-resolution” monitor is specifical-
ly designed for very-low-pressure mea-
surements. The full test procedure and
results are available by contacting Pen-
doTECH, but an overview of the test is
presented at the end of this article.

Integration to Higher-Level
Process Control Systems

Single-use sensors and their associated
monitors should have built-in commu-
nication protocols allowing for data to
be transmitted, in real time, to higher-
level control systems and data histori-
ans. Analog signals, such as 4-20 mA,
remain popular due to their simplicity.
But digital communication protocols
are becoming increasingly popular as
production facilities continue to grow
more sophisticated.

Figure 2 illustrates a generic plant
architecture diagram. The sensors and
monitors occupy the boxes to the left,
while higher-level control systems are
represented by the boxes on the right

Table 1. Sensor Type, Materials, and Accuracy

Sensor Type Primary Contact Materials

Built-In Accuracy Method

half of the diagram. Monitors that have
built-in transmission functions can be
seamlessly integrated into existing plant
architecture via analog or digital output
signals.

Monitors, such as those offered
by PendoTECH, have communica-
tion options for integration to existing
plant architecture. They also have veri-
fication tools to test their performance
independent of the sensor. This feature
can be used to test the communication
chain from the monitor.

Conclusions

In summary, PendoTECH single-use
sensors are robust enough to be consid-
ered for qualification in GMP processes.
Sensors incorporated into a continuous
processing facility must be evaluated
based on process-specific user require-
ments—such as required sensor lifetime,
compatibility, and process accuracy re-
quirements. PendoTECH single-use
sensors are accurate enough for sensitive
applications, such as leak testing, and
can be read locally as well as integrated
into higher-level systems. GEN
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Figure 2. This diagram shows sensors and monitors
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Overview of PendoTECH's Performance Tests

To demonstrate the long-term ac-
curacy of PendoTECH  single-use
pressure sensors, a randomly selected
group of sensors representing three lots
of product were exposed to a constant
pressure of 10 psi for 93 days. Tables A
& B present information gathered dur-
ing testing as well as post-experiment
sensor verification, demonstrating sen-
sor performance versus a calibrated
gauge. No tare of the sensors was con-
ducted post-exposure.

After 93 days exposure to 10 psi,
the pressure sensors remained accu-
rate. Overall, the test results clearly
show the PendoTECH single-use pres-
sure sensors remain well within their
stated accuracy specification over the
life of the experiment.

Use in System Leak Testing

Some applications, such as leak test-
ing of disposable bags, require accurate
pressure readings to at least three deci-
mal places. It is highly advantageous
to be able to conduct these tests with a
single-use pressure sensor, preinstalled
on the bag/manifold, so that sterility is
not compromised during this test.

To address this requirement, Pendo-
TECH developed a modified version of
its PressureMAT™ (PMAT) monitor
for single-use sensors. This version is the
“high-resolution” (HR) model. In con-
trast to the standard monitor that can
read up to 75 psi, HR models have been
modified and optimized for low-pres-
sure measurements to 7.5 psi (~0.5 bar).
This is ideal for low-pressure applica-
tions, and the zero-offset stability (ZOS)
is reduced to <0.003 psi, compared to

0.03 psi for the standard PMAT.
PendoTECH conducted tests to
demonstrate the effectiveness of the
PMAT-SHR, and single-use pressure
sensors, to measure extremely low
pressures after gamma irradiation.

Testing Process

In this experiment, 30 sensors were
randomly selected from three separate
lots and exposed to two different lev-
els of gamma irradiation: 27.5-33 kGy
(low) and 40435 kGy (high).

* = Polysulfone

Using a low-pressure test pump in
conjunction with the Crystal XP2i
(from Ametek) high-accuracy pres-
sure test gauge, the sensors were sub-
jected to vacuum at -0.50, -0.25, and
-0.10 psi, and then pressurized to 0.05,
0.10, 0.15, 0.20, 0.25, 0.50, 1.00, and
2.00 psi. The pressure displayed on
the PMAT-SHR pressure monitor was
recorded at each pressure or vacuum
level, and results were compared with
that from the Crystal gauge.

GEN

Table A. Accuracy at Constant 10 psi after 93 Days

Test Duration: 10/25/2016 - 1/26/2017

Continued on page 22

Sensor ID Average Mininum Maximum Sensor
Pressure (psi) | Range (psi) Range (psi) Performance
1152607-01 10.03 9.94 10.12 Pass
1152607-02 10.01 992 10.10 Pass
1152607-03 10.00 9.91 10.09 Pass
1152607-04 9.93 9.85 10.04 Pa
1161066-01* 10.02 9.95 10.11 Pass
1161066-02* 10.01 9.94 10.11 Pass
1161066-03* 10.04 9.97 10.15 Pass
1161066-04* 10.01 9.93 10.09 Pass
1151819-01 999 9.88 10.08 Pass
1151819-02 10.00 9.89 10.10 Pass
1151819-03 10.01 9.90 10.11 Pass
115181904 10.01 9.91 10.10 Pass
Acceptance 3% 3% 3% Al Within
_ Criterion (+/) 0.30 9.70 10.30 Specifications

* = Polysulfone
All others =PC

Table B. Pressure Accuracy Verification after 93 Days

Test Duration: 10/25/2016 - 1/26/2017

Applied Pressure (psi)

Sensor

Sensor ID

5 10 20 30 40 50 Performance
. 499 1010 20.17 30.09 4029 5058 Pass
-0.04 497 1005 20.19 30.09 4056 51.22 62.15 Pass
. 495 10.08 20.22 30.21 4085 51.78 62.99 Pass :
_1152607-08 493 1001 20.05 30.10 4049 51. Pass ' -
499 10.07 2020 30.15 4048 . Pass
499 10.07 20.19 30.13 4050 51.26 62.14 Pass
499 1013 20.19 3028 40.72 5133 6232 Pass
498 10.07 20.12 30.17 4041 51.11 61.93 Pass
. 498 10.03 20.12 30.17 4046 51.26 62.14 Pass
: 498 1009 20.14 30.16 40.67 5135 Pass
-0.03 500 1010 20.16 30.18 40.72 Pass
-0.01 5.00 10.06 20.19 30.27 40.72 Pass
Acceptance 2% 3% 3% 3% 5% 5% 5% All within
Criterion (+) 010 030 060 090 200 250 3.00 specifications
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Overview of PendoTECH's Performance Tests

Results

Tables C & D report the testing re-
sults after applying a known pressure/
vacuum to each sensor from one lot
exposed to both irradiation levels. The
averages, standard deviations, and rela-
tive standard deviations were calculat-
ed and reported for sensors grouped by
lot and irradiation level. These results
show that group averages, measured to
three decimal places, are nearly identi-
cal to the applied pressure. The accu-
racy specification of the sensors is +2%
of reading plus the 0.003 psi ZOS.

Looking at the data in both tables,
all the data points on the 10 sensors
tested meet that accuracy specification.
The statistics also demonstrate the pre-
cision of the sensor/PMAT-SHR com-
bination.

For potential use in a pressure-hold/
leak-test application, the contribution
of the 0.003 psi ZOS can be calculated
by the following example. Populate the
following formula based on testing a
single-use assembly with an approxi-
mate bag volume of 1,000 L for con-
verting pressure hold to leak rate from:

Rate=(APx V__ )/(TesttimexP )
=(x0.003 psi x 1,000 L)/(10 min x 14.7 psi)

=+0.020 L/min

During a potential test, you could
expect to see a potential fluctuation
of £0.003 psi from the PMAT-HR
corresponding to a value of +20 mL/
min during the test that would not be
interpreted as a leak. This rate value
would go up or down proportionately
with larger or smaller containers. This

Table C. Pressure Results from Sensors Exposed to Low Levels of Radiation

Lot 1131340 - Irradiation Level 27.5 - 33.0 kGy (low)

Gange Pressrs (ued Sensor # Group Standard Relative

1 2 3 4 5 Average Dev.  Std. Dev.
-0.500 -0502 0501 0500 -0498  -0.501 -0.500 0.0015 0.30%
-0.250 0253 0250 -0251 0250 0251 -0.251 0.0013 0.52%
-0.100 -0.101 0101  -0.100 -0.100 -0.100 | -0.100 0.0005 0.55%
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000 0.00%
0.050 0.050 0.049 0.050 0.050 0.051 0.050 0.0004 0.90%
0.100 0.100  0.099 0.100 0.100 0.101 0.100 0.0004 0.45%
0.150 0.149 0.150 0.149 0.150 0.151 0.150 0.0005 0.37%
0.200 0.200 0.200 0.199 0200 0.201 0.200 0.0004 0.22%
0.250 250 0.24 0.249 0.249 0251 0.249 0.0005 0.22%
0.500 0.500 0.500 0.500 0.498 0.502 0.500 0.0009 0.18%
1.000 1.000 1.004 0.999 0.997 1.005 1.000 0.0025 0.25%
2.000 2.007 2006  2.003 1.999 2012 2.003 0.0035 0.18%

Table D. Pressure Results from Sensors Exposed to High Levels of Radiation

Lot 1131340 - Irradiation Level 40.0 - 45.0 kGyv (high)

Gange Prossavo (psl) Sensor # Group  Standard Relative

6 7 8 9 10 Average Dev.  Std. Dev.
-0.500 -0.501 -0.500  -0.501 -0.499 -0.502 -0.500 0.0008 0.17%
-0.250 0251 0250 _-0251 0249 0252 | -0250 0.0008 0.33%
-0.100 -0.101 -0.101 -0.101 1 -0.099  -0.101 -0.100 0.0009 0.89%
0.000 0000 0000  0.000 0.000 0.000 0.000 0.0000 0.00%
0.050 0049 0049 0050 0.051 0.050 0.050 0.0008 1.68%
0.100 0.099 0099  0.100 0.101 0.100 0.100 0.0008 0.84%
0.150 0.149 0.149 0.150 0.150 0.150 0.150 0.0005 0.37%
0.200 0200 0200 0200 .201 0.200 0.200 0.0004 022%
0.250 0.250 0.248 0.250 0.251 0.251 0.250 0.0007 0.28%
0.500 0500 03500  0.501 0.501 0502 0.500 0.0005 0.11%
1.000 1.002 1.000 1.002 1.000 1.004 1.001 0.0011 0.11%
2.000 2.007 2004  2.007 2.004 2.010 2.004 0.0029 0.14%
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Continued from page 21

Z0S factor would need to be consid-
ered for any test design. And, relative
to the single-use systems having a con-
stant volume (V), a settling time should
be considered before the final tare to
achieve rigid position of the somewhat
flexible components.

Conclusion

Leak-testing/pressure-decay on sin-
gle-use systems with air is feasible by
applying the ideal gas law as long as
a pressure-sensing device can measure
to the accuracy required for a low-
pressure system, such as in single-use
bioreactors and storage bags. The data
presented here indicate that using the
PMAT-HR monitor with Pendo-
TECH single-use pressure sensors pro-
vides excellent experimental results for
high-accuracy pressure measurement
in the range of -0.500 to 2.000 psi.

Furthermore, the data show that
two typical levels of gamma irradia-
tion make no significant difference in
the accuracy or consistency of re-
sults. The increased resolution of the
PMAT-HR by 10-fold over the stan-
dard monitor reduces the error of a
low-pressure process measurement and
improves its capability for leak testing
in single-use sensors.



