
 

Page 1 of 62 

  

 

Validation Guide for  
PendoTECH® Single Use Temperature 

Sensors™ 

 
 

 

Revision 3 

 

 

 

  

 
 

 

 
 
 
 

  
 
 
 
 

www.pendotech.com 
 

CONFIDENTIAL



 Validation Guide for PendoTECH Single Use Temperature Sensors  Revision 3 

CONFIDENTIAL- NOT FOR GENERAL DISTRIBUTION 

Page 2 of 62 

 
Validation Guide for  

PendoTECH Single Temperature Sensors 
 

 

Copyright © 2007-2022, PendoTECH  

 

All rights reserved. No part of this publication may be reproduced, stored in an electronic 

retrieval system, or transmitted, in any form or by any means, whether electronic, 

mechanical, by photocopying, or otherwise, without the written consent of PendoTECH.  

 

PendoTECH assumes no responsibility for the use of this product except for what is covered 

in the Limited Warranty and Terms and Condition of Sale for products.  The products are 

not designed, intended or authorized for use as components in life support or medical 

devices. They are not designed for any application in which the failure of the product could 
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1 INTRODUCTION 

 Product overview 

 PendoTECH Single Use Temperature Sensors measure temperature in processes accurately and cost 

effectively. They are low cost for single use applications, but may also be repeatedly cleaned and re-

used. They are perfect for bioreactor, filtration and chromatography processes, filling operations, and 

general process monitoring. These sensors connect to monitors via a reusable cable. Suitable 

monitors include the handheld unit TEMP340, a PendoTECH Process Control System, a DIN Rail 

mountable transmitter with a 4-20 mA output, or other pre-qualified third-party monitors. They are 

the alternative solution for use with tubing to the existing temperature measurements devices on the 

market. To optimally adapt to tubing the sensors are available with either a hose barb fitting, or 

sanitary flange. Tubing can be secured directly to the hose barb fitting and the hose barb design 

imparts no obstruction on the fluid path that can cause a pressure drop and there is no dead-leg at the 

point where the temperature is measured. The temperature sensing element is a thermistor. No 

calibration is required because the temperature versus resistance for the thermistor element is well-

defined within the specified accuracy range. Within the instrument, the measured resistance is 

converted to the temperature. 

 Purpose of this document 

 The purpose of this document is to assist end users in qualifying the sensors for use in their process. 

Each prospective user must test the sensor for its proposed application to determine its suitability 

for the purpose intended prior to incorporating the sensor to any process or application. The 

sensor is not intended for use as a component in life support. The sensor is not designed for any 

application in which the failure of the product could result in property damage, personal injury, 

or death. Proper Safeguards must be put into place for the process in which the sensor is used.  

 Qualification testing comment. 

 Testing was completed to qualify the product for use in bioprocess applications.  In the product 

manufacturing process, stainless steel tubes and thermistors are installed into the polysulfone 

product bodies. Pre-existing specifications on certain materials used in the single use temperature 

sensors are noted.  
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2 PRODUCT CATALOG NUMBERS 

PendoTECH Product Catalog Numbers Covered in This Document 

Part Number Description 

TEMPS-N-012 Single Use Temperature Sensor, Non-Sterile, 1/8 inch Hose Barb, Polysulfone 

TEMPS-N-025 Single Use Temperature Sensor, Non-Sterile, 1/4 inch Hose Barb, Polysulfone 

TEMPS-N-038 Single Use Temperature Sensor, Non-Sterile, 3/8 inch Hose Barb, Polysulfone 

TEMPS-N-050 Single Use Temperature Sensor, Non-Sterile, 1/2 inch Hose Barb, Polysulfone 

TEMPS-N-075 Single Use Temperature Sensor, Non-Sterile, 3/4 inch Hose Barb, Polysulfone 

TEMPS-N-1-1 Single Use Temperature Sensor, Non-Sterile, 1 inch Sanitary Flange, Polysulfone 

 

3 MANUFACTURING INFORMATION 

 Product is manufactured in an FDA Registered, ISO 13485:2016 certified facility 

 Product manufacturing environment 

 Final assembly of the flow path components is performed in a laminar flow hood (Class 5 

clean/controlled environment)  

 Polysulfone molded product body- 100% visual inspection 

 Embedded Particulate: Maximum 2 allowed per part. Maximum size of 0.08 mm2 in the fluid path. 

Maximum size of 0.2 mm2 anywhere else. 

 Embedded Bubbles: Maximum 2 allowed per part. Maximum size of 0.08 mm2 in the fluid path. 

Maximum size of 0.2 mm2 anywhere else. 

 Additional Inspection Criteria: Proprietary information on file at PendoTECH 

 Biocompatibility 

 All plastic materials in contact with product fluid path meet USP Class VI requirements 

 All plastic materials in contacts with product fluid are ADCF (Animal Derived Component Free) 

 Each product is tested during manufacturing to verify proper performance 

 100% leak testing on the product contact side  

 Every product is tested electrically to confirm proper electrical performance 

 Each thermistor is tested to verify accuracy 

 Each thermistor is tested at 10°C to confirm 4482Ω ± 0.1°C 

 Each thermistor is tested at 25°C to confirm 2252Ω ± 0.1°C 

 Each thermistor is tested at 40°C to confirm 1200Ω ± 0.1°C 

 Each product is tested to confirm 500VDC isolation minimum between thermistor assembly and 

stainless steel tube 

 RoHS Statement 

 All sensors are in conformity with RoHS 3, EU Directive 2015/863. 
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 REACH Statement  

 PendoTECH hereby certifies that its single use temperature sensors meet the requirements of 

Directive EC 1906/2006 commonly known as REACH (Registration, Evaluation, Authorization and 

Restriction of Chemicals) and that to the best of its knowledge its products are free of any materials 

on the Candidate List of Substances of Very High Concern (SVHC) as stated by the European 

Chemical Agency (ECA) and that none of these materials are added or used in any of its 

manufacturing processes. This declaration is effective with production after September 11, 2015 for 

all Temperature products. 

 

4 MATERIALS 

 Wet Volume and Surface Area 
 

Part Number Wet Volume Wet Surface 

TEMPS-N-012 0.011in3 0.45in2 

TEMPS-N-025 0.048in3 0.91in2 

TEMPS-N-038 0.113in3 1.88in2 

TEMPS-N-050 0.269in3 3.10in2 

TEMPS-N-075 0.890in3 6.14in2 

TEMPS-N-1-1 1.850in3 8.53in2 

  Fluid path components 

 Polysulfone product body: Solvay UDEL P1700; Data provided by suppliers state that they meet 

USP Class VI; claimed to be animal derived component free by suppliers (letters on file at 

PendoTECH) 

 Adhesive: Proprietary formulation; Data provided by supplier states meets USP Class VI; claimed to 

be animal derived component free by supplier (letter on file at PendoTECH) 

 Thermistor Sheath: 304 Stainless Steel; must contact fluid to measure temperature 

 

5 ASSEMBLED SENSOR CERTIFICATIONS 

 USP Class VI Statement  

 All polymeric materials in contact with product fluid path meet the acceptance criteria for USP Class 

VI Test (with 14 day subcutaneous implants) after exposure to 42-51 kGy of gamma irradiation.  

Study Summaries are in Appendix A and full reports are on file at PendoTECH. The test articles 

evaluated were polysulfone pressure sensors, however, the qualification holds true for temperature 

sensors as the fluid path components are 99% identical. The major difference is the presence of a 

304 Stainless Steel sheath for the thermistor in temperature sensors, which is not a polymeric 

material and therefore not subject to USP Class VI testing.  
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 USP 661 post gamma irradiation 

 Fully assembled temperatures sensors meet the criteria of the USP Physicochemical Test for Plastics 

based upon Nonvolatile Residue, Residue on Ignition, and Buffering Capacity after exposure to 27.5 

- 45 kGy of gamma irradiation. The study was conducted based upon the following references: USP 

38, National Formulary33, 2015.  Monograph <661> Containers, Physicochemical Tests-Plastics. 

The sensors did not meet the criteria for Heavy Metals of the USP Physiochemical Test. These 

sensors contain stainless steel probes in the flow path, which likely contributed to this as USP<661> 

is intended for plastic parts. For more detailed information regarding the presence of heavy metals in 

this product, please contact PendoTECH directly. Testing was done with PendoTECH conductivity 

sensors, which are made of identical materials. Test Result Certificates are in Appendix B. 

 ISO 10993-5 post gamma irradiation 

 Fully assembled temperature sensors meet the requirements of ISO 10993-5, Biological Evaluation 

of Medical Devices – Part5: Tests for In Vitro Cytotoxicity and are not considered to have a 

cytotoxic effect.  Testing was done with PendoTECH conductivity sensors, which are made of 

identical materials. Test Result Certificates are in Appendix C and full reports are on file at 

PendoTECH. 

 Particulates 

 Samples of conductivity sensors were randomly selected and sent to Toxikon for particulate testing.  

Testing was conducted in accordance with the following references: USP 41, National Formulary 36, 

2018. <788> Particulate Matter in Injections.  The resulting extracts were analyzed using a Particle 

Measuring System, Automated Parenteral Syringe Sample (APSS)-200 with channel settings of 10 

μm and 25 μm. See Test Report in Appendix D for counts of each particle size. These results also 

apply to temperature sensors as they are manufactured in the same location and consist of the same 

materials  

 Bioburden 

 Samples of conductivity sensors were randomly selected and sent to Toxikon for bioburden testing. 

Testing was performed in accordance with ANSI/AAMI/ISO 11737-1:2018. Following validation, 

the following results were obtained: Average Colony Forming Units (CFU)/Plate = 15.0 and average 

CFU/Device = 31. Test reports are in Appendix E. These results also apply to temperature sensors as 

they are manufactured in the same location and consist of the same materials  

 Endotoxins 

 Samples of Conductivity sensors post 40 kGy gamma irradiation were submitted for Chromogenic 

Endotoxin Testing. The study was based upon the following references: USP 42 NF 37, 2019. <85> 

Bacterial Endotoxin Test. ISO 10993-12, 2012. Following test validation, three test articles gave the 

following results: < 0.00500 EU/mL and < 0.6 EU/device of bacterial endotoxin and meets USP 

<85>, Bacterial Endotoxin Test. Study validation and sample testing reports are in Appendix F. 

These results also apply to temperature sensors as they are manufactured in the same location and 

consist of the same materials  

 Bacteriostatic and Fungistatic (B&F) 

 B&F testing was carried out by the method suitability test via membrane filtration – USP. The study 

was conducted with accordance to the following references: USP 41, NF 36, 2018. <71> Sterility 

Tests. ISO/IEC 17025, 2017, General Requirements for the Competence of Testing and Calibration 

Laboratories. Testing determined the sensors are considered non-bacteriostatic and non-fungistatic, 

according to the USP guidelines. The test articles evaluated were polysulfone pressure sensors, 

however, the qualification holds true for temperature sensors as the fluid path components are 99% 

identical. The major difference is the presence of a 304 Stainless Steel sheath for the thermistor in 

temperature sensors, which would not affect the bacteriostatic and fungistatic properties of the 

sensor. Test reports are in Appendix G. 
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6 PERFORMANCE SPECIFICATIONS 

Attribute Specification Qualification Test Information 

Accuracy 0°C to 70°C: ± 0.2°C  
Qualification Testing by PendoTECH, 

Specifications of Thermistor 

Pressure Range 75 psi max 
In Process Manufacturing Testing by 

PendoTECH 

Gamma Irradiation Up to 50 kiloGrays Qualification Testing by PendoTECH 

X-ray Irradiation Up to 50 kiloGrays Qualification Testing by PendoTECH 

Post Irradiation Accuracy 

0°C to 2°C: ± 0.5°C   

2°C to 50°C: ± 0.2°C   

 50°C to 70°C: ± 0.5°C    

Qualification Testing by PendoTECH 

Operating Temperature 0°C to 70°C Raw Material Specifications 

Storage Temperature -25°C to 65°C Raw Material Specification 

Shelf life 5 years Qualification Testing by PendoTECH 
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7 PENDOTECH TEST METHOD SUMMARY  

 Pressure limit of 75 psi 

 In order to further qualify temperature sensors to be physically compatible at pressures of 75 psi, 

high pressure leak and burst testing was carried out. Testing was performed on PendoTECH Single 

Use Conductivity sensors, which have the same design, consist of the same materials, are 

manufactured in the same location, and use the same temperature sensing element. The only 

difference is that conductivity sensors have two additional electrodes for measuring conductivity. 

Nine sensors, 3 each from 3 different lots, were randomly selected for testing. These sensors were 

first exposed to 100 psi and visually inspected for leaks using soapy water. Afterwards, 150+ psi was 

applied to the sensors to verify sensor integrity by checking for bursts. The final test pressure and 

result for each sensor was recorded.    

 Temperature Sensor Accuracy 

 PendoTECH has carried out a study challenging the thermistors manufacturing claim of “better than 

+/- 0.2ºC (typically better than +/- 0.1ºC)”, in the range 0°C to 70°C. This report covers the results of 

special testing requested by PendoTECH to verify the temperature accuracy claimed on the 

thermistor.  The normal production process measures the thermistor prior to assembly into the full 

sensor, and between 25°C and 45°C.  This testing covers the full range traditionally claimed by 

PendoTECH: 0°C to 70°C. The result of the study addresses special testing on fully assembled 

PendoTECH temperature sensors, which possess the same thermistor in conductivity sensors.   The 

raw resistance measurements demonstrate that the sensors are well within the ± 0.2°C tolerance 

band/specification across the entire 0°C to 70°C range.  Only a few measurements were even outside 

of the ± 0.1°C tolerance band.  Capability analysis shows that the thermistor manufacturing process 

is capable of consistently meeting the requirement. Results of the study are detailed in the report 

below. 

  Shelf life of 5 years and Gamma Compatibility  

 PendoTECH has validated a 5-year shelf life and gamma compatibility for its temperature sensor by 

performance testing real time aged and gamma irradiated sensors. Samples of temperature sensors 

that were stored on the shelf under ambient conditions for 2 years, gamma irradiated, and then stored 

for 3+ more years were tested for accuracy at 2, 10, 20, 50, and 70°C. The sensors were submerged 

in a calibrated MEAS Brand Temperature Bath, which controlled the temperature setpoint. The raw 

resistance readings were measured with a calibrated multimeter and then converted to degrees 

Celsius using the Steinhart-Hart equation. The temperature reading and error for each point are 

reported here. 

 In order to validate sensor integrity after a 5 year shelf life and gamma irradiation, leak testing was 

performed on sensors that were gamma irradiated and stored on the shelf under ambient conditions 

for a total of 5+years. These were the same temperature sensors used for the accuracy testing 

described above. A 90 second pressure decay test was performed at 60 psi. The pressure decay of 

each sensor is reported here. 

 X-ray Compatibility 

 In accordance with the BioProcess System's Alliance (BPSA) white paper on the requirements and 

risk evaluation of the X-ray sterilization of single use equipment, a risk assessment was performed to 

identify the tests required to qualify PendoTECH Single Use Temperature Sensors for X-ray 

irradiation for a dose > 50 kiloGrays (Certificate in Appendix K). As these sensors contain no active 

electronics and are composed of robust, gamma compatible materials, they were deemed to be very 

low risk. Basic functionality and leak testing was still performed to demonstrate compatibility as a 

precaution. Testing was performed on PendoTECH single Use Conductivity sensors, which have the 

same design, consist of the same materials, are manufactured in the same location, and use the same 

temperature sensing element. The only difference is that conductivity sensors have two additional 

electrodes for measuring conductivity. Testing procedures and results are documented below. 
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 Operating Temperature range 0 to 70°C 

 PendoTECH has determined a 0 to 70°C operating temperature range for Single Use Temperature 

sensors based on thermistor qualification and raw material specifications. PendoTECH has on file 

information from all sensor component material suppliers stating operating temperature ranges that 

are congruent with a 0 to 70°C claim.   

 Storage Temperature -2 to 65°C 

 PendoTECH has determined a -25° to 65°C storage temperature range for Single Use Temperature 

sensors based on raw material specifications. PendoTECH has on file information from all sensor 

component material manufacturers stating very wide storage temperature ranges well outside the -

25° to 65°C claim. For consistency and a healthy safety factor, PendoTECH has narrowed the range 

to be the same as other PendoTECH single use sensors. Other storage temperature ranges may be 

viable with proper end user process qualification.  

 

8 PENDOTECH TEST RESULTS 

 Pressure Limit of 75 psi: Burst Testing  

 Procedure: Testing was conducted with conductivity sensors, which are made of identical 

components and assembled in the same facility by the same operators using the same procedure. 9 

conductivity sensors, 3 each from 3 different lots, were randomly selected for testing. First, the 

sensors were exposed to 100 psi and visually inspected for leaks. Soapy water was placed on the 

sensor test port and around the sensor cap to easily identify any leaks. Afterwards, these sensors 

were exposed to pressures of 150+ psi and checked for bursts to verify sensor integrity. The final test 

pressure and burst/leak result for each sensor is reported here 

 Calibrated Pressure Gauge: Model: Druck DPI 104 S/N: 2936090 (Cert in Appendix I)  

 Acceptance Criteria: No identifiable leaks after exposure to 90 psi for 100 seconds and no burst.  

 Data Summary: 

Sensor Lot # 
Leak 

Result 
Burst 
Result 

Final Burst 
Pressure (psi) 

1 19G96991 Pass Pass 160.62 

2 19G96991 Pass Pass 160.64 

3 19G96991 Pass Pass 160.65 

4 19D86473 Pass Pass 160.65 

5 19D86473 Pass Pass 160.65 

6 19D86473 Pass Pass 160.63 

7 19D90369 Pass Pass 160.64 

8 19D90369 Pass Pass 160.65 

9 19D90369 Pass Pass 160.64 
 

 Conclusion: All sensors passed leak and burst testing and are therefore suitable for exposure up to a 

maximum pressure of 75 psi 
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 Temperature Sensor Accuracy 

 See Report below 

 

Special Test Report for PendoTECH Single Use Temperature SensorTM  
TEMP-N-050 

TESS-ANDO-502-R000017 
Revision: A 

PURPOSE 

This report covers the results of special testing requested by PendoTECH to verify the temperature accuracy 

claimed on the thermistor.  The normal production process measures the thermistor prior to assembly into 

the full sensor, and between 25 °C and 45 °C.  This testing covers the full range traditionally claimed by 

PendoTECH: ± 0.2°C from 0°C to 70 °C. 

SCOPE  

This report addresses special testing on fully assembled PendoTECH sensors.  TEMP-N-050 was chosen as 

the representative part, since it has the largest flow path making it the most practical to measure in a 

controlled bath.  

 

 EXECUTIVE SUMMARY 

The raw resistance measurements demonstrate that the sensors are well within the ± 0.2 °C tolerance 

band/specification across the entire 0 °C to 70 °C range.  Only a few measurements were even outside of 

the ± 0.1 °C tolerance band.  Capability analysis shows that the thermistor manufacturing process is capable 

of consistently meeting the requirement. 

 DEVIATIONS 

One sensor was damaged during testing and could not be measured at 70 °C.  Therefore, only 44 data points 

were used in that particular analysis. 

 TEST LOCATION 

Testing was performed at TESS. 

 

EXPERIMENTAL SETUP 

TEST DESCRIPTION 

This test shall verify sensor performance in terms of temperature accuracy. 

Test Category Description/Criteria Measurement 

 

Temperature 

Accuracy  

(±0.2 °C) 
 

Resistance @ 0°C = 7278 – 7428 Ω Resistance (Ω) 

Resistance @ 40°C = 1189 – 1209 Ω Resistance (Ω) 

Resistance @ 70°C = 391.8 – 397.2 Ω Resistance (Ω) 
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SUPPORTED EQUIPMENT AND MATERIALS 

1. Constant Temperature Bath System: 

a. A 3M Novec 7200 Bath (asset number 1436) suitable for use at 0°C - 70°C. 

b. Agilent Autoranging Microvolt Digital Multimeter (asset number 3367) with calibration 

traceable to NIST. 

c. Check resistor with calibration traceable to NIST. 

d. Temperature bath setup probe Fluke 5616-12 (asset number 32175) with calibration traceable to 

NIST.   

e. Measurement cables suitable for use with product. 

 

ORIGIN OF SAMPLES 

Samples were built according to the normal TEMP-N-050 process, but with an attached Temporary Deviation 

Authorization stating that the parts would be handed over to R&D prior to the final labeling and packaging 

steps.  Three lots of 15 parts each were used for the test.  The corresponding work order numbers were 59300, 

59301, and 59302.   

 

PROCEDURE 

1.0 3M Novec Bath set to 0 °C or adjust and calibrate one according to SOP900-1027. 

2.0 Connect the sensor to the Ohmmeter using a 2-pin Molex adaptor cable. 

3.0 Place the sensor in the holding fixture and orient the flow path to the direction of fluid flow in 

the bath. Immerse the bottom part of the sensors in the fluid, but leave the upper portion out of 

the bath. 

4.0 Wait for the resistance reading to settle, then record the measured resistance.  This may take 

several minutes. 

5.0 Repeat 2.0 through 4.0 for all sensors. 

6.0 Recalibrate the bath to 40 °C and repeat all steps. 

7.0 Recalibrate the bath to 70 °C and repeat all steps. 

 

PASS / FAIL CRITERIA 

Test 

Category 

Description/Criteria Lower 

Limit 

Nominal Upper 

Limit 

Cpk 

 

Temperature 

Accuracy 

Resistance @ 0°C = 7315 – 7391 Ω 7278 7353 7428 0.85 

Resistance @ 40°C = 1195 – 1204 Ω 1189 1200 1209 0.85 

Resistance @ 70°C = 393.1 – 395.8 Ω 391.8 394.5 397.2 0.85 
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RESULTS 

In the 0 °C bath, 45 of 45 sensors measured within the 0.2 °C acceptable range of 7278 Ω - 7428 Ω, and 42 

of 45 sensors measured within the tighter 0.1 °C range of 7315 Ω - 7391 Ω. 

In the 40 °C bath, 45 of 45 sensors measured within the tighter 0.1 °C range of 1195 Ω - 1204 Ω.   

In the 70 °C bath, 44 of 44 sensors measured within the tighter 0.1 °C range of 393.5 Ω - 395.8 Ω. 

Capability analysis on these measurements revealed that the current thermistor manufacturing process and 

testing regimen is quite capable of consistently delivering sensors meeting the ± 0.2 °C accuracy limit.  

Figures 1, 2, and 3 below represent the capability analysis from Minitab for measurements at 0 °C, 40 °C, 

and 70 °C respectively.  Note that the tolerance used in Figures 1 & 3 is the full range, while Figure 2 uses 

the tighter ± 0.1 °C tolerance.  All three charts show Cpk numbers of 1.26 and greater.  The measurements 

at 40 °C actually have the highest Cpk value despite using the tighter tolerance.  This is a feature of the 

thermistor testing regimen, which requires very high accuracy in the middle of the range in order to 

maintain acceptable accuracy at the edges of the range. 

 

 

 

 Conclusion: All sensors were within the thermistor specification of ± 0.2°C from 0 °C to 70°C, 

validating the accuracy claim 
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 Shelf life of 5 years and Gamma Compatibility  

 Real Time Aged and Gamma Irradiated Sensor Accuracy Testing 

 Procedure- 15x temperature sensors from Lot# 15L29128 that were stored on the shelf under 

ambient conditions for 2 years, gamma irradiated with a dose of 60-77 kGy (Certificate in 

Appendix H), and then stored in the same conditions for 3+ more years were tested for accuracy at 

2, 10, 20, 50, and 70°C. The sensors were submerged in a calibrated bath, which controlled the 

temperature setpoint. The raw resistance readings were measured with a calibrated multimeter and 

then converted to degrees Celsius using the Steinhart-Hart equation. The temperature reading and 

error for each point are reported here. 

 Calibrated Equipment:  

Device Manufacturer Model Serial Number Last Calibration Date 

Digital 

Multimeter 
Keithley 197A 3201 5/2/2020 

Precision Bath TE MEAS 2617 7/28/2020 

Precision Bath 

Probe 
TE MEAS 2925 7/28/2020 

  Acceptance Criteria: All sensors within accuracy specification: 

0°C to 2°C: ± 0.5°C   

2°C to 50°C: ± 0.2°C 

50°C to 70°C: ± 0.5°C 

  Data Summary: 

Sensor 

2°C 10°C 20°C 50°C 70°C 

Temp °C Error °C Temp °C Error °C Temp °C Error °C Temp °C Error °C Temp °C Error °C 

1 2.11 0.11 9.86 -0.14 19.86 -0.14 49.83 -0.17 69.80 -0.20 

2 1.91 -0.09 10.11 0.11 19.93 -0.07 49.88 -0.12 70.02 0.02 

3 1.90 -0.10 9.91 -0.09 19.92 -0.08 49.90 -0.10 69.90 -0.10 

4 1.96 -0.04 9.97 -0.03 19.98 -0.02 49.96 -0.04 69.98 -0.02 

5 1.85 -0.15 9.88 -0.12 19.96 -0.04 49.84 -0.16 69.90 -0.10 

6 1.86 -0.14 9.85 -0.15 19.92 -0.08 49.83 -0.17 70.00 0.00 

7* 1.79 -0.21 9.79 -0.21 19.78 -0.22 49.73 -0.27 69.68 -0.32 

8 1.93 -0.07 9.94 -0.06 19.96 -0.04 49.94 -0.06 70.13 0.13 

9 2.00 0.00 9.91 -0.09 19.92 -0.08 49.91 -0.09 69.96 -0.04 

10 2.04 0.04 9.91 -0.09 19.93 -0.07 49.92 -0.08 69.91 -0.09 

11 1.89 -0.11 9.97 -0.03 19.95 -0.05 49.93 -0.07 69.91 -0.09 

12 2.07 0.07 9.94 -0.06 19.97 -0.03 49.91 -0.09 69.97 -0.03 

13 1.91 -0.09 9.94 -0.06 19.99 -0.01 49.92 -0.08 70.07 0.07 

14 1.98 -0.02 10.11 0.11 19.95 -0.05 49.93 -0.07 69.97 -0.03 

15 1.92 -0.08 9.93 -0.07 19.96 -0.04 49.94 -0.06 69.96 -0.04 
*One out of the 15 sensors was marginally outside its specification. Based on the consistent results of the other sensors, sensor 

#7 is considered to be an outlier that does not reflect the typical performance of a temperature sensor post 5 year shelf life or 

gamma irradiation.  

 Conclusion: 14/15 temperature sensors were within PendoTECH’s accuracy specification. The one 

sensor not within specification is considered to be an outlier, thus validating post 5-year shelf 

accuracy and post gamma irradiation accuracy for PendoTECH temperature sensors.  
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 Real Time Aged and Gamma Irradiated Sensor Leak Testing:  

 Procedure- The same 15x real time aged and gamma irradiated temperature sensors used for the 

accuracy testing above were also subjected to leak testing. One at a time the sensors were connected 

a PendoTECH custom test rig, where 60 psi was applied to the system. The sensor was then isolated 

and the pressure drop over the next 90 seconds was measured. The pressure decay is reported 

below.  

 Calibrated Pressure Gauge- Model: Druck DPI 104 S/N: 5380820  (Cert in Appendix J) 

 Acceptance criteria- Pressure decay less than 0.03 psi/sec  

 Data Summary: 

Sensor 
Initial Pressure 

(psi) 
Final Pressure 

(psi) 
∆P  (psi) Pressure Decay 

(psi/sec) 

1 60.21 60.16 0.05 0.0006 

2 60.09 60.03 0.06 0.0007 

3* 60.12 57.86 2.26 0.0251 

4 60.15 60.08 0.07 0.0008 

5 60.12 60.05 0.07 0.0008 

6 60.11 60.05 0.06 0.0007 

7 60.2 60.14 0.06 0.0007 

8 60.16 60.1 0.06 0.0007 

9 60.15 60.06 0.09 0.0010 

10 60.16 60.08 0.08 0.0009 

11 60.14 60.06 0.08 0.0009 

12 60.15 60.07 0.08 0.0009 

13 60.13 60.07 0.06 0.0007 

14 60.15 60.06 0.09 0.0010 

15 60.11 60.04 0.07 0.0008 
*Although in specification, a liquid leak check was performed to double check sensor integrity since the 

pressure decay was larger than all the other samples. The sensor was confirmed to not leak any liquid.  

 

 Conclusion: No leaks were identified, validating sensor integrity post gamma irradiation and 5-

year shelf life 

 X-ray Compatibility   

 Post X-ray Functionality Testing 

 Procedure: 29x Conductivity sensors from 3 different lots (CONDS-N-025 from Lot numbers 

0222442687, 0222742463, and 0222589479), which use the same thermistor as PendoTECH’s 

single use temperature sensors,  were tested for temperature accuracy across their full range of 0-

70°C.  Half of the sensors were X-ray irradiated with a dose >50 kGy (Certificate  in Appendix K), 

and the other half were not irradiated to act as a control group. The sensors were tested at the 

following temperature test points: 2, 10, 20, 50 and 70°C. The sensors were submerged in a 

calibrated temperature bath to control the temperature setpoint as the raw resistance readings were 

measured with a calibrated multimeter.  The temperature reading and error for each test point are 

reported here.  
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 Calibrated Equipment:  

Device Manufacturer Model Serial Number Last Calibration Date 

Digital 

Multimeter 
Keithley 197A 3413 4/1/2022 

Precision Bath TE MEAS 3045 1/28/2022 

Precision Bath 

Probe 
TE MEAS 2924 1/28/2022 

 Acceptance Criteria:  

All Sensor’s within PendoTECH Temperature Sensor Accuracy Specification: 

0°C to 2°C: ±0.5°C; 2°C to 50°C: ±0.2°C; 50°C to 70°C: ±0.5°C 

 Data Summary: 

 

*Two sensors, sensor# 25 (control) and sensor#26 (X-ray irradiated) were out of specification. These sensors were then re-tested, 

and both reported extremely high resistance values, indicating an open circuit. Therefore, these sensors were damaged during 

the initial exposure to the water bath, likely from mishandling, and thus their results should be omitted from the X-ray 

compatibility analysis.  

 Conclusion: With the exception of the two outliers described in the footnote, all of the sensors, 

both control and x-ray irradiated, were within PendoTECH’s temperature sensor accuracy claim, 

thus validating the performance of PendoTECH single use temperature sensors post x-ray 

irradiation. 

Reading (°C) Error (°C) Reading (°C) Error (°C) Reading (°C) Error (°C) Reading (°C) Error (°C) Reading (°C) Error (°C)

1 Control 1.95 0.05 9.96 0.04 19.97 0.03 49.90 0.10 69.85 0.15

2 Control 1.96 0.04 9.97 0.03 20.00 0.00 49.95 0.05 69.90 0.10

4 Control 1.95 0.05 9.94 0.06 19.97 0.03 49.97 0.03 69.92 0.08

5 Control 1.95 0.05 9.94 0.06 19.98 0.02 49.96 0.04 69.94 0.06

11 Control 1.94 0.06 9.92 0.08 19.96 0.04 49.95 0.05 69.96 0.04

14 Control 1.94 0.06 9.93 0.07 19.97 0.03 49.97 0.03 69.93 0.07

18 Control 1.94 0.06 9.92 0.08 19.96 0.04 49.97 0.03 69.90 0.10

19 Control 1.94 0.06 9.93 0.07 19.97 0.03 49.96 0.04 69.97 0.03

20 Control 1.95 0.05 9.94 0.06 19.96 0.04 49.89 0.11 69.87 0.13

22 Control 1.91 0.09 9.93 0.07 19.95 0.05 49.97 0.03 69.87 0.13

25* Control 1.60 0.40 9.50 0.50 19.54 0.46 49.95 0.05 69.91 0.09

27 Control 1.94 0.06 9.91 0.09 19.96 0.04 50.00 0.00 69.92 0.08

28 Control 1.95 0.05 9.94 0.06 19.99 0.01 49.96 0.04 69.93 0.07

30 Control 1.95 0.05 9.94 0.06 19.97 0.03 49.96 0.04 69.93 0.07

6 X-ray 1.94 0.06 9.96 0.04 19.98 0.02 49.96 0.04 69.90 0.10

7 X-ray 1.93 0.07 9.94 0.06 19.95 0.05 49.94 0.06 69.99 0.01

8 X-ray 1.87 0.13 9.90 0.10 19.90 0.10 49.88 0.12 69.84 0.16

9 X-ray 1.97 0.03 9.94 0.06 19.97 0.03 49.97 0.03 69.91 0.09

10 X-ray 1.97 0.03 9.92 0.08 19.95 0.05 49.97 0.03 69.91 0.09

12 X-ray 1.91 0.09 9.94 0.06 19.95 0.05 49.95 0.05 69.95 0.05

13 X-ray 1.95 0.05 9.94 0.06 19.98 0.02 49.93 0.07 69.95 0.05

15 X-ray 1.91 0.09 9.94 0.06 19.95 0.05 49.96 0.04 69.91 0.09

16 X-ray 1.94 0.06 9.94 0.06 19.94 0.06 49.90 0.10 69.90 0.10

17 X-ray 1.94 0.06 9.94 0.06 19.95 0.05 49.93 0.07 69.87 0.13

21 X-ray 1.91 0.09 9.94 0.06 19.96 0.04 49.96 0.04 69.95 0.05

23 X-ray 1.91 0.09 9.93 0.07 19.94 0.06 49.98 0.02 69.95 0.05

24 X-ray 1.90 0.10 9.92 0.08 19.93 0.07 49.93 0.07 69.91 0.09

26* X-ray 1.72 0.28 9.61 0.39 19.67 0.33 49.91 0.09 69.81 0.19

29 X-ray 1.94 0.06 9.93 0.07 19.94 0.06 49.95 0.05 69.90 0.10

Serial 

Number
2 10 20 50 70Condition

Temperature Setpoint (°C)
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 Post X-ray Integrity Testing 

 Procedure: The integrity of 14x Conductivity sensors from 3 different lots (CONDS-N-025 from 

Lot #'s 0222442687, 0222742463, and 0222589479) was challenged following exposure to an X-

ray Irradiation dose >50kGy (Certificate in Appendix K). All sensors were evaluated with a leak 

test that consisted of a 90 second pressure decay test at 60 psi as well as a visual inspection for 

leaks using soapy water. 

 Calibrated Pressure Gauge: Model# DigiSense, Serial# 1912310225, Last Cal: 8/4/2021 (Cert in 

Appendix K) 

 Acceptance Criteria: Pressure Decay less than 0.03psi/second and no visual detection of leaks 

 Data Summary:  

 

 

Post X-ray Leak Results 

Part Number 
Lot 

Number Serial Number 
Initial Pressure 

(psi) 
Final Pressure 

(psi) ∆P 
Pressure Decay 

(psi/sec) 

CONDS-N-025 222442687 6 59.99 59.95 -0.040 -0.0004 

CONDS-N-025 222442687 7 60.14 60.08 -0.060 -0.0007 

CONDS-N-025 222442687 8 59.99 59.95 -0.040 -0.0004 

CONDS-N-025 222442687 9 59.95 59.92 -0.030 -0.0003 

CONDS-N-025 222442687 10 60.10 60.04 -0.060 -0.0007 

CONDS-N-025 222742463 12 60.01 59.96 -0.050 -0.0006 

CONDS-N-025 222742463 13 59.98 59.94 -0.040 -0.0004 

CONDS-N-025 222742463 15 60.06 59.99 -0.070 -0.0008 

CONDS-N-025 222742463 16 60.14 60.12 -0.020 -0.0002 

CONDS-N-025 222742463 17 60.17 60.17 0.000 0.0000 

CONDS-N-025 222589479 21 60.00 59.93 -0.070 -0.0008 

CONDS-N-025 222589479 23 60.05 59.99 -0.060 -0.0007 

CONDS-N-025 222589479 24 60.08 60.04 -0.040 -0.0004 

CONDS-N-025 222589479 26 60.10 60.07 -0.030 -0.0003 

CONDS-N-025 222589479 29 60.11 60.06 -0.050 -0.0006 

 Conclusion: No leaks were identified in any of the leak testing and all pressure decay tests were 

within the acceptable limit, thus validating the sensor integrity of PendoTECH Single Use 

Temperature Sensors post X-ray Irradiation. 

 

 

  



 Validation Guide for PendoTECH Single Use Temperature Sensors  Revision 3 

CONFIDENTIAL- NOT FOR GENERAL DISTRIBUTION 

Page 18 of 62 

9 APPENDICES 

 Appendix A- Assembled Sensor Certificate: Class VI post 40kGy gamma irradiation  
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 Appendix B- Assembled Sensor Certificate: USP 661 post gamma irradiation      
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 Appendix C: Assembled Sensor Certificate: ISO 10993-5 post gamma irradiation 
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 Appendix D: Assembled Sensor Certificate: Particulates 
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 Appendix E: Assembled Sensor Certificate: Bioburden 
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 Appendix F: Assembled Sensor Certificate: Endotoxin 
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 Appendix G: Assembled Sensor Certificate: B&F 
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 Appendix H: Gamma Certificate for Temperature Sensors used in 7.3/8.3  
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 Appendix I: Certificate of Calibration for Pressure Gauge Used in 8.1 
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  Appendix J: Certificate of Calibration for Pressure Gauge used in 8.3 
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  Appendix K: X-ray Certificate of Processing for section 7.4/8.4 
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  Appendix L: Certificate of Calibration for Pressure Gauge used in 8.4 
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