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• Founded 1987, Pfeiffer Vacuum since 
2017

• Located in Indianapolis, Indiana, USA

• Pfeiffer Vacuum Center of Excellence 
for Leak Testing & CCIT in North 
America 

ATC by Pfeiffer Vacuum
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▪ Today, around 3,200 employees

▪ Over 20 sales & service locations 

▪ 10 production sites

Sales and services Production Distributor

- Asslar, Germany -

- Annecy, France -Pfeiffer Vacuum Group
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▪ What is Mass Extraction?

▪ How it works / How it looks

▪ Cases: 

▪ ASTM Standard

▪ Autoinjector

▪ Automated Solution Examples

▪ Vial Testing / IV Bag Testing

▪ Summary

Structure
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What is Mass Extraction?
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Mass Extraction (recognized by USP 1207)
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Measurement of the mass flow rate 

(µg/min or scc/sec) from a Closed 

Container in a vacuum chamber to 

quantify and detect the presence of 

leaks equal to or larger than maximum 

allowed value/defect (down to 1µm).

The measured medium is gaseous:

▪ Air/Nitrogen

▪ At vacuum (for liquid filled containers: 

under the boiling point of water at room 

temperature ~ 18 torr / 24 mbar) 

→ water vapor

Mass Conser-
vation law: 

Mass extracted 
= mass leaked 
at steady stateHow it works
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Hagen-Poiseuille viscous flow 

(barometric, shallow vacuum)
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At a given test condition- Flow measurement is function of defect geometry

Defect Size:

diameter, Length

Flow:

Q-volumetric flow 

mass flow

Knudsen model for molecular flow-

(small defects, hard vacuum)

Pin - pressure inside package;

Pout - pressure inside chamber;

µ - Viscosity ;T - temperature; R-Specific gas constant =

pressure rise

test time

Correlation between flow measurement and defect Size

Direct 
measurement
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Measurement performed: Flow, Pressure Temperature in one sensor.

Flow Element-Stainless Steel,  with 

annulus capillary gap.

Designed Based on 

Knudsen physics: gas loses 

momentum flowing from inlet 

to outlet 

Generate analog output 

proportional to flow rate

Pressure Sensor-Measures 

Absolute Pressure

Temperature Sensor: 

Measures Body 

temperature= gas 

temperature capillary gap

Patented Sensor Design
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Signal 

1.16 torr / 1,55 mbar

0.29 torr / 0,39 mbar

MEASURES MASS FLOW 

at Transitional / 

Molecular Flow

Note: 

0.05 micro-gram/min N2 = 

6.9*10- 7 atm-cc/sec @20 ºC

1µg/min=1.3*10-5 mbar*l/s at STP

*Intelligent Molecular Flow Sensor

IMFS* – Sensor Calibration 
(for operation in molecular flow regime)
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Test Signature (Glass Vial Test)
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ME2 Integrity 

Test Unit

Test chambers 

for different vials

Vacuum System

additional 

chambers for 

other packaging

Storage area for 

laptop, packaging

Check also (video for vial testing): 

https://youtu.be/q9EAsC1Btj0

ME3 for

in-line 

testing

ATC calibrated leak 

device (inside)

How it looks (ME2 Cart)

https://youtu.be/q9EAsC1Btj0
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▪ Chamber design for consistency and repeatable results

▪ Built in verification tools are important to identify reject vs. system issues (false 

reject):

▪ Blanks (also used after massive leaks for system self cleaning)

▪ Built in calibration leaks

▪ Out-gassing (water desorption, part virtual leaks) 

should be considered when setting up vacuum level 

and test parameters

▪ One Setup can work for multiple products:

▪ Capable Large Leak Check is important 

for products with very small headspace

▪ Finding fine leaks is quite straight forward

Design Consideration and Test Setup
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Case #1: 
ASTM Standard
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▪ All data collected for this study was generated using an 
ME2 Mass Extraction flow measurement instrument.

▪ Each of the 4 laboratories used a different test 
instrument that was owned and operated by the 
respective laboratory.

▪ No special instrumentation was supplied for the 
study.

▪ Instruments used for completion of this study 
were used from 2 to 6 years in each of the 
laboratories.

▪ Each instrument was the same part number and same 
measurement range.  

▪ All instruments used the same set-up parameters 
developed for each container type.

▪ No special onsite set-up or parameter 
adjustment.

Picture shows 

similar test set up

Instrumentation
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A sample set including 123 samples was prepared for the study including 6 container variations as shown below:

▪ Glass Vial, Air Filled:  2mL glass vial with stopper and crimped cap

▪ Glass Vial, Liquid Filled: 2mL glass vial with stopper and crimped cap

▪ LDPE Bottle, Air Filled: 4mL LDPE bottle with a screw cap

▪ LDPE Bottle, Liquid Filled: 4mL LDPE bottle with a screw cap

▪ Glass Syringe, Air Filled: 1mL glass syringe

▪ Glass Syringe, Liquid Filled:  1mL glass syringe

The sample set included both negative and positive control samples.  For each container type, a sample set was 

prepared with wfi (water for injection) inside or air only inside. Three positive controls of each diameter (1µm, 2µm, 

5µm, and 10µm) were created for each container variation.  Total sample set is shown in Table 1 below:

Container Types / Samples
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▪ Micropipettes were inserted into 18 gauge needles to protect the pipette 

from damage as they were inserted into containers.  Each pipette was 

bonded inside the needle housing using epoxy as shown in Figure 2  
(all artifacts/positives were micro-pipette type, same as used at earlier microbiological ingress studies by Lee Kirsch et al)

▪ Air flow rate of each micropipette assembly 

was measured to ensure that the pipette 

was not plugged or damaged during assembly
(Micropipettes are certified by the manufacturer to be within ±20% of 

nominal diameter. This manufacturers tolerance band results in the 

flow rate variation measured)

Positive Control generation & verification
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ASTM F3287 − 17 (Mass Extraction): Result Extract
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▪ Glass vials and LDPE Bottles Mass Extraction tests 
detected 1µm and 2µm defects at all labs and 
samples at over 95% confidence level

▪ Meets the requirements of USP 1207.1 Table 
Class (Row) 2 and 3 

▪ Glass syringes Mass Extraction tests detected 1µm 
air filled syringes and 2µm air and water filled syrin-
ges at all labs and samples. 2µm were detected at a 
confidence level equal or greater that 95%

▪ 1µm liquid filled syringe plugged – suspected by 
silicon lubricant

▪ Samples with 1µm with air under defect can be 
detected at 95% confidence level

▪ Meets the requirements of USP 1207.1 Table 1 
Class (Row) 3

Conclusion
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Case #2: 
Auto Injector



21

COPYRIGHT © PDA 2018

Fully assembled Autoinjector

▪ 1 ml long pre-filled glass syringe

▪ 2.25 ml long pre-filled glass syringe

Container Types / Samples

5µm

Negative

Controls

Autoinjector mechanism:

▪ Wraps syringe

▪ Includes virtual leaks (trapped air)
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Automated 
Solution Examples
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Automated Vial Batch Testing
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(In-Line) Test for IV-bags
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Summary
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▪ Mass Extraction is a USP 1207 recognized DETERMINISTIC 
test method for different kinds of pharmaceutical packages and 
drug types (liquid or solid) – applicable for…

▪ Equipment can be used for multiple sizes of containers

▪ Traceable calibration in ISO17025 accredited Laboratory

▪ 21 CFR part 11 compliant software 

and 

more…

Summary
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Special Thanks to:

▪ Our pharmaceutical customers

▪ collaborating on multiple lab. correlation study

▪ use of project tooling and positive/negative control samples

▪ ASTM for the approval to use data out of official standard

Thank you

for your attention !


