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= \What is Mass Extraction?
= How it works / How it looks

= Application Cases:
= #1: ASTM-Standard
= #2: Autoinjector
= #3: Flexible Bags
= #4: Comparative Study

= Summary

Structure
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% Talgad What is Mass Extraction according to USP 1207

Add the following:

«(1207.2) PACKAGE INTEGRITY LEAK TEST TECHNOLOGIES

1. INTRODUCTION
2. DETERMINISTIC LEAK TEST TECHNOLOGIES
2.1 Electrical Conductivity and Capacitance (High-Voltage Leak Detection)
2.2 Laser-Based Gas Headspace Analysis
2.3 Mass Extraction
2.4 Pressure Decay
2.5 Tracer Gas Detection, Vacuum Mode
2.6 Vacuum Decay
3. PROBABILISTIC LEAK TEST TECHNOLOGIES

Table 1. Deterministic Leak Test Technologies®

Deterministic Package Effect of Test Time
Leak Test Content Package Measurement Outcome and Method Order of
Technologies Requirements Requirements Leak Detection Limit? Data Analysis on Package Magnitude

Quantitative measure of mass flow rate resulting
from test sample headspace escape or liquid
product volatilization within an evacuated test

Gas or liquid must be chamber housing the test sample.
present at leak site. Pres- Quantitative pressure readings early in the test
ence of liquid at leak site Row 3 cycle indicate larger leak presence.
requires test pressures be- | Rigid, or flexible Varies with product- Whole test sample leakage rate is determined
low vapor pressure. with package re- | package, instrument, test by comparing the test sample mass flow results
Product must not clog leak |  straint mecha- fixtures/chamber, and to results using leak rate standards and positive Seconds to mi-
Mass extraction path. nism. method parameters. controls. Mondestructive nutes
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Measurement of the mass flow rate (pg/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 1um).

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

Operating Principle

Mass onservatlon aw:

Mass extracted = mass
leaked at steady state

IGLS

IGLS i Leak

uuT

uuT

1 Standby - Vacuum Reservoir: P 2 Fill - All branches: P,

— IGLS: no flow — IGLS: no flow
— UUT: leaks
ALeak IGLS ALeak
uuT uuT

3 Stabilize - Leak: increases: P.mer 4 Test — Steady flow thru leak
— IGLS: begins flow — IGLS: measure flow thru leak
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Sensor Design

Measurement performed: Flow, Pressure Temperature in one sensor.

- ce cell
.Capacitan®

Generate analog output

/Flow Element-Stainless Steel, with
annulus capillary gap.

Designed Based on Knudsen
physics: gas loses momentum
Glowing from inlet to outlet

|

Pressure Sensor-Measures
Absolute Pressure

—— proportional to flow rate

=P

Temperature Sensor: Measures
Body temperature= gas
temperature capillary gap
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£ Rk Speedair 3050

10“ Muulti-touch Full HD
color screen

Testport for customized
chambers e m " ° Storage area for

laptop, packaging

SPEEpA

Speedair 3050

Calibrated orifice (inside) Integrity Test unit

— Verify orifice

Drawer for storage

Vacuum System
HiScroll 6
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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
= Built in calibration leaks

Usable for SST (System Suitability Test)

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

Chamber Design

11



Tooling Examples

Research Institute

PDA Training and

N/

Parenteral Drug Association

ME2 Tooling 1ml Syringe
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Application Case #1:
ASTM F3287 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 at least 2 to 6 years in each of the laboratories.

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

M flow
meter

container type. B UM Leak
. reservoir :=:

= All instruments used the same set-up parameters developed for each

No special onsite set-up or parameter adjustment.

uuT

Measure with Micro-Flow sensor:
Gas (Mass) extracted

14
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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: 4AmL 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 (1um, 2um,
5um, and 10um) were created for each container variation. Total sample set is shown in Table 1 below:

Empty Container — Sample Set

Liquid Filled Container — Sample Set

_ Manufactured Defect Sizes (micropipette) Negative _ Manufactured Defect Sizes (micropipette) Negative

m 1 ¥ nominal 2 p nominal 5 p nominal 10 g nominal | Control m 1 g nominal 2 u nominal 5 u nominal 10 p nominal | Control
Glass Vial 2 ml 3 3 3 3 10 Glass Vial 2 ml 3 3 d Eliminated** 10
Syringe 1 ml 3 3 3 3 10 Syringe 1 ml 3 3 3 Eliminated** 10
LDFE Bottle 4 ml 3 3 3 3 10 LDPE Bottle 4 ml 3 3 3 Eliminated** 10

=490 prn Dguid filled samples were eliminated fram the stedy due to liguid leakage inta the test ehamber Tailing gross leak check beginning of test

15
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Positive Controls & Verification

= 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.

(all artifacts/positives were micro-pipette type, same as used at earlier microbiological ingress studies by Lee Kirsch et al)

Epoxy

—

Micropipette

Protective Needle

= 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)

Flow (pg/min)

2000
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1600
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1200

-
@ o
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200

Micropipette Flow vs. Diameter

3 4 5 6 7 8
Diameter (pm)

9 10 1
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Note 1—Liquid filled LDPE that included a 10pum micropipette were removed from the sample population due to liquid leakage into vacuum test

chamber during CCIT.

ASTM F3287 - 17 (Mass Extraction): Results

TABLE 2 Gas Leak Detectlon Results—LDPE Bottle 4mL

MNumber of Number of
Package Description Number of quber of Failed Tests Passed Tests Success Rate
Samples Replicate Tests (Defects (No Defects (% Accurate)
Detected) Detected)
No Defect — Liquid Filled — Megative Control 10 120 0 120 100%
No Defect — Air Filled — Negative Control 10 120 0 120 100%
1 pm micropipette — Liquid Filled 3 36 36 0 100%
1 pm micropipette — Air Filled 3 36 36 0 100%
2 um micropipette — Liquid Filled 3 36 36 0 100%
2 pum micropipette — Air Filled 3 36 36 0 100%
5 pm micropipette — Liquid Filled 3 36 36 0 100%
5 pm micropipette — Air Filled 3 36 36 0 100%
10 pm micropipette — Air Filled 3 36 36 0 100%

TABLE 6 Gas Flow Results (Hg/min)—LDPE Bottle 4mL

Repeatability Reproducibility
L Number of Standard Standard Repeatability Reproducibility
Package Description Samples Average” Deviation Deviation Limit Limit
X Sr sp r R
No Defect — Air Filled — Negative Control 10 1.138 0.122 0.137 0.342 0.385
No Defect — Liquid Filled — Negative Control 10 1.132 0.113 0.123 0.318 0.345
1 pm micropipette — Air Filled 3 2.539 0.168 0.195 0.471 0.546
1 pm micropipette — Liquid Filled 2 2.184 0.141 0.174 0.394 0.488
2 um micropipette — Air Filled 3 7.520 0.135 0.209 0.377 0.585
2 pum micropipette — Liquid Filled 3 6.548 0.127 0.249 0.356 0.696

17
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120
120

120 100 %
120 100 %

CO nfl d e n Ce I eve I Liguid Filled — Negative Control

Air Filled — Negative Control

= Glass vials and LDPE Bottles Mass Extraction tests detected sermte 0ty of [0y, of Faed |Qty.of Pessed
1um and 2um defects at all labs and samples at over 95% Package Description
10 0

= Meets the requirements of USP 1207.1 Table Class (Row) 2 ] +m micropipette - Liquid Filed 3 36 3 0 100 %

; 1 pm micropipette — Air Filled 3 36 36 0 100 %

d nd 3 = 2 um micropipette — Liquid Filled 3 36 36 0 100 %

g 2 uym micropipette = Air Filled 3 36 36 0 100 %

o um micropipette — Liquid Filled 3 36 36 0 100 %

. . . 5 pm micropipette — Air Filled 3 36 36 0 100 %

= Glass syringes Mass Extraction tests detected 1um air filled T - — =
. . . . Iquid Filled — Negative Contro o
syringes and 2um air and water filled syringes at all labs I i Filled - Negative Control 0 120 0 120 100 %
. =8 1 um micropipette - Liquid Filled 3 36 36 0 100 %

and samples. 2um were detected at a confidence level 1 m micropipe - A il s s 0 100%
equal or greater that 95% i s
. . . . - =5 um micropipette - Liquid Filled 3 36 36 0 100 %

= 1um liquid filled syringe plugged — suspected by silicon p e w————— P e : T

Iu b”ca nt 10 pm micropipette — Air Filled 3 36 36 0 100 %

Air Filled — Negative Control 10 120 0 120 100 %

= Samples with 1um with air under defect can be detected at o) 1 m micropipette - Air Filed 3% 36 0 100 %

o . =8 2 um micropipette — Air Filled 4] 36 36 0 100 %

95% confidence level 35 um micropipette - Air Filled 3 36 36 0 100 %

. §=3 10 um micropipette — Air Filled 3 36 36 0 100 %

= Meets the requirements of USP 1207.1 Table 1 Class (Row) 3 ;. cic Fillea - Negative Control 10 120 ; e

é 1 pm micropipette — Liquid Filled 3 36 0 36 0%

2 um micropipette = Liquid Filled 3 36 36 0 100 %

5 um micropipette — Liquid Filled 3 36 36 0 100 %

18
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Application Case #2:
Autoinjectors




':KDQ Reseans) institute Application Case #2: Autoinjectors

Fully assembled Autoinjector
= 1 mllong pre-filled glass syringe
= 2.25 ml long pre-filled glass syringe

Autoinjector mechanism:
= Wraps syringe
= |ncludes virtual leaks (trapped air)

|

IS Y O A E .| 5Km

| | | |

- -

- L ___ .
| g >
: Negative

Controls
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Application Case #3:
Flexible Bags
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Support of internal
bag peel seal

 50samples were included in the test
* 4 for each defect size (2, 5, 10, 20 um)
e Simulating liquid & air leak

22
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For air-backed and liquid-backed defects, test B /Y Epoxy in this Arez

time (67 S), detection limit 10|Jm Y ': 9 /\‘é Micropipette-E A
‘234 Protective Needle

Further trials showed:

60.0 PVG18-00001 6. cav(F)
e 5um defect reliably — 540 EE%E
detected at 135 s S 48.0 ——— e[ IS
E 420 PVG18-000022 caviF)
e 20um defect reliably = 36.0 —— e
m e PVG18-000078.ceviF) onnce
detected at 35 s ot 300 e
~ 240 A ST
S e Tty e
o 12.0 —————— PVB18.000051 c2v{F) oy ariifact
— e PV 18000052 c2v(F) }
6.0 e [P 1 B-0005S. vl F) 5“ artifact
u — PV B- 00005 crvF ) }
0.0 - m::ﬂ:::: 110y artifact
-6.0

0.0 70 14.0 21.0 280 35.0 42.0 490 560 630 T0.0

Time(sec)

l-r.m = 7.198 Fllm --4.274
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Application Case #4:
Comparative Study Glass Vials
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Webinar
Why and how to replace
Dye Ingress Test by
deterministic CCIT
methods?

Pfeiffer Vacuum Comparative Study

STATE OF
THE ART

Extraction

25
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CCIT Comparative Study — Sample Preparation

Microbial Ingress Test, Correlation to Helium Leakage

Esherichia Coli 5 ¢ 4 Glass p
@: 1:1-1.8im,
L 2.08.0UH— > o

T

P. Dimingahe..

] o i

Kirsch & All, PDA journal, Vol 51, 5, September-October 1997

Dye Ingress Test, Correlation to Microbial Ingress

Esherichia Coli
@: 1.1-1.5 pmass
L:2.0-6.0um |

Burrell & All - PDA journal, Vol 54, 6, November/December 2000
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Researoh Institute CCIT Comparative Study — Sample Preparation

Glass p-pipettes
F:0.1/0.2/04/1/2/5/10um

30 for each diameter

30 Negative controls (glue on the hole)

Capillaries (3 cm long)
F:2/5/10/15/18 /30 /40 um

30 for each diameter

30 Negative controls (glue on the hole)

27
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0 5 10 15 20 25 30 35 40 0,1 1,0 10,0
[3 cm] Capillary Diameter (um) p-Pipette Diam eter (um)
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Conclusion

29
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Summary

Mass Extraction is a USP 1207 recognized deterministic test method for

different kinds of pharmaceutical packages and drug types (liquid or

solid) — applicable for...

i

Equipment can be used for multiple sizes of containers

‘ f and

) "
-—-—‘:.._. st} ég

.& D

i

Traceable calibration in ISO17025 accredited Laboratory
21 CFR part 11 compliant software

more...

30
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Thank you
for your attention!

Special Thanks to:
=  QOur 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
= The PDA Europe
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