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I ntroduction

Particulates and residuase majortypesof contaminatiorfoundin the pharmaceutical industry.
Thesemay be generated from a wide variety of sources including packagmijssolved
residuals in buffer and media solutions, and various system components syatkets and
seals Contamination can also result froside reactions related to the manufacture of the
product,including charred productsnd detergentesidues or from degradation or maintenance
of the processing equipment suchnastal corrosionlubricant oils,or scaing of Teflon gaskets
Particulatesare found to be composed afwide range of materials includirglass, rubber,
aluminum, plastics, and wood-based products.

Particulates can spread to the surrounding air volume of a ctean through airborne
contamnation or by transport attached fmeople or containers. This can then result in
contaminabn of both products and the manufacturing area. These patrticles, if carried over to the
final drug product, can have unfavorable effects such as impairment obcigafation,
blockages of blood vessels, damaige various organs, phlebitis etc. The FDw&quires
documentatiorand investigatiorof unexpectedarticles or adulterated drugsandhas taken
action against companies that fail to perform adequmestigations for violations involving
particle contaminatioh

Identifying and understanding tls®urceof particulates iscritical to controlling their spread.
Once the source is known, then elimination of the particulate contamination becomes
substatially simpler. In this regardsTIR-microscopyand SEM-EDX are powerful tools for
identifying particles, as well as providimgformation about shape, size and surfexggraphy

The following analyses were conducted usmBTIR-Microscope Thermo Nicolet IN10 MX

FTIR microscope and aSEM-EDX (TescanVega S 3 LMU with EDAX Octane Plus EDX
detectoy to investigate the chemistry of a brown colored particle found in a steel hareac
addition to a brown residue on therface of the sansteel reactor

FTIR microscopy and SEMEDX were able to identify thérown residue as iron oxide/iron
hydroxide (rust). It was also able to determinat tthe brown particle was composed of a
mixture of poly(tetrafluoroethylene) (PTFE, Tefloand rust (iron oxide/hydrade). By
comparing the results of the brown residue and the brown particle-EBEEMand FTIR
microscopy were able to show tharticle source was consistent with degradation of the metal
container These techniquesere also able to shothat theparticle was primarily composed of
Teflon, which wascorrelated with the materiapecifications ta large stirring apparatusnade
from Teflon

! FDA Regulatior21 CFR 211 Subpart E

’FDA fines drug manufacturer $500 millidior violations including insufficient investigation of rejected lots
http://www.fda.gov/Drugs/GuidanceComplianceRegulatorylnfaimnéEnforcementActivitiesbyFDA/ucm118411.h
tm


http://www.lpdlabservices.co.uk/analytical_techniques/optical_micrsocopy_image_analysis.php
https://en.wikipedia.org/wiki/Topography
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DearClient,
Please find enclosetid test results for your samplédsscribed as:

1. Brown Residue
2. Brown Particle

The following tests wereperformed:

1. FourierTransform Infrared Spectroscopicroscopy(FTIR-Micro)
2. Scanning Electron Microscopy with Energy DispersivRay Spectroscopy (SEM/EDX)

Objective

The purpose of this analysis was to identifyrawn particlewhich wasfound in a bioreactor. A
brown residue wasalso noted in the reactor and it was desired to determine if the particle was
chemically related tthe residue.

Summary of Results

FTIR-Micro and SEMEDX resultsfor Brown Residue, and Brown Particle are summarizedn
Table 1. It was found thaBrown Residue (shown inFigure 1) was consistent ith iron
oxide/hydroxide (rugt Brown Particle (shownin Figure 1) was found to have an FTIR
spectrum most consistent with a chemical compositigpobf(tetrafluoroethylene) (PTFENd
iron oxide. FTIR and SENEDX maps acquired othe Brown Particle are onsistent with
particles ofiron oxideembedded in a PTFE fragmenthe chemical composition of th®own
particle was found to correlatavith the materialspecificationsof a larger stirring apparatus

made fromPTFE
Table 1. Particle | dentifications
Sample Name FTIR Best Match SEM majorElements
Brown Residue Iron oxidehydroxide Fe, Q Ni
Brown Particle Iron oxide,/hydroxidd>TFE F,Fe,C,O




1

F

#

1600

1500

1400

~

1100 1200 1300

FPosition (micrometers)

1000

Q00

800

700

600

-1000 -900 -800 -700 -600 -500 -400 -300 -200 -100 a 100 200 300 400
Bacitinn fricrarmal Farch

Figure2: FTIR micrograph of mapped area



Figure 3: Overlay of iron oxide absorbances (green) and PTFE absorbances (red)

Figure 4: EDX map overlay of Fluorine (yellow, correlates with PTFE) and Iron (sbddi
orange, correlates witihan oxide)



Individual Test Results

A summary of the individual test results is provided below. All accompanyirsg oheiuding
spectra, has been included in the data section of this report.

Brown Residue

FTI1R-Microscopy

Brown Residue was received as a brown stain on a metal surfaseasinFigure 1. A portion
was removed and placed osamping cell as seen ifigureb.

Results

It was found thaBrown Residue was consistent with iron oxide/hydroxidgpecific absorbance
assignments foBrown Residue are provided inT able 2. An overlay ofBrown Residue and iron
oxide/hydroxidecan be seen iRigure 6. This identification is further confirmed by the SERDX.

Table2
FTIR Peaks and | dentifications Of Brown Residue
IR Frequency (cm™) Possible Functional Group Possible Source
3480 O-H stretch Iron Oxide/Hydroxide
1541, 1427, 1345 Fe-O comb/overtone Iron Oxide/Hydroxide
804 Fe-OH stretch Iron Oxide/Hydroxide
~675 Fe-O stretch Iron Oxide/Hydroxide
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Figure6: Overlay ofBrown Residue and an iron oxide/hydroxide standard

SEM-EDX

Brown Residue was analyzed by SEMDX at one sampling location and a control location.
Figures 7-8 show the SEMEDX images and the elemental composition of each sampling

location is summarized iTables 3-4. Figure 9 shows the secondary electron (SE) and
backscattered electron (BSE) imagéthe sample.

Brown Residue showed the presence of Fe, O and Ni. This is consistent with the FTIR

identification of iron oxide/hydroxide. The presenceNofsuggests that the reactor composition
is consistent with steel

Table 3: Elemental concentration at area 1 (control) on Brown Residue
Element Atomic Number | Series | Weight % Mole % % Error
Carbon 6 K 79.06 83.41 6.28
Oxygen 8 K 20.94 16.59 23.72




Table4: Elemental concentration at area 6 on Brown Residue

Element Atomic Number | Series | Weight % Mole % % Error
Carbon 6 K 17.62 33.42 15.62
Oxygen 8 K 32.11 45.72 15.43
Nickel 28 L 9.29 3.60 19.13
Sodium 11 K 0.27 0.27 42.12
Aluminum 13 K 0.26 0.22 25.74
Chlorine 17 K 1.13 0.73 12.12
Iron 26 K 39.31 16.04 4.26

Figure 7. SEM-EDX image of all sampling locations analyzedobwn Residue
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Figure 8: SEM-EDX elemental abundance of area 6 analyzdstofvn Residue
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WD: 9.60 mm

View field: 1.22 mm

Det: SE, BSE

SEM MAG: 226 x

Date(m/d/y): 01/13/16
Figure 9: SEM SE (left) and BSE (right) images®Brfown Residue

VEGA3 TESCAN
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Brown Particle

FTI1R-Microscopy

Brown Particle was received asl@ownand whiteparticle on a metal surface as seeRigure
1. The particle was then placed osamplecell as seen ifigure 10.

Results

It was found thaBrown Particle wasconsistent with a mixture of PTFE amdn oxide Specific
absorbance assignments Bnown Particle are provided inTable 2.  An overlay ofthe FTIR
spectrum of thd&rown Particle in the Brown area, the Brown Particle in the White Area, andthe
Brown Residue can be seen ifrigure 11. An overlay ofthe FTIR spectrum of th&rown
Particle in the Brown area, the Brown Particle in the White Area and PTFEcan be seen in
Figure 12.

It was also observed that the brown areas indicated stronger absorbancdentonglsthe
spectrum frombrown residue, while the white areas were more consistent with PTFE. An area
map was acquired to demonstrate the distributiomai oxideand PTFE irthe Brown Particle.
Figures 13-14 show the resulting iron oxide and PTFE heat maps, which indiBaien
Particleis consistent witlron oxideembedded in a PTFE matrix

Table5
FTIR Peaks and | dentifications Of Brown Particle

IR Frequency (cm™) : :
Brown Residue Brown Particle Brown Particle PEEE blg rl:)lljrg)ctlonal Possible Sour ce
(shown inTable 2) Brown area White area
3480 3371 N/O O-H stretch Brown Residue
1541, 1427, 1345 1557, 1426 1550, 1448 Fe-O comb/overtone Brown Residue
N/O 12751150 12751150 C-F stretch PTFE
804 781 776 Fe-OH stretch Brown Residue
~675 ~675 720 Fe-O stretch Brown Residue




YaTransmittance

Feronam Parfcle on while anes
Fircwn paricle on brown ansa
Farcwr Hesidue

B B 8
=

8 B
gz 20

184 1|
16
o5

3500 3000 2500 2000 1500 1000
Wavenumbers (om-1)

Figure 11: Overlay ofBrown Particle on white area (blue),Brown Particle on brown area
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Figure 13: FTIR heat map of iron oxide absorbances (red is a strong absorbance, blue is weak)
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Figure 14: FTIR heat map of PTFE absorbances (red is a strong absorbance, blue is weak)



SEM-EDX

Brown Particle was analyzed by SEMDX at two sampling locations and a contrdolcation.

A spectrumwas taken over a large areadeterminethe general chemistry of the samp@d a
smaller area was acquired on a brown portieigur e 15 shows the secondary electron (SE) and
backscattered electron (BSE) images of the santpleas also observed that one of the bright
areas has moved off the partieliter the acquisition cdn area map as seenHigure 16. This
indicates that one of the bright particles (observed by FTIR to be iron oxidetide) was not
embedded, but rather resting on the surface, and was forced off by eléctregtasion when
exposed to an intense electron beaidditionally, an EDX map was acquirethdividual
elemental maps can be seenFigures 19-Figure 22. Figures 23-26 show the SEMEDX
images and the elemental composition of each sampling location is summarizédest-8.

It was observed that greater concentrations of F are localized wheradt®served as well as
the inverseas seen ifrigure 17. When this relationship is considered with the acquired FTIR
map it can be seerthe surface of the PTFE particle is embedded with oxide particles
because FTIR analyzes the chemistry of the entire thickness of the sam{@deSENHEDX is a
surface sensitive techniquerhis is consistent with the results observed by FTIR microscopy.
An overlay of oxygen antheiron distribution can also be seenRigure 18, and generallare
observed in the same areas of the image indicating iron is present as ironyoxakede.

Table 6: Elemental concentration at area 1 (control) on Brown Particle

Element Atomic Number| Series| Weight % | Mole % % Error
Carbon 6 K 74.66 79.69 7.60
Oxygen 8 K 25.34 20.31 22.40

Table7: Elemental concentration at area 3 on Brown Particle

Element Atomic Number| Series| Weight % | Mole % % Error
Carbon 6 K 8.63 14,95 16.04
Oxygen 8 K 41.67 54.23 15.39
Fluorine 9 K 15.76 17.27 15.65
Sodium 11 K 1.40 1.27 7.68
Aluminium 13 K 0.14 0.11 34.83
Silicon 14 K 0.16 0.12 30.85
Sulfur 16 K 0.16 0.10 34.22
Chlorine 17 K 0.38 0.22 19.00
Iron 26 K 26.30 9.81 5.56
Nickel 28 K 5.40 1.92 11.52

Table 8: Elemental concentration at area 3 on Brown Particle

Element Atomic Number| Series| Weight % | Mole % % Error
Carbon 6 K 24.06 35.02 23.86
Oxygen 8 K 18.59 20.32 25.75
Fluorine 9 K 44.06 40.55 16.94
Nickel 28 L 11.46 3.41 13.05
Aluminium 13 K 0.38 0.24 14.05
Iron 26 K 1.45 0.45 23.69




SEM HV: 15.0 kV WD: 15.07 mm 7 VEGA3 TESCAN
View field: 1.10 mm Det: SE, BSE
SEM MAG: 252 x Date(m/d/y): 01/08/16 Jordi Labs

Figure 15: SEM SE (left) and BSE (right) imagesBifown Particle before mapping




SEM HV: 15.0 kV WD: 15.07 mm VEGA3 TESCAN
View field: 2.48 mm Det: SE, BSE
SEM MAG: 112 x Date(m/d/y): 01/12/16 Jordi Labs

Figure 16: SEM SE (left) and BSE (right) imagesBifown Particle after mapping




500 um

Figure 17: EDX map overlay of Fluorine (yellow) and Iron (reddmtange)




Figure 18: EDX map overlay of Oxygen (green) and Iron (reddisiinge)
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Figure 19: EDX map of Carbn

Figure 20: EDX map of Fluorine



Figure 21: EDX map of Oxygen

Figure 22: EDX map of Iron



Figure 23: SEM-EDX image of all sampling locations analyzedBobwn Particle
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Figure 24. SEM-EDX elemental abundance of area 1 (control) analyz&lafn Particle
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Figure 25: SEM-EDX elemental abundance of area 2 analyzdstofvn Particle
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Figure 26: SEM-EDX elemental abundance of area 3 analyzdstofvn Particle



Analysis Conditions

This section of a Jordi report provides information on the methods used including instrument
type, temperatures, solvents, sample preparation, etc. The specific conditionsemarasrieved
for this case study.

Closing Comments

Deformulation of an unknown material is intended to provide a best estimate ofetihécah
nature of the sample. All chemical structures are supported by the evidencdepréadnrare
subject to revision upon receipt of additional evidence. Additionabfs such as material
processing conditions may also affect final material properties.

Jordi Labs’ reports are issued solely for the use of the clients to whom thagdressed. No
guotations from reports or use of the Jordi name is permitted except as authorigéddgn The
liability of Jordi Labs with respect to the services rendered shall be limited t@antbant of
consideration paid for such services and do not include any consequential damages.

Jordi Labs specializes in polymer testing dwad 30 years experience doing complete polymer
deformulations. We are one of the few labs in the country specialized in this tygstimg.t\We
will work closely with you to help explain your test results and solve your problEm
appreciate your business and are looking forward to speaking with you conckeseagdsults.

Sincerely,

David York, M.S. Tingting Feng M.S.
Senior Chemist Senior Chemist
Jordi Labs LLC Jordi Labs LLC
Mk _Jerdt

Mark Jordi, Ph. D.

President

Jordi Labs LLC
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