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Leachables and extractables
are a concern.

We have already invested in
equipment for our current system.

that meets process requirements.

We have already invested in
validation for our current system.

We do not want to become vendor-
dependent (single-source issues).

change our current systems,
Breakage of bags and loss of
production material is a concern.
There are no lifetime operating cost

stainless steel and disposables.

No scientific evidence exists
yet to justify the change.

There is a lack of disposable equipment |

For regulatory reasons, we can't |

data on the differences between §

Because disposable processes will need
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PTFE
tubing

Pump Reservoir

A: Sterile Connector

B: Capsule Filter

PTFE tubing

Reservoir

C: Negative Control
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Table 1 - Product and test parameters for extractables studies

Sterile Connector Capsule Filter

Polycarbonate Membrane: PVDF surface-modified
with hydrophilic acrylate copolymer

Liquid contact materials

Support an drainage: Nonwoven
polypropylene

Capsule shell/filter hardware:
Polypropylene

Contact surface area Approximately 44 cm?  Membrane: 1,500 cm?

Filter hardware: 500 cm?
Extraction volume 1.5L 1.5L

Extracting fluid Deionized water at 21°C; 18 megohm-cm resistivity; ethanol at

21°C
Extraction system Pumped recirculating liquid; PTFE pump and tubing
Extraction time Deionized water for 24 hours; ethanol for four hours

Product pretreatment Gamma irradiation at 50 kGy
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Table 2 - Analytical methods used for assessing extractables

Analytical Method Water Extract Ethanol Extract
Total organic carbon (TOC) analysis v

pH analysis v

Conductivity analysis )

lon chromatography (IC) v

Nonvolatile residue (NVR) analysis J v
Fourier-transform infrared (FTIR) spectroscopy v V
Ultraviolet (UV) spectrometry \J’ V
Direct-injection gas chromatography with mass

spectrometric detection (GC/MS) iV Vv
Headspace GC/MS v v
Derivatization GC/MS J V
High-performance liquid chromatography with

ultraviolet detection (HPLC/UV) v v
Liquid chromatography with mass spectrometric

detection (LC/MS and LC/MS/MS) v A
Inductively coupled plasma mass spectrometry (ICP/MS) V v
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Table 3 - Results of extractables studies on sterile connectors
(NA=not applicable; DL=detection limit)

Solvent: Water Solvent: Ethanol

Sterile Negative Sterile Negative
Analytical Test Method connector Control connector Control
MNonvolatile residue analysis <005 mg <0.2 mg (DL) =0.05mg <0.2 mg (DL)
Total organic carbon analysis ~ 0.039 ppm 0.07 ppm NA NA
pH analysis (from a set of four
connectors) 59 58 NA NA
Conductivity analysis (from a
set of four connectors) 1.9 uS/em 1.0 uS/em NA NA
lon chromatography

Acetate <7.5 ppb! <7.5 ppb! NA NA

Formate <4.0 ppb! <4.0 ppb’ NA NA
GC/MS No peaks No peaks No peaks No peaks

Volatiles (headspace)

Semivolatiles (direct No peaks? No peaks No peaks No peaks
injection)

Derivatization (BF3/1- Benzoic acid: Benzoic acid: Benzoic acid:  Benzoic acid:
Butanol) 0.039 ppm 1.011 ppm 0.047 ppm <0.001 ppm
HPLC/UV No peaks? No peaks No peaks? No peaks
ICP/MS

15 elements* <DL <DL <DL <DL

Boron 0.397 ppb 0.08 ppb <DL <DL

Calcium <DL 8,938 ppb 1.028 ppb 4.316 ppb

Sodium 0.62 ppb 0.07 ppb <DL 4764 ppb

Zinc 0.050 ppb 0.01 ppb <DL <DL
1 Limit of detection: 7.5 ppb for acetate and 4.0 ppb for formate
2 Extract also concentrated 50-fold (no peaks) 3 Extract also concentrated 10-fold (no peaks)
4Li, Mg, Al, K, Ti, Cr, Mn, Fe, Co, Ni, Cu, Ag, Sn, Ba, and Pb
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Table 4 - Nonvolatile residues (NVR)
from capsule filters
Samples NVR
4.1-6.8 mg'
50.8-60.9 mg?

1 After subtraction of negative control (0.3 mg)

Water extract

Ethanol extract

2 After subtraction of negative control (0.6 mg)
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Table 5 - Ldentity and quantities of some compounds in ethanol filter extracts

Test Compounds |dentified Concentration
GC/MS on 2-Ethylhexanoic acid 0.56 ppm
ethanol extract  1,3-Di-tert-butyl-benzene 0.52 ppm
2,4-Di-tert-butyl-phenol 0.12 ppm
Lauryl acetate 0.13 ppm
Lauryl acrylate 0.64 ppm
Test Fatty Acid Derivatives Identified Concentration LOQ*
GC/MS on Ethanedioic acid, dibuty| ester (Oxalic) 0.16 ppm 0.01 ppm
derivatized Propanedioic acid, dibutyl ester (Malonic) 0.10 ppm 0.01 ppm
ethanol extract  Dodecanoic acid, butyl ester (Lauric) 0.23 ppm 0.025 ppm
Butanedioic acid, butyl ester (Succinic) 0.17 ppm 0.01 ppm
Tetradecanoic acid, butyl ester (Myristic) 0.09 ppm 0.025 ppm
Hexadecanoic acid, butyl ester (Palmitic) 0.61 ppm 0.01 ppm
Octadecanoic acid, butyl ester (Stearic) 1.23 ppm 0.05 ppm
1,4-Benzenedicarboxylic acid, bis(2- 2.24 ppm 0.025 ppm
methylpropyl) ester
“ Limit of quantification
Test Compounds Provisionally Identified Molecular Weight
LC/MS on 2-Ethylhexanoic acid 144,21
ethanol extract  Lauric acid 200.32
Myristic acid 228.37
Palmitic acid 256.42
Stearic acid 284.48
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leachables evaluation.

r product contact? |:J}

No
action

Include vendor
data and make

[ Initiate extractables andJ

Risk Factors

Compatibility
Location in process
Nature of product
Surface area
Contact temperature, time
Pretreatment steps

justification for
no testing.

“E
risk?
lYes

[Perform extractables testing}

YJ |: &
Decision tree for risk analysis of extractables
and leachables



