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Outline

� Introduction to single-use systems/components

� Regulatory requirements

� Need for extractables data

� Test design for extractables study on Pall Allegro™
single-use system

� Comprehensive analytical methods / test results

� Product- and process-specific extractables/leachables 
study
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Single-Use Biopharmaceutical Process
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Single-Use Systems

� Stax™ and Kleenpak™ filter capsules
� Clarification, bacterial/viral filtration 

� Mustang™ membrane chromatography
� Kleenpak sterile connectors
� Allegro™ biocontainers
� Allegro single-use systems
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Advantages of 
Single-Use Systems

� Reduce/eliminate cleaning validation

� No cross contamination
� Minimizes operator exposure to hazardous 

products
� e.g. Cytotoxic drugs

� Low installation cost
� Reduced cleaning costs
� Reduced maintenance costs

� Reduced assembly costs
� Free up resources
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Concerns Associated with 
Single-Use Systems

� Extractables/Leachables 
concerns

� Higher consumables costs
� Environmental costs                                             

(solid waste disposal)
� Low maximum system 

pressures
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� Extractables (BPSA* Definition)
� Chemical compounds that migrate from any 

product contact material, including 
elastomeric, plastic, glass, stainless steel or 
coating components when exposed to an 
appropriate solvent under exaggerated 
conditions of time and temperature.

� Leachables 
� Chemical compounds, typically a subset of 

extractables, that migrate into the drug 
formulation from any product contact 
material, including elastomeric, plastic, 
glass, stainless steel or coating components 
as a result of direct contact with the drug 
formulation under normal process 
conditions or accelerated storage conditions 
and are found in the final drug product.

Extractables / Leachables Definitions

Reference: BPSA Recommendations for Extractables and Leachables from Single-Use Systems
BPSA: Bioprocess Systems Alliance



© Pall Corporation

Why Are We Concerned with E/L?

� Leachables can
� Interfere with drug assays
� Interfere with medical diagnostics
� Increase the impurity level of drug product
� React with drug product components

� Inactivate ingredients, cause precipitation,   
absorption, pH shift, discoloration

� Increase toxicity of drug product
� Stimulate antibody formation

� Extractables are potential leachables
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US/North America
• 21 CFR Part 211.65: Equipment construction
• Canadian Food and Drug Regulations, GMP, Part C, 

Division 2, Section C.02.005: Equipment
• FDA CDER/CBER Guidance for Industry: 

Container Closure Systems for Packaging Human 
Drugs and Biologics

Europe
• EU GMP, Medicinal products for human and 

veterinary use, European Commission, Volume 4, 
chapter 3, paragraph 3.39

• EMEA/205/04 Guideline on Plastic Immediate 
Packaging Materials

International Standards
• ICH Q1A: Stability testing of new Drug Products and Substances: Container closure system
• ICH Q3A, Q3B: Impurities in New Drug Substances and Products: Threshold (%) depending of the max daily dose
• ICH Q3C = E.P.5.4 = USP<467> (draft): Guidelines for residual solvents
• ICH Q7A: Good Manufacturing Practice Guidance for Active Pharmaceutical Ingredients
• ISO 10993 part 13: Identification and quantification of degradation products from polymeric medical devices
• ISO 15747 (2003): Plastics containers for intravenous injection

Other references
• PDA Technical report 26: Sterilization Filtration of Liquids (1998)
• PQRI publication: Safety thresholds and best practices for extractables and leachables in Orally Inhaled and Nasal 

Drug Products
• ASTM E2097-00 (2006): Standard guide for determining the impact of extractables from non-metallic materials on 

the safety of Biotechnology Products
• BPSA Recommendations and Guides

Regulations & Guidance Applicable to 
Extractables/Leachables
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Are the Same Concepts Applicable to 
Process Equipment?

Short – minutes to 
months

Long – up to shelf 
life

Contact time

LowHighContact surface 
area per volume

Several (upstream of 
diafiltration) to                
none (final filter, bulk 
container)

NoneProcessing 
steps

Remote to ImmediateImmediateFinal drug          
product contact

Process EquipmentFinal Container / 
Closure
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Risk Assessment

Does 
material 

have 
product 
contact?

No action

Risk Factors
1. Compatibility of Material
2. Location in process
3. Nature of product
4. Surface Area
5. Contact temp., time
6. Pretreatment steps

Relevant 
Risk?

Include vendor data and 
make justification for no 

testing

Yes No

No

Yes

Initiate 
Extractables 

and Leachables 
Evaluation 

Continue to 
Extractables
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Evaluation of 
Extractables/Leachables

Is supplier’s 
extractables 

data 
available, and 
applicable to 
the process?

Determine toxicity risk based 
on maximum dosage of 
potential leachables based on 
extractables data

Submit 
extractables 
data with 
filings

Yes

Relevant Risk = Yes

No

Perform 
Extractable 
Testing

Does maximum 
dosage of potential 
leachables present 
safety risk and/or if 

there is potential 
interaction between 

extractables and 
process fluid?

No

Yes

Continue to 
Leachables
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Approach for Evaluation of 
Leachables

� Leachables in final drug product
� Process equipment – Potential sources
� Extractables study on process equipment –

Essential
� From Supplier
� Perform process- and product-specific study

� Leachables study on process equipment –
may be needed (based on scientific evaluation)
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Approach for Extractables: 
Core Study Data from Suppliers

� Individual components
� Single-use system
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Components Study: Objectives

Characterize and quantify extractables from
� Kleenpak™ sterile connector 
� Kleenpak capsule with Fluorodyne® II membrane
� Thermoplastic elastomer tubing 
� Allegro™ biocontainers
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BioProcess International, BioProcess International, 

Oct., 2008, pp34Oct., 2008, pp34--4242

BioProcess International, BioProcess International, 

May 2009, pp46May 2009, pp46--5555
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Allegro Single-Use System
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Objectives

� To quantify and characterize extractables from a 
model Pall Allegro Single-Use System (SUS)

� To study the effect of system flush. 

� To study the effect of storage time up to one year. 

� To develop an extractables/leachables study method 
for process validation of SUS in biopharmaceutical 
manufacturing.
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Test Design

� Test Solvents: 
� Water (DI, resistivity 18 Megohm-cm), model 

solvent for dilute aqueous solution
� Ethanol, model solvent for general organic 

fluid 

� Pretreatment of test articles: 
� Gamma irradiation at 50 � 2 kGy
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� Test Setup: 
� PTFE pump, PTFE tubing, glass reservoir, test articles
� Negative control: Test solvent without contacting test 

article

� Test Parameters: 
� Flush 2 L of test solvent through the system
� Fill the rest of the system simultaneously
� Store the biocontainers for up to one year
� Test temperature: 21� 1oC

Test Design (continued)
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Fluid Supply and Manifold for 
Extractables Studies
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Biocontainer Manifold for Extractables 
Studies
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Analytical Methods

xIC (Ion Chromatography)

xxLC/MS and LC/MS/MS

xxLC/UV (Liquid Chromatography / Ultraviolet)

xxICP/MS (Inductively Coupled Plasma MS)

xxDerivatization GC/MS

xxDirect Injection GC/MS (Gas Chromatography MS)

xxHeadspace GC/MS (MS: Mass Spectrometry)

xxUV (Ultraviolet)

xxFTIR (Fourier Transform Infrared)

xxNonvolatile Residue

xConductivity

xpH

xTOC (Total Organic Carbon)

Ethanol 
Extracts

Water 
Extracts
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Water Test Results

0.043 0.3105.023.360.70System t=1 year

0.0200.0065.561.210.18System t=0

0.0390.0065.461.820.34System t=1 month

<0.001**

0.025

Acetate,
ppm

5.77

4.71

pH

0.82

7.08

Conductivity, 
µS/cm

<0.002** 0.003Negative Control or 
Blank

0.245 2.81System Flush

Formate, 
ppm

TOC, 
ppm

Samples

*Average of the data from two sets of system samples; The numbers were not corrected 
with these from the negative control

**Limit of Detection

TOC, pH, Conductivity, and Ions from Water Extracts*
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* The numbers were not corrected with that of negative control

** The LOQ (Limit of quantification) was 0.1 mg. 

Non-volatile Residue (NVR) from Water and Ethanol Extracts*

<LOQ**

1.1

0.4

1.9

Water, mg

189System t=1 year

142System t=0

<LOQ**Negative Control

119System Flush

Ethanol, mgSamples
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FTIR Spectra of NVRs from Ethanol Extracts 
(Flush and t=1 year)

System Flush

 

 4000 3500 3000 2500 2000 1500 1000 500 
 

System one Year 

 

 4000 3500 3000 2500 2000 1500 1000 500 
Wavenumber (cm-1) 
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Instrument: Shimadzu QP2010 GC/MS with 
an AOC-5000 Auto-injector 

Headspace GC/MS
� Column: DB-624 from Agilent; 60 m x 0.250 mm ID x 1.40 � m 

film; P/N 122-1364
� Temperatures: 70 oC (Shaker) and 90 oC (Syringe)
Direct Injection GC/MS
� Column: DB-1 from Agilent; 60 m x 0.250 mm ID x 0.25 � m film; 

P/N 122-1062
� Temperatures: 220 oC (Injector) and 250 oC (Ion Source)
Derivatization GC/MS
� Column: DB-Wax from Agilent; 60 m x 0.250 mm ID x 0.25 � m 

film; P/N 122-7062 
� Temperatures: 220 oC (Injector) and 240 oC (Ion Source)

GC/MS Analyses
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GC/MS Results on Water Extracts

One-year Sample 
(t=1 year)

Flush SampleMethod

Benzoic acid 
(0.042 ppm)

Oxalic acid (0.056 ppm)
Succinic acid (0.042 ppm)

Derivatization 
GC/MS***

No peaks**No peaks**Direct Injection 
GC/MS

No peaks*No peaks*Headspace 
GC/MS

*   Limit of Detection: 0.001 ppm using 2-methyl-2-propanol

**  Limit of Detection: 0.010 ppm using 2,4-di-tertbutylphenol

*** BF3/1-butanol was used as the derivatization agent.
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Representative Headspace GC/MS 
Total Ion Chromatograms (TIC)

Headspace GC/MS – Water Extract 1 Year

Headspace GC/MS – Ethanol Extract 1 Year
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Representative Direct Injection GC/MS 
Total Ion Chromatograms (TIC)

Direct Injection GC/MS – Water Extract 1 Year

Direct Injection GC/MS – Ethanol Extract 1 Year
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GC/MS Analytical Strategies

Trace amount of extractables 

� Concentrate extracts
� MS interpretation
� Authentic standards
� Mass spectra and retention time match
� Calibration and quantitation
� Recovery study 
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GC/MS Results on Ethanol Extracts
One-year Sample Flush SampleMethod

Succinic acid, palmitic acid, and 
stearic acid
(All below 0.3 ppm)

Oxalic acid, malonic acid, lauric
acid, succinic acid, palmitic acid, 
and stearic acid
(All below 0.3 ppm)

Derivatization 
GC/MS

Decamethylcyclopentasiloxane, 
dodecamethylcyclohexasiloxane, 
a series of siloxanes, 1,3-DTBB, 
2,4-DTBP, 1-dodecanol, lauryl
acrylate, hydrocarbon isomers, 
1-tridecanol, 1-pentadecanol, 
1-octadecanol, and a series of 
aliphatic hydrocarbons, C12 to C26.
(All below 3 ppm)

Decamethylcyclopentasiloxane, 
dodecamethylcyclohexasiloxane, 
a series of siloxanes, 1,3-DTBB, 
2,4-DTBP, 1-dodecanol, lauryl
acrylate, and hydrocarbon isomer
(All below 1 ppm)

Direct 
Injection 
GC/MS

3-Methylpentane, hexane, 
methylcyclopentane, acetal, 
3-methylheptane, octane, 
2-Methylpentane, cyclohexane, 
1-octene (All below 5 ppm)

3-Methylpentane, hexane, 
methylcyclopentane, acetal, 
3-methylheptane, and octane 
(All below 3 ppm)

Headspace 
GC/MS
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� Column: Hypersil ODS, 5 � m, 150 mm x 4.6 mm

� Mobile Phase: Acetonitrile (A) and Water (B)
� Typical Gradient: Start from 20A:80B, to 100A:0B 

(0-11 min.), and hold 100A:0B (11-30 min.)

� Detectors: UV at 200  and 280 nm and Mass 
Detector

� Mass Scan Range: 100-2000 m/z

HPLC/UV/MS Analysis



© Pall Corporation

HPLC/UV/MS Analysis (continued)

� Results

� Water samples: No peaks were detected; 
LOD was from 0.1 to 1 ppm using a mixture of 
antioxidants 

� Ethanol samples: Identified compounds included 

1,3-ditertbutylbenzene

2,4-ditertbutylphenol
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LC/UV/MS Analytical Strategies

Trace amount of extractables

� UV spectra evaluation

� MS interpretation

� Authentic standards

� Mass spectra and retention time match

� Calibration an quantitation
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� Instrument: Agilent 7500cs and 4500
� Metal Elements Tested: Li, B, Na, Mg, Al, K, Ca, 

Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ag, Sn, Ba, and Pb
� Results:

Water Extracts

Ethanol Extracts

ICP/MS Analysis

Nine elements were detected. All are lower than 6 ppb. Ca was the 
highest (5.6 ppb).

Detection limit was from 0.01 to 0.15 ppb

Only Ca was detected (5.9 ppb). All other elements were below 
detection limits.

Detection limit was from 1 to 5 ppb due to 50-fold dilution
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Detected Elements in Water Extracts 
by ICP/MS

3.05.6Ca

< LOD** (0.04)0.11Ti

0.20.18Cu

0.170.57Mg

< 0.141.15Al

< 0.150.32K

One-year Sample* 
(t=1 year), ppb

Flush Sample*, ppbElement

0.57 0.34 Zn

0.27  2.82Na 

1.931.25B

*  Corrected with negative control or solvent blank

** LOD: Limit of Detection
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From Supplier’s Data to 
User-Specific Process Validation

� If the data from a supplier is high-quality data 
and it does bracket the process conditions, then 
the data can be used for the purpose of process 
validation.

� If the data from a supplier is not high-quality 
data, or it does not bracket the process 
conditions, then a user-specific process 
validation must be performed.
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User-Specific Extractables Study for 
Single-Use System

� Worst-case model solvent per product composition

� Pall’s Model Solvent ApproachSM

� Worst-case test conditions per process conditions

� Test with actual process single-use system or                  

a scale-down version 

� Consider surface area to volume ratio
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User-Specific Leachables Study for 
Single-Use System

� Actual process fluid for extraction

� Worst-case test conditions per process conditions

� Test with actual process single-use system or                  

a scale-down version 

� Consider surface area to volume ratio

� Possible extraction sample pretreatment

� Pall Validation Services
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Conclusions

� Preflush step removed extractables significantly.

� All extractables from SUS can be traced back to 
individual components.

� The study method and the results can facilitate 
extractables/leachables evaluation of single-use 
systems in biopharmaceutical manufacturing for process 
validation.

� Data is also beneficial for analysis of leachables in final 
biopharmaceutical drug products.
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