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Introduction 

• What is required for extractables testing? 

 

• Overview of analytical capabilities for 4 extractable 

and leachable analysis workflows 

 

• Introduce NEW technology for identification and 

quantification of unknown impurities 
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• Carton 

• Sterilization agent 

• Preservatives 

• Sealant & Ink 

What is there to leach? 

• Container-Closure  • Label  

• Ink 

• Solvent 

• Adhesive 

• Varnish 

• Plasticizer 

• Lubricant 

• Pigment 

• Stabilizer 

• Antioxidant 

• Monomers 

• Slip agent 

• Flame 

retardant 
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• EXTRACTABLE 

• Chemical released from 

process equipment, 

packaging or delivery 

system; under laboratory 

extraction conditions. 

 

• LEACHABLE 

• Chemical that migrates 

from process equipment, 

packaging or delivery 

system; into drug 

formulation under normal 

usage conditions. 

Extractables & Leachables 

Secondary 

Leachables 

Leachables 

Extractables 
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Oral 
tablets. 

Contact 
ointments, 
patches & 
sprays. 

 

Powders for 
inhalation or 
injection 

Parenteral 
solutions & 
suspensions. 

  

Single-use 
bioprocess 
equipment. 

Where are is the greatest concern for leachables? 
D

e
g
re

e
 o

f 
c
o
n
c
e
rn

 

Likelihood of 

packaging/product interaction 
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Unknowns 

come in all 

shapes and 

sizes 

Analysis of Extractables & Leachables 
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• LC-ICP-MS 

• IC-ICP-MS 

• ICP-MS 

• ICP-OES 

 

• ESI & APCI 

• LC-UV or CAD  

• LC-MS/MS HRAM 

• IC-MS 

• Library 

• GC-MS 

• GC-MS/MS HRAM 

• EI & CI 

• Library 

 

• GC-MS 

• GC-HRMS 

• Headspace 

• EI & CI 

• Library 

 

Analysis of Extractables & Leachables 
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Accelerated 
solvent 

extraction 
technology 

Preparation 

MS certified 
vials, columns 
and ultra-pure 

solvents 

Consumables 

Headspace 
sampling and 

compliant 
GC-MS 

 

Volatiles 

Advanced 
Orbitrap-

based HRAM 
GC-MS/MS 

Semi-volatiles 

Advanced 
Orbitrap-

based HRAM 
LC-MS/MS 

Non-Volatiles 

Robust, 
compliant 
ICP-MS 

Elemental 

Complete solution for Extractables & Leachables 

EXTRACTION ANALYSIS AND REPORTING 
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Sample preparation 
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Regulatory guidelines: 

• USP Chapter <1663> & <1664> 

• Product Quality Research 

Institute (PQRI)  

• BioPhorum Operations Group 

(BPOG) 

“Controlled extraction studies 

should; 

• Employ vigorous extraction with 

multiple solvents of varying 

polarity 

• Incorporate multiple extraction 

techniques” 

 

 

Principle and Best Practices Recommended 

Accelerated solvent 

extraction technique 

(30 minutes) 

Heated agitation 
(2-30 days) 

Sonication 
(2-5 days) 

Soxhlet 
(24 Hours) 
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• Automates sample preparation for solid and semi-solid samples 

• Extracts above the boiling point of solvent using elevated pressure 

• Extraction time <30 min/sample 

• Compliant Chromeleon software control 

 

Accelerated Solvent Extraction Technique 

 Thermo Scientific™ Dionex™ ASE™ 350 

Accelerated Solvent Extractor System 

10 

LC-MS analysis of hexane extracts: Polypropylene Pill Bottle 
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• Automates sample preparation for solid and semi-solid samples 

• Extracts above the boiling point of solvent using elevated pressure 

• Extraction time <30 min/sample 

• Compliant Chromeleon software control 

 

Accelerated Solvent Extraction Technique 

 Thermo Scientific™ Dionex™ ASE™ 350 

Accelerated Solvent Extractor System 

10 

LC-MS analysis of hexane extracts: Polypropylene Pill Bottle Standardize, automate and accelerate sample preparation 
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Comparison of Soxhlet vs. Dionex ASE 350 System  

Parameter  Soxhlet 
Dionex ASE 350 

System 

Extract solvent used per sample  (mL)  160 <30 

Total extraction time per sample (min)  1440 <30  

Extracted compounds Same Same  

Extracts peak Intensity Ratio Accelerated 

Solvent Extraction/Soxhlet 
1.4x to 90x 

Dionex ASE 350 system delivers faster extractions using less solvent  
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Volatiles 
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• Analogous to USP 467 Residual 

solvents workflow 

• Molecules are generally known, or 

simple to identify 

• Routine compliant quantification 

 

 

Volatile impurities workflow 

Sample with valve 

& loop headspace 

Robustly separate Identify and quantify 

using MS 

Compliant data 

processing 



19 

Complete technologies for volatile impurities 

Thermo Scientific™ TriPlus™ 300 headspace sampler 

Thermo Scientific™ Trace 1310 GC 

Thermo Scientific™ TraceGOLD TG-624SilMS GC 
Columns 

Thermo Scientific™ ISQ™ Series GC-MS 

Thermo Scientific™ Dionex™ Chromeleon™ CDS 

Thermo Scientific™ AppsLab Library™ 
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Volatiles headspace analysis 

• Methods available on AppsLab 

• One click Chromeleon eWorkflow 

• Full quantitative and qualitative 

mass spectral analysis 

Replicate headspace 

of plastic film 
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Volatiles headspace analysis 

• Methods available on AppsLab 

• One click Chromeleon eWorkflow 

• Full quantitative and qualitative 

mass spectral analysis 

Replicate headspace 

of plastic film 

• Simple, robust, routine, compliant analysis 

• Methods freely downloadable 
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Non-Volatiles 
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• Catch everything with orthogonal detection 

• Detect in both positive and negative ion mode 

• Have absolute confidence in elemental composition 

• Get full sub-structural information 

• Search wide variety of data sources in parallel 

Non-volatiles unknown identification workflow 

Extract Separate and 

detect everything 

Identify with 

confidence of 

HRAM MS/MS 

Software to 

search, elucidate 

& confirm 
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Confidently go from spectra to structure 

• Thermo Scientific™ Compound 
Discoverer™ Software 

• HRAM MS/MS spectra 

• Compare batches and replicates 

• Search multiple databases in parallel 
including mzCloud.org 

• Deliver one unified report 

 
Urine-8-12hr-1 09/12/15 01:49:28
Accucore 2.1x100 2.6 um  A: H2O  B: ACN  C: 100 mM Ammonium  Formate pH9 Column Temp: 30C

RT: 0.9 - 20.3 SM: 7G
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Urine-8-12hr-1

Urine-8-12hr-1 #4384 RT: 8.74 AV: 1 NL: 8.12E6
F: FTMS + p ESI Full ms [120.0000-1200.0000]
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https://www.mzcloud.org/home.aspx
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Confidently go from spectra to structure 

• Thermo Scientific™ Compound 
Discoverer™ Software 

• HRAM MS/MS spectra 

• Compare batches and replicates 

• Search multiple databases in parallel 
including mzCloud.org 

• Deliver one unified report 

 
Urine-8-12hr-1 09/12/15 01:49:28
Accucore 2.1x100 2.6 um  A: H2O  B: ACN  C: 100 mM Ammonium  Formate pH9 Column Temp: 30C

RT: 0.9 - 20.3 SM: 7G
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Base Peak m/z= 
50.00000-1925.00000 F: FTMS + p 
ESI Full ms [120.0000-1200.0000] - 
m/z= 
185.12824-185.12936+
195.08741-195.08859  MS 
Urine-8-12hr-1

Urine-8-12hr-1 #4384 RT: 8.74 AV: 1 NL: 8.12E6
F: FTMS + p ESI Full ms [120.0000-1200.0000]
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• Unambiguously confirm structures and substructures with 

absolute confidence 

https://www.mzcloud.org/home.aspx
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Quantify non-volatile extractables – Irganox1035 

50 ppt  
(Triple Injections) 

[M+NH4]+ m/z 660.4293 

Levels: 0.05 – 100 ppb 

Detect in positive and negative ion mode in the same run 

+VE 
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Quantify non-volatile extractables – example Irganox1035 

[M-H]-    m/z 641.3882 

Levels: 0.05 – 100 ppb 

50 ppt  

(Triple Injections) 

Full sensitivity in negative ion mode 

-VE 
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• Detection without chromophore 

• Quantify without exact standards 

• Relative quantification due to consistent 

response 

• Use virtually any standard for simplified 

AET calculations  

• Consistent analyte response 

• Four orders dynamic range  

 

See what you’re missing with Charged Aerosol Detection 

Comparison of Charged Aerosol 

Detection to UV and MS 

Thermo Scientific™ Full integration with Thermo Scientific™ Vanquish™ 

Vanquish™ Charged UHPLC platform, slide-in module design, reduced 

Aerosol Detector flow path for optimum operation  
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CAD for extractables and leachables 

IPA blank 

Data from ESA Biosciences, Inc., Chelmsford, MA 
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CAD for extractables and leachables 

IPA blank 

Rubber 

Data from ESA Biosciences, Inc., Chelmsford, MA 
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CAD for extractables and leachables 

IPA blank 

Rubber 

Butyl Rubber 

Data from ESA Biosciences, Inc., Chelmsford, MA 
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CAD for extractables and leachables 

IPA blank 

Rubber 

Butyl Rubber 

Data from ESA Biosciences, Inc., Chelmsford, MA 

• “Virtually universal detection” 
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CAD for extractables and leachables 

IPA blank 

Rubber 

Butyl Rubber 

Data from ESA Biosciences, Inc., Chelmsford, MA 

• “Virtually universal detection” 

 

• “able to detect and measure a large number of compounds 

that were completely transparent to UV detection.” 
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CAD for extractables and leachables 

IPA blank 

Rubber 

Butyl Rubber 

Data from ESA Biosciences, Inc., Chelmsford, MA 

• “Virtually universal detection” 

 

• “able to detect and measure a large number of compounds 

that were completely transparent to UV detection.” 

 

• “CAD can provide a level of information that has until now 

been lacking with methods such as UV and even Mass 

Spec.” 
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Elemental 

impurities 
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• Workflow analogous to ICH Q3D and USP 232 & 233 

• Demands organic tolerance and robust trace analysis 

• Polymer, extraction solvent and cell media 

 

• Thermo Scientific™ iCAP™ RQ ICP-MS with prepFAST 

• Thermo Scientific™ Qtegra™ ISDS software 

 

 

 

 

 

Elemental impurity workflow 

Extract Automated dilution and 

standard preparation 

Organic tolerant 

ICP-MS 

Compliant data 

processing 
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• Calibration Range: between 1000-fold and 10-fold dilution of lower limit 

• R2 better than 0.99 

 

• Sensitivity Verification: Analysis @ 0.5x lower limit 

• ±30% of prepared concentration 

 

• Accuracy Check: Spike recovery of a 0.2 mg/L solution after complete 

sample acidification routine 

• ±20% of expected concentration 

 

• Drift Check: Standard 2 (500x dilution) was analyzed every 10 samples 

• ±30% of prepared concentration 

 

Analysis of pharmaceutical valve o-rings to USP 232/233 
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• Calibration Range: between 1000-fold and 10-fold dilution of lower limit 

• R2 better than 0.99 

 

• Sensitivity Verification: Analysis @ 0.5x lower limit 

• ±30% of prepared concentration 

 

• Accuracy Check: Spike recovery of a 0.2 mg/L solution after complete 

sample acidification routine 

• ±20% of expected concentration 

 

• Drift Check: Standard 2 (500x dilution) was analyzed every 10 samples 

• ±30% of prepared concentration 

 

Analysis of pharmaceutical valve o-rings to USP 232/233 

• All QC parameters automatically reported 

 

• High concentration samples automatically diluted 

 

• Full compliance and automatic reporting 
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Semi-volatiles 
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• Deconvolve, identify and quantify even the 
narrowest GC peaks 

• Unambiguously calculate empirical formulae 
without needing to average scans 

• Simplify data review and report 

 

• Thermo Scientific™ Q Exactive™ GC system 

• Thermo Scientific™ TraceFinder™ software 

 

Semi-volatile impurity identification and quantification workflow 

Extract Separate Identify with confidence 

of HRAM MS/MS 

Software to 

search, elucidate 

& confirm 
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Detect, quantify and identify at any concentration 

10 fg OFN on-column 

Low fg on-column LODs 

x12 injections 

Detection limit = 2 fg 
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Detect, quantify and identify at any concentration 

>6 Orders Linearity 

10 fg OFN on-column 

Low fg on-column LODs 

x12 injections 

Detection limit = 2 fg 
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Detect, quantify and identify at any concentration 

>6 Orders Linearity 
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10 fg OFN on-column 

Low fg on-column LODs 

x12 injections 

Detection limit = 2 fg 
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Scan speed and accurate mass error across a peak 

O-ring extractable impurity 

Ethyl octanoate  

m/z 129.0910 
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• Heat map shows 

peaks elevated in 

sample versus control 

 

• Simple intuitive 

data interpretation 

• Easily quantify 

Isolate peaks of interest, identify with confidence 
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High Resolution Filtering 

C8H8Cl2O2 

Subset 

formulae 

∑ (m/z *Intensity)explained 

 

∑ (m/z *Intensity)observed 
HRF Score = x 100% 

Candidate 
Compounds 
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Confidently identify 

Combined SI and HRF values give an overall score (%) to quickly and confidently 

identify the compound. Eliminates other hits that would be valid if only SI used. 
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Confidently identify 

Combined SI and HRF values give an overall score (%) to quickly and confidently 

identify the compound. Eliminates other hits that would be valid if only SI used. 

• Simple unambiguous identification  
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Complete capabilities for Extractables & Leachables 
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• Confidently 

quantify 

 

                

         

 

               

Complete capabilities for Extractables & Leachables 
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• Confidently 

quantify 

 

• Unambiguously 

identify 

 

               

Complete capabilities for Extractables & Leachables 
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• Confidently 

quantify 

 

• Unambiguously 

identify 

 

• Easily report 

Complete capabilities for Extractables & Leachables 
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E&L Resources  

www.thermoscientific.com/Leachables 

• Webinars 

• Applications 

• Blogs 

• Regulatory updates 

• White papers 

• And more… 
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• Andrew Feilden, Smithers Rapra 

 

 

• Kate Comstock 

• Daniel Kutscher 

• Dom Roberts 

Thank you 


