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Plain Language Summary
Volatile extractables that can diffuse from medical devices are a potential health concern.
Currently, there are no standardized test methods available for the volatile analyses in medical
devices. Our goal is to investigate a solvent-less thermal extraction method to develop a
standardized approach to characterize volatile extractables from medical devices.

Results
STEP 1: Optimization of Solvent-less Thermal Extraction Method

STEP 2: Comparison Study with Solvent Extraction Method

Introduction
 Volatile extractables in medical devices are a potential concern because they are likely to
diffuse from materials during use and possibly expose patients to toxic compounds.
 These volatiles of potential toxicological concern include monomers, additives, processing aids,
material impurities, byproducts and residual solvents.
 Identification and quantification of these compounds is a challenge due to an absence of
qualified standard methods for the analysis of volatiles released from medical devices.
 International standards and regulatory bodies have developed headspace gas chromatography
mass spectrometry (HS-GC/MS) methods for applications that include pharmaceuticals (ICH
Q3C and USP<467>) and environmental analysis (EPA method 5021A).
 However, current practice for HS-GC/MS of medical devices yields inconsistent results due to
the lack of standardized/qualified methodology for thermal extraction conditions, sample
handling and data processing.
 In this study, a modified HS-GC/MS analysis method was developed for identification and
quantitation of volatile extractables released from medical device materials via solvent-less
thermal extraction method.
 We examined the effect of different thermal extraction temperatures and equilibration times on
the identification number and the quantity of the released volatile extractables from two medical
device materials (ABS and BUNA).
 Finally, the identification and quantification results of the volatile extractables generated from
solvent-less thermal extraction method was compared with the solvent extracts derived from the
same medical device materials.

Figure 1. HS-GC/MS chromatograph representing volatile extractables identified for ABS material at
thermal extraction temperature and equilibration time of 65 °C and 12 h, respectively. Thirteen most
abundant volatile extractables identified for ABS material are assigned in the chromatograph.

 About sixteen volatile organic compounds (VOCs), including monomers, residual solvents,
etc. were consistently identified for ABS in TE65, 1 h, 6 h, and 12 h samples compared to the
less than 8 identifications resulted for TE50 method.
 BUNA material resulted more than 22 volatile extractable identifications. The number of
identifications were increased in TE65 compared to the TE50 method.

 Both the saline extraction (SE) and TE65 method resulted comparable VOCs
identifications for ABS material, except for toluene which was only identified in SE.
However, analyte responses were superior in TE65 compared to SE method.
 Variable volatile extractable identifications were reported for BUNA between SE and
TE65 methods and need to be further investigated.

Experimental Workflow
STEP 1: Optimization of Solvent-less Thermal Extraction Method
[1] Thermal Extraction (TE)

Conclusion

Headspace Parameters
Oven Temperature (OT) (°C)
50 (TE50), 65 (TE65)
Equilibration Time (ET) (h)
1, 6, 12
Loop Temperature (LT) (°C)
75
Transfer Line Temperature (TLT) (°C)
150

 Thermal extraction performed at 65 °C (TE65) provided more volatile extractable
identifications for both ABS and BUNA material as compared to the TE50 method.
 TE65 method performed with 12 h equilibration time resulted increased peak areas,
which were highly reproducible across many of the identified VOCs of both ABS and
BUNA.
 Both the SE and TE65 (12 h) methods resulted comparable number of VOCs
identifications for ABS material while TE65 resulted increase analyte responses.
 SE and TE65 method generated variable volatile extractables identifications for
BUNA and the investigation is continuing to confidently assign and compare the
identifications.

[2] HS-GC/MS Analysis
Device material
(ABS, BUNA ( 1 g)) Column
GC Cycle (min)
Mass Range (m/z)

GC/MS Parameters
DB-624 × 0.25 mm × 1.4 µm
70
35 - 500

STEP 2: Comparison Study with Solvent Extraction Method
[1] Solvent Extraction (SE)
Solvent Extraction Conditions
Solvent
Saline (5 mL)
Extraction Temperature (°C)
50
Extraction Time (h)
24

[2] HS-GC/MS Analysis
Device material
(ABS, BUNA (1 g))

 USP<467> Set 1
OT ( 80 °C), ET ( 1 h), LT (80 °C), TLT (85 °C)

Figure 3. Comparison of the identified volatile extractables of ABS material between saline
extraction (SE) and thermal extraction (TE) methods. HS-GC/MS analysis was performed on SE
at 80 °C for 1 h (<USP467>) and compared with the TE performed at 50 °C and 65 °C for 12 h.

[3] Identification and Quantification of
Volatile Extractables

 Compared the differences in
identification number and the
peak areas of volatile
extractables
 Across different thermal
extraction temperatures
and equilibration times
 Between solvent extraction
and solvent-less thermal
extraction methods

Figure 2. Percent average peak area differences calculated for volatile extractables generated from
triplicates of ABS samples thermally extracted at 65 °C for 1 h, 6 h, and 12 h time points. Peak area
response of individual analytes at 1 h time point was subtracted from that of the 6 h and 12 h responses
and normalized to 1 h peak area.

 As the equilibration time of the ABS samples increases, compared to the 1 h thermal extraction,
both the 6 h and 12 h extractions showed increased responses. Between 6 h and 12 h thermal
extractions, 12 h samples generated increased average peak areas for many of the volatile
extractables identified for ABS material.
 A similar trend was observed with BUNA material where 12 h thermal extraction generated
increase response for many of the identified analytes compared to the 6 h samples.
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