
Introduction
As the COVID-19 virus outbreak became a 
global pandemic in 2020, the demand for 
effective personal protection equipment 
(PPE) grew exponentially. In response to the 

pandemic, the World Health Organization (WHO), in addition to a number of other public agencies such 
as the Centers for Disease Control (CDC) and the European Centre for Disesase Prevention and Control 
(ECDC), advised that “the use of [face] masks is part of a comprehensive package of the prevention and 
control measures that can limit the spread of certain respiratory viral diseases, including COVID-19.”1-3

Demand for face masks quickly surpassed the supply available from existing PPE producers, and as a 
result, new face mask producers entered the market to meet the growing consumer demand. In addition 
to widescale changes to production processes and materials, mask producers also face the need to 
develop rigorous quality control protocols to confirm the safety of their products. Testing masks to 
confirm they do not contain chemical residues that may off-gas during normal wear is an integral part 
of this quality control process.  

To meet the demand of face mask producers, PerkinElmer developed a method, based on ISO-18562 
(Biocompatibility evaluation of breathing gas pathways in healthcare applications) and ISO-10093 
(Biological evaluation of medical devices) to detect and quantify volatile organic carbons (VOCs) in 
face masks. The method described herein utilizes a solvent-free headspace extraction, followed by gas 
chromatography/mass spectrometry analysis, ensuring a quick and precise analysis that won’t slow 
down production. 
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Experimental

Several different surgical/KN95 masks, detailed in Table 1 and 
pictured in Figure 1, were obtained from multiple global 
manufacturers for use in this study, and the results from four of 
the studied masks are presented herein. The masks were cut in 
half and each half was rolled and placed into a 22 mL glass 
headspace vial. The vials were capped with a PTFE faced silicone 
septa to mitigate the potential for background interference. The 
samples were extracted in a headspace vial using a PerkinElmer 
TurboMatrix™ HS-40 Trap, utilizing a custom enhanced air 
monitoring sorbent trap described in previous publications.4

A TurboMatrix HS-40 Trap was connected to a PerkinElmer 
Clarus® 690 gas chromatograph with an SQ 8 mass spectrometer 
operating in EI mode. All instrument parameters utilized in this 
work are detailed in Table 2.

Masks 
Description Mask Details

Mask 1
Non-surgical mask manufactured in China and obtained from 
Toronto-area pharmacy.

Mask 2
Non-surgical mask with plastic shield manufactured in China, 
and obtained from Toronto-area pharmacy.

Mask 3
Non-surgical mask manufactured in China and obtained from 
Toronto-area pharmacy.

Mask 4
KN95 mask manufactured in China and obtained from 
Toronto-area pharmacy.

Table 1. Sample Descriptions.

Figure 1. Pictures of masks described in this study.

Headspace Parameters

Headspace Vials
20 mL Vials B0104236 using PTFE-coated 
Silicone Rubber Septa B4000022

Thermostat 100 °C

Needle Temp 110 °C
Transfer Line Temp 120 °C

Thermostat Time 15 Minutes

Pressurization Time 1 Minute
Decay Time 1 Minute
Dry Purge 30 Seconds
Trap Temperature 45 - 325 °C

Enhanced Air Monitoring
Trap Air Monitoring

Trap Hold 5 Minutes
Cycle Time 21 Minutes
Initial Head Pressure 19.9 psi
Head Pressure During PHET 40 psi
GC Parameters

Carrier Gas Helium 5.0 Grade
Column Elite-624MS 30 m 0.25 mm 1.4 u N9315068
Injector Pressure 15 psi
Split Pressure Control 5 mL/min
Initial Oven Temp 40 °C
Oven Hold 3 Minutes
Ramp 20 °C /min to 250 °C
Oven Hold 5 Minutes
GC Injector PSS Injector with 1 mm liner
Inlet Temperature 200 °C
MS Acquisition Parameters

Scan Range 33-300 Daltons

Acquistion Time 20 Minutes
Ionization Mode EI+
Scan Time 0.2 Sec
Interscan Delay 0.02 Sec
Transfer Line 200 C
Source 200 C
Electron Energy 70 eV
Emission Current 100 uA
Repeller 1 V
Lens1 1
Lens2 50
HM Resolution 12.5
LM Resolution 12.5
Ion Energy 1.5
Ion Energy Ramp 1.0
Detector Voltage 1600 V

Table 2. Analytical Parameters.
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Results and Discussions

Figure 2 displays the chromatograms from the analysis of face mask 
samples 1, 2 and 3. Chlorinated compounds, such as dichloromethane
and dichlorobutane, were detected at ultra-low levels, well below 
any action level thresholds. The majority of compounds with 
detectable concentrations were simple hydrocarbons, which 
exhibit much lower levels of toxicity.

The chromatogram of mask 4 shown in Figure 3 is similar to those 
in Figure 2, with the exception of a significant peak at a retention 
time of 4.86 minutes, which was tentatively identified as ethyl 
acetate using a NIST database search, as shown in Figure 4.

Figure 2. Stacked plot of various surgical mask chromatograms.

Figure 3. Stacked Plot of KN95 mask sample 4, and a vial blank.
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Figure 4. Spectrum at 4.86 minutes compared to NIST entry of ethyl acetate – a) actual sample spectrum, b) head to tail comparison, and c) NIST library spectrum of ethyl acetate. 

Figure 5. a) typical mask chromatogram and b) 20 ng VOC standard.

A stacked plot of a mask and a Method 524 analyticial standard at 
20 ng per component is shown in Figure 5. The amount of VOC 
offgasing from the mask sample can be determined using the 

response of toluene at 20 ng (2,632,870 area counts) versus the 
total area of a mask (2 x 2,694,867,823).  The final amount of 
VOC offgassing corrected to a full mask is approximately 41 µg. 



Figure 6. Mask run at a) 100 °C for 15 minutes and b) 35 °C for 480 minutes.

In Figure 6, an analysis of a mask at 100 °C for 15 minutes and 
eight hours at 35 °C is compared. A temperature of 35 °C was 
selected to simulate the mask on a human face for an eight hour 

shift. The volatile offgasing was approximately 30 times less than 
the offgasing at 100 °C, thus reducing the full mask offgassing to 
1.3 µg over an eight hour period.
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Conclusion
The TurboMatrix HS-40 Trap allows for the rapid analysis of VOCs in 

face masks, and closely aligns with normal mask-wearing conditions 

when monitoring the release of the low-level VOCs. The 

PerkinElmer Clarus SQ 8 GC/MS tentatively identified the unknown 

compounds found in all masks studied. All face masks studied in 

this report contained levels of VOC compounds that were above 

background concentrations. The concentrations were, however, 

below NIOSH and OSHA permissible exposure levels, thus 

supporting the need to monitor VOC concentrations in face masks.  

The method presented herein offers an efficient and accurate 

means of detecting and quantifying VOC levels in, without the need 

for costly and complex solvent extractions.
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