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Real-time Analysis and Safety Assessment of
Volatile Organic Compounds Emitted from Masks

Hyekyung Seo’
The College of Biotechnology and Health, Shinhan University

ABSTRACT

Objectives: The safety of distributed masks has been widely investigated following the coronavirus disease
(COVID-19) pandemic. Although the unpleasant odor from masks is concerning, research on the toxicity of volatile
organic compounds emitted from them is limited. Here, we aimed to quantify the VOCs emitted from masks and
explore strategies for safe mask usage.

Methods: The VOCs emitted from 15 masks in five categories were measured. Proton transfer reaction
time-of-flight mass spectrometry (PTR-TOF-MS, IONICON, Austria), which can rapidly and sensitively detect
complex mixtures, was conducted. The test chamber connected to the equipment was comprised of
uninterrupted acrylic and glass. PTR-TOF-MS data were analyzed using Tofware (PTR-MS Viewer 3.3, IONICON,
Austria). Statistical analyses were performed using SPSS ver. 20 to determine the highest, lowest, and average
concentrations of the VOCs (IBM SPSS Inc., USA). Analysis of variance (ANOVA) was conducted to compare the
VOCs emitted from different masks.

Results: A total of 25 VOCs were detected among the 15 masks. The peak concentrations of formaldehyde,
acrolein, isoprene, and benzene were higher than the exposure standards (Ceiling). The average concentrations
of these compounds differed significantly among the mask samples (p { 0.05). The VOC concentration decreased
gradually after approximately one hour.

Conclusions: Higher concentrations of VOCs were emitted from healthy, printed, and surgical masks compared
to industrial masks. Further research is required to determine the factors affecting VOCs, such as mask material,
temperature, and humidity. For safety, masks must be ventilated for at least an hour before usage.

Key words: toxicity, VOCs, PTR-TOF-MS, Ceiling, ventilate
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Table 1. General characteristics
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Classification (N=15)

Type

KF mask

KCs mask

General mask

Children mask

Surgical mask

A-1
A-2

B-1
B-2
B-3
C-1
C-2

D-1
D-2
D-3
F-1
F-2

Three folding type, valved
Three folding type, valved
Folding type, not valved
Folding type, carbon layer with valved
Cup type, not valved

Cup type, valved

Folding type, patterned fabric
Folding type, non-woven fabric
Flat, cotton mask
Folding type, patterned
Folding type, patterned
Folding type, patterned
Flat, non—-woven fabric
Flat, non—-woven fabric

Flat,

non-woven fabric

*Total number of masks (N)

Table 2. Concentration of Substances measured by PTR-TOF-MS (ppm)

Substance CAS No. Formula Peak concentration Ceiling Mask 1D
Formaldehyde 50-00-0 CH20 0.30 0.3* B-1, C-1
Methanol 67-56-1 CH40 12.98 - C-1
Propyne 74-99-7 C3H4 35.47 - A-2
Acetonitrile 75-05-8 C2H3N 0.38 - A-2, F-3
Cyclopropane 75-19-4 C3H6 12.35 - B-2
Acetaldehyde 75-07-0 C2H40 28.95 25%* A-2
Acrolein 107-02-8 C3H40 2.55 0.1* All
Acetone 67-64-1 C3H60 33.46 - F-3
Isoprene 78-79-5 CBH8 2.52 Sl A-2
Ethyl vinyl ether 109-92-2 C4HB80 50.44 - A-2
Benzene 71-43-2 C6H6 5.77 26%* A-3, D-1, F-2
2—Pentanone 107-87-9 CBH100 13.68 - A-2
Amylamine 110-58-7 C5H13N 3.30 - A-3
Lactic acid 50-21-5 C3H603 2.51 - A-3, D-3
Toluene 108-88-3 C7H8 12.98 300%* A-3
Norbornene 498-66-8 C7H10 0.66 - A-2, F-2
2-Hydroxypyrazine 6270-63-9 CAHAN20 0.06 - A-3, D-1
Glutaral 111-30-8 C5HB802 2.03 - A-2
m-Xylene 108-38-3 C8H10 19.69 - A-3
Heptanal 111-71-7 C7H140 0.71 - A-2, F-2
Heptylamine 111-68-2 C7H17N 0.11 - A-2, F-2
Benzimidazole 51-17-2 C7H6N2 0.14 - A-2, D-1
Mesitylene 108-67-8 C9H12 1.31 - A-2
Dicyclopentadiene 77-73-6 C10H12 0.56 - A-2
a-Pinen 80-56-8 C10H16 0.57 - A-2, D-1

*ACGIH (Ameriacan Conference of Govermental Industrial Hygienists)
** OSHA (Occupational Safety and Health Administration) *** MOEL (Ministry of Employment and Labor)
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Figure 4. Emitted substances from KF(top) and KCs(bottom) masks
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371 4o s B+ sLE H|w ot tHTable 3).
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tKFigure 5).

4. MNIZHSFO) O3 S wat

LA ISR 2ol that Ak wiak A
et Pk 2 BH W Sl fYsle] nhaz
2R P28 PUASVISRIZS AAZE HPAR

(Figure 6).

BE npAToA 71EAE 2T olaB L nha
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ol FA% A
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At 718718 Kol E49] BE2 dAstinh
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Table 3. Comparison of masks for excess VOCs (ppm)
Mask Min Max GM(GSD) 0 VOCs

A 0.16 0.23 0.18(1.17)

B 0.14 0.28 0.18(1.25)

C 0.15 0.29 0.21(1.21) 0.01 Formaldehyde
D 0.14 0.18 0.16(1.08)

F 0.12 0.18 0.14(1.18)

A 2.72 28.95 7.29(2.56)

B 2.02 3.99 2.89(1.28)

C 2.15 7.76 3.51(1.42) 0.04 Acetaldehyde
D 3.32 4.65 4.05(1.13)

F 1.71 4.32 2.76(1.40)

A 0.45 2.49 1.31(2.02)

B 0.17 0.46 0.28(1.38)

C 0.24 2.35 0.60(2.31) 0.00 Acrolein

D 0.99 2.55 1.55(1.46)

F 0.18 1.40 0.62(2.06)

N= 3 masks x 3 times x 5 types = 45 p : significance calculated using ANOVA(p{0.05)
em) Formaldehyde ) Acetaldehyde Acrolein
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Figure 5. Comparison of emissions from the 5 types of masks
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Figure 6. Real time concentration for VOCs measured
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N Edo] WEdty siglen 8 IF2 4xt
(alkane), 92 EH Z(ester), WA U LF-E(alcohol)°]
Aot 1 9 AE(ketone), OlEHIZ(ether), H&=
(phenol), ot=(amide) ¥ 7]E} EZ3} ok
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et =2 B 9 QA A3l vA= JFE Frlet
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Fkg §7|8kskEo] WE(Bruchard et al., 2023)%
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At FHA AR T HohE FHSIATHL et al.,
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FE mRT dEA ot B3 F4 A, T
/g5 -hEHChronic obstructive pulmonary disease,
COPD), 4] o] 7]ofgical 3tcKFeng et al.,
2006; Bein & Leikauf, 2011). ¥HH QrHutAT o)A
== B4 dit Y A7 A¥S HURE
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