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A B S T R A C T

To mitigate the CoVID-19 impact, Health Authorities all over the world prescribed the use of facial masks in 
public places, particularly in hospitals. However, that potentially induced environmental and human health 
problems, because of chemical composition and fibrous frame of the masks. In this work, various facial mask 
models marketed in Italy, differing in color and particulate filtering capability, were characterized with regard to 
organic components accompanying their polymeric structure. Several groups of organic compounds were 
investigated, including polycyclic aromatic hydrocarbons (PAHs), phthalates and terephthalates, organic phos
phates, fragrances, UV light shelters, phenols, alkyl and benzyl esters, oxygen and nitrogen containing chemicals. 
All substances occurred at distinct concentration levels in the mask models. Total phthalates ranged in masks 
from <0.1 mg/g to ~1.1 mg/g, and terephthalates from <0.01 to ~0.43 mg/g; organic phosphates ranged 
~0.06-2.1 μg/g, and alkylphenols from ~0.7 μg/g up to ~26 μg/g. According to the loads and chemical fin
gerprints of organic contaminants associated with deposition dusts collected in the interiors of various kinds of 
environments, facial masks did not seem to contribute to indoor pollution during the CoVID-19 outbreak, nor 
even in hospital premises, where the use of masks by all kinds of frequenters remained mandatory until 2023.

1. Introduction

The CoVID-19 outbreak has caused millions of deaths over the world 
and urged Italian Authorities to mitigate its impact. In hospitals, around 
400 physicians and 100 nurses dead, and over 350,000 people in total 
were infected; meanwhile, schools remained closed over months since 
March 2020, and the access to public estates was longtime forbidden or 
restricted (ECDC European Centre for Disease Prevention and Control , 
2020; WHO World Health Organisation, 2020, 2022; Malzanni et al., 
2021). The use of facial masks was successful in limiting the trans
mission of outbreak through preserving from inhaling viruses 
(Schünemann et al., 2020; Bazant and Bush, 2021). In Italy, over forty 
six billions of masks have been used before May 2022, and almost three 
billions per day over the world during the core of outbreak. The mask 
use prevented flu, diseases and health problems associated with airborne 
particulate inhalation, while restrictions mitigated atmospheric pollu
tion (Galvin et al., 2022; Ganesapillai et al., 2022; Rodriguez et al., 
2022; Zhang Y et al., 2023). After the first period when only surgical 
were marketed, new devices distinct in color and in material began 
available; more efficient polymeric masks were produced, inducing 

minimal environmental impact (Pathania et al., 2022; Gobikannan et al., 
2023), while cotton models were not used anymore for their poor effi
ciency. After April 2020, FFP2 and N95 type masks began available, 
grew quickly in percentage (PCM, 2020), though small percentages of 
surgical masks survived.

During the first step of the outbreak, Health Authorities disregarded 
the possible adverse effects of wearing masks. Nevertheless, environ
mental and health threats could occur, because of toxicants comprised in 
the mask structure, and the release of fibers and micro-plastics inhalable 
into lungs (Meier et al., 2022; Idowu et al., 2023; Bogush and Kourtchev, 
2024; Adesina et al., 2024; Zhou et al., 2022; Zhao et al., 2024).

The bulk structure of masks, made of polypropylene, polyethylene, 
polycarbonate, polyesters, polyethylene terephthalate, and poly
ethylene glycols (Henneberry, 2021), encompasses up to twenty-nine 
categories of organic constituents. They are linear and branched al
kanes, phthalates and terephthalates, VOCs, flame retardants, pre
servatives and UV filters (Brocks et al., 2008; Yin et al., 2018; 
Fernandez-Arribas et al., 2021; Zhang Q et al. et al., 2021; De-la-Torre 
et al., 2023; Huang et al., 2023; Canbay et al., 2024). Hence, the mask 
usage can injure indoor air, as well as marine and terrestrial 
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environments (Du et al., 2022; Meszaros et al., 2022; Khoironi et al., 
2023; Mohanty et al., 2024b). An eco-toxicological impact accompanies 
mask disposal and burning (Ghosh et al., 2024), and further problems 
for users are psychologic, cognitive and relational (Cigiloglu et al., 2022; 
Lang et al., 2024).

Meanwhile, investigations aimed at elucidating the composition of 
deposition dust (DD) of hospitals, schools, universities and homes 
before, during and after CoVID-19 outbreak revealed the occurrence of 
several organic chemicals (Cecinato et al., 2025). Among them, there 
were ascertained toxicants (e.g., polycyclic aromatic hydrocarbons 
PAHs and flame retardants) and untargeted substances, e.g. UV light 
filters, preservatives, fragrances, chlorinated and brominated alkanes, 
and dyes. The concurrent presence of fiber fragments and the uncom
mon color of organic extracts (often blue or green) suggested exploring 
the possibility that this latter depended on the mask chemistry as an 
alternative to use of colored disinfectants and cleaning products, which 
increased during the outbreak (DeLeo et al., 2020).

This paper describes the results of an investigation aimed at char
acterizing the chemical signatures of facial masks marketed in Italy 
during the CoVID-19 outbreak. Mask composition was compared with 
that of deposition dust from four hospitals, a dwelling and a university, 
to draw insights about the possible role of masks about indoor pollution.

2. Experimental: Materials and Methods

2.1. Masks

Eleven facial masks lots in total, purchased from different Dealers, 
were examined for our purpose; they were four lots of blue surgical 
masks (labelled BluM-1 to BluM-4), two black (BlkM-1, BlkM-2), two 
green (GreM-1, GreM-2), and three FFP2-type equivalent (FFP2-1 to 
FFP2-3) mask lots. The choice of masks was consistent with the types 
mostly used in Italy along the outbreak course. Initially, ~85%, of masks 
consumed in Italy were surgical (respectively, 80% blue, 2% black and 
3% green colored), while the remaining ~15% of devices were of FFP2 
type or equivalent (RAI Radio Televisione Italiana, 2022). The per
centages changed with time, with FFP2 masks raising rapidly from May 
2020 (~75%) and reaching 90% of the total in 2021 (Supplementary 
Table ST1).

Masks examined in our study, were having been purchased from 
dealers in packages of 50 or in individual envelopes. They were stored in 
the dark and at ambient temperature until analyzed, i.e. within 30 days.

2.2. Chemicals

All solvents used for sample extraction and liquid chromatography 
(n-hexane, chloroform, dichloromethane, acetone and methanol were of 
ultra-purity grade for residue analysis, produced by Romil and pur
chased from Delchimica, Naples, Italy. Florisil for chromatography 
(activated overnight at 235 ◦C and partly deactivated with 2.5% of 
water) was purchased from Sigma, Milan, Italy. A solution of four 
deuterated n-alkanes (n-C18D38, n-C20D42, n-C26D54 and n-C32D66), four 
PAHs (naphthalene-D8, phenanthrene-D10, chrysene-D12 and perylene- 
D12), and two phthalates unusual in environmental samples as well in 
plastics (i.e., di-n-propyl and diphenyl homologues) was adopted as 
internal reference mixture for chemical characterization of mask ex
tracts. Analytical standards (pure chemicals or solutions in organic 
solvents) were from Chemical Research 2000 S.r.l., Rome, Italy.

2.3. Analytical procedure

Elastic threads were cut from masks, then the samples (each 
comprised of ~2.0 g of original mask) were cut in small pieces and 
extracted with a dichloromethane: acetone: methanol mixture (40:50:10 
in volume, four times, 20 mL each). The extracts were reduced close to 
dryness under pure nitrogen at ambient temperature, back dissolved 

with hexane:dichloromethane (3:2) and transferred onto the Florisil 
column to elute four fractions distinct in polarity, namely non-polar, 
low-polar, polar and very-volar compounds. n-Alkanes and aliphatic 
hydrocarbons were in the first fraction, siloxanes and PAHs in the sec
ond, phthalates and terephthalates in the third; other groups (organic 
phosphates, alkyl esters, alcohols, essences and fragrances, UV filters, 
cholesterol and dyes) were distributed between the third and the fourth 
eluate. All polarity fractions were reduced close to dryness and were 
back dissolved with chloroform; finally, they were spiked with aliquots 
of the internal reference compound solution and sent to instrumental 
analysis. Though the method was not validated, the effectiveness of 
extraction was verified through two further solvent extractions, which 
revealed the occurrence of <10%, and <2% of targeted organic sub
stances in the second and third extract, except for branched alkanes (10- 
25%). Moreover, the overall recovery of standards spiked into the masks 
was estimated better than 50%.

2.4. Instrumental analysis

All extracts were analyzed through gas chromatography coupled 
with mass spectrometry; MS was operated in electron impact, scan mode 
(70 eV, 50-550 a.m.u.), from which the significant M/Z signals charac
terizing the GC peaks were extracted and examined (Cecinato et al., 
2024, 2025). For instance, while M/Z = 149 signal was diagnostic of all 
esters holding the phthalate moiety but dimethyl phthalate (M/Z =
163), terephthalates typically showed important M/Z = 261 and M/Z =
70 ion traces; analogously, methyl, ethyl and isopropyl fatty acid esters 
were recognized through M/Z signals equal to 74, 88 and 102, 
respectively.

For our purposes, a GC-MSD apparatus consisting in a GC instrument 
(model Trace 1310) equipped with a programmed-temperature- 
vaporizer and coupled with a triple quadrupole detector (model TSQ 
8000 EVO), all from Thermo, Rodano MI, Italy, was employed. A RTX- 
5MS type CGC column, from Restek, Milan, Italy, was employed for 
the compound separation (Supplementary Material, &.1). The GC runs 
were operated in gradient of temperature (Cecinato et al., 2024). The 
preliminary identification of organic components of masks was achieved 
by means of the mass spectrum survey, through resorting to the principal 
libraries provided by the MS instrument producers (Huang et al., 2023). 
Whenever available, standard solutions of organic chemicals were pro
cessed analogously, to corroborate the compounds identification and 
draw information about the respective loads in the samples. Otherwise, 
to confirm the untargeted compounds we adopted the following 
approach. First, the substances were tentatively identified by means of 
the mass spectra, with the identification confidence exceeding 60%. 
Second, the percent distribution of up to twelve main M/Z signals in the 
mass spectra should correspond to those of MS libraries. Third, the peak 
signal-to-noise ratios should exceed 50. Fourth, the retention indexes 
should be in agreement with the data reported in the principal GC-MS 
libraries (Huang et al., 2023).

The procedures applied to quantify our targeted compounds (PAHs, 
phthalates and terephthalates, di-2-ethylhexyl adipate, N,N,diethyl- 
meta-toluamide and organic phosphates) are described elsewhere 
(Cecinato et al., 2024, 2025). The semi-quantitative determination of 
untargeted substances was obtained through considering the intensities 
of the base M/Z signals, the respective percentages in the mass spectra, 
and the M/Z traces of the closest internal reference compounds in the 
chromatogram. Finally, whereas feasible, the semi-quantitative esti
mates were confirmed by means of re-analysis of authentic standard 
solutions. This approach could provide only rough information about 
the mask composition. In fact, the availability of native and reference 
standards and the optimization of dedicated analytical methods are 
necessary for the reliable quantification of compounds. Nevertheless, 
our approach seemed suitable for inferring insights about the variability 
of mask chemistry, as well as the occurrence of toxic components and 
possible threats associated with their usage.
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3. Results and discussion

Several organic compounds and groups characterized the masks ex
tracts. The concentration levels of most mask constituents were deter
mined in terms of cumulative load and percent composition of each 
group examined. The MS profiles revealed that the composition of 
organic fraction changed widely, depending on the mask type, color and 
lot.

3.1. n-Alkanes and non-polar hydrocarbons

The GC-MS profile of non-polar organic fraction was in all cases that 
typical of plastic material extracts, in particular polypropylene, which 
comprises strongly branched, quaternary-C hydrocarbons 
(Supplementary Figure SF4). In fact, it was characterized by the con
current M/Z traces equal to 71-85 (linear alkanes), 99 (3,3-dieth
ylalkanes), 127 (5,5-diethylalkanes), and 95 (cyclic alkanes). Moreover, 
non-polar extract showed the prevalence of C3n alkane/alkene conge
ners (Brocks et al., 2008 and References herein). Linear alkanes from 
n-C12 to n-C38 were identified as minor components (≪1% of the total) 
(Supplementary Figure SF1 A-B). On the other hand, this fraction as a 
whole was a major constituent of masks. The percentage composition of 
n-alkanes in masks was variable, with distinct light/heavy homologue 
ratios (≤n-C23/≥n-C24) ranging from ~1/3 to 2/3, and with a mono- or 
bi-modal pattern. The maximum was at n-C24, with a secondary 
maximum in the correspondence of n-C33 or n-C35. The CPI25 index 
value ranged ~1.0-1.5, indicating low contribution from natural com
ponents; on the other hand, no microbial/microorganism activity was 
observed (CPI16 ~1.0) in any of mask lots (CPI25 and CPI16 formulas 
provided in Supplementary Material file, &.1). The role of manmade 
sources was inferred also by the occurrence of hopanes and diasteranes, 
comprised in the BluM-2, BluM-3, BlkM-1, BlkM-2, GreM-1, GreM-2 and 
FFP2-2 lots but not in the BluM-4, FFP2-1 and FFP2-3 masks. Usually, 
hopanes were more than diasteranes (except in GreM-2). Squalane and 
squalene did not affect in the extracts, though they often accompany 
non-polar hydrocarbons.

3.2. Low-polar organics and polycyclic aromatic hydrocarbons PAHs

Siloxanes (both cyclic and linear) occurred in the low-polar fraction 
of extracts.

Only 3/4-ring polycyclic aromatic hydrocarbon compounds (PAHs) 
were present in the low-polar fraction, namely phenanthrene, fluo
ranthene, pyrene, cyclopentapyrene and chrysene. The total PAHs 
ranged from ~17 ng/g (FFP2-1 masks) to ~510 ng/g (BlkM-4 masks); 
blue mask composition included ~205 ± 135 ng/g, whereas PAHs in all- 
type masks were as high as 173 ± 156 ng/g (median = 160 ng/g). 

Phenanthrene was the predominant compound (~70% of the total) 
except in black lots (~19%), followed by fluoranthene and pyrene 
(which was the most abundant in black colored masks). Black, green and 
FFP2-1 masks were affected by cyclopentapyrene and, at lesser extent, 
by chrysene. None of 5- and 6-ring PAHs were detected, except benzo[e] 
pyrene affecting one only green mask lot.

3.3. Phthalates and plasticizers

Ortho-phthalate esters (PEs), i.e. the common phthalates, were by far 
the most abundant group identified in mask extracts. Among them 
diethyl (DEtPE), di-isobutyl (DiBuPE), di-n-butyl (DnBuPE), bis(2- 
ethylhexyl) (DEHPE) and dinonyl (DNoPE) homologues were found in 
all samples, while the butylbenzyl (BuBzPE), dimethyl (DMePE) and di- 
n-octyl (DnOcPE) esters occurred randomly and at much lower extents 
(Table 1 and Supplementary Table ST2). Worth to remark, in general 
DiBuPE and DEHPE are the most important phthalates affecting both 
deposition dust and suspended particulate matter in indoor locations 
(Takaguchi et al., 2023); instead, masks resulted comprised of important 
percentages of di-isononyl (DiNoPE) mixtures. In fact, DiNoPEs could 
account for up to ≈1.1 mg/g of mask weight and ~99% of total 
phthalates (BluM-2, BluM-3), although their importance changed widely 
with mask color and lot.

The group of terephthalates (TPEs) merits special consideration. In 
fact, bis(2-ethylhexyl) terephthalate (DEHTPE), the most important one 
among the group, was relatively poor (<0.5 μg/g) in three blue mask 
lots (BluM-1-BluM-3) as well as in FFP2-1 and black masks. By contrast, 
DEHTPE prevailed over total ortho-phthalates in the green masks (~157- 
430 μg/g) (see Table 2). There, DEHTPE was accompanied by minor 
percentages of homologues (i.e., dibutyl and butyl,2-ethylhexyl tere
phthalates) as well as of bis(2-ethylhexyl) iso-phthalate.

Chemical composition of the masks included other ester groups, 
known as new plasticizers [bis(2-ethylhexyl) adipate DEHA in partic
ular] and components of cosmetics, detergents, house and personal care 
products, all substances affecting indoor environments in non-negligible 
amounts (Jung et al., 2024) (Table 2). The identified substances were 
salicylates, benzoates, citrates, acetyl citrates, myristates, sebacates and 
glycols. Both total contents and group percentages of these “cosmetic 
esters” changed with the mask color and lot (Supplementary Table ST2). 
DEHA accounted for <1.0 μg/g in all masks lots except BluM-4 and 
green masks (4.0 μg/g and ~2-6 μg/g, respectively). Hence, DEHA loads 
accounted for less than 1% of phthalates, except in BluM-4 (~2.5%) and 
in all green models (up to ~19%).

Total loads of fatty acid methyl esters FAMEs (overall methyl 
palmitate, stearate and myristate, in decreasing concentrations) ranged 
between ~1.0 μg/g and 9.5 μg/g (Table 2). The minimum corresponded 
to BluM-1, BluM-2 and FP2-M3 masks, and the maximum to GreM-1 lot. 

Table 1 
Mean contents of phthalate esters in facial mask of different types, colors and lots marketed in Italy. Concentrations expressed in μg/g units.

mask type DMePE DEtPE DiBuPE DnBuPE BuBzPE DEHPE DnOcPE DiNoPE total

BluM-1 0.03 1.26 5.8 0.31 0.08 1.16 0.01 0.66 9.3
BluM-2 0.01 4.3 8.1 0.34 0.08 0.68 0.15 1,090 1,103
BluM-3 <0.01 0.09 0.05 0.02 <0.01 0.05 <0.01 264 264
BluM-4 <0.01 1.33 48 76 0.6 6.2 <0.01 3.0 135
BlkM-1 0.11 1.28 4.6 4.7 0.01 1.4 0.01 4.4 16.6
BlkM-2 0.11 7.7 4.8 4.3 0.02 0.60 0.01 0.61 18.2
GreM-1 0.01 2.0 4.5 0.09 0.02 5.4 <0.01 20 32
GreM-2 0.02 1.96 2.1 0.93 0.04 22.2 <0.01 56 83
FFP2-1 0.02 3.5 2.16 11.8 0.03 2.9 0.01 1.64 22.1
FFP2-2 0.01 8.9 127 52 1.28 45 0.0 17.9 252
FFP2-3 0.01 2.4 8.3 45 <0.01 4.2 <0.01 3.4 64

Symbols: BluM-i = blue masks, lot i; BlkM-i = black masks, lot i; GreM-i = green masks, lot i; FFP2-j = FFP2 type masks, lot j. DMePE = dimethyl phthalate; DEtPE =
diethyl phthalate; DiBuPE = di-isobutyl phthalate; DnBuPE = di-n-butyl phthalate; BuBzPE = butylbenzyl phthalate; DEHPE = bis(2-ethylhexyl) phthalate; DnOcPE =
di-n-octyl phthalate; DiNoPE = di-isononyl phthalate, mixture of isomers.
Note: Please consider that all amounts came from semi-quantitative evaluation (the analytical procedure was not validated); hence, significant figures of numbers are 
limited to two or three.
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Methyl esters were all the time accompanied by small percentages of 
ethyl homologues, while isopropyl esters (FAIPrEs) were relatively 
important, and in black masks (BlkM-1, BlkM-2) exceeded FAMEs. The 
percentages of FAIPrEs combined with the poor occurrence of ethyl 
homologues seems to suggest that FA esters had an anthropogenic rather 
than natural origin, because these substances typically appear in the 
composition of several man made materials and products.

3.4. Emerging organic contaminants

All mask samples resulted holding fragrances (EFs) (Table 3 and 
Supplementary Table ST2).

The most important EFs were versalide (Musk 36A), polycyclic musk 
(two isomers, the second usually the lower), ethylene brassilate (Musk 
T), hexyl cinnamaldehyde and methyl, dihydrojasmonate (two isomers, 
the former as predominant). GreM-1 and BluM-2 lots were richer of 
fragrances (~7.4 μg/g and 5.6 3.1 μg/g, respectively) than the other 
mask types and lots (EFs ranging from ~0.3 μg/g to ~3.1 μg/g). All FFP2 
and BluM-4 masks were the poorest of EFs. Looking at the percentage 
composition, Versalide was predominant in BluM-2, BluM-3 and in 
GreM-1, while hexyl cinnamaldehyde prevailed in the other lots. Hexyl 
cinnamaldehyde was accompanied by traces of its pentyl isomer.

All mask extracts contained a mixture of bis(isopropyl) 

naphthalenes. Their origin remains unclear, though they have ascer
tained as plant growth regulators (George et al., 2010). Their molecular 
fingerprint was similar to that associated with cellulosic materials 
and/or plant tissues, both possible components of masks; worth of note, 
the only 2,6-diisopropyl isomer is used as pesticide (USEPA, 2003). Bis 
(isopropyl)naphthalenes exceeded EFs in the BlkM-1 lot.

Among UV light filtering compounds (UVFs), homosalate, Tinuvin-P, 
Parsol-MCX and Parsol-1789 occurred in all samples; 2-hydroxy,4-octy
loxy benzophenone (known as octabenzone) was detected only in BluM- 
1 masks. As total, UVFs ranged from ~0.13 μg/g (BluM-3 and BlkM-2) 
up to ~18 μg/g (GreM-1) (Table 3). In general, black and blue masks 
(0.1-1.8 μg/g) held less UVFs than the green and FFP2 ones (median 
equal to ~10 μg/g and ~1.4 μg/g, respectively). Concerning the percent 
composition, homosalate was the most important in BluM-1 and BluM-2, 
in BlkM-2 and GreM-2 lots; Tinuvin P was predominant in BlkM-1, FFP2- 
1 and FFP2-2 masks; Parsol-1789 accounted for up to 94% in BluM-3 and 
GreM-1 lots, while octocrylene was important in FFP2-2, BluM-4 and 
BluM-4 masks (Supplementary Table ST2).

Octicizer and triphenyl phosphate, common flame retardants, 
resulted affecting masks at concentrations from <0.01 to ~2.1 μg/g and 
<0.01 to ~0.11 μg/g, respectively (Table 3). Total organic phosphate 
esters (PhoEs) ranged 0.06-2.14 μg/g; tris(2-chloropropyl) phosphate 
was predominant in FFP2-2 and FFP2-3 lots, while tributyl and triphenyl 
congeners were important in BluM-4, FFP2-2 and FFP2-3 mask types.

Phenolic anti-oxidants and stabilizers [i.e., bis(tertz-butyl) phenol, 
bis(tertz-butyl) cresol, dichloro,tertz-butyl phenol, bis(tertz-butyl) 
chlorophenol and bis(tertz-butyl) nitrophenol] were important compo
nents of masks; the total loads of these preservatives ranged from ~0.74 
μg/g (FFP2-3) to 26 μg/g (GreM-2) (Table 3). The percent composition 
of this group of compounds was variable; in fact, bis(tertz-butyl) phenol 
was the main component in BluM-2, BluM-3, BluM-4 and FFP2-1 masks, 
while bis(tertz-butyl) nitrophenol prevailed in BluM-1 as well in all 
black and green masks. Preservatives co-existed with the respective 
oxidation by-products, overall quinones [e.g., bis(tertz-butyl) quinone], 
which ranged from ~0.3 μg/g (BlkM-1, FFP2-1) to ~9 μg/g (BluM-4 
masks).

Other important mask components were oxygenated aromatic com
pounds (benzophenone, fluorenone, diphenoxy ethanol and bis(butoxy) 
benzaldehyde, ~1.9-20 μg/g as total) (Table 3), as well as nitrogen 
containing molecules, including linear amides, caprolactam and N,N- 
diethyl,meta-toluamide (~0.02-0.35 μg/g). Cholesterol also was pre
sent in mask formulations at ~0.07-1.1 μg/g levels.

Worth of remark was the finding of 1-chloro and 1-bromo linear 
alkanes (from dodecane to hexadecane derivatives), whose occurrence 
in the environment was never reported until its recent discovery in 
deposition dust from interiors of hospitals, universities and homes along 
the course of outbreak (Cecinato et al., 2025). Besides, the percentage of 

Table 2 
Mean contents of bis(2-ethylhexyl) terephthalate, bis(2-ethylhexyl) adipate, citrates/acetylcitrates, sebacates, benzoates, glycols, fatty acid methyl and isopropyl 
esters in facial mask of different type, colors and lots marketed in Italy. Concentrations expressed in μg/g units.

mask type and lot DEHTPE DEHA CITs SEBs BzAs GLYs FAMEs FAIPrE

BluM-1 0.05 0.25 0.38 5.1 0.01 0.01 1.00 0.19
BluM-2 0.54 0.07 0.60 0.02 0.01 0.49 0.97 0.22
BluM-3 0.02 0.02 4.1 0.08 0.01 0.41 3.1 0.16
BluM-4 0.89 0.20 69 12.1 5.2 0.18 3.7 3.2
BlkM-1 1.45 0.15 0.80 0.04 0.04 0.33 7.3 8.3
BlkM-2 0.75 0.11 0.28 0.02 0.02 0.47 1.79 3.3
GreM-1 157 6.1 5.3 0.20 0.01 0.60 9.5 0.81
GreM-2 430 2.0 1.27 23.0 0.01 1.10 3.1 0.11
FFP2-1 1.93 0.13 0.04 0.04 0.04 2.11 2.02 0.03
FFP2-2 33 0.69 78 1.74 1.82 0.06 2.96 1.70
FFP2-3 1.33 0.16 0.18 0.25 1.07 0.04 1.00 0.35

Symbols: For masks, see Table 1. DEHTPE = bis(2-ethylhexyl) terephthalate; DEHA = bis(2-ethylhexyl) adipate; CITs = citrates and acetylcitrates; SEBs = sebacates; 
BzAs = alkyl benzoates; GLYs = glycols; FAMEs = fatty acid methyl esters; FAIPrEs = fatty acid isopropyl esters.
Note: Please consider that all amounts came from semi-quantitative evaluation (the analytical procedure was not validated); hence, significant figures of numbers are 
limited to two or three.

Table 3 
Mean contents of total organic phosphate esters, fragrances, UV light filters, 
alkylphenols, quinones, chloro/bromo-alkanes and oxygenated polycyclic aro
matic compounds in facial mask of different type, colors and lots marketed in 
Italy. Concentrations expressed in μg/g units.

mask type and 
lot

PhoEs EFs UVFs APHs QUs X- 
Alks

OPACs

BluM-1 1.18 3.1 1.8 17.7 7.2 0.01 4.5
BluM-2 0.35 5.6 0.47 15.9 2.84 1.6 1.68
BluM-3 0.14 2.9 0.13 8.0 0.37 1.56 8.4
BluM-4 0.32 0.43 0.92 0.94 1.46 <0.01 20
BlkM-1 2.14 1.0 1.8 7.9 1.04 0.01 2.05
BlkM-2 1.50 1.0 0.13 12.4 1.92 0.01 3.1
GreM-1 0.66 7.4 18 14.4 7.6 0.07 2.8
GreM-2 0.69 2.1 2.4 26 9.0 0.02 4.5
FFP2-1 0.24 0.36 0.44 6.9 0.30 1.35 1.87
FFP2-2 0.12 0.39 2.2 1.3 1.30 <0.01 3.7
FFP2-3 0.06 0.33 1.44 0.74 1.78 <0.01 0.72

Symbols: For masks, see Table 1. PhoEs = organic phosphate esters; EFs = es
sences and fragrances; UVFs = UV filters; APHs = alkylphenols; QUs = quinones; 
X-Alks = chlorinated/brominated n-alkanes; OPACs = oxygenate polycyclic 
aromatic compounds.
Note: Please consider that all amounts came from semi-quantitative evaluation 
(the analytical procedure was not validated); hence, significant figures of 
numbers are limited to two or three.
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brominated compounds changed with the mask type (Supplementary 
Table ST2). Halogenated alkanes affected most of the samples examined, 
although their concentration levels ranged within two orders of 
magnitude (0.01-1.6 μg/g, average ~0.6 μg/g) (Table 3). Since the 
detection of halogenated alkanes remains quite uncommon, these 
compounds could be possible tracers of facial mask usage.

Psychotropic substances were never found in masks, though they 
occur in all deposition dust samples. This finding was an indirect 
confirm of the absence of sample contamination along the analytical 
process; in fact, both deposition dust and suspended particulate of in
ternal locations hold nicotine, cotinine, caffeine, illicit cocaine, canna
binol, Δ9-tetrahydrocannabinol, and cannabidiol.

3.5. Comparison of results with literature data

The results of our investigation resulted in part coherent with the 
literature, and in part new (Table 4). For instance, at our knowledge no 
previous information exists about the abovementioned “cosmetic esters” 
and halogenated n-alkanes as mask components. DEHTPE was also re
ported, but without quantitative estimates; essences and fragrance were 
presumably present among volatile hydrocarbons examined by Huang 
and coworkers (2023). However, no information seems available about 
individual compounds. As for known constituents of masks, in our study 
the loads of total phthalates (~9-1,103 μg/g, median = 64 μg/g), 
organic phosphates (<0.1-2.14 μg/g), alkyphenols (~0.7-26 μg/g) and 
quinones (~0.3-9 μg/g) were within the respective ranges reported in 
the References. Moreover, in analogy with existing literature the prin
cipal phthalates were DiBuPE, DnBuPE and DEHPE, while the main 
phosphate esters were triphenyl and tris(n-butyl) homologues and 
octicizer. UV filters (usually ranging 0.13-2.2 μg/g) displayed higher 
loads in the green masks analyzed in this study (2.4-18 μg/g); essences 
and fragrances reached 2.2 ± 2.8 μg/g in total (median = 1.0 μg/g).

3.6. Impact of facial masks on health and indoor environments

Facial masks preserve from bacteria and viruses as well as from 
breathing suspended particles; nevertheless, threats can outcome from 
desorption of semi-volatile molecules (Huang et al., 2023; Canbay et al., 
2024), as well as from ingestion, contact and inhalation of detached 
micro-particles driving high molecular and polymeric compounds 
(Idowu et al., 2023). Thus, both chemical and physical impacts poten
tially occur on humans as the result of mask usage. Many of the sub
stances examined in this study were toxic, e.g. PAHs are carcinogenic 
while organic phosphates, alkylphenols and UV shelters are irritants and 
endocrine interferents (Dsikowitzky and Schwarzbauer, 2014; Fernan
dez-Arribas et al., 2021). To draw insights about possible harmful ef
fects, we compared the total loads and molecular fingerprints of 
toxicants in masks with those of deposition dusts from interiors of four 
hospitals, a dwelling and a university in Italy, before, during and after 
the CoViD-19 outbreak course (Table 5 and Supplementary 
Tables ST3-ST4; data derived from Cecinato et al., 2025).

For this purpose, we calculated the mean composition of masks 
(Supplementary Table ST1) taking in account the estimated percentages 
of mask types (RAI Radio Televisione Italiana, 2022) and obtaining three 
distinct data series. According to this approach, the contribution of 
masks to phthalates and other plasticizers found in hospital dust seemed 
very low. In fact, total loads and percentage compositions of groups in 
dusts, alternatively or together, did not correspond to those observed in 
masks. For instance, total phthalates in masks were 10-30 times less than 
in dusts, and DEHTPE was 40 to 100 times less. Moreover, the typical 
profile of non-polar hydrocarbons in facial masks, dominated by 
branched C3n alkanes and alkenes, did not appear in the hospital dusts. 
Worth noting, chemical profiles of masks were distinct also from those of 
dusts collected at the university and the dwelling. Analogous results 
resulted by comparing the data of UV filters, fragrances, phenols and 
PAHs. Hence, we could infer that possible harmful effects associated 

with masks (e.g., respiratory apparatus irritation, lung obstruction) 
would depend overall on breathing micro-particles of their frame and on 
phthalates; on the other hand, exposure to toxicants through ingestion 
and contact of mask particles via indoor dust deposition seemed negli
gible. The role of bromo/chloro-alkanes, released by worn devices 

Table 4 
Literature data concerning the loads of plastic additives and organic contami
nants in facial masks (for symbols, please to refer to Tables 1–3).

Chemical family Ref. literature data (concentration 
levels)

this work

mean median

Phthalate esters a total PEs: range, ~0.11-37.7 
μg/g, mean, ~1.84-3.87 μg/g; 
DiBuPE: ~0.50-1.5 μg/g; 
DnBuPE: ~0.65-1.40 μg/g; 
DEHPE: ~0.30-1.10 μg/g

182 ±
319 μg/ 
g

64 μg/g

Phthalate esters 
PEs

b total PEs (median): surgical, 
24.6 μg/g (maximum 827 μg/ 
g), non-surgical, 23.6 μg/g 
(maximum 65.4 μg/g)

Phthalate esters 
PEs

c total PEs: surgical, 1.39 ±
1.56 μg/g (median 0.64 μg/g); 
non-surgical, 1.07 ± 0.66 μg/g 
(median 1.1 μg/g)

Phthalate esters 
PEs

d, e total PEs: 5.2 ± 0.8 μg per 
mask [equivalent to ≈2 μg/g, 
considering unitary mask 
weight ranging 2.5-3.7 g]

Phthalate esters 
PEs (release in 
water, unitary)

f DMePE: ~0-37 μg/mL; DEtPE: 
~0-0.34 μg/mL; DiBuPE: ~0- 
3.8 μg/mL

Phthalate esters 
PEs (release in 
water)

g, h total PEs: ~2.9 ± 4.1 μg/g

Organic 
phosphates 
OPEs

i total OPEs: surgical, ~66 ±
107 ng/g (median = 46 ng/g); 
FP2-type, ~2,800 ± 3,470 ng/ 
g (median = 437 ng/g)

0.65 ±
0.65 
μg/g

0.35 
μg/g

Organic 
phosphates 
OPEs

c total OPEs: surgical, ~186 ±
117 ng/g (median = 123 ng/ 
g); FP2-type, ~486 ± 522 ng/ 
g (median = 486 ng/g)

Organic 
phosphates 
OPEs

e non-surgical type, total OPEs 
up to 11.6 μg per maskl

[equivalent to up ≈ 3 μg/g]
Phenols (release 

in water, 
unitary)

i Di-t-butyl phenol: ~1.6 ± 1.3 
μg/mL (median 1.2 μg/mL); 
BPA: ~1.1 ± 1.0 μg/mL 
(median 1.0 μg/mL)

APHs: 
~10 ±
8 μg/g; 
UVFs: 
2.7 ±
5.1 μg/g

APHs: 
~8 μg/ 
g; 
UVFs: 
1.4 μg/gPreservatives 

(UV filters, 
anti-oxidants)

j total: ~26.9 ± 25.3 μg/g 
(median 18.9 μg/g); parabens: 
~14.7 ± 9.4 μg/g (median 
13.6 μg/g)

Preservatives 
(UV filters, 
anti-oxidants)

k di-t-butylphenol: <0.02-0.4 
μg/gl; tri-t-butylphenol, di-t- 
butylcresol, 
di-t-butyl) 
hydroxybenzaldehyde, di- 
tbutyl)benzoquinone: each 
<0.02-0.1 μg/g*

References.
a) Szymanski et al. (2025).
b) Leoni et al. (2023).
c) Wang C et al., 2023.
d) Shin et al. (2025).
e) Wang et al. (2022).
f) De-la-Torre et al., 2022.
g) Anene et al. (2025).
h) Vimalkumar et al. (2022).
i) Bogush and Kourtchev (2024).
j) Yin et al. (2018).
k) Huang et al. (2023).
l Loads estimated considering that, on the average, mask weights ranged 

~2.5-3.7 g for surgical and non-surgical models.
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(Bayen et al., 2006) remains unknown; however, presumably it was 
negligible too. In conclusion, the use of facial masks during CoVID-19 
outbreak seemed overall beneficial.

4. Conclusions

Facial masks have been adopted successfully as universal tools to 
minimize CoVID-19 outbreak propagation, despite their use, directly 
and through improper disposal, was suspected causing some spreading 
of contaminants into the environment. During outbreak, the mask debris 
could contribute to total deposition dusts in the indoor locations. 
Nevertheless, masks did not seem impacting onto the occurrence of 
phthalates and plasticizers, nor of organic phosphates, PAHs, phenols, 
fragrances, preservatives and UV filters in interiors of the hospitals, i.e. 

the principal locations potentially exposed to their impact. The only 
presumable markers identified as peculiar of masks were halogenated 
hydrocarbons (brominated and chlorinated n-alkanes). The use of FFP2 
masks cumulatively seemed to mitigate the exposure to toxicants 
(De-La-Torre et al., 2023; Israni et al., 2024) together with that to vi
ruses. Anyway, the chemical structure of masks and their capability of 
releasing toxicants merits consideration with regard to devices and 
models in use today, in the perspective of preserving health.
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Table 5 
Mean loads of targeted contaminants in facial masks, normalized according to 
type percentage, and in indoor deposition dust (DD) from hospital and non- 
hospital locations in Italy (Cecinato et al., 2025). Symbols: see Tables 1–3

before CoVID- 
19

masks, weighted 
load

DD, hospitals ±
σ

DD, no-hospitals ±
σ

n-alkanes, mg/g <0.5 6.5 ± 2.4 6.0 ± 1.0

PAHs, ng/g 270 430 ± 220 630 ± 260

PEs, μg/g 320 11,100 ± 2,450 1,320 ± 990

DEHTPE, μg/g 11 980 ± 620 92 ± 145

DEHA, μg/g 0.28 290 ± 110 45 ± 40

CoEs, μg/g 24 560 ± 170 40 ± 57

FAEs, μg/g 3.3 680 ± 600 130 ± 160

PhoEs, μg/g 0.47 170 ± 80 230 ± 50

EFs, μg/g 2.6 13.4 ± 3.6 1.2 ± 1.1

UVFs, μg/g 2.3 14.9 ± 4.5 3.5 ± 3.5

O/NPhs, μg/g 9.8 19 ± 20 27 ± 19

during CoVID- 
19

masks, weighted 
load

DD, hospitals ± 
σ

DD, no-hospitals  
± σ

n-alkanes, mg/g <0.5 10.4 ± 8.4 2.8 ± 1.1

PAHs, ng/g 208 333 ± 75 289 ± 167

PEs, μg/g 176 5,200 ± 2,000 11,400 ± 9,600

DEHTPE, μg/g 12 500 ± 420 1,500 ± 1,140

DEHA, μg/g 0.32 103 ± 45 220 ± 130

CoEs, μg/g 27 260 ± 270 500 ± 390

FAEs, μg/g 2.9 760 ± 880 175 ± 214

PhoEs, μg/g 0.25 0.08 ± 0.07 0.11 ± 0.05

EFs, μg/g 1.1 11.9 ± 5.0 19.5 ± 14.3

UVFs, μg/g 2.3 6.7 ± 6.9 18.9 ± 10.1

O/NPhs, μg/g 5.1 24 ± 26 68 ± 24

after CoVID-19 masks, weighted 
load

DD, hospitals ± 
σ

DD, no-hospitals  
± σ

n-alkanes, mg/g <0.5 9.5 ± 4.1 3.2 ± 1.5
PAHs, ng/g 210 310 ± 180 360 ± 170
PEs, μg/g 140 1,390 ± 780 1,320 ± 850
DEHTPE, μg/g 14 550 ± 310 200 ± 210
DEHA, μg/g .35 95 ± 108 107 ± 176
CoEs, μg/g 28 240 ± 200 572 ± 211
FAEs, μg/g 2.8 250 ± 170 420 ± 290
PhoEs, μg/g 0.18 0.26 ± 0.28 0.14 ± 0.10
EFs, μg/g 0.7 12.6 ± 11.2 15.2 ± 18.6
UVFs, μg/g 2.4 11.3 ± 4.2 14.7 ± 20.6
O/NPhs, μg/g 3.9 64 ± 40 10.5 ± 7.8

Note: Please consider that all amounts came from semi-quantitative evaluation 
(the analytical procedure was not validated); hence, significant figures of 
numbers are limited to two or three.
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