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 SCIENSANO can count on more than 700 staff members 
who commit themselves, day after day, to achieving our 
motto: Healthy all lifelong. As our name suggests, science 
and health are central to our mission. Sciensano’s 

strength and uniqueness lie within the holistic and 
multidisciplinary approach to health. More particularly we 
focus on the close and indissoluble interconnection 
between human and animal health and their environment 

(the “One health” concept). By combining different 
research perspectives within this framework, Sciensano 
contributes in a unique way to everybody’s health. 
For this, Sciensano builds on the more than 100 years of 

scientific expertise of the former Veterinary and 
Agrochemical Research Centre (CODA-CERVA) and the 
ex-Scientific Institute of Public Health (WIV-ISP). 
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ABSTRACT 

_ 

In situ analysis of titanium dioxide (TiO2) particles in face masks demonstrated the presence of 

agglomerated TiO2 (nano)particles in all examined face masks that contain polyester or polyamide 

(nylon) fibres, or that are made of non-woven, synthetic fabrics. These particles resemble fibre-grade 

TiO2 particles. Because there are no methods available for measuring exposure directly,  the 

methodology that ANSES applied to determine the professional exposure limits to titanium dioxide in its 

nanoform, was applied for a scenario with intensive use of face masks. Our calculations show that a 

health risk cannot be excluded for most of the examined face masks when intensively used. The applied 

approach may overestimate the health risks because of the conservative inhalation exposure 

assumptions. However, for some face masks the amount of titanium dioxide is so high that a health risk 

cannot be excluded even when only a small fraction of the titanium dioxide particles are released and 

inhaled. Currently, we have no indications that TiO2 particles are released in amounts which might result 

in public health risks, but so far, research and publications of TiO2 particles in textiles, and particularly 

of their release, are limited. In view of EFSA's conclusion that TiO2 cannot be considered any longer as 

safe to be used as a food additive because a concern for genotoxicity cannot be ruled out, it is advisable 

to issue precautionary standards to limit the presence of TiO2 particles in face masks. 
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ABBREVIATIONS 

_ 

∑wedges  perimeter Sum of the perimeters of the wedge-shaped titanium dioxide particles 
containing parts of the fibre 

AA Agglomerates/Aggregates 
AEL Acceptable Exposure Level 
AELmask Acceptable Exposure Level per mask 
ANSES French Agency for Food, Environmental and Occupational Health & Safety 
BALF Bronchoalveolar lavage fluid 
BMDL Benchmark dose modelling 
CLP Classification, Labelling and Packaging 
COVID-19 Coronavirus disease 2019 
CP Constituent Particles  
da Median minimum Feret diameter of the agglomerates/aggregates  
df Median diameter of the fibres 
E171 Titanium dioxide as a food additive 
ECHA European Chemicals Agency  
EDX Energy Dispersive X-ray spectroscopy 
EFSA European Food Safety Authority 
EFSA ANS Panel EFSA’s expert Panel on food Additives and Nutrient Sources added to food 
EM Electron Microscopy 
EU European Union 
F Fraction of the particles at the fibre surface  
FPS Federal Public Service (FPS) Health, Food Chain Safety and Environment 
HAADF High Angle Annular Dark Field  
HEC Human Equivalent Concentration  
ICP-MS Inductively Coupled Plasma Mass Spectrometry 
ICP-OES Inductively Coupled Plasma Optical Emission Spectroscopy 
INRA French National Institute for Agricultural Research 
JCI Joint Commission International 
k Coverage factor 
LM Light microscopy 
MAATiO2 Total mass of TiO2 in a face mask 
MAATiO2Sf Mass of the agglomerated/aggregated TiO2 particles at the surface of the 

fibres which have the potential to be released from a face mask 
MAK-Commission German Committee for the determination of occupational exposure limits  
MPPD Multiple Path Particle Dosimetry  
N Number 
NIOSH US National Institute for Occupational Safety and Health 
NOAEC No Observed Adverse Effect Concentration 
NOAECHEC No Observed Adverse Effect Concentration, Human Equivalent 

Concentration 
NOAEL No Observed Adverse Effect Level 
OECD Organisation for Economic Co-operation and Development 
OEL Occupational Exposure Limits 
PPE Personal Protective Equipment 
PPM Parts Per Million 
RAC Risk Assessment Committee (ECHA) 
RIVM National Institute for Public Health and the Environment (the Netherlands) 
SEM Scanning Electron Microscopy 
Scs Total surface of the cross-section of the fibres 
Sring External ring-shaped surface of the cross-section of the fibres  
Sring,mf External surface of the cross-section of bi-component microfibres 
SSLL Steady State Lung Load  
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STEM Scanning Transmission Electron Microscopy  
TEM Transmission Electron Microscopy 
Ti Titanium 
TiO2 Titanium dioxide 
TiO2 max/mask Maximum level of TiO2 particles that can be safely present in a face mask 
TiO2-NP Titanium dioxide nanoparticles  
ucx Combined measurement uncertainty with coverage factor k = 1, 

corresponding to a level of confidence of about 68% 
U Expanded measurement uncertainty with coverage factor k = 2, 

corresponding to a level of confidence of about 95% 
UV Ultraviolet 
v:v volume-to-volume ratio 
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INTRODUCTION 

_ 

Context 

This report presents results of the COVID-19 research project “Identification, physicochemical 

characterisation and estimation of release of titanium dioxide particles in face masks applied during the 

COVID-19 crisis in view of risk analysis” (TiO2-Mask). 
 

This project aims to generate essential information for risk analysis, risk management, and for 

implementation of control measures. Its general objectives are: 

 Characterization in situ of the titanium dioxide (TiO2) particles present in face masks. 

 Screening of face masks measuring the total amount of titanium (Ti) as a proxy for the 

presences of TiO2.  

 Estimation of inhalation exposure due to release of TiO2 particles in conditions mimicking real 

life conditions. 

 A preliminary risk analysis focusing on possible health risks associated with TiO2 particles in 

specific (types of) face masks. 

 Development and evaluation of alternative, simpler methods allowing to evaluate the release of 

TiO2 particles from large(r) numbers of face masks. 

 
The preliminary risk analysis in this project focuses on possible health risks associated with TiO2 

particles in specific (types of) face masks, assuming an “intensive exposure” scenario, as advised by  

Belgian government, and subchronic exposure of the general adult population. Alternative exposure 

scenarios are out of the scope of this study. 
 

Titanium dioxide particles in face masks 

Titanium dioxide is generally applied in commercial textile products as a white colorant or as a matting 

agent1,2. In addition, textiles can be functionalised with TiO2 for UV protection3–9, antimicrobial 

activity6,7,10–13, thermal stability and flame retardancy14,15, self-cleaning properties5,12,16–19, and 

hydrophobicity4,12,20. Rashid et al. present an overview of the various natural and chemical textiles that 

are functionalised by TiO2
21. 

 

To introduce new solutions to the challenges associated with the COVID-19 pandemic, textile 

companies are incorporating nanofibre, nanocomposite and nanoparticle technology into face 

masks22,23. Nanofibres containing TiO2 nanoparticles have been produced to create antimicrobial 

filters24, also in combination with silver25 and graphene26. Face masks containing homogeneous 

coatings of TiO2 nanoparticles on cotton fabric were developed for enhanced self-cleaning and 

antibacterial properties27. This report considers face masks where TiO2 is applied “normally” as a white 

colorant or as a matting agent1,2. 

 

It is generally assumed that the use of TiO2 nanoparticles in face masks is limited to specific applications, 

which are well described by the manufacturer, and not at a large scale. However, the first analytical 

Transmission Electron Microscopy (TEM) analyses of a reusable face mask demonstrated the presence 

of TiO2 (nano)particles in a face mask distributed by the Belgian federal government 

(https://www.sciensano.be/sites/default/files/em_analysis_report_community_masker_m-vyg-a1_-

_sciensano.pdf). A literature search showed that a question on this topic was raised to the European 

parliament, concerning a study performed by the consumers’ association ‘Adiconsum Veneto’ who 

https://www.sciensano.be/sites/default/files/em_analysis_report_community_masker_m-vyg-a1_-_sciensano.pdf
https://www.sciensano.be/sites/default/files/em_analysis_report_community_masker_m-vyg-a1_-_sciensano.pdf
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tested several batches of face masks – mainly surgical masks – intended to be put on sale as personal 

protective equipment (PPE). They found that approximately 70% of them contained TiO2 in quantities 

ranging from 100 ppm to 2000 ppm28. 

 

This intermediate report focuses on the in situ characterization of the TiO2 particles present in a selection 

of face masks intended to be worn by the general public. It assesses (i) the amount of TiO2 in each 

mask, (ii) if and where in the fabric TiO2 (nano)particles are present, (iii) how many particles are present, 

(iv) what are the physicochemical properties of these particles, and (v) what fraction is most likely to be 

released. This information is essential for the risk assessment for health effects caused by TiO2 

(nano)particles. 

 

Risks for health effects caused by TiO2 

(nano)particles  

Several studies reported health effects upon exposure to TiO2. An extensive toxicological evaluation of 

TiO2 was performed by the US National Institute for Occupational Safety and Health (NIOSH) and by 

the experts of the French Agency for Food, Environmental and Occupational Health & Safety (ANSES) 

in view of determining their respective recommended Occupational Exposure Limits (OEL). The report 

of NIOSH30 was published in 2011, the report of ANSES34 in 2020. In 2020, the Risk Assessment 

Committee (RAC) of the European Chemical Agency (ECHA) reviewed the carcinogenic potential of 

TiO2 and recommended to classify TiO2 as a carcinogen when inhaled, Carc.cat.2, H351 according to 

the labelling and packaging classification (CLP)31,32. 

 

In 2017, a study conducted by the French National Institute for Agricultural Research (INRA) showed 

that chronic exposure to TiO2 through ingestion causes ‘early stages of carcinogenesis’29. In 2021, the 

European Food Safety Authority (EFSA) updated its safety assessment of food additive E171, and 

concluded that food-grade TiO2 can no longer be considered safe as a food additive because a concern 

for genotoxicity after oral consumption of TiO2 particles could not be ruled out30. 

 

As a first step, we propose a preliminary risk assessment built on the hypothesis of a threshold effect of 

TiO2 (nano)particles. This approach is justified by an in-depth analysis of different studies, performed 

by NIOSH experts to recommend their OELs31 and by ANSES experts to recommend on one hand 

OELs32 and on the other hand a chronic toxicological reference value33. These experts considered at 

that time that the appearance of lung tumours observed in rats after chronic exposure to TiO2 micro- 

and nanometre sized particles was the consequence of an altered clearance and inflammatory process. 

This is in line with the conclusions of the experts34 of the RAC committee, which assumed a practical 

threshold for lung tumour development and recommended to classify TiO2 (without a further 

physicochemical description) in Cat.2, H351 for carcinogenicity. No mutagenicity classification was 

proposed by the dossier submitter to the RAC committee because “the existing data show too many 

discrepancies that cannot be explained with the current state of the science” 33. 

 

More recently, a concern has been raised by the experts of the EFSA’s expert Panel on food Additives 

and Nutrient Sources added to food (EFSA ANS Panel)30 concerning the possible direct genotoxic 

mechanism of TiO2. These experts acknowledge that different mechanisms of action may coexist, 

including a direct genotoxic mechanism. Therefore uncertainty about the existence of a threshold 

remains. We recognise that there is still an uncertainty due to the possibility of a direct genotoxic effect. 

This will be reflected by the uncertainties linked to our risk assessment. 
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METHODS 

Selection of face masks 

This intermediate report focuses on a selection of face masks intended to be worn by the general public. 

This selection contains reusable face masks distributed by the Belgian government and by governmental 

instances, reusable face masks from several commercial sources, and, for comparison, single use face 

masks from several suppliers (Table 1).  

Table 1 Ov erv iew of the selected face masks intended to be worn by the general public*. 

Reference Type
a
 CE logo Layers Composition

c
 

AgMask-01 Single-use community mask N External Non-woven fabric 

 Central Non-woven fabric 

 Internal Non-woven fabric 

AgMask-02 Reusable community mask N External Polyester 

 Central Non-woven fabric 

 Internal 100 % cotton 

AgMask-03  Reusable community mask  N External 100% polyester  

 Central 65% polyester and 35% cotton 

 Internal 65% polyester and 35% cotton 

AgMask-04 Single-use protective mask  Y External Non-woven fabric 

 Central Non-woven fabric 

 Internal Non-woven fabric 

AgMask-05 Single-use community mask  N External Non-woven fabric 

 Central Non-woven fabric 

 Internal Non-woven fabric 

AgMask-08 Reusable protective mask Y External 

Polyamide, polypropylene, elastane, cotton, non-
woven fabric

b
 

 Central 1 

 Central 2 

 Central 3 

 Central 4 

 Internal 

AgMask-09 Reusable medical mask  Y External 

Polyamide, polypropylene, elastane, cotton, non-
woven fabric

b
 

 Central 1 

 Central 2 

 Central 3 

 Central 4 

 Internal 

AgMask-10 Single-use medical mask Y External Non-woven fabric 

 Central Melt-blown fabric 

 Internal Non-woven fabric 

AgMask-11 Single-use medical mask Y 
 

66% non-woven fabric, 34% polypropylene melt-

blown
b
 

AgMask-12 Single-use protective mask Y 
 

29.41% non-woven fabric, 14.71% melt-blown 
fabric, 14.71% melt-blown fabric, 26.46% hot air 

cotton, 14.71% non-woven fabric
b
 

AgMask-13 Reusable community mask  N  Polyester, cotton, non-woven fabric
b
 

AgMask-14 Reusable community mask  N  No composition indicated 

AgMask-15 Reusable community mask Y External Polyamide 

 Internal Polyamide 

AgMask-16 Reusable community mask  N  Polyester, cotton, non-woven fabric
b
 

AgMask-17 Reusable community mask  N  50 % linen, 50% cotton
b
 

AgMask-18 Reusable community mask  N  Polyester, polyamide, elastane
b
 

AgMask-20 Reusable community mask  N  Non-woven fabric
b
 

AgMask-22 Reusable community mask  N External Polyester 

 Internal Cotton 

AgMask-23 Reusable community mask   N External Polyester 

 Central Non-woven fabric 

 Internal Cotton 

AgMask-24 Reusable community mask  N External Polyester 

 Internal Polyester  
*All these masks are available for the general public.  
aThe classification (community mask, medical mask or protective mask) is made based on available information on the packaging or by expert opinion, but 

that does not mean that masks are compliant with the specific legislation. Sciensano did not evaluate the masks on their compliance.”  
b General composition. The composition of individual layers is not specified. 
c As indicated by the producer. 
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ICP-OES measurement of Ti 

For total Ti analysis, the different masks or layers were homogenised by cutting them into small pieces 

using scissors and mixing the cuts manually. Two digestion methods were applied, depending on the 

material of the mask or layer. If the mask consisted of several layers with woven and non-woven textiles, 

the layers were digested separately. If the mask consisted only of non-woven textiles, the entire mask 

was homogenised. 

 

Woven textiles (cotton, polyester or other synthetic fibres) were digested (closed microwave digestion) 

in a 4:1 (v:v) mixture of nitric acid and sulphuric acid at 220°C in a Mars 6 microwave (CEM, USA). This 

method was adopted from the application note for polyethylene terephthalate digestion35. The non-

woven, synthetic textiles from the masks needed higher temperatures for complete digestion, and the 

method had to be adapted to the light fibres that were not easily wetted. Therefore, a method was 

developed together with the application specialists of the Belgian CEM supplier (BRS, Drogenbos). The 

method uses first a charring step in concentrated sulphuric acid at 260°C in iPrep vessels (CEM, USA), 

followed by a digestion step in concentrated nitric acid at 200°C. Both methods were in-house validated.  

 

After dilution of the digests, the total Ti concentration was determined by Inductively Coupled Plasma 

Optical Emission Spectroscopy (ICP-OES) at wavelength 368.520 nm (Varian 720, Agilent 

technologies). All samples were prepared and analysed in duplicate. Titanium concentrations were 

recalculated to TiO2 concentrations by multiplying them with a factor 1.668, calculated as the ratio of the 

molecular mass of TiO2 (79.88 g/mol) to that of Ti (47.88 g/mol), assuming all Ti is present as TiO2. 

 

In situ TEM characterization 

The in situ TEM characterization method combines resin embedding, TEM imaging and analysis aiming 

to detect, localize and measure the size, morphology, agglomeration state and elemental composition 

of (nano)particles in ultra-thin sections of the face masks.  

 

A sample preparation methodology supporting the methods of Gashti et al.36, Lorenz et al.37, Hebeish 

et al.38 and Joshi et al.39 for analysis of textiles was set up. Ultra-thin sections of face masks were 

prepared by embedding them in an epoxy resin, followed by ultra-thin sectioning using ultramicrotomy 

(Figure 1).  

 

Face masks were analysed by High Angle Annular Dark Field (HAADF) – Scanning Transmission 

Electron Microscopy (STEM) combined with Energy Dispersive X-ray spectroscopy (EDX) using a 

200kV Talos F200S G2 TEM and Velox software (Thermo Fisher Scientific) (Figure 1). Descriptive TEM 

analyses, including elemental analyses, were done in triplicate, based on three individual masks. 

Quantitative TEM analysis, measuring the size of the constituent TiO2 particles and agglomerates, was 

based on one repetition. 

 

The size distributions of the constituent TiO2 particles and of the agglomerates of TiO2 particles were 

determined by recording ten representative images followed by image analysis using the ImageJ 

software. Agglomerate size was determined semi-automatically using the ParticleSizer plugin. 

Constituent particle size was determined by manual measurement. The raw data resulting from the 

image analyses was processed using an in-house python script for calculation of descriptive statistics 

and for plotting histograms. The surface area of the cross-sections of the fibres was measured by both 

TEM and light microscopy, using the ImageJ software. 
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Figure 1 Illustration of the method applied for in-situ TEM characterization of face masks. 

 

Determination of the migration potential of TiO2 
particles in fibres 

The migration potential, understood as the physical possibility that particles may move (diffuse) within 

the host fibre and be released from the fibre, depends (i) on the size (distribution) of the nanoparticles 

or aggregates/agglomerates and (ii) on the degree or quality of embedment into the host polymer, i.e.  

“Are the nanoparticles embedded with full surface coverage by the host fibre, or are the nanoparticles 

only applied into or onto the surface where either full or partial embedment can be achieved?”. In the 

latter case, direct contact or release from the surface may be possible or is at least very likely. 

 

Franz et al.40 describe the release of (nano)particles from polymer based nanocomposites. They show 

that in case the incorporated nanoparticles have no significant fraction in the particle size range of 1–5 

nm, migration based on diffusion in a polymer fibre will be negligibly low. In addition, when it can be 

demonstrated that the nanoparticles - regardless of their size distribution - are fully embedded in the 

host polymer matrix, then migration is not expected unless mechanical release due to material stress 

(abrasion) occurs. Because the TiO2 particles applied in the selected face masks are much larger than 

5 nm, migration in the fibres is expected to be negligible, and only the fraction of TiO2 particles at the 

fibre surface might be released for exposure.  

 

In practice, this means that only the fraction of particles ‘sticking out’ of the polymer matrix can be 

considered to be susceptible for release. Particles sticking out of the polymer are the particles present 

in the (outer) layer of the polymer, which is equal to or thinner than the minimum external dimension of 

the agglomerates of particles. The latter can be measured as the median minimum Feret diameter of 

the agglomerates (Figure 2).  

 

Supporting on this, the fraction of particles sticking out of the polymer is modelled based on the results 

of the TEM and ICP-OES analyses. The mass of the agglomerated/aggregated (AA) TiO2 particles at 
the surface of the fibres, which have the potential to be released from a face mask, (𝑀𝐴𝐴 𝑇𝑖𝑂2 𝑆𝑓 ), can be 

calculated as: 
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𝑀𝐴𝐴 𝑇𝑖𝑂2 𝑆𝑓 =  F ∗  𝑀𝐴𝐴  𝑇𝑖𝑂2

 

 
with F the fraction of the particles at the fibre surface and 𝑀𝐴𝐴 𝑇𝑖𝑂2

 the total mass of TiO2 in a face mask. 

 

Assuming a homogeneous distribution of the AA in the fibres, F is approximated as the ratio of an 

external ring-shaped surface of the cross-section of the fibres (Sring) and the total surface of the cross-

section of the fibres (Scs) (Figure 2). The thickness of the external ring-shaped surface, Sring, is 

determined by the median AA diameter (da) (Figure 2). This can be approximated, assuming spherical 

sections of fibres and AA, as: 

 

F =
𝑆𝑟𝑖𝑛𝑔

𝑆𝐶𝑆

 

F =

𝜋
4

∗ 𝑑𝑓
2 −

𝜋
4

∗ (𝑑𝑓−𝑑𝑎)2

𝜋
4

∗ 𝑑𝑓
2

 

F =
𝑑𝑓

2 − (𝑑𝑓−𝑑𝑎 )2

𝑑𝑓
2  

with df the median diameter of the fibres and da the median minimum Feret diameter of the AA. 

 

 
 

Figure 2 Illustration of the parameters applied to estimate the fraction of particles at the surface of the fibres. On the left 

an HAADF-STEM image showing TiO2 particles inside (black arrow) and at the edge (white arrow) of a section of a 

polyester fibre. On the right a schematic representation of the section of the polyester fibre with agglomerated TiO 2 

particles (green near-spherical shapes). For particles located on the external ring shaped surface of the cross-section 

(green zone), release from the surface may be possible. The thickness of the green zone, da, is estimated based on the 

median v alue of the minimum Feret diameter distribution of the TiO2 agglomerates. 

 

For a specific case of fibres, i.e. bi-component microfibres, the assumption of a homogeneous 

distribution of the AA in the fibres is incorrect. Bi-component microfibres are characterized by a larger 

surface area from which TiO2 particles can be released (see in results section Figure 7 for more details 

on their structure). To account for this increased surface, 𝑆𝑟𝑖𝑛𝑔,𝑚𝑓, a correction factor was introduced:  

 

𝑆𝑟𝑖𝑛𝑔,𝑚𝑓 = 𝑆𝑟𝑖𝑛𝑔 ∗  
∑  𝑤𝑒𝑑𝑔𝑒𝑠  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟

𝑓𝑖𝑏𝑟𝑒  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
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In this equation, ∑  𝑤𝑒𝑑𝑔𝑒𝑠  𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 is the sum of the perimeters of the wedge-shaped (TiO2 

containing-) polyester parts of the fibre, and 𝑓𝑖𝑏𝑟𝑒 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 is the perimeter of the (near-)circular cross-

section of the microfibre. 

 

The in situ localisation and the properties of the TiO2 particles were determined by TEM for each layer 

of the masks AgMask-01, AgMask-02, AgMask-03, AgMask-04, AgMask-05, AgMask-15, AgMask-22, 

AgMask-23, and AgMask-24. For these masks, the mass of the TiO2 particles at the fibre surface was 

calculated supporting on the agglomerate size and fibre diameter in the different layers measured for 

each mask. For the other masks, TEM analysis is not yet performed. The fraction of the TiO2 particles 

at the fibre surface was estimated supporting on the average agglomerate size and fibre diameter of the 

face masks AgMask-01 to AgMask-05.  

 

Approach for risk assessment 

CHOICE OF THE CRITICAL EFFECT 

Several effects have been observed after inhalation exposure of animals to TiO2 nanoparticles (TiO2-

NP). The most sensitive effect observed in these studies was the inflammatory effect on the lung, 

observed at 2 mg/m3 in rats exposed subchronically to a well-specified form of TiO2-NP (Aeroxide TiO2 

P25, average constituent particle size of 21 nm). The aerosol that was administered consisted of 

agglomerated particles with a median agglomerate size of 1.37 µm. The authors assume that once the 

particles are deposited, there is a de-agglomeration of constituent particles. Other effects caused by 

TiO2-NP have also been identified in animals exposed by inhalation but these effects were observed at 

higher doses. Unfortunately, in most of these studies, only one dose was tested:  

 Lung tumours were observed at 10 mg/m3 after chronic inhalation exposure of female rats41. 

 Effects on the cardiovascular system were observed at 6 mg/m3 after inhalation exposure 

of rats in a series of studies published by a team of searchers from the West Virginia 

University School of Medicine (as reported by ANSES32,42). 

 Developmental effects were observed at 10 mg/m3 after inhalation exposure of rats in a 

series of studies published by the same team of searchers of the West Virginia University 

School of Medicine (as reported in ANSES32,42). 

Several studies also investigated the neurotoxicity of TiO2-NP but were performed by intra-nasal 

instillation. This exposure route by-passes the upper respiratory tract and results in high concentrations 

over a short period of time. It is considered not representative of the current situation and therefore the 

studies were not retained. In this context, we follow the recommendations of the Organisation for 

Economic Co-operation and Development (OECD)43. 

 

Summarizing and in agreement with the experts of ANSES, we consider the inflammatory lung process 

as the most sensitive effect. This effect was therefore retained as the critical effect in this risk 

assessment. 

CHOICE OF THE KEY STUDY 

In general, we followed the same approach as the experts of ANSES32,42. Several human studies are 

available but are considered as not adequate for several reasons explained in detail by the experts of 

ANSES including “selection bias, classification bias for exposure to TiO2 and confounding factors”32,42.  

We agree with this view and will base our risk assessment on animal studies. As explained before, 

studies conducted by instillation are not considered because they are not suitable for risk assessment 

according to the OECD guidance43. 

 

Among the few repeated dose inhalation studies that are reported, the most robust one is the study 

performed by Bermudez et al.41. In this study, female rats, mice and hamsters were whole-body exposed 

during 13 weeks (6h/day, 5 day/week) to Uf-TiO2 (Aeroxide TiO2 P25, average constituent particle size 
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of 21 nm). After being exposed to 0, 0.5, 2.0 or 10 mg/m3, animals were held for recovery periods from 

4 to 52 weeks. General parameters, like clinical observations, body weight and mortality were recorded. 

In addition, several pulmonary parameters including lung inflammation, cytotoxicity, lung cell 

proliferation and lung histopathology were assessed. 

 

This study was considered as the key study for our risk assessment, in line with the argumentation given 

by the experts of ANSES: “longest duration of exposure (13 weeks), the TiO2-NP used is one of the 

OECD reference forms of TiO2-NP and is fully characterized, three rodent species were included”. Some 

drawbacks were identified by the experts of ANSES: “only local/pulmonary toxicity was evaluated, only 

females were exposed, this study was performed by whole-body inhalation and P25 was not dispersed 

before inhalation”. The first disadvantage will be considered by adding an uncertainty factor in the risk 

assessment. The other ones are not considered critical for assessment. 

CHOICE OF THE CRITICAL DOSE 

Among the three species exposed to TiO2 nanoparticles, the rat was found to be the most sensitive 

species to histopathological lesions. This is consistent with what is unanimously admitted about the 

greater susceptibility of this species to the lung inflammatory response to poorly soluble low toxicity 

particles44. 

 

We have verified the data used by the ANSES experts32 and agree with their reasoning: “At the tested 

concentration of 0.5 mg/m3, the only effects reported were a reversible decrease in body weight, the 

presence of particles within alveolar macrophages and very minimal changes in the patterns of alveolar 

macrophage accumulation in the lungs. Lesions at 2 mg/m3 were minimal to mild in severity and 

consisted primarily of particle laden macrophage accumulation and aggregation in subpleural regions 

and in centriacinar zones, associated with minimal hypertrophy and hyperplasia of type II alveolar 

epithelial cells. A significant but reversib le increase in terminal bronchiolar and alveolar cell replication 

was also found at this concentration. At 10 mg/m3, there were more severe epithelial proliferative 

changes, including metaplastic changes in the centriacinar region (bronchiolization of alveolar 

epithelium) associated with particle-laden macrophage accumulation and increase of inflammation 

markers in the BALF. The histopathological findings were progressive with increase of concentration 

and time also after cessation of exposure and decrease in inflammatory response” 32,42. 

 

The experts of ANSES performed a Benchmark Dose Modelling (BMDL) but concluded that the 

conditions required to apply this approach were not met: the  number of animals per dose was too low 

and the inter-individual variability of the dataset was too high. We agree with this argumentation and 

followed their decision to use the No Observed Adverse Effect Concentration (NOAEC) of 0.5 mg/m3 as 

point of departure for our risk assessment. 

ADJUSTMENTS 

Allometric adjustment 

To reduce the uncertainty on toxicokinetic inter-species variability, experts of ANSES32 and of NIOSH31 

independently calculated a Human Equivalent Concentration (HEC).  

 

In this risk assessment the approach from the experts of ANSES was followed. Their methodology was 

mainly based on the methodology developed by the German Research Foundation45 : “Due to species-

specific differences in respiratory tract anatomy, in respiratory minute volume, in particle clearance and 

in lung surface area, different particle doses can be deposited per m2 lung surface area even if the 

exposure concentration and particle size distribution are the same in the lungs of rats and humans. The 

outcome will be a steady state lung load, which is dependent both on the mean particle deposition rate 

and on the elimination constant, which is referred to in the following as the clearance: 

Steady state lung load = mean deposition rate/clearance. 
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Assuming that the sensitivity of the two species rats and humans does not differ at the same dose/m2 

lung surface area, the particles toxicities in the lung of the two species have to be different at the same 

exposure concentration. Conversely, this means that if the particle size distribution were the same, the 

exposure concentration has to differ from that of rats to deposit a particle dose/m2 lung surface area in 

the human lung that would be a NOAEC in rats.” 

 

The Steady State Lung Load (SSLL) was first calculated in both species. Four steps are needed for this 

calculation:  

First step : Evaluation of the particle fraction deposited in the lung. 

To estimate this fraction, experts of both institutions have used the MPPD (Multiple Path Particle 

Dosimetry) model developed by the Centre for Technology Transfer (United States) and RIVM (National 

Institute for Public Health and the Environment of the Netherlands) to extrapolate their point of departure 

(BMDL or NOAEL) from the rat to the human. The version used by ANSES was more recent as they 

used the version 3.04 of 2016. 

 

According to this model, the particle fraction deposited in the lung is 0.056 in the rat and 0.1032 in 

human. 

Second step : Calculation of the deposition rate  

The deposition rate, in m3/day, is calculated as follows: 

 

𝐷𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 = 𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 ×  𝑡𝑖𝑑𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 ×  𝑟𝑒𝑠𝑝𝑖𝑟𝑎𝑡𝑜𝑟𝑦 𝑟𝑎𝑡𝑒 ×  𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑡𝑖𝑚𝑒 

 

For the rat, the values used for the tidal volume and the respiratory rate are those used by the German 

Committee for the determination of occupational exposure limits (MAK-Commission)45 and adopted by 

the experts of ANSES32:  

- Tidal volume of 2.1 mL  

- Respiratory rate of 102 breaths/minute 

The exposure time by day is calculated using the exposure time in the study of Bermudez et al. 41 

(6 hours/day, 5 days/week). The exposure time by day is 60 x 6 x 5/7 = 257 minutes/day. 

 

For human, the figures used for the tidal volume and the respiratory rate are those used for a human in 

activity like a worker: 

- Tidal volume of 1040 mL 

- Respiratory rate of 20 breaths/minute 

These values are also those used by the experts of ANSES to recommend their OELs 32. For the 

exposure time, we have used the same figures as the experts of ANSES in their recommendations for 

the OELs32: 8 hours/day, 240 days/year. The exposure time by day is 60 x 8 x 240/365 = 315.6 

minutes/day. 

 

The deposition rate in rat = 0.056 x 2.1 x 102 x 257 = 3083 cm3/day = 0.003083 m3/day 

The deposition rate in human = 0.1032 x 1040 x 20 x 315.6 = 677 454 cm3/day = 0.677 m3/day 

 

Third step : calculation of the elimination constant 

The elimination constant, expressed in days, is calculated as follows: 

 

𝐸𝑙𝑖𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = − 
ln (0.5)

𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 ℎ𝑎𝑙𝑓 − 𝑡𝑖𝑚𝑒
 

 

We have used the same figures used by the experts of ANSES (ANSES 2019, 2020) :  

- elimination half-time of TiO2-NP: 60 days for the rat and 400 days for human. 
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These figures are coming from the MAK documentation45 but are general for the elimination of particles, 

without specification of the size.    

 

Elimination constant in rat = - (ln0.5)/60 = 0.0116/day 

Elimination constant in human = -(ln0.5)/400 = 0.00173/day 

 

Fourth step : calculation of the steady state lung load, in m3  

The steady state lung load is calculated as follows: 

 

𝑆𝑆𝐿𝐿 = 
𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒

𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡
 

 

SSLLrat = 0.003083/0.0116 = 0.2659 m3 

SSLLhu = 0.677/0.00173 = 391.61 m3 

 

The details of the calculation and the figures on the modelling of steady state lung load can be found in 

the publication of ANSES32.  

 

The human equivalent concentration is calculated as follows: 

 

NOAECHEC = NOAECrat ×  
 𝑆𝑆𝐿𝐿𝑟𝑎𝑡

rat lung surface area
SSLLhuman

human lung surface area

 

 

According to the MAK documentation45, the rat lung surface area is 0.297 m2 and the human lung 

surface area is 57.22 m2, such that 

NOAECHEC = 0.5 ×  
0.2659
0.297

391.61
57.22

  = 0.065 mg/m3 

 

Further adjustments of the NOAECHEC  

Inter-species variability adjustment factor = 3 

As the difference in toxicokinetics was already taken into account by adjusting the NOAEC to the human 

situation, the remaining adjustment factor for inter-species variability considers the toxicodynamic 

variability and residual uncertainties.   

Intra-human variability adjustment factor = 10 

As in the case of TiO2 contained in masks, the exposed population is the general population and not the 

workers, we need to use a more severe assessment factor than the experts of ANSES for the intra-

human variability. 

Adjustment for the choice of the critical dose = 1 

As the critical dose is the NOAEC, we don’t need any adjustment.  

Adjustment for the duration of exposure = 1 

As the exposure of the population is not considered chronic but subchronic as in the key study chosen 

for our point of departure, we don’t need any adjustment. 

Adjustment for the inadequacy of the database = 3 

The experts of ANSES argued that “Most of the studies performed on Aeroxide TiO2 P25 are not judged 

fully reliable for chronic risk  assessment (e.g. intratracheal administration, single high concentration 
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tested, no chronic study).  In addition, several repeated-dose toxicity studies have shown effect on other 

organs than lungs (cardiovascular system, liver, kidneys…). However, as the majority of repeated-dose 

toxicity studies by inhalation investigated only one endpoint at the time, it cannot be ruled out that other 

adverse effects could occur at sub-inflammatory concentrations.”. 

We agreed with the reasoning of the experts of ANSES and selected the same adjustment factor for the 

uncertainties due to the lack of data. 

 

For comparison, the assessment factors applied by the experts of ANSES, applied to determine the 

professional exposer limit, and of Sciensano, applied to determine the threshold for exposure in face 

masks, are summarized in Table 2. 

 

Table 2 Comparison between the assessment factors applied by ANSES and by Sciensano 

Uncertainty factors ANSES SCIENSANO : masks 

Inter-species variabil ity 3 3 

Intra-human variability 3 10 

Choice of the critical dose 1 1 

Duration of exposure extrapolation 3 1 

Inadequacy of the database 3 3 

Global Uncertainty factor 81 90 

 

Based on the NOAECHEC of  0.065 mg/m3 and using a global uncertainty factor of 90, we estimate that 

the acceptable exposure limit per day should be 0.065 mg/m3 divided by 90 = 0.72 µg/m3. 

 

EXPOSURE ASSESSMENT 

Acceptable Daily Exposure Estimation 

Using the default short-term inhalation rate of 1.25 m3/hour for adults recommended by the Human 

Exposure Expert Group46 and followed by the experts of ECHA47 and EFSA48,  the acceptable amount 

of TiO2 particles that can be inhaled during a 8-hour day, or Acceptable Exposure Level (AEL) is 

7.2 µg. 

 

This estimation is calculated following the equation below: 

 

𝐴𝐸𝐿 = (
NOAECHEC

90
 x 𝑉𝑎𝑖𝑟 x 8) 

 

Where Vair is the volume of air inhaled by an adult in 1 hour. 

Exposure scenario  

The Belgian Government officially recommends to use a new mask every 8 hours (https://www.info-

coronavirus.be/fr/masque/). When a mask is dirty or humid, it needs to be replaced. If people have to 

talk a lot, for example school teachers, it is recommended to use a new mask every 4 hours.   

 

For an acceptable amount of TiO2 particles that can be inhaled during an 8-hour day of 7.2 µg,  

the acceptable amount of releasable TiO2 particles per mask, AELmask, equals 7.2 µg/2  = 3.6 µg.

https://www.info-coronavirus.be/fr/masque/
https://www.info-coronavirus.be/fr/masque/
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RESULTS 

Screening for TiO2 in face masks 

The examined face masks consist of materials that are very resistant to the digestion steps typically 

applied to prepare samples for ICP-OES analysis. Adaptation of the sample preparation method based 

on closed-microwave assisted acid digestion allowed, however measuring the total amount of Ti in face 

masks (See Methods part 2). The amount of TiO2 in face masks intended to be worn by the general 

public showed a very high variation ranging from 11 µg to more than 152 mg per mask (Table 4).  

 

TEM characterization in situ 

EVALUATION OF SAMPLE PREPARATION AND IMAGING CONDITIONS 

The developed sample preparation methodology allowed to make ultra-thin sections of resin-embedded 

textile fibres suitable for TEM and STEM analysis of the nanoparticles in the textiles. Textile fibres could 

be detected in the ultra-thin sections of all layers using TEM analysis (Figure 3). Sample preparation 

artefacts resulting from compression during cutting the ultra-thin sections were limited and did not 

interfere notably with the particle detection and measurement. For non-woven fibres, compression 

artefacts were somewhat higher than for polyester, polyamide and cotton fibres. This is visible as a 

striped background on their STEM images. The imaging conditions selected for STEM imaging allowed 

analysing the ultra-thin sections at high resolution while transferring only a limited electron dose (a 

current of 0.02 nA was applied), minimizing beam induced damage of the examined features. 

 

RESULTS OF THE IN-SITU TEM ANALYSIS 

For each mask analysed by TEM, Figure 3 shows TEM images of cross-sections of fibres observed in 

the external, middle and internal layers of the masks. No inconsistencies between repetitions were 

observed. Table 3 summarizes in which fibres/layers TiO2 particles were observed, together with their 

constituent particle size, agglomerate size and the fibre diameter obtained by quantitative TEM analysis. 

The agglomerated TiO2 particles can be observed on the STEM images in Figure 3 as bright dots inside 

or at the edge of the fibre cross-sections. 

 

In situ TEM analysis of polyester and polyamide fibres 

TiO2 particles were demonstrated in polyester and polyamide fibres of the face masks (Figure 3). The 

polyester or polyamide fibres, present in AgMask-02 (Figure 3B, external layer), AgMask-03 (Figure 3C, 

three layers), AgMask-15 (Figure 3G, external and internal layer), AgMask-22 (Figure 3H, external layer) 

and AgMask-23 (Figure 3F, external layer) show circular (polyester) or near-circular, more angular 

(polyamide) cross-sections with a diameter of approximately 10 µm (Table 3). This supports the 

assumption in the calculation of the fraction of particles at the fibre surface that the polymer fibre cross-

sections are circular. 

 

Energy Dispersive X-Ray spectroscopy (EDX) analysis showed that these polyester and polyamide 

fibres contain TiO2 particles, which are homogeneously distributed over the fibres: most particles were 

located inside the fibres, and some were present at the fibre surface (Figure 4). Both single and 

agglomerated constituent particles were observed. The TiO2 constituent particles have medium 

sphericity (near-spherical) with sizes ranging from 50 to 300 nm (Figure 3). Quantitative TEM analysis 

resulted in median values of the minimum external dimension between 89 nm and 133 nm (Table 3). 

The agglomerates were ellipsoidal, had a size ranging from 100 to 500 nm, and consisted of about  2 to 
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50 constituent particles. Quantitative TEM analysis resulted in median values of the minimum external 

dimension of 110 to 188 nm for polyester and 123 to 135 nm for polyamide.  

 

In both layers of AgMask-24, bi-component microfibres were observed (Figure 3I). These consist of both 

polyamide and polyester fibres and have star-shape cross-sections, the inner star filament forming the 

polyamide part while the surrounding polyester wedges (triangle-shape in cross-section) form the rest 

of the filament. Compared to regular (near-)cylindrical fibres, this particular structure of the bi-component 

microfibres results in a larger surface area from which TiO2 particles can be released. In the calculation 

of the TiO2 particles at the fibre surface, an alternative calculation of the external ring-shaped surface of 

the cross-section of the fibres Sring is applied to account for this increased surface (see Methods part 4). 

EDX analysis showed that the polyester wedges contains TiO2 particles: most particles were located 

inside the polyester wedges, and some were present at the surface (Figure 7). Both single and 

agglomerated constituent particles were observed. The TiO2 constituent particles have medium 

sphericity (near-spherical) with sizes ranging from 50 to 270 nm (Figure 3I). Quantitative TEM analysis 

resulted in median values of the minimum external dimension of 105 nm and 96 nm, for the external 

and internal layers respectively (Table 3). The agglomerates were ellipsoidal, had a size ranging from 

100 to 700 nm, and consisted of about 2 to 25 constituent particles. Quantitative TEM analysis resulted 

in median values of the minimum external dimension of 173 nm and 191 nm, for the external and internal 

layers respectively (Table 3). 

In situ TEM analysis of TiO2 particles in cotton fibres 

The cotton fibres, present in AgMask-02 (Figure 3B, internal layer), AgMask-03 (Figure 3C, middle and 

internal layer), AgMask-22 (Figure 3H, internal layer) and AgMask-23 (Figure 3F, internal layer) have 

more elongated/irregular cross-sections than the polyester fibres and show a void or thinner region in 

their centre (Figure 5). In AgMask-03, some TiO2 particles were detected at the surface of some of the 

cotton fibres (Figure 5). These TiO2 particles had the same physicochemical properties as the particles 

observed in the polyester fibres. Since the middle and interior layers of AgMask-03 contained both 

polyester and cotton fibres, it is likely that TiO2 particles detached from the polyester fibres to stick to 

the cotton fibres, although the possibility that the cotton fibres were coated with TiO2 particles cannot be 

excluded. In AgMask-02, AgMask-22 and AgMask-23, no TiO2 particles were observed on the surface 

of the cotton fibres. 

 

In situ TEM analysis of non-woven fabrics 

Non-woven fabrics were present in AgMask-01 (Figure 3A, all layers), AgMask-02 (Figure 3B, middle 

layer), AgMask-04 (Figure 3D, all layers), AgMask-05 (Figure 3E, all layers), and AgMask-23 (Figure 

3F, middle layer).  

 

In the middle layers of AgMask-01, AgMask-02, AgMask-04 and AgMask-05, fibres with different 

diameters were observed. None of them contained particles.  

 

In the external and internal layers of AgMask-01, AgMask-04 and AgMask-05, and the middle layer of 

AgMask-23, fibre diameters ranged from 18 to 24 µm, which is larger than the diameters of polyester 

and cotton fibres. In all cases, except in the internal layers of AgMask-01 and AgMask-23, both single 

and agglomerated constituent particles were observed in the fibres (Figure 3). EDX analysis confirmed 

that these particles are TiO2 particles (Figure 6). The amount of TiO2 observed by TEM in the non-woven 

fabrics was significantly lower than in the polyester and polyamide fibres. Both single and agglomerated 

constituent particles were observed. The constituent particles have medium sphericity (near-spherical) 

with sizes ranging from 50 nm to 300 nm. Quantitative TEM analysis resulted in median values of the 

minimum external dimension between 131 nm and 184 nm (Table 3). The agglomerates were ellipsoidal, 

had a size ranging from 100 to 500 nm, and consisted of about 2 to 50 constituent particles. Quantitative 

TEM analysis resulted in median values of the minimum external dimension of 171 to 274 nm.  
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In the internal layers of AgMask-01 and AgMask-23, no TiO2 particles were observed, suggesting that 

no particles are present. It cannot be excluded that their amount is below the detection limit because 

the region examined in the TEM analysis is small compared to the full fibre surface. Even so, three 

repetitions were taken from different masks and none of these did show particles. This observation 

indicates that polyester can be produced and applied in face masks without TiO2, or containing very little 

TiO2. 

 

In general, some particles/compounds were detected outside of the textile fibres. It needs to be further 

examined whether these particles were released from the fibres or if they originate from the production 

process or can be explained as a sample preparation artefact caused by slicing the textile fibres using 

a diamond knife. 

 

Overall, the physicochemical properties of the TiO2 particles that were observed in face masks agree 

so well with the specifications of so-called fibre-grade TiO2 that are sold for application in textiles49, 50 

that it can be safely assumed that the particles in face masks are the same as those in other textiles .  
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Figure 3 (part 1) Representativ e STEM images showing cross-sections of fibres observ ed in the face masks, with (left) 

the external layer, (middle) the middle layer and (right) the internal layer of AgMask-01 (A), AgMask-02 (B), and AgMask-

03 (C). 
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Figure 3 (part 2) Representativ e STEM images showing cross-sections of fibres observ ed in the face masks, with (left) 

the external layer, (middle) the middle layer and (right) the internal layer of AgMask-04 (D) and AgMask-05 (E) and 

AgMask-23 (F). 

 



RESULTS 

28 
 

 

Figure 3 (part 3) Representativ e STEM images showing cross-sections of fibres observ ed in the face masks, with (left) 

the external layer, and (right) the internal layer of AgMask-15 (G), AgMask-22 (H) and AgMask-24 (I). 
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Figure 4 Representativ e STEM-EDX analysis of particles in a polyester fibre, with (A) HAADF-STEM image showing 

particles inside (black arrow) and at the edge (white arrow) of a section of a polyester fibre in AgMask-03; (B-G) STEM-

EDX analysis of the particles indicated in A, with (B, E) higher magnification STEM images of the particles (C, F) the 

corresponding spectral images of Ti obtained by EDX and (D, G) the EDX spectra of the area’s indicated by the yellow 

boxes in B and E, respectiv ely.    

 

Figure 5 Representativ e STEM-EDX analysis of particles at the edge of a cotton fibre, with (A) HAADF-STEM image of a 

section of a cotton fibre with particles at the edge, (B-D) STEM-EDX analysis of the particles indicated in A (white arrow) 

with (B) higher magnification STEM image of the particles, (C) the corresponding spectral image of Ti obtained by EDX 

and (D) the EDX spectrum of the area indicated by the yellow box in B.    

 

 

Figure 6 Representativ e STEM-EDX analysis of particles in a non-woven fabric, with (A) HAADF-STEM image of a section 

of non-wov en fabric showing particles, (B-D) STEM-EDX analysis of the particles indicated in A (white arrow) with (B) 

higher magnification STEM image of the particles, (C) the corresponding spectral image of Ti obtained by EDX and (D) 

the EDX spectrum of the area indicated by the yellow box in B.   
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(image A from https://www.monarchbrands.com/2018/10/16/is-there-a-difference-between-microfibre-cloths/) 

Figure 7 Representativ e STEM-EDX analysis of a bi-component microfibre, with (A) schematic representation of a bi-

component microfibre consisting of polyester and polyamide, (B) low magnification HAADF-STEM image of a section of 

bi-component microfibre showing particles in the polyester part, (C-E) STEM-EDX analysis of the particles indicated in 

B (white arrow) with (C) higher magnification STEM image of the particles, (D) the corresponding spectral image of Ti 

obtained by EDX and (E) the EDX spectrum of the area indicated by the yellow box in C.   
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Table 3 Ov erview of the localisation and properties of the TiO2 particles in the layers of the different types of face masks 

Reference Layers TiO2 

particles
a
 

CP size
b 

(nm) 

CP shape
c
 Agglomerate 

size
d
 (nm) 

Fibre 
diameter 

(µm)
e
 

Fraction of 
particles at fibre 

surface (%) 

AgMask-01 External Y 131 1.14 197
f
 24 1.7 

 Central N      
 Internal N      

AgMask-02 External Y 125 1.14 123 9 2.7 
 Central N      

 Internal N      

AgMask-03 External Y 124 1.14 188 9 4.1 
 Central Y 107 1.12 156 11 2.7 

 Internal Y 133 1.10 173 11 3.1 

AgMask-04 External Y 182 1.26 220 21 2.0 
 Central N      

 Internal Y 143 1.11 274
f
 23 2.3 

AgMask-05 External Y 184 1.22 233 19 2.5 

 Central N      
 Internal Y 168 1.36 171 18 1.9 

AgMask-15 External Y 96 1.18 130 9 2.8 
 Internal Y 103 1.20 135 9 3.0 

AgMask-22 External Y 90 1.28 110 11 2.1 
 Internal N      

AgMask-23 External Y 89 1.33 135 10 2.8 
 Central N      
 Internal N      

AgMask-24 External Y 105 1.26 173 13 7.5 
 Internal Y 96 1.30 191 12 9.0 

a
 TiO2 particles are present in fibres (Y) or not present (N) as assessed by STEM-EDX analysis. All analyses were done in triplicate, 

based on three individual masks. No inconsistencies between repetitions were observed.  
b
 Minimum external dimension of constituent particles, estimated as the median of the minimum Feret diameter. 

c
 Shape of constituent particles, estimated as the median of the aspect ratio distribution. 

d 
Minimum external dimension of agglomerates, estimated as the median of the minimum Feret diameter. 

e
 Diameter of the fibres, estimated as the median of the maximum inscribed circle diameter. 

f 
In the external layer of AgMask-01 and the internal layer of Agmask-04, very few agglomerates of TiO2 particles are present, 

reducing the precision of the particle measurements. 
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Table 4 Estimation of the percentage of the total TiO2 and of the TiO2 at the fibre surface that can be released before the Acceptable Exposure Level per mask, AELmask, is exceeded for face masks 

intended to be worn by the general public. 

Reference 
Total TiO2/mask 

(µg) 

% of total TiO2 that can 

be released before 
AELmask is exceeded 

Times the total amount 

of TiO2 exceeds 
AELmask 

TiO2 at fibre surface 
/mask (µg) 

% of  TiO2 at fibre surface that 

can be released before 
AELmask is exceeded 

Times the amount of TiO2 at the fibre 
surface exceeds AELmask 

AgMask-01 2,386 0.2% 663 39 9% 11 

AgMask-02 17,331 0.02% 4,814 462 0.8% 128 

AgMask-03 30,752 0.01% 8,542 1,056 0.3% 293 

AgMask-03-3 38,090 0.01% 10,580 1,286 0.3% 357 

AgMask-04 1,369 0.3% 380 30 12% 8 

AgMask-05 791 0.5% 220 17 21% 5 

AgMask-08 12,297 0.03% 3,416 314
 a
 1% 87 

AgMask-09 12,525 0.03% 3,479 320
 a
 1% 89 

AgMask-10 2,187 0.2% 607 56
 a
 6% 16 

AgMask-11 11 32% 3 0
a
 >100% 0.1 

AgMask-12 8,175 0.04% 2,271 209
 a
 2% 58 

AgMask-13 12,196 0.03% 3,388 312
 a
 1% 87 

AgMask-14 29 12% 8 1
 a
 >100% 0.2 

AgMask-15 152,345 0.002% 42,318 4,394
 a
 0.1% 1,220 

AgMask-16 21,326 0.02% 5,924 545
 a
 0.7% 151 

AgMask-17 45 8% 13 1
 a
 >100% 0.3 

AgMask-18 19,146 0.02% 5,318 490
 a
 0,7% 136 

AgMask-20 2,298 0.2% 638 59
 a
 6% 16 

AgMask-22 18,444 0.02% 4,841 358 1% 99 

AgMask-23 12,011 0.03% 3,531 352 1% 98 

AgMask-24 12,929 0.03% 3,591 1,054 0.3% 293 

a
 For the numbers in italic (and brown), the fraction of TiO2 particles at the surface of the fibres is estimated as the mean of the values of AgMask-01 to AgMask-05. It is probably an overestimation for the reusable  

masks (smaller fibres) and an underestimation for the single use masks (larger fibres). This value will be replaced by the value measured for each specific type of mask, when more results of the quan titative EM 

analyses become available. 
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Preliminary risk analysis 

To objectify the possible risk of exposure of consumers to TiO2 particles from face masks, the 

percentage of the total TiO2 that can be released before the Acceptable Exposure Level (AEL) (of 7.2 

µg per day of 8 hours) is exceeded, and its inverse, the times the amount of TiO2 exceeds the AEL, were 

estimated. This report presents the risk that the AEL is exceeded for a selection comprising several 

types of face masks. 

 

For the reported preliminary risk analysis, an “intensive exposure” scenario, as officially advised by the 

Belgian government, where two masks are worn for four hours each day, is assumed to evaluate 

possible health risks associated with TiO2 particles in specific (types of) face masks. Subchronic 

exposure of the general adult population is assumed. A face mask can be considered as safe in this 

threshold-based approach if the percentage of the total TiO2 that is released before the AELmask is 

exceeded (3.6 µg in 4 hours) is larger than 100%. In such case, the times the amount of TiO2 exceeds 

the AELmask is smaller than 1. 

 

In line with the tiered approach applied by ANSES to determine the risk of silver containing zeolites in 

face masks51, the total amount of TiO2, calculated from the amount of Ti measured by ICP-OES, is 

considered as a starting point (first Tier) for risk assessment using the threshold-based approach. Table 

4 shows that the total amount of TiO2 present in all examined face masks is too high to consider them 

as safe under this assumption. Face masks containing polyester or polyamide (nylon) fibres contain 

relatively high total amounts of TiO2, such that the AELmask is exceeded by approximately 220 (0.5%) to 

43,000 times (0.002%). For the face masks AgMask-11, AgMask-14 and AgMask-17, the measured 

amounts of Ti is much lower and is explained by the natural background of Ti. However, under this 

assumption considering all TiO2, the AELmask is still exceeded by approximately 3 (32%) to 13 times 

(8%). This Tier-1 scenario is, however, very conservative. Supporting on the studies of Franz et al.40 

describing the release of (nano)particles from polymer based nanocomposites, it can be excluded that 

the TiO2 agglomerates measuring approximately 220 nm migrate in polymeric polyester or polyamide 

fibres.  

 

In the case of face masks, inhalation exposure of consumers is , therefore, predominantly linked to the 

release of (nano)particles from the fibre surface. This is mostly determined by the fraction of the TiO2 

particles at the fibre surface which can be approximated by calculation, assuming a homogenous 

distribution of the TiO2 particles in the polymer and a spherical cross-section of the fibres (see part 4 of 

the Methods section). So far, the data allowing to calculate the fraction of particles at the fibre surface 

for each specific mask is available for 10 out of 20 face masks. For the other masks, the fraction of TiO2 

particles at the surface of the fibres is estimated as the mean (2.6%) of the values of AgMask-01 to 

AgMask-05, ranging from 1.7 to 4.1% (Table 3). This selection is considered to be a representative 

subsample of the examined masks. Although the total amount of TiO2 shows more variation than the 

agglomerate size and the fibre diameter, this approach probably results in an overestimation for the 

reusable masks, containing mostly smaller fibres, and an underestimation for the single use masks, 

containing mostly larger fibres. When more measurement results of the quantitative EM analyses 

become available, the estimated values will be replaced by the value measured for each specific type 

of mask. These analyses are ongoing. 

 

In a second tier of risk assessment, a more realistic exposure scenario is, hence, evaluated. This 

scenario considers that only the TiO2 particles at the surface of the fibres, which are more likely to be 

released, can lead to inhalation exposure. This more realistic Tier 2 exposure scenario notably reduces 

the likelihood of exceeding the AELmask compared to the Tier 1 scenario. In this Tier 2 scenario, the three 

face masks AgMask-11, AgMask-14 and AgMask-17, can be considered as “presenting no risk” in this 

threshold based approach, because the amount of total TiO2 that needs to be released before the 

AELmask is exceeded, is higher than the TiO2 content a the fibre surface (> 100%) (Table 4). 
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For the other examined masks, consisting partly of polyester or polyamide (nylon) fibres that contain 

relatively high total amounts of TiO2, the AELmask is exceeded 5 (21%) to 1,220 times (0.1%) (Table 4). 

The amount of TiO2 particles at the fibre surface is so high, that health risks cannot be excluded when 

some of these face masks are applied intensively. Reusable face masks containing TiO2 tend to exceed 

AELmask more than single use masks containing TiO2 because the former are heavier and thus contain 

more TiO2, and because the diameter of their polyester and nylon fibres is smaller than the diameter of 

the non-woven, reusable face masks (Table 3).  

 

The applied approach for preliminary risk assessment can be instrumental to estimate a maximum level 

of TiO2 particles that can be present in a face mask to avoid risk, under following assumptions:  

 A threshold effect of TiO2 (nano)particles is supposed, as is supposed by experts of NIOSH31 

and ANSES32 for professional chronic exposure. 

 Subchronic exposure is assumed for users that follow the “intensive exposure” scenario, where 

each mask is worn for 4 hours only, as advised by the official Belgian government, and where 

masks are worn for 8 hours per day. 

 It is assumed that only the fraction of the particles at the fibre surface are released and inhaled 

by the user. 

Under these conditions, the maximum level of TiO2 particles that can be safely present in a face mask 
(TiO2 max/mask) can be approximated as : 

TiO2 max/mask =
𝐴𝐸𝐿

n x F
 

 

Where AEL is the acceptable amount of TiO2 particles that can be inhaled during an 8-hour day, n is the 

number of face masks worn per day, and F is the fraction of particles at the fibre surface. For n = 2, AEL 

= 7.2 µg and F = 0.041 (4.1%), conservatively selecting the highest fraction of TiO2 particles at the fibre 

surface observed in this study,  

TiO2 max/mask =
7.2

2 x 0.041
µg = 87.8 µg 
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Uncertainty analysis 

This risk assessment was performed in view of the evaluation of the possible risk to the adult population 

during the COVID-19 crisis.  The main sources of uncertainty relate to analytical measurements, hazard 

and exposure assessment. These are described below and an interpretation of the direction of the 

uncertainty is given. 

UNCERTAINTIES RELATED TO ANALYTICAL DETERMINATION OF TIO2 

ICP-OES 

The two digestion methods are in house validated for repeatability and reproducibility, this resulted in a 

bidirectional, expanded uncertainty U (k = 2; 95%) of 21% for the one step digestion method and 25% 

for the two-step digestion method. Because no suitable reference material is available and because 

spiking experiments are considered not representative, the trueness could not be determined in the 

validation of the total Ti measurement. 

TEM and LM measurements 

The applied methods have not yet been formally validated. The measurement uncertainties are 

estimated from expert advice, supporting on the measurement results (Table 3) and earlier validation 

studies.  

 

The in situ characterisation of TiO2 particles in face masks combines three newly developed SOPs for 

(i) preparation of the samples, (ii)  for STEM-EDX analysis and for (iii) image analysis. The combined 

uncertainty ucx (k=1; 68%) is estimated to be in the order of 15% for the constituent particle 

measurements, and 10% for the agglomerate measurements, which are determined semi-automatically. 

Measuring the fibre diameters by LM and EM gives similar results with an estimated ucx (k=1; 68%) in 

the order of 5%. 

 Combined analytical uncertainty 

The combined analytical uncertainty of the mass of TiO2 particles at the surface of the fibres is estimated 

using pass-through formulas by combining the uncertainties on the measurement of the total mass of 

TiO2 in the face mask by ICP-OES, of the polymer fibre diameter, and of the minimal Feret diameter of 

the agglomerates of TiO2 particles. The combined analytical uncertainty of the mass of TiO2 particles at 

the surface of the fibres is calculated to be between 60% and 80%.  

 

So far, the data allowing to calculate the fraction of particles at the fibre surface for each specific mask 

are available for half of the analysed masks. For the other masks, the fraction of TiO2 particles at the 

surface of the fibres is estimated as the mean (2.6%) of the values of AgMask-01 to AgMask-05, ranging 

from 1.7 to 4.1% (Table 3). Although the total amount of TiO2 shows more variation than the agglomerate 

size and the fibre diameter, this approach probably results in an overestimation for the reusable masks 

(smaller fibres) and an underestimation for the single use masks (larger fibres). This mean value will be 

replaced by the value measured for each specific type of mask, when more results of the quant itative 

EM analyses become available. The analyses are ongoing. 

 

UNCERTAINTIES RELATED TO THE HAZARD ASSESSMENT 

The uncertainties identified include :  

- the concern raised by the experts of EFSA concerning the possible direct genotoxic 

mechanism of TiO2
30 

- the ‘fibre-grade’ TiO2(nano)particles present in the examined masks (Table 3) are larger 

than the nanoparticles evaluated in the reference study performed by Bermudez et al.41 
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UNCERTAINTIES RELATED TO EXPOSURE ANALYSIS 

One exposure scenario was considered. It is assumed to be an intensive use case, where a person 

uses face masks following the recommendations from the Belgian government and wears 2 face masks 

during 8 hours/day (i.e. each mask for 4 hours). The study concerns face masks worn by the general, 

adult population, not for subpopulations with a different exposure such as the medical staff. 

 

Release of TiO2-NP 

- Only the particles that are on the external surface of the fibres of the mask are considered 

to be released. Abrasion from damaged fibres is considered minimal. 

- The release of the TiO2-NP is certainly not uniform over the entire surface of the mask. 

Particle release is more probable for the fraction of the mask that is close to or in contact 

with the mouth, the nose and around, than for parts of the mask where airflow is low. 

- The calculations assume that there is no interference of the different layers on particle 

exposure. If present, underlying layers may filter out (part of the) released particles.  

- A limited selection of the many batches, types of fibres and masks on the market has been 

examined. 

- The fraction of TiO2 particles at the surface of the fibres of some face masks (see Table 4) 

is estimated as the mean of the values of AgMask-01 to AgMask-05. 

- Uncertainty on the amount of released TiO2 particles due to the lack of data on the degree 

and mechanisms of release from TiO2-containing fibres. Because no data are available, the 

particle release from reusable masks was considered the same as that of single use masks. 

Table 5 Summary of qualitativ e evaluation of the impact of uncertainties on the risk assessment of exposure to TiO2 from 

face masks. 

Sources of uncertainty Direction of uncertainty
a
 

Analytical measurements  

Uncertainty of analytical results ± 

Hazard identification   

Consideration of a threshold mechanism despite concerns regarding possible 
genotoxicity of TiO2 

- 

The ‘fibre-grade’ TiO2(nano)particles present in the examined mask are larger than the 

nanoparticles evaluated in the reference study 
+ 

Exposure estimations  

Only the NP that are on the external  surface of the fibres of the mask are considered to 
be susceptible for release 

- 

Only the fraction of the mask in contact with the mouth, the nose and around it will 
release nanoparticles that may be inhaled. 

+ 

A limited selection of the many batches, types of fibres and masks on the market has 
been examined. 

± 

The fraction of TiO2 particles at the surface of the fibres of some masks (see Table 4) 

is estimated as the mean of the value of AgMask-01 to AgMask-05 
± 

The calculations are done for the entire masks, assuming no interference of the 
different layers on particle exposure  

+ 

Uncertainty on the level of release of the NP due to lack of data + 

a +: uncertainty with potential to cause overestimation of exposure/risk; -: uncertainty with potential to cause underestimation 
of exposure/risk. 

In order to estimate the uncertainties linked to this risk assessment, a qualitative analysis of these 

uncertainties has been performed. Based on the above listed uncertainties, it may be concluded that 

the overall uncertainty may be an over/underestimation of the risk. The impact of the uncertainties on 
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the risk assessment is considered important. Without a quantitative uncertainty analysis, it is not 
possible to determine the direction of the overall uncertainty. 
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DISCUSSION 
 

In situ analysis of TiO2 particles in face masks using electron microscopy combined with EDX, 

demonstrated the presence of agglomerates of TiO2 (nano)particles in all examined face masks made 

of non-woven, synthetic fabrics, and in masks containing polyester or polyamide (nylon) fibres. 

 

Overall, the physicochemical properties of the TiO2 particles that were observed in the examined face 

masks agree well with the specifications of so-called fibre-grade TiO2 particles applied in textiles49,50. It 

can be assumed that the particles in face masks are the same as those in other textiles. The shape and 

size distributions of the constituent particles found in face masks resemble the shape and size 

distributions of the particles of the E171 food additive52: constituent particles (CP) in face masks also 

have a near-ellipsoidal shape and their median sizes range from 89 nm to 184 nm, implying that an 

important fraction of nano-sized particles (<100 nm) is present. For certain face masks, including 

AgMask-04 and AgMask-05, the (median) CP particle sizes (143 nm to 184 nm) seem higher than the 

typical CP size in E171 (around 100 nm). In these single use masks, relatively few particles were present 

and were measured. This low number of measured particles, coupled with difficulties to identify CP in 

agglomerates and the relative imprecision of manual measurement, makes it well possible that the 

reported CP sizes are overestimated. Dispersion methods separating the individual CP and subsequent 

(semi-automatic) image analysis, as applied for the characterisation of CP in the E171 food additive52, 

cannot be applied for particles in the face masks because the agglomerates are embedded in a polymer 

matrix. Identification of CP in such agglomerates is difficult and typically leads to overestimation of the 

CP size. Analysis of the TiO2 particles before they are added to the polymer matrix of the fabric of face 

masks using state-of-the-art sample preparation methods, suitable EM imaging and (semi-) automatic 

image analysis can allow to precisely and accurately determine the particle properties, such that the 

physicochemical characterisation can be refined. 

 

Nevertheless, the measurement results show that the CP size (around 25 nm) of the particles evaluated 

in the key study of Bermudez et al.41 which determines the AEL, is lower than the CP particle size in the 

examined face masks. Because the toxicity of smaller TiO2 particles is generally considered higher than 

that of larger TiO2 particles, this might imply that the AEL is overestimated. To our knowledge, a robust, 

repeated dose inhalation study with larger, fibre-grade TiO2 particles is currently not available. This 

aspect is listed as an uncertainty, and a conservative approach is applied in this preliminary risk analysis: 

it is assumed that the toxicity of the larger observed TiO2 particles in the face masks is similar to that of 

the smaller particles in the key study of Bermudez et al.41. 

 

Because direct exposure measurement is presently not feasible, the preliminary risk analysis in this 

project focuses on possible health risks associated with TiO2 particles in specific (types of) face masks, 

assuming an intensive exposure scenario considering subchronic exposure of the general adult 

population following the official recommendations of the Belgian government. Using a threshold-based 

approach, an acceptable daily exposure level of 7.2 µg was determined, following the methodology that 

ANSES applied to determine the professional exposure limits to TiO2 in its nanoform.  

 

It cannot be ruled out that this toxicological threshold value can be exceeded when certain face masks 

are intensively used: comparison of the amount of TiO2 particles at the surface of the fibres in a mask, 

with the AELmask, shows that a health risk is possible for many of the examined face masks. The applied 

approach may overestimate the health risks because of the conservative assumptions taken regarding 

the inhalation exposure. However, for some mouth masks the amount of TiO2 is so high that a health 

risk cannot be excluded when even a relative small amount of TiO2 particles might be released. For 

example, for some face masks the estimated maximum daily exposure limit is exceeded more than a 

100-fold. Currently, we have no indications that TiO2 particles are released in amounts which might 

result in public health risks, but so far, research and publications of TiO2 particles in textiles, and 

particularly of their release, are limited. 
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At this moment, no standardized methods are available to determine the amount of TiO2 that is released 

from face masks during normal use. Hence, inhalation exposure cannot be measured directly, and the 

possible associated health risk related to application of face masks is very difficult to assess. There is 

little literature data available53 that provides information on desorption/erosion/abrasion of TiO2 particles 

from TiO2-containing fibres54. Because the amounts of TiO2 in several masks are high (up to 0.15 g per 

mask; Table 4), even a relatively small release can lead to exceedance of the AELmask. For 13 out of 24 

examined masks, i.e. the heavier, reusable masks (see Table 4), the percentage of total TiO2 that can 

be released before the AELmask is exceeded, is lower or lies in the range of 0.01 to 0.06%, which is 

reported to be the fraction of TiO2 released when textile is washed once53. To objectify expert opinions 

on possible release of particles from face masks54, it remains to be investigated to what degree and by 

which mechanisms TiO2 particles at the fibre surface will be released when face masks are used in 

practice. This research should also consider possible conditions of suboptimal storage and use. 

   

Our research shows indications of a small release of TiO2 particles from the fibres of the face masks at 

two levels: 

(i) In experiments detecting particles in situ using EM, TiO2 particles are observed in layers of the mask 

where they are not expected e.g. at the surface of cotton fibres. Although the cutting action of the 

knife during the sample preparation can displace particles (= artefact), this does not explain all 

observations.  

(ii) In collaboration with VITO, new experimental methods are being developed in this project to 

measure release of particles in an inhalation simulation system. In the setup at VITO, TiO2 particles 

were observed in the airflow using STEM-EDX and ICP-MS (data not shown). The observed 

quantities were very low, and to what degree the measured particles quantitatively represent 

particles released from the examined face masks remains unsure. The test result was , however,  

repeatable and because the test environment was realised in a nanoparticle free chamber that is 

kept thoroughly clean, it is assumed that the observed TiO2 particles cannot all be explained from 

contamination from the testing area, and demonstrate release.  

These experiments are continued, but realistically, given the absence of reference materials and 

accepted validated methods, the results will, at best, only be able to indicate semi-quantitatively whether, 

and which, particles are released. In general, these observations illustrate the need for specialized 

research aiming at the development of standardised and metrologically sound methods to measure the 

presence and release of (nano)particles in consumer products, such as face masks. 

 

The face masks AgMask-01, AgMask04, AgMask05, AgMask10 and AgMask-12 are similar, or are 

classified by the producer as medical face masks, indicating that medical face masks also contain TiO2 

(nano)particles. Preliminary ICP-OES analyses confirm the presence of Ti in a selection of medical face 

masks (Sciensano, data not shown). Probably, risks associated with wearing face masks by medical 

staff are in the same order of magnitude as for the general adult population. A risk analysis for this and 

other alternative exposure scenarios are out of the scope of this study, and would require a more detailed 

characterisation of relevant (types of) face masks and an exposure scenario adapted for the (medical) 

setting. Extending the results to other populations, such as children, is not evident because key 

information is, to our knowledge, not available. 

 

In our interpretations, we have not yet taken into account the recent conclusion of EFSA55 that a concern 

for genotoxicity of TiO2 particles after oral exposure cannot be ruled out. In case that the concern 

regarding the possible direct genotoxic mechanism of TiO2 is fully accounted for, no safe level can be 

proposed because a safe threshold based approach is not accepted for genotoxic substances. This 

implies that safe application of TiO2 particles in face masks, regardless of the amount, is impossible.  

 

In view of the development of future standards that can contribute to assure the safety of face masks, 

the approach for preliminary risk assessment was applied to estimate a maximum level of TiO2 particles 

that can be safely present in a face mask. Under the assumption that two masks are worn per day, and 

that only the fraction of the particles at the fibre surface is released and inhaled by the user, the results 

of this preliminary study indicate that the maximum amount of TiO2 particles that can be present in a 
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face mask avoiding health risks is in the order of 88 µg. This calculation was, conservatively, based on 

the highest fraction of TiO2 particles at the fibre surface observed in this study (4.1%). Risk managers 

might foresee an additional safety factor to cover for, for example, variations in productions, batches, 

types of masks, types of TiO2 and high surface area fibres such as bi-component microfibres. Such a 

decision might profit from a detailed market study that covers the variety of face masks. The TiO2 content 

in most examined face masks is higher than 88 µg because TiO2 particles are widely used as an additive 

in non-woven textile and in the polyester and polyamide (nylon) fibres of face masks.  

Face masks have been used for decades by medical staff. It is recommended to examine whether 

wearing of face masks can be related to TiO2-related health issues.  

A strategy to phase out the application of TiO2 in face masks is advised, also because the production of 

polyester and polyamide fibres without added TiO2 is technically possible (Centre for Textile Science 

and Engineering, UGent, personal communication). This would not compromise the functionality of the 

textile because in textile products because TiO2 is generally applied as a white colorant or as a matting 

agent1,2. 
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CONCLUSION 

_ 

Titanium dioxide (nano)particles that may be carcinogenic for humans are present in face masks 

In situ analysis of TiO2 particles in face masks, using electron microscopy combined with EDX, 

demonstrated agglomerated TiO2 (nano)particles resembling fibre-grade TiO2 particles in all examined 

face masks made of non-woven, synthetic fabrics, and in masks containing polyester or polyamide 

(nylon) fibres. The amounts of TiO2 in face masks, meant for the general population, vary widely, from 

a few micrograms to 0.15 grams per mask.  

 

The observed TiO2 particles are located both on the surface and in the core of the textile fibres. Scientific 

evidence shows that the particles in the core of the fibre can hardly be released. Only the particles at 

the external surface of the fibres can eventually be released and subsequently inhaled. Based on these 

data, an initial risk assessment was performed .  

 

A contextual risk assessment with limitations and assumptions 

Because there are no methods available for measuring exposure directly, the methodology that ANSES 

applied to determine professional, subchronic exposure limits to titanium dioxide in its nanoform, was 

applied for a scenario with intensive use of face masks. In our interpretations, recent findings of EFSA 

that a concern for genotoxicity of TiO2 particles cannot be ruled out were not yet taken into account. 

After all, a threshold value below which no adverse effects occur cannot be proposed for genotoxic 

substances.  

 

Our preliminary calculations show that a health risk is possible for many of the examined face masks. 

The applied approach may overestimate the health risks because of the conservative inhalation 

exposure assumptions. However, for some face masks the amount of titanium dioxide is so high that a 

risk cannot be excluded when they are intensively used. For example, for some face masks the 

estimated acceptable daily exposure limit is exceeded more than a 100-fold. Currently, we have no 

indications that TiO2 particles are released in amounts which might result in public health risks, but so 

far, research and publications of TiO2 particles in textiles, and particularly of their release, are limited.  

 

This risk must however be put into perspective in view of the many uncertainties with regard to the 

degree of exposure and the conservative toxicological approach taken. The Belgian Superior Health 

Council stated in its advice54 that “the potentially adverse health risk of using face masks does not 

outweigh the benefit of their use to prevent COVID-19 contamination. The use of masks that could lead 

to inhalation of titanium dioxide is contraindicated, except when they are the only available means to 

prevent COVID-19.” Therefore, we underline the recommendations given by the authorities in the 

prevention of the COVID-19 epidemic on the use of face masks. 

 

Short term actions  

Although these are only preliminary results with certain details still being worked out, it is advisable to 

issue precautionary standards to limit the presence of TiO2 particles in face masks, based on the first 

findings of our risk assessment and in view of EFSA's conclusion that TiO2 cannot be considered any 

longer as safe to be used as a food additive because a concern for genotoxicity cannot be ruled out. To 

reduce the identified uncertainties, further in depth investigations at a larger scale are required. 
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