
Does silver release from Folia Silver Masks during use?

This is a great question that comes up because Folia’s silverized nonwoven is
used as the outer layer of the face mask, and people want to make sure those
wearing the mask, and those in the room with someone wearing the mask are
protected.  So Folia hired third-party testing lab NanoSafe, Inc. to find out.

The world-class experts in measuring exposure and determining risks of
nanomaterials performed two key tests.

1. Inhalation exposure
2. Exhalation exposure

Figure 1.  Illustration of experimental setup for measurement of exposure to particles during inhalation
(left) and exhalation (right), with connections to particle measuring instruments illustrated by the lines and
boxes.  OPC = Optical Particle Counter.  SMPS = Scanning Mobility Particle Sizer.

Tests were performed in a Class 1000 clean room, to reduce background particle interference.  The
inhalation results show Folia Masks actually filtered particles from clean room air.  Exhalation results
collected particles for examination by scanning electron microscopy and elemental mapping analysis,
revealing the total amount of silver released is less than 1,000X below the permissible exposure limit
(PEL) for total silver set by NIOSH, and the nanoparticle form is more than 1 billion times lower than the
more stringent nanosilver PEL.

This means if 1,000 people were wearing masks in the same room, a person in the room without a mask
would be breathing safe air.  Additionally, no silver was found on the inhalation measurements, indicating
the wearer of the mask will not inhale any silver-containing particles.

Test Permissible Level
(Safe limit)

Measured Level of silver released from
Folia Mask

Safety Factor

Total Silver 10 𝝻g/m3 0.0070 𝝻g/m3 > 1,000X

Nano Silver 0.9 𝝻g/m3 5.8 x 10-10 𝝻g/m3 > 1 Billion

The extremely low release of silver from the masks makes sense when considering Folia’s patented
technology strongly attaches the silver to the nonwoven, which is used as the face mask outer layer.
NanoSafe testing confirms silver or silver particles do not release from the mask into the air during use.
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SUMMARY

NanoSafe, Inc. performs third party verification testing services using cutting edge
scientific methods for the most challenging client
needs.  Our typical three step approach
1) adapts standard testing protocols,
2) tests products according to protocols, and
3) registers the product as NanoSafe Tested™.
In this phase of the project, steps 1 and 2 are
commissioned, with the option available for step
3, registering the product, in future work.

This project commissioned quantitative testing of
any potential release of particulates from the Folia antimicrobial mask which may contain
nanosilver. This testing is intended to suggest whether particulate release (of any
composition) merits additional investigation toward respirable silver fraction.

Three configurations were tested:
● Inhalation by mask-wearing headform at intake rates of 3.5 and 15.5 L/min
● Exposure to particulates released by exhaling mask wearer (30 L/min) at a

distance of 12”
● Repeat of Inhalation testing after exposing interior mask surface to artificial saliva

Masks from three batches (102420A, 102420B, and 102420E) were received from Folia
for testing. Seven masks from each batch were tested in the Inhalation and Exhalation
configurations, while five masks from each batch were tested after artificial saliva
exposure.

Testing was carried out in NanoSafe’s Class 1000 cleanroom, where ambient particle
concentrations are below 0.001 mg/m3.

Data have been compiled and significant findings are included in this summary report.

TEST METHODS

Testing was designed to evaluate particulate release from the Folia masks to suggest the
potential maximum exposure of silver-containing particles to mask wearers or bystanders.
A soft headform was modified to include inlets within each nostril for attachment to
characterization equipment, while a port was fitted in the mouth of the headform to allow
for modification of airflow through the mask via pump or compressor (Figure 1 and
Figure 2).
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Figure 1. A soft headform was modified with inlets connected to characterization equipment to
facilitate aerosol testing.

Figure 2. Airflow alterations made during testing of the masked headform provided aerosol
characterization at realistic flow rates.

A TSI NanoScan 3910 scanning mobility particle sizer (SMPS) was connected to one of
the headform’s nasal sampling ports to measure the released concentration of particulates
in the diameter range of 10-420 nm. A TSI Aerotrak 9306 optical particle counter (OPC)
was connected to the second nasal sampling port to simultaneously measure released
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concentration of particulates in the diameter range of 0.3-25 µm. As all experimentation
was conducted within the Class 1000 cleanroom, measured particulates above the
background (measured particulate background during testing = 7.4 +/- 6.3 #/cm3) could
be assumed to have been released from the mask in each testing configuration. In each
configuration, three sampling iterations were conducted on each mask, with each iteration
measuring the average concentration over a duration of one minute.

Inhalation Testing was conducted by attaching
each mask to the instrumented headform and
measuring particulate concentration within the
mask at an inward flow rate of 3.5 L/min (the base
sampling rate of the characterization equipment)
and 15.5 L/min (through the addition of a
sampling pump attached to the mouth intake port
drawing at a rate of 12 L/min) to simulate
respiration during light activity expected during
use.

Exhalation Testing was conducted by attaching each
mask to the headform with characterization intakes
located at the same height as the center of the
headform and 12” distant horizontally. Continuous
exhalation simulation at 30 L/min was produced
using a compressor attached to the mouth intake port
of the headform.

Artificial Saliva Testing was conducted by exposing the interior surface of each mask to
artificial saliva (DIN 53160, Pickering Laboratories) in ~0.1 mL increments via airbrush
three times over the course of 1 hour immediately before repeating the Inhalation Testing
procedure. The purpose of this method was to assess the effect of moisture (i.e. saliva)
expected to accumulate on the interior surface of the mask during use.

Particulates from masks of each lot were also retained onto 37 mm diameter, 0.1 µm
track-etched polycarbonate (PCTE) membranes using the Inhalation Testing
configuration, sampling at a rate of 1.2 L/min. Analysis via scanning electron microscopy
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with energy-dispersive x-ray spectrometry (SEM-EDS) will discern elemental content of
the retained particulates, specifically to identify the presence of silver.

SAMPLES
Samples were received from Folia Materials on November 18, 2020 by Dr. Cary Hill.
Samples remained in secure possession at NanoSafe’s facility after receipt, under the
custodianship of Dr. Hill.

Fifteen masks from three batches (102420A, 102420B, and 102420E) were received for
testing, with masks from each batch segregated and labeled. Seven masks from each
batch were tested in the Inhalation and Exhalation configurations, while five masks from
each batch were tested after artificial saliva exposure.

OVERVIEW OF RESULTS

Particulate measurements recorded during testing of masks under each configuration are
illustrated below, with discussion to follow. Note that particulate concentrations are
reported as counts per unit volume, and that particles of diameter 0.3-25 µm are reported
as #/m3 whereas particles of diameter 10-420 nm are reported as #/cm3. Standard error is
reported.

Inhalation Testing

Figure 3. Particulate concentration of diameter 0.3-25µm recorded during Inhalation Testing.
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Figure 4. Particulate concentration of diameter 10-420 nm recorded during Inhalation Testing.

Table 1. Particulate measurements recorded during Inhalation Testing

Particulate
Diameter Inhalation Rate Mask Lot Particle

Concentration (#/cm3)

10-420 nm

3.5 L/min

Background 0.2 +/- 0.002
102420A 0.19 +/- 0.06
102420B 0.1 +/- 0.02
102420E 0.1 +/- 0.02

15.5 L/min

Background 5.5 +/- 1.3
102420A 1.5 +/- 0.3
102420B 0.7 +/- 0.1
102420E 0.9 +/- 0.2

0.3-25 µm

3.5 L/min

Background 7.4 +/- 6.3
102420A 1.9 +/- 0.5
102420B 0.9 +/- 0.2
102420E 5.8 +/- 3.7

15.5 L/min

Background 34.5 +/- 9.2
102420A 8.0 +/- 1.3
102420B 12.2 +/- 7.4
102420E 4.6 +/- 0.7

Exhalation Testing
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Figure 5. Particulate concentration of diameter 0.3-25µm recorded during Exhalation Testing.

Figure 6. Particulate concentration of diameter 10-420 nm recorded during Exhalation Testing.

Table 2. Particulate measurements recorded during Exhalation Testing

Particulate
Diameter Mask Lot Particle

Concentration (#/cm3)

10-420 nm

Background 8.9 +/- 2.9
102420A 217.4 +/- 31.6
102420B 306.8 +/- 30.9
102420E 267.8 +/- 44.3

0.3-25 µm Background 0.2 +/- 0.03
102420A 2.1 +/- 0.3
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102420B 4.0 +/- 0.4
102420E 3.9 +/- 0.6

Artificial Saliva Testing

Figure 7. Particulate concentration of diameter 10-420 nm recorded during Artificial Saliva Testing.

Figure 8. Particulate concentration of diameter 10-420 nm recorded during Artificial Saliva Testing

Table 3. Particulate measurements recorded during Artificial Saliva Testing

Particulate
Diameter Inhalation Rate Mask Lot Particle

Concentration (#/cm3)
10-420 nm 3.5 L/min Background 2.1 +/- 0.1
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102420A 5.0 +/- 2.7
102420B 1.9 +/- 0.3
102420E 1.9 +/- 0.5

15.5 L/min

Background 13.7 +/- 3.3
102420A 5.2 +/- 0.7
102420B 4.2 +/- 1.1
102420E 3.6 +/- 0.4

0.3-25 µm

3.5 L/min

Background 0.03 +/- 0
102420A 0.2 +/- 0.04
102420B 0.1 +/- 0.02
102420E 0.9 +/- 0.02

15.5 L/min

Background 5.6 +/- 1.9
102420A 1.2 +/- 0.2
102420B 0.6 +/- 0.1
102420E 0.5 +/- 0.05

Particulate concentrations in the <0.5 µm diameter range accounted for >99% of
measured particulates on number basis, but well under 1% by mass. More than 90% of
measured particulates registered in the 10-25 µm diameter range by mass.

SEM-EDS analysis has been delayed by temporary equipment failure at the Virginia Tech
Nanoscale Fabrication and Characterization Laboratory. Access is expected by 1/11/21 to
conclude analysis.

CONCLUSIONS

The particulate concentration measured during testing (regardless of configuration) was
determined to be extremely low; concentrations measured through the headform with and
without a mask during Inhalation and Artificial Saliva Testing were within the same order
of magnitude. Further, the measured concentration of particulates was often lower when a
mask was worn than without, suggesting that the mask provided further filtration of the
cleanroom air without releasing significant particulates into the respirable airstream of
the user. Higher particulate concentrations were generally observed as intake flow rate
increased regardless of whether or not the headform was wearing a mask; as particulate
concentration increased proportionally in the background measurements as observed in
masked measurements, it may be suggested that the additional particulates are ambient in
nature and are less likely to have detached from the mask itself (this observation applies
to Inhalation and Artificial Saliva Testing only; see below for Exhalation Testing
analysis).

During Exhalation Testing, increases in particulate concentration was observed over the
cleanroom background when a mask was worn by the headform. No significant
differences in released particulate concentration were observed between mask batches.
The composition of each mask batch (i.e. which units contained the antimicrobial
nanosilver additive and which units were unmodified control samples) is unknown to
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NanoSafe in order to retain objectivity. Accordingly, based on emission data alone, it is
impossible to discern the identity of active vs. control batches, suggesting the addition of
the nanosilver additive does not result in any significant release of particulates, whether
of silver or other composition. The addition of artificial saliva did not significantly alter
emitted particulate concentrations during Artificial Saliva Testing.

It should be noted that a layer of filtration material exists between the antimicrobial layer
and the face of the user. This likely explains why significant particulate concentrations
were not observed to detach during Inhalation and Artificial Saliva Testing, whereas
increases in particulate concentration over the background were observed during
Exhalation Testing.

Finally, it is worthwhile to compare the measured particulate concentrations to
permissible exposure levels (PELs) as ascribed by entities such as the National Institute
for Occupational Safety and Health (NIOSH). NIOSH ascribes an inhalation PEL of 0.01
mg/m3 (or 10 µg/m3). To assess a “worst case” scenario, where ALL measured
particulates are assumed to be composed entirely of silver (neglecting ambient
particulates present within the cleanroom and carbonaceous material detaching from the
mask itself), the emitted particulate profile from the highest emission dataset (Exhalation
Testing of mask lot 102420B) was studied in greater detail. The size-segregated
particulate profile is pictured in Figure 9, as presented on number basis (top) and mass
basis (bottom). The mass concentrations were also calculated as worst-case scenario;
particles were assumed to be of the largest diameter attributed to each bin, therefore
producing the highest mass concentration possible.

10
COPYRIGHT, NanoSafe, Inc. 2020



NanoSafe, Inc. CONFIDENTIAL AND PROPRIETARY INFORMATION

Figure 9. Top: Size-segregated particulate concentration (by counts) measured during Exhalation
Testing of mask lot 102420B. Bottom: Size-segregated particulate concentration measured during
Exhalation Testing of mask lot 102420B, assuming largest diameter in each bin when calculating
mass.

Table 4. Tabulation of data reported in Figure 9

Particulate
Diameter Range

(µm)

Particulate
Concentration (#/m3)

Particulate
Concentration (µg/m3)

Background

0.01-0.3 8.9e6 +/- 2.9e6 1.7e-11 +/- 5.5e-12
0.3-0.5 1.3e5 +/- 2.6e4 9.0e-5 +/- 1.8e-5
0.5-1 9.5e3 +/- 2.8e3 5.2e-5 +/- 1.5e-5
1-2.5 2.7e3 +/- 1.4e3 2.3e-4 +/- 1.2e-4
2.5-5 1.1e3 +/- 3.5e2 7.3e-4 +/- 2.4e-4
5-10 1.8e3 +/- 6.1e2 9.7e-3 +/- 3.4 e-3
10-25 1.8e3 +/- 7.4e2 1.5e-1 +/- 6.3e-2

Mask Lot
102420B

0.01-0.3 3.1e8 +/- 3.1e7 5.8e-10 +/- 5.8e-11
0.3-0.5 3.0e6 +/- 4.9e4 2.0e-3 +/- 3.4e-5
0.5-1 2.3e5 +/- 1.1e4 1.3e-3 +/- 6.1e-5
1-2.5 2.8e4 +/- 2.9e3 2.4e-3 +/- 2.5e-4
2.5-5 7.9e3 +/- 8.2e2 5.4e-3 +/- 5.7e-4
5-10 6.4e3 +/- 1.1e3 3.5e-2 +/- 6.2e-3
10-25 7.7e3 +/- 1.6e3 6.6e-1 +/- 1.4e-1

The worst-case assessment yields a total mass concentration of 0.70 µg/m3 of emitted
particulates. Assuming all emitted particulates are of silver composition (a highly
unlikely scenario, as discussed previously, which will be validated by upcoming
SEM-EDS analysis), this figure still lands more than an order of magnitude below the
NIOSH Total Silver Inhalation PEL of 10 µg/m3. The highest measured mass
concentration of nanoparticulates (here including all particles <300 nm in diameter) was
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5.8e-10 µg/m3, approximately nine orders of magnitude below the nanosilver
recommended PEL of 0.9 µg/m3 (NIOSH, 2018).

Figure 10. If all measured particulates are assumed to be released from the masks and are assumed
to be completely composed of silver, measured exposure levels for Total Silver and Nanosilver fall

several orders of magnitude below NIOSH-ascribed PELs.

The tested scenarios do not suggest that the antimicrobial silver additive is released
(either to the wearer or bystanders) at concentrations nearing established inhalation PELs.
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