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ABSTRACT

Introduction: Protection of the respiratory system has been a vital, and for this purpose, various solutions
have been proposed, including the use of masks. One of the most important parameters to measure the
effectiveness of the mask against the penetration of microbial agents. The present study was conducted
with the aim of evaluating the bacterial and particle filtration of medical masks.

Material and Methods: To assess bacterial performance, the national standard 6138, compliant with
EN14683, and Type | medical masks were utilized. Staphylococcus aureus bacterial suspension was
prepared and passed through the mask using a nebulizer and through an impactor with a flow rate of 28.3
I/min. Plates containing soy agar were placed in the impactor. Subsequently, all plates were incubated,
and the bacterial filtration efficiency (BFE) of the masks was determined by counting the bacterial colonies
that passed through the mask’s media as a percentage of the total bacteria. It is worth noting that the
pressure drop and particle filtration efficiency were also determined for all masks

Results: Based on the results of the particle removal performance for the particle size of 3 , the masks
were categorized into three groups with efficiency above 99%, above 95% and 90%. According to the
standard, all masks had an acceptable pressure drop below 40 Pa. The acceptable bacterial filtration rate
for type | masks should be above 95%. The results showed that type A and B masks have an acceptable
bacterial filtration rate and there is a significant correlation between the types of masks examined in
terms of bacterial and particle efficiency.

Conclusion: The results showed that different types of masks under investigation have significant
differences in terms of particle capture efficiency and bacterial filtration performance. In addition, there
is a significant correlation between bacterial and particle filtration efficiency.
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1. INTRODUCTION

One of the main ways of transmission of such as
infectious diseases, epidemics and pandemics has
been through the air, with bioaerosols being one
of the sources of their dissemination. Bioaerosols
are defined as “aerosols consisting of particles
of biological origin or activities that may affect
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living organisms through infection, allergenicity,
toxicity, pharmacology, or other processes.” These
bioaerosols have a relatively short dispersion
distance and can persist for longer periods in
indoor spaces, posing a threat to human health.
Therefore, attention to preventive and control
measures should always be a priority for any
country. Respiratory masks are recommended
as a simple and effective solution for reducing
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the spread of diseases in the community and are
considered a crucial component for healthcare
workers, patients, or the general public during
infectious disease outbreaks. It is expected that
masks act as barriers and provide additional
protection for individuals, patients, and
healthcare workers. The primary goal of face
masks is to protect the wearer from bacterial or
viral contamination in exhaled breath. Evaluation
and quality control of respiratory masks are vital
to ensure their performance. Bacterial filtration
efficiency (BFE) is a widely accepted method
for evaluating face masks, whether under in
vitro or in vivo conditions. In this test, bacteria
penetrating through the face masks are collected,
cultured, and counted to determine the number
of colony-forming units (CFUs) that penetrate the
mask. This process helps determine the bacterial
performance of the mask. Therefore, considering
the role and importance of mask quality in
preventing the spread of diseases, as well as the
existence of relevant standards in this field, the
aim of this study was to evaluation the bacterial
and particle efficiency performance of several
different types of medical masks using a developed
setup based on National Standard 6138.

2. MATERIAL AND METHODS
Performance testing of particle capture and pressure
drop of medical masks

In order to evaluate the bacterial filtration status
of the selected respiratory masks, Iranian National
Standard No. 6138 from the year 1399 “Method
for Determining Bacterial Filtration Efficiency
(BFE) Externally” was used, which is compliant
with EN14683 standard. Before conducting the
bacterial filtration test on respiratory masks, their
particle capture efficiency and pressure drop were
also determined. The performance of particle
capture by medical masks was evaluated according
to BS EN140 standard. In this test, sodium chloride
particles generated by a Dust Generator device
were used. Various samples of common masks
available in the market were tested at a flow rate
of 95 liters per minute, and their performance
efficiency was determined based on the difference
in the count of sodium chloride particles measured
upstream and downstream of the mask by a particle
counter. Subsequently, the masks were categorized
into three groups based on their particle capture
performance for a particle size of 0.3 microns. To
assess the pressure drop status of the masks under
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investigation, Iranian National Standard 6138 was
utilized. According to this standard, the cross-
sectional area of the mask should be at least 9.4
cm?, and the masks were tested at a flow rate of 8
liters per minute. The differential pressure across
each mask was measured using a pressure gauge
and determined using the formula (1):

AP=(X, —X,,)/49

x,, The pressure drop upstream of the mask; Pa
x,, The pressure drop downstream of the mask; Pa
AP The pressure drop across the mask; Pa

Bacterial filtration performance testing of medical
masks

To conduct this test according to Iranian
National Standard 6138, initially, a suspension of
Staphylococcus aureus bacteria was prepared and
transferred to a nebulizer. Then, at least one cross-
sectional area of 100x100 mm, including all layers
of the mask in the order they were in the complete
mask, was prepared and tightly sealed between
the first layer of a six-stage cascade impactor and
the inlet cone. Fresh plates containing soy agar
were also placed in each stage of the impactor.
For this test, Staphylococcus aureus aerosol was
introduced into the aerosol chamber as shown in
Figure 1 and drawn through the mask medium
and cascade impactor under vacuum (at a flow rate
of 3.28 liters per minute). Finally, all plates were
removed from the impactor, labeled, and then
incubated for 52 to 20 hours at a temperature of
37°C (+2) in an incubator. The bacterial filtration
efficiency (BFE) of the mask is expressed as the
percentage of colony-forming units that passed
through the medical mask medium compared to
the total number of colony-forming units present
in the aerosol. In addition, for each mask, two
positive control (reference) samples were taken,
one at the beginning of the test and the other
at the end. Ultimately, the bacterial filtration
efficiency (BFE) was determined as a percentage
using formula (2):

B=(C-T)/Cx100

C The average number of counted colonies for two
positive control tests; CFU

T The total number of counted colonies for each
mask; CFU

B The bacterial filtration efficiency; %
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1  drive mechanism 8 cascade impactor

2 bacterial suspension 9 outlet to sink

3 nebulizer 10 condenser

4 filter 11  cold water inlet

5  aerosol chamber 12 calibrated flow meter

6  high pressure air source 13 compressor (vacuum pump)
7  testmaterial

Fig. 1: BFE test apparatus

Table 1: The level of significance and the correlation between the filtration efficiency of particles and bacteria in the respiratory
masks under investigation

0.3 pn 0.5n 1p 3u
Type A 0.980 (<0.05) 0.987 (<0.001) 1(<0.05) 0.923 (<0.05)
Type B 0.975 (<0.05) 0.956 (<0.05) 0.992 (<0.001) 1(<0.001)
Type C 0.898 <0.05) 0.892 (<0.05) 0.923 (<0.05) 0.912 (<0.05)

3. RESULTS AND DISCUSSION

The results of the particle capture performance
test, based on their performance in capturing 3.0
u particles, indicate that the examined masks can
be categorized into three types: Type A masks with
a capture efficiency of over 99%, and Type C and
B masks with capture efliciencies of over 95% and
90%, respectively. All masks had an acceptable
pressure drop (<40 Pa). According to Iranian
National Standard 6138, the acceptable level of
bacterial filtration for Type I masks should be above
95%. Based on the obtained results, Type B and A
masks have acceptable levels of bacterial filtration
(Table 1). The results of Tables 1 showed that there
is a significant correlation between particle and
bacterial.

The importance of using medical masks in
reducing and preventing the transmission of

[ DOW!

infectious agents, cannotbe overstated. For example,
a study has shown that during the coronavirus
outbreak, the use of masks significantly reduced the
transmission rate in densely populated areas like
Hong Kong. In the United States, various policies
were implemented to reduce virus transmission
during COVID-19, including mandatory mask-
wearing in some areas.

The use of non-certified masks is a serious issue,
as such masks may provide inadequate protection
against airborne bioaerosols and consequently
contribute to the spread of microbial agents.
Therefore, evaluating the filtration performance of
masks against bioaerosols and suspended particles
is essential.

In the study by Micik et al,, 15 commercially
available surgical masks were evaluated for their
efficacy in protecting dental personnel against
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bacterial aerosols produced from the patients
mouth. The results showed that the filtration
efficiency of the tested masks varied from 14%
to 99%. In the study by Kosir et al. (2022), it was
demonstrated that face coverings, such as medical
masks, play a crucial role in preventing the
transmission of bacteria and viruses, especially
during global pandemics like COVID-19. However,
masks and their media must first be properly
tested for safety and efficacy according to relevant
standards. The bacterial filtration efficiency of
medical masks, in accordance with the European
standard EN 14683:2019, was examined on 52
different mask samples. The results showed that 47
out of 52 mask samples achieved bacterial filtration
of over 75%. Among them, 16 samples had bacterial
filtration between 75% to 95%, 3 samples had
bacterial filtration between 95% to 98%, while 28
mask samples reached bacterial filtration efficiency
above 98%. The findings of this research also
demonstrate that all tested mask samples provide
a level of protection, with most of them meeting
the requirements of national or European markets,
which is consistent with our study results as well.
The results showed a significant correlation between
bacterial filtration efficiency and particle filtration
efficiency in each group of masks studied in this
research, which is in line with the study by Whyte et
al. (2022) and Fouqueau et al. (2020).

Furthermore, the results of the current study
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showed a significant difference in bacterial filtration
performance among the three groups of masks: C,
B, and A (P-value < 0.05). In the study by Zhou et al.
(2018), significant differences in the effectiveness
of different types of masks were also observed, and
the efficacy of masks in removing smaller-sized
microbial agents differed significantly from larger-
sized bacterial agents.

Additionally, studies indicate that generally,
the higher the filtration, the greater the respiratory
resistance. Respiratory resistance is typically
measured by pressure differential and is used to
measure the breathability and permeability of ma-
sks, which is consistent with the results of this study.

5. CONCLUSIONS

In this research, particle filtration efficiency
(PFE) and bacterial filtration efficiency (BFE) were
investigated and compared for different types of
medical masks. The results of the present study
showed that there is a correlation between two test
methods with the same classification. Therefore,
it seems that the PFE results can be used for an
acceptable BFE value for medical masks without
any additional tests.
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