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ABSTRACT

Until now, the world is still facing the spread of the SARS-CoV-2 virus that causes COVID-19. This
virus can be transmitted from human to human through droplets, so more vigilance is needed to avoid
contracting this virus. One of the steps to minimize the spread of Covid-19 is to wear a face mask. In
practice, most people prefer to use cloth masks than disposable medical masks because they are cheap
and reusable. Cloth pore size influences the filtering ability of the cloth masks. Therefore, it is necessary
to analyze the efficiencies of the cloth masks. In this study, we developed a method for measuring the
pores of a cloth mask using a smartphone. In this study, we developed a method for measuring the pores
of a cloth mask using a smartphone. We used the camera zoom application on a smartphone and analyzed
the image using image processing software, ImageJ. We applied Huang's algorithm to adjust the image
binarization threshold then calculated the Feret diameter as the pore size of the mask. According to the
analysis, the pore size ranged from 0.133 to 0.232 mm, and the efficiency ranged from 77.4 to 82.6%.
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Introduction

Most of the diseases that threaten human
health come from an unhealthy environment.
One indicator of environmental quality is
often associated with the level of air
cleanliness.! In addition to pollutants, the air
is also an intermediary for several diseases, so
prevention is necessary to minimize the
spread. Especially at this time, the world is
shocked by the COVID-19 disease caused by
a new type of coronavirus called SARS-CoV-
2.2 Various studies have stated that COVID-
19 can spread through patient droplets to
people around them.® Therefore, we need
equipment to prevent the COVID-19 virus or
other pollutants from being inhaled into the
respiratory system.

Following the health protocol, one of the
steps to minimize and curbing the spread of
COVID-19 is to wear a face mask.*°> A face
mask is one of the PPE (Personal Protective
Equipment) that is needed and even
mandatory for everyone to use during this
pandemic, especially people who do activities
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outside the home.® The use of a face mask
protects the respiratory system, especially the
nose and mouth. Thus, wearing a face mask
can protect us from the droplets released by
COVID-19 patients.” Several face masks are
currently used in society, such as N95 masks,
surgical masks, and cloth masks.®2 N95 masks
and surgical masks are medical masks with
standardized filtration capabilities. However,
both masks are disposable, so long-term use
for the general public tends to be
uneconomical and prone to producing medical
waste. Therefore, the use of cloth masks for
society is expected to answer these challenges
because cloth masks can be washed and can
be used repeatedly.?

The level of filtration efficiency of a cloth
mask depends on its pore size.® The smaller
the pore size, the higher the filtration
efficiency. It means the success rate for
minimizing inhaled particles or droplets is
also higher. The problem is, there are various
types of cloth masks currently used in society.
These cloth masks are made of different
materials and different techniques, and it
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affects their pore size. On the other hand, most
cloth masks in the market do not include data
on the pore size of the cloth mask on the
packaging. Therefore, it is necessary to
analyze the pore size of the cloth mask used.
Usually, face mask pore measurements are
carried out using a microscope. However, not
all people have it. In this work, we proposed
an alternative method to measure the pore size
of cloth masks using a smartphone. We used a
camera zoom application and integrated it
with a simple image processing application.

Methods

The cloth masks used in the study were
obtained in Pangkalpinang City. Five types of
cloth masks with different types of cloth were
photographed using a smartphone camera
(OPPO AIl1K). We used magnification
application which is downloaded in the app
store with the name “Magnifier Zoom
Microscope” to get a precise pore shape,
which can magnify up to 10 times. The
process of taking photos of cloth masks was
carried out at a distance of 10 cm, and the back
of the cloth mask was irradiated with a light
source from smartphone camera. The scheme
of the process is shown in Figure 1. The pore
image of the cloth mask was analyzed using
ImageJ software. To convert the meter scale
into pixels and vice versa, we also took a
photo of the ruler under the same conditions.
The pore detection process is carried out
automatically after going through the image
binarization process by using Huang’s

algorithm. The pore size of the cloth mask
measured in this study is analogous to the
Ferret diameter. Furthermore, through the
obtained pore size, the efficiency value of
cloth masks in filtering particles is calculated
based on the research of Neupane et al.
(2019), which examines the relationship
between pore size and efficiency of face
masks. !
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Figure 1. The process of taking photos of
cloth masks

Result and Discussion

The five masks analyzed were the most
commonly found cloth masks on the market in
Pangkalpinang City. It appears that cloth
masks have various shapes, as shown in
Figure 2. Cloth masks B, C, and D have folds,
while cloth masks A and B have no folds. In
addition, the five cloth masks are made of
different materials, i.e., t-shirt fabric (a),
spandex fabric (b), cotton (c), diamond fabric
(d), and scuba fabric (e).

(d) (e)

Figure2. Sample of cloth masks: (a) t-shirt fabric, (b) spandex fabric, (c) cotton, (d) diamond
fabric, and (e) scuba fabric.

Due to the small pore size of cloth masks, a
microscope is needed to observe the pores
conventionally. Therefore, we propose a
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measurement method with a smartphone
because applications act as magnifying
glasses. It can be an alternative method in
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determining the pore size of cloth masks
which previously could only be done in the
laboratory. The results of the pore image
using the Magnifier Zoom Microscope
application are shown in Figure 3. Cloth

T ©

masks made of t-shirt material appear to have
the finest mean pore sizes, while cloth masks
made of cotton, spandex fabric, and scuba
fabric have the larger mean pore size

Figure 3.Cloth masks pore structure: (a) t-shirt fabric, (b) spandex fabric, (c) cotton, (d)
diamond fabric, and (e) scuba fabric.
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Figure 4. Distribution of pore size of cloth masks: (a) t-shirt fabric, (b)
spandex fabric, (c) cotton, (d) diamond fabric, and (e) scuba fabric.
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Figure 5. The relationship between the pore size of a cloth mask and its filtration efficiency,
according to Naupene's research (2019)!

Table 1.The average size of the pore size of cloth masks

Type of Mask Feret Diameter (mm)
T-shirt fabric 0.133
Spandex fabric 0.191
Cotton 0.194
Diamond fabric 0.179
Scuba fabric 0.232

Through the pore image of cloth masks at
10x magnification, we analyzed the pore size
of the cloth mask quantitatively. We use
ImageJ software which is widely used in the
field of image analysis for both material
engineering and medical purposes. The
advantage of ImageJ compared to other image
processing applications is that this application
is open source and easy to use. In addition,
smartphone users can use ImageJ online via
the page: https://ij.imjoy.io/.

Cloth mask pores have various shapes (not
round). Therefore, to ensure that the pores can
or cannot be passed through the other
particles, we used the Feret diameter.® Feret
diameter is one of the parameters used to
identify particles sized in various shapes.®

Copyrigh © 2021, JurnalNeutrino:JurnalFisikadanAplikasinya,

The pore size distribution results of each mask
are shown in Figure 4. Based on Figure 4, the
average pore sizes were obtained and
presented in Table 1. In this study, we found
that the pore size distribution was in the range
of 0.133£0.104 mm to 0.232+0.056 mm. The
masks made of t-shirt fabric have the lowest
pore size values compared to others. The
scuba fabric cloth mask has the largest pore
size, which was 0.232 mm. Scuba fabric has
an elastic texture so that when pulled or used
it causes the pores of the fabric to become
larger.'?

The pore size of cloth masks is essential to
know Dbecause it determines the level of
efficiency of the mask in carrying out
filtration. Based on Neupane's research data,
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which examines the relationship between the
pore size of a cloth mask and its efficiency,
we analyzed the data through fittings to obtain
a more precise mathematical relationship.
Through fitting with the linear fit, we obtain

the relationship between the pore size of the
cloth mask (PSCM, um) and its filtration
efficiency (FE, %) as,

FE =89.274—0.051PSCM (1)

Table 2. Filtration efficiency of cloth masks

Type of Mask Filtration Efficiency (%)
T-shirt fabric 82.6
Spandex fabric 79.5
Cotton 79.4
Diamond fabric 80.2
Scuba fabric 77.4

Figure 5 shows the level of conformity
between the experimental data and the fittings
performed. The coefficient of determination
obtained is R? = 0.94. It appears that the
proposed model has good accuracy in
describing the relationship between the two
variables. The smaller the pore size of the
cloth mask, the better the filtering efficiency
because the mask blocks more particles.

According to the relationship between the
pore size of cloth masks and their filtration
efficiency, as in equation (1), we can
determine the level of filtration efficiency of
the cloth masks we studied, as presented in
Table 2. It appears that the filtration efficiency
of cloth masks is in the range of 77.4% to
82.5%. The value of filtration efficiency is in
the filtration effectiveness range of cloth
masks, which is from 3% to 95%*3. A cloth
mask made of a t-shirt is a cloth mask with the
highest level of filtration efficiency, while a
mask made of scuba fabric is a cloth mask
with the lowest level of filtration efficiency.
Although it is comfortable to use, scuba masks
are not very effective in preventing the
transmission of Covid-19.141°

However, what should also be noted is the
relationship between the pore size of cloth
masks and their filtration efficiency, which
was carried out in this study based on the work
done by Naupene et al. (2019). In their
research, they tested the efficiency of passive
filtration without considering the human
inhalation aspect. In addition, the ability of the
fabric to hold droplets of liquids was not
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considered in this study. However, it is hoped
that this research can be an alternative solution
to determine the filtering efficiency of cloth
masks based on their pore size and the ability
of the mask to hold droplets can be conducted
in other studies.

Conclusion

In this study, we have succeeded in
proposing an alternative method of measuring
the pores of a cloth mask using a smartphone.
The use of camera magnification applications,
such as the Magnifier Zoom Microscope, can
improve the clarity of the pore structure of
fabric masks. It is because the application
allows users to zoom up to 10x. The pore
image analysis process using ImageJ can be
done quickly, and it can be conducted through
an online platform. Besides having different
shapes, cloth masks with different materials
also have different pore shapes. The pore size
range in this study is in the range of 133 um to
232 pum. Thus, the filtration efficiency of cloth
masks is in the range of 77.4% to 82.6%. Cloth
mask made of t-shirt fabric is cloth masks with
the highest filtration efficiency, and cloth
mask made of scuba fabric has the worst
filtration efficiency. Furthermore, to improve
the performance analysis of cloth masks, it is
necessary to develop methods to test the ability
of cloth masks to hold droplets.
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