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Abstract

Assessment of filtration efficiency,
inhalation resistance and antibacterial activity
for reusable antibacterial face masks after washing

Yeram Yang
Department of Environmental Health Sciences
Graduate School of Public Health

Seoul National University, Korea

Advisor Chungsik Yoon, Ph.D., CIH

Introduction: In the early stages of the COVID-19 pandemic, disposable masks
were worn several times due to the lack of certified masks. Although reusable
masks fabricated using antibacterial fibers are available on the market, scientific
data on their performance and antibacterial properties are lacking. Therefore, this
study evaluated the filtration efficiency, inhalation resistance, and continuity of the
antibacterial activity of reusable antibacterial masks before and after washing with

water.

Methods: Reusable silver, copper, and graphene antibacterial masks and cotton
masks were used to compare their performance before and after washing.
Furthermore, the performance before washing was compared with those of KF94
and N95 masks. Washing of the masks in a washing machine at 40 °C (Method A)
and immersion in water at 60 °C for 15 min (Method B) and 90 °C for 15 min

(Method C) were the tested washing methods. The masks were washed every day



for 10 d, and their performance was evaluated after one, two, five, and ten washing
times. The filtration efficiency of the masks was evaluated using NaCl and
Staphylococcus aureus. Additionally, the antibacterial properties and inhalation

resistance of the tested masks were investigated.

Results: The filtration efficiencies of three reusable antibacterial masks were
between 10-13% before washing and increased by approximately 6% after
washing. Before washing, the bacterial filtration efficiency was 93-98%, and the
antibacterial activity was 88-98%. The performance changed irregularly as the
washing was repeated, and there was no significant difference in the performance
before and after washing. Reusable antibacterial masks showed higher antibacterial
activity than the non-antibacterial masks. The inhalation resistance before and after
washing was 5-17 mmH0O, indicating appropriate air permeability.

Conclusion: The filtration efficiency of the three reusable antibacterial masks was
inadequate for blocking particles. The performance of the reusable antibacterial
masks changed irregularly depending on the washing methods and number of
washing cycles. Therefore, it is recommended to wear a certified mask for

protecting the respiratory track in daily life.

Keywords: Mask washing, Antibacterial masks, Filtration efficiency, Bacterial

filtration efficiency, Antibacterial activity, Inhalation resistance

Student Number: 2021-26584
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1. Introduction

The World Health Organization (WHO) declared the coronavirus disease 2019
(COVID-19) a pandemic in March 2020. By July 2022, the number of confirmed
COVID-19 cases worldwide exceeded 6.3 million (WHO, 2022a). With the spread
of COVID-19, WHO recommends the use of masks in public places as it reduces
the risk of infection by blocking airborne droplets and particles. The National
Institute of Occupational Safety and Health (NIOSH) states that appropriate use of
masks provides the highest level of protection from particles (Centers for Disease
Control and Prevention [CDC], 2022a).

In the United States, masks are defined as N-, R-, and P-series according to
NIOSH 42 CFR Part 84 (CDC, 1997). The European standard (EN 149:2001 +
A1:2009) divides masks into FFP1, FPP2 and FFP3 according to their level of
protection (Wang et al., 2022). In Korea, masks are categorized under filtering
respirators (or masks) and KF-anti droplet (KF-AD) or surgical masks and are
classified as quasi-drugs under the Pharmaceutical Affairs Act of the Ministry of
Food and Drug Safety (MFDS, 2022). In the United States, cloth and surgical
masks were mainly used, and less than 6% of the participants in the study about
effectiveness of mask use wore N95 or KN95 masks (Andrejko et al., 2021). In
Korea, more than 80% of the survey respondents wore KF94 masks (Kwon &
Yang., 2022).

In the early days of the COVID-19 pandemic when masks were in short supply,
civil society focused on making non-certified masks, and research on how to reuse
disposable masks was conducted (Rubio-Romero et al., 2020). Wearing face masks
in indoor public places is compulsory in Korea (KDCA, 2020), and more than 50%
of the study’s participants responded that the number of mask reuse per week was
at least one to four times (Shin et al., 2021). CDC suggested that disposable masks
should be used for one day and then be discarded (CDC, 2022b), and the WHO has
noted that cloth masks need to be washed every day (WHO, 2021). In management

plans for fabric masks, washing them at least once a day in hot water at 60 °C using
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soap or detergent is required; if washing with hot water is not possible, a method of
boiling them for 1 min after washing in room temperature water has also been
suggested (WHO, 2022b). In Korea, masks are recommended to be worn once and

discarded, with no separate requirement for cloth mask management.

Commercial reusable cloth masks are non-certified masks whose filtration
efficiency has not been confirmed; such masks do not have to comply with
respiratory standards similar to those of filtering masks unless they are used for
specific purposes. However, these masks can give a false impression that they have
the potential to serve as barriers to particulate matter in the atmosphere. In this
regard, the CEN Workshop Agreement (CWA) 17553:2020, which is a
recommendation for community face coverings, was published by the European
Committee for Standardization (CEN, 2020). However, this document is not
designated as an official standard (Nguyén et al., 2021). However, in Korea and the
United States, methods for evaluating respiratory-associated microbes and particles
for cloth masks have not been established. In the textile field of household goods in
Korea, cloth masks are classified into those for cold weather, fashion, and sports
(KATS, 2021) The cloth mask test procedure should follow multiple test methods
such as dye test, allergy test, lead and cadmium content, and formaldehyde test, and
items such as fiber blending ratio should be indicated (KATS, 2021). As the
nanofiber market has recently grown, antibacterial masks that can be reused by
grafting antibacterial fibers to these fibers are being distributed in the market.
Manufacturers of these reusable antibacterial masks advertise that they are
microbial resistant; however, there is a lack of scientific evidence on the
performance of these masks. It is ambiguous whether they protect the respiratory
track of the wearer and for how long they can maintain their antibacterial

properties after washing.

Several filtration efficiency and pressure resistance tests are being conducted in
cloth masks or handmade masks that do not follow international standards, and
research on washing disposable and multi-use masks is underway (Charvet et al.,
2022; Sankhyan et al., 2021). Experiments to verify the antibacterial properties by

grafting antibacterial substances to fibers are also being conducted (Seidi et al.,
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2021). However, studies on the change in performance of reusable antibacterial
masks by washing under various conditions are lacking. In this study, the following
hypotheses are investigated. Masks lacking certification standards related to
respirators will exhibit differences in performance compared to masks certified
domestically and internationally. Moreover, differences in temperature and washing
method will change the mask performance. Finally, the mask performance will

change as the number of washes increases.



2. Methods

The entire experimental procedure used in this study is schematically illustrated

in Fig. 1.
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2.1 Characteristics of masks under study

Reusable antibacterial silver, copper, and graphene masks were purchased from
the market and subjected to experiments. Cotton masks were used as a control for
comparing mask performance after washing, and the performance data of
unwashed masks were compared with those of KF94 and N95 masks used as
controls. The characteristics of the tested face masks are listed in Table 1.
According to mask manufacturers, silver and copper masks consist of polyester and
spandex, while graphene masks contain polyester fibers. Cotton masks are
fabricated from 100% cotton and KF94 and N95 masks are made of polypropylene.

To check the heavy metal content of the masks, 0.2 g of the mask was put into
PTFE vessels with 8 mL of 70% nitric acid solution and heated at 160 °C for 5 h in
a heating block (OD-98-002P, ODlab, Gwangmyeong-si, Gyeonggi-do, Republic of
Korea). After cooling at room temperature, the mixture was transferred to a conical

tube and adjusted to 15 g with deionized water. The heavy metal concentrations

were obtained using inductively coupled plasma mass spectrometry (ICP-MS).

Table 1. Characteristics of the face masks used in this study.

Surface area  Weight (g)

Group Mask type Mask use Shape Layers (cm?y’ (AM * SD)?
Silver! Reusable  Flat fold 3 209.5 75+0.2
gTrgztp Copper? Reusable  Flatfold 3 209.4 8.2+02
Graphene?® Reusable  Flat fold 3 255.8 85+0.2
_ Cotton’ Reusable  Flat fold 2 258.1 158+ 0.3
Cog“r%iréson KF945  Disposable Flatfold 3 223.4 45+0.1
NO5° Disposable  Flat fold 3 241.5 9.2+0.1

ISilver mask (Z Code Antibacterial cooling mask; Wivis, Seoul, Republic of
Korea)

2Copper mask (IM Mask; International Mold, Paju-si, Gyeonggi-do, Republic of
Korea)



SGraphene mask (Quantum V1; JD Life Science, Wanju-gun, Jeollabuk-do,
Republic of Korea)

“4Cotton mask (Reset; HM WORKS INC., Gangbuk-gu, Seoul, Republic of Korea)

’KF94 mask (201A KF94; Dobu Life Tech, Gwangju-si, Gyeonggi-do, Republic of
Korea)

5N95 mask (N95 9210+, 3M, St. Paul, MN, USA)

"The volume of the area in contact with the face was measured because the ear
strap of the reusable antibacterial mask was not separate.

8Average mass * standard deviation



Table 2. Heavy metal contents in masks (n = 3).

Heavy metal (ug/g)

Mask type

Silver mask Copper mask Graphene mask Cotton mask

Ag 0.4137 £ 0.2645! 0.0005 + 0.0002 0.0010 £ 0.0003 0.0005 + 0.0009
Co 0.0127 + 0.0009 0.0006 + 0.0001 0.0020 + 0.0004 ND?

Cr 0.0013 + 0.0004 0.0012 + 0.0002 0.0024 £ 0.0007 0.0007 £ 0.0001
Cu 0.0022 + 0.0006 8.9050 + 0.6950 0.0055 + 0.0027 0.0004 + 0.0003
Fe 0.0237 £ 0.0253 0.0081 + 0.0017 0.9638 + 0.0390 0.0368 + 0.0100
Mn 0.0038 + 0.0005 0.0012 + 0.0001 0.0722 + 0.0049 0.0016 + 0.0003
Ni 0.0008 + 0.0004 0.0003 £ 0.0001 0.0024 £ 0.0004 0.0005 + 0.0003
Pb 0.0011 + 0.0003 0.0004 + 0.0001 0.0018 + 0.0004 0.0001 + 0.0002
Sb 1.0865 + 0.0768 1.3885 + 0.0524 0.6542 + 0.1857 ND?

Ti 0.0511 + 0.0062 0.0714 £ 0.0186 0.1040 £ 0.0169 0.0063 + 0.0014
Zn 0.0028 + 0.0021 0.0036 + 0.0012 0.0055 + 0.0017 0.0021 + 0.0024

LAverage mass + standard deviation
2ND: not detected.

Abbreviation: Ag = Silver, Co = Cobalt, Cr = Chromium, Cu = Copper, Fe = Iron, Mn = Manganese, Ni = Nickel, Pb = Lead, Sb = Antimony,

Ti = Titanium, Zn = Zinc

Note: Korean Agency for Technology and Standards’ standard level of harmful element content: Pb: 100 pug/g.



2.2 Washing methods and cycles

Three washing methods were evaluated. A washing machine (F12WVA; LG
Electronics, Seoul, Republic of Korea) was used for washing the masks, and
standard washing was performed at 40 °C, which was the default laundry
temperature of the machine (Method A). The washing, rinsing, and drying
processes were completed in 52 min. Approximately 10 L of water were used for
each process without any detergent. Additionally, for Method B (60 °C) and
Method C (90 °C), 400 mL of boiled tap water were added according to each
temperature in a beaker, and the tested masks were placed in the beaker and left
undisturbed for 15 min. The masks were dried at room temperature (20 £ 5 °C, 55
+ 5% RH) and washed once a day. The masks were washed over ten days, and their

performance was tested after washing for one, two, five, and ten times.



2.3 Mask performance test

The silver, copper, graphene, and cotton masks were washed once (one cycle)
and were then dried at room temperature (20-25 °C, 50-70% RH). Subsequently,
the filtration efficiency and inhalation resistance tests were conducted, and the
mask washing was performed again on the same mask. Masks tested with bacteria
and virus could not be tested on the same mask after washing. Therefore, the masks
were prepared for testing their antibacterial activity, bacterial, and viral filtration
efficiency by washing one, two, five, and ten times. The masks were conditioned at
21 £ 5 °C and 85 = 5% RH for 4 h before the antibacterial activity and bacterial

and virus filtration efficiency tests were conducted.

(1) Filtration efficiency test

The filtration efficiency test was performed using an automated filter tester
(8130A; TSI Incorporated, Shoreview, Mn, USA) with NaCl aerosol, which was
generated using an automatic salt aerosol generator. The size distribution of the
particles had a count median diameter of 0.075 pum and a geometric standard
deviation that did not surpass 1.83 um. The air flow rate was 85 L/min = 4 L/min.
The initial filtration efficiency of the masks in the first minute was tested with
reference to NIOSH 42 CFR 84 (NIOSH, 1995). To calculate the aerosol
concentration, the upstream and downstream were measured using a photometer.

The filtration efficiency was calculated using the following formula.

Ca
FE (%) =1——"" %100
up
[Formula]
Cup = upstream concentration



Caiawn = downstream concentration

(2) Bacterial filtration efficiency test

The bacterial filtration efficiency test was performed using a bacterial filtration
efficiency tester (BFET-1853; ART Plus, Icheon-si, Gyeonggi-do, Republic of
Korea) with a six-stage Anderson sampler. Staphylococcus aureus (S. aureus)
(ATCC 6538™) was used as a representative bacterial strain. The bacterial
filtration efficiency was tested according to the ASTM International (ASTM, 2019)
and MFDS (MFDS, 2022) with minor modifications. S. aureus was inoculated in
Tryptic Soy Broth (TSB) and incubated at 37 + 2 °C for 24 h. The concentration
was calculated using serial dilution with plate counting method. A solution with the
concentration maintained at 1,700-3,000 colony-forming units (CFU) was obtained
for positive controls and was used as a test solution. The mean particle size (MPS)
of the bacterial aerosol was 3.0 £+ 0.3 pm. The S. aureus suspension was
aerosolized and sprayed on a mask sample for 60 s at a constant flow rate of 28.3
L/min and simultaneously allowed to be captured for 120 s onto six Tryptic Soy
Agar (TSA) plates. The plates were incubated for 48 + 4 h at 37 + 2 °C. The total
CFU of the test, positive control, and negative control groups were determined by
counting the colonies on all six plates. The bacterial filtration efficiency was
determined according to ASTM International (ASTM F2100; ASTM, 2019) and
MFDS (MFDS, 2022) as follows.

C—T
B=g><1[][]

[Formula]

B = Bacterial filtration efficiency (%)
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C = Total CFU measured in positive control group

T = Total CFU measured in test group

(3) Viral filtration efficiency test

The viral filtration efficiency was tested using a bacterial filtration efficiency
tester (BFET-1853; ART Plus). Murine coronaviruses (mouse hepatitis viruses;
ATCC VR-764™) were sprayed into a six-stage Andersen cascade impactor (ACI).
Murine coronaviruses were inoculated on a confluent monolayer of L2 cells in a
flask and cultured at 37 °C with 5% CO; for 2 d. Freezing and thawing were
repeated three times to allow the virus to escape the cells. After centrifugation
(5,000xg, 20 min) at 4 °C, the virus was purified in the culture medium using a
Stericup® Filter Unit (0.22 um; Merck KGaA, Darmstadt, Germany). Thereafter,
the supernatant containing the virus was concentrated using an Amicon® Ultra-15
Centrifugal Filter Unit (Merck Millipore Ltd., Cork, Ireland), and a virus stock was
obtained and stored at —80 °C until use. The virus stock was diluted with phosphate
buffer solution to obtain the positive control group with 1,700-3,000 plaque
forming units (PFU). The MPS of the virus aerosol was set to 3.0 = 0.6 um. For
capturing viruses, a medium (12.5 mL), containing 7% gelatin (from porcine skin;
Sigma-Aldrich, St Louis, MO, USA) and 0.5 x Dulbecco’s modified Eagle’s
medium (Gibco, Thermo Fisher Scientific, Waltham, MA, USA), was poured into
each Petri dish (100 mm x 15 mm) and allowed to solidify at 4 °C. The aerosol
generator sprayed the virus suspension onto the mask sample at a flow rate of 28.3
L/min for 60 s and simultaneously allowed the viruses to be captured onto six Petri
dishes for 120 s.

C—T
V=g><10[]
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[Formula]
V = Viral filtration efficiency (%)
C = Total PFU measured in positive control group

T = Total PFU measured in the test group

(4) Antibacterial activity test

The antibacterial activity of face masks was tested according to the International
Organization for Standardization (ISO 20743:2013) and Korean Agency for
Technology and Standards (KSK0693:2016) with minor modifications (Fig. 2).

Add 20 mL of PBS 100 pL of diluted solution

/\<3 /\</ ==
ol-3- 418

Incubate culture

% 180 §a7ec

100 pL of S. aureus solution Voltexing

Figure 2. Experimental procedure for antibacterial activity testing.

S. aureus was inoculated in TSB and cultured at 37 °C. Then, the culture was
serially diluted with TSA ten times and incubated at 37 + 2 °C for 18 h. The
bacterial concentration was determined using the plate counting method. The
experiment was conducted at room temperature (20-25 °C) and at 50-70% RH.
Then, 2 g of Tween 80 and 5 g of sodium chloride were added to 1,000 mL of
distilled water as a solution for dispensing bacteria on the surface of the sample.
The bacterial solution (100 pL) was inoculated onto the surfaces of the mask
samples (5 x 5 ¢cm?). The concentration of the inoculated bacterial solution was 2.0

x 10® CFU/mL. For calculating the bacterial concentration at 0 h for each mask
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sample, the masks were inoculated with the bacterial solution, dried for 15 min,
immediately immersed in 20 mL of phosphate buffer solution, and then vortexed to
separate the bacteria from the mask sample. The eluate was serially diluted and 100
uL of the diluted solutions were sprayed onto TSA and incubated at 37 + 2 °C for
24 h. The visible colonies were then counted for calculating the concentration of
the eluate. For calculating the bacterial concentration at 18 h from each mask
sample, bacteria were inoculated on the surface of the mask sample and dried for
15 min. Then, phosphate buffer solution (20 mL) was added to the conical tube for
desorption. The concentration of the eluate was calculated as mentioned above.

(5) Inhalation resistance test

The inhalation resistance for each mask type was tested using a mask inhalation
resistance tester (ARE-1651; ART Plus) for 1 min at a flow rate of 85 + 2 L/min.
The N95 certification standard of NIOSH (42 CFR 84; NIOSH, 1995) was used for
this test.

(6) FE-SEM

Field-emission scanning electron microscopy (FE-SEM 800F Prime; JEOL Ltd,
Tokyo, Japan) was used to evaluate the changes in surface morphology of the silver,
copper, graphene, and cotton masks. A mask sample was attached to a stub using
carbon tape. The stub was coated with platinum at 20 mA for 100 s. The FE-SEM
images were obtained at an acceleration voltage of 15 kV. The images were
magnified by 70 x and 500 x. S. aureus aerosols sprayed on unwashed control

masks were observed in images magnified by 10,000 x.
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2.4 Data analysis

Statistical analysis was performed using the R software v. 4.2.2 (R Development
Core Team, Vienna, Austria), and graphs were obtained using GraphPad Prism
9.4.1 (GraphPad Software, Inc., La Jolla, CA, USA). The average and standard
deviation for the test and comparison groups of the six types of masks (silver,
copper, graphene, cotton, KF94, and N95 masks) were obtained (n = 3 for each
type). An independent two-sample t-test was used to determine statistical
significance between the washing cycles. Statistical significance was set to P <
0.05.

14



3. Results

3.1 Performance of the tested face masks without washing

Table 3 shows the results of five performance tests for each mask type without
washing. When washing was not performed, the three reusable antibacterial masks
showed a filtration efficiency of 10-13%, while that of the cotton masks was
approximately 47%. These filtration efficiency values were significantly lower than
those of KF94 and N95 at more than 98% efficiency, which meets the N95
certification standards (NIOSH, 1995).

All five masks except for the silver mask exhibited bacterial filtration efficiency
exceeding 95%, which meets the ASTM F2100 and MFDS standards (ASTM,
2019; MFDS, 2022). Overall, the viral filtration efficiency for each mask type was
similar to the bacterial filtration efficiency (Table 3). The silver mask exhibited the
lowest filtration efficiency for both microorganisms (Table 3). Regarding KF94 and
N95 masks, the viral filtration efficiency exceeded 99.9%, which was higher than

that of reusable antibacterial masks.

Based on the results of the antibacterial activity test, the antibacterial activity of
cotton, KF94, and N95 masks was 84-86%, which was lower than that of reusable
antibacterial masks. Additionally, among the reusable antibacterial masks, the

graphene mask showed the lowest value (approximately 88%; Table 3).

The inhalation resistance values of the six masks were less than 35 mmHO. In
contrast to the copper mask, the silver and graphene masks showed inhalation
resistance of 5-7 mmH,O. The mean inhalation resistance values for copper and
cotton masks were approximately 16 and 25 mmH,O, respectively, which were

lower than that (approximately 11 mmH0) of KF94.

Table 4 shows the mean CFU of S. aureus collected on each stage of the ACI

with a total of six stages used in this study. The highest number of S. aureus was

15 :
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collected at stages 5 and 6, with cut-off diameters of 1.1-2.1 pym and 0.65-1.1 um,

respectively.

The bacterial filtration efficiency of the tested masks for each ACI stage is
shown in Fig. 3. Compared to other stages, stages 5 and 6 showed lower efficiency.
Among the reusable antibacterial masks, the silver mask showed a bacterial
filtration efficiency of 84% at stage 5, and the efficiency sharply decreased to 13%
at stage 6. The efficiency of other reusable antibacterial masks also decreased
below 90% at stage 6. By contrast, the KF94 and N95 masks showed high
efficiency exceeding 99% even at stage 6. The detailed efficiency values at each

stage are provided in Appendix 7.
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Table 3. Results of the performance test for each mask type without washing.

Test Mask type
n Silver mask  Copper mask Graphene mask  Cotton mask ~ KF94 mask N95 mask
Filtration efficiency (%) 9! 10.07+1.63% 13.95+1.13 1098+1.17 47.88+295 98.61+1.44 99.47 +0.53
Bacterial filtration efficiency (%) 3 93.49+1.16 98.35+1.04 96.53+1.14 97.89+0.89 99.98+0.04 99.98+ 0.04
Viral filtration efficiency (%) 3 9454+175 9577+021 9585+0.14 99.16+0.21 99.98+0.03 >99.99
Antibacterial activity (%) 3 98.84+0.93 98.02+2.75 88.98+3.03 8454+16.62 84.24+23.80 86.75+6.84
Inhalation resistance (mmH-0) 3 749+0.92 16.97+1.63 5.14 £ 0.49 2578+ 188 11.38+1.49 7.28+0.54

n = 9. The filtration efficiency of silver, copper, and graphene masks was too low; the tests were therefore conducted in two independent
laboratories.

2Mean # standard deviation

17



Table 4. Mean CFU of S. aureus deposited at each ACI stage of each mask type without washing (n =3).

Stage Mask type
(cut-off diameter) Silver mask Copper mask Graphene mask  Cotton mask KF94 mask N95 mask
1(7 um) 1.00 + 1.00" 0.33+ 058 0.33+ 0.58 ND? ND? ND?
2 (4.7 um) 0.33+ 0.58 ND? 0.33+ 058 0.33+ 058 ND? ND?
3(3.3um) 3.67 £ 2.89 ND? 1.00+1.73 0.67 £ 0.58 ND? ND?
4 (2.1 um) 14.67 +7.77 0.33+0.58 2.00+ 2.00 2.00+1.00 ND? ND?
5(1.1um) 61.67 + 9.02 6.00 £ 4.00 12.33+4.93 6.33+1.15 0.33+0.58 ND?
6 (0.65 pm) 50.67 + 9.29 3.00+1.73 4.33+1.53 2.33+2.08 0.33+0.58 0.33+0.58

IMean =+ standard deviation

2ND: not detected.
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3.2 Performance of the tested face masks after washing

Fig. 4 illustrates the results corresponding to 0, 1, 2, 5, and 10 washing cycles for
the four types of washed reusable masks (silver, copper, graphene, and cotton
masks) subjected to Methods A, B, and C. The three reusable antibacterial masks
and the cotton masks failed to comply with the NIOSH-certified N95 mask
standard of 95% (NIOSH, 1995) before washing, and no increase was found to
exceed the mask standard after washing (Fig. 4[a]).

The bacterial filtration efficiency of the silver and graphene masks changed
irregularly when washing was repeated. All three washing methods produced
bacterial filtration efficiency values below 95%, which did not meet the ASTM and
MFDS standards (ASTM, 2019; MFDS, 2022) (Fig. 4[b]). The bacterial filtration
efficiency of the unwashed graphene mask exceeded the 95% criterion but fell

short of the criterion as the washing was repeated (Fig. 4[b]).

In the antibacterial activity test, the antibacterial activity of the cotton mask was
at a minimum value of 76%, which was lower than that of other masks (Fig. 4[c]).
The three reusable antibacterial masks and the cotton masks showed irregular
changes in antibacterial activity when subjected to 10 washing cycles using the 3

washing methods (Fig. 4[c]).

As the washing cycle increased, the inhalation resistance of the cotton mask
increased and decreased irregularly, exceeding the N95 certification standard of
NIOSH of 35 mmH;O (NIOSH, 1995). The three reusable antibacterial masks
satisfied the N95 certification standards of NIOSH for inhalation resistance even
after 10 washing cycles. The silver mask exhibited the smallest variation upon
repeated washes, ranging from a minimum of 5 mmH,O to a maximum of 8
mmH-0 with increasing number of wash cycles (Fig. 4[d]). The detailed results for

these four types of masks are provided in Appendices 3, 4, 5, and 6.
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Figure 4. Results of the four tests on reusable masks before and after applying the three washing methods for different washing cycles (0,
1, 2, 5, and 10 cycles). (a) Filtration efficiency according to the three washing methods and number of washing cycles. The dashed line
indicates the N95 certification standards of NIOSH (over 95%; NIOSH, 1995); (b) Bacterial filtration efficiency according to the three
washing methods and number of washing cycles. The dashed line indicates the ASTM F2100 and MFDS standards (over 95%; ASTM,
2019; MFDS, 2022); (c) Antibacterial activity according to the three washing methods and number of washing cycles; (d) Inhalation
resistance according to the three washing methods and number of washing cycles. The dashed line indicates the N95 certification
standards of NIOSH (under 35 mmH,O; NIOSH, 1995).
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3.3 FE-SEM images of the surface of face masks

Fig. 5(a) shows the magnified images (500x) of mask fiber strands from each
mask type before washing. The cotton mask is the thinnest and has an uneven
width. Reusable antibacterial masks show a width of approximately 13-20 pm. Fig.
5(b) shows the magnified images of S. aureus (10,000x) attached to the fabric of an
unwashed mask when sprayed with S. aureus. S. aureus is approximately 0.7-0.9

um in size.

Fig. 6 shows the images of mask surfaces before washing and after one and ten
washing cycles using Method A. All three reusable antibacterial masks and the
cotton mask showed braided fabric. When washing was not performed, the fibers
of the cotton mask were looser compared to those of the other reusable
antibacterial masks (Fig. 6[a]). No significant difference was observed in loosening
of the mask fibers between one washing cycle and no washing (Fig 6[b]). After 10
washing cycles, the yarn loosened and changed into a more twisted shape (Fig.
6[c]). When the masks were washed using Methods B and C, minimal differences

in fiber loosening were observed compared to that before washing (Appendix 8).
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Figure 5. Images of the unwashed mask surfaces. (a) Strands from the silver, copper, graphene, and cotton masks before washing (500x
magnification); (b) Images obtained after S. aureus was sprayed on each mask type (10,000x magnification).
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(c) Surface images of the silver, copper, graphene, and cotton masks after ten cycles of washing (70x magnification).

Figure 6. Surface images of silver, copper, graphene, and cotton masks observed via FE-SEM (70x magnification) after treatment with
Method A. (a) Surface images of the silver, copper, graphene, and cotton masks without washing (70x magnification); (b) Surface
images of the silver, copper, graphene, and cotton masks after one cycle of washing (70x magnification); (c) Surface images of the silver,
copper, graphene, and cotton masks after ten cycles of washing (70x magnification).
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3.4 Rate of performance change after each washing cycle

Tables 5, 6, 7, and 8 show the increase/decrease in performance from 0 (no
washing) to 1 cycle, from 0 to 2 cycles, from 0 to 5 cycles, and from 0 to 10 cycles
of washing using Methods A, B, and C. The data are expressed as percentages with
their statistical significance between each cycle.

The change in the performance of silver masks for each number of washing
cycles using Methods A, B, and C for the three tests is shown in Table 5. Silver
masks exhibited almost no significant difference in their performance compared to
the initial (no washing) value, irrespective of washing methods and number of
cycles. Table 6 presents the rate of change in the performance of copper masks; the
washing methods and cycles had a minimal effect on the change in their
performance. Regarding graphene masks, significant difference was observed in
their antibacterial properties when Methods B was used, compared to their initial
performance without washing (Table 7). Significant difference was also observed
for cotton masks in the intake resistance test, with the most significant difference
being observed in Method C, corresponding to a washing method using high
temperatures (90 °C; Table 8).

Appendix 9 presents the rate of change in the filtration efficiency and the
statistical significance values after washing the four types of masks according to
the three cleaning methods and different number of cycles. Cotton masks showed
statistically significant changes in filtration efficiency in all washing methods,
whereas three types of reusable antibacterial masks mainly showed significant

changes after washing using Method C.
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Table 5. Rate of performance change and statistical difference according to the
washing methods and number of cycles of silver masks using the t-test.

Change rate (%)

Washing Washing

method cycle Bacteri'al.filtration Antibgc'terial Inh_alation
efficiency activity resistance
1 102.34* 101.17 107.56
100.00 101.17 97.49
Method A
99.06 101.17 96.05
10 99.61 101.17 111.91
1 100.46 101.17 73.20
2 101.25 98.25 89.24
Method B
5 101.36 101.17 77.53
10 100.68 101.17 73.63*
1 99.54 101.12 103.92
2 101.81 101.17 107.86
Method C
5 100.98 101.17 100.79
10 101.83 101.17 92.01
*P < 0.05

29



Table 6. Rate of performance change and statistical difference according to the
washing methods and number of cycles of copper masks using the t-test.

Change rate (%)

Washing Washing
method cycle Bacterial filtration Antibacterial Inhalation
efficiency activity resistance
1 99.32 102.00 90.39
2 99.14 102.02 100.02
Method A
5 97.13 102.02 93.20
10 98.92 102.02 88.71
1 98.34 102.02 100.39
2 98.21* 101.70 98.99
Method B
5 97.92 102.02 86.91
10 99.10 102.02 81.60
1 98.74 102.02 100.00
2 96.67* 102.02 97.73
Method C
5 98.89 102.02 93.84
10 98.08 102.02 96.70
*P<0.05
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Table 7. Rate of performance change and statistical difference according to the
washing methods and number of cycles of graphene masks using the t-test.

Change rate (%)

Washing Washing

method cycle Bacterial filtration Antibacterial Inhalation
efficiency activity resistance
1 98.98 112.11 109.92
96.84 112.34 91.17
Method A
96.28 112.34 104.72
10 99.09 112.39* 110.41
1 96.73* 112.39* 119.24
2 99.60 111.91* 108.01
Method B
5 96.72 111.00* 133.02
10 96.06 112.26* 121.59*
1 98.91 99.89 112.34
2 98.57 111.83* 108.70
Method C
5 97.73 101.55 130.30
10 101.11 110.86* 135.06*
*P <0.05
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Table 8. Rate of performance change and statistical difference according to the
washing methods and number of cycles of cotton masks using the t-test.

Change rate (%)

Washing Washing
method cycle Bacterial filtration Antibacterial Inhalation
efficiency activity resistance
1 100.15 110.29 89.54
100.64 111.91 138.80*
Method A
97.98* 118.02 141.53*
10 100.51 118.18 90.09
1 100.72 103.50 151.40*
2 101.06 102.02 128.68
Method B
5 100.33 104.53 115.76
10 101.14 124.05 134.95
1 101.22 102.90 158.28*
2 101.33 96.73 164.43*
Method C
5 100.97 111.27 153.10*
10 100.71 117.59 13251
*P < 0.05
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4. Discussion

The data indicate a difference in performance between reusable antibacterial
masks and those certified by national and international standards. However, the
irregular performance of reusable antibacterial masks according to washing limits
the accurate determination of the effect of washing method and number of cycles

on the change in mask performance.

As for the performance of the reusable antibacterial masks used in this study,
when the filtration efficiency was tested using NaCl, the initial value before
washing failed to satisfy the N95 mask standard of the NIOSH (NIOSH, 1995).
After repeated washing, the filtration efficiency of the reusable antibacterial masks
increased by up to approximately 6% (Fig. 4[a]); however, this increase was not
confirmed to exceed the N95 test standard. The bacterial filtration efficiency values
were below the N95 standard of 95% (ASTM, 2019), but the change was
insignificant (Fig. 4[b]). The antibacterial activity either increased minimally or
decreased before and after washing (Fig. 4[c]). The value of inhalation resistance
was a minimum of 5 mmH,0 to a maximum of 16 mmH,O before and after
washing (Fig. 4[d]), satisfying the N95 standard (NIOSH, 1995). These results
indicate that repeated washing for 10 times does not cause a significant change in
the filtration performance of the antibacterial masks tested (Fig. 4[a] and [b]). Such
a finding agrees with previous studies, reporting that the filtration efficiency of
reusable masks does not change significantly when washed in a washing machine
and that reusable masks can be reused several times after washing (Sankhyan et al.,
2021; Whyte et al., 2022b).

Differences in mask manufacturers used in this study may lead to differences in
performance between the mask types before and after washing, depending on fabric
knitting method or material. Therefore, the mask performance changes according to
the mask material and the comparisons are challenging. The filtration efficiency of
particles varies depending on the type and structure of the fabric (Konda et al.,
2020). Polyester fabrics have lower hygroscopicity and better electrostatic
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properties than natural fabrics, and polyurethanes have excellent elasticity and
abrasion resistance (Perumalraj., 2015; Yang et al., 2020). By contrast, cotton
masks have low fiber strength, low heat resistance, and high hydrophilicity (Felice
et al., 2022; Whyte et al., 2022a). The greater changes in the filtration efficiency
and inhalation resistance of cotton masks after washing compared with those of
reusable antibacterial masks may be due to the cotton fibers exhibiting low strength.
According to FE-SEM observations of the surfaces of the antibacterial masks and
the cotton mask, their fiber arrangement structures showed a similar twisted shape
(Fig. 6). However, because all three layers of the reusable antibacterial masks could
not be separated, the surface difference between the layers could not be compared.
Therefore, the inhalation resistance of reusable antibacterial masks remains below
the N95 mask standard even after repeated washings presumably because their

fabric has a lower density and stronger strength than that of cotton masks (Fig. 6).

In both the silver and copper masks used in this study, antimony was the metal
with the highest content, at a concentration of approximately 1 ug/g. The content of
antimony may be related to the use of flame-retardant formulations or polyester
fibers in mask manufacturing and processing (Rujido-Santos et al., 2022). The
heavy metal content detected in this study was 0.4 pg/g in silver masks and 8 ug/g
in copper masks. These concentrations were lower than those of a previous study
on metal leaching in face masks containing antibacterial ingredients, reporting up
to 5.27 mg/g for silver and up to 1.11 mg/g for copper (Pollard et al. 2021). Silver
and copper are commonly used as antibacterial agents, and copper can be used for
textile dyeing; copper components can be therefore detected (Pollard et al. 2021;
Rujido-Santos et al., 2022). The highest quantity of iron was detected in the
graphene mask at 0.9 pg/g, followed by antimony at 0.6 pg/g. Iron may be included
in masks to form a metal-composite dye or to be used as a catalyst (Rujido-Santos
et al., 2022). It has been reported that the amount of leached metal after washing a
metal-containing mask does not equal the amount present in the initial mask,
meaning that metal components may be leaching during mask washing. Leaching
of antimicrobial agents into mask fibers may pose a potential risk to the mask
wearer (Pollard et al., 2021).
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Most commercially sold masks produced by imparting static electricity to
polypropylene fibers, such as N95, are fabricated using electrostatic filter media,
which increase the particle collection efficiency of the filter (Viscusi et al., 2009).
Cotton and nylon fabrics have high triboelectric charging ability, and such
electrocharged fabrics can improve the filtration efficiency (Bandi, 2020). The
NIOSH standard uses charge-neutralized NaCl aerosol to test the filtration
efficiency (NIOSH, 1995). However, ASTM does not specify charge neutralization
for S. aureus aerosol (ASTM, 2019). Particles that are not charge-neutralized have
an electrostatic effect, causing a risk of overestimating the filtration efficiency of
the mask (Rengasamy et al., 2017; Rule et al., 2020).

In this study, because the average particle diameter of bacteria collected in each
stage of the Anderson sampler is different, the bacterial filtration efficiency of each
stage was calculated. The lowest efficiency was observed at the 6th stage at the
bottom, where bacteria with an aerodynamic diameter of 0.65 um were collected
(Fig. 3). The highest number of bacteria was observed in the bottom of the
Anderson sampler at the 5th and 6th stages (Table 4) meaning that small-sized
bacteria were collected more. In the bacterial filtration efficiency test of the silver
masks, the total bacterial filtration efficiency of the total 6 stages was 93%,
whereas the efficiency of the 6th stage alone reached 13% (Tables 3 and 4). This
finding is completely different compared to the 99% filtration efficiency of bacteria
collected only at the 6th stage of the sampler for the KF94 and N95 masks.
Therefore, the filtration efficiency for bacteria and viruses may show a value higher
than the filtration efficiency using NaCl. In the bacterial filtration efficiency test,
bacterial particles of 0.65 to 7 um are collected using the aerodynamic particle size
unit of the bacterial aerosol. The NaCl aerosols used for the filtration efficiency
measurements were particles with a count median diameter of 0.075 pm. Therefore,
the particle sizes generated and captured by each device were difficult to compare
directly. Because the filter efficiency may vary depending on the particle size,
shapes, and properties, the affecting factors should be considered (Tcharkhtchi et
al., 2021). In a previous study, the efficiency of the bacterial filtration efficiency

method was higher than that of the filtration efficiency method using NaCl due to
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the differences in the test conditions, including aerosol size and velocity

(Rengasamy et al., 2017).

The reusable antibacterial masks used in this study were selected based on
products that are frequently purchased from the internet. Therefore, as the results of
this study cannot represent all the masks currently available on the market, the
performance of reusable masks cannot be simply generalized. In addition, instead
of disposable masks that are not recommended to be washed, reusable cotton
masks were used as a control group for comparison with masks consisting of
antibacterial fibers. Applying reusable antibacterial masks to the certification
standards targeting filtering masks may be inappropriate. However, the masks were
evaluated by applying internationally accepted standard test methods, and the
certified masks were also used in the experiment to obtain reliability in the research
results. In future studies, the evaluation of the performance of reusable antibacterial
masks needs to be verified through follow-up studies that include more diverse
types of masks and performance changes after washing. In addition, because the
washing methods of the multi-use masks are not standardized, their reusability
should be discussed considering the suitability and stability of the masks after

washing.
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5. Conclusions

The three types of reusable antibacterial masks evaluated in this study did not
show a consistent pattern in their performance change even when various washing
methods were applied. Additionally, their performance changed irregularly as the
number of washing cycles increased.

Reusable antibacterial masks have been proven to filter large particle-sized
microorganisms and prevent or eliminate their growth. However, their filtration
efficiency, which indicates the ability to prevent airborne aerosols, is extremely low.
Therefore, certified masks are appropriate for use in places with a certain risk of
infection. Based on the results of this study, wearing an appropriate mask should be

considered in daily life.
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Appendix

Appendix 1. Operating conditions of ICP-MS analysis of heavy metals.

Parameter Analytical conditions
Instrument NexION 350D (PerkinElmer, Inc., Waltham,
MA, USA)
Nebulizer NEBULIZER-PEEK MIRA MIST 4000
Spray chamber Glass cyclonic spray chamber
RF generator (W) 500-1,600
Argon flow rate
Plasma gas (L/min) 18
Auxiliary gas (L/min) 1.2
Nebulizer gas (L/min) 0.99
Cone
Sampler cone Platinum
Skimmer cone Platinum

Hyper-Skimmer cone

Data acquisition
Measurement mode

Acid solution

Heating block

Akynubyn alloy
Peak hopping, 1 reading 30 sweep, 3
replicates

Quantification mode
8 mL of 70% HNO3; (JKC, Cheonan-si,
Chungcheongnam-do, Republic of Korea)

160 °C,5h
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Appendix 2. Limit of detection (LOD) and limit of quantification (LOQ) for heavy metals (ng/g).

Ag Co Cr Cu Fe Mn Ni Pb Sb Ti Zn®

LOD'  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0012
LOQ*  0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0017 0.0039

1ILOD = 3 x lowest level of the standard solution
2LOQ=LO0OD x 3.33

3To select the largest value of LOD of each element, the LOD of zinc (Zn) was calculated as 3 x S,/m (S,: standard deviation of a regression, m:

slope of calibration curve).
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Appendix 3. Filtration efficiency (%) obtained at 0, 1, 2, 5, and 10 cycles after washing using Methods A, B, and C for each mask type (n
=3).

. . Mask type
Washing method Washing cycle -
Silver mask Copper mask Graphene mask Cotton mask
Control 0 10.07 + 1.631 13.95+ 1.13 10.98 + 1.17 47.88 £ 2.95
1 12.39+£2.40 15.20 £ 0.86 11.85+0.43 55.45+3.30
2 9.08 +1.18 16.22 £0.16 13.05+£0.22 56.26 +1.27
Method A
5 10.20 £ 1.30 16.92 £0.79 13.64 £ 0.96 56.04 +2.74
10 12.15+3.18 18.50 £ 1.32 13.53+1.19 55.57+2.17
1 11.21 £0.30 15.00 £0.71 1291+ 1.29 5541 +2.74
2 10.91 +0.06 15.89+1.10 13.81+1.35 56.25+3.02
Method B
7.23+1.11 13.30 £ 0.95 11.73 £ 1.75 57.76 £ 0.57
10 11.74 £ 0.94 16.28 £ 0.86 14.15+1.32 58.13+1.27
12.52+£0.43 15.60 £0.23 12.79 £0.70 55.03+1.28
12.41 £0.47 16.36 £ 0.87 12.68 £0.43 55.37+0.61
Method C
5 13.47 £1.08 16.40 £0.29 13.60 £ 0.54 60.30 £4.08
10 14.04 £0.74 17.84 £0.32 16.09 £ 0.63 56.46 +1.57

Mean + standard deviation
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Appendix 4. Bacterial filtration efficiency (%) obtained at 0, 1, 2, 5, and 10 cycles after washing using Methods A, B, and C for each

mask type (n = 3).

. . Mask type
Washing method Washing cycle -
Silver mask Copper mask Graphene mask Cotton mask
Control 0 93.49 + 1.161 98.35+ 1.04 96.53+ 1.14 97.89 + 0.89
1 95.68 £ 0.67 97.68 £0.26 95.54+£0.79 98.04 £ 0.48
2 93.50+£2.78 97.51+1.21 93.47 £ 3.61 98.52 £0.48
Method A
5 92.61 £2.37 95.53 +£3.06 92.94 + 4.45 95.92 £0.26
10 93.13 £2.03 97.29+1.71 95.65+5.14 98.39 £1.43
1 93.92+1.92 96.71 £ 0.50 93.37 £ 1.31 98.11+£0.72
94.66 +2.09 96.59 £ 0.22 96.14 +1.63 98.48 £0.45
Method B
94.77 £ 0.58 96.31 +2.47 93.36+2.24 97.86+0.43
10 94.13 £2.36 97.46 £ 1.55 92.72 +£3.97 97.80 £1.38
93.06 £ 1.89 97.11 £ 1.17 95.47 £0.31 99.09 £0.10
95.18 £2.87 95.08 £0.50 95.15+0.54 99.19 £0.33
Method C
5 94.41 £ 0.81 97.25+1.10 94.33 +£3.25 98.84 £0.10
10 95.21£0.32 96.46 £ 0.96 97.59+0.77 98.59 £ 0.26

Mean + standard deviation
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Appendix 5. Antibacterial activity (%) obtained at 0, 1, 2, 5, and 10 cycles after washing using Methods A, B, and C for each mask type

(n=3).

. . Mask type
Washing method Washing cycle -
Silver mask Copper mask Graphene mask Cotton mask
Control 0 98.84 + 0.931 98.02+ 2.75 88.98 + 3.03 84.54 + 16.62
1 >99.99 99.98 £ 0.03 99.75+0.14 93.24 +5.99
2 >99.99 >99.99 99.96 £ 0.05 94.61 £2.81
Method A
5 >99.99 >99.99 99.96 + 0.05 99.77 £ 0.21
10 >99.99 >99.99 >99.99 99.91£0.15
>99.99 >99.99 >99.99 85.50 + 8.98
97.11+£0.58 99.69 + 0.54 99.58 +£0.45 76.67 £10.78
Method B
>99.99 >99.99 98.77+1.70 83.58 +1.90
10 >99.99 >99.99 99.89 £0.20 99.41 £0.71
99.95 + 0.09 >99.99 88.88 £ 6.22 99.95 £0.09
>99.99 >99.99 99.51 £0.81 81.78+1.83
Method C
5 >99.99 >99.99 90.36 £ 11.20 94.07 + 3.00
10 >99.99 >99.99 98.64 £ 2.04 99.41 £0.85

IMean * standard deviation
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Appendix 6. Inhalation resistance (mmH;0) at 0, 1, 2, 5, and 10 cycles after washing using Methods A, B, and C for each mask type (n =

3).

. . Mask type
Washing method Washing cycle -
Silver mask Copper mask Graphene mask Cotton mask
Control 0 7.49 + 0.921 16.97 + 1.63 5.14 +0.49 25.78 + 1.88
1 8.06+1.91 15.34+ 1.10 5.65+ 1.46 23.09+ 4.39
2 7.30+ 2.06 16.98+ 1.34 468+ 1.19 35.79+ 2.43
Method A
5 7.20 £ 2.59 15.82 £ 0.73 5.38+1.68 36.49 £ 2.99
10 8.38 £ 1.87 5.67 +£0.98 13.09+7.91 23.23+7.94
1 5.48 + 2.56 17.04 £ 1.07 6.13 £ 0.60 39.03+6.95
6.69 £ 0.82 16.80 + 1.47 555+ 1.17 33.18+7.80
Method B
5.81+1.25 14,75+ 2.03 6.84 £ 1.02 29.84 + 3.47
10 5.54+0.51 13.85+ 1.74 6.25+0.39 34.79 + 10.04
7791231 16.97 + 1.20 5.77 £ 0.57 40.81 + 4.00
8.08 +3.77 16.59+ 1.08 5.59+0.40 42.39 + 0.79
Method C
5 755217 15.93+ 2.05 6.70 £ 0.91 39.47 £ 4.26
10 6.89 £ 2.15 16.41+0.76 6.94 + 0.29 34.16 + 8.53

IMean * standard deviation
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Appendix 7. Bacterial filtration efficiency (%) at each ACI stage (n = 3).

Stage Mask type

(cut-off diameter) Silver mask Copper mask Graphene mask Cotton mask KF94 mask N95 mask
1(7 um) 99.68 + 0.32* 99.70+ 0.51 99.70+ 0.51 >99.99 >99.99 >99.99

2 (4.7 um) 99.82 + 0.31 >99.99 99.39 + 1.05 99.38 + 1.07 >99.99 >99.99
3(3.3um) 99.27 + 0.57 >99.99 99.23+ 1.34 99.48 + 0.45 >99.99 >99.99

4 (2.1 um) 97.20+ 1.49 99.78 + 0.38 98.68 + 1.32 98.62 + 0.69 >99.99 >99.99
5(1.1um) 84.74 + 2.23 95.24 + 3.17 90.21 + 3.91 93.65+ 1.16 >99.99 >99.99

6 (0.65um) 13.39 + 15.88 73.53 + 15.28 61.76 + 13.48 78.13 + 19.52 99.28 + 1.26 99.28 + 1.26

IMean + standard deviation
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(b) Surface images of the silver, copper, graphene, and cotton masks after ten cycles of washing after treatment with Method B.
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(d) Surface images of the silver, copper, graphene, and cotton masks after ten cycles of washing after treatment with Method C.
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Appendix 8. Surface images of silver, copper, graphene, and cotton masks observed via FE-SEM (70x magnification) after treatment
with Methods B and C. (a) Surface images of the silver, copper, graphene, and cotton masks after one cycle of washing after treatment
with Method B; (b) Surface images of the silver, copper, graphene, and cotton masks after ten cycles of washing after treatment with
Method B; (c) Surface images of the silver, copper, graphene, and cotton masks after one cycle of washing after treatment with Method
C; (d) Surface images of the silver, copper, graphene, and cotton masks after ten cycles of washing after treatment with Method C.
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Appendix 9. Rate of performance change and statistical difference according to the washing methods and number of cycles in filtration

efficiency test using the t-test.

. . Mask type
Washing method Wiashing cycle -
Silver mask Copper mask Graphene mask Cotton mask

122.96 108.96 107.93 115.80*
90.16 116.26* 118.87* 117.50*

Method A
101.28 121.27* 124.19* 117.03*
10 120.59 132.60* 123.26* 116.06*
111.22 107.53 117.56 115.72*
108.30 113.85 125.75* 117.47*

Method B
71.75*% 95.30 106.79 120.63*
10 116.57 116.69* 128.87* 121.41*
1 124.26* 111.79* 107.93 114.92*
2 123.19* 117.23* 118.87* 115.63*

Method C
5 133.71* 117.50* 124.19* 125.94*
10 139.33* 127.87* 123.26* 117.91*

*P<0.05
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