
2022. 7. 



: 



: 



: 



: , 



: , 



: , 



-

: 



: 10 ppm

2, 2













à

à









*





































































































































































































































































































Introduction   Subjects and Methods

Discussion and Conclusion 

Results

  Descriptive statistics of FFs

Methodologies of quantitative fit tests (QNFTs) using 

aerosols from ambient air as a challenge agent include 

currently the PortaCount® series of TSI in the United 

States and MT® series of SIBATA in Japan.

In Korea, the COVID-19 outbreak has increased the 

demand for fit performance of masks for health care 

workers, and QNFT is being performed in many hospitals 

even if fit testing has not yet been stipulated by law and is 

still being prepared for legalization.

This study aimed to provide important data when using 

two devices by comparing FFs of two QNFT devices, i.e., 

TSI PortaCcount® and SIBATA MT®.

Consistency between the two devices

As Table 3 and Fig 1 showed, the FFs of MT® were lower than 

those of PortaCount® in all masks, which agreed with the results 

of previous studies. This occurs because the aerosol counting 

methods of the two devices are different. MT® can only count 

aerosols greater than approximately 0.3 μm (>0.5 μm in N95 test); 

however, PortaCount® can broadly count up to 20–100 nm or 

more. Thus, the number of particles outside the mask, the 

denominator of FF, is much higher in PortaCount® measurements 

than in MT® measurements. 

Half masks and full facepieces with large FFs demonstrated very 

high consistency between the two devices; thus, the pass/fail by 

MT® would be almost the same as that by PortaCount®.

For the N95 mask, the sensitivity between the two devices (the 

degree to which Portcount® is determined to fail and MT® also 

failed) was very close to the 0.95 value required by ANSI 

(original protocol 0.93 vs. modified protocol 0.94), which was 

unlikely to be a major problem. 

When the cutoff values of MT® FFs of 75, 76, and 77 were 

adjusted to PortaCount® FF of 100, the consistency statistics were 

almost the same. Ultimately, the sensitivity was 0.96, satisfying 

the mandatory value of ≥0.95, and the PVP was 0.94, almost the 

same as ≥0.95. Both specificity and PVF are satisfied.

Consequently, it is reasonable to set MT® FF of 75 as the value 

corresponding to PortaCount® FF of 100. The study suggests that 

the pass criterion for N95 FFR by MT® should be 75.
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2College of Biomedical Laboratory Science, Shinhan University, Republic of Korea.
3Korea Institute of Oriental Medicine, Republic of Korea.

Comparisons of fit factors between two quantitative fit testers

One probe was inserted into the participant’s mask, and to calculate the FF 

simultaneously, a Teflon tube was connected in a Y-shape outside the mask, 

where one end was connected to PortaCount® (Model 8038, TSI, USA), and 

the other was connected to MT® (Model 05U, SIBATA, Japan).

The total number of participants was 50 (male, n = 25; female, n = 25).

The participant wore full facepiece (3M, 6800-medium, USA), half mask (3M, 

7502-medium, USA), and N95 (Dobu Life Tech Co., Korea).

The entire process of the fit test was performed according to the OSHA 

QNFT protocol of 29CFR1910.134. The original (requires eight exercise 

regimens before modification) and modified (requires only four exercise 

regimens after modification) protocols were performed. As a pass/fail 

criterion, full facepieces should have ≥500, while half masks and FFRs 

should have ≥100 to gain a pass status.

  Fig. 1. Comparison of the FFs of respirator-

type devices and protocol according to rank 

order.

Test protocol Respirator   MT® PortaCount® P-value

Original 

protocol

(8 exercises)

N95 FFR 36 (4.19) 47 (3.54) 0.3840

Half mask 2290(8.12) 6256 (8.95) 0.0211

Full facepiece 9624 (2.71) 21642 (1.57) <.0001

Modified 

protocol

(4 exercises)

N95 FFR 32 (3.98) 49 (3.48) 0.1027

Half mask 1176 (9.52) 3104 (12.00) 0.0434

Full facepiece 7131 (2.66) 28452 (2.06) <.0001

Table 3. Comparisons of GM and GSD of the FFs 

between two devices by test protocols (N = 50)

Test

protocols
Respirator Sensitivity PVPa Specificity PVFb

Kappa 

statistics

Original 

protocol

N95 FFR 0.93 0.87 0.65 0.80 0.61

Half mask 1.00 1.00 0.98 0.80 0.88

Full mask −c 1.00 1.00 −c −c

Modified 

protocol

N95 FFR 0.94 0.86 0.67 0.83 0.64

Half mask 1.00 1.00 0.96 0.67 0.78

Full mask −c 1.00 0.98 −c −c

ANSI requirement/

      recommendation
≥0.95 ≥0.95 ≥0.50 ≥0.50 >0.70

aPVP, predictive value of a pass; bPVF, predictive value of a fail
cFull mask is not calculated because the cell value is zero.

Fig. 2. Correlation of FFs for N95 FFR betwe

en two devices by protocols.

Table 1. Contingency table from ANSI (2010)

Result 
Failed PortaCount®

(FFref < RFF)

Passed PortaCount®

(FFref > RFF)

Passed MT®

(FFMT > RFF)
A B

Failed MT®

(FFMT < RFF)
C D

*RFF(OSHA): Half mask 100, full facepiece 500

Table 2. Test statistics from ANSI (2010)

Statistics Equation Value 
Level of 

endorsement

Test sensitivity C/(A + C) ≥0.95 Mandatory

Predictive value of

a pass (PVP)
B/(A + B) ≥0.95 Advised

Test specificity B/(B + D) ≥0.50 Advised

Predictive value of

a fail (PVF)
C/(C + D) ≥0.50 Advised

Kappa statistics
(Po

a − Pe
b)/

(1 − Pe
b)

>0.7 Recommended

aPo = (B + C)/(A + B + C + D)
bPe = [(A + B) (B + D) + (C + D) (A + C)]/(A + B + C + D)2

Table 4. Statistics summary along with ANSI 

requirements/recommendations by test protocols



• Although the use of masks has increased due to the global coronavirus

disease 2019 (COVID-19) pandemic, the repeated and long-term use of

masks has become an important health problem.

• The reuse of masks leads to contamination, which increases the risk of

adverse health effects.

• This study aimed to assess the increase in the growth of

microorganisms inside the masks with extended wearing time.

• One (4%) participant wore a mask for less than 4 h, one (4%) for 4-8 h,

and 23 (92%) participants for more than 8 h.

Table 1. Result of survey

Table 2. Microbial status by environment (N=150)

Table 3. Bacterial contamination after mask wearing (N=150)

• Masks from those working in hospital laboratories who talked more

with patients had more bacteria inside the mask compared with other

participants.

• The number of bacteria increased with wearing time and significantly

correlated with laboratory results (P=0.044), followed by the outpatient

environment (P=0.061).

• The number of bacteria increased with mask-wearing time. In particular,

there was a significant difference in the number of bacteria after more

than 4 h of use.

• The inside of the mask had a warm temperature and humid

environment suitable for the growth of microorganisms due to mouth

breathing, and increased after more than 4 h of use.

• This study suggestss the importance of promoting awareness of

changing masks for safety use.

• This study used N95 and KF94 masks, and blood and chocolate agars

were used as culture mediums. (Fig 1, Fig2)

• A total of 25 participants (9 men and 16 women) were asked to wear

masks for different amounts of time: less than 2h, 2–4 h, and 4–6h.

• A questionnaire was used to assess mask change cycle and wearing

time.

Fig 1. N95 and KF94 Mask

Fig 2. Blood and Chocolate Agar

• The masks used by the participants were inoculated and incubated in a

culture medium to measure the number of bacterial colonies formed

(colony-forming unit [CFU]). (Fig 3, Fig 4)

• Changes in microbial growth were analyzed through staining and

microscopy.

Fig 3. Microbial Inoculation Fig 4. Microbial Incubation

• Data were analyzed using SPSS system ver. 20(IBM SPSS Inc. USA).



• Following the prolonged coronavirus disease 2019 (COVID-19)

pandemic, wearing respirators has become important.

• Leakage may occur when a respirator does not fit the size of the face

when worn. This greatly decreases the effectiveness of a respirator,

leaving it vulnerable to exposure to infectious diseases.

• Therefore, this study aimed to investigate the differences in N95

respirators fit by face size.

• The face length and width of 50 participants (male, n = 25; female, n =

25) of various age groups were measured using sliding and spreading

calipers. (Fig 1)

• As no test panel is available in Korea, cells–1–3, 4–7, and 8–10 were

classified as small, medium, and large, respectively, compared with the

internationally recognized United States (US) National Institute for

Occupational Safety and Health (NIOSH) test panel.

• This study used the N95 respirator. (D Co., Ltd. Korea) (Fig 2)

• The Occupational Safety and Health Administration (OSHA) new

protocol (4 exercises) fit factors (FFs) were calculated using Portacount

Pro+® (model 8038, TSI, U.S). (Fig 3, Fig 4)

• Pass/fail criteria for determining were set to fit factor (FF) 100.

• Data were analyzed using the t-test using Statistical Package for the

Social Sciences (SPSS) ver. 20 (IBM SPSS Inc. USA).

• The experimental respirator available in one size had a higher FF for the

small faces than for the medium faces.

• The results of this study showed that wearing a respirator with the right

face size is essential to prevent various infectious diseases.

• A Korean face panel that can replace the NIOSH panel should be

developed to study the adhesion.

• There were 16 people in the small category, 32 in the medium category,

and 2 in the large category, but 2 were excluded from the analysis.

There were a few samples; thus, this was not statistically significant.

(Table 1, Fig 5)

• The small size mean FF was 110.88, which was significantly higher than

that of the medium 74.31 (P=0.083). (Table 2)

• In the fit test with one respirator (N95), the small category showed a

higher pass rate than the medium category, but there was no

significant difference (P=0.404). (Table 3)



• In South Korea, many individuals complain of leakage 

as wearing a mask has become mandatory owing to 

the corona virus 2019 (COVID-19) pandemic. 

• The International Standards Organization(ISO)

recommends that workers undergo a fit test to minimize 

leakage. In this study, the correlation of the fit factor (FF) 

was studied using different condensation nuclei counter 

(CNC) and optical particle counter (OPC) methods

• A total of 50 university students (25 males and 25 

females) regardless of age, excluding those with lung 

diseases who could not wear masks, underwent a fit 

test using Portacount Pro+®(model 8038, TSI, U.S) 

(CNC method) and MT® (model 05U, SIBATA, Japan) 

(OPC method).

• For the participants mask, a total of three masks were 

used:

A full facepiece (6800 full facepiece reusable respirator 

6800, 3M, USA), half facepiece (half facepiece 7502, 3M, 

USA), and N95 mask (Dobu 201 N95, Dobu Life Tech Co., 

Ltd.) were used.

• A probe plugged into the respirator was connected to a 

Teflon tube in a Y-shape, and FF was calculated using 

both CNC and OPC methods. The correlation between 

the two devices was analyzed using interclass 

correlation coefficient (ICCs).

• According to the results of this study, the adhesion test 

of the N95 mask showed that the correlation 

coefficient ICC value indicating the reliability between 

the two measuring devices was 0.76 for protocol 8 and 

0.65 for protocol 4.

• Therefore, it seems necessary to discuss whether 

protocol 8 and protocol 4 differ according to the 

method of the device.

• The level of agreement between the CNC and OPC

methods was high for the full and half facepieces.

(half facepiece ICCs=0.88).

Fig 1. Portacount Pro+®(model 8038, TSI, U.S) Fig 2. Portacount Pro+®(model 8038, TSI, U.S)

Table 1. Full face mask protocol 8 Table 2. Half face mask protocol 8

Table 3. N95 mask protocol 8 Table 4. N95 mask protocol 4

Fig 6. Fit tester connected Y-shaped Teflon tube Fig 7. Fit test

• In contrast, for the N95 mask, the level of agreement 

between the two methods was low compared with 

that for the full and half facepieces.

(Protocol 8 ICCs=0.76/Protocol 4 ICCs=0.65).

• Looking at the graphs of all masks showing FF values,

it can be seen that the OPC method devices have

lower FF values than CNC method devices, which can

be attributed to the difference between the CNC

method and OPC method coefficient methods.

Fig 3. Full Facepiece 

Reusable Respirator 6800-

Medium, 3M

Fig 4. Half Facepiece 7502 

Silicone-Medium, 3M
Fig 5. DOBU MASK 201 N95, 

DOBU LIFE TECH Co., Ltd.



• Mask wearing has become mandatory owing to the 

coronavirus disease 2019 (COVID-19) pandemic. To 

prevent the spread of COVID-19, quarantine 

authorities recommend wearing health-care face 

masks (N95, KF94, and KF80) rather than dental or 

cotton masks.

• Talking during work causes to increased secretion of 

saliva and airflow. As a result, the filtration efficiency 

would subsequently decrease from 95.4%. 

• Therefore, this study assessed changes in the filtration 

efficiency of masks according to increasing in mask 

wearing time

• A total of 45 participants were recruited from the 

general public workers in multiple facilities, school 

environments, and office environments without age 

and sex restrictions.

• KF94 (Dobu Life Tech Co., Ltd.) was used in this study, 

and filtration efficiency was measured after wearing 

three masks provided at work for 2, 4, and 6 h (Figure 

2).

• The filter tester (8130A, TSI, USA) using NaCl(0.4 μL) 

was used to measure changes of filtration efficiency 

according to the wearing time.

• Analysis of variance (ANOVA) was conducted to 

assess changes in filter efficiency over time.

• After usage, the filtration efficiency slightly increased, 

which may have been due to the clogging effects.

• All masks used in this study maintained the filtration 

efficiency above the certification regulations.

• When the numerical values were checked, it was 

confirmed that there was no change in the mask filter 

performance with the lapse of wearing time.

• Therefore, more follow-up studies considering several 

variables are needed.

Figure 1. Filtration Efficiency

Filter tester 8130A, TSI, USA
Figure 2. Using Mask

(Office)

• When looking at time-dependent values, no 

statistically significant changes were observed (p>0.05, 

Table 1).

• There was no changes in the measured values in the 

office, multiple facilities or school environment(Figure 

3).

2 hr 4 hr 6 hr p-Value

Multiple

School

Table 1. Change of statistical value of filter efficiency according to each 

time



Survival of Staphylococcus aureus and murine coronavirus

on face mask surfaces
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ABSTRACT

Airborne pathogens contaminate surfaces of face masks via various transmission routes, including close-contact, droplet, and aerosol, which may serve as the fomite for pathogens. In 

this study, we investigated survival of Staphylococcus aureus and murine coronavirus, the major SARS-CoV-2 surrogate, on face mask surfaces under various combinations of temperature 

(10 C, 20 C, and 30 C) and relative humidity (RH; 20% and 80%). First, S. aureus or murine coronavirus were inoculated onto test coupons (5   5 cm), which were prepared using outer 

layer materials and meltblown filter materials of two non-medical face masks (Korea Filter 94 and surgical) or two control fibers which were composed of cotton and nylon. 

Microorganisms were recovered from coupons in various time points (0, 1, 3, 12, 24, and 72 h) and quantified by plate counting for S. aureus or plaque assay for murine coronavirus. Our 

results indicated that RH is the primary factor for survival of microorganisms on coupons. Over 1.5-log reduction of both microorganisms on most of coupons was occurred within 24 h in 

the high RH condition (80%) with various temperature conditions. Types of test materials did not affect survival of test microorganisms significantly. We also analyzed survival data using 

the linear model and the Weibull model and confirmed that the Weibull model is suitable to predict survival of both microorganisms in terms of goodness of fit. Our results suggest that 

pathogens may remain on surfaces of face masks in the long-term with the low RH condition. Therefore, storing face masks over 24 h in high RH condition could be the effective method 

for controlling additional transmission of pathogens before disposal.

INTRODUCTION RESULTS

MATERIALS AND METHODS

DISCUSSION & CONCLUSIONS

• RH is the primary environmental factor for 

survival of test microorganisms on face mask 

surfaces.

• Types of test materials did not affect survival of 

test microorganisms significantly. However, 

further study using other pathogens should be 

performed for sufficient understanding.

• The non-linear Weibull distribution showed 

better prediction for survival of pathogens on face 

mask surfaces.

• Storing face masks over 24 h in high RH condition

could be effective to control additional 

transmission of pathogens from face masks 

before disposal.

• Face mask is recommended as the effective 

measure for preventing airborne infection via 

aerosols contaminated with pathogens.

• Surfaces of face masks can be contaminated with 

airborne pathogens via droplets or aerosols, which 

may serve as major fomites. 

• We investigated i) survival of Staphylococcus 

aureus (S. aureus) and murine coronavirus, the 

major SARS-CoV-2 surrogate, on face mask 

surfaces under various temperature and relative 

humidity (RH) conditions and suggested ii) the 

best mathematical model for predicting survival 

of test microorganisms.
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• Methods: Standard methods (ISO20743 and KS K 

0693) with modification

• Coupons (5 cm´5 cm) (n=3)
- Outer layers (surfaces) and meltblown filters:

KF94 (Dobu Life Tech) and surgical (Yuhan-Kimberly) masks 

- Control fiber materials: cotton and nylon

• Microorganisms: S. aureus (ATCC 6538), 

murine coronavirus (ATCC VR-764)

• Test conditions (temperature and RH): 

6 combinations (10 C, 20%; 20 C, 20%; 

30 C, 20%; 10 C, 80%; 20 C, 80%; 30 C, 80%) 

• Time points: 0 h, 1 h, 3 h, 12 h, 24 h, 72 h

• Test procedure (Fig. 1)

• Applied mathematical models

- Linear model

- Weibull model

• Survival data analysis: Prism 9 (GraphPad Software) 

R software (R Core Team, 2021)

Fig 2. Survival of S. aureus on test coupon materials under various 

combinations of temperature and RH. Six types of test materials were 

applied (Abb. SurgicalOut: outer layer of surgical face mask, SurgicalFilter: 

meltblown filter of surgical face mask, KF94Out: outer layer of KF94 face 

mask, KF94Filter: meltblown filter of KF94 face mask). Error bars indicate 

standard deviations. 

Inoculation Incubation Elution

Quantification

Fig. 1 The experimental flow of this study.

Fig 3. Survival of S. aureus on various types of test coupon materials. Six 

combinations of temperature and RH conditions were applied. Error bars 

indicate standard deviations. See fig. 2 for abbreviation of test materials.

Fig 4. Survival of murine coronavirus on test coupon materials under 

various combinations of temperature and RH. Six types of test materials 

were applied. Error bars indicate standard deviations. . See fig. 2 for 

abbreviation of test materials.

Fig 5. Survival of murine coronavirus on various types of test coupon 

materials. Six combinations of temperature and RH conditions were applied. 

Error bars indicate standard deviations. . See fig. 2 for abbreviation of test 

materials.

(A) Linear model (B) Weibull model

Fig 6 Survival 

predictions for test 

microorganisms under 

different RH conditions 

using two mathematical 

models. D-values 

indicate the time (hour) 

when 90% reduction of 

test microorganism was 

occurred.
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