-

L

i i —INECEEIEERE— W B —
- Ergonomic Design
Technology Lab

@3 INDUSTRIAL AND MANAGEMENT
(2% ENGINEERING, POSTECH

§ Fit Evaluation Methods for
Filtering Facepiece Respirators

OFHE Ojutd D23 9| WAL FIt Y

[

I

Toward E
leakage leakage
0

IIIIII

_._ INDUSTRIAL AND MANAGEMENT 1 TS ANCHSE AP 74 o 2 S
Zore. ENGINEERING, POSTECH =TS |- H S THS oo = |'
Hrlis =23 A A SIS
2ZEUotn of Rty gttt A

—, Ergonomic Design
(.) Technology Lab

This work was funded by a grant from Ministry of Food and Drug Safety.

Global Contributor to Eco-Techno-Humanopia




Contents

® Introduction
® Method of Literature Review

® Results

®  Human-Based Fit Evaluation
®  Non-Human Based Fit Evaluation

®  Comparison of Fit Evaluation Methods

" Discussion

I1 ':p.‘l o ) T . E ic Desi
G YRR d Technology Lab




Background

L An effective fit evaluation method for filtering facepiece respirator (FFR) is
important to provide proper protection for the wearer from harmful agents in

various situations.

L Various fit evaluation methods have been developed for the design and certification

stages of FFRs

Fit evaluation on FFRs
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Motivation of the Study

O A new fit evaluation method with more adaptability and effectiveness is needed

v Widely used human-based fit evaluation methods are limited in terms of ethics, efficiency,

and effectiveness.

v Non-human based fit evaluation methods are still under development and struggling with

verification issues.

= A comprehensive understanding of fit evaluation methods for FFRs are need

Limitation of current fit Comprehensive New fit evaluation
evaluation methods understanding methods

; E ic Desi
ol 28t 4 Technology Lab




Objective of the Study

Identity features and research directions for

fit evaluation methods of FFRs by literature review

1. A comprehensive literature review = xmr’]“ — '

Objecnve

on fit evaluation methods for FFRs g

§ Tnward Subjective Inward
| i | | B ] [ | | =

* Human-based fit evaluation & e 52 e
B O
= Non-human based fit evaluation 22 7 d

2. Identification of research directions

Human-based
ence () Required human subject review

Simulatios h ed

by comparative analysis

= Positive and negative features

- F h h d- . Costefficiency () Time consuming () Refatively time consuming () Refatively time saving
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Literature Review: Search Method

O Source: Scopus & ScienceDirect database
O Search criteria: keyword, title, abstract

O Keywords:
v" Evaluation target: respirator, headform

v' Evaluation measure: fit, design, performance, evaluation/testing

Search site: Sc1enced1rect - N Search result example

LA b\ B

X Search combination

Scopus: ("respirator” OR "headform") AND
("fit test*" OR "performance evaluation*")
ScienceDirect: ("respirator”" OR "headform")
AND ("fit" OR "performance") AND ("test" OR

"evaluation")
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Literature Review: Procedure

S1. Keywords =22 &2} journal pape

—.

e A

S —

S2. Title screening= &2F 1A} M H

e

rx

S3. Abstract screening= & of 2Kt M H

S4. ==l full paperO| Ciot 2HHE H

S5. ZHA L Of| 2} X[F review CHA =

Example: ("respirator" OR
"headform') AND ("fit test*" OR
"performance evaluation*")

Classification of high,
moderate, and low relevance

Additional paper in reference

Final review papers with high and
moderate relevance

731 74

273 {4

131 74

115 A4

98 1
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Results: Paper List (Example)

Appendix &

A

XlZEAI'l O3 = ITE gl = Al o4 = iE
No. Author(s) Year Title Category |Relevancy
| Rengasamy et al. 2014 "é“;):z;lnward Leakage Measurement of Particulates for N95 Filtering Facepiece Respirators—A Comparison TIL/L u
’ Han et al. 2005 Eval}latlon of Partlculat? Filtering Respirators Using Inward Leakage (IL) or Total Inward Leakage (TIL) TIL/L H
Testing—Korean Experience
Quantitative Method for Comparative Assessment of Particle Removal Efficiency of Fabric Masks as
3 Amy et al. 2020 Alternatives to Standard Surgical Masks for PPE Theory H
4 Huh et al. 2018 Fit Characteristics of N95 Filtering Facepiece Respirators and the Accuracy of the User Seal Check among Theory i
Koreans
5 McKay et al. 2018 Respirator Fit Test Methods — Are Faster Protocols Equivalent to OSHA? Theory H
6 Lam et al. 2016 Eval.uatwn of the user seal check on gross leakage detection of 3 different designs of N95 filtering facepiece Theory H
respirators
7 Landsittel et al 2014 Determining Sample Size and a Passing Criterion for Respirator Fit-Test Panels Theory H
8 Lam et al. 2011 Sensitivity and specificity of the user-seal-check in determining the fit of N95 respirators Theory H
9 Zhuang et al. 2008 Correlation Between Respirator Fit and Respirator Fit Test Panel Cells by Respirator Size Theory H
10 | Han and Choi 2003 Facial Dimensions and Predictors of Fit for Half-Mask Respirators in Koreans Theory H
11 | Sunetal. 2019 Real-time performance of filtering facepiece respirators at the workplace SWPF H
12 ]Sg’lr(eot:::;i and 2018 Are quantitative fit factors predictive of respirator fit during simulated healthcare activities SWPF H
13 | Zhuang et al. 2015 Respirator Performance against Nanoparticles under Simulated Workplace Activities SWPF H
14 | Kim et al. 2015 Asse551pg Real-time Performances of N95 Respirators for Health Care Workers by Simulated Workplace SWPF H
Protection Factors
15 | Hauge etal. 2012 Real-Time Fit of a Respirator during Simulated Health Care Tasks SWPF H
16 | Reglietal. 2021 The role of fit testing N95/FFP2/FFP3 masks: a narrative review QNFT H
@ 17 | Crinshpun et al. 2021 Evaluation of AccuFIT 9000: A Novel Apparatus for Quantitative Fit Testing of Particulate Respirators QNFT H .
Quantitative fit testing of filtering face-piece respirators during the COVID-19 pandemic reveals anthropometric

18

- deficits in most resgirators available in Iran -

Fakherpour et al

2021
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Results: Analysis Table

Test subjects Test sample (respirator)

Size
selection

Number
of type

Recruitment
conditions

Anthropo-

Gender
metry

Number Age | Race | Occupation Type | Shape | Size

Experiment Analysis

Key
findings

Test

Environme
nt

Requireme
nt

Objective
measure

Analysis

Method method

Apparatus Procedure Time | Duration Repetition Recording
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Literature Review Results: Summary

|
Human-based Non-human based
e
&7 )
Sk |
* Headform-based Simulation-based
A\ 4 \ 4 A 4 A 4
Objective measures Subjective measures Objective measures Objective measures
I I I |
v v v v v v
: Inward Subjective . Inward Geometric
Fit factor ) Comfort Fit factor > .
leakage leakage leakage similarity
‘ .| Overlapping
Generated ISO Comfort areas
aerosol standard QLFT* evatuation Statie
QNET* protocol headform-based . Contact
pressure
Ambient Korean
aerosol CNC standard
NFT
Q protocol ) Contact
Robotic = sfibe
headform-based P
NIOSH
QNET-based
protocol

* QNFT: quantitative fit testing; QLFT: qualitative fit testing
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Human-Based Fit Evaluation: General Requirements (1/2)

O &7t U
v 8 ~ 1,271 (median: 30)
v Z[A QIR 10 (A A, =4 15F (IS0, NIOSH)
Q 2%

[ — |
v &

X
ERNES
> NIOSH bivariate panel: &= & O|(face length), €= L{H|(face width)

(note) 7| Ef bivariate panel: €= Z O|(face length), & L H|(lip width)

> NIOSH PCA panel: 107 €= X[

Bivariate panel Bivariate panel PCA panel
¥
1388 Lip Length (mm) v
) . 11.3 47.56 0d.a 049.8
N g(2) 10/(2) e wl
a5 B(2) - o @
77 8 (3) = . 1 1 1 a0
1165 -
= @ @ (©]
34 4(9) LEl 1 9 ] w b
E 1155
108,5 5(2) g - o o .
" S
.- 1(2) | 2(2) | ol s ) :
e 1345 14ES = All panel; male and th ber In th i 1 1 -
1205 1328 11 1Be8 X grid square means the number of subjects. 0 250 260 270 280 280 300 310 s X
el Zhuang et al. (2007) Han et al. (2014) Zhuang et al. (2007) rgonomic Design

B sy 11 w_= wechnology Lab




Human-Based Fit Evaluation: General Requirements (2/2)
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Human-Based Fit Evaluation: Subjective Methods

0 LAZ B
v’ QLFT(qualitative fit testing): HIH{E2E =0 [HE F2UX HIIZ 25 Jd20Mo =25
I 7t (OSHA; NIOSH)
S HOh (Foreland et al., 2018)
I M Z0~107
02 =28, 10- 284 02 Heh
48Z I HE oAl
Ol ®| G
AZH 87t H = oA
o | | 10
S&0| oHE 580|418
(Karuppasamy & Obuchowski, 2021) .
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Human-Based Fit Evaluation: Objective Method — Fit Factor (1/2)

d

re) H O =] T =E XN re) (o) 1T
7| UE A AR U EE sEE S8 st 828 Mg Hot
A (=] = 7
v O|0|2F M/dS S QNFT : H2AE MHUM HFE OHE2EZE ALE
= =0 393 = =o
v II7|5 H0{2E S 8% CNC QNFT: HAE FHOOZES ALE
S5 Generated aerosol QNFT Ambient aerosol CNC QNFT
AN 22 | = 23 dd 0= (e.g, NaCl) = 07150 225t= 002
S
'Resp'iratorFit Tester 803$ AccuFIT9000®
‘”(‘Ttg/lwgﬁgr”;vllff ﬁ‘;\]mlg‘s“g“ (AccuTec-cIrcllS,Tulsa: OK, USA)
» QHHAEf A & (variation < 10%)
= MHIEE (NaCl): < 50%
A8 2+ ©
(T} B @jT E%,O
= Overall FF*> 100 ] N
ZX B2 |« Overall FF> 100, 2 FF > 100 (Overall fit factor =

11 e =d e 1 L=l

FF=c¢,,/C,
1/FF, + -+ 1/FF, oue/ Cin)

14
QNFT: quantitative fit testing; CNC: condensation nuclei counter; FF: fit
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Human-Based Fit Evaluation: Objective Method — Fit Factor (2/2)

0 H7hEAR: MY T, BEAY U S 9F, 0pAS UK A

HAIE 2
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A F 22 A7k 358 (Sietsema and Brosseau, 2016)
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Human-Based Fit Evaluation: Objective Method — Inward Leakage (1/3)

O 257 HF2A AR OZE YAt & X0 x4t 252 & 28 MU=
O|&oto +2& 87t
=2 ISO EX 7|4t st HE 7|dt NIOSH FF testing 7|t
oo=E& = NaCl = NaCl = NaCl

Algl=td

Test chamber = Test room/chamber

]
5
©n
-
(@)
=
=
o
[¢]
—

zﬁ/

]

C )
sdgs | - = T UHERE ST s I 7|F YRR 5E (C,)/C)
" (G,/Cy)
- = S5/H52 T XHAZHT,/T,)
C, S+D C, T, +Tex 100% G,
%) = TIL(%) = = x 22— x 1 TIL = =2
TIL(%) = 16[ C X[ ] x 100 (%) C, T 00 FCC
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Human-Based Fit Evaluation: Objective Method — Inward Leakage (2/3)

2
03!

= SHE2 X = AlS ol =
S T AGB Y AH ST MY, B M, A T WS AL
E S — . o
ZH™ A 2E(16°C ~32°C), 5 (50+30% RH), 37| H™E L, TH 2 HE = H
£ A A
=2k 16°C~32°C =73 ZHH|
&5 (50 £ 30) % RH
= UK SHE
° Particle counter Flame photometer
Q.0
O‘O
Al%'%jé! %“87 | (PortaCount® Pro+) (SFP Services, Type 1250)
= S Es B XHALFE
25 58 AN
=gcy )

-y Ergonomic Design
17 Technology Lab




Human-Based Fit Evaluation: Objective Method — Inward Leakage (3/3)

0 SN2 B EAS UAET B HAIY S
U

FME AR EF USHUS

Yotz O|A8 s Al =y = 7t 27ArE =0
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@ ezganessyl | O 530 o
) o2l 25 glol e o
b £s
ezl = 5~10 = 4~8 v
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Headform-Based Fit Evaluation: Headform Type

i i 154k
(Bergman et al., 2015) (UEE,2016) (CN 103100156 A)

* FF: fit factor; TIL: total inward leakage; IL: inward leakage 19 e



Static Headform-Based Fit Evaluation: Fit Factor

Q Az 48 L& 0|83 271X 2 S(8d =&, d=2)Ae TN EHE

7}
0 #H2 9 AH] NaCl O 0 25 A 47|
UK E £

NaCl Particles N95 FFR Static Advanced NaCl Particles

\ Headform
X / y
Lo o
o o
TSI 8026 Particle 5\ TSI 8026 Particle
Generator Cyclic Flow Generator

—

@ » 235 AEYO|H (Koken Ltd, Tokyo, Japan)

s A SSAAISE HZE20| 55 Al

. 2 min/exercise

PortaCount Breathing lung with Breathing Simylator
Pro+ inflatable bag

(Bergman et al., 2015)
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Static Headform-Based Fit Evaluation: Inward Leakage

Q dX Y EZd SHE 08910 B 50 L/min a2 SR A
HH LS| 575 gRote OfA23 & S5IASM 2Lt (X2 s S
574510 7t

U8 I B Y
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[ O -
I_ilﬁlld.lu. :
' )
| | dermmst; ool
| L m
e—— e L—I i i
g Generator
]—'I | :
Clean i supph Sealed test chamber | :
AR B [ —— .
S—| — % Sampling )
Ir i ﬂpruhc g Suction flovirate:
| . el ) 95 L/'m
} Mask Test head i | L. ‘
Nano Particle Sampler — o~
Sampling for nano particles in the seal test chamber
- (2371, 2016)
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Robotic Headform-Based Fit Evaluation (1/2)

EHE Y
SES]Y
= o =
v 15 S
Q17to| o
452 ol

||:E
—=

(NIOSH medium size)2| 2| |0 Q1A L[ =74 (19~22A] B4 QI =)

St = H|x

(Wander et al., 2012) s
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Robotic Headform-Based Fit Evaluation (2/2)
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Simulation-Based Fit Evaluation

O Evaluate fit of FFRs in the simulated virtual environment by investigating measures
such as geometric similarity, overlapping areas, and contact pressure between

digital face models and respirators.

Geometric similarity Overlap areas Contact pressure

(Visscher et al., 2015) (Yang et al., 2009)
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Comparison of Fit Evaluation Methods

L The positive and negative features of the human-based and non-human-based fit

evaluation methods were compared in terms of convenience, cost-effectiveness,

representativeness, and applications.

Non-human based fit evaluation

Ergonomic Design
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Comparison of Fit Evaluation Methods

O Convenience: non-human based (simulation > headform) > human-based

O Cost-efficiency: non-human based (simulation > headform) > human-based

Human-based

Convenience (-) Required human subject review
board clearance
(-) Complex requirements for subjects
(e.g., refrain from smoking one hour
and be freshly shaved 12 hours before
the fit evaluation)

(-) Difficult recruitment (e.g., subject
with suitable size)

(-) Difficult experiment scheduling
(-) Necessary physical respirator
products/prototypes

(-) Necessary rest period during
experiments because subject's fatigue

Headform-based Simulation-based
(+) Not required human subject review (+) Non-necessary physical respirator
board clearance products/prototypes
(-) Necessary physical respirator
products/prototypes
(+) No-necessary experiment
scheduling

(+) No-necessary rest period during
experiments

Cost-efficiency (-) Time consuming
(-) Expensive

(-) Relatively time consuming (+) Relatively time saving
(-) Expensive (+) Relatively cheap

sy Ergonomic Design
26 Technology Lab




Comparison of Fit Evaluation Methods

L Representativeness: non-human based (simulation = headform) ~ human-based

L Application: non-human based (simulation > headform) > human-based

Human-based Headform-based Simulation-based
Representa-  (+) Experiment with realistic human  (+) Can use headform that represent (+) Can use head model that represent
tiveness facial features facial diversities of the target population facial diversities of the target population

(+) Can preliminarily simulate some of (+) Can preliminarily simulate human
human facial texture and head/facial facial texture and head/facial dynamic
(+) Use realistic human movement in ~ dynamic movements movements
experimental environment to represent (-) Need to verify actual physical (real-
real world activities or experiment with (-) Need to verify human facial texture world) properties
practical activities in workplace/real and head/facial dynamic movement
world conditions properties
(-) Can only use non-hazardous aerosols (+) Enable experiment with more
accurately representative aerosols such
as hazardous (e.g., silver nano-particles,
pathogenic microorganisms and
industrial aerosols) and higher challenge
concentrations

Application  (-) Only evaluate the overall fit (Yang et (-) Only evaluate the overall fit (+) Provide feedback of the location of
al., 2009) unfit
y Ergonomic Design
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Discussion (1/2)

O A comprehensive knowledge of human-based and non-human based fit evaluation
methods were organized in terms of subject, apparatus, environment, requirement,

protocol and analysis.

L The positive and negative features of the human-based and non-human-based fit
evaluation methods were compared in terms of convenience, cost-effectiveness,

representativeness, and applications.

Summary of fit Positive and negative features of
evaluation methods fit evaluation methods

[ THuman-based Headform-based Simulation-based
Human-based Non-human based Convenience (-) Required human subject review (+) Not required human subject review (+) Non-necessary physical respirator
board clearance board clearance products/prototypes.
ha . () Complex requirements for subjects ~(-) Necessary physical respirator
(e.g., refrain from smoking one hour  products/prototypes
: : and be freshly shaved 12 hours before ~ (+) No-necessary experiment
* Headform-based ‘ ‘ Simulation-based the fit evaluation) scheduling
(-) Difficult recruitment (e.g., subject  (+) No-necessary rest period during
with suitable size) experiments
. . . . () Difficult experiment scheduling
| Objective ‘ ’ Subjective ‘ | Objective | | Objective | () Necessary physical respirator
products/prototypes
[ | () Necessary rest period during
v v experiments because subject's fatigue
‘ i ‘ Inward ‘ ‘ Subjective ’ ‘ ‘ . ‘ Tnward ‘ Geometric ‘ Cost-efficiency (-) Tuvnc cf)l\summg (-) Relatively time consuming *) R:I‘amcl) l‘xmc saving
Fit factor Comfort Fit factor COTLE () Expensive (-) Expensive (+) Relatively cheap
leakage leakage leakage similarity Reprosenta- () Experiment with realistic human _(+) Can use headform that represent (+) Can use hiead model that represent
tiveness  facial features facial diversities of the target population facial diversities of the target population
Overlapping (+) Can preliminarily simulate some of (+) Can preliminarily simulate human
Generated o eas human facial texture and head/facial  facial texture and head/facial dynamic
Comfort (+) Use realistic humanmovementin ~ dynamic movements ‘movements
aerosol standard QLFT* evaluation Static experimental environment o represent () Need to verify actual physical (real-
QNFET* protocol headform-based real world activities or experiment with (-) Need to verify human facial texture ~world) properties
practical activities in workplace/real  and head/facial dynamic movement
press world conditions properties
Ambicht Koreld (-) Can only use non-hazardous aerosols (+) Enable experiment with more
accurately representative acrosols such
aerosol CNC standard as hazardous (e.g., silver nano-particles,
QNFT* protocol Contact pathogenic microorganisms and
Robotic industrial aerosols) and higher challenge
oo sa i pressure concentations
NIOSH
QNFT-based Application (-) Only evaluate the overall fit (Yang et (-) Only evaluate the overall fit () Provide feedback of the location of D‘Eﬂﬂ“
)

protocol 2 8 al. 2009 unit Lab
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Discussion (2/2)

0 Non-human based fit evaluation methods trends to be developed and apply in practice
instead of human-based methods, but the effectiveness of non-human-based methods

need to be further verified.

Non-human based fit evaluation method development

0.035
0.028

0.021

Pressure(MPa)
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Future Work

0 Non-human-based fit methods needs to be improved by providing adequate

representativeness and accurate partial feedback of unfit.
v" Represent realistic human using representative headform/3D models

v" Simulate real-world using conditions by applying dynamic movement and toxic environment

Korean representative headform development
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Appendix: Paper List (H)

A

Appendix &

Q XS HE =S 77HETE 46 B, S 318)

No. Author(s) Year Title Category | Relevancy
19 gi?ciia;izﬁy and 2021 | Comparison of Fit for Sealed and Loose-Fitting Surgical Masks and N95 Filtering Facepiece Respirators QNFT H
20 | Rollings 2020 | FFP3 respirator face fit testing — what is it all about? QNFT H
21 | Foreland et al. 2018 | Do Various Respirator Models Fit the Workers in the Norwegian Smelting Industry? QNFT H
22 | Manganyi et al. 2017 | Quantitative Respirator Fit, Face Sizes, and Determinants of Fit in South African Diagnostic Laboratory Respirator Users QNFT H
23 | Zhuang et al. 2017 | Recommended test methods and pass/fail criteria for a respirator fit capability test of half-mask air-purifying respirators QNFT H
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