H301

[LOSH107/

= =
==]

&t

B 3%

B

1074

ool

[

Development of Fit Test Technology for Personal Hearing

Protection Device

&R

=1

SR







ILOSH107-H301

EgiVah=gUaEC SR e

Development of Fit Test Technology for

Personal Hearing Protection Device

BB RBSR L e AT



ILOSH107-H301

E gl N VAR AR e dl

Development of Fit Test Technology for

Personal Hearing Protection Device

MEERA © 8T - HEE
STERTERAL | BEE S RBR L2
BrZEHiE - FERE 1077 H 13HE 107 12H 7H

“FHAFRRE ST EEUSE
HENRFEEBORILS

IR I S e ]
FEERE 108 ££6 H



w =

B DB B R B B B S B TR 2 o U S B
SHREVEB (G773 » LR PR - T BT E ()
P 5T L0 B 8 T L L R B B 55 (A IO 3 D EL e F PO
BRI, » HTSE T E EUBRTG T - FIBTERE S TR SN e 25
SRR SRR R R AT T R -

RIS EIRS BEE E 21 - S5k 6 BHZHBA R SR HE - 67 A
KEFEETAR, 7 A KRt 1 A SERETLL TS « BIAHS Y HIER
A AT L] NRR 9 50900 A 568 © 1 ELTE M 7T LU E] NRR f19 7596 b
HYAEEFRERR - 19772 OSHA % NIOSH HHES: - 6HBEEE 434 (8 A 27 2505 2. (8
NBERRETLL (B % - SRS B By B NG 5 8 EL Mt e » (T
I R FE LT (I (T E 1 - (R 2R e | 5 253 EL
RS ) o WORRAGA T TE DS RIS, 22N -

Rt - iR DGR - e EERE - ERCMERHS ~ (A AERGYELE

=1



Abstract

In this study, we analyze how to test the sound attenuation value of the hearing protectors
or hearing protection devices (HPDs) and the Fit-Test methods by collecting and reviewing
the related international standards and compare the applicable conditions, advantages and
disadvantages, respectively. In order to understand the implementation status and problems
faced by the hearing conservation program, we also conduct environment monitoring,
background noise investigation, and noise recording and analysis of spectral characteristics
for the high-noise working type and implement the external sound pressure level test after
wearing HPDs. It is expected to establish a HPDs Fit-Test method and to determine whether
it meets the noise exposure standards. We can provide the effectiveness evaluation of the
hearing protection devices as references for the institutions.

In this study, 21 international standards or national standards were collected and 7
workplaces were selected for working through and noise measurements. We also completed
earphones with subjective evaluation for 67 testers and earmuffs with objective evaluation for
7 testers, respectively. At the same time, the HPDs Fit-Test technical notes were developed by
the statistics and analysis of personal hearing protection data. In order to workplace noise
exposure improvement and worker hearing protection, we provide suggestions for the

implementation of the HPDs Fit-Test as references for the institutions.

Keywords: hearing protection devices, sound attenuation value, Fit-Test, personal attenuation

rating.
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H BIFTER AR S 55E B EBCERTL 248 > 12518 1 o i WAVE E AR

Zel B PRz I EME AT (& 2 e i Hnk S R EE I =G PLEE(PAR) A Z

Bl Za % T A = K8 - SREAAT ¢

— - RS EUA (audiometers and similar systems) - Al FHEE JiR EE RN
o BME A& B [ SRR A= Y HE TR {E (hearing threshold or hearing level) » {3
1 : 1. MA 33 (Maico) ; 2. Oscilla (Inmedico) ; 3. CAPA (Cotral) ; 4. ePRO-Meter
(Egger) ; 5. FitCheck Solo (Michael & Associates) * 2 1&] 2 A7~ » WEHAE S
AEEEFE - AIVASOR 25 B A e e E = s g =N - FIH
BRI A, - ARG N H A G -

— -~ BYE-P#A(Loudness balancing) | T A AF I GRS R (MR H ZE AR Z e A H
AR RS2 2 - (94 - VeriPRO (Honeywell) » 225 [&] 3 Ao » AJ77AE NS R
SRELA > HE AR SR/ INR 125 Hz AETTHEN - H ATH LA 500Hz #yZ%E0
HHETRE S -

= HAZEESHEMIRE) > 40 - 1. E-A-Rfit (3M) » £%1&] 4 A7 ; 2. CT EarGuard
(Ceotronics) ; 3. Elacin SI-meter (Elcea) ; 4. SV 102 i 102A+ (Svantek) » 2 [&| 5
AR » RITAZBOE R BT (surrogate) fHE D& 2 - [FIRFHET T H NS 5258
H R H AT R T BV HIE - R HE NG S R T BN EEHERR
ZiEER BT ERE -

) RS
a) / . »\‘»;', - )‘ X -.'.
B
BT % ALY
B
b) DA 3
e = = \y
FEHE i
[/ |
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1 B B i st R R E

2 FitCheck Solo (Michael & Associates) = #5154 (5 F > Bl

3 VeriPRO (Honeywell fH[55 & 55 EHIEAE E)
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4 3M EAR(it [7735 738 EUBIRC LERTAS 2450

58SV 102 = 102A+ (Svantek, ##FH. =EAAER)
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B e BB =R(E N7 A A (L REE 25 3R 2) © REAT /&~ MIRE
2 ATF A o HOREDT AR R ERER AT -

—~ ‘BERERZ=){E (Real Ear Attenuation at Threshold, REAT)% :
(ANSI S12.6: 2016[12] ; 1SO 4869-1: 1990[16] ; I1SO/TS 4869-5:
2006[17] ; AS/NZS 1270: 2002[13])

FEAR R R ZE BRI R 1 > 2R PSS Ay = 2 BEAR, - A057 Al RC kI
PrE e R e 2 S NFYEIE - AWEERZE - BIAGEVE TSR EEE
FREERIE

(—) &%
1 FrEBREEERTHCSE g EHESEN -
2. Af/AMHERLR - X BRI E g R L

3. HINFREEE I E R ERST 2 AR IRIE - R T R L

g e

4. SN BHITE « FATARILR A BT R B RIS £ TR
BREMPASE -

(=) RES

1 FEGEAEN RS RERT =R ENE - PIE BN
B BT AN R A A B 2 MG,

2. FAZERJE (occlusion effect) & B (KL 500Hz 2 B 5 2R {H = {2 6dB 1Y
KEE > [FERFZ MR EE S G HER H R ESSE -

— -~ BEARZEEEAEL(Microphone In Real Ear, MIRE)j% : (ANSI S12.42:
2010[11])
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MIRE & Ry—TlEF(h A\ Bee & SRR Ba R R N e U &R S H A HY

HEGHRET RSO WEBARAVFRE  RERENZIEENWEUE Rk S —
EZ e R BAMNCE - BUERIRE 2w RIS > HWBEAZR A E VR 2 RE T
JREIAEE
(—) &%
1. EGEAEEEGE SRR -
2. BNREFERIE - SRERE -
3. EBENBEZEZME > WA AREREZ R TR
4. MIRE JAA] DU FIAE 5 BA i 26 o Ba i Rl o 2 W i U 5 2 5w ELUAIE, -
() RES

1 RWEEEETRE  @EREE 1 kHz DR ElE R =
JCERHIER S AR REAT BEESHET -

il

2. [ARZE v B R (H g d T e & 4 B ZE SRR T P (5 i 58 EL A K

= . BEERREREEE (Acoustic Test Fixture, ATF)HIERE(1SO 4869-3:
2007[18] ; ANSI S12.42: 2010[11])

B M2 G P B E R ATE L - A6 ATF 25E Y2 v iU e \ B
A B Il EL BB R R e - B AR H S B E > R 2K = e B 2 B T AR
il A2 (insertion loss) °

(—) (&% -

1 BESERETEREGERESRE > HEA S E RIS R

19



2. FEENE RS NI SRS B R B SRS — R

N
m‘:' o
=

3. HILUERAERENFT KECE P EREEECNEART > Rl A b A o s
IEHEAM -

(=) tRES

L ATF bAoA i R B EL G s A IR B s

B EGERE TR ENEAERE E -

2. ATF JIEUEARS R A& A (R b sk i e SR g i 17 Ry

B0
-

% 2 el BT EE 1SO AIEAEEEEREL

FEEAA T HETTE HERAHRAE (H2) NEREES
1ISO 4869-1 A\ H{f#E(TEUE - 88 63(nI{kFE ZLEEE), A E k(A (sound
(1990, T EEHE A s 125, 250, 500, 1000, attenuation at the
2018)[16]  pserphsE ERSTERE 2000, 4000, 8000 threshold of
HE () hearing/sound

attenuation value)
ISO 4869-2 A Hm#E(ZELE » A 63, 125, 250, 500, 1000, Lc, La, (Lc—La),
(1994, 2 Sy RIHEL A E R 2000, 4000, 8000 HML {&, SNR
2018)[28] gl AR HL S
B E 78 N & BRAR Y 72 ()

ISO 4869-3 AR MIEAAcE A(# 63,125, 250, 500, 1000, f# AfBKLH
(2007)[18] s » Fl e AR AEE 2000, 4000, 8000 (insertion loss, IL)
ATF F i)
SR SURREIER

i bisg B E e aPitA 2 Lol - ] DA BB S fE A F SN - HAraE
FRHIPReE AT E LB ERE SRt A =R - RIEAE S | I ZHEE I H PR A AR e
Ah - B AR RE (MR AR P Bl g A e i R BRI R T T BUE B T T & T DA 2
B KIEEREZFEL 2 EAEVTZEFT(National Institute for Occupational Safety and
Health, NIOSH) =k 35 [ gk 2% %7 4 87 4= & (Occupational Safety and Health Administration,

20



OSHA)Z i 75 Al EER = HIEAATS NRR AU I AR (B 2 Bl T LARSE
AT T RERIE - (SRR H P ARy A REfTE BRER - ZRIMREE OSHA Hy&LEx
ISR RBESURER - BUREEBREE ANF AN BB S R E R TS
FTELEAR /D aE sz FIAEIEHTRCR - RIESEE] OSHA sa 7R & TIRR(IEDR A 50%
MEIE G TG AR S =R EN ST (RS B2 G PR A AR FZEHIF ) - DL
e E S LEE)IZORE - BI40 - OSHA 2R3 & € HLAY NRR {E3e 2L 50% » jfif NIOSH
AITE A NRR EZRLL 75% > 1&g R Eam H I8 sz LA H IR NRR
ez L 50% > Fir A HAUSAT ELZE6HT NRR M8 ISR LL 30% & (hET TS5 T2 A5
R LR (A17% 3 o) [30][31][32] -

% 3 PiElGE A TIESATMeHFEy NRR JECe E[30][31][32]

e bhe ELEA NRR 58 5 7y bh
OSHA 7#3#(2005) 50%
NIOSH 7 HE 75%
% (2000, 12[0|{ERDEAREIEEE B LSRR H.3E 50%
2003) FiE MR E 3E 30%

TEERAITE 2005 42 2007 F AT RIS & Vg B S 2l E 25T - 5
A B B R S 2 S A Y E R E P E AV EPEAGEIAR A A E . £5 st
EHESAARAVAE IR S TIEIE - HAERAR 4 FR([33] - e NS =kiE <
BIFE & © 1. a]#ERIEZE(formable earplug) : 9dB ; 2.f&EARIH.3€(preformed earplug) : 5
dB ; 3.575 = H-Z&(headband earplug) : 5dB ; 4. 5.5 (earmuff) : 5dB ; 5. 2 B HAThEE & b
% 84/ E.2E (custom moulded earplug) : 3dB ; 6.4 EHATHAE R ERIVZ B E3E : 6dB ;
7. E ZEEH 5 [H]H% {85 A (combinations of earmuff and earplug) : 9dB -

R 4 AT S E e S TR E P EAH A EI33]

HsER (Hz) 250 500 1000 2000 4000
HEB T e E(dB) 7.7 5.7 35 48 45
HeEB e =E(dB) 86 2.4 0.7 0.0 0.0

e e By LA R 2 sl B HI S » &Y 2R AT 80%[34] - 1R
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AR R > Al LIS R AT A MR E A e FERYIIE MY 1.5 2 2.0 dB ZfH - Y
PR B PRI DR ENHA BN RS LR 28NS BEREE -
sl IRIERUE) § 3 AR AAUANIE 425 A EEP (BlIapE g R LS
R (g - NEEEER KA F R BV RIE ) -

R CSA 294.2-14 1255 13 AR RS R E (L5 T 24 (FAES) R fla Z FEAT »
T ARG T E P& P58 B iR gE s Hh T - — e thil Ry R 1 s 2451
(fit-test systems)[10] - ZEHCHEAFTIS EeR 8 7 1 (8 AZRETELE(PAR)  LEAE B SR =R
AT Z P E e B0 P E EEE (NRR 2 SNR)FEFEHL 5 BRSSO A 5
s - [FRHRERR OLE R B TIMEDS B E 2 B0k R - DLESEORIH E8A
JEEHZER S R ERVHIE - A BUE R E R E B SRR E =R (EE - Murphy

(2013) L 26 MA FIAYPG S P& AR E L 2 MR A4 > RtEERFE 2 HR

5[35] -
72 5 EEC IR & 4R (fit-test systems) ELiz: 72 [35]
DL A T
ey FE HERRMHZ)  AEGERSE IS LR b E
PAR
. N Feft 20 £
3M EARFit L LS 80 F40 i
Validation MIRE 125~8000  (Broadband  EFHIIFR S
System Noise) F'Dﬁ ; “ -
H
) 1/3 Octave
FitCheck REAT 125~8000 Band Noise BRI
125~8000 13 oct PRIt 95%
FitCheck Solo ~ REAT (L5500, ,ﬁl glvsee EHHEOG: SRS
1000 £ 2000 ) EilEs
S Bl NS
INTEGRAFit REAT 500 B R B SERRE
(Tone) R
Safety Meter FLPER ©
: R HEO R
Fit- Test MIRE 125~8000 R o
System (PAR-7) = %‘i&?ﬂ
Loudness
. Balance R
VeriPRO nder 250~4000 H 4%(Tone) HEFEER
headphones
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PRI & PR A NI T 1 B R R © L A B 45 {25 (bone and tissue
conduction) ; 2.3 FEfiE I Ik Y 25 5,5 82 (non-contact area air leak) ; 3. B S {EAEIE S HRE{H
#E(vibration of earmuff) ; 4. 5=/ e ZE A (% (Ear cup transmission) 5 5.8¢ #AZE 5 (R
(cushion transmission) « ffF5E 542 401 5 H. 55 AR R R B L AR F o0 EE AR 1% > A]
DU g2 T B I B (R (A 8] 6 ) > AX B by A A HL B B3R (A~H)
% 6 A& v] RORERBH A o LE 1.11% & 4.4 dB I 250/ £ [36] - ik
FBUENEH BN BRI R H R e 2 B B SRR AR R e &

T

BB

0 HEZS
R&F

6 HL R (A R B R A B R (R R 1 [36]

% 6 HENERRS [EAIE S TR R E R([36]

N BEEA
HEFROH 2E@EEE cEgas HBHOEE  REEEE
(cm?) (cm?) H45rEE(%) =(dB)
A-E — — i R —
F 163 3.0 3/163=1.8% 45
G 111 2.0 2/111=1.11% 4.4
H 142 2.8 2.8/142=1.4% 4.7
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Byrne K 20 firSFRZsl #2005 » FIH =fEHZEEECHIE 240 (NIOSH HPD
Well-Fit, Michael & Associates FitCheck, Honeywell Safety Products VeriPRO) {Jii g f& ER %
H ZE (Howard Leight Airsoft) » ££ U [ [5] E &5 = (NIOSH ~ Honeywell ~ Michael &
Associates Jz USAARL) - HIERAE (125, 250, 500, 1000, 2000, 4000, 8000 Hz - {H &
VeriPRO fiit) 5 il 125 Hz B2 8000 Hz) VA & 2k & #E 1 TER#L - 25 F Michael & Associates
= BA ORI A RS 2 B R NREAE(R 72 © VeriPRO (Y 5 (AR A 1
iy T E (AWS) Bl ANSI Y 7 {E =AY A R S 22 (E (Awt7) K4y 3~4 dB 7
Ao MLHER 7 BEEAVGERE B SR e NE RS S R E AR RN
HELNRR BEEN 5 AR, A MR E (AW FoRIRy - P {E#R ] 20.5 dBA
DL [37] -
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P& b5 B E RS B B R R EANE 7 Bos o &R & & 2y
HARBEZTEM A BIMIESRETER B HEEEAB) T RE T HixiEk
= (Transfer Function of the Open-Ear, TFOE) ; ‘& {il#&[; & 7€ E (H & H &)% - 5N
REEERH A AR EVREERSNA2S BRI BENGE S RESTE, B HiHEE
(B*-A" )R E 5 B A 2 2 & (Noise Reduction, NR) = ZA(f - A&l & P& E e
Ay FIH A H FERE G - FE R (S LA (s = P B Ay B
A= {E(A— A7) T Ry AfR K (Insertion Loss, IL) - A5 & FRAIE; & 50€ A S mels
B NSRRI EAIEAYHZ EH(REAT) » # NR B2 1L FIEfEAH G LR - QA TE I
BHEZECAEA 5~10 dB 1Y2R72[38] -

H Y EECIEUA R 2 2By SRR L B AR S B PR AR 4 A% (International
Organization for Standardization, ISO){E 2010 (&1 1989 /Y I1ISO 8253-1 HYFZE#E[39] »
A [EIESENA, 1983 Ay 1SO 6189 f24E » HH 1E ZE# 75 2 = H.t%(supra-aural earphone)|Ei
T DS RIE R A HNE LS, max)RE 13 /B R i ORI R A B Sk &
EFEE(MPANLS) » 558ME 1SO 8253-2 (2009) AIE T 1 THE s &AM R BT R A3 T
55 B4Rk (Maximum Permissible Ambient Noise Levels, MPANLs)[40] -

AEEIHT 13 JUE EARTHY MPANLS(REETRY 20 pPa)REHE4NIZR 8 AR » 41ERH]
NEEAGEHER G2 ER 9 ZNE « LR FEHY E R s R a EaH &
M NS TR I i 2E(MPANLS)E - HIRT 23235 10 1 AS/NZS 1296.4 (2014) 7 #17E
EETEERFEZORAVARI41] - RS EAEA B th B A R S = RsUR
ER R 00 ZH =5 & HL (R R 1% 7 A Y R BRI R E i KA AT R R 0 L R
(MPANLs) - H AT 1SO 8253-1 FityIl.2 A [E EARFAAIRY 1/3 )\ AR P H s E 1l
= 11[39] -
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ARE P F BEE

IL=1L,— Ly = REAT
NR = Ly — Ly
TFOE = L, — Ly
IL = NR + TFOE
A RRE S RN NRE S8 B ¢ RE S B M R
==X

A S E BRI E AN RE TR B S PE Bl BN S5 RIS 2
BEE

7 BiEhiE B E R R = A B R E [38]
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% 10 Ay E RS ER O A SRR AR PR 5 48 [41]

E AR S R B S5

a_j:éj‘

J\E A LR (H2)

125

250

500

1000

2000

4000

8000

TDH39 5 TDH49 HHEHE T
MX41AR ##4(1SO 8253-1)

47

33

18

20

27

34

33

TDH39 =, TDH49 HA%&4E
Amplivox Audiocup 278 (NAL
1988)

54

36

33

36

31

44

40

TDH39 = TDH49 H &L
Madsen ME-70 178 (NAL
1991)

52

42

29

31

31

45

40

TDH39 5 TDH49 E &4
Peltor €378 (NAL 2000)

46

34

27

29

27

39

37

TDH39 =, TDH49 Hf&4E
Telex/Peltor 178 (NAL 1991)

58

41

33

34

32

42

43

ER-3A 1 AL FLIE(NAL
1991)

67

49

32

27

29

41

46

ER-3A f& A HALFEHC MSA
766243 ZHGEIE = (NAL
2013)

79

69

61

49

38

o1

54

Bz - dB o
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R 11 AFEEASEREY 13 )\(E R PR B R E [39]

J5R(Hz) e A ZUH(Etymotic  HEEZ{HA#%(Sennheiser
) (supra-aural earphone) ER-3A) HDA 200)
315 0 33 —
40 0 33 —
50 0 33 —
63 1 33 17
80 1 33 16
100 2 33 15
125 3 33 15
160 4 34 15
200 5 35 16
250 5 36 16
315 5 37 18
400 6 37 20
500 7 38 23
630 9 37 25
800 11 37 27
1000 15 37 29
1250 18 35 30
1600 21 34 31
2000 26 33 32
2500 28 35 37
3150 31 37 41
4000 32 40 46
5000 29 41 45
6300 26 42 45
8000 24 43 44

Hifl 1 dB -
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B=E WIRGTAEDER
F—61 PIRER

AWTFEZ BT R Rk Z L+ HZ MBS R AER R T B8 6 52AH]
AYERZRGR o I AR E(E e R R TFEEAZIE#E - FSAHES
[F2 A TR AT DO RE RS S A e i R B I BT TR 2R ey S g
F kB Mo FRRER M - AR LIRS 2 e B BN BE R B E - BRag
FaE B ERCH MR > SER 6 B RAVEIT - ATFE EEIZAIHI(L) Fit check solo %
T HIEEACTERFAY - (2) Svan102+8E5F e 2 R S5 T AU T H B EEC RS - I

SER 14 N R Z &P &€ Btk Z HSNZEEEM(67 A REZE R 7 AREE) »

{THANSNE B Z EEL AT - W5 plli & g Bt 2 SR s s -

BE WFRITA
—~  HFRE

(—) EEEA ~ SNeR T E 55E B RC A R o AH e SRR 8 e SR o] B P
feste > AR AR R T R E M SRR PSR 574 » PRl
A FH R BB GRRS -

(5) BIE R S B ST S MRG0 - TSR N © 5T G R s
= HNEZE/ VRGOS~ RS a8 N 2 N EER - Bk
LB REFIHE o BERGE R R 2 FR RS RN B 5 2 55 T(E A
P EME - I AE RO GBS RS TR B R A S IR
REIET - AEESERED 6 HNEERECEMEMEAEERZFEHE
S > HETTIESRE 2 R ey S A B o S B o AT IR SR B SRR 1 - B
HIF B A D RER AR &1 71 55T (Svantek SVAN 971)HE{ TIR S AIE » BU4E -
A TEIFIIRE T B (dBA) ~ C HEfIIITRE S B(dBC) ~ Z fEfioaETr &(dBZ) » 81 1/3 /U
HEARRE T -

1

(2) GEPGEER Z B RNINEBREMN © AHE et HZE K H S A A
32



ETHWINEBREMERHE IR 1L » S5 HERAEEAE 2 77 20 R e i
Z{EF G EEVEBEER M - BEELA(L) Fit Check Solo Zrikf T HIE ML MmF (i (B
I REAT Z&Ft 520 > AT7e 7R B EEUHEUE) - (2) Svantek SVAN 102A+
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1 BERRNZ AR 7€ 285275 (BS EN 458, 2016)
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3 SV 102 =k 102A+ (Svantek, 7 FHH BRI AIEL)

&F ¢ Laction By A E | 2 = (850BA)
A

PReEN

(insufficient protection)

AR

(acceptable protection)

A FE PR HEE

(good protection)

H[REZARE

(acceptable protection)

PReG A

(too high protection)

85 dBA

80 dBA

75 dBA

70 dBA

EN 458:2004 Hearing protectors — Provisions for selection, use, care
and maintenance — Guidance document

& 4 LIEERIRE NEIR > Pl s R 2 S RYCPGEN T SVER 2 25 (25 &
T E:EN 458:2004 Hearing protectors-Provisions for selection, use, care and

maintenance-Guidance document)
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