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Abstract

The use of respirators in health care setting is relatively new but important
step forward in the efforts to prevent the transmission of diseases through the
air. The level of protection arespirator provides is determined by the efficiency
of the filter material and how well the facepiece fits or seals to the health care
worker’s face. In America, the Occupational Safety and Health Administration
standard for respiratory protection must be followed to ensure respirators are
properly selected, used, and maintained when respirators are used. However,
there is no relative standard in Taiwan. Accordingly, the objective of this
study was to implement a Respiratory Protection Program which is designed
and organized for health care workers. Moreover, by following in the spirit of
the PDCA cycle, the quality and adequacy of this program will be continuous
improved.

There were 3 institutions including 2 of 8 hospitals that take part in the
Infection Prevention Network and 1 of 10 BSL3 laboratories located in
northern Taiwan volunteered to participate in this study. A TSI PortaCount
Plus Model 8020 was used to evaluate the fitting characteristics of the
respirators that were supposed to be used for each individual. Prior to the start
of the test, the subject was trained to perform the modified quantitative fit test
protocol. Moreover, the subject’s attitude and cognition change to the
respiratory protection program were also evaluated before and after the test,
respectively, by using a questionnaire. In addition, a laboratory study was
conducted to investigate the fitting characteristics of 7 models of N95 filtering-
facepiece respirators that are commonly used in Taiwan.

The results showed that there was only 7 % of 209 subjects participated in
this study experienced quantitative fit test before, and 94 % of them doubted



about the effectiveness when using respirators. This indicated that there is an
urgent need to implement the respiratory protection program. The results of
guantitative fit test showed that 57 % of the subjects obtained afit factor larger
than 100 which is the fit test pass/fail level for filtering-facepiece
recommended by respirator authorities in America. In laboratory study, the
passing rate of individual model values were ranging from 7 % to 58 %.
Famous model did not guarantee the higher passing rate. Therefore, the fit
test of filtering-facepiece respirators is necessary to ensure that the user
receives the expected level of protection. On the other hand, the
appropriateness of the pass/fall level for filtering-facepiece aforementioned

should be reconsidered.

Keywords Respiratory Protection Program, Fit test, Filtering-Facepiece
Respirators









HTTP://HELIOS.BTO.ED.AC.UK/BTO/BIOLOGY/IMAGMEM3.HTM AND PLOG,

L= ) TS 10
2 ———————————— oo 20
B ———————— et 21
4 TSIPORTACOUNT oo eeeeeseeseseeessess s sessssee e 22
5 e —————————————————— 34



.27
.. 34

N95

N95

35
35

M <

37
... 39
40
... 40

.41

n O© ™~ 0 O

10
11
12

... 45
... 46

N95

N95



Plog(2) 1988



|
» %\
> >

......... ) )

Ii
If

http://helios.bto.ed.ac.uk/bto/biol ogy/imagmem3.htm and Plog, 1988)

10



2003 SARS

2003/03/31 --
SARS
SARS

11



—29 CFR 1910.134 Respiratory Protection Standard
2 NIOSH
Protect Yourself Against Tuberculosis—A Respiratory Protection Guide for
Health Care Workers 3
29CFR1910.134(c)(2)

In any workplace where respirators are necessary to protect the health of
the employee or whenever respirators are required by the employer, the
employer shall establish and implement a written respiratory protection
program with worksite-specific procedures. The program shall be updated as
necessary to reflect those changes in workplace conditions that affect respirator
use. The employer shall include in the program the following provisions of this
section, as applicable:

1910.134(c)(1)(i)

Procedures for selecting respirators for use in the workplace;

1910.134(c)()(ii)

Medical evaluations of employees required to use respirators;

1910.134(c)(1)(iii)

Fit testing procedures for tight-fitting respirators,

1910.134(c)(1)(iv)

Procedures for proper use of respiratorsin routine and reasonably
foreseeable emergency situations,

1910.134(c)(1)(v)

Procedures and schedules for cleaning, disinfecting, storing, inspecting,
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repairing, discarding, and otherwise maintaining respirators;

1910.134(c)(1)(vi)

Procedures to ensure adequate air quality, quantity, and flow of breathing
air for atmosphere-supplying respirators,

1910.134(c)(1)(vii)

Training of employeesin the respiratory hazards to which they are
potentially exposed during routine and emergency situations,

1910.134(c)(1)(viii)

Training of employeesin the proper use of respirators, including putting
on and removing them, any limitations on their use, and their maintenance; and

1910.134(c)(1)(ix)

Procedures for regularly evaluating the effectiveness of the program.

SARS

(WHO)
2003 4 24 “SARS " Hospital Infection
Control Guidance for Severe Acute Respiratory Syndrome(SARS) (4)
SARS

Respiratory protection. This should where feasible be provided at
*P100/FFP3, or PO9/FFP2 filter level (99.97% and 99% efficiency
respectively). *N95 filters (95% filter efficiency) aso provide high levels of
protection and could be worn where no acceptable higher protection
aternatives are available for example staff working in triage areas, prior to
isolation. Ideally, the masks used should be fit tested using an appropriate "fit
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test kit" in accordance with the manufacturing instructions. Disposable masks
should not be reused.
CDC SARS

NIOSH TB (5)

Respiratory protective devices used in health-care settings for protection
against M. tuberculosis should meet the following standard performance
criteria

The ability to filter particles 1 umin size in the unloaded ***** state
with afilter efficiency of greater than or equal to 95% (i.e., filter leakage of less
than or equal to 5%), given flow rates of up to 50 L per minute.

The ability to be qualitatively or quantitatively fit tested in areliable
way to obtain aface-seal leakage of less than or equal to 10% .

The ability to fit the different facial sizes and character- istics of HCWSs,
which can usually be met by making the respirators availablein at least three
Sizes.

The ability to be checked for facepiece fit, in accordance with standards
established by the Occupational Safety and Health Administration (OSHA) and
good industrial hygiene practice, by HCWs each time they put on their
respirators .

SARS

14



SARS N95

15



test

10

29CFR1910.134 2

fit check

16

NIOSH

fit



qualitative quantitative

17



10

18



19



saccharin

taste threshold screening

20



fit factor

Jlo

FF=

21



NaCl DOP

dioctylphthalate
DOP
DOP
TSl PortaCount ( 4)
high
efficiency particulate air filter, HEPA filter SS P3

N100 R100 P100

4 TSI PortaCount
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TSI PortaCount

Particle Quantitative Test
DOP
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N95

1 N95

1jsurgical mask 1 99%Bacterial filtration efficiency (BFE),
99%0.1 Micron Particles (PFE)

2|surgical mask 2 91%filtration efficiency (BFE) of 0.1 Micron
Particles

3|surgical mask 3

4IN95 mask 1 (N95)

5|N95 mask 2 N95 mask 1

6/N95 mask 3 (N95)

7|N95 mask 4 N95 mask 3

8N95 mask 5 (FFP2) ( )

9/N95 mask 6 (FFP2)

10|N95 mask 7 (FFP2)
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N95
TS
N95 0.04
N945 99.9%
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N95
N95-a (N95)
N95-b (N95)
N95-c N95-d
N95-d (N95)
N95-e (N95)
NO5-f (N95)
N95-g (N95)
N95-h (N95)
NO5-i (N95)




N95-a|N95-b [N95-c|N95-d [N95-€|N95-f [N95-g [N95-h [N95-i

189 6 4l 2 2| 1 5 1 o 2

1~49 a2 16| 1 4 3 4 1 3 0 o
50~99 8] 2 71 a o 6 o 0 | 1
100~149 4 1 9 5 5 o 1 3 0 o
150~200 65 1 1| 1 1 4 3 4 | 1
Passlevel 100| 99| 23 25 1B 15 4 4 7 | 1
Passlevel 50 | 147 5 3 2 1 1 4 7 2 2
(Z)aSSIG"e' 101 554 248 581 704 750 286 800 700 500 500
;a$|e/d50 77| 75| 74| 85/ 85| 71| 80| 70| 10( 101

4 ( )

N95-a|N95-b [N95-c|N95-d [N95-e|N95-f [N95-g [N95-h [N95-i

23 9 5| 2 ol 1| 1 1 3 2

1~49 7711 3 16 4 3 7 7 4 1 o
50~99 s8| 3 g 4 o d 1 0 | 1
100~149 8] 12 12 s 5 o 1 3 0 o
150~200 66| 1 1| 1 1 4 3 4 |l 1
Passlevel 100| 104 24] 20| 19 15| 4 4 7 ] 1
Passlevel50 | 1€ 5 3| 2 1| 1 5 7 o 2
(Z)ass'e"e' 101 435 255 547 704 750 235 333 636 333 500
;)aS'eveISO 67| 62| 69 85 85 58 41| 63 66 10!
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1. 149 =0% |143 =0%
=100% =100%
2. 149 =5.4% |143 =1.4%
N95 =94.6% =98.6%
3. N95 149 =77.9% (143 =84.6%
=22.1% =15.4%
4. N95 FFP2/149 =80.5% |143 =71.3%
DS2 =19.5% =28.7%
5. 149 =96.0% |143 =96.5%
=4.0% =3.5%

N95

6. 148 =54.1% (143 =63.6%
=45.9% =36.4%
1. 149 =2.7% |143 =0.7%
=97.3% =99.3%
8. 149 =0% |143 =1.4%
=100% =98.6%
0. 148 =27.7% (143 =44.8%
=72.3% =55.2%
10. 149 =92.6% |143 =93.0%
=7.4% =7.0%
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6 )
5 =94.0%
2 =93.2%
=38.1%
=34.0%
=79.2%

( :
=74.8%
=50.4%

u 123 =74.8%
=25.2%
= 123 =91.9%
=8.1%
=95.9%
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( S ) =45.0%
142 =0.7%
" =93.0%
=6.3%
=91.4%
=7.9%
" =96.5%
142 =0%
, =100%
8
A119 )
0.0% 31.1% 4.2%
0.0% 62.2% 2.5%
?
0.9% 28.2% 6.8%
0.0% 63.2% 0.9%
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N95
( 3

3. 7)

( )
9

10

1. N95 187.6 15.3 11

2.N95 183.8 15.8 10

3. N95 123.6 81.7 13

A. 172.1 47.6 10

5, 33 2.2 4

6. 33 0.6 3

7. 38 2.1 4

8. 8.3 2.3 3

9. 1.4 0.9 5




N9 5

31 N95
3 11 12 11
N95 12 N95
7 58
11 N95
surgical surgical surgical N95 mask 1 [N95 mask 2
mask 1 mask 2 mask 3
3.9 5.7 4.0 21.6 80.9
2.1 4.4 3.0 27.7 70.7
8.4 23.3 17.0 112.6 200.0
12 2.0 14 16 4.4
100 0 0 0 2 11
0.0% 0.0% 0.0% 6.5% 35.5%
S0 0 0 0 4 14
0.0% 0.0% 0.0% 12.9% 45.2%
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12 N95
N95 N95 N95 N95 N95 N95 N95
N95 mask 1 |mask2 |mask3 |mask4 |mask5 |mask6 |mask7
21.6 80.9 34.7 6/7.5 111.2 | 1138 49.9
27.7 70.7 52.6 74.8 79.8 74.5 66.3
112.6 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
16 4.4 1.6 2.9 7.4 7.4 5.0
100
2 11 4 10 18 16 7
6.5% | 355% | 12.9% | 32.3% | 58.1% | 51.6% | 22.6%
50
4 14 7 17 22 23 9
12.9% | 45.2% | 22.6% | 54.8% | 71.0% | 74.2% | 29.0%
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XX

N95
(PORTACount , Model 8020, TSI Inc., St Paul, MN, U.S.A.)
N95 FFP2 95%
N95 (N95-companion)-- 0.04
99.9%
FF Co Ci
FF: (fit factor)
Co:
Ci:
( OSHA )
1.
2.
3. ( )
4. ( )
5. ( 100 )
6. ( )( )
7.
8.
North 7130

3M 1860 3M 1860S(size S') SH 2950
MOLDEX 2607 BEI BEI 701

103
17 87
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3 84 3
87 3M(S)21 3M24 SH19  MOLDEX 4
BEIBEI2  NORTH 2

N95-companion( N95
) 20
N95-companion
OSHA 100
67 43 ( 64%) ;
50 55 ( 82%)
2
200
27 117.1
[ ]
3M(S) 3M SH |MOLDEX| BEI BElI | NORTH

1~49 4 3 4 1 0 0

50~99 4 2 5 0 0 1

100~149 4 5 3 1 0 0

150~200 13 10 3 1 2 1
25 20 15 3 2 2 67
Pass level 100 17 15 6 2 2 1 43
Pass level 50 21 17 12 2 2 2 55
Passlevel 100% | 68% | 75% | 40% 67% 100% 50% | 64%
Pass level 50% 84% | 85% | 73% 67% 100% 100% | 82%

N95
N95 2% 30
OSHA 30
20 ( 100%)
[ ] ( N95 )
3M(S) 3M SH | MOLDEX
1~29 0 0 0 0
30~59 2 2 1 1
60~89 9 2 2 0
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90~119 0 0 1 0
11 4 4 1 20
Pass level 30 11 4 4 1 20
Pass level 30% 100% 100% 100% 100% 100%
BE| BEI MOLDEX
; 3M(S) 3M  SH
SH
3M
3M(S) 3M  3M(S)
95%
82.2% 83.2%
48.2% 26.5% 6.1%
92.9%
92.8%

94.9%
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