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Filtration efficiency and Manikin-based Total Inward Leakage Study of
Particle Filtering Mask Challenged with Silver Nanoparticles

Jong-Kyu Kim’

Occupational Safety and Health Research Institute, KOSHA

ABSTRACT

Objectives: The production and use of nanoparticles have been increased. In 2014 Workplace Survey Results, 335 companies
produce and treat nanoparticls. However, lack of data on nano-toxicity and a method for risk management and regulation on
nanoparticles and the standard test method are not sufficient. Protective equipment selection guidelines for nanoparticles are not
established. It is required to carry out respirator efficiency test against nanoparticles.

This study was performed to evaluate filtration efficiency and manikin-based total inward leakage of particle filtering mask using

in Korean country challenged with silver nanoparticles.

Methods: We investigated filtration efficiency and total inward leakage of 7 respirator with silver nanoparticle.

Results: The geometric mean diameters of Silver nanoparticles were 30 nm and number concentration were about 10° #/cm.
Filtration efficiency of six of the seven particle filtering masks was more than 98% and one particle filtering masks filtration
efficiency was 94.9%. The filtration efficiency of particle filtering masks to 20 nm silver nanoparticels was highest. Artificial
breathing machine with manikin based total inward leakage were 7.6% ~ 42.3%.

Conclusions: The results of this study nano-silver filter efficiency was high but the total inward leakage was higher than filter
penetration. Therefore, education on how to wear a respirator should be demanded. Especially for workers handling nanoparticles
and toxic material, user seal checking and fit test must be performed.

Key words: artificial breathing machine, filtration efficiency, silver-nanoparticles, total inward leakage
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Figure 1. Schematic diagram of particle filtering mask filtration
efficiency measurement
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Table 1. Particle filtering mask filtration efficiency for silver nanoparticles(n=3)
Particle Concentration(#/cc)
. Filtration Penetration
Respirator Before After Efficiency(%) Ratio(%)
Mean SD Mean SD
A 9.22E+06 2.96E+05 1.75E+05 1.09E+05 98.1 + 1.16 1.9 =+ 1.16
B 7.76E+06 9.53E+05 3.90E+05 5.15E+04 94.9 + 079 5.1 + 0.79
C 8.69E+06 1.90E+06 6.33E+04 5.89E+04 99.1 + 099 09 + 099
D 1.82E+07 7.23E+06 2.87E+05 6.69E+04 98.4 + 024 1.6 + 024
E 2.31E+07 1.06E+06 3.70E+05 1.62E+04 98.4 + 0.12 1.6 + 0.12
F 3.21E+07 7.44E+05 3.50E+05 4.18E+03 98.9 + 0.03 1.1 + 0.03
G 3.16E+07 1.75E+06 2.81E+05 3.54E+03 99.1 + 0.05 0.9 + 0.05
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Figure 3. Concentration of silver nano particles before and after particle filtering mask filter
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1, Figure 3).
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Table 2. Particle filtering mask filtration efficiency according to the silver nanoparticle size(n=3)

Respirators
Particle Size Filtering Facepiece Respirator(Disposable) Half Facepiece Respirator
(nm) A B C D E F G
Mean SD Mean SD Mean SD Mean SD Mean SD | Mean SD Mean SD
7~10 97.2 2.4 91.2 1.3 98.9 1.8 933 1.4 91.7 1.1 95.1 0.1 95.5 0.4

11~20 98.8 0.6 96.7 0.5 99.5 0.5

98.9 0.2 98.8 0.1 99.3 0.0 99.4 0.0

21~30 98.1 0.7 96.1 0.8 99.0 0.5

99.5 0.1 99.5 0.0 99.6 0.0 99.7 0.0

31~40 96.7 1.9 94.5 0.8 98.2 0.9

99.2 0.1 99.3 0.0 99.4 0.0 99.6 0.0

41~50 93.8 52 93.1 1.1 97.2 2.6

98.2 0.2 98.5 0.1 98.7 0.1 99.0 0.0

51~60 87.7 12.5 90.7 25 95.1 6.2

96.5 0.3 97.1 0.2 972 0.1 98.0 0.1

61~70 73.4 315 84.6 2.0 90.7 12.6

93.8 0.7 94.7 0.3 94.9 0.1 95.9 0.3

71~80 76.5 17.2 84.1 6.0 829 | 245

90.6 0.4 91.2 0.6 90.9 0.7 93.1 0.3

81~90 38.2 63.3 62.0 8.6 73.0 | 39.0

83.2 2.0 85.0 1.1 83.9 0.5 87.4 1.3

91~100 47.1 42.9 532 6.5 70.8 | 42.0

712 0.9 77.6 1.8 74.9 1.9 80.8 29

30

: —@— ‘paticle filtering mask A
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Figure 4. Percentage penetrations of silver nanoparticles through
particle filtering masks
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Table 3. Manikin-based total inward leakage of particle filtering mask for silver nanoparticles(n=5)

Particle Concentration(#/cc)
Respirator Before After Total Invﬁ/i()i Leakage Efggféit;;?) %)
Mean SD Mean SD
A 1.70E+06 1.78E+05 5.23E+05 5.24E+04 309 + 2.03 1.9 + 203
B 4.68E+06 3.53E+05 2.00E+06 3.85E+05 42.5 + 7.10 51+ 710
C 3.19E+06 4.50E+05 2.42E+05 6.36E+04 7.8 + 2.65 09 =+ 2.65
D 4.08E+06 1.08E+06 8.72E+05 4.81E+05 20.9 + 9.45 1.6 =+ 9.45
E 6.50E+06 9.23E+05 2.04E+06 3.32E+05 31.4 + 2.96 1.6 =+ 2.96
F 6.98E+06 8.51E+05 1.66E+06 4.55E+05 236 + 4.66 1.1+ 466
G 6.62E+06 1.61E+05 5.60E+05 4.85E+05 8.4 + 7.14 09 =+ 714
Table 4. Manikin-based total inward leakage of particle filtering mask according to the silver nanoparticle size
Respirators
Particle Size Filtering Facepiece Respirator(Disposable) Half Facepiece Respirator

(nm) A B ¢ D E F
Mean SD Mean SD Mean SD Mean SD | Mean SD | Mean SD | Mean | SD
7~10 72.5 7.1 44.5 6.2 91.8 33 - - 81.3 2.8 78.7 4.8 85.4 7.7
11~20 72.9 2.0 59.4 7.6 92.5 2.7 74.5 16.5 | 743 2.9 78.3 3.8 92.8 6.4
21~30 69.8 2.8 63.2 8.3 92.5 2.5 82.4 5.4 68.3 3.6 78.2 45 93.7 7.6
31~40 67.7 2.8 62.8 8.9 92.0 2.6 84.1 4.5 62.9 3.7 75.7 6.0 93.5 7.4
41~50 65.4 3.0 58.1 8.6 91.5 2.6 84.0 4.7 55.9 4.5 70.8 7.2 92.0 7.6
51~60 64.3 5.4 53.8 9.7 91.0 2.4 83.1 42 49.3 6.0 66.9 9.0 90.4 9.1
61~70 63.3 7.3 455 9.5 89.8 2.6 80.1 5.9 40.8 10.8 | 60.8 9.5 88.2 8.5
71~80 62.0 8.9 37.3 9.5 88.4 2.6 77.2 7.4 31.1 16.1 54.7 122 | 80.9 11.6
81~90 60.2 114 | 238 11.2 86.5 3.6 714 | 124 182 | 23.6 | 46.7 12.1 | 729 15.7
91~100 57.4 12.6 13.6 5.7 85.7 3.0 67.0 | 16.1 143 | 248 | 415 149 | 60.3 19.6

Table 5. Particle filtering mask penetration ratio compared to AE Z}o]= 29.0~37.6%2A 71 FHow FEAHE0]|

manikin-based total inward leakage

Respirator gzrtlf(: zﬁzl)?;; TOtaIOIfnvAviri%;z?kage Dairfger(eg;c? 0/(()«’;1)
) Breathing(%)(b)

C 0.73 7.6 6.9

G 0.89 8.5 7.6

F 1.09 23.8 227

D 1.58 21.4 19.8

E 1.6 31.4 208

A 1.9 30.9 29.0

B 5.02 42.6 37.6
2] FRHEO] 125~20.84) =9krk. ehdtoiuta] up
221 A, BY A% WEFHET QTS ol 87 B
http://www.kiha.kr

7.5~15.38] =%}ci(Table 5).
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Table 6. Particle size mean, median, geometric mean, mode, geometirc standard deviation and total concentration before and after particle

filtering mask filer

Parameters
Respirator Position Mean Median Geometric Mode Geometri'c S‘tandard Total Concentration
mean Devivation
Before 16.6 14.4 15.2 13.8 1.5 9.22E+06
A After 31.2 17.2 20.4 11.8 2.1 1.75E+05
B Before 19.6 16.3 17.3 16.3 1.6 7.76E+06
After 35.6 17.4 21.2 8.1 2.4 3.90E+05
Before 15.8 13.9 14.6 13.5 1.5 8.69E+06
¢ After 28.5 18.2 20.5 17.1 1.9 6.33E+04
Before 21.4 18.5 19.1 19.2 1.6 1.82E+07
P After 39.5 13.9 20.8 7.8 2.7 2.87E+05
E Before 223 19.6 20.1 20.5 1.6 2.31E+07
After 394 13.7 20.6 7.9 2.7 3.70E+05
Before 21.1 18.6 19.1 18.8 1.5 3.21E+07
F After 39.6 13.8 20.7 7.7 2.7 3.50E+05
Before 21.6 19 19.5 18.6 1.5 3.16E+07
N After 39.6 13.9 20.8 7.9 2.7 2.81E+05

Table 7. Particle size mean, median, geometric mean, mode, geometirc standard deviation and total concentration before and after

manikin-based filtering mask filer test

Parameters

Respirator Position Mean Median Ge;?;tric Mode Geotg(;t‘r[ii(‘:[;it:;ldard Total Concentration

Before 16.6 14.4 15.2 13.8 1.5 9.22E+06

A After 31.2 17.2 20.4 11.8 2.1 1.75E+05

B Before 19.6 16.3 17.3 16.3 1.6 7.76E+06

After 35.6 17.4 21.2 8.1 24 3.90E+05

c Before 15.8 13.9 14.6 13.5 1.5 8.69E+06

After 28.5 18.2 20.5 17.1 1.9 6.33E+04

Before 214 18.5 19.1 19.2 1.6 1.82E+07

P After 39.5 13.9 20.8 7.8 2.7 2.87E+05

E Before 223 19.6 20.1 20.5 1.6 2.31E+07

After 39.4 13.7 20.6 7.9 2.7 3.70E+05

Before 21.1 18.6 19.1 18.8 1.5 3.21E+07

F After 39.6 13.8 20.7 7.7 2.7 3.50E+05

Before 21.6 19 19.5 18.6 1.5 3.16E+07

N After 39.6 13.9 20.8 7.9 2.7 2.81E+05
Tk 2pol= BWEEA FUth wl= NIOSHO| A N95 2] NaCl& YA A NOS HHE mpA=(FFR)S] Fabs
HhHE mpiao) FAVES Feo] s%ulutelth & 573 Martin & Moyer(2000)2] A2 7= 5.0%~
W AFASS AlFol AldEaL i i B = 10.0%=2 JsdA7IEE #3420, Balazy et al.
5 of&ste] Hledxbol gt FakeS Askeh (2006)2] Aol A= 5.0%~6.0%, Huang et al.(2007)2]
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Aol = 5.8%2 FeHA7IERTt 1% UL
), Rengasamy et al.(2007)2 1.4%~5.2%, Rengasamy
et al.(2009)2] AFo A= 2.3%43% 2 AS5HG7|E
Rt} Wolt) Eninger et al.(2008)2] Aol A= 0.7%~
8.8% % A&l wef & ZpolE Eich P100 W E
upAF(FFR)S] 1188 =73 Rengasamy et al.
(2008)2] A= 0.0004%~0.009% = AsAA7|EH
o 3Tk Aol 188 Bl et
o AZVIReIN BE BAT ABOR A5TIES
2% hEg AEolth, el 2 Aol AFEE W
oze] St Aol st EREE-LS 9%}
& 2% "eholqltt. o]2]gt Ztol= NIOSHO|A AR

= el 85 Limino|w, S-&ue} ¢1F7]zolA=
95 L/mm S ARgShY, 2 3o = 95 L/mine
A3} T} Huang et al.(2007)- -rr%l:é 30 60, 85
L/min &2|5}o] NaClej tigh -éEi-J = ST

A fFgol Sl et Fiba2 S5k ©f
o Lol FFo] o7t 2 AL Apolo] IS FU
S Ao g Atrdth AYAToM= =T} 2.165 ¢f
can®l NaCl e JAHS ARt en, 2 dAgtolA=
W=7} 1049 g/enel Y= YRS AFRSE 2fol 7} it
aet uEe) Aol BAELO] GRS o)A Aol
AT 230 § 90y Ao g,
fjiEi & °°ﬂ

AlufAg GO ZTRAFGEE = ] Zz%g]o%oq. 574]7(4
Selgt Aol aEA giokek ARl Yeis)
R\ A3 o] 7] Fo) G Akt WA
et} 19F Aua A HeE FAYEs vk
HollA= AAA] o= A7y rlAlRE |AE ddE
t}. Kim et al.(2006)2] AT A= 3 ~ 20 mn =7 9]
SUe YRS HAAA G e A
2368 2ok G462 29, 20 m LLpeg)
Aol iRt F=(pore size)o] F 2|42 FiakEol
ok 20%0]9l.on] TTo] ZHe S0 Enlg.o of
019100k, HHHEle] A%, FIEE oF 06 ~ %0
Q. E3] A2 o] expanded polytetrafluoroethylene 2]
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B89 9F 0.2%°] %It} 18] 31 Huang et al.(2007)9]
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ARrA o &2 wl=gh Ak Hlck 23
Hop o, FRAENANE F7F 2 o= B
2 AdoA ARGE mhF ] Wt e o s
F4EH, kA= A, B9 9ole npAas O 2
o] Fou, FFEENAE E7F A wEEdch vt
271C,GY A9 EHER] HolE Boka S
HEL 7.6~8.5%% 9.5~10.44)] =gtr}.

Qb FLoTpAIQl mpAS A, B, CO| FFEES 7.6~
42.6%°| o, AL 9bHE upAT = 21.4~23.8%
24 244 RbAY kA7) Qb R oA BhR]
I H ) FEdEC] Wkoy SAA 73k Aol
= WEEA ok

Rengasamy & Eimer(2011)-2 L= x}2] QHHE of
A E FAEo] tigh AA=7F §555ke] NIOSH]
F0ll(OSHA, 2008) ¥F=3}1= N95, P100£} fF-# oAl €1
2] FFP2, FFP3 S35 8 H TS Ql¢Ho g e L
< WEI, J1F3E manikino] AZEste] FHAHE

ZA35FAt; YAF= AR T Y| o] (electrospray) &
o]-&-5}o] 8~80 nm THEAF sucroseE HHAYAFH o, of
Eunlo] & (atomizer)E ©]8&35Fo] 20~1000 nm THEAF
NaCl ofo]2&5 WAIZTE 3 25 H(breathing
flow rates)2 20, 30, 40 L/min© 2 WHIIA|7|HA] 5%
MBS AT AT BRATE ool TSRS Z
Aston, a9 277 SRS STkt
4 79 2717 241 el 79 A7) S0mol A
FAEE oF6-10%0|girh o] ApoA nhaTS vt
Y7ol AN T oA AR E AlRlE B
(silicon sealant)2 E-3}sF & =A 5|9t 1) 2 A
ToAE npaz SbgRbE S BatA e BhA ek Al
2 FRAES 24ele B A7 i-dsol
Rengasamy -+ R} 7 TEE A0=2 ALRHLE 2
A7ATiel AAew aslole Felvt glout

shul mE T} A

|
FrAgo] A1 2.6%S Ftel
M7= 3 A(faceseal

)

ks
e
=

AFo} & 9x| gropA]
leakage)o] Bo] WAISL S-S 24 4 etk
Balazy et al.(20060)2 ] 30, 85 L/min A<&5&
QuFA 02, MY NaCl ool 2ES HAA7]
3, v o] npAFE Ag]E E-3HA|(silicon sealant)
£ ol&sto] UEAIXl Aol Al N9S QbR of 74
shazio] dhat FRAES ZAsHC WYY 9%

% 20 mYAFE 6 X 10° 22 7Hg wolth A4S
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o] 3ol 85 Liming] 49 AZH vpazt 107] A
7 F 677 FAHE S%E d3en, BEF ntAAs
107 A& 5 97i7F +AE 5%E dith A 5
AAE o83 A= FHEC] S%E Hie= 2
97} 60-90% ATk, £ Aol HE vhad 7}
AR E BEAY oA @2 dHE TrEES S
At Aape}l vl A] = EAK(faceseal leakage)o] T
o WAISIEL I8 TIT 4 Ach Holion et

o]

=

al,(1987)= HE Q| ZY3

v B

2 A2 7 gRlnkAsSe] gtk Y =38
& SAT 2y 67 AntAAE ZHEES 98%
ojdello, 17 WrlvfAI= 94.9%0] Atk b
By wpAaaE 20 o 2y YAk digt 3

HAEE ST 23 7.6%~423%E A Al wh
gt w2 Zpolzh ok AdwHel Qg FHRAHES
e Fk&of Hlste] 7.5~20.84] Edrh WrlvpA=
o] $rAg0] B olgt TEY FrgI vw
Al Qlse} nhaziel WtE} vto} wast] ujol
o mhebd BAe Hasel] ok SEHET
o EukE g 9 o] HRE xR wek &
FRE79) 2ol tigh L] WHEA] o]sto]
Zof 3}, WAFE 2714 H(user seal check)2 AlA]
shi, WA ZA( es)E AAIstolob ek 53
of shelE)A] re B, B4o] 2t 2
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