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AreParticulate Filtering Respirators Available in K orea Efficient for Nanoparticles?

Don-HeeHan®

Department of Occupational Health and Safety Engineering, Inje University

There is widespread concern that particulate filtering
respirators (PFRs) available in Korea will be efficient for
nanoparticles. The purpose of this review study was to andyse
research literature and recommend PFRs suitable for protection
againgt nanoparticles. In dl studies, respirators containing
electret filter media (N95, P100 and FFP2, FFP3) consistently
have their MPPS below 100 nm and particle penetration levels
a the MPPS can vary widdly, but they comply with NIOSH or
EN cetification criterion. Electret filtering facepieces respirators
(FFRs) were found to shift in the Mogt-Penetrating Particle
Sze(MPPS) from 30-60 to 200-300 nm range fter the eectric
charges were removed, and FFRs were above their minimum
penetrations of criterion. Korean specid dlass and firg class
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FFRs (the same as FFP3 and FFP2, respectively) would be
effcient for nanoparticles unless FFRs are removed eectric
charges. Itis difficult to evauate if mechanicd PFRsis efficient
for nenoparticles dueto thelack of rdlated materias.

KeyWords:  Particulate filtering respirators, Nanoparticles,
Penetration, Electret filter media, Korea
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Ultrafine patidesUFPs), =, = 0| Al A A5 4 0. 2 Ak
2 37 5.7 ool 4] 100 nmK.th S 9l o] Al-E| o] 9%
on LA o7 vhE Flo] ofd Ah, £4 =& W“Oﬂx
I 2 U7 A Ao R oA & o2 ES
A7 3kt Nenopartides(NPs), 5 W= 2= 7] 9E&4] %
olglelAQl 54 SHol|A] A4 AHEH = F2A AR
Sroll A 2pg= A E o] gith F S0 30 R % U* o
Z ook Y2k ar ek v] o =4 &, A A L
2 WEol Atk UFPsE FE3it) 53], 2 SA407
T3 019 o7} b R AA QN S ol A] QH}—E—Xl
Y] ot fEl = ﬂ7P(hazatrd assesment), = I, wE
2] ol X NPse} URPs kel i 85t Ato] 7 Qli= 212 of
Ut o5 S0, UFPsEh= %017} S HEH *}%Elow
S U 719 QIA) QeA 0 7 whEolslttaA| gt
(elE 501, TIO) FF NP7} obd UFPSE AF-5 7] = $he}
(NIOSH, 2009).

2 Ao M= YAk 7] whg] wlitoll Unkd o 2 o sfs)
717} A stths on|eA e AbE A5 o 7] oA =
HEAQ] Zfol ol A Q1= URPSE ¥ 8HA] 71T,

2840 F whsolzl Yl Akgt 974 1~100 nm Ato] 2
YRS Tttt o] 52 A7} Hg- Zoba] o] 57k 55t
olglelAQl 5498 7HA| 1 Q) oL} QlA|of oju gt JES =
A7 of| sl A= & LA A Stk AG7H A= Solgt
71 0)3}eHA EA) wjitol LAzt Ao kS & 4
A Hpotentid)= 4 =2 A 771 2= o] 2] giTt.

NIOSHOA & Y=gkl tf gt B xS x4
A 17 S T 2ol 4 2 8H THNIOSH, 2009).

O uhe YAk= thitE0) QA AEA R = 357 Ao|th

@ A 2 FE AN FHE e 5714
At dF5 Foto] v 47| 2 o] Fsihth

@ AEZajtATFelAM Y=gl BESHA QI
ojuf= 710 & B Q).

@ s3r8 74, 44 &, YA 2719 Wt 24 54
SoEA 53l

® A7l Oﬂ%%z = A A3 o] 5}t
stol7k g Q st

[e]
21 Hk-go] o

J
i
A
o,
=
r

NIOSHS] B A A dA Y= 2k Q1A sk 244
Aoz Fololgty &Y A& & oy FEATS Fo)
o Ao FYGeS Frhs AL # %Eﬂ?ﬂ Apadolm] At
ot S = 2 olgetA SAVF e A Aotk |
Aol A= A 02 Uik Q1A é“%% Rl
=S B Ao] Aot A E ] 5 ¥

ERRER R PESSRO R ER

e S % BAROMIAD AT S0 R s
572 2431t Zolth, 19tk A4 AHEE B3], 3
o A1 s S e el 2 S5
of o)& ZH Htk
& Aol = vkl A Al A Qe ek
ﬂ%ﬁ%ﬂﬂﬂﬂﬁﬂ%&%ﬁﬂﬁdﬁuﬂ}%ﬁé
Ao g ol 7 9 A et AT ANE EYE 1)
Bz gieh A4 felvetel A= WA 0= ¥ M (face
leekage) & A TFFA 947] vl o] FHES i Aol A
LEECES
B Ao ARG F 2 gl T 2ol Aainh
- CMD(Court Medlen Diameter): Y14} -5 S48 o
0 gl Sgahe A9l 27
- CPC(Condensation Partide Counter): 3 #}ol] 5715 ¥
SAANA YAE 7|8 v el 2E 7 E Al 8A

- DOP(Dioctyl Phthdate): 7] =+ NIOSH 7 Q1Z A & ol A R-,
PAJ2) 20 ALg-ahs 2.9 ool 2%, $eueelA L st}
A ede g

- Bectret filter: 7|28 &, TA G &S 0] TFA
T S57) 8 A7 Ee 43 ZE S Eopr A =0 of
i 2] 3 polymer fiber(+l] = =1, polypropyleng)ell 2 3}-=- <
& AL 5719 e dr|AE FH7| o] ok 2 g &
o] §43] Wolf. 2 32 558 5 H(FFP:
Filtering Faogpiece) = W= 3=t A&,

« FFPL, FRP2, FFP3: -5 ENSJ Qb -0 2] whzlmp s
7%

- FFR(Fitering Facepiece Respiraior); eFaH-oj 34l 58 1.
S o)A XY FEAE A S T Yl ERlnkA
AFR AN PRDEH S AR TE .

- HEPA(High Efficiency Particulae Air); 1. &8 & 9] okx}
7§17 300nme] §IAF7F99.97% 014 A 7Hs-gt

» MMAD(Mass Median Aerodynamic Diameter): Y A= 2 &
FHOR ZARS W 0 gte] 37190514 47

* MMD(Mass Median Diameter): YIAE A& H 02 =
A2 T 30 0] 47

- Mondisperse: 173 0] @] 7] & o] Fo| 7 §i7k=

+ MPPS(Mogt-Pengtrating Partide Size): 713 53171 2 &)=
5, ZR] 7P o gl AR 27| & dRbA e A
300Mm (03 ) E <Jn] 3 H AellA] F:7] el A=
o] A7}t 2 A F o 7 o] 53
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- Polydisperse: §}7 0] thekel 27] 2 o] Fo % Y=

- SVIPS(Scanning Mohility Partidle Sizer Spectrometer): ©f| ¢
FZ0] 47]2 0]% % (dectricd mobility)Z o] &-5Fo] AA|7H
O% 44 Tx FEE Sk A EA MYk 15
AF o] 1= A ] 49,

- WPS(Wide Range Partide Spectrometar): ofjo] 22 2=
=74 9e =, FA(laser light scattering), 4717 o] 5%
(electrical mobility) 2! -7 7] 24 (condensation particle counting)
& 3 Ao B8kA17 917 10~10000 ] o) 2% F
o} A7) FEF S8k |
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AT A FR o] FoFTh & A7 Fo AN
nanoparticle, ultrafine partide, paticle Sze, pendration, particulate
filtering respirator or mask, MPPS 5-2 2 A5}/ Z83}o] Ui
AARe WImkA T A of tfd AR E I YE Fote]
Hatolet & A+ #ddE =Eso] AAEE F2 Ad
of & 59], Annals of Occupational Hygiene, Journal of
Occupationd Environmental Hygiene, Journa of International
Sodiety for Respiratory Protection, Journdl of Aerosol Sdience 52
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qoj2ZF] wzd AYatEel st et TolA 7]
o] Yol 1L 7| Fgo] of st v v A #HHd HA g 9
%5 B89l H(Kress's, 1997; Gardiner -, 2001). 57}
207 N Ao A E b A A7 UFPs 22 84 &
o =F% A=A A T7He ARG E 2t
g4 gho] 1HA ¥ 3l tH(Steenland -, 1998; Garshick -5, 2004;
Hart -, 2006; Park 5, 2006; Ambroise’s, 2007). | & A 1-9] &
FHL 3407 gy og wteojd Y= 1 5
Aol thE 4 oA UA|e] thgk G 3ol FAA] ok& T 3
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T G, 59 5 7Y A vkl A ARskaL Al -2
vrebell ] Alhe] = ek T = U AHERE ofd 2} €)=
TUFE W wEol o] & 7= B &AL Slojof &t
FEuE ek o) I E o] Hi3t s A R (S
A)E A B A g QIS A (P 153 7HlE))
AN

T, 2008y 32 4571521 EN 143:2000 (BSEN,
2000, 2008)} EN 149:2001(BS EN, 2001)& =-8-8tc}. wh2}A]
R e e e et KR B e ot i B =
SEvetel F9 vt AT o) A571ES 2ok
AR 1R
TS INE e wpaa B2 FE o) A4S e

2he] 54, 19, 20 fr9<] P3 P2, PL 1] a1 ko
21 ©] 7% FRP3, FFP2, FFPLe]| 3 31t

@ HAZATES EHP3) 90.95%, 13(P2) 9%, 25 (P1)
80%°] t}.

3 A8 9] AF= non-neutralized polydisperse®] NaCl ) o}
2. oo} 2ES AFE-SI)

Table 1. Class of particle filters of Korea and European Nations

Filter penetration limit (at 95 L/minar flow)

Attached to aface mask (EN 143) Filtering facepieces (EN 149)
P1 (Second)* 80% FFPL (Second)* 80%
P2 (Firg)* 9% FFP2 (Firg)* 9%
P3 (Specid)* 99.95% FFP3 (Spedid)* 9%

*Class in parenthesis refers to Korean classification.



Table 2. Class of particle filters of US (42 CFR part 84)

i ] ot R e R i o VA

Oil resgtance Rating Filter penetration limit (at 85 L/minair flow)

N95 95%

Not ol resgtant N99 9%
N100 99.97%

RS 95%

Oil Resigtant R99 9%
R100 99.97%

P35 95%

QOil Proof P9 9%
P100 99.97%

*No NIOSH approvals are held by this type of disposable particulate respirator.

@ NaCl 2] 9 A} 7]+= 40~1200 nm *H 2] 2] MMD~7} 600 nm
o] 11 ¥} Y-8 50~1700 nm 2] 2] MMD7} 400 nm(EN
o] = number median Stockes diameter7} 400 nmo] 1L
GSD=1.822}11 ¥]o] Q15)R1 YAFE AHE-Ht.

B A FFEF U2 T BUMnG AL,

1] 52 NIOSHe| A WHdmkA el gk AJNFA (Y 5
M@y Ak A7 42 CRR part 849} 7 CHFederd
Register, 1995). W] =¢8] 1 E] of o] tfj gt 52 E2 o
A 2719 54, $) S 5E A8 oj7) A1
oF ¥= 27 &, “theworst case test condition” ©. = 2+ T3
AAGk, v 3] ko) that 457 ES 2ok
e AeHE 23 %)

D o2 I THOE et §xo mepa] edn|~
Eo] ARG 4§l N-AI Y 2=, AR 7 Qe R PAJE] =
2 UL o7 HaEHadol uel 2 A 2 E R o5
99, 10022 =t} 2, N95, N99, N1003} 7+o] R-3} P-A] 2] =
% o] o] W % 97) BFo] ek,

N-A] 2] =(dlectret filterS- AF$)+= “Not resgtant to ail” 2] N2}
2 gJujshs A 0% QUn|2EL Ik A FelrE A
%% g1tk PI00S HEPA 18] 9} 551

@ HArEF G852 5B 5%, 9= 99%, 1002 9.97%E
ofm) gk,

@ AP YA N-A 2| 2=9] 7% neutrelized polydigperse®]
NeCl Y2, R, P-A| 2] 2= DOPE AHS e,

@ NaCl 2] 9] A+7])+= CMD7} 7520 nmo] 12 GSD7} 1.86
R oh 2 218 AFS-FHHNIOSH, 20058). £ 0 2 A= A9
Q12ke] 47]+=MMAD7} 347 nme| 17 MMD7} 238 nmo| T},

® DOP?] ¢J#+=7]+= CMD7} 185+20 nmo] 2. GSD7}
1605 TF & AS AR FI) B4 0 7 AH A9 Q1Ae]
7]+ MMAD7} 359 nm¢] 22 MMD+ 395 nmo] tH(NIOSH,

T A} B 85 L/ming A3k,
3. M 204 1}0| 2 (Single—fiber filtration theory)

WrInk~ = e 9] o 2}7] A (filtration mechanism)->
A4 frofzto] ot ¢k YAt BE & T e i Al o}
FAto] 3] A7 YREA 0= o] QiztrT G4 7]
= 4S A OF A7 1 o] ¢
A= Al (media) & 52k B ellA] Ao = ok AR
(fiber) 9} -5} & Ao T2]9 o] §JrH= o] Aol ]
3l 2343|A Hrh IRbA .7 o] o] 2o oJstH ¢17 0] 300
nm=.tF 1 2% (impaction), xeH(interception) 18] 31 2
27 gravitational sttling)ell o]l cito] E 32 07 Ffo]
o] I 200 nmE.th 2o} & g ito] Fxkdiffusion), %1712
(dectrogtic attraction)e]] ©]3) F7}4 0 & )= A0 7 o=
$HeHHinds, 1999). o wl7H S5 Al akA] Sk 27k A7
2 MPPSEHL &F K% 300 nmE et} g Alfro] 3o
£o] Z g3 vbd A B H S HA) Al W
ZI8 e ol A] 20 nmie} 242 Q1 Ake} MPPSe]] o 3t a2 &
5ol A7 R8s a1 qlrk
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4. 042} (Fittration)

A A AR FQl R 2= A]of gt
A= 2000 ) o] F-ofl AJZE Gl om FE u]se A A+
7F 18 7] Wizl Aol v= il E 53], NS}
P100& 54 & o] Fo] fitHMartin®} Moyer, 2000; Baazy
" 2006, Hueng -5, 2007, Rengasamy -5, 2007, 20080; Eninger
&, 20080; Eshbaugh -, 2009). ©1%- -4 57152 7k
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Fig. 1 Monodisperse silver (4~30 nm) and monodisperse NaCl (20~400 nm) aerosol particle penetration levels
for one model of an N95 FFR. Each data point represents the mean and standard deviation from the
evaluation of five respirators(Source: Rengasamy <, 2008b).

A1 E o] T gk 1752 21 = o) vH(Rengasamy -, 2009). ©] =
A7e FEHLE FFHLE 8 Liminz 830 Ak
NaCl& AHg-atolth. 1efu o] 5 952 YA 719 7]
TOF Agt Alo)7] wieol A o] thE NIOSHS] 4
71T AR A 02 N W Glrk E o]l A Aget
olt] 759 YAA7)9} 75 SHote ol AZ T2
7] wioll A A oz nud = §lg Alolth o & &
4= WPSE AHg-} 3l al(Balazy s, 2006; Eninger 5,
20080), THE 21 SMPSE ARE-8te] 57 8151 th(Huang &,
2007; Rengasamy -5, 2007; Rengasamy -, 2008a, 2009;
Eshbeugh 5, 2009).

BE ATtollA n| =9 HhxnfA = (P100, N99, N95) 9} -+
o] WhRlnkA = (FRPL, FRP2, FFP3)2] MPPSE 200 nmo] 3k
o 2 dqtelA 7] FE S MPPSE 100 nme] 819l 0.
1} N951| A= 40~60 nm Ake] Gl T}, MPPSel| A 7 2H8-0] 2}
7} 41853t Rengasamy 5-(2007)- 20~400 nm<! 117)] €]
monodisperse NaCl Y AHS 5712) N95 B elo]] E3px)7]+= 24
5 =t 0mme] Ft F3HES- 14~52%0] itk T
& o] A= N95el| 4 88% (Eshbaugh -, 2009), 10% (Marting}
Moyer, 2000)7H4] Whghet. o & 2ko]7} Q= A1 HIAE 7F
Atol], mp2a A A 237 o] AFo], tAkQ1e] Afo] 5 o2 714
A7 A8 A0 AR ATh 27 12 N5 A] 4~400
nmYz}e] 3-8 7] B o] tHRengasamy s, 20080). ©] T1H
THFEE 8 Lmno 2 Td{IA=7]9] 213 2H4~30

nm) <} NaCl =9 ZH20~400 nm) S FFPol] £ 34A] 712 1) <)
Ealgolth o] 714 MPPS= 40 nmo) 1 MPPSel| A 4t &
T 42%0) 91T} Aol Fo] oA oS EE ZA]
# MPPS o} el = YAk=7|7} ZopAd §iAke] &
&5 "ojFith o] o] Y99 U= EAkE (diffusion)
o &J&l P Th= A& HofF= Aotk

ool Aweh B Aol A MPPS7F 200 nme &tz
oA Bl vk 2] 2to] 7} vp= Zlof s A= gko 2
o B2 Ag7F A e sttt 59], FE 9] T/ 5, J47] 2
(lectref) <} 7] A1) 2 el (mechanicd)el] Fo] 7} 9l A0 = vh
SRk AE AR G frol Fo] Zo A Eat= MPPS7}
200~400 <1 71 71 A1) HE & ARSEE wE wretth
FH AelA= A H7] BE ol =4 4 sHpolarization forces)
Z 9)3] 2+ MPPSE= 100 nmz. g o] 51 th(Balazy =, 2006).
MPPSe]| &k i & U glehvels glAEZR7olTh
& 5o, g £53 55 ddlo] Tt A&t
3 tHHaruta s, 2008; Eshbeugh 5, 2009). A¥H4 © 2 1 3%
2 S EolME MPPSZF QA7 22 £ 0 7 o] F3}
Atk

MPPS7} Y9l At 20 & o] F3h= A& BT wo&=
HAE We] oist A wles 5 otk SellAE Agst
%ol NIOSHE #1572 & el A o2k MMAD7} 300 nm$]
e A3 12 MPPSE: 1183t “the wordt case” o] -5
w ol glek. 1y L5 Aot gX7) BE ] A
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Fig. 2. Percentage penetrations of monodisperse NaCl (20~400 nm) particles through N95, FFP2, P100 and
FFP3 FFR from two manufacturers (M1 and M2) at 85 L/min (MAT-2 method). Error bar represents the 95%

confidence interval (n = 5)(Source: Rengasamy <, 2009).

NIOSHS] 715 A oM = MPPS7} Ui A £ 0 7 o]
3k 710tk NIOSH| A 79150l ARg-ah= IAF 54 Al
kAt 2 A (forward light scattering photometen) 2 0] =
polydisperse ol o} 258 A F YYAFE Aoty FEA} A
2557 (mass-based detection) ©. = A AFHSE 7o)t EN9)
HRNS A% o) o} FAsttt. FEA 7 s E R QY Afell A
2l 119 kS Sste] A7)0 mhet ofloj2E 9] Ao
Akeb= Zlo|tHEninger &, 20083). 11| o] EFG1 <
]

2] 3} A s ST F vk Aotk 2d8A
NIOSHe| A= ko & 31 }9] 7i4=%4) =4 (count-based

Lol g =S PR AFE 1S A S A
<3kl THEninger 5, 20088). 121 Aol A A FEA S
2 574 monodigperse YA 9 FaHEO] AFTH R 5
Ao FHEET S 202 YERth(Martind} Moyer,
2000; Rengasamy &, 2007; Eninger -5, 20083).

5. @H+s (Thermal rebound) &2}

Bl frofsfol Eof 9J3HA MPPS o] 3k Aol 2] o] 31
88 QP 2255 S QA 4 7)ol 125
| YA E e v FE o FEls A 24]w7] Bt
© 94 & (themd veodty)ell &Ja BAA W= dibs
37} Uepdt). o] 23} Jae] Ego] Z7ksA Ak,
g G} Aofuh Y =71 B bk A
£ o] &3 Aol A 25 mm YAkl A o] 2 o] B3 AT
nhek d e B A kSt Hem -5, 2005; Kim 5,
2006; Kim -5-2007). 7] = NIOSH<S] N95, P100=} -5 ENS]
FFP2, FFP3S] Hdmt A ofl 4nml AFS o] &3 738 219
M E dutE AAE HolF= T/ UehubA ofsttt
((Rengasamy -, 2008h, 2009). FFP1(Huang -5, 2007)3}
FFP3(Golanski -5, 2008) 1| A1 . frAFst A 7h7} rebstet. whet
X MPPS 0] 3t Wl 2h17] elolrte A 2845
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Fig. 3. Percentage penetrations obtained using the MAT-2 method of monodisperse NaCl (20~400 nm)
particles for different FFR types and manufacturers (M1 and M2) before and after liquid isopropanol
treatment (IP-treated) at 85 L/min. Error bar represents the 95% confidence interval (n = 5)(Source:

Rengasamy <, 2009).
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6. N95, P1002t FFP2, FFP32| LI QA ZEEE

s afglol Feveh WxlnkA = EN 7]+ w}
231 Q7] Wil FRPL, FRP2, FRP3(ZHZ $-elukete) 2+
o, 5 1 al)o] thegl Aol el of = o] |
£ ob= Aol ul§- F a3ttt s-2uet 29 U}ii
(FFPD)?] :ﬁ@ afol g 5715 B NeCl 3l ol
S (Pardfinoil) = Al H 32 o 80%0142] &&5 FAlslof
s17) wlol] AA 2] 27 vAAE & FE Sl Yol
o} 29 viadE @A Yo st d sk A4
o= Ao| & 15 (FFPR) 048] w1 g Hg-sfof st
upebs] felvet 71E 0 R B w1, 55 5 BNV FRPZ,

£ 2d(ZE 7h)ol A 30~60nme] gl om FabE

FRP3e]| t st 23] 582 Yolrotof gt}

Rengasamy “5(2009)-2 N95, P1003} FFP2, FFP3e]) &3] w4l
nt=1.6] s A3} 22 polydisperse 1 A+eF @3 A5 A
§13} O monodigperse YA 7HA L T EE A5 613
t}. Polydigoerseol|= MMD7} 238 nm2] NaCl ] <HPAT: &1}
NIOSH Q154 37} 5Y)E, monodigpersedt] = 4~30 nm2)
2 AHMAT-1) 2} 20~400 nm2] NaCl I AHMAT-2)E A}
gt om A8 AL NIOSHS] A1ZA38 3} o] 9j=}
o) AetE A A7) 1 LT S LUMNOE A 372
quﬁq

T 218 o] A N959} FFP22] S35 1% o] 3}, P100+}
FFP3~ 0.03% o]&t= e} @3 NIOSH A5 7|8t E
R =0 IHAFTEES HOJFh MAT A& of| 4 MPPSE &
2 N95, FFP2,
P100 772 17 FFP30| A 22} <4.28%, <2.22%, <0.009% ~12] 11
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Fig. 4. Average penetration levels of NaCl particles as a function of particle size (30~1000 nm) particles
through N95, FFP2, P100 and FFP3 respirators from two manufacturers (M1 and M2) before (control) and
after isopropanol treatment (IP-treated) at 85 L/min (n = 4)(Source: Rengasamy <, 2009).
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