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Protection and risk reduction of face masks against particulate
matter based on real respiratory environment
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Abstract: In order to make clear the filtration efficiency of respirators on particulate matter (PM) based
on real respiratory environment, three kinds of face masks were selected to study the effects of mask
type, wearing mode, inspiratory rate on PM filtration efficiency and risk reduction. Results show that the
general trend for PM filtration efficiencies of masks was KN95 mask > surgical mask > activated carbon
mask. The air leakage from the gaps between the face and the masks played an important role in
achieving high protection performance, while the effect of inspiratory rate on the filtration efficiency of
the mask was not obvious. The filtration efficiency of wearing masks under real-life conditions for
different size particles showed a tendency to increase with the particle size. More than 93.5% reduction
rate for the deposition flux of coarse and fine particles in the human respiratory system in the waste
plastic crushing workshop was obtained by wearing KN95 mask. It is suggested that workers can select

different types of masks according to the air conditions and the work tasks in the workshop.

Keywords: face mask; particulate matter; filtration efficiency; deposition flux

Y75 B #A: 2022-07-02
BT H: R ARF ARSI E (42077383, 41877468 )
F—1EH: B A(1983-), B, HIz. MR EEFEFEAEZAE I . E-mail: guojie@usst.edu.cn


http://dx.doi.org/10.13255/j.cnki.jusst.20220702001
mailto:guojie@usst.edu.cn

334 o B TR 2 2 R

2022 4F 5 44 4

KPR & —FEZENIG LY, 2R
B 2R Y A R E ) B AL 2013 4R,
5 A ZHZU(WHO ) B % Ah 23 ST YL RUBUR: 1
UM N ABOEY (— 20" KAUIRA 5 5 Ak
faFRAN I IRA TR 2F Bk R e W Y], =059 (1
FE UKL ) A5 ) A 15 I W0 32 8 0 1) A s KU,
R W R S A e

Tk Al A= 7= 22 TR 2 By 7 A R AUBURE T
ge o DUEIHZRH DAL IR A 6, Al KHEBR
N2 A SR AU 3 857 141G b 28
T2, XV IR WA B TH 5 R A7 9 U5 Ak Tl i )
Mo —i, BRHFHRNBRERKEKAE, 7F
Ak B3 AR v 7 T B T RO A L UKL ) A
Y Sy—Jr i, XHRH R T2l A e AR AU
BORLH o WS 7 T 3 R A B 4 TR) Hh i) UKL ) T
Y, AR b E A BRI A LT ey
G R B B L U YN S S SN W N
WO TESE 3 -

(R 11 55 0T DU R R BUR ) L 6 B S B
Y AR 287, R—FhE AR &R
MB35 . H B B AR N T2 ol 3
Horpa] 2 uE A I BRI TC Y A . R
B I PERUEACAE . DA — IR PP AR E 0
B, HEAARE3)E: ANZTCYiAMN . EmIIC Yk
WERRNZE T s, W2 LY m a4 57
BOHL(20 pm 247 ), F B SCPEREATCL A 51 1
YERT, XFRT I AR ) 35 R K B R, 1
] J2 AW TC Y5 A (A 4k AR AN (0.5~10 pm) , I
WY A i Y 8. DIRRaRE | PR .
WL A4 P BEL R B A 4R S P e 4 S 7

FEE R i AR Kb ny BoRi O AR O
WROR I T 2R IR, s 0 R iy
BT (RRLAR o A1 55 o (B, T3R8 23 Ok
Wy 5 375 11 B B O T 340 % S IR A 1R pg Y
HAE AR 2R 8 4 A 1 B A BURL Y AT
BTl 9 B o 0 % i e s A L AR T B 195 4
B 2% 51 25 $R L) ICRP( international commission on
radiological protection ) #7144, 2 55 43
R ER (AL FG EEME , head airways, HA) ., [EYH
2R X 3} (tracheobronchial region, TB) Flfiili i [X
I8k (alveolar region, AL )X 3 /X, Wik H0Ks: 18
WP R G HATIERS . DU, DT X AR i
VR A AR R XU

1B R 7 e ) 28 W T T 38 A8 0E A AR 1) B

Ja—IE BTk, XFiE YW B 25 R RN B0 £t R B 4
BREE, BADEAEN HER, Magd™
MBS AR I, (HOR R ORI S B

UKL B 3P ROR OB 588 LD, JE AR SEBR
W T4 E] I ER2RR | (T AR R

Xof 11 R FURL ) 4 S ma L s AN R ARYE A,
SR X TN B 3P R B RS 1 s A TR
W5

AR SCHLR PP R R, BT SL PRI 36
5, BTSSR H R Ty A O
RREEZAFT , H S ORI BB T OSOCR o AR
SCRIFFE 25 SR n] Sy 115800 0K ) 1) 160 B i a4 1L A
o7 4 BB L Ry B B Y B R SR 6 T
VEPRIE TN A HR MY 5 55 XRG4 R R 4%

1 SEWTE

11 BHYREXREE

P 3P O, a AN B (surgical
mask) : JTMFEFR RS S L R BR A A
Frie CEAMFOE Y (YY 0469-2011)E3K ., b. 1
Pk 15 . i AL, DOCTOR MASK,
42, FAHINN2ZBTICYif, T e SR
UEAUFI T AR s Horh B T ELRITE T B
—RPEHEE MR T B, ¢ KN9S [TEL: Honeywell,
H901 #5, Sk M,

P18 S 06 SR R4 B A R AN . R
kA% %Y ( Grimm-1.109, {8 [E Grimm), HR¥EG
PSS B A, AT S R R A Y R AR
0.25~10 um, 2t 24 /-8 (0.25/0.28/0.30/0.35/0.40/
0.45/0.50/0.58/0.65/0.70/0.80/1.00/1.30/1.60/2.00/2.50/
3.00/3.50/4.00/5.00/6.50/7.50/8.50/10.00 pm) , ki 4%
A SR AR BN 1.2 Limine, NE Fi48,
W R AR D,<2.5 pm (1 J50RE ) 2 SRy 410K
Y (PM,s5) , B ELARTE R 2.5~10 pm (1) 0k
Y e SRR (PM, 5.10) 5 822 (FZB 8682,
BCERHE BB A BRA ) 5 BRIt (LZB-
10, RO ARARAR) . BRI RIS
BN B EIE PR, AR S R A A R
SRR 24, HOd B A & 4, R4S 52
B A AT 1 SR AR H W R AL
1.2 MR KIEREFIRE

WP I ST 365 SR e 20 0 i A 2 A SEBR IR S iR AT
MG RHAES T, B SCH R AE 10 min, BEHCH

(i



A, A R S UL B4 5 7 A KUK T T 5 335

L ARSI R T 2, AR AL
3. PSR AT 4 IR

1 BRSEREEETEE

Fig.1 Schematic diagram of respiratory sampling device
UKL e B2 AR RS RE Y 5 min B8 BEAT 7347

a FAINAE . PR TR RS 5 mx
4mx3m iy, SEREIITIR 2SR, b E] EUR A
XEARRRE 5 AR B 1S e S b, 2l %
JE 2 iy 3 C A SR M A N e 4% B 7 =) L 3
WA R (13, 30, 46 L/min) %5 3%t 1 B84 00
RIS RCR . Ho, SR D AR 4D L S
W R SR, R O R SR, R R R A
GEOED, L TR 2 AR A B 00T
T Sk B A0 O T 321 2 0 R A B Ak
B, AEADLIN 3K 1R TC i G i Y S R ) 4 4B
R

b. Al A ] s e IR T — SR TH S [k
Ak B A MY FEAT BRI P I SESRESR AR SE IR, 0 A IR
G R7ES i BN T IN 7 N -8 3 v B LTI 73
TEHRRE R 4 ) 45 DX AT SR AR 0 AT o R L DAL R i
A 1a) 3 2R E i N TR K R AL A A 2 SR
BoRAS . A, A, WIWISEY, SR AR
BEE ORI B PR AL 2 m AR R HL AR
BB TAE 3 0 4 1] = B K I vl B B B i A R R A
“HUBB e+ XU o™ RYAL PR, R LAAS 21 R 0AE
T R S A B AR o 5 P L A 4 i) = 2
W 2 B AR i 45 21 09 B20RL 51 7 BEA T WU A Ak
B, AFEPRAE N 10 mm Ze A7 A EERERORL . N T A
SN TN A P 4R R S 30 SR A 3 B A
J FL Al Ak B2 RE 1R SRR B RE AL HORE T 2 m
e E . R 3 AR ZE RN B, SRICA
SRAMAL 77 201 30 L/min WS A 1 RAE 55 o
1.3 AEXNBH AT REER

B UE AR IR TR AL E ORI 2, B
B HARBURL Y 80 7 0 1L, R 3RAE 1 ST P P RE A9
SCHEHR bR . ARSI 11 B IOR A 2k I8 kR

P=(C;-C3)/C; x100% (1)

A € o HELAN (AN L) JBORE 4y ot v
BE, pg/m’s C, KIS NEREKEE, ng/m’.

2 #R5HE

2.1 BEZEBIF{RET7 =5 B B H R

K 2~4 7350 s 1R 0 R R | (Rl BT
A WAEREMT, 3MAENPAEENARN
KA UKL ) o e L R e B M IR AR Y

5.0

45l v ORE

- —o— AR |

40} —Oo— [ SRIRE- B
—o AR KNOS

o 357 o -

2 3.0} & (T 5 - P A TR

. —h— {5 -KNOS ]

W 25} o

< 20} K H

Qs y Y v ¥

P ¥y v y v \d

§ Loy v «¥ D"O-‘?'Y_‘. ’“

% 00 r ";"‘ : g
0.4t b, ¥ Jod : &
0.2+ ‘ ,‘t ’,I‘l\r;ﬁ-:;d ) %

0.1 1.0 2.5 10.0
D,/um
(a) 46 L/min
5.0
v NI E |
4.5+ O FURIUR-BEA I EL |
O— H ORI 1 3¢ H 50
4.0F —t [TIRIG-KNOS '

& —s— B

=) 35¢ —o— T 2 -0 e e T L

30 A {5 -KNOS ]

E :

Sn. 2.5¢F / Y

gzm . ;

% 1.5+ 4 ¥

Yy v 4 ' v
Loy v x o o =
0.5} oq Y r—y : v
O ¥ v o 4 eaes
0 R Eae e e P Lt g S ST
0.1 1.0 2.5 10.0
D, /um
(b) 30 L/min
5.0
v AN 1
45+t O AR
-
4.0+

T 35t e U151

30 A (T -KN9S

o :

Sa 25¢ 1 X

> '

o

S|

D,/um
(c) 13 L/min
B2 OEM&EFXMRSERIOERZRY RS RENRN

Fig.2 Effects of mask wearing mode and inspiratory rate on

particulate matter mass concentration
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Tab.1 Deposition flux and reduction rate of particulate matter in human respiratory system in different workshops
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