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ABSTRACT In order to verify the technological feasibility of radiation sterilization for medical masks, three
types of medical masks, namely, single-use, surgical, and protective masks, were sterilized by electron beam
irradiation using a 10 MeV accelerator. The surface morphology, air permeability, mechanical properties, filtration
performance, and microbiological criteria of the sterilized medical masks were investigated. After irradiation, no
clear damage on the morphology of the melt-blown, inner, and outer layers of the medical masks (data not shown)
was observed. Moreover, the air permeability showed no distinct change. The microbiological criteria of single-use
and surgical masks met the requirements of the GB 15979-2002 standard; however, those of the protective masks did
not. All samples were successfully sterilized after irradiation with an absorbed dose of 4 kGy. Moreover, the particle
filtration efficiency, which is a key factor, was significantly decreased after irradiation. To elucidate the mechanism
and to determine the filtration efficiency of the medical masks, electrostatic generators were used to charge and
regenerate the masks. The particle filtration efficiency reached 60% - 90% of the original value after treatment.
Although the particle filtration efficiency of the irradiated masks was considerably recovered after charging and
regeneration, the tensile strength at break, elongation at break, and particle filtration efficiency of the masks
underwent irreversible decrement after irradiation. The results indicate that damage to the melt-blown layers
occurred owing to the radiation degradation of polypropylene fibers. Moreover, because the function of medical
masks mainly depends on the electrostatic filtration efficiency, radiation sterilization was not found to be a suitable
sterilization method, and radiation sterilization processing can only be applied to a novel mask that does not rely on
electrostatic filtration.
KEYWORDS Medical mask, Irradiation sterilization, Particle filtration efficiency
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Table 1 Microbiological criteria of single-use medical masks, medical surgical masks, and medical protective masks
under different absorbed doses

I/ kGy MERESE /<20 cfu/g SHEOFER  WMIERERE KR ZRBRAT B

Dose TPC SA(-) GBS(-) E. coli(-) P, aeruginosa(-)
—IRPERER 0 <20 - - - -
EHAE 4 <20 — — - -
Single-use 6 <20 — — — -
medical 8 <20 — — — —
masks 10 <20 — — — —

12 <20 - - - -

16 <20 — - - -

20 <20 - —

25 <20 — — — —

010401-6



VP e D CRARIE K B L 0 AT 5 R

sk

I/ kGy AW ETESE /<20 cfu/g SR EMEIR  WMAEREIRE KB R SR IRAT 1

Dose TPC SA(-) GBS(-) E. coli(-) P. aeruginosa(-)
B H 0 <20 — — — —
SMEIRE 4 <20 - - - -
Medical 6 <20 — — — _
surgical 8 <20 — — — —
masks 10 <20 — — — —

12 <20 - - - -

16 <20 - - - -

20 <20 — — — —

25 <20 — — — —
BEH 0 36 + + — —
Pitr 4 <20 - - - -
Medical 6 <20 — — — —
protective <20 — — — —
masks 10 <20 - - — —

12 <20 - - - -

16 <20 — — — —

20 <20 — — — —

25 <20 — — — —

3 HFig MEXHEE 5BKR. 2R EEHARIFERER

ARG WIL T 5 LRI AR BT A A
7R = BRI A S R ) AN B P R i L
VW . EHOREEE., mEE. LBE. 71
ERENRAL e SUPS ZUIE SR/ & S

FEBLA UL PP AR I w4 32 2R AP RE, DA H
REPERE Oy EES DB R R A TR T,
AT KBEAE N EE K FBOFAEM . AT E
T AT R SR AN BT R0 B4 95 B RIS A7 s i N S g e
e, Oh R 5 SRR R S B I 8], TR 4 ke
TR B v ) EIR T bR, ESAE R FORTE, TR
MR OB TR WREO B KEH
AR T FVE AP MR WE R AR 2 B, W I
A5 G PR A5 A PR AN AR T 1 P I 8 R 1
BA P TERAMRG TR T RENTRa
—EMARE X

EETMUA FERDT ACHAEEHEME
BAZE. #EM. AWE. ALE. X&. 1 H
F.EFEHSEMRESE, TR FRATRRD
ERROUBRENZ . BB AH LB LM
RETET. #F. B, RIERTAR®XHRE
MEF. FEEZTMENMEERARA, HIE

ZH UK

SE R

1 807, dKii, R, & E SR S A AR

3 RE 2 A PN T VAR TRt (D). BRI JUAE 244, 2021,
34(2):  205-210. DOIL  10.16571/j. cnki. 1008-
8199.2021.02.018.
HAN Yifang, ZHANG lJinhai, WANG Chunhui, et al.
Research progress of detection methods for severe acute
respiratory syndrome coronavirus 2[J]. Journal of
Medical Postgraduates, 2021, 34(2): 205-210. DOI:
10.16571/j.cnki.1008-8199.2021.02.018.

2 BB MR, AU . AEGUEEE ) O BB R v

0], i g7 81 R $, 2015, 43(4): 63-64. DOL:
10.16549/j.cnki.issn.1001-2044.2015.04.022.
QUAN Qiongying, YING Weiwei, ZHU Chengyan.
Evaluation on the protective property of non-woven
medical-use face masks[J]. Shanghai Textile Science &
Technology, 2015, 43(4): 63-64. DOI: 10.16549/j. cnki.
issn.1001-2044.2015.04.022.

3 Kumar M, Mazur S, Ork B L, et al. Inactivation and
safety testing of Middle East Respiratory Syndrome
Coronavirus[J]. Journal of Virological Methods, 2015,

010401-7



MRS ES T E %M 2022,40:010401

10

11

223: 13-18. DOI: 10.1016/j.jviromet.2015.07.002.

Liao L, Xiao W, Zhao M, et al. Can N95 respirators be
reused after disinfection? how many times? [J]. ACS
Nano, 2020, 14(5): 6348-6356. DOI: 10.1021/acsnano.0c
03597.

Viscusi D J, Bergman M S, Eimer B C, et al. Evaluation
of five decontamination methods for filtering facepiece
respirators[J]. The Annals of Occupational Hygiene,
2009, 53(8): 815-827. DOI: 10.1093/annhyg/mep070.
Gilding D K, Reed A M, Baskett S A. Ethylene oxide
sterilization: effect of polymer structure and sterilization
conditions on residue levels[J]. Biomaterials, 1980, 1(3):
145-148. DOI: 10.1016/0142-9612(80)90037-X.
Rubio-Romero J C, Pardo-Ferreira M D C, Torrecilla-
Garcia J A, et al. Disposable masks: disinfection and
sterilization for reuse, and non-certified manufacturing,
in the face of shortages during the COVID-19 pandemic
[J]. Safety Science, 2020, 129: 104830. DOI: 10.1016/j.
$s¢i.2020.104830.

ECEE, (TR, AU . K T BORAE DR B A
b T M 22 AR N BIDIR 5 R B2 ). B % e R
W 2% 3, 2013, 4(5): 1335-1341. DOI: 10.19812/j. cnki.
jf8q11-5956/ts.2013.05.007.

LYU Changxin, HE Xiaohui, FENG Xugqiao. Application
and prospect of ultra-high pressure sterilization
technology on food quality and safety[J]. Journal of Food
Safety & Quality, 2013, 4(5): 1335-1341. DOIL: 10.19812/
j-enki.jfsql1-5956/ts.2013.05.007.

PN T . “Co-y S 2 H IR K B AE Hh 245 12 o) 7 o 1) S
FE[I]. 250, 2006, 9(5): 464-465. DOIL: 10.3969/j.
issn.1008-049X.2006.05.040.

SUN Jianyu. Application of “Co- y ray irradiation
medicine and
preparations[J]. Metals
Society of China, 2006, 9(5): 464-465. DOI: 10.3969/j.
issn.1008-049X.2006.05.040.

Feldmann F, Shupert W L, Haddock E, er al. Gamma

sterilization in traditional Chinese

Transactions of Nonferrous

irradiation as an effective method for inactivation of
emerging viral pathogens[J]. The American Journal of
Tropical Medicine and Hygiene, 2019, 100(5): 1275-
1277. DOI: 10.4269/ajtmh.18-0937.

e N ROIERT [ [ 505 & B e i ke 2R,
FErMEERE R B O EHARERK: GB
19083—2010[S]. dbxt: v EbrifE H A 4L, 2010.
Administration  of  Quality

General Supervision,

Inspection and Quarantine of the People's Republic of

12

13

14

15

16

17

010401-8

China, Standardization Administration of the People's
Republic of China. Technical requirements for protective
GB 19083—2010[S].
Beijing: Standards Press of China, 2010.

2 Fr it 245 it M B FEL R . R ARRHE R Y'Y 0469
—2011[S]. db5T: b E bR s R A, 2011,

State Food and Drug Administration. Surgical mask: YY
0469—2011[S]. Beijing: Standards Press of China, 2011.
EXREMAMBBEEELR. —KEMAHERH S
YY/T 0969—2013[S]. dbx: HEFRiEH L, 2013.
State Food and Drug Administration. Single-use medical
face masks: YY/T 0969—2013[S].
Press of China, 2013.

e N RIEAT [ [ 500 & B R Ik SR,
FIrHEWE B 2 . G ARG IR 7% 53
73 W 258 g T AR K A K I € (S5 FEVRD: GB/T
24218.3—2010[S]. AtHT: H Az v H AL, 2011,

of  Quality

face masks for medical use:

Beijing: Standards

General ~ Administration Supervision,
Inspection and Quarantine of the People's Republic of
China, Standardization Administration of the People's
Republic of China. Textiles—Test methods for
nonwovens—Part 3: Determination of tensile strength
and elongation (strip method): GB/T 24218.3—2010[S].
Beijing: Standards Press of China, 2011.

rhe N RSN [ [ 53 B B A A B e Ry . — IR
i ] A A DA RRvE: GB 15979—2002[S]. Jb 5t
BEl B AE H A, 2002,

General ~Administration of Quality Supervision,
Inspection and Quarantine of the People's Republic of
China.
products: GB 15979—2002[S]. Beijing: Standards Press
of China, 2002.

Ve, R, SRR, 55 NOS IR 4 1 R
RE5 3210 EIVEH BIAH 5SS M [0, v A8 57 8l B AR HR
k9% 4 &, 2013, 31(9): 649-653. DOIL: 10.3760/cma. j.
issn.1001-9391.2013.09.002.

JIANG Luman, YU Yanyan, RONG Yi, et al. Protective

Hygienic standard for disposable sanitary

performance and subjective evaluation of N95 filtering-
facepiece respirators[J]. Chinese Journal of Industrial
Hygiene and Occupational Diseases, 2013, 31(9): 649-
653. DOI: 10.3760/cma.j.issn.1001-9391.2013.09.002.
Tarafder N, X NE0F, F¥i . £H Rl A RiEAm A F S E 5 5
R B S A B 52 2 1] F) 5% A [0, 7l F 977 23k, 2003,
21(9):  34-38. DOI: 10.3969/;. 1004-
7093.2003.09.013.

Tarafder N, LIU Liyan, WANG Rui. Correlation between

issn.



VP e D CRARIE K B L 0 AT 5 R

18

19

20

different parameters and tensile and stiffness properties of
needle punched nonwoven fabrics[J]. Technical Textiles,
2003, 21(9): 34-38. DOIL: 10.3969/j. 1004-
7093.2003.09.013.

iR, A4, FAEAe, 2 D S 2 e T 5 R A e I
Tt AR AR R BE R [T]. B AT S S R A R,
2018, 36(1): 010301. DOI: 10.11889/j. 1000-3436.2018.
11j.36.010301.

YANG Chenguang, ZHAO Quan, WANG Mouhua, ef al.
scCO,

Journal

issn.

Gamma-ray irradiation effects on foaming

behavior of polypropylene[J]. of Radiation
Research and Radiation Processing, 2018, 36(1): 010301.
DOI: 10.11889/1.1000-3436.2018.11j.36.010301.

WRAL . B D B DR RCRIRHT[T]. oh A AR 9 3 4
2002(2): 30-31. DOI: 10.16102/j.cnki.cppe.2002.02.014.
YAO Hong. Analysis on the filtration efficiency of dust
masks[J]. China Personal Protection Equipment, 2002(2):
30-31. DOI: 10.16102/j.cnki.cppe.2002.02.014.

H AT R R AR SE A AR GG AR R i S
A A A7 R VE AR SR VR BIE FE[D]. BUMI: HUM T RHEOR 22,

21

22

010401-9

2017.

XIAO Chunping. Study on the relativity of crystal
structure and charge storage properties of melt-blown
polypropylene fabric[D].
Hangzhou Dianzi University, 2017.
St 10 MeV b A AR ] 4% 1 B b 4 ] S I
[D]. Bl T RICKE, 2014,

SHI Zhongliang. 10 MeV industrial randiation modulator

non-woven Hangzhou:

design and control to achieve[D]. Chengdu: University of
Electronic Science and Technology of China, 2014.

ST HE, N, BUBR . ARSUE B B i 0 R g
A 5 IR B R R[], Bl 91 2R,
2015, 43(7): 1-2. DOIL 10.16549/j. cnki. issn. 1001-
2044.2015.07.001.

QUAN Qiongying, YING Weiwei, ZHU Chengyan.
Study on relation between structure and filtration
efficiency of nonwoven medical protective masks[J].
Shanghai Textile Science & Technology, 2015, 43(7): 1-
2. DOI: 10.16549/j.cnki.issn.1001-2044.2015.07.001.



