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ABSTRACT

This study aims to quantitatively analyze the correlation between hair and beard and the
airtightness of gas masks in response to the escalating threat of chemical and biological
warfare, changes in military personnel regulations, and grooming standards. Airtightness refers
to the ability of a gas mask to fit snugly on the user face, thereby preventing the infiltration
of harmful external substances, that is among the primary functions of the mask. Although hair
and beard are known to affect the airtightness of gas masks, research is lacking in this area,
domestically and internationally, and no studies have analyzed the correlation between gas
mask airtightness and hair, including beards, under controlled variables. Therefore, research
on the correlation between gas mask airtightness and hair, including beards, is necessary to
respond to the current evolving threats, For this purpose, gas masks that passed the
airtightness performance test specified in military standards were selected. The masks were
fitted on a SMARTMAN (SiMulant Agent Resistant Test MANikin) mannequin head with artificial
hair and beard attached, and changes in airtightness were measured based on the presence
and condition of the hair and beard, The experimental results showed that the presence of
hair and beard at the gas mask-face contact surface decreased the airtightness of the mask,
and that the highest airtightness was observed with gas masks of the optimal size. The
findings of this study can be used as an important reference material for maintaining the
performance of gas masks and the combat effectiveness of the military,
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(Figure 1) Current chemical (left) and biological (right) weapons activity, 2022
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6) The Occupational Safety and Health Administration(OSHA), Respiratory Protection Standard 29 Code of Federal
Regulations(CFR), 1910.134.

7) Health Safety Executive(2013). Respiratory protective equipment at work - a practical guide. p.20.
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(Table 1) Summary of previous studies on the airtightness of the gas masks

Study Experimental design method used Results
Hounam et al, With british army full-face mask Day 0: 100,000 FF
(1964) 7 subjects tested the effect of increasing beards length for two weeks Day 9: 10 FF

With industrial full-face and half—face mask
Hyatt et al, 4 subjects tested the effect of increasing beards length for 8 Day 0: 2,000~1,111 FF
(1973) days including a range of behaviours Day 8: 1,111~111 FF
12 subjects tested the effect of beard density and texture

McGee &

Oestenstad With SCBA(self contained breathing apparatus) Day 0: 20,000 FF
estensta
(1983) 8 subjects tested the effect of increasing beards length for 8 weeks Week 8: 814~1,067 FF
With half k
Floyd et al, .00 o0 mas 0.125 in,: 26,086~429 FF
20 subjects with long beards, the beards were cut to 0.5, 0,25, o
(2018) . o . . _ 0.5 in,: 740 22 FF
0,125 in,, considering density and diameter per unit area
A At gk Ay, opokst A9 7|8k Aol A W= 7d A AR 7] Al AR
o selstgch shA AT AT AR F AU westel, A ARE Ao @ 9
ek ol Fag Ml vErietol e hRA Fdthe A WEH A-gAfol| ofsf Ay
= ookt HR(EE, A, 3 2, Al 9 da FA 5)7F S8 SAIEA ZFck= ARt
Apafo] EAfakt

olglo = mlF i, W= =5J(DOL, US Department of Labor) o3} 2t 914 =(OSHA,
Occupational Safety and Health Administration), ©]=- ZWZA|o|WAIE|(CDC, Centers for Disease
Control and Prevention) o3} t]=r =-HAFY HA B A AU (NIOSH, National Institute for Occupational
Safety and Health), &=+ X 7A2F74 % (Health and Safety Executive) 52 H-E=H-S &-8-3F thofst A3
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17) The Occupational Safety and Health Administration(OSHA). Respiratory Protection Standard 29 Code of Federal
Regulations(CFR) 1910.134

18) Health Safety Executive(2013). Respiratory protective equipment at work - a practical guide. p.20.

19) v Sz A4 A7 AL} Qlon), v HUTAHROSFAIS B2 ol At 9 ek = 7|04
GFL AL RYI0E FAHTL 2L PHshL U



Gas masks and the effect of hair and beard / Nam, Hanyeol - Kang, Janggyu * Lee, Changryeol - Kim, Sungki 49

{Figure 2) Face feature of K5 gas mask
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(Figure 3) Simulant agent resistance test manikin (SMARTMAN) for
test of protective mask systems

20) v|= ECBC(Edgewood Chemical Biological Center)o 4 7t |2 1=, ydk=c] o]of -2jufe} Lol d3|=o]
+& 9.
21) TOP 08-2-109A(2023), Simulant Agent Resistance Test Manikin (SMARTMAN) Testing of Protective Masks
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(LivingDA SHEI 7 7k, 79 ©4:4l, 89 €4, 109 SQAE)0 2 BAES BEHA K5 3
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(Table 2) Parameters for experimental design of testing the airtightness of the gas masks

Parameters Specifications

Experimental environment

— Temp: 21%3°C

— Relative humidity: 505 RH%

— Respiratory rate: 1,5 L/breath, 33 breaths/min,

Gas mask wearer SMARTMAN manikin

The gas masks used were pre—tested to meet the Korean

Gas mask K5 gas mask Defense Specification
Gas mask size Medium and large
Hair Artificial hair Attached hair piece 5—pin wig
Beards Artificial beards LivingDA’s Party Tools, Set of 7 Beards, 8 Beards, 10 Beards
53], & A= 718 AeAES ST e 288 deAdy sUtt el AR
T Wz AAste] e 7YY AR AdutaA S Eelskinh ofof whet MARTMANS’J
% ATAQ &% 2143°C, ASE

=
21 AA 7] S 50+0.1L/min= A 4519

50+£5RH%, 352 1.5L, £ 3332 AAsqch
t}. 7| YA 42 2218 9= TSI 100% Pure Sodium Chloride(NaCl) tablet(Part NO.: 803011)2 AM&-
st o, AAEFAYZ|(TSI Particle Generator 8026)5 2H-8-351o] NaCl of o] 2 Z(CMD?22): 0.04/m, GS

D23); 2.2)2 130,000 particle/cn o]Ato] HE2 zAJslgc HHEw-oF HE2He ksl ogls}
ol Yoruel P51 UAS 8k Y 3 5 U SAS AAS1 A, ool 1 e

22) Count Median Diameter

23) Geometric Standard Deviation
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(Figure 4) Examples of artificial hair attached SMARTMAN in center of the
forehead 20mm (left side) and temple area 40mm (right side)
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Fit factor
NaCl aerosol measurement
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- Relative humidity: 50+5 RH% :D Wearing a gas
- Respiratory rate: 1.5 L/breath, mask

consecutive measurements
- Maximum coefficient of FF
for at least 5 measurements

33 breaths/min for each condition

B AT AAH AW AAL Figwe 59 2ok APTA 24 F 270 B RS AR
Aol AT, o] F WEWS HgA) T, NaCl ool 2E-L 130,000 particle/en ol 43}, 7]
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Manikin with gas mask on Gas mask with hair through it

> NaCl aerosol
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aerosol from
generator Particle
/ . generator
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“~ Fit Tester

(External NaCl particle count /

/ Internal NaCl particle count in
Flow of NaCl aerosol  Flow of NaCl aerosol manikin)
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(Figure 6) Overview of the experimental design to measure fit factors (FF) in
wearing a gas mask with SMARTMAN
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(Figure 7) Measurements of fit factors towards the width of hair bundle in the
center of the forehead with gas mask size medium
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S7} gastech w3 Melsketo) ot K912 Fuet A ulwste] /WAL gaspol

=

ol HeRct 0 A ek 7| 9AS e
w9 S ) el $3t elol tepiE WE

r{n

solst & el g, B AT
Wl Ao Zol7t qleks A2

350,000 ! 40,000
306,000}
280,000 ! 32,000
]
FF average 210,000 i 24,000
) ! 16,400
(particle/am) 140,000 i 12,600 16,000
1
H 4,690
70,000 ! I I 2140 988 507 0%
0 i - — 0
0 60 80 100
Hair bundle width (mm)
Hair bundle width 0 10 20 40 60 30 100
(mm)
FF average 306,000 16,400 12,600 4,690 2,140 988 501

(particle/cm)

(Figure 8) Measurements of fit factors towards the width of hair bundle in the
temple area with gas mask size medium
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(Figure 9) Measurements of fit factors towards the width of hair bundle in the
center of the forehead with gas mask size large
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(Figure 11) Examples of artificial beards attached SMARTMAN in left (GOATEE),
middle (CIRCLE BEARD) and right (GARIBALDI) side

1A o] S 8 A P, }1“4%-“1] %‘EH)Oﬂ
A ke 7 UASE etk o, skl et ok Fels vlwstel 7 WAL e 71
shalom, o= AR Awet g v FF5HA AZE AE A S 7IQle dut= wot
Frok
350,000 306000 ! 20,000
280,000 E 16,000
1
FF average 210,000 i 12,000
(particle/am) 140,000 i 7.020 8,000
| 70,000 i . 3420 o0 4,000
) ! ,
0 | ] H .
None GOATEE CIRCLE BEARD GARIBALDI
Beard shape
Beard shape None GOATEE CIRCLE BEARD GARIBALDI
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