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Abstract: This study explores the effects of facemasks on respiratory, thermoregulatory, cardiovascular responses during
exercise on a treadmill and at rest. Five male subjects (25.8 + 0.8 y, 171.8 = 9.2 cm in height, 79.8 + 28.1 kg in weight)
participated in the following five experimental conditions: no mask, KF80, KF94, KF99, and N95. Inhalation resistance
was ranked as KF80 < KF94 < N95 < KF99 and dead space inside a mask was ranked as KF80 = KF94 < N95 < KF99.
The surface area covered by a mask was on average 1.1% of the total body surface area. The results showed no significant
differences in body core temperature, oxygen consumption (VO2), carbon dioxide production (VCO2), heart rate or sub-
jective perception among the five experimental conditions; however, cheek temperature, respiratory ventilation and blood
pressure were greater for KF80 or KF94 conditions when compared to KF99 or N95 conditions (p<0.05). The differences
among mask conditions are attributed to the dead space or specific designs (cup type vs pleats type) rather than the fil-
tration level. In addition, the results suggest that improving mask design can help mitigate respiratory resistance from

increased filtration.
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Table 1. Characteristics of disposable face masks

KF80 KF9%4 KF99 N95
Picture of face mask ‘ ‘ g y : /;~
Dry mass (g) 42 44 20.6 8.9
Design Horizontal 3 panels Horizontal 3 panels Cup type, Facial seal Horizontal 3 panels
Band type Ear loop Ear loop Ear loop Head bands
Size Large Large Large Large
Filtration level (%) >80 =94 =99 =95
Material MB PP, SB PPt MB PP, SB PP MB PE', SB PP MB PP, SB PP
Dead space (mm3)a 106,627 106,627 202,869 145,924
Surface area of mask (sz) 219 219 166 276
Mask surface area/body surface area 12402 12402 0.9+0.2 14403
of 5 subjects (%)
Inhalation resistance (Pa)b 6.7 8.8 233 19.2

FtMelt-blown polypropylene; £Spun bond polypropylene; §Melt-blown polyolefin;
*Dead space was measured by a 3D scanner (Handy BLACK Elite, Creaform, Canada);
®Inhalation resistance was measured at 30 LPM by a inhalation resistance tester (ARE-1651, ART Plus, Korea).
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Fig. 1. The experiment protocol of the present study.
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Fig. 2. The time courses of rectal temperatures (a) and auditory canal temperature (b) for the five experimental conditions.
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Fig. 3. Time courses of forehead temperatures (a) and cheek temperature (b) for the five experimental conditions. * represents statistical differences

between cheek temperatures in the KF80 and N95 conditions.

Table 2. The ventilation and blood pressure according to five mask conditions

Experimental conditions

Variables p-value
No mask KF80 KF9%4 KF99 N95
Ventilation (L~min'l)

Mean Rest (last 1-min average) 11.2+1.5 11.1+£2.6 11.3+2.8 10.3£2.1 11.242.8 N.S
Mean_Exercise (4 km/h) (last 1-min average) 23.945.2 24.0+4.3 242459 22.545.5 25.1£6.2 N.S
Mean_Exercise (6 km/h) (last 1-min average) 38.5+£6.7 36.1£6.1 40.74£6.5 38.949.1 38.4+5.1 N.S
Mean_Exercise (8 km/h) (last 1-min average)  60.9£16.5" 64.2+18.6° 66.8+19.8° 60.0£15.0" 61.3+13.2" p<0.01

Mean Recovery (last 1-min average) 10.8+2.8 12.0+£2.2 14.3£3.1 13.1£3.0 13.6+£2.8 N.S
Blood pressure (mmHg)
Systolic pressure Pre exercise 125.04£9.2 124.4+8.7 125.6+11.6 122.9+12.3 126.0+11.6 N.S

Systolic pressure Post exercise 132.949.6 138.1+11.9 133.3+8.9 126.4+7.8 128.1£7.3 N.S

Diastolic pressure Pre exercise 75.8£13.9 81.2+17.2 80.2+16.3 67.6£11.5 79.7£15.5 N.S

Diastolic pressure Post exercise 76.3+12.8 78.6+£12.0 80.7+14.9 71.3+£16.3 77.2+14.6 N.S

Mean arterial pressure pre exercise 92.2+12.3" 95.6+14.3" 953+13.9° 91.2+15.0" 90.0+16.0" p<0.05
Mean arterial pressure post exercise 95.2+11.4 98.6+11.1 98.4+12.7 92.8+13.3 94.2+11.6 N.S

&bRepresent significant differences among the four conditions by a Tukey’s post hoc.
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=

)

223 278 Hj8l] B2 S HoFE v, KF999k N9s u}
g ZAAME Fols R 7S Ho] FUTH(Table
2, p<0.01; Fig. 4a, 4b, 4c). A= oAl 27004 f<fs
zto] flo] AT $F Al oF 160 bpm7lA] ‘53t er Ky
719} 387 BT ol 7R rka3 21 7§ S Aol
AR GSUTHFig. 5). YL v s 2eR]| e =4
(No mask)S #<jgt KF80, KF94, N95, s

e BAK(Table 2). 7571 Y2 2% Holl= N95 nR==
2hg 249N 126.0+11.6 mmHgZ 7P} =74 KF99 wk~=
28 27004 7P v SR EReH, 2% Folli= KF80 vt
23 ZF& 2704 138.1£11.9mmHg & 7F% E=A KF99
vk ZHg 2 1264+7.8 mmHg 2 71 @A A
ATHTable 2). o]¢7] el 7 % A KF80 »h~3 2

(

£ zA90A 8124172 mmHgE 7P& &A1, KF99 mpis= &
& ZZAM 67.6£11.5 mmHgE 7P¢ WA 2AH =AY B
S (Martial arterial pressureys AR 7% F2] Al KF80
vRaE 2 270N felsl =2 ol AETHp <0.01,

T

34. 023 W} OjM7|Re 2= ¥ &=

ka3 | F4E A5 2ns
R B¢ o TVehe A4S Bo, SEURs naE
aAsE AolA A shdEted, 202 55 33 WHESlE
o= BEelal 7] oE) et U s edskon,
F TE T 387 P L 25 BAFUt(Fig. 6a,
Table 3). PI2=TE 24314 @2 ZHTE vfaas 243t

=

10
AL o EUOoH(p<0.01), vl 7HA vkaI e ZAE F
o|X= KF80 B N95 mk2=L 28 27 Al H+t ¢F 30°CE
7V ¥ KF99 wksal 24 Al e 28°CE 7P Bko
SAH R frofdh 2fol= o SUTk(Table 3). kA= W &4
® 7] Fie Ul TR ka3 28 Al Wit 80~
90%RHE H3oH, &5 A rkaIaE 85k o> x70]
v 7HA] FFe] reaE 289 A5 Blaste] sl
o 7S B O (p<0.05), 452 viaz 7F #2938 zlole
WA ER] eFSITH(Fig. 6b, Table 3).

T TEEFe ol 7 23 7 fee Zel glel No
mask, KF80, KF94, KF99, N95 v}~ ZANM 22 526.6
£217.6 g/trial, 544.9+193.6 g/trial, 520.7£229.2 g/trial, 524.3+
174.7 gftrial, 530.3£214.8 g/trial X}
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Fig. 6. Time courses of microclimate temperature (a) and relative humidity (b) over the cheek for 80 min. * and ** represent statistical differences
in microclimate inside the masks between no mask and mask conditions.

Table 3. Microclimate temperature and relative humidity inside the face masks for the five experimental conditions

Mask conditions

Variables p-value
No mask KF80 KF94 KF99 N95
Air temperature (°C)

Rest’ 27.1+1.8 29.1+1.0 29.0+1.0 28.141.2 28.9+1.6 N.S
1" Exercise (4 km) 26.9+1.3 29.9+1.0° 29.6+1.1° 28.7+1.9° 293+19°  p<0.01
2™ Exercise (6 km) 27.1%1.3 29.6+1.8 28.8+1.6 27.9+1.7 29.542.1 NS
3" Exercise (8 km) 27.6:2.7 292+1.4 27.941.9 28.0+1.6 293+1.6 NS

Recovery 26.4+1.2 27.1+1.1 25.542.1 26.5+1.2 27.1%15 N.S
Relative humidity (%RH)

Rest 56.4+7.3 7774113 84.5£13.7 81.3+4.2 82.0+12.1 N.S
1™ Exercise (4 km) 50.9+14.9 88.6+5.5° 90.4+7.6" 85.549.2" 913+55"  p<0.05
2" Exercise (6 km) 52.249.0" 92.445.7° 90.1+5.6° 87.745.0° 912479  p<0.05
3" Exercise (8 km) 50.8+15.4 88.1+8.0 86.547.5 79.1£20.5 88.4+7.6 NS

Recovery 52.6£17.4 84.5+13.4 8224203 88.0+15.5 90.9+6.9 N.S

&brepresent significant differences among the four conditions by a Tukey’s post hoc.
All values were averaged for 1 min at the mid point of each phase.

A AE A o 7R AE 2 ] fog Aol ] 2ezA £ 7 93 2ols BT (p<0.05). &, Wl 7}
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A &5 AUt F7F EF US4, EFEH, FIltha = olA folst xfole AR gkl

Hom, % JHollA SA7-e ozt wEEsit) ~ <7t

Hrp, 249 AXL Aotk ~ R By, sae 4. A1} U =9

Ttk ~ <k Fath o WYE SHEUAHFig 7). A
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3: Hot 3: Very wet
2: Warm 2: Wet
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Fig. 7. Thermal sensation(a), thermal comfort(b), humidity sensation(c) around the face for the five experimental conditions.
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