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Half mask/Dust mask
APF=10
Needs to be fit tested
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Loose-Fitting Powered

Air-Purifying Respirator (PAPR)

APF= 25

Half mask (Elastomeric)
APF=10
Needs to be fit tested

25~1000

Hood Powered Air-Purifying
Respirator (PAPR)
APF= 25

Full facepiece (Elastomeric)
APF=50
MNeeds to be fit tested

Full Facepiece Self Contained
Breathing Apparatus (SCBA)
APF = 10,000
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Pappas, G.P., et al., Respiratory protective devices: rates of medical clearance and causes for work restrictions. American journal of ind
rial medicine, 1999. 35(4): p. 390-394.
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PETCO2 voliHRary ventilation
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Hodous, T.K., et al., Effects of added resistance to breathing during exercise in obstructive lung disease. American Review of Respj
ory Disease, 1983. 128(5): p. 943-948.
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4 Control *p<0.05; **p<0.01\
RR VT VE PETCO2 HR
RO 22.5 1.89 37.58 39.07 123.7

R1 18.25** 1.97* 34.24** 41.45** 1231
R2 17.35**  2.1*  34.49** 41.8** 124.2

Mild

RR VT VE PETCO2 HR
RO 21 1.82 37.72 38.84 119.3
R1 18.32** 1.93*  34.92%* 38.2 118.5
R2 17.16** 1.97* 33.38** 40.86** 120.9

Moderate

RR VT VE PETCO2 HR

RO 25.13 1.58 37.3 41.07 125
R1 22.13**  1.71  34.73** 41.25 128.3
@ R2 23.5 1.7 35.17** 4144 125.3
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e X G '?12 e oA F iz a e p £ °
#AE HAE FEEK
L/min nl/kg/mir METs L/min & 1% ©E HE
#E (light) ~0.5 5~T 1~2 6~15 4.5 kg
4.5 kg R, o i
+ Z (moderate) 0.5~1.0 15 2~4 15~25 9 kg ¥h & AR J:yi:jﬁii
1
FE (heavy) 1.0~1.5 20~30 4~6 25~40 9~22.7 kg 4.5~11.4 kg 4.5 kg
JEFEE (very heavy 1.5~2.0 >=30 6~8 40~60 22.7~45.4 ki11.4~22.7 kg 4.5~9 kg
fﬁﬁéf“ (extremely he 2.0~3.0 8~12 60~90 >45.4 kg >22.7 kg > 9 kg
# % 1138 (exhaustive >3.0 12~15  90~120

—EMET = 3.5 mL/kg/min V02

FAFIEH] L35 A F HEd $y4F o A BPERES T ]
S5 AWilson, JR et al 1989 # U.S. Department of Labor Physicial Demand Characteristics of Work

o y




(B R TR L S SCBA 0 TR MM f LB
X5 FA2E 2.0L/min > FlA 2R A B 2 B REa B R
B~ &3 4238 2.8~3.0L/min -

- BREFEH Y LS A0 o #* SCBA e B 41 E & g i
ﬁﬁ?ﬁﬁﬁ@%ﬁﬁ&ﬁ,@ﬂé%gmﬁﬁﬁaﬁﬁﬁé%
v E’ﬂﬁbﬁﬁiﬁiéﬁjﬁﬁw\*%'iﬁ‘ 40%~60% > 2_F
i g A %J’%%Mﬂ B T80 Z g g o

Physical Occasional Frequent Constant Typical

demand (0-33% of the (34-66% of the (67-100% of the energy
level workday) workday) workday) required

10 lbs(4.5 kgs) negligible 1.5-2.1 METs
operation of

20 Ibs(9.0 kgs)
controls

m 25-50 Ibs 10-25 Ibs 10 Ibs 3.6-6.3@
(9-22.7 kgs) (4.5-11.4 kgs) (4.5 kgs) -

0 Ibs and/or wal
and/or stand with

egligible and/or
operate controls  2.2-3.5 METs
while seated

50-100 Ibs 25-50 Ibs 10-20lbs 6.4-7.5 METs
(22.7-45.4 kgs) (11.4-22.7 kgs) (4.5-9.0 kgs)
>100 Ibs >50 Ibs 520 Ibs
(>45.4 kgs) (>22.7 kgs) (>9 kgs)

@ U.S. Department of Labor Physical Demand Characteristics of Work

Szelnuk J., et al Medlcal evaluatlon for resplrator use American Journal oflndustrlal medlcme 2000. 37 ( 1 ) p. 142-157.




mph m/s  METs 6MWD
1 0.45 162
2 0.89 2 320
2.5 1.12 3 403
3.2 1.43 3.5 515
3.5 156 4.3 562
4 1.79 5 644
4.5 2.01 7 724
5 224 83 806
A 1
METs
AT WA 3.5
Y E NS A8 4
£ B 0.576.8 2 7} W 5
£33 7.3710.9 & 7 F ¥ 6
£ 1137222 2> 7 FHE 8

£ P~227~33.6 =

TP 10

£ 430336 27 P 12

NERy
mph m/s 100 =% #i#c 1 22 L 48k METs
4 1.79 56 9.3 6
5 2.24 45 7.4 8.3
5.2 2.32 43 7.2 9
6 2.68 37 6.2 9.8
6.7 3 33 5.6 10.5
7 3.13 32 5.3 11
7.5 3.35 30 5 11.5
8 3.58 28 4.7 11.8
8.6 3.84 26 4.3 12.3
9 4.02 25 4.1 12.8
10 4.47 22 3.7 14.5
11 4.92 20 3.4 16
% 2
mph 1 22 & 4Efic METs
5.5 17.6 3.5
9.4 10.3 5.8
11 8.8 6.8
13 7.4
15 6.4
17 5.7

@

2011 Compendium of Physical Activitiey
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ffozpeak = V02 mL - kg—1 - min—1 = (0.02 x distance [m]) — (0.191 x age [yr]) —
(0.07 x weight [kg]) + (0.09 x height [cm]) + (0.26 x RPP [x 1073]) + 2.45

where m = distance in meters; yr = year; kg = kilogram; cm = centimeter; RPP =
-1

rate-pressure product (HR x SBP in mm Hg); SEE =2.68 mL - kg™! - min

/
\ I Start

o i i ._-L _\"_ _____ iy _I_l Point

Distance 30 m

VOZpeak » TR TAMEATRRI R 9L : §
T E B AKRAHEE F (V02max) o y
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Borg scales

[

Rating Descriptor
0 Rest
1 Very, Very Easy
2 Easy
3 Moderate
4 Somewhat Hard
5 Hard
6 -
7 Very Hard
8 _
9 _
10 Maximal

% of total RPE scale

(A) Exercise stage

1 2 3 4
I \ | |

100%
emll= \/ale Facial RPE
90%
==@==Male Borg RPE

80% .
emjw» Fomale Facial RPE

70% - === TFemale Borg RPE

60% -

50% -

40% -

30%

20% ' , , - . - \ -
100 110 120 130 140 150 160 170 180 190

Heart rate

(Wen Ko Chiou et al 2015 Psychologw




The Queens College Step Test (also called the McArdle Step Test) requires
participants to step at a rate of 24 steps - min~! for men and 22 steps - min ! for
women for 3 min. The bench height is 16.25 in|(41.25 cm).|After stepping 1s
completed, the subject remains standing. Wait 5 s, take a 15-s HR count, and
multiply the HR by 4 to convert to beats - min~!. VO, is calculated using the

formulas below (76):
For men:

vO2max (mL - kg ! - min~") = 111.33 — (0.42 x HR)
For women:

vO2max (mL * kg ! » min') = 65.81 — (0.1847 x HR)

where HR = heart rate (beats - min ™)




| International Journal of 7 \
* Environmental Research ﬁv?pp'
and Public Health A

Article 1

Validation of Submaximal Step Tests and the 6-Min e B A
Walk Test for Predicting Maximal Oxygen
Consumption in Young and Healthy Participants

3MST20 : 3~ 4%y > S8 ® & 20 =4 > & dp BHE 5 96/min
° 3MST30 : 3~ 4% ¢ > ~IF® & 30 o4& » &4p FHEEF 96/mi
n o Realtime & &k o ptP%dE » 3 04877 kT o

HRR30s : T 15 30 ) » Bk & o

—

3MSTyo: VOopax = 86.0 —10.9 X sex (male =1, female =2) —0.4 xage—0.1 x weight —0.1 X
HRR30s

BMST3p: VOopux = 845 —-102 X sex (male =1, female =2) — 04 x age—0.1 X weight —
0.1 x HRR30s

6MWT: VOypaxy = 61.1 —11.1 X sex (male =1, female =2) — 0.4 X age — 0.2 X weigh@
0.2 X (distance walked-lO‘l)

N

@ Sung Hyun Hong et al. Int. J. Environ. Res/F

c Health 2019, 16, 4858
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Box 5.2

Contraindications to Symptom-Limited Maximal Exercise

Testing

Absolute Contraindications
m Acute myocardial infarction within 2 d
m Ongoing unstable angina

m Uncontrolled cardiac arrhythmia with hemodynamic compromise
m Active endocarditis

Symptomatic severe aortic stenosis

m Decompensated heart failure
® Acute pulmonary embolism, pulmonary infarction, or deep venous

thrombosis

Acute myocarditis or pericarditis
Acute aortic dissection
Physical disability that precludes safe and adequate testing

Relative Contraindications

Reprinted with permission from (17). Fletcher, Gerald F., et al.

Known obstructive left main coronary artery stenosis

Moderate to severe aortic stenosis with uncertain relationship to symptoms

Tachyarrhythmias with uncontrolled ventricular rates

Acquired advanced or complete heart block

Recent stroke or transient ischemia attack

Mental impairment with limited ability to cooperate

Resting hypertension with systolic >200 mm Hg or diastolic >110 mm Hg
Uncorrected medical conditions, such as significant anemia, important
electrolyte imbalance, and hyperthyroidism

/L;\ Hl_'ﬁ @J //EJ

ATl HY 5 S

"Exercise standards for testing and tra

scientific statement from the American Heart

Aecnriatimnn " Mrrriilatian 199 Q (9N12). Q72024



/ﬂbmhue contraindications to cardiopulmonary exercise testing

(-

include: [1]

Active myocardial ischemia (unstable angina, myocardial
infarction within 30 days)

Acute heart [ailure exacerbation

Exercise-induced syncope

Uncontrolled arrhythmias

Severe aortic stenosis

Acute endocarditis, myocarditis, pericarditis

Acute aortic dissection

Acute pulmonary embolism or lower extremily venous
thromboembolism

Active COPD exacerbation or uncontrolled asthma

Pulmonary edema

Suspected dissecting aortic aneurysm

Relative contraindications include: [1]

Severe pulmonary hypertension

Left main coronary artery stenosis

Moderate stenotic valvular disease

Severe hypertension (SBP =200 mmHg, DBP > 120 mmHg)
Hypertrophic cardiomyopathy

High-degree atrioventricular block

Severe electrolyte abnormalities

Tachy- or brady-arrhythmias

Advanced or complicated pregnancy

Implanted cardiac defibrillator that cannot be interrogated or
temporarily reset due to inaccessibility of an individual qualified
to do this (e.g., device manufacturer representative).

Exercise Testing-Springer-Verlag Ne

RV
ATl HY 5 S

DAY

[eBook] Introduction to Cardlopulmoiiigz
w Yofk

s
2043

7
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B~ B 3£ 5 (maximal voluntary ventilation:
MVV)
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Volume (L)
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>>2 INEEAZ 20 DIEMISE - B2BEEL 6°7METs °
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Physical Occasional Frequent Constant Typical

demand (0-33% of the (34-66% of the (67-100% of the energy
level workday) workday) workday) required

10 Ibs(4.5 kgs) negligible 1.5-2.1 METs

10 Ibs and/or walk

and/or stand with

operation of

ontrol ‘ —

m 25-50 Ibs 10-25 Ibs 10 Ibs @@
(9-22.7 kgs) (4.5-11.4 kgs) (4.5 kgs)

50-100 Ibs 25-50 Ibs 10-20lbs 6.4-7.5 METs

egligible and/or
operate controls  2.2-3.5 METs
while seated

20 |bs(9.0 kgs)

[EY

(22.7-45.4 kgs) (11.4-22.7 kgs) (4.5-9.0 kgs)
@ 4100 Ibs 250 Ibs 220 Ibs

heavy (>45.4 kgs) (>22.7 kgs) (>9 kgs)
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EREEECERE --> METs5 ° 1 Very, Very Easy
e = : Modenste
ZREEERAYTHERITEMRESEIRE - 4 Somewhat Hard

5 Hard
p _

T8 1 : RS A FTZEWEAE ? 7 Very Hard
R9%E 2 MR —EE 3 BEELEH ‘
= 1

=== /FI_E% ;/;I_L ? 0 Maximal
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Borg scales

Rating Descriptor
0 Rest
| Very, Very Easy
2 Easy
3 Moderate
4 Somewhat Hard
5 Hard
6 -
7 Very Hard
8 _
9 _
10 Maximal

% of total RPE scale

(A)

100%

90% A

80%

70% -

60% -

50% -

40%

30%

20%

Borg scale & <@tk

2
po

Exercise stage
1 2 3 4
I | | |
e=ll=» \/ale Facial RPE
==@==Male Borg RPE
emjiw» Female Facial RPE
=== TFemale Borg RPE
100 110 120 130 140 150 160 170 180 190
Heart rate

GERECE - ¥R 8 S
oA - B 2R o

(Wen Ko Chiou et al 2015 Psychologw
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Pre-bronchodilator

FVC 2.53L, 73% of predicted
FEV1 1.56L, 55% of predicted
FEV1/FVC 0.62

Post bronchodilator

FVC 2.59L, 74% of predicted
FEV1 1.67L, 59% of predlctr—'
FEV1/FVC 0.65 (%
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AR NEB A E E (MV) & E 5 FEV1*35~40 o
g EE cfe 4 £33 2 3.479.8% Bk 3 F £
T A MVV G LR o

Changes in Maximal Ventilatory Volumes
Caused by Respirator Wear*

MVV.;  Average Decrease Caused by Average Decrease Caused by

{L/min) Respirator Wear (L/min) Respirator Wear (%)
250 24.4 9.8
200 17.4 8.7
150 10.4 6.9
100 3.4 3.4

FLREFFRLERE 0 95 64%MVV o
fodm = 32 60% B~ iE ¥ A 3 PF 0 15720 A 4318
¢ 3% % 3 4r 30 L/min (ventllator creep) o

(Wilson et al 1989 Am Ind Hyg Assoc J) J.R. Wilson et al. Clinical pulmonary function tests as predictors of work performance during respirator w
merican Industrial Hygiene Association Journal, 50:1, 51-57,
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% blw 2 =i
FEV1 1.6L - Estimated MVV 56~64L/min -

Feds b 3 & 2 B4 MVV 53+ 3.4%
60-60*3.4%= 58 L/min

BV LR PFFRTUELE S 64A%MVV R i
58*64%=37.1 L/min

RN S I O
VO2=1.5~2.0 L/min
VE= 40~60 L/min
(37.1-60)~(37.1-40)= -22.9~ -2.9
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B3k 1 iTEd ARk
VO2=<0.5 L/min

VE= 6~15 L/min
(37.1-15)~(37.1-6)= 22.1~31.1 >0

ORI TR N
VO2= 0.5~1.0 L/min

VE= 15~25 L/min
(37.1-25)~(37.1-15)= 12.1~22.1 > 0
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#1104 2 % & (ventilator creep) o
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min (ventllator creep) ° f*FF -22.9-30~-2.9-30=-52.9~-32.9<0 -
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Changes in Maximal Ventilatory Volumes HAE HBAF HEE L
Caused by Respirator Wear* L/min_nL/kg/mir _METs _ L/min Ao &% #4%
MVV.  Average Decrease Caused by Average Decrease Caused by 2/% (light) 0.5 57 1-2 615 4.5 kg
{L/min) Respirator Wear (L/min) Respirator Wear (%) 4.5 kg & STy
P E (moderate) 0.5~1.0 15 2~4 15~25 9 kg uh R AR -%'I =
250 24.4 9.8 |
200 17.4 8.7 # & (heavy) 1.0-1.5 20-30 4~6 25~40 9-22.7 kg 4.5~11.4 kg 4.5 kg
150 10.4 6.9 ¥ EE (very heavy 1.5-2.0  >=30 68  40-60 22.7-45.4 k11.4-22.7 kg 4.5-9 kg
‘ 100 34 3.4 #wE K (extremely he 2.0-3.0 8~12  60-80  >45.4 kg = >22.7 kg > 9 kg
K % /138 (exhaustive >3.0 12-15  90~120
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Physical workload

F A

sedentary light moderate heavy
1.5-2.1 2.2-3.5 3.6-6.3 >6.3
mets mets mets mets
Lung mild 0 0 1 2
function modearte 0 1 2 3
impairment  severe 2 2 3 | a2

Mild lung function impairment: FVC or FEV1 65~79% of predicted
Moderate lung function impairment: FVC or FEV1 50~64% of predicted
Severe lung function impairment: FVC or FEV1 <50% of predicted

Risk level 0: & P? &2 b *&
Risklevel 1: M B Rk *% > ¥ ¥ U@ % » TG A gk o
Risklevel 2: ®» Bh ' » 2 T EPFRF @ % » T3FG B A gk o
Risk level3: 3 B b '& » 3 § &2 1F o
Risk level 4: &% B & '& » & /20X o
@ g tan FARRE R T ENE 50
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H®&:1740cm #E: 552kg £#: 19 "3 B
FEV1: 431L MVV : 1557 L Load : 24.0 Watt/min
ERORE T fon > BER
Peak

Observed Predicted %Predicted

Work (Watt) 126.0
VO2 (ml/min) 1331.0 2860.5 46.5
VO2 (ml/min/k 24 .1 49.0 49.2

Anaebotic Threshold

Work (Watt)
VO2 (ml/min)
VO2 (ml/min/k

78.0
959.0 >1334.9

>229

Interpretation

* Moderate impairment of pulmonary exercise test
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K Szeinuk, J., et al., Medical evaluation for respirator use. American journal of industrial medicine, 2000. 37(1): p. 142-157
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scatello, L.S., D. Riebe, and P.D. Thompson, ACSM's guidelines for exercise testing and prescription. 2014: Lippincott Williams & Wilkins.
sserman, K., et al., Principles of exercise testing and interpretation: including pathophysiology and clinical applications. Medicine & Science in Sports & ExerciseJ
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K zeinuk, J., et al., Medical evaluation for respirator use. American journal of industrial medicine, 2000. 37(1): p. 142-157
Bink, B., The physical working capacity in relation to working time and age. Ergonomics, 1962. 5(1): p. 25-28..




4 N

The influence of age on the physical working capacity is shown by dotted lines
in Fig. 1. Mean values for men of 22-5 and 62-5 years were obtained by the same
technique,
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Figure 2.

K Bink, B., The physical working capacity in relation to working time and age. Ergonomics, 1962. 5(1): p. 25-28.. /
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K Szeinuk, J., et al., Medical evaluation for respirator use. American journal of industrial medicine, 2000. 37(1): p. 142-157.
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