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Summary of Effects of Different Types of Respirators on the Worker

Type of respirator

Respiratory

Cardio-vascular

Discomfort

Ergonomics

Psychosocial

Skin

Senses

Air-purifying

(negative pressure)

Powered air purifying

(contiuous flow)

Airline : compressor
or tanks

SCBA

Little breathing resistance ;
difficulty in cough ;
full-face mask; increased
dead space

Little breathing resistance;

cough difficulty

Cough difficulty; demand
regulator(negative
pressure )may increase
breathing resistance;
full-face mask increase
dead space

Cough difficulty; full-face
mask increases

dead space

Few effects

Few effects;
some models
add load

Few effects

Yes, heavy load

Termal load ;

tightness; pain

Thermal load(less than
negative pressure

models); tightness; pain

Thermal load(less than
negative pressure models);

tightness; pain

Thermal load(less than
negative pressure models);

tightness; pain

Few effects Yes

Few effects; some Yes
models add
load to face
mask and belt
Air hose maybe Yes
cumbersome and

heavy

Unit adds weight Yes

and volume to user

Yes

Yes, for tight
fitting mask

Yes, for tight
fitting mask

Yes, for tight
fitting mask

Speech communication difficult;
smell interference; full-face

mask may interfere with vision

Speech communication difficult;
air flow sound may interfere
with hearing; smell interference;
full-face mask may interfere
with vision

Speech communication difficult;:
air flow sound may interfere
with hearing; smell interference;
full-face mask may interfere

with vision

Speech communication difficult;
air flow sound may interfere
with hearing; smell interference;
full-face mask may interfere

with vision

From Szeinuk, J., et al., Medical evaluation for respirator use. American journal of industrial medicine, 2000. 37 (1) : p. 142-157.
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Breathing resistance, dead space, and weight of different types of respirators.

Respirator Breathing resistance? at an air flow rate of 1.4 1/s  Dead space® Weight Reference
Inspiratory® Expiratory® (mL) (kg)
(kPa) (kPa)

Filtering device, half-or 0.3-0.5 0.2-0.3 195-500 0.5-1.0 Stemler & Craig,

full-face mask Louhevaara et al

Air-line apparatus, demand 0.3-0.8 0.2-0.3 350-790 1.0 Raven et al,

type, full-face mask Arborelius et al

Air-line apparatus, pressure- d 0.4-0.7 225-826 1.0 Raven et al,

demand type, full-face mask Arborelius et al,
Louhevaara et al,
Dahlback & Balldin

Self-contained breathing d 0.6 90 15.0 Louhevaara et al

apparatus, pressure-demand
type, full-face mask

a.The normal airway resistance of man is 0.05-0.2 kPa at an air flow rate of 1.0 L/s.

b.1 kPa =102 mmH>0 =7.50 mmHg (torr) = 10 mbar.

c.The anatomic dead space of man is about 150 mL.

d.Positive safety pressure: 0.3-0.8 kPa up to the airflow rates of 2.5-5.0 L/s.

From Louhevaara, V.A., Physiological effects associated with the use of respiratory protective devices. Scandinavian journal of work, environment &
health, 1984. 10 (5) : p. 275-282.

12



Y L Ty Y

ELEMENTS OF MEDICAL ASSESSMENT

Pre-use Certification
Questionnaire All users Physician review
Elements include :
Prior use and tolerance
breathlessness
asthma
cough and sputum (especially if brief mask
removal is hazardous)
chest pain
claustrophobia
musculoskeletal symptoms (particularly if
heavy device must be used)
heat tolerance
Medical examination Recommended for SCBA users and older
workers; optional for others
Spirometry Optional
Exercise testing Recommended for workers in thermal stress Must include assessment of cardiac response
situations with high exertion levels
Physical agility testing If needed for job and affected by respirator use
(e.g., airline, SCBA )

13



Psychologic testing
Routine Postcertification Assessment

Questionnaire

Medical examination

Spirometry
Evaluation of Users Reporting Difficulty
Medical examination

Psychologic evaluation

Work-site assessment

Not recommended

Routinely done

Recommended for SCBA users and older
workers; optional for others

When clinically indicated

Mandatory (must be individualized)

When indicated

Often needed to assess use conditions

Within 2 mo after initial use; biannually
thereafter. Must have a clear plan for follow

up of “positive” responses

Examiner must understand respirators and

workplace exposure factors

From Harber, P., et al., Respiratory protection guidelines. This official statement of the American Thoracic Society was adopted by the ATS Board of

Directors, March 1996. American journal of respiratory and critical care medicine, 1996. 154 (4) :p. 1153-1165.
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Contraindications to Symptom-Limited Maximal Exercise Tesing

Absolute Contraindications

Acute myocardial infarction within 2 days

Ongoing unstable angina

Uncontrolled cardiac arrhythmia with hemodynamic compromise

Active endocarditis

Symptomatic severe aortic stenosis

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

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 mmHg or diastolic>110 mmHg

Uncorrected medical conditions, such as significant anemia, important electrolyte imbalance,

and hyperthyroidism

From [eBook] ACSM’s Guidelines for Exercise Testing and Prescription-LWW  (2017)
Fletcher, Gerald F., et al. "Exercise standards for testing and training: a scientific statement

from the American Heart Association." Circulation 128.8 (2013) : 873-934.
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Absolute contraindications to cardiopulmonarv exercise testing include:

Active myocardial ischemia (unstable angina, myocardial infarction within 30 days)
Acute heart failure exacerbation

Exercise-induced syncope

Uncontrolled arrhythmias

Severe aortic stenosis

Acute endocarditis, myocarditis, pericarditis

Acute aortic dissection

Acute pulmonary embolism or lower extremity venous thromboembolism

Active COPD exacerbation or uncontrolled asthma

Pulmonary edema

Suspected dissecting aortic aneurysm

Relative contraindications include:

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 ).

From [eBook] Introduction to Cardiopulmonary Exercise Testing-Springer-Verlag New York

(2013)
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L/min mL/kg/min METs? L/min % =¥ F=2 1
#= & (light) ~0.5 5~7 1~2 6~15 4.5 kg
® & (oderate) 0.5~1.0 15 2~4 15~25 9 kg 45kg &z L EFITLH)O
R AE e Ui
¥ & (heavy) 1.0~1.5 20~30 4~6 25~40 9~22.7 kg 4.5~11.4 kg 4.5kg
2% £ B (very heavy) 1.5~2.0 >=30 6~8 40~60 22.7~454kg  11.4~22.7 kg 4.5~9 kg
% £ & (extremely heavy) 2.0~3.0 8~12 60~90 >45.4 kg >22.7 kg >9 kg
85k 4 #B(exhaustive) >3.0 12~15 90~120
a.— # MET=3.5 mL/kg/min VO

bk (rrdl & 6% £ Jade § 1F & et )

%% 3 :xp Wilson, JR et al 1989 ¥2 U.S. Department of Labor Physicial Demand Characteristics of work
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Work Load Ventilations in Metabolic Equivalents (METs)*

Job Description Energy Cost ( Oz Uptake ) Required Ventilation
Light work up to 0.5 L/min (1-2 METS) 6-15 L/min
Moderate work 0.5-1.0 L/min (2-4 METs) 15-25 L/min
Heavy work 1.0-1.5 L/min (4-6 METS) 25-40 L/min
Very heavy work 1.5-2.0 L/min (6-8 METs) 40-60 L/min
Extremely heavy work 2.0-3.0L /min (8-12 METSs) 60-90 L/min
Exhaustive work >3.0 L/min (12-15 METs) 90-120 L/min

a.0ne MET=3.5 mL/kg/min VO,

Work Load and Metabolic Equivalents

Work rating Energy cost (O> uptake)

L/min mL/kg/min METs?
Light work up to 0.5 5-7 1-2
Moderate work 0.5-1.0 15 2-4
Heavy work 1.0-1.5 20-30 4-6
Very heavy work 1.5-2.0 >30 6-8
Extremely heavy work 2.0-3.0 8-12
Exhaustive work >3.0 12-15

a.0ne MET=3.5mL/kg/minVO;

Modified from Wilson, JR, Raven PB, 1989a. Clinical pulmonary function tests as predictors of work

performance during respirator wear. Am Ind Hyg Assoc J 50:51-57.

18



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

Physical Occasional Frequent Constant .
demand (0-33% of the (34-66% of the (67-100% of the | YPical enerey
level workday) workday) workday) required
Sedentary 10 Ibs(4.5 kgs) negligible negligible 1.5-2.1 METs
10 Ibs and/or walk negligible and/or
Light 20 1bs(9.0 kgs) and/or stand with operate controls 2.2-3.5 METs
operation of controls while seated
Medium 25-50 Ibs 10-25 Ibs 10 lbs 3.6-6.3 METs
(9-22.7 kgs) (4.5-11.4 kgs) (4.5kgs)
Heavy 50-100 lbs 25-50 lbs 10-20lbs 6.4-7.5 METs
(22.7-45.4 kgs) (11.4-22.7 kgs) (4.5-9.0 kgs)
Very >100 lbs >50 Ibs >20 Ibs >7.5 METs
heavy (>45.4 kgs) (>22.7 kgs) (>9 kgs)
Where:

-operation of controls includes pushing and/or pulling of arm and/or leg controls
-operating controls while seated includes pushing and/or pulling of arm and/or leg controls
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6 minutes walk test, VO peak estimation

VOzpeak = VO, mL-kg'-min' = (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 10°])+ 2.45

Where m = distance in meters ; yr = year ; kg = kilogram ; cm = centimeter ; RPP =
rate-pressure product (HR x SBP in mm Hg)

- 3L BERRRLK LT ERE

3 minutes step test, VO, max estimation

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 3min.The bench height is 16.25 in
(41.25cm). After stepping is completed, the subject remains standing. Wait 5s ,take a 15-s HR
count, and multiply the HR by 4 to convert to beats-mm™ .VOamax is calculated using the formulas
below:

For men:

VO2max (ML-kgt-min?)=111.33 - (0.42xHR)
For women:

VO2max (ML -kg™t-min)=65.81 - (0.1847xHR)
Where HR = heart rate (beats-min™?)
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