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Objectives
• Understand atmospheric divisions and the effects of reduced 

pressure at altitude
qPartial pressure of gases vs. FiO2
qHypoxia
q Dysbarisms

• Appreciate issues associated with ambient air pollution and 
smoking

• Review basics of toxic inhalations, including RADS 
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You decide to buy a ticket on Virgin Galactic and take a 
suborbital ride to the edge of space. During your flight you 
decide to pop the latch and determine the FiO2 outside the 
capsule. What is the FiO2 at 60,000 ft (18,882 m)?

A. 21%
B. 18%
C. 8%
D. 2%
E. Cannot calculate at that altitude
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1% Other 
Gasses
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feet meters mm Hg in Hg lb/in2

0 0 760 29.92 14.69
5,000 1,525 632 24.9 12.23

10,000 3,048 523 20.58 10.11
15,000 4,572 429 16.88 8.29
20,000 6,096 349 13.74 6.75
25,000 7,620 282 11.09 5.45
30,000 9,144 226 8.87 4.36
35,000 10,668 179 7.04 3.46
40,000 12,192 141 5.53 2.72
45,000 13,716 111 4.35 2.14
50,000 15,240 87.3 3.44 1.69
55,000 16,764 68.8 2.71 1.33
60,000 18,288 54.1 2.14 1.05
65,000 19,812 42.3 1.66 0.8164
70,000 21,336 33.3 1.32 0.6494
75,000 22,860 26.2 1.03 0.5057
80,000 24,384 20.7 0.82 0.4028
85,000 25,908 16.4 0.644 0.3165
90,000 27,432 13 0.508 0.2496
95,000 28,956 10.3 0.404 0.1988
100,000 30,480 8.2 0.315 0.1549

ALTITUDE PRESSURE
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Time of Useful 
Consciousness

Feet 
(thousands) 

Kilometers Time 

50 15.2 9 – 12 sec 
43 13.1 9 – 12 sec 
40 12.2 15 – 20 sec 
35 10.7 30 – 60 sec 
30 9.1 1 – 2 min 
28 8.5 2.5 – 3 min 
25 7.6 4 – 6 min 
22 6.7 8 – 10 min 
18 5.5 20 – 30 min 
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What do aviators, divers and soft drinks 
have in common?
“Liquid systems saturated with a dissolved gas”

§Henry’s Law
§ Amount of dissolved gas in solution varies directly 

with pressure of that gas over the solution

§ P1/P2=A1/A2

§Decompression Sickness (DCS)
§ Dissolved nitrogen equalizes with the surrounding 

environment as pressure changes
§ If the pressure change is too rapid it comes out of 

solution rapidly forming bubbles in the blood and 
tissues
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Law of Boyle-Mariotte

A given mass (volume) of a gas is 
inversely proportional to the 

pressure to which it is subjected.

p1 x V1 = p2 x V2
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Boyle‘s Law & 
Physiology

Trapping of gas

Paranasal Sinus 
(Sinus block)

Carious Teeth

(Aerodontalgia)

Middle Ear 
(Earblock) Result: Pain with pressure changes (descent)



Ambient Air Pollution
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Which of the following compounds are NOT considered 
one of the regulated ambient air pollutants?

A. Ultrafine particles (PM 2.5)
B. Sulfur dioxide
C. Nitrogen dioxide
D. Carbon dioxide
E. Ozone
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Source: US EPA





Source: Korean J Pediatr 2012;55(6):185-192.



5th leading risk factor 
of death worldwide
(Global Burden of Disease Report)



Air Pollution not only 
affects the respiratory 
system but also other 
organ systems in the 
body – however, it is 
controllable and 
therefore, health 
effects preventable.



ATHENS 2019
GREECE  |  27-29 JUNE

A. In the U.S., tobacco addition has risen to the second most common drug 
addiction behind use of marijuana.

B. Women who stop smoking during pregnancy increase their risk of having a 
low birth weight baby.

C. Counseling and medication are both effective for treating tobacco 
dependence, and using them together is more effective than using either one 
alone.

D. People of low SES are less likely to make quit attempts but are more 
successful in quitting smoking cigarettes than those in higher SES groups.  

Which of the following statements are most correct
regarding tobacco abuse and smoking cessation?
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• Tobacco use can lead to tobacco/nicotine dependence 
and serious health problems including coronary artery 
disease, lung and other cancers, strokes, peripheral 
vascular disease, and other conditions

• Smokers can and do quit smoking. Since 2002 there are 
more former smokers than current smokers.

• More people in the world are addicted to nicotine than to 
any other drug. Research suggests that nicotine may be 
as addictive as heroin, cocaine, or alcohol.

• Quitting smoking is hard and may require several 
attempts. People who stop smoking often start again 
because of withdrawal symptoms, stress, and weight 
gain.

Tobacco use treatment 
and smoking cessation 
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People with low SES tend to smoke cigarettes more heavily
• Individuals living in poverty smoke cigarettes for a duration of nearly twice as 

many years as people with a family income of three times the poverty rate 
and with at least a Bachelor’s degree.

• “Blue-collar” workers are more likely to start smoking cigarettes at a younger 
age and to smoke more heavily than white-collar workers.

Secondhand smoke exposure is higher among people living below the 
poverty level and those with less education
People of low SES are just as likely to make quit attempts but are less 
likely to quit smoking cigarettes than those who are not

Disparities in tobacco use
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• Among all current U.S. adult cigarette smokers, nearly 7 out of every 
10 (68.8%) reported in 2010 that they wanted to quit completely

• Reduced heart disease risk realized within 1 to 2 years of quitting 
smoking (for those smoking more than 1 pack per day)

• Women who stop smoking during pregnancy also reduce their risk of 
having a low birth weight baby

Tobacco use treatment and smoking cessation 



Am J Resp Crit Care Med 2002;166:675-679.
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Quitting without assistance ("cold turkey" or cut down then quit)

Medications for quitting that have been found to be effective include the 
following:

• Nicotine replacement products
o Nicotine patch [which is also available OTC or by prescription], gum, 

lozenge, inhaler, nasal spray
• Prescription non-nicotine medications

o bupropion SR (Zyban®),varenicline tartrate (Chantix®)
Counseling and medication are both effective for treating tobacco 
dependence, and using them together is more effective than using either one 
alone.

Tobacco use treatment and smoking cessation 
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Use of eCigarettes (“Vaping”)

§ eCigarettes may be less harmful than cigarette smoking

§ eCigarettes still contain nicotine and are highly addictive

§ “Vaping” may actually involve more nicotine delivery than traditional cigarettes

§ If recommending smoking cessation, eCigarettes are NOT the ideal mechanism for 
doing so

§ Prevalence of nicotine dependence has increased dramatically with a 900% increase 
in rates of e-Cigarette use reported in U.S. high school students ages 14-18



Toxic Inhalations



CHEST September 2008; Vol. 134(3): Suppl 1S-41S.
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• Take a history to screen for WRA in all new onset or worsening 
asthma patients

• In all patients suspected with WRA, obtain a history of job duties, 
exposures, use of protective devices, presence of respiratory 
disease in co-workers, etc.

• For individuals with suspected sensitizer-induced occupational 
asthma (OA), carefully document history and use objective testing 
to improve diagnostic probability (e.g. serial peak flow readings, 
serial methacholine challenge, immunological assessments, 
induced sputum testing, etc.)

Consensus reached on several topics on Work-Related 
Asthma (WRA)
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• In patients suspected with WRA who are continuing to work, 

record serial measurements of peak flow as part of the 

diagnostic evaluation (minimum 4x/day for at least 2 weeks)

• Focus on exposure control and remove patients from exposure 

in sensitizer-induced asthma 

• An individual diagnosed with OA represents a potential sentinel 

event, so the workplace may need to be evaluated to identify 

and prevent other cases of OA -- and if sensitizer present, 

implement secondary prevention (e.g. questionnaires, 

screening spirometry, etc.)

Consensus reached on several topics on WRA(cont.):
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Work-related asthma epidemiology

Work-related
Asthma has a prevalence of 9-15% 
of all forms of asthma

ASTHMA Balmes J. Am J Respir Crit Care 
Med. 2003; 167(5):787-97.
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Work-related asthma
Immunologic-induced asthma
• High-Molecular Weight Antigens

• Low-Molecular Weight Antigens

Irritant-induced asthma
(RADS)
Inhalation of irritants, gases, fumes

Asthma with latency

Asthma without latency



Reactive Airways 
Dysfunction 
Syndrome (RADS)
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Reactive Airways Dysfunction Syndrome (RADS)
§ An asthma-like illness that occurs after a single exposure 

to high levels of a respiratory irritant (vapor, fume, smoke) 
frequently occurring after a workplace accident or spill.

• Symptoms develop within hours of exposure and are associated 
with methacholine challenge responsiveness.

• Symptoms and airway responsiveness often persist longer than 
one year and may be permanent.

Brooks SM, Lockey J. Am Rev Respir Dis 1981;123:A11.
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• Smoke inhalation injury is generally defined as the inhalation of thermal or 
chemical irritants with more than 23,000 injuries and 5,000–10,000 U.S. 
deaths per year

• According to the WHO, more than 1 billion people develop airway and 
pulmonary inflammation as a result of inhaled smoke from indoor cooking 
fires, forest fires and burning of crops. 

• Smoke toxicity is increasing because industrial products have shifted from 
woods and natural materials towards lighter construction materials, 
synthetics and petrochemicals, which ignite and burn 2x- to 3x-times 
hotter and faster. 

Smoke inhalation injuries
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• Thermal injury, which is mostly restricted to the upper 
airway (exception: blast injury or steam inhalation)

• Chemical irritation of the respiratory tract

• Systemic toxicity from toxic gases

Smoke inhalation injuries (cont.)
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Contact irritants -- particulates
• Cause cellular damage and massive edema
• Include particulate matter such as soot with particles larger than 

five microns lodging in the upper airways, causing mechanical 
obstruction

• Particles smaller than one micron are inhaled distally, where the 
carbonaceous soot is toxic to the macrophages. Heavy metals 
coating the surface of soot cause direct lung damage by forming 
free oxygen radicals which damage cilia and alveolar surfaces

Aldehydes and acrolein -- released when wood and cellulose burn
• Cause intense tearing, coughing, and choking with acrolein

Smoke inhalation injuries (cont.)
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What Things Do I Need to Consider in Assessing the Patient?
§ Physical Properties of Gas
§ Acute Clinic Findings as an Assessment of Injury Severity

§ Common Types of Toxic Inhalations
§ Ammonia Ozone

§ Cadmium Sulfur dioxide

§ Mercury Chlorine Derivatives

§ Zinc chloride Phosgene

§ Mace & Tear Gas Nitrogen oxides

§ Hydrogen sulfide
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Degradation of plastics creates most of the corrosive gases found 
in fires  

• Plastics containing a chlorine molecule (e.g. polyvinyl chloride) 
• Burning forms hydrogen chloride, phosgene, and HCl
• If superheated air has also been inhaled, swelling can be severe 

and cause rapid, significant airway obstruction. 
Central systemic poisons (carbon monoxide or CO) and cyanide

Smoke inhalation injuries (cont.)
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Physical Properties of Toxic Irritants
§ Size of particles
§ Water solubility
§ Concentration of substance in ambient air
§ Density of substance
§ Duration of exposure
§ Presence or absence of ventilation
§ Host factors

§ Age, smoking status, co-morbidities
§ Respiratory protection 
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Water Solubility and Site of Initial Impact of Toxic Irritants

From Balkisson R: In Occupational Upper Airway Disease. Clinics Chest Med 2002; 23:717-725. 

Water Solubility Initial Level of Impact Inhalant

High Nose

Pharynx

Larynx

Ammonia 

Chlorine

Sulfur dioxide

Medium Trachea

Bronchi

Ozone

Low Bronchioles

Alveoli

Nitrogen dioxide

Phosgene
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• The Atmosphere, Hypobaric Hypoxia and Dysbarisms
• Air pollution
• Smoking 
• Toxic Inhalations

Summary
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Thank you for your 
attention!

Ευχαριστώ για την προσοχή σας


