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Hypo- and hyperbaric environments

Normal pressure

- The "weight" of the air column.

- At sea level Tatm ~100'000 Pa (N/m2).

- This (enormous) pressure is not felt, because our body is in
balance with its environment.

Pressure variation

- Depends on the density of the environment.
- Underwater

- 1 additional atm per 10m depth
- At altitude

- - ambient pressure at 5500m



Hypo- and hyperbaric environments

Environments...

- Occupations concerned

- scuba divers, therapeutic
hyperbaric chambers, tunnel
boring machines

- on-board personnel
(aviation), industrial/scientific
facilities



Hypo- and hyperbaric environments

Pressure variations
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Hypo- and hyperbaric environments

4 main categories of effects

Similar mechanisms

Hypobaric Hyperbaric
Barotraumas Intestines, lungs, ear, intestines®,

sinuses... lungs*®, sinuses*...
Decompression yes yes
sickness
Hypoxia yes -
hyperoxia - yes
ebulism yes -

*when getting back to normal pressure



Barotrauma, pulmonary overpressure

Drop In ambient pressure

- increased gas volumes in the cavities
- mechanical stress on physiological cavities

Barotrauma

- lung barotrauma
- pressure ratio < 2.3,
- leakage coefficient < 1/200 m-1




Barotrauma, ears overpressure

Imbalance when pressure is increased

« The eustachian tube acts as a
valve

- Pext > Pint

- active balancing required

- balancing impossible from dP
120 hPa

Consequences

- acute otitis
- tympanic rupture at around
dP 530 hPa




Barotrauma, prevention

Influencing factors

- Pressure ratio (Pinitial/Pfinal)
- Immediate manifestations

Prevention / management

- Pressure equalisation

- Limiting the final pressure achieved
- Limiting the rate of decompression
- Return to "normal” pressure



Decompression sickness

- Decrease in solubility of dissolved nitrogen
in the body with decreasing pressure

- Pressure drop greater than 2

- Supersaturation, appearance of
microbubbles

- Nitrogen tension in the tissues
- Pressure, length of stay
- Decompression rate
- Decompression rate, pressure ratio

- Morphology, physiology —
cardiac ultrasound (a)

supersaturated (b) normal
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Hypoxia
Hypoxic hypoxia

Confined spaces

- Exposure situations
 Prevention

Other hypoxic environments



Hypoxic hypoxia

Ambient air

« 20.95% of Oxygen in air
(78% N2, Ar, C02,...)

« Partial pressure in Oxygen PO2: 21.2 kPa
(159 mmHg) in a normobaric environment

Hypoxic
environment

[kPa] - Hypoxia
2 - Oxygen deficiency
. - Hypoxic hypoxia
- Decrease in the
| R o

Ambiant inhaled Alveolar Arterial Tissues
air air gas blood



Effects of hypoxia

Acute exposure Prolonged hypoxia

- Acute mountain sickness (AMS)
o - benign 2500-3500 m (4-6 h)
[kPal -pulmonary edema (3-10 days)

- cerebral edema
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The altitude

Sectors involved

- Sports and leisure
- high mountain

- Civil and military aviation
- 3035 professional
licenses

Altitude

Effect of altitude

107300 - 1
| - Dalton's law
, | - addition of the partial
5500 T-1
- pressures
.| - PO2 is proportional to

PAmb.




The oxygen saturation curve

Relationship between 02 partial
pressure and blood saturation

o Factors of influence

Decreased temp

- PO2, Temperature, Blood pH
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Accidental decompression

The time of useful consciousness

- Ability to initiate rescue actions
- for rapid decompression < 30 s

' —e— resting (100% oxygen)

----- A--- moderate activity (100% oxygen)
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~— "4~ - moderate activity (air)
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Accidental decompression

decompression and emergency recompression
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Ebullism (hypobaric environment only)

Ebullism

- Extreme hypobaric environment (aerospace)
- Vapor pressure of water at 37°C = 63 hPa
- Blood boils

Characteristics

- Absolute pressure
» Snapshot

Prevention

- Rester sur la terre ferme



Confined spaces

Confined space

- Totally or partially closed
volume
- low air exchange, not a
working space

Hazard
- Hypoxia, intoxication,
explosion

Prevention

- Wells, pits, sewers, tanks, vats
(fermentation tanks), silos...




Confined spaces

Preventive measures

- \/entilation of the space
- mechanical, natural drafts
- Removal of indoor pollution sources
- e.g. combustion engine
- Air quality monitoring
- oxygen measurement, other pollutants
- Personal protection
- self-contained breathing apparatus
(SCBA)
- Training, instruction
- intervention, rescue (over-accident)




Confined spaces

- Requirements for pits and
pipelines

(1) if leakage of
hazardous substances

(2) if noxious atmosphere

(3) not on man if artificial
ventilation

(4) if artificial ventilation
insufficient

(N)
(ehﬁt41a'61)

Mesure des gaz
et des vapeurs

ANZ

Source: SUVA 44062



Cryogenic liquids

Mechanism

- Rapid evaporation of cryogenic liquid

- 1 liter of liquid nitrogen produces
~0.7 m3 of nitrogen gas (odorless
and invisible)

- Lowering of the oxygen content by
dilution

Sectors involved

. Superconductivity physics

laboratories Liquid Helium
- Biology and medicine Liquid Nitrogen -196
sample conservation Liquid Argon 186
- Food

- Rapid freezing



Cryogenic liquids

Example

- Liquid nitrogen in laboratories for medically assisted
reproduction
- cold storage, levelling of storage/warehouse
- normal” evaporation and accidental situations
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Lowering of the oxygen content

Sectors involved

- Inerting - chemical and petroleum industry

- Fire prevention - computer rooms, museums, libraries,
storage

- Preservation - museums, libraries, food storage,
preservation

air ext.
l - permeéat
compression
P T >21 %0,
(et .
ultrafiltration rétentat >80%
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