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Gas micronuclel are required
to Initiate the formation of
bubbles on decompression



Harvey et al. 1944. Bubble
formation 1n animails:

“We believe that most
bubbles formed in a resting
animal come from minute
gas nucleil, whose origin Is
at present obscure”



Common assumptions regarding
stable gas micronuclel
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- Recently, using Tapping-Mode Atomic Force
Microscopy, nanobubbles were found to grow
on hydrophobic but not hydrophilic surfaces.

Tiny flatgas
nanobubbles 5-30 hm
appeared only when
Inert gas was
dissolved in the
water.

Ishida et al., 2000




Tyrrellet al, 2001

This finding is still controversial, due to

um the absence of an underlying theory by
which it may be understood.

However, if it Is true, there are a number of hydrophobic
surfaces in the living body, such as the subcutaneous
adipose tissue, nervous myelin sheath, visceral fat and the
Inner surface of large blood cavities, Whlch may be S|tes
where gas micronuclei are formed.



Hydrophobicity of biological surfaces
(angle for a drop of water)
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Three types of gas cavities are
further defined as:
1.Nanobubbles - the tiny spherical
cap shaped gas cavities which are
formed on hydrophobic surface.
2. Gas micronuclei — nanobubbles
that are effective as bubble seeds.
3. Bubbles — visible bubbles of any
size.



METHODS

1. Flat almost uni-molecular, silicon wafers were
coated with a uni-molecular hydrophobic layer —

Trichloro(octadecyl)silane.

2. Double distilled water was degassed at low
pressure, 5.60 kPa, and hydrophobic and

nydrophilic silicon wafers were placed in the
powl of water overnight at normobaric pressure.

The bowl was then placed in the hyperbaric
chamber for 15 h at a pressure of 10 ATA and

decompressed at 1 ATA/min.




RESULTS

Bubbles appeared only on
15 min after decompression hydrophoblc wafers.
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At 30 min after decompression,
more bubbles appeared.

30 min after decompression
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1 cm? of hydrophobic wafer 35 min
after decompression

The bubbles seen earlier had
grown, whereas tiny bubbles
had just become visible.
Probably large micronuclei
were the first to bring about
bubble nucleation, whereas
small micronuclei were
responsible for late nucleation.




Bubble score after scuba dives
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After a large bubble is released to the surface
of the water, many bubbles are formed on
the space it has cleared. This may explain the

high bubble score in a second dive on the
same day.

Time after decompression:

Few nucleations
apeared on the
spot from
which bubble
floated




For a study of the Kinetics of gas micronuclel,
6 hydrophobic wafers are placed around a
hydrophilic wafer and photographed
Immediately following decompression.
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With increased hyperbaric pressure from 10 msw to
25 msw and elevated gas supersaturation, the
density of bubles increased. Density leveled off
between 25 and 30 msw.

15 h 4.5 kPa 2h normobaric pressure 15 h high pressure

140
1201 =6 -

b
-
o

80 -
60 -

40 -
20 - {

0 - @

Bubbles/ cm?

5 10 15 20 25 30
Pressure, msw



CONCLUSIONS |

1. Gas micronuclei are formed on flat, hydrophobic
surfaces.

2. More gas micronuclei are formed on part of a
hydrophobic surface cleared by an earlier bubble.

3. Density of effective gas micronuclei increase as
hyperbaric pressure is raised from 10 to 25 msw
and stabilized thereafter.

4. This new concept may help construct better diving
tables.



CONCLUSIONS 11

5. Adiposity is a risk factor for DCS not only because
of the high solubility of nitrogen, but also due to

the production of gas micronuclel.

6. Knowledge of the location and nature of gas
micronuclei may help advance research on
denucleation as another way of challenging
the risks of decompression. For example: our
suggested method of oxygen prebreathing.



