
Diving and Hyperbaric Medicine  Volume 49 No. 4 December 2019 311

Letter to the Editor

In the March 2019 issue of Diving and Hyperbaric Medicine, 
Dr David Doolette expressed a degree of skepticism when he 
defined as speculation my assertion that nanobubbles formed 
on a hydrophobic surface are the source of decompression 
bubbles.1  He catalogued my previously published paper,2 
which is based on a series of experimental studies, as a 
‘hypothesis article’.

There remains much that is uncertain about nanobubble 
physics, but central to our ‘hypothesis’ that pre-existing 
nanobubbles may be the precursors to decompression 
bubbles is the fact that nanobubbles are formed on many 
hydrophobic surfaces submerged in water from dissolved 
gas, and in some experiments where only aqueous solution 
was used, nanobubbles formed without supersaturation.3

Dr Doolette was deeply concerned about the Young-Laplace 
equation. A large number of studies published over the 
past two decades have shown that this equation and the 
subsequent exchange of gas is not applicable in the nano-
world of bubbles. Nanobubbles (r = 50 nm) were injected 
into pure water and remained there for more than two weeks. 
The pressure within the nanobubble, twice that calculated 
from the surface tension, was ascribed to the strong hydrogen 
bond between the water molecules.4  Numerous studies of 
hydrophobic surface nanobubbles have demonstrated their 
incompatibility with the Young-Laplace equation, inducing 
a similar number of attempts to explain this phenomenon. A 
recent study,5 which noted that nanobubbles are stable and 
have low gas density, summarised the situation thus: “We 
therefore suggest that current theories may lack the essential 
ingredient necessary for the formation and stabilization of 
the observed LCGM” (layer of condensed gas molecules) 
from which nanobubbles bud.

The study6 (also his reference 6), which Dr Doolette cites 
as a demonstration of nanobubble stability, to a great degree 
supports our suggested mechanism. In this study, 30 s of 
ultrasound irradiation resulted in the growth of surface 
nanobubbles. The authors related this to the well-known 
mechanism of rectified diffusion, where in one acoustic cycle 
the amount of gas that diffuses into the bubble (during the 
expansion phase) is greater than the amount that diffuses out 
(during the compression phase). This finding reinforces the 
notion that the nanobubbles expanded due to differences in 
gas tension and may thus also expand on decompression. In 
our experiments with silicon wafers,2 degassing of the water 
ensured the elimination of any accidental gas micronuclei. 
Decompression bubbles then developed on hydrophobic but 
not hydrophilic wafers. The only reasonable explanation we 
could find was that surface nanobubbles were the precursors 

of these decompression bubbles. Dr Doolette expresses his 
disagreement with this, but fails to provide an alternative 
explanation.

The idea that surface nanobubbles develop on any other 
hydrophobic surface tested, but not on a hydrophobic 
surface within the body, is questionable. Because it is more 
than likely that our decompression bubbles had their origin 
in nanobubbles on the hydrophobic surface of the silicon 
wafers, it is likewise more than probable that the bubbles 
which developed at the active hydrophobic spots on the 
blood vessels of sheep originated in the same way. As far 
as we can interpret the wealth of experimental data, it is 
indeed a tenable proposition that decompression bubbles 
develop from pre-existing nanobubbles on hydrophobic 
surfaces within our body. Strong support for this hypothesis 
may be seen in the explanation it can provide for the 
numerous and varied features of decompression illness 
(timing, acclimation, risk on a second dive, endothelial 
injury, microparticles, taravana, local white matter lesions, 
spinal and vestibular DCS and joint pain, among others), as 
we found in our investigations of active hydrophobic spots 
summarised in the recent overview article.2
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