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Diving.* 

By Prof. LEONARD HILL, F.R.S. 

THE new submarine escape dresses designed by 
Mr. R. H. Davis have been successfully used 

at a depth of 130ft. at Loch Long and have since 
been adopted by the Admiralty. Every man in the 
submarine service will have to have one, just as 
the soldier has his gas mask. In case of accidental 
sinking of a submarine, each man will at once put 
on the dress and partly fill the breathing bag from 
the small oxygen cylinder which is fixed below the 
bag, and then breathe in and out of the bag 
through a cartridge of soda lime which is put 
inside to absorb the exhaled carbon dioxide. 
Then the submarine will be flooded so as to equalise 
the air and the water pressure, and allow a hatch 
to be opened through which the men will float up 
one by one and reach the surface ; the breathing 
bag, acting as a balloon, will take them there. 
There is an escape valve provided for preventing 
over-distension of the bag. 

In using the submarine escape dress, men must 
be trained to fill the bag only partially with oxygen, 
so as to allow expansion of the gas on coming up. 
There is no risk of bubbles of nitrogen forming in 
the body fluids through coming up quickly, even 
from a depth of 300 feet, because oxygen has been 
breathed from the time the air pressure was in
creased by flooding the submarine. 

In case of prolonged difficulty in effecting escape 
from a submarine, surplus apparatus to afford 
fresh soda-lime cartridges and oxygen will be 
required. If the water has entered the submarine 
so that the air is under pressure, the bag should be 
filled with expired air two-thirds full and only 
enough oxygen added to keep it comfortably full
this to prevent oxygen poisoning. In this case, 
just before coming out, the bag must be squeezed 
empty and then filled with pure oxygen and this 
breathed for a few minutes so as to prevent 
bubbling off of nitrogen in the body. 

The new self-contained diving dress allows a 
diver to get an air supply from a cylinder containing 
a mixture of air and oxygen, an injector device 
being used to draw the air in the helmet through 
a canister of soda lime_ The diver is free from 
hose-pipe and air-pump, and merely carries a life
line with connexion for the telephone in his helmet. 
Arrangement is made so that he can detach this 
line and leave it fast outside while proceeding into 
a wreck, using a distance line to find his way 
out by. 

The use of this apparatus is limited to a certain 
depth by the percentage of oxygen which it is safe 
to breathe. If 50 per cent oxygen is supplied in 
the cylinder, the diver can safely do two or three 
hours' work in shallow water, but he should not 
exceed half an hour at a depth of 100 feet. For 
greater depths, air with smaller percentages of 
oxygen must be used, and experience is required 
to work out the most suitable method of supply. If 

• From the Friday evening address delivered at the Royal Institution 
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the air is kept pure by absorption of carbon dioxide 
by means of a soda-lime cartridge, then a small 
oxygen cylinder will suffice to keep the percentage 
in the helmet at, say, 10 per cent, for deep work. 
The reducing valve can be set to give that amount 
of oxygen which the diver uses per minute, but 
there is a risk of too little oxygen arising through 
extra hard work on the part of the diver, and we 
must bear in mind that want of oxygen does not 
give warning before a man loses full use of his 
senses. An additional cylinder of air wi0h 10 per 
cent of oxygen in it will have to be carried for 
altering the buoyancy of the dress as needed. 
Probably the ordinary method of ventilating the 
helmet by a hose-pipe will be used for deep work, 
a tank containing compressed air ·with 10 per cent 
oxygen being used as the supply. A ready method 
of partially deoxygenating air will have to be 
installed on the diving ship. 

The new submersible decompression cham.ber, 
also designed by Mr. R. H. Davis, was used with 
great success at trials conducted by the Admiralty 
at Loch Long last summer. An attendant goes 
down in this cylindrical chamber, which is fitted 
with a door top and bottom, and waits to receive 
the diver at a depth of 66 feet. The lower door is 
open and water kept out of the chamber by com
pressed air pumped into it. The chamber is lit 
with an electric lamp. The shot rope of the diver 
passes through rings attached to the outside of the 
chamber. After doing his job on the bottom he 
ascends rapidly to the chamber, and climbing up 
by a small ladder thrusts his helmet up in the 
chamber, so far that the attendant can cast off 
hose-pipe and life-line and take off the helmet. 
The diver then comes right in and the lower door 
is shut. A telephone message is then sent and the 
chamber is raised to deck level and decompression 
carried out there. From the time the diver leaves 
the bottom, all these operations take only seven or 
eight minutes to carry out ; the diving ship can, if 

be, then proceed to harbour. This is a great 
Improvement on the old method of the diver 
hanging on the shot rope in the cold and dark 
while decompression in stages is carried out. 
Moreover, when in the chamber the diver can 
breathe oxygen by means of a small apparatus, 
and by this means shorten the decompression time 
by at least one-half. 

There are three dangers from which the diver 
has to be protected. First, he may be poisoned 
by too much carbon dioxide through insufficient 
ventilation. If one air-pump suffices to ventilate 
the helmet at one atmosphere, an extra pump is 
required for each atmosphere in addition, as pointed 
out by Dr. J. S. Haldane, so at 300 feet ten pumps 
are required. Many divers have been made less 
efficient while at work and damaged in health by 
insufficient ventilation. In place of so many 
pumps, a canister of soda lime can be arranged to 
purify the air in the helmet, and this is an improve-
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ment which will, I think, be adopted for deep 
diving. Secondly, at considerable depths the diver 
is exposed to high tensions of oxygen ; for example, 
at 300 feet, to 10 atmospheres of air, which is 
equivalent to 2 atmospheres of oxygen; and oxygen 
at any tension a little greater than 70 per cent of 
an atmosphere acts as a poison when breathed for 
more than a certain time, the time becoming 
shorter as the tension is raised. While exposure 
for some days to a tension of oxygen greater than 
70 per cent of an atmosphere produces pneumonia, 
experience has shown that the breathing of pure 
oxygen at a pressure of one atmosphere for a few 
hours, as in the use of mine-rescue apparatus, has 
no ill-effect. 

Experiments have shown that animals can safely 
breathe 2 atmospheres of oxygen for 2 hours, 
but during this period both the use of oxygen by 
the body and the output of carbonic acid diminish, 
the body temperature drops and the animals 
become drowsy. If the exposure is more prolonged, 
or in shorter times if the oxygen tension is higher, 
the animals fall into a comatose condition and 
finally have convulsions and die. Some very 
important experiments were made by Bornstein at 
the Elbe tunnel works. He breathed oxygen at 
3 atmospheres ( +30 lb.) for 48 minutes, and two 
of the engineers (at the Elbe tunnels) for 30 
minutes without harm. He considered periods 
such as these set the limits to safety. 

In diving experiments in the United States of 
America in connexion with the practice of an 
American submarine escape apparatus, oxygen has 
been used without detriment for short periods up to 
a pressure of about twelve atmospheres, equivalent 
to 357 feet of water. 

Argyll Campbell has shown that normally when 
breathing air the tension of oxygen in the tissues 
equals 37 mm. of mercury. The blood in the veins 
coming from the tissues is normally about 75 per 
cent saturated with oxygen and carries 2-! to 3 
volumes per cent more carbon dioxide than the 
arterial blood, which is 95 per cent saturated with 
oxygen. Under high oxygen tensions in the 
inspired air, the tissue oxygen tensions rise, for 
example, from 84 mm. to 430 mm. of mercury, 
and the venous blood, being almost fully saturated 
with oxygen, can carry very little more carbon 
dioxide than arterial blood. Moreover, when the 
tissues are in danger of oxygen poisoning, the 
circulation may be reduced. Thus carbon dioxide 
is held back in the tissues and the tension may 
rise to poisonous heights, as was found to be the 
case by Argyll Campbell. 

It is clear, then, that for deep diving the ventila
tion of the helmet must be kept adequate enough 
to prevent even a small rise of carbon dioxide in 
the air breathed. It must be kept in mind that, 
at IO atmospheres, 0·1 per cent of carbon dioxide 
in the air breathed produces a tension of carbon 
dioxide of I per cent of an atmosphere, and I per 
cent produces a tension of IO per cent. The 
poisonous effect depends on the tension, and 10 per 
cent is enough to anresthetise a man. If there is 
difficulty in carbon dioxide being carried from the 
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tissues owing to high oxygen tension, this difficulty 
must not be accentuated in the least degree by 
ill-ventilation of the helmet, otherwise the diver 
may become drowsy, and even comatose. 

To avoid any poisonous effect of oxygen for 
deep dives the percentage in the air supplied to 
the helmet can be halved. Mr. R. H. Davis has 
contrived apparatus for effecting this, that is, for 
supplying less oxygen during compression, and 
more during decomprel?sion ; for diving to greater 
depths, air with still less oxygen in it will have to 
be used. As pure oxygen is going to be used in the 
submersible decompression chamber, it is obviously 
best to prevent any excess of oxygen while at 
work on the bottom. At 10 atmospheres, 2 per 
cent of oxygen in the air would give a diver the 
natural amount of oxygen. Suppose, for safety 
sake, that 10 per cent of oxygen is used at 10 
atmospheres, the nitrogen will be increased by one 
atmosphere, and this will have to be allowed for 
in reckoning the decompression period. 

The effect of breathing oxygen in washing out 
nitrogen can be shown. If diuresis is established 
by drinking two or three pints of water, the secre
tion of the kidneys can be used as a measure of the 
nitrogen dissolved in the blood. The bladder can 
be emptied every few minutes and samples of the 
urine collected with precaution to exclude contact 
with air. The dissolved gas can be extracted by a 
vacuum pump, and the amount of nitrogen esti
mated. At ordinary atmospheric pressure, there 
is approximately 1 per cent of dissolved nitrogen 
gas, at 2 atmospheres 2 per cent, at 3 atmospheres 
3 per cent, and so on. The effect of breathing 
oxygen for nine minutes during exposure of the 
body to a pressure of 3 atmospheres ( + 30 lb.) was 
to lower the percentage of nitrogen in the urine 
then secreted to 2·1, and in the next six minutes to 
0·9. Urine secreted during decompression after 
being at + 30 lb. pressure, this time with no breath
ing of oxygen, contained 2·86 per cent of dissolved 
nitrogen, more than three times as much. It is 
clear, then, that the breathing of oxygen quickly 
washes out nitrogen dissolved in the blood and 
tissues of the kidneys. 

The washing out of nitrogen from the body by 
breathing oxygen has been shown in another way, 
by Argyll Campbell and myself. After taking three 
or four deep inspirations from a bag full of oxygen 
and expiring into the air so as to wash most of the 
nitrogen out of the lungs, a deep expiration is made 
and a sample of alveolar air collected, the subject 
then breathing through a soda-lime cartridge in and 
out of a spirometer containing a few litres of pure 
oxygen. A sample is drawn from the spirometer 
for analysis at 3 min. and 6 min., in each case at the 
end of a deep expiration, and the volume of gas in 
the spirometer being on each occasion measured. 
At the end of the deep expiration a sample of 
alveolar air is also collected from the tube leading 
to the spirometer. The volume of the residual air 
in the lungs can be calculated, and so, too, the use 
of oxygen in metabolism by the subject during the 
period. 

It is estimated that there are about 960 c.c. of 
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nitrogen dissolved in the body of a man under 
ordinary atmospheric pressure, say 30 c.c. in the 
blood, 510 c.c. in the fat, which dissolves about five 
times as much water, and 420 c.c. in the other 
tissues. Our experiments show that about 30 c.c. 
of nitrogen per minute are washed out in the first 
few minutes from a man at rest, and about 50 c.c. 
from one doing stepping exercise. It seems clear, 
then, that by breathing oxygen, and exercise, the 
washihg out of half of the nitrogen, probably that 
amount which causes bubbling and severe symp
toms on decompression, takes place in about 10 
minutes. It is safe for a diver to breathe oxygen 
during the time required for decompression in the 
submersible chamber from 3 atmospheres absolute 
pressure (66 feet approx. depth) if the oxygen 
breathing allows the times of the Admiralty table 
set for the safe decompression of divers to be 
halved. 

Further research on animals is now being carried 
out to settle the point whether the formation of 
bubbles can be prevented by plus two atmospheres 
of pressure (66 ft. depth) when a diver is quickly 
decompressed from 300ft. to that pressure after a 
prolonged stay on the bottom. Possibly a stage 
will have to be given at 99 ft. If the diver is sup
plied with, say, 5 per cent of oxygen at the great 
depths, he can safely begin to increase the oxygen 
in his helmet as he climbs up from the bottom, 
using a small cylinder of pure oxygen for this pur
pose, and then arriving at the submersible decom
pression chamber be ready to breathe pure oxygen at 
plus two atmospheres and during the decompres
sion from that pressure. When a bottle of cham
pagne is opened in a chamber at plus two atmos
pheres, it appears flat, as this proosure stops the 
formation of bubbles and the gas escapes quietly. 
In the trials at Loch Long, divers came up quickly 
from 300 ft. to 66 ft. and suffered no harm. It is 
important that the deep sea divers go down fasting 
with the least gas in his alimentary canal. Gas 
formed therein mechanically obstructs the circula
tion by expanding during decompression and en
hances the danger of bubbles forming in the blood. 
Out of twenty-four well-fed guinea-pigs compressed 
for 1 hour to plus 100 lb. and decompressed in 
five minutes, nineteen died; out of twenty-four 
fasting guinea-pigs only eleven died. None died 
when oxygen was given during the period of decom
pression. 

The U.S. Navy is experimenting with helium and 
oxygen ; helium has less solubility and greater 
diffusivity than nitrogen, and good results are 
reported. We have no available helium. 

There are certain other dangers to which the 
diver is exposed, as were evidenced by the salving 
of the S 51 submarine by the U.S. Navy. The inlet 
valve may become blocked by ice due to freezing 
of water condensed out of the air pumped down the 
hose pipe in wintry weather when the salt water a.t 
the bottom of the sea is below freezing point. One 
diver was drawn up just in time, half suffocated; 
another was far inside the submarine when this 
happened, but managed to knock his valve free of 
ice by striking the outside with a spanner. The 
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air-supply after that had to be freed from water 
vapour for such wintry diving. It is astonishing 
that the divers can work with their hands exposed 
to such cold water even when gloved. A thick, 
knitted wool glove containing air in its meshes 
with a rubber glove outside is, of course, the best 
protection against cold. 

Another danger is the outlet valve becoming 
jammed through sand getting into it when lying 
down and tunnelling as those American divers did 
through clay, using a fire hose and high pressure 
water to cut out the clay. If the outlet valve 
closes, a diver may have his dress blown out and 
be spread-eagled before he can shut off his air supply 
or open his spit cock and use that as an air outlet. 
If his telephonic message to cut off the air be not 
heard his dress will be burst. This actually hap
pened to Eddy, a famous diver, but another diver 
witnessed the accident and, telephoning the news, 
Eddy was drawn up in time, put in the recompres
sion chamber, and saved. To be blown up is 
dangerous, first, because of the rapid decompres
sion, and secondly because of the risk of the helmet 
hitting the bottom of the attendant ship. If a 
diver be blown up to the surface, he must be at 
once sent down again after letting out excess of air, 
or have his helmet taken off and be rushed into the 
recompression chamber, 

The courage and presence of mind of divers is 
shown by the story of a diver named Smith who, 
when tunnelling out the clay and getting near the 
keel of the submarineS 51, had the clay walls of the 
tunnel fall in upon him. He telephoned for help, 
but managed to turn round the nozzle between his 
legs and force out the clay and so escape; then, 
telephoning he was all right, he went back again 
into the tunnel and completed the job, and this 
down in the dark at a depth of 130 feet. 

The oxyhydrogen flame has been adapted for use 
under water, and large thicknesses of metal were 
quickly burnt through by this means in the salving 
of S 51, by Commander Ellsburgh. 

The ' iron man ' designed in Germany and used 
in wrecks by Italian divers is an observation 
chamber with jointed limbs which allow a certain 
amount of awkward movement. The joints have 
ball bearings. The diver, shut inside, is at ordinary 
atmospheric pressure and breathes oxygen, having 
the exhaled carbon dioxide absorbed by soda lime. 
He can use the oxygen supply also to alter the 
buoyancy of the iron man. There are glass discs 
for observation, and in dark water a powerful 
electric lamp- has to be lowered down for him to 
see by. At a depth of 100 feet the sunlight appears 
as moonlight, and at 200 feet as starlight. Tools 
are affixed to the end of the ' iron man's ' arm, and 
the diver works these by scissor-like handles inside. 
The diver in the ' iron man ' cannot use his sense 
of touch, and prolonged training and good lighting 
are necessary for effecting any skilled work. After a 
dozen trials in it, one diver failed to shackle a rope 
on to a buoy. The diver in the 'iron man' can 
guide a charge of guncotton, or a grab for seizing 
hold of wreckage, but is not capable of very skilled 
work. 
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