


Naked Fame Tests for, and Human Tolerance to, Foul Air in Caves

Physiological effects of reduced O,

In atmospheres consisting of just N, and O,, and
where O, is at a lower concentration than the normal
atmosphere, the human body would be affected in the
following manner (Laboratory Safety Manual 1992).

* O, reduced from 21 to 14% by volume. First

perceptible signs with increased rate and volume of
breathing, accelerated pulse rate and diminished
ability to maintain attention.

* O, concentration between 14 to 10% by volume.

Consciousness continues, but judgment becomes

faulty. Rapid fatigue following exertion. Emotions

effected, in particularly ill temper is easily aroused.
* O, reduced from 10 to 6% by volume. Can cause

nausea and vomiting. Loss of ability to perform any
vigorous movement or even move at all. Often the
victim may not be aware that anything is wrong until
collapsing and being unable to walk or crawl. Even if
resuscitation is possible, there may be permanent
brain damage.

* O, reduced below 6% by volume. Gasping breath.

Convulsive movements may occur. Breathing stops,
but heart may continue beating for a few minutes -
ultimately death.

These points indicate that there is very little difficulty
is caused by short-term exposure to O, / N, mixtures
down to about 10% O,. From Tables 3 and 7 it can be
seen that the percentage of O, which will just not support
combustion is approximately 15%. This is well above the
concentration which will not support human life. In
Tables 3 & 4, the theoretical cave atmospheres contain
sufficient O, concentration to support life, however the
CO, concentrations is sufficiently high to be dangerous to
cavers.

Physiological effects of increased CO,

Table 8 summarises the way in which the human body
responds to elevated CO, in an atmosphere. Gases which
create a hazard simply by displacing oxygen are called
simple asphyxiants. However it is not the lack of oxygen
in a cave which causes the physical symptoms or in
extreme cases death, rather it is the increased
concentration of CO,. For example a person can survive
several hours in an atmosphere with 3% CO, and 12%
O,. On the other hand an atmosphere of 8% CO, and 18%
O, could result in suffocation and death within a few
minutes.
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The exact percentage and timing will depend on the
individuals physiological make-up and tolerance.
However, several minutes exposure to a concentration of
>10% CO, will certainly result in death. For instance
exposure to 25% CO, or greater, will result in death
within one minute, even if there is 20% O, in the
atmosphere.The “Laboratory Safety Manual (1992)”,
quotes 0.5% CO, as the “Threshold Limit Value Time
Waited Average’ (TLVTWA). This is the concentration to
which a person may be exposed, 8 hours a day, 5 days a
week, without harm. The manual also quotes 5% CO, and
above as being “Immediately Dangerous To Life and
Health’ (IDLH). This is the concentration that will cause
irreversible physiological effects after 30 minutes
exposure.

Exposure to just 1 to 2% CO,, for some hours will
result in acidosis, even if there is no lack of oxygen. This
acid-based disturbance will occur in the human body
when the increase in partial pressure of CO, is greater
than 44 mm Hg. Acidemia will result and secondary
mechanisms are initiated by the body that attempt to
prevent drastic changes in pH and tend to return the pH
toward normal. “Intracellular buffering, via red cell
haemoglobin, phosphate, and protein, exchange
intracellular sodium and potassium for the excess
extracellular hydrogen ion. In addition, hypercapnia
leads to an increase in renal hydrogen ion secretion and
net acid excretion, as well as an increase in bicarbonate
reclamation. Although this response begins early, the
maximum effect takes several days.” (Clinical
Management of Poisoning & Drug Overdose, 1996).

Treatment for exposure to CO,

For persons exposed to high concentrations of CO,,
remove to a well ventilated atmosphere, keep the person
warm and avoid exertion. In severe cases administer
oxygen if available but be aware that vomiting and nausea
often follow. Persons who have been exposed for short
periods, generally recover without serious after effects.

Fire fighting research and CO,

Fields (1992) studied the use of a new fire
extinguishing gas mixture, designed to be used in
enclosed spaces. While the actual percentages are not
given in the paper, the gas called “Inergen” appears to
consist chiefly of argon (Ar) with some CO, added. The
function of the gas mixture is to reduce the ambient
oxygen concentration to less than 15%. The study then
goes into great detail about the affect on human life when
the O, concentrations are reduced to between 15.0% and
12.4%, while the CO, concentration is increased to
between 3.1% and 4.3%. The research found that the

COs% Comments
0.03 Nothing happens as this is the normal concentration of carbon dioxide in air.
0.5 Lung ventilation increases by 5%.
2.0 Lung ventilation increases by 50%, headache after several hours exposure.
3.0 Lung ventilation increases by 100%, panting after exertion, headaches.
5-10 Violent panting and fatigue to the point of exhaustion and severe headache. Prolonged exposure could
result in unconsciousness and death.
10-15 Intolerable panting, severe headaches and rapid exhaustion. Exposure for a few minutes will result in
unconsciousness and suffocation without warning.
25-30 Extremely high concentrations will cause coma and convulsions within one minute of exposure.

Table 8. Physiological effects of CO, af various concentrations (Strang. 1990)
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addition of CO, was beneficial as it induced an
immediate and sustained stimulus to increase breathing
rates of persons caught in areas flooded with this gas
mixture. It was the increase in CO, and to a much lesser
extent the decreased O, which stimulated the respiratory
response. For fire fighting Inergen, would be injected into
an enclosed space at between 0.4 and 0.7 cubic metres for
every cubic metre of room volume. At 40% dilution there
would be 3.1% CO, and 15.0% O,, while at 70% dilution
there would be 4.3% CO, and 12.4% O,. The paper
concludes that the elderly or people with heart diseases
(eg. coronary artery disease) but not heart failure would
be at some risk of clinically significant hypoxia when
breathing 70% Inergen mixture at sea level, but not when
breathing a 40% mixture. The use of Inergen was
considered at altitudes with barometric pressure down to
650 mm Hg, (Sea level atmospheric pressure = 760 mm
Hg). There was an overall increase in risk, however not
significant enough to warrant a change in the mixture. At
sea level an average healthy person would be at low risk
of suffering any affects other than reducing their capacity
for physical exertion, to less than half the maximum they
could normally sustain while breathing fresh air.

An increase in CO, would cause increased breathing
rates and could impose serious limitations on the degree
of physical exertion achievable by a person with lung
disease, cardiovascular disease, anaemia or carbon
monoxide poisoning.

This paper fails to mention exposure times in relation
to effects on humans at various concentrations of CO,
and O, as would be expected after the addition of
different Intergen to an enclosed atmosphere.

trace

CcO
Ir.nerg.en Ny,% | Ar% 2 | 0,% | gases
in air % %

40% 700 | 114 S 15.0 0.5

70% 66.5 | 16.4 43 12.4 0.4

Table 9. Resulfing volume % of gases in an inergen
air mixtures which extinguish fire.

Conclusion

The results and discussion in this paper have clearly
answered the four questions posed in the introductory

paragraph.
» The Naked Flame Test is primarily measuring the

low O, concentration.

+ Itis not reliable for measuring CO, concentrations.
The Naked Flame Test using different fuels can
reliably indicate the O, concentration in a cave
atmosphere.

» Examination of the literature has shown that a high
(>6%) CO, concentration is the most life threatening
situation encountered underground. A life
threatening low (<10%) O, concentration is rarely
encountered in caves.

» Can the butane lighter be added to the following list
of CO, indicators (Australian Caver 1990)?

1% CO, a lighted match will go out
4% CO, a lighted candle will go out
6% CO, a lighted carbide lamp will go out.

A butane lighter can be added to the list of Naked
Flame indicators of foul air, however as already

determined by controlled atmosphere experimental work
in this paper, all flame tests are measuring the O, content
of the atmosphere. CO, concentrations at the levels
which can be encountered in caves, have no real influence
on the Naked Flame Test. Therefore extinguishing of a
naked flame is indicating a potentially dangerous cave
atmosphere, which is low in O, and most likely has an
elevated concentration of CO,. The exact CO,
concentration can not be determined by the flame test as
the cave atmosphere may have been influenced by type 1,
2 or 3 Foul Air or a combination of these. It can only be
assumed that instrument inaccuracies occurred when the
rule of thumb CO, test was originally determined during
the early 1970’s, in mainly type 2 Foul Air at Bungonia
Caves, NSW.

It could be concluded that the Naked Flame Test
adopted as part of the ASF Cave Safety Guidelines, 270
Jan. 1990 (Australian Caver 1990) is essentially
meaningless. Without sophisticated measuring
instruments, one can only speculate about the exact
concentration of CO,, so if any one of these flame
indicators will not burn, it is time to exit the cave.

Cavers should recognise the fact that exposure to foul
air has an effect on a person’s ability to function
normally. The likelihood of an accident is therefore
greatly increased. All care and precautions should be
taken.

If sophisticated measuring equipment is not available,
the best advice is to carry out a “Naked Flame Test” when
you or amember of your group experiences the first signs
of laboured breathing, headaches, clumsiness, loss of
energy or any of the other signs associated with elevated
concentrations of CO,. Ideally cavers should become
aware of the subtle changes to a cigarette lighter flame
associated with O, concentrations down to 13%. This
will reduce the amount of unpleasant fumes emitted from
matches burnt by people experimenting in the confines of
a cave. The best advice is, “If in doubt, get out”, in an
orderly manner.
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