






















































































4) If ttM caver hils passed through a region of foul air and dons breathing apparatus wh.-. entering 
regions with a carbon dioxide concentration above 6'Ko, then he will probably experience off effects on 
breathing the fresh air in his apparatus. These appear rapidly and there is IS yet no routine fOl' avoiding them 
under theSi very special circumstances. Any method of making the transition more grad ual seems desirable, 
such as alternate breaths of compressed .ir and cave air, or leaking the foul air under the side of the face 
mask. Preferably if feasible the apparatus should be used from 3% onwards. Above art it must be 
certain tnat off effects are not Raing to occur and that normal respiratory stability is achieved before 
continuing into regions of higher COl. Vomiting for example would be disastrous. This is especially 
important when the breathing apparatus is being used for cave diving in fou l air caves. Off effects are almost 
certainly the reason for the comment from foul air cave divers "breathing fresh air makes me feel worse". 
Underwater off effects would almost certainly be fata l, 

TREATMENT 

Much of the treatment for foul air narcosis is common SInH but success depend s upon the ability to 
assess and adapt rapidly, Hence critical observation by the oth. members of the party is necessary for 
immediate treatment of victims. This is difficult because in foul air thinking becomes selfish and survival is 
one's first priority . ...Fortunately, the warning sympto ms are unpleasant, and this protects the caver. 
Mild distr ... in COl 

As soon as any minor uncomfortable symptoms (e.g, headache) are fait the victim should return to 
fresh air dowly. Anxiety tends to make victims of foul air move rapidly and nard physical work causes rapid 
deterioration in the victims' condition. The victim should not be dispetched to return to frash air alone nor 
should he be allowed to sit and wait for the pitrty'. return, Sicknes •• nd headaches may persist on raturn to 
fresh air, and are best treated by rest, 
Sariou. diltreH in CO, 

Serious distress has been reported in concentrations as low as 1% and it is common at 4·5% if working 
hard , When this occurs check that there is no restriction on breathing such as tight clothes or a prusiking 
chest harness, Reduce anxietv by soothing and calming the victi m. If available administer medical oxygen 
or comprMsed air. As soon as the victim is calm start to move him slowly out of the foul air, but no further 
improvement can be achieved by lingering in it. Victims tend to want to stay still and sleep. They should be 
given maximum assistance up pitches using a hauling rope and a life·line, and they should be assisted up all 
climbs. 
ColiapH 

If the victim collapses where there is no oxygen or compressed air available, ha should preferably be 
carried into a regioo of fresh air. All clothes and other restrictions on breathing should be loosened and 
mouth to mouth resuscitation should ba liiv.en if (aspiration fails, 11 he recovers organise his removal from 
the cave. If he does not regain consciousness roll him into the semi-prone position and or9lnise tha rescue. 

RESCUE 

Rescue from Foul Air CaYes 
The physical effort of carrying a victim in foul air is axtreme and will cause the condition of the 

rescuers to deteriorate rapidly. To ass&s$ some of the problems associated with rescue from foul air Sydoey 
Speleological Society organised a practice rescue in the Grill Cave at Bungonia. Unfortunata lyon the day of 
the practice the COl was below 1% and no ill affects were felt by the stretcher bearers. It is assumed that 
rescue from foul air caves with up to 4% CO2 will be possible without breathing apparatus for the rescuers, 
Frequent changes of stretcher bearers and stretcher support parties are required because the rescuers have to 
move slowly and leave immediately any signs of distress are felt, lest further casualties occur. 

When the Co, level is above 4% removal of the victim to fresh air becomes more urgent, more 
difficult and less f .... ible. While it is recognised that normally the only C8vers entering such an area will be 
fully trained and equipped and therefore unlikaly to suffer a casualty, the possibility of an accident must be 
rememberKf and the rllScue of a foolhardv caver can be envisaged, The rescue must be made by a perty fully 
equipped with breathing apparatus. On no occasion should an unequipped person stay with the unconscious 
caver. 
Rascu. of. cayer tFllpped In foul air or. pace whera foul.ir can ICcumulata 

In the Neil Moss Incident in Peak Cavern (Uoyd 1961) the victim had descended a ladder to the 
bottom of • 12 m tube, where he worked in a boulder choke for 30 ml nutes. When he came to ascend he 
could not raise one foot .boYe the other.nd .fter 15 minutH of trying felt comp/etaly beaten - an indication 
that his .ir was alr.dy foul. He became light-h.ded and unconscious within 2 houn indicating further 
deterioration of the eir by 0 1 use and CO, production. After 24 hour. he was deed. The report of the MAO 
committee set up to examine the possibility of rescue from such situation., stated that the problem of foul 
.ir appeared Insoluble (Anon 1970). COl levels In small chambers had not been cleared by soda lime 
absorbers. Laboratory experiments with a large balloon (size of a small room) had confirmed the difficulty 
of removing CO2 from a large volume of .ir. A suggestion by Rogers.t the end of the sama report gave a 
clear indication that the problem is far from Insolubla, and a victim trapped as Nell Moss was has a definite 
hope of rescue, 

When it is realised a Clver is trapp&e! and rescue is required then even if it i. not known that foul air 
will accumUlate the follOW'ing action is wise :-



for the victi m 
1) Extinguish carbide lamps by turning off the water if possible - if not knock out the flames. H2 5 
(hydrogen sulphide) and other gases that give acetylene its foul smell will be there in insufficient quantities 
to be fatal. 
2) If possible relax into a position where breathing is easy. loosening belts etc. 
3) If possible move the head into a position where breathing apparatus can reach it. 
for t he caving team 
1) Start rescue organisation immediately. 
2) Leave one person in voice contact with the victim to keep him calm if conscious. Extinguish all 
flames. 
3) Use the inventiveness of the group to get fresh air to the victim while still conscious, e.g. a hose from 
a farm. a rebreather set from a fire station. 
4) Ensure the victim is supplied with a hauling rope while still oonscious. 
for the rescue of'98nisation 

Any caver trapped in a squeeze may be in danger from foul air. and unless the rescuers are certain 
t hat foul air conditions are not present and will not develop then arrangements must be made urgently for a 
supply of acceptable air. If the victim is near the surface he can be suppli ed with air from 8 road drill 
compressor. However, with the advent of /I strong cave diving group and their resulting entourage of sherpas­
all qualified for carrying ai r and oxygen bottles into remote places, the Hookah system of a boule and 
pressure tubing or the MRO sump rescue apparatus could be used . A full face mask can be put on while the 
victim is conscious by which means he can be supplied with air if he collapses. If the victim is unconscious 
or unable to fit a face mask or demand mouthpiece, then the CO2 accumulating must be displaced from 
around his head. The simplest device that may work is a 1 m length of metal Pipe firmly attached to the 
pressure hose so that it can be pushed to the victim's face. Air under pressure would then reach his face. 
Large volumes of air would be required for this process and an air compressor for refilling bottles at the cave 
entrance would be essential. If the location is particularty remote, the less easily obtainable oxygen is better 
than air as the victim will survive much higher levels of CO2 in oxygen than in air. 

In the attempted rescue of Neil Moss (Lloyd 1961) compressed oxygen was released close to him 
and this may have prolonged life considerably, partly by raising oxygen levels and partly by diluting the 
carbon dioxide present. Unless oxygen reserves were maintained death would have occlirred earlier. The a im 
must be to keep the victim alive and in good condition while an appropriate extraction and.rescue is devised. 

CONCLUSION 
Many of the practical aspects of foul air caving come from the personal experience of the two 

Australian authors who for several years have caved regularly in foul air containing up to 6% carbon dioxide, 
The actual physiological effects of foul air are poorly understood by caven encountering them and have 
frequently been misinterpreted. Variation in personality and in tolerance of foul air can allow cavers 
unwittingly to put themselves at hazard. Medical and physiological literature on foul air is not easily available 
to t he caver and linle has been written with the caver in mind . The double danger of a rise in COl associated 
with a fall in 0 1: has rarely been examined and the im mense practical problem of working in such an 
atmosphere lacks the attention it needs. It is hoped to undertake further experimental work in this field. 

It is safe to enter and work in fo ul air containing up to 4% carbon dioxide. At levels above 4% the 
caver is contin uously in increasing danger and above 6% the danger is extreme. GrOWing interest in foul air 
caves and improved techniques will lead to further explorations with the increasing probability of an accident. 
Rescue from foul air caves is possible but success depends on no time being wasted at any stage. Practice 
rescues from Australian foul air caves will be held in order to provide first hand knowledge of the problems 
involved. It is hoped that this paper will stimulate thought and discusslon of the hazards of foul air. 
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HAZARDS OF USING EXPLOSIVES 
by Robert M. Williams, M.B., B.Ch., D.P.H. and M. Anrf Mason Williams, M.Sc. 

There are, of course, the obvious hazards of explosives, substances which have been aptly described 
es "instantaneously perishable materials". It is to be hoped that anyone who he s occasion to use "banger" 
or who is a member of a party using it In a cave or at a dig, appreciates fully the dangers of mis·handling 
explosives. For those interested, it is worth mentioning that Imperial Chemical Industries have sevBfal 
publications and films on the use of explosives and the techniques of shot firing. In this paper it is intended 
to point out some of the less spectacular hazards involved; those arising from the toxic affects of explosive 
mixtures and the fumes wtlich result from their detonation. 

Two explosives used frequently by cavers are Nobel Polar Ammon Gelignite and Plaster Getatine, 
each of which depends on its trinitroglycerine coo tent for its explosive power. For obvious reasons, it is very 
difficult to obtain exact formulae for the composition of the various explosive'S (neither the Home Office nOf 
the industries concerned encourage the Oo·it·Yourself idea for making explosives!). It is known, hO'Never, 
that gelignite consists, approximately, of: 

60% nitroglycerine 
5% guncotton 

27% nitrate of some sort 
8% wood meal 

Other explosives may contain trinitrotoluene and other aromatic compounds. 
Trinitroglycerine is used medically to dilate narrowed blood vessels in the heart in the treetment of 

Angina. It also causes an increase in pulse rate and ditates the blood \/'IIssels supplying the brain thus increasing 
the blood supply to that area. The consequent rise in intracranial pressure gives rise to headache in many 
cases: the headache known to cavers as "Banger headache". MedicinallY, it is taken by mouth, but it is 
readily absorbed through the skin and its vapour has an equally powerful effect even when diluted by large 
volumes of air. The susceptibility of individuals to the action of nitroglyCf!rine is very variable but in all cases 
is greatlv enhanced by heat and by alcohol. 

In most cases the headache begins as a severe throbbing in the frontal region and spreads until the 
whole head aches and it may be associated with a feel ing of general weakness, flushing of the face, and, 
occasionally, vomiting. Little can be done to avoid "Banger headache" other than to avoid using "banger". 
Rubber gloves afford protection against absorbtion through the skin but it is impossible to avoid inhaling 
some of the vapour. Once the headache is present the only drugs which are of use are the analgesics such as 
aspirin and codeine. Drugs such as Ephedrine (a drug used for the treatment of allergiC conditions) have been 
rtcommendad for use before handl ing explosives. The degree of relief given by such drugs does not appear to 
be reliable and personal experiments have been disappointing. 

The explosives which contain trinitrotoluene may also have an effect on health, through their effect 
on the blood. Here again they are absorbed through the skin, but in this case continued handling for a longer 
period of time is required for the symptoms of headache, nausea, vomiting and protration to develop. Cyanosis 
can appear due to the effect on the blood cells. 

It is not only the handling of explosive that can cause discomfort and Ill-health; equally dangerous 
are the products of their combustion. Following detonetion, the atmosphere will contain a variety of fumes; 
carbon dioxide, carbon monoXide, free nitrogen, ammonia, nitric oxide end nitrogen dioxide may all be 
present. The presence or absence of any particular gas and their relative quantities will depend upon the 
particular explosive used and the efficiency of the tamping. Carbon monoxide, nitric oxide and nitrogen 
dioxide are likely to be present in appreciable quantities if: 

(i) detonation is not complete 
(iil slow combustion has occurred 
(iii) tamping has been poor 
(jv) Ventilation is Inadequate. 

The atmosphere will also contain rock dust which is irritating to the lungs, but the volume of such dust can 
be assessed visibly and excessive quantities avoided. 

Modern explosives are designed to be detonated under well tamped conditions. Small quantities of 
dangerous fumes may be released but are usually swept away even by small draughts. In the early ya.n of 
high explosives, manufacturers designed mixtures which were highly "oxygen positive" to ensure complete 
comb ustion, or alternatively, mixtures which were highly "oxygen negative" to ensure "cool" exPlosions, 
for use in coal mines. Until it was realised, towards the end of the nineteenth century, that many shot·firers 
were suffering from anaemias and other illnesses, the resultant fume content of such explosives was not 
studied from II toxicological point of view. 

The simplified equations for modern explosives are: 
m 4C,Hs {NO,)-+ 12C02 + 10 H2 0+6 N2 +02 

(nitroglycerine) 
(iI) 4C7Hs N,0, +2 1 O2 -+ 28 CO2 + H2 0+6N., 

(trinitrotoluene) 

Reproduced from Trans. C.R.G. VoL6. No.2. 1963 
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Nitroglycerine and tri nitrotoluene are generally used in a mixture with an inorganic nitrate such as 
ammonium nitrate, NH .. NO] . 

(iii) 2NH .. NOJ .... 2N:-t4H:0-t0: 
detonation 

The combined reactions give equations of the type: 
(iv) 2NH .. N~ -t4C1 HdN01 h .... 8N: + 14 H:0+12CO: -t20: 
(v) 21 NH,.N01 -t 2C, H! N]O, .... 24 N: -t 47 H:O + 14 CO: 
Similar equations can be worked out for mixtures of nitroglycerine with potassium nitrate or sodium 

nitrate, when the potassium or sodium carbonate will be formed together with water and the gaseous products. 
Thus theoretically, no harmful products are released. As has been stated previously , it is diff icult to 

discover the exact composition of plaster gelatine, but in view of its properties it is likely to contain Nm% 
nitroglycerine with added inorganiC nitrates. This is recognised by the manufacturers to have poorer fume 
propertiM than other commonly used explosives such as Polar Ammon Gelignite which consists of 30% 
nitroglycerine and 60% ammonium nitrate. Confining the fumes in a well-tamped shot-l-lole will tend to 
produce a mixture of gases similar to those In the theoretical equations while the use of relatively uncon fined 
explosive will reSUlt in an interference with the balance of the theoretical equations, presumably by 
atmospheric gases. 

On burning a small quantity of explosive in air, fumes can be collected and analysed . The conditions 
are not strictly analogous to those at detonation as the rale of combustion is much slower but the results are 
interesting and suggestive; large quantities of nitrogen dioxide and its polymer, N: 0 .. are produced. 

There are then several harmful substances which may be present following an explosion on li mestone, 
such as carbon monoxide, nitrogen dioxide, ammonia and calci um oxide dust. The latter rarely forms a 
haurd to elvers al under the 'MIt conditions which prlVail in caves, active quicklime is rapidly slaked , In 
digs on the surface, the dust is visible and can be avoided until the prevailing draughts have blown it away. 

Carbon monoxide has been shown to be present following explosions under certain ci rcumstances in 
concentrations of about 0.02%. The symptoms of poisoning with this gas vary with the concentration In 
which the gas is p~sent , varying from immediate collapse in high concentrations to the slow development of 
headache and unconsciousness in lower concentrations. Recovery begins as soon as the victim is removed into 
fresh air. 

Ammonia and nitrogen dioxide are both highly soluble in water. The former rarely constitutes a 
danger as its characteristic smell is readily noticed together with the effect on the nasal and buccal mucosae 
well before it affects the bronchial tree or the lungs. Nitrogen dioxide, however, constitutes a very 
considerable hazard and gives no indication of its presence other than the brown fumes which can be seen 
only if considerable quantities of the gas have been released. 

The dangers of breathing the fumes from an explosion are well illustrated by an incident which 
occurred in Ogof Ffynnon Odu in Novllmber 1960. A 35 year old caver was seriously ill after he had detonated 
a charge of Plaster Gelatine in a confined cnamber In the cave. 

In order to reach the sill on which the charge was to be placed, the man had to swim under water. 
The object of the blasting was to lower the water level by removing the lip of the rock sill. 

The charge used was 1 tb of plaster gelatine which WIS placed firmly in a crack at "arm's length" 
beneath water level. No tamping was used beyond that provided by the water over the charge. After diving 
back out of the chamber the caver detonated the charge electrfcally. The explosion caused consid.,.bl. 
disturbance in the outer chamber, water being thrown some fifty feet up the passage. 

About half an hour later the man re-entered the far chamber and on surfaci ng found that there was 
a layer of fumes above the surface of the water. On surfacing in another part of the chamber he found that 
the fumes were present throughout the area and was able to see that they formed a layer eighteen inches 
thick over the water. The fumes ware too thick for him to see the effect of the blast and he returned through 
the water to the outer chamber. Here he changed into his ordinary caving clothes and made hi s way out of 
the cave at his leisure. The explosion had been set off at about 11 a.m. and he left the cave about two hours 
later. 

During the afternoon, the caver sat enjoying the late autumn sunshine and did noth ing energetic. At 
dusk he returned to thl'Club headquarters where he prepared an eveni ng meal and reti red to bed at 10 p.m. 
During this period of time no changes had been observed in his appearance and he had made no complainu. 

At midnight he woke one of his friends, and asked to be taken to see a doctor. He was breathless 
Ind as preparations were being made to take him to the local hospital, hl~ condition deteriorated and he 
started to cough up quamities of loose greyllreen fluid. On reaching the local hospital, he was found to be 
much WOf18 and required oxygen to prevent cyanosis. An X-ray revealed dense opacities In both lung fields 
due ~o acute pulmonary oaedema, By the time that he reached the nearest general hospital in an ambulance , 
he was comatose and oxygen was being administered continuously, 

Treatment following his admission to hospital was by sedation, diuretics, postural drainage and 
suction, 'Nith oxygen being administered as necessary. Within twenty-four hours, his condition had Improved 
considerably and following a short course of antlblotlct he was discharged for convalescence. For the 
foitowing six months he felt a leek of his normal vigour but then retumed rapidly to normal health and 
strength. 

The patient's own impressions of hlliliness are of interest. After leaving the cave he felt well In 
himself except for a certain weariness and lethargy. He had not exerted himself unduly during the rest of 
the day and had gone to bed at his usual time. He awoke to find his breathing tight and coughing produced 
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loose, frothy sputum. As fresh air did not seem to help he called his friends. He remembered being carried 
to an ambulance following his X"I"ay at the local hospital and feeling Irt that stage that his time had come and 
that as he had neither the strength nor the will to struggle, gradually sank under this feeling. His next 
memory was of resenting the fact that someone was slapping his back and sitting him up for an X-ray. This 
incident seems to have taken place after he had been at the second hospital for about twenty-four houn. 

Some months after this accident, a second and larger charge was placed near the site of the first 
charge which had not succeeded in removing the lip of rock. On this occasion the charge was tamped with 
sandbags and was fired from a greater distance away. When the party who had laid the charge returned to 
the edge of the water in the outer chamber some thirty minutes after firing the charge, a dense layer of brown 
fumes was observed over the surface of the water in the outer chamber. The colour of the fumes was typical 
of the fumes of nitrogen dioxide. confirming that such fumes are likely to be present after the dtttonation 
of poorly tamped explosive. Wearing breathing apparatus, one member of the party entered the further 
chamber and found that the fumes in there were equally dense. The explosion had been suocessful in 
removing the lip of rock on this occasion, thus 10werif1l the water level and allowing some of the fumes to 
escape into the outer chamber. The party of cavers left the area as quickly as possible after making these 
observations and no ill -effects were felt by any member of the perty. 

For some time the cause of the illness of the caver who laid the first charge was uncert.n but the 
general clinical picture seems to lay the blame on the oxides of nitrogen contained in the fumes released by 
the explosion. Although nitrogen dioxide is soluble in water, such large quantities of it had been produced 
that a considerable time was required for them to be washed away. The observations of the second party 
tended to confirm this view, for the brown fumes were still noticeable up to an hour after the explosion 
despite the fact that the charge had been tamped and that there was a perceptible draught once the water 
level had been lowered . It is permissible to assume that in the case of the caver who laid the first charge, 
he took a deep breath on surfacing in the inner chamber when he 'N8nt to inspect. the results of the explosion 
and thus took a considerable quantity of the fumes into his lungs_ 

Expert opinion on the circumstances of the explosion which resulted in the illness, suggests that the 
tamping resulting from two feet of water over the charge was insufficient. 

One of the chief dangers of nitrogen dioxide poisoning is that there is no warning level at which the 
victim will perceive the danger In time to remove himself without further damage. Concentrations of more 
than 1 in 1,000 are likely to cause coughilll, but aven a few minutes exposure at this level will cause death. 
Lower concentrations , which OlIn cause severe illness, are unlikely to cause any immediate symptoms. 
According to Hunter (1957) the major symptoms of "nitrous fume" poisoning are delayed for 12-36 hours 
after exposure_ Apart from a slight cough and a feeling of lassitude during the latest period, the victim has 
no warning . It seems that the greater the exposure, the earlier ·the symptoms will appear and the more severe 
the course of the illness. 

The symptoms vary from a mild dyspnoea (like mild asthma) to extreme dyspnoea with cyanosis 
and coma. Death may result In severe cases, The symptoms are said to regress within 24-36 hours so that if 
the patient can be kept alive for that period of time, the danger is passed and the pat ient will recover. 
Aecovery is complete, no scarring of the lungs result unless thare is repeated exposure when chronic 
dyspnoea develops, as was the case with the early miners. 

Thus the general pictura of nitrous fume poisoning with recovery following expectant and 
symptomatic treatment is well illustrated by the case described. There are but few si milar cases described 
in the literature, the two most recent being those of Aafii and Godwin (1961) who describe "Silo Filler' s 
Disease" believed to be caused by the presence of nitrogan dioxide in maize silos and Kronenberger (1959) 
who reports two cases of bronchiolitis in shot-firers in collieries. 

It is posSib le, therefore, to condude that there are dangers to health both in handling explosives 
and in respiring the gases produced by explosions. The former hazards can be reduced to a minimum by 
careful handling and by adequate ventilation during the preparation of charges. The latter hazards need 
never be encountered provided that the danger is borne in mind and sufficient time is allowed to elapse 
before re-visiting the site of an explosion. No absolute time can be given for this time interval because the 
amount and type of fume will depend on the explosive used and on the adequacy of the tamping and the 
rate at which the' fumes clear will depend on the ventilation of the site. A guide to the amount of t ime 
required for fumes to clear from e confined space can be found in the regulations imposed by certain 
commercial undertakin9' on their employees which do not allow shot-firers or drillen to return to the site 
of an explosion in a confined space for several hours. 

If, despite precautions, exposure to fumes is suspected certain first aid measures can be taken_ 
Ii) Ca rbon monoxide poisoning: the victim shows symptoms progressively of headache, giddiness, loss 

of po>Ner in I&9S and, sooner or later, unconsciousnfls, but characteristically remains a good colour with 
a pink complexion_ The treatment consists of removing the patient to fresh air and applying artificial 
respirati on if necessary. 

(ii) Nitrous fume poisoning: Any case where the victim is thought to have been exposed to such fumes, 
should be kept under close observation for 36 hours for the development of the symptoms outlined 
above and should any Vllheeziness develop the patient should be kept still In either I sitting or lying 
position. If available, oxygen should be administered. If the symptoms develop beyond a mild degree 
of wheeliness, medical aid should be sought immediately. In any case where there is doubt seek 
medical aid sooner rather than later . 
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Ac.tylena Explo.ion. 

MISCELLANEOUS MEDICAL PROBLEMS 
by Peter Standing 

The inflammable properties of the gas acetylene have been put to good use in the oxy-acetylene 
flame and the acetylene lamp. The principle of the latter is to achieve I small jet flow of the Gas by carefully 
regulating the quantity of water allowed to mix with caldum carbide in the lamp base, Minor explosions due 
to blocked jets and leaking rubber washers are quite frequent and add somewhat to the enjoyment of alving 
with t his particular form of lighting. 

There have, however, been raports of much more serious explosions involving transported carbide 
underground. In 1962 a member of the British Gouffre Berger expedition was carrying a kit bag containing 
a 7 lb. can of carbide, Somehow during its passage through the cave the tin lid became partially disloged and 
water leaked in. The person involved noticed a strange hissing sound and bent-down to investigate, whereupon 
the flame on his lamp sparked off a large explosion. He was thrown several feet ICross the pass. and had 
his eyebrows and beard burnt but otherwise escaped serious injury. 

Another incident occured in Agen Allwedd. In the interests of cave oonservation, a caver was 
carrying out his spend carbide in an ammunition box. Unfortunately the carbide was not entirely spent and 
the box was not completely watertight. As he was crawling along the constricted entrance pauages he heard 
gas hissing from the box. His reaction was immediately to release ttle pressure by opening the box but he 
forgot to put out his lamp first. The resulting explosion was heard in the Main Chamber, several hundred feet 
away, and caused superficial burns to the face and eyes and removal of eyebrows and lashes. 

The prevention of acetylene explosions is self.videntl 
Elec::trolyte Bums 

Other forms of lighting are even more frequent cause of burns amongst caven. They include nickel 
iron, nickel cadmium and lead acid batteries. Alkali burns from the first two are the more serious. 

Standing (1967) reported a case in a young female caver in Stoke Lane Slocker. She had carried her 
Nife cell to the cave in the same bag as har underground clothing and alkali had leaked over her wet suit. 
She noticed pain in her thigh after putting on her wet suit but it took a few minutes to get to the stream and 
wash the burn thoroughly. She then continued with the trip and it wasn't until several hours later that she 
became worried by the ugly appearance of the burn. She spent three weeks in hospital requiring a skin graft 
after the burnt area had sloughed off. 

Numerous other, less serious burns have occurred, The moral is clear. Use leak-proof steel vents in 
Ni te cells, store the battery separately from underground clothing end wash any bums IMMEDIATELY. 

Your editor (TDF) carries the scars of alkali burns from 1949 on his shoulder . He donned his caving 
clothes on a warm sunny day, and noticed they were stili 'dam p' from the previous week's trip; he also 
noticed a mild burning sensation after a while but put it down to an insect bite. After several hours caving 
with a caustic elkali compress you can imagine the resultsl They took 6 months to heal. 
Problems with Wat Suits 

Som. caven have been known to develop an allergic dermatitis In response to neoprene. Occasionally 
t his is serious enough to require avoidance of wet suits altogether. More often, however, the dermatitis is a 
minor complaint, probably multi-factorial in origin and associated with exposure to neoprene, excessi ... 
sweating and urinating inside the suit. 

Overheating in both wet.nd dry suits can be a problem in the dry upper reaches of a cava.nd sweat 
loss is frequently underestimated. Indeed inadequate fluid intake on a long trip is a contributory factor to 
overall exhaustion and merits more consideration than it usually geD. 
Wail's DiM'" (Leptospirosis) 

This disease is caused by a relative of the syphylitic spirochaete, t.pto$pifll kterohHmorrhagi88, 
which is excreted in the urine of Infected rats. Man acquires the infection by either ingesting food or drink 
contaminated by rats or by immersion in contaminated water. In Britain Weil's Disease is uncommon, 
occurring mainly as an industriallllneS$ amongst those who work in rat infested places e.g. sewer workers. 
In 1964 a Mendip caver contracted the disease in Stoke Lane Slacker and the source of the Infection was 
traced to rats contaminating the stream as it ran through a farmyard, someway above the swallet. 

Leptospirosis can be a very serious illness with a mortality of 16%, After an incubation period of 1-2 
weeks the commonest presenting symptoms are fever, headache, lethargy and pain In the back and limbs, all 
co ming on rapIdly. The conjunctivae are injected and jaundice occurs in 76% of people, Bleeding from the 
gut and alsewhere can occur and tha patiant may go Into renal andlor hepatic failure. 

July 1975. 
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SPELEOLOGY ANO CIRCADIAN RHYTHMS 
by J.N. Mitts 

The values of medical science to speleology are evident enough. The values of speJeology to medical 
science are, however, les5 evident, and consist la rgely of the isolation which caves provide , an isolation from 
any indicat ion of the alternation of day and night, which is very helpful in the study of human biological 
rhvthms. This is a subject which has attracted a lot of publicity of tate, as well as some unjustifiable 
commercial explo itation. Human circadian rhythms in particu lar nave been of considerable practical 
importance ever since night work and shift work became common, but the publicity they have recently 
attracted has been rather in association with what the press likes to call 'jet lag'. Most of us will appreciate, 
if'N'll pause to think of it, tnat there is an inherent rhvthmicity in our sleepiness and wakefulness as well as 
in our ability to perform any exacting task, and this is not solely dependent upon the fact that we normally 
nave a refreshing sleep every nigh t. If sleep were the sole cause then everyone would be at their best soon 
after they awoke every morning and would steadily deteriorate, reaching their lowest point of ability and 
performance by bed ·time. This is not the experience of most people. Many indeed complain that they are 
not really awake properly until an hour or two after breakfast or even until mid-day, while some reckon that 
they can do their best work late at night, when by all reason one should be tired or exhausted. This 
alternation of sleepiness and wakefulness can perhaps be demonstrated most clearty when a person stays 
awake all night. Usually after a time of extreme sleepiness somewhere in the small houn of the morning he 
feels distinctly better later on in the morning even though, in fact, he has had no sleep. A careful investigation 
of this point carried out on a group of Swedish soldiers who were kept awake for seWlnty-two hours showed 
that thei r increasing fatioue was punctuated each morning by a few hours when they felt distinctly less 
fatigued, before their progressive fatigue deepened again in the afternoon. 

This rhythmicity may be appropriate for those people who follow regular and conventional times 
of work and leisure , though the difficulty of some people over getting started in the morning, and the 
tendency of others to work l.te in the evening, does not a/ways fit in with the habits of their colleagues. So 
as soon as anyone is expected to work and to sleep at unfamiliar hours these rhythms are liable to become 
inappropriate. Abil ity and performance are not easy to measure, particularly when one is trying to define a 
regular repeated pattern which involves taking a series of measurements every day for many days. 

Circadian rhvthmicity, however, extends to almost every bodily function one can measure, including 
quant ities whose practical importance is not immediately obvious, such as the rate of excretion of different 
sal ts in the urine, as well as quantities which can w.1I have a practical importance, such as the rate of 
secretio n of various hormones; and perhaps most oommonly measured is the body temperature. There is, 
in fact , some indication that the timing of the body temperature peak, whether early in the morning or later 
in the day, as well as the timing of some of the behaviour of the kidneys, varies with the person's 
temperament, the peaks coming earlier in 'morning' types and later in 'evening' types. There is also some 
evidence that one's performance at a variety of euentially mental tests is better at the time when one's body 
temperature is highest and worse when the temperature is low. 

The most notabl y rhythmic hormone is the principal secretion of the adrenal gland, cortisol, which 
is produced very largely in the early morning and which has been described as an alerting hormone. Whether 
or not we accept this descript ion, there seems little doubt that it is of importance in assisting the body to 
meet a great variety of stresses and strains which are much more likely to be encountered during the active 
pert of the day than during rest and sleep in the evening and in the night. 

The greatest difficulty in the study of these rhythms consists in the multiplicity of rhythmic 
influences outside us. Daylight, for instance, conduces to wakefulness, darkness to sleepiness. The noise 
and bust le of people busy around us, or the relative silence that descends when others depart for their rest 
or sleep, are influences which are aU too obvious to anyone who has worked systematically through twenty· 
four hours in a labo ratory. Even in factories where pl ant is operated throughout the twenty-four hours there 
tends to be much more activity during the conventional daylight hours than at night . These various external 
influences, social and climatic, can powerfully affect the rhythmic functions whien we would like to measure; 
but were they the only determining influence on, for instance, our wakefulness or our performance lell8l, 
then no serious problems would arise for anyone who flies a long distance around the world into a new t ime 
.tone and has to reset his watch by perhaps eight hours or more. If we want to study the operation of the 
postulated internal clock we must somehow screen a subject from all these outsicle influences, and on the 
surface of the earth this is surprisingly difficult. Even in the Arctic the sun still goes round the horizon, and 
anywhere short of the Pole its elevation varies somewhat, and this in turn can produce a rhythm in 
envi ronmental temperature even though there is no gross alternation of light and darkness such as is 
encountered at lowe r latitudes. This is why caves have proved particularly useful for study since they are 
mostly at uniform temperature, dark, and well insulated from external noise; and, apart from their depth, 
most of them are situated reasonably far from cities and heavy Industries with the rumbles and low·frequency 
vibration whleh are very difficult to exclude by conventional methods of sound-proofing. 

The study of human biological rhythms by speleologists began with Michel Siffr., whose book "Hors 
du Temps" appeared in 1963 and, In an English translation, "Beyond Time", in 1964. This work is a curious 
mixture of adventure story and scientific r8COl'd, recalling the lK:1.ivities of Victorian mountlineers who 
carried barometers and other heavy pieces of physical apparatus up tt.ir mountains end recorded measurem.,ts, 
apparently feeling the need to Justify th.ir ascents bV contributions to .sci.ntific knowledge. Times of retiri/"l;l, 
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rising, taking meals and so fort h were recorded In his diary by Siftr. as he imagi ned the ti me to be, though 
he had no watch, and they were also recorded at the surface by telephonic communication. He stayed for 
63 days following a cycle of waking and sleeping which averaged dose to 24.5 hours, but he himself thought 
he had been underground for only 38 days, since by his own estimation he was sleepi ng for less than an 
ordinary eight hours and up and active for considerably below th e usual sixteen hours; and he thought that 
the time lapse from one rising to the next was about fifteen or sixteen instead of 24.6 hours. He also 
attempted to estimate a period of 2 minutes and was n.arly always in error, often grossly so. Duri ng the 
first few weeks his estimates were not grossly in error, a ... raging around 160 seconds, but th ey became both 
more erroneous and more erratic in the second month, nearly alweys exceeding 3 minutes and twice exceeding 
5 minutes. The errors were thus much greater in estimating such short intervals than in esti mat ing a day . 

The following year we had the opportunity to study Geoffrev Workman, who spoke with scorn 
about Siff,,'s 63 days and reckoned that he co uld happily my undergrou nd for 100 days. To be fa ir he 
had a much more comfortable cave, a side branch off Stump Cross Cavern which is a show cave open to 
visitors. He was not primarily interested in biological rasearch and took a watch with him, having every 
intention of living on normal time, though we took the opportunity of arrlnging for him to produce urine 
samples at intervals 'Nhich would be sent to us in Manchester for anI lysis. Remarkably, however, he found 
that he had considerable difficulty in living on ordinary time, wanting to go to bed progressively later every 
night and to get up later in the morning, so Ifter the first 3 weeks h. Ibandoned any attempt to li ve by the 
clock and stlrted going to bed and getting up when it seemed to him to be right. As a resul t, though perfectly 
aware of the time outside as registered on his watch, he drifted successively later day by day in his bed-t ime , 
following a day whose averaga length over the remainder of his stay was 24.7 hours, so tha t by the time he 
had completed 105 days alone underground he hid lost about 2% days. The urine samples which he collected 
suggested that his kIdneys also w.re following I day of rather longer than 24 hours, in fairly close accordance 
with his habits of waking and sleeping. 

Either through emulation or scientific curiositY, another Frenchman, Tonl Sanni, in the followi ng 
year. spent 125 days alone down a cave and he, as well as recording his times of waking, sleepi ng and oollecting 
urine samples. recorded his body temperature. His 'day' was prolonged to a mean of 24.7 hours. very similar 
to that of Siffre and Workman, Ind this prolonged day seems to have operated equally for a ll measured 
functions: his body temperaturt, his urinary ucretion of adrenal steroids, as well as his habits of waking 
and sleeping. The peak value of body temperature, however, which usually occurs in the late afternoon, 
had moved forward into the morning, and the peak value of urinary excr.tion of steroids, which probably 
lags a few hours behind the peak production of these normonas by the adrenal gland, had also moved much 
earlier in the day. 

The following year we had the opportunity of studying David Lafferty, who, in a ca ... in Cheddar, 
planned to beat Senni's record for solitary confinement. This was primarily a publici ty stunt organised by 
the owners of the cave, and they were quite pleased to find that some useful scientific results cou ld be 
obtained which added a certain respectability to their efforts. He, like Siftre and Sanni, had no watch with 
him, but indicated his habits by means of a telephone line to the surfece. These were extremely irreg ular 
since he lived on a 'day' whose duration varied between 19 and 66 hours, but neverthele'Ss a variety of 
techniques Indicates that there was an underlying rhythm of close to 26 hours in his wlking and sleeping 
habits, and in this respect his observations confirmed those of earlier workers that men in i50lltion li ve on 
a day slightly beyond 24 hours. Urine samples were not collected continuously. but from those which were 
collected and sent to us in Manchester for analysis there is I suggestion that his kidney was following a 'dlY' 
slightly shorter than his waking and sleeping habits; close, in fact, to 24.6 hours. As a reSUlt , during his 127 
days of solitude. the time of his peak excretion of salt (sodium) drifted blckwards fro m early in his sleep 
period to his waking period and then further back into his sleeping period 19Iin. This reises the possi bility 
that his biological rhYthms were governed not by a single dock which would have ICCOunted fo r the findings 
on earlier workers in caves, but by two independent clocks keeping slightly different ti mes. Even mare 
striking evidence was obtained when, after he had satisfactorily broken the record for solit ude underground , 
he consented to remain for a few dlYs further without knowledge of the time. This enabled us to visit hi m 
and collect a series of blood samples; and during these last three days, when in fect we visited him about 
every four hours, he thought 'NIl were visiting him roughly every two hours. His adrenals. as reflected in the 
concentration of corticosteroids in his blood, Ind his kidneys, IS reflected in the excretion of potassium, 
followed during these three days I rhythm close to 16 hours, very fIr from the 25 hours of his sleep habits. 
There is a nriking contrast between the length of his 'day' IS assessed from his h.bits, around 25 hours, the 
rhythm of his adrenals and his kidneys at the end, 16 instead of 24 hours, end the gross error in his subjective 
estimation of the time, since he thought thlt our four-hourly visits were recu rring .very two hours. 

The French next regained the record when Jean Maretlet, who had been one of the surface team 
looking after Siftre, remlioed alone in a CItY. for 174 days. The conclusions drlwn from his stay were broadly 
confirmatory of those from eariier subjects, IS well as from subjects studied in more comforta ble Isolation 
units by Professor Aschoff and his colleagues near Munich and by ourselves at RIsley near Manchester. 
Maretaet frequently adopted a 'diY' of around 48 hours, and such doubling of the normal day length had 
also been sun occasionally in Our study on Lafferty; he was liso at times so far out in his sublective esti ma te 
that he IIY down for what he took to be a brief siesta after lunch but WtlS in feet I full night's sleep of as 
much as 10 hours after a full day of wakefulness and activity. 

The French have continued to study sublects in caves, and in fact equipped a pair of I dlacent caves 
With trll15mission lines to huts at the surface so that electrical recordings could be made whIle the subjects 
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slept. Of two furt her subjects who spent 20 weeks elone, one settled down to a fair ly regular 'bicircadian' 
cycle of approximately 48 hours. as Maretaat had done; after he had sett led down in this routine, he was 
deliberately exposed to a lighting system gi .... ing him 34 hou~ of light alternating with 14 hours of darkness, 
and heli .... ed satisfactorily on this rout ine, imagining the 48-hour 'days' to be only 24 hours. The other, 
though much more irregular, followed some similar cycles of up to 48 hours. On both the58 two, satisfactory 
records were obtained from which their sleep stages could be assessed on more than helf of their 'nights', as 
had been done for part of the time on Maretaet . Perhaps the most rerT\lrkable find ing was that, despite such 
gross .... ariation in the length of their 'days' and 'nights', the proportion of their sleep spent in paradoxical, 
Rapid Eye Movement IR.E.M.I, or 'dreaming' sleep remained roughly as normal, and the recurrent cycles 
of REM sleep had a period of around 1% hours, just as in subjects sleeping under more or less normal 
conditions aboVfl ground. 

More recently Siffre, in a ca .... e in Texas, has beaten Maretaet's recOl'd and spent 177 days .Ione 
underground. A popular account appeared in the Mitch 1975 issue of the N.tional G~ic Magazine. 
but the scientific data have not yet been published. He followed for most of the time a 'day' of more 
conventional length, slightly oYer 24 hours, though ha had a few days of around twice this length. Both his 
memory and his manual dexterity were severely impa ired by the end of his stay. but it is not clear how 
relevant this may be to the problems of long submarine voyages or space flights: men are unlikely to be 
alone on such Journeys, and it is always rash to 98neralize from the experience of one man. 

The use of specially constructed isolation units has permitted the study of a mtJch larger number of 
subjects, especially in Professor Aschoff's un it but also in our own. Bicircaclian rhythms ha .... e bun obserwd 
occasionally , but much less often than in subjects in ca .... es. These studies ha .... e, howe .... er. revealed a few 
other striking exceptions to the usual appearance of a 'day' slightly oWlr 24 hours for all functions in .... estigated. 
Perhaps the most notable has been in subiects who have followed a 'dav' of around 33 hours, so far IS thair 
habits of waking and sleeping we re concerned. but whose body temperature andlor renal excretion followed 
a more conventional rhythm of only slightly over 24 hours. It seems that at least two different internal 
'clocks' can run independently, and there may be many mora controlling different bodily functions. This 
possibili ty of the existence of several independent internal clocks offers one of the most intriguing aspects of 
current in .... estigation . 
~kno~ed'""enu 

TheM oblefVltlon. could n_r h_ bet-n coll.cted without the willine colllbo.-.tion of Geoffrey Workman and 
David Uiff.rty •• nd of the menagllr1 of their retpectlve caws. The ltudV on Dllllid laffertY also relted heavily upon th. 
help of my form.r colleagu. Dr. {now Prof.nor! A.T.W.L. Conroy who. though he hid MVIII" before been down. pothol •• 
accomPliinied m. on 18 de.c.nt •. W. w ... equally dependent upon Mr •• Ann Elliott wno received and analy,ed the samples 
which _ despatched to Mancheltlll" -.;h day. 

Further RNding 
Th' lC(:ount' of thl diffe<-.nt IIblecllwho havllPlnt 10119 periods of lO~tud. in aves h .... been published in I 

number of papers in .:ilntl1lc lournal., the only populer account being Sift .. 119641. A brief summery will De found in 
Conroy & Mills' book covering humen circadian rhythms gen.rally. The p.rticular topic: of perfor"..,.nca. sI"p.nd rhythms 
i. conside red from _l1IlatplCt, In Colquhoun's conf.,..ra report f19121 whkh includ .. a short ICCOUnt of ttM 
observations on Mar.Nt. So"..,.of the wid ... speet, of biological clock., Including their pr.tenoein Plants and in in.cu, 
and their 1.1" by birds for nallilllt lon, may be found in the writer·, own book (Mill •• 19731. 

Co lqu~un. W.P.lad,) 

Conroy. R.T .W.L. & Mills. J.N . 
Mill •• J.N. tedJ 
Sift". M. 

May 1975 

1972. AJ,l»Cts of Hutmfl Effic/t"'CY: Oiumal Rhythm.r.tId Loss of SltIfIP. Engli.h 
Universities PIlIQ. 

1970. HUfflln CircM!;'n Rhythm .. Churchill. 
1973. Biologic-I AJpKn of CircMl,.fI Rhythm .. PI.num Pr ••. 
1964. BeYOfld Tim •. Chatto & Windus. 
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E)tpIdition Docton 

MEDICAL CARE ON CAVING EXPEDITIONS 
by Peter Standing 

Before 1970 very few British caving expeditions visited regions remote enough to render the inclusion 
of a doctor in the party a necessity. The last 6 years however, nave taken parties to many parts of the globe 
including Peru , Venezuela, Turkey, Iran, India, Nepal , Ethiopia and Papua, New Guinea . With cheap travel 
and diminishing possibilities for cave discovery in Britain this trend towards exploration in exotic araas is 
li kely to continue and the need for expedition doctors increase. 

Even for the less glamorous Europe-based expedition however, the presence of a qualified medical 
officer does offer advantages. His specialist knowledge Is useful in selecting and obtaining medical equipment, 
and in countries not having reciprocal rights with the National Health S.rvice he can save the expedition 
members money by treating minor ailments. Should more serious illness occur he can provi de useful liaison 
with the local hospital and In the event of an accident underground he can give medical care to the casualty. 

In other continents a British doctor may find much interesting medicine amongst the local people 
and any therapy he gives them can benefit the expedition by promoting goodwill. If possible he should 
confine hi mse lf to pUrposeful treatment and avoid the pitfall of prescribing ephemeral plaC1lbos for diseases 
that he cannot cure. The latter practice may not only antagonize the peepla against expeditions but also 
hinder the development of local medical services. 
Pr"'xpedition Matters 
1. A ... stment of the tum. By a process of natural selection the members of caving expeditions are 
usually fit, h@althy,young individuals. Routine medical examination before departure, other than as a 
baseline for research purposes, is superfluous. It Is worthwhile sending each person a questionnaire regarding 
past and present inness and recent drug therapy. Dental fitness should be mandatory. For very ramote regions 
exped ition members should have a blood sample grouped and cross matched against other members of the 
party. In an emergency they can then be transfused with another team member's blood, providing he is a 
suitable do nor. Parties visiting high altitudes should be examined and treated for piles before departure. 
2. In,urance. Regardless of whether the expedition has its own doctor medical ins urance is essential. 
It should be fo r at least £1000 and provide for emergency evacuation by air to Britain . Several firms offer 
cheap, comprehensive travel insurance, policies provided for the National Union of Students being very 
sui table and widely available (details from End,leigh House, Ambrose Street, OIeltenham, Glos. Cl50 3NR). 

British nationa ls are now entitled to free treatment in other E. E.C. countries but there are 
complications. The unemployed and ulf .. mployed are not at present c<Wered and also travelters must obta in 
in advance a certificate of entitlement to benefits (Form E.III). Application forms (eMI) for th is are avahble 
from the Department of Health and Social SecUrity or any employment exchange. The D.H.S.S. also provide 
for m SA 28 giving details of medical facilities in E. E.C. countries. Despite all this, most travellers still prefer 
medical insurance because of its simplicitY or through ignorance of the new arrangements. 
3. Vaccinations. These can prevent many of the communicable diseases endemic in parts of Africa, 
Asia and South America. They are obtainable from General Practitioners and local Authority Vaccination 
clinics, usually at a price. Information on the vaccination requiremenu for different countries is available 
fro m travel agents, embassies and the D.H.S.S. leaflet 'Notice to Travellers'. Vaccinations should be booked 
up 3 months before departure, particularly if a multiple protection programme is planned . 

International vaccination certificates are provided for only 3 diseases - smallpox, yellow fever and 
cholera (the latter i, soon to be dropped) . Quite apert from the desirability of protecting oneself against 
these diseases, failure to obtain certificates can play havoc with travel plans both in entering other countries 
and re",nteri ng Britain. 

Even though certification is not required by law for other communicable diseases, travellers would 
be foolish to ignore vaccination. Protection against typhoid, paratYphoid, tetanus, poliomyelitis and 
tubercu losis should be standard practice. Other diseases to be considered according to destination might be 
plague. typhus, meningococcal meningitis, infective hepatitis and rabies. 

An injection of pooled human gamma globulin provides some degree of passive immunity against 
infective hepatitis for 3-6 months. American evidence (Conrad 1971). suggests that it is a wonhwhile 
prophylactic although there are many sceptics in Britain. Gamma globulin is stocked by Public Health 
laboratories and if used should be given shortly before departure. 

Rabies vaccination would seemadvisable for speleobiological expeditions handling bats . 
Further details of communicable diseases and vaccination programmes art widely available in 

textbooks of public health and elsewhere (Edholm & Bacharach 1965; D.H.S.S. 1972; Roodyn 1974). 
4. Medical Equipment. Exactly what supplies to take on an expedition depends on many factors -
the size of the party, remoteness of the area, whether a doctor is present and if he intends any treatment of 
the loca l people. The choIce will be influenced by the doctor's experience and his preference for different 
brands of drugs. Since the supplies may be subject to a weight budget it is better to take tablets and powders 
rat her than syrups and suspensions wherever possible. 

If the expedition has a doctor it should not be necessary to spend anything on medical supplies. 
Pharmaceutical firms are usually extremely oenerous in donating their producu, often to the extend of 
sending whatever is requested by return of post. 
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Several expeditions have published useful lists of medical equipment, including the Annapurna 

South Face Expeditioo 1970 (Lambert 1971 ), t he Speleological Expedition to Ghar Parau 1972 (Judson 

1973) and the Papua New Guinea Speleological Expedition 1973 (James 1974). The following inventory is 

a composite one based on the experience of the 1971 and 1972 British Iranian expedi tions, It would be 

suitable for a party of 15 people for 6-8 weeks. Drugs are listed in most cases under their more familiar trade 

names and rough quantit ies are given according to the following key ; A - ampoule, C - capsule, D - drops, 

G - granules, L -lozenge , a - ointment (no. of tubes) , S - syrup, SIl. - suppository , T - tablet. 

AlirMnt8ry Syst8m Qusntity Uses 

"Actal T 100 dyspepsia, hangovers, heartburn 

"Fentazin T 50, A 10 nausea and vomiting 

-Lomoti! T 500 )traveller's diarrhoea 

"Streptotriad T 500 )bacillary dysentery 

"Dulcodos T 20 constipation 

~ Xyloproct SP. 30, 0 2 piles, pruritus ani 

• Flagyl T 200 amoebiasis, giardiasiS 

• Antepar T 100 threadworms, ascariasis 

Alcopar G 5 gm. x 10 hookworm 

Esr, Nose Imd Throat 

-Marocets 
"Actifed Linctus 
"Soluble Aspirin 
"Paracetamol 
"Benylin Expectorant 
"Ephedrine 1% 
Sod. Bicarb . 1% 
Genticin H.C. 
Ribbon gauze 
Jobson Horne W.C. 

Ophthalmic 
"Chloromycetin 1% 

Atropine 1% 
Hydrocortisone ~% 

FI uorescein 
Amethocaine 1% 
Idoxuridine 0.1% 
Eye pad and pipenes 

Dermatology 
"Histofax 
'Oily calamine 
"Nivea Creme 
"Srulidene 
"Polyfax 
'Tineafax 
Betnova!e 
Phenergan 

" Lorexane 

Antibiotics 
" Penicillin V 

Benzylpenicillin 
Ampicillin 

"Tetracycline 
Septrin 
Lincomycin 

"Trlplopen 
" (Nivaquine) 

Hypnotics 
"Magadan 

L 200 
250 mi. 
T 500 
T200 
S 250 ml. 
D 10 ml. 
D 5 ml. 
01 
Yrinch 
1 

02,010 mi. 
D 5ml. 
05ml. 
o 5ml. 
OSml. 
010 ml. 

020 
100 ml. 
o 450gm. 
05 
02 
05 
02 
TOO x 10 mg. 
03 

C 250 
A20 
C 250, A 20 
C 250 
T 100 
C 100 
A20 
T 2 weekly 

T200 

100 

SOfe throats 
cough and nasal congestion 

)common cold, headaches 

)toothache, etc. 
expectorant 
sinusitis 
softening hard wax 

otitIs externa 
nasal packs and aural wicks 

aural toilet 

conjunctivitis 

:8cute iritis 

)diagnosis and removal of corneal 

)fore ign bodies 
Herpes keratit is 

sunburn, in sect bites 

sunburn 
cracked hands and lips 
burns, general antiseptic ointment 

minor skin infections 

athlete's foot 
psoriasis, dermatitis 
itchy allergic rashes 
lice 

)Infections where systemic antibiotic 

)therapy is ind icated 
) 
) 

deep penetrrting wounds 

long-acting penicillin 

malaria prophylaxis when nectssary 

sleeping pills 



Emergency Drugs 
Xylocaine 1% 
Sterile water 
Adrenaline 1/ 1000 
Piriton 10 mg. 
Hydrocortisone 100 mg. 
Ami nophylline 250 mg. 
Morphine 15 mg. 
Lasix 20 mg . 

~ Fortral 

Dextrose 50% 
Valium 10 mg. 
Largastill00 mgs. 

G~nel'tll 

Quantity 
100ml. 
25 ml. 
A2 
A5 
A 10 
A5 
A5 
A5 
C 100,A 20 
50 ml. 
A 10 
A3 

local anaesthetic 
diluent for Injections 
collapse due to anaphylaxis 
acute allergy 
collapse 
asthma, acute LVF 
severe pain, acute L VF 
acute LVF, acute mountain sickness 
moderate to severe pain (non ODA) 
hypoglycaemia 
fits, minor surgery 
acute psychosis 

thermometer, sphvgmomanometer, auro·ophthalmoscope, stethoscope; needles, syringes, Mediswabs 
(30 of each); velcro tourniquet. 

Resuscitation Equipment 
laryngoscope, endotracheal tube, mask and Ambu bag, airways 
Intravenous cannulac and giving sets - 2 
I.V. fluids - Normal Saline, Dextrose 10%, Dextran 10 

Trauma 
Gauze swabs and cotton wool in sterile packs 
Assorted Elastoplast d ressings 
Melolin dressings, Carbonet and Sofratulle 
Crepe bandages, triangular bandages 
Plaster bandagH and orthopaedic wool 
Antiseptic lotion (e,g., Savlon concentrate) 
Assorted sutures 
Instruments - scissors, needle holder, artery forceps, scalpe l and blades, toothed dissecting forceps . 

• can be used by informed lay personnel. 

Clearly if the expedition has no doctor, a less comprehensive inventory will suffice. If lay personnel 
are trained how to perform simple suturing and are educated in first aid tecnniques, they could also usefully 
take all the items listed under trauma. Medical kits are available from B.C.B. Ltd., 2 Moorland Roed, Cardiff, 
CF2 2YL and more details of suitable equipment for groups without a doctor are contained in Steele (1914). 
Patt.rns of Ill ness 

The perC1mtage of time actually spent underground on caving expeditions is usually small. For 
example d uring the 1911 Reconnaissance Expedition to Iran, I spent only 50 hours underground, out of 6 
weeks and in 1972 only 41 hours out of 4 weeks. It follows t hat most medical problems occur on the surface 
and have little to do with caves. They are associated Instead with extremes of environmEnt and climate. with 
locally endemic d iseases t ra nsmitted to the party throLl,ilh food and water and with interpersonal contact 
within tha group. The pattern of this surface illness can have wide ranging consequences from simply 
reduci ng individual enjoyment to causing shortage of manpower or more seriously total disruption and 
abandonment of the expedition. Preventive medicine and the early treatment of minor ailments is highly 
desirable and may be the deciding factor controlling the success or failure of the expedition. 
Base Ca mp Problems 

Wat.r. Poll uted water supplies are common in parts of Asia, Africa and South America. Ideally 
expeditions shou ld site their base camps well away from villages and try to obtain their drinking water direct 
from resurgences, having established that the sink is unpolluted. In practice this may be difficult becuase the 
locat ion of the villages themselves is often determined by avai lable water supplies. Sterilization of water is 
commonly necessary. Three methods are available. 

a) Boiling is the most effective one, kitlingall known bacterial, viral and parasitic pathogens. It 
is however. a time consuming procedure and may not be feasible where fuel is expensive, in short supply or 
has to be carried long distances to the base camp. 

b) Chemical Methods, Many commercial products are available e.g. Halazone tablets (marketed 
by Boots as Sterotabs). These kill bacterial and virel pathogens but may be ineffective against amoebic cysts. 

c) Fi ltration. lightweight portable water filters. 
- are very effective in removing particulate matter. amoebic cysts and probably most bacterial pathogens 
but they do not fi lter out the infective hepatitis or other viruses. Filters are helpful in alpine regions where 
glacie l melt water is drunk. This usually contains a lot of particulate matter including mica which can 
cause unpleasant gastriti s. 

There is then, no perfect way of sterilizing water combining reliability with ease of operation. The 
expeditioner wil l probably end up using a comb ination of techniques to suit the particular requlremenu of 
his 1(88. For example, boiling all cooking fluids and adding Halazone to cokl d rinking water would be a 
reasonable compromlMl, 
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Food . Standards of food handling abroad are often sadly below those in EUrope and the U.S.A . 
Fresh fruit and vegetab les should be washed thorough ly and either peeled or soaked in &orne sterilizing 
so lution. All uncoo ked foodstuffs should be regarded with suspicion. 

Sanitary Arnmgemenu. Several diseases which are endemic in developing countries, such as bacillary 
dysentery, typhoid, choler., amoebiasis, and infective hepatitis, are spread by t he faeco-or.1 route. Tnis 
means that t he organisms causi ng them are excreted in the faeces of a patient or a symptomless carrier of 
the disease. Either can transmi t the disease to a t hird parson by poll uti ng food or water consumed by him. 
Attneratively, flies who have been in contact with the infected faeces, can effect the pollution. The dangers 
of local water and food supplies being infected have already been st ressed. If In expedition member does 
succumb it is vital t hat he does not Infect other members of t he party and he should not take part in 
communal food preparation. All too often soch a person, while not fHling well enough to go underground, 
is left to attend to the baseca mp kitchen. 

Faeco-oral spread can be minimised by meticu lous attention to personal and communal hygiene. 
For short camps of a day or two's duration cat-type sanitation (burying faeces in a shallow hole) is adequate. 
For longer camps a permenent deep trench should be dug at least 100 yards away and suitably si ted according 
to the prevailing winds. A disinfecting solution such as Jayes Fluid added da ily to the contents will discourage 
habitation by flies. Asian stYle toilets are a good deal more hygienic than European ones and squatting is to 
be recommended on expeditions rather than oonstructing a toilet seat . Facilities for hand-washing should 
be provided . 

Much the same principles apply to the disposal of garbage as to the d isposa l of faeces . 
Gastro-Intest inal Infection 

TrlYelleu ' Dtarrhoea. This is the commonest pattern of diarrhoeal illness in t ravellers, usually 
occurring soon after arrival at their destination and coi nciding with the oonsumption of local food . Many 
causes have been postulated including ch.nge in bowel fl ora,lnfection with unusual E_ Coli seroty pes, 
enteroviruses and Yersinia - indeed t he condition may we ll be multi factorial in origin . 

Clinically there is sudden onset of diarrhoea with loose stools but ra rely blood, abdom inal cramps, 
pain during defaecation, nausea and, less commonly vomiting. Untreated, the Ill ness usually settles with in 
a few days. Symptomatic medication with Lomoti l (4 t ablets loading dose followed by 2 tablets 6 hourly) 
and an anti-emetic (e.g. Fentann 4 mgs.) is beneficial. 

Other ClUS .. of diarrhoee_ BltCiliary dysentary is caused by the Sh igellae group of bacteria. More 
than one member of th e party may be affected and the pictura is simil ar to, but much worse than, travellers ' 
diarrhoea with severe malaise and pus, muoJS and sometimes blood in t he stools. With th is pictlKe the 
treatment is again Lomotil and an anti-m'lftic with the possibilitY of adding an antibio tic. In hospital practice 
antibiotics are now generally not used in the treatment of Shigella and Salmonella infections since they 
probably do not inf luence the o~rlll course of the illness and may encourage the persistence of resistant 
strains. In the field however. without the backup of laboratory facilities, it is .Idom possible to be precise 
about diagnosis. Treatment necessarily has to be blind. Because antibioti c preparations soch as Streptotriad 
or Lomotil with Neomycin may shorten the course of the &cute illness, the ir use is justified. 

If the patient has persistent diarrhoea which has not cleared up with Lomotil and antibiotics, o ther 
possible causes are giardiasis and amoebiasis. The first usually gives a mild dysentery like picture with foul 
smelling stools but no blood. In amoebic dYl8ntery blood is nearly always present. The treatment of the 
two conditions is the same, namely metronidazole (Flagyl) 600 mgs., t hree times a day for 7-10 days which 
could be given blindly on an expedition. 

Other more exot ic causes of gastro-intestinal upset are cholefa, typhoid , infective hepatitis and 
even falciparum malaria (Paton 1974) . Medical help will be needed to diagnose these. 
Rn pinnory Infections 

Simple illnesses such as the common cold coming on top of heat, altitude, and excessive physical 
exertion an prove incapacitating. It is important to take plenty of drugs for the sy mptomatic re lief of 
coughs and colds. People debilitated by chronic diarrhoea have an increased risk of getting infections and 
bronchopneumonia is not at all uncommon . 
High Altit udes 

It may seem incongruous for speleologists, whose alms are more often going down deep. to dwell 
upon the problems of going high_ However reconnaissance expeditions are becoming more and more 
ambitious in searching high mountain regions for deep caves - for example t he 1972 Imperia l Coll ege 
Expedition to the Peruvi an Karst (Imperial College 1972) and the 1970 Karst Research Expedition to the 
Himalayas (Waltham 1970) both went well abova 15000 ft. The medical problems of high altitudes are 
serious and sometimes fata l and parties going above 12000 ft. must be acquainted with them (see Edholm & 
Bacharach 1965; Steele 1971 ; and the Mountaineering Medicine Symposium in the Himalayan Journal, 
vol. 30, pp.3-85. 1 970). 

Tabte 1 - High Maunu!n Air 

Advant.$ {fewl 
low density - work of breathing 

less 
purity 

Disadvantages (many) 
hypoxia {shortage of oxygenl 
low ambient temperature 
low humidity 
increased radiation 
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Hypo •• The barometric pressure varies inversely with .Ititude so th.t at 1800 ft. it has dropped to 
380 Torr (mms. Hg.l half Its normal sea level value. Since the air still contains the same percentage of 
oxygen (about 21%) it follows that the partial pressure of inspired oxygen .Iso drops - from a normal sea 
level value of 150 Ton to 70·75 Torr at 18000 ft This lack of oxyg.n is the most important single problem 
posed b .... high altitudes 

T.mpentur •• nd Humidity Temperatures at high alti tude ara commonly sub zero Although heat 
1055 from the skIn can be minimised b .... adequate clothing there is no way of reducing heat lost from the 
lUngs '1'1 wa rming up cold Inspired ,i, In addition cold air contains no water vapour and hes to be humidified 
11'1 the lungs Respiration thus become~ the major route for fluid loss · a situation worsened by the continual 
hyperventi lation loverbreathlng) that occu" at altitude. The part ial pressure of water vapour in the lung 
alveo li remains constant 81 47 TOfl Ithe Saturated Vapour Pressure of water at 37°C) and this fraction 
beoomes IIlcreasingly Important the tJ igher one goes competing with oxygen for a place In the alveolar air 

Acdlmltiution, Thtse are the changes thlt occur rn low altitude residents who go high 
Up to about 12000 ft . the most notk:eable affect of hypoxi. ln a fit subject is breathlessness dUring 

exercise Above 12000 ft however tha oxygen la",1 III arterial blood becomes sufficiently low to cause 
hyperventilltion at reno This results rn carbon dioxide being blown off from the lungs, and the blood and 
brain flUids (C .S.F I become mora alkaline - a state called respiratory alkalosis. Over 3 or 4 days at 12000 ft 
the C S.F pH IS gradually rmored to normal and thi.ls thought to be a very Important facet of acclimat lza 
tlon the symptoms of mounta,I" Sickness coinciding with It 

Long.r term changes occur In the blood, where more red cells are formed tpolycythaemia) and II" 
the kidney. where more bieerbonate IS excreted in an attempt to correct tha respiratory alkalosis 

In summary , acclimatization IS aimed at getting used to chronic resplr.tory ./qlosis and at using 
what little oxygen thare is to best advantage. By hyperventilating, mOft oxygen gets into the lungs and 
blood and the polycythaemia and consequent increase In Haemoglobin allows more oxygen to be transported 
to the tissues. 

Moun .. in Sick,. ... All unacclimatized peopla get this to some degree, the unfit and the .Iderly who 
ascend rapidly being worst affected Peopla do however vary tremendously in their response to altitude 
Symptoms Include leth.rgy, headache. ,"somnia and Irritability and more seriously nausea, vomiting and 
muscle weakness. The onut c.n be from 6 hours to 3 days 

Tha iliness cen be prIWnted by SLOW ASCENT and it is best to camp at 12000 ft . for a week. 
going higher only during the day Camps can be moved up in 3000 ft. nages with similar tima intervals at 
each A cou"e of acetazol.mlde (Dilmox) 250 mos. daily for 2 weeks before going high may .id acclima· 
Tl zatlon by prodUcing a m&t.bolic acidosis .nd hence simulating the normal renal compensatory acti on. 

Mountain sickness can be treated symptomatically with analgesics antl-emetics etc and dHCent to 
lower altitude for a few deys if necessary 

High attttude Pulmo .... ry OedamL The cause of this i,.idious and very dangerous condition is not 
fully understood . It occurs usu.lly abcwa 12000 ft. and often, but not always, in poorly acclimatized 
su bjects who have suffered from mountain sickness. Its onset is rapid. sometimes at night . the clinical 
picture being similar to acute left ventricul.r failure, with symptoms of breathlessness. gurgling respirations. 
oink frothy sputum and cough The lungs become waterlogged with oedema fluid, giving rise to widespread 
crepitations, heard with a stethoscope or ear on the chest The patient may also suffer from cerebral oedema 
and become Increasingly delinous 

Pulmonary andlor cerebra l oedema can rapidly be fatal and thare have been numerous deaths 
amongst mountaineers, casu. I trekkers rn the Him.layas and Andes and soldiers Involved in the 1962 
Slno·lndian conflict The key to preventing both conditions is not to engage In heroic. h igh speed ascents. 
The treatment IS 

Rest the patienl he Will use .... p leSS oxygen 
1 Arrange urgent evacuatlof1 to lower altitude 
1 Oxygen IS life saving 6·8 ilUes/minute It should be carried tor medical purposes by all parties going 

above 20,000 ft 
4 Other maasures If a doctor's present Morphine and Frusemlde may be used and rf facilities permit 

,ntarmittelit positive pressure ventilation with oxygen 
Other Condiuons. High .Itltude "'sito" mey suffer from numerous other ailments :­

Dehydration caused by cont rnualloss of watar v.pour in expired air and lethargy In preparing 
adequ.te meals. 

1 Respiratory Problems tht cold air and dry mucus predispose to cough. colds, sinusitis. pneumonIa 
and cough fractures 

3 Thrornbo-embotic disease With potycyth18mi. and dehydration the blood becomas more VISCOUS. Add 
to thIs forced ,mmobilizatlon In a tent through bad weather and conditions become ,deal for the 
development of thromboses In the legs, brain and elsewhere 

4 Frostbi te and snow-blindness 
5 Piles Bacause of raised venous pressure, these can become very troublesome. 
6. Mental problems With the higher altltudes, lmpalrm.nt of will, slowness of thought, blunting of 

emotion and poor judgement can occur. 
Probl.,.", of Heat, Heat.nd humidity can prove a great hindranca to reconnaissance txpeditions in 

tropic. I and sub-tropical regions. Indeed it may be necessary to data the visit to coincide with the cooler 
season 
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In tha field loose fitting clothing. a wide brimmed safari hat and a large water contairlflr ara essential 
items of equipment for reconnaissance. Sunburn is an entirely preventable condition vomich Britons, new to 
hot dlmates, are prone to because of Ignorance and vanity. LIberal supplies of calemine cream and lotion 
should be taken. 

The dlsordel'5 resulting from excessive exposure to heat are well covered in Exploration Medicine 
which Is an invaluable source of information on this and many other problems reievant to expeditions 
(Edholm & Bacharach 1965). 

Inteets, Snakas and Game. Apart from their nulsan<:1l'llaiue insacts may transmit disease to man. It 
Is therefore desirabl. to prevent bites by using a repellent if necessary during the daytlm., and by sleeping in 
an insect-proof tent at night. Lorexane cream or powder is effective in treating lice and fleas on clothing, 
sleeping bags and skin. In malarial areas a prophylactic should be taken - local advice is best sought on the 
most suitable. 

The risk of snakebite varies very much in different countries but In general the chances of being 
bitten in mountainous terraine are small an:! the majority of bites are non·fatal. If a l1ite does occur the most 
useful things to do are to wash it thoroughly and to prevent panic in the patient , sedating him if necessary. 
Hoechst market anti-snake·venom serums for the Near and Middle East and Central and North Africa which 
cover a wide variety of species. However, many authorities are opposed to the use of serum unless the user 
is able to identify the snake concerned and has the means of treating anaphylactic shock, a dangerous and 
sometimes fatal complication of administration. Hoechst recommend a conjunctival test with a 1-1n-lO 
dilution of serum before use to select out people likely to suffer anaphYlaxis. 

The dangers of attack by game, like snakebite, are overrated and can be greatly diminished by 
common sense. Most big game will move away from the path of a walker long before he is aware of its 
presence. Accidents are most like(y to occur at night when many wild anlmalsare active and may be 
disturbed unexpectedly. In East Africa a mountaineer descending after dus« was killed by elephants. lind 
members of the 1972 Ghar Parau expedition cam. fece to f.::e with an adult male leopard at dusk. 
(Fortunately the outcome was not fatal). A.m~ing after dark In moun~ins known to b. inhabited by big 
game is foolhardy. 
Histopt.srTKHi • 

This disease is caused by tile fungus Histoplasma Capsul.tum which usually infects the lungs 
following inha lation . It occurs mainly In Africa, Central and South America and the fungus thrives in 
deposits of bat guano in the caves of these ar.s. Numerous cases have been recorded amongst Clvers 
(e.g. Beck 1914; Murray 1951) and Frankland has recantly, in these transact ions, reviewed the literature 
and described his own studies on members of the 1913 British Karst Research Expedition to Venezuela 
(Frankland 1974) . 

The clinical picture of pulmonary histoplasmosis Is usually one of a mild atypical pneumonia, with 
cough, slililt fever and shortness of breath, tir.clness and sometimes chest pain. There is a dearth of physical 
signs and the chest X-Ray shows scattered patchy opacities som«imes with hilar lymphadenopathy. The 
disease commonly resolves spontaneously within a few weeks, the only longstanding evidence of it being a 
positive histoplasmin skin test. Frankland found 5 out of 8 members of the Venezuelan expedition to have 
positive tests on return to Britain, but none of them could recall suffering from the symptoms above. It is 
possible that asymptomatic infection is common. He suggests the following programme for Investigating 
future expeditions visiting risk areas. 
1. Routine histoplasmin skin tests before and aftar. 
2. Records of all caves visited by each member to be kept. 
3. Records of all illness during and up to 1 month after retum from the expedition. 
4. Routine chest X-Rayon return. 
5. Publication of results. 
Undel'9l'ound Problemt 

Expeditions usually only include experienced devotees of t he sport and the incidence of accidents is 
low. With the possible exception of some racent hIgh flood risk discoveries in New Guinea, the intrinsic 
objectIve dangel'5 of caves abroad ara not much greater than in Britain. However since rescue facilities may 
be limited or non-existent the expedition should be self suffIcient as far as underground rescue is concerned. 
The members should be well versed in the techniques of cave rescue and ideally the doctor should have 
.xperience in casualty medicine and of work In a British Cave Rescue Organization. With a little ingenuity 
rescue equipment can be improvised; for example. a stretcher can be made from pack frames_ A carrying 
sheet and pouibly an exposure bag would be worth taking on a major expedition. 

One underground problem InvolvIng parties engaged in lengthy explorations of major cave systems 
has eamed the name BllrgerhM1ds. It has been reported from the Gouffra Berger and Ghar Parau, and it is 
due to the abrlSive effects of rough limestone on continually wet hands. The explorers of Ghar Parau suffered 
from it so badly that they were unable to grip anything tightly for several days. The condition can be treated 
with NivN or, bener still, prevented by the use of lightweight industrial gloves. 
Intarperson. Problems 

From the old-style expedition accounts where everybody was considered to be "a jolly, good chap". 
w. have emerged into an era where It is commonplace to dlsect expedition members' personalities in print 
and to highlight interpersoll8l rivalries. Certainly lome mountaineering and caving expeditiom have been 
ruined by unimaginative leadership and conflicts within the ranks. POlner tnoted in Edholm & Bacharach 
1965) considers that an explorer's mentaltgllity and emotional stability are at their best between 25 and 35, 
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and that a happily married man is more likely to make a reliable expedition member than a divorced or 
unattached man. Judson (1973 ) holds the view that cavers are at their prime at 19 or 20 end that youthful 
enthusiasm can be a great asset to an expedit ion . 

Caving, like kindred activities, attracts its fair share of egocentric prima donnas, and such people, 
who may be very successful In British caving ci rcles, may not necessarily make good expedition members. 
It is when things are going badly that the benefits of wise team selection become most evident. 
Returning Home 

The poor state of health of some overland travellers to Nepal has attracted attention recent ly in 
the medica l literature with oolourful descriptions of the 'Overlander Syndrome' and 'Drop-outs diarrhoea' 
(Knight, 1972; Anon 1974). 

Follow-up medical care for returning elvers may be necessary, and if so, it is essential to inform the 
doctor of exactly where one has travelled. Persistent diarrhoea is the commonest problem and microscopic 
examination of I fresh stool for ova , cysts and parasites may reveal the culprit . Giardia Is the most frequent 
cause found at the Hospital for Tropical Diseases in London. Some unfortunate people deyelop a 
malabsorbtion syndrome along with thei r diarrhoea and they will require more extensive inyestlgation and 
treatment with tetracycline (Tomkins 19741. Britain has two specialist hospitals for the treatment of tropical 
diseases (In London and Liyerpool) but medical referral to these is normally required. 

Finalty, it is to be hoped that all caving expeditions will includl medical notes in their published 
repon s. Details of what medical equipment and drugs were actual ly used, in addition to taken, will benefit 
futu re ventures. 

July 1975 
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