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No analysis apparatus was available for four days, by which time the alveolar C02 
pressure had, owing to the fall of barometric pressure to 609 mm. of mercury, fallen to 
32‘3 mm. of mercury. The subsequent records, with some fluctuation in C02 
pressure, showed a general tendency to diminish, and the mean value ultimately 
obtained for Colorado Springs was 31'3 mm. as against 30’45 mm. for women 
residents. Although these values are fairly close it must be remarked tha t the 
alveolar C 02 in M. P. F-G. was not constant at the end of the first fortnight spent 
a t Colorado Springs. This should be borne in mind, as subsequent records are based 
on a stay of from one to four days only, excepting a t the Lewis Mine and on the 
summit of Pike’s Peak, where the stay was less than eight hours. I t  must also be 
borne in mind that the alveolar C 02 pressure of M. P. F-G. is 2'3 mm. lower a t sea- 
level than the general average for women.

The slowness of the respiratory reaction, even when the change of altitude was great 
as well as abrupt, was fully apparent on Pike’s Peak. Starting from Colorado Springs 
(6000 feet) to Manitou (7000 feet), the ascent of the mountain by train from the 
latter point was made without any sense of discomfort, but on arrival at the summit 
(14,100 feet) a slight degree of cyanosis was evident. The alveolar C 02 determinations 
were made two hours after arrival, after a short walk on the summit. By this time 
the cyanosis had slightly increased and was accompanied by some unsteadiness of 
gait and slight aphasia. The alveolar C 02 pressure, with a barometric pressure of 
457 mm. of mercury, was 31*7 mm. of mercury, approximately the mean value at 
Colorado Springs, but slightly higher than the actual value obtained there on the 
previous day. The stay on the summit of Pike’s Peak was about five hours ; except 
for the symptoms previously mentioned, and a slight headache towards the end of 
the stay, it was unattended by discomfort. During the descent the headache
increased continuously in severity, and was accompanied by a feeling of fulness in the
head and nausea. By the time Colorado Springs was reached it became an effort to 
carry a light knapsack and overcoat, and owing to the increasing nausea it was 
necessary to lie down for a short time before going to the laboratory at Colorado
College to make determinations on the alveolar air. The headache disappeared about
two hours after the return to Colorado Springs, but an unusual sense of fatigue 
persisted till relieved by sleep. From the analyses it was found that four hours after 
leaving the summit of Pike’s Peak the C 02 pressure was 33 mm. of mercury, a 
higher value than was recorded at Colorado Springs under normal conditions. On 
the following day a normal value for the C 02 pressure a t Colorado Springs was 
obtained.

A later stay of the same duration on the summit of Pike’s Peak, just after a stay 
of eight days at about 10,000 feet, did not produce similar discomfort, though more 
vigorous exercise was taken, but on this occasion it was not possible to make any 
alveolar air determinations. The process of acclimatisation is seen to be slow, as, 
though there was a fall in the partial pressure of C 02 on going to Victor (.altitude
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9850 feet), the difference in C 02 pressure as observed here and at Colorado Springs is 
not great and varies very little during the week spent at Victor, the Portland Mine 
and Mill (altitudes varying from 9850 feet to 10,300 feet). When compared, the 
mean value of C 02 pressure in M. P. F-G. is definitely above that for women 
residents at the Portland Mine. W ith a decrease in altitude of 5000 feet at Denver, 
the next place visited, after a day’s halt a t Colorado Springs, the opposite effect is 
observed, for the C 02 pressure only rose about 2 mm. This is explained by the 
already known tendency of the threshold exciting value of the C 02 pressure to “ lag ” 
during a descent, so that on reaching a lower altitude the C 02 values may bear more 
resemblance to those of the higher altitude lately left than to those of the lower 
altitude. Similar lagging was observed by W a r d # on his descent from Monte Kosa to 
Zermatt and by B oycott and H a l d a n e !  in their long low pressure experiments in the 
steel chamber with W a r d  as the subject, and even in some of their shorter 
experiments.

Throughout the trip there is a general tendency for M. P. F-G.’s alveolar C 02 
percentage and pressure to be higher than that of the women residents, showing an 
incomplete adaptation and a slow response of the respiratory centre to want of 
oxygen. But by the end of the week spent in high altitudes the susceptibility of 
the respiratory centre had evidently increased, as at Telluride (altitude 8870 feet) 
and at the Lewis Mine (altitude 12,500 feet), the values for M. P. F-G. are approxi­
mately such as might be expected for women residents at those altitudes.

On the return to Colorado Springs two days after leaving Telluride—a journey 
involving great changes of altitude between 4000 and 11,000 feet—the same lagging 
of the alveolar C 02 pressure was noticed during the first 24 hours, the C 02 pressure 
being 29 *7mm. of mercury. Two days later the Colorado Springs value was again 
obtained. A still more noticeable instance of this “ lagging” was observed on the 
return to sea-level (New York), where the alveolar C 02 pressure averaged 30'9 mm, 
of mercury, considerably lower than the normal value (36 mm.) for M. P. F-G. at 
Oxford (200 feet above sea-level); and up to the time that, in accordance with an 
undertaking to the U.S. Customs authorities, the analysis apparatus had to be 
returned to England— 10 days after leaving high altitudes, six spent at sea-level— 
the alveolar C 02 pressure had not risen above 31'4 mm. of mercury, approximately 
the value for M. P. F-G. a t Colorado Springs (6000 feet), where a final stay of 
two days had been made before departure from high altitudes to sea-level. This 
agrees with the results obtained by my colleagues on their return from high altitudes 
to sea-level (see preceding paper, Section Y, p. 206).

The haemoglobin percentage rose gradually during the stay in high altitudes. 
Fluctuating slightly from an initial value of 93 per cent, (an increase of 4 per cent, 
of the normal) at Colorado Springs, it reached 110 per cent, during the third week

* ‘ Journ. Physiol.,’ 1908, vol. 37, Nos. 5-6, p. 386. 
t ‘Journ. Physiol.,’ 1908, vol. 37, p. 367.
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(Portland Mine, altitude 10,090 feet), fell with the lowered altitude at Denver and 
Ouray to 103 per cent., rose again a t the Camp Bird Mine (altitude 11,300 feet) to 
110 per cent., and reached its highest value, 112 per cent, (an increase of 23 per 
cent, of the normal), a t Telluride (altitude 8,870 feet). Sixteen hours after the 
final return to Colorado Springs the haemoglobin was still 111 per cent., and showed 
the same tendency as the C 02 pressure to remain at high-altitude value, as on the 
sixth day after the return to sea-level (the tenth day after leaving high altitudes) it 
was still 108 per cent.

In conclusion, I wish to express my sincere appreciation of the kind help and 
cordial hospitality which I  met with during the investigation, not only in the towns, 
but also in the remoter mining camps. To my colleagues in the expedition 
(Dr. H a l d a n e , Profs. Y a n d e l l  H e n d e r so n  and S c h n e id e r , and Dr. D o u g la s) I 
am indebted for much assistance, and for the loan of accurately standardised 
instruments. For a number of letters of introduction and other help, my thanks 
are specially due to President S locum , of Colorado College, Mr. G. B. Y o u n g , 
Mr. P e c k , President of Portland Mine, and Mr. S. A. I o n id e s , of Denver. My 
thanks are also due to the Council of the Royal Society for the grant (made to 
Dr. H a l d a n e ) out of which my railway expenses were met.

Conclusions.
(1) In persons acclimatised at altitudes up to 14,000 feet the partial pressure of 

C 02 in the air of the lung alveoli is invariably lower than a t sea-level, so th a t the lung 
ventilation is correspondingly increased. The lowering of the C 0 2 pressure is in 
direct proportion to the diminution of the barometric pressure, and amounts to about 
4*2 mm. or 10'5 per cent, of the sea-level value for each 100 mm. of diminution 
of barometric pressure. The volume of air taken into the lung alveoli per unit mass 
of C 02 produced is of course in inverse proportion to the relative diminution of the 
alveolar C 02 pressure, consequently each successive diminution of 100 mm. in 
atmospheric pressure causes a greater absolute increase in the lung ventilation.

(2) In women, as at sea-level, the alveolar C 02 pressure is about 3 mm. lower than 
in men.

(3) The effect of the increased lung ventilation is of course to diminish, to a very 
appreciable extent, the fall in the alveolar oxygen pressure and thus counteract the 
effects of want of oxygen.

(4) In acclimatised persons, for every 100 mm. fall of atmospheric pressure the 
percentage of haemoglobin in the blood is increased by about 10 per cent, of the 
normal value for men at sea-level. As at sea-level, the values for women are about 
11 per cent, lower than for men.

(5) In spite of the diminished alveolar oxygen pressure and consequent slightly 
reduced percentage saturation with oxygen of the arterial haemoglobin, the arterial 
blood contains considerably more oxygen at high altitudes than at sea-level. The
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symptoms of oxygen deficiency at high altitudes are therefore due to deficiency, not 
in the amount, but in the partia l pressure of oxygen in the arterial blood.

(6) The acclimatisation changes take a considerable time both to develop and to 
pass off.

Graphic representations and tables are given of the alveolar gas pressures and 
haemoglobin percentage in acclimatised persons at varying atmospheric pressures and 
heights above sea-level.

 on November 16, 2018http://rstb.royalsocietypublishing.org/Downloaded from 

http://rstb.royalsocietypublishing.org/

