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ON THE PARTIAL PRESSURES OF OXYGEN AND
CARBON DIOXIDE IN ARTERIAL BLOOD
AND ALVEOLAR AIR.

By A. V. BOCK, D. B. DILL, H. T. EDWARDS,
L. J. HENDERSON a~p J. H. TALBOTT.

(From the Fatigue Laboratory, Harvard University.)

EvER since the work of Haldane and Priestley@) (1905) on the
pressure of CO, in alveolar air, and that of Krogh@ (1910) on the
mechanism of gas exchange in the lung, it has been generally believed
that the partial pressure of CO, is the same (to a close approximation) in
arterial blood and alveolar air. The relation, however, of the partial
pressure of oxygen in alveolar air to that in the arterial blood has not
been determined with the same accuracy. This uncertainty is due in
part to the dispute concerning the réle played by the lungs in oxygen
transfer, in part to difference of opinion regarding the mechanics of
pulmonary ventilation, and also to lack of precise knowledge of the
facts. It is the purpose of this paper to present data with reference to
gas exchange in the lung. Our experiments have been performed on
normal men while they were breathing air or low oxygen mixtures.

Method.

The modification of the Haldane-Priestley method used in
obtaining samples of alveolar air has been previously reported ). For
the present work we have estimated the partial pressures of both CO,
and O, in the same samples of air. In the above-mentioned communica-
tion the method used for the determination of arterial CO, pressure was
described. At that time, however, equilibration of the blood was carried
out at 37-5° C. In the present series of experiments all equilibrations
were done at the oral temperature of the subject. Since the temperatures
found under basal conditions for normal subjects are in general at least
one degree below the standard temperature, the earlier determinations
are about one millimetre higher than the present determinations, owing
to the effect of temperature on the CO, dissociation curve. A small error
in the earlier work is due to neglect of the effect of acid formation in
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blood after its removal from the body. We have now attempted to
eliminate this error by determining the magnitude of the acid effect in
the blood of each subject by the following procedure. For each case, 10 c.c.
of venous blood were equilibrated, immediately after bleeding, for periods
of 90 to 120 minutes at 37° C., and pCO, = 40 mm. Samples of 1 c.c.
were removed from the tonometer at intervals of 10 to 30 minutes and
the CO, content determined. Since the rate of decrease in CO, content
was found to be a linear function of time, extrapolation to ¢ =0 by
means of the line drawn through the determined points should give the
true bicarbonate level of the blood in the body. For the sake of conveni-
ence the data are plotted as in Fig. 1. They indicate that the rate of
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Fig. 1.

acid formation varies from subject to subject. The average loss of
bicarbonate for all of our subjects was about 0-4 vol. p.c. during equi-
libration. For each case the level of the fully oxygenated CO, dissocia-
tion curve was corrected for the acid change as thus determined. The
curve was also corrected to the level corresponding to the p.c. oxyhs-
moglobin found in arterial blood. This is a simple correction owing to
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the linear relation between the bicarbonate content of blood and the
oxygenation of heemoglobin at constant pressure of carbon dioxide.

In previous experiments it has been customary to refer the experi-
mentally determined saturation of arterial blood to a standard oxygen
dissociation curve in order to estimate the partial pressure of oxygen.
In our present experiments we have tried to avoid the small errors
involved in such a procedure, which by cumulation may become large,
by (1) determining two or three points on the oxygen dissociation curve
in each experiment, (2) adjusting the carbon dioxide pressure of equi-
libration near that of blood, and (3) correcting the points to the precisé
value for carbon dioxide pressure of arterial blood. To make this cor-
rection, typical oxygen dissociation curves of a normal individual at
carbon dioxide pressures of 20 and 40 mm. were plotted logarithmically

Hb
HbO,"
though the position of these two curves may vary from case to case, the
effect of small changes in carbon dioxide pressure upon percentage
saturation is the same for all normal individuals, and further that the
effect is linear. Many observations in this laboratory indicate that the
first assumption is correct, and that the second assumption involves at
most an error of about 1 p.c. in the corrected value for saturation when
the difference in carbon dioxide pressures is 10 mm. This is a greater
difference than any that has been involved in our corrections. The data
are given in Table III.

Arterial blood was used for all points determined on the CO, and O,
dissociation curves, the determinations being made with the van
Slyke-Neill manometric apparatus. To insure complete saturation of
the blood for oxygen capacity determinations, it was equilibrated in
tonometers containing air for § hour or longer at 20° C.

Low oxygen mixtures for breathing were obtained by diluting outside
air with nitrogen in a spirometer of 600 litres capacity. The duration of
experiments when such mixtures were breathed was 35 minutes or
longer. The periods for which the total ventilations are recorded in Table
ITI were begun with the 25th minute, each determination representing
a period of 10 minutes. Arterial puncture under novocaine anamsthesia
was done immediately after this collection period. The subjects were all
in basal condition, and were studied in the prone position.

with log pO, as a function of log We then assume that, even
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The partial pressure of carbon dioxide.

In 1924 Bock and Field®) published a series of 24 determinations
of alveolar and arterial CO, pressures. The average of 21 of these showed
a difference in pressure of not more than 0-5 mm. This result agreed
closely with that of Krogh’s study of rabbits with his aerotonometer
method 2). Similar data in man were shortly obtained by Dautre-
bandew), and later by Richards(). Recently Grollman(6) has con-
cluded that true alveolar CO, pressures cannot be obtained while the
subject lies flat owing to the reduction in vital capacity and comple-
mental air, characteristic of the prone position. However, no experi-
mental data are given in support of this conclusion. We now present
another set of determinations, recorded in Tables I and II. With one

TaBLE I. Carbon dioxide dissociation curves.

Total CO, content,
whole blood

Oral O, satura- Uncor-
temp. pCO, tion rected  Corrected
Subject Date °C. mm. Hg p.c. vol. p.c. vol. p.c.
D. B. H. 7 xi. 28 36-8 360 100 4835 49-35
59-0 100 57-95 58-95
57-60 58-60
H.T.E. 7 xi. 28 36-9 340 100 43-1 440
39-4 — 46-1 470
J.H. T. 7 xi. 28 36-8 346 100 44-5 46-3
61-2 100 56-8 586
56-65 5845
A W.M. 9 xi. 28 36-8 29-5 100 43-3 44-1
434 44-2
561 - 100 55-3 56-1
0.8. L. 9 xi. 28 36-8 280 100 4215 4275
424 43-0
536 100 546 55-2
55-1 857
W.J.G. 9 xi. 28 37-1 339 100 44-95 45-60
4530 ° 4595
67-5 100 59-1 5975
59-1 59-75
D. B. D, 26 ii, 29 36-5 350 100 489 50-05
67-5 100 61-0 62-15
61-2 62-35
W.J. G. 12 iii. 29 36-2 356 100 46-8 47-8
46-95 47-95
60-2 100 57-3 583

57-3 58-3



Subject
H.T.E.

J.H.T.

A W.M.

A W.M.

A.V.B.

A.V.B.
A V.B.
A.V.B.
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TaBLE I. Carbon dioxide dissociation curves (contd.).

Date
13 iii. 29

20 iii. 29

22 iii. 29

22 iii. 29

27 iii. 29

27 iii. 29

29 iii, 20
29 iii. 29

29 iii, 29
3iv. 29
3iv. 29

Oral
e

36-3

36-4

36-6

361
36-0
36-3

97-2
97-2

PCO,

mm. Hg.
44-2

41-3
28-2
61-2

33-3
77-2
36-0
36-1
570
41-5

59-5
35-4
62-8

38-8
61-0
35-9
511
30-6
420
22-3

O, satura- Uncor-

tion
p-c.
100

100

100

100

100
100

92-5
85-4
91-3
93-7

100
755
62-6

96-6
100

88
80

70
97-4
98-4

281

Total CO, content,
whole blood

N

rected  Corrected

vol. p.c. vol. p.c.
48-0 49-3
480 49-3
46-9 48-2
46-9 48-2
40-5 43-4
40-55 43-45
566 59-5
56-6 59-5
43-6 44-4
61-05 61-9
44-9 47-3
452 47-2
54-85 57-2
52-2 52-35
52:1 52-45
58-8 59-5
58-65 59-35
49-9 49-4
49-9 49-4
62-65 61-35
62-45 61-25
49-6 50-0
57-8 58-4
47-5 481
57-8 58-0
449 44-6
49-5 50-1
39-2 398

Tasrg II. Comparison of the partial pressure of carbon dioxide in alveolar
air and arterial blood.

Date
7 xi, 28

7 xi. 28

Total CO,

Oxygen in content

inspired  arterial
air blood

p.c.: vol. p.c.
20-9 53-0
20-9 47-8
48-0

Arterial
pCO,  Alveolar
corrected  pCO, A
mm. Hg mm. Hg mm. Hg
44-0 44-9 -0-4
429
43-0
40-6 41-3 +0:5
41-6 :

40-6
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TasLE II. Comparison of the partial pressure of carbon dioxide in alveolar
air and arterial blood (contd.).
Total CO,

Oxygen in content Arterial
inspired arterial pCO,  Alveolar

air blood corrected  pCO, A
Subject Date p.c. vol. pe. mm. Hg mm. Hg mm. Hg
J.H.T. 7 xi. 28 20-9 49-25 41-0 41-0 -04
49-50 410
40-3
40-2
A W. M. 9 xi. 28 209 50-2 41-3 43-4 +26
50-0 44-1
44-1
0.8.L. 9 xi, 28 20-9 50-2 42:2 419 -05
50-15 41-7
) 50-3 41-3
W.J.G. 9 xi. 28 20-9 493 41-0 421 -05
39-3
40-1
D.B.D. 26 ii. 29 141 52-8 40-7 41-2 +01
52-65 40-5
W.J.G. 12 iii. 29 14-1 50-4 409 39-8 -19
50-45 37-6
39-6
H.T.E. 13 iii. 29 13-3 47-3 395 383 -12
47-2 38-3
J.H.T. 20 iii. 29 9-6 44-2 29-5 30-4 -07
44-6 29-0
28-3
27-8
A.W. M. 22 iii. 29 20-9 49-4 437 435 -01
435
43-8
A W. M. 22 iii, 29 104 47-6 346 36-2 +156
36-1
D. B. D. 27 iii. 29 209 530 43-0 42-8 0-0
42:0
443
D. B. D. 27 iii, 29 10-4 42-4 234 22-5 -16
429 21-7
21-2
A.V.B. 29 iii, 29 209 50-64 40-2 40-0 +0-2
40-7
406
A.V.B. 29 iii. 29 13-6 49-55 38-8 36-9 -24
372
35:2
354
A.V.B. 29 iii, 29 10-5 453 32:2 29-2 -21
30-8
304
A.V.B. 3iv. 29 247 4955 40-5 36-6 -4-1
49-55 36-2
A V.B* 3iv. 29 20-9 42-90 26-8 235 -4-6
42-85 20-8

* Hyperpncea, ete.
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or two exceptions all experiments done while the subjects breathed
outside air show a close correspondence (mean difference 0-2 mm.) of
the pressures for CO, in alveolar air and arterial blood. This close ap-
proximation to equilibrium is presumably due to the rapid rate of
diffusion of CO,. The data further substantiate the usefulness of alveolar
CO, determinations in normal subjects as a measure of the partial pres-
sure of CO, in arterial blood. We do not wish to imply that the pressure
of alveolar CO, is constant during the respiratory cycle. Qur experiments
indicate that the pressure of CO, found, during the phase when the sample
of alveolar air is taken, is approximately equal to that of arterial blood.

In the experiments when low oxygen mixtures were breathed there
appears to be an excess pressure of CO, in arterial blood (mean difference
10 mm.) over that present in alveolar air. More experiments should be
done to determine whether or not this second order difference is a real one.

The partial pressure of oxygen.

According to Haldane, the partial pressure of oxygen, as estimated
from samples of alveolar air, does not represent the average pressure of
oxygen to which the mixed arterial blood is exposed in the capillaries
of the lung. He writes as follows: ““It is evident that the relation between
blood supply and ventilation in individual groups of alveoli is not an
even one. In some alveoli the oxygen runs down and CO, accumulates
faster than in others. Hence in some the blood is less perfectly oxy-
genated....Hence the oxygen percentage of the mixed alveolar air
becomes altogether deceptive as an index of the degree of oxygenation
of the mixed artetial blood. ...” (7). The fan-like expansion of the lung
described by Keith s) supports this theory.

A solution of the problem may be sought from a comparison of
pressures of oxygen found in alveolar air and in arterial blood under
varying pressure heads of oxygen in the lung. Our experimental data
on the subjects are included in Tables III and IV. The arterial oxygen

TasLe III. Oxygen dissociation curves,
Observations on equilibrated blood
A

HbO, Total 0,
. capacity »CO, pO, O; con- HbO, satura-
Subject Date vol. p.c. mm.Hg mm.Hg tent content tion
D. B. D. 26 ii. 29 17-92 392 58-8 16-51 16-28 91-0
17-87 16-35
402 772 16-95 16-81 94-0
17-05

40-2 986 17-80 1746 976
17-70
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TasLE III. Oxygen dissociation curves (contd.).
Observations on equilibrated blood
A

r N

HbO, Total 0,
capacity pCO, p0, O,con- HbDO, satura-
Subject Date vol. p.c. mm. Hg mm. Hg tent content tion

W.J.G. 12 iii. 29 21-30 40-6 26-2 11-60 11-54 54-2

21-28

418 5113 1859 1843 866
18-52

415 717 2069 2050 963

H.T.E. 13 iii. 29 21-03 393 23-5 9-70 9-64 46-1

21-10 10-23 1017 48-4
39:5 49-2 17-36 17-20 81-7
1725

38-1 73-8 19-60 19-42 92-3

J.H.T. 20 iii. 29 21-99 36-6 20-3 582 577 26-2
21-96

36-5 46-7 18-60 18-48 84-1

18-60

355 66-6 20-86 20-69 94-1

AW .M 22 iii. 29 21-03 43-7 55-6 18-79 18-65 88-8
20-98

39-2 92-2 20-51 20-28 96-7

A W.M. 22 iii. 29 21-05 35-8 30-2 12-56 12-48 59-3
21-05

36-1 48-8 18-09 17.97 85-4

570 75-2 19-40 19-21 91-3
36-0 72-3 19-65 1947 92-5

D.B. D. 27 iii. 29 18-63 40-6 37-4 13-94 13-85 745
18-57

43-1 62-8 17-03 16-87 90-7

41-5 75-6 17-62 17-43 93-7

D.B.D. 27 iii. 29 19-26 35-1 227 873 867 450
19-26 ’
354 29-0 14-61 14-54 75-5
35-6 520 17-50 17-35 90-1
17-45

A V.B. 29 iii. 29 21-30 40-4 54-7 19-87 19-75 92-6

21-40
38-8 79-6 20-71 20-57 96-1
A.V.B. 29iii. 20 21.92 35-9 489 1945 19-35 87-9

22-10

36-3 687 20-73 20-48 931

A.V.B. 29 iii. 29 22-42 30-6 30-3 15-70 15-62 69-6

317 50-7 20-20 20-08 89-5

A.V.B. 3iv. 29 20-35 420 121 20-12 19-82 97-4
20-35

40-1 86-6 19-90 19-68 96-7

. 19-74 19-52 - 959

A.V.B. 3iv. 29 20-62 22-3 1294 20-62 20-30 98-4

20-62
21-5 74-1 20-17 19-99 96-9
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TasrE IV, Comparison of the partial pressure of oxygen in alveolar air
and arterial blood.
Oxygen O,satu- Ar- Alveo-
Re- Venti- in ration terial lar
spira- lation inspired arterial p0, pO, A
Pulse tory 1 per air blood mm. mm. mm,
Subject Date rate rate min. p.c. pe. Hg Hg  Hg.
D. B. D. 26 ii. 29 60 12 54 14-14 850 53 55 +2
W.J.G. 12 iii. 29 66 16 53 14-09 89-0 55 g? +3
58

H.T. E. 13 iii. 29 83 12 6-8 13-32 85-3 55 gg -5

J.H.T. 20 iii. 29 96 15 9-3 9-58 647 30 31 +4

A W.M 22 iii. 29 70 11 51 20-93 92-2 63 90 +30
A W. M. 22 iii. 29 94 15 73 10-42 57-8 29 32 +2
D. B. D. 27 iii. 29 56 10 51 20-93 94-4 77 93 +18
D. B. D. 27 iii. 29 71 12 9-2 10-42 90-2 45 53 +9

A.V.B. 29 iii. 29 61 6 4-7 20-93 95-3 78 106 +25
A V.B. 29 iii. 29 65 6 63 13-57 84-0 45 56 +12

A V.B. 29 iii. 29 75 6 8-2 10-54 81-5 40 47 +4

A.V.B. 3iv. 29 58 7 4-8 24-68 95-3 83 139 +56
139

A V.B* 3iv.29 — 30 — 20-93 96-0 75 136 +62
138

* Hyperncea produced by a respiratory rate of 30 per minute, beginning
one minute before arterial puncture and continuing during puncture.
pressures range from 78 mm. down to 29 mm. and the oxygen satura-
tions from 96 p.c. to 57-8 p.c. The alveolar Oxygen pressures vary from
139 mm. to 31 mm. As a check on the accuracy of the arterial oxygen
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pressure determinations Fig. 2. was constructed. This figure shows
(1) the upper portion of the oxygen dissociation curves for the blood of
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A. V. B. at carbon dioxide pressures of 20 mm. and 40 mm. and (2)
points experimentally determined for the specimens of blood employed
in this investigation. The coordinates of these points give the values of
oxygen saturation and oxygen pressure. Beside each point the value of
carbon dioxide pressure is printed. The source of the blood is also
designated. Inspection of the figure shows that nearly all the points
determined fall quite closely in their expected position with reference
to normal oxygen dissociation curves. If the alveolar oxygen pressures
are plotted against the corresponding arterial oxygen saturations and
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a free-hand curve drawn through the points, the result is seen in Fig. 3
in which the curve is compared with a normal oxygen dissociation curve.
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The last two experiments recorded in Table IV were performed to
see if a large pressure head of oxygen in the lung, produced by different
methods, would exert an appreciable effect upon the saturation of
arterial blood in the lung. In each instance the arterial saturation was
not sensibly changed, even though the pressure difference between the
lung and the blood withdrawn from the artery reached approximately
60 mm. These experiments suggest the question whether the saturation
of arterial blood in the lung can be raised above about 96 p.c. In one of
seven of our experiments during exercise performed two years ago ()
and in the experiments of Himwich and Barr(), during heavy
exercise, saturations of the blood with oxygen were found above 96 p.c.
Small experimental errors may, however, account for such figures. In
view of the present data, obtained after long practice in the use of the
methods, these older determinations are at least open to question.

In the final experiment recorded in Table IV the subject breathed
outside air, but increased his respiratory rate to 30 per minute, the
breathing being kept as deep as possible at this rate. The alveolar CO,
pressure fell to 22 mm., and meanwhile the O, pressure rose to 137 mm.
The saturation of arterial blood was 96 p.c. In the subject A. V. B.,
therefore, oxygenation of the blood seems to be equally effective at his
normal respiratory rate of six per minute, with an alveolar oxygen
pressure of 103 mm., and when the rate of respiration is 30, and the
oxygen pressure in the lung is raised to 137 mm.

The mechanism of oxygen exchange in the lung.

In the last column of Table IV we have recorded the difference in
the pressure of oxygen between alveolar air and arterial blood. Reference
to Fig. 4, in which these pressure differences are plotted against the
oxygen saturations of the arterial blood, reveals a physiological relation
of more than passing interest. Granting that the data are not numerous
it is doubtful if a greater number of experiments would alter the general
character of the results. In five experiments the pressure of oxygen in
the lung exceeds that of the arterial blood by 4 mm. or less. In only
one of these does the saturation of the blood exceed 85 p.c. Above this
level of saturation the pressure of oxygen in the lungs rises rapidly, and
the curve becomes very steep in the region of high oxygen saturation.

In seeking an explanation of these facts, we believe that the data
concerning the movement of carbonic acid from blood to alveolar air
should be carefully considered. As stated above, in every one of the
present experiments a close approximation to equality of carbon dioxide
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pressure in arterial blood and samples of alveolar air collected b.y our
present method has been experimentally demonstrated, and thlS.aI.)-
proximation is closest when the oxygen pressure of the inspired air is
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normal. Therefore, it seems probable that in general all the blood while
passing through the lung reaches a condition at least very close to equili-
brium with the alveolar air that we find by our method, in respect of
carbon dioxide pressure, and that the number of alveoli in which this
condition is not established must be very small indeed, or else that such
alveoli must be temporarily supplied with very little venous blood.

The second observation to be accounted for is that when low oxygen
mixtures are breathed the pressure of oxygen in arterial blood differs
from that of the same alveolar air that is in carbon dioxide equilibrium
with the same blood by no more than 3 or 4 mm. In view of the well-
known fact that for equal pressure gradients oxygen is much less dif-
fusible than carbonic acid, it seems probable, therefore, that under these
circumstances the ventilation of the alveoli which are being supplied
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with venous blood is also sufficient for the movement of oxygen. Itis to be
regarded as sufficient because under the conditions of these experiments
the pressure of dissolved oxygen in the blood at the surface of the
red cell when it leaves the lung must differ very little from its pressure
in alveolar air. Then what is the explanation of the large differences
between oxygen pressure in alveolar air and arterial blood when normal
air is breathed? For this condition both rate and volume of breathing
are slightly lower than when the inspired air is rarified. It cannot, there-
fore, be positively denied that the ventilation of certain portions of the
lung may in this manner become inadequate. But it seems probable
that no great change of this kind can occur, and our observation that
forced breathing of normal air produces no measurable increase of the
oxygen content of arterial blood seems to be an argument against the
importance of such a factor.

Thus we are disposed to turn in another direction for an explanation
of the facts and to suggest the following working hypothesis. In normal
man the ventilation of the physiologically active lung alveoli and the
nature of the diffusing membranes are such that the difference in oxygen
pressure on the two sides of the capillary wall at the point where the
blood passes out of contact with the inflowing oxygen is but a few milli-
metres. But the blood, because it is heterogeneous and because mixing
in the interior of the red cells cannot be effective, requires perhaps several
seconds to attain a state of equilibrium. Ordinarily the results of this
condition are not always manifest. But when the hmoglobin is nearly
completely oxygenated the unoxygenated molecules will be, in general,
deep in the interior of the red cells, and this may modify the rate of
diffusion of oxygen at that point. In any case, however, equal differences
in oxygenation are associated with small differences of OXygen pressure
when oxygenation is not nearly complete, with large differences of oxygen
pressure when oxygenation is nearly complete. Thus the final stages of
oxygen diffusion, taking place after the blood is cut off from further
oxygen supply, should produce little change in oxygen pressure at the
surface of the red cell when the final stage of oxygenation is less than,
say, 80-90 p.c., and large differences if the final stage lies above that
amount. This conclusion, thus roughly stated, appears to be a conse-
quence of the shape of the oxygen dissociation curve.

In order to fix our ideas we may consider the simple problem of the
mixing of equal volumes of two portions of blood in which equilibrium
has been reached under such conditions that there exists a difference of
5p.c. in the saturation of the hemoglobin. If these saturations are
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55 p.c. and 60 p.c. the oxygen pressures before mixing, for the blood of
A. V. B, will be 28-:0 mm. and 30-4 mm. respectively, and after mixing
the pressure will be 29-2 mm. But, if the saturations are 93 p.c. and
98 p.c., the pressures before mixing will be 65-6 mm. and 108-:0 mm.,
and after mixing the pressure will be 79-0 mm.

We suggest, therefore, that when normal air is breathed the pressure
of oxygen at the surface of the red cell as it leaves the lung is some
20 mm. greater, the oxygenation of the hemoglobin some 0-2 p.c. less
than a few seconds later when equilibrium has been established. No
doubt other possible explanations may be devised, and we are far from
believing that it is yet possible to give a complete explanation of the
complex conditions. For example, there appears to be a real difference
between the two individuals, A. V. B. and D. B. D., as shown by the
broken line of Fig. 4. For this we have at present no explanation unless
it be related to the low ““diffusion coefficient” or to the slow breathing
of the subject A. V. B. Our preference for the suggested hypothesis
rests upon the belief that the present investigation yields at least a strong
presumption that the diffusion process across the capillary wall of the
lung is not the principal cause of the difference of 20 mm. or more
between the oxygen pressures of alveolar air and samples of arterial
blood when ordinary air is breathed, and the belief that a homogeneous
chemical reaction between hemoglobin and oxygen, if stirring is ade-
quate, should reach a state of equilibrium at 96 p.c. oxygenation no
less rapidly that at 50 p.c. oxygenation.

SUMMARY.

Carbon dioxide partial pressures in alveolar air and arterial blood
are found to be approximately equal, while oxygen partial pressures
are lower in arterial blood than in alveolar air. This difference is larger
when oxygen partial pressure is high, far smaller when oxygen partial
pressure falls below 40-60 mm. Hg. It is suggested that these observa-
tions may be explained by the hypothesis that oxygen equilibrium is
not attained until after passage through the lung capillaries.
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