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I N E R T  GASES BY THE HUMAN BODY * 

INTRODUCTION 

Chemically inert gases, such as nitrogen, helium, 
neon, argon, krypton and xenon, apparently do not 
participate at normal pressures in biochemical re- 
actions of the human body. These gases are pres- 
ent in physical solution, chiefly in the body water 
and fat. In recent pears much interest has been 
focused on the exchange of these gases between 
body fluids and external air, through the lungs, 
skin and intestinal wall. A number of important 
physiological processes may be studied by means 
of inert gas exchange measurements. 

During rapid decompression from several at- 
mospheres to one atmosphere or from one 
atmosphere to a fraction of an atmosphere 
the dissolved inert gases o r i g i ~ l l y  in q u i -  
librium may become relatively supersaturated so 
that under certain conditions gas bubbles may form 
in the blood and tissues (1).  These may exert 
mechanical pressure on nerve endings or may cause 
pain by some other mechanism (2). Our investi- 
gations were initiated with the explicit desire to 
provide (a) classification procedures for selection 
of high altitude flyers on the basis of gas exchange 
rates; ( b )  information on methods .of +rymtion 
of bends by accelerating the eliminati6rrbf nitrogen: 

After Zuntz (5)  postulated a mechanism for the 
exchange of dissolved nitrogen between the tissues 
and the lungs. Boycott et d. (6) carried out ex- 
periments on goats and men subjected to excess 
pressure and determined the general shape of the 
nitrogen desaturation curve. Bornstein (7) and 
later Campbell and Hill (8, 9) made further stud- 
ies of nitrogen exchange, showing that rates of ex- 
change are different in various parts of the bodp. 
Shaw et d. (10) demonstrated on dogs that under 
conditions of quilibrium at pressures up to four 
atmospheres, the nitrogen content of the body is 
proportional to the partial pressure of nitrogen in 
the lungs, and that the nitrogen saturation time is 
the same as  the desaturation time. Behnke et d. 
( 1  1-14) also showed that the slop of the nitrogen 
elimination curve is a function of the cardiac output 
and suggested that helium exchange is faster, argon 
exchange slower than that of nitrogen, gas elimi- 
nation more rapid from the fluid constituents of 
tissues, and slower from tissues high in fat, and 
showed that helium and nitrogen may diffuse 
slorvly through the skin. Throughout most of the 
above described work the whole body elimination 
was studied more thoroughly than that of specific 
txgions because of lack of suitable methods. R e  
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of the blood, tha t  is gas soliitdit> in I,locd aiid the 
rate of perfusion oi the tissues by blood. 

uptake measurements the radioactive gases \\ere intro- 
duced into a closed circuit spirometer. The concentration 
of gas in the spirometer was determined by a Geiger- 
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A glance at Table I shows that it is dificult to work 
with radioactive nitrogen because of its short half l i f e  
the g a u r  argon, krypton and xenon are much better 
suited for t n c e r  investigations. Fortunately it is per- 
missible to  use these gases instead of nitrogen if suitable 
correction factors are applied in interpreting the results. 
Two kinds of corrections are needed. First one has to 
take account of the fact that the water and fat solubilities 
of these gases are different. A detailed analysis of 
these solubilities by Lawrence et al. (21) is summarized 
in Table 11. In addition, another correction factor must 
be used whenever diffusion of these gases influences the 
rate of gas exchange. As predicted by Graham's Law, 
Jones et 01. recently demonstrated that the noble gases 
diffuse through gelatin membranes at room temperature 
at  rates which vary inversely with the square root of 
the molecular weights of the gases. 

In  the present series of tesu the absolute amount of 
inert gases in the tissues was emphasized less than the 
relative rate of their uptake and desaturation. Prior to 
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TABLE I1 

5 &vClWaii n w e g  9 cause a loss of the radioactive 
oillwkt .$ WhI& &s for+~d$ing the period of exposure. Two "&?? Water Oliveod r o K 2  a &in a l u + u $ ? ; H ~ d ~ s ,  cooled by compressed air, were 

---- qedj 7% g@ gave ,the target (the so-called bell 
4 0.0085 0.015 1.7 E iirT:w\%s ys ly=fi&d w ~ t h  He at  $4 atmospheric pres- 

20.2 0.0097 - - - $ r e  ~ h e - t a & e @ p ~ t e s  themselves were made of 'k inch 
28 0.013 0 5 7  S.2 - 
39.9 0.026 .I4 5.3 $ @pjier<pl& $i& <grooved surface. The halide ulu 
83.7 0.045 .43 9.6 $ $ e 6  $sCb @ F T e d u c e d  surface of the target at  a 

222 0.15 19.0 125.0 +Tpk;&h&s$.ere developed in collaboration with 
131.3 0.085 1.7 20.0 3 -- - 

lfueller counter. In most experiments this concentration 
\\-as held constant throughout the period oi radioactive 
gas uptake in the body. In this \say the final yolume of 
the spirometer did not enter into consideration when the 
rate of body uptake was determined. The sim?le method 
of measurement required placing a Geiger-Mueller coun- 
ter against the body region studied and continuously 
recording the counting rate.3 The schematic setup is 
shown in Figure 1. Diagram la. A counter was held gently 
in one hand, surrounded by a lead shield, as sho\\n in Fig- 
ure I. Diagram IC, and the left knee was placed on a lead 
slit. limiting the solid angle of measurement ior another 
counter (Figure I, Diagram Ib).  

Preparation of the r a d i o a c h  gases in the cyclotron 
required special techniques. Except in the cases of Nu. 
+d.A";halida w r g  bombarded by deuterons ; potassium 
+lo%idCfg 4*, potljsium bromide for Kr" and potas- 
gum: i d i &  fQr Xew, .&Because of the high intensity of 
$e deuteron be??n,;&has necessary to design a target 
which spread the &&on beam over a relatively large 

. s r d  EO that he+t-k&rated could be dissipated. The 
, {arget- plate 'was +$tea so that the effective portion of 
the:% w y  s#r&d+ver an area of 30 square crn. I t  

. wa: also foud&na+ry to isolate the space above the 

- 

target from the eytlolron vacuum because during bom- 
-bardment a conii&ra@e amount of occluded gas may be 
5 re!& fr@ @e f a r e t  and this would seriously hamper 
v tbc mamehank bs a proper degree of vacuum L I ~  the 
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FIG. 1. ScaracAnc VIEW or TEL APPARATUS USED ron RAOIOAIXIVE GAS 

Diagram 1 I Spirometer, mark and gas recirculating system. 
Diagram 1 b. Method of measuring radioactivity of the knn region. 
Diagram 1 c. Method of measuring radioactivity in the hand region. 

EXCEIASGE MSASUXEMLNTS 

temperature of approximately 650' C. In addition to ing its I activity in comparing it with a radium standard. 
potassium. halides of Rb, Sc, Sr  and Ba have a h  beeD During experimental UH the gas flow was regulated by 
employed with no advantage over potassium dtG .a needtc alu, and the volume measured by a spirometer 
Lithium halides are undesirable because of their JOwS 3@ Fi&:l), It is possible to salvage some of the 
melting points and hygroscopic properties. and scdiu& lor&-life >-Pd&Ztive gases after each urperiment for 
salts are not used because of the very intense grdimr regated nsa:b$ collecting the entire expired air during 
ray activity arising from Na" after bombardment A&& , th.: F t .  t h 6  &-absorbing it in silica gel at liquid air 
10% of the radioactive inert gases was collected iKM -tempera&& Recovery of the gas- from the s i l iu  gel 
bell jar. The silica gel 
bombarded salt is usually scraped 08 the target plate :'is. slowlf hkW, oxygen, nitrogen, and c a r b o  dioxide 
and fused in a scaled evacuated quartz test tube. r The :.arc libentd ,&st, followed by radioxenon or krypton. 
occluded g u  is easily driven off at a tempemturc . A M  66Pof:the o r i g m l  radioxenon or krypton cm be 
of 650' C. along with some halogen vapor contamin&- recovered f& &is method in the last liter of gas given 
usually radioactive (r.g., Br", 4.4 hours.; Br', 34 &fa: , off. .TGiFat&n p r o c e w  for somewhat different pur- 
I-, 25 minuter). These vapors are absorbed when.pa$-; p6se~  a$ ++-described by Brown et al. (22). 
ing through alkaline sodium sulfide solution. 2 %e 2 t-T& mO&of radiMaivitT necessary for each uptake 
radioactive inert gas along with some inactive dtsahr&i* +periment was about 0.4 millicurie' and 
and nitrogen is then collected in an evacuated b q .  ,In less .*?I +!$this amount was absorbed in the body. 
most experiments 1-2 cm' of carrier PI wu add4 tka;j , . 6 SI@ d u t w o r k  w u  donc the potential efficiency of 
the sample WY compressed in a suitable bottle with 6 6  jar$nq'r* ,&unting has been greatly increased by the 
oxygen to-250 I b s h .  inch. Glibration of the%&E i jy :of , f lu lGence  counters. This will allow the use 
activity was accomplished by taking a known %I*- .of &dIe&a#oactive sampler in such experiments in the 
of mixed gas from the compressed sample and d- ,-?- 5 

The remainder u retained in the salt. :The '>is .&rid @t pl the following manner. 

0 E 5 5 ij y 5 3 
> 

I I b l  I 1 9  



~~ 

DOCUMENT SOURCE 
University' of California at Berkeley 

The Bancroft Librarynhe University Archives, Berkeley CA 
RECORDS SERIES T i n €  

1378 C. A. TOBIAS, H. 8 .  JONES, J.  H .  LAWRENCE, AXD J. G. HAMILTON 

All data acre corrected for radioactive decay by 
multiplying each counting rate by eA' where A is the 
decay constant of the radioactive gas used: t is the time 
elapsed since the beginning of the experiment. 

EXPERIYEBTAL RTSULTS 

The relative uptake and desaturation curves of 
the right hand and left knee were obtained by 
measuring the rate of gamma ray counts from them 
in function of time. .i typical result obtained in 
two r&ffe_rent experbnents on the same person is 
shown'in;Figlfte 2. :-Tfte counting rate was 3000/ 
minu& &ar the be& -of -!he curve. The experi- 
tnentd points did not  fg l  exactly on the inter- 
po la te  Jlrves, due te!r$dom statistical Auctua- 
tions?n the number ,Of %quanta emitted. If the 
subjekt moved during:t@ experiment, other de- 
viations in the measuEee&?counting rate occurred. 
For these reasons exaft pathematical analysis of 
the @&:is not possibhi. <At the beginning of the 
uptake qxpcrimentitthefg, usually was a delay be- 
trveeir the time 'whet Geathing from the mask 
start$ .and the timd e i f i r s t  traces of radioactive 
gas .jp&red iri dhe @ttremities. The delay 

titne?e&&&fot of the gases of alveolar 

l 
I 
4 aii1ountM.b 30 :to g(rlse@nds and was due to the 
I 

..si = . i j = 3  

r 
I 

11 

air and spirometer (20 to 40 seconds half time) 
and transportation of the blood to the extremi- 
ties. In  searching'for a suitable analytical ex- 
pression for the shape of the uptake and desatura- 
tion curves we attempted to divide them into sums 
of simple exponential functions. The hand data 
could be satisfactorily approximated by the suni 
of three esponential functions. .Analysis of the 
knee data makes it appear that the fastest of the 
three components has a negligible contribution so 
that the knee data, as well as total uptake data. 
may be described as the sum of two exponential 
iunctions of time. Unfortunately complete satu- 
ration of the hands or knees was not reached in 
the three hours maximum period of the "uptake" 
esperinient. Because oi discomfort of the sub- 
jects breathing the radioactive gas mixture from 
the somewhat uncomfortable masks, no attempts 
were made to follow the uptake longer than three 
hours. The desaturation, with the subject breath- 
ing air in a well ventilated room, was carried out 
up to 12 hours. 

Four subjects participated in two consecutive 
tests each; in one test they inhaled radiokrypton 
at a constant concentration for a short period of 
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FIG. 2. TYPICAL U P T A K E  ASD DESATUuTlON EXPELIYPKTS wrra RADIOLRVPTQN 
The concentration of radioactive gas in the spirometer w u  held coDItrnt The 

theoretical mmea represent the sum of thra exponents adjusted to the dam as de- 
scribed in the text. 
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The three co+&ny 5 Qsa@r%tion are represented 
.-- 2y 3 .: .z 

.. ._  . r .  i r u  

- -  
by s tnight  l i n e s  - ~ .. - .; ,: ; :, c; - - -  . . ._ ... c .. 
time (about ~ O m i n u t & ) ; . ~ t M  msk was then 
taken off a@ .desaturatioj Zwaj continued by 
breathing air:; &--the stcon& tb t ,  uptake was 
continued for & u t  1M miriuUqs, followed by 

The data are  plotted in such a way that 

A, + Ai + Ai  = 1. 

The shape o€ the desaturation curves differs from 
the saturation curver, inasmuch as the desaturation after 
-70 minutes uptake does not follow exactly the same law 
as desaturation after 120 minutes uptake. To obtain 
some information regarding the analytical shape of the 
desaturation curves, they were plotted again in Figures 
3-5 on semilogarithmic scale. I t  became clear the 
desaturation curves + may be expressed approximately 
a5 rums oi three esponentially decaying functions of the 
iorm 

q(', 7 )  = , ~ , ~ - ' ' ~ ~ d ~ l  + al2-t''T43' + a,2-'' Tdd.  

Here r is the time taken for saturation; a,, az, and a, 
are amplitudes again; 7 is the time elapsed since begin- 
n i n g  of desaturation: fa,. TU, TU are characteristic 
desaturation half timer. The measured values of same of 
the constmu *'a,'' and T, are given in Table 111. I t  is 
found by inspection of Table 111. and similar data taken 
on other subjects. that the values Td are about the same 
irrespective of the length of time of uptake, ahile the 
amplitudes "a" are different for the two different ex- 
periments. 

Comparing the constants of the uptake and desatura- 
tion experinients it was found that within reasonable 
agreement of the data obtained the constants expressing 

K R I P I Q U  DESATURATIQU OF THE HANO 
F a L m N G  117 YIN SATURATIOU 

MLF TIME AMPLITUDE 

Tr 42 M n  a2  * 67 5 

TPXW 34 Hour ~(r 

I 

T, 320 Y n  a, 9 5 

w:* . 

FIG. 4. PLOT or DESATLTLATION CURVE ON SEMILOGARITH- 
ZLIC PAP= A r r u  SATUIWTION OF SUBJECT WITH 

RADIOKRYFTOS FOB 117 hfINUTES 
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. - -: 

I t  would appear then that saturation of the 
extremities with inert gases is not a strictly re- 
versible phenomenon with desaturation as far as 
time dependence of the process goes. One may 
say that it appears as though in the hand there 
were at least three distinctly different reservoirs 
containing inert gas : they may be distinguished 
by the rapidity of the dissolrtd gas exchange. 
The filling of these three reservoirs is somewhat 
independent from each other inasmuch as the time 
of filling, as Characterized by the half saturation 
time, falls in a definite range. The saturation of 
each reservoir may be at the present state of ex- 
perimental accuracy, expressed by a single ex- 
ponential type function. 

minutes uptake 
involved 

b l  1 2 2  
PRfVACY ACT MATERIAL REMOVED 
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Examining the three components in a typical 
uptake curve one might say that the fastest com- 
ponent probably has something to do with the 
inert gas exchange between blood and very vas- 
cularized tissues. The $ saturation time (TI) 
for this component appears to be - two to 10 
minutes for the hand. This component of the 
hand curve accounts in intensity for 2 to 15% of 
the total radioactive gas content. Its rapidity is 
in good agreement with the direct, findings of 
Cook and Sears (24) on dogs, and Ferris et d. 
(15) for humans. They find that exchange of in- 
ert p e s  (krypton in dogs, nitrogen in humans) 
with arterial blood is rapid; one passage of blood 
through the lungs is enough to empty or fill it 
with gases to - 80 to 95% of the equilibrium 
value. After a few seconds of transport time the 
arterial blood enters t h ~  hand; ,-in7 it? passage 
through the capilkrick, $ ,$,&ads.m@t of the 
radioactive gas to tKg: $ssu&j &I@ 
venous blood empty 4 to th6. l e  
takes up more. The-+-+teristic .o 
ponent is its varisbiliq in. Glf  -satu 
amplitude ; this is to t$+ eipcctcd and  
regarding it will be.!prexnted ,.In the 
knee region this componen: may. be !byid only 
with a very small an$ifudc : the.ahec& of dis- 
solved gases in blood%t@e Irirce rEgi@ngs small 
compared to the a m 4 9 4  dissdlv$l<.iri>tS+ water 
and fat, due to the .$ativclf l+&*.fjp&~&rity. 

The second compolpineof'the @ e 3  kcyijton up- 
take has a half satu&o# t&cT %&% 10 and 
40-50 minutes in the - b$ @nd w e &  39 and 72 
minutes in the knee. ~TF$$mpli$r@ $is corn- 

) 
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ponent in a group of young persons varies be- 
tween 50 and 6670 of the total for the hand and 
17 and 42% in the knee region. If there were no 
third component, to all practical purposes com- 
plete saturation of the hand would be reached in 
about 90 minutes and 150 minutes in the knee. 

The third component for the hand has 100 to 
320 minutes half time, with the amplitude be- 
tween 35 and 55%. T, varies between 190 and 
870 minutes in the knee with an amplitude varia- 
tion of 61 to 90%. 

Table V shows a set of hand data taken on dif- 
ferent subjects and Table VI shows the constants 
of the knee region taken on seven subjects. In 
the same tables the susceptibility to decompres- 
sion sickness is shown, as determined in re- 
peated =cents in the decompression chamber by 
standard exercise methods. Though gas ex- 

TABLE VI 
U#ake of krypton in the k m  re+ 

Ai. Tt: Small 

.43 
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change has a bearing on the development of de- 
compression sickness. there is no obvious correla- 
tion in the data presented. It has been shown 
with other methods that total resting nitrogen ex- 
change has correlation to bends, but also that 
there are other important factors to consider 
(e.g., state of exercise). 

The gas exchange curves presented in this 
paper are reproducible to a certain extent. This 
conclusion is based on repetitions of the experi- 
ment in four subjects. I t  would appear that un- 
der identical experimental conditions and with 
less than a month interval between consecutive 
measurements the individual variations of the 
amplitudes and time constants are less than the 
variations in a group of the same age. It is es- 
sential, however, to note that a change in physio- 
logical condition may cause a considerable change 
in the shape of the gas exchange curve, especially 
that of the hand. 

A number of experimental conditions were pro- 
vided to study such changes; these proved ralu- 

42 
W l L S  

Frc. 6. VAUAI~ONS IN m e  HAND UPTAKE Curvl OF 
A SUBJECT UNDSI V A U O V S  ENvIaoNWENIAL 

CoPorTloss 

I I b l  1 2 4  

Sub103 G L  AQ* 20 
DESATURATION OF K R I P T O I  FROM THE HAND 

DURING AN0 AFTER I HOUR STAY AT 1 
38,000 FEET SIMULATED ALTITUDE 

FIG. 7. DEMONSTEATIOX OF RETAR~ATIOS IS T H E  I ~ Y P -  ~ 

TOX ELIWINATION OF TEE HASD DCRISG A 

H I G H  ALTITUDE FLIGHT 
The rate of elimination returned to normal after return 

to ground level. Sote  inflexion in the curve. 

able i i  t G  int&&iq of data. The uptake and 
desat$$jon curve d r<$krypton was influenced 
easiesr ie the hand. On -4ubjects with cold hands 
usuab it -characteristially low gas exchange rate 
was obtained: This phqnomenon appears to be 
due a va$constricti& of the surface blood 
vessels of the hand: Ip.ferms of the exponential 
comqonents'of the uptake curve : .A, decreased by 
a factor,of three.- fod (see Figure 6). Dia- 
thermy heating of t6e:hadd for 10 minutes with a 
12 q t e t  wavelegth mghine increased A, above 
norn@l,.:as: shown;jn:Fi&re 6, and it appeared 
to d e r &  T,. +€&a5 ixercise just prior to the 
test f lQ: & m e $  kst-:bicycle riding) increased 
-4, + @&t;twpf& 5jl6hnal. .Administration of 
adrepal%&?(0,S &&<lQooO adrenaline) had the 
samgegeq + mI# _ d t i ~  temperature. LVe may 
thu&c-&r& 6.2 r#i?ty of krypton exchange 
reflected the state of ihe vascular bed of the hand. 
So extensive tests were carried out for the knee 
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region; it was apparent, however, that the 
changes were considerably less in magnitude. 

The rate oi radioactive krypton and argon up- 
take was studied in a large group of young sub- 
jects in short, half-hour tests. ;\n index was 
derived from these data and correlated with the 
incidence and severity of decompression sickness. 
I t  \vas found that after exposure to low atmos- 
pheric pressure, when the subjects were totally a t  
rest in the decompression chamber, the coefficient 
of correlation was very high: those with low gas 
eschange rates got the bends. in contrast to the 
correlation with the incidence of decompression 
sickness after exercise (c.g., Tables V and VI) 
\\.hen it was low. Since the blood flow or the 
carrying capacity of blood is an important factor 
iii the rapidity of the exchange. we attempted to 
Gee whether in some way this carrying capacity 
could be increased. Since nitrogen and krypton 
arc much more soluble in fats and oils than in 
\vater. it was thought that lipemia occurring some 
two hours after ingestion of a fatty meal might 
help to increase the rapidity of gas exchange, and 
thus relieve the danger from decompression sick- 
ness. Three subjects were given a test of three 
hours duration two hours after ingestion of a 
heavy fatty meal.' The rapidity of gas eschange 
of the hand was not altered in these experiments. 

In view of the correlation found between skin 
temperature of the hand and subsequent develop- 
ment of bends pain we attempted to detect a chanae 

of his desaturation curl-e in thc decoiiipression 
chamber. .\iter reaching norlnal atmospheric 
pressure. the gas rate of kr!pton eschange curve 
rapidly reached normal. The changes observed 
fitted quite well with the general conclusions re- 
garding the state oi the circulation in decoinpres- 
sion sickness in a different set of experiments ( 2 5  j .  
but they were not early enough or pronounced 
enough to be suitahle for a preselection test. 

It nas  of some interest to compare the rate oi 
gas eschange observed on the hand of the same 
subject using different gases : radioactive nitrogen. 
argon, knpton and senon. \\'bile we are in pos- 
session of some data more work needs to be done. 
The rate of gas exchange as iar as cotiiponents T, 
and T2 were concerned seenied to be proportional 
to the solubility of each gas in water. in agreement 
with Jones' findings for total body uptake. Tn. 
Iiowever. in the case of xenon appeared to be some- 
what larger than the value predicted iroin solu- 
bility considerations alone. 

The inert gases dissolved in the body fluids ntay 
exchange with the external atmosphere through 
tissues other than the lungs. Behnke and his 
collaborators have shown that a small fraction of 
total helium exchange of the body occtirs through 
the pores of the skin (13). The iiiucous niem- 
branes ol the intestines, especially those oi the 
duodenum. play an important role in the secretion 
of a number of substances. I t  seemed to be of 
some interest to test the distribution of eases 

in the rate of knpton  exchange of the ha@ d u i  - t&rwgh these membranes. The gas was i k o -  
ing decompression chamber tests. Five s ibjeck d a c d  & l h e  duodenum by a duodenal tube. A 
were taken to 35,000 feet equivalent altitMCfor ' small f G o n  of the gas from the duodenum rap- 
an hour to study the rapidity of krypton desahrr-  idly ,gG &o the circulation and appeared in the 
tion. All these subjects had breathed p q e  Uxg-' e&tre&i@ as well as in the eshaled air. A g a m  
gem Three of the subjects were free fro+ bends i i y  c&@r held in one of the subject's hands re- 
pain : their desaturation curve remained riorina!. ~ corded t% rate of rise of radioactivity in the hand, 
One subject, who on many previous occadons in- an&% ancentration in the exhaled air was indi- 
variably developed bends pain in the right guider, c a t q  bysnother Geiger counter tube within the 
showed definite slowing down of the rate .of hand spicb*t.@. The three curves obtained on three 
gas exchange in the decompression +at@xr, pti$$Zs Ldicate that in about 15 minutes the con- 
though during his 60 minute stay at high3ltitu;de ' &&&$$ of radioactive gas in the hand reached 
he did not have any pain. The fifth subjed, &we:. pe& h e .  The curves obtained show wide 
desaturation curve is plotted in Figure 7,%$ ij- tada@bujwhen compared with each other, how- 
capacitating bends in his left knee, right +o';'&@r bv@,3na it is not certain whether they indicate 
elbow and wrist during the time his gas j h c r a p d t y  of uptake through the duodenal wall 
was measured. There was again a definit&sl$w@& - 5r%;@&r they also depend on the nature of the 

=hi, cmrirted of one milkshake, VI ]b. of $&&e %garepagon of gas bubbles within the intestinal '' = 3 f 2?pic&t&lf. Similar experiments were performed one pint of crum. 

L.. ,- 
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FtG. 8. UPTAKE OF RADIOKRYPTON IN HAND AFTER DUODESAL ADMtNlSTRArlOS O? 
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with the gas administered to the stomach and to change. Vasoconstriction or adrenaline caused 
the large intestines. In these latter cases the up- slower exchange. A fatty meal eaten two hours 
take was not measurable within the first 30 min- before the krypton exchange had no effect on the 
Utes. The rapid exchange of gases from the in- rapidity of the test. 
testinal tract to the circulation gives good support The gas exchange of some subjects slowed down 
for recent methods of treatment for intestinal dis- while at 35.000 feet simulated altitude, breathing 
tention. If such intestinal gas consists mainly of oxygen. Radioactive krypton, administered via 
nitrogen, then the excess gas will be absorbed by stomach tube appeared rapidly in the circulation 
the circulation more rapidly if the patients are of the extremities and in the exhaled air of the 
given pure oxygen. After a number of minutes of lungs. 
oxygen breathing, the dissolved n i p g e e  @ thc 2 The techniques and results reported suggest that 
body becomes unsaturated and the &r*d f h g e  radioactive gases have applications in the 
from the intestines becomes accelc@tcd:.p Qttjkrc: itudy of the circulation to the extremities in the 
radioactive isotopes may aIso be useGinJhis wayicr $vi& patient and in numerous problems of gas ex- 
study the rate of exchange through-tho: intestinal. d i g e  in normal and pathologic states. 

. -. - ; b- 

., 1; c L? 
wall in nornlal and pathological con‘ditmns - ._ *- 
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