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mar Dr. ~ u ~ o i r ,  

h o e  ycur v i s i t  out lieere w 8  have oontinued our prollmlnary 
oxperhats  with t l ls  labelled ino r t  & a S W  and are herewith eubmittiug 
to your ormaittee an mpplloatian for eupporb for the oontinuotiou of 
t t r i e  wwk. b r a e  go% but0 wore deliail us t o  t h e  wpeu of inveet- 
igutiolu tht wo w i r l i  t o  -ry out I thouid l i k e  t o  o u t l i m  agah t he  
r ea rma  for uriug rodioaal~ive argon at; t ire p r e m b  time. 

zii vleu af t h e  importauoe of aeroffnboliam t o  m aviator at 
h i &  altltuder it eeernu obvioue tliot if on$ oould w e  labelled nitrogen 
impwtssrt etudier on idtrodon d e t r i b u t i o u  aud exohanyo oould bo o u r l e d  
out. IIwevar, there  i r  aotual ly  w l y  one r o d i w t i v e  nlkroLtui isotope 
available at t h e  prercuit tine old tr,ie h a  a iralr-lire ot' only tal uriuutou. 
Caneequeoltly, wiOh i t a  U6e,  oxperheuts at' la& durat iui  ool~.ot be oarqiod 
out. Noverthelors, we propose t o  oor~qwe,  i n  mirmltl and mi, i u  ulrort- 
t i r m  exporfmentr the mstaboliom of nit;ro&an and argori, L A Y ~ A L  the lOil,dr- 
llvoci areon and the  uhort-livud rritrot;ei. Expuriweritu of over u hour oati 
oortaluly be w r i e d  out with nitroeon. J n  this way, oornparatiivu O U Y V O ~  
c u i  be obtained and poseibly oorreotion faotors  OM be deteimimd. 
t ere was no l o n g - l i d  radioaotivs nitrogen we looked i n  tho periodio 
tablo and bund that the re  were severol l oup l ived  isotopes of ari;oii aid 
krypton uhioh both are h r l ~  gases acid b v e  the maw phyeioal ard ohelnioal 
propertie8 as nitrogen. There w e  a 57-day argon and a llO-a&wte argon 
and a s4-1iour krypton. 
are ncM boing explored here in luii11161 oud liman experimentor 

seoticz?ej firrt, pninal Md ~ o o o d ,  luupea or ollnloal. D r *  ,John I;. Larlrln 
K W ~ O  I u  wall-trained in both plryeioa u u l  mediokls w i l l  take oharge of tlm 
animal work. lle graduabed from the Uassrohuamtbu h i r t i t u t e  of Teollnolou, 
t;,ereby getting a very thorough t;rainiag in th# f i e l d  of phyelos wid w i n -  
eeria;;. 
complotinC; hie in ternhip  t o& throe yenre traiw w i t h  Dr. U. a. Sawurn 
i n  the  x-ray dopartuent of the Potor B e n t  &iJm Iiocrpitul iu Uoatrvl. 1xwillG 
the paot tfueo years he has bum with ua wid hi oharge oi' t11c ntrutron tller- 
spy. IIe has a l s o  boen doiiig exporluental w r k  w i t h  tho l&ellrrd isotopes. 
ne I r a  had oonriderabb expsrienoe In gas analyeie ond already has b u i l t  
a oompleta sot-up for tho rbuQ of' go8 exallango In rats, iuoludiog 

Sirioe 

h t h  iho S7+ arepn 0r;ld t h e  l l o l u l n u ~ u  argon 

The work wll ioh we w i r h  t o  wry out oan be divided iuto two 

lhen Im Graduated f r o m  t he  Johne llopkine ldeledioal Soh001 t d  a f t e r  
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. .  Very einoerely youre, 

John Ii, I e n q e I  M. D, 



INTRODUCTION 

Report number one* .under this projeot X-762 gave an' aooount of the 

sy#ptoma produoed by exposing lndlvlduala trrloe d a l l y  t o  a pressure a l t l  

tude of 20,000 feet. Inaamuah as egmptoms appearad as frequently under 

aont ro l  as under experimental oondltions it wee oonsldered adviaable t o  

repeat the investigation. In  planning the seaond experiment par t iau lar  

a t t en t ion  wa8 Given t o  es tab l i sh ing  adequate aont ro l  aondl t lom thus 

awoidlng insofar as poasible the faa tor  of suggestiun. 

METHODS - 
%enty-PIve healthy men ranging i n  age from 18 t o  25 years served 

88 aubjeate. AB a oontrol proaedurs, f o r  the f i r e t  five days these sub- 

j e o t s  were deoanyressed twloe d a l l y  t o  a preasure a l t i t u d e  of 6,000 f e e t ,  

The rate of deooanprpseion w a 8  2,600 feet per minute. On the fo l lowlng  e€ 
ooneeoutlve daye the eubjeate were dsoompresaed t o  a preseum a l t i t ude  of 

20,000 feet. The rate of deOOmp~eS8iOn on the 20,000 feet exposwee was 

10,000 feet per minute. Oxygen apparatue, dlluter-demand w l t h  the A-14 

de-@ mask, w a s  used fran m a  level t o  maximum a l t i t u d e  on both the 

6,000 f e e t  a8 w e l l  ae the 20,000 f e e t  expoeum. 

the deaompreeelon ohanber varied from 70' t o  8O0Pahrenhelt. 

eaah deaaazpression the aubjeot exerolsed every f ive  minutes f o r  a period 

of 30 qeoonds. 

eaoh foo t  t o  a height of 18 lnahee a t  a rate o f  one step-up per second. 

The duration of eaoh exposure to  deaompre8elon both on the control  a8 wel: 

The temperature inside 

D u r i n g  

The exerolee aonslatsd of stepping up a l t e rna te ly  with 

I) See report  number 

preqfious report, 

one. This seoond r e p o r t  l e  an addendum t o  the 



as the atam3ard expoauree was 30 minutes. 

all expooures were t o  20,000 feet. There was no evidence tha t  any of 

the subjec ts  were aware of the Saot bha t  the oontrol  Ueompreaslona were 

any d i f f e r e n t  .than thoae t o  20,000 feet. 

The subjects  were to ld  t h a t  

Two questionnaires were f i l l e d  out by eaah subjeot  during and/or 

The first questionnaire aonoerned f ottr following each deoompression, 

s p e o l f i o  sgmptom8. These symptoms were headaohe, changes i n  visual  aoui 

j o in t  paina and palpitation. Two of these aymptoms mm aeleoted beoaus 

it r n e  f e l t  that b y  were r e l a t ive ly  common complaints of deCO~~pre88iOn 

The other two were ncontroln symptom having l i t t l e  or no speaifio r e l a t .  

ion t o  deoompreasion ~ l l m s s .  A f i f t h  apaoe on this questionnaire waa 

inoluded in  orrler t o  permit the subjeot  t o  i n s e r t  any other symptom o r  

complainb whloh ha might nota. 

second daye 

any var ia t ion  i n  the usual i n t e r e s t  l n  outaide ao t lv l t i ee ,  It h r t h e r  

stated that  the eubject  ehould xo te  any delayed o r  pers i s tan t  symptom 

whioh f o l lmed  the deoompression. 

A eeoond questionnaire was begun on the 

It ooncerned fatigub, need f o r  sleep, ohanges in appet i te  ar 

msms 
A t o t a l  of 240 man expoaures took plaoe at 6,000 feet during the 

first 6 days of' th6 experiment. Thia ofrered an adequate oontrol per iod ,  

On tb aixth day thb 20,000 f e e t  cleoompressions began. 

man exposures oocurred durlng this period from the 6th through the 3314 

experimental day. 

A t o t a l  of 1,039 

There were very f e w  oomplainta of apeoifio symptom on either the 

6,000 feet or  20,000 feet e ~ p o s ~ ~ a ~  
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During the oontrol period then, 
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was one post deooxpreseion headeohe, one oomplnint of paraeathestas, 

2 complalnts of mild j o in t  d i e t r e s s  and 2 instances of headaohe durihg 

the deoompresalon. 

p l a i n t s  af mild joint pain during the 1,039 man exposwes. 

paraeathesiaq were 'noted. 

the knee j o i n t  falloffing the daocnnpressionr There was one oase of 

t ranalent  vertigo. . 

During the 20,000 f e e t  exposures there were two com- 

Six tima 

On three oooasiona m i l d  d i a t r e s a  appeared i n  

The majofrity of 1 n f O ~ t l O n  gathered during these decompressions 

aentered about the quaatlone aonoernlw tb appearance of' fa t igue,  change 

i n  appet i te  and s leep requlrementa and changes l n  the uauel i n t e r e s t  in 
outside ac t io i t l o s .  Tha aaoompanylng t ab le  shows the comparative da ta  fo: 

the 5,000 f e e t  and the 20,000 f e e t  ezpo8urea. It 18 seen tha t  f o r  the mot 

pa r t  l i t t l e  ohange i n  the symptoms mourred. However, when changes were 

reported, there w a a  very little difference i n  the percent inc idence  a t  

5,000 f e e t  and at  20,000 feet .  

were poorer d u r i n g  cbhe 20,000 f e e t  deoompresaiona. 

of' man exposuree a t  6,000 f e e t  and 4.1% a t  20,000 f e e t  is algni i ioant ,  

L i b w i s e ,  the inorease i n  fa t igue  i r a m  O.S$ of man exposures  t o  3.8% is 

slgnif loant .  

In the percent inolderne of these cmpla ln ta .  

There is some indicat ion tha t  appetites 

The differenoe 1.26 
I 

The reminder of the data show no s igni f icant  dlfferenee 

DISCUSS I O N  

In' the previous report  on xlbpeated deoomgreseion t o  20,OOO f e e t  it 

wag pointed out that there l e  oonslderable d l f f l o u l t y  i n  cletermlnlng 

whether oer ta ln  mild oomplalnts made by eubjeate exposed t o  moderate 

1 

- 3 -  



deompreaslon are due t o  this faotor. The type of exeroise which was 

used i n  the previous experiment consieted of five deep knee bends every 

5 minutes. It is f e l t  that  perhaps the deep knee bending exeroise can 11 

i t s e l f  produce ocoasional mi ld  d i s t ress .  As a r e s u l t  the exeroise was 

a l t e red  and a step-up type WBB used whiah it was felt would be l e s s  l i ke '  

t o  i n d u e  symptom of its own+ 

Neither ounpletely naive nor oompletely sophis t icated subjects were 

umd+ They were informed d the pIupose and nature of the experiment ant 

had only the  specif lo  questions on the questionnaires by which t o  be pulc 

These questionnaires were W p o e e l y  prepared t o  avoid improper ouggastiot 

and used r e l a t ed  ae well  as unrelated symptom. 

The tnildneso of tbe oomplainta while being repeatedly deoompressed 

t o  20,000 feet is again demonetrated. 

with the inorease . in  a l t l t u l e  a8 shown by the $ inoidence of 3.6 a t  20,OO 

feet ae opposed t o  only 0.8$ a t  5,000 feet. 

Fatigue again seem t o  Increase 

Somewhat pporer appet i tes  

were'sean a t  20,000 feet an well. The adaptive trend Been in regards t o  

fa t igue  i n  the ~ e v i o u s  e x p e r h i n t  is not apparent this timer 

since there were 80 fer oomplainta d fa t igue eaoh day suoh a trend would 

be d i f f i o u l t  t o  demonstrate. 

symptoms as w e l l .  

However, 

T h e r e  was no trend i n  rospeot t.0 the other 

Sinoe s o  few mild symptoms were demonstrated i n  t h i s  experiment, it 

i e  r e l t  that  the fiegativa r e s u l t s  at the f i r s t  experiment are verified 

by the r e s u l t s  of Chis ON). It is seen that  there a re  oomplaints of de- 

compreeeion a t  5,000 f e e t  and *at; the oomplaints as the r e s u l t  of re- 

peated dooompresslon t o  20,000 feet  brgins farth no f u r t h e r  Qnarease othe: 

than some grea te r  fatigue.  

- 4 -  



Fddw Na 
Found By 

coNcLusIoFIs 

1. The repeated frequent deaomproesion of healthy male 8UbjeCt8 betweer 

the %ea of 18 - 25 years f o r  an extended pori& of time results in 

tho produotion of no aerloua symptoma of deoampres~ion when the ex- 

poswes am oonf'lned to a pressure altitude of 20,000 fee t .  

There ie no deterioration in the lni3lvlc¶ual~s a b i l i t y  to tolorate 

suoh deoompreer ions. 

S i m e  s o  f e w  aymptama ooourred, no adaptation waa domonstratod. 
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