
f Callfornia at Berkeley 

. < -  . 
. ... .- - - - 

'7 .. . 
1 - - 

. 3 
.. . 

Men engaged in climbing the highest Himalayan peaks are unique subjects 

,. for rese$rch on physiological adaptation, particularly the body's regulatory 
. Driven by extraordinary motivation, climbers voluntarily subject 
for extended intervals to submarginal environ?ental conditions that 

The 0 ~ 1 ;  pot long be tolerated by sublects in a laboratory research setting. 
0; 7 . state of 'stress induced by prolonged exposure to severe hypoxia and further ag- 

gravated by fatigue, cold, anorexia, insomnia, and psychogenic factors often 
leads to aaximal adaptation followed by progressive deterioration when the ho- 
meostatic balance can no longer be maintained. Certain features of regulatory 
systems may become more evident under these conditions than in the snore regu- 
lated circumstances of a laboratory experiment. This was the premise for the 
studies conducted on members of the American Mt. Everest Expedition in the 
Spring of 1963. 

Among the more familiar responses to high altitude is the increased rate 
of red-blood-cell production. With continued exposure, this leads ultimately to 
a stabilized polycythemia that is related in an ill-defined way to severity of 
hypoxia. The processes, and mare specifically the hormone erythropoietin, that 
accelerate erythropoiesis under hypoxic stimulus are presumed by most investi- 
gators also to be responsible for regulation of red-blood-cell volume under nor- 
mal conditions. 

Numerous studies of hematopoietic activity have been made at altitudes 
up to 1 5 , 0 0 0  ft, notably those of Hurtado and Delqado ( 1 ) .  Merino (2). Lawrence 
et al. (3.4) and Reynafarje et 31. ( 5 ) .  More recent observations by the author 
at 17,000 ft in Bolivia suggest the possibility of an anomolous increase in 
hemoglobin synthesis relative to that anticipated by projection of observations 
made at lower elevations. The first object Of the work on the Everest Expedi- 
tion was to extend these observations to high altitudes corresponding to levels 
of hypoxia well below that for which human adaptation seem possible. The in- 
tended studies included. observations On plasma-iron turnover to determine rate 
of hemoglobin synthesis, assay of erythropoietin in 24-hr Urine collections, and 
changer in blood elements and chemistry as a function of altitude and duration 
of exposure. 
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PHYSIOLOGICAL STUDIES ON MT. EVEREST 

. -  _ -  - 
The;second o b j e c t  of  t h e  p h y s i o l o g i c a l  s t u d i e s  was t o  examine i n d i r e c t -  

2 $p:thLe r e s p o n k e s  o f  t h e  a d r e n a l  c o r t e x  t o  demands f o r  maximal a d a p t a t i o n  by t h e  
11)- 
j, 6ody .to c c n d i t i o n s  t h a t  exceed p h y s i o l o g i c a l  l i m i t s  f o r  c h r o n i c  exposure .  The .  
r u i t a l  ro1as :p i ayed  by t h e  a d r e n a l  c o r t e x  a s  a r e g u l a t o r y  o rgan  and i n  a d a p t i v e  

S e c r e t i o n  of  c o r t i c a l  hormones,  mediated i n  

.. . . 

, r  - _  
. .  

& & e s s e s : a r e '  f i r m l y  e s t a b l i s h e d .  
p a r t  by ACTH, e x e r c i s e s  a s t r o n g  and o f t e n  a c o n t r o l l i n g  i n f l u e n c e  a v e r  metabo- 

m ,  the- .cardiovascu:ar  and r e s p i r a t - r y  s y s t e m s ,  and t h e  b o d y ' s  c h e m i s t r y .  

?i . 

+ . -  - - .  
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- &&sed.*& khe ExpeZit ion was based  p r i m a r i l y  upon u r i n a r y  e x c r e t i o n  of  c o r t i c a l  

Twenty-four-hour u r i n e  c o l l e c t i o n s  were ob- 
..j &&> iin&$ c o n d i t i o n s  and a t  t imes  when t h e  c l i m b e r  was s e v e r e l y  s t r e s s e d ,  and 

.The 'assessment  of a d r e n a l - c o r t i c a l  a c t i v i t y  d u r i n g  t h e  v a r i e d  s t r e s s e s  
- -  

2 '  ,+ , . F$&<? a"+ t h e i r  c a t a b o l i t e s .  

p a r t i c u l a r l y  when h e  e x h i b i t e d  s i g n s  of  d e t e r i o r a t i o n .  I n  each i n s t a n c e  a s e c -  

ond 24-hr u r i n e  c o l l e c t i o n  was o b t a i n e d  f o l l o w i n g  a d m i n i s t r a t i o n  of  ACTH. The 
d i f f e r e n c e s  i n  u r i n a r y  k e t o s t e r o i d s  b e f o r e  and a f t e r  ACTH shnu ld  p r o v i d e  a rough 
measure of  a d r e n a l  c o r t i c a l  r e s e r v e .  Whether o r  n o t  t h e  r e l a t i v e  a s  w e l l  a s  

t o t a l  e x c r e t i o n  r a t e s  of  t h e  s e v e r a l  major  a d r e n a l  c o r t i c o i d s  i s  a l t e r e d  by 
s t r e s s  may become e v i d e n t  on f r a c t i o n a t i o n  of t h e  u r i n a r y  k e t o s t e r o i d s .  

C o l l a t e r a l  tests of  a d r e n a l - c o r t i c a l  f u n c t i o n  were n e c e s s a r i l y  l i m i t e d  
t o  s imple  procedure.  t h a t  cou ld  be  performed a t  i n t e r v a l s  under  t h e  r e s t r i c t i v e  

c o n d i t i o n s  o f  t h e  Exped i t ion  and environment .  For t h e  most p a r t  t h e s e  inc luded  
wh i t e -b lood-ce l l  d i f f e r e n t i a l ,  r a r d i o v a s c u l a r  r e s p o n s e  t o  e x e r c i s e ,  u r i n e  chern- 

i s t r y ,  and o t h e r  tests d e s c r i b e d  i n  t h e  nex t  s e c t i o n .  

B a s e - l i n e  v a l u e s  of a l l  t h e  p h y s i o l o g i c a l  p a r a m e t e r s  measured i n  t h e  
f i e l d  were o b t a i n e d  from each c l i m b e r  a t  Donner Labora to ry  p r i o r  t o  d e p a r t u r e  of  

t h e  Exped i t ion .  

C o n d i t i o n s  conduc ive  t o  s e v e r e  hypoxia  and p ro longed  s t r e s s  were encoun- 

t e r e d  i n  t h e  c o u r s e  of  c l imb ing  M t .  E v e r e s t .  b u t  it i s  d i f f i c u l t  t o  a s s e s s  t h e  
a c t u a l  l e v e l  of t i s s u e  hypoxia .  The l e n g t h  of exposure  was s u f f i c i e n t  t o  ac- 

q u i r e  a h i g h  d e g r e e  of  a c c l i m a t i z a t i o n  t o  hypoxia  and t o  d e v e l o p  s i g n s  of gen- 
e r a l  d e t e r i o r a t i o n .  Most c l i m b e r s  -remained a t  21 ,500  f t  o r  h i g h e r  f o r  s e v e r a l  
weeks and one remained a t  t h i s  a l t i t u d e  f o r  s i x  weeks. The most t e l l i n g  e f f e c t s  
of  hypoxic  exposure  and e x h a u s t i o n  were e v i d e n t  i n  t h e  f i v e  c l i m b e r s  and one 

Sherpa who reached  t h e  s u m m i t  of  M t .  E v e r e s t  (29 .028  f t ) ,  a l l  of whom s p e n t  i n -  
t e r v a l s  r a n g i n g  from t h r e e  and a h a l f  t o  8 h r  above 28.000 f t  w i thou t  oxygen. 
Normally,  however,  supp lemen ta l  oxygen was used above 23 ,000  f t  a t  r a t e s  from 2 
t o  4 l i t e r s  per minu te  f o r  c l imb ing  and one h a l f  t o  1 l i t e r  per minute  f o r  

s l e e p i n g .  

The d e s c r i p t i o n  p r e s e n t e d  h e r e  of t h e  s t u d i e s  on M t .  E v e r e s t  i s  in t ended  

a s  no more t h a n  a p r e l i m i n a r y  r e p o r t .  N e i t h e r  f i n d i n g s  n o r  c o n c l u s i o n s  can b e  
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i n ,  t h e  horaone t h a t  s t i m u l a t e s  r ed -b lood-ce l l  p r o d u c t i o n ,  

t e d  i n  t h e  h e a l t h y  pe r son  a t  s e a  l e v e l  no r  i n  pe r sons  chron-  
i c a l l y  exposed t o  moderate  a l t i t u d e s  where.  presumably,  t h e  e r y t h r o p o i e t i n  con- 

- c e n t f a i i o n  i s  i n c r e a s e d  i n  r e sponse  t o  t .ypoxia.  

5 %o:i@$ n a t i v e s  who l i v e d  a t  t h i s  a l t i t u d e  ( d a t a  t o  be  p u b l i s h e d ) .  

Even a t  17.00C f t .  t t .e a u t h o r  
h Dr. Donald Van Dyke was unab le  t o  d e t e c t  e r y t h r o p o i e t i a  i n  

The s e n s i -  
t w G y E o f  t h e  b i o a s s a y  f o r  t h e  hormone i s  i n a d e q u a t e  f a r  t h e  l o w  c o n c e n t r a t i o n s  

-no rma l ly  p r e s e n t .  On t h e  o t h e r  hand,  Van Dyke and G a r c i a ,  i n  t h i s  Labora to ry ,  
and o t h e r s  (6-10) found a t r a n s i e n t  h igh  c o n c e n t r a t i o n  i n  r a t s  and mice d u r i n g  
t h e  f i r s t  f e w  days  exposure  t o  s e v e r e  hypoxia .  A c l e a r  i n d i c a t i o r .  of  a s i m i l a r  
r e sponse  i n  man was r e p o r t e d  from t h i s  Labora to ry ,  d e s c r i b i n g  r e s u l t s  ob ta ined  

when a human s u b j e c t  was a c u t e l y  decompressed t o  a p r e s s u r e  e q u i v a l e n t  t o  16 ,400  

f t  and exposed for  f o u r  d a y s  (11). 

7 .  - -  - 1' ,,- 3 

. .  

I n  p u r s u i n g  t h i s  l i n e  of i n v e s t i g a t i o n  on t h e  M t .  E v e r e s t  E x p e d i t i o n .  
24-hr u r i n e  c o l l e c t i o n s  f o r  e r y t h r o p o i e t i n  a s s a y  were o b t a i n e d  from c l i n b e r s  two 
or t h r e e  d a y s  a f t e r  t h e y  had for t h e  f i r s t  t i m e  made an a s c e n t . f r o m  17.8CO f t  t o  
23 ,000  f t  or h i g h e r  w i t h i n  t h e  space  of t w o  days .  Although t h i s  i s  a d i f f e r e n c e  

of  on ly  5,000 f t  t h e  p o s s i b i l i t y  e x i s t e d  t h a t  i t  would produce a t i s s u e  hypoxia  
comparable  t o  t h a t  r e s u l t i n g  from decompression from s e a  l e v e l  t o  16 .400  f t  and 
hence induce  a d e t e c t a b l e ,  i f  t r a n s i e n t .  c o n c e n t r a t i o n  i n  e r y t h r o p o i e t i n .  

A d d i t i o n a l  24-hr u r i n e  c o l l e c t i o n s  were o b t a i n e d  from c l i m b e r s  who had 

s p e n t  more t h a n  a week a t  21.500 f t  and a t  23 ,000  f t  t o  de t e rmine  i f  d e t e c t a b l e  
s t e a d y  s t a t e  c o n c e n t r a t i o n s  e x i s t  a t  t h e s e  l e v e l s  of hypoxia .  

U r i n e  c o l l e c t i o n s  were pas sed  through c o l l o d i o n  membranes fo r  e r y t h r o -  

p o i e t i n  e x t r a c t i o n .  The membranes were d r i e d ,  s e a l e d  under  n i t r o g e n .  and s e n t  t o  
Donner L a b o r a t o r y  f o r  a s s a y  b y  D r .  Van Dyke and h i s  a s s o c i a t e s .  None of t h e  

samples  a s s a y e d  t h u s  f a r  c o n t a i n e d  d e t e c t a b l e  amounts of  e r y t h r o p o i e t i n .  From 
t h i s  it must be concluded t h a t :  a )  the l e v e l  of t i s s u e  hypoxia  i n  an acc l ima-  
t i z e d  man a t  t h e s e  a l t i t u d e s  i s  l e s s  s e v e r e  than  a n t i c i p a t e d , o r  b) t h e  e r y t h r o -  

p o i e t i n  was i n a c t i v a t e d  i n  t h e  c o l l e c t i o n  p r o c e d u r e s .  o r  c )  e r y t h r o p o i e t i n  makes 
an appea rance  o n l y  i n  r e sponse  t o  a c u t e  exposure  i n  unacc l ima t i zed  s u b j e c t s ,  

The r a t e  of  hemoglobin s y n t h e s i s  can b e  rough ly  determined from t h e  

t u r n o v e r  r a t e  of i r o n  i n  t h e  plasma. These r a t e s  were measured i n  t h e  c l i m b e r s  

a t  Be rke ley  ( s e a  l e v e l )  p r i o r  t o  t h e  E x p e d i t i o n ' s d e p a r t u r e  t o  e s t a b l i s h  normal 
v a l u e s ,  u s i n g  Fe5'-labelled plasma. The measurements were r e p e a t e d  a t  17 ,500  f t  
and a t  21.500 f t  t o  de t e rmine  t h e  r e l a t i v e  i n c r e a s e s  i n  hemoglobin s y n t h e s i s  f o r  
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2 -  5 .-+e% .l<vels .  of  hypoxia .  I n  g e n e r a l ,  t h e  r a t e  of plasma-iron d i s a p p e a r a n c e  ob- 
c' ' se ' rved i h . t h e  c l i m b e r s  a t  1 7 , 5 0 0  f t ,  and t h e r e f o r e  presumably t h e  e r y t h r o p o i e t i c  

a c t i v l i ? ,  .&s abou t  doub le  t h a t  f o r  s e a  l e v e l .  Th i s  i s  i n  agreement  w i t h  e a r - ,  
l i e r  QJs$rv*tions made i n  B o l i v i a  on s u b j e c t s  a t  1 7 , 0 0 0  f t ,  i n c l u d i n g  r e s i d e n t s  

at t > & s ' a l t i t u d e  and a l s o  p e r s o n s  b r o u g h t  up from lower a l t i t u d e s .  The plasma- 
I r o n  a i b p p e a r a n c e  r a t e  found a t  21 ,500  f t  was l e s s  c l e a r .  I n  one s u b j e c t ,  i t  
was n e a r l y  t h r e e  t i m e s  t h a t  f o r  s e a  l e v e l :  i n  a n o t h e r  i t  % a s  tw ice  t h e  r a t e .  

. 

I .  

. -  

. -  

smears f o r  r e t i c u l o c y t e  c o u n t s  were t aken  a t  i n t e r v a l s  d u r i n g  t h e  

Exped i t ion .  A p r e l i m i n a r y  examina t ion  of t h e  s l i d e s  s u g g e s t  t h a t  
t h e f i e ~ h ~ t u r e  r ed  c e l l s  may be  e l e v a t e d  a t  2 t o  3.5% abou t  t h e  t ime  t h e  clink,-  
e r s  r eached  Base Camp ( 1 7 , 5 0 0  f t )  a s  compared t o  C.5 t o  2.0% f o r  t h e  p re -exped i -  

t i o n  v a l u e s .  L a t e r  when t h e  c l i m b e r s  had been t o  much h i g h e r  a l t i t u d e s  and r e -  
t u r n e d  t o  Base Camp t h e y  appea red  t o  be devo id  of r e t i c u l o c y t e s .  S l i d e s  f o r  
w h i t e - c e l l  d i f f e r e n t i a l  coun t  were a l s o  t ake r .  b u t  have n o t  been coun ted .  

- .  - 0 .  

Hemoglobin c o n c e n t r a t i o n  i n c r e a s e d  r a p i d l y  on a r r i v a l  a t  17 ,500  f t  t o  
a b o u t  18 g p e r c e n t .  With c o n t i n u e d  exposure  t o  t h i s  and h i g h e r  a l t i t u d e s ,  t h e  
c o n c e n t r a t i o n  i n c r e a s e d  s l o w l y  t o  t h e  r a n g e  20 t o  23 g p e r c e n t ,  b u t  showed lit- 

t l e  t endency  t o  r i s e  s i g n i f i c a n t l y  h i g h e r ,  a l t h o u g h  s e v e r a l  c l i m b e r s  s p e n t  a 
month or more above 21 ,500  f t .  
more or less t h e  changes i n  hemoglobin c o n c e n t r a t i o n .  The re  was no s i g n i f i c a n t  

change i n  t h e  p l a t e l e t  coun t .  

Hematoc r i t  and r ed -b lood-ce l l  coun t  p a . r a l l e l e d  

A more s t r i k i n g  change,  b e c a u s e  of  i t s  r a p i d i t y ,  was t h e  r e d u c t i o n  i n  

hemoglobin c o n c e n t r a t i o n  t o  t h e  normal r a n g e  on r e t u r n i n g  t o  low e l e v a t i o n s .  
Within t w o  weeks a f t e r  l e a v i n g  Base Camp, hemoglobin c o n c e n t r a t i o n s  t h a t  were 
22 9 p e r c e n t  had dropped t o  16 g p e r c e n t .  Rehydrat ion does  n o t  appea r  imp l i -  

c a t e d  i n  t h i s  r a p i d  r e d u c t i o n  i n  hemoglobin c o n c e n t r a t i o n .  I t  remains t o  be  
d e t e r m i n e d  i f  complete  c e s s a t i o n  of  r e d - c e l l  p roduc t ion  would accoun t  f o r  t h e  
a p p a r e n t  r a p i d  r e d u c t i o n .  

Twenty-four-hour u r i n e  c o l l e c t i o n s  f o r  a d r e n a l - c o r t i c a l - s t e r o i d  a n a l y s e s  
and u r i n e  c h e m i s t r y  were o b t a i n e d  unde r  a v a r i e t y  of c o n d i t i o n s .  a l l  of them i n -  
v o l v i n g  s t r e s s f u l  c i r cums tances .  A t  t h e  end of t h e  f i r s t  c o l l e c t i o n ,  80 I . U .  of 
a l o n g - a c t i n g  ACTH p r e p a r a t i o n  were g i v e n  t o  t h e  s u b j e c t s ,  i n t r a m u s c u l a r l y .  
b e f o r e  s t a r t i n g  t h e  second 24-hr u r i n e  c o l l e c t i o n .  Such c o l l e c t i o n s  w e r e  ob- 

t a i n e d  from a l l  t h e  c l i m b e r s  who r eached  t h e  s u m m i t  and from t h e  s u p p o r t  teams 
t h a t  went t o  t h e  h i g h e s t  camps. The c o l l e c t i o n s  were s t a r t e d  w h i l e  t h e  cl imb- 

ers w e r e  s t i l l  h i g h  on t h e  mountain and completed about  t h e  t ime  t h e y  r eached  
Base Camp. I n  one i n s t a n c e ,  a c o l l e c t i o n  was s t a r t e d  b e f o r e  a c l i m b e r  r eached  
t h e  summit and extended th rough  t h e  n i g h t  i n  which h e  was f o r c e d  t o  b ivouac  i n  
t h e  open a t  28,000 f t  w i t h o u t  oxygen. 
p ro longed  s t a y s  a t  21,500 f t  and 2 3 , 0 0 0  f t  d u r i n g  which t h e y  showed s i g n s  of 

O t h e r  c l i m b e r s  p rov ided  c o l l e c t i o n s  a f t e r  
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Medical officer Gilbert Roberts' 
and Killiarr S i r l .  scientiflc co- 
ordinator of the American Mt. 
Everest Expeditlcn, measure 
cardiac output with rajisact-ve 
iron 59 in psychologist Jaqes 
Lester at Base Canp, us:nc a 
portable scintillation probe. 

progressive deterioration. The cortical steroids were concentrated from the 
urine collections by ether-ethanol extractions whose volume was then reduced by 
evaporation, and the concentrate was sealed under dry nitrogen. Results of cor- 
tical steroid assays and electrolyte analyses will be presented in a later re- 
port. 

A variety of simple tests was made at intervals on members of theEx- 
pedition to detect gross responses to hypoxia and possibly to changes in adrenal 
cortical function. 
rest and following exercise. of breath-holding times. muscular strength, body 
weight. total body water, electrolyte excretion, and the common hematological 
measurements. 

Among these were tests of heart rate and blood pressures at 

Basal heart rate and resting blood pressure increased almost immediately 
as the Expedition moved to higher altitudes. They remaine'd elevated for several 
weeks after arrival at Base Camp but as acclimatization progressed, heart rate 
and blood pressure slowly returned toward pre-expedition values at sea level. 
After two months at altitude. the readjustment seemed complete, and for several 
climbers heart rate and/or Systolic pressure were significantly lower than their 
normal values at sea level although diastolic pressure remained consistently 
elevated. 

Cardiovascular response to moderate exercise was tested by observing t k  
elevation and the recovery patterns of both heart rate and blood pressure fol- 
lowing a three-minute exercise on a 15-inch-high step at the rate of 22 complete 
steps per minute. Measurements were made Continually for five minutes after the 
exercise ended. In general. the Kate of recovery to pre-exercise resting values 
did not appear to change significantly throughout the course of the Expedition, 
although there were notable exceptions. On the other hand, the elevation in 
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p u l s e  p r e s s u r e  produced by t h e  e x e r c i s e  changed p r o g r e s s i v e l y  

Gi<% a c c l i m a t c z a t i o n .  I n  t h e  f i r s t  week a t  a l t i t u d e  when symptoms o f  hypoxia  were 
.c t: ' -  - -TO& evgddent; S h e  e x e r c i s e  p u l s e  p r e s s u r e  and h e a r t  r a t e  were s l i g h t l y  h i g h e r  

5 4.5 a t  .sea - 1 G e l .  
; ; a e q c $ s e  dec reased  s t e a d i l y  u n t i l  a t  t h e  end of t h e  p e r i o d  t h e  e l e v a t i o n  i n  

- 
During t h e  two months t h a t  f o l l o w e d ,  t h e s e  r e s p o n s e s  t o  t h e  

3 5 .z 
- , .. .. . .- 

was . J n i f o m l y  s n a l l e r ,  and f o r  some c l i n b e r s  i t  vas  less than 

i n  t h e  test a t  s e a  l e v e l .  A s i m i l a r  t r e n d  was a l s c  obse rved  for 
r e sponse  t o  t k e  t e s t  a l though  i n  four c l i m b e r s  h e a r t  r a t e  was 
ed by t h e  e x e r c i s e .  Arnong t h e  h a l f  dozen She rpas  who were t e s t e d  

f a +  21 ,~SOD kff; s e a r t - r a t e  r e s p o n s e  and r e c o v e r y  were comparable  t o  t h o s e  f o r  t h e  
. & e r i c a r C c l i m b e r s ,  b u t  f o u r  of t h e  s i x  S h e r p a s  e x h i b i t e d  a lmos t  no e l e v a t i o n  i n  

p u l s e  p r e s s u r e .  One of  t h e  remaining two showed re sponses  comparable  t o  t h o s e  

o f  t h e  c l i m b e r s ,  b u t  t h e  o t h e r  was c l e a r l y  h y p e r t e n s i v e .  

- .  

Brea th -ho ld ing  t i m e s  were o b t a i n e 2  a f t e r  a normal e x p i r a t i o n  and a f t e r  
a maximal i n s p i r a t i o n .  Holding t i m e s  under  bo th  c o n d i t i o n s  dec reased  markedly 

w i t h  a l t i t u d e  up t o  a p o i n t  b u t  d i d  n o t  appea r  t o  b e  g r e a t l y  a f f e c t e d  by l e n g t h  
of  s t a y  a t  a l t i t u d e .  A t  low a l t i t u d e ( 6 . 4 0 0  f t ) b r e a t h - h o l d i n g  t i m e s  were abou t  30 

and 90 s e c .  r e s p e c t i v e l y ,  f o r  normal e x p i r a t i o n  and maximal i n s p i r a t i o n .  These 
t i m e s  were reduced t o  10 and 2 5  s e c  a t  1 7 , 8 0 0  f t  and were n o t  s u b s t a n t i a l l y  
s h o r t e r  a t  21 ,500  f t .  Degree of  m o t i v a t i o n  d i d  n o t  s e e m ' t o  a f f e c t  t h e  ho ld ing  
t i m e  by more t h a n  a few seconds a t  a l t i t u d e  b u t  may have had g r e a t e r  i n f l u e n c e  

a t  l o w  a l t i t u d e  where t h e  end e f f e c t s  were l e s s  d i s a g r e e a b l e  and t h e i r  o n s e t  

s lower .  

Muscular  s t r e n g t h  was measured w i t h  a hand dynamometer b y  o b s e r v i n g  t h e  
maximum force e x e r t e d  and t h e  d u r a t i o n  t h a t  one h a l f  t h e  maximum f o r c e  cou ld  be  
h e l d .  Some improvement occur red  i n i t i a l l y .  p robab ly  t h e  r e s u l t  of " t r a i n i n g "  i n  
t h e  use  of  t h e  d e v i c e ,  b u t  no s i g n i f i c a n t  impairment of s t r e n g t h ,  a s  measured i n  
t h i s  manner,  developed l a t e r  i n  t h e  c o u r s e  o f  t h e  Exped i t ion  a s  had been a n t i c i -  

p a t e d .  
climbers t h a t  t h e i r  c a p a c i t y  f o r  heavy work d imin i shed  s t e a d i l y  d u r i n g  t h e i r  
s t a y  on t h e  mountain and t h a t  it was s i g n i f i c a n t l y  impaired a t  t h e  end of  t h e  

Exped i t ion .  

. In  c o n t r a s t  t o  t h i s  i t  was un i fo rmly  t h e  s u b j e c t i v e  f e e l i n g  among t h e  

Weight loss d u r i n g  t h e  Exped i t ion  and p a r t i c u l a r l y  when c l i m b e r s  were 

h i g h e r  t h a n  Base Camp was c o n t i n u o u s  and i n  a few i n s t a n c e s  s e v e r e .  

two men losses ranged from one -e igh th  t o  one - fou r th  of body w e i g h t s  r eco rded  i n  
B e r k e l e y  prior to d e p a r t u r e .  T h i s  was a l s o  approx ima te ly  t h e  r a n g e  i n  p ropor -  

t i o n  of  d e p o t  f a t  a t  t h e  o u t s e t  a s  de t e rmined  from body d e n s i t y  and t o t a l  body 
wa te r .  While t h e  b u l k  of t h e  weight  l o s s  was unques t ionab ly  depo t  f a t  t h e r e  
were a l s o  s t r o n g  i n d i c a t i o n s  of l e a n  t i s s u e  was t ing .  This is  s u p p o r t e d  by t h e  

s i g n i f i c a n t  r e d u c t i o n s  i n  t o t a l  body wa te r  observed toward t h e  end of  t h e  Ex- 
p e d i t i o n .  Diminished a p p e t i t e s ,  which a l s o  grew more s e l e c t i v e  a t  h i g h  a l t i t u d e ,  

For a l l  b u t  
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S G  r e l a t i v e  d e f i c l e n c y  of a c c e p t a b l e  foods  h igh  i n  p r o t e i n s  may have  re- 

s u l t e d - i n  n e g a t i v e  n i t r o g e n  b a l a n c e s  a s  w e l l  a s  i n s u f f i c i e n t  c a l o r i c  i n t a k e  f o r  
most  of t h e  c l imber s .  The e x c e p t i o n s  t o  t h i s  r e r e  two climbers who marn ta ined  

- 
r - 
r - - t b e g m e i g h t s  by d e l i b e r a t e l y  f o r c i n g  themse lves  t o  e a t  a d e q u a t e l y .  It is  p e r -  
- Faps s i g n i f i c a n t  t h a t  t h e s e  were t h e  t w o  men who climbed M t .  E v e r e s t  v i a  t h e  . 

5 -  

i, 
c .  

d i f f j c u l t  West Ridge. 

I The absence of obLious signs of c e r e b r a l  damage amsng tl-e s i x  nen ex- 
p$se'd-for hours  t o  a l t i t u d e s  a s  h i g h  a s  2 9  000 f t  w i thou t  oxygen is perhaps  

k a b l e .  I n  t h e  h i s t o r y  of Himalayan mountaineer iqg t h e r e  is s u g g e s t r v e  
m e  of b r a i r  damage i n  some i n s t a n c e s  pe rhaps  i r r e v e r s i b l e ,  i n  c l i r r b e r s  

exposed t o  somewhat l e s s e r  a l t i t u d e s .  The e f f e c t s  a r e  s a i d  t o  be  e x p r e s s e d  a s  
i - p a i r e d  memory and p e r s o n a l i t y  c h a n g e s ,  p a r t i c u l a r l y  c h r o n i c  d e p r e s s l o r , .  These 

and o t h e r  s i g n s  r e r e  n o t  e v i d e n t  in t h e  American E v e r e s t  c l i m b e r s  b u t  it m u s t  be  
emphasized t h a t  a c a r e f u l  s e a r c h  f o r  ev idence  of b r a i n  damage was n o t  c o n s u c t e d .  

EXPEDITION OPERATIONS 
APPROACH MARCH. The 18 clinbers who l e f t  Kathmandu on Februa ry  2 0 ,  1963,  

on t h e  180-mile a a r c h  t o  H t .  E v e r e s t  had been c a r e f u l l y  s e l e c t e d  f s r  e x p e r i e n c e ,  
s k i l l ,  and c h a r a c t e r .  Hany of them had c l i h e d  t o  a l t i t u d e s  g r e a t e r  t han  20 ,000  

f t  and were t h e r e f o r e  f a m i l i a r  w i t h  :lypoxia and knswr: t o  t o l e r a t e  i t  w e l l .  
Sherpa climbers, 34 i n  n u l b e r  a t  t h e  o u t s e t  and l a t e r  i n c r e a s e d  t o  4 7 ,  acc3m- 
pan ied  t h e  Exped i t ion  a s  a s e r v i c e  g rcup .  Their p r i n c i p a l  f u n c t i o n  was t o  c a r r y  

equ ip3en t  and s u p p l i e s  t o  canps  on t h e  mountain.  

Members of t h e  Exped i t ion  c o u l d  n o t  c a r r y  a l l  t h e  n e c e s s a r y  s u p p l i e s  be- 

c a u s e  of t h e  q u a n t i t y  of  m a t e r i e l  needed a t  t h e  n ine  h i g h - a l t i t u d e  camps and a l s o  

s u e  t o  t h e  c l i m b e r s '  i n a b i l i t y  to c a r r y  heavy loads  t o  h i g h  a l t i t u d e s  w i t h o u t  
supp lemen ta l  oxygen. About twen ty - f ive  t o n s  of Exped i t ion  s u p p l i e s  and equ ip -  
n e n t  were f i r s t  t r a n s p o r t e d  from Kathmandu t o  Base Camp on t h e  backs  of 909 por-  

ters.  L a t e r  f i v e  t o n s  of t h i s  , n a t e r i e l  were c a r r i e d  t o  h igh  camps by t h e  S h e r p a s .  

A c c l i m a t i z a t i o n  s t o p s  a t  i n t e r m e d i a t e  a l t i t u d e s  d u r i n g  the approach 

march were e s s e n t i a l .  To  proceed d i r e c t l y  t o  Base Camp a t  17,800 f t  from t h e  
r e l a t i v e l y  low l e v e l  of t h e  approach march would have , i n c a p a c i t a t e d  t h e  Expedi- 

t i o n  from mountain s i c k n e s s ,  t h e  symptoms of which i n c l u d e  headache ,  n a u s e a ,  
vomi t ing ,  muscular weakness,  loss of  s l e e p  and a p p e t i t e ,  and a v a r i e t y  3f mild 
men ta l  a b b e r a t i o n s .  F r m  Nanche B a z a r ,  t h e  Sherpa v i l l a g e  a t  1 2 , 0 0 0  f t .  t h e  

Exped i t ion  t h e r e f o r e  proceeded by e a s y  S t a g e s  t o  Base Camp. 
r educed ,  mi ld  symptoms of hypoxia  a s s e r t e d  t h e n s e l v e s  i n  va ry ing  d e g r e e s  among 

t h e  c l i m b e r s  a f t e r  t h e y  passed  14 ,000  f t .  

Although g r e a t l y  

The p h y s i o l o g i c a l  s t u d i e s  were begun toward t h e  l a t t e r  p a r t  of  t h e  ap- 
p roach  march when t h e  e f f e c t s  of t h e  s t e a d i l y  i n c r e a s i n g  a l t i t u d e  began t o  t a k e  
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v e r ,  t h e  scope  of t h e  wzrk was l i m i t e d  because  of  t h e  d a i l y  T,>ve- 
* ,. . 

%&ts if.. *=-Expedition, t h e  te -nporary  n a t u r e  of camps. and p e r s i s t e n t  r e s p i r a -  

Blood smears  f c r  r e t i c u l o c y t e  and wh i t e -  
P u l s e  r a t e  and blood 

T . - -  . - . 
-; <>& S n d - g i s t r o i n t e s t i n a l  i n f e c t i o n s .  
; ~ € 3 0 d l ~ e l € . ~ d . l f f e s e n t i a l  c o u n t s  were s t a r t e d  a t  1 2 , 0 0 0  f t .  

I ;pressqre. r e c i v e r y  a f t e r  a s t a n d a r d i z e d  e x e r c i s e  were a l s o  measured ,  and such  

- 7  

.. . 
ements a s  b a s a l  h e a r t  r a t e  were recorded  d a i l y .  Weights were 

s t a k l i s h e d  s n  March 22 a t  t h e  f d z t  cf t h e  Yhunbu G l a c i e r  
t i c a b l e  r z u t e  cf a s c e n t  on M t .  E v e r e s t  from t h e  s o u t h .  

er b a s e  f a c i l i t i e s  a l a b 3 r a t c r y  t e n t ,  10 by  10 f t .  was e r e c t e d  and 

. .  ' eq':i%ped: f b r ' t h e  p h y s i o l 2 g i c a l  s t u d i e s .  
s a n c e  team had exp lo red  t h e  lower h a l f  o f  t b e  ice  f a l l  b u t  d i d  n o t  e s t a b l i s k  a 

camp b e c a u s e  of the  h a z a r d s  p r e s e n t e d  b y  t h e  c o n s t a n t  mzvement i n  t h e  2 , 0 0 0  ft 
of  s h a t t e r e d  ice,  c r e v a s s e s ,  and hang ing  i c e  w a l l s .  

Wi th in  a f e x  d a y s  t h e  f i r s t  r econna i s -  

A second r econna i s sance  ended a t  t h e  midpoin t  i n  t h e  ice  f a l l  *.:-.en a t q e  
i ce  w a l l  c o l l a p s e d  wi thou t  warn ing  s n  t h e  r3ped  team c f  men. C l i n b e r  John  
B r e i t e n b a c h  was k i l l e d  i n s t a n t l y ,  and h i s  bcdy  n e v e r  r ecove red  fro-, benea th  t h e  
hundreds  of  t o n s  o f  ice. Othe r  neTbers of t h e  six-mar: team were i n j u r e d  and 

b u r i e d  b u t  were a b l e  t o  e f f e c t  t h e i r  own r e s c u e .  During t h e  n o n t h s  t h a t  f o l -  
lowed, hundreds  of man-days. were s p e n t  w i t h o u t  f u r t h e r  a c c i d e n t  i n  t r a v e r s z n g  

t h e  ice f a l l  t h a t ,  however,  nsw was a a e n t a l  a s  w e l l  a s  a p h y s i c a l  c h a l l e n a e .  

Wi th in  a s h o r t  t iTe  Caap I ( 2 0 . 0 0 0  f t )  was e s t a b l i s h e d  a t  t h e  t o p  z f  t h e  
ice f a l l .  Camp 11 ( 2 1 , 5 0 0  f t )  and Camp 111 ( 2 3 . 0 0 0  f t )  fo l lowed  i n  q u i c k  suc-  
c e s s i o n .  Us ing  oxygen above  2 3 , 0 0 0  f t .  t h e  climbers f i r m l y  anchored  Camp I V  i n  

the i c e  of t h e  s t e e p  Lho t se  f a c e  a t  2 5 , 0 0 0  f t ,  and on A p r i l  1 6 ,  J e r s t a d  and 
Pownal l  c l imbed t o  t h e  Sou th  C o l ,  t h e  26 .200- f t -h igh  s a d d l e  between M t .  E v e r e s t  

and Lho t se  where t h e y  p l a c e d  Camp V. T h i s  was t h e  r o u t e  p i o n e e r e d  by  t h e  Swiss  
i n  1952 and  fo l lowed  t o  t h e  s u r c i t  for t h e  f i r s t  t i m e .  b y  t he  B r i t i s h  E x p e d i t i o n  

i n  1953. 

A l l  c l i m b i n g  b y  Expedi t ion .members  beyond Camp I11 was now b r o u g h t  t o  a 

h a l t  p a r t l y  by p e r s i s t e n t  s t o r m s  b u t  more b y  t h e  need t o  s u p p l y  t h e  s t r i n g  of  
camps w i t h  p r o v i s i o n s  and equipment f o r  t h e  a s c e n t .  Dur ing  t h i s  t i m e  a climber 
a t  Camp 11 deve loped  t h r o m b o p h l e b l t i s  i n  the  lower r i g h t  leg. Under t h e  c a r e  of 
D r .  R o b e r t s ,  t h e  s e n i o r  p h y s i c i a n .  no f u r t h e r  compl rca t ions  deve loped  and t h e  

man was removed pe rmanen t ly  t o  Base Camp. 

FIRST SUMMIT ASCENT. In l a t e  A p r i l  a l l  Camps U p  t o  t h e  South  C o l  had 
been  f u l l y  s t o c k e d  b y  r e l a y  teams of S h e r p a s .  and on  t h e  l a s t  day  of  t h e  nonth  

James W h i t t a k e r  and Nawang Gombu. w i t h  Norman Dyhren fu r th ,  l e a d e r  of t h e  Expedi- 
t i o n ,  and Ang Dawa i n  s u p p o r t .  were i n  p o s i t i o n  a t  Camp V I  ( 2 7 , 3 0 0  f t )  f o r  a 

I 1  b 3 0 q S  
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Desp i t e  u n u s u a l l y  h i g h  winds on  May l s t ,  which d r o v e  c l o u d s  of  
o v e r  t h e  f a c e s  and r i d g e s .  Whi t t ake r  e l e c t e d  t o  make t h e  smmit 
i n g  t h e r e  would be  no o t h e r  o p p o r t u n i t y .  He and Gombu reached 

e e a r l y  a f t e r n o o n  a f t e r  7 h r  of c l i m b i n g ,  u s ing  oxygen a t  4 
-- , 
o L- :-  iiters/@&. 
.- = . :  
J .$ - 4 hr%ere. s p e n t  w i thou t  oxygen descend ing  5 0 0  f t  t o  t h e  p o i n t  where s p a r e  t a n k s  

'' . , were Fakhed .  

However, t h e  oxygen s u p p l y  was exhaus ted  a t  t h e  summit and n e a r l y  . 
- .. 

. .- - .  - '., E :  
. .- .. -.: - . = z -  

5 
1.: ~ -. ~ 2 = , D y h r e n f u r t h  and Anq Dawa reached an e l e v a t i o n  ?f 2 8 . 2 0 0  f t  b e f o r e  t h e y  

c -  'fee g @ G l l e d  t o  t u r n  back by a r a p i d l y  d i m i n i s h i n g  oxygen supp ly .  

was e s p e c i a l l y  no tab le .  

T h e i r  f e a t  
7 Gas' & & a n d i n g  by any s t a n d a r d s  b u t  i n  view of  D y h r e n f u r t h ' s  age  of  4 5  y e a r s  i t  

A few days  p r e c e d i n g  t h e  f irst  summit c l i rob,  a new, p o t e n t i a l l y  s e r i o u s  

med ica l  problem a r o s e  when a c l i n b e r  i n  t h e  s u p p o r t  t e a r .  was s t r i k e n  with p r i -  
mary pulmonary edema a t  25,000 f t .  Only i n  r e c e n t  y e a r s  h a s  t h i s  a c u t e  form of  
pulmonary edema been d e s c r i b e d  and g e n e r a l l y  r ecogn ized  a s  a d i s t i n c t  d i s e a s e  

e n t i t y .  I ts  e t i o l o g y  i s  unknown, and s p e c i f i c a l l y ,  i t  does  n o t  a p p e a r  due t o  

i n f e c t i o n  n o r  t o  pr imary c a r d i a c  f a i l u r e ,  a l though  it is  though t  by some au- 
t h o r i t i e s  t h a t  i s chemic  h e a r t  d i s e a s e  and v i r a l  i n f e c t i o n  of  t h e  r e s p i r a t o r y  
t r a c t  may p r e d i s p o s e .  The o n s e t  of t h e  d i s e a s e  i s  r a p i d  and i f  l e f t  u n t r e a t e d  
p roceeds  u s u a l l y  t o  f a t a l  t e r m i n a t i o n  i n  12  t o  2 4  h r .  Oxygen a d m i n i s t r a t i o n  i s  

e s s e n t i a l  and r a p i d l y  e f f e c t i v e  t r e a t m e n t :  t h e  va lue  of d i g i t a l i s  i n  a d d i t i o n  t o  
oxygen is  s t i l l  c o n j e c t u r a l .  

I n  t h i s  i n s t a n c e  t h e  c l i m b e r  was g i v e n  bo th  oxygen and d i g i t a l i s  and 
moved pe rmanen t ly  t o  Base Camp (17.800 f t )  where h e  r ecove red  w i t h o u t  f u r t h e r  
t r e a t m e n t ,  a l t hough  a tendency t o  f a t i g u e  con t inued  f o r  s e v e r a l  weeks. 

SECOND SUMMIT ASCENT. The o r i g i n a l  p l a n s  f o r  t h e  Exped i t ion  c a l l e d  f o r  
an a t t e m p t  on Lho t se ,  M t .  E v e r e s t ' s  27.923-f t  ne ighbor ,  f o l l o w i n g  t h e  a s c e n t  of 
M t .  E v e r e s t .  E a r l y  i n  t h e  Exped i t ion ,  however.  a g r e a t  en thus i a sm deve loped  for 
p i o n e e r i n g  a new r o u t e  on M t .  Eve res t .  Consequent ly ,  by commn ag reemen t ,  r e -  
c o n n a i s s a n c e  of  t h e  unexplored W e s t  Ridge of  M t .  E v e r e s t  took p recedence  o v e r  

Lho t se  a s  t h e  secondary  o b j e c t i v e .  
i n  which a second a s c e n t  v i a  t h e  South Col would be made s i m u l t a n e o u s l y  w i t h  a n  
a s c e n t  v i a  t h e  W e s t  Ridge. Work on the W e s t  Ridge, which began soon a f t e r  t h e  
i c e  f a l l  was p e n e t r a t e d ,  con t inued  through A p r i l  and May i n  t h e  f a c e  o f  t h e  s e -  

v e r e s t  d i f f i c u l t i e s .  

The f i n a l  p l a n  c a l l e d  f o r  a " s u m m i t  meeting," 

During t h e  weeks f o l l o w i n g  t h e  f i r s t  a s c e n t .  climbers f o r  t h e  second 
a s s a u l t  r e s t e d  a t  Base Camp w h i l e  o t h e r  clin-bers extended t h e  W e s t  Ridge r o u t e  
and r e s t o c k e d  the h i g h  camps l e a d i n g  t o  t h e  South C o l .  The West-Ridge team had 

a l r e a d y  s u f f e r e d  s e t b a c k s .  An ava lanche  had wiped o u t  a camp. a t t r i t i o n  o f  
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d e s p e c i a l l y  Sherpas  s e v e r e l y  c u t  s u p p o r t ,  and s u p p l i e s  were dwin- 
y .  On May 11, f i v e  d a y s  b e f o r e  t h e  scheduled  summit d a t e ,  an i n -  
s t r u c k  a t  n i g h t ,  b lowing  two t e n t s  a t  t h e  2 5 , 0 0 0 - f t  camp on t h e  West 

1 hundred f e e t  down t h e  n o r t h  f a c e  of  E v e r e s t  where i t s  occupants  
o u s l y  h e l d  by c l i m b i n g  r o p e s .  I n  t h e  morning t h e  remain ing  t e n t  and 

e r e  blown i n t o  T i b e t .  

d a y s  l a t e r  when t h e  stcrx had s p e n t  i t s e l f ,  t h e  grcup ascended t h e  
a g a i n  t o  25 ,000  f t  t o  r e b u i l d  t h e  camp. The f o l l o x i n g  day  f i v e  

t h e  few r e r a i n i n g  S h e r p a s  f i t  f o r  work c a r r i e d  l o a d s  t o  27.200 f t ,  
2 : d e & e $ ~ ~ : ~ h o m a s  Hornbein and D r .  Wil l iam L'nsoeld w e r e  l e f t  t o  c a r r y  on what was 
. - ' ;sc;  - -  

Id  now be o n l y  a h i g h  r e c o n n a i s s a n c e .  

On t h e  s o u t h  s i d e  of t h e  mounta in ,  t h e  summit team of Luther  J e r s t a d , a n d  

B a r r y  B i s h o p ,  w i t h  D r .  David Dingman and two Sherpas  one camp behind  i n  s u p p o r t ,  

a s c e n e r d  t h e  South Col  r o u t e ,  r e a c h i n g  t h e  h i g h e s t  camp on Yay 21st. 

May 22nd, t h e  l a s t  p o s s i b l e  day f o r  t h e  a s c e n t ,  was windy and c o l d  b u t  
t o l e r a b l e .  A t  s i x  i n  t h e  morning,  Bishop s t r u c k  a match t o  l i g h t  t h e  b u t a n e  

s t o v e  and from the v i o l e n t  e x p l o s i o n  t h a t  fo l lowed h e  and J e r s t a d  were l e f t  with 

s m o l d e r i n g  remnants  of  b e a r d s ,  J e r s t a d  w i t h  s l i g h t l y  i n j u r e d  e y e s ,  h u t  o t h e r w i s e  
n o t  s e r i o u s l y  burned .  Because of  a l a t e  s t a r t  a s  a r e s u l t  of t h e  a c c i d e n t  and 
t h e  d e b i l i t a t i n g  e f f e c t s  of weeks a t  h i g h  a l t i t u d e .  t h e y  reached t h e  s u m m i t  a t  

t h e  d a n g e r o u s l y  l a t e  h o u r  of 3:30 PY, e x h a u s t i n g  t h e  l a s t  of t h e i r  oxygen supply. 
A t  1 O : O O  P3 t h a t  n i g h t  t h e y  were s t i l l  w e l l  above 28,000 f t  a t t e m p t i n g  t o  de- 

scend  i n  t o t a l  d a r k n e s s .  

The same morning Hornbein and Unsoeld l e f t  t h e i r  27 ,000-f t  camp on t h e  

W e s t  Ridge and c o n t i n u e d  t o  clinb t h r o u g h o u t  t h e  day .  u s i n p  o n l y  2 l i t e r s  p e r  min 
oxygen and none a t  a l l  when one s t o p p e d  t o  b e l a y  t h e  o t h e r .  The 'c l imbing  h e r e  
was f a r  more d i f f i c u l t ,  c a l l i n g  f o r  a h i g h  o r d e r  of  s k i l l  on t h e  smooth rock  

w a l l s  and down s l o p i n g  s l a b s  covered  wi th  f r e s h  snow. By 1:30 PM t h e y  had ex- 
pended a l l  t h e i r  c l i m b i n g  hardware ,  and t o  climb beyond t h i s  p o i n t  meant they  
would h a v e  no a l t e r n a t i v e  b u t  t o  c o n t i n u e  t o  t h e  summit and t h e n  down t h e  tech-  

n i c a l l y  e a s i e r  South Col  r o u t e .  A f t e r  a c a r e f u l  a p p r a i s a l  0.f t h e i r  s i t u a t i o n  
t h e y  e l e c t e d  t o  g o  o n ,  and a t  6:30 PM t h e y  s tood  on t h e  summit i n  r a p i d l y  dwin- 
d l i n g  d a y l i g h t  and w i t h  l i t t l e  remain ing  oxygen. 

L a t e  i n  t h e  e v e n i n g ,  d e s c e n d i n g  t h e  u n f a m i l i a r  South Col r o u t e  t h e y  en- 
c o u n t e r e d  J e r s t a d  and Bishop who had been h a l t e d  by t h e  obvious  h a z a r d s  o f  
c l i m h i n g  a t  2 8 , 0 0 0  f t  a t  n i g h t  w i t h o u t  oxygen. Under t h e  c i r c u m s t a n c e s  t h e r e  
was no c h o i c e  b u t  t o  b ivouac  u n t i l  d a y l i g h t .  B i s h o p ' s  toes and s e v e r a l  f i n g e r s  

had a l r e a d y  f r o z e n ,  and by  morning U n s o e l d ' s  t o e s  were f r o z e n ,  and J e r s t a d  sus- 
t a i n e d  f r o s t b i t e  i n  t h e  t o e s  and f i n g e r s  b u t  less s e v e r e  than  i n  t h e  o t h e r  men. 
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n s  n o t  a l t o g e t h e r  c l e a r ,  Hornbein  was r e l a t i v e l y  u n a f f e c t e d .  I n  t h e  

o r n i n g  a s  t h e  f o u r  men c o n t i n u e d  t h e  d i f f i c u l t  d e s c e n t  t h e y  were 
nd a Sherpa  b e a r i n g  oxygen c y l i n d e r s  and f l u i d s ,  and t h e  d e s c e n t  
t i n u e d  w i t h o u t  f u r t h e r  s e r i o u s  i n c i d e n t .  The damage frdm f r o s t - .  

ed subsequen t  a r , p u t a t i o n  o f  n o s t  o f  U n s o e l d ' s  and a l l  o f  

a t e f u l l y  acknowledges t t e  coope ra t io r .  g iven  t h i s  p r o l e c t  by 
D r .  Ha rd in  B.  J o n e s  and Y r .  Norman G. D y t r e n f u r t h ,  Leader  

v e r e s t  E x p e d i t i o n .  and f o r  a s s i s t a n c e  g i v e n  by D r s .  G i l b e r t  

n ,  James Lester and Donald Van Dyke. S p e c i a l  tha.-.ks a r e  

due  Mrs. P. Blanche  and M r s .  F. Hughes. 

The p r o j e c t  was s u p p o r t e d  by t h e  U. S. A t o m i c  Energy Commission and by  

g r a n t s  from t h e  h ' a t iona l  S c i e n c e  Founda t ion ,  t h e  U. 5 .  A i r  Fo rce  O f f i c e  of 

S c i e n t i f i c  Resea rch ,  and t h e  N a t i o n a l  Aeronau t i c s  and Space  Admin i s t r a t ion .  
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