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QUARTERLY RESEARCH REPORT TO THE NASA tlAlJNED SPACECRAFT CEBTER 

THE MEASUREF4XNT OF RADIATION EXPOSURE OF ASTRONAUTS 
BY RADIOCIIE?*?ICAL TECIiTiIQUES 

October 6,  1969 Through January 4 ,  1970 

R.  L. Brodzinski,  L. A. R a n c i t e l l i ,  and W. A.  Hal ler  

ABSTRACT 

The u r ine  and feces  specimens from t h e  Apollo 11 mission were analyzed 

f o r  t h e i r  radionuclide content.  Estimates of cosmic rad ia t ion  dose received 

by t h e  as t ronauts  were d i f f i c u l t  t o  determine due t o  decay of t h e  short-  

l i v e d  radionuclides during quarantine.  The concentrat ions of 7 ~ e ,  2 2 ~ a ,  

4 0 ~ ,  5 9 ~ e ,  6 0 ~ o ,  and 3 7 ~ s  were determined. No 147Pm was observed i n  any 

of t h e  samples. 

The concentrat ions of 16  major, minor, and t r a c e  elements were 

determined i n  f e c a l  samples from Apollos 8 and 10. Large discrepancies 

between t h e  excre t ion  r a t e s  and normal d ie ta ry  in takes  were noted f o r  

cobal t ,  i ron ,  t i n ,  and potassium. An i n t e r p r e t a t i o n  of t h e  hazards these  

deviat ions may produce requi res  t h e  determination of t h e  elemental concen- 

t r a t i o n s  of t h e  foodstuffs  used during these  missions. 

The f e c a l  samples from t h e  Apollo 11 mission were analyzed f o r  g l a s s  

f i b e r  content.  One anomalous sample was observed having a g l a s s  f i b e r  

content twofold g r e a t e r  than any previously measured specimen. 

A p iece  of t h e  ou te r  thermal coat inc  of t h e  Apollo 12 spacecraf t  

was analyzed f o r  cosmic-ray-induced rad ioac t iv i ty .  Beryllium-7 was 

observed . 



' A  5 ' 1 1  ' 1  3 OF THE HAD'TOliliCL13E Ci)NTCBT OF' FEC2;:S .All11 
URINE FRO!! ASTKONAUTS ENGAGE3 IN SPACE FLIGHT --- -- --" --.------ pa--.- 

I$.;t! L ) : I ~ , , ~ ; ,  . i.2ttgLd i l l  space f l i g h t  are s1~1:ject  l,o eos!:~io radititii-x1 

: I L L '  II ;10es bio logica l  dw~age  t o ,  arid induces radioo,cl,ive i so topes  in, 

t h e i r  Lodi:s, 'The r a d i a l i o n  dose rece ived  i '~'ca? the  (:osmic p a r t i c l e s  c t ~ n  

dttci.i;;ined from the q u a n t i t i e s  of induced r a d i  onuci ides .  (I' The 

a!loux~ts of t i lese induced a c t i v i t i e s  can be determinecl by d i r e c t  measure- 

.?dnt, i .e . ,   hole ~ o d y  countin& of t h e  astrron~~.: t ,  cr by i n d i r e c t  mensui-e-- 

+.. .,.:i.t, s u c h  as cc)u!~tilif: t i le radlonucl i i les  excre ted  i n  tk'e f eces  arid u r ine .  

'i'hz l a t t e r  spprusc'I.1 was used f o r  evaluation of i-aditzt-ion a c t i v a t i o n  d u r i ~ l g  

the cod~ 's? ot' tile Apollo 11 rl!ission. T5e u r i n e  and i'eces specimens Y r t m  

the fii)ci! c ,  II, astn'onauts bere e x a i  ned f o r  their  r ed i  nnucl i de content ?ru  i? 2 

: -.l??ri o>ls7: developed 2rc;cedilres. (" 2 ,  Due i< i  t!iz i ~ l a r a ~ i t i ~ l e  period 

f ~ l l  c;) i X L ~  5:;1 a.si?dovn, t h e  sr;impl e s  were not i l ~ m e d i ~ t e ]  availt i l ; le for 

ena!jscb, Lhus u l lo~c ing  t h e  sho r t- l ived  radiouucliiies t o  decay. 

'I'5e r ~ d i  o w t i  ~ i t y  i n  t h e  feces  s a ~ p l z s  frcr  t'7+ ,F.pol L C  11 ast,rona::t, i :: 

$LUT.:..YI i oed i n  'l'ztble 1. These inflight saples .,!,re r c,l J wted cr? t h e  tr i i ,  

f'~*on the noon t o  t ne  e a r t h .  P r i o r  i n f l i g h t  s p t r l l  ierls bere j e.ttisonr'! b: t, -: 

i.i& 11i::ts1' C X \ : I ~ ~ L ~  on module, 'Tl~e measwed 4 0 i ~ ,  s 9 ~ e  , 60,?q and 13713, 

s, t , ~ - . { j  t i e s  sr c nc,-rxlictl In  cum]:arisor. w i t h  t'le r e s u l t s  of previous 111i s s i ~ r , ,  

ait!li,ugh t!lt so.tu-ce ~)r' tLc  60!i0 ha; no t  Fecn t;;t,ii.)lisheu. The  Fitlst::ict c 8 i '  

"'1 t, t , ; i j  vi I.; i l i  ~a.~g"l .es  2, 3, and 4 in~iicat-.:; t h a ~  tney are nc;L fi,,!; tl.2 

:;;:it ~ ~ t r o l i a x t  as :;mq:le 1. P,lthough 713e y : ~ s  cietecttc! i n  cne sample, it, 

. ra?ur  i s  -u~icertuiri ,  Tie l o s s  of a l a l y t i c a l  ~ r c c i s i o t  was due, i n  .;art , ei; 

t ',s '13z decay d;trming sample quarant ine .  Since 7 ~ e  w e s  t h e  only ccsrno:;c~:ic 

A ,~,li or,uc'l ids: cir t  t:ct c . r ~ ,  n:, a c c u r a t ~  c o s ~ l i c  r a d l  e ta ion \lose c;tjrr.ate IF 

<1.:a~!-a'2le. 



The r a d i o a c t i v i t y  concentrat ions i n  t h e  ur ine  s m p l e s ,  which a re  s m a r i z e d  

i n  Table I I , a r e  s imi la r  t o  those  determined i n  samples from previous Apollo 

f l i g h t s .  The standard deviat ions i n  22fla concentrat ions do not allow a 

r ad ia t ion  dose ca lcu la t ion  t o  be made. I n  f a c t ,  t h e  7 ~ e  a c t i v i t i e s  ob- 

served i n  t h e  p r e f l i g h t  u r ine  specimens a r e  higher than t h e  7 ~ e  a c t i v i t i e s  

observed i n  t h e  p o s t f l i g h t  specimens. 

A luminous mate r i a l  composed of 1 4 7 ~  microspheres mixed with a 

s c i n t i l l a t o r  i s  used extensively i n  t h e  spacecraf t  i n  a c r y l i c  switch t i p s  

and s igh t ing  f igures  used i n  docking maneuvers. Because of t h e  high r e j e c t i o n  

r a t e  of switch t i p s  caused by promethium leaks ,  t h e r e  i s  some concern about 

t h e  p o s s i b i l i t y  of t h e  presence of 147Pm i n  t h e  weightless environment i n  

t h e  space capsule, No 1 4 7 ~ m  ( <  1 6  pCi per  defecat ion)  was observed i n  any 

of t h e  specimens ( s z e  Table I) ind ica t ing  t h a t  1 4 7 ~ m  i n  t h e  Apollo 11 space 

capsule environment w a s  minimal. 

TASK - NEUTRON ACTIVATION ANALYSIS OF FECES AND URINE FROM 
ASTRONAUTS ENGAGED I N  SPACE FLIGHT 

This program has been i n s t i t u t e d  i n  an attempt t o  foresee any poss ib le  

metabolic changes i n  as t ronauts  caused by condit ions of weightlessness m d  

prolonged physica l  i n a c t i v i t y  which a re  manifested by an uptake o r  l o s s  

of an element o r  elements by t h e i r  bodies. While t h e  primary concern i s  

t h e  t e r r e s t r i a l l y  observed phenomenon of osteoporosis  ( l o s s  of s k e l e t a l  
I 

calcium), changes i n  t h e  uptake and excre t ion  r a t e s  of o ther  e s s e n t i a l  

microconst i tuents  of t h e  body, such as coba l t ,  i r o n ,  selenium, and t h e  

a l k a l i  metals which a c t  as e l e c t r o l y t e s ,  a r e  a l s o  important.  The concen- 

t r a t i o n s  of 17 major, minor, and t r a c e  elements a r e  ' ~ e i ~ g  ::ezsrlred 

i n  t h e  feces  and u r ine  from as t ronauts  engaged i n  space f l i g h t  by a 

previously described technique(' ' *)  of instrumental  neutron ac t iva t ion  

analys is  . 
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Ileutron a c t i v a t i o n  axa lyses  of t h e  f e c a l  s m p l e s  frori Apollo 11 and t h e  

u r i n e  s ~ e c i - e n s  f r o 3  Apollos 9 ,  13, and 11 have 'seen in i t : . a t ed .  The concen- 

t r a t i c n s  oXT:a, ::, F5, C S ,  Fe,  Co, Zn, C r ,  Sc ,  2 r ,  Se,  I i g ,  Ag, S'c,  Au, and 

Sn In t1.e Apollc 2 and 10  f e c a l  s=ples  a r e  s m - a r i z e d  i n  Tables I11 through 

. The c a l c i m  concent ra t ions  f o r  t h e  two ~ i s s i o n s  have 'been r epor t ed  

?-,- 9, eviousl;: . ( 2 '  A l l  samples from t h e  Apollo 8 ~ i s s i o n  a r e  from t h e  same 

n s t r o n h - 3 .  Twc z l i q u o t s  fror?. s m p l e  3 were analyzed t o  denons t ra te  t h e  

k~mo~cnei t : ;  of t h e  specicen m d  t h e  r e p r o d u c i b i l i t y  of t h e  neut rcn  a c t i ~ ~ a t i o n  

teckniqne.  Although t h e  t h r e e  Apollo 1 0  samples a r e  undoc~u~en ted ,  t hey  were a l l  

c o l l e c t e d  a f t e r  t r a n s e a r t h  i n j e c t i o n .  

Since a l l  t h e  samples swnrrarized i n  Tables I11 t h r o u ~ h  'YT a r e  undocumented 

as t o  e lagsed  tirne i n t o  t h e  miss ion ,  only an i n t e g r a t e d  exc re t ion  r a t e  can be 

dete-mlned. This  car. be accomplished by d iv id ing  t h e  t o t a l  weight of each 

element excre ted  in a mission by t h e  l eng th  of t h e  mission and t h e  number 

of p a r t i c i z a t i n g  a s t ronau t s .  Although t h e  unce r t a in ty  of t h e  c o l l e c t i o n  

pe r ioc  f o r  h p o l i c  iG r e f u t e s  t h e  use of t h i s  procedure, it has been u t i l i z e d  

t o  co- are t h e  f ecc l  exc re t ion  r a t e s  from Ppol los  7 ,  8 ,  and 9 with  t h e  

r o r a i  r a t e s  02 ?arty-. 

The a l k a l i  n e t e l s  ~ ~ c u p : , .  E unique posi"vor, i n  t h e  chexistr;. of t h e  

n;etzi)olic processes  an2 a r e  gene ra l ly  thought t o  a c t  a s  e l e c t r o k f t e s  

.er:tis_l t o  t h e  ;\roTcr func t ioning  of t h e  nervous system, a s  w e l l  as - - 2  

es th 'o l i sh ing  t h e  o s c o t i c  balances necessary f o r  t h e  t r a n s f l r  of e s s e z t i a l  

m z t e r i r l  a c r s s s  cn l l . u l a r  menF,rar.es. !.lthoa&!: t h e  cl?err.istr,y of t h e  

7 - alz:r,li :r;ets'.s i s  2 c ~ ; n ~ t n d  t k e  rionovslez', s t a t e ,  'bey e,~pare::f,ly 

--,-,-n+: .,"~ ? 2 ;  - G T  . , ... ,,,.. I ,, L.,- r e r e - t  --r .ys t:~rc.;:-hrj:.t . ., .z ' ~ i c l n r i  u - czi. 23rs%er. 



Four of s i x  samples analyzed show extremely high concent ra t ions  of 

sodium. Only samples S/N 3513 and S/bT 3527 from t h e  Apollo 10  mission 

e x h i b i t  a  normal sodium exc re t ion  concent ra t ion .  The h igh  va lues  of t h e  

o t h e r  f o u r  samples a r e  probably due t o  t h e  a d d i t i o n  of t h e  preserva t ive-  

deodorant sodium orthophenylphenol,  which i s  i n  t h e  f e c a l  c o l l e c t i o n  k i t s .  

This sodium salt  add i t i on  precludes making meaningf'ul observa t ions  on t h e  

e l e c t r o l y t i c  balance of t h e  a s t ronau t s .  

The average f e c a l  exc re t ion  r a t e  of potassium f o r  t h e  Apollo 8 mission 

a s t ronau t  i s  0.493 g K/day. This i s  a  s l i g h t l y  h igher  f e c a l  e l imina t ion  

r a t e  t han  t h e  0.311 g K/nan day observed i n  the  Apollo 9 miss ion , (2 )  and 

when co r rec t ed  f o r  t o t a l  body exc re t ion  (3) y i e l d s  a va lue  of 2.49 g K/day. 

Although t h i s  i s  above t h e  exc re t ion  r a t e  de t ec t ed  i n  Apollo 9 samples,  it 

i s  not  equal  t o  t h e  normal d i e t a r y  in t ake  of 2.85 t o  3.0 g/day. (3, 4)  This  

combination of  l o s s  and d i e t a r y  i n t a k e  would r e s u l t  i n  a 5 gram inc rease  

i n  potassium i n  t h e  body f o r  an eleven-day mission o r  a change of  1 p a r t  

i n  36. 

Very l i t t l e  i s  known of t h e  chemistry of rubidium and cesium i n  t h e  

human body. Only 23% of t h e  e l imina ted  rubidium i s  found i n  t h e  f e c e s ,  ( 5 )  

which would g ive  a  t o t a l  body exc re t ion  r a t e  of 4.57 mg Rb/day f o r  t h e  

Apollo 8 a s t ronau t  from t h e  d a t a  i n  Table 111. This i s  s l i g h t l y  h igher  

than  t h e  va lues  of 3.79 and 2.86 mg Rb/man day observed f o r  Pipollo 7 and 

Apollo 5 ; (2 )  r e spec t ive ly  and almost twice  as high a s  t h e  norna l  i n t a k e  

The f e c a l  exc re t ion  r a t e  of  3.57 ug Cs/day observed f o r  t h e  Apollo 8 

mission a s t ronau t  i s  considerably h igher  t han  t h e  va lues  of 1 . 4  Cs/man day 

and 2.0 pg Cs/man day observed i n  t h e  !Lpollo 7 end  9 missions recpect ivel l r  A~ (2! 



3f t h e  t r a n s i t i o n  me ta l s ,  i r o n  i s  an i n t e c r a l  p a r t  c f  t h e  heme n o l e c u l e ,  

cobal t  p l ays  z r o l e  i n  t h e  c h e ~ i s t r y  of v i t a ~ i n s  and s t i r u l a t e s  t h e  

hernatopoietic system, v h i l e  t h e  body func t ions  of z inc  and chromium a r e  

poor ly  understood. A l l  t r a n s i t i o n  elements,.c:ith t h e  except ion of scmdiucm 

a ~ r !  t i tanium, a r e  b i o l o g i c a l l y  a c t i v e .  

Tiin iroc concent ra t ions  summarized i n  Table I V  y i e l d  an Apollo 8 

zS,~IersEe f e c a l  exzre t ior ,  r a t e  of 13 .3  mg Fe/day. Since i r o n  i s  p r imar i ly  

- .  e i - n i i i z ~ e d  i n  t h e  f e c e s , ( 3 )  t h i s  approximates t h e  t o t a l  i r o n  exc re t ion  r a t e  

end cornpares v e i l  with t h e  va luer  of 16  and 1 4  mg Fe/mn day observed f o r  

Apollcs 7 and 9 r e s p e c t i v e l y .  ( 2 )  However, a l l  i r o n  exc re t ion  r a t e s  observed 

f ~ r  Apollos 7 ,  8 ,  and 9 e r e  lower than  t h e  lowest quoted va lue  f o r  t h e  normal 

2ietsq.r i n t a k e ,  which i s  27 mg F e / d ~ y .  ( 4, TWO previous explana t ions  e x i s t  : 

(1) The a s t r m a u t s  a r e  concent ra t ing  i r o n  o r  ( 2 )  t h e  foods tu f f s  conta in  a  

lower i r o n  concent ra t ion .  The l a t t e r  p o s s i b i l i t y  can be e a s i l y  eva lua ted  

:y a t r a c e  e l e c e n t  a n a l y s i s  f o r  i r o n  i n  t h e  a s t r o n a u t ' s  food supply. 

The f e c a l  exc re t ion  r a t e  of coba l t  f o r  t h e  Apollo 8 a s t ronau t  i s  

iS. > p~ Coldry , ~ r h i c h  compares w e l l  wi th  va lues  of 10.2 ancl 13.3 pg 23fi:ia.r~ 

,- I, ..," o-L;erved f o r  t h e  Apollo 7 a ~ d  9 m i ~ s i o n s . ' ~ )  The t o t a l  coba l t  exc re t ion  

r a t e ,  77.2  pq ::o/day, vas  c a l c u l a t e d  assuining '3 .65 of t h e  coba l t  i s  

e l i ~ i n a t e d  i n  t h e  f eces .  (31 Since t h e  nomal d i e t a r y  i n t a k e  of cobal t  i s  

(1;) or.1;~ 5.67 p G ( 3 )  t o  7 ug pe r  day, e i t h e r  t h e  foods tu f f s  c c n t a h  h i g h  coba l t  

c o n c e n - ~ r a t i c ~ r s  o r  t h e  a s t r o n a ~ t s  a r e  los inf i  coba l t  from t h e i r  s y s t e ~ s .  'l?i s 

a~?a re r i ?  l o s s  cf cobal t  could becore e x t r e ~ e l y  inpor t an t  considering t k e  

r o l e  ',t p l a ~ ~ s  i ~ i  st i :w:atinz t h e  h e ~ a t o p o i e t i c  s-rsteln.. 

;?t '?,~; ; ;k t h e  cxac";l~r,ctions cf z h r c r - . i * ~ ~  .3.r?G z i n c  i n  t ? n  kody e r e  n ~ t  

--,:> C 9. - - . -  .,r, . .  . -. 
.'2 m i F o  2--.-- .., . ,...- ,. k.A2cr-,tccr:, r: 1s felt tkey e x  e s ~ c ~ t i a l  e l e r e ? t s .  .-... ..cLc-A 



excret ion r a t e  of t h e  Apollo 8 as t ronaut ,  12.0 mg Zn/day, compares wel l  with 

t h e  values from o ther   mission^.'^) Assuming 85% of t h e  zinc i s  eliminated 

i n  the  feces , (3 )  a t o t a l  excret ion r a t e  of 1 4 . 1  mg Zn/day i s  calcula ted ,  

which i s  i n  t h e  range of t h e  normal d ie ta ry  in take  of 8.3 t o  17 mg/day. (3 ,  4) 

Fecal excret ion r a t e s  of 100 and 78 pg Cr/man day were observed f o r  

Apollos 7 and 9 , ( 2 )  while t h e  chromium f e c a l  excret ion r a t e  i n  t h e  Apollo 8 

astronaut  was 117 ug Cr/day. These values a r e  f a i r l y  s imi lar  t o  t h e  normal 

da i ly  intake of chromium, which i s  approximately 150 pg/day. ( 4 )  These 

concentrations could be combined with data  obtained from a t r a c e  element 

study of t h e  food t o  provide t h e  a s  ye t  unknown chromium excret ion percentage 

i n  the  feces.  

Of t h e  t r a n s i t i o n  metals,  nothing i s  known of t h e  metabolic function of 

scandium. The f e c a l  excret ion r a t e s  from Apollos 7 and 9 a r e  0.85 and 

1.0 pg ~c/man day respect ively(2)  and a r e  comparable t o  t h e  f e c a l  excret ion 

r a t e  of 1.09 ug Sc/day obtained f o r  t h e  Apollo 8 astronaut .  

MISCELLANEOUS ELEMENTS 

A number of elements with a s  ye t  unknown functions are  present  i n  

b io log ica l  systems at concentrations comparable t o  b io logical ly  e s s e n t i a l  

elements. Of t h e  miscellaneous elements whose concentrations a r e  summarized 

i n  Table V ,  only t i n  var ied  s i g n i f i c a n t l y  from a normal intake.  

A f e c a l  excret ion r a t e  of 209 pg Br/day was calculated from t h e  bromine 

concentrations i n  Table V f o r  t h e  Apollo 8 astronaut .  This value i s  higher 

than t h e  151 and 113 pg Br/man day observed f o r  t h e  Apollo 7 and 9 missions (2)  

but i s  s t i l l  a very small f r a c t i o n  of t h e  normal da i ly  in take  of 17,000 ug, ( 4 )  

most of which i s  excreted i n  t h e  urine.  ( 3 )  

A very l a r g e  d i f ference  i s  noted between t h e  observed t i n  f e c a l  

excret ion r a t e  of 3.74 pg Sn/day f o r  t h e  Apollo 8 astronaut  and t h e  normal 
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d i e t a r y  i n t a k e  of 17,000 t o  22,000 vg/day. ('' 4, Values of 5.3 and 

1 .9  p g  ~n/man day were observed i n  t h e  Apollo 7 and 9 missions r e s p e c t i v e l y .  ( 2  

Almost a l l  t i n  i s  excre ted  i n  t h e  f e c e s , ( 3 )  and although t h e  func t ion  of t h i s  

element i n  t h e  body i s  not  w e l l  known, t h e  q u a n t i t i e s  of t h i s  element inges ted  

by t h e  a s t r o n a u t s  should be inves t iga t ed .  It i s  q u i t e  p c s s i b l e  t h a t  t h e  

r epo r t ed  normal d i e t a r y  in t akes  a r e  i n  e r r o r .  

Feca l  exc re t ion  r a t e s  of 38 and 44 ug Se/man day f o r  Apollos 7 and 9 ( 2 )  

can be compared t o  t h e  c a l c u l a t e d  r a t e  of 35.3 ug Se/day f o r  t h e  Apollo 8 

a s t ronau t  based on t h e  d a t a  i n  Table V. Selenium i s  a b i o l o g i c a l l y  important 

element i n  m a m m a l s ,  and although l i t t l e  i s  known of i t s  i n t a k e  o r  r e t e n t i o n ,  

an excess  may cause chronic poisoning. 

h a d d i t i o n a l  t o x i c  element,  mercury, has  no known func t ion  i n  t h e  

body and i s  u sua l ly  e l imina ted  i n  t h e  f eces .  (3 )  Although t h e  average d a i l y  

i n t a k e  ranges from 10  t o  20 vg/day, (3' f e c a l  exc re t ion  r a t e s  of  49 and 

43 ug Hg/max day were observed f o r  Apollo 7 and Apollo 9 ,  which i n d i c a t e  

a  h igher  t han  normal i n t a k e  of mercury. From t h e  mercury concent ra t ions  

l i s t e d  i n  Table V ,  a f e c a l  exc re t ion  r a t e  of 168 pg Hg/day i s  c a l c u l a t e d  f o r  

t h e  Apollo 8 a s t r o n a u t ,  which i s  elmost fou r fo ld  h igher  than  t h e  o the r  

missions and e ight -  t o  s i x t e e n f o l d  higher  t han  a normal d a i l y  i n t a k e .  The 

i n t a k e  concent ra t ion  which corresponds t o  t h i s  exc re t ion  r a t e  i s  unknown. 

S i l v e r ,  antimony, and gold a r e  a l s o  moderately t o x i c  elements.  Although 

s i l v e r  seems t o  be e s s e n t i a l  t o  t h e  l i f e  p roces s ,  l i t t l e  i s  known about 

aEtinony and gold.  A f e c a l  excre t ion  r a t e  of  43.4 ug Ag/day w a s  ca l cu la t ed  

fsr t k e  Apollo 8 a s t ronau t  from t h e  s i l v e r  concent ra t ions  observed i n  t h e  

f e c a l  specimens. "his va lue  i s  only s l i g h t l y  h igher  than  t h e  vz lues  of 32 

an2 22 pg 4s/xan day ca l cu la t ed  f o r  t h e  ?<pollo 7 and $ p o l l o  9 mission ? ? t r o z r - t s  

res~ectivel: .- .  '2) These va lues  e r e  i n  rezsonakle a c r e e r t ~ t  -<it? a rey.arte2 

r.amel i n t a k e  of 56 pg i,g/day, rnost of vk ich  5~ e l i r i n a t e d  i c  t h c  f'eces. ( 3 )  



The f e c a l  excret ion r a t e s  of 7.03 pg.Sb/man day f o r  t h e  Apollo 7 mission 

and 8.45 pg Sb/man day f o r  t h e  Apollo 9 mission a r e  comparable t o  t h e  f e c a l  

excre t ion  r a t e  of 6.66 pg sb/day ca lcula ted  f o r  t h e  Apollo 8 mission 

as t ronaut .  

The gold f e c a l  excre t ion  r a t e  of 8.55 pg Au/day ca lcu la ted  f o r  t h e  

Apollo 8 astronaut  from t h e  d a t a  i n  Table V i s  approximately s ix fo ld  higher 

than t h e  1 . 4  t o  1 .5  pg Au/man day observed f o r  t h e  Apollo 7 and 9 

mission as t ronauts .  (*)  However, s ince  t h e r e  i s  a p robab i l i ty  t h a t  t h e  

gold in take  i s  r e l a t e d  t o  each astronaut  individual ly ,  such a s  from gold 

i n  t e e t h  o r  r i n g s ,  t h i s  high value may not be unusual. 

I n  summary, t h e  f e c a l  excre t ion  r a t e s  of most elements observed f o r  

t h e  Apollo 8 mission as t ronaut  a r e  s imi la r  t o  those measured f o r  t h e  

Apollo 7 and 9 mission as t ronauts .  The only notable exceptions a r e  mercury 

and gold, both of which a r e  known t o  be moderately tox ic .  Large discrepancies 

between t h e  excre t ion  r a t e s  and normal d ie ta ry  in takes  a r e  observed f o r  t h e  

elements coba l t ,  i r o n ,  potassium, and t i n .  It i s  recommended t h a t  t h e  

elemental concentrat ions of t h e  foodstuffs  used during these  missions be 

determined s o  t h a t  a complete ma te r i a l  balance can be performed. I n  t h i s  

way it should be poss ib le  t o  p rec i se ly  e s t a b l i s h  t h e  uptake o r  l o s s  of 

elements by t h e  astronauts .  

TASK - GLASS FIBERS I N  ASTRONAUT FECAL SAMPLES 

During t h e  course of t h e  Apollo 7 mission, it was observed by t h e  

as t ronauts  t h a t  s i g n i f i c a n t  amounts of g l a s s  f i b e r s  were present  wi th in  

t h e  atmosphere of t h e  spacecraf t .  I n  order  t o  determine t h e  amount and 

o r ig in  of t h e  f i b e r s  ingested by t h e  as t ronauts ,  t h e  f e c a l  samples which 

were co l l ec ted  and s to red  an board t h e  spacecraft  during t h e  f l i g h t  were 

analyzed f o r  g l a s s  f i b e r  content .  
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Aliquots  of t h e  f i v e  r e tu rned  f e c a l  samples from t h e  Apollo 11 mission 

were a l s o  analyzed f o r  g l a s s  f i b e r  content  according t o  a  procedure descr ibed  

i n  an e a r l i e r  r e p o r t .  (') There were no i d e n t i f i c a t i o n  marks on any of t h e  

c o l l e c t i o n  bags; hence, t h e  samples were a r b i t r a r i l y  numbered one through 

f i v e .  For sample 5 t h e r e  were two c l u s t e r s  of 20 t o  50 b e t a  f i b e r s  s t i l l  

he ld  toge the r  5y t h e  bonding agent .  Eo at tempt  was made 1;o d i s t i n g u i s h  

between a lpha  and b e t a  f i b e r s  i n  t h e s e  determinat ions altlriough a  s i g n i f i c a n t  

f r a c t i o n  of the f i b e r s  l i s t e d  i n  t h e  t a b l e  were c e r t a i n l y  a lpha  f i b e r s .  The 

only anomaly i s  sample 1, which has a  twofold h igher  g l a s s  concent ra t ion  and 

content  t han  any previous ly  observed specimen. 

TASK - INDUCED RADIONUCLIDES I N  SPACECF:AFT - 
A p iece  of  t h e  o u t e r  "skin" from Apollo 12  (3.3868 g )  was counted f o r  

induced rad ionucl ides  1 9  days a f t e r  splashdown of t h e  mission.  A 7 ~ e  

concent ra t ion  of 2.88 - + 34.62 dis/min/g "skin" decay co r rec t ed  t o  t h e  day of 

splashdown was observed. The ' ~ e  can be produced by t h e  cosmic-ray s p a l l a t i o n  

of carbon, n i t rogen ,  oxygen, aluminum, and s i l i c o n .  The "skin" i s  a  s i l i c o n  

monoxide-coated, aluminized Capton wi th  a s i l i c o n e  base adhesive which was 

feud by means of f a s t  neutron a c t i v a t i o n  a n a l y s i s  t o  be composed of 7.7% 

aluminum and 51% s i l i c o n  by weight." ) From information suppl ied  by E. I. 

du Pont de Nemours & Co. concerning t h e  composition of t h e  p l a s t i c  base 

( Capton),  t h e  s k i n  conta ins  8.637 oxygen, 28.5% carbon, and 3.0% n i t rogen  by 

weight ,  wi th  t h e  balance Seing hydrogen. 

The e x c i t a t i o n  func t ions  f o r  t h e  product ion of 7 ~ e  from t h e  f i v e  p o s s i b l e  

elements were normalized t o  a t y p i c a l  shape cosmic p a r t i c l e  spectrum. The 

weighted average c ros s  s e c t i o n  f o r  ene rg i e s  exceeding 25 "-J" . -p-,--  
- 7  1 r ? .  ,.--: --.+, 2.(;, 

6.53, 2.31, and 1.26 rnb from carbon, n i t r o e e n ,  oxygen, a l 3 ~ n i n . ~ , ~ ,  acd  s i l i c o c  

r e spec t ive ly .  Using t h e s e  c ros s  s e c t i o n s ,  t h e  above chemi?al cornpositior and 
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mass of sk in ,  and t h e  above measured a c t i v i t y  of 7 ~ e ,  a  value of 1720 

2 
par t ic les /cm /see has been estimated f o r  t h e  inc ident  cosmic-ray f l u x  

above 25 MeV. This value seems unreasonably high when compared t o  

-2 -1 previously measured values of t h e  cosmic f l u  of 130 protons cm sec 

above 40 MeV,(1) and 280 protons cm-2 sec- l  above 21 MeV and 320 protons 

-2 -1 
cm sec above 16  MeV. ( 6 )  There a r e  severa l  poss ib le  sources f o r  t h i s  

v discrepancy. The " typica l"  cosmic p a r t i c l e  spectrum chosen f o r  normalization 

of e x c i t a t i o n  functions may not be representa t ive  of t h e  cosmic spectrum a t  

t h e  time of t h e  Apollo 12 mission. The exc i t a t ion  funct ions  used may have 

been inaccura te  (accura te  versions a r e  present ly  being determined), and a 

small e r r o r  i n  t h e  shape of t h e  function a t  low p a r t i c l e  energies can r e s u l t  

i n  a  l a rge  e r r o r  i n  t h e  o v e r a l l  c ross  sec t ion .  F i n a l l y ,  t h e  measured 7 ~ e  

a c t i v i t y  i s  q u i t e  uncer ta in  (34.6% a t  one standard dev ia t ion) .  It i s  f e l t  

t h a t  a combination of these  e r r o r  sources i s  responsible f o r  t h e  seemingly 

high value f o r  t h e  p a r t i c l e  f l u x  estimated during t h e  Apollo 12 mission. 



EXPENDITURES 

The following t a b l e  documents t h e  expenditures accortling t o  t a s k  and 

t o t a l  cos t s  incurred from October 6, 1969, through January 4, 1970, f o r  t h e  

work reported herein.  

TASK - EXPENDITURES 

Determination of t h e  Radionuclide Cmtent  of Feces 
and Urine From Astronauts Engaged i n  Space Fl ight  $ 3,218 

Neutron Activat ion Analysis of Feces and Urine 
From Astronauts Engaged i n  Space F l i g h t  

Glass Fibers  i n  Astronaut Fecal  Samples 978 

Induced Radionuclides i n  Spacecraft 322 

~romethiurn-147 i n  Space Capsule Environment 

TOTAL COSTS 
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