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T h e  inves tments  of the mi l i t a ry  s e r v i c e s  encompass every  a spec t  

of t z e  atornic energy industry includlqg weaponry, r e a c t o r s  for power and 

) p r o 7x1 s ion, i r  r ad  la t ion sour  c e s f o r m a t  e r ia 1 s and food stuffs , r ad io - lum ine s cent 

mate r i a l s ,  radloactlve isotopes In t r a c e r  chemis t ry  and m a t e r i a l  f a t i y e  studles,  

and t~ rnedlcal r e s e a r c h .  diagnosis,  and therapy. The  s e r v i c e s  a r e  l m m e d l -  

ately concerned with the lnstallation 2 ~ 3  opera t ion  of power r e a c t o r s  at rernote 

stations. Consequently thl. techniques and tools in hea l th  phys lcs  and radlatlon 

protection m u s t  be avallable and m u s t  p r o g r e s s  with fu tu re  plans and operations.  

LT the United S t a t e s  over  200 r e a c t o r s  are  planned or a r e  now operational 

and t s t i m e t e s  of the L'. 5 .  nuclear  power production r a t e  i nc rease  l r o m  1300 

megawatts by 1963  to between 2 0 ,  030 and 40, 000 megawatts  by 1975. 

United Kingdom and 'F-estern Europe w l l l  have an  lnstalled nuc lear  capacity 

of about lo,  000 megawatts h y  1965. . JVlth thls  r e l e a s e  of nuc lear  energy  the 

T h e  

attendant productlon of r sd loac t lve  m a t e r i a l  Is overwhelming, for within f lve 

! 

I 
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; e a r s  l 5  to ZO, O O ( 1  ~ ~ * ; ( n w a t t s  of nuc lear  power *ulll c r e a t e  a J ! s p ~ , , u I  pr.lbIem 

~f nbo:it one-!:.l.q.!i r-r!-thousan,! ~ n c g a c u r l e s  of radlonctlvlt ; :  ~ n x ~ a l I y .  ‘)13r c i  
r ’ i r r c f i t  prc,:**;,t 5 f o r  ,!l;pcsa! a r e :  

c p n t r a t ?  an2  crJn ta ln :  w i t h  I~>. I /  *n.! Inter-ne.‘lute l e v e l  ra”,ioact!-;e . w ; i . j t e ,  

C:l i t e  an.: : ! ispsr%r? t‘3 ndt-Jlre. Dlspoudl of redc tor  dcbr i3  m-jls: Se rrindr 

evcntuaily anr: t h e  necess i ty  f Q r  stud; ing diJrriL,Jtion ~ . e c h a n i s n s  tn ;hc 

b iosphere  i s  cornrnun to a l l  fission debr i s .  

w i t h  h l d h  le-fel  rac!loactIvc wn*+t+ j ,  cqn-  

It I s  anparent  that there !3 an urgent  need f o r  rr.d!ation detection 

Ins t ruments  capable of measuzing  small changes in th? cnviropment and in 

t ! e  h u r n a n  subjoct. 

reduct ions In the  dose  of radiolsotapes adminis te red  Ln dfagncst ic  p r o c e d u r e s .  

T h i s  is ?a r t i cu la r ly  L~por :z r , t  s ince diagnostic radiological procedures  c s c -  

s t i t - i te  the l a r g e s t  s o u r c e  of l o ~ i z i n g  radlatlon exposure t:, the hum-an subject. 

Scintillation de tec to r s  ?~v-:lo?ed o v e r  the pas t  s i x  y e a r s  f o r  the study of 

g a r n m a  ac t iv i t ies  in the hurnan subject  par t icuIar ly  apply to these problems.  

Sonsiti-Je hstrumentat io‘ i  wfll  a l s o  ensure significant 

Because  of the Lxheeeent d i f f i c u l t i ~ s  h t.5e low-level a s s a y s  of l a r g e  

n a m b e r s  of biJlk sam?les  dnc! L!e uncerts int les  h est lmat ing rota1 body burden  

f r o m  excret ion leve ls ,  I f a c i l i v  f o r  determining g a m m a - r a y  activity d i r e c t l y  

h h - x n a n s  was  constructed 3ur ing 1957 a t  the ‘JJalter R e e d  Xrr.y Institate of 

Researck.. 

and a 4 7  liquid scinti l lat ion counter.  

because  of population density. and a l a r g e  hospital  complex ensured ~e use of 

the f ac i l l t y  in clinlca! .medici?re and metabol ic  r e s e a r c h .  The experiences and 

techniques of whole body counting evolved by Marine111 and Miller (1) and 

Anderson ( 2 )  have been followed closely. 

- 

This faci l i ty  Includes a large NaL c r y s t a l  gamma- ray  spectrometer 

T h e  ’Xalter Reed locatlon was  se l ec t ed  

1 - 2  
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2 . 1  T C e d  D 0 

The horizontal  dptector tank 19 a miller: e teel  cylindrical  tank 7 2  

i n rnes  long and 37, inches in interna! d i ame te r .  

by  a 20 inch  dfarnetpr cylinder of $304 s ta in less  steel which run5 the len2:h 

Thc  de tec tor  well is formed 

of the 2ptector .  T h i s  cylinder accornrnodates the subject  or sample,  and -. . 

a l s o  forms the i z s e r  wall ( 0 . 0 5 0  inch) of the de tec tor  tank. 

thus su r rounds  the de tec tor  wel l  (exceTt s? the ends)  and  is fillez with 

a p p r o x h a t e l y  144 gallons ot sch t l l l a t ion  solutlon ( th ickness  of b- inches) .  

The  de tec to r  tank 

)The  in t e r io r  of the scinti l lat ion de tec tor  tank is coated witn a lshite re f lec t iv?  

p i n t  (Xppendix  -4 I .  

Sfounted rad ia l ly  through the outer  wall and looking into the de t ec to r  

with tank are s i x  rows of s e a m l e s s  s t ee l  tubes ( 7 "  O D  x 6 

five tubes in each row. Each row i s  60 

on 14 3 1 8 "  centeys with the end tubes 7 

de tec t a r .  1 / 2  inch ID s e a m l e s s  

s t ee l  sleeve which has  a L u s t e t  glass  i 3 / i S  lnch thick) window r e c e s s e 6  a t  

the end (-4ppendix B 1 .  T h i s  s leeve  Is then in se r t ed  into the  tube and  bolted 

to the de tec tor  tank by means of mat ing  flanges. 

(.Appendix C 

5/32" x 2 3 / 8 " )  

zpa r t  and the tubes a r e  weld mounted 

1/4 inches from the end of the 

Each mult ipl ier  phototube I s  placed in a 5 

1 

f l a t  neoprene gaske t  

between the f langes provides  a llquid tight seal.  Xpproxirnatcly 

2-1 



85 Inch-pound# of torque n r v  r p p l l e d  to each bolt ho ld ing  the  # I C C V ~ *  to the 

dc*tcctor tank. f J + i n x  wlndf>wsd  klecve*,j cnnblr3 t h e  replncemcn: oi mult i -  

p l lc r  phototuhras wltiiout c!rninIng t h v  riritector tank. The m u l t l p l l c r  photo- 

tube Is c o v c r e d  w l t h  , I  l lght-t lght spwa b r a s 6  hood w h i c h  boltrr to thc f l ange  

of the l n i e r t  s l e c * i e .  

t h c  s l e e v e  window and the tube h n g e  1s secu.-ed to t h e  hood by  m e a n s  of a 

r r t a h h p  c lamp (Figure 21. 

I 

Thv rnultlpllrr  photntubl. ! R C C  1s porl t loned flush with 

k polr  of precls lon machlned flanged r a l l s  a r e  welded to the under 

Burface of t h e  de tec tor  tank provlding support  and allowlng movement of the 

tank (Figure 3 ) .  

which run '.he lenxth of the shield and extend 8 5  lnches outslde of the shield,  

t h u s  giving a c c e s s  to the detector  tank f o r  installatlon and maintenance. 

Small  rollers mounted ver t ical ly  apply l a t e ra l  fo rce  to the aides of the 

de tec tor  tank r a i l s  and keep the tank centered.  

T h e  tank moves on r o l l e r s  mounted In channel I ron supports  

A small overflow tank ( 6  x 5 x 20 inches) is located on  top of t!!c 

detec tor  tank. 

excess  of solution for degasshg  and liquld contraction. 

f r o m  the overflow tank to an underground reszrvoir. I 

This  pe rmi t s  aornplete f i l l ing of the detector  tank and a small 

.4n overflow ILne l eads  

2 . 2  L s u U n g  T r o u g L S k g  M P c h a n f s m . a a d d  for De- WeU. 

The lomdbg trough 1s a horizontal  siainlcss s tee l  hnlf-cylinder 

9 5  15/16 inch rad ius  and is shown in Figure 4. 

The trough is mounted Se'r-;isct "ie pa i r  of channel i ron  t r acks  and abuts 

evenly with the detec tor  well. 

and 1s pulled into and out of the detec tor  well by a chain loop. 

1s dr iven  by a reduct ion gear powered by a 113 horsepower  revcrriblc 

1/4 inches long with a 9 

A canvas sl ing r i d e s  In the loading trough 

The chain ~ 

2 - 2  
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2.3 U P  4.- I t P  (‘t c d b n . k  

A cyl indrical  shield (Class C - a r m o r )  sur to- inds  t h e  detec tor  p r o -  

viding 5 l/i inches of shieldlng. T h e  shield m e a s u r e s  83 3 / 4  lnches Ln 

length end 65  lnches OD. 

w a s  cut ints  two pieces .  

with s l igh r ly  tapered ma le  and fe lnaIe  :oLr.ts. 

cy l lqde r  halves  before  final placement  and assembly .  

F o r  e a s e  Ln handling and placement ,  the cylinder 

The  match marked  ends were  acci l ra te ly  m a c h h e d  

Figure 5 shows t!!e m a c h h e d  

The  support  f o r  the 12.  5 ton shield is shown in F i g u r e  5. One end 

of the shteld is closed b y  means  of two 3 inch thick c i r c u l a r  p la tes  of s tee l ,  

one bolted inside the shield and the o ther  overlapping the end. T h e  end with 

the loading trough is shielded b y  laminated s t ee l  plates  as shown ln Figure  7 

The  pa t te rn  f o r  each l aye r  s t agge r s  the location of the butt  )ol.nts, so that  

through and through c r a c k s  a r e  avoided. 

2 . 4  Q r P a n i c S c F n t f s .  S U .  - P  P-y Drvlcfi 

T h e  scinti l lat ion solution is 4 g r a m s  p e r  l i t e r  p- terphenyl  plus 0. 1 

g r a m s  per l i t e r  POPOP (1 .4-b is -  [2-(5-phenyloxazolyl)  1 -benzene) in reagent  

grade  toluene. Toluene with 98-99 p e r  cent  t r ansmlss ion  using a 10 c m  light 

path a t  365 to 420 mu, a s  compared  to spec t rographic  grade cyclohexane is 

2 - 6  
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4ult:lble. 

stec.1 J r u r n a  t o  avoid p ~ s ~ l b l ~  ColoratiGn f rom riist.  

The, toluene uhoql l , J  h e  obtal.1lr.l In girl%? c n r h y s  rntf1c.r than 
a 

Cczcayise of *.e toxic and fiar?mable nnt l r r t?  r ) !  t h e  ~ c l i i t l l l a t l o n  

591ver i t  a plplr lg  s y s t e m  f > r  filling and vmpt..rhg t h e  ,{e tec tor  t a n k  14 

requ!rcc! as W P I !  a s  c e r t o l n  -;iifc*ty de-l ices  (Figure 8 1. 

T h e  de tec tor  tank 13 f i l led from a 160 gallon sump #,r r.:servzlr 

tank ,,vhich is burled In the grdund. 

r e s e r v o l r  should the need a r i s e  for e m p t y h g  the de tec tor  tank. 

1s l if ted from the r e s e r v o l r  to the de tec tor  tank by a moto r  dr lven pump 

wlth a n  o u v u t  of about 1 2  gallons per minute.  

t)Te with teflon bear ings  and impel lors .  

not r e q u i r e  a lubricant  which rnlght color  the solution. 

T h e  surnp Is dlso  u s e d  a i  an emergency  

The  solution 

T h e  pump 1s of the impel lor  

Teflon 1s toluene r e s i s t an t  and does 

T h e  r e s e r v o i r  tank is gravit-r fllled through a l lne to the outside of 

the bulldlng. 

co l lec tor .  

:'i sepa ra t e  l h e  verits t h e  r e s e r v o i r  tank through a condensate 
_- 

Flexib le  (1" I D )  s t a h l e s s  s tee l  hoses  a r e  use2 to connect the f i l l  

and overf low Ilnes to  the de t ec to r  tank. This elL-r;inates the need f o r  d l s -  

cormecting any  p l p h g  when the detec tor  1s rolled out of the shield.  

and valves  a r e  stainless s t e e l  with flanged ioints and teflon gaskets. 

w a y  valve and  a s t r a l n c r  are inser ted between the sump tank and pump. 

gate  valve 1s a l s o  located b e t a c e n  the pump and de tec tor  tank to prevent  

r e t rog rade  loss 'through the - pump. 

-A-11 pipes 

A one- 

A 

Returning dlrect ly  to the r e s e r v o l r  tank is a l lne with a solenoid 

opera ted  valve whlch'ls norma l ly  closed. 

valve Is automat!=ally opened and the solution rc turna  to the r e s e r v o l r  tank 

with a dra lnage  time of about 12 minutes .  

If a leak occur s  ln the sys t em thls 

SLnce the  l lght shleld covering the 

i 

2-10 

\ 



I, 

ool 

a 
w 
I- 

W 
-1 

a 1  

! 

2 - 1 1  

e 



rnultlpller photgbi t je  grrnt l . /  !Irnit*: this r - i c r i p ~  of solution thro-tgh a h r P e k  

in a g1ni.l w ! n d o , ~ ,  the 1 2  rn in’ i te  d r 3 i n . i x v  t lrne 3C: r ’ rns  adequrate.  

:\n In-;ld** l i n n  a l q o  connect3 to r h t  ril-t(*ctr>r tank f i l l  1lr.c ti;roligh R 

D note  v a l v e .  

tazk nr,d f r ~ r  toppi?;: :he c’cztcctor 3f:P.T pwnpi r ig .  

T h i s  I s  pr1m:iriI;r l i sed  for ctir-(:king t i t?  1 ~ ~ , / c l  of t h e  r:‘-tpctor 

,’i continuou3ljr o p e r a t e d  :urbo-cornpre$sor (Spencer  Turhhc?  Co. ) 

samples  n l r  ?n the r o o m  and inside the shield and f eeds  a Cambus t i j l e  G a s  

Detector (‘.line Safety hppllance).  

‘+.‘hCn the gar: detector  is actlvated it automntically open3 t h e  solenoid dump 

valve, shuts  off a11 power in the room Including a i r  cor.ditioner, wlt!!draws 

t he  sllng f r o m  the de tec to r  well ,  and energ izes  explosion proof lighting, 

a l a r m  horn,  and exhaust fan. T h i s  condition prevtills until t he  cause I s  

c leared aEd the vapor detector  Is r p s e t  b y  the ope ra to r .  

The  gar dttlrct9r is cal ibrated f o r  toluene. 

2. 5 Electro,?ics fo r  i,lau,d I Sc- C o w  

T h e  u s e  of th i r ty  r n d t i p l i e r  phototubes ( 5  Inch - h o n t  1/6364 

vides approxiznately 5 . 8  p e r  cent  photo-cathode coverage of the  a r e a  presented  

by the s c h t i l l a t i o n  solution. 

Ln two banks of fifteen tubes each. 

a re  al ternated between the two banks prcduclng a checkerboard pat tern.  

Sch t l l l a t ions  within the de tec to r  tank a r e  viewed by  a t  l e a s t  one mult ipl ier  

p r o -  

T h e  mult ipl ier  phototube- a r e  wired  Ln para l l e l  

The  mult ipl ier  phototubes in a given row 

phototube In each bank, and by  observing cohc lden t  events  between the  two 

banks random phototube noise is reducec?. 
-I. 

%aeon insulator ( IVestlnghouse) s t r i p s  71 inches long an2 approxi- 

mately 8 inches wide are mounted on channels welded to the tank (Flgure 2 )  

and a r e  u s e d  for mounting signal and ground b u s s e s ,  high voltage l ends  and 
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,- f i I t e r 3 ,  ond r I d n n l  C q u p l I r i p  c , ipac ! tQrq .  I* our s t r i p s  ~ r e  placpci jo n u  to 

) a ~ e  a l l  Iradej t3 thr? p h o t q t u l c . 3  . i p p r o x f m * t ~ l y  t h e  *;r:rr>e Ir?n;j!h. 

arr?  inner  cocnecter? with b u r ?  v * i r p , s ,  

L e a d n  

‘The o> i tpu t  of e a c h  L a ~ k  15 fed to %i pree.m?lifi~*r thrqliyh eighte(.n 

I n c h e s  of ( 2 C ; - 6 2 / u )  coax:al c a b l e .  

each bank Is approxlrnately 300 mic ro -mic ro - fa rzda .  

r e q u i r e  h p u t  pu lses  approximately 30 mic ro - seconds  wide  the preampl i f ie r  

input r e s i s t ancc  is 17, 500 ohms ,  glvlng a t ime-cons tan t  of 5. 25 mic ro -  

seconds o r  a pulse  wldth of 31 .5  mlcro-seconds .  

normal ly  used a t  a gain of ?en. 

The s t r a y  capacltaflce to ground of 

since the arnpllfiera 

T h e  p resmpl l f i e r  is 

The  s igca l  f r o m  each preampl i f ie r  is then fed to an  ampl i f le r  used 

The  output of the ampl i f ie rs  a r e  then fed to both coincl- a t  a gain o f  1100. 

dence uni ts .  

Each coincilPnce unit contains two pulse  height zna lyzers .  One is  

cd fro,= +.e bank I arnpllfler and one f rom the bank I1 arnpl l f ier .  The output 
)f 

slgnals  f r o m  both pulse  height ana lyzers  a r e  then fed to a colncldence circui t .  

A f ront  panel  switch se l ec t s  the mode of operat ion of the cohc idence  unit. 

Th i s  m a y  be s e t  so that  single channel pu lses  from e i ther  pu lse  helgh ana lyzer  

or coincidence pu l ses  appear  a t  the output. 

Two colncldence unlts a r e  used and Channel I accepts  pu lses  between 

3 and 7 volts (0 .  3 to 0 . 8  mev). 

volts  ( 0 . 9  to 2. O mev).  

Channel II accep t s  pu lses  between 8 and 30 

Coincidence uni ts  In t u rn  feed Channel 1 and Channel scalers. 

P u l s e s  are reshaped  f o r  the Dual Channel Count Ra te  M e t e r ,  which also 

d r l v e s  two a t r lp -cha r t  r e c o r d e r s .  

t l m e r  which h a s  p r e s e t  t ime of 1 through 1000 second.. 

T h e  s c a l e r s  a r e  controlled by  an e lec t ronlc  

2-13 



‘ J o l t n y n  1 %  n l r p p l l e c !  to the mult lpl lcr  phototube*$ t h r o u g h  n C o n t r o l  

a n d  Dl . r t r lbut ior i  p n n c l ,  l ro rn  11 30 m r t  h l g h  voltnge q u p p l y .  

v.>ltilXP p n n c l  nllaw,j t!i* p h o t o t u b e u  to be u i e r !  lnr!lvlrjunl:y or in any c o m h l n -  

et!on. 

ond  Ulrtribution pnnt!l. 

T h c  h i g h  

‘Ioltage to  c n c h  t u b e  I T  reg111 1 t p d  h y  a potentlorrretpr on the Control  

T v . 0  X C  cIrciilt3 p rov lde  45 n r n p * r c s  for the electronlcs .  Each  A C  

c i r c u i t  has a r n d l o  Interference f l l t e r  ( P o p k l n a ,  t-ype 109-S2), voltage r e p l a -  

t o r s  (Sorenson ,  1000 S), and a noise suppression f l l t e r  (.PAIller, i f7843) .  

A b l o c k  dlagra.rn of  t h e  e lectronics  sys t em f o r  the l lquld sclntl l lat lon 

counter is shown In F lgu re  9 .  

a r e  shown In F i g u r e s  10 and 11. 

The  c o n s o l r  and e lec t ronic  instrumentat ion 

I 
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Figure 11 
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3 . 1  --pa- n 

Ideally the m u l t i p l i e r  phototubes used In a large volume c!Gtgctor 

pa r t 1 c u 1 a r 17 un Yo rrn pi: a to - ca th o d e wo u 1 d h a v e ld v n t i c a 1 c h a r R c t e r i 9 t 1 c s 

sensi t ivi ty  and  h l g h  slgnal to nolse output. 

gain and noise  level,  gome p r o c e s s  cf selec:L-.g photoelbes WEY necessa ry .  

Hlgh galn phototube FerformancF -fag ?~?!gea b y  the arnplifler g a h  sett ing 

requ!rec’, to locate  ?he photo-peak  f rom Cs-137 Lri a spcc l f i c  channel, using 

a rr.ultl-chanr.eI analyzer  and a 1 

c rys t a l  centered on the tube face. 

Eecause  of t h e  varlabfll ty of 

3 / 4  x 2 L ~ c h  thallium actfrated N a I  

After  the Lnatallatlon of the selected photo tubes  In the detec tor ,  the 

hlgh  voltage to each phototube w a s  careful ly  adiusted (this ranged from 1140 

to 1540 volts)  to produce a background count rate of 30 c/s using low amplifier 

pain and d lscr lmlna tor  gate  octt lngs of 3 and 30 voiis. Lqordinate noire  Ievelr  

with low arnpllfier g a h  lncr im\na tc  R noisey mul t ip l ie r  phototube, otherwise 

the 30 c / s  noise level  adjustxnent is m a d e .  

of phototube performance, 1. e .  l lght collecting efficiency, a Cs-137 8ource  

(250  ml volume in a 6 lnch long p l a s t i c  vial)  was placed at  varloun dis tances  

along the length of the de tec tor  well .  T h e  curve obtalncd, Figure 1 2 ,  shows 

the re la t lvc  counting efficlency of t h i s  source  as compared  to the geornetzical  - 

To detcrrnlna the r e l a t lv s  balance 
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3 . 2  l2l.fOrrnt-G- 

'81th 0 photo-cathode tirr'a of about 5 .  8 p e r  cent of the scintl l lat lon 

s u r f a c e ,  good resolution of Cs-137  and Y.-40 gamma- ray  energ ies  was  

e v e c t e d .  Since the constructlon of the :'ialter R e c d  detector ,  Anderson 

( 3 )  hog shown however, that the photo-cathodr to sclntlllatlon a r e a  m u s t  be 

about 18 p e r  cent fo r  resolutlon sf the o r d o r  of 2 0  p e r  cent with ln t e rva l s  of 

about 0. 5 m e v  separat lng the Compton energy peaks.  

a r e a  of the !L'alter Reed detector is conslderably l e s s  than o p t h u m ,  

however the requi red  photo-cathod? a r e a  Lmposes se r lous  design probler.3 

unless 16 Inch phototubcs a r e  used. 

d l ame tc r  of the shield required.  

The  photo-cathode 

Sixteen Lncn phototubes i n c r e a s e  the 

' B  The dlfffcrentlal spec t rum f o r  Cs-137 and K - 4 0 ,  is shown in F l g u r e  

The s p e c t r a l  width at  half helght Is about 48 p e r  cent. 13. 

f r o m  Ca-137  extends into the region of high background f r o m  thermionic  

pulses .  Since one of the ma jo r  functlons of t he  detector  was to measure 

the  Cs-137 g a m m a  activity of the human subject, coincidence counting was 

n e c e s s a r y  to reduce  random background noise f o r  c s -137  pulses  to be detected.  

Consequently the multiplier phototubes w e r e  a r ranged  in  two banks of 15  tubes 

each as previously descrlbec!. 

Also the  r e sponse  

LVlth two colncidpnce units, each having dual pulse height ana lyze r s ,  

two broad  energy bands were  selected wlth each energy bank r e c o r d h g  only 

colncidrnt events.  F o r  each energy band the upper gate sett ing was 

3 - 3  
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upproxhsl te l ; i  t-nlcr?. t i i n t  c j f  t h e  l o w e r  gate,  rind tkesc  wltfths corrcvpond 

)to about 0 .  3 to 0. 8 mev rrnd 0.  9 to 2 .  9 r n c v .  .’.lthouyh the upper  a n 2  :ovrer 

J i s c r h l n = i t o r  gate s e t t l r i g v  f a r  each rnc.rgy b n n d  w P r e  !ieiccted to m a x i m l z c  

ths net raiint r z t o  qf ‘ 7 1 - 1 3 7  or K - 4 0  as compared  to background ( 5  / S  1, 

compromises  w e r e  necessary in order to obtain acceptable  counting eff ic iencies  

In the t-No channels.  

2 

3 . 3  a r ~ ) g x . ’ _  S t a u d  .. D, enrpc;  c d  

The  different ia l  spec t rum of the background count r a t e  obtained using 

t!!e 30 photot-ibes in para l le l  Is plottec! in F i g u r e  13. 

frorn the reglon of thermioqic  nolse up to about 3 mev.  

For e i ther  sys t em of 15 mult ipl ier  phototubes,  using t-xo broad  energy  

T h e  s p e c t r r n  extends 

bands,  the non-colncidence backgrQund coxnt r a t e  is sever21 thousanc! p e r  

second, -?+ereas  colncideqce backgroun? i s  a5out 120  c / s  in the Cs-137 

energy band and abolit 250 c / s  in t h e  Y.-40 energy bnnd. From t hese  coir.ci- 

)dcnce background r z t e s  s ta t i s t ica l  accu r i e s  of 1. 0 to 0. 5 p e r  cent  of the 

average  background shoul.’ be  obteinable in 100 seconds of count ing ti-e. 

F igu res  14 and 1 5  show the typical f requency 6is t r ibut ion of 100 consecutive 

backgro-2nd d e t e r m h a t l o n s  (each  of 100 seconds c?uration) which r equ i r ed  

about th ree  hour s  of counting t ime.  

about the m r a n  value for  each energy band:one s tacdard  dev!ation is 1.1 per 

cent for the low energy.band and 0 .7  p e r  cent  fo r  the high energy  ?aa..zd. 

The  observed  values  closely approximate t‘ie s ta t i s t ica l  accu racy  expected 

and indicate that the stabil i ty of the background count r a t e  extends ove r  

periods of hours. 

The observa t ions  a r e  normell:; d is t r ibuted 

T h e  bnckground count r a t e  of the liquid scinti l lat ion counter  is 

reduced w h e n  ine r t  samples of l a r g e  mass  a r e  placed in the detec tor  ? e l l .  
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4, 0 . C 3 U r a t ! 7 ~ ~ o f  t h e  f.,lq>ild liclntlll.~~!~)n_';t!tic'er 

The c ~ l l b r a t l ~ , n  of t i  2:imrnri - r a y  * i r ~ r * c t r ~ ) - n ~ t - - r  f o r  t 5 p  ~ ! ~ ~ t ~ r - n i i - i t ! ~ n  

of ab5oIiity -!l;jntcgrutI,)n r.2tc.s in y m n 1 1  7;1 ,nnl r?s  c a n  t ) r D  a ?if:ic.it: an(? 

t r t 2 i r l n ;  ta,G. 

Jpct c o e j  no: ? r o v e  to b e  an l? , ,a l  q r )u rc ( '  b e c a u g e  of s lzc  in.? .mass  -iarln:ions, 

the low-level3 of acti-rlty encountered, i3nd the di3trihli t lon of the activity 

within the body. P r i m a r y  concern h a r  been wi th  ce.;iurn-137 and potassium-43 

dr.terrninztIons and the calibratlon smJdles incl-~dPc! In t h i s  r e p o r t  a r e  fo r  t hese  

two radio-elements .  

in the h u n a n .  

In the cii,,e r,f l r , - ~ / - l c * v ~ ~ l  .r/tir>lc:-hofi./ coslntin:, ti;c h i l i a r ,  s u b -  

Eoth a r e  c o n s i d e r e d  to be rx the r  uniformly distributed 

CaliSrzt!on f o r  the  s i m u l t a n P o u ~  determinat ion of two rad io-e lements  

To  reso lve  1s f u r t h e r  co.T?ounded b v  the lirnited energ;. resolu?lon affor?.*+. 

the absolute amounts  of rac?!loactIvity f rom t h e  count r a t e  recor6ed  in each 

channel the countl-ig efficiency f o r  each ra?io-element  in both channels m u s t  

1 be known an? x - i s t  h e  knovn a s  a function of the rnass  of the h u m a n  i - lbject  

o r  s a n r t l e  of in te res t .  

4.1 -<an 30- v 

T h e  procedures  used to obtain counting efficiencies for Cs-137  and 

K-10 ha- le  bepn ( a )  the a s sembly  of r'lffuse homogeneous s o u r c e s  of varying 

mass fro-- 2 .  5 l i t e r  p las t ic  bott les containing small quantit ies of the  radio-  

e lement  under study, (5: the u s e  of a p las t ic  mar,!kin (RS. 'VICAL, -1lderson 

R e s e a r c h  Labora to r i e s ) ,  and ( c )  the dcterArninatlon of the countlng efficiency 

in the nor-a! h u m a n  subject a t  som? time a f t e r  equilibrium distribution. 

4 - 1  



4 . 1 . 1  L l s u A d d l l t g l m  

?Aulti!-,le c'ctrJrrnlnnt!ons of 7 - 3  - 1 3 7  rinfl -40  coun t ing  efficlrbncleu, 

using hr>:nogeneg1ir 5o'irce.j a r s c r n b l c d  !rc~r-:i 2 .  5 I l te r  p laa t lc  bott l-r ,  h a * / e  

bci-n rnadc  U Y  a function of m.1355.  

u s e 2  were  90 .  9 gm Y. 21 ( 1 4 2  Y - 4 0  gun?.ma dls integrat lona per second) Ln 

each bottle c!issol*ied In trlDle c'istillec? water  with a total weight of 5 I b a .  

p e r  bott le.  

t lons p e r  second obtained f r o m  a I";atlonal Bureau  of S tandards  solutlon of 

Cs-137. T h r e e  hundred second counting t t n e s  were  used for each m e a s u r e -  

ment  a n d  t h e  weight range  hves t lga t ed  wt; f r o m  5 to 240  lbe .  for the plast lc  

bottle a s sembl i e s .  

g a m m a - r a y s  In the bottle geometry  d e c r e a s e s  with m a s s  and between 40 and 

240 1 5 s .  self-absorpt ion i s  l inear .  During the t h e  period July-Decernber  

1958, nine cal ibrat ion s tudies  were made and the best  fi t  s t r a lgh t  l ine w a s  

obtained f o r  each s e r i e s  by t5e  l ea s t  squa res  method. 

shown ln Tab les  1 and 2 .  

is : 

T h e  %-40 actlvlty leve ls  m o r t  frequently 

F o r  ceslurr.-137 each bottle contained 1Od. 6 gaA.ima dlslnteyrn-  

The counting eff!clency of ceslum- 137 or potass ium-  40 

The  r e s u l t s  a r e  

T h e  counting eff lc iency for each  rad io-e lement  

€1-40 eff ic iency (Channel I )  = 0. 0649 - 0. 000059 I*? 

(Channel 11) = 0. 2458 - 0. 000256 'A' 

Cs-137 efficiency (Channel 1) = 0. 1095 - 0. 000132 L'I 

(Channel 11) = 0.05o3 - 0. 0 0 0 ~ 0 ~  'A' 

Variat lons encountered h uslng these  homogeneous s o u r c e s  depend 

upon the way Ln which the bott les  a r e  loaded into the de tec tor  and day-to-day 

e lec t ronic  d r t f t s .  To obviate these dKferences a loading plan is routinely 
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( 2 )  

( 2 )  

( 2 )  

( 2 )  

2 1  July 58 

4 Aug  58 

11 Auq 5 8  

2 Sep 58 
( 2 )  

( 2 )  
8 Sep 58 

1; sep 58 
( 2 )  

( 2 '  

2 3  S e p  5 8  

19 Nov 5 P  

13 D ~ C  58 

( 3 )  

( 4 )  

( 4 )  

1 June 59 

18 Xpr 6 0  

19 Apr 50 

- . r- ( - I f ; \  y - ;  'L I 
i d  

iV = Subject or  Sam#? welght  Ln pounds. 

XXT TI? C E P T  
V-4L u F: 

0. 1093 

0. 1117 

0. 1093 

0. 1069 

0. 1072 

0. 1080 

0 .1100 

0. 1090 

0 , l l O S  

S L U F F  
0 
- 1 . 4 3  u' 

- 1 . 7 6  't'f 

- 1. 55 'A- 

- 1 .  i 8  'h: 

- 1. 19 ' h i '  

- 1. 14  \v 
- 1 , 05  vi 
- 1. 14 'IV 

- 1. 4 5  5!' 

0. 1095 & 

0. 0015 

- 1. 32 'ti 0. 23 

0. 1109 

0. 1097 

G. 1109 

- 1 . a 4  x 
- I .  47 :I- 
- 1 . 3 7  ':I- 

0,1099 f 

0 .0013  

I N T E R C E P T  
YBLUC 

0. 0492. 

0. 0543 

0.0486 

0. 0591 

0.0575 

0. 0603 

0 . 0 5 5 k  

0. 0575 

0. 0 6 5 7  

SLOP? 
f-x-uli 
- 0. 29 w 
- 4. 1'1 w 
- 0. 42 W 
- 0. 8 2 W 

- 0. 53 

- 0 .88  w 
- 0. 28 i\; 

- 1. 48 ':i 

- 0. 62 V i  

0.0563 f: 

0 . 0 0 5 1  

0. 0555 

0.0578 

0 . 0 5 8 6  

- 0. 42 W 

- 0, 48 '\ir 

- 0. 48 11: 

0.0567 L 

0. 0039 

- 0.77 M' f 0 . 9 0  

( 1 )  
completely filled with no air  space,  each lndlvidual bottle weighing 6 .  67 pounds. 
A11 others were approximately two thirds full, each individual bottle weighing 
5 pounds. 

Eottle a s sembl ie s  of 1 June 1959, 18 April 1960 and 19 April 1960 were 

( 2 )  9 7 . 8  y dps '21-137 per bottle 

( 3 )  18.  8 2  y dps Cs-137 per bottle 

( 4 '  1932 y dpm Cs-137 per bottle. 
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( 3 )  

( 4 )  

(41 19 -1pr 63 

2. L L D .i T .i 

19 !,lay 59 

18 Feb 6 3  

I I iT  ZT: C 7PT 
- r '  I i:y 

0. 13662 

0. 0639 

0, a537 

0. 0529 

0 .0657  

0.  0 5 3 4  

0. 0 6 7 i  

0 . 0 6 1 6  

0 . 5 6 5 6  

0 . 0 6 4 9  * 
0 . 0 9 2 4  

0. 5554 

0. 3 3 3 5  

0 . 0 5 3 2  

- 
0. 2507  

0. 2151 

0. 2457  

0. 2376 

0 . 2 4 0 1  

0. 2 4 6 2  

0. 2 4 4 2  

0 . 2 5 2 2  

0 . 2 4 5 8  -I 

0 .0047  

0 . 2 5 3 6  

0. 2459 

0. 2471  

SLOP" I;s -3 
- 

- 0 . 2 7 2  ' 8 ' ~  

- 0. 2 1 3  1'; 

- o, 268  iv 
- 0. 159 W 

- 0 . 2 4 3  -,v 
- 0. 2 7 8  'N 

- 0. 276  -t" 

- 0 . 3 9 5  'ti 

- 0.231 w 
- 3 . 3 0 3  i:' 

- 0 . 2 5 3  I{- 

- 0. 45 ' V  5 0. 25 0 . 2 4 7 0  & 

0 . 0 0 4 6  

- 0 .  2 6 5  ;t' f G. 3 3 9  

.,a,- - - Subject or Sample u*elght k.i 70unds. 

(1) Bottle  assemblies of 19 !.lay 1359 ,  13 February 1960 and 19 April 1960 were 
completely filled with no a i r  space, ench indiv idual  bottle weighing 6. 67 pounds. 
A11 others w e r e  a p p r s x h a t e l y  two th irds  full, each indiv idual  bottle weighing 
5 pounds. 

( 2 )  142. 8 y dps t:-4O p e r  bottle 

( 3 )  37 .  5 y d p s  h-40 p e r  bottle 

( 4 '  8 4 0  y dpr E:-40 per  bottle. 



4.1.2 P l a s t i c  >,I 

T h e  p las t ic  manlkin is constructed of cellulose ace ta te  bu tyra te  

with moveabln ex t r eml t i e s  and segmented a t  the waist .  

a t e  body  cavl t les  a r e  hollow plas t ic  she l l s  simulating thyrold, lungs, 3:GmRCh, 

l iver ,  spleen, and kidneys.  Male gonads a r e  also simulated.  T h e  en t i re  

assembly  weighs 3 .  1 kg and is free ( <  3 x 10- l1CI  of gamma activity. 

total  volume of the phantorn is 50. 9 l i t e r s ,  including the organs .  

* ~ ~ l * A i n  the appropr l -  

The  

T h e  phantom was filled wit.. 50 .  79i l i t e r s  of dlst l l led water  (excluding 

Dth-yroici, kidneys. and gonads) containing 165. 21  g r a m s  of potassium. The 

k'.-40 counting efficlency curve  obtahed for var ious  anatomic phantom p a r t s  

and the assembled phantom ( F i g u r e  19) using the 4 7  liquid scinti l lat ion counter  

w a s  

K-40 eff lc lency (Channel 11) = 0. 2155 - 0. 000260 N' (15s)  

T h e  ln t e rcep t  value 1s about l2.4 p e r  cent  l e s s  than the mean  in te rcept  f o r  

the bot t le  a s s e m b l l e s ,  however,  the slope constants a r e  In good agreement .  

4 . 1 . 3  E ( - 4 7  c v  

F i g u r e  19 shows the r e su l t s  of K-42 cal ibrat ion s tudies  using 2 .  5 

l i t e r  p l a s t i c  bottle assembl i e s ,  the plastic man. and nine no rma l  human 
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SHADED BOTTLES ARE BOTTOM LAYER 

Figttre 173 

4-6 



I 
I 
I 

HUMAN C O W T E R  L O A 0  PLAN 

SHADED BOTTLES ARE BOTTOM LAYER 

Fisurc  17b 

4-7 



I 

4-8 



d 

Y 

e i 
a 
k 

ci 

W 

J 

In 



.iubject, iitltnlnistercc! orril K - 4 2 .  

A t  t erich ? I ' i , t I c  bot t le  cQctciln#!r! 0. 102 mlCrrJc'iriecj 9r 754, 3 
0 

gam-na dir1ritegration.i p e r  seconrl. 

m i c r o o i r i e r  K-42, and t.+e n ine  hurn:in 3uhject3 ingested 7 .  104  to 2.  1 5 2  

microcur ieb  a f t e r  fastlng. 

45 min-ites to 5 4  hours  a f te r  adminis t ra t ion and 

efficiency af the human subject was evident d t r r  tweIve hours .  A l l  

excre ta  were  collected and assayed fo r  I.;-42 content in appropr ia te  

geometr ies .  

countlng cif ic iencies .  

T h e  p la  r t l c  rnan  contalncb 2.  104 

' \ ' /hole b o d y  count r a t e s  were  obtained f r o m  

change ln counting 

Excre tory  l o s s  w a s  considered in d e t e r m h i n g  whole body 

T h e  e q r e s s i o n  f o r  K - 4 2  counttng efficiency o b t a h e l  f r o m  the 

cornposlte data  w a s  

E-32 efficiency (Channel 11) = C .  206 - 0. 00031 W ( l b s )  

T h e  K - 4 2  intercept  value Is again lower (16%)  than the value 

obtehect using 2 .  5 l l t e r  p las t ic  bot t ler  and i s  m o r e  near ly  in agreemen t  

(4 '6)  with the K-40 value f o r  the plas t ic  man. 

4-10 
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From the net count rn te  records.(! in each energy band or channeI 

the absolute rirnount of radlouctlvlty 1s determined l1s1ng the colintlng 

eff lc lcncy l o r  each radlc,-elr?.ment In both e n e r g y  bands,  C y  definition 

Let x = Cs-137 (d i s ln t / s ec )  and y = K-43 (d l s in t / s ec )  

The total  net count rate record-d In each channel Is the s u m  of 

act ivi t ies  f r o m  both rad io-e lements  o r  

-1 where  L~~ is  the counting efficlency f o r  c s - 1 3 7  in Channel I, and % is 
the countlng efficlency f o r  K-40 Ln Channel I. For Channel 11 the total net  

count r a t e  is 
I 

The two equations a r e :  

I 

I.- 

Since the background count r a t e  is actual ly  lower dur ing  a sample 

m e a s u r e m e n t  than when the detec tor  well is empty, the d e c r e a s e  in count 

r a t e  due to mass  Is added to the net sample  count rate ( See 3.3 1. 

5-1 



- 
Let 

I ( .  cd = depressJon In background count rate In Channc l  1 for subject of -Height, w .  

!;I1= d e p r c u s l o n  In background count r a t e  In Channel I1 f o r  subject of -Mueight, w. d 

then 

and 

I = true net count rate In Channel 1 fo; subject of weight, w .  %et 

'I = true net count rate In Channel 11 fo r  scbject of welght, w. %et 

Substituting in (4 )  

(8 )  

The slope constants for the counting efficiency vn. mass curves 

shown for 13 December 1958 have been used to calculate ALL SUBJECT 

AND SPMPLE ~ ~ - 1 3 7  AND K-40 D A T A  OBTAINED FROM JULY 1958 TO 

JULY 1960. Countlng efficienclcs for Cs-137 and K - 4 0  at 80 lbs, using 2. 5 

5 - 2  
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P ,,. .. , P O  6 .  1 b w  9 a - e  

Measurements of g a m m a - r a y  activity a r c  made withln a room con- 

s t ruc ted  of seven lnch thlck ( C l a s s  C-0.rmor) p la te  having ln te r ior  dirnenslons 

of 11 by 5 by 7 feet. 

le a hlnged, manual ly-operated.  7 inch thlck pla te  weighing 4 tons. 

The  en t rance  1s 3 feet  wide by 7 f e e t  high and the door  

The  subject  Is counted in a n  adfustaSle, tllting, cha i r  of s ta in less  

Communication between s t ee l  tubing with canvas back acd sea t  ( F i g u r e  2 0 ) .  

opera to r  and.subject  ts  malnta i rxd  by an  ln tc rcom sys tem.  

ci rculated and cooled by a n  alr conditioning unit Mounted on the celllng. 

Room air !s 

6 .  2 -tor A m  * .  

T h e  de tec tor  is an  8 by 4 inch thalllum activated sodium iodide 

crys ta l ,  (Harshaw Chemical  Go. J ,  canned In electrolyt ic  copper ,  and having 

a quartz wlndow. 

lucl te  which also s e r v e s  as a beta shield. 

(Durnont $ 6 3 6 3 )  a r e  optically coupled to the quar tz  window using sil tcone 

compound (Dow Corning QC-2-00571. 

a s  a l ight r e f l ec to r  and posi t ions the mult lpl ler  phototubes. 

phototube h a s  a tei lon base (Flgurc 21) and each tube 1s sur rounded by a 

mu-meta l  shield ( F i g u r e  22). 

the mult ip l ie r  phototube assembly .  

T h e  c rys t a l  is protected by a one-half inch thlck d i sc  of 

Four 3 inch mul t ip l ie r  phototubes 

A l / Z  inch t!!ick teflon d l s c  s e r v e s  

Each mult lpl ler  

S l ight-t lght s ta in less  s t ee l  cover encloses  

T h e  c r y s t a l  de tec tor  a s sembly  Is  

6 -1 



Figure 20 
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Figure 22 
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vupportcd by a modified ':b'estinghoura rudlogruphic tube  stand that s l i d p s  

along hori.y,ontnl track,; mointerl on t h e  floor and ceil ing (Z'izurc 20). 

support pe rmi t s  considerable f lcx lbl l i ty  in pos i t i sn ing  the 2etcctor .  
ci T h i s  

5 .  3 l L x k Q & & ~ l h ~  'Jr:irtalSrlntlllatlonDetcctor 

Two s e n a r a t e  .IC l lnes  power the sys tem.  A voltage regulator  

(Sorenson Model 1000s) and noise suopression f i l t e r  (>hi l le r  $7843) is 

lnetalled In each t h e  ( F i g u r e  2 3 ) .  

The power supply (Radiation Instrument  Development Laboratory,  

Model 212) h a s  a range o! 500 to 1800 volts a t  5 mll l i amperes .  Voltage to 

each mult ipl ler  phototube is adjusted by a t en- turn  hellpot (with a switch in 

s e r i e s  with each potentiometer for  convenience)., Th l s  fea ture  1s important  

for  r egu la tLq  rnultlplier phototube galn. 

Figure  24. 

The b leeder  c l rcu l t  Is shown In 

Slgnal leads ( R G - 6 2 / U )  a r e  as shor t  as possible  and of low 

impedance. Each signal cable te rmlna tes  ln a swltch bank provldfng a c c e s s  

to the output of any rnultlpller phototube o r  combhat ion  of mult lpl ler  photo- 

tubes for t e s t  purposes .  P reampl i f i e r  (Los Aldmos, Type 250-N) Input and 

. 
f 

A. 

output pulses a r e  negatlve. 

T h e  remainder  of the sys tem (Figure 2 5 )  cons ls t s  essent ia l ly  of a 

100 channel ana lyzer  (Radlatlon Instrument  Development Laboratory,  Model 

3300). I\-rnplifler galn Is adjustable f rom 5 0  to 1600 and has  a bullt- ln pulse  

genera tor  for  calibration and t e s t  purposes.  -4t the  conver te r ,  pulse height 

dlscrLmInatlon Is afforded by two level controls.  The conver te r  dead t ime 

1s about 70 mlcroseconds  and the efiectlve galn of the sys t em can be var ied  

to e i ther  16 o r  80 volts p e r  100 channel8. The llve t i m e r  controls  the s t a r t  

and stop of M o r m a t i o n  s torage  by the analyzer  and a0 count r a t e  cor rec t ions  

6 - 5  
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CRYSTAL SP EC7ROMETER 

.- 

F i g u r e  24 

6 -7 

. 



6 - 8  

'I 
U a 
(3 
U 
0 

Y 
V 

- 

'3 
m 

a 

5 a 

W 
N 

z 
U 
e 
I 

W 
I 
W 
v) 
J 
3 a. 
0 
0 
(3 
(3 

J 
W 
0 
0 x 
i 
d 

a 

'3 

- 

L n  
N 

aJ 
k 
5 
M 

iz 



f o r  dead t h e  are necessary. 

1090 rnln3itcz. 

:r.crnory, with n rnaxlmurn  capi ic l ty  o l  :15, 5 > 5  count.4 per  channc?l. 

i i r J , d r e T n  9ca le r  also control9 tk:p m a n n e r  of th i .  d l q ? l n y  of the  memory  

content. T h e  spec t rum 1s dfcnliiyer! on an  o ~ c l l l o s c o p e .  Thp s to red  

count is prlntect out on adding rnachlne tanc by m e a n 9  of a n  Add-Punch 

( F r i d e n  r’dodel XPT) o r  the Xdd-Punch provides  the data  on punched tape.  

The  punched tape d r ives  an X-‘f Point  Plotter or i g  used as Lnput f o r  the 

LGP-30 computer .  

I ’ r e - s c t  counting t i l n u n  u r r ?  frrirn U. ! to 

if T h e  ac!drc,J; sicnler I c i t i r i t e ~  the s torug.?  of c o u n t 3  In 

The  

The e lec t ronic  equipment Is shown In L.‘&ure 2 6 .  

. 
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7, 1 m p r  f , i 1 -&&- 

The  four  rnuitlpllcr p h v t ~ t - ~ b c s  user! =vith t.Llc! 8 x 4 inch c rys ta l  

' x r r e  selected for  similar yignal t o  noise ra t ios .  

w e r e  obtab.ed using the photo-peak f rom a n  uncollimated cesium-137 

source.  

F o r  each tube,spcctra 

T h e  output signal of each tubc m r m a l i z e d  by a high voltaze ad-  

Th i s  is  faci l i ta ted b y  a voltage divider  incorporat ing fixed and justment.  

var iab le  s e r i e s  r e s i s t o r s .  

Originally, a 5 inch (Dumont # 3364) mult ipl ier  photombe was coupled 

to the 8 x 4 inch NaI crys ta l .  

was 27. 270 and r e s o l u t h n  for  a n  uncollimated cesium-137 spurce  was about 

The  photo-cathode to scinti l lat ion *Window a r e a  

l8yO. 

coverage  of 33. -1%. 

49' gamma-rays. 

T h e  four  3 inch mult ipl ier  phototubes now in use  provide photo-cathode 

Resolution is 125'0 for  cesiurn-137 and 9% f o r  potassium- 

7 .3  

The  energy band routinely used f o r  spec t r a l  ana lys i s  of the human 

Cal ibrat ion a d j u s m e n t s  are made  daily subjec t  is f r o m  0. 10 to 1. 8 mev.  

by uslng photo-peaks of cesium-137 and potassium-40. 

two photo-peaks. 

1 .80 mev.  

nrnplifler gein and the lower level set t ing of the conver te r .  

of t!!e first four channels ore usually discarded  because of non-linear pulse  

Figure 27 shows the 

A s t r a igh t  llne ln te rcepts  channels 5 and 99 at 0. 10 and 

The slope and in te rcept  of the cal ibrat ion curve are var ied  by 

The contents 

7 - 1  
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7 . 4  p -  ,-c 

T h e  background count r a t e  fo r  the 8 x 4 Inch NaI c r y s t a l  within the 

walk-in shlelci is about 1 2 3 0  c / rn  ( L O O  kev to 1. 8 rnev). 

spec t rum Is shown in F lgu re  28. 

of 0 .  S i ,  J ,  6C, and 1. 40 mev.  

the l a t t e r  two presumably f rom bismuth-214 ( 3 a C )  and ~ o t a s s i u m - 4 0  r e spec -  

tlvely. T h e  detector  was brought  out of the sh le ld  and spec t r a  were  obtained 

to dptcrmlne  background attenuation by the walk-in shield F igu res  29 and 30. 

.;n overz l l  reduct ion of about 17 I s  observed  and is m o r e  pronounced f o r  the 

Z .  19 and 2 .  65  m e v  photo-peaks f r o m  blsmuth-214 and thall ium-208. 

1 / 8  Inch shee t  lead surrounding the detector  in the walk-in s h i e l d  a reduction 

in background of about 127'0 is noted from 0. OS to 0 . 7 0  rnev. Additional thick- 

n e s s j s  of lead show no appreciable  reductlon in  background. 

A typlcal background 

T h r e e  photo-peaks a r e  noted with energ ies  

T h e  f i r s t  is  due to posi t ron annlhllation and 

:'iLth 

Radioactivity wlthln the de tec tor  assembly  contr ibutes  ~ i g n l l i c a n t l y  to 

the background. 

t! e mult  i p l  le r photo tube s . 
This  is p r imar f ly  due t o  radium-225 and potassiLm-40 within 

.>-n overa l l  d c c r e a s e  of 166 c / m  was obtained by removing the Bakelite 

b a s e s  and sockets  from the four  mult ipl ier  phototubes used in the detec tor  
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BACKGROUND SPECTRA 

.08-1.00 Mev 

7" JRON SHIELD 
-e----. 7" IRON SHIELD 
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I I I I I I I I I 

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 

ENERGY (MeV) 

Figure  30 
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biJvintlon of 1255 i 7 C / r x .  T h e  observed s tandard deviatlon IS 0. 5870 as 

compared to a n  expected 0.  39-0. For  encbrgy bands 0. 5 5  - 0. 7 2  mov a d  

1. 30 - l. 3 5  .nev the background count rates over  the snrna t h e  interval  

a r e  1 3 7  -L 1. 7 and 67  + l . 3  c/rn respecti-rely. 

probabili ty tha t  bac%gro.ind count  r a t e s  for 50 minute ?er iOd5 a r e  n o t m n l l y  

d i j t r i bu te?  wi th ln  t 2 S 3  of t h e  mean count r a t e .  

T h e s e  l a t a  Lndlcate a 95% 

Subjects a r e  routice!;. cocntec! fo r  10 minutes .  background count 

r a t e  from a 5 3  niinllte n + r i o d  is subtracted f r o m  the gross spec t rum f o r  each 

subject. 

subject *.with a net count r a t e  ( % - 4 0  photo-peak) equal to  background. 

(: 1 F o r  K - 4 3  i 'eterminations,  the couqting e r r o r  is less  than 470 in a 

7 . 1 . 2  ' . S s e n C P  of ~~c~~~~~ 

The  S a c k g r o u n d  cocnt r a t e  with the 4 7  I tqu id  scintillation detector  

is s l l g h t l y  deprpssed  wit!! l s r g e  m a s s e s  in t!!e detector  wel l .  

background is evident with the c r y s t a l  spec t rometer  using water phantoms 

in the c o - m t h g  chair. 

No change in 

7 - 7  
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8 .  0 Z d b r i t i Q z  oLSztj3t.d ~;sjr.-xfi;~.--u nj. _S3r:.?r2wctsr. 
1 ‘Thp S r y s t n l  : ; p p c t r ~ m r - t ~ r  hnq 5et.n : i y t - ?  lar;!l.l*i tr, conf l r rn  o r  

e r t p 5 l t  .h ?Iir i d r n t l t y  Q f  g a - n r n n - P m l t t ! n =  n u c l l r i ~  R In ur.lr*cted suSJect.r a n d  

e a r n p l e r  n f t c r  R S Y B ~  In t h e  L!q*~lc! 5clntlllatIon To l in t e r .  

‘Nholc-body g a r n m m - r a y  spec t r a  a r e  obta lncr ’  wlth the subject seated 

in a reclining cha l r .  

flexed and malfitaln a r igh t  angle between the t runk  and thighs. 

Is comfortaklc f o r  per lods  up to one hour.  

Dy adjusting t h e  foot r e s t  the  thighs and knees are 

Z’hls posltlon 

W i t h  the c r y s t a l  suspended above the subject  the c r y s t a l  a x i s  b l sec t s  

a 90° angle formed by the back and the s e a t  ol the chai r .  

g a m m a - r a y s  In no rma l  lndivlduals wlth the c r y s t a l  a t  v a r y h g  dls tanccs  f rom 

the chai r .  the c rys t a l - cha i r  dls tance l e a s t  sensi t ive to var la t lons In body 

bulld was 58 cm.  

subject  (an ter ior  su r face )  dis tance v a r i e s  with body bulld. 

crystal-subject  dis tance with stout Indlvlduals, however,  l a rge ly  compensates  

!or g r e a t e r  self-absorptlon in the stout subfect.  

By countlng K-40 

W i t h  the c rys t a l - cha i r  position flxcd a t  58 c m  the c r y s t a l -  

T h e  d e c r e a s e  In 

5 . 1  T a t a l d y  P O t R  

Th- re la t lve  coun thg  efflclency for K-40 and E.:-12 Ln the n o r m a l  

hurnan subject h a s  been de termkec!  using a plas t ic  manlkin (See Sectlon 4. 1) 

a s  the prirnary standard.  

g r a m s  of potasslum In 5 0 .  791 l i t e r s  of dlst i l led water .  

tfons ( 5 0  minute counting t l m c s )  made  over s e v e r a l  days with the plas t ic  

manlkin In the reclining chair posltlon show a K-40 photo-peak count r a t e  

of 0.453 c / m  ( *  2 .  396) p e r  g r a m  of potasslum. 

For Dotassium-40 the phantom contalnec? 165. 2 1  

Eighteen d e t e r m h a -  

8 - 1  
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:;ait>jr c t c, .N t i c )  p n  r t ic ’2.7 t 1. I! i 1 1  po?:> Y Y iui 1’1 - 4 2 C I I  1 ib r n t lon stud ic 5 lo  r 

ttie LIqu i r l  Sc!ritlllrttic>n < o ~ i r i ~ ~ * r  ( ‘ ; (*e  ‘;rlction i j ,  I ,  3 )  wcare 2 1 5 0  coiintpd w i t h  f 
thc Cr;<-5t:il :5pectrorneter. 

.‘ ;pf-ctrqmcter 2 I hour-; e f t r r  2’. - 11. iic!-nlnlstrat!on w v r e  cor rec t ed  for  e x c r e -  

tlon 1 0 . 4 ,  and rnc!iQ--17otoor? s‘Tc.ry, an? ba 3~ l lne  I.: - IO count  ratc-; \*iere club- 

trnctcr!. 

count r a t e s  for  equlvnlent amounts  of E - 4 2  octlvity r h o w  variat ions f rom the 

group mean cons ld f* rah ly  g r e a t e r  t h a n  ezxprictcr! f rom countlng s ta t i s t ics  alone. 

T..vo subjects  (J. S. and C. R .  1 reccai*ie? E - 4 2  on  t 3 - m  dlfferent  occasions and 

tWQ determina t ions  an  the sarne indlvidual dlffer by l e s s  than 2 p e r  cent. T h e  

I<-42 count r a t e  for  each subject W R S  compared  to the manikin.  

the  count r a t e  of the subject w a s  l e s s  than the manlkin and the ra t io  for the 

group w a s  0 . 8 9  f 0. 05. 

s tandard deviation of the mean.  

Lnterestingly enough was 0 . 9 7 ,  whereas  the heavtest  subject  ( R .  M. ! w a s  only 

0.  82. 

the human subject  may  differ significsntly f rom the homogeneously distributed 

source  presented  by  the manikin. 

r eqc i r ed  to approximate this distribution In a manikin. 

va!ues w e r e  obtained f o r  each subject using individual sub ject-manikin r a t io s  

and also the group’s alrerage ra t io  in the equation: 

{Jrf ,  ; i c o u n t  r a t ?  4 o b t r i i n e d  w i t h  the Cryvtal  

T h e  re,riIts of the Y.-4?. study a r c  *;hovrn ln Table  3. Indlvic!ual 

In each c a s e  

Seven of the nine determinat ions were  within one 

The r a t io  fo r  the ta l les t  subject (R-vH.) 

T h e s e  var ia t ions in subject-manikin r a t l z  !nd!cste that  po tass ium in 

Fur the r  t r l a l  and e r r o r  effor t  will be 

Body potzissium 

- 
w e t  E:-40 c0-e ;< I 
Subject-Manikin k-42 ra t io  0.453 c / m / g m K  Body potassium ( in  g r a m s )  = 

*. 
Resu l t s  a r e  shown m Table 3 with body potassium measuremen t s  

obtained with t h e  Liquid Scintillatlon Counter.  

8 - 2  
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3 . 0  hu- I ,  

:4u1 t 1 - ch a n n  6.1 n rri I n a - I n y n p e c t r r) m c t r y I r e  111 r? n t 1 y r e  iju 1 r r? ‘I c 9 n - 
a i d c r n b l y  rnore ti!r.e f o r  .!<Ita h a n d l i n g  nnd  c n m p x t l n g  t h a r .  f o r  actus1 sample  

couctlng, 

In data proccqslng,  the  following flow rcherr..p - N D S  Instituted. 

Al l  samples  and subjects  nssayed a t  .:‘alter F e e d  a r e  lndexed by 

T o  rcduc*- laborlo?rs r:nd r i . pe t ! t l o~ i~  t a l k s  and the t i m e  ln*/ol-/c4 

name and by number. 

log book. The  identity na-ber h a s  5 dlg i t s  and r e m a i n s  the sarne for the 

sample r ega rd le s s  of t h e  number  of t l m e s  a-nsayed, changes in pref ix ,  o r  

other  h i s tor ica l  lrdorrnatlon. 

are distinguished b y  dates  and  t ime5 of a s say .  

digit corfe indicating the nat’ire of tb.e sa-mple o r  subject,  a5  follows: 

Identity numbers  a r e  ass lgned se r i a l ly  f r o m  a m a s t e r  

?Aultlple d e t e r r r h a t i o n s  on the s a m e  subject 

T h e  Identlty P r e f i x  Is a one 

1. H - m a n ,  Genero! Population 

2.  €Iurnan, Control G r o u p  

3. i iuman, Con tamha ted  - (with negative radiological  h i s to ry )  

1. Human, Pa t ien t  StarJs :  >adloisotope adrniniotered 

5 .  Xni-mal 

5 ,  Food 

7. ;!-ater 

8. O the r  

After  a s s l g n h g  a prefix and identity njunber  to the sample ,  an 8 x 5 

inch h is tory  ca rd  (F’!gure 3 1 )  is fl l lcd out aft ! !  ce r t a in  vi ta l  lnformatlon. 

? l a c  P O  f r e q u u t :  .4 five ( 5 )  l e t t e r  code is used to identify 

the place of res idency  of fhe  subject o r  or lg in  of sample. 

l e t t e r s  abbrevla te  the s ta te  or country and the fifth l e t t e r  indicates  the major 

geographic area- (i ippenblx D 1. 

The f l r s t  four  

T h e  n r e a  In which the lndlvidual h a s  spent  the 
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lonyeprt pcr lod  of t h e  r lur l r ig  t h e  prevlous 30  m o n t h s  deterrnlncs  the place  

of residencr..  

in r c y l 4 c n c y  I r  shown.  

Fo r  pprIoc!r l e r q  !hnn 30 rnonth3 ,  the actual  n{imber of m o n t h r  

&: O n v  d i g i t  Lndtcatir.g; 

0. Neuter 

1. Male 

2, Female  

: A th ree  dlglt code fndlcates up to th ree  organ o r  

s y s t e m  diseases. 

-: A one dlgit d ic te ry  code for  each of four  foodstuff3 

1s used to record  relative amounts  of dal ry  producta,  meat ,  f ru i t  and vege-  

tables ,  and seafood consumed. T h e  following amounts  a r e  considered average .  

Dairy Products :  frvo to four  servings of milk,  cheese ,  

One 8 ounce glass of mllk, two pa ts  of bu t te r ,  o r  2 s l i c e s  o r  but te r  per day. 

of cheese  equal(s)  one serving.  

Meat: T h r e e  servings of meat  or eggs per day. One egg 

is one serving.  

Fruit and Vegetables: Eight s e rv lngs  p e r  day, One s l i ce  

of bread ,  one small dlsh of f ru l t  o r  vegetable equals  one serving.  

Seafood: One to two serv ings  0-f seafood p e r  week. 

T h e  his tory  c a r d  accompanies  the subject  o r  sample to the counter  and 

in the case of the liquid scintl l lat lon detector,  the count t h e ,  g r o s s  count 

r a t e s ,  and background count rates  a r e  entered on the card. For the crystal 

spec t romete r ,  the r u n  number ,  background run number ,  energy calibration, 

and geomet ry  conrlderatlans a r e  recorded. 

9-3 



J (  terminer!  acr !  c - n t p r c d  r!ail;-. 

T!IP ope ra to r  en tprs  t h y  weight of ?hc indl.,ldunI In./oI-/er!, the  gross 

coiint rates ,  and backgyounc! colmt r a t e* ;  for the t-vo channels  in-dolvec!. 

puter  r e s i l t s  a r e  automatical ly  typec! on the h l s to ry  card  a s  to cesium-137 and 

po tri s s ium - 1 0  2 is h t  e g r  a t  lon r a t e s ,  c e s iurn - 13 7 and pot a s  s iurn - 40 d is integration 

r a t e s  p e r  ki lograr .  of body m a s s ,  bod:/ ?otassl;un In g r a m s  p e r  ’xilogra.m, and 

the ces ium to ? o t a s s l , ~ m  rat lo .  

h i s to ry  and other  vital  stnti3tlcs a r e  t r a n s f e r r e d  to an  If,:’A &ita loadlng shee t  

( F l p r z  311, and consequently en tered  on 13:A c a r d s  f o r  IlstIng and sor t lng.  

C o m -  

Thpse d a t a  along with medica l  and radiological  

, 
1 

In the c a s e  of the g a m m a - r a y  spec t romete r ,  Flgure 33 shows the 

f l o ~  schem? involvec?, in that  the 100 channel ana lyzer  output can  be pr inted 

out a s  well  as punchec! out  on dec imal  tape. 

Point I‘lotter ( C .  L. .‘.iIoseley, M o d ~ l  2.$. 1C-Y Recordc r ,  Model 59  Tape 

Trans l a to r ) ,  (Figure 34) to disnlay the gross spectrunn obtalne?, o r  the 

Funched tape is fcri to the computer  to r educ r  the gross count r a t e  to gross 

counts  per  unit t i m e  p e r  channel. -Background o r  any o the r  s to red  s p e c t r u m ,  

may then be subtracted.  

net count r a t e  p e r  chpnnel. 

display.  

T h e  tape is used with a n  X-Y 

- 

FLnally the comnuter  typewri te r  output s h o w s  the  

Output is a l so  punched o n  tape for x-Y P1c; tc r  

9 - 4  
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i* lgur te  ‘ , i l C J W ‘ C  tile computer *,r?1pctpij, n n m u t y ,  tile I L E J - 3 O  (Royn l  

) . ’ ~ l c C e < * ) .  C o n  i I ( l e r i i t i D n \  In t h p  selectirln uf t t i l . 4  ccirnpii, or wcrc  the alpha-  

n’lrncric r n ~ ~ r n o r y  w i t n  k,oth typewri ter  3n.j p;3plar t . ? p r :  input and output, s h o r t  

computinj:  t i i ~ i r ! ,  and r:n :idlbquate memory  capstcity. 

T h e  cornputer is a lso  cxtremrl:: uspfu l  for stat i r t icnl  deterrnlnntlons 

wht>rc l a r g e  n u m b e r b  a f  s a m p l e s  are involved. Frequent u g e s  of the computer  

include l e a s t  squares curve fitting, determinat ion of means  and s tandard  dcvl- 

ations, and frequency distributions. 

I) 

9 -8 
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O - r e r  ,4000 m(*nrurcrnentY of  piroplo  ond c r r t n l n  fc)r)~iqt~iffs for  

gamma radloactl-rit;. hav- hr5r.n r n r i r l r .  o v p r  thp p<iHt t'No y r a r s  tr) styidy 

the r p a t i a l  a n d  tvrnporal dIstr1butlr)nj of ccs iurn-  1 3 7  fallQlit. P a r t  of 

these  r e su l t s ,  i. e . ,  J u l y  1355 - .\ lurch 1 3 5 7 ,  h a v e  be6.n summar ized  

previously ( 7 ) .  

r e fe rence  in Table  E-1  and f o r  vnr!ous coyintrier In f a b l e  E - t .  A corn- 

posi te  l i s t  of ces1u.m-137 level4 r c o r t e r !  by  va r ious  Inveo?!gators s ince  

1 3 5 5  is a l so  includcc! in Table  E-3. Futu re  de te rmina t ions  will be l is ted 

pe r lo l i ca l ly  in "Radiological Ilealth Data" published b y  &e U. S, Publ ic  

Health Se rvlce.  

Quar te r ly  v a l u e s  for e a c h  s ta te  a r e  l i s t e d  f o r  convenient 

SLtnultaneous .neasure.ncntS of cesium-137 and p t a s s l ~ x m - 4 0  -*eye 

performed a5 these are the two ga.mrr.a-e.mitting nucl ides  consis tent ly  ee tec ted  

ln people and .nost  loor?srdfs .  Dytailcr! spectral ana2:;ses w e r e  a150 obtained 

)?eriodlcnlly using the c rys t a l  g a m m a - r a y  spc?r!rorneter. In<!vidual de t e rmin -  

a t ions w e r e  ?lade 7:lt.h +he subject vested In a cotton su rg lce l  s c r u b  suit. 

Cour-tLng ti-e w a s  200 seconds f o r  each subject.  Cesium-137 levels a r e  

re?orted in mfcrorn icrocur ie  units p e r  g r a m  of ?otassiu.n.  

vaIqJes a r e  expressed  a s  g r a m s  of ele-mental po tass ium p e r  k i logram of 

sam?le  o r  subject weight. 

T h e  p o t a s s i u m  

The-re?ro?uctb!lity o? Cs -!37 an6  K -40  rneasuiernents  of an adult  

m a l e  subject  ( $ 2 - 0 0 0 4 3 )  a r e  indics:ed in -Figures 3 6  nr,d 37. 

3ve r  9 sixteen mon th  ?erloc? show a s tandard cleviatlsn of 4. 1 per  cent  f o r  

po tnss lum and nine ?er cent  f o r  the C s - 1 3 7  to E:-10 ra t io .  Tha t  the vari-  

ability In activlt:: meosured  In the human subject  (without snowerlng before  

Nhe ty - two  asseys 
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. .. 10. 1 -it!/ 1,cveLs rn l i  s. 5'- 

Sixteen hundred and fLCty subjects residing in the United S t a t e s  were  

assayed; a rnajorlty of the.m from the r n l l l i ~ r y  servtce.  

group Lncluding both sexeq is  30 y e a r s .  

T h e  mean age of t he  

The 20 - 24  y e a r  age interval is 



8 F e b  60  ,$ i 7 . i! 
3 Feb  6 0  3 5 7 . 6  

2 . 6 4  

2. 6 6  

9 F e b  6 0  44? .  5 2 .  5 6  

10 F e b  6 0  4 5 6 . 5  

1 1  Feb 60 4 6 2 . 3  

1 2  F e b  6 0  4 6 3 . 2  

1 5  Feb 6 0  453 .  a 

2 .  6 5  

2 .  6 2  

2 .  5 1  

2 .  61 

i 

i 2 .  6 3  i 1 6 F c b  60 461.3 

17 F e b  60  4 5 3 . 7  2 .  6 1  

19  F o b  6 0  463.  5 

2 3  F e b  60 4 5 2 . 8  

24 Feb 6 0  462.1 

2. 6 1  

2.  57 

2. 6 3  

I 

I 
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1. S .  T’;. C. #1-00925  

2. D . C .  i l l -01126 

3 . ~ .  v. ; 1 i - o i z a i  

4.  C . S .  #1-0 lL82  

5. J .  A .  N. 41-01234  

6 .  J .  C . f ! .  $ 1 - 0 1 2 8 5  

7.  ‘l... D. a. $1-91286  

8. s. x. L. #1-01258  

9 .  E. C. ?*(. # l - 0 1 2 8 9  

10. ’,’;. G . ,+ 1 - 0 1 29 0 

11. J.E.T. # l - O l Z S l  

12.  I<.  B.XI. # I - 0 1 2 9 2  

13.  H. A.  C. +1-00337  

14. R . v H .  # 1 - 0 1 3 4 5  

15. R .  L. S. 41--02472 

16. E. C. A. # l - 0 2 5 8 1  

14 NOV 5a 4 5  :A 

28 Feb 53  39 F 

2 A p r  53 28 X4 

2 Apr 39 37 !2 

2 APT 59 49 ?VI 

2 r i p r  59 36 Xl 

2 Apr 59 30 :.i 

3 A p r  5 3  3 0  ; ~ l  

3 i p r  5 8  29 :.I 

3 A p r  58 28  .’.I 

3 X p r  5 8  30  >+l 

3 Xpr 5 8  35  M 

12 x u g  5 a  38 L~ 

1 1  M a y 5 9  32 ?*I 

26 Feb 6 0  3 5  .U 

1 5  Xpr 6 0  39 M 

134 

I t ? .  

139 

!a6 

1 4 3  

173 

7 i 9  

165 

1 7 3  

161  

1-10 

1 7 0  

1 6 9  

195  

1 7 1  

146  

1 . 3 3  

1. 13 

1. 53  

1 . 3 5  

2. i)i! 

2 . 1 2  

1 . 9 9  

i .  78 

2 . 0 1  

2 . 0 3  

1. 9 5  

1. 83 

1 . 7 3  

1. 69 

1. 69 

1 .81 

1 .84  
I 

2. 13 

1 .  3 4  

1.  7 1  

2. 13  

2 . 2 7  

2. 27  

2 . 1 1  

2 .  96 

2 . 2 5  

2 . 0 6  

2 . 3 :  

1. 9 2  

1 . 7 3  

1. 09 

1. 88 

2 .00  

2. 00 
- 

5 4  

5 8  

69 

76  

6 2  

48 

69 

74  

7 8  

hC 

73 

6 1  

8 1  

69 

sa 

7 7  

67 
- 

5 3  

99  

5 5  

7 0  

49 

5 2  

7 3  

4 6  

67  

5 1  

6 3  

79 

9 1  

5 3  

- 
6 5  

6 7  
- 
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~ , I . I * P < ~  beCal l9e  06 t h e  ;jyp('ornliiiirit m i l i t i i r y  population. ? ' h e  N C I X ! I ?  f ! I*~t r l -  

)h l i t ! cn  x!tn n rnv:+n o! 7 1 k i I o g r f i r r i v  1 I I l l u r t r o t e t f  In k - l g l ~ r e  33 .  

The e I v f r n j j -  c!i-,lr~t~griitIc)ri r a t p  of C g - 1 3 7  in U, 3 .  rl ihjectv for  t h c  

P e r l o < !  J1ily 1 7 5 8  t h ro j i ; (h  J-ir:iL I ' j5 '1  (F1;qirc 3 3 )  ' ~ ~ 1 s  3 .  7 5  x d . m r r i ; i  ( 1 / v  p"r 

k i l o g r a m ,  T h c  t re f i i i rnc . /  

dlstr!Sution lor Cs-137 ? t i r i n g  . J u l y  1359  tkrough June 1350 15 shown In 

F igure  40  w i t h  a r ta t is t ical ly  r l y n i f i c ~ n t  d e c r e a s e  !E t h e  :nean to 3. 48 d / s  

p e r  kilogram. 

per iods  . 

c o r r e q p o n d f n g  to a bo(!./ bxrd6.n of s e v e n  r n , L c .  

T h e  s t a n d a r d  d r ~ v i n t i o n  w a s  1. 2 d / s  p e r  kl logram f o r  both 

Po ta s s ium measuremen t s  for comparable  t ime  per iods  a r e  1. 78  

and 1. 88 g r a m s  of potassium p e r  kilogrdni ( F i g u r e s  4 1  and 42). 

standard deviation for  both per iods is identical ,  0 .  2 3  g r a m s  p e t  kg: 

however, the different? in tSe .rlean potassium values  Is 5.  5 p e r  cent. 

This is stat is t ical ly  significant and I S  due to var ia t ions  In the arrangcrner, t  

of K calibration sources  within the dptector  (See  Section 4 .  1. 1). 

December 1958 the cal ibrat ion sources  w e r e  a r r anged  in a constant  

pa t te rn  as shown in Figure 17. 

potasslum values  for  specLfic age groups and the 1. 88 g r a m  p e r  k i logram 

value is the bes t  e s t h a t e  of the p o y l a t i o n  mean. 

T h e  

Af te r  

3 ' 

This resu l ted  in Lrternally consis tent  

10. 2 RcPlonal Var- in Cs-137 Epdy Bur- the U. S, 

cs-137 body burdens  averaged ove r  each 12  month per iod for various 

reg ions  a r e  plotted In Figures  1 3  and 11. 

Indicates the number of people in each regional  sample. 

of residency for each subject  was s ix  months.  

Unlted States  lnto ten ma jo r  geographical  reg ions  Is a r b i t r a r y ,  wtth no Lntended 

T h e  numer ica l  value In parentheses  

The  minimum period 

T h e  division of the Continental 

1 0 - 7  
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T h e  m e a n  12. 5 .  v , r l u ~  of 5'7 1 L C  ' 3 s - 1 3 7  p e r  grclm for  J l i l y  1953 

thrrijign Ju3.r 1 3 3 9  1s a n  increase of riholit $ 7  ppr c e n t  o v e r  thv 1957  l z v e l  

O f  11 micr?mIcrocsdriP;  ? ~ r  X r n r n  rr?portoc! by . Z r . ~ ' e r s o n  ( L c l ) .  

incrtdr13es Lire Roted In a l l  re;;ions w l t h  the h!ghest be ing  t h e  northeast ,  

follo.NvPd by the southeast .  T h e  region of lowest C s - 1 3 7  activity w a s  the 

r a c l f i c  south*,:est. The rnorator l? im on nuclear  weapons  tes t ing  became  

cf!ecti*ie 31 October  1333  and apparent ly  h a s  been obser- led,  except for 

s e v e r a l  announced 1359 tes t s  of no rn lna l  y i e l d s  conductpd in Plorth Africa.  

-As indicated previoilsly, C s - 1 3 7  l eve ls  decrr.as.4 dur ing  July 1959 through 

June 1960 and a lmos t  a l l  1;. S. a r e a s  re f lec t  this change. Still,  these  

Val-ies  a r e  Eear  o r  above 1357 IeveJs .  

~ ' ropor t1ona l  

J. m o r e  detailed a n ~ l y s l s  of the tempora l  changes in Cs-137 levels  

is poss ib le  by comparing qua r t e r ly  a s s a y s  for the J'Lashington, D. C .  a r e a  

where  the sample s l z e  is relativeIy l a r g e .  Initially Cs-137 leve ls  va ry  
h 
'from 6 6  to 70  L , L C  p e r  g r a m  and rernain a t  the l a t t e r  value through 1959 

(Figurp 45). 

intensity,  par t icu lar ly  in the spr ing  of 1939, f r o m  the U. S. s .  R .  detonations 

of i958  (11). During t h e  f i r s t  s l x  months of 1960, Washington, D. C. l eve ls  

d e c r e a s e  about 28 p e r  cent end a t  this  r a t e  the effective h a l f - t h e  f o r  cs-137 

el iminat ion woulc! b e  about 11 months.  

This s ta t ic  o r  equi l ibr ium p e r i c d  coincides with high  fallout 

Quantitative e s t h a t e s  oi the  intake of cer ta in  foods  were obtained 

by  h i s to ry  taking (Section 9. 0). 

s a m p l e  excluded milk and da i ry  products  f r o m  the ?let ,  and the difference 

between the mean CY -137 body biirdcn for  non-consumers  and consumers  

of large amounts of d a i r y  products  is significant (F igu re  16). 

Six people out of 757 in the init ial  U, S. 

The  

10-1s 
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contrlbutlon from d a i r y  products  to t h e  total CS-137 body burdvn would be 

ribout 2 3 / 5 2  or 43 p e r  cent. F o r  0thi.r dictar;r foor!vt.i!fr, no differences 

In cs-137 body S.2rr i -n were  noted (i'1gur-e 4 7 ) .  c 
u 

10, 3 w Q . ' , ' l S t e  C p y b - 1 3 7  L p / p L  , I  

Eody c s -137  le./els n 'e re  mcasi i rcd In ml l i t a ry  personnel  r c t u r n h g  

from o'iergrjas ass ignments  and In foreign suSjects . / isl t ing the UnLted 

Sta tes .  

shown graphical ly  i n  F igure  48.  Similarly,  ternporal ./ariatlons f o r  Japan  

and Korea  a r e  i l lus t ra ted  In Flgure  4 1 .  

(Table  6 )  f rom al l  m a j o r  geographic a r e a s  s h c e  1955, world-wide popula- 

tion changes in crs ium-137 w e r e  obtalne?. 

A-Jerage values fo r  F rance  and Germany during 1958 - 1950  a r e  

By a-Jeraging renor ted  */aluer 

T h e  French-Gprman values in Figure 48 c l ea r ly  sn9:v eIevations 

colncldent with hlgh intensity fallout during the suiTl.xer of 1959.  Es t imates  

for Europe a r e  prl.mari1y dcri*/ed f r o m  English, French .  and G e r m a n  levels  

and the highest  value o c c u r s  Ln 1959.  

highest  cesiurn-137 body burden  and exceeds the  united States  by about 1 5  to 

20 p e r  cent. 

dec reased  monotonically about 2 5  p e r  cent, s i m i l a r  to '+Vashington, D. C. 

Europe Is consistently the a r e &  of 

Since the 1959 s u m m e r  peak, French-German levels have 

Quar te r ly  r e s u l t s  f o r  Japan - Korea show peak leve ls  in the fall of 

I7153 and summer of 1959. 

F a r  East W R S  identical to the  European population In 1958. T h e  1958 level 

is also the  maximum obtatned In the Far East.  In 1959 t h e  Cs-137  burden  

dec reased  by abouc 25 p e r  cent. N o  significant change is evident over  the 

past 9 months. 

Gsing all data the Cs-137 body burden in the  
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FOOO CONSUMPTION FOR S13fMECTS ASSA'fEa O U R I M  M .  1959 
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1 0 . 4  J-)i3c?lrs1z)~1 

I 
Slncr. 1 3 5 2  approximately 11 milllon curl t -a  ol cclrlum-137 ha-re beFn 

- 
lnfectcd into t h e  Ttratospherc f rom high yield nuclei3r weapons t e r t j  ( T t l S 1 ~  71. 

O v e r  thls p e r i o d  the r a t e  of injoctlon h a s  ber=n r o u g h l y  1 .  9 m~gac7:rfes of 

c q - 1 3 7  p e r  y f i a r .  

be about 1 megacyirle ( 1 2 ,  1 3 j  a n d  the C s - 1 3 7  Inventory would be about 1.3 

rnegacurles .  ‘lvlth approximately 3 3  per  cent of the  total fallout dpposlted, 

the cumulatlsre Sr-’30 fallout for  New York CIty w a s  reported to be 75 mill l-  

c u r i e s  p e r  s q u a r e  m j l e  In mid-1959 ( 1 4 ) .  For Cs-137 the amount *would be 

135 m c / m l l e  . 

The  1353 strat-oospheric Inventory of S r -30  i s  es t imated to 

2 

,Martel and Drevinsky ( 1  1) have shown that a f t e r  the injection of 

f i s s ion  debr i s  into the s t r a t o s p h e r i c  r e s e r v o i r ,  r e g a r d l e s s  of the Iztitude 

of detonatlon, t he  appearancp of fallout o c c u r s  withir, s e v e r a l  months.  

t h e r e  is  cons lderable  evidence that t h e r e  i s  l i t t l e  d i s turbance  in the fisslon 

product  r a t io s ,  pa r t i cu la r ly  c s - 1 3 7  to Sr-90,  f r o m  the t h e  of prodllction 

to grcand depoositlon ( 1 2 ,  1 5 ,  15, 17). AccorZIng t o  VJellfor? and Collins 

(18)  however,  Cs-137 is somewhat  l e s s  soluble than Sr-90. F r o m  New 

\-crk City ground deposi ts  they obtalned about 70 p e r  cent  solubility fo r  

cesium-137 ac t lv i ty  and 9 6  p e r  cpnt for stror?tiurn-90. 

accessibi l i ty  of Cs-137 and Sr -90  to the hurnan could be within a few mcnths 

of production and the production r a t io  reduced to about 1. 3 c‘ue to dlfferences 

in solubility. Slnce the Cs-!37 body burden m a y  v a r y  in accordance  w!?!! t h e  

r a t e  of fallout o n  foliage, the s t r a t o s p h e r l c  rec!dcnce t i m e  Is par t i cu la r ly  

h p o r t a n t .  F o r  d e b r i s  injected in po la r  latl tudes the  res idency  time may 

va ry  f r o m  4 to 9 months,  and 9 to 15  months for  U. S .  and U. K. equatorial  

?etonations (13). 

A l s o  

D 

Consequently the 

1 U - 2 3  



*wit 7 9 4  

P s l m -  137 ~UUZI A-t-YDhrrlrIioAs Of c (a)  

rJuctcnr UP- t.km3. 

aate T k L L  tocnt!on Fission Yleld  Csi3' Production - 
1952(Nov) u. s. (Ivy) l l O N  1 . 4  0 . 2 5  

1954Spring) U. S.  (Castle) I t O N  2 0 . 0  3 . 6 0  

1954(Fall) U. S. S. R .  52ON - - 
1955(Fall) U.S.S.R. 5Z0N 1 . 8  0 . 3 2  

1956(Sprhg) U. S. ( R e d  'King) llON 6.7 1.21  

1956( Fall) 'J. S. S. R .  52ON 2 . 7  o. 4a 

2.7 0.48 

19 57( Fall) u. s. s. R. S t O N  4 . 5  o. a i  

1958( Early) U. S,  S. R . 5 t o h ? 3 0  N 3 . 3  0 .59  

1958(Spring) t'. S.  (Hardtack) lLoN 4 . 0  0.73  

1957(Sprhg) U. S. $. R .  52ON 

1957(Sprtng) U. E.;. 2 O  N 

1958(Oct)- U. S. S. R. 73ON 12. 5 -15 .0  2.25-2.70'  

6 0 . 0 - 6 2 . 0  IO. 7-11.1 

* 4  

Summary of Major Nuclear Test  Series by Martell (33)  uslng Inventory data 
. furnlshcd by Libby. 

(a) Stratospheric Injections are  20% of fission yield for surface coral shots, 
807. for surface seawater shots, and 100% for air  shots. 

(b) UsLng 0 . 1 8  megacurler of cesium-137 produced per megaton of fisslon energy. 
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During the twcanty month*( r lnce the censatlon of wenponr t ea t s  no 

'consirtent pa t t c rn  l e  ~ v i d c  nt f r o m  the threv ma jo r  population nnmples as 

to the amount or the tirne ut which dec rease9  in Cs-137 body burden mlght  

occur. If qua r t e r ly  l eve ls  f o r  Japan - Kqren a r e  used, the change In body 

burden between the fall  of 1958 and winter q u a r t e r  of 1959 wa9 79 to  57 ; cpc  

p e r  g r a m  o r  about 29 p e r  cent in t h ree  monthr .  

clLmhation would be about 7 months,  indeed s i m i l a r  to the s t r a tosphe r i c  

clearancc. of po lar  debr i s .  F o r  Washington, D. C . ,  the d e c r e a s e  o c c u r s  

considerably l a t e r  than in the F a r  Eas t  and with a half- t ime of about 14 

The  resu l tan t  h a l f - t h e  f o r  

months during the f i r s t  two q u a r t e r s  of 1960.  

France  - Germany  occur red  In the s u m m e r  of 1959. 

The  peak act ivi ty  level  in 

A d e c r e a s e  of about 

25 p e r  cent  t h e n a t c u r r e d  over  the pas t  9 months.  

be  25 months which is somewhat longer  than the residency tirne est imated f o r  

f i ss ion  debr i s  f r o m  -equatorial dctonations.  

H e r e  th,e h a l f - t h e  would 

The  longer ellmination t h e  f o r  

) Europeans is not in k e c p h g  with the fac t  that  1958-1959 fallout, der ived 

p r imar i ly  f r o m  polar  detonations, resu l ted  in the highest  world-wide 

cesium-137 b u r l e n s  in this  population. 

Apparently a d i rec t  re la t ionship between cesium-137 in people and 

fallout is init ially lt-nited by the complexity and var iabi l i ty  of . s t r a tosphe r i c  

Injections and subsequent c learance.  Differences in d ie ta ry  habi ts  and 

metbods of proccrrlng and holding foodstuffs would a l so  b e  expected to 

ln fhence  the Cs-137 burden. 

It is par t i cu la r ly  important  at thfs t ime to continue surveying domest ic  

and foreign subjects  s ince the  f rac t ion  of ceslum-137 obtained from accumu- '- 

la ted soil deposit ion m a y  be of about the s a m e  o r d e r  as obtained. f r o m  direct 

fallout on-plant life. 
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1 1 0 C U a A S u d k d h l a g  ‘ N h Q k h  ri)t’;uuntrrs 

The u s e  of whole body counters  for cllnlcal  and metabol ic  r e s e a r c h  

h a s  been e m p h a s l z d  repeetedly (19, 20) .  

appllcable to whole body rc tent lon and excrct lon s tudies  where m b k n u m  

dosage and rap ld  countlng t lrnes a r e  Important.  

Four  pi  dp tec tors  a r e  partlculrirly 

The  c r y s t a l  mec t ro rne te r  

1s r e s e r v e d  fo r  s tud ies  requl r lng  loca lha t ion  of radlo-deposi ts  o r  accu ra t e  

energy d i sc rhn tna t lon  of multlple radio-nucl ides  used simultaneously. 

11.1 MSthQdB 

Prior to the a d m b l s t r a t l o n  of a rad lo-e lement  o r  compound the 

na tura l  gamma act ivi ty  of the  subject  Is measured .  

gamma act ivi ty  

met ry .  

If the p re sence  of other 
* 

is suspected,  the ou3ject Is e x a m h e d  by c rys t a l  spec t ro -  

After adminis t ra t ion  of the radioact ivi ty  the  subject  is counted at 

s h o r t  Intervals  unti l  a maximum r a t e  is obtained. 

a f t e r  Lntravcnous lnjectlon to f o u r  hours  o r  so a f t e r  ingestlon. 

Thlo v a r i e s  f r o m  minutes  

The  count 

r a t e  of the subjec t  and excre ta  a r e  then determined a t  var lous  in te rva ls  

depending on the object ives  of the  investigatlon. 

The  count r a t e s  of the subject  and of exc re to ry  col lect ions are com-  

pared  to those  of known s tandards ,  and the re la t lonshlps  shown fa Flgure  50 

are used to obtain f rac t iona l  re tent ion and excre t ion  va lues  at any time. 

2500 ml and a 250 ml p las t i c  bott le s tandard 1s uoed containlng dlstfl led water 

/ 

A 

and an al iquot  o€ the adrnLnirteted radlo-nuclide.  The counting geometry for 

~ ~~ ~- ~-~ ~ -~~ ~ 

*It is not an infrequent  occur rence  to detect  gamma act ivi ty ,  par t icu lar ly  

Cr-51 and 1-131, from previous  diagnostic studies.  
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urine end stool qarrii)les coniprirer wlth that of the two rospect lve stanrfardu. 

Cnllhratlon of the 41, detector  [or absolute  qunntlt les is not rcqul red  f o r  I 

moqt whole body r r tcnt ion s t u d l ~ ~ s .  

purlng the count r n t u  of tho vubject wi th  the 2500 rnl s tandard.  

uslng iron-59 A n d  lodlnc-131 the  accountability of total  radlo-nucl ide f r o m  

c l ther  rctentlon 9r excret ion values i s  about 9 5  p e r  cent. 

Retcntlon values a r e  obtnlrred by c9m-  

F o r  s tudles  

1 1 . 2 . 1  hdln--171 

The retention and excret ion of o ra l ly  adminis te red  lodine-131 ha8 

Typlcal  r e s u l t s  a r e  shown been m e a s u r e d  in seve ra l  euthyrold subjects .  

Ln Figure  5 1  uslng B i lng le  6 .  0 J C  dose.  

absorbed and Cistrlbuted systemlcal ly  ( m a x i m u m  count r a t e ) .  

the retention value is 24 p e r  cent. 

is excreted and the f rac t ion  retalned is about 18 p e r  cent  (thyroidal): T h e  

retentlon curve  h a s  no slgnlflcan? slope ( 1 4  l a y  observat ion)  ln ag reemen t  

with a v e r y  long half- t ime fo r  thyroidal r e l e a s e  of iodine In the euthyroid 

subject . 

Klth in  two to f o u r  hours  the 1-131 is 

A t  24 hours  

After 48 hours  a l l  of the unbound iodine 

. 

11.2. 2 S e r u m  .Slbumin 

Radio-iodinated s e r u m  albumin h a s  been usec? to e s t ima te  p r o t e h  

catabollsm hi d l sease  s t a t e s  and the  effect  of dle t  on protein turnover .  T h e  

test  requi res ,  however,  a re lat ively * la rge  dose of lodlne-131 s ince  the con- 

ventional metho';! of est imat ing the catabolic r a t e  is d i rec t ly  f r o m  small 

s e r u m  samples  o r  indlrect ly  f rom fract ional  u r ine  ana lyses  (used  to  obtain 

retention values).  
L 

11-3 
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>- 

Flgurc  5 2  shows the r e ru l t s  oLtalnr*d c?irectly by whole body count- 

Ing. Thc retention values 3h0w B s lnglc  exponential c,itabollc r a t e  proc'iqs I 
for 34  days.  The ur innry  excretion curve  s h 9 w s  two r a t e  p r o c e s s e s s .  

Initially, about five p e r  cent  of the  ur inary  todine-131 i s  excre tcd  rap!dly 

(due to unbound lodlne-131 in the alrjurnln which v a r i e s  f rom lot to lot) 

following which the ur inary  curve para l le l s  the m e a s u r e d  retent ion curve ,  

A t  about 20 days the retent ion values (open c i r c l e s )  es t imated f r o m  the s u m  

of the  individual ur ine values is noted to deviate significantly f rom the t r u e  

retention. This variance is due to the l a rge  decay constants  applied to  the 

low u r i n a r y  count r a t e s  obtained a t  la te  t i n e s .  

€1.3 I-ron-59 

T h e  absorption of iron has  been m e a s u r e d  in 13 norma l  subjects  

(It males ,  one female) .  

of Fe-59 ( a s  c i t r a t e )  with one mgm of elernental i ron  as FeSC14. 

ten p e r  cent  of the dose  is  retained in the normal  subject. 

F igu re  53 individuals with iron deficiency show 3 to 8 fold i n c r e a s e s  o v e r  

no rma l  Ln re tent iqn values. 

subject  shows no evidence of i ron  loss  in sixty days o r  so. 

re ten t ion  ten days o r  so a f t e r  adminis t ra t ion is evidence of blood loss. 

Occult gastro- intest inal  bleeding is readi ly  quantitated by whole body counting. 

and fecal iron-59 assays can be  used to ver i fy  this.  

After fasting, the subject ingests  one 'mic rocur l e  

Less than 

A s  noted In 

T h e  iron-59 retent ion curve  fo r  the no rma l  
/ .  

A d e c r e a s e  In 

6 

... 11.4 
c 

* 

Strontium-85 retent ion and excret ion in the normal adult  m a l e  is 

shown in Figure  51. After a single o r a l  d o t e  body retent ion m a y  be expressed  
/ 
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and thv  cornponvnt half -time9 arc 1,  7 ,  and 1150 dny3. Excretion ciirvreq 

art- eascntlnlly :mrnlIcl to the re tent lon curve  over  the l lmited t h e  samples 

w e r e  obtained, 

ing the lnitial for ty-eight  hours  fo r  ge s t ro- in tes t lna l  t r ans i t  of unabsorbed 

Sr-85. 

T h e  ratlo of ur lna ry  to fecal  excret ion is nbout 3. 5 exclud- 

In patients w i t h  bone d i sease -and  d is turbances  In calclum metabol i sm 

9ignLficant dlffercnccs ln Sr-85 retent ion a r e  shovrn in Figure  5 5 .  

radio-element  may be extremely useful ln dlfferentfatlng malfunctions h 

calcium metabol i sm and In e v a l u a t h g  the effects 01 t rea tment .  

This  

-0. 0006t  
+ 5 . 4 v  

1 1 . 5  T o t a l R o d y P  n t n g  

The  isoto?ic dflutlon of K-42 has  been used to m e a s u r e  total body 

wtass iu rn ,  however., a r n h h u m  of about 24 hours  1s requi red  fo r  mixing 

with the exchangeable potassium pool. 
. -  

Whole body countlng provides an 

i m n e d t t e s r r d  p r e c i s e  m e a s u r e  of--total b o d y  K-40 g a k n a  activity ,for t lmcly 

application, Also body potass!um values  can be ascer ta ined  In l a r g e  popula- 

tion samples  fo r  cor re la t ion  stu3ies. 

. 

. .  
Body potassium. values obtained f r o m  chemical  balance data a n d .  

.. . . -  

from K-40 gamma activity measuremenys  a r e  shown ln Ffgure  56.  Fotassium 

loss ’was  hduccd  In a n o r m a l  male 6ubjcct by r e s t r i c t ing  the d l e t a ry  intake 

of potassium and sodium. 

per-day with sodium h t a k e  l h i t c d  to 5 - 7 . 5  m c q - p e r  day. 

P o t a s s i u m  intake was r e s t r i c t e d  to 5 - 10 m e q  
_- .- 

The d iscrepaacy  
- .  

in the results of the two m-ethods i n c r e a s e s  with t ime  and approaches 1274. 

- ._ 
* - .  

- -11-9 

..- 
a. 

L . ... 
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Thlg 1:s nttrlhutctl t q  R small error ln the ctic*rrilclil dr4Prrninfltiona whlch 1s 

I cumutnttvr.  ~ r I t r r q T r  turn-40 :;arnmu ttctivLty rnen*;urc+mw+t* a t  IS <!aye revPo1 
- 

a 23  g r a m  cJl*flclt in  body ?otns3irim. '1'ht. iivr?raI;e r a t e  of (1f icre~: ie l a  then 

1. 2 2  per  cent of hwly qtores  p e r  c!:iy, und the half-tfrnc for potasr lurn 

cllmlnatlon woulc! ha 57 d a y s .  
A. 

A s  prevlouvly noted (Figure a521 t he  average  body content of e lemental  

potassium is 1.88 g r a m s  p e r  k i logram of body weight. 

tlon f o r  rhlr populatlon 13 15 p e r  cent.  

values  obtained in normal  male and female  subjects for  va r ious  ages. 

reported previously ( 2 1 )  the potassium value reachOs a max imum a t  17 y e a r s  

Ln males  and thereaf te r  decl ines  monotonically wlth age.  

peak f o r  females  Is noted, however, the loss of potass ium with age closely 

pa ra l l e l s  the r e su l t s  f o r  males. .A l ea s t  squa res  f i t  of the potass lum data 

T h e  standard devls-  

Tubles 8 and 9 llst average potaeslum 

As 

No c o r r e s p o n d h g  

from age 20 and above Is: - 
B .Vale E;.(gm/Kg) = 2. 19 - 0.009Y ( y e a r s  

Female  Y , ( P / K g )  = 1.75  - 0.008Y 

a -  _ .  _. . -- 
A 

The r a t e  of body potassium loss wlth Lncreaslng age  sugges ts  I ts  use 

as an  h d e x  of physlologlcal aging. Body potass ium mea.surcrnen& in large 

populatlon studles may be the m o s t  Lmportant u s e  of large volume counters  

wlth humans. 

to lonizlng r a d l a t b n ,  an  a c c e l w a t c d  aging effect rnlght be expected. 

application of body potasslum m e a s u r e m e n t s  to assess the physiological age  

of this populatlon Ls an excltlng poss!blllty. 

In the case of the Hlroshlma and Nagasaki ponulatioas exposed 

The 
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Specifications for Reflective Coating (F:pon Jlesin FormuIat ion XA-200, 1 
Shell Chemical Corp. ,  pigmented with anatase TiU2, Lopague SD, Glidden 

Co.) of Liquid Scintillation Detvctor Tank. 
* 

1. 0 Cleaning The Detector  Tank 

1. 1 Shot blast  the tank with small s tee l  shot to provide a fine 

granular  surface within the de tec tor  tank. 

1 . 2  SQlvent degrease  the en t i r e  inner  sur face  with tr ichlorethylene.  

1.3 Cake the detcctor  tank a t  600°F for eight hours.  Look for 

grease  in c rev ices ,  over lays ,  etc. 

of g rease  o r  oi ls ,  the detector  tank m a y  ' require  up to 24 hours  of baking a t  

600°F to thoroughly degrease .  

Dependlng on appearance and pe r s i s t ence  

-- 
1- 

2 . 0  Pa in t  Formulat ion (A lso  See: Shell Chemical  Corp. ,  Technical 

Bulletin SC: 55-10) 

B 2.1  Epon No. 1001 - 200 g r a m s  

Solvent ( 5 0 %  toluene, 45% methyl  isobutyl ketone. 5% butyl cellosolve) - 300 grams. 

Dissolve, le t  s e t  for 2 weeks and decant. . Remake to 500 g r a m s  with solvent. 

Add Z o p a y 5  SD - 250 g r a m s  

Grind overnight in ba l l  m i l l  with glass balls. ' .' 
Add " Beetle" p l a s t i cze r  , - 6 g r a m s  

2 . 2  m- 'bcfote saravfnP, add 20 g r a m s  of accelepator  

and m i x  thoroughly. 

(a  1 : l  mixture  o f -bu t -yo l  and toluene). 

The acce le ra to r  is SOc/. diethylene t r iamiae  and 507' solvent 

.-I 

8 
KSadly furnished by*the Lor Aliynor Scientrific Labora tory  of the University of -3  - 

/ - - .  
. A  Ca lifo rn  fa. 

- _  / / 
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3 . 0  Spraylng The Detector Tiink 

3. 1 Spray on - rnodvratcly heavy and bake detector tank at 

0 lS0 F for Gne hoar (at  temperature). 

150 F for one hour (at  temperature) a f k r  each coat. 

r4inirnurn of two coats and bake at 

0 

A-2 . 



Unfi l led Epon r c s ln  (Slip11 Chemical Corp., No. VI) was u~rcd to 

bond the recessed $ass windows to thr? seamless s t ee l  sle.cvcs (See SectIan 

2. 1 ) .  9lethylene t r iamlne ,  8 pcirts p e r  100 of res ln ,  was user.’ a s  the ac t l -  

vator  with vigorous mlxing for n minimum of 5 minutes ,  

t ime of the activated r e s i n  Is shor t ,  1. e . ,  about 30 minutes ,  fhe r e s l n  is 

easy to  apply using a syringe ond l a rge  bo re  needle. For good cur ing  of the 

‘ res in  the sleeve to whndow bond mus t  be baked a t  1 5 0 ° F  for 12 hours .  

des i r ed  bond takes  on a glass - l ike  appearance,  

Although the pot 

The 

B-1  
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A p I ' m Q l x  

k - f i f L 5 W  &U&%hULaQL!W 

PImprcbnc. goskrits ( S e e  Section 2, 1) require refluxing In hot toluene 

If allowed to con- for several hours until all coloring matter Is dlasolved. 

tomlnatc the sclntillatlon solutlon th l s  yellow-green color would seriously 

quench llght output. 

_I _ I  
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CODS 
United States , , , , , , . , A 

Canada B 

Central P-rnerlca . . . . . . . .  C 

South America . . . . . . . .  D 

Caribbean G 

Afrlca F 

Europe ti 

A s i a . .  H 

I Near E a s t  

3 Far East 

Indonesia K 

Austral ia  L 

. . . . . . . . . . .  

- . . . . . . . . . .  
. . . . . . . . . . .  
. . . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  
Pacific Islands . . . . . . . .  M . 
Iceland - Greenland . . . . . . .  N 
Antartica 0 . . . . . . . . . .  

- 

D- 1 



! 

. b 

CaIIfarnia . . . . . . . . . . . .  CAL A 

x Geornia . . . . . . . . . . . . .  

Kansas . . . . . . . . . . . . .  KANS -4 

Maine . . . . . . . . . . . . . .  M E  A 

Maryland . . . . . . . . . . . .  M D  A 

Massachusetts . . . . . . . . . . .  M A S S  A 

Michigan . . . . . . . . . . . .  MICH A 

D-2 



,Minnesota . . . . . . . . .  
M l s s l s s I p p l  . . . . . . . .  
Missouri . . . . . . . . .  
Montana . . . . . . . . . .  
Nebraska . . . . . . . . . . .  
Nevada . . . . . . . . . .  
NewHampshire . . . , . 
New Jersey . . . . . . . .  
New Mexlco . . . . . . . .  
New* York . . . . . . . . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

sQQ!L 
M I N I  A 

rmss A 

MO A 

MONT A 

NEBR A 

NEV A 

hH A 

NJ A 

NMEX A 

NY A 

P!! North Carolha . .  : . . . . . . .  NC 
North Dakota . . . . . . . . . . .  
O h - 1 0 .  . . . . . . . . . . . . . .  _ _  - -. - _ _  

0kl.ahoma . . . . . . . . . . . .  
Oregon . . . . . . . . . . . . .  
Pennsylvania . . . . . . . . . . .  
T?hode Island . . . . . . . . . . .  
South C a r o l h a  . . . . . . . . . .  
South Dakota . . . . . . . . . . .  
Tennessee . . . . . . . . . . . .  
Texas . . . . . . . . . . . . .  
U t a h .  . . . . . . . . . . . . .  
Vermont . . . . . . . . . . . .  

PII'DAK A 

OHIO A 

OKLA A 

OREG A 

P A  A 

RI A 

sc A 

SDAK A 

TENN A 

TEX A 

UTAH A 

VT A 
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A a - c  9 p  . pf7CJ7{i::ci? 

Virginia . . . . . . . . . . . . . .  V L ~  A 

?:‘ashington . . . . . . . . . . . .  ~:.-As:i A 

CQDC . 7 .; 

‘#\:est Virginia . . . . . . . . .  c. . i’iVA A 

-t;isconsin . . . . . . . . . . . .  WIS d 
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~ J ~ - J : ~ c  ’ n r’.5 

SAP! ’.DX 

CJ)JJ>;Tf:Y OF. PT?CJ’JI:~CF, 

. . . . . . . . . . . . .  
. . . . . . . . . .  

. . . . . . . . . . . .  
. . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  

Alberta 

Critish Columbia 

Manitoba 

X a w  3runswick 

?!cwfoundland 

Kova Scotia. 

Northwest Terr i tor ie s  . . . . . . . .  
. . . . . . . . . . . . .  
. . . . . . . . . . . . .  

. . . . . . . . . . .  
. . . . . . . . . . . . .  

ij nta c io 

!&ebec 

Saskatchewan 

Sukon 
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Eritfsh Gulana . . . . . . . . . .  
Britlsh Honduras . . . . . . . . . .  
Colombla . . . . . . . . . . . .  
Costa Rlca . . . . . . . . . . . .  
Ecuador. . . . . . . . . . . . .  
El Salvador . . . . . . . . . . .  
French Guiana . . . . . . . . . .  
Guatemala . . . . . . . . . . . .  
Honduras . . . . . . . . . . . .  
Mexico . . . . . . . . . . . . .  
Nicaragua . . . . . . . . . . . .  
Panama . . . . . . . . . . . . .  
SurLnam . . . . . . . . . . . .  
Venezuela . . . . . . . . . . . .  
Miscellaneous . . . . . . . . . .  

s;wzF, 
CGUI c 
Bk101"l c 

CGLM c 

COR1 C 

ECUA C 

SALV c 
FGUI C 

GUAT C 

HON C 

AMEX C 

NIC C 

PAN c 
SCRI C 

YEN C 

MISC C 

D -6 



Argentha  . . . . . . . . . . . .  
EoIivia . . . . . . . . . . . . .  v 

Erazil . . . . . . . . . . . . .  
C h i l e .  . . . . . . . . . . . . .  
Falkland Islands . . . . . . . . . .  
Paraguay . . . . . . . . . . . .  
P c r a . .  . . . . . . . . . . . .  
Uruguay. . . . . . . . . . . . .  
hi Is c e 11 anco u s . . . . . . . . . . .  

m.QL 
ARC D 

BOL D 

E R A 2  D 

CHIL D 

FALK D 

PARP, D 

PERU D 

URUG D 

MISC D 

e -  a‘ 



I3nhamas . . . . . . . . .  
C u b a .  . , , . . a t 

Dornlnican Repiibllc . , , , . . 
Halt1 . . . . . . . . . . .  
Jamaica .  . . . . . . . . .  
Lesser Antlllos - . - . , 0 

Pucrto Rlco . . . . . . . .  
Virgin Islands . . . . . . . .  
rvlllscellaneous . . . . . . . .  

, . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  

G2QL 

EAII E 

CCIBA E 

DREP E 

HAIT E 

JAM E 

ANT E 

PURE E 

VIRG E: 

'MISC E 

D -8 
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Eechuanaltcnd Protectorate  . . . . . .  
Eelglan Congo . . . . . . . . . . .  
Egypt.  . . . . . . . . . . . . .  
Ethopia . . . . . . . . . . . . .  
dedrration of Rhodesla 4 Nyasalznd , . . 
Trench Equatorial Afrlca . . . . . . .  
French :';est Xfrlca . . . . . . . . .  
Gambia . . . . . . . . . . . . .  
Ghana . . . . . . . . . . . . .  
EI enya . . . . . . . . . . . . .  
Liberia  . . . . . . . . . . . . .  
L i b y n .  . . . . . . . . . . . . .  
Madagascar . r . . . . . . . . .  
Morocco . . . . . . . . . . . .  
Mozambique . . . . . . . . . . .  : 
Nigeria . . . . . . . . . . . . .  
Port Guinea . . . . . . . . . . .  
Sierra Leone . . . . . . . . . . .  
Somallland . . . . . . . . . . . .  
Somallland Protectorate  . . . . . . .  

a 
, \ r i m  F 

ZECH F 

BCON F 

EGYP F 

ETH F 

p I m Y  F 

FSAF F 

FWAF ,C 

G14.ME3 F 

GHA1.I F 

KENY F 

LIBE F 

LIBY F 

M-4DA F 

rMC'R F 

MOZA F 

MGE F 

GUIN F 

S U E  F 

SOMA F 

SOMP F 

D -9 
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Austrla . . . . . .  
Bulgrtrln . . . . .  
Corsica . . . . . . .  
Crete . . . . . .  
Chechoslovakia . . .  
Denmark . . . . .  
England . . . . . .  
Finland . . . . . .  
France . . . . . .  
Germany . . . . .  
Greece . . . . . .  
Hungary. . . . . .  
Ireland . . . . . .  
Italy . . . . . . .  
Liechtenstein . . . .  
Luxembourg . . . .  
Netherlandr . . . .  
Norway . . . . . .  
Poland . . . . . .  
Portugal . . . . .  
Rumania . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  
-. 

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . .  

. . . . . . . .  

- crll jE 

A L C R  G 

AUST G 

BlJLG G 

CORS C 

CRET G 

C L E C  G 

DEN24 G 

ENGL G 

FINL G 

FRAN C 

GERM G 

CREE G 

HUNG C 

IREL G 

ITAL G 

LIEC G 

LUXE G 

NETH G 

NORW G 

POLA G 

PORT G 

RUMA G 

D-11 
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Russ ia  . . . . . . . . . .  
Sardinia . . , , . . - . 

Scot lund . . 

Slc l ly  , . * 

. . . . . .  

. . . . . .  
Spain . . , . , . , . . 
Sweden . . . . . . . . . .  
Switzerland . . . . . . . .  
Yugoslavia . . . . . . . . .  
Miscellaneous . . . . . . . .  

D-12 

. , .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

CODE 

RLTSS G 

S!xRD G 

SCOT C 

SIC1 G 

SPAi G 

Sx-CD G 

SI'iIT Ci 

YUGO ci 

LMISC G 



m H I C  A R E A S  

m 
COtlPfTRY OR PROV INCIJ3 

kfghenietan . . . . . . . .  
A s s a m  . . . . . . . . . .  
Bhutan . . . . . . . . . .  
Burma . . . . . . . . . .  
Cambodia . . . . . . . . .  
Ceylon . . . . . . . . . .  
China . . . . . . . . . .  
India . . . . . . . . . .  
Kashmir . . . . . . . . .  
Laos . . . . . . . . . . .  
Malayan Federat ion . . . . . .  
Nepal . . . . . . . . . .  
Pakistan . . . . . . . . .  
Siberia . . . . . . . . . .  
Sikkim . . . . . . . . . .  
Thailand . . . . . . . . .  
V i e t i V a n  . . . . . . . . .  
Misce l laneous  . . . . . . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

CclDE 
AFGH H 

ASSA H 

DHUT H 

BURM H 

CAMB H 

CEYL H 

CKXN H 

INDI H 

KASH H 

LAOS H 

MALA H 

NEPA H 

PAKI H 

SLBE H 

SIKK H 

THAI H 

VIE" H 

M E C  H 

, 

D-13 
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APHIC A R . U &  

COUNTRY ( Y l N C E  

Adcn Protectorate . . . . . . . . .  
I r a n . .  . . . . . . . . . . . .  
I r a q . .  . . . . . . . . . . . .  
Israel . . . . . . . . . . . . .  
Jordan . . . . . . . . . . . . .  
Lebanon . . . . . . . . . . . .  
Oman . . . . . . . . . . . . .  
Saudi Arabia . . . . . . . . . . .  
Syria . . . . . . . . . . . . .  
Turkey . . . . . . . . . . . . .  
Yemen . . . . . . . . . . . . .  
M i s  scllaneous . . . . . . . . . . .  

CVDE. 

ADEN I 

IRAN I 

IRAQ I 

ISRA I 

JORD I 

LEBA I 

OMAN I 

SAUD I 

SYRI I. 

TURK I 

YEME I 

MISC I 

D-14 
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EAP, E;n, ‘2 
QJIJNTRY c,p pp 0 V E i C  E G5U.L 

Formosa . . . . . . . . . . . .  FOR24 J 

Japan . . . . . . . . . . . . .  J A P X  J 

Korea . . . . . . . . . . . . .  K O R E  J 

Oklnawa . . . . . . . . . . . .  OKIN J 

Phl l lpphcs  . . . . . . . . . . .  PHIL J 

Miscellaneous . . . . . . . . . .  MISC 3 

e- 

- 



(i- rLAaSAs? 
1 n?’) 

COUNTRY OF. E T 9 Y w  

J a v a . .  . . . . . . . . . . . .  
Kalhnantan . . . . . . . . . . .  
Netherlands N e w  Guinea (Irian)  . . . . .  
North Borneo . . . . . . . . . . .  
Papua Territory . . . . . . . . . .  
Sarawak . . . . . . . . . . . . .  
Sumatra . . . . . . . . . . . . .  
Tcrritoryof New G u h c a  . . . . . . .  
Mlscellantous . . . . . . . . . . .  

-- 

CODE 

J A V A  K 

K A L I  K 

IRIA K 

BORN K 

PAPU K 

SARA K 

SUMA K 

NGUI K 

A L I I S G  K 

C 

D-16 



New Zealand . . . . . . . . . . .  
North ern Aus tr a1 la . . . . . . . . .  
Queensland . . . . . . . . . . . .  
Southern Austral la  . . . . . . . . .  
Vlctoria . . . . . . . . . . . . .  
Western Australla . . . . . . . . .  
M is ccl lancous . . . . . . . . . . .  

. 

D-17 

GsmL 

W A L E  L 

Z E A L  L 

NAUS L 

QUE= L 

SAUS L 

VICT L 

IVAUS L 

rmc L 

> -  

I 

<- 

I? 



,. GEV(;€!!IC LLl.u2h 

PACIFIC l&iU!DS 

C 0 - Y  PRcjvIrJC& 

Carolina's . . . . . . .  . 
Flf l ' s  . . . . . . . . . .  
Gilbert ' s  . . . . . . . . .  
AMarlann's . . . . . . . . .  
M a r shall ' s . . . . . . . . .  
New Hebrldes '  . . . . . . . .  
Solomon's . . . . . . . . .  
M Lscellaneous . . . . . . . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

FIJI iM 

GILE M 

AMARI M 

MARS M 

HEBR M 

SOLO .M 

MISC AM 
-- 

D-13 
_ -  
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C ~ U ~ T R Y  o F PRQYIN c E  CrSDE 

A n t a r c t l c n  , , . , . . . . . . . . . . . . . . . ANTA 0 



Arkansas 

California 

Colorado 
Connecticut 

73 

57 
83 
102 

c 



Tenne s see 

Texas 
Uta 

Ve rrnont 
V i r  g k i a  

IVa shin gton 

W e  s t V ir g inia 

Wisconsin 



Cnnadn 

Alberta 

Crit ish Coiurnbla 

Newfoundland 
?:ova Scotia 

Quebec 
Central  America 

Coiombia 

Ecuador 
Guatamala 

X i  exlco 
Panama 

Venezuela 
South America D Crazi l  

Paraguay 

C a r  ibb e an 

Cahamas 

Cuba 

Dominican R epubllc 

L e s s e r  AntiHes 

Pue r to  Rico 

Africa 

Ethopia 
Tangany ika T e r r i t o r y  

Engtand . 

F r a n c e ’  . 

- .  Europe 

. Germany 

Greece  

65 (1) 
- 

102 (1) 

73 (7 )  

86( 41) 
87 ( 9 )  

- 
62 (1) 

111 (2)  

104 (1) 

Italy 

Netherlands 
Norway D ,  E - 2 - 1  



' r t A f J l I 2  E-2 (Continued) 

. 

:;tirope f Contintic*cI) 

R urn ;in ia 

Scotland 

A s i n  

;L f g h ani  s tan 

Ceylon 
:bl alayan Fcdcra t  ion 

Xcpal 

Pakistan 

T h ia land 
;:ear Zast  

I ran 
Iraq 

Turkey 

F a r  Cast 

Fo rmosa  

Japan 

E:orea 

O-;c in a w a 

F h  ill ipine s 

Xu s t r a 1 ia 
?;ew South 1';hales 

::cw Lealand 

Victoria 

Pacif ic  Islands 
Carolina's  

:Sar iana's 
Xfarshall 's  

. Miscellaneous 

:i:iscellaneous Areas  

. intaretic . 

G r  ecnland 
Ic e lo 11 d 

E-2-2 

r i  

p 

I 

c 

.- 
a m  



1955(Apr) 
19 55( Dec) 
1956 
19 5 6( Jun e ) 

19 57 
19 57( June) 
1957 
19 57 

(Nov- Apr 1 
1958 . 
19 58 
1958( July) 
1958(Dec) 

f g i ( t o  Apr) 

3 

b 

1957-1958 

1959 
19 59 

19 57 

19 57 
19 57 
1957 
19 57 
1957 
1957 
1957 
19 57 
1959 
19 59 

1956 
19 56 
1956 
1956 

0 

USA( I l l )  
USA(1I l~  
USA 
USA(SI1) 
USA 
USA( 111) 
Canada 
Cuba 

USA( Utah) 

.3 
8 

196 

311 
13 
3 
1 

42 

a 

USA 793 . 
USA(Il1) 13 
Canada 2 
Canada 30 
USA 63 
Canada 4 
Cuba 1 
Pucrto R i c o  1 

CENTRAL AhIERIC.4 

10 
26 
41 
35 
44 
35 
82 
20 
66 

56 
52 
63 
51 
53 
94 
80 
119 

El Salvador 1 8 i 22)  

SOUTH AMERICA 

Argentina 2 
Bollvia 1 
B ratll 2 
Chile 1 
Colombia 1 
Ecuador 1 
Peru ~ 1 
U W i P Y  1 
Chl l t  7 
Colombla 4 

7 
13 
14 
22 
21 
13 
35 
11 
46 
35 

~ e i g i ~  
England 
England 
France 

EUROPE 

1 
2 
3 
1 

E-3- 1 

26 
34 
30 
33 

... _ _  .-- 



l Plumb c r CW-137  
Locatlln Eslururrr 
Sweden I 3 2  ( 2 2 )  

Pntr 
1956 

19 57 
1957 
19 57 
1957 
1957 

m a  
19 59 
19 59 
1959 
19 59 
1959 

1960 
1960 
1960 

England 3 
England 7 
France 1 
Germany 1 
Sweden 3 

England 1 

D c iglum 2 
England 5 
G e r m a n y  1 
Sue e rl en 1 
Swltzerlond 1 
England 1 
France 1 
Switzerland 1 

NEAR- EAST fi AFRICA 

Africa . 1  
Llberia 1 

Jordan 1 

60 
8 3  
96  

125 
100 

100 
120 
135 

1 

19 59 
19 59 

1960 

77 
62 

6 5  

ASIA 

Indla 2 
Indones !a 2 

T hallhnd 3 

Thailand 3 
India 2 

FAR EAST 
Japan 1 

Japan 1 

1956 
19 56 

19 57 

19 59 

20 
11 

42 

42 

5 1  ' 1960 

1956 

, 1957 

1959 

19 60 

- 

24 

38 
* -  

Japan 
Japan 

2 63 (30) 
1 109 (31) 

AUSTRALLA ?r NEW ZEALAND 
Aus tralla 1 50 (22) 
Aus tralla 2 103 ( 3 0 )  
New Zealand 1 68 (31) 

19 57 

1959 

19 60 

. 



-. 

During a one month p t r l o d .  dally ca l lbra t lonr  have  been performed 

with both s tandards  (Tables  1 and 2 .  # Z  and 4)  In their r c rpcc t lve  geometries-. 

68 norma l  subjects  and 12 control  subjects  w e r e  assayed In this same perlod,  

the r e s u l t s ,  based  on bsth cal!bration methods.  have  been compared.  This 

r evea l s  that, a f te r  1 July 1960, the repor ted  r e s u l t s  will a v e r a g e  14% higher  

fo r  potassium. 

b e  11% higher and the ces ium-potass ium r a t i o  6% lower.  

Assuming no change in body burden.  ccst?un-l37 r e s u l t s  would D 
-- 

F u r t h e r  duplicate cal ibrat ion i s  requi red  to conf i rm these  Initial 

r e s u l t s  and i s  cur ren t ly  in p r o g r e s s .  

F- 1 
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