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EVALUATION O F  THE ACCURACY OF DECAY SCHEME CONSTANTS 

AND CALIBRATION STANDARDS FOR CESIUM-1 37 

INTRODUCTION 

Accurate  a s s a y  of ~s~~~ radioactivity i s  important because of i t s  

wide use  a s  a y-ray s tandard  and i ts  use  a s  a burnup monitor f o r  nuclear  

r e a c t o r  fue l s ;  Assay  accu racy  by absolute counting i s  l imited by uncer-  

ta int ies  in decay scheme  da ta ,  Reported values f o r  the t h r ee  key constants  

cove r  the following ranges:  half-life, 2 6  to  33 y e a r s ;  beta  branching ra t io ,  

0 .  92 to  0 ,  97; and total  in ternal  convers ion coefficient, 0 . 0 8  to  0 .  12. 

C S ~ ~ ~  decays by be ta  emiss ion,  -5% to  s table  ~a~~~ and -957'0 to 

metastable  2.  6 min B a  137m which decays by emis s ion  of a 662 keV y-ray 

(- 9070) and by internal  convers ion (-1070), Since there  a r e  no suitable 

prompt coincidence events,  s tandardizat ion by high accuracy  coincidence 

counting methods is not possible .  Measurements  of the total  e lec t ron  

emiss ion  r a t e  by 4rrP counting mus t  be co r r ec t ed  f o r  the contribution f r o m  

w convers ion e lec t rons .  Disintegration values computed f r o m  absolute 
1 1  beta" counting r a t e s  using the range of values repor ted  f o r  the internal  

convers ion coefficient and the beta branching r a t i o  have a s p r e a d  of about 

370 re la t ive .  Disintegration values calculated on the s a m e  bas i s  f r o m  

total  y-ray emiss ion  r a t e s  have a sp read  of about 97'0 re la t ive .  

Accurate  knowledge of decay scheme  constants  would greatly 

reduce the a r e a  of uncertainty associated with the s tandardizat ion of 

csl 37 by absolute counting methods.  Recently s e v e r a l  means  became 

available to narrow that a r e a  of doubt .  Decay scheme  data de te rmined  

by especial ly  accu ra t e  exper imental  methods were  recent ly  published. 

Also, a C s  137 
s tandard  that  has  been s tandardized in t e r m s  of C s  137 

a toms/  volume i s  available fo r  cross-checking absolute counting methods.  

That  s tandard,  the C S ' ~ ~ - A S T M  s tandard  issued by the Nuclear  Chicago 

Corporation,  was s tandardized by the isotopic dilution method using m a s s  

spec t rome t ry .  It was a l s o  s tandardized in t e r m s  of y-ray emis s ion  

by the National Bureau  of Standards .  



An e x p e r i m e n t a l  c r o s s - c h e c k  p r o g r a m  and a de ta i led  s tudy of the  

l i t e r a t u r e  a p p e a r e d  t o  of fer  the  soundes t  b a s i s  f o r  choosing the  b e s t  decay  - 

s c h e m e  values  f o r  C S ' ~ ~ .  T h i s  p a p e r  p r e s e n t s  the  da ta  obtained in that  

work  and the  cons tan t s  chosen  f o r  ~s~~~ ca l ib ra t ion  work  done a t  Ba t t e l l e -  

Nor thwest  

SUMMARY 

A deta i led  review of published values  f o r  the  decay  s c h e m e  cons tan t s  

of C s  137 was  m a d e .  T h e  to ta l  i n t e r n a l  convers ion  coefficient  of 0 .  110 

r e p o r t e d  by M e r r i t t  and ~ a ~ l o r ( ~ )  was  c h o s e n  a s  the  m o s t  r e l i a b l e  va lue  

published f o r  tha t  cons tan t .  Values  r e p o r t e d  f o r  the  be ta  b ranch ing  r a t i o  

s i n c e  1958 have a r e l a t i v e  s p r e a d  of about 470. Half- l i fe  va lues  s i n c e  1960 

have a r e l a t i v e  s p r e a d  of about 10%. 

An e x p e r i m e n t a l  p r o g r a m  of absolute  be ta  counting and y - ray  s p e c -  

t r o m e t r y  w a s  conducted  on c e r t i f i e d  s t a n d a r d s  obtained f r o m  the  National  

B u r e a u  of S t a n d a r d s  (NBS), the  In te rna t iona l  Atomic  E n e r g y  Agency (IAEA) 

and the  Nuc lea r  Ch icago  C o r p o r a t i o n  (NC).  M e a s u r e d  va lues  by th is  lab-  

o r a t o r y  a r e  cons i s t en t  with a half-life of 31. 1 y e a r s ,  a  b e t a  b ranch ing  

r a t i o  of 0. 954, and a to ta l  in t e rna l  convers ion  coefficient  of 0 .  110. 

A weighted e s t i m a t e ,  with a l l  of the  i n t e r r e l a t e d  p a r a m e t e r s  con-  

s i d e r e d ,  was  m a d e  t o  a s s i g n  "bes t  e s t i m a t e s "  to the  ~s~~~ decay  s c h e m e  
1 ' 3 7  
1.3 I 

cons tan t s  and t o  the  ASTM-Cs s t a n d a r d .  T h e  values  w e r e  chosen  t o  be  

in te rna l ly  cons i s t en t  and to  m i n i m i z e  the  confl ict  within the  publ ished da ta  

and with e x p e r i m e n t a l  r e s u l t s .  T h e  " b e s t  e s t i m a t e s "  toge the r  with the - 

c l o s e s t  published values  f o r  the  ~s~~~ decay  s c h e m e  and the  c e r t i f i e d  

values  f o r  the  ASTM-Cs 137 s t a n d a r d  a r e :  
1 1  B e s t  ~ s t i m a t e "  Pub l i shed  Value 

Half - l i fe  y e a r s  30 .76  30.72 + 0 .  1 2  ( 5 2 )  

P B r a n c h i n g  Ratio,  5 18 keV 6 0 . 9 5 4  0 .  952 * 0 . 0 1  ( 3) 

I n t e r n a l  Convers ion  Coefficient  0 . 1 1 0  0 .  110 t 0 . 0 0 l l ( ~ )  

y /  sec J m l ,  A S T M - C S ' ~ ~  S tandard  1 . 0 5  x 10 5 1 . 0 5  x 10 5 

A t o m s /  ml ,  A S T M - C S ' ~ ~  S tandard  1 . 7 1  x l 0 l 4  1 . 7 2  x 10 14 
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The difference between the value of 31. 12 y r  calculated for  the half-life 
137 

l a t e r  in the "CS ~ a l f - ~ i f e "  section of this paper and the "best estimate" 

of 30. 76 y r  given above, ref lects  our attempt to minimize the conflict 

between published values and our experimental  data.  The best  es t imate  of 

1 .71  x 1014 a toms /ml  for  the A S T M - C S ' ~ ~  standard differs f rom the 

1.72 x 1014 a toms /ml  cert if ied value for  the s a m e  reason.  

EXPERIMENTAL AND DISCUSSION 

Decay Scheme 

Although the decay scheme for  ~s~~~ is known to be relat  i ve l j  s i m -  

ple (F igure  I ) ,  it has res i s ted  accurate  definition for  s eve ra l  reasons .  

\v (662 keV) 8 5 .  9570 
P2( 11 80 keV) 4 .  6% 

CY = 0 .110  

FIGURE 1 

~s~~~ Decay Scheme 

Until recently, C s  137 f r ee  f rom cs 34 contamination was not available. 

The absence of suitable prompt coincidence events in the ~s~~~ decay 

scheme limited the accuracy with which absolute counting measurements  

could be made. Beta  spec t rometer  measurements  to determine the beta 

branching ra t io  and the internal conversion coefficient with precisions 

and accuracies  of much bet ter  than + 47'0 a r e  apparently not feasible.  



The es t imates  given in the decay scheme  shown in F igu re  1 a r e  

based on weighed evaluations of published data and experimental  meas  - 
ur smen t s  on s e v e r a l  C s  137 s tandards  cal ibrated a t  o ther  l abo ra to r i e s ,  

E x t r a  weight was given to measurements  made on the ASTM-Cs 137 

s tandard ,  

Conversion of Measured y-Ray and Elec t ron  Emiss ion  Rates  to  

Disintegrations 

The equations f o r  computing disintegration values f r o m  counting 

measurements  are: 

~s~~~ dis integrat ions/  min /ml  = 
Tota l  E lec t ron  ~ m i s s i o n s /  minJ m l  

PI ff 

where :  Q, = the internal  conversion coefficient fo r  662 keV 
transition f r o m  ~ 5 1 3 7 ~  ( 2 *  55 mln) to  s table  
~a~~~~ cz = e - / y  o r  the ra t io  of conversion 
e lec t ron  emiss ion  ( e - )  to  the r a t e  of y-ray 
emission. 

P I  = the beta  branching r a t i o  to B a  137m 

T h e  effect cf uncertainties in the values chosen fo r  the decay con- 

s tan ts  on the calculation of disintegration r a t e s  can  be deduced f r o m  

examination of the previous equations. Disintegration r a t e s  computed 

f r o m  y-ray emiss ion  r a t e s  a r e  quite sensi t ive  to uncertainties in the value 

chosen fo r  P but relatively insensit ive to  uncertainties in the value used 1 " 
fo r  a when cr << 1.  By contras t ,  disintegration r a t e s  based on total e lec-  

t ron  emiss ion  r a t e s  (beta  par t ic les  plus internal  conversion e lec t rons)  a r e  

relatively insensit ive to uncertainties in the values chosen f o r  a, and P f o r  
1 

values in range of interest,.  

Internal Conversion Coefficient 

Vslues which have been repor ted  f o r  the internal convers ion co- 

efficient, cu, fo r  the 662 keV transis t ion of B a  137m to the ground s t a t e  

a r e  given in Table I., 



T A B L E  I  

INTERNAL CONVERSION C O E F F I C I E N T S  R E P O R T E I )  

F O R  T H E  662 keV TRANSITION O F  B a  1 3 7 m  

R e f e r e n c e  

Townsend  (5) 1948 

Mi tche l l  ( 6 )  1949 

O s a b a  (7 )  1949 

W aggone  r (8)  1950 

H e a t h  (9 )  1952 

Do l i s  hnyk ( l o )  1953 

A z u m a  (11)  1954 

W a p s t r a  ( I 2 )  1954 

McGowan ) , 957  

R i c c  i  (14 )  1957 

Y osh izawa  (I5) 1958 

H u l t b e r g  ( 1  6)  1959  

d e V r i e s  ( I 7 )  1960 

H u l t b e r g  
(1;)) 

1961 

Dan ie l  (19 )  1962 

M e r r i t t  ( 3 )  1965 

(a) C a l c u l a t e d  f r o m  G' r e p o r t e d  us ing  K / L  and  L / M N  f r o m  R e f e r e n c e  (15)  K 

M e r r i t t  and  ~ a y l o r ( ~ )  have  d e t e r m i n e d  o with the  s m a l l e s t  u n c r r -  

tainty r e p o r t e d  t o  da t e .  T h e y  s e p a r a t e d  2 .  6 m i n  B a  137m f r o m  the  C s  
137 

by r a p i d  ion-exchange  me thod  a n d  m a d e  d i r e c t  m e a s u r e m e n t s  of t he  con -  

v e r s i o n  e l e c t r o n  e m i s s i o n  r a t e  and  y - r a y  e m i s s i o n  r a t e  on the  s a m e  Ba 137m 

s o u r c e .  T h o s e  m e a s u r e m e n t s  w e r e  u s e d  t o  c a l c u l a t e ,  G' = e-/  :/, d i r e c t l y ,  

f r e e  f r o m  u n c e r t a i n t i e s  i nhe ren t  in the  m e t h o d s  u s e d  f o r  p r e v i o u s l y  

r e p o r t e d  va lues .  T h e i r  value of G' = 0 .  110 i 0 . 0 0 1 1  w a s  adop ted  f o r  t he  

d e c a y  s c h e m e  p r e s e n t e d  in t h i s  w o r k .  



Bet,a Branching Ratio - 

The  beta  branching r a t i o  of di rect  concern  is P which is equal to 1' 
the probabil i ty f o r  the 518 keV (PI )  decay of ~s~~~ to B a  137mD v a l u e s  

repor ted  in the l i t e r a tu re  to  date a r e  l i s ted  in Table  11. 

TABLE I1 

REPORTED BRANCHING RATIOS FOR THE 518 keV C s l  37 BETA 

Osaba (7) 1949 

Peacock  '20' 1949 

Langer  (21) 195 1 

Waps t ra  ' I2 '  1954 

Ricc i (14) 1957 

Yoshizawa 'I5'  1958 

Daniel  (19) 1962 

Merr i t t  (229 1963 

Mer r i t t  (3) 1965 

0.954 Th i s  work 

The  value of 0 .  954 given in the decay scheme  shown in 

F igu re  1 is weighted average  of that repor ted  by Mer r i t t  and Tay lo r  ' 31 
and measu remen t s  made a t  Battel le-Northwest.  

~s~~~ Half-Life 

Reported values f o r  the half-life of ~s~~~ a r e  given in Table  111. 

Values repor ted  s ince  1960 range  f r o m  27 to 32. 6 y r .  L imi t s  of uncer -  

tainty repor ted  on the individual values range f r o m  & 0 .05  to  * 1. 6 y r .  

In general ,  the l im i t s  a r e  much too s m a l l  to account f o r  the wide s p r e a d  

of the values.  



TABLE I11 

~ s 1 ~ ~  HALF-LIFE MEASUREMENTS REPORTED 

Half-Life, y r  

33 i 3 

Method of Measurement  Reference  

L .  E ,  Glendenin ( 2  3) 

pre-195 1 
Specific activity measu red  in t h r ee  monitored i r r a d -  
iations. 6 .0% used f o r  the f iss ion yield.  

Observed change in the ~ s ~ ~ ~ / ~ s ~ ~ ~  ra t i o  ove r  5 y r  
by m a s s  spec t romet ry .  

D ,  R .  Wiles  (2 4) 

1953 

Observed change in the c ~ ~ ~ ~ / c s ~ ~ ~  ra t io  o v e r  8 y r  Melaika (25) 
1954 by m a s s  s ,pectrometry.  

Specific activity ( 4 n p  counting); ~s~~~ dete rmined  by 
isotopic dilution-mass spec t rome t ry .  

D,  M, Wiles (2 6 )  

1955 

Specific activity (4vp counting) ; ~s~~~ de te rmined  by 
isotopic dilution-mass spec t rome t ry .  

F. Brown (27) 

1955 

Specific activity (4np counting); ~s~~~ de te rmined  by 
isotopic dilution-mass spec t rome t ry .  

A. J. Moses  (28) 

195 8 

B.  F. R ide r  (29) 

1960 
Specific activity ( y-ray spec t rome te r ,  Nuclear  Chicago 
Corp.  ~ s 1 ~ ~  s tandard) ;  ~ ~ 1 3 7  f r o m  ANL irradiation- 
6.14% F. Y o  

Specific activity ( 4 n p  counting) ; ~s~~~ dete rmined  by 
isotopic dilution-mass spec t rome t ry .  

L .  E .  Glendenin (30) 

1960 

Observed r a t e  of ~a~~~ format ion in a measu red  H. F a r r a r  (31) 
1960 amount of C S ~  37 by isotopic dilution-mass spec -  

t romet ry .  (50 days) 

T .  A .  Bu t l e r  (32) 

1960 
Utilized la rge  quanti t ies ( 4 0  g) of pur i f ied f iss ion 
product CsCl  analyzed m a s s  spectrographical ly .  



TABLE 111 (Contd.  ) 

~s~~~ HALF-LIFE MEASUREMENTS R E P O R T E D  

Method of M e a s u r e m e n t  Half -Life ,  y r  

2 9 i 1 

R e f e r e n c e  

M. P.  Glazunov (33) Rad iomet r i c  

O b s e r v e d  r a t e  of ~a~~~ fo rmat ion  in a m e a s u r e d  amount  
of ~ ~ 1 3 7  by isotopic dilution- m a s s  s p e c t r o m e t r y ,  100 days .  

D.  G .  F l e i s h m a n  ( 34) 
1962 

Spec i f i c  act ivi ty (liquid sc in t i l la t ion  absolute  P-counting); 
Cs137  d e t e r m i n e d b y  isotopic d i lu t ion-mass  s p e c t r o m e t r y .  

I .  V .  Burov ina  (35)  

1963 
M a s s  s p e c t r o m e t r y  

137 
O b s e r v e d  r a t e  of B a  fo rmat ion  f r o m  a m e a s u r e d  amount  
of ~s~~~ by isotopic d i lu t ion-mass  s p e c t r o m e t r y ;  100 days .  

B .  F .  R i d e r  (2)  

1963 

137 135 O b s e r v e d c h a n  e in the  C s  / C s  r a t i o o v e r - 1  112 yr, 
us ing the Cs13g/Cs133 r a t i o  a s  a n  i n t e r n a l  s t a n d a r d  ( m a s s  
s p e c t r o m e t r y ) .  

L .  A .  Die tz  (4 )  

1963 

S .  G .  G o r b i c s  (36)  
1963 

O b s e r v e d  radioact ive  decay  r a t e  with a well- type ionizat ion 
c h a m b e r ,  - 3 y r .  C o r r e c t e d  f o r  ~ s ~ ~ ~ ,  0.570 1 0.0570. 

S .  A.  Reynolds (37)  
1963 

O b s e r v e d  radioact ive  decay  r a t e  with a well-  type ionizat ion 
c h a m b e r  and a y- ray  s p e c t r o m e t e r ,  - 4 y r .  

S.  A .  Reynolds (48) O b s e r v e d  radioact ive  decay r a t e  with a well- type ionizat ion 
c h a m b e r a n d a y - r a y s p e c t r o m e t e r ,  -5 y r .  1964- 

R .  E .  Lewis  (49)  
1964 

Speci f ic  act ivi ty . 



T A B L E  111 (Contd.  ) 

~s~~~ H A L F - L I F E  MEASUREMENTS R E P O R T E D  

Half -Li fe ,  y r  Method of M e a s u r e m e n t  

2 9 . 4  f 0 . 1 8  Dif ference  in 1331 1351 137 r a t i o s  m e a s u r e d  by m a s s  
s p e c t r o m e t r y  5 y r  a p a r t .  

2 9 . 3  * 0 . 6  O b s e r v e d  rad ioac t ive  d e c a y  with a 2nP p ropor t iona l  
counter ,  1 0 . 2  y r s .  

3 1 . 4  i 0 .  9 O b s e r v e d  radioact ive  d e c a y  with a 2rrp propor t ional  
counter ,  6.  6 y r s .  

3 0 . 9  * 0 . 7  Specif ic  ac t iv i ty .  A v e r a g e  of 10 independent  f i s s ion  
product  s o u r c e s .  

30 .55  i 1 . 5 5  O b s e r v e d  change  in 1371 135 and 1371133 r a t i o s  by 
m a s s  s p e c t r o m e t r y .  A v e r a g e  of 6 m e a s u r e m e n t s .  

29. 78 0 .  14 De te rmina t ion  of C s  137 and ~a~~~ by  weight and m a s s  
s p e c t r o m e t r y .  A v e r a g e  of 3 m e a s u r e m e n t s .  

30. 72 * 0 .  12 De te rmina t ion  of C S ~ ~ ~  spec i f i c  ac t iv i ty  by weight,  
c u r i e  content,  and m a s s  s p e c t r o m e t r y .  A v e r a g e  
of 20 m e a s u r e m e n t s .  

30 .76  f 0 . 5  Weighted e s t i m a t e  f r o m  spec i f i c  ac t iv i ty  (4np  counting 
and  ca l ib ra t ed  y - r a y  s p e c t r o m e t r y ) ,  A S T M - C S ~  37 
s t andard ,  and publ ished va lues .  

R e f e r e n c e  

H .  D.  Cook (50) 

1964 

K .  F. F lynn  (51) 

1964 

K.  F. F l y n n  (51)  

1964 

K .  F .  F l y n n  (51) 

1964 

J. H. Gi l le t te  (52)  

1965 

J. H .  Gi l l e t t e  (52)  

1965 

J. H. Gi l le t te  (52)  
1965 

T h i s  work .  



A half-life was calculated f rom the certified a toms /ml  calibration 
137 

of the ASTM-CS standard and the disintegrations/ min/ ml value meas-  

ured by absolute (4rrP) counting. 

The  following equation was used: 

where: N = 1.72 x 1014 ~s~~~ a toms /ml  on 8/8/62.  

t = t ime in minutes f rom 8/81 62 to 2 /  13/65. 

6 
E /  min/ ml = 7.542 x 10 electrons emitted/ min/ ml on 2 /  131 65 

The equation was solved by iteration using a desk calculator 

giving: 
- 

h = 4.2375 x min l ,  f rom which, 

T 
1 1 2  

= In = 1. 6357 x l o 7  min = 31. 12 y r  was calculated. 
X 

Calculation of T f rom the certified a toms/ml  and y-ray 
1 / 2 

emission ra te  calibrations using the same decay scheme values yields a 

value for  T of 30. 94 y r .  
112 

The spread  in the ~s~~~ half-life values reported by different 

investigators i s  such that an uncertainty of about 570, in the direction of 

a mean value, must be placed on severa l  of these half-life f igures .  The 

half-life of 30.76 y r  given in Figure 1 i s  an est imate based on measure-  

ments made here  on the ASTM-Cs 37 standard, certified calibration 

values of that standard, and published half-life values. The est imate is  

weighted to minimize the desc repanc ies among the bases .  

The probable uncertainty in the a toms/ml  value of the ASTM-Cs 137 

standard is  about 1% based on the 0.77'0 uncertainty reported by Rider  (2 )  

f o r  the cs 137 determination and allowing for  systematic e r r o r  introduced 



during subsequent dilutions and aliquoting. The best  es t imate  of 1 .  71 x 10 14 

atoms/  ml  on 8/  8/  62 given in the summary  was computed f r o m  the best  

es t imates  adopted for  the other pa rame te r s .  

Absolute Counting 

~s~~~ standards  were cal ibrated for  Hanford distribution by 4 n p  

counting using published decay schemes  to co r r ec t  fo r  internal conversion 

electrons.  Standards purchased f rom off-site which were  cal ibrated in t e r m s  

of y-ray emission were used a s  c ross -check  sou rces .  Published decay 

schemes  were  used to  convert  y-ray emission r a t e s  to disintegration r a t e s .  

F o r  the 8 /1 /61  s tandard f r o m  the Nuclear Chicago Corporation, the disinte- 

gration value based on 4nP counting was about 7 .  4% lower than the value 

computed f rom the cer t i f ied y-ray emission ra te .  

All of that difference can now be explained on the basis  of the decay 
134 

scheme values used and by taking into account the effect  of C s  contamin- 

ation in the C s  137 s tandards .  

~s~~~ causes  a positive bias in y-ion chamber  measurements  used 

by both Nuclear Chicago and the National Bureau of Standards to  cal ibrate  - 

~s~~~ y-ray s tandards .  The magnitude of the bias caused ( 3 8 )  i s  about 
134 2.  6 t imes  the fraction of the C s   resent. This  s t e m s  f r o m  the fact 

that the decay of ~s~~~ is  accompanied by seve ra l  t imes  more  y-ray energy 

than i s  the decay of C S ' ~ ~ .  Originally computed values and corresponding 

values af ter  adjustment for  ~s~~~ contamination and computed using the 

decay scheme shown in Figure  1 a r e  given in Table IV.  

E a r l y  measurements  were  made by s imple  4nP counting. Aliquots 

of the solutions to be standardized were taken with calibrated mic ro  pipettes 

and dr ied on gold coated VYNS f i lms(39)  which were  supported on 0.004 i n .  

thick aluminum rings.  Colloidal s i l i ca  treatment (40 )  was used to  minimize 

self  absorption lo s se s .  A correct ion fo r  absorption lo s se s  in the f i lm 

mount was calculated by the method of Sel iger  and Cavallo.  (41' 42) Although 

shown to be invalid in some  cases ,  (43) par t icular ly  f o r  low energy beta 

emi t te rs ,  the method gives reasonably good resu l t s  for  beta emi t t e r s  of 
137 

moderate maximum beta energy such a s  C s  . 
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TABLE IV 

THE E F F E C T  O F  ~s~~~ ON y-ION CHAMBER AND ABSOLUTE BETA 
4 or,  

COUNTING STANDARDIZATIONS O F  csLJ' 

Cor rec t ed  f o r  C s  1 34(e) 

y-Calib. !c) 4TTP(d) y-Calib. 4n 
Date (b)  Disintegra- Disintegra- Disintegra- Dis inLgra-  

s tandard(a) 4n tion/ min/  m l  tion/ min/ m l  tion/ min/  m l  tion/ min/ m l  

( a )  Nuclear  Chicago Corporat ion ~ ~ 1 3 7  y-ray s tandard,  r e f e r ence  date 8 /  1 /  61. 
All  d i s in tegra t ions /min /ml  values a r e  co r r ec t ed  f o r  radioact ive  decay to 
the r e f e r ence  date.  

(b)  Date of 4rrP measurement .  (Data  a r e  c o r r e c t e d  to s tandard  r e f e r ence  date .  ) 

( c )  Computed f r o m  cer t i f ied y-ray emis s ion  value using the decay s c h e m e  given 
in F i g u r e  1 .  

(d) Computed f r o m  Battel le-Northwest 4rrP counting measu remen t s  using the 
decay s c h e m e  given in F i g u r e  1. 

( e )  Values f r o m  (c )  and (d)  a f te r  co r r ec t i on  f o r  ~s~~~ contamination (2 .  07% 
of Cs137 on 8 / 1 / 6 1 ) .  , ,  . 

A recent  measurement  (21 131 65) of the Nuclear  Chicago (7121 64)Cs 
137 

s tandard  was made by the 4rrP-y coincidence efficiency t rac ing  method 
(40, 44-46) 

9 

using ~c~~ a s  the t r a c e r .  Accurate ly  measu red  aliquots of the ~s~~~ and Sc  46 
- 

4 6 46 w e r e  mounted together on the s a m e  f i lm.  The  ~ T T P ,  Sc  Y-ray ,  and Sc  P - y  

coincidence counting r a t e s  f o r  the mixed sou rce  were  measu red  s imul taneously  

under  conditions f o r  maximum be ta  counting efficiency. Both s ides  of the 
2 s o u r c e  were  covered with a luminum leaf abso rbe r  (-180 p g / c m  ) and the sou rce  

recounted.  The  p r o c e s s  was repeated f o r  s e v e r a l  additional l a y e r s  of a luminum 
46 and leaf and f o r  s e v e r a l  s o u r c e s .  The  contribution f r o m  Sc  to  the mixed 

s o u r c e  4 n p  counting r a t e  was de te rmined  f r o m  independent measu remen t s ,  and 4 

subt rac ted  a f t e r  making the usual background and deadt ime co r r ec t i ons .  T h e  

net 4 n p  counting r a t e  due to the ~s~~~ was plotted ve r sus  the ~c~~ 4 n P  counting 

efficiency f o r  each  measurement .  Extrapolat ion by l ea s t  s q u a r e s  to  100% 

eff ic iency gives the total  e lect ron emis s ion  r a t e .  

Compar i sons  of Battel le-Northwest disintegration values f o r  C s  137 

obtained by 4nP counting of off-site s tandards  v e r s u s  cor responding  values 



computed from certified y-ray emission and atoms/ml values a r e  shown in 

Table V and VI, respectively. The decay scheme values in Figure 1 were 

used to convert the electron and y-ray emission rates  and the atoms/ml value 

to disintegration ra tes .  

TABLE V 

ABSOLUTE BETA COUNTING VALUES FOR OFF-SITE ~s~~~ STANDARDS 

VERSUS VALUES BASED ON CERTIFIED GAMMA-RAY EMISSION RATES 

y -Calibration (c% 4 ~ ~ 0 ' ~ '  
~ i s i n t e g r a t i o n l  ~ i s i n t e g r a t i o n l  Relative (e )  

Standard 'a' Date 4nP {b) -6  min/ rnl x 10 minlml x Difference 

(a)  Standard and reference date s f  standard. NC = Nuclear Chicago Corp. ; 
NBS = National Bureau of Standards; IAEA = International Atomic Energy 
Agency, Vienna, 

(b) Date s f  4rr@ measurement, (Data a r e  corrected to standard reference 
date, 1 

(c) Certified Y - r a j  emission ra te  converted to disintegrations/ min using 
decay scheme in Figure 1. Corrections fo r  ~s~~~ made when necessary. 

(d) Values f rom Battelle-Northwest 4nP counting using decay scheme in 
Figure 1. 

(e$ (cZ) minus ( c )  divided by (c) .  

( f )  Indirect determination by y-ray spectrometer  comparison with Cs  
137 

solution calibrated by 4nP counting. - 

(g) 4 ~ p - y  coincidence efficiency tracing method using ~c~~ a s  the t r ace r .  
60 

(h)  IAEA value by ~ T T @ -  Y coincidence efficiency tracing with Co t race r .  



TABLE VI 

ATOMS C s l  3 7 ~ ~ ~ ~ ~ ~  DISINTEGRATIONS csl 37 

FOR ASTM STANDARD 

Certif ied Value (b) 
~ i s i n t e g r a t i o n l  ~ i s i n t e g r a t i o n l  

Date (a) Cer t i f iedValue  -6 
4 n a  Atoms/ml  min/ m l  x 10 Standard 

m i n / m l  x 
1 A 

(ASTM STD.) 
8/ 3/ 64 1.72 x 10 

14 

( a )  Date of 4rr6 measurement .  (Data a r e  co r r ec t ed  to  s tandard r e f e rence  
date.  ) 

(b) Atoms p e r  mil l i l i ter  converted to  d i s in tegra t ions /min /ml  using a 30. 76 
y r  half-life. 

( c )  4np measurements  converted to disintegrations.  min /ml  using decay 
scheme  in F igu re  1. 

(d) Indirect  4rra measurements  by Y - r a y  spec t rome te r  compar i son  with 
a ~s~~~ solution cal ibrated by 478 counting. 

137 -Bal 37m Tota l  e lec t ron  emiss ion  r a t e  measurements  of C s  

solutions by the t r a c e r  method and 4rrp counting have an uncertainty of 1 to  27'0, 

a n  es t lmate  based upon the 2% uncertainty cited by the IAEA f o r  t he i r  C s  137 

(3) s tandard,  the urork of Mer r i t t  and Tay lo r  and the measurements  made in 

this laboratory.  

Gamma-Ray E mis s  ion Measuremeiits  

The  p r i m a r y  y-ray emiss ion  r a t e  cal ibrat ions  of the Nuclear  Chicago 

and National Bureau  of Standards ~s~~~ s tandards  a r e  made with well-type 

y -ionization chamber s .  These  ion chamber s  were  cal ibrated using radionuclide 

s ourees  s tandardized by absolute counting methods. 

Measurements  on the y-ray emiss ion  r a t e s  of the ASTM, NC (8/8/62) ,  

and the NBS 3/1/63) ~s~~~ s tandards  were  made he re  using a cal ibrated 

3 by 3 in. NaI(T1) c rys t a l  y-ray spec t rome te r .  The  y-ray emiss ion  r a t e s  



were  determined using photopeak response  cu rves  obtained with radio- 

nuclide s o u r c e s  s tandardized by absolute counting methods.  The  maximum 

e r r o r  in the response  cu rves  in the 660 keV Y- ray  energy region used, is 

es t imated to be l e s s  than 1 2 .  5yo. The  measu red  y-ray emiss ion  r a t e s  of 

both s tandards  checked the i r  respect ive  cer t i f ied values to within 0 .5%. 

The  uncertainty in the measurement  of the 662 keV y-ray emiss ion  

r a t e  of ~ s ~ ~ ~ - ~ a ~ ~ ~ ~  was es t imated to be about 1%. The  excellent  ag ree -  

ment between independent measurements  a t  the NBS and a t  this laboratory,  

and good agreement  between measu remen t s  made h e r e  and those by 
( 3 )  Merr i t t  and Tay lo r  a t  the Chalk River  Nuclear  Labora tor ies ,  deduced 

f r o m  data presented in t he i r  paper ,  we re  used to  justify this  es t imate .  
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