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90 A rapid m e t h o d f o r d e t e r m i n a t i o n of Sr ( 2 8 . 8 y h a l f - l i f e ) v i a 
9 0 

its d a u g h t e r Y (64.1 h h a l f - l i f e ) in a q u e o u s s a m p l e s f r o m the solid 

low-level r a d i o a c t i v e w a s t e d i s p o s a l a r e a s at the Oak R i d g e N a t i o n a l 

L a b o r a t o r y ( O R N L ) u t i l i z e d t h e p r i n c i p l e of d i r e c t C e r e n k o v r a d i a t i o n 

c o u n t i n g . T h i s t e c h n i q u e is a p p l i c a b l e f o r b e t a p a r t i c l e s e x h i b i t i n g 

m a x i m u m e n e r g i e s g r e a t e r than 0 . 4 2 oJ (263 k e V ) in a q u e o u s s o l u t i o n . 

In the p r e s e n c e of o t h e r c o n t r i b u t i n g e n e r g e t i c b e t a e m i t t e r s t h e 

t e c h n i q u e m a y s e r v e as a useful s c r e e n i n g m e t h o d to d i s t i n g u i s h low 

a c t i v i t y s a m p l e s f r o m m o r e m o d e r a t e or h i g h e r a c t i v i t y c o n c e n t r a t i o n s . 9 0 
A c o m p a r i s o n b e t w e e n a n a l y s i s of Sr by C e r e n k o v r a d i a t i o n 

c o u n t i n g and by s t a n d a r d w e t c h e m i c a l s e p a r a t i o n t e c h n i q u e s i n d i c a t e d a 

high d e g r e e of c o r r e l a t i o n and e x c e l l e n t a g r e e m e n t . 

The d e t e c t i o n limit for a 20-mL s a m p l e u n d e r the p r e s c r i b e d e x p e r -

imental c o n d i t i o n s and a c o u n t i n g i n t e r v a l of 2 0 m i n w a s a p p r o x i m a t e l y 

0 . 2 d p m / m L (0.1 p C i / m L ) . 
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I N T R O D U C T I O N 

Water samples collected from monitoring wells located within and 

n e a r the solid l o w - l e v e l r a d i o a c t i v e w a s t e d i s p o s a l a r e a s at Oak R i d g e 

N a t i o n a l L a b o r a t o r y ( O R N L ) h a v e been r o u t i n e l y a n a l y z e d f o r r a d i o -
90 a c t i v i t y . T h e s e a n a l y s e s i n c l u d e g r o s s a l p h a , g r o s s b e t a , Sr, and 3 

H d e t e r m i n a t i o n s and g a m m a - s p e c t r o m e t r i c s c a n s f o r such r a d i o -

n u c l i d e s as and ^ C s . Several h u n d r e d s a m p l e s c o l l e c t e d 
90 

q u a r t e r l y p r o d u c e d an an a l y t i c a l b a c k l o g in the Sr m e a s u r e m e n t s 

t h a t f r e q u e n t l y p r e v e n t e d rapid a s s a y and c a u s e d c o r r e s p o n d i n g d e l a y s 

in e x p e r i m e n t a l w o r k . This d e l a y w a s a t t r i b u t e d to the low p r i o r i t y 

s t a t u s a s s i g n e d t o t h e s e s a m p l e s ; o t h e r O R N L i n v e s t i g a t i o n s o f t e n took 

p r e c e d e n c e . 

T h e p u r p o s e of this r e p o r t is to d e m o n s t r a t e t h e f e a s i b i l i t y of 90 
u s i n g C e r e n k o v r a d i a t i o n c o u n t i n g to e v a l u a t e Sr c o n c e n t r a t i o n 

l e v e l s in a q u e o u s s a m p l e s c o l l e c t e d f r o m w i t h i n and n e a r t h e n u c l e a r 

w a s t e d i s p o s a l a r e a s at O R N L . 90 
The e s t a b l i s h e d m e t h o d o l o g y f o r Sr d e t e r m i n a t i o n in a q u e o u s 

s a m p l e s at O R N L i n v o l v e s c h e m i c a l s e p a r a t i o n and t h e r e f o r e t h e use of 

skill e d t e c h n i c i a n s to p e r f o r m t h e a n a l y s e s . T h e p r o c e s s r e q u i r e s the 

ad d i t i o n of s t r o n t i u m c a r r i e r to the s a m p l e , its p r e c i p i t a t i o n as the 

ins o l u b l e c a r b o n a t e , and its s e p a r a t i o n f r o m c a l c i u m and m a g n e s i u m b y 

n i t r a t e p r e c i p i t a t i o n in f u m i n g n i t r i c a c i d , f o l l o w e d b y a c e t o n e 

w a s h e s . F u r t h e r p u r i f i c a t i o n is a c c o m p l i s h e d b y r e m o v i n g i m p u r i t i e s 

w i t h m i x e d - r a r e - e a r t h h y d r o x i d e s c a v e n g i n g and by r e m o v i n g b a r i u m as 

the c h r o m a t e . Final p u r i f i c a t i o n is m a d e b y p r e c i p i t a t i n g s t r o n t i u m as 

the o x a l a t e , w h i c h is then b e t e c o u n t e d u s i n g a low b a c k g r o u n d b e t a 
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c o u n t e r (T. S c o t t , 1980, A n a l y t i c a l C h e m i s t r y D i v i s i o n , O R N L , p e r s o n a l 

c o m m u n i c a t i o n ; O R N L M a s t e r A n a l y t i c a l M a n u a l , 1 9 5 7 ) . This s e r i e s of 
9 0 

t r e a t m e n t s , w h i c h w a s r e q u i r e d for a c c u r a t e Sr d e t e r m i n a t i o n s , 

c o n t r i b u t e d a p p r e c i a b l y t o the d e l a y in t h e a n a l y s i s . In an a t t e m p t to 

a l l e v i a t e the 9 0 S r a n a l y s i s b a c k l o g and to m o r e r a p i d l y a s s e s s 9 0 S r 

c o n c e n t r a t i o n s , the f e a s i b i l i t y o f u s i n g d i r e c t C e r e n k o v r a d i a t i o n 

c o u n t i n g t e c h n i q u e s ( H a b e r e r 1966, R o s s 1 9 6 9 , C a r m o n 1 9 7 9 ) w a s i n v e s t i -

g a t e d . C e r e n k o v r a d i a t i o n c o u n t i n g is a p p l i c a b l e f o r b e t a p a r t i c l e s in 

a q u e o u s s o l u t i o n e x h i b i t i n g m a x i m u m e n e r g i e s g r e a t e r than 0 . 0 4 2 pO 

(0. 2 6 3 M e V ) (Ross 1 9 6 9 ) . S t r o n t i u m - 9 0 (28.8 y h a l f - l i f e ) e x h i b i t s an 

i n t e r m e d i a t e b e t a e n e r g y m a x i m u m [ 0 . 0 8 7 pJ ( 0 . 5 4 6 M e V ) ] , w h i l e its 90 
d a u g h t e r Y (64.1 h h a l f - l i f e ) h as a high m a x i m u m beta e n e r g y 

( 2 . 2 8 M e V ) , w h i c h f a c i l i t a t e s its d e t e r m i n a t i o n b y Cer e n k o v r a d i a t i o n 

c o u n t i n g . 
L i m i t a t i o n s o c c u r in a p p l i c a t i o n of C e r e n k o v r a d i a t i o n c o u n t i n g 
9 0 

f o r S r . C e r e n k o v r a d i a t i o n c o u n t i n g c a n n o t r e s o l v e m i x t u r e s 

c o n t a i n i n g b e t a e m i t t e r s of si m i l a r m a x i m u m e n e r g i e s . T h e u s e of 

e l e c t r o n i c d i s c r i m i n a t o r s or "window s e t t i n g s " m a y be n e c e s s a r y to 

e l i m i n a t e i n t e r f e r e n c e f r o m l o w - e n e r g y b e t a e m i t t e r s . In the p r e s e n c e 

o f b e t a p a r t i c l e s t h a t h a v e s i m i l a r e n e r g y b ut a r i s e from d i f f e r e n t 

n u c l i d e s , a bi a s e d s i g n a l m a y r e s u l t . 
T h e a q u e o u s s a m p l e s from t h e m o n i t o r i n g w e l l s m a y c o n t a i n , in 

9 0 
a d d i t i o n to a n y Sr, o t h e r a r t i f i c i a l r a d i o n u c l i d e s o f m e d i u m 
h a l f - l i f e s u c h as 1 3 7 C s and 6 0 C o . T h e p r e s e n c e of t h e s e r a d i o -
n u c l i d e s in s a m p l e s and t h e i r e f f e c t s on C e r e n k o v r a d i a t i o n c o u n t i n g 

9 0 for Y determinations are illustrated in Table la. Approximately 
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Table la . Effects of 137Cs and 60Co on 90Sr (9 0Y) determinations by Cerenkov radiation 
counting3 

Activity Average net Calculated Relative contributions 
added count rateb 90Sr act iv i ty from 137Cs and/or 60Co 

Radionuclides (dpm) (cpm) (dpm) 90Sr calc. - 90Sr added 
90Sr added 

9 0Sr 1037 + 12 335 + 9 1026 + 25 — 

137Cs 991 + 15 13.9 + 0.3 37.0 + 0.8 - -

60Co 965 + 12 45.8 + 1 .9 122 + 5 - -

137Cs + 60Co 991 + 965 57.3 + 1.1 153 + 3 - -

137Cs + 9 0Sr 991 + 1037 399 + 6 1063 + 16 2.5% 
60Co + 9 0Sr 965 + 1037 427 + 1 1138 + 3 9.7% 

137Cs + 60Co • 9 0Sr 991 + 965 + 1037 438 + 6 1167 + 15 12.5% 

Instrument settings as follows (Packard Tricarb liquid sc in t i l la t ion counter model 3225 
coincident mode operation): 

Discriminator window settinqs: 325-1000 
High voltage: 1814 + 50 V 
Amplifier gain: 48% 
Sample volume: 20 mL 

aAl1 values are + 1 SD. 
bAverage and SD of duplicate samples. 

Table lb. Decay properties of selected radionuclides 

Ha 1 f - l i fe 8- max. MeV 5 a 
MeV 

Max. Compton 

electron energy MeVb 

(neglecting binding energy) 

60co 5.2 y 0.318 1.33 1.12 
1.17 0.96 

137Cs 30.2 y 0.514 (94%) 0.662 0.48 
1.18 (6%) 

90S r 28.8 y 0.546 

90y 64.1 h 2.28 

ai MeV = 0.1602 pj . 
"Calculated from Eq. 4.2 in National Council on Radiation Protection and Measurement, 1978, 

A Handbook of Radioactivity Measurements and Procedures, NCRP Report No. 58, Washington, D.C. 
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equal a c t i v i t i e s o f ^ C s and/or ^ C o w e r e a d d e d to test s o l u t i o n s 
9 0 c o n t a i n i n g S r . U n d e r t h e e x p e r i m e n t a l c o n d i t i o n s , t h e p r e s e n c e of 

1 3 7 C s c o n t r i b u t e d less t h a n 3 % to the 9 0 S r d e t e r m i n a t i o n , w h e r e a s 
6 0 C o c o n t r i b u t e d a p p r o x i m a t e l y 10% t o t h e c a l c u l a t e d 9 0 S r c o n t e n t , 

fin A l t h o u g h Co h a s a lower m a x i m u m b e t a e n e r g y [ 0 . 0 5 pO ( 0 . 3 1 8 M e V ) ] 
1 

t h a n Cs [ 0 . 0 8 2 pJ ( 0 . 5 1 4 MeV m a x ) ] , i ts i n f l u e n c e m a y b e a t t r i -

b u t e d to the m o r e e n e r g e t i c C o m p t o n e l e c t r o n s (Table lb). T y p i c a l l y , 
6 0 C o c o n c e n t r a t i o n s a r e less t h a n 1 d p m / m L f o r t h e m o n i t o r i n g w e l l s , 

a l t h o u g h o c c a s i o n a l l y h i g h e r c o n c e n t r a t i o n s a r ^ e n c o u n t e r e d . W h i n 

n e c e s s a r y , c o r r e c t i o n s for ̂ C o i n t e r f e r e n c e s c a n be m a d e fo • w i n g a 

g a m m a s p e c t r o m e t r i c a n a l y s i s ( R e y n o l d s and E l d r i d g e 1 9 8 0 ) . F a l s e p o s i -

t i v e s i g n a l s a r i s i n g f r o m o t h e r c o n t r i b u t i n g r a d i o n u c l i d e s c a n be 

to l e r a t e d in s c r e e n i n g a p p l i c a t i o n s ; and f a l s e n e g a t i v e s i g n a l s a r e not 

p o s s i b l e e x c e p t u n d e r c o n d i t i o n s of e x t r e m e c o l o r q u e n c h i n g . 

A d d i t i o n a l l i m i t s to C e r e n k o v r a d i a t i o n c o u n t i n g can b e c a u s e d b y 

c o l o r q u e n c h i n g o r by s u s p e n d e d m a t e r i a l , b o t h of w h i c h i n t e r f e r e w i t h 

light t r a n s m i s s i o n f r o m t h e s a m p l e t o the d e t e c t o r . T h e s e d e f i c i e n -

c i e s , h o w e v e r , c a n b e o v e r c o m e w h e n n e c e s s a r y b y us i n g t h e intern a l 
s t a n d a r d a d d i t i o n s m e t h o d w h i c h i n v o l v e s a d d i n g a m i n u s c u l e k n o w n 

9 0 9 0 
a m o u n t o f Sr ( Y ) t o t h e so l u t i o n after an initial c o u n t and 

r e c o u n t i n g to d e t e r m i n e an e f f i c i e n c y f a c t o r f o r the q u e n c h e d s o l u -

t i o n . S a m p l e s c o l l e c t e d f r o m m o n i t o r i n g w e l l s are f i l t e r e d pr !or to 

a n a l y s i s , m i n i m i z i n g s u s p e n d e d p a r t i c u l a t e e f f e c t s . The p r o b a b i l i t y o f 

c o l o r q u e n c h i n g c a n b e a s s e s s e d b y visual i n s p e c t i o n ; s a m p l e s that 

a p p e a r c o l o r e d s h o u l d b e c h e c k e d f o r c o u n t i n g e f f i c i e n c y v i a the 

in t e r n a l s t a n d a r d m e t h o d s . 
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A N A L Y T I C A L C O M P A R I S O N S 

A c o m p a r i s o n b e t w e e n t h e s t a n d a r d O R N L c h e m i c a l s e p a r a t i o n t e c h -

n i q u e and that of the C e r e n k o v r a d i a t i o n c o u n t i n g m e t h o d w a s p e r f o r m e d 

on 4 2 s a m p l e s f r o m O R N L w a s t e d i s p o s a l a r e a s . S a m p l e s f o r C e r e n k o v 

r a d i a t i o n c o u n t i n g c o n s i s t e d o f 2 0 m L of well w a t e r ( s u b s a m p l e d f r o m a 

lar g e c o n t a i n e r a f t e r a l l o w i n g s u f f i c i e n t t i m e to reach s e c u l a r e q u i -

l i b r i u m ) d i r e c t l y p i p e t t e d into p l a s t i c l i q u i d s c i n t i l l a t i o n v i a l s 

w i t h o u t a n y s c i n t i l l a t i o n c o c k t a i l and c o u n t e d f o r 20 m i n . A bl a n k 

c o m p o s e d of 20 mL of d i s t i l l e d w a t e r w a s used to c o r r e c t for i n s t r u -

m e n t a l b a c k g r o u n d c o n t r i b u t i o n s . T h e n e t c o u n t r a t e s of the s a m p l e s 

w e r e then c o n v e r t e d to d i s i n t e g r a t i o n s per m i n u t e u s i n g a c o u n t i n g 
9 0 9 0 

e f f i c i e n c y c a l c u l a t e d from a sta n d a r d of Sr ( Y in s e c u l a r e q u i -

l i b r i u m ) of the s a m e v o l u m e . The c o n c e n t r a t i o n r a n g e of the 4 2 s a m p l e s 

s p a n n e d f o u r o r d e r s of m a g n i t u d e . The r e s u l t s of this c o m p a r i s o n o f 

t h e two m e t h o d s a r e g i v e n in T a b l e 2. 

The d a t a r e p o r t e d in T a b l e 2 are e x p r e s s e d to the n e a r e s t 0.1 d p m 

un l e s s c o n c e n t r a t i o n s e x c e e d i n g 9 9 . 9 dpm are e n c o u n t e r e d , in w h i c h c a s e 

the v a l u e s are ro u n d e d to t h r e e s i g n i f i c a n t f i g u r e s . T h e C e r e n k o v 

c o u n t i n g e f f i c i e n c y in this a n a l y s i s w a s a p p r o x i m a t e l y 4 8 % . The d e t e c -

tion limit u n d e r t h e s p e c i f i e d c o u n t i n g c o n d i t i o n , w h i c h is d e f i n e d as 

th e lowest c o n c e n t r a t i o n t h a t can be p r e s e n t in th e s a m p l e in o r d e r to 

rep o r t a p o s i t i v e v a l u e 9 5 % of the time a f t e r c o r r e c t i n g for b a c k g r o u n d 

i n t e r f e r e n c e s ( A l t s h u l e r and P a s t e r n a c k 1963, P a s t e r n a c k and H a r l e y 

1 9 7 1 ) , is a p p r o x i m a t e l y 0 . 2 d p m / m L . The r e p o r t e d u n c e r t a i n t y t e r m s a r e 

c o u n t i n g e r r o r s of o n e s t a n d a r d d e v i a t i o n . 
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Table 2. Comparison betweer 90sr determinations by the method of Cerenkov radiation 
counting and standard analytical methodology (sample concentrations arranged in 
descending order>|dpm/ml) 

Sample Cerenkov Logarithm Cerenkov minus 
number Cerenkov ± SD Analytical + SD analytical of rat io analytical 

1 2395.0 3.40 2370.00 30.00 1.01055 0.01049 25.00 
2 824.0 2.10 <110.00 5.00 0.90549 -0.09927 -86.00 
3 715.0 1 .90 720.00 5.00 0.99306 -0.00697 -5.00 
4 335.0 1.20 338.00 3.00 0.99112 -0.00892 -3.00 
5 215.0 1.00 197.00 2.00 1.091 37 0.08743 18.00 
6 204.0 1.00 204.00 2.50 1.00000 0.00000 0.00 
7 158.0 0.90 162.00 2.00 0.97531 -0.02500 -4.00 
8 124.0 1.30 131.00 2.00 0-94656 -0.05492 -7.00 
9 105.0 0.70 106.00 1.00 0.99057 -0.00948 -1.00 

10 101.0 0.70 97.00 1.00 1.041 24 0.04041 4.00 
11 77.7 0.60 84.00 1.00 0.92500 -0.07796 -6.30 
12 67.7 1.10 62.00 0.50 1.09194 0.08795 5.70 
13 66.4 1 .10 71.00 0.50 0.93521 0.06698 -4.60 
U 57.5 0.50 54.00 0.50 1.06481 0.06280 3.50 
15 56.4 0.50 55.00 0.50 1.02545 0.02514 1.40 
16 47.5 0.50 46.00 0.50 1.03261 0.03209 1.50 
1 7 35.3 0.40 34.00 0.50 1.03824 0.03752 1.30 
18 32.2 0.40 31.00 0.50 1 .03871 0.03798 1.20 
19 31.3 0.40 31.00 0.50 1.00968 0.00963 0.30 
20 30.9 0.40 29.00 0.50 1.06552 0.06346 1.90 
21 28.2 0.40 26.00 0.50 1.08462 0.08123 2.20 
22 24.9 0.40 24.00 0.50 1.03750 0.03681 0.90 
23 8.0 0.20 C.60 0.20 1.21212 0.19237 1.40 
24 7.5 0.20 6.90 0.15 1.08696 0.08338 0.60 
25 G.9 0.20 6.70 0.10 1.02985 0.02941 0.20 
26 4.9 0.20 2.20 0.05 2.22727 0.80078 2.70 
27 4.7 0.20 4.60 0.10 1.021 74 0.021 51 0.10 
28 3.1 0.15 2.60 0.10 1 .19231 0.17589 0.50 
29 2.9 0.15 3.00 0.15 0.96667 -0.03390 -0.10 
30 2.9 0.15 2.90 0.05 1.00000 0.00000 0.00 
31 2.7 0.10 2.80 0.10 0.96429 -0.03637 -0.10 
32 1.8 0.10 1.80 0.05 1.00000 0.00000 0.00 
33 1 .8 0.10 1.80 0-05 1.00000 0.00000 0.00 
34 1.6 0.10 1.60 0.05 1.00000 0.00000 0.00 
35 1 .6 0.10 1.40 0.05 1.14286 0.13353 0.20 
36 1.3 0.10 1.70 0.05 0.76471 -0.26826 -0.40 
37 0.9 0.10 1.30 0.05 0.69231 -0.36772 -0.40 
38 0.9 0.10 0.82 0.05 1.09756 0.09309 0.08 
39 0.4 0.10 0.54 0.02 0.74074 -0.30010 -0.14 
40 0.4 0.10 0.41 0.0" 0.97561 -0.02469 -0.01 
41 0.2 0.10 0.32 0.04 0.62500 0.47000 -0.12 
42 0.2 0.10 0.26 0.01 0.76923 -0.26236 -0.06 

Mean 1.01514 0.6007!4 -1.08452 
SD 0.22570 0.184520 14.4359 
SE 0.03483 0.028472 2.22751 

1 Bq = 1 dps = 60 dpm = 27.03 pCi 
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C o n c e n t r a t i o n s r e p o r t e d in T a b l e 2 for a n a l y t i c a l r a d i o c h e m i c a l 

r e s u l t s r e f e r to the d e t e r m i n a t i o n s p e r f o r m e d b y the s t a n d a r d c h e m i c a l 

s e p a r a t i o n p r o c e d u r e s p r e v i o u s l y d e s c r i b e d . T h e s e d e t e r m i n a t i o n s w e r e 
9 0 9 0 m a d e on Sr b e f o r e i n g r o w t h of a c t i v i t y of its d a u g h t e r Y. 

S a m p l e c o u n t i n g t i m e is n o m i n a l l y 2 0 m i n . D e t e c t i o n limits are a p p r o x -
9 0 

i m a t e l y 1 d p m of Sr p e r s a m p l e , w h i c h c o r r e s p o n d s to a p p r o x i m a t e l y 

0 . 0 0 2 d p m / m L for a 5 0 0 - m L s a m p l e . T h e dat a a r e u s u a l l y r e p o r t e d w i t h 

t w o s i g n i f i c a n t f i g u r e s f o r v a l u e s less than 1 0 0 d p m / m L and w i t h t h r e e 

s i g n i f i c a n t f i g u r e s for c o n c e n t r a t i o n s e x c e e d i n g 100 d p m / m L . T h e 

r e p o r t e d u n c e r t a i n t y t e r m s are c o u n t i n g e r r o r s of o n e s t a n d a r d d e v i a -

t i o n . (Table 3 s u m m a r i z e s the an a l y t i c a l c o n d i t i o n s for the t w o 

m e t h o d s of a n a l y s i s . ) 

T h e p r e c i s i o n t e r m s r e p o r t e d in Ta b l e 2 are not e x p e c t e d *„o be 

identical b e c a u s e t h e y are based on " c o u n t i n g s t a t i s t i c s " and a r e , 

t h e r e f o r e , f u n c t i o n s of the s a m p l e s i z e , c o n c e n t r a t i o n , c o u n t i n g e f f i -

c i e n c y , .nd c o u n t i n g t i m e of each p a r t i c u l a r a n a l y t i c a l t e c h n i q u e . 

R a t h e r , t h e s e t e r m s r e f l e c t the e x p e c t e d r e p r o d u c i b i 1 i t y f o r a g i v e n 

s a m p l e and the e x p e r i m e n t a l c o n d i t i o n s u n d e r w h i c h it w a s d e t e r m i n e d . 

S T A T I S T I C A L E V A L U A T I O N 

The p a i r e d o b s e r v a t i o n s can be s t a t i s t i c a l l y e v a l u a t e d u s i n g a 

S t u d e n t - t test to d e t e r m i n e if a s i g n i f i c a n t d i f f e r e n c e e x i s t s b e t w e e n 

t h e two m e t h o d s f o r the p a i r e d s a m p l e d e t e r m i n a t i o n s . S e v e r a l o p t i o n s 

in u s i n g this test a r e a v a i l a b l e and i n c l u d e : 

(1) t e s t i n g the ov e r a l l m e a n of the d i f f e r e n c e s of each p a i r f o r 

s i g n i f i c a n c e f r o m z e r o ; 
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Table 3- Summary of the analytical conditions for Cerenkov radiation counting and chemical 
separation techniques for determination 

Cerenkov radiation 
counting 

Chemical separation 
techniques 

Instrument 

Procedures 

Sample container 

Sample volume 
requi red 

Sample preparation 
time 

Counting time 

Number of samples 
processed per day 

Background CPM 

Detection 1 imit 

Detection eff iciency 

Liquid sc in t i l l a t ion counter 

Direct counting 
(coincident mode) 

25-ml plastic 
sc in t i l l a t ion vial 

10-20 mis 

min 

20 min 

i-70 

i-5-l 0 

"-0.2 dps/ml 

v40-50t 

Gas flow low-background 
beta counter 

Chemical precipitat ion 

Card mounted f i l t e r 
paper 

100-500 mis 

v8 h 

20 ain 

i-2fl 

i-0.5 
1 dpm/sample ( 0 . 0 1 - 0 . 0 0 2 dp« /a1 ) 
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(2) t e s t i n g the ove r a l l a v e r a g e r a t i o of e a c h p a i r f o r s i g n i f i -

c a n c e f r o m un >.y; o r 

(3) testing t h e ove r a l l a v e r a g e of the lo g a r i t h m of the r a t i o of 

each d a t a pair f o r s i g n i f i c a n c e f r o m z e r o (which is the same 

as t e s t i n g the a v e r a g e d i f f e r e n c e b e t w e e n l o g a r i t h m s o f the 

data p a i r s ) . 

B e c a u s e the r a n g e s in c o n c e n t r a t i o n s c o v e r e d f o u r o r d e r s of m a g n i -

t u d e , and b e c a u s e a g r e a t e r a b s o l u t e d i f f e r e n c e is e x p e c t e d b e t w e e n 

l a r g e r q u a n t i t i e s than b e t w e e n s m a l l e r q u a n t i t i e s , the test w a s a p p l i e d 

to l o g a r i t h m s of the r a t i o o f the p a i r e d o b s e r v a t i o n s . This t r e a t m e n t 

t e n d s to " n o r m a l i z e " any e x t r e m e m a g n i t u d e s o c c u r r i n g in d i f f e r e n c e s 

o v e r low to high c o n c e n t r a t i o n s . 

In u s i n g the St u d e n t - t t e s t , t h e d i f f e r e n c e s in in d i v i d u a l pairs 

are a s s u m e d to b e d i s t r i b u t e d a b o u t s o m e m e a n that r e p r e s e n t s the 

a v e r a g e of the d i f f e r e n c e in th e e f f e c t s of the t w o t r e a t m e n t s o v e r the 

p o p u l a t i o n of w h i c h these p a i r s a r e c o n s i d e r e d r a n d o m s a m p l e s ( S n e d e c o r 

and C o c h r a n 1 9 6 7 ) . The d i f f e r e n c e s a r e as s u m e d to be r a n d o m , n o r m a l l y 

and i n d e p e n d e n t l y d i s t r i b u t e d , w i t h a p o p u l a t i o n m e a n of z e r o . U s i n g 

c o d e d index v a l u e s (Barnett 1 9 7 5 ) , the l o g a r i t h m s of th e r a t i o s o f the 

pa i r e d o b s e r v a t i o n s can b e s h o w n t o a p p r o x i m a t e l y f o l l o w t h e s e a s s u m p -

t i o n s . 

T h e Student-t test is g i v e n as f o l l o w s ( S n e d e c o r and C o c h r a n 1967): 
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w h e r e 

D. = l o g a r i t h m of the r a t i o of the data p a i r s , 

T = s a m p l e a v e r a g e of the r a t i o s , 

n = n u m b e r of dat a p a i r s , and 

n - 1 = d e g r e e s o f f r e e d o m (d.f.)« 

F r o m the m e a n and s t a n d a r d e r r o r of the l o g a r i t h m of the r a t i o o f the 

c o n c e n t r a t i o n by the two m e t h o d s (Table 2), t h e c a l c u l a t e d t v a l u e is 

. 0 . 0 0 0 7 1 4 - 0 _ 1 ' 0 . 0 2 8 4 7 2 0 . 0 2 5 0 8 

A c o m p a r i s o n of the a b o v e c a l c u l a t e d t v a l u e w i t h t a b u l a t e d 

S t u d e n t - t v a l u e s w i t h 41 d . f . i n d i c a t e s no s i g n i f i c a n t d i f f e r e n c e in 
9 0 

t h e Sr d e t e r m i n a t i o n s b e t w e e n t h e two m e t h o d s , n o t o n l y at the 5% 

p r o b a b i l i t y level but e v e n at a s i g n i f i c a n c e level as lar g e as 4 0 % . 
L I N E A R R E G R E S S I O N 

L i n e a r r e g r e s s i o n a n a l y s i s w a s ap p l i e d to e x a m i n e the d e g r e e o f 

c o r r e l a t i o n b e t w e e n the d a t a s e t s . The C e r e n k o v r a d i a t i o n v a l u e s w e r e 

c o n s i d e r e d the d e p e n d e n t v a r i a b l e and the r e s u l t s f r o m t h e s t a n d a r d 

a n a l y t i c a l m e t h o d w e r e c o n s i d e r e d t h e i n d e p e n d e n t v a r i a b l e . T h e p a r a -

m e t e r s e x a m i n e d i n c l u d e d the c o r r e l a t i o n c o e f f i c i e n t , s l o p e , and i n t e r -

c e p t v a l u e s . A plot of the r e s i d u a l s ( o b s e r v e d d e p e n d e n t v a l u e m i n u s 

the p r e d i c t e d v a l u e ) w a s a l s o e x a m i n e d to v e r i f y that the d e v i a t i o n s 
p 

w e r e r a n d o m . T h e c o r r e l a t i o n c o e f f i c i e n t r (or r ) p r o v i d e s a m e a s u r e 

o f t h e d e g r e e o f v a r i a t i o n f o r w h i c h t h e d e p e n d e n t v a r i a b l e c a n be 
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a c c o u n t e d f o r by t h e m o d e l . T h e s l o p e of the r e g r e s s i o n line d e s c r i b e s 

the c h a n g e in the d e p e n d e n t v a r i a b l e per unit i n c r e a s e of the i n d e p e n -

d e n t v a r i a b l e . I d e a l l y a o n e - t o - o n e c o r r e s p o n d e n c e o c c u r s . The i n t e r -

c e p t p r o v i d e s an i n d i c a t i o n of b i a s or s y s t e m a t i c e r r o r p r e s e n t in the 

d e t e r m i n a t i o n of the d e p e n d e n t v a r i a b l e and i d e a l l y s h o u l d be zero in 

the a b s e n c e of i n t r i n s i c i n f l u e n c e s . 

F o r the d a t a in T a b l e 2, a high d e g r e e of c o r r e l a t i o n e x i s t s w i t h 

r 2 = 0 . 9 9 8 7 . The s l o p e is 0 . 9 9 7 7 + 0 . 0 0 5 7 and is not s i g n i f i c a n t l y 

d i f f e r e n t (P > 0 . 0 5 ) from u n i t y , i n d i c a t i n g a o n e - t o - o n e c o r r e s p o n -

d e n c e . The i n t e r c e p t v a l u e is - 0 . 7 6 2 1 +_ 2 . 3 8 7 9 and is not s i g n i f i -

c a n t l y d i f f e r e n t (P > 0 . 0 5 ) f r o m z e r o , i n d i c a t i n g the a b s e n c e of a n y 

p r e d o m i n a n t s y s t e m a t i c b i a s . A plot of the r e s i d u a l s a g a i n s t the pre-

d i c t e d v a l u e (Fig. 1) r e v e a l e d a f a i r l y u n i f o r m p a t t e r n a b o u t z e r o . As 

a n t i c i p a t e d , a g r e a t e r a b s o l u t e d i f f e r e n c e o c c u r s b e t w e e n the l a r g e r 
9 0 

c o n c e n t r a t i o n of Sr than b e t w e e n the s m a l l e r c o n c e n t r a t i o n s d e t e r -

m i n e d b y the two m e t h o d s , and such d i f f e r e n c e s are e x e m p l i f i e d in 

Fig. 1. 

S U M M A R Y A N D C O N C L U S I O N S 

9 0 9 0 T h e d e t e r m i n a t i o n of Sr (via its Y d a u g h t e r ) by C e r e n k o v 

r a d i a t i o n c o u n t i n g on a q u e o u s s a m p l e s from m o n i t o r i n g w e l l s w i t h i n and 

n e a r the s o l i d low-level r a d i o a c t i v e w a s t e d i s p o s a l a r e a s at O R N L h a s 

b e e n found to b e h i g h l y c o r r e l a t e d w i t h s t a n d a r d c h e m i c a l s e p a r a t i o n s 

m e t h o d o l o g y . C o m p a r i s o n s of t h e t w o m e t h o d s u s i n g p a i r e d c o n c e n t r a t i o n 

d a t a w e r e h i g h l y f a v o r a b l e and i n d i c a t e d n o s i g n i f i c a n t d i f f e r e n c e 

(P > 0 . 0 5 ) . A c o n s i d e r a b l e s a v i n g s in time and e x p e n s e s can be 
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F i g . 1. A plot of the residuals (observed value minus predicted v a l u e ) versus 
the predicted value for linear regression of Cerenkov radiation counting 
against analytical d e t e r m i n a t i o n s . (For scaling purposes + 1 has been 
added to the predicted value along the abscissa.) 
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a c h i e v e d b y u t i l i z i n g C e r e n k o v r a d i a t i o n c o u n t i n g t o s c r e e n s a m p l e s that 
9 0 c o n t a i n l i t t l e if any Sr r a d i o a c t i v i t y . For e x a m p l e , t h e a n a l y s i s 

9 0 of 119 m o n i t o r i n g well s a m p l e s for Sr c o n c e n t r a t i o n s by C e r e n k o v 
9 0 r a d i a t i o n c o u n t i n g r e v e a l e d that o n l y 33 s a m p l e s ( 2 8 % ) c o n t a i n e d S r 

c o n c e n t r a t i o n s of 3 p C i / m L (6.7 d p m / m L ) or g r e a t e r . T h e s e a r b i t r a r i l y 
s e l e c t e d s a m p l e s ( 3 3 ) w e r e then s u b m i t t e d to the A n a l y t i c a l C h e m i s t r y 

9 0 
D i v i s i o n for Sr d e t e r m i n a t i o n u s i n g s t a n d a r d w e t che m i c a l s e p a r a -

tion m e t h o d s ; t h i s p r o c e d u r e e l i m i n a t e d f r o m the t e d i o u s and c o s t l y 

a n a l y s i s t h o s e s a m p l e s that w e r e low or n e a r z e r o c o n c e n t r a t i o n s . 

R e d u c t i o n s ('^70%) in both cost and s a m p l e p r o c e s s i n g time w e r e 

a c h i e v e d b y s c r e e n i n g t h e s e s a m p l e s b y C e r e n k o v r a d i a t i o n c o u n t i n g . 
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C o n f e r e n c e on L i q u i d S c i n i t i 1 l a t i o n C o u n t i n g : R e c e n t A p p l i c a t i o n s 

and D e v e l o p m e n t s , V o l . 1: Phy s i c a l a s p e c t s . A c a d e m i c P r e s s , 

N e w Y o r k . 
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R o s s , H . H. 1 9 6 9 . M e a s u r e m e n t of B - e m i t t i n g n u c l i d e s u s i n g C e r e n k o v 

r a d i a t i o n . A n a l . C h e m . 4 1 : 1 2 6 0 - 1 2 6 5 . 

S n e d e c o r , G . W., and W . G . C o c h r a n . 1 9 6 7 . S t a t i s t i c a l M e t h o d s , 6th 

E d i t i o n . Iowa S t a t e U n i v e r s i t y P r e s s , A m e s , I o w a . 593 p p . 


