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ii-bstr ^ c t 

l i a d o n - 2 2 2 c a n bo f o u n d i n a l l env i ron : " . o f i t a l s a m p l e s 
as a r e s u l t ๐1 d e c a y of ;{น๙1นร!;~226. When a ร : p i e ro lu t ion 
of Radium-226 ic mixed with an organic l i q u i d s c i n t i l l a t o r 1 

R a d o n - 2 2 2 f r o m d e c a y of Sadiusn-2i :6 i v i l l b e d i s s o l v e d i n a 
s c i n t i l l a t o r s o l v e n t and l i g h t i t . p r o d u c e d . The t e c h n i q u e 
i n v o l v e s t h e i n t r o d u c t i o n of 1.ไ- r . l a l i q u o t i n t o a v i a l c o n -
t a i n i n g 5 fill l i q u i d s c i n t i l l a t o r s o l u t i o n . The l o w e r l i m i t 
o f d e t e c t i o n (LLD) i c 0 . 1 6 p C i / L a t t h e จ5 c o n f i d e n c e l e v e l . 
The m e t h o d i s p r o b a b l y r a p i d -นid c inplo and c o u l d be a p p l i e d 
t o b o t h h i i j h and low a c t i v i t y of E a d i u n - 2 2 6 . 
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t o t h a n k D r . A . E . N o v i s c i , D i r e c t o r Oi L a b o r a t o r y of H a d i a t i o n 
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AN SAoi' METHOD FOR THE D2 ไ' EP.M I i i AT 10! i OF RADIUM-226 
USING LIQUID SCINTILLATION COUNTER 

I n t r o d u c t i o n 
3 a d i u m ~ 2 2 6 ( R a - 2 2 6 ) i s ว member of t h e u r a n i u m ( ^ n + 2 ) s c r i e s a n d 

o c c u r s i n e l l u r a n i u m m i n e r a l s , p i t c h b l e n d e c o n t a i n s a b o u t ^ 0 0 mg of 
r a d i u m p e r t o n a n d u r a n i u m o r e s c o n s t i t u t e t h e r u i n s o u r c e s o f t h i s 
i s o t o p e . Uran ium o c c u r s i n nature . ' a s p r i m o r d i a l e l e m e n t s i n r o c k s so 
t h e RU-226 i s l e a c h e d i n t o w a t e r fror.] r o c k a n d s o i l . The o c e a n s 
c o n t a i n a b o u t 2 0 , 0 0 0 t o n s of r a d i u m a n d t h e o u t e r m o s t m i l e s of t h e 
e a r t h 1 ร c r u s t a r e e s t i m a t e d t o c o n t a i n a b o u t 1 . J X 10^ t o n s o f t h i s 
i s o t o p e . A l s o , Iva-226 i s a b s o r b e d f r o m s o i l by f o o d c r o p s a n d i s 
h e n c e i n c o r p o r a t e d i n t o t h e f o o d e h a . ' a of r a n (i>a 57 ; So 6 6 ) . 

Ra—226 h a s a h a l f - l i f e of 1 , 6 2 0 y ^ a r s ; i t d e c a y s by a l p h a p a r t i c l e s 
t o r a d o n - 2 2 2 , a n o b l e t ; as wi t h 3» 'jk dayj-5 • h a l f - l i f e . The d e c a y scheme 
o f R a - 2 2 o i s shovj.u i n F i g u r e 1 . 1a.-2.2G e n t e r s t i le body by i n t a k e o f 
c o n t a m i n a t e d f o o d arid v a U ' f . B e c a u s e o f i t s s i m i l a r i t y i n m e t a b o l i c 
b e h a v i o r t o c a l c i u m , Ra- i :26 i s d e p o s i t e d i n bone and i s e l i m i n a t e d v e r y 
s l o w l y a n d i n d u c e s bone s a r c o m a s arid c a r c i n o m a s i n s o f t t i s s u e s 
a b j a c e r . t t o b o n e (So 6 6 ) . As ?.a-2-"6 decay : ; t o R n - 2 2 2 , an a l p h a e m i t t e r , 
t h e a c c u m u l a t i o n of R n - 2 2 2 sac: i n t h e h e a d c a v i t i e s i s t h e m a j o r 
i n d u c e r o f h e a d c a r c i n o m a s (Mays 8 5 ) . 

The 1976 E n v i r o n m e n t a l P r o t e c t i o n Agency I n t e r i m P r i m a r y D r i n k i n g 
Wate r R e g u l a t i o n s e s t a b l i s h e d .-.. maximum c o n t a m i n a n t l e v e l f o r R a - 2 2 6 
o f 3 p C i / L (APIIA S o ) . The I n t e r n a t i o n a l C o m m i s s i o n on R a d i o l o g i c a l 
P r o t e c t i o n a n d t h e n a t i o n a l Cor . i r i i t tee on R a d i a t i o n P r o t e c t i o n h a v e 
s p e c i f i e d t h e maximum ataoum: o f R a - 2 2 6 t h a t may be t o l e r a t e d when f i x e d 
i n t h e body f o r l o n g p e r i o d s o f t i m e i s 0 . 1 u C i . The a i r c o n c e n t r a t i o n 
t h a t w i l l r e s u l t i n t h i s a n o u n t b o i n / ; f i x e d i s 1 0 " 1 1 u C i / c r a 5 , i f 
c o n t a m i n a t e d a i r i o b r e a t h e d c o n t i n u o u s l y (So 6 6 ) . 



H a - 2 2 6 h a s been P l a in ly u s e d i n m e d i c i n e f o r gamma- ray t h e r a p y 
( e . g . , f o r t h e t r e a t m e n t of c a n c e r ) ; t h e £3-๓.1 a r a d i a t i o n i s o m i t t e d by 
some o f t h e R n - 2 2 2 d a u g h t e r s . รท-222 i s o f t e n u s e d s e p a r a t e l y i n t i n y 
a m p o u l e s o r s e e d s f o r i r r a d i a t i o n of t i c c u e s . K a - 2 2 6 , and t o a l e s s e r 
e x t e n t R n - 2 2 2 , h a v e b e e n u s e d i n i n d u s t r i a l gamma- ray r a d i o g r a p h y t o 
d e t e c t f l a w s i n c a s t i n g , a n d f o r t h i c k n e s s m e a s u r e m e n t s . A s m a l l 
amoun t o f Ra-226 i s u s e d f o r t h e p r o d u c t i o n of s e l f - l u m i n o u s p a i n t s i n 
c o n j u n c t i o n w i t h s c i n t i l l a t o r s s u c h a s z i n c s u l f i d e . M i x t u r e s o f 
r a d i u m s a l t s a n a b e r y l l i u m h a v e b e e n u s e d f o r n e u t r o n s o u r c e s ( B a 57» 
Se 6 6 ) . 

The d e t e r m i n a t i o n of R a - 2 2 6 d e p e n d s on t y p e s a n d c o n c e n t r a t i o n o f 
s a m p l e . R a - 2 2 6 may be d e t e c t e d by g a . n n a - r a y s p e c t r o m e t r y when p r e s e n t 
i n s u f f i c i e n t l y h i g h q u a n t i t y . I n s a a l l a m o u n t s , s u c h a s i n w a t e r , 
s o i l , f o o d , a n d b i o l o g i c a l s a m p l e s , raciiui;, measurement , r e q u i r e s c h e m i c a l 
s e p a r a t i o n a n d p u r i f i c a t i o n , p r e Sell I IE e t h o d s u s e d i n c l u d e c o - p r e c i p i t a t 
w i t h b a r i u m n i t r a t e o r b a r i u m c h l o r i d e , i o n e x c h a n g e i n r e s i n c o l u m n , an 
s o l v e n t e x t r a c t i o n . D e t e c t i o n by e m a n a t i o n m e t h o d i s t h e mos t w i d e l y u s 
t e c h n i q u e . L i q u i d s c i n t i l l a t i o n t e c h n i q u e p r e s e n t e d i n t h i s r e p o r t i s 
d e v e l o p e d f o r a n a l y s i s of B a - 2 2 6 w i t h h i g h a c c u r a c y , a u t o m a t i c s a m p l e 
c h a n g i n g , and a good d e t e c t i o n l i m i t . 
P r i n c i p l e 

R n - 2 2 2 i s g e n e r a l l y more s o l u b l e i n o r g a n i c s o l v e n t t h a n i n w a t e r . 
When a s a m p l e s o l u t i o n of l i a - 2 2 6 i s m i x e d w i t h an o r g a n i c l i q u i d 
s c i n t i l l a t o r , R n - 2 2 2 f r o m d e c a y e d R a - 2 2 6 w i l l be d i s s o l v e d i n a 
s c i n t i l l a t o r s o l v e n t and l i g h t i s p r o d u c e d . The f l a s h e s o f l i g h t are-
d e t e c t e d a n d a m p l i f i e d by one o r - m o r e p h o t o n u l t i p l i e r t u b e s . The 
i n g r o w t h o f a l p h a a c t i v i t y f r o m R a - 2 2 6 i n c r e a s e s a t a r a t e g o v e r n e d 



p r i m a r i l y bv ร ท - F r o r : t h e น,c: .y s e r i e s ( F i r : , l ) , i t i s shown t h a t 
t h e a l p h a a c t i v i t y c rowa i s : t o ร,]: c r a t e •ไ Ha-226 w i t h t h e h a l f - l i f e o f 
รท-222 , and t h e g r o w t h r e a c h e s e . . -u i l ib r iu r t i w i t h i n 30 d a y s , a t wh ich t i m e 
t h e t o t a l a l p h a a c t i v i t y i s f o u r : .K;; t h e i n i t i a l a c t i v i t y CAPUA 80 , 
3e 6 6 ) . The c o u n t i n g technio.-.te yeeri d e s c r i b e d i n d e t a i l by 
P r i c h a r d UI-K G e s e l l ( P r 7 7 ) . 
•Methodology 

A. A p p a r a t u s 
l i q u i d s c i n t i l l a t i o n c o u n t e r 
2 0 - m l s y r i n g e 
l 8 - g a u g e , 2 - i n c h h y p o d e r n i c n e e d l e s 
G l a s s s c i n t i l l a t i o n v i a l 

ร , R e a g e n t — m i n e r a l o i l b a s e s c i n t i l l a t o r 
c . P r o c e d u r e s 

1 . Use t h e s y r i n g e t o di'av; 1 2 - 1 5 ml of s a m p l e s o l u t i o n . 
2 . E j e c t any s m a l l a i r b u b b l e s and e x t r a w a t e r , r e t a i n 

p r e c i s e l y 10 ml c f cample s o l u t i o n i n t h e s y r i n g e . 
3 . T r a n s f e r t h e s a m p l e s o l u t i o n f r o m t h e s y r i n g e t o a v i a l 

c o n t a i n i n g 5 ml l i q u i d s c i n t i l l a t o r s o l u t i o n . 
•'-I. S e a l and s t o r e f o r t h r e e weeks t o a l l o w t h e r a d o n t o • 

r o a c h e q u i l i b r i u m w i t h 2 a - 2 2 6 . 
5 . P r e p a r e a c a l i b r a t i o n , c u r v e u s i n g i Ja-226 s t a n d a r d s o l u t i o n 

w i t h a c t i v i t i e s 1' . :.;!-.. i r o n O . c J t o i o . 0 0 p C i / v i a l . 
6 . D e t e r m i n e t h e b-cfcf;rou»;w by c o u n t i n , 0 - v i a l s c o n t a i n i n g 

d i s t i l l e d w a t e r ท.1. a s c i n t i l l a t o r p r e p a r e d i i : t h e same way a s t h e 
s a m p l e . Use one l i t e r of d i s t i l l e d w a t e r and p r e c o n c c - n t r a t e by 
e v a p o r a t i n g on the- h o t p l a t e u n t i l t h e volume' i s e q u a l t o 10 m l . Then 
t h e 10 ml of e i s t i l l e d w a t e r r e p r e s e n t s one l i t e r . 



Rosui ts 
I h v . innro ' .v th c u r v e .;f r a d o n a:a- t h e c a l i b r a t i o n c u r v e a r e shown 

i n F i .'โน!''OS 2 and ; and t h e d a t a i : r t h e s e p l o t s a r e summar ized i n 
Table- 1 and 2, r e s p e c t i v e l y . 

The l o w e r l i m i t of d e t e c t i o n (LLD) 1 b l a n k v a l u e p l u s t h r e e t imes 
s tandard d e v i a t i o n , f o r a ho n inu tc c~unt and 10 ร:!! d i s t i l l e d water viae 
d e t e r m i n e d t o be 0 . 1 6 p C i / L . The r e p r o d u c i b i l i t y Was d e t e r m i n e d by 
r e p l i c a t e n e a s u r e i - i e : , t s . iho a c c u r a c y of neasuromontc was d e t e r m i n e d by 
a n a l y s i s o f the U . S . EPA cro.-,c-c3ieck samples . The r e s u l t s of 
r e p r o d u c i b i l i t y and a c c u r a c y M e a s u r e m e n t s a r e oho'.'/ท in T a b l e 3» 
Discus.;ion and ConclusiQ-'ic 

The me thod IS probably r a p i d a s i m p l e by drawing the 10 ml a l i q u o t 
i n t o a s y r i n g e and t h e n r n u s f e r n ' . i'.Iic a l i q u o t to a l i q u i d s c i n t i l l a t i o n 
v i a l which c o n t a i n : , t h e •.'น. e i - u l - o i i o U i e d t i l l a t i o r . s o l u t i o n . The 
volume o f s a m p l e JXi-t be n e n s u r e d p r e c i s e l y a-.d t i le u se of contaminated 
g l a s s w a r e s h o u l d be . .v.vlvwd. 

An Jto-C.2 ร i : tand--rci and tv/o c r c s s - c h e c h c a m p l e s f r o m บ.3. EPA 
q u a l i t y a s s u r a n c e p r o g r a m wore น."ei'. t„, e v a l u a t e t h e m e t h o d . The r e s u l t s 
of t h i s e v a l u a t i o n sho'.'.'ed t h a t th:..:. i s a h i ; ; h l y r e p r o d u c i b l e and a ccu ra t e 
m e t h o d . The l o w e r l i m i t of d c t e c t i - J H (LLD) i s 0 . 1 6 p C i / L a t t h e 9556 
c o n f i d e n c e l e v e l . The i n . r r o v t h c u r v e i l l F i g u r e 2 shows t h a t i n throe 
wcoku o f s t o r a g e , โ}ท-232: in the o a ^ . l e s ru-ichcc cquilibriur, with Ba-226. 
A c o u n t i n g t i n e ~f a l e a s t ko m i n u t e s i s r e c c n r n o n d e d . 

Fo r s a m p l e s 'น'.....;. c - i n t a i n hin;h c j n c e a t r a t i o n s of E a - 2 2 b , d i r e c t 
m e a s u r e m e n t i n 10 !ะ! 1 o i พ:.u.r c an be d o n e . i l o o e v e r , t h e Ra-226 content 
of n a t u r a l w a t e r i s r i ' t f i i If-'..1, so t h e p ruconcon t r a t i on s t ep and the 
r a d i o c h e m i c a l s e p a r a t i o n a r e n e e d e d . Frc-K t h e p r e l i m i n a r y experiments 
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i t viae foui.'.i thai" pree :.t.L . t i - y by evap.\>r ะ.;icri r - s u l t s i n s a m p l e s 
wi t ! : h i f h die. -o j lved s o l i ••.?•; and -jtr-." colora ti:,ท r.f the s o l u t i o n , wh ich 
r e d u c e s t h e c.-; •น:-. t i o : e f f i c i e n c y . ThereJ. o re 1 p r e c o n c e n t r a t i o n a l o n e i s 
n o t s u i t a b l e l '-jr l i q u i d s c i n t i l l o . c i i . •,! ec.u'-.li 

A f t e r p i - e c o n c o ' - . t r . v t i o n , c s - r . r e c i p i t u t i - m f r a d i u m w i t h b a r i u m a s 
Ha (.โ.-.,)30^ u h o u l d be c a r r i e d o u t . The p r e c i p i t a t e i s t h e n d i s s o l v e d i n 
a l k a l i n e T.DTA s o l u t i o n , m ixed w i t h l i q u i d s c i n t i l l a t o r s o l u t i o n , and 
t h e n c o u n t e d . The r e s u l t s si;.. พ t h a t t h e s e two s t e p s , p r o - c o n c e n t r a t i o n 
and p u r i f i c a t i o n , a r e p r a c t i c a b l e -Mid e f f i c i e n t . 
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'I ill) i I' !. i'.it.i for J HJ> r r>พI h ftirve, sui table timi' period ill slPtiu)' samjilo tisitiK ! H V . ri p('.i f mil enlrnt iotifi/viol , 

!);iy;; cp!n 

1 9. 58 
2 53.27 
5 148.62 
9 340.1/. 

12 658 .45 
16 987.77 
18 1006.25 

•ท 1150.77 
Yk 1157. 15 
10 1167.50 

Table 2, kndium-226 count r a t e in minutes 
(tptn) for c a l i b r a t i o n curve . 

Concentration Count rntc 
}->Ci/30 IT] cpm 

0 .68 1 .98 
! .35 4 .61 
2.03 7 .32 
2. 70 10.20 
3 .75 13.56 
5 .63 20 .26 
7.50 26.16 
9 .38 34.11 

11.25 4 1 . 0 0 
15.00 54.01 
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'abl«» 3. Rcproiftic It»i 1 i I V «111? fH'Ciirm y t e s t using tip Jk (.-<1 samp It: iiท'.? J ท! ( rt limp.ฯr i Bon Hamplf 
i ruin (' .ร. M'A. 

Nuinl: เ r of น'Ht KrfiuH (pf.i/1.) 

Spikf-ii รทmj»l«' 
1 15.25 
2 14.H(: 
3 lb,00 

<> ) 5. 56 
5 14.M 

Aver.'!*!,!.' Vtihu' 15.07 * 0 .34 
Known va lue 15.00 

ข .ร. , j-PA 
1 

3 
Averngc value 
Known value 

1 
2 

3 
Average v a l u e 
Known value 

6. SO 
6.26 

5.62 
6 . 1 3 ± 0 . 4 5 
6 . 1 0 i 0 . 9 2 

6.60 
6 .42 
6 .65 

6 .56 i 0 . 1 2 
6 . 3 0 i 0 . 9 5 
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Fifi. 2. Ingrowth curve of Rn-222 from Ra-226 in the s c i n t i l l a t i o n v i a l . 
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rip,. 3. Calibration curve of Ra-226 counted in liquid KfintI l lat ion counter. 
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