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INTRODUCTION 

Cadmium has been acknowledged as one of most hazardous 
e n v i r o n m e n t a i  p o l l u t a n t s .  In  t h i s  c e n t u r y  cadmium has been 
used i n c r e a s i n g i y  by the i n d u s t r y ,  caus ing  a sharp  i n c r e a s e  
in  the e n v i r o n m e n t a l  c o n t a m i n a t i o n ,  Both i n h a l a t i o n  and d i e -  
t a r y  i n t a k e  r e s u l t  i n  the accumu la t � 8  of cadmium in  the bu-  
man body.  The p o s s i b l e  cadmium e f f e c t s  on the or9an ism were 
d i s c u s s e d  by FRIBERG et  a l .  { i 9 7 1 ) .  Metabo l i sm of cadmium 
has been u s u a l l y  i n v e s t i g a t e d  on an ima ls  exposed to cadmium 
compounds labelled with radioactive I09Cd or IoE5mCd (PARI- 
ZEI< et al., 1969; PIOTROWSI<I et al., 1974 a, 1975 b; BRYAN 
and H† 1976; MAGOSH and~JEB-B, &E976a, 1976b) .  

Cadmium &15mCd used in  the p resen t  work i s  known as h igh  
energy  � 9 9  [Emax=l .63  MeV). Such e m i t t e r s � 8 7  e s p e c i a l l y  
32p (PARKERs 1974;  PLESMUS and BUNCH, ! 9 7 1 ;  FRIC and PALOV- 
CIKOVA, 1975; SMITH et  a l . ,  1972) are r e c e n t l y  measured in  
the b i o l o g i c a l  samplœ ~ us ing  CERENKOV r a d i a t i o n .  

CERENKOV r a d i a t i o n  i s  observed when charged p a r t i c l e s  
are pass ing  th rough  t r a n s p a r e n t  medium a t  speed h i g h e r  than 
l i g h t  v e l o c i t y  in the sama medium. In  wa te rs  CERENKOV r a d i a -  
t i o n  i s  c r e a t e d  when energy  of ~ p a r t i c l e s  la  g r e a t e r  than 
0 .26  MeV. Th is  r a d i a t i o n  can be e a s i l y  d e t e c t e d  us ing  modern 
l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  equ ipmen t .  

I t  i s  known t h a t  d e t e c t i o n  e f f i c i e n c y  f o r  CERENKOV r a -  
d i a t i o n  i s  u s u a l l y  lower  ( 4 0 - 6 0  ~ f o r  32p) i n  compar ison 
with classical scintillation technique. This method, however, 
has several advantages making CERENKOV counting technique 
very attractive. The cost of analysis is significantly lowers 
because no sc�8 are required and pure water is used 
as solvant. Preparation of sample is very simple, chemical 
quenchlng is eliminated and the maximum sample volume is li- 
mited by vial capacity only. The absence of chemical quenching, 
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even in strong acid or base solutions�87 makes this method 
extremely attractive for the activity measurement of high 
energy ~ emitters in mineralized or solubilized tissues. 

Thfs paper deals with determination of OEZ5mCd in 
blood and other mineralized tissues by CERENI<OV counting. 

HATERIALS AND HETHOD 

Chemicals and equipmentt All chemicals were analaR grade. 
Rat tlssues were mineralized in the counting vials. Solu- 
tion 0.2 g/l of 4-methylumbelliferone [4-MU) in fO ~ ™ 
ethanol in water was used for the activity determination 
[ROSS s 1971). Counting was performed with an automatic 
liquid scintillation spectrometer Intertechnique SL-30 at 
screw-top riais. 

Sample preparation: Samples were prepared for analysis by 
two methods. In the first one, as proposed by MAHIN and 
LOFBERG (1966), tissue was mineralized by treating with 
60 ~ perchloric acid and 30 ~ hydrogen peroxide solutions. 
In the second method samples were solubilized according 
HERBERG's (1960) procedure, which has been modified by us 
as followst 0.5 H ethanolic sodium hydroxide solution has 
been used instead of potasium hydroxide as proposed by HER- 
BERG. Before mineralization 0.1 ml of OEoE5mCdCl2, activity 
142 200 dpm, was added to eech sample. The absolute cadmium 
activity was determined by comparison with 32p standard x. 
For this determination scintillalion solution has been pre- 
pared by dissolving 8 g of Buthyl-PBD and 100 g of naphta- 
lene in I iiter of dioxane. 

Mineralization according to the first method was per- 
formed as follows: to an aliquot of 0.5 ml of blood (or 
plasma) in counting vials 0.5 ml of 60 ~ perchloric ac• 
was added and mixed thoroughly. I ml of 30 ~ H202 was than 
placed into vials and the content swirled again. Caps were 
screwed tightly into the vials which were next warmed at 
70 ~ 80oc for 2.5 hours and occasionally mixed. Smaples 
of soft tissues and bone weighing 0.2 g were used and trea- 
ted with 0.4 ml of 60 ~ perchloric acid followed by 0.8 ml 
hydrogen peroxide. After mineralization some samples were 
yellow [especially blood). This colour remained despite fur- 
ther adding of 30 ~ hydrogen peroxide. Samples in vials 
were cooled to room temperature and finally 10 ml of 4-4~U 
were added. 

In the second method solubilization was aiso carried 
out in counting vials. 5 ml of 0.5 M ethanolic sodium hy- 
droxide solution was mixed in the vial with 0.5 ml of blood 
(or plasma) or with 0.2 g of sort tissue or bone. Samples 
were then heated at 50 ~ 60oc for 24 hours. After the 
tissue has been completely dissolved solution was cooled to 
room temperature and 2-2.5 ml of 30 ~ hydrogen peroxide so- 

x Provided by O~rodek Produkcji i Oystrybucji Izotop6w 
OPIDI , Poland. 
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lution was added dropwise to reduce yellow colour of sam- 
pies. FinaIiy 5 ml of 4-HU soiutlon was added. 

RESULTS AND DISCUSSION 

The optimum c o u n t i n g  c o n d i t i o n s  were e s t a b l i s h e d  on 
the basis of puise height spectra of 115mCd in 4-MU solu- 
tions and determined for colourless and yellow samples. 
For comparison the similar spectrum was obtained also for 
standard 32p solutions. Ai1 spectra are shown in Fig. I. 

. . - ~ . ~ , , : ,  - . 
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F i g .  1. Pu ise h e i g h t  
s p e c t r a  of CERENKOV 
p h o t o n s :  o - o 115mCd 
i n  4-HU c o l o u r l e s s  s o -  
l u t i o n , ~ - - A  115mCd i n  
4-NU y e l l o w  s o l u t i o n ,  
x - x 32p i n  4-MU c o l o -  
urless solution. 

Fig. 2 .  The dependence o f  
c o u n t i n g  e f f i c i e n c y  E on 
the s o l u t i o n  volume 

It is seen that in the case of colourless samples both 
spectra are very simiiar. For yeilow solutions, however, 
signiflcant spectrum shift is observed accompanled by mar- 
ked decrease in countlng efficiency. 

Ouring sample mineraIiza*ion different volumes of hydro- 
gen peroxide were used resulting in the final volume of sam- 
pie variable in limlts from 11.2 to 13 mi. For this reason 
the dependence of counting efficiency for 115mCd on the sam- 
pie volume was investigated. It can be seen from fig. 2�87 
that within the volume range of 10-15 ml the detection effi- 
ciency was almost constant. 

The varlabie coiour intensity of the sampies following 
mineralization required proper standarization. We have found 
that the automatic external standarization method, based on 
the activity measurement of 137Cs source in two channels of 
the SL-30 counter, cannot be used. Instead measurement of 
the activity ratio of the sample in two selected channels 
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appeered sultable for our determinations. Two channelsa 
A 0-600 and B 0-300�87 were selected on the basls of pulse 
height spectre presented in fig. 1. Fig, 3 illustrates the 
relation between counting efficiency E and the channels ra- 
tio R of  the samp les .  

m 

~o3  

o.z 

o.f 

f 

4 6 
CNANNELS RATIO (R) 

Fig. 3. The relation be- 
tween counting efficiency 
E of ll5mCd and the chan- 
nels ratio R. 
o yellow 

red ~10 ml 4-NU 
0 colourlessJsolutions 

�9 yellow 5 ml 4-MU+ 
& red 5 ml 0.5 M 

C2HRON9 so- 
Q colourless lutions 

�9 yellow 10 ml 4~HU+ 
,0 .5  ml 60 % 

& red HCI04+ 1 ml 
I colourles 30 % H202 
The curve is drown accor- 
ding te the equation (1}. 

Our results obtained for colourless, red and yellow solu- 
tions (coloured with varying intensity) fitted well the 
curve given by the equationl 

E = -0 �87  + 0�87 R - 0 ,0094  R 2 ( 1 }  

The c o e f f i c i e n t s  of  t h i s  e q u a t i o n  were c a l c u l a t e d  by the 
l e a s t  squares  method.  The r e l a t i v e  e r r e r  caused by us ing  c a -  
l i b r a t i o n  cu rve  f rom f i g .  3 d i d  ne t  exceed 5 % f o r  e f f i c i e n -  
cy E ~ 0720.  The a p p r o x i m a t i o n  of  the c a l i b r a t i o n  cu rve  by a 
q u a d r a t i c  f u n c t i o n  is u s e f u l  f o r  the  automatlc calculation 
of  a b s o l u t e  a c t i v i t y .  

The r e s u l t s  o f  the a c t i v i t y  measursment ef  d i f f e r e n t  
t i s s u e s  m i n e r a l i z e d  by HAHIN's  and LOFBERG's (1966  } method 
are  shown i n  the t a b l e  1.  The minimum d e t e c t a b l e  a c t i v i t y  
[HDA) of .115mCd�87 wh ich  �9  be measured by t h i s  method wss 
c a l c u l a t e d  a s .  NDA (pC~I = 3 - V i t /  t y 2 . 2 2  ~ E where= 
I t - the  background 49 cpm , t -  ~im› of  the measurement o f  
the sample a c t i v i t y  ( 1 0  minu tes~ �87  E - the a b s o l u t e  c o u n t i n g  
efficiency. 

Table 2 shows the results of actlvity measurement for 
the sample solubilized by modified HERBERG~ {1960} method. 
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The r e s u l t s  g i ven  i n  both t a b l e s  show t h a t  the CERENKOV 
coun t i ng  t echn ique  i s  s u i t a b l e  f o r  the measurement of 1oE5mCd 
in  the m i n e r a l i z e d  b i o l o g i c a l  samples.  For  the samples mine-  
r a l i z e d  by MAHIN's ~nd LOFBERG's ( 19661 method the l owes t  
coun t i ng  e f f i c i e n c y  waa 0 .34  and the cadmium r e c o v e r y  was 
round to be i n  the range 93 .6 -102  %. As the way of m i n e r a l i z a -  
t i o n  exc ludes  any l oss  of a c t i v i t y ,  the d i s p e r s i o n  in  the r e -  
cove ry  i s  ma in l y  caused by the a p p l i c a t i o n  of the c a l i b r a t i o n  
c u r v e .  

The samples s o l u b i l i z e d  by HERBERG's (oE960) method were 
measured w i t h  lower  coun t i ng  e f f i c i e h c y  ( 0 . 1 6 - 0 . 3 0 }  due to 
unremovab le ,  s t r o n g e r  than i n  MAHIN's method�87 y e l l o w  c o l o u r .  
In  t h i s  range of coun t i ng  e f f i c i e n c y  the c a l i b r a t i o n  curve 
shows a g r e a t  s l o p e ,  r e s u l t i n g  i n  a g r e a t e r  e r r o r  i n  the c a l -  
c u l a t i o n  of a b s o l u t e  a c t i v i t y .  

Both m i n e r a l i z a t i o n  techn iques  used i n  t h i s  work a l l owed  
us to o b t a i n  h i g h e r  va lues  of  cadmium r e c o v e r y  than i n  o t h e r  
more commonly a p p l i e d  methods compared l a t e l y  by SYVERSEN and 
SYVERSEN ( 1 9 7 5 } .  The r e c o v e r i e s  of 109Cd r e p o r t e d  by these 
au tho rs  were~ 56 % f o r  wet m i n e r a l i z a t i o n  w i t h  H2SO 4 and HNO 3 
( 2 = 5 ) ,  76 % f o r  48 hrs  dry  ash ing a t  450oc and 84 % in  the 
case of 12 hours e x t r a c t i o n  w i t h  HN03. 

Our r e s u l t s  show t h a t  the m i n e r a l i z a t i o n  w i t h  p e r c h l o r i c  
ac i d  and hydroqen pe rox ide  i s  the bes t  method f o r  t i s s u e  p r e -  
p a r a t i o n  f o r  toE5mCd measurement by CERENKOV t e c h n i q u e .  The 
main advantages of t h i s  method a r e :  g r e a t  speed and s i m p l i c i -  
t y  of  sample p r e p a r a t i o n ,  good c o u n t i n g  e f f i c i e n c y  f o r  OE16mCd 
in  s t rong  ac id  s o l u t i o n s  and the p o s s i b i l i t y  f o r  au toma t i c  
measurement i n  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 s .  

SUMNARY 

A new method f o r  the a c t i v i t y  measurement of l l5mCd in  
b i o l o g i c a l  samples was proposed.  A f t e r  t i s s u e s  m i n e r a l i z a -  
t i o n  w i t h  60 % p e r c h l o r i c  ac i d  and 30 ~ hydrogen pe rox ide  
{ I }  or  w i t h  0 .5  M e t h a n o l i c  sodium h y d r o x i d e  ( I l )  the s o l u -  
t i o n s  were Beasured in  au toma t i c  l i q u i d  s c i n t i l l a t i o n  coun-  
t e r  $L-30 by CERENKOV t e c h n i q u e .  The channe ls  r a t i o  method 
was s u c c e s s f u l l y  a p p l i e d  f o r  s t a n d a r d i z a t i o n .  

The r e c o v e r i e s  of 115mCd v a r i e d  i n  the ranges :  9 3 . 6 -  
102 % and 8 2 . 7 - 9 9 . 3  % f o r  method I and I I ,  r a s p e c t i v e l y .  
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