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INTRODUCTION 

Many methods f o r  t h e  d e t e r m i n a t i o n s  o f  e lemen ts  r e q u i r e  t h a t  a l l  e lement  c o n t a i n i n g  s p e c i e s  
a r e  c o n v e r t e d  i n  one s i n g l e  fo rm wh ich  i s  u n i f o r m  and w e l l  de f i ned ;  i .e. t h a t  a l l  f o rms  o f  
b i n d i n g  p r e s e n t  i n  a p a r t i c u l a r  sample a r e  c o n v e r t e d  i n t o  one o r  more s i m p l i f i e d  s t a g e s  
(e.g. i o n i c ) .  Methods r e q u i r i n g  sample t r e a t m e n t  are, amongst o the rs ,  a t o m i c  a b s o r p t i o n  o r  
e m i s s i o n  s p e c t r o m e t r y  and vo l tammet ry ;  i n  some cases (e.g. i n  X R F A )  a comp le te  d i g e s t i o n  o f  
t h e  sample t o  a v o i d  m a t r i x  i n t e r f e r e n c e s  i s  n o t  r e q u i r e d ;  h e r e  d i l u t i o n  o f  t h e  sample o r  
d i g e s t ,  o r  a compar i son  o f  t h e  r e s u l t s  w i t h  t h o s e  o f  a c e r t i f i e d  r e f e r e n c e  m a t e r i a l  ( w i t h  
a p p r o x i m a t e l y  t h e  same m a t r i x  c o m p o s i t i o n )  i s  o f t e n  s u f f i c i e n t .  The v a r i o u s  a p p l i c a b l e  
t e c h n i q u e s  o f  e lement  d e t e r m i n a t i o n  do n o t  a l l  r e q u i r e  t h e  same degree  o f  sample m a t r i x  
break-down, e.g. v o l t a m m e t r y  i s  more p r o n e  t o  e r r o r s  caused by ( comp lex ing )  o r g a n i c  m a t r i x  
f ragments,  t h a n  f l a m e  a tomic  a b s o r p t i o n  s p e c t r o m e t r y .  Atom s p e c t r o m e t r i c  t e c h n i q u e s  ( A A S ,  
ICP) can be  used f o r  s o l u t i o n s  wh ich  a r e  n o t  c o m p l e t e l y  c o n v e r t e d  i n t o  s i m p l e  p r o d u c t s  

and ions ) ,  because a t  t h e  h i g h e r  t e m p e r a t u r e s  o f  t h e  measurement, p o s s i b l e  ( i . e .  
complexes d i s s o c i a t e .  V o l t a m m e t r i c  t e c h n i q u e s  on t h e  o t h e r  hand, r e q u i r e  t h a t  t h e  i o n s  t o  
be d e t e r m i n e d  a r e  f r e e  and n o t  bound t o  o t h e r  i o n s  o r  f ragmen ts  o f  an o r g a n i c  m a t r i x .  
C e r t a i n  b i o t i c  m a t r i c e s  a r e  s u f f i c i e n t l y  d i g e s t e d  w i t h  n i t r i c  a c i d  i n  a bomb, i f  atom 
s p e c t r o m e t r i c  t e c h n i q u e s  a r e  t o  be used; whereas f o r  v o l t a m m e t r y  a f u r t h e r  d i g e s t i o n  w i t h  
p e r c h l o r i c  a c i d  i s  necessa ry .  

The c h o i c e  o f  a d i g e s t i o n  t e c h n i q u e  s h o u l d  t a k e  i n t o  accoun t  t h e  p a r t i c u l a r  r e q u i r e m e n t s  o f  
i h e  end d e t e r m i n a t i o n .  For sotiie cases (e.5. XI<FA),  a comp le te  d i g e s t i o n  o f  t h e  sample i s  
n o t  r e q u i r e d .  E s p e c i a l l y  i n  v a r i o u s  c o n t r o l  d e t e r m i n a t i o n s ,  an i n c o m p l e t e  d i g e s t i o n  wh ich  
consumes l e s s  t i i i i e  anu LaDor, i s  o f t e n  a c c e p t a b l e  f o r  a s p e c i a l  w e l l - d e s c r i b e d  pu rpose .  
T y p i c a l  examples o f  accep ted  b u t  i n c o m p l e t e  d i g e s t i o n s  f ro t i i  v a r i o u s  f i e l d s  a r e  t h e  
d e t e r m i n a t i o n  o f  t h e  K j e l d a h l  n i t r o g e n  c o n t e n t  ( f o o d  a n a l y s i s ) ,  t h e  d e t e r m i n a t i o n  o f  t h e  
aqua r e g i a  s o l u b l e  n i e t a l  c o n t e n t s  ( a y r i c u l t u r e ,  s o i l s  and sludges, g round  wa te r  p o l l u t i o n  
e s t i m a t e s )  etc.. .  

However, when one wants t o  know t h e  t o t a l  con ten ts ,  one has t o  a p p l y  a d i g e s t i o n  t e c h n i q u e  
which, i n  c o m b i n a t i o n  w i t h  t h e  chosen end d e t e r m i n a t i o n ,  a l l o w s  a d e t e r m i n a t i o n  o f  t h e  
t o t a l  c o n t e n t .  Such a t o t a l  d i g e s t i o n  s h o u l d  be a p p l i e d  wherever  t h e  e s t a b l i s h m e n t  o f  an 
e lement  b a l a n c e  i s  needed, where e lement  pathways t h r o u g h  v a r i o u s  eco-compartments have t o  
be found  i n  o r d e r  t o  c o n s t r u c t  e n v i r o n m e n t a l  o r  b i o l o g i c a l  models, where "wors t - case"  
s t r a t e g i e s  a r e  necessa ry  because t h e  f a t e  o r  t h e  s p e c i e s  o f  an e lement  a r e  as y e t  unknown 
(e.g. t o t a l  Hg vs methy l -Hg) .  Needless t o  say such a t o t a l  d i g e s t i o n  and d e t e r m i n a t i o n  i s  
a lways  more cumbersome t h a n  t h e  d e t e r m i n a t i o n  o f  a m e t h o d o l o g i c a l l y  d e f i n e d  pa ramete r .  
U n f o r t u n a t e l y ,  t h e r e  i s  no  d i g e s t i o n  t e c h n i q u e  a b l e  t o  cope w i t h  w i d e l y  d i f f e r i n g  m a t r i c e s  
which i s  as w e l l  s u i t e d  f o r  a l a r g e  number o f  d e t e r m i n a t i o n s  p e r  day. For e v e r y  case a 
s e l e c t i o n  o f  a p o s s i b l e  o p t i m a l  d i g e s t i o n  t e c h n i q u e  has t o  be niade t a k i n g  i n t o  accoun t  
f a c t o r s  such as:  method o f  end d e t e r m i n a t i o n ,  k i n d  o f  m a t r i x ,  e lement  c o n c e n t r a t i o n s ,  
p o s s i b l e  i n t e r f e r e n c e s ,  t osses  o r  con tamina t ions ,  p r a c t i c a l i t y  i n  t h e  l a b o r a t o r y  and s a f e t y  
haza rds .  

Usua l l y ,  one a r r i v e s  a t  a s u i t a b l e  d i g e s t i o n  p r o c e d u r e  f o r  a p a r t i c u l a r  l a b o r a t o r y  
a p p l i c a b l e  t o  one o r  a few s i m i l a r  m a t r i x  t ypes .  T h i s  r e p o r t  i s  n o t  i n t e n d e d  t o  p o i n t  t o  
t h e  b e s t  t e c h n i q u e  i f  any, b u t  t o  d i s c u s s  t h e  f a c t o r s  c o n s i d e r e d  when d e a l i n g  w i t h  t h e  
n e c e s s i t y  f o r  a sample d i g e s t i o n  p r i o r  t o  t h e  end d e t e r m i n a t i o n .  E x t e n s i v e  s u r v e y s  o f  
p o s s i b l e  t e c h n i q u e s  have been g i v e n  f o r  s p e c i a l i z e d  f i e l d s  as w e l l  as more g e n e r a l  s u r v e y s  
b y  e.g. Tschope l  (50), Bock (51), e t c .  I t  wou ld  be  beyond t h e  scope o f  t h i s  r e p o r t  t o  d e a l  
w i t h  t h e  m a t t e r  a g a i n  i n  such a d e t a i l e d  way. Some g e n e r a l  remarks can be  made, however, 
and a g e n e r a l  s u r v e y  can be p r e s e n t e d .  

I n  t r a c e  a n a l y s i s  problems, t h e  demands, r i s k s  o r  e r r o r s  i n c r e a s e  s t r o n g l y  w i t h  d e c r e a s i n g  
con ten t ;  c h a r a c t e r i s i t i c s  f o r  t h e  P g / g  range  do n o t  n e c e s s a r i l y  h o l d  a t  t h e  IOU n g / g  range  
o r  l ower .  B e f o r e  a p p l y i n g  a method o f  d i g e s t i o n ,  c a r e f u l  checks on  accu racy  and 
completeness o f  o f  d i g e s t i o n s  (e.g. w i t h  c e r t i f i e d  r e f e r e n c e  m a t e r i a l s  o r  r a d i o c h e m i s t r y )  
a r e  necessa ry .  W i t h  d e c r e a s i n g  con ten ts ,  t h e  e r r o r s  due t o  b o t h  c o n t a m i n a t i o n  and l o s s e s  
i n c r e a s e .  The lower  t h e  c o n t e n t  t o  be de te rm ined ,  t h e  more one s h o u l d  c o n s i d e r  t h e  
f o l l o w i n g  remarks.  

Bes ides  t h e  c o n t e n t  o f  con taminan ts  o r  i n t e r f e r e n c e s  i n  t h e  d i g e s t i o n  reagent ,  t h e  amount 
o f  t h e  r e a g e n t  i s  i m p o r t a n t .  An a c t i v e  and e f f i c i e n t  l e s s  p u r e  r e a g e n t  may be  p r e f e r r e d  
ove r  a r a t h e r  i n a c t i v e ,  b u t  e x t r e m e l y  p u r e  one, i f  a s m a l l e r  amount i s  s u f f i c i e n t .  
P r e f e r a b l y ,  a c i d s  wh ich  can e a s i l y  be p u r i f i e d  such as HC104, H C L O  , HCL, HF, HN03, and t o  
a l e s s e r  e x t e n t  M2S0,+, aowever, t h e s e  r e a g e n t s  
s h o u l d  be o f  a h i g h  p u r i t y  i n  ex t reme t r a c e  a n a l y s i s .  I n  most cases s u b - b o i l i n g  p o i n t  
d i s t i l l a t i o n  i s  necessary,  as w e l l  as s t o r a g e  and use  under  c lean-room c o n d i t i o n s .  

H20,, C O  2 .  

a r e  f r e q u e n t l y  and s u c c e s s f u l l y  a p p l i e d .  
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Every  d i g e s t i o n  t a k e s  p l a c e  i n  a s u i t a b l e  v e s s e l .  I n  t r a c e  a n a l y s i s ,  n o t  o n l y  i s  t h e  shape 
and s i z e  o f  t h e  v e s s e l  i m p o r t a n t  b u t  t h e  w a l l  m a t e r i a l  must be chosen t o  a v o i d  ( c r o s s )  
c o n t a m i n a t i o n  as w e l l  as Losses by a d s o r p t i o n .  I f  t h e  w a l l  s u r f a c e  i s  l a r g e  compared t o  
t h e  c o n t e n t  o f  t h e  vessel ,  a d s o r p t i o n  l o s s e s  e a s i l y  o c c u r .  These l o s s e s  i n  t u r n  may cause 
c o n t a m i n a t i o n  o f  t h e  n e x t  sample (memory e f f e c t s ) .  A m a t e r i a l  such as PTFE, a l t h o u g h  
seeming ly  p e r f e c t l y  s t a b l e  and i n e r t ,  may g r a d u a l l y  i n c r e a s e  i t s  s u r f a c e  a r e a  ( c r a c k s )  
a f t e r  use  G l a s s  and e s p e c i a l l y  q u a r t z - g l a s s  have more f a v o u r a b l e  p r o p e r t i e s  b u t  t h e y  
cannot  be used  i f  a s i l i c a  c o n t a i n i n g  m a t r i x  (e.g. s o i l s ,  rocks,  sediments, some p l a n t s ,  
coal ,  e t c . )  i s  t o  be c o m p l e t e l y  d i g e s t e d  u s i n g  o f  h y d r o f l u o r i c  a c i d .  G lassy  ca rbon  i f  
s u f f i c i e n t l y  r e s i s t a n t  a g a i n s t  t h e  r e a g e n t s  used, i s  o f t e n  a good a l t e r n a t i v e .  

A good way t o  reduce  t h e  amount o f  r e q u i r e d  r e a g e n t  i s  by o p e r a t i n g  under  p r e s s u r e  i n  
c l o s e d  v e s s e l s  a t  h i g h e r  t e m p e r a t u r e  t o  i n c r e a s e  t h e  o x i d a t i o n  p o t e n t i a l  and t h u s  t h e  
r e a c t i v i t y .  The s m a l l e r  amount o f  r e a g e n t  and t h e  c l o s e d  system dec rease  t h e  r i s k  o f  
c o n t a m i n a t i o n  by r e a g e n t s  and by l a b o r a t o r y  a i r .  The re fo re ,  p r e s s u r i z e d  d i g e s t i o n s  a r e  
o f t e n  recommended (e.g. by IUPAC V2). The demands made on  t h e  i n e r t n e s s  o f  t h e  v e s s e l  
w a l l s  are, however, c o n s i d e r a b l y  h i g h e r .  A t  h i g h  t e m p e r a t u r e s  (200  ' C )  PTFE cannot  be  used  
many t imes .  Moreover  t r a c e  e lemen ts  a r e  e a s i l y  l eached  f rom G lass  by d i g e s t i o n  a c i d s  and 
s h o u l d  n o t  be  c o n s i d e r e d  f o r  h i g h  t e m p e r a t u r e  p r e s s u r e  d i g e s t i o n s  o f  m a t e r i a l s  w i t h  low 
c o n t e n t s .  Q u a r t z - g l a s s  i s  a s u i t a b l e  m a t e r i a l  b u t  i n  case o f  s i l i c a - c o n t a i n i n g  m a t r i c e s ,  a 
s e p a r a t e  a t t a c k  w i t h  e.y. h y a r o f l u o r i c  a c i d  i n  a PTFE v e s s e l  a t  l ower  t e m p e r a t u r e s  i s  
necessa ry .  This, o f  course, r e q u i r e s  a t r a n s f e r  s t e p  f r o m  a q u a r t z - g l a s s  t o  a P T F E  vesse l ,  
i n c r e a s i n g  t h e  r i s k  o f  l o s s e s  o r  c o n t a m i n a t i o n .  I f  p o s s i b l e  t h e  whole d i g e s t i o n  s h o u l d  be  
c a r r i e d  o u t  i n  one c l o s e d  system, w i t h o u t  t r a n s p o r t  o f  m a t e r i a l .  I f  t h i s  i s  n o t  p o s s i b l e ,  
t h e  t r a n s p o r t  s h o u l d  be u n d e r t a k e n  i n  a c l o s e d  system, (e.9. h y d r i d e  f o r m a t i o n ,  s o r p t i o n  on  
a c a r r i e r  such as an i m m o b i l i z e d  reagent ,  i o n  exchanger  o r  t h e  l i k e )  o r  under  c lean-room o r  
c lean-bench c o n d i t i o n s .  The avo idance  o f  c o n t a m i n a t i o n  must i n v o l v e  a c a r e f u l  c l e a n i n g  o f  
a l l  s u r f a c e s  c o n t a c t i n g  t h e  sample o r  d i g e s t .  I n c l u d i n g  p o l i s h i n g  t o  reduce  t h e  s u r f a c e  
a rea  i f  necessa ry .  E l a b o r a t e  p r o c e d u r e s  have been deve loped  o u t  u s i n g  i n  t h e  f i n a l  stage, 
c l e a n i n g  r e a g e n t s  o f  h i g h e s t  p u r i t y  (e.g. s u b - b o i l i n g  p o i n t  d i s t i l l e d  HN03 a p p l i e d  f o r  a 
p r o l o n g e d  p e r i o d ) .  

Losses may o c c u r  n o t  o n l y  by a d s o r p t i o n  b u t  a l s o  by v o l a t i l i z a t i o n ,  wh ich  o c c u r s  
e s p e c i a l l y  i n  open v e s s e l s  (e.g. d r y  ashiny,  f u s i o n ) .  I f ,  i n  t h e  cou rse  o f  a d e s t r u c t i o n  
a t  t h e  a p p l i e d  t e m p e r a t u r e  a v o l a t i l e  compound can be  formed, v o l a t i l i z a t i o n  must be  
cons ide red .  Sometimes a c a r e f u l l y  s e l e c t e d  t e m p e r a t u r e  programme can, depena ing  on  t h e  
m a t r i x ,  a v o i d  a measurab le  v o l a t i l i z a t i o n .  I t  i s  h i g h l y  recommended t o  a p p l y  p r o p e r  a s h i n g  
a c i d s  (e.g. m i x t u r e  o f  Mg-oxide and n i t r a t e  o r  n i t r i c  a c i d )  i n  d r y  a s h i n g  p rocedures .  
P o s s i b l e  v o l a t i l e  compounds formed i n  a c l o s e d  v e s s e l  d i g e s t i o n  can be  a t t a c k e d  by t h e  
d i g e s t i o n  reagen t .  The d e s i g n  o f  t h e  c l o s e d  v e s s e l  s h o u l d  a l l o w  such a t t a c k .  T h i s  i s  
e a s i l y  a c h i e v e d  i n  a h i g h  temperature,  h i g h  p r e s s u r e  c l o s e d  bomb d i y e s t i o n .  One may 
conc lude  t h a t  a d i g e s t i o n  w i t h  a p u r e  gas o r  w i t h  a m i n u t e  amount o f  a c i d  o f  h i g h e s t  
p u r i t y  under  h i g h  p r e s s u r e  a t  h i g h  t e m p e r a t u r e  i n  a c l o s e d  vessel ,  s h o u l d  be r e g a r d e d  as 
most e f f e c t i v e  f o r  t r a c e  a n a l y s i s .  

I n  t h e  f o l l o w i n g  a b r i e f  summary o f  t h e  v a r i o u s  p o s s i b i l i t i e s  w i l l  be  p r e s e n t e d .  Techniques 
which use  t h e  a d d i t i o n  o f  s p i k e  (e.g. i s o t o p e  d i l u t i o n  mass s p e c t r o m e t r y )  r e q u i r e  a 
v i y o u r o u s  a t t a c k  o f  t h e  whole m a t r i x  t o  make s u r e  t h a t  t h e  endogeneous e lement  i s  p r e s e n t  
i n  t h e  same f o r m  as t h e  s p i k e d  e lement .  

Tab le  1 summarizes some methods and t h e  m a t r i c e s  f o r  wh ich  t h e y  can be  a p p l i e d .  
I n  P a r t  2 o f  t h i s  paper  we s h a l l  d e a l  w i t h  r e c e n t  f i n d i n g s  c o n c e r n i n g  t h e  most common 
t e c h n i q u e s  and i n  P a r t  3 w i t h  two examples t o  i l l u s t r a t e  t h e  g e n e r a l  s t a t e m e n t s  made 
b e f o r e .  

1. NOTES T O  S O M E  C O M M O N  MINERALIZATION TECHNIQUES 

I n  r e c e n t  l i t e r a t u r e  many s u r v e y s  o f  t e c h n i q u e s  have been p r e s e n t e d  o f t e n  accompanied by 
c r i t i c a l  remarks w i t h  r e f e r e n c e  t o  f a c t o r s  such as d i f f i c u l t i e s ,  l a b o u r  i n t e n s i t y ,  c o s t  and 
reagen t  q u a l i t y  ( 1 - 5 ) .  P r e s e n t l y  t h e  t e c h n i q u e s  most commonly i n  use a r e :  U V - i r r a d i a t i o n  
and o x i d a t i o n  w i t h  d i s s o l v e d  oxygen, wet d i g e s t i o n ,  ( d r y )  combus t ion  and f u s i o n .  Some 
n o t e s  w i l l  be made i n  t h e  f o l l o w i n g  w i t h  r e g a r d  t o  t h e i r  use.  

A. Oxidation using UV-light 

O x i d a t i o n s  under  t h e  i n f l u e n c e  o f  U V - l i g h t  and p o s s i b l y  w i t h  t h e  a c i d  o f  an o x i d i z i n g  agen t  
(e.g. hyd rogen  p e r o x i d e  o r  p e r o x o d i s u l p h a t e )  a r e  m a i n l y  used f o r  aqueous s o l u t i o n s  ( 6 ) .  
D i s s o l v e d  o r g a n i c  m o l e c u l e s  and complexes o f  t h e  a n a l y t e  m e t a l s  a r e  b r o k e n  down t o  y i e l d  
f r e e  m e t a l  i o n s .  The t e c h n i q u e  i s  a p p l i c a b l e  f o r  sea-water  ( 7 - 9 ) ,  waste wa te r  ( l o ) ,  f r e s h  
wa te r  (11) and wine ( 1 2 ) .  Equipment i s  c o m m e r c i a l l y  a v a i l a b l e  and f u r t h e r  improvements and 
developments a r e  s t i l l  b e i n g  made ( 1 3 ) .  S t i n g e r  e t  a l .  (10) compared U V - i r r a d i a t i o n  (4h )  
w i t h  an a c i d  d i g e s t i o n  (hyd rogen  p e r o x i d e / s u l p h u r i c  a c i d )  f o r  t h e  d e t e r m i n a t i o n  o f  As i n  
waste wa te r .  B o t h  methods gave comparable r e s u l t s .  The method does n o t  o x i d i z e  a l l  o r g a n i c  
components p o s s i b l y  p r e s e n t  i n  water; c h l o r i n a t e d  phenols ,  n i t r o p h e n o l s ,  hexach lo robenzene  
and s i m i l a r  compounds a r e  o n l y  p a r t l y  o x i a i s e d  ( 1 4 ) .  
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TABLE 1 

K i n d  o f  Method 
d i  ges t i on 

Heayent s A p p l i c a t i o n  

F u s i o n  a c i d l a l k a l i n e  
o x i d . / r e d u c i n g  
Fr e i b e r g  

Wet open v e s s e l  
a c i d  
o x i d i z i n g  

UV-oxid. 

c l o s e d  system; 
s t a t i c  

c l o s e d  system; 
dynamic 

Combust ion open v e s e l  

c l o s e d  system; 
s t a t i c  

c l o s e d  system; 

Py r o  1 y s  i s 

pe rsu lpha te /NaOH i norgan  i c 
Na2C03, NaN03 i n o r g . / o r g a n .  
Na2C03 + S i n o r g .  

H C L  ( H F )  i n o r g .  
e.g. HN03/KMn04/(HF) i n o r g . / o r g a n .  
HC 10 organ.  
C a t a t .  o x i d .  

HZ02 (Fe (11) as a 
c a t a l y s t  1 

bomb d i g e s t i o n  
w i t h  e.g. H C l ,  
HN03, HC104 

w a t e r s  

i n o r y .  + o ryan .  

HNO - r e f l u x  * i n o r g .  + o rgan .  3 

d r y  a s h i n g  w i t h  a i r  o rgan .  

oxyyen  f l a s k  o ryan .  

Wickbold,  o ryan .  
Trace-0-Mat R 

organ.  

H a l o g e n i z a t i o n  Br2, C12 i n o r g .  

Reduct i o n  H 2  o r  C i n o r g .  + o rgan .  

E l e c t r o l y s i s  s o l n s . / i n o r g .  

Enzymat i c  u rease  u r e a  f e r t i l i z e r  

H y d r o l y s i s  Te t ra -a l ky lammon ium organ.  
h y d r o x i d e  

* c l o s e d  t h r o u g h  a l i q u i d  s l o t .  

B. Acid digestion 

A c i d  d i g e s t i o n s  a r e  commonly used f o r  n e a r l y  e v e r y  t y p e  o f  m a t r i x .  For more r a p i d  
t r e a t m e n t s  o r  l ower  e lement  c o n c e n t r a t i o n s  a p r e s s u r i z e d  d i g e s t i o n  ( c l o s e d  system) i s  t h e  
cho ice .  For s i l i c e o u s  m a t r i c e s ,  t r e a t m e n t  w i t h  h y d r o f l u o r i c  a c i d  i n  PTFE- l ined v e s s e l s  
( H F )  a t  o r  a f t e r  t h e  d i g e s t i o n  i s  necessa ry .  P r e s s u r i z e d  d i g e s t i o n  systems a l s o  a l l o w  t h e  
a d d i t i o n  o f  H F  t o g e t h e r  w i t h  t h e  o t h e r  ( o x i d i z i n g )  a c i d s .  The advantayes and d i s a d v a n t a g e s  
o f  p r e s s u r i z e d  d i g e s t i o n s  were d e a l t  w i t h i n  a p r e v i o u s  r e p o r t  o f  t h e  IUPAC Commission V 2  
( m i c r o  and t r a c e  a n a l y s i s )  w r i t t e n  b y  J a c k w e r t h  and Gomiscek ( 1 5 ) .  B a j o  e t  a t .  ( 1 )  p r e s e n t  
a s u r v e y  o f  s e v e r a l  a c i d  d i g e s t i o n  t e c h n i q u e s .  

Knapp (16) t r e a t e d  sou rces  o f  s y s t e m a t i c  e r r o r s  i n  d i g e s t i o n  and gave t h e  f o l l o w i n g  
p o s s i b i l i t i e s  t o  reduce  t h e  r i s k  o f  e r r o r s :  

1. t h e  amounts o f  r e a g e n t s  s h o u l d  be as s m a l l  as p o s s i b l e  ( c o n t a m i n a t i o n ) ;  
2 .  t h e  r a t i o  mass: s u r f a c e  s h o u l d  be as l a r g e  as p o s s i b l e ;  
3. t h e  v e s s e l  m a t e r i a l  s h o u l d  be i n e r t  and pure; 
4 .  t h e  who le  system s h o u l d  have t h e  p o s s i b i l i t y  o f  s e a l i n g  ana keep ambient  a i r  

o u t .  

T h i s  l e a d s  t o  t h e  recommendation t o  use  p r e s s u r i z e d  d i g e s t i o n  t o  a v o i d  l o s s e s  and 
c o n t a m i n a t i o n .  The h i g h  p r e s s u r e  d i g e s t i o n s  a c ' c o r d i n g l y  deve loped  have g a i n e d  w ide  
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acceptance e s p e c i a l l y  f o r  m a t r i c e s  w i t h  t r a c e  l e v e l s  be low 500 ng /g .  The v e s s e l  w a l l s  
s h o u l d  p r e f e r a b l y  be made o f  q u a r t z .  O the r  a u t h o r s  recommend g l a s s y  ca rbon  ( 1 7 )  o r  PTFE. A 
ma jo r  drawback o f  a P T F E  v e s s e l  i s  t h a t  a f t e r  some p e r i o d  o f  use i t  shows m i n u t e  c r a c k s  
i n t o  wh ich  a p a r t  o f  t h e  d i g e s t  d i f f u s e s ,  t h u s  c a u s i n g  l o s s e s  and memory e f f e c t s .  
Temperatures above about  200 ' C  a r e  n o t  recommended as t h e  m a t e r i a l  becomes s o f t .  As 
d i s c u s s e d  above, d i g e s t i o n  t ime, t e m p e r a t u r e  and c h o i c e  o f  r e a g e n t s  depend s t r o n g l y  on t h e  
t y p e  o f  m a t r i x  and t h e  chosen method o f  f i n a l  d e t e r m i n a t i o n .  D i f f e r e n t  a u t h o r s  come t o  
d i f f e r e n t  c o n c l u s i o n s  because t h e y  have s t u d i e d  d i f f e r e n t  m a t r i c e s .  Not  a l l  b i o t i c ,  
o r g a n i c  o r  m ixed  m a t r i c e s  ( s o i l s )  a r e  e q u a l l y  d i f f i c u l t  t o  d i g e s t .  When f o l l o w i n g  t h e  
recommendat ions l a i d  down i n  t h e  l i t e r a t u r e  t h e  u s e r  s h o u l d  be aware and d e v e l o p  o p t i m a l  
c o n d i t i o n s  f o r  t h e  t y p e  o f  sample. C e r t i f i e d  r e f e r e n c e  m a t e r i a l s  c o u l d  be  o f  g r e a t  h e l p  
(18) .  

Recent l i t e r a t u r e  has p r e s e n t e d  some i n t e r e s t i n g  e x p e r i e n c e s  which can a c t  as g u i d e l i n e s .  
For f o o d  m a t e r i a l s  a p r e s s u r i z e d  d i g e s t i o n  w i t h  n i t r i c  a c i d  can be s u f f i c i e n t ;  w i t h  300 mg 
sample s i z e  and d i g e s t i o n  a t  150 'C (IY). S t o e p p l e r  e t  a t .  ( 2 U )  i n v e s t i g a t e d  t h e  d i g e s t i o n  
o f  an o r g a n i c  m a t r i x  w i t h  n i t r i c  a c i d  i n  more d e t a i l .  They measured t h e  p r e s s u r e  changes 
d u r i n g  t h e  d i g e s t i o n  and s t u d i e d  t h e  i n f l u e n c e  o f  t h e  t y p e  o f  m a t r i x ,  t h e  t e m p e r a t u r e  
programme and t h e  amount o f  a c i d .  They found  t h a t  t h e  d i g e s t i o n  neve r  a x i d i z e d  a l l  o r g a n i c  
f ragmen ts  c o m p l e t e l y .  T h i s  c o u l d  pose d i f f i c u l t i e s  i n  vo l tammet ry .  T h i s  i s  c o n f i r m e d  by 
A d e l o j u  e t  a t .  ( 2 1 )  who d e t e r m i n e d  Se i n  b i o t i c  m a t e r i a l s .  D i g e s t i o n  w i t h  HNO- y i e l u e d  poor  
r e s u l t s  when u s i n g  c a t h o d i c  s t r i p p i n g  vo l tammetry ;  a m i x t u r e  o f  n i t r i c  and s u l p h u r i c  a c i a  
gave b e t t e r  r e s u l t s ,  b u t  even h e r e  t h e  m a t r i x  i n f l u e n c e  was c o n s i d e r a b l e  as t h e  
v o l t a m m e t t r i c  peak s h i f t e d  f rom one sample t o  a n o t h e r .  

C h l o r i c  and p e r c h l o r i c  a c i d s  may cause seve re  e x p l o s i o n s  i f  used w i t h  l a r g e  amounts o f  
o x i d i s a b l e  m a t t e r .  I t  i s  recommended t o  use  t h e s e  a c i d s  t o  comp le te  t h e  a i g e s t i o n ,  a d d i n g  
them i n  a l a t e r  s t a g e  o f  t h e  d i g e s t i o n  ( t o  a t r a n s p a r e n t  d i g e s t ) .  P e r c h l o r i c  a c i d  i s  o f t e n  
r e q u i r e d  i f  v o l t a m m e t r y  i s  a p p l i e d .  A s a f e  and e f f i c i e n t  t e c h n i q u e  c o n s i s t s  o f  t h e  
e v a p o r a t i o n  o f  t h e  d i g e s t  t o  d ryness  f o l l o w e d  by a t r e a t m e n t  w i t h  HC104 t i l l  f u m i n g  ( o r  
even e v a p o r a t i o n  o f  t h e  added a c i d ) .  A d d i t i o n  o f  t h e  s t r o n g  o x i d a n t  c h l o r i c  a c i d  ( H C L O - )  t o  
t h e  n i t r i c  a c i d  i n c r e a s e s  t h e  power o f  o x i d a t i o n :  no  l o s s e s  o f  As, Cd, Hg o r  I cou?d be 
obse rved  when d i g e s t i n g  70-400 mg o f  an o r g a n i c  sample a t  130 O C  f o r  7U-9U min ( 2 2 ) .  
S t a b l e  m a t r i c e s  such as g r a p h i t e ,  c h a r c o a l  o r  some e n v i r o n m e n t a l  were s u c c e s s f u l l y  a t t a c k e d  
a f t e r  a d d i t i o n  o f  p e r c h l o r i c  ac id ,  s u l p h u r i c  a c i d  o r  sodium d i c h r o m a t e  t o  t h e  n i t r i c  a c i a  
( 2 3 ) .  

May e t  a t .  ( 2 4 )  d i g e s t e d  u p  t o  4 g o f  d r y  m a t e r i a l  w i t h  a n i t r i c - p e r c h l o r i c  a c i d  m i x t u r e  i n  
a 250 m l  q u a r t z  v i a l  p l a c e d  i n  a h e a t i n g  b l o c k  w i t h  a t e m p e r a t u r e  o f  200 'C. T y p i c a l  
d i g e s t i o n  t i m e s  were: t i s s u e s  and p l a n t s :  1.5 hours, f a t s :  3 hours, and s l u d g e s :  ti hours .  
The b l a n k s  were o f  t h e  o r a e r  o f  mayn i tuae  o f  ng /g .  The m i x t u r e  d i d  n o t  f u l l y  d i s s o l v e  t h e  
meta ls ,  p o s s i b l y  bound t o  s i l i c a .  To o b t a i n  t h e  t o t a l  c o n t e n t  o f  some m e t a l s  t r e a t m e n t  
w i t h  H F  was necessa ry  ( 2 5 ,  2 6 ) .  

Open v e s s e l s  o f t e n  l e a d  t o  l o s s e s  due t o  v o l a t i l i z a t i o n .  K a i s e r  e t  a t .  (27 )  s t u d i e d  l o s s e s  
o f  mercu ry  ( u s i n g  s p i k e s  o f  l a b e l l e d  Hg) i n  d i g e s t i o n s  w i t h  c h l o r i c / n i t r i c  a c i d  m i x t u r e s  a t  
h e a t i n g  b l o c k  t e m p e r a t u r e s  o f  u p  t o  2UU O C .  They o b s e r v e d  l o s s e s  u n l e s s  s p e c i a l  long-neck 
K j e l d a h l - t y p e  f l a s k s  were usea.  C o n d i t i o n s  o f  t e m p e r a t u r e  and t i m e  were c r i t i c a l .  Fa ts  
caused d i f f i c u l t i e s  and had t o  be removed p r i o r  t o  d i g e s t i o n .  B l a n k s  were h i g h  i n  open 
systems. 

The a d d i t i o n  o f  s p i k e s  may demons t ra te  t h e  power o f  a d i g e s t i o n  t e c h n i q u e .  The added s p i k e  
s h o u l d ' p r e f e r a b l y  be an o r g a n i c  s t a b l e  compouna when a n a l y z i n g  an o r g a n i c  m a t r i x  ( 2 8 ) .  
Where p o s s i b l e ,  a d m i n i s t r a t i o n  o f  l a b e l l e d  compounds t o  l i v i n g  o rgan isms  h e l p s  t o  v e r i f y  
p o s t  m o r t a l  d i g e s t i o n  o f  t h e i r  t i s s u e s .  Koops ( 2 Y )  a p p l i e a  SUbCUtaneOUS i n j e c t i o n s  o f  
l a b e l l e d  i o o i n e  t o  cows and checked t h e  r e c o v e r y  i n  t h e i r  m i l k .  Yang e t  a t .  ( 3 0 )  f e d  r a t s  
w i t h  l a b e l l e d  Zn and checked t h e  Zn - recove ry  f r o m  t h e i r  l i v e r s .  These a u t h o r s  d i g e s t e d  w i t h  
a m i x t u r e  o f  n i t r i c / s u l p h u r i c  a c i d s  i n  an open system u n t i l  w h i t e  fumes appearea; 
a f t e r w a r d s  14% o f  t h e  Zn was s t i l l  bOUna t o  o r g a n i c  compounds. 

The e lemen ts  I ,  Hg and Se a r e  e a s i l y  v o l a t i l i z e d  d u r i n g  d i g e s t i o n ,  so i n  p r i n c i p l e  open 
systems s h o u l d  be avo ided .  Se o f t e n  v o l a t i l i z e s  when c h a r r i n g  w i t h  c o n c e n t r a t e d  s u l p h u r i c  
a c i d  (e.g. 31) .  I f  t h e  o x i d a t i o n  p o t e n t i a l  i s  k e p t  a t  a v e r y  h i g h  v a l u e  ( i . e .  s u f f i c i e n t  
t o  o x i d i s e  a l l  I t o  i o d a t e  o r  f u r t h e r )  d u r i n g  t h e  whole o f  t h e  d i g e s t i o n  p e r i o d ,  
v o l a t i l i z a t i o n  tosses  do n o t  appear. Haas and K r i v a n  found, u s i n g  r a d i o t r a c e r s  t h a t  n o  
l o s s e s  o f  Hg o c c u r r e d  i n  an open wet d i g e s t i o n  w i t h  aqua r e g i a  p r o v i d e a  t h a t ,  hyd rogen  
p e r o x i d e  was added c o n t i n u o u s l y  d u r i n g  t h e  whole d i g e s t i o n  p e r i o d  ( 3 2 ) .  P e r c h l o r i c  a c i d  
can a l s o  m a i n t a i n  t h e  o x i d a t i o n  p o t e n t i a l  s u f f i c i e n t l y  h i g h  t o  a v o i d  l o s s e s  o f  Se ( 3 4 ) .  
Schl ieckmann e t  a t .  ( 3 3 )  usea c h l o r i c  a c i d  i n  c o m b i n a t i o n  w i t h  H F  and HNO. i n  t h e  a i g e s t i o n  
o f  d u s t  samples a t  t e m p e r a t u r e s  o f  8U 'C, 130 'C, and 15U 'C. The c d l o r i c  a c i d  causea 
l o s s e s  o f  Cr ( a s  ch romy l  c h l o r i d e )  a t  h i g h e r  tempera tu res .  

A r e l a t i v e l y  new t e c h n i q u e  u s i n g  microwave energy  i n  c l o s e a  PTFE-vessels a t  e l e v a t e d  
te i i i pe ra tu re  ana p r e s s u r e  i s  a b l e  t o  a c h i e v e  v e r y  r a p i d  deco inpos i t i on .  The microwave energy  
i s  d i r e c t l y  abso rbed  by t h e  a c i d  and some t y p e s  o f  samples. vioreover c l o s e a  po lymer  
v e s s e l s  a r e  t r a n s p a r e n t  t o  microwave energy.  6 i n g s t o n  and J a s s i e  ( 4 Y )  ae i i l ons t ra tea  t h e  

5 
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decoiriposition o f  b i o l o g i c a l  o r  b o t a n i c a l  sainples w i t h  n i t r i c  a c i o  i n  l u  riiinutes w i t h  
temperatures o f  l a 5  " C  a t t a i n e d  w i t h i n  3 rciin. A niethoo o f  c a l i b r a t i o n  an0 p r e o i c t i o n  o f  
t i m e  t o  temperature o r  t he  requ i re0  aniount o f  power t o  proouce a c e r t a i n  temperature a l l ows  
niooeliny o f  temperature oecomposi t ion u s i n y  c lose0 microwave systems. The r a t e  o f  
decomposi t ion and r e t e n t i o n  o f  v o l a t i l e  t r a c e  elements i s  an advantage o f  t h i s  c losed 
system a c i d  decomposi t ion system. 

C. Combustion 
A f r e q u e n t l y  used method f o r  b i o t i c  and organ ic  mater ia ls ,  coa l  and food i s  d ry  ashing, 
where t h e  ma t r i x  i s  o x i d i z e d  w i t h  ambient a i r  a t  450-600 " C .  The method i s  no t  labour 
i n t e n s i v e  and many samples can be handled s imu l taneous ly .  I n  the  case o f  s i l i c e o u s  
m a t e r i a l s  t h e  r e s i d u a l  ash i s  t r e a t e d  w i t h  HF. Contamination, e.g. by atmospheric dusts, 
i s  a severe r i sk ,  there fore ,  t h e  method cannot be recommended f o r  low t r a c e  contents.  
V o l a t i l i z a t i o n  may in t roduce  o the r  sources o f  e r r o r  (35).  I n  an experiment w i t h  d ry  ashing 
o f  o i l s  seve ra l  elements were p a r t i a l l y  l o s t  (36) bu t  add i . t i ves  (e.g. M g - n i t r a t e / n i t r i c  
ac id )  i n  combinat ion w i t h  programmed hea t ing  sometimes he lps  t o  overcome t h e  problem (34, 
35 ) .  Combustion o f  o rgan ic  ma t r i ces  i n  oxygen i n  a c losed system i s  a good technique, 
because as p o i n t e d  ou t  p rev ious ly ,  gases can be p u r i f i e d  r e l a t i v e l y  e a s i l y .  Oxygen bombs 
can handle l a rge  amounts (e.g. 20 g) o f  sample (37, 38). 

An e legant  combustion system i s  the  so-ca l led  Trace-0- Mat R (e.g. Table 1 )  which enables 
no t  o n l y  combustion i n  a c losed system but a l s o  f u r t h e r  t rea tment  (39-40). Experience has 
been gained on a v a r i e t y  o f  ma t r i ces  and elements. Even rocks and s o i l s  o f t e n  re lease 
t h e i r  v o l a t i l e  t r a c e  metals a t  t he  h igh  temperature o f  combustion ( a d d i t i o n  o f  c e l l u l o s e ) .  
The v o l a t i l e  elements a re  condensed on a c o l d  f i n g e r  ( l i q u i d  n i t r o g e n )  i n  t h e  system. 
La te r  they  can be d i sso l ved  by r e f l u x i n g  w i t h  e.g. n i t r i c  ac id .  Elements which have been 
success fu l l y  determined are :  Cr, Cu, Fe, Mn, Zn, Cd, Pb, Hg, As, and Se. 

Low temperature ash ing  (LTA) i s  a technique i n  which t h e  samples are  o x i d i z e d  i n  a stream 
o f  a c t i v a t e d  oxygen a t  temperatures up t o  120 "C.  L i t t l e  a t t e n t i o n  i s  requ i red  once the  
sample i s  p laced i n  the  device; t he  b lanks  are  low, the re  are  no hazards (aggress ive  
l i qu ids ,  exp los ions) ,  a r e a c t i o n  between con ta ine r  and sample does no t  occur and the  r a t e  
o f  t he  r e a c t i o n  can be monitored (e.g. N-emission l i n e  a t  675 nm). V o l a t i l i z a t i o n  i s  no t  a 
s i g n i f i c a n t  problem except when f l u o r i d e s  can be formed ( 8 ,  S i ,  T i ,  U, W ) .  The techn ique 
i s  expensive, few samples can be ashed a t  a time, t h e  ash ing  requ i res  hours and the  samples 
must be d ry  (27). 

F l u o r i n e  seems t o  ca ta l yse  LTA-combustion processes. The r e a c t i o n  ra tes  are  increased by 
P T F E  which has advantages over C F 4  (41).  Quar t z  con ta ine rs  anu equipment should not be 
used i n  combinat ion w i t h  f l u o r i n e  add i t i ons .  I n  1962, G l e i t  and Ho l land (42) ob ta ined 
o x i d a t i o n  r a t e s  o f  about 1 g /h  us ing  a 30U W o s c i l l a t o r  a t  13.56 MHz and temperatures below 
100 " C  (42).  I n  a recent study (301, i t  was shown t h a t  u s i n g  an 80 W source f o r  3 hours 47 
% o f  Zn i n  r a t s '  l i v e r s  was s t i l l  bound t o  an organ ic  l igand.  Th is  suggests t h a t  LTA can 
ha rd l y  be combined w i t h  voltammetry. A recent paper descr ibes  t h e  use o f  a 27.12 MHz 
source (16) .  

D. Fusion 
Fusion ( e s p e c i a l l y  a l k a l i n e  fus ion )  i s  a power fu l  technique e s p e c i a l l y  bo th  f o r  o rgan ic  
ma t r i ces  and those w i t h  a h igh  s i l i c a  and alumina conten t  (e.g. rock, dust, slags, ashes) 
hav ing  r e l a t i v e l y  h igh  t r a c e  element conten ts  (43). Since s o l i d  and aggress ive  f u s i o n  
reagents a re  d i f f i c u l t  t o  p u r i f y ,  f u s i o n  cannot be recommended as a technique f o r  u l t r a  
t r a c e  analyses. A second disadvantage i s  t h a t  t h e  method i s  c a r r i e d  ou t  i n  contac t  w i t h  
ambient a i r .  R isks  o f  v o l a t i l i z a t i o n  a re  large; e.g. c h l o r i d e s  have t o  be removed p r i o r  t o  
t h e  f u s i o n  s tep  t o  avo id  losses of, say, Cr as Cr02C12 o r  As as AsC13., As a r e s u l t  o f  t h e  
h igh  s a l t  con ten t  f o l l o w i n g  t h e  treatment,  some spec t romet r ic  techniques such as flame 
atomic abso rp t i on  spectrometry may present  d i f f i c u l t i e s .  A combinat ion o f  a l i t h i u m  
t e t r a b o r a t e  mel t  by e lec t ro the rma l  atomic abso rp t i on  spectrometry has g i ven  good r e s u l t s  
f o r  f l y  ash, sediment and dust (44). For d i f f i c u l t  ma t r i ces  such as a l u m i n o s i l i c a t e  ashes 
formed a t  a temperature o f  600-800 'C, a l k a l i n e  o x i d a t i v e  f u s i o n  (preceded by a s u l p h u r i c  
a c i d  t rea tmen t )  was shown t o  be t h e  o n l y  a l t e r n a t i v e  f o r  a prolonged (8 days) a c i d  (HF, 
HC104, HNO 1 d i g e s t i o n  a t  180 O C  (45). 
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2. EXAMPLES 
Many o f  t h e  above suggest ions are  based on t h e  au tho rs '  exper ience. For every new case f o r  
t h e  labora tory ,  t h e  e f f i c i e n c y  o f  t h e  d i g e s t i o n  procedure has t o  be tested, v e r i f i e d  and i f  
necessary a mod i f i ed  o r  new procedure has t o  be app l ied .  Recent examples w i t h  exper ienced 
l a b o r a t o r i e s  w i l l  be summarised below. Two cases w i l l  be considered: (1 )  t he  d i g e s t i o n  o f  a 
very  r e s i s t a n t  m a t e r i a l  w i t h  r e l a t i v e l y  h igh  conten ts  (an i n c i n e r a t o r  ash w i t h  a 
cons iderab le  amount o f  a l u m i n o s i l i c a t e s )  and (2 )  a low- fa t  t o t a l  o rgan ic  ma t r i x  w i t h  low 
conten ts  (skim m i l k  powder). 

A. Incinerator ash 
The conten ts  o f  " t race"  elements i n  such a m a t r i x  a re  h i g h  (e.g. Cd 470 mg/kg, Hg 31 mg/kg, 
Se 4 mQ/kg, C r  260 mg/kg, Ag 3 mg/kg, Br 3UU mg/kg (46).  Since most elements a re  p resent  
a t  l e v e l s  above 50 mg/kg, t he  r i s k  o f  con taminat ion  by s o l i d  reagents i s  low. However, 
in te r -e lement  i n t e r f e r e n c e s  may be a n t i c i p a t e d  as w e l l  as d i f f i c u l t i e s  i n  the  d iges t i on .  
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P r e l i m i n a r y  x - ray  and e l e c t r o n  m i c r o p r o b e  i n v e s t i g a t i o n s  have i n d i c a t e d  t h a t  a l a r g e  number 
o f  p a r t i c l e s  have an a l u m i n o s i l i c a t e  m a t r i x .  T h i s  c l a s s  o f  compounds does n o t  d i s s o l v e  
e a s i l y  i n  h y d r o f l u o r i c  a c i d .  I t  was necessa ry  t o  a p p l y  a p r e s s u r i s e d  d i g e s t i o n  w i t h  
o x i d i s i n g  a c i d s  and H F  f o r  about  100 h t o  c o m p l e t e l y  d i s s o l v e  t h e  m a t r i x  t o  o b t a i n  a 100% 
r e c o v e r y .  F u s i o n  methods can t h e r e f o r e  be a p p l i e d  p r o v i d e d  t h a t  l o s s e s  do n o t  o c c u r .  T h i s  
i s  n o t  e a s i l y  a c h i e v e d  because o f  t h e  h i g h  c o n t e n t s  o f  h a l i d e s  ( v o l a t i l i s a t i o n  o f  c h l o r i d e s  
o r  b romides ) .  Thus, p r i o r  t o  a f u s i o n  a t t a c k  t h e  m a t e r i a l  s h o u l d  be  t r e a t e d  w i t h  a r e a g e n t  
such as fum ing  s u l p h u r i c  a c i d  t o  remove most o f  t h e  h a l i d e s  and t h u s  o b t a i n  c o r r e c t  v a l u e s  
f o r  e lemen ts  such as As, T l ,  N i .  A s t a n d a r d  a t t a c k  f u l l y  s u i t a b l e  f o r  a c o a l  ( f l y )  ash  
wou ld  have g i v e n  p o o r  r e s u l t s  f o r  t h i s  t y p e  o f  ash. 

6. Milk powder 
U n l i k e  ( f l y )  ash t h e  m a t r i x  o f  a m i l k  powder i s  e a s i l y  d iges ted ;  t h e  d i f f i c u l t i e s  h e r e  t i e  
i n  t h e  v e r y  low c o n t e n t s  p r e s e n t  i n  t h e  m a t e r i a l  (e.g. Cd 3 ng/g, Hg 1 ng/g, Cu 0.5 pg/g,  
Fe 2 t ] g /g  and Pb U . l  p g / g )  (47). 

A l t h o u g h  n e u t r o n  a c t i v a t i o n  a n a l y s i s  s h o u l d  n o t  s u f f e r  f r o m  con tamina t ion ,  one l a b o r a t o r y  
had t o  p e r f o r m  t h e i r  w e i g h i n g  p r i o r  t o  i r r a d i a t i o n  w i t h  a b a l a n c e  p l a c e d  i n  a c l e a n  room. 
Even t h e  s h o r t  t i m e  necessa ry  f o r  t h e  w e i g h i n g  (e.g. 1 min) was s u f f i c i e n t  t o  cause a 
c o n s i d e r a b l e  mercu ry  c o n t a m i n a t i o n .  T h i s  c o n f i r m s  s i m i l a r  o b s e r v a t i o n s  (48 ) .Dry  a s h i n g  i s  
n o t  recommended f o r  m a t r i c e s  w i t h  such low c o n t e n t s  o f  t r a c e  e lemen ts  o f  conce rn  (0.5 - 
1000 n g / g ) .  The r i s k  o f  l o s s e s  and c o n t a m i n a t i o n  i s  c o n s i d e r a b l e .  Programmed d r y  a s h i n g  
done i n  a v e r y  c l e a n  oven and w i t h  c l e a n  a i r  i s  p o s s i b l e  o n l y  i f  c a r r i e d  o u t  by e x p e r i e n c e d  
workers.  The b e s t  d i g e s t i o n  s h o u l d  t a k e  p l a c e  i n  a c l o s e d  system (e.g. p r e s s u r i s e d  a c i d  
d i g e s t i o n  o r  a Trace-0-Mat R system) i n  wh ich  h i g h  p u r i t y  r e a g e n t s  (sub-  b o i l i n g  p o i n t  
d i s t i l l e d  ac ids,  oxygen gas)  can be used. D i g e s t i o n  i n  open systems e.g. K j e l d a h l - t y p e  
f l a s k s  g i v e s  u n a c c e p t a b l e  r e s u l t s .  

3. QUALITY CONTROL 

E x p e r i e n c e  has shown t h e  paramount impor tance  o f  v e r i f i c a t i o n  o f  d i g e s t i o n  e f f i c i e n c i e s  by 
u s i n g  r e f e r e n c e  m a t e r i a l s  w i t h  m a t r i c e s  w i t h  a s i m i l a r  o r  i d e n t i c a l  c o m p o s i t i o n .  As many 
b i o t i c  m a t e r i a l s ,  s o i l s ,  s l u d g e s  e t c .  v a r y  w i d e l y  i n  t r a c e  e lement  and m a t r i x  c o m p o s i t i o n  
t h i s  t e s t i n g  s h o u l d  i n v o l v e  as many m a t e r i a l s  as p o s s i b l e .  The d i f f i c u l t i e s  o f  d i g e s t i o n  
posed by t h e  a n a l y s i s  o f  t h e s e  m a t r i c e s  may be even g r e a t e r  t h a n  t h e  ones encoun te red  i n  
d a i l y  p r a c t i c e .  
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