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SUMMARY 

The fundamentals o f  the  use o f  microwave ovens f o r  sample decomposi- 
t ion ,  t h e  modi f ica t ions  proposed t o  adapt t h e  commerci a1 l y  avai 1 able 
microwaveovens t o  the  l abo ra to ry  work requirementsand t h e  p o s s i b i l i t i e s  
and-appl i c a t i o n s - o f  those methods 4n flow i n j e c t i o n  analysi-s-are -discu-: 
ssed. 

INTRODUCTION 

B io log i ca l  samples are n o t  completely so lub le  e i t h e r  i n  water, nor 
i n  organic solvents. So, t he  ana lys is  o f  t h i s  k i n d  o f  samples invo lves  
organic mat ter  decomposition as a previous treatment. 

Both, d ry  ashing ( a t  temperatures from 350 t o  5OO^C) (1 ) o r  wet ashing 
techniques (using d i f f e r e n t  ac ids  o r  mixtures o f  ac ids (2)) are genera l ly  
used f o r  the  dest ruc t ion  o f  t h e  ma t r i x  i n  the  determinat ion of m e t a l l i c  
elements i n  b i o l o g i c a l  samples ( 3 ) .  

Dry ashing treatment a1 lows .a minor . d i l u t i o n  o f  samples and moreover 
i t  avoid the  problems o f  t h e  use o f  s t rong a c i d  so lu t i ons  i n  measurement 
methods ( 4 ) .  However, bad recover ies  are obtained f o r  elements as i ron ,  
a lumini  um and chromium and a1 so an appreciable 1 oss o f  vo l  a t i  l e  elements, 
such as mercury, arsenic, selenium and lead ( 5 )  takes place. On the o ther  
hand, of ten,  samples o f  t i s s u e s  are minera l ized w i t h  d i f f i c u l t i e s  by d r y  
ashing (6). 

The use o f  wet ashi ng techniques decreased the  r i s k  o f  vo l  a t i  l i z a t i  on 
losses (7). However, a h igher a t t e n t i o n  kindness from t h e  operator  and 
a h igher  d i l u t i o n  o f  t h e  samples are required.  

I n  summary, a l o t  o f  problems are der ived from the use o f  each one 
o f  these techniques. The use o f  a combination o f  both,carrying o u t  a d r y  
ashing a t  low temperature using the  add i t i on  o f  mineral  ac ids (81, a1 lows 
t o  avoid some o f  these problems, however i t  does not  avo id  t h e  slowness 
and time-consuming o f  t h i s  k i n d  o f  tecniques. 

The development o f  d i g e s t i o n  procedures under pressfon (9-1 0) o r  t h e  
a c i d  e x t r a c t i o n  methods under energic press i  on and temperature cond i t ions  

'(11 1 has provided a d r a s t i c  reduc t i on  i n  t h e  sample prepara t ion  t ime 
requ i red.  However, the  minimum t ime f o r  t h e  ac id  decomposition or  a c i d  
e x t r a c t i o n  i s  about 1 o r  2 hours. Th is  r e l a t i v e  l ong  t ime requ i red  and 
the  pressing need t o  use of hermetic containers have d i f f i c u l t e d  t h e  



automat izat ion o f  these procedures. 
Other a1 t e r n a t i v e  methods, such as t h e  use o f  a l c o h o l i c  s o l u t i o n s  o f  

tet ramethyl  ammonium hydroxide (TMAH) a1 lows t h e  so l  u b i  1 i z a t i o n  o f  small 
q u a n t i t i e s  o f  several  t i  ssues a t  1 ow temperature. However, t h i  s  method 
requ i res  a t  l e a s t  two hours fo r  t h e  decomposition o f  1 g o f  t i s s u e  (12) .  
The use o f  a microwave oven permits a very f a s t  d i g e s t i o n  o f  b i o l o g i c a l  
samples, which decreases t h e  t ime requ i red  u n t i l  t o  be one o r  several 
minutes and a l l ows rap id  decomposition methods i n  batch suscept ib le  t o  au- 
tomati  ze. 

FUNDAMENTAL OF THE MICROWAVE OVEN DIGESTION 

Microwave r a d i a t i o n  cons is ts  o f  a1 t e r n a t i n g  e l e c t r i c  and magnetic 
f i e l d s .  The frecuency o f  t he  microwaves are o f  the  order  o f  g igahertzs,  
having t h e  most commonly used ovens a t  2.45 GHz generator. 

I n  a microwave oven the  r a d i a t i o n  generated i n  t h e  magnetron i s  
guided t o  t h e  oven c a v i t y  where i t  i s  absorbed by the  molecules o f  samples 
and so l  vents. 

Only t h e  po la r  molecules absorb t h e  microwave energy ( l3,14). I n  t h e  
e l e c t r i c  f i e l d  generated by the  radiat ion,,  t h e  d i p o l e  moment o f  po la r  
molecules attemps t o  a l i g n  w i t h  t h e  f i e l d  and, due t o  t h e  r a p i d  changes 
i n  t h e  e l e c t r i c  f i e l d  d i r e c t i o n s  (2.45 x 109 t imes per second) produced 
when t h e  microwave passes through a po la r  molecule, a se r i es  o f  a l i g n i n g  
and r e a l  i g n i  ng takes p l  ace. So the  f r i c t i o n e l  e f f e c t s  produces t h e  heat ing  
o f  t h e  sample. I n  consequence t h e  p o l a r i t y  has an impor tan t  r o l e  i n  t h e  
temperature attempted f o r  a substance i n  a microwave oven and, f o r  example, 
it has been no t i ced  (15) t h a t  t h e  temperature o f  100 mL o f  water 
increases 70Â° i n  80 seconds w h i l e  t h e  temperature o f  100 m i  o f  CC14 
on ly  increases ZÂ° i n  140 seconds. For t he  same volume o f  methyl pa lm i ta te  
an increase o f  30Â° i s  obtained i n  140 seconds. 

The heat ing  o f  a sample i n  a microwave oven increases against  t h e  
power suppl ied and t h e  i r r a d i a t i o n  t ime and decreases w i t h  t h e  mass o f  
and, i n  general, w i t h  t h e  l oad  o f  t h e  oven (16,171. 

Owing t o  t h e  i n f l uence  o f  t h e  d i p o l e  charac ter  o f  t h e  molecules, i n  
t h e  absorpt ion o f  t h e  microwaves i t  i s  necessary t o  c a r r y  ou t  t h e  d iges-  
t i o n  samples i n  t h e  presence o f  an a c i d  o r  m ix tu re  o f  acids. The d i e -  
l e c t r i c  l i q u i d s  heated i n  contac t  w i t h  t h e  d i e l e c t r i c  p a r t i c l e s  w i  11 
generate t h e  heat ing  o f  t h e  sur face molecules o f  a sample. This can 
c rea te  a l a r g e  thermal convenction cu r ren ts  which a g i t a t e  and destroy 
t h e  sur face l aye rs  and t h i s  f resh  sur face i s  exposed t o  t h e  a c i d  solu-  
t i o n s  p rov id ing  a very e f f i c i e n t  sample d i sso lu t i on .  So t h e  heat ing  i n  a 
microwave oven i s  n o t  produced by an ex te rna l  source o f  heat bu t  by i n t e r -  
a c t i o n  between t h e  microwave r a d i a t i o n  and t h e  sample molecules. The 
r a p i d  uptake o f  r a d i a t i o n  throughout t h e  sample s o l u t i o n  e l  i m i  nates 
t h e  heat conduction stage and t h e  sample-acid m ix tu re  acts as a lossy  
d i e l e c t r i c  i n  which an i n t e r n a l  heat ing  i s  produced as a consequence fi o f  
t h e  mechanical s t ress  induced by t h e  al ignment o f  t h e  .po lar ized mole- 
cules.  

The microwave do n o t  penetrate t h e  m e t a l l i c c o n t a i n e r s  and increases 
s l i g h l y  t h e  temperature o f  pyrex o r  p l a s t i c  conta iners.  The water mol'e- 
cu les  are t h e  most absorbing species o f  t h e  microwaves energy. 



MODIFICATION OF MICROWAVE OVENS FOR LABORATORY USE . > 

Microwave ovens have found widespread use i n  commercial k i tchness 
and i n  homes. These can def ros t ,  heat and cook foods very f a s t  and, if 
they are used properly, do n o t  c o n s t i t u t e  hazards t o  operators. 

However, when the use o f  t he  commercial a v a i l a b l e  ovens f o r  labora-  
t o r y  i s  wanted, i t  i s  necessary t o  consider some po in ts  t o  avoid the  
magnetron damage and the  p o t e n t i a l  r i s k s  o f  operation. 

It i s  important  t o  note t h a t  when samples are t r e a t e d  i n  an oven 
the load o f  t h i s  decreases as samples approaches complete dryness, and 
when t h e  oven losses i t s  loads t h e  energy t h a t  s t i l l  being suppl ied 
i s  no t  absorbed, the magnetron tends t o  arc and dest roy  i t s e l f  (189. 
Because o f  t h i s ,  i t  i s  s u i t a b l e  t o  p lace a small beaker con ta in ing  water 
t o  prevent t h a t  magnetron operate dry. 

A p o t e n t i a l  r i s k  e x i s t s  f o r  an explosion when organic compounds are 
heated and vapours are produced around e l e c t r i  ca l  equi pment ( 1  5 1 . On the 
other hand, h i g h l y  a c i d i c  mater ia l  s  should no t  be d r i e d  i n  a microwave 
oven, s ince t h e  ac id  fumes mat a t tack  t h e  c a v i t y  w a l l s  (17). Thus, t o  
ca r ry  out  wet d iges t ions  i n  a microwave oven i t  i s  important  t o  assure a 
convenient system t o  avoid t h e  s t a y  o f  ac id  o r  solvent  vapours i n  t h e  ca- 
v i  ty. 

T o  c a r r y  o u t  t h e  evacuation o f  t h e  a c i d  fumes fo rmeddur ing  t h e  wet 
d iges t ion ,  t h e  most general s t r a t e g i  e proposed i n  the  b ib l i og raphy  
cons is t  o f  i n t roduc ing  the  samples i n s i d e  a c losed r e c i p i e n t ,  connected 
w i t h  t h e  e x t e r i o r  o f  t h e  oven. 

Abu Samra and col leagues (19) have used a p l e x i g l a s  box, B a r r e t t  e t  
a1 (20) a pyrex rec tangu lar  chromatographic j a r  and Tsukada e t  a1 (21) a 
heat - res is tant  g lass vessel w i t h  a 1 cm diameter hole. These r e c i p i e n t s  
a l low a p r o t e c t i o n  o f  t he  i n t e r i o r  c a v i t y  o f  t h e  oven and a l so  t o  acco- 
mmodate an exhaust p ipe  which i s  connected w i t h  a -water asp i ra to r  o r  w i t h  
a fumes t rap.  

Pougnet e t  a1 (22) have proposed t h e  use o f  a d iges t i on  vessel 
assembly i n teg ra ted  by a dessicator  ( i n  which ertenmeyer f l a s k s  conta i  - 
ning t h e  samples were placed) connected w i t h  an erienmeyer conta in ing 
KOH ( i n  which a c i d  fumes are neu t ra l i zed  ' )  and a beaker conta in ing water. 
This assembly i s  int roduced i n t o  t h e  oven. The presence o f  an amount o f  
water a v o i d s t h e  magnetron damage and prevents the  ac id  a t tack  o f  t he  
oven. I n  t h i s  l a t t e r  case i t  i s  n o t  necessary t o  modi fy  t h e  commercially 
avai 1 abl e oven. 

I n  general i t  seems pre ferab le  t o  e x t r a c t  the  acidfumes bu t  Lamothe 
and c o l  . (23)  recommended t o  purge t h e  oven w i t h  compressed a i r  dur ing  
the  heat ing  cyc le  o f  samples i n  pressur ized vessels int roduced i n  a 
tupperware b o t t l e  rack. The purge i s  assured by d i f f e r e n t  p l a s t i c  tubes 
i nse r ted  through t h e  v e n t i l a t i o n  holes o f  t h e  s ide  o f  t h e  oven. 

When the  samples d iges t i on  i s  c a r r i e d  out  under pression t h e  use o f  
a closed conta iner  seems a s u f f i c i e n t  caut ion  t o  avoid t h e  oven damage 
(24). I n  t h i s  case, pressur ized vessels a l l ow  h igher  . sample-solut ion 
temperature, however a c i d  vapours a re  t ransparents t o  microwaves and o n l y  
the  l i q u i d  phase continues t o  absorb the  energy. 

The choice o f  both appropiate v i a l s  and reac to rs  i s  a l so  o the r  pro- 
blem t o  take i n t o  account. 

Metal 1 i c mater i  a1 s are impervious t o  microwave and because o f  t h i s ,  



they  can not  be used. However, t e f l o n ,  pyrex g lass  and some p l a s t i c s  
such as polycarbonate and polyethylene are s u i t a b l e  as vessels i n  t he  
samples a t tack .  Moreover, t e f l o n  and pyrex g lass  can be used i n  t h e  
t reatment  under pressure. However, pyrex vessels ga in  i n  heat q u i c k l y  
and so t e f l o n  vessels are used more f requente ly .  

P l a s t i c  m a t e r i a l s  cou ld  be recommended f o r  use as d i g e s t i o n  vessels 
i n  microwave oven. However, polystyrene becomes uns tab le  above 70Â° and 
cannot be used. 

Matthes e t  a1 (26)  and Lamothe e t  a1 (23) have been recommended the  
use o f  polycabonate pressur ized vessels, because polycarbonate i s  t r ans -  
parent t o  microwave and i t  i s  a h igh  tens ide  s t reng th  and a c i d  r e s i s t a n t  
p l a s t i c  w i t h  a me1 t i n g  p o i n t  o f  135OC. However, when a mix ture  o f  s t rong 
mineral  ac ids i s  used t o  d isso lve  samples i n  a microwave oven ye l l ow ing  
o f  t h e  p l a s t i c  and gradual f r o s t i n g  of t h e  b o t t l e  w a l l s  are normal a f t e r  
f o u r  runs. 

USE OF MICROWAVE OVEN DIGESTION I N  BATCH 

The microwave ovens have been used t o  d r y  b i o l o g i c a l  t i s s u e s  (27) 
and inorgan ic  samples (1 7) and a greater  speed and cos t  economy than 
thermal ovens are got ten.  

When b i o l o g i c a l  samples are d r i e d  i n t o  a microwave oven, t h e  h ighest  
temperature which samples get  i s  95-100Â° i f  oven i s  opera t ing  a t  minimum 
power f o r  15 minutes. However, i n  foods d i g e s t i o n  us ing  HN03 and H2S04 
a temperature o f  1 20Â° i s  go t ten  i n  5 minutes (21 1. That i s  why microwave 
oven i s  appropiate f o r  bo th  d r y  up and d i g e s t i o n  o f  samples. 

Since t h e  p u b l i c a t i o n  i n  1975 o f  t h e  work o f  Abu Samra e t  a1 (19 1, 
several authors have app l ied  t h i s  technique t o  a c i d  d i g e s t i o n  o f  samples. 
Table I summarize t h e  papers publ ished u n t i l  now. Mat r ix ,  elements de ter -  
mined, technique used and d iges t i on  cond i t i ons  are ind ica ted.  

It can be observed t h a t  i n  most cases t h e  works look a t  t h e  deter -  
minat ion  o f  elements by atomic absorpt ion spectroscopy and plasma emi- 
ss ion and a1 1 k i n d  o f  elements have been determined ( t r a n s i t i o n  metals, 
a l k a l i s  and a l k a l i n e  earths, v o l a t i l e  elements and o ther  o f  small so- 
l u b i  l i ty ,  phosphorus and sulphur, e t ce te ra ) .  

The geater  p a r t  o f  t h e  samples are b i o l o g i c a l  t i ssues  (19, 22,24,25), 
foods (21,30,31) and p l a n t s  (29) coa l  and sediment samples (24)  a l so  have 
been digested. 

Commercial ovens w i t h  power o f  t h e  order  o f  650 W are used i n  a l l  

10 g, be i  ng between 
the  works publ ished. 

The weigh o f  t h e  sample used ranges f rom 20mg t o  
200 and 500 mg t h e  more f requen t l y  amount used. 

D iges t ion  t ime i s  gene ra l l y  i n  order o f  a few m 
authors recommend t reatments o f  30 minutes o r  y e t  more 
t h a t  smal ler  t imes are enough t o  assure t o t a l  recovery 
determined, 

i nutes, bu t  some . However, i t  seems 
o f  elements t o  be 

Losses o f  t h e  elements dur ing  t h e  d i g e s t i o n  p r o c e s s g e n e r a l l y  do n o t  
happen (31 1. Using standard so lu t i ons  i t may be proved . t h a t  t h e  greater  
p a r t  o f  elements do not  v o l a t i l i z e  dur ing  t h e i r  d i g e s t i o n  (24, 25, '28). 
Only a losse o f  26% o f  chromium and 20% o f  l ead  i s  found when standard 
so lu t i ons  are t r e a t e d  by 10 mL of acqua r e g i a  and 5 mL o f  HF f o r  5 m i -  
nutes a t  625 W (24) .  



TABLE I Use o f  microwave oven 'wet d iges t i on  i n  batch 
- - -- 

MATRIX ELEHENTS OCTCRMINEO TECIINIQUE MICRCUAVE DIGESTION DIGESTION COWOITIOkS REFCRCNCE 
OVEN VFSSEL 

BIOLOGICAL Pb,Cu.Zn.As,Se,Co, N e u t r o n  t c t t r .  ms U S  aL f l a s k *  0.51 w i t h  1 0  n L  nnO,.HC10, 

1-5- W l t h  1 0 0  mL  IINO, and 

I O O p L  H202 115 i l n : t e l l  

200-1 w i t h  5 mL IINO,.IIC1 

a n d  3 ML t i p  I 3  m i n u t e s  , 

a t  625W1, add HOO, , 

w i t h  1 0 0 p L  UNO,. 5 m i n u t e s  

a t  7 0 0  u 

BIOLOGICAL hl,&*,De,Cd.Co,Cr, 

SAMPLES , C U , ~ Ã ‡ , K , L L , ~ ~ , H ~  

COAL, J t ~ , N l , P , S I , S r , T l ,  

SEDIMENTS V,Zn,Af.S 

ICP  s e a r s  

K Ã § n Ã § o  

625W 

BIOLOGICAL FR.CU,Cd 

SAMPLES 

ZWPIAHCKTON 

po l y . t hy l ene  

o r  p o l y p r o w -  

l Ã § n  c u p s  

I O P  StABP 

R 6 9 5 0  C 

6 5 0  W 

BIOLOGICAL c a , ~ q , ~ , ~ i , r ~ , n n ,  

SAMPLES z n . ~ u , n a , ~ , s r  

At10 PU I ITS  

359 Ã̂  w i t h  l i t  IIC10, 

a n d  3 mL Hta,, 3 m i n u t c s  

A t  65OU 

I C P  SHARP 

R 6 9 5 0  C 

6 5 0  H 

2 5 0  -4 w i t h  2mL HMO and 1 Â¥I 

BC104, 3 m l n u m  a t  6SOM 

1 0 0  mL Kohl- -0-,5q-wi-th lOmL U w 3 ,  30 minu-  

r Ã § u w c  f i n k s  tam s t  5 4 0  W , w i t h  1 0  mL UNO, 

and 1 mL I I O ,  30  m i n u t i s  a t  

5 4 0  M 
Ã § r l Ã § n ~ y  0.1-2 q w i t h  4 i L  H l  s o l .  121)  

l l o k  I S - l D t o L  HMO, and 0.5-L 

HzS04, 10-30 minut.,. 

FOODS zn , cu  E l Ã § c t r o t h Ã §  

MI and f l r Ã  

M S  
.- 

M S  T O S H I M  

Ed 500 

1 kW 

0 .5  q I d r y l  w i t h  10-40 mL 1301 

Him, a n d  5-15 -L K 1 O 4 ,  

107-2SO m l n u t Ã § s  

Ã § r l ~ f i i f y Ã  3 0  q - 1  q ulth 15-75 Â¥ 1311 

Ciamkw HW, md 0.1-0.5 mL H 2 W 4  

1 1 0 ~ 3 0  - I n 1  i t  1000  U 

1 2 5  i L  5-15 xq w i t h  300 p L  1201 

. r l ~ n m ~ y r  UN0.HC104.HS0,  

I 1 0  m I n u f s l  

5-10 q x l t h  2 0  U. 

HMO,. up, 
I1 Â ¥ I n u t e s  

FISH Pb.Ha 

However, i n  t h e  actual samples m e t a l l i c  elements are not  present i n  
pure i o n i c  form but  as d i f f e r e n t  compounds and r e s u l t s  publ ished on the  
analys is o f  c e r t i f i e d  samples have been demonstrated t h a t  re1,ative vola-  
t i l e  elements such as arsenic, selenium, chromium and mercury are n o t  l o s t  
from the b i o l o g i c a l  ma te r ia l s  dur ing  t h e  microwave d iges t i on  (1 9,201. 

Low recovery values have been obtained i n  the  determinat ion o f  i r o n  
i n  p lants  and however very good r e s u l t s  are  obtained f o r  bovine 1  i ver 
(22) .  Th is  f a c t  has been in te rp re ted  i n  bas i s  ~f t h e  formation of v o l a t i l e  
reac t i on  products between t h i s  element w i t h  o ther  components o f  t he  sam- 
p les  d igested o r  on t h e  r e t e n t i o n  on t h e  small res idue obtained when 
microwave d iges t i on  i s  c a r r i e d  out. 



Recoveries of the zinc, copper, manganese, lead and cadmiun in the 
analysis of foods when samples are digested in a microwave oven with 
HNO3 and H2S04 during 10 to  30 minutes are between 84.3 and 113 per cent 
with a coefficient of variation of 0.1 to  6 per cent (31 1 .  

The determination of highly volatile elements such as lead and mer- 
cury i n  fish samples (20) and arsenic in foods ( 2 1  ) could be carried 
out by previous digestion with mineral acids a t  high power level during 
10 t o  30 minutes. A significant decrease in the blank level for lead has 
been observed, due t o  the decrease in the exposure time of the sample t o  
ambient having not found any loss of lead and mercury during the micro- 
wave digestion. In the determination of arsenic the results obtained for 
the treatment of different arsenic (111) and arsenic ( V )  compounds in a 
microwave oven during 30 minutes reveals that arsenic i s  n o t  los t  from 
any type of compounds. However, for the digestion of actual samples 
the addition of 400 mg of nickel i s  recommended t o  prevent the formation 
of vol at  i 1 e compounds. 

The treatment of mineral samples i s  not so easy as the biological 
samples or foods. 

For thedeterminationof metallic elements in coal samples low 
results are obtained for barium, chromium and titanium, due t o  the pre- 
sence of chromite or titanium minerals in the sample, and for the deter- 
mination of a series of elements in geological samples low values are 
obtained for chromium using a mixture of acqua regia with HF to extract 
the elements (241,in the determination of magnesium and titanium in the 
analysis of certified samples, low results are obtained likewise. 

Other application of microwave digestion i s  the sulfur removal from 
coal and f l y  ash by extraction of the pyrite sulfur. However, organic 
compounds such as benzyldisulfide are n o t  affected by the microwave 
heating (23). 

To prevent losses of the elements t o  be determined and to obtain 
more strong conditions,, the wet digestion of samples in a microwave oven 
could be carried o u t  under pressure. In Table I1 the applications of th is  
technique are summarized. 

In the digestion of biological samples the use of pressurized ve- 
ssels allows the complete recuperation of metallic elements in 1 minute 
at  700 W w i t h  a mixture of H2S04 and HNO3 (32). Other matrices more acid 
resi stants could be attacked and elements be extracted. 

Sample weighed i s  of the order of 100-1000 mg, the volume of the 
reactors i s  about 60 - 250 mL, and material of these i s  usually teflon. 
Digestion time required i s  between 1 to  10 minutes, except for some geo- 
logical samples where Fischer (33)  recommends use o f  low power and long 
time (even 5 hours). 

When pressurized vessels are used the recovery of chromium, and 
those of the boron, lead or silicon are very good. However, aluminium 
recovery from a1 uminosi 1 icate minerals, and si 1 icium recovery, from sam- 
ples containing quartz, are very bad. The recovery of t h e l a t t e r  element 
increasing when the particle size of the sample decreases ( 3 3 ) .  In 
general minerals as quartz, corundum chromite, zircon and ruti 1 e are not 
dissolved by a mixture of HNO3, HC1 and HF working in a microwave oven 
with sealed polycarbonate bottles during 15 minutes at  650 W .  

Other authors prove t h a t  microwave oven digestion i s  applicable for 



TABLE I1 Microwave oven d iges t i on  under press i  on fo r  the  ana lys is  i n  batch  

MTBIX ELWNTS DETEBMNW TECHNIQUE MICROWAVE DIGESTION DIGESTION CONDITIONS R C F E ~ E ~ C E  

OVEH VESSEL 

BIOLOGICAL Cu,Fe,2n,Cd,Cr,Pb M S  700 U 60 mL 250 mg w i t h  1.5 ml. HSO, 1321 

SAMPLES presc'Jrifd and 1.5 mL HW3, 60 stcodt 

PLAHTS tenon vessels at 700 

GEOLOGICAL Si,Al,Fe,Mq.CÃ§,NÃ§, ICP 650 H 250 aL poly- 0.1 g w i c h  2mL U N O  and 1231 

SAMPLES TL,P,H~,?.~,As,Au, carbonace 5mL liIHCliHF,2.5 minutes 
l,BA,Be,Bi.cd,c~,Co, pressurized 650 W, add HBO,. 10 m i -  
c~,cu,G&,G~,I~,L<,L~, bottels nuten d~ 650 w 
Ho,Hb.Ni.Pb,Sb,Sc,Sn, 

GEOLOGICAL U, Pb ZSOtOpiC HOS El 60 teflon 500- w~. th  l m ~  H N O ~ . ~  ~ l .  W, 133) 

SAMPLES ~olution 600 U closed vuese1s 0,s mL HC10, and 1.; mL ,so- 

in & 300 mfc topic sol., 5 piinuius A C  15ip, 

teflon vesse l  15 minutes at 231 P, add 4 n i ~  

Hf, 1-5 hours at 2 3 ~  P 

SULFIDE Ni,Cil flame AAS TOSHIBA 150 mL closed 0.5-1 g w i t h  1.5 g KC10, 1311 

MINERAL ER SO0 BTC teflon vessel 10 inL H W 3  and 5 mL HF 

720 U 3 minute8 at 477 u 

STEEL Al,Mn,P,Cu.Ni,Cr.V, CCP SCARS 60 RL closed 1 9 w i t h  3 Ãˆ W,, 3 Â¥ IICI 1351 

M0.Sn.Si.Ti.As.W 625 U ceflon and 2 mL HF, 80 seconds 

the  determinat ion o f  n i c k e l  and copper i n  minera ls  (34)  and f o r  lead and 
uranium i n  some geologic matr ixes i n c l u d i n g  l ess  s tab le  z i rcons (33) .  

I n  summary, d iges t i on  by microwave oven seems a general procedure 
f o r  p repara t ion  o f  b i o l o g i c a l  samples f o r  t h e i r s  analys is and i t  can be 
use f o r  o ther  mat r ixes .  However, t h e r e  a r e v e r y  few app-1 i c a t i o n s  described. 
I n  p a r t i c u l a r ,  we do not  have found any a p p l i c a t i o n  t o  the  q u a n t i t a t i v e  
determinat ion o f  anions. 

THE USE OF MICROWAVE OVEN DIGESTION I N  FLOW INJECTION ANALYSIS 

The d iges t i on  o f  b i o l o g i c a l  samples f o r  t h e i r  ana lys is  by f l o w  
i n j e c t i o n  and atomic spectroscopy cou ld  be c a r r i e d  out  both i n  batch and 
i n  the  f low system. 

They are a  l i m i t e d  number o f  precedings on t h e  use o f  t h i s  d iges t i on  
system i n  f l ow  i n j e c t i o n  analysis. 

For the  d iges t i on  o f  samples p rev ious l y  t o  t h e i r  i n j e c t i o n  i n  the  
c a r r i e r  f low, methods are proposed f o r  t he  ana lys is  o f  i r o n  and copper 
i n  powdered m i l k s  (36) and lead i n  h a i r  (37-39). 

3 mL o f  m i l k  are d igested by 1  mL o f  HN03 and 1 mL o f  water dur ing  
5 minutes, using a  power o f  700 W and pyrex g lass  v i a l s  o f  50 mL. A f t e r  
d i g e s t i o n  , T r i t o n  X 100 i s  added t o  s o l u b i l i z e  t h e  remained m i l k  fat ,  and 
100 nL are  i n j e c t e d  i n  the  c a r r i e r  stream. 

I n  t h e  ana lys is  o f  h a i r  samples, 100 mg o f  sample can be digested 
by 2 mL o f  a  1:1 flN03: HC104 m ix tu re  dur ing  15 minutes, using a  700 W 
power. A system cons is t i ng  o f  a  s e r i e - o f  t e s t  tubes c losed i n  a  g lass 
conta iner  coupled t o  a  water pump which can be incorporated t o  a  manifoTd 
f l ow  i n j e c t i o n  analys is by a system o f  s e l e c t i v e  a s p i r a t i o n  (Fig.  1 )  has 



M I C R O W A V E - O V E N  

Fig.  1 Microwave-oven assembly f o r  coupled t o  a FIA/spectrometric 
system designed f o r  t h e  ana lys is  o f  b i o l o g i c a l  t i s s u e s  

been proposed. 
The b r i e f  d iges t i on  t ime consuming i n  the  sample a t tack  by amicro  - 

wave oven al lows the  automation o f  t he  process. So, 1 g o f  t i s s u e  can be 
digested i n  5 minutes a t  200 W, us ing  10 mL o f  HNO3 10M, and t h e  t o t a l  
t ime consuming i n  t h e  ana lys is  o f  t h e  sample i s  about 8: minutes (40). 
F igure 2 shows the  con f igu ra t i on  used i n  t h e  determinat ion o f  cadmium 
and z inc  i n  kidney and l i v e r  t i s s u e  by microwave a c i d  d igest ion,  f l o w  
i n j e c t  i o n  analys is and atomic absorpt ion spectroscopy. 

To c a r r y  out  t he  digest ion,  t e s t  tubes w i t h  samples and a c i d  are 
placed i n  the  pyrex j a r .  Then, i t  i s  covered and placed i n s i d e  the  
microwave oven. The oven i s  operated a t  low power (200 W )  f o r  2 minutes 
(dur ing  the d iges t i on  t ime valve 9 i s  opened t o  assure t h e  evacuation o f  
t he -  ac id  fumes and a l l  valves 4 are  c losed (F igure  2) .  

To asp i ra te  one sample from t h e  d i g e s t i o n  assembly the  corresponding 
valve 4 and valves 2 and 3 are  opened. A f t e r  t he  a s p i r a t i o n  o f  t h e  sample 
i n  the  c o l l e c t o r  tube, valves 2 and 3 are  closed, w h i l e  valves 5, 7 and 
8 are opened. The digested sample i s  pumped i n t o  the  f l ow ing  sample 
c o l l e c t o r  and the re fo re  w i t h i n  the c losed f l o w  system (valves 7 and 8 
havi ng p rev ious l y  opened). 

A p lug  o f  d igested sample i s  
t he  i n j e c t i o n  valve, and a t  l e a s t  
i n g  out. 

To wash t h e  system a f t e r  t h e  
i s  disconnected a f t e r  va lve  7 from 

introduced i n t o  the  c a r r i e r  stream by 
5 i n j e c t i o n s  o f  each sampT,e are ca r ry -  

ana lys is  o f  each sample, the  tygon tube 
t h e  f l ow ing  sample c o l l e c t o r ,  valves 4 



Fig. 2 Microwave-oven assembly used i n  t h e  determinat ion o f  
and z inc  i n  k idney and l i v e r  t i s s u e  by ac id  d iges t ion ,  f l o w  
i n j e c t i o n  analys is and atomic absorption spectroscopy. CT = 
c o l l e c t o r  tube; FS = f l ow ing  sample c o l l e c t o r ;  valves 1  - 8 are  
operated as described i n  t h e  t e x t .  (Reproduced w i t h  permission 
o f  E l s e v i e r  Sci. Pu. (40)).  

and 3 are  c losed and valves 1  and 2 are opened t o  in t roduce 10 mL o f  a  
washing s o l u t i o n  through t h e  c o l l e c t o r  tube i n t o  t h e  f l o w i n g  sample 
c o l l e c t o r  and w i t h i n  t h e  c losed "f low- system. The washing s o l u t i o n  - i s  
pumped out  o f  t he  f l ow  system and t h i s  opera t ion  i s  repeated 3 t imes 
before t h e  analys is o f  one o the r  sample. 

I n  the  analys i  s  o f  1  i q u i d  samples w i  thout  much d iges t i on  problems, 
such as blood samples, a  s imple design l i k e  Figure 3 shows can be used. 
To Assure an adequated s tay  t i m e  o f  t he  sample i n t o  t h e  microwave oven 
f o r  t o  ge t  t h e  t o t a l  d igest ion,  mod i f i ca t i ons  i n  t h e  length  o f  t he  tube 
in t roduced i n t o  the  microwave oven and t h e  c a r r i e r  f l o w  r a t e  can be made. 
So, 100 p L o f  blood can be digested by 100 pL o f  a  mix ture  o f  HC1 0.3 M 
and HNO3 0.4 M i n  25 seconds, w i n g  a tube o f  50 crn o f  l e n g t h  w i t h  0.5- 
crn o f  i n t e r i o r  diameter and f l o w  o f  1.8 m L/min. Then, a  s tay  t ime about 
15 - 26 seconds i s  assured (41 1. 

Th is  1  a s t  system can be app l ied  t o  d iges t i on  o f  sol i d  samples by 
fo rmat ion  o f  a  s l u r r y  from the  sample d r i e d  and powdered, using mineral  
ac ids and operat ing i n  continuous. 

Jus t  as i t  i s  showed i n  t h e  reviewed works, t h e  u s e  o f  a  microwave 
' oven al lows a  r a p i d  d iges t i on  o f  t he  b i o l o g i c a l  samples which can be 

automated. Therefore, t h i s  i s  t h e  on ly  d i g e s t i o n  procedure which cou ld  
be employed together w i th  a  conventional mani fo ld  i n  f l ow  i n j e c t i o n  ana- 
l y s i  s. 
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