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SUMMARY 

Samples  c a n  be r e p r o d u c i b l y  i n t r o d u c e d  i n t o  a  f l o w  

s y s t e m  by means o f  a  v a r i a b l e  v o l u m e  i n j e c t o r .  T h i s  i n j e c t o r  

has  been  u s e d  t o  t h e  a t o m i c  a b s o r p t i o n  d e t e r m i n a t i o n  o f  

sod ium,  p o t a s s i u m ,  c a l c i u m  and magnes ium i n  b l o o d  s e r u m  w i t h  

a  good a c c u r a c y  b y  i n j e c t i n g  v a r i o u s  v o l u m e s  o f  a  s i n g l e  

s t a n d a r d  s o l u t i o n  i n t o  a  f l o w i n g  s y s t e m .  

INTRODUCTION 

The c u r v a t u r e  o f  c a l i b r a t i o n s  i n  a t o m i c  a b s o r p t i o n  

s p e c t r o p h o t o m e t r y  (AAS) has b e e n  r e c o g n i s e d  s i n c e  i t s  

c o n c e p t i o n  i n  1955 ( 1 ) .  F lame a t o m i c  a b s o r p t i o n  i n s t r u m e n t s ,  

i n  p a r t i c u l a r ,  do n o t  g i v e  a  l i n e a r  r e s p o n s e  w i t h  i n c r e a s i n g  

a n a l y t e  c o n c e n t r a t i o n ,  o w i n g  t o  a  v a r i e t y  o f  e f f e c t s  s u c h  as  

n e b u l i s a t i o n ,  a t o m i s a t i o n  and  measuremen t  p r o c e s s e s .  I t  has  

been  shown t h a t  an a c c e p t a b l e  a n a l y t i c a l  p e r f o r m a n c e  may b e  

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

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



2 ) .  Manua l  and  m i c r o c o m p u t e r - l i n k e d  i n s t r u m e n t s  h a v e  b e e n  u s e d  

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

e q u a t i o n  ( o r  v a r i o u s  e q u a t i o n s )  f o r  t h e  c a l i b r a t i o n  f u n c t i o n  

i s  e m p i r i c a l ,  e r r o r s  w i l l  a l w a y s  o c c u r .  E r r o r s  due  t o  t h e  

c u r v e  f i t t i n g  p r o c e d u r e  w i l l  o n l y  b e  ove rcome i f  a l t e r m a t i v e  

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

i n j e c t o r  f o r  f l o w  i n j e c t i o n  a n a l y s i s  ( 3 )  h a s  been  r e c e n t l y  

u s e d  t o  b r i n g  s a m p l e  c o n c e n t r a t i o n  o n - r a n g e  b y  i n j e c t i n g  

d i f f e r e n t  v o l u m e s  o f  a  known a n a l y t e  c o n t e n t .  I n  t h i s  way, 

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

s o l u t i o n  was p o s s i b l e .  I n  t h i s  p a p e r  v a r i a b l e  v o l u m e s  o f  a  

s i n g l e  s t a n d a r d  s o l u t i o n  c o n t a i n i n g  sod ium,  p o t a s s i u m ,  c a l c i u m  

and magnes ium as w e l l  as o t h e r  c h e m i c a l  s p e c i e s  a t  t y p i c a l  

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

o r d e r  t o  d e t e r m i n e  unknown e l e c t r o l y t e  c o n c e n t r a t i o n s  i n  b l o o d  

se rum s a m p l e s .  T h e r e f o r e ,  h e r e  t h e  u s e  o f  t h e  v a r i a b l e  

vo lume i n j e c t o r  i n  r o u t i n e  a n a l y s i s  and  i n  t h e  d e v e l o p m e n t  o f  

new p r o c e d u r e s  i s  d e m o n s t r a t e d .  

EXPERIMENTAL 

R e a g e n t s ,  S t a n d a r d s  and Samp les  

A l l  r e a g e n t s  w e r e  o f  a n a l y t i c a l  g r a d e ,  u n l e s s  o t h e r w i s e  

s t a t e d ,  and a l l  w a t e r  was d i s t i l l e d  and  d e i o n i z e d .  F o r  t h e  

c h e m i c a l  s p e c i e s  d e t e r m i n a t i o n  a s t o c k  s o l u t i o n  o f  10000  mg 

1 - 1  o f  s o d i u m  a n d  1 0 0 0  mg 13 o f  p o t a s s i u m ,  c a l c i u m  o r  magne- 

s i u m  w e r e  p r e p a r e d .  W o r k i n g  s o l u t i o n s  w e r e  p r e p a r e d  d a i l y  

b y  a p p r o p r i a t e  d i l u t i o n  w i t h  a  s o l u t i o n  c o n t a i n i n g  p h y s i o l o -  

g i c a l  amoun ts  o f  t h e  o t h e r  c h e m i c a l  s p e c i e s  ( 4 ) .  Each  s t o c k  

and w o r k i n g  s o l u t i o n  c o n t a i n e d  50 and  8 0  g  1 - I  g l y c e r o l  

a n d  EDTA, r e s p e c t i v e l y .  



The g lycero l  was added t o  a d j u s t  v i s c o s i t y  and E D T A  was added 

t o  match more c l o s e l y  i o n i c  c o n d i t i o n s  p r e sen t  i n  serum ( 4 ) .  

Blood serum samples were c o l l e c t e d ,  t r e a t e d  and handled as 

p rev ious ly  desc r ibed  by Burguera e t  a1. (5). 

Apparatus and Manifold 

The instrumental  used here was as r epo r t ed  by Burguera 

e t  a1. ( 6 ) .  The flow i n j e c t i o n  system i s  based o n  Burguera e t  
a1. manifold ( 3 )  i l l u s t r a t e d  i n  Fig .  1 ,  l a b e l l e d  according t o  

t h e i r  conven t ions .  

F ig .  1  Flow diagram f o r  t h e  de te rmina t ion  of sodium, potassium, 

calc ium and magnesium using t h e  v a r i a b l e  volume i n j e c t o r  

The v a r i a b l e  volume i n j e c t o r  i s  a  time con t ro l l ed  dev ice  

of a  con t i nuous ly  moving r o t o r  ( R )  in  con t ac t  with a  s i x  

a x i a l l y  d r i l l e d  holes  i s o l a t e d  f l a t  metal p l a t e  ( M P )  made of 

s t a i n l e s s  s t e e l  (F ig .  2 ) .  A swi tch  ( S )  connec t s  R with  a  

given s e c t i o n  of M P ,  and in  t h i s  way r e p e t i t i v e  pu l ses  a r e  

d ispensed t o  t h e  so leno ide  ( S L )  ( F i g .  2 and 3 ) .  

P R O C E D U R E  

The optimum ope ra t i ng  c o n d i t i o n s  a r e  summarized i n  Tab l e  

1 .  As t h e  c o i l  c u r r e n t  of SL i s  tu rned  on and of f  a t  a  f i x e d  

i n t e r v a l ,  i t  i n i t i a t e s  a sequence which l e aves  t h e  so l eno id  

i n a c t i v e  f o r  4 . 5 ,  4 . 0 ,  3 . 5 ,  3 . 0 ,  2 . 5  and 2 . 0  s  fo l lowed by 



P U L S E  G E N E R A T O R  U N I T  I N J E C T I O N  U N I T  

F i g .  2 S c h e m a t i c  d r a w i n g  o f  t h e  p u l s e  g e n e r a t i o n  a n d  i n j e c t i o n  

u n i t s .  T ,  t r a n s f o r m e r ;  S, s w i t c h ;  MP, m e t a l  p l a t e ;  R, 

r o t o r ;  M ,  r o t o r  m o t o r  u n i t ;  S I ,  s a m p l e  i n t r o d u c t i o n ;  

C I ,  c a r r i e r  s t r e a m ;  S L Y  s o l e n o i d ;  EM, e l e c t r o m a g n e t  

a c t i v a t i o n  o f  0.5,  1 . 0 ,  1 .5 ,  2.0,  2 . 5  a n d  3 . 0  s ,  r e s p e c t i v e l y .  

The i n a c t i v e  p e r i o d s  o c c u r  when R i s  i n  c o n t a c t  w i t h  t h e  

u n c o n n e c t e d  s e c t i o n  o f  M P .  The s e q u e n c e  o f  t h e  i n j e c t i o n  o f  a  

g i v e n  s a m p l e  o r  s t a n d a r d  i s  c a r r i e d  o n  w i t h o u t  r e s e t t i n g .  I n  

t h i s  way 4, 14,  2 2 ,  34,  48 o r  6 2  p i  a r e  i n j e c t e d  w i t h  a  

p r e c i s i o n  o f  0 .3-0 .6  % r e l a t i v e  s t a n d a r d  d e v i a t i o n ,  w h i c h  

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

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

a p p r o a c h  ( 3 ) .  The v e r y  h i g h  s a m p l i n g  r a t e  o b t a i n e d  ( c a .  400 

m e a s u r e m e n t s  p e r  h o u r )  was h i g h e r  o r  a t  l e a s t  j u s t  as h i g h  

as i n  m o s t  f l o w  i n j e c t i o n  s y s t e m s  p r e v i o u s l y  d e s c r i b e d .  



F i g .  3 P u l s e  g e n e r a t i o n  and  i n j e c t i o n  u n i t s  o f  t h e  v a r i a b 1 , e  

v o l  ume i n j e c t o r  

R E S U L T S  AND D I S C U S S I O N  

V a r i a t i o n  i n  S e n s i t i v i t y  f o r  D i f f e r e n t  vo lumes 

F i g .  4 d e p i c t s  t h e  c a l i b r a t i o n  c u r v e s  f o r  t h e  d e t e r m i n a t i o n  

o f  sod ium,  p o t a s s i u m ,  c a l c i u m  and magnes ium b y  i n j e c t i n g  

d i f f e r e n t  s a m p l e  v o l u m e s .  A t  h i g h e r  vo lumes ,  u s i n g  t h e  same 

c o n c e n t r a t i o n  o f  s o l u t i o n s ,  t h e  s e n s i t i v i t y  o f  measuremen ts  , ,  

i n c r e a s e d  b u t ,  a t  t h e s a m e  t i m e ,  c a l i b r a t i o n  g r a p h s  become 

n o n - l i n e a r ,  e x c e p t i n g  c a l c i u m  i n  t h e  r a n g e  40  t o  1 2 0  mg 1". 



T A B L E  1  F l o w  i n j e c t i o n  - A A S  o p e r a t i n g  c o n d i t i o n s  f o r  s o d i u m ,  

p o t a s s i u m ,  c a l c i u m  a n d  magnes ium* 
- 

Component  P a r a m e t e r s  Na K . Ca M 9  

C a r r i e r  f l o w  
F l o w  r a t e .  m l  min1 

Lamp c u r r e n t ,  mV . 5.0 5.0 3.5 4.0 

W a v e l e n g t h ,  n m  330.3 766.5 422.3 285.2  

S l i t - w i d t h ,  1  min"' 0.5 1  .O 0.5 1  . O  

B u r n e r  h e i g h t , m m  
b e l o w  o p t i c a l  a x i s  1 5  15 10 1 1  

B u r n e r  - -- - .  S i n g l e  - - s l o t  t y p e  

A i r  I a c e t y l  ene,  9.5/1.5 9.5/1.5 16.5/2.3 16.5/2.3 
1  m i n - 1  

*The sample volume was v a r i a b l e  (see t e x t ) ,  **distance f rom A t o  t h e  

detec tor  ( F i g .  1 ) .  

However ,  b y  p r e p a r i n g  s t a n d a r d s  t h a t  g i v e  a b s o r b a n c e s  w i t h i n  

t h e  1  i n e a r  r a n g e ,  i .e. 3000; 150, 80 and 24  mg 1 - 1  o f  s o d i  um, 

p o t a s s i u m ,  c a l c i u m  and  magnes ium,  r e s p e c t i v e l y ,  c a l i b r a t i o n  

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

i n c r e m e n t a l  v o l u m e s  o f  known s a m p l e s  ( F i g .  4, a - c )  

P r e c i s i o n  and  A c c u r a c y  

The p r e c i s i o n  o f  e i g h t  r e p l i c a t e  a n a l y s i s :  1 . 5 2  0 .5 ,  

1 . 2 1  0 .4 ,  0.8: 0.4 a n d  1 . 2 t  0.5 % R S D  ( r e l a t i v e  s t a n d a r d  

d e v i a t i o n )  f o r  t h e  d e t e r m i n a t i o n  o f  75,  4, 2 a n d  0.5 ~ g  o f  

sod ium,  p o t a s s i u m ,  c a l c i u m  and  magnes ium,  r e s p e c t i v e l y ,  i s  

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



Fig.  4 A - D :  V a r i a t i o n  i n  peak h e i g t h  w i t h  samp le  v o l u m e .  1  t o  6 

i n d i c a t e  t h e  s a m p l e  vo lumes  4, 14 ,  2 2 ,  34,  48  and  

6 2  p l ,  r e s p e c t i v e l y .  

a -d :  C a l i b r a t i o n  g r a p h s  f o r  sod ium,  p o t a s s i u m ,  c a l c i u m  

and magnes ium f r o m  a  s i n g l e  s o l u t i o n  o f  a b s o r b a n c e  

v s .  a n a l y t e  amount  b y  i n j e c t i n g  i n c r e m e n t a l  known 

samp le  v o l u m e s .  1 t o  5 i n d i c a t e  samp le  vo lumes  4 ,  

1 4 ,  2 2 ,  34 and 48 PI, r e s p e c t i v e l y .  



m e t a l  s p e c i e .  

To c h e c k  t h e  a c c u r a c y  o f  t h e  me thod ,  22 u1 o f  human se rum 

w i t h  known c o n t e n t  o f  t h e  e l e m e n t s  ( 4 , 7 )  w e r e  a n a l y z e d .  

R e s u l t s  w e r e  i n  good  a g r e e m e n t  ( w i t h i n  t h e  9 6 - 1 0 1 %  c o n f i d e n c e  

l i m i t )  w i t h  t h o s e  p r e v i o u s l y  o b t a i n e d  ( 4 , 7 ) .  A c c u r a c y  was 

f u r t h e r  t e s t e d  by a n a l y z i n g  t h e  N a t i o n a l  B u r e a u  o f  S t a n d a r d s  

S t a n d a r d  R e f e r e n c e  M a t e r i a l  (NBS SRM) No. 909 ,  F r e e z e - D r i e d  

Serum. The mean ( t  S D )  c o n c e n t r a t i o n s  o f  sod ium,  p o t a s s i u m ,  

c a l c i u m  and magnes ium i n  t h i s  r e f e r e n c e  m a t e r i a l  w e r e  155 .8  

* 2 . 5 ,  4 . 3 t 0 . 2 ,  3 . 4 1 0 . 1  and 1 . 3 i  0 .2  m mol  1 - I  g" l ,  w h i l e  

t h e  p r o p o s e d  c o n c e n t r a t i o n s  w e r e  1 5 8 . 4 1  1.0, 4 . 1 5 5 t  0.011 , 
3. 560  2 0.004 and 1.425 2 0.015 m  mo l  1 - I  g-l, r e s p e c t i v e l y .  

As a  r e s u l t ,  t h e  v a l u e s  h e r e  r e p o r t e d  a r e  w e l l  t h e  u n c e r t a i n t y  

9 5 - 1 0 4  % c o n f i d e n c e  i n t e r v a l  f o r  a l l  t h e  s p e c i e s  u n d e r  s t u d y .  
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