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SPECTROSCOPY LETTERS, 2 ( 6 ) ,  179-183 (1969) 

COYFAR1 SON OF SENSITIVITY OF ATOMI C-MSORPTION 

LVD ATOMI C-tlLUORESCENCE SPECTROSCOPY 

KEY WORDS: Atomic-Absorption Spectroscopy, Atomic- 
Fluorescence Spectroscopy, S e n s i t i v i t y ,  Detec t ion-  
l i m i t ,  Hollow ca thode  lamps, E l e c t r o d e l e s s  d i scha rge  
lamps 

T. S. West 
Chemistry Department, Imper i a l  College of Science and Technology 

London SW 7 .  Great  B r i t a i n  

"illis has  commented on an apparent  confus ion  i n  terminology 

i n  r e c e n t  papers  from t h i s  l a b o r a t o r y  2'3'4 with  r e s p e c t  t o  t h e  

d e t e c t i o n  l i m i t  i n  atomic-abaorption and a tomic- f luorescence  

spec t roscopy.  

A s  he p o i n t s  o u t ,  e a r l y  workers i n  atomic-absorption spec t roscopy 

used the  words ' S e n s i t i v i t y '  and ' d e t e c t i o n  l i m i t  ' i n t e rchangab ly  

wi thout  exac t  d e f i n i t i o n .  

concen t r a t ion  i s  quoted o f  meta ls  i n  s o l u t i o n  r e q u i r e d  t o  g i v e  1s 
absorp t ion  - corresponding  t o  t h e  m a x i m u m  n o i s e  l e v e l  

l i m i t  cor responding  t o  1% a t  a s i g n a l r n o i s e  r a t i o  of 1. 

indica tes ,  n o i s e  l e v e l s  f o r  hollow ca thode  lamps a r e  f r e q u e n t l y  lower 

than  t h e  1% abso rp t ion  l e v e l .  

been used f o r  the  concen t r a t ion  of me ta l s  i n a q u e o u s s o l u t i o n  r e q u i r e d  

t o  produce 1% absorp t ion  of l i n e  i n t e n s i t y  from t h e  primary source .  

This  g i v e s  a f a i r l y  t r u e  measure of t h e  t r a n s i t i o n  p r o b a b i l i t y  f o r  

t h e  atomic l i n e ,  superimposed on the  e f f i c i e n c y  o f  t h e  n e b u l i s i n g  

I n  one of h i s  own c o n t r i b u t i o n s  5 ,  t h e '  

a d e t e c t i o n  

A s  "illis 

Accordingly t h e  word ' S e n s i t i v i t y '  has  
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T. S. WEST 

- atomising system. The term ‘de tec t ion  l i m i t ’  has come t o  mean the 

aqueous concentrat ion of metal ions,  s t a t e d  i n  ppm, r equ i r ed  t o  

produce an absorption-signal t system-noise s i g n a l  r a t i o  of 1 or 2, 

or whatever r a t i o  the r e sea rche r  s p e c i f i e s .  The de tec t ion  l i m i t  

v a r i e s  from one instrument t o  another and on a given instrument and 

flame from one lamp t o  another,  with gain se t t i ng , s l i t -w id th ,  s c a l e  
1 expansion f a c t o r ,  e t c .  Willis includes the operator  of the 

instrument,  presumably i n d i c a t i n g h i a s  a l s o  plays an important p a r t  

i n  s e l e c t i n g  the s c a l e  reading. Although the ‘de t ec t ion  l i m i t ’  has 

some merit  i n  absorpt ion s t u d i e s ,  t he  S e n s i t i v i t y  d e f i n i t i o n  i s  

fundamentally and p r a c t i c a l l y  a much more r e a l i s t i c  and meaningful 

term. But, even with good s i n g l e  beam instrumentat ion i t  i s  not a 

f i g u r e  t h a t  i s  gene ra l ly  used by most operators  a s  the lowest point  on 

t h e i r  a n a l y t i c a l  c a l i b r a t i o n  curve because such a low absorbance value 

cannot be measured p rec i se ly  and accu ra t e ly  i n  most i n s t ances .  A 

much more r e a l i s t i c  f i g u r e  would be t o  select an a r b i t r a r y  value of 

0.01 absorbance u n i t  r a t h e r  than a percentage,  with an odd absorbance 

value.  

that 

‘ S e n s i t i v i t y ‘  cannot, unfortunately,  be def ined I n  the same way 

f o r  fluorescence emission s i g n a l s ,  bu t  here the no i se  level  i s  c h i e f l y  

contr ibuted by the  e l ec t ron ios  of t h e  d e t e c t o r - < m p l i f i e r  system ma, 

t o  a l e s s e r  ex ten t ,  by the flame emission a t  the band pass used. 

Where the re  i s  no s c a t t e r  or r e f l e c t i o n  from surrounding equipment, 

the noise l e v e l  i s  independeit  of the primary sourcei  Consequently, 

wh i l s t  the de t ec t ion  l i m i t  i n  f luorescence is again sub jec t  to  

instrumental  v a r i a b l e s ,  a s  i n  absorption, i t  i s  more c h a r a c t e r i s t i c  of 
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SENSITIVITY OF AAS AND AFS 

t h e  p r a c t i c a l  s e n s i t i v i t y  of the  fluorescence method, and the re  is  no 

b e t t e r  measure of s e n s i t i v i t y  t o  be used a t  present .  

' s e n s i t i v i t y '  is used here  i n  normal English usagel N.E.U. ) 

(The word 

West and Williams 2t3  def ine  t h e i r  de t ec t ion  l i m i t  as correspond- 

i n g  t o  1% s c a l e  de f l ec t ion  at  a signa1:noise r a t i o  o f  2 (Ag)  o r  1 (Mg). 

I t  is d i f f i c u l t  t o  see  Willis' objec t ion  t o  t h i s  d e f i n i t i o n  of 

de t ec t ion  limit,which g ives  an i d e a  of the noise  l e v e l  at maximum gain  

and slit width,as 1% of the  f u l l  s c a l e  def lec t ion .  

t h a t  i n  both papers the  elementary e r r o r  was made by r e f e r r i n g  t o  1% 

absorption as 'de tec t ion  l i m i t '  i n  AAS, r a t h e r  than S e n s i t i v i t y ,  bu t  t he  

values quoted a r e  defined. 

It is t rue ,  however, 

The r e a l  t e s t  of the  s e n s i t i v i t y  (N.E.U.) of the  AAS and AFS methods 

is t o  compare the smal les t  amounts one can determine reprcducibly and 

accura te ly .  It is  not suggested t h a t  a term 'determination l i m i t '  should 

be defined, bu t  i n  our experience, and t h a t  of many o the r s ,  the  lower 

ends of AFS c a l i b r a t i o n  curves commonly correspond t o  10 fo ld  lower 

concentrations than the corresponding AAS curves us ing  the  same apparatus 

which has been designed f o r  absorption measurements. 

i v i t y  (N.E.U.) of A F S  as a technique does, i n  our experience,  prove t o  be 

genera l ly  supe r io r  t o  t h a t  of atomic-absorption where a good l i n e  source 

is ava i lab le .  

Thus the s e n s i t -  

Willis says  t h a t  West and coworkers reached t h e i r  conclusions concern- 

i n g  the r e l a t i v e  de tec t ion  l i m i t s  i n  AFS and AAS - he should of course 

have sa id  r e l a t i v e  s e n s i t i v i t y  - by comparing de tec t ion  l i m i t s  i n  AFS with 

S e n s i t i v i t i e s  i n  AAS. There is of course no ' S e n s i t i v i t y '  f i g u r e  f o r  
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T. S. WEST 

AFS,  only the 'detection l i m i t '  which i s  f e l t  t o  be more cha rac t e r i s t i c  

of s ens i t i v i ty  (N.E.U.) in AFS than i n  AAS. The Sens i t i v i ty  value for 

AAS is  agreed t o  be a more appropriate measure of s e n s i t i v i t y  (N.E.U.) 

i n  AAS. 

the cal ibrat ion curves do bear out our conclusions. 

However, even i f  one argues over the terms t o  be compared, 

W i l l i s  s t a t e s  correct ly  t h a t  we have found microwave excited 

electrodeless  discharge lamps t o  have higher !ntensi t ies  than, and 

comparable s t a b i l i t i e s  t o ,  conventional hollow cathode lamps. He then 

goes on, incorrect ly ,  t o  say t h a t  the f a i lu re  of  Dagnall, Taylor and 

West t o  obtain detection limits i n  AAS approaching those reported by others 

using somewhat s i m i l a r  equipment, but with hollow-cathode lamps, is 

d i f f i c u l t  t o  explain. Here Wilirs hac; confused h i s  terminology; we 

did not quote any detection l i m i t s  for  AAS, only Sens i t i v i t i e s .  Certainly 

the Sens i t i v i t i e s  we found with the electrodeless  discharge lamps are 

very similar t o  those quoted by the tilhuiacturer u s h g  hollow cathode 

lamps. 

s ign i f i can t  for  As, Hg and Se. Willis' observation t h a t  w e  f a i l ed  t o  

s e t  as good detection l i m i t s  is, however, completely untenable s ince we 

did not determine detection l i m i t s .  

The improvemeric with electrodeless  discharge lamps is probably 

Lastly, i f  we compare the Perkin Elmer Model 290 detection limits i n  

AAS quoted by Willis with the AFS detection l i m i t s  quoted by Dagnall, 

Taylor and West i t  w i l l  be seen t h a t ,  i n  10 out of the 15 instances 

where d i r ec t  comparison is possible,  the Ah's l i m i t s  are superior. 

occurs despite the f ac t  the Model 290 i s  designea for  atomic absorption 

measurements and t h a t  the mstrument w e  used ( a l so  designed for  absorption) 

was non-standard and tha t  an inordinate flame to slit distance of 25 cm 

had t o  be used. 

designed equipment. 

Yhis 

could be 
Much b e t t e r  s e n s i t i v i t y  (N.E.U. f ieal ised with correct ly  
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SENSITIVITY OF AAS AND AFS 

The paper concerned exp l i c i t l y  s t a t e s  that  i t  sets out t o  show t h a t  

improvised apparatus commonly avai lable  i n  most laborator ies  may be used 

t o  measure atomic fluorescence i n  conjunction with laboratory prepared 

electrodeless  discharge lamps t o  good advantage. 

On the bas i s  of the above discussion and W i l l i s '  own data  , c lea r ly  

h i s  contention that  sweeping generalisations were made by Dagnall, Taylor 

and West cannot be substantiated.  
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