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APYLlCATlON OY ATOMIC YLUOIWXENCE SPECTHOHETHI TO TllE 

DETERnlNATION OF SULFIDE ION IN SWAGB WATERS 

KEY WORDS: Atanic  f l u o r e s c e n c e  spec t romet ry ,  

s u l f i d e .  f l a m e  photometry. 

G.  J. Shahwan a n d  E. M. H e i t h m a r  

Department of Chemistry,  U n i v e r s i t y  of N e w  O r l e a n s  

New O r l e a n s ,  Louis iana  701 4 8  

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

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

munic ipa l  sewage. The s u l f i d e  is  v o l a t i l i z e d  a s  H2S from t h e  sewage i n f l u e n t  

or e f f l u e n t  s a m p l e ,  w h i c h  h a s  b e e n  s t a . b i l i z e d  by a 0.05 M sodium a s c o r b a t e  

b u f f e r .  Both f l a m e  s p e c t r o m e t r i c  methods a r e  more sens i t ive  than  t h e  s t a n d a r d  

c o l o r i m e t r i c  method, b u t  q u a n t i f i c a t i o n  is  e a s i e r  f o r  t h e  a t o m i c  f l u o r e s c e n c e  

method.  The l a t t e r  t e c h n i q u e  h a s  a w i d e  l i n e a r  d y n a m i c  r a n g e  and  i s  

u n a f f e c t e d  by a e r a d u a l  i n c r e a s e  i n  t h e  r e s i d u a l  H2S l e v e l  i n  t h e  system. The 

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

hydrocarbons  i n  t h e  sewage. The r e s u l t s  o b t a i n e d  w i t h  t h e  f l u o r e s c e n c e  method 

a g r e e  w e l l  w i t h  t h o s e  o b t a i n e d  w i t h  t h e  s t a n d a r d  m e t h o d ,  w h i l e  t h e  f l a m e  

p h o t o m e t r i c  r e s u l t s  a r e  low.  S t u d i e s  o n  t h e  e f f e c t  of m e t a l  i o n s  o n  t h e  

f l u o r e s c e n c e  s i g n a l  i n d i c a t e  t h a t  t h e  method d e t e r m i n e s  ' t o t a l  sul fide'. 
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I n o r g a n i c  s u l f i d e  is commonly p r e s e n t  i n  i n d u s t r i a l  w a s t e s  and  m u n i c i p a l  

sewape w a t e r s  a s  a r e s u l t  of b a c t e r i a l  r e d u c t i o n  of s u l f a t e  and d e c o m p o s i t i o n  

of o r g a n i c  s u l f i d e s .  The t o t a l  s u l f i d e s  i n c l u d e  a m i x t u r e  of i n s o l u b l e  metal 

s u l f i d e s  s u c h  a s  t h o s e  of i r o n ,  ch romium,  l e a d ,  n i c k e l ,  a n d  c o p p e r ,  w h i l e  

d i s s o l v e d  s u l f i d e  c o n s i s t s  of H2S a n d  HS', d e p e n d i n g  on  t h e  pH of t h e  

s o l u t i o n .  Hydrogen s u l f i d e  e s c a p i n g  i n t o  t h e  a t m o s p h e r e  from sewage and  w a s t e  

w a t e r s ,  e v e n  a t  c o n c e n t r a t i o n s  of 0.lppm or l e s s ,  c a n  c r e a t e  a n  o d o r  nu i sance .  

When p r e s e n t  i n  c o n c e n t r a t i o n s  a b o v e  500 ppm, i t  can  c a u s e  immedia t e  l o s s  of 

c o n s c i o u s n e s s  a n d  d e a t h  i n  30 m i n .  T h i s  g a s  i s  a l s o  known t o  c a u s e  s e r i o u s  

c o r r d s i o n  p r o b l e m s  i n  concrete sewers, b e c a u s e  i t  is o x i d i z e d  i n  t h e  p r e s e n c e  

of oxygen, water and b a c t e r i a  t o  form s u l f u r i c  a c i d  on t h e  w a l l s  of t h e  sewer 

l i n e a l .  Because of t h e  t o x i c i t y  of H2S and t h e  e n v i r o n m e n t a l  and  i n d u s t r i a l  

p r o b l e m s  i t  may c r e a t e ,  t h e r e  e x i s t s  a need For  a d i r e c t ,  r a p i d  and  sens i t ive  

method fo r  t h e  d e t e r m i n a t i o n  of low c o n c e n t r a t i o n s  of i n o r g a n i c  s u l f i d e  i n  

sewaEe and  waste samples .  

S u l f i d e  h a s  b e e n  d e t e r m i n e d  by a number  of m e t h o d s .  T h e  most common1 y 

e m p l o y e d  a n a l y t i c a l  t e c h n i q u e s  a r e  d i r e c t  c o l o r i m e t r y  on z i n c  a c e t a t e  

a t a b l i z e d  s o l u t i o n s  u s i n g  N,N-dimethyl-p-phenylene d i a m i n e ,  known a s  t h e  

m e t h y l e n e  b l u e  m e t h o d ,  a n d  t h e  t i t r ime t r i c  i o d i n e  m e t h o d 2 .  The  m e t h y l e n e  

b l u e  method measu re6  s u l f i d e  c o n c e n t r a t i o n s  of 0.02-20 ppm, w h i l e  t h e  i o d i n e  

m e t h o d  is a p p l i e d  when s u l f i d e  c o n c e n t r a t i o n  i s  a b o v e  1.0 ppm. E v e n  t h o u g h  

t h e  a b o v e  t e c h n i q u e s  a r e  c o n s i d e r e d  r e f e r e n c e  m e t h o d s ,  t h e y  b o t h  s u f f e r  

i n t e r f e r e n c e s  f r o m  r e d u c i n g  a g e n t s  a n d  ev.en h i g h  c o n c e n t r a t i o n  of s u l f i d e  

i t s e l  f'. Alternate d i r e c t  s p e c t r o p h o t o l n e t r i c  me thods  h a v e  been 

( J L h r r  t c c h n i q u n o  i n c l u d e  l n d l r f c t  a t o m l c  a b s o r p t l o n  n p c c t r o m c f r y  5 ,  

d i f f e r e n t i a l  p u l s e  p o l a r o g r a p h y 6 ,  e l e c t r o n - c a p t u r e  das c h r o m a t o g r a p h y  a f t e r  
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ATOMIC FLUORESCENCE SPECTROMETRY 379 

d e r i v a t i z a t i o n  of s u l f i d e  a s  b i s ( p e n t a f l u o r o b e n z y 1 )  s u l f i d e 7 ,  a n d  Ras 

c h r o m a t o p r a p h y  w i t h  f l a m e  p h o t o m e t r i c  d e t e c t i o n 8 - 1 0 .  S e v e r a l  o t h e r  

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

e l e c t r o d e s 1  1 -1  3 ,  i o d i d e  i o n - s e l e c t i v e  e l e c t r o d e s '  4 ,  or cadmium s u l f i d e  

membrane e l  e c t r o d e s l  5. 

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

s u l f i d e  i n  v a r i o u s  media ,  none of t h e  me thods  is c o m p l e t e l y  s a t i s f a c t o r y  on 

t h e  b a s i s  of s e n s i t i v i t y ,  s e l e c t i v i t y ,  and speed  of a n a l y s i s .  I n  t h i s  p a p e r ,  

we w i s h  t o  r e p o r t  o n  t h e  u s e  of a t o m i c  f l u o r e s c e n c e  s p e c t r o m e t r y  (AFS) for 

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

P r e v i o u s l y ,  i t  was shown t h a t  AFS can  be u s e d  t o  d e t e r m i n e  nanogram q u a n t i t i e s  

of g a s e o u s  H2S16. A l though  i t  was shown t h a t  AFS is l e s s  p r o n e  t o  q u e n c h i n g  

i n t e r f e r e n c e  of h y d r o c a r b o n s  t h a n  is f l a m e  pho tomet ry ,  t h e  AFS s y s t e m  was not 

e v a l u a t e d  o n  r ea l  samples .  The r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  of v o l a t i l e  

h y d r o c a r b o n s  i n  raw sewage17 makes t h e  d e t e r m i n a t i o n  of H2S v o l a t i l i z e d  from 

s u c h  s a m p l e s  a n  a p p r o p r i a t e  test of t h e  s e l e c t i v i t y  of t h e  AFS d e t e c t o r .  

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

a s c o r b a t e  b u f f e r ,  and  t h e  s u l f i d e  i n  t h e  s a m p l e  was v o l a t i l i z e d  and d e t e r m i n e d  

a s  H2S by b o t h  AFS a n d  f l a m e  p h o t o m e t r y .  The e f f e c t  of v a r i o u s  m e t a l  i o n s  

common i n  m u n i c i p a l  s e w a g e  o n  t h e  r e c o v e r y  of s u l f i d e  w a s  d e t e r m i n e d .  T h e  

e f f i c a c y  of' t h e  a s c o r b a t e  b u f f e r ,  r e l a t i v e  t o  z i n c  a c e t a t e  s o l u t i o n ,  for t h e  

p r e s e r v a t i o n  of s u l f i d e  s a m p l e s  we.? i n v e s t i g a t e d .  The AFS measurements ,  a s  

w e l l  a s  t h e  f l ame  p h o t o m e t r y  r e s u l t s ,  were c o m p a r e d  w i t h  t h e  s t a n d a r d  

m e t h y l e n e  b l u e  method. 

A p p a r a t u s .  The e x c i t a t i o n  s o u r c e  employed fo r  a 1  1 f l u o r r s r r n c r  m r a s u r r m r n t s  

is a 1 0 0 0  w a t t  P R A  i l l u m i n a t o r  s y s t e m .  The  AFS s p e c t r o m e t e r  c o m p o n e n t s ,  a s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



380 SHAHWAN AND HEITHMAR 

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

v o l a t i l i z a t i o n  of t h e  H2S h a v e  been d e s c r i b e d  e a r l i e r 1 6 .  The monochromator 

a n d  t h e  l a m p  h o u s i n g  were p u r g e d  w i t h  n i t r o g e n  a t  a f l o w  of a p p r o x i m a t e l y  2 

l / m i n  f o r  a t  l e a s t  two h o u r s  p r i o r  t o  t u r n i n g  t h e  s y s t e m  on.  The o p t i m a l  

flame and  s p e c t r o m e t e r  c o n d i t i o n s  p r e v i o u s l y  de t e rmined16  were u s e d ,  b u t  t h e  

s p a r p i n p  a r R o n  f l o w  r a t e  w a s  r e d u c e d  t o  0.50 l i t e r / m i n u t e ,  i n  o r d e r  t o  

min imize  foaming of sewage samples .  

T h e  f l ame  p h o t o m e t r i c  s t u d i e s  were p e r f o r m e d  on  t h e  s a m e  e x p e r i w r n t a l  

a p p a r a t u s ,  o p t i m i z e d  for o b s e r v a t i o n  of t h e  372 nm S2 emiss ion .  I n  o r d e r  t o  

a l l o w  t h e  s a m p l i n g  s y s t e m  t o  e q u i l i b r a t e ,  400 ppm H2S i n  n i t r o g e n  ( S c o t t  

S p e c i a l t y  Cases)  was c o n t i n u o u s l y  i n t r o d u c e d  i n t o  t h e  a p p a r a t u s  fo r  one h a l f  

hour  p r i o r  t o  r u n n i n g  samples .  

Reagents. A l l  c h e m i c a l s  w e r e  ACS r e a g e n t  g r a d e  a n d  u s e d  w i t h o u t  f u r t h e r  

p u r i f i c a t i o n .  Aqueous  s o l u t i o n s  were p r e p a r e d  w i t h  d o u b l y  d i s t i l  l e d ,  

d e i o n i z e d  water. 

A s c o r b a t e  b u f f e r ,  0.1M: 4 4  g of L - a s c o r b i c  a c i d  was d i s s o l v e d  i n  o n e  l i t e r  

f r e s h l y  b o i l e d  w a t e r .  400 m l  of t h e  a s c o r b i c  a c i d  s t o c k  s o l u t i o n  w a s  

t r a n s f e r e d  t o  a one l i t e r  v o l u m e t r i c  f l a s k .  100  m l  of 1 .O M NaOH w a s  a d d e d  

and t h e  s o l u t i o n  was made up  t o  t h e  mark w i t h  f r e s h l y  b o i l e d  water. The pH of 

t h i s  s o l u t i o n  was a p p r o x i m a t e l y  12 .  F o r  some metal ion  i n t e r f e r e n c e  s t u d i e s ,  

1 8  R of' EDTA was a d d e d  t o  t h e  s o d i u m  a s c o r b a t e  s o l u t i o n  a n d  t h e  pH w a s  

a d j u s t e d  t o  1 2  w i t h  1.0 M NaOH b e f o r e  f i n a l  d i l u t i o n .  

S u l f i d e  S t o c k  S o l u t i o n :  A p p r o x i m a t e l y  0.25 g of w a s h e d  s o d i u m  s u l f i d e  

c r y s t a l s  were d i s s o l v e d  i n  250 m l  of 0.1 M NaOH a n d  t h e  s o l u t i o n  was  s t o r e d  in 

a d a r K  b o t t l e .  T h e  exac t  c o n c e n t r a t i o n  of t h i s  s t a n d a r d  was d e t e r m i n e d  by 

i o d o m e t r i c  t i t r a t i o n  i m m e d i a t e l y  p r i o r  t o  d i l u t i o n .  Working s u l f i d e  s t a n d a r d s  

were p r e p a r e d  d a i l y  by d i l u t i o n  i n  0.05 W a s c o r b a t e  b u f f e r .  

S a m p l e  C o l l e c t i o n .  Sewage s a m p l e s  were o b t a i n e d  a t  t h e  E a s t  Bank Sewerage and 

Trea tmen t  P l a n t ,  N e w  O r l e a n s ,  LA. I n f l u e n t  s a m p l e s  were c o l l e c t e d  from a b o u t  
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ATOMIC FLUORESCENCE SPECTROMETRY 38 1 

four f e e t  below t h e  s u r f a c e  of t h e  i n f l u e n t  c h a n n e l ,  and  e f f l u e n t  s a m p l e s  were  

o b t a i n e d  from a n  e f f l u e n t  w a t e r  p i p e .  F o r  t h e  m e t h y l e n e  b l u e  method, s a m p l e s  

were  c o l l e c t e d  i n  250 m l  amber b o t t l e s  w i t h  t h e  a d d i t i o n  of z i n c  a c e t a t e  and  

s o d i u m  h y d r o x i d e ,  a c c o r d i n g  t o  t h e  s t a n d a r d  p r o c e d u r e 2 .  S a m p l e s  f o r  t h e  

f l u o r e s c e n c e  and e m i s s i o n  s t u d i e s  w e r e  c o l l e c t e d  i n  500 m l  amber b o t t l e s  a f t e r  

p l a c i n g  250 m l  of 0.1 M a s c o r b a t e  b u f f e r  in each  b o t t l e  p r i o r  t o  c o l l e c t i o n .  

F l u o r e s c e n c e  a n d  e m i s s i o n  s a m p l e s  were l a t e r  d i l u t e d  a s  n e e d e d  w i t h  0 .05  M 

a s c o r b a  te. 

P r o c e d u r e .  S u l f i d e  d e t e r m i n a t i o n s  on  a l l  t h e  s a m p l e s  were performed on  t h e  

d a y  of c o l l e c t i o n .  The m e t h y l e n e  b l u e  m e t h o d  was  p e r f o r m e d  a c c o r d i n g  t o  a 

s t a n d a r d  p r o c e d u r e 2 .  F o r  t h e  AFS a n d  f l a m e  p h o t o m e t r i c  m e t h o d s ,  a 25.00 m l  

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

m i n u t e  p r i o r  t o  t h e  a d d i t i o n  o f  0.4 m l  of 6 M H C 1 .  T h e  r e s u l t i n g  b u f f e r e d  

s o l u t i o n  (pH = 4) was s u f f i c i e n t l y  a c i d i c  t o  r a p i d l y  v o l a t i l i z e  H2S, w h i l e  

r e t a i n i n g  HSO- i n  s o l u t i o n .  Both peak h e i g h t  and peak  a r e a  were r e c o r d e d  o n  

a n  i n t e g r a t i n g  r e c o r d e r  ( Houston I n s t r u m e n t s  Model 8521 8-1 1 ). 

3 

C h o i c e  of S u l f i d e  P r e s e r v a t i v e .  The s t a n d a r d  method of p r e s e r v a t i o n  of t r a c e  

s u l f i d e  s o l u t i o n s  is t o  p r e c i p i t a t e  t h e  s u l f i d e  a s  t h e  z i n c  s a l t .  The  

r e s u l t i n g  s u s p e n s i o n  i s  q u i t e  s t a b l e .  U n f o r t u n a t e l y ,  t h i s  method c o u l d  n o t  be 

u s e d  i n  con j u n c t i o n  w i t h  AFS d e t e r m i n a t i o n .  A l though  a f l u o r e s c e n c e  Sign81 

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

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

o t h e r s l 1 t l 2  to  s t a b i l i z e  s u l f i d e  s a m p l e s ,  and  we had used  i t  w i t h  s u c c e s s  i n  

o u r  p r e l i m i n a r y  i n v e s t i g a t i o n t 7 ,  a l l  s u b s e q u e n t  work i n v o l v i n g  v o l a t i l i z a t i o n  

of H2S was pe r fo rmed  on s o l u t i o n s  s t a b i l i z e d  w i t h  0.05 M a s c o r b a t c .  

The s t a b i l i t y  of s u l f i d e  i n  t h e  a s c o r b e t e  s o l u t i o n ,  compared t o  s u l f i d e  

i n  t h e  u s u a l  zinc a c e t a t e  p r e s e r v a t i v e ,  was i n v e s t i g a t e d .  D u p l i c a t e  0.50 ppm 
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302 SHAHWAN AND HEITHMAR 

s u l f i d e  s t a n d a r d s  were p r e p a r e d  i n  b o t h  media and  stored f o r  v a r i o u s  p e r i o d s  

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

a n a l y z e d  v s .  f r e s h l y  p r e p a r e d  s t a n d a r d s ,  t h e  a s c o r b a t e  s o l u t i o n s  by AFS, and 

t h e  z i n c  a c e t a t e  s a m p l e s  by t h e  m e t h y l e n e  b l u e  method. The r e s u l t s  are  shown 

i n  F i g u r e  1 .  The s t a b i l i t y  of a 0.50 ppm s u l f i d e  s t a n d a r d  i n  2 M NaOH i s  

shown  for c o m p a r i s o n .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  s u l f i d e  s t a b i l i z e d  w i t h  

a s c o r b a t e  is s t a b l e  fo r  s e v e r a l  days ,  a s  l o n g  a s  i t  i s  n o t  exposed t o  a i r .  

W i l s o n ,  e t  a l . 1 2  r e p e t i t i v e l y  a n a l y z e d  a s i n g l e  s u l f i d e  s a m p l e  s t a b i l i z e d  

w i t h  s o d i u m  a s c o r b a t e  o v e r  a p e r i o d  of s i x  d a y s .  They  r e p o r t e d  a slow 

d e c o m p o s i t i o n  of t h e  sample ,  which c o n t a i n e d  a r a t h e r  h i g h  ( 750 ppm ) s u l f i d e  

c o n c e n t r a t i o n .  We r e p e a t e d  t h a t  e x p e r i m e n t  u s i n g  a 0.50 ppm s u l f i d e  s o l u t i o n ,  

a n d  o b t a i n e d  r e s u l t s  s i m i l a r  t o  t h e i r s .  N e v e r t h e l e s s ,  we f e e l  t h a t  t h e  

r f - u l t r  rhown i n  P i p u r e  1 niorr a c c u r a t e l y  r e p r e s e n t  t h e  r f l i c a c y  of  

s t a b i l i z a t i o n  w i t h  a s c o r b a t e ,  s i n c e  s a m p l e s  a r e  r a r e l y  o p e n e d  b e t w e e n  

c o l l e c t i o n  and a n a l y s i s .  F o r  t h e  rewape s a m p l e s  a n a l y z e d  i n  t h i s  s t u d y ,  a n a l -  

y s ~ s  were a l w a y s  pe r fo rmed  w i t h i n  s e v e r a l  h o u r s  of c o l l e c t i o n ,  s i n c e  b a c t e r i a l  

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

E P P e c t  OP H e t a l  Ions. S e v e r a l  t r a n s i t i o n  m e t a l s  canmonly found  i n  m u n i c i p a l  

s e w a g e  p r e c i p i t a t e  s u l f i d e .  T h e  r e s u l t s  of a s t u d y  of t h e  e f f ec t  of t h e s e  

m e t a l s  on t h e  AFS s i g n a l  o b t a i n e d  f o r  a 0.25 ppm s u l f i d e  s o l u t i o n  a r e  shown i n  

T a b l e  1. The metal ion concentrations a re  a l l  four times t h e  l eve l s  n o r m a l l y  

e x p e c t e d  i n  a 1:1 d i l u t e d  s e w a g e  s s m p l e l 8 .  Aa c a n  be seen,  t h e  o n l y  

i n t e r f e r e n c e s  a r e  from l e a d  and copper .  The effect of l e a d  was e l i m i n a t e d  by 

t h e  a d d i t i o n  of EDTA t o  t h e  a s c o r b a t e  b u f f e r ,  w h i l e  t h e  c o p p e r  i n t e r f e r e n c e  

w a s  u n a f f e c t e d .  Lower  l e v e l s  o f  t h e s e  m e t a l s  c a u s e d  p r o p o r t i o n a l l y  lower  

amounts of i n t e r f e r e n c e .  

These  r e s u l t s  d e m o n s t r a t e  t h a t  t h e  AFS method, u s i n g  a s c o r b a t e  w i t h o u t  

EDTA, d e t e r m i n e s  what  h a s  been d e f i n e d  a s  " t o t a l  s u l f i d e " ,  i.e., s u l f i d e  which 
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F i g u r e  1 .  S t a b i l i t y  of 0.50 ppm s u l f i d e  i o n  i n  (+)  0.003 M z i n c  a c e t a t e  + 

0,006 M NaOH, (0) 0.05 M a s c o r b a t e  s o l u t i o n  ( pHr 1 2  1, (0) 0.01 M NaOH. 

is l i be ra t ed  upon a c i d i f i c a t i o n  of a sample.  S u l f i d e  which is n o t  l i b e r a t e d  

u p o n  a c i d i f a t i o n ,  s u c h  a s  c o p p e r  s u l f i d e ,  is of l e s s  c o n c e r n  a n d  is not 

d e t e r m i n e d  i n  most methods2. Lead s u l f i d e  is i n s o l u b l e  a t  pH-4, however ,  i t  

d o e s  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  s u l f i d e  c o n c e n t r a t i o n s  found  i n  most  sewace 

i n f l u e n t  s a m p l e s .  If l e a d  is of c o n c e r n ,  EDTA s h o u l d  be a d d e d  t o  t h e  

a s c o r b a  te p r e s e r v a  t i v  r. 

Comparison of Methods. Under t h e  c o n d i t i o n s  employed in t h i s  s t u d y ,  t h e  AFS 

m e t h o d  was f o u n d  t o  h a v e  a l i n e a r  d y n a m i c  r a n g e  from i t s  d e t e c t i o n  l i m i t  of  

a b o u t  1.5 ppb t o  1.5 ppm, u s i n g  peak  a r e a  measurements.  A l though  peak h e i g h t  
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384 S W U M  AND HEITHMAR 

TABLE 1 

Metal In te r fe rences  on V o l a t i l i z a t i o n  of Su l f idea  

w m  
None 

Fe2+ 

N i 2 +  

~ r 3 +  

Cd2+ 

Zn2+ 

Pb2+ 

cu2+ 

--- 
4 .o 

0.8 

1 .b 

0.34 

2.8 

1.2 

1.5 

BES l3ia.k m k  

100 

100 

101 

101 

100 

100 

87 (98)' 

0 (0)C 

a Su l f ide  concentration 0.25 ppm. 

Average of th ree  a reas  r e l a t i v e  t o  a rea  with no in t e r f e ren t .  

0.05 M EDTA added. 

wn:' :I] ::n 1 frimr I ' rJt  : ! t , : ~ r i d : ~ t ~ i k ~ ,  i t  w u I  d r w L  h r ,  u:v.d f ' r , t s  L h r .  i J f ~ t . f ~ t ~ m l i i : i t . l i , t ~  of 

: id I ' l d r ,  In : # P W R P ~  :i:mplcn, due t o  cnri::ldnr;ibl r v n r l ; l b i l  1 L y  ol'  L h f ,  1rr;ik w!dI.tl. 

Thfr war, a t t r ibu ted  t o  suspcndcd s o l i d s  i n  the  samples. l'hr? determination 01 '  

s u l f i d e  by d i r e c t  flame photometry was seve re ly  l imi t ed  by t h i s  phenomenon. 

I n  t h e  f l ame  pho tomet r i c  method, t h e  s q u a r e  r o o t  of t h e  pho tocur ren t  i s  

proportional t o  the  concentration of s u l f u r  compound i n  t he  flame. Since our  

instrumentation did not a l low the  d i r e c t  recording of t he  square root  of t h e  

photocurrent,  the  peak a rea  was not  even approximately l i n e a r  with respec t  t o  

t h e  s u l f i d e  concentration. Instead, t h e  fo l lowing  equation was employed: 

11'2W = a c 2  + be + d, 

where I = t h e  peak maximum (nanoamps), 

W = t h e  p e a k  w i d t h  a t  1/4 maximum ( c o r r e s p o n d i n g  t o  

1/2 t he  maximum s u l f i d e  concentration ) Iseconds), 

and c = sample s u l f i d e  concentration (ppm). 
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TABLE 2 

385 

Comparison of Methods f o r  S u l f i d e  Determina t ion  

S u l f i d e  Found 2.90 2.63 
(ppm) 

% R.S.D. w i t h i n  2.5 2.4 
sample 

2.88 

2.5 

% R.S.D. b e t w e e n  2.2 
samples  

5.9 4.4 

% R.S.D.(Total) 2.5 3.4 3.5 

The q u a d r a t i c  term i n  tile above  e q u a t i o n  g e n e r a l l y  r e p r e s e n t e d  a b o u t  12% Of 

t h e  l i n e a r  term a t  t h e  1 ppm l e v e l .  

The r e s u l t s  o b t a i n e d  w i t h  t h e  AF'S and photometr ic  methods were compared 

t o  t h a t  of t h e  methylene  b l u e  method by c o l l e c t i n g  t h r e e  i n f l u e n t  s a m p l e s  for 

each  method and a n a l y z i n g  each sample  i n  t r i p l i c a t e .  T h e  r e s u l t s  a r e  shown i n  

T a b l e  2. T h e r e  is no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r e c i s i o n s  o f  t h e  t h r e e  

methods a t  t h e  95% conf idence  l e v e l .  

Not e v i d e n t  i n  t h e  r e s u l t s  of t h e  a n a l y s i s  of v a r i a n c e  is a s i g n i f i c a n t  

p o s i t i v e  d r i f t  i n  t h e  r e s p o n s e  of t h e  f l a m e  p h o t o m e t r i c  d e t e c t o r .  For 

example, when s i x  s e q u e n t i a l  r e p l i c a t e s  of a s i n g l e  sample  were a n a l y z e d  by 

photometry,  t h e  c a l c u l a t e d  c o n c e n t r a t i o n  i n c r e a s e d  m o n o t o n i c a l l y  from 2.50 ppm 

t o  2.70 ppm v s .  s t a n d a r d s  r u n  b e f ' o r e  t h e  r e p l i c a t e s .  A p o s i t i v e  d r i f t  i n  

f l a m e  photometr ic  a n a l y s i s  h a s  been o b s e r v e d  p r e v i o ~ s l y ' ~ ,  and is a t t r i b u t e d  

t o  a n  i n c r e a s i n e  r e s i d u a l  H2S c o n c e n t r a t i o n  i n  t h e  s y s t e m .  T h i s  c a u s e s  a n  

i n c r e a s e d  response  t o  a g i v e n  amount of s u l f i d e ,  due t o  t h e  q u a d r a t i c  n a t u r e  

of t h e  response19. An i n c r e a s e  i n  t h e  backgroupd l e v e l  was o b s e r v e d  o v e r  a 

p e r i o d  of time i n  both  AFS and f l a m e  photometry exper iments ,  d e s p i t e  e x t e n s i v e  

p r e c o n d i t i o n i n g  of t h e  d e v i c e  w i t h  H2S. I t  w a s  of no c o n c e r n  i n  t h e  AFS 
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386 SHAHWAN AND HEITHMAR 

TABLE 3 

S u l f i d e  C o n c e n t r a t i o n s  i n  Sewage Samples  (ppmIa 

LBk BES k-mhYhw Eue 

3/29/83 1.43 (0.04) 1 . 4 8  (0 .05 )  

5 / 1 / 8 3  3.92 (0.08) 3.79 (0.13) 

5/1/83b 0.1 00 (0.00 4) 0.097 (0.01 4) 

a s t a n d a r d  d e v i a t i o n  i n  p a r e n t h e s e s .  

E f f l u e n t  Sample.  

measurements ,  s i n c e  t h e  background c o u l d  s i m p l y  be s u b t r a c t e d  from t h e  s i g n a l .  

I n  o r d e r  to  o b t a i n  a c c u r a t e  r e s u l t s  w i t h  f l a m e  pho tomet ry ,  a p a i r  of s t a n d a r d s  

had  t o  be r u n  a f t e r  e v e r y  t h r e e  samples .  

T h e  s a m p l e s  u s e d  i n  t h e  a n a l y s i s  of v a r i a n c e  s t u d y  were a l l  c o l l e c t e d  

f rm  t h e  i n f l u e n t  c h a n o e l  o v e r  a p e r i o d  of a few minu tes .  T a b l e  2 i n d i c a t e s  

t h a t  t h e  mean c o n c e n t r a t i o n  for t h e  f l a m e  p h o t o m e t r y  d e t , e r m i n a t i o n  w a s  

s i g n i f i c a n t l y  d i f f e r e n t  ( t s l l . 4  f o r  1 6  d e g r e e s  of f r eedom ) f rom t h e  concen-  

t r a t i o n s  f o u n d  u s ' i n g  t h e  o t h e r  two m e t h o d s .  T h e  AFS a n d  m e t h y l e n e  b l u e  

r e s u l t s  a g r e e d  w e l l  w i t h  e a c h  o t h e r .  The r e a s o n  f o r  t h e  lower v a l u e  o b t a i n e d  

w i t h  f l a m e  pho tomet ry  is not known, a l t h o u g h  flame p h o t o m e t r i c  s i g n a l s  h a v e  

b e e n  shown t o  b e  q u e n c h e d  more t h a n  AFS r e s p o n s e  by h y d r o c a r b o n s t 6 .  I t  I S  

p o s s i b l e  t h a t  t h e  v o l a t i l e  h y d r o c a r b o n s  p r e s e n t  i n  s e w a g e 1 7  a f f e c t e d  t h e  

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

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

method of a n a l y s i s .  

The AFS and m e t h y l e n e  b l u e  methods w e r e  compared f o r  t h r e e  o t h e r  e a m p l t s ,  

two i n f l u e n t s  a n d  o n e  e f f ' l u e n t .  The  r e s u L t s ,  shown i n  T a b l e  3 ,  v e r i f y  g o o d  

a g r e e m e n t  b e t w e e n  t h e  two m e t h o d s .  F o r  t h e  e f f l u e n t  s a m p l e ,  t h e  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  of t h e  m e t h y l e n e  b l u e  m e t h o d  was p o o r ,  d u e  t o  t h e  low 
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ATOMIC FLUORESCENCE SPECTROMETRY 307 

conr-ritvatlon. The d c t r c t i o n  I imit. of t h e  mcthylcnr  b l u e  method war. 0.02 ppm. 

Thr. Ak:; method a1r.o n l lowcd a somruhal f a z t c r  th rouphput  r a t e ,  r i n c c  no L l n v  

war v t q u j  red  f o r  sample  t r e a t m e n t  o r  c o l o r  drvelopment .  Approximately twcnly 

samples  c o u l d  be determined p e r  hour  by AFS. 

Atomic f l u o r e s c e n c e  is a v i a b l e  method f o r  t h e  d e t e r m i n a t i o n  of t o t a l  

s u l f i d e  i n  sewage, a f t e r  v o l a t i l i z a t i o n  of t h e  a n a l y t e  a s  H2S. 0.05 M sodium 

a s c o r b a t e  is e f f e c t i v e  i n  s t a b i l i z i n g  t r a c e  s u l f i d e .  Although r e q u i r i n g  more 

s o p h i s t i c a t e d  i n s t r u m e n t a t i o n  t h a n  t h e  s t a n d a r d  methylene  b l u e  method, AFS is 

more s e n s i t i v e  and somewhat f a s t e r .  AFS may be p r e f e r r e d  o v e r  t h e  methylene  

b l u e  method i n  c e r t a i n  c i r c u m s t a n c e s .  T h e s e  w o u l d  i n c l u d e  t h e  a n a l y s i s  of 

s a m p l e s  c o n t a i n i n g  r e d u c i n g  a g e n t s  or h i g h  a m o u n t s  of s o l i d ,  and  t h e  

d e t e r m i n a t i o n  o f  v e r y  low s u l f i d e  l e v e l s .  More i m p o r t a n t ,  t h e  r e s u l t s  of t h i s  

s t u d y  i n d i c a t e  t h a t  AFS is c a p a b l e  of a c c u r a t e l y  d e t e r m i n i n g  t h e  s u l f u r  

i o n t e n t  i n  s f a i r l y  complex gaseous  mat r ix .  Although d i r e c t  f l a m e  photcmetry 

is s i m p l e r  e x p e r i m e n t a l l y ,  i t  s u f f e r s  f r o m  a d r i f t i n g  r e s p o n s e  a n d  y i e l d s  

s i g n i f i c a n t l y  lower results than  t h e  o t h e r  two methods. 
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