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TECHNIQUE FOR ENVIRONMENTAL AND CLINICAL STUDIES 
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Department of C h e m i s t r y , Loughborough U n i v e r s i t y of 

T e c h n o l o g y , Loughborough, L e i c e s t e r s h i r e , UK 

E l e c t r o a c t i v e o r g a n i c compounds t h a t a d s o r b 

s t r o n g l y on mercury can be d e t e r m i n e d a t v e r y low 

c o n c e n t r a t i o n s by a d s o r p t i v e s t r i p p i n g v o l t a m m e t r y 

a t a h a n g i n g mercury drop e l e c t r o d e C 1 3 . The compound 

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

by a d s o r p t i o n a t a newly-formed mercury drop f o r a 

s u i t a b l e f i x e d t i m e b e f o r e b e i n g d e t e r m i n e d i n 

q u i e s c e n t s o l u t i o n by means of a p o t e n t i a l sweep 

method. The t e c h n i q u e i s b e i n g used i n c r e a s i n g l y f o r 

t h e d e t e r m i n a t i o n of d r u g compounds, and a l s o f o r 

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

a d s o r p t i o n a s c h e l a t e c o m p l e x e s t 1 ] . 

The p r e s e n t i n c r e a s i n g i n t e r e s t i n a d s o r p t i v e 

s t r i p p i n g v o l t a m m e t r y has been made p o s s i b l e by t h e 

i n t r o d u c t i o n of modern s t a t i c m e r c u r y drop e l e c t r o d e 

s t a n d s , s u c h a s t h e PAR 303 and t h e Metrohm 646 and 

663, which a l l o w v i r t u a l l y i n s t a n t a n e o u s a u t o m a t i c 

p r o d u c t i o n and renewal of h a n g i n g mercury d r o p 

e l e c t r o d e s - The u s e of a m i c r o p r o c e s s o r - c o n t r o l l e d 

Portugaliee Electrochimica Acta, 5 (1987) 299-303 



p o l a r o g r a p h i c / v o l t a m m e t r i c a n a l y s e r a l l o w s t h e 

a d s o r p t i v e s t r i p p i n g e x p e r i m e n t t o be a u t o m a t e d 

r e a d i 1 y . 

In o u r own work s i x t e e n -food and two c o s m e t i c 

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

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

be amenable t o d e t e r m i n a t i o n by d i - f - f e r e n t i a l p u l s e 

a d s o r p t i v e s t r i p p i n g v o l t a m m e t r y [ 2 3 . When a 

two-minute a c c u m u l a t i o n t i m e was u s e d t h e i n c r e a s e 

i n s e n s i t i v i t y o v e r 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 

a t a. d r o p p i n g m e r c u r y e l e c t r o d e was between n i n e -

a n d one h u n d r e d — f o l d d e p e n d i n g on t h e c o l o u r i n g 

m a t t e r d e t e r m i n e d . U s i n g l o n g e r a c c u m u l a t i o n t i m e s 

l x l O - l t t T t c o n c e n t r a t i o n s of some f o o d 

c o l o u r s c o u l d be d e t e r m i n e d . The a d d i t i o n of 

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

p o t e n t i a l s o f some c o l o u r i n g m a t t e r s t o more 

n e g a t i v e v a l u e s and c a n d e c r e a s e o r i n c r e a s e t h e 

s i z e of t h e p e a k s o b t a i n e d . T h i s makes i t a u s e f u l 

r e a g e n t f o r p a r t i a l l y i d e n t i f y i n g i n d i v i d u a l 

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

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

method t o t h e d e t e r m i n a t i o n and p a r t i a l 

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

c o a t i n g s and i n a l i p s t i c k have been d e v e l o p e d . The 

need t o d i l u t e more c o n c e n t r a t e d sample s o l u t i o n s 

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

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

In h i s p a p e r on t h e a d s o r p t i v e s t r i p p i n g 

t e n s a m m e t r i c d e t e r m i n a t i o n o f m o n e n s i n K a l v o d a C 3 1 

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

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

d u r i n g t h e p o t e n t i a l sweep. I f i m m e d i a t e l y a f t e r t h e 

sweep, a s e c o n d sweep i s made f r o m t h e same s t a r t i n g 

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

peak v i r t u a l l y d i s a p p e a r s ( i f t h e r e d u c t i o n i s 

i r r e v e r s i b l e ) , whereas f o r a t e n s a m m e t r i c p r o c e s s 

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

I t i s a l s o i m p o r t a n t t o d i s t i n g u i s h bet-ween 

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

The t e r m ' a d s o r p t i v e s t r i p p i n g v o l t a m m e t r y ' h a s been 

a p p l i e d t o methods i n w h i c h a c c u m u l a t i o n o c c u r s by 

a d s o r p t i o n . A c c u m u l a t i o n c a n cicaur by o x i d a t i o n o f 

m e r c u r y and f o r m a t i o n o f m e r c u r y s a l t s . No a c c e p t e d 

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

unambiguous b o t h t h e method o f a c c u m u l a t i o n and t h e 

method o f s t r i p p i n g s h o u l d be i n d i c a t e d . K a l v o d a h a s 

shown t h a t c a t e c h o l a m i n e s c a n be a c c u m u l a t e d a s 

m e r c u r y s a l t s C 4 1 . In t h e same, i s s u e of The A n a l y s t 

O r d i e r e s e t a l h a v e a c c u m u l a t e d 5 - f 1 u o r o u r a c i 1 a s a 

m e r c u r y s a l t C 5 3 whereas Wang e t a l have a c c u m u l a t e d 

i t a t a more n e g a t i v e p o t e n t i a l by a d s o r p t i o n C 6 1 . 

In a r e c e n t c o m m u n i c a t i o n f r o m t h i s l a b o r a t o r y 

t h e p o s s i b i l i t i e s and a d v a n t a g e s o f u s i n g 

d e r i v a t i s a t i o n t e c h n i q u e s i n c o n j u n c t i o n w i t h 
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a d s o r p t i v e s t r i p p i n g v o l t a m m e t r y was p o i n t e d o u t . A 

method of d e t e r m i n i n g a r o m a t i c a m i n e s by 

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

a f t e r d i a z o t i s a t i o n and c o u p l i n g w i t h 1 - n a p h t h o l t o 

f o r m an a z o d y e was d e v e l o p e d 1 7 1 . 

Work h a s commenced i n o u r l a b o r a t o r i e s on t h e 

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

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

i m m u n o l o g i c a l methods. B o v i n e serum a l b u m i n l a b e l l e d 

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

i s o t h i o c y a n a t e c a n be d e t e r m i n e d by d i f f e r e n t i a l 

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

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

t o t h e s t r i p p i n g peak g i v e n by t h e dye m o i e t y on t h e 

l a b e l , a s t r i p p i n g peak i s g i v e n a l s o by t h e 

r e d u c t i o n o f m e r c u r y ( I I ) s u l p h i d e p r o d u c e d d u r i n g 

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

o f t h e t h i o c a r b a m o y l m o i e t y . I n d e e d b o v i n e serum 

a l b u m i n l a b e l l e d w i t h u n s u b s t i t u t e d p h e n y l 

i s o t h i o c y a n a t e g i v e s t h e m e r c u r y ( 1 1 ) s u l p h i d e 

s t r i p p i n g peak. The l a b e l l i n g m o l e c u l e s t h e m s e l v e s 

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

v o l t a m m e t r i c p e a k s due t o t h e dye (where p r e s e n t ) 

and i s o t h i o c y a n a t e m o i e t i e s and t h e e x c e s s o f t h e s e 

compounds would h a v e t o be removed a f t e r l a b e l l i n g 

a l b u m i n f o r u s e i n any immunoassay d e v e l o p e d . Some 

l o s s o f s i g n a l was o b s e r v e d on a d d i n g a n t i s e r a t o 

l a b e l l e d a l b u m i n , b u t t h i s c o u l d be due t o 
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c o m p e t i t i v e a d s o r p t i o n and s t u d i e s a r e c o n t i n u i n g . 

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

w i t h P r o f e s s o r J . O . C a b r a l and D r . A . A . B a r r o s , and 

s u p p o r t f r o m t h e A n g l o - P o r t u g u e s e J o i n t R e s e a r c h 

P r o g r a m m e / T r e a t y of Winds o r 1987/8 i n t h e 

c o n t i n u a t i o n of p a r t of t h i s work. 

REFERENCES 

1. Wang, J . , A m e r i c a n L a b o r a t o r y , O c t o b e r 1985, 68. 

2. F o g g , A.G., B a r r o s , A.A., and C a b r a l , J.O., 

A n a l y s t , 1986, 111, 831. 

3. K a l v o d a , R., J . E l e c t o a n a l . Chem., 1984, 180, 

307. 

4. K a l v o d a , R., J . E l e c t o a n a l . Chem., 1986, 214, 

191. 

5. O r d i e r e s , A.J.M., G u t i e r r e z , M.J.G., G a r c i a , 

A.C., B l a n c o , P.T., and Smyth, W.F., A n a l y s t , 1987, 

112, 243. 

6. Wang, J . , L i n , M.S., and V i l l a , V., A n a l y s t , 

1987, 112, 247. 

7. F o g g , A.G., and L e w i s , J.M., A n a l y s t , 1986, 1 1 1 , 

1443. 


