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HPLC STUDY OF MANCOZEB 
DEGRADATION ON LEAVES 

J. LEHOTAY AND D. KISOVA 
Department of Analytical Chemistty 

Slovak Technical University 
W i n s k k h o  9 

812 37 Bratislava, Czechoslovakia 

A B S T R A C T  

An HPLC p r o c e d u r e  was d e v e l o p e d  f o r  t h e  d e t e r m i n a t i o n  o f  
mancozeb on cucumber l e a v e s  a f t e r  a p p l i c a t i o n  o f  mancozeb sus -  
p e n s i o n  (ethylere b i s d i t h i o c a r b a m a t e  f u n g i c i d e ) .  The a n a l y t i c a l  
p r o c e d u r e  c o n s i s t e d  o f  a s i n g l e  e x t r a c t i o n  s t e p  w i t h  EDTA aque- 
ous s o l u t i o n  and sod ium s a l t  o f  e t h y l e n e b isdithiocarbamate was 
e l u a t e d  f r o m  Separon  NH2 co lumn.  M o b i l e  phase was 5 % a c e t o -  
n i t r i l e  and 4 5  % m e t h a n o l  i n  aqueous s o l u t i o n  of  b o r a t e  b u f f e r  
a t  pH = 7 . 6  . The l e v e l  o f  mancozeb a f t e r  a p p l i c a t i o n  on l e a v e s  
d e c r e a s e d  s l o w l y ,  w i t h  a h a l f  t i m e  1 4  days .  

I N T R O D U C T I O N  

P o s t - h a r v e s t  d i s e a s e s  o f  some a g r i c u l t u r e  p r o d u c t s  a r e  

m a i n l y  p r o d u c e d  by f u n g a l  pa thogens .  They can  cause  i m p o r t a n t  

economic  losses. Thus f u n g i c i d e s  t r e a t m e n t s  a r e  n e c e s s a r y  i n  

o r d e r  t o  overcome t h i s  p r o b l e m .  The f u n g i c i d e s  emp loyed  a r e  

g e n e r a l l y  t o x i c  and t h e y  can  p r e s e n t  some h a z a r d s  t o  p u b l i c  

h e a l t h .  T h e r e f o r e ,  l e g a l  r e q u i r e m e n t s  o f  many c o u n t r i e s  a r e  

i n c r e a s i n g ,  m a k i n g  i t  n e c e s s a r y  t o  d e t e r m i n e  f u n g i c i d e s  a t  

v e r y  l o w  l e v e l s .  
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F I G U R E  1 Structure of mancozeb 

Mancozeb (coordination products of zinc ion and manga- 
nous e t h y l e n e b i s d i t h i o c a r b a m a t e s  - Figure 1) is widely used 
in agriculture, due to its high fungitoxic activity /l/. 

Study of the stability of mancozeb in environmental s y s -  

tems i s  difficuit because many degradation products can be 
formed. The important decomposition product is ethylenethio- 
urea because this compound is goiterogenic / Z / ,  carcinogenic 
/ 3 /  and teratogenic /4/. 

The methods of analysis of ethylenethiourea in foodstuffs 
and other substrates were worked out by more authors /5-7/. 

Mancozeb is insoluble in water and almost all organic 
solvents.Therefore, a direct liquid chromatographic determina- 
tion i s  impossible. However, mancozeb can be converted into 
nabam (sodium e t h y l e n e b i s d i t h i o c a r b a r n a t e )  by the addition of 
an aqueous EDTA solution. Reversed phase chromatography with 
an ion-pair reagentin mobile phase can be used / E / .  

The present study has used an HPLC method to examine the 
mancozeb stability on cucumber leaves grown in a greenhouse 
following application of mancozeb. It has been possible to inon- 
itor the levels of mancozeb under controlled conditions and 
draw up profiles of the changes of mancozeb amount on leaves 
during 30 days. 

EXPERIMENTAL 

Chemicals 

Solvents f or chromatography were of HPLC grade and were 
purchased from Merck. Mancozeb (wettable powder) was commercial 
sarnDles. Water was twice distilled. 
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MANCOZEB DEGRADATION ON LEAVES 1017 

E x t r a c t i o n  o f  cucumber  l e a v e s  

Cucumbers were grown  i n  a g reenhouse  a t  20-25 O C .  A sepa-  

r a t e  p l a n t i n g  o f  cucumbers  was used  f o r  each  s t u d y .  A n a l y s e s  

were  c a r r i e d  o u t  on t r i p l i c a t e  cucumbers  g rown  and t r e a t e d  un-  

d e r  t h e  same c o n d i t i o n s .  Leaves  were  h a r v e s t e d  by c u t t i n g  j u s t  

abov?  t h e  s t a l k .  The l e a v e s  (11 -15  g )  were  e x t r a c t e d  w i t h  40 m l  

o f  a n  aqueous s o l u t i o n  o f  E D T A  ( 0 . 1  M )  a t  pH = 9 ( b o r a t e  b u f f e r )  

f o r  a b o u t  5 m i n  i n  a n  u l t r a s o n i c  b a t h .  The e x t r a c t  was f i l t e r e d  

and  t h e n  i n j e c t e d  i n t o  c h r o m a t o g r a p h i c  co lumn.  

S p r a i n g  s t u d i e s  on  l e a v e s  

Aqueous s u s p e n s i o n  o f  mancozeb ( 0 . 1  9 / 5 0  m l )  was s p r a y e d  

c a r e f u l l y  o n t o  i n d i v i d u a l  l e a v e s  u s i n g  a a i r - p o w e r e d  s p r a y  so  

t h a t  t h e  l e a v e s  were  f u l l y  w e t t e d  and t h e r e  was no  r u n - o f f  

o n t o  t h e  s o i l .  

L i q u i d  c h r o m a t o g r a p h i c  s y s t e m  

HPLC s e p a r a t i o n s  were c a r r i e d  o u t  u s i n g  a Wate rs  pump 

( M o d e l  510 ) ,  V a l c o  i n j e c t i o n  v a l v e  w i t h  a 1 0  u l  l o o p  a d i o d e  

a r r a y  d e t e c t o r  (Wate rs  Mode l  9 1 0 )  a t  272 nm. The samp les  were  

s e p a r a t e d  u s i n g  5 % a c e t o n i t r i l e  - 4 5  % m e t h a n o l  i n  aqueous 

s o l u t i o n  o f  b o r a t e  b u f f e r  a t  pH = 7 .6  as t h e  e l u e n t  w i t h  a 

f l o w  r a t e  o f  0 .7  m l / m i n  on Separon  N H 2  co lumn ( 5  um p a r t i c l e  

s i z e ,  0 .32  x 15  cm). The l i f e - t i m e  o f  c h r o m a t o g r a p h i c  c o l u m n  

was a b o u t  15  a n a l y s e s .  

/ 

/ 

RESULT AND O I C U S S I O N  

The l e v e l s  o f  nabam i n  e x t r a c t s  were  m o n i t o r e d  d i r e c t l y  

by HPLC a n a l y s i s  on  a NH2 co lumn.  Care  mus t  be  t a k e n  t o  o p t i -  

m i z e  HPLC c o n d i t i o n s  f o r  r e t e n t i o n  t i m e  o f  nabam s e n s i t i v i t y  

and s e l e c t i v i t y  o f  t h e  s e p a r a t i o n  p r o c e s s .  I t  was f o u n d  t h a t  

pH o f  m o b i l e  p h a s e  has  s i g n i f i c a n t  i n f l u e n c e  on  t h e  shape of 
nabam peak .  The pH o f  m o b i l e  phase  s h o u l d  be  k e p t  a t  7.6. The 

d e t e r m i n a t i o n  o f  nabam can  b e  c a r r i e d  o u t  w i t h  a m o b i l e  phase  

45 % m e t h a n o l  and 5 % a c e t o n i t r i l e  i n  w a t e r .  I n  t h i s  s y s t e m  

t h e  i n t e r f e r e n c e  o f  c o e x t r a c t i v e s  w i t h  nabam peak  was n o t  ob -  
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1018 LEHOTAY AND KISOVA 

s e r v e d .  I n  F i g u r e s  2 and  3 r e p r e s e n t a t i v e  ch romatog rams  o f  ex -  

t r a c t s  as w e l l  as  t r e a t e d  and  u n t r e a t e d  samp les  a r e  shown. 

I n  o r d e r  t o  a v o i d  t h e  p r o b l e m  o f  t h e  mancozeb i n s o l u b i l i -  

t y ,  t h e  r e a c t i o n  w i t h  E D T A  s o l u t i o n  was used .  The c h e m i c a l  

r e a c t i o n  be tween  E O T A  and mancozeb i s  q u i c k  and t h e  h i g h  y i e l d  

can  be  a c h i e v e d  d u r i n g  5 m i n  ( F i g u r e  4 ) .  A f t e r  2 0  rnin nabam 

i s  s l o w l y  decomposed i n  s t a n d a r d  s o l u t i o n s .  Nabarn w h i c h  i s  

f o r m e d  d u r i n g  t h e  e x t r a c t i o n  can  b e  more  u n s t a b l e ,  p a r t i c u -  

l a r l y  i f  t h e y  c o n t a i n  p l a n t  e x t r a c t  m a t e r i a l .  T h e r e f o r e  i n  

e x t r a c t i o n  s t u d i e s  o f  l e a v e s  t h e r e  have  been  c o n s i d e r a b l e  p r o b -  

l ems  w i t h  l o s s e s  o f  nabam d u r i n g  t h e  e x t r a c t i o n ,  work -up  and  

assay  p r o c e d u r e s .  I t  was n e c e s s a r y  t o  e s t i m a t e  t h e  s t a b i l i t y  

o f  nabam i n  t h e  l e a v e s  e c t r a c t  and t h e  y i e l d  o f  e x t r a c t i o n .  

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

o f  rnancoreb was s p r a y e d  o n t o  t h e  l e a v e s  and t h e  l e a v e s  were  

h a r v e s t e d  and a n a l y s e d  i m m e d i a t e l y  a f t e r  d r y i n g .  The depend-  

ence o f  t h e  mean l e v e l  o f  nabam i n  e x t r a c t  on t i m e  o f  e x t r a c -  

t i o n  i s  shown i n  F i g . 5 .  I t  can  b e  seen  t h a t ,  nabam a f t e r  5 m i n  

F i g u r e  2. Chromatogram o f  e x t r a c t  o f  t h e  t r e a t e d  l e a v e s  
C o n d i t i o n s  : c o l u m n  Separon  NH2; m o b i l e  phase  
5 % a c e t o n i t r i l e  45 % m e t h a n o l  i n  w a t e r  ( p H - 7 . 0 )  
f l o w  r a t e  0 . 7  rn l /m in  
Peak : 1 - nabam 
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MANCOZEB DEGRADATION ON LEAVES 1019 
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10 20 
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0 

Figure 3. Chromatogram o f  extract of the untreated leaves 
F o r  L C  conditions, see Figure 2. 

I I I I I 

60 ‘0 tcminl 20 
- 

Figure 4 .  Dependence of  reaction yield of nabarn o n  time 
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1020 LEHOTAY AND KISOVA 

i s  s l o w l y  d e c o m p o s e d .  T h i s  e f f e c t  may b e  d u e  t o  t h e  i n f l u e n c e  

o f  e n z y m e s  r e l e a s e d  f r o m  t h e  p l a n t  c e l l s  / 9 / .  

I n  o r d e r  t o  d e t e r m i n e  t h e  l i f e - t i m e  o f  m a n c o z e b  on  t h e  
l e a f  s u r f a c e  t h e  s a m e  l e v e l s  of a q u e o u s  s u s p e n s i o n  w e r e  s p r a y e d  
o n t o  t h e  l e a v e s  c u c u m b e r s .  T h r e e  l e a v e s  were h a r v e s t e d  a t  
i n t e r v a l s  a n d  m a n c o z e b  l e v e l s  d e t e r m i n e d .  A f t e r  3 8 0 , u g / l  g of  

l e a f  h a d  b e e n  s p r a y e d  o n t o  e a c h  l e a f ,  t h e  i n i t i a l  c o n c e n t r a -  

t i o n  ( 3 6 0  u g / l  g o f  l e a f )  d e t e r m i n e d  o n  a s u r f a c e  a n d  a n a -  

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

r a t e  a p p l i e d  ( F i g . 6 ) .  

/ 

T h i s  l e v e l  o f  a p p l i c a t i o n  c a n  b e  c o m p a r i b l e  t o  t h a t  e x -  

p e c t e d  i n  c o m m e r c i a l  o p e r a t i o n .  T h - r e  was t h e n  a l o s s  o f  man- 
c o z e b  w i t h  a h a l f - l i f e  o f  a b o u t  1 4  d a y s .  F o r  e a c h  s a m p l e  t h e  
r e s u l t s  f r o m  d u p l i c a t e  l e a v e s  w e r e  s i m i l a r  ( s e e  F i g . 6 ) .  T h i s  
l o s s  o f  m a n c o z e b  o n  t h e  l e a f  s u r f a c e  c a n  b e  c a u s e d  by p h o t o -  

l y s i s  i n  t h e  p r e s e n c e  o f  o x y g e n .  

The  a m o u n t  of  m a n c o z e b  w a s  d e t e r m i n e d  by l i n e a r  l e a s t -  

s q u a r e s  f i t t i n g  o f  t h e  c u r v e s  o f  t h e  a m o u n t  o f  m a n c o z e b  a f t e r  
c h e m i c a l  r e a c t i o n  w i t h  E D T A  i n j e c t e d  a g a i n s t  p e a k  a r e a .  

I I I 

15 lo t~minl 5 

F i g u r e  5 .  D e p e n d e n c e  o f  nabam mean l e v e l  i n  e x t r a c t  o n  time 
o f  e x t r a c t i o n  
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7 14 21 t [day51*' 

F i g u r e  6 .  The dependence o f  mean l e v e l  o f  mancozeb on t h e  
t i m e  a f t e r  s p r a y i n g  

The c o n c e n t r a t i o n  of  s t a n d a r d  s o l u t i o n s  were  0 . 0 1 - 0 . 2  mg/ml 

o f  nabam i n  w a t e r ,  and t h e  c a l i b r a t i o n  g r a p h  was l i n e a r .  The 

d e t e c t i o n  l i m i t  was a b o u t  1 0  ppm. 

REFERENCES 

1. N.R.McFar lane,  H e r b i c i d e s  and F u n g i c i d e s ,  C h e m i c a l  S o c i e t y ,  

2 .  Graham S . L . ,  Hansen W.H. ,  Bull.Env.Cont.Toxicol.1, 1 9  ( 1 9 7 2 ) .  

3 .  B o r g e  M.U., W e i s b u r g e r  J.H., W e i s b u r g e r  E . K . ,  R i c e  J.M., 

London,  1 9 7 7 .  

Cypher  R . ,  J .Na th .  Cancer  I n s t .  49, 583  ( 1 9 7 2 ) .  

4 .  B o t t o m e l e y  P . ,  H o d l e s s  R . A . ,  Smar t  N . A . ,  R e s i d u e  Rev. 

- 9 5 ,  45 ( 1 9 8 5 )  

5 .  S m i t h  R . M . ,  Madahar K . C . ,  S a l t  W . G . ,  P e s t i c . S c i . s ,  3 3 7  

( 1 9 8 8 ) .  

6 .  Nash R . G . ,  B e a l l  M.L., J . A g r i c . F o o d  Chem.B ,  322 ( 1 9 8 0 ) .  

7 .  L e h o t a y  J . ,  B r a n d S t e t e r o v i  E . ,  Oktavec  O . ,  J . L i q . C h r o m a t o g r .  

- 1 5 ,  525  ( 1 9 9 2 ) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1022 LEHOTAY AND KISOVA 

8. I r t h  H . ,  O e J o n g  G.J., F r e i  R . W . ,  B r i n k m a n  U.A.Th., Intern. 
J . E n v i r o n . A n a l . C h e m .  9, 129 (1990) 

9 .  Ross R.A., C r o s b y  D.G., J.Agric.Food C h e m . , G ,  335 ( 1 9 7 3 ) .  

Received. Juiy 24,1992 
Accepted: August 11,1992 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
4
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


