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IDENTIFICATION AND DETERMINATION OF 
SOME DEGRADATION PRODUCTS 
OF MANCOZEB BY HPLC AND MS 

JOZEF LEEOTAY, h A N  HOLO"k, AND EVA BRANDhEl'EROVA 

Fancily of Chemicd Technology 
SlovakTcchnicllllhriversify 

!Wlinskao 9, 812 37 Bdshva, C- 

-0f-C- 

ABSTRACT 

A method is described for the identification and determi- 
nation of degradation products in mancozeb (manganese-zinc salt 
of 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 ) .  The method is based on the semi- 
preparative separation of ethylenebisdiizothiocyanate sulphide 
( E B I S )  and ethylenebisthiuramdisulphide (ETD)  which were prepar- 
ed by the iodine oxidation of disodium salt of ethylenebisdithio- 
carbamate. MS spectra were applied for the identification of 
E B I S  and ETD. Reversed- phase HPLC was used for the determination 
of E B I S  and ETD in methanol extract of mancozeb. 

INTRODUCTION 

The 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  (EBDTC) belong to the 
widely used fungicides in agriculture; for this reason it is 
necessary to pay attention to the research of decomposition 
products which are often of toxic character. Many papers deal 
mainly with the ethylenethiourea (ETU)  determination as the 
main EBDTC decomposition product in biological or plant mate- 
rials for its toxicity /1-3/. Review of the techniques used 
for ETU analysis in different materials was carried out by Bot- 
tomley e t  al. / 4 / .  In agriculture the manganese-zinc EBDTC salt 
is used very often; it is called mancozeb. This  is an insoluble 
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2398 LEHOTAY, HOLOTIK, AND BRANDSTETEROVA 

com~iound of polymeric character. It was published that, besides 
ETU, it can contain polymeric and monomeric compounds of  ethyl- 
ene~~isdiizothiocyanate sulphide (EBIS), ethylenebisthiuram di- 
su1,ihide (ETO) and ethyleneb 

mancozeb 

C H 2  - N H  - CSS 
I I 

C H 2  - N H  - CSS 

ETD 

sthiuram monosulphide (ETM) / 5 , 6 /  

Zn ( x + y = n )  
Y 

C H 2  - N H  - CS,  
I S 
C H 2  - N H  - CS’ 

E T M  

C H 2  - N = C - S 

1 

C H 2  - N = C - S 
S ’  I 
\ 

EBIS 

The aim of  this work was to identify and determine ETO 
and EBIS in mancozeb, where the possibility o f  the presence 
o f  rhonomeric and polymeric f o r m s  are to be considered. 

EXPERIMENTAL 

ETD and its polymer were prepared by the oxidation of  di- 
sodium salt of E B O T C  according to the reaction : 

C H 2  - N H  - CSS 
I 

C H 2  - N H  - CSS 
. 6 H20 + I 2  = 2 NaI + I 

C H 2  - N H  - CSSNa 

The ethanolic iodine solution (0 .01  mole in 100 ml) was 
added, dropwise, to the ethanolic solution of  disodium salt 
of  E B O T C  (0.01 mole in 500 ml). A yellow precipitate was gradu- 
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2399 DEGRADATION PRODUCTS OF MANCOZEB 

a l l y  f o rmed  i n  t h e  r e a c t i o n  m i x t u r e .  A f t e r  t h e  a d d i t i o n  o f  a l l  

i o d i n e ,  t h e  p r e c i p i t a t e  was f i l t e r e d  and d r i e d .  The p r o d u c t  ob- 

t a i n e d  was e x t r a c t e d  w i t h  me thano l  a t  t h e  l a b o r a t o r y  tempera-  

t u r e .  The i n s o l u b l e  r e s i d u e ,  a f t e r  t h e  e x t r a c t i o n ,  is  t h e  p o l y -  

m e r i c  E T O  o f  y e l l o w  c o l o u r  wh ich  i s  n o t  s o l u b l e  i n  m e t h a n o l .  

The monomer o f  E T O  was o b t a i n e d  a f t e r  e v a p o r a t i o n  o f  me thano l  

f r o m  t h e  e x t r a c t .  The e x t r a c t  c o n t a i n s  15.42 % o f  t h e  o r i g i n a l  

amount t h a t  was d e t e r m i n e d  a c c o r d i n g  t o  a m a t e r i a l  b a l a n c e  o f  
t h e  e x t r a c t i o n .  

From t h e  r e s u l t s  o f  t h e  e l e m e n t a l  a n a l y s i s ,  i t  can  be as-  

sumed t h a t  t h e  E T D  e x t r a c t  i s  n o t  a p u r e  subs tance ,  because 

t h e r e  a r e  some d i f f e r e n c e s  between t h e  c a l c u l a t e d  and t h e  ob- 

t a i n e d  r e s u l t s  : 

C H N 
c a l c u l a t e d  22.84 % 2,87 % 13.32 % 

o b t a i n e d  23.99 % 2.99 % 12 .61  % 

The measurement o f  ETO mass s p e c t r a  was made a t  an i o n i z a t i o n  

p o t e n t i a l  o f  7 0  eV (mass s p e c t r o m e t e r  V A R I A N ) .  

The samples o f  mancozeb (1 gram) were e x t r a c t e d  w i t h  

50 m l  of  me thano l  (20  m i n u t e s ) .  The e x t r a c t  was f i l t e r e d  and 

i n j e c t e d  i n t o  t h e  l i q u i d  chromatograph.  For t h e  d e t e r m i n a t i o n  

o f  E T O  and E B I S ,  t h e  co lumn SEPARDN S I X  C18 ( p a r t i c l e  s i z e  

5 um, column l e n g h t  15 cm, column d i a m e t e r  0.32 cm) was used. 

Me thano l  (50 % i n  w a t e r )  was used as t h e  m o b i l e  phase a t  a 

f l o w - r a t e  o f  0 .5  m l / m i n .  A KNAUER UV d e t e c t o r  (Mode l  87 .00)  

was used a t  254 nm. 

/ 

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

s e m i - p r e p a r a t i v e  co lumn o f  10  x 1 . 2  cm. 1 .0 .  wh ich  was hand- 

packed  w i t h  a s l u r r y  of 25 - 40/um SILASORB SPH C 1 B  (Lachema 

Brno  - C S F R )  i n  me thano l .  M o b i l e  phase was 50 % me thano l  in 
w a t e r .  

RESULTS AND DISCUSSION 

P r e p a r a t i o n  o f  s t a n d a r d s  was t h e  ma in  p r o b l e m  o f  E T O  and 

E B I S  d e t e r m i n a t i o n s . T h e  r e s u l t s  of  e l e m e n t a l  a n a l y s i s  have con- 

f i r m e d  t h a t  t h e  E T D  s t a n d a r d  wh ich  was p r e p a r e d  a c c o r d i n g  t o  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



2400 

A254 
Id  3 

15 

1c 

C 
c 

LEHOTAY. HOLOTIK, AND BRANDSTETEROVA 

ETD 

EBIS 

I I I I 

1 5 10 15 20 
min 

F i g  1 Chromatogram o f  t h e  me thano l  e x t r a c t  o f  t h e  r e a c -  
t~ on p r o d u c t .  

Column Separon S I X  C18; m o b i l e  phase : methano l  - w a t e r  

1:1; f l o w  r a t e  0.3 ml /min.  

t h e  r e a c t i o n  was n o t  a p u r e  substance.  T h i s  i s  c o n f i r m e d  i n  

F i g  1, where 2 h i g h e r  peaks appeared. Mass s p e c t r o m e t r y  was 

cho:,en f o r  t h e  i d e n t i f i c a t i o n  o f  E T D  which,  on t h e  b a s i s  o f  
m o l t , c u l a r  i o n s  and f ragmen ts  o f  m o l e c u l e s ,  may e x p l a i n  t h e  com- 
p o s i t i o n  o f  t h e  r e a c t i o n  p r o d u c t .  From t h e  mass spec t rum ( F i g  

2) ,  i t  i s  o b v i o u s  t h a t ,  under  t h e  g i v e n  i o n i z a t i o n  c o n d i t i - o n s ,  
ETO does n o t  g i v e  t h e  m o l e c u l a r  i o n  and so i t  i s  necessa ry  t o  

a n a l y s e  i t s  f r a g m e n t s .  S ince ,  i n  t h e  l i t e r a t u r e ,  t h e r e  a r e  n o t  
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F i g  2. Mass spectrum o f  t he  methanol e x t r a c t  o f  t h e  reac-  

t i o n  p roduc t .  ( I o n i z a t i o n  a t  70 e V ) .  

p u b l i s h e d  any da ta  f rom t h i s  f i e l d  and we had t o  proceed w i t h  
t h e  a n a l y s i s  o f  mass spectrum acco rd ing  t o  t h e  g e n e r a l  r u l e s  

o f  mass spec t romet ry .  

The main fragments o f  E T D  were assumed : m/e = 166 - CS 
l o s s ;  m/e = 1 3 4  - CS2 l o s s ;  m/e = 1 7 7  - SH l o s s ;  m/e = 176 - S 

l o s s  and low p robab le  m/e = 176 - H2S l o s s ;  m/e = 144 - H2S2 
l o s s .  The mass spectrum shows ev idence of t h e  e x i s t e n c e  o f  a l l  

these fragments though these  a r e  o f  d i f f e r e n t  i n t e n s i t i e s  

( F i g  2). 

I n  t h e  E T D  s tandard,  t h e  ETM presence was a l s o  assumed. 
From t h e  l i t e r a t u r e ,  i t  i s  known t h a t  ETM,  i n  t h e  monomeric 
form, occurs i n  t h e  s o l u t i o n  o n l y  as E B I S  / 6 / .  Thus, we a l s o  

assumed t h e  presence o f  E B I S  fragments. E B I S  can a l s o  be t h e  
decomposi t ion p r o d u c t  o f  ETD (H2S l o s s ) ,  which i s  n o t  p robab le  

f rom t h e o r e t i c a l  p o i n t  o f  view. I n  t h e  i n t e r p r e t a t i o n  of spec- 

t r a ,  i t  i s  necessary t o  cons ide r  a l s o  t h e  i n t e n s i t i e s  of t h e  

i n d i v i d u a l  f ragments and t o  assume c e r t a i n  p r o b a b i l i t i e s  o f  

t h e i r  o r i g i n .  I n  t h e  case of E B I S ,  t h e  presence of molecu la r  
i o n  m/e = 116 and t h a t  of f u r t h e r  fragments was assumed : m/e = 

= 132 - CS l o s s ;  m/e = 118 - NCS l o s s ;  m/e = 100 - C S 2  l o s s .  
Besides t h e  f ragment  m/e = 132 ( o n l y  on t h e  background l e v e l )  
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176 
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F i g  3 .  Mass spec t rum o f  t h e  f i r s t  f r a c t i o n  a f t e r  semi-  

i i r e p a r a t i v e  s e p a r a t i o n  ( I o n i z a t i o n  a t  70  eV). 

t h i ,  p r e s e n t e d  i o n s  were f o u n d  i n  t h e  spec t rum w i t h  much h i g h e r  

i n t e n s i t y  t h a n  t h e i r  o r i g i n  c o u l d  be assumed f r o m  t h e  E T D  mole-  

c u  es.  The f r a g m e n t  m/e = 176 was ve ry  i n t e n s e  i n  t h e  mass spec- 

t r r i m ,  wh ich  i n d i c a t e s  t h a t  i t  i s  t h e  m o l e c u l a r  i o n  o f  E B I S .  

We may suppose t h a t  ETO and E B I S  a r e  p r e s e n t  i n  t h e  r e a c -  

t i o n  p r o d u c t  t h a t  was p r e p a r e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  p r e -  

s e i l t e d  i n  t h e  E x p e r i m e n t a l .  From t h e  chromatogram ( F i g  1) t w o  

ma:n peaks a r e  t o  be seen wh ich  o b v i o u s l y  b e l o n g  t o  E B I S  and 
E T I .  F o r  t h e  p u r i f i c a t i o n  o f  r e a c t i o n  p r o d u c t  we used t h e  semi- 

p r i  p a r a t i v e  column. Two ma in  f r a c t i o n s  were c o l l e c t e d ;  t h e y  

p r t b a b l y  c o n t a i n e d  o n l y  E T D  and E B I S .  A f t e r  vacuum e v a p o r a t i o n  

o f  m o b i l e  phase, MS a n a l y s i s  o f  t h e  r e s i d u e s  was done ( F i g s  3 
ant 4). 

A c c o r d i n g  t o  t h e  mass spec t rum o f  t h e  f i r s t  f r a c t i o n ,  

o n l y  t h e  p resence  of E B I S  can be assumed because a l l  f r a g m e n t s  
anr m o l e c u l a r  i o n  of E B I S  a r e  occu red  ( F i g  3 ) .  Some ETO f r a g -  
m e r t s  can be a l s o  seen, b u t  o n l y  a t  t h e  background l e v e l .  T h i s  
d e n o n s t r a t e s  v e r y  l o w  c o n c e n t r a t i o n  o f  E T D  i n  t h e  E B I S  f r a c t i o n .  

ThE mass spec t rum o f  t h e  second f r a c t i o n  i s  shown i n  F i g  4 .  The 

E B I S  m o l e c u l a r  i o n  is s i g n i f i c a n t l y  s m a l l e r  and t h e  o t h e r  f r a g -  
m e r t s  o f  E T D  a r e  c o n f i r m e d .  
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I 

I 
50 

178 I44 I 

F i g  4. Mass spec t rum o f  t h e  second f r a c t i o n  a f t e r  semi -  

p r e p a r a t i v e  s e p a r a t i o n  ( I o n i z a t i o n  a t  70 eV).  

T a b l e  1. The d e t e r m i n a t i o n  o f  ETO and E B I S  

i n  mancozeb 

sample  

1 

2 

3 
4 

5 
6 

ETO ( J i )  E B I S  ( % )  

0.017 1.39 

0.024 0.85 

0.017 0 .89  

0 .015 0 .98  

0.020 2.19 
0.022 1.63 

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 s  were  10.2 % f o r  ETO and 3 . 4  % 

f o r  E B I S  f o r  3 measurements.  

The E T O  and EBIS s t a n d a r d s  p r e p a r e d  i n  t h i s  way were used 

f o r  t h e  d e t e r m i n a t i o n  o f  t h e s e  subs tances  i n  m e t h a n o l i c  e x t r a c t s  
of mancoreb samples.  The r e s u l t s  were e v a l u a t e d  by  l i n e a r  l e a s t  

- squares  f i t t i n g  o f  t h e  c u r v e s  o f  amount o f  E T O  o r  EBIS i n -  

j e c t e d  a g a i n s t  peak  area .  The c o n c e n t r a t i o n s  o f  t h e  s t a n d a r d  

s o l u t i o n s  were  3 - 20 ug  of E T O  or  80 - 400 ug  o f  EBIS i n  1 m l  

o f  m e t h a n o l  and t h e  c a l i b r a t i o n  graphs  were  l i n e a r .  The r e s u l t s  
/ / 
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mi n 

F i g  5.  Chromatogram o f  t h e  me thano l  e x t r a c t  o f  mancozeb 

' s a m p l e  1). 

Column Separon SIX C l B ;  m o b i l e  phase : methano l  - w a t e r  

!:I; f l o w  r a t e  0.3 m l / m i n .  

of t h e  d e t e r m i n a t i o n s  o f  E T D  and EBIS a r e  g i v e n  i n  T a b l e  1. The 
chromatogram of  t h e  m e t h a n o l i c  e x t r a c t  of t h e  sample o f  mancozeb 
i s  shown i n  F i g  5. 

FrNm t h e  compar i son  of t h e  chromatograms ( F i g  1 and F i g  51, 
i t  i s  o b v i o u s  t h a t  t h e  EBIS c o n t e n t  i s  h i g h e r  i n  mancozeb, 

wh-ch  i s  o b v i o u s l y  caused by t h e  f a c t  t h a t  EBIS i s  t h e  E T D  
de i :ornposi t ion p r o d u c t s .  
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D W W A T I O N  PRODUCIS OF MANCOZEB 2405 

The s t a b i l i t y  o f  E T O  and E B I S  i n  t h e  methanol e x t r a c t  

was a l s o  checked. EBIS and E T O  were s t a b l e  d u r i n g  two hours .  

A f t e r  two hours,  t h e  l e v e l  o f  ETD s l o w l y  dropped and t h e  l e v e l  
o f  E B I S  s l o w l y  i nc reased .  Th is  i n d i c a t e s  t h a t  t h e  sample shou ld  

be worked-up r a p i d l y  a f t e r  t h e  e x t r a c t i o n  and E B I S  i s  t h e  de- 

compos i t i on  p r o d u c t  o f  ETD. 

From Table 1, i t  i s  obv ious t h a t  t h e  ETD c o n t e n t  i n  manco- 
zeb i s  about  0.02 4 of t o t a l  amount o f  t h e  sample. C e r t a i n  

v a r i a t i o n  of E l 0  and E B I S  con ten ts  may be cause by the  problems 

connected w i t h  t h e  technology o f  mancozeb p r e p a r a t i o n .  The 

p resen ted  method of  ETO and E B I S  de te rm ina t ions  i n  mancozeb 

may be used f o r  t h e  q u a l i t y  c o n t r o l  of mancozeb samples. 
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