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HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHIC DETERMINATION OF 

ETHYLENETHIOUREA IN FOOD 

J. LEHOTAY, E. B R A N D ~ T E R O V . ~ ,  
AND D. OKTAVEC 

Depament ofA- Chemism 
Slovak Technical Univarsity 

Raamk&lo9 
812 37 Bmtishva, C~chosbvakia 

ABSTRACT 

An HPLC procedure was developed for the determination 
of ethylenethiourea (ETU) in peels of potatoes, tomatoes 
and apples after application of mancozeb suspension (ethyl- 
enebisdithiocarbamate fungicide). The analytical procedure 
consisted of a single extraction s tep  with methanol and 
ETU was eluated from SEPARDN CN column. Mobile phase was 
4 % methanol in chloroform cyclohexane (1:l). The level o f  
ethylenthiourea after application of mancozeb decreased 
slowly, with a half time six days in each case. 

INTRO D U C T  ION 

The widespread application of ethylenebisdithiocarba- 
mate fungicides has led to considerable interest in their 
degradation. The fungicides employed are  generally toxic 
and they can present some hazards to public health. There- 
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52 6 LEHOTAY, BRANDSTEEROVA, AND OKTAVEC 

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

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

v e r y  l o w  l e v e l s .  

The m a j o r  d e g r a d a t i o n  p r o d u c t  i s  e t h y l e n e t h i o u r e a  ( E T U ) .  

E1U has  been  shown t o  b e  g o i t e r o g e n i c  /l/, c a r c i n o g e n i c  / 2 /  
ar d t e r a t o g e n i c  / 3 / .  

The methods  o f  a n a l y s i s  o f  E T U  i n  f o o d s t u f f s  and  o t h e r  

s t b s t r a t e s  have  been  r e v i e w e d  /4/. The method ,  w h i c h  h a s  

been  a d o p t e d  as  a A O A C  o f f i c i a l  me thod ,  i s  g a s - l i q u i d  c h r o -  

rnEtography o f  t h e  5 - b u t y l  d e r i v a t e  o f  E T U  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  / 5 / .  However ,  t h e  d e r i v a t i z a t i o n  i s  t i m e -  

c t n s u m i n g ,  and some w o r k e r s  h a v e  f o u n d  t h a t  t h e  d e r i v a t e  i s  
u r s t a b l e  /4/. HPLC w i t h  p h o t o m e t r i c  / 6 /  o r  e l e c t r o c h e m i c a l  

/ : /  d e t e c t i o n  p r o v i d e s  an a l t e r n a t i v e  w h i c h  a v o i d s  t h e  ne-  

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

The d e t e r m i n a t i o n  and p e r s i s t a n c e  o f  E T U  h a s  been  e s t i -  

m ; t e d  by a number o f  o t h e r  w o r k e r s  i n  cucumbers  / 8 / ,  s o y -  

b r a n s  / 9 / ,  c o r n  / l o / ,  beans  /ll/, t o m a t o  p l a n t s  / 1 0 - 1 3 / ,  

k t l e  /14/, whea t  / 8 / ,  p e a r s  / 1 5 / ,  l e t t u c e s  /14, 1 6 / .  

The p r e s e n t  s t u d y  h a s  u s e d  and HPLC method  t o  m o n i t o r  

0 1  E T U  l e v e l s  a f t e r  a p p l i c a t i o n  o f  mancozeb t o  p o t a t o e s ,  t o -  

m t t o e s  and  a p p l e s  and  d raw up p r o f i l e s  o f  t h e  changes  u n d e r  

c i n t r o l l e d  c o n d i t i o n s  i n  l a b o r a t o r y .  Mancozeb i s  t h e  c o -  

o I d i n a t i o n  p r o d u c t  o f  z i n c  i o n  and manganous 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 .  

EXPERIMENTAL 

& J a r a  t u s  

The l i q u i d  c h r o m a t o g r a p h  used  was a Knauer  e q u i p p e d  

w i t h  a lop1 l o o p  i n j e c t o r  a v a r i a b l e  w a v e l e n g h t  UV d e t e c -  

t o r  and  h i g h  p r e s s u r e  pump. The s a m p l e s  w e r e  s e p a r a t e d  

u s i n g  c h r o m a t o g r a p h i c  c o l u m n  ( S e p a r o n  CN 0 . 3 2  x 15 cm, 5 um / 
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ETHYLE"HI0UREA IN FOOD 521 

p a r t i c l e  s i z e )  and were pu rchased  f r o m  Tessek P rag .  All 
s o l v e n t e s  were t w i c e  d i s t i l l e d  and were o f  a n a l y t i c a l  r e a -  

g e n t  g r a d e  (Lachema Erno ,  C z e c h o s l o v a k i a ) .  

Chemica ls  

S t a n d a r d s  of E T U  was o b t a i n e d  f r o m  t h e  Research I n s t i -  

t u t e  of  Agrochemica l  Technology ( B r a t i s l a v a ,  C z e c h o s l o v a k i a ) .  

The i d e n t i t y  and p u r i t y  o f  E T U  was c o n f i r m e d  by e l e m e n t a l  

a n a l y s i s  and mass s p e c t r o m e t r y .  

P r o c e d u r e s  

Aqueous s u s p e n s i o n  o f  mancozeb (0 .20  g c o n t a i n i n g  

0 . 1 8  mg E T U  i n  20 m l )  was s p r a y e d  o n t o  i n d i v i d u a l  p o t a t o e s ,  

t omatoes  and a p p l e s  u s i n g  a a i r - p o w e r e d  s p r a y  so  tha t  t h e y  

were f u l l y  w e t t e d .  The s p r a y e d  f o o d s t u f f  was k e p t  i n  t h e  

l a b o r a t o r y  a t  20 OC. 

A r e p r e s e n t a t i v e  samples a f t e r  s t o r r a g e  were p e e l e d  

( t h e  t h i c k n e s s  of  t h e  p e e l s  was a p p r o x i m a t e l y  1 m m ) .  The 

p e e l s  were chopped i n t o  p i e c e s  1 cm x 1 cm and 30  g sample 

were we ighed  i n t o  250 r n l  g l a s s  f l a s k  o f  homogen ize r .  To 

t h e  sample,  70 m l  m e t h a n o l  was added and t h e  m i x t u r e  was 

homogenized f o r  4 m i n u t e s  a t  h i g h  speed. The m i x t u r e  was 

t h e n  f i l t e r e d  under  vacuum, u s i n g  a Buchner f u n n e l .  The ex-  

t r a c t  was t r a n s f e r e d  t o  a 250 m l  r o u n d - b o t t o m  f l a s k ,  t h e  

o r g a n i c  s o l v e n t  was removed on a vacuum r o t a t o r y  e v a p o r a t o r  

The r e s i d u e  was d i s s o l v e d  w i t h  1 m l  c h l o r o f o r m  - m e t h a n o l  

(1 : 1) and c e n t r i f u g a t e d .  The c l e a r  s o l u t i o n  was i n j e c t e d  

i n t o  t h e  c h r o m a t o g r a p h i c  column. 

The d e t e r m i n a t i o n  o f  ETU has been c a r r i e d  o u t  by U V  

d e t e c t o r  a t  2 4 0  nm. The q u a n t i t a t i v e  e v a l u a t i o n  was made 

on t h e  b a s i s  o f  t h e  r e g r e s s i o n  a n a l y s i s  where t h e  depend- 

ence between t h e  a r e a s  of peaks  of ETU s t a n d a r d  and t h e  

q u a n t i t y  was d e t e r m i n e d .  The l i n e a r i t y  r a n g e  was between 

0.5 t o  10 ppm of  E T U .  
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528 LEHOTAY, BRANDSTETEROVA, AND OKTAVEC 

RESULTS AND D I S C U S S I O N  

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

l e m s  w i t h  l o s s e s  o f  E T U  d u r i n g  t h e  e x t r a c t i o n  and  t h e  evapo-  

r a t i o n  o f  m e t h a n o l .  I t  was shown t h a t  E T U  i n  e x t r a c t  ma te -  

r i a l  c a n  b e  u n s t a b l e  / 1 7 / .  Th is  e f f e c t  i s  c a u s e d  by  enzymes 

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  / 18 / .  A w i d e l y  u s e d  me thod  

h a s  been  t h e  e x t r a c t i o n  o f  t h e  m a c e r a t e d  p e e l s  w i t h  me tha -  

n o l .  A n o t h e r  s o l v e n t s  s u c h  as c h l o r o f o r m  g i v e  many c o e x -  

t r a c t i v e s  / 1 9 /  and  l o w e r  e x t r a c t i o n  y i e l d  /16/ .  

I n  o r d e r  t o  e s t i m a t e  t h e  r e c o v e r y  o f  t h e  ETU e x t r a c t i o n  

w i th  m e t h a n o l  t h e  v a r i o u s  a d d i t i o n  o f  ETU was added (1 and 

1 0  mg/kg)  t o  t h e  p e e l s  w h i c h  were  n o t  s p r a y e d  w i t h  mancozeb 

s u s p e n s i o n .  I m m e d i a t e  e x t r a c t i o n  o f  t h e  p e e l s  w i t h  m e t h a n o l  

was u s e d  i n  s t u d i e s .  E T U  r e c o v e r y  i s  shown i n  T a b l e  I. The 

a v e r a g e  r e c o v e r y  t r o u g h  any amounts ( f r o m  1 t o  1 0  mg E T U / l k g )  

was a l w a y s  h i g h e r  t h a n  80 5. The a b s o l u t e  r e c o v e r i e s  c o u l d  

n o t  b e  d e t e r m i n e d ,  b e c a u s e  t h e r e  i s  no  me thod  t o  e s t i m a t e  

t h e  i n  s i t u  l e v e l  o f  E T U  i n  t h e  s a m p l e s .  

The s t a b i l i t y  o f  ETU i n  m e t h a n o l  e x t r a c t  was a l s o  s t u d -  

i e d .  The l e v e l  o f  E T U  i n  e x t r a c t s  o f  m a c e r a t e d  p e e l s  d r o p p e d  

by 5 5  % ( a p p l e s ) ,  40 % ( p o t a t o e s )  and  4 5  % ( t o m a t o e s )  i n  2 4  

h .  I t  i n d i c a t e s  t h a t  s a m p l e s  s h o u l d  b e  worked-up  r a p i d l y  

a f t e r  e x t r a c t i o n .  S i m i l a r  r e s u l t s  w e r e  p u b l i s h e d  i n  l i t e r a -  

t u r e  /16 / .  No l o s s  o f  E T U  was o b s e r v e d  d u r i n g  t h e  e v a p o r a -  
t i o n  of m e t h a n o l  on  a r o t a t o r y  e v a p o r a t o r  a s  l o n g  as  t h e  

t e m p e r a t u r e  was b e l o w  3 0  C. 

Ca re  m u s t  b e  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  re-  
t e i t i o n  t i m e  o f  ETU 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 .  The d e t e r m i n a t i o n  o f  E T U  c a n  b e  c a r r i e d  o u t  

on a CN c o l u m n  w i t h  a m o b i l e  p h a s e  4 % m e t h a n o l  i n  c h l o r o -  

f o m  - c y c l o h e x a n e  (1 : 1). 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  E T U  p e a k  was n o t  o b s e r v e d .  I n  f i g u r e s  

1 - 3 r e p r e s e n t a t i v e  ch romatog rams  o f  m e t h a n o l  e x 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  s a m p l e s  a n a l y s e d  b y  HPLC a r e  
s h  iwn. 
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TABLE 1 

R e c o v e r i e s  (%) o f  ETU m e t h a n o l  e x t r a c t i o n  f r o m  s a m p l e s  

S a m p l e  S t a n d a r d  a d d i t i o n  Y i e l d  of  e x t r a c t i o n  
o f  ETU mg/kg % 

p o t a t o e  p e e l s  10 
1 

a p p l e  p e e l s  1 0  
1 

tomatoe p e e l s  10 
1 

9 7 . 1  2 2 . 1  
8 4 . 0  5 3 . 8  

9 5 . 4  2 1 . 9  
83 .1  5 4 . 0  

9 2 . 0  2 2 . 2  
8 0 . 6  5 3 . 8  

Y i e l d  o f  e x t r a c t i o n  a r e  t h e  mean o f  t h r e e  r e p l i c a t e  
e x p e r i m e n t s .  

I n  o r d e r  t o  e s t i m a t e  t h e  ETU s t a b i l i t y  o n  t h e  e x t e r n a l  
s u r f a c e  o f  p l a n t s ,  f o u r  ETU a n a l y s e s  were d o n e  : i m m e n d i a t e -  
l y  a f t e r  s p r a y i n g  a n d  a f t e r  t w o ,  f o u r  a n d  s e v e n  d a y s  o f  
s p r a y i n g .  ETU c a n  b e  c o n t i n u o s l y  g e n e r a t e d  b y  t h e  d e g r a d a -  
t i o n  o f  t h e  f u n g i c i d e s .  I t  w a s  p r o v e d  t h a t  t h e  l e v e l  o f  ETU 

i n  f i e l d - g r o w n  l e t t u c e s  s p r a y e d  w i t h  m a n e b  d e s c r e a s e d  r a p -  
i d l y  o v e r  s e v e n  d a y s  a n d  w a s  m a i n l y  a t t r i b u t a b l e  t o  E T U  

p r e s e n t  i n i t i a l l y  i n  t h e  f u n g i c i d e  / 1 4 / .  
Newsome e t  a l .  f o u n d  t h a t  t h e  E T U  l e v e l s  f o l l o w i n g  t h e  a p -  
p l i c a t i o n  o f  m a n e b  t o  b e a n  o r  t o m a t o  p l a n t s  i n  t h e  f i e l d  
d e c l i n e d  o v e r  6-9  d a y s  /13 / .  A s t u d y  w a s  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 d o s e  of m a n c o z e b  s u s p e n s i o n  w a s  a p p l i e d  t o  
t h e  s u r f a c e  o f  a p p l e s ,  p o t a t o e s  a n d  t o m a t o e s  a n d  t h e n  m o n i -  
t o r e d  a t  d i f f e r e n t  i n t e r v a l .  F i g .  4 i l l u s t r a t e s  t h e  d e p e n d -  
e n c e  of ETU l e v e l  o n  t h e  time a f t e r  s p r a y i n g .  The i n i t i a l  
l e v e l s  c o r r e s p o n d e d  t o  t h e  ETU a m o u n t s  p r e s e n t  i n  t h e  a p -  
p l i e d  m a n c o z e b .  
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550 LEHOTAY, BRANDSTETEROVA, AND OKTAVEC 

A I 

10 20 
t [ m i n l  

F I G U R E  1 

*24C 
B 

I 1 -  

10 20 
t [min I 

Chromatog rams  o f  m e t h a n o l  e x t r a c t s  of  t h e  p o t a t o e  p e e l s  

A.  t r e a t e d  samp le  a f t e r  2 d a y s  

B .  u n t r e a t e d  s a m p l e  

, C o n d i t i o n s  : c o l u m n  Separon  C N ;  m o b i l e  p h a s e  4 % m e t h a n o l  
i n  c h l o r o f o r m  - c y c l o h e x a n e  (1 : l ) ;  
f l o w  r a t e  0.5 m l / m i n ;  
Peak : 1 = E T U  
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ETHYLENETHIOUREA IN FOOD 531 

A 
*24( 

10 20 10 20 
t [min 1 t [min 1 

F I G U R E  2 

Chromatograms o f  m e t h a n o l  e x t r a c t s  o f  t h e  a p p l e  p e e l s  

A .  t r e a t e d  sample a f t e r  2 days 

B .  u n t r e a t e d  sample 

C o n d i t i o n s  : co lumn Separon CN; m o b i l e  phase 4 % m e t h a n o l  
i n  c h l o r o f o r m  - c y c l o h e x a n e  (1 : l ) ;  
f l o w  r a t e  0 . 5  ml/min; 
Peak : 1 = ETU 
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*24 t 

10 20 
t C m i n l  

240 
B 

1 

10 20 
t t m i n l  

F I G U R E  3 

C h r o m a t o g r a m s  of m e t h a n o l  e x t r a c t s  o f  t h e  t o m a t o e  p e e l s  
A .  t r e a t e d  s a m p l e  a f t e r  2 d a y s  
8. u n t r e a t e d  s a m p l e  
C o n d i t i o n s  : c o l u m n  S e p a r o n  C N ;  m o b i l e  p h a s e  4 % m e t h a n o l  

i n  c h l o r o f o r m  - c y c l o h e x a n e  (1:l); 
f l o w  r a t e  0.5 m l / m i n ;  
P e a k  : 1 = E T U  
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1 1 I I t I I 

0 2 4 6 
time [days] 

FIGURE 4 

The dependence o f  mean l e v e l  o f  E T U  i n  p e e l s  on t h e  t i m e  

a f t e r  s p r a y i n g  w i t h  mancozeb s u s p e n s i o n .  

Va lues  o b t a i n e d  a r e  t h e  mean o f  t h r e e  r e p l i c a t e  e x p e r i m e n t s .  

t ) p o t a t o e  p e e l s  

.apple p e e l s  

A t omatoe  p e e l s  

The l e v e l  o f  ETU dec reased  s l o w l y ,  w i t h  a h a l f - l i f e  o f  

a b o u t  s i x  days  i n  each  case.  I t  can be supposed t h a t  E T U  

was degraded  f a s t e r  t h a n  t h e  f o r m a t i o n  of a d d i t i o n a l  E T U  
f r o m  mancozeb. T h i s  l o s s  o f  ETU was s i m i l a r  t o  t h e  r e s u l t  

r e p o r t e d  f o r  t h e  a p p l i c a t i o n  o f  mancozeb t o  l e t t u c e s  /16/ .  

R e s u l t s  o f  t h i s  s t u d y  have shown t h a t  HPLC can be  used  

f o r  t r a c e  a n a l y s i s  o f  ETU i n  pee ls  o f  f o o d  a f t e r  s p r a y i n g  

w i t h  mancozeb suspens ion .  The d e t e c t i o n  l i m i t  was 0 . 1  ppm. 
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