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ABSTRACT

DETERMINATION OF METHYL AND ETHYL PARATHION RESIDUES 

ON VEGETABLES BY HIGH PERFORMANCE LIQUID 

CHROMATOGRAPHY WITH ELECTROCHEMICAL 

DETECTION 

R i c h a r d  R eyno lds  Goodin

M ethy l  and  e t h y l  p a r a t h i o n  w e re  a n a l y z e d  on v e g e t a b l e  

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

d e t e c t i o n  i n  t h e  a m p e r o m e t r i c  mode. A sam ple  p r e p a r a t i o n  

m e thod  was d e v e l o p e d  w h ic h  u t i l i z e d  s e r i a l  s o l v e n t  

e x t r a c t i o n  o f  t h e  b l e n d e d  l e a f  m a t e r i a l  f o l l o w e d  by  a 

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

e x t r a c t e d  w i t h  b e t t e r  t h a n  90% r e c o v e r y  an d  when s u b j e c t e d  

t o  HPLC a n a l y s i s  c o u l d  b e  d e t e c t e d  t o  100 n g / g  w i t h o u t  

s am p le  c o n c e n t r a t i o n .

D e t e r m i n a t i o n s  o f  e t h y l  and m e t h y l  p a r a t h i o n  were  

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

w i t h  a  known amount o f  p e s t i c i d e .  The s e l e c t i v i t y  o f  

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

c h r o m a t o g r a p h i c a l l y  r e s o l v e  t h e  p l a n t  p e a k s  f rom  t h e  

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

v e g e t a b l e s  f o r  p a r a t h i o n s .
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CHAPTER I

INTRODUCTION

The o rg a n o p h o s p h o r o u s  p e s t i c i d e s  w h ic h  i n c l u d e  t h e  

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

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

p r o p e r t i e s  a n d  t h e i r  r a p i d  d e c o m p o s i t i o n .  T h i s  l a t t e r  

c h a r a c t e r i s t i c  h a s  p l a c e d  t h e s e  p e s t i c i d e s ,  p a r t i c u l a r l y  t h e  

p a r a t h i o n s ,  among t h e  more p o p u l a r  r e p l a c e m e n t s  o f  o r g a n o -  

c h l o r i n e  p e s t i c i d e s .  The o r g a n o c h l o r i n e  compounds h ave  been  

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

P r o t e c t i o n  Agency (EPA) due t o  t h e i r  p e r s i s t a n c e  i n  t h e  

e n v i r o n m e n t  ( 1 ) .  A l t h o u g h  s h o r t - l i v e d ,  e t h y l  and  m e th y l  

p a r a t h i o n  a r e  more a c u t e l y  t o x i c  t h a n  t h e  o r g a n o c h l o r i n e  

compounds t h e y  r e p l a c e  ( 2 ) .  I t  i s  t h e r e f o r e  h i g h l y  

d e s i r a b l e  t o  be  a b l e  t o  a n a l y z e  f o r  r e s i d u e s  o f  t h e s e  

p e s t i c i d e s  on f o o d s t u f f s .

P r i o r  t o  t h e  i n t r o d u c t i o n  o f  c h r o m a t o g r a p h i c  

m e th o d s ,  e t h y l  p a r a t h i o n  ( d i e t h y l  p - n i t r o p h e n y l  p h o s p h o r o -  

t h i o n a t e )  a n d  m e th y l  p a r a t h i o n  ( d i m e t h y l  p - n i t r o p h e n y l  

p h o s p h o r o t h i o n a t e )  w e re  d e t e r m i n e d  by  c o l o r i m e t r i c  ( 3 ) ,  

p o l a r o g r a p h i c  ( 4 ) ,  an d  c h o l i n e s t e r a s e  i n h i b i t i o n  (5)
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m e th o d s .  These  m e thods  c o u l d  n o t  q u a n t i f y  p e s t i c i d e  

r e s i d u e s  a t  t h e  low l e v e l s  r e q u i r e d  f o r  t r a c e  a n a l y s i s  a n d  

a l s o  s u f f e r e d  f rom  many i n t e r f e r e n c e s .

More r e c e n t  m e thods  o f  a n a l y s i s  i n v o l v e  t h e  

e x t r a c t i o n  o f  p e s t i c i d e s  f rom  t h e  sample  f o l l o w e d  by 

c h r o m a t o g r a p h i c  s e p a r a t i o n  and  d e t e c t i o n .  Gas 

c h r o m a t o g r a p h y  (GC) i s  t h e  method  recommended by  t h e  EPA (6) 

and  i s  p r e f e r r e d  by  m os t  w o r k e r s .  GC o f f e r s  e f f i c i e n t  

s e p a r a t i o n ,  and  t h e r e  i s  a  wide  r a n g e  o f  d e t e c t o r s  w h ich  a r e  

a p p l i c a b l e  t o  o r g a n o p h o s p h o r o u s  p e s t i c i d e s  ( 7 , 8 , 9 ) .  Two o f  

t h e s e  d e t e c t o r s  a r e  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  ( 6 ) ,  

w h ich  c a n  b e  made s e l e c t i v e  f o r  compounds c o n t a i n i n g  s u l f u r  

o r  p h o s p h o r o u s ,  an d  t h e  e l e c t r o n  c a p t u r e  d e t e c t o r  ( 1 0 ) .  The 

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

b e c a u s e  t h e s e  compounds c o n t a i n  b o t h  s u l f u r  and  p h o s p h o r o u s .  

T h i s  d e t e c t o r  i s  l i n e a r  i n  t h e  p h o s p h o r o u s  mode b e tw ee n  0 . 4  

and 400 nanogram s  o f  p a r a t h i o n s  i n j e c t e d .  In  t h e  s u l f u r  

mode r e s p o n s e  i s  n o t  l i n e a r  and  s e n s i t i v i t y  i s  l o w e r  t h a n  

t h e  p h o s p h o r o u s  mode. E l e c t r o n  c a p t u r e  d e t e c t o r s  a r e  more 

s e n s i t i v e  t h a n  t h e  o t h e r  d e t e c t o r s  r e v i e w e d  h e r e  f o r  many o f  

t h e  o r g a n o p h o s p h o r o u s  p e s t i c i d e s  b u t  do n o t  r e s p o n d  t o  a l l  

o f  t h e s e  com pounds . One d i s a d v a n t a g e  o f  GC i s  t h e  

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

t e m p e r a t u r e s  w h ic h  a r e  n e c e s s a r y  t o  v a p o r i z e  them,  as 

s u g g e s t e d  b y  P a s c h a l  ( 1 ) .  I n  a d d i t i o n ,  e l a b o r a t e  sample
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p r e p a r a t i o n  i s  u s u a l l y  r e q u i r e d  i n  o r d e r  t o  o b t a i n  

a c c e p t a b l e  r e s u l t s .

MacNei l  and  F r e i  (11) h a v e  r e v i e w e d  t h i n  l a y e r  

c h r o m a t o g r a p h i c  (TLC) m e thods  f o r  t h e  o r g a n o p h o s p h o r o u s  

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

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

o r g a n o p h o s p h a t e  p e s t i c i d e s  f rom  v e g e t a b l e  e x t r a c t s  i s  

p o s s i b l e  due t o  t h e  a d v e n t  o f  p l a t e s  w i t h  s m a l l  m i  fo rm  

p a r t i c l e s  and  t h i n  u n i f o r m  c o a t i n g s .  Drawbacks  o f  TLC 

i n c l u d e  t h e  d i f f i c u l t y  o f  q u a n t i f y i n g  p e s t i c i d e  s p o t s  and 

t h e  n e c e s s i t y  o f  s p o t t i n g  no more t h a n  a  few m i c r o l i t e r s  o f  

s a m p l e .

Bulk  e l e c t r o c h e m i c a l  a n a l y s i s ,  a l t h o u g h  an o l d  

m e th o d ,  i s  s t i l l  u s e d  t o  d e t e c t  p a r a t h i o n s  i n  com plex  

m i x t u r e s .  Smythe and O s t e r y o u n g  (12) showed t h a t  p a r a t h i o n s  

c o u l d  be  d e t e c t e d  i n  s o l u t i o n s  a s  d i l u t e  a s  2 . 6 3  n g / m l  by 

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 . They a l s o  r e p o r t e d  

e l e c t r o d e  r e a c t i o n s  f o r  t h e  r e d u c t i o n  o f  t h e  n i t r o  g roup  on 

t h e  r i n g  o f  t h e  p a r a t h i o n  m o l e c u l e .  F i g u r e  1 shows t h e s e  

r e a c t i o n s  w h ic h  g iv e  e i t h e r  a  4 o r  6 e l e c t r o n  r e d u c t i o n .

The 6 e l e c t r o n  r e d u c t i o n  t a k e s  p l a c e  a t  pH v a l u e s  b e lo w  f i v e  

an d  o f f e r s  t h e  p o s s i b i l i t y  o f  g r e a t e r  s e n s i t i v i t y  f 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 .  S i m u l t a n e o u s  work  done i n  t h i s  

l a b o r a t o r y  by  Gordon Woodroof (13)  c o n f i r m e d  t h e  s e n s i t i v i t y  

o f  e l e c t r o c h e m i c a l  m e th o d s .



' R-NOj, + 4- eR + 4- H®   R -N 'H O H  ■* Ht O '  
. R-NHOH + H ® = = ^ =  R -M H O H t

[ R -N H O H ^-ie©  +<_</  — -R-NHf+Hzpl

FIGURE 1. E l e c t r o d e  r e a c t i o n s  f o r  t h e  r e d u c t i o n  o f  
p a r a t h i o n s :  (a )  m e th y l  p a r a t h i o n ;  (b) e t h y l  p a r a t h i o n ;  and
(c )  f e n i t r o t h i o n ; (1) t a k e s  p l a c e  a t  pH v a l u e s  above  5;  (2) 
a t  pH v a l u e s  b e lo w  5 t h i s  r e a c t i o n  o c c u r s  i n  a d d i t i o n  t o  
r e a c t i o n  1.
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H igh  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  (HPLC) o f f e r s  

a  g e n t l e  m e thod  f o r  t h e  s e p a r a t i o n  and  d e t e c t i o n  o f  

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

t e m p e r a t u r e s .  New b o n d ed  r e v e r s e  p h a s e  co lumns can  t o l e r a t e  

s a m p l e s  w i t h  l i t t l e  c l e a n u p  i f  c a r e  i s  t a k e n  t o  remove 

s o l i d s  and  p r o t e i n s ,  and  a s  much a s  50 m i c r o l i t e r s  o f  sam ple  

can  b e  i n j e c t e d  w i t h o u t  d e g r a d a t i o n ,  o f  column p e r f o r m a n c e  

( 1 4 ) .  When com pared  t o  GC w here  5 m i c r o l i t e r s  i s  a  l a r g e  

i n j e c t i o n  v o lu m e ,  t h i s  column c a p a c i t y  i s  an  a d v a n t a g e  f o r  

HPLC m e th o d s .

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

f o r  p a r a t h i o n  r e s i d u e s  u s i n g  HPLC w i t h  UV d e t e c t i o n .  

I n j e c t i o n s  c o n t a i n i n g  a p p r o x i m a t e l y  3 nanogram s  o f  e t h y l  o r  

m e th y l  p a r a t h i o n  gave  m e a s u r a b l e  c h r o m a t o g r a p h i c  p e a k s .  In  

g e n e r a l ,  UV d e t e c t o r s  a r e  d e p e n d a b l e  b u t  l a c k  t h e  

s e n s i t i v i t y  o f  GC d e t e c t o r s .  The UV d e t e c t o r  i s  a l s o  

c o m p a r a t i v e l y  u n s e l e c t i v e  and  many i n t e r f e r e n c e s  a r e  l i k e l y  

w i t h  co m p lex  m a t r i c e s .  D e s p i t e  t h e  l i m i t a t i o n s  o f  UV 

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

a n a l y s i s  o f  p e s t i c i d e s  ( 1 4 , 1 5 , 1 6 , 9 ) .

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

t h e  p i c o g r a m  r a n g e  w e re  a v a i l a b l e ,  HPLC w ou ld  be  a  more 

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

o f  p e s t i c i d e s .  E l e c t r o c h e m i c a l  d e t e c t i o n  (EC) h a s  b e e n  u s e d  

i n  a number  o f  a n a l y s e s  t o  p r o v i d e  im p ro v ed  d e t e c t i o n  l i m i t s  

o v e r  UV and  o t h e r  HPLC d e t e c t o r s .  E x c e l l e n t  s e l e c t i v i t y  can



a l s o  be  o b t a i n e d  b y  u s i n g  EC d e t e c t i o n .  U s i n g  th e  o x i d a t i v e  

mode, Fenn and c o - w o r k e r s  (17)  d e m o n s t r a t e d  d e t e c t i o n  l i m i t s  

f o r  c a t e c h o l a m i n e s  b e tw ee n  2 and  3 p i c o g r a m s  p e r  m i l l i l i t e r .  

D e t e c t i o n  l i m i t s  i n  t h e  40 nanogram  p e r  m i l l i l i t e r  o r  b e t t e r  

r a n g e  h a v e  b e e n  d e m o n s t r a t e d  f o r  a c e to m in o p h e n  ( 1 8 ) ,  

c h l o r i n a t e d  a n a l i n e s  ( 1 9 ) ,  m o rp h in e  m e t a b o l i t e s  ( 2 0 ) ,  

e l e c t r o a c t i v e  c a r b a m a t e  p e s t i c i d e s  ( 2 1 , 2 2 )  an d  p h e n o l s  ( 2 3 ) ,  

t o  m e n t i o n  j u s t  a few.

Most e l e c t r o c h e m i c a l  d e t e c t o r s  o p e r a t e  by  

c o n t r o l l i n g  an  a p p l i e d  v o l t a g e  b e tw e e n  w o r k i n g  and 

a u x i l i a r y  e l e c t r o d e s  o f  a s m a l l  volume f lo w  c e l l .  The 

r e s u l t i n g  ch ro m a to g ram  i s  a  r e c o r d  o f  t h e  c h a n g e s  i n  

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

p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o r  r e d u c i b l e  o r  o x i d i z a b l e  

compounds a t  t h e  w o r k i n g  e l e c t r o d e  f o r  t h e  o p e r a t i n g  v o l t a g e  

s e l e c t e d .  T e c h n iq u e s  u s i n g  AC ( 2 4 ,2 5 )  d i f f e r e n t i a l  p u l s e  

( 2 6 , 2 7 )  and  c o n s t a n t  u n m o d u la t e d  v o l t a g e  h a v e  b e e n  com pared  

by  MacCrehan (28)  , S w a r t z f a g e r  (26) , and  Mayer ( 2 9 ) .  They 

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

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

i n  t h e  d i f f e r e n t i a l  p u l s e  mode.

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

c a n  be  e s t a b l i s h e d  by r e f e r r i n g  t o  c l a s s i c  c u r r e n t  v o l t a g e  

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

compounds o f  i n t e r e s t  a t  i n c r e a s i n g  v o l t a g e s  t o  c o n s t r u c t  

a  r e s p o n s e  c u r v e  f ro m  t h e  c h r o m a to g ra m s .  The s e l e c t i o n  o f
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o p e r a t i n g  v o l t a g e  i s  a  m a j o r  f a c t o r  i n  o b t a i n i n g  optimum 

s e n s i t i v i t y  and  s e l e c t i v i t y .

I n  o r d e r  t o  u se  EC d e t e c t i o n ,  t h e  m o b i l e  p h a s e  m us t  

be  t o  some e x t e n t  c o n d u c t i v e .  T h i s  u s u a l l y  r e q u i r e s  t h a t  

r e v e r s e  p h a s e  co lumns  be  u s e d  w i t h  r e l a t i v e l y  p o l a r  m o b i le  

p h a s e s .  S o l v e n t  p rog ram m ing  r e q u i r e s  t h e  c o r r e c t i o n  o f  

l a r g e  c h an g e s  i n  b a c k g r o u n d  c u r r e n t .  I n  a d d i t i o n ,  t h e  s o l i d  

e l e c t r o d e s  w h ic h  a r e  commonly u s e d  a r e  s u b j e c t  t o  t h e  

a d s o r p t i o n  o f  compounds to  t h e  e l e c t r o d e  s u r f a c e  ( 3 0 , 3 1 ) .

The e v a l u a t i o n  o f  f l o w  c e l l  d e s i g n s  c o n s t i t u t e  a 

l a r g e  p a r t  o f  work p u b l i s h e d  on HPLC w i t h  e l e c t r o c h e m i c a l  

d e t e c t i o n  (HPLC-EC). F i g u r e  2 shows a  t y p i c a l  f l o w  c e l l  

d e s i g n  w h ich  was u s e d  by MacCrehan ( 2 8 ) .  O t h e r  r e s e a r c h e r s  

u t i l i z e  p o l a r o g r a p h i c  ( 3 2 , 3 3 , 3 4 , 3 5 , 3 6 ) ,  c o u l o m e t r i c  ( 3 7 , 3 8 ,  

3 9 , 4 0 ) ,  d u a l  w o r k i n g  e l e c t r o d e  ( 4 1 , 4 2 ) ,  and  p o t e n t i o m e t r i c  

(4 3)  d e s i g n s .  Beauchamp and  B o in ay  (44)  r e c e n t l y  r e v i e w e d  

f l o w  c e l l  d e s i g n  p a r a m e t e r s .  They d e s i g n e d  a  c e l l  w h ic h  i s  

c a p a b l e  o f  b e i n g  c o n f i g u r e d  a s  a  w a l l - j e t  o r  l a m i n a r  f lo w .  

Carbon  o r  m e r c u r y  e l e c t r o d e s  can  b e  u s e d  and  c e l l  vo lume can  

be  a d j u s t e d .  An i n - d e p t h  c o m p a r i s o n  o f  e l e c t r o d e s  f o r  HPLC 

e l e c t r o c h e m i c a l  d e t e c t o r s  c a n  be  f o u n d  i n  work  p u b l i s h e d  by 

Lund ( 4 5 ) ,  S t u l i k  ( 4 6 ) ,  an d  MacCrehan ( 4 7 ) .

EC d e t e c t i o n  i s  a  s e n s i t i v e  m e thod ,  b u t  p e r h a p s  a s  

i m p o r t a n t  i s  t h e  s e l e c t i v i t y  a d v a n t a g e  o f  EC. D e t e c t i o n  can 

be  made s e l e c t i v e  b y  c h o o s i n g  a  w o r k i n g  v o l t a g e  s l i g h t l y  

more n e g a t i v e  t h a n  t h e  h a l f w a v e  p o t e n t i a l  o f  a  r e d u c i b l e
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FIGURE 2 .  T y p i c a l  e l e c t r o c h e m i c a l  f lo w  c e l l  d e s i g n :  
l a m i n a r  f l o w  t y p e .  (1)  r e f e r e n c e  e l e c t r o d e ,  Ag/AgCl; 
(2 )  t h r e a d e d  T e f l o n  h o l d e r ;  (3) a u x i l i a r y  e l e c t r o d e ,  
p l a t i n u m ;  (4 )  a s s e m b ly  s c r ew ;  (5 )  s o l u t i o n  o u t l e t ;  (6) 
w o r k i n g  e l e c t r o d e ,  g o l d  a m a lg am a ted  w i t h  m e r c u r y ;  (7) 
Nylon body;  (8 )  p o r o u s  Vycor f r i t ;  (9) p o l y e t h y l e n e  
c e l l  g a s k e t ;  (10) s o l u t i o n  i n l e t .



compound o f  i n t e r e s t  o r  s l i g h t l y  more p o s i t i v e  t h a n  t h e  

h a l f w a v e  p o t e n t i a l  o f  an o x i d i z a b l e  compound o f  i n t e r e s t .  

When t h e  w o r k i n g  v o l t a g e  i s  s e l e c t e d  i n  t h i s  way, t h e  

maximum s e n s i t i v i t y  i s  a t t a i n e d ,  b u t  compounds r e q u i r i n g  a 

h i g h e r  v o l t a g e  t o  be  r e d u c e d  o r  o x i d i z e d  w i l l  n o t  be  s e e n .  

Few e l e c t r o a c t i v e  compounds c a n  be  d e t e c t e d  b y  b o t h  t h e  

o x i d a t i v e  and  t h e  r e d u c t i v e  modes so r e d u c i b l e  compounds 

w i l l  n o t  be  s e e n  i n  t h e  o x i d a t i v e  mode and o x i d i z a b l e  

compounds a r e  n o t  s e e n  i n  t h e  r e d u c t i v e  mode. Many 

compounds a r e  n o t  e l e c t r o a c t i v e  a t  a l l  w i t h i n  t h e  v o l t a g e  

r a n g e s  o f  a v a i l a b l e  e l e c t r o d e s  and  e l e c t r o l y t e s .  T h e r e f o r e ,  

com plex  s am p le s  c a n  g i v e  s i m p l e  ch ro m a to g ram s  and  c o ­

e l u t i n g  compounds can  be  r e s o l v e d  by  s e l e c t i v e l y  d e t e c t i n g  

o n l y  o n e .  F i g u r e  3 i l l u s t r a t e s  t h e  s e l e c t i v i t y  o f  

e l e c t r o c h e m i c a l  d e t e c t i o n .  I n  F i g u r e  3,  a  h y p o t h e t i c a l  

m i x t u r e  o f  f o u r  compounds was s e p a r a t e d  by HPLC and d e t e c t e d  

by  UV a b s o r p t i o n  an d  by  an e l e c t r o c h e m i c a l  d e t e c t o r .

C u r r e n t  v e r s u s  a p p l i e d  v o l t a g e  c u r v e s  f o r  compounds A, B, 

and  C a r e  shown i n  F i g u r e  3a .  Compound D i s  n o t  e l e c t r o ­

a c t i v e  w i t h i n  t h e  v o l t a g e  r a n g e  shown b u t  i s  a  good UV 

a b s o r b e r .  Compounds A and B can  be  o x i d i z e d  a t  p o t e n t i a l s  

E-  ̂ a n d  E2  t o  g i v e  an  a n o d i c  c u r r e n t  s i g n a l .  Compound C can  

be  r e d u c e d  a t  p o t e n t i a l  E^ t o  g iv e  a  c a t h o d i c  c u r r e n t .

F i g u r e  3b shows ch ro m a to g ram s  o f  t h e  h y p o t h e t i c a l  m i x t u r e  b y  

UV d e t e c t i o n  a n d  EC d e t e c t i o n  a t  t h e  t h r e e  d i f f e r e n t  w o r k i n g  

p o t e n t i a l s .
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3a.  C u r r e n t - p o t e n t i a l  c u r v e s  o f  compounds A, B,
and  C .

U Va

b

c

d
TIME

FIGURE 3b. C h r o m a to g r a p h ic  d e t e c t i o n  o f  a  sam p le  m i x t u r e  
c o n t a i n i n g  A, B, C, and  D. (a )  by  UV d e t e c t i o n ;  (b) by  EC 
d e t e c t i o n  a t  p o t e n t i a l  E-^; (c )  b y  EC d e t e c t i o n  a t  p o t e n t i a l  
E2 ; (d) by  EC d e t e c t i o n  a t  p o t e n t i a l  E^.
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T e c h n i q u e s  w h ich  make u s e  o f  e l e c t r o c h e m i c a l  

o x i d a t i o n  h a v e  b e e n  much more w i d e l y  u s e d  t h a n  r e d u c t i o n  and 

g e n e r a l l y  show l o w e r  d e t e c t i o n  l i m i t s ,  b u t  r e d u c t i v e  

e l e c t r o c h e m i c a l  d e t e c t i o n  h a s  b e e n  d e m o n s t r a t e d  t o  b e  a 

s e n s i t i v e  m e thod .  I n j e c t i o n s  o f  2 nanogram s  o r  l e s s  o f  

N - n i t r o s a m i n e s  ( 4 8 , 3 4 ) ,  o r g a n o m e t a l l i e s  ( 4 9 , 2 8 , 2 7 ) ,  and  

r e d u c t i b l e  p e s t i c i d e s  ( 4 7 , 5 0 , 5 1 )  can  g i v e  m e a s u r a b l e  

c h r o m a t o g r a p h i c  p e a k s .

I n  s e p a r a t i o n s  w h e re  r e d u c t i o n  i s  u t i l i z e d ,  oxygen  

m u s t  be  removed f ro m  t h e  m o b i l e  p h a s e  t o  a v o i d  h i g h  b a c k ­

g ro u n d  c u r r e n t .  MacCrehan (52) r e p o r t s  t h e  p l a c e m e n t  o f  t h e  

e n t i r e  HPLC i n s t r u m e n t  i n  a  n i t r o g e n  p u r g e d  b o x .  He a l s o  

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

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

I n  a  t e c h n i q u e  more s u i t a b l e  f o r  r o u t i n e  u s e , S m i ley  

(53)  d e m o n s t r a t e d  t h a t  c a r e f u l  o u t g a s s i n g  c o u l d  l o w e r  b a c k ­

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

c o u l d  be  d e t e c t e d  upon i n j e c t i n g  a p p r o x i m a t e l y  2 . 0  

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

l o w e r e d  by  r e d u c i n g  t h e  b a c k g r o u n d  c u r r e n t  w h ic h  was due t o  

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

d e t e r m i n a t i o n  o f  m e th y l  and  e t h y l  p a r a t h i o n  i n  r u n o f f  w a t e r  

r e p o r t e d  b y  S m i l e y ,  EC d e t e c t i o n  was shown t o  b e  f e a s i b l e  a t  

w a t e r  c o n c e n t r a t i o n s  a s  low a s  10 n g / m l .  In  o r d e r  to  

a c h i e v e  d e t e r m i n a t i o n s  a t  t h e s e  low l e v e l s ,  s a m p l e s  w e re  

p r e c o n c e n t r a t e d  by  t r a p p i n g  t h e  p e s t i c i d e s  on a
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m a c r o r e t i c u l a r  r e s i n  and  e l u t i o n  w i t h  a  s m a l l  volume o f  

a c e t o n i t r i l e . The l i n e a r  w o r k i n g  r a n g e  o f  t h e  a m p e r o m e t r i c  

d e t e c t o r  was shown t o  be  b e tw e e n  5 and  1000 nanogram s  o f  

p a r a t h i o n s  i n j e c t e d .  I n  an i n t e r f e r e n c e  s t u d y ,  o n l y  s i x  o u t  

o f  f o u r t e e n  p e s t i c i d e s  commonly u s e d  i n  t h e  m id d le  T e n n e s s e e  

a r e a  were  e l e c t r o a c t i v e ,  a n d  s e v e r a l  o f  t h e s e  h a d  h a l f w a v e  

p o t e n t i a l s  w h ic h  w e re  d i s s i m i l a r  enough  f o r  t h e  s e l e c t i v e  

d e t e c t i o n  o f  o n l y  one  o r  two o f  t h e  f o u r t e e n .  No 

i n t e r f e r i n g  p e a k s  w e re  fo u n d  i n  t h e  w a t e r  s a m p l e s  w i t h  

e i t h e r  UV o r  EC d e t e c t i o n ,  p r o b a b l y  i n d i c a t i n g  t h a t  t h e  

w a t e r  s am p le s  w ere  r e l a t i v e l y  c l e a n .

B ec a u se  o f  t h e  s e l e c t i v i t y  o f  EC d e t e c t i o n ,  i t  was 

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

o f  p e s t i c i d e  r e s i d u e s  f rom  p l a n t  m a t e r i a l .  F o r  t h i s  work  

t h e  s am p les  c h o s e n  f o r  a n a l y s i s  w e re  l e a f y  g r e e n  v e g e t a b l e  

c r o p s .  These  c r o p s  a r e  o f t e n  t r e a t e d  w i t h  m e t h y l  and  e t h y l  

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

a p h i d s .  E x t r a c t i o n  o f  t h e  p e s t i c i d e s  f rom  t h e  p l a n t  

m a t e r i a l  was e x p e c t e d  t o  g i v e  a l a r g e  number  o f  p o t e n t i a l l y  

i n t e r f e r i n g  compounds i n  a d d i t i o n  t o  t h e  p e s t i c i d e .  I t  was 

h o p e d  t h a t  t h e  s e l e c t i v i t y  o f  EC d e t e c t i o n  w ould  make t h e  

c o m p le t e  c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  t h e s e  many compounds 

u n n e c e s s a r y  an d  w ou ld  t h e r e f o r e  a l l o w  a q u i c k  d e t e r m i n a t i o n  

o f  m e th y l  and  e t h y l  p a r a t h i o n .



CHAPTER I I

EXPERIMENTAL

(A) M a t e r i a l s

I n s t r u m e n t a t i o n . C h ro m a to g ra p h y  was a c c o m p l i s h e d  

w i t h  a  V a r i a n  S e r i e s  4100 l i q u i d  c h r o m a to g r a p h  f o r  a l l  work  

u s i n g  EC d e t e c t i o n .  T h i s  c h r o m a t o g r a p h ,  shown i n  F i g u r e  4 ,  

was m o d i f i e d  t o  f a c i l i t a t e  n i t r o g e n  p u r g i n g  o f  oxygen  i n  t h e  

m o b i l e  p h a s e .  A l l  T e f l o n  t u b i n g  was r e p l a c e d  w i t h  316 

s t a i n l e s s  s t e e l  t u b i n g  t o  p r e v e n t  r e e n t r y  o f  oxygen  i n t o  t h e  

m o b i l e  p h a s e .  A l l  m e ta l  p a r t s  n o t  made o f  316 s t a i n l e s s  

w ere  removed o r  r e p l a c e d  t o  p r e v e n t  c o r r o s i o n .

A l l  s a m p l e s  were  i n t r o d u c e d  w i t h  a  Rheodyne Model 

7105 v a r i a b l e  volume i n j e c t o r .  A r e v e r s i b l e  R e g i s  o c t a d e c y l  

column ( 0 . 4 6  X 25 cm.) w i t h  5 - m i c r o m e t e r  s u p p o r t  p a r t i c l e s  

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

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

c h e m i c a l  d e t e c t i o n  was done w i t h  a  V a r i a n  V e r ich ro m e  UV 

d e t e c t o r  i n s t a l l e d  ahead  o f  t h e  e l e c t r o c h e m i c a l  d e t e c t o r ,  

and  t h e  a b s o r b a n c e  s i g n a l  was  r e c o r d e d  s i m u l t a n e o u s l y  w i t h  

t h e  a m p e r o m e t r i c  s i g n a l .  A m p e ro m e t r ic  d e t e c t i o n  was

13
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m o d i f i c a t i o n  t o  accommodate  b u b b l i n g  o f  t h e  m o b i l e  p h a s e  
w i t h  n i t r o g e n .
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a c c o m p l i s h e d  w i t h  a  Metrohm e l e c t r o c h e m i c a l  c e l l  s u p p l i e d  by  

B r inkm ann .  T h i s  c e l l ,  a s  shown i n  F i g u r e  5 ,  u t i l i z e s  g l a s s y  

c a r b o n  w o r k i n g  and  a u x i l i a r y  e l e c t r o d e s  and  a  s i l v e r / s i l v e r  

c h l o r i d e  r e f e r e n c e  e l e c t r o d e .  E l e c t r o n i c s  f o r  t h i s  c e l l  

w ere  s u p p l i e d  by  a  P r i n c e t o n  A p p l i e d  R e s e a r c h  Model 170 

i n s t r u m e n t .

P o l a r o g r a p h i c  d e t e c t i o n  was done w i t h  an EG&G Model 

310 d e t e c t o r  shown i n  F i g u r e  6 .  T h i s  c e l l  u t i l i z e d  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 ,  a  p l a t i n u m  w i r e  a u x i l i a r y ,  and  a 

s i l v e r / s i l v e r  c h l o r i d e  r e f e r e n c e  e l e c t r o d e .  The e l e c t r o n i c  

a n a l y z e r  made f o r  t h i s  c e l l  b y  EG&G was a  Model 364.

Chromatograms u t i l i z i n g  s o l v e n t  p rog ram m ing  and  UV 

d e t e c t i o n  a l o n e  w ere  o b t a i n e d  w i t h  a P e r k i n - E l m e r  3B S e r i e s  

pump and  a  LC-75 UV d e t e c t o r  w i t h  an a u t o c o n t r o l l e r .

R e a g e n t s

A l l  w a t e r  was d i s t i l l e d  and  t h e n  d e i o n i z e d  and  

f i l t e r e d  b y  a  M i l l i - Q  w a t e r  s y s t e m  made b y  M i l l i p o r e . 

A c e t o n i t r i l e  was B u r d i c k  & J a c k s o n  d i s t i l l e d  i n  g l a s s  o r  

F i s h e r  HPLC g r a d e .

The u l t r a - h i g h  p u r i t y  n i t r o g e n  u s e d  f o r  oxygen  

p u r g i n g  was s u p p l i e d  by  M atheson  o r  A i r c o . A l l  p e s t i c i d e s  

w e re  s u p p l i e d  by Chem S e r v i c e s .  CDTA was p u r c h a s e d  f rom 

A l d r i c h .  The 0.05M ammonium a c e t a t e  m o b i l e  p h a s e  e l e c t r o ­

l y t e  was p r e p a r e d  w i t h  h i g h  p u r i t y  ammonium h y d r o x i d e  and
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FIGURE 5 .  E l e c t r o c h e m i c a l  d e t e c t o r  c e l l :  w a l l - j e t  e l e c t r o d e ,
t u r b u l e n t  f l o w .  G l a s s y  c a r b o n  w o r k in g  and  a u x i l i a r y  e l e c t r o d e s  
and  a s i l v e r / s i l v e r  c h l o r i d e  r e f e r e n c e  a r e  i n s t a l l e d .
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m
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FIGURE 6 .  P o l a r o g r a p h i c  d e t e c t o r  c e l l :  (1) Nylon  body;
(2) m e r c u r y  w o r k i n g  e l e c t r o d e ;  (3)  Nylon  f i t t i n g  w i t h  
r u b b e r  s e a l ;  (4 )  s o l u t i o n  o u t l e t  w h ic h  im p in g e s  upon t h e  
m e rc u ry  d ro p ;  (5)  i n l e t  t u b e  f i t t i n g ;  (6)  a d j u s t a b l e  
i n l e t  b a r r e l ;  (7 )  i n l e t  t u b e .
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g l a c i a l  a c e t i c  a c i d .  A l l  o t h e r  r e a g e n t s  were  ACS g r a d e  o r  

b e t t e r .

(B) Sample P r e p a r a t i o n

V e g e t a b l e s  w e re  b o u g h t  i n  t h e  s u r r o u n d i n g  m a r k e t s .  

The l e a v e s  w e re  w ash ed  and  40 grams o f  l e a f  were  w e ig h e d  o u t  

f o r  e a c h  s a m p l e .  Each  sam ple  was s p i k e d  w i t h  one  m i l l i l i t e r  

o f  a p e s t i c i d e  s o l u t i o n  made up i n  a c e t o n i t r i l e . The 

p e s t i c i d e  m i x t u r e  was a l l o w e d  t o  d r y  on t h e  l e a v e s  b e f o r e  

p r o c e e d i n g .  A f t e r  t h e  a c e t o n i t r i l e  h a d  e v a p o r a t e d  from t h e  

l e a v e s ,  t h e y  w e re  h o m o g en ized  i n  60 m i l l i l i t e r s  o f  

a c e t o n i t r i l e ,  and  t h e  g l a s s  d i s h e s  i n  w h ic h  t h e  l e a v e s  w ere  

s p i k e d  were  r i n s e d  w i t h  s o l v e n t  t o  r e c o v e r  p e s t i c i d e  n o t  on 

t h e  l e a v e s .  T h i s  hom ogena te  was t r a n s f e r r e d  t o  a  M i l l i p o r e  

vacuum f i l t r a t i o n  a p p a r a t u s  and  f i l t e r e d  t h r o u g h  a  Whatman 

GF/A g l a s s  f i l t e r .  The c r u d e  p l a n t  m a t e r i a l  l e f t  b e h i n d  was 

e x t r a c t e d  a g a i n  by  re m o v in g  t h e  vacuum and  a d d i n g  12 m i l l i ­

l i t e r s  o f  a c e t o n i t r i l e .  A f t e r  20 m i n u t e s  t h e  vacuum was 

r e s t o r e d  and  t h e  e x t r a c t  was  drawn t h r o u g h  t h e  f i l t e r  t o  be  

combined  w i t h  t h e  f i r s t  e x t r a c t  i n  t h e  c o l l e c t i o n  f l a s k .

T h i s  e x t r a c t i o n  p r o c e d u r e  was r e p e a t e d  two more t i m e s .  The 

com bined  e x t r a c t s  w e re  t r a n s f e r r e d  to  a 2 5 0 - m i l l i l i t e r  

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

were  a d d ed  t o  e a c h  sam ple  t o  s e p a r a t e  t h e  e x t r a c t s  i n t o  an 

a q u eo u s  l a y e r  and  an  o r g a n i c  l a y e r .  T h i r t y  m i l l i g r a m s  o f  

t r a n s - 1 , 2 - d i a m i n o c y c l o h e x a n e  N , N , N ' , N ' - t e t r a a c e t i c  a c i d
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m o n o h y d ra te  (CDTA) w ere  a l s o  a d d e d  to  t h e  e x t r a c t  to  

f a c i l i t a t e  t h e  r e m o v a l  o f  m e t a l s  f rom t h e  o r g a n i c  l a y e r  

w h ich  c o n t a i n s  t h e  p e s t i c i d e .  Each  f u n n e l  was s h a k e n  w e l l  

and  a l l o w e d  t o  e q u i l i b r a t e .  The aqueous  l a y e r  was removed 

and  w ashed  w i t h  10 m i l l i l i t e r s  o f  f r e s h  a c e t o n i t r i l e .  The 

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

0 .4 5  m i c r o m e t e r  R a i n i n  Nylon 66 f i l t e r  and  t h e  f e n i t r o t h i o n  

i n t e r n a l  s t a n d a r d  was a d d ed .

A l l  s a m p le s  were  b r o u g h t  t o  100 m i l l i l i t e r s  w i t h  

a c e t o n i t r i l e .  An o v e r n i g h t  r e f r i g e r a t i o n  a t  4°C was fo u n d  

t o  p r e c i p i t a t e  u n i d e n t i f i e d  com ponen ts  o f  t h e  v e g e t a b l e  

e x t r a c t s  b u t  h a d  no d e l e t e r i o u s  e f f e c t s  upon p e s t i c i d e  

r e c o v e r i e s .  T h i s  p r e c i p i t a t e  was removed by  a r e p e a t e d  

f i l t r a t i o n  t h r o u g h  a  0 .4 5  m ic r o n  Nylon 66 f i l t e r .  The 

s am p les  w ere  t h e n  b r o u g h t  t o  room t e m p e r a t u r e  an d  were 

a n a l y z e d .

(C) C h r o m a t o g r a p h i c  A n a l y s i s

The m o b i l e  p h a s e  was p r e p a r e d  by m ix in g  t h e  0.05M 

ammonium a c e t a t e  w i t h  a c e t o n i t r i l e  t o  t h e  p r o p o r t i o n s  

d e s i r e d  f o r  an  i s o c r a t i c  r u n .  The m o b i le  p h a s e  was b u b b l e d  

w i t h  u l t r a p u r e  n i t r o g e n  f o r  one  h o u r  o r  more t o  a s s u r e  

s u f f i c i e n t  r e m o v a l  o f  any o x y g e n .  A s l i g h t  vacuum was 

a p p l i e d  a f t e r  n i t r o g e n  b u b b l i n g  t o  remove enough  n i t r o g e n  so 

t h a t  s m a l l  gas  b u b b l e s  w o u ld  n o t  fo rm  due to  t h e  p r e s s u r e  

d rop  i n  t h e  a n a l y t i c a l  co lumn.  Gas b u b b l e s ,  i f  fo rmed ,
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w ould  c o l l e c t  i n  t h e  e l e c t r o c h e m i c a l  f l o w  c e l l  and  w ou ld  

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

was l o a d e d  o n t o  t h e  pump w i t h o u t  e x p o s u r e  t o  oxygen  by  

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

g ra p h  .

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

c h e m i c a l  d e t e c t o r  was a t t a c h e d  an d  c y c l i c  vol tammograms were  

t a k e n  b e t w e e n  +1 V and  -1  V t o  a s s e s s  t h e  e l e c t r o c h e m i c a l  

p u r i t y  o f  t h e  m o b i l e  p h a s e  and  t h e  d e g r e e  t o  w h ic h  oxygen  

h a d  b e e n  removed.  The m o b i l e  p h a s e  was r e j e c t e d  i f  t h e  

c u r r e n t  a t  -1  V was above  6 m ic ro a m p e r e s  u s i n g  a  sweep r a t e  

o f  50 mV/sec .  R e d u c i b l e  c o n t a m i n a n t s  w ou ld  o f t e n  r e s u l t  i n  

a c u r r e n t  peak  i n  t h e  v o l t a g e  sweep f rom  0 V t o  -1  V. The 

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

t h a n  1 m ic ro a m p e re  was g ro u n d s  f o r  r e j e c t i o n  ev en  i f  t h e  

c u r r e n t  a t  -1  V was a c c e p t a b l e .  T h i s  c r i t e r i a  was a d o p t e d  

due t o  t h e  a d s o r p t i o n  e f f e c t s  w h ic h  c a n  o f t e n  r e s u l t  f rom  

r e d u c i b l e  c o n t a m i n a n t s  i n  t h e  m o b i l e  p h a s e  ( 3 0 , 3 1 ) .

The e l e c t r o c h e m i c a l  d e t e c t o r  was p o l a r i z e d  a t  t h e  

w o r k i n g  p o t e n t i a l  and  a l l o w e d  t o  e q u i l i b r a t e  b e f o r e  any  

s o l u t i o n  was i n j e c t e d .  Smal l  a l i q u o t s  o f  s am p le s  were  

b u b b l e d  w i t h  n i t r o g e n  f o r  one m in u te  b e f o r e  i n j e c t i n g  20 o r  

50 m i c r o l i t e r s  o f  s am p le .

A f t e r  e v e r y  two i n j e c t i o n s  o f  v e g e t a b l e  sam p le  t h e  

g l a s s y  c a r b o n  e l e c t r o d e s  w ould  r e q u i r e  e l e c t r o c h e m i c a l  

c l e a n i n g  w h ich  was a c h i e v e d  by  10 c y c l e s  b e tw e e n  +1 V and
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-1  V e n d i n g  a t  -1  V. A s t a n d a r d  w ou ld  b e  r e i n j e c t e d  a f t e r  

e a c h  c l e a n i n g  to  c o m p e n s a te  f o r  any  c h a n g e s  i n  e l e c t r o d e  

a c t i v i t y .

C h r o m a t o g r a p h i c  p e a k s  w e re  a n a l y z e d  u s i n g  r o u t i n e  

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

s t a n d a r d  r e d u c e d  e r r o r s  a s s o c i a t e d  w i t h  sample  o u t g a s s i n g  

and  i n j e c t i o n .  C a l i b r a t i o n  s t a n d a r d s  w e re  u s e d  t o  compute  

p e s t i c i d e  r e c o v e r i e s .



CHAPTER I I I

RESULTS AND DISCUSSION

U s i n g  t h e  m e thod  o f  sam ple  p r e p a r a t i o n  d e s c r i b e d  

e a r l i e r ,  s p i n a c h ,  e n d i v e ,  l e t t u c e ,  k a l e ,  t u r n i p  g r e e n s ,  and  

m u s t a r d  g r e e n s  w e re  e x am in ed  t o  e v a l u a t e  t h e  s e l e c t i v i t y  o f  

EC d e t e c t i o n  f o r  t h e  d e t e r m i n a t i o n  o f  p a r a t h i o n  r e s i d u e s  on 

v e g e t a b l e s .  I n  a l l  v e g e t a b l e s  s u r v e y e d ,  m e t h y l  an d  e t h y l  

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

c h e m i c a l  c h r o m a to g ra m s .  S i m u l t a n e o u s  UV d e t e c t i o n  s u f f e r e d  

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

F i g u r e  7 shows r e p r e s e n t a t i v e  ch rom a tog ram s  o f  a  t u r n i p  

g r e e n  sam p le  w h ic h  w e re  o b t a i n e d  u s i n g  s i m u l t a n e o u s  UV and 

a m p e r o m e t r i c  d e t e c t i o n .  I n  o r d e r  t o  a c h i e v e  b a s e l i n e  

r e s o l u t i o n  o f  t h e  p e s t i c i d e s  and  o t h e r  compounds w h ic h  g i v e  

a UV s i g n a l ,  s o l v e n t  p rogram m ing  and  a n a l y s i s  t i m e s  i n  

e x c e s s  o f  f o r t y  m i n u t e s  were  r e q u i r e d .  F i g u r e  8 shows su ch  

a UV c h ro m a to g ra m .  Due to  l a r g e  c h a n g e s  i n  b a c k g r o u n d  

c u r r e n t  w h ic h  a r e  i n d u c e d  by  s o l v e n t  p ro g ram m in g ,  t h i s  

t e c h n i q u e  was n o t  u s e d  f o r  HPLC w i t h  EC d e t e c t i o n .

A d e t e c t i o n  l i m i t  s t u d y  was done to  f i n d  t h e  minimum 

d e t e c t a b l e  q u a n t i t i e s  o f  m e th y l  and  e t h y l  p a r a t h i o n  on

22
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FIGURE 7. Chromatograms o f  a  t u r n i p  g r e e n  sam ple  t a k e n  by 
s i m u l t a n e o u s  UV and  EC d e t e c t i o n .  2 . 0 2  and  2 . 2 6  n anogram s  
p e r  m i c r o l i t e r  o f  m e t h y l  (ME) an d  e t h y l  (ET) p a r a t h i o n ,  
r e s p e c t i v e l y ,  w e re  p r e s e n t .  20 m i c r o l i t e r s  was t h e  
i n j e c t i o n  s i z e .  UV d e t e c t i o n  was done a t  270 nm w i t h  a  16 
nm b a n d p a s s .  EC d e t e c t i o n  was done a t  - 0 . 9 7  V. The m o b i l e  
p h a s e  was 64% a c e t o n i t r i l e  and  36% 0 .0 5  M ammonium a c e t a t e  
a t  pH 5 .  Flow r a t e  was 1 m l / m i n u t e .  F e n i t r o t h i o n  (FE) was 
ad d ed  a s  an  i n t e r n a l  s t a n d a r d .
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FIGURE 8 .  UV c h ro m a to g ra m  o f  a  t u r n i p  g r e e n  sam ple  t a k e n  
u t i l i z i n g  s o l v e n t  p rog ram m ing .  T h i s  sample  c o n t a i n e d  1 . 8  
and  1 . 8 4  n g / y l  o f  m e th y l  and  e t h y l  p a r a t h i o n ,  r e s p e c t i v e l y  
Flow r a t e  was 1 m l / m i n u t e  and  UV d e t e c t i o n  was done a t  270 
nm. F e n i t r o t h i o n  was added  a s  an i n t e r n a l  s t a n d a r d .  (ME) 
m e th y l  p a r a t h i o n ;  (FE) f e n i t r o t h i o n ;  (ET) e t h y l  p a r a t h i o n .
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v e g e t a b l e s  f o r  HPLC w i t h  t h e  Metrohm a m p e r o m e t r i c  d e t e c t o r .  

The d e t e c t i o n  l i m i t s  fo u n d  a r e  shown i n  T a b le  1 and  a r e  t h e  

q u a n t i t y  o f  e a c h  p e s t i c i d e  r e q u i r e d  t o  g i v e  a  S/N r a t i o  o f  

2 : 1 .  F i g u r e  9 shows s i m u l t a n e o u s  UV and  EC ch ro m a to g ram s  o f  

a  p e s t i c i d e  s t a n d a r d  made to  t h e  d e t e c t i o n  l i m i t s  r e p o r t e d  

i n  T a b le  1 .  I n  t h i s  c h ro m a to g ram  i t  c an  b e  s e e n  t h a t  t h e  UV 

d e t e c t o r  g i v e s  no r e s p o n s e  a t  t h e  r e t e n t i o n  t i m e s  o f  m e th y l  

and  e t h y l  p a r a t h i o n  o r  f e n i t r o t h i o n .

The d e t e c t i o n  l i m i t s  f o r  t h e  UV d e t e c t o r  u s e d  i n  

t h i s  work  w e re  3 and  4 nanogram s  i n j e c t e d  f o r  m e th y l  and  

e t h y l  p a r a t h i o n ,  r e s p e c t i v e l y .  These  l i m i t s  a r e  i n  a g r e e ­

ment  w i t h  p r e v i o u s  work done i n  t h i s  l a b o r a t o r y  by  S m i le y  

(53) and  w i t h  work  r e p o r t e d  by  P a s c h a l  ( 1 ) .

T h e se  d e t e c t i o n  l i m i t s  f o r  p a r a t h i o n s  on p l a n t  

m a t e r i a l  w e re  a c q u i r e d  u s i n g  a 20 m i c r o l i t e r  sam ple  

i n j e c t i o n  s i z e .  The i n j e c t i o n  o f  l a r g e r  vo lum es  was f o u n d  

t o  a l l o w  t h e  d e t e c t i o n  o f  l o w e r  c o n c e n t r a t i o n s  t h a n  r e p o r t e d  

h e r e .  However,  c o n t r a r y  t o  Moye ( 1 4 ) ,  who r e p o r t e d  t h e  

i n j e c t i o n  o f  500 m i c r o l i t e r s  (2 y g /m l  s o l u t i o n  o f  c a r b a r y l )  

w i t h o u t  damage t o  column p e r f o r m a n c e  ( 0 . 4  X 30 cm. ODS), i t  

was fo und  d u r i n g  t h i s  work t h a t  i n j e c t i o n s  l a r g e r  t h a n  50 

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

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

p o l a r o g r a p h i c  d e t e c t o r  made by  EG&G. U s in g  p e s t i c i d e  

s t a n d a r d s  i n  a c e t o n i t r i l e ,  d e t e c t i o n  l i m i t s  o f  202 ,  2 2 6 ,  and 

382 nanogram s  p e r  m i l l i l i t e r  w ere  f o u n d  f o r  m e t h y l  and  e t h y l
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TABLE 1

AMPEROMETRIC DETECTION LIMITS

PESTICIDE
DETECT]LON LIMITS

p g / y l z on 
" S / 8  p l a n t

t o t a l  w e i g h t  
i n j e c t e d

METHYL
PARATHION

4 0 . 4 100 808 pg

ETHYL
PARATHION

4 5 .2 113 904 pg

FENITROTHION 7 6 .4 191 1 .5 2  ng
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FIGURE 9. S i m u l t a n e o u s  EC and  UV ch ro m a to g ram s  o f  a 
s t a n d a r d  s o l u t i o n  a t  t h e  d e t e c t i o n  l i m i t s .  S e n s i t i v i t y  
f o r  EC i s  10 nA/cm a n d  f o r  UV i s  0 .0 0 1  A U /in .  A l l  o t h e r  
c o n d i t i o n s  w e re  t h e  same as  F i g u r e  7. (ME) m e th y l  
p a r a t h i o n ;  (FE) f e n i t r o t h i o n ;  (ET) e t h y l  p a r a t h i o n .
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FIGURE 10. S i m u l t a n e o u s  UV and  EC d e t e c t i o n  o f  a  m u s t a r d  
g r e e n  sam p le  s p i k e d  to  t h e  d e t e c t i o n  l i m i t s .  (ME) m e th y l  
p a r a t h i o n ;  (FE) f e n i t r o t h i o n ;  (ET) e t h y l  p a r a t h i o n ;  (P) 
p l a n t  p e a k s .  A l l  c o n d i t i o n s  w e re  t h e  same a s  F i g u r e  9 .
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p a r a t h i o n  an d  f e n i t r o t h i o n ,  r e s p e c t i v e l y .  When v e g e t a b l e s  

s p i k e d  t o  t h e s e  l e v e l s  w e re  a n a l y z e d ,  i n t e r f e r i n g  p e a k s  i n  

t h e  p l a n t  c h ro m a to g ra m  c o u l d  n o t  b e  r e s o l v e d  f rom  th e  

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

T h i s  d e t e c t o r  d i d  n o t  e x h i b i t  t h e  s e l e c t i v i t y  o f  t h e  Metrohm 

a m p e r o m e t r i c  d e t e c t o r .  T h i s  may be  a t t r i b u t e d  to  t h e  

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

c a r b o n  w o r k i n g  e l e c t r o d e s .  I n  a d d i t i o n ,  l a r g e  d i s t u r b a n c e s  

i n  b a c k g r o u n d  c u r r e n t  w h ic h  w ere  a s s o c i a t e d  w i t h  t h e  

v i b r a t i o n a l  e f f e c t s  o f  t h e  d rop  k n o c k e r  and w i t h  t h e  m o b i l e  

p h a s e  c r e e p i n g  up t h e  m e r c u r y  c a p i l l a r y  ( B a r k e r  E f f e c t )  w e re  

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

a r e  c o n s i s t e n t  w i t h  p o l a r o g r a p h i c  d e t e c t i o n  work  r e p o r t e d  by  

K i s s i n g e r  ( 5 1 ) .

The sam ple  p r e p a r a t i o n  m ethod  d e v e l o p e d  d u r i n g  t h i s  

work  was d e s i g n e d  t o  i n v o l v e  no  more work t h a n  was 

n e c e s s a r y  t o  p r o t e c t  t h e  a n a l y t i c a l  column a n d  t o  

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

sam p le  c l e a n u p  was m in im a l  w i t h  t h i s  m e thod ,  more t h a n  50 

2 0 - m i c r o l i t e r  i n j e c t i o n s  w e re  made w i t h o u t  s i g n i f i c a n t  

damage t o  column p e r f o r m a n c e . P l a t e  c o u n t s  d u r i n g  t h i s  

p e r i o d  w e n t  f rom  1 0 ,0 0 0  to  9 ,3 1 2  f o r  m e th y l  p a r a t h i o n .  T h i s  

l o s s  was a c c e p t a b l e  b e c a u s e  o f  t h e  w o r k l o a d  w h ic h  was n o t  

r e l a t e d  t o  t h i s  w o rk .  A g u a r d  column was u s e d  t h r o u g h o u t  

t h i s  work a n d  i t  was r e p a c k e d  f r e q u e n t l y .
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The e f f i c i e n c y  o f  p a r a t h i o n  r e c o v e r y  f rom  t u r n i p  

g r e e n s  and  m u s t a r d  g r e e n s  i s  shown i n  T a b le  2 .  T h ree  

d i f f e r e n t  am ounts  o f  e a c h  p e s t i c i d e  w e re  a p p l i e d  t o  t h e  

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

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

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

t h r e e  o r  more  s a m p l e s .  C o n t r o l  s a m p le s  w ere  u s e d  t o  c h ec k  

f o r  p a r a t h i o n s  a l r e a d y  on t h e  p u r c h a s e d  v e g e t a b l e s .  S e v e r a l  

s am p le s  w e re  r e j e c t e d  f rom  t h i s  s t u d y  b e c a u s e  o f  t h e  

d i s c o v e r y  o f  m e th y l  p a r a t h i o n  i n  t h e  3 t o  4 m ic r o g r a m /g r a m  

r a n g e  i n  t h e  c o n t r o l .

The s t a b i l i t y  and  s e n s i t i v i t y  o f  EC d e t e c t i o n  was 

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

t h e  m o b i l e  p h a s e  and  s a m p l e s .  The u s e  o f  CDTA d u r i n g  t h e  

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

b a s e l i n e  s t a b i l i t y  o f  t h e  v e g e t a b l e  c h ro m a to g ra m s .  The 

c o n t a m i n a t i o n  o f  t h e  m o b i l e  p h a s e  w i t h  m e t a l s  f rom  t h e  pump 

was l o w e r e d  by  w e e k ly  n i t r i c  a c i d  p a s s i v a t i o n  o f  t h e  

s t a i n l e s s  s t e e l  i n  t h e  i n t e r i o r  o f  t h e  pump s y r i n g e  and  i n  

t h e  s o l v e n t  r e s e v o i r s .  The u s e  o f  h a l i d e  s a l t s  i n  t h e  

m o b i l e  p h a s e  was a v o i d e d  due t o  t h e i r  known a b i l i t y  to  

p rom ote  m e t a l  c o r r o s i o n .  These  m e a s u r e s  r e q u i r e d  o n l y  a  few 

m i n u t e s  o f  t im e  and  w ere  w e l l  w o r t h  t h e  e f f o r t .

The a m p e r o m e t r i c  d e t e c t o r  u s e d  i n  t h i s  work  

d e m o n s t r a t e d  an a d v a n t a g e  i n  s e l e c t i v i t y  o v e r  UV d e t e c t i o n  

f o r  t h e  d e t e c t i o n  o f  m e t h y l  an d  e t h y l  p a r a t h i o n  i n  v e g e t a b l e



TABLE 2

RESULTS OF THE PESTICIDE RECOVERY STUDY

EXP. VEGETABLE PARATHION (y g /m l )
CONCENTRATION AVERAGE

PERCENT
RECOVERY

S.D.
NO. SAMPLE PESTICIDE

EXPECTED AVERAGE
FOUND ml

N

1 MUSTARD METHYL 2 .0 2 1 .9 5 9 6 .9 .018 3GREENS ETHYL 2 .2 6 2 .2 3 9 9 .1 0

2 MUSTARD METHYL 0 .5 0 4 0 .5 1 2 1 0 1 .0 .029 5GREENS ETHYL 0 .5 6 5 0 .5 6 1 9 9 . 4 .037

3 MUSTARD METHYL 0 .2 5 2 0 .2 4 4 9 7 .0 .007 3GREENS ETHYL 0 .2 8 2 0 .2 7 7 9 8 .6 .016

4 TURNIP METHYL 2 .0 2 1 .8 3 9 0 . 6 .242 5GREENS ETHYL 3 .2 6 2 .3 1 1 0 1 .0 .028

5 TURNIP G. ETHYL 0 .5 6 5 0 .5 6 1 9 9 . 3 .018 5

6 TURNIP METHYL 0 .2 5 2 0 .2 2 1 8 8 .7 .006 5GREENS ETHYL 0 .2 8 2 0 .2 6 7 9 6 .0 .019
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s a m p l e s .  A d d i t i o n a l  a d v a n t a g e  was fo und  i n  t e r m s  o f  

s e n s i t i v i t y  a n d  d e t e c t i o n  l i m i t s .  However,  i t  s h o u l d  be 

m e n t i o n e d  h e r e  t h a t  t h e r e  a r e  d e f i n i t e  d i s a d v a n t a g e s  t o  EC 

d e t e c t i o n .  EC d e t e c t i o n  r e q u i r e s  c o n s i d e r a b l e  o p e r a t o r  

s k i l l  u n l i k e  UV d e t e c t i o n  w h i c h  r e q u i r e s  a l m o s t  no o p e r a t o r  

a t t e n t i o n .  The s e l e c t i v e  a d v a n t a g e  o f  EC d e t e c t i o n  a l l o w e d  

a  s a v i n g s  i n  t im e  s p e n t  i n  sam ple  c l e a n u p  b u t  t h e r e  was 

c o n s i d e r a b l e  t im e  s p e n t  t o  remove oxygen f rom  t h e  m o b i l e  

p h a s e .  However,  t h e  p u r g i n g  o f  oxygen  r e q u i r e s  l i t t l e  

o p e r a t o r  a t t e n t i o n .

The sam p le  c l e a n u p  d e v e l o p e d  d u r i n g  t h i s  work  showed 

q u a n t i t a t i v e  r e c o v e r i e s  and  was s u f f i c i e n t  t o  p r e v e n t  damage 

to  t h e  a n a l y t i c a l  column.  However,  t h i s  sam ple  c l e a n u p  

t a k e s  no  a d v a n t a g e  o f  sam ple  c o n c e n t r a t i o n .  The a d d i t i o n  o f  

a  c o n c e n t r a t i o n  s t e p  w ou ld  a l l o w  t h e  d e t e c t i o n  o f  l o w e r  

l e v e l s  o f  p e s t i c i d e s  on v e g e t a b l e s  t h a n  r e p o r t e d  h e r e .
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