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Diazinon [ O, O-diethyl O- (2-isopropyl-6-methyl-4-pyrimidinyl) phos-  
pho ro th ioa t e ]  ( I )  is an o r g a n o p h o s p h o r u s  in sec t i c ide  r e g i s t e r e d  
for  use on a wide variety of food and feed crops .  Levels permit- 
t ed  in the U .S .A .  on human food (Code of Federal Regulations 1983) 
r a n g e  f rom 0.1 u g / g  (ppm) in po t a toes  to 0.7 ppm in most l ea fy  
v e g e t a b l e s .  One of the  major metabol i tes  is d i azoxon  ( 2 ) ,  t he  
o x y g e n  analog of d i az inon .  Bo th  of t h e s e  p h o s p h a t e s  h a v e  h i g h  
c h o l i n e s t e r a s e  inh ib i t ing  a c t i v i t y ,  while a s econd  metabol i te  
[ 2 - i s o p r o p y l - 4 - m e t h y l p y r i m i d i n - 6 - o l ]  (3) r e s u l t i n g  from h y d r o l y s i s  
of d iazoxon  (Rails  et  al.  1967) is of u n k n o w n  mammalian t o x i c i t y .  
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D u r i n g  the  c o u r s e  of pes t i c ide  su rve i l l ance  of v e g e t a b l e s ,  an 
unknown analytical response (UAR) in spinach extract  was encount-  
e r e d  which was s u b s e q u e n t l y  iden t i f i ed  as ( 3 ) .  The  p r e s e n c e  of 
d i a z i n o n  (1)  in t h e  s a m p l e  was  c o n f i r m e d  whi l e  no d e t e c t a b l e  
l e v e l s  of d iazoxon  (2) were  f o u n d .  Th i s  p a p e r  d e s c r i b e s  the  
a n a l y t i c a l  p ro toco l  adop t ed  to conf i rm bo th  d iaz inon  ( I )  and  i ts  
m e t a b o l i t e  (3) in s p i n a c h  at t he  ppm level  b y  me thane  chemical  
ion iza t ion  mass s p e c t r o m e t r y  and  to e luc ida te  t he  o b s e r v e d  
f r a g m e n t a t i o n  p a t h w a y  for  d i az inon .  

M A T E R I A L S  A N D  M E T H O D S  

All spec t r a  were obtained on a Finnigan Model 3300 quadrupole mass 
s p e c t r o m e t e r  e q u i p p e d  with a CI s o u r c e  and  INCOS Data  Sys t em;  
o p e r a t i n g  c o n d i t i o n s :  45 cm x 2 mm i . d .  g lass  column p a c k e d  with 
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F i g u r e  I .  Gas chromatogram of  s p i n a c h  . ~ t r a c t  o b t a i n e d  u s i n g  a 
HECD in the  nitrogen mode; 296 DEGS at 150 C isothermal; peak elut-  
ing at 13.5 rain represents  the  response  for the  encountered UAR. 

2% DEGS on 80-100 mesh Chromosorb W; car r ie r  gas and reagent  ~ a s  
f o r  chemica l  ion iza t ion ,  30 mL m e t h a n e / r a i n ;  column in le t ,  180 C; 
column t e m p e r a t u r e ,  170~ i s o t h e r m a l .  

F o r  a n a l y s i s  b y  GC/MS,  20-g  p o r t i o n s  f rom h o m o g e n i z e d  10 k g  
sampled lots of spinch were ex t rac ted  b y  the Luke p rocedure  (Luke 
et  a l .  1981) and cleaned up b y  using a carbon column (Luke & Doose 
1 9 8 3 ) .  T h e  e x t r a c t  was t h e n  c o n c e n t r a t e d  to 0.1 mL with  a 
s t r e a m  of d r y  n i t r o g e n  and  2 uL was i n j ec t ed  on to  t h e  GC/MS.  

R E S U L T S  A N D  D I S C U S S I O N S  

T h e  e x t r a c t  was o r i g i n a l l y  exam i ned  u s i n g  t h e  Hall  E l e c t r o l y t i c  
C o n d u c t i v i t y  D e t e c t o r  (HECD) in t h e  n i t r o g e n  mode ( F i g u r e  1 ) .  
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F i g u r e  2 .  M e t h a n e  c h e m i c a l  i o n i z a t i o n  s p e c t r a  f o r ,  (A)  d i a z i n o n ;  
a n d  ( B )  2-isopropyl-4-methylpyrimidin-6-ol. 

Clear ly ,  a number  of ni t rogen-containing compounds were p re sen t ,  
b u t  t h e  p r e s e n c e  of t h e  major  c o m p o n e n t  a t  R t = 13.5 min c o n s t i t -  
u t e d  a UAR r e s p o n s e  due  to t h e  l ack  of c o m p a r a t i v e  GC r e t e n t i o n  
d a t a  f rom o u r  i n t e r n a l  d a t a  b a s e .  

T h e  s a m p l e  was t h e n  r e - e x a m i n e d  b y  m e t h a n e  chemica l  ion iza t ion  
(CI)  to d e t e r m i n e  t h e  molecu la r  w e i g h t s  of t h e  two major  c o m p o n -  
e n t s  ( F i g u r e  2 ) .  T h e  p e a k  e l u t i ng  at  a b o u t  7.5 rain was d e t e r -  
mined to be  d i az inon  a t  a c o n c e n t r a t i o n  l eve l  of  0.1 p p m .  T h e  
b a s e  p e a k  a t  m/z  305 r e p r e s e n t e d  t h e  p r o t o n a t e d  molecu la r  ion 
[MH]t+while add-uc~ ions ~t  m/z 333 and 345 corresponding to [M + 
C2H 5] and [M + C3H 5] respec t ive ly  provided  confirmation of this 
ion ass ignment .  However,  the UAR eluting at 13.5 rain (Figure 1) 
w a s  d e t e r m i n e d  to h a v e  t h e  much  lower  molecu la r  we igh t  of  152 
( F i g u r e  2 B ) .  By  d e d u c t i o n  of t h e  f r a g m e n t a t i o n  p a t h w a y  f o r  
diazinon (Scheme 1), the  UAR was s t rongly  suspec ted  to be 2-iso- 
p r o p y l - 4 - m e t h y l p y r i m i d i n - 6 - o l  ( 3 ) .  T h i s  p r e l i m i n a r y  i d e n t i f i c a t i o n  
was  l a t e r  c o n f i r m e d  b y  u s e  of a r e f e r e n c e  s t a n d a r d  and  q u a n t i f i e d  
a t  t h e  i n c u r r e d  c o n c e n t r a t i o n  l e v e l  o f  1 p p m .  No t r a c e  o f  
d i azoxon  ( 2 ) ,  h o w e v e r ,  was f o u n d  in t he  s p i n a c h  e x t r a c t .  

U n d e r  m e t h a n e  CI cond i t i ons  t h e  f r a g m e n t a t i o n  of d i az inon  ( i )  
exhib i ted  some unique fea tures  for  an o rganophorphorus  compound.  
While t h e  b a s e  p e a k  is t h e  p r o t o n a t e d  molecu la r  ion at  m / z  305, 
t h e  a p p e a r a n c e  of a s t r o n g  ion a t  m / z  153 o f f e r e d  two p o s s i b l e  ion 
s t r u c t u r e s  r e s u l t i n g  f rom b o n d  c l e a v a g e  a t  t h e  P -O  s i te  wi th  t h e  
c h a r g e  r e m a i n i n g  on e i t h e r  s ide  of  t h a t  b o n d  c l e a v a g e .  U n d e r  
e l e c t r o n  impac t  (El)  cond i t i ons  (Damico 1966) it had  b e e n  d e t e r -  
mined b y  exact  mass measurements  that  the  ion at m/z 152 had the  
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S c h e m e  1.  Proposed fragmentation pathway for diazinon under  
m e t h a n e  c h e m i c a l  i o n i z a t i o n  c o n d i t i o n s .  

ion  s t r u c t u r e  c o n t a i n i n g  the  n i t r o g e n  r i n g .  U n d e r  methane  CI,  
h o w e v e r ,  the appearance of ions at m /z  153, 121 and 93 are highly 
ind ica t ive  of t he  p h o s p h o r o t h i a t e  moiety  via  init ial  c l eavage  of 
t h e  r i n g  s u b s t i t u e n t  followed b y  expu l s ion  of  S and  t h e n  an e thy l  
g r o u p i n g .  The definitive argument for protonation at the oxygen 
a tom b e t w e e n  t h e  p h o s p h o r u s  and  t he  r ing  is t h e n  e s t ab l i shed  
whatever the ensuing fragmentation mechanism. Appearance of an 
ion  a t  m / z  259 due  to loss of an e t h y l  g r o u p  r e f l e c t s  the  sof t  
ionization mechanism employed. This ion s t ruc ture  was not found 
u n d e r  EI  c o n d i t i o n s .  The  ion at m / z  179 r e p r e s e n t e d  a c l eavage  
of the  P-O bond with concomitant rearrangement  or  migration of an 
e t h y l  group to the aromatic bonded oxygen atom. Such an ion was 
p r e v i o u s l y  d e t e c t e d  in t he  El  s p e c t r u m  of d iaz inon  (Damico 1966).  
More  i n t e r e s t l y ,  h o w e v e r ,  is t he  a p p e a r a n c e  of  t he  ion at m/z  137 
which under  El by  exact mass measurement had the formula C6H~N20. 
Org ina l ly  the  mechanism p o s t u l a t e d  fo r  p r o d u c t i o n  of th i s  Io~ was 
f rom m / z  179 via loss  of p r o p y l e n e .  In add i t iona l  metas tab le  
s tud ies ,  however,  the m/z  137 was determined to have resulted from 
t he  ion at m / z  152 b y  loss  of a me thy l  g r o u p i n g  (Damico 1972).  

T h e  s imilar i t ies  o b s e r v e d  in the  f r a g m e n t a t i o n  of d iaz inon  us ing  
EI  a n d  CI cond i t i ons  a re  u n u s u a l  in t h a t  s u c h  ca se s  are  un ique  
r a t h e r  t h a n  t y p i c a l .  P e r h a p s  an  obv ious  exp l ana t i on  fo r  the  
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o b s e r v e d  c o m p a r i s o n s  is t h a t  t he  s i t e  of  p r o t o n a t i o n  u n d e r  CI is 
t h e  o x g y e n  atom between the  phosphorus  and the  aromatic r ing as is 
t h e  s i t e  fo r  e l e c t r o n  a b s t r a c t i o n  u n d e r  E I .  Such  a p r e v a i l i n g  
s i t u a t i o n  would t h e n  d i r e c t  t h e  f r a g m e n t a t i o n  p r o c e s s e s  down 
q u a s i - s i m i l a r  r o u t e s .  U n d e r  CI t h e  s i t e  of  in i t ia l  p r o t o n a t i o n  is 
o f t e n  not  t h e  same s i te  fo r  e l e c t r o n  r e m o v a l  and  h e n c e  d i f f e r e n t  
f r a g m e n t a t i o n  p a t h w a y s  d e v e l o p .  T h e  c a s e  of  d i az inon  is  a good  
example  of  pa r a l l e l  f r a g m e n t a t i o n  p a t h w a y s  p r i m a r i l y  d u e  to t h e  
same se l ec t ion  fo r  in i t ia l  b o n d  c l e a v a g e .  

The  mass spec t rum for  the metabolite (3) was easily in te rp re ted  in 
t h a t  i t  e x h i b i t e d  t h e  p r o t o n a t e d  molecu la r  ion a t  m/z  153 wi th  an  
adduc t  ion at m/z 181 with a minor f ragment  ion at m/z 137 a l ready 
e l u c i d a t e d  a b o v e  fo r  d i a z i n o n .  

T h e  p r e s e n c e  of t h i s  me tabo l i t e  of d i az inon  at  t h e  1 -ppm l eve l  
r e p r e s e n t e d  an  o r d e r  of  m a g n i t u d e  g r e a t e r  t h a n  t h a t  f o u n d  f o r  
d i a z i n o n .  P e r s i s t e n c e  of t h i s  me tabo l i t e  (3) in s p i n a c h  long  
a f t e r  s p r a y i n g  with  d iaz inon  s h o u l d  be  of c o n c e r n ,  e s p e c i a l l y  a t  
r e s i d u e  l eve l s  much  h i g h e r  t h a n  t h a t  p e r m i t t e d  fo r  d i a z i n o n .  
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