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Dimethoate [ O, O-dimethyl S- (N-methylcarbamoylmethyl)  phosphoro -  
d i th ioa te ]  is a s y s t e m i c  o r g a n i c  p h o s p h a t e  i n s e c t i c i d e  a c a r i c i d e  
r e g i s t e r e d  fo r  u s e  on a wide v a r i e t y  of  food and  feed  c r o p s .  
Leve ls  permitted on human food (Code of Federal  Regulations 1982) 
r a n g e  f rom 0.002 ppm in milk to 2.0 p p m  in v a r i o u s  f r u i t s  and  
v e g e t a b l e s .  Major d i e t a r y  e x p o s u r e  r e s u l t s  f rom r e s i d u e s  on 
v a r i o u s  f r u i t s  and  v e g e t a b l e s .  A s i g n i f i c a n t  d e g r a d a t i o n  p r o d u c t  
v i a  e n z y m a t i c  o x i d a t i o n  is t h e  o x y g e n  a n a l o g ,  o m e t h o a t e  [ O , O -  
d i m e t h y l  S - ( N - m e t h y l c a r b a m o y l m e t h y l )  p h o s p h o r o t h i o a t e ]  which  is 
a c u t e l y  more  tox ic  t h a n  the  p a r e n t  c o m p o u n d  ( acu t e  o r a l  LD~ 0 in 
r a t s  for dimethoate is about 500 mg/Kg for the pure  compoundJ ~ and 
h a s  b e e n  found  to be  p r e s e n t  a t  f ina l  h a r v e s t  ( D a u t e r m a n  et  a l .  
1960; S te l la r  & P a s a r e l a  1972) .  

B e c a u s e  of the  q u e s t i o n a b l e  t o x i c i t y ,  h i g h  p r o d u c t i o n  u s e  and  
p o t e n t i a l  d i e t a r y  e x p o s u r e ,  d i m e t h o a t e  a n d  i t s  o x y g e n  ana log  h a v e  
b e e n  i nc luded  in t h e  FDA s u r v e i l l a n c e  and  compl iance  p r o g r a m s  
(bo th  domestic and foreign) to ensure  tolerances are not exceeded .  
R e c e n t l y  t he  a p p e a r a n c e  of t h e s e  c o m p o u n d s  in s e v e r a l  lo t s  of 
i m p o r t e d  m a n g o e s  a n a l y z e d  in t h i s  l a b o r a t o r y  a t  0.11 p p m  [v ia  GC 
wi th  flame p h o t o m e t r i c  d e t e c t o r  in t he  p h o s p h o r u s  mode ( F P D - P ) ]  
c o n s t i t u t e d  a n  u n r e g i s t e r e d  u s e .  T h i s  p a p e r  d e s c r i b e s  t h e  
a n a l y t i c a l  p r o t o c o l  a d o p t e d  to d i s t i n g u i s h  d i m e t h o a t e  f rom i t s  
o x y g e n  ana log  in an e x t r a c t  of  m a n g o e s  to p r o v i d e  c o n f i r m a t o r y  
e v i d e n c e  of the  s u s p e c t e d  u n r e g i s t e r e d  u s e .  

M A T E R I A L S  A N D  METHODS 

All s p e c 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  S y s t e m ;  
o p e r a t i n g  c o n d i t i o n s :  45 c m x  2 mm i . d .  g l a s s  column p a c k e d  with  
2% DEGS on 80/100 mesh Chromosorb W; ca r r i e r  gas and reagen t  g a s  
f o r  chemical  i on i za t ion ,  30 mL m e t h a n e / r a i n ;  column in l e t ,  180 C; 
column t e m p e r a t u r e ,  120~ i s o t h e r m a l .  
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F i g u r e  I .  Chemica l  ion iza t ion  mass  s p e c t r u m  of d i m e t h o a t e  and  
mu l t i p l e  ion d e t e c t i o n  c h r o m a t o g r a m s  o b t a i n e d  f rom mangoe  e x t r a c t  
showing  p r e s e n c e  of d ime thoa t e  at  s c a n  175. 

F o r  a n a l y s i s  b y  GCMS, 10O g p o r t i o n s  f rom h o m o g e n i z e d  I0 Kg 
sampled  lots of mangoes were ext rac ted  b y  the Luke p rocedure  (Luke 
e t  a l .  1981) and  c l eaned  up  u s i n g  a c a r b o n  column ( L u k e  & Doose 
1983) .  The ex t rac t  was then concentra ted  to 0 . I  mL with a stream 
of  d r y  n i t r o g e n  and  2 uL in jec ted  o n t o  t h e  GCMS. 
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RESULTS AND DISCUSSION 

Since the original analyses  from GC-FPD-P indicated the levels of 
dimethoate and its analog to be at the 0.1 ppm level, the quest ion 
of level of detect ion by GCMS became important .  Even with the 
e x t r a c t  reduct ion to 0.1 mL, an injection of 1 uL would cons t i tu te  
a l o a d i n g  of a b o u t  30 ng or l ess  on column ( b a s e d  on 100 g 
s a m p l e ) .  With t h i s  l imi t ing c r i t e r i o n  in mind ,  t he  s e l e c t e d  
technique was multiple ion detection (MID) of four ions from the 
fu l l  scan  of d i m e t h o a t e  ( F i g u r e  1 ) .  U n d e r  m e t h a n e  CI 
condi t ions ,  dimethoate exhibited a f ragmentat ion pathway (Scheme 
1) dis t inct ly  d i f fe ren t  from tha t  previous ly  observed  under  
e l ec t ron  impact (EI) conditions (Damico 1966). The presence  of 
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S c h e m e  Io Proposed fragmentat ion pathway for dimethoate under  
methane CI condi t ions .  

an ion at m__/z 199 resulting from t~e loss of a methoxyl group from 
the protonated molecular ion [MH-] provided a simple method to 
d is t inguish  dimethoxy from die thoxy orga~ophosphate  pes t ic ides .  
Loss of the methylamide side chain from MH to give the ion at m/z 
171 also provided a diagnostic f ragment  ion to character ize  the 
dimethyl  phosphorodi thioate  moiety.  Under EI conditions (Damico 
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F i g u r e  2 .  Chemical ionization mass spec t rum of omethoate  and 
mul t ip le  ion de tec t ion  chromatograms  ob ta ined  from mangoe e x t r a c t  
showing p r e s e n c e  of omethoate  at scan 148. 

1966), the gene ra l  f r agmenta t ion  scheme was dominated b y  bond 
cleavage between the S and C with subsequent  loss of the complete 
side chain and p ro to n  t r a n s f e r  to yield dimethyl  d i th iophosphor ic  
acid (m/z 158).  The  ion at m / z  125 is a commonly o b s e r v e d  
f r a g m e n t  ion e n c o u n t e r e d  in both  phosphorod i th ioa t e s  and 
p h o s p h o r o t h i o a t e s .  Regard ing  the  s t r u c t u r e  of the base  peak  at 
m / z  88, a ccu ra t e  mass measurements  pe r fo rmed  p r e v i o u s l y  (Damico 
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1 9 6 6 )  d e t e r m i n e d  t h e  ion  w a s  N - m e t h y l t h i o a c e t o n i t r i l e .  F o r  
c o n f i r m a t i o n  of d i m e t h o a t e  in t he  m a n g o e s  e x t r a c t  v ia  GCMS-MID,  
the four ions selected were m/z 125, 171, 199, and 230. Figure  1 ~ u  
i l l u s t r a t e s  t he  r e s u l t i n g  MIDs o b t a i n e d ,  i n d i c a t i n g  the  p r e s e n c e  
of  d ime thoa t e  a t  s c a n  175. T h e  f o u r  ions  were  d e t e c t e d  in the  
c o r r e c t  r e l a t i v e  a b u n d a n c e  r a t i o s  o b s e r v e d  fo r  a s t a n d a r d  
r e f e r e n c e  sample. Quantitation was carr ied out by  comparing area  
m e a s u r e m e n t s  o b t a i n e d  with  a s t a n d a r d  c o n c e n t r a t i o n  in j ec t ion  
k n o w n  to be  c lose  to t h a t  fo r  the  sample  (0 .03 ppm d i m e t h o a t e  
v e r s u s  0.033 p p m  via  F P D - P ) .  

I n  t h e  c a s e  of  d i m e t h o a t e  o x y g e n  a n a l o g ,  t h e  m a s s  s p e c t r a l  
c h a r a c t e r i s t i c s  ( F i g u r e  2) r e s e m b l e d  t h a t  d i s c u s s e d  a b o v ~  fo r  
d i m e t h o a t e .  For example, loss of a methoxyl group from MH was 
e v i d e n t  (m/z 183). However,  the ion at  m/z 196 r ep resen t ing  the 
l o s s  of w-ater f rom MH § was a f r agmenta - t ion  not  o b s e r v e d  for  
d imethoa te  (Scheme 2) .  The approach  to dimethoate oxygen  an~og  
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Scheme 2 .  P r o p o s e d  f r a g m e n t a t i o n  p a t h w a y  for  o m e t h o a t e  u n d e r  
m e t h a n e  CI c o n d i t i o n s .  

c o n f i r m a t i o n  a n d  q u a n t i t a t i o n  w a s  s i m i l a r  ( F i g u r e  2) t o  t h a t  
employed  for the pa ren t  compound (0.06 ppm omethoate v e r s u s  0,085 
p p m  via  F P D - P ) .  
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C u r r e n t  t r e nds  in r e g u l a t o r y  analysis  have indicated an inc reased  
re l iance on mass spec t rome t ry  notably  because  of the unambiguous 
identif icat ion it can p rov i de .  The unique  role MS can play in 
fo r t i fy ing  the scient if ic  evidence  used  for  compliance pu rpose s  
has  now become an invaluable asset  in the process  of r e g u l a t o r y  
analysis  of pes t ic ides  and the i r  metabol i tes .  In this 
pa r t i cu l a r  ins tance ,  two closely re la ted  o rganophospho rus  
pes t ic ides  have been confirmed and quan t i t a t ed  at a concen t ra t ion  
l eve l  below 0.1 ppm using GCMS-MID techniques  to paral lel  the 
sens i t iv i ty  levels normally employed in pest ic ide  res idue  analysis  
by  GC-FPD-P. This complimentary process has been illustrated to 
i n c r e a s e  the rel iabi l i ty  of r e su l t s  involving an u n r e g i s t e r e d  
pest ic ide use .  
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