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B e f o r e  the  U . S .  f e d e r a l  r e g i s t r a t i o n  o f  a l d i c a r b  [ ( 2 - m e t h y l -  
2-methylthio)propionaldehyde O-(methylcarbamoyl)oxime] in 1970 for 
use on the cot ton p lant  as broad spectrum soi l -appl ied systemic 
p e s t i c i d e  f o r  t h e  c o n t r o l  o f  i n s e c t s ,  mi tes and nema todes ,  a 
detailed metabolic study on the cotton plant (Gossypium hirusutum) 
revea led  an i n te res t i ng  ins ight  into its mode of act ion (Metcal f  
et  al. 1966). In i t ia l  metabolic at tack was a rapid and complete 
o x i d a t i v e  convers ion to a ld icarb su l fox ide  fol lowed by  a much 
s l ower  ox idat ion to the sul fone (Scheme I ) .  Degradat ion of 
a ld icarb to its co r respond ing  oxime or  n i t r i l e  was also ind icated.  
Two important  facts were estab l ished which have re levance to 
pest ic ide  res idue chemis t ry .  The complete convers ion of  a ld icarb 
to  i t s  s u l f o x i d e  and s u l f o n e  r e s u l t e d  in an i n c r e a s e  in t he  
cho l ines te rase  inh ib i t i on ,  The pers is tence  of a ld icarb su l fox ide  
in the p lant ,  combined with slow ox idat ion  to the co r respond ing  
su l fone ,  accounted for  the observed  pro longed systemic ac t i v i t y .  
A r e i n v e s t i g a t i o n  o f  a l d i c a r b  metabo l i sm in t he  c o t t o n  p l a n t  
conf i rmed these f i nd ings  and concen t ra ted  on the na tu re  and 
tox i c i t y  of the h igh l y  polar con jugated residues (Bar t l ey  et al. 
1970) which accounted fo r  the major res idue at f inal ha rves t ,  In 
a t rans locat ion  s tudy  ( lwata et al. 1977) in oranges,  the total 
carbamate res idue remaining (su l fox ide  and sul fone combined) in 
the soil a f ter  about 80 days was less than I ppm. 

T h i s  paper  descr ibes a recent  inc idence invo lv ing  f resh  potatoes 
where  the major carbamate res idue detected and conf i rmed by 
methane and ammonia chemical ionizat ion (C l )  gas chromatography  
mass spectrometry (GCMS) was aldicarb sulfone at about I ppm with 
a minor con t r i bu t i on  from aldicarb su l fox ide ,  

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

All  spectra were obtained on a Finnigan Model 3300 quadrupole mass 
spec t romete r  equ ipped  wi th a CI source and INCOS Data System; 
opera t ing  condi t ions:  q5 c m x  2 mm i . d .  glass column packed with 
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Scheme 1. Metabolic pathway of aldicarb. 

2-~ DEGS on 80/100 mesh Chromosorb W; carrier gas and reagent ~as 
fo r  chemical ionization, 30 mL methane/min; column in let ,  180 C; 
column temperature,  120~ isothermal. 

Sample (58 g) was ext racted by the Luke procedure (Luke et al. 
1981) .  For i d e n t i f i c a t i o n  by  GCMS, the sample e x t r a c t  was 
f u r t h e r  cleaned up by elution through carbon (Luke g Doose 1983) 
and concentrated to 0.1 mL using a stream of dry  nitrogen. 3 uL 
of  this ex t rac t  represent ing 0.3 g of sample was then used for  
analysis.  
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R E S U L T S  A N D  D I S C U S S I O N  

The sample extract was f irst examined by gas chromatography using 
a flame photometr ic detector in the su l fu r  mode (FPD-S) and was 
suspected of contain ing aldicarb su l fox ide [RR. = 0.2 re lat ive to 
phora te ] .  For conf i rmatory  purposes,  the t ex t rac t  was then 
reduced  in volume (to 0.1 mL) in preparat ion for examination by 
GCMS. Before such an examination, however,  the mass spectral 
charac te r is t i cs  of aldicarb sul foxide and aldicarb sulfone were 
obta ined at the expected concentrat ion level (about 1 ppm) to be 
encountered in the sample (Figure 1). Previous studies (Mus~kat 
g Aharonson 1982) had indicated that  isobutane CI may pro,, ide 
a b u n d a n t  p r o t o n a t e d  molecular  ions [MH +] as well  as severa l  
d iagnos t i c  ions for  residue conf i rmat ion.  As can be observed 
from t+he GCMS data i l lust rated in F igure 1, no ions coresponding 
to MH were observed under methane or ammonia CI condit ions. 
Th i s  absence of MH + ions was not a l together unexpected since the 
prev ious workers had introduced the i r  standards at much h igher  
concentrat ion levels via an unheated d i rect  inlet probe. The 
p resen t  studies involved injections of less than 100 ng on column 
fo r  GCMS, i .e.  according to the sample protocol to be used for 
res idue  conf i rmat ion. While the former probe analyses can give 
s t r o n g  i nd i ca t i ons  as to the b e h a v i o r  of  some compounds  on 
GCMS-CI, the ext rapolat ion of such resul ts to actual residue work 
can be d isappoint ing,  par t i cu la r ly  when dealing with molecules 
known to suf fer  from potential thermal lab i l i ty .  In the present  
s t u d y ,  the poss ib i l i t y  of thermal degradat ion did ex is t  and was 
exp lo red  via sample in t roduct ion by  spot t ing on the l iquid 
chromatographic (LC) moving belt interface (Cairns et al. 1983) at 
va r i ous  flash evaporizat ion temperatures (100~ to 200~ with an 

�9 o ambtent mass spectrometer source temperature of 180 C. The 
conclusions der ived from that pre l iminary  s tudy indicated that the 
molecules under s tudy  surv ived a f lash evaporizat ion temperature 
of  140~ 20~ above the GC temperature selected for the analyses. 
Th i s  data confirmed that aldicarb sul fox ide and aldicarb sulfone 
would  be chromatographed intact at least as far as the source of 
the mass spectrometer set at 180~ where the potential for therFal 
degradation could occur. A previous study of these compounds via 
LCMS (Wright et al. 1982) also concluded that these carbamates 
were not thermal ly degraded at 120~ 

In the case of aldicarb sul foxide (F igure  1A),  the base peak is 
m/z 143, corresponding to the loss of CH~SO from the protonated 
-mol--ecular ion (Scheme 2). The appearanc~ of ions at m/z 171 and 
m / z  183 (in the methane spectrum) corresponded to adduct species 
derived from the reagent ions present in the source. However, the 
p resence  of an ion at m/z lq8 can only be explained as belonging 
to be protonated aldicarb cyanosulfone. Since the retent ion 
times for the sul fox ide and sulfone were ve ry  close together ,  the 
p robab i l i t y  that the reference standard contained a small amount 
o f  su l fone was a feas ib le  e x p l a n a t i o n .  In the ammonia CI 
spec t rum of aldicarb sul foxide (F igure 1A),  the evidence for  the 

276 



A 

xoo- 143 

~ iS1 
~,!  

0 , l l ,  , , , ,  r , ,  , ' , 1  ' , 

1 0 0  I143 

" I 
U 

148 

'1 171 183 
. . . .  I . . . .  F ] ' ' J ' [  ' i ' ' l  

Methane CI 

" ' ' 1  . . . .  i . . . .  I . . . .  i . . . .  I 

Ammonia C! 

~ / 

= l, ,65 
0 I . ,  : i " ' ' ' l ' " : : ' l  : ' ' ' ' ' ' ' '  I"  ' ' . . . . . . .  , 

80 100 120 140 160 180 200 220 240 
m/z 

B 

loo 7 81 

't/ 
o I,l,I , 

100-~ 

m i 

ee ~ 

148 
Methane CI 

l " [ l I i I ' ' ' ' ' * [ . . . .  I [ ' ' '  " " = . . . .  I ' " ' 

176 188 
. . . .  I . . . .  , , , * 1 , .  I ' ' ' I , ,  . 

165 

' 1  . . . .  i . . . .  I . . . .  , . . . .  I 

Ammonia CI 

~ 182 

80  1 0 0  1 2 0  1 4 0  1 6 0  1 8 0  2 0 0  2 2 0  2 4 0  
m / z  

F i g u r e  1. Chemical ionization mass spectra obtained under  GCMS 
condi t ions  for  A ,  a ld icarb  su l fox ide ;  and B ,  a ld icarb s u l f o n e .  
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Scheme 2. Fragmentation pathway for aldicarb sul fox ide.  
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Scheme 3. Fragmentation pathway for  aldicarb sulfone. 

su l fone impur i ty  was clearly i l lus t ra ted by the appearance of an 
ion at m/z_ 165 corresponding to the adduct species formed with the 
ammonium ion by  the aldicarb cyanosulfone moiety. The ion at 
m/z 160 can be a t t r ibu ted  to the ammonium adduct ion formed with 
the s t ruc tu re  represented by the m/z 143 ion in the methane 
spec t rum.  F ina l ly ,  the mass spectral  data for aldicarb sulfone 
(Figure 1B) indicated that the major fragmentation pathway was to 
the protonated aldicarb cyanosulfone (Scheme 3) at m/z 148 in the 

278 



Reconstructed Ion Chromatogram 
10o- 

,/ - y e. 

Scan 20 40 60 0 
Time 0:40 1:20 2:00 2:40 

100 120 140 
3:20 4:00 4:40 (mln 

Mass Chromatograms 

/ ~ '  m/z 127 

m/z  143 

, ~ . . . . ~  m/z 148 

Scan 20 40 60 80 100 I20 140 

F i g u r e  2. Total ion chromatogram for  potato ex t rac t  under  
chemical ionization condit ions with mass chromatograms to indicate 
the peak of in terest .  

methane CI spectrum and at m/z 165 in the ammonia CI spectrum 
cor respond ing  to the adduct with the ammonium ion. Whether or 
not  the aldicarb cyanosulfone moiety is produced thermal ly  from 
the a ld icarb sulfone on en t ry  to the mass spectrometer source at 
180~ cannot be addressed. Since the methane CI spectrum 
p rov ided  diagnost ic ions to de tec t  the presence of su i fox ide (m/z 
143) versus sulfone (m/z lq8) the potato extract was then examined 
unde r  similar condit ions as the standards discussed above (F igure 
2).  The e lu t ing peak of in terest  was determined by  retent ion 
time and mass chromatograms for m / z  lq3 and m/z lq8 (in methane 
CI )  respec t ive ly .  Once p roper l y  Iocated,-'fu'II spectral  scans 
we re  o b t a i n e d  ( F i g u r e  3 ) .  In the  case of  methane CI ,  the  
predominant ions were m/z  148 and m / z  81 indicat ing the presence 
of  aldicarb sul fone. However, an ion at m/z lq3 (about 10-~ 
r e l a t i v e  abundance )  would seem to i nd i ca te  the p resence  of 
a ld icarb  sul fox ide.  Admit tedly the two compounds have similar 
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F i g u r e  3. Total mass spectral  scans obta ined from potato ex t rac t  
at scan numer 65. 

r e t e n t i o n  times, bu t  the ion p ro f i le  fo r  m/z lq3 is sh i f ted about 
5 scans higher than the peak apex for m/z lq8, adding confirmation 
to the presence of a smaller amount of the su l fox ide.  

Wh i le  t he  d e t e c t i o n  o f  a l d i c a r b  and i ts  me tabo l i t es  has been 
p r e v i o u s l y  es tab l ished (Wright et al. 1983) by  LCMS in water 
s a m p l e s ,  t he  c o m p l e x i t y  in d e a l i n g  w i t h  a po ta to  e x t r a c t  is 
somewhat more d i f f i cu l t  exper imenta l l y .  Indeed the ion monitored 
by  LCMS for quantitation of sulfone was also m/z 148 (methane CI). 
However ,  the biological  matr ix  of  the potato would not permi t  the 
use of this ion fo r  low res idue level work because of endogenous 
b a c k g r o u n d  in te r fe rences .  In the p resent  s t u d y ,  the 
conf i rmat ion obta ined by  two d i f f e r e n t  ionization modes (methane 
and ammonia) has p rov ided  the needed re in forcement  to guarantee 
the re lab i l i t y  of  the f ind ings  repo r ted .  

The  presence of a ld icarb sul fone in f resh  potatoes is i n te res t i ng  
f o r  two reasons. F i rs t ,  the increased level of  sul fone re la t ive  
to  s u l f o x i d e  w o u l d  seem to i n d i c a t e  t h a t  s u f f i c i e n t  t ime had 
lapsed  to permi t  the slow ox idat ion  of su l fox ide to su l fone to 
occur .  Second, the demonstrated t ranslocat ion to the upper  
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l ea f  sets ( Iwa ta  et al.  1977) shou ld  have g r e a t l y  d i l u t e d  the 
sulfone concentration. The detected residue level of about 1 ppm 
would suggest that such a translocat ion is by no means a complete 
process and that root crops such as potatoes are suscept ible to 
res idue  levels of aldicarb metabolites. There was no evidence to 
suppor t  the presence of any other metabolites such as the oximes 
and ni t r i les (Scheme 1). 
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