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A l d i c a r b  s u l f o x i d e  ( 2 - m e t h y l - 2 - ( m e t h y l s u l f i n y l )  
propanal  O - { ( m e t h y l a m i n o ) c a r b o n y l } o x i m e )  i s  a 
m e t a b o l i t e  o f  a l d i c a r b .  A l d i c a r b  i s  marketed by Union 
Carb ide under t he  t r a d e  name  Temik and i s  no t  
r e g i s t e r e d  f o r  use i n  watermelons.  I t  i s  a b road-  
spectrum s o i l - a p p l i e d  sys temic  p e s t i c i d e  used f o r  the  
c o n t r o l  o f  i n s e c t s ,  m i tes ,  and nematodes. A l d i c a r b  
s u l f o x i d e  i s  h i g h l y  water  s o l u b l e  and v e r y  t o x i c .  The 
mode of  a c t i o n  i s  r e v e r s i b l e  c a r b a m y l a t i o n  of  t he  
a c e t y l c h o l i n e s t e r a s e  enzyme. The consequence i s  t he  
accumu la t i on  o f  a c e t y l c h o l i n e  a t  c h o l i n e r g i c  
n e u r o e f f e c t o r  j u n c t i o n s ,  a t  s k e l e t a l  muscle myoneural 
j u n c t i o n s  and i n  autonomic g a n g l i a .  G e n e r a l l y ,  t h e  
symptons of  p o i s o n i n g  are d i a r r h e a ,  nausea, v o m i t i n g ,  
abdominal p a i n ,  p ro fuse  swea t i ng ,  s a l i v a t i o n  and 
b l u r r e d  v i s i o n  (Recogn i t i on  and Management o f  P e s t i c i d e  
Po i son ings  1982). 

On J u l y  4 ,  1985, a p o i s o n i n g  epidemic caused by e a t i n g  
C a l i f o r n i a  watermelons c o n t a i n i n g  a l d i c a r b  s u l f o x i d e  
was r e p o r t e d .  The cases of  i l l n e s s  were es t ima ted  t o  
be as many as 250; f o r t u n a t e l y ,  t h e r e  were no deaths.  
Immed ia te ly ,  t he  C a l i f o r n i a  S ta te  Department o f  Food 
and A g r i c u l t u r e  i n  c o n j u n c t i o n  w i t h  t he  C a l i f o r n i a  
S ta te  Hea l t h  S e r v i c e s ,  t he  U.S. Food and Drug 
A d m i n i s t r a t i o n ,  and t he  County A g r i c u l t u r a l  
Commissioners ordered t he  r e c a l l  o f  a l l  C a l i f o r n i a  
watermelons d i s t r i b u t e d  i n  10 s t a t e s  and p a r t s  o f  
Canada. In  a d d i t i o n ,  t he  C a l i f o r n i a  Department of  Food 
and A g r i c u l t u r e  began an adhes ive  s t i c k e r  program t o  
reassure  the  p u b l i c  t h a t  watermelons w i t h  t he  a t tached  
s t i c k e r ,  which s t a t e d  "Passed C a l i f o r n i a  A g r i c u l t u r e " ,  
were sa fe  t o  ea t .  In essence, watermelons w i t h  t he  
s t i c k e r  had come from a f i e l d  which was sampled and 
t e s t e d  by t he  Departmental  Chemis t ry  L a b o r a t o r i e s .  
These watermelons were found t o  be f r e e  of  a l d i c a r b  
s u l f o •  and an a f f i d a v i t  s t a t i n g  t h a t  a l d i c a r b  had 
not  been used on the  f i e l d  i n  the  past  12 months was 
s igned by t he  grower .  
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On J u l y  5, 1985, t h i s  l a b o r a t o r y  was ass igned t o  
c e r t i f y  a l l  t he  watermelon f i e l d s  i n  Southern 
C a l i f o r n i a  and p a r t  o f  t he  San Joaquin V a l l e y .  Based 
on t he  p r o t o c o l  from the  headquar te rs  i n  Sacramento, a 
group of  20 melons were randomly sampled from each ac re  
f i e l d  and 5 melons c o n s t i t u t e d  a composi te  sample f o r  
t he  t e s t .  I f  a l d i c a r b  s u l f o x i d e  was found a t  t he  
d e t e c t i o n  l i m i t  (0 .2 ppm~ or  h i g h e r ,  each watermelon 
i n  the  group was r ~ q u i r e d  t o  be i n d i v i d u a l l y  t e s t e d .  

T r a d i t i o n a l l y ~  a l d i c a r b  s u l f o x i d e  i s  f i r s t  o x i d i z e d  t o  
~ l d i c a r b  s u l f o n e  w i t h  p e r a c e t i c  a c i d .  Then, a gas 
~hromatographic  (GC) u n i t  w i t h  su l f u r -mode  f lame 
pho tome t r i c  d e t e c t o r  (S-FPD) i s  used f o r  d e t e r m i n a t i o n  
o f  t he  d e r i v a t i v e  (Zweig 1974, Cochrane e t  a l .  1982, 
H i l l  e t  a l .  1984). However, t h i s  method i s  t ime  
consuming and i m p o s s i b l e  t o  hand le  w i t h  a l a r g e  number 
o f  samples i n  a s h o r t  t ime  span. With the  s i n g l e  goa l  
o f  s a t i s f y i n g  the  c e r t i f i c a t i o n  in  mind, we made a few 
changes i n  our S ix  N-Methylcarbamate method (Ting e t  
a l .  1984), and a l d i c a r b  s u l f o x i d e  was s u c c e s s f u l l y  
determined by t he  h igh  per formance l i q u i d  
chromatograph ic  (HPLC) u n i t  w i t h  pos t -co lumn 
d e r i v a t i z a t i o n .  

MATERIALS AND METHODS 

Reagents 
(a) Water - High p u r i t y  d i s t i l l e d  water  f i l t e r e d  by a 

M i l l i p o r e  water f i l t r a t i o n  k i t .  
(b) A c e t o n i t r i l e  - MCB OmniSolv AX 0142 (Spectrum 

Chemical Mfg. Corp. ,  Gardena, CA 90248). 
(c) Methanol - MCB OmniSolv MX 0488. 
(d) 2 -mercap toe thano l  - Reagent grade (F i she r  

S c i e n t i f i c  Co., F a i r  Lawn, NJ 07410}. 
(e) Sodium h y d r o x i d e  s o l u t i o n  - 5 and 0.05 N. 
( f )  Sodium t e t r a b o r a t e  s o l u t i o n  0 . 1 M  -ACS grade 

sodium t e t r a b o r a t e  decahydra te  (F isher  S c i e n t i f i c  
Co.). 

(g) OPA - O-phthalaldehyde (Fisher Scientific Co.). 
(h) Aldicarb sulfoxide standard solutions - 

(1) Stock slution - 1 mg/mL in methanol. 

(2) Working solution - 1 ug/mL in methanol. 

Apparatus 
(a) A n a l y t i c a l  column - Cyc lohexy l  (CH) 5 um, 25 cm * 

4 .6  mm I .D .  column (Ana ly t i chem I n t e r n a t i o n a l ,  
Harbor C i t y ,  CA 90710). 

(b) Food chopper - Model 8181-D (Hobart  Mfg. Company, 
Troy,  OH 45374). 

(c) Homogenizer - Omni-Mixer (DuPont Co. B ioMed ica l  
D i v i s i o n ,  Newton, CT 06410).  

(d) Water bath - Model WBT-IO0, equipped H i t h  
t he rmos ta t  (Barnstead S t i l l  & S t e r i l i q e r  Co. 

193 



Boston, MA 02132). 
(e) Water f i l t r a t i o n  k i t  - F i l t e r  h o l d e r ,  T e f l o n - f a c e d  

g lass  47 mm and membrance d isc  f i l t e r s  pore s i z e  
0.45 um ( M i l l i p o r e  Corp. ,  Bedford ,  MA 01730). 

( f )  C e n t r i f u g e  - Model CS ( I n t e r n a t i o n a l  Equipment 
Co., Bostons MA). 

HPLC Chromatographic C o n d i t i o n  and I n s t a l l a t i o n  
Flow r a t e  o f  t he  mob i le  phase was se t  a t  1.5 mL/min. 
The i s o c r a t i c  e l u t i o n  was 10% a c e t o n i t r i l e  and 90% 
water  f o r  9 min per t e s t .  The volume o f  each 
i n j e c t i o n  was 20 uL. The d e t a i l s  o f  i n s t a l l a t i o n  o f  
the  HPLC and post -co lumn d e r i v a t i z a t i o n  a re  g iven  i n  
T ing e t  a l .  (1984).  

Sample P r e p a r a t i o n  
A sharp k n i f e  was used t o  cu t  a q u a r t e r  p o r t i o n  o f  a 
watermelon.  F i v e  p ieces  from f i v e  watermelons were 
chopped i n  a Hobart  food chopper t o  make a composi te  
sample. E x a c t l y  100 g was weighed i n t o  a o n e - p i n t  
Mason j a r ;  and then,  100 mL o f  a c e t o n i t r i l e  was poured 
i n t o  t he  j a r .  The Mason j a r  was put  on an Omni-Mixer 
and the  c o n t e n t s  were blended f o r  2 min. The l i q u i d  
p o r t i o n  was f i l t e r e d  th rough a sharksk in  f i l t e r  paper 
i n  a funne l  and c o l l e c t e d  i n  a 4-oz g l ass  b o t t l e .  
About 15 g o f  NaCI was added i n t o  t he  b o t t l e .  The 
b o t t l e  was corked and shaken v i g o r o u s l y  f o r  1 min. 
Next,  the  b o t t l e  was p laced  i n  a c e n t r i f u g e  f o r  2 min 
a t  1,500 rpm. A f t e r  c e n t r i f u g i n g ,  the  a c e t o n i t r i l e  
e x t r a c t  was v i s i b l e  on the  t op .  E x a c t l y  10 mL of  the  
a c e t o n i t r i l e  e x t r a c t  l a y e r  was p i p e t t e d  i n t o  a 50-mL 
beaker.  The e x t r a c t  in  the  beaker was concen t ra ted  on 
a 100~C water  bath w i t h  the  a i d  o f  a g e n t l e  a i r  stream. 
The f i n a l  c o n c e n t r a t i o n  t o  dryness was by e v a p o r a t i o n  
a t  ambient tempera tu re  w i t h  a g e n t l e  a i r  stream. 

For the  0.1 ppm recove ry  s tudy ,  20 mL of  a c e t o n i t r i l e  
e x t r a c t  l a y e r  was p i p e t t e d  i n t o  a 50-mL beaker .  The 
c o n c e n t r a t i o n  procedure  was t he  same as above. E x a c t l y  
5 mL of  methanol was put  i n t o  t he  d r i e d  beaker which 
was r o t a t e d  g e n t l y  f o r  d i s s o l v i n g  the  s o l i d s .  
App rox ima te l y ,  1.5-mL a l i q u o t  was t r a n s f e r e d  i n t o  a 2 -  
mL v i a l .  Then, t he  v i a l  was sea led  w i t h  a cap and ready 
t o  put  on a HPLC's auto  sampler f o r  t h e  d e t e r m i n a t i o n .  

RESULTS AND DISCUSSION 

The chromatograms ob ta i ned  f o r  watermelon w i t h  0 .2  ppm 
a l d i c a r b  s u l f o x i d e  added, 20 ng o f  a l d i c a r b  s u l f o x i d e  
standards and watermelon c o n t r o l  a re  p resented  i n  F ig .  
1. I t  i l l u s t r a t e d  t h a t  the  r e t e n t i o n  t ime  o f  a l d i c a r b  
s u l f o x i d e  i s  6.91 min under t he  i s o c r a t i c  c o n d i t i o n ~  
which i s  10% a c e t o n i t r i l e  and 90% water  w i th  1.5 mL/min 
f l o w  r a t e .  I t  i s  a l s o  c l e a r l y  demonstrated t h a t  the  CH- 

194 



Table i. Recovery (%) results of 0.1, 0.2 and 0.4 ppm 
aldicarb sulfoxide added in the watermelon. 

Recovery, % 

AldicarbNo.1 sulfoxide added 0.176pPm 0.273ppm 0"47PPm6 

No.2 71 70 72 
No.3 71 75 79 
No.4 65 75 76 
No.5 65 75 76 
No.6 81 75 72 
No.7 81 75 76 
No.8 74 75 76 
No.9 81 75 79 
No.lO 81 75 79 

Mean 75 74 76 
S.D. 6.47 1.64 2.56 
Cv 8.6% 2.2% 3.4% 

A B C 

I e 

Lber eoe.  ! II !1, 
i I I I m I. I I 

0 4 8 0 4 8 0 4 8 

Retention Time (min) 

Figure 1. HPLC chromatograms. A. Control watermelon 
with 0.2 ppm aldicarb sulfoxide added. 
B. 20 ng aldicarb sulfoxide standard. 
C. Watermelon control. 
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Cyc lohexy l ,  25 cm, column separa ted  the  watermelon 
c o e x t r a c t i v e s  ve ry  w e l l .  In the  watermelon,  t h e r e  i s  a 
c o e x t r a c t i v e  which cou ld  i n t e r f e r e  w i t h  the  a l d i c a r b  
s u l f o x i d e ;  w i t h  t h i s  method, the  i n t e r f e r e n c e  peak i s  
shown s l i g h t l y  ahead o f  a l d i c a r b  s u l f o x i d e  and has the  
r e t e n t i o n  t ime  a t  5.91 min (F ig .  1). I f  a 15 cm, C-18 
column i s  used, t h i s  i n t e r f e r e n c e  peak would have t he  
same r e t e n t i o n  t ime  as a l d i c a r b  s u l f o x i d e  and would be 
m i s i d e n t i f i e d  as a l d i c a r b  s u l f o x i d e .  Th is  i s  because 
t he  25 cm, CH-Cyclohexyl column i s  s l i g h t l y  p o l a r  and 
10 cm longer  than the  15 cm, C-18 column; both 
f e a t u r e s  he lp  t o  separa te  t he  ve ry  p o l a r  a l d i c a r b  
s u l f o x i d e  from the  c o e x t r a c t i v e  i n t e r f e r e n c e  in  t he  
watermelons.  

The recove ry  da ta  o f  watermelon f o r t i §  a t  0 .1 ,  0 .2  
and 0 .4  ppm a l d i c a r b  s u l f o x i d e  a re  presented i n  Tab le  
I .  We found t h a t  the  mean recove ry  r e s u l t s  ranged from 
74 t o  76%. In t h e  case of  t he  0.1 ppm r e c o v e r y  s tudy,  
20 mL of  a c e t o n i t r i l e  e x t r a c t  was used i n  the  
c o n c e n t r a t i o n  s tep i n s t e a d  o f  10 mL used i n  the  o the rs .  
The re fo re ,  the  s i g n a l  and no i se  r a t i o  f o r  t he  0.1 ppm 
recove ry  s tudy stayed t he  same as the  0 .2  ppm recove ry  
s tudy.  

A l d i c a r b  s u l f o n e  (2 m e t h y l - 2 - ( m e t h y l s u l f o n y l ) p r o p a n a l  
O - { ( m e t h y l a m i n o ) c a r b o n y l } o x i m e )  may be de tec ted  by t h i s  
method a l s o .  I t ' s  r e t e n t i o n  t ime  was 11.0 min. In 
t h i s  work, the  a l d i c a r b  s u l f o n e  wasn ' t  o f  i n t e r e s t  f o r  
two reasons: 1) We d i d n ' t  f i n d  a l d i c a r b  s u l f o n e  in  the  
watermelons,  and 2) A l d i c a r b  s u l f o n e  cou ld  be e a s i l y  
de tec ted  by GC methods. 

In the  C a l i f o r n i a  watermelon c e r t i f i c a t i o n  program, we 
e n t i r e l y  depended on t h i s  method t o  d e t e c t  a l d i c a r b  
s u l f o x i d e  due t o  i t s  a l l  around balanced 
c h a r a c t e r i s t i c s  i n  accuracy,  p r e c i s i o n  and speed. 
However, o t h e r  methods were a l s o  e s t a b l i s h e d  f o r  the  
purpose o f  c o n f i r m a t i o n .  In t he  c o n f i r m a t i o n  methods, 
we used two i ns t rumen ts :  1) A Var ian  3400 GC w i t h  
enhanced S-FPD and a Hewle t t  Packard, 530 u s e r i e s ,  10 
m, 50% pheny lmethy l  s i l i c o n e  c a p i l l a r y  column, and 2) A 
Var ian  3700 GC w i th  n i t r o g e n  m o d e  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  and a Hew le t t  Packard 530 u 
s e r i e s ,  3 .3  m, 50% pheny lmethy l  s i l i c o n e  column. As 
known, a l d i c a r b  s u l f o x i d e  was t h e r m a l l y  l a b i l e  and poor 
v o l a t i l e  compound; t h e r e f o r e  we se t  t he  h igh  
tempera tu re  (250~ a t  t h e  i n j e c t o r  p o r t  f o r  degrad ing  
t he  compound, and then separa ted t he  unknown 
d e g r a d a t i o n  compound i n  the  column a t  t he  tempera tu re  
o f  130~ F i n a l l y ,  t he  compound was de tec ted  by the  
s u l f u r  and /o r  n i t r o g e n  mode s e l e c t i v e  d e t e c t o r s .  In 
our expe r i ence ,  the  GC w i t h  S-FPD had about one h a l f  o f  
t he  minimum d e t e c t a b i l i t y  o f  t he  HPLC method. I t  was 
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f a i r  t o  use ~or con f i rm ing  the  p o s i t i v e  samples, as 
a l a rge  sample load was app l ied  i n t o  the  GC. However, 
when the  l a b o r a t o r y  had as many  samples as the  
c e r t i f i c a t i o n  program.(55 samples i n  20 hr per day) the  
GC could be contaminated q u i c k l y  a f t e r  heavy usage and 
down-time became a problem. Therefore~ we c o u l d n ' t  
r e l y  on t h i s  u n i t  t o  be a p r imary  i ns t r umen t .  In the  
case of us ing  a GC w i t h  n i t r o g e n  mode e l e c t r o l y t i c  
c o n d u c t i v i t y  de tec to r ,  i t  i s  i n i t i a l l y  a s e n s i t i v e  
t o o l .  The problem was t h a t  i t s  no ise  l e v e l  increased 
q u i c k l y  a f t e r  10 t o  20 consecu t i ve  sample a p p l i c a t i o n s ;  
consequently~ the  l i n e a r i t y  of  peak h e i g h t  or area 
decreased and p r e c i s i o n  became poor. In a d d i t i o n ,  i t  i s  
i n t e r e s t i n g  to  note t h a t  the ni t rogen-mode e l e c t r o l y t i c  
c o n d u c t i v i t y  de tec to r  i s  p r a c t i c a l l y  use less ~hen 
c e r t a i n  commodities, such as b rocco l i 9  are analyzed 
w i t h o u t  a c lean up procedure. Th i s  i s  because~ 
b r o c c o l i  con ta i ns  n i t rogenous  compounds; some of these 
compounds re lease  s l o w l y  i n  a GC column and the  
c o n d u c t i v i t y  c e l l  of the de tec to r  would be f looded w i t h  
these compounds f o r  a per iod  of t ime.  Therefore~ i t  i s  
imposs ib le  to  determine a l d i c a r b  su lTox i de  or o ther  
chemicals i n  b r o c c o l i  by t h i s  i ns t rumen t  w i t h o u t  a 
clean up procedure. However~ the  c lean up procedure i s  
t ime consuming, and the  recovery  may be s a c r i f i c e d .  

Because of the  p o s s i b l e  l i t i g a t i o n  i n v o l v e d  du r ing  the  
watermelon contaminat ion  i n v e s t i g a t i o n  by the  Sta te  
enforcement d i v i s i o n ,  unused watermelons w i t h  p o s i t i v e  
r e s u l t s  were s tored i n  the f r e e z e r .  A lso ,  the  sample 
e •  from those watermelons were ordered to  be 
s tored i n  a r e f r i g e r a t o r  f o r  a p o s s i b l e  repeat  t e s t  by 
other  l a b o r a t o r i e s .  The p o s s i b i l i t y  of degradat ion i n  
the a c e t o n i t r i l e  e x t r a c t i o n  was of concern; t h e r e f o r e  
10 e x t r a c t s  were prepared from 5 uncontaminated 
watermelons w i t h  0 .4  ppm a l d i c a r b  s u l f o x i d e  added. 
These e •  were analyzed on 0,1~2,5~6,7~8,9 days. 
There was no degradat ion of a l d i c a r b  s u l f o x i d e  found i n  
any of them. 
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