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F o l i a r  r e s i d u e s  of  some c h o l i n e s t e r a s e - i n h i b i t i n g  p e s t i c i d e s  
can be hazardous  to  f i e l d  workers  pe r fo rming  t a s k s  i n v o l v i n g  sub-  
s t a n t i a l  c o n t a c t  wi th  the  c rop  0~ILBY e t  a l .  1974�87 SPEAR et  a lo  
1975).  Consequently�87 i t  i s  impor t an t  to  know the  magni tude and 
r a t e  o f  p e s t i c i d e  r e s i d u e s  on the  p a r t  o f  the  crop  c o n t a c t e d  by 
the  worke r s .  

Hethomyl [S-methyl  N-(methylcarbamoyloxy)  t h i o a c e t a m i d a t e ]  i s  
used f o r  the  c o n t r o l  o f  l oope r s  and cutworms on mint  in  Oregono At 
the  t ime methomyl i s  a p p l i e d ,  mint  needs t o b e  i r r i g a t e d  f r e q u e n t l y  
because  i t  i s  a v i g o r o u s l y  growing c rop .  Workers who move the  i r r i g a -  
t i o n  p i p e s  may be exposed t o  mint  f o l i a g e  t r e a t e d  wi th  methomyl,  and 
f o r  t h i s  r e a s o n  a s t udy  was unde r t aken  to  de te rmine  the  magni tude 
and f a t e  o f  d i s l o d g e a b l e  and t o t a l  r e s i d u e s  of  methomyl when a p p l i e d  
to  minto D i s l o d g e a b l e  r e s i d u e s  a r e  s u r f a c e  r e s i d u e s  which may be 
i n c o r p o r a t e d  i n t o  or  on to  p a r t i c u l a t e  m a t t e r  and a r e  t h e r e f o r e  e a s i l y  
t r a n s f e r r a b l e  to  workers  e i t h e r  by d i s lodgement  i n t o  a i r  or  by d i r e c t  
t r a n s f e r  t o  w o r k e r s '  sk in  and c l o t h i n g .  T o t a l  r e s i d u e s  a l s o  i n -  
c lude  m a t e r i a l  which has  p e n e t r a t e d  i n t o  the  l e a f o  

EXPERIMENTAL METHODS 

Trea tment  and Sampling:  F i e l d s  (80 to  90 a c r e s )  o f  peppermin t  
nea r  J e s 1 8 7  Oregon�87 were t r e a t e d  wi th  0~ or  1o8 lb  a i / a c r e  
u s i n g  a 90% WP Lannate brand f o r m u l a t i o n ~  A p p l i c a t i o n s  were made 
August 3 � 8 7  by a i r p l a n e  u s i n g  10 ga l  o f  w a t e r / a c r e  and t h r e e  
2-1b samples  were c o l l e c t e d / f i e l d  a t  4, 24 and 48 h a f t e r  t r e a t m e n t y  

E x t r a c t i o n  and a n a l y s ™  of  d i s l o d s e a b l e  r e s i d u e s :  The method 
was based  on t h e m e t h o d  f o r  d i s l o d g e a b l e  r e s i d u e s  o f  GUNTHER e t  a l .  
(1973)o Leaf  d i s c s ,  1.3 cm in d i a m e t e r j  were punched from 100 l e a v e s  
pe r  sample immed ia t e ly  a f t e r  c o l l e c t i o n  and t h e i r  weight  determinedo 
Samples were then  s t o r e d  a t  -10"C in 8-ounce j a r s  u n t i l  i h e y  were 
e x t r a c t e d .  Discs  were a l lowed  to  thaw f o r  e x t r a c t i o n  and then  
s t r i p p e d  u s i n g  100 mL o f  wa te r  c o n t a i n i n g  4 drops  o f  a 1:50 d i l u t i o n  
of  Sur-Ten w e t t � 8  agen t  p e r  sampleo J a r s  were shaken e n d - t o - e n d  
on a r e c i p r o c a t i n g  shake r  a t  170 c u  f o r  20 mino The s t r i p -  
p ing  s o l u t i o n  was r e c o v e r e d  by d e c a n t a t i o n  and the  p rocedu re  r e -  
pea t ed  two more r imes~ The combined s t r i p p i n g  s o l u t i o n s  were a c i d i -  
f i e d  and e x t r a c t e d  wi th  t h r e e  100 mL p o r t i o n s  of  d ich loromethane~  
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F i f t y  mL of  0 . 1 N  NaOH were added to  the  CH2C12 e x t r a c t  and the  s o l -  
ven t  e v a p o r a t e d  on a s t e a m b a t h  fo l lowed  by 15 min of  a d d i t i o n a l  h e a t -  
ing. The hydrolysis mixture was acidified�87 extracted with three 50 
mL portions of CH2C12�87 and the extract dried for gas chromatographyo 

E x t r a c t i o n  and a n a l z s i s  of  t o t a l  r e s i d u e s :  A 50 g sample of  
l e aves  was macera ted  wi th  two s u c c e s s i v e  250mL p o r t i o n s  of  e t h y l  
a c e t a t e .  The e x t r a c t  was r e c o v e r e d  by f i l t e r i n g  and the  e x t r a c t i o n  
j a r  and f i l t e r  cake washed wi th  a d d i t i o n a l  50 mL of  e t h y l  a c e t a t e .  
Water was added and the  o rgan i c  s o l v e n t  removed by e v a p o r a t i o n .  
The aqueous phase  was f i l t e r e d � 8 7  a c i d i f i e d � 8 7  and washed t h r e e  r imes  
wi th  hexane fo l l owed  by e x t r a c t i o n  of  methomyl i n t o  CH2C12 wi th  t h r e e  
50 mL p o r t i o n s  of  the  s o l v e n t .  The sample was then  hydro lyzed  as 
d e s c r i b e d  above.  

Methomyl s t a n d a r d :  Methomyl i s  hydro lyzed  in the  p r e s e n c e  o f  
a l k a l i  t o  the  c o r r e s pond i ng  oxime�87 S-methyl  N - h y d r o x y t h i o a c e t i m i -  
d a t e .  In  l i e u  of  t h i s  compound as  a s tandard �87  known amounts of  metho-  
myl were hyd ro lyzed  a long  wi th  the  samples  and used  to  c a l i b r a t e  the  
gas chromatograph. 

Gas chromatography: Analyses were performed on a gas chromato- 
graph equipped with a flame photometric detector operated with a 394 
nm interference filter for sulfur. The 0.9 m x 2 mm ID Pyrex column 
was packed with 10% FFAP on 80/100 mesh acid washed HPW. Operating 
parameters were: column temperature 170~187 injector temperature 190~187 
detector temperature 165~ nitrogen carrier gas flow 40 mllmino Re- 
tention time of the oxime was about 4~ min. 

V a l i d a t i o n  of  the  a n a l ~ t i c a l  method: Un t r ea t ed  f o l i a g e  showed 
no s i g n i f i c a n t  r e s p o n s e  t o  t h •  methodo The s e n s i t i v i t y  
l i m i t s  o f  t h e  method were t h e r e f o r e  e s t i m a t e d  on the  b a s i s  o f  the  gas  
ch romatograph ic  r e s p o n s e  to  the  a n a l y t � 8  s t andards �87  base  l i n e  n o i s e  
l eve l � 87  and sample s i z e .  

The r e l i a b i l i t y  of  the  a n a l y t i c a l  method f o r  d i s l o d g e a b l e  r e s i -  
due measurements  was t e s t e d  by adding known amounts o f  methomyl in  
ace tone  s o l u t i o n  t o  d i s c s  o f  u n t r e a t e d  l e a v e s .  The s o l v e n t  was a l -  
lowed to  e v a p o r a t e  and the  samples  were s t o r e d  f r o z e n  f o r  about  t he  
same l e n g t h  of  r ime as  the  samples  from t r e a t e d  f i e l d s .  The f o r t i -  
f i e d  samples  were e x t r a c t e d  and ana lyzed  as  p r e v i o u s l y  d e s c r i b e d  a long  
wi th  t r e a t e d  samples .  The r e s u l t s  in Tab le  1 i n d i c a t e  a 78% a v e r a g e  
recoveryo  

The r e l i a b i l i t y  of  the  t o t a l  r e s i d u e  method was t e s t e d  in a 
s i m i l a r  mannero Known amounts of  methomyl were added t o  u n t r e a t e d  
leaves �87  the  s o l v e n t  was a l lowed to  e v a p o r a t e  and the  samples  s t o r e d  
f r o z e n  u n t i l  a n a l y s i s .  The p r e v i o u s l y  d e s c r i b e d  method f o r  t o t a l  
r e s i d u e s  was used  f o r  e x t r a c t i o n  and a n a l y s i s  of  t h e s e  sampleso The 
da ta  in  Tab le  1 show an a v e r a g e  r e c o v e r y  of  89%. 

The e f f e c t  o f  ~rozen s t o r a g e  was f u r t h e r  t e s t e d  by r e a n a l y z -  
ing the  4-h samples  a f t e r  96 days  os a d d i t i o n a l  s t o r a g e .  The r e s u l t s  
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of this study are presented in Table 2 and show an average devia- 
tion from the earlier results of less than 5%. It is concluded 
that no significant fosses of methomyl occur during 4 mo of frozen 
storage. 

TABLE 1 

RECOVERY OF ADDED METHOMYL FROMMINT LEAVES AFTER FROZEN STORAGE 

Analytical Frozen s torage �87  Methomyl, ppm Recovery, 
method daZs Added Found percent 

dislodgeable 6 50 41 82 
" 14 I00 79 79 
" 15 50 41 82 
" 16 100 70 70 
" 17 50 45 86 
" 97 i00 67 67 

total 67 200 188 94 
" 71 i00 91 91 
" 76 I00 87 87 
" 83 200 184 92 
" 90 50 42 84 
" 104 50 44 88 

TABLE 2 

EFFECT OF FROZEN STORAGE ON DISLODGEABLE RESIDUES 
IN FOUR-HOUR SAMPLES 

Treatment ,  Frozen Dis lodgeable  Frozen Dis lodgeable  
r e s i d u e l  r e s i due  1 

lb a c t u a l  s torage �87  s torage �87  
pe r  ac re  da~s ug/cm 2 ppm da~s ug/cm 2 ppm 

0.9 14 1.59 150 110 lo18 124 
0.9 14 1.48 154 110 1~35 145 
0.9 14 1.49 144 110 1.87 166 

1.8 16 2.31 242 112 2.80 265 
1o8 16 2.04 218 112 2.21 234 
1.8 16 2.54 225 112 2.16 214 

Resul t s  no t  c o r r e c t e d  f o r  r e c o v e r i e s .  S e n s i t i v i t y  o f  the  a n a l y t s  
method: 0.01 ug/cm 2 or  0.4 ppm with 100 d i s c s .  
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TABLE 3 

DISLODGEABLE AND TOTAL RESIDUES OF METHOMYL ON MINT FOLIAGE 

Treatment,  Dis l0dgeable  r e s i d u e s  2 
lb a c t u a l  . . . .  To ta l  r e s idue  3 
per acre Interval I u~/cm 2 ppm ppm 

untreated -- <0o01 <0~ <0oi 
0.9 4 1.59 150 220 
0~ 4 1.48 154 161 
0~ 4 I~ 144 180 

0.9 24 0.77 71 135 
0.9 24 0.63 53 87 
0.9 24 0~ 56 i00 

0.9 48 0~ 35 78 
009 48 0.32 31 64 
009 48 0.32 24 67 

1o8 4 2,31 242 309 
1o8 4 2~ 218 258 
1.8 4 2.54 225 321 

1~ 24 1.72 164 195 
1.8 24 0.95 75 112 
1.8 24 1.03 104 178 

1.8 48 0.69 55 110 
1.8 48 0.66 57 97 
1o8 48 0.53 46 76 

1 1 n t e r v a l  between a p p l i c a t i o n  and sampling,  hourso 
2 Resu l t s  hOt c o r r e c t e d  f o r  r ecove r i e so  S e n s i t i v i t y  o f  the  a n a l y t i -  

ca l  method: 0.01 ug/cm 2 or  0~ ppm w�8 100 d�8 
3 Resu l t s  hOt c o r r e c t e d  f o r  r e c o v e r i e s .  S e n s i t i v i t y  of  the  a n a l y t i -  

ca l  method: 0.1 ppm with  a 50 g sample. 
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RESULTS 

The results of the analyses are shown in Table S. The data 
show that the dislodgeable residues diminished rapidly with a hall- 
lire of about 24 h and also that they diminished more rapidly than 
the penetrated residues. About 22% of the dislodgeable residue re- 
mained ai 48 h as compared te 36% for total residue. The propor- 
tion of dislodgeable residue in total residue also declined with 
rime: at 4 h 82% of the total residue was dislodgeable, at 48 h 
only 50%. Itis the dislodgeable residue that is responsible for 
possible hazards te workers. The order of magn�8 of dislodge- 
able res�8 of methomyl on mint was about the same on an area 
basis as reported in literature for other pesticides on other crops 
(WESTLAKE et al. 1975, LEFFINGWELL et al. 1975�87 WINTERLIN et al. 
1975). 

The weather during the sampling period was mild with very 
little precipitation. The maximum temperatures ranged from 20 te 
30~ and the minimum temperature from 10 te 15~ Rainfall was 
0~ cm on the last day of sampling. 
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