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I n  a s tudy  of t h e  s o i l  p e r s i s t e n c e  of t h e  organo- 
phosphorus i n s e c t i c i d e ,  Zinophos.  we found by a n a l y s i s  
a s h o r t  t ime a f t e r  a p p l i c a t i o n ,  t h a t  only 54% of  t h e  
i n s e c t i c i d e  which we intended t o  apply was a c t u a l l y  
p re sen t  ( 1 ) .  S ince  t h e  a p p l i c a t i o n  had been made w i t h  
a t t e n t i o n  t o  accuracy ,  and s i n c e  similar d i s c r e p a n c i e s  
were noted i n  a p a r a l l e l  s t u d y  a t  ano the r  l o c a t i o n ,  we 
concluded t h a t  t h e  l o s s e s  were real and n o t  due t o  
a p p l i c a t i o n  e r r o r .  Such l o s s e s  a r e  u n a e s i r a b l e ,  n o t  
only because they  reduce t h e  e f f e c t i v e n e s s  of t h e  p e s t i -  
c i d e ,  bu t  a l s o  because they  may r e s u l t  i n  environmental  
contaminat ion.  

An examination o f  t h e  more r e c e n t  l i t e r a t u r e  o n  . 
t h e  use and p e r s i s t e n c e  o f  s o i l  i n s e c t i c i d e s  h a s  
i nd ica t ed  t h a t  a p p a r e n t l y  o t h e r  workers have n o t  
i n v e s t i g a t e d  t h i s  problem. E d w a r d s  ( 2 )  r e f e r s  t o  
l o s s e s  d u r i n g  a p p l i c a t i o n  but  does n o t  c i t e  any inves-  
t i g a t i o n s .  Only a few r e p o r t s  c o n t a i n  d a t a  which per-  
m i t  an  e s t i m a t e  o f  t h e s e  l o s s e s .  Bohn ( 3 )  i n d i c a t e s  
a 16% loss o f  dimethoate  d u r i n g  a p p l i c a t i o n ,  while  
Menzer & ( 4 )  recovered a n  average o f  32% of d i -  
s u l f o t o n  and 103% of phora t e  immediately a f t e r  a p p l i -  
c a t i o n .  

I t  might be assumed t h a t  when such l o s s e s  occur  
they  are due t o  evapora t ion  from t h e  s o i l  s u r f a c e  p r i o r  
t o  inco rpora t ion ,  and t o  d r i f t  or evapora t ion  of spray  
p a r t i c l e s  du r ing  t h e  moment of  a p p l i c a t i o n .  However, 
s i n c e  machinery designed f o r  t h e  a p p l i c a t i o n  of p e s t i -  
c i d e s  t o  s o i l  s u r f a c e s  o p e r a t e s  a t  lo* pres su res  and 
w i t h  nozz le s  c l o s e  t o  t h e  s o i l  s u r f a c e ,  t h e  l o s s e s  
dur ing  a p p l i c a t i o n  would seem t o  be minor. We have 
made a two y e a r  s tudy  of  t h i s  problem us ing  t h e  i n -  
s e c t i c i d e s  Zinophos (0 ,O-d ie thy l  0-2-pyrazinyl  phos- 
phoro th ioa te )  and Dyfonate ( 0 - e t h y l  S-phenyl e thylphos-  
phonodi th ioa te ) .  Our experiments  were designed t o  
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account f o r  t h e  p e s t i c i d e  from t h e  sp ray  tank t o  t h e  
s o i l  and f o r  t h e  f i rs t  24 hours  a f t e r  reaching  t h e  
s o i l .  The r e s u l t s  show t h a t  l o s s e s  o f  13 t o  40% of 
such p e s t i c i d e s  can occur  and t h a t  most of  t h e  l o s s  i s  
due t o  evapora t ion  or d r i f t  d u r i n g  t h e  a c t  of spraying .  

EXPERIMENTAL 
i 

Fie ld  p l o t s :  

I n  t h e  1569 t e s t s  emuls ib le  formula t ions  ( 4  l b /  
ga l )  of Dyfonate and Zinophos were app l i ed  t o  20 x 100 
foo t  p l o t s  a t  3.87 and 3.54 l b .  a .  i .  pe r  a c r e ,  respec-  
t i v e l y ,  based on t h e  volume o f  spray  used . -  The p l o t s  
were r e p l i c a t e d  t h r e e  t imes ,  one being double-disced 
immediately a f t e r  sp ray ing .  ano the r  double-disced two 
hours l a t e r .  and a t h i r d  l e f t  u n t i l l e d .  The weather  
Y'as calm and o v e r c a s t  du r ing  t h e  a p p l i c a t i o n  and t h e  
s o i l  and t h e  e i r  tempera tures  were 71°F. The s o i l  
t ype  'was Chehal i s  s i l t  loam, pH 6.0.  

Dupl ica te  samples of t h e  spray  mixture  i n  t h e  
tank  were removed before  and a f t e r  a p p l i c a t i o n  f o r ,  
t h e  de t e rmina t ion  of t h e  c o n c e n t r a t i o n  o f  t h e  p e s t i -  
c i d e s .  The volume of  spray  app l i ed  t o  t h e  p l o t s  was 
read from t h e  gauge on t h e  t ank .  and w i t h  t h e  concen- 
t r a t i o n  provided by a n a l y s i s  and t h e  p l o t  s i z e ,  w a s  
used t o  c a l c u l a t e  t h e  t r ea tmen t  r a t e .  The  a p p l i c a t i o n  
ecuipment h a s  been descr ibed  i n  a p rev ious  r e p o r t  
(1, Dyfonate,  1970) .  

The amount o f  i n s e c t i c i d e  r each ing  t h e  s o i l  s u r -  
f ace  was determined i n  t w o  ways; by a n a l y s i s  of  s o i l  
samples c o l l e c t e d  w i t h  a s o i l  auge r ,  and by c o l l e c t i n g  
t h e  spray  i n  shallov; 7-inch aluminum pans,  each con- 
t a i n i n g  200 g of  s o i l ,  which were uniformly d i s t r i -  
buted a t  10 per  p l o t .  Immediately a f t e r  t h e  s p r a y e r  
ha.d passed over  t h e  p l o t s ,  t h e  c o n t e n t s  of t h e  pans 
from each p l o t  were placed i n  a j a r  con ta in ing  200 m l  
of ace tone  and capped w i t h  an a i r  t i g h t  l i d .  The s o i l  
.vias sampled, acco rd ing  t o  t h e  t ime schedules  shown i n  
Table 11, by random c o l l e c t i o n  of 30 3/4 x 6- inch co res  
from each p l o t .  The co res  were placed i n  ace tone  a t  
once as above. A l l  samples were s t o r e d  under r e f r i g -  
e r a t i o n  u n t i l  e x t r a c t i o n .  

Only Dyfonate was s tud ied  i n  t h e  1970 experiment .  
The 20 x 50 f o o t  p l o t s  were r e p l i c a t e d  6 t imes  and 
were t r e a t e d  w i t h  an emuls ib le  formula t ion  ( 4  l b . / g a l )  
a t  4 .78  l b .  a .  i. p e r  a c r e  based on t h e  volume of spray  
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app l i ed .  T h i s  volume w a s  determined more a c c u r a t e l y  
than before  by v o l u m e t r i c a l l y  measuring t h e  amount of  
l i c u i d  i n  t h e  tank  before  and a f t e r  sp ray ing .  Samples 
of t h e  spray  mixture  were c o l l e c t e d  as before  t o  
determine t h e  a c t u a l  concen t r a t ion  of  Dyfonate.  The 
aluminum pans were used t o  monitor  t h e  amount of spray  
reaching  t h e  s o i l  by p l a c i n g  4 pans on each p l o t .  The 
con ten t s  of two pans from t h e  oppos i t e  s i d e s  of  each 
p l o t  were combined i n  jars c o n t a i n i n g  ace tone  s o  a s  t o  
provide two samples f r o m  each p l o t .  S o i l  samples were 
taken as p rev ious ly  d e s c r i b e d ,  20 c o r e s  per  p l o t .  

The s o i l  t ype  i n  t h e  1970 t e s t  w a s  Newberry 
sandy l o a m ,  pH 5 . 6  - 5.8.  The weather was calm and 
p a r t l y  c loud ly  du r ing  t h e  a p p l i c a t i o n  w i t h  an a i r  
temperature  of 61°F and a s o i l  t empera ture  of  66OF. 

Analys is :  

The spray  mixture  samples were e x t r a c t e d ,  a f t e r  
s a t u r a t i n g  t h e  sp ray  mixture  w i t h  sodium c h l o r i d e ,  by 
shaking wi th  t h r e e  p o r t i o n s  of  hexane a t  t h e  r a t e  of 
1/2 m l  hexane p e r  gram o f  sp ray .  The hexane e x t r a c t  
was d r i e d  a n d  s t o r e d  under  r e f r i g e r a t i o n  u n t i l  a n a l y s i s .  
The s o i l  samples were e x t r a c t e d  as p rev ious ly  descr ibed  
(1). Analys is  w a s  by g a s  l i q u i d  chromatography u s i n g  
an e l e c t r o n  c a p t u r e  d e t e c t o r .  

The r e l i a b i l i t y  of t h e  a n a l y t i c a l  method was 
confirmed by ana lyz ing  samples of  un t r ea t ed  s o i l  f o r t i -  
f i e d  w i t h  known amounts o f  t h e  i n s e c t i c i d e s .  Average 
r ecove r i e s  were 88 and 91%, f o r  Dyfonate and Zinophos, 
r e s p e c t i v e l y .  

RESULTS AND DISCUSSION 

The l o s s e s  of  t h e  two i n s e c t i c i d e s  a r e  i l l u s -  
t r a t e d  i n  Table  I. The d a t a  from t h e  1969 experiments  
a r e  from t h e  p l o t s  t i l l e d  immediately a f t e r  application 
and a r e  based on a n a l y s e s  o f  s i n g l e  composite samples 
c o n s i s t i n g  of  t h e  c o n t e n t s  o f  10  pans or of  30 6- inch  
co res  a s  p rev ious ly  desc r ibed .  The averages  shown for 
Dyfonate i n  t h e  1970 experiment  are based on 1 2  pan 
composites ( 2  f o r  each o f  t h e  6 p l o t s )  and 6 s o i l  co re  
composites (20  from each p l o t )  and a r e  t h u s  s ta t i s t i -  
c a l l y  more r e l i a b l e .  We b e l i e v e  t h a t  t h e  sampling 
error i n . t h e  case  of  t h e  1969 p l o t s  is low, however, 
because o f - t h e  demonst ra t ion  i n  Table  I11 of  a l o w  
i n t e r - p l o t  and in te r -sample  v a r i a t i o n .  S ince  a p p l i -  
c a t i o n ,  sampling and a n a l y t i c a l  t echn iques  were un- 
changed between t h e  1969 a n d  197OUexperiments,  t h e  
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e r r o r  encountered i n  t h e  e a r l i e r  t e s t s  s h o u l d  be no 
l a r g e r .  A g r e a t e r  source  of e r r o r  i n  t h e  1969 t e s t s  
might have been our r e l i a n c e  on t h e  sp ray  t ank  gauge 
f o r  de te rmining  t h e  volume o f  sp ray  used i n  t h e  a p p l i -  
c a t i o n s .  Th i s  might account f o r  t h e  l a r g e r  loss of  
Dyfonate i n  1969 t h a n  i n  1970 a l though ,  as we p o i n t  
o u t  l a t e r ,  o t h e r  f a c t o r s  could a l s o  e x p l a i n  t h i s  

I 
1 

j 
1 -  

d i f f e r e n c e .  . ,. : 

TABLE .I 

Loss o f  P e s t i c i d e s  During Appl ica t ion  

z inODhOS Dyfonate i+/ Dyfonate L?/ 
l b / A  '% l o s s  lb/A % l o s s  lb/A % l o s s  

Rate of  
a p p l i c a t i o n  3.54 3.87 4.78 

Deposi t  based o 
pan a n a l y s i s  2.14 39.5 3.19 17.6 4 . 1 8  12.6 

i Deposi t  based on 
s o i l  a n a l y s i s  G/ 2.22 37.3 2.94 24.1 3.98 1 6 . 7  [ 

fi 

/I{ 

4 1969 experiment ,  d a t a  based on one 1 0  pan sample 
and one 30-core sample. 

samples and s i x  20-core samples. 

c a t i o n .  S o i l  samples c o l l e c t e d  a f t e r  t i l l i n g .  
w i t h i n  30 minutes  of  a p p l i c a t i o n .  

1970 experiment ,  d a t a  based on twelve  2-pan I: 
Pan samples c o l l e c t e d  immediately a f t e r  a p p l i -  I .  

,. 
The i n s e c t i c i d e  c o n c e n t r a t i o n s  were expressed i n  

pounds p e r  a c r e ,  t h o s e  based on pan a n a l y s i s  c a l c u l a t e d  
f r o m  t h e  a r e a  of  t h e  pans. and t h o s e  based on s o i l  
a n a l y s i s  c a l c u l a t e d  f om t h e  es t ima ed weight o f  a 6- 

T h i s  
va lue  w a s  c a l c u l a t e d  from d r y  weight of  t h e  samples 
c o l l e c t e d  i n  t h e  1970 experiment a n d  from t h e  volume 
of t h e  sampling dev ice .  It was assumed t h a t  no p e s t i -  
c i d e  vias p resen t  a t  dep th  g r e a t e r  t h a n  6 inches .  The 
agreement between t h e  two c a l c u l a t i o n s  i n d i c a t e s  t h a t  
t h i s  assumption and t h e  weight and a r e a  e s t i m a t e s  a r e  
v a l i d .  

inch a c r e ,  1 .933 x 10 t; +_ 0.049 x 10  2 pounds. 
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- 1 It is evident  t h a t  a major l o s s  occurred d u r i n g  
t h e  a c t  of  sp ray ing .  Nearly 40% of t h e  Zinophos and up 
t o  24% of t h e  Dyfonate f a i l e d  t o  r each  t h e  s o i l  su r f ace  
(Table  I ) .  T h i s  d i f f e r e n c e  between t h e  two  i n s e c t i -  
c i d e s  may be due t o  d i f  e r ences  i n  vapor  p r e s s u r e ,  

Dyfonate,  r e s p e c t i v e l y .  The h igher  tempera ture  i n  1969 

of Dyfonate i n  t h e  e a r l i e r  t e s t .  

3 x 10-3 and 0 .38  x 10- 5 mm Hg a t  3 O O C ,  f o r  Zinophos and 

(71°F) t h a n  i n  1970 (61°F) may exp la in  t h e  g r e a t e r  l o s s  w 

The ana lyses  o f  t h e  t r e a t e d  s o i l  i n  t h e  per iod  
immediately a f t e r  a p p l i c a t i o n  are shown i n  Table  11. 
Although t h e  v a l u e s  a r e  somewhat e r r a t i c ,  it i s  ev ident  
t h a t  n e i t h e r  p e s t i c i d e  s u f f e r e d  s i g n i f i c a n t  l o s s e s  
du r ing  t h e  24 hour  per iod  fo l lowing  a p p l i c a t i o n ,  regard-  
less  whether  t h e  p l o t  was t i l l e d .  T h i s  i s  a s u r p r i s i n g  
r e s u l t  s i n c e  it is g e n e r a l l y  assumed t h a t  t h e s e  p e s t i -  
c i d e s  evapora te  r a p i d l y  from u n t i l l e d  s o i l  s u r f a c e s .  
The r e s u l t s  with Dyfonate confirm t h o s e  presented  
e a r l i e r  (1) which  showed t h a t  l o s s e s  a re  n e g l i g i b l e  
du r ing  t h e  f i rs t  72 hours .  

TABLE I1 

Loss o f  P e s t i c i d e s  from S o i l  During 
t h e  F i r s t  Day a f t e r  A p p l i c a t i o n ,  

~~ 

Time of 
Zinophos, Dyfonate,  

P l o t  ppm D u m  

P l o t  1, d i s c e d  immediately 1/2 
4 I ,  ,I 

1.15 1.52 
1.24 1.58 





i 




