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COMPUTER SIMULATION OF LEACHING OF ALDICARB RESIDUES FROM ARABLE SOILS I N  WINTER 

M. LEISTRA and J .H .  SMELT 

I n s t i t u t e  f o r  P e s t i c i d e  Research ,  Marijkeweg 22, 6709  PG Wageningen, t h e  Netherlands 

ABSTRACT 

A computer model was used t o  s i m u l a t e  t h e  movement and convers ion  i n  s o i l s  of 

two b i o l o g i c a l l y  a c t i v e  o x i d a t i o n  produc.ts o f  a l d i c a r b ,  i t s  s u l f o x i d e  and i t s  
su l fone .  Bas i c  d a t a  on t h e s e  compounds, as measured i n  t h e  l a b o r a t o r y ,  were i n t r o -  

duced i n t o  the  computations.  S t a r t i n g  p o i n t s  were the  moi s tu re  p r o f i l e s  and con- 

c e n t r a t i o n  p a t t e r n s  i n  s o i l  measured i n  a f i e l d  exper iment  w i th  columns of g ra s sed  

s o i l s  0 . 8  o r  1.0 m long i n  t h e  autumn, 165d a f t e r  a p p l i c a t i o n  o f  a l d i c a r b  i n  sp r ing .  

Weather d a t a  and s o i l  c h a r a c t e r i s t i c s  were in t roduced  as measured o r  e s t ima ted  i n  

t h e  same exper iment .  

The amounts of p e r c o l a t i o n  w a t e r  s imula t ed  t o  flow from t h e  s o i l  systems dur ing  

t h e  w i n t e r  p e r i o d  wi th  470 nun o f  p r e c i p i t a t i o n  were most ly  somewhat lower than 

measured. The shape o f  t h e  e f f l u e n t  curves  f o r  t h e  s u l f o x i d e  and s u l f o n e  were 

f a i r l y  w e l l  d e s c r i b e d  by t h e  computations,  as were t h e  concen t r a t ion  p a t t e r n s  

remaining i n  t h e  lower p a r t  of loam s o i l  columns. Cumulative l each ing  of s u l f o x i d e  

p lus  s u l f o n e  from t h e  two loam s o i l  sys tems 1.0 m long  w a s  s imu la t ed  t o  be 1.9 and 

1.5% o f  t h e  dosage, r e s p e c t i v e l y ,  which was i n  t h e  range o f  v a l u e s  measured i n  the  

exper iment .  Leaching from t h e  humic sand  s o i l  0.8 m long was s imula t ed  t o  be 17% 

of t h e  dosage, whereas measured l each ing  ranged from 10 t o  16% of t h e  dosage. 

INTRODUCTION 

When t h e  i n s e c t i c i d e  and nemat ic ide  a l d i c a r b  E-methyl-Z-(methylthio)propional- 

dehyde G-methylcarbamoyl oximg is a p p l i e d  t o  a r a b l e  s o i l  i n  s p r i n g ,  r e s i d u e s  o f  

i t s  b i o l o g i c a l l y  a c t i v e  ox ida t ion  products  s u l f o x i d e  and s u l f o n e  may s t i l l  be  

p r e s e n t  i n  t h e  s o i l  i n  autumn ( r e f .  I ) .  A t  t h e  end  of October  (165  days a f t e r  

a p p l i c a t i o n ) ,  t h e  amount of s u l f o x i d e  p l u s  s u l f o n e  corresponded t o  6 ,  7 ,  and 19% 

of  t h e  dosage f o r  g ra s sed  columns of two loam s o i l s  and a humic sand  s o i l ,  respec- 

t i v e l y  ( r e f .  2 ) .  The r e s i d u e s  were l a r g e l y  r e t a i n e d  i n  t h e  upper 3J cm of  t h e  

s o i l s .  The behav io r  o f  a l d i c a r b  and i t s  o x i d a t i o n  p roduc t s  i n  g ra s sed  s o i l s  i n  the  

summer p e r i o d  w a s  s imula t ed  w i t h  a computation model and t h e  computed concentra- 

t i o n  p a t t e r n s  were similar t o  t h e  measured p a t t e r n s  ( r e f .  3) .  
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The two ox ida t ion  products  o f  a l d i c a r b  a r e  only weakly adsorbed onto s o i l s  

( r e f .  4 )  and may thus  move t o  deeper s o i l  l a y e r s  w i th  p r e c i p i t a t i o n  surplus i n  

winter .  Aldicarb su l fox ide  and su l fone  were r e c e n t l y  measured i n  t h e  w i n t e r  

l eacha te  from grassed s o i l  columns (0.8 or 1.0 m long) under f i e l d  cond i t ions  

( r e f .  2 ) .  It would be u s e f u l  i f  l each ing  under f i e l d  cond i t ions  could be s imulated 

with a computer model, which could then be used f o r  quick e v a l u a t i o n  of t h e  e x t e n t  

t o  which p e s t i c i d a l  compounds may be leached under d ive r se  cond i t ions  i n  win te r .  

A computer model desc r ibed  by L e i s t r a  and Smelt ( r e f .  3) was used t o  s imula t e  

movement and conversion of t h e  ox ida t ion  products  o f  a l d i c a r b  i n  t h r e e  s o i l s  i n  

winter .  Basic  parameters and r e l a t i o n s h i p s  f o r  t h e  compounds, a s  measured i n  t h e  

l abora to ry ,  were introduced i n t o  the  computations. Data on weather  condi t ions 

were c o l l e c t e d  and s o i l  c h a r a c t e r i s t i c s  were measured or est imated.  The r e s u l t s  

of t he  computations were compared wi th  t h e  e f f l u e n t  curves and concen t r a t ion  pat-  

t e r n s  i n  s o i l  measured i n  the  experiment by Smelt e t  a l .  ( r e f .  2 ) .  

PROCEDURES 

S o i l  and weather  

Three s o i l  systems were considered,  corresponding t o  Westmaas loam s o i l ,  Wierum 

loam s o i l  and Vortum-Mullem humic sand s o i l ,  r e spec t ive ly .  The composition and 

var ious chemical c h a r a c t e r i s t i c s  of t hese  s o i l s  have been given be fo re  ( r e f .  2 ) .  

The s o i l  systems were divided i n t o  two l a y e r s  f o r  h y d r a u l i c  c h a r a c t e r i s t i c s .  The 

moisture r e t e n t i o n  curves and t h e  r e l a t i o n s h i p s  between h y d r a u l i c  conduc t iv i ty  

and volume f r a c t i o n  of l i q u i d  have been given by L e i s t r a  and Smelt ( r e f .  3). 

The volume f r a c t i o n  o f  moisture  g1 a t  t h e  beginning o f  t h e  computations w a s  

introduced a s  measured i n  g ra s sed  s o i l  columns dug out  on 26 October 1979 ( r e f .  2 ) .  

I n  t h e  Westmaas and Wierum loam s o i l  systems i t  ranged from about 0.17 m /m a t  

the  top t o  about 0.30 m3/m3 a t  t h e  bottom. I n i t i a l l y ,  i n  t h e  Vortum-Mullem s o i l  

system, it decreased from 0.05 m / m  i n  t h e  top l a y e r  t o  0.02 m / m  around 0.5 m 
depth and below t h a t  i nc reased  t o  0.07 m3/m3 a t  t h e  bottom. The volumic masses 

3 3  

3 3  3 3  

e u l k  d e n s i t i e 4  o f  t h e  s o i l s ,  as desc r ibed  ( r e f .  3 ) ,  were introduced a s  a func t ion  

of depth. 

P r e c i p i t a t i o n  w a s  measured d a i l y  a t  t h e  meteorological  s t a t i o n  n e a r  t h e  s i t e  

where t h e  columns were dug i n t o  t h e  s o i l .  The r i m  of t h e  r a i n  gage (diam. 2 3  cm) 

was 40 cm above t h e  s o i l  su r f ace .  Besides ,  p r e c i p i t a t i o n  ove r  pe r iods  of about 

a week was measured wi th  tubes o f  i n n e r  diameter  12 cm dug i n t o  t h e  s o i l  w i th  

t h e i r  rims I cm above t h e  su r face .  One of  t h e  tubes was covered wi th  g rave l  and 

the  o t h e r  w a s  l e f t  open. The amounts of r a i n f a l l  measured wi th  t h e  tubes were 
divided i n t o  d a i l y  amounts i n  p ropor t ion  t o  t h e  d a i l y  moun t s  measured wi th  t h e  

r a i n  gage. Daily p r e c i p i t a t i o n  de r ived  f o r  t h e  open tube (one of t h e  p a t t e r n s  
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int roduced i n t o  t h e  computations) i s  shown i n  Fig. 1 ,  t oge the r  with cumulative 

m u n t s  f o r  open tube,  gravel-covered tube and r a i n  gage. The d i f f e rences  i n  

measured p r e c i p i t a t i o n  were s u b s t a n t i a l  and were presumably caused by d i f f e r e n c e s  

i n  aerodynamic condi t ions on a micro-scale. The g r e a t e s t  dev ia t ions  were found f o r  

pe r iods  wi th  snow and stormy wind. 

Evaporation from a w a t e r  su r f ace  c a l c u l a t e d  by Penman's method f o r  the D e  B i l t  

weather s t a t i o n  has been r epor t ed  by KNMI ( r e f .  5) and cumulative evaporat ion 

i s  represented i n  Fig. 1. Transp i r a t ion  by t h e  g ra s s  was assumed t o  equa l  t h i s  

evaporat ion,  s o  the  cumulative amount of  t r a n s p i r a t i o n  was 87 mm. I n t e r c e p t i o n  

and evaporat ion from the  s o i l  were neglected.  Re la t ive  roo t  a c t i v i t y  w a s  introduced 

as a func t ion  of depth,  a s  descr ibed f o r  t h e  end of  t h e  growing season ( r e f .  3). 

Maximum roo t ing  depth was 1.0 m i n  the  loam s o i l  systems and 0.6 m i n  the  humic 

sand s o i l  system. 

Movement and conversion of  t h e  substances 

The concen t r a t ion  p a t t e r n s  of  a l d i c a r b  su l fox ide  and a l d i c a r b  sulfone measured 

i n  the  g ra s sed  s o i l  colunms a t  t h e  end of October 1979 ( r e f .  2)  were introduced 

as i n i t i a l  d i s t r i b u t i o n s  i n  the  computations. Aldicarb i t s e l f  was completely 

I 
. _ _  .. 

Tim 
1 1  I I 1 1 1  I 1  I I I I I ,  , I  

1 I0 20 1 I0 20 1 10 20 1 10 20 1 I0 20 I I0 
Oct. Nov. Dec. Jan. Fe b r. March April 

Fig. 1 .  Cumulative m u n t s  of r a i n f a l l  measured with a r a i n  gage, a gravel-covered 
tube and an open tube.  Daily amounts of r a i n f a l l d e r i v e d  f o r  the open tube.  Cumu- 
l a t i v e  evaporat ion from a water  su r face .  



944 

converted i n  autumn, s o  i t  could be ignored.  For a few l a y e r s ,  only t o t a l  resi- 

dues were a v a i l a b l e  and t h e s e  w e r e  p a r t i t i o n e d  between s u l f o x i d e  and su l fone  

according t o  t h e i r  r a t i o  i n  the  o t h e r  l a y e r s .  The v a s t  n a j o r i t y  o f  t h e  r e s idue  

w a s  i n  the  l a y e r  10 - 20 cm f o r  loam. In t h e  humic sand,  most r e s i d u e  w a s  i n  t h e  

upper 30 cm, though comparat ively low concen t r a t ions  had p e n e t r a t e d  t o  depths  

around 60 cm. 
The d i f f e r e n t i a l  e q u a t i o n s ,  parameters  and r e l a t i o n s h i p s  used f o r  d e s c r i b i n g  

adso rp t ion  and movement of t h e  subs t ances  i n  t h e  s o i l  systems have been given by 

Leistra and Smelt  ( r e f .  3 ) .  

Temperature measurements w e r e  a v a i l a b l e  f o r  depth 15 and 40 cm ( r e f .  2 ) .  A re- 

p r e s e n t a t i v e  temperature-time r e l a t i o n s h i p  w a s  i n t roduced  i n t o  t h e  computations by 

s p e c i f y i n g  35 p o i n t s  ( t a k i n g  t h e  movement of t h e  concen t r a t ion  p a t t e r n s  i n t o  

account) and by i n t e r p o l a t i n g  l i n e a r l y  between these  p o i n t s .  The rate c o e f f i c i e n t s  

f o r  conversion of  s u l f o x i d e  and su l fone  used i n  the  computations and t h e i r  depen- 

dence on s o i l  temperature ,  mo i s tu re  p r e s s u r e  and depth i n  t h e  s o i l  have been 

desc r ibed  ( r e f .  3 ) .  The submodel and parameters  f o r  uptake of t h e  substances by 
t h e  crop are given i n  the  same paper.  

Design of  t h e  computer program 

The l eng ths  of  t h e  s o i l  systems were 1.0 m f o r  t h e  loam s o i l s  and 0 .8  m f o r  

t he  humic sand s o i l .  The systems were d iv ided  i n t o  computation compartments almost 

4 cm t h i c k ,  which gave 26 compartments f o r  t h e  loam s o i l  systems and 2 1  compartments 

f o r  t h e  humic sand s o i l  system, inc lud ing  a sand f i l t e r  a t  t h e  base.  The s e t  of 

d i f f e r e n t i a l  equa t ions ,  t h e  parameters  and the  r e l a t i o n s h i p s  were programmed i n  

the computer language CSMP 111 ( r e f .  6 ) .  The r a t e  equa t ions  were i n t e g r a t e d  

numerical ly  by E u l e r ' s  method f o r  t i m e  i n t e r v a l s  A t  of 0.01 d. F u r t h e r  d e t a i l s  

of t he  computations have been given b e f o r e  ( r e f .  3) and a copy of  t h e  computer 

program i s  a v a i l a b l e  on r eques t .  

RESLTLTS AND DISCUSSION 

Measured and computed water p e r c o l a t i o n  

The p e r c o l a t i o n  of  wa te r  measured f o r  t he  t h r e e  columns of each of t h e  t h r e e  

s o i l s  i s  given i n  Fig.  2 .  The p e r c o l a t i o n  s t a r t e d  i n  December when the  s o i l s  w e r e  

s u f f i c i e n t l y  wet ted by r a i n f a l l .  The cumulative amounts of  p e r c o l a t i o n  i n  the  

beginning of  A p r i l  v a r i e d  from 180 t o  347 mm. Water p e r c o l a t i o n  from t h e  columns 

i n  poly(methylacry1ate)  tubes was d i s t i n c t l y  g r e a t e r  than t h a t  from t h e  columns 

i n  s t ee l  tubes.  This d i f f e r e n c e  w a s  p o s s i b l y  caused by t h e  p o s i t i o n  of t he  c o l m s  

a t  t he  s i t e .  The poly(methylacry1ate)  tubes were dug i n t o  t h e  s o i l  about 0 . 5  m 

from a t r ench  covered wi th  a f i b r e - g l a s s  roof a t  t h e  l e v e l  of t h e  s o i l  s u r f a c e .  
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Fig. 2. P e r c o l a t i o n  of  wa te r  measured f o r  t h e  s o i l  columns i n  poly(methylacry1ate)  
(p) and i n  s t e e l  (s )  tubes .  Water p e r c o l a t i o n  computed wi th  t h e  p r e c i p i t a t i o n  
p a t t e r n s  measured wi th  open (0) and wi th  gravel-covered ( 0 )  tubes .  

The gras sed  s u r f a c e  bes ide  t h i s  roof may have caught more p r e c i p i t a t i o n  ( e s p e c i a l l y  

snow) than  t h e  g ra s sed  s u r f a c e  s e v e r a l  meters from t h e  roof  where t h e  s t ee l  colunms 

were placed.  

Water p e r c o l a t i o n  computed f o r  t h e  s o i l  systems i s  a l s o  shown i n  Fig.  2 .  

P e r c o l a t i o n  computed wi th  t h e  p r e c i p i t a t i o n  p a t t e r n  de r ived  from open-tube measu- 

rements roughly corresponded wi th  t h a t  measured f o r  poly(methylacry1ate)  tubes.  

I n t r o d u c t i o n  o f  t h e  p a t t e r n  de r ived  from t h e  gravel-covered tube gave computed 
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amounts of  p e r c o l a t i n g  water t h a t  roughly correspond t? those  measured f o r  t h e  

s teel  tubes.  The p e r c a l a t i o n  computed f o r  February w a s  g r e a t e r  t han  measured, 

e s p e c i a l l y  f o r  t h e  loam s o i l  systems,  whereas i n  t h e  month March/April computed 

percc - a t i o n  was comparat ively low. The p e r c o l a t i o n  computed f o r  t h e  Vortum-Mullem 

s o i l  w a s  lower than  measured, though t h e  p o s i t i o n  of t h e  open tube and t h e  s o i l  

c o l u m s  i n  r e l a t i o n  t o  t h e  t r ench  w a s  t h e  same. P r e c i p i t a t i o n  p a t t e r n s  f o r  t h e  

open tube and gravel-covered tube were used i n  t h e  computations on t h e  movement 

of  t he  ox ida t ion  p roduc t s  i n  t h e  s o i l  systems. The volume f r a c t i o n s  o f  l i q u i d  i n  

the  s o i l  systems computed f o r  t h e  end of t h e  p e r i o d  w e r e  s l i g h t l y  h i g h e r  than 

those measured i n  t h e  corresponding s o i l  columns i n  t h e  beg inn ing  o f  A p r i l  1980. 

Behavior o f  t h e  subs t ances  

The concen t r a t ions  of  a l d i c a r b  s u l f o x i d e  and s u l f o n e  i n  f r a c t i o n s  of t h e  

e f f l u e n t  and i n  l a y e r s  of  t h e  s o i l  columns, as measured ( r e f .  2 )  are r ep resen ted  

i n  Fig.  3 t o  7 as block diagrams. For many f r a c t i o n s  and l a y e r s ,  t h e  o x i d a t i o n  

products  were measured s e p a r a t e l y ,  whereas f o r  t he  o t h e r s  t hey  were measured as 

t o t a l  r e s idue .  

0.6 

0.4 - 0.2 - 
E 
1 0  0 

0.6 
v 

c, 0.4 

a 0  
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- % 0.2 

5 1.0 
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8 0.6 
8 0.4 
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0 
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C .- 

.- e 
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Fig. 3 .  
1 m long o f  Westmaas loam s o i l  du r ing  the  w i n t e r  of  1979/1980. Blocks i n  s o l i d  and 
broken l i n e s  r ep resen t  d u p l i c a t e  columns i n  poly (me thy lac ry la t e )  t ubes ;  smooth l i n e ,  
computer s imula t ed  wi th  t h e  p r e c i p i t a t i o n  d a t a  from open tube.  

Concentrat ions of  a l d i c a r b  s u l f o x i d e  and s u l f o n e  i n  e f f l u e n t  from columns 
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Test runs wi th  t h e  computer model, using a d i spe r s ion  length parameter Ld = 0.01 m, 

r e s u l t e d  i n  a small spread i n  t h e  concentrat ions and i n  the  e f f l u e n t  curves with 

r e spec t  t o  measured spread. The Ld used w a s  i nc reased  t o  0.02 m f o r  t he  loam s o i l  

systems and t o  0.03 m f o r  t he  humic sand s o i l  system. These values  a r e  wi th in  

the  range r epor t ed  f o r  leaching s t u d i e s  i n  columns i n  t h e  l abora to ry  ( r e f .  7 ) .  

The concentrat ions o f  a l d i c a r b  su l fox ide  and su l fone  computed f o r  t he  e f f l u e n t  
of t h e  Westmaas loam s o i l  system are rep resen ted  i n  Fig. 3. Both t h e  measured 

and s imulated pe rco la t ion  of t h e  substances starts low f a i r l y  soon a f t e r  t h e  s t a r t  

of pe rco la t ion .  The shape of t he  breakthrough curves i s  f a i r l y  w e l l  descr ibed 

by computer s imulat ion.  However the  concentrat ion of  a l d i c a r b  sulfone i n  the  l a s t  

e f f l u e n t  f r a c t i o n s  is  d i s t i n c t l y  overest imated by t h e  model. 

The concentrat ions computed t o  remainin t h e  Westmaas loam s o i l  a t  t h e  beginning 

of A p r i l  1980 a r e  given i n  Fig. 4. Computed movement seemed t o  be g r e a t e r  than 

measured. The concentrat ion of  su l fox ide  i n  l i q u i d  phase,  sl, a s  c a l c u l a t e d  from 

the  measurements f o r  t he  bottom l a y e r  w a s  0.47 m l / m  on the  average. Comparison 

with s1 measured i n  t h e  e f f l u e n t  (Fig. 3) shows t h a t  t h e  peak of t h e  measured 

su l fox ide  d i s t r i b u t i o n  w a s  around the  f i l t e r  p a r t ,  s o  t h e  d i f f e rence  between com- 

puted and measured p o s i t i o n  of t h e  peak w a s  small. The concentrat ion of sulfone 

measured i n  t h e  bottom l a y e r  corresponds t o  a c of  0.58 mmo1/m3, which implies  -1 
t h a t  t h e  peak of  t h e  measured su l fone  d i s t r i b u t i o n  w a s  s t i l l  i n  the l a y e r  

3 

I 1 I I  1 , 1 1 1 -  

I 
-I sulfoxide sulfone sulfoxide+sulfone 

I 
c l- 

I - I 
I 

Fig. 4. Concentrations of  a l d i c a r b  su l fox ide  and sulfone i n  Westmaas loam s o i l  
i n  poly(methylacry1ate) tubes i n  A p r i l  1980, about 1 1  months a f t e r  app l i ca t ion  
of a l d i c a r b  i n  May 1979. Blocks i n  s o l i d  and broken l i n e s  r ep resen t  dup l i ca t e  
s o i l  columns; smooth l i n e ,  computer s imulated wi th  t h e  p r e c i p i t a t i o n  d a t a  from 
open tube. 
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0.6 

0.4 

0.2 - 

0.8 t o  1.0 m. The movement o f  s u l f o n e  w a s  t hus  somewhat ove res t ima ted  by t h e  

model. Low concen t r a t ions  o f  t h e  o x i d a t i o n  p roduc t s  were measured t o  be r e t a i n e d  

i n  the  top  l a y e r s  of t h e  columns. This r e t e n t i o n  w a s  n o t  s i m u l a t e d  wi th  t h e  p r e s e n t  

model. 

The concen t r a t ions  i n  t h e  e f f l u e n t  computed f o r  t h e  Wierum s o i l  sys tem a r e  

r ep resen ted  i n  Fig. 5. Leaching  o f  t h e  subs t ances  w a s  computed t o  s t a r t  a f t e r  

about 50 mm of wa te r  had p e r c o l a t e d .  In t he  cor responding  expe r imen t ,  very  l o w  

r e s idues  were a l r e a d y  found i n  t h e  f i r s t  e f f l u e n t  f r a c t i o n  from one of t h e  columns. 

A f t e r  an i n i t i a l  p e r i o d ,  t h e  computed c o n c e n t r a t i o n s  o f  bo th  s u l f o x i d e  and s u l f o n e  

were h i g h e r  t han  measured. The d i f f e r e n c e  between t h e  computed and measured e f f l u e n t  

curves  w a s  presumably exagge ra t ed  by unde res t ima t ion  o f  t h e  convers ion  rates of 
s u l f o x i d e  and s u l f o n e  i n  t h i s  s o i l .  

The concen t r a t ions  computed f o r  t h e  Wierum loam s o i l  sys t em a t  t h e  beg inn ing  

sulfoxide 

- 

- 

0 20 40 60 80 100 120 140 160 180 200 220 240 260 
Cumulative liquid percolation (mm 1 

Fig. 5. Concen t r a t ions  o f  a l d i c a r b  s u l f o x i d e  and s u l f o n e  i n  e f f l u e n t  from columns 
1 m long o f  Wierum loam s o i l  i n  s tee l  tubes  du r ing  t h e  w i n t e r  o f  1979/1980. Blocks 
in s o l i d  and broken  l i n e s  r e p r e s e n t  d u p l i c a t e  s o i l  columns; smooth l i n e ,  computer 
s imula t ed  w i t h  p r e c i p i t a t i o n  d a t a  from covered  tube. 
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of A p r i l  1980 a r e  shown i n  Fig.  6 .  The c o n c e n t r a t i o n s  of t h e  s u l f o n e  were over- 

e s t i m a t e d  i n  t h e  lower l a y e r s .  The measured c o n c e n t r a t i o n s  o f  s u l f o x i d e  and s u l f o n e  

i n  the  l i q u i d  phase o f  t he  bot tom l a y e r  cor responded t o  0.51 and 0.43  mmol/m , 
r e s p e c t i v e l y .  Comparison o f  t h e s e  c o n c e n t r a t i o n s  w i t h  t h e  e f f l u e n t  concen t r a t ions  

shows t h a t  t h e  peaks o f  t h e  measured s u l f o x i d e  and s u l f o n e  were s t i l l  i n  the  

l a y e r  0 . 8  t o  1.0 m. The computed movement w a s  somewhat g r e a t e r  w i th  t h e  peaks 

n e a r  t h e  lower end. Again, r e t e n t i o n  of compara t ive ly  low concen t r a t ions  o f  t h e  

o x i d a t i o n  p roduc t s  i n  t h e  upper 0.2 m was measured b u t  n o t  s imula ted .  

3 

The computed concen t r a t ions  o f  a l d i c a r b  s u l f o x i d e  and s u l f o n e  i n  t h e  e f f l u e n t  

from the  Vortum-Mullem humic sand  s o i l  sys tem are shown i n  Fig.  7. According t o  

computation the  subs t ances  shou ld  a l r e a d y  appear  a t  t h e  s ta r t  of p e r c o l a t i o n .  

In t he  exper iment ,  t h e  subs t ances  were indeed  found i n  t h e  f i r s t  e f f l u e n t  f r a c t i o n ,  
f o r  one of t h e  columns, even i n  f a i r l y  h igh  concen t r a t ion .  The computed p o s i t i o n  

o f  t h e  peak of t h e  e f f l u e n t  curves  cor responds  f a i r l y  w e l l  w i t h  t h e  p o s i t i o n  o f  

t h e  peaks measured f o r  two of t h e  columns. For t h e  t h i r d  column, t h e  measured 

p o s i t i o n  o f  t h e  peak was behind  t h e  computed one. The s t r o n g  t a i l i n g  i n  the  mea- 

s u r e d  e f f l u e n t  curves  is on ly  p a r t l y  d e s c r i b e d  by t h e  computer model. 

I 

Computed m a t e r i a l  ba l ances  

The material ba l ance  f o r  t h e  Westmaas loam s o i l  sys tem (open-tube p r e c i p i t a t i o n )  
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Fig. 7. Concentrat ions of  a l d i c a r b  s u l f o x i d e  and s u l f o n e  i n  t h e  e f f l u e n t  from 
columns 0.8 m long o f  Vortum-Mullem h m i c  sand s o i l  du r ing  t h e  w i n t e r  of  1979/1980. 
Blocks i n  s o l i d  and broken l i n e s  r e p r e s e n t  t r i p l i c a t e  columns; smooth l i n e ,  computer 
s imula t ed  wi th  p r e c i p i t a t i o n  d a t a  from open tube.  

i n  t h e  w i n t e r  1979/1980 w a s  computed and the  items are expres sed  a s  percentage 

of t h e  dosage o f  a l d i c a r b  a p p l i e d  i n  May 1979, which was 5.24 mmo1/m2 (about 10 kg/ha) 

A t  t h e  s tar t  o f  t h e  oomputation (26 October 1979), 6.0% of  t h e  dosage (on 

average) was p r e s e n t  as s u l f o x i d e  (3.2%) p l u s  su l fone  (2.7%). The items of  t h e  

material ba l ance  f o r  s u l f o x i d e  p l u s  su l fone  computed f o r  t h e  w i n t e r  up t o  9 Apr i l  

1980 were: l e f t  i n  s o i l ,  2.4%; converted i n  s o i l ,  1.5% taken up by p l a n t s ,  0.1%; 

and leached from the s o i l ,  1.9% o f  t h e  dosage. The measured l each ing  ranged from 

0.5 t o  2.0% of  the  dosage ( r e f .  2 ) .  

A t  t h e  end o f  October 1979, 6.9% o f  t h e  dosage (on average) was p r e s e n t  i n  t h e  

Wierum loam s o i l  as s u l f o x i d e  p l u s  su l fone .  The i t e m s  o f  t h e  material ba l ance  ove r  

the w i n t e r  computed f o r  t h i s  system wi th  t h e  covered-tube p r e c i p i t a t i o n  p a t t e r n  

was :  l e f t  i n  s o i l ,  3.4%; converted i n  s o i l ,  1.8%; taken up by p l a n t s ,  0 .2%;  and 
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leached from s o i l ,  1.5% o f  t h e  dosage. Smelt e t  al .  ( r e f .  2) found t h a t  l each ing  

from t h e  corresponding s o i l  columns ranged from 0.8 to  2.2% o f  the  dosage. 

I n  October 1979, t h e  VortumMullem humic sand s o i l  con ta ined  a comparat ively 

l a r g e  amount of  s u l f o x i d e  p l u s  su l fone :  18.4% of t h e  dosage (on average) .  According 

t o  t h e  computations,  only 0.2% w a s  l e f t  i n  t h e  s o i l  system i n  Apr i l  1980, wh i l e  

1 . 1 %  w a s  converted i n  s o i l  i n  w i n t e r  and 0.5X was taken up by t h e  p l a n t s .  Com- 

puted l each ing  from t h e  s o i l  w a s  16.6% o f  t h e  dosage,2.8% as s u l f o x i d e  and 13.8% 
as su l fone .  This  was  somewhat more than t h e  measured l each ing  t h a t  ranged from 

10 t o  16% of  t h e  dosage f o r  t h r e e  columns ( r e f .  2 ) .  

The b a s i c  d a t a  on t h e  conversion k i n e t i c s  o f  t h e  subs t ances  used i n  t h e  com- 

p u t a t i o n s  were taken from l a b o r a t o r y  s t u d i e s  wi th  o t h e r  s o i l s ,  a l b e i t  r e l a t e d  

ones, so some d e v i a t i o n  between computed and measured amunts would be  expected.  

GENERAL DISCUSSION 

The movement of  weakly adsorbed p e s t i c i d a l  subs t ances  i n  s o i l ,  r e s u l t i n g  from 

t h e  p r e c i p i t a t i o n  surplus i n  a w i n t e r  p e r i o d ,  could be  reasonably w e l l  de sc r ibed  

wi th  a s t a n d a r d  computer model. Both measurements and computations i n d i c a t e d  

t h a t  much o f  t h e  r e s i d u e  s t i l l  p r e s e n t  i n  autumn was  l eached  down t o  depths  of 

1 t o  2 m wi th  about 450 mm of  p r e c i p i t a t i o n  i n  w i n t e r .  

The items of  t h e  water ba l ance  i n  the  f i e l d  must be  measured o r  e s t i m a t e d  as 

a c c u r a t e l y  as p o s s i b l e .  Unfortunately,  under t h e  w i n t e r  cond i t ions  i n  t h i s  s tudy ,  

an unambiguous p r e c i p i t a t i o n  p a t t e r n  could n o t  be ob ta ined  from d i r e c t  measurements. 

Measuring wa te r  p e r c o l a t i o n  i n  combination wi th  t h e  i n i t i a l  and f i n a l  s o i l  moisture  

p r o f i l e s  provided a check on t h e  c o r r e c t n e s s  of  t he  p r e c i p i t a t i o n  d a t a  introduced 

i n t o  the  computations.  

The movement of t h e  subs t ances  could be f a i r l y  w e l l  s imu la t ed  wi th  t h e  s t anda rd  

convect ion-dispers ion type d e s c r i p t i o n ,  u s i n g  normal values  of d i s p e r s i o n  length.  

There seemed t o  be a f a i r  degree of e q u i l i b r a t i o n  between t h e  concen t r a t ions  i n  

f r a c t i o n s  of  t h e  l i q u i d  phase and i n  t h e  adsorbing phase,  e s p e c i a l l y  i n  the  loam 

s o i l s .  The somewhat s t r o n g e r  t a i l i n g  measured f o r  t h e  humic sand s o i l  suggested 

t h a t  uneven water flow had some e f f e c t .  

Residues of leached p e s t i c i d a l  subs t ances  o f t e n  remain f o r  s e v e r a l  months a t  

depths  of about 1 t o  2 m,  s o  i t  would be u s e f u l  t o  know more about conversion 

rates a t  those depths .  The measured conversion rates o f  a l d i c a r b  s u l f o x i d e  and 

su l fone  became lower wi th  i n c r e a s i n g  depth i n  the  a e r o b i c  zone of  a loam s o i l  

and of  a pea ty  sand s o i l  ( r e f s .  8-9). However f u r t h e r  information on t h e  conversion 

rate i n  va r ious  s u b s o i l s ,  p a r t  of  them be ing  wa te r - sa tu ra t ed  and d e f i c i e n t  i n  

oxygen, i s  u rgen t ly  needed. 
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