
Bull. Environ. Contam. Toxicol. (1989) 43:45-51 
�9 1989 Springer-Verlag New York Inc. 

~ E n v i r o n m e n t a l  
C o n t a m i n a t i o n  

l a n d  Tox ico logy  

Hydrolysis of Methyl Parathion in a Flooded Soil 

M. Sharmila, K. Ramanand, and N. Sethunathan 

Laboratory of Soil Microbiology, Central Rice Research Institute, 
Cuttack-753 006, India 

Methyl  p a r a t h i o n  (O, O - d i m e t h y l  O - p - n i t r o p h e n y l  p h o s p h o r o t h i o a t e )  
(MP) is  used  w i d e l y  fo r  con t ro l l i ng  in sec t  p e s t s  and v e c t o r s  of 
d i s e a s e s  in a g r i c u l t u r e  and p u b l i c  h e a l t h .  MP, l i k e  e t h y l  p a r a t h i o n  
(Se thuna than  et a l .  1977), may undergo  d e g r a d a t i o n  in so i l  and wate r  
env i ronments  by  h y d r o l y s i s ,  n i t ro  group r e d u c t i o n  or  b o t h . H y d r o l y s i s  
i s  the major  p a t h w a y  in nonf looded  so i l  wh i l e  MP is  d e g r a d e d  
e s s e n t i a l l y  b y  n i t ro  group r e d u c t i o n  in p r e d o m i n a n t l y  a n a e r o b i c  
e c o s y s t e m s  such  as f looded  so i l .  In a few i n s t a n c e s ,  h y d r o l y s i s  
i s  the  major  or  only p a t h w a y  of MP d e g r a d a t i o n  in so i l s  even  under  
f looded  cond i t ions  (Ou 1985). A d h y a  et a l .  (1987) found tha t  n i t ro  
group r e d u c t i o n  was the major  p a t h w a y  of MP d e g r a d a t i o n  in 4 out 
of 5 s e l e c t e d  so i l s  under  f looded  cond i t ions  whi le  in one so i l  v i z .  
Sukinda,  d e g r a d a t i o n  of MP p r o c e e d e d  e x c l u s i v e l y  b y  h y d r o l y s i s  
even  unde r  f looded  cond t ions .  The r e a s o n  for  r a p i d  h y d r o l y s i s  of 
MP in Sukinda so i l  even  under  f looded  cond i t ions  is  not c l e a r .  The 
p r e sen t  s t u d y  is  aimed at e x p l o r i n g  the  reason  for  the  h y d r o l y t i c  
p a t h w a y  of MP in f looded  Sukinda  so i l .  Also,  the  e f f ec t  of t e m p e r a -  
t u r e  on the  p e r s i s t e n c e  and d e g r a d a t i o n  p a t h w a y  of MP in f l ooded  
Sukinda so i l  was s t u d i e d .  

MATERIALS AND METHODS 

Three  s o i l s ,  a l a t e r i t e  (Sukinda)  so i l  (pH 6.9 ,  o rgan ic  ma t t e r  0.62%, 
to ta l  n i t rogen  0.04%), an ac id  su l fa te  ( P o k k a l i )  so i l  (pH 5 .4 ,  o rgan ic  
mat te r  5.51%, to ta l  n i t rogen  0.21%) and a l a t e r i t e  (Pa t t amb i )  so i l  
(pH 6 .0 ,  o rganic  mat te r  1.04%, to ta l  n i t r o g e n  0.063%) were  a i r - d r i e d  
and s i e v e d  ( <  2 ram). Twen ty -g ram p o r t i o n s  of the  so i l  were  f l ooded  
wi th  25 ml of s t e r i l e  d i s t i l l e d  wate r  in p r e - s t e r i l i z e d  t e s t  t ubes  
(200- x 25"ram) and incuba ted  at  25 -+ I~ and 35 -+ I~  Af t e r  10 
d a y s ,  an aqueous so lu t ion  (1 ml) of a commerc ia l  fo rmula t ion  of 
MP (Metacid EC 504 ob ta ined  from B a y e r ,  Ind ia )  was added  to f l ooded  
so i l  s amples  to p r o v i d e  a f ina l  concen t r a t i on  of 50 ~g a c t i v e  i n g r e -  
d ient  ( a . i . ) / g  so i l .  At p e r i o d i c  i n t e r v a l s  a f t e r  i ncuba t ion  at  25 and 
35~ r e s i d u e s  of MP in d u p l i c a t e  so i l  s amples  were  s e p a r a t e d  by  
t h i n - l a y e r  c h r o m a t o g r a p h y  and a n a l y z e d  c o l o r i m e t r i c a l l y  a f t e r  a l k a l i n e  
h y d r o l y s i s  of MP as d e s c r i b e d  e a r l i e r  (Sha rmi la  et  a l .  1988).  

Send r e p r i n t  r e q u e s t s  to N .Se thuna than  at the  above  a d d r e s s .  
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E x p e r i m e n t s  were  conduc ted  to d e t e r m i n e  w h e t h e r  more r e d u c e d  
c o n d i t i o n s  g e n e r a t e d  t h rough  p r o l o n g e d  f l ood ing  or  o r g a n i c  m a t t e r  
a d d i t i o n ,  would t r i g g e r  n i t r o  group r e d u c t i o n  in  Suk inda  s o i l .  In 
one a p p r o a c h ,  Suk inda  s o i l  was f l ooded  and i n c u b a t e d  at  25 and 35~ 
as in t he  p r e v i o u s  e x p e r i m e n t ,  but for  30 d a y s  i n s t e a d  of 10 d a y s  
to a l low more r e d u c t i o n  of the  s o i l  p r i o r  to the  a d d i t i o n  of MP. 
The p e r s i s t e n c e  and d e g r a d a t i o n  p a t h w a y s  of MP a d d e d  to a 3 0 - d a y  
f looded  s o i l  were  d e t e r m i n e d  as  in the  e a r l i e r  e x p e r i m e n t .  In a n o t h e r  
a p p r o a c h ,  r i c e  s t r a w  was a d d e d  to the  f l oode d  s o i l  to a c c e l e r a t e  
i t s  r e d u c t i o n .  Soil  s a m p l e s  (20 g) were  amended wi th  100 mg of 
r i c e  s t r a w  p o w d e r  (0 .54 w/w) and i n c u b a t e d  under  f l oode d  c ond i t i ons  
at 25 and 35~ as  in the  e a r l i e r  e x p e r i m e n t s .  A f t e r  10 d a y s ,  an 
aqueous  s o l u t i o n  of MP (50 p g  a . i / g  s o i l )  was a d d e d  to the  f l oode d  
s o i l  s a m p l e s  and MP r e s i d u e s  were  e x t r a c t e d  and a n a l y z e d  a t  p e r i o d i c  
i n t e r v a l s  as in the  f i r s t  e x p e r i m e n t .  

The r e d o x  p o t e n t i a l s  of f l o o d e d  s o i l  were  measured  wi th  a compound 
p l a t i n u m - c a l o m e l  e l e c t r o d e  as d e s c r i b e d  e a r l i e r  (Pa l  et  a l .  1979). The 
pH of t h e s e  s o i l  s a m p l e s  ( 1 :1 :25  s o i l - w a t e r  r a t i o )  was a l so  m e a s u r e d .  

RESULTS AND DISCUSSION 

MP disappeared more rapidly at 35~ than at 25~ in all the three 
soils under flooded conditions (Table 1).The insecticide was degraded 
more rapidly in Pokkali and Pattambi soils than in Sukinda soil. 
In Pokkali and Pattambi soils held at 35~ the insecticide reached 
undetectable levels in 12 days. In Sukinda soil, hydrolysis was 
the only pathway of MP degradation at both temperatures. In Pokkali 
and Pattambi soils, degradation proceeded by both nitro group redu- 
ction and hydrolysis at both temperatures; but nitro group reduction 
was more pronounced than hydrolysis. According to an earlier study 
(Sharmila et al. 1988), degradation of MP in a flooded alluvial soil 
proceeded essentially by hydrolysis and to a less extent by nitro 
group reduction at 35~ and solely by nitro group reduction at 25~ 
Such a temperature-dependent shift in the pathway of MP degradation 
was not noticed in the three soils used in this study. Evidently, 
the rate and route of degradation of MP in soil are governed by 
soil type and temperature. 

The onse t  of r e d u c i n g  c o n d i t i o n s  in a s o i l  fo l lowing  i nc uba t i on  unde r  
f l ooded  cond i t i ons  (Ponnamperuma 1972) s h o u l d  g e n e r a l l y  f a v o r  r e d u -  
c t ion  r e a c t i o n s  such  as  n i t r o  g roup  r e d u c t i o n  as n o t i c e d  in  two of 
the  t h r e e  s o i l s  u sed  in t h i s  s t u d y .  I n t e r e s t i n g l y ,  h o w e v e r ,  n i t r o  
g roup  r e d u c t i o n  of MP, when a d d e d  to 1 0 - d a y  p r e f l o o d e d  Suk inda  
s o i l ,  was t o t a l l y  i n h i b i t e d .  In a f o l l o w - u p  e x p e r i m e n t ,  Suk inda  s o i l  
was f l o o d e d  for  30 d a y s  p r i o r  to t he  a d d i t i o n  of MP to g e n e r a t e  
more r e d u c e d  c o n d i t i o n s .  The r e d o x  p o t e n t i a l  of the  s o i l  was -100 
mV a f t e r  10 d a y s  of f lood ing  and -145 mV a f t e r  30 d a y s  of f l ood ing .  
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Soi l  was f l o o d e d  for  30 d a y s  p r i o r  to the  a d d i t i o n  of MP to g e n e r a t e  
more r e d u c e d  c o n d i t i o n s .  The r e d o x  p o t e n t i a l  of the  s o i l  was -100 
mV a f t e r  10 d a y s  of f l ood ing  and -145 mV a f t e r  30 d a y s  of f l ood ing .  
Even more r e d u c e d  c o n d i t i o n s  of 3 0 - d a y  p r e f l o o d e d  s o i l  d i d  not seem 
to t r i g g e r  the  n i t r o  group r e d u c t i o n  of MP in Suk inda  s o i l  ( T a b l e  2) .  
As in 10 -day  p r e f l o o d e d  s o i l ,  MP was d e g r a d e d  e s s e n t i a l l y  by  
h y d r o l y s i s  in 3 0 - d a y  p r e f l o o d c d  s o i l .  The pH of 10- o r  3 0 - d a y  
p r e f l o o d e d  s o i l  r anger  be tween  6.9 and 7 .04 .  Chemica l  h y d r o l y s i s  
of MP i s  e x p e c t e d  to be not v e r y  r a p i d  a t  t h i s  pH (Faus t  and 
Gomaa 1972). H y d r o l y s i s  of MP in 1 0 - d a y  p r e f l o o d e d  s o i l  i s  m e d i a t e d  
e s s e n t i a l l y  b y  m i c r o o r g a n i s m s ,  because  no h y d r o l y s i s  o c c u r r e d  in  
s o i l  p r e f l o o d e d  for  10 d a y s  and then  s t e r i l i z e d  by  a u t o c l a v i n g .  
In n o n s t e r i l i z e d  s o i l ,  the  i n s e c t i c i d e  d e c l i n e d  from the o r i g i n a l  
l e v e l  of 715 • 12 ~ g / 2 0  g s o i l  to 137 • 12 ~g/20 g s o i l  a f t e r  12 
d a y s  wi th  concomitant  accumula t ion  of p - n i t r o p h e n o l  in s u b s t a n t i a l  
amounts .  During the  same p e r i o d ,  the  amount of MP d i s a p p e a r e d  
from s t e r i l i z e d  s o i l  was only  112 ~g /20  g s o i l  and p - n i t r o p h e n o l  
was r e c o v e r e d  only  in t r a c e s .  

A d d i t i o n  of o rgan ic  s o u r c e s  such  as r i c e  s t r a w  would h a s t e n  the  
r e d u c t i o n  of a f l ooded  s o i l .  The a d d i t i o n  of r i c e  s t r a w  d i s t i n c t l y  
i n c r e a s e d  the  d e g r a d a t i o n  r a t e  of MP at  bo th  25 and 35~ As in 
the  e a r l i e r  e x p e r i m e n t s ,  in unamended s o i l  h y d r o l y s i s  was t he  
so l e  p a t h w a y  of MP m e t a b o l i s m  {Table  3) .  In r i c e  s t r a w  amended  
s o i l ,  the  i n s e c t i c i d e  was d e g r a d e d  by  bo th  n i t r o  group r e d u c t i o n  
and h y d r o l y s i s .  In t e rms  of the  amounts of the  m e t a b o l i t e s  accumu-  
l a t e d  in t he  s o i l ,  h y d r o l y s i s  o u t s t r i p p e d  n i t r o  g roup  r e d u c t i o n .  
But, i t  i s  l i k e l y  t h a t  some of the  amino analog formed might  have  
been i m m e d i a t e l y  bound to the  s o i l  (Katan e t  a l .  1976, Katan and 
L i c h t e n s t e i n  1977]. In f ac t ,  not a l l  MP d i s a p p e a r e d  from r i c e  s t r a w  
amended so i l  was accounted  for  as  p - n i t r o p h e n o l  + m e t h y l  amino-  
p a r a t h i o n .  

A c c o r d i n g  to an e a r l i e r  r e p o r t  (Se thuna than  1973),  a d d i t i o n  of r i c e  
s t r a w  i n h i b i t e d  the  h y d r o l y s i s  of p a r a t h i o n  in a f l o o d e d  a l l u v i a l  
s o i l  and a c c e l e r a t e d  n i t r o  group r e d u c t i o n .  In the  p r e s e n t  s t u d y ,  
a d d i t i o n  of r i c e  s t r a w  to f l o o d e d  Suk inda  s o i l  t r i g g e r e d  n i t r o  g roup  
r e d u c t i o n .  Suk inda  s o i l  had  v e r y  low o r ga n i c  ma t t e r  content  (0 .624)  
when compared  to P o k k a l i  (5 .51~)  and P a t t a m b i  (1 .04~)  s o i l s .  So i l s  
poor  in o rgan ic  m a t t e r  u n d e r g o  s low r e d u c t i o n  upon submergence  
(Ponnamperuma 1972) and ,  t h e r e f o r e ,  may not be congenia l  for  n i t r o  
group r e d u c t i o n .  Even 3 0 - d a y  p r e f l o o d e d  Suk inda  s o i l  a t  35 ~ C 
(-145 mV) h a d  h i g h e r  r e d o x  p o t e n t i a l  than  1 0 - d a y  p r e f l o o d e d  P o k k a l i  
(-200 mY) and P a t t a m b i  {-175 'mV) s o i l s .  A d d i t i o n  of r i c e  s t r a w  
to f l ooded  Sukinda  s o i l  a c c e l e r a t e d  i t s  r e d u c t i o n .  Thus ,  in 10 d a y s  
a f t e r  f l ood ing ,  the  r e d o x  p o t e n t i a l  of r i c e  s t r a w  amended Suk inda  
s o i l  d r o p p e d  to -187 mV at  25~ and -205 mV at  35~ E v i d e n t l y ,  
the  i n h i b i t i o n  of n i t r o  group r e d u c t i o n  of MP in f l o o d e d  Suk inda  
so i l  i s  r e l a t e d  to i t s  low o rgan i c  m a t t e r  content  and h i g h e r  r e d o x  
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po ten t i a l  Based on the  da ta  p r e s e n t e d  in t h i s  s t u d y ,  d e g r a d a t i o n  
of MP fn t h i s  so i l  p r o c e e d e d  e x c l u s i v e l y  by  h y d r o l y s i s  unde r  f looded  
condi tJ ons.  
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