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Ear thworms  are  impor t an t  b iocomponents  of e c o s y s t e m ,  c o n t r i -  
buting s u b s t a n t i a l l y  to maintain  soi l  s t r u c t u r e  and h e l p s  p lant  
g rowth .  Poisoning and o t h e r  d i s t u r b a n c e s  in the  na tu ra l  
h a b i t a t  of e a r t h w o r m s  can lead  to eco log ica l  imbalance  (La i rd  
and Kroger  1981). Soil is  the  main s ink for  most t ox i can t s  
wh ich  a re  r e l e a s e d  in the  envi ronment  t h r o u g h  i n d u s t r i a l  
e f f luen t s ,  a p p l i c a t i o n  of p e s t i c i d e s  for  a g r i c u l t u r e  and by  
dumping of c i v i l  re fuge .  Toxic  contaminants  to the  so i l  can 
a d v e r s e l y  a f fec t  the  n o n - t a r g e t  o rgan isms  inc lud ing  e a r t h -  
worm. The s e n s i t i v i t y  of e a r t h w o r m s  to r e l a t i v e l y  low con- 
cen t r a t ions  of env i ronmenta l  po l lu t an t s  in so i l  has  been amply  
demons t r a t ed  thus  making them a cho ice  s p e c i e s  for  b iomoni -  
tor ing (Kaiser  1980). 

Carbamate  i n s e c t i c i d e s  a re  i n c r e a s i n g l y  used in a g r i c u l t u r e  
as a s u b s t i t u t e  for  o r g a n o c h l o r i n e  i n s e c t i c i d e s  because  of t h e i r  
h igh  e f f i c i e n c y  and lower  p e r s i s t a n c e  in the  env i ronment .  Toxi -  
c i t y  of c a r b a m a t e s  in n o n - t a r g e t  organism l ike  e a r t h w o r m s  
is  p o o r l y  unde r s tood  d e s p i t e  r e p o r t s  of m o r t a l i t y  and segmental  
swel l ing  on e x p o s u r e  to c a r b o f u r a n  (Si leo and Gilman 1975; 
Rober t s  and Dorough 1983) and tonic t r emor s  and end to end 
r educ t i on  in s i ze  on e x p o s u r e  to c a r b a r y l  (S tenersen  1979; 
Gupta and Sundararaman 1988). Carbamates  in genera l  e x h i b i t  
a p ro longed  e f fec t  on the  a b i l i t y  of e a r t h w o r m s  to work the  
soi l  (Gilman and Vardanis  1974) and s u b l e t h a l  concen t r a t ions  
of c a r b a r y l  r e t a r d e d  the  g rowth  and r e p r o d u c t i o n  in E . f e t i d a  
(Neuhauser  and Clarence  1990). 

C a r b a r y l ,  a N-methy l  c a r b a m a t e  i n s e c t i c i d e  was c o m m e r c i a l l y  
used in Ind ia  for  more than  a decade  p a r t i c u l a r l y  to con t ro l  
fo l i a r  i n s ec t s  on cot ton,  a p p l e  and v e g e t a b l e  c r o p s .  The r e -  
commended quan t i t i e s  of c a r b a r y l  s p r a y  is  0 .25 to 2 .0  Kg 
a c t i v e  i ng red i en t  pe r  h e c t a r e .  Contaminat ion of so i l  wi th  
c a r b a r y l  r e s u l t s  from i t s  so i l  a p p l i c a t i o n  and i t s  runoff  to 
the ground.  The so i l  r e s i d u e s  depend  upon the  p r e s e n c e  of 
organic  s u b s t a n c e s  wi th  a f f i n i t y  t owards  c a r b a r y l  as wel l  as 
the  r a t e  of m ic rob i a l  and h y d r o l y t i c  c o n v e r s i o n  into 1 - n a p h t h o l  

*Cor re spondence  and r e p r i n t  au tho r .  
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and o t h e r  w a t e r  s o l u b l e  m e t a b o l i t e s  (Fuku to  1972; R o d r i g u e z  
and Dorough 1977).  The s o i l  r e s i d u e s  of 1 - n a p h t h o l  in  I n d i a  
h a v e  been  r e c e n t l y  r e p o r t e d  to r ange  b e t w e e n  0 . i 5 3  to 0.656 
ppm ( D i k s h i t h  e t  a l  1990) and us ing  t h i s  c r i t e r i a  s u b s t a n t i a l  
c o n c e n t r a t i o n s  of c a r b a r y l  (1 ppm and more)  a r e  e x p e c t e d  
in  t he  s o i l .  The p o t e n t i a l  t o x i c i t y  of c a r b a r y l  and i t s  e q u a l l y  
t o x i c  m e t a b o l i t e  1 - n a p h t h o l  r e s i d u e s  in  s o i l  w i l l  t end  to 
d e p l e t e  e a r t h w o r m  p o p u l a t i o n ,  h o w e v e r ,  i t s  a c t u a l  magni tude  
i s  not known. 

The present communication demonstrates a dose and time of 
exposure dependent loss of burrowing capability, inhibition 
of a c e t y l c h o l i n e s t e r a s e  (ACHE, EC, 3 . 1 . 1 . 7 )  a c t i v i t y  and a 
c o r r e l a t i o n  b e t w e e n  t h e s e  m a n i f e s t a t i o n s  in  the  e a r t h w o r m  
P h e r e t i m a  p o s t h u m a  on c a r b a r y l  e x p o s u r e ,  

MATERIALS AND METHODS 

E a r t h w o r m s  P . p o s t h u m a  were  c o l l e c t e d  l o c a l l y  from the  bank  
of a w a t e r  r e s e r v o i r  and k e p t  in  e a r t h e n  p o t s  w i t h  t h e i r  
n a t i v e  s o i l  at  l a b o r a t o r y  t e m p e r a t u r e .  T h e y  were  a c c l i m a t i z e d  
fo r  7 d a y s  b e f o r e  commencing t h e  e x p e r i m e n t .  H e a l t h y  and 
c l i t e l l a t e  e a r t h w o r m s  ( a v e r a g e  we igh t  - 3 .24 gin, a v e r a g e  
l e n g t h  - 16.25 cm) were  s o r t e d  out and k e p t  fo r  24 h r  in  
a g l a s s  t r ough  w i th  l i t t l e  w a t e r  fo r  m o i s t u r e  to e v a c u a t e  t h e i r  
gut p r i o r  to e x p e r i m e n t a t i o n .  

C a r b a r y l  ( 1 - n a p h t h y l  m e t h y l c a r b a m a t e ;  s e v i n ,  t e c h n i c a l  g r a d e )  
was s u p p l i e d  b y  Union C a r b i d e  C o r p o r a t i o n ,  I n d i a .  S tock  
s o l u t i o n  was p r e p a r e d  in  ace tone  and d i l u t e d  w i th  d i s t i l l e d  
w a t e r  to y i e l d  f i na l  c o n c e n t r a t i o n s  of 1 , 2 , 4  and 8 ppm.  F i v e  
e a r t h w o r m s  were  i n d i v i d u a l l y  e x p o s e d  fo r  5, 10, 20, 40 and 
80 rain i n t e r v a l s  in  a 50ml b e a k e r  con ta in ing  2 .0ml  of v a r i o u s  
c o n c e n t r a t i o n s  of t e s t  s o l u t i o n  o r  d i s t i l l e d  w a t e r  ( c o n t r o l ) .  
The t e s t  c o n c e n t r a t i o n s  used  in t he  p r e s e n t  s t u d y  a r e  c l o s e  
to t h a t  of e x p e c t e d  r e s i d u e s  in  t h e  s o i l .  H i g h e r  c o n c e n t r a t i o n s  
were  used  to e x e r t  s i g n i f i c a n t  i n h i b i t i o n  of AChE a c t i v i t y  
and l o s s  of b u r r o w i n g  in e a r t h w o r m s  fo r  e s t a b l i s h i n g  a dose  
e f f e c t  c o r r e l a t i o n s h i p .  

The e a r t h w o r m s  were  q u i c k l y  r i n s e d  in  t a p  w a t e r  and k e p t  
on mois t  s o i l  i m m e d i a t e l y  a f t e r  t he  c o m p l e t i o n  of t h e i r  e x p o -  
s u r e .  The b u r r o w i n g  t ime  from f i r s t  segment  to t he  l a s t  
segment  was no ted  w i th  t he  h e l p  of a s t op  wa tch .  The worms 
were  r e c o v e r e d  from the  s o i l ,  r i n s e d  w i th  t ap  wa te r  and 
r e t u r n e d  to t h e  same b e a k e r  fo r  f u r t h e r  e x p o s u r e .  L i k e w i s e  
t he  b u r r o w i n g  t ime  of c o n t r o l  e a r t h w o r m s  was a l s o  no ted  for  
c o m p a r i s o n .  

In another set of experiment, 80 worms each were collectively 
exposed to 1,2,4 and 8 ppm carbaryl for 5,10,.20,40 and 80 
rain. All earthworms were rinsed with water after exposure 
time and incisioned quickly to take out nerve ring along with 
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t o t a l  n e r v e  c o r d .  The neu rona l  t i s s u e  was c o l l e c t e d  in  a 
p e t r i d i s h  on i c e ,  p o o l e d  fo r  20 e a t h w o r m s  e a c h ,  homogen ized  
in  0.25M s u c r o s e  and used  fo r  d e t e r m i n a t i o n  of AChE a c t i v i t y  
( H e s t r i n  1949).  R e c o v e r y  from the  a d v e r s e  b e h a v i o u r a l  e f f e c t s  
of c a r b a r y l  was o b s e r v e d  b y  r i n s i n g  e x p o s e d  e a r t h w o r m s  
in t ap  w a t e r  and k e e p i n g  in  no rma l  s o i l  fo r  a p e r i o d  of 24 
h r .  

All experiments were repeated ten times. The group means 
and standard errors for each observation were calculated 
and compared by Student's t-test (Fischer 1948) to evaluate 
statistical significance of results. P-values less than 0.05 
were considered significant. 

RESULTS MD DISCUSSION 

E x p o s u r e  of e a r t h w o r m s  to c a r b a r y l  (1-8  ppm)  s i g n i f i c a n t l y  
i n c r e a s e d  the  b u r r o w i n g  t ime  w h i c h  was d i r e c t l y  p r o p o r t i o n a l  
to t he  dose  and t ime  of e x p o s u r e .  The r e d u c t i o n  in  t h e  
a b i l i t y  of worms to b u r r o w  in  s o i l  was c l e a r l y  e v i d e n t  a t  
t he  l o w e s t  t e s t  c o n c e n t r a t i o n  (1 ppm)  and the  e a r l i e s t  p e r i o d  
of e x p o s u r e  (5 min) .  Th i s  r e s p o n s e  was g r a d u a l l y  i n c r e a s e d  
to c o m p l e t e  l o s s  of b u r r o w i n g  at  40 rain of e x p o s u r e  to 4 
and 8 ppm and at  80 min of e x p o s u r e  to I and 2 ppm c a r b a r y l  
( T a b l e  1) .  A d d i t i o n a l l y ,  t he  t ime  fo r  onse t  of ton ic  t r e m o r s  
was s h o r t e n e d  w i th  t he  i n c r e a s e d  c o n c e n t r a t i o n s  of c a r b a r y l .  

AChE activity in the neuronal tissue of earthworms was signi- 
ficantly inhibited in strict stoichiometric relationship to the 
increasing dose and the time of exposure to carbaryl 
(Table 2). 

P o s t - e x p o s u r e  r e c o v e r y  was not o b s e r v e d  in  4 and 8 ppm 
e x p o s u r e  g r o u p s  and a l l  worms d i e d  w i th  in  18 h r .  R e c o v e r y  
in  2 ppm e x p o s u r e  group  was o n l y  30~, t he  o t h e r  70~ d i e d  
be tween  18-24 h r .  However  a l l  worms were  a l i v e  and f u l l y  
r e c o v e r e d  to normal  b e h a v i o u r  (no t r e m o r s ,  e f f i c i e n t  b u r r o w -  
ihg)  18 h r s  p o s t - e x p o s u r e  to 1 ppm c a r b a r y l .  

Bur rowing  i s  an i n h e r e n t  b e h a v i o u r a l  mode of de f e nc e  in  
e a r t h w o r m s  to p r o t e c t  t h e m s e l v e s  from p r e d a t o r s  and to 
e s c a p e  from u n d e s i r a b l e  e x p o s u r e  to t o x i c a n t s .  P r e s e n c e  
of e n v i r o n m e n t a l  p o l l u t a n t s  in  s o i l  h a v e  been  r e p o r t e d  to 
a f f e c t  t h e  b u r r o w i n g  and cause  e x t e n s i v e  m o r t a l i t y  of e a r t h -  
worms as  seen  h e r e  w i th  c a r b a r y l  ( S t e n e r s e n  1979).  

Bur rowing  i s  a d i r e c t  r e s u l t  of c o o r d i n a t e d  musc le  c o n t r a c t i o n  
in  e a r t h w o r m s .  The p h y s i o l o g i c a l  s i g n i f i c a n c e  of t h i s  b e h a v i -  
our  i s  in  l ocomot ion  r e q u i r e d  fo r  f e e d i n g ,  r e p r o d u c t i o n ,  
de fence  e t c .  Muscle  c o n t r a c t i o n  in e a r t h w o r m s ,  as  in  most  
o t h e r  c a s e s ,  i s  an e n e r g y  d e p e n d e n t  p r o c e s s  t r i g g e r e d  b y  
the  r e l e a s e  of Ca ++ ions  from s a r c o l e m m a  in r e s p o n s e  to 
a c e t y l c h o l i n e  m e d i a t e d  n e r v e  i m p u l s e .  The c o n c e n t r a t i o n  of 

861 



T
a

b
le

 
1

. 
B

u
rr

o
w

in
g

 
ti

m
e

 
(s

e
c

o
n

d
s)

 
in

 
th

e
 

e
a

rt
h

w
o

rm
 

P
h

e
re

ti
m

a
 

p
o

st
h

u
m

a
 

C
o

n
tr

o
l 

C
a

rb
a

ry
l 

E
x

p
o

su
re

 
ti

m
e

 
in

 
m

in
u

te
s 

�9
 

v
a

lu
e

 
tr

e
a

tm
e

n
t 

5
 

i
0
 

2
0
 

4
0
 

8
0
 

o
o
 

O
%
 

1
0
8
.
7
8
 

• i.
 I
0
 

1
 
p
p
m
 

1
2
8
.
1
•
 

1
4
8
.
7
0
~
3
.
7
3
 

2
1
8
.
9
2
•
 

2
8
6
.
7
2
•
 

N
B
 

2
 
p
p
m
 

1
6
2
.
4
3
•
 

2
2
4
.
0
1
•
 

2
9
8
.
3
2
•
 

4
8
7
.
4
0
•
 

N
B
 

4
 
p
p
m
 

2
2
3
.
8
3
•
 

2
9
1
.
0
0
•
 

4
0
2
.
7
8
•
 

N
B
 

N
B
 

8
 
p
p
m
 

2
7
7
.
9
8
•
 

3
8
5
.
8
3
~
4
.
3
8
 

5
7
9
.
5
3
•
 

N
B
 

N
B
 

A
ll

 
v

a
lu

e
s 

a
re

 
m

ea
n

 
r 

S
.E

. 
P

<
0

.0
5

 
fo

r 
a

ll
 

tr
e

a
tm

e
n

t 
g

ro
u

p
s 

as
 

c
o

m
p

a
re

d
 

to
 

c
o

n
tr

o
l.

 
N

B
 

- 
N

o
t 

b
u

rr
o

w
in

g
 



T
a

b
le

 
2.

 
A

c
e

ty
lc

h
o

li
n

e
st

e
ra

se
 

a
c

ti
v

it
y

 
(
j
u
m
o
l
e
/
g
m
/
m
i
n
)
 

in
 

th
e 

n
e

rv
o

u
s 

ti
ss

u
e

 
o

f 
th

e 
e

a
rt

h
w

o
rm

 
P

h
e

re
ti

m
a

 
p

o
st

h
u

m
a

 

C
o

n
tr

o
l 

C
a

rb
a

ry
l 

E
x

p
o

su
re

 
ti

m
e 

in
 

m
in

u
te

s 
v

a
lu

e
 

tr
e

a
tm

e
n

t 
5 

10
 

20
 

40
 

80
 

o
o
 

0
%
 

1
2
.
5
4
 

•
 

0
.
1
7
 

1 
p
p
m
 

12
.1
4-
+0
.0
4 

ii
.9
8-
+0
.0
9 

2 
p
p
m
 

12
.1
1-
+0
.0
9 

Ii
.4
3+
-0
.1
1 

4 
p
p
m
 

1
2
.
1
1
•
 

ii
.1
3-
+0
.1
4 

8 
p
p
m
 

11
.7
7-
+0
.2
3 

i0
.8
2-
+0
.1
4 

1
1

.2
3

• 
1

0
.8

8
• 

9
.4

2
• 

1
1

.1
7

+
0

.1
3

 
1

0
.4

8
-+

0
.1

6
 

9
.1

2
-+

0
.1

6
 

1
0

.9
7

• 
9

.0
9

• 
8

.0
4

• 

9
.6

6
+

0
.2

2
 

8
.1

0
-+

0
.1

0
 

5
.5

3
-+

0
.0

2
 

Al
l 

v
a
l
u
e
s
 
a
r
e
 
m
e
a
n
 
• 

S
.
E
.
,
 

p
<
0
.
0
5
 



a c e t y l c h o l i n e  in the  ne rve  s y n a p t i c  t e rmina l s  are  r egu l a t ed  
by  AChE a c t i v i t y .  A v a r i e t y  of chemica l s  commonly g rouped  
as a n t i c h o l i n e r g i c  subs t ances  ( o r g a n o p h o s p h a t e s ,  c a rbama te s ,  
a l k a l o i d s  e t c . )  a re  known to i n h i b i t  AChE a c t i v i t y  and af fec t  
a c e t y l c h o l i n e  concen t ra t ion  to a l t e r  the  ne rve  conduct ion  and 
muscle con t rac t ion .  The s e v e r i t y  of AChE i n h i b i t i o n  is  
c h a r a c t e r i z e d  by  tonic t r emors ,  convu l s ions  and eventua l  dea th  
as observed in this study. The observed inhibition of AChE 
activity is consistant with the previous reports on anticholi- 
nergic effect of carbamates (Stenersen 1979; Aspock and Ander 
Lan 1963 ). 

This  s t u d y ,  t h e r e f o r e ,  demons t r a t e s  a d i r e c t  c o r r e l a t i o n s h i p  
between the  i n c r e a s e d  bur rowing  time and the  i n h i b i t i o n  of 
AChE a c t i v i t y .  Burrowing is  the  p r i m a r y  r e s p o n s e  s ince  
c a r b a r y l  can be r e a d i l y  a b s o r b e d  th rough  the  moist  and 
h i g h l y  pe rmeab le  b o d y  wall  of e a r t h w o r m s .  The i r r i t a n t  
e f fec t  of t ox i can t s  would be n o r m a l l y  e x p e c t e d  to s t imula te  
the  p r o c e s s  of bur rowing  in o r d e r  to avo id  tox ic  e x p o s u r e  
h o w e v e r ,  when combined wi th  the  neu ro tox ic  e f fec t  (ACHE 
i n h i b i t i o n )  and muscular  d i s c o o r d i n a t i o n ,  the  e f f i c i e n c y  to 
bur row has  d e c r e a s e d  on e x p o s u r e  to c a r b a r y l .  Our o b s e r v a t -  
ions i n d i c a t e  tha t  a p p r o x i m a t e l y  30~ i n h i b i t i o n  of AChE a c t i -  
v i t y  can p r oduce  v i r t u a l l y  comple te  muscular  p a r a l y s i s  (no 
bur rowing)  and s e v e r e  tonic t r emors  in e a r t h w o r m s .  One 
of the  r easons  why bur rowing  was s i g n i f i c a n t l y  a f f ec t ed  at 
5 min of e x p o s u r e  wi thout  s u b s t a n t i a l  i n h i b i t i o n  to AChE 
a c t i v i t y  could be the p e r i p h e r a l  e f f ec t s  of c a r b a r y l  wh ich  
could not be measured  in the  neuronal  t i s sue  e x t r a c t e d  from 
the  i n t e r i o r  of e a r t h w o r m .  S ign i f ican t  but d e l a y e d  i n h i b i t i o n  
of AChE a c t i v i t y  in the  p r e sen t  s t u d y  can be accounted for  
the r e l a t i v e  r a t e  of a b s o r p t i o n  and r e q u i s i t e  concen t ra t ions  
of c a r b a r y l  to r e a c h  the  i n t e r i o r  t i s sues  of e a r t h w o r m s .  

The a n t i c h o l i n e r g i c  r e s p o n s e  of c a r b a r y l  is  known to be p r o -  
longed but r e v e r s i b l e  in e a r t h w o r m s  (Stenersen  1979). The 
o b s e r v a t i o n s  of our r e c o v e r y  e x p e r i m e n t s  conf i rm to th i s  
phenomenon,  though e v a l u a t e d  th rough  the  i n d i r e c t  means of 
bur rowing  t ime. The p ro longed  e f fec t  of c a r b a r y l  led to 
the  e x t e n s i v e  m o r t a l i t y  in h i g h  dose  g roups ,  whereas  low 
dose group e x h i b i t e d  a comple te  r e c o v e r y .  

The moist  and mucilagenous sk in  of e a r t h w o r m s  f a c i l i t a t e s  
e f f i c i en t  a b s o r p t i o n  of c a r b a r y l  and a v a r i e t y  of o rgan ica l s  
from the so i l .  The p r e sen t  o b s e r v a t i o n s  of a t r ans ien t  and 
r e v e r s i b l e  e f fec t  on e a r t h w o r m s  at c a r b a r y l  concen t ra t ions  
c lose  to so i l  r e s i d u e s  ( a p p r o x  i ppm) is a n t i c i p a t e d  to p roduce  
l i t t l e  e f fec t  on e a r t h w o r m  popu la t ion  and so i l  f e r t i l i t y .  On 
the  o t h e r  hand,  insec t  i n f e s t a t i ons  in absence  of i n s e c t i c i d e  
s p r a y  and soi l  t r ea tment  can cause major  c rop  lo s ses  thus  
the  benef i t s  ou tweigh t  the  eco log ica l  e f f ec t s  from the commer-  
c ia l  usage of c a r b a r y l .  
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