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A B S T R A C T

T h e  b e n e f ic ia l e f fe c ts  th a t  e a r th w o rm s  ha ve  u p o n  s o il f e r t i l i t y ,  th e  
t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s , th e  th e o r y  o f  t e s t in g  f o r  t o x ic i t y ,  th e  
a n a ly s is  o f  t o x ic i t y  d a ta , a n d  th e  m e thods  f o r  t e s t in g  t o x ic i t y  to  
e a r th w o rm s  a re  d is c u s s e d .

S e v e ra l m e thods  f o r  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  
th e  la b o ra to r y  w e re  e v a lu a te d  e x p e r im e n ta lly  u s in g  E . f e t id a . E a r th w o rm s  
w e re  e x p o se d  to  chem ica ls  in  w a te r ,  s a n d , s il ic a  p a s te  o r  n a tu r a l s o i l ,  on  
g la s s , g la s s  g ra n u le  o r  f i l t e r  p a p e r  s u r fa c e s , o r  in  an  a g a r - a g a r  g e l w h ic h  
was fe d  f o r c ib ly .

New te c h n iq u e s  f o r  te s t in g  t o x ic i t y  to  e a r th w o rm s  w e re  d e v e lo p e d ,  
nam e ly  th e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il t e s ts .  T h e se  te s ts  w e re  
u s e d  s u b s e q u e n t ly  to  assess th e  t o x ic i t y  to  e a r th w o rm s  o f  14 c h em ica ls . 
In d e p e n d e n t c o lla b o ra to rs  w e re  in v i t e d  to  e x p e r im e n t w ith  th e s e  m e th o d s ,  
a n d  w e re  c ir c u la te d  w ith  te s t  p ro to c o ls  a n d  th re e  u n id e n t i f ie d  ch em ica ls . 
T h e  r e p r o d u c ib i l i t y  o f  th e  d a ta  th a t  w e re  r e tu r n e d  was s a t is fa c to r y .

T h e  e f fe c ts  o f  chem ica ls  u p o n  e a r th w o rm s  in  th e  f ie ld  was in v e s t ig a te d  
in  e x p e r im e n ts  on  d i f f e r e n t  ty p e s  o f  s o i l.  A f t e r  one m o n th , c h lo rd a n e  a n d  
c a r b a r y l  w e re  v e r y  to x ic  to  e a r th w o rm s , th io p h a n a te -m e th y l a n d  t r ia z o p h o s  
w e re  m o d e ra te ly  to x ic  a n d  p e n ta c h lo ro p h e n o l h a d  l i t t l e  e f fe c t .  O n ly  th e  
e f fe c ts  o f  c a r b a r y l  d id  n o t p e r s is t  f o r  s ix  m o n th s . T h e  a r t i f i c ia l  s o i l ,  
s il ic a  p a s te  a n d  sa nd  te s ts  p r e d ic te d  th e  t o x ic i t y  o f  chem ica ls  to  
e a r th w o rm s  in  th e  f ie ld  m ost a c c u ra te ly .

T h e  s u s c e p t ib i l i t y  o f  s e v e ra l s p e c ie s  o f  e a r th w o rm  to  chem ica ls  in  th e  
la b o ra to r y  was d is s im ila r .  A .  c a lig in o s a  was v e r y  s u s c e p t ib le  to  c h e m ic a ls ,  
fo llo w e d  in  a d e c re a s in g  o rd e r  o f  s u s c e p t ib i l i t y  b y  L .  t e r r e s t r i s , A .  lo n g a , 
E . fe t id a  a n d re i a n d  E . fe t id a  f e t id a . T h e  a b i l i t y  to  a c cum u la te  a n d  
d e to x i f y  c h lo rd a n e  a n d  io d o a ce ta m id e , s tu d ie d  u s in g  c h ro m a to g ra p h ic  a n d  
r a d io la b e l l in g  te c h n iq u e s , d i f f e r e d  b e tw e e n  th e  su b sp e c ie s  o f  E . f e t id a .

G e l e le c tro p h o re s is  o f  e s te ra s e s  in d ic a te d  th a t  re s is ta n c e  to  p e s t ic id e s  
th a t  i n h ib i t  c h o lin e s te ra s e  may h a ve  e v o lv e d  in  a p o p u la t io n  o f  A . lo n g a  
e xp o se d  to  s u ch  com pounds  f r e q u e n t ly .
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I  am g r a te fu l  a lso  to  M r J .N .  P e r r y  f o r  a d v ic e  u p o n  th e  s ta t is t ic a l  
a n a ly se s  th a t  h a ve  b een  u s e d , a n d  in  p a r t ic u la r  to  M iss  S uzanne  C la r k  f o r  
c o n s id e ra b le  p a t ie n t  a n d  m e tic u lo u s  a s s is ta n ce  w ith  th e  c o m p u ta t io n  a nd  
in te r p r e ta t io n  o f  th e  d a ta . D r  H . L o x d a le  g u id e d  me in  th e  te c h n iq u e s  o f  
g e l e le c tro p h o re s is  a n d , to g e th e r  w ith  P ro fe s s o r  M .J .  W ay, re a d  c r i t ic a l ly  
s e c t io n s  o f  th e  m a n u s c r ip t f o r  w h ic h  I  o f f e r  m y th a n k s .

I  a lso  th a n k :
D r  S . S h ire s  a n d  M r A .  M u r ra y  f o r  a s s is ta n ce  w ith  th e  e x p e r im e n ts  

th a t  w e re  done  in  th e  f ie ld  a t S i t t in g b o u rn e ,  and  th e  s t a f f  o f  R o th am s te d  
Fa rm  f o r  h e lp  w ith  th e  e x p e r im e n ts  c a r r ie d  o u t a t R o th a m s te d .

D r  G .R . C a le y  f o r  in s t r u c t io n  in  th e  u se  o f  a g a s - l iq u id  
c h ro m a to g ra p h .

D r  P .J .  L o v e la n d  f o r  a s s is ta n ce  w ith  th e  d e te rm in a t io n s  o f  c a t io n  
e x ch a n g e  c a p a c ity .

D r  P . B u l lo c k  f o r  a d v ic e  u p o n  th e  d e ve lo pm en t o f  th e  a r t i f i c ia l  s o i l.
M r J .R .  L o f t y  f o r  a s s is ta n ce  w i th  th e  id e n t i f ic a t io n  o f  e a r th w o rm s  th a t  

w e re  c o lle c te d  fro m  th e  f ie ld .
T h e  m any s c ie n t is ts  w ho  p a r t ic ip a te d  in  th e  c r i t ic a l  e v a lu a t io n  o f  th e  

p e r fo rm a n c e  o f  th e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il t e s ts .
M rs  M a rg a re t C lem en ts  f o r  w o rd  p ro c e s s in g  th e  m a n u s c r ip t  w i th  s k i l l  

a n d  c o n s id e ra b le  p a t ie n c e .
M iss  C a ro lin e  H ig g in s  f o r  h e lp in g  to  p re p a re  th e  f ig u r e s  a n d  f o r  p r o o f  

r e a d in g  th e  m a n u s c r ip t ,  b u t  above  a l l  f o r  h e r  u n fa i l in g  e n c o u ra g e m e n t and  
s u p p o r t  th r o u g h o u t  th e  w r i t in g  o f  t h is  d is s e r ta t io n .
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I  a c k n o w le d g e  w ith  th a n k s  th e  fo l lo w in g  o rg a n is a t io n s  f o r  d o n a t in g  
sam p les  o f  c h em ica ls :

C a tom ance L t d . , W e lw yn  G a rd e n  C i ty  
D y n a m it N o be l A .G . ,  T r o is d o r f ,  W est G e rm any .
H o e ch s t UK L t d . ,  K in g s  L y n n .
M ay a n d  B a k e r  L t d . ,  O n g a r
M id w e s t R e se a rch  I n s t i t u t e ,  K an sa s  C i t y ,  M is s o u r i,  U .S .A .
S h e ll In te r n a t io n a l C hem ica l C o . L t d . ,  L o n d o n
S yn ch em ica ls  L t d ,  L o n d o n
U n io n  C a rb id e  UK  L t d . ,  H a r ro g a te ,
V e ls ic o l C hem ica l C o rp o ra t io n ,  C h ic a g o , I l l in o is ,  U .S .A .
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S um m ary

1 . E a r th w o rm s  a re  b e n e f ic ia l s o il o rg a n ism s  w h ic h  a re  a f fe c te d  a d v e rs e ly  
b y  m any ch em ica ls  in c lu d in g  th e  s a lts  o f  h e a v y  m e ta ls , c e r ta in  
o rg a n o c h lo r in e , o rg a n o p h o s p h o ru s  a n d  ca rbam a te  in s e c t ic id e s ,  m ost 
n e m a tic id e s  a n d  th e  b e n z im id a zo le  fu n g ic id e s .  O th e r  fu n g ic id e s  a n d  th e  
h e rb ic id e s  a re  u s u a l ly  o f  low  t o x ic i t y  to  e a r th w o rm s .

2 . M e th od s  f o r  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  th e  
la b o ra to r y  a n d  th e  f ie ld  w e re  re v ie w e d . S e v e ra l m e thods  w e re  e v a lu a te d  
e x p e r im e n ta lly  to  s e le c t th o s e  th a t  w e re  in e x p e n s iv e  to  u s e , c o u ld  te s t  th e  
t o x ic i t y  to  e a r th w o rm s  o f  a n y  chem ica l s e n s it iv e ly  a n d  r e p r o d u c ib ly , w e re  
ab le  to  p r e d ic t  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  th e  f ie ld  and  
seemed s u ita b le  f o r  a s ta tu to r y  p ro g ram m e  o f  e c o to x ic o lo g ia l t e s t in g .  
T he se  te s ts  in c lu d e d  m e thods  in  w h ic h  th e  e a r th w o rm s  w e re  e x p o se d  to  th e  
te s t  chem ica ls  in  w a te r ,  s a n d , n a tu r a l s o il o r  a m ix tu re  o f  s il ic a  p a s te  and  
g la s s  b a l ls ;  o n  a g la s s , g la s s  b ead  o r  f i l t e r  p a p e r  s u r fa c e , o r  in  an  
a g a r - a g a r  g e l w ith  w h ic h  th e  e a r th w o rm s  w e re  fo rc e  fe d .

3 . T h e  p e r io d  f o r  w h ic h  th e  e a r th w o rm s  h a d  to  be  e x p o se d  to  th e  
chem ica ls  to  o b ta in  a r e p ro d u c ib le  e s tim a te  o f  th e  LCgQ d i f f e r e d  b e tw e e n  
th e  te s t in g  m e th o d s , a n d  was p r o b a b ly  re la te d  to  th e  in t im a c y  o f  th e  
c o n ta c t a c h ie v e d  b e tw e e n  th e  e a r th w o rm  a n d  th e  c h e m ic a l. T h e  te s ts  g ave  
r e s u l t s  o f  s im ila r  r e p r o d u c ib i l i t y ,  a l th o u g h  th e  L C ^ 's  th a t  w e re  e s t im a te d  
f o r  th e  same chem ica ls  in  d i f f e r e n t  te s ts  v a r ie d  c o n s id e ra b ly  a n d  w e re  
e x p re s s e d  n e c e s s a r ily  in  d iv e rs e  u n i t s  o f  c o n c e n tra t io n  th a t  w e re  r e la te d  to  
th e  c o n d it io n s  w i th in  each te s t .  A  c om p a r is o n  o f  th e  re s u l ts  o b ta in e d  fro m  
th e s e  te s ts  was made u s in g  th e  o r d e r  in  w h ic h  th e  L C ^ q ' s o f  th e  te s t  
chem ica ls  w e re  r a n k e d .  T h e  r a n k in g  seen w ith  th e  s h o r t  d u ra t io n  te s ts  
u s in g  n o n -a d s o rp t iv e  o r  c h e m ic a lly  i n e r t  m ed ia  was s im ila r ,  a n d  was  
d is s im ila r  to  th a t  seen  w ith  th e  lo n g e r  d u ra t io n  te s ts  u s in g  a d s o rp t iv e  o r  
c h e m ic a lly  a c t iv e  m ed ia . S e v e ra l m e thod s  h a d  p ra c t ic a l d is a d v a n ta g e s  th a t  
p re c lu d e d  f u r t h e r  d e v e lo p m e n t.

4 ) T w o  new  te s ts  f o r  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  w e re  
d e v e lo p e d  to  ove rcom e  th e  in a d e q u a c ie s  o f  th e  fo re g o in g  m e th o d s . T h e  
f i l t e r  p a p e r  c o n ta c t te s t  was r e f in e d  fro m  th e  p r o to ty p e  m e thod  s tu d ie d  
p r e v io u s ly  w ith  few  m o d if ic a t io n s . T h e  a r t i f i c ia l  s o il te s t  c om b in e d  th e  
a d v a n ta g e s  in h e re n t  in  th e  s il ic a  p a s te -g la s s  b a l l  a n d  n a tu r a l s o il te s ts .  
B o th  o f  th e  new  te s ts  w e re  u se d  s u b s e q u e n t ly  to  te s t  th e  t o x ic i t y  o f  a 
w id e  ra n g e  o f  chem ica ls  to  e a r th w o rm s .
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5 ) T h e  f in a l v e rs io n  o f  th e  f i l t e r  p a p e r  c o n ta c t te s t  c o n s is te d  o f  a 
t r a n s p a re n t  g la ss  v ia l  (8 cm x  3 cm d ia m e te r )  f i t t e d  w ith  an  a i r t ig h t  
p la s t ic  c a p . T h e  s id e  w a lls  o f  th e  v ia l  w e re  l in e d  in t e r n a l ly  w ith  75 cm 2 
m o is t c e llu lo s e  f i l t e r  p a p e r  th a t  was t r e a te d  w ith  th e  te s t  c h e m ic a l. Each  
v ia l  c o n ta in e d  one E . fe t id a  a n d re i (A n d re )  w e ig h in g  0 .4 - 0 .6  g  (w ith  an  
e m p ty  g u t ) , a nd  te n  re p lic a te s  w e re  u se d  a t each o f  s ix  c o n c e n tra t io n s  o f  
th e  te s t  c h e m ica l. T h e  p e r io d  o f  e x p o s u re  was 48 h o u rs  a t 20° ± 2 °C  in  
d a r k n e s s .

6 ) T h e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  th e  f i l t e r  p a p e r  c o n ta c t  
te s t  c o r re la te d  n e g a t iv e ly  w ith  th e  b o d y  w e ig h t a n d  s e x u a l m a tu r i t y  o f  th e  
e a r th w o rm s , a n d  th e  a b s o rb a n t c a p a c ity  o f  th e  f i l t e r  p a p e r ;  b u t  was  
c o r re la te d  p o s i t iv e ly  w ith  th e  te s t  te m p e ra tu re ,  th e  p e r io d  o f  e x p o s u re ,  
v e n t i la t io n  o f  th e  v ia ls  a n d  te s t in g  in  d a rk n e s s . Some fo rm u la t in g  a g e n ts  
in c re a s e d  th e  t o x ic i t y  o f  c h em ica ls  to  e a r th w o rm s . T h e  a re a  o f  th e  f i l t e r  
p a p e r  a n d  th e  n u m b e r o f  r e p l ic a te s  th a t  w e re  u s e d  d id  n o t a f fe c t  th e  
m a g n itu d e  o f  th e  L C ^ q' s , a lth o u g h  th e  r e p r o d u c ib i l i t y  o f  th e  L C ^ q ’ s was  
c o r re la te d  p o s i t iv e ly  w ith  th e  n u m b e r o f  re p l ic a te s  u s e d  w hen  th a t  n u m b e r  
was le s s  th a n  te n .

7 ) T h e  a r t i f i c ia l  s o il c o n s is te d  o f  71% f in e  q u a r tz  s a n d , 20% k a o l in i t ic  
c la y ,  8% a i r  d r ie d  a nd  f in e ly  m ille d  sp hagnum  p e a t ,  a n d  1% ca lc ium  
c a rb o n a te  ( d r y  w e ig h t ) .  A t  a m o is tu re  c o n te n t o f  48% th e  s o il h a d  a pH  o f
6 .8  a n d  an  a d s o rp t iv e  c a p a c ity  o f  152 m e q .k g  a nd  th u s  re sem b le d  a 
n a tu r a l s a n d y  loam . F o u r  re p l ic a te s  c o n s is t in g  o f  750 g  (w e t w e ig h t )  s o il 
in  a one l i t r e  p la s t ic  f la s k  w ith  a v e n t i la te d  l i d ,  each c o n ta in in g  te n  E . 
fe t id a  a n d re i w e ig h in g  0 .4 - 0 .6  g  (w ith  an em p ty  g u t ) ,  w e re  u s e d  a t s ix  
c o n c e n tra t io n s  o f  th e  te s t  ch em ica l a p p lie d  to  th e  s o il p r e v io u s ly  as a 
s p ra y  a n d  in c o rp o ra te d  m a n u a lly . T h e  p e r io d  o f  e x p o s u re  was 14 d a y s  a t 
20° ± 2 °C  u n d e r  i l lu m in a t io n .

8 ) E . fe t id a  a n d re i d id  n o t s u r v iv e  in  a r t i f i c ia l  s o ils  th a t  c o n ta in e d  le ss  
th a n  10% w a te r  o r  5% o rg a n ic  m a t te r ,  b u t  was u n a f fe c te d  b y  th e  am oun t o f  
c la y  in  th e  s o il o r  th e  pH  w i th in  th e  ra n g e  s tu d ie d .  C hem ica ls  w e re  
u s u a l ly  le s s  to x ic  to  e a r th w o rm s  in  s o ils  th a t  c o n ta in e d  a la rg e  am oun t o f  
o rg a n ic  m a tte r  o r  a sm a ll am oun t o f  w a te r ,  b u t  th e  c la y  c o n te n t o f  th e  s o il 
and  th e  pH  d id  n o t in f lu e n c e  th e  e f fe c t  o f  th e  c h e m ic a ls . T h e  t o x ic i t y  o f  
chem ica ls  to  e a r th w o rm s  was c o r re la te d  p o s i t iv e ly  w ith  th e  te s t  te m p e ra tu re  
and  th e  p e r io d  o f  e x p o s u re ,  b u t  was u n a f fe c te d  b y  th e  q u a n t i t y  o f  s o il in  
each  re p lic a te  and  th e  m e thod  th a t  was u se d  to  a p p ly  th e  ch em ica l to  th e
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s o i l .  T h e  m a g n itu d e  o f  th e  L C ^ s  was n o t a f fe c te d  b y  th e  n u m b e r o f  
r e p l ic a te s  th a t  w e re  u s e d , a lth o u g h  th e  r e p r o d u c ib i l i t y  o f  th e  L C ^ 's  
c o r re la te d  p o s i t iv e ly  w ith  th e  n u m b e r o f  re p l ic a te s  w hen  th a t  n u m b e r was  
le s s  th a n  fo u r .

9 ) T h e  f i l t e r  p a p e r  c o n ta c t ,  a r t i f i c ia l  s o il a n d  s il ic a  p a s te -g la s s  b a l l te s ts  
w e re  e v a lu a te d  b y  in d e p e n d e n t la b o ra to r ie s  f o r  th e  e f f ic ie n c y  w ith  w h ic h  a 
s e n s it iv e  a n d  re p ro d u c ib le  a ssessm en t o f  th e  t o x ic i t y  o f  chem ica ls  to  
e a r th w o rm s  c o u ld  b e  o b ta in e d . T he se  c o lla b o ra to rs  w e re  c ir c u la te d  w ith  
in s t r u c t io n s  f o r  th e  te s ts ,  th r e e  u n k n o w n  chem ica ls  a n d  one  re fe re n c e  
c o m pound . T h e y  w e re  a s ke d  to  c r i t ic is e  th e  te s ts  a n d  to  r e p o r t  an  LC ,-q 
f o r  each  chem ica l u s in g  E . fe t id a  ( S a v ig n y ) .  Tw o  s u ch  e x e rc is e s  w e re  
d o n e . T h e  c r i t ic is m  th a t  was re c e iv e d  o f  th e  f i l t e r  p a p e r  c o n ta c t a n d  
a r t i f i c ia l  s o il te s ts  a f t e r  th e  f i r s t  e x e rc is e  a llow ed  th e  m e thod s  to  be  
im p ro v e d  a n d  r e s u lte d  in  an  e n h a n ce d  r e p r o d u c ib i l i t y  o f  th e  L C ^ 's  th a t  
w e re  o b ta in e d . T h e  s ta n d a rd  e r r o r s  o f  th e  L C ^ 's  th a t  w e re  d e te rm in e d  
u s in g  th e  f i l t e r  p a p e r  c o n ta c t te s t  w e re  sm a lle r th a n  th o se  o f  th e  a r t i f i c ia l  
s o il a n d  s il ic a  p a s te -g la s s  b a l l  te s ts .

10) T w o  f ie ld  e x p e r im e n ts  w e re  done  on  p a s tu re s  in  d i f f e r e n t  ty p e s  o f  s o il  
d u r in g  1981 a nd  1982 a t R o th am s te d  a n d  S it t in g b o u rn e  r e s p e c t iv e ly .  F iv e  
chem ica ls  w e re  a p p lie d  a t tw o  ra te s  to  th e  p lo ts  in  e a r ly  s p r in g ,  a nd  th e  
n u m b e rs  a n d  w e ig h ts  o f  th e  e a r th w o rm s  in  th e  p o p u la t io n s  o f  L .  t e r r e s t r i s  
( L in n a e u s ) ,  A .  lo n g a  (U d e ) , A .  c a lig in o s a  (S a v ig n y )  a n d  o f  th e  re m a in in g  
spe c ie s  w e re  sam p led  u s in g  th e  fo rm a lin  e x t r a c t io n  m e thod  a f t e r  one a nd  
s ix  m on th s  p o s t - t r e a tm e n t .  T h e  d a ta  w e re  p ro c e s s e d  b y  a n a ly se s  o f  
v a r ia n c e  a llo w in g  f o r  c o v a r ia te s .  L .  t e r r e s t r i s  was c o lle c te d  a t b o th  s ite s  
on  b o th  s a m p lin g  d a te s , a l th o u g h  A .  lo n g a , A . c a lig in o s a  a n d  th e  o th e r  
spe c ie s  o f  e a r th w o rm  w e re  fo u n d  in f r e q u e n t ly  in  th e  sam p les  c o lle c te d  
d u r in g  th e  s p r in g ,  p a r t ic u la r ly  a t th e  S it t in g b o u rn e  s ite .

11) T h e  n u m b e rs  a n d  w e ig h ts  o f  th e  e a r th w o rm s  fo u n d  in  th e  p lo ts  
u s u a l ly  re s p o n d e d  to  th e  chem ica l t re a tm e n ts  in  a s im ila r  m a n n e r. 
O cc a s io n a lly  th e  n u m b e rs  o f  th e  e a r th w o rm s  w e re  re d u c e d  m ore  th a n  th e  
w e ig h ts  o r  v ic e  v e r s a ,  a n d  som etim es th e  e a r th w o rm s  a p p a re n t ly  became  
m ore n u m e ro u s  in  th e  p lo ts  th a t  h a d  been  t r e a te d  w ith  a to x ic  c h em ica l. 
T he se  o b s e rv a t io n s  w e re  e x p la in e d  in  te rm s  o f  th e  r e la t iv e  s u s c e p t ib i l i t y  to  
chem ica ls  o f  a d u lt  a n d  ju v e n ile  e a r th w o rm s , th e  m ig ra t io n  o f  e a r th w o rm s  
in t o  a n d  fro m  th e  t r e a te d  a re a s , th e  r e c ru itm e n t  o f  e a r th w o rm s  in to  th e  
p o p u la t io n  fro m  cocoons a n d  th e  h a l f - l i f e  o f  th e  chem ica ls  in  th e  s o i l.
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12) C h lo rd a n e  a n d  c a r b a r y l  w e re  v e r y  to x ic  to  e a r th w o rm s  in  th e  f ie ld ,  
th io p h a n a te -m e th y l a n d  tr ia z o p h o s  w e re  m o d e ra te ly  to x ic  to  e a r th w o rm s ,  
and  p e n ta c h lo ro p h e n o l a p p a re n t ly  h a d  l i t t l e  e f fe c t .  A . c a lig in o s a  a n d  A .  
lo n g a  seemed to  b e  m ore  s u s c e p t ib le  to  th e s e  chem ica ls  th a n  L .  t e r r e s t r i s  
and  th e  o th e r  s p e c ie s . T h e  t o x ic i t y  o f  c h lo rd a n e  to  e a r th w o rm s  was lo w e r  
i n  th e  s o il t h a t  c o n ta in e d  a la rg e  am oun t o f  o rg a n ic  m a tte r  a t 
S it t in g b o u r n e . C h lo rd a n e , th io p h a n a te -m e th y l,  t r ia z o p h o s  a nd  p e n ta c h lo ro 
p h e n o l re m a in e d  to x ic  to  e a r th w o rm s  in  th e  s o il f o r  a t le a s t s ix  m o n th s , 
w h ils t  th e  e f fe c ts  o f  c a r b a r y l  w e re  seen o n ly  in  th e  p o s t - t r e a tm e n t sam p les  
ta k e n  a f t e r  one m o n th .

13 ) T h e  re s u l ts  o f  th e  f ie ld  e x p e r im e n ts  w e re  com pa red  w ith  a ssessm en ts  
o f  th e  t o x ic i t y  o f  th e  same chem ica ls  to  e a r th w o rm s  made u s in g  se ven  te s ts  
i n  th e  la b o ra to r y .  T h e  a r t i f i c ia l  s o i l ,  s i l ic a  p a s te -g la s s  b a l l  a n d  sand  te s ts  
id e n t i f ie d  c o r r e c t ly  s e v e ra l a s p e c ts  o f  th e  t o x ic i t y  o f  c h lo rd a n e , c a r b a r y l ,  
th io p h a n a te -m e th y l,  t r ia z o p h o s  a nd  p e n ta c h lo ro p h e n o l to  e a r th w o rm s  in  th e  
f ie ld ,  a lth o u g h  th e  la b o ra to r y  te s ts  seemed to  u n d e re s t im a te  th e  d if fe re n c e s  
th a t  o c c u r re d  in  th e  f ie ld  b e tw e e n  th e  to x ic i t ie s  o f  th e s e  chem ica ls  to  
e a r th w o rm s . T h e  L C cn 's  o f  th e  chem ica ls  te s te d  in  a r t i f i c ia l  s o il in  th e  
la b o ra to r y  w e re  m uch  h ig h e r  th a n  th e  c o n c e n tra t io n s  th a t  w e re  needed  to  
re d u c e  th e  n u m b e rs  o f  e a r th w o rm s  in  th e  f ie ld .  T h is  was p ro b a b ly  caused  
b y  th e  s h o r t  d u ra t io n  o f  th e  la b o ra to r y  te s ts  r e la t iv e  to  th a t  u se d  in  th e  
f ie ld .  T h e  r e s u l ts  fro m  th e  f i l t e r  p a p e r  c o n ta c t te s t  c o r re la te d  p o o r ly  w ith  
th o s e  fro m  th e  a r t i f i c ia l  s o il a n d  s il ic a  p a s te -g la s s  b a l l  t e s ts ,  a lth o u g h  th e  
r e s u l t s  fro m  th e  la t t e r  te s ts  w e re  c o r re la te d  h ig h ly .

14 ) E . fe t id a  was u s u a l ly  le ss  s u s c e p t ib le  to  to x ic  chem ica ls  th a n  L .  
t e r r e s t r i s , A . lo n g a  a n d  A . c a lig in o s a  w h en  te s te d  u s in g  th e  f i l t e r  p a p e r  
c o n ta c t a n d  a r t i f i c ia l  s o i l te s t s .  T h e se  te s ts  show ed  th a t  A .  c a lig in o s a  was  
u s u a l ly  m ore  s e n s it iv e  to  chem ica ls  o v e r  a n a r ro w e r  ra n g e  o f  c o n c e n tra t io n s  
th a n  th e  o th e r  s p e c ie s  o f  e a r th w o rm . E , fe t id a  a n d re i was m ore  
s u s c e p t ib le  to  io doa ce tam id e  a n d , to  a le s s e r  e x te n t ,  to  c h lo rd a n e  th a n  E .  
fe t id a  fe t id a  ( A n d r e ) .

15) E x t r a c ts  o f  th e  t is s u e s  o f  E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  w e re  
a n a ly s e d  b y  g a s - l iq u id  c h ro m a to g ra p h y  a nd  fo u n d  to  c o n ta in  th e  same 
l ip id s  in  am oun ts  th a t  w e re  s im ila r .  F u r th e r  e x p e r im e n ts  u s in g  GLC a n d  
ra d io la b e lle d  chem ica ls  show ed  th a t  e a r th w o rm s  o f  b o th  su b sp e c ie s  o f  E . 
fe t id a  a c cum u la te d  a lp h a -c h lo rd a n e  r e a d i ly  fro m  aqueous  s o lu t io n ,  b u t  
re le a s e d  none  s u b s e q u e n t ly  in to  d is t i l le d  w a te r .  E . fe t id a  fe t id a
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a ccu m u la te d  a lp h a -c h lo rd a n e  s l ig h t ly  m ore q u ic k ly  th a n  E . fe t id a  a n d re i 
a n d  th e  e a r th w o rm  t is s u e :w a te r  p a r t i t io n  c o e f f ic ie n t  f o r  a lp h a -c h lo rd a n e  
w a s , as e x p e c te d , h ig h .  A lp h a -c h lo rd a n e  was n o t m e ta b o lis e d  s ig n i f ic a n t ly  
b y  e a r th w o rm s  o f  e i t h e r  s u b sp e c ie s  o f  E . f e t id a , a l th o u g h  sm a ll am oun ts  o f  
o x y c h lo rd a n e  a n d  c h lo rd a n e  c h lo r o h y d r in  w e re  d e te c te d  in  th e  t is s u e s  o f  
b o th  s u b sp e c ie s  b y  t h in - la y e r  c h ro m a to g ra p h y .

16 ) T h e  ra te  a t w h ic h  a lp h a -c h lo rd a n e  e n te re d  E . fe t id a  fe t id a  im m e rsed  
i n  a n  aqueous  s o lu t io n  o f  t h is  c h e m ic a l, a n d  th e  r a te  o f  e f f lu x  o f  
a lp h a -c h lo rd a n e  fro m  e a r th w o rm s  in  d is t i l le d  w a te r  p ro c e e d e d  a t a m uch  
fa s te r  ra te  as th e  e a r th w o rm s  b e g a n  to  d ie .  T h is  s u g g e s te d  th a t  th e  
d is t r ib u t io n  o f  s u c h  chem ica ls  a c ro s s  th e  b o d y  w a ll o f  a h e a lth y  e a r th w o rm  
was m a in ta in e d  a c t iv e ly .

17 ) Io doa ce tam ide  was a c cum u la te d  a n d  re le a se d  in  v e r y  sm a ll am oun ts  b y  
E . fe t id a  f e t id a , a l th o u g h  E , fe t id a  a n d re i to o k  u p  a n d  re le a se d  e v e n  le s s .  
E a r th w o rm s  o f  b o th  s u b sp e c ie s  m e ta b o lis e d  th is  com pound  r e a d i ly ,  a n d  th e  
e a r th w o rm  t is s u e :  w a te r  p a r t i t io n  c o e f f ic ie n t  f o r  io d oa ce tam id e  w a s , as 
e x p e c te d , lo w .

18 ) A .  lo n g a  c o lle c te d  fro m  an  e x p e r im e n ta l o r c h a rd  th a t  h a d  been  t r e a te d  
r e g u la r ly  w ith  a la rg e  am oun t o f  a p e s t ic id e  th a t  b lo c k e d  th e  a c t io n  o f  
c h o lin e s te ra s e , a p p a re n t ly  show ed  an in c re a s e  in  th e  r a te  o f  p o ly m o rp h is m  
o f  c a rb o x y le s te ra s e s  th a t  w e re  s e p a ra te d  u s in g  g e l e le c t ro p h o re s is .  L .  
t e r r e s t r i s  c o lle c te d  fro m  th e  same s ite  d id  n o t show  th is  re s p o n s e . T h is  
p re l im in a r y  in v e s t ig a t io n  s u g g e s te d  te n ta t iv e ly  th a t  A . lo n g a  e x p o se d  
f r e q u e n t ly  to  s u c h  p e s t ic id e s  m ay d e ve lo p  a re s is ta n c e  to  th e m .

’’E a r th w o rm s , th o u g h  in  a p p e a ra n ce  a sm a ll a nd  d e s p ic a b le  l in k  in  th e  
c h a in  o f  N a tu re ,  y e t ,  i f  lo s t ,  w o u ld  make a la m e n ta b le  c h a s m .”

R e ve re n d  G ilb e r t  W h ite  (1853 ) 
S e lb o rn e  1777



A B B R E V IA T IO N S

O rg a n is a t io n s

EEC E u ro p e a n  Econom ic  C om m un ity

OECD O rg a n is a t io n  f o r  E u ro p e a n  C o o p e ra tio n  a n d  D e ve lo p m e n t

PSPS (U n ite d  K in g d o m ) P e s tic id e s  S a fe ty  P re c a u tio n s  Scheme

C hem ica l names

2 ,4 -D 2 ,4 -d ic h lo ro p h e n o x y a c e t ic  a c id

D B C P 1 ,2 -d ib ro m o -3 -c h lo ro p ro p a n e

D -D 1 , 2 - d ic h lo r o p ro p a n e /1 , 3 -d ic h lo ro p ro p e n e  m ix tu re

DD E 2 ,2 - ( 4 - c h lo r o p h e n y l ) - l , 1 -d ic h lo ro e th e n e

D D T 1 ,1 ,  l - t r i c h lo r o - 2 , 2 -d i( 4 - c h lo ro p h e n y l) e th a n e

DNOC 4 ,6 - d in i t r o - o - c r e s o l

HC B 1 , 2 , 3 , 4 , 5 ,6 -h e x a c h lo ro b e n z e n e

HCH 1 , 2 , 3 , 4 , 5 , 6 -h e x a c h lo ro c y  c lo h e xan e

M CPA 4 -c h lo ro -2 -m e th y lp h e n o x y a c e t ic  a c id

MCPB 4 - ( 4 - c h lo r o - 2 -m e th y lp h e n o x y ) b u ty r ic  a c id

PCP p e n ta c h lo ro p h e n o l

2 ,4 ,5 - T 2 ,4 ,5 - t r ic h lo ro p h e n o x y a c e t ic  a c id

2 ,3 ,6 - T B A 2 , 3 , 6 - t r ic h lo ro b e n z o ic  a c id

T C A t r ic h lo r o a c e t ic  a c id

TC D D 2 , 3 , 7 , 8 - te t r a c h lo r o d ib e n z o -p - d io x in
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C H A P TE R  1

G EN ER AL IN T R O D U C T IO N

1 .1  E a r th w o rm s  a nd  e n v iro n m e n ta l p o l lu t io n

E a r th w o rm s  a re  b e n e f ic ia l s o il o rg a n is m s . W h ite  (1853 ) o b s e rv e d  th a t  
" th e  e a r th  w ith o u t  w o rm s  w o u ld  soon become c o ld ,  h a rd -b o u n d  a n d  v o id  o f  
fe rm e n ta t io n ;  a n d , c o n s e q u e n t ly , s te r i le " .  T h is  o b s e rv a t io n  was c o n f irm e d  
b y  D a rw in  (1881 ) in  h is  b o o k  ’T h e  F o rm a tio n  o f  V e g e ta b le  M ou ld  T h ro u g h  
th e  A c t io n  o f  W orm s’ . E a r th w o rm s  in c re a s e  s o il f e r t i l i t y  b y  in c o r p o r a t in g  
and  m in e ra l is in g  p la n t  n u t r ie n t s ,  a n d  b y  a l t e r in g  th e  c a rb o n :n i t r o g e n  
r a t io ,  a llo w in g  n i t r o g e n  to  b e  ta k e n  u p  b y  p la n ts  m ore  e a s ily  (E d w a rd s ,  
R e ic h le  a n d  C ro s s le y ,  1 9 7 0 ). E a r th w o rm s  a e ra te  a n d  d r a in  th e  s o i l,  
im p ro v e  i t s  s t r u c tu r e  b y  b r e a k in g  dow n  la rg e  p a r t ic le s  a n d  a s s is t th e  
p ro d u c t io n  o f  m in e ra l a g g re g a te s  th a t  a re  r e s is ta n t  to  e ro s io n  and  
com pac tio n  (E d w a rd s  a n d  L o f t y ,  1 9 7 7 ). T h is  a c t iv i t y  can  speed  th e

re c la m a tio n  o f  open  ca s t m in in g  la n d  ( L a ir d  a n d  K r o g e r ,  1981; S te w a r t and  
S c u ll io n ,  1985) a n d  p o ld e r  s o ils  (H o o g e rk a m p , R o g a a r a n d  E ijs a c k e rs ,  

1983 ). I n  an  a ra b le  s o il th e  b e n e f ic ia l a c t iv i t ie s  o f  e a r th w o rm s  m ay in c re a s e  
c ro p  y ie ld s  (E d w a rd s  a n d  L o f t y ,  1 9 77 ), p a r t ic u la r ly  w hen  th e  s o il is  d ir e c t  
d r i l le d  o r  m in im a lly  c u l t iv a te d  (E d w a rd s , 1 9 7 5 b ). B y  in c o r p o r a t in g  le a f  
l i t t e r ,  e a r th w o rm  a c t iv i t y  can  re d u c e  th e  p e rs is te n c e  o f  f o l ia r  p la n t  
p a th o g e n s  s u ch  as th e  a p p le  scab V e n tu r ia  in a e q u a lis  (C o o ke ) on  fa l le n  

le a ve s  ( H i r s t ,  S to re y ,  W ard  a n d  W ilc o x , 1 9 55 ).

O c c a s io n a lly  th e  a c t iv i t y  o f  e a r th w o rm s  is  u n d e s ira b le  a n d  m e thod s  o f  
c o n t r o l a re  r e q u ir e d .  S p o r ts  t u r f  ( E s c r i t t ,  1955; S h re a d , 1952; S tu u rm a n  
and  K am p , 1971; W a lto n , 1928) a n d  la w n s  (D a w s o n -B in g le y , 1949) m ay be  
s p o ile d  b y  w o rm  c a s ts . L a rg e  f lo c k s  o f  b i r d s  can c o n g re g a te  on  th e  
c lo s e ly  m own g ra s s  s u r r o u n d in g  a i r p o r t s  a n d  m ay , in  t h e i r  s e a rc h  f o r
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e a r th w o rm s , e n d a n g e r  a i r c r a f t  ( T o m lin ,  1981; T o m lin , T o lm an  a n d  T h o r n ,

1 9 8 1 ).

I n  re c e n t y e a r s ,  th e  p o s s ib i l i t y  th a t  p e s t ic id e s  a n d  in d u s t r ia l  
chem ica ls  w e re  h a v in g  an  a d v e rs e  e f fe c t  u p o n  n o n - ta r g e t  o rg a n ism s  su ch  
as e a r th w o rm s  ha s  becom e a cause  f o r  c o n c e rn . M any  g o v e rn m e n ts  h a ve  
re s p o n d e d  to  t h is  c o n c e rn  b y  in t r o d u c in g  r e g is t r a t io n  re q u ire m e n ts  f o r  
p e s t ic id e s .  C o u n tr ie s  w i th in  th e  ju r is d ic t io n  o f  th e  E u ro p e a n  Econom ic  
C o m m u n ity  a n d  O rg a n is a t io n  f o r  E u ro p e a n  C o o p e ra t io n  a n d  D e ve lo p m e n t a re  
s u b je c t  a lso  to  in c r e a s in g ly  s t r in g e n t  e n v iro n m e n ta l p ro te c t io n  le g is la t io n  
c o n c e rn e d  w ith  th e  u se  o f  in d u s t r ia l  c h e m ic a ls . T h is  le g is la t io n  ( A n o n . ,

1979) r e f le c te d  th e  v ie w s  o f  E u ro p e a n  e x o to x ic o lo g is ts  a n d  r e q u ir e d  th a t  
a n y  c h e m ic a l, m a rk e te d  in  an  am oun t g re a te r  th a n  10 to n n e s  p e r  a n n um , 

b e  te s te d  f o r  a c u te  t o x ic i t y  to  f iv e  in d ic a to r  s p e c ie s . T h e se  in d ic a to r  
sp e c ie s  in c lu d e  an  a lg a , a h ig h e r  p la n t ,  a f r e s h w a te r  c ru s ta c e a n , a f is h  

a n d  an  e a r th w o rm .

1 .2 .  E a r th w o rm s  as in d ic a to r s  o f  p o l lu t io n

A n  in d ic a to r  s p e c ie s  is  one c o n s id e re d  to  be  capab le  o f  in d ic a t in g  th e  

t o x i c i t y  o f  a ch em ica l to  o th e r  o rg a n ism s  in  th e  same ty p e  o f  h a b i ta t .  
S e v e ra l spe c ie s  h a v e  b een  s u g g e s te d  as s u ita b le  f o r  in d ic a t in g  th e  t o x ic i t y  
o f  chem ica ls  to  th e  s o il fa u n a  in c lu d in g  s p r in g ta i ls  (B e ra n k o v a ,  1978; 
E d w a rd s  a n d  T h o m p so n , 1 9 7 3 ), m ill ip e d e s , w ire w o rm s  (B e ra n k o v a ,  1 9 7 8 ),  
p a u ro p o d s  (E d w a rd s  a n d  T h o m p so n , 1 9 7 3 ) , c a ra b id  b e e t le s ,  s ta p h i l in id  
b e e tle s  a n d  e a r th w o rm s  (E d w a rd s , 1 9 7 8 ).

S p r in g ta i ls ,  m ill ip e d e s , w ire w o rm s , s lu g s  a n d  e a r th w o rm s  consum e  

l i v in g  o r  d e ca ye d  v e g e ta b le  m a t te r .  T e s ts  f o r  th e  t o x ic i t y  o f  chem ica ls  
u s in g  th e s e  o rg a n ism s  can  e s tim a te  th e  t o x ic i t y  o f  a ch em ica l to  th e  r e s t  o f  

th e  s o il fa u n a  in  th e  f ie ld  m ore  a c c u ra te ly  th a n  th o se  u s in g  p re d a to r y  
s p e c ie s . T h is  is  be cau se  o rg a n ism s  th a t  fe e d  u p o n  p la n t  m a te r ia l do  n o t
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a ccum u la te  h ig h  c o n c e n tra t io n s  o f  chem ica ls  fro m  t h e i r  p r e y  a n d  th e re fo re  

in d ic a te  th e  d i r e c t  e f fe c ts  o f  a g iv e n  c o n c e n tra t io n  o f  th e  te s t  chem ica l in  

th e  s o il o r  o n  v e g e ta t io n .

P e s tic id e s  a n d  in d u s t r ia l  chem ica ls  can  th re a te n  th e  p o p u la t io n s  o f  

b e n e f ic ia l in v e r te b r a te s  in  th e  s o il a n d  so i t  is  im p o r ta n t  th a t  th e  t o x ic i t y  

o f  chem ica ls  to  th e s e  o rg a n ism s  is  a ssessed  a c c u ra te ly .  A n n e lid s  h a ve  
b een  u s e d  s u c c e s s fu l ly  to  m o n ito r  m a r in e  p o l lu t io n  ( B a r n e t t ,  1983; C oa tes  
a n d  E l l is ,  1980) a n d  th e  e a r th w o rm  seemed to  b e  w e ll s u ite d  to  th e  
assessm en t o f  t e r r e s t r ia l  c o n ta m in a t io n . T h e  e a r th w o rm  f u l f i l l e d  s e v e ra l o f  
th e  c r i t e r ia  f o r  a good  in d ic a to r  o rg a n is m . T he se  c r i t e r ia  in c lu d e d  th e  

a b i l i t y  to  re s p o n d  in  a s e n s it iv e  w ay  to  th e  e f fe c ts  o f  c h em ica ls , to  h a ve  
an  im p o r ta n t  ro le  in  th e  m a in te n an ce  o f  s o il f e r t i l i t y  ( A n o n . , 1975) a n d  to  
be  c u l tu r e d  e a s ily  in  th e  la b o r a to r y .  E a r th w o rm s  a lso  seemed to  be  
ca p a b le  o f  in d ic a t in g  th e  t o x ic i t y  o f  chem ica ls  to  th e  s o il fa u n a  in  g e n e ra l 
a n d  w e re  th e re fo re  s e le c te d  to  re p re s e n t  th e se  o rg a n ism s  in  t o x ic i t y  te s ts .

1 .3  T h e  ta x o n o m y  o f  e a r th w o rm s

T e r r e s t r ia l  A n n e lid s  b e lo n g  to  th e  O rd e r  O lig o c h a e ta , o f  w h ic h  th e  
la r g e s t  E u ro p e a n  fa m ily  is  th e  L u m b r ic id a e  c o n ta in in g  a p p ro x im a te ly  220 
s p e c ie s . T e n  lu m b r ic id  spe c ie s  a re  com m on ly  fo u n d  in  B r i t i s h  a ra b le  s o ils  
a n d  a f u r t h e r  th r e e  s p e c ie s  l iv e  in  d u n g  o r  com post h e a p s .

E a r th w o rm  ta x o n o m y  is  u n d e r  c o n s ta n t r e v is io n .  T h e  p re s e n t s tu d y  
fo l lo w s  th e  L in n e a n  S o c ie ty  c la s s if ic a t io n  (G e ra rd ,  1964) a n d  a re c e n t  
r e v is io n  o f  th e  v a l id  nam es o f  th e  L u m b r ic id a e  (E a s to n , 1 9 83 ). T h e  
e a r th w o rm s  th a t  w e re  u s e d  in  th e  e x p e r im e n ta l w o rk  in c lu d e d  L u m b r ic u s  
t e r r e s t r i s  ( L in n a e u s ) ,  A p o r re c to d e a  lo n g a  (U d e ) ,  A p o r re c to d e a  c a lig in o s a  
(S a v ig n y )  a n d  E is e n ia  fe t id a  (S a v ig n y )  a n d ,  w ith  th e  e x c e p t io n  o f

E . fe t id a ,  h a ve  b e e n  d e s c r ib e d  a d e q u a te ly  b y  th e se  a u th o rs .
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T h e  s u b d iv is io n  o f  th e  s p e c ie s  E . fe t id a  was d e s c r ib e d  f i r s t  b y  A v e l  
(1 9 3 7 ) , w ho  re p o r te d  tw o  ty p e s ;  a u n i fo rm ly  re d  fo rm  a nd  one p o s s e s s in g  
y e llo w  b a n d s . T h e  tw o  fo rm s  w e re  s u b s e q u e n t ly  nam ed E . fe t id a  u n ic o lo u r  
a n d  E . fe t id a  t y p ic a  b y  A n d re  (1 9 6 3 ) , a n d  th e n  renam ed  b y  B o u ch e  (1972 ) 
as th e  s u b s p e c ie s  E . fe t id a  a n d re i (A n d re )  a n d  E . fe t id a  fe t id a  (A n d re )  
r e s p e c t iv e ly .  T h e  la t t e r  c la s s if ic a t io n  is  a d o p te d  h e re .

T h e  lu m b r ic id  g e n u s  D e n d ro b a e n a  a n d  n o n - lu m b r ic id  g e n u s , A lm a , 
D ip lo c a rd ia , E u d r i lu s , L a m p ito , P h e re t im a , P o n to sco le x  a n d  H e lo d r i lu s  w i l l  
a lso  b e  m e n tio n e d . W ith  th e  e x c e p t io n  o f  D e n d ro b a e n a  a n d  H e lo d r i lu s  
th e s e  a re  t r o p ic a l o r  s e m i- t r o p ic a l e a r th w o rm s . F u r th e r  d e s c r ip t io n  o f  

th e s e  n o n - te m p e ra te  g e n u s  l ie s  o u ts id e  th e  scope o f  t h is  th e s is ,  a l th o u g h  
th e y  a re  d e s c r ib e d  f u l l y  b y  E d w a rd s  a n d  L o f t y  (1 9 7 7 ) .

1 .4  T h e  m o rp h o lo g y  a n d  p h y s io lo g y  o f  e a r th w o rm s

T h e  p r in c ip a l  s y s te m a tic  fe a tu re s  o f  th e  e a r th w o rm  in c lu d e  th e  
in t e r n a l  a n d  e x te r n a l s e g m e n ta tio n  o f  th e  b o d y ,  a coe lom ic  h y d r o s ta t ic  

s k e le to n  b o u n d e d  b y  m usc le  la y e rs  a n d  a th in  s e ta e -b e a r in g  c u t ic le  th a t  
c o n ta in s  m ucous g la n d s  a n d  s e n s o ry  c e l ls .  T h e  c u t ic le  is  p e rm eab le  to  

w a te r  a n d  gases as w e ll as m any  o th e r  c h em ica ls . T h e  v a s c u la r  s ys tem  
c o n s is ts  o f  d o rs a l a n d  v e n t r a l  lo n g i tu d in a l v e s s e ls  fro m  w h ic h  th e  
se gm en ta l v e s se ls  a r is e .  I n  th e  a n te r io r  segm en ts  th e s e  se gm en ta l v e s se ls  
m ay b e  c o n t r a c t i le  a n d  a c t as a h e a r t .  T h e  b o d y  w a ll is  w e ll s u p p lie d  w ith  
b lo o d  v e s s e ls , a n d  gas e x c h a n g e  ta k e s  p la ce  o v e r  th e  c u t ic le .  N it ro g e n o u s  
e x c re t io n  o c c u rs  th r o u g h  th e  n e p h r id ia ,  w h ic h  a re  tu b u la r  s t r u c tu r e s  th a t  
r e g u la te  th e  c o m p o s it io n  o f  th e  coe lom ic  f lu id  in  w h ic h  th e y  l ie .  T h e  
d ig e s t iv e  t r a c t  is  a s im p le  tu b e  r u n n in g  th e  le n g th  o f  th e  b o d y ,  a n d  show s  
some d i f f e r e n t ia t io n  in to  m u s c u la r  g r in d in g  a nd  p u m p in g  s t r u c tu r e s .  T h e  
n e rv o u s  s ys tem  c o n s is ts  o f  a c o n c e n tra t io n  o f  g a n g lia  a n d  s e n s o ry  
s t r u c tu r e s  in  th e  a n te r io r  s egm en ts  fro m  w h ic h  r u n s  a v e n t r a l  n e r v e  c o rd .
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T h is  c o n ta in s  s e gm en ta l g a n g lia  th a t  g iv e  r is e  to  s egm en ta l n e rv e s  w h ic h  
in n e r v a te  th e  r e s t  o f  th e  b o d y .  E a r th w o rm s  a re  h e rm a p h ro d ite ,  th o u g h  
r a r e ly  s e l f - f e r t i l i z in g .  T h e  c l i te l lu m  o r  's a d d le 1 is  an  a re a  o f  g la n d u la r

t is s u e  th a t  s e c re te s  th e  co coon , a n d  is  o n ly  p re s e n t in  s e x u a lly  m a tu re  
in d iv id u a ls .  T h e  l i t e r a t u r e  c o n c e rn in g  e a r th w o rm  m o rp h o lo g y  a n d  
p h y s io lo g y  is  e x te n s iv e  a n d  b e y o n d  th e  scope o f  t h is  th e s is ,  a l th o u g h  
s e v e ra l e x c e lle n t  c o m p re h e n s iv e  re v ie w s  e x is t  (B a rn e s ,  1968; E d w a rd s  a n d  
L o f t y ,  1977; L a ir d  a n d  K r o g e r ,  1981 ; L a v e ra c k ,  1 963 ).

1 .5  T h e  e f fe c ts  o f  chem ica ls  u p o n  e a r th w o rm s

T h e  re v ie w s  th a t  e x is t  o n  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  a re  
o u t o f  d a te  b e cau se  m uch  m ore  d a ta  a re  now  a v a ila b le . E a r ly  s u rv e y s  o f  
th e  l i t e r a t u r e  w e re  l im ite d  to  th o s e  chem ica ls  u s e d  to  e ra d ic a te  e a r th w o rm s  
i n  s p o r ts  t u r f  ( E s c r i t t  a n d  A r t h u r ,  1948) o r  to  th e  few  o rg a n o c h lo r in e  a nd  

o rg a n o p h o s p h o ru s  in s e c t ic id e s  th e n  in  e x is te n c e  (B a u e r ,  1964 ; D a v e y ,  
1963; G o u g h , 1945 ; S a tc h e ll,  1 955a ).

E d w a rd s  a n d  T hom pson  (1973 ) a n d  T hom pson  a n d  E d w a rd s  (1974 ) 
e v a lu a te d  th e  d iv e rs e  r e p o r ts  w i th  re s p e c t to  th e  a p p lic a t io n  r a te  o f  th e  
c h e m ic a l, th e  r o u te  b y  w h ic h  th e  e a r th w o rm s  w e re  e x p o se d  to  th e  ch em ica l 
a n d  th e  e f fe c t  t h a t  i t  h a d  u p o n  th e  p o p u la t io n s  o f  e a r th w o rm s . D e a n -R o ss  
(1983 ) re v ie w e d  th e  a c t io n  o f  b e n o m y l a n d  c e r ta in  o rg a n o p h o s p h o ru s  a n d  

ca rbam a te  in s e c t ic id e s  in  an  a t te m p t to  d e f in e  th e  e f f ic ie n c y  w ith  w h ic h  
la b o ra to r y  te s ts  f o r  t o x ic i t y  p re d ic te d  th e  t o x ic i t y  o f  c h em ica ls  to  
e a r th w o rm s  in  th e  f ie ld .  T h e  s tu d ie s  o f  B la c k sh a w  (1980 ) a n d  C lu t te r b u c k

(1973 ) c o n s id e re d  th e  re s p e c t iv e  e f fe c ts  o f  th e  b e n z im id a zo le  fu n g ic id e s  
a n d  o f  v a r io u s  h e rb ic id e s  u p o n  e a r th w o rm s .

T h e  d a ta  o b ta in e d  fro m  p re v io u s  s tu d ie s  o f  t o x ic i t y  u s in g  e a r th w o rm s  
a re  p re s e n te d  in  a fo rm  w h ic h  c o r r e c ts  th e  d e f ic ie n c ie s  o f  e x is t in g  re v ie w s  
(T a b le  A l . l ) .  T h e  chem ica ls  th a t  h a ve  b e e n  te s te d  f o r  t o x ic i t y  to
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e a r th w o rm s  a re  l is te d  a lp h a b e t ic a lly  w i th in  th e  fo l lo w in g  s e c t io n s : a )

in o r g a n ic  c h e m ic a ls , b )  p e s t ic id e s  o f  b io lo g ic a l o r ig in ,  c )  a ro m a tic  a n d  

c h lo r in a te d  h y d ro c a rb o n  in s e c t ic id e s ,  d )  o rg a n o p h o s p h o ru s  in s e c t ic id e s ,  e )  
ca rb am a te  in s e c t ic id e s ,  f )  s y n th e t ic  p y r e t h r o id  in s e c t ic id e s  a n d  in h ib i t o r s  
o f  c h i t in  fo rm a t io n ,  g )  s o il fu m ig a n ts  a n d  n e m a tic id e s , h )  fu n g ic id e s ,  i )  
h e rb ic id e s  a n d  j )  m isce lla n eou s  c h e m ic a ls . T h e  r e p o r ts  o f  th e s e  s tu d ie s  
in c lu d e  d e ta i ls  o f  th e  r a te  a t w h ic h  th e  ch em ica l was a p p lie d  in  th e  f ie ld  o r  
th e  c o n c e n tra t io n  th a t  w as u s e d  in  a la b o ra to r y  te s t ,  th e  p e r io d  o f  
e x p o s u re ,  th e  m e thod  o f  e x p o s u re  a n d  th e  spe c ie s  o f  e a r th w o rm  u s e d ,  
to g e th e r  w i th  th e  e f fe c t  o f  th e  ch em ica l u p o n  e a r th w o rm s  a nd  th e  l i t e r a t u r e  
r e fe re n c e .  T h e  m a jo r i ty  o f  t h is  in fo rm a t io n  was c o lle c te d  fro m  th e  o r ig in a l  
p u b l ic a t io n s ,  b u t  w h e re  im p o r ta n t  d a ta  c o u ld  n o t b e  v e r i f ie d ,  th e y  a re  
in c lu d e d  w ith  an  a c kn ow le d g em en t o f  th e  s e c o n d a ry  s o u rc e .

T h e  d a ta  in  t h is  t a b u la r  fo rm  a re  s t i l l  d i f f i c u l t  to  in t e r p r e t  d u e  to  th e  

v a r ie t y  o f  spe c ie s  o f  e a r th w o rm  a n d  m e thod s  o f  a ssessm en t th a t  h a ve  been  
u s e d . I  h a v e  th e re fo r e  sum m a rised  th is  in fo rm a t io n  b y  s o r t in g  th e  
a v a ila b le  d a ta  s y s te m a t ic a lly  a c c o rd in g  to  a ) th e  n u m b e r o f  e x p e r im e n ts  

c o n d u c te d  w ith  a p a r t ic u la r  chem ica l a n d  b ) ,  w h e th e r  th e  t o x ic i t y  o f  a 

chem ica l to  e a r th w o rm s  was seen u n d e r  f ie ld  o r  la b o ra to r y  c o n d it io n s  
( F ig u r e  1 . 1 ) .  T h is  a llow ed  th e  chem ica ls  to  b e  ra n k e d  a c c o rd in g  to  t h e i r  
t o x ic i t y  to  e a r th w o rm s  (T a b le  1 . 1 ) .

T h e  sequence  in  w h ic h  th e  chem ica ls  a p p e a r s h o u ld  b e  u s e d  o n ly  as 
an  in d ic a t io n  o f  th e  r e la t iv e  t o x ic i t y  to  e a r th w o rm s , as th e  s o r t in g  p ro c e s s  
in t r o d u c e d  a s l ig h t  b ia s  in to  th e  r a n k in g .  C hem ica ls  k n o w n  to  be  to x ic  to  
e a r th w o rm s  in  th e  f ie ld  w e re  o f te n  u s e d  s u b s e q u e n t ly  a t h ig h  
c o n c e n tra t io n s  in  la b o ra to r y  te s ts ,  a n d  v ic e  v e rs a ,  in  an a t te m p t to  e l ic i t  a 
p o s i t iv e  r e s u l t  o r  p ro v e  a p a r t ic u la r  p o in t .  T h is  in c re a s e d  th e  n u m b e r o f  
e x p e r im e n ts  th a t  w e re  done  u s in g  chem ica ls  th a t  show ed  a to x ic  e f fe c t .

/
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Table 1.1. Ranked toxicity of chemicals to earthworms
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Table 1.1. Ranked toxicity of chemicals to earthworms - continued
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T h e  r a n k in g  in  P a r t  A  (T a b le  1 .1 )  in c lu d e s  chem ica ls  th a t  h a d  been  

te s te d  in  th r e e  o r  m ore  in d e p e n d e n t e x p e r im e n ts  a n d  is  th u s  m ore  re l ia b le  
th a n  th a t  f o r  chem ica ls  th a t  a p p e a r in  P a r t  B ,  w h ic h  h a ve  b e e n  s tu d ie d  
le s s  th o r o u g h ly .  C hem ica ls  th a t  a p p e a r in  P a r t  B m ay p ro v e  to  b e  v e r y  

to x ic  to  e a r th w o rm s , b u t  th is  w o u ld  h a ve  to  b e  c o n f irm e d  b y  f u r t h e r  
s tu d ie s .  F ie ld  r e s u l ts  p ro v id e  an  a c c u ra te  e s tim a te  o f  th e  t o x ic i t y  o f  
chem ica ls  to  e a r th w o rm s  a n d  a re  th u s  g iv e n  g re a te r  w e ig h t in  th e  d a ta  
s o r t in g  th a n  r e s u l t s  o b ta in e d  in  th e  la b o r a to r y .

W he re  th is  e x e rc is e  was com pa rab le  w ith  p re v io u s  r e v ie w s ,  th e  
f in d in g s  h a v e  g e n e ra l ly  s u p p o r te d  th e  co n se n su s  o f  o p in io n  (D a v e y , 1963; 
D e a n -R o s s , 1983; E d w a rd s , 1980; E d w a rd s  a n d  T h o m p so n , 1973; H aque  a nd  
E b in g ,  1983a; R o b e r ts  a n d  D o ro u g h , 1 9 8 4 ), a lth o u g h  th e  p re s e n t s tu d y  is  

m uch  m ore  e x te n s iv e .  F u tu re  s tu d ie s  o f  th e  t o x ic i t y  o f  chem ica ls  u s in g  
e a r th w o rm s  s h o u ld  b e  m ore  s ta n d a rd is e d  to  a s s is t th e  c om pa riso n  o f  r e s u l t s  
o b ta in e d  in d e p e n d e n t ly  (D e a n -R o s s , 1983; E b in g  a n d  H a q u e , 1979; 

L o fs -H o lm in  a n d  B o s tro m , 1 9 85 ).

C o p p e r s u lp h a te ,  le a d  a rs e n a te  a n d  ca lc ium  a rs e n a te  a re  u s e d  to  

e ra d ic a te  e a r th w o rm s  o c c a s io n a lly ,  w h ils t  o th e r  o ld  fa s h io n e d  p e s t ic id e s ,  

s u c h  as s u lp h u r ,  sod ium  c h lo ra te ,  m e rc u r ic  c h lo r id e  o r  M ow rah  meal a re  
o n ly  to x ic  to  e a r th w o rm s  a t h ig h  a p p lic a t io n  r a te s .  T h e  e x c e p t io n  to  t h is  
is  ro te n o n e , th e  is o la te d  a c t iv e  in g r e d ie n t  o f  M ow rah  m ea l, w h ic h  is  
p a r t ic u la r ly  to x ic  to  e a r th w o rm s . T h e  a ro m a tic  o r  o rg a n o c h lo r in e

in s e c t ic id e s  ( e n d r in ,  c h lo rd a n e , e n d o s u lp h a n , h e p ta c h lo r ,  is o b e n z a n ,  
d ie ld r in  a n d  D N O C ), th e  o rg a n o p h o s p h o ru s  com pounds  ( p h o ra te ,  t u r b u fo s ,  
e th o p ro p h o s , t r ic h lo r p h o n , fe n a m ip h o s , fo n o fo s , m a la th io n , p a ra o x o n ,  
p h o s a lo n e , c h lo r p y r ip h o s , d ia z in o n , fe n s u l fo th io n , c h lo r fe n v in p h o s  and  
p a ra th io n )  a n d  th e  ca rb am a te  in s e c t ic id e s  ( c a r b a r y l ,  b u fe n c a rb ,

c a r b o fu r a n ,  p r o p o x u r ,  m e th o m y l, a ld ic a r b ,  th io p h a n o x ,  m e th io c a rb  and  
o x a m y l) , k i l l  e a r th w o rm s  a t a c o n c e n tra t io n  e q u iv a le n t to  th a t  a c h ie v e d  b y  
an  a p p lic a t io n  to  th e  f ie ld  a t th e  ra te  re com m ended  b y  th e  m a n u fa c tu re r .
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N e m a tic id a l com pounds  s u c h  as c h lo r o p ic r in , fo rm a ld e h y d e , dazom et a n d  
D -D ,  a n d  th e  b e n z im id a zo le  fu n g ic id e s  in c lu d in g  b e n o m y l, c a rb e n d a z im ,  
th io p h a n a te -m e th y l a n d  th ia b e n d a z o le , to g e th e r  w ith  th e  fu n g ic id e  th ira m  
a re  a lso  v e r y  to x ic  to  e a r th w o rm s . F u r th e rm o re ,  th e re  is  g ro w in g  
e v id e n c e  to  s u g g e s t th a t  th e  h e rb ic id e s  a t ra z in e ,  3 -a m in o tr ia z o l,  
c h lo rp ro p h a m , 2 ,4 -D ,  d iu r o n ,  s im a z in e , t r ic h lo r o a c e t ic  a c id ,  p a ra q u a t ,  
b ro m a c il,  c h lo ro a ce ta m id e  a n d  m e th a b e n z th ia z u ro n  m ay a lso  re d u c e  th e  s ize  

o f  p o p u la t io n s  o f  e a r th w o rm s .

Some p e s t ic id e s  m ay cause  an  in c re a s e  in  th e  n u m b e r o f  e a r th w o rm s  
i n d i r e c t ly .  T h is  i s ,  p e rh a p s ,  a p re d ic ta b le  e f fe c t  o f  c h em ica ls  th a t  
in c re a s e  th e  am oun t o f  le a f  l i t t e r  a v a ila b le , s u c h  as p a ra q u a t o r  c y a n a z in e .  
B u t  r e p o r t s  t h a t  f e n i t r o t h io n , is o fe n p h o s , th io n a z in e , HCH a n d  a ld r in  a lso  
f a v o u r  e a r th w o rm s  a re  e x p la in e d  le s s  e a s i ly .  T h e  p o p u la t io n  o f  e a r th w o rm s  
p o s s ib ly  becom es la r g e r  th a n  th a t  fo u n d  in  th e  s o il b e fo re  th e  a p p lic a t io n  
o f  a n o n -p e r s is te n t  to x ic  c om p o u n d , due  to  th e  im m ig ra t io n  o f  a d u lts  a n d  
b y  th e  r e c ru i tm e n t  in to  th e  p o p u la t io n  o f  e a r th w o rm s  th a t  h a tc h  fro m  

cocoons  (E d w a rd s  a nd  B ro w n , 1 9 82 ).

E f f ic ie n t  m e thods  f o r  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s ,  
to g e th e r  w ith  im p ro v e d  te c h n iq u e s  f o r  th e  a p p lic a t io n  o f  p e s t ic id e s  s h o u ld  
h e lp  to  p re s e rv e  n a tu r a l p o p u la t io n s  o f  e a r th w o rm s . W ith  a g re a te r  
u n d e r s ta n d in g  o f  th e  b e n e f ic ia l e f fe c ts  o f  th e  a c t iv i t y  o f  e a r th w o rm s  u p o n  
th e  f e r t i l i t y  o f  a g r ic u l t u r a l  s o i ls ,  i t  m ay becom e p o s s ib le  to  c a lc u la te  th e  
dam age th a t  is  cau sed  b y  to x ic  chem ica ls  to  e a r th w o rm  p o p u la t io n s  in  
econom ic  te rm s . T h e  c o s t o f  m a in ta in in g  s o il f e r t i l i t y  b y  c u l t iv a t io n  a n d  
th e  a d d it io n  o f  f e r t i l is e r s  in  th e  absence  o f  e a r th w o rm s  c o u ld  b e  b a la n c e d  
a g a in s t th e  lo sse s  a n t ic ip a te d  fro m  w ith o ld in g  c ro p  p r o te c t io n  p ra c t ic e s  
(B o u c h e , 1 984a ). T h is  c o n f l ic t  o f  in te r e s t  m ay be  p a r t ia l ly  re d u c e d  b y  th e  
in t r o d u c t io n  o f  new  p e s t ic id e  a p p lic a t io n  te c h n iq u e s . E le c t r o s ta t ic a l ly  
c h a rg e d  o r  u l t r a - lo w  vo lum e  s p ra y s  ( S t r in g e r  a n d  L y o n s , 1977) a n d  b a n d  

p la cem e n t o f  g ra n u le s  (R u p p e l and  L a u g h l in ,  1977) do  le s s  dam age to
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e a r th w o rm s , w h i ls t  new  p e s t ic id e s  s u c h  as in s e c t h o rm ones  a n d  b a c te r ia l  
p ro d u c ts  a re  le s s  to x ic  to  e a r th w o rm s  th a n  o ld e r  m a te r ia ls .  T h e  u se  o f  
im p ro v e d  te c h n iq u e s  f o r  p e s t ic id e  fo rm u la t io n  a n d  in te g r a te d  p e s t c o n t r o l 
p ro g ram m es  s h o u ld  a lso  help., to  p r o te c t  e a r th w o rm s  b y  r e d u c in g  th e  r i s k  o f  
a p p ly in g  an  o v e rd o s e  o f  p e s t ic id e  (G ra h a m -B ry c e , 1977; W a lk e r , 1 979 ).

R e s id u e s  o f  chem ica ls  a ccum u la te  in  e a r th w o rm s  a n d  m ay be  
d is t r ib u te d  b y  them  w ith in  th e  ’’ fo o d  w e b " .  T h is  e x te n s iv e  s u b je c t has  
b e e n  re v ie w e d  th o ro u g h ly  e ls e w h e re  (E d w a rd s  and  L o f t y ,  1977; M o r ia r t y ,  
1977; T h o m p so n , 1 9 73 ). T h e  f i r s t  com pounds  to  be  in v e s t ig a te d  f o r  
b io a c c u m u la t io n  w e re  th e  o rg a n o c h lo r in e  in s e c t ic id e s  (B e y e r  a n d  G is h ,  
1980; D a v is  a n d  F re n c h ,  1969; E d w a rd s  a nd  J e f fs ,  1974; G is h  a n d  H u g h e s ,  
1982; J e f f r ie s  a n d  D a v is ,  1968; W hea tle y  a n d  H a rd m a n , 1 9 6 4 ), a l th o u g h  

m ore  r e c e n t ly  th e re  h a s  b e e n  c o n c e rn  o v e r  th e  fa te  o f  lo n g - l iv e d  
c o n ta m in a n ts  s u c h  as d io x in  (F a n e l l i  e t a l . , 1980a; F a n e ll i e t a l . , 1980b ; 
M a r t in u c c i e t a l . , 1983) a n d  th e  h e a v y  m e ta ls  (V a n  R h ee , 1 9 7 7 ). N o t a l l  
p e r s is te n t  com pounds  a ccum u la te  in  th e  fo o d  web o r  a re  h a rm fu l ,  w h ils t  
some s h o r t - l iv e d  chem ica ls  can  be  v e r y  to x ic  (E d w a rd s , 1 9 8 3 b ).

H e a v y  m e ta ls  a ccum u la te  in  e a r th w o rm s  a nd  th e s e  s tu d ie s  h a ve  been  
re v ie w e d  b y  B e y e r  (1981 ) -and I r e la n d  (1 9 8 3 ) . M any  o f  th e  t e r r e s t r ia l  
in v e s t ig a t io n s  c o n c e rn  h e a v y  m e ta l a c c u m u la tio n  fro m  m ine  s p o il t ip s  
( I r e la n d ,  1 9 7 9 ) , la n d  c o n ta m in a te d  b y  th e  em iss io n s  fro m  m e ta l s m e lt in g  o r  
r e f in in g  w o rk s  (B e n g ts s o n , N o rd s tro m  and  R u n d g re n ,  1983; B u l l ,  R o b e r ts ,  
I n s k ip  a n d  G oodm an , 1977; M a, E de lm an , V a n  B ee rsum  a n d  J a n s , 1983; 
W r ig h t a n d  S t r in g e r ,  1 9 8 0 ), m o to r v e h ic le  em iss io n s  (A s h  a n d  L e e , 1 9 8 0 ),  
m u n ic ip a l w a s te  s ite s  (F le c k e n s te in  a n d  G r a f f ,  1982) a n d  m e ta ls  d e l ib e ra te ly  
a p p lie d  to  th e  s o il as p e s t ic id e s  (M a , 1 9 8 4 ), in  m a te r ia l d re d g e d  fro m  
r iv e r s  (M a rq u e n ie  a n d  S im m e rs , 1985) o r  in  sewage s lu d g e  (B e y e r ,  C h ane y  

a n d  M u lh e rn ,  1 982 ).

T h e  a b i l i t y  o f  e a r th w o rm s  to  a ccum u la te  chem ica ls  has  b een  e x p lo ite d  
f o r  th e  m easu rem en t o f  th e  le v e l o f  c o n ta m in a tio n  in  s o il d u e  to  h e a v y
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m e ta ls  a n d  lo n g - l iv e d  o rg a n ic  chem ica ls  (E b in g  e t a l . , 1984; M a rq u e n ie  a n d  
S im m e rs , 1985; R h e t t ,  S im m ers a n d  L e e , 1 9 85 ), f lu o r id e  (G a r re c  a n d  
P le b in ,  1984) a n d  ra d io a c t iv e  m a te r ia ls  in c lu d in g  S tro n t iu m  90

( K r iv o lu t s k y , T u rc a n in o v a  a n d  M ik h a lts o v a , 1982; K r iv o lu c k i j ,  T ic h o m iro v a  
a n d  T u r c a n in o v a ,  1972) a n d  Caesium  137 (C ro s s le y ,  R e ic h le  a n d  E d w a rd s ,  
1 9 7 1 ). R e lia b le  m e thods  f o r  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  
w o u ld  a llow  s u c h  e x p e r im e n ts  in  w h ic h  e a r th w o rm s  a re  u s e d  as 
' ’b io m o n ito r in g  to o ls ”  to  b e  c a l ib ra te d  m ore  e a s ily ,  a n d  th e  am oun t o f  a 
chem ica l a c c u m u la te d  b y  th e  t is s u e s  o f  th e  e a r th w o rm  c o u ld  be  re la te d  
a c c u ra te ly  to  th e  c o n c e n tra t io n  p re s e n t  in  th e  s o il.

1 .6  T o x ic i t y ,  e c o to x ic o lo g y , a ssessm en ts  o f  t o x ic i t y  a n d  th e  a n a ly s is  o f  

th e  r e s u l t s  fro m  te s ts  f o r  t o x ic i t y

1 .6 .1 .  T o x ic i t y

A  to x ic  com pound  is  one th a t  is  capab le  o f  in d u c in g  d e tr im e n ta l  
ch a n g e s  in  a l i v in g  s y s te m . T o x ic i t y  is  a fu n c t io n  o f  c o n c e n t ra t io n ,  p e r io d  
o f  e x p o s u re  a n d , w i th  w ho le  o rg a n ism s  a n d  e co s ys tem s , th e  r a te  o f  
t r a n s p o r t  o f  th e  te s t  chem ica l to  th e  s e n s it iv e  s ite .  T o x ic  e f fe c ts  m ay  
a p p e a r  as im p a ire d  m e ta b o lic  fu n c t io n  o r  a b e h a v io u ra l c h a n g e  r e s u l t in g  in  
an  e a r l ie r  d e a th , re d u c e d  g r o w th ,  d e c re a se d  r e p ro d u c t iv e  c a p a c ity  o r  a 

lo w e r  e f f ic ie n c y  in  g a in in g ,  o r  a v o id in g  b e in g ,  a s o u rc e  o f  fo o d .

1 .6 .2 .  E c o to x ic o lo g y

E c o to x ic o lo g y  is  "c o n c e rn e d  w i th  th e  to x ic  e f fe c ts  o f  c hem ica l a n d  
p h y s ic a l a g e n ts  o n  l i v in g  o rg a n is m s , e s p e c ia lly  on  p o p u la t io n s  and  
c o m m un itie s  w i th in  d e f in e d  e co s ys tem s , a n d  in c lu d e s  th e  t r a n s fe r  p a th w a y s  

o f  th o s e  a g e n ts  a n d  t h e i r  in te r a c t io n s  w ith  th e  e n v iro n m e n t” ( B u t le r ,  

1 9 7 8 ).
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T h is  d e s c r ip t io n  em b races  th e  scope  o f  m y s tu d ie s  w h ic h ,  in  p a r t ,  
w e re  c o n c e rn e d  w i th  th e  d e ve lo p m e n t o f  m e thods  f o r  a s s e s s in g  th e  t o x ic i t y  

o f  ch em ica ls  to  e a r th w o rm s  in  th e  la b o ra to r y  th a t  w e re  a b le  to  p r e d ic t  th e  
e f fe c ts  o f  chem ica ls  u p o n  e a r th w o rm s  in  th e  f ie ld .  B y  m a n ip u la t in g  
p a r t ic u la r  e n v iro n m e n ta l p a ra m e te rs  a n d  d e f in in g  t h e i r  e f fe c t  u p o n  th e  
t o x i c i t y  o f  chem ica ls  to  e a r th w o rm s  in  th e  f ie ld ,  m y w o rk  a tte m p ts  to  
a n s w e r some o f  th e  c r i t ic is m s  made o f  e a r l ie r  s tu d ie s  th a t  "e c o to x ic o lo g ic a l  
d a ta  w i l l  becom e m e a n in g fu l o n ly  i f  th e y  can  be  ju d g e d  in  r e la t io n  to  th e  
t y p e  o f  h a b ita t  w h e re  th e  com pound  w i l l  e v e n tu a l ly  be  p r e s e n t ”  (K oem an ,

1 9 8 2 ).

1 .6 .3 .  A sse ssm en ts  o f  t o x ic i t y

I  w i l l  d e s c r ib e  th e  th e o r y  o f  th o s e  a spe c ts  o f  te s t in g  f o r  t o x ic i t y  th a t  
a re  r e le v a n t  to  t h is  s tu d y ,  a l th o u g h  s e v e ra l o th e r  a u th o rs  h a ve  r e c e n t ly  
d is c u s s e d  th is  s u b je c t in  d e ta i l ( e . g .  B u t le r ,  1978; D u f f u s ,  1 9 80 ). A  

t o x i c i t y  te s t  is  a b io a s sa y  a n d  m ay be  u s e d  to  d e f in e  a th r e s h o ld  le v e l 
b e low  w h ic h  no  h a rm fu l e f fe c t  m ay be  e x p e c te d  (B e s c h , 1 9 7 6 b ) . L ife s p a n  

a n d  th e  ra te s  o f  g ro w th  o r  r e p ro d u c t io n  a re  o f te n  u s e d  as in d ic a to r s  o f  
t o x i c i t y .

L o n g - te rm  te s ts  th a t  assess n o n - le th a l e f fe c ts  o f  chem ica ls  a re  te rm e d  
c h ro n ic  m e th o d s . A c u te  te s ts  m easu re  a r a p id ,  u s u a l ly  le th a l ,  e f fe c t  o f  a 
s in g le  e x p o s u re  to  th e  te s t  c h e m ic a l. Some o f  th e  m e thod s  d e s c r ib e d  in  
t h is  s tu d y  m ay be  c o n s id e re d  s u b -a c u te  because  th e y  show  a s lo w e r  
re s p o n s e  th a n  th a t  o f  an  a cu te  t e s t ,  a n d  in  s u b -a c u te  te s ts  d e a th  r e s u l t s  
f ro m  a c o n t in u e d  e x p o s u re  to  th e  to x ic  chem ica l (D u B o is  a n d  G e il in g ,  
1 9 5 9 ). A  good  te s t in g  m e thod  w i l l  d e f in e  p re c is e ly  th e  c o n d it io n s  w i th in  
w h ic h  a h a rm fu l e f fe c t  o r  e n d -p o in t  o c c u rs .  T h e  ch o ice  o f  e n d -p o in t  can  
h a v e  a c o n s id e ra b le  e f fe c t  u p o n  th e  assessm en t o f  t o x ic i t y  a n d  m u s t be  
d e f in e d  c a r e fu l ly .  S u b - le th a l c r i t e r ia  a re  v e r y  v a r ie d  a n d  b e h a v io u ra l  
e f fe c ts ,  f o r  in s ta n c e ,  th e  a b i l i t y  to  w o rk  th e  s o il (S te n e rs e n , 1979a) a re
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o f te n  ju d g e d  s u b je c t iv e ly .  T h e se  c r i t e r ia  m ay be  u s e fu l i f  a ccom pan ied  b y  

a w e ll d e f in e d  p h y s ic a l e v e n t s u c h  as cocoon p r o d u c t io n ,  w h ic h  has  b een  
u s e d  as a m easu re  o f  r e p r o d u c t iv e  b e h a v io u r  (L o fs -H o lm in ,  1 9 8 2 b ). A c u te  
a n d  s u b -a c u te  te s ts  g e n e ra l ly  u se  d e a th  as th e  e n d -p o in t  ( P a r k in ,  1 9 5 1 ). 

D e a th  can  be  d e f in e d  as th e  fa i lu r e  to  re s p o n d  to  a m echan ica l s t im u lu s ,  
s u c h  as p r o d d in g  th e  a n te r io r  segm en ts  o f  th e  e a r th w o rm  w ith  a s p a tu la  
and  o b s e r v in g  a tw i t c h  re a c t io n  (C a th e y ,  1982; H aque  a n d  E b in g ,  1983a; 
H o p k in s  a n d  K i r k ,  1957; S te n e rs e n , 1979a ). Some w o rk e r s  h a ve  u s e d  th e  
p h y s ic a l c o n d it io n  o f  th e  b o d y ,  w h e th e r  f la c c id ,  m o r ib u n d  o r  d e a d , as an  
in d ic a t io n  o f  a c u te  t o x ic i t y  (K a rn a k  a n d  H a m e lin k , 1 9 8 2 ), b u t  t h is  is  
d i f f i c u l t  to  assess r e l ia b ly ,  p a r t ic u la r ly  b y  in e x p e r ie n c e d  w o rk e r s !

T h e  r e s u l t s  o f  te s ts  f o r  t o x ic i t y  a re  o f te n  e x p re s s e d  in  te rm s  o f  th e  
c o n c e n tra t io n  a f fe c t in g  a g iv e n  p e rc e n ta g e  o f  te s t  o rg a n ism s  w i th in  a 
c e r ta in  p e r io d  ( e . g .  x  h o u r  L C ^ ) ,  o r  th e  p e r io d  r e q u ir e d  f o r  a g iv e n  
p e rc e n ta g e  o f  th e  te s t  o rg a n ism s  to  d ie  a t a s in g le  c o n c e n tra t io n  o f  th e  

te s t  chem ica l ( e . g .  x  c o n c e n tra t io n  L T ^ q) .  F rom  a s ta t is t ic a l a s p e c t ,  th e  
m ost re l ia b le  e s tim a te  o f  t o x ic i t y  is  b a sed  u p o n  th e  c o n c e n tra t io n  o f  te s t  
c h e m ic a l, o r  p e r io d  o f  e x p o s u re  a t w h ic h  50% o f  th e  te s t  o rg a n ism s  a re  

a f fe c te d .  S u ch  v a lu e s  a re  u s e d  f r e q u e n t ly  to  com pa re  th e  e f fe c ts  o f  
d i f f e r e n t  ch em ica ls  a n d  th e  v a r io u s  ty p e s  o f  v a lu e  th a t  a re  u s e d  in  m y  
w o rk  in c lu d e  th e  L C 5Q, LD 5q , L T , .q . T he se  t o x ic i t y  d a ta  w e re  p ro c e s s e d  

s ta t is t ic a l ly  b y  p r o b i t  a n a ly s is .

1 .6 .4 .  T h e  a n a ly s is  o f  th e  r e s u l t s  fro m  t o x ic i t y  te s ts

P ro b it  a n a ly s is  is  a te c h n iq u e  th a t  is  o f te n  u s e d  to  p ro c e s s  th e  ty p e  
o f  ’e x p o s u re ’ -m o r ta l i t y  d a ta  d is c u s s e d  a b o ve . T h e  s ta t is t ic a l c o n s id e ra t io n s  
o f  th e  d o s e -m o r ta l i ty  re la t io n s h ip  a n d  o f  p r o b i t  a n a ly s is  a re  b e y o n d  th e  
scope  o f  t h is  th e s is  a n d  a re  th e  s u b je c t o f  s e v e ra l d e ta ile d  w o rk s  (H e a ly ,  
1950; K u e n e n , 1957; F in n e y ,  1971 , 1978; W ad ley  a n d  S u l l iv a n ,  1 9 4 3 ),  

a lth o u g h  an  in t r o d u c t io n  to  th e se  te c h n iq u e s  is  g iv e n  b e lo w .
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A s s u m in g  th a t  th e re  is  a to x ic  dose o f  a ch em ica l t h a t  w i l l  k i l l  a n y  

p a r t ic u la r  o rg a n is m , th e n  th e  in d iv id u a l  le th a l doses w i th in  a p o p u la t io n  o f  
o rg a n ism s  w i l l  be  n o rm a lly  d is t r ib u te d  a b o u t a m ean . T h e  mean a n d  th e  
s ta n d a rd  d e v ia t io n  m ay be  e s t im a te d  b y  f i t t i n g  a l in e  to  th e  o b s e rv e d  d a ta .  
T h is  p ro c e d u re  m ay be  s im p li f ie d  b y  tw o  t r a n s fo rm a t io n s  o f  th e  d a ta . T h e  
a s s y m e try  p re s e n t in  th e  u s u a l 'S ’ sh aped  d o se -re s p o n s e  c u r v e  is  rem o ve d  
b y  a s s u m in g  a lo g -n o rm a l,  r a t h e r  th a n  a n o rm a l d is t r ib u t io n  o f  th e  
in d iv id u a l  le th a l d o se s , w h i ls t  th e  m o r ta l i t y  d a ta  a re  t r a n s fo rm e d  in to  
N o rm a l E q u iv a le n t D e v ia t io n s  (N E D !s )  fro m  th e  m ean. A  n o rm a l e q u iv a le n t  
d e v ia t io n  w i l l  c o n ta in  a p re d e te rm in e d  p r o p o r t io n  o f  d a ta  th a t  a re  n o rm a lly  
d is t r ib u t e d ,  f o r  in s ta n c e  16.6% o f  th e  te s t  o rg a n ism s  w i l l  b e  k i l le d  b y  a 
dose  w i th in  th e  ra n g e  o f  th e  mean le th a l dose m in u s  one  s ta n d a rd  
d e v ia t io n ,  w h ic h  h as  an NED o f  - 1 .  T o  a v o id  th e  in c o n v e n ie n c e  o f  u s in g  
n e g a t iv e  v a lu e s , a " p r o b i t ”  v a lu e  is  a d o p te d  w h ic h  is  th e  NED +5 . L in e a r  
r e g re s s io n  m ay th e n  be  u s e d  to  f i t  a l in e  to  th e  d o s e -re s p o n s e  re la t io n s h ip  

o b ta in e d  a n d  a n y  d e v ia t io n s  fro m  l in e a r i t y  th a t  o c c u r  m ay be  assum ed  to  
a r is e  fro m  sa m p lin g  e r r o r s .  T h e  m o r ta l i t y  d a ta  n e a r  th e  50% v a lu e  show  

le a s t v a r ia b i l i t y  a n d  a re  th u s  u s e d  g e n e ra l ly  f o r  c om pa r is o n s  b e tw e e n  th e  
t o x ic i t y  o f  c h e m ic a ls . D a ta  a n a ly s e d  in  th is  w a y  m us t in c lu d e  one o r  m ore  
o b s e rv a t io n s  o f  p a r t ia l  m o r ta l i t y ,  i . e .  w h en  some o f  th e  te s t  o rg a n ism s  
s u r v iv e  in  a n y  p a r t ic u la r  se t o f  e x p o s u re  c o n d it io n s  (B e rn s te in  a n d  
W e a th e ra ll,  1952; F in n e y ,  1 971 ).

F id u c ia l l im its  a n d  c o n fid e n c e  l im i t s ,  w h ils t  n o t  in te rc h a n g e a b le  
m easu re s  o f  th e  v a r ia b i l i t y  o f  an  L C 5q o r  L T ,.q a re  o f te n  a p p ro x im a te ly  
e q u a l ( F in n e y ,  1 9 71 ). T h e y  in d ic a te  th e  l im its  w i th in  w h ic h  th e  t r u e  
L C j-q o r  LTgQ w o u ld  be  e x p e c te d  to  f a l l  f o r  a g iv e n  p r o p o r t io n  o f  re p e a te d  
e x p e r im e n ts ,  o f te n  95%, s h o u ld  th e se  in v e s t ig a t io n s  be  c o n d u c te d  w ith  th e  
same p o p u la t io n  o f  te s t  o rg a n ism s  u n d e r  th e  same c o n d it io n s .  T h e re fo r e ,  
f id u c ia l  a n d  c o n fid e n c e  l im its  do  n o t g iv e  th e  b e s t in d ic a t io n  o f  th e  
p re c is io n  o f  an  a cu te  m o r ta l i t y  t e s t ,  i t s  r e p e a ta b i l i t y  o r  r e p r o d u c ib i l i t y ,
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s in ce  th e y  re la te  to  th e  e x p e r im e n t th a t  has  a lre a d y  b e e n  c o n d u c te d  
(S te p h a n , 1 9 77 ).

D if fe re n c e s  b e tw e e n  re p l ic a te d  e s tim a te s  o f  t o x ic i t y  m ay b e  a n a ly se d
a

b y  c h i- s q u a re d  (X) te s ts  f o r  th e  to ta l h e te ro g e n e ity ,  p a ra lle l is m  and  
Y - in te r c e p t  p o s it io n  o f  th e  re p l ic a te  p r o b i t  l in e s .  T h e  c h i- s q u a re d  te s t  f o r  
th e  p o s it io n  o f  th e  Y - in te r c e p t  is  o n ly  m e a n in g fu l w hen  th a t  f o r  p a ra lle lis m  
i s  n o t s ig n i f ic a n t .  T he se , c om pa r is o n s  m ay g iv e  an  in d ic a t io n  o f  th e  
r e p r o d u c ib i l i t y  o f  an  e x p e r im e n ta l r e s u l t .

1 .7  M e thod s  f o r  a s s e s s in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s .

F ie ld  e x p e r im e n ts  w e re  am ongs t th e  f i r s t  te c h n iq u e s  to  b e  u s e d  to  
assess th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  (A n o n ,  1983 ; E d w a rd s  a n d  

L o f t y ,  1971; E d w a rd s  a n d  B ro w n ,  1982; T h o m p so n , 1 9 7 1 ). T h e se  m e thods  
re m a in  th e  o n ly  re l ia b le  w a y  o f  e s t im a t in g  t o x ic i t y  to  e a r th w o rm s  in  th e  
f ie ld ,  a l th o u g h  s u ch  m e thod s  a re  d i f f i c u l t  to  s ta n d a rd is e  a nd  a re  b o th  s low  
a n d  e x p e n s iv e  to  c o n d u c t .  I  h a v e  sum m a rised  th e  d e ta ils  o f  th e s e  m e thods  
(T a b le  1 . 2 ) ,  to g e th e r  w ith  th o s e  o f  th e  te c h n iq u e s  f o r  s a m p lin g  p o p u la t io n s  
o f  e a r th w o rm s  u s in g  fo rm a lin  (R a w , 1 9 5 9 ), b a its  (L o fs -H o lm in ,  1979) o r  an  
e le c t r ic  c u r r e n t  (R u s h to n  a nd  L u f f ,  1 9 84 ). T h is  in fo rm a t io n  is  p re s e n te d  
as a ) th e  ty p e  o f  te s t  a n d  th e  fo rm  in  w h ic h  th e  r e s u l t s  a re  u s u a l ly  
e x p re s s e d , b )  th e  spe c ie s  o f  e a r th w o rm  s tu d ie d ,  i f  r e p o r te d ,  c )  a 
d e s c r ip t io n  o f  th e  e x p e r im e n ta l m e th o d , d )  a c r i t ic a l  c o m m e n ta ry  u p o n  th e  
m e r its  o f  th e  m e th od  f o r  t e s t in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  

a n d  e ) th e  s o u rc e  o f  re fe re n c e .

M e th od s  o f  a s s e s s in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  th e  
la b o ra to r y  a re  p re s e n te d  in  a m anne r s im ila r  to  th a t  u s e d  f o r  th e  f ie ld  
te c h n iq u e s  (T a b le  1 . 3 ) .  Some o f  th e s e  m e thods  w e re  re p o r te d  
s u b s e q u e n t ly  to  th e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il te s ts  th a t  w e re  
d e v e lo p e d  d u r in g  th is  s tu d y ,  a n d  b e n e f i te d  from  m y w o rk  b y  r e c e iv in g  a 
d e s c r ip t io n  o f  th e s e  new  m e thod s  f o r  t e s t in g  t o x ic i t y  to  e a r th w o rm s  d u r in g
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th e  c o u rs e  o f  c o lla b o ra t iv e  w o rk .  M e th od s  th a t  a re  d e r iv e d  fro m  m y ow n  

te c h n iq u e s  a re  in d ic a te d  b y  an  a s te r is k .

S e v e ra l m e thods  f o r  te s t in g  t o x ic i t y  to  e a r th w o rm s  in  th e  la b o ra to r y  

h a ve  p ro v e d  to  b e  v a lu a b le  as re s e a rc h  to o ls ,  b u t  do  n o t re p ro d u c e  th e  
c o n d it io n s  u n d e r  w h ic h  e a r th w o rm s  a re  e x p o se d  to  ch em ica ls  in  th e  f ie ld  
a n d  y ie ld  r e s u l t s  fro m  w h ic h  i t  is  d i f f i c u l t  to  e x t ra p o la te  to  th e  e f fe c ts  o f  
ch em ica ls  u p o n  a n a tu r a l p o p u la t io n  o f  e a r th w o rm s . S u ch  m e thods  in c lu d e  
m easu rem en ts  o f  n e rv o u s  a c t iv i t y  b y  e le c t ro p h y s io lo g ic a l means (D re w e s  
a n d  C a lla h a n , 1985; D re w e s , V in in g  a n d  C a lla h a n , 1 9 84 ), to p ic a l  
a p p lic a t io n  o f  th e  te s t  chem ica l (A s p o c k  a n d  A n  D e r  L a n  1963; F is h e r ,  
1 9 8 4 ), im m e rs io n  o f  th e  e a r th w o rm  in  a s o lu t io n  o f  ch em ica l ( L e b r u n ,  
D eM ed ts  a n d  W a u th y , 1981; M a r t in  a n d  W ig g in s , 1959) a n d  c o n ta c t b e tw e e n  
th e  e a r th w o rm  a n d  a d e p o s it o f  th e  te s t  chem ica l o n  a g la s s  o r  f i l t e r  p a p e r  
s u r fa c e .  T h e  in je c t io n  o f  th e  te s t  ch em ica l in to  th e  coe lom ic  c a v it y  o f  th e  
e a r th w o rm  (G ilm an  a n d  V a rd a n is ,  1974; N a ka ts u g a w a  a n d  N e ls o n , 1972; 
S te n e rs e n , G ilm an  a n d  V a rd a n is ,  1973) a n d  v o lu n ta r y  fe e d in g  ( S t r in g e r  
a n d  W r ig h t ,  1973) o r  fo rc e d  fe e d in g  ( S t r in g e r  a n d  W r ig h t ,  1976) w i th  a 

t r e a te d  s u b s t ra te  a lso  fa i le d  to  re p ro d u c e  th e  n a tu r a l m e thod  o f  e x p o s u re  
to  ch em ica ls  e x p e r ie n c e d  b y  m ost spe c ie s  o f  e a r th w o rm .

Some te s t in g  m e thod s  u s e d  in  th e  la b o ra to r y  h a v e  em p lo ye d  p a p e r  
w a s te  (C a th e y ,  1982) o r  v e rm ic u l i te  (B h a r a th i  a n d  S u b b a  R ao , 1984) to  a c t 

as a s o il s u b s t i t u te ;  h o w e v e r s u c h  m a te r ia ls  do  n o t in te r a c t  w i th  th e  te s t  
chem ica ls  in  th e  same w a y  as a s o il a n d  do n o t p ro d u c e  assessm en ts  o f  
t o x ic i t y  to  e a r th w o rm s  com pa rab le  w ith  th o s e  made in  a s o i l.  A  te s t  in  
w h ic h  th e  e a r th w o rm s  w e re  e x p o se d  to  chem ica ls  m ix e d  in to  a s o il (A n o n ,  
1983; C a se le y  a n d  E n o , 1966: E d w a rd s  a n d  J e f fs ,  1974; F a y o lle , 1979; 
H aque  a n d  E b in g ,  1983a; M a r t in ,  1982; R u p p e l a n d  L a u g h l in ,  1977) o r  a 
m ed ium  th a t  b e h a v e d  l ik e  a s o i l ,  e . g .  f in e  s il ic a  ( F e r r ie r e ,  F a yo lle  a nd  
B o u c h e , 1981) seemed to  o f f e r  th e  b e s t c o n d it io n s  f o r  te s t in g  th e  t o x ic i t y  
o f  chem ica ls  to  e a r th w o rm s , a lth o u g h  i t  is  d i f f i c u l t  to  o b ta in  id e n t ic a l  

n a tu r a l s o ils  fro m  d i f f e r e n t  c o u n t r ie s .
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incorporated into the soil without categories flaccid, moribund and dead,
using solvents. Subjective assessments of toxicity of this

type can be unreliable and reduce the 
reproducibility of the results that are obtained.
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Few c r i t ic a l  re v ie w s  o f  th e  m e thod s  f o r  t e s t in g  t o x ic i t y  to  e a r th w o rm s  
e x is t ;  th u s  I  h a v e  a tte m p te d  to  c o n s id e r  th is  s u b je c t t h o r o u g h ly .  E b in g  
a n d  H aque  (1 979 ) c o n s id e re d  th e  m e thods  th a t  w e re  th e n  a v a ila b le  f o r  
t e s t in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  a n d  a tte m p te d  to  s e le c t a 
s ta n d a rd  te s t in g  m e thod  a n d  re fe re n c e  com pound  th a t  w o u ld  b e  s u ita b le  f o r  
th e  O EC D . A lth o u g h  o f f e r in g  s u g g e s t io n s  f o r  th e  im p ro ve m e n t o f  th e  
e x is t in g  te c h n iq u e s ,  w h ic h  in c lu d e d  th e  s ta n d a rd is a t io n  o f  th e  c o n d it io n s  o f  
e x p o s u re  ( th e  te s t  m ed ia , p e r io d  o f  e x p o s u re  a n d  e n v iro n m e n ta l c o n d it io n s )  
a n d  o f  th e  e a r th w o rm s  (s p e c ie s , p h y s io lo g ic a l age a n d  p o p u la t io n  d e n s i t y ) ,  
th e s e  w o rk e r s  c o u ld  n o t re com m end  th a t  a n y  p a r t ic u la r  m e thod  f o r  te s t in g  

th e  t o x ic i t y  o f  c h em ica l to  e a r th w o rm s  be  a d o p te d . M y w o rk  a tte m p te d  to  
c o r r e c t  th e s e  d e f ic ie n c ie s ,  re v ie w e d  th e  a v a ila b le  m e thod s  f o r  te s t in g  
t o x ic i t y  to  e a r th w o rm s , d e f in e d  th e  a d v a n ta g e s  a n d  d is a d v a n ta g e s  o f  each  

a n d  th e n  e v a lu a te d  th e  p ro m is in g  m e thods  e x p e r im e n ta lly .

T h e  s ta n d a rd  o f  th e  e x p e r im e n ta l p ro c e d u re s  a n d  r e p o r ts  t h a t  e x is t  in  
th e  l i t e r a t u r e  w e re  re v ie w e d  b y  L o fs -H o lm in  a n d  B o s tro m  (1 9 8 5 ) . T he se  
w o rk e r s  fo u n d  th a t  th e  common m e th o d o lo g ic a l fa i l in g s  in c lu d e d  p o o r  
r e p l ic a t io n ,  absence  o f  e x p e r im e n ta l c o n tro ls  o r  s ta t is t ic a l  a n a ly s is  o f  th e  
r e s u l t s ,  w h i ls t  th e  r e p o r ts  o f te n  fa i le d  to  m en tio n  th e  spe c ie s  o f  e a r th w o rm  
u s e d , th e  fo rm u la t io n  o r  c o n c e n tra t io n  o f  th e  te s t  chem ica l o r  to  d e s c r ib e  
a d e q u a te ly  th e  te s t  c o n d it io n s .  T he se  w o rk e rs  a n d  o th e rs  (B o u c h e , 1985; 
D e a n -R o s s , 1983; E b in g  a n d  H a q u e , 1979; G oa ts  a n d  E d w a rd s , 1985) h a ve  
c a lle d  f o r  a g re a te r  s ta n d a rd is a t io n  a nd  q u a l i t y  o f  th e  te c h n iq u e s  th a t  a re  

u s e d  to  te s t  t o x ic i t y  to  e a r th w o rm s .

1 .8 .  T h e  o b je c t iv e s  o f  th e  s tu d y

1 . T h e  in i t i a l  p a r t  o f  t h is  s tu d y  was c o n c e rn e d  w ith  th e  d e ve lo p m e n t o f  
m e thods  s u ita b le  f o r  g e n e ra l u se  in  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to
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e a r th w o rm s . T h e  e x is t in g  te s t in g  m e thod s  w e re  e v a lu a te d  a n d  th o s e  th a t  

a p p e a re d  p o te n t ia l ly  u s e fu l w e re  in v e s t ig a te d  e x p e r im e n ta lly .  E ach  o f  

th e s e  m e thod s  p ro v e d  to  b e  in a d e q u a te  a n d  i t  was n e c e s s a ry  to  d e ve lo p  
new  m e thod s  o f  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s . C e r ta in  
g u id e lin e s  th a t  a s s is te d  th e  d e ve lo p m e n t o f  th e se  new  m e thod s  w e re  
fo rm u la te d  in i t ia l l y  in  c o n s u lta t io n  w i th  e x p e r t  s c ie n t is ts  fro m  s e v e ra l 
E u ro p e a n  c o u n t r ie s  a n d  in c lu d e d :

a ) T h e  te s t  spe c ie s  o f  e a r th w o rm s  s h o u ld  b e  E . f e t id a .

b )  T h e  te s t  s h o u ld  b e  s ta n d a rd is e d  ( to  a llow  th e  r e s u l t s  fro m  d i f f e r e n t  
c o u n t r ie s  to  b e  c o m p a re d ) , s e n s it iv e  (a  sm a ll c h ange  in  th e  v a r ia b le  
o f  th e  t e s t ,  e . g .  th e  c o n c e n tra t io n  o f  th e  te s t  c h e m ic a l, le a d in g  to  a 

la rg e  c h ange  in  re s p o n s e ) a n d  r e p ro d u c ib le  (a  sm a ll c h ange  in  th e  
c o n d it io n s  o f  e x p o s u re ,  e . g .  te m p e ra tu re ,  p r o d u c in g  a m in im a l change  
i n  re s p o n s e ) .

c )  T h e  p e r io d  o f  e x p o s u re  s h o u ld  be  s h o r t  ( to  re d u c e  o p e ra t in g  c o s ts ,  

a n d  to  a v o id  d e co m p o s it io n  o f  th e  te s t  chem ica l a n d  m o r ta l i t y  in  th e  
c o n t r o ls ) .

d )  T h e  m e thod  s h o u ld  b e  ca pab le  o f  te s t in g  a n y  c h em ica l w ith o u t  
e la b o ra te  fo rm u la t io n  te c h n iq u e s .

e )  T h e  te s t  s h o u ld  b e  econom ica l a n d  n o t r e q u ir e  s p e c ia lis e d  a p p a ra tu s  
o r  o p e ra to r  s k i l l .

2 .  T h e  r e p r o d u c ib i l i t y  a n d  p e r fo rm a n c e  o f  th e  new  m e thods  w e re  c r i t ic is e d  
a n d  e v a lu a te d  b y  c o l la b o ra t in g  s c ie n t is ts  in  a la rg e  n u m b e r o f  la b o ra to r ie s  
w o r ld w id e .

t

3 . F ie ld  e x p e r im e n ts  w e re  done  u s in g  f iv e  chem ica ls  a p p lie d  a t tw o  ra te s  a t  
tw o  s ite s  in  s o ils  o f  d i f f e r in g  o rg a n ic  m a t te r  c o n te n t .  T h e  e f fe c t  o f  th e s e  
chem ica ls  u p o n  p o p u la t io n s  o f  e a r th w o rm s  was o b s e rv e d  a f t e r  one a n d  s ix  
m on th s  p o s t - t r e a tm e n t .
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4 .  T h e  r e la t io n s h ip  b e tw e e n  th e  assessm en ts  o f  th e  t o x ic i t y  o f  chem ica ls  to  
e a r th w o rm s  made in  th e  la b o ra to r y  a n d  th e  f ie ld  was c la r i f ie d .  T h is  was  
done  b y  te s t in g  s e v e ra l chem ica ls  in  se ven  la b o ra to r y  te s ts  a n d  in  tw o  

f ie ld  e x p e r im e n ts ,  a n d  c o m p a r in g  th e  r e s u l t s .

5 .  T h e  new  m e thod s  f o r  t e s t in g  th e  t o x ic i t y  o f  c h em ica ls  to  e a r th w o rm s  
a llo w e d  d if fe re n c e s  in  th e  s u s c e p t ib i l i t y  to  chem ica ls  b e tw e e n  L .  t e r r e s t r i s , 
A .  lo n g a , A .  c a l ig in o s a , E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  to  b e  

q u a n t i f ie d .

6 .  T h e  d if fe re n c e s  in  s u s c e p t ib i l i t y  to  c h lo rd a n e  a n d  io doa ce tam ide  seen  
b e tw e e n  E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  w e re  in v e s t ig a te d  f u r t h e r .  

T h e  u p ta k e  a n d  m e tabo lism  o f  th e s e  chem ica ls  b y  e a r th w o rm s  o f  b o th  
s u b -s p e c ie s  w e re  s tu d ie d  u s in g  ra d io c h e m ic a l a n d  c h ro m a to g ra p h ic  

te c h n iq u e s .
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C H A P TE R  2

TH E  E V A L U A T IO N  OF TH E  PERFORM ANCE OF E X IS T IN G  M ETHODS  
FOR T E S T IN G  T O X IC IT Y  TO  EARTHW ORMS

2 .1  In t r o d u c t io n

T h e  m e thod s  f o r  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  can  
b e  d iv id e d  in t o  th o s e  te s ts  c o n d u c te d  in  th e  la b o ra to r y  a n d  th o s e  done  in  
th e  f ie ld .  F ie ld  e x p e r im e n ts  w e re  u s e d  in  e a r ly  s tu d ie s  a n d  g a ve  a 
re l ia b le  e s tim a te  o f  th e  t o x ic i t y  o f  chem ica ls  to  n a tu r a l p o p u la t io n s  o f  
e a r th w o rm s . S u ch  te s ts  w e re  e x p e n s iv e  to  u se  a nd  ga ve  r e s u l ts  th a t  w e re  
p o o r ly  r e p ro d u c ib le  w ith o u t  e x te n s iv e  r e p l ic a t io n .  F ie ld  te s ts  f o r  th e  
t o x ic i t y  o f  c h em ica ls  c a n n o t b e  s ta n d a rd is e d  c o m p le te ly , b e cau se  th e  
e x p e r im e n ta l c o n d it io n s  d e p e n d  la r g e ly  u p o n  th e  a v a ila b le  s ite s  a n d  
sea sons . T h e se  d is a d v a n ta g e s  made f ie ld  te s t in g  in a p p ro p r ia te  f o r  
e c o to x ic o lo g ic a l p u rp o s e s .

L a b o ra to r y  m e thod s  o f  te s t in g  th e  t o x ic i t y  o f  c h em ica ls  to  e a r th w o rm s  
seemed ca p ab le  o f  b e in g  s e n s it iv e ,  r e p ro d u c ib le ,  s ta n d a rd is e d  a nd  

in e x p e n s iv e ,  a l th o u g h  th e  m e thod s  th a t  e x is te d  b e fo re  m y s tu d ie s  h a d  
s e r io u s  d is a d v a n ta g e s  (E b in g  a n d  H a q u e , 1 9 79 ). T h e  m e thod s  th a t  w e re  
a lre a d y  a v a ila b le  (T a b le  1 .3 )  w e re  e v a lu a te d  c r i t ic a l l y  (T a b le  2 .1 )  a n d  

th o s e  te c h n iq u e s  w h ic h  a p p e a re d  to  b e  m ost s u ita b le  f o r  f u r t h e r  
d e ve lo p m e n t w e re  u s e d  e x p e r im e n ta lly  to  te s t  th e  t o x ic i t y  o f  ch em ica ls  to  

e a r th w o rm s .

S e v e ra l te s t  m e thods  w e re  re je c te d  w ith o u t  an  e x p e r im e n ta l  
in v e s t ig a t io n .  C hem ica ls  in je c te d  in to  th e  coelom  o f  th e  e a r th w o rm  u s in g  a 
h y p o d e rm ic  n e ed le  c au sed  m echan ica l dam age , and  i t  was d i f f i c u l t  to  p la ce  
th e  te s t  ch em ica l a c c u ra te ly , w h ic h  re d u c e d  th e  r e p r o d u c ib i l i t y  o f  th e  
m e thod  (S te n e rs e n , 1 9 8 1 ). F u r th e rm o re ,  th e  te s t  c h em ica l was in je c te d  in
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a s o lv e n t ,  w h ic h  f o r  n o n -w a te r  s o lu b le  chem ica ls  m ay in f lu e n c e  th e  

assessm en t o f  t o x ic i t y .  T h e  m e thod  was s low  a nd  e x p o se d  th e  e a r th w o rm  
to  th e  te s t  c h em ica l in  a m a r in e r th a t  was u n re p re s e n ta t iv e  o f  t h a t  fo u n d  in  

th e  f ie ld .

M e th od s  th a t  r e ly  u p o n  th e  e a r th w o rm s  v o lu n ta r i ly  in g e s t in g  a t r e a te d  
fo o d  m a te r ia l d id  n o t d i f f e r e n t ia te  b e tw e e n  re p e l le n t  ( a n t i fe e d a n t )  o r  to x ic  
e f fe c ts  a n d  w e re  th u s  n e i th e r  s e n s it iv e  n o r  re p ro d u c ib le .  T h is  ty p e  o f  
e x p o s u re  to  th e  te s t  ch em ica l w as u n re p re s e n ta t iv e  o f  th a t  e x p e r ie n c e d  b y  
th e  m a jo r i ty  o f  spe c ie s  o f  e a r th w o rm  fo u n d  in  a ra b le  s o i l.

C hem ica ls  m ay b e  a p p lie d  to p ic a l ly  to  th e  b o d y  s u r fa c e  o f  th e  
e a r th w o rm , a lth o u g h  th e  m ucous  s h e a th  th a t  s u r r o u n d s  th e  b o d y  can  
im p a ir  c o n ta c t w i th  th e  te s t  c h em ica l. F u r th e rm o re ,  i t  is  d i f f i c u l t  to  

e s tim a te  th e  dose o f  th e  chem ica l th a t  is  a p p lie d  to  th e  e a r th w o rm , th e  
m e thod  is  s low  to  o p e ra te , a n d  th e  r e s u l ts  m ay be  v a r ia b le  a n d  d i f f i c u l t  to  

r e la te  to  th e  t o x ic i t y  o f  c h em ica ls  to  e a r th w o rm s  seen in  th e  f ie ld .

E le c t ro p h y s io lo g ic a l m e th od s  o f  te s t in g  t o x ic i t y  to  e a r th w o rm s  w e re  
s e n s it iv e  a n d  r e p ro d u c ib le ,  b u t  r e q u ir e d  e la b o ra te  a p p a ra tu s  a n d  a lso  gave  
e s tim a te s  o f  t o x ic i t y  th a t  w e re  d i f f i c u l t  to  re la te  to  th e  e f fe c ts  o f  chem ica ls  

u p o n  e a r th w o rm s  in  th e  f ie ld .

T e s t in g  m e th od s  th a t  h a d  no  m ore  th a n  tw o  m a in  d is a d v a n ta g e s  (T a b le

2 .1 )  w e re  assessed  e x p e r im e n ta lly .  C o n ta c t te s ts  in  w h ic h  th e  e a r th w o rm s  
c ra w l o v e r  a dam p s u r fa c e  t r e a te d  w ith  th e  te s t  c h e m ica l, o r  m e thod s  in  
w h ic h  th e  e a r th w o rm s  a re  im m e rsed  in  s o lu t io n s  o f  chem ica ls  h a d  few  
s e r io u s  d is a d v a n ta g e s . H o w e v e r , th e  t o x ic i t y  o f  n o n -w a te r  s o lu b le  
chem ica ls  can  be  d i f f i c u l t  to  m easu re  in  an  im m e rs io n  t e s t ,  p a r t ic u la r ly  
w hen  th e  a d d it io n a l to x ic  e f fe c t  o f  fo rm u la n ts  is  to  b e  a v o id e d . T h e  
r e s u l t s  fro m  th e s e  m e thod s  can  be  d i f f i c u l t  to  re la te  to  th e  a ssesm en ts  o f  

th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  th e  f ie ld .
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T h e  m e th o d  in  w h ic h  a s u s p e n s io n  o f  th e  te s t  chem ica l in  an  

a g a r - a g a r  g e l was fo rc e d  in to  th e  o e sophagus  o f  th e  e a r th w o rm  u s in g  a 

s y r in g e  a n d  n e e d le  was ab le  to  g iv e  an  LD j.q , w h e re a s  th e  o th e r  te s ts  
m easu re d  t o x ic i t y  o n ly  as an  LC ,.q . T h e  a p p a ra tu s  was d e s ig n e d  o r ig in a l ly  
f o r  u se  w i th  L . t e r r e s t r i s , b u t  was m o d if ie d  to  accom m odate E . f e t id a . 
T h is  m e thod  seemed l ik e ly  to  p r e d ic t  th e  t o x ic i t y  o f  c h em ica ls  to  th e  l i t t e r  
fe e d in g  e a r th w o rm s  in  th e  f ie ld ,  b u t  th e  m e thod  b y  w h ic h  th e  e a r th w o rm s  

w e re  e x p o se d  to  th e  chem ica ls  was u n re p re s e n ta t iv e  o f  th a t  e x p e r ie n c e d  b y  
m any  sp e c ie s  fo u n d  in  a ra b le  la n d .

T e s ts  o f  th e  t o x ic i t y  o f  c h em ica ls  to  e a r th w o rm s  u s in g  s o il in  th e  

la b o ra to r y  can  p ro v id e  d a ta  on  th e  in f lu e n c e  o f  s o il t y p e  u p o n  th e  t o x ic i t y  
o f  a chem ica l a n d  g iv e  r e s u l t s  th a t  a re  re la te d  c lo s e ly  to  th o s e  o b ta in e d  in  

th e  f ie ld ,  h o w e v e r n a tu r a l s o ils  a re  d i f f i c u l t  to  s ta n d a rd is e  a n d  th is  ty p e  
o f  m e th od  can  b e  la b o r io u s  to  u s e .

S o il s u b s t i tu te s  s u c h  as f in e  s i l ic a ,  s a n d , a n t i - b u m p in g  g ra n u le s  
(sm a ll g la s s  b e a d s ) a n d  v e rm ic u l i te  can  a lso  be  u s e d . V e rm ic u l ite  is  v e r y  
a b s o rb a n t a n d  as th is  p r o p e r t y  w o u ld  p ro b a b ly  a f fe c t  th e  assessm en t o f  
t o x i c i t y ,  a te s t  u s in g  th is  m a te r ia l was n o t in c lu d e d  in  th e  e x p e r im e n ta l 
in v e s t ig a t io n s .  T h e  m e thod s  f o r  t e s t in g  th e  t o x ic i t y  o f  c h em c ia ls  to  

e a r th w o rm s  u s in g  th e  re m a in in g  m a te r ia ls  a p p e a re d  to  h a ve  few  
d is a d v a n ta g e s  a n d  w e re  s tu d ie d  e x p e r im e n ta lly .

2 .2  M a te r ia ls ,  m e th od s  a n d  r e s u l t s

2 .2 .1  M a te r ia ls

T h e  com pounds  te s te d  w e re  o f  te c h n ic a l g ra d e  u n le s s  o th e rw is e  s ta te d  
a n d  in c lu d e d  c h lo rd a n e , c a r b a r y l ,  b e n o m y l, th io p h a n a te -m e th y l a n d  

t r ia z o p h o s .  T h e  p h y s ic o -c h e m ic a l d a ta , c hem ica l name a n d  s u p p l ie r s  o f  
th e s e  c o m pound s , th e  c o m m e rc ia lly  fo rm u la te d  p e s t ic id e s  a n d  o th e r  
chem ica ls  o f  a n a ly t ic a l g ra d e  th a t  w e re  te s te d  in c lu d in g  p e n ta c h lo ro p h e n o l,
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ch lo ro a e e tam id e  a n d  p o ta s s iu m  b ro m id e  a re  p re s e n te d  in  a ta b u la te d  fo rm  

(T a b le  A 5 .4 ) .  A l l  th e  s o lv e n ts  w e re  o f  a n a ly t ic a l g ra d e .

T h e  e a r th w o rm s  u se d  in  th e  te s ts  w e re  s e x u a lly  m a tu re  E . fe t id a  
a n d re i ,  w e ig h in g  0 .4 - 0 .6  g  w ith  an  e m p ty  g u t .  T h e se  w e re  g ro w n  in  th e  
la b o ra to r y  fro m  cocoons a t 20°C  in  th e  d a r k ,  in  c u l tu r e  b o x e s  th a t  
c o n ta in e d  p re s s e d  cow  m anu re  th a t  h a d  m a tu re d  f o r  th re e  w eeks  
b e fo re h a n d . T h e  e a r th w o rm s  w e re  e x t r a c te d  fro m  th e  m anu re  b y  h a n d  
a f t e r  a p p ro x im a te ly  n in e  w e e ks , w a shed  a n d  a llow ed  to  e m p ty  t h e i r  g u ts  b y  
o v e r n ig h t  s to ra g e  on  dam p f i l t e r  p a p e r  b e fo re  u se  in  th e  e x p e r im e n ts .

2 .2 .2  G e n e ra l m e thods

S e v e ra l a s p e c ts  o f  th e  e x p e r im e n ta l m e thod  w e re  common to  m ore  th a n  
one  te s t in g  te c h n iq u e  a n d  a re  d e s c r ib e d  b e lo w . T h e  m e th od  f o r  each  te s t  

i s  in c lu d e d  w ith  th e  r e s u l t s  in  a fo l lo w in g  s e c t io n .

W here  p o s s ib le  th e  te s t  chem ica ls  w e re  u se d  in  an  aqueous  s o lu t io n ,  
a lth o u g h  n o n -w a te r  s o lu b le  chem ica ls  w e re  a lso  s tu d ie d .  T h e  n o n -w a te r  
s o lu b le  chem ica ls  w e re  s u s p e n d e d  o r  d is p e rs e d  in  w a te r  u s in g  a m e thod  
a d a p te d  fro m  th a t  o f  M c In to s h , B a tem an , C h a m b e r la in , D aw son  a nd  B u r r e l

(1 9 8 1 ) . T h e  ch em ica l was d is s o lv e d  in  a sm a ll vo lum e  o f  a s u ita b le  o rg a n ic  

s o lv e n t a n d  200 u l o f  t h is  s o lu t io n  was s q u ir te d  q u ic k ly  in to  a r a p id ly  
s w ir l in g  m ix tu re  o f  199 .6  m l HgO a n d  0 .2  m l 10% T w een  80 s o lu t io n  in  
e th a n o l.  T h e  d is p e rs io n s  th a t  w e re  p ro d u c e d  w e re  s ta b le  f o r  a t le a s t 48 

h o u r s .

T h e  c a t io n  e x c h a n g e  c a p a c ity  (C E C ) o f  th e  te s t  m ed ia  was c o n s id e re d  

l i k e l y  to  in f lu e n c e  th e  a ssessm en t o f  th e  t o x ic i t y  o f  chem ica ls  to  
e a r th w o rm s . T h e  CEC o f  th e  f i l t e r  p a p e r ,  s a n d , s il ic a  p o w d e r a n d  n a tu r a l  
s o il w e re  m easu red  u s in g  a s ta n d a rd  m e thod  (B a s co m b , 1964) a t a 
r e fe re n c e  pH  ( 8 .1 )  a n d  a t th e  n a tu r a l pH  o f  th e  m ed ia  in  d is t i l le d  w a te r .  
B y  t a k in g  m easu rem en ts  a t tw o  p H ’ s ,  t h is  te c h n iq u e  in d ic a te d  th e  e x te n t  o f  

p H  d e p e n d e n t a d s o rp t io n .
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D e a th  was a ssessed  m e c h a n ic a lly  a n d  th e  e a r th w o rm s  w e re  c o n s id e re d  

t o  h a v e  d ie d  a f t e r  f a i l in g  to  tw i t c h  w hen  th e  a n te r io r  tw o  o r  th r e e  
segm en ts  w e re  p ro d d e d  f i r m ly  w ith  a s p a tu la .  T h e  e f fe c t  o f  c om pounds  
t h a t  p ro d u c e d  p a ra ly s is  b e fo re  d e a th  c o u ld  n o t b e  a ssessed  in  th is  w a y  
a n d  w ith  th e s e  c h e m ic a ls , d e a th  was re c o rd e d  w h en  th e  e a r th w o rm  was  
u n a b le  to  r e s to re  t u r g o r  p re s s u re  to  s e c t io n s  o f  th e  b o d y  th a t  h a d  been  

s q u a s h e d  g e n t ly  u s in g  a s p a tu la .

E v e r y  e x p e r im e n t was a ccom pan ied  b y  an  u n t r e a te d  c o n t r o l .  W here  
o rg a n ic  s o lv e n ts  h a d  been  u s e d  to  a p p ly  th e  te s t  c h e m ic a ls , th e  s o lv e n ts  
w e re  in c lu d e d  in  th e  c o n t r o l t re a tm e n t in  a m anne r s im ila r  to  th a t  u s e d  
w ith  th e  te s t  c h e m ic a l. W here  m o r ta l i t y  in  th e  c o n t ro ls  e x ceeded  1%, o r  
th e  n e a re s t e s tim a te  to  t h is  th a t  was p o s s ib le , th e  r e s u l t s  w e re  d is c a rd e d  

a n d  th e  e x p e r im e n t r e - r u n .  O th e r  w o rk e r s  h a ve  a c c e p te d  10% m o r ta l i t y  in  
th e  c o n t ro ls  (H a q u e  a n d  E b in g ,  1983a; L o fs -H o lm in ,  1 9 8 2 b ) , b u t  I  

c o n s id e re d  th a t  th is  w as to o  h ig h  f o r  th e  p re s e n t s e r ie s  o f  e x p e r im e n ts .

A l l  th e  te s ts  w e re  done  a t 20 ± 2 °C  in  a coo led  in c u b a to r  (G a lle n kam p  

a n d  C om pany L t d ) .

T h e  m o r ta l i t y  d a ta  was p ro c e s s e d  b y  a com pu te d  p r o b i t  a n a ly s is  u s in g  

th e  m ax im um  l ik e l ih o o d  p ro g ram m e  (M L P ) . T h e  d a ta  w e re  c o n v e r te d  in to  
lo g a r i th m s  b e fo re  a n a ly s is  a n d  th u s  th e  r e s u l ts  a p p e a r on  a lo g  sca le  
u n le s s  s p e c if ie d  to  th e  c o n t r a r y .  T h e  d if fe re n c e s  b e tw e e n  re p lic a te  s e ts  o f  
d a ta  w e re  a n a ly s e d  u s in g  a c h i- s q u a re d  te s t .  W here  th e  d if fe re n c e s  
b e tw e e n  in d iv id u a l  p r o b i t  l in e s  w e re  n o t s ig n if ic a n t  (P > 0 .0 5 ) f o r  p a ra lle l is m  
a n d  p o s it io n  o f  th e  Y - in te r c e p t ,  th e s e  d a ta  w e re  c om b in e d  a n d  a s in g le  

p r o b i t  l in e  f i t t e d .  I f  th e  c h i- s q u a re d  te s t  f o r  p a ra lle l is m  a lone  was n o t  
s ig n i f ic a n t ,  a com b in e d  g ra d ie n t  was c a lc u la te d .

U n d e r  c e r ta in  c irc u m s ta n c e s , th e  s ta n d a rd  e r r o r s  o b ta in e d  b y  
a s s u m in g  a b in o m ia l d is t r ib u t io n  r e q u ir e d  a d ju s tm e n t. W hen a c h i- s q u a re d  
t e s t  in d ic a te d  th a t  th e  h e te ro g e n e ity  o f  th e  d a ta  o f  an  in d iv id u a l  p r o b i t  
l in e  was s ig n if ic a n t  (P < 0 .0 5 ) , i . e .  th e  d a ta  d id  n o t c o n fo rm  to  a b in o m ia l
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d is t r ib u t io n ,  th e  s ta n d a rd  e r r o r  o f  th e  LC ,.q o r  L T , .q was a d ju s te d  u s in g  
th e  fo l lo w in g  c a lc u la t io n

A d ju s te d  S .E .  = S .E . L C 50 o r  L T 5Q /  X 2 h e te ro g e n e ity
v /  D .F .  h e te ro g e n e ity

W hen th e  c h i- s q u a re d  v a lu e  f o r  th e  to ta l  h e te ro g e n e ity  o f  re p l ic a te d  
p r o b i t  d a ta  was s ig n if ic a n t  (P < 0 .0 5 ) ,  s u b s e q u e n t c h i- s q u a re d  te s ts  f o r  
p a ra lle l is m  a n d  th e  p o s it io n  o f  th e  Y - in te r c e p t  w o u ld  b e  in a c c u ra te ,  so th e  
d if fe re n c e s  b e tw e e n  th e se  p r o b i t  l in e s  w e re  e xam ine d  u s in g  an F te s t .

X 2 p a ra lle l is m  o r  Y - in te r c e p t  p o s it io n  
D .F .  p a ra lle l is m  o r  Y - in te r c e p t  p o s it io n

F  = ______________________________________________

X 2 to ta l  h e te ro g e n e ity  
D .F .  to ta l  h e te ro g e n e ity

2 .2 .3  im m e rs io n  te s t

M e th o d

T h e  ch em ica ls  th a t  w e re  te s te d  in c lu d e d  c h lo rd a n e , c a r b a r y l ,  
p e n ta c h lo ro p h e n o l,  c h lo ro a ce ta m id e  a n d  th io p h a n a te -m e th y l as th e  te c h n ic a l 

c o m p o u n d s , a n d  c h lo rd a n e  (C h lo rd a n e  2 5 ) ,  th io p h a n a te -m e th y l (C e rc o b in )  

a n d  t r ia z o p h o s  (H o s ta th io n )  as c om m e rc ia lly  fo rm u la te d  p r o d u c ts .  T h e se  
chem ica ls  w e re  d is s o lv e d  o r  s u s p e n d e d  in  d is t i l le d  w a te r ,  in  w h ic h  one  

e a r th w o rm  was im m e rsed  in  50 m l c o n ta in e d  in  a 100 m l g la s s  c r y s ta l l is in g  
d is h .  F o u r  re p l ic a te s  w e re  u s e d  a t each  o f  s ix  c o n c e n tra t io n s  o f  th e  te s t  
chem ica l in  a lo g a r ith m ic  d i lu t io n  s e r ie s .  T h e  d is h e s  w e re  c o v e re d  w ith  a 
lo o s e ly  f i t t i n g  l i d  a n d  m o r ta l i t y  was d e te rm in e d  a f te r  a 24 h o u r  p e r io d  o f  
e x p o s u re  u n d e r  a r t i f i c ia l  l ig h t  ( F ig u r e  2 .1  a n d  P la te  2 . 1 ) .
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R e s u lts

T h e  L C en!s o f  th e  te s t  c h em ica ls , in  a d e c re a s in g  o r d e r  o f  t o x ic i t y  to  oU
e a r th w o rm s , w e re  p e n ta c h lo ro p h e n o l > c h lo rd a n e  > c a r b a r y l  > c h lo ro -  

ace tam ide  > th io p h a n a te -m e th y l (T a b le  A 7 .1  a n d  F ig u re  2 . 3 ) .  T h e  
g ra d ie n ts  o f  th e  p r o b i t  l in e s  can  a lso  b e  ra n k e d  in  d e c re a s in g  o r d e r  as 
fo l lo w s ; th io p h a n a te -m e th y l > c h lo rd a n e  > c h lo ro a ce ta m id e  > p e n ta c h lo ro 

p h e n o l > c a r b a r y l .

T h e  p r o b i t  l in e s  o f  th e  in d iv id u a l  re p l ic a te s  o f  c a r b a r y l  a n d  o f  
t r ia z o p h o s  w e re  n o t s ig n i f ic a n t ly  d i f f e r e n t  a n d  c o u ld  b e  c om b in e d  to  g iv e  a 
s in g le  p r o b i t  l in e  f o r  each  c h em ica l. O n ly  th e  g ra d ie n ts  o f  th e  p r o b i t  l in e s  
f o r  th e  in d iv id u a l  r e p l ic a te s  o f  th e  o th e r  te s t  chem ica ls  c o u ld  be  c om b in e d  
to  g iv e  a common g ra d ie n t  f o r  each o f  th o s e  com pound s . T h e  chem ica ls  

fo rm u la te d  c om m e rc ia lly  w e re  m ore to x ic  to  e a r th w o rm s  th a n  th e  same 
ch em ica l as th e  te c h n ic a l c om pound . No m o r ta l i t y  o c c u r re d  in  th e  c o n tro ls  

d u r in g  a 72 h o u r  p e r io d  o f  im m e rs io n .

T h e  m e th od  was easy  to  use  a n d  th e  assessm en t o f  m o r ta l i t y  was  
s im p le , a lth o u g h  i t  was d i f f i c u l t  to  p ro d u c e  a lo n g - l iv e d  d is p e rs io n  o f  some 
o f  th e  te c h n ic a l c om pounds  in  d is t i l le d  w a te r .  T h e se  s u s p e n s io n s  a n d  
th o s e  o f  th e  com m e rc ia l fo rm u la t io n s  b e g a n  to  s e t t le  o u t a f t e r  48 h o u r s .  
T h is  d id  n o t in f lu e n c e  th e  assessm en t o f  t o x ic i t y  w ith  th e  p re s e n t  m e th o d , 
b u t  in d ic a te d  th a t  t h is  ty p e  o f  te s t  h a s  o n ly  a l im ite d  a p p lic a t io n  f o r  

a s s e s s in g  lo n g e r  te rm  e f fe c ts .
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F ig u r e  2 . 1

I m m e r s i o n  T e s t

Glass cover 

50ml water

100ml glass flask

F ig u r e  2 . 2
G l a s s  C o n t a c t  T e s t

Glass vial 8cm x 3cm diameter
Fine nylon gauze

Damp cotton wool
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Plate 2 . 1 .  Immersion Test

Plate 2 . 2 .  Silica paste and glass ball test.

Scale: 1 cm
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Figure 2.3

IMMERSION TEST

Chemical Exposure
period
(Hours)

chlordane
chlordane

carbaryl
pentachlorophenol 

pentachlorophenol 
chloroacetamide 

chloroacetamide

triazophos 

Chlordane 25 
Cercobin 

Hostathion

Concentration (Log scale) mg.kg"! a.i. 
test chemical : water

KEY
I—O H  

X

hPH(x)

(x)
y — h

No LC5Q
■4—  No LC50 
(No LC50)

Individual LC50 estimate [o ], gradient [ x ] and 
fiducial limits
Individual LC50 estimate [o 1» common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [• ], gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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2.2.4 Glass contact test

Method

Chlordane, thiophanate-methyl and benomyl were dissolved in suitable 

volatile organic solvents and one ml of each of these solutions was pipetted 

into separate 8 cm x 3 cm diameter glass vials (internal surface area 82.5 

cm2). Each chemical was represented by 10 replicates at five 

concentrations in a logarithmic dilution series. The solutions were swirled 

in the vial to give a uniform deposit and dried gently with compressed air. 

One earthworm was put into each vial, which was then sealed with a 

plastic cap containing a wad of damp cotton wool to humidify the air. 

Mortality was determined after a 24 or 48 hour period of exposure 

conducted under artificial light (Figure 2.2).

Results

After 48 hours, chlordane was the most toxic chemical to earthworms 

and was followed in a decreasing order of toxicity by benomyl and 

thiophanate-methyl, however the gradients of the probit lines appeared 

inversely related to toxicity and the steepest gradient seen with 

thiophanate-methyl, followed by benomyl and chlordane (Table A7.2 and 

Figure 2.4).

The probit lines of the individual replicates of the test compounds did 

not differ significantly and were combined to give a single probit line for 

each compound. Mortality was absent from the controls during the 48 hour 

period of exposure, although the method for humidifying the air appeared 

to be inadequate. Uniform deposits of test chemical were applied with 

difficulty to the glass surface, particularly at high concentrations, as the 

deposit tended to flake off. In other respects, the method was easy to 

use and the assessment of mortality was uncomplicated.
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Figure 2.4

GLASS CONTACT TEST
Chemical Exposure 

period 
(Hours)

chlordane
chlordane

benomyl
benomyl

Concentration (Log scale) g.cm 2 
test chemical : glass surface

KEY
HOH Individual LC50 estimate [o ], gradient [ x ] and
x fiducial limits

M 3H(x)
(X)

j.—4

No LC50

Individual LC50 estimate [o ]« common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [• J, gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied

m—  No LC50 LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration(No LC50)
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2 .2 .5  F i l t e r  p a p e r  c o n ta c t te s t  u s in g  g la s s  v ia ls

M e th o d

C h lo rd a n e , p e n ta c h lo ro p h e n o l,  th io p h a n a te -m e th y l,  b e n o m y l a n d  

t r ia z o p h o s  w e re  d is s o lv e d  in  d is t i l le d  w a te r  o r  a s u ita b le  v o la t i le  o rg a n ic  
s o lv e n t .  O ne m l o f  each  o f  th e s e  s o lu t io n s  was p ip e t te d  in to  a s e p a ra te  8 
cm x  3 cm d ia m e te r  g la s s  v ia l ,  th e  s id e  a n d  e n d  w a lls  o f  w h ic h  h a d  b een  
l in e d  w ith  W hatm an N o . l  c e llu lo s e  f i l t e r  p a p e r  ( l in e d  in te r n a l  s u r fa c e  a re a

82 .5  cm 2) .  T h e  s o lu t io n  was s w ir le d  a ro u n d  in  th e  v ia l  to  g iv e  a u n ifo rm

d e p o s it  a n d  th e  o rg a n ic  s o lv e n t th a t  re m a in e d  was e v a p o ra te d  g e n t ly  u s in g  
com p re ssed  a i r .  T h e  f i l t e r  p a p e rs  th a t  w e re  d r ie d  in  t h is  m a nne r w e re  
m o is te n e d  w ith  1 m l o f  d is t i l le d  w a te r .  T e n  re p lic a te s  w e re  u s e d  a t each  
o f  f iv e  c o n c e n tra t io n s  o f  th e  te s t  ch em ica l in  a lo g a r i th m ic  d i lu t io n  s e r ie s  

a n d  one e a r th w o rm  was p la c e d  in  each  v ia l ,  w h ic h  was th e n  sea led  w ith  a 
p la s t ic  c a p . M o r ta l i t y  was d e te rm in e d  a f t e r  a 24 , 48 o r  72 h o u r  p e r io d  o f  

e x p o s u re  c o n d u c te d  u n d e r  a r t i f i c ia l  l ig h t  ( F ig u r e  2 . 5 ) .  T h e  c a t io n

e x ch a n g e  c a p a c ity  o f  th e  f i l t e r  p a p e r  was m easu red  in  o r d e r  to  e s tim a te  

th e  am oun t o f  te s t  ch em ica l l ik e ly  to  b in d  to  t h is  s u r fa c e .

R e s u lts

C h lo rd a n e  was th e  m ost to x ic  com pound  to  e a r th w o rm s  a f t e r  48 h o u rs  
a n d  was fo l lo w e d , in  a d e c re a s in g  o r d e r  o f  t o x ic i t y  b y  t r ia z o p h o s ,  
p e n ta c h lo ro p h e n o l,  b e n o m y l a n d  th io p h a n a te -m e th y l.  T h e  s te e p e s t p r o b i t  
l in e  g ra d ie n t  was seen w ith  t r ia z o p h o s , w h i ls t  th e  o th e r  chem ica ls  h a d  le s s  
s te e p  g ra d ie n ts  th a t  c o u ld  b e  ra n k e d  in  th e  fo l lo w in g  d e c re a s in g  o r d e r :  
p e n ta c h lo ro p h e n o l,  c h lo rd a n e , b e n o m y l a n d  th io p h a n a te -m e th y l (T a b le  A 7 .3  
a n d  F ig u re  2 . 7 ) .  P e n ta c h lo ro p h e n o l, th io p h a n a te -m e th y l,  b e n o m y l a n d  
t r ia z o p h o s  fa i le d  to  g iv e  an  L C 5Q a f t e r  a 24 h o u r  p e r io d  o f  e x p o s u re .  T h e  
assessm en ts  o f  m o r ta l i t y  made a f t e r  48 h o u rs  w e re  u s e d  to  com pa re  th e  

r e s u l t s  fro m  th is  te s t  w i th  th o s e  o f  th e  o th e r  m e th o d s , as th e  o n ly  
chem ica ls  f o r  w h ic h  m o r ta l i t y  was a ssessed  a f t e r  72 h o u rs  w e re  th e
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F ig u r e  2 . 5

F i l t e r  P a p e r  i n  V i a l s  T e s t

I n t e r n a l  w r a p  o f  f i l t e r  p a p e r

F ig u r e  2 . 6
F i l t e r  P a p e r  I n  P e t r i  D i s h  T e s t

F i l t e r  p a p e r G l a s s  l i d

C e l l o p h a n e  P e t r i  d i s h
c o v e r

>



Figure 2.7

FILTER PAPER CONTACT TEST IN VIALS

Chemical Exposure
period
(Hours)

chlordane

chlordane

pentachlorophenol

pentachlorophenol

thiophanate-methyl

thiophanate-methyl

thiophanate-methyl

benomyl

benomyl

benomyl

triazophos

triazophos

Concentration (Log scale) g . c m “ 2 
test chemical : filter paper surface

KEY
I—OH 

X

(X)

(X)
I-— H

No LC50

4—  No LC50 

(No L C 5 0 )

Individual LC50 estimate [ o ], gradient [ x ] and 
fiducial limits
Individual LC50 estimate [ o  ]» common gradient for more
than one replicate l(x) ] and fiducial limits
Common LC50 estimate [• J, gradient [(x)] and fiducial
limits for more than one replicate
Range within whi c h  a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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fu n g ic id e s .  M o r ta l i t y  was a b s e n t in  th e  c o n tro ls  a f t e r  72 h o u rs  a n d  th e  

CEC o f  th e  f i l t e r  p a p e r  was z e ro  a t th e  s ta n d a rd  pH  ( 8 .1 )  a n d  a t th e  
n a tu r a l pH  ( 7 . 0 ) .  T h e  m e th o d  was ea sy  to  u s e , th e  d e p o s it o f  te s t  
chem ica l re m a in e d  d is t r ib u te d  u n i fo rm ly  on  th e  f i l t e r  p a p e r  a n d  m o r ta l i t y  
was assessed  c o n v e n ie n t ly .  T h e  e a r th w o rm s  g ra z e d  th e  f i l t e r  p a p e r  

o c c a s io n a lly  a n d  th e re fo re  th e s e  e s tim a te s  o f  t o x ic i t y  a re  n o t d u e  
n e c e s s a r ily  to  u p ta k e  o v e r  th e  c u t ic le  a lo n e .

2 .2 .6  F i l t e r  p a p e r  c o n ta c t te s t  u s in g  P e t r i  d is h e s

M e th od

T h e  chem ica ls  te s te d  w e re  c h lo rd a n e , p e n ta c h lo ro p h e n o l,  th io p h a n a te -  
m e th y l,  b e n o m y l a n d  t r ia z o p h o s .  T he se  com pounds  w e re  d is s o lv e d  in  

d is t i l le d  w a te r  o r  a s u ita b le  v o la t i le  o rg a n ic  s o lv e n t .  One m l o f  th e se  
s o lu t io n s  w e re  p ip e t te d  s e p a ra te ly  o n to  9 cm d ia m e te r  d is c s  o f  W hatm an  
N o . l  c e llu lo s e  f i l t e r  pap ie r w h ic h  w e re  s u p p o r te d  on  9 cm d ia m e te r d is c s  o f  
ce llo p h a n e  h e ld  in d iv id u a l ly  in  8 .5  cm d ia m e te r g la s s  P e t r i  d is h  l id s  (64  
cm 2 o f  f i l t e r  p a p e r  was t r e a te d  w ith  te s t  c h e m ica l, b u t  o n ly  57 cm 2 was  
e xp o se d  to  th e  e a r th w o rm s  w hen  th e  a p p a ra tu s  was a ssem b led  a n d  th e  
b o tto m  o f  th e  d is h  was f i t t e d  in to  th e  l i d ) .  A n y  v o la t i le  o rg a n ic  s o lv e n t  
th a t  h a d  b een  u s e d  was e v a p o ra te d  in  a g e n tle  a ir f lo w  a nd  th e  f i l t e r  p a p e r  
d r ie d  in  t h is  w a y  was m o is te n e d  w ith  1 m l d is t i l le d  w a te r .  One e a r th w o rm  
was p la c e d  b e tw e e n  th e  c e llo p h a n e  a n d  f i l t e r  p a p e r  la y e r s ,  w h ic h  w e re  
p u l le d  ta u t  b y  in s e r t in g  th e  P e t r i  d is h  base  in to  th e  l i d  ( F ig u r e  2 . 6 ) .  
T h e  o th e r  e x p e r im e n ta l c o n d it io n s  w e re  th e  same as th o s e  d e s c r ib e d  f o r  th e  

m e thod  u s in g  f i l t e r  p a p e r  i n  g la s s  v ia ls .

R e s u lts

T h e  e s tim a te s  o f  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  th a t  w e re  
o b ta in e d  w ith  t h is  m e thod  (T a b le  A 7 .4  a n d  F ig u re  2 .8 )  in d ic a te d  th a t  
c h lo rd a n e  was m ore  to x ic  to  e a r th w o rm s  th a n  t r ia z o p h o s  a f t e r  a 48 h o u r



Figure 2.8

FILTER PAPER CONTACT TEST IN PETRI DISHES

Chemical Exposure 
period 
(Hours)

Concentration (Log scale) g.cm~2 
test chemical : filter paper surface

KEY
t-O H

X

hPH(X)
(X)

H ^
No LC50 —
M—  No LC50

Individual LC50 estimate [ o ], gradient [ x ] and fiducial limits
Individual LC50 estimate [o 1• common gradient for more 
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [ • ] ,  gradient [(x) J and fiducial 
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater 
than those studied
LC50 at an undefined concentration that was less than those studied
More than one LC50 at an undefined concentration(No LC50)
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p e r io d  o f  e x p o s u re , a n d  th a t  b o th  o f  th e s e  chem ica ls  w e re  m ore  to x ic  th a n  
p e n ta c h lo ro p h e n o l.  T h io p h a n a te -m e th y l a n d  b e n o m y l d id  n o t g iv e  d a ta  th a t  
c o u ld  b e  p ro c e s s e d  b y  p r o b i t  a n a ly s is . T h e  g ra d ie n ts  o f  th e  p r o b i t  l in e s  
f o r  c h lo rd a n e  w e re  th e  m ost s te e p , fo llo w e d  in  a d e c re a s in g  o r d e r  o f  
s te e p n e s s  b y  p e n ta c h lo ro p h e n o l a n d  t r ia z o p h o s .  N one o f  th e  te s t  chem ica ls  
gave  an  L C ^ q a f te r  a 24 h o u r  p e r io d  o f  e x p o s u re . M o r ta l i t y  was a b se n t  
i n  th e  c o n tro ls  a f t e r  72 h o u r s .  T h e  m e thod  was d i f f i c u l t  to  u se  because  
th e  f i l t e r  p a p e r  te n d e d  to  s p l i t  w hen  w e t. F u r th e rm o re ,  th e  te s t  chem ica ls  
w e re  d is t r ib u te d  le s s  e v e n ly  on  th e  f i l t e r  p a p e r  in  th e  P e t r i  d is h e s  th a n  on  
a s im ila r  m a te r ia l i n  a g la s s  v ia l ,  because  th e  s o lu t io n  o f  th e  ch em ica l c o u ld  

n o t b e  s w ir le d  a ro u n d  th e  d is h  to  g iv e  a u n ifo rm  d e p o s it .  T h e  e a r th w o rm s  
te n d e d  to  escape fro m  th e  a p p a ra tu s ,  th e  f i l t e r  p a p e r  d r ie d  o u t r a p id ly  

u n le s s  th e  d is h e s  w e re  s to re d  in  h u m id  c o n d it io n s  a n d  i t  was n e c e s s a ry  to  
d ism a n tle  th e  a p p a ra tu s  to  assess th e  m o r ta l i t y  o f  th e  e a r th w o rm s  a t th e  

e n d  o f  th e  te s t .

2 .2 .7  S and  te s t

M e th od

T h e  chem ica ls  te s te d  f o r  t o x ic i t y  to  e a r th w o rm s  u s in g  th is  m e thod  
w e re  c h lo rd a n e , p e n ta c h lo ro p h e n o l a n d  th io p h a n a te -m e th y l, w h ic h  w e re  
d is s o lv e d  in  5 m l o f  d is t i l le d  w a te r  o r  a s u ita b le  v o la t i le  o rg a n ic  s o lv e n t  
a n d  m ix e d  w ith  50 g  o f  f in e  q u a r tz  sa n d  ( B r i t i s h  I n d u s t r ia l  S and  110 
G ra d e . [T a b le  A 5 . 3 ] ) .  A n y  v o la t i le  o rg a n ic  s o lv e n ts  th a t  h a d  been  u s e d  
w e re  rem o ve d  b y  a p ro c e s s  o f  s p re a d in g  a n d  m ix in g  th e  sa nd  in  a g e n tle  
f lo w  o f  a i r .  T h e  sa nd  th a t  was d r ie d  in  t h is  m anne r was m o is te n e d  w ith  
15 m l d is t i l le d  w a te r ,  b u t  w h e re  th e  te s t  chem ica l h a d  b e e n  a p p lie d  in  an  
aqueou s  s o lu t io n ,  o n ly  10 m l o f  w a te r  w e re  a d d e d . E ach  re p lic a te  
c o n s is te d  o f  50 g  ( d r y  w e ig h t )  o f  s a n d  th a t  h a d  b e e n  t r e a te d  w ith  th e  te s t  
c h e m ic a l, h e ld  in  a 100 m l g la s s  c r y s ta l l is in g  d is h  w ith  a lo o s e ly  f i t t i n g  l id  
and  c o n ta in in g  th re e  e a r th w o rm s . F o u r  re p l ic a te s  w e re  u s e d  a t each  o f  s ix
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F igu re 2 .1 1

SAND TEST

Chemical Exposure 
period 
(Hours)

chlordane

chlordane

pentachlorophenol
pentachlorophenol

thiophanate-methyl
thiophanate-methyl

KEY
i-OH Individual LC50 estimate [o ], gradient [ x ] andx fiducial limits
h<H(x)

(x)
»-— H
No LC50 
<—  No LC50 
(No LC50)

Individual LC50 estimate [o ]• common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [• J, gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater 
than those studied
LC50 at an undefined concentration that was less than those studied
More than one LC50 at an undefined concentration
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concentrations of the chemical in a logarithmic dilution series. The 

earthworms were extracted from the sand by hand and mortality was 

assessed after a 24 or 48 hour period of exposure under artificial light 

(Figure 2 .9 ). The cation exchange capacity of the sand was measured in 

order to estimate the amount of test chemical that would be adsorbed by 

it .

Results

None of the test chemicals gave an LCgQ after a 24 hour period of 

exposure, although after 48 hours the results could be analysed 

statistically and the gradients of the probit lines appeared to be related 

inversely to the toxicity to earthworms of the test chemicals (Table A7.5 

and Figure 2 .11). Chlordane, thiophanate-methyl and pentachlorophenol 

were ranked in a decreasing order of toxicity to earthworms by this test, 

although the LCqq for chlordane was ill defined and had widely separated 

fiducial limits. Although there was no mortality in the controls, the 

earthworms began to look unhealthy during the 48 hour period of exposure 

and attempted to escape from the sand. The death of one earthworm had 

an adverse effect upon the survival of others in the same container. The 

sand was unlikely to adsorb a significant amount of the test chemicals, 

because it had a CEC of zero at the standard pH (8.1) and natural pH

(6.7) .  The procedure for removing volatile organic solvents from the sand 

was slow and it was difficult to determine the point at which the solvent 

had evaporated completely.

2.2.8 Antibumping granule test

Method

Antibumping granules are small glass pellets (2 mm diameter) with a 

rough, sand-blasted surface. The rough surface of the granules seemed 

likely to support a uniform deposit of test chemical, whilst allowing
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th e  e a r th w o rm s  to  move f r e e ly  in  th e  spaces b e tw e e n  th e  g ra n u le s .  T h e  

e a r th w o rm s  w e re  r e lu c ta n t  to  e n te r  t h is  m ed ium  a n d  w e re  th e re fo re  b u r ie d  
u n d e r  1 cm o f  g ra n u le s  a t th e  b e g in n in g  o f  each  e x p e r im e n t .  T h e  te s t  
chem ica ls  u s e d  w e re  c h lo rd a n e , p e n ta c h lo ro p h e n o l a n d  th io p h a n a te -m e th y l.  
T he se  w e re  d is s o lv e d  in  5 m l o f  a v o la t i le  o rg a n ic  s o lv e n t a n d  m ix e d  w ith  
80 g  o f  th e  g ra n u le s .  T h e  s o lv e n ts  w e re  rem o ve d  b y  s p re a d in g  a n d  

m ix in g  th e  g ra n u le s  in  a g e n t le  a ir f lo w .  T h is  p ro c e s s  was s im ila r  to  th a t  
u s e d  in  th e  sa nd  te s t  a n d  p re s e n te d  d i f f ic u l t ie s  t h a t  w e re  common to  b o th  
t e s ts .  E ach  re p lic a te  c o n s is te d  o f  80 g  ( d r y  w e ig h t )  g ra n u le s  th a t  h a d  
b e e n  t r e a te d  w i th  th e  te s t  c h e m ic a l, h e ld  in  a 100 m l g la ss  c r y s ta l l is in g  
d is h  a n d  c o n ta in in g  f iv e  e a r th w o rm s . F o u r  re p l ic a te s  w e re  u s e d  a t a 
m in im um  o f  s ix  c o n c e n tra t io n s  o f  th e  te s t  chem ica l in  a lo g a r i th m ic  d i lu t io n  
s e r ie s . T h e  d is h e s  w e re  c o v e re d  b y  a lo o s e ly  f i t t i n g  l id  th a t  h e ld  a w ad  
o f  dam p c o t to n  w oo l to  h u m id ify  th e  a i r .  E ach te s t  r a n  f o r  48 o r  96 h o u rs  
u n d e r  a r t i f i c ia l  l i g h t ,  a f t e r  w h ic h  th e  e a r th w o rm s  w e re  e x t r a c te d  fro m  th e

i

g ra n u le s  b y  h a n d  a n d  m o r ta l i t y  was assessed  (F ig u re  2 .1 0 ) .

R e s u lts

None o f  th e  te s t  chem ica ls  g ave  d a ta  th a t  w e re  s u ita b le  f o r  c a lc u la t in g  
an  L C 5q a f t e r  a 48 h o u r  p e r io d  o f  e x p o s u re . T h e  L C ^ 's  a f t e r  a 96 h o u r  
p e r io d  o f  e x p o s u re  in d ic a te d  th a t  p e n ta c h lo ro p h e n o l was m ore  to x ic  to  
e a r th w o rm s  th a n  c h lo rd a n e , a n d  th a t  p e n ta c h lo ro p h e n o l h a d  th e  s te e p e s t  
p r o b i t  l in e  g ra d ie n t  (T a b le  A 7 .6  a n d  F ig u re  2 .1 2 ) .  T h e  p r o b i t  l in e s  f o r  
th e  re p l ic a te s  o f  each  o f  th e s e  chem ica ls  d id  n o t d i f f e r  s ig n i f ic a n t ly  a f t e r  a 
96 h o u r  p e r io d  o f  e x p o s u re  a n d  th e  re p lic a te s  w e re  th e re fo re  c om b in e d  to  
g iv e  a s in g le  p r o b i t  l in e  f o r  each  c om pound . T h io p h a n a te -m e th y l fa i le d  to  
p ro d u c e  m o r ta l i t y  d a ta  th a t  c o u ld  b e  p ro c e s s e d  b y  p r o b i t  a n a ly s is .  
M o r ta l i t y  d id  n o t o c c u r  in  th e  c o n tro ls  d u r in g  th e  96 h o u r  p e r io d  o f  
e x p o s u re ,  a l th o u g h  th e  e a r th w o rm s  fa i le d  to  p e n e tra te  f a r  in to  th e  
g ra n u le s ,  lo o k e d  v e r y  u n h e a lth y  a n d  a tte m p te d  to  escape  fro m  th e
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F ig u r e  2 .1 2

ANTI-BUMPING GRANULE TEST

Chemical Exposure 
period 
( H ours)

chlordane 48

chlordane 96

pentachlorophenol 48

pentachlorophenol 96

thiophanate-methyl 48

thiophanate-methyl 96

(No L C 5 0 ) -*

t— •  ■ i 
0-85)

(No L C 5 0 ) ->

(No L C 5 0 ) ->

(No LC50) —►

___________ I____________ I__________ I___________ I___________ I
- 3 - 2 - 1 0  1 2
Concentration (Log scale) mg.kg*-* 

test chemical : anti-bumping granules

KEY
h o h  Individual LC50 estimate I o  ], gradient I x ] and
x fiducial limits

HOH(x)

(x)
► — 1
No LC50 _►

■«—  No LC50 

(No LC5Q)

Individual LC50 estimate I o  1» common gradient for more
than one replicate l(x) ] and fiducial limits
Comm o n  LC50 estimate [ •  g r adient [(x)] and fiducial
limits for more than one replicate
Ran g e  within whi c h  a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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a p p a ra tu s .  T h e  d e a th  o f  one  e a r th w o rm  a f fe c te d  a d v e rs e ly  th e  s u r v iv a l  o f  

o th e rs  in  th e  same c o n ta in e r  a n d  th e  te s t  chem ica l was a p p lie d  u n i fo rm ly  to  
th e  g ra n u le s  w ith  d i f f i c u l t y .  F u r th e rm o re  th e  d e p o s it o f  th e  te s t  chem ica l 
te n d e d  to  f la k e  o f f  th e  s u r fa c e  o f  th e  g ra n u le s .  T h e  m e thod  f o r  
m a in ta in in g  a h u m id  a tm o sp h e re  w i th in  th e  te s ts  v e s s e ls  fa i le d  to  p r e v e n t  
some d e s ic c a t io n  o f  th e  e a r th w o rm s .

2 .2 .9  S il ic a  p a s te  a n d  g la s s  b a l l  te s t

M e th o d

T h is  m e thod  was b a se d  u p o n  a s im p li f ie d  v e rs io n  (B o u c h e , 1982) o f  

th e  m e th od  d e s ig n e d  b y  F e r r ie r e ,  F a yo lle  a n d  B o u ch e  (1 9 8 1 ) . T h e  te s t  
chem ica ls  in c lu d e d  c h lo rd a n e , c a r b a r y l ,  p e n ta c h lo ro p h e n o l, c h lo ro a c e ta m id e , 

th io p h a n a te -m e th y l a n d  p o ta s s iu m  b ro m id e . T h e se  com pounds  w e re  
d is s o lv e d  o r  s u s p e n d e d  in  215 m l d is t i l le d  w a te r  a n d  m ixe d  w ith  90 g  o f  
a i r - d r ie d  (4 .5 -5 .0 %  H gO ) f in e ly  m ille d  ( s u r fa c e  a re a  450 m 2 . g  * )  s il ic a  

( ’ L e v i l i t e 1: R h o n e -P o u le n c  C h im ie  F in e , S t ra s b o u rg ,  F ra n c e )  to  p ro d u c e  a  
p a s te .  T h is  p a s te  was c om b in e d  w ith  1425 g  o f  2 cm d ia m e te r g la s s  b a lls  

(S o c ie te  P re c iv e r ,  M a is o n s -A lfo r t , F ra n c e ) w h ic h  p ro v id e d  s u p p o r t  a n d  
a llow ed  a e ra t io n  o f  th e  m ed ia . E ach  re p lic a te  o f  th is  m ix tu re  was h e ld  in  a 

2 l i t r e  g la s s  f la s k ,  lo o s e ly  c o v e re d  b y  a p la s t ic  f i lm  a n d  c o n ta in in g  te n  
e a r th w o rm s . F o u r  s u c h  re p lic a te s  w e re  u s e d  a t s ix  c o n c e n tra t io n s  o f  each  
t e s t  ch em ica l in  a lo g a r i th m ic  d i lu t io n  s e r ie s . T h e  te s t  r a n  f o r  14 d a y s  
u n d e r  a r t i f i c ia l  l ig h t  (P la te  2 .2  a n d  F ig u re  2 .1 3 ) .  T h e  e a r th w o rm s  w e re  
s e p a ra te d  fro m  th e  m ed ia  a t th e  e n d  o f  th e  e x p e r im e n t to  a llow  an  
assessm en t o f  m o r ta l i t y  b y  w a s h in g  th e  c o n te n ts  o f  th e  f la s k s  th r o u g h  a 
1 mm m esh s ie v e . T h e  am oun t o f  te s t  c h em ica l t h a t  was l ik e ly  to  a d s o rb  
o n to  th e  p a r t ic le s  o f  s il ic a  was e s tim a te d  b y  m e a s u r in g  th e  c a t io n  e x c h a n g e  

c a p a c ity  o f  th e  s il ic a  p a s te .
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F ig u r e  2 .1 3

S i l i c a  P a s t e :  G l a s s  B a l l  T e s t  

( A r t i s o l )

r s e m i - a i r t i g h t  c l o s u r e

1 l i t r e  t r a n s p a r e n t  
p l a s t i c  c o n t a i n e r

a m o r p h o u s  s i l i c a  p a s t e

2 c m  d i a m e t e r  g l a s s  b a l l s

F ig u r e  2 .1 4

N a t u r a l  S o i l  T e s t

r s e m i - a i r t i g h t  c l o s u r e

7 5 0 g  p e s t i c i d e  f r e e  
c l a y  l o a m  s o i l

1 l i t r e  t r a n s p a r e n t  
p l a s t i c  c o n t a i n e r



Figure 2.15
SILICA PASTE AND GLASS BALL TE S T

Exposure
Chemical period 

(D a y s )

chlordane 14 r w5-25
chlordane 14 HH

3-50
carbaryl 14 HH

2-78
carbaryl 14 K H  

1 *85
pentachlorophenol 14 H

(5 - 69)
chloroacetamide 14 W

(7-91)
thiophanate-methyl 14 H H

2-44
thiophanate-methyl 14 KH

3-27
p o tassium bromide 14

--------- 1_________1_______

Concentration (Log scale) m g . k g -1 
test chemical : dry weight of silica

KEY
h o h  Individual LC50 estimate [ o  ], gradient [ x ] and
* fiducial limits

hOH(x)
(x)

(.— h

NO L C 50 _ ►  

■<—  No LC5Q 

(No L C 5 0 )

Individual LC50 estimate lo ]» common gradient for more
than one replicate [(x) ] and fiducial limits
Common L C 50 estimate [ •  J, gradient [(x) ] and fiducial
limits for more than one replicate
Range within whi c h  a poorly defined L C 50 falls
LC50 at an undefined concentration that was greater 
than those studied
LC50 at an undefined concentration that was less than those studied
More than one LC50 at an undefined concentration
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R e s u lts

A f t e r  a 14 d a y  p e r io d  o f  e x p o s u re  th e  com pound  th a t  was m ost to x ic  
to  e a r th w o rm s  was c h lo rd a n e , fo llo w e d  in  a d e c re a s in g  o r d e r  o f  t o x ic i t y  b y  
th io p h a n a te -m e th y l,  c a r b a r y l ,  c h lo ro a c e ta m id e , p e n ta c h lo ro p h e n o l a n d  

p o ta s s iu m  b ro m id e  (T a b le  A 7 .7  a n d  F ig u re  2 .1 5 ) .  T h e  g ra d ie n t  o f  th e  

p r o b i t  l in e s  was s te e p e s t f o r  c h lo ro a c e ta m id e , a n d  le s s  s te e p  in  a 
d e c re a s in g  o r d e r  f o r  p o ta s s iu m  b ro m id e , p e n ta c h lo ro p h e n o l, c h lo rd a n e , 

th io p h a n a te -m e th y l a n d  c a r b a r y l .  T h e  p r o b i t  l in e s  f o r  in d iv id u a l  r e p l ic a te s  
o f  p e n ta c h lo ro p h e n o l,  c h lo ro a ce ta m id e  a n d  p o ta ss ium  b ro m id e  d id  n o t d i f f e r  
s ig n i f ic a n t ly  a n d  th e  re p lic a te s  w e re  com b in ed  to  g iv e  a s in g le  p r o b i t  l in e  
f o r  each  c h e m ica l. M o r ta l i t y  d id  n o t o c c u r  in  th e  c o n t ro ls  a f t e r  14 d a y s  
a n d  th e  e a r th w o rm s  a p p e a re d  to  rem a in  h e a lth y  i n ,  a n d  to  in g e s t ,  th e  

m ed ia . T h e  CEC o f  th e  am o rp hou s  s il ic a  was 79 a nd  302 m e q .k g  *  a t th e  
n a tu r a l pH  ( 5 .0 )  a n d  s ta n d a rd  pH  ( 8 .1 )  r e s p e c t iv e ly .  T h is  in d ic a te d  th a t  
th e  s il ic a  h a d  an  a d s o rp t iv e  c a p a c ity  s im ila r  to  th a t  o f  a n a tu r a l a ra b le  s o il 
a n d  th a t  th is  c a p a c ity  w as pH  d e p e n d e n t.  T h e  m e th od  was a w k w a rd  to  
use  a n d  th e  m ed ia  becam e p a r t ic u la r ly  u n w ie ld y  w hen  m ix e d  w ith  th e  g la s s  

b a l ls .  T h e  m e thod  f o r  e x t r a c t in g  th e  e a r th w o rm s  fro m  th e  m ed ia  a f t e r  th e  

14 d a y  p e r io d  o f  e x p o s u re  was d e s t r u c t iv e  and  a llo w e d  o n ly  a s in g le  
assessm en t o f  m o r ta l i t y ,  th u s  p r e v e n t in g  th e  c o n t in u a t io n  o f  an  u n re s o lv e d  

t e s t .

2 .2 .1 0  N a tu ra l s o il te s t

M e thod

T h e  s o il was c o lle c te d  fro m  G e e s c ro ft F ie ld ,  R o th a m s te d  E x p e r im e n ta l  
S ta t io n ,  and  was a p e s t ic id e - f r e e  s a n d y  c la y  loam  ( A n o n . ,  1 9 8 1 b ). U s in g  
s ta n d a rd  m e thods  th e  s o il was e s t im a te d  to  c o n ta in  2.53% o rg a n ic  m a tte r  
(K a lem basa  a nd  J e n k in s o n , 1973) a n d  to  h a ve  a pH  o f  7 .3  ( A n o n . ,  1 9 8 1 d ) .  
T he se  v a lu e s  a g re e  c lo s e ly  w ith  e s tim a te s  made p r e v io u s ly  b y  J o h n s to n ,  
P o u lto n  a n d  M cEwen (1 9 8 1 ) . T h e  s o il was a i r - d r ie d  to  a b o u t 4% w a te r
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c o n te n t ,  p a ssed  th r o u g h  a 5 mm s ie ve  and  th e n  m o is te n e d  w ith  d is t i l le d  
w a te r  to  20% w a te r  c o n te n t .  T h e  te s t  chem ica ls  w e re  c h lo rd a n e , c a r b a r y l ,  
p e n ta c h lo ro p h e n o l, c h lo ro a ce ta m id e  a n d  th io p h a n a te -m e th y l, w h ic h  w e re  

d is s o lv e d  in  d is t i l le d  w a te r  o r  a s u ita b le  v o la t i le  o rg a n ic  s o lv e n t a n d  w e re  

a p p lie d  to  th e  s o i l ,  w h ic h  was s p re a d  o u t e v e n ly  on  a t r a y ,  u s in g  a 
c h ro m a to g ra p h y  s p ra y  u n i t  a t th e  ra te  o f  10 m l s o lu t io n  to  750 g  s o il (w e t  
w e ig h t ) .  T h e  s o il was le f t  u n d is tu r b e d  in  a g e n t le  a i r - f lo w  f o r  a few  
m in u te s  to  a llow  th e  v o la t i le  o rg a n ic  s o lv e n ts  to  e v a p o ra te . T h e  d e p o s it o f  
th e  te s t  chem ica l w as th e n  m ixe d  th o r o u g h ly  in to  th e  s o il b y  h a n d  u s in g  a 
s p a tu la .  T h is  m ix tu re  was p la c e d  in  a one l i t r e  p la s t ic  f la s k  a n d  10

e a r th w o rm s  w e re  h e ld  in  each o f  f o u r  re p lic a te s  a t s ix  c o n c e n tra t io n s  o f  
each  chem ica l in  a lo g a r i th m ic  d i lu t io n  s e r ie s . T h e  c o n ta in e rs  w e re  

c o v e re d  w ith  a p e r fo r a te d  p la s t ic  f i lm  (F ig u re  2 .1 4 ) .  T h e  e a r th w o rm s  w e re  
e x t r a c te d  b y  h a n d  a f t e r  a 14 d a y  p e r io d  o f  e x p o s u re  u n d e r  a r t i f i c ia l  l ig h t  
a n d  m o r ta l i t y  was a sse ssed . A n  e s tim a te  o f  th e  am oun t o f  te s t  ch em ica l 
l i k e ly  to  b e  a d s o rb e d  o n to  th e  s o il p a r t ic le s  was made b y  m e a s u r in g  th e  
c a t io n  e x c h a n g e  c a p a c ity  o f  th e  s o il a t a s ta n d a rd  pH  ( 8 .1 )  a n d  a t th e  

n a tu r a l pH  ( 7 . 3 ) .

R e s u lts

T h is  te s t  in d ic a te d  th a t  c h lo rd a n e  was th e  ch em ica l m ost to x ic  to  
e a r th w o rm s , fo llo w e d  in  a d e c re a s in g  o r d e r  o f  t o x ic i t y  b y  
p e n ta c h lo ro p h e n o l a n d  th io p h a n a te -m e th y l.  C a rb a r y l a n d  c h lo ro a ce ta m id e  
w e re  le s s  to x ic  th a n  th e  o th e r  c h e m ic a ls , b u t  i t  w as n o t p o s s ib le  to  
d is t in g u is h  th e  r a n k in g  o f  t o x ic i t y  b e tw e e n  th e se  la t t e r  tw o  c h em ica ls . 
T h e  s te e pne ss  o f  th e  g ra d ie n ts  o f  th e  p r o b i t  l in e s  was c o r re la te d  p o s i t iv e ly  
w ith  th e  t o x ic i t y  o f  th e  chem ica ls  to  e a r th w o rm s  (T a b le  A 7 .8  and  F ig u re  
2 .1 6 ) .  T h e  p r o b i t  l in e s  th a t  w e re  c a lc u la te d  fo r  th e  in d iv id u a l  r e p l ic a te s  
o f  c h lo rd a n e , p e n ta c h lo ro p h e n o l a n d  th io p h a n a te -m e th y l d id  n o t d i f f e r  
s ig n i f ic a n t ly  a n d  th e  re p lic a te s  w e re  com b in ed  to  g iv e  s in g le  l in e s  f o r  each
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F ig u r e  2 .1 6

NATURAL SOIL TEST

Chemical Exposure
p e rio d
(Days)

chlordane 
carbaryl 

carbaryl
pentachlorophenol 

chloroacetamide 

chloroacetamide 

chloroacetamide 
thiophanate-methyl

Concentration (Log scale) mg.kg * 
test chemical : dry weight of soil

KEY
H-OH

X

(X)
(X)

I-— ^

No LC50 _>.
-4—  No LC 5 0 
(No LC50)

Individual LC50 estimate [o ], gradient [ x ] and 
fiducial limits
Individual LC50 estimate [o 1» common gradient for more
than one replicate I(x) ] and fiducial limits
Common LC50 estimate [• ], gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 a t  an undefin ed  c o n c e n tra tio n  t h a t  was g r e a te r
than those studied
LC50 a t  an undefined  c o n c e n tra tio n  th a t  was le s s  th an  
th o se  s tu d ie d
More than one LC50 at an undefined concentration
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ch e m ic a l. T h e  e a r th w o rm s  lo o k e d  u n h e a lth y  in  th e  u n t r e a te d  s o il a f t e r  a 

14 d a y  p e r io d  o f  e x p o s u re ,  a l th o u g h  m o r ta l i t y  was a b s e n t in  th e  c o n t r o ls .  
T h e  CEC o f  th e  s o il was 167 a n d  187 m e q .k g  *  a t th e  n a tu r a l pH  a n d  th e  

s ta n d a rd  pH  r e s p e c t iv e ly ,  w h ic h  was s im ila r  to  th a t  o f  m any a ra b le  s o ils .  
T h u s  th e  a d s o rp t iv e  c a p a c ity  o f  th e  s o il was n o t in f lu e n c e d  g r e a t ly  b y  p H .  
T h e  c o lle c t io n  a n d  p re p a ra t io n  o f  th e  s o il was la b o r io u s  a n d  i t  p ro v e d  
d i f f i c u l t  to  e x t r a c t  th e  e a r th w o rm s  a t th e  e n d  o f  th e  te s t  to  assess  
m o r ta l i t y .  T h is  was be cau se  th e  s o il s e t t le d  in to  a com pac t mass th r o u g h  

th e  a c t io n  o f  th e  e a r th w o rm s .

2 .2 .1 1  F o rc e d  fe e d in g  te s t

M e th o d

T h is  m e thod  was b a sed  u p o n  th a t  o f  S t r in g e r  a n d  W r ig h t (1976 ) w h ic h  
was m o d if ie d  f o r  u se  w ith  E . f e t id a . C h lo rd a n e , th io p h a n a te -m e th y l a n d  
b e n o m y l w e re  d is s o lv e d  o r  s u s p e n d e d  in  d is t i l le d  w a te r  a n d  th e se  s o lu t io n s  

o r  s u s p e n s io n s  w e re  th e n  in c o rp o ra te d  in to  a 1.5% a g a r -a g a r  g e l.  T h e  ge l 
was p ro d u c e d  b y  u s in g  as l i t t l e  h e a t as p o s s ib le ,  to  a v o id  th e rm a l  
d e co m po s it io n  o f  th e  te s t  c h e m ic a l. When th e  g e l w as coo l i t  was lo a ded  
in t o  a 1 m l H a m ilto n  s y r in g e ,  f i t t e d  w ith  n a r ro w  b o re  g la s s  n eed le  th a t  
h a d  a ro u n d e d  e n d  (P la te  2 . 3 ) .  T h e  s y r in g e  was m oun te d  in  an  
e le c t r ic a l ly  d r iv e n  B u r k a r d  A r n o ld  m ic ro - a p p lic a to r  T y p e  LV65 ( B u r k a r d  
M a n u fa c tu r in g  C om pany L t d . )  o p e ra te d  b y  a fo o t p e d a l ( F ig u r e  2 .1 7 ) .

T h e  e a r th w o rm s  w e re  a n a e s th e tis e d  b y  a 2 m in u te  im m e rs io n  in  a 10% 
aqueous  e th a n o l s o lu t io n .  T h is  s o lu t io n  was p ro d u c e d  b y  a d d in g  e th a n o l to  

w a te r  in  w h ic h  th e  e a r th w o rm s  w e re  im m e rsed  g r a d u a l ly ,  w h ic h  a v o id e d  a 
d e fe n s iv e  re a c t io n  b y  th e  e a r th w o rm . T h is  re a c t io n  o f  E . fe t id a  was  
c h a ra c te r is e d  b y  a lo ss  o f  coe lom ic  f l u id .  T h e  need le  was in s e r te d  in to  th e  
oesophagu s  o f  an  a n a e s th e tis e d  e a r th w o rm  a n d  b y  o p e ra t in g  th e  d r iv e  
m echan ism  o f  th e  s y r in g e  , 5 | i l  o f  g e l c o n ta in in g  th e  te s t  ch em ica l was  
fo rc e d  in to  th e  g u t  o f  th e  e a r th w o rm  (P la te  2 . 4 ) .  T h e  e a r th w o rm s  w e re



93

Frame and drive mechanism 
of microapplicator



Plate 2.3. Forced feeding test: Glass syringe needles.
Scale: 1 cm

Plate 2.4. Forced feeding test: The syringe was held in
unit which forced agar-agar gel through a 
inserted into the oesophagus of the worm.

a microdrive 
glass needle
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Figure 2.18
FORCED FEEDING TEST

Exposure
Chemical period

(Hours)

chlordane
chlordane

chlordane
chlordane

thiophanate-methyl
thiophanate-methyl

thiophanate-methyl
thiophanate-methyl

thiophanate-methyl

benomyl

benomyl

benomyl

benomyl
benomyl

Concentration (Log scale) mg. kg**1 test chemical : wet weight of agar-agar gel

KEY
t - o - ix
H-O—i
(x)

(x)
l— ^

No LC50 — >.
■4—  No LC50 
(No LC50)

Individual LC50 estimate [o ], gradient I x 1 and 
fiducial limits
Individual LC50 estimate [o 1» conunon gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [• ], gradient [(x) 1 and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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immediately placed in distilled water for 10 minutes to recover from the 

effects of the alcohol, and then transferred to boxes lined with damp filter 

paper. Ten earthworms were used at each of six concentrations of the 

test chemical in a logarithmic dilution series, and the effects of the 

chemicals upon the earthworms were determined after a 48, 72 and 144 

hour period of exposure in darkness.

Results

After a 48 hour period of exposure none of the test chemicals gave 

mortality data that could be processed by probit analysis. The replicated 

results obtained with each chemical after 72 hours were more dissimilar 

than those collected after 144 hours, and therefore the latter data were 

the most suitable for the purposes of this study. The chemical that was 

most toxic to earthworms after a 144 hour period of exposure was 

chlordane, followed in decreasing order of toxicity by benomyl and 

thiophanate-methyl. Chlordane also showed the steepest gradient of the 

probit lines whilst the steepness of the gradient of the probit lines, for 

the other chemicals appeared to be related directly to their toxicity to 

earthworms (Table A7.9 and Figure 2 .18). The probit lines for the 

replicates of chlordane assessed after a 144 hour period of exposure did 

not differ significantly and were combined to give a single probit line. 

The data for the other chemicals allowed only a common value to be 

calculated for the gradients of the probit lines. Mortality did not occur in 

the controls after 144 hours and it was simple to assess mortality. The 

earthworms did not regurgitate the gel or show any obvious discomfort 

during the treatment. The technique was slow to use, particularly with a 

small species of earthworm such as E. fetida, and demanded certain 

specialised apparatus and manual dexterity.
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2.3 . Discussion

The performance of those methods for testing the toxicity of chemicals 

to earthworms in the laboratory that existed prior to my studies was 

evaluated, to select a sensitive and reproducible method that would fulfil 

the requirements of the regulatory authorities.

The methods were assessed initially for sensitivity and reproducibility 

of the results, economy of materials and labour, ease with which the 

conditions of the test could be standardised and the ability of the test to 

assess the toxicity of any chemical to earthworms without elaborate 

formulation techniques. The tests that were rejected on these criteria 

without an experimental investigation included the injection of chemicals 

into the coelomic cavity, topical application, voluntary feeding upon a 

treated substrate, electrophysiological measurement of nervous activity and 

any method in which sublethal toxicity was assessed or toxicity to 

earthworms in the field was measured.

The remaining methods included an immersion test, contact tests in 

which the chemicals were applied to a glass or a filter paper surface over 

which the earthworms movedj a natural soil test, a method using silica 

paste as a soil substitute and a forced feeding test. These methods were 

used experimentally to assess the toxicity of chemicals to earthworms. 

Several of these test chemicals were known to be toxic to earthworms and 

included chlordane (Edwards and Lofty, 1973; Hopkins and Kirk, 1957), 

carbaryl (Edwards and Lofty, 1973; Stenersen, 1979a), thiophanate-methyl 

(Roark and Dale, 1979; Stringer and Wright, 1973) and benomyl 

(Lofs-Holmin, 1980; Stringer and Wright, 1973).

The period of exposure that was required to produce a reliable

differed between tests and may be a function of the intimacy of contact

that was achieved between the earthworm and the deposit of the test

chemical. A 24 hour LCen was obtained consistently with the immersionou
test, whilst the filter paper contact test in vials and in Petri dishes gave
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a 48 hour LCgg with all the chemicals except the benzimidazole fungicides. 

The sand test gave a 48 hour LC^g with all the chemicals. A longer 

period of exposure was required for the forced feeding test which gave a 

reliable estimate of the LC,-q after 72 hours, and the antibumping granule 

test which gave an LCgg after 96 hours (although the latter test failed to 

define the LCgg for thiophanate-methyl). The remaining tests , which 

included the silica paste-glass ball and natural soil methods, gave an 

estimate of the LCgQ for each of the test chemicals after a 14 day period of 

exposure.

A testing method that was capable of giving a reliable estimate of an 

LCj-q rapidly was desirable as this would reduce the operating costs, 

although the precision with which an LC,-q was determined decreased as 

the duration of the test was reduced. The benzimidazole fungicides are 

slow acting poisons (Stringer and Wright, 1976) and the tests that used a 

short period of exposure rarely gave mortality data for these compounds 

which were suitable for probit analysis. This indicates a major 

disadvantage to the use of methods of short duration.

The LCgQ*s of the chemicals obtained using the various tests could 

not be compared easily, because of the differences that exist between the 

conditions in which the earthworms are exposed to the chemicals in each. 

These differences make it necessary to adopt a variety of units of 

concentration in which to express the results. One way to compare these 

varied data is to use the ranking of the toxicity of the chemicals to 

earthworms indicated by the various methods (Table 2.2) .  With the 

exception of the sand and silica paste-glass ball tests , all the tests 

indicated that thiophanate-methyl was considerably less toxic than 

chlordane. Chlordane was more toxic than pentachlorophenol in all the 

tests except the immersion and antibumping granule methods. 

Thiophanate-methyl was less toxic than pentachlorophenol in all tests 

except the glass contact, sand, silica paste-glass ball and forced feeding



T a b le  2 .2 .  T h e  t o x ic i t y  o f  ch em ica ls  to  e a r th w o rm s  e s t im a te d  u s in g  te s ts  in  th e  la b o ra to r y  a n d  r a n k e d  

a c c o rd in g  to  th e  L C rn 's .
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t e s ts .  T h u s ,  some s im i la r i t y  b e tw e e n  th e  r a n k in g  o f  th e  t o x ic i t y  o f  

chem ica ls  to  e a r th w o rm s  was seen u s in g  th e se  te s ts ,  a lth o u g h  i t  is  d i f f i c u l t  
to  d ra w  c o n c lu s io n s  c o n c e rn in g  th e  e f f ic ie n c y  o f  th e  te s ts  fro m  th is  d a ta .  
T e s ts  w h ic h  u se  c h e m ic a lly  i n e r t  m ed ia  a n d  e xpose  th e  e a r th w o rm s  to  
chem ica ls  f o r  a s h o r t  p e r io d  o f  t im e  seem to  g iv e  s im ila r  e s tim a te s  o f  

t o x ic i t y .

T h e  r e la t io n s h ip  th a t  e x is ts  b e tw e e n  th e  L C ^ 's  o f  a s in g le  c h em ica l,

e s t im a te d  u s in g  s e v e ra l te s t  m e th o d s , is  p o o r  e ven  w hen  th e  c o m p a r is o n  is

l im ite d  to  te s t  m e thods  in  w h ic h  th e  ro u te s  o f  e x p o s u re  a re  s im ila r .  F o r

in s ta n c e , th e  48 h o u r  L C ^ q f o r  c h lo rd a n e  ( th e s e  r e s u l t s  a n d  th o s e  th a t

fo llo w  a re  e x p re s s e d  as th e  a n t i lo g  o f  th e  L C ^ 's ,  o r  th e  a n t i lo g g e d  mean

o f  th e  r e p l ic a te d  L C ^ 's ,  c a lc u la te d  p r e v io u s ly  on  a lo g  sca le  u s in g  p r o b i t

a n a ly s is )  o b ta in e d  u s in g  the , g la s s  c o n ta c t ,  f i l t e r  p a p e r  in  a v ia l  a n d  f i l t e r
_2

p a p e r  in  a P e t r i  d is h  te s ts  w e re  0 .0 8 , 7 .4 9  a n d  12 .86  p g .c m  
r e s p e c t iv e ly ,  a l th o u g h  th e  chem ica l w o u ld  a p p e a r to  m ake c o n ta c t w i th  th e  

e a r th w o rm  in  a s im ila r  w a y  in  each  te s t .

S u p p le m e n ta ry  e x p e r im e n ts  (A p p e n d ix  2 ) h a ve  s h ow n  th a t  

h e x a c h lo ro b e n z e n e  a c cum u la te d  in  e a r th w o rm  t is s u e  fro m  a g la s s  s u r fa c e  a t 
a m ore  r a p id  a n d  u n ifo rm  ra te  th a n  fro m  a d e p o s it o n  m o is t f i l t e r  p a p e r .  
T he se  o b s e rv a t io n s  may e x p la in  th e  d if fe re n c e s  in  th e  t o x ic i t y  o f  c h lo rd a n e  
to  e a r th w o rm s  th a t  w e re  seen b e tw e e n  th e  c o n ta c t te s ts ,  a lth o u g h  b e n o m y l 
a n d  th io p h a n a te -m e th y l w e re  m ore  to x ic  as a d e p o s it o n  f i l t e r  p a p e r .  T h e  

low  t o x ic i t y  o f  th e s e  fu n g ic id e s  on  a g la s s  s u r fa c e  m ay a r is e  fro m  th e  
te n d e n c y  o f  th e s e  m a te r ia ls  to  f la k e  o f f  th e  g la s s  a n d  a c cum u la te  in  a 

n a r ro w  b a n d  a t th e  base  o f  th e  v ia l .  T h e  e a r th w o rm s  a re  a b le  to  a v o id  
chem ica ls  th a t  a re  r e d is t r ib u te d  in  th is  m anne r and  th u s  a p p e a r  to  b e  le s s  

s e n s it iv e  to  th e m .

T h e  f i l t e r  p a p e r  c o n ta c t te s t  u s in g  v ia ls  g ave  a 48 h o u r  LCgQ f o r  
_ob e n o m y l o f  123 n g .cm  , w h ils t  th a t  c a lc u la te d  b y  R o b e r ts  a n d  D o ro u g h

-2(1984 ) u s in g  a s im ila r  te s t  s ys tem  was 9 .1  u g .cm  , a n d  b y  H e im bach
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_o(1 984 ) w as ' 86 i ig .c m  . T h e  f i l t e r  p a p e r  in  v ia ls  te s t  g a ve  a 48 h o u r
_2

LCgQ f o r  p e n ta c h lo ro p h e n o l o f  59 .89  i ig .c m  a nd  f o r  c h lo rd a n e  o f  7 .4 9
-2 -2  M g.cm  , w h ils t  th o s e  d e te rm in e d  b y  H e im bach  (1984 ) w e re  4 .2  i ig .c m

_2
a n d  1 .3  i ig .c m  r e s p e c t iv e ly .

T h e  im m e rs io n , s a n d  a n d  a n t ib u m p in g  g ra n u le  te s ts  p re s e n te d  th e  
chem ica l to  th e  e a r th w o rm  in  a s im ila r  w a y  to  th e  o th e r  c o n ta c t te s ts ,  
a lth o u g h  th e  in t im a c y  o f  th e  c o n ta c t b e tw e e n  th e  e a r th w o rm  a n d  th e  
chem ica l in  th e  la t t e r  te s ts  was le s s . T h e  24 h o u r  L C ^ q f o r  c h lo rd a n e  
was 8 .6 3  | ig . g  ^ u s in g  th e  im m e rs io n  t e s t ,  th e  48 h o u r  LC ,-q was 4 .8 5  
n g . g ” 1, u s in g  th e  sa nd  te s t  a n d  th e  96 h o u r  LC ,.q was 36 .30  i i g . g  1 u s in g  
th e  a n t ib u m p in g  g ra n u le  t e s t .  A lth o u g h  th e  d a ta  fro m  th e s e  te s ts  a re  
g iv e n  in  s im ila r  u n i t s  o f  c o n c e n t ra t io n ,  th a t  fro m  th e  im m e rs io n  te s t  

re p re s e n ts  a d i f f e r e n t  m easu re  o f  th e  t o x ic i t y  o f  th e  ch em ica ls  to  
e a r th w o rm s  fro m  th e  r e s u l t s  o b ta in e d  w ith  th e  m in e ra l m ed ia . T h is  is  

because  th e  te s t  chem ica l a d h e re d  to  th e  g ra n u le s  o f  th e  m in e ra l m ed ia  as  
a s u p e r f ic ia l  d e p o s it .  F u r th e rm o re ,  th e  e a r th w o rm s  t r ie d  to  a v o id  
b u r r o w in g  in  th e  g r a n u la r  s u b s t ra te s  a n d  th u s  re d u c e d  th e  c o n ta c t  
b e tw e e n  th e  e a r th w o rm  a n d  th e  te s t  c h e m ic a l.

A  s ta b le  d is p e rs io n  o f  th e  te s t  c h em ica l in  w a te r  was d i f f i c u l t  to  
a ch ie ve  f o r  th e  im m e rs io n  t e s t ,  a lth o u g h  p re v io u s  r e p o r ts  c o n c e rn in g  th is  
t y p e  o f  te s t  do  n o t a d d re s s  th is  p ro b le m  (G h a b b o u r  a n d  Im am , 1967; 
L e b ru n  e t a l . , 1981; M a r t in  a n d  W ig g a n s , 1 9 59 ). T h e  t o x ic i t y  to

e a r th w o rm s  o f  th e  c o m m e rc ia lly  fo rm u la te d  chem ica ls  e s t im a te d  u s in g  th e  
im m e rs io n  te s t  was c o n s id e ra b ly  g re a te r  th a n  th a t  o f  th e  same chem ica ls  
te s te d  as th e  te c h n ic a l c o m pound . W h ils t fo rm u la n ts  m ay speed  u p  th e  
a c t io n  o f  chem ica ls  th a t  a f fe c t  e a r th w o rm s  s lo w ly ,  th e  u se  o f  fo rm u la t in g  
a g e n ts  in  te s t in g  f o r  t o x ic i t y  is  u n d e s ira b le ,  b e cause  th e  in f lu e n c e  o f  th e s e  
a g e n ts  m ay be  u n p re d ic ta b le .  I n  a n o th e r  s tu d y ,  e a r th w o rm s  w e re  im m e rsed  
f o r  30 m in u te s  in  a d i lu te  e th a n o lic  s o lu t io n  o f  c a r b a r y l ,  fo l lo w e d  b y  a 
p e r io d  o f  o b s e rv a t io n  f o r  80 d a y s  in  s o il (S te n e rs e n , 1 979a ). A n  LC ,.q o f
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200-800 u g . g  *  was o b ta in e d  w h ic h  was d is s im ila r  to  th e  24 h o u r  LC ,.q f o r  

c a rb a r y l e s t im a te d  u s in g  th e  im m e rs io n  te s t  in  m y e x p e r im e n ts  o f  25 .19  
H g .g ~ * .  S u ch  d if fe re n c e s  b e tw e e n  th e s e  LCgQ*s c le a r ly  a r is e  fro m  th e  

d is s im ila r  te s t in g  te c h n iq u e s  th a t  w e re  u s e d .

T h e  n a tu r a l s o il a n d  s il ic a  p a s te -g la s s  b a l l  te s ts  g a ve  e s tim a te s  o f  th e  
t o x ic i t y  o f  c h em ica ls  to  e a r th w o rm s  u s in g  a lo n g e r  p e r io d  o f  e x p o s u re  th a n  
th e  o th e r  m e th o d s . T h e  m ed ia  u s e d  in  th e s e  te s ts  h a d  a h ig h  a d s o rp t iv e  
c a p a c ity  a n d  w e re  p ro b a b ly  in g e s te d  b y  th e  e a r th w o rm s . T h e se  te s ts  gave  
14 d a y  L C ^ 's  f o r  c h lo rd a n e  th a t  w e re  d is s im i la r ,  a n d  w e re  e s t im a te d  u s in g  
th e  n a tu r a l s o il m e th od  as 4 .6 2  n g . g  ^ a n d  w i th  th e  s il ic a  p a s te -g la s s  b a l l  
m e thod  as 23 .89  j i g . g  C h lo rd a n e , p e n ta c h lo ro p h e n o l a n d

th io p h a n a te -m e th y l seemed to  be  m ore  to x ic  to  e a r th w o rm s  in  th e  n a tu r a l  

s o il th a n  in  th e  s il ic a  p a s te , a lth o u g h  th e s e  d if fe re n c e s  w e re  u n l ik e ly  to  
h a ve  a r is e n  fro m  a d is p a r i t y  b e tw e e n  th e  a d s o rp t iv e  c a p a c it ie s  o f  th e  

m ed ia , w h ic h  w e re  s im ila r  a t a pH  n e a r  n e u t r a l i t y .  T h e  d if fe re n c e s  

b e tw e e n  th e s e  e s tim a te s  o f  t o x ic i t y  m ay be  due  to  th e  in a b i l i t y  o f  E . fe t id a  
to  to le ra te  a m in e ra l s o il a n d , in d e e d , th e  e s tim a te  o f  th e  t o x ic i t y  o f  
c h lo rd a n e  in  th e  n a tu r a l s o il was s im ila r  to  th a t  seen p r e v io u s ly  in  s a n d .  
E . fe t id a  show ed  o b v io u s  s ig n s  o f  d is c o m fo r t in  s a n d . T h e  c o n d it io n s  
w ith in  c e r ta in  m in e ra l s o ils  d i f f e r  c o n s id e ra b ly  fro m  th o s e  k n o w n  to  fa v o u r  
th e  g ro w th  o f  th is  spe c ie s  (K a p la n  e t a l . , 1980) a n d  th e se  f in d in g s  w e re  
s u p p o r te d  b y  F a yo lle  (1 9 7 9 ) , w ho  a lso  re p o r te d  th a t  E . fe t id a  w o u ld  n o t  
e n te r  a m in e ra l s o il u s e d  as a m ed ium  f o r  te s t in g  t o x ic i t y  in  th e  

la b o r a to r y .

T h e  14 d a y  L C ^ 's  f o r  c a r b a r y l  a n d  th io p h a n a te -m e th y l w h ic h  I  
e s tim a te d  u s in g  th e  s il ic a  p a s te -g la s s  b a l l  te s t  w e re  112 .33  a n d  44 .57  
H g .g ~ *  r e s p e c t iv e ly ,  w h ic h  com pa red  p o o r ly  w ith  th e  14 d a y  LC ,.q f o r  
c a r b a r y l  o f  25 j i g . g -1  a n d  th e  7 d a y  LC 5q f o r  th io p h a n a te -m e th y l o f  1056 
U g . g " 1  r e p o r te d  in  s im ila r  s tu d ie s  (B o u c h e , 1984a ). H e im bach  (1 984 ) u s e d  
th e  s il ic a  p a s te -g la s s  b a l l  te s t  in  a c o l la b o ra t iv e  e x e rc is e  th a t  com pa re d  th e
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e f f ic ie n c y  o f  t h is  te s t  w i th  t h a t  o f  m y ow n m e thod s  f o r  t e s t in g  th e  t o x ic i t y  
o f  chem ica ls  to  e a r th w o rm s  (C h a p te r  5 ) .  M y a ssessm en ts  o f  t o x ic i t y  u s in g  
th e  s il ic a  p a s te -g la s s  b a l l  te s t  a g re e  c lo s e ly  w ith  th o se  o f  H e im bach  (1984 ) 
a n d  f o r  w h ic h  th e  14 d a y  L C ^ 's ,  g iv e n  in  th is  o r d e r ,  w e re  f o r  c h lo rd a n e  
23 .89  a n d  15 l i g . g  c a r b a r y l  112 .33 a n d  151 u g .g  p e n ta c h lo ro p h e n o l  
276 .98  a n d  316 l i g . g  c h lo ro a ce ta m id e  183 ,46  a n d  75 l i g . g  *  a n d  

p o ta s s iu m  b ro m id e  2089 .63  a n d  1000 n g .g

T h e  r e s u l t s  fro m  th e  fo rc e d  fe e d in g  m e thod  w e re  a d d it io n a l ly  
c a lc u la te d  to  g iv e  a 144 h o u r  L D ^q f o r  c h lo rd a n e  o f  0 .025  n g .w o rm  \  
a lth o u g h  t h is  assessm en t o f  t o x ic i t y  c a n n o t b e  re la te d  e a s ily  to  th e  d a ta  
o b ta in e d  u s in g  th e  o th e r  te s ts .  T h e  144 h o u r  LDgg f o r  b e n o m y l u s in g  E .

_i 1 '
fe t id a  was 0 .0 8  n g .w o rm  , w h ic h  com pa res  p o o r ly  to  th a t  o b ta in e d  w ith  L .  

t e r r e s t r i s  o f  13 .9  u g .w o rn T 1 b y  S t r in g e r  a n d  W r ig h t (1976 ) a f t e r  an  
u n s p e c if ie d  p e r io d  o f  e x p o s u re .  T h u s ,  on  th is  e v id e n ce  a n d  a f t e r  ta k in g  
in t o  a c c o u n t th e  d if fe re n c e s  in  b o d y  w e ig h t b e tw e e n  th e s e  s p e c ie s , E . 

fe t id a  w o u ld  a p p e a r to  b e  m ore  s u s c e p t ib le  to  b e n o m y l th a n  L .  t e r r e s t r i s .

T h e  o r d e r  in  w h ic h  th e  g ra d ie n ts  o f  th e  p r o b i t  l in e s  f o r  th e  v a r io u s  
chem ica ls  w e re  ra n k e d  b y  th e  te s t  m e thod s  show s l i t t l e  s im i la r i t y .  T h e  
in v e r s e  re la t io n s h ip  th a t  o c c u r re d  o c c a s io n a lly  b e tw e e n  th e  t o x ic i t y  o f  a 
chem ica l to  e a r th w o rm s  a n d  th e  g ra d ie n t  o f  th e  p r o b i t  l in e  was p ro b a b ly  an  
a r t i f a c t  t h a t  a ro se  fro m  e x p re s s in g  th e  m o r ta l i t y  d a ta  on  a lo g a r i th m ic  
c o n c e n tra t io n  s ca le . C hem ica ls  o f  low  t o x ic i t y  to  e a r th w o rm s  o f te n  show  an  

e f fe c t  o v e r  a w id e  ra n g e  o f  c o n c e n tra t io n s  ( in d ic a te d  b y  a s h a llow  g ra d ie n t  
o f  th e  p r o b i t  l in e ) ,  because  s u c h  chem ica ls  f r e q u e n t ly  a c t s lo w ly  a nd  

a llow  d if fe re n c e s  to  a p p e a r b e tw e e n  th e  s u s c e p t ib i l i t y  o f  in d iv id u a ls .

T h e  r e p r o d u c ib i l i t y  o f  an assessm en t o f  t o x ic i t y  m ay b e  e s t im a te d  b y  
u s in g  a c h i- s q u a re d  te s t  to  a n a ly se  th e  d if fe re n c e s  b e tw e e n  th e  p r o b i t  l in e  
g ra d ie n t  a n d  th e  p o s it io n  o f  th e  Y - in te r c e p t  o f  d a ta  fro m  re p e a te d  
e x p e r im e n ts .  W here  t h is  a n a ly s is  was p o s s ib le , th e  v a r io u s  te s ts  show ed  a 
s im ila r  r e p r o d u c ib i l i t y ,  w h ic h  in d ic a te d  th a t  th e  la b o ra to r y  p ro c e d u re s ,
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e n v iro n m e n ta l c o n d it io n s  a n d  p o p u la t io n s  o f  e a r th w o rm s  u s e d  d u r in g  th e  

e x p e r im e n ts  w e re  o f  c o n s is te n t a n d  u n ifo rm  q u a l i t y .

T h e  ease w ith  w h ic h  th e  te s ts  c o u ld  b e  c a r r ie d  o u t was a c r i t e r io n  
w h ic h  a s s is te d  in  th e  s e le c t io n  o f  s u ita b le  m e th o d s . Some o f  th e  te s ts  h a d  
p ra c t ic a l d is a d v a n ta g e s  w h ic h  m ay b e  sum m a rised  as fo l lo w s . T h e  
e a r th w o rm s  w e re  u n h e a lth y  in  th e  s a n d , a n t ib u m p in g  g ra n u le  a n d  n a tu r a l  
s o il m ed ia , b u t  d id  w e ll i n  a m ed ium  c o n s is t in g  o f  s il ic a  p a s te  a n d  g la s s  
b a l ls .  A  s u ita b le  h u m id it y  was d i f f i c u l t  to  m a in ta in  w i th in  th e  g la s s  
c o n ta c t a n d  a n t ib u m p in g  g ra n u le  te s t  c o n ta in e rs ,  fu r th e rm o re  th e  d e p o s it  
o f  th e  te s t  chem ica l c o u ld  n o t b e  a p p lie d  u n i fo rm ly  to  th e s e  s u r fa c e s ,  
p a r t ic u la r ly  a t th e  h ig h e r  c o n c e n t ra t io n s . M e th od s  in  w h ic h  th e  te s t  
ch em ica l was d e p o s ite d  o n  a m o is te n e d  f i l t e r  p a p e r  s u r fa c e  o ve rcam e  th e s e  

p ro b le m s , a lth o u g h  th e  p a p e r  te n d e d  to  s p l i t  a n d  was m ore  d i f f i c u l t  to  
t r e a t  e v e n ly  w ith  ch em ica ls  w hen  u se d  in  a P e t r i  d is h .

T h e  p h y s ic a l c h a ra c te r is t ic s  o f  th e  m ed ia  u s e d  in  th e  s il ic a  
p a s te -g la s s  b a l l  m e th od  made th is  te s t  a w k w a rd  to  u s e . E a r th w o rm s  w e re  
e x t r a c te d  fro m  th e  m ed ia  a t th e  e n d  o f  th e  te s t  b y  a p ro c e s s  w h ic h  

n e c e s s a r ily  d e s tro y e d  th e  m ed ia  a n d  th u s  p re v e n te d  th e  c o n t in u a t io n  o f  an  
e x p e r im e n t in  w h ic h  to o  fe w  p a r t ia l  m o r ta l it ie s  (w h e re  th e  p e rc e n ta g e  o f  

th e  m o r ta l i t y  o f  e a r th w o rm s  seen in  th e  re p lic a te s  o f  a n y  one e x p e r im e n ta l 
c o n d it io n  was g re a te r  th a n  0%, b u t  le s s  th a n  100%) h a d  o c c u r r e d  to  a llow  
p r o b i t  a n a ly s is  o f  th e  r e s u l t s .  T h e  m ed ia  h a d  th e  a d v a n ta g e  th a t  i t  was  
s ta n d a rd is e d  e a s ily  a n d  was in g e s te d  r e a d i ly  b y  th e  e a r th w o rm s  (a lth o u g h  
E . fe t id a  was re p o r te d  to  in g e s t  le s s  s il ic a  th a n  L .  t e r r e s t r i s  o r  A .  
c h lo ro t ic a  [F e r r ie r e  e t  a l . , 1 9 8 1 ]) .  T h e  m ed ia  a lso  a llo w e d  in d iv id u a l

e a r th w o rm s  to  d ie  w ith o u t  a f fe c t in g  th e  s u r v iv a l  o f  o th e rs  in  th e  same 
c o n ta in e r .  T h is  c o n tra s ts  w i th  th e  r e s u l t s  o b ta in e d  w ith  th e  g la s s  c o n ta c t ,  
s a n d , a n t ib u m p in g  g ra n u le  a n d  f i l t e r  p a p e r  c o n ta c t te s ts .  I n  th e s e  te s ts ,  
th e  d e a th  o f  one e a r th w o rm  in  a te s t  c o n ta in e r  caused  o th e rs  in  th e  same 
v e s s e l to  d ie  as th e  c o rp s e  re le a se d  to x ic  s u b s ta n c e s .
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T h e  s o il c o lle c te d  fro m  th e  f ie ld  a n d  u s e d  in  th e  n a tu r a l s o il te s t  a lso  

a llo w e d  th e  e a r th w o rm s  to  d ie  in d e p e n d e n t ly  a n d  was h a n d le d  m ore e a s ily  

th a n  th e  m ix tu re  o f  s il ic a  p a s te  a n d  g la s s  b a l ls .  B y  r e c r e a t in g  th e  
c o n d it io n s  th a t  o c c u r  in  th e  f ie ld  m ore  a c c u ra te ly  th a n  m any  a r t i f i c ia l  
m ed ia , a te s t  f o r  th e  t o x ic i t y  o f  ch em ica ls  to  e a r th w o rm s  u s in g  a n a tu r a l  
s o il w as e x p e c te d  to  p ro v id e  a b e t t e r  e s tim a te  o f  th e  t o x ic i t y  o f  chem ica ls  
to  e a r th w o rm s  in  th e  f ie ld  (D e a n -R o s s , 1 9 83 ). T h e  d is a d v a n ta g e  o f  th e  

n a tu r a l s o il te s t  la y  in  th e  in a b i l i t y  o f  E . fe t id a  to  to le ra te  th e  m in e ra l s o il  

th a t  w as c o lle c te d  fro m  G e e s c ro ft F ie ld .

T h e  fo rc e d  fe e d in g  m e th od  was s low  a n d  d i f f i c u l t  to  o p e ra te ,  

p a r t ic u la r ly  w h en  m o d if ie d  f o r  u se  w i th  a sm a ll e a r th w o rm  s u ch  as E . 
f e t id a , a lth o u g h  i t  g a ve  an  e s tim a te  o f  th e  t o x ic i t y  o f  a k n o w n  dose o f  th e  
te s t  c h e m ic a l. T h e rm o la b ile  chem ica ls  c o u ld  n o t be  te s te d  u s in g  th is  

te c h n iq u e .

I n  c o n c lu s io n , th e  m e thod s  th a t  a p p e a re d  to  b e  m ost s u ita b le  f o r  

f u r t h e r  d e ve lo p m e n t in c lu d e d  th e  f i l t e r  p a p e r  c o n ta c t te s t  in  v ia ls ,  th e  
s il ic a  p a s te -g la s s  b a l l  te s t  a n d  th e  n a tu r a l s o il t e s t .  T h e  d is a d v a n ta g e s  

p re s e n t in  th e  s il ic a  p a s te -g la s s  b a l l  a n d  th e  n a tu r a l s o i l m e th od s  w e re  
o ve rcom e  b y  th e  d e ve lo p m e n t o f  a te s t  u s in g  an a r t i f i c ia l  s o i l .  T h e  f i l t e r  

p a p e r  c o n ta c t te s t  was d e v e lo p e d  b y  r e f in in g  th e  f i l t e r  p a p e r  c o n ta c t te s t  
u s in g  g la s s  v ia ls  d e s c r ib e d  a b o v e , a lth o u g h  some m o d if ic a t io n s  w e re  

n e c e s s a ry .
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C H A P TE R  3

DEVELO PM ENT OF TH E  F IL T E R  PAPER C O N T A C T  TE S T

3 .1 .  In t r o d u c t io n

A  c om pa r is o n  o f  th e  e f f ic ie n c y  o f  s e v e ra l m e thod s  f o r  te s t in g  th e  

t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  (C h a p te r  2 ) ,  in d ic a te d  th a t  a f i l t e r  
p a p e r  c o n ta c t te s t  g a ve  r e p ro d u c ib le  r e s u l t s  a n d  m ig h t be  s u ita b le  f o r  
e c o to x ic o lo g ic a l t e s t in g .  A  f i l t e r  p a p e r  c o n ta c t te s t  e xp o se s  th e

e a r th w o rm s  to  a d e p o s it  o f  th e  te s t  c h em ica l o n  a m o is t f i l t e r  p a p e r  s u r fa c e  

t h a t  l in e s  th e  in n e r  s id e  w a ll o f  a sm a ll g la s s  v ia l .

T h e  spe c ie s  o f  e a r th w o rm  u s e d  in  t h is  t o x ic i t y  te s t  was E . f e t id a , a 
spe c ie s  a d a p te d  to  l iv e  in  o rg a n ic  m a te r ia ls  l ik e  a n im a l d u n g .  A lth o u g h  
th e  f i l t e r  p a p e r  c o n ta c t te s t  c o u ld  n o t re p ro d u c e  an  e n v iro n m e n t s im ila r  to  
t h a t  in  w h ic h  E . fe t id a  o c c u rs  n a tu r a l ly ,  th e  c o n d it io n s  w i th in  th e  te s t  h a d  
to  be  s u c h  th a t  th e  e a r th w o rm s  re m a in e d  h e a lth y  in  th e  absence  o f  th e  te s t  

c h e m ic a ls .

T h e  e n v iro n m e n ta l c o n d it io n s  can  a lso  a f fe c t  th e  t o x ic i t y  to  
e a r th w o rm s  o f  th e  te s t  c h e m ic a l. T h is  to p ic  is  e x te n s iv e  a n d  I  s h a ll  

c o n s id e r  o n ly  th o s e  c o n d it io n s  l ik e ly  to  in f lu e n c e  th e  a ssessm en t o f  t o x ic i t y  
to  e a r th w o rm s  w h en  u s in g  th e  f i l t e r  p a p e r  c o n ta c t te s t .  T h e  e f fe c t  o f  
s u c h  e n v iro n m e n ta l c o n d it io n s  u p o n  th e  t o x ic i t y  o f  c h em ica ls  to  o rg a n ism s  
has  b e e n  re v ie w e d  c o m p re h e n s iv e ly  b y  E b e lin g  (1 9 6 3 ) , G o r in g ,  L a s k o w s k i,  

H am ake r a n d  M e ik le  (1975 ) a n d  H a r r is  (1 9 7 2 a ) .

T e m p e ra tu re  a f fe c ts  th e  t o x ic i t y  o f  ch em ica ls  to  o rg a n is m s .  
O cc a s io n a lly  p e s t ic id e s  a re  m ore  to x ic  a t low  te m p e ra tu re s  ( e . g .  c o p p e r  
[M a , 1 9 8 4 ], D D T , D N O C , m e th o x y c h lo r , n ic o t in e ,  p y r e th r u m  a n d  ro te n o n e  

[G u th r ie ,  1 9 5 0 ]) ,  a lth o u g h  i t  is  m ore  common to  f in d  th a t  th e  t o x ic i t y  o f  a 
ch em ica l in c re a s e s  as th e  te m p e ra tu re  r is e s  ( e . g .  a ld r in ,  d ie ld r in ,  H C H ,
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h e p ta c h lo r ,  p a r a th io n ,  to x a p h e n e  [H a r r is ,  1972a; H o ffm an  a n d  L in d q u is t ,  

1949; H o ffm a n , R o th  a n d  L in d q u is t ,  1 9 4 9 ], c h lo rd a n e  [H a r r is ,  1 9 7 2 b ],  

c h lo r p y r ip h o s , d ia z in o n  a n d  m e th om y l [H a r r is ,  1 9 7 1 ]) .

T h e  t o x ic i t y  o f  c a rb o n  d is u lp h id e  d o u b le d  w i th  a 1 0 °C r is e  in  
te m p e ra tu re  d u e  to  an  in c re a s e  in  v a p o u r  p re s s u re  (J o n e s , 1 9 3 3 ), b u t  th e  
e f fe c t  o f  te m p e ra tu re  u p o n  th e  t o x ic i t y  o f  o th e r  s o il fu m ig a n ts  s u c h  as 
1 , 3 -d ic h lo ro p ro p e n e  was le s s  p re d ic ta b le  (M c K e n ry  a n d  N a y lo r ,  1 975 ).

T h e  t o x ic i t y  to  e a r th w o rm s  o f  ch em ica ls  l ik e  e n d o s u lfa n  o r  b e n o m y l,  
d id  n o t a p p e a r to  d e p e n d  u p o n  te m p e ra tu re  b e tw e e n  1 0 -1 5 °C  (H a q u e  a nd

E b in g ,  1 983a ), a lth o u g h  o th e r  r e p o r ts  s u g g e s t th a t  th e  t o x ic i t y  o f  b e n o m y l
\

i s  c o r re la te d  p o s i t iv e ly  w ith  th e  te m p e ra tu re  o f  th e  s o il b e tw e e n  5 -1 5 °C  
(B la c k s h a w , 1 9 80 ).

A n  in c re a s e  in  v a p o u r  p re s s u re  is  n o t th e  o n ly  cause  o f  a

te m p e ra tu re  d e p e n d e n t ch ange  in  th e  t o x ic i t y  o f  a ch em ica l to

in v e r te b r a te s .  T h e  t o x ic i t y  to  in s e c ts  o f  a d e p o s it o f  D D T  on  g la s s  was  
c o r re la te d  p o s i t iv e ly  w i th  te m p e ra tu re  u p  to  2 1 °C , above  w h ic h  th is  

c o r r e la t io n  becam e n e g a t iv e ,  a l th o u g h  th e  t o x ic i t y  o f  a ld r in  a n d  h e p ta c h lo r  

was c o r re la te d  p o s i t iv e ly  w ith  te m p e ra tu re  th r o u g h o u t  th e  ra n g e  te s te d .  
T h e se  o b s e rv a t io n s  in d ic a te d  th a t  D D T  was a d s o rb e d  m ore  s t r o n g ly  o n to  
g la s s , a n d  was le s s  v o la t i le  th a n  th e  o th e r  c h e m ic a ls , a t h ig h e r

te m p e ra tu re s  ( H a r r is ,  1 9 71 ).

T h e  ra te  o f  e v a p o ra t io n  o f  ch em ica ls  fro m  w a te r  (s u c h  as th a t  w h ic h  
c o u ld  o c c u r  f ro m  th e  m o is tu re  f i lm  s u r r o u n d in g  a f i l t e r  p a p e r )  was

in f lu e n c e d  b y  b o th  th e  v a p o u r  p re s s u re  a n d  th e  s o lu b i l i t y  o f  th e  com pound  
i n  w a te r  (K e n a g a , 1 9 72 ), to g e th e r  w ith  th e  r e la t iv e  h u m id ity  o f  th e  
a tm o sp h e re  ( H a r r is ,  1972a; K e n a g a , 1 9 7 2 ). T h e se  p r o p e r t ie s  w e re  a f fe c te d  
b y  an  in c re a s e  in  te m p e ra tu re .

E a r th w o rm s  a re  p o ik ilo th e rm ic  a n d  te m p e ra tu re  can  a f fe c t  th e  r a te  a t 
w h ic h  m e ta b o lic  p ro c e s se s  o c c u r .  T h is  can  in f lu e n c e  th e  b e h a v io u r  o f  th e  
e a r th w o rm  a n d  i t s  re s p o n se  to  a to x ic  chem ica l (H a s s a ll,  1 982 ).



108

O th e r  v a r ia b le s  th a t  can  in f lu e n c e  an  assessm en t o f  t o x ic i t y  to  

e a r th w o rm s  in c lu d e  th e  d u ra t io n  o f  th e  te s t .  T h e  p e r io d  o f  e x p o s u re  o f  
LCgQ c o n ta c t te s ts  w ith  in s e c ts  o f te n  fa l ls  w i th in  th e  ra n g e  b e tw e e n  24 
h o u rs  (M o r r is o n ,  1950) a n d  140 h o u rs  (P a r k in ,  1 9 5 1 ), b u t  is  r a r e ly  
lo n g e r .

T h e  i l lu m in a t io n  o f  th e  te s t  a n d  th e  fo rm u la t io n  o f  th e  te s t  chem ica l 
m ay a lso  a f fe c t  a ssessm en ts  o f  t o x ic i t y  to  in v e r te b r a te s  (B u s v in e ,  1 9 57 ).

T h e  a c c u ra c y  o f  an  LC ,.q e s tim a te  o f  t o x ic i t y  to  an  o rg a n ism  
im p ro v e s  as th e  n u m b e r o f  re p l ic a te s  u s e d  a t each c o n c e n tra t io n  o f  th e  te s t  
chem ica l is  in c re a s e d , a n d  in  in s e c t b io a s sa y s  i t  is  c o n s id e re d  u n w is e  to  
use  le s s  th a n  15 -20 in d iv id u a ls  p e r  re p l ic a te  (B u s v in e ,  1 9 5 7 ). H o w e v e r ,  
te s ts  u s in g  e a r th w o rm s  h a ve  to  a v o id  o v e rc ro w d in g  because  th e  d e a th  o f  
one e a r th w o rm  in  a sm a ll c o n ta in e r  can  a f fe c t  o th e rs  in  th e  same v e s s e l.  
M o r ta l i t y  d a ta  fro m  te s ts  in  w h ic h  th e  d e a th  o f  one e a r th w o rm  a f fe c ts  th e  

s u r v iv a l  o f  a n o th e r  c a n n o t b e  p ro c e s s e d  u s in g  p r o b i t  a n a ly s is ,  as th is  

te c h n iq u e  assum es th a t  each  d e a th  is  in d e p e n d e n t .  T h e re fo r e ,  o n ly  one  
e a r th w o rm  c o u ld  b e  u s e d  in  each  v ia l  f o r  th e  f i l t e r  p a p e r  c o n ta c t te s t  a n d  
a h ig h  le v e l o f  r e p l ic a t io n  was n e c e s s a ry  to  re d u c e  th e  v a r ia b i l i t y  o f  th e  

r e s u l ta n t  e s tim a te s  o f  t o x ic i t y .

T h e  f i l t e r  p a p e r  c o n ta c t te s t  h a d  to  be  s e n s it iv e ,  r e p r o d u c ib le ,  
in e x p e n s iv e  a n d  ca pab le  o f  te s t in g  th e  t o x ic i t y  o f  a n y  ch em ica l to  
E . f e t id a . T h e  op tim um  c o n d it io n s  f o r  th e  te s t  w e re  assessed  in  a s tu d y  
o f  th e  e f fe c t  u p o n  assessm en ts  o f  t o x ic i t y  o f  s e v e ra l e x p e r im e n ta l v a r ia b le s  
w h ic h  in c lu d e d  a ) th e  b o d y  w e ig h t a n d  s e x u a l m a tu r i t y  o f  th e  e a r th w o rm ,  
b )  te m p e ra tu re ,  c )  a re a  o f  f i l t e r  p a p e r ,  d )  ty p e  a n d  g ra d e  o f  f i l t e r  p a p e r ,  
e ) p e r io d  o f  e x p o s u re , f )  n u m b e r o f  r e p l ic a te s ,  g )  i l lu m in a t io n ,  h )  
v e n t i la t io n  o f  th e  v ia l  a n d  i )  th e  u se  o f  fo rm u la t in g  a g e n ts . O nce th e  
c o n d it io n s  o f  th e  te s t  h a d  b een  d e f in e d , th e  m e thod  was u se d  to  assess th e  
t o x ic i t y  o f  n u m e ro u s  chem ica ls  to  e a r th w o rm s .
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3 .2 .  M a te r ia ls ,  m e th od s  a n d  r e s u l t s

3 .2 .1 .  M a te r ia ls

T h e  p e s t ic id e s  u s e d  w e re  o f  te c h n ic a l g ra d e  a n d  in c lu d e d  c h lo rd a n e ,  
d ie ld r in ,  t r ia z o p h o s ,  c a r b a r y l ,  b e n o m y l a n d  th io p h a n a te -m e th y l. T h e  

s o lv e n ts  w e re  o f  a n a ly t ic a l g ra d e , as w e re  th e  o th e r  te s t  chem ica ls  w h ic h  
in c lu d e d  cadm ium  a c e ta te , c h lo ro a c e ta m id e , c o p p e r s u lp h a te ,  le a d  a c e ta te ,  

p e n ta c h lo ro p h e n o l a n d  p o ta s s iu m  b ro m id e . T h e  d e ta ils  o f  th e  s o lv e n ts  th a t  
w e re  u s e d  f o r  th e  te s t  chem ica ls  a n d  th e  s u p p l ie r s  o f  th e s e  c h e m ic a ls , 
to g e th e r  w i th  th e  s p e c if ic a t io n s  o f  th e  a p p a ra tu s  f o r  th e  f i l t e r  p a p e r  
c o n ta c t te s t  a re  g iv e n  in  ta b u la r  fo rm  (T a b le s  A 5 .1  a n d  A 5 .4 ) .

T h e  e a r th w o rm s  w e re  s e x u a lly  m a tu re  E . fe t id a  a n d re i w e ig h in g  b e tw e e n

0 .4 - 0 .6  g  a n d  c u l tu r e d  fro m  cocoons in  b o xe s  c o n ta in in g  p re s s e d  cow  
m anu re  (m a tu re d  f o r  3 w eeks  b e fo re h a n d ) ,  a t 20°C  in  th e  d a r k .  T h e  
e a r th w o rm s  w e re  e x t r a c te d  b y  h a n d  a f t e r  a p p ro x im a te ly  9 w e e ks , w a shed  a n d  
a llow ed  to  e m p ty  t h e i r  g u ts  b y  s to r in g  them  on  dam p f i l t e r  p a p e r  o v e r n ig h t  
b e fo re  b e in g  u s e d  in  th e  e x p e r im e n ts .

3 .2 .2 .  G e n e ra l m e thod s

W here  p o s s ib le ,  th e  te s t  chem ica ls  w e re  a p p lie d  to  th e  f i l t e r  p a p e r  as 
a s o lu t io n  o r  s u s p e n s io n  in  w a te r .  T h e se  s u sp e n s io n s  w e re  p ro d u c e d  b y  
an  a d a p ta t io n  o f  th e  m e thod  o f  M c In to s h  e t a l . (1981 ) in  w h ic h  200 p i o f  a 

s o lu t io n  o f  th e  te s t  c h em ica l, d is s o lv e d  in  a s u ita b le  o rg a n ic  s o lv e n t ,  was  
a d d e d  to  199 .6  m l o f  r a p id ly  s w ir l in g  d is t i l le d  w a te r  th a t  c o n ta in e d  200 p i 
o f  10% T w een  80 (a  d e te rg e n t )  in  e th a n o lic  s o lu t io n .

M o r ta l i t y  was assessed  m e c h a n ic a lly  b y  p ro d d in g  th e  a n te r io r  segm en ts  
o f  th e  e a r th w o rm  w ith  a s p a tu la  o r  b y  g e n t ly  s q u a s h in g  th e  b o d y .  T h e  absence  
o f  a tw i t c h  re a c t io n  o r  th e  in a b i l i t y  to  re s to re  t u r g o r  p re s s u re  to  th e  
f la t te n e d  segm en ts  was ta k e n  to  in d ic a te  d e a th . T h e  la t t e r  m e thod  o f  
assessm en t was u s e d  f o r  te s t  chem ica ls  th a t  p a ra ly s e d  th e  e a r th w o rm s .
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E v e r y  e x p e r im e n t was accom pan ied  b y  an  u n t r e a te d  c o n t r o l a n d ,  

w h e re  a s o lv e n t h a d  b een  u s e d  to  a p p ly  th e  te s t  c h e m ic a l, b y  a s o lv e n t  

b la n k .  T h e  v ia ls  c o n ta in in g  th e  s o lv e n t b la n k  w e re  t r e a te d  w ith  s o lv e n t  
a lone  in  a m a n n e r s im ila r  to  th a t  u se d  w hen  a p p ly in g  th e  te s t  c h em ica l. 
M o r ta l i t y  in  th e  c o n tro ls  was n o t to le ra te d  in  a n y  o f  th e  e x p e r im e n ts  and  
th o s e  in  w h ic h  i t  o c c u r re d  w e re  r e - r u n .  T h e  e x p e r im e n ts  w e re  c o n d u c te d  
i n  a coo le d  in c u b a to r  (G a lle n kam p  a n d  C om pany L t d . )  th a t  h a d  a th e rm a l 
s ta b i l i t y  a t 20 °C  o f  ± 1 °C . L ig h t in g  w i th in  th e  in c u b a to r  was p ro v id e d  b y  
tw o  50 W f lu o re s c e n t  lam ps ( ’D a y l ig h t ' ,  T h o rn  EM I L t d . ) .  E x p e r im e n ts  in  
w h ic h  th e  v ia ls  w e re  o pen  to  th e  a tm o sp h e re  w e re  done  in  a t r a n s p a re n t  
p la s t ic  b o x  t h a t  c o n ta in e d  a f i l t e r  p a p e r  w ic k  (0 .5  m 2 f i l t e r  p a p e r  p e r  m3 

a i r )  s ta n d in g  in  a ja r  o f  w a te r  to  h u m id ify  th e  a i r .

T h e  d a ta  w e re  p ro c e s s s e d , w h e re  p o s s ib le , b y  a com pu te d  p r o b i t  

a n a ly s is  u s in g  th e  m axim um  l ik e l ih o o d  p ro g ra m m e . T h e  d e ta i ls  o f  t h is  

a n a ly s is  a n d  th e  a p p ro p r ia te  d a ta  c o r re c t io n s  w e re  th e  same as th o se  

d e s c r ib e d  f o r  p re v io u s  e x p e r im e n ts  (S e c tio n  2 . 2 . 2 ) .

3 .2 .3 .  M e th o d  f o r  th e  f i l t e r  p a p e r  c o n ta c t te s t

T h e  f i l t e r  p a p e r  c o n ta c t te s t  was d e ve lo p e d  fro m  a p r o to ty p e  m e thod  

d e s c r ib e d  p r e v io u s ly  (S e c t io n  2 . 2 . 5 ) .  T h e  d e ve lo p m e n t p ro g ram m e  
c o n s is te d  o f  o b s e rv in g  th e  e f fe c t  u p o n  th e  t o x ic i t y  o f  chem ica ls  to  
e a r th w o rm s  t h a t  was cau sed  b y  a l t e r in g  a s in g le  e x p e r im e n ta l p a ra m e te r  a t  
a t im e . T h e  d e s c r ip t io n s  o f  th e  e x p e r im e n ta l m e th od s  u s e d  in  th e  
in v e s t ig a t io n s  c o n ta in  o n ly  d e ta ils  o f  d e v ia t io n s  fro m  th is  b a s ic  m e th o d , th e  

o th e r  c o n d it io n s  m ay be  assum ed  to  h a ve  re m a in e d  u n c h a n g e d .

T h e  te s t  chem ica l was d is s o lv e d  o r  s u s p e n d e d  in  d is t i l le d  w a te r ,  o r  

d is s o lv e d  in  a s u ita b le  v o la t i le  o rg a n ic  s o lv e n t .  O ne m l o f  th is  was  
p ip e t te d  o n to  a W hatm an N o . l  c e llu lo s e  f i l t e r  p a p e r  th a t  l in e d  in t e r n a l ly  th e  

s id e  w a lls  o f  a g la s s  v ia l .  T h e  v ia l  was made o f  c o lo u r le s s ,  t r a n s p a re n t  

soda  g la s s  a n d  m easu red  a p p ro x im a te ly  8 'em x  3 cm d ia m e te r . T h e  a re a  o f
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s w ir le d  in  th e  v ia l  to  g iv e  a u n ifo rm  d e p o s it  a n d  a n y  v o la t i le  o rg a n ic

s o lv e n t t h a t  rem a in e d  was e v a p o ra te d  g e n t ly  u s in g  a je t  o f  c om p re ssed  a i r .

T h e  e v a p o ra t io n  o f  th e  o rg a n ic  s o lv e n t w as a c h ie v e d  m ost e f f ic ie n t ly  b y

p a s s in g  th e  a i r  t h r o u g h  a P a s te u r  p ip e t te  p la c e d  n e a r  th e  in t e r n a l  base  o f

th e  v ia l  (P la te  3 . 2 ) .  C a re  was ta k e n  n o t to  o v e r d r y  th e  d e p o s it  w h ic h

c o u ld  cause  a lo s s  o f  v o la t i le  te s t  c h e m ic a l. F i l t e r  p a p e r  th a t  h a d  been

d r ie d  in  t h is  m anne r was m o is te ne d  w ith  1 m l d is t i l le d  w a te r .  E ach v ia l

c o n ta in e d  one  e a r th w o rm , a n d  te n  re p lic a te s  w e re  u s e d  a t each  o f  f iv e  o r

m ore  c o n c e n tra t io n s  o f  th e  te s t  chem ica l in  a lo g a r i th m ic  d i lu t io n  s e r ie s
_ot h a t  e x te n d e d  b e tw e e n  1 .0  -  5000 n g .cm  (P la te  3 . 3 ) .  T h e  v ia ls  w e re  

sea led  w i th  a p o ly p ro p y le n e  c a p , la id  h o r iz o n ta l ly  in  th e  d a r k  a t  
20° ± 1 °C , a n d  m o r ta l i t y  was d e te rm in e d  a f t e r  48 h o u rs .

T h e  L T 50 assessm en ts  o f  t o x ic i t y  w e re  made a t a c o n c e n tra t io n  o f  te s t  
chem ica l s im ila r  to  th e  48 h o u r  LC qq , a n d  m o r ta l i t y  was a ssessed  h o u r ly  
f o r  8 h o u rs  a n d  th e r e a f te r  a t 12 h o u r  in te r v a ls .  M os t e x p e r im e n ts  w e re  
re p e a te d  tw ic e  o r  m o re .

3 .2 .4  T h e  e f fe c t  o f  th e  b o d y  w e ig h t a n d  s e x u a l m a tu r i t y  o f  e a r th w o rm s  u p o n  
th e  a ssessm en ts  o f  t o x ic i t y  u s in g  th e  f i l t e r  p a p e r  c o n ta c t m e thod

M e th o d

T h e  e a r th w o rm s  w e re  g ra d e d  in to  w e ig h t c a te g o r ie s  w hen  th e y  h a d  an

e m p ty  g u t .  T h e se  c a te g o r ie s  o f  b o d y  w e ig h t w e re  s e p a ra te d  b y  0 .1  ±

0 .0 5  g  in c re m e n ts  b e tw e e n  0 .1  -  0 .7  g .  In  a l l o th e r  re s p e c ts  th e

e a r th w o rm s  w e re  p re p a re d  as d e s c r ib e d  p r e v io u s ly .  E s tim a te s  o f  th e  L T ,.q

w e re  m ade f o r  c h lo rd a n e , c h lo ro a ce ta m id e  a nd  c o p p e r  s u lp h a te  a t
_2c o n c e n tra t io n s  o f  1 , 8 a n d  50 n g .c m  .

the side wall was 75 c m 2 (Plate 3.1). The solution of test chemical was
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Plate 3 .1 .  Filter paper contact test materials: glass vial, cap and filter

paper. (Scale: 1 cm).

Plate 3 .2 .  Filter paper contact test: evaporation of volatile organic

solvent using compressed air.
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Plate 3 . 3 .  Filter paper contact test: the apparatus in use showing two

replicates of each concentration of the test chemical and a control.

Results

Earthworm body weight correlated negatively with the susceptibility of 

the earthworms to the chemicals. The change in susceptibility due to an 

increase in body weight was less marked for chloroacetamide and copper 

sulphate with earthworms that weighed more than 0.3 or 0 .4 g respectively 

(Tables A7.10.1-A7.10.3  and Figure 3 . 1 ) .  However, the susceptibility of 

earthworms weighing between 0.3 -  0 .4  g did not appear to conform to this 

inverse relationship. This was particularly clear for chlordane and copper 

sulphate and corresponded to the period of puberty as the earthworms 

began to mature sexually at a body weight of 0 .4 -  0 .5  g. Although the 

gradients of the probit lines (and hence the range of periods of exposure 

within which the earthworms succumbed to the effects of the chemical) 

were not related to the body weight of the earthworms, a chi-squared test 

indicated that the replicated LT5Q estimates for copper sulphate and
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Figure 3.1
THE EFFECT OF WORM BODY WEIGHT AND SEXUAL MATURITY UPON FILTER 
PAPER CONTACT TOXICITY ASSESSMENTS WITH E^ PETIPA

Chemical Concentration Body weight
(pg.cm- ^ )

chlordane 1

chlordane 1

chlordane 1

chlordane 1

chlordane 1

chloroacetamide 8

chloroacetamide 8

chloroacetamide 8

chloroacetamide 8

chloroacetamide 8

copper sulphate 5 0

copper sulphate 5 0

copper sulphate 5 0

copper sulphate 5 0

copper sulphate 5 0

copper sulphate 5 0

copper sulphate 5 0

copper sulphate 5 0

• —2Concentration expressed xn pg.cm 
(Test chemical : filter paper surf.

(g)

Hours (Log scale)

KEY
I—OH X
K H
(X)

(X)
I----- 1
No LT5 0 — ►
■*—  No LT50 

(No LT50)

Individual LT50 estimate (o ], gradient [ x ] and 
fiducial limits
Individual L T 5 q estimate [ o ], common gradient for more
than one replicate [(x) ] and fiducial limits
Common LT50 estimate [« ], gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LT50 falls
LT50 at an undefined period of exposure that was
greater than those studied
LT50 at an undefined period of exposure that was 
less than those studied
More than one LT50 at an undefined period of exposure
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c h lo rd a n e  d i f f e r e d  s ig n i f ic a n t ly  w ith  e a r th w o rm s  th a t  w e ig h e d  m ore th a n  

0 .3  a n d  0 .4  g  r e s p e c t iv e ly .  Sm a ll e a r th w o rm s  w e re  m os t s u s c e p t ib le  to  
th e s e  c h e m ic a ls , b u t  p ro v e d  to  be  d i f f i c u l t  to  e x t r a c t  fro m  th e  c u l tu r e  

m ed ium  a n d  to  h a n d le  s u b s e q u e n t ly .

3 .2 .5  T h e  e f fe c t  o f  te s t  te m p e ra tu re  u p o n  th e  a ssessm en t o f  t o x ic i t y  to  

e a r th w o rm s

M e th o d

T h e  t o x ic i t y  o f  c h lo rd a n e  a n d  c a r b a r y l  was e s t im a te d  as an  L C 5Q a t  
5 ° ,  1 0 ° , 2 0 ° , 25° a n d  3 0 °C . C h lo rd a n e  was u s e d  in  t h is  e x p e r im e n t  
because  i t  was k n o w n  to  h a ve  a t o x ic i t y  to  in s e c ts  (a n d  th u s ,  p r o b a b ly  to  
e a r th w o rm s )  th a t  was d e p e n d e n t u p o n  te m p e ra tu re  ( H a r r is ,  1 9 7 2 b ) , b u t  i t  
was n o t k n o w n  w h e th e r  th e  t o x ic i t y  o f  c a r b a r y l  to  e a r th w o rm s  was a f fe c te d  

b y  te m p e ra tu re .

R e s u lts

B o th  c h lo rd a n e  a n d  c a r b a r y l  becam e m ore  to x ic  as th e  te m p e ra tu re  

in c re a s e d  (T a b le  A 7 . l l  a n d  F ig u re  3 . 2 ) ,  a lth o u g h  th is  e f fe c t  was seen  
m ost c le a r ly  w ith  c a r b a r y l .  T h e  t o x ic i t y  o f  c h lo rd a n e  c h a n g e d  l i t t l e  above  
2 0 °C , b u t  th e  re p lic a te s  d i f f e r e d  s ig n i f ic a n t ly  w h en  te s te d  b y  th e  
c h i- s q u a re d  te s t  a n d  th is  o b s e rv a t io n  m u s t b e  in t e r p r e te d  w ith  c a re . T h e  
g ra d ie n ts  o f  th e  p r o b i t  l in e s  (a n d  hen ce  th e  ra n g e  o f  c o n c e n tra t io n s  w i th in  
w h ic h  th e  e a r th w o rm s  su ccum bed  to  th e  e f fe c ts  o f  th e  te s t  c h em ica l) d id  
n o t a p p e a r to  be  re la te d  to  th e  te m p e ra tu re  a t w h ic h  th e  e x p e r im e n t was  

c o n d u c te d .
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Figure 3.2
THE EFFECT OF TEST TEMPERATURE UPON CONTACT TOXICITY ASSESSMENTS 
WITH E. FETIDA

Chemical Temperature 
(#C)

chlordane
chlordane

chlordane
chlordane

chlordane
chlordane

chlordane
chlordane

chlordane
chlordane

carbaryl
carbaryl

carbaryl

carbaryl

carbaryl

Concentration (Log scale) g.cm-  ̂
test chemical : filter paper surface

KEY
K H

X

h o h
(X)

(X)
I-H
No LC50 _>.
•<—  No I.C50 
(No LC50)

Individual LC50 estimate [o ], gradient [ x ] and 
fiducial limits
Individual LC50 estimate [o 1 # common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [ • ], gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC5Q at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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3.2.6 The effect of filter paper area upon the assessments of toxicity to 

earthworms

Method

The toxicity of chlordane was estimated as an LCcn in vials of threeou
sizes (8 cm x 3 cm diameter, 8 cm x 4 cm diameter and 11 cm x 5.5 cm 

diameter) which had internal side wall areas of 75, 100 and 190 cm2 

respectively that were lined with filter paper. The test chemical was 

applied to these areas of filter paper in 1.0, 1.3 and 2.5 ml solvent 

respectively. An experiment was also conducted with chlordane and 

copper sulphate to compare the effect upon toxicity to earthworms of an 

additional filter paper to cover the end wall of an 8 cm x 3 cm diameter 

vial. This gave a total filter paper area of 82.5 cm2.

Results

The area of filter paper that lined the side walls of the vial appeared 

to have little effect upon the toxicity of chlordane to earthworms 

(Table A7.12.1 and Figure 3 .3) .  The toxicity of chlordane was also 

unaffected by covering the end wall of the vial (Table A7.12.2 and Figure 

3 .3 ) ,  although copper sulphate appeared to be slightly more toxic to 

earthworms in the vials with an end wall which was lined. In several 

experiments, the earthworms were observed to curl up in the angle 

between the side wall and base of the vial to avoid the filter paper that 

was impregnated with the test chemical.
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Figure 3.3

THE EFFECT OF FILTER PAPER AREA UPON CONTACT TOXICITY ASSESSMENTS 
WITH E. FETIDA

Chemical

chlordane
chlordane

chlordane

Filter paper 
End wall area
lining

unlined 
unlined 

unlined

chlordane unlined

chlordane lined
copper sulphate unlined

copper sulphate lined

(cm^)

Concentration (Log scale) g.cm“2 
test chemical : filter paper surface

KEY
hO HX
HOH(X)
(X)

I-— H

No LC50 _^
< • No LC5Q 
(No LC50)

Individual LC50 estimate [o ], gradient [ x ] and 
fiducial limits
Individual LC50 estimate [o 1» common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate (• J, gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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3.2.7 The effect of the physical characteristics and the material from which 

the filter paper was made upon the assessment of toxicity to earthworms

Method

The thickness, density and capacity to retain water (Table 3.1) of

cellulose and glass fibre filter paper can affect the availability of a test

chemical applied to them. The toxicity of chlordane was measured as an
_2

LCgQ using three cellulose papers, and at a concentration of 78.5 ug.cm 

was assessed as an LTgQ using Whatman No.l  Grade cellulose and Whatman 

GF/A Grade glass fibre filter papers.

Results

The retention of water within the cellulose filter paper was a function 

of the density and the thickness. The glass fibre paper had the lowest 

density and was very absorbent. The toxicity of chlordane to earthworms 

appeared to be correlated negatively with the capacity of the cellulose 

filter paper to retain water (Table A7.13 and Figure 3.4) and the 

replicated estimates of the LC5q did not differ significantly for any of 

these cellulose papers. The LT^'s for chlordane that were estimated

using cellulose and glass fibre filter papers were very similar (Table A7.14 

and Figure 3.5) .  The glass fibre filter papers were stiff and proved to 

be difficult to use in this type of test.
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Table 3.1. The physical characteristics of Whatman cellulose and 

glass-fibre filter papers.

Filter
paper
material

Whatman
Grade

Density
-2g.m

Thickness
mm

Water
retention

-2g.m (1)

Cellulose 1 87 0.18 120

Cellulose 3 185 0.39 350

Cellulose 6 100 0.18 140

Glass fibre GF/A 53 0.26 275

(1) Determined by immersing a pre-weighed 15 cm diameter circle of each 

filter paper in water for 30 seconds, removing the paper and allowing the 

surface water to drip away before re-weighing.
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Figure 3.4

THE EFPE C T  OF WHATMAN FILTER PAPER GRA D E  UPON C O NTACT TOXICITY 
A SSESSMENTS WITH E. FETIDA

Chemical Filter paper W h atman filter 
material paper grade

chlordane cellulose

chlordane cellulose

chlordane cellulose

C o n cen tra tio n  (Log s c a le )  g.cm-  ̂
t e s t  chem ical : f i l t e r  paper s u r fa c e

KEY
I—O H  

X

t - f lr i(X)

(X)
h— ^
No L C 50 — >

<—  No LC50
(No LC50)

Individual LC5Q estimate [ o ], gradient [ x ] and 
fiducial limits
Individual LC50 estimate ( o  1 * common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [ • ], gradient [(x) ] and fiducial
limits for more than one replicate
Range within w h i c h  a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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Figure 3.5

THE E F FECT OF WHATMAN FILTER PAPER MATERIAL UPON C O N T A C T  TOXICITY 
ASSESSMENTS WITH E. FETIDA

Filter paper
Chemical Concentration material and 

(yg.cm- 2 ) Wh a t m a n  grade

chlordane

chlordane

78.5

78.5

Concentration expressed in yg. c m -2 
(Test chemical : filter paper surface)

Hours (Log scale)

KEY
K H

X

*— -i
No LT50 — ► 

■+—  No LT5Q 

(NO LT5 0 )

Individual LT50 estimate [ o  ], gradient [ x ] and 
fiducial limits
In d iv id u a l  LT50 e s tim a te  [o  ] ,  common g ra d ie n t  f o r  more
th an  one r e p l i c a t e  [(x) ] and f id u c i a l  l im i t s
Common LT50 estimate [ «  ], gradient [(x) ] and fiducial
limits for more than one replicate
Range w ith in  which a p o o rly  d e fin e d  LT50 f a l l s
LT50 at an undefined period of exposure that was
g r e a te r  th an  th o se  s tu d ie d
LT50 a t  an u n d efin ed  p e rio d  of exposure  t h a t  was 
l e s s  th an  th o se  s tu d ie d
More than one LT50 at an undefined period of exposure



3.2 .8  The effect of the period of exposure upon the assessments of 

toxicity to earthworms

Method

The LCJgQ of carbaryl was estimated after periods of exposure of 24, 

48, 72 and 96 hours.

Results

The toxicity of carbaryl appeared to be correlated negatively with the 

length of the period of exposure (Table A7.15 and Figure 3.6) ,  although 

this conclusion must remain tentative, because the data for 24 and 96 

hours were not suitable for probit analysis as they contained too few 

partial mortalities.

3.2.9 The effect of the number of replicates upon the assessments of 

toxicity to earthworms

Method

The toxicity of carbaryl was assessed as an LC,.q using 5, 10, 15, 20 

and 25 replicates at each concentration.

Results

The bCg0 of carbaryl was largely unaffected by the number of 

replicates (Table A7.16 and Figure 3.7) ,  although it was not possible to 

estimate whether the replicates differed significantly at some levels of 

replication but not at others by using the chi-squared test. The fiducial 

limits of the LC^'s did not vary when experiments were done with more 

than 10 replicates. This number of replicates was taken, in the absence of 

other data, to indicate the minimum amount of replication that was 

necessary to give a reproducible estimate of the LC^q.
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F igu re 3 .6

T H E  EFFECT O F  EXPOSURE PERIOD UPON CONTACT TOXICITY ASSESSMENTS 
WITH E. FETIDA

Chemical
Exposure 

period 
( H ours}

carbaryl

carbaryl

carbaryl

carbaryl

Concentration (Log scale) g.cm“2 
test chemical : filter paper surface

KEY
I—O H  

X

HOH(X)

(X)
t - — H

No LC5 Q  ^

No LC50

(No LC50)

Individual LC50 estimate ( o ], gradient [ x 1 and 
fiducial limits
Individual LC50 estimate [o  J # common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [• ], gradient I(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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F igu re 3 .7

T H E  EFFECT O F  T H E  N U M B E R  O F  REPLICATES UP O N  CONTACT TOXICITY 
ASSESSMENTS WI T H  E. FBTIDA

C h emical Number of 
replicates

c a rb a ry l

c a rb a ry l

c a rb a ry l

c a rb a ry l

c a rb a ry l

Concentration (Log scale) g.cm 2 
test chemical : filter paper surface

KEY
HOHx
HOH
(X)

(X)I--1
No L C 5 q — ►

<4—  No LC50

(No LC50)

In d iv id u a l  LC50 e s t im a te  [ O ] ,  g r a d ie n t  I x ] and 
f i d u c i a l  l im i t s
Individual LC50 estimate [ o  1# common gradient for more
th a n  one r e p l i c a t e  [(x) ] and f i d u c i a l  l im i t s
Common LC50 estimate [ • ] , gradient [(x) 1 and fiducial
l im i t s  f o r  more th a n  one r e p l i c a t e
Range w ith in  which a p o o rly  d e f in e d  LC50 f a l l s
LC50 a t  an u n d efin ed  c o n c e n tra tio n  t h a t  was g r e a te r
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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3.2.10 The effect of the illumination and ventilation of the vials upon 

assessments of toxicity to earthworms

Method

Carbaryl, thiophanate-methyl and potassium bromide were non-volatile

chemicals known to be toxic to earthworms. The LCgg’s of these

compounds were estimated in darkness using vials with a) an airtight cap,

or b) a cap that allowed ventilation through a 1 cm diameter circular hole

covered with a fine nylon gauze. The ventilated vials were used in a

humid environment that prevented desiccation of the earthworms. An

additional experiment was done to estimate the LT^q of chlordane with E,
_2fetida at a concentration of 5 jig.cm in vials that were either ventilated 

or sealed, and illuminated or in darkness.

Results

Carbaryl and potassium bromide appeared to be more toxic to 

earthworms in the ventilated vials (Table A7.17 and Figure 3.8), although 

thiophanate-methyl had a similar LCg0 whether the vials were ventilated or 

not. The estimates of the LT50 for chlordane also appeared to be 

unaffected by the ventilation or illumination of the vial (Table A7.18 and 

Figure 3.9), although the replicates of the assessments that were done in 

the ventilated vials gave LT^'s that differed significantly when analysed 

using a chi-squared test.



Figure 3.8
THE EFFECT OF VIAL VENTILATION UPON CONTACT TOXICITY ASSESSMENTS

Chemical Vial
condition

carbaryl
carbaryl

thiophanate-methyl 
thiophanate-methyl 

potassium bromide 
potassium bromide

Concentration (Log scale) g.cm“ 2  
test chemical : filter paper surface

KEY
I—OH X

(X)
(X)
h-1
NO LC50 _►
+— No LC50 
(No LC50)

Individual LC50 estimate Io ], gradient [ x 1 and 
fiducial limits
Individual LC50 estimate [o 1 # common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate I • J, gradient [(x) 1 and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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Figure 3.9

THE EFFECT OF ILLUMINATION AND VIAL VENTILATION UPON CONTACT 
TOXICITY ASSESSMENTS WITH E^ FETIDA

Chemical Concentration Vial 
(pg.cm”2) condition

chlordane 5 Unventilated : Dark
(18-9 6)

chlordane 5 Ventilated : Dark KH

12-17

chlordane 5 Ventilated : Dark h *

6-22
chlordane 5 Unventilated : Light

(6*1 8)
1

0 1 2  3

Concentration expressed in yg.cm-  ̂ Hours (Log scale)
(Test chemical : filter paper surface)

KEY
K H

X

HO—I(X)
(X)
H-H
NO LT50 — ►

NO LT50 
(NO LT50)

Individual LT50 estimate [o ], gradient ( x ] and 
fiducial limits
Individual LT50 estimate [o ]/ common gradient for more
than one replicate l(x) ] and fiducial limits
Common LT50 estimate (• ], gradient [(x)l and fiducial
limits for more than one replicate
Range within which a poorly defined LT50 falls
LT50 at an undefined period of exposure that was
greater than those studied
LT50 at an undefined period of exposure that was 
less than those studied
More than one LT50 a t  an undefined period o f exposure
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3 .2 .1 1  T h e  e f fe c t  o f  w e t te r s ,  e m u ls if ie rs  a n d  o th e r  fo rm u la t in g  a g e n ts  u p o n  
th e  a sse ssm en ts  o f  t o x ic i t y  to  e a r th w o rm s

M e th od

T h e  fo rm u la n ts  p re s e n t  in  p e s t ic id e s  th a t  a re  p re p a re d  c om m e rc ia lly

can  a f fe c t  th e  t o x ic i t y  o f  th e  a c t iv e  in g r e d ie n t .  T h e  L T qq ' s o f  te c h n ic a l

b e n o m y l, B e n la te  w e tta b le  p o w d e r ( E . I .  D u P o n t de N em ou rs  a n d  C o m p a n y ) ,

te c h n ic a l b e n o m y l w i th  T e e p o l, T e e p o l a n d  x y le n e  w e re  e s t im a te d  a t
_2c o n c e n tra t io n s  o f  th e  p e s t ic id e  o f  0 .5  j ig .c m  a . i . ,  a n d  a t c o n c e n tra t io n s

_2o f  th e  w e t t in g  a n d  e m u ls i fy in g  a g e n ts  o f  500 j ig .c m  . T h e  m a n u fa c tu re rs  

o f  B e n la te  w o u ld  n o t d is c lo s e  w h ic h  fo rm u la n ts  w e re  u s e d  in  th e  p ro d u c t io n  
o f  th is  fu n g ic id e .  I  d e c id e d , th e r e fo r e ,  to  te s t  T e e p o l a n d  x y le n e  w ith  
t h is  fu n g ic id e ,  b e cause  th e se  chem ica ls  a re  u s e d  f r e q u e n t ly  as w e t t in g  a nd  

e m u ls i fy in g  a g e n ts  re s p e c t iv e ly  in  th e  m a n u fa c tu re  o f  p e s t ic id e s .

R e s u lts

T e c h n ic a l b e n o m y l, B e n la te  w .p .  a n d  te c h n ic a l b e n o m y l w ith  T e e p o l 
h a d  a s im ila r  t o x ic i t y  to  e a r th w o rm s  (T a b le  A 7 .1 9  a n d  F ig u re  3 .1 0 ) .  
T he se  tre a tm e n ts  w e re  s l ig h t ly  m ore  to x ic  th a n  T e e p o l a lo n e , a lth o u g h  
x y le n e  a lone  was e x t re m e ly  to x ic  a t th e  c o n c e n tra t io n  u s e d  a n d  f o r  w h ic h  
th e  LTgQ was to o  s h o r t  to  b e  m ea su re d  a c c u ra te ly .  T h e  t o x ic i t y  o f  
te c h n ic a l b e n o m y l a n d  T e e p o l a p p e a re d  to  b e  s l ig h t ly  a d d i t iv e .

3 .2 .1 2  A sse ssm en t o f  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  u s in g  th e  
f i l t e r  p a p e r  c o n ta c t te s t

M e thod

T h e  f i l t e r  p a p e r  c o n ta c t te s t  was u s e d  to  e s tim a te  th e  L C ^ 's  o f  
c h lo rd a n e , d ie ld r in ,  t r ia z o p h o s ,  c a r b a r y l ,  b e n o m y l, th io p h a n a te -m e th y l , 
p e n ta c h lo ro p h e n o l, t r ic h lo r o a c e t ic  a c id , c h lo ro a c e ta m id e , p o ta s s iu m  b ro m id e ,  
c o p p e r  s u lp h a te ,  le a d  a ce ta te  a n d  cadm ium  a ce ta te .
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Figure 3.10

THE EFFECT OF FORMULANTS UPON THE TOXICITY OF BENOMYL TO E^ FETIDA 
IN THE FILTER PAPER CONTACT TEST

Chemical C on cen tra t io n  
(y g . cm-  ̂ a . i . )

Technical benomyl 
Benlate w.p.

Technical benomyl + Teepol

Teepol

Xylene

Concentration expressed in y g . c m - ^ Hours (Log scale)
(Test chemical : filter paper surface)

KEY
K H

X

K H(x)
(x)

K --H

NO LT50 — ►
No LT50 

(No LT50)

Individual LT50 estimate [o ], gradient [ x ] and 
fiducial limits
Individual LT50 estimate [o ]» common gradient for more
than one replicate [(x) ] and fiducial limits
Common LT50 estimate (• ], gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LT50 falls
LT50 at an undefined period of exposure that was
greater than those studied
LT50 at an undefined period of exposure that was 
less than those studied
More than one LT50 at an undefined period of exposure



131

R e s u lts

T h e  a ssessm en ts  o f  t o x ic i t y  (T a b le  A 7 .2 0  a n d  F ig u re  3 .1 1 )  a llow ed  th e  
chem ica ls  to  b e  ra n k e d  a c c o rd in g  to  t h e i r  L C ^ q’ s , w i th in  c a te g o r ie s  o f  
t o x ic i t y  to  e a r th w o rm s  th a t  h a d  b een  a s s ig n e d  a r b i t r a r i l y  (T a b le  3 . 2 ) .

T a b le  3 .2 .  C a te g o r ie s  o f  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  a s s ig n e d  

to  th e  r e s u l t s  o b ta in e d  u s in g  th e  f i l t e r  p a p e r  c o n ta c t t e s t .

C a te g o ry R ange  o f  th e  L C g ^ ’ s C hem ica l
o f

t o x ic i t y
w i th in  t h is  c a te g o ry  

-2H g .cm

V e r y  to x ic <0 .99 C h lo rd a n e

C h lo ro a ce tam id e
P e n t a c h lo ro p  h e n o l

T o x ic 1 .0  -  9 .9 T r ia z o p h o s  
C a rb a r y l  
C o p p e r s u lp h a te  
C adm ium  a ce ta te

T r ic h lo r o a c e t ic  a c id
M o d e ra te ly  to x ic 1 0 .0  -  99 .9 P o ta ss ium  b ro m id e  

B eno m y l
T h io p h a n a te -m e th y l

D ie ld r in  
Lead  a ce ta te

Slightly toxic >100.0
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Figure 3.11

FILTER PAPER CONTACT TEST TOXICITY ASSESSMENTS WITH E. FETIDA

Chemical

chlordane
chlordane

dieldrin
triazophos

carbaryl
carbaryl

benomyl
thiophanate-methyl 

thiophanate-methyl 
pentachlorophenol 

pentachlorophenol 
pentachlorophenol 

trichloroacetic acid 
trichloroacetic acid 

chloroacetamide 
chloroacetamide 

potassium bromide 
copper sulphate 

lead acetate 
cadmium acetate

Concentration (Log scale) g .c m “ 2 
test chemical : filter paper surface

KEY
I—OH 

X

hOH(X)
(X)

No LC5Q _>.
-4------ No LC5 Q
(NO LC50)

Individual LC50 estimate [o ], gradient [ x ] and 
fiducial limits
Individual LC5q estimate [o common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [• ], gradient ((x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC5q at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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3 .3 .  D is c u s s io n

T h e  f i l t e r  p a p e r  c o n ta c t te s t  p ro v id e d  a s im p le , r a p id  a n d  in e x p e n s iv e  
m e th o d  f o r  a s s e s s in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s . T h e se  
a sse ssm en ts  o f  t o x ic i t y  c o r re la te d  p o o r ly  (H e im b a ch , 1984; 1985b ) w ith  
th o s e  fro m  o th e r  te s ts  d e v e lo p e d  s u b s e q u e n t ly  u s in g  an  a r t i f i c ia l  s o il ( r  = 
0 .5 5 )  o r  a m ix tu re  o f  s il ic a  p a s te -g la s s  b a lls  ( r  = 0 .4 8 ) ,  b e cause  th e  f i l t e r  
p a p e r  c o n ta c t te s t  was o f  s h o r t  d u r a t io n  a n d  th e  e a r th w o rm s  w e re  e x p o se d  
to  th e  te s t  chem ica ls  a t th e  c u t ic le  a lo n e , on  a s u b s t r a te  th a t  was  
n o n - a d s o r p t iv e , o f  n e u t r a l  pH  a n d  q u ite  u n l ik e  a s o i l.

A s se ssm en ts  o f  th e  t im e  r e q u ir e d  to  a c h ie ve  50% m o r ta l i t y  ( L T , .qts ) 
w e re  u s e d  e x te n s iv e ly  in  t h is  s tu d y  a n d  p ro v e d  to  b e  a v a lu a b le  to o l,  
p e rm it t in g  m u lt ip le  s a m p lin g  f o r  m o r ta l i t y  a n d  p r o v id in g  a m ore  r e f in e d  
e s tim a te  o f  t o x ic i t y  to  e a r th w o rm s  th a n  th a t  o b ta in e d  fro m  th e  s in g le  
sam p le  ta k e n  d u r in g  a le th a l c o n c e n tra t io n  (L C ^ q) s tu d y .  H o w e v e r , L T ,.q 
assessm en ts  in d ic a te  th e  t o x ic i t y  o f  a ch em ica l to  e a r th w o rm s  in  th e  f ie ld  
le s s  a c c u ra te ly  th a n  an  a ssessm en t b a se d  u p o n  c o n c e n tra t io n  (B e s c h ,  
1 9 7 6 b ). H ence  th e  la t t e r  t y p e  o f  m easu rem en t was a d o p te d  in  th e  f in a l  
f i l t e r  p a p e r  c o n ta c t m e th o d .

T h e  d e v e lo p m e n ta l s ta g e  a n d  s ize  o f  th e  te s t  o rg a n ism s  can  a f fe c t  th e  
assessm en t o f  th e  t o x ic i t y  o f  chem ica ls  (B u s v in e ,  1 9 5 7 ). I n  th is  s tu d y ,  
y o u n g  e a r th w o rm s  w e re  fo u n d  to  be  m ore  s u s c e p t ib le  to  th e  chem ica ls  th a n  
o ld e r  e a r th w o rm s . T h is  m ay be  becau se  y o u n g  e a r th w o rm s  h a ve  a th in n e r  
c u t ic le ,  g r e a te r  s u r fa c e  a re a  to  v o lum e  r a t io ,  m ore  l im ite d  m e ta b o lic  
a c t iv i t y  a n d  e x c r e to r y  c a p a c ity ,  a n d  a re  le s s  ab le  to  a v o id  to x ic  chem ica ls  
th a n  a d u lt  e a r th w o rm s . T he se  r e s u l t s  a re  s u p p o r te d  b y  s im ila r  
o b s e rv a t io n s  on  L .  t e r r e s t r i s  ( L e b ru n  e t a l . , 1 9 8 1 ), a lth o u g h  o th e r

w o rk e r s  u s in g  E . fe t id a  fa i le d  to  f in d  a n y  e f fe c t  o f  b o d y  w e ig h t u p o n

s u s c e p t ib i l i t y  to  b e n o m y l o r  c h lo ro a ce ta m id e  (H e im ba ch  a n d  E d w a rd s ,
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1 9 8 3 ). T h is  la t t e r  p a p e r  c o n ta in e d  in s u f f ic ie n t  d e ta i l  to  p e rm it  an

e x p la n a t io n  o f  s u c h  c o n t r a d ic to r y  r e s u l t s .

T h e  r e la t io n s h ip  b e tw e e n  b o d y  w e ig h t a n d  s u s c e p t ib i l i t y  to  chem ica ls  
was n o n - l in e a r  f o r  a l l  th e  ch em ica ls  te s te d ,  fu r th e rm o re ,  e a r th w o rm s

w e ig h in g  0 .3  a n d  0 .4  g  w e re  p a r t ic u la r ly  s u s c e p t ib le  to  c h lo rd a n e  a n d  

c o p p e r  s u lp h a te  r e s p e c t iv e ly .  W e ll fe d  e a r th w o rm s  o f  t h is  b o d y  w e ig h t  
w e re  b e g in n in g  to  m a tu re  s e x u a lly  a n d  i t  is  p o s s ib le  t h a t  th e  m e ta b o lic  
c h a n g e s  o c c u r r in g  a t t h is  tim e  l im ite d  th e  a b i l i t y  o f  th e  e a r th w o rm s  to  

to le ra te  to x ic  c h e m ic a ls .

T h e  s iz e  o f  e a r th w o rm  th a t  a p p e a re d  b e s t s u ite d  to  th e  te s ts

d e v e lo p e d  in  m y s tu d y  w e ig h e d  b e tw e e n  0 .4  -  0 .6  g .  T h e se  e a r th w o rm s  
c o u ld  be  h a n d le d  e a s ily  a n d  w e re  la rg e  e n o u g h  to  a v o id  th e  u n p re d ic ta b le  
c h a n g e s  in  s u s c e p t ib i l i t y  th a t  o c c u re d  w ith  y o u n g e r  e a r th w o rm s . E . fe t id a  
was ab le  to  a ch ie ve  th is  b o d y  w e ig h t in  la b o ra to r y  c u l tu r e s  w i th in  9 w eeks  

o f  h a tc h in g  fro m  th e  cocoon  (N e a le , 1 9 84 ).

T e m p e ra tu re  can  e x e r t  an  u n p re d ic ta b le  e f fe c t  u p o n  th e  r e s u l t s  o f  a 
b io a s sa y  ( H a r r is ,  1972a; P a r k in ,  1951) a n d  m u s t th e r e fo r e  be

s ta n d a rd is e d .  I n  m y s tu d y ,  th e  te s t  te m p e ra tu re  was c o r re la te d  p o s i t iv e ly  
w ith  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s . T e s ts  a t low  te m p e ra tu re s  

r e q u ir e d  a lo n g  p e r io d  o f  e x p o s u re  f o r  s u f f ic ie n t  e a r th w o rm s  to  d ie  to  g iv e  
an  e s tim a te  o f  th e  LC 5 0 , w h i ls t  a t h ig h e r  te m p e ra tu re s  th e  r a te  o f  

d e c o m p o s it io n  a n d  e v a p o ra t io n  o f  th e  te s t  chem ica l was a c c e le ra te d . T h e  
t o x ic i t y  o f  c h lo rd a n e  to  e a r th w o rm s  c h a n g e d  l i t t l e  a b o ve  2 0 °C a n d  as  
e x tre m e s  o f  te m p e ra tu re  w e re  u n d e s ira b le ,  a te s t  te m p e ra tu re  o f  20° ± 2 °C  

was re com m ended . T h is  te m p e ra tu re  was w i th in  th e  ra n g e  th a t  a llo w e d  th e  
o p tim um  g ro w th  a n d  s u r v iv a l  o f  E . fe t id a  (K a p la n  e t a l . , 1980) a n d

was r e a d i ly  a v a ila b le  in  e x is t in g  c o n t ro l le d  e n v iro n m e n t f a c i l i t ie s .  B y  
re c om m end in g  a te m p e ra tu re  th a t  a p p ro x im a te d  to  room  te m p e ra tu re ,  th e  
f i l t e r  p a p e r  c o n ta c t te s t  c o u ld  be  u s e d  in  th e  absence  o f  s u c h  fa c i l i t ie s .  
T h is  te m p e ra tu re  is  a lso  s im ila r  to  th a t  u s e d  in  o th e r  s tu d ie s  o f  t o x ic i t y  

to  e a r th w o rm s  (A n o n ,  1983; E b in g  a n d  H a qu e , 1983a ).
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T h e  a re a  o f  th e  f i l t e r  p a p e r  h a d  l i t t l e  e f fe c t  u p o n  th e  t o x ic i t y  o f  
th e  ch em ica ls  th a t  w e re  s tu d ie d  h e re .  A  la rg e  a re a  o f  f i l t e r  p a p e r  e xposes  
th e  e a r th w o rm s  to  m ore  o f  th e  te s t  chem ica l th a n  a sm a lle r a re a  o f  f i l t e r  
p a p e r .  T h is  can  h a ve  th e  e f fe c t  o f  p o te n t ia t in g  th e  t o x ic i t y  o f  com pounds  
t h a t  a re  a c c u m u la te d  s t r o n g ly .  Sm a ll a reas  o f  f i l t e r  p a p e r  a re  a lso  e a s ie r  
to  t r e a t  u n i fo rm ly  a n d  a re  le s s  e x p e n s iv e  to  use  th a n  la rg e  a re a s , s in ce  
th e s e  r e q u ir e  la r g e r  te s t  c o n ta in e rs .

T h e  d e n s i t y  a n d  th ic k n e s s  o f  th e  f i l t e r  p a p e r  a f fe c te d  th e  am oun t o f  
th e  s o lu t io n  o f  th e  te s t  ch em ica l t h a t  was a b s o rb e d . T h e  s im ila r  am oun ts  
o f  c h em ica l w e re  m ore  to x ic  o n  th e  le a s t a b s o rb e n t p a p e r ,  p re s u m a b ly  

because  m o re  o f  th e  s o lu t io n  o f  te s t  chem ica l was in  c o n ta c t w i th  th e  
e a r th w o rm . A  low  d e n s ity  c e llu lo s e  f i l t e r  p a p e r  (W ha tm an G rade  N o . l )  was 
re com m ended , w h ic h  was e a s y  to  h a n d le  a n d  re ta in e d  a sm a ll v o lum e  o f  
w a te r .

T h e  le n g th  o f  th e  p e r io d  o f  e x p o s u re  o f  th e  e a r th w o rm  to  th e  
chem ica ls  a f fe c te d  th e  assessm en ts  o f  t o x ic i t y .  T h e  f i l t e r  p a p e r  c o n ta c t te s t  
ga ve  an L C 5q a f t e r  48 a n d  72 h o u rs  o n ly .  D a ta  th a t  was c o lle c te d  a f t e r  
lo n g e r  o r  s h o r te r  p e r io d s  o f  e x p o s u re  o f te n  in c lu d e d  r e s u l t s  s h o w in g  100% 
o r  0% m o r ta l i t y  w h ic h  w e re  u n s u ita b le  f o r  p r o b i t  a n a ly s is .  A  re v ie w  o f  th e  
p r in c ip le s  o f  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to  o rg a n ism s  (B e s c h , 1976b) 
c o n c lu d e d  th a t  th e  g ra d ie n t  o f  th e  p r o b i t  l in e s  fro m  m ost a c u te  t o x ic i t y  
te s ts  becam e s ta b le  o n ly  a f t e r  96 h o u r s .  T h is  c o n t ra s ts  w ith  m y  
o b s e rv a t io n  th a t  th e  v a r ia b i l i t y  in  th e  a ssessm en ts  o f  th e  t o x ic i t y  o f  
chem ica ls  to  e a r th w o rm s  seems to  b e  in c re a s e d  b y  th e  u se  o f  e x tre m e ly  
s h o r t  o r  lo n g  p e r io d s  o f  e x p o s u re ,  h o w e ve r th is  c o n c lu s io n  m u s t rem a in  
t e n ta t iv e .  In  s h o r t  d u ra t io n  te s ts  th e re  was le s s  m o r ta l i t y  in  th e  c o n tro ls  
a n d  a u n ifo rm  d is t r ib u t io n  o f  th e  te s t  chem ica l was m a in ta in e d . S h o r t  
te s ts  a re  a ls o  le s s  e x p e n s iv e  to  u se  th a n  a lo n g  d u ra t io n  te s ts .  A  good  
com p rom ise  b e tw e e n  th e se  v a r io u s  c o n s id e ra t io n s  was a te s t  d u ra t io n  o f  48

h o u r s .
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A n  assessm en t o f  th e  t o x ic i t y  o f  chem ica ls  can  be  made m o re  p re c is e  
b y  in c re a s in g  th e  n u m b e r o f  re p l ic a te s  th a t  a re  u s e d  (B u s v in e ,  1 957 ). 
T h e  LCgQ f o r  c a r b a r y l  c h a n g e d  l i t t l e  as th e  n u m b e r o f  r e p l ic a te s  was  
ra is e d  fro m  5 to  25 , a lth o u g h  th e  ra n g e  o f  th e  f id u c ia l  l im i ts  a b o u t th e  
L C qq d e c re a se d  c o n s id e ra b ly  as th e  n u m b e r o f  r e p l ic a te s  was in c re a s e d  
f ro m  5 to  10 . T h e  f id u c ia l  l im i ts  do  n o t p ro v id e  th e  b e s t m easu re  o f  th e  
r e p e a ta b i l i t y  o f  a r e s u l t  (S te p h a n , 1 9 7 7 ), b u t  in  th e  absence  o f  f u r t h e r  
d a ta  th e  o p tim um  n u m b e r o f  re p l ic a te s  a p p e a re d  to  b e  10 , a b o ve  w h ic h  th e  

ra n g e  o f  th e  f id u c ia l  l im i ts  d e c re a se d  m in im a lly .

V e n t i la t io n  o f  th e  v ia ls  d id  n o t a f fe c t  th e  t o x ic i t y  o f  c h lo rd a n e  o r  
th io p h a n a te -m e th y l , a lth o u g h  i t  in c re a s e d  th e  s u s c e p t ib i l i t y  o f  th e  
e a r th w o rm s  to  c a r b a r y l  a n d  p o ta s s iu m  b ro m id e . T h is  in c re a s e  in  

s u s c e p t ib i l i t y  m ay be  becau se  th e  e a r th w o rm s  rem a in e d  a c t iv e  in  a

v e n t i la te d  v ia l  a n d  e n c o u n te re d  a g re a te r  am oun t o f  th e  te s t  c h em ica l.  
O th e r  r e p o r ts  h a ve  c o n t ra d ic te d  th e s e  o b s e rv a t io n s  a n d  in d ic a te d  th a t  
e a r th w o rm s  becam e m ore  s u s c e p t ib le  to  to x ic  chem ica ls  in  n o n - v e n t i la te d  
v ia ls  (S te n e rs e n , 1 9 8 1 ), p ro b a b ly  becau se  th e  s tre s s  cau sed  b y  th e  la c k  o f  
o x y g e n  p o te n t ia te d  th e  e f fe c t  o f  th e  c h e m ic a l. A  n o n - v e n t i la te d  v ia l  was  
cho sen  b e cau se  th is  p re v e n te d  th e  lo s s  o f  v o la t i le  te s t  c h em ica ls  a n d

o b v ia te d  th e  n eed  f o r  a h u m id  e n v iro n m e n t w h ic h  was n e c e s s a ry  f o r  a te s t  

t h a t  u s e d  v e n t i la te d  v ia ls .

T h e  e a r th w o rm s  w e re  m ore  a c t iv e  in  d a rk n e s s . E a r th w o rm s  th a t  a re  

a c t iv e  m ake m ore  c o n ta c t w i th  th e  t r e a te d  s u r fa c e , a n d  becom e m ore

s u s c e p t ib le  to  a g iv e n  c o n c e n tra t io n  o f  te s t  chem ica l th a n  le s s  a c t iv e  

e a r th w o rm s . ( T h is  e f fe c t  is  ana lo gou s  to  th e  re s p o n se  o f  e a r th w o rm s  in  
a i r t i g h t  a n d  v e n t i la te d  v ia ls . )  E a r th w o rm s  th a t  w e re  e x p o se d  to  te s t  
chem ica ls  in  th e  d a r k  w e re  fo u n d  to  b e  m ore  s u s c e p t ib le  to  th e  chem ica ls  
th a n  th o s e  in  th e  l i g h t .  A  d a r k  e n v iro n m e n t w i l l  a lso  a v o id  
p h o to d e c o m p o s it io n  o f  th e  te s t  chem ica l a n d  was c ho sen  as th e  b e s t

c o n d it io n  to  u s e .
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F o rm u la t in g  a g e n ts  a f fe c te d  th e  t o x ic i t y  o f  th e  te s t  c h e m ic a l, a n d  th e  
w e t t in g  a n d  e m u ls i fy in g  a g e n ts  T e e p o l a n d  x y le n e  w e re  v e r y  to x ic  to  

e a r th w o rm s . T h e se  r e s u l t s  c o n f irm  th o s e  o f  p re v io u s  s tu d ie s  o f  th e  e f fe c t  
o f  fo rm u la n ts  (P a r k in ,  1 9 5 1 ). T h e  t o x ic i t y  o f  T e e p o l seemed to  be  
a d d it iv e  w ith  th a t  o f  te c h n ic a l b e n o m y l. A s  p e s t ic id e s  th a t  h a ve  b een  
fo rm u la te d  c o m m e rc ia lly  m ay c o n ta in  a v a r ie t y  o f  w e t te r s , s t ic k e r s  a n d  
e m u ls i f ie r s ,  i t  is  p re fe ra b le  to  use  te c h n ic a l g ra d e  chem ica ls  in  t o x ic i t y  
t e s t s .  I n  o r d e r  to  p r e d ic t  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  th e  
f ie ld ,  i t  m ay be  n e c e s s a ry  to  te s t  th e  chem ica l in  th e  fo rm u la t io n  th a t  
c o n ta m in a te s  th e  e n v iro n m e n t .

T h e  assessm en ts  o f  th e  t o x ic i t y  o f  th e  te s t  chem ica ls  in d ic a te d  th a t  
c h lo rd a n e  was th e  m os t to x ic  chem ica l to  e a r th w o rm s  a n d  was fo llo w e d , in  a 

d e c re a s in g  o r d e r  o f  t o x ic i t y ,  b y  c h lo ro a c e ta m id e , p e n ta c h lo ro p h e n o l,  
t r ia z o p h o s ,  c a r b a r y l ,  c o p p e r  s u lp h a te ,  cadm ium  a c e ta te , t r ic h lo r o a c e t ic  
a c id ,  p o ta s s iu m  b ro m id e , b e n o m y l, th io p h a n a te -m e th y l, d ie ld r in  a n d  le a d  
a c e ta te . T h e  p r o b i t  l in e s  f o r  th e  re p e a te d  e s tim a te s  o f  t o x ic i t y  to  
e a r th w o rm s  w ith  th e s e  chem ica ls  se ldom  d i f f e r e d  s ig n i f ic a n t ly  f o r  g ra d ie n t  

o r  p o s it io n  o f  th e  Y - in te r c e p t  w h en  a n a ly s e d  u s in g  a c h i- s q u a re d  te s t .

T h e  f i l t e r  p a p e r  c o n ta c t m e thod  has  b e e n  r e p o r te d  (G oa ts  a n d  
E d w a rd s , 1982, 1983 , 1985) a n d  u s e d  to  te s t  a w id e  ra n g e  o f  com pounds  
f o r  t o x ic i t y  to  e a r th w o rm s  (D re w e s  e t a l . , 1984; H e im ba ch , 1984, 1985b ; 
R o b e r ts  a n d  D o ro u g h , 1 9 8 4 ). T h e  w o rk  o f  R o b e r ts  a n d  D o ro u g h  (1984 )  
c o n f irm e d  m y c o n c lu s io n  th a t  c a r b a r y l  w as v e r y  to x ic  to  e a r th w o rm s  a nd  
t h a t  th io p h a n a te -m e th y l was o n ly  m o d e ra te ly  to x ic ,  a lth o u g h  b e n o m y l was  
fo u n d  to  b e  m ore  to x ic  a n d  c o p p e r  s u lp h a te  le s s  to x ic  to  e a r th w o rm s  th a n  
in  m y a sse ssm en ts . T h e se  w o rk e r s  a lso  r e p o r te d  th a t  a c e to n e , b e n ze n e  
a n d  e th a n o l w e re  to x ic  to  e a r th w o rm s , e m p h a s is in g  th e  n eed  f o r  an  
e f f ic ie n t  m e thod  f o r  re m o v in g  th e se  s o lv e n ts  fro m  th e  f i l t e r  p a p e r  a f t e r  

th e y  h a ve  b een  u s e d  to  a p p ly  th e  te s t  chem ica ls  in  th e  f i l t e r  p a p e r  c o n ta c t  
t e s t .  T h e se  w o rk e r s  m o d if ie d  th e  m e th od  b y  w h ic h  s u ch  s o lv e n ts  w e re
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o v e r - th o r o u g h ,  so th e  r e s u l t s  o f  t h e i r  w o rk  s h o u ld  b e  t r e a te d  w ith  c a u t io n

e s p e c ia lly  s in c e  th e y  do  n o t p re s e n t  th e  com p le te  d a ta .

A  re c e n t s tu d y  (H e im b a c h , 1984) has  p ro v id e d  r e s u l t s  w ith  th e  f i l t e r

p a p e r  c o n ta c t te s t  t h a t  m ay b e  com pa re d  d i r e c t ly  to  th o s e  o f  m y

in v e s t ig a t io n .  T h e  48 h o u r  L C ^ q ’ s t h a t  w e re  d e te rm in e d  b y  m y w o rk  a g re e

c lo s e ly  w ith  th o s e  q u o te d  b y  H e im bach  a n d , p re s e n te d  in  t h is  o r d e r ,  w e re
~2 —2f o r  c h lo rd a n e , 0 .5 6 ,  1 .3  i ig .c m  ; c a r b a r y l  2 4 .2 ,  3 .0  n g .c m  ; b e n o m y l

—2 —2
170.1, 86 ug.cm ; pentachlorophenol 6. 0,  4. 2 ng.cm ; chloroacetamide

—2 . —2 2 .9 ,  2 .4  j ig .c m  ; ,  p o ta s s iu m  b ro m id e  1 8 6 .5 , 530 i ig .c m  ; a n d  c o p p e r
_os u lp h a te  5 4 .3 ,  30 i ig .c m  .

In  c o n c lu s io n , th e  o p tim um  e x p e r im e n ta l c o n d it io n s  f o r  te s t in g  t o x ic i t y  
to  e a r th w o rm s  in  th e  f i l t e r  p a p e r  c o n ta c t te s t  w e re  d e f in e d  a nd  th e  m e th o d  
p ro v id e d  a r a p id ,  r e p r o d u c ib le ,  s e n s it iv e  a n d  in e x p e n s iv e  m easu re  o f  th e  
t o x ic i t y  o f  c h em ica ls  to  E . fe t id a .

evaporated and used a hot air blower. This treatment was probably
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C H A P TE R  4

D EVELO PM EN T OF TH E  A R T IF IC IA L  S O IL  TE S T

4 .1 .  I n t r o d u c t io n

A n  a r t i f i c ia l  s o il te s t  was d e s ig n e d  to  o ve rcom e  th e  d is a d v a n ta g e s  o f  
te s ts  u s in g  a n a tu r a l s o i l ,  o r  s il ic a  p a s te  a n d  g la s s  b a lls  f o r  a s s e s s in g  th e  
t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s . T h e  n a tu r a l s o il was a m ed ium  th a t  
seemed u n s u ita b le  f o r  E . fe t id a  a n d  th e  s il ic a  p a s te -g la s s  b a l l  m ix tu re  d id  
n o t re p ro d u c e  a c c u ra te ly  th e  c o n d it io n s  fo u n d  in  an  a ra b le  s o i l a n d  seemed  

u n l ik e ly  to  p r e d ic t  a c c u ra te ly  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  

th e  f ie ld .

T h e  g e n e ra l c h a ra c te r is t ic s  o f  th e  a r t i f i c ia l  s o il w e re  d e f in e d  w ith  
a s s is ta n ce  fro m  m em bers  o f  th e  S o il S u r v e y  o f  E n g la n d  a n d  W a les, w h ic h  is  
b a se d  a t R o th am s te d  E x p e r im e n ta l S ta t io n .  T h e  s o il was d e s ig n e d  to  
p ro v id e  a s u ita b le  e n v iro n m e n t f o r  E . f e t id a , y e t  to  s im u la te  th e  c o n d it io n s  
t h a t  o c c u r  in  an  a ra b le  loam  s o i l .  P a r t ic u la r  em phas is  was p la c e d  u p o n  
a c h ie v in g  a c a t io n  e x c h a n g e  c a p a c ity  a n d  pH  s im ila r  to  th o s e  fo u n d  
com m on ly  in  f ie ld  s o i ls .  O b v io u s ly  th e  o rg a n ic  m a tte r  c o n te n t o f  th e  
a r t i f i c ia l  s o i l n e e d e d  to  b e  h ig h  in  o r d e r  to  s u p p o r t  t h is  s p e c ie s  o f  
e a r th w o rm , a n d  s u c h  a s o il w o u ld  th e re fo re  h a ve  a g re a te r  c a p a c ity  f o r  
h o ld in g  w a te r  th a n  th a t  o f  m ost n a tu r a l s o ils .

T h e  t o x ic i t y  o f  a c h em ica l to  e a r th w o rm s  in  s o il is  in f lu e n c e d  b y  
s e v e ra l fa c to r s ,  some o f  w h ic h  h a ve  been  m en tio n e d  p r e v io u s ly  in  th e  

d e s c r ip t io n  o f  in  th e  d e ve lo p m e n t o f  th e  f i l t e r  p a p e r  c o n ta c t te s t  
(C h a p te r  3 ) .  T h e se  in c lu d e  th e  te m p e ra tu re ,  i l lu m in a t io n  a n d  v e n t i la t io n  

o f  th e  t e s t ,  a n d  th e  m e th od  o f  fo rm u la t io n  o f  th e  te s t  c h e m ic a l. In  
a d d it io n ,  th e  t o x ic i t y  o f  a ch em ica l d e p e n d s  u p o n  c e r ta in  c h a ra c te r is t ic s  o f  
th e  s o i l,  s u c h  as th e  c o n te n t o f  o rg a n ic  m a t te r ,  c la y  a n d  m o is tu re ;  th e  pH  
a n d  th e  m e thod  b y  w h ic h  th e  te s t  chem ica l is  a p p lie d  to  th e  s o i l.  T h e se
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fa c to r s  can  a f fe c t  th e  a v a i la b i l i t y  a n d  s u b s e q u e n t a c t i v i t y  o f  a chem ica l 

(E d w a rd s ,  1 975a ), a n d  a lso  in f lu e n c e  th e  b e h a v io u r  o f  th e  e a r th w o rm s .

T h e  e f fe c t  th a t  s e v e ra l com ponen ts  o f  th e  s o i l a n d  th e  te s t  
te m p e ra tu re ,  th e  am oun t o f  s o il i n  each  te s t  c o n ta in e r ,  th e  p e r io d  o f  
e x p o s u re  a n d  th e  n u m b e r o f  re p l ic a te s  h a d  u p o n  th e  assessm en t o f  t o x ic i t y  
to  e a r th w o rm s  was e s t im a te d  e x p e r im e n ta lly ,  i n  o r d e r  to  d e f in e  th e  o p tim um  
c o n d it io n s  f o r  te s t in g  t o x ic i t y  to  e a r th w o rm s  w ith  th e  a r t i f i c ia l  s o i l.  T h e se  
s tu d ie s  u s e d  m o r ta l i t y  as th e  e n d - p o in t .  A d d it io n a l e x p e r im e n ts  to  d e f in e  
th e s e  o p tim um  c o n d it io n s  w e re  done  u s in g  th e  change  in  b o d y  w e ig h t o f  
th e  e a r th w o rm s  m easu re d  u n d e r  v a r io u s  e x p e r im e n ta l c o n d it io n s .

A  p o s i t iv e  c o r r e la t io n  e x is ts  b e tw e e n  th e  te m p e ra tu re , a n d  th e  
s o lu b i l i t y  a n d  ra te  o f  v o la t i l is a t io n  o f  chem ica ls  in  th e  s o il w a te r  ( H a r r is ,  
1972a; K e n a g a , 1 9 72 ). T h e  o th e r  e f fe c ts  o f  te m p e ra tu re  u p o n  th e  t o x ic i t y  
o f  a ch em ica l to  s o il o rg a n ism s  re le v a n t  to  t h is  s tu d y  in c lu d e  an  in v e r s e  

r e la t io n s h ip  w h ic h  e x is ts  b e tw e e n  te m p e ra tu re  a n d  th e  a d s o rp t io n  o f  a 
chem ica l o n to  th e  s o i l ,  a n d  th e  fa c t  th a t  h y d ro p h o b ic  chem ica ls  d e s o rb  

m ore  r a p id ly  fro m  w e t s o ils  th a n  h y d r o p h i l ic  com pounds  as th e  te m p e ra tu re  
in c re a s e s  ( H a r r is ,  1 9 71 ).

C hem ica ls  can  b e  a d s o rb e d  o n to  s o il p a r t ic le s  a n d  r e n d e re d  le s s  t o x ic .

S u ch  in te r a c t io n s  a re  th e  s u b je c t o f  an  e x te n s iv e  l i t e r a t u r e  o u ts id e  th e

scope  o f  t h is  p re s e n t w o r k ,  b u t  s in ce  th e  ty p e  o f  s o il h a s  b een  show n  to
lea f fe c t  th e  t o x ic i t y  o f  p e s t ic id e s  to  e a r th w o rm s  (C a se jr a n d  E no , 1966; 

L o fs -H o lm in ,  1 9 8 1 ), t h is  to p ic  w i l l  b e  c o n s id e re d  b r ie f l y .  A  m ore  d e ta ile d  
re v ie w  o f  th e  in te r a c t io n s  th a t  o c c u r  b e tw e e n  chem ica ls  a n d  th e  s o il m ay be  
fo u n d  in  th e  w o rk s  o f  B a ile y  a n d  W h ite  (1 9 6 4 ) , B u s v in e  (1 9 5 7 ) , E b e lin g  
(1 9 6 3 ) , G o r in g  e t a l . (1 9 7 5 ) , H a r r is  (1 9 7 2 a ) , H a ssa ll (1 982 ) a n d  K ena ga  
(1 9 7 5 a ) .

T h e  e f fe c t  o f  m o is tu re  in  th e  s o il u p o n  th e  t o x ic i t y  o f  c h em ica ls  can  
be  u n p re d ic ta b le  ( H a r r is ,  1964 , 1966, 1972a) a n d  in f lu e n c e  th e  am oun t o f  
ch em ica l t h a t  is  a d s o rb e d  o n to  th e  p a r t ic le s  o f  s o i l,  a n d  a lso  th e  b io lo g ic a l
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a c t iv i t y  o f  c h em ica ls  i n  th e  aqueous  a n d  v a p o u r  p hases  (B a ile y  a n d  W h ite ,  
1 9 6 4 ). M any  c o m p o u n d s , s u c h  as m e th y l b ro m id e  (C h is h o lm  a nd  K o b l i t s k y ,  
1 9 4 3 ), a re  b o u n d  m o re  s t r o n g ly  to  th e  s o il a n d  become le s s  e f fe c t iv e  as th e  
am oun t o f  m o is tu re  in  th e  s o il d e c re a s e s , a n d  some p e s t ic id e s ,  f o r  e xam p le  
d ia z in o n , becom e in a c t iv e  in  s o ils  w ith  a low  m o is tu re  c o n te n t ( H a r r is ,  

1 9 6 4 ). T h e re  a re  s e v e ra l e x p la n a t io n s  f o r  th is  b e h a v io u r .  T h e  m ost l ik e ly  
o f  th e s e  is  th a t  w a te r  is  a d s o rb e d  p r e fe r e n t ia l ly  in  a d r y  s o i l ,  c a u s in g  

s o lu te s  to  c r y s ta l l is e  a n d  th e re fo re  to  becom e b io lo g ic a l ly  i n e r t .  A n  
a lte r n a t iv e  h y p o th e s is  is  th a t  w e a k ly  p o la r  o rg a n ic  m a te r ia ls  can  com pe te  
m ore  e f fe c t iv e ly  w ith  a l im ite d  am oun t o f  w a te r  f o r  th e  a d s o rp t io n  s ite s  
t h a t  a re  a v a ila b le  in  a d r y  s o il (B a ile y  a n d  W h ite , 1 9 6 4 ). Some o f  th e  
v o la t i le  h e rb ic id e s  a re  le s s  e f fe c t iv e  i n  w e t s o ils  as th e s e  chem ica ls  re m a in  
d is s o lv e d  in  th e  s o i l w a te r ,  f ro m  w h ic h  th e y  v a p o r is e  r e a d i ly  a n d  a re  lo s t  
(G a n tz  a n d  S l i fe ,  1 9 6 0 ).

S o ils  w ith  a low  m o is tu re  c o n te n t can  d e s ic c a te  e a r th w o rm s  a n d  a lso  
re d u c e  th e  am oun t o f  a ch em ica l t h a t  is  a c c um u la te d  b y  th e m . T h is  was  
sh ow n  b y  th e  u p ta k e  in to  L . t e r r e s t r i s  o f  th e  w a te r  s o lu b le  p e s t ic id e  
a ld ic a r b ,  w h ic h  was fo u n d  to  b e  c o r re la te d  p o s i t iv e ly  w i th  th e  m o is tu re  
c o n te n t o f  th e  s o il ( B r ig g s  a n d  L o r d ,  1 9 83 ). L u m b r ic id  e a r th w o rm s  g ro w  
b e s t in  s o ils  t h a t  c o n ta in  20-30% w a te r ,  a lth o u g h  th e y  a re  re p o r te d  to  be  
a b le  to  to le ra te  a 50% lo s s  o f  b o d y  w e ig h t th r o u g h  d e h y d ra t io n  (G r a n t ,  
1 9 5 5 ). I n  d e c a y in g  o rg a n ic  m a t te r ,  th e  o p tim um  m o is tu re  c o n te n t o f  th e  
s u b s t r a te  f o r  E . fe t id a  l ie s  b e tw e e n  70-85% (K a p la n  e t a l . , 1 9 8 0 ), b u t  i t  is  
d i f f i c u l t  to  com pa re  t h is  re q u ire m e n t w i th  th e  dem and  f o r  m o is tu re  o f  o th e r  
e a r th w o rm s  fo u n d  in  a ra b le  s o il o r  o f  E . fe t id a  in  o th e r  m ed ia .

T h e  o rg a n ic  m a t te r  a n d  c la y  p a r t ic le s  in  s o il can  a d s o rb  c h e m ic a ls . A  
s o i l t h a t  c o n ta in e d  65% o rg a n ic  m a t te r  cau sed  a d ec rease  in  th e  t o x ic i t y  o f  
D D T , d ia z in o n , h e p ta c h lo r  a n d  p a ra th io n  to  c r ic k e t s ,  w h en  com pa red  w ith  
th e  e f fe c t  th a t  th e s e  chem ica ls  h a d  in  sa n d  ( H a r r is ,  1 9 6 6 ). O th e r  
chem ica ls  th a t  h a ve  b e e n  re p o r te d  to  becom e le s s  to x ic  in  s o il c o n ta in in g  a
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lo t  o f  o rg a n ic  m a t te r  in c lu d e  a ld r in  a n d  HCH (E d w a rd s , B e c k  a nd  
L ic h te n s te in ,  1 9 5 7 ) , c h lo rd a n e  ( H a r r is ,  1972b ) a n d  v a r io u s  

o rg a n o p h o s p h o ru s  a n d  ca rb am a te  p e s t ic id e s  ( H a r r is ,  1970, 1972a; H a r r is  
a n d  H itc h o n ,  1970; H a r r is  a n d  M a z u re k , 1 9 6 6 ). T h e  c o n c e n tra t io n  o f  a 
n o n -p o la r  ch em ica l t h a t  a c cum u la te s  in  th e  t is s u e s  o f  an  e a r th w o rm  is  
in v e r s e ly  r e la te d  to  th e  o rg a n ic  m a t te r  c o n te n t o f  th e  s o il ( L o r d ,  B r ig g s ,  
N ea le  a n d  M a n lo ve , 1 9 8 0 ). O c c a s io n a lly , th e  d is s o lv e d  o rg a n ic  m a t te r  th a t  

i s  p re s e n t  in  s o i l ,  e . g .  sod ium  h u m a te , w i l l  h e lp  chem ica ls  to  e n te r  
aqueou s  s o lu t io n  (W e rs h a w , B u r c a r  a n d  G o ld b e rg , 1969) a n d  becom e m ore  

a v a ila b le  to  e a r th w o rm s .

P a r t ic le s  o f  c la y  h a v e  a la r g e  s u r fa c e  a re a  a n d  an  a d s o rp t iv e  c a p a c ity  
d e p e n d e n t u p o n  p H . K a o l in i t ic  c la y s  a re  n o n -e x p a n d in g  a n d  h a ve  a 

sm a lle r  a c t iv e  s u r fa c e  a re a  ( r e f le c te d  in  a lo w e r  c a t io n  e x c h a n g e  c a p a c ity )  
th a n  m o n tm o r i l lo n it ic  c la y s  (B r o w n ,  1 9 74 ). T h e  low  c a t io n  e x c h a n g e  

c a p a c ity  o f  a k a o l in i t ic  c la y  m akes i t  le s s  l ik e ly  to  a d s o rb  c h e m ic a ls , a n d  
f o r  t h is  re a so n  k a o l in i te s  w e re  c ho sen  as a com ponen t o f  th e  a r t i f i c ia l  s o i l.  
M any  p e s t ic id e s  a re  d e a c t iv a te d  b y  c la y s  (W h ite , 1976) in c lu d in g  a ld r in ,  

c h lo rd a n e , d ie ld r in  (W e ise , 1 9 6 4 ), h e p ta c h lo r  a n d  D D T  (H a r r is ,  1 9 6 6 ). 
T h e  la t t e r  tw o  ch em ica ls  w e re  d e a c t iv a te d  m ore  c o m p le te ly  b y  th e  c la y  in  a 

d r y  s o i l.

T h e  m a in  com ponen t o f  th e  a r t i f i c ia l  s o il was a f in e  q u a r tz  s a n d .  
S and  h a s  a v e r y  low  a d s o rp t iv e  c a p a c ity  a n d  has  b e e n  re com m ended  as a 
s u b s t ra te  s u ita b le  f o r  m ode l e co s ys tem s , b e cau se  i t  a llow s  r e p ro d u c ib le  

assessm en ts  o f  t o x ic i t y  to  o rg a n ism s  to  be  o b ta in e d  (M o r ia r t y ,  1977) w h ic h  
a re  m ore  s e n s it iv e  th a n  th o se  done  w ith  s o i l.  H o w e v e r , b o th  sa n d  a n d  s i l t  
can  re d u c e  th e  t o x ic i t y  to  in s e c ts  o f  ch em ica ls  s u c h  as d ia z in o n  a nd  
p a ra th io n  ( H a r r is ,  1966) a n d  s h o u ld  n o t b e  c o n s id e re d  as in e r t .

T h e  pH  o f  a s o i l can  a l te r  th e  a d s o rp t iv e  p r o p e r t ie s  o f  some o f  th e  
s o il c o m p o n e n ts , a n d  in  p a r t ic u la r  th a t  o f  th e  c la y  f r a c t io n  (B r o w n ,  1974) 
w h ic h  m ay in  t u r n  a f fe c t  th e  a v a i la b i l i t y  a n d  t o x ic i t y  to  e a r th w o rm s  o f
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chem ica ls  t h a t  a re  in c o rp o ra te d  in to  th e  s o i l.  T h e  a c t iv i t y  o f

m ic ro o rg a n ism s  th a t  can  d e to x i f y  chem ica ls  is  a lso  in f lu e n c e d  b y  th e  pH  o f  

th e  s o il ( T o rs te n s s o n ,  1 9 7 5 ), w h ic h  can  a f fe c t  th e  p e rs is te n c e  o f  chem ica ls  
i n  th e  s o i l .

T h e  te s ts  r e p o r te d  p r e v io u s ly  f o r  th e  t o x ic i t y  o f  chem ica ls  to

e a r th w o rm s  u s in g  s o il in  th e  la b o ra to r y  h a v e  u s e d  m any d i f f e r e n t  p e r io d s  
o f  e x p o s u re ,  n u m b e rs  o f  r e p l ic a te s  a n d  am oun ts  o f  s o i l i n  each  o f  th e  te s t  
v e s s e ls . T h e  d e ta i ls  o f  th e s e  a s p e c ts  o f  th e  te s ts  h a ve  b e e n  sum m a rised  
(T a b le  1 .3 )  a n d  c le a r ly  do  n o t  show  a co n se n su s  o f  o p in io n .  T h u s  th e  
s e le c t io n  o f  th e  o p tim um  c o n d it io n s  f o r  te s t in g  t o x ic i t y  to  e a r th w o rm s  in  
th e  a r t i f i c ia l  s o i l was o f te n  made w ith o u t  th e  b e n e f i t  o f  an  e s ta b lis h e d  
p re c e d e n t .

T h e  m os t s u ita b le  c o m p o s it io n  o f  th e  a r t i f i c ia l  s o i l ,  a n d  th e  o p tim um  
v a lu e s  o f  th e  o th e r  c o n d it io n s  o f  th e  t e s t ,  w e re  assessed  in  a s e r ie s  o f  
e x p e r im e n ts  done  in  a m anne r s im ila r  to  th a t  d e s c r ib e d  f o r  th e  d e ve lo pm en t  
o f  th e  f i l t e r  p a p e r  c o n ta c t t e s t .  T h e se  in v e s t ig a t io n s  a lte re d  a s in g le  
e x p e r im e n ta l c o n d it io n  o f  a p r o to ty p e  m e thod  in  t u r n ,  to  o b s e rv e  th e  e f fe c t  
th a t  th e s e  c h a n g e s  h a d  u p o n  th e  a ssessm en t o f  th e  t o x ic i t y  o f  a p a r t ic u la r  
chem ica l to  e a r th w o rm s .

4 .2 .  M a te r ia ls ,  m e thod s  a n d  r e s u l t s

4 .2 .1  M a te r ia ls

T h e  p e s t ic id e s  u s e d  as te s t  chem ica ls  w e re  o f  te c h n ic a l g ra d e  and  
in c lu d e d  c h lo rd a n e , t r ia z o p h o s ,  e a r b a r y l ,  b e n o m y l a n d  th io p h a n a te  m e th y l.  
T h e  s o lv e n ts  a n d  th e  o th e r  te s t  c h em ica ls , w h ic h  in c lu d e d  p e n ta c h lo ro -  
p h e n o l,  t r ic h lo r o a c e t ic  a c id ,  c h lo ro a c e ta m id e , p o ta s s ium  b ro m id e  a n d  c o p p e r  
s u lp h a te  w e re  o f  a n a ly t ic a l g ra d e . T h e  s u p p l ie r s  o f  th e s e  chem ica ls  and  
th e  d e ta ils  o f  th e  s o lv e n ts  th a t  w e re  u s e d  f o r  th e m , to g e th e r  w ith  th e  
s p e c if ic a t io n s  f o r  th e  c om ponen ts  o f  th e  a r t i f i c ia l  s o il a n d  th e  o th e r
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a p p a ra tu s  o f  th e  te s t  a p p e a r in  a ta b u la r  fo rm  (T a b le s  A 5 .2 - A 5 .4 ) .

T h e  te s t  e a r th w o rm s  w e re  s e x u a lly  m a tu re  E . fe t id a  a n d re i w e ig h in g  
b e tw e e n  0 .4 - 0 .6  g  w ith  an  e m p ty  g u t .  T h e se  w e re  g ro w n  fro m  cocoons  
a n d  c u l tu r e d  f o r  a p p ro x im a te ly  9 w eeks  in  m a tu re d , p re s s e d  cow  m anu re  a t  
20°C  in  th e  d a r k .  T o  a v o id  e r r o r s  in  th e  assessm en t o f  th e  t o x ic i t y  o f  
ch em ica ls  to  e a r th w o rm s  th a t  can  o c c u r  d u e  to  a s u d d e n  ch ange  in  th e  
c o n d it io n s  in  w h ic h  th e  e a r th w o rm s  a re  c u l tu r e d  (T o m lin ,  1 9 7 7 ), a n d  a lso  
to  a llow  th em  to  e v a cu a te  t h e i r  g u t  c o n te n ts ,  th e  e a r th w o rm s  w e re  p la c e d  

i n  an  u n t r e a te d  a r t i f i c ia l  s o il f o r  24 h o u rs  p r io r  to  u s e .

4 .2 .2  G e n e ra l m e thod s

T h e  te s t  ch em ica ls  w e re  a p p lie d  to  th e  s o il as a s p ra y  in  a queous  

s o lu t io n ,  d is s o lv e d  in  a s u ita b le  v o la t i le  o rg a n ic  s o lv e n t ,  o r  s u s p e n d e d  in  
w a te r  u s in g  a m e thod  a d a p te d  fro m  th a t  o f  M c In to s h  e t a l . (1981 ) in  w h ic h  
th e  te s t  ch em ica l was d is s o lv e d  in  0 .2  m l o f  a s u ita b le  o rg a n ic  s o lv e n t a n d  
p ip e t te d  q u ic k ly  in to  a r a p id ly  s t i r r e d  m ix tu re  o f  199 .6  m l w a te r  a n d  0 .2  
m l o f  10% Tw een  80 in  e th a n o l.  T h e  c a t io n  e x c h a n g e  c a p a c ity  o f  th e  s o il 
was m easu re d  u s in g  a s ta n d a rd  m e thod  (B a scom b , 1964) a t a re fe re n c e  pH  
( 8 .1 )  a n d  a t th e  n a tu r a l pH  o f  th e  s o il i n  d is t i l le d  w a te r .  T h e  m o r ta l i t y  o f  
th e  e a r th w o rm s  was a ssessed  m e c h a n ic a lly , b y  p r o d d in g  th e  a n te r io r  
segm en ts  w ith  a s p a tu la  a n d  a s sum in g  th e  absence  o f  a tw i t c h  to  in d ic a te  
d e a th .  E ach  e x p e r im e n t was accom pan ied  b y  an  u n t r e a te d  c o n t r o l a n d  

a ls o , w h e re  an o rg a n ic  s o lv e n t h a d  b e e n  u s e d  to  a p p ly  th e  te s t  c h em ica l, 
b y  a s o lv e n t b la n k .  A n y  e x p e r im e n ts  in  w h ic h  m o r ta l i t y  o c c u r re d  in  th e  
c o n t ro ls  w e re  d is c a rd e d  a n d  r e - r u n .  T h e  e x p e r im e n ts  w e re  done  a t 20°C  
± 1 °C  in  a c o n s ta n t te m p e ra tu re  room  w ith  i l lu m in a t io n  p ro v id e d  b y  f o u r  
100 W f lu o re s c e n t lam ps  ( d a y l i g h t 1, T h o r n  EM I L t d . )  s u s p e n d e d  30 cm 
above  th e  s h e lv e s  th a t  s u p p o r te d  th e  te s t  v e s s e ls . T h e  d a ta  was a n a ly s e d  
b y  a c om pu te d  p r o b i t  a n a ly s is  u s in g  th e  m axim um  l ik e l ih o o d  p ro g ra m m e .  
T h e  f u l l  d e ta ils  o f  t h is  a n a ly s is  a n d  o f  th e  te c h n iq u e s  th a t  w e re  u s e d  to  

c o r r e c t  th e  d a ta  w e re  d e s c r ib e d  p r e v io u s ly  (S e c t io n  2 . 2 . 2 ) .
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4 .2 .3  T h e  m e th od  f o r  th e  a r t i f i c ia l  s o il te s t

T h e  f i r s t  a r t i f i c ia l  s o il u s e d  c o n s is te d  o f  68% q u a r tz  s a n d , 20% 
k a o l in i t ic  c la y ,  10% a i r  d r ie d  a n d  m ille d  sphagnum  p e a t a n d  2% ca lc ium  
c a rb o n a te  ( d r y  w e ig h t ) ,  c o n ta in e d  35% w a te r  a n d  h a d  a pH  o f  7 .  
In d iv id u a ls  o f  E . fe t id a  becam e u n h e a lth y  in  t h is  m ix tu r e  a n d  th e  
e x p e r im e n ts  th a t  w e re  done  in  i t  w e re  r e - r u n  u s in g  an im p ro v e d  a r t i f i c ia l  

s o il t h a t  is  d e s c r ib e d  b e lo w .

T h is  im p ro v e d  a r t i f i c ia l  s o il c o n s is te d  o f  71% f in e  q u a r tz  s a n d , 20% 
k a o l in i t ic  c la y ,  8% a i r  d r ie d  a n d  m ille d  sphagnum  p e a t a n d  1% CaCO^ w h en  
e x p re s s e d  as a p e rc e n ta g e  o f  th e  d r y  w e ig h t o f  th e  s o i l (P la te  4 . 1 ) .  
D is t i l le d  w a te r  w as a d d e d  to  th e  s o il to  g iv e  a m o is tu re  c o n te n t o f  48% (w e t  

w e ig h t )  a n d  50 k g  lo ts  o f  th e  m ed ium  w e re  m ixe d  th o r o u g h ly  in  a c le a n  
cem en t m ix e r .  W hen re a d y  f o r  u s e , th e  a r t i f i c ia l  s o i l h a d  a pH  o f  6 .8  a n d  

a c a t io n  e x c h a n g e  c a p a c ity  a t th e  n a tu r a l pH  ( 6 .8 )  a n d  th e  s ta n d a rd  pH  
( 8 .1 )  o f  162 a n d  152 m e q .k g ” *  re s p e c t iv e ly  (P la te  4 . 2 ) .  T h e  h y d ra te d  
m a te r ia l re m a in e d  u s a b le  f o r  e x te n d e d  p e r io d s  a n d  f o r  a t le a s t th re e  

m o n th s , w h e n  s to re d  w i th in  a i r t ig h t  p la s t ic  b a g s  a t 4 °C  in  d a rk n e s s .

T h e  te s t  c h em ica l was d is s o lv e d  o r  s u sp e n d e d  in  w a te r  o r  a s u ita b le  

v o la t i le  o rg a n ic  s o lv e n t a n d  a p p lie d  as a s p ra y  ( u s in g  a c h ro m a to g ra p h ic  
a to m is e r )  to  3 k g  o f  s o il (w e t w e ig h t )  th a t  was s p re a d  t h in l y  o n  a s ta in le s s  
s te e l t r a y  in  a fum e  c u p b o a rd .  O rg a n ic  s o lv e n ts  w e re  e v a p o ra te d  u n d e r  a 
g e n t le  a ir f lo w  a n d  th e  d e p o s it o f  th e  chem ica l t h a t  re m a in e d  was  

in c o rp o ra te d  m a n u a lly  in to  th e  s o i l.

C hem ica ls  th a t  w o u ld  n o t d is s o lv e  o r  d is p e rs e  in  a n y  s u ita b le  s o lv e n t  
w e re  in c o rp o ra te d  d i r e c t ly  in to  th e  s o i l in  th e  fo l lo w in g  m a n n e r . T h e  te s t  
ch em ica l was g ro u n d  w ith  10 g  o f  d r y  sand  in  a p e s t le  a n d  m o r ta r ,  a n d  
t h is  m ix tu re  w as in c o rp o ra te d  in to  2 .9 9  k g  o f  h y d ra te d  a r t i f i c ia l  s o il fro m  
w h ic h  1% o f  th e  s a n d  h a d  been  o m it te d  ( t h is  was e q u iv a le n t  to  10 g  sa n d  
[ d r y  w e ig h t ]  o m it te d  fro m  2 .9 9  k g  a r t i f i c ia l  s o il [w e t  w e ig h t ] ) .
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Plate 4 . 1 .  Artificial soil test: the components of the soil were (Left-Right) 

quartz sand, kaolinitic clay, airdried and milled peat and 

calcium carbonate.

Plate 4 . 2 .  Artificial soil test: a one litre plastic flask containing 750 g 

hydrated artificial soil is shown together with a sample of

the soil.
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Figure 4.1

Artificial Soil Test

7 ------------s e m i - a i r t i g h t  c l o s u r e

- 7 5 0 g  A r t i f i c i a l  S o i l

l l i t r e  t r a n s p a r e n t  p l a s t i c  
c o n t a i n e r
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F o u r  re p l ic a te s  w e re  u s e d  f o r  each  c o n c e n tra t io n  o f  th e  te s t  ch em ica l 

a n d  each r e p l ic a te  c o n s is te d  o f  0 .7 5  k g  o f  a r t i f i c ia l  s o il (w e t w e ig h t )  h e ld  

i n  a one  l i t r e  t r a n s p a r e n t ,  c o lo u r le s s  p la s t ic  f la s k  w ith  a loose  f i t t i n g  l i d  
( F ig u r e  4 . 1 ) .  T h e  assessm en ts  o f  th e  L C j.q w e re  g e n e ra l ly  m ade u s in g  a 
m in im um  o f  f iv e  c o n c e n tra t io n s  o f  th e  te s t  chem ica l w i t h in  th e  ra n g e  
0 .1 -1 0 0 0  m g .k g - *  ( t e s t  c h em ica l: d r y  w e ig h t o f  a r t i f i c ia l  s o i l)  in  a 
lo g a r i th m ic  d i lu t io n  s e r ie s . T h e  u p p e r  c o n c e n tra t io n  l im i t  w as e x te n d e d  to

10 ,000  m g .k g  ^ f o r  e x p e r im e n ts  i n  w h ic h  th e  t o x ic i t y  o f  t r ic h lo r o a c e t ic  a c id  
a n d  c o p p e r  s u lp h a te  was a sse ssed . E ach  te s t  v e s s e l h e ld  te n  e a r th w o rm s ,  
b u r ie d  in i t ia l l y  u n d e r  2 cm o f  s o il to  m in im ise  th e  p o s s ib i l i t y  o f  escape  fro m  

chem ica ls  t h a t  h a d  a r e p e l le n t  e f fe c t .  A f t e r  14 d a y s , th e  s o i l was tu r n e d  
o u t o n to  a t r a y ,  th e  l iv e  e a r th w o rm s  w e re  e x t ra c te d  b y  h a n d  s o r t in g  a n d  

th e  n u m b e rs  o f  dead  e a r th w o rm s  c o u n te d . T h e  a ssessm en ts  o f  an  L T 5q 
w e re  made a t a c o n c e n tra t io n  s im ila r  to  th e  7 o r  14 d a y  LCgQ a n d  m o r ta l i t y  
was e s t im a te d  d a i ly .  M os t e x p e r im e n ts  u s in g  b o th  ty p e s  o f  assessm en t 

w e re  re p e a te d  a t le a s t tw ic e .

T h e  fo l lo w in g  d e s c r ip t io n s  o f  th e  e x p e r im e n ta l m e th od s  w i l l  o n ly  
c o n ta in  d e ta i ls  o f  th e  d e v ia t io n s  fro m  th e  p ro to ty p e  te c h n iq u e  o u t l in e d  

a b o v e .

4 . 2 . 4 .  T h e  e f fe c t  o f  e x p o s u re  to  th e  a r t i f i c ia l  s o il a n d  to  a n a tu r a l s o il 

u p o n  th e  b o d y  w e ig h t o f  e a r th w o rm s .

M e th o d

L . t e r r e s t r i s , A .  lo n g a  a nd  A .  c a lig in o s a  w e re  c o lle c te d  d u r in g  th e  
a u tu m n  fro m  th e  edge  o f  P a rk  G ra ss  f ie ld ,  R o th a m s te d  E x p e r im e n ta l 
S ta t io n ,  u s in g  th e  fo rm a lin  e x t r a c t io n  m e thod  (R a w , 1959; T a b le

1 . 2 ) .  T h e  m a jo r ity  o f  th e  e a r th w o rm s  so c o lle c te d  s u r v iv e d  f o r  a t le a s t 14 
d a y s  in  th e  la b o r a to r y ,  p r o v id e d  th a t  th e y  w e re  w a shed  im m e d ia te ly  a f te r  
e x t r a c t io n  fro m  th e  s o il i n  a la rg e  vo lu m e  o f  w a te r .  T h e se  e a r th w o rm s  
w e re  c u l tu r e d  in  0 .0 5  m3 w ooden  b o x e s  f i l le d  w ith  p e s t ic id e - f r e e  loam  so il
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ta k e n  fro m  th e  f ie ld  in  w h ic h  th e y  w e re  c o lle c te d . T h e  E . fe t id a  t h a t  w e re  
u s e d  in  t h is  e x p e r im e n t w e re  e x t r a c te d  fro m  th e  b o xe s  o f  cow  m anu re  th a t  

w e re  u s e d  to  c u l tu r e  t h is  spe c ie s  o f  e a r th w o rm  in  th e  la b o r a to r y .

E a r th w o rm s  o f  each  spe c ie s  w e re  p la c e d  on  dam p f i l t e r  p a p e r  
o v e r n ig h t ,  to  a llow  th em  to  v o id  t h e i r  g u t  c o n te n ts  a n d  th e n  w e ig h e d .  

T e n  in d iv id u a ls  o f  each  spe c ie s  w ith  a b o d y  w e ig h t w i th in  ± 0 .2  g  o f  th e  
mean b o d y  w e ig h t f o r  th a t  s p e c ie s , w e re  p la c e d  s e p a ra te ly  in to  10 k g  o f  
p e s t ic id e - f r e e  a r t i f i c ia l  s o i l ,  o r  10 k g  o f  a i r - d r ie d  a n d  s ie v e d  c la y - lo a m  so il 
c o lle c te d  fro m  G e e s c ro ft F ie ld ,  R o th a m s te d  E x p e r im e n ta l S ta t io n ,  w h ic h  h a d  
b e e n  m o is te n e d  a n d  c o n ta in e d  20% w a te r .  T h e  e a r th w o rm s  re m a in e d  in  
th e s e  s o ils  f o r  14 d a y s  b e fo re  b e in g  re m o ve d , w ashed  a n d  re -w e ig h e d  w i th  

an  e m p ty  g u t .

R e s u lts

E . fe t id a  a n d  th e  s o i l - in h a b i t in g  spe c ie s  o f  e a r th w o rm  w e re  a b le  to  
m a in ta in  t h e i r  b o d y  w e ig h t f o r  14 d a y s  in  th e  a r t i f i c ia l  s o il a n d  A .  
c a lig in o s a  in c re a s e d  in  w e ig h t d u r in g  th is  p e r io d  (T a b le  4 . 1 ) .  T h e  b o d y  
w e ig h t o f  E . fe t id a  d e c re a se d  c o n s id e ra b ly  a f t e r  14 d a y s  in  th e  n a tu r a l  
s o i l ,  w h i ls t  th o s e  spe c ie s  th a t  h a d  b e e n  c o lle c te d  fro m  an  a ra b le  s o il d id  

n o t lo se  w e ig h t .

4 .2 .5  T h e  e f fe c t  o f  th e  m o is tu re  c o n te n t o f  th e  a r t i f i c ia l  s o i l u p o n  th e  b o d y  

w e ig h t o f  e a r th w o rm s

M e th o d

P e s t ic id e - f r e e  a r t i f i c ia l  s o ils  c o n ta in in g  0 , 5 , 10 , 15 , 2 0 , 2 5 , 3 0 , 40 
a n d  50% w a te r  (w e t w e ig h t )  w e re  p re p a re d .  T e n  E . fe t id a  (w i t h  e m p ty  
g u ts )  w e re  w e ig h e d  a n d  p la c e d  on  to p  o f  1 k g  b a tc h e s  o f  th e s e  s o ils  h e ld  
i n  p la s t ic  f la s k s .  A f t e r  7 d a y s , th e  e a r th w o rm s  w e re  e x t r a c te d  a n d  
re -w e ig h e d  (w ith  e m p ty  g u t s ) .
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T a b le  4 .1 .  T h e  e f fe c t  o f  th e  ty p e  o f  s o il u s e d  to  c u l tu r e  e a r th w o rm s  u p o n  
b o d y  w e ig h t .  A  c om pa r is o n  o f  th e  a r t i f i c ia l  s o il a n d  a n a tu r a l s o i l.

T y p e  o f  S o il S pec ie s
I n i t i a l
b o d y

w e ig h t

( g )

B o d y  
w e ig h t  
a f t e r  

14 d a y s  
( g )

C hange  in  
b o d y  w e ig h t  

d u r in g  14 
d a ys  

( g )

L .  t e r r e s t r i s 0 .95 0 .98 +0 .0 3

A r t i f i c ia l
s o il

A .  lo n g a 0 .77 0 .7 0 -0 .0 7

A .  c a lig in o s a 0 .6 2 0 .7 9 +0 .17

E . fe t id a  a n d re i 0 .58 0 .5 9 +0 .0 1

N a tu ra l c la y
L .  t e r r e s t r i s 1 .4 3 1 .45 +0 .02

loam  s o il
(G e e s c ro f t
F ie ld )

A .  lo n g a 0 .97 0 .96 -0 .0 1

A .  c a lig in o s a 0 .6 3 0 .6 1 -0 .0 2

E . fe t id a  a n d re i 0 .4 0 0 .2 4 -0 .1 6

N b . T h e  w e ig h t o f  th e  e a r th w o rm s  is  e x p re s s e d  as th e  mean o f  th e  b o d y  

w e ig h t o f  te n  e a r th w o rm s .
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R e s u lts

E . fe t id a  b u r r o w e d  in t o  a l l th e  s o ils  e x c e p t th a t  w h ic h  was c o m p le te ly  
d r y .  In  d r y  s o il th e  e a r th w o rm s  d ie d  a n d  th e  s o il w h ic h  c o n ta in e d  o n ly  5% 
w a te r  c a u sed  a s e v e re  lo s s  o f  b o d y  w e ig h t (F ig u r e  4 . 2 ) .  I n  s o ils  th a t  
c o n ta in e d  10% m o is tu re  o r  m o re  ( u p  to  th e  m ax im um  w a te r  h o ld in g  c a p a c ity  
o f  th is  s o i l ,  n am e ly  48% ), th e  e a r th w o rm s  show ed  a s im ila r  a n d  m in im a l 

d e c lin e  in  b o d y  w e ig h t .

4 .2 .6 .  T h e  e f fe c t  o f  th e  am oun t o f  o rg a n ic  m a t te r  in  th e  a r t i f i c ia l  s o il u p o n  

th e  b o d y  w e ig h t o f  e a r th w o rm s

M e th o d

A r t i f i c ia l  s o ils  c o n ta in in g  0 , 5 , 10 a n d  20% o f  a i r - d r ie d  a n d  m ille d  p e a t  

( d r y  w e ig h t )  w e re  p re p a re d ,  w i th  th e  am oun t o f  s a n d  in  th e  s o il in c re a s e d  

o r  d e c re a se d  to  com pensa te  f o r  th e  ch ange s  in  th e  am oun t o f  p e a t t h a t  was  

p re s e n t .  T h e  o rg a n ic  m a t te r  in  th e  s o il d e te rm in e d  la r g e ly  th e  am oun t o f  
m o is tu re  t h a t  was r e ta in e d ,  a n d  as c h ange s  in  th e  m o is tu re  c o n te n t o f  th e  
s o il c o u ld  a ls o  a f fe c t  th e  c h a n g e  in  b o d y  w e ig h t o f  th e  e a r th w o rm s , s o ils  o f  
d i f f e r in g  o rg a n ic  m a t te r  c o n te n t w e re  w e tte d  to  th e  m ax im um  h o ld in g  
c a p a c ity  (w h ic h  was e q u iv a le n t  to  a s o il t h a t  c o n ta in e d  8% [ d r y  w e ig h t ]  

o rg a n ic  m a t te r  m o is te n e d  to  48% [w e t w e ig h t ] ) .  T e n  E . fe t id a  (w it h  e m p ty  
g u ts )  w e re  w e ig h e d  a n d  p la c e d  on  to p  o f  1 k g  b a tc h e s  o f  th e s e  p e s t ic id e -  
f r e e  s o ils  h e ld  in  p la s t ic  f la s k s .  A f t e r  7 d a y s  th e  e a r th w o rm s  w e re

e x t r a c te d  a n d  re -w e ig h e d  ( w i t h  e m p ty  g u t s ) .
\

R e s u lts
E . fe t id a  b u r r o w e d  in to  each  o f  th e  s o i ls ,  b u t  lo s t  w e ig h t o n ly  in  th e  

s o il f ro m  w h ic h  o rg a n ic  m a t te r  was a b s e n t .  T h e  lo s s  o f  w e ig h t was  
n e g l ig ib le  i n  th o s e  s o ils  th a t  c o n ta in e d  m ore  th a n  5% o rg a n ic  m a t te r  (F ig u r e

4 . 3 ) .
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4 .2 .7  T h e  e f fe c t  o f  th e  k a o l in i t ic  c la y  c o n te n t o f  th e  a r t i f i c ia l  s o il u p o n  th e  
b o d y  w e ig h t o f  e a r th w o rm s

M e th od

T e n  E . fe t id a  w e re  w e ig h e d  w i th  e m p ty  g u ts  a n d  p la c e d  on  to p  o f  one  
k g  b a tc h e s  o f  p e s t ic id e - f r e e  a r t i f i c ia l  s o ils  t h a t  c o n ta in e d  0 , 10 , 20 a n d  30% 
( d r y  w e ig h t )  k a o l in i t ic  c la y .  T h e  am oun t o f  sand  in  th e  m ix tu r e  was  
a lte re d  to  com pensa te  f o r  th e  c h a n g e s  in  th e  am oun t o f  c la y  p r e s e n t .  T h e  
e a r th w o rm s  w e re  e x t r a c te d  a f t e r  7 d a y s  a n d  re -w e ig h e d  w i th  e m p ty  g u ts .

R e s u lts

E . fe t id a  b u r r o w e d  in to  a l l  th e  s o ils  a n d  s u f fe re d  a r e d u c t io n  in  b o d y  
w e ig h t in  each  ( F ig u re  4 . 4 ) ,  h o w e v e r th e s e  lo s se s  o f  b o d y  w e ig h t w e re  

sm a ll a n d  s im ila r  i n  each  o f  th e  s o ils .

4 .2 .8  T h e  e f fe c t  o f  th e  pH  o f  th e  a r t i f i c ia l  s o il u p o n  th e  b o d y  w e ig h t o f  

e a r th w o rm s

M e th od

P e s t ic id e - f r e e  a r t i f i c ia l  s o ils  w e re  p re p a re d  w ith  p H 's  o f  3 .7 ,  6 .2 ,  7 .7  
a n d  8 .0 ,  as d e te rm in e d  b y  a s ta n d a rd  m e thod  ( A n o n . ,  1 9 8 1 d ). T h e  m os t 

a c id ic  s o il w as p re p a re d  b y  a d d in g  an  a p p ro p r ia te  am oun t o f  0 .0 1  M 
h y d r o c h lo r ic  a c id  to  an  a r t i f i c ia l  s o il t h a t  d id  n o t c o n ta in  a n y  c a lc ium  
c a rb o n a te . T h e  m ore  a lk a lin e  s o ils  w h ic h  h ad  p H 's  o f  6 .2 ,  7 .7  a n d  8 .0 ,  
w e re  p re p a re d  b y  a d d in g  0 .5 ,  2 .0  a n d  10% ca lc ium  c a rb o n a te  ( d r y  w e ig h t )  

r e s p e c t iv e ly  to  s o ils  fro m  w h ic h  th is  com pound  h a d  b e e n  o m it te d .  T h e  
am oun t o f  s a n d  in  th e  m ix tu re  was v a r ie d  to  com pensa te  f o r  th e  c h a n g e s  in  
th e  am oun t o f  c a lc ium  c a rb o n a te  p re s e n t .  T e n  E . fe t id a  w e re  w e ig h e d  w ith  
e m p ty  g u ts  a n d  p la c e d  on  to p  o f  one k g  b a tc h e s  o f  th e s e  a r t i f i c ia l  s o ils  
a n d  le f t  f o r  7 d a y s . A f t e r  th is  p e r io d  h a d  e la p sed  th e  e a r th w o rm s  w e re  
e x t r a c te d  a n d  re -w e ig h e d  w i th  e m p ty  g u ts .
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R e s u lts

A  p r e l im in a r y  s tu d y  h a d  in d ic a te d  th a t  m a tu re  e a r th w o rm s  lo s t  m ore  
w e ig h t ( g . g  *  t is s u e  [w e t  w e ig h t ] )  th a n  ju v e n ile s  in  a c id  s o i ls ,  a lth o u g h  

b o th  m a tu re  a n d  im m a tu re  e a r th w o rm s  b u r r o w e d  in to  each  o f  th e  te s t  s o i ls .  
T h e  p re s e n t  e x p e r im e n ts  show ed  th a t  th e  lo s s  o f  b o d y  w e ig h t was s im ila r  
i n  each  o f  th e  te s t  s o ils  ( F ig u r e  4 . 5 ) ,  a lth o u g h  th e  am oun t lo s t  in  s o ils  o f  
pH  3 .7  a n d  6 .2  was s l ig h t ly  g re a te r  th a n  th a t  lo s t  in  s o ils  w ith  a pH  o f  
7 .7  a n d  8 .0 .

4 .2 .9  T h e  e f fe c t  o f  th e  m o is tu re  c o n te n t o f  th e  a r t i f i c ia l  s o il u p o n  

assessm en ts  o f  t o x ic i t y  to  e a r th w o rm s

M e th od

T h e  L T ^ ' s  o f  c h lo rd a n e  a n d  ch lo ro a ce ta m id e  a t a c o n c e n tra t io n  o f  50 
m g .k g ” * ,  a n d  p e n ta c h lo ro p h e n o l a t a c o n c e n tra t io n  o f  100 m g .k g  *  ( t e s t  

c h e m ic a l:d r y  w e ig h t o f  s o i l ) ,  w e re  a ssessed  in  a r t i f i c ia l  s o ils  t h a t  c o n ta in e d  
10 , 2 0 , 30 , 40 a n d  50% w a te r  (w e t w e ig h t ) .

R e s u lts

T h e  t o x ic i t y  o f  c h lo rd a n e  a n d  p e n ta c h lo ro p h e n o l to  e a r th w o rm s  was  

n o t in f lu e n c e d  m uch  b y  th e s e  c h ange s  in  th e  m o is tu re  c o n te n t o f  th e  s o i l.  

C h lo ro a ce tam id e  was m ore  to x ic  i n  th e  w e t te r  s o ils ,  b u t  h a d  l i t t l e  e f fe c t  
u p o n  th e  e a r th w o rm s  in  m ed ia  th a t  c o n ta in e d  le s s  th a n  30% w a te r  (T a b le s  
A 7 .2 1 .1 -A 7 .2 1 .3  a n d  F ig u re  4 . 6 ) .  T h e  r e p r o d u c ib i l i t y  o f  th e  te s t  
( in f e r r e d  f ro m  th e  s ig n if ic a n c e  o f  th e  d if fe re n c e s  f o r  p a ra lle l is m  a nd  
Y - in te r c e p t  p o s it io n  th a t  a p p e a re d  b e tw e e n  th e  p r o b i t  l in e s  f o r  re p l ic a te s  
w h en  te s te d  b y  c h i- s q u a re d )  d id  n o t a p p e a r to  be  re la te d  to  th e  m o is tu re  
c o n te n t o f  th e  s o i l.
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Figure 4.6
THE EFPECT OF ARTIFICIAL SOIL MOISTURE CONTENT UPON TOXICITY
ASSESSMENTS WITH E. FETIDA

Chemical
Soil moisture 

content
Concentration (% wet weight 

(mg.kg-1) of soil)

chlordane 50 
chlordane 50 

chlordane 50 
chlordane 50 

chlordane 50 

chlordane 50 

chloroacetamide 50 
chloroacetamide 50 

chloroacetamide 50 
chloroacetamide 50 

chloroacetamide 50 
pentachlorophenol 100 

pentachlorophenol 100 

pentachlorophenol 100 

pentachlorophenol 100 

pentachlorophenol 100

Concentration expressed in mg.kg-^ 
(Test chemical : dry weight of soil)

Hours (Log scale)

KEY
K H

X

HO—I(X)

(X)
H— H
No LT50 — ►
•<—  No LT50 

(No LT50)

Individual LT50 estimate [o 1, gradient l x ] and 
fiducial limits
Individual LT50 estimate [o ]r common gradient for more
than one replicate [(x) ] and fiducial limits
Common LT50 estimate [« J, gradient (Cx) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LT50 falls
LT50 at an undefined period of exposure that was
greater than those studied
LT50 at an undefined period of exposure that was 
less than those studied
More than one LT50 at an undefined period of exposure
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4 .2 .1 0  T h e  e f fe c t  o f  th e  o rg a n ic  m a tte r  c o n te n t o f  th e  a r t i f i c ia l  s o i l u p o n  

a sse ssm en ts  o f  t o x ic i t y  to  e a r th w o rm s

M e th o d

A r t i f i c ia l  s o ils  w e re  p re p a re d  th a t  c o n ta in e d  0 , 5 ,  10 a n d  20% o rg a n ic  
m a tte r  ( d r y  w e ig h t ) , a n d  la r g e r  o r  s m a lle r am oun ts  o f  sa nd  w e re  u s e d  to  
com pensa te  f o r  th e s e  ch ange s  in  th e  com po s it io n  o f  th e  m ed ium . T h e  
LTgQ !s o f  c h lo rd a n e , c h lo ro a ce tam id e  a n d  p e n ta c h lo ro p h e n o l w e re  assessed  

a t c o n c e n tra t io n s  o f  5 0 , 50 a n d  100 m g .k g  ^ r e s p e c t iv e ly  ( te s t

c h e m ic a l:d r y  w e ig h t o f  a r t i f i c ia l  s o i l ) .

R e s u lts

O n ly  th e  r e s u l t s  th a t  w e re  o b ta in e d  w ith  c h lo rd a n e  ga ve  a s u f f ic ie n t  

n u m b e r o f  o b s e rv a t io n s  o f  p a r t ia l  m o r ta l i t y  to  b e  s u ita b le  f o r  p r o b i t  

a n a ly s is ,  b u t  a l l  th r e e  com pounds  becam e le s s  to x ic  to  e a r th w o rm s  as th e  
am oun t o f  o rg a n ic  m a t te r  in  th e  s o il in c re a s e d  (T a b le s  A 7 .2 2 .1 -A 7 .2 2 .3  a n d  
F ig u re  4 . 7 ) .  T h e  d if fe re n c e  b e tw e e n  th e  t o x ic i t y  o f  c h lo rd a n e  to  
e a r th w o rm s  in  s o ils  t h a t  c o n ta in e d  5% a n d  10% o rg a n ic  m a tte r  was g re a te r  

th a n  th e  d i f fe r e n c e  in  th e  t o x ic i t y  o f  t h is  com pound  seen b e tw e e n  s o ils  
t h a t  c o n ta in e d  10% a n d  20% o rg a n ic  m a t te r .  A  c h i- s q u a re d  te s t  o f  th e  
d if fe re n c e s  th a t  o c c u r re d  b e tw e e n  th e  p r o b i t  l in e s  th a t  w e re  c a lc u la te d  f o r  
re p e a te d  e x p e r im e n ts  w i th  c h lo rd a n e , fa i le d  to  in d ic a te  a n y  r e la t io n s h ip  
b e tw e e n  th e  r e p r o d u c ib i l i t y  o f  th e  te s t  a n d  th e  am oun t o f  o rg a n ic  m a tte r  in  

th e  s o i l.

4 .2 .1 1  T h e  e f fe c t  o f  th e  k a o l in i t ic  c la y  c o n te n t o f  th e  a r t i f i c ia l  s o il u p o n  

assessm en ts  o f  t o x ic i t y  to  e a r th w o rm s

M e th o d

A r t i f i c ia l  s o ils  w e re  p re p a re d  th a t  c o n ta in e d  0 , 10 , 20 a n d  30%

k a o l in i t ic  c la y  ( d r y  w e ig h t ) ,  a n d  in  w h ic h  th e  am oun t o f  s a n d  was  
in c re a s e d  o r  d e c re a se d  to  com pensa te  f o r  c h ange s  in  th e  am oun t o f  c la y .
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Figure 4.7

THE EFFECT OF ARTIFICIAL SOIL ORGANIC MATTER CONTENT UPON
TOXICITY ASSESSMENTS WITH E. FETIDA

Soil organic 
matter content

Chemical Concentration (% dry weight
(mg.kg-1) of soil)

chlordane 50 0 r 1—
(4 0 5 )

chlordane 50 5 H O i

8-52
chlordane 50 5 - 1— ----------0—j

2-82
chlordane 50 10

(6 -79)
chlordane 50 20 -

(10-49)
chloroacetamide 50 0 ...

chloroacetamide 50 5 ............ 1

chloroacetamide 50 10 -

chloroacetamide 50 20
pentachlorophenol 100 0

pentachlorophenol 100 5

pentachlorophenol 100 10 Y— I

pentachlorophenol 100 20 1— \

---- 1________ 1_______
- 2 - 1  0  1 2

Concentration expressed in mg.kg-* Hours (Log scale)
(Test chemical : dry weight of soil)

KEY
K H  Individual LT50 estimate [o ]/ gradient [ x ] and
x fiducial limits

H O —1(x)
(x)
H-H
NO LT50 — ►

M- NO LT50

(No LT50)

Individual LT50 estimate to ]» common gradient for more
than one replicate [(x)l and fiducial limits
Common LT50 estimate [ • ], gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LT50 falls
LT50 at an undefined period of exposure that was
greater than those studied
LT50 at an undefined period of exposure that was 
less than those studied
More than one LT50 at an undefined period of exposure
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The toxicity of chlordane, chloroacetamide and pentachlorophenol to 

earthworms in these soils was estimated as an LTgg at concentrations of 

50, 50 and 100 mg.kg”* respectively (test chemical: dry weight of artificial 

soil).

Results

The clay content of the soil appeared to have little influence upon the 

toxicity to earthworms of any of the test chemicals (Tables 

A7.23.1-A7.23.3 and Figure 4.8) .  Only with chlordane did the variation 

in the reproducibility of the test seem to be related to the clay content of 

the soil, as indicated by the significance of the differences between the 

probit lines that were calculated for repeated experiments and analysed by 

a chi-squared test. An artificial soil with a clay content of more than 20% 

gave assessments of toxicity with chlordane for which the reproducibility 

was decreased.

4.2.12 The effect of the pH of the artificial soil upon assessments of 

toxicity to earthworms

Method

The LTj-q’s for chlordane, chloroacetamide and pentachlorophenol were 

assessed at concentrations of 50, 50 and 100 mg.kg * respectively (test 

chemical:dry weight of artificial soil) in artificial soils with a pH of 3.7,

6.2,  7.7 and 8.0.  These soils were prepared by adding dilute HC1 or 

CaCOg to a medium that did not contain any CaCO^, by the method which 

was described previously for the experiments in which the change in the 

body weight of earthworms was measured under similar conditions (Section 

4.2.8) .
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Figure 4.8

THE EPFECT OF ARTIFICIAL SOIL KAOLINITIC CLAY CONTENT UPON
TOXICITY ASSESSMENTS WITH E. PETIDA

Chemical
Soil kaolinitic 

clay content 
Concentration (% dry weight 

(mg.kg-1) of soil)

chlordane 50 0
05*15)

chlordane 50 10 -
(6*73)

chlordane 50 20
(6 60)

chlordane 50 30 1-04

(8-85)
chlordane 50 30 M X

(8-85)
chloroacetamide 50 0

(M7)
chloroacetamide 50 10 tx

14-68
chloroacetamide 50 10 KH

12-31
chloroacetamide 50 20 KX

10-51
chloroacetamide 50 20 KH

14-68
chloroacetamide 50 30 4-04

9-46
chloroacetamide 50 30 - H H

5-48
pentachlorophenol 100 0 (7̂ 32)
pentachlorophenol 100 10 (5*30)
pentachlorophenol 100 20 (5^2)
pentachlorophenol 100 30

(7*48)

- 2 - 1 0 1 2
Concentration expressed in mg.kg-! Hours (Log scale)
(Test chemical : dry weight of soil)

KEY
K H

X

K H(X)
(X)
>..i
No LT50 — ►

<—  No LT50 

(No LT50)

Individual LT50 estimate [o ], gradient [ x ] and 
fiducial limits
Individual LT50 estimate [o ], common gradient for more 
than one replicate [(x) 1 and fiducial limits
Common LT50 estimate [« ], gradient [(x) 1 and fiducial 
limits for more than one replicate
Range within which a poorly defined LT50 falls 
LT50 at an undefined period of exposure that was 
greater than those studied
lt50 at an undefined period of exposure that was 
less than those studied
More than one LT50 at an undefined period of exposure
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Figure 4.9

THE EFFECT OF ARTIFICIAL SOIL pH UPON TOXICITY ASSESSMENTS
WITH E. FETIDA

Chemical Concentration Soil pH
(mg.kg-1) (pH)

(5*92)

(5*77)

(4*43)

(7*77)
| | |

(13-56)
V-H 

)~H 
► —•I

(10-19)

(1V87)

(12*21)
-I

----- 1----- 1-----1_____ l
- 2 - 1  0 1 2

Concentration expressed in mg.kg- -̂ Hours (Log scale)
(Test chemical : dry weight of soil)

chlordane 50 3.7

chlordane 50 6.2

chlordane 50 7.7

chlordane 50 8.0

chloroacetamide 50 3.7

chloroacetamide 50 6.2

chloroacetamide 50 7.7

chloroacetamide 50 8.0

pentachlorophenol 100 3.7

pentachlorophenol 100 6.2

pentachlorophenol 100 7.7

oentachloroohenol 100 8.0

KEY
i—O H  Individual LT50 estimate [ O 1, gradient [ x ] and
x fiducial limits

K H
(X)

(X)
H-H
No LT50 — *.

No LT50 
(No LT50)

Individual LT50 estimate [o ]# common gradient for more
than one replicate [(x) 1 and fiducial limits
Common LT50 estimate (• ], gradient [(x)l and fiducial
limits for more than one replicate
Range within which a poorly defined LT50 falls
LT50 at an undefined period of exposure that was
greater than those studied
LT50 at an undefined period of exposure that was 
less than those studied
More than one LT50 at an undefined period of exposure
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Results

Although the toxicity of chlordane to earthworms appeared to be 

unaffected by the pH of the soil, chloroacetamide and pentachlorophenol 

were less toxic in the most acidic soil (Tables A7.24.1-A7.24.3 and Figure 

4 .9 ) . Thus, the toxicity of chloroacetamide and pentachlorophenol seem to 

be correlated positively with the pH of the soil, although the

reproducibility of the test (inferred from the significance of the

differences between the gradient and the position of the Y-intercept of 

probit lines calculated for the data from repeated experiments and tested  

by chi-squared) did not appear to be dependent upon the pH of the soil.

4.2.13 The effect of the temperature of the artificial soil upon assessments 

of toxicity to earthworms

Method

The LCgQ of chlordane and of carbaryl was estimated at a test

temperature of 5, 10, 20, 25 and 30°C.

Results

The toxicity of chlordane and carbaryl to earthworms was correlated 

positively with the test temperature (Table A7.25 and Figure 4.10) between 

20° and 30°C, although the toxicity of chlordane was correlated negatively 

with the temperature of the test between 5° and 20°C. The repeated 

estimates of the toxicity of both chemicals were calculated to give probit 

lines that differed significantly for parallelism and Y-intercept position 

when tested using chi-squared, and thus the reproducibility of the test 

did not appear to be related to the temperature at which it was done.
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Figure 4.10

THE EFFECT OF A RTIFICIAL SOIL TEMPERATURE UPON TOXICITY ASSESSMENTS 
WITH E. FETIDA

Chemical

chlordane

chlordane

chlordane

chlordane

chlordane

chlordane

chlordane

chlordane

chlordane

chlordane

carbaryl

carbaryl

carbaryl

carbaryl

carbaryl

carbaryl

carbaryl

carbaryl

carbaryl

carbaryl

Temperature
(°C)

Concentration (Log scale) rag.kg-*- 
test chemical : dry weight of soil

KEY
i-OH Individual LC50 estimate [o ], gradient I x ] and
x fiducial limits

hPrH(x)
(x)
No LC50 _

4—  No LC5Q 

(No LC50)

Individual LC50 estimate [o 1 # common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [• ]r gradient [(x) ] and fiducial
limits for more than one replicate
Range within w h ich a poorly defined LC5Q falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one L C 5 q at an undefined concentration
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4.2.14 The effect of the quantity of artificial soil upon the assessment of 

toxicity to earthworms

Method

The toxicity of chlordane was estimated as an LC,.q using 0.1, 0.2,  

0.4 ,  0.8 and 1.0 kg of artificial soil in each test vessel.

Results

The amount of artificial soil held in each test vessel did not appear to 

affect .significantly either the assessment of the toxicity of chlordane to 

earthworms (Table A7.26 and Figure 4.11) or the reproducibility of the 

method as inferred from the results of a chi-squared test for the 

significance of the differences between the gradient and the position of the 

Y-intercept of the probit lines calculated for repeated experiments.

4.2.15 The effect of the period of exposure upon assessments of toxicity to 

earthworms in the artificial soil

Method

The LCgQ for carbaryl was estimated after the earthworms had been 

exposed to an artificial soil that contained this chemical for 7, 14, 20, 40 

and 50 days.

Results

The toxicity of carbaryl to earthworms was correlated positively with 

the period of exposure (Table A7.27 and Figure 4.12) and the greatest 

change in the LCgg occurred between 14-40 days. The fiducial limits were 

wider for the higher LC^'s which were estimated using a short period of 

exposure, although this effect is  less clear in the diagram due to the 

logarithmic concentration scale that is  used.



165

Figure 4.11
THE EFFECT OF ARTIFICIAL SOIL QUANTITY IN EACH TEST VESSEL 
UPON TOXICITY ASSESSMENTS WITH E. FETIDA

Soil
Chemical quantity(g)
chlordane
chlordane

chlordane
chlordane

chlordane

chlordane

chlordane

Concentration (Log scale) mg.kg-  ̂
test chemical : dry weight of soil

KEY
K H

X

hOH(X)
(X)

j.— ^

NO L C 5 Q  y

■<—  No LC50 
(No LC50)

Individual LC50 estimate [o ], gradient I x ] and 
fiducial limits
Individual LC5q estimate [o 1/ common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [• ], gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 a t  an undefined concentration
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Figure 4.12

THE EFFECT OF EXPOSURE PERIOD IN ARTIFICIAL SOIL UPON TOXICITY ASSESSMENTS WITH E. FETIDA

Chemical
Exposure

period
(Days)

carbaryl
carbaryl

carbaryl
carbaryl

carbaryl

7

14

28

40

50

Concentration (Log scale) mg.kg-* 
test chemical : dry weight of soil

KEY
HOH

X

HOH(X)

(X)
I-— H

No LC5Q _>.

<—  No LC50 

(No L C 5 0 )

Individual LC5Q estimate [ o  ], gradient l x ] and 
fiducial limits
Individual LC50 estimate (o ]• common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC5Q estimate [• ], gradient [(x) ] and fiducial
limits for more than one replicate
Range with i n  which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 a t  an undefined concentration
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4 .2 .1 6  T h e  e f fe c t  o f  th e  n u m b e r o f  r e p l ic a te s  u p o n  th e  assessm en t o f  
t o x ic i t y  to  e a r th w o rm s  in  th e  a r t i f i c ia l  s o il

M e th od

E s tim a te s  o f  th e  LC ,.q f o r  c a r b a r y l  to  e a r th w o rm s  w e re  made u s in g  2 ,  
4 , 6 , 8 a n d  10 re p lic a te s  a t each  c o n c e n tra t io n  o f  th e  te s t  c h e m ic a l.

R e s u lts

T h e  d if fe re n c e s  th a t  o c c u r re d  b e tw e e n  th e  L C ^ 's  f o r  c a r b a r y l  
d e te rm in e d  a t v a r io u s  le v e ls  o f  r e p l ic a t io n  w e re  sm a ll (T a b le  A 7 .2 8  a nd  
F ig u re  4 .1 3 ) ,  a lth o u g h  i t  is  d i f f i c u l t  to  d ra w  a c o n c lu s io n  a b o u t th e  e f fe c ts  

o f  r e p l ic a t io n  u p o n  th e  r e p r o d u c ib i l i t y  o f  th e  te s t  in  th e  a bsence  o f  
re p e a te d  e x p e r im e n ts .  T h e  f id u c ia l  l im i ts  w e re  o f  s im ila r  w id th  f o r  th e  
LCgQ!s th a t  w e re  e s t im a te d  in  th e  e x p e r im e n ts  made u s in g  f o u r  o r  m ore  
r e p l ic a te s ,  a n d  w e re  som ew ha t w id e r  f o r  th e  LC ,.q t h a t  was e s t im a te d  u s in g  
o n ly  tw o  r e p l ic a te s .

4 .2 .1 7  T h e  e f fe c t  o f  th e  m e th od  o f  a p p lic a t io n  o f  th e  te s t  ch em ica l to  th e  
a r t i f i c ia l  s o i l u p o n  th e  a ssessm en t o f  t o x ic i t y  to  e a r th w o rm s

M e th o d

T h re e  m e thods  o f  a p p ly in g  th e  te s t  c h em ica l to  th e  a r t i f i c ia l  s o il w e re  
s tu d ie d ,  a n d  each  o f  th e s e  was a m o d if ic a t io n  o f  an  e x is t in g  m e th o d . T h e  
m e thod s  in c lu d e d  a ) s p r a y in g  10 m l o f  a s o lu t io n  o r  s u s p e n s io n  o f  th e  te s t  
ch em ica l o n to  th e  s o il i n  w a te r  o r  a s u ita b le  v o la t i le  o rg a n ic  s o lv e n t .  T h e  
s p ra y  was g e n e ra te d  b y  a c h ro m a to g ra p h ic  a to m is e r , a n d  th e  d e p o s it o f  th e  
t e s t  c h em ica l t h a t  was le f t  o n  th e  s o il was in c o r p o r a t in g  m a n u a lly  ( a f t e r  
E d w a rd s  a n d  J e f fs ,  1 9 7 4 ), b )  m ix in g  th e  te s t  chem ica l d i r e c t ly  w ith  2 .99  
k g  a r t i f i c ia l  s o i l ,  b y  m a n u a lly  in c o r p o r a t in g  a p re m ix  c o n s is t in g  o f  10g  

sa n d  a n d  an  a p p ro p r ia te  am oun t o f  th e  te s t  chem ica l g ro u n d  to g e th e r  
p re v io u s ly  u s in g  a p e s t le  a n d  m o r ta r  ( a f t e r  D a v is ,  1 9 7 1 ) , a n d  c )  
d re n c h in g  th e  te s t  c h em ica l in to  th e  s o il as a s o lu t io n  o r  s u s p e n s io n  in
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F ig u r e  4 .1 3

THE EFFECT OF THE NUMBER OF REPLICATES UPON TOXICITY ASSESSMENTS 
IN THE ARTIFICIAL SOIL TEST WITH E. FETIDA

Chemical Number of 
replicates

carbaryl 2
carbaryl 4

carbaryl 6
carbaryl 8

carbaryl 10

Concentration (Log scale) mg.kg 1 
test chemical : dry weight of soil

KEY
I—OH 

X

(X)
(X)

I-— H

No LC5 Q  ^

♦— No LC5Q

(No LC50)

Individual LC50 estimate lo ], gradient { x ] and 
fiducial limits
Individual LC50 estimate Io 1 » common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [• ], gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LC50 falls
LC5Q at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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10 m l d is t i l le d  w a te r  o r  a s u ita b le  v o la t i le  o rg a n ic  s o lv e n t .  T h e  te s t  
ch em ica l was th e n  d is t r ib u te d  u n i fo rm ly  th r o u g h o u t  th e  m ed ium  b y  m ix in g  
a n d  s p re a d in g  th e  s o i l b y  h a n d  c o n t in u a l ly  u s in g  a s p a tu la  in  a g e n t le  
a i r f lo w ,  a n d  a n y  v o la t i le  o rg a n ic  s o lv e n t was a llow ed  to  e v a p o ra te . T h e  
am oun t o f  w a te r  lo s t  fro m  th e  s o i l d u r in g  th is  p ro c e s s  was e s t im a te d  b y  
w e ig h in g  th e  s o i l b e fo re  a n d  a f t e r  th e  a p p lic a t io n  o f  th e  chem ica l a n d  
c o r r e c t in g  a n y  de c re a se  in  w e ig h t b y  a d d in g  d is t i l le d  w a te r  (D a v is ,  1 9 71 ).

T h e  LCgQ!s f o r  c h lo rd a n e  a n d  ch lo ro a ce tam id e  th a t  h a d  been  a p p lie d  
b y  th e  th re e  d i f f e r e n t  m e thods  w e re  e s t im a te d  a f t e r  14 d a y s .

R e s u lts

T h e  L C j-q’s f o r  c h lo rd a n e  a n d  c h lo ro a c e ta m id e , a p p lie d  as a s p r a y ,  a 

d re n c h  o r  in c o rp o ra te d  in to  th e  s o i l w i th o u t  u s in g  a n y  s o lv e n ts  w e re  

s im ila r  (T a b le  A 7 .2 9  a n d  F ig u re  4 .1 4 ) .  A  c h i- s q u a re d  te s t  f o r  th e  
s ig n if ic a n c e  o f  th e  d if fe re n c e s  b e tw e e n  th e  p r o b i t  l in e s  c a lc u la te d  f o r  th e  
d a ta  fro m  re p e a te d  e x p e r im e n ts ,  in d ic a te d  th a t  th e  m ost re p ro d u c ib le  
r e s u l t s  w e re  o b ta in e d  u s in g  a ) th e  m e thod  o f  in c o rp o ra t io n  w ith o u t  s o lv e n ts  
w ith  b o th  c h lo rd a n e  a n d  c h lo ro a c e ta m id e , b )  th e  a p p lic a t io n  o f  c h lo rd a n e  
u s in g  a d re n c h  a n d  c )  th e  a p p lic a t io n  o f  c h lo ro a ce ta m id e  u s in g  a s p ra y .

T he se  m e thod s  o f  a p p lic a t io n  h a d  some p ra c t ic a l d is a d v a n ta g e s .  
S p ra y s  te n d e d  to  d r i f t ,  a n d  th e  v o la t i le  o rg a n ic  s o lv e n ts  th a t  w e re  u s e d  to  

d re n c h  th e  te s t  chem ica ls  w e re  o n ly  rem o ve d  fro m  th e  s o il w i th  d i f f i c u l t y .  
V is c o u s  l iq u id s  l ik e  te c h n ic a l c h lo rd a n e  c o u ld  n o t b e  a p p lie d  e a s ily  to  th e  
a r t i f i c ia l  s o il w i th o u t  u s in g  s o lv e n ts ,  a n d  th e  m e thod  o f  a p p lic a t io n  in  
w h ic h  th e  te s t  chem ica ls  w e re  g ro u n d  w i th  sand  b e fo re  b e in g  m ix e d  in to  
th e  s o il was s low  to  o p e ra te .
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F ig u r e  4 . 1 4

THE EFFECT OF THE METHOD BY WHICH THE TEST CHEMICAL WAS APPLIED TO 
THE ARTIFICIAL SOIL UPON TOXICITY ASSESSMENTS WITH E. FETIDA

Chemical Method 
of application

chlordane spray K H
3- 54

chlordane spray KH
2-22

chlordane soil drench
(3*8 4)

chlordane incorporation without 
using solvents (2KJ4)

chloroacetamide spray
(2*19)

chloroacetamide soil drench i-#—1 
1-91

chloroacetamide soil drench - KH
3* 72

chloroacetamide incorporation without 
using solvents K H(2-3 5 )

chloroacetamide incorporation without 
using solvents

KH
C2-3 5)

________1________1___
- 1 0  1 2  3

Concentration (Log scale) mg.kg-! 
test chemical : dry weight of soil

KEY
»-o-l Individual LC50 estimate [o ], gradient [ x ] and
x fiducial limits

h-OH Individual LC50 estimate (o If common gradient for more
(x) .than one replicate [(x) ] and fiducial limits
t-#H Common LC50 estimate [• ], gradient [(x) ] and fiducial
M  limits for more than one replicate
»-— -1 Range within which a poorly defined LC50 falls
No LC50 _>. LC5Q at an undefined concentration that was greater

than those studied
<—  No LC5Q LC50 at an undefined concentration that was less than 

those studied
More than one LC50 at an undefined concentration(No LC50)
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4 .2 .1 8  A sse s sm en ts  o f  th e  t o x ic i t y  o f  c h em ica ls  to  e a r th w o rm s  u s in g  th e  
a r t i f i c ia l  s o i l te s t

M e thod

T h e  f in a l  v e r s io n  o f  th e  a r t i f i c ia l  s o i l te s t  u s in g  o p tim a l c o n d it io n s  
was u s e d  to  e s tim a te  th e  L C j-q ' s o f  c h lo rd a n e , t r ia z o p h o s ,  c a r b a r y l ,  
b e n o m y l, th io p h a n a te -m e th y l,  p e n ta c h lo ro p h e n o l,  t r ic h lo r o a c e t ic  a c id ,  
c h lo ro a c e ta m id e , p o ta s s iu m  b ro m id e  a n d  c o p p e r  s u lp h a te .

R e s u lts

T h e  L C ^ 's  o f  th e  te s t  chem ica ls  (T a b le  A 7 .3 0  a n d  F ig u re  4 .1 5 )  w e re  

ra n k e d  w i t h in  a r b i t r a r i l y  a s s ig n e d  c a te g o r ie s  o f  t o x ic i t y  to  e a r th w o rm s  
(T a b le  4 . 2 ) .

4 .3 .  D is c u s s io n

T h e  a r t i f i c ia l  s o il h a d  p ro p e r t ie s  th a t  w e re  s im ila r  to  th o s e  o f  a 
n a tu r a l s a n d y  loam  ( A v e r y ,  1 9 8 0 ), w i th  a pH  o f  6 .8  a n d  a c a t io n  e x c h a n g e  
c a p a c ity  o f  152 a n d  187 m e q .k g  1 a t th e  n a tu r a l pH  ( 6 .8 )  a n d  a s ta n d a rd  
pH  ( 8 .1 )  r e s p e c t iv e ly .  T h e  s o il becam e s a tu ra te d  a t a m o is tu re  c o n te n t o f  
a p p ro x im a te ly  50% (w e t w e ig h t ) .

I  d e c id e d  to  d e ve lo p  a s ta n d a rd is e d  m in e ra l a r t i f i c ia l  s o i l ,  b e cause  
t h is  ty p e  o f  m ed ium  show ed  p ro m ise  f o r  p r e d ic t in g  a c c u ra te ly  th e  t o x ic i t y  
o f  chem ica ls  to  e a r th w o rm s  in  th e  f ie ld .  E . fe t id a  w o u ld  n o t to le ra te  th e  
v e r y  s a n d y  s o ils  t h a t  I  u s e d  in  m y p r e l im in a r y  e x p e r im e n ts ,  a n d , u n l ik e  
L .  t e r r e s t r i s , A .  lo n g a  a n d  A .  c a l ig in o s a , lo s t  w e ig h t r a p id ly  in  a r t i f i c ia l  

s o ils  th a t  h a d  a low  o rg a n ic  m a tte r  c o n te n t .  T h e re fo re  a s o i l th a t  

c o n ta in e d  a la rg e  am oun t o f  p e a t was e s s e n t ia l f o r  th e  s u r v iv a l  o f  E . 
f e t id a , a l th o u g h  th is  g a ve  th e  a r t i f i c ia l  s o il a w a te r  h o ld in g  c a p a c ity  h ig h e r  
th a n  th a t  fo u n d  in  m any  n a tu r a l s o i ls .  O rg a n ic  m a tte r  has  a h ig h  c a t io n  
e xch a n g e  c a p a c ity  a n d  to  k e e p  th e  o v e ra l l a d s o rp t iv e  c a p a c ity  o f  th e  s o il 
s im ila r  to  th a t  o f  a n a tu r a l a ra b le  s o i l,  a n o n -e x p a n d in g  k a o l in i t ic  c la y



Figure 4.15
TOXICITY ASSESSMENTS WITH E^ FETIDA USING THE ARTIFICIAL SOIL TEST 

Chemical

chlordane

chlordane

chlordane

chlordane

triazophos
triazophos

carbaryl
carbaryl

benomyl
benomyl
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T a b le  4 .2 .  C a te g o r ie s  o f  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  a s s ig n e d  

t o  th e  r e s u l t s  o b ta in e d  u s in g  th e  a r t i f i c ia l  s o il te s t .

C a te g o ry R ange  o f  th e  LC 50 ’ s C hem ica l
o f

t o x ic i t y
w i th in  t h is  c a te g o ry

. -1  m g .k g

V e r y  to x ic <9 .9 B e n o m y l

T r ia z o p h o s
C h lo ro a ce tam id e

T o x ic 10 .0  -  99 .9 T h io p h a n a te -m e th y l
C h lo rd a n e
P e n ta c h lo ro p h e n o l
C a rb a r y l

M o d e ra te ly  to x ic 100 .0  -  999 .9 P o ta ss ium  b ro m id e

S l ig h t ly  to x ic >1000 C o p p e r s u lp h a te
T r ic h lo r o a c e t ic  a c id
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w h ic h  is  r a r e ly  fo u n d  in  E u ro p e a n  s o ils  h a d  to  b e  u s e d , b ecause  th e se  
c la y s  p o sse ss  a low  c a t io n  e x c h a n g e  c a p a c ity .

E . fe t id a  was r e lu c ta n t  to  b u r r o w  in to  an  a r t i f i c ia l  s o i l t h a t  c o n ta in e d  
le s s  th a n  5% w a te r  a n d  in  th e s e  s o ils  lo s t  b o d y  w e ig h t ,  a l th o u g h  in  
a r t i f i c ia l  s o ils  th a t  c o n ta in e d  b e tw e e n  10-50% w a te r  E . fe t id a  d id  n o t  lo se  

w e ig h t .  T h e se  s tu d ie s  a g re e  w ith  p re v io u s  w o rk  w h ic h  c o n c lu d e d  th a t  E . 
fe t id a  was s u s c e p t ib le  to  d e s ic c a t io n  a lth o u g h  i t  c o u ld  to le ra te  th e  lo s s  o f  
59% o f  th e  b o d y  w a te r  (G r a n t ,  1 9 5 5 ), a n d  th a t  in  an  o rg a n ic  s u b s t ra te  
th e s e  e a r th w o rm s  r e q u ir e d  a v e r y  m o is t e n v iro n m e n t th a t  c o n ta in e d  
b e tw e e n  70-85% w a te r  (K a p la n  e t a l . , 1 9 80 ).

T h e  assessm en t o f  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  can  be  
a f fe c te d  b y  th e  m o is tu re  c o n te n t o f  th e  a r t i f i c ia l  s o i l .  C h lo ro a ce tam id e  is  a 
w a te r - s o lu b le  ch em ica l th a t  was n o n - to x ic  to  e a r th w o rm s  in  a s o i l t h a t  
c o n ta in e d  le s s  th a n  30% w a te r ,  a l th o u g h  c h lo rd a n e  a n d  p e n ta c h lo ro p h e n o l  
( b o th  o f  w h ic h  w e re  a lm os t in s o lu b le  in  w a t e r ) , w e re  a p p ro x im a te ly  
e q u ito x ic  i n  s o ils  o f  d i f f e r e n t  m o is tu re  c o n te n ts .  T h e se  o b s e rv a t io n s  a g re e  
w ith  o th e r  s tu d ie s  on  c h lo rd a n e  ( H a r r is ,  1972b) in  w h ic h  th e  t o x ic i t y  o f  
w a te r  s o lu b le  com pounds  was c o r re la te d  p o s i t iv e ly  w i th  th e  am oun t o f  w a te r  
(b e tw e e n  m o is tu re  c o n te n ts  o f  1-12%) in  th e  s o i l .  O th e r  a ssessm en ts  o f  th e  
t o x ic i t y  o f  b e n o m y l a n d  c h lo ro a ce ta m id e  to  e a r th w o rm s  h a ve  b e e n  made  
u s in g  th is  a r t i f i c ia l  s o il c o n ta in in g  b e tw e e n  35-51% w a te r  (H e im ba ch  a n d  

E d w a rd s , 1 9 8 3 ) , d u r in g  a s tu d y  to  e s ta b lis h  th e  v a lu e  o f  th e  a r t i f i c ia l  s o il  
te s t  f o r  e s t im a t in g  th e  t o x ic i t y  o f  p e s t ic id e s  to  e a r th w o rm s . T h e  t o x ic i t y  
o f  th e s e  ch em ica ls  a p p e a re d  to  b e  u n a f fe c te d  b y  th e  m o is tu re  c o n te n t o f  

th e  s o i l ,  a l th o u g h  th e se  chem ica ls  w e re  in s o lu b le  a n d  s o lu b le  in  w a te r  
r e s p e c t iv e ly .  I  re com m ended  th a t  th e  a r t i f i c ia l  s o il s h o u ld  c o n ta in  48% 
w a te r  (w e t w e ig h t ) ,  a p p ro x im a te ly  2% be low  th e  s a tu ra t io n  c a p a c ity .  T h is  
m o is tu re  c o n te n t p r o v id e d  v e r y  s u ita b le  c o n d it io n s  f o r  th e  s u r v iv a l  o f  E . 
fe t id a  a n d  p o te n t ia te d  th e  t o x ic i t y  o f  w a te r  s o lu b le  c h e m ic a ls , w h i ls t  h a v in g  
l i t t l e  e f fe c t  u p o n  th e  t o x ic i t y  o f  th e  le s s  w a te r  s o lu b le  c om pound s .
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E . fe t id a  lo s t  w e ig h t r a p id ly  in  a r t i f i c ia l  s o ils  th a t  c o n ta in e d  le s s  th a n  
5% o rg a n ic  m a t te r ,  a n d  a lso , lo s t  w e ig h t in  th e  f ie ld  s o il c o lle c te d  fro m  
G e e s c ro ft F ie ld  (R o th a m s te d  E x p e r im e n ta l S ta t io n )  w h ic h  c o n ta in e d  2.5%  
o rg a n ic  m a t te r .  T h u s ,  f o r  an  a r t i f i c ia l  s o il to  be  s u ita b le  f o r  th e  

assessm en t o f  th e  t o x ic i t y  o f  chem ica ls  to  E . f e t id a , i t  s h o u ld  c o n ta in  a 

h ig h  p r o p o r t io n  o f  o rg a n ic  m a t te r .  T h e  ty p e  o f  o rg a n ic  m a t te r  th a t  was  
in c o rp o ra te d  in to  th e  a r t i f i c ia l  s o il n e eded  to  be  s ta n d a rd is e d  e a s ily ,  
r e a d i ly  a v a ila b le  a n d  to  h a v e  a low  a d s o rp t iv e  c a p a c ity .  O rg a n ic  m a tte r  
can  h a v e  a v e r y  h ig h  c a t io n  e x c h a n g e  c a p a c ity  b e tw e e n  2000-4000  
m e q .k g  ^ (B a ile y  a n d  W h ite , 1 9 6 4 ), a lth o u g h  sp hagnum  moss p e a ts  o f  th e  

t y p e  u s e d  in  th is  s tu d y  h a v e  a lo w e r  a d s o rp t iv e  c a p a c ity  o f  a p p ro x im a te ly  
1000 m e q .k g  *  ( P u u s t ja r v i ,  1 9 7 9 ). S phagnum  moss p e a ts  m ay be  d e f in e d  
p re c is e ly  (F a rn h a m , 1 9 7 9 ), a lth o u g h  th o se  s o ld  f o r  h o r t ic u l t u r a l  u se  a re  
o f te n  b le n d s  o f  am o rp hou s  a n d  f ib r o u s  p e a ts . T h e  h o r t ic u l t u r a l  p e a t  
re com m ended  in  th is  s tu d y  was a b le n d  th a t  was s ta b le  w ith  r e g a rd  to  p H ,  
m o is tu re  h o ld in g  c a p a c ity  a n d  c a t io n  e x c h a n g e  c a p a c ity .

T h e  t o x ic i t y  o f  c h lo rd a n e , p e n ta c h lo ro p h e n o l a n d  c h lo ro a ce ta m id e  w e re  
c o r re la te d  n e g a t iv e ly  w ith  th e  am oun t o f  o rg a n ic  m a tte r  in  th e  a r t i f i c ia l  
s o il.  T h is  c o n f irm e d  o th e r  o b s e rv a t io n s  w h ic h  in d ic a te d  th a t  c h lo rd a n e  was  
le s s  to x ic  in  a m u ck  s o il th a n  in  a loam  s o il ( H a r r is ,  1 9 7 2 b ) , a n d  th a t  th e  
t o x ic i t y  o f  some u n s p e c if ie d  p e s t ic id e s  was re la te d  in v e r s e ly  to  th e  o rg a n ic  
m a tte r  c o n te n t o f  an  a r t i f i c ia l  s o il (H e im b a c h , 1 9 8 4 ). T h e  r e s u l t s  o f  m y  

s tu d ie s  c o n t r a s t  w i th  th o s e  o f  H e im bach  a n d  E d w a rd s  (1 9 8 3 ) , w ho  fo u n d  
t h a t  th e  t o x ic i t y  o f  b e n o m y l a n d  c h lo ro a ce ta m id e  was u n a f fe c te d  b y  th e  
am oun t o f  o rg a n ic  m a tte r  in  th e  a r t i f i c ia l  s o il w i th in  th e  ra n g e  2.5-10%  ( d r y  
w e ig h t ) .  I  re com m ended  th a t  8% o rg a n ic  m a tte r  ( d r y  w e ig h t )  s h o u ld  be  
in c lu d e d  in  th e  s o il as a com p rom ise  b e tw e e n  th e  d e ve lo p m e n t o f  a m ed ium  
t h a t  w as a c c e p ta b le  to  E . f e t id a , a n d  one  th a t  h a d  a r e la t iv e ly  low  
a d s o rp t iv e  c a p a c ity .  I  a g re e  w i th  H e im bach  (1982 ) th a t  th e  am oun t o f  
o rg a n ic  m a t te r  in  th e  a r t i f i c ia l  s o i l,  th e  m o is tu re  c o n te n t th a t  is  a s so c ia te d
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w ith  i t  a n d  th e  am oun t o f  CaCO^ n eeded  to  a ch ie ve  a s u ita b le  p H , c o u ld  
p ro b a b ly  b e  d e c re a se d  b y  u s in g  a d i f f e r e n t  spec ie s  o f  e a r th w o rm , a lth o u g h  
E . fe t id a  is  w e ll s u ite d  to  th is  ty p e  o f  te s t .  T hese  c h a n g e s  w o u ld  m ake  
th e  a r t i f i c ia l  s o il m o re  l ik e  a n a tu r a l a ra b le  s o il b y  r e d u c in g  th e  a d s o rp t iv e  
c a p a c ity  a n d  l im i t in g  th e  n e u t r a l is a t io n  o f  a c id ic  te s t  c h em ica ls  b y  a lk a lin e  
com ponen ts  in  th e  s o i l ,  b u t  w o u ld  ra is e  d i f f i c u l t ie s  in  c u l t u r in g  th e  
e a r th w o rm s .

C la y s  a d s o rb  chem ica ls  (B a ile y  a n d  W h ite , 1964; H a r r is ,  1966; W eise , 
1964) a n d  show  a c a t io n  e x c h a n g e  c a p a c ity  th a t  is  a d d i t iv e  to  th a t  o f  th e  
o rg a n ic  m a t te r .  K a o l in i t ic  c la y s  h a ve  a lo w e r  a d s o rp t iv e  c a p a c ity  th a n  
m o n tm o r i l lo n it ic  c la y s  (W ebe r a n d  W eed, 1974) a n d  hence  w e re  recom m ended  
f o r  u se  in  th e  a r t i f i c ia l  s o il d e s p ite  t h e i r  s c a r c i ty  in  E u ro p e a n  s o ils  to  
a v o id  an  o v e ra l l  a d s o rp t iv e  c a p a c ity  th a t  w as u n d e s ir a b ly  h ig h .

T h e  am oun t o f  c la y  p re s e n t in  th e  a r t i f i c ia l  s o i l ,  w i th in  th e  ra n g e  
0-30% ( d r y  w e ig h t ) ,  d id  n o t a f fe c t  th e  b o d y  w e ig h t o f  E . fe t id a  d u r in g  th e  
t e s t  p e r io d .  H ence  th e  p ro p o r t io n  o f  c la y  th a t  was in c o rp o ra te d  in to  th e  
a r t i f i c ia l  s o il was n o t r e s t r ic te d  b y  th e  am oun t th a t  w o u ld  be  to le ra te d  b y  
th e  e a r th w o rm s . T h e  assessm en t o f  th e  t o x ic i t y  o f  chem ica ls  to  
e a r th w o rm s , to g e th e r  w ith  t t ie  r e p r o d u c ib i l i t y  o f  th e se  assessm en ts  w ith  
c h lo rd a n e , c h lo ro a ce ta m id e  a n d  p e n ta c h lo ro p h e n o l,  w e re  a lso  u n a f fe c te d  b y  
th e  am oun t o f  c la y  in  th e  a r t i f i c ia l  s o i l.  S im ila r  o b s e rv a t io n s  h a ve  b een  

made u s in g  k a o l in i te  a n d  b e n to n ite  (a  m o n tm o r illo n ite  t y p e )  c la y s ,  a n d  
w h e n  th e s e  c la y s  w e re  in c o rp o ra te d  in to  th e  a r t i f i c ia l  s o il in  am oun ts  
r a n g in g  fro m  5-20% ( d r y  w e ig h t ) ,  no  c h a n g e  was seen in  th e  th e  t o x ic i t y  
o f  b e n o m y l o r  c h lo ro a ce ta m id e  to  e a r th w o rm s  (H e im ba ch  a n d  E d w a rd s ,  
1 9 8 3 ). T h u s ,  a s o il was recom m ended  th a t  c o n ta in e d  20% c la y ,  w h ic h  was  
s im ila r  to  th e  am oun t fo u n d  in  a n a tu r a l s a n d y  loam  s o il ( A v e r y ,  1980 ).

E . fe t id a  was s e n s it iv e  to  th e  pH  o f  th e  s o il a n d  lo s t  m ore  w e ig h t in  
an  a c id ic  s o il th a n  in  an  a lk a lin e  s o i l ,  a lth o u g h  th is  sp e c ie s  o f  e a r th w o rm  
was a b le  to  s u r v iv e  in  a s o il o f  pH  3 . 7 .  T he se  r e s u l t s  a g re e  w ith
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p re v io u s  in v e s t ig a t io n s  b u t  c o n t r a d ic t  th e  c o n c lu s io n  th a t  t h is  spe c ie s  w i l l  

n o t  to le ra te  a pH  o f  le s s  th a n  5 (K a p la n  e t a l . , 1 9 8 0 ). Some w o rk e r s  

s u g g e s t t h a t  E . fe t id a  lo ses  le s s  w e ig h t in  an a c id ic  p e a t ,  b e cau se  i t  
b u r r o w s  in  t h is  m ed ium  le s s  a c t iv e ly  th a n  in  a m o re  a lk a lin e  m a te r ia l a n d  
th u s  c o n s e rv e s  e n e rg y  a n d  b iom ass  (S a tc h e ll a n d  D o t t ie ,  1 9 8 4 ). M y  

r e s u l t s  a re  c o n s is te n t w ith  th e  o p in io n  th a t  th e  m os t a lk a lin e  c o n d it io n s  
to le r a te d  b y  lu m b r ic id  e a r th w o rm s  a re  w i th in  th e  ra n g e  fro m  pH  9 f o r  E . 
fe t id a  (K a p la n  e t a l . , 1980) to  pH  7 .3  f o r  A .  c a lig in o s a  (S p r in g e t t  a n d  

S y e rs ,  1 984 ).

T h e  pH  can  a f fe c t  th e  a d s o rp t iv e  p ro p e r t ie s  o f  th e  s o il a n d  th e  s ta te  

o f  io n is a t io n  o f  th e  te s t  chem ica l (B a ile y  a n d  W h ite , 1 9 6 4 ). T h e  t o x ic i t y  
o f  c h lo rd a n e , c h lo ro a ce ta m id e  a n d  p e n ta c h lo ro p h e n o l to  e a r th w o rm s  was  
u n c h a n g e d  w h en  a ssessed  in  a r t i f i c ia l  s o ils  w h ic h  h a d  p H 's  w i t h in  th e  

ra n g e  3 .7 - 8 .0 .  T h e se  r e s u l t s  a g re e  w ith  s im ila r  s tu d ie s  done  u s in g

b e n o m y l a n d  c h lo ro a c e ta m id e , in  w h ic h  th e  t o x ic i t y  o f  th e s e  ch em ica ls  to  
e a r th w o rm s  was u n a f fe c te d  in  a r t i f i c ia l  s o ils  t h a t  h a d  p H 's  w i th in  th e  ra n g e  
4 .5 - 7 .5  (H e im ba ch  a n d  E d w a rd s , 1 9 8 3 ). T h e  e f fe c t  o f  th e  pH  o f  th e  s o il 

u p o n  th e  s ta te  o f  io n is a t io n  o f  th e  te s t  ch em ica l d i f f e r s  b e tw e e n  g ro u p s  o f  
com pounds  a n d  can  in f lu e n c e  th e  r a te  a t w h ic h  chem ica ls  a re  ta k e n  u p  in to  
e a r th w o rm s  (L o fs -H o lm in ,  1 9 81 ). F u r th e rm o re ,  th e  a tom ic  v a le n c y  s ta te  o f  
an  e lem en t can  a f fe c t  th e  t o x ic i t y  th a t  i t  p re s e n ts  to  e a r th w o rm s  a n d  th e  
t o x i c i t y  o f  c o p p e r  c h lo r id e "  to  L .  r u b e l lu s  was fo u n d  to  b e  c o r re la te d  
n e g a t iv e ly  w ith  th e  a c id i t y  o f  a s a n d y  s o il b e tw e e n  pH  4 .8  to  7 .1  (M a ,

1 9 8 4 ). T h is  e f fe c t  w as a t t r ib u te d  to  th e  in c re a s e d  a v a i la b i l i t y  o f  c u p r ic  
io n s ,  a l th o u g h  o th e r  w o rk e rs  h a ve  d is p u te d  th a t  t o x ic i t y  to  o rg a n ism s  is  
re la te d  to  th e  v a le n c y  o f  th e  c o p p e r  a tom  ( A n o n . ,  1 9 72 ). T h e se  
d if fe re n c e s  in  th e  e f fe c t  o f  pH  u p o n  th e  te s t  chem ica ls  w e re  m in im iz e d  b y  
re com m end in g  an  a r t i f i c ia l  s o il w i th  a pH  o f  6 .8 ,  w h ic h  was a lm os t n e u t r a l  
a n d  was r e p re s e n ta t iv e  o f  m any s o ils  th a t  o c c u r  n a tu r a l ly  in  a ra b le  la n d .  
A  pH  o f  6 .8  was a c h ie v e d  c o n v e n ie n t ly  b y  a d d in g  1% ca lc ium  c a rb o n a te
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( d r y  w e ig h t )  to  th e  s o il a n d , as t h is  com pound  can  re a c t w ith  a c id ic  te s t  

chem ica ls  to  a f fe c t  t h e i r  t o x ic i t y ,  i t  was d e s ira b le  th a t  as l i t t l e  c a lc ium

c a rb o n a te  as p o s s ib le  was u s e d .
/

T h e  t o x ic i t y  o f  th e  te s t  chem ica ls  was c o r re la te d  p o s i t iv e ly  w ith  th e  
te m p e ra tu re  o f  th e  a r t i f i c ia l  s o i l ,  e x c e p t f o r  th a t  o f  c h lo rd a n e  w h ic h  was  
c o r re la te d  n e g a t iv e ly  w ith  th e  te m p e ra tu re  o f  th e  s o il b e tw e e n  5 -2 0 °C .  
O th e r  s tu d ie s  h a v e  sh ow n  th a t  th e  t o x ic i t y  to  e a r th w o rm s  o f  b e n o m y l a n d  
c h lo ro a ce ta m id e  in  th e  a r t i f i c ia l  s o il was n o t a f fe c te d  b y  te m p e ra tu re  
b e tw e e n  10 -26 °C  (H e im ba ch  a n d  E d w a rd s , 1 983 ). T h e  te m p e ra tu re  o f  th e  
s o il a lso  a f fe c ts  th e  r a te  a t w h ic h  a chem ica l e v a p o ra te s  a n d  th e  v a p o u r  
p re s s u re  th a t  is  a c h ie v e d  b y  i t  w i th in  th e  s o il sp a ce s . F u r th e rm o re ,  th e  
chem ica ls  becom e a d s o rb e d  o n to  th e  s o il a n d  d is s o lv e d  in  th e  w a te r  w i th in  

th e  s o il to  an  e x te n t  th a t  is  d e p e n d e n t u p o n  th e  te m p e ra tu re  (B a ile y  a n d  
W h ite , 1 9 6 4 ). A s  each  o f  th e s e  p ro c e s se s  can a f fe c t  th e  t o x ic i t y  o f

ch em ica ls  to  e a r th w o rm s , th e  c h o ice  o f  th e  te m p e ra tu re  a t w h ic h  th e  te s t  is  
c o n d u c te d  was c r i t ic a l .  A  te m p e ra tu re  o f  20° ± 1 °C  was re com m ended  
because  th is  o p t im is e d  th e  p h y s ic o -c h e m ic a l in te ra c t io n s  b e tw e e n  th e  s o il  
a n d  te s t  c h e m ic a l, w as w i th in  th e  ra n g e  o f  te m p e ra tu re s  th a t  w e re  
a c c e p ta b le  to  E . fe t id a  in  c u l tu r e s  in  a n im a l m anu re  (H a r te n s te in ,  1982; 
K a p la n  e t a l . , 1980) a n d  in  th e  a r t i f i c ia l  s o il a n d  g a ve  a re l ia b le  e s tim a te  
o f  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  w i th in  14 d a y s . T h e  c a p a c ity  to  
b e  a b le  to  c u l tu r e  a n d  te s t  E . fe t id a  a t th e  same te m p e ra tu re  was  
a d v a n ta g e o u s , b e cau se  a c h ange  in  te m p e ra tu re  b e tw e e n  th e s e  tw o  
c o n d it io n s  c o u ld  a f fe c t  th e  assessm en t o f  t o x ic i t y  (T o m lin ,  1 9 7 7 ). A r t i f i c ia l  
s o il te s ts  a t th is  te m p e ra tu re  u se  r e a d i ly  a v a ila b le  fa c i l i t ie s  a n d  g iv e  
r e s u l t s  th a t  com pa re  d i r e c t ly  w ith  o th e r  te s ts  f o r  t o x ic i t y  to  e a r th w o rm s ,  
m ost o f  w h ic h  h a ve  b ee n  c a r r ie d  o u t a t s im ila r  te m p e ra tu re s .

T h e  q u a n t i t y  o f  a r t i f i c ia l  s o il u s e d  in  each te s t  v e s s e l d id  n o t a f fe c t  
th e  a ssessm en t o f  t o x ic i t y ,  a lth o u g h  th e  p o s s ib i l i t y  e x is te d  th a t  th e  e f fe c t  
o f  chem ica ls  th a t  w e re  b io a c cu m u la te d  b y  e a r th w o rm s  w o u ld  b e  g r e a te r ,
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a n d  th e  n o n -u n ifo rm  d is t r ib u t io n  o f  th e  te s t  chem ica l m ore  p ro b a b le ,  in  a 
la r g e  vo lum e  o f  s o i l .  F u r th e rm o re ,  i t  was u n d e s ira b le  th a t  th e  e a r th w o rm s  

s h o u ld  b e  ca pab le  o f  in g e s t in g  a la rg e  p r o p o r t io n  o f  th e  s o il in  th e  te s t  
v e s s e l w i th in  th e  p e r io d  o f  th e  t e s t ,  because  th e  p ro d u c ts  o f  e x c re t io n  may  
a ccum u la te  to  a to x ic  c o n c e n tra t io n  in  th e  c a s t m a te r ia l,  a n d  th e  te s t  
chem ica l can  becom e d e g ra d e d . T h e  e s tim a te s  o f  th e  am oun t o f  s o il t h a t  is  
in g e s te d  b y  th e  e a r th w o rm s  d u r in g  a 14 d a y  p e r io d  o f  e x p o s u re  d i f f e r .  I f  
one  a c ce p ts  th e  e s tim a te  o f  H a r te n s te in ,  H a r te n s te in  a n d  H a r te n s te in  
(1 9 8 1 ) , th e  mean g u t  lo a d  o f  E . fe t id a  is  30-70% o f  th e  l iv e  b o d y  w e ig h t  
(w h ic h  is  0 .4  g ,  a s sum in g  a 50% g u t  lo a d  in  a 0 .8  g  e a r th w o rm ) a n d  has  a 

t r a n s i t  t im e  o f  2 .5  h o u rs  a t 25°C  in  s o il o r  c e llu lo s e  s u b s t r a te s .  T h u s  te n  
e a r th w o rm s  w o u ld  in g e s t  537 .6  g  o f  s o il i n  14 d a y s , w h ic h  is  e q u iv a le n t  to

53 .8  g .w o rm  *  o v e r  t h is  p e r io d .  O th e r  d a ta  (M o rg a n , 1984) in d ic a te d  th a t  
E . fe t id a  w i th  a l iv e  b o d y  w e ig h t o f  0 .8  g  r a r e ly  h a d  a g u t  c o n te n ts  th a t  
w e ig h e d  m ore  th a n  0 .4  g ,  a n d  show ed  th a t  th e  g u t  t r a n s i t  t im e  was 45 
h o u rs  f o r  m ic ro c r y s ta l l in e  c e llu lo s e . C a lc u la t io n s  b a sed  u p o n  th e se  d a ta  
in d ic a te  th a t  a s in g le  E . fe t id a  in g e s ts  2 .9 9  g  o f  s o i l.w o rm -1  in  14 d a y s  
a n d  th a t  2 9 .9  g  o f  s o il w o u ld  b e  in g e s te d  b y  th e  te n  e a r th w o rm s  in  each  
te s t  v e s s e l d u r in g  th e  c o u rs e  o f  an  e x p e r im e n t th a t  la s ts  14 d a y s . T h e  
u se  o f  750 g  o f  a r t i f i c ia l  s o il in  each  te s t  v e s s e l g r e a t ly  e x ceeded  th e se  
m in im um  a m o u n ts , w h e n  te n  E . fe t id a  w e re  u s e d  in  each  r e p l ic a te .

Some te s ts  f o r  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  u s in g  s o il in  
th e  la b o ra to r y  h a ve  u s e d  f iv e  E . fe t id a  in  1 .1  k g  s o il (H o p k in s  a n d  K i r k ,

1957) o r  s ix  E . fe t id a  in  0 .5  k g  s o il (H a q u e  a nd  E b in g , 1 983a ). T h e se  

q u a n t i t ie s  o f  s o i l,  to g e th e r  w i th  th o s e  re com m ended  in  th e  p re s e n t  s tu d y  o f  
750 g  a r t i f i c ia l  s o i l,  a re  som ew ha t lo w e r  th a n  th e  m in im um  o f  20 l i t r e s  o f  
s o il p e r  re p l ic a te  s u g g e s te d  b y  E b in g  a nd  H aque  (1 9 7 9 ) . T h e  d e n s i ty  o f  

th e  p o p u la t io n  o f  e a r th w o rm s  th a t  was a c h ie v e d  in  th e  a r t i f i c ia l  s o i l w a s , 
h o w e v e r , w i th in  th e  ra n g e  p ro p o s e d  b y  th e se  w o rk e r s  a n d  d id  n o t e xceed  
t h a t  o f  th e  n a tu r a l p o p u la t io n  b y  m ore  th a n  te n  t im e s , becau se  o f  th e  

g re g a r io u s  h a b its  o f  E . f e t id a .
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The period of exposure was correlated positively with the toxicity of 

chemicals to earthworms, and the difference between the assessments of 

toxicity made at several different longer periods of exposure, was less 

than that between assessments made at several different shorter periods of 

exposure. Not all long duration tests provide stable estimates of toxicity 

and at the end of a test, many assessments were still found to be 

changing after 28 days (Milne and DuToit, 1976), 32 days (Caseley and 

Eno, 1966) and in my own work after 50 days. Very long tests were 

undesirable, because the test chemical can volatilise, spontaneously 

decompose or be detoxified by microorganisms or by the earthworms. 

Tests of long duration also require a large volume of soil in each test 

vessel to ensure that the earthworms are able to avoid cast material, and 

may require the addition of food to avoid mortality in the controls. Foods 

are difficult to standardise (Ebing and Haque, 1979), may adsorb chemicals 

and would represent an additional complication of the method. Short tests 

lasting seven days or less may give an unreliable assessment of the 

toxicity of chemicals to earthworms (Fayolle, 1979; Martin, 1982), but have 

the advantage of being economical and of using a period of exposure that 

fits conveniently into weekly working schedules. These considerations, 

together with the reports of previous studies of the toxicity of chemicals 

to earthworms that have given a satisfactory result after periods of 

exposure of 14 days (Haque and Ebing, 1983a; Karnak and Hamelink,

1982), indicated that the optimum test duration was 14 days.

The reproducibility of an estimate of toxicity can be affected by the 

number of replicates that are used. The results of my work suggest that 

the variability of the assessments of the toxicity of chemicals to 

earthworms in the artificial soil was somewhat lower when four or more 

replicates were used. Other workers have considered three replicates 

(Haque and Ebing, 1983a; Hopkins and Kirk, 1957; Karnak and Hamelink, 

1982) or four replicates (Hyche, 1956; Ruppel and Laughlin, 1977) to be
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adequate for similar types of tests for toxicity to earthworms. Thus, by 

recommending the use of four replicates in the artificial soil test, I hoped 

to combine accuracy with a low cost of operation.

The method by which the test chemical was incorporated into the 

artificial soil did not have much effect upon the assessment of toxicity, 

although the assessments made with chemicals that were applied using a 

drench appeared to be the most reproducible. Drenches have been used 

successfully by other workers (Stringer and Wright, 1973; Davis, 1971) 

and are simple to use with aqueous solutions of test chemical, but the 

subsequent removal of volatile organic solvents from the soil is  difficult. 

Chemicals applied by this method tend to concentrate in the upper layers 

of the soil (Morrod, 1982) and thus still require some form of 

incorporation. The use of organic solvents can cause chemicals to adsorb 

more strongly onto the soil colloids (Weise, 1964) or may interact directly 

with the test chemical, for instance acetone is reported to have an additive 

or synergistic effect upon the fungicidal properties of benomyl (Burrell 

and Corke, 1980). The application of the test chemical to the soil in a 

spray limits the effect of the solvent, but considerable care is required to 

prevent drift of the spray, which can introduce inaccuracies into the 

amount of the test chemical that is  deposited onto the soil. The method in 

which the test chemical is incorporated directly into the soil without using 

any solvents has been used extensively in previous studies (e .g . Haque 

and Ebing, 1983a; Hockenyos, 1939; Hopkins and Kirk, 1957), but proved 

laborious to use and not suitable for all chemicals. The technique of 

application using a spray was recommended because it allowed for chemicals 

of widely differing properties to be applied to the artificial soil in a rapid 

and uniform manner. The period that was allowed to elapse between the 

treatment of the soil with the test chemical and the introduction of the 

earthworms did not appear to affect the toxicity of compounds such as 

chloroacetamide or benomyl (Heimbach and Edwards, 1983).
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The assessments of the toxicity of chemicals to E. fetida that were 

made with the artificial soil test agreed generally with those that had been 

reported previously from other experiments done in the laboratory and the 

field (Table A l . l ) .  Chemicals such as benomyl and thiophanate-methyl 

were ranked relatively more toxic than other chemicals when tested in the 

artificial soil test, although these chemicals were ranked as relatively less 

toxic than the other compounds from the results that were obtained using 

the filter paper contact test. This effect was probably due to the slow 

action of these chemicals, which prevented the manifestation of their true 

toxicity to earthworms in the filter paper contact test.

Copper sulphate and trichloroacetic acid were more toxic to 

earthworms in the filter paper contact test than in the artificial soil test. 

The action of trichloroacetic acid was investigated further (Appendix 3) in 

an experiment in which the toxicity of trichloroacetic acid and some of the 

salts of trichloroacetic acid were compared using the filter paper contact 

test. The results indicated that the acidic properties of trichloroacetic 

acid were probably responsible for the rapid mortality of the earthworms 

that were exposed to it on moist filter paper. Thus, it would seem that 

trichloroacetic acid reacts with certain components of the artificial soil 

(possibly with calcium carbonate, to give calcium chloroacetate) to form 

salts that are less toxic to earthworms.

The low toxicity of copper sulphate to earthworms in the artificial soil 

was probably caused by the adsorption of copper ions onto the soil. 

Copper ions were found previously to adsorb strongly onto ferro

manganese oxides and organic matter, but were not sequestered by clay 

minerals (McLaren, Swift and Williams, 1981). Furthermore, the formation 

of insoluble organic complexes with a variety of materials, reduced the 

toxicity of copper to fish (Stiff, 1971). Thus copper sulphate was 

probably adsorbed and deactivated by various components of the artificial 

soil, amongst which the most important was probably the peat (Verloo,

1980).
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D e s p ite  th e  e x te n s iv e  s tu d ie s  o f  th e  t o x ic i t y  o f  chem ica ls  th a t  h a ve  
b e e n  u n d e r ta k e n  w i th  e a r th w o rm s , v e r y  few  d a ta  e x is t  w h ic h  can  be  
com pa re d  d i r e c t ly  w i th  th o se  o b ta in e d  fro m  th e  p re s e n t  e x p e r im e n ts . T h is  
i s  b e cause  p re v io u s  te s ts  h a v e  u s e d  d i f f e r e n t  s p e c ie s  o f  e a r th w o rm ,  

p e r io d s  o f  e x p o s u re ,  ty p e s  o f  s o il a n d  te s t  c h em ica ls .

T h e  assessm en ts  o f  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  th a t  w e re  
o b ta in e d  u s in g  th e  a r t i f i c ia l  s o il te s t  w e re  c a lc u la te d  to  g iv e  a s in g le  L C 5Q 
f o r  th e  d a ta  fro m  re p e a te d  e x p e r im e n ts ,  b y  ta k in g  th e  a n t i lo g g e d  mean o f  
th e  in d iv id u a l  LC ,.q?s t h a t  h a d  b een  c a lc u la te d  p r e v io u s ly  on  a lo g a r i th m ic  
s c a le . T h e  mean 14 d a y  L C ^ q ’s f o r  b e n o m y l a n d  c h lo ro a ce ta m id e  u s in g  E . 
fe t id a  in  a r t i f i c ia l  s o il te s ts  w e re  6 .7 2  a n d  18 .41  m g .k g  1 r e s p e c t iv e ly ,  a n d  
u s in g  th e  same m e th od  th e  r e s u l t s  o b ta in e d  b y  E d w a rd s  (1985 ) w e re  3 .5  
a n d  2 6 .0  m g .k g ” 1 r e s p e c t iv e ly .  T h u s ,  i t  w o u ld  a p p e a r th a t  th e  L C ^ 's  o f  
chem ica ls  c a lc u la te d  fro m  d a ta  o b ta in e d  u s in g  th e  a r t i f i c ia l  s o il te s t  m ay be  
r e p ro d u c e d  c lo s e ly  in  d i f f e r e n t  la b o ra to r ie s , w h ic h  s u p p o r ts  th e

c o n c lu s io n s  d ra w n  fro m  p re v io u s  w o rk  (H e im ba ch  a n d  E d w a rd s , 1 9 83 ).  
T h e  r e s u l t s  o b ta in e d  u s in g  th e  a r t i f i c ia l  s o il te s t  a n d  th e  s il ic a  p a s te -g la s s  
b a l l  te s t  a p p e a re d  to  re la te  p o o r ly .  T h e  s il ic a  p a s te -g la s s  b a l l te s t  g a ve  a 
m ean 14 d a y  L C 5Q f o r  b e n o m y l a n d  c a r b a r y l  o f  132 a n d  25 m g .k g  1 
r e s p e c t iv e ly  (B o u c h e , 1 984a ), a lth o u g h  m y r e s u l t s  u s in g  th e  a r t i f i c ia l  s o il  
te s t  w i th  th e s e  ch em ica ls  show ed  th a t  th e  14 d a y  L C g ^ ’ s w e re  6 .7 2  a nd  
85 .7 4  m g .k g  1 r e s p e c t iv e ly .  T h e se  d a ta  c o n t r a s t  w i th  th e  r e s u l t s  o f  
H e im bach  (1 984 , 1 9 8 5 b ) , w ho  c o n c lu d e d  th a t  th e  r e s u l t s  o b ta in e d  u s in g  
th e s e  tw o  m e thod s  f o r  te s t in g  t o x ic i t y  to  e a r th w o rm s  w e re  c o r re la te d  

s t r o n g ly .

Some a ssessm en ts  o f  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  th a t  w e re  
made u s in g  an a r t i f i c ia l  s o il s im ila r  in  c o m p o s it io n  to  m y ow n  h a ve  now  
becom e a v a ila b le . T h is  a r t i f i c ia l  s o il was d e v e lo p e d  s u b s e q u e n t ly  to  m y  
ow n  a t a re s e a rc h  in s t i t u t e  in  W est G e rm any  (B io lo g is c h e  B u n d e s a n s ta lt  f u r  
L a n d  -  u n d  F o r tw i r t s c h a f t , B ra u n s c h w e ig )  th a t  p a r t ic ip a te d  in  th e



184

e v a lu a t io n  o f  th e  a r t i f i c ia l  s o il te s t  (C h a p te r  5 ) d e v e lo p e d  a t R o th a m s te d .  
T h is  a r t i f i c ia l  s o il c o n s is te d  o f  93.5% f in e  q u a r tz  s a n d , 5% b e n to n i t ic  c la y ,

10% a i r - d r ie d  a n d  f in e ly  m ille d  p e a t ,  1% C aCO g, 0.5% a i r - d r ie d  a n d  f in e ly

m ille d  cow  d ro p p in g s  a n d  h a d  a m o is tu re  c o n te n t o f  35%. T h e  t o x ic i t y  o f  
s e v e ra l chem ica ls  to  e a r th w o rm s  was in v e s t ig a te d  b y  me u s in g  th e

R o th a m s te d  a r t i f i c ia l  s o il t e s t ,  a n d  was a lso  s tu d ie d  in  tw o  se p a ra te  
e x p e r im e n ts  w i th  E . fe t id a  u s in g  th e  G erm an m e thod  b y  H e im bach  (1984 ) 
a n d  H aque  a n d  E b in g  (1 9 8 3 a ) . T h e  L C ^ 's  th a t  w e re  g e n e ra te d  b y  th e se  
te s ts  a re  ta b u la te d  (T a b le  4 .3 )  a n d  show  th a t  th e  r e s u l t s  fro m  th e  tw o  
a r t i f i c ia l  s o i l m e th od s  a re  v e r y  s im ila r ,  a lth o u g h  th o s e  o f  H e im bach  (1984 )  

r e la te  to  a 28 d a y  te s t  a n d  th o s e  o f  H aque  a n d  E b in g  (1983a ) to  a 14 d a y  
t e s t .  (N b .  T h e  c o r re la t io n s  b e tw e e n  th e  r e s u l t s  o b ta in e d  fro m  'a n

a r t i f i c ia l  s o i l ' te s t  a n d  fro m  o th e r  te s ts  r e p o r te d  b y  H e im bach  [1 9 84 ,  
1985b ] w e re  b a se d  la r g e ly  u p o n  th e  G erm an a r t i f i c ia l  s o il m e th o d , a lth o u g h  

th e  b e h a v io u r  o f  t h is  s o il a n d  th a t  o f  th e  R o th am s te d  a r t i f i c ia l  s o il w e re  

c o n s id e re d  to  b e  id e n t ic a l f o r  th e  p u rp o s e s  o f  th e  c o m p a r is o n .)

T h e  a r t i f i c ia l  s o il d e v e lo p e d  d u r in g  m y s tu d ie s  was le s s  e la b o ra te  th a n  
th e  G e rm an  s o il a n d  does n o t c o n ta in  u n s ta n d a rd is e d  c om ponen ts  s u ch  as 
cow d r o p p in g s .  F u r th e rm o re ,  th e  R o th am s te d  a r t i f i c ia l  s o il p r o b a b ly  has  a 
lo w e r  a d s o rp t iv e  c a p a c ity  th a n  th e  o th e r  s o il a n d  w i l l  th u s  re p ro d u c e  m ore  
c lo s e ly  th e  c o n d it io n s  th a t  a re  p re s e n t w i t h in  a n a tu r a l a ra b le  s o i l.  T h e  
R o th a m s te d  a r t i f i c ia l  s o il is  th e re fo re  m ore  l ik e ly  to  p r e d ic t  a c c u ra te ly  th e  

t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  th e  f ie ld .

T h e  a r t i f i c ia l  s o il te s t  t h a t  I  d e v e lo p e d  com b in ed  th e  a d v a n ta g e s  th a t  
w e re  p re s e n t  in  th e  e x is t in g  te s ts  f o r  t o x ic i t y  to  e a r th w o rm s  u s in g  n a tu r a l  
s o ils  o r  s o i l s u b s t i tu te s  in  th e  la b o r a to r y ,  a n d  was c a p ab le  o f  g iv in g  a 
s e n s it iv e ,  r e p ro d u c ib le  a n d  e conom ica l a ssessm en t o f  th e  t o x ic i t y  o f  a n y  

ch em ica l to  e a r th w o rm s . T h is  m e th od  is  now  u s e d  w id e ly  to  te s t  f o r  

t o x ic i t y  to  e a r th w o rm s  in  la b o ra to r ie s  th a t  s tu d y  e c o to x ic o lo g y .
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T a b le  4 .3 .  T h e  assessm en t o f  t o x ic i t y  to  e a r th w o rm s  u s in g  a r t i f i c ia l  s o i ls .  
A  com p a r is o n  o f  th e  r e s u l t s  fro m  th re e  in d e p e n d e n t s tu d ie s .

C hem ica l T h e  14 d a y  L C ^ q’ s r e p o r te d  b y  th re e  in d e p e n d e n t
s o u rc e s  a n d  e x p re s s e d  in  m g .k g  *

( t e s t  c h e m ic a l:d r y  w e ig h t o f  a r t i f i c ia l  s o i l)

G oa ts

R o th am s te d  
a r t i f i c ia l  s o il

H e im bach
(1984 )

G erm an  
a r t i f i c ia l  s o il

H aque  a n d  E b in g  
(1983a )

G erm an  
a r t i f i c ia l  s o il

C h lo rd a n e 26 .97 42 -

C a rb a r y l 8 5 .74 174 -

B e n o m y l 6 .7 2 22 27 .2

P e n ta c h lo ro p h e n o l 4 5 .53 87 -

C h lo ro a ce tam id e 18 .41 24 -

P o ta ss ium  b ro m id e 419 .23 393 —
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CHAPTER 5

A COMPARISON OF THE TOXICITY OF CHEMICALS TO EARTHWORMS 

ESTIMATED IN SEVERAL LABORATORIES

5.1 . Introduction

The performance of the filter paper contact, artificial soil and silica 

paste-glass ball tests was assessed by independent laboratories in order to 

verify their efficiency. The tests were done by workers in industrial, 

academic and government research institutes on a voluntary basis, few of 

whom had any experience of work with earthworms.

Two exercises comparing the efficiency of the test methods were 

made. The first included laboratories from countries worldwide, but the 

second was with the help of Western European and North American 

collaborators only. The methods for the filter paper contact and artificial 

soil tests that were used in the first exercise were modified as a result of 

the criticism that arose from it . The performance of the improved 

Rothamsted test methods, together with a silica paste and glass ball test 

('Artisol') that was developed in France, was assessed in a second 

exercise.

The collaborating laboratories were sent detailed instructions for the 

test, three unidentified chemicals and a named reference chemical. The 

reference chemical allowed the differences between the assessments of 

toxicity to earthworms that were obtained in different laboratories (due to 

variation in the susceptibility of the earthworms or changes in the test 

conditions) to be quantified. When the tests were in service, the 

reference chemical allowed the results that were obtained with the tests to 

be corrected for such variation in the experimental conditions.
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5 .2 . Materials and methods

5 .2 .1  General materials and methods

Both of the exercises, or 'Ring' tests , were done in a similar manner. 

In the first exercise, the three unidentified test chemicals were

pentachlorophenol, carbaryl and trichloroacetic acid, with copper sulphate 

as the reference compound. The unidentified chemicals used in the second 

exercise were potassium bromide, pentachlorophenol and chlordane, with 

chloroacetamide as the reference compound. Both chlordane and carbaryl 

were supplied as technical grade compounds, whilst the other chemicals 

were of analytical grade. The test chemicals killed earthworms in a 

variety of ways and represented a wide range of aqueous solubility and 

toxicity to earthworms (Table 5 .1 ).

Supplies of earthworms were mailed from Rothamsted to the

collaborating institutes for the first exercise, but many earthworms died in 

transit. In the second exercise the participants were asked to obtain their 

own earthworms locally. No other test materials were supplied from

Rothamsted. The earthworms used in the first exercise were adult E.

fetida weighing between 0 .4-0 .6  g , whilst in the second exercise, the 

earthworms were redefined as adult E. fetida andrei weighing between 

0.4-0 .6  g. The temperature at which the tests were done was 20° ± 1°C 

in the first ring test, but this range was extended to 20° ± 2°C in the 

second ring test.

The mortality data from each ring test test were processed by probit 

analysis. The protocols for the tests recommended the use of the method 

of Litchfield and Wilcoxon (1949), which allowed an approximate probit 

analysis to be made without using a computer, provided two or more 

partial mortality observations were obtained. The method has no 

advantage where computers are available (many of the European and North 

American laboratories reported computed probit resu lts), but offered a 

simplicity that was advantageous in less developed countries (McIntosh, 

1961).
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Table 5.1.  Characteristics of the chemicals used in the multi-laboratory 

exercises to assess toxicity to earthworms using three testing methods.

Exercise Compound

Toxicity category(1)

Filter Artificial 
paper soil 

contact test test

Aqueous
Solubility

Mode of Action

Pentachloro-
phenol Toxic Toxic Low

Inhibits 
respiration 
(Weinbach and 
Garbus, 1969)

Carbaryl

1

Toxic Toxic Low
Inhibits cholin
esterase activity 
in earthworms 
(Dikshith and 
Gupta 1981; Kale 
and Krishnamoorthy 
1982)

Trichloro
acetic acid

Moderately
toxic

Slightly
toxic

High
Precipitates 
proteins 
(Cremlyn, 1978)

Copper
Sulphate

Toxic Slightly
toxic

High
Chelates and 
precipites 
proteins 
(Hassall, 1982)

Potassium
bromide

Moderately
toxic

Moderately
toxic

High
-

Pentachloro-
phenol

Toxic Toxic Low
Inhibits 
respiration 
(Weinbach and 
Garbus, 1969)

Chlordane Very
toxic

Toxic Low Neurotoxic 
(Hassall, 1982)

Chloro-
acetamide

Toxic Toxic High Probably
precipitates
proteins

(1) Categories of toxicity to earthworms derived from the use of these 

tests in previous experiments (Tables 3.2 and 4.2) .
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T h e  in s t r u c t io n s  t h a t  w e re  s e n t to  th e  c o l la b o ra t in g  w o rk e r s  in  th e  
f i r s t  e x e rc is e  in c lu d e d  th e  o p t io n  o f  r e c a lc u la t in g  th e  r e s u l t s  to  a c c o u n t  
f o r  m o r ta l i t y  in  th e  c o n t ro ls  b y  u s in g  A b b o t t 's  fo rm u la  ( A b b o t t ,  1 9 25 ).  
T h is  te c h n iq u e  was u s e fu l w h en  te s ts  w e re  done  in  la b o ra to r ie s  th a t  c o u ld  
n o t p r o v id e  s ta b le  e x p e r im e n ta l c o n d it io n s  o r  d id  n o t h a v e  th e  tim e  to  be  

a b le  to  re p e a t e x p e r im e n ts .  T h is  c o r r e c t io n  was n o t  in te n d e d  to  
com pensa te  f o r  a s e v e re  e n v iro n m e n ta l s t re s s  o r  f o r  an  u n h e a lth y  
p o p u la t io n  o f  te s t  e a r th w o rm s  (S te p h a n , 1 9 7 7 ). M o r ta l i t y  in  th e  c o n tro ls  
was g e n e ra l ly  m uch  lo w e r  in  th e  se cond  com pa ris o n  a n d  in  w h ic h  A b b o t t 's  
c o r r e c t io n  was n o t u s e d .

5 .2 .2  F i l t e r  p a p e r  c o n ta c t te s t

T h e  m e th od  was s im ila r  to  th e  f in a l  v e r s io n  o f  th e  f i l t e r  p a p e r  c o n ta c t

te s t  (S e c t io n  3 . 2 . 3 ) ,  b u t  in c lu d e d  th e  fo l lo w in g  a d d it io n a l in s t r u c t io n s .  A

ra n g e  f in d in g  te s t ,  u s in g  th e  te s t  chem ica ls  a t f iv e  c o n c e n tra t io n s  in  a
_2

lo g a r i th m ic  d i lu t io n  s e r ie s  b e tw e e n  0 .1  -  1000 u g .cm  , w as fo llo w e d  b y  a 
m ore p re c is e  t e s t ,  u s in g  a t le a s t f iv e  c o n c e n tra t io n s  o f  th e  ch em ica ls  in  a 
g e o m e tr ic  d i lu t io n  s e r ie s  a ro u n d  th e  LC ,-q t h a t  h a d  been  c a lc u la te d  fro m  
th e  ra n g e  t e s t .  T h e  g la s s  v ia ls  th a t  w e re  recom m ended  m easu re d  8 ± 0 .5  
cm x  3 ± 0 .2 5  cm d ia m e te r . T h e  r e p o r t  o f  each  te s t  in c lu d e d  a d e s c r ip t io n  
o f  th e  t y p e  o f  a p p a ra tu s  u s e d , th e  s ta te  o f  th e  e a r th w o rm s , th e  c o n d it io n s  
u n d e r  w h ic h  th e  e a r th w o rm s  w e re  c u l tu r e d  a n d  th e  c a lc u la te d  LCgQ w ith  
c o n f id e n c e  o r  f id u c ia l  l im i t s ,  to g e th e r  w ith  th e  d e ta ils  o f  a n y  p a th o lo g ic a l  
sym p tom s  sh ow n  b y  th e  e a r th w o rm s , d a ta  c o r re c t io n s  u s e d  o r  c r i t ic is m s  o f  

th e  m e th o d .

T h e  c r i t ic is m s  o f  t h is  m e thod  th a t  w e re  re c e iv e d  a f t e r  th e  f i r s t  
e x e rc is e  w e re  l im ite d ,  a n d  th e  o n ly  m o d if ic a t io n  th a t  w as m ade to  th e  
m e thod  u s e d  in  th e  se cond  e x e rc is e  ( in  a d d it io n  to  th e  g e n e ra l ch ange s  
m en tio n e d  p r e v io u s ly )  w as to  a l t e r  th e  s p e c if ic a t io n  o f  th e  g la s s  v ia ls  to  8 
± 1 cm x  3 ± 0 .5  cm d ia m e te r .
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5 .2 .3  A r t i f i c ia l  s o il te s t

T h e  m e th od  u s e d  in  th e  f i r s t  e x e rc is e  was v e r y  s im ila r  to  th e  f in a l  
v e r s io n  o f  th e  a r t i f i c ia l  s o il te s t  (S e c t io n  4 . 2 . 3 ) ,  a lth o u g h  some o f  th e  
e x p e r im e n ta l c o n d it io n s  w e re , a t t h is  t im e , d e f in e d  w ith  le s s  p re c is io n .  
T h e  s o il c o n ta in e d  s a n d , c la y ,  p e a t a n d  CaCO^ (T a b le  A 5 .3 )  in  th e  
p ro p o r t io n s  6 8 :2 0 :1 0 :2  a n d  a t a m o is tu re  c o n te n t o f  35% h a d  a pH  o f  6 .8 .  
Each  re p l ic a te  c o n s is te d  o f  400 g  o f  a r t i f i c ia l  s o il h e ld  in  a 500 m l g la s s  
c r y s ta l l is in g  d is h .  T h e  te s t  chem ica l w as a p p lie d  to  th e  s o il as a s p ra y  in  
8 m l d is t i l le d  w a te r  o r  a s u ita b le  v o la t i le  o rg a n ic  s o lv e n t .  A  ra n g e  f in d in g  

te s t  w as done  in i t ia l l y  u s in g  f iv e  c o n c e n tra t io n s  o f  th e  te s t  ch em ica l in  a 

lo g a r i th m ic  d i lu t io n  s e r ie s  b e tw e e n  0 .1  -  1000 m g .k g  *  ( t e s t  c h e m ic a l:d r y  

w e ig h t o f  s o i l ) .  T h is  was fo llo w e d  b y  a m ore  p re c is e  t e s t ,  u s in g  f iv e  
c o n c e n tra t io n s  o f  th e  te s t  chem ica l on  a g e o m e tr ic  d i lu t io n  s e r ie s  a ro u n d  
th e  b C 50 th a t  h a d  b e e n  c a lc u la te d  fro m  th e  ra n g e  f in d in g  t e s t .  T h e  
e a r th w o rm s  w e re  w e ig h e d  b e fo re  a n d  a f t e r  th e  te s t  a n d  m o r ta l i t y  was  
assessed  a f t e r  14 d a y s , w ith  o p t io n a l a ssessm en ts  a t 7 a n d  28 d a y s . T h e  
r e p o r ts  o f  th e  te s ts  c o n ta in e d  s im ila r  in fo rm a t io n  to  th a t  d e s c r ib e d  f o r  th e  

f i l t e r  p a p e r  c o n ta c t te s t .

T h e  m e thod  u s e d  in  th e  se cond  e x e rc is e  was m o d if ie d  w ith  th e  h e lp  o f  

th e  c r i t ic is m  th a t  was re c e iv e d  a f t e r  th e  f i r s t  e x e rc is e .  T h e  r a t io  o f  s a n d ,  
c la y ,  p e a t a n d  CaCO^ in  th e  s o il was c h a n g e d  to  7 1 :2 0 :8 :1 ,  a n d  th e  s o il a t 
48% m o is tu re  c o n te n t h a d  a pH  o f  6 .5  ± 0 .5 .  I n  a d d it io n  to  th e  m e thod  o f  

a p p ly in g  th e  te s t  ch em ica l as a s p ra y ,  p ro v is io n  was made f o r  
in c o r p o r a t in g  th e  te s t  chem ica l in to  th e  s o il w ith o u t  th e  u se  o f  s o lv e n ts .  
T h e  ch em ica ls  a p p lie d  in  t h is  w a y  w e re  g ro u n d  w ith  10 g  sa n d  in  a m o r ta r  
a n d  p e s t le ,  a n d  th is  m ix tu re  was th e n  in c o rp o ra te d  in to  3 k g  o f  s o il (w e t  
w e ig h t ,  e n o u g h  f o r  f o u r  re p l ic a te s )  b y  h a n d  u s in g  a s p a tu la .  E ach

re p l ic a te  c o n s is te d  o f  750 g  o f  m o is t s o i l a n d  m o r ta l i t y  was re c o rd e d  a f t e r  
14 d a y s  o n ly .
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5 .2 .4  S il ic a  p a s te  a n d  g la s s  b a l l  te s t  ( wA r t i s o lw)

T h is  m e th o d , d e v e lo p e d  in  F ra n c e  b y  D r .  M .B .  B o u c h e , was  
e v a lu a te d  e x p e r im e n ta lly  p r io r  to  th e  d e ve lo pm en t o f  th e  f i l t e r  p a p e r  

c o n ta c t a n d  a r t i f i c ia l  s o i l te s ts  a n d  was c o n s id e re d  w o r th  te s t in g  f u r t h e r  
(S e c t io n  2 . 2 . 9 ) .  T h is  te s t  was u s e d  in  th e  second  e x e rc is e  o n ly .  A  
p a s te ,  made b y  b le n d in g  an  aqueous  s u s p e n s io n  o r  s o lu t io n  o f  th e  te s t  
chem ica l w i th  a f in e  s il ic a  p o w d e r , was s u p p o r te d  on  a m a t r ix  o f  1 .5 -2 .0  
cm d ia m e te r  g la s s  b a l ls .  T h e  m ix tu r e  u s e d  f o r  each  re p l ic a te  was  
c o n ta in e d  in  a 2 l i t r e  g la s s  ja r  c o v e re d  w i th  a p e r fo ra te d  p la s t ic  f i lm .  T o  
each  ja r  te n  a d u l t  E . fe t id a  a n d re i w h ic h  w e ig h e d  0 .3 - 0 .6  g  w e re  a d d e d .  

A  ra n g e  f in d in g  te s t  u s in g  f iv e  c o n c e n tra t io n s  o f  th e  te s t  ch em ica l in  a 
lo g a r i th m ic  d i lu t io n  s e r ie s  b e tw e e n  0 .1  -  1000 m g .k g  *  ( t e s t  c h e m ic a l:d r y  

w e ig h t o f  s i l ic a )  was fo llo w e d  b y  a m ore  p re c is e  t e s t ,  u s in g  f iv e  

c o n c e n tra t io n s  o f  th e  te s t  chem ica l in  a g e o m e tr ic  d i lu t io n  s e r ie s  a ro u n d  
th e  L C qq t h a t  h a d  b een  c a lc u la te d  fro m  th e  ra n g e  f in d in g  t e s t .  M o r ta l i t y  
was a ssessed  b y  e x t r a c t in g  th e  e a r th w o rm s  fro m  th e  s il ic a  p a s te  b y  
w a s h in g  th e  m ed ia  g e n t ly  t h r o u g h  a f in e  m esh s ie ve  a f t e r  14 d a y s .

5 .3 .  R e s u lts

T h e  d a ta  g e n e ra te d  U s in g  th e  te s ts  f o r  t o x ic i t y  o f  chem ica ls  to

e a r th w o rm s  b y  th e  in d iv id u a l  c o l la b o ra t in g  la b o ra to r ie s  w e re  e x p re s s e d  as

th e  L C eft f o r  each  te s t  ch em ica l w i th  c o n fid e n c e  o r  f id u c ia l  l im i ts  (T a b le s  
DU

A 6 .1 - A 6 .5 ) .  T h e  d a ta  f o r  each te s t  ch em ica l a re  sum m a ris e d  to  show  th e  
mean LCgQ a n d  th e  s ta n d a rd  d e v ia t io n  o f  th e  mean LC ,.q (T a b le s  5 . 2 - 5 . 6 ) .  
Some la b o ra to r ie s  r e tu r n e d  in c o m p le te  d a ta , fa i le d  to  q u o te  c o n fid e n c e  o r  
f id u c ia l  l im i ts  o r  d id  n o t te s t  a l l th e  c h em ica ls . D e s p ite  a re q u e s t to  th e  
c o n t r a r y ,  th e  c o l la b o ra to rs  te n d e d  to  u se  th e  f i l t e r  p a p e r  c o n ta c t te s t  m ore  

th a n  th e  a r t i f i c ia l  s o i l o r  s il ic a  p a s te -g la s s  b a l l  m e th o d s .
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I n  th e  f i r s t  e x e rc is e ,  p e n ta c h lo ro p h e n o l a n d  c a r b a r y l  h a d  s im ila r  mean  

L C j. q!s e s t im a te d  u s in g  th e  f i l t e r  p a p e r  c o n ta c t t e s t ,  a n d  th e s e  chem ica ls  

w e re  fo llo w e d  in  a d e c re a s in g  o r d e r  o f  t o x ic i t y  to  e a r th w o rm s  b y  c o p p e r  
s u lp h a te  a n d  t r ic h lo r o a c e t ic  a c id . A lth o u g h  th e  s ta n d a rd  d e v ia t io n  o f  th e  
LC gg 's  in c re a s e d  w ith  d e c re a s in g  t o x ic i t y ,  t h is  m easu re  o f  th e  d is t r ib u t io n  
o f  th e  r e s u l t s  a p p ro x im a te ly  e q u a lle d  th e  LC ,.q o f  th e  c h em ica l (T a b le  5 . 2 ) .  
T h e  a r t i f i c ia l  s o il te s t  g a ve  a s im ila r  r a n k in g  o f  t o x ic i t y  b u t  th e  s ta n d a rd  
d e v ia t io n ,  w h i ls t  a lso  in c re a s in g  as t o x ic i t y  d e c re a se d , w as a p p ro x im a te ly  
e q u a l t o ,  o r  c o n s id e ra b ly  g re a te r  th a n  th e  L C ^ q o f  th e  ch em ica l (T a b le

5 . 3 ) .

T h e  d a ta  r e tu r n e d  d u r in g  th e  se cond  e x e rc is e  w e re  m ore  com p le te  
th a n  in  th e  f i r s t  f o r  b o th  th e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il t e s ts ,  

a lth o u g h  th e  r e s u l t s  o b ta in e d  f o r  th e  s il ic a  p a s te -g la s s  b a l l  te s t  w e re  le s s  
c o m p re h e n s iv e . P e n ta c h lo ro p h e n o l was in c lu d e d  in  b o th  ’R in g ’ te s ts  a n d  
th e  bCgQ f o r  t h is  ch em ica l g iv e n  b y  each  o f  th e  R o th am s te d  m e thods  in  th e  
f i r s t  e x e rc is e  w as s im ila r  to  th a t  d e te rm in e d  b y  th e s e  m e thods  in  th e  

se cond  e x e rc is e .  T h e  chem ica ls  w e re  r a n k e d ,  in  a d e c re a s in g  o r d e r  o f  
t o x ic i t y  to  e a r th w o rm s , b y  th e  f i l t e r  p a p e r  c o n ta c t (T a b le  5 .4 )  a n d  
a r t i f i c ia l  s o il te s ts  (T a b le  5 .5 )  as c h lo rd a n e , c h lo ro a c e ta m id e , 
p e n ta c h lo ro p h e n o l a n d  p o ta s s ium  b ro m id e . T h e  s il ic a  p a s te -g la s s  b a l l te s t  
r a n k e d  th e  c h e m ic a ls , in  a d e c re a s in g  o r d e r  o f  t o x ic i t y  to  e a r th w o rm s , as  
c h lo ro a c e ta m id e , p e n ta c h lo ro p h e n o l,  c h lo rd a n e  a n d  p o ta s s iu m  b ro m id e  
(T a b le  5 . 6 ) .  T h e  s ta n d a rd  d e v ia t io n s  o f  th e  L C ^ ’ s w e re  a p p ro x im a te ly  
h a l f ,  o r  e q u a l to  th e  L C ^ q’ s o f  th e  te s t  c h em ica ls , w h en  a ssessed  b y  th e  

f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il te s ts  r e s p e c t iv e ly .  T h e  s ta n d a rd  
d e v ia t io n  o f  th e  LC gg ’ s o b ta in e d  w ith  th e  s il ic a  p a s te -g la s s  b a l l te s t  w e re  
m ore  v a r ia b le ,  b u t  in  g e n e ra l w e re  s im ila r  to  th o s e  o f  th e  a r t i f i c ia l  s o il 
t e s t .  T h e  s ta n d a rd  d e v ia t io n s  o f  th e  L C g ^ ’ s f o r  p e n ta c h lo ro p h e n o l w e re  
re d u c e d  c o n s id e ra b ly  b y  th e  m o d if ic a t io n s  th a t  w e re  made to  th e  m e thod s  

a f t e r  th e  f i r s t  e x e rc is e .
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T a b le  5 .2 .  F i l t e r p a p e r  c o n ta c t te s t  r e s u l t s  fro m th e  f i r s t m u l t i - la b o r a to r y

e x e rc is e .

C hem ica l
N u m b e r o f  

la b o ra to r ie s  
re s p o n d in g .  

(1 )

N u m b e r o f  
la b o ra to r ie s  

q u o t in g  an  LC50

Mean  
LC50_2 

M g.cm
S ta n d a rd
d e v ia t io n

P e n ta c h lo ro p h e n o l 33 33 7 .0 11 .1

C a rb a r y l 33 33 7 .1 10 .4

T r ic h lo r o a c e t ic
a c id 33 33 99 .2 62 .1

C o p p e r s u lp h a te 34 34 25 .4 25 .4

T a b le  5 .3 .  A r t i f i c ia l  s o il 

e x e r c is e .

te s t  r e s u l t s  fro m th e  f i r s t m u l t i - la b o r a to r y

C hem ica l
N u m b e r o f  

la b o ra to r ie s  
r e s p o n d in g  

(1 )

N u m b e r o f  
la b o ra to r ie s  

q u o t in g  an  LC50

Mean
LC 50_1

m g .k g " 1
(2 )

S ta n d a rd
d e v ia t io n

P e n ta c h lo ro p h e n o l 22 22 75 .9 71 .5

C a rb a r y l 22 22 86 .9 116 .6

T r ic h lo r o a c e t ic
a c id 22 5 2813 4618 .7

C o p p e r s u lp h a te 22 10 1684 1821 .1

(1 )  Some la b o ra to r ie s  q u o te d  r e s u l t s  in  a fo rm  th a t  c o u ld  n o t b e  u s e d ,  

e . g .  as < o r  > v a lu e s .

(2 )  T h e  L C jjq' s w e re  e x p re s s e d  as m g .k g -1  ( te s t  c h e m ic a l:d r y  w e ig h t o f  

a r t i f i c ia l  s o i l ) .
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T a b le  5 .4 .  F i l t e r  p a p e r  c o n ta c t te s t  r e s u l ts  fro m  th e  se cond  
m u lt i - la b o r a to r y  e x e rc is e .

N u m b e r o f  
C hem ica l la b o ra to r ie s  

r e s p o n d in g .  
(1 )

N u m b e r o f  
la b o ra to r ie s  

q u o t in g  an  LC,

Mean  
LC 50 2 

50 Wg-cra”
S ta n d a rd
d e v ia t io n

P o ta ss ium  b ro m id e 20 20 CO•00tNJ

P e n ta c h lo ro p h e n o l 20 20 4 .0 1 .7

C h lo rd a n e 20 20 2 .3 1 .4

C h lo ro a ce ta m id e 20 20 2 .7 1 .4

T a b le  5 .5 .  A r t i f i c ia l  s o il te s t  
e x e r c is e .

r e s u l t s  fro m th e  se cond m u lt i - la b o r a to r y

N u m b e r o f  
C hem ica l la b o ra to r ie s  

re s p o n d in g  
( 1 )

N u m b e r o f  
la b o ra to r ie s  

q u o t in g  
an LC50

Mean
LC 50_1

m g .k g ” 1
(2 )

S ta n d a rd
d e v ia t io n

P o ta ss ium  b ro m id e  16 16 2 3 0 2 3 0

P e n ta c h lo ro p h e n o l 19 19 96 .2 103 .7

C h lo rd a n e  18 18 5 8 .1 45 .9

C h lo ro a ce tam id e  18 18 33 .7 21 .8

T a b le  5 .6 .  S il ic a  p a s te -g la s s  b a l l  ( " A r t i s o l " )  te s t  r e s u l t s  
m u lt i- la b o r a to r y  e x e rc is e .

fro m  th e  se cond

N u m b e r o f N u m b e r o f Mean
C hem ica l la b o ra to r ie s la b o ra to r ie s LC 50_^ S ta n d a rd

re s p o n d in g q u o t in g  an  LC ,.n m g .k g -1 d e v ia t io n
(1 ) (3 )

P o ta ss ium  b ro m id e 5 5 1723 .0 1104 .5

P e n ta c h lo ro p h e n o l 7 7 98 .6 97 .3

C h lo rd a n e 8 8 144 .5 345 .8

C h lo ro a ce tam id e 8 8 74 .5 52 .4

(1 )  Some la b o ra to r ie s  q u o te d  r e s u l t s  in  a fo rm  th a t  c o u ld  n o t b e  u s e d ,
e . g .  as < o r  > v a lu e s . -
(2 )  T h e  LC 50 ’ s w e re  e x p re s s e d  as m g .k g  ( te s t  c h e m ic a l:d r y  w e ig h t o f
a r t i f i c ia l  s o i l ) . -
(3 )  T h e  LC 50 ’ s w e re  e x p re s s e d  as m g .k g  ( te s t  c h e m ic a l:d r y  w e ig h t o f  
s i l i c a ) .
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F o llo w in g  th e  f i r s t  e x e rc is e ,  some o f  th e  c o l la b o ra t in g  s c ie n t is ts  
c r i t ic is e d  a ) th e  c h o ice  o f  te s t  s pe c ie s  a n d  absence  o f  a recom m ended  
s u b -s p e c ie s ,  b )  th e  re com m ended  b o d y  w e ig h t o f  th e  e a r th w o rm s , because  
th e  ra n g e  o f  0 .4 - 0 .6  was c o n s id e re d  to  b e  to o  h ig h ,  c )  th e  recom m ended  
te s t  te m p e ra tu re ,  b e cau se  th e  l im its  o f  20 ± 1 °C  w e re  c o n s id e re d  to  b e  to o  
n a r r o w ,  d )  th e  c o m p a ra t iv e ly  h ig h  o rg a n ic  m a tte r  c o n te n t (10%) a n d  th e  
low  m o is tu re  c o n te n t (35%) o f  th e  a r t i f i c ia l  s o i l ,  e ) th e  am oun t o f  CaCO Q 
(2%) r e q u ir e d  to  a c h ie v e  a pH  o f  6 .8  in  th e  a r t i f i c ia l  s o i l ,  f )  th e  sm a ll 
am oun t o f  a r t i f i c ia l  s o i l u s e d  f o r  each  re p l ic a te  a n d  g )  th e  u se  o f  A b b o t t ’ s 
fo rm u la  to  c o r r e c t  f o r  m o r ta l i t y  in  th e  c o n t r o ls ,  w h ic h  was c o n s id e re d  to  
be  u n n e c e s s a ry .

T h e  com m ents fro m  th e  second  e x e rc is e  w e re  th a t  a ) th e  e a r th w o rm s  
s h o u ld  b e  a c c lim a tis e d  to  th e  u n c o n ta m in a te d  te s t  m ed ia  b e fo re  s t a r t in g  th e  
t e s t ,  b )  th e  o rg a n ic  m a t te r  c o n te n t o f  a r t i f i c ia l  s o il was s t i l l  to o  h ig h ,  c )  
b o th  te c h n ic a l g ra d e  a n d  fo rm u la te d  ch em ica ls  s h o u ld  b e  te s te d  a n d  d )  th e  
s il ic a  p a s te -g la s s  b a l l  t e s t  was d i f f i c u l t  to  u s e .

5 .4  D is c u s s io n

T h e  m u l t i - la b o r a to r y  c om pa riso n  e x e rc is e s  a llow ed  th e  th re e  m e thods  
to  b e  c r i t ic is e d  a n d  p e rm it te d  th e  v a r ia b i l i t y  b e tw e e n  th e  r e s u l t s  o b ta in e d  
i n  d i f f e r e n t  la b o ra to r ie s  to  b e  m e a su re d . T h e  c r i t ic is m s  th a t  w e re  made o f  
th e  te s t  m e thod s  w e re  u s e d  to  m o d ify  th e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  
s o il t e s ts ,  a n d  th e se  m o d if ic a t io n s  a llow ed  th e  r e p r o d u c ib i l i t y  o f  th e  r e s u l t s  
o b ta in e d  w i th  b o th  m e thod s  to  b e  im p ro v e d .  H o w e ve r , th e s e  com m ents  
w e re  re c e iv e d  d u r in g  th e  d e v e lo p m e n ta l p e r io d  o f  th e  te s t  m e thods  a nd  
th e r e fo r e  th e s e  m o d if ic a t io n s  w e re  a s y n th e s is  o f  m y ow n  f in d in g s  a nd  
th o s e  o f  th e  c o l la b o ra t in g  w o rk e r s .

T h e  f i l t e r  p a p e r  c o n ta c t te s t  m e thod  re m a in e d  la r g e ly  u n a lte re d  a f t e r  
th e  f i r s t  e x e rc is e ,  e x c e p t f o r  g e n e ra l c h a n g e s  to  th e  te s t in g  c o n d it io n s
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one  o f  th e  s u b sp e c ie s  o f  E . fe t id a  ( E . fe t id a  a n d re i w as fo u n d  to  b e  m ore  
s u s c e p t ib le  to  to x ic  ch em ica ls  th a n  E . fe t id a  fe t id a ) a n d  b )  an  in c re a s e  in  

th e  ra n g e  w i th in  w h ic h  th e  te s t  te m p e ra tu re  was a llo w e d  to  f lu c tu a te  fro m  
20 ± 1 °C  to  20 ± 2 °C . T h e  re v is e d  in s t r u c t io n s  f o r  th e  f i l t e r  p a p e r  
c o n ta c t te s t  la id  g re a te r  em phas is  o n  th e  n eed  f o r  c a re  d u r in g  th e  re m o va l 
o f  v o la t i le  o rg a n ic  s o lv e n ts ,  le s t  v o la t i le  te s t  chem ica ls  w e re  a lso  re m o ve d .  
T h e  f i l t e r  p a p e r  c o n ta c t te s t  was r e p o r te d  b y  th e  p a r t ic ip a n ts  to  b e  th e  
e a s ie s t o f  th e  th re e  m e thod s  to  u se  a n d  ga ve  th e  le a s t v a r ia b le  assessm en ts  

o f  th e  t o x ic i t y  o f  ch em ica ls  to  e a r th w o rm s .

T h e  a r t i f i c ia l  s o il te s t  was m o d if ie d  a f t e r  th e  f i r s t  e x e rc is e  a n d  ( in  

a d d it io n  to  th e  g e n e ra l c h a n g e s  to  th e  te s t  m e thods  m e n tio n e d  a b o v e ) , th e  
new  m ed ium  c o n ta in e d  m ore  w a te r ,  le s s  o rg a n ic  m a tte r  a n d  h a d  a lo w e r  pH  

t h a t  c o u ld  b e  a c h ie v e d  b y  a d d in g  le s s  C aC O ^. T h e  a r t i f i c ia l  s o i l s t i l l

c o n ta in e d  m ore  o rg a n ic  m a tte r  th a n  an a v e ra g e  a ra b le  s o i l ,  w h ic h  m ig h t  
dec re a se  th e  t o x ic i t y  o f  some c h e m ic a ls , a lth o u g h  th is  d is a d v a n ta g e  was  
u n a v o id a b le  s in ce  E . fe t id a  was p o o r ly  s u ite d  to  a s o i l th a t  c o n ta in e d  a

g re a te r  p ro p o r t io n  o f  m in e ra l c o m p o n e n ts . T h e  w e ig h t o f  s o il u s e d  in  each

re p l ic a te  was in c re a s e d  fro m  400 g  to  750 g  (w e t w e ig h t ) , a n d  an  
a d d it io n a l m e thod  f o r  in c o r p o r a t in g  th e  te s t  chem ica l in t o  th e  s o i l ,  w i th o u t

u s in g  s o lv e n ts ,  was in c lu d e d  in  th e  m e th o d . T h e  u se  o f  a c o r r e c t io n

fa c to r  to  com pensa te  f o r  m o r ta l i t y  in  th e  c o n tro ls  w as u n n e c e s s a ry  a n d  
u n d e s ira b le  in  th e  se cond  e x e rc is e ,  b e cau se  th e  e a r th w o rm s  s u r v iv e d  w e ll 

i n  th e  m o d if ie d  te s t  c o n d it io n s .

T h e  s il ic a  p a s te -g la s s  b a l l t e s t  was r e p o r te d  to  b e  d i f f i c u l t  to  u se  b y  
m ost o f  th e  p a r t ic ip a n ts  a n d  gave  e s tim a te s  o f  th e  t o x ic i t y  o f  chem ica ls  to  
e a r th w o rm s  th a t  w e re  s im ila r  to  th o s e  o b ta in e d  w ith  th e  a r t i f i c ia l  s o i l t e s t .

T h e  re fe re n c e  com pound  a llow ed  ch anges  in  th e  a ssessm en ts  o f  
t o x ic i t y  to  e a r th w o rm s  th a t  w e re  d ue  to  f lu c tu a t io n s  in  th e  c o n d it io n s  o f  
th e  te s t  to  b e  q u a n t i f ie d .  C o p p e r s u lp h a te  was p ro p o s e d  in i t ia l l y  as a
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re fe re n c e  c h e m ic a l, b u t  was a d s o rb e d  s t r o n g ly  b y  th e  a r t i f i c ia l  s o il a n d  
becam e u n a v a ila b le  to  th e  e a r th w o rm s . C h lo ro a ce tam id e  was u s e d  in  th e  
se cond  e x e rc is e  a n d  show ed  a c o n s is te n t a n d  m ode ra te  t o x ic i t y  to

e a r th w o rm s .
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C H A P TE R  6

T H E  T O X IC IT Y  OF C H E M IC ALS  TO  EARTHW ORMS IN  TH E  F IE LD

6 .1  In t r o d u c t io n

F ie ld  e x p e r im e n ts  a re  a re l ia b le  w a y  to  assess th e  t o x ic i t y  o f  a 
chem ica l to  e a r th w o rm s  in  th e  f ie ld .  M e th od s  f o r  te s t in g  th e  t o x ic i t y  o f  
chem ica ls  to  e a r th w o rm s  in  th e  la b o ra to r y  a re  p r e v a le n t ,  b e cause  th e y  a re  
in e x p e n s iv e  to  u se  a n d  g iv e  a s e n s it iv e  a n d  r e p ro d u c ib le  r e s u l t ,  a lth o u g h  

f ie ld  te c h n iq u e s  f o r  t e s t in g  t o x ic i t y  to  e a r th w o rm s  rem a in  u s e fu l .

M y f ie ld  s tu d ie s  a t R o th a m s te d  E x p e r im e n ta l S ta t io n  a n d  a t th e  S h e ll 
( U . K . )  R e se a rch  C e n tre ,  S i t t in g b o u r n e , w e re  d e s ig n e d  to  assess th e  
t o x ic i t y  o f  s e v e ra l chem ica ls  in  d i f f e r e n t  s o il t y p e s ,  to  a l l  th e  sp e c ie s  o f  
e a r th w o rm  th a t  w e re  p r e s e n t .  T h e se  d a ta  w e re  com pa red  s u b s e q u e n t ly  
w ith  th e  assessm en ts  o f  t o x ic i t y  th a t  h a d  b een  o b ta in e d  u s in g  v a r io u s  te s ts  
i n  th e  la b o r a to r y  w ith  th e  same chem ica ls  (C h a p te r  7 ) .

T h e  a v a i la b i l i t y ,  s t a b i l i t y  a n d  th e re fo re  th e  t o x ic i t y  o f  a c h em ica l t h a t  
i s  a p p lie d  in  th e  f ie ld  can  be  a f fe c te d  b y  th e  m o is tu re , c la y  a n d  o rg a n ic  

m a tte r  c o n te n ts  o f  th e  s o i l ,  to g e th e r  w i th  th e  pH  o f  th e  s o i l ,  th e  
te m p e ra tu re  a n d  th e  a c t iv i t y  o f  m ic ro -o rg a n is m s . T he se  in te r a c t io n s  a re  
d e s c r ib e d  in  d e ta i l e ls e w h e re  (S e c t io n  4 . 1 ) ,  a lth o u g h  th e  m ost im p o r ta n t  
e f fe c ts  o f  th e  e n v iro n m e n t u p o n  th e  t o x ic i t y  o f  a ch em ica l to  e a r th w o rm s  
a re  sum m a ris e d  b e lo w .

A  s o il w i th  a low  m o is tu re  c o n te n t can  re d u c e  th e  t o x ic i t y  o f  w a te r  
s o lu b le  c h e m ic a ls , w h ils t  c om pounds  th a t  d is s o lv e  in  w a te r  can  b e  le a c h e d  
f ro m  a s o i l t h a t  is  w a te r lo g g e d . C hem ica ls  can  b in d  r e v e r s ib ly  o r  
i r r e v e r s ib l y  w ith  th e  p a r t ic le s  o f  c la y  a n d  o rg a n ic  m a tte r  in  th e  s o i l ,  a n d  
th e  p r o p o r t io n s  in  w h ic h  th e s e  tw o  com ponen ts  o c c u r  w i l l ,  to  a la rg e  
e x te n t ,  d ic ta te  th e  c a t io n  e x c h a n g e  c a p a c ity  o f  th e  s o i l.  T h e  pH  o f  th e
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s o il c a n  in f lu e n c e  th e  io n ic  s ta te  o f  th e  te s t  chem ica l as w e ll as th e  
a d s o rp t iv e  c a p a c ity  o f  th e  s o i l ,  w h ic h  w i l l  a f fe c t  th e  am oun t o f  chem ica l 
t h a t  is  a v a ila b le  to  th e  e a r th w o rm s . S o il te m p e ra tu re  can  a f fe c t  th e  
v a p o u r  p re s s u re  o f  a ch em ica l a n d  i t s  s o lu b i l i t y  in  th e  s o i l w a te r ,  a n d  
t h e r e b y  a lso  in f lu e n c e  th e  r a te  a t w h ic h  com pounds  a re  ta k e n  u p  b y  
e a r th w o rm s . T h e  lo s s  o f  chem ica ls  fro m  th e  s o il as a v a p o u r  o r  th r o u g h  
th e  a c t io n  o f  s o il m ic ro -o rg a n is m s  is  a lso  d e p e n d e n t u p o n  s o il te m p e ra tu re .  
M ic ro -o rg a n is m s  a re  o f te n  in s t r u m e n ta l in  th e  d e to x if ic a t io n  o f  c h em ica ls ,  
y e t  th e  ra n g e  o f  o rg a n ism s  th a t  a re  p re s e n t  in  th e  s o il a t an  e x p e r im e n ta l  
s ite ,  a n d  t h e i r  s u b s e q u e n t a c t i v i t y ,  is  d i f f i c u l t  to  d e te rm in e  a n d  

s ta n d a rd is e .

S e v e ra l a s p e c ts  o f  th e  b e h a v io u r  o f  e a r th w o rm s  can  a f fe c t  th e  
assessm en t o f  th e  t o x ic i t y  o f  chem ica ls  to  th em  in  th e  f ie ld .  E a r th w o rm  
e c o lo g y  h a s  b een  re v ie w e d  e x te n s iv e ly  (E d w a rd s , 1983a; E d w a rd s  a n d  
L o f t y ,  1977; G e ra rd ,  1967 ; L a ir d  a n d  K r o g e r ,  1981; W a llw o rk , 1 9 7 0 ), a n d  I  
w i l l  d e s c r ib e  o n ly  th o s e  a s p e c ts  th a t  in f lu e n c e  d i r e c t ly  th e  re s p o n se  o f  
e a r th w o rm s  to  c h em ica ls .

L ig h t  a n d  m ed ium  loam  s o ils  c o n ta in  h ig h e r  n u m b e rs  o f  L .  t e r r e s t r i s , 
A . lo n g a , A ,  c a lig in o s a  a n d  L . r u b e l lu s  th a n  c la y  o r  s a n d y  s o i ls ,  a n d  
w h ils t  A .  c a lig in o s a  a p p e a rs  to  b e  th e  n u m e r ic a lly  d om in a n t s p e c ie s  in  m ost 
s o il t y p e s ,  i t  is  r e la t iv e ly  in to le r a n t  o f  a c id ic  p e a t s o ils  (E d w a rd s  and  
L o f t y ,  1 9 7 7 ).

T h e  h o r iz o n ta l d is t r ib u t io n  o f  e a r th w o rm s  in  th e  s o il is  l im ite d  b y  
c e r ta in  a s p e c ts  o f  th e  p h y s ic o -c h e m ic a l e n v iro n m e n t s u c h  as th e

te m p e ra tu re ,  m o is tu re  c o n te n t a n d  pH  o f  th e  s o i l,  th e  a v a i la b i l i t y  o f  fo o d  
a n d  th e  c a p a c ity  o f  th e  e a r th w o rm s  to  re p ro d u c e  a n d  d is p e rs e  (M u rc h ie ,

1 9 5 8 ). V e r t ic a l  d is t r ib u t io n s  a re  a lso  d e te rm in e d  b y  ch a n g e s  in  th e  s o il 
c o n d it io n s  s u ch  as lo w  w in te r  te m p e ra tu re s ,  sum m er d ro u g h t  (G e ra rd ,  
1967) a n d  th e  a b i l i t y  o f  th e  e a r th w o rm s  to  re s p o n d  to  th e s e  c h a n g e s .  
J u v e n ile  e a r th w o rm s  a re  o f te n  u n a b le  to  b u r r o w  d e e p ly  in  th e  s o il
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(E d w a rd s  a n d  L o f t y  1977) a n d  a re  th e r e fo r e  a f fe c te d  m ore  s e v e re ly  th a n  

th e  a d u lts  b y  u n fa v o u ra b le  c h ange s  in  th e  s o il e n v iro n m e n t s u ch  as th e  

a p p lic a t io n  o f  to x ic  ch em ica ls  (M a r t in ,  1980, 1983; S a u n d e rs  a nd  F o rg ie ,  
1 9 7 7 ). I n  c o n t ra s t  to  t h is ,  a d u lt  L .  t e r r e s t r i s  a n d  A .  lo n g a  can  m ove  
r a p id ly  in to  th e  s a fe ty  o f  th e  deep s o il la y e rs  u s in g  p e rm a n e n t,  m ucous  

l in e d  b u r r o w s .

T h e  p e a k  p e r io d  o f  a c t i v i t y  f o r  B r i t i s h  e a r th w o rm  spe c ie s  is  f ro m  
A p r i l  to  M ay a n d  fro m  A u g u s t  u n t i l  e a r ly  D e cem be r. L .  t e r r e s t r i s  a p p e a rs  
to  re m a in  a c t iv e  f o r  m os t o f  th e  y e a r  (G e ra rd ,  1 9 6 7 ), w h ils t  A . lo n g a  
e n te rs  an  o b lig a te  d ia p a u se  fro m  M ay u n t i l  O c to b e r . I n  o th e r  r e s p e c ts ,  L .  
t e r r e s t r i s  a n d  A .  lo n g a  h a ve  s im ila r  seasona l b e h a v io u r .  A .  c a l ig in o s a , A .  
c h lo ro t ic a  a n d  A .  ro s e a  can  e n te r  a fa c u l ta t iv e  d ia p a u se  d u r in g  

u n fa v o u ra b le  c o n d it io n s  (E v a n s , 1 9 4 7 ), a n d  s u ch  r e s t in g  b e h a v io u r  s h o u ld  

be  ta k e n  in to  a c c o u n t b e fo re  f ie ld  t r ia ls  a re  sam p le d .

T h e  a c t iv i t y  o f  e a r th w o rm s  in  s o i l is  l im ite d  m a in ly  b y  te m p e ra tu re  

a n d  m o is tu re  (E v a n s  a n d  G u ild ,  1 9 4 7 ), a lth o u g h  d r o u g h t  in d u c e s  a m ore  
p ro fo u n d  q u ie s ce n ce  th a n  w in te r  c o ld  (G e ra r d ,  1 967 ).

T h e  te m p e ra tu re  o f  s o il p r e fe r r e d  b y  e a r th w o rm s  can  v a r y  b e tw e e n  
s p e c ie s . A .  c a lig in o s a  a n d  E . fe t id a  p r e f e r  s o ils  b e tw e e n  10 -23 °C  a n d  
16 -2 3 °C  re s p e c t iv e ly ,  w h ils t  L .  t e r r e s t r i s  g ro w s  b e s t in  s o il a t 10°C  
(E d w a rd s  a n d  L o f t y ,  1 9 7 7 ). H ig h  te m p e ra tu re s  w i l l  l im i t  th e  a c t iv i t y  o f  
e a r th w o rm s  m ore  th a n  low  te m p e ra tu re s  a n d  th e  re m o va l o f  an  in s u la t in g  

la y e r  o f  v e g e ta t io n  fro m  th e  f ie ld  b y  c u l t iv a t io n s  can  in c re a s e  th e  ra n g e  
w ith in  w h ic h  th e  te m p e ra tu re  o f  th e  s o il f lu c tu a te s , a n d  th u s  a f fe c t  
p o p u la t io n s  o f  e a r th w o rm s  a d v e rs e ly  (E d w a rd s , 1983a ).

M os t lu m b r ic id  e a r th w o rm s  can  w ith s ta n d  th e  lo s s  o f  50% o f  t h e i r  b o d y  
w a te r  (G r a n t ,  1 9 5 5 ), a l th o u g h  e a r th w o rm s  w i l l  a v o id  d r y in g  c o n d it io n s  b y  
e m ig ra t io n ,  f o r  in s ta n c e  L .  t e r r e s t r i s  a n d  A .  lo n g a  w i l l  b u r r o w  m ore  

d e e p ly ,  o r  b y  a e s t iv a t io n  as seen w ith  A .  c a lig in o s a  (G e ra r d ,  1 9 6 0 ). T h e

op tim um  m o is tu re  c o n te n t o f  th e  s o il f o r  th e  N o r th  A m e r ic a n  spe c ie s  o f
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e a r th w o rm s  th a t  w e re  fo u n d  in  a g r ic u l t u r a l  la n d  was b e tw e e n  12-30%  
(G r a n t ,  1955 ; O ls o n , 1 9 28 ).

T h e  a c id i t y  o f  th e  s o il can  a f fe c t  th e  b e h a v io u r  o f  e a r th w o rm s . L .  
t e r r e s t r i s  to le ra te d  c h a n g e s  in  th e  pH  o f  th e  s o il w h i ls t  A .  lo n g a , A .  
c a lig in o s a  a n d  A .  c h lo ro t ic a  a v o id e d  a c id  c o n d it io n s  (S a tc h e l l ,  1 9 5 5 b ).

L .  t e r r e s t r i s  is  o f te n  e xp o se d  to  a h ig h  c o n c e n tra t io n  o f  p e s t ic id e s ,  
b e cau se  t h is  s p e c ie s  o f  e a r th w o rm  m oves on  a n d  fe e d s  a t th e  s o il s u r fa c e .  
T h is  s p e c ie s  is  m o re  s u s c e p t ib le  to  b e n o m y l th a n  o th e r  lu m b r ic id  
e a r th w o rm s  ( S t r in g e r  a n d  L y o n s , 1 9 7 7 ), a n d  is  m ore  v u ln e ra b le  th a n  A .  
lo n g a , A . c h lo ro t ic a  a n d  L .  r u b e l lu s  in  p a r t ic u la r  to  th e  s p ra y s  o f  th e  
b e n z im id a z o le  fu n g ic id e s  th a t  a re  u s e d  in  o rc h a rd s  ( S t r in g e r  a n d  L y o n s ,  
1 9 7 4 ). A .  c a lig in o s a  a lso  l iv e s  in  th e  s u p e r f ic ia l  la y e r s  o f  th e  s o il a n d  th e  
a d u lts  m ove on  th e  s o i l s u r fa c e  in  w e t w e a th e r , b e co m in g  p a r t ic u la r ly  
v u ln e ra b le  to  p e s t ic id e s  s u c h  as m e th io c a rb  (M a r t in ,  1 9 8 2 ). A . lo n g a

seems to  b e  le s s  s u s c e p t ib le  to  p e s t ic id e s  th a n  m any  o th e r  spe c ie s  o f  

e a r th w o rm , becau se  i t  can  b u r r o w  deep  in to  th e  s o i l (W h e a tle y  a n d

H a rd m a n , 1968) a n d  e n te rs  an  o b l ig a to r y  d ia p au se  d u r in g  th e  sum m er

(G e ra r d ,  1 9 67 ).

B o th  L .  t e r r e s t r i s  a n d  A . lo n g a  c o n s t r u c t  p e rm a n e n t b u r r o w s

(E d w a rd s , 1983a) in to  w h ic h  chem ica ls  d i f fu s e  s lo w ly ,  a n d  th is  p ro b a b ly

d e c re a se s  th e  e x p o s u re  o f  th e s e  e a r th w o rm s  to  p e s t ic id e s  th a t  a re

in c o rp o ra te d  in to  th e  s o il ( L o r d  e t a l . , 1 980 ). H o w e v e r , u n d e r  some 
c o n d it io n s  s u ch  b u r r o w s  can  c h a n n e l chem ica ls  th a t  a re  d re n c h e d  o n to  th e  
s o i l ,  a l lo w in g  them  to  p e rc o la te  r a p id ly  a n d  m ake c o n ta c t w i th  th e

e a r th w o rm s . C u lt iv a t io n  can  d is tu r b  s u c h  p e rm a n e n t b u r r o w s .

P lo u g h in g  de c re a se s  th e  n u m b e rs  o f  L .  t e r r e s t r i s  a n d  A . lo n g a  in  
a ra b le  s o i l ,  a l th o u g h  s u c h  c u l t iv a t io n  does  n o t a f fe c t  A . c a lig in o s a  a n d  

o f te n  le a ve s  A .  c h lo ro t ic a  as th e  d o m in a n t s p e c ie s . T h e  e a r th e n  c e lls  in  
w h ic h  A . c a lig in o s a  a e s t iv a te s  can  be  d e s tro y e d  b y  c u l t iv a t io n  a n d

th e re fo r e  t h is  s p e c ie s  is  a f fe c te d  m ore  th a n  L . r u b e l lu s , w h ic h  can
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o v e rs u m m e r as a cocoon  (M a r t in ,  1 9 8 0 ). T h e  m ost im p o r ta n t  e f fe c t  o f  
c u l t iv a t io n  is  to  le s s e n  th e  am oun t o f  o rg a n ic  m a tte r  th a t  is  a v a ila b le  in  th e  
s o i l .  H o w e v e r , th e  p o p u la t io n s  o f  e a r th w o rm s  can  re c o v e r  to  t h e i r  o r ig in a l  
s iz e  w hen  m anu re  i s  a p p lie d  (E d w a rd s , 1983a ).

A d u l t  e a r th w o rm s  a re  m ob ile  a n d  m ay m ig ra te  aw ay fro m  o r  in to  f ie ld  
p lo ts .  T h e se  m ovem en ts  can  a f fe c t  th e  p o p u la t io n  o f  e a r th w o rm s  in  th e  p lo t  
a n d  th e  a ssessm en ts  o f  th e  t o x ic i t y  o f  chem ica ls  made s u b s e q u e n t ly  
(M a r t in ,  1 9 7 6 ). L . t e r r e s t r i s  a n d  A . c a lig in o s a  can  s p re a d  fro m  an

in o c u la t io n  p o in t  i n  p o ld e r  s o ils  a t a r a te  o f  4 .5  m a n d  9 .0  m p e r  annum

re s p e c t iv e ly  (H o o g e rk a m p  e t a l . , 1 9 83 ). T h is  s u p p o r ts  p re v io u s

o b s e rv a t io n s  w i th  L .  t e r r e s t r i s  w h ic h  s u g g e s t th a t  e a r th w o rm s  can  m ove

s e v e ra l m e tre s  h o r iz o n ta l ly  th r o u g h  th e  s o il in  a y e a r  (B o u c h e , 1 9 74 ).  

H o w e v e r , E d w a rd s  a n d  B ro w n  (1982 ) r e p o r t  t h a t  th is  spe c ie s  fa i le d  to  
re p o p u la te  6 m s q u a re  g ra s s la n d  p lo ts  w i th in  one y e a r  o f  an  a p p lic a t io n  o f  
b e n o m y l w h ic h  e lim in a te d  th e  e a r th w o rm s . W h ils t t h is  fu n g ic id e  m ay rem a in  
t o x ic  in  th e  s o il f o r  s e v e ra l m on th s  (H a s s a ll,  1 9 8 2 ), th e  same s tu d y  show ed  
t h a t  th e  p o p u la t io n  o f  L .  fe s t iv u s  re c o v e re d  r a p id ly  to  a s ize  e q u iv a le n t  to  
t h a t  w h ic h  was p re s e n t  b e fo re  th e  t re a tm e n t .  T h e se  w o rk e r s  s u g g e s t th a t  
th e  cocoons o f  L . fe s t iv u s  s u r v iv e d  th e  e f fe c ts  o f  th e  c h e m ic a l, th e  
c o n c e n tra t io n  o f  w h ic h  h a d  fa l le n  to  a le v e l to le ra b le  to  th is  spe c ie s  b y  th e  
t im e  th a t  th e  cocoons  h a tc h e d . T h e  y o u n g  e a r th w o rm s  th e n  g re w  r a p id ly  
i n  an  e n v iro n m e n t t h a t  p re s e n te d  l i t t l e  c o m p e tit io n .

A  v a r ie t y  o f  m e thods  h a v e  b e e n  u s e d  to  s tu d y  th e  t o x ic i t y  o f  
chem ica ls  to  e a r th w o rm s  in  th e  f ie ld  b u t ,  in  g e n e ra l,  th e  te s t  com pounds  
w e re  s p ra y e d  o n to  a loam  s o i l ,  in c o rp o ra te d  m e ch a n ic a lly  a n d  th e n  th e  
p lo ts  w e re  re s e e d e d  w ith  g ra s s .  O cc a s io n a lly  th e  ch em ica ls  w e re  a p p lie d  to  
c ro p p e d  g ra s s  w ith o u t  s u b s e q u e n t c u l t iv a t io n .  T h e  s ize s  o f  th e  f ie ld  p lo ts  
h a v e  ra n g e d  fro m  3 m to  10 m s q u a re s . T he se  a re  com m on ly  a r ra n g e d  in  
ra n d o m is e d  b lo c k s  o r  as a L a t in  s q u a re .  T h e  e a r th w o rm s  a re  o f te n  
sam p led  u s in g  th e  fo rm a lin  e x t r a c t io n  m e thod  (R a w , 1959) b e tw e e n  one a n d
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12 m on th s  p o s t - t r e a tm e n t ,  a n d  th e  d a ta  a re  th e n  p ro c e s s e d  b y  an a n a ly s is  
o f  v a r ia n c e  ( B a r k e r ,  1982 ; E d w a rd s  a n d  B ro w n , 1982; T h o m p so n , 1971; 
T o m lin  a n d  G o re , 1 9 7 4 ). T h e  d e ta ils  o f  th e s e  f ie ld  e x p e r im e n ts  a n d  o f  th e  
te c h n iq u e s  f o r  s a m p lin g  e a r th w o rm s  h a ve  b een  c r i t ic is e d  a lre a d y  a n d

d e s c r ib e d  in  d e ta i l (T a b le  1 . 2 ) .  T h is  t y p e  o f  in v e s t ig a t io n  was a d a p te d  
a n d  u s e d  in  th e  fo l lo w in g  s tu d y .

T h e  f ie ld  t r ia ls  c a r r ie d  o u t  a t R o th am s te d  a nd  S it t in g b o u rn e  c o n s is te d  
o f  th r e e  ra n d o m is e d  b lo c k  e x p e r im e n ts  c o n d u c te d  d u r in g  1980, 1981 a nd  
1982 o n  s o ils  o f  d i f f e r in g  t y p e ,  o rg a n ic  m a tte r  c o n te n t a n d  c a t io n  e x c h a n g e  
c a p a c ity .

T h e  e f fe c ts  o f  f iv e  ch em ica ls  u p o n  th e  p o p u la t io n s  o f  e a r th w o rm s  w e re  
s tu d ie d ;  th e s e  chem ica ls  in c lu d e d  c h lo rd a n e , c a r b a r y l ,  th io p h a n a te -

m e th y l,  t r ia z o p h o s  a n d  p e n ta c h lo ro p h e n o l.  Each  o f  th e s e  chem ica ls  h a d  
been  te s te d  u n d e r  la b o ra to r y  c o n d it io n s  a n d  was fo u n d  to  be  to x ic  to  

e a r th w o rm s  (S e c t io n  4 .2 .1 8 ) .  T h e  t o x ic i t y  o f  t r ia z o p h o s  a n d  
p e n ta c h lo ro p h e n o l to  e a r th w o rm s  h a d  n o t b e e n  in v e s t ig a te d  p r e v io u s ly  in  
th e  f ie ld .  C h lo rd a n e  a n d  c a r b a r y l  a re  u s e d  co m m e rc ia lly  as v e rm ic id e s ,  

a n d  th io p h a n a te -m e th y l is  a fu n g ic id e  a p p lie d  in  la rg e  am oun ts  to  c e re a l 
c ro p s .  T r ia z o p h o s  is  u s e d  w id e ly  as an  in s e c t ic id e  a n d  is  re la te d  
s t r u c t u r a l ly  to  chem ica ls  k n o w n  to  k i l l  e a r th w o rm s  in  a ra b le  s o i ls .

P e n ta c h lo ro p h e n o l (P C P ) is  u s e d  e x te n s iv e ly  in  in d u s t r y  as a d is in fe c ta n t

a n d  p r e s e r v a t iv e  as i t  has  a b ro a d -s p e c t ru m  b io c id a l a c t io n  ( C i r e l l i ,  1 9 7 8 ). 
PCP has  h e rb ic id a l p r o p e r t ie s  (H a s s a ll,  1982) a n d  has  b een  p ro p o s e d  fo r  
use  as a m o llu s c ic id e  (G o u ld ,  1 9 6 2 ), w h ils t  sod ium  p e n ta c h lo ro p h e n a te  was  
fo u n d  to  b e  u s e fu l as a s o il in s e c t ic id e  f o r  th e  c o n t r o l o f  te rm ite s  
(H o c k e n y o s , 1 9 3 9 ).

T h e  e f fe c t  o f  each  o f  th e s e  chem ica ls  a p p lie d  to  th e  s o il a t tw o  r a te s ,  
u p o n  th e  n u m b e rs  a n d  w e ig h ts  o f  e a r th w o rm s  c o lle c te d  fro m  th e  p lo ts  was  
assessed  a f t e r  one  a n d  s ix  m o n th s  p o s t - t r e a tm e n t .
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U n fo r tu n a te ly  th e  f i r s t  in  t h is  s e r ie s  o f  f ie ld  t r i a l s ,  s e t u p  d u r in g  
1980 o n  G e e s c ro ft F ie ld ,  R o th am s te d  E x p e r im e n ta l S ta t io n  (o n  a s a n d y  c la y  
loam  s o il c o n ta in in g  2.5% o rg a n ic  m a t te r ) ,  was d e s t ro y e d  a c c id e n ta lly  b y  
th e  s t a f f  o f  th e  e x p e r im e n ta l fa rm . S e v e ra l d i f f ic u l t ie s  p re v e n te d  me fro m  
r e p e a t in g  th is  e x p e r im e n t a n d  th u s  th e  in v e s t ig a t io n  on  t h is  ty p e  o f  s o il is  
la c k in g .

6 .2  M a te r ia ls  a n d  M e thod s

6 .2 .1 .  M a te r ia ls

C hem ica ls

C o m m e rc ia lly  fo rm u la te d  chem ica ls  w e re  u s e d  w h e re v e r  p o s s ib le ,  as 
th e s e  m a te r ia ls  c o u ld  b e  s u s p e n d e d  in  w a te r  a n d  a p p lie d  to  th e  s o il as a 
s p ra y .  T h e  s o lv e n ts  th a t  w e re  u s e d  in  th e se  in v e s t ig a t io n s  w e re  o f  
a n a ly t ic a l g ra d e .

R o th am s te d  f ie ld  s ite

T h e  t r i a l  s ite  was on  A p p le tre e s  f ie ld ,  a 19 y e a r  o ld  m ixe d  sw a rd  
p a s tu re .  T h e  s o il was a c la y - lo a m  o f  pH  6 .5 ,  c o n ta in in g  5.1% o rg a n ic  
m a tte r  a n d  w i th  a c a t io n  e x c h a n g e  c a p a c ity  o f  193 m e q .k g  1 . T h e  s ite  h a d  
n o t b e e n  t r e a te d  w ith  p e s t ic id e s  f o r  a t le a s t 19 y e a rs  (P la te  6 . 1 ) .

S i t t in g b o u rn e  f ie ld  s ite

A  s ite  was o b ta in e d  a t th e  S h e ll ( U . K . )  R e se a rch  C e n tre ,  

S it t in g b o u r n e ,  on  a 50 -60  y e a r  o ld  m ix e d  sw a rd  p a s tu re  th a t  h a d  been  
w o o d la n d  p r e v io u s ly .  T h e  f ie ld  was u s e d  to  g ra ze  sheep  a n d  h a d  n e v e r  
b een  t r e a te d  w ith  p e s t ic id e s .  T h e  s o il w as a f l i n t y  c la y - lo a m  o f  pH  6 .1 ,  
c o n ta in in g  6.9% o rg a n ic  m a t te r  w ith  a c a t io n  e x ch a n g e  c a p a c ity  o f  211 
m e q .k g  *  (P la te  6 . 2 ) .
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Plate 6.1. Rothamsted Field Site. Appletrees Field, Rothamsted 
Experimental Station, Harpenden, Hertfordshire.

Plate 6.2. Sittingbourne Field Site. Shell (UK) Research Centre,
Sittingbourne, Kent.
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6 .2 . 2 .  T h e  d e te rm in a t io n  o f  th e  p ro p e r t ie s  o f  th e  s o il

T h e  pH  o f  th e  s o il w as d e te rm in e d  a c c o rd in g  to  a s ta n d a rd  m e th od  

(A n o n .  1981d) u s in g  a pH  m e te r (G a lle n kam p  a nd  C om pany L t d . )  th a t  was  
re a d a b le  to  0 .0 5  o f  a pH  u n i t .  A i r - d r ie d  s o il w i th  a vo lum e  o f  10 m l was  
g ro u n d  f in e ly ,  p a s se d  th r o u g h  a 2 mm m esh s ie ve  a nd  th e n  s h a ke n  w ith  25 
m l d is t i l le d  w a te r .  T h e  pH  e le c tro d e  was im m e rsed  in  t h is  s u s p e n s io n  f o r  
30 seconds  a n d  th e  pH  o f  th e  s o il re a d  fro m  th e  m e te r  ( th e  pH  m e te r h a d  
b een  c a l ib ra te d  p r e v io u s ly  u s in g  s ta n d a rd  s o lu t io n s  p re p a re d  fro m  b u f f e r  
ta b le ts  s u p p lie d  b y  th e  m a n u fa c tu re r ) .

A  m o d if ic a t io n  o f  th e  T in s le y  I  m e thod  was u s e d  to  d e te rm in e  th e  
o rg a n ic  m a t te r  c o n te n t o f  th e  s o i l.  T h e  s o il was d ig e s te d  a t 151°C  f o r  120 
m in u te s  u s in g  a m ix tu re  o f  sod ium  d ic h ro m a te , p h o s p h o r ic  a c id  a n d  
s u lp h u r ic  a c id ,  th e  am oun t o f  d ic h ro m a te  consum ed  was th e n  e s t im a te d  b y  
t i t r a t io n  a g a in s t an  a c id if ie d  s o lu t io n  o f  fe r r o u s  am m onium  s u lp h a te  
(K a lem basa  a n d  J e n k in s o n , 1 973 ).

T h e  c a t io n  e x c h a n g e  c a p a c ity  o f  th e  s o il w as d e te rm in e d  a t th e  
n a tu r a l pH  o f  th e  s o i l u s in g  th e  m e th od  o f  Bascom b (1 9 6 4 ) , in  w h ic h  th e

am oun t o f  m agnes ium  th a t  w as a d s o rb e d  b y  th e  s o i l was m ea su re d

t i t r im e t r ic a l l y .

6 . 2 . 3 .  T h e  d e s ig n  a n d  e x e c u t io n  o f  th e  f ie ld  e x p e r im e n ts

T h e  m a n u fa c tu re rs  re com m ended  ra te s  o f  a p p lic a t io n  f o r  th e  te s t  
chem ica ls  (T a b le  6 .1 )  a s s is te d  in  th e  d e s ig n  o f  th e  t r i a l s .  T h e  ra te  a t

w h ic h  th e  ch em ica ls  w e re  a p p lie d  to  th e  p lo ts  a n d  th e  r e s u l ta n t

c o n c e n tra t io n  o f  th e  ch em ica l in  th e  s o i l ,  to g e th e r  w ith  th e  14 d a y  L C g ^ ’ s 
o f  th e s e  chem ica ls  f o r  e a r th w o rm s  d e te rm in e d  p r e v io u s ly  u s in g  th e  a r t i f i c ia l  
s o il t e s t ,  a re  p re s e n te d  in  a ta b u la te d  fo rm  (T a b le  6 . 2 ) .  Each  chem ica l 
was a p p lie d  to  th e  s o il a t tw o  ra te s  a n d  b o th  o f  th e s e  ra te s  p ro d u c e d  a 
c o n c e n tra t io n  o f  th e  chem ica l in  th e  s o il t h a t  was lo w e r  th a n  th a t  o f  th e  14 
d a y  L C ^  e s t im a te d  u s in g  th e  a r t i f i c ia l  s o il t e s t .  T h e se  low  ra te s  o f
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T a b le  6 .1 .  T h e  com m e rc ia l p e s t ic id e s  u s e d  in  th e  f ie ld  e x p e r im e n ts .

C hem ica l T ra d e  name %
a . i .

F o rm u la t io n
(1 )

Recom m ended  
a p p lic a t io n ^  

r a te  k g . h a  1 
a n d  u se  (2 )

M a n u fa c tu re r
o r

s u p p l ie r

C h lo rd a n e C h lo rd a n e  25 25 e .c . E a r th w o rm
c o n t r o l
11 .25

S yn ch em ica ls
L td .

T r ia z o p h o s  H o s ta th io n 42 e .c . C u tw o rm
c o n t r o l

1 .05

H o e ch s t A .G .

C a rb a r y l S e v in  85 85 w .p . E a r th w o rm
c o n t ro l

3 .8 3

U n io n  C a rb id e  
(U K )  L td .

T h io -
p h a n a te -
m e th y l

C e rc o b in 50 w .p . C e re a l
fu n g ic id e

0 .7 0

M ay a n d  B a ke i 
L td .

P e n ta -
c h lo r o -
p h e n o l

W ito p h e n  P 100 F la k e s F re s h w a te r  
s n a il c o n t jy l  
(5  m g .k g  )

D y n a m it-N o b e l
A .G .

(1 )  e . c .  em u ls io n  c o n c e n tra te ,  w .p .  w e tta b le  p o w d e r .

(2 )  T h e  re com m ended  ra te  o f  a p p lic a t io n  f o r  th e  e ra d ic a t io n  o f  e a r th w o rm s ,  
o r  th e  r a te  o f  a p p lic a t io n  f o r  th e  u se  th a t  was m ost s im ila r  to  th e  c o n t r o l

o f  e a r th w o rm s .
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T a b le  6 .2 .  T h e  r a te  o f  a p p lic a t io n  o f  p e s t ic id e s  u s e d  f o r  e x p e r im e n ts  in  
th e  f ie ld  a n d  la b o r a to r y ,  to g e th e r  w ith  th e  c o n c e n tra t io n  o f  th e s e  chem ica ls  
t h a t  r e s u l te d  in  th e  s o i l.

M a n u fa c tu re rs R a te  o f C o n c e n tra t io n  o f
re com m ended A r t i f i c ia l a p p lic a t io n chem ica ls  a c h ie v e d

a p p lic a t io n s o il te s t u se d  a t th e in  th e  s o il a t
r a te LC50 f ie ld  s ite th e  f ie ld  s ite

m g .k g -1  a . i . m g .k g ” 1 a . i . k g .h a  1 a . i . m g .k g  1 a . i .
( 1 ) (2 ) (1 )

5 2 .5
C h lo rd a n e  5 .6 3 26 .97 10 5 .0

3 1 .5
T r ia z o p h o s 0 .5 3 10 .53 6 3 .0

2 .5 1 .25
C a rb a r y l 1 .9 2 85 .74 25 12 .5

3 1 .5
T h io p h a n a te -
m e th y l 0 .3 5 20 .06 6 3 .0

12 .5 6 .2 5
P e n ta c h lo ro -
p h e n o l 5 .0 0 45 .53 75 37 .5

(1 )  T h e  m e thod  f o r  c a lc u la t in g  th e  c o n c e n tra t io n  o f  th e  ch em ica l in  th e  s o il 
was b a se d  u p o n  th a t  o f  T h om pson  a n d  T ro e h  (1 9 7 3 ) , c ite d  b y  D e a n -R o s s  
(1 983 ) am ongs t o th e r s .  T h is  c a lc u la t io n  assum ed th a t  f o r  a s o il o f  b u lk  
d e n s i ty  1 .3 ,  th e  w e ig h t o f  an  a c r e - fu r r o w  s lic e  ( to  a d e p th  o f  15 cm ) wasg
a p p ro x im a te ly  2 x  10 lb s .  W hen th is  v a lu e  was u s e d  to  c a lc u la te  th e  
c o n c e n tra t io n  o f  a c h em ica l in  th e  s o i l,  1 lb .a c r e  1 was assum ed  to  e q u a l 1 
k g . h a  1 a n d  th e re fo r e  1 m g .k g  1 was a c h ie v e d  b y  an a p p ro x im a te  r a te  o f  
a p p lic a t io n  o f  2 k g .h a  T h e  s o ils  ta k e n  fro m  b o th  f ie ld  s ite s  h a d  a b u lk
d e n s ity  o f  a p p ro x im a te ly  1 .25  as d e te rm in e d  b y  th e  m e thod  o f  A v e r y  a n d  
Bascom b (1 9 7 4 ) .
( 2 )  T h e  14 d a y  L C ^ 's  w e re  c a lc u la te d  fro m  d a ta  th a t  w e re  o b ta in e d  u s in g  
th e  a r t i f i c ia l  s o il te s t  (T a b le  A 7 .3 0 ) .
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a p p lic a t io n  w e re  e x p e c te d  to  d e m o n s tra te  th e  le th a l a n d  s u b le th a l e f fe c ts  o f  
th e  chem ica ls  u p o n  th e  p o p u la t io n s  o f  e a r th w o rm s  d u r in g  th e  lo n g  p e r io d  o f  
e x p o s u re  th a t  w as u s e d  in  th e  f ie ld .

T h e  h ig h  ra te  o f  a p p lic a t io n  g a ve  a c o n c e n tra t io n  o f  c h em ica l in  th e  
s o il th a t  w as a p p ro x im a te ly  15-25% o f  th e  14 d a y  L C 5Q in  th e  a r t i f i c ia l  s o i l ,  
a lth o u g h  p e n ta c h lo ro p h e n o l w as a p p lie d  a t a r a te  th a t  gave  a c o n c e n tra t io n  
i n  th e  s o il s im ila r  to  th e  14 d a y  LC ,.q . B y  u s in g  th is  a p p ro a c h , I  h o p e d  
to  see some m o r ta l i t y  o f  e a r th w o rm s  d ue  to  th e  e f fe c t  o f  each  o f  th e  
c h e m ic a ls , a lth o u g h  no  in fo rm a t io n  was a v a ila b le  c o n c e rn in g  th e  e f fe c t  o f  
p e n ta c h lo ro p h e n o l u p o n  e a r th w o rm s  in  th e  f ie ld  a n d  a m a n u fa c tu re r ’ s 
re com m enda tio n  f o r  th e  ra te  o f  a p p lic a t io n  d id  n o t e x is t .

T h e  lo w e r  r a te  o f  a p p lic a t io n  f o r  th e  chem ica ls  was h a l f  th a t  o f  th e  
h ig h e r  r a te ,  e x c e p t f o r  c a r b a r y l  w h ic h  was k n o w n  to  show  a r a p id  a n d  

s e v e re  t o x ic i t y  to  e a r th w o rm s , a n d  f o r  p e n ta c h lo ro p h e n o l w h ic h  p e rs is te d  

f o r  a lo n g  t im e  in  th e  s o i l.  T h e se  chem ica ls  w e re  a p p lie d  a t 10% and  17% 

o f  th e  h ig h e r  ra te s  o f  a p p lic a t io n  r e s p e c t iv e ly ,  in  an  a tte m p t to  a v o id  th e  
com p le te  e lim in a t io n  o f  th e  e a r th w o rm s  fro m  th e s e  p lo ts .

T h e  t r ia ls  a t R o th am s te d  a n d  S it t in g b o u rn e  w e re  d e s ig n e d  as  
ra n d o m is e d  b lo c k  e x p e r im e n ts  (F ig u re s  6 .1  a n d  6 .2  r e s p e c t iv e ly ) ,  w ith  
each  b lo c k  c o n ta in in g  one p lo t  p e r  t re a tm e n t a n d  an  u n t r e a te d  c o n t r o l .  
H o w e v e r , an  e r r o r  o c c u r re d  d u r in g  th e  a p p lic a t io n  o f  th e  chem ica ls  a t  
R o th am s te d  w h ic h ,  to g e th e r  w i th  in a d e q u a te  p re t re a tm e n t s a m p lin g  o f  th e  

p o p u la t io n s  o f  e a r th w o rm s  a t b o th  s ite s ,  r e q u ir e d  th a t  th e  d a ta  w e re  
a n a ly s e d  in  a m ore  a p p ro p r ia te  m anne r w h ic h  is  d e s c r ib e d  b e lo w . T h e  
t r ia ls  h a d  a fa c to r ia l d e s ig n  because  each  chem ica l was a p p lie d  a t tw o  
r a te s ,  a n d  th e  o v e ra l l la y o u t  o f  each  t r i a l  was ta i lo r e d  to  f i t  th e  a v a ila b le  
spa ce . T h e  d ia g ra m s  in d id a te  th a t  th e  d im en s io n s  o f  b o th  t r ia ls  w e re  
s im ila r ,  b u t  th a t  th e  t r i a l  c o n d u c te d  on  th e  e x p e r im e n ta l fa rm  a t 
R o th am s te d  was r e q u ir e d  b y  th e  m anagem en t to  be  m easu red  in  Im p e r ia l 
u n i t s .
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Figure 6.1
ROTHAMSTED FIELD TRIAL APPLETREES FIELD
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TREATMENTS

— Control -

TM 1 Thiophanate-methyl 3 kg.ha“l
TM 2 Thiophanate-methyl 6 kg.ha-!
CD 1 Chlordane 5 kg.ha-!
CD 2 Chlordane 10 kg.hai-!
TR 1 Triazophos 3 kg.ha"!
TR 2 Triazophos 6 kg.ha-!
CB 1 Carbaryl 2.5 kg.ha“l
CB 2 Carbaryl 25 kg.ha“l
PCP 1 Pentachlorophenol 12.5 kg.ha“l
PCP 2 Pentachlorophenol 75 kg.ha~l

* Plot 28 was incorrectly treated, and therefore discounted. The treatment intended for Plot 28 was applied to Plot 2 instead. Plot 2 was originally a control.
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Figure 6.2

SITTINGBOURNE FIELD TRIAL SHELL RESEARCH CENTRE
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TREATMENTS

Control
TM 1 Thiophanate-methyl 3 kg.ha-1
TM 2 Thiophanate-methyl 6 kg.ha“l
CD 1 Chlordane 5 kg.ha-1
CD 2 Chlordane 10 kg.ha-1
TR 1 Triazophos 3 kg.ha"!
TR 2 Triazophos 6 kg.ha-1
CB 1 Carbaryl 2.5 kg.ha-1
CB 2 Carbaryl 25 kg.ha-1
PCP 1 Pentachlorophenol 12.5 kg.ha-1
PCP 2 Pentachlorophenol 75 kg.ha-1
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T h e  t r ia ls  w e re  done  d u r in g  c o n s e c u t iv e  y e a r s ,  b u t  th e  t im in g  o f  th e  
v a r io u s  o p e ra t io n s  was s im ila r  f o r  each  (T a b le  6 . 3 ) .  T h e  g ra s s  a t each  
s ite  w as ro to v a te d  u s in g  a t r a c t o r  m oun te d  u n i t ,  b e tw e e n  f o u r  a n d  se ven  
d a y s  b e fo re  th e  chem ica ls  w e re  a p p lie d .  T h e  p lo ts  w e re  m a rk e d  o u t w ith  

n y lo n  c o rd  to  a c t as a s p ra y  g u id e  a n d  th e  chem ica ls  w e re  a p p lie d  d u r in g  

th e  la te  a f te rn o o n  in  tw o  l i t r e s  o f  w a te r  p e r  p lo t ,  u s in g  an I . C . I .  
h a n d -p u m p e d  b a c k p a c k  s p ra y e r  (C o o p e r -P e g le r  a n d  C o . L t d . ) .  T h e  
s p r a y e r  was f i t t e d  w i th  a one m e tre  s p ra y  la n c e , a p re s s u re  g auge  a n d  a 
s in g le  f la t  fa n  n o z z le  T y p e  F110 /100 (P la te  6 . 3 ) .  P e n ta c h lo ro p h e n o l was  
in s o lu b le  in  w a te r  a n d  was th e re fo re  a p p lie d  in  0 .5  l i t r e  m e th a n - l - o l  p e r  
p lo t .  T h e  a lc o h o l e v a p o ra te d  q u ic k ly .  T h e  d e p o s its  o f  th e  chem ica ls  w e re  
th e n  in c o rp o ra te d  b y  r o to v a t io n  d u r in g  th e  e v e n in g  o f  th e  d a y  on  w h ic h  

th e y  w e re  a p p l ie d ,  a n d  th e  p lo ts  seeded  w ith  an  I ta l ia n  r y e g ra s s .

A t  R o th a m s te d , P lo t 28 was s p ra y e d  tw ic e  b y  a c c id e n t a n d  was  
th e r e fo r e  n o t sam p le d . T h e  a p p lic a t io n  o f  3 k g . k a  1 th io p h a n a te -m e th y l  
t h a t  s h o u ld  h a ve  b e e n  s p ra y e d  o n to  t h is  p lo t  was a p p lie d  in s te a d  to  P lo t 2 ,  
w h ic h  s h o u ld  h a v e  b een  a c o n t r o l p lo t .  T h is  c o n t r o l p lo t  was c ho sen  to  
re c e iv e  th e  re p la c e m e n t t re a tm e n t ,  be cau se  a d d it io n a l in fo rm a t io n  a b o u t th e  
p o p u la t io n s  o f  e a r th w o rm s  in  th e  u n t r e a te d  s o il c o u ld ,  i f  n e c e s s a ry , b e  

o b ta in e d  f ro m  th e  d is c a rd  a re a s .

S o il sam p les  (o n e  k g )  w e re  ta k e n  f o r  th e  d e te rm in a t io n  o f  o rg a n ic  
m a tte r  c o n te n t a n d  c a t io n  e x c h a n g e  c a p a c ity  b e fo re  th e  ch em ica ls  w e re  
a p p lie d .  T h e  p o p u la t io n s  o f  e a r th w o rm s  w e re  sam p led  w i t h in  0 .5  m s q u a re  
(0 .2 5  m2) q u a d ra ts  b y  an  e x t r a c t io n  m e thod  u s in g  fo rm a lin  (P la te s  6 .4  and  
6 .5 )  th a t  was a d a p te d  fro m  th e  m e thod  o f  Raw  (1 9 5 9 ) . T h e  e a r th w o rm s  
w e re  e x t r a c te d  fro m  th e  c e n t r a l a re a  o f  each  p lo t  u s in g  tw o  4 .5  l i t r e  

a p p lic a t io n s  o f  a 0.2% aqueou s  s o lu t io n  o f  fo rm a lin ,  d re n c h e d  o n to  0 .2 5  m 2 
o f  s o il a t 20 m in u te  in t e r v a ls .  T h e  e a r th w o rm s  e x p e lle d  b y  th is  i r r i t a n t  
w e re  c o lle c te d  a n d  p re s e rv e d  in  a 5% aqueous  s o lu t io n  o f  fo rm a lin  p r io r  to  

id e n t i f ic a t io n  in  th e  la b o r a to r y .
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Table 6.3. The timing of the operations at the trial sites.

Operation Rothamsted
Site

Sittingbourne
Site

Pasture rotovation 14.4.81 5.4.82
Pre-treatment sampling 
for earthworms 15.4.81 7.4.82
Treatment application 21.4.81 9.4.82
Treatment incorporation 21.4.81 9.4.82
1 month post-treatment 
sampling for earthworms 21.5.81 10.5.82
6 months post-treatment 
sampling for earthworms 15.10.81 11.10.82

Plate 6.3. Application of the test chemical to the soil using a backpack 
sprayer.
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Plate 6.4. Earthworm sampling: applying a dilute solution of formalin to 
the soil as a drench.

Plate 6.5. Earthworm sampling: collecting the earthworms expelled within
the 0.5 m square quadrat
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P re tre a tm e n t sam p les o f  th e  p o p u la t io n s  o f  e a r th w o rm s  ta k e n  fro m  th e  
d is c a rd  a re a s  b o r d e r in g  th e  t r i a l ,  in d ic a te d  th a t  th e s e  p o p u la t io n s  w e re  
h ig h  a t b o th  s ite s .  W ith o u t p re t re a tm e n t sam p les o f  th e  p o p u la t io n s  o f  
e a r th w o rm s  w i th in  each  p lo t ,  i t  was d i f f i c u l t  to  e s tim a te  th e  in i t ia l  
p o p u la t io n  d e n s i ty  o f  th e  e a r th w o rm s . T h e  s u b s e q u e n t s ta t is t ic a l  a n a ly se s  
in d ic a te d  th a t  th e s e  p o p u la t io n s  w e re  d is t r ib u te d  n o n -u n i fo rm ly  a c ro s s  th e  

t r i a l  s ite s  b e fo re  th e  e x p e r im e n ts  w e re  s e t u p .

P o s t- t re a tm e n t sam p les w e re  c o lle c te d  a f t e r  a p p ro x im a te ly  30 a n d  180 
d a y s  ( h e r e a f te r  r e fe r r e d  to  as th e  one  m on th  a n d  s ix  m on th  sam p les  
r e s p e c t iv e ly ) .  A t  each s a m p lin g  d a te , tw o  0 .2 5  m 2 su b sam p le s  w e re  ta k e n  
f ro m  each  p lo t  u s in g  d i f f e r e n t  a re a s  o f  s o il o n  each  o c c a s io n . T h e  
s u b -s a m p le s  w e re  c o lle c te d  n e a r  th e  c e n tre  o f  each  p lo t  to  re d u c e  th e  

e f fe c t  o f  a n y  m ig ra t io n  o f  th e  e a r th w o rm s .

6 .2 .4 .  T h e  a n a ly s is  o f  th e  d a ta  o b ta in e d  fro m  th e  f ie ld  e x p e r im e n ts

T h e  in fo rm a t io n  re c o rd e d  f o r  each  s u b p lo t  c o n s is te d  o f  th e  n u m b e rs  
a n d  w e ig h ts  o f  L .  t e r r e s t r i s , A . lo n g a  a nd  A .  c a l ig in o s a , to g e th e r  w ith  
th e  to ta l  n u m b e rs  a n d  w e ig h ts  o f  th e  re m a in in g  spe c ie s  o f  e a r th w o rm  w h ic h  
in c lu d e d  A .  c h lo r o t ic a , L .  r u b e l lu s , L .  c a s ta n e u s , A .  ro se a  a n d  O . 

c y a n e u m . T h e se  la t t e r  spe c ie s  w i l l  h e r e a f te r  b e  r e fe r r e d  to  as th e  ’o th e r ’ 

s p e c ie s .

T h e  n u m b e rs  o f  A .  c a lig in o s a  a n d  b o th  th e  n u m b e rs  a n d  th e  w e ig h ts  
o f  L .  t e r r e s t r i s , A .  lo n g a  a nd  th e  o th e r  s p e c ie s , to g e th e r  w ith  th e  to ta l  
n u m b e rs  a n d  w e ig h ts  f o r  a l l  th e  s p e c ie s , w e re  a n a ly s e d  f o r  b o th  t r i a l s .  
T h e  d a ta  f o r  th e  w e ig h ts  o f  A .  c a lig in o s a  w e re  to o  s p a rs e  to  b e  a n a ly s e d .

T h e  d a ta  w e re  t ra n s fo rm e d  in to  lo g a r ith m s  a n d  d i f fe re n c e s  b e tw e e n  
t r e a tm e n t means d e te c te d  u s in g  an a n a ly s is  o f  v a r ia n c e .  A  p r e l im in a r y  
a n a ly s is  o f  v a r ia n c e  u s in g  th e  d a ta  fro m  th e  R o th am s te d  s ite ,  w ith o u t  
a llo w in g  f o r  b lo c k s ,  p ro d u c e d  a p a t te r n  o f  re s id u a l v a r ia t io n  w h ic h  
in d ic a te d  th a t  th e  in i t ia l  p o p u la t io n  d e n s i ty  d i f f e r e d  s y s te m a t ic a lly  w i th in
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th e  o r ig in a l ly  p ro p o s e d  b lo c k s .  T h e re fo r e ,  new  b lo c k s  w e re  d e f in e d  w i th in  
w h ic h  th e  p lo ts  w e re  s p a t ia l ly  c o n t ig u o u s  a n d  th e se  n e w ly  d e f in e d  b lo c k s  
u se d  as a c o v a r ia te  in  an  a n a ly s is  o f  v a r ia n c e  fo r  th e  one m on th  sam p le . 
T h e  c o v a r ia te  u s e d  f o r  th e  s ix  m o n th  sam ple was th e  mean v a lu e  o f  tw o  
sub sam p le s  o f  th e  p o p u la t io n  ta k e n  fro m  each  p lo t  a f t e r  one m o n th . T h e se  
a n a ly se s  o f  c o v a r ia n c e  s u b s ta n t ia l ly  re d u c e d  th e  r e s id u a l v a r ia t io n  seen in  
p r e l im in a r y  a n a ly s e s , a n d  a llow ed  th e  d if fe re n c e s  b e tw e e n  tre a tm e n ts  to  be  

e s tim a te d  w ith  g re a te r  p re c is io n .

T h e  d a ta  c o lle c te d  fro m  th e  S it t in g b o u rn e  s ite  a f t e r  one m o n th  was  

s p a rs e . A n  in i t ia l  a n a ly s is  o f  v a r ia n c e  in d ic a te d  th a t  th e  d a ta  f o r  L .  
t e r r e s t r i s  a lone  show ed  s y s te m a tic  d if fe re n c e s  in  p o p u la t io n  d e n s i t y ,  a n d  
a llow ed  an  a n a ly s is  o f  c o v a r ia n c e  s im ila r  to  th a t  p e r fo rm e d  on  th e  
R o th a m s te d  s ite  d a ta . T h e  c o v a r ia n c e  a n a ly s is  o f  th e  d a ta  c o lle c te d  a f t e r  
s ix  m on th s  fro m  th e  S it t in g b o u rn e  s ite  was c o n d u c te d  as d e s c r ib e d  

p re v io u s ly  f o r  th e  d a ta  fro m  th e  R o th am s te d  s ite .

T h e  d a ta  f o r  each  t r i a l  a re  p re s e n te d  as th e  g ra n d  m ean a n d  th e  
v a r ia n c e  ra t io s  o f  b o th  th e  t re a tm e n t a n d  th e  c o v a r ia te  ( in c lu d in g  th e  
d e g re e s  o f  fre e d om  f o r  th e s e  a n d  f o r  th e  re s id u a l v a r ia t io n ) ,  to g e th e r  w ith  
th e  s ig n if ic a n c e  o f  th e  v a r ia n c e  r a t io .  T h e  a r i th m e t ic  m eans o f  th e  
lo g a r i th m ic a l ly  t ra n s fo rm e d  n u m b e rs  a n d  w e ig h ts  ( a d ju s te d  f o r  c o v a r ia te s )  
w e re  c a lc u la te d , to g e th e r  w i th  th e  s ta n d a rd  e r r o r  f o r  th e  d i f fe re n c e  

b e tw e e n  th e  m eans.

6 .3 .  R e s u lts

T h e  d e s c r ip t io n  o f  th e  r e s u l t s  w h ic h  fo llo w s  w i l l  c o n ta in  re fe re n c e s  to  
an  'in c re a s e ' o r  'd e c re a s e ' in  th e  n u m b e rs  o r  w e ig h ts  o f  e a r th w o rm s . T h is  
re la te s  to  th e  n u m b e rs  a n d  w e ig h ts  fo u n d  in  th e  t r e a te d  p lo ts ,  com pa re d  to  
th o s e  p re s e n t  in  th e  c o n t r o l p lo t s . W hen a p o p u la t io n  is  r e f e r r e d  to  as 
'u n a f fe c te d ' b y  a t r e a tm e n t ,  t h is  means th a t  th e  n u m b e rs  o r  w e ig h ts  o f



217

e a r th w o rm s  in  th e  t r e a te d  p lo t s ,  a t th e  t im e  o f  s a m p lin g , w e re  s im ila r  to  

th o s e  in  th e  c o n t r o l p lo ts .

R e fe re n c e s  to  th e  'h ig h 1 a n d  'lo w ' r a te  o f  a p p lic a t io n  o f  a chem ica l 
r e la te  to  th e  u p p e r  a n d  lo w e r  c o n c e n tra t io n s  th a t  w e re  a c h ie v e d  in  th e  s o il 
r e s p e c t iv e ly ,  a t w h ic h  each  o f  th e  chem ica ls  w e re  te s te d .  T h e  d e ta i ls  o f  
th e s e  ra te s  o f  a p p lic a t io n  a p p e a r in  a ta b u la r  fo rm  (T a b le  6 . 2 ) .

6 .3 .1 .  R o th a m s te d  s ite .  O ne m on th  p o s t - t r e a tm e n t (21 M ay )

T h e  n u m b e rs  a n d  w e ig h ts  o f  L .  t e r r e s t r i s  a n d  o f  th e  to ta l  p o p u la t io n  
o f  e a r th w o rm s  f o r  th e  tre a tm e n ts  d i f f e r e d  s ig n i f ic a n t ly  (P < 0 .0 1 ) .  T h e  
w e ig h ts  o f  th e  o th e r  spe c ie s  a lso  show ed  s ig n if ic a n t  (P < 0 .0 5 ) ,  b u t  sm a lle r  
d if fe re n c e s  d ue  to  t re a tm e n t (T a b le s  6 .4  a n d  6 . 8 ) .  T h e  e f fe c t  o f  th e  

c o v a r ia te  was s ig n if ic a n t  (P < 0 .0 0 1 ) in  each  o f  th e s e  ca se s , in d ic a t in g  th a t  
th e  r e s id u a l sum s o f  s q u a re s  w e re  re d u c e d  b y  d e f in in g  new  b lo c k s  in  th e  

a n a ly s is .

T h e  mean n u m b e rs  a n d  w e ig h ts  o f  th e  e a r th w o rm s  c o r re s p o n d in g  w ith  
each  tre a tm e n t (T a b le s  6 .5  a n d  6 .9  r e s p e c t iv e ly ) ,  in d ic a te d  th a t  th e  
n u m b e rs  o f  L .  t e r r e s t r i s  w e re  d e c re a se d  s e v e re ly  b y  th e  h ig h  ra te s  o f  
c h lo rd a n e  a n d  o f  c a r b a r y l ,  w h i ls t  b e in g  som ew ha t re d u c e d  b y  b o th  ra te s  o f  
p e n ta c h lo ro p h e n o l.  T h e  n u m b e rs  o f  A .  lo n g a  w e re  d e c re a se d  b y  a l l  th e  
ch e m ic a ls , e x c e p t th e  low  ra te  o f  t r ia z o p h o s  a n d  b o th  ra te s  o f  
p e n ta c h lo ro p h e n o l.  A .  c a lig in o s a  a n d  th e  o th e r  spe c ie s  w e re  le s s  n u m e ro u s  

i n  p lo ts  th a t  h a d  b een  t r e a te d  w ith  th e  h ig h  r a te  o f  t r ia z o p h o s  a n d  b o th  
r a te s  o f  c a r b a r y l .  A .  c a lig in o s a  a p p e a re d  to  be  p a r t ic u la r ly  s u s c e p t ib le  to  

c a r b a r y l .

Some tre a tm e n ts  a p p a re n t ly  in c re a s e d  th e  n u m b e r o f  e a r th w o rm s . A .  
lo n g a  was m ore  n u m e ro u s  in  p lo ts  t r e a te d  w i th  th e  low  ra te  o f  t r ia z o p h o s  
a n d  b o th  ra te s  o f  p e n ta c h lo ro p h e n o l.  T h e  o th e r  spe c ie s  w e re  m ore  
n u m e ro u s  in  p lo ts  t h a t  h a d  b e e n  t r e a te d  w ith  th e  low  ra te s  o f  
th io p h a n a te -m e th y l , c h lo rd a n e , t r ia z o p h o s  a n d  p e n ta c h lo ro p h e n o l w h ils t  th e
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n u m b e rs  o f  A .  c a lig in o s a  w e re  in c re a s e d  b y  th e se  t re a tm e n ts ,  a n d  a lso  b y  
th e  h ig h  r a te  o f  th io p h a n a te -m e th y l.

T h e  f lu c tu a t io n s  in  th e  n u m b e rs  a n d  w e ig h ts  o f  e a r th w o rm s  in  
re s p o n s e  to  th e  tre a tm e n ts  a p p e a re d  to  b e  c o r re la te d  h ig h ly ,  a n d  a lm os t 
id e n t ic a l re s p o n s e s  w e re  seen f o r  th e s e  m easu rem en ts  o f  th e  p o p u la t io n s  o f  
L .  t e r r e s t r i s . H o w e v e r , th e  w e ig h ts  o f  A .  lo n g a  fo u n d  in  th e  p lo ts  th a t  
w e re  t r e a te d  w ith  th e  h ig h  r a te  o f  t r ia z o p h o s  a n d  b o th  ra te s  o f  
p e n ta c h lo ro p h e n o l e x ceeded  th o s e  fo u n d  in  c o n t r o ls ,  a lth o u g h  th e  n u m b e rs  
o f  A .  lo n g a  d id  n o t .  T h e  w e ig h ts  o f  th e  o th e r  spe c ie s  e xceeded  th o s e  in  
th e  c o n t ro ls  f o r  th e  p lo ts  th a t  w e re  t r e a te d  w i th  th io p h a n a te -m e th y l,  

p e n ta c h lo ro p h e n o l a n d  th e  low  ra te s  o f  c h lo rd a n e  a n d  t r ia z o p h o s .  T he se  
e f fe c ts  o n ly  o c c u re d  in  th e  absence  o f  an in c re a s e d  n u m b e r o f  e a r th w o rm s  
i n  th e  p lo ts  th a t  w e re  t r e a te d  w i th  th e  h ig h  ra te s  o f  th io p h a n a te -m e th y l 

a n d  o f  p e n ta c h lo ro p h e n o l.

6 .3 .2 .  R o th am s te d  s ite .  S ix  m on th s  p o s t - t r e a tm e n t (15 O c to b e r )

T h e  d if fe re n c e s  b e tw e e n  th e  t re a tm e n ts  w e re  s ig n if ic a n t  f o r  th e  
n u m b e rs  a n d  w e ig h ts  o f  L . t e r r e s t r i s  (P < 0 .0 1 ) , A .  lo n g a  (P < 0 .0 0 1 ) , th e  
o th e r  s p e c ie s  (P < 0 .0 5 ) a n d  f o r  th e  to ta l  p o p u la t io n  o f  e a r th w o rm s  

(P < 0 .0 0 1 ) . T h e  c o v a r ia te  u s e d  in  t h is  a n a ly s is  was th e  mean v a lu e  o f  th e  
tw o  su b sam p le s  t h a t  w e re  c o lle c te d  fro m  each p lo t  a f t e r  one m o n th , a n d  
was s ig n if ic a n t  f o r  th e  n u m b e rs  o f  L .  t e r r e s t r i s  (P < 0 .0 5 ) ,  A .  c a lig in o s a  
(P < 0 .0 0 1 ) a n d  th e  to ta l  p o p u la t io n  o f  e a r th w o rm s  (P < 0 .0 1 ) .  T h e  c o v a r ia te  
was a lso  s ig n if ic a n t  (P < 0 .0 1 ) f o r  th e  w e ig h ts  o f  th e  o th e r  s p e c ie s  (T a b le s

6 .6  a n d  6 .1 0 ) .  B y  in c lu d in g  th is  c o v a r ia te  in  th e  a n a ly s is  o f  v a r ia n c e ,  
th e  r e s id u a l sum s o f  s q u a re s  was re d u c e d . T h e  n u m b e rs  a n d  w e ig h ts  o f  
e a r th w o rm s  re m a in in g  in  th e  t r e a te d  p lo ts  a re  p re s e n te d  as mean v a lu e s  

(T a b le s  6 .7  a n d  6 .1 1  r e s p e c t iv e ly ) .
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Rothamsted Field Site. Samples taken one month post-treatment.

Table 6.4. Analysis of variance for the number of earthworms.

Species
Grand
Mean

Treatment
variance

ratio
(1)

Covariate
variance

ratio
(1)

Treat
ment
D.F.

Co
variate
D.F.

Residual
D.F.

L.terrestris 0.547 4.993 ** 28.154 *** 10 3 18

A.longa 0.120 2.315 NS 2.124 NS 10 3 18

A.caliginosa 0.133 1.177 NS 3.119 NS 10 3 18

Other species 0.343 1.158 NS 2.682 NS 10 3 18

Total
population 0.744 4.727 ** 21.818 *** 10 3 18

(1) P<0.001 ***

P<0.01 ** 
♦P<0.05



Rothamsted Field Site. Samples taken one month post-treatment.
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Rothamsted Field Site. Samples taken six months post-treatment.

Table 6.6. Analysis of variance for the number of earthworms.

Species
Grand
Mean

Treatment
variance

ratio
(1)

Covariate
variance

ratio
(1)

Treat
ment
D.F.

Co
variate
D.F.

Residual
D.F.

L.terrestris 0.698 3.496 ** 4.288 * 10 1 20

A.longa 0.918 14.119 *** 0.243 NS 10 1 20

A.caliginosa 0.450 2.102 NS 8.860 *** 10 1 20

Other species 0.298 2.493 * 2.300 NS 10 1 20

Total 1.209 19.108 *** 6.620 ** 10 1 20
population

(1) P<0.001 *** 

PC0.01 **

P<0.05 *



Rothamsted Held Site. Samples taken six months post-treatment.
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(2) With unequal replication, the S.E .D . of the mean was calculated using the values for the minimum replication.
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Rothamsted Field Site. Samples taken one month post-treatment.

Table 6 .8 . Analysis of variance for the biomass of earthworms.

Species
Grand
Mean

Treatment
variance

ratio
(1)

Covariate
variance

ratio
(1)

Treat
ment
D.F.

Co
variate

D .F.
Residual

D .F.

L.terrestris 0.786 4.693 ** 21.331 *** 10 3 18

A.longa 0.103 1.399 NS 1.378 NS 10 3 18

A.caliginosa - - - - - -

Other species 0.162 2.623 * 10.138 ** 10 3 18

Total
population

0.835 5.359 ** 22.993 *** 10 3 18

(1) P<0.001 ***

P<0.01 **

♦P<0.05



Rothamsted Field Site. Samples taken one month post-treatment.
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Rothamsted Field Site. Samples taken six months post-treatment.

Table 6.10. Analysis of variance for the biomass of earthworms.

Species
Grand
Mean

Treatment
variance

ratio
(1)

Covariate
variance

ratio
(1)

Treat
ment
D.F.

Co
variate
D .F.

Residual
D .F.

L.terrestris 1.077 3.864 ** 0.933 NS 10 1 20

A.longa 1.044 13.407 *** 0.024 NS 10 1 20

A.caliginosa - - - - - -

Other species 0.336 2.394 * 6.424 ** 10 1 20

Total
population

1.402 11.256 *** 2.149 NS 10 1 20

(1) P<0.001 ***

P<0.01 ** 

P<0.05 *



Rothamsted Field Site. Samples taken six months post-treatment.
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The numbers of L. terrestris were decreased by the high rates of 

thiophanate-methyl, chlordane and triazophos. The high rate chlordane 

virtually eliminated A. longa, A. caliginosa and the other species, whilst 

the high rate of carbaryl appeared to have little effect upon any of the 

species. A. caliginosa was somewhat less numerous in the plots that had 

been treated with both rates of thiophanate-methyl and the low rate of 

chlordane. The other species responded to the treatments in a manner 

similar to A. caliginosa, but were affected less by the high rate of 

thiophanate-methyl. The responses of the numbers and the weights of the 

earthworms in the treated plots, compared with those in the controls, 

appeared to be correlated highly and were almost identical for L. terrestris 

and A. longa. However, the increase in the numbers of the earthworms 

seen for the other species in plots that were treated with the high rate of 

thiophanate-methyl, both rates of triazophos and carbaryl, and the low 

rate of pentachlorophenol, was not reflected in an increase in the weights 

of these earthworms.

6 .3 .3 . Sittingbourne site. One month post-treatment (10 May)

Significant differences between the treatments were seen for the 

numbers and weights of L, terrestris (P<0.001) and for the total 

population of earthworms (P<0.01). The newly defined blocks were used 

as a covariate, although this was significant for the numbers (P<0.001) 

and weights (P<0.01) of L. terrestris alone. Analyses of variance 

(allowing for covariates) permitted the residual sums of squares to be 

reduced (Tables 6.12 and 6 .16), and the numbers and weights of the 

earthworms corresponding with each treatment are presented as the mean 

values (Tables 6.13 and 6.17 respectively).

The high rates of chlordane and carbaryl virtually eliminated L, 

terrestris and A. longa. Thiophanate-methyl and the low rates of 

triazophos and pentachlorophenol also decreased the numbers of A. longa,
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a lth o u g h  th is  s p e c ie s  becam e m ore  n u m e ro u s  in  th o s e  p lo ts  t h a t  w e re  
t r e a te d  w ith  th e  lo w  ra te s  o f  c h lo rd a n e  a n d  c a r b a r y l .

T h e  n u m b e rs  a n d  w e ig h ts  o f  th e  p o p u la t io n s  o f  e a r th w o rm s  re s p o n d e d  
to  th e  t re a tm e n ts  in  a s im ila r  m a n n e r , a n d  th e se  v a lu e s  a p p e a re d  to  be  
c o r re la te d  h ig h ly  f o r  b o th  L .  t e r r e s t r i s  a n d  A .  lo n g a . V e r y  low  n u m b e rs  

o f  A .  c a lig in o s a  a n d  o f  th e  o th e r  sp e c ie s  w e re  c o lle c te d  fro m  th e  p lo ts  a t  
t h is  s a m p lin g  d a te .

6 .3 .4 .  S i t t in g b o u rn e  s ite .  S ix  m on th s  p o s t - t r e a tm e n t (11 O c to b e r )

T h e  d i f fe re n c e s  b e tw e e n  th e  tre a tm e n ts  w e re  s ig n if ic a n t  in  te rm s  o f  
th e  n u m b e rs  o f  A .  c a lig in o s a  a n d  th e  w e ig h ts  o f  L .  t e r r e s t r i s  (P < 0 .0 5 ) .  
T h e  c o v a r ia te  u s e d  in  th e se  a n a ly se s  was th e  mean v a lu e  o f  th e  tw o  
sub sam p le s  ta k e n  fro m  each  p lo t  a f t e r  one  m o n th , a lth o u g h  th is  was  
s ig n if ic a n t  (P < 0 .0 5 ) o n ly  f o r  th e  n u m b e rs  o f  L .  t e r r e s t r i s  (T a b le s  6 .1 4  a n d  
6 .1 8 ) .  T h u s ,  th e  a n a ly se s  o f  v a r ia n c e  (a l lo w in g  f o r  c o v a r ia te s )  a llow ed  
th e  re s id u a l sum s o f  s q u a re s  o f  th e  d a ta  f o r  L .  t e r r e s t r i s  to  be  d e c re a s e d .  
T h e  n u m b e rs  a n d  w e ig h ts  o f  th e  e a r th w o rm s  in  th e  t r e a te d  p lo ts  a re  
p re s e n te d  as th e  m ean v a lu e s  (T a b le s  6 .15  a n d  6 .1 9  r e s p e c t iv e ly ) .

T h e  n u m b e rs  a n d  w e ig h ts  o f  b o th  L .  t e r r e s t r i s  a n d  A .  lo n g a  w e re  
a p p a re n t ly  a lm os t u n a f fe c te d  b y  th e  t r e a tm e n ts ,  a lth o u g h  th e  w e ig h ts  o f  L .  
t e r r e s t r i s  w e re  s l ig h t ly  d e c re a se d  b y  th e  h ig h  ra te  o f  th io p h a n a te -m e th y l.  
A .  c a lig in o s a  w as le s s  n u m e ro u s  in  th e  p lo ts  th a t  w e re  t r e a te d  w ith  
c h lo rd a n e  a n d  tr ia z o p h o s . H o w e v e r , th e  n u m b e rs  o f  th e  o th e r  spe c ie s  o f  
e a r th w o rm  a p p e a re d  to  in c re a s e  in  th o s e  p lo ts  t h a t  w e re  t r e a te d  w ith  
c h lo rd a n e , p e n ta c h lo ro p h e n o l a n d  th e  low  ra te s  o f  th io p h a n a te -m e th y l a n d  
t r ia z o p h o s .  T h e  h ig h  ra te  o f  t r ia z o p h o s  re d u c e d  th e  n u m b e rs  a n d  th e  
w e ig h ts  o f  th e  p o p u la t io n  o f  th e  o th e r  spe c ie s  o f  e a r th w o rm .

T h e  n u m b e rs  a n d  th e  w e ig h ts  o f  th e  p o p u la t io n s  o f  th e  e a r th w o rm s  
a p p e a re d  to  re s p o n d  to  th e  t re a tm e n ts  in  a s im ila r  m a n n e r , f o r  th o s e  
p o p u la t io n s  f o r  w h ic h  d a ta  was a v a ila b le .
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Sittingbourne Field Site. Samples taken one month post-treatm ent.

T a b le  6 .1 2 . A n a ly s is  o f  v a r ia n c e  f o r  th e  n u m b e r o f  e a r th w o rm s .

S pec ie s
G ra n d
M ean

T re a tm e n t
v a r ia n c e

r a t io
(1 )

C o v a r ia te
v a r ia n c e

r a t io
(1 )

T r e a t 
m en t
D .F .

Co
v a r ia te
D .F .

R e s id u a l
D .F .

L . t e r r e s t r i s 0 .632 9 .019  * * * 16 .945 * * * 10 3 19

A . lo n g a 0 .061 0 .782  NS - 10 - 22

A .c a l ig in o s a - - - - - -

O th e r  spe c ie s 0 .018 1 .667  NS - 10 - 22

T o ta l
p o p u la t io n

0 .654 3 .442  * * — 10 — 22

(1 )  P<0 .001 * * *  
P<0 .01  * *  
PC0.05 *



S it t in g b o u rn e  F ie ld  S ite .  Sam p les ta k e n  one  m on th  p o s t - t r e a tm e n t .
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Sittingbourne Field Site. Samples taken six months post-treatment.

Table 6 .1 4 . Analysis of variance for the number of earthworms.

Species
Grand
Mean

Treatment
variance

ratio
(1)

Covariate
variance

ratio
(1)

Treat
ment
D .F .

Co
variate

D .F .
Residual

D .F .

L .te rre stris 1.022 0.976 NS 5.240 * 10 1 21

A.longa 1.312 0.707 NS 0.095 NS 10 1 21

A.caliginosa 1.054 2.687 * - 10 - 22

Other species 0.839 2.046 NS 0.084 NS 10 1 21

Total
population

1.692 1.332 NS 0.082 NS 10 1 21

(1) P<0.001 ***

PC0.01 **

P<0.05 *



Sittingbourne Field Site. Samples taken six months post-treatm ent
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Sittingbourne Field Site. Samples taken one month post-treatment.

Table 6 .1 6 . Analysis of variance for the biomass of earthworms.

Species
Grand
Mean

Treatment
variance

ratio
(1)

Covariate
variance

ratio
(1)

Treat
ment
D .F .

Co
variate

D .F .
Residual

D .F .

L .te rre stris 0.809 5.419 *** 7.855 ** 10 3 19

A.longa 0.084 0.778 NS - 10 - 22

A.caliginosa - - - - - -

Other species 0.005 1.743 NS - 10 - 22

Total
population

0.838 3.889 ** — 10 — 22

(1) P<0.001 ***

P<0.01 **

♦P<0.05
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Sittingboume Field Site. Samples taken six months post-treatment.

T a b le  6 .1 8 .  A n a ly s is  o f  v a r ia n c e  f o r  th e  b iom ass  o f  e a r th w o rm s .

S pec ie s
G ra n d
Mean

T re a tm e n t
v a r ia n c e

r a t io
(1 )

C o v a r ia te
v a r ia n c e

r a t io
(1 )

T r e a t 
m en t
D .F .

Co
v a r ia te

D .F .
R e s id u a l

D .F .

L . t e r r e s t r i s 1 .258 2 .459  * 2 .897  NS 10 1 21

A . lo n g a 1 .342 0 .704  NS 0 .001  NS 10 1 21

A .c a l ig in o s a - - - -  . - -

O th e r  s p e c ie s 0 .776 2 .279  NS 0 .276  NS 10 1 21

T o ta l
p o p u la t io n

1 .676 1 .228  NS 0 .026  NS 10 1 21

(1 )  P<0 .001 * * *  
P<0 .01  * *

P<0 .05  *
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6 .3 . 5 .  P h y to to x ic i t y

A lth o u g h  th e  p lo ts  t r e a te d  w ith  p e n ta c h lo ro p h e n o l a t R o th am s te d  a n d  
S it t in g b o u rn e  w e re  seeded  w ith  g ra s s ,  th e  s o il re m a in e d  f re e  o f  v e g e ta t io n  

th r o u g h o u t  th e  p e r io d  o f  th e  t r i a l  d ue  to  th e  p h y to to x ic i t y  o f  t h is  
c o m pound . N one  o f  th e  o th e r  te s t  chem ica ls  th a t  w e re  te s te d  show ed  th is  

e f fe c t .

6 .4 .  D is c u s s io n

L . t e r r e s t r i s  was th e  o n ly  spe c ie s  o f  e a r th w o rm  p re s e n t in  la rg e  
n u m b e rs  a t R o th am s te d  on  b o th  s a m p lin g  d a te s . T h e  n u m b e rs  o f  A .  lo n g a , 
A .  c a lig in o s a  a n d  o f  th e  o th e r  spe c ie s  o f  e a r th w o rm  v a r ie d  b e tw e e n  th e  tw o  

s a m p lin g  d a te s , a n d  w e re  p a r t ic u la r ly  low  in  th e  sam p les th a t  w e re  ta k e n  
f ro m  t h is  s ite  d u r in g  M a y , one m o n th  a f t e r  th e  t re a tm e n ts  w e re  a p p lie d .  

A t  S i t t in g b o u r n e ,  L .  t e r r e s t r i s  w as a g a in  th e  o n ly  spe c ie s  to  b e  fo u n d  in  
la rg e  n u m b e rs  d u r in g  th e  s p r in g ,  a lth o u g h  h ig h  n u m b e rs  o f  a l l th e  spe c ie s  
w e re  a lso  fo u n d  a t t h is  s ite  d u r in g  O c to b e r , s ix  m on th s  a f t e r  t r e a tm e n t .

T h e se  spe c ie s  o f  e a r th w o rm  a re  re p o r te d  to  o c c u r  in  th e  u p p e r  la y e r s  

o f  th e  s o il d u r in g  M ay (G e ra rd ,  1 9 6 7 ), a lth o u g h  o th e r  o b s e rv a t io n s  (E v a n s  
a n d  G u ild ,  1947) s u g g e s t th a t  th e  p e a k  o f  a c t i v i t y  in  th e  s p r in g  was  
p a s t b y  th e  t im e  th a t  th e  f i r s t  p o s t - t r e a tm e n t sam p les h a d  b e e n  ta k e n  fro m  
th e  t r i a l s ,  a n d  m y f ie ld  t r ia ls  w o u ld  p r o b a b ly  h a ve  b e n e f i te d  fro m  

b e g in n in g  one  m on th  e a r l ie r .

T h e se  r e s u l t s  s u p p o r t  th e  c o n c lu s io n  th a t  L .  t e r r e s t r i s  re m a in s  a c t iv e  

f o r  m os t o f  th e  y e a r  (E v a n s  a n d  G u ild ,  1 9 4 7 ), a n d  th a t  s e v e ra l o th e r  
spe c ie s  becom e m uch  le s s  a c t iv e  d u r in g  th e  sum m e r. A . c h lo ro t ic a  (w h ic h  
c o n s t i tu te d  a m a jo r com ponen t o f  th e  sam p les th a t  w e re  a n a ly s e d  as th e  
’ o th e r 1 s p e c ie s  o f  e a r th w o rm ) a n d  A . c a lig in o s a  a re  r e p o r te d  to  e n te r  a 
fa c u l ta t iv e  d ia p a u se  d u r in g  a d v e rs e  sum m er c o n d it io n s ,  w h i ls t  A ,  lo n g a  

show s  an o b l ig a to r y  sum m er d ia p a u se  th a t  can  b e g in  in  M ay (E v a n s  and
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G u ild ,  1947 ; S a tc h e ll,  1 9 6 7 ). F u r th e rm o re ,  th e  low  n u m b e rs  o f  c e r ta in  

sp e c ie s  o f  e a r th w o rm s  fo u n d  in  sam p les c o lle c te d  d u r in g  A p r i l  i n  o th e r  
f ie ld  e x p e r im e n ts  h a ve  a lso  b e e n  a t t r ib u t e d  to  s u c h  r e s t in g  b e h a v io u r  
( S t r in g e r  a n d  L y o n s , 1 9 7 7 ). T h u s ,  th e  r e s u l t s  o f  th e  e x p e r im e n ts  a t 
R o th a m s te d  a n d  S it t in g b o u rn e  s u p p o r t  th o s e  o b ta in e d  p r e v io u s ly  fro m  
s tu d ie s  o f  th e  seasona l a c t i v i t y  o f  e a r th w o rm s .

T h e  n u m b e r o f  e a r th w o rm s  th a t  w e re  c o lle c te d  on  a p a r t ic u la r  
s a m p lin g  d a te  d e te rm in e d  th e  ty p e  o f  s ta t is t ic a l  a n a ly s is  th a t  c o u ld  b e  u se d  
to  p ro c e s s  th e  d a ta . T h e  n u m b e rs  a n d  w e ig h ts  o f  L .  t e r r e s t r i s  w e re  la rg e  
e n o u g h  to  a llow  a n a ly se s  o f  v a r ia n c e ,  a d ju s te d  f o r  c o v a r ia te s ,  to  b e  u se d  
to  p ro c e s s  th e  d a ta  c o lle c te d  on  b o th  s a m p lin g  d a te s  a n d  fro m  b o th  s ite s .  
W h ils t th e  o th e r  d a ta  o b ta in e d  on  b o th  s a m p lin g  d a te s  fro m  R o th am s te d  
c o u ld  a lso  b e  p ro c e s s e d  in  th is  w a y , o n ly  th o s e  c o lle c te d  fro m  
S it t in g b o u rn e  a f t e r  s ix  m on th s  w e re  s u ita b le  f o r  t h is  t y p e  o f  a n a ly s is .

S ig n i f ic a n t  d if fe re n c e s  d ue  to  t re a tm e n t o c c u r re d  in  a l l  th e  d a ta  f o r  
L .  t e r r e s t r i s , e x c e p t th o s e  f o r  th e  n u m b e rs  re c o rd e d  a f t e r  s ix  m on th s  a t  
S it t in g b o u m e . T he se  s ig n if ic a n t  d if fe re n c e s  b e tw e e n  th e  t re a tm e n ts

a p p e a re d  to  b e  c o r re la te d  h ig h ly  w ith  th o s e  th a t  o c c u r re d  in  th e  sam p les  
f o r  th e  to ta l  p o p u la t io n  o f  e a r th w o rm s  ( i . e .  th e  d a ta  f o r  a l l  th e  s p e c ie s  o f  
e a r th w o rm s  c o n s id e re d  to g e th e r )  a n d  w o u ld  a p p e a r to  b e  la r g e ly

re s p o n s ib le  f o r  th e m . (A n  e x c e p t io n  to  t h is  o c c u re d  w ith  th e  w e ig h ts  o f  
th e  to ta l  p o p u la t io n  o f  e a r th w o rm s  c o lle c te d  a f t e r  s ix  m o n th s  a t  
S i t t in g b o u r n e , w h ic h  show ed  a s ig n if ic a n t  d if fe re n c e  d ue  to  t re a tm e n t  

a lth o u g h  th e  d a ta  f o r  L .  t e r r e s t r i s  d id  n o t ) .  T h e  s im i la r i t y  b e tw e e n  th e  
re s p o n s e  o f  A . c a lig in o s a  a n d  o f  th e  o th e r  spec ie s  o f  e a r th w o rm  a t  
R o th a m s te d  m ay h a v e  a r is e n  becau se  A . c a lig in o s a  is  o f te n  a sso c ia te d  
c lo s e ly  w ith  A .  c h lo ro t ic a  a n d  A .  ro se a  a n d  has  s im ila r  h a b its  to  th e s e

spe c ie s  (E v a n s  a n d  G u ild ,  1947; G e ra rd ,  1 9 6 7 ), b o th  o f  w h ic h  fo rm e d  a

m a jo r com ponen t o f  th e  sam p les c o lle c te d  f o r  th e  o th e r  s p e c ie s  o f  
e a r th w o rm . S ig n if ic a n t  d if fe re n c e s  due  to  t re a tm e n t w e re  a lso  show n  b y
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th e  w e ig h ts  o f  th e  o th e r  s p e c ie s  o f  e a r th w o rm s  sam p led  a f t e r  one m on th  a t  

R o th a m s te d , a n d  th e  n u m b e rs  a n d  w e ig h ts  o f  A .  lo n g a  a n d  o f  th e  o th e r  
spe c ie s  o f  e a r th w o rm s  sam p led  a f t e r  s ix  m o n th s . T h e  d a ta  fro m  th e  
S it t in g b o u rn e  t r i a l  sam p led  a f t e r  s ix  m o n th s  a lso  show ed  a s ig n if ic a n t  

d if fe re n c e  b e tw e e n  tre a tm e n ts  f o r  th e  n u m b e rs  o f  A .  c a l ig in o s a . T h e  la rg e  
n u m b e rs  o f  e a r th w o rm s  th a t  w e re  c o lle c te d  a t b o th  s ite s  d u r in g  O c to b e r ,  
s ix  m on th s  a f t e r  t r e a tm e n t ,  s u p p o r te d  th e  c o n c lu s io n  th a t  t h is  was th e  
op tim um  p e r io d  d u r in g  w h ic h  to  c o lle c t e a r th w o rm s  (E v a n s  a n d  G u ild ,  

1 9 4 7 ).

T h e  d if fe re n c e s  b e tw e e n  th e  t re a tm e n ts  in  th e  n u m b e rs  a n d  in  th e  
w e ig h ts  o f  e a r th w o rm s  a p p e a r to  b e  c o r re la te d  h ig h ly .  Some o f  th e  d a ta  
f ro m  th e  R o th am s te d  s ite  c le a r ly  does n o t show  th is  r e la t io n s h ip ,  a n d  th is  
in c lu d e s  th e  n u m b e rs  o f  A .  lo n g a  a n d  o f  th e  o th e r  spe c ie s  o f  e a r th w o rm  
fo u n d  a f t e r  one m on th  in  th e  p lo ts  t r e a te d  w ith  th io p h a n a te -m e th y l a n d  
p e n ta c h lo ro p h e n o l.  T h e  n u m b e rs  o f  th e s e  e a r th w o rm s  w e re  s im ila r  t o ,  o r  

le s s  th a n ,  th o s e  in  th e  c o n t r o l p lo t s ,  w h i ls t  th e  w e ig h ts  f o r  th e s e  spe c ie s  
w e re  s im ila r  t o ,  o r  in  e x ce ss  o f ,  th o s e  fo u n d  in  th e  c o n t r o ls .  T h is  

s u g g e s ts  th a t  in d iv id u a l  e a r th w o rm s  g re w  m ore  r a p id ly  in  th e  t r e a te d  p lo ts  
th a n  in  th e  c o n t r o l p lo ts ,  a re s p o n s e  k n o w n  to  fo llo w  fro m  th e  fu n g ic id a l  
o r  h e rb ic id a l e f fe c ts  o f  a c h em ica l t h a t  in c re a s e s  th e  am oun t o f  p la n t  l i t t e r  
a v a ila b le  (E d w a rd s  e t a l . , 1 9 7 1 ). T h e se  r e s u l ts  m ay a lso  in d ic a te  th a t  
ju v e n ile  e a r th w o rm s  w e re  m ore  s u s c e p t ib le  to  th e s e  chem ica ls  th a n  th e  
a d u lts ,  an  e f fe c t  w h ic h  has  been  seen p r e v io u s ly  w ith  te s ts  f o r  t o x ic i t y  to  
e a r th w o rm s  b y  im m e rs io n  ( L e b ru n  e t a l . , 1981) o r  c o n ta c t (S e c t io n  3 .2 .4 )  

c o n d u c te d  in  th e  la b o r a to r y .

Some d if fe re n c e s  w e re  seen b e tw e e n  th e  n u m b e rs  a n d  w e ig h ts  o f  
e a r th w o rm s  a f t e r  s ix  m o n th s . T h e  o th e r  spe c ie s  o f  e a r th w o rm  w e re  m ore  
n u m e ro u s  a t R o th am s te d  in  th e  p lo ts  t h a t  h a d  been  t r e a te d  w i th  th e  h ig h  
r a te  o f  th io p h a n a te -m e th y l,  th e  low  ra te  o f  p e n ta c h lo ro p h e n o l a n d  b o th  
ra te s  o f  t r ia z o p h o s  a n d  c a r b a r y l ,  a l th o u g h  th e  w e ig h ts  o f  th e  e a r th w o rm s
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i n  th e s e  p lo ts  d id  n o t e x ce e d  th o s e  in  th e  c o n t r o l p lo t s .  T h e se

o b s e rv a t io n s  p o s s ib ly  s u g g e s t th a t  some o f  th e  chem ica ls  h a d  a s u b le th a l  

to x ic  e f fe c t  u p o n  th e  a d u l t  e a r th w o rm s  (s u c h  as th e  a n t ife e d a n t p ro p e r t ie s  
o f  th e  b e n z im id a zo le  fu n g ic id e s  [S t r in g e r  a n d  W r ig h t ,  1 9 7 3 ] ) ,  w h ic h  

com b in e d  w i th  th e  r e c ru i tm e n t  o f  y o u n g  e a r th w o rm s  in to  th e  p o p u la t io n .  
T h is  h y p o th e s is  is  c o m p a tib le  w ith  th e  o b s e rv a t io n  th a t  th e  cocoons o f  A .  
c a lig in o s a  a n d  A .  c h lo ro t ic a  h a tc h  b e tw e e n  A p r i l - A u g u s t  (G e ra rd ,  1 9 6 7 ),  
th e r e fo r e  m any  y o u n g  e a r th w o rm s  w i l l  a v o id  chem ica ls  th a t  decom pose  
r a p id ly  in  th e  s o i l ,  p a r t ic u la r ly  w h en  s u c h  ch em ica ls  a re  a p p lie d  e a r ly  in  

th e  y e a r .

O c c a s io n a lly  th e  n u m b e r o f  e a r th w o rm s  a p p a re n t ly  in c re a s e d  in  th e  
t r e a te d  p lo ts  a n d  th e s e  in c re a s e s  m ay be  sum m a rised  th u s .  A , c a lig in o s a  
was m ore  n u m e ro u s  a t R o th am s te d  a f t e r  one m o n th  in  th e  p lo ts  th a t  h a d  
been  t r e a te d  w ith  th io p h a n a te -m e th y l, a n d  th e  low  ra te  o f  c h lo rd a n e  a n d  
t r ia z o p h o s .  T h e  d a ta  o b ta in e d  fro m  b o th  t r ia ls  in d ic a te d  th a t  A .  lo n g a  

becam e m ore  n um e ro u s  a f t e r  one m on th  in  th e  p lo ts  th a t  w e re  t r e a te d  w ith  
th e  lo w  ra te s  o f  c h lo rd a n e , t r ia z o p h o s  a n d  c a r b a r y l .  A t  R o th a m s te d  a f t e r  
s ix  m o n th s , th e  n u m b e rs  o f  th e  o th e r  spe c ie s  o f  e a r th w o rm  e x ceeded  th o s e  
i n  th e  c o n t ro ls  in  th e  p lo ts  t h a t  h a d  b ee n  t r e a te d  w ith  th e  h ig h  r a te  o f  
th io p h a n a te -m e th y l,  th e  low  ra te  o f  p e n ta c h lo ro p h e n o l a n d  b o th  ra te s  o f  
c a r b a r y l  a n d  t r ia z o p h o s . A t  S i t t in g b o u rn e  a f t e r  s ix  m on th s  o n ly  A .  lo n g a  
a n d  th e  o th e r  spe c ie s  o f  e a r th w o rm  a p p e a re d  to  b e  m ore  n u m e ro u s  th a n  in  
th e  c o n t r o ls ,  i n  th e  p lo ts  th a t  w e re  t r e a te d  w ith  c h lo rd a n e  o r  
p e n ta c h lo ro p h e n o l.  T h u s ,  i t  is  p o s s ib le  t h a t  A .  lo n g a  a n d  A . c a lig in o s a  
w e re  a b le  to  a v o id  th e  to x ic  e f fe c ts  o f  a s h o r t - l iv e d  chem ica l a n d  to  e x p lo it  
s u b s e q u e n t ly  th e  n ic h e s  v a c a te d  b y  c o m p e tin g  spe c ie s  o f  e a r th w o rm . A  
s im ila r  re s p o n s e  was seen w i th  th e  o th e r  s p e c ie s  o f  e a r th w o rm , b u t  as t h is  
o c c u r re d  o n ly  a f t e r  s ix  m o n th s , i t  w o u ld  a p p e a r th a t  th e  o p p o r tu n is t  
re s p o n s e  o f  th e s e  e a r th w o rm s  was s lo w e r th a n  th a t  o f  A . lo n g a  a n d  A .  
c a lig in o s a . E a r th w o rm s  can  a r r iv e  in  s u c h  e m p ty  e c o lo g ic a l n ic h e s  b y
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h a tc h in g  fro m  u n h a rm e d  cocoons (E d w a rd s  a n d  B ro w n , 1982) o r  b y  
im m ig ra t in g  fro m  th e  s u r r o u n d in g  u n t r e a te d  s o il (M a r t in ,  1 9 7 6 ). T h e  
h o r iz o n ta l ra te s  o f  th e  d is t r ib u t io n  o f  e a r th w o rm s , d e te rm in e d  b y  B ou che

(1974 ) a n d  H ooge rkam p  e t a l . (1 9 8 3 ) , s u g g e s t th a t  th e  4 m s q u a re  p lo ts  

u s e d  in  th e  p re s e n t  s tu d y  w e re  to o  sm a ll to  p r e v e n t  a s u b s ta n t ia l  
im m ig ra t io n  o f  e a r th w o rm s  fro m  th e  s u r r o u n d in g  a re a s . T h is  c o n c lu s io n  
was s u p p o r te d  b y  th e  o b s e rv a t io n  th a t  L .  t e r r e s t r i s  was th e  o n ly  spec ie s  
t h a t  d id  n o t  becom e m ore  n u m e ro u s  in  th e  p lo ts  a t e i t h e r  s ite  a n d , in  
a n o th e r  s tu d y ,  fa i le d  to  re in v a d e  6 m s q u a re  p lo ts  fro m  w h ic h  i t  h a d  b ee n  
e ra d ic a te d  one y e a r  p r e v io u s ly  u s in g  b e n o m y l (E d w a rd s  a n d  B ro w n ,  1 982 ). 
T h e  a p p a re n t in c re a s e  in  th e  n u m b e r o f  e a r th w o rm s  in  th e  t r e a te d  p lo ts  
m ay p o s s ib ly  b e  an  a r t i f a c t  o f  th e  s a m p lin g  te c h n iq u e . A  p e s t ic id e  th a t  

p o te n t ia te s  th e  i r r i t a n t  e f fe c t  o f  fo rm a lin  m ay r e s u l t  in  a m o re  com p le te  
e x p u ls io n  o f  th e  e a r th w o rm s  fro m  th e  s o i l ,  a n d  th u s  b ia s  th e  e s tim a te  o f  

th e  s ize  o f  th e  p o p u la t io n .

M os t h y p o th e s e s  th a t  e x p la in  an  in c re a s e  in  th e  n u m b e r o f  e a r th w o rm s  
i n  a t r e a te d  p lo t  in  te rm s  o f  th e  im m ig ra t io n  o f  e a r th w o rm s  o r  th e  s u r v iv a l  
a n d  s u b s e q u e n t h a tc h in g  o f  y o u n g  e a r th w o rm s  fro m  co coon s , r e q u ir e  th a t  
th e  chem ica ls  becom e n o n - to x ic  a f t e r  a s h o r t  p e r io d  o f  t im e . T h e  
re s id e n c e  tim e  o f  a  chem ica l in  th e  s o i l is  d e te rm in e d  b y  s e v e ra l fa c to r s  
w h ic h  in c lu d e  th e  ra te  a t w h ic h  i t  is  le a c h e d , v o la t i l is e d  o r  d e g ra d e d  in  
th e  s o il b y  p h y s ic a l ,  c h em ica l o r  m ic ro b ia l p ro c e s s e s . I n  t h is  s tu d y ,  i t  
was n o t  p o s s ib le  to  a n a ly s e  th e  s o il f o r  re s id u e s  o f  th e  te s t  c h e m ic a ls , a n d  
th e r e fo r e  an  a c c u ra te  e s tim a te  o f  th e  le n g th  o f  tim e  th a t  th e  chem ica ls  
re m a in e d  in  th e  p lo ts  c o u ld  n o t b e  m ade . Some in fe re n c e s  c o n c e rn in g  s u ch  
re s id e n c e  tim e s  m ay be  d ra w n  fro m  th e  b io lo g ic a l e f fe c ts  o f  th e  c h em ica ls . 
P e n ta c h lo ro p h e n o l re m a in e d  p h y to to x ic  to  th e  g ra s s  a t b o th  s ite s  f o r  a t  
le a s t s ix  m o n th s , a lth o u g h  o th e r  s tu d ie s  h a ve  show n  th a t  t h is  chem ica l was  
d e g ra d e d  in  th e  s o il w i th in  15-100 d a y s  (K a u fm a n , 1 9 7 8 ). T h e re fo r e ,  
th e  p h y to to x ic  a n d  v e rm ito x ic  e f fe c ts  o f  th is  chem ica l a re  l ik e ly  to  h a ve
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b e e n  cau sed  b y  p e r s is te n t  m e ta b o lite s  o f  p e n ta c h lo ro p h e n o l.  C h lo rd a n e  

h a d  a to x ic  e f fe c t  u p o n  a l l  th e  p o p u la t io n s  o f  e a r th w o rm s , p a r t ic u la r ly  a t 
th e  h ig h e r  r a te  o f  a p p l ic a t io n ,  w h ic h  p e r s is te d  f o r  s ix  m on th s  in  th e  s o il 
t h a t  c o n ta in e d  a sm a ll am oun t o f  o rg a n ic  m a t te r .  S im i la r ly ,  i n  th is  s o il th e  
n u m b e rs  o f  A . c a lig in o s a  a n d  o f  th e  o th e r  spe c ie s  o f  e a r th w o rm  w e re  
d e c re a se d  m o d e ra te ly  a f t e r  s ix  m on th s  b y  th io p h a n a te -m e th y l,  a n d  a lso  
d e c re a se d  a f t e r  s ix  m on th s  in  th e  s o il t h a t  c o n ta in e d  m ore o rg a n ic  m a t te r  
b y  tr ia z o p h o s  a t th e  h ig h e r  r a te .  T h is  w o u ld  s u g g e s t e i t h e r  th a t  th e s e  
chem ica ls  o r  t h e i r  to x ic  m e ta b o lite s  p e r s is te d  in  th e  s o il f o r  s ix  m o n th s , o r  
t h a t  th e  in i t ia l  t o x ic i t y  o f  th e s e  ch em ica ls  to  th e  e a r th w o rm s  was so s e v e re  
t h a t  th e  p o p u la t io n s  c o u ld  n o t re c o v e r  f u l l y  w i th in  th e  p e r io d  o f  th e  t r i a l .  
T h e  la t t e r  e x p la n a t io n  is  le s s  l ik e ly  be cau se  c a r b a r y l  e lim in a te d  some o f  th e  

spe c ie s  o f  e a r th w o rm  w ith in  a m o n th , b u t  th e s e  p o p u la t io n s  h a d  re c o v e re d  
to  th e  p r e - t r e a tm e n t  le v e ls  a f t e r  s ix  m o n th s .

T h e  p o p u la t io n s  o f  th e  e a r th w o rm s  w e re  d e c re a se d  s e v e re ly  b y  
c h lo rd a n e  a f t e r  s ix  m on th s  in  th e  s o i l a t R o th am s te d  w h ic h  c o n ta in e d  a 
sm a ll am oun t o f  o rg a n ic  m a t te r  th a t  was le s s  l ik e ly  to  a d s o rb  t h is  chem ica l 
(E d w a rd s , 1 9 74 ). T h e  o th e r  chem ica ls  m ay a lso  h a ve  b een  a d s o rb e d  o n to  
th e  p a r t ic le s  o f  s o i l ,  b u t  d id  n o t show  a t o x ic i t y  th a t  was d e p e n d e n t u p o n  
th e  s o il t y p e .  T h e  e f fe c ts  u p o n  th e  e a r th w o rm s  o f  ch em ica ls  th a t  w e re  
a d s o rb e d  o n to  o rg a n ic  m a t te r  can  be  p o te n t ia te d  b y  th e  b e h a v io u r  o f  th e  
e a r th w o rm . E a r th w o rm s  m ay s e le c t iv e ly  m ove in  a n d  in g e s t  c o n ta m in a te d  
o rg a n ic  m a t te r ,  w h ic h  w o u ld  in c re a s e  th e  e x p o s u re  o f  th e  e a r th w o rm  to  th e  
c h e m ic a l. T h is  m ay a c c o u n t f o r  th e  r e s u l t s  o b ta in e d  in  o th e r  s tu d ie s ,  
w h ic h  show ed  t h a t  th e  b e n z im id a zo le  fu n g ic id e s  w e re  m o re  to x ic  to  
e a r th w o rm s  in  a h um u s  s o il r a th e r  th a n  in  a c la y  s o il ( L o fs -H o lm in ,  1 9 8 1 ),  
d e s p ite  th e  a n t i fe e d a n t p ro p e r t ie s  o f  th e s e  chem ica ls  ( S t r in g e r  a n d  W r ig h t ,  
1973 ).

T h io p h a n a te -m e th y l a p p e a re d  to  h a ve  l i t t l e  e f fe c t  u p o n  th e  n u m b e rs  o f
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L . t e r r e s t r i s  in  th e  t r ia ls  a t R o th am s te d  a n d  S i t t in g b o u r n e , a lth o u g h  th e  

n u m b e rs  o f  A .  lo n g a  w e re  re d u c e d  c o n s id e ra b ly  b y  th is  t re a tm e n t a f te r  one  

m o n th  a t b o th  s ite s .  T h e  s iz e  o f  th e  p o p u la t io n  o f  A ,  lo n g a  in  th e  p lo ts  
t r e a te d  w i th  th io p h a n a te -m e th y l a n d  in  th e  c o n t r o l p lo ts  w e re  s im ila r  a f te r  
s ix  m o n th s . A .  c a lig in o s a  was m uch  m ore  n u m e ro u s  a f t e r  one m o n th  in  th e  
p lo ts  th a t  h a d  b e e n  t r e a te d  w i th  th io p h a n a te -m e th y l a t R o th a m s te d , b u t  
a f t e r  s ix  m on th s  th e  n u m b e rs  o f  th is  s p e c ie s  o f  e a r th w o rm  w e re  s im ila r  in  
th e  t r e a te d  p lo ts  a n d  th e  c o n t r o l p lo ts  a t b o th  s ite s .  T h e  o th e r  spe c ie s  o f  
e a r th w o rm  w e re  som ew ha t le s s  n u m e ro u s  in  th e  p lo ts  t r e a te d  w ith  th e  low  
r a te  o f  th io p h a n a te -m e th y l a f t e r  s ix  m o n th s  a t R o th a m s te d , b u t  w e re  

o th e rw is e  u n a f fe c te d .

A .  lo n g a  was th e  m ost s u s c e p t ib le  spec ie s  o f  e a r th w o rm  to  

th io p h a n a te -m e th y l,  a n d  th is  spe c ie s  was fo llo w e d  in  a d e c re a s in g  o r d e r  o f  

s u s c e p t ib i l i t y  b y  L .  t e r r e s t r i s , th e  o th e r  spe c ie s  o f  e a r th w o rm s  a n d  A .  

c a lig in o s a . T h e  re a d e r  s h o u ld  rem em be r t h a t  A . c a lig in o s a  a n d  th e  o th e r  

spe c ie s  o f  e a r th w o rm s  w e re  a lm os t a b s e n t fro m  th e  sam p les ta k e n  a f t e r  one  
m on th  a t S i t t in g b o u rn e ,  due  to  th e  seasona l fa c to r s  t h a t  w e re  d e s c r ib e d  
e a r l ie r .  T h u s ,  th e  r a n k in g  o f  th e s e  spe c ie s  as b e in g  r e la t iv e ly  to le r a n t  o f  
a c h e m ic a l, m ay be  re la te d  to  th e  sm a ll n u m b e r o f  e a r th w o rm s  th a t  w e re  
c o lle c te d  a n d  n o t r e f le c t  th e  t r u e  s u s c e p t ib i l i t y  o f  th e s e  e a r th w o rm s  to  th e  
c h e m ic a ls . P re v io u s  in v e s t ig a t io n s  o f  th e  t o x ic i t y  o f  th e  b e n z im id a zo le  
fu n g ic id e s  to  e a r th w o rm s  h a ve  o f te n  b e e n  done  in  o r c h a rd s .  I n  th e s e  
s tu d ie s ,  L .  t e r r e s t r i s  w as fo u n d  to  b e  m o re  s u s c e p t ib le  to  th e  fa l lo u t  o f  
fu n g ic id e s  a p p lie d  to  th e  t r e e s  as a s p ra y  th a n  A .  c a l ig in o s a , w h ils t  A .  
lo n g a  was m ore  s u s c e p t ib le  th a n  L ,  t e r r e s t r i s  ( S t r in g e r  a n d  L y o n s ,  1974; 
1 977 ). T h is  d is p a r i t y  b e tw e e n  m y r e s u l ts  a n d  th o se  o f  th e  o r c h a rd  s tu d ie s  
m ay a r is e  fro m  th e  b e h a v io u r  o f  th e s e  e a r th w o rm s . L .  t e r r e s t r i s  fe d  u p o n  

th e  p la n t  l i t t e r  on  th e  f lo o r  o f  th e  o r c h a rd  a nd  was e x p o se d  to  a h ig h e r  
c o n c e n tra t io n  o f  th e  fu n g ic id e s  w h ic h  r a n  o f f  th e  t r e e s  th a n  A .  lo n g a , a n d  
th u s  a p p e a re d  to  b e  m o re  s u s c e p t ib le  to  t h is  c h e m ic a l. O th e r  w o rk e rs
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h a ve  sh ow n  th a t  th e  l i t t e r  fe e d in g  h a b its  o f  L .  r u b e l lu s  re n d e re d  th is  
sp e c ie s  o f  e a r th w o rm  m ore  s u s c e p t ib le  to  m e th io ca rb  b a i ts  th a n  A .  
c a lig in o s a , ( B a r k e r ,  1982) w h ic h  fe e d s  u p o n  fu n g a l m y ce lia  a n d  w e ll 
decom posed , b u r ie d  l i t t e r  (E d w a rd s  a n d  L o f t y ,  1 9 77 ). H o w e v e r , t h e 's t u d y  
s ite s  a t R o th am s te d  a n d  S it t in g b o u rn e  d id  n o t  h a ve  an  o b v io u s  la y e r  o f  
l i t t e r  o n  to p  o f  th e  s o i l ,  a n d  so th e  v a r ia t io n  in  fe e d in g  s t ra te g ie s  o f  th e s e  
spe c ie s  is  u n l ik e ly  to  e x p la in  th e  d if fe re n c e s  in  s u s c e p t ib i l i t y  to  
th io p h a n a te -m e th y l t h a t  w e re  seen b e tw e e n  th e m . T h is  d if fe re n c e  in  th e  

s u s c e p t ib i l i t y  b e tw e e n  A .  lo n g a  a n d  L .  t e r r e s t r i s  m ay b e  e x p la in e d  b y  th e  
a v o id a n ce  b e h a v io u r  o f  th e s e  s p e c ie s . T h e  e a r th w o rm s  o f  b o th  th e s e  

sp e c ie s  a re  deep  d w e ll in g ,  b u t  L .  t e r r e s t r i s  m ay b e  m ore  s e n s it iv e  to  th e  
p re s e n c e  o f  c o n ta m in a tio n  in  th e  s o i l ,  a n d  th u s  a b le  to  r e t r e a t  fro m  
p o l lu te d  la y e r s  m ore  q u ic k ly ,  th a n  A .  lo n g a . T h is  w o u ld  g iv e  th e  
a p p e a ra n ce  o f  L .  t e r r e s t r i s  b e in g  le s s  s u s c e p t ib i l i t y  to  th io p h a n a te -m e th y l 

th a n  A .  lo n g a .

T h e  r e s u l t s  o f  m y s tu d ie s  in d ic a te  t h a t  th io p h a n a te -m e th y l h a s  a 
m ode ra te  a n d  n o n -p e r s is te n t  t o x ic i t y  to  e a r th w o rm s  in  th e  f ie ld ,  w h ic h  
s u p p o r ts  th e  r e s u l t s  o f  p re v io u s  f ie ld  s tu d ie s  ( K in g  a n d  D a le , 1977; 
S t r in g e r  a n d  L y o n s , 1974 ; S t r in g e r  a n d  W r ig h t ,  1 973 ).

T h e  p o p u la t io n s  o f  m os t spec ie s  o f  e a r th w o rm  in  th e  p lo ts  t r e a te d  w ith  
th e  h ig h  r a te  o f  c h lo rd a n e  d e c re a se d  a f t e r  one  m on th  a t b o th  s ite s .  T h e  
low  ra te  o f  c h lo rd a n e  o n ly  re d u c e d  th e  n u m b e rs  o f  A .  lo n g a  a t  R o th am s te d  
a f t e r  one  m o n th , b u t  a f t e r  s ix  m on th s  h a d  e la p sed  th is  t re a tm e n t h a d  a 
w id e r  e f fe c t  a n d  cau sed  a s l ig h t  r e d u c t io n  in  th e  n u m b e rs  o f  A .  c a lig in o s a  
a n d  o f  th e  o th e r  spe c ie s  o f  e a r th w o rm . T h e  h ig h  r a te  o f  c h lo rd a n e  
v i r t u a l l y  e lim in a te d  th e  p o p u la t io n s  o f  e a r th w o rm s  a t R o th a m s te d , a lth o u g h  
L .  t e r r e s t r i s  was th e  le a s t a f fe c te d  s p e c ie s . T h u s ,  A .  lo n g a  was th e  
sp e c ie s  th a t  was m ost s u s c e p t ib le  to  th e  e f fe c ts  o f  c h lo rd a n e  a f t e r  one  
m o n th , b u t  a t th e  la te r  s a m p lin g  d a te  A .  c a lig in o s a  a n d  th e  o th e r  spe c ie s

o f  e a r th w o rm  seemed to  b e  th e  m ost a f fe c te d .  T h e  e f fe c ts  o f  c h lo rd a n e
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a p p e a re d  q u ic k ly  a n d  p e r s is te d  f o r  s ix  m o n th s , s u p p o r t in g  th e  r e s u l t s  o f  
o th e r  in v e s t ig a t io n s  (D o a n e , 1962; L e g g , 1968; L id g a te ,  1 9 6 6 ) , a n d  th e  
t o x ic i t y  to  e a r th w o rm s  o f  th is  chem ica l was le s s  s e ve re  in  th e  s o il th a t  
c o n ta in e d  th e  m ost o rg a n ic  m a t te r .

T h e  e f fe c ts  o f  t r ia z o p h o s  u p o n  e a r th w o rm s  in  th e  f ie ld  h a ve  n o t b een  
r e p o r te d  p r e v io u s ly ,  a lth o u g h  th is  ch em ica l a p p e a re d  to  b e  m o d e ra te ly  
to x ic  to  E . fe t id a  in  th e  a r t i f i c ia l  s o il te s t  (S e c t io n  4 .2 .1 8 ;  H aque  a n d  
E b in g ,  1 983a ). T r ia z o p h o s  h a d  l i t t l e  e f fe c t  u p o n  th e  n u m b e rs  o f  L .  
t e r r e s t r i s  a f t e r  one  m o n th  a t R o th a m s te d , a lth o u g h  a t th e  h ig h  r a te  i t  
re d u c e d  s e v e re ly  th e  s iz e  o f  th e  p o p u la t io n s  o f  A .  c a lig in o s a  a n d , to  a 

le s s e r  e x te n t ,  th o s e  o f  A .  lo n g a  a n d  o f  th e  o th e r  spe c ie s  o f  e a r th w o rm .

A f t e r  s ix  m on th s  a t R o th am s te d  th e  n u m b e rs  o f  L .  t e r r e s t r i s  o n ly  

w e re  re d u c e d  s l ig h t ly  b y  th e  h ig h  r a te  o f  t r ia z o p h o s .  T h e  n u m b e rs  o f  A .  
lo n g a  w e re  re d u c e d  s l ig h t ly  a t S it t in g b o u rn e  b y  th e  low  ra te  o f  t r ia z o p h o s  

a f t e r  one  m o n th , w h i ls t  th o s e  o f  A .  c a lig in o s a  a n d  th e  o th e r  spe c ie s  o f  
e a r th w o rm  w e re  re d u c e d  b y  th e  h ig h  r a te  a f t e r  s ix  m o n th s . A . c a lig in o s a  

a p p e a re d  to  b e  m ore  s u s c e p t ib le  to  t r ia z o p h o s  th a n  a n y  o f  th e  o th e r

sp e c ie s  o f  e a r th w o rm  a t t h is  s a m p lin g  d a te , w h i ls t  L .  t e r r e s t r i s  was

a p p a re n t ly  a lm os t u n a f fe c te d .  T h u s  t r ia z o p h o s  h ad  v e r y  l i t t l e  e f fe c t  u p o n  
th e  p o p u la t io n s  o f  e a r th w o rm s  a f t e r  s ix  m o n th s  a t e i th e r  s ite  a n d  a t th e s e  

r a te s  o f  a p p lic a t io n .

C a rb a r y l d e c re a se d  th e  n u m b e rs  o f  a l l th e  spe c ie s  o f  e a r th w o rm  a t  
b o th  s ite s  s e v e re ly  w h e n  a p p lie d  a t th e  h ig h  r a te .  T h is  e f fe c t  o c c u r re d  
o n ly  a f t e r  one m o n th , a n d  a f t e r  s ix  m on th s  th e  p o p u la t io n s  h a d  r e tu r n e d  
to  a s iz e  s im ila r  to  th a t  in  th e  c o n t r o l p lo ts .  T h e  low  ra te  o f  c a r b a r y l  was  
v e r y  to x ic  to  A .  c a lig in o s a  a t th e  R o th a m s te d  s ite  a n d , in  a d e c re a s in g  
o r d e r  o f  s u s c e p t ib i l i t y  a ffe c tfe d  A .  lo n g a , th e  o th e r  spe c ie s  o f  e a r th w o rm  
a n d  L .  t e r r e s t r i s . T h e se  r e s u l t s  c o n f irm  o th e r  r e p o r ts  in  w h ic h  A .  
c a lig in o s a  was fo u n d  to  b e  p a r t ic u la r ly  s u s c e p t ib le  to  th e  e f fe c ts  o f

c a r b a r y l  i n  te s ts  done  in  th e  la b o ra to r y  (S te n e rs e n , 1 979a ). M y r e s u l t s



246

a g re e  w ith  th o s e  o f  p re v io u s  s tu d ie s  w h ic h  h a ve  show n  th a t  c a r b a r y l  was  
v e r y  to x ic  to  e a r th w o rm s  (E d w a rd s  a n d  T h o m p so n , 1969 ; L e g g , 1968; 
T h o m p so n , 1971) a n d  h a d  a r a p id  b u t  n o n -p e r s is te n t  e f fe c t  ( L e g g ,  1968; 

S tu u rm a n  a n d  K am p , 1 9 71 ).

T h e  t o x ic i t y  o f  p e n ta c h lo ro p h e n o l to  e a r th w o rm s  h a d  n o t b e en  
in v e s t ig a te d  p r e v io u s ly ,  d e s p ite  th e  w id e s p re a d  in d u s t r ia l  a n d  a g r ic u l t u r a l  
use  o f  t h is  chem ica l a n d  i t s  sod ium  s a lt  ( C i r e l l i ,  1 9 78 ). T h e  r e s u l t s  fro m  
b o th  th e  R o th am s te d  a n d  S i t t in g b o u rn e  t r ia ls  show  th a t  p e n ta c h lo ro p h e n o l 
h a d  v e r y  l i t t l e  e f fe c t  /u p o n  p o p u la t io n s  o f  e a r th w o rm s . T h e  s ize  o f  some o f  
th e s e  p o p u la t io n s  o f  e a r th w o rm s  a p p e a re d  to  b e  in c re a s e d  s l ig h t ly  b y  t h is  
t r e a tm e n t ,  a l th o u g h  s u c h  e f fe c ts  m ay be  due  to  th e  in c re a s e d  am oun t o f  
p la n t  l i t t e r  t h a t  w as a v a ila b le , fo l lo w in g  th e  h e rb ic id a l a c t io n  o f  t h is  
c h e m ic a l. S im ila r  e f fe c ts  w e re  r e p o r te d  p r e v io u s ly  fro m  e x p e r im e n ts  w ith  
th e  h e rb ic id e  c ya n a z in e  (E d w a rd s , 1970; E d w a rd s , L o f t y  a n d  S ta f fo r d ,  

1971 , 1 9 7 2 ). T h e  in t r o d u c t io n  o f  m ore  s t r in g e n t  EEC a n d  OECD  
e c o p ro te c t io n  le g is la t io n  h as  p ro m p te d  o th e r  f ie ld  s tu d ie s  w ith  
p e n ta c h lo ro p h e n o l,  w h ic h  h a ve  b een  done  u s in g  s im ila r  m e thod s  a n d  ra te s  
o f  a p p lic a t io n  to  th o s e  o f  m y w o r k .  T h e  p r e l im in a r y  r e s u l t s  o f  th e s e  
s tu d ie s  s u p p o r t  m y f in d in g s  a n d  in d ic a te  th a t  p e n ta c h lo ro p h e n o l is  n o t  

v e r y  to x ic  to  e a r th w o rm s  (R o m b ke , 1 9 84 ).

I n  c o n c lu s io n , th e s e  f ie ld  e x p e r im e n ts  h a ve  show n  th a t  c h lo rd a n e  a n d  
c a r b a r y l  a re  v e r y  to x ic  to  e a r th w o rm s  in  th e  f ie ld ,  a n d  t h a t  th e  e f fe c ts  o f  
c h lo rd a n e  w e re  p e r s is te n t  w h i ls t  th o s e  f o r  c a r b a r y l  w e re  a p p a re n t ly  
n o n - p e r s is te n t .  T h io p h a n a te -m e th y l a n d  tr ia z o p h o s  w e re  m o d e ra te ly  to x ic  
to  e a r th w o rm s , b u t  h a d  an  e f fe c t  w h ic h  was n o n - p e r s is te n t .  
P e n ta c h lo ro p h e n o l d id  n o t a p p e a r to  b e  to x ic  to  e a r th w o rm s . T h e  e f fe c ts  
o f  th e s e  ch em ica ls  u p o n  e a r th w o rm s  w e re  som etim es m ore  s e v e re  in  th e  s o il  
t h a t  c o n ta in e d  le s s  o rg a n ic  m a t te r .  A . c a lig in o s a  was th e  sp e c ie s  o f  
e a r th w o rm  a p p a re n t ly  m ost s u s c e p t ib le  to  th e  e f fe c ts  o f  th e s e  c h em ica ls . 
A . lo n g a  a n d  th e  o th e r  spe c ie s  o f  e a r th w o rm  w e re  le s s  a f fe c te d ,  w h i ls t  L .  

t e r r e s t r i s  was th e  spe c ie s  th a t  seem ed to  be  m ost to le r a n t  o f  th e  c h em ica ls .
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C H A P TE R  7

A  CO M PAR ISO N  O F ASSESSMENTS OF TH E  T O X IC IT Y  OF C H EM IC ALS  TO  
EARTHW ORMS M ADE IN  TH E  F IE L D  AN D  IN  TH E  L A B O R A T O R Y

7 .1 .  In t r o d u c t io n

F rom  th e  r e s u l t s  o b ta in e d  u s in g  te s ts  f o r  th e  t o x ic i t y  o f  ch em ica ls  to  
e a r th w o rm s  in  th e  la b o r a to r y ,  i t  is  o f te n  d i f f i c u l t  to  p r e d ic t  th e  t o x ic i t y  o f  
ch em ica ls  to  e a r th w o rm s  in  th e  f ie ld  (E d w a rd s  a n d  L o f t y ,  1 9 7 3 ). Few  
s tu d ie s  h a ve  a t te m p te d  to  d ra w  a c om p a r is o n  b e tw e e n  th e s e  tw o  ty p e s  o f  
a sse ssm en t, a n d  th e  m a jo r ity  o f  s u c h  c om pa riso n s  h a v e  b een  done  u s in g  

a q u a t ic  o rg a n is m s .

T h e  r e la t io n s h ip  b e tw e e n  th e  t o x ic i t y  d a ta  o b ta in e d  u s in g  e a r th w o rm s  

i n  th e  la b o ra to r y  a n d  in  th e  f ie ld ,  a n d  w h ic h  a p p e a rs  in  th e  l i t e r a t u r e  
(T a b le  A l . l )  is  u n c le a r .  T h is  u n c e r ta in t y  a r is e s  fro m  th e  v a r ie t y  o f  
sp e c ie s  o f  e a r th w o rm , p e r io d s  o f  e x p o s u re  a n d  r o u te s  o f  e x p o s u re  th a t  
h a v e  b een  u s e d  p r e v io u s ly  to  te s t  th e  t o x ic i t y  o f  c h em ica ls  to  e a r th w o rm s ,  
a n d  be cau se  few  ch em ica ls  h a ve  b e e n  s tu d ie d  f o r  t o x ic i t y  to  e a r th w o rm s  

u s in g  b o th  ty p e s  o f  t e s t .

A  re c e n t re v ie w  a tte m p te d  to  d ra w  a c om p a r is o n  b e tw e e n  th e  

assessm en ts  o f  th e  t o x ic i t y  o f  b e n o m y l, c a r b a r y l ,  c a rb o fu ra n  a n d  some 
o rg a n o p h o s p h o ru s  ch em ica ls  to  e a r th w o rm s  made in  th e  la b o ra to r y  a n d  f ie ld  
f ro m  r e p o r ts  in  th e  l i t e r a t u r e  (D e a n -R o s s , 1 983 ). T h is  c o n c lu d e d  th a t  
im m e rs io n  te s ts  ( in  w h ic h  e a r th w o rm s  w e re  s u b m e rg e d  in  a s o lu t io n  o f  th e  
t e s t  chem ica l f o r  a r e la t iv e ly  s h o r t  p e r io d  o f  t im e , e . g .  24 h o u r s )  
u n d e re s t im a te d  th e  t o x ic i t y  th a t  b e n o m y l a n d  th e  ca rb am a te  in s e c t ic id e s  
show ed  to  e a r th w o rm s  in  th e  f ie ld .  O th e r  w o rk e r s  h a ve  s u p p o r te d  th e  
c o n c lu s io n  th a t  im m e rs io n  te s ts  in d ic a te  p o o r ly  th e  t o x ic i t y  o f  chem ica ls  to  
e a r th w o rm s  in  th e  f ie ld  (E d w a rd s  a n d  L o f t y ,  1 9 7 3 ). D e a n -R o s s  (1983 ) a lso
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r e p o r te d  t h a t  te s ts  u s in g  s o il i n  th e  la b o ra to r y  u n d e re s t im a te d  th e  t o x ic i t y  
o f  th e  o rg a n o p h o s p h o ru s  in s e c t ic id e s  to  e a r th w o rm s  in  th e  f ie ld ,  a lth o u g h  
s u c h  s o il te s ts  p r e d ic te d  a c c u ra te ly  th e  t o x ic i t y  o f  th e  ca rb am a te  
com pounds  in c lu d in g  b e n o m y l.

T h e  p re s e n t  s tu d y  com pa re d  th e  t o x ic i t y  o f  s e v e ra l ch em ica ls  a ssessed  
u s in g  te s ts  f o r  t o x ic i t y  in  th e  la b o r a to r y ,  w i th  th e  e f fe c ts  o f  th e s e  
chem ica ls  u p o n  e a r th w o rm s  in  tw o  f ie ld  e x p e r im e n ts  th a t  w e re  c o n d u c te d  
u p o n  d i f f e r e n t  s o il t y p e s .  F iv e  chem ica ls  o f  d i f f e r in g  t o x ic i t y  to  
e a r th w o rm s  w e re  u s e d  in  b o th  th e s e  ty p e s  o f  te s t .

7 .2 .  M a te r ia ls  a n d  M e thod s

T h e  ch em ica ls  u s e d  in  th e s e  e x p e r im e n ts  w e re  c h lo rd a n e , c a r b a r y l ,  
th io p h a n a te -m e th y l,  t r ia z o p h o s  a n d  p e n ta c h lo ro p h e n o l.  C h lo ro a ce tam id e  
was u s e d  a d d i t io n a l ly  in  s e v e ra l o f  th e  la b o ra to r y  te s ts ,  b e cau se  th is  

chem ica l h a s  b e e n  re com m ended  f o r  u se  as a re fe re n c e  com pound  (E d w a rd s ,  
1982; I n g le s f ie ld ,  1 9 8 4 ). T h e se  chem ica ls  w e re  o f  te c h n ic a l g ra d e , e x c e p t  
f o r  p e n ta c h lo ro p h e n o l a n d  c h lo ro a c e ta m id e , w h ic h  w e re  o f  a n a ly t ic a l g ra d e .  
T h e  e a r th w o rm s  u se d  in  th e  la b o ra to r y  w e re  a d u l t  E . fe t id a  a n d re i  
w e ig h in g  0 .4 - 0 .6  g  w ith  an  e m p ty  g u t .

T h e  e x p e r im e n ta l d a ta  f o r  t h is  c om pa r is o n  o f  th e  r e s u l t s  o b ta in e d  
u s in g  te s ts  f o r  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  th e  la b o ra to r y  
a n d  th e  f ie ld  w e re  d ra w n  fro m  in v e s t ig a t io n s  th a t  a re  d e s c r ib e d  f u l l y  in  
p re v io u s  s e c t io n s  (C h a p te rs  2 , 3 , 4  a n d  6 ) ,  a n d  to  w h ic h  th e  r e a d e r  is  
r e fe r r e d  f o r  a d e ta ile d  c o n s id e ra t io n  o f  th e  e x p e r im e n ta l p ro c e d u re s .  A  
s y n o p s is  o f  th e  m e thod s  is  g iv e n  b e lo w .
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Methods for testing toxicity to earthworms in the laboratory-

immersion te s t: The earthworms were immersed in an aqueous solution 

or suspension of the test chemical for 24 hours (Section 2 .2 .3) .

Filter paper contact te s t: The earthworms were exposed to the test 

chemical on a damp cellulose filter paper that lined internally the side wall 

of a small glass vial. The period of exposure was 48 hours (Section

3 .2 .3 ) .

Silica paste-glass ball te s t; The test chemicals were incorporated 

uniformly into a paste of amorphous silica and water, supported on a 

matrix of glass balls. The earthworms were exposed to this mixture for 14 

days (Section 2 .2 .9) .

Sand tes t: The test chemicals were distributed evenly in a fine quartz 

sand that was moistened with water. The earthworms were exposed to this 

medium for 48 hours (Section 2 .2 .7) .

Artificial soil te s t: An artificial soil consisting of sand, kaolinitic 

clay, sphagnum peat and calcium carbonate was moistened and treated 

uniformly with the test chemicals. The mortality of the earthworms was 

assessed after 14 days (Section 4 .2 .3) .

Natural soil te s t: The earthworms were exposed to the test chemicals 

in a sieved sandy clay-loam soil obtained from the field. The period of 

exposure was 14 days (Section 2.2.10) .

Forced feeding te s t: The earthworms were force-fed with the test 

chemicals, which were suspended in an agar-agar gel held in a motor- 

driven syringe that was fitted with a rounded-end glass needle. Gel was 

impelled into the oesophagus of an anaesthetised earthworm. The effects 

of the chemicals upon the earthworms were recorded after six days 

(Section 2.2.11).
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Methods for testing toxicity to earthworms in the field 

Two field experiments were done during 1981 and 1982 at Rothamsted 

Experimental Station and at the Shell (UK) Research Centre at

Sittingbourne. The trials were on sites having a clay-loam soil containing

5.1% organic matter, and a flinty clay-loam soil containing 6.9% organic

matter respectively. Each trial was a randomised block, the chemicals 

were applied at two rates in early spring and the populations of all the 

earthworms present were sampled using the formalin extraction method in 

late spring (one month post-treatment) and autumn (six  months

post-treatment). The data were processed using analyses of variance and 

adjusted for covariates (Section 6.2) .

7.3.  Results

7.3.1 Laboratory tests

The assessments of the toxicity of chemicals to earthworms done in 

the laboratory are presented (Table 7.1) as the antilog of the mean LCj-q's 

calculated from the individual LC^q’s (expressed as a logarithmic scale) 

from repeated experiments. (These data are summarised from Tables A7.1, 

A7.5, A7.7, A7.8, A7.9, A7.20 and A7.30). The toxicity to earthworms of 

the test chemicals was ranked according to these mean LC ^'s. This 

ranking varied considerably between the different methods, as did the 

ratio of each particular LC5q to the LC5Q of chlordane. Chlordane was 

chosen as the reference chemical because it showed a well defined and 

severe toxicity to earthworms in tests done in the laboratory and in the

field.
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Fnmpd fppding 6 chlordane > thiophanate-methyl
mg.kg 1 4.93 (—) 92.97(18.9)
(Test chemical: 
wet weight of agar-agar gel)
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Laboratory toxicity test assessments 

• Test chemical LC50 and ratio of test chemical L C 5 0 : chlordane LC50 •
(Bar = LCso? figure above bar = ratio of test chemical LC5q : chlordane LC50)
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Laboratory toxicity test assessments 

Test chemical LC50 and ratio of test chemical L C 5 0 : chlordane LC50
(Bar *» LC50; figure above bar = ratio of test chemical LC50 : chlordane LC50)

Figure 7.4
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Figure 7.7

Laboratory toxicity test assessments 

Test chemical LC50 and ratio of test chemical LC50 : chlordane LC50
(Bar = LC50; figure above bar = ratio of test chemical LC50 : chlordane LCS0)
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T h e  d if fe re n c e s  b e tw e e n  th e  assessm en ts  o f  th e  t o x ic i t y  o f  chem ica ls  
to  e a r th w o rm s  o b ta in e d  u s in g  te s ts  in  th e  la b o ra to r y  p r o b a b ly  a ro se  fro m  

th e  d i f f e r e n t  c o n d it io n s  o f  e x p o s u re  p re s e n te d  b y  th e  m e th o d s . T h e  
fa c to r s  w h ic h  in f lu e n c e d  th e s e  assessm en ts  o f  t o x ic i t y  in c lu d e d  th e  am oun t 
a n d  d u ra t io n  o f  c o n ta c t b e tw e e n  th e  e a r th w o rm  a n d  th e  te s t  c h e m ic a l, th e  
u p ta k e  r o u te  o f  th e  te s t  chem ica l ( o v e r  th e  c u t ic le  o r  g u t  o f  th e  
e a r th w o rm ) ,  th e  in f lu e n c e  o f  th e  e n v iro n m e n t ( e . g .  th e  a d s o rp t iv e  c a p a c ity  
o f  th e  m ed ia ) w i th in  th e  te s t  u p o n  th e  a v a i la b i l i t y  o f  th e  c h em ica l a n d  th e  
a b i l i t y  o f  th e  e a r th w o rm  to  s u r v iv e  th e  c o n d it io n s  w i th in  th e  t e s t .

C e r ta in  s im ila r i t ie s  b e tw e e n  th e  r e s u l t s  th a t  w e re  o b ta in e d  u s in g  th e  
v a r io u s  te s t  m e thod s  can  b e  id e n t i f ie d  c le a r ly  w hen  th e s e  d a ta  a re  
p re s e n te d  d ia g ra m m a tic a lly  (F ig u re s  7 . 1 - 7 . 7 ) .  T h e  a sse ssm en ts  o f  th e  

t o x ic i t y  o f  th e  chem ica ls  to  e a r th w o rm s  made u s in g  th e  im m e rs io n , f i l t e r  
p a p e r  c o n ta c t ,  n a tu r a l s o il a n d  fo rc e d  fe e d in g  te s ts  in d ic a te d  th a t  th e  
LC gg ’ s f o r  th io p h a n a te -m e th y l a n d  c a r b a r y l  w e re  m uch  g re a te r  th a n  th e  
LCgQ f o r  c h lo rd a n e . F u r th e rm o re ,  th e  LC ,.q f o r  p e n ta c h lo ro p h e n o l was  
c o n s id e ra b ly  le s s  th a n  th a t  seen f o r  c a r b a r y l .  O th e r  s im ila r i t ie s  o c c u r re d  

b e tw e e n  th e  r e s u l t s  o b ta in e d  u s in g  th e  s il ic a  p a s te -g la s s  b a l l ,  sa nd  a nd  

a r t i f i c ia l  s o i l t e s ts .  T h e se  te s ts  in d ic a te d  th a t  th e  L C ^ 's  f o r  
th io p h a n a te -m e th y l a n d  c h lo rd a n e  w e re  a p p ro x im a te ly  e q u a l to  o r  s l ig h t ly  
le s s  th a n  th a t  o f  p e n ta c h lo ro p h e n o l,  a n d  th a t  p e n ta c h lo ro p h e n o l h a d  a 
t o x ic i t y  to  e a r th w o rm s  th a t  w as a p p ro x im a te ly  e q u a l to  th a t  o f  c a r b a r y l .

7 .3 .2  F ie ld  te s ts

T h e  e f fe c ts  o f  th e  te s t  chem ica ls  u p o n  th e  p o p u la t io n s  o f  a l l  th e  
e a r th w o rm s  in  t f te  f ie ld  a re  sh ow n  as th e  mean n u m b e rs  a n d  w e ig h ts  
(a l lo w in g  f o r  c o v a r ia te s )  o f  e a r th w o rm s  in  th e  p lo ts  a t tw o  d a te s  o f  
s a m p lin g  (T a b le  7 .2  a n d  F ig u re  7 . 8 ) .  T h e se  d a ta  a re  sum m a ris e d  fro m  
T a b le s  6 .5 ,  6 .7 ,  6 .9 ,  6 .1 1 , 6 .1 3 , 6 .1 5 , 6 .1 7  a n d  6 .1 9 .
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T h e  v a r ia t io n  in  th e  n u m b e rs  a n d  th e  w e ig h ts  o f  e a r th w o rm s  d ue  to  
th e  e f fe c t  o f  th e  tre a tm e n ts  a p p e a re d  to  b e  c o r re la te d  h ig h ly  a t b o th  f ie ld  
s ite s .  T h e  sam p les fro m  th e  p lo ts  t r e a te d  w ith  th io p h a n a te -m e th y l show ed  
o n ly  a s l ig h t  r e d u c t io n  in  th e  n u m b e rs  o f  e a r th w o rm s  a f t e r  one m on th  a t 
S it t in g b o u rn e .  E a r th w o rm s  w e re  le s s  n u m e ro u s  in  th e  p lo ts  th a t  h a d  been  
t r e a te d  w ith  th e  h ig h  r a te  o f  c h lo rd a n e  a f t e r  one m on th  a t R o th am s te d  a nd  
a t S i t t in g b o u rn e .  S ix  m on th s  a f t e r  th e  chem ica ls  h a d  b e e n  a p p lie d ,  b o th  

ra te s  o f  c h lo rd a n e  d e p re s s e d  th e  n u m b e rs  o f  e a r th w o rm s  a t R o th a m s te d ,  
w h ils t  th o s e  a t S i t t in g b o u rn e  h a d  a lm os t r e tu r n e d  to  th e  le v e l o f  th e  
c o n t r o ls .  T r ia z o p h o s  a p p lie d  a t th e  low  ra te  caused  a s l ig h t  in c re a s e  in  
th e  n u m b e rs  o f  e a r th w o rm s , a n d  a t th e  h ig h  ra te  cau sed  a s l ig h t  d e c re a se  
a t R o th a m s te d  a f t e r  one  m o n th , w h i ls t  a t S i t t in g b o u rn e  th e  o p p o s ite  e f fe c t  
was se en . T h e  n u m b e rs  o f  e a r th w o rm s  in  th e  p lo ts  t r e a te d  w ith  tr ia z o p h o s  
h a d  r e tu r n e d  to  le v e ls  s im ila r  to  th o s e  in  th e  c o n tro ls  a f t e r  s ix  m on th s  a t 
b o th  s ite s .  C a rb a r y l h a d  no  e f fe c t  o n  th e  n u m b e rs  o f  e a r th w o rm s  a t e i th e r  
s ite  a f t e r  s ix  m o n th s , a l th o u g h  th e  e a r th w o rm s  w e re  le s s  n u m e ro u s  a f te r  
one  m o n th  in  th e  p lo ts  t r e a te d  w ith  b o th  ra te s  o f  c a r b a r y l  a t R o th a m s te d ,  
a n d  in  th e  p lo ts  t r e a te d  w ith  th e  h ig h  ra te  o f  c a r b a r y l  a t S i t t in g b o u rn e .  
P e n ta c h lo ro p h e n o l a p p e a re d  to  h a ve  l i t t l e  e f fe c t  u p o n  th e  n u m b e rs  o f  
e a r th w o rm s  a t e i t h e r  s ite .

Some o f  th e  d if fe re n c e s  b e tw e e n  th e  assessm en ts  o f  th e  t o x ic i t y  o f  
chem ica ls  to  e a r th w o rm s  made a t th e  tw o  f ie ld  s ite s  a re  p ro b a b ly  r e la te d  to  
th e  o rg a n ic  m a tte r  c o n te n t o f  th e  s o i ls .  T h e  s o il a t th e  S i t t in g b o u rn e  s ite  
c o n ta in e d  m ore  o rg a n ic  m a t te r  th a n  th a t  a t R o th am s te d .



T a b le  7 .2 .  E s tim a te d  mean n u m b e rs  a n d  w e ig h ts  o f  th e  to ta l p o p u la t io n  o f  e a r th w o rm s , sam p led  on  tw o  d a te s  in  th e  f ie ld
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Figure 7.8

Rothamsted and Sittingbourne Field Sites: Total 
Numbers and Weights of all Earthworms in Treated 
and Control Plots at Two Sampling Dates
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7 . 4 .  D is c u s s io n

T h e  m e thod s  f o r  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  th e  
la b o ra to r y  th a t  w e re  d e v e lo p e d  d u r in g  th is  s tu d y  n eeded  to  be  ab le  to  
p r e d ic t  th e  t o x ic i t y  o f  c h em ica ls  to  e a r th w o rm s  in  th e  f ie ld .  T h is  ty p e  o f  
e x t ra p o la t io n  is  d i f f i c u l t  (H a q u e  a n d  E b in g ,  1983a) a n d  is  n e c e s s a r ily  
b a se d  u p o n  s e v e ra l a p p ro x im a t io n s  (D e a n -R o s s , 1 983 ).

A  q u a n t i ta t iv e  r e la t io n s h ip  b e tw e e n  th e  r e s u l ts  fro m  te s ts  done  in  th e  
la b o r a to r y  a n d  th e  f ie ld  h as  b een  d e f in e d  u s in g  d a ta  c o lle c te d  w ith  s e v e ra l 
le a f - fe e d in g  in s e c t  p e s ts  (S u n ,  1 9 66 ). T h is  te c h n iq u e  c o u ld  n o t b e  a p p lie d  
to  th e  r e s u l t s  o b ta in e d  w ith  e a r th w o rm s  because  o v e r  200 ch em ica ls  h a d  to  
b e  te s te d  b y  S un  to  c la r i f y  th is  r e la t io n s h ip .  S un  fo u n d  th a t  th e  to x ic i t y  
in d ic e s  ( th e  r a t io  o f  th e  t o x ic i t y  o f  a te s t  c h e m ica l, c a lc u la te d  as an  LD ,.q 
o r  as th e  a p p lic a t io n  ra te  recom m ended  f o r  th e  c o n t ro l o f  th e  in s e c t  in  th e  
f ie ld ,  to  th e  t o x ic i t y  o f  a s ta n d a rd  c h em ica l m easu red  u s in g  a s im ila r  
m e thod  [S u n ,  1 9 5 0 ])  o f  chem ica ls  d e te rm in e d  u s in g  te s ts  done  in  th e  
la b o ra to r y  a n d  in  th e  f ie ld  w ith  th e se  in s e c ts  w e re  re la te d  l in e a r ly .

T h e  to ta l  n u m b e rs  a n d  w e ig h ts  o f  th e  e a r th w o rm s  in  th e  p lo ts  o f  th e  
f ie ld  e x p e r im e n ts  p ro v id e d  a s y n o p t ic  a ssessm en t o f  th e  e f fe c ts  o f  th e  te s t  
chem ica ls  u p o n  e a r th w o rm s . T he se  e f fe c ts  can  be  s um m a ris e d  th u s .  
C h lo rd a n e  a n d  c a r b a r y l  w e re  v e r y  to x ic  to  e a r th w o rm s  in  th e  f ie ld  a n d  h a d  
e f fe c ts  th a t  w e re  p e r s is te n t  a n d  n o n -p e r s is te n t  r e s p e c t iv e ly .  
T h io p h a n a te -m e th y l a n d  t r ia z o p h o s  w e re  m o d e ra te ly  to x ic ,  b u t  th e  e f fe c t  o f  
th e s e  chem ica ls  a p p e a re d  to  b e  n o n - p e r s is te n t .  P e n ta c h lo ro p h e n o l d id  n o t  

seem to  b e  to x ic  to  e a r th w o rm s  a t th e  ra te s  o f  a p p lic a t io n  u s e d  in  th is  
s tu d y .

A  la b o ra to r y  te s t  t h a t  is  c a p ab le  o f  p r e d ic t in g  th e  t o x ic i t y  o f  
chem ica ls  to  e a r th w o rm s  in  th e  f ie ld  s h o u ld  in d ic a te  th a t  c h lo rd a n e  and  

c a r b a r y l  a re  v e r y  to x ic  to  e a r th w o rm s , a n d  , th a t  in  c o m p a r is o n ,  

th io p h a n a te -m e th y l a n d  t r ia z o p h o s  a re  c o n s id e ra b ly  le s s  to x ic .



260

P e n ta c h lo ro p h e n o l s h o u ld  b e  assessed  as s l ig h t ly  to x ic  to  e a r th w o rm s .

T h e  o r d e r  i n  w h ic h  th e  t o x ic i t y  o f  th e  te s t  chem ica ls  to  e a r th w o rm s  
was ra n k e d  b y  th e  la b o ra to r y  a n d  f ie ld  te s ts  g ave  some in s ig h t  in to  th e  
r e la t io n s h ip  b e tw e e n  th e s e  tw o  ty p e s  o f  a sse ssm en t.

T h e  im m e rs io n , s il ic a  p a s te -g la s s  b a l l  a n d  a r t i f i c ia l  s o il te s ts  in d ic a te d  
t h a t  c h lo rd a n e  a n d  c a r b a r y l  h a d  a s im ila r  a n d  s e v e re  t o x ic i t y  to  
e a r th w o rm s . T h e  f i l t e r  p a p e r  c o n ta c t ,  s i l ic a  p a s te -g la s s  b a l l ,  s a n d  a n d  
a r t i f i c ia l  s o il te s ts  a ssessed  p e n ta c h lo ro p h e n o l as c o n s id e ra b ly  le s s  to x ic  to  
e a r th w o rm s  th a n  c h lo rd a n e , a lth o u g h  p e n ta c h lo ro p h e n o l was sh ow n  to  b e  
le s s  to x ic  th a n  th io p h a n a te -m e th y l o n ly  in  th e  s il ic a  p a s te -g la s s  b a l l ,  s a n d  
a n d  a r t i f i c ia l  s o il t e s ts .  O n ly  th e  a r t i f i c ia l  s o il m e th od  in d ic a te d  th a t  
p e n ta c h lo ro p h e n o l w as le s s  to x ic  to  e a r th w o rm s  th a n  t r ia z o p h o s ,  a n d  th a t  
th io p h a n a te -m e th y l a n d  t r ia z o p h o s  h a d  a s im ila r  t o x ic i t y  to  e a r th w o rm s .  
B o th  th io p h a n a te -m e th y l a n d  t r ia z o p h o s  w e re  show n  to  b e  c o n s id e ra b ly  le s s  
t o x ic  th a n  c h lo rd a n e  in  th e  im m e rs io n  a n d  f i l t e r  p a p e r  c o n ta c t te s ts ,  w h i ls t  
th e  n a tu r a l s o il a n d  fo rc e d  fe e d in g  te s ts  in d ic a te d  th a t  o f  th e s e  tw o  
c h e m ic a ls , o n ly  th io p h a n a te -m e th y l w as le s s  to x ic  to  e a r th w o rm s  th a n  
c h lo rd a n e .

T h u s ,  th e  s il ic a  p a s te -g la s s  b a l l ,  a r t i f i c ia l  s o il a n d  sa n d  te s ts  g a ve  a 

s im ila r  a n d  good  in d ic a t io n  o f  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  
th e  f ie ld ,  b u t  te n d e d  to  m in im ise  th e  d if fe re n c e s  th a t  w e re  seen  b e tw e e n  
th e  t o x ic i t y  o f  th e s e  chem ica ls  to  n a tu r a l  p o p u la t io n s  o f  e a r th w o rm s . T h e  
a r t i f i c ia l  s o il te s t  g a ve  th e  m os t a c c u ra te  p r e d ic t io n  o f  th e  t o x ic i t y  o f  
chem ica ls  to  e a r th w o rm s  in  th e  f ie ld .  T h e  p re d ic t io n s  o f  t o x ic i t y  to  
e a r th w o rm s  in  th e  f ie ld  g iv e n  b y  th e s e  la b o ra to r y  m e thod s  a re  m ost 
a c c u ra te  f o r  th o s e  chem ica ls  th a t  h a ve  a v e r y  h ig h  o r  v e r y  low  t o x ic i t y  to  
e a r th w o rm s , a n d  a re  le s s  re l ia b le  w ith  ch em ica ls  o f  m ode ra te  t o x ic i t y .

T h e  assessm en ts  o f  t o x ic i t y  g iv e n  b y  th e  s il ic a  p a s te -g la s s  b a l l  a n d  
a r t i f i c ia l  s o il te s ts  h a ve  been  sh ow n  to  c o r re la te  h ig h ly  ( r  = 0 . 91
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[H e im b a c h , 1984 , 1 9 8 5 b ]) ,  a n d  w e re  e x p re s s e d  in  u n i t s  o f  c o n c e n tra t io n  

t h a t  c o u ld  b e  com pa red  d i r e c t ly  w i th  th e  c o n c e n tra t io n  o f  th e  chem ica ls  
t h a t  w as a c h ie v e d  in  th e  f ie ld  s o i l .  T h e  a r t i f i c ia l  s o il a n d  s il ic a  
p a s te -g la s s  b a l l  te s ts  gave  L C g ^ 's  th a t  w e re  c o n s id e ra b ly  h ig h e r  th a n  th e  
c o n c e n tra t io n  o f  th e  chem ica ls  t h a t  was a c h ie v e d  in  th e  s o il b y  th e  
a p p lic a t io n s  m ade in  th e  f ie ld .  T h is  d if fe re n c e  m ay a r is e  fro m  th e  p e r io d  
o f  e x p o s u re  u s e d  in  th e  la b o ra to r y  te s ts ,  w h ic h  was m uch  s h o r te r  th a n  
t h a t  u s e d  in  th e  f ie ld .

Few  s tu d ie s  h a ve  a tte m p te d  to  com pa re  th e  t o x ic i t y  o f  th e  same 
chem ica ls  to  e a r th w o rm s  in  th e  la b o ra to r y  a n d  th e  f ie ld .  E d w a rd s  (1985 )  
assessed  th e  t o x ic i t y  o f  s e v e ra l c om pounds  to  e a r th w o rm s  in  th e  a r t i f i c ia l  
s o il a n d  in  a n a tu r a l s o il in  th e  la b o r a to r y ,  a n d  com pa red  th e s e  r e s u l t s  
w ith  th o s e  o b ta in e d  u s in g  a s ta n d a rd  m e thod  f o r  te s t in g  t o x ic i t y  to  
e a r th w o rm s  in  th e  f ie ld  (E d w a rd s  a n d  B ro w n , 1 9 8 2 ). T h e  d if fe re n c e s  th a t  
e x is te d  b e tw e e n  th e  c o n c e n tra t io n  o f  b e n o m y l a n d  p a ra q u a t th a t  w e re  
n e c e s s a ry  to  k i l l  e a r th w o rm s  in  th e  la b o ra to r y  a n d  in  th e  f ie ld  w e re  s im ila r  
to  th e  d i f fe re n c e  b e tw e e n  th e s e  assessm en ts  o f  t o x ic t y  seen in  m y s tu d y ,  
f o r  w h ic h  th e  LC g^ d e te rm in e d  in  th e  la b o ra to r y  was a p p ro x im a te ly  5-10%  
o f  th a t  n e c e s s a ry  to  k i l l  e a r th w o rm s  i n  th e  f ie ld .

T h e  f i l t e r  p a p e r  c o n ta c t ,  s i l ic a  p a s te -g la s s  b a l l  a n d  a r t i f i c ia l  s o il te s ts  
each  in d ic a te d  th a t  c h lo ro a ce ta m id e  s h o u ld  b e  o f  m ode ra te  t o x ic i t y  to  
e a r th w o rm s  in  th e  f ie ld .  F u r th e rm o re ,  m y r e s u l t s  h a ve  show n  th a t  th e  
LCgQ o f  c h lo ro a ce ta m id e  u s in g  E . fe t id a  in  th e  a r t i f i c ia l  s o il was 18 .4  
m g .k g  w h ic h  a g re e s  c lo s e ly  w i th  th e  w o rk  o f  E d w a rd s  (1985 ) w ho  

r e p o r te d  an  LC ,.q f o r  c h lo ro a ce ta m id e  e s tim a te d  in  th e  a r t i f i c ia l  s o il o f  26 
m g .k g  A t  t h is  c o n c e n tra t io n  o f  c h lo ro a ce tam id e  in  th e  f ie ld ,  E d w a rd s

show ed  th a t  th e  p o p u la t io n s  o f  L . t e r r e s t r i s  a n d  A . c a lig in o s a  w e re  
u n a f fe c te d .  T h e  lo w  t o x ic i t y  o f  c h lo ro a ce ta m id e  to  e a r th w o rm s  in  th e  f ie ld  
i s  p ro b a b ly  d u e  to  th e  a d s o rp t io n  o f  th is  chem ica l o n to  s o il p a r t ic le s ,  
fo llo w e d  b y  r a p id  d e com po s itio n  th r o u g h  th e  a c t io n  o f  m ic ro -o rg a n is m s  

(H e im b a c h , 1 9 8 2 ).
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W h ils t th e  a r t i f i c ia l  s o il te s t  a n d  th e  o th e r  m e thod s  th a t  u s e d  
s u b s t i tu te s  f o r  s o il in  th e  la b o ra to r y  te n d e d  to  u n d e re s t im a te  th e  t o x ic i t y  
o f  chem ica ls  to  e a r th w o rm s  in  th e  f ie ld ,  t h is  s tu d y  a nd  o th e rs  (D e a n -R o s s ,

1983) show  th a t  th e  n a tu r a l s o il t e s t  o v e re s t im a te d  th e  t o x ic i t y  to  
e a r th w o rm s  o b s e rv e d  in  th e  f ie ld .  T h is  e f fe c t  was r e p o r te d  p r e v io u s ly  
w ith  te s ts  u s in g  n a tu r a l s o il to  assess th e  t o x ic i t y  o f  chem ica ls  to  L .  
t e r r e s t r i s  (E d w a rd s  a n d  L o f t y ,  1 9 73 ), a lth o u g h  no e x p la n a t io n  f o r  th is  
o b s e rv a t io n  was o f fe r e d .  I n  m y s tu d ie s ,  t h is  o v e re s t im a t io n  o f  th e  t o x ic i t y  
o f  ch em ica ls  to  e a r th w o rm s  in  th e  f ie ld  b y  a n a tu r a l s o il te s t  can  be  
a t t r ib u t e d  to  th e  in a b i l i t y  o f  E . fe t id a  to  to le ra te  th e  m in e ra l s o il t h a t  was  
u s e d  in  th e  la b o r a to r y ,  a lth o u g h  o th e r  s tu d ie s  h a ve  u sed  th is  spe c ie s  o f  
e a r th w o rm  in  a n a tu r a l m in e ra l s o il s u c c e s s fu l ly  (E d w a rd s , 1 9 8 5 ).

T h e  im m e rs io n  a n d  f i l t e r  p a p e r  c o n ta c t te s ts  id e n t i f ie d  some a sp e c ts  o f  
th e  t o x ic i t y  o f  th e  te s t  chem ica ls  to  n a tu r a l p o p u la t io n s  o f  e a r th w o rm s ,  

a lth o u g h  im m e rs io n  te s ts  h a ve  been  c r i t ic is e d  f o r  u n d e re s t im a t in g  s u ch  
e f fe c ts  in  th e  f ie ld  (D e a n -R o s s , 1 983 ). T h e  a ssessm en ts  o f  th e  t o x ic i t y  o f  
chem ica ls  to  e a r th w o rm s  made w ith  th e  f i l t e r  p a p e r  c o n ta c t te s t  w e re  
r e p o r te d  to  c o r re la te  p o o r ly  w ith  th e  r e s u l t s  fro m  th e  a r t i f i c ia l  s o il te s t  ( r  
= 0 .5 5 )  a n d  th e  s il ic a  p a s te -g la s s  b a l l te s t  ( r  = 0 .48  [H e im b a c h , 1984, 

1 9 8 5 b ]) .  T h e se  c o n c lu s io n s  a g re e  w ith  m y w o r k ,  a n d  as th e  la t t e r  te s ts  
p ro v id e d  th e  b e s t in d ic a t io n  o f  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  in  
th e  f ie ld  f t  w as u n l ik e ly  th a t  th e  f i l t e r  p a p e r  c o n ta c t te s t  w o u ld  a lso  
p r e d ic t  a c c u ra te ly  th e  e f fe c t  th a t  a chem ica l w o u ld  h a ve  u p o n  a n a tu r a l  
p o p u la t io n  o f  e a r th w o rm s .

T h e  ch o ice  o f  E . fe t id a  as th e  te s t  spe c ie s  o f  e a r th w o rm s  has  been  
c r i t ic is e d  b y  some w o rk e r s  (L o fs -H o lm in ,  1982b ; S te n e rs e n , 1979a) on  th e  
g ro u n d s  th a t  t h is  spe c ie s  is  u n re p re s e n ta t iv e  o f  th e  th o se  l i v in g  in  a ra b le  
s o ils ,  a n d  th a t  i t  is  r e la t iv e ly  in s e n s i t iv e  to  th e  e f fe c ts  o f  to x ic  c h em ica ls . 
T he se  o b je c t io n s  h a ve  b e e n  a n sw e re d  b y  re c e n t s tu d ie s  w h ic h  h a ve  

in d ic a te d  th a t  th e  re s p o n s e s  o f  E . fe t id a  a n d  L .  t e r r e s t r is  to  chem ica ls  in
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th e  la b o r a to r y  a re  c o r re la te d  h ig h ly  ( r  = 0 .8 1  [H e im b a c h , 1985a, 1 9 8 5 b ]) ,  

a n d  th e re fo r e  th e  c h o ice  o f  E , fe t id a  as th e  te s t  spec ie s  is  u n l ik e ly  to  
im p a ir  th e  a b i l i t y  o f  te s ts  f o r  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  done  
i n  th e  la b o ra to r y  to  p r e d ic t  th e  e f fe c ts  o f  chem ica ls  u p o n  e a r th w o rm s  in  
th e  f ie ld .

T h e  a c c u ra c y  w ith  w h ic h  la b o ra to r y  te s ts  f o r  th e  t o x ic i t y  o f  chem ica ls  
to  e a r th w o rm s  can  p r e d ic t  th e  e f fe c ts  o f  chem ica ls  u p o n  e a r th w o rm s  in  th e  
f ie ld  m ig h t be  im p ro v e d  i f  th e s e  m e thods  w e re  e x te n d e d  to  m easu re  some 
a s p e c t o f  s u b le th a l t o x ic i t y  as p ro p o s e d  b y  G oats a n d  E d w a rd s  (1 9 8 5 ) ,  
L o fs -H o lm in  (1980 ) a n d  R e in e cke  a nd  V e n te r  (1 9 8 5 ) .
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C H A P TE R  8

IN T E R - AN D  IN T R A -S P E C IF IC  V A R IA T IO N  IN  TH E  RESPONSE OF  
EARTHW ORMS TO  T O X IC  C H EM IC ALS

8 .1 .  In t r o d u c t io n

M any  w o rk e r s  h a ve  show n  th a t  spe c ie s  o f  e a r th w o rm  d i f f e r  in  t h e i r  
re s p o n s e  to  to x ic  c h em ica ls . A .  c a lig in o s a  was m ore  s u s c e p t ib le  to  th e  
e f fe c ts  o f  h e rb ic id e s  in  s o lu t io n  th a n  e i th e r  P h e r it im a  c a l i fo r n ic a  (G a te s ) o r  
an A lm a  spe c ie s  (G h a b b o u r  a n d  Im am , 1 9 6 7 ), and  o th e r  e x p e r im e n ts  h a ve  
sh ow n  L .  t e r r e s t r i s  to  be  m ore to le r a n t  o f  h e rb ic id e s  in c o rp o ra te d  in to  a 
s o il in  th e  la b o ra to r y  th a n  E u d r i lu s  e u g en ia e  (C a se le y  and  E n o , 1 966 ). 
T h e  s u s c e p t ib i l i t y  o f  L .  r u b e l lu s  to  a w id e  ra n g e  o f  chem ica ls  d e p o s ite d  on  
dam p f i l t e r  p a p e r  was g re a te r  th a n  th a t  o f  E . fe t id a  (R o b e r ts  and  
D o ro u g h , 1 9 84 ). In v e s t ig a t io n s  s u ch  as th e se  h a ve  le d  some w o rk e r s  to  
s u g g e s t th a t  L .  t e r r e s t r i s  (D e a n -R o s s , 1 9 8 3 ), L .  r u b e l lu s  (M a , 1984) a nd  
A , c a lig in o s a  (E d w a rd s , 1982; L o fs -H o lm in ,  1982b) w o u ld  be  s u ita b le  f o r  
use  in  ro u t in e  te s ts  f o r  t o x ic i t y .

T h e  e x p e r im e n ts  d e s c r ib e d  in  t h is  c h a p te r  w e re  done  w ith  th e  spe c ie s  
L .  t e r r e s t r i s , A  lo n g a , A .  c a lig in o s a  a n d  E . f e t id a , w h ic h  a re  a lso  k n o w n  
to  d i f f e r  in  t h e i r  s u s c e p t ib i l i t y  to  to x ic  ch em ica ls . L .  t e r r e s t r i s  was m ore  
s u s c e p t ib le  to  th e  fu n g ic id e  c a p ta n , m ix e d  w ith  th e  s o i l,  th a n  was A .  
c a lig in o s a  ( L e g e r  a n d  M il le t te ,  1 9 7 7 ). T h e  s izes  o f  p o p u la t io n s  o f  L .  
t e r r e s t r i s  a n d  A . c h lo ro t ic a  w e re  re d u c e d  m ore s e v e re ly  th a n  th o s e  o f  L .  
r u b e l lu s , L .  f e s t i v u s , A . c a l ig in o s a , A ,  lo n g a , A . ro s e a , a n d  O . cyaneum  
(S a v ig n y )  b y  s p ra y s  o f  b e n om y l a n d  th io p h a n a te -m e th y l in  an  o r c h a rd  
( S t r in g e r  a n d  L y o n s ,  1 974 ). F u r th e r  s tu d ie s  w ith  b e n o m y l a lone  show ed  
t h a t  th e  s ize  o f  th e  p o p u la t io n s  o f  L .  t e r r e s t r i s  w e re  d e c re a se d  m ore  th a n

th o s e  o f  L .  r u b e l lu s , L .  c a s ta n e u s , A .  ro s e a , a n d  A . c h lo r o t ic a , w h ils t
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th e  n u m b e rs  o f  A .  lo n g a  w e re  v i r t u a l l y  u n a f fe c te d  ( S t r in g e r  a n d  L y o n s ,  

19 7 7 ). T h e  a p p a re n t a b i l i t y  o f  A .  lo n g a  to  to le ra te  to x ic  chem ica ls  in  th is  
s tu d y  was p ro b a b ly  d u e  to  a sum m er d ia p a u s e .

A  re c e n t re v ie w  o f  th e  e f fe c ts  o f  chem ica ls  u p o n  e a r th w o rm s  
(D e a n -R o s s , 1983) c o n c lu d e d  th a t  L .  t e r r e s t r i s  was m ore s u s c e p t ib le  th a n  
E . fe t id a  to  b e n o m y l a n d  to  a v a r ie t y  o f  in s e c t ic id e s .  T h is  s u p p o r te d  th e  
r e s u l t s  o f  a s tu d y  u s in g  some c h o lin e s te ra s e  in h ib i t in g  p e s t ic id e s  ( a ld ic a r b ,  
o x a m y l, c a r b a r y l ,  c a rb o fu ra n ,  p a ra th io n ,  t r ic h lo r o n a te  a n d  p a ra o x o n )  a n d  
th e  o rg a n o c h lo r in e  chem ica l H C H . T he se  chem ica ls  a p p e a re d  to  be  m uch  
le s s  to x ic  to  E . fe t id a  th a n  to  e i th e r  A . c h lo ro t ic a  o r  L .  r u b e l lu s  in  an  
im m e rs io n  o r  a s o il te s t  c o n d u c te d  in  th e  la b o r a to r y .  F u th e rm o re , A .  
c h lo ro t ic a  a n d  L .  r u b e l lu s  w e re  le s s  s u s c e p t ib le  to  th e s e  chem ica ls  th a n  A .  
c a lig in o s a  (S te n e rs e n , 1979a ). S im ila r  r e s u l t s  w e re  o b ta in e d  u s in g  
ch lo ro a ce ta m id e  a n d  p a ra q u a t m ixe d  w ith  a loam y sand  in  th e  la b o ra to r y .  
T he se  chem ica ls  w e re  m ore to x ic  to  L .  t e r r e s t r i s  a n d , in  p a r t ic u la r ,  to  A .  
c a lig in o s a  th a n  to  E , f e t id a , a lth o u g h  th e s e  spe c ie s  show ed  an e q u a l 
s u s c e p t ib i l t y  to  b e n o m y l (E d w a rd s , 1 9 85 ). In  o th e r  s tu d ie s  (G ilm a n  a nd  
V a rd a n is ,  1 9 7 4 ), c a rb o fu ra n  was fo u n d  to  be  le s s  to x ic  to  E . fe t id a  th a n  
to  L .  t e r r e s t r i s  w h en  in je c te d  d i r e c t ly  in to  th e  b o d y  o f  th e  e a r th w o rm .

Some w o rk e r s  c o n s id e r  th a t  d i f fe re n c e s  in  th e  s u s c e p t ib i l i t y  to  
chem ica ls  b e tw e e n  sp e c ie s  o f  e a r th w o rm  a re  s p e c if ic  to  each  chem ica l 
(H a q u e  a n d  E b in g ,  1 983a ), a n d  w e re  th is  so i t  w o u ld  be  im p o s s ib le  to  
e x tra p o la te  fro m  th e  a ssessm en ts  o f  th e  t o x ic i t y  o f  chem ica ls  made u s in g  E . 
f e t id a ,  to  th e  e f fe c ts  th a t  th e  same chem ica ls  w o u ld  h a ve  u p o n  o th e r  

spec ie s  o f  e a r th w o rm . F o r tu n a te ly  th e  e s tim a te s  o f  th e  L C g ^ ’ s o f  chem ica ls  
made u s in g  L .  t e r r e s t r i s  in  a n a tu r a l s o il te s t  c o r re la te d  h ig h ly  w ith  th o se  
o b ta in e d  u s in g  E . fe t id a  in  an  a r t i f i c ia l  s o il te s t  ( r  = 0 .8 1  [H e im b a c h ,  
1985a, 1 9 8 5 b ]) .  T h u s ,  th e  p o o r  r e la t io n s h ip  fo u n d  b e tw e e n  th e  e s tim a te s  

o f  t o x ic i t y  made u s in g  th e se  spe c ie s  o f  e a r th w o rm  in  p re v io u s  s tu d ie s  
(H a q u e  a n d  E b in g ,  1983a) m ay r e f le c t  th e  in a d e q u a c y  o f  some a sp e c t o f  th e
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e x p e r im e n ta l p ro c e d u re s .  F u r th e rm o re ,  w o rk  has  show n  th a t  th e  t o x ic i t y  

o f  c a rb o fu ra n  in  aqueous  s o lu t io n  to  L . t e r r e s t r is  ( L e b ru n  e t a l . , 1981) 
a n d  to  E . fe t id a  (S te n e rs e n , 1979a) was s im ila r ,  a l th o u g h  th e se

m easu rem en ts  w e re  made u s in g  s l ig h t ly  d i f f e r e n t  p e r io d s  o f  e x p o s u re .  In  
g e n e ra l,  A .  c a lig in o s a  a p p e a rs  to  be  m ore  s u s c e p t ib le  to  th e  to x ic  e f fe c ts  
o f  chem ica ls  th a n  L .  t e r r e s t r i s , a n d  b o th  th e se  spe c ie s  show  a g re a te r  
s u s c e p t ib i l i t y  th a n  E . f e t id a .

L o n g - l iv e d  chem ica ls  a n d  t h e i r  re s id u e s  may a ccum u la te  in  b io lo g ic a l  
s ys tem s  fro m  a r e la t iv e ly  low  c o n c e n tra t io n  in  th e  e n v iro n m e n t and  cause  
t o x ic i t y  (C a rs o n , 1 963 ). E a r th w o rm s  can a ccum u la te  o rg a n o c h lo r in e  
in s e c t ic id e s ,  p e r s is te n t  com pounds  s u ch  as d io x in  (M a r t in u c c i e t a l . , 1983) 
a n d  a v a r ie t y  o f  o th e r  e n v iro n m e n ta l c o n ta m in a n ts  (E b in g ,  e t a l . , 1984; 
R h e t t  e t a l . , 1 9 8 5 ). Some m a te r ia ls ,  s u c h  as sod ium  a n d  c h lo r id e  io n s ,  

m ove o v e r  th e  b o d y  w a ll o f  L .  t e r r e s t r i s  in  re s p o n se  to  an  e le c t r ic a l  
g ra d ie n t  (P ru s c h  a n d  O t te r ,  1 9 7 7 ), w h i ls t  d is s o lv e d  o rg a n ic  chem ica ls  s u ch  
as am ino  a c id s  a p p e a r to  a c cum u la te  b y  d i f fu s io n  as w e ll as b y  o th e r  
p ro c e s se s  th a t  r e q u ir e  e n e rg y  (R ic h a rd s  a n d  A rm e , 1 9 82 ). M any  o rg a n ic  
com pound s  th a t  a re  e le c t r ic a l ly  n e u t r a l  a ccum u la te  in  e a r th w o rm s  fro m  
aqueous  s o lu t io n  b y  a p a s s iv e  a n d  r e v e r s ib le  p ro c e s s , to  a ch ie ve  a 

c o n c e n tra t io n  in  th e  t is s u e s  s im ila r  to  t h a t  in  th e  e x te rn a l m ed ium  (B r ig g s  
a n d  L o r d ,  1 9 83 ). T h is  p a s s iv e  d is t r ib u t io n  is  d e te rm in e d  la r g e ly  b y  th e  
p a r t i t io n in g  o f  th e  chem ica l b e tw e e n  th e  a i r ,  w a te r ,  s o il a n d  t is s u e  o f  th e  
e a r th w o rm s , a n d  is  th e  s u b je c t o f  s e v e ra l d e ta ile d  re v ie w s  ( B r ig g s ,  1981; 
K e n a g a , 1975a; M o r ia r t y ,  1 9 77 ).

T h e ' e q u i l ib r iu m  c o n c e n tra t io n  o f  a n o n -p o la r  p e s t ic id e  w i th in  an  
e a r th w o rm  is  d e te rm in e d  b y  th e  e a r th w o rm  t is s u e :w a te r  a n d  s o i l :w a te r  
p a r t i t io n  c o e f f ic ie n ts  o f  th a t  c h e m ic a l, w h ic h  a re  re la te d  to  th e  
o c ta n - l - o l : w a te r  p a r t i t io n  c o e f f ic ie n t .  (A  p a r t i t io n  c o e f f ic ie n t  m ay be  
d e te rm in e d  b y  s h a k in g  an aqueous  s o lu t io n  o f  th e  te s t  c h em ica l w ith  an  
e q u a l v o lum e  o f  an  im m is c ib le  o rg a n ic  s o lv e n t , a llo w in g  th e  p hases  to
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s e p a ra te , a n d  th e n  d iv id in g  th e  r e s u l ta n t  c o n c e n tra t io n  o f  th e  chem ica l 

t h a t  is  p re s e n t in  th e  o rg a n ic  s o lv e n t b y  th a t  in  th e  w a te r ) .  T h e  
o c t a n - l - o l : w a te r  p a r t i t io n  c o e f f ic ie n ts  h a ve  b een  d e te rm in e d  f o r  a w id e  
ra n g e  o f  chem ica ls  a n d  c o r re la te  n e g a t iv e ly  th e  aqueous  s o lu b i l i t y  (C h io u ,  
F re e d , S chm edd in g  a n d  K o h n e r t ,  1 9 7 7 ). Whole e a r th w o rm s  a ccum u la te  a 
c o n c e n tra t io n  o f  te s t  c h em ica l th a t  is  s im ila r  to  th a t  fo u n d  in  m ace ra te d  
t is s u e ,  b u t  as ch em ica ls  a re  ta k e n  u p  m uch  m ore  s lo w ly  in to  w ho le  
e a r th w o rm s , o n ly  th o s e  chem ica ls  th a t  h a ve  a lo n g  h a l f - l i f e  in  s o il a re  
l i k e ly  to  a ch ie ve  th e  e q u i l ib r iu m  c o n c e n tra t io n  w i th in  th e  t is s u e s  ( L o rd  
e t a l . , 1 9 80 ). P o la r  chem ica ls  do  n o t  o b e y  th is  re la t io n s h ip  a n d  a re

a c cu m u la te d  p o o r ly  b y  e a r th w o rm s .

T h e  e f fe c t  o f  o rg a n ic  m a tte r  in  th e  s o il ( th e  s o il f r a c t io n  th a t  h as  th e  

g re a te s t  in f lu e n c e  u p o n  th e  e q u i l ib r iu m  c o n c e n tra t io n  w i th in  th e  t is s u e s  o f  
th e  e a r th w o rm )  m us t be  c o n s id e re d  w h en  a t te m p t in g  to  p r e d ic t  th e  ra te  o f  
a c c u m u la t io n  a n d  s u b s e q u e n t e f fe c t  o f  a chem ica l u p o n  e a r th w o rm s . T he se  
e q u i l ib r iu m  c o n c e n tra t io n s  in  th e  t is s u e  o f  th e  e a r th w o rm s , o rg a n ic  m a tte r  
i n  th e  s o il a n d  s o il w a te r  m ay be  c a lc u la te d  u s in g  th e  fo l lo w in g  fo rm u la e :

L o g  k  = 0 .476  (L o g  k  ) + 1 .0 4  ( r  = 0 .8 8 )°  w s ow
Log  k Qm = 0 .5 3  (L o g  k QW) + 0 .6 9  ( r  = 0 .9 5 )

w h e re  K  , K  a nd  k  a re  th e  e a r th w o rm :w a te r ,  o c ta n - l - o l :w a te r  a n d  ws ow  om
s o il o rg a n ic  m a t te r :w a te r  p a r t i t io n  c o e f f ic ie n ts  re s p e c t iv e ly  ( L o rd  e t a l . , 

1 980 ).

C hem ica ls  s u c h  as D D T  a re  a p p a re n t ly  a c cum u la te d  b y  th e  t is s u e s  o f  
L .  t e r r e s t r i s  a t a r a te  th a t  show s a d o u b le  m axim a a t 1 .5  a n d  4 .0  m o n th s ,  
a f t e r  w h ic h  an e q u i l ib r iu m  is  a c h ie v e d  (E d w a rd s  a n d  J e f fs ,  1 9 7 4 ). S im ila r  
r e s u l t s  h a ve  been  o b ta in e d  w ith  t h is  spe c ie s  o f  e a r th w o rm s  u s in g  
te tra c h lo ro b e n z e n e  (L o rd  e t a l . , 1 9 8 0 ). T h e  u p ta k e  o f  D D T  b y  P h e re tim a  
p o s th u m a  a lso  show ed  a d o u b le  m ax im a , b u t  th e  c o n c e n tra t io n s  th a t  w e re  
a c h ie v e d  in  th e  t is s u e s  o f  t h is  spe c ie s  o f  e a r th w o rm  w e re  g re a te r  th a n  
th o s e  in  L .  t e r r e s t r i s  (Y a d a v , P i l la i  a n d  A g a rw a l,  1 9 7 6 ). S uch
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o b s e rv a t io n s  m ay in d ic a te  th a t  tw o  p ro ce s se s  a re  in v o lv e d  d u r in g  th e  
a c cu m u la t io n  o f  th e s e  p e s t ic id e s ,  an  in i t ia l  u p ta k e  pha se  o v e r  th e  g u t  o r  
b o d y  w a ll ,  fo llo w e d  b y  a p e r io d  o f  r e d is t r ib u t io n  o f  th e  chem ica l w i th in  th e  
t is s u e s  o f  th e  e a r th w o rm  (E d w a rd s  a n d  J e f fs ,  1974 ).

L .  t e r r e s t r i s  a n d  A .  lo n g a  a c c u m u la te d  d ia z in o n  a n d  d ie ld r in  fro m  
aqueous  s o lu t io n  a t a r a te  s im ila r  to  th a t  show n  b y  th e  s lu g s  D e ro ce ra s  
r e t ic u la tu m  (M t t l le r )  a n d  A r io n  h o r te n s is  ( F e ru s s a c ) . T h is  s u g g e s ts  th a t  
one  o f  th e s e  g ro u p s  o f  in v e r te b r a te s  te s te d  f o r  t o x ic i t y  in  th e  la b o ra to r y  
m ay be  a b le  to  p r e d ic t  t o x ic i t y  to  th e  o th e r  ( L o r d  e t a l . , 1 9 80 ).

E a r th w o rm s  a n d  s lu g s  a lso  a p p e a r to  re s p o n d  in  a s im ila r  w a y  to  p e s t ic id e s  
in  th e  f ie ld ,  f o r  in s ta n c e  d ia z in o n  a n d  p h o ra te  show  a m in im a l a n d  s e ve re  

t o x ic i t y  r e s p e c t iv e ly  to  s lu g s  a n d  to  e a r th w o rm s  (E d w a rd s , 1 9 76 ).

E a r th w o rm s  l im i t  th e  to x ic  e f fe c ts  o f  chem ica ls  b y  e x c r e t in g  

u n c h a n g e d  m a te r ia l r a p id ly ,  o r  b y  d e to x i f y in g  th e  ch em ica l th r o u g h  

m e ta b o lic  p ro c e s s e s . T h re e  c la sses  o f  enzym es a re  im p o r ta n t  in  th e  
p r im a r y  m e tabo lism  o f  chem ica ls  in c lu d in g  h y d ro la s e s  ( e . g .  e s te ra s e s ,  
c a rb o x y le s te ra s e s  a n d  p h o s p h a ta s e s ) , g lu ta th io n e  S - t r a n s fe ra s e s  a nd  
m ic ro som a l o x id a s e s . H y d ro la s e s , p a r t ic u la r ly  c h o lin e s te ra s e s , h a ve  been  
id e n t i f ie d  in  E , fe t id a  (S te n e rs e n , 1979c , 1980a, 1 9 8 0 b ) , g lu ta th io n e

S - t ra n s fe ra s e s  h a v e  b een  fo u n d  in  L .  t e r r e s t r i s , L .  r u b e l lu s , A .  lo n g a , 
A . c a l ig in o s a , A . c h lo ro t ic a  a n d  E . fe t id a  (S te n e rs e n , G u th e n b e rg  and

M a n n e rv ik ,  1979) as w e ll as in  A .  ro s e a , A . ic te r ic a  a n d  O . cyaneum

(S te n e rs e n  a n d  0 ie n ,  1 9 81 ). M ic ro som a l o x id a se s  o c c u r  in  L .  t e r r e s t r i s  
(N a k a ts u g a w a  a nd  N e ls o n , 1972; N e ls o n , S te w a r t ,  M o re l l i a n d  N a ka ts u g a w a , 
1 9 7 6 ). T h e  d e to x i f ic a t io n  o f  x e n o b io t ic s  in  e a r th w o rm s  has  b e e n  d is c u s s e d  

f u l l y  in  a re c e n t re v ie w  (S te n e rs e n , 1 9 8 4 ).

E a r th w o rm s  can  d e to x i f y  o rg a n o c h lo r in e  c h e m ic a ls , a n d  e x c re te d  

r a p id ly  D D T  th a t  h a d  b ee n  a c c u m u la te d  p r e v io u s ly  in to  an  u n t r e a te d  s o i l.  
E a r th w o rm s  w e re  a lso  ca pab le  o f  c o n v e r t in g  D D T  to  D D E , a n d  th is

m e ta b o lite  was fo u n d  to  b e  m ore p e r s is te n t  in  th e  t is s u e s  o f  th e  e a r th w o rm
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th a n  D D T  (E d w a rd s  a n d  J e f fs ,  1 9 7 4 ). D D T  a p p e a re d  to  b e  m e ta b o lise d  

fa s te r  in  e a r th w o rm s  o f  th e  spec ie s  P . p o s th u m a  w h ic h  h a d  b een  p re t r e a te d  
w ith  D D T , l in d a n e  o r  d ie ld r in  (A g a rw a l,  Y a d a v  a n d  P i l la i ,  1 9 7 8 ), 
s u g g e s t in g  th a t  th e  enzym es ca pab le  o f  d e to x i f y in g  th e se  chem ica ls  h a d  
b e e n  in d u c e d .  C h lo rd a n e  in je c te d  in to  th e  coelom  o f  L .  t e r r e s t r i s  was  
e x c re te d  la r g e ly  u n c h a n g e d , a lth o u g h  some c h lo rd a n e  was m e ta b o lis e d  to  
o x y c h lo rd a n e  a n d  c h lo rd a n e  c h lo r o h y d r in  (C h io  a n d  S a n b o rn , 1 976 ). 
T he se  w o rk e r s  c o u ld  n o t c o n f irm  th a t  t h is  p ro c e s s  was due  to  th e  a c t io n  o f  
a m ic rosom a l o x id a s e , a lth o u g h  a h ig h  c o n c e n tra t io n  o f  s u c h  enzym es ( in  
th e  fo rm  o f  a ld r in  e p o x id a s e , w h ic h  can  c o n v e r t  a ld r in  to  d ie ld r in )  was  
lo c a te d  s u b s e q u e n t ly  in  th e  in te s t in e  o f  L .  t e r r e s t r i s  (N e ls e n  e t a l . , 1 976 ). 
E v id e n c e  f o r  th e  p re s e n c e  o f  a m ic ro som a l o x id a se  in  L .  t e r r e s t r i s  was  
s t re n g th e n e d  b y  th e  re c e n t id e n t i f ic a t io n  o f  c y to c h ro m e  P -450 in  th e  
t is s u e s  o f  th is  e a r th w o rm . C y to c h ro m e  P -450 is  a c o n s t i tu e n t  o f  th e  

m ic ro som a l o x id a se  s ys tem  (L iim a ta in e n  a n d  H a n n in e n , 1982 ).

T h e  o rg a n o p h o s p h o ru s  in s e c t ic id e  p a ra th io n  was e lim in a te d  a t s low  b u t  

s im ila r  ra te s  fro m  L .  r u b e l lu s  a n d  E . f e t id a , a lth o u g h  E , fe t id a  was a lso  
ab le  to  c o n v e r t  p a ra th io n  to  p a ra o x o n . T h e  p a ra o x o n  p ro d u c e d  b y  E . 
fe t id a  was th e n  o x id is e d  r a p id ly  b y  a d d it io n a l d e to x i f y in g  enzym es  

(S te n e rs e n , 1 9 7 9 b ) . O th e r  e x p e r im e n ts  h a ve  show n  th a t  th e  ca rb am a te  
in s e c t ic id e s  c a rb o fu ra n  a n d  o x a m y l w e re  e lim in a te d  r a p id ly  fro m  s e v e ra l 
spe c ie s  o f  e a r th w o rm , w h en  e a r th w o rm s  th a t  h a d  b e e n  p r e - t r e a te d  w ith  
th e s e  chem ica ls  w e re  p la c e d  in  an  u n c o n ta m in a te d  s o il (S te n e rs e n  a n d  0 ie n ,  
1 9 8 0 ). E . fe t id a  e x c re te d  95% o f  th e  c a rb o fu ra n  a c c u m u la te d , o f  w h ic h

h a l f  was u n c h a n g e d , com pa red  to  L .  t e r r e s t r i s  w h ic h  o n ly  e x c re te d  10% 
(G ilm an  a n d  V a rd a n is ,  1 9 7 4 ). L .  t e r r e s t r i s  e x c re te d  c a rb o fu ra n  m a in ly  as 
th e  u n c h a n g e d  c h e m ic a l, to g e th e r  w ith  3- h y d r o x y c a r b o fu r a n  a n d  sm a ll 
am oun ts  o f  tw o  u n id e n t i f ie d  m e ta b o lite s  (S te n e rs e n  e t a l , 1 9 7 3 ).

T h is  c h a p te r  d e s c r ib e s  s e v e ra l e x p e r im e n ts  th a t  w e re  done  to  s tu d y  
th e  i n t e r -  a n d  in t r a - s p e c i f ic  v a r ia t io n  in  th e  re sp o n se  o f  e a r th w o rm s  to
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c h e m ic a ls . I n i t i a l l y ,  th e  d if fe re n c e s  b e tw e e n  th e  s u s c e p t ib i l i t y  o f  L .  
t e r r e s t r i s , A .  lo n g a , A .  c a l ig in o s a , E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  to  

a l im ite d  ra n g e  o f  te s t  chem ica ls  w e re  m easu red  u s in g  th e  f i l t e r  p a p e r  
c o n ta c t a n d  a r t i f i c ia l  s o il te s ts .  T h e  d if fe re n c e s  th a t  w e re  seen b e tw e e n  
th e  s u s c e p t ib i l i t y  o f  E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  w e re  th e n  
in v e s t ig a te d  f u r t h e r  in  a s tu d y  o f  th e  u p ta k e ,  re le a se  a n d  m e tabo lism  o f  
c h lo rd a n e  a n d  io d o a c e ta m id e . T h e  a n a ly t ic a l d e te rm in a t io n s  d u r in g  th e  
p re l im in a r y  u p ta k e  a n d  m e tabo lism  e x p e r im e n ts  w e re  made u s in g  g a s - l iq u id  
c h ro m a to g ra p h y , h o w e v e r  th e  r e s o lu t io n  o f  th is  s ys tem  was in a d e q u a te  and  
th e  s u b s e q u e n t s tu d ie s  w e re  done  w i th  ra d io la b e lle d  c h em ica ls . T h e  
c o n c e n tra t io n  o f  th e  la b e lle d  chem ica ls  was d e te rm in e d  u s in g  l iq u id  
s c in t i l la t io n  c o u n t in g ,  a n d  th e  m e ta b o lite s  o f  th e s e  ch em ica ls  w e re  
s e p a ra te d  u s in g  t h in - la y e r  c h ro m a to g ra p h y .

8 .2 .  M a te r ia ls ,  m e thods  a n d  r e s u l ts

8 .2 .1 .  M a te r ia ls  a n d  g e n e ra l m e thods  
C hem ica ls

T h e  n o n - ra d io la b e lle d  chem ica ls  u s e d  in  th e  e x p e r im e n ts  w e re

a n a ly t ic a l g ra d e  a lp h a -c h lo rd a n e  (V e ls ic o l C hem ica l C o rp o ra t io n ,  C h ic a g o ,

U S A ) ,  p e n ta c h lo ro p h e n o l,  c h lo ro a ce ta m id e  a n d  io d oa ce tam id e  (S igm a  
. 14C hem ica l C o m p a n y ) . C -a lp h a -c h lo rd a n e  ( s p e c if ic  a c t i v i t y  2 8 .1  

m C i.m m o l * )  was d o n a te d  b y  th e  M id w e s t R e sea rch  I n s t i t u t e ,  K an sa s  C i t y ,

U . S . A . ,  a n d  C - io d o a ce tam id e  ( s p e c if ic  a c t iv i t y  54 m C i.m m o l ) was  
o b ta in e d  fro m  Am e rsham  In te r n a t io n a l p ic .  A l l  th e  o th e r  s o lv e n ts  a nd  
re a g e n ts  w e re  o f  a n a ly t ic a l o r ,  w h e re  a p p ro p r ia te ,  s c in t i l la t io n  g ra d e .

E a r th w o rm s

E a r th w o rm s  o f  th e  spec ie s  L .  t e r r e s t r i s , A .  lo n g a  a n d  A . c a lig in o s a

w e re  c o lle c te d  fro m  th e  edge  o f  P a rk  G ra ss  F ie ld ,  R o th am s te d  E x p e r im e n ta l
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S ta t io n ,  u s in g  th e  fo rm a lin  e x t r a c t io n  m e thod  (R a w , 1 9 5 9 ). E a r th w o rm s  

e x p e lle d  fro m  th e  s o il b y  t h is  te c h n iq u e  w e re  im m e rsed  im m e d ia te ly  in  a 
la rg e  vo lum e  o f  c o ld  w a te r  to  re d u c e  th e  to x ic  e f fe c ts  o f  th e  fo rm a lin .  
A f t e r  15 m in u te s  th e  e a r th w o rm s  w e re  t r a n s fe r r e d  to  25 l i t r e  p la s t ic  b o xe s  
c o n ta in in g  15 k g  o f  m o is t , p e s t ic id e - f r e e  loam  s o il c o lle c te d  fro m  G e e s c ro ft  
F ie ld ,  R o th am s te d  E x p e r im e n ta l S ta t io n .  Each b o x  was c o v e re d  w ith  a 
w ooden  l i d  a n d  c o n ta in e d  e i th e r  30 L .  t e r r e s t r i s , 30 A .  lo n g a  o r  50 A .  
c a lig in o s a . T h e  b o xe s  w e re  s to re d  a t 10°C  in  d a rk n e s s . T he se  m e thods  o f  
c u l tu r e  w e re  a d a p te d  fro m  s ta n d a rd  te c h n iq u e s  (T o m lin ,  1 9 7 7 ). D ead  
e a r th w o rm s  w e re  rem o ve d  d u r in g  a w e e k ly  in s p e c t io n  o f  th e  c u l tu r e s  a n d  
a t th e  same t im e , 100 g  o f  w e a th e re d  e lm  le a ve s  w e re  in c o rp o ra te d  in to  th e  
to p  5 cm o f  s o i l i n  each  b o x  ( p r o v id e d  th a t  th e  fo o d s tu f f  f ro m  th e  p re v io u s  
w eek  h a d  b een  c o n s u m e d ) . T h e  e a r th w o rm s  w e re  e x t ra c te d  fro m  th e  s o il

b y  h a n d  a n d  b e fo re  u se  in  th e  e x p e r im e n ts ,  w e re  p la c e d  on  a dam p f i l t e r

p a p e r  o v e r n ig h t  to  e x p e l t h e i r  g u t  c o n te n ts .

E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  w e re  g ro w n  fro m  cocoons in  a 
m ixe d  c u l t u r e .  T h e  cocoons w e re  s c a t te re d  o n to  p re s s e d  cow m anu re  th a t  
h a d  m a tu re d  f o r  3 w eeks  b e fo re h a n d , a n d  w e re  th e n  s to re d  in  b o xe s  a t 
20°C  in  th e  d a r k  f o r  u p  to  n in e  w e e ks . A f t e r  th is  p e r io d  th e  e a r th w o rm s  
w e re  e x t r a c te d  a n d  p re p a re d  f o r  th e  e x p e r im e n ts  in  a s im ila r  m anne r to  

t h a t  d e s c r ib e d  abo ve  f o r  th e  o th e r  s p e c ie s .

O n ly  s e x u a lly  m a tu re  e a r th w o rm s  w i th in  a w e ll d e f in e d  ra n g e  o f  b o d y  

w e ig h ts  (w i th  an  e m p ty  g u t )  w e re  u s e d  in  th e  e x p e r im e n ts .  T h e se  w e re  
f o r  L .  t e r r e s t r i s  1 .5  ± 0 .5  g ,  A .  lo n g a  1 .2 5  ± 0 .5  g ,  A . c a lig in o s a  0 .75  ±

0 .25  g  a n d  E . fe t id a  0 .5  ± 0 .1  g .

M ed ia  a n d  a p p a ra tu s  f o r  th e  t o x ic i t y  te s ts

T h e  com ponen ts  o f  th e  a r t i f i c ia l  s o i l ,  a n d  th e  o th e r  a p p a ra tu s  th a t  
was u se d  f o r  th e  a r t i f i c ia l  s o il a n d  f i l t e r  p a p e r  c o n ta c t te s ts  h a ve  been  
d e s c r ib e d  p r e v io u s ly  (T a b le s  A 5 .1  -  A 5 .3 ) .
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G a s - liq u id  c h ro m a to g ra p h y

T h e  g a s - l iq u id  c h ro m a to g ra p h  u s e d  was a Pye  (S e r ie s  104) m ach ine  
c o u p le d  to  an  e le c t ro n  c a p tu re  d e te c to r .  T h e  co lum n  c o n ta in e d  5% SE30 
C h ro m o so rb  W , th e  c a r r ie r  gas was n i t r o g e n  f lo w in g  a t a ra te  o f  4 .5  
l i t r e s .m in  *  a n d  th e  co lum n  a nd  d e te c to r  o v e n  te m p e ra tu re s  w e re  190° a n d  
300°C  r e s p e c t iv e ly .

L iq u id  s c in t i l la t io n  c o u n te r  a n d  s c in t i l la n t

A  H e w le tt P a c k a rd  l iq u id  s c in t i l la t io n  c o u n te r  was em p lo yed  to g e th e r  
w ith  a s ta n d a rd  s c in t i l la n t  m ix tu re  c o n s is t in g  o f  8 g  2 - p h e n y l- 5 -  
( 4 - b ip h e n y ly l ) - l , 3 , 4 - o x a d ia z o le ,  0 .5  g  2 - ( 4 - b ip h e n y ly l ) - 6 - p h e n y l  
b e n z o x a z o le , 500 m l T r i t o n  X -1 00  a nd  one l i t r e  to lu e n e .

F i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il te s ts

T h e  m e thod s  f o r  th e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il te s ts  w e re  
th e  f in a l v e rs io n s  th a t  h a ve  been  d e s c r ib e d  in  d e ta i l p r e v io u s ly  (S e c tio n s

3 .2 .3  a n d  4 .2 .3  r e s p e c t iv e ly ) .  A n y  d e v ia t io n s  fro m  th e se  m e thods  a re  

d e s c r ib e d  in  th e  a p p ro p r ia te  s e c t io n , o th e rw is e  th e  te s ts  may be  assum ed  
to  h a ve  b een  u s e d  in  an  u n m o d if ie d  fo rm .

8 .2 .2 .  T h e  b o d y  w e ig h t ,  d im en s io n s  a n d  vo lum e  o f  e a r th w o rm s

M e th od

T h e  in d iv id u a l  b o d y  w e ig h t o f  th e  f o u r  spec ie s  o f  e a r th w o rm  u s e d  in  
th e s e  e x p e r im e n ts  was d e te rm in e d  a f t e r  th e  e a r th w o rm s  h a d  been  e x t r a c te d  
f ro m  th e  f ie ld  o r  fro m  c u l tu r e  i n  a n im a l m a n u re , a n d  a llow ed  to  e m p ty  t h e i r  
g u ts .  C a ll ip e rs  w e re  u se d  to  m easu re  th e  r e s t in g  d ia m e te r a n d  le n g th  o f  
th e  b o d y  o f  in d iv id u a l  e a r th w o rm s  th a t  f e l l  w i th in  th e  ra n g e  o f  b o d y  
w e ig h ts  t h a t  w e re  u s e d  f o r  each  spe c ie s  in  th e  e x p e r im e n ts . T hese  
m easu rem en ts  a llow ed  th e  b o d y  vo lum e  to  be  c a lc u la te d , b y  a s s u m in g  th a t  
th e  shape  o f  th e  b o d y  o f  th e  e a r th w o rm  a p p ro x im a te d  a r e g u la r  c y l in d e r .  

A l l  th e  m easu rem en ts  w e re  made u s in g  te n  in d iv id u a ls  o f  each s p e c ie s .
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R e s u lts

T h e  e a r th w o rm s  c o lle c te d  a t ra n dom  fro m  th e  f ie ld  o r  fro m  c u l tu r e  in  
an im a l m anu re  in  th e  la b o ra to r y  g ave  mean b o d y  w e ig h ts  (T a b le  8 .1 )  w h ic h  
in d ic a te d  th a t  L .  t e r r e s t r i s  w as th e  h e a v ie s t e a r th w o rm , fo llo w e d  in  a 
d e c re a s in g  o r d e r  o f  mean b o d y  w e ig h t b y  A .  lo n g a , A .  c a lig in o s a  a n d  E . 
f e t id a . T h e se  spe c ie s  h a d  b o d y  w e ig h ts  in  a r a t io  to  th a t  o f  L .  t e r r e s t r i s  
o f  1 : 1 .1 3 , 1 : 1 .6 4  a n d  1 : 2 .6 4  r e s p e c t iv e ly .  T h e  s ta n d a rd  d e v ia t io n  

o f  th e  mean o f  th e  b o d y  w e ig h ts  was g re a te s t  f o r  L .  t e r r e s t r i s , in d ic a t in g  
th a t  in  a n a tu r a l p o p u la t io n , t h is  s p e c ie s  o f  e a r th w o rm  show ed  a m ore  

v a r ia b le  in d iv id u a l  b o d y  w e ig h t th a n  th a t  o f  th e  o th e r  s p e c ie s  th a t  w e re  
s tu d ie d .

T h e  b o d y  d ia m e te r ,  le n g th  a n d  c a lc u la te d  b o d y  vo lum e  w e re  s im ila r  
f o r  L .  t e r r e s t r i s  a n d  A .  lo n g a , a n d  f o r  A .  c a lig in o s a  a nd  E . fe t id a  (T a b le  
8 .2  a n d  P la te  8 . 1 ) .  E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  (P la te  8 .2 )  
a p p e a re d  to  h a ve  a lm os t id e n t ic a l p h y s ic a l d im e n s io n s . L .  t e r r e s t r i s  was  
th e  la r g e s t  e a r th w o rm  and  h a d  a c a lc u la te d  b o d y  vo lum e  th a t  was in  th e  
r a t io  o f  1 : 1 .4 7 , 1 : 8 .2 4  a n d  1 : 9 .8 9  to  th a t  o f  A .  lo n g a , A .  c a lig in o s a  
a n d  E . fe t id a  r e s p e c t iv e ly .

8 .2 .3 .  I n te r - s p e c i f ic  v a r ia t io n  in  th e  s u s c e p t ib i l i t y  o f  e a r th w o rm s  to  
ch e m ic a ls , e s t im a te d  u s in g  th e  a r t i f i c ia l  s o i l te s t

M e th od

T h e  LC g0 's  o f  c h lo rd a n e , p e n ta c h lo ro p h e n o l a n d  c h lo ro a ce ta m id e  w e re  
e s tim a te d  u s in g  th e  a r t i f i c ia l  s o il te s t  f o r  L .  t e r r e s t r i s , A .  lo n g a , A .  

c a lig in o s a  a n d  E . fe t id a  a n d r e i . T h e  re p lic a te s  a t each  c o n c e n tra t io n  o f  
th e  te s t  ch em ica l c o n s is te d  o f  750 g  o f  a r t i f i c ia l  s o il in  each te s t  v e s s e l,  
c o n ta in in g  th re e  in d iv id u a ls  o f  a n y  one o f  th e  spe c ie s  c o lle c te d  fro m  an  
a ra b le  s o i l,  o r  f iv e  E , fe t id a  a n d r e i . T h e  d a ta  w e re  p ro c e s s e d  b y  p r o b i t  
a n a ly s is .
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T a b le  8 .1 .  T h e  b o d y  w e ig h t o f  e a r th w o rm s  c o lle c te d  fro m  th e  f ie ld  (a )  and  
f ro m  c u l tu r e  in  th e  la b o ra to r y  ( b ) .

S pec ie s
Mean b o d y  w e ig h t  

( g )

S ta n d a rd  d e v ia t io n  o f  
mean b o d y  w e ig h t  

( g )

L .  t e r r e s t r i s 1 .578 1 .434

A .  lo n g a 1 .399 0 .424

A .  c a lig in o s a 0 .965 0 .091

E . fe t id a  a n d re i 0 .598 0 .057

T a b le  8 .2 .  T h e  d im en s io n s  o f  th e  b o d y  ( c )  a n d  th e  c a lc u la te d  v o lum e  ( d )  
o f  e a r th w o rm s  c o lle c te d  fro m  th e  f ie ld  a n d  fro m  c u l tu r e s  in  th e  la b o r a to r y .

9
S pec ie s

M ean d ia m e te r  
(cm )

M ean le n g th  
(cm )

M ean vo lum e  
(cm 3)

L .  t e r r e s t r i s 0 .7 9 .0 3 .46

A . lo n g a 0 .5 12 .0 2 .3 6

A .  c a lig in o s a 0 .3 6 .0 0 .42

E . fe t id a  a n d re i 0 .3 5 .0 0 .3 5

(a )  E a r th w o rm s  w e re  c o lle c te d  fro m  th e  f ie ld  in  th e  s p r in g ,  as th e  ju v e n ile s  o f  
th e  p re v io u s  y e a r  a p p ro a c h e d  m a tu r i t y .  T h e  mean b o d y  w e ig h t is  th e re fo re  
h ig h e r  th a n  th a t  seen in  a p re v io u s  s tu d y  (S e c t io n  4 . 2 . 4 ) .

( b )  E . fe t id a  a n d re i was c u l tu r e d  in  a n im a l m anu re  u n d e r  la b o ra to r y  
c o n d it io n s .

( c )  T h e  d im en s io n s  o f  th e  e a r th w o rm s  w e re  m easu red  w ith  th e  b o d y  a t r e s t .

( d )  T h e  vo lum e  o f  th e  b o d y  was c a lc u la te d  on  th e  a s s u m p tio n  t h a t  i t  was a 
r e g u la r  c y l in d e r



275

Plate 8 . 2 .  Eisenia fetida. Left to right: Adult E. fetida andrei, juvenile 

E. fetida andrei, juvenile E. fetida fetida (15 cm diameter

Plate 8 . 1 .  Relative sizes of lumbricid earthworms. Left to Right.

A. longa, A. caliginosa, L. terrestris  and E. fetida andrei 

(15 cm diameter dish).

d ish ).
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T h e  a n t i lo g g e d  mean o f  th e  L C ^ 's  fro m  re p e a te d  e x p e r im e n ts  
( c a lc u la te d  on  a lo g  s ca le ) f o r  L .  t e r r e s t r i s , A .  lo n g a , A .  c a lig in o s a  a nd  
E . fe t id a  a n d re i (T a b le  A 7 .3 1 )  w e re , f o r  c h lo rd a n e  3 .0 0 , 3 .4 0 , 1 .2 9 , 11 .11  
m g .k g  *  (F ig u r e  8 . 1 ) ,  p e n ta c h lo ro p h e n o l 1 0 1 .8 2 , 3 5 .3 9 , 3 .9 2 , 13 .80  
m g .k g ~ ^  (F ig u re  8 .2 )  a n d  c h lo ro a ce ta m id e  3 8 .0 0 , 3 8 .0 5 , 3 0 .1 2 , 8 .8 8  

m g .k g -1  r e s p e c t iv e ly  (F ig u r e  8 . 3 ) .

T h e  LC gg ’ s a n d  g ra d ie n ts  o f  th e  p r o b i t  l in e s  f o r  c h lo rd a n e  w e re  
s im ila r  w i th  L .  t e r r e s t r i s  a n d  A .  lo n g a . B o th  th e se  spec ie s  g ave  p r o b i t  
l in e s  w ith  c h lo rd a n e  f o r  w h ic h  th e  g ra d ie n ts  w e re  s ig n i f ic a n t ly  d i f f e r e n t  
(p > 0 .0 5 )  w h en  te s te d  b y  c h i- s q u a re d .  A .  c a lig in o s a  was m ore  s u s c e p t ib le  
th a n  th e s e  la r g e r  e a r th w o rm s  to  c h lo rd a n e  a nd  a lso  g a ve  g ra d ie n ts  o f  th e  

p r o b i t  l in e s  th a t  w e re  g e n e ra l ly  s te e p e r  th a n  th o se  seen fo r  th e  o th e r

s p e c ie s , a lth o u g h  th e  in d iv id u a l re p l ic a te s  w ith  A .  c a lig in o s a  d i f f e r e d

s ig n i f ic a n t ly .  E . fe t id a  a n d re i was le s s  s u s c e p t ib le  th a n  th e  o th e r

e a r th w o rm s  to  th is  chem ica l and  gave  a p r o b i t  l in e  w ith  a sha llow  g r a d ie n t ,  
f o r  w h ic h  th e  re p lic a te s  w e re  n o t s ig n i f ic a n t ly  d i f f e r e n t .

P e n ta c h lo ro p h e n o l was m ost to x ic  to  A . c a l ig in o s a , and  th e  o th e r

s p e c ie s  in  a d e c re a s in g  o r d e r  o f  s u s c e p t ib i l i t y ,  w e re  E . fe t id a  a n d r e i , A .  

lo n g a  a n d  L .  t e r r e s t r i s . None o f  th e  mean L C ^ q ' s o r  g ra d ie n ts  o f  th e  
p r o b i t  l in e s  show ed  a n y  p a r t ic u la r  s im ila r i t ie s  b e tw e e n  s p e c ie s , a n d  o n ly  
th e  g ra d ie n ts  o f  th e  p r o b i t  l in e s  f o r  re p l ic a te s  w ith  A . lo n g a  d id  n o t d i f f e r  

s ig n i f ic a n t ly  w h en  te s te d  u s in g  c h i- s q u a re d .

L .  t e r r e s t r i s , A .  lo n g a  a n d  A . c a lig in o s a  h a d  a s im ila r  a n d  lo w e r  
s u s c e p t ib i l i t y  to  c h lo ro a ce ta m id e  th a n  E . fe t id a  a n d r e i . T h e  re p lic a te s  f o r  
each  o f  th e s e  spe c ie s  d id  n o t d i f f e r  s ig n i f ic a n t ly  f o r  e i th e r  th e  g ra d ie n t  o f  
th e  p r o b i t  l in e s  o r  f o r  th e  p o s it io n  o f  th e  Y - in te r c e p ts .  T he se  d a ta  w e re  

th e r e fo r e  com b in ed  in to  a s in g le  p r o b i t  l in e  f o r  each s p e c ie s .

T h e  g ra d ie n ts  o f  th e  p r o b i t  l in e s  f o r  E . fe t id a  a n d re i w i th  c h lo rd a n e  
a n d  ch lo ro a ce ta m id e  w e re  le s s  s te e p  th a n  th o se  f o r  th e  o th e r  s p e c ie s ,
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Figure 8.1

INTER-SPECIFIC V A RIATION IN T H E  SUSCEPTIBILITY OF EARTHWORMS 
TO CHLORDANE IN THE ARTIFICIAL SOIL TEST

Species

L. terrestris

A. longa

A. caliginosa

E. fetida andrei

Concentration (Log scale) m g . k g - ^ 
test chemical : dry weight of soil

KEY
HOH

X

HO—| 
(X)

(X)
(.— ^

No LC50 _

—  No LC50 

(No L C 5 0 )

Individual LC50 estimate [ o ], gradient I x ] and 
fiducial limits
Individual LC50 estimate [ o 1# common gradient for more
than one replicate ((x) ] and fiducial limits
Common LC50 estimate [ •  ], gradient [(x) ] and fiducial
limits for more than one replicate
Range w i t h i n  which a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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Figure 8.2

INTER-SPECIFIC VARIATION IN THE SUSCEPTIBILITY OF EARTHWORMS 
TO PENTACHLOROPHENOL IN THE A R T I F I C I A L  SOIL TEST

Species

L. terrestris

A. longa

A. caliginosa

E. fetida andrei

Concentration (Log scale) m g . k g - ^ 
test chemical : dry weight of soil

KEY
l-O H

X

h ° r H(x)
(x)

h — -t

No LC50

•<—  No LC50 

(No L C 5 0 )

Individual LC50 estimate [ o  ]/ gradient [ x ] and 
fiducial limits
Individual LC50 estimate [ o 1 * common gradient for more
than one replicate [(x) ] and fiducial limits
Common LC50 estimate [ •  ], gradient ((x) ] and fiducial
limits for more than one replicate
Range within w h ich a poorly defined LC50 falls
LC50 at an undefined concentration that was greater
than those studied
LC50 at an undefined concentration that was less than 
those studied
More than one LC50 at an undefined concentration
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Figure 8.3

INTER-SPECIFIC VARIATION IN THE SUSCEPTIBILITY OF EARTHWORMS TO CHLOROACETAMIDE IN THE ARTIFICIAL SOIL TEST

Species

L. te r re s t r is  
A. longa 
A. ca lig inosa  
E. fe tid a  andrei

Concentration (Log scale) mg.kg 1 te s t chemical : dry weight o f s o i l

KEY
H H

X

hOH(x)

(X)

No LC50 —

<— No LC50 

(No LC50)

In d iv id ua l LC50 estimate [ o ] ,  g rad ien t [ x ] and 
f id u c ia l l im its
In d iv id ua l LC50 estimate [o  1» common gradient fo r  morethan one re p lica te  [(x) ] and f id u c ia l l im its
Common LC50 estimate [ •  ] ,  grad ien t C(x) ] and f id u c ia ll im its  fo r more than one rep lica te
Range w ith in  which a poorly defined LC50 f a l ls
LC50 a t an undefined concentration tha t was greater
than those studied
LC50 a t an undefined concentration tha t was less than 
those studied
More than one LC50 a t an undefined concentration
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w h ic h  in d ic a te d  t h a t  in  th is  e x p e r im e n t ,  E . fe t id a  a n d re i was s u s c e p t ib le  to  

th e s e  ch em ica ls  o v e r  th e  w id e s t ra n g e  o f  c o n c e n tra t io n s .

8 .2 .4 .  I n t e r -  a n d  in t r a - s p e c i f ic  v a r ia t io n  in  th e  s u s c e p t ib i l i t y  o f  e a r th 

w o rm s  to  c h e m ic a ls , e s tim a te d  u s in g  th e  f i l t e r  p a p e r  c o n ta c t te s t  

M e thod

T h e  L T qq ' s ( i . e .  th e  p e r io d  o f  e x p o s u re  r e q u ir e d  to  k i l l  50% o f  th e

p o p u la t io n  o f  e a r th w o rm s  th a t  w e re  te s te d  a t a s in g le  c o n c e n tra t io n  o f  a
-2ch e m ic a l) f o r  c h lo rd a n e  a t a c o n c e n tra t io n  o f  1 .0  u g .cm  , p e n ta c h lo ro -

-2p h e n o l a t 150 j ig .c m  a nd  b o th  c h lo ro a ce tam id e  a n d  io d oa ce tam ide  a t 10 
—2lig .c m  , w e re  e s t im a te d  f o r  A . c a l ig in o s a , E . fe t id a  a n d re i a n d  E . fe t id a  

fe t id a  b y  u s in g  th e  f i l t e r  p a p e r  c o n ta c t t e s t .  T h e  r e s u l t s  w e re  p ro c e s s e d  

b y  p r o b i t  a n a ly s is .

R e s u lts

T h e  a n t i lo g g e d  L C ^ 's ,  c a lc u la te d  on  a lo g  sca le  (T a b le s  A 7 .3 2 .1  -  
A 7 .3 2 .4  a n d  F ig u re  8 . 4 ) ,  w e re  f o r  c h lo rd a n e  0 .7 8 , 5 .7 3 , 8 .9 9  h o u r s ;  
p e n ta c h lo ro p h e n o l 2 .7 2 , 3 .4 5 , 3 .8 2  h o u r s ;  c h lo ro a ce ta m id e  2 0 .6 4 , 1 3 .2 5 ,  
16 .72  h o u rs  a n d  io doa ce tam ide  6 .2 0 , 6 .5 8 , 13 .94  h o u rs  w ith  A .  c a l ig in o s a , 

E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  r e s p e c t iv e ly .

T h e  s u s c e p t ib i l i t y  o f  th e s e  spe c ie s  a n d  s u b -s p e c ie s  o f  e a r th w o rm  to  
p e n ta c h lo ro p h e n o l a n d  c h lo ro a ce ta m id e  was s im ila r ,  a l th o u g h  A . c a lig in o s a  
was m a rg in a l ly  m ore  s u s c e p t ib le  to  p e n ta c h lo ro p h e n o l,  a n d  m a rg in a l ly  le ss  
s u s c e p t ib le  to  c h lo ro a ce tam id e  th a n  E . f e t id a . A . c a lig in o s a  was h o w e v e r ,  
c o n s id e ra b ly  m ore  s u s c e p t ib le  to  c h lo rd a n e  th a n  E . fe t id a  a n d r e i , w h ic h  
was s l ig h t ly  m ore  s u s c e p t ib le  th a n  E . fe t id a  f e t id a . A .  c a lig in o s a  a n d  E ,  
fe t id a  a n d re i g a ve  s im ila r  L T ^ q’ s f o r  io doa ce tam id e  a n d  w e re  som ew ha t m ore  
s u s c e p t ib le  to  t h is  chem ica l th a n  E . fe t id a  f e t id a . T h e  g ra d ie n ts  o f  th e  
p r o b i t  l in e s  o b ta in e d  w ith  A . c a lig in o s a  w e re  g e n e ra l ly  s im ila r  to ,  o r  
s te e p e r  th a n  th o s e  f o r  E . f e t id a , w h ils t  th o s e  f o r  E . fe t id a  a n d re i w e re
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Figure 8.4

INTER- AND INTRA-SPECIFIC VARIATION IN THE SUSCEPTIBILITY OF EARTHWORMS TO TEST CHEMICALS ASSESSED USING THE FILTER PAPER CONTACT TEST
Chemical C o n c e n tra tio n  

(pg.cm- 2 )

chlordane 1
chlordane 1
chlordane 1
pentachlorophenol 150
pentachlorophenol 150
pentachlorophenol 150
chloroacetamide 10
chloroacetamide 10
chloroacetamide 10
iodoacetamide 10
iodoacetamide 10
iodoacetamide 10

E.
E.

E.
E.

E.
E.

Species
A. caliginosa 
fetida andrei 
fetida fetida 
A. caliginosa 
fetida andrei 
fetida fetida 
A. caliginosa 
fetida andrei 
fetida fetida 
A. caliginosa 
fetida andrei 
fetida fetida

Concentration expressed in yg.cm-2 (Test chemical : filter paper surface) Hours (Log scale)
KEY
H H

X

K H
(X)

(X)
*----1No LT5q —»

No LT50 

(NO LT50)

Individual LT50 estimate [o ], gradient [ x ] and fiducial limitsIndividual LT50 estimate [o ], common gradient for morethan one replicate l(x) ] and fiducial limits
Common LT50 estimate I •  ] ,  g rad ien t [(x) ] and f id u c ia llimits for more than one replicateRange within which a poorly defined LT50 falls
LT50 a t an undefined period o f exposure tha t wasgreater than those studied
LT50 a t an undefined period o f exposure tha t was less than those studied
More than one LT50 at an undefined period of exposure
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s im ila r  to ,  o r  s te e p e r  th a n  th o se  f o r  E . fe t id a  f e t id a . E . fe t id a  fe t id a  
w o u ld  seem th e r e fo r e ,  to  su ccum b  to  th e  te s t  chem ica ls  w i th in  a le s s  w e ll 
d e f in e d  p e r io d  o f  e x p o s u re  th a n  th a t  seen f o r  th e  o th e r  spe c ie s  a n d  
s u b s p e c ie s .

8 .2 . 5 .  I n t r a - s p e c i f ic  v a r ia t io n  in  th e  s u s c e p t ib i l i t y  o f  e a r th w o rm s  to  
c h e m ic a ls , e s tim a te d  u s in g  th e  f i l t e r  p a p e r  c o n ta c t te s t  

M e th o d

T h e  L T j-q’ s f o r  c h lo rd a n e  a n d  io doa ce tam ide  w e re  e s t im a te d  f o r  E .
-2fe t id a  a n d re i a n d  E . fe t id a  fe t id a  a t c o n c e n tra t io n s  o f  5 u g .c m  a n d  10 

-2M g.cm  re s p e c t iv e ly ,  to g e th e r  w ith  th e  LC gg ’ s f o r  th e se  c h e m ic a ls , u s in g  
th e  f i l t e r  p a p e r  c o n ta c t te s t .  T h e  d a ta  was a n a ly se d  b y  p r o b i t  a n a ly s is .

R e s u lts

T h e  a n t i lo g g e d  L T g g ’ s c a lc u la te d  on  a lo g  sca le  (T a b le s  A 7 .3 3 .1  a n d  
A 7 .3 3 .2  a nd  F ig u re  8 .5 )  f o r  E . fe t id a  a n d re i a nd  E . fe t id a  fe t id a  w e re  f o r  
c h lo rd a n e  2 5 .2 7 , 26 .23  h o u rs  a n d  f o r  io doa ce tam ide  8 .8 7 , 4 .5 9  h o u rs  
r e s p e c t iv e ly .

T h e  a n t i lo g g e d  mean o f  th e  L C ^ 's  f o r  re p e a te d  e x p e r im e n ts  c a lc u la te d

o n  a lo g  sca le  (T a b le  A 7 .3 4  a n d  F ig u re  8 .6 )  f o r  c h lo rd a n e  a nd
-2io d oa ce tam id e  w ith  E . fe t id a  a n d re i w e re  1 .1 7 , 2 .52  n g .c m  a n d  w ith  E .

_2fe t id a  fe t id a  0 .9 5 , 2 .6 1  n g .c m  r e s p e c t iv e ly .

B o th  ty p e s  o f  te s t  in d ic a te d  th a t  E . fe t id a  a n d re i was c o n s id e ra b ly  
m ore s u s c e p t ib le  to  io d oa ce tam ide  th a n  E . fe t id a  f e t id a , b u t  th a t  th e  
d if fe re n c e s  in  s u s c e p t ib i l i t y  seen b e tw e e n  th e  s u b sp e c ie s  f o r  c h lo rd a n e  
( w h i ls t  s h o w in g  a s im ila r  t r e n d  in  s u s c e p t ib i l i t y  to  t h a t  seen f o r  
io d o a c e ta m id e ) , w e re  le s s  m a rk e d  p a r t ic u la r ly  w ith  th e  a ssessm en t u s in g  an
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F ig u r e  8 . 5

INTRA-SPECIFIC VARIATION IN THE SUSCEPTIBILITY OP EARTHWORMS 
TO TEST CHEMICALS IN THE PILTER PAPER CONTACT TEST

Chem ical C o n c e n tra tio n
(pg.cm- 2 ) S p ec ies

chlordane 5 E. fetida andrei KH
10-03

chlordane 5 E. fetida fetida - K>—1
2-35

iodoacetamide 10 E. fetida andrei KH
5-85

iodoacetamide 10 E. fetida fetida • KH
5-11

___ 1_____

C o n c e n tra tio n  ex p re ssed  in  yg.cm 2 Hours (Log s c a le )
(T est chem ical : f i l t e r  pap er s u r fa c e )

KEY
t-O—I 

X
HO- 1 (X)

(X)
►—H
NO LT50

4— No LT50 

(No LT50)

Individual LT50 estimate [o ], gradient [ x ] and 
fiducial limits
Individual LT50 estimate [o ]r common gradient for more
than one replicate [(x) ] and fiducial limits
Common LT50 estimate I • ], gradient [(x) ] and fiducial
limits for more than one replicate
Range within which a poorly defined LT50 falls
LT50 at an undefined period of exposure that was
greater than those studied
LT50 at an undefined period of exposure that was 
less than those studied
More than one LT50 at an undefined period of exposure
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F ig u r e  8 .6

INTRA-SPECIFIC VARIATION IN THE SUSCEPTIBILITY OF EARTHWORMS 
TO TEST CHEMICALS IN THE FILTER PAPER CONTACT TEST

Chem ical
S pec ies

ch lo rd an e E. f e t i d a a n d re i r KH
(4 12)

c h lo rd an e E. f e t i d a a n d re i - 1-0—1 

(4-12)
ch lo rd an e E. f e t i d a f e t i d a

ch lo rd an e E. f e t i d a f e t i d a HH
6-97

iodoacetam ide E. f e t i d a a n d re i
(4*63)

iodoacetam ide E. f e t i d a f e t i d a
(4^66)

_____1________

C o n cen tra tio n  (Log s c a le )  g.cm-  ̂
t e s t  chem ical : f i l t e r  paper s u rfa c e

KEYJ—OH X
HOH(X)

(X)

No LC50 _
<— No LC5Q 
(NO LC50)

In d iv id u a l  LC50  e s tim a te  [ o  ] ,  g r a d ie n t  [ x ] and 
f i d u c i a l  l im i t s
In d iv id u a l  LC50  e s t im a te  [ o  ]» common g ra d ie n t  f o r  more
th an  one r e p l i c a t e  [(x) ] and f id u c i a l  l im i t s
Common LC50  e s t im a te  [ •  ] ,  g ra d ie n t  [(x)] and f i d u c i a l
l im i t s  fo r  more th an  one r e p l i c a t e
Range w ith in  which a p o o rly  d e fin e d  LC50  f a l l s
LC50  a t  an u n d efin ed  c o n c e n tra tio n  th a t  was g r e a te r
th an  th o se  s tu d ie d
LC50  a t  an u n d efin ed  c o n c e n tra tio n  th a t  was l e s s  than  
th o se  s tu d ie d
More th an  one LC50  a t  an undefined  c o n c e n tra tio n
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8 .2 .6 .  I n t r a - s p e c i f ic  v a r ia t io n  in  th e  s u s c e p t ib i l i t y  o f  e a r th w o rm s  to  
chem ica ls  e s t im a te d  u s in g  th e  a r t i f i c ia l  s o il te s t

M e th od

T h e  L T j-q ’ s f o r  c h lo rd a n e  a nd  io doa ce tam ide  w e re  e s t im a te d  a t  
c o n c e n tra t io n s  o f  50 m g .k g  *  a n d  20 m g .k g  *  r e s p e c t iv e ly  f o r  E . fe t id a  
a n d re i a n d  E . fe t id a  fe t id a  u s in g  th e  a r t i f i c ia l  s o il t e s t .  T h e  d a ta  w e re  
p ro c e s s e d  u s in g  p r o b i t  a n a ly s is .

R e s u lts-------------------- t f

T h e  a n t i lo g g e d  mean o f  th e  L T ^ q’ s f o r  re p e a te d  e x p e r im e n ts  c a lc u la te d  
on  a lo g  sca le  f o r  c h lo rd a n e  a n d  io doa ce tam ide  (T a b le s  A 7 .3 5 .1  a n d  
A 7 .3 5 .2 ,  a n d  F ig u re  8 .7 )  w ith  E , fe t id a  a n d re i w e re  4 .8 5  a n d  3 .4 3  h o u r s ,  
a n d  w ith  E . fe t id a  fe t id a  3 .2 3  a n d  5 .6 7  h o u rs  r e s p e c t iv e ly .  E . fe t id a  
a n d re i a p p e a re d  to  be  s l ig h t ly  le s s  s u s c e p t ib le  to  c h lo rd a n e  th a n  E . fe t id a  
f e t id a , a l th o u g h  m ore s u s c e p t ib le  to  io d o a ce tam id e .

8 .2 .7  T h e  u p ta k e  a n d  re le a se  o f  a lp h a -c h lo rd a n e  fro m  aqueous  s o lu t io n  b y  
E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a ,  m easu red  b y  g a s - l iq u id  
c h ro m a to g ra p h y

M e th o d s

A l l  th e  g la s sw a re , e x c e p t th a t  u s e d  f o r  th e  e x t r a c t io n  p ro c e d u re s  th a t  
in v o lv e d  o rg a n ic  s o lv e n ts ,  was p re -s o a k e d  in  a 25 n g .m l *  a queous  s o lu t io n  
o f  a lp h a -c h lo rd a n e  f o r  24 h o u rs  p r io r  to  u s e . T h is  o p e ra t io n  was d e s ig n e d  
to  re d u c e  th e  am oun t o f  a lp h a -c h lo rd a n e  a d s o rb e d  o n to  th e  g la s s  s u r fa c e s  

o f  th e  a p p a ra tu s .

T h e  a d s o rp t iv e  c a p a c ity  o f  th e  g la s s  h a d  been  e s tim a te d  p r e v io u s ly ,  
b y  m e a s u r in g  th e  am oun t o f  a lp h a -c h lo rd a n e  re m a in in g  in  s o lu t io n  a f te r  
v a r io u s  p e r io d s  o f  e x p o s u re  to  a g la s s  s u r fa c e .  T h is  e x p e r im e n t c o n s is te d  
o f  p la c in g  200 m l o f  an  a queous  s o lu t io n  o f  25 n g .m l * a lp h a -c h lo rd a n e  in to  
a 250 m l P y re x  c o n ic a l f la s k  f i t t e d  w ith  an a i r t ig h t  s to p p e r .  T h e
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Figure 8.7

INTRA-SPECIFIC VARIATION IN THE SUSCEPTIBILITY OF EARTHWORMS 
TO TEST CHEMICALS IN THE ARTIFICIAL SOIL TEST

Chemical Concentration
(mg.kg- )̂ Species

chlordane 50 E. fetida andrei r -  K H

(5-40)
chlordane 50 E. fetida andrei K M

(5-40)
chlordane 50 E. fetida fetida

(5*01)
iodoacetamide 20 E. fetida andrei K H3-63
iodoacetamide 20 E. fetida andrei K H

5-54
iodoacetamide 20 E. fetida fetida t o t

(334)
iodoacetamide 20 E. fetida fetida h O i

(3-94)
______________________I______________________L _

- 1 0  1 2
Concentration expressed in pg.cm 2 Hours (Log scale)
(Test chemical : filter paper surface)

KEY
i—OH Individual LT50 estimate [o ], gradient [ x ] and
x fiducial limits

K H(x)
(x)

*------1
No L T 50 — ►

«*—  No L T 50 

(No L T 5 0 )

Individual LT50 estimate [o ]# common gradient for more
than one replicate [(x) ] and fiducial limits
Common LT50 estimate (• ], gradient [(x) ] and fiducial
limits for more than one replicate
Range w i thin which a poorly defined LT50 falls
LT50 at an undefined period of exposure that was
greater than those studied
LT50 at an undefined period of exposure that was 
less than those studied
More than one LT50 at an undefined period of exposure
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c o n c e n tra t io n  o f  a lp h a -c h lo rd a n e  was m ea su re d  in i t ia l l y  a n d  a f t e r  4 , 8 a n d  
24 h o u rs  b y  th e  m e thod  d e s c r ib e d  b e lo w .

A n  aqueous  s o lu t io n  c o n ta in in g  25 n g .m l *  a lp h a -c h lo rd a n e  was  
p re p a re d  b y  d is s o lv in g  0 .025  m g c r y s ta l l in e  a lp h a -c h lo rd a n e  in  0 .5  m l 
a c e to n e , a n d  th e n  p ip e t t in g  t h is  s o lu t io n  q u ic k ly  in to  one l i t r e  o f  r a p id ly  
s t i r r e d  d is t i l le d  w a te r .  T o  e x t r a c t  a lp h a -c h lo rd a n e  fro m  aqueous  s o lu t io n ,  
a 10 m l a l iq u o t o f  th e  s o lu t io n  was s h a k e n  w ith  5 m l n -h e x a n e  f o r  30 
se conds  in  a b o i l in g  tu b e .  T w o  m l o f  th e  r e s u l ta n t  a lp h a -c h lo rd a n e  in  
n -h e x a n e  s o lu t io n  was s to re d  in  sm a ll, t i g h t l y  sea led  g la s s  tu b e s  th a t  
c o n ta in e d  0 .1  g  a n h y d ro u s  Na2S 0 4 a t 4 °C  u n t i l  a n a ly s e d .

T h e  e x t r a c t io n  o f  a lp h a -c h lo rd a n e  fro m  th e  t is s u e s  o f  th e  e a r th w o rm s  
was done  u s in g  a p ro c e d u re  s im ila r  to  th a t  o f  an  e x is t in g  m e th od  (E d w a rd s  
a n d  J e f f s ,  1 9 74 ), in  w h ic h  th e  e a r th w o rm s  w e re  rem oved  fro m  th e  s o lu t io n  
o f  a lp h a  c h lo rd a n e , g e n t ly  b lo t te d  d r y ,  w e ig h e d  a nd  d ro p p e d  in d iv id u a l ly  

in t o  l iq u id  n i t r o g e n .  T h e  t is s u e s  o f  th e  e a r th w o rm s  becam e b r i t t l e  a nd  
w e re  g ro u n d  in  a m o r ta r  a n d  p e s t le  th a t  h a d  been  p re -c o o le d  to  -1 0 °C ,  
w ith  an  am oun t o f  a n h y d ro u s  Na2S 0 4 th a t  was fo u r  tim es  th e  b o d y  w e ig h t  
o f  th e  e a r th w o rm . T h is  m ix tu re  was a d d e d  to  100 m l a c e to n e : n -h e x a n e  
( 1 :1  v / v )  a n d  s h a ke n  m e ch a n ic a lly  f o r  2 h o u rs  in  a t i g h t l y  s to p p e re d  
f la s k .  T h e  p ro d u c t  was f i l t e r e d  th r o u g h  a W hatm an N o . l  c e llu lo s e  f i l t e r  
p a p e r  h e ld  in  a Gooch fu n n e l ,  a n d  th e  f i l t r a t e  sh a ke n  s u b s e q u e n t ly  w ith  
100 m l 2% aqueous  Na2S 0 4 s o lu t io n  f o r  one m in u te  in  a s e p a ra t in g  fu n n e l .  
T h e  aqueou s  a nd  o rg a n ic  p ha se s  w e re  a llo w e d  to  s e p a ra te  a n d  th e  50 m l 
n -h e x a n e  f r a c t io n  was c o lle c te d  a n d  s to re d  o v e r  1 g  a n h y d ro u s  N a2SC>4 in  

a sea led  sam ple b o t t le  a t 4 °C .

O ne u n t re a te d  e a r th w o rm  o f  each  s u b sp e c ie s  was e x t r a c te d  as 
d e s c r ib e d  a b o v e , to  p ro v id e  an a n a ly s is  o f  th e  e x t ra c ta b le  com ponen ts  
p re s e n t  w i th in  th e  t is s u e s .  T h is  show ed  w h e th e r  th e  l ip id  com ponen ts  o f  
th e  b o d y  o f  th e  e a r th w o rm s  d i f f e r e d  b e tw e e n  th e se  s u b s p e c ie s .
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The gas-liquid chromatograph described earlier was calibrated using 

extracts of a 25 ng.ml  ̂ alpha-chlordane solution, and of five other 

solutions diluted in a logarithmic series from this. The samples were 

injected into the chromatograph in 2 pil aliquots and the column was washed 

with 2 ill of n-hexane between each sample.

The experiment to measure the uptake and release of alpha-chlordane 

from aqueous solution by earthworms was designed to produce results that 

could be compared with existing data and was done using a method adapted 

from that of a previous study (Lord et al. , 1980).

A 250 ml Pyrex conical flask with a stopper to prevent the loss of 

volatile test chemical contained 200 ml of 25 n g . m l a q u e o u s  

alpha-chlordane solution. Two E. fetida andrei and two E. fetida fetida 

were tied with cotton thread at mouth and anus to ligature the gut, and 

placed singly in four flasks containing the alpha-chlordane solution at 25°C 

in the light. The solutions were gently but regularly agitated by hand. 

A 10 ml sample of the solution in which the earthworms were immersed was 

taken for an analysis of the concentration of alpha-chlordane before the 

earthworms were introduced into the flasks, and then hourly for six hours 

and again after 12 and 24 hours. Following this period of uptake, one 

earthworm of each subspecies was killed and the amount of alpha-chlordane 

present in the tissues of the earthworm was determined by the method of 

extraction and gas-liquid chromatography described above. The other 

earthworms were washed briefly in distilled water and then immersed in 200 

ml distilled water held in a 250 ml Pyrex conical flask. The conditions of 

exposure, sampling methods and methods of analysis of the concentration 

of alpha-chlordane in the aqueous solution or tissue of the earthworms 

were similar to those used during the uptake phase. The amount of 

alpha-chlordane and of its metabolites that was excreted by, or diffused 

from the earthworms, was measured during this release phase.
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A control flask with no earthworms, which contained an

alpha-chlordane solution during the uptake phase and distilled water 

during the release phase, was used to estimate the amount of 

alpha-chlordane adsorbed or desorbed from the pre-treated glass surfaces.

Results

The surface of a 250 ml Pyrex conical flask that was exposed to 200 

ml of 25 ng.ml~* aqueous alpha-chlordane solution, adsorbed 99.8% of the 

alpha-chlordane that was in solution within 24 hours (Table 8.3).

The constituents of the tissues of untreated E. fetida andrei and E. 

fetida fetida that were soluble in n-hexane: acetone were shown to be very 

similar by gas-liquid chromatography (Figure 8.8).

During the study of the uptake and release of alpha-chlordane from 

aqueous solution by the tissues of the earthworms, the alpha-chlordane 

peak was clearly identified from the background response in those samples 

extracted from the aqueous solution in which the earthworms were 

immersed and from the tissues of both sub-species. The concentration of 

alpha-chlordane in aqueous solution decreased rapidly during the initial 6 

hours of the uptake phase, after which the decline became more gradual, 

until after 24 hours only a very low concentration of alpha-chlordane 

remained in solution (Table 8.4 and Figure 8.9). The output from the 

gas-liquid chromatograph was converted into ng.ml  ̂ alpha-chlordane using 

a calibration curve. E. fetida fetida appeared to reduce the amount of 

alpha-chlordane in aqueous solution more rapidly than E. fetida andrei, 

although after 24 hours the concentration of alpha-chlordane remaining in 

solution was similar for both sub-species. Very little alpha-chlordane was 

released back into aqueous solution by earthworms of either sub-species 

and the amount of alpha-chlordane adsorbed by, or desorbed from the 

pre-treated glassware was minimal.
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The amount of alpha-chlordane extracted from the tissues of E. fetida 

andrei and E. fetida fetida after the uptake phase was approximately 1.3 

and 2.0 mg.g 1 worm respectively. After the release phase the 

earthworms contained 0.8 and 1.0 mg.g 1 worm respectively (Table 8.5).  

The limit of resolution for the electron capture detector was 0.8 pg 

alpha-chlordane in a 2 pi sample, which was equivalent to 0.2 ng.ml 1 in 

the aqueous solution and 20 ng.worm 1 in the extracts of the tissues of 

the earthworms.

Table 8.3. The adsorption of alpha-chlordane from aqueous solution onto a 

glass surface measured using gas-liquid chromatography.

Exposure period 
(hours)

alpha-chlordane in aqueous solution 
(ng.ml”1)

0 25

4 0.95

8 0.12

24 0.04



Figure 8.8

GLC profiles of acetone-hoxane (1:1v/v)extracts ot whole E.felida .

Eisenia fetida fetida Injection point

Chart speed 5mm. min*'



Table 8.4.  The uptake and release of alpha-chlordane by earthworms, determined by measuring the concentration of
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Uptake of o< chlordane from aqueous solution by 
E.fetida , measured using GLC
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T a b le  8 .5 .  T h e  c o n c e n tra t io n  o f  a lp h a -c h lo rd a n e  in  th e  t is s u e s  o f  

e a r th w o rm s  a f t e r  24 h o u rs  in  th e  u p ta k e  (a lp h a -c h lo rd a n e )  o r  re le a se  
(w a te r )  s o lu t io n s ,  m easu red  u s in g  g a s - l iq u id  c h ro m a to g ra p h y .

U P T A K E RELEASE

B o d y  a lp h a -c h lo rd a n e  B o d y  a lp h a -c h lo rd a n e
S pec ie s  w e ig h t c o n c e n tra t io n  w e ig h t c o n c e n tra t io n

( g )  n g .w t j r n T 1 ( g )  n g .w o rm "*1
( n g . g  w o rm ) ( n g . g  w o rm )

E . fe t id a 0 .4 0 507 0 .41 320
a n d re i (1268 ) (7 81 )

E . fe t id a 0 .3 9 760 0 .40 410
fe t id a (1949 ) (1025 )
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8 .2 .8  T h e  u p ta k e ,  re le a se  a n d  m e tabo lism  o f  a lp h a -c h lo rd a n e  a n d
14 C - io d o a ce tam id e  b y  E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  in  aqueous  
s o lu t io n ,  a n a ly s e d  b y  l iq u id  s c in t i l la t io n  c o u n t in g  a n d  t h in - la y e r  
c h ro m a to g ra p h y  

M e thods

A l l  th e  g la s sw a re , w ith  th e  e x c e p t io n  o f  th a t  u s e d  f o r  th e  e x t r a c t io n  
p ro c e d u re s  th a t  in v o lv e d  o rg a n ic  s o lv e n ts ,  was p re -s o a k e d  f o r  24 h o u rs  in  
a n  a queous  s o lu t io n  o f  a lp h a -c h lo rd a n e  o r  io doa ce tam ide  as a p p ro p r ia te  to  
th e  e x p e r im e n t .

A  s a tu ra te d  s o lu t io n  o f  a lp h a -c h lo rd a n e , u s e d  to  p r e - t r e a t  th e

g la s sw a re , was p ro d u c e d  b y  s w ir l in g  5 m g a lp h a -c h lo rd a n e  d is s o lv e d  in  10

m l a c e to n e , a ro u n d  a one l i t r e  g la s s  c o n ic a l f la s k  a n d  th e n  g e n t ly

e v a p o ra t in g  th e  s o lv e n t to  d ry n e s s  w ith  a je t  o f  com p re ssed  a i r .  One l i t r e

o f  d is t i l le d  w a te r  was th e n  a d d e d  to  th is  f la s k  w h ic h  was s to p p e re d  a n d

s h a k e n  m e ch a n ic a lly  f o r  36 h o u rs  a t 20°C  in  d a rk n e s s . (T h e  m axim um

s o lu b i l i t y  o f  a lp h a -c h lo rd a n e  in  d is t i l le d  w a te r  a t 20°C  was 0 .9  g g .m l” * ) .

Io d oa ce tam id e  was w a te r - s o lu b le  a n d  a s o lu t io n  th a t  c o n ta in e d  1 i ig .m l *

was u s e d  to  p r e - t r e a t  th e  g la s sw a re .
14A  s o lu t io n  o f  ( 4 , 5 , 6 , 7 , 8 -  C )a lp h a -c h lo rd a n e  ( s p e c if ic  a c t i v i t y  2 8 .1  

m C i.m m o l *  [6 8 .5  g C i.m g  * ]  a n d  a m o le cu la r w e ig h t a t t h is  s p e c if ic  a c t i v i t y  
o f  410) was made u p  in  a ce tone  a n d  an  a l iq u o t o f  t h i s ,  e q u iv a le n t tog
0 .03645  m g ( o r  5 .5  x  10 d p m ) ,  was a d d e d  to  one l i t r e  o f  d is t i l le d  w a te r  to

g iv e  a f in a l  c o n c e n tra t io n  o f  36 .45  n g .m l" 1 .
14 -1I o d o ( l -  C ) a ce tam ide  ( s p e c if ic  a c t i v i t y  o f  5 4 .0  m C i.m m o l [288

p C i.m g  * ]  a n d  a m o le c u la r w e ig h t a t t h is  s p e c if ic  a c t i v i t y  o f  187) was

d is s o lv e d  in  d ie th y l - e th e r  a n d  an a l iq u o t  o f  th is  s o lu t io n ,  e q u iv a le n t to
70 .03472  m g ( o r  2 .2  x  10 d p m ) ,  was a d d e d  to  one l i t r e  o f  an  aqueous  

s o lu t io n  o f  1 u g .m l 1 u n la b e lle d  io d o a ce ta m id e . T h e  f in a l c o n c e n tra t io n  o f

th e  s o lu t io n  was 1034.72 n g .m l 1 io doa ce tam ide  (3 4 .7 2  n g .m l 1
14 . -1C - io d o a ce tam id e  a n d  1000 n g .m l io d o a c e ta m id e ) .
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A lp h a -c h lo rd a n e  a n d  io doa ce tam id e  w e re  e x t r a c te d  fro m  aqueous

s o lu t io n  u s in g  s im ila r  m e th o d s , b u t  w e re  s o lu b le  in  d i f f e r e n t  s o lv e n ts .

T he se  chem ica ls  w e re  e x t r a c te d  u s in g  n -h e x a n e  o r  d ic h lo ro m e th a n e

r e s p e c t iv e ly .  O ne m l sam p les o f  th e  a queous  s o lu t io n  u s e d  d u r in g  th e

u p ta k e  pha se  a nd  5 m l sam p les o f  th e  s o lu t io n  u se d  in  th e  re le a se  pha se

w e re  e x t r a c te d  b y  s h a k in g  each  w ith  5 m l o f  s o lv e n t f o r  tw o  m in u te s  in  a

s e p a ra t in g  fu n n e l .  T h e  o rg a n ic  s o lv e n t pha se  was re ta in e d  a n d  th e  
14C - a c t iv i t y  o f  th e  sam p le s , ta k e n  in  d u p l ic a te ,  was e s tim a te d  u s in g  l iq u id  
s c in t i l la t io n  c o u n t in g .

S im ila r  m e thod s  w e re  u s e d  to  e x t r a c t  b o th  a lp h a -c h lo rd a n e  a nd

io d o a ce tam id e  fro m  th e  t is s u e s  o f  th e  e a r th w o rm s , b u t  a g a in  th e se

chem ica ls  r e q u ir e d  d i f f e r e n t  s o lv e n ts  a n d  f o r  w h ic h  n -h e x a n e  a n d

d ic h lo ro m e th a n e  w e re  u s e d  r e s p e c t iv e ly .  T h e  e a r th w o rm s  w e re  rem o ve d

fro m  th e  s o lu t io n  o f  w a te r  o r  te s t  c h e m ic a l, g e n t ly  b lo t te d  d r y ,  w e ig h e d

a n d  d ro p p e d  in to  a b o i l in g  tu b e  c o n ta in in g  40 m l s o lv e n t a n d  1 g

a n h y d ro u s  N agSO ^. T h e  t is s u e  was hom ogen ised  in  t h is  m ix tu re  f o r  30

se c o n d s , u s in g  a S ilv e rs o n  t is s u e  m a c e ra to r (G a lle n kam p  a nd  C o . L td )  a n d

a llow ed  to  s e t t le  f o r  tw o  h o u r s .  T h e  s u p e rn a ta n t was c o lle c te d  a n d  th e  
14 C - a c t iv i t y  w i th in  i t  m easu red  b y  l iq u id  s c in t i l la t io n  c o u n t in g .  T he se

e x t r a c ts  w e re  a lso  a n a ly s e d  b y  t h in - la y e r  c h ro m a to g ra p h y .

D u p lic a te d  one  m l sam p les o f  th e  a queous  s o lu t io n s ,  d u p lic a te d  one m l

a l iq u o ts  o f  th e  u n d u p l ic a te d  e x t r a c ts  o f  th e  a queous  s o lu t io n s  in  s o lv e n t ,

a n d  u n d u p l ic a te d  sam p les o f  th e  t h in - la y e r  c h ro m a to g ra p h y  g e ls  w e re
14p la c e d  d i r e c t ly  in to  s c in t i l la t io n  v ia ls  f o r  m easu rem en t o f  th e  C - a c t iv i t y .  

T h e  5 m l sam p les o f  th e  e x t r a c ts  o f  th e  t is s u e  o f  th e  e a r th w o rm s  in

d ic h lo ro m e th a n e  ( th e  s o lv e n t u s e d  f o r  io d o a c e ta m id e ) , w e re  e v a p o ra te d  to  
a p p ro x im a te ly  one m l u n d e r  a g e n t le  a irs tre a m  a n d  th e n  p la c e d  in  a

s c in t i l la t io n  v ia l .  T h is  was to  a v o id  th e  e x c e s s iv e  q u e n c h in g  th a t  can  
o c c u r  w ith  t h is  s o lv e n t .  T h e  5 m l e x t r a c ts  o f  a lp h a -c h lo rd a n e  in  n -h e x a n e  
d id  n o t s u f f e r  fro m  q u e n c h in g  d ue  to  th e  s o lv e n t a n d  w e re  n o t e v a p o ra te d .
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T h is  was a d v a n ta g e o u s  be cause  -a lp h a -c h lo rd a n e  was v o la t i le  a n d  c o u ld  
h a ve  b e e n  lo s t  d u r in g  th e  d r y in g  p ro c e s s .

T h e se  sam p les  w e re  h e ld  in  t i g h t l y  sea led  s c in t i l la t io n  v ia ls  a n d  w e re

m ixe d  v ig o r o u s ly  w i th  10 m l o f  th e  s ta n d a rd  s c in t i l la n t  d e s c r ib e d  e a r l ie r .

T h e  sam p les w e re  k e p t  in  d a rk n e s s  f o r  48 h o u rs  p r io r  to  c o u n t in g  to  a v o id

re s id u a l f lu o re s c e n c e , a lth o u g h  some o f  th e  sam p les th a t  c o n ta in e d  e x t r a c ts

o f  th e  t is s u e  o f  th e  e a r th w o rm s  show ed  ch em ilum in e s ce n ce . T h e  
14 C - a c t iv i t y  o f  th e  sam p les was c o r re c te d  a u to m a tic a lly  f o r  q u e n c h in g  b y  
th e  s c in t i l la t io n  c o u n te r  a n d  in  a l l  s u b s e q u e n t c a lc u la t io n s  a b a c k g ro u n d  
c o u n t o f  40 dpm  was assum ed .

B o th  a lp h a -c h lo rd a n e  a n d  io doa ce tam ide  w e re  a n a ly s e d  u s in g  a s im ila r  
t h in - la y e r  c h ro m a to g ra p h y  te c h n iq u e ,  a lth o u g h  a d i f f e r e n t  s o lv e n t s ys tem  
was u se d  f o r  each  c h em ica l. C h lo rd a n e  was r u n  u s in g  a s o lv e n t s ys tem  o f  
n -h e x a n e ,  e th y l  a ce ta te  a n d  to lu e n e  ( 1 8 :3 :1  v / v ) , w h ils t  io d oa ce tam id e  was  
r u n  w ith  d ie th y l e th e r  a n d  a ce tone  (4 :1  v / v ) .  T h e  c h ro m a to g ra p h y  p la te s  

w e re  g la s s  m e a s u r in g  20 cm x 12 cm a n d  w e re  c o v e re d  w ith  s il ic a  g e l (G F  
254 : M e rc k , S h a rp  a n d  Dohme L t d . )  th a t  was m a rk e d  in to  2 cm w id e  la n e s .  
T h e  p la te s  w e re  h e ld  in  a one l i t r e  c h ro m a to g ra p h y  ta n k  (S h a n d o n  L t d . ) .  
E x t r a c ts  o f  th e  a queous  s o lu t io n s  a nd  o f  th e  t is s u e s  o f  th e  e a r th w o rm s  
d is s o lv e d  in  s o lv e n t w e re  e v a p o ra te d  g e n t ly  u n d e r  a je t  o f  c om p re ssed  a ir  
to  re d u c e  th e  vo lum e  o f  th e  sam p les fro m  2 m l a n d  4 m l, to  0 .2  m l a n d  0 .4  
m l r e s p e c t iv e ly .  T h e  r e p l ic a te d  sam p les o f  th e  t is s u e  e x t r a c ts  o f  th e  
e a r th w o rm s  w e re  c om b in e d  a n d , to g e th e r  w ith  th e  sam p les e x t r a c te d  fro m  
th e  aqueous  s o lu t io n s  a n d  re fe re n c e  sam p les o f  a lp h a -c h lo rd a n e  a nd  

io d o a ce ta m id e , w e re  s p o t te d  o n to  th e  g e l.  T h e  s p o ts  o f  sam ple w e re  
a llow ed  to  d r y  a n d  th e n  th e  p la te  was p la c e d  v e r t ic a l ly  f o r  15 m in u te s  in  
th e  c h ro m a to g ra p h y  ta n k  w ith  th e  a p p ro p r ia te  s o lv e n t s y s te m . W hen th e  
r u n  was c om p le te , th e  p la te  was rem o ve d  a n d  d r ie d  in  an  a ir s t re a m , a n d  

th e  p o s it io n s  o f  a n y  p ro d u c ts  th a t  h a d  s e p a ra te d  w e re  v is u a l is e d  u s in g  
u l t r a - v io le t  l ig h t  (254 n m ) . T h e  d is ta n c e  th a t  th e  p ro d u c t  h a d  m oved  fro m
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th e  b a s e lin e  was m easu red  a n d  th e n  th e  g e l was s c ra p e d  fro m  each  la n e

in to  a s e r ie s  o f  s c in t i l la t io n  v ia ls .  T h e  la n e s  w e re  d iv id e d  in  s u ch  a w a y

th a t  th e  o b v io u s  a n d  d is c re e t d e p o s its  o f  s e p a ra te d  m a te r ia l w e re  c o n ta in e d

w ith in  a s in g le  v ia l .  T h e se  u n d u p l ic a te d  sam p les w e re  a n a ly s e d  f o r  
14 C - a c t iv i t y  u s in g  l iq u id  s c in t i l la t io n  c o u n t in g .

T h e  m e thod  f o r  s tu d y in g  th e  u p ta k e ,  re le a se  a n d  m e tabo lism  o f  
14 14C -a lp h a -c h lo rd a n e  a n d  C - io d o a ce tam id e  in  a queous  s o lu t io n  b y  E . fe t id a  
a n d re i a n d  E . fe t id a  fe t id a  was a d a p te d  fro m  th a t  o f  a p re v io u s  s tu d y  
( L o r d  e t a l . , 1 9 8 0 ), a n d  in  th is  m o d if ie d  p ro c e d u re  fo u r  E . fe t id a  a n d re i  
a n d  f o u r  E . fe t id a  fe t id a  w ith  u n l ig a tu r e d  g u ts  w e re  p la c e d  s in g ly  in to  
e ig h t  250 m l s to p p e re d  P y re x  c o n ic a l f la s k s  th a t  c o n ta in e d  100 m l o f  th e  
la b e lle d  s o lu t io n .  T h e  f la s k s  w e re  g e n t ly  a n d  r e g u la r ly  a g ita te d  b y  h a n d  

a n d  m a in ta in e d  a t 25°C  in  th e  l ig h t .

O ne m l sam p les o f  th e  s o lu t io n  in  w h ic h  th e  e a r th w o rm s  w e re  im m e rsed

w e re  ta k e n  b e fo re  th e  e a r th w o rm s  w e re  in t r o d u c e d .  T h is  s o lu t io n  was th e n
14sam p led  a t h o u r ly  in te r v a ls  f o r  7 o r  8 h o u rs  f o r  C -a lp h a -c h lo rd a n e  o r  

^ C - io d o a c e ta m id e  r e s p e c t iv e ly .  T h e  f la s k s  w e re  sam p led  a g a in  a f t e r  12 

a n d  24 h o u r s .  T h e  s o lu t io n s  th a t  w e re  u se d  d u r in g  th e  u p ta k e  a nd
14

re le a se  p ha se s  w e re  sam p led  in  a s im ila r  m anne r a n d  th e  C - a c t iv i t y  o f  
each  w as e s tim a te d  u s in g  l iq u id  s c in t i l la t io n  c o u n t in g .  In  a d d it io n  to  th e se  
sam p le s , one m l a l iq u o ts  o f  th e  aqueous  s o lu t io n  u s e d  in  th e  u p ta k e  pha se  
a n d  5 m l a l iq u o ts  o f  th e  a queous  s o lu t io n  u s e d  in  th e  re le a se  pha se  w e re  
ta k e n  in i t i a l l y ,  a n d  th e n  a f t e r  6 , 12 a n d  24 h o u r s .  T h e se  sam p les w e re  
e x t r a c te d  u s in g  o rg a n ic  s o lv e n ts  b y  th e  m e th od  th a t  was d e s c r ib e d  e a r l ie r  
a n d  th e  am oun t o f  ^ ^ C - a c t iv i t y  p re s e n t  was e s t im a te d  u s in g  l iq u id  
s c in t i l la t io n  c o u n t in g .  T h e  e x t r a c t  ta k e n  a f t e r  24 h o u rs  fro m  th e  aqueous  
s o lu t io n  u s e d  d u r in g  th e  u p ta k e  p e r io d  was a lso  a n a ly s e d  u s in g  t h in - la y e r  
c h ro m a to g ra p h y . T h e  e a r th w o rm s  th a t  s u r v iv e d  th e  u p ta k e  p e r io d  w e re  
re m o v e d , w a shed  b r ie f l y  in  d is t i l le d  w a te r  a n d  th e n  im m e rsed  in  100 m l 

d is t i l le d  w a te r  f o r  a f u r t h e r  24 h o u r s .
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A t  th e  e n d  o f  th e  24 h o u r  u p ta k e  a nd  re le a se  p e r io d s ,  tw o

e a r th w o rm s  o f  each  s u b sp e c ie s  w e re  k i l le d  a n d  th e  t is s u e s  e x t ra c te d  w ith
14s o lv e n ts  as d e s c r ib e d  e a r l ie r .  T h e  C - a c t iv i t y  in  th e s e  e x t r a c ts  was

e s tim a te d  u s in g  l iq u id  s c in t i l la t io n  c o u n t in g  a n d  a lso  a n a ly s e d  b y  t h in - la y e r  
c h ro m a to g ra p h y .

T h e  c o n t r o l f la s k s  d id  n o t h o ld  a n y  e a r th w o rm s  b u t  c o n ta in e d  
ra d io la b e lle d  s o lu t io n s  o r  d is t i l le d  w a te r  d u r in g  th e  u p ta k e  a n d  re le a se  
p e r io d s  r e s p e c t iv e ly .  S u ch  c o n tro ls  a ccom pan ied  th e  e x p e r im e n ts  w ith  b o th  
c h e m ic a ls . T h e se  c o n t ro ls  w e re , in  a l l  o th e r  re s p e c ts ,  t r e a te d  in  a s im ila r  
w a y  to  th o s e  f la s k s  th a t  c o n ta in e d  e a r th w o rm s .

R e s u lts
14T h e  u p ta k e ,  re le a se  a n d  m e tabo lism  o f  C -a lp h a -c h lo rd a n e  b y  E .

fe t id a  a n d re i a n d  E . fe t id a  fe t id a  in  aqueous  s o lu t io n

T h e  g la s s  s u r fa c e s  th a t  h a d  b ee n  p r e - t r e a te d  w ith  a lp h a -c h lo rd a n e
14d id  n o t a p p e a r to  a d s o rb  C -a lp h a -c h lo rd a n e  fro m  s o lu t io n ,  o r  a llow

a lp h a -c h lo rd a n e  to  d e s o rb  s u b s e q u e n t ly  in to  d is t i l le d  w a te r .
14E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  a c c um u la te d  C -a lp h a -c h lo rd a n e

fro m  s o lu t io n  s t r o n g ly  a t ra te s  th a t  w e re  s im ila r .  T h e  mean o f  th e  d a ta
14f o r  b o th  s u b s p e c ie s  in d ic a te d  th a t  73% o f  th e  C -a lp h a -c h lo rd a n e

c a lc u la te d  to  be  p re s e n t  in i t ia l l y  in  th e  s o lu t io n  u s e d  d u r in g  th e  u p ta k e

p e r io d  was rem o ve d  ( F ig u re  8 .1 0 ) .  A s  one o f  th e  E . fe t id a  fe t id a  b e g a n
14to  d ie  d u r in g  th e  u p ta k e  p e r io d ,  th e  am oun t o f  C -a lp h a -c h lo rd a n e  th a t

re m a in e d  in  s o lu t io n  d e c re a se d  q u ic k ly .  E . fe t id a  a n d re i was n o t a f fe c te d  
. 14a d v e rs e ly  b y  th is  c o n c e n tra t io n  o f  C -a lp h a -c h lo rd a n e .
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Figure 8.10
Uptake of 14 C ©< chlordane from aqueous solution

Figure 8.11
Release of 14C <x chlordane into aqueous solution
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Figure 8.12

Thin layer chromatography of 14C oc chlordane

in extracts of the aqueous uptake solution taken 
after 24 hours.
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Thin layer chromatography of 14 C x  chlordane 
in worm extracts

Figure 8.13

Region of lane counted, 
cm from origin

Figure 8.14

Region of lane counted, 
cm from origin
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E . fe t id a  a n d re i c o n t in u e d  to  rem a in  h e a lth y  d u r in g  th e  s u b s e q u e n t 24

h o u r  p e r io d  o f  im m e rs io n  in  d is t i l le d  w a te r ,  a n d  re le a se d  v e r y  l i t t l e  
14 C -a lp h a -c h lo rd a n e  in to  a queous  s o lu t io n .  I n  c o n t ra s t  to  t h is

o b s e rv a t io n ,  E . fe t id a  fe t id a  b e g a n  to  d ie  a f t e r  3 -6  h o u rs  in  th e  d is t i l le d

w a te r .  A s  th e  e a r th w o rm s  d ie d ,  th e y  b e g a n  to  h a e m o rrh a g e  a n d  th e  
14am oun t o f  C -a lp h a -c h lo rd a n e  in  th e  a queous  s o lu t io n  in c re a s e d  q u ic k ly ,

14a lth o u g h  th e  r a te  o f  lo s s  o f  C -a lp h a -c h lo rd a n e  fro m  th e  t is s u e s  o f  
h e a lth y  in d iv id u a ls  a p p e a re d  to  b e  m in im a l a n d  s im ila r  f o r  b o th  s u b s p e c ie s  
( F ig u r e  8 .1 1 ) .

14T h e  am oun t o f  C -a lp h a -c h lo rd a n e  th a t  a c cum u la te d  in  th e  t is s u e s  o f

th e  e a r th w o rm s  was 2 .20  n g .w o rm  *  (5 .4  M g .g  *  w o rm ) f o r  E . fe t id a

a n d re i a n d  2 .47  j ig .w o rm -1  (6 .2  u g .g  1 w o rm ) f o r  E . fe t id a  f e t id a , a n d

th e s e  e s tim a te s  a g re e d  c lo s e ly  w ith  th o s e  in fe r e d  fro m  th e  m easu rem en ts  o f  
14th e  am oun t o f  C -a lp h a -c h lo rd a n e  re m a in in g  in  s o lu t io n .  T h e se  d a ta  a lso

14c o n f irm e d  th a t  E . fe t id a  a n d re i d id  n o t re le a se  a n y  C -a lp h a -c h lo rd a n e

b a c k  in to  a queous  s o lu t io n ,  a n d  w h ile  E . fe t id a  fe t id a  was seen to  re le a se

20% o f  th a t  w h ic h  h a d  b een  a c c um u la te d  d u r in g  th e  u p ta k e  p e r io d ,  th is

re le a se  o n ly  o c c u r re d  a f te r  th e  e a r th w o rm s  h a d  d ie d .  T h e  am oun t o f  
14 C -a lp h a -c h lo rd a n e  a c cum u la te d  b y  th e  in d iv id u a ls  o f  th e  tw o  s u b s p e c ie s

o f  E . fe t id a  in  th is  s tu d y  was s im ila r  to  th a t  seen in  th e  p re v io u s

e x p e r im e n t m ea su re d  u s in g  g a s - l iq u id  c h ro m a to g ra p h y .
14M os t o f  th e  C - la b e lle d  m a te r ia l e x t r a c te d  fro m  th e  aqueous  s o lu t io n  

14o f  C -a lp h a -c h lo rd a n e  u s e d  d u r in g  th e  u p ta k e  p e r io d  a p p e a re d  to  m ove on

th e  t h in - la y e r  c h ro m a to g ra p h y  p la te  w ith  a speed  s im ila r  to  th a t  o f

a lp h a -c h lo rd a n e  ( F ig u re  8 .1 2 ) .  T h e  e x t r a c ts  o f  th e  t is s u e s  o f  th e

e a r th w o rm s  ta k e n  a f t e r  th e  u p ta k e  a n d  th e  re le a se  p e r io d s  a lso  c o n ta in e d

^ C - la b e l le d  m a te r ia l th a t  m oved  w ith  th e  same speed  as a lp h a -c h lo rd a n e
14( r f  0 .7 2 ) .  Sm a ll am oun ts  o f  o th e r  C - la b e lle d  com pounds  w e re  a lso  

s e p a ra te d  w h ic h  h a d  fa s te r  ( r f  0 .9 2 )  a n d  s lo w e r ( r f  0 .5 0  a n d  0 .2 0 )  
r u n n in g  speeds  th a n  a lp h a -c h lo rd a n e  (F ig u re s  8 .13  a n d  8 .1 4 ) .  E . fe t id a
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fe t id a  c o n ta in e d  s l ig h t l y  m ore  o f  th e s e  fa s t  a n d  s low  r u n n in g  m a te r ia ls  th a n  

E . fe t id a  a n d r e i .
14T h e  e s tim a te s  o f  th e  c o n c e n tra t io n  o f  C -a lp h a -c h lo rd a n e  in  a queous  

s o lu t io n  o b ta in e d  b y  c o u n t in g  th e  u n e x t r a c te d  sam p le s , th e  sam p les  th a t  
h a d  been  e x t r a c te d  w ith  n -h e x a n e  a n d  th e  sam p les th a t  w e re  s e p a ra te d  

u s in g  t h in - la y e r  c h ro m a to g ra p h y  w e re  s im ila r .

14T h e  u p ta k e ,  re le a se  a n d  m e tabo lism  o f  C - io d o a ce tam id e  b y  E . fe t id a

a n d re i a n d  E . fe t id a  fe t id a  in  a queous  s o lu t io n

T h e  g la s s  s u r fa c e s  th a t  h a d  b een  p r e - t r e a te d  w ith  io doa ce tam id e  d id  
14n o t  a d s o rb  C - io d o a ce tam id e  in  s ig n if ic a n t  a m o u n ts , o r  a llow  lo d oa ce tam id e

to  d e s o rb  s u b s e q u e n t ly  in to  d is t i l le d  w a te r .
14T h e  c o n c e n tra t io n  o f  C - io d o a ce tam id e  in  aqueous  s o lu t io n  d e c re a se d  

s l ig h t ly  a f t e r  24 h o u rs  a n d  b y  a s im ila r  am oun t in  th e  f la s k s  th a t  c o n ta in e d  
E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  (F ig u re  8 .1 5 ) .  T h e  mean o f  th e  d a ta

14
f o r  b o th  s u b s p e c ie s  in d ic a te d  th a t  o f  th e  C - io d o a ce tam id e  c a lc u la te d  to  be

p re s e n t  i n i t ia l l y  i n  th e  s o lu t io n  u s e d  d u r in g  th e  u p ta k e  p e r io d ,  7% was
14rem o ve d  fro m  s o lu t io n .  V e r y  l i t t l e  C - la b e lle d  m a te r ia l was re le a s e d  b a c k  

in to  s o lu t io n  b y  in d iv id u a ls  o f  e i th e r  s u b sp e c ie s  o f  E . f e t id a , a lth o u g h  
th e  am oun t re le a s e d  b y  E . fe t id a  fe t id a  was s l ig h t ly  g re a te r  th a n  th a t  

re le a s e d  b y  E . fe t id a  a n d re i (F ig u r e  8 .1 6 ) .

T h e  am oun t o f  C - io d o a ce tam id e  th a t  a c c u m u la te d  m  th e  t is s u e s  o f  
th e  e a r th w o rm s  was 0 .22  j ig .w o rm  *  (0 .5 5  l i g . g  *  w o rm ) f o r  E . fe t id a  
a n d re i a n d  0 .20  j ig .w o rm " 1 (0 .4 8  j i g . g -1  w o rm ) f o r  E . fe t id a  f e t id a , a n d  

th e s e  e s tim a te s  a g re e d  c lo s e ly  w ith  th o s e  in fe r e d  fro m  th e  m easu rem en ts  o f  
th e  am oun t o f  C - io d o a ce tam id e  re m a in in g  in  s o lu t io n .  T h e se  d a ta  a lso  
c o n f irm e d  th a t  th e  am oun t o f  C - la b e lle d  m a te r ia l w h ic h  was re le a s e d  fro m  
E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  a f t e r  th e  24 h o u r  p e r io d  o f  im m e rs io n  
i n  d is t i l le d  w a te r  was 18% a n d  35% re s p e c t iv e ly  o f  th a t  a c c u m u la te d  

p r e v io u s ly .
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Figure 8.15
Uptake of 14C iodoacetamide from aqueous solution

x---x E. fetida andrei

o...o E. fetida fetida

Figure 8.16
Release of 14C iodoacetamide into aqueous solution

x---- x E. fetida andrei

o.... o E. fetida fetida

•-----• E. fetida fetida



Figure 8.17

Thin layer chromatography of 14 C iodoacetamide

in extracts o f  t h e  aqueous uptake solution t a k e n  

a f t e r  2 4  hours.
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Thin layer chromatography of 14 C iodoacetamide 
in worm extracts
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M os t o f  th e  C - la b e lle d  m a te r ia l e x t ra c te d  fro m  th e  aqueous  s o lu t io n  
14o f  C - io d o a ce t am ide u s e d  d u r in g  th e  u p ta k e  p e r io d  m oved  on  th e  

t h in - la y e r  c h ro m a to g ra p h y  p la te  a t a speed  s im ila r  ( r f  0 .5 7 )  to  th a t  o f  
io d o a ce tam id e  ( F ig u re  8 .1 7 ) .  B y  c o n t r a s t ,  th e  m a jo r ity  o f  th e  ^ C - la b e l le d  
m a te r ia l i n  th e  e x t r a c ts  o f  th e  t is s u e s  o f  th e  e a r th w o rm s  m oved  m uch  m ore  
s lo w ly  ( r f  0 .1 )  th a n  io doa ce tam ide  (F ig u re s  8 .1 8  a nd  8 .1 9 ) ,  a lth o u g h  a fa s t  
r u n n in g  com ponen t ( r f  0 .8 3 )  was a lso  p re s e n t ,  a n d  o c c u r re d  in  la r g e r  
am oun ts  in  th e  sam p les ta k e n  fro m  E . fe t id a  fe t id a  a f t e r  th e  24 h o u r  
u p ta k e  p e r io d ,  a n d  in  th e  sam p les ta k e n  fro m  E . fe t id a  a n d re i a f te r  th e  24 
h o u r  re le a se  p e r io d .

14T h e  e s tim a te s  o f  th e  c o n c e n tra t io n  o f  C - io d o a ce tam id e  in  a queous  
s o lu t io n  o b ta in e d  b y  c o u n t in g  th e  u n e x t r a c te d  sam p le s , th e  sam p les th a t  
h a d  b e e n  e x t r a c te d  w ith  d ic h lo ro m e th a n e  a n d  th e  sam p les th a t  w e re  
s e p a ra te d  u s in g  t h in - la y e r  c h ro m a to g ra p h y  w e re  s im ila r .

8 . 3 .  D is c u s s io n

14

T h e  e a r th w o rm s  u se d  in  th e  te s ts  f o r  th e  t o x ic i t y  o f  chem ica ls  w e re  
s e le c te d  to  h a ve  in d iv id u a l  b o d y  w e ig h ts  t h a t  f e l l  w i th in  a n a r ro w  ra n g e .  
T h e  h e a v ie s t e a r th w o rm s  h a d  a b o d y  w e ig h t th a t  a p p ro x im a te d  to  th e  mean  
w e ig h t f o r  in d iv id u a ls  c o lle c te d  a t ra n dom  fro m  a n a tu r a l p o p u la t io n .  T h u s  
th e  in te r - s p e c i f ic  d if fe re n c e s  in  th e  s u s c e p t ib i l i t y  to  chem ica ls  th a t  w e re  
o b s e rv e d  in  th e  te s ts  c o n d u c te d  in  th e  la b o r a to r y ,  c o u ld  be  com pa re d  
d i r e c t ly  w ith  f ie ld  s tu d ie s  w ith o u t  f u r t h e r  c o n s id e ra t io n  o f  b o d y  w e ig h t .  
T h e  b o d y  w e ig h t o f  th e  l ig h te s t  e a r th w o rm s  th a t  w e re  u s e d  in  th e  
e x p e r im e n ts  a p p ro x im a te d  to  th e  mean in d iv id u a l  b o d y  w e ig h t o f  
e a r th w o rm s  fro m  a n a tu r a l p o p u la t io n , le s s  th e  am oun t o f  w e ig h t lo s t  
d u r in g  one m on th  o f  c u l tu r e  in  th e  la b o r a to r y .  T h is  e n s u re d  a m ax im a l 
s u p p ly  o f  e a r th w o rm s  f o r  th e  e x p e r im e n ts .
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T h e  sam p les o f  e a r th w o rm s  c o lle c te d  a t ra n dom  fro m  th e  f ie ld  
in d ic a te d  th a t  L .  t e r r e s t r i s  h a d  th e  la r g e s t  mean b o d y  s ize  fo llo w e d , in  a 
d e s c e n d in g  o r d e r  o f  mean b o d y  w e ig h t ,  v a r ia t io n  o f  b o d y  w e ig h t a b o u t th e  
mean b o d y  w e ig h t ,  mean b o d y  le n g th ,  d ia m e te r  a n d  vo lum e  b y  A .  lo n g a , 

A . c a lig in o s a  a nd  ( f ro m  c u l tu r e s  in  th e  la b o r a to r y )  E . f e t id a . T h e  mean  
b o d y  s ize s  a n d  w e ig h ts  o f  L .  t e r r e s t r i s  a n d  A .  lo n g a  w e re  s im ila r ,  as w e re  
th e  mean s iz e s  a n d  w e ig h ts  o f  A .  c a lig in o s a  a nd  E . f e t id a , a lth o u g h  th e  
d im en s io n s  o f  th e  tw o  g ro u p s  w e re  d is s im ila r .  M ean b o d y  le n g th  a n d  
d ia m e te r  d i f f e r e d  le s s  b e tw e e n  th e  spe c ie s  o f  e a r th w o rm  th a n  th e  mean  
b o d y  v o lu m e .

T h e  a r t i f i c ia l  s o il te s t  in d ic a te d  th a t  L .  t e r r e s t r i s  a n d  A .  lo n g a  h a d  a 
s im ila r  s u s c e p t ib i l i t y  to  c h lo rd a n e , p e n ta c h lo ro p h e n o l a n d  c h lo ro a c e ta m id e , 
w h ic h  was g e n e ra l ly  lo w e r  th a n  th a t  show n  b y  A .  c a l ig in o s a . H o w e v e r ,  
f ie ld  s tu d ie s  h a ve  show n  th a t  L .  t e r r e s t r i s  is  o f te n  m ore s u s c e p t ib le  to  

p e s t ic id e s  th a n  e i th e r  A . lo n g a  o r  A . c a lig in o s a  ( S t r in g e r  a n d  L y o n s ,  
1974, 1 9 7 7 ), a lth o u g h  s u ch  d i f fe re n c e s  w e re  th o u g h t  to  a r is e  m a in ly  fro m  
th e  v a r ie t y  o f  fe e d in g  a n d  b u r r o w in g  s t ra te g ie s  th a t  w e re  a d o p te d  b y  

th e s e  s p e c ie s .

E . fe t id a  a n d re i was le s s  s u s c e p t ib le  to  c h lo rd a n e  th a n  a n y  o f  th e  
o th e r  spe c ie s  o f  e a r th w o rm . T h e  14 d a y  LC ,.q o f  1 1 .11  m g .k g  *  o b ta in e d  
f o r  t h is  s p e c ie s  u s in g  th e  a r t i f i c ia l  s o il te s t  w as s im ila r  to  th e  4 d a y  L C ^ q 
e s tim a te d  p r e v io u s ly  f o r  c h lo rd a n e  w ith  E . fe t id a  in  a loam  s o il o f  2 .5  
m g .k g  *  (H o p k in s  a n d  K i r k ,  1 9 5 7 ). H o w e v e r , th e  14 d a y  L C ^ q f o r  L .  
t e r r e s t r i s  e x p o se d  to  c h lo rd a n e  in  th e  a r t i f i c ia l  s o il o f  3 .00  m g .k g  ^ d id  
n o t com pa re  w e ll w ith  o th e r  r e p o r t s  w h ic h  in d ic a te d  th a t  th e  3 d a y  LCgQ 
f o r  c h lo rd a n e  w ith  L .  t e r r e s t r i s  in  a p o t t in g  com pos t was >16 m g .k g  *  
(R u p p e l a n d  L a u g h l in ,  1 977 ).

M y  r e s u l t s  show  th a t  E . fe t id a  a n d re i was le s s  s u s c e p t ib le  th a n  A .  
c a lig in o s a  to  p e n ta c h lo ro p h e n o l,  w h ic h  s u p p o r ts  th e  o b s e rv a t io n  th a t  
e a r th w o rm s  c o n ta in in g  a la rg e  am oun t o f  th e  enzym e g lu ta th io n e
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S - t r a n s fe ra s e  a re  le s s  s u s c e p t ib le  to  th is  c la ss  o f  c h em ica ls . T h e se  
enzym es a re  c a p ab le  o f  c o n ju g a t in g  p e n ta c h lo ro n it ro b e n z e n e , w h ic h  is  
c lo s e ly  re la te d  to  PCP (S te n e rs e n  a n d  0 ie n ,  1981) a n d  o c c u r  in  th e  t is s u e s  
o f  E . fe t id a  a t a c o n c e n tra t io n  tw ic e  th a t  fo u n d  in  L .  t e r r e s t r i s , A . lo n g a  
o r  A .  c a lig in o s a  (S te n e rs e n , G u th e n b e rg  a n d  M a n n e rv ik ,  1 9 7 9 ).

M y o b s e rv a t io n s  th a t  in d ic a te  E . fe t id a  is  r e la t iv e ly  to le r a n t  o f  to x ic  
chem ica ls  a re  a lso  s u p p o r te d  b y  o th e r  s tu d ie s  in  w h ic h  E . fe t id a  was  
a p p a re n t ly  le s s  s u s c e p t ib le  to  th e  c h o lin e s te ra s e  in h ib i t in g  p e s t ic id e s  th a n  
o th e r  spe c ie s  o f  e a r th w o rm  (G ilm an  a n d  V a rd a n is ,  1974; S te n e rs e n , 1979a ).

T h e  s u s c e p t ib i l i t y  o f  E . fe t id a  a n d re i to  c h lo ro a ce tam id e  was g re a te r  
th a n  th a t  o f  th e  o th e r  spe c ie s  o f  e a r th w o rm . E . fe t id a  a n d re i g a ve  a 14 
d a y  LCgQ in  th e  a r t i f i c ia l  s o il o f  8 .8 8  m g .k g  com pa red  w ith  an L C j.q o f

38 .00  m g .k g  *  f o r  L .  t e r r e s t r i s  a n d  30 .12  m g .k g  ^ f o r  A .  c a l ig in o s a . 
T he se  d a ta  com pa re  w e ll w i th  th o s e  fro m  o th e r  r e p o r ts  in  w h ic h  th e  14 d a y  
LCgQ f o r  t h is  chem ica l te s te d  u s in g  s o il in  th e  la b o ra to r y ,  was d e te rm in e d  
w ith  E . f e t id a , L .  t e r r e s t r i s  a n d  A . c a lig in o s a  to  be  2 9 .5 , 2 1 .5  a n d  15 .5  
m g .k g  *  re s p e c t iv e ly  (E d w a rd s , 1 985 ).

Some o f  th e  d if fe re n c e s  in  th e  s u s c e p t ib i l i t y  to  chem ica ls  th a t  w e re  
seen b e tw e e n  spe c ie s  m ay be  re la te d  to  b o d y  s iz e . S pec ie s  o f  e a r th w o rm  
t h a t  h a ve  a la rg e  b o d y  a lso  h a ve  a h ig h e r  v o lu m e : s u r fa c e  a re a  r a t io  a n d  a 
g re a te r  m e ta b o lic  a n d  e x c r e to r y  c a p a c ity  th a n  spe c ie s  w ith  a sm a ll b o d y .  
T h u s ,  la rg e  e a r th w o rm s  w o u ld  p ro b a b ly  need  to  be  e x p o se d  to  a chem ica l 
f o r  a lo n g e r  p e r io d  o f  tim e  a n d  a t a h ig h e r  c o n c e n tra t io n  th a n  a sm a lle r  

e a r th w o rm  in  o r d e r  to  a ch ie ve  a to x ic  c o n c e n tra t io n  in  th e  t is s u e s .

T h e  r e s u l t s  o f  t h is  s tu d y  s u p p o r t  th e  g e n e ra l ly  a c ce p te d  o p in io n  th a t  
A . c a lig in o s a  is  v e r y  s u s c e p t ib le  to  c h e m ic a ls , a n d  is  fo llo w e d  in  a 
d e c re a s in g  o r d e r  o f  s u s c e p t ib i l i t y ,  b y  L .  t e r r e s t r i s  a n d  E . fe t id a  a n d re i  
(D e a n -R o s s , 1 9 8 3 ). T h e  r e s u l t s  o b ta in e d  w ith  c h lo ro a ce ta m id e  w e re  
p ro b a b ly  anom a lous .
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T h e  r e p r o d u c ib i l i t y  o f  th e  r e s u l t s  o f  th e  te s ts  f o r  t o x ic i t y  ( in f e r r e d  
fro m  a c h i- s q u a re d  te s t  f o r  p a ra lle l is m  a n d  th e  p o s it io n  o f  th e  Y - in te r c e p t  
o f  th e  p r o b i t  l in e s  c a lc u la te d  f o r  in d iv id u a l  re p l ic a te s )  d id  n o t a p p e a r to  
be  re la te d  to  th e  spec ie s  o f  e a r th w o rm  u s e d , a lth o u g h  some chem ica ls  gave  
m ore re p ro d u c ib le  r e s u l t s  th a n  o th e r s .  T h e  re p lic a te s  o f  c h lo ro a ce ta m id e  
d id  n o t d i f f e r  s ig n i f ic a n t ly  w h en  te s te d  w ith  each o f  th e  spe c ie s  o f  
e a r th w o rm , w h ic h  s u p p o r ts  th e  ch o ice  o f  th is  chem ica l as th e  re fe re n c e  
com pound  f o r  s ta tu to r y  te s ts  o f  t o x ic i t y  to  e a r th w o rm s  ( I n g le s f ie ld ,  1 9 84 ).

T h e  g r a d ie n t  o f  th e  p r o b i t  l in e s  c a lc u la te d  fro m  th e  e x p e r im e n ts  w ith  
E . fe t id a  a n d re i w e re  g e n e ra l ly  s h a llo w , w h ic h  in d ic a te d  th a t  E . fe t id a  
a n d re i was s u s c e p t ib le  to  th e  chem ica ls  o v e r  a w id e r  ra n g e  o f  
c o n c e n tra t io n s  th a n  o th e r  s p e c ie s . T h e  g ra d ie n ts  o f  th e  p r o b i t  l in e s  

c a lc u la te d  f o r  A .  c a lig in o s a  w e re , b y  c o n t r a s t ,  g e n e ra l ly  s te e p  a n d  th u s  
th e  s u s c e p t ib i l i t y  o f  t h is  spe c ie s  was r e s t r ic te d  to  a r e la t iv e ly  n a r ro w  

ra n g e  o f  c o n c e n tra t io n s  o f  th e  te s t  c h e m ic a ls . T h u s ,  a ssessm en ts  o f  th e  
t o x ic i t y  o f  chem ica ls  made w ith  A .  c a lig in o s a  s h o u ld  be  m ore  re p ro d u c ib le  
th a n  th o se  made w ith  o th e r  s p e c ie s , w h ic h  in d ic a te s  th a t  A .  c a lig in o s a  a lso  
i s  s u ita b le  f o r  te s t in g  t o x ic i t y  as s u g g e s te d  in  p re v io u s  r e p o r ts  (E d w a rd s ,  
1982; L o fs -H o lm in ,  1 9 8 2 b ).

T h e  f i l t e r  p a p e r  c o n ta c t te s t  w as u s e d  to  in v e s t ig a te  f u r t h e r  th e  
d if fe re n c e s  in  s u s c e p t ib i l i t y  th a t  w e re  seen b e tw e e n  A . c a lig in o s a  a n d  E . 
f e t id a . T h e  su b sp e c ie s  o f  E . fe t id a  w e re  u s e d  s e p a ra te ly  because  E . 
fe t id a  fe t id a  was seen to  s u r v iv e  in  m ore  p u t r id  c o n d it io n s  w i th in  a 
com pos t heap  th a n  E . fe t id a  a n d re i a n d  w o u ld  p o s s ib ly  show  a d i f f e r e n t  
re s p o n se  to  to x ic  c h e m ic a ls . T h e  re c e n t e le c t ro p h o re t ic  s tu d ie s  o f  J a e n ik e

(1 9 8 2 ) , a n d  la t t e r l y  th o s e  o f  O ie n  a n d  S te n e rs e n  (1984 ) h a ve  s u g g e s te d  
th a t  E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  a re  r e p r o d u c t iv e ly  is o la te d  a nd  

th e re fo re  s e p a ra te  s p e c ie s . T h e se  w o rk e r s  p ro p o s e  th a t  th e  new  spec ie s  
be  nam ed E . u n ic o lo r  (A n d re )  a n d  E . fe t id a  (S a v ig n y )  r e s p e c t iv e ly .  T h is  
d iv is io n  has  y e t  to  b e  a d o p te d  fo rm a lly  in  th e  ta x o n o m y  o f  th e  L u m b r ic id a e
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and  th u s ,  I  h a ve  re ta in e d  th e  c la s s if ic a t io n  th a t  was in  u se  d u r in g  th e  
p e r io d  o f  m y s tu d ie s .

T h e  f i l t e r  p a p e r  c o n ta c t te s t  show ed  th a t  A . c a lig in o s a  was  
c o n s id e ra b ly  m ore  s u s c e p t ib le  to  c h lo rd a n e , s l ig h t ly  m ore  s u s c e p t ib le  to  
p e n ta c h lo ro p h e n o l a n d  io d o a c e ta m id e , a n d  le s s  s u s c e p t ib le  to

ch lo ro a ce ta m id e  th a n  E . f e t id a . T he se  r e s u l t s  a re  s u p p o r te d  b y  p re v io u s  
o b s e rv a t io n s  (E d w a rd s , 1985; S te n e rs e n , 1979a ). T h e  tw o  s u b sp e c ie s  o f  
E . fe t id a  h a d  a s im ila r  s u s c e p t ib i l i t y  to  p e n ta c h lo ro p h e n o l a n d  to  
c h lo ro a c e ta m id e , a lth o u g h  E . fe t id a  a n d re i was m ore  s u s c e p t ib le  to  
c h lo rd a n e  a n d  io doa ce tam id e  th a n  E . fe t id a  f e t id a . In  g e n e ra l,  th e  
g ra d ie n ts  o f  th e  p r o b i t  l in e s  f o r  th e  chem ica ls  te s te d  w i th  A .  c a lig in o s a  
a n d  E . fe t id a  a n d re i w e re  s te e p , a lth o u g h  c h lo rd a n e  was th e  e x c e p t io n  to  
t h is .  T h is  spe c ie s  a n d  s u b sp e c ie s  o f  e a r th w o rm  w e re  th e r e fo r e  s u s c e p t ib le  

to  th e s e  te s t  chem ica ls  o v e r  a n a r ro w e r  ra n g e  o f  c o n c e n tra t io n s  th a n  E . 
fe t id a  f e t id a . T h u s ,  th e  re s p o n se  o f  E . fe t id a  fe t id a  p ro b a b ly  cau sed  th e  

sha llow  g ra d ie n ts  o f  th e  p r o b i t  l in e s  seen w hen  a m ixe d  p o p u la t io n  o f  th e  
tw o  s u b sp e c ie s  o f  E . fe t id a  w e re  u se d  in  th e  e x p e r im e n ts  w ith  th e  a r t i f i c ia l  

s o il.

F u r t h e r  s tu d ie s  w ith  th e  f i l t e r  p a p e r  c o n ta c t te s t  show ed  th a t  E . 

fe t id a  fe t id a  was a lso  le s s  s u s c e p t ib le  th a n  E . fe t id a  a n d re i to  
io d oa ce tam ide  w hen  m easu red  as an L T ,.q , a n d  to  c h lo rd a n e  m easu red  as an  

LC gg . T h e  LTgQ f o r  c h lo rd a n e  was s im ila r  f o r  b o th  s u b sp e c ie s  o f  E . fe t id a  
u s in g  th e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il te s ts ,  a n d  th u s  th e  
d if fe re n c e  in  th e  s u s c e p t ib i l i t y  to  t h is  chem ica l w o u ld  seem d e p e n d e n t u p o n  
c o n c e n tra t io n  a nd  n o t u p o n  t im e . T h e  h ig h  c o n c e n tra t io n  o f  c h lo rd a n e  th a t  
was p re s e n t d u r in g  th e  e x p e r im e n ts  to  d e te rm in e  an LC ,-q m ay be  m ore  
d e tr im e n ta l to  E . fe t id a  a n d re i th a n  to  th e  o th e r  s u b s p e c ie s . T h e

ra d io c h e m ic a l s tu d ie s  d e s c r ib e d  la te r  c o n f irm e d  th a t  s u c h  d if fe re n c e s  in
1

m e tabo lism  d id  e x is t  b e tw e e n  th e se  s u b s p e c ie s .
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S e v e ra l s tu d ie s  h a ve  com pa red  th e  s u s c e p t ib i l i t y  o f  d i f f e r e n t  s p e c ie s  

o f  e a r th w o rm  to  to x ic  chem ica ls  (E d w a rd s , 1985; G ilm an  a nd  V a rd a n is ,  
1974; S te n e rs e n , 1 979a ), a l th o u g h  th e  d if fe re n c e s  b e tw e e n  th e  re s p o n se s  
sh ow n  b y  m ore  c lo s e ly  re la te d  g ro u p s  rem a in e d  u n e x p lo re d .  T h e  
p re c e d in g  assessm en ts  o f  th e  t o x ic i t y  o f  chem ica ls  u s in g  th e  tw o  s u b s p e c ie s  
o f  E . f e t id a , to g e th e r  w ith  th e  s u r v e y  o f  th e  d is t r ib u t io n  o f  th e s e  
s u b s p e c ie s  w i th in  com pos t h e a p s , s u g g e s te d  th a t  an  in v e s t ig a t io n  o f  th e  
u p ta k e ,  re le a se  a n d  m e tabo lism  o f  c e r ta in  chem ica ls  m ig h t re v e a l th e  n a tu re  
o f  th e  d if fe re n c e s  th a t  e x is t  b e tw e e n  th e m .

T h e  com ponen ts  o f  th e  t is s u e s  o f  e a r th w o rm s  fro m  b o th  s u b sp e c ie s  o f  
E . f e t id a , e x t r a c te d  u s in g  n -h e x a n e : a ce tone  (a n d  a n a ly s e d  s u b s e q u e n t ly  
b y  g a s - l iq u id  c h ro m a to g ra p h y )  w e re  o f  s im ila r  ty p e  a n d  q u a n t i t y .  T h u s ,  
th e  d if fe r e n c e  th a t  was seen s u b s e q u e n t ly  b e tw e e n  th e  am oun t o f  c hem ica l 
a ccu m u la te d  b y  e a r th w o rm s  o f  th e s e  tw o  su b sp e c ie s  was p r o b a b ly  n o t  
r e la te d  to  th e  am oun t o f  l ip id  p re s e n t  in  th e  t is s u e s . F o r tu n a te ly ,  th e  

r e te n t io n  t im e  o f  a lp h a -c h lo rd a n e  in  th e  c h ro m a to g ra p h  was d is c re te  fro m  
t h a t  o f  th e  o th e r  s u b s ta n ce s  th a t  w e re  e x t ra c te d  fro m  th e  t is s u e s  o f  th e  

e a r th w o rm s , a n d  i t  was th u s  p o s s ib le  to  u se  th is  a n a ly t ic a l te c h n iq u e  to  
e s tim a te  th e  am oun t o f  a lp h a -c h lo rd a n e  ta k e n  u p  fro m  an aqueous  s o lu t io n  
b y  in d iv id u a ls  o f  b o th  s u b sp e c ie s  o f  E . f e t id a .

A n a ly s e s  b y  g a s - l iq u id  c h ro m a to g ra p h y  show ed  th a t  th e  e a r th w o rm s  
h a d  rem o ve d  99% o f  th e  a lp h a -c h lo rd a n e  th a t  was in  s o lu t io n  w i th in  24 
h o u r s ,  a n d  re le a se d  s u b s e q u e n t ly  o n ly  a v e r y  sm a ll am oun t o f  t h is  
com pound  in to  d is t i l le d  w a te r .  A lp h a -c h lo rd a n e  a c c u m u la te d  m ore  r a p id ly  
i n  E . fe t id a  fe t id a  th a n  E . fe t id a  a n d r e i , a lth o u g h  th e  c o n c e n tra t io n  o f  
a lp h a -c h lo rd a n e  th a t  re m a in e d  in  a q ueou s  s o lu t io n  a f t e r  24 h o u rs  was  
s im ila r  f o r  b o th  s u b s p e c ie s .

T h e  e a r th w o rm s  th a t  w e re  u s e d  in  th e  e x p e r im e n ts  w ith  ra d io la b e lle d  
chem ica ls  w e re  n o t l ig a tu r e d  a t th e  m o u th  a n d  a n u s , becau se  th is  te n d e d  
to  cause  n e c ro s is  a n d  in  a n y  case th e  l ig a tu r e  d id  n o t a f fe c t  th e  u p ta k e  o f
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chem ica ls  ( L o r d  e t _ a l . , 1 9 80 ). H e a lth y  in d iv id u a ls  o f  th e  s u b s p e c ie s  E .

fe t id a  a n d re i a n d  E . fe t id a  fe t id a  rem o ve d  a p p ro x im a te ly  73% o f  th e  
14 C -a lp h a -c h lo rd a n e  th a t  was a v a ila b le  in  s o lu t io n .  T h is  v a lu e  was

som ew ha t lo w e r  th a n  th a t  o f  th e  mean o f  b o th  s u b sp e c ie s  seen d u r in g  th e

e x p e r im e n ts  m ea su re d  u s in g  g a s - l iq u id  c h ro m a to g ra p h y .

A n  a n a ly s is  o f  th e  t is s u e s  o f  th e  e a r th w o rm s  show ed  th a t  th e re  was

l i t t l e  d i f fe r e n c e  in  th e  am oun t o f  C -a lp h a -c h lo rd a n e  th a t  was p re s e n t

w i th in  E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  a f t e r  th e  24 h o u r  u p ta k e

p e r io d .
14 C -a lp h a -c h lo rd a n e  was n o t re le a s e d  b a c k  in to  d is t i l le d  w a te r  in

a p p re c ia b le  am oun ts  b y  h e a lth y  in d iv id u a ls  o f  e i th e r  s u b sp e c ie s  o f  E .

f e t id a , a n d  E , fe t id a  a n d re i r e ta in e d  a lm os t a l l  o f  th e  14C -a lp h a -c h lo rd a n e

th a t  h a d  b e e n  a c c u m u la te d  p r e v io u s ly ,  d u r in g  a 24 h o u r  im m e rs io n  in

d is t i l le d  w a te r .  E . fe t id a  fe t id a  r e ta in e d  o n ly  80% o f  th a t  ta k e n  u p ,  b u t

d ie d  d u r in g  th e  c o u rs e  o f  th e  e x p e r im e n t .

T h e se  r e s u l t s  c o n t ra s t  w i th  th o se  fro m  p re v io u s  te s ts  f o r  t o x ic i t y ,

b e cau se  E . fe t id a  fe t id a  (w h ic h  was seen  p r e v io u s ly  to  b e  le s s  s u s c e p t ib le

to  th e  to x ic  e f fe c ts  o f  a lp h a -c h lo rd a n e  th a n  E . f e t id a ) was k i l le d  b y  th e
-1  14c o n c e n tra t io n  o f  3 6 .5  n g .m l C -a lp h a -c h lo rd a n e  p re s e n t in  a queous

s o lu t io n .  T h is  c o n c e n tra t io n  h a d  no  e f fe c t  u p o n  E . fe t id a  a n d r e i . A s

e a r th w o rm s  o f  th e  s u b sp e c ie s  E . fe t id a  fe t id a  b e g a n  to  d ie ,  coe lom ic  f lu id

a n d  b lo o d  was lo s t  in to  th e  s u r r o u n d in g  m ed ium . C o in c id e n ta l ly  to  t h is ,  a
14s u d d e n  in f l u x  o f  C -a lp h a -c h lo rd a n e  in t o ,  o r  e f f lu x  f r o m , th e  t is s u e s  o f  

th e  e a r th w o rm  o c c u r re d  d u r in g  th e  p e r io d s  o f  u p ta k e  a n d  re le a se  
r e s p e c t iv e ly .  A lth o u g h  w a te r  can  m ove a c ro s s  th e  c u t ic le  e a s ily  (P ie a rc e ,

1 9 8 1 ) , th e  r e g u la t io n  o f  th e  vo lum e  o f  th e  coe lom ic f lu id  in  L .  t e r r e s t r i s  is  
an  a c t iv e  p ro c e s s  (C a r le y ,  C a ra cc io lo  a n d  M ason , 1 983 ). C hem ica ls  s u ch  
as d ie ld r in  (w h ic h  is  c lo s e ly  r e la te d  to  c h lo rd a n e )  can  d is r u p t  th e  
n e u ro h o rm o n a l r e g u la t io n  o f  th e  io n  a n d  w a te r  b a la n ce  in  E . fe t id a  (D re w e s

a n d  V in in g ,  1984) a n d  cause  a lo s s  o f  b o d y  f lu id .  M y r e s u l t s  s u g g e s t th a t
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an appreciable amount of chlordane was held within the coelomic fluid of 

the earthworm as a solution in water or lipid. Chlordane probably 

interfered with the regulation of the active processes controlling the 

movement of materials across the body wall and, as the earthworms began 

to die, these substances became redistributed according to the prevailing 

concentration gradients.

Other studies of the accumulation of organochlorine chemicals by 

earthworms have not only failed to find differences between sub-species, 

but also between species. For instance, the amount of dieldrin that was 

accumulated from aqueous solution by L. terrestris and A, longa did not

differ significantly (Lord et al. , 1980).
. 14Thin-layer chromatography confirmed that the C-label was still

14alpha-chlordane, because most of the C-activity in the samples moved at

a similar speed to alpha-chlordane (rf 0 .72), although some materials had

slower (rf 0.20 and 0.50) or faster (rf 0.92) running speeds. Previous

reports described a similar chromatography system used to study

alpha-chlordane that had been injected into L. terrestris. This was

extracted mainly as unchanged chemical (rf 0.75) although small amounts of

chlordane chlorohydrin (rf 0 .21), an unidentified metabolite (rf 0.59) and

oxychlordane (rf 0.86) were also found (Chio and Sanborn, 1976). The

results of my studies support this investigation, because I found that the
14majority of the C-alpha-chlordane remained unchanged although a 

significant amount of oxychlordane, and a smaller amount of chlordane 

chlorohydrin were probably also present.

The earthworm tissue:water partition coefficient was calculated from 

the mean concentration of alpha-chlordane present in the tissues in healthy 

individuals of both subspecies (and assuming that the earthworms 

contained 15% dry matter [Edwards and Lofty, 1977]) and the mean 

concentration of alpha-chlordane that remained in aqueous solution after 

the 24 hour uptake period. The earthworm tissue: water partition
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coefficient of alpha-chlordane was approximately 3850, as predicted from 

the high octan-l-ol:water partition coefficient of this (Briggs, 1982) and of 

other strongly lipophilic chemicals (Chiou et al. , 1977). However, this 

value was somewhat lower than the octan-l-ol:water partition coefficients 

reported for other organochlorine pesticides in similar experiments with L. 

terrestris (Lord et al. , 1980).

The uptake of polar chemicals by earthworms proceeded in a manner

dissimilar to that seen for lipophilic chemicals. Polar molecules are

accumulated poorly by earthworms (Briggs and Lord, 1983; Lord et al. ,

1980) and slugs (Haque and Ebing, 1983b). Chemicals such as carbofuran,

which is water-soluble and polar, were taken up by L. terrestris in

amounts that were proportional to the external concentration of the

chemical alone (Stenersen et al. , 1973).

Iodoacetamide was used to study the behaviour of a polar compound in

a similar experimental system to that used previously with alpha-chlordane. 
14Very little C-iodoacetamide was accumulated by E. fetida andrei or E.

fetida fetida from aqueous solution, as predicted by previous work (Briggs

and Lord, 1983; Lord et al. , 1980), although the rate at which this

process took place was similar for each subspecies. The extracts of the

distilled water that had been exposed to E. fetida fetida during the release
14period contained low levels of C-activity, whilst those exposed to E.

fetida andrei contained somewhat less.

The tissues of E. fetida andrei and E, fetida fetida accumulated very 
14little of the C-iodoacetamide that was available in solution, and after the

24 hour release period E. fetida andrei retained more -iodoacetamide

accumulated previously than did E. fetida fetida. E. fetida fetida seemed
14to release marginally more C-iodoacetamide into aqueous solution than E. 

fetida andrei, although the quantities involved were very much smaller

than those seen with alpha-chlordane.
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An analysis of the extracts in organic solvent taken at the end of the
14uptake period from the aqueous solution of C-iodoacetamide, gave a

14slightly lower estimate of the C-activity than that obtained by counting 

the unextracted solution. This suggested that a small proportion of the 

labelled compound was no longer iodoacetamide.

An analysis of the extracts of the aqueous solutions made using
14thin-layer chromatography also indicated that most of the C-labelled 

compound in the aqueous solution was still iodoacetamide after the 24 hour 

uptake period. However, the C-labelled compound within the extracts of 

the tissues of the earthworms was metabolised into substances with faster 

and slower running speeds than iodoacetamide. The concentration of the 

fast running component was higher in E. fetida fetida after 24 hours and 

only became apparent in E. fetida andrei after 48 hours, which suggested  

that the detoxification processes of the latter subspecies were somewhat 

slower.

The earthworm tissue:water partition coefficient was determined in the 

same way as that described earlier for alpha-chlordane. The value of 104 

was higher than that expected from the octan-l-ol: water partition 

coefficient which was 0.6 (Briggs, 1982), but approximated the values 

determined for similar polar and water soluble chemicals (Chiou et al. , 

1977).

Thus, species and subspecies of earthworm differed in susceptibility 

to toxic chemicals. Large earthworms like L. terrestris and A. longa were 

generally less susceptible to such chemicals than smaller earthworms, even 

when behavioural factors were controlled. A. caliginosa was the species 

that was most susceptible to the effects of chemicals, and this sensitivity 

occurred over a narrow range of concentration. Were it not for the ease 

with which E. fetida could be cultured and handled in the laboratory, A.

caliginosa would appear better suited to testing toxicity.
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E. fetida appeared to be generally less susceptible to toxic chemicals 

than the other species of earthworm that were examined, although other 

assesments of the toxicity of chemicals to E. fetida correlated well with 

those made with more sensitive species like L. terrestris (Heimbach, 1985a, 

1985b). Thus, E. fetida is able to indicate adequately the toxicity of 

chemicals to earthworms that live in arable soil.

E. fetida fetida appeared to be less susceptible than E. fetida andrei 

to most of the chemicals that were tested. E, fetida andrei is  therefore 

better suited to testing the toxicity of chemicals to earthworms than E. 

fetida fetida. These differences in the susceptibility to chemicals seen 

between E. fetida andrei and E. fetida fetida may explain why the latter 

subspecies is more tolerant of the putrid conditions that occur within 

compost heaps.
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CHAPTER 9 

GENERAL DISCUSSION

This thesis includes a complete review of the effects of chemicals 

upon earthworms, which supersedes that of other similar works (Davey, 

1963; Edwards and Thompson, 1973; Satchell, 1955a) and extends 

considerably the limited reviews of Blackshaw (1980), Clutterbuck (1973) 

and Dean-Ross (1983). My review is original in its use of an objective 

system for categorising according to toxicity to earthworms chemicals that 

were assessed using a variety of testing methods (Section 1 .5 ).

The chemicals that have the most severe toxicity to earthworms 

include some of the inorganic salts (calcium arsenate, lead arsenate, 

mercuric chloride) and aromatic or organochlorine compounds (chlordane, 

endosulphan, endrin), the organophosphorus insecticides (ethoprophos, 

phorate, turbufos), carbamate insecticides and fungicides (bufencarb, 

carbaryl, carbofuran, benomyl, carbendazim, thiophanate-methyl) together 

with some of the nematicides (chloropicrin, dazomet, formaldehyde). Many 

other organochlorine compounds, fungicides and most herbicides have a low 

toxicity to earthworms. The conclusions drawn from my review agree with 

many of the findings of previous studies (Bauer, 1964; Davey, 1963; 

Dean-Ross, 1983; Edwards and Thompson, 1973; Escritt and Arthur, 1948; 

Gough, 1945; Satchell, 1955a; Thompson and Edwards, 1974).

Species of earthworm differ in their susceptibility to chemicals and 

also in their behaviour. These factors can influence the assessments of 

toxicity that are made using earthworms. Thus, it was important to

choose a species for use in the tests for toxicity that was relatively 

sensitive to chemicals, easy' to culture in the laboratory and free of 

undesirable behavioural characteristics.
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The tests for toxicity that I developed minimised the influence of the 

behaviour of the earthworms upon the assessments of toxicity, by limiting 

the amount of space available to the earthworms. Behavioural differences 

often cause the variation in the susceptibility to chemicals seen between 

species of earthworm in the field. For instance, earthworms that burrow 

deep into the soil such as L. terrestris and A. longa (Edwards and Lofty, 

1977), avoid chemicals that contaminate the surface of the soil, although L. 

terrestris may be exposed to a high concentration of chemicals when 

moving on the soil surface at night in search of food. Other species, 

including A. longa and A. caliginosa aestivate during unfavourable 

conditions and are therefore exposed less to soil pollutants (Edwards and 

Lofty, 1977, 1978; Stringer and Lyons, 1974, 1977).

Differences in susceptibility to chemicals between species of earthworm 

that arise from metabolic or physiological causes cannot always be 

restricted by a toxicity test. I have demonstrated that A. caliginosa is 

particularly sensitive to toxic chemicals and, whilst L, terrestris and A. 

longa are moderately susceptible, E. fetida is the least susceptible of these 

species. These results were obtained using the filter paper contact and 

artificial soil tests , and are supported by the findings of previous studies 

(Davey, 1963; Dean-Ross, 1983; Edwards, 1985; Gilman and Vardanis, 

1974; Haque and Ebing, 1983a; Stenersen, 1979a).

Although A. caliginosa was very sensitive to chemicals and has been 

proposed previously as a species suitable for testing toxicity (Edwards, 

1982; Lofs-Holmin, 1982b), it was less easy to culture under laboratory 

conditions than E. fetida (Tomlin, 1977). In contrast to th is, E. fetida 

breeds rapidly in the laboratory using animal dung as a culture medium 

(Neale and Edwards, 1982). I found that it achieved a body weight that 

was suitable for testing toxicity (0 .4-0 .6  g) within 60 days of hatching 

from the cocoon, a conclusion which was supported by the data of Neale
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(1 9 8 4 ) . W h ils t E . fe t id a  was s l ig h t ly  le s s  s u s c e p t ib le  to  to x ic  chem ica ls  
th a n  o th e r  spe c ie s  o f  e a r th w o rm , i t  w as a b le  to  w ith s ta n d  th e  d iv e rs e  
e n v iro n m e n ta l c o n d it io n s  th a t  w e re  p re s e n t  w i th in  th e  v a r io u s  te s ts  f o r  
t o x ic i t y  w h ic h  I  e v a lu a te d  e x p e r im e n ta lly .  T h is  a b i l i t y  to  to le ra te  
e n v iro n m e n ta l c h ange  was a lso  b e n e f ic ia l i n  th e  assessm en t o f  t o x ic i t y  
u s in g  th e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il te s ts ,  b e cau se  a sm a ll 
f lu c tu a t io n  in  th e  e x p e r im e n ta l c o n d it io n s  u s e d  w i t h in ,  o r  b e tw e e n ,  

la b o ra to r ie s  h a d  l i t t l e  e f fe c t  u p o n  th e  r e s u l t s .  T h e  c o n s is te n c y  o f  th e  
r e s u l t s  t h a t  w e re  o b ta in e d  u s in g  th e  a r t i f i c ia l  s o il te s t  was c le a r ly  d u e  in  
p a r t  to  t h is  to le ra n c e  d is p la y e d  b y  E . f e t id a , w h ic h  was v e r i f ie d  b y  
H e im bach  a n d  E d w a rd s  (1 9 8 3 ) .

T h e  d e c is io n  to  a d o p t E . fe t id a  as th e  te s t  spe c ie s  was ta k e n  in  
c o n s u lta t io n  w ith  an  EEC com m itte e . T h is  c h o ice  o f  spe c ie s  was c r i t ic is e d  
b y  L o fs -H o lm in  (1 9 8 2 b ) , w ho  c o n s id e re d  th a t  E . fe t id a  c o u ld  n o t in d ic a te  
th e  t o x ic i t y  o f  chem ica ls  to  th e  e a r th w o rm s  th a t  l iv e  in  a ra b le  s o i ls ,  
because  i t  was fo u n d  m a in ly  in  com pos t a n d  d u n g  h e a p s . T h is  c r i t ic is m  
was a n sw e re d  w hen  H e im bach  (1985a , 1985b ) d e m o n s tra te d  th a t  a ssessm en ts  
o f  t o x ic i t y  w ith  E . fe t id a  c o r re la te d  c lo s e ly  ( r= 0 .8 1 )  w ith  th o se  o b ta in e d  
u s in g  L .  t e r r e s t r i s . O th e r  t o x ic i t y  te s ts  u s in g  s o il in  th e  la b o ra to r y  h a ve  
sh ow n  th a t  L .  t e r r e s t r i s  a n d  A . c a lig in o s a  re s p o n d  to  chem ica ls  in  a 
s im ila r  m a nne r to  E . fe t id a  (E d w a rd s , 1 9 8 5 ) , a n d  th e  c h o ice  o f  E . fe t id a  as 

th e  te s t  spe c ie s  h a s  b e e n  s u p p o r te d  s u b s e q u e n t ly  b y  s e v e ra l re c e n t  
s tu d ie s  (R e in e c k e  a n d  V e n te r ,  1985; R h e t t  e t a l . , 1985; R o b e r ts  and  
D o ro u g h , 1 984 ).

I  h a v e  a lso  sh ow n  th a t  E . fe t id a  a n d re i is  m ore  s u s c e p t ib le  to  th e  
e f fe c ts  o f  to x ic  chem ica ls  th a n  E . fe t id a  f e t id a , and  i t  is  th e r e fo r e  b e s t to  
use  th e  fo rm e r  s u b s p e c ie s  o f  E . fe t id a  in  te s ts  f o r  t o x ic i t y .  T h is  
c o n c lu s io n  was c o n f irm e d  b y  th e  in i t ia l  e x p e r im e n ts  w h ic h  w e re  done  w ith  
E . fe t id a  u s in g  th e  a r t i f i c ia l  s o il a n d  f i l t e r  p a p e r  c o n ta c t te s ts .  T h e  
r e s u l t s  fro m  th e s e  e x p e r im e n ts  w e re  com pa re d  w ith  th o s e  th a t  w e re
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c o lle c te d  s u b s e q u e n t ly  u s in g  E . fe t id a  a n d r e i , a n d  show ed  c le a r ly  th a t  th e  
r e p r o d u c ib i l i t y  o f  th e  te s ts  was im p ro v e d  c o n s id e ra b ly  b y  c h o o s in g  th is  
s u b s p e c ie s .

E x p e r im e n ts  w i th  th e  f i l t e r  p a p e r  c o n ta c t te s t  in d ic a te d  th a t  th e  
s u s c e p t ib i l i t y  o f  E . fe t id a  to  to x ic  chem ica ls  was r e la te d  in v e r s e ly  to  th e  
b o d y  w e ig h t o f  th e  e a r th w o rm , th u s  s u p p o r t in g  th e  o b s e rv a t io n s  th a t  w e re  
made p re v io u s ly  w ith  a q u a t ic  o rg a n ism s  (W ils o n , 1 9 75 ). L e b ru n  e t a l . 
(1 981 ) r e p o r te d  a s im ila r  re s p o n s e  w i th  L .  t e r r e s t r i s , a lth o u g h  o th e r  
s tu d ie s  w i th  E . fe t id a  h a ve  fa i le d  to  f in d  a re la t io n s h ip  b e tw e e n  th e  b o d y  
w e ig h t o f  e a r th w o rm s  a n d  t h e i r  s u s c e p t ib i l i t y  to  to x ic  s u b s ta n ce s  
(H e im ba ch  a nd  E d w a rd s , 1 9 83 ). I  a lso  d is c o v e re d  th a t  th e  e a r th w o rm s  
becam e m ore  s u s c e p t ib le  to  th e  e f fe c ts  o f  chem ica ls  as th e y  b e g a n  to  
m a tu re  s e x u a lly  a t a b o d y  w e ig h t o f  0 .3  -  0 .4  g . E a r th w o rm s  w i th in  th is  
ra n g e  o f  b o d y  w e ig h ts  re a c te d  le s s  p r e d ic ta b ly  to  chem ica ls  in  th e  t o x ic i t y  

t e s ts ,  a n d  th e  u se  o f  s u c h  e a r th w o rm s  s h o u ld  b e  a v o id e d  i f  p o s s ib le .  
L a rg e  e a r th w o rm s  a re  e a s ie r  to  h a n d le , a n d  E . fe t id a  th a t  w e ig h e d  b e tw e e n  
0 .4  -  0 .6  g  seemed to  b e  th e  m ost s u ita b le  f o r  u se  in  th e  d e ve lo pm en t o f  

th e  t o x ic i t y  te s ts .  F u r th e rm o re ,  E . fe t id a  w ith in  th is  w e ig h t ra n g e  h a ve  
bee n  u s e d  in  s im ila r  te s ts  f o r  t o x ic i t y  (R o b e r ts  a n d  D o ro u g h , 1 9 8 4 ). T h e  
EEC com m itte e  c o o rd in a t in g  th e  d e ve lo p m e n t o f  th e s e  te s ts  s u g g e s te d  
i n i t ia l l y  t h a t  e a r th w o rm s  w ith  a lo w e r  b o d y  w e ig h t s h o u ld  be  u s e d  (0 .3  -  
0 .6  g ) ,  b e cau se  th e s e  c o u ld  b e  c u l tu r e d  m ore  r a p id ly  in  th e  la b o ra to r y  and  
w e re  o f  s im ila r  w e ig h t to  th e  E . fe t id a  u s e d  in  o th e r  s tu d ie s  o f  t o x ic i t y  
(B o u c h e , 1982; B o u c h e , 1984a; H aque  a n d  E b in g , 1983a; H e im ba ch , 1985a,
/
1 9 8 5 b ).

T h e  f i r s t  s ta g e  in  th e  p ro c e s s  th a t  le d  to  th e  d e ve lo pm en t o f  m e thods  
f o r  te s t in g  t o x ic i t y  to  e a r th w o rm s  th a t  w e re  s u ita b le  f o r  g e n e ra l 
e c o to x ic o lo g ic a l a p p lic a t io n s ,  was to  e v a lu a te  th e  e f f ic ie n c y  o f  e x is t in g  
t o x ic i t y  te s ts .  F ie ld  e x p e r im e n ts  h a ve  m any  a d va n ta g e s  w hen  e s t im a t in g  
th e  e f fe c t  o f  c h em ica ls  u p o n  n a tu r a l p o p u la t io n s  o f  s o il o rg a n is m s , b u t  

w ith in  th e  c o n te x t  o f  s ta tu to r y  te s t in g  f o r  t o x ic i t y  to  e a r th w o rm s , th is
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t y p e  o f  te s t  h a d  s e v e ra l u n d e s ira b le  fe a tu re s .  T h e  s o il e n v iro n m e n t can  

f lu c tu a te  a c c o rd in g  to  th e  season a n d  in f lu e n c e  th e  a c t iv i t y  a n d  lo n g e v it y  
o f  ch em ica ls  w i th in  i t ,  as w e ll as th e  b e h a v io u r  a n d  d is t r ib u t io n  o f  th e  
e a r th w o rm s  (E v a n s  a n d  G u ild ,  1947 , 1948; G e ra rd ,  1 9 6 7 ). F ie ld

e x p e r im e n ts  a re  o f te n  c o n d u c te d  o v e r  a lo n g  p e r io d  o f  t im e  a n d  r e q u ir e  a 
la r g e  a re a  o f  la n d .  T h e  s iz e  o f  th e  t r i a l  s ite  is  d ic ta te d  b y  th e  n u m b e r o f  
t r e a tm e n ts  th a t  a re  u s e d , th e  d e g re e  o f  r e p l ic a t io n  a n d  th e  m in im um  s ize  o f  
p lo t  th a t  is  n e c e s s a ry  to  m in im ise  th e  e f fe c t  o f  e a r th w o rm s  m ig ra t in g  fro m  
one p lo t  to  a n o th e r  (E d w a rd s  a n d  B ro w n ,  1 9 82 ). T h u s ,  f ie ld  e x p e r im e n ts  
a re  e x p e n s iv e  to  c o n d u c t a n d  g iv e  r e s u l t s  fro m  w h ic h  i t  is  d i f f i c u l t  to  
p r e d ic t  th e  e f fe c ts  o f  a chem ica l u p o n  a n o th e r  spe c ie s  o f  e a r th w o rm , o r  
u p o n  th e  same spe c ie s  o f  e a r th w o rm  on  a d i f f e r e n t  t y p e  o f  s o i l.  
E x p e r im e n ts  in  th e  f ie ld  a re  m ore  d i f f i c u l t  to  s ta n d a rd is e  th a n  th o se  done  
i n  th e  la b o r a to r y ,  a n d  i l l - c o n c e iv e d  a tte m p ts  to  a ch ie ve  u n ifo rm  c o n d it io n s  
i n  a s e r ie s  o f  f ie ld  t r ia ls  m ay r e s t r i c t  th e  u s e fu ln e s s  o f  s u c h  te s ts  b y  
a llo w in g  th e  u n e x p e c te d  e f fe c ts  o f  a ch em ica l to  pa ss  u n n o t ic e d  (S ta n le y ,  
1 9 8 3 ). O n th e  o th e r  h a n d ,  te s ts  f o r  t o x ic i t y  in  th e  la b o ra to r y  m ay be  
s ta n d a rd is e d  r e a d i ly ,  a lth o u g h  su ch  m e thod s  can  r a r e ly  a c c o u n t f o r  a l l th e  
e n v iro n m e n ta l in f lu e n c e s  th a t  a f fe c t  th e  t o x ic i t y  o f  chem ica ls  in  th e  f ie ld  
(K e n a g a , 1 9 7 5 b ).

T h e  te s ts  f o r  t o x ic i t y  to  e a r th w o rm s  th a t  w e re  s u ita b le  f o r  g e n e ra l 
use  h a d  to  b e  r a p id  a n d  in e x p e n s iv e  to  o p e ra te  w ith o u t  r e q u i r in g  s p e c ia l 
e x p e r t is e .  S u ch  te s ts  a lso  n eeded  to  h a ve  th e  c h a ra c te r is t ic s  o f  a good  
b io a s sa y  a n d  be  s e n s it iv e ,  r e p r o d u c ib le ,  s im p le  to  u se  a n d  g iv e  a re l ia b le  
in d ic a t io n  o f  th e  r e la t iv e  t o x ic i t y  o f  d i f f e r e n t  chem ica ls  to  e a r th w o rm s  in  
th e  f ie ld .  M ost o f  th e s e  q u a l i t ie s  w e re  n o t p re s e n t in  th e  m e thods  u s e d  to  
t e s t  t o x ic i t y  to  e a r th w o rm s  in  th e  f ie ld  d i r e c t ly ,  o r  in  th e  m e thod s  th a t  
u s e d  a s u b le th a l e n d -p o in t  o r  m easu re d  b io a c c u m u la t io n . H o w e v e r , th e s e  
q u a l i t ie s  w e re  fo u n d  w ith  a c u te  L C j.q te s ts  f o r  t o x ic i t y  th a t  h a d  a w e ll 
d e f in e d  e n d -p o in t  a n d  w e re  c o n d u c te d  in  th e  la b o ra to r y .
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I reviewed the methods for testing the acute toxicity of chemicals to 

earthworms that existed before my own work. Many of these methods had 

been adapted from studies of toxicity using insects such as the cockroach, 

housefly and flour beetle. Such techniques included the application of the 

test chemical topically using a paintbrush or microapplicator, by dipping 

the insect in a solution of chemical, and by shooting droplets or spraying 

the chemical onto the insect in a spray tower or aerosol chamber. Insects 

have also been exposed to chemicals deposited on a variety of surfaces, 

mixed with food that was either ingested voluntarily or force fed, or 

dissolved in water in which the insect was immersed. Toxicity tests by 

immersion were considered to be suitable only for arthropods with an 

aquatic stage in their life history (Busvine, 1957).

Several methods for testing toxicity to earthworms possessed serious 

disadvantages. These methods were rejected without being evaluated 

experimentally. The rejected methods included those in which the test 

chemical was applied to the earthworm topically using a paintbrush (Aspock 

and An Der Lan, 1963), microapplicator (Fisher, 1984) or spray, or by 

dipping the earthworm in a solution of the test chemical (Stenersen, 1979a; 

Stringer and Wright, 1973), because chemicals applied topically were 

carried off the surface of the earthworm in a layer of mucus. The 

injection of chemicals into the body of the earthworm (Gilman and 

Vardanis, 1974; Nakatsugawa and Nelsen, 1972; Stenersen et al. , 1973) 

caused direct injury and it was also difficult to place the test chemical 

accurately within the body (Stenersen, 1981). The disadvantage of 

studies that relied upon voluntary feeding (Stringer and Wright, 1973; 

Wright, 1977) lay in the difficulty with which antifeedant effects were 

distinguished from toxic effects. An electrophysiological method was 

developed to measure changes in the velocity with which the giant axons of 

earthworms conducted impulses when exposed to low concentrations of 

pesticides (Drewes and Callahan, 1985; Drewes, Vining and Callahan,
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1984). Unfortunately this method required an elaborate apparatus and in 

common with the foregoing methods for testing toxicity, gave results that 

were hard to relate to the effects of chemicals upon earthworms in the 

field.

The more promising methods for testing toxicity to earthworms were 

evaluated experimentally. Such methods included an immersion test, in 

which the earthworms were placed in a solution of the test chemical, and 

contact tests where the test chemical was applied to a glass or filter paper 

surface over which the earthworms crawled. Other methods used media 

which were treated with chemicals and within which the earthworms could 

move. These media included sand, small glass beads (antibumping 

granules), a natural soil and a paste of fine silica and water supported on 

a matrix of glass balls. Chemicals were also fed forcibly to the 

earthworms.

The concentration-mortality data obtained using these methods for 

testing toxicity to earthworms, and also that collected subsequently from 

all the experiments which gave concentration- or time-mortality results, 

were processed by a computed probit analysis (Finney, 1971). These 

calculations allowed the LC,.q (or LT^q) ,  fiducial limits of the LC,-q (or 

LTgg) and the gradient of the probit line to be determined. The gradient 

of the probit line indicated the range of concentrations of, or periods of 

exposure to, the test chemical within which a proportion of the population 

of the earthworms used in the test responded to that chemical. The 

gradient also provided an indication of the way in which chemicals act. 

These analyses allowed estimates of the toxicity of chemicals to earthworms 

obtained using the tests to be compared, although the techniques for 

testing toxicity to earthworms that appeared to be most suitable for 

further development were selected mainly from practical considerations. 

Suitable methods were required to give a well defined end-point with any 

chemical in a rapid and economical manner, and to be simple to use by
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operators without previous experience of testing toxicity to earthworms.

I found that the immersion test gave a rapid and reproducible 

estimate of toxicity to earthworms, although it was difficult to produce 

stable and long-lived suspensions of many non-water soluble chemicals in 

water without using a formulating agent. This problem was encountered 

previously when similar types of toxicity test were used with insects 

(Busvine, 1957), although other reports that describe immersion tests with 

earthworms do not mention this difficulty (Ghabbour and Imam, 1967; 

Lebrun et al. , 1981; Martin and Wiggans, 1959). Non-water soluble

chemicals can be dispersed in water using formulating agents such as 

Teepol (a detergent), although my results indicated that the toxicity of 

this wetter to earthworms was, in part, additive to that of benomyl. To 

avoid the unpredictable effect that formulation can have upon the toxicity 

of chemicals to earthworms, I used technical or analytical grade chemicals 

in all the experiments and developed another method to disperse chemicals 

that would not dissolve in water. This method was adapted from that of 

McIntosh et al. (1981) and gave a stable dispersion of chemicals in water, 

by using a very small amount of an organic solvent and a detergent which 

had no measurable effect upon the earthworms. Although this method was 

valuable during the experimental evaluation of the efficiency of the toxicity 

tests, it was not included as a part of the tests for toxicity using 

earthworms that were adopted by the EEC.

The test method in which the chemical was applied to a glass surface 

over which the earthworms crawled did not work well. This type of test 

was developed originally to estimate the toxicity of oil-based formulations 

of insecticides to walking insects (Busvine, 1957); however the brittle 

deposits of chemicals which I used became redistributed within the vial by 

the movement of the earthworms. The redistributed test chemicals 

collected in a narrow band at the base of the vial, were less available to 

the earthworms and therefore appeared to have a lower toxicity than was 

indicated by other testing methods.
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Supplementary experiments showed that the uptake of 

hexachlorobenzene by E. fetida was more rapid and complete from a deposit 

on glass than from one on filter paper. However, the benefits of using a 

filter paper surface which could be treated uniformly and easily with test 

chemical to give a deposit that remained stable, outweighed the 

disadvantage that, for certain chemicals, the assessment of toxicity was 

slightly less reproducible than that achieved on a glass surface.

My experiments showed that E. fetida died in media that consisted of 

sand or small glass pellets (antibumping granules), and so the assessment 

of the toxicity of chemicals dispersed on these materials was unreliable. 

Similar observations were reported by Ferriere et al. (1981), who found 

that E. fetida died rapidly in a matrix of glass balls, although further 

studies by this worker indicated that E. fetida would live in gravel for at 

least eleven days.

The pesticide-free sandy clay loam soil that was collected from 

Geescroft Field (Rothamsted Experimental Station), and used in the natural 

soil test also appeared to produce conditions that were unsuitable for E, 

fetida. Individual E. fetida lost weight rapidly during a seven day 

exposure to this natural soil, whilst L. terrestris, A. longa and A. 

caliginosa maintained or increased their body weight. Fayolle (1979) 

supported the opinion that E, fetida could not be used satisfactorily to 

test for toxicity in a natural soil, although other workers (Edwards, 1985; 

Ferriere et al. , 1981) report that E. fetida can be used in this type of 

test by selecting a suitable soil. This incompatibility between E. fetida 

and the natural soil from Geescroft Field caused the chemicals that were 

tested in this medium to appear more toxic than when tested using other 

methods (e .g . the silica paste-glass ball te s t) .

Despite the numerous studies in which toxicity to earthworms has 

been tested in natural soils (Caseley and Eno, 1966; Edwards and Jeffs, 

1974; Edwards, 1985; Martin, 1982; Ruppel and Laughlin, 1977), none
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produced results that could be compared directly with my own, because 

different species of earthworm, periods of exposure or test chemicals were 

used.

The advantage of using a natural soil as the medium for testing  

toxicity to earthworms in the laboratory rests in the ability of such a soil 

to reproduce aspects of the physico-chemical environment that are found in 

the field. Thus, chemicals incorporated into a natural soil should behave 

in a manner similar to that seen in field experiments on the same type of 

soil, and allow the effect upon natural populations of earthworms to be 

predicted accurately. The disadvantage of such tests is that it is  difficult 

to standardise the type of soil that is used (Dean-Ross, 1983).

A test consisting of a fine silica powder mixed with a solution of test 

chemical and supported upon a matrix of 2 cm diameter glass balls 

(Bouche, 1982; Ferriere et al. , 1981) gave sensitive and reproducible 

estimates of toxicity using E. fetida. The medium had an adsorptive

capacity which was similar to that of an arable soil and was tolerated well 

by E. fetida. I concluded that this method had considerable potential for 

testing toxicity to earthworms. Recent studies have shown that this test 

can be been used successfully to estimate the toxicity of chemicals to 

earthworms, as a part of wider studies in ecotoxicology (Bouche, 1984a). 

However, this method had several disadvantages which prevented further 

development within the context of my studies. The test was laborious to 

perform and allowed only a single assessment of mortality, because the 

earthworms were separated from the medium at the end of the test by 

washing the silica through a sieve. In contrast to this, mortality in my 

artificial soil test could be assessed many times, which increased the 

likelihood that the resultant data would be suitable for probit analysis. 

Furthermore, the silica paste tended to acidify due to the accumulation of 

carbon dioxide released by the earthworms. This acidification occurred 

because the silica paste was unbuffered. The artificial soil contained
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enough calcium carbonate to limit this effect and to allow the neutralisation 

of acidic test chemicals in a manner similar to that which occurs in the 

field.

Force feeding earthworms with an agar-agar gel containing the test 

chemical (Stringer and Wright, 1976) was a slow and difficult procedure, 

particularly after I had modified the apparatus for use with E. fetida, 

which is a small species of earthworm. A dilute solution of ethanol was 

used to anaesthetise the earthworms before feeding, but the anaesthetic 

affected the earthworms adversely and thus influenced the assessments of 

toxicity. This method was also unable to test the toxicity of thermolabile 

chemicals, because the agar-agar gel which acted as a vehicle for the test 

chemical was prepared by heating the ingredients to 60°C. This type of 

test has only been used to assess toxicity to earthworms by the authors 

who described it (Stringer and Wright, 1976; Wright, 1977) -  an eloquent 

comment upon its practicality. This supported my decision not to develop 

the method further. However, this technique does offer certain qualities 

not found in the other tests . The forced feeding test gave an assessment 

of mortality based upon an individual dose of chemical, and was the only 

method in which toxicity could be assumed with confidence to arise from 

uptake over the gut alone.

These methods for testing toxicity to earthworms gave results that 

were necessarily expressed in a variety of units of concentration and were 

difficult to compare directly with each other. This difficulty is apparent 

when one attempts to interpret the existing literature that is concerned 

with the toxicity of chemicals to earthworms. I overcame this problem by 

comparing the order in which each test ranked the LC,.q of the test 

chemicals. Those methods which gave a reproducible estimate of toxicity 

after a short period of exposure to the test chemical using a chemically 

inert medium (e .g .  glass contact, filter paper contact, sand, glass 

granules and immersion in water), ranked the LC^'s in a similar manner.
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This ranking was dissimilar to that obtained using the tests of longer 

duration in which adsorptive or chemically reactive materials were used 

(e .g . natural soil, artificial soil, silica paste-glass balls). The latter tests  

were shown subsequently to give estimates of toxicity to earthworms which 

predicted accurately the effects of chemicals upon earthworms in the field. 

The reproducibility of the tests from both groups was similar, which 

indicated that each had been conducted to a uniform and high standard of 

laboratory practice.

Apart from the natural soil and silica paste-glass ball tests , the 

further development of which gave rise to the artificial soil test, the most 

useful method for testing toxicity to earthworms was that in which the 

earthworms were exposed to a deposit of the test compound supported on a 

chemically inert surface. Thus, a contact test for toxicity to earthworms 

was developed using filter paper.

The filter paper contact method consisted of a small glass vial, lined 

internally with a moist filter paper treated with test chemical, containing 

one E. fetida and sealed with an airtight lid. I found that this method 

was capable of testing the toxicity of any chemical to earthworms and gave 

a sensitive and reproducible result rapidly. My decision to develop this 

method further was supported by others who used this type of test for 

toxicity successfully with earthworms (Reinecke and Nash, 1984; Roberts 

and Dorough, 1984) and insects (e .g . Busvine, 1957; Busvine and Nash, 

1953; Yokoyama et al. , 1984).

The filter paper contact test seemed unlikely to be able to predict 

accurately the toxicity of chemicals to earthworms in the field. This 

deficiency was overcome by developing another test that could be used in 

parallel with the filter paper contact test.

The complementary method combined the advantages of the silica 

paste-glass ball test ( i .e . a standardised medium that was acceptable to E. 

fetida) with those of a natural soil test (which could reproduce
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approximately the route of exposure [Fisher, 1984] and conditions found in 

an arable soil). An artificial soil was designed that showed many of the 

characteristics of an arable sandy loam soil (including similar mineral 

components, pH and cation exchange capacity) and contained fine quartz 

sand, kaolinitic clay, peat, calcium carbonate and water. The artificial 

soil supported E. fetida for an extended period of time when held in a 

transparent plastic flask with a non-airtight lid, although a relatively high 

content of organic matter and, therefore, of moisture in the soil was 

necessary to keep E. fetida healthy. The artificial soil test was designed 

to give An estimate of the toxicity of chemicals to earthworms in the field.

The filter paper contact and artificial soil tests were developed in the 

same way, by a process in which aspects of the experimental procedure of 

a prototype method were varied individually. The optimum conditions for 

testing toxicity to earthworms defined by this process were then 

incorporated into the design of the test.

I found that the assessments of the toxicity of chemicals to 

earthworms made using the filter paper contact test were affected by the 

temperature, period of exposure and type of filter paper used (together 

with the amount of moisture held within i t ) , the ventilation and illumination 

of the glass vial and the use of formulating agents. The area of filter 

paper that was used to line vials of various sizes had no effect upon the 

assessment of toxicity, and the number of replicates used at each 

concentration of the test chemical had little influence upon the magnitude 

of an LCgQ, but did affect its reproducibility.

The results obtained using the artificial soil test were affected by the 

temperature and period of exposure of the test, together with the moisture 

and organic matter content of the soil. The toxicity of chemicals was 

unaffected by the pH and clay content of the soil, the amount of soil used 

in each test vessel, and the method by which the test chemicals were 

applied to the soil. The number of replicates affected the reproducibility of
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an kC,-Q, but not its  magnitude. I concluded that the artificial soil test 

gave an estimate of the toxicity of chemicals to earthworms that was 

unaffected by most changes in the environment of the test and subsequent 

studies using this method, conducted by other workers, have supported 

this conclusion (Heimbach and Edwards, 1983).

Before discussing in greater detail those aspects of the experimental 

methods that did influence the assessment of toxicity in these tests , I will 

consider briefly the conditions that had little or no effect upon the

estimation of an LC,.q. In each case, I will consider the condition within 

the filter paper contact test together with the equivalent condition from 

the artificial soil test, in order to draw a comparison between them.

The area of filter paper that lined the glass vial used in the filter 

paper contact test and the quantity of soil held in each test vessel used in 

the artificial soil test did not affect the assessment of toxicity, although a 

large area of filter paper and a large volume of soil were more difficult to 

treat uniformly with the test chemicals than a smaller area or volume. For 

the filter paper contact test I decided to use 75 cm2 of filter paper,

because this held one ml distilled water when saturated to capacity, 

humidifed the air in the vial adequately and fitted the internal side walls 

of a type of vial that was available easily within Europe. The quantity of 

artificial soil used in each test vessel had to be sufficient to allow each of 

the earthworms within the medium to die independently (so that the results 

could be processed by probit analysis [Finney, 1971]). Since the test

chemical could be metabolised within the gut of the earthworm, the

proportion of the total amount of soil within each container that was 

ingested by the earthworms during the period of the test was kept to a 

minimum. The quantity of soil ingested was calculated using the estimates 

of gut load and gut transit time reported by Hartenstein et al. (1981) and 

Morgan (1984). These limitations were overcome by. using 750 g (wet 

weight) of artificial soil in each container. This amount of soil could be
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treated uniformly with test chemical and handled easily, thus minimising 

the cost of conducting the test.

A standardised amount of water, that almost saturated the filter paper 

to capacity, ensured maximal contact between the earthworm and the test 

chemical, and gave a reproducible rate of volatilization of the test chemical 

from the moisture film that surrounded the filter paper (Briggs, 1981; 

Gantz and Slife, 1960). Similarly, the artificial soil was moistened almost 

to field capacity. Standing water was undesirable in both tests because 

this allowed water soluble chemicals to become distributed unevenly within 

the test medium and caused mortality in the controls.

The estimate of an LC,-q of a test chemical became more precise as the 

number of replicates used at each concentration of the chemical increased. 

These estimates became considerably more accurate when ten or more 

replicates (each containing one E, fetida) were used in the filter paper 

contact test, and four or more replicates (each containing ten E. fetida) 

were used in the artificial soil test. These levels of replication seemed to 

represent the minimum that was compatible with obtaining an accurate 

estimate of the LCgg, and since additional replication would make the test 

more expensive to operate, these numbers of replicates were apparently 

optimum.

The toxicity of chemicals to earthworms was found to be correlated 

positively with temperature in the filter paper contact and artificial soil 

tests , and these observations were supported by previous studies (Harris, 

1972a; Hoffman and Lindquist, 1949: Wilson, 1975). This effect can be 

explained in terms of the decreased adsorption of the test chemical onto 

soil particles, increased volatilization from the moisture film surrounding 

these particles and increased activity of the earthworms (leading to greater 

exposure to the test chemical [Busvine, 1957]) which occur at higher 

temperatures. High temperatures can affect the earthworms adversely 

(Kapan et a l . , 1980) and hasten the decomposition of the test chemical,
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whilst low temperatures can also have a detrimental effect upon the 

earthworms and necessitate a long period of exposure in order to obtain a 

reproducible assessment of toxicity. As an effective compromise between 

these considerations, the filter paper contact and artificial soil tests were 

done at 20° ± 2°C. This temperature allowed a reliable end-point to be 

obtained within a convenient and short period of exposure, and was similar 

to the temperature chosen subsequently for testing toxicity to earthworms 

in other studies (Anon., 1981c; Anon., 1983; Haque and Ebing, 1983a; 

Heimbach, 1984).

The period of exposure that was used in the filter paper contact and 

artificial soil tests was correlated positively with the toxicity of chemicals 

to earthworms. The optimum duration for the filter paper contact test was 

48 hours, which minimised the variability of the results, avoided mortality 

in the controls and prevented the test from becoming uneconomic. This 

test duration was somewhat shorter than that recommended for similar 

acute toxicity tests with aquatic organisms (Besch, 1976b), but falls within 

the range of the periods of exposure used frequently to test for toxicity 

to insects, which extends from 24 hours (Morrison, 1950) to 140 hours 

(Parkin, 1951). The artificial soil test proved to have an optimum period 

of exposure of 14 days, because the assessments of toxicity to earthworms 

that were obtained using a test duration of less than 14 days were highly 

variable, and seven day tests with earthworms using soil in the laboratory 

were found to be unreliable (Fayolle, 1979; Martin, 1982). Long periods 

of exposure are undesirable because the tests become expensive to 

conduct, allow the test chemical to decompose and often cause mortality in 

the controls. Such mortality can be avoided in soil for up to 28 days by 

adding food (Anon., 1981c; Haque and Ebing, 1983a; Heimbach, 1984; 

Karnak and Hamelink, 1982), although such foods often consist of 

unstandardised materials such as animal dung which can make artificial 

media less easy to standardise and the results more variable. A 14 day
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period of exposure was chosen, because this avoided the need to provide 

food, minimized the problems that were associated with very short or long 

duration tests , and fitted conveniently into a weekly working schedule.

Other factors that affected the assessment of toxicity using the filter 

paper contact and artificial soil tests included the illumination and 

ventilation of the test vessels. The filter paper contact test appeared to 

give a more sensitive assessment of toxicity when done in darkness, 

because this stimulated the activity of the earthworms and increased the 

contact that they made with the test chemical. This effect has also been 

observed with insects (Busvine, 1957), and as darkness minimized the 

photodecomposition of the test chemical and avoided the need for a 

constant environment cabinet fitted with uniform lighting, an unilluminated 

test was recommended. The artificial soil test performed best when 

illuminated, because the negative phototaxism displayed by E, fetida 

overcame the repellent effect that some test chemicals had upon the 

earthworms.

My results showed that the earthworms were slightly more susceptible 

to the effects of chemicals in ventilated, rather than airtight vials, 

although other workers report that a limited amount of oxygen increased 

the susceptibility of organisms to chemicals (Besch, 1976b; Stenersen, 

1981). E. fetida is known to become less active under adverse conditions, 

and because of this can appear to be more tolerant of them (Satchell and 

Dottie, 1984). Thus the conditions within the airtight vials may limit the 

activity of the earthworms to cause the decrease in susceptibility that I 

observed. By stimulating the activity of the earthworms in an airtight 

vial, results similar to those of Stenersen (1981) may be achieved. 

Results obtained using the filter paper contact test can probably be used 

to predict the effects that chemicals have upon earthworms after a longer 

period of exposure, in a manner similar to that reported for other tests  

for toxicity in which oxygen was restricted (Stephenson, 1984).
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Furthermore, an airtight vial allowed the toxicity to earthworms of volatile 

chemicals to be tested reproducibly. It was not possible to use a sealed 

test vessel for the artificial soil test, because this caused significant 

mortality in the controls. The minimal loss of volatile test chemical that 

possibly occurred through the semi-airtight lid did not seem to affect the 

results.

An experimental variable specific to the filter paper contact test was 

the choice of material from which the filter paper was made. Glass fibre 

and cellulose filter papers gave estimates of toxicity to earthworms which 

appeared to correlate negatively with the capacity of the paper to absorb 

water. The least absorbent paper that was tested (Whatman N o.l) gave 

the most sensitive assessment of toxicity, which was due presumably to the 

increased contact that occurred between the earthworm and the test 

chemical.

Certain aspects of the experimental method using the artificial soil 

similarly had no equivalent in the filter paper contact test. These 

included the characteristics of the soil, such as the pH, the amount of 

organic matter and kaolinitic clay present and the moisture content of the 

soil, as well as the method by which the test chemical was incorporated 

into the soil.

The pH of the soil had very little effect upon the assessment of 

toxicity to earthworms. This was unexpected because previous work had 

shown that pH influenced the adsorptive capacity of soils (Edwards, 1974), 

the ionisation of chemicals within the soil (Bailey and White, 1964), the 

rate at which earthworms accumulated chemicals (Lofs-Holmin, 1981; 

Stringer and Wright, 1976) and the ability of micro-organisms in the soil to 

break down chemicals (Torstensson, 1975). Thus the pH of the artificial 

soil could be selected using criteria other than the effect that it had upon 

the physico-chemical behaviour of the test compound. A soil with a pH of

6.5 ± 0.5 was chosen (with an optimum pH of 6 .8 ), because this was most
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acceptable to E. fetida (Kaplan et al. , 1980) and could be produced by 

using a small amount (1% dry weight) of calcium carbonate. (A large 

amount of calcium carbonate was undesirable, as supplementary experiments 

showed that this compound could react chemically with acidic test 

compounds to give materials that were less toxic to earthworms.) A soil 

within this range of pH resembled that found in many arable soils, and 

limited the effect of extreme acidity or alkalinity upon the toxicity of 

chemicals to earthworms.

My results showed that several test chemicals became less toxic to 

earthworms as the amount of organic matter in the soil was increased. 

This effect has been reported in other studies of toxicity using earthworms 

(Caseley and Eno, 1966), and was probably due to the adsorption of these 

chemicals onto the organic matter (Edwards, 1974; Harris, 1966; Harris, 

1972a; Hassall, 1982). To maximise the sensitivity of the test, I chose the 

minimum amount of organic matter (8% dry weight) that was necessary to 

prevent mortality of E. fetida in the controls during the 14 day period of 

exposure.

The capacity of the soil to retain water was largely a function of the 

amount of organic matter present, and measurements clearly demonstrated 

that this capacity was not affected appreciably by the presence of 

kaolinitic clay. E. fetida lost body weight rapidly through dessication in -  

soils that contained less than 10% water and appeared to grow best in a 

soil that contained more than 40% water. Chemicals that were water soluble 

were less toxic to earthworms in soils that contained a small amount of 

water. This observation was supported by other work showing that many 

chemicals adsorb strongly onto dry soil (Bailey and White, 1964; Harris, 

1964) and become unavailable to earthworms. The toxicity to earthworms 

of the non-water soluble chemicals appeared to be relatively unaffected by 

the amount of moisture in the soil and, therefore, the optimum conditions 

for testing toxicity to earthworms, which maximised the contact
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between the earthworm and the test chemical, seemed to be produced by a 

soil that was almost saturated and contained 48% water. (The maximum 

water holding capacity of the soil was 50%).

The amount of kaolinitic clay (a non-expanding clay) present in the 

soil had little influence upon the assessments of toxicity to earthworms. 

This type of clay was used in the artificial soil because it had a low 

adsorptive capacity (Weber and Weed, 1974). However, clays (of an 

unspecified type) have been reported to reduce the toxicity of chemicals to 

earthworms in other studies using soil (Lofs-Holmin, 1980). The low 

adsorptive capacity of kaolinite was an especially useful property, because 

the organic matter in the soil alone had an adsorptive capacity equal to 

that of many natural arable soils. Montmorillonitic clays are more common 

in European soils than kaolinites (Brown, 1974), but montmorillonites had a 

cation exchange capacity which was sufficiently high (Bailey and White, 

1964; White, 1976) to preclude their use in an artificial soil that contained 

a lot of organic matter. Kaolinitic clay constituted 20% (dry weight) of the 

artificial soil, which reproduced approximately the amount of clay present 

in a natural sandy loam soil (Avery, 1980).

Three methods for applying the test chemical to the artificial soil were 

evaluated. These included the application of a solution of the chemical to 

the soil using a spray or a drench followed by the incorporation of the 

resultant deposit manually, or the incorporation of the chemical into the 

soil manually without using solvents. A suitable method was one capable 

of distributing the test chemical within the soil uniformly in a rapid, 

simple and economical manner. My experiments with these techniques were 

done under rigorous conditions and the results indicated that the method 

of application of the test chemical did not affect the assessment of toxicity 

significantly. However, the use of these methods under less rigorous 

conditions would be likely to show differences between them in the 

reproducibility of the results.
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The method of application of the test chemical to the soil was selected 

using aspects of its performance other than those mentioned above. The 

test chemicals often needed to be dissolved in an organic solvent before 

they were applied to the soil as a spray (Edwards and Jeffs, 1974) or a 

drench (Davis, 1971; Heimbach, 1984). Such solvents are difficult to 

remove from the soil, can increase the amount of chemical adsorbed onto 

the soil (Wiese, 1964) and may interact directly with the test chemical 

(Burrell and Corke, 1980). These difficulties were minimised by using a 

spray generated by a chromatographic atomiser. The spray consisted of a 

small volume of organic solvent that did not penetrate the superficial 

layers of the soil and had, therefore, a limited interaction with it. 

Furthermore, the removal of solvents applied to the soil in this way was 

achieved rapidly and efficiently by placing the treated soil in a gentle 

airflow for five minutes. This technique of application had to be used 

carefully to prevent the loss of test chemical through misapplication or 

spray drift, but it was easy to use and capable of giving reproducible 

results. Chemicals that were drenched into the soil were more likely to be 

affected by the interactions between the organic solvent and the soil than 

were chemicals applied as a spray. Organic solvents drenched into the 

soil were subsequently removed with difficulty, although this type of 

method was used successfully to apply the chemicals to the filter paper in 

the contact test. The incorporation of chemicals into the soil without 

using solvents was laborious, particularly when these chemicals were 

viscous liquids such as technical chlordane. This method had the 

advantage of permitting the application of chemicals for which a suitable 

solvent could not be found, and had been used successfully in previous 

tests for toxicity to earthworms in soil (Anon., 1981c; Haque and Ebing, 

1983a; Heimbach, 1984; Hopkins and Kirk, 1957). The most appropriate 

method for use in the artificial soil test was that in which the chemical was 

applied as a spray, although the option of incorporating the chemical into
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the soil directly was retained for those compounds that would not dissolve 

in suitable solvents. The use of additional chemicals to disperse the test 

materials in water interfered with the assessments of toxicity to earthworms 

that were made using the filter paper contact test. Therefore, the use of 

formulating agents was avoided in the methods of application used in both 

the filter paper contact and the artificial soil tests.

These investigations made it possible to design a methodology for the 

filter paper contact and artificial soil tests which optimised each aspect of 

the experimental procedure.

The optimum method for the filter paper contact test using E. fetida 

consisted of a transparent soda glass vial measuring 8 cm x 3 cm diameter, 

the side walls of which were lined internally with moist Whatman N o.l 

cellulose filter paper. The filter paper was treated by applying the test 

chemical in water or a suitable volatile organic solvent. These organic 

solvents were evaporated using compressed air, and the deposit of the test 

chemical that remained on the filter paper was moistened with one ml 

distilled water. Each vial held one earthworm and a minimum of ten vials 

were used at each concentration of the test chemical. The vials were 

stored in the dark at 20° ± 2°C for 48 hours, after which mortality was 

assessed mechanically by prodding the earthworm with a spatula and 

recording death in the absence of a twitch. This filter paper contact test 

produced sensitive and reproducible estimates of the toxicity of chemicals 

to earthworms quickly and cheaply, and the results that I obtained agreed 

closely with those reported from other studies that used my method 

(Roberts and Dorough, 1984). The filter paper contact test is also finding 

applications in research (Drewes et al. , 1984).

The best methodology for the artificial soil test used a soil which 

consisted of 71% fine quartz sand, 20% kaolinitic clay, 8% finely milled and 

airdried sphagnum peat with 1% calcium carbonate. This soil had a pH of

6.8 and a cation exchange capacity of 162 meq.kg  ̂ at a moisture content
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of 48%. Four replicates were used at each concentration of the test 

chemical and each replicate consisted of ten earthworms held in 750 g (wet 

weight) soil contained in a one litre plastic flask with a ventilated lid. 

The soil was treated with the test chemical by spraying a solution onto the 

soil and incorporating the deposit manually, or by incorporating the 

chemical manually without the use of solvents. The number of earthworms 

that had died was estimated after 14 days and the exposure took place at 

20° ± 2°C in the light. This method is now used extensively to test for 

the toxicity of chemicals to earthworms (Anon., 1983; Edwards, 1985; 

Heimbach, 1984, 1985a, 1985b; Inglesfield, 1984).

Confirmation that my methods for testing toxicity to earthworms were 

suitable for general ecotoxicological purposes came after they had been 

evaluated critically by many independent, collaborating laboratories 

worldwide. Two surveys were done in which the testing protocol, three 

unidentified chemicals and one reference compound were circulated to each 

participant, who was asked to estimate the LC^'s of the chemicals. The 

assessments of toxicity, advice and criticism that were received from the 

participants allowed the methods to be refined into the form that was 

adopted by the EEC to test the toxicity of industrial chemicals to 

earthworms. These improvements to the methods included the use of E. 

fetida andrei rather than E. fetida (E. fetida andrei is usually more 

susceptible to the effects of chemicals than E. fetida fetida) , and that the 

artificial soil should contain less organic matter (decreased from 10% to 8% 

dry weight), less calcium carbonate (decreased from 2% to 1% dry weight), 

a lower pH (decreased from 7 to 6.5 ± 0.5) and a higher moisture content 

(increased from 35% to 48% wet weight). The improved methods, which 

were used in a second survey, gave results that were less varied than 

those obtained during the first study. Furthermore, the reproducibility of 

the results that were produced by the filter paper contact test was better 

than that obtained from either the artificial soil or the silica paste-glass
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ball tests , although both the filter paper contact and artificial soil tests 

proved to be sufficiently accurate to test for toxicity to earthworms 

reliably.

Originally these tests for the toxicity of chemicals to earthworms were 

designed to be used in series with the filter paper contact test used as a 

preliminary screen. During the process of development it became clear 

that the filter paper contact test was unable to indicate all those chemicals 

which were potentially toxic to earthworms and which should be tested  

further with the artificial soil test. This difficulty arose because the filter 

paper contact test gave estimates of the toxicity of chemicals to earthworms 

that were quite dissimilar to those obtained using the artificial soil test. 

Thus, the filter paper contact test was unable to estimate the toxicity of a 

chemical in terms of a 'threshold1 LC,.q which, if  exceeded by the LC5q of 

a test chemical, would indicate that this particular chemical should be 

tested further in the artificial soil test. Furthermore, the concepts of 

'threshold' values and 'safe' concentrations in the assessment of toxicity 

have been found to be unsatisfactory in other studies (Wilson, 1975).

The differences between the assessments of the toxicity of chemicals 

to earthworms obtained from the filter paper contact and artificial soil tests 

arose from the differences that existed between the conditions within each 

test (the media, ventilation of the test vessel and illumination) and the 

period of exposure.

The interaction of the test chemicals with the media used in the tests 

affected the toxicity of those chemicals to earthworms. Such an interaction 

was seen clearly with copper sulphate and trichloroacetic acid, which were 

very toxic to earthworms in the filter paper contact test, but of only low 

toxicity in the artificial soil test. Copper ions can be adsorbed onto the 

soil particles (McLaren et al. , 1981; Stiff, 1971) and become unavailable to 

the earthworms, whilst trichloroacetic acid reacts with alkaline elements in 

the soil, to form products that are less toxic to earthworms than the 

original material.
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The period of exposure can also affect the assessment of the toxicity 

of chemicals to earthworms. This was shown clearly when I tested the 

toxicity of the benzimidazole fungicides to E. fetida. These fungicides act 

slowly upon earthworms (Stringer and Wright, 1976) and were much more 

toxic in the long duration artificial soil test (and the silica paste-glass ball 

test) than in the shorter duration filter paper contact test (and immersion 

te s t ) .

The results from the artificial soil test and the silica paste-glass ball 

test were found to be similar, yet unlike those obtained using the filter 

paper contact test. Subsequent work (Heimbach, 1984, 1985b) has 

supported these observations and shown that the artificial soil and the 

silica paste-glass ball tests give results that correlate highly (r=0.91), but 

that these assessments of toxicity correlate poorly (r=0.55 and 0.48 

respectively) with those obtained using the filter paper contact test. This 

evidence confirmed that the filter paper contact and artificial soil tests 

should be used in parallel to give complementary assessments of toxicity, 

rather than in series.

A test for the toxicity of chemicals to earthworms used in the 

laboratory should give results from which the effect of a chemical upon 

populations of earthworm in the field can be predicted. The effect of a 

chemical in the field can be influenced by the behaviour of the earthworms 

and their ability to reproduce (species living near the surface of the soil 

often reproduce rapidly to compensate for the high mortality they 

experience due to predation [Bouche, 1984al), the season of the year 

(season affects the abundance and activity of earthworms [Edwards and 

Lofty, 1977; Evans and Guild, 1947, 19481) and the physico-chemical 

properties and micro-flora of the soil (chemicals may be adsorbed and 

inactivated on organic matter and clay [Edwards, 19741 , leached or 

evaporated from the soil [Weber, Weed and Sheets, 1972] and decomposed 

by micro-organisms or radiation [Weber and Weed, 1974]). The efficiency
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with which tests for the toxicity of chemicals to earthworms in the 

laboratory predicted toxicity to earthworms in the field was evaluated by 

comparing the results obtained from tests done in the laboratory with those 

from field experiments using the same chemicals.

Two field experiments were set up at Rothamsted and Sittingbourne 

on soils containing 5.1% and 6.9% organic matter. The chemicals had been 

tested for toxicity to earthworms previously in the laboratory and included 

chlordane, carbaryl, thiophanate-methyl, triazophos and pentachlorophenol. 

Each chemical was applied at two rates and the effect of these treatments 

upon the population of earthworms was assessed using the formalin 

expellant method after one and six months post-treatment. Sampling 

methods using baits (Lofs-Holmin, 1979), handsorting or an electric 

current (Edwards and Lofty, 1975) were inadequate for this type of 

experiment. The results were processed using a computed analysis of 

covariance.

The two field experiments showed that the largest number of 

earthworms was collected during the autumn and that L. terrestris was 

active at both of the sampling dates, whilst A. longa and A. caliginosa 

were found infrequently in the untreated plots during late spring. These 

observations were supported by previous studies of earthworm ecology 

(Edwards and Lofty, 1977; Evans and Guild, 1947, 1948; Gerard, 1967).

Occasionally the weights of the earthworms in a plot showed a 

different response to the treatments from that seen for the numbers of 

earthworms. This effect may have been caused by the adult earthworms 

responding to the chemicals in a different way from the juvenile 

earthworms. Juvenile earthworms can be more susceptible than adults to 

certain chemicals in the filter paper contact test, and these results were 

confirmed by other workers (Lebrun et al . , 1981).

The numbers of earthworms in plots that had been treated with large 

doses of toxic chemicals sometimes exceeded those in the untreated plots.
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Several explanations for this anomalous observation exist. Chemicals may 

have a herbicidal effect which increases the amount of rotting vegetation 

available to the earthworms as food, and which compensates for the toxic 

effect of the treatment (Edwards, Lofty and Stafford, 1971). Other 

workers (Edwards and Brown, 1982) have suggested that an increase in 

the number of earthworms could be due to young earthworms that survive 

the application of the treatment as a cocoon hatching subsequently into an 

environment in which they face little competition. Furthermore, 

earthworms may immigrate from the soil which is adjacent to the treated 

area once the toxic chemical has been degraded, and also exploit the 

non-competitive environment that exists (Hoogerkamp et al. , 1983).

Chlordane decreased the number of earthworms severely at both field 

sites and was very toxic to earthworms, which agrees with the conclusions 

of other studies (Doane, 1962; Legg, 1968; Lidgate, 1966). Carbaryl was 

also extremely toxic to earthworms in these experiments, which confirmed 

the observations of Edwards and Thompson (1969), Legg (1968) and 

Thompson (1971). Chlordane and carbaryl are sold commercially as 

vermicides. The action of chlordane was more limited in the soil which 

contained the most organic matter at Sittingbourne. The decrease caused 

by carbaryl in the numbers of earthworms lasted for one month, and such 

a non-persistent action was also reported by Legg (1968). It is unclear 

whether the rapid return of the population of earthworms treated with 

carbaryl to a size that was similar to that of the untreated population was 

due to a rapid immigration of earthworms, or to the recovery of the 

earthworms in the treated area from the paralysis that carbaryl can induce 

at low concentrations in the soil (Fisher, 1984; Stenersen, 1979a). Such 

paralysis could account for these observations in the field, but this 

speculation must be treated with caution. Chlordane continued to kill 

earthworms for six months (confirmed by Legg, 1968), due to the long half 

life of this chemical in the soil (Hassall, 1982).
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My results showed that thiophanate-methyl and triazophos were 

moderately toxic to earthworms in the field, although earthworms were 

almost unaffected by pentachlorophenol. These observations contrast with 

those from other field studies which claim that thiophanate-methyl was very 

toxic to earthworms in the field and the laboratory (King and Dale, 1977; 

Stringer and Lyons, 1974; Stringer and Wright, 1973; Wright and 

Stringer, 1973) and that triazophos (untested in the field) was also very  

toxic to earthworms when tested in soil in the laboratory (Haque and Ebing 

1983a). Studies of the effect of pentachlorophenol upon earthworms in a 

woodland soil (Rombke, 1984) have given results that agree with my own 

and indicate a low toxicity of this chemical to earthworms.

The toxicity of thiophanate-methyl, triazophos and to a lesser extent 

pentachlorophenol to earthworms persisted for six months, although in the 

absence of analyses for pesticide residues in the soil, it is  not possible to 

determine whether this was due to the mortality suffered by the 

earthworms initially, or whether the chemicals persisted for six months in 

the soil.

The experiments at Rothamsted and Sittingbourne showed that A. 

caliginosa was the most susceptible species to the test chemicals and that A 

longa and L. terrestris were less sensitive. Such results agree with those 

reported from other field experiments (Lofs-Holmin, 1982a; Stringer and 

Lyons, 1974, 1977). These species are ranked in an order of

susceptibility to toxic chemicals which is usually the same as that found in 

experiments done in the laboratory by me and other independent workers 

(Edwards, 1985).

Few quantitative comparisons have been made between the assessments 

of the toxicity of chemicals to earthworms made in the laboratory and in 

the field. One way of relating the results from several dissimilar types of 

toxicity test conducted in the laboratory, with assessments of the toxicity 

of chemicals to earthworms made in the field, is by using the order in
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which the LCg^'s of the test chemicals are ranked by the tests in the 

laboratory, and the ratio of these LC^'s to that of chlordane. Chlordane 

was chosen as the reference chemical because it had a toxicity to 

earthworms that was consistent, whether assessed using tests in the 

laboratory or in the field. I did not use chloroacetamide as a reference 

compound although this chemical has been used previously as a standard in 

tests for toxicity to earthworms (Inglesfield, 1984), because this chemical 

decomposes very rapidly in field soils (Heimbach, 1982) and does not 

therefore, have a reproducible effect upon populations of earthworms. 

The assessments of toxicity to earthworms interpreted in this way show 

that the artificial soil, silica paste-glass ball and fine quartz sand tests  

predicted correctly the severe toxicity of chlordane and carbaryl to 

earthworms in the field, and the low toxicity of pentachlorophenol. These 

results therefore confirm my hypothesis, and the subsequent speculation of 

Dean-Ross (1983), Fisher (1984) and Heimbach and Edwards (1983), that a 

test for the toxicity of chemicals to earthworms using an artificial soil was 

the most likely to be capable of predicting accurately the toxicity of 

chemicals to earthworms in the field. The immersion test (in which the 

earthworms were immersed in a solution of test chemical) and the filter 

paper contact test identified correctly the toxicity of most of the test 

chemicals to earthworms in the field, but underestimated the toxicity of 

certain chemicals. These observations were also confirmed by those of 

Dean-Ross (1983), from which it follows that the latter methods have only 

a limited application to general programmes for testing toxicity to 

earthworms. The tests using a natural soil or forced feeding in the 

laboratory gave the poorest prediction of toxicity to earthworms in the 

field. This deficiency of the natural soil test arose from the inability of 

E. fetida to tolerate the sandy clay loam that was used. The forced

feeding test failed to predict accurately the toxicity of chemicals to
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e a r th w o rm s  in  th e  f i e ld , as v e r y  few  spe c ie s  a re  e xp o se d  n a tu r a l ly  to  
chem ica ls  a t th e  s u r fa c e  o f  th e  g u t  a lo n e . T h e  fo rc e d  fe e d in g  te s t  was  
d e s ig n e d  f o r ,  a n d  is  u s e d  m ost a p p ro p r ia te ly  w i th ,  L ,  t e r r e s t r i s  w h ic h  
fe e d s  u p o n  l i t t e r  ( S t r in g e r  a n d  W r ig h t ,  1976) a n d  is  th e r e fo r e  l ik e ly  to  
ta k e  u p  chem ica ls  n a tu r a l ly  fro m  th e  g u t .

T h e se  d a ta  can  be  p re s e n te d  b y  an  a lte r n a t iv e  m e thod  w h ic h  c la r i f ie s  
th e  re la t io n s h ip  b e tw e e n  assessm en ts  o f  th e  t o x ic i t y  o f  c h em ica ls  to  
e a r th w o rm s  made in  th e  la b o ra to r y  a n d  th e  f ie ld .  T h e  L C g ^ s  o f  th e  te s t  
chem ica ls  a n d  th e  r a n k in g  o f  th e  t o x ic i t y  o f  th e se  ch em ica ls  e s tim a te d  
u s in g  la b o ra to r y  te s ts  f o r  t o x ic i t y  (T a b le  9 . 1 ) ,  w e re  c om pa re d  w i th  an  
in d e x  o f  t o x ic i t y  c o n s t ru c te d  fro m  th e  d a ta  f o r  a ll th e  s p e c ie s  o f  e a r th w o rm  
te s te d  u s in g  th e  same chem ica ls  in  th e  f ie ld  (T a b le  9 . 2 ) .

T ho se  chem ica ls  th a t  w e re  v e r y  to x ic  to  e a r th w o rm s  a f t e r  s ix  m on th s  
in  th e  f ie ld  h a d  LC gg ’ s th a t  w e re  e s t im a te d  to  be  le s s  th a n  50 m g .k g  1 b y  
th e  a r t i f i c ia l  s o il a n d  s il ic a  p a s te -g la s s  b a l l  t e s ts .  C a rb a r y l was v e r y  to x ic  
to  e a r th w o rm s  in  th e  f ie ld  a f t e r  one  m on th  a t th e  h ig h e s t  r a te  o f  
a p p l ic a t io n ,  b u t  w o u ld  o n ly  be  in c lu d e d  in  th e  c a te g o ry  th a t  c o n ta in e d  th e  
to x ic  ch em ica ls  b y  a d o p t in g  an  u p p e r  LCgQ f o r  t h is  c a te g o ry  o f  
a p p ro x im a te ly  90 m g .k g ” 1 f o r  th e  a r t i f i c ia l  s o il te s t  o r  120 m g .k g ” 1 f o r  th e  
s il ic a  p a s te -g la s s  b a l l  t e s t .  C hem ica ls  w ith  an  LC ,.q g re a te r  th a n  90 

m g .k g  1 o r  120 m g .k g  1 r e s p e c t iv e ly  in  th e s e  te s ts  c a n , o n  th e  b a s is  o f  
th e se  d a ta , be  assum ed to  h a ve  no  d e t r im e n ta l e f fe c ts  u p o n  e a r th w o rm s  in  
th e  f ie ld .
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T h e  a r t i f i c ia l  s o il te s t  gave  L C 5q’ s f o r  th e  te s t  chem ica ls  th a t  w e re

lo w e r  th a n  th o s e  o b ta in e d  u s in g  th e  s il ic a  p a s te -g la s s  b a l l  t e s t .  T h u s  th e

a r t i f i c ia l  s o il t e s t  p r o v id e d  th e  m ost s e n s it iv e  in d ic a t io n  o f  th e  t o x ic i t y  o f

ch em ica ls  to  e a r th w o rm s , a n d  re d u c e d  th e  r i s k  o f  a to x ic  chem ica l f a l l in g

in to  th e  c a te g o ry  o f  s u b s ta n ce s  c la s s if ie d  as h a rm le s s  to  e a r th w o rm s .

T h e  d a ta  o b ta in e d  w ith  th e  f i l t e r  p a p e r  c o n ta c t te s t  a re  le s s  e a sy  to

in t e r p r e t  in  te rm s  o f  an  in d e x  o f  t o x ic i t y  to  e a r th w o rm s  in  th e  f ie ld .  T h is

te s t  in d ic a te d  t h a t  m ost o f  th e  chem ica ls  s h o w in g  a d e tr im e n ta l e f fe c t  u p o n
_oe a r th w o rm s  in  th e  f ie ld  g ave  L C g ^ ’ s t h a t  w e re  le s s  th a n  25 i ig .c m  . T h e

e x c e p t io n  to  t h is  w as th io p h a n a te -m e th y l w h ic h  g a ve  an  LC ,-q o f  755 
_2

M g . c m  a n d  w a s  m o d e r a t e l y  t o x i c  to n a t u r a l  p o p u l a t i o n s  o f  e a r t h w o r m s .

T h u s ,  i t  w o u ld  seem u n w is e  to  p ro p o s e  th a t  chem ica ls  w ith  an  LC ,.q o f
_2

g re a te r  th a n  25 M g.cm  in  t h is  te s t  w o u ld  b e  h a rm le s s  to  e a r th w o rm s  in  
th e  f ie ld .

W h ils t g u id e l in e s  s u ch  as th e se  can  be  a p p lie d  to  th e  d a ta  th a t  a re  
g e n e ra te d  b y  th e  a r t i f i c ia l  s o il a n d  s il ic a  p a s te -g la s s  b a l l  t e s ts ,  s u c h  an  
in te r p r e ta t io n  o f  th e  assessm en ts  o f  t o x ic i t y  to  e a r th w o rm s  f o r  chem ica ls  
th a t  a re  u s e d  in  th e  f ie ld  a t h ig h  ra te s  o f  a p p lic a t io n  s h o u ld  b e  c o n s id e re d  
w ith  c a u t io n ,  b e cau se  th e  s ta te m e n t o f  P a ra ce lc u s  in  th e  1 6 th  C e n tu r y  th a t  
’i t  is  o n ly  th e  dose  th a t  m akes th e  p o is o n ’ rem a in s  v a l id .

T h e  r a t io  b e tw e e n  th e  L C g ^ 's  f o r  te s t  chem ica ls  e s tim a te d  u s in g  th e  
a r t i f i c ia l  s o il t e s t ,  a n d  th e  m in im um  ( to x ic )  c o n c e n tra t io n  (M T C ) th a t  h as  a 
d e tr im e n ta l e f fe c t  ( > to x ic i t y  in d e x  3 ) u p o n  e a r th w o rm s  a f t e r  one m on th  
p o s t - t r e a tm e n t in  th e  f ie ld  (M T C /L C ^ q ) ,  fa l ls  b e tw e e n  0 .0 3 -0 .8 2  ( i f  th e  
e x tre m e  v a lu e  o f  0 .8 2  [ t h a t  o c c u rs  w h e n  th e se  c a lc u la t io n s  in c lu d e  th e  d a ta  
o b ta in e d  w ith  p e n ta c h lo ro p h e n o l, w h ic h  h a d  v e r y  l i t t l e  e f fe c t  u p o n  
e a r th w o rm s  w hen  a p p lie d  in  th e  f ie ld  a t 75 k g .h a  * ]  is  d is c o u n te d , th e  
r a t io s  f a l l  w i th in  th e  ra n g e  0 .0 2 -0 .1 9 ) .  T h is  e v id e n ce  s u g g e s ts  th a t  th e  
ra n g e  o f  th e  ra te s  o f  a p p lic a t io n  a t w h ic h  chem ica ls  becom e to x ic  to  
e a r th w o rm s  in  th e  f ie ld  can p ro b a b ly  be  p re d ic te d  b y  m u l t ip ly in g  th e  LC ,-q
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o f  t h a t  c h e m ic a l, e s tim a te d  u s in g  th e  a r t i f i c ia l  s o il t e s t ,  b y  0 .0 3  a n d  0 .8 2 .  

T he se  c a lc u la t io n s  rem a in  an  a p p ro x im a t io n  a n d  th e  ra t io s  a re  sm a lle r th a n  
th o s e  o b ta in e d  fro m  p re v io u s  s tu d ie s  w ith  in s e c ts .  T h e  e s tim a te s  o f  an  
ED g0 ( th e  'e f f e c t iv e 1 do se , i . e .  th a t  dose w h ic h  has an  e f fe c t  u p o n  90% o f  
th e  te s t  o rg a n is m s )  made in  th e  la b o ra to r y  u s in g  in s e c ts  w e re  m u lt ip l ie d  b y  
3 (W illia m s , 1973) o r  b y  4 -12  (H a v e r ty  a n d  R o b e r ts o n , 1982) to  o b ta in  th e  
r a te  o f  a p p lic a t io n  r e q u ir e d  f o r  e f fe c t iv e  c o n t r o l o f  th e s e  p e s ts  in  th e  
f ie ld .  T h e  am oun t o f  c hem ica l th a t  was needed  to  c o n t r o l in s e c ts  in  th e  
f ie ld  was h ig h e r  th a n  th a t  r e q u ir e d  in  th e  la b o ra to r y  ( th e  c o n v e rs e  o f  th e  
o b s e rv a t io n s  made u s in g  e a r th w o rm s ) , because  m uch  o f  th e  ch em ica l d id  
n o t re a c h  th e  in s e c t  ( th e  la rv a e  w e re  s h e lte re d  fro m  th e  s p r a y ,  o r  th e  
s p ra y  r a n  o f f  th e  le a f  s u r fa c e )  a n d  th e  d e p o s it was w a shed  o f f  th e  p la n ts  
b y  r a in  o r  decom posed  b y  s u n l ig h t .  H o w e v e r , some chem ica ls  p e r s is t  in  
s o il f o r  a lo n g  t im e  in  a fo rm  th a t  is  a v a ila b le  to  e a r th w o rm s , a n d  th u s  can  
h a v e  an e f fe c t  a t a lo w e r  c o n c e n tra t io n  th a n  th a t  u s e d  in  s h o r t  d u r a t io n  
te s ts  in  th e  la b o r a to r y .

A  m a th em a tica l r e la t io n s h ip  e x is ts  b e tw e e n  th e  t o x ic i t y  r a t io s  ( th e  
r a t io  b e tw e e n  th e  e f fe c t iv e  c o n c e n tra t io n  o f  a te s t  c hem ica l a n d  th a t  o f  a 
s ta n d a rd  c h em ica l) c a lc u la te d  fro m  th e  r e s u l ts  o f  a ssessm en ts  o f  t o x ic i t y  

made in  th e  la b o r a to r y ,  a n d  f o r  th o s e  made in  th e  f ie ld .  T h is  te c h n iq u e  
was u se d  s u c c e s s fu l ly  to  p ro c e s s  th e  e x te n s iv e  t o x ic i t y  d a ta  th a t  w e re  
a v a ila b le  f o r  c e r ta in  in s e c ts  (S u n ,  1950 , 1 9 6 6 ), b u t  c o u ld  n o t b e  a p p lie d  to  
th e  m ore  l im ite d  in fo rm a t io n  a v a ila b le  f o r  e a r th w o rm s .

T h e  m e thod s  o f  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  b y  th e  
f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il te s ts  h a ve  b een  p u b l is h e d  (G o a ts ,  
1983; G oa ts  a n d  E d w a rd s , 1982 , 1983) o r  a re  in  p re s s  (G oa ts  a n d

E d w a rd s , 1 9 8 5 ), a n d  a llow  a s ta n d a rd is e d  d a ta  base  to  be  fo rm e d  fro m  
in d e p e n d e n t s tu d ie s  o f  t o x ic i t y  u s in g  e a r th w o rm s . P r e v io u s ly ,  s u ch

s tu d ie s  h a ve  b ee n  o f  l im ite d  u se  because  th e  d a ta  w e re  c o lle c te d  u s in g  a 
v a r ie t y  o f  in a d e q u a te  m e thod s  f o r  te s t in g  th e  t o x ic i t y  o f  chem ica ls  to
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e a r th w o rm s , a n d  a lso  th e  s ta n d a rd  o f  th e  e x p e r im e n ta l p ro c e d u re s  a n d  th e  

s u b s e q u e n t r e p o r t in g  was p o o r  (L o fs -H o lm in  a nd  B o s tro m , 1 9 8 5 ). T h e

m e thods  w h ic h  I  d e v e lo p e d  h a ve  b een  a d o p te d  in  s l ig h t ly  d i f f e r e n t  fo rm s  
b y  th e  EEC a n d  O E C D , a n d  b o th  th e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il 
te s ts  ( o r  s l ig h t l y  m o d if ie d  v e rs io n s  o f  th e m ) a re  now  u s e d  w id e ly  to  te s t  
f o r  t o x ic i t y  to  e a r th w o rm s  ( A n o n . ,  1981c ; A n o n . ,  1983; E d w a rd s , 1985; 
H aque  a n d  E b in g ,  1983a; H e im ba ch , 1984 , 1985a, 1985b ; I n g le s f ie ld ,  1984; 

R o b e r ts  a n d  D o ro u g h , 1984 ).

A lth o u g h  th e  assessm en t o f  c h ro n ic  t o x ic i t y  to  e a r th w o rm s  was n o t  
w ith in  th e  scope  o f  t h is  th e s is ,  i t  is  p o s s ib le  th a t  th e  r e s u l t s  fro m  te s ts  
f o r  a c u te  t o x ic i t y  w o u ld  b e  com p lem en ted  b y  th e  m easu rem en t o f  c h ro n ic  
t o x ic i t y  a n d  in d ic a te  th e  e f fe c ts  o f  a chem ica l u p o n  e a r th w o rm s  m ore  
c o m p re h e n s iv e ly  ( L o fs -H o lm in ,  1982b ; M a, 1984; W ilso n , 1 9 7 5 ). T h e  
a r t i f i c ia l  s o il is  a v e r y  a d a p ta b le  m ed ium  w h ic h  can  s u p p o r t  E . fe t id a  f o r  a 
c o n s id e ra b le  p e r io d  w ith o u t  c a u s in g  th e  e a r th w o rm s  to  lo se  a lo t  o f  w e ig h t .  
T h e re fo re  th is  te s t in g  m e th od  can  p r o b a b ly  be  m o d if ie d  to  m easu re  th e  
s u b le th a l t o x ic  e f fe c ts  o f  a chem ica l u p o n  e a r th w o rm s , a n d  to  p ro v id e  d a ta  
to  s u p p o r t  th e  in c re a s in g  n u m b e r o f  s tu d ie s  in  w h ic h  e a r th w o rm s  a re  b e in g  
u se d  to  m o n ito r  th e  p o l lu t io n  o f  th e  s o il w i th  p e r s is te n t  ch em ica ls  (E b in g  
e t a l . , 1984; F a n e ll i e t a l . , 1980a, 1980b ; M a rq u e n ie  a n d  S im m e rs , 1985; 
R h e t t  e t a l . , 1 9 8 5 ). T h e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o i l te s ts  m ay  
a lso  h a ve  an im p o r ta n t  ro le  in  id e n t i f y in g  to x ic  s u b s ta n ce s  p re s e n t  in  th e  
s u b s t ra te s  u s e d  to  p ro d u c e  e a r th w o rm s  c o m m e rc ia lly , o r  in  th o s e  m a te r ia ls  
( s u c h  as an im a l w a s te  a n d  sewage c a k e ) th a t  can  be  p ro c e s s e d  b y  
e a r th w o rm s  in to  h o r t ic u l t u r a l  com pos ts  (N e u h a u s e r a n d  E d w a rd s , 1 985 ).

I  u s e d  th e  f i l t e r  p a p e r  c o n ta c t a n d  a r t i f i c ia l  s o il te s ts  as re s e a rc h  
to o ls  to  in v e s t ig a te  i n t e r -  a n d  in t r a - s p e c i f ic  d i f fe re n c e s  in  th e  
s u s c e p t ib i l i t y  o f  e a r th w o rm s  to  to x ic  c h e m ic a ls . I  a lso  made a b r i e f  s tu d y  
o f  a p o p u la t io n  o f  e a r th w o rm s  th a t  seemed to  h a ve  d e v e lo p e d  a n a tu r a l
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re s is ta n c e  to  p e s t ic id e s  a f fe c t in g  c h o lin e s te ra s e  a n d  w i l l  c o n s id e r  t h is  
in v e s t ig a t io n  f i r s t .

I  c o lle c te d  sam p les fro m  a p o p u la t io n  o f  e a r th w o rm s  th a t  l iv e d  in  an  
e x p e r im e n ta l o r c h a rd  a t th e  S h e ll (U K )  R e sea rch  C e n tre  a t S it t in g b o u rn e .  
T h is  o r c h a rd  h a d  been  s p ra y e d  r e g u la r ly  a n d  f r e q u e n t ly  w ith  
o rg a n o p h o s p h o ru s  a n d  ca rb am a te  in s e c t ic id e s  f o r  a t le a s t 15 y e a rs .  
C a rb o x y le s te ra s e s  (w h ic h  show  in c re a s e d  p o lym o rp h ism  in  p o p u la t io n s  o f  
in s e c ts  th a t  a re  r e s is ta n t  to  p e s t ic id e s  w h ic h  in h ib i t  c h o lin e s te ra s e  
[P a s te u r  a n d  S in e g re , 1 9 7 5 ]) w e re  e x t ra c te d  fro m  th e  t is s u e s  o f  

e a r th w o rm s  fo u n d  in  t h is  o r c h a rd  a n d  a t a s ite  u n t r e a te d  b y  p e s t ic id e s  
( th e  m a rg in  o f  P a rk  G ra ss  F ie ld ,  R o th am s te d  E x p e r im e n ta l S ta t io n ) .  T h e se  
enzym es w e re  th e n  s e p a ra te d  u s in g  g e l e le c t ro p h o re s is .  T h e  b a n d in g  
p a t te r n  o f  th e  c a rb o x y le s te ra s e s  fro m  A . lo n g a  c o lle c te d  in  th e  o r c h a rd  
a p p e a re d  to  show  an in c re a s e d  p o lym o rp h ism  w hen  com pa red  w ith  th o se  
e x t r a c te d  fro m  A .  lo n g a  sam p led  a t th e  c o n t r o l s ite .  L .  t e r r e s t r i s  d id  n o t  
show  a n y  in c re a s e d  p o ly m o rp h is m . T h u s  th e  p o p u la t io n  o f  A .  lo n g a  fro m  
th e  s ite  t r e a te d  r e g u la r ly  w ith  p e s t ic id e s  th a t  a f fe c te d  c h o lin e s te ra s e  h a d  
p o s s ib ly  d e ve lo p e d  re s is ta n c e  to  th e se  com pound s .

L . t e r r e s t r i s  is  k n o w n  to  possess  o n ly  one c h o lin e s te ra s e  ( S i lv e r ,  
1 974 ), w h e re a s  E . fe t id a  c o n ta in s  tw o  s u c h  enzym es (S te n e rs e n , 1 980a ). 
S in ce  b o th  o f  th e se  enzym es w o u ld  need  to  b e  in a c t iv a te d  f o r  E . fe t id a  to  
d ie  (S te n e rs e n , 1 9 7 9 c ), th e  p re s e n c e  o f  t h is  a d d it io n a l c h o lin e s te ra s e  
(w h ic h  can  a lso  show  p o ly m o rp h is m ) c o u ld  in c re a s e  th e  p o s s ib i l i t y  th a t  
re s is ta n c e  to  p e s t ic id e s  w ith  an  a n t i- c h o lin e s te ra s e  e f fe c t  m ig h t a r is e  in  
t h is  s p e c ie s . T h u s ,  e a r th w o rm s  th a t  c o n ta in  s u ch  p o ly m o rp h ic  enzym es  
m ay b e  le s s  s u s c e p t ib le  to  chem ica ls  th a n  th o s e  th a t  do  n o t ,  a n d  th e  use  
o f  th e s e  le s s  s u s c e p t ib le  e a r th w o rm s  in  te s ts  f o r  t o x ic i t y  s h o u ld  be  
a v o id e d .

T h e  d if fe re n c e s  in  th e  s u s c e p t ib i l i t y  to  chem ica ls  b e tw e e n  L .  
t e r r e s t r i s , A .  lo n g a , A .  c a lig in o s a  a n d  E . f e t id a , a n d  b e tw e e n  E . fe t id a
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a n d re i a n d  E . fe t id a  fe t id a  w e re  e s t im a te d  u s in g  th e  f i l t e r  p a p e r  c o n ta c t  
a n d  a r t i f i c ia l  s o il t e s ts .  A .  c a lig in o s a  was m ore s u s c e p t ib le  to  chem ica ls  
th a n  e i th e r  L .  t e r r e s t r i s  o r  A .  lo n g a , w h i ls t  E . fe t id a  was th e  le a s t  
s u s c e p t ib le  s p e c ie s . T h is  r a n k in g  o f  s u s c e p t ib i l i t y  was s im ila r  to  th a t  
r e p o r te d  in  o th e r  s tu d ie s  (E d w a rd s , 1985 ; G ilm an a n d  V a rd a n is ,  1974; 
S te n e rs e n , 1979a ). E . fe t id a  fe t id a  was g e n e ra l ly  le s s  s u s c e p t ib le  to  
chem ica ls  th a n  E . fe t id a  a n d r e i . T h is  was th e  f i r s t  t im e  th a t  a d if fe re n c e  
i n  th e  re s p o n se  to  chem ica ls  h a d  b een  seen b e tw e e n  tw o  s u b sp e c ie s  o f  
e a r th w o rm  (a lth o u g h  re c e n t w o rk  h as  s u g g e s te d  th a t  th e s e  s u b s p e c ie s  o f  
E . fe t id a  m ay be  a s e p a ra te  sp e c ie s  [J a e n ik e ,  1982; 0 ie n  a n d  S te n e rs e n ,

1 9 8 4 ] ) ,  a n d  s u p p o r te d  th e  d e c is io n  to  u se  E . fe t id a  a n d re i i n  th e  te s ts  f o r  
th e  t o x ic i t y  o f  chem ica ls  to  e a r th w o rm s  t h a t  w e re  in te n d e d  f o r  g e n e ra l u s e .  
T he se  o b s e rv a t io n s  m ay h e lp  to  e x p la in  w h y  E . fe t id a  fe t id a  is  fo u n d  in  

th e  w e t a n d  p u t r id  la y e rs  w i th in  a com pos t heap  a n d  is  a p p a re n t ly  m ore  
ab le  th a n  E . fe t id a  a n d re i to  to le ra te  c o n d it io n s  th a t  a re  a n a e ro b ic  a nd  
w a te r lo g g e d  (E d w a rd s  a n d  N ea le , 1 983 ).

F u r t h e r  s tu d ie s  o f  th e  d if fe re n c e s  in  s u s c e p t ib i l i t y  to  chem ica ls  
b e tw e e n  E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  w e re  made u s in g

c h ro m a to g ra p h ic  a n d  r a d io la b e l l in g  te c h n iq u e s . T h e se  e x p e r im e n ts  
in v e s t ig a te d  th e  u p ta k e ,  re le a se  a n d  m e tabo lism  o f  c h lo rd a n e  a nd  
io d o a c e ta m id e .

T h e  t is s u e s  o f  E . fe t id a  a n d re i a n d  E . fe t id a  fe t id a  w e re  e x t r a c te d  
u s in g  o rg a n ic  s o lv e n ts ,  a n d  th e  q u a n t i t y  a n d  ty p e  o f  l ip id  p re s e n t  was  
a n a ly s e d  b y  g a s - l iq u id  c h ro m a to g ra p h y . S l ig h t  d if fe re n c e s  w e re  seen  
b e tw e e n  th e  l ip id s  th a t  w e re  p re s e n t  in  th e  t is s u e s  ta k e n  fro m  e a r th w o rm s  
o f  each  s u b s p e c ie s , a lth o u g h  th e s e  d if fe re n c e s  w e re  v e r y  sm a ll a n d  
u n l ik e ly  to  h a ve  in f lu e n c e d  th e  c a p a c ity  o f  th e  e a r th w o rm s  to  a ccum u la te  
chem ica ls  fro m  aqueous  s o lu t io n  ( B r ig g s ,  1 9 82 ).

G a s - l iq u id  c h ro m a to g ra p h y  was u s e d  to  m easu re  th e  am oun t o f  
a lp h a -c h lo rd a n e  th a t  was a c c u m u la te d  fro m  aqueous  s o lu t io n  b y  e a r th w o rm s
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o f  b o th  s u b sp e c ie s  o f  E . f e t id a . E . fe t id a  fe t id a  a c c um u la te d

a lp h a -c h lo rd a n e  m ore  q u ic k ly  th a n  E . fe t id a  a n d r e i , a lth o u g h  th e  
c o n c e n tra t io n s  o f  a lp h a -c h lo rd a n e  a c h ie v e d  w i th in  th e  t is s u e s  o f  e a r th w o rm s  

o f  each  s u b sp e c ie s  w e re  s im ila r .  A  n e g l ig ib le  am oun t o f  a lp h a -c h lo rd a n e  
a c cu m u la te d  p r e v io u s ly  b y  e a r th w o rm s  o f  e i th e r  s u b sp e c ie s  was re le a s e d  
b a c k  in to  aqueous  s o lu t io n .  T he se  o b s e rv a t io n s  w e re  c o n f irm e d  b y

s u b s e q u e n t e x p e r im e n ts  u s in g  ra d io la b e lle d  a lp h a -c h lo rd a n e , w h ic h  c o u ld  
be  m easu red  a t a lo w e r  c o n c e n tra t io n  th a n  th e  u n la b e lle d  c h lo rd a n e  
d e te c te d  u s in g  g a s - l iq u id  c h ro m a to g ra p h y .

A  sm a ll am oun t o f  a lp h a -c h lo rd a n e  was p ro b a b ly  m e ta b o lise d  b y  E . 
fe t id a  to  o x y c h lo rd a n e  a n d  c h lo rd a n e  c h lo r o h y d r in . T h e se  p ro d u c ts  h a ve  
b e e n  id e n t i f ie d  in  s im ila r  e x p e r im e n ts  u s in g  L .  t e r r e s t r i s  (C h io  a nd  
S a n b o rn , 1976) a n d  i t  w o u ld  th e re fo re  seem l ik e ly  th a t  th e  p ro c e s se s  o f  
d e to x i f ic a t io n  o f  a lp h a -c h lo rd a n e  in  E . fe t id a  a n d  L .  t e r r e s t r i s  a re  s im ila r .

I n  c o n t ra s t  to  th e  r e s u l ts  th a t  w e re  o b ta in e d  u s in g  a l ip o p h i l ic  
com pound  su ch  as a lp h a -c h lo rd a n e , th e  h y d r o p h i l ic  chem ica l io d oa ce tam id e  
was a c cum u la te d  p o o r ly  fro m  aqueou s  s o lu t io n  b y  b o th  E . fe t id a  a n d re i and  
E . fe t id a  f e t id a . R a d io la b e lle d  io doa ce tam id e  was m e ta b o lis e d  r a p id ly  b y  

e a r th w o rm s  o f  b o th  s u b sp e c ie s  o f  E . fe t id a  to  g iv e  p ro d u c ts  th a t  c o u ld  n o t  
be  id e n t i f ie d .  T h is  p ro c e s s  a p p e a re d  to  be  m ore r a p id  a n d  com p le te  in  E .  
fe t id a  fe t id a  a nd  s u g g e s te d  th a t  th is  s u b sp e c ie s  p ro b a b ly  p o sse ssed  a m ore  
e f f ic ie n t  m e tabo lism  f o r  d e to x i f y in g  s u ch  c h em ica ls .

T h e  e a r th w o rm s  a c cu m u la te d  a lp h a -c h lo rd a n e  (a  l ip o p h i l ic  c om pound )  
to  a m uch  h ig h e r  c o n c e n tra t io n  th a n  io doa ce tam ide  (a  h y d r o p h i l ic  
c o m p o u n d ) , a n d  th e  e a r th w o rm  t is s u e :  w a te r  p a r t i t io n  c o e f f ic ie n t  f o r  
a lp h a -c h lo rd a n e  was 3850 , com pa red  w ith  104 fo r  io d o a ce ta m id e . T he se  
v a lu e s  w e re  s im ila r  to  th e  o c ta n - l - o l :  w a te r  p a r t i t io n  c o e f f ic ie n ts  for 
a lp h a -c h lo rd a n e  a n d  io d o a ce tam id e . S u ch  re s u l ts  s u p p o r t  th e  c o n c lu s io n s  
d ra w n  fro m  p re v io u s  s tu d ie s  w ith  L .  t e r r e s t r i s  a n d  A .  lo n g a  ( B r ig g s  a nd

L o r d ,  1983; L o rd  e t__a l . , 1 9 8 0 ), t h a t  th e  o c ta n - l - o l :w a te r  p a r t i t io n
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coefficient of a chemical (together with the soil organic matter:water 

partition coefficient) can be used to predict the equilibrium concentration 

for that chemical in the tissues of earthworms in the soil.

Some E. fetida fetida died in the aqueous solutions used in these 

experiments which contained a low concentration of alpha-chlordane. As 

these earthworms began to die, alpha-chlordane was seen to move rapidly 

across the body wall in a direction that was dictated by the prevailing 

concentration gradient for that chemical. The concentration of

alpha-chlordane within the earthworms would therefore seem to be 

regulated by an active process. Whilst active transport mechanisms exist 

for substances such as Na+, Cl , amino acids, sugars and fatty acids 

(Prusch and Otter, 1977; Richards and Arme, 1982), the movement of 

alpha-chlordane is more likely to be a function of an association of this 

chemical with the lipids present in the coelomic fluid (these lipids occur in 

aqueous suspension and as a component of the membranes of cells that 

float freely in the fluid). When the earthworms died and lost the ability 

to regulate the movement of coelomic fluid, alpha-chlordane was 

redistributed rapidly between the tissues of the earthworm and the 

external medium.
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APPENDIX 1

THE EFFECTS OF PESTICIDES AND INDUSTRIAL CHEMICALS UPON 
EARTHWORMS: A REVIEW OF THE LITERATURE

Key: -  Detrimental effect upon earthworms. 
0 No effect upon earthworms.
+ Encouragement of earthworms.
* Data represent an LC^q or an LD,.q. 
— Data not available

Notes

(1) Rates of application in the field that were quoted originally in 
non-metric units were, where possible, converted to kg.ha ^

(2) The concentrations of the test chemicals used in the laboratory tests 
were, where possible, converted to mg.kg * by assuming that a rate 
of application in the field of 2 kg.ha * was equivalent to a 
concentration in the soil of 1 mg.kg  ̂ (Dean-Ross, 1983; Thompson 
and Troeh, 1973). Other units of concentration are specified 
separately as they occur.
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Chemical Application rate Concentration tested Period of Effect upon individual Exposure conditions Reference
tested in th^ field in the laboratory Exposure earthworms or popula- and end-point used,

kg.ha mg.kg tions of earthworms if not mortality.
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Chemical Application rate Concentration tested Period of Effect upon individual Exposure conditions Reference
tested in th^ field in the laboratory Exposure earthworms or popula- and end~point used,

k9 *ha mg.kg tions of earthworms if not mortality.
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A P P E N D IX  2

TH E  U P TA K E  B Y  EARTHW ORMS OF H EXA C H LO R O B EN ZEN E  FROM D EPO S ITS

ON GLASS AN D  F IL T E R  PAPER

A 2 .1 .  In t r o d u c t io n

C e llu lo se  f i l t e r  p a p e r  was n o n -a d s o rp t iv e  b u t  p o sse ssed  a b s o rb e n t  
q u a l i t ie s  w h ic h  c o u ld  a f fe c t  th e  am oun t o f  te s t  c h em ica l th a t  was in  c o n ta c t  
w ith  th e  e a r th w o rm . T o  in v e s t ig a te  th is  p henom enon , th e  u p ta k e  o f  
h e x a c h lo ro b e n z e n e  in to  e a r th w o rm s  fro m  d e p o s its  on  g la ss  a nd  f i l t e r  p a p e r  
was s tu d ie d .  H e xa ch lo ro b e n ze n e  is  a l ip o p h i l ic  com pound  a nd  is  p r a c t ic a l ly  
in s o lu b le  in  w a te r .

A 2 .2 .  M a te r ia ls  a n d  m e thods

A 2 .2 .1 .  C o n d it io n s  u n d e r  w h ic h  th e  e a r th w o rm s  w e re  e xp o se d  to  
h e x a c h lo ro b e n z e n e

T he  g la ss  c o n ta c t te s t  (S e c t io n  2 .2 .4 )  and  f i l t e r  p a p e r  c o n ta c t te s t

(S e c t io n  3 .2 .3 )  w e re  u se d  in  t h is  s tu d y ,  and  a l l  th e  re a g e n ts  w e re  o f

a n a ly t ic a l g ra d e . One m l o f  a 0 .1  g . l i t r e  ^ s o lu t io n  o f  h e x a c h lo ro b e n z e n e

in  n -h e x a n e  was p ip e t te d  in to  8 cm x  3 cm d ia m e te r  g la s s  v ia ls .  One

s e r ie s  o f  v ia ls  h a d  th e  end  a n d  s id e  w a lls  l in e d  w ith  W hatm an N o . 1

c e llu lo s e  f i l t e r  p a p e r ,  w h ils t  th e  o th e r  s e r ie s  w e re  u n l in e d .  T h e  s o lu t io n

was s w ir le d  to  g iv e  a u n ifo rm  d e p o s it a n d  th e  s o lv e n t e v a p o ra te d  g e n t ly

w ith  com p re ssed  a i r ,  t a k in g  c a re  n o t to  v o la t i l is e  th e  h e x a c h lo ro b e n z e n e
-5w h ic h  h a d  a h ig h  v a p o u r  p re s s u re  (a p p ro x im a te ly  1 .1 x1 0  mm H g  a t 2 0 °C ) .  

T h e  a re a  o f  s u r fa c e  th a t  was t r e a te d  was 82 .5  cm 2 a n d  h e ld  100 | ig  
h e x a c h lo ro b e n z e n e . T h e  v ia ls  th a t  w e re  l in e d  w ith  f i l t e r  p a p e r  w e re  

m o is te n e d  b y  a d d in g  1 m l d is t i l le d  w a te r ,  w h ils t  th e  u n l in e d  v ia ls  w e re

h u m id if ie d  b y  a p lu g  o f  dam p c o t to n  woo l h e ld  in  th e  c a p . T h e  caps  o f

b o th  s e r ie s  o f  v ia ls  w e re  a i r t i g h t .  Each  v ia l  c o n ta in e d  one e a r th w o rm
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( s e x u a l ly  m a tu re  E . fe t id a  a n d r e i , c u l tu r e d  in  cow m anu re  a nd  w e ig h in g  

0 .4  ± 0 .0 1  g )  a n d  was s to re d  on  i t s  s id e  f o r  a m axim um  o f  6 d a y s  a t 16°C  
in  th e  d a r k .  T h e  am oun t o f  h e xa c h lo ro b e n z e n e  re m a in in g  as a s u r fa c e  
d e p o s it o r  a c c u m u la te d  b y  th e  e a r th w o rm s , was e s tim a te d  b y  e x t r a c t in g  th e  
c o n te n ts  o f  one v ia l  o f  each ty p e  a t r e g u la r  in te r v a ls .

A 2 .2 .2 .  E x t r a c t io n  o f  h e x a c h lo ro b e n z e n e  fro m  th e  s u r fa c e  d e p o s its

A f t e r  re m o v in g  th e  e a r th w o rm  fro m  th e  v ia l ,  5 m l o f  n -h e x a n e  was  
added  to  each  v ia l  a n d  s v / ir le d  f o r  30 s e co n d s . T h e  aqueous  a n d  o rg a n ic  
phases  s e p a ra te d , w h e re a f te r  a l iq u o ts  o f  th e  la t t e r  pha se  w e re  a n a ly s e d  b y  

g a s - l iq u id  c h ro m a to g ra p h y .

A 2 .2 .3 .  E x t r a c t io n  o f  h e x a c h lo ro b e n z e n e  fro m  th e  e a r th w o rm s

H e xa ch lo ro b e n ze n e  was e x t r a c te d  fro m  th e  e a r th w o rm s  u s in g  th e  

m e thod  o f  E d w a rd s  a n d  J e f fs  (1 9 7 4 ) . T h e  e a r th w o rm s  w e re  g ro u n d  w ith  
a n h y d ro u s  sod ium  s u lp h a te  (1 :4  l iv e  w e ig h t : N a g S O ^ ), m ixe d  w ith  100 m l 
a c e to n e :n -h e x a n e  ( 1 :1 )  a n d  s h a ke n  f o r  2 h o u r s .  T h is  m ix tu re  was f i l t e r e d  

t h r o u g h  W hatm an N o . l  f i l t e r  p a p e r  in  a B u c h n e r  fu n n e l ,  a nd  s h a ke n  f o r  a 
f u r t h e r  30 seconds  w ith  100m l o f  2% aqueous  NagSO^ s o lu t io n  in  a 
s e p a ra t in g  fu n n e l .  T h e  o rg a n ic  pha se  was c o lle c te d  and  s to re d  in  an  
a i r t ig h t  f la s k  c o n ta in in g  1 g  a n h y d ro u s  NagSO^ a t 4 °C  p r io r  to  a n a ly s is  b y  

g a s - l iq u id  c h ro m a to g ra p h y .

A 2 .2 .4 .  G a s - liq u id  c h ro m a to g ra p h y

T h e  a n a ly s is  was c o n d u c te d  u s in g  a Pye s e r ie s  104 gas c h ro m a to g ra p h  
f i t t e d  w ith  an  e le c t ro n  c a p tu re  d e te c to r .  T h e  co lum n  c o n ta in e d  5% SE30 
C h rom o so rb  W, f lu s h e d  w ith  4 .5  l i t r e s .m in  *  n i t r o g e n ,  w h ils t  th e  o ve n  and  

d e te c to r  te m p e ra tu re s  w e re  160° a nd  300°C  re s p e c t iv e ly .



4 2 5

A 2 .3 .  R e s u lts

T h e  am oun t o f  h e x a c h lo ro b e n z e n e  in  th e  s u r fa c e  d e p o s it a n d  in  th e  
t is s u e  o f  th e  e a r th w o rm s  was d e te rm in e d  d u r in g  a 6 d a y  p e r io d  o f  
e x p o s u re  (T a b le  A 2 .1 ,  F ig u re  A 2 .1 ) .  T h e  to ta l  am oun t o f

h e x a c h lo ro b e n z e n e  th a t  was re c o v e re d  a f t e r  6 d a y s  fro m  th e  f i l t e r  p a p e r

a n d  g la s s  s u r fa c e s  was 32 .8  a n d  5 8 .4  j ig  h e x a c h lo ro b e n z e n e  r e s p e c t iv e ly ,  
fo l lo w in g  an  a p p lic a t io n  o f  100 p g . v ia l  T h e  c o n c e n tra t io n  o f

h e x a c h lo ro b e n z e n e  in  th e  s u r fa c e  d e p o s it d e c re a sed  w ith  t im e  w h i ls t  th a t  in  
th e  e a r th w o rm s  in c re a s e d . T h e  am oun t t h a t  was p re s e n t in  th e  d e p o s it o n  
th e  f i l t e r  p a p e r  s u r fa c e  a f t e r  6 d a y s  was s l ig h t ly  s m a lle r , a n d  show ed  m ore  
v a r ia b i l i t y  b e tw e e n  r e p l ic a te s ,  th a n  th a t  c o lle c te d  fro m  th e  u n l in e d  v ia ls ,  
a lth o u g h  th e  r a te  a t w h ic h  h e x a c h lo ro b e n z e n e  was lo s t  fro m  each  ty p e  o f  
s u r fa c e  d e p o s it  was s im ila r .  T h e  e a r th w o rm s  a c cum u la te d  28 .1  a n d  51 .9  p g

h e x a c h lo ro b e n z e n e . w o rm  *  (e q u iv a le n t  to  70 .25  a n d  129 .75  p g

h e x a c h lo ro b e n z e n e .g  *  w o rm ) fro m  th e  l in e d  a n d  u n l in e d  v ia ls  a f t e r  6 d a y s  
r e s p e c t iv e ly .  T h e  r a te  o f  a c c u m u la t io n  o f  h e x a c h lo ro b e n z e n e  b y  
e a r th w o rm s  was s im ila r  fro m  each  ty p e  o f  s u r fa c e  a n d  was p a r t ic u la r ly  

r a p id  d u r in g  th e  in i t ia l  24 h o u r s .

A 2 .4 .  D is c u s s io n

H e xa ch lo ro b e n ze n e  m ay h a ve  e v a p o ra te d  d u r in g  th e  p ro c e s s  o f  
a p p lic a t io n  o r  d u r in g  th e  6 d a y  p e r io d  o f  e x p o s u re , r e s u l t in g  in  th e  sm a ll 
am oun t th a t  was c o lle c te d  a t th e  e n d  o f  th e  e x p e r im e n t.  T h e  am oun t o f  
h e x a c h lo ro b e n z e n e  th a t  was p re s e n t i n i t ia l l y  in  th e  v ia ls  was n o t a ssessed  
a n d  i t  was th e re fo re  d i f f i c u l t  to  re la te  th e s e  r e s u lts  to  th o s e  o f  p re v io u s  
w o rk .  T h e  e q u i l ib r iu m  c o n c e n tra t io n  o f  h e x a c h lo ro b e n z e n e  was n o t re a ch e d  
i n  th e  e a r th w o rm s  a f t e r  6 d a y s , a lth o u g h  th is  was u n l ik e ly  to  b e  due  to  

th e  m e tabo lism  o f  h e x a c h lo ro b e n z e n e , as s lu g s  w e re  r e p o r te d  to  c o n ta in  
99.6% u n c h a n g e d  h e x a c h lo ro b e n z e n e  a f t e r  10 d a y s  h a d  e la p se d  fo l lo w in g  
e x p o s u re  to  t h is  ch em ica l (H a q u e  a nd  E b in g ,  1 9 83b ).
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T a b le  A 2 .1

T h e  u p ta k e  b y  e a r th w o rm s  o f  h e x a c h lo ro b e n z e n e  (H C B ) fro m  d e p o s its  on  
a g la s s  a nd  a f i l t e r  p a p e r  s u r fa c e

E x p o s u re
p e r io d
(d a y s )

0 .5 1 2 3 4 6

G lass

A m o u n t o f  HCB in  
th e  d e p o s it  
j ig .  v ia l  1

39 .8 28 .1 24 .7 19 .3 12 .7 6 .5

s u r f a c e ( l )
A m o u n t o f  HCB  
in  th e  e a r th w o rm  
U g .w o rm

18 .7 30 .7 28 .3 37 .8 45 .9 51 .9

F i l t e r  p a p e r

A m o u n t o f  HCB in  
th e  d e p o s it  
j i g . v ia l  1

25 .3 26 .3 31 .1 14 .3 16 .5 4 .7

s u r f a c e ( l )
A m o u n t o f  HCB  
in  th e  e a r th w o rm 1 .2 9 .7 11 .3 18 .9 20 .1 28 .1
U g .w o rm

(1 )  D a ta  a re  th e  mean v a lu e s  o f  tw o  re p lic a te s  a n d  show  th e  am oun t o f  
HC B e x t r a c te d  fro m  th e  e a r th w o rm s  a n d  th e  v ia ls .
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F ig u r e  A 2 .1

Uptake of Hexachlorobenzene by E. fetida from deposits on filter paper

and glass surfaces

---------  Extract of earthworm

--------- Extract of deposit

x Filter paper

o Glass
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A s s u m in g  th a t  s lu g s  a n d  e a r th w o rm s  ta k e  u p  s u ch  chem ica ls  e q u a lly  
( L o r d  e t a l . , 1 9 8 0 ), th e  r e s u l t s  o f  t h is  s tu d y  s u g g e s t th a t

h e x a c h lo ro b e n z e n e  was a c cum u la te d  m ore  e f f ic ie n t ly  fro m  th e  d e p o s its  u p o n  
f i l t e r  p a p e r  a n d  g la s s , th a n  fro m  s o i l .  T h is  c o n c lu s io n  fo llo w s  fro m  th e  
o b s e rv a t io n  t h a t  s lu g s  e x p o se d  to  a s o il th a t  c o n ta in e d  1 m g .k g ” 1 
h e x a c h lo ro b e n z e n e  a ch ie ve d  an e q u i l ib r iu m  a f t e r  18 d a y s  w ith  a t is s u e  
c o n c e n tra t io n  o f  1 .4  u g .g ” 1 l iv e  w e ig h t (H aque  a nd  E b in g , 1 9 8 3 b ) . T h is  
c o n c e n tra t io n  was m uch  lo w e r  th a n  th a t  fo u n d  in  E . fe t id a  d u r in g  th e  
p re s e n t  s tu d y .

T h u s  th e  u p ta k e  o f  ch em ica ls  fro m  a g la s s  s u r fa c e  seems to  b e  m ore  
e f f ic ie n t  a n d  p re d ic ta b le  th a n  fro m  a f i l t e r  p a p e r  s u r fa c e , and  
h e x a c h lo ro b e n z e n e  was a c c u m u la te d  m ost r a p id ly  d u r in g  th e  in i t ia l  24 
h o u r s .  T h e  d e s ig n  o f  c o n ta c t m e thod s  f o r  te s t in g  th e  t o x ic i t y  o f  c h em ica ls  
to  e a r th w o rm s  s h o u ld  e n s u re  th a t  th e  p e r io d  o f  e x p o s u re  is  g r e a te r  th a n  
24 h o u rs  a n d  th a t  h ig h ly  a b s o rb e n t s u r fa c e s  a re  n o t u s e d  to  s u p p o r t  th e  
d e p o s it  o f  th e  te s t  ch em ica l.
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A P P E N D IX  3

TH E  T O X IC IT Y  OF T R IC H L O R O A C E T IC  A C ID  TO  EARTHW ORMS  

A 3 .1 .  I n t r o d u c t io n

T r ic h lo r o a c e t ic  a c id  is  a s t r o n g  a c id  (p K a  0 .7 )  a n d  was fo u n d  to  be  
h ig h ly  to x ic  to  e a r th w o rm s  in  th e  f i l t e r  p a p e r  c o n ta c t t e s t ,  b u t  m uch  le ss  
to x ic  w h en  te s te d  in  a la b o ra to r y  s o i l .  T o  a s c e r ta in  w h e th e r  
t r ic h lo r o a c e t ic  a c id  re a c te d  w ith  a lk a lin e  m a te r ia l in  th e  s o il to  g iv e  a 
p ro d u c t  th a t  was le s s  to x ic  to  e a r th w o rm s , th e  t o x ic i t y  o f  t r ic h lo r o a c e t ic  
a c id , n e u t ra l is e d  t r ic h lo r o a c e t ic  a c id ,  sod ium  c h lo ro a c e ta te  a n d  h y d ro c h lo r ic  
a c id  to  E . fe t id a  a n d re i was assessed  u s in g  th e  f i l t e r  p a p e r  c o n ta c t te s t .

A 3 .2 .  M a te r ia ls  a n d  m e thods

T h e  f i l t e r  p a p e r  c o n ta c t te s t  (S e c t io n  3 .2 .3 )  was u s e d  to  te s t  th e  

t o x ic i t y  o f  th e  fo l lo w in g  a n a ly t ic a l g ra d e  ch em ica ls : a ) t r ic h lo r o a c e t ic  a c id ,  

b )  t r ic h lo r o a c e t ic  a c id  t i t r a t e d  w ith  3M NaHCO^ s o lu t io n  to  pH  7 , c )  sod ium  
c h lo ro a c e ta te  and  d )  h y d ro c h lo r ic  a c id . T e n  re p lic a te s  w e re  u s e d  a t f iv e  
c o n c e n tra t io n s  o f  each chem ica l in  a lo g a r ith m ic  d i lu t io n  s e r ie s  a n d  th e  
m o r ta l i t y  o f  E . fe t id a  a n d re i was assessed  a f t e r  48 h o u rs .

A 3 .3 .  R e s u lts

T h e  r e s u l t s  (T a b le  A 3 .1 )  w o u ld  n o t a llow  a p r o b i t  a n a ly s is ,  b u t  

in d ic a te d  th a t  t r ic h lo r o a c e t ic  a c id  a nd  h y d ro c h lo r ic  a c id  w e re  v e r y  to x ic  to  

E . fe t id a  a n d r e i . T h is  t o x ic i t y  was p ro b a b ly  d ue  to  th e  a c id  c o n d it io n s  
p ro d u c e d  b y  th e se  c h e m ic a ls . S od ium  c h lo ro a c e ta te  a n d  n e u tra l is e d  
t r ic h lo r o a c e t ic  a c id  (s o d ium  t r ic h lo r o a c e ta te )  w e re  le s s  to x ic  to  th e

e a r th w o rm s .
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T a b le  A 3 .1 .  T h e  t o x ic i t y  o f  t r ic h lo r o a c e t ic  a c id , sod ium  t r ic h lo r o a c e ta te , 

sod ium  c h lo ro a c e ta te  a n d  h y d r o c h lo r ic  a c id  to  E . fe t id a  a n d re i in  

th e  f i l t e r  p a p e r  c o n ta c t te s t .

C o n c e n tra t io n  N u m be r o f  e a r th w o rm s  a liv e  a f t e r  48 h o u r s ( l )
( g .c m  Z)

(2 )

T r ic h lo r o a c e t ic
a c id

T r ic h lo r o a c e t ic  S od ium
a c id  c h lo ro a c e ta te

n e u t ra l is e d  
w ith  NaHCOg

H y d ro c h lo r ic
a c id

1 .0  x  10-3 0 0 0 0

1 .0  x  1 0 "4 3 8 10 0

1 .0  x  1 0 "5 10 10 10 10

1 .0  x  10-6 10 10 10 10

1 .0  x  107 10 10 10 10

(1 )  T e n  e a r th w o rm s  w e re  u sed  a t each c o n c e n tra t io n  o f  th e  te s t  c h em ica l.
-2  - 2 - 1  .(2 )  O ne m l.cm  o f  1 .4  x  10 g .m l (0 .3 9  M ) h y d ro c h lo r ic  a c id  is

- 3 - 2e q u iv a le n t in  c o n c e n tra t io n  to  1 .0  x  10 g .cm  t r ic h lo r o a c e t ic  a c id
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A 3 .4 .  D is c u s s io n

T h e  r e s u l ts  s u g g e s t th a t  in  a lk a lin e  s o ils ,  t r ic h lo r o a c e t ic  a c id  w i l l  
re a c t w i th  b a s ic  com pounds  to  p ro d u c e  s a lts  th a t  a re  le s s  to x ic  to  

e a r th w o rm s  th a n  th e  p a re n t  m a te r ia l.  P re v io u s ly ,  t r ic h lo r o a c e t ic  a c id  was  
fo u n d  to  be  to x ic  to  e a r th w o rm s  in  th e  f ie ld  (F o x ,  1964) a n d  a lso  in  

e x p e r im e n ts  in  w h ic h  t o x ic i t y  to  e a r th w o rm s  was te s te d  u s in g  s o il in  th e  
la b o ra to r y  (L o fs -H o lm in ,  1980 ). S uch  re s u l ts  do  n o t n e c e s s a r ily  c o n f l ic t  
w ith  th o se  o f  m y s tu d y ,  because  t o x ic i t y  to  e a r th w o rm s  was o b s e rv e d  o n ly  
w hen  t r ic h lo r o a c e t ic  a c id  was a p p lie d  to  th e  s o il a t a v e r y  h ig h  r a te .
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A P P E N D IX  4

ELEC TR O PH O R ES IS  OF ESTERASES FROM EARTHW ORMS  

A 4 .1 .  In t r o d u c t io n

T h e re  is  some e v id e n ce  th a t  e a r th w o rm s  e xpo sed  to  p e s t ic id e s  may  
show  an in c re a s e d  to le ra n c e  to  th e m , s in ce  e a r th w o rm s  c o lle c te d  fro m  f ie ld  
p lo ts  t r e a te d  re p e a te d ly  o v e r  a te n  y e a r  p e r io d  w ith  th e  b e n z o ic  a c id  
h e rb ic id e s  c h lo ra m b e n  and  d icam ba , a p p e a r to  be  b e t t e r  ab le  to  m e tabo lise  
th e s e  com pounds  th a n  e a r th w o rm s  c o lle c te d  fro m  n o n - t r e a te d  p lo ts  (C h io  
and  S a n b o rn , 1 9 7 8 ). I t  is  th u s  p o s s ib le  th a t  e a r th w o rm s  e xp o se d  to  

o rg a n o p h o s p h o ru s  o r  ca rb am a te  in s e c t ic id e s  o v e r  a lo n g  p e r io d  may show  
to le ra n c e  to  th e se  com pound s .

S u ch  p e s t ic id e s  a c t b y  b lo c k in g  th e  a c t io n  o f  a c e ty lc h o lin e s te ra s e , th e  

enzym e re s p o n s ib le  f o r  th e  r a p id  d e s t r u c t io n  o f  th e  n e u ro t r a n s m it te r  
a c e ty lc h o lin e  fo l lo w in g  i t s  re le a se  fro m  th e  p re s y n a p t ic  n e u ro n  (S i lv e r ,  
1974 ). T h e re  i s ,  as y e t ,  l i t t l e  in fo rm a t io n  a v a ila b le  on  e a r th w o rm  

e s te ra s e s . C h o lin e s te ra s e  s u b s t ra te  a n d  in h ib i t o r  s tu d ie s  (S te n e rs e n ,  
1980a) u s in g  th e  n a tu r a l ly - o c c u r r in g  ca rb am a te  com pound  e s e r in e ,  
id e n t i f ie d  tw o  c h o lin e s te ra s e s  in  E . f e t id a , w h ic h  w e re  la te r  c h a ra c te r is e d  
b y  io n  e x c h a n g e  c h ro m a to g ra p h y  (S te n e rs e n , 1 9 8 0 b ). B o th  enzym es  
a p p e a r to  h y d ro ly s e  o rg a n o p h o s p h o ru s  com pounds  a n d  i t  has  been  
s u g g e s te d  b y  S te n e rs e n  (1979c ) th a t  b o th  w o u ld  h a ve  to  be  in a c t iv a te d  fo r  
th e  e a r th w o rm  to  d ie .  H is to c h e m ic a l s tu d ie s  in d ic a te  th a t  L ,  t e r r e s t r i s  may  
possess  o n ly  a s in g le  c h o lin e s te ra s e  ( S i lv e r ,  1 974 ).

In  th is  p re s e n t w o r k ,  th e  p o s s ib i l i t y  th a t  lu m b r ic id  e a r th w o rm s  show  
a lte re d  c h o lin e s te ra s e  a c t iv i t y  fo l lo w in g  lo n g  te rm  e x p o s u re  to  c h o lin e  

e s te ra s e  in h ib i t in g  p e s t ic id e s  was in v e s t ig a te d .  I t  is  now  w e ll e s ta b lis h e d  
th a t  in  some in s e c ts ,  f o r  in s ta n c e  in  th e  a p h id  M yzu s  p e rs ic a e  
(D e v o n s h ire ,  1 9 7 7 ), in c re a s e d  a c t iv i t y  o f  c e r ta in e s te ra se s
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( c a rb o x y le s te ra s e s )  c o n fe rs  re s is ta n c e  to  in s e c t ic id e s .  W hen th e se  enzym es  

a re  s e p a ra te d  e le c t r o p h o r e t ic a l ly , th e y  show  as b a n d s  o f  e n h a n ce d  s ta in in g  
com pa red  w ith  enzym es ta k e n  fro m  s u s c e p t ib le  in s e c ts .  F lence , th is  s tu d y  
in v e s t ig a te d  w h e th e r  e s te ra se  c o n fe r re d  re s is ta n c e  o c c u r re d  in  e a r th w o rm s  
e xp o se d  to  h ig h  c o n c e n tra t io n s  o f  p e s t ic id e s .  E s te ra se s  o f  tw o  spe c ie s  o f  
e a r th w o rm  fro m  a ra b le  la n d ,  L .  t e r r e s t r i s  and  A ,  lo n g a , w e re  s tu d ie d  
u s in g  e le c t ro p h o re s is .  T h e  e a r th w o rm s  w e re  c o lle c te d  fro m  f ie ld  s ite s  
w h ic h  (a )  h a d  been  t r e a te d  fo r  s e v e ra l y e a rs  w ith  c a r b a r y l ,  a com pound  
w h ic h  in h ib i t s  th e  a c t iv i t y  o f  c h o lin e s te ra s e  o r  ( b )  h a d  re m a in e d  p e s t ic id e  
f r e e .

P re v io u s  s tu d ie s  on  e a r th w o rm  c h o lin e s te ra s e s  s e p a ra te d  b y  
e le c tro p h o re s is  (S te n e rs e n , 1980b) h a ve  u se d  hom ogena tes  fro m  w ho le  

e a r th w o rm s . I n  th is  s tu d y ,  b y  c o n t r a s t ,  e i th e r  th e  g iz z a rd  o r  th e  w ho le  

a n te r io r  p a r t  o f  th e  b o d y  (s e gm en ts  1 -5 )  was u s e d . T he se  t is s u e s  w e re  

cho sen  because  th e  g u t  is  in  c lose  c o n ta c t w ith  c o n ta m in a te d  s o il a n d  was  
o b s e rv e d  to  a ccum u la te  h ig h  c o n c e n tra t io n s  o f  p e s t ic id e  ( B a r k e r ,  1 958 ), 
w h ils t  th e  a n te r io r  segm en ts  o f  th e  e a r th w o rm  c o n ta in  m uch  n e rv o u s  t is s u e  
a n d  m ay , as a c o n se q u e n ce , show  m o d if ie d  e s te ra se  a c t iv i t y .

A 4 .2 .  M a te r ia ls  a n d  m e thods  
A 4 .2 .1 .  E a r th w o rm s

Worms w e re  c o lle c te d  from  th e  t r i a l  s ite s  b y  fo rm a lin  e x t r a c t io n  (R a w ,

1 9 5 9 ). T h e y  w e re  w ashed  th o ro u g h ly  in  a la rg e  vo lum e  o f  w a te r ,  rem oved  
a n d  th e n  s to re d  in  a p e s t ic id e - f r e e  c la y  loam  so il a t 1 0 °C in  th e  d a r k  f o r  7 

d a y s . B e fo re  u s e , th e  e a r th w o rm s  w e re  p la ce d  o v e rn ig h t  on  dam p t is s u e  
p a p e r  to  v o id  th e  c o n te n ts  o f  th e  g u t .

A 4 .2 .2 .  F ie ld  s ite s

T h e  t r e a te d  a re a  was an e x p e r im e n ta l o r c h a rd  a t th e  S h e ll (U K )  
R e sea rch  C e n tre ,  S i t t in g b o u rn e .  T h is  had  been  t r e a te d  w ith
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o rg a n o p h o s p h o ru s  a n d  ca rbam a te  in s e c t ic id e s ,  a t th e  m a n u fa c tu re rs ’ 
re com m ended  r a te s ,  f o r  a t le a s t 15 y e a r s .  T h e  u n t re a te d  s ite  was th e  
m a rg in  o f  P a rk  G ra ss  F ie ld ,  R o th am s te d  E x p e r im e n ta l s ta t io n  and  was an  

a re a  k n o w n  to  h a ve  a lw a y s  been  f r e e  o f  p e s t ic id e s .  T h e  e a r th w o rm  
p o p u la t io n s  a t b o th  s ite s  w e re  h ig h .

A 4 .2 .3 .  C hem ica ls

A l l  th e  re a g e n ts  u s e d  w e re  o f  a n a ly t ic a l g ra d e .

A 4 .2 .4 .  Sample p re p a ra t io n

T is s u e  was d is s e c te d  fro m  u n a n a e s th e t is e d  e a r th w o rm s  a n d  
hom ogen ised  b y  h a n d , in  u n b u f fe r e d  15% su c ro se  s o lu t io n  (1 :1 5  t is s u e  w e t 

w e ig h t to  s u c ro se  s o lu t io n ) , u s in g  a sm a ll g ro u n d -g la s s  t is s u e  g r in d e r  
(G a lle n k a m p  a nd  C om pany L t d . ) .

A 4 .2 .5  E le c t ro p h o re t ic  r u n n in g  p ro c e d u re

T h e  m e thods  u s e d  w e re  th o se  o f  L o x d a le , C a s ta n e ra  a n d  B ro o k e s

(1 9 8 3 ) . E le c t ro p h o re t ic  s e p a ra t io n s  w e re  p e r fo rm e d  on  s la b  p o ly a c ry la m id e  
ge ls  u s in g  s ta n d a rd  v e r t ic a l  e q u ip m e n t (G e n e tic  R e sea rch  In s t ru m e n ta t io n  
L t d . )  a n d  a d is c o n t in u o u s  b u f f e r  (E le c t ro d e  b u f f e r :  8 .3  mM T R IS /3 0  mM 
d ie th y l  b a r b i t u r ic  a c id  a t pH  7 .4 5 ; G e l b u f f e r :  7 0 .6  mM T R IS /5 6 .7  mM C l~  
a t pH  7 . 8 ) .  E ach  sam ple was d u p lic a te d  a n d  r u n  s im u lta n e o u s ly  on  
s e p a ra te  ge ls  b e tw e e n  5 -1 0 °C  a t c o n s ta n t 1 50 v , 40 m A .g e l * f o r  2 h o u r s .

A 4 .2 .6  S ta in in g  p ro c e d u re

G e ls w e re  s ta in e d  f o r  e s te ra se  a c t iv i t y  u s in g  a d ia z o -c o u p le d  s ta in  
re a c t io n  m ix tu re  (2 .5  m l 0 .5  M T R IS /H C 1  a t pH  7 .1 ,  25 m g fa s t  b lu e  RR  

s a l t ,  0 .75  m l 1% l - ( a lp h a ) n a p h th y l  a nd  2 - ( b e ta ) n a p h th y l a ce ta te  in  50% 
( v / v )  a c e to n e :d is t i l le d  w a te r ) .  T h e  g re e n -w h ite  p r e c ip i ta te  fo rm e d  was  

f i l t e r e d  b e fo re  u s e . T h e  s ta in  was d iv id e d  e q u a lly  a n d  e s e r in e  s u lp h a te
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added to give a final concentration of 1 jiM in one portion. Only samples 

from untreated plots were stained with an eserine containing reaction 

mixture in order to identify the type of esterase present in the control 

population. After about 30 minutes, the black-red bands formed were 

fixed in 7% acetic acid for 5 minutes, whereafter gels were stored 

refrigerated at 4°C.

A4.3. Results

The esterase banding patterns from the anterior segments and gizzard 

of L. terrestris and A. longa (Figure A4.1) were similar for any one 

species; the patterns obtained from both types of tissue were identical, 

with the gizzard usually staining with greater intensity. L. terrestris 

consistently showed four to six black staining bands ("alpha-activity"), 

whereas A. longa had a maximum of seven black bands. These bands may 

be the product of separate loci and have arbitrarily been assigned to such 

here. For each esterase separated, slow and fast mobility variants were 

found, suggesting a single locus, two allele system to be present, alleles 

coding for monomeric allozymes. Some individuals were found to be in 

either a homozygous (slow and fast bands only) or heterozygous (both 

slow and fast together) condition (Ferguson, 1980). Only in A. longa was 

non-homologous banding seen. This species showed more bands in both 

the anterior and gizzard tissue respectively than were seen in those from 

L. terrestris. With both species, gels representing samples taken from 

pesticide free plots stained with the eserine containing reaction mixture 

showed a slight diminution of staining intensity (Figure A 4.2).

A4.4 . Discussion

The reduction in staining intensity of some bands stained in the 

presence of eserine indicates cholinesterase activity (EC 3 .1 .1 .7  and 

3 .1 .1 .8 , [Silver, 1974]). The remaining bands probably reflect the
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Figure A4.1

G E L  E L E C T R O P H O R E S I S  O F  E S T E R A S E S  
F R O M  T W O  E A R T H W O R M  S P E C I E S  T A K E N  
F R O M  P L O T S  T R E A T E D  W I T H  C O M P O U N D S  
THAT AFFECT C H O L I N E S T E R A S E
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Figure A4.2

G E L  E L E C T R O P H O R E S I S  O F  E S T E R A S E S  
F R O M  T W O  E A R T H W O R M  S P E C I E S  T A K E N  
F R O M  P E S T I C I D E  F R E E  P L O T S .
T H E  E F F E C T  O F  E S E R I N E
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a c t iv i t y  o f  c a rb o x y le s te ra s e s  (EC  3 .1 . 1 . 1 )  w h ic h ,  in  some in s e c ts ,  fo r  
exam p le  a p h id s  (D e v o n s h ire ,  1977) a n d  m osqu ito s  (P a s te u r  a n d  S in e g re ,  
1975 ), a re  re s p o n s ib le  f o r  th e  d e g ra d a t io n  o f  o rg a n o p h o s p h o ru s  p e s t ic id e s .  

A l l  th e  b a n d s  s e p a ra te d  d is p la y  some d e g re e  o f  p o ly m o rp h is m , b o th  in  
te rm s  o f  m o b i l i t y ,  n u m b e r a n d , in  some cases , b a n d  a c t iv i t y  as in d ic a te d  
b y  th e  s ta in in g  in t e n s i t y .  I n  th e  m o sq u ito , C u le x  p ip ie n s , e s te ra se  
p o ly m o rp h is m  has  been  c o r re la te d  w ith  d e c re a se d  s e n s i t iv i t y  to

c h lo r p y r ip h o s  (P a s te u r  a n d  S in e g re , 1 9 75 ). H o w e v e r , i n  th e  p re s e n t  
w o rk ,  th e  p o p u la t io n s  o f  e a r th w o rm s  in v e s t ig a te d  w e re  v e r y  sm a ll. W h ils t  
i t  is  p o s s ib le  th a t  th e  in c re a s e d  n u m b e r o f  b a n d s  in  th e  t r e a te d  A .  lo n g a  
sam ples in d ic a te  th e  e n h a n ce d  e s te ra se  a c t iv i t y  th a t  was a sso c ia te d  w ith  
p e s t ic id e  re s is ta n c e , th e  a p p a re n t a s s o c ia t io n  o f  s u ch  p h e n o ty p e s  w ith  

to le ra n c e  to  chem ica ls  rem a in s  u n c o n f irm e d  fo r  e a r th w o rm s . In  c o n t r a s t ,  

L , t e r r e s t r i s  show ed  no  s u ch  b a n d  v a r ia t io n .

I n  c o n c lu s io n , th is  p re l im in a r y  e x a m in a tio n  o f  lu m b r ic id  e a r th w o rm  

p o p u la t io n s  in  u n t r e a te d  f ie ld  p lo ts  a n d  th o se  t r e a te d  w ith  p e s t ic id e s  
a f fe c t in g  c h o lin e s te ra s e , p o in ts  to  th e  p o s s ib i l i t y  o f  p e s t ic id e  re s is ta n c e  

b e in g  e n h a n ce d  in  A . lo n g a  b u t  n o t L .  t e r r e s t r i s .
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A P P E N D IX  5

S P E C IF IC A T IO N S  OF TH E  A P P A R A T U S , O THER  M A T E R IA LS  AN D  TES T  
C H E M IC ALS  USED IN  TH E  F IL T E R  PAPER C O N T A C T  AND  A R T IF IC IA L

S O IL  TES TS

T a b le  A 5 .1 .  F i l t e r  p a p e r  c o n ta c t te s t :  a p p a ra tu s .

M a te r ia ls S p e c if ic a t io n M a n u fa c tu re r
o r

S u p p lie r

G lass  v ia l  w ith  
p la s t ic  cap

T ra n s p a re n t ,  c o lo u r le s s  soda  
g la ss  v ia l  w ith  p o ly p ro p y le n e  
ca p .
D im e n s io n s : 8 cm x  3 cm d ia m e te r

FKB  T r id e n t  L td .  
B r is t o l ,  A v o n

F i l t e r  p a p e r W hatm an G rade  N o . l W hatm an L t d . ,
Q u a lita t iv e  c e llu lo s e  f i l t e r  M a is to n e , K e n t
p a p e r  s h e e t.
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T a b le  A 5 .2 . A r t i f i c ia l  s o il te s t :  a p p a ra tu s .

M a te r ia ls S p e c if ic a t io n M a n u fa c tu re r
o r

S u p p lie r

P la s t ic  f la s k 1 l i t r e  t r a n s p a r e n t ,  c o lo u r le s s ,  
p la s t ic  f la s k

N o rv a le  P e r r y  L td .
M a u ld e n ,
B e d fo rd s h ir e

F la s k  l id 90mm d ia m e te r d is p o sa b le  
p la s t ic  P e t r i  d is h  ( lo w e r  s e c t io n )

S te r i l in  L td .  
T e d d in g to n ,  
M id d le s e x

S p ra y  u n i t G lass c h ro m a to g ra p h ic  s p ra y e r  
w ith  a lOOrnl f la s k

G a lle n kam p  and  
C o . L td .
L o n d o n  EC2
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T a b le  A 5 .3 .  A r t i f i c ia l  s o il te s t :  s o il c om ponen ts

M a te r ia ls  S p e c if ic a t io n M a n u fa c tu re r
o r

S u p p lie r

Sand

C la y

B r i t i s h  I n d u s t r ia l  S and  110 g ra d e  B r i t i s h  In d u s t r ia l  
f in e  w ashed  q u a r tz  sa nd  Sand  L t d . ,  R e d h il l ,

S u r r e y
P a r t ic le  s ize  d is t r ib u t io n

S ie ve  s iz e : | i

38
45
63
90

125
180
250

% R e ta in e d

1 .7
9 .3

29 .0
34 .3
20 .8
4 .0
0 .7

W a tts , B la k e  a nd  B e a rn e  A i r f lo  R W a tts , B la k e , B e a rn ek a o l in i t ic  c la y a nd  C om pany L t d . ,
C om pos itio n  % N ew to n  A b b o t ,  D e von

K a o lin ite  51
P o ta sh  m ica 17
Soda m ica 4
Q u a r tz  25

pH 5 .1
S u r fa c e  a re a  19-20 m2 -1

g

Peat I r i s h  Peat D e ve lo pm en t A u th o r i t y  
"S h a m ro c k "  I r i s h  moss p e a t.

I r i s h  Peat 
D e ve lo pm en t  
A u th o r i t y ,  D u b l in ,  
I r e la n d .S phagnum  moss p e a t.  

pH  3 .7 -4 .2
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ASSESSM ENTS OF TH E  T O X IC IT Y  OF C H EM IC ALS  TO  EARTHW ORM S  
O B T A IN E D  U S IN G  TH E  F IL T E R  PAPER C O N T A C T , A R T IF IC IA L  S O IL  
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APPENDIX 7

SUMMARISED PROBIT ANALYSES OF MORTALITY DATA FROM TESTS FOR 
THE TOXICITY OF CHEMICALS TO EARTHWORMS

KEY
X

X2

+
***

The parallelism and/or position of the Y-intercept of individual 
probits lines did not differ significantly when tested by^C2 and the 
data were combined to give a single probit line.
Chi-squared test results presented as:

value (degrees of freedom) significance of)(j
(significance of F)

An F test was done to calculate the significance of the differences 
between the parallelism and position of the Y-intercept of individual 
probit lines, when t h e ^ 2 for total heterogeneity for the data was 
significant.
Data not obtained or analysed.
Data not suitable for analysis.
P<0.001

R Results obtained by the author during the multilaboratory evaluation 
of the methods for testing toxicity to earthworms.



Table A7.1 Immersion te s t: 24 hour LC50 (mg.kg te s t chemical: water)
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Table A7.2 Glass deposit contact te s t: 24 and 48 hour LC50 (g.cm te s t chemical: glass surface)
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Table A7.3 F ilte r  paper contact te s t in  v ia ls : 24, 48 and 72 hr LC50 (g.cm" te s t chemical: f i l t e r  paper surface)
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Table A7.4 F ilter  paper contact te s t  in Petri dishes: 24, 48 and 72 hour LC50 (g.cm te s t  chemical: f i l t e r  paper surface)
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Individual LC50 estim ates Comparison of repeated LC50 estimates
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Individual LC50 estimates Comparison of repeated LC50 estimates
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Individual LC50 estimates Comparison of repeated LC50 estimates
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Individual LC50 estimates Comparison of repeated LC50 estimates
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Table A7 . 1 0 .1  Earthworm body weight and sexual maturity. Chlordane LT5 0 : hours (Ipg.cm test chemical: f ilte r  paper surface)
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Individual LT5 0  estimates Comparison of repeated LT5 0  estimates
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Table A7.10.2. Earthworm body weight and sexual maturity. Chloroacetamide LT50: hours (8pg.cm test chemical: filter paper surface)
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Table A7.10.3. Earthworm body weight and sexual maturity. Copper sulphate LT50: hours (SOpg.cm test chemical: filter paper surface)
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Table A7.1l Temperature. 48 hour LC50. (g.cm te s t chemical: f i l t e r  paper surface)
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Table A7.12.1 F ilte r  paper area (side w a ll). 48 hour LC50. (g.cm te s t chemical: f i l t e r  paper surface)
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T a b le  A 7 .1 2 .2 . F i l t e r  p a p e r  a r e a  ( l i n e d  end w a l l ) .  48 h o u r LC50. (g .cm  t e s t  c h e m ic a l :  f i l t e r  p a p e r  s u r f a c e )

>

0)P<0OincjTJ4)Pnj<uo.4>oco(ftIDCLEOCJ(ftVp(0EP(ft4>OincjID3TO’>•5C

PCL
• 0) 

Lu CJ 
• 

L.
a <u
w

 +Jc
«X 

*r-
H

 >-E
-—• 

(ftID
n 

(- 
^

<
2

1
>»

u1
ID

o
p

•P
(_•r-

o
o

a>
a>

w
1—

p
c

V
4>

N
X

D»
*

<4-
i•r- a>

f—
O

p 1—
ID

C ID
(ft

ID O
O

P
» (ft

3
•r—

■a
E

O O)
sp—

in o
u.

CJ
X- _i

4)
p—

O
r—

ID
ID

(ft o a
O

P
in v>

3
CJ

•o
i

—i cn
•f

o
Li.

r—

CJl
o

o
r—

0)
inCJ

P
fD

_i
c

a
IDa>ID

to

o
u

mCJ
(fto>o4>

p
p—

c
ID

0)
O

•p.
(ft

TOID
o>

(_
O

o
p—o

_,
in

4)
-a

a
r—

4) _i
ID

p
O

(ft «*-
(ft

3
o

o>
TJ

.
O

<
UJ r—
lO

II

I (0 
- I 
l 

O
 

O r- 
r- 

X 
X CM 
CT> (0 
CO 

• 
» CM 

(0
■4-CMCD

<X>(0O•d-O(0Oin

V
<4-

r~
O

ID
o

a
•m

in
LU

CJ
.—i

cn
CO

o

ina*r-"(0oo

III
i

•
o

P
a

i_
•r-

4)
4)

P
C

(M
4)

4)
*

X
cn

to-3-oooo’
a>SIDc_ID>

-oID N 
C E
•r- 

O

0}cID-o(_o2C
J

Xooooo(0CM<!•

TJa)c

i m
 

T I
i 

o 
o

 
«-

«
-

 
X

 
X

 
C

D
 

-
3-

 
C

D

*"• 00

1 oo
i co

(0 t-
co

•d* in
cn cm

-4- o
co

cn
CM 

*
• -a-

• -a-
•d- i

m i

X(0cncnm•3*COoococninino-aa) rx

CMC
D

JZo

in4JpID
U 

JZ 
<U 

C
L 

C
L r~ 

Q. 
3 

O
 

(ft 
C
J

Xin

n-oooommm

cx
■a 

E 
<u o 
c•r- 

inCMooID
t- 

JZ 
<u 

a.
CLQ

. 
3

O (ft
o

481



T ab le  A 7.13 F i l t e r  p a p e r  g ra d e  (Whatman g r a d e s ) .  A8 h o u r LC50. (g .cm  t e s t  c h e m ic a l:  f i l t e r  p a p e r  s u r f a c e )
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Table A7.14 F ilte r  paper material (Whatman materia ls). LT50: hours (78.5 pg.cm te s t chemical: f i l t e r  paper surface)
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Table A7.15 Period of exposure 24,48,72 and 96 hour LC50 (g.cm te s t chemical: f i l t e r  paper surface)

i/>0)p(0Epinvo8-l-oQ)P(00)Q.0)L-(0CLEOOoinc_>*oc

p<o_
•
0)

u_
ol_

o
0)p

N
c

K
>-E

* 
in

uT £• 
0) 

Q —10
CM 

L.
x

°
-

•
1

>*
u.

10
o

p
•

p
•p>

o
o

<u
0)

1—
p

c
<u

0)
N

X
O)

X
•r- 

«
r- 

O
P

 >—
<0

C 
10

•I- 
in

10 
o

O 
P

 
3

—̂
 

V)
•O 

E
O

 
cn

m
 

o
iZ £

o
 *-

_i
.—

,
M-

<0
o

<0
(0

•r- 
</>

o
 

o
U 

p
in 

to
3 •>-

o
■o 

E
p

 
cno

IZ ^
r~.

cno
—

*
o

r—
0)

m
»r-

r—
a

P
CO

p
C

u
<0

m
'©CO

o
u

in
m

op
O)o,_©

p
r—

c
CO

a>
o<n

TJ<0
cn

i_
o

a
r—"om

a>
TO

o
r—

o
p

CO
p

O
m

«*-
in

3
o

o>
TO

O
<

LUcn

«
*p

r—
o

CO
o

o
m

m
lja•p

cn
in

O

Omo

i m 
in i 
i 

o
o 

r-
r- X

1— X
X ro

x cn
co co

CO tM
CM 

•
n-

• CO
• CM

00
i in

1 o
CM 10

in m
fO t—

co in
0̂

in m
CO 

•
o 

•
• -3“

• m
1

CO 1

xCMCMmCMinCOcncocnoom

o
o T~

XcnmCM|Mcncnmin

u
l

i
>*

•
o

p
a

u
•r—

w#
©

«
p

c
M

4)
©

K
X

cn

in
in

mo-s-o

rOOcojrco

u>0>

-CCM

szCO•d-
XCMr-»

>»t_10JOi_<0o

>»L.<0JOc.<3

III>1p10pl_oEdpooIIIJOCOcn

484



Table A7.16 Replication. 48 hour LC50 (g.cm te s t chemical: f i l t e r  paper surface)
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Table A7.18. Ventilation and illumination of vials. LT : hours (5 pg.cm test chemical: filter paper surface)
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Table A7.23.1 Soil kaolinitic clay content. Chlordane LT50: days (50 mg.kg test chemical: dry weight of artificial soil)
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Individual LT50 estimates Comparison of repeated LT50 estimates
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Table A7.24.3. Soil acidity. Pentachlorophenol LT50: days (100 mg.kg test chemical: dry weight of artificial soil
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Table A7.31 Inter-specific variation in susceptibility of earthworms to test chemicals. H  day LC50 (mg.kg test chemical: dry weight of artificial soil)
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Table A7.32.4 Inter- and intra-specific variation in susceptibility of earthworms to test chemicals.
Filter paper contact test, lodoacetamide LT50: hours (10 Mg.cm test chemical: filter paper surface)
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Table A7.33.1 Intra-specific variation in susceptibility of earthworms tg test chemicals.
Filter paper contact test. Chlordane LT50: hours (5 pg.cm test chemical: filter paper surface)
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Table A7.33.2 Intra-specific variation in susceptibility of earthworms to tesjj chemicals.
Filter paper contact test, lodoacetamide LT50: hours (10 pg.cm test chemical: filter paper surface)
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Individual LC50 estimates Comparison of repeated LC50 estimates
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Individual LC50 estimates Comparison of repeated LC50 estimates
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Individual LT50 estimates Comparison of repeated LT50 estimates
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Table A7.35.2. In tra -spec ific  va ria tion  in su scep tib ility  o f earthworms_^o te s t chemicals.
A r t i f ic ia l so il te s t, lodoacetamide LT50: days (20 mg.kg te s t chemical: dry weight of a r t i f ic ia l  s o il)
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