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The use of a c t i v a t e d  charcoa ls  to e l i m i n a t e  p h y t o t o x i c  
res idues  of h e r b i c i d e s  in s o i l  has been wel l  
documented. 

The use of these p roduc ts ,  a l though l i m i t e d  by economic 
f a c t o r s  as consequence of the high ra tes  requ i red  to 
ob ta in  s a t i s f a c t o r y  r e s u l t s ,  has been very  e f f e c t i v e  in 
removing h e r b i c i d e  res idues  (Andersen, 1968; Cof fey and 
Warren, 1969; M a l l e g n i ,  1975; Fusi et a l . ,  1977). The 
h e r b i c i d e  adso rp t i on  by a c t i v a t e d  charcoa ls  changes 
w i th  the carbon type ,  and i t  i s ,  g e n e r a l l y ,  h igher  than 
t ha t  e x i b i t e d  by na tu ra l  s o i l  adsorbents ,  s o i l - l i k e  
m a t e r i a l s  and wood powders (Weber et a l . ,  1965; Jordan 
and Smith,  1971; Toth and Milham, 1975). 

This paper r e p o r t s  on the adso rp t i on  and deso rp t i on  of 
the L inuron h e r b i c i d e  ™ d i c h l o r o p h e n y l ) - l -  
m e t h o x y - l - m e t h y l u r e ~  on t w o ' a c t i v a t e d  cha rcoa l s .  

MATERIALS AND METHODS 

L inuron (99% of p u r i t y )  was supp l i ed  by R iede l -de-Haen.  
The product  has the f o l l o w i n g  c h a r a c t e r i s t i c s :  mp = 93- 
94 ~ 68.8 ~2 mw = 49 I ;  molecu lar  sur face area = 

molecule- i B a i l e y  and Whi te,  1965); water  
s o l u b i l i t y  at 25~ = 75 ppm. 

The adsorbent  m a t e r i a l s  used were two a c t i v a t e d  
cha rcoa ls :  GRO-SAFE (American N o r i t  Company) and NORIT 
W 52 ( N o r i t ,  N . V . ) ,  both amorphous to X - rays .  The i r  
p r o p e r t i e s  are repor ted  in Table I .  

Adso rp t i on  iso therms were ob ta ined  by a d d i t i o n  of 50 mL 
of aqueous L inuron s o l u t i o n  ( c o n c e n t r a t i o n  rang ing  from 

Send r e p r i n t  requests  to M a r i n e l l a  Boset to  at the above 
address.  
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0 to  20 n/Jg mL- l ) to  a c t i v a t e d  c h a r c o a l s  (5 mg). The 
samples ( i  d u p l i c a t e )  were t h e r m o s t a t i z e d  at  50 , 25 ~ 
and 40 ~ C unde r  i n t e r m i t t e n t  s h a k i n g  f o r  15 h, t i m e  
w i d e l y  s u f f i c i e n t  to  reach  t he  e q u i l i b r i u m .  

Tab le  I .  P r o p e r t i e s  o f  t he  a c t i v a t e d  c h a r c o a l s .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

pH [~~ C.E.C. C H N 0 Residue Surface 
Charcoals in at 900 ~ area 

H20 meq/lOOg % % % % % (m2/g) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GRO-SAFE 8.8 5.0 65.0 0.78 0.45 10.2 23.5 559 

NORIT W52 10.4 2.5 89.6 0.36 0.37 4.1 6.7 608 

( * )  C h a r c o a l  : w a t e r  = 1 :50  

P r e l i m i n a r y  c i n e t i c  measurements  showed t h a t  t he  
e q u i l i b r i u m  was reached  i n  l e s s  t han  10 h. A f t e r  r a p i d  
f i l t e r i n g  unde r  p r e s s u r e  t h r o u g h  Whatman f i l t e r  n. 42,  
t he  e q u i l i b r i u m  c o n c e n t r a t i o n  o f  L i n u r o n  was d e t e r m i n e d  
by U.V. s p e c t r o p h o t o m e t r y  at  248 nm, u s i n g  a P e r k i n  
E lmer  Lambda 3B S p e c t r o p h o t o m e t e r .  

D e s o r p t i o n  e x p e r i m e n t s  ( i n  d u p l i c a t e )  were c a r r i e d  ou t  
as f o l l o w s :  a f t e r  a d s o r p t i o n  t he  e q u i l i b r i u m  s o l u t i o n  
was removed and r e p l a c e d  w i t h  20 mL o f  w a t e r .  The 
samples  we™ e q u i l i b r a t e d  unde r  s h a k i n g  f o r  15 h at  
25~ A f t e r  r e m o v i n g  the  s u p e r n a t a n t  f o r  a n a l y s i s  
a n o t h e r  a l i q u o t  o f  20 mL o f  w a t e r  was added.  T h i s  
p r o c e d u r e  was r e p e a t e d  8 t i m e s .  

RESULTS AND DISCUSSION 

The r e s u l t s  c o n c e r n i n g  the  a d s o r p t i o n  i s o t h e r m s  o f  
L i n u r o n  on a c t i v a t e d  c h a r c o a l s  ( G r o - S a f e  and N o r i t )  are  
r e p o r t e d  i n  F i g u r e  I .  The v e r t i c a l  l i n e  of  t he  
i s o t h e r m s  shows an h i g h  a d s o r p t i o n  v a l u e  at  l o w e r  
c o n c e n t r a t i o n s .  The i s o t h e r m s  are o f  H/2 c l a s s  
d e s c r i b e d  by G i l e s  et  a l .  (1960)  s h o w i n g ,  as o b s e r v e d  
f o r  A t r a z i n e  ( F u s i  e t  a l . ,  1 9 7 7 ) ,  a so h i g h  a f f i n i t y  o f  
L i n u r o n  f o r  t he  two a d s o r b e n t s  t h a t  i t  was i m p o s s i b l e  
t o  f i n d  m e a s u r a b l e  s o l u t e  q u a n t i t i e s  i n  s o l u t i o n  at low 
c o n c e n t r a t i o n s .  The a d s o r p t i o n  c a p a c i t y  o f  N o r i t  
c h a r c o a l  appeared  a lways  h i g h e r  t h a n  G r o - S a f e  one. T h i s  
b e h a v i o u r  can be a s c r i b e d  to  the  h i g h e r  s u r f a c e  area o f  
N o r i t  c h a r c o a l .  

For  h i g h  c o n c e n t r a t i o n s  the  i s o t h e r m s  f i t  t he  Langmu i r  
e q u a t i o n :  

Ce 1 1 Ce 
~s - a~- § -%-- 

where  Ce i s  t he  e q u i l i b r i u m  s o l u t e  c o n c e n t r a t i o n  
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F i g u r e  I. A d s o r p t i o n  i s o t h e r m s  of  L i n u r o n  by Gro-Safe  
(A) and N o r i t  (B) at  5 ~ , 25 ~ and 40~ 

in  s o l u t i o n  (pmoles m L - l ) ;  Cs i s  the  amount of  s o l u t e  
adsorbed f o r  b n i t  mass of  adso rben t  (~moles g - l ) ;  "a" 
i s  an " a f f i n i t y "  parameter  and "b"  Is  a " c a p a c i t y "  
parameter  C i . e .  "b" i s  the va lue  of  Cs when a l l  s i t e s  
on the s u r f a c e  are occuped) .  A p l o t  of  Ce/Cs a g a i n s t  
Ce w i l l  g i v e  a s t r a i g h t  l i n e  ( F i g u r e  2) whose s lope 
a l l ows  to  c a l c u l a t e  the c a p a c i t y  parameter  and y -  
i n t e r c e p t  ( w i t h  the s lope v a l u e ) ,  the a f f i n i t y  
pa ramete r .  

Table 2. "a"  and "b" va lues  (on molar  b a s i s )  of  
Langmuir  i s o t h e r m .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a b 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T~ Gro-Safe  N o r i t  Gro-Safe  N o r i t  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 460 619 518 581 
25 770 770 567 683 
40 718 1470 621 779 

These va lues  (Tab le  2) f u r t h e r  c o n f i r m  the h i g h e r  
a d s o r p t i o n  power of  N o r i t  cha rcoa l  in  compar ison to  
Gro -Sa fe .  

The r e c o v e r y  of  the h e r b i c i d e  by washing w i t h  d i s t i l l e d  
wa te r  at  25~ i s  on l y  p o s s i b l e  when the amount of  
L i n u r o n  adsorbed on N o r i t  i s  h i g h e r  than about  200 
™ g - I  t i n  F i g u r e  3 i s  on l y  r e p o r t e d  the d e s o r p t i o n  
i s o t h e r m  r e l a t e d  to  the l a s t  two p o i n t s  of  the 
a d s o r p t i o n  i s o t h e r m ) .  L i n u r o n  d e s o r p t i o n  from Gro-Sa fe  
at  25~ shows a s i m i l a r  b e h a v i o u r .  

The a d s o r p t i o n  process from s o l u t i o n  and the adso rba te  
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F i g u r e  2. Langmuir  a d s o r p t i o n  i s o t h e r m s  of  L i n u r o n  by 
Gro-Safe  (A) and N o r i t  (B) at  5~ 25~ 40~ 

s o l u b i l i t y  are both a f f e c t e d  by t e m p e r a t u r e :  however ,  
s o l u b i l i t y  and a d s o r p t i o n  are a n t h a 9 o n i s t i c  phenomena 
and the a d s o r p t i o n  w i l l  be h i g h e r  when the s o l u b i l i t y  
i s  lower .  I f  the adso rba te  s o l u b i l i t y  i n c r e a s e s  w i t h  
t e m p e r a t u r e ,  ~he a d s o r p t i o n  decreases as the a d s o r p t i o n  
i s  g e n e r a l l y  an exo the rm lc  pnenomenon. I f  the 
s o l u b i l i t y  decreases w i t h  i n c r e a s i n g  of  t e m p e r a t u r e  the 
s o l u b i l i t y  process would be e x o t h e r m i c  and t n e r e f o r e  
the a d s o r p t i o n  w i J ]  decrease or  i n c r e a s e  w i t h  the 
t e m p e r a t u r e  a c c o r d i n g  to  the process q u a n t i t a t i v e l y  
p r e v a l e n t  (under  the same e n t r o p i c  f a c t o r ) .  As the 
L i nu ron  s o l u b i l i t y  i n c r e a s e s  w i t h  t e m p e r a t u r e ,  a lower  
a d s o r p t i o n  shou ld  be expec ted  at  40 ~ than at 5 ~ 
because of  both the e x o t h e r m i c i t y  of  the a d s o r p t i o n  
process and the e f f e c t  of  s o l u b i l i t y .  On the c o n t r a r y  
we have a h i g h e r  a d s o r p t i o n  at  40~ than at 5~ This  
means t h a t  the ove ra l J  process i s  endo tne rm ic  whereas 
a d s o r p t i o n  i s  an e x o t h e r m i c  phenomenon. T h e r e f o r e ,  we 
must admi t  t h a t  an a d s o r p t i o n  coup led  to  a process  of 
o p p o s i t e  s ign  (+) to  the normal s ign  of  a d s o r p t i o n  heat 
( - )  would take  p l a c e .  

The a d s o r p t i o n  heat ( e n t a l p y )  was de te rm ined  us ing  the 
C l a u s i u s - C l a p e y r o n  e q u a t i o n :  

d In Ce /d t  = & H/RT 2 [ I ]  

The i n d e f i n i t e  i n t e g r a l  form of  eq. [ I  ] i s :  

In Ce = - &H/RT + K [ 2 ]  

and the d e f i n ~ t e  l n t e g r a l  form lS:  

In Cel /Ce 2 = - &H/R ( T I - T  2) [ 3 ]  
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where Ce I and Ce 2 are the e q u i l i b r i u m  c o n c e n t r a t i o n  at 
T 1 and T 2 and A H is  c o n s t a n t  in the range T 1 - T 2 . 

Table 3 g i ves  the A H va lues  acco rd i ng  to  e q u a t i o n s [ 2 ]  
and [ 3 ] .  

The a d s o r p t i o n  heats va ry  between 4111 and 13569 cal 
mole- I  f o r  Gro -Sa fe ,  and between 8016 and 11208 cal 
mole- I  f o r  N o r i t  (Tab le  3 ) .  In both cases AH is  h i ghe r  
the lower  i s  the amount of h e r b i c i d e  adsorbed.  I t  i s  
c o n s i d e r e d  t h a t  the a d s o r p t i o n  heat v a r i e s  between 
20000 and I00000 cal m o l e - I  f o r  a chemica l  a d s o r p t i o n  
and i t  i s  about 5000 cal mole -I f o r  a p h y s i c a l  
a d s o r p t i o n  ( G l a s s t o n e ,  1960) .  Th is  i s  a n e g a t i v e  v a l u e ,  
but we f i n d  the t o t a l  heat p o s i t i v e ,  because in our 

Table 3. AH va lues  of L i nu ron  adsorbed on c h a r c o a l s .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L inu ron  N o r i t  Gro-Safe  
adsorbed AH (a) AH (b) AH (a) AH (b) 
(pg g-l ) (ca l  mole-I ) (ca l  m o l e - l )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

130xlO 3 8016 8200 - - 
120xlO 3 7837 8017 - - 
l l O x l O  3 8025 8210 4111 4208 
lOOxlO 3 9295 9509 4491 4603 

90xlO 3 9918 10146 5688 5819 
80xlO 3 10957 11208 7673 7849 
70xlO 3 - - 13266 13569 

(a) C a l c u l a t e d  acco rd ing  to  eq. [ 2 ] .  
(b) C a l c u l a t e d  acco rd ing  to  eq. [ 3 ] .  
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case the  a d s o r p t i o n  i s  an e n d o t h e r m i c  p r o c e s s .  The 
p r o c e s s e s  wh ich  p r o b a b l y  compensate  the  n e g a t i v e  v a l u e  
o f  t he  a d s o r p t i o n  hea t  are t he  b r e a k i n g  o f f  o f  s o l v e n t  
m o l e c u l e s  f rom the  a d s o r b e n t  s u r f a c e  and the  d i f f u s i o n  
o f  s o l u t e  to  t he  a d s o r b e n t  s u r f a c e .  These phenomena are 
e s s e n t i a l l y  e n d o t h e r m i c  and t h e i r  c o n t r i b u t i o n  i s  
g e n e r a l l y  s m a l l ,  bu t  i n  our  case s u f f i c i e n t  to  exceed 
t h a t  due o n l y  to  t he  a d s o r p t i o n ,  wh ich  i s  e x o t h e r m i c .  

T h e r e f o r e ,  t he  AH v a l u e s  r e l a t i v e  to  a d s o r p t i o n  o n l y  
w i l l  be s m a l l e r  as t he  t o t a l  AH ones .  However ou r  
r e s u l t s  need to  be examined more c l o s e l y  in  o r d e r  to  
e x p l a i n  a l s o  t he  t y p e  o f  b i n d i n g  between i r r e v e r s i b l y  
adsorbed  L i n u r o n  and the  c h a r c o a l s .  

The ave rages  o f  t he  AH v a l u e s  vs .  amounts o f  L i n u r o n  
adsorbed  are r e p o r t e d  i n  F i g u r e  4. The c u r v e s  tend to  
an a p p r o x i m a t e l y  c o n s t a n t  AH, and t h e r e f o r e  we can 
assume the  f o r m a t i o n  of  a m o n o m o l e c u l a r  f i l m  at a 
p a r t i c u l a r  v a l u e  o f  adsorbed  L i n u r o n  ( lOOx103 Ng g-l  ) 
on G r o - S a f e ,  wh ich  has a s u r f a c e  area of  559 m2 g - l :  

559 m 2 g-1 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  8 .12  x 1020 m o l e c u l e s  g - I  
68 .8  x 10-20 m2 m o l e c u l e - I  

are n e c e s s a r y  to  f o r m a  m o n o l a y e r . t h e  L i n u r o n  m o l e c u l a r  
s u r f a c e  area be ing  6 8 . 8 x i 0 - 2 0  m2 m o l e c u l e - I  . On t h e  
o t h e r  hand,  lOOxlO 3 ~g g - I  o f  L i n u r o n  adsorbed  
c o r r e s p o n d  to  4 . 0 1 x l O - 4 m o l e s  g - l , i . e  2 . 4 1 x l O 2 O m o l e c u l e s  
g-l. T h e r e f o r e ,  t h i s  v a l u e  i n d i c a t e s  the  f o r m a t i o n  of  an 
a lmos t  m o n o m o l e c u l a r  f i l m .  The c a l c u l a t i o n  c a r r i e d  ou t  
f o r  o t h e r  p o i n t s  o f  t he  c u r v e  g i v e s  the  f o l l o w i n g  
v a l u e s :  l l O x l O 3 ™  g-1 c o r r e s p o n d  to  2 6 5 x i 0 2 0  m o l e c u l e s  
g - l ,  120x i03  ~g g-I to  2 . 9 0 x l O 2 O m o l e c u i e s  g - l  130x i03  ~g 
g- I  to  3 . 1 4 x i 0 2 0  m o l e c u l e s  g- l .  

For  N o r i t  wh i ch  have a s u r f a c e  area o f  608 m 2 g 1 

608 m 2 g - I  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  8 .84  x 1020 m o l e c u l e s  g 1 
68 .8  x 10-20 m2 m o l e c u l e - I  

are n e c e s s a r y  to  form a m o n o l a y e r .  On t he  o t h e r  hand 
l l O x 1 0 3  Ng g-I o f  L i n u r o n  adsorbed  c o r r e s p o n d  to  4 . 4 0 x  
10-4 moles g-I , i . e .  2 . 6 5 x i 0  20 m o l e c u l e s  g - l .  T h i s  
v a l u e  a l s o  i n d i c a t e s  the  f o r m a t i o n  o f  an a lmos t  
m o n o m o l e c u l a r  f i l m ,  as we have obse rved  f o r  G r o - S a f e .  

T h e r e f o r e ,  f o r  N o r i t  and G r o - S a f e ,  we are a lways  be low,  
even i f  by no t  much, t he  t h e o r e t i c a l  amount n e c e s s a r y  
f o r  a m o n o m o l e c u l a r  f i l m  ( 8 . 8 4  x 1020and 8 . 1 2 x  1020 
m o l e c u l e s  g-I f o r  N o r i t  and Gro -Sa fe  r e s p e c t i v e l y ) ;  
however ,  we must c o n s i d e r  t he  h e t e r o g e n e i t y  of t h e  
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Figure  4. Amount of L inuron adsorbed on charcoa ls  vs.~H 
va lues .  

a c t i v a t e d  carbons and t h e r e f o r e  we can regard the 
a c t i v e  cen t res  of charcoa ls  e n t i r e l y  s a t u r a t e d  by 
L inu r©  

These r e s u l t s  ev idence the e f f e c t i v e n e s s  of the two 
a c t i v a t e d  carbons ( p a r t i c u l a r l y  N o r i t )  in c o n t r o l l i n g  
and e l i m i n a t i n g  L inuron r e s i d u e s .  
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