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ABSTRACT 

Column experiments  were set up i n  o r d e r  t o  s tudy  t h e  behaviour of heavy metals  from 

l a n d f i l l  l e a c h a t e  i n  t h e  soil .  Spec ia l  a t t e n t i o n  w a s  given t o  t h e  in f luence  of f a t t y  

a c i 6 s  i n  t h e  l e a c h a t e  on t h e  m o b i l i t y  of l e a d ,  copper,  n i c k e l  and zinc.  I n  a d d i t i o n  

t h e  i n f l u e n c e  of t h e  kind of soil material w a s  i n v e s t i g a t e d .  

Of t h e  s i x  columns used i n  t h e  experiments ,  t h r e e  w e r e  pe rco la t ed  with s y n t h e t i c  

l a n d f i l l  l e a c h a t e  and t h r e e  with t h e  same l e a c h a t e  without  f a t t y  acids .  

I n  both cases t h e  t h r e e  columns con ta ined  sand, sand mixed with f i n e  c l a y  particles 

and sand mixed wi th  large c l a y  aggregates .  

A l l  experiments  w e r e  c a r r i e d  out under anaerobic  condi t ions.  The so i l  s o l u t i o n  of each 

column w a s  p e r i o d i c a l l y  analysed.  

A t  t h e  end of t h e  experiments ,  af te ;  7 months, t h e  s o i l  w a s  analysed f o r  p r e c i p i t a t e s  

and adso rp t ion  of metals. 

I n  t h e  p re sence  of f a t t y  a c i d s ,  breakthrough of r e s p e c t i v e l y  n i c k e l ,  z i n c  and lead 

took p l a c e ,  whereas copper accumulated i n  t h e  soil .  In  t h e  absence of f a t t y  a c i d s  

p r e c i p i t a t i o n  and adso rp t ion  of t h e  metals t o o k  place.  

INTRODUCTION 

A s  part of a r e sea rch  p r o j e c t  on groundwater p o l l u t i o n ,  experiments  with soil  

columns were c a r r i e d  ou t  t o  s imula t e  t r a n s p o r t  of p o l l u t a n t s  i n  t h e  f i e l d .  

The a i m  of  t h e s e  experiments  was t o  o b t a i n  knowledge about t h e  processes involved i n  

t h e  t r a n s p o r t  of p o l l u t a n t s  from a l a n d f i l l  t o  soi l  and groundwater below it. I n  

p a r t i c u l a r  t h e  i n f l u e n c e  of f a t t y  a c i d s  on t h e  mob i l i t y  of heavy metals from t h e  

1 andf i 11 w a s  i n v e s t  i gated. 

A t  a l a n d f i l l  s i t e  i n  Ambt-Delden, The Netherlands,  t h e  presence of f a t t y  ac ids  

coincided with l a r g e  amounts of heavy metals i n  t h e  l eacha te .  

Reprinted from The Science of the Total Environment, 21 (1981) 203-213 
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LITERATURE AND THEORY 

P r o c e s s e s  i n  t h e  w a s t e  o f  a l a n d f i l l  

Dur ing  d e c o m p o s i t i o n  o f  t h e  o r g a n i c  was te  i n  a l a n d f i l l ,  a s t a g e  of  a n a e r o b i c  

breakdown is r e a c h e d ,  i n  which complex o r g a n i c  compounds a r e  c o n v e r t e d  i n t o  v o l a t i l e  

f a t t y  a c i d s .  I n  t h e  l a n d f i l l  Ambt-Delden, f a t t y  a c i d  c o n c e n t r a t i o n s  up  t o  4 g/1  were 

found i n  t h e  p e r c o l a t e  ( B a n n i n k ,  1980) .  C h a r a c t e r i s t i c  f o r  t h i s  s t a q e  are a pH 

d e c r e a s i n g  t o  5.5 - 6 and  a d e c r e a s i n g  r e d o x p o t e n t i a l .  

I n  t h i s  s t a g e  h i g h  c o n c e n t r a t i o n s  of heavy metals  c a n  be p r e s e n t  i n  s o l u t i o n ,  hecause  

o f  c o m p l e x a t i o n  w i t h  f a t t y  a c i d s ,  and c a n  be t r a n s p o r t e d  i n  t h e  waste and t h e  so i l .  I n  

a l a n d f i l l  t h i s  s t a q e  can  l a s t  f rom $ t o t  7 y e a r s  (Hoeks,  1 9 7 8 ) ,  a f t e r  which breakdown 

o f  f a t t y  a c i d s  t o  methane dominates .  

T r a n s p o r t  and  r e t e n t i o n  o f  heavy m e t a l s  i n  t h e  soi l  

A d s o r p t i o n  on c o l l o i d a l  s u r f a c e s  p l a y s  a major role i n  t h e  r e t e n t i o n  o f  heavy metal 

i o n s  b e i n g  t r a n s p o r t e d  i n  a s o i l  m a t r i x .  These  i o n s  u s u a l l y  a r e  p r e s e n t  a t  v e r y  low 

c o n c e n t r a t i o n s  i n  t h e  soil  s o l u t i o n .  Under t h e s e  c i r c u m s t a n c e s  a d s o r p t i o n  of meta l  

i o n s  t o  c l a y  m i n e r a l s  shows a v e r y  l o w  r e v e r s i b i l i t y  b e c a u s e  of  p r e f e r e n t i a l  

a d s o r p t i o n  by c h e m i c a l  bond (Harmsen, 1977) .  

A l s o  a d s o r p t i o n  of  heavy metal c a t i o n s  on so i l  o r q a n i c  m a t t e r ,  e s p e c i a l l y  humic and 

f u l v i c  a c i d s ,  and on  t h e  o x i d e s  and h y d r o x i d e s  o f  Mn, Fe and A 1  is of  c h e m i c a l  n a t u r e  

(Bar-Yosef et  a l . ,  1975) .  

Bruggenwert  and Kamphorst ( 1 9 7 9 )  c o n c l u d e  t h a t  t h e r e  is l i t t l e  aqreement  i n  t h e  

l i t e r a t u r e  a b o u t  t h e  o r d e r  of  p r e f e r e n c e  f o r  heavy m e t a l s .  

S t e v e n s o n  and Ardakani  ( 1 9 7 2 )  r e p o r t  t h a t  t h e  p r e f e r e n c e  s e q u e n c e  of c o m p l e x a t i o n  w i t h  

f u l v i c  a c i d  is: Cu > Pb Fe > N i  > Mn > Co > Zn > M g .  S p o s i t o  e t  a l .  (1976)  r e p o r t  

s t r o n g  c o m p l e x a t i o n  of  c o p p e r  w i t h  t h e  s o i l  humic a c i d .  G e n e r a l l y ,  m o b i l i t y  o f  copper  

i n  soi ls  is r e p o r t e d  t o  he  v e r y  l o w .  

Another  r e t e n t i o n  p r o c e s s  i n  t h e  so i l  below a l a n d f i l l  is p r e c i p i t a t i o n  w i t h  s u l p h i d e s  

and p o s s i b l y  c a r b o n a t e s .  C o n c e n t r a t i o n s  o f  t h e s e  a n i o n s  a r e  s t r o n g l y  d e p e n d e n t  on pH 

and r e d o x p o t e n t i a l  o f  t h e  soil s o l u t i o n .  F o r m a t i o n  o f  s u l p h i d e s  is c a u s e d  by s u l p h a t e  

r e d u c i n g  b a c t e r i a .  S u l p h a t e  r e d u c t i o n  t a k e s  p l a c e  a t  r e d o x p o t e n t i a l s  he low - 100 mV 

( P o s t g a t e ,  1979) .  

F o r  t h e  p r e d i c t i o n  of  heavy metal  b e h a v i o u r  i n  t h e  s o i l ,  one  h a s  t o  know i n  what 

forms  t h e s e  metals are p r e s e n t  i n  t h e  so i l  s o l u t i o n .  For e q u i l i b r i u m  c o n d i t i o n s  Laqas 

and  Harmsen ( 1 9 8 0 )  c o n c l u d e  t h a t  i n  t h e  p r e s e n c e  of  f a t t y  a c i d  c o n c e n t r a t i o n  of  0.3 

m o l / l ,  a l a r g e  p e r c e n t a g e  of t h e  m e t a l  amount is p r e s e n t  as monovalen t  p o s i t i v e l y  

c h a r g e d ,  uncharged  and n e g a t i v e l y  c h a r g e d  complexes.  T h i s  s e v e r e l y  r e d u c e s  a d s o r p t i o n  

and p r e c i p i t a t i o n  of  t h e  metals a s  c a t i o n s .  
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MATERIALS AND METHODS 

E x p e r i m e n t a l  s e t - u p  

S i x  p e r c o l a t i o n  columns of g r e y  p o l y e t h e n e ,  w i t h  a l e n g t h  o f  140 c m  and a d i a m e t e r  

of 18  cm, w e r e  c o n s t r u c t e d .  

P e r  column, f i ve  t a p p o i n t s  werd i n s e r t e d  i n  t h e  column w a l l ,  w i t h  a s p a c i n g  of 20 cm. 

Each t a p p o i n t  w a s  c o n n e c t e d  t o  a p e r f o r a t e d  p o l y e t h e n e  t u b e  of 18 an l e n g t h ,  which 

p e n e t r a t e d  i n t o  t h e  column. The t u b e s  w e r e  p o s i t i o n e d  a l t e r n a t i v e l y  p e r p e n d i c u l a r  t o  

each  o t h e r .  

The c o n t e n t s  o f  t h e  columns a r e  i n d i c a t e d  i n  t a b l e  1. A l l  s o i l  co lumns  w e r e  

w a t e r s a t u r a t e d .  The s a n d  m a t e r i a l  was dune sand.  The c l a y  a g g r e g a t e s  had a d i a m e t e r  of 

2-4 cm. I n  columns 2-5 t h e  s a n d / c l a y  weight  r a t io  was 1O:l. T a b l e  2 gives t h e  r e l e v a n t  

p a r a m e t e r s  of t h e  s o i l  components. The p e r c o l a t i o n  r a t e  was 1.6 cm.day-'. 

TABLE 1 
Composi t ion  and p e r c o l a t i o n  t r e a t m e n t  of  t h e  s i x  columns 

Column nr .  

P e r c o l a t i o n  
l i q u i d  

R e f e r e n c e  
s o l u t i o n  

S y n t h e t i c  l a n d f i l l  
l e a c h a t e  

S o i  1 Sand Sand Sand Sand Sand Sand 
m a t e r i  a 1  + t + + 

Clay  Clay  C l a y  Clay 
( f i n e )  ( a g g r e -  ( a g q r e -  ( f i n e )  

g a t e s )  g a t e s )  

TABLE 2 
P a r a m e t e r s  of t h e  soi l  components  used  i n  t h e  e x p e r i m e n t s  

P a r a m e t e r  Sand Clay 

Org. C 
CaC03 
CEC (meq/100 q )  

pH ( K C l )  

M-number 
S o r t i n g g r a d e  

PH (H20) 

0.5% 
1.8% 
2 
8.3 
8.5 

240 
93 

0.1% 
12% 
16 
7.3 
8.0 



548 

TABLE 3 

The c o m p o s i t i o n  of t h e  s y n t h e t i c  l a n d f i l l  l e a c h a t e  and  t h e  r e f e r e n c e  s o l u t i o n  

Component S y n t h e t i c  l e a c h a t e  R e f e r e n c e  s o l u t i o n  

rnol/l m01/1 

Acetic a c i d  

P r o p i o n i c  a c i d  

B u t y r i c  a c i d  

Va le r i c  a c i d  

Ascorbic a c i d  

C h l o r i d e  

S u l p h a t e  

T o t a l  c a r b o n a t e  

Sodium 

P o t a s s i u m  

Ammonium 

Calc ium 

Magnesium 

I r o n  

Manganese 

Copper  

Z i n c  

Lead 

N i c k e l  

0.17 

0.05 

0.11 

0.12 

0.01 

0.1 

0.02 

0.003 

0.23 

0.05 

0.17 

0.07 

0.02 

0.025 

0.001 

0.001 

0.001 

0.001 

0.001 

0.01 

0.26 

0.02 

0.003 

0.07 

0.02 

0.04  

0.04 

0.02 

0.025 

0.001 

0.001 

0.001 

0.001 

0.001 

Composi t ion  o f  t h e  i n p u t  s o l u t i o n  

The c o m p o s i t i o n  of  t h e  p e r c o l a t i o n  l i q u i d s  u s e d ,  is q i v e n  i n  t a b l e  3. It was 

a t t e m p t e d  t o  s y n t h e s i z e  t h e  l e a c h a t e  of t h e  Ambt-Delden l a n d f i l l  a s  qood as p o s s i b l e .  

The r e f e r e n c e  s o l u t i o n  h a s  t h e  same heavy metal c o m p o s i t i o n  as t h e  s y n t h e t i c  l e a c h a t e  

b u s  d o e s  n o t  c o n t a i n  f a t t y  a c i d s .  

I n  o r d e r  t o  k e e p  t h e  r e d o x p o t e n t i a l  of t h e  s o l u t i o n  low, a s c o r b i c  a c i d  w a s  added a s  a 
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redox b u f f e r .  Thus a r e d o x p o t e n t i a l  o f  150 mV was m a i n t a i n e d  i n  t h e  s o l u t i o n ,  a t  a pH 

o f  5.7. 

The t o t a l  f a t t y  a c i d  c o n c e n t r a t i o n  i n  t h e  s y n t h e t i c  l e a c h a t e  is a b o u t  e q u a l  t o  t h a t  i n  

r e a l  l e a c h a t e .  The Zn- and Mn-concent ra t ions  a r e  comparable  w i t h  t h o s e  i n  r e a l  

l e a c h a t e ;  f o r  t h e  o t h e r  m e t a l s  t h e  c o n c e n t r a t i o n s  i n  real l e a c h a t e  a r e  s u b s t a n t i a l l y  

lower. The r e a s o n s  f o r  t h i s  d e v i a t i o n  w e r e :  t o  o b t a i n  m e a s u r a b l e  c o n c e n t r a t i o n s  i n  t h e  

p e r c o l a t e  and t o  be a b l e  t o  compare t h e  b e h a v i o u r  o f  t h e  m e t a l s .  

Sampl ing  and methods o f  a n a l y s i s  

Once p e r  t w o  weeks soi l  s o l u t i o n  s a m p l e s  w e r e  t a k e n  from t h e  t a p p o i n t s  and 

c h e m i c a l l y  a n a l  ysed .  

A f t e r  7 months ,  p e r c o l a t i o n  was t e r m i n a t e d  and t h e  s o i l  m a t e r i a l ,  d r a i n e d  t o  f i e l d  

c a p a c i t y  and s u b s e q u e n t l y  f r o z e n ,  was a n a l y s e d .  For t h i s  p u r p o s e  t h e  soi l  column was 

c u t  i n t o  c y l i n d r i c a l  s a m p l e s  of  5 c m  h e i g h t .  

I n  t h e  columns w i t h  c l a y  a g g r e q a t e s ,  s a n d  and c l a y  w e r e  sampled  s e p a r a t e l y .  I n  t h e  

l a b o r a t o r y  t h e  s o l u b l e  s a l t s  and e x c h a n g e a b l y  a d s o r b e d  c a t i o n s  w e r e  e x t r a c t e d  w i t h  

a 0.5 molar  B a C l 2 - s o l u t i o n .  a f t e r  which t h e  p r e c i p i t a t e d  and s t r o n q l y  a d s o r b e d  forms 

o f  t h e  m e t a l s  and o t h e r  c a t i o n s  w e r e  e x t r a c t e d  w i t h  0.1 N HCI. I n  t h e  e x t r a c t s  t h e  

m e t a l  c o n c e n t r a t i o n s  were d e t e r m i n e d  by a t o m i c  a b s o r p t i o n  s p e c t r o s c o p y .  P r e c i p i t a t e s  

i n  t h e  s o i l  w e r e  q u a l i t a t i v e l y  a n a l y s e d  b y  X-ray d i f f r a c t i o n  and s c a n n i n g  e l e c t r o n  

microscopy (Bisdom e t  a l . ,  1981) .  

RESULTS AND DISCUSSION 

The soi l  s o l u t i o n  

The c o n c e n t r a t i o n s  o f  l e a d  and c o p p e r  i n  t h e  so i l  s o l u t i o n  a r e  p r e s e n t e d  i n  figure 

1. The r e s u l t s  f o r  l e a d  a r e  similar t o  t h o s e  f o r  n i c k e l  and z i n c .  These  t h r e e  m e t a l s  

a r e  r e t a i n e d  by t h e  soi l  when f a t t y  a c i d s  a r e  a b s e n t ,  whereas  i n  t h e  columns where 

s y n t h e t i c  l a n d f i l l  l e a c h a t e  was u s e d ,  r e t e n t i o n  by t h e  soi l  i s  

less s e v e r e  or a b s e n t .  Copper d e v i a t e s  f rom t h i s  b e h a v i o u r .  I t  is r e t a i n e d  i n  t h e  

u p p e r  30 an of  t h e  s o i l  column, independen of t h e  p r e s e n c e  or a b s e n c e  of ' f a t t y  a c i d s .  

Complexa t ion  of t h e  m e t a l  i o n s  e x p l a i n s  t h e  m o b i l i t y  o f  t h e  m e t a l s  when f a t t y  a c i d s  

a r e  p r e s e n t .  Copper ,  complexed w i t h  l o w  m o l e c u l a r  o r g a n i c  a c i d s ,  may become d i s m a n t l e d  

i n  c o n t a c t  w i t h  o r g a n i c  m a t t e r  i n  t h e  so i l ,  t o  be s u b s e q u e n t l y  complexed w i t h  t h e  

humus. The new complex must have  a h i g h e r  s t a b i l i t y  c o n s t a n t .  Because  t h e  r e s u l t  is a 

h i g h  m o l e c u l a r  complex, i t s  m o b i l i t y  can  be low (Bruggenwer t  and Kamphorst ,  1979) .  
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Fig .  1 .  Metal concentrat ions  i n  the  pore l i q u i d  of the  columns with sand/fine Clay 

mixture. 

perco la t ion  t i m e  = 2 w e e k s .  

A " = 4 w e e k s .  

* 'I = 16 weeks. 

0 'I = 24 w e e k s .  



551  

0 

0 

RI %I $I $1 

P 

01 Rl %I 81 

F i g .  2 .  Metal c o n t e n t s  of t h e  s o l i d  soil m a t e r i a l  v e r s u s  depth i n  t h e  column. 

Upper h a l f :  Column 1 ( sand,  p e r c o l a t e d  with  t h e  r e f e r e n c e  s o l u t i o n ) .  

L o w e r  h a l f :  Column 2 ( sand + f i n e  c l a y ,  p e r c o l a t e d  with  t h e  r e f e r e n c e  s o l u t i o n ) .  
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P e r c o l a t i o n  w i t h  r e f e r e n c e  s o l u t i o n  

R e s u l t s  of  so i l  a n a l y s e s  a t  t h e  end  of p e r c o l a t i o n  are p r e s e n t e d  i n  f i g  2. for 

columns 1 a n d  2. It appears t h a t :  

- t h e  s a n d / c l a y  m i x t u r e  i s  more e f f e c t i v e  t h a n  p u r e  s a n d  i n  t h e  r e t e n t i o n  o f  heavy 

metals ;  

- r e t e n t i o n  o f  copper t a k e s  p l a c e  i m m e d i a t e l y  a f t e r  t h e  s o l u t i o n  e n t e r s  t h e  column, 

t h a t  is, i n  t h e  u p p e r  30 cm of  t h e  soi l ;  

- p e n e t r a t i o n  d e p t h  of  l e a d  is i n t e r m e d i a t e  be tween t h a t  of copper on  t h e  one  hand and 

n i c k e l  and z i n c  on  t h e  o t h e r  hand.  
Black  m e t a l s u l p h i d e  p r e c i p i t a t e s  w e r e  found i n  co lumns  1-3, m a i n l y  i n  t h e  d e p t h  r a n g e  

be tween 1 5  and  70 cm. T h i s  i n d i c a t e s  t h a t  s u l p h a t e  r e d u c i n g  b a c t e r i a  c o u l d  d e v e l o p  

from a d e p t h  o f  15  an downward. N i c k e l  and z i n c ,  b e i n g  p r e d o m i n a n t l y  p r e s e n t  i n  t h i s  

z o n e ,  w e r e  m a i n l y  r e t a i n e d  by s u l p h i d e  p r e c i p i t a t i o n .  

Lead w a s  found b o t h  i n  t h e  s u l p h i d e  zone  and above it. T h i s  i n d i c a t e s  t h a t  it w a s  

r e t a i n e d  b o t h  by p r e c i p i t a t i o n  and a d s o r p t i o n .  Because  c o p p e r  c o u l d  o n l y  be e x t r a c t e d  

by 0.1 N HC1 and w a s  found o n l y  above t h e  s u l f i d e  zone ,  r e t e n t i o n  of c o p p e r  w a s  

p r o b a b l y  by p r e f e r e n t i a l  a d s o r p t i o n  on t h e  soi l  c o l l o i d s .  A r e l a t i v e l y  s m a l l  p a r t  of 

t h e  r e t e n t i o n  of  e a c h  heavy m e t a l  w a s  by e x c h a n g e a b l e  a d s o r p t i o n .  

P e r c o l a t i o n  w i t h  s y n t h e t i c  l a n d f i l l  l e a c h a t e  

The b r e a k t h r o u g h  c u r v e s  f o r  l e a d ,  z i n c  and n i c k e l  i n  s a n d  and f i n e  c l a y  are 

p r e s e n t e d  i n  f i g .  3. The b r e a k t h r o u g h  c u r v e  f o r  c h l o r i d e  d i d  n o t  s i g n i f i c a n t l y  d i f f e r  

among t h e  t h r e e  columns. The low c l a y  c o n t e n t  a p p a r e n t l y  d i d  not  i n f l u e n c e  t h e  

d i s p e r s i o n ,  nor  d i d  a n i o n  e x c l u s i o n  p l a y  a role. 

F i g .  3. B r e a k t h r o u g h  c u r v e s  f o r  l e a d ,  z i n c  and n i c k e l  i n  column 5 ( f i l l e d  w i t h  sand  t 

f i n e  c l a y ,  p e r c o l a t e d  w i t h  s y n t h e t i c  l a n d f i l l  l e a c h a t e )  a t  a d e p t h  of  110 c m .  Co 

( l e a d )  = c ,  ( n i c k e l )  = 1000 p o l / l ;  Co ( c h l o r i d e )  = 170 mol/l. 
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Fig .  4. B r e a k t h r o u g h  c u r v e s  f o r  l e a d  a t  a d e p t h  of 110 c m  i n  t h e  columns p e r c o l a t e d  

w i t h  s y n t h e t i c  l a n d f i l l  l e a c h a t e .  Co ( l e a d )  = 1000 u m o l / l ;  Co ( c h l o r i d e )  = 170 

mmol/l. 

From t h e  area between t h e  c h l o r i d e -  a n d  m e t a l c u r v e s  o n e  c a n  compute f o r  e a c h  metal how 

much h a s  been  r e t a i n e d  i n  t h e  column b o t h  by p r e c i p i t a t i o n  and a d s o r p t i o n .  

W e  may assume t h a t  i n  t h e  columns w i t h  s a n d / c l a y  m i x t u r e  t h e  same amounts  of  m e t a l  

w e r e  p r e c i p i t a t e d  and a d s o r b e d  on o r g a n i c  m a t t e r ,  as i n  t h e  column w i t h  sand.  

T h e r e f o r e  t h e  area i n  f i g .  4 between t h e  c u r v e s  of  t h e  metal  on s a n d  and on t h e  

s a n d / c l a y  m i x t u r e  i n d i c a t e s  t h e  amount a d s o r b e d  on t h e  c l a y  m a t e r i a l .  I n  t h i s  way w e  

computed t h a t  f o r  t h e  column w i t h  s a n d  and f i n e  c l a y  a t o t a l  amount of  29  mol Pb,  6 

mmol Zn a n d  4 mmol N i  w a s  a d s o r b e d  on t h e  c l a y .  T h i s  o r d e r  a g r e e s  w i t h  t h e  o r d e r  o f  

i n c r e a s i n g  h y d r a t e d  i o n i c  r a d i i .  These  r a d i i  d e t e r m i n e  t h e  s e l e c t i v i t y  c o e f f i c i e n t s  

f o r  r e v e r s i b l e  a d s o r p t i o n  on t h e  c l a y .  

F i g .  4 v e r y  w e l l  i l l u s t r a t e s  t h e  d i f f e r e n c e  i n  r e t e n t i o n  by c l a y  i n  f i n e  p a r t i c l e s  

and c l a y  i n  aggregates. It a p p e a r s  t h a t  i n  t h e  column w i t h  f i n e  c l a y ,  a d s o r p t i o n  t a k e s  

place i m m e d i a t e l y .  I n  t h e  column w i t h  c l a y  a g g r e g a t e s ,  a d s o r p t i o n  on c l a y  p a r t i c l e s  

t a k e s  p l a c e  too, b u t  d e l a y e d ,  b e c a u s e  t h e  i o n s  f i r s t  h a v e  t o  d i f f u s e  from t h e  p o r e s  i n  

t h e  s a n d  m a t r i x  i n t o  t h e  c l a y  a g g r e g a t e s .  T h i s  is why b r e a k t h r o u g h  o c c u r s  e a r l i e r ,  bu t  

t h e  c u r v e  h a s  a l o n g e r  " t a i l " .  

Copper  is  n o t  p r e s e n t  i n  f i g .  3 a s  it d i d  n o t  b r e a k  t h r o u g h .  
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All resu l t s  i n d i c a t e  t h a t  e s p e c i a l l y  n i c k e l  and z i n c  and t o  a s m a l l e r  degree  l e a d  a re  

s e v e r e l y  mobi l ized  by t h e  f a t t y  ac ids .  

Sulphides  were not  found  i n  t h e  columns p e r c o l a t e d  wi th  s y n t h e t i c  l a n d f i l l  l eacha te ,  

a l though t h e  l e a c h a t e  con ta ined  a l a r g e  amount of su lpha te .  Apparent ly  s u l p h a t e  

r e d u c t i o n  has  not  t aken  p lace .  The p resence  of f a t t y  a c i d s  may be a cause  f o r  t h i s  

observa t ion .  An e x a c t  exp lana t ion  cannot  be given. 

CONCLUSIONS 

I n  t h e  p re sence  of f a t t y  a c i d s  from l a n d f i l l  l e a c h a t e ,  m o b i l i z a t i o n  of z i n c ,  nickel 

and l ead  i n  t h e  soil t a k e s  p lace .  Complexation of t h e  metal  c a t i o n s  and t h e  absence of 

su lph ides ,  e x p l a i n  t h i s  behaviour .  

The presence  o f  c l a y  i n c r e a s e s  r e t e n t i o n  of t h e  me ta l s ,  even when t h e y  a r e  l a r g e l y  

complexed by f a t t y  ac ids .  

The breakthrough sequence of t h e  m e t a l s  i n  t h e  l a n d f i l l  l e a c h a t e ,  is  r e s p e c t i v e l y  

n i c k e l ,  z i n c ,  l e a d  and copper. Th i s  a g r e e s  w e l l  w i th  known a d s o r p t i o n  p r o p e r t i e s  of  

t h e s e  metals. 

I t  makes a s u b s t a n t i a l  d i f f e r e n c e  whether t h e  c l a y  m a t e r i a l  i n  t h e  sand i s  f i n e l y  

d iv ided  o r  aggrega ted .  Because of s l o w ,  bu t  pro longed  d i f f u s i o n  of i o n s  towards and 

i n t o  t h e  aggrega te s ,  b e f o r e  a d s o r p t i o n  can t a k e  p l a c e ,  b reakthrouqh s t a r t s  r e l a t i v e l y  

e a r l y ,  bu t  it t a k e s  a long  t i m e  be fo re  maximum e f f l u e n t  c o n c e n t r a t i o n  is  reached. 

I n  t h e  absence of f a t t y  a c i d s ,  most of t h e  m e t a l s  Pb, N i  and Zn a r e  r e t a i n e d  by 

s u l p h i d e  p r e c i p i t a t i o n .  

The behaviour  of copper d e v i a t e s  s u b s t a n t i a l l y  from t h a t  of t h e  o t h e r  meta ls .  Copper 

is r e t a i n e d  i n  t h e  upper l a y e r  of t h e  soil, no m a t t e r  wheter  f a t t y  a c i d s  a r e  p re sen t  

or absent .  This is probably  due t o  p r e f e r e n t i a l  a d s o r p t i o n  or complexation of copper 

on soil c o l l o i d s .  

The p resence  o f  f a t t y  a c i d s  i n  a was te  d i s p o s a l  s i te  is not  d e s i r a b l e  a s  t hey  cause 

transport of heavy me ta l s  f r m  t h e  waste d i s p o s a l  s i t e  i n t o  t h e  soi l  and p o s s i b l y  t o  

t h e  groundwater t a b l e .  
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