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ABSTRACT 

On s e v e r a l  l o c a t i o n s  i n  The Nether lands cyanide- and bariumcontaininq waste has  

been dumped. I n  o r d e r  t o  s tudy  t h e  behaviour of cyanide and barium i n  a l a n d f i l l  and 

t h e  so i l  beneath it, column experiments  w e r e  set up i n  t h e  laboratory.  S i x  columns 

w e r e  f i l l e d  with a sand l a y e r ,  on t o p  of which a l a y e r  of domestic waste was placed. 

I n  t h e  w a s t e  l a y e r  bariumcyanide was introduced a t  d i f f e r e n t  he igh t s .  The groundwater 

l e v e l  i n  t h e  columns was d i f f e r e n t .  From t h e  r e s u l t s  it is concluded t h a t  m o s t  of t h e  

cyanide w a s  converted.  4 t o  22% of t h e  cyanide leached out. Barium w a s  mostly adsorbed 

on o rgan ic  m a t t e r  and p a r t l y  p r e c i p i t a t e d  a s  carbonate  and su lpha te ,  while  18 t o  39% 

leached out .  Leaching of  cyanide is minimized when t h e  cyanide and barium con ta in ing  

m a t e r i a l  i s  placed on t o p  of a t h i c k  l a y e r  of  domestic waste. Under t h e s e  

circumstances l each ing  of barium is i n i t i a l l y  small  but  i n c r e a s e s  r a p i d l y  i n  a later 

s t age .  

INTRODUCTION 

On s e v e r a l  l o c a t i o n s  i n  The Nether lands waste con ta in inq  cyanide and barium from 

metal p rocess ing  f i rms  has  been dumped. From i n v e s t i g a t i o n s  i n  Deurne, The Netherlands 

(Stuurgroep Cyanide Deurne, 1977) and from p u b l i c a t i o n s  ( S t i f f ,  a.o., 1976, and 

Newton, 1977),  it appeared t h a t  l i t t l e  is known about t h e  behaviour of cyanide and 

barium i n  t h e  l a n d f i l l  and t h e  soil beneath it. Therefore  column experiments were set 

up t o  i n v e s t i g a t e  t h e  behaviour of cyanide and barium under c o n t r o l l e d  condi t ions.  
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Percent barium found i n  

Table 1. Cyanide balance 

high 
groundwaterleve 1 
s a l t  s a l t  
'h igh '  ' low ' 

Percent cyanide found i n  

Gas phase 

Waste layer  

S a l t  l ayer  

Sand layer  

Percolate  

Recovery 

Recovery 

80% 99% 62% 66% I 

Conversion: 

t o  NH4', org-N 

t o  N2 

high 
qroundwaterleve 1 
s a l t  s a l t  

'h igh '  ' low ' 

2% 0% 

11% 4% 

0% 0% 

0% 6% 

4% 17% 

16% 27% 

95% 22% 

- 51% 

low 
groundwaterleve 1 
s a l t  s a l t  
'high' ' l o w '  

0% 0% 

11% 5 %  

0% 0% 

0% 2% 

14% 22% 

25% 29% 

6% 13% 

69% 58% 

1 Table 2. Barium balance 

Waste layer  

S a l t  l ayer  

Sand layer  

Percolate  

31% 

9% 

18% 

22% 

19% 

11% 

30% 

39% 

4 

qroundwaterleve 1 
s a l t  low s a l t  1 
'high '  'low' 

22% 

15% 

2% 

23% 

8% 

28% 

12% 

18% 
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n 
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. LOW GROUNDWATER LEVEI 

Figure 1 .  Composition of the  6 columns 
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THEORETICAL ASPECTS 

I n  t h e  l a n d f i l l -  and  soi l  m a t e r i a l  t h e  c y a n i d e  i o n  can  undergo  t h e  f o l l o w i n g  

r e a c t i o n s :  

- c o n v e r s i o n  t o  HCN ( v o l a t i l e )  a t  p H  < 9.2 

- c o n v e r s i o n  t o  NH4+,  org-N (or NO-3, NO-2, N2) 

- c o m p l e x a t i o n  w i t h  Fe or Fe  : Fe(CN)6 , Fe(CN)6 

- p r e c i p i t a t i o n  o f  Fe4 Fe(CN)6 ( P r u s s i a n  b l u e )  

- c o n v e r s i o n  t o  SCN- o r  OCN- 

- c o m p l e x a t i o n  w i t h  t r a c e  elements 

The bar ium i o n  can  u n d e r g o  t h e  f o l l o w i n g  r e a c t i o n s :  

- p r e c i p i t a t i o n  w i t h  c a r b o n a t e  : BaC03 

- p r e c i p i t a t i o n  w i t h  s u l p h a t e  : BaS04 

- a d s o r p t i o n  on  o r g a n i c  m a t t e r  or c l a y m i n e r a l s  

- 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  : BaAc-, BaAc; 

2+ 3+ 4- 3- 

[ I  

MATERIALS AND METHODS 

S i x  columns,  e a c h  w i t h  a d i a m e t e r  of 18 c m ,  w e r e  f i l l e d  w i t h  a sand  l a y e r  of  6 0  

on t o p  o f  which a l a y e r  of 50 cm o f  ground d o m e s t i c  w a s t e  was p l a c e d .  I n  o r d e r  t o  

i n v e s t i g a t e  t h e  i n f l u e n c e  of  t h e  groundwater  l e v e l ,  a h i g h  w a t e r l e v e l  w a s  m a i n t a i n #  

i n  t h r e e  columns and a l o w  waterlevel i n  t h e  r e m a i n i n g  t h r e e  f i g .  1. 

I n  b o t h  c a s e s  one  column c o n t a i n e d  200 g of  B a ( C N ) 2  a p p l i e d  as a l a y e r  i n  t h e  

u p p e r p a r t  o f  t h e  w a s t e  l a y e r ,  a second column c o n t a i n e d  200 g of Ba(CN)2 i n t r o d u c e :  

a s  a l a y e r  i n  t h e  l o w e r  p a r t  o f  t h e  w a s t e  l a y e r  and a t h i r d  column w i t h o u t  Ba(CN)* 

was used  a s  a check.  The columns were p e r c o l a t e d  w i t h  demi-water w i t h  a f l u x  of 10 

mm/day. 

The p e r c o l a t e  and t h e  g a s p h a s e  above t h e  columns w e r e  p e r i o d i c a l l y  sampled and 

c h e m i c a l l y  a n a l y s e d .  A f t e r  a p e r c o l a t i o n  p e r i o d  o f  7 months t h e  so i l  and w a s t e  

m a t e r i a l  was sampled and c h e m i c a l l y  a n a l y s e d .  

RESULTS 

The c u m u l a t i v e  q u a n t i t i e s  and p e r c e n t a g e s  of c y a n i d e  ( m a i n l y  f r e e  c y a n i d e )  t h a t  

l e a c h e d  o u t  of  t h e  columns a r e  g i v e n  i n  F i g u r e  2. 

The r e s u l t s  i n d i c a t e  t h a t  l a r g e  q u a n t i t i e s  of  c y a n i d e  a r e  l e a c h e d  m a i n l y  i n  t h e  

b e g i n n i n g  of t h e  e x p e r i m e n t s .  

The c y a n i d e  b a l a n c e  (see T a b l e  1 )  shows t h a t  71 t o  8 4 %  o f  t h e  a p p l i e d  c y a n i d e  h a s  

c o n v e r t e d  t o  n i t r o g e n  compounds, b e c a u s e  no c y a n a t e  or t h i o c y a n a t e  was found i n  t h  

p e r c o l a t e .  

L e a c h i n g  of c y a n i d e  was l e a s t  i n  t h e  column w i t h  a h i q h  q r o u n d w a t e r l e v e l ,  t h e  s a l t  

b e i n g  p l a c e d  i n  t h e  upper  p a r t  of  t h e  w a s t e  l a y e r ,  p r o b a b l y  b e c a u s e  o f  t h e  l o n g  
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' i qure  2 .  Cumulative q u a n t i t y  and pe rcen tage  leached  cyanide  v s  p e r c o l a t i o n t i m e .  
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' i gu re  3 .  The cumula t ive  q u a n t i t i e s  and pe rcen tage  leached  barium vs t h e  pe rco la t ion -  
t i m e .  90 gram of barium w a s  a p p l i e d  t o  each  column 
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c o n t a c t  t i m e  o f  c y a n i d e  i o n s  w i t h  d o m e s t i c  waste. 

The c u m u l a t i v e  q u a n t i t i e s  and p e r c e n t a g e s  o f  bar ium t h a t  l e a c h e d  out of t h e  columns 

a r e  g i v e n  i n  f i g u r e  3. 

L e a c h i n g  o f  bar ium i s  d e l a y e d  s u b s t a n t i a l l y  when it is  i n t r o d u c e d  i n  t h e  upper  l a y e r s  

o f  t h e  w a s t e ,  b u t  t o w a r d s  t h e  end o f  t h e  p e r c o l a t i o n  t i m e  l e a c h i n g  s l o w l y  i n c r e a s e d .  

The p l a c e  where  t h e  b a r i u m c y a n i d e  i s  i n t r o d u c e d  i n  t h e  w a s t e  l a y e r  a p p e a r s  t o  be of 

g r e a t  impor tance .  

The bar ium-balance  is  g i v e n  i n  T a b l e  2. Barium, t h a t  was found on  t h e  p l a c e  where t h e  

s a l t  w a s  i n t r o d u c e d ,  was shown t o  be  c o n v e r t e d  t o  bar iumcarbonate .  I n  t h e  waste l a y e r  

bar ium w a s  a d s o r b e d  f o r  a l a r g e  p a r t  a t  o r g a n i c  m a t t e r  and f o r  a s m a l l  part 

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

CONCLUSIONS 

Cyanide  l e a c h e d  o u t  of t h e  column f o r  4 t o  2 2 % .  m a i n l y  a s  f r e e  c y a n i d e  i o n ;  

p r e c i p i t a t e d ,  p r o b a b l y  a s  P r u s s i a n  b l u e ,  f o r  7 t o  13% w h i l e  t h e  remainder  must h a v e  

been c o n v e r t e d  t o  n i t r o g e n .  Barium l e a c h e d  f o r  18 t o  39% a n d  was p a r t l y  adsorbed  on 

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

The l e a s t  l e a c h i n g  o f  c y a n i d e  o c c u r e d  i n  t h e  column w i t h  h i g h  groundwater  level where 

t h e  bar iumcyanide  s a l t  was p u t  i n  t h e  upper  p a r t  o f  t h e  column. 

A s u b s t a n t i a l  amount of  bar ium l e a c h e d  o u t  o f  a l l  columns,  b u t  l e a c h i n g  was d e l a y e d  

when t h e  s a l t  was i n t r o d u c e d  i n  t h e  u p p e r  l a y e r s  of  t h e  was te .  M o n i t o r i n g  of  t h e  

c y a n i d e  and b a r i u m c o n c e n t r a t i o n s  i n  t h e  groundwater  b e n e a t h  t h e  l a n d f i l l ,  is 

recommended f o r  a l o n g  t i m e  a f t e r  t h e  dumping under  a l l  c i r c u m s t a n c e s  i n v e s G i g a t e d .  
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