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ABSTRACT 

A s t u d y  is  d e s c r i b e d  which i s  se t  up t o  i n c r e a s e  i n s i g h t  i n  t h e  e f f e c t s  o f  s o i l  o f  

t h e  dunes  on  t h e  removal  and m o d i f i c a t i o n  o f  o r g a n i c  compounds p r e s e n t  i n  w a t e r  o f  t h e  

r i v e r  m i n e  d u r i n g  d u n e - i n f i l t r a t i o n  as a t r e a t m e n t  s t e n  i n  d r i n k i n g  w a t e r  p r o d u c t i o n .  

The r e s u l t s  p r e s e n t e d  i n  t h i s  r e p o r t  a r e  b a s e d  on  a f i r s t  o r i e n t a t i o n  by f i e l d  s t u -  

d i e s .  An o v e r v i e w  i s  g i v e n  o f  t h e  i n v e s t i g a t i o n s  which  form a p a r t  o f  t h e  p r o j e c t .  

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

l o w  b o i l i n g  a r o m a t e s ,  n i t r o  a r o m a t e s ,  c h l o r o - n i t r o  aromates and s e v e r a l  o rgano-chlo-  

r i n e  compounds. A k i n d  o f  zone- format ion  o f  some compounds d u r i n g  p a s s a g e  i n  t h e  s o i l  

i s  o b s e r v e d  and s p e c i f i c  c h e m i c a l s  are i n d i c a t e d  which show a t e n d e n c y  t o  b r e a k  

t h r o u g h .  

INTRODUCTION 

A d i v e r s i t y  o f  o r g a n i c  compounds h a s  been  r e l e a s e d  t o d a y  by human a c t i v i t i e s .  The 
-. 

p r o j e c t  t h a t  i s  d e s c r i b e d  below i s  b e i n g  c a r r i e d  o u t  t o  i n c r e a s e  i n s i g h t  i n  removal 

and m o d i f i c a t i o n  o f  o r g a n i c  compounds d u r i n g  p a s s a g e  i n  s o i l  and t o  i n d i c a t e  poten-  

t i a l l y  h a r m f u l  compounds t h a t  o c c u r  r e g u l a r l y  i n  w a t e r  o f  t h e  r i v e r  Rhine and i n  s p i t e  

o f  s o i l  p a s s a g e  may o c c u r  i n  d r i n k i n g  w a t e r  d e r i v e d  from t h a t  s o u r c e .  

A r t i f i c i a l  r e c h a r g e  o f  groundwater  f o r  t h e  d r i n k i n g  w a t e r  s u p p l y  is a p p l i e d  i n  t h e  

dunes  o f  North-  and South-Hol land .  

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

s u p p l y  s y s t e m s  which u s e  dune-  o r  bank i n f i l t r a t e d  s u r f a c e  w a t e r ,  i s  t h e  d e g r e e  o f  

removal  o f  compounds which a r e  h a r m f u l  f o r  human h e a l t h .  P a r t i c u l a r l y  s y n t h e t i c  orga-  

n i c  m i c r o p o l l u t a n t s  t h a t  a r e  p r e s e n t  a t  h i g h  l e v e l s  i n  h e a v i l y  c o n t a m i n a t e d  Rhine 

water a r e  o f  concern .  

Knowledge o f  t h e  b e h a v i o u r  o f  t h e s e  compounds d u r i n q  i n f i l t r a t i o n  i s  r a t h e r  s c a r c e .  

The e x i s t i n g  i n f o r m a t i o n  is  m a i n l y  l i m i t e d  t o  d a t a  o f  sumparameters  s u c h  as p e s t i c i d e s ,  

p o l y n u c l e a r  a r o m a t i c  h y d r o c a r b o n s  and t o t a l  e x t r a c t a b l e  o r g a n i c  c h l o r i n e  e t c .  ( 1 , 2 ) .  
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Only r e c e n t l y  more advanced a n a l y t i c a l  t echn iques  are used t o  g e t  i n fo rma t ion  about 

t h e  i d e n t i t y  and c h a r a c t e r  o f  t h e  m i c r o p o l l u t a n t s  ( 3 , 4 ) .  There are i n d i c a t i o n s  t h a t  

a cons ide rab le  dec rease  of  some impor t an t  chemical groups or classes o f  o r g a n i c  com- 

pounds such as aromatic amines,  n i t r o  aromates, f e n o l s ,  t o t a l  extractable o rgan ic  

c h l o r i n e  t a k e s  p l a c e  d u r i n g  i n f i l t r a t i o n  dependant on t h e  c h a r a c t e r  of t h e  s o i l  and 

i t s  cond i t ions .  Some organo-chlor ine compounds w i t h  l o w  molecular  weight  and some 

c h l o r i n a t e d  e t h e r s  e v i d e n t l y  are less e f f e c t i v e l y  removed. 

A t  some l o c a t i o n s  i n  The Nether lands where b a n k i n f i l t r a t i o n  o f  water o f  t h e  m i n e  

is  used prolonged i n v e s t i g a t i o n s  i n d i c a t e  t h a t  odorous compounds p r o g r e s s i v e l y  pene- 

t r a t e  i n t o  t h e  s o i l  and a f f e c t  t h e  raw water sources  f o r  t h e  d r i n k i n g  water supp ly (5 ) .  

The q u e s t i o n  has  t o  be answered whether a f t e r  prolonged i n f i l t r a t i o n  micropollu- 

t a n t s  w i l l  break through and t o  what e x t e n t  t h e  s o i l  i t s e l f  w i l l  be p o l l u t e d  i n  the 

cour se  o f  t i m e .  

EXPERIMENTAL 

1. S t u d i e s  a t  t h e  Leiduin i n f i l t r a t i o n  area o f  t h e  Municipal Waterworks Amsterdam 

a. The semi technical modelstudy t a k e s  p l a c e  i n  special sand r e s e r v o i r s  p l aced  

above t h e  ground, where s u r f a c e  water similar t o  t h a t  used f o r  dune i n f i l t r a t i o n ,  is  

introduced.  The o rgan ic  subs t ances  are concen t r a t ed  a t  t h e  sample l o c a t i o n s  by passinc 

con t inuous ly  a known q u a n t i t y  of  water through a s m a l l  tube ( i . d .  1 c m )  t h a t  i s  f i l l e d  

wi th  5 m l  XAD (4 and 8 )  w i t h  a vo lumet r i c  v e l o c i t y  o f  5 ml/min. The tubes  are replaced 

eve ry  24 hour s ,  and e l u t e d  wi th  d i e t h y l e t h e r  and acetone.  The e l u a t e s  are compiled t o  

14-day samples and s t o r e d  a t  -2OOC. The ana lyses  t a k e  p l a c e  wi th  high r e s o l u t i o n  gas- 

chromatography-massspectrometry and l i q u i d - l i q u i d  chromatography. 

I d e n t i c a l  XAD samples w i l l  n o t  on ly  be used f o r  i d e n t i f i c a t i o n  and c h a r a c t e r i z a -  

t i o n  of o rgan ic  subs t ances  b u t  also f o r  mutagen ic i ty  tests accord ing  t o  Ames. 

The s o i l  w i l l  be examinated too f o r  o rgan ic  p o l l u t a n t  s a t  s e v e r a l d e p t h s b e f o r e  and 

a f t e r  t h e  i n f i l t r a t i o n  s t u d i e s .  A number of  p e r t i n e n t  s o i l  parameters  w i l l  a lso be 

determined . 
b. The f i e l d  s tudy  c o n s i s t s  of  i n v e s t i g a t i o n s  of  water p a s s i n g  through p e a t l a y e r s  

and of  water pas s ing  mainly through sand l a y e r s .  The r e s idence  t i m e s  a t  t h e  sample 

l o c a t i o n s  are r e s p e c t i v e l y  18, 38 and 50 days.  A t  ano the r  l o c a t i o n  t h e  behaviour  of  

o rgan ic  compounds is  s t u d i e d  i n  t h e  f i r s t  50 c m  of  t h e  s o i l  wi th  a r e s idence  t i m e  of  

1 hour (see a modified diagram i n  Fig.  1 ) .  

2 .  S t u d i e s  a t  t h e  i n f i l t r a t i o n  area o f  t h e  P r o v i n c i a l  Water Works of  North-Holland 

A second s tudy  i s  performed i n  North-Holland. The same type o f  water  i s  used a t  t h a t  

p l a c e  f o r  a r t i f i c i a l  recharge.  A scheme o f  t h e  i n f i l t r a t i o n  b a s i n s  and t h e  s t t u a t i o n  

of t h e  sampling w e l l s  o f  b a s i n  9 is  p i c t u r e d  i n  f i g u r e  2 and 3 .  

The s o i l  of  t h e  i n f i l t r a t i o n  t e r r a i n  c o n s i s t s  of  f i ne -g ra ined  dune sand mixed wi th  
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D u n e - i n f i l t r a t i o n  South-Hol land  

Dune i n f i l t r a t i o n  Nor th-Hol land  

I 
i 

I DUNE SAND WITH CLAY AND PEAT ! 

1 

c l a y  a n d  l e n s - s h a p e d  p e a t - l a y e r s .  I t  h a s  been  used  c o n t i n u o u s l y  d u r i n g  t h e  l a s t  4 

y e a r s  f o r  i n f i l t r a t i o n  p u r p o s e s .  

Sampl ing  f o r  t h e  a n a l y s i s  of o r g a n i c  compounds was c a r r i e d  o u t  i n  t h e  same way a s  

d e s c r i b e d  f o r  the model and  f i e l d  s t u d i e s  a t  L e i d u i n .  

The a v e r a g e  c o n c e n t r a t i o n  of n i t r a t e  ( i n  mg/l n i t r o g e n )  and oxygen ( i n  m g / l i t r e )  

i n  t h e  b a s i n  a n d  a t  w e l l s  8 a n d  5 are shown i n  table 1.  
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TABLE 1 

Ni t ra te  and oxygen l e v e l s  (everages over November, December 1980 and January 1981) of 

sampling w e l l s  a t  North-Holland (10 obse rva t ions )  

B a s i n  9 ( i n f i l t r a t i n g  water) 4.3 11.1 

Well 8 and 5 3.8 5.4 

3. Ana ly t i ca l  Program 

The o rgan ic  compounds i n  t h e  XAD e l u a t e s  are ana lysed  by high r e s o l u t i o n  gaschroma- 

tography us ing  50 m OV-1 c a p i l l a r y  columns and on-column i n j e c t i o n  t echn iques  combined 

with computerised massspectrometry (Finnigan 4000 - Incos  sys t em) .  

The XAD concentrates relate t o  i d e n t i c a l  water  bod ie s  as sampling of t h e  water 

a t  a second w e l l  ( e .g .  number 5 )  s t a r t e d  when the w a t e r  body from t h e  f i r s t  w e l l  (e.g.  

number 8 )  had moved t o  t h a t  l o c a t i o n  ( a f t e r  18 d a y s ) .  

FIRST ANALYTICAL RESULTS 

A. Leiduin 

A t  t h e  Leiduin s i t e  i t  w a s  demonstrated t h a t  n i t robenzene ,  n i t r o t o l u e n e  and ch lo ron i -  

trobenzene were completely e l i m i n a t e d  i n  t h e  f i r s t  50 c m  o f  t h e  s o i l  a f t e r  i n f i l t r a -  

t i o n .  Some p h t h a l a t e s  which w e r e  n o t  p r e s e n t  i n  t h e  i n f i l t r a t i n q  water, were p r e s e n t  

i n  a sample a f t e r  p a s s i n g  50 c m  o f  t h e  s o i l .  

Less p o l a r  o rgan ic  c h l o r i n e  compounds were s t r o n g l y  reduced i n  t h e  f i r s t  50 c m  of 

the s o i l  while more p o l a r  o rgan ic  c h l o r i n e  compounds pass .  This  i s  demonstrated by 

t h e  measurement of  e x t r a c t a b l e  and adsorbable  o r g a n i c  c h l o r i n e  compounds ( t a b l e  21 . 

TABLE 2 

Organic c h l o r i n e  sum parameters  i n  t h e  i n f i l t r a t e d  water be fo re  and a f t e r  passage of 

50 c m  of t h e  so i l  ( concen t r a t ion  i n  m i c r o g r a m / l i t r e ) .  

E x t r a c t a b l e  Organic Ch lo r ine  Adsorbable Orqanic Chlorine 

B e  f o r e  i n f i l t r a t i o n  12 (2 2 )  40 (+ 5 )  

Af t e r  i n f i l t r a t i o n  3 (2 2 )  45 (+ 5)  

B.  North-Holland 

More than 400 o rgan ic  compounds i n  t h e  i n f i l t r a t i n g  water and t h e  water  from w e l l  5 

and 8 were r e g i s t e r e d  i n  one GC-MS run.  Only the  major compounds a t  a rnicrogram/l i t re  

l e v e l  w e r e  l i s t e d .  Over 60% of t h e  l i s t  a r e  unknown subs t ances ,  p a r t  o f  them are 

p r e s e n t  i n  i n f i l t r a t i n g  wa te r ,  p a r t  a r e  on ly  found a f t e r  i n f i l t r a t i o n  through t h e  

s o i l .  Not a l l  i d e n t i f i e d  subs t ances  were confirmed by c a l i b r a t i n g  subs t ances .  In 

t a b l e  3 compounds are l i s t e d  t h a t  dec rease  i n  concen t r a t ion  due t o  i n f i l t r a t i o n .  
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TABLE 3 

Organic compounds i n  t h e  i n f i l t r a t i n g  water  which were cons ide rab ly  reduced i n  con- 

c e n t r a t i o n  i n  t h e  water  of  w e l l  8 ( %  r e d u c t i o n ) .  

Compound Compound 

N i  t robenzene ( 60) a-Chloronitrobenzene ( 9 0 )  

Chlo roc reso l  (100) Dichlorobenzene methanol, a-methyl (60) 

Tr i e thy lphospha te  ( 70) D in i t ro to luene  (95) 

Ethylmethylpyridine/N-ethylaniline ( 8 0 )  10 unknown major comoounds (50-1 00 

a-Nitrotoluene ( 7 0 )  

I n  t a b l e  4 compounds are mentioned which w e r e  found a t  much h ighe r  concen t r a t ions  i n  
t he  water of w e l l  8 than i n  t h e  i n f i l t r a t i n g  water .  

TABLE 4 

Organic compounds i n  i n f i l t r a t i n g  w a t e r  which inc reased  i n  concen t r a t ion  due t o  in -  

f i l t r a t i o n  ( %  i n c r e a s e )  

Compound Compound 

Benzene (500 B i  s (2-chloroisopropyl)  e t h e r  ( 70) 

Toluene (600) Alkane-C1 (100) 

Te t r a c h l o r e  thene (100) Naphthalene ( 5 0 0 )  

o-Xylene (3000) T r i  (2-chloroethy1)phosphate (400) 

Phosphorothio a c i d ,  o ,o ,o - t r ime thy l  (200) 2 P h t h a l a t e s  (500-5000) 

2 2  unknown major compounds 

In t a b l e  5 those compounds a r e  l i s t e d  t h a t  were no t  found i n  t h e  i n f i l t r a t i n g  water 

b u t  w e r e  d e t e c t e d  a t  w e l l  8 .  

TABLE 5 

Compounds no t  p r e s e n t  i n  t h e  i n f i l t r a t i n g  water  b u t  d e t e c t e d  a f t e r  i n f i l t r a t i o n  (con- 

c e n t r a t i o n  i n  p g / l i t r e )  

Compound Compound 

Dibromochloromethane ( 2 )  T r i c h l o r o  a n i l i n e  isomer (trace) 

Bromodichloromethane 

D i  c h lo ro  to1 ue ne 

( 2 )  T r ibu ty lphospha te  (0.1) 

( 0 . 1 )  a -Ph tha la t e  isomer ( 3 )  

Dichloromethoxybenzene (0.1)  3 unknown major compounds 
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In t a b l e  6 compounds a r e  l i s t e d  t h a t  are found a t  t h e  same leqels a t  w e l l  8 and w e l l  

5 .  

TABLE 6 

Compounds that  are almost unchanged t o  c o n c e n t r a t i o n  a t  w e l l  8 and w e l l  5 

Dibromochloronie thane 

Bromodichloroniethane 

m/p-xylene 

Alkane-CI0 

Tr i e thy lphospha te  

Napthalene 

a-Chloroni t rohenzene 

2-Methylthiobenzothiazole 

Tri-butylphosphate  

T r i  (2-chloroethy1)phosphate 

Tet radecano ic  a c i d  

S e v e r a l  P h t h a l a t e s  

17 unknown major compounds 

Some isomers of compounds changed i n  concen t r a t ion  d u r i n g  passaqe through t h e  s o i l ,  

o t h e r  isomers o f  t h e  same compounds d i d  n o t  change i n  c o n c e n t r a t i o n  ( t a b l e  7 ) .  The 

% i n c r e a s e  (+) or reduc t ion  ( - )  i s  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  i n  t h e  i n f i l t r a t i n g  

water. 

TABLE 7 

Compound A f t e r  3 days A f t e r  21 days 
change unchanged change unchanged 

m/p-Xylene A X X 

o-Xylene + 800 - 500 

a-Nitroluene - 70 - 90 

a - N i  t r o t o l u e n e  

a-Chloroni trobenzene - 90 

X 

X 

- 30 

- 100 

X a-Chlronitrobenzene A 

1 3  isomers of 6 unknown 

compounds ( 5  marked wi th  A )  

The compounds marked wi th  A a r e  of  special i n t e r e s t  because they  show a tendency t o  

break through and a r e  sometimes p r e s e n t  i n  d r i n k i n g  water (6). 

DISCUSSION 

A f i e l d  s tudy  of the e f f e c t  of t h e  s o i l  of  t h e  dunes o n  o rgan ic  compounds p resen t  

i n  wa te r  of  t he  r i v e r  Rhine showed t h a t  s e v e r a l  n i t r o  aromates a r e  a lmost  completely 

e l i m i n a t e d  i n  t he  water under a e r o b i c  c o n d i t i o n s .  A t  t h e  Leiduin s i t e  t h i s  t o o k  a l -  

ready p l a c e  i n  the  f i r s t  50 c m  of the  soil. This  i s  of importance because n i t r o  aro- 

mates a r e  major compounds i n  m i n e  water .  



Of i n t e r e s t  are also t h e  c h l o r o n i t r o  aromates, major compounds i n  the Rhine. Some 

o f  t h e s e  compounds are e l i m i n a t e d  i n  t h e  f i r s t  metres  o f  t h e  soil even a f t e r  pro- 

longed i n f i l t r a t i o n ,  b u t  a chloronitrobenzene-isomer w a s  no t  reduced i n  concentra-  

t i o n  d u r i n g  passage of  t h e  s o i l  under a e r o b i c  cond i t ions .  A s  c h l o r o a n i l i n e s  s e e m  t o  

be formed i n  t h e  s o i l  it i s  o f  importance t o  s tudy  t h e  behaviour  o f  c h l o r o n i t r o  aro- 

mates as p o s s i b l e  p r e c u r s o r s  p a r t i c u l a r l y  under anae rob ic  cond i t ions .  

Compounds which are found a t  i n c r e a s e d  c o n c e n t r a t i o n s  compared t o  t h e  i n f i l t r a -  

t i o n  water a r e  some haloforms,  t e t r a c h l o r o e t h e n e ,  d i c h l o r o t o l u e n e ,  b i s (2 -ch lo ro i so -  

p ropy1)e the r .  T h i s  cou ld  be due to  t h e  f a c t  t h a t  t h e  s o i l  acts as a k ind  o f  chroma- 

tog raph ic  column i n  which a zone-formation t a k e s  p l a c e .  I t  should be s t u d i e d  whether 

t h i s  i s  mainly caused by s o r p t i o n -  and displacement  e f f e c t s  because these  compounds 

w i l l  break through i n  t h e  cour se  o f  t h e  t i m e  i f  no bio-degradat ion a f f e c t s  them. 

Some p o l a r  compounds which break through are somewhat so luab le  i n  w a t e r  and a r e  of 

i n t e r e s t  too. To t h e s e  belong o rgan ic  phosphates ,  chloro-phosphates and probably 

p h t h a l a t e s .  In  t h i s  r e s p e c t  the adso rbab le  o r g a n i c  c h l o r i n e  compounds have t o  be 

s t u d i e d  more i n  d e t a i l .  As s e v e r a l  major o r g a n i c  compounds with an unknown c h a r a c t e r  

are p r e s e n t  a f t e r  passage through the  s o i l  a d d i t i o n a l  i d e n t i f i c a t i o n  t echn iques  have 

t o  be a p p l i e d  t o  v e r i f y  their character and impact.  

The movement and behaviour  of  o r g a n i c  m i c r o p o l l u t a n t s  i n  the  s o i l  are governed by 

numerous p rocesses .  For t h i s  reason wel l -def ined column s t u d i e s  w i l l  be c a r r i e d  o u t  

f o r  s e l e c t e d  compounds i n  con junc t ion  wi th  t h e  Leiduin semi- technical  s t u d i e s  and t h e  

f i e l d  s t u d i e s  i n  t h e  dunes.  

The p o s s i b l e  mathematic model l ing and d e s c r i p t i o n  of  s e p e r a t e  p rocesses  (7 )  may 

enab le  i d e n t i f i c a t i o n  of  c r i t i ca l  p rocesses  r e g u l a t i n g  t h e  behaviour and p o s s i b l e  

f a t e  o f  o r g a n i c  compounds d u r i n g  passage through t h e  s o i l .  

To t h i s  end n o t  on ly  s o i l  s u r f a c e  boundary c o n d i t i o n s ,  i n i t i a l  s o l u t i o n  concen- 

t r a t i o n ,  d i s p e r s i o n  c o e f f i c i e n t s  and o t h e r  c h a r a c t e r i s t i c s  o f  t h e  s o i l  a r e  r e l e v a n t  

b u t  also r a t e c o n s t a n t s  f o r  decay p a r t l y  depending on b i o d e g r a d a b i l i t y  and t h e  pre-  

sence of micro-organisms i n  t h e  s o i l .  
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