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INTRODUCTION 

The f a t e  o f  o r g a n i c  p o l l u t a n t s  du r ing  groundwater i n f i l t r a t i o n  is of  g r e a t  in-  

terest  s i n c e  many waterworks use bank f i l t r a t i o n  as t h e  f i r s t  s t e p  i n  t h e  treat-  

ment o f  r i v e r  water f o r  p u b l i c  water s u p p l i e s .  To e l u c i d a t e  t h e  p rocesses  respon- 

s i b l e  f o r  t h e  behaviour  of o r g a n i c  subs t ances  d u r i n g  i n f i l t r a t i o n  (e .g . ,  s o r p t i o n /  

d e s o r p t i o n ,  b i o l o g i c a l  t r ans fo rma t ion )  l a b o r a t o r y  s t u d i e s  and f i e l d  measurements 

are necessary.  I n  t h i s  paper  w e  summarize some r e s u l t s  of  an ongoing f i e l d  s tudy  

on t h e  behaviour  of  v o l a t i l e  o r g a n i c  p o l l u t a n t s  and d i s s o l v e d  o rgan ic  carbon 

(DOC),  f r a c t i o n a t e d  wi th  a new method ( r e f .  l), i n  a n a t u r a l  r i v e r  - groundwater 

i n f i l t r a t i o n  system. The r e s u l t s  o f  a r e l a t e d  l a b o r a t o r y  s tudy  on the t r a n s p o r t  

o f  v o l a t i l e  o rgan ic  compounds i n  t h e  ground are p resen ted  elsewhere i n  t h i s  vol-  

ume ( r e f .  2 ) .  

~~ 

METHODS 

The v o l a t i l e  o rgan ic  compounds i n  r i v e r  and groundwater samples were enriched 

by t h e  closed-loop gaseous stripping/adsorption/elution procedure desc r ibed  by 

Grob and Zurcher ( r e f .  3 ) .  Gas chromatography and gas  chromatography/mass spec t ro -  

metry (GC/MS) w e r e  used f o r  q u a n t i f i c a t i o n  and i d e n t i f i c a t i o n .  

The DOC f r a c t i o n a t i o n  ( r e f .  1) is  based on t h e  d i f f e r e n t  adso rp t ion  behaviour 

o f  t h e  o rgan ic  compounds p r e s e n t  i n  t h e  water on a non-polar s u r f a c e  (octadecyl-  

s i l i c a ;  LiChrosorb RP-18, Merck, Darmstadt,  G.F.R.). With t h i s  new method the 

DOC is  s e p a r a t e d  i n t o  t h r e e  f r a c t i o n s :  

F rac t ion  1 :  hydroph i l i c  a t  pH 2 ( n o t  adsorbed on RP-18) 
F rac t ion  2 :  hydrophobic a t  pH 2 (adsorbed on RP-18) and h y d r o p h i l i c  a t  pH 8 ( e lu t ed  

with b u f f e r  s o l u t i o n )  

F r a c t i o n  3: hydrophobic a t  pH 2 and PH 8 (adsorbed on RP-18, e l u t e d  with organic  

s o l v e n t s )  
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During the  f r a c t i o n a t i o n  procedure f r a c t i o n s  2 and 3 a r e  enriched on t h e  HPLC- 

column (Rp-18) while f r a c t i o n  1 passes  through the  column without adsorpt ion.  

Fract ion 2 w a s  e l u t e d  with pH 0 buffer  so lu t ion .  Total  DOC and f r a c t i o n s  1 and 2 

w e r e  determined with an on-l ine %-detector descr ibed by G l w r  and Leidner 

( re f .  4 ) .  Fract ion 3 w a s  determined by d i f fe rence .  

DESCRIPTION OF THE FIELD STUDY SITE 

A t  t h e  f i e l d  study s i te  i n  the  l o w e r  G l a t t  Valley (Switzerland) the  River G l a t t  
3 

i n f i l t r a t e s  w i t h  an average r a t e  of 0.25 m water per  m2 r i v e r  bed per  day. The 

i n f i l t r a t e d  water s t r a t i f i e s  i n  the top  layer  of the  groundwater stream and re- 

mains t h e r e  over q u i t e  long d is tances  (> 100 m ) .  Figure 1 shows schematical ly  

some of the  observat ion w e l l s  which were i n s t a l l e d  t o  study t h e  behaviour of  wa- 

ter contaminants during i n f i l t r a t i o n  and i n  the  top  l a y e r  of  t h e  aqui fe r .  

PZ7 RIVER GLATT KBlH PZ3 PZ4 KB2 PZlOH-1 

GROUNDWATER 

I 

I 

GROUNDWATER FLOW * 
I 

Fig. 1. Some of  the  observat ion wel l s  i n s t a l l e d  a t  t h e  f i e l d  s i te .  

RESULTS 

Vola t i le  organic  p o l l u t a n t s  

Trichloroethylene,  perchloroethylene ( P E R ) ,  1,2-dichloropropane, 1,4-dichloro- 

benzene (DCB), toluene, xylenes and higher  a lkyla ted  benzenes w e r e  always among 

the  most abundant v o l a t i l e  organic  p o l l u t a n t s  detected i n  the  River Gla t t .  The 

concentrat ions of these compounds i n  the r i v e r  var ied i n  the range 0.05 - 5 pg/l. 

Figure 2 shows the  average concentrat ions of two se lec ted  compounds (PER,  DCB) 

determined i n  the  River G l a t t  and i n  groundwater samples from the  top layer  Of 

the  aqui fe r  a t  d i f f e r e n t  d i s tances  from t h e  r i v e r .  Whereas s i m i l a r  average con- 

cent ra t ions  were found f o r  PER a t  a l l  these sampling s i t e s ,  a s i g n i f i c a n t  de- 

c rease  i n  concentrat ion was observed f o r  DCB within the f i r s t  1 5  meters of the  

i n f i l t r a t i o n  path. 
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Fig. 2.  Average va lues  and s t a n d a r d  d e v i a t i o n s  f o r  t h e  measured concen t r a t ions  o f  
PER and DCB i n  the River  G l a t t  and i n  t h e  top l a y e r  of t h e  groundwater a t  va r ious  
d i s t a n c e s  from t h e  r i v e r  (samples taken monthly, n = number of  samplings) .  

D i s so lved  o r g a n i c  carbon (WC) 

F igure  3 summarizes t h e  r e s u l t s  of  t h e  DOC measurements: 

- The t o t a l  DOC w a s  reduced s i g n i f i c a n t l y  d u r i n g  t h e  first s e v e r a l  meters o f  

i n f i l t r a t i o n .  Molecular weight  d i s t r i b u t i o n  measurements i n d i c a t e d  that  t h e  

DOC dec reased  over t h e  e n t i r e  molecular  weight  range ( r e f .  1). 

- The c o n c e n t r a t i o n s  o f  t h e  h y d r o p h i l i c  compounds ( f r a c t i o n  1) were s l i g h t l y  re- 

duced d u r i n g  t h e  f i r s t  meters o f  i n f i l t r a t i o n  and then remained more or less 

cons tan t .  I n  t h e  deep groundwater (KBlT; see Fig.  1) f r a c t i o n  1 w a s  the major 

f r a c t i o n  (> 70 % ) .  
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Fig.  3.WC and W C  f r a c t i o n s  1-3 i n  t h e  River G l a t t  and i n  t h e  t o p  l a y e r  of  t h e  
groundwater a t  v a r i o u s  d i s t a n c e s  from t h e  r i v e r  (average v a l u e s ) .  



- The concen t r a t ions  o f  t h e  compounds o f  f r a c t i o n  2 remained almost cons t an t .  

This  f r a c t i o n  i n c l u d e s  t h e  " f u l v i c  a c i d s " .  

- The ma jo r i ty  o f  t h e  compounds o f  t h e  hydrophobic f r a c t i o n  3 were "el iminated" 

du r ing  i n f i l t r a t i o n .  

CONCLUSIONS 

(1) Since v o l a t i l e  o rgan ic  p o l l u t a n t s  have been shown t o  be  very mobile i n  the 

ground ( r e f .  2 1 ,  t h e  observed dec rease  i n  c o n c e n t r a t i o n  of  DCB du r ing  i n f i l t r a t i o n  

can probably be exp la ined  by b i o l o g i c a l  t r ans fo rma t ion  and/or  m i n e r a l i s a t i o n  o f  

t h i s  compound i n  the ground. However, ve ry  l i t t l e  i s  known abou t  t h e  n a t u r e  o f  t h e  

compounds (which may be  r e f r a c t o r y )  formed by such processes. 

( 2 )  I f  a r i v e r  is  con t inuous ly  charged wi th  v o l a t i l e  o rgan ic  components which 

a r e  n o t  "e l imina ted"  by b i o l o g i c a l  o r  chemical p rocesses  du r ing  i n f i l t r a t i o n  ( e .g . ,  

PER), l a r g e  groundwater a r e a s  and t h e r e f o r e  l a r g e  groundwater s u p p l i e s  may be  

contaminated. 

( 3 )  The DOC-fractionation method g i v e s  i n s i g h t  i n t o  the behaviour  o f  v a r i o u s  

components of  t h e  DOC du r ing  i n f i l t r a t i o n .  However, t h e  DOC f r a c t i o n a t i o n  r e s u l t s  

a r e  more d i f f i c u l t  t o  i n t e r p r e t  than those  f o r  i n d i v i d u a l  compounds. A t e n t a t i v e  

conclusion is t h a t  t h e  p r a c t i c a l l y  c o n s t a n t  c o n c e n t r a t i o n  of  f r a c t i o n  1 is main- 

t a i n e d  by t h e  dec reas ing  concen t r a t ion  o f  f r a c t i o n  3 (and/or  f r a c t i o n  2 which 

could be maintained by the dec reas ing  f r a c t i o n  3 ) .  
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