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ABSTRACT 

The d i sposa l  o f  an as w e l l  o r g a n i c  as i n o r g a n i c  h i g h l y  p o l l u t e d  wastewater i s  

always caus ing  problems. I f ,  i n  a d d i t i o n ,  t h i s  wa te r  i s  produced o n l y  d u r i n g  a 

few months i n  a year,  anyone i s  l o o k i n g  f o r  a cheaper a l t e r n a t i v e  t o  a normal 

wastewater p l a n t  w i t h  a d i scha rge  i n t o  a r i v e r .  By example o f  t he  d i f f e r e n t  

wastewater d i sposa l  systems o f  f i v e  sugar r e f i n e r i e s  and t h e i r  groundwater 

p o l l u t i o n ,  which i s  p roved w i t h  a l a r g e  number o f  g roundwate r -qua l i t y  i n v e s t i -  

ga t i ons ,  i t  i s  exp la ined ,  how much t h e  aspec t  o f  t h e  i n o r g a n i c  s a l t  l oad  has t o  

be p a r t  o f  a l l  c o n s i d e r a t i o n s .  

'INTROOUCT ION 

I n  t h e  reg ion  between K i i ln  (Cologne) and Aachen (Federa l  Repub l ic  o f  Germany) 

sugar-beets a r e  grown a t  about 30 % o f  t he  a g r i c u l t u r a l  e f f e c t i v e  a rea  and worked 

up a t  9 r e f i n e r i e s .  S i x  o f  them be long t o  the  reg ion  o f  t he  "GroOer E r f t ve rband"  

(GEV). The d i sposa l  o f  t h e  g r e a t  amount o f  wastewater,  which i s  produced d u r i n g  a 

season ( 3  months) has ma in l y  been done by d i s c h a r g i n g  i t  i n t o  the  s u b s o i l .  Q u i t e  

soon i t  had been recogn ised t h a t  t h i s  c o u l d  p o l l u t  t he  groundwater b u t  f o r  a long 

t ime the  main a t t e n t i o n  belonged t o  the  ex t remely  h i g h  o r g a n i c  load. The i n v e s t i -  

g a t i o n s  o f  t he  GEV a t  about 1 .100  groundwater samples from about 50  groundwater 

o b s e r v a t i o n w e l l s ,  many o f  them had been s p e c i a l l y  i n s t a l l e d  f o r  t h i s  purpose, 

showed, wh ich  o f  t he  was tewa te r t rea t i ng -  and wastewaterdisposing-systems worked 

bes t  on t h i s  s p e c i a l  s u b j e c t .  But t he  i n v e s t i g a t i o n s  a l s o  showed the  permanent 

g roundwate rpo l l u t i on ,  caused by the  e q u a l l y  h i g h  l oad  o f  i n o r g a n i c  s a l t s .  The 

amount o f  t he  t o t a l  g roundwate r -po l l u t i on  d i f f e r s  depending on the  type  o f  b i o -  

l o g i c a l  p re t rea tmen t  because the  decompos i t ion ing  o f  t he  o r g a n i c  substances, 

which i s  no rma l l y  go ing  on i n  the  s u b o i l ,  causes secondary- reac t ions  which a re  

a l s o  p o l l u t i n g  the  groundwater.  
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RESULTS 

The c e n t r a l  s u b j e c t  o f  t he  i n v e s t i g a t i o n s  i s  t h e  wastewater produced by the  

sugar r e f i n e r i e s .  I t  has some t y p i c a l ,  process de termined c h a r a c t e r i s t i c s ,  even 

thoughthcre  a r e  g rea t  d i f f e r e n c e s  between the  waters  o f  t he  s i n g l e  r e f i n e r i e s .  The 

re fe renced datas a r e  r e l a t e d  t o  t h e  concen t ra t i ons  found a t  t h e  e s p e c i a l l y  i n v e s t i -  

ga ted  p l a n t s  ( r e f .  1 ) .  

1. 

2. H igh  con ten t  o f  carbonates (medium a t  2500, tops  ove r  3000 mg/ l )  

3. 
4. 

5 .  H igh  con ten t  o f  i r o n  (13  t o  17  mg/ l )  

6.  Low con ten t  o f  n i t r a t  ( o f t e n  less than  0,s mg/ l )  

7. Low con ten t  o f  s u l f a t  ( o f t e n  less than  5 mg / l )  

I f  the  wastewater i s  disposed by i n f i l t r a t i o n  v i a  i n  terms changing i n f i l t r a t i o n  

High o r g a n i c  l oad  (BSB5 between 4000 and 6000  mg/ l )  

H igh  con ten t  o f  c h l o r i d e  (medium a t  800,  tops  o v e r  1000 mg/ l )  

H igh  con ten t  o f  po tass ium (medium a t  500, tops  o v e r  600 mg/ l )  

bas ins  w i t h  damed up water ,  a f t e r  p r e t r e a t i n g  i n  sed imen ta t i on  bas ins ,  n o t  o n l y  

the  l oad  o f  i n o r g a n i c  s a l t s  ge ts  i n t o  t h e  s u b s o i l  and t h e  groundwater.  Because o f  

l a c k i n g  ox igen  t h e  o r g a n i c  decompos i t ion ing  i n  the  e n l i v e d  p a r t  o f  s o i l  i s  uncomple- 

ted .  There fo re  i t  i s  go ing  on i n  the  groundwater,  where t h e  decompos i t ion ing  o f  t he  

o r g a n i c  l oad  i s  consuming a l l  d i s s o l v e d  ox igen.  But normaly t h e r e  i s  n o t  enough 

ox igen  d i s s o l v e d  and t h a t  i s  why n i t r a t  and s u l f a t  a r e  reduced down t o  ammonium and 

su lphu re ted  hydrogen. I n  most cases even these ox igen  s u p p l i e s  a r e  n o t  s u f f i c i e n t  

and groundwater keeps i t s  reduc ing  c h a r a c t e r  even downstream t h e  wastewater p l a n t .  

A n o r m a l i z a t i o n  comes up when m i x i n g  w i t h  u n p o l l u t e d  groundwater,  by add ing  o f  t he  

o r d i n a r y  g roundwater regenera t ion  under r e g u l a r y  used areas and by c o n t a c t i n g  the  

ox igen i n  the  a i r  o f  s u b s o i l  pores.  The s i z e  o f  t he  area w i t h  reduc ing  groundwater 

c o n d i t i o n s  i s  i n c r e a s i n g  acco rd ing  t o  the  q u a n t i t y  and the  degree o f  o r g a n i c  p o l l u -  

t i o n  o f  the wastewater.  

When the  wastewater i s  p r e t r e a t e d  i n  sed imen ta t i on  bas ins  and then spread o r  

sprayed o v e r  a g r i c u l t u r a l l y  used areas ,  the  secondary r e a c t i o n s  a r e  o f  less  impor- 

tance. Because o f  the  ex t remely  reduced load  pe r  m2 t h e r e  i s  a s u f f i c i e n t  supp ly  o f  

ox igen  i n  the  s o i l  where the  decompos i t ion ing  i s  n e a r l y  completed. Never the less  the  

i n o r g a n i c  s a l t - l o a d  ge ts  comple te ly  i n t o  the  groundwater caus ing  i t s  permanent 

p o l l u t i o n .  

The b i o l o g i c a l  t rea tment  o f  t he  wastewater v i a  sed imen ta t i on  bas ins  and s t a c k  ba- 

s i n s  causes a n e a r l y  t o t a l  decompos i t ion ing  o f  the  o r g a n i c  l oad .  When t h i s  water  i s  

spread o r  i n f i l t r a t e d ,  the  groundwater s t i l l  w i l l  be p o l l u t e d  w i t h  t h e  i n o r g a n i c  

s a l t s .  The o n l y  way t o  p reven t  t h i s  i s  t o  d ischarge the  b i o l o g i c a l l y  t r e a t e d  waste- 

wa te r  i n t o  a r i v e r  o r  o t h e r  r e c e i v i n g  wa te r .  But even t h i s  method i s  n o t  n e u t r a l  t o  

groundwater i n  any case, because the  no rma l l y  used sed imen ta t i on  bas ins  w i t h  a 

l a y e r  o f  loam o r  c l a y  f o r  s e a l i n g  a r e  n o t  t i g h t  enough. T h i s  r e s u l t s  f rom the  

sa i sona l  work of these p l a n t s .  The loam, which i s  s t i c k i n g  t o  the  ha rves ted  beets  
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i s  washed away b e f o r e  process ing .  W i th  a l l  t he  wa te r  i t  ge ts  i n t o  t h e  sed imenta t ion  

bas ins ,  where i t  can s e t t l e .  T h i s  sed imenta t ion  goes on w i t h o u t  a reasonable p re-  

condensing i n  t h i s  wa te r  s a t u r a t e d  medium. Besides t h i s  a h y d r a u l i c  connec t ion  

e x i s t s  between n e a r l y  a l l  pores,  which r e s u l t s  q u i t e  a good p e r m e a b i l i t y  f o r  t he  

damed up wa te r .  Dur ing  the months o f  s p r i n g  and summer, when these p l a n t s  a r e  n o t  

used f o r  sed imen ta t i on  o r  o t h e r  t h i n g s ,  t h e  t o p  o f  t he  sediment can d ry .  A t  t he  

same t ime  very  i n t e n s i v e  v e g e t a t i o n  developes on t h i s  h i g h l y  manured s o i l .  The 

growing  p l a n t s  d r i v e  t h e i r  r o o t s  deep i n t o  the  sediment and i n  some cases s t ronger  

r o o t s  can des t roy  an a r t i f i c a l  s e a l i n g  o f  loam. Even c l a y  and p l a s t i c  f o i l s  a r e  no 

b a r r i e r .  The new f l o o d i n g  i n  the  autumn enc loses  and covers a l l  these p l a n t s .  Some 

o f  them a r e  q u i t e  s t rong ,  so they  can r e s i s t  t o  mo lde r ing  f o r  a t ime,  wh ich  i s  l ong  

enough t o  make the  f i n a l l y  r o t t e d  substance o f  r o o t s  and s t a l k s  t o  g i v e  good ways 

f o r  t h e  wa te r .  Th i s  and the  l i f e  wh ich  belongs t o  the  s o i l  (earthworms e t c . )  g i v e  

a p e r m e a b i l i t y  even more comparable t o  t h e  p r imary  m a t e r i a l ,  an a g r i c u l t u r a l  s o i l  

than t o  a t i g h t e n e d  loam. A p e r m e a b i l i t y  f a c t o r  o f  k =1~10-5-1~10-6 m/s i s  guessed. 

When a p l a n t  f o r  t he  i n f i l t r a t i o n  o f  wastewater i s  s toped a f t e r  seve ra l  years  o f  

use, t h i s  does n o t  mean a r a p i d  r e h a b i l i t a t i o n  o f  t h e  g roundwate rqua l i t y .  I n  depen- 

dence t o  the  groundwater -ve loc i  t y  and the  r a t e  o f  g roundwater - regenera t ion  t h e r e  i s  

j u s t  a decrease i n  c o n c e n t r a t i o n  by d i l u t i o n  f o r  t h e  n o t  decompos i t ionab le  ma t te r .  

The GEV's  i n v e s t i g a t i o n s  a l s o  show, t h a t  s p e c i a l l y  under an i n t e n s i v e  i n f i l t r a t i o n  

a s t a c k  o f  d i r t  can b u i l d  up andremain i n  t h e  sediment,  where i t  w i l l  be o n l y  

d e s t r u c t e d  very  s low ly .  The s tack  developed by p r e c i p i t a t i o n  o u t  o f  o v e r s a t u r i e r e d  

s o l u t i o n s  as w e l l  as by a d s o r p t i o n  a t  s o i l  p a r t i c l e s .  Th is  i s  a l s o  v a l i d  f o r  o r g a n i c  

m a t t e r  h e l d  back i n  an environment p r e v e n t i n g  the  b iochemica l  decompos i t ion ing .  I n  

t h i s  way even the  area  w i t h  a reduc ing  c h a r a c t e r  may be kep t  f o r  a l ong  t ime, i n  a 

s p e c i a l  i n v e s t i g a t e d  s u b j e c t  even longer  than 5 years .  

f 

SUMMARY 

Condensat ing i t  has t o  be sa id ,  t h a t  when d i s p o s i n g  a wastewater,  which i s  

h i g h l y  p o l l u t e d  as w e l l  w i t h  an o r g a n i c  as w i t h  an i n o r g a n i c  load,  t he  o r g a n i c  

s i d e  o f  t h e  prob lem can be managed w h i l e  n o t  enough i n t e r e s t  has been g i ven  t o  

the  l oad  o f  i n o r g a n i c  s a l t s .  Th i s  i s  b a s i c a l l y  v a l i d  t o  a l l  types o f  wastewater.  

The d iscussed examples o n l y  deal  w i t h  t h e  wastewater f rom sugar r e f i n e r i e s  because 

the  p o l l u t i o n ,  caused by d i f f e r e n t  types o f  p l a n t s  c o u l d  be documented by a l a r g e  

number o f  groundwater-analyses. When p l a n i n g  a new wastewater p l a n t ,  i t  has t o  be 

checked i f  i n  t h a t  s i t e  a d e l i v e r y  o f  s a l t s  t o  the  groundwater may be t o l e r a t e d  

o r  n o t .  
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