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BEHAVIOUR OF DISINFECTANTS (CHLOROPHENOLS) DURING UNDERGROUND PASSAGE 

N. Z u l l e i  
I n s t i t u t  f i i r  Wasserforschung GmbH,  Dortmund (G.F.R.) 

ABSTRACT 
I n f i l t r a t i o n  p r o c e s s e s  w i t h  t h r e e  c h l o r o p h e n o l s  (2-chlorophenol ,  

2 .4 -d ich lo ropheno l ,  3-methyl-4-chlorophenol) w e r e  i n v e s t i g a t e d .  I n  
t h e  a c t i v a t e d  carbon-sand f i l t e r  system u s e d ,  b o t h  a d s o r p t i o n  and 
b i o d e g r a d a t i o n  p r o c e s s e s  w e r e  o b s e r v e d .  More t h a n  9 5  % of  t h e  c h l o r o -  
p h e n o l s  i n j e c t e d  c o u l d  b e  e l i m i n a t e d .  

INTRODUCTION 

I n  t h e  F e d e r a l  Repub l i c  o f  Germany, 90 % of  t h e  d r i n k i n g  water 
are o b t a i n e d  from a q u i f e r s  ( r e f .  1 ) .  T h e r e f o r e  knowledge o f  t h e  be- 
h a v i o u r  o f  p o t e n t i a l  groundwater  p o l l u t a n t s  becomes i n c r e a s i n g l y  
i m p o r t a n t  ( r e f .  2 - 4 ) .  Among o t h e r  compounds i n  l a s t  y e a r s  e s p e c i a l l y  
c h l o r l n a t e d  o r g a n i c s ,  i n c l u d i n g  c h l o r o p h e n o l s  which a r e  used as  d i s -  

i n f e c t a n t s ,  have r e c e i v e d  s p e c i a l  i n t e r e s t .  
The European Community p a s s e d  t h e  d r i n k i n g  water r e g u l a t i o n s  i n  

J u l y  1980 w i t h  remarkably l o w  l i m i t s  f o r  pheno l s  ( 0 . 5  p q / l )  and 
c h l o r i n a t e d  p e s t i c i d e s  ( 0 . 1  Dg/l  p e r  s u b s t a n c e ) .  I n  t h e  Ruhr Region, 
where b a n k f i l t r a t i o n  and a r t i f i c i a l  groundwater r e c h a r g e  w e r e  used 
as  t r a d i t i o n a l  p u r i f i c a t i o n  s t e p s ,  c o n c e n t r a t i o n s  i n  t h e  r a n g e  of 
n g / l  up t o  p g / l  c o u l d  be  d e t e c t e d  i n  t h e  raw w a t e r  ( r e f .  5 ) .  

e l i m i n a t i o n  ra tes  of t h e s e  compounds i n  groundwater  and i n  d r i n k i n g -  
w a t e r , % r e s p e c t i v e l y .  The r e s u l t s  o b t a i n e d  a s  w e l l  a s  supplementary 
h a l f - t e c h n i c a l  p i l o t  s t u d i e s  are  r e p o r t e d  e l s e w h e r e  ( r e f .  6 - 7 ) .  

Based on t h e s e  measurements,  f u r t h e r  i n f o r m a t i o n  was g a t h e r e d  con- 
c e r n i n g  t h e  t r a n s p o r t  and f a t e  of  c h l o r o p h e n o l s  d u r i n g  t h e  i n f i l -  
t r a t i o n  p r o c e s s e s .  The r e s u l t s  are p r e s e n t e d  i n  t h i s  p a p e r .  

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

Reprinted from The Science of the Total Environment, 21 (1981) 215-220 
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EXPERIMENTAL PROCEDURES 
Column e x p e r i m e n t s  

F o r  s i m u l a t i o n  o f  mechan ica l  and  b i o l o g i c a l  p r e f i l t r a t i o n  o f  t h e  
Dortmunder S t a d t w e r k e  AG, g lass  columns  w i t h  6 0  c m  l e n g t h  and  1 5  c m  
i .d .  were f i l l e d  w i t h  g r a v e l  and  c h a r g e d  w i t h  Ruhr water. The p r e -  
f i l t e r e d  water  w a s  i n t r o d u c e d  i n t o  t h e  main f i l t e r s  f o r  which  a l so  
g la s s -co lumns  o f  15  c m  i . d .  and  140 c m  l e n g t h  w e r e  u s e d .  I n  c o n t r a s t  
t o  t h e  t e c h n i c a l  pract ice  i n  Dortmund, t h e  f i l t e r  body c o n s i s t e d  o f  
a n  a d d i t i o n a l  10 c m  l a y e r  of g r a n u l a t e d  a c t i v a t e d  c a r b o n  (Merck 2514, 
BET 800 m’/g, p e n e t r a t i o n  c o e f f i c i e n t  K f  1 . 4 ~ 1 0  
100 c m  o f  s a n d  f i l l i n g  (Rheinen  Sud,  BET 1.19 m 2 / g r  K f  7 . 8 ~ 1 O - ~ m / s ) .  
The v e l o c i t y  o f  t h e  f i l t r a t i o n  p r o c e s s  w a s  k e p t  a t  84 cm/h. By 
a s s u m p t i o n  of 30 % p o r o s i t y ,  t h e  e f f e c t i v e  v e l o c i t y  w a s  288.5 cm/h. 

- 2  m / s ) ,  f o l l o w e d  by 

2 -ch lo ropheno l ,  2 . 4 - d i c h l o r o p h e n o l ,  a n d  3-methyl -4-chlorophenol  
w e r e  i n j e c t e d  a t  t h e  p r e f i l t e r  o u t l e t  t o  o b t a i n  good m i x t u r e .  The 
c o n c e n t r a t i o n  w a s  1 . 4  mg/ l  of e a c h  s u b s t a n c e  i n  t h e  i n f i l t r a t e d  water .  

Samples  w e r e  c o l l e c t e d  e v e r y  1 2  h o u r s  a t  t h e  Ruhr water i n l e t ,  i n  
t h e  s u p e r n a t a n t  w a t e r  o f  t h e  main f i l t e r ,  a t  t h e  a c t i v a t e d  c a r b o n  
o u t l e t ,  and  i n  t h e  s a n d  f i l t e r  e f f l u e n t .  

A n a l y t i c a l  measurements  
F o r  a n a l y t i c a l  d e t e r m i n a t i o n  o f  t h e  p h e n o l  c o n c e n t r a t i o n s ,  s amples  

o f  100 m l  w e r e  u s e d .  Only i n  t h e  s a n d  f i l t e r  e f f l u e n t  2000 m l  s amples  
w e r e  t a k e n .  A f t e r  a c i d i f i c a t i o n  t o  pH 2 t h e  e x t r a c t i o n  and  d e r i v a t i -  
s a t i o n  w a s  pe r fo rmed  a c c o r d i n g  t o  Kr i jgsman ( r e f .  8). G a s  chromato-  
g r a p h i c  d e t e r m i n a t i o n  w i t h  c a p i l l a r y  g l a s s  co lumns  ( 0 . 2 5  mm i . d . ,  
25 m l e n g t h ,  Carbowax 20 M) and  F I D - d e t e c t i o n  gave  d e t e c t i o n  l i m i t s  
o f  0.2 and  0 . 0 3  wg/l ,  r e s p e c t i v e l y .  

Every  24  h o u r s  a d d i t i o n a l  s amples  f o r  c h e m i c a l  and  b a c t e r i o l o g i c a l  
water  a n a l y s i s  were c o l l e c t e d  and  examined a c c o r d i n g  t o  German 
s t a n d a r d  p r o c e d u r e s  (DEV)  . 

RESULTS 
The t o t a l  o b s e r v a t i o n  p e r i o d  was 410 h o u r s .  W i t h i n  t h e  f i r s t  196 

h o u r s  p h e n o l s  were i n j e c t e d  w i t h  1 . 4  mg/ l  and  w i t h i n  t h e  f o l l o w i n g  
72 h o u r s  w i t h  1 . 8  mg/ l .  A f t e r  328 h o u r s ,  t h a t  w a s  t h r e e  d a y s  a f t e r  
t e r m i n a t i o n  o f  d o s a g e ,  t h e  d e t e c t i o n  l i m i t  a t  a l l  s a m l i n g  p o i n t s  was 
r e a c h e d  w i t h o u t  l a t e r  r e - i n c r e a s e .  F i g u r e s  1-3 show t h e  t ime-deDendent 
c o n c e n t r a t i o n s  c u r v e s  o f  d o s a g e ,  c a r b o n -  and  sand  e f f l u e n t .  I n  t h e  
c a r b o n  e f f l u e n t ,  t h e  c o n c e n t r a t i o n  f o r  a l l  p h e n o l s  rose s l o w l y  t o  
600 u g / l  w i t h i n  t h e  f i r s t  1 2 4  h o u r s .  Then a r a p i d  b r e a k t h r o u g h  
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F i g .  1 - 3. Concentration curves depending from time for 2-chlot-o- 
phenol, 2.4-dichlorophenol, and ?-methyl-4-chlorophenol. 
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f o l l o w e d  i n  one  day .  The c o n c e n t r a t i o n  i n c r e a s e  up  t o  2800 p g f l  f o r  
2 -ch lo ropheno l  seems t o  be i n d u c e d  by  t h e  r a t h e r  h i g h  c o n c e n t r a t i o n  
i n  t h e  s u p e r n a t a n t  wafer. B e f o r e  dosage  ended ,  a r a p i d  c o n c e n t r a t i o n  

r e m a r k a b l y  l o w  
w i t h  2 . 4 - d i c h l o r o -  

decrease w a s  o b s e r v e d .  I n  t h e  s a n d  f i l t e r  e f f l u e n t  
c o n c e n t r a t i o n s  o c c u r e d  t h r o u g h o u t  t h e  whole p e r i o d  
pheno l  showing t h e  h i g h e s t  v a l u e s .  

Dur ing  t h e  whole t i m e  t h e  c h e m i c a l  and  bacter io  
d i d  n o t  change  s i g n i f i c a n t l y .  

og  i c  a1 p a r a m e t e r s  

The f r a c t i o n a l  b r e a k t h r o u g h  data a l l o w  a b e t t e r  compar i son  o f  t h e  
b e h a v i o u r  of t h e  t h r e e  s u b s t a n c e s .  Fo r  2 -ch lo ropheno l  t h e  c o m D l e t e  
b r e a k t h r o u g h  i n  t h e  c a r b o n  l a y e r  c o u l d  be d e t e c t e d  a f t e r  184 h o u r s ,  
f o r  3-methyl -4-chlorophenol  some t e n  h o u r s  l a t e r .  N o  c o m p l e t e  b r e a k -  
t h r o u g h  w a s  o b s e r v e d  f o r  2 . 4 - d i c h l o r o p h e n o l  ( F i g .  4 ) .  

t.rr 

F i g .  4 . F r a c t i o n a l  b r e a k t h r o u g h  i n  t h e  c a r b o n  l a y e r  

T h e r e f o r e  t h e  c o n c e n t r a t i o n  d e c r e a s e  b e g i n s  f i r s t  f o r  t h i s  compound, 
though t h e  dosage  rose a t  t h e  same t i m e .  

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

Tak ing  t h e  e f f l u e n t  c o n c e n t r a t i o n  of t h e  a c t i v a t e d  c a r b o n  a s  i n i -  
t i a l  dosage  f o r  t h e  s a n d  f i l t e r ,  a n  immedia te  b r e a k t h r o u g h  o c c u r s  
w i t h  a maximum c o n c e n t r a t i o n  r e s p o n s e  a f t e r  64 h o u r s  w i t h  no s i g n i -  
f i c a n t  a d s o r p t i o n .  A t  t h i s  p o i n t  o n l y  40 % o f  t h e  3-methyl -4-chloro-  
p h e n o l  i n p u t  w e r e  removed by t h e  s a n d  f i l t e r .  F o r  2 . 4 - d i c h l o r o p h e n o l  
i t  w a s  50 % and a b o u t  70 % f o r  2 -ch lo ropheno l .  Than a smooth b i o -  
d e g r a d a t i o n  f o l l o w s .  
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I t  can  be s e e n ,  t h a t  t h e  a d s o r p t i o n  e f f e c t  of t h e  upper  l a y e r  over-  
l a p s  w i t h  t h e  e a r l y  beginning  of b i o d e g r a d a t i o n  i n  t h e  sand f i l t e r .  
The c o n c e n t r a t i o n  i n c r e a s e  by breakthrough i n  t h e  carbon l a y e r  is  
subsequent ly  suppressed  whi le  p a s s i n g  t h e  sand. T h i s  i s  o b v i o u s l y  
a r e s u l t  o f  b i o l o g i c a l  d e g r a d a t i o n ,  b u t  t h i s  p r o c e s s  w a s  n o t  examined 
i n  d e t a i l  because  of  i t s  complexi ty .  

F i g u r e  5 i n d i c a t e s  t h e  rates of s u b s t a n c e s  r e t a i n e d  by t h e  whole 
f i l t e r  system r e l a t i v e  t o  dosage c o n c e n t r a t i o n s .  I n  no case more 
t h a n  10 % of t h e  i n p u t  c o n c e n t r a t i o n  w e r e  t r a n s p o r t e d  w i t h  t h e  e f f l u -  
e n t .  A s l o w  rise up t o  maximum v a l u e s  a t  172 hours  i s  fol lowed by 
a d e c r e a s e ,  which comes t o  i t s  end a f t e r  256 u n t i l  280 hours .  

1- P-Op.-- 3-m-4-cp ........ 2.4-op _ _ _ _  

F i g .  5.  F r a c t i o n a l  breakthrough i n  t h e  whole f i l t e r  system 

The amount of phenols  r e t a i n e d  w i t h i n  t h e  f i l t e r  can  be c a l c u l a t e d  
by i n t e g r a t i n g  t h e  breakthrough c u r v e s  a s  a f u n c t i o n  of  t h e  cumu- 
l a t i v l y  i n j e c t e d  w a t e r  volume. The r e s u l t s  f o r  t h e  c a l c u l a t e d  
amounts are g i v e n  i n  t a b l e  1 .  

TABLE 1 
Reta ined  amounts of ch lorophenols  i n  carbon,  sand i n  r e l a t i o n  t o  
carbon e f f l u e n t ,  and i n  t h e  whole f i l t e r  system 

dosage carbon sand carbon and sand 
(mg) (mg) ( % I  (mg) ( % )  (mg) ( % )  

s u b s t a n c e  

2-chloroph. 564 1 1801 32 3667 96 5468 97 
2.4-chloroph. 5641 2297  41 3090 9 2  5387 96 
3-metyl-4-chlor.  5641 3248 58 2192 92 5440 96 

% 
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DISCUSSION 

Chlorophenols are water soluble organic compounds. Therefore only 

insufficient eliminatian by adsorption processes on soils can be 

expected. Adsorption isotherms from slow-sand-filter materials with 

Freundlich k-values in the range of 10-5  to 10-7 confirm this assump- 
tion. Also former half technical studies show an immediate break- 

through of chlorophenols through the whole filterbody. In this case 

the simulated slow-sand-filter with underground passage shows . 

neither elimination by adsorption nor biodegradation. 

Results from field studies in the area of the Dortmunder Stadt- 

werke AG indicate a higher amount of 2-chlorophenol and others in 

the groundwater compared with infiltrated water. Some phenols were 

found to be transformation products from substances with higher 

moleculare weight (ref. 9 ) .  This is why a concentration increase 
of phenols from raw water to groundwater can occur. 

Therefore the following hypothesis can be postulated: 

1 .  In soil elements with filter velocities up to 1 m/h no adsorption 

takes place because of the high water solubility of the investi- 

gated phenols. 

2 .  Phenols can be formed by degradation of high molecular weight 

substances or transformation of chlorobenzenes. 

3. In adapted biological systems such as the filter system presented 

here, complete degradation can occur under favourable conditions. 
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