
SIDE EFFECTS OF CHLORINATION 

Report from the Committee on the Side Effects of 

Chlorination 

KIWA communication no. 74 

Final editing: dr. J.C. K r u i t h o f  

Nieuwegein, January 1986 



S I D E  EFFECTS O F  CHLORINATION 





TABLE O F  CONTENTS 

AC KNO WLED GME NT 

S UMMARY 

INTRODUCTION 

H i s t o r i c a 1  ove rv i ew 

Compos i t i on  of t h e  r e p o r t  

TOXICOLOGIC ASPECTS OF SOME DRINKING 

WATER DIS INFECTANTS 

I n t r o d u c  t i o n  

C h l o r i n e  and b y p r o d u c t s  

C h l o r i n e  d i o x i d e  and b y p r o d u c t s  

Ch lo ramine  and b y p r o d u c t s  

C o n c l u s i o n s  and  recommendat ions  

L i t e r a t u r e  

CHLORINE USE I N  NETHERLANDS WATER WORKS 

I n t r o d u c t i o n  

C h l o r i n e  consumpt ion  f o r  t r a n s p o r t  

c h l o r i n a t i o n  

C h l o r i n e  consumpt ion  f o r  b r e a k p o i n t  

c h l o r i n a t i o n  

C h l o r i n e  consumption for p r o c e s s  

c h l o r  i n a t i o n  

C h l o r i n e  consumpt ion  f o r  i r o n ( I 1 ) -  

o x i d a t i o n  

C h l o r i n e  consumpt ion  f o r  p o s t -  

c h l o r i n a t i o n  

T o t a l  c h l o r i n e  consurnpt ion 

D i s c u s s i o n  

C o n c l u s i o n s  

L i t e r a t u r e  

Page  

5 

8 

1 8  

18  

1 9  

22 

22 

23 

48  

5 8  

6 1  

6 4  

7 1  

71  

72  

74 

75 

76 

77 

8 2  

8 3  

88  

8 9 



Page  

HALOGENATED COMPOUNDS FORMED BY CHLORI- 90  

NATION IN NETHERLANDS D R I N K I N G  WATER 

I n t r o d u c t i o n  

D r i n k i n g  water  

water 

D r i n k i n g  w a t e r  

t r a t e d  water 

D r i n k i n g  water 

water 

D i s c u s s i o n  

C o n c l u s i o n s  

L i t e r a t u r e  

90 

p r e p a r e d  from ground-  9 8  

p r e p a r e d  from i n f i l -  99 

p r e p a r e d  from r e s e r v o i r  100 

FORMATION OF HALOGENATED COMPOUNDS 116 

DURING SINGLE CHLORINATION STEPS AND 

OZONATION 

I n t r o d u c t i o n  

Model s t u d y  

Forma t ion  o f  h a l o g e n a t e d  compounds 

d u r i n g  t r a n s p o r t  c h l o r i n a t i o n  

Format i o n  o f  h a l o g e n a t e d  compounds 

d u r i n g  b r e a k p o i n t  c h l o r i n a t i o n  

(super c h l o r i n a t i o n )  

Fo rma t ion  o f  h a l o g e n a t e d  compounds 

d u r i n g  p o s t c h l o r i n a t i o n  

Forma t ion  of h a l o g e n a t e d  compounds 

d u r i n g  o z o n a t i o n  

D i s c u s s i o n  

Recommendations 

L i t e r a t u r e  

REMOVAL O F  HALOGENATED COMPOUNDS 

I n t r o d u c t i o n  

Rernoval o f  h a l o g e n a t e d  compounds by 

a e r a t i o n  



P a g e  

6 . 3  Rernoval o f  h a l o g e n a t e d  compounds g r a -  158  

n u l a r  by a c t i v a t e d  c a r b o n  f  i l t r a t i o n  

6.4 Removal o f  h a l o g e n a t e d  compounds by 168  

a l  t e r n a t i v e  a d s o r b e n t s  

6 .5  Removal o f  h a l o g e n a t e d  compounds by 1 7 1  

o x i d a t  i o n  

6.6 R e d u c t i o n  o f  t h e  c o n t e n t  of  h a l o g e n a t e d  172 

compounds d u r i n g  i n f i l t r a t i o n  

6.7 Removal of h a l o g e n a t e d  p r o d u c t s  by 177 

r e v e r s e  osmosis 

6.8  D i s c u s s i o n  17 8  

6.9 Recornmendations 1 8 1  

L i t e r a t u r e  182 

REMOVAL AND CONVERSION OF THM PRECUR- 

S  ORS 

I n t r o d u c t i o n  

P r e c u r s o r  r emova l  by a e r a t i o n  

Removal o f  p r e c u r s o r s  by c o a g u l a t i o n  

P r e c u r s o r  r emova l  b y  g r a n u l a r  a c t i v a t e d  

c a r b o n  f i l t r a t i o n  and i o n  exchange  

P r e c u r s o r  removal  u s i n g  a l t e r n a t i v e  

a d s o r  ben t s  

C o n v e r s i o n  o f  p r e c u r s o r s  by o z o n a t i o n  

P r e c u r s o r  b e h a v i o r  d u r i n g  i n f i l t r a t i o n  

P r e c u r s o r  removal  by r e v e r s e  o s m o s i s  

D i s c u s s i o n  

Recornmenda t i o n s  

L i t e r a t u r e  

8 POSS IBILITIES FOR ADAPTATION O F  PROCESS 222 

CONTROL 

8 . 1  I n t r o d u c t i o n  222  

8.2 P o s s i b i l i t i e s  f o r  r e d u c i n g  c h l o r i n e  u s e  223 

i n  r e l a t i o n  t o  p r o c e s s  c o n t r o l  



Page 

8.3 Use of transport treatment in place of 2 2 9  

transport chlorination 

8.4 Techniques for ammonium removal as an 230 

al ternative f or breakpoint chlorination 

8.5 Philosophy concerning the restriction/ 236 

elimination of postchlorination 

8.6 Discussion 2 4 2  

8.7 Recommendat ions 244  

9 USE OF ALTERNATIVE DIS INFECTANTS 2 4 6  

9 .l Introduction 246 

9.2 Use of chlorine dioxide 247 

9.3 Use of monochloramine 256 

9.4 Conclusions 260 

9.5 Recommendations 261 

Literature 262 

EVALUAT I ON 

Introduc tion 

Toxicologie findings 

Inventory 

Measures 

Alternatives 

Current state of the art 

Future developments 

11 RECOMMENDAT1 ONS 276 

11.1 Recornrnendations for further investiga- 276 

tion 

11.2 Establishment of priorities 279  

Appendix 1: Explanatory Word List 281 

Appendix 2: Abbreviations 283 



ACKNOWLEDGMENT 

T h i s  r e p o r t ,  which p r e s e n t s  t h e  s t a t e  o f  t h e  a r t  on 

t h e  e f f e c t s  of c h l o r i n a t i o n ,  was p r e p a r e d  by t h e  

Commit tee  on  S i d e  E f f e c t s  o f  C h l o r i n a t i o n .  

T h i s  Cornrnittee, which d e v o t e d  i t s e l f  to  t h i s  t a s k  

i n  the p e r i o d  o f  1980-1984, was made up a s  f o l l o w s :  

- d r s .  G .  Oskam, C h a i r ,  N.V. Water  S u p p l y  Company 

B r a b a n t s e  B i e s b o s c h ;  

- d r .  J . C .  K r u i t h o f ,  s e c r e t a r y ,  t h e  N e t h e r l a n d s  

W a t e r w o r k s  T e s t i n g  a n d  R e s e a r c h  I n s t i t u t e ,  

KIWA L t d ;  

- d r s .  W .  B a s s i e ,  W a t e r  Works o f  S o u t h  West 

N e t h e r l a n d s  L t d ;  

- J. H e i  j n e n ,  Enschede  M u n i c i p a l  Ene rgy  Concern  

( u n t i l  November, 1 9 8 2 ) ;  

- i r .  E.A.  van N a e r s s e n ,  D o r d r e c h t  M u n i c i p a l  E n e r g y  

Concern;  

- d r . i r .  A.P. Meijers, N.V. Water  T r a n s p o r t  Company 

Ri jn-Kennemer land;  

- ir .  J. van  P u f f e l e n ,  t h e  Hague Dune Water Works; 

- d r .  J.J. Rook, Ro t t e rdam Water  Works; 

- d r s .  L . J .  S c h u l t i n k ,  P r o v i n c i a l  Water  Works o f  

Nouth Ho l l and ;  

- d r . i r .  J . A .  S c h e l l a r t ,  Amsterdam M u n i c i p a l  Water  

Works ( b e g i n n i n g  May, 1 9 8 2 ) ;  

- i r .  J .G .M.M.  Smeenk, Amsterdam M u n i c i p a l  Water  

Works; 

- i r .  A . I . A .  S o p p e ,  G r o n i n g e n  M u n i c i p a l  W a t e r  

Wor k s  ; 

- d r s .  L. A.C. F e i j ,  L a b o r a t o r y  of t h e  S o u t h e r n  

N e t h e r l a n d s  Water Works; 

- ir .  J. Hrubec,  N a t i o n a l  I n s t i t u t e  f o r  D r i n k i n g  

Water  Supply ;  

- i r .  S . G .  Bos,  o b s e r v e r ,  I n s p e c t i o n  of P u b l i c  

H e a l t h ;  



- d r .  T. Trouwbors t ,  o b s e r v e r ,  M i n i s t r y  of  P u b l i c  

H e a l t h  and Environmenta l  Hygiene, I n s p e c t i o n  o f  

P u b l i c  H e a l t h .  

The f o l l o w i n g  a u t h o r s  made c o n t r i b u t i o n s  d u r i n g  t h e  

p r e p a r a t i o n  of t h e  r e p o r t :  

- d r .  C.L.M. P o e l s :  toxicologie a s p e c t s  of some 

d i s i n f e c t a n t s  f o r  d r i n k i n g  w a t e r ;  

- d r .  J . C .  K r u i t h o f :  c h l o r i n e  u s e  by t h e  

N e t h e r l a n d s  Water Works; 

- d r .  J . C .  K r u i t h o f :  h a l o g e n a t e d  compounds formed 

by c h l o r i n a t i o n  i n  N e t h e r l a n d s  d r i n k i n g  w a t e r ;  

- i r .  J ,  H r u b e c ,  d r .  J.C. K r u i t h o f ,  

i r .  E . A .  v a n  N a e r s s e n ,  d r s .  G .  Oskam a n d  

d r s .  L.J. S c h u l t i n k :  f o r m a t i o n  of  h a l o g e n a t e d  

compounds d u r i n g  s i n g l e  c h l o r i n a t i o n  s t e p s  and 

o z o n a t i o n ;  

- d r .  J.C. K r u i t h o f ,  d r .  J .  J .  R o o k  a n d  

i r .  J , G . M , M .  Smeenk: removal of ha logena ted  com- 

p o u n d ~  ; 

- d r s .  W .  B a s s i e ,  d r .  J . C .  K r u i t h o f ,  

i r .  J. van P u f f e l e n  and i r .  J.G.M.M. Smeenk: 

removal and c o n v e r s i o n  of  THM p r e c u r s o r s ;  

- d r s .  G ,  Oskam, d r .  J.C. K r u i t h o f ,  

d r . i r ,  J ,  S c h e l l a r t ,  i r .  J .G.M.M.  Smeenk and 

i r .  A .  I.A. Soppe: p o s s i b i l i t i e s  f o r  a d j u s t i o n  of 

process con t ro l ;  

- ir .  J. Wrubec: u s e  of a l t e r n a t i v e  d i s i n f e c t a n t s .  

A l 1  c o n t r i b u t i o n s  were d i s c u s s e d  by t h e  Cornmittee 

on "S ide  E f f e c t s  o f  C h l o r i n a t i o n "  and modi f i ed .  

Then, t h e  c h a p t e r s  w e r e  a d j u s t e d  w i t h  r e s p e c t  t o  

one a n o t h e r  by an  e d i t o r i a l  committee c o n s i s t i n g  of 

d r s ,  L . A . C .  F e i j ,  d r .  J . C .  K r u i t h o f ,  

d r .  A.P.  M e i j e r s ,  d r s .  G .  O s k a m  a n d  

i r .  J. van P u f f e l e n .  



The f i n a l  e d i  t i n g ,  i n t r o d u c t i o n ,  e v a l u a t i o n  and 

s u m m a r y  w e r e  t h e  r e s p o n s i b i l i t y  o f  

d r .  J . C .  K r u i t h o f .  



SUMMARY 

A f t e r  i n v e s t i g a t o r s  i n  t h e  N e t h e r l a n d s  and else- 

where  i n  1974 d e m o n s t r a t e d  t h a t  t r i h a l o m e t h a n e s  

(THM) c a n  be  formed d u r i n g  t h e  c h l o r i n a t i o n  o f  wa- 

ter ,  t h e  N e t h e r l a n d s  Water  Works and KIWA p e r f o r m e d  

many i n v e s t i g a t i o n s  i n  t h i s  a r e a .  A f i r s t  i n v e n t o r y  

o f  a v a i l a b l e  knowledge was made i n  1978 b y  t h e  KIWA 

ad  hoc s t u d y  g r o u p  on " C h l o r i n e " .  T h i s  i n v e n t o r y  

l e d  to  m o r e  d e t a i l e d  i n v e s t i g a t i o n s ,  c o o r d i n a t e d  by 

t h e  Commit tee  on S i d e  E f f e c t s  o f  C h l o r i n a t i o n .  T h i s  

r e p o r t ,  p r e p a r e d  by t h e  Comrnittee,  i n t e n d s  t o  pro-  

v i d e  a s u r v e y  o f  t h e  r e s u l t s  o b t a i n e d  s i n c e  1978.  

I n  m o s t  c a s e s ,  t h e  p r e s e n t a t i o n  o f  r e s u l t s  o b t a i n e d  

by t h e  N e t h e r l a n d s  Water  Works and  K I W A  i s  t a k e n  a s  

s u f f i c i e n t .  When n e c e s s a r y ,  i n f o r m a t i o n  i s  t a k e n  

f rom t h e  f o r e i g n  l i t e r a t u r e .  T h i s  p e r t a i n s  p r i n c i -  

p a l l y  t o  t h e  t o x i c o l o g i c  a s p e c t s  o f  d i s i n f e c t a n t s  

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

I n  s e c t i o n  2 ,  an  e v a l u a t i o n  is g i v e n  o f  t h e  i n f o r -  

m a t i o n  a v a i l a b l e  i n  t h e  l i t e r a t u r e  r e g a r d i n g  t h e  

t o x i c o l o g i c  a s p e c t s  o f  t h e  u s e  o f  c h l o r i n e ,  

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

emphas ized  from t h e  b e g i n n i n g  t h a t  o n l y  a v e r y  

l i m i  t e d  f r a c t i o n  o f  t h e  o x i d i z e d  or  c h l o r i n a t e d  

r e a c t i o n  products has been i d e n t i f i e d  so t h a t  o n l y  

a v e r y  i n c o m p l e t e  p i c t u r e  o f  t h e  t o x i c o l o g i c  a s -  

p e c t s  can  be g i v e n .  No d a t a  are a v a i l a b l e  i n  t h e  

l i t e r a t u r e  i n d i c a t i n g  t h a t  c h l o r i n e ,  c h l o r i n e  

d i o x i d e  and c h l o r a m i n e  a t  t h e  c u s t o m a r y  d o s a g e s ,  a s  

w e l 1  a s  t h e i r  b y p r o d u c t s ,  e x e r t  an  a c u t e  or c h r o n i c  

t o x i c  e f f e c t  on  t h e  consumer.  

The d i s i n f e c t a n t s  t h e m s e l v e s  a r e  n e i t h e r  c a r c i n o g e -  

n i c  n o r  m u t a g e n i c .  I n  a d d i t i o n ,  no  c a r c i n o g e n i c  

r e a c t i o n  p r o d u c t s  have  been  e s t a b l i s h e d ,  o t h e r  t h a n  



c h l o r o f o r m .  

However, i t  h a s  been shown t h a t  t h e  u s e  o f  c h l o r i -  

n e ,  c h l o r i n e  d i o x i d e  and  c h l o r a m i n e  l e a d s  t o  t h e  

f o r m a t i o n  o f  m u t a g e n i c  s u b s t a n c e s ;  c h l o r i n e  seems 

t o  i n d u c e  a  h i g h e r  m u t a g e n i c i t y  t h a n  comparab le  do- 

ses o f  c h l o r i n e  d i o x i d e  o r  c h l o r a m i n e .  However, 

d i s t i n c t l y  less a t t e n t i o n  h a s  been p a i d  t o  t h e  s i d e  

e f f e c t s  o f  c h l o r i n e  d i o x i d e  and  c h l o r a m i n e .  

E p i d e m i o l o g i c  i n v e s t i g a t i o n s  pe r fo rmed  e l s e w h e r e  

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

p r o d u c t s  formed by c h l o r i n a t i o n  and c a n c e r .  How- 

e v e r ,  some i n v e s t i g a t o r s  s u g g e s t e d  a  r e l a t i o n s h i p  

between r e a c t i o n  p r o d u c t s  and tumors  o f  t h e  b l a d -  

d e r ,  l a r g e  i n t e s t i n e  and  c o l o n .  T h i s  s u g g e s t i o n  and 

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

r i s k  t o  p u b l i c  h e a l t h .  T h e r e f o r e ,  a  r e d u c t i o n  o f  

t h e  l e v e l  of r e a c t i o n  p r o d u c t s  must  be  a t t e m p t e d .  

The s i g n i f i c a n c e  o f  t h e  e f f e c t s  found  f o r  human 

h e a l t h  i n  r e l a t i o n  t o  t h e  u s e  o f  c h l o r i n e ,  however ,  

i s  n o t  y e t  s u f f  i c i e n t l y  c l e a r  t o  p e r m i t  US t o  draw 

c o n c l u s i o n s  on t h e  b a s i s  o f  t h i s .  

F u r t h e r  i n v e s t i g a t i o n  i n t o  t h e  f o r m a t i o n ,  p r e s e n c e  

and s i g n i f i c a n c e  o f  g e n o t o x i c  s u b s t a n c e s  a s  w e l 1  as 

epidemiologie i n v e s t i g a t i o n  r egawding  t h e  r e l a t i o n -  

s h i p  between t h e  s u b s t a n c e s  p r e s e n t  and c e r t a i n  

f o r m s  of c a n c e r  i s  d e s i r a b l e .  These  r e s u l t s  can  

l e a d  t o  t o x i c o l o g i c  recommendat ions  by which a  p r e -  

f e r e n c e  may be  e x p r e s s e d  for t h e  u s e  of c h l o r i n e ,  

c h l o r i n e  d i o x i d e  o r  c h l o r a m i n e .  

U p  t o  t h e  p r e s e n t  t i m e ,  i n s u f f i c i e n t  i n f o r m a t i o n  i s  

a v a i l a b l e  t o  e x p r e s s  a  p r e f e r e n c e  on  a  t o x i c o l o g i c  

b a s i s .  I f  a  d i s i n f e c t a n t  i s  n e c e s s a r y ,  p r e f e r e n c e  

s h o u l d  be g i v e n  ko t h e  a g e n t  whose d i s a d v a n t a g e s  

can be p r e v e n t e d  o r  e l i m i n a t e d  t o  t h e  g r e a t e s t  

e x t e n t ,  

I t i s  c o n s i d e r e d  w o r t h  recommending t h a t  chemica1  



disinfection, especially post-disinfection, be eli- 

minated if possible (see section 8). 

In section 3 attention is paid to chlorine use in 

Netherlands Water Works. In 1977-1978, one of the 

recomrnendations for restricting the side effects of 

chlorination was that of reducing the chlorine con- 

sumption in the case of transport, breakpoint and 

process chlorination, while rnaintaining post- 

chlorination. Based on this recommendation, among 

others, the chlorine consumption was greatly re- 

duced from 2100 tons per year in 1976 to 1250 tons 

per year in 1979, e .  a 41 % reduction. The 

greatest reduction was brought about in the case of 

transport chlorination (23 % )  , followed by break- 

point chlorination (9 % )  and iron (11) oxidation 

(5 % ) .  In accordance with this recommendation du- 

ring this time period, the reduction of chlorine 

use for post- chlorination was limited (1-2 % ) .  

As a matter of course, these reductions are linked 

with the measures taken by the companies. The grea- 

test reduction is due to the elimination of trans- 

port chlorination at low temperature and to using a 

lower chlorine dose in summer. 

A good comparison of the side effects caused by 

chlorination in 1976 and 1979 is scarcely possible 

due to an insufficient number of measurements in 

1976. A rough comparison can only be made for THM 

content. In 1976, THM contents of £ar above 100 ~ g /  

liter were recorded, while in 1979, the highest 

content was 53 ug/liter. 

After 1979, as well, the chlorine use was further 

suppressed in some locations. Partially due to the 

new opinions, post-chlorination was stopped at some 

locations, while iron (11) oxidation was performed 

with oxygen according to the so-called Lurgi pro- 



cess. In the immediate future, it can be expected 

that chlorine dioxide wil1 be used in place of 

chlorine at some locations for transport or post- 

chlorination. 

Cection 4 discusses the contents of chlorination 

byproducts in Netherlands drinking water. In 1979- 

1980, the contents of chlorination byproducts were 

determined for al1 chlor ine-ucing Water Works. The 

results obtained can be summarized as follows: 

- the average THM content in drinking water upon 

leaving the pumping station varied from 1-38 ug/ 

liter. After a residence time of 48 hr in the 

distribution network, this amounted to 3-45 ug/ 

liter. The composition of the THM content appears 

to be related to the degree of pretreatment. 

Chlorination after carbon filtration leads to the 

formation of highly brorninated THM; chlorination 

followed by infiltration or carbon filtration 

leads primarily to CHC1, in the water. A simple 

quantitative relationship cannot be found between 

chlorine dose and THM content. From the qualita- 

tkve viewpoint transport chlorination seems scar- 

cely to influence the THM content, while break- 

point chlorination influences it variably and 

post-chlorination greatly. The conceptual recom- 

mendation of VEWIN for the THM content of 

0.55 umol/liter was never exceeded; 

- the THMFP of the drinking water was 0.4-2.9 urnol/ 

liter. 1-50 % of this was converted to THM. For 

most groundwater and infiltration plants, this 

percentage is 1-4 % and for surface water plants 

21-58 %. The THMPP is thus only partly converted 

to THM. In practice, the chlorine dose is of 

greater importante for the THM production than 

the THMFP; 



- the average EOCl content was 0-5 pg/liter and the 

average AOCl content 10-80 g i t e .  On a molar 

basis, this is 0.8 times and respectively 30 

times the THM content. It was thus revealed by 

the investigation that in addition to the THM 

content, the A O C 1  content, in particular, plays a 

very important role in the quantitative regard. 

It is not the THMFP but rather the chlorine dose 

which is of high determining significante for the 

THM content. This is al1 the more apparent in the 

post-chlorination of highly purified water, 

wherein a shift is seen toward the formation of 

highly brominated THM. As a result of this and 

the high AOCl contents, post-chlorination, in 

particular, is heavily under discussion, 

In addition to the quantification of total effect 

of al1 chlorinations in drinking water treatment, a 

study was also performed regarding the effect per 

individual chlorination. This is discussed in sec- 

tion 5. This section pertains almost exclusively to 

the formation of THM; EOC1 and AOC1 data are prac- 

tically lacking. 

Is is apparent from model studies that a relation- 

ship exists between the breakpoint curve and the 

THM formation. Up to the peak in the breakpoint 

curve, THM is scarcely formed; immediately above 

it, marked THM formation takes place. The greater 

the degree of purification, the more THM formation 

takes place at low chlorine doses. 

This observation is confirmed by results obtained 

in practice. In the case of transport chlorination 

with a CI,/NH,+ ratio of 2 to 3, low THM contents 

were found; at a c~,/NH,+ ratio of 20, the THM con- 

tent is very high. This relationship was also found 

in the case of breakpoint chlorination. A C~,/NH,+ 



r a t i o  of  15 l e a d s  t o  a  THM c o n t e n t  o f  1 0 - 2 0  u g / l i -  

t e r ,  a  r a t i o  o f  36 t o  a  THM c o n t e n t  o f  80 p g / l i t e r .  

R e l a t i v e l y  much THM is formed i n  p o s t - c h l o r i n a t i o n .  

C o n t e n t s  of 0.015-0.176 u m o l / l i t e r  o c c u r .  The 

h i g h e s t  c o n t e n t s  a r e  e n c o u n t e r e d  a f t e r  e x t e n s i v e  

p u r i f i c a t i o n  and i n  t h e  c a s e  o f  t h e  u s e  o f  m u l t i p l e  

c h l o r i n a t i o n s .  

The re  a r e  some i n d i c a t i o n s  t h a t  i n  c e r t a i n  cases, 

o z o n a t i o n  l e a d s  to  t h e  f o r m a t i o n  o f  h a l o g e n a t e d  

p r o d u c t s .  However, t h e  p i c t u r e  i s  by no means 

c l e a r .  

Under c u r r e n t l y  c u s t o m a r y  c o n d i t i o n s ,  THM f o r m a t i o n  

d u r i n g  t r a n s p o r t  c h l o r  i n a t i o n  h a s  t h u s  been  sub-  

s t a n t i a l l y  r e s t r i c t e d .  ~ e l a t i v e l y  h i g h  THM c o n t e n t s  

o c c u r  a f t e r  b r e a k p o i n t  c h l o r i n a t i o n  and p o s t - c h l o -  

r i n a t i o n .  I n  a d d i t i o n  t o  t h e  THM f o r m a t i o n ,  t h e  

EOC1 and p a r t i c u l a r l y  t h e  AOC1 may p l a y  a  m a j o r  

ro l e .  However, o n l y  a v e r y  s m a l 1  amount o f  i n fo rma-  

t i o n  i s  a v a i l a b l e  i n  t h i s  r e g a r d ,  e s p e c i a l l y  i n  

t e r m s  of i n d i v i d u a l  c h l o r  i n a t i o n  s t e p s .  

S e c t i o n  6 d i s c u s s e s  t h e  r emova l  o f  h a l o g e n a t e d  com- 

p o u n d ~ ,  D e s p i t e  t h e  f a c t  t h a t  i n  1 9 7 8  i t  was con-  

c l u d e d  t h a t  THM can  o n l y  b e  removed t o  a  m o d e r a t e  

d e g r e e  by a d s o r p t i v e  and o x i d a t i v e  p r o c e s s e s ,  a re- 

l a t i v e l y  l a r g e  amount o f  a t t e n t i o n  k a s  been p a i d  t o  

t h i s .  

THM can  s c a r c e l y  be  removed by means o£  i n t e n s i v e  

a e r a t i o n  a t  p r a c t i c a l  a i r - w a t e r  r a t i o s .  Carbon f i l -  

t r a t i o n  g i v e s  c o m p l e t e  r emova l  o n l y  f o r  s h o r t  car -  

bon l i f e ,  e s p e c i a l l y  f o r  c h l o r o f o r m .  Carbon f i l t r a -  

t i o n  i s  a p p l i c a b l e  when o n e  i s  work ing  w i t h  a  c r i -  

t e r i o n  of, f o r  example ,  70 p g / l i t e r .  Encourag ing  

r e s u l t s  were o b t a i n e d  w i t h  a l t e r n a t i v e  a d s o r b e n t s .  

However, p r a c t i c a 1  u s e  d o e s  n o t  a p p e a r  e c o n o m i c a l l y  

j u s t i f i a b l e .  O x i d a t i v e  p r o c e s s e s  a p p e a r  t o  s c a r c e l y  



b r i n g  a b o u t  a  r e d u c t i o n  o f  t h e  THM c o n t e n t .  I n f i l -  

t r a t i o n  p r o v i d e s  a  h i g h  r e d u c t i o n  o f  t h e  THM con- 

t e n t ,  e s p e c i a l l y  c o n c e r n i n g  t h e  more h i g h l y  bromi- 

n a t e d  components  . 
I n  t h i s  c a s e  a s  w e l l ,  o n l y  a  l i t t l e  i n f o r m a t i o n  i s  

a v a i l a b l e  r e g a r d i n g  the EOCl and  AOC1 c o n t e n t s .  

Carbon  f i l t r a t i o n  p r o v i d e s  f o r  a  r e d u c t i o n  o f  b o t h  

c o n t e n t s ,  w h e r e i n  t h e  f i l t e r  r u n s  a r e  c o n s i d e r a b l y  

l o n g e r  t h a n  i n  t k e  c a s e  o f  THM removal .  I n f i l t r a -  

t i o n  and r e v e r s e  osmosis a l s 0  g i v e  g r e a t e r  r e d u c -  

t i o n s  o f  EOC1 and  AOC1 c o n t e n t s .  

Thus ,  T H M s  a r e  d i f f i c u l t  t o  remove from w a t e r .  Only 

i n f i l t r a t i o n  a s  w e l l  a s  c a r b o n  f i l t r a t i o n  d u r i n g  

r e l a t i v e l y  s h o r t  f i l t e r  r u n s  o f f e r  a f a v o r a b l e  o u t -  

l o o k  o v e r a l l .  A r e d u c t i o n  o f  t h e  AOC1 and EOCl con- 

t e n t s  can  be b r o u g h t  a b o u t  by c a r b o n  f i l t r a t i o n ,  

i n f i l t r a t i o n  and  r e v e r s e  o s m o s i s ,  More s p e c i f i c  i n -  

f o r m a t i o n  i s  u r g e n t l y  needed  i n  t h i s  r e g a r d .  

A s  a  s u p p l e m e n t ,  some d a t a  p e r t a i n i n g  t o  t h e  r e m o -  

v a l  o f  t r i c h l o r o e t h y l e n e  a r e  i n c l u d e d .  A e r a t i o n ,  

c a r b o n  f i l t r a t i o n  and t h e  u s e  o f  a l  t e r n a t i v e  a d s o r -  

b e n t s  o f f e r  e x c e l l e n t  o u t l o o k s  f o r  good r emova l .  

I n  1978 ,  t h e  c o n v e r s i o n  or removal  o f  THM p r e c u r -  

s o r s  a c h i e v e d  vewy h i g h  p r i o r i t y .  A g r e a t  d e a l  o f  

i n v e s t i g a t i o n  was t h e r e f o r e  per formed i n  t h i s  a r e a ;  

t h i s  i s  summarized in section 7 .  I t  a p p e a r s  that of 

a l 1  p r o c e s s e s  s t u d i e d ,  s p e c i f i c a l l y  a e r a t i o n ,  coa-  

g u l a t i o n ,  c a r b o n  f i l t r a t i o n ,  i o n  exchange ,  a l t e r n a -  

t i v e  a d s o r p t i o n ,  o z o n i z a t i o n ,  i n £  i l t r a t i o n  and  re- 

v e r s e  o s m o s i s ,  o n l y  r e v e r s e  o s m o s i s  a p p e a r s  to  g i v e  

a v e r y  marked p r e c u r s o r  r emova l .  A l 1  o t h e r  p r o c e s -  

s e c  g i v e  a p a r t i a l  removal  or g i v e  c o m p l e t e  removal  

f o r  o n l y  a s h o r t  t i m e .  

I t  was a p p a r e n t  f rom t h e  i n v e s t i g a t i o n  p e r £  ormed 

t h a t  a  p a r t i a l  THM p r e c u r s o r  r e d u c t i o n  d o e s  n o t  



l e a d  t o  a  r e d u c t i o n  of  t h e  THM c o n t e n t  under p rac -  

t i c a l  c o n d i t i o n s ,  s i n c e  t h e  p r e c u r s o r  c o n t e n t  is 

n o t  of  d e t e r m i n i n g  s i g n i f i c a n c e  f o r  t h i s ,  b u t  

r a t h e r  t h e  c h l o r i n e  dose .  I n  a d d i t i o n ,  a  s h i f t  

t a k e s  p l a c e  toward t h e  f o r m a t i o n  o f  more h i g h l y  

brominated  THM. T h i s  was found a f t e r  c o a g u l a t i o n ,  

i n f i l t r a t i o n  and e s p e c i a l l y  i n  t h e  c a s e  of  g r a n u l a r  

a c t i v a t e d  carbon f  i l t r a t i o n  a f t e r  s h o r t  f i l t e r  

r u n s .  A s  a r e s u l t  of  t h e s e  o b s e r v a t i o n s ,  t h e  remo- 

v a l  of THM p r e c u r s o r s  was g iven  a  lower p r i o r i t y .  

G r e a t  a t t e n t i o n  i s  be ing  d i r e c t e d  toward THM under 

p r a c t i c a 1  c i r c u m s t a n c e s ,  e x p e c i a l l y  a t  t h e  end o f  

t h e  p r o c e s s .  For t h i s ,  a  consumer -d i rec ted  de te rmi -  

n a t i o n  ( t h e  THMFP consumer) was i n t r o d u c e d ,  which 

d e s c r i b e s  t h i s  f o r m a t i o n .  Once a g a i n ,  i n  t h i s  c a s e ,  

a t t e n t i o n  i s  d i r e c t e d  toward t h e  l i m i t a t i o n  o f  

p o s t - c h l o r i n a t i o n .  

I n  a d d i t i o n  t o  THM p r e c u r s o r s ,  t h e r e  a r e  a l s o  com- 

p o u n d ~  which i n c r e a s e  t h e  EOC1 and e s p e c i a l l y  t h e  

A O C l  c o n t e n t  upon c h l o r i n a t i o n .  However, once  

a g a i n ,  v e r y  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on t h i s  

s u b j e c t s .  There a r e  i n d i c a t i o n s  t h a t  under condi-  

t i o n s  c o n v e n t i o n a l l y  employed f  o r  pos t- c h l o r i n a -  

t i o n ,  t h e  o r g a n i c  m a t t e r  c o n t e n t  r a t h e r  t h a n  t h e  

c h l o r i n e  dosage is of  d e t e r m i n i n g  s i g n i f i c a n c e  f o r  

t h e  A O C l  c o n t e n t .  However, t h i s  a s p e c t  shou ld  be 

i n v e s t i g a t e d  i n  g r e a t e r  d e t a i l .  

I n  s e c t i o n  4 up  t o  and i n c l u d i n g  7 ,  e x t e n s i v e  d i s -  

c u s s i o n  i s  p r e s e n t e d  on t h e  f o r m a t i o n  and removal 

of  ka logena ted  compounds and t h e  removal of  THM 

p r e c u r s o r s .  S e c t i o n  8 d i s c u s s e s  some p o s s i b i l i t i e s  

f o r  a d j u s t m e n t  of p r o c e s s  c o n t r o l  i n  o r d e r  t o  

r e d u c e  t h e  s i d e  e f f e c t s  of  c h l o r i n a t i o n .  

The c h l o r i n e  use  f o r  t r a n s p o r t  c h l o r i n a t i o n  can be 

f u r t h e r  l i m i t e d  by r e p l a c i n g  t h i s  c h l o r i n a t i o n  by 



t r a n s p o r t  p u r i f i c a t i o n .  I t  is n e c e s s a r y  t o  i n v e s t i -  

g a t e  whether  t h i s  t r e a t m e n t  i s  g e n e r a l l y  a p p l i -  

c a b l e .  

The c h l o r i n e  u s e  f o r  b r e a k p o i n t  c h l o r i n a t i o n  can be 

g r e a t l y  reduced by a  s e l e c t i v e  wa te r  i n t a k e  i n  com- 

b i n a t i o n  w i t h  b i o l o g i c a 1  ammonium removal .  

Much a t t e n t i o n  shou ld  be p a i d  t o  t h e  l i m i t a t i o n  o r  

e l i r n i n a t i o n  o f  p o s t - c h l o r i n a t i o n .  I f  t h e  b a c t e r i o -  

l o g i c  or virologie compos i t ion  o f  t h e  wa te r  does  

n o t  g i v e  any n e c e s s i t y  f o r  p o s t - c h l o r i n a t i o n ,  t h i s  

s t e p  shou ld  be e l i m i n a t e d .  T h i s  can t a k e  p l a c e  

whenever s e v e r a l  p h y s i c a l ,  mechanica1 and/or b i o l o -  

g i c a l  p r o c e s s e s  a r e  p r e s e n t  i n  t h e  t r e a t m e n t  

sys tem.  Slow sand f i l t r a t i o n  a s  t h e  f i n a l  p u r i f i c a -  

t i o n  s t e p  a g p e a r s  t o  be  of  g r e a t  s i g n i f i c a n c e  h e r e .  

I f  chemica1 d i s i n f e c t i o n  canno t  be e l i m i n a t e d  com- 

p l e t e l y ,  t h e  use  o f  an a l t e r n a t i v e  d i s i n f e c t a n t  can 

be  c o n s i d e r e d .  A t t e n t i o n  i s  d i r e c t e d  toward t h i s  i n  

s e c t i o n  9 .  

C h l o r i n e  d i o x i d e  h a s  a h igh  d i s i n f e c t i n g  c a p a c i t y  

which i s  independent  of  t h e  p H ;  i t  has  a s low decay 

and forms no THM. C h l o r i n e  d i o x i d e  t h u s  a p p e a r s  t o  

r e p r e s e n t  a good a l t e r n a t i v e  f o r  use  i n  t r a n s p o r t  

d i s i n f e c t i o n  and p o s t - d i s i n f e c t i o n .  

A s  was a l r e a d y  d i s c u s s e d  i n  s e c t i o n  2 ,  however, 

l i t t l e  i s  known t o  d a t e  r e g a r d i n g  t h e  f o r m a t i o n  of  

t o x i c  o r g a n i c  s u b s t a n c e s  and r e g a r d i n g  t h e  s i d e  

eff e c t s  of tke i n o r g a n i c  byproduc t s  , c h l o r i t e  and 

c h l o r a t e .  

Monochloramine has  a weak d i s i n f e c t a n t  c a p a c i t y  and 

a  low breakdown r a t e .  I t  a p p e a r s  u s a b l e  f o r  t r a n s -  

p o r t  d i s i n f e c t i o n ,  i n  which complete d i s i n f e c t i o n  

i s  n o t  n e c e s s a r y .  However, v e r y  l i t t l e  is known re- 

g a r d i n g  t h e  f o r m a t i o n  of  byproduc t s .  

The side e f f e c t s  of bo th  d i s i n f e c t a n t s  need t o  be 



i n v e s t i g a t e d  i n  g r e a t e r  d e t a i l  b e f o r e  u s e  f o r  

t r a n s p o r t  d i s i n f e c t i o n  and/or  p o s t - d i s i n f e c t i o n  can  

be c o n s i d e r e d .  

T h e  m a j o r  r e s u l t s  a r e ,  o n c e  a g a i n ,  a c c e n t u a t e d  i n  

a n  e v a l u a t i o n .  

Ernphasis i s  p l a c e d  h e r e  on t h e  f o l l o w i n g  p o i n t s :  

- t h e  toxicologie a s p e c t s  of c h l o r i n e ,  c h l o r i n e  

d i o x i d e  and c h l o r a m i n e  which s h o u l d  be  i n v e s t i g a -  

t e d  i n  g r e a t e r  d e t a i l ;  

- t h e  f o r m a t i o n  o f  h i g h  m o l e c u l a r  w e i g h t  o rganoha -  

l o g e n s ,  measured  a s  t h e  A O C l  c o n t e n t ,  which ,  i n  

a d d i t i o n  to  THM, p l a y  a  v e r y  i m p o r t a n t  role b o t h  

q u a n t i t a t i v e l y  and q u a l i t a t i v e l y ;  

- t h e  g r e a t  i m p o r t a n c e  o f  pos  t - c h l o r i n a t i o n  f  or 

b o t h  the q u a n t i t y  and  t h e  c o m p o s i t i o n  o f  t h e  by- 

p r o d u c t s  f  ormed; 

- t h e  d e c r e a s e d  s i g n i f i c a n c e  a s s i g n e d  t o  t h e  THM 

p r e c u r s o r  c o n t e n t .  However, t h e  r e d u c t i o n  o f  t h e  

c o n t e n t  o f  compounds which i n c r e a s e  t h e  A O C l  con- 

t e n t  upon c h l o r i n a t i o n  may be  o f  i rnpor tance ;  

- t h e  e l i m i n a t i o n  o f  t r a n s p o r t  c h l o r i n a t i o n  and 

p o s t - c h l o r i n a t i o n  o r  r e p l a c e m e n t  of c h l o r i n e  i n  

t h e s e  p r o c e s s e s  b y  c h l o r a m i n e  o r  c h l o r i n e  

d i o x i d e .  

The r e p o r t  c o n c l u d e s  w i t h  some recomrnendat ions  f o x  

more d e t a i l e d  i n v e s t i g a t i o n s  based  on  t h e s e  c o n s i -  

d e r a t i o n s .  



INTRODUCTION 

H i s t o r i c a 1  o v e r v i e w  

I n  1974 ,  it  was shown by v a r i o u s  i n v e s t i g a t o r s  i n  

t h e  N e t h e r l a n d s  and e l s e w h e r e  t h a t  t r i h a l o m e t h a n e s  

(THM)  c a n  be  formed d u r i n g  t h e  c h l o r i n a t i o n  o f  wa- 

ter .  The p r o d u c t i o n  o f  THM a p p e a r s ,  among o t h e r  

t h i n g s ,  t o  be  l i n k e d  w i t h  t h e  c o n c e n t r a t i o n  o f  t h e  

humic s u b s t a n c e s  ( p r e c u r s o r s )  p r e s e n t  i n  t h e  w a t e r .  

C e r t a i n  i n v e s t i g a t i o n s  s u g g e s t e d  t k e  p o s s i b i l i t y  

t h a t  THMs a r e  u n d e s i r a b l e  f rom t h e  toxicologie 

v i e w p o i n t ,  T h e r e f o r e ,  i t  was deerned n e c e s s a r y  t o  

i n v e s t i g a t e  how t h e s e  and o t h e r  d i s a d v a n t a g e o u s  

s i d e  e f f e c t s  can  be  a v o i d e d  o r  l i m i t e d .  To summa- 

r i z e  a v a i l a b l e  knowledge on t h e s e  p rob lems ,  i n  1977 

K I W A  e s t a b l i s h e d  t h e  a d  h o c  s t u d y  g r o u p  o n  

" C h l o r i n e "  . 
I n  1978 ,  t h i s  s t u d y  g r o u p  wrote i t s  f i n a l  r e p o r t  

and  t h e r e i n  recommended t h a t :  

- for d i s i n f e c t i o n ,  c h l o r i n e  may o n l y  be r e p l a c e d  

by a n o t h e r  d i s i n f e c t a n t  which i s  a t  l e a s t  e q u a l l y  

e f f e c t i v e  and h a s  f e w e r  h a r m f u l  s i d e  e f f e c t s ;  

- unde r  p r o c e s s  c o n d i t i o n s  c u s t o m a r y  i n  1977 ,  THM 

c a n n o t  b e  removed by a e r a t i o n ,  a d s o r p t i o n  and  

o x i d a t i o n ;  

- r e d u c t i o n  of t h e  THM c o n t e n t  rnay be a c h i e v e d  by 

r e s t r i c t i n g  t h e  c h l o r i n e  consumpt ion  and by remo- 

v a l  of  p r e c u r s o r s  p r i o r  t o  c h l o r i n a t i o n .  

Based on t h e s e  recommendat ions ,  a g r e a t  d e a l  o f  i n -  

v e s t i g a t i o n  was per formed by t h e  Water  Works i n  

c o o p e r a t i o n  w i t h  KIWA. 

T h i s  r e p o r t  d e s c r i b e s  t h e  m o s t  i m p o r t a n t  a s p e c t s  o f  

t h e  i n v e s t i g a t i o n  pe r fo rmed .  



1 . 2  Compos i t i on  o f  t h e  r e p o r t  

In  t h e  r e p o r t ,  a t t e n t i o n  i s  p a i d  t o  t h e  t o x i c o l o g i c  

a s p e c t s ,  t h e  c h l o r i n e  consumpt ion ,  t h e  c o n c e n t r a -  

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

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

Then, t h e  removal  o f  h a l o g e n a t e d  p r o d u c t s  and THM 

p r e c u r s o r s  i s  d i s c u s s e d  and  f i n a l l y  a t t e n t i o n  i s  

d i r e c t e d  t o w a r d s  t h e  a l t e r n a t i v e s  f o r  t h e  u s e  of 

c h l o r i n e .  

S e c t i o n  2 d e a l s  w i t h  t h e  t o x i c o l o g i c  a s p e c t s  o f  

c h l o r i n e ,  c h l o r i n e  d i o x i d e  and c h l o r a m i n e .  Exten-  

s i v e  d i s c u s s i o n  i s  p r o v i d e d  on  t h e  s i d e  e f f e c t s  o f  

c h l o r i n e  r e g a r d i n g  t h e  f o r m a t i o n  of c h l o r o f o r m .  

A t t e n t i o n  i s  a l s o  g i v e n  t o  t h e  f o r m a t i o n  o f  bromi- 

n a t e d  THM. 

The f o r m a t i o n  o f  o t h e r  h a l o g e n a t e d  p r o d u c t s  i s  a l s o  

d i s c u s s e d  t o  a l i m i t e d  e x t e n t .  C o n c e r n i n g  t h e  u s e  

o f  C102, a t t e n t i o n  is a l m o s t  e x c l u s i v e l y  d e v o t e d  t o  

t h e  c h a r a c t e r i s t i c s  of  C I O ,  i t s e l f  and c h a r a c t e r i s -  

t i c s  of  t h e  i no i -gan ic  r e a c t i o n  p r o d u c t s  c h l o r i t e  

and  c h l o r a t e .  Due t o  a  l a c k  o f  i n f o r m a t i o n ,  l i t t l e  

a t t e n t i o n  i s  pa id  to  o r g a n i c  b y p r o d u c t s .  

F i n a l l y ,  a  b r i e f  d i s c u s s i o n  i s  g i v e n  o f  t h e  s i d e  

e f f e c t s  o f  t h e  u s e  of c h l o r a m i n e .  

S e c t i o n  3 g i v e s  a s u r v e y  o f  c h l o r i n e  consumpt ion  

among t h e  N e t h e r l a n d s  Water  Works i n  1976 e n  1 9 7 9 .  

S u b s e q u e n t l y ,  t h e  c h l o r i n e  u s e  d u r i n g  b o t h  y e a r s  i s  

d i s c u s s e d  w i t h  r e s p e c t  t o  t h e  a r e a s  o f  t r a n s p o r t  

c h l o r i n a t i o n ,  b r e a k p o i n t  c h l o r i n a t i o n  and p r o c e s s  

c h l o r i n a t i o n ,  i r o n  (11) o x i d a t i o n  and  p o s t - c h l o r i n a -  

t i o n .  

The t o t a l  c h l o r i n e  consumpt ion  i s  a l so  r e p o r t e d .  

Then, t h e  r e d u c t i o n  o f  t h e  c h l o r i n e  consumpt ion  



which t o o k  p l a c e  a f t e r  1979  is a l s o  d i s c u s s e d .  

S e c t i o n  4 p r o v i d e s  q u a n t i f i c a t i o n  o f  t h e  s i d e  e£-  

f e c t s  o f  c h l o r i n a t i o n  i n  Water  Works which use 

c h l o r i n e  i n  t h e i r  t r e a t m e n t  sys t em.  For a l 1  o f  t h e  

d r i n k i n g  w a t e r  t y p e s ,  d a t a  a r e  p r o v i d e d  o f  t h e  THM 

c o n t e n t  upon l e a v i n g  t k e  pumping s t a t i o n  and  a f t e r  

a  r e s i d e n c e  t i m e  o f  4 8  h r  i n  t h e  d i s t r i b u t i o n  s y s -  

tem, t h e  THMFP ( a  measu re  f o r  t h e  c o n t e n t  o f  THM 

p r e c u r s o r s ) ,  t h e  EOC1 ( 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 )  and t h e  AOCI  ( a d s o r b a b l e  o r g a n i c  c h l o r i n e )  

c o n t e n t  f o r  t h e  p e r i o d  l979 / l980 .  Whenever p o s s i -  

b l e ,  t h e s e  c o n t e n t s  a r e  compared w i t h  t h e  c o n t e n t s  

f rom 1975/1976. The d a t a  p e r t a i n  t o  p u r i f i e d  ground 

w a t e r  w i t h  p o s t - c h l o r i n a t i o n ,  p u r i f i e d  dune  f i l -  

t r a t e  w i t h  t r a n s p o r t  and/or  p o s t - c h l o r i n a t i o n ,  and  

p u r i f i e d  r e s e r v o i r  w a t e r  w i t h  t r a n s p o r t  and /o r  

b r e a k p o i n t  and/or  pos  t - c h l o r i n a t i o n .  

S e c t i o n  5 d e a l s  w i t h  t h e  f o r m a t i o n  o f  h a l o g e n a t e d  

compounds. F i r s t ,  a model s t u d y  i s  d e s c r i b e d  f o r  

t h e  c h l o r i n a t i o n  o f  B i e s b o s c h ,  Ande l se  Meuse and 

IJssel Lake w a t e r .  From t h e s e  d a t a  f o r  a  g i v e n  i n -  

s t a n t a n e o u s  s a m p l e ,  i t  i s  p o s s i b l e  t o  d e t e r m i n e  t h e  

THM c o n t e n t  t h a t  can  be  a n t i c i p a t e d  d u r i n g  t r a n s -  

p o r t  and b r e a k p o i n t  c h l o r  i n a t i o n .  

A f t e r  t h i s ,  a d i s c u s s i o n  i s  g i v e n  o f  t h e  c o n c e n t r a -  

t i o n s  found  a f  ter  a p p l i c a t i o n  o f  t r a n s p o r t ,  b r e a k -  

p o i n t  and p o s t - c h l o r i n a t i o n .  A t t e n t i o n  i s  a l s o  d i -  

r e c t e d  toward  THM Eorrnation upon o z o n a t i o n  w i t h o u t  

f u r t h e r  u s e  of c h l o r i n e .  

S e c t i o n  6 d i s c u s s e s  the removal  o f  h a l o g e n a t e d  com- 

pounds;  s e c t i o n  7 d e a l s  w i t h  t h e  removal  and con- 

v e r s i o n  o f  THM p r e c u r s o r s .  

A d e s c r i p t i o n  i s  g i v e n  o f  t h e  e f f e c t s  o f  a e r a t i o n ,  



c o a g u l a t i o n ,  g r a n u l a r  a c t i v a t e d  c a r b o n  f i l t r a t i o n ,  

i o n  exchange ,  u s e  o f  a l t e r n a t i v e  a d s o r b e n t s ,  ozona-  

t i o n ,  i n f i l t r a t i o n  and r e v e r s e  o smos i s .  

I n  c h a p t e r s  8 e n  9 ,  some a l t e r n a t i v e s  f o r  t h e  u s e  

o f  c h l o r i n e  a r e  g i v e n ,  T h i s  i n v o l v e s ,  among o t h e r  

t h i n g s ,  t h e  removal  of  ammonium by b i o l o g i c a 1  pro-  

c e s s e s  and t h e  u s e  o f  t r a n s p o r t  p u r i f i c a t i o n  i n  

p l a c e  o f  t r a n s p o r t  c h l o r ì n a t i o n .  F u r t h e r m o r e ,  a  

g r e a t  d e a l  o f  a t t e n t i o n  is  p a i d  t o  t h e  i d e a s  which 

c a n  l e a d  t o  a  r e d u c t i o n  i n  c h l o r i n e  d o s a g e  f o r  

p o s t - c h l o r i n a t i o n .  

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

t o  C10, and  c h l o r a m i n e .  D i s c u s s i o n s  are  g i v e n  o f  

t h e  d i s i n f e c t i o n  c a p a c i t y ,  t h e  o r g a n i c  and  i n o r g a -  

n i c  b y p r o d u c t s ,  a l o n g  w i t h  a  b r i e f  toxicologie eva-  

l u a t i o n ,  

The r e p o r t  is  c l o s e d  w i t h  a n  e v a l u a t i o n  o f  t h e  re- 

s u l t s  o b t a i n e d  and w i t h  recomrnendat ions  f o r  f u r t h e r  

i n v e s t i g a t i o n .  



TOXICOLOGIC ASPECTS OF SOME D R I N K I N G  WATER DIS- 

INFECTANTS 

I n t r o d u c  t i o n  

A v a r i e t y  of d i s i n f e c t a n t s  can be used f o r  t h e  d i s -  

i n f e c t i o n  o f  d r i n k i n g  w a t e r .  C h l o r i n e  i s  t h e  most 

w i d e l y  used d i s i n f e c t a n t  i n  t h e  Ne the r lands .  A s  a  

r e s u l t  of t h e  d i s c o v e r y  t h a t  ha lo fo rms  and o t h e r  

h a l o g e n a t e d  compounds can be p r e s e n t  i n  d r i n k i n g  

w a t e r  t r e a t e d  w i t h  c h l o r i n e  ( r e f .  2.1, 2 . 2 ) ,  a  

s e a r c h  is be ing  made f o r  a l t e r n a t i v e  d i s i n f e c t a n t s  

which have fewer s i d e  e f f e c t s  from t h e  t o x i c o l o g i c  

v iewpoin t .  The two most i m p o r t a n t  a l t e r n a t i v e  d i s -  

i n f e c t a n t s  a r e  c h l o r i n e  d i o x i d e  and chloramine .  I n  

a d d i t i o n  t o  t h e i r  b a c t e r i c i d a l  e f f e c t s ,  a l 1  chemi- 

c a l  d i s i n f e c t a n t s  r e a c t  w i t h  o r g a n i c  compounds pre-  

s e n t  i n  w a t e r .  T h i s  r e a c t i o n  g i v e s  r i s e  t o  t h e  f o r -  

mat ion  o f  c h l o r i n a t e d  and o x i d i z e d  compounds. T h i s  

rneans t h a t  i n  a d d i t i o n  t o  t h e  p r e s e n c e  of t h e  d i s -  

i n f e c t a n t  used t h e s e  "byproducts"  can a l s o  occur  i n  

t h e  d r i n k i n g  w a t e r .  

A number of byproducts  have been i d e n t i f i e d  w i t h  

t h e  a i d  o f  gas  chromatography and macs spectrorne- 

t r y .  I n s o f a r  a s  t o x i c i t y  d a t a  f o r  t h e s e  s u b s t a n c e s  

a r e  known, t h e s e  w i l 1  be e v a l u a t e d .  

I n  t h e  c a s e  of t h e  f r a c t i o n  of compounds whose 

i d e n t i t y  i s  n o t  known - and it may be a n t i c i p a t e d  

t h a t  t h i s  i n c l u d e s  a  l a r g e  f r a c t i o n  of t h e  c h l o r i -  

n a t e d  and o x i d i  zed compounds - t o x i c o l o g i c  e v a l u a -  

t i o n  i s  n o t  p o s s i b l e .  T h e r e f o r e ,  i t  is obv ious  t h a t  

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

of t h e  t h r e e  d i s i n f e c t a n t s  mentioned can be g iven .  



C h l o r i n e  and  b v ~ r o d u c t s  

I n  t h e  N e t h e r l a n d s ,  unde r  normal  p r o c e s s  c o n d i -  

t i o n s ,  t h e  c h l o r i n e  c o n c e n t r a t i o n  i n  t h e  t a p  w a t e r  

l e a v i n g  t h e  pumping s t a t i o n  amounts  t o  no  more t h a n  

1 . 0  m g / l i t e r .  B e f o r e  t h e  t a p  water r e a c h e s  t h e  

consurner,  t h e  c h l o r i n e  c o n c e n t r a t i o n  w i l 1  u s u a l l y  

have  d e c r e a s e d  to  s u c h  a n  e x t e n t  t h a t  c h l o r i n e  c a n  

n o  l o n g e r  b e  d e t e c t e d  ( d e t e c t i o n  l i m i t  a b o u t  

0 .01  m g / l i t e r ) .  D i s c u s s i o n  o f  t h e  t o x i c o l o g i c  a s -  

p e c t s  o f  c h l o r i n e  i t s e l f  i s  t h u s  no l o n g e r  n e c e s s a -  

r Y  
The u s e  of c h l o r i n e  a s  a  d i s i n f e c t a n t  f o r  d r i n k i n g  

w a t e r  l e a d s  t o  t h e  f o r m a t i o n  o f  h a l o g e n a t e d  and  

o x i d i z e d  compounds. So  l i t t l e  i s  known a s  y e t  

r e g a r d i n g  t h e  o c c u r r e n c e  and t h e  i d e n t i t y  of t h e  

o x i d i z e d  compounds t h a t  a  t o x i c o l o g i c  e v a l u a t i o n  i s  

n o t  p o s s i b l e ,  e v e n  t h o u g h  t h e y  c a n  p l a y  a n  

i m p o r t a n t  role.  They a r e  t h u s  l e f t  o u t  o f  f u r t h e r  

c o n s i d e r a t i o n .  

Much more is known r e g a r d i n g  t h e  h a l o g e n a t e d  com- 

po unds . 
For  p r a c t i c a 1  and h i s t o r i c a 1  r e a s o n s ,  a  d i s t i n c t i o n  

i s  made between:  

a .  t r i h a l o m e t h a n e s ;  

b. o t h e r  h a l o g e n a t e d  o r g a n i c  compounds. 

O f  t h e  compounds which a r e  formed under  t h e  i n -  

f l u e n c e  o f  c h l o r i n a t i o n  o f  water,  t h e  t r i h a l o m e -  

t h a n e s  form t h e  mos t  e x t e n s i v e l y  i n v e s t i g a t e d  

g r o u p ,  arnong other t h i n g s ,  s i n c e  t h e y  are r e a d i l y  

a n a l y z e d  and  t h e  c o n c e n t r a t i o n s  of  t h e  f o u r  t r i h a -  

lo rne thanes  ( c h l o r o f o r m ,  bromodich1oromethane ,  d i -  

b romochloromethane  and  bromoform) a r e  w e l a t i v e l y  



h i g h .  

E s p e c i a l l y  when c h l o r i n e  is  used  d u r i n g  t h e  i n i t i a 1  

p h a s e  o f  d r i n k i n g  w a t e r  p r e p a r a t i o n  ( f rom s u r f a c e  

w a t e r ) ,  c h l o r o f o r m  o c c u r s  a t  t h e  h i g h e s t  c o n c e n t r a -  

t i o n .  C o n c e n t r a t i o n s  o f  a b o u t  0 .1  m g / l i t e r  c h l o r o -  

f o r m  w e r e  r e p e a t e d l y  d e m o n s t r a t e d  i n  t h e  m i d  

1 9 7 0 ' s .  

A t  t h e  p r e s e n t ,  t h e  c h l o r o f o r m  c o n c e n t r a t i o n  i n  t h e  

N e t h e r l a n d s  i n  m o s t  c a s e s  i s  below 0 . 0 5  r n g / l i t e r .  

The t o x i c o l o g i c  a s p e c t s  o f  c h l o r o f o r m  w i l l  b e  d i s -  

c u s s e d  s e p a r a t e l y ,  s i n c e  c h l o r o f o r m  is known a s  a  

c a r c i n o g e n i c  s u b s t a n c e ,  and  a  g r e a t  d e a l  of i n f o r -  

m a t i o n  i s  a v a i l a b l e  r e g a r d i n g  t h e  t o x i c o l o g i c  a s -  

p e c t s  o f  c h l o r o f o r m .  The o t h e r  t h r e e  t r i h a l o m e t h a -  

n e s  w i l l  be  d i s c u s s e d  t o g e t h e r .  

Ch lo ro fo rm ---------- 

a ,  Acute  t o x i c i t y  

Ch lo ro fo rm i s  an a g e n t  w h i c h ,  when i n h a l e d  i n  

l a r g e  q u a n t i t i e s ,  f i r s t  l e a d s  t o  marked e x c i t a -  

t i o n ,  f o l l o w e d  by d u l l n e s s ,  l o s s  o f  c o n s c i o u s -  

n e s s  and  d e e p  n a r c o s i s .  

C o n t i n u e d  c h l o r o f  orrn e x p o s u r e  can  l e a d  t o  r e s p i -  

r a t o r y  p a r a l y s i s  and  t h e n  d e a t h .  The n a r c o t i c  

c o n c e n t r a t i o n  of c h l o r o f o r m  i n  man i s  6 3  g/m3 i n  

a i r ;  90 g / m 3  i n  a i r  l e a d s  t o  c o l l a p s e .  I n  t h e  

case of p r o l o n g e d  a n e s t h e s i a ,  t h e  b lood  p r e s s u r e  

d e c r e a s e s  and rnyoca rd i a l  damage o c c u r s .  Cornmon 

s i d e  e f f e c t s  i n c l u d e  h e a r t  and l i v e r  damage 

( j a u n d i c e ,  f a t t y  d e g e n e r a t i o n ,  cel1 d e a t h )  and 

r e n a l  damage. Because  o f  t h e  h e a r t  and l i v e r  

damage, c h l o r o f o r m  is  no l o n g e r  u sed  a s  a n  anes -  

t h e t i c  f o r  hurnans. 

The l e t h a l  d o s e  f o r  humans i s  between 1 5  and  

30  m l  (23 -45  g )  o f  c h l o r o f o r m .  



T a b l e  1 - P h y s i o l o g i c a l  r e a c t i o n s  i n  humans t o  

v a r i o u s  c o n c e n t r a t i o n s  o f  c h l o r o f o r m  

{ r e f .  2 . 3 )  

h l o r o f  orm conc.  

/m3  i n  a i r  

R e a c t i o n s  

Max. c o n c e n t r a t i o n  f o r  

a n e s t h e s i a  

S a l i v a t i o n ,  d i z z i n e s s  

C a l i v a t i o n  and d i z z i n e s s  

a f  ter a  few m i n u t e s  

D i z z i n e s s ,  i m p u l s e  t 0  

v o m i t ,  p r e s s u r e  i n s i d e  t h e  

head 

A f t e r t r e a t m e n t  e f f e c t s ,  

f a t i g u e  , headache  

N o  symptoms w i t h i n  3 0  min. 

Odor t h r e s h o l d  

F i n a l l y ,  i t  can be s t a t e d  t h a t  c h l o r o f o r m  produ-  

ces s k i n  i r r i t a t i o n  which can  be a t t r i b u t e d  t o  

d r y i n g  of t h e  s k i n .  

I n v e s t i g a t i o n  r e g a r d i n g  t h e  a c u t e  t o x i c i t y  of 

c h l o r o f o r m  i n  mice r e s u l t e d  i n  an oral LD50* of 

1120 mg/kg body w e i g h t  (ref.  2 . 4 ) .  

* O r a l  LD50: 1120 mg/kg means t h a t  o r a l  admin i -  

s t r a t i o n  o f  1120 m g  c h l o r o f o r m  p e r  kg body 

w e i g h t  i s  l e t h a l  f o r  50 % o f  t h e  t e s t  a n i m a l s  

( i n  t h i s  case, m i c e )  w i t h i n  1 w e e k .  



Conc lus ion  

I n  view of  t h e  v a l u e s  i n  t a b l e  1 and t h e  LD50 

v a l u e  o f  chloroform f o r  m i c e ,  i t  is c l e a r  t h a t  

ch lo ro fo rm is  n o t  a c u t e l y  t o x i c  t o  humans a t  

c o n c e n t r a t i o n s  o f  < 0.05 m g / l i t e r .  

b. Chron ic  t o x i c i t y  

Remarkably l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  re- 

g a r d i n g  t h e  c h r o n i c  t o x i c i t y  o f  ch lo ro fo rm i n  

a i r ,  and even l e s s  i n f o r m a t i o n  i s  a v a i l a b l e  r e -  

g a r d i n g  c h r o n i c  o r a l  t o x i c i t y .  

Schwetz ( r e f .  2.5) s t a t e d  t h a t  upon i n h a l a t i o n  

d u r i n g  pregnancy i n  t h e  r a t  a  c o n c e n t r a t i o n  o f  

a s  l i t t l e  a s  1 4 7  mg/m3 a i r  c h l o r o f o r m  was 

s l i g h t l y  t o x i c  f o r  t h e  embryo and f e t u s ,  w h i l e  

h i g h e r  c o n c e n t r a t i o n s  were more h i g h l y  embryo- 

t o x i c  and f e t o t o x i c ,  

O r a l l y  a d m i n i s t e r e d  ch lo ro fo rm d u r i n g  t h e  preg-  

nancy of r a t s  a t  doses  of 126 mg/kg/day l e d  t o  a  

l o s s  of a p p e t i t e  and we igh t  l o s s e s .  Doses of 

316 mg/kg/day caused l i v e r  and r e n a l  damage. 

The Same d i f f e r e n c e s  were s e e n  i n  r a b b i t s  a t  

dosage  l e v e l s  of 6 3  and 100 mg/kg/day. No e m -  

b r y o t o x i c  ef f e c t s  were found ( r e f .  2.6) . 
Munson e t  a l  ( r e f .  2 . 4 )  performed a  s u b c h r o n i c  

90 d a y  tes t  i n  mice i n  which ch lo ro fo rm was ad-  

m i n i s t e r e d  o r a l l y .  

The lowest c o n c e n t r a t i o n  of ch lo ro fo rm i n  which 

a n  e f f e c t  was s t i l l  seen  amounted t o  50 mg/kg 

body weight  per day,  w h i l e  t h e  h i g h e s t  concen- 

t r a t i o n  a t  which  no e f f e c t  was f o u n d  was 

12 .5  mg/kg/day. S i n c e  t h e  t e s t i n g  t i m e  was n o t  

l o n g  enough t o  d e t e r m i n e  c h r o n i c  t o x i c i t y  ( t h e  

tes t  d u r a t i o n  i n  m i c e  would have t o  be a b o u t  t w o  

y e a r s  i n  such a  c a s e ) ,  no maximum a c c e p t a b l e  

c o n c e n t r a t i o n  f o r  humans may be c a l c u l a t e d  from 



t h i s .  

J o r g e n s o n  e t  a l  ( r e f .  2 . 7 )  i n  a  t e s t  on r a t s  a t  

c h l o r o f o r m  c o n c e n t r a t i o n s  o f  900 a n d  1 8 0 0  mg / l i -  

te r  ( c o r r e s p o n d i n g  t o  a b o u t  85 e n  135  mg/kg/day, 

r e s p e c t i v e l y )  i n  t h e  d r i n k i n g  w a t e r  a f t e r  1 8  

months  found  d e v i a t i o n s  i n  t h e  c o m p o s i t i o n  o f  

t h e  b lood  a s  w e l 1  a s  i n  t h e  a c t i v i t y  o f  some 

serum enzymes, E f f e c t s  on g rowth  and  m o r t a l i t y  

a t t r i b u t a b l e  t o  c h l o r o f o r m  were n o t  found .  On 

t h e  whole ,  no  e f f e c t s  a t t r i b u t a b l e  t o  c h l o r o f o r m  

w e r e  found  i n  m i c e  up t o  a  c h l o r o f o r m  d o s a g e  o f  

1 8 0 0  m g / l i t e r .  However, t h e  i n v e s t i g a t i o n  i s  n o t  

y e t  comple t e .  

C o n c l u s i o n  

I t  rnay be conc luded  p r e l i m i n a r i l y  f rom t h e  re- 

s u l t s  o f  v a r i o u s  i n v e s t i g a t i o n s  t h a t  t h e  c k r o n i c  

t o x i c i t y  o f  c h l o r o f o r m  i s  such  t h a t  i t  s h o u l d  

n o t  be  a n t i c i p a t e d  t h a t  c o n c e n t r a t i o n s  s u c h  a s  

t h o s e  c u r r e n t l y  e x i s t i n g  i n  d r i n k i n g  water ( u p  

t o  0 . 0 5  m g / l i t e r )  w i l 1  p rovoke  t o x i c  e f f e c t s  i n  

humans. 

c ,  C a r c i n o g e n i c i t y  

The e a r l  les t tests p e r t a i n i n g  t o  t h e  c a r c i n o g e -  

n i c i t y  o f  c h l o r o f o r m  d a t e  f rom 1 9 4 5 .  

E s c h e n b r e n n e r  and Miller ( r e f .  2 .8)  pe r fo rmed  an  

e x p e r i m e n t  w i t h  f i v e  d i f f e r e n t  s t r a i n s  o f  mice 

of b o t h  sexes. The m i c e  r e c e i v e d  t h i r t y  o r a l  

d o s e s  o f  0 .1 ,  0 . 2 ,  0 .4 ,  0 . 8  and  1 . 6  m l / k g  c h l o -  

ro fo rm,  r e s p e c t i v e l y .  The c h l o r o f o r m  w a s  d i s -  

s o l v e d  i n  o l i v e  o i l  and t h e  d o s e s  w e r e  admin i s -  

t e r e d  e v e r y  f o u r  d a y s .  One month a f t e r  the l a s t  

t r e a t m e n t ,  t h e  s u r v i v i n g  a n i m a l s  w e r e  i n v e s t i g a -  

ted  f o r  the p r e s e n c e  o f  c a r c i n o m a s .  

Al1 f e m a l e s  a t  t h e  h i g h e s t  d o s a g e  and a l 1  m a l e s  



a t  t h e  h i g h e s t  t h r e e  d o s a g e s  d i e d  s h o r t l y  a f t e r  

t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t .  I n  a l 1  f e m a l e s  

o f  t h e  0 . 4  and  0 . 8  ml/kg g r o u p ,  n o n m e t a s t a t i c  

hep tomas  and l i v e r  c i r r h o s i s  were o b s e r v e d .  The 

l o w e r  d o s a g e s  and t h e  c o n t r o l  g r o u p s  showed no 

hepa tomas .  

Roe e t  a l  pe r fo rmed  a  number of  c h r o n i c  t o x i c i t y  

s t u d i e s  on m i c e ,  r a t s  and  dogs  ( r e f s .  2 .9 -2 .11 ) .  

Ch lo ro fo rm w a s  a d m i n i s t e r e d  t o  ma le  m i c e  a t  1 7  

o r  6 0  mg/kg/day s i x  d a y s  a  week f o r  8 0  weeks.  

I n  m a l e  mice  o f  t h r e e  s t r a i n s  (C57 BL, CBA and 

C F / l ) ,  no  e f f e c t  o f  t h e  t r e a t m e n t  on a n y  form o f  

neoplasm was found .  I n  ma le  m i c e  o f  a  f o u r t h  

s t r a i n  ( I C I )  a t  t h e  h i g h e s t  c h l o r o f o r m  d o s e ,  a  

s i g n i f i c a n t  i n c r e a s e  i n  t h e  r e n a l  tumor f r e q u e n -  

c y  was s e e n .  A d m i n i s t r a t i o n  of c h l o r o f o r m  i n  

p e a n u t  o i l  showed a n  even  f u r t h e r  i n c r e a s e  i n  

t h e  r e n a l  tumor f r e q u e n c y  o n l y  a t  t h e  h i g h e s t  

d o s a g e .  The CHC1, d o s a g e  of  17  mg/kg/day c a u s e d  

no  i n c r e a s e  i n  t h e  r e n a l  tumor f r e q u e n c y  w i t h  

r e s p e c t  t o  t h e  c o n t r o l  g roup .  I n  a s t u d y  w i t h  

SPF Sprague-Dawly r a t s  i n  which c h l o r o f o r m  was 

a d m i n i s t e r e d  f o r  80 d a y s  a t  60 mg/kg i n  t o o t h -  

p a s t e ,  no s i g n i f i c a n t l y  e l e v a t e d  tumor f r e q u e n c y  

w i t h  r e s p e c t  t o  t h e  c o n t r o l  was d e t e c t e d .  How- 

e v e r ,  i t  s h o u l d  be n o t e d  t h a t  i n  t h i s  t e s t ,  35 % 

o f  t h e  c o n t r o l  a n i m a l s  ( 3 4  o u t  o f  98)  d i s p l a y e d  

t u m o r s ,  compared t o  39 % ( 3 8  o u t  o f  98)  i n  t h e  

g r o u p  t r e a t e d  w i t h  CHC1, .  

I n  a t h i r d  e x p e r i m e n t ,  B e a g l e  dogs  were g i v e n  

c h l o r o f o r m  a t  30  mg/kg/day i n  g e l a t i n  c a p s u l e s  

f o r  s e v e n  y e a r s .  An e l e v a t e d  frequency o f  f a t t y  

c y s t s  was found  upon h i s t o p a t h o l o g i c a l  examina- 

t i o n .  No i n c r e a s e d  tumor f r e q u e n c y  was observed. 

Powers e t  a l  ( r e f .  2 . 1 2 )  f ound ,  on  t h e  b a s i s  o f  

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



t h a t  r e n a l  tumors developed a f t e r  78 weeks o f  

o r a l  a d m i n i s t r a t i o n  of ch lo ro fo rm i n  c o r n  o i l .  

The groups of  t e s t  an imals  which r e c e i v e d  d a i l y  

ch lo ro fo rm d o s e s  of 180-200 mg/kg r e v e a l e d  r e n a l  

tumors i n  20 % o f  t h e  male r a t s  and i n  2 % o f  

t h e  female  r a t s ,  The g roup  which r e c e i v e d  90- 

1 2 0  mg o f  chloroform/kg showed d i s t i n c t l y  fewer 

tumors,  

A co r respond ing  i n v e s t i g a t i o n  i n  m i c e  by Renne 

e t  a l  ( r e f .  2 . 1 3 )  r e v e a l e d  t h e  f o l l o w i n g  re- 

s u l t s .  Chloroform was a d m i n i s t e r e d  t o  t w o  groups 

of male mice a t  1 4 0  and 280 mg/kg/day and t o  

female  m i c e  a t  240 and 480 mg/kg/day. 

S i x t y - t h r e e  p e r c e n t  o f  t h e  male  test  a n i m a l s  and 

87 % o f  t h e  females  showed h e p a t o c e l l u l a r  c a r c i -  

nomas, The e f f e c t s  w e r e  d i s t i n c t l y  d o s e - r e l a t e d ;  

t h e  groups  of  t e s t  an imals  t o  which t k e  h i g h e s t  

dose  was a d m i n i s t e r e d  appeawed t o  have a  h i g h e r  

f r e q u e n c y  t h a n  t h e  groups  t o  which a  lower dose  

was a d m i n i s t e r e d .  

T h i s  phenomenon was found i n  al1 exper iments  i n  

which tumors were a b l e  t o  be demons t ra ted  a s  a  

consequence o f  chloroform exposure .  

On t h e  b a s i s  of t h e  d a t a  a v a i l a b l e  i n  1 9 7 9 ,  t h e  

IARC found t h a t  ch lo ro fo rm must  be  r e g a r d e d  a s  a  

c a r c i n o g e n i c  s u b c t a n c e .  

d ,  R i s k  e v a l u a t i o n  

Two e x t r a p o l a t i o n s  were per£  ormed i n  e v a l u a t i n g  

t h e  r i s k s  of t h e  occurence  of  tumors i n  human 

p o p u l a t i o n s ,  s p e c i f i c a l l y :  

l. t h e  r e s u l t s  £som c a s c i n o g e n i c i t y  tests i n  

which smal1 groups  of  an imals  ( s e v e r a l  dozen 

a n i m a l s  e a c h )  were exposed t o  h igh  d o s a g e s  

were e x t r a p o l a t e d  t o  an  a c c e p t a b l e  low d a i l y  



d o s e  which is b e l i e v e d  t o  c a u s e  no tumors i n  

a  l a r g e  group of  anirnals  ( a  p o p u l a t i o n  o f  

10 '-106 tes t  a n i m a l s )  ; 

2 .  t h e  a c c e p t a b l e  d a i l y  i n t a k e  i n  t e s t  an imals  

was e x t r a p o l a t e d  t o  human p o p u l a t i o n s .  

F o r  s u c h  e x t r a p o l a t i o n ,  q u a l i t a t i v e l y  a n d  

q u a n t i t a t i v e l y  h i g h l y  r e l i a b l e  d a t a  a r e  es- 

s e n t i a l .  

Both e x t r a p o l a t i o n s  a r e  h i g h l y  complex and d i £ -  

f i c u l t ,  e s p e c i a l l y  s i n c e  c r i t i c i s m  h a s  been d i -  

r e c t e d  toward t h e  tes ts  performed from s e v e r a l  

q u a r t e r s .  Indeed,  a t  p r e s e n t ,  t h e r e  i s  a  l a c k  o f  

r e s u l t s  from anima1 exper iments  i n  which c h l o r o -  

form was a d m i n i s t e r e d  f o r  a  s u f f i c i e n t l y  l o n g  

t i m e  i n  s u f f i c i e n t l y  low c o n c e n t r a t i o n s  t o  va- 

r i o u s  anima1 s p e c i e s .  

An i n v e s t i g a t i o n  of  t h i s  t y p e  i s  j u s t  now b e i n g  

c a r r i e d  o u t  w i t h  r a t s  and mice ( r e f .  2 . 7 )  . In  

t h i s  s t u d y ,  ch lo ro fo rm i s  added t o  d r i n k i n g  wa- 

t e r  i n  a  c o n c e n t r a t i o n  s e r i e s  of  0 ,  200, 400, 

900  and 1800 m g / l i t e r ,  c o r r e s p o n d i n g  t o  O and 

a b o u t  2 0 ,  35, 85 and 135 rng/kg/day. The r e s u l t s  

a r e  n o t  y e t  known. 

There  a r e  s e v e r a l  models which may be used t o  

d e t e r m i n e  t h e  maximum c a n c e r  r i s k  a s  a  conse-  

quence of t h e  o r a l  i n t a k e  of  ch lo ro fo rm v i a  

d r i n k i n g  w a t e r ,  These models a r e  surnrnarized i n  

t a b l e  2 and wil1 be d i s c u s s e d  b r i e f l y  ( r e f .  

2.14) . 



T a b l e  S *  - D e t e r m i n a t i o n  of t h e  maxima1 r i s k  d u e  

t o  c h l o r o f o r m  i n t a k e * *  ( r e f .  1 4 )  

14argin of safety  (10 x)  

Margin of safety  (5.000 x) 

Probit-Lq (slope = 1) 

Probi t-Log ( a c t m l  s lop)  

Lineair 

Ttm s t e p  

maximum r i s k  (no. 

of cancer deaths) 

O - negl igible  

O - negl igible  

0,016 - O1683/M/yr. 

l/B/lifetime 

0,42 - 0,84 /M/yr. 

0,267 - 0,283Myr.  

maximum 

da i ly  dose 

mg/b MY 
wt .  

* Adapted f rom T a r d i f f  ( r e f .  2.14) 

**  Based on a d u l t s  

M = m i l l i o n ;  B = b i l l i o n  

Margin o f  s a f e t y  model  

T h i s  model p r e s e n t e d  by W e i l  ( r e f .  2 .15)  a s -  

sumes t h a t ,  a t  l e a s t  for a number o f  po ten -  

t i a l l y  c a r c i n o g e n i c  s u b s t a n c e s ,  i t  is p o s s i -  

b l e  t o  s p e a k  o f  a  n o n l i n e a r  d o s e - e f f e c t  r e l a -  

t i o n s h i p  and  thus of  a "no  e f f e c t - l e v e l " .  

B e g i n n i n g  f r o m  a  p r o p e r l y  conduc t e d  c a r c i n o -  

g e n i c i t y  s t u d y  w i t h  t es t  a n i m a l s  aimed a t  

e s t a b l i s h i n g  t h e  minimum c o n c e n t r a t i o n  a t  

which a  c a r c i n o g e n i c  e f f e c t  i s  s t i l l  found ,  

h e  assumes a  s a f e t y  f a c t o r  o f  5.000 for  t h e  

maximal q u a n t i t y  which a human may i n g e s t .  

On 'che b a s i s  o f  t h e  lowest c o n c e n t r a t i o n  o f  

c h l o r o f o r m  which no l o n g e r  i nduced  t u m o r s ,  

namely 90  mg/kg/day and t h e  s a f e t y  f a c t o r  of 



5.000,  a  d a i l y  d o s e  o f  0 ,02  mg/kg s h o u l d  n o t  

i n d u c e  tumors  i n  humans. 

The f o l l o w i n g  mode l s  a r e  s t a t i s t i c a l  mode l s  

which,  a t  a s p e c i f i c  maximum d a i l y  i n t a k e  of 

c h l o r o f o r m ,  d e t e r m i n e  t h e  maximum c a n c e r  r i s k  

a s  a  consequence  o f  t h i s  i n t a k e .  

- " P r o b i t  l o g  model ( s l o p e  1)" a c c o r d i n g  t o  

Man te l  and Bryan ( r e f s .  2 .16,  2.17) *. 
For  f u r t h e r  d e t a i l s  on t h e  method o f  c a l c u -  

l a t i o n s ,  r e f e r  t o  t h e  r e l e v a n t  p u b l i c a -  

t i o n s .  

The r e s u l t  o f  t h e  c a l c u l a t i o n  shows t h a t  a t  

a  maximum d a i l y  c h l o r o f o r m  d o s e  o f  0.01 mg/ 

k g  body w e i g h t ,  t h e  c a n c e r  r i s k  i s  between 

0.016 and  0 .683  p e r  m i l l i o n  p e r  y e a r .  

- " P r o b i t  l o g  model ( a c t u a l  s l o p e ) " .  

T h i s  model p r o c e e d s  f rom t h e  a c t u a l  s l o p e  

o f  t h e  d o s e / r e s p o n s e  c u r v e  o f  c h l o r o f o r m  

and  t h e  i n d u c t i o n  o f  t umors ,  w h i l e  o t h e r -  

w i s e  t h e  Same c a l c u l a t i o n  method and  t es t  

d a t a  are used as  i n  t h e  o t h e r  p r o b i t  l o g  

model .  The c a n c e r  r i s k  i s  now d e t e r m i n e d  a t  

less t h a n  1 tumor i n  a  p o p u l a t i o n  o f  1 bil- 

l i o n  d u r i n g  t h e  e n t i r e  l i f e t i m e  a t  a 

c h l o r o f o r m  u p t a k e  o f  0 . 0 1  mg/kg b o d y  

w e i g h t  . 
- L i n e a r  model. 

T h i s  is  t h e  mos t  c o n s e r v a t i v e  model  and 

assumes  a l i n e a r  d o s e - e f f e c t  r e l a t i o n s h i p .  

T h i s  model g i v e s  a  c a n c e r  r i s k  o f  0.42 t o  

0.84 tumors  p e r  year i n  a p o p u l a t i o n  o f  1 

m i l l i o n .  

* I n  t h i s  model ,  a s l o p e  of one  i s  assumed 

f o r  t h e  d o s e - r e s p o n s e  c u r v e  r e l a t i n g  

c h l o r o f o r m  and t h e  i n d u c t i o n  o f  tumors. 



- "TWO s t e p  model" ,  

T h i s  much p r a i s e d  model f a l l s  between t h e  

p r o b i t  l o g  model ( s l o p e  o n e )  and t h e  l i n e a r  

m o d e l .  

T h i s  model y i e l d s  a  c a n c e r  r i s k  o f  0 ,267 

and  0.283 tumors  pe r  y e a r  p e r  1 m i l l i o n  

p o p u l a t i o n ,  

The l i n e a r  models  b e g i n  from a  g e n o t o x i c  

a c t i o n  mechanism, i . e . ,  t h e r e  i s  no d o s e  

which g i v e s  no r i s k .  

A t  p r e s e n t ,  t h e  c a n c e r  r i s k  f o r  humans i s  o f -  

t e n  e x p r e s s e d  i n  terms o f  t h e  q u a n t i t y  of a  

c a r c i n o g e n i c  s u b s t a n c e  which p r o d u c e s  a  mor- 

t a l i t y  r i s k  o f  1 i n  100,000 o r  1 i n  1 0 6  du- 

r i n g  an  e n t i r e  l i f e t i m e  ( a v e r a g e  70 y e a r s ) .  

T a b l e  3 g i v e s  a  s u r v e y  o f  t h e  q u a n t i t i e s  of  

c h l o r o f o r m  which,  a c c o r d i n g  t o  t h e  v a r i o u s  

models  and a u t h o r s ,  g i v e  a  m o r t a l i t y  r i s k  of  

I p e r  100,000 or 1 p e r  106 d u r i n g  t h e  e n t i r e  

l i f e t i m e .  I n  a d d i t i o n  t o  f o u r  v a l u e s  r e c a l c u -  

l a t e d  from t a b l e  2 ,  two more r e c e n t  v a l u e s  

a r e  a l s o  p r e s e n t e d .  I t  is  r e m a r k a b l e  t h a t  t h e  

t h r e e  l i n e a r  models  g i v e  v a l u e s  l o c a t e d  c l o s e  

t o g e t h e r .  The l i n e a r  model is a l s o  t h e  most 

w i d e l y  a p p l i e d  model i n  t h e  N e t h e r l a n d s .  



- 3 4  - 

T a b l e  3 - Q u a n t i t i e s  of CHC13 which  p r o d u c e  a  

c a n c e r  m o r t a l i t y  o f  1 per 100 ,000  

humans d u e '  t o  c h l o r o f o r m  i n t a k e  

t h r o u g h o u t  t h e  e n t i r e  l i f e t i m e  ac- 

c o r d i n g  t o  v a r i o u s  mode l s  ( e x p r e s -  

c e d  i n  ug c h l o r o f o r m  p e r  p e r s o n  p e r  

mode l  

p r o b i t -  l o g  

( s l o p e  = 1) 

p r o b i  t Log 

( a c t u a l  s l o p e )  

two s t e p  

l i n e a r  

l i n e a r  m u l t i -  

stage model  

l i n e a r  m u l t i -  

s t a g e  model 

Dg 

c h l o r o -  

form pppd 

r e m a r k s  

R e c a l c u l a  t e d  f rom 

t a b l e  2 ,  r e f .  2.14 

R e c a l c u l a t e d  f r o m  

t a b l e  2 ,  r e f .  2.14 

R e c a l c u l a t e d  f rom 

t a b l e  2 ,  r e f .  2.14 

R e c a l c u l a t e d  f r o m  

t a b l e  2 ,  r e f .  2 -14  

Crump and  G u e s s ,  

ref.  2 .18  

WHO, 1 9 8 1 ,  

r e f .  2 .19 

I n  a d d i t i o n ,  it s b o u l d  b e  n o t e d  t h a t  a p p r o p r i a t e  

r e s e r v a t i o n  shou ld  b e  a p p l i e d  i n  e v a l u a t i n g  t h e  

r e s u l t s  o f  s t a t i s t i c a 1  mode l s .  V a r i o u s  m o d e l s  

c a n  g i v e  greatly d i f f e r i n g  r e s u l t s ,  s i n c e  t h e  



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

c a l c u l a t i o n s  a r e  d i f f e r e n t  (see t a b l e  3 ) .  

Al though  t h e  l i n e a r  mode l s  are  tl-ie mos t  w i d e l y  

u s e d ,  i t  s h o u l d ,  n e v e r t h e l e s s ,  b e  n o t e d  t h a t  

t h e y  assume t h e  mos t  e x t r e m e  c o n d i t i o n s  and 

p r e s e n t  maximal c a l c u l a t e d  r i s k s .  

C o n c l u s i o n  

On t h e  b a s i s  o f  a  number o f  c r i t e r i a  and b a s e d  

on  d a t a  from anima1 s t u d i e s ,  c h l o r o f o r m  i s  

r e g a r d e d  a s  a  c a r c i n o g e n i c  s u b s t a n c e .  B e g i n n i n g  

from t h e s e  an ima1  s t u d y  d a t a  and a g e n o t o x i c  

a c t i o n  mechanism,  i t  h a s  been  c a l c u l a t e d  t h a t  

t h e  r i s k  o f  m o r t a l i t y  d u e  t o  tumors  i n  humans a s  

a  r e s u l t  o f  an  i n t a k e  o f  60 t o  100 ug c h l o r o f o r m  

p e r  d a y  f o r  7 0  y e a r s  amounts t o  one  d e a t h  p e r  

100 ,000  i n d i v i d u a l s .  

e .  M u t a g e n i c i t y  

With two e x c e p t i o n s ,  c h l o r o f o r m  was n o t  g e n o t o -  

x i c  i n  s h o r t - t e r m  " i n  v i t r o l '  s c r e e n i n g  t es t s .  

The c h l o r o f o r m  tes t  program gave  n e g a t i v e  re- 

s u l t s  w i t h  b a c t e r i a l  tests  (Arnes t e s t  and E. 

c o l i  t e s t  s y s t e m s ,  r e f s .  2 .20,  2 .23,  2.25) and 

w i t h  " i n  v i t r o "  mammalian c e l l  t e s t  s y s t e m s  i n  

which p o i n t  m u t a t i o n s ,  s i s t e r  c h r o m a t i d  ex-  

c h a n g e s  (SCE) , u n s c h e d u l e d  DNA s y n t h e s i s  ( U D S )  

and c e l 1  t r a n s f o r m a t i o n  were i n v e s t i g a t e d  ( r e f s .  

2.21 and 2 . 2 3 ) .  I n  y e a s t  c e l l  t e s t s ,  c h l o r o f o r m  

was n o t  m u t a g e n i c  i n  s i x  s t u d i e s .  I n  one  i n -  

s t a n c e ,  a m u t a g e n i c  e f f e c t  was d e t e c t e d  i n  y e a s t  

c e l l s  a t  a  c o n c e n t r a t i o n  a t  which 6 % o f  t h e  

ce l l s  s u r v i v e d  t r e a t m e n t  ( r e f .  2 .22 ) .  A h o s t  

m e d i a t e d  a s s a y  i n  which b a c t e r i a  ( S a l m o n e l l a  

s t r a i n  TA 1 5 3 7 )  i n  t h e  abdomina l  c a v i t y  of mice  

w e r e  exposed  t o  o r a l l y  a d m i n i s t e r e d  c h l o r o f o r m  



gave a  mutagenic  e f f e c t  a t  dosages  of  700 mg/kg 

o r  h i g h e r  (Ref.  2.61) . 
I n  " i n  v i t r o "  t e s t s ,  ch lo ro fo rm,  even a t  h i g h e r  

dosages ,  was n e g a t i v e  i n  t h e  m i c r o n u c l e u s  t e s t  

i n  mice (Ref.  2 . 2 3 ) .  A s i m i l a r  n e g a t i v e  r e s u l t  

a p p l i e d  f o r  t h e  Drosoph i l a  tes t .  I n  a d d i t i o n ,  

n e i t h e r  ch lo ro fo rm nor m e t a b o l i t e s  formed " i n  

v ivo"  were shown t o  have a  s i g n i f i c a n t  i n t e r a c -  

t i o n  w i t h  DNA. 

The s i m i l a r i t y  between a l 1  of t h e  obse rved  geno- 

t o x i c  e f f e c t s  i s  t h a t  t h e y  appear  o n l y  a t  c h l o -  

roform c o n c e n t r a t i o n s  which c a u s e  marked t o x i c  

e f f e c t s .  On t h e  b a s i s  of t h e s e  d a t a ,  v a r i o u s  

a u t h o r s  concluded t h a t  t h e  c a r c i n o g e n i c  e f f e c t  

of ch lo ro fo rm i s  n o t  due t o  g e n o t o x i c  e f f e c t s  of  

ch lo ro fo rm o r  i t s  normal m e t a b o l i t e s .  Only t o x i c  

d o s e s  a r e  b e l i e v e d  to  l e a d  t o  tumor f o r m a t i o n  a s  

a  consequence of  a l t e r e d  metabol ism i n  t h e  l i v e r  

and k idneys  ( r e f .  2 . 2 3 )  . 
F u r t h e r  development of  t h i s  t h e o r y  i s  d e s i r a b l e  

s i n c e  m e c h a n i s t i c  a s p e c t s  of t h e  t u m o r i g e n i c  

p r o c e s s  a r e  of  d e t e r m i n i n g  significante f o r  t h e  

s e l e c t e d  method of  r i s k  e v a l u a t i o n .  

f. Epidemiology 

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

c h r o n i c  t o x i c  e f f e c t s  a f t e r  o r a l  i n t a k e  of c h l o -  

roform i n  humans have r e v e a l e d  t h a t :  

1. i n g e s t i o n  of an average  of 30 mg chloroform/  

kg/day v i a  a  cough s y r u p  f o r  s e v e r a l  y e a r s  

c a u s e s  l i v e r  damage, and 

2.  i n t a k e  of 0.3-0,96 mg chloroform/kg/day v i a  

t o o t h p a s t e  f o r  1 t o  5 y e a r s  c a u s e s  no l i v e r  

damage ( r e f .  2 . 2 4 )  . 

I t  may be  assumed from t h i s  t h a t  t h e  c h r o n i c  



toxici ty of chloroform af ter oral intake in man 

is between 0.3 and 30 mg chloroform/kg/ day, 

The epidemiologic aspects of chloroform intake 

via drinking water in relation to cancer cannot 

be separated from the consideration of the other 

trihalomethanes and high molecular weight halo- 

genated compounds. These epidemologic aspects 

wil1 be discussed in Section 2.2.3. 

g. Conclusions with regard to chloroform 

Chloroform is considered a carcinogenic sub- 

stance. The most customary extrapolation of the 

carcinogenicity risk is based on a genotoxic ac- 

tion mechanism of chloroform. This has led to a 

proposal by the WHO to regard a daily intake of 

60 ~g chloroform per person per day as accepta- 

ble, corresponding to 30 ~g/liter at a consump- 

tion of 2 liters of water per day. It is assumed 

that no other exposure to chloroform takes 

place, The risk evaluation is based on safety 

considerations assuming a genotoxic action 

mechanism. 

Up to the present time, there is no indication 

that chloroform or its normal rnetabolites are 

genotoxic. Only at high concentrations is it be- 

Lieved possible for genotoxic manifestations to 

occur because of toxic effects. I£ this view- 

point is confirmed by further investigations, 

this would mean that somewhat higher acceptabi- 

lity levels would become possible for chloro- 

form. 

The toxicologie aspects of dibromochloromethane 



(CHBr2C1) , bromodichloromethane (CHBrC12 ) and bro- 

moform (CHBr3 ) wil1 be discussed together under 

this heading. 

a, Acute toxicity 

The volume of information available with regard 

to the acute toxicity of CHBr2C1, CHBrCl* and 

CHBr3 is very low and is limited to the studies 

of Munson et al (ref. 2.4) , He obtained the £01- 

lowing results (the acute toxicity of chloroform 

is also given for comparison): 

Table 4 - Acute oral toxicity of trihalomethanes 

for mice 

I t  is remarkable that the acute toxicity of bro- 

modichloromethane is about three times higher 

than that of the other three trihalomethanes, 

while these three trihalomethanes are equally 

toxic. 

THM 

Chloroform 

Bromodichloromethane 

Dibromochloromethane 

Brornof orm 
J 

Comparison of the concentrations of trihalome- 

thanes occurring in drinking water (order of 

magnitude several tens of micrograms per liter) 

with the values in table 3 shows that there is 

no reason to speak of acute toxicity of any of 

these trihalornethanes in drinking water. 

LD50, 7 days (mg/kg) 

1120 

450 

1200 

1500 



b, Chronic toxicity 

In this case also, as for chloroform, the re- 

sults of wellconducted studies on chronic toxi- 

city determination are lacking. Only a little 

information is available concerning the subchro- 

nic toxicity as determined by Munson et al (ref. 

2.4). The subchronic toxicity of chloroform is 

also provided for comparison (see table 5), 

Table 5 - Subchronic toxicity of trihalomethanes 

for mice (ref. 2.4) 

- 

Effect 

LOAEL* 

LOAEL* 

LOAEL* 

LOAEL* 

NOAEL* * 
NOAEL* * 
NOAEL* * 
NOAE,LX* 

- - 

THM 

' Chloroform 

Bromodichloromethane 

Dibromochloromethane 

Bromof orm 

Chloroform 

Bromodichloromethane 

Dibromochloromethane 

Bromof orm 

* Lowest observed adverse effect level (lowest 

dose at which a harmful effect is found) 

* *  No observed adverse effect level (highest 

dose at which no harmful effect is found) 

The subchronic toxicity is determined during a 

90 day test period. The LOAEL was primarily 

based on depression of humoral immunity. 

In this test, however, no NOAEL was able to be 

established on the basis of which an acceptable 

intake for humans can be calculated. 



Nevertheless, the subchronic toxici ty found f or 

THM is so low that in relation to the concentra- 

tions occurring in drinking water, it would not 

be expected that trihalomethanes can have chro- 

nic toxicity for the consumer. 

c. Carcinogenicity 

No carcinogenicity studies of dibromochlorome- 

thane, bromodichloromethane and bromoform were 

performed with mammals. 

An evaluation of the carcinogenic aspects is 

then also not possible. 

d. Mutagenicity 

Dibromochloromethane, bromodichloromethane and 

bromoform are mutagenic in the Ames test with 

Strain TA 100 (ref. 2.25) . This does not mean 
that these compounds are likewise mutagenic for 

mammals. The presence of brominated trihalo- 

methanes in drinking water can involve a poten- 

tial risk of the consumer. 

Therefore, it is advisable to strive for the 

lowest possible concentration of these compounds 

in drinking water. 

e. Epidemiology 

See paragraph 2.2.3. 

f. Conclusions 

The concentration of the other trihalomethanes 

in drinking water is so low that no acute or 

chronic toxic effects are to be expected for the 

drinking water consumer . Although no carcinoge- 
nicity studies have been performed on the other 

trihalomethanes, the posi tive results with in 

vitro mutagenicity test indicate that the bromi- 



necontaining trihalomethanes are genotoxic. 

Thus, it is highly desirable to attempt to 

achieve the lowest possible concentrations of 

brominated trihalomethanes in drinking water. 

Other halogenated organic compounds 

The f ormation of trihalomethanes as byproducts of 

chlorination has gained a great deal of attention 

in recent years. However, in the meantime, it has 

become clear that in addition to trihalomethanes, 

other chlorination byproducts can also be found. 

The size of this group of compounds cannot yet be 

completely estimated since the isolation methods 

used do not capture al1 types of compounds. 

Up to the present time, the largest nurnber of toxi- 

cologic investigations on these nonvolatile bypro- 

ducts have been carried out on the basis of samp- 

ling with the aid of xAD in combination with the 

Ames test. A variety of authors demonstrated muta- 

genic effects in lipophilic and moderately hydro- 

philic isolates and related them to the chlorina- 

tion of water (refs. 2.40, 2.41, 2.59). 

The rnutagenic effect that develops under the in- 

fluence of chlorination is principally seen with 

strain TA 100. In a number of situations, it was 

noted that the mutagenic effect formed was greater 

in the moderately hydrophilic fraction than in the 

lipophilic fraction (ref. 2.40). It is not known 

whether possible byproducts with a more highly hy- 

drophilic character have escaped attention. The 

development of isolation rnethods for such compounds 

seems essential. 

The halogenated compounds formed, which may be res- 

ponsible for the mutagenic effects, have not yet 



been  i d e n t i f i e d  up t o  t h e  p r e s e n t .  I t  was found  

from K I W A  s t u d i e s  t h a t  i n  a  s p e c i f i c  t y p e  o f  w a t e r  

o t h e r  t h a n  t r i h a l o m e t h a n e s ,  no h a l o g e n a t e d  con- 

pounds were  formed by t h e  s a f e t y  c h l o r i n a t i o n  which  

c o u l d  be i d e n t i f i e d  by GC-MS, w h i l e  t h e  A O C 1  con-  

t e n t  a f t e r  s t r i p p i n g  i n c r e a s e d .  T h i s  seems t o  re- 

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

formed have m o l e c u l a r  w e i g h t s  o f  more t h a n  350 

( r e f .  2 . 4 0 ) -  

A r e l a t i o n s h i p  a l s o  e x i s t s  between t h e  e x t e n t  o f  

t h e  m u t a g e n i c  e f f e c t  d e v e l o p e d  by c h l o r i n a t i o n  and  

t h e  co rnpos i t i on  o f  t h e  c h l o r i n a t e d  water. I n  s u r f a -  

c e  w a t e r  a f t e r  c o a g u l a t i o n  and r a p i d  f i l t r a t i o n ,  a  

much h i g h e r  m u t a g e n i c  e f f e c t  d e v e l o p s  unde r  t h e  i n -  

f l u e n c e  o f  c h l o r i n a t i o n  t h a n  a f t e r  t r e a t m e n t  w i t h  

a c t i v a t e d  c a r b o n  ( f i g .  2 . 1 ,  s t u d y  a t  t h e  KIWA p i l o t  

p l a n t ) .  I t  was a l s o  found  i n  t h e  Same s t u d y  t h a t  

a c t i v a t e d  c a r b o n  f  i l t r a t i o n  f o r  some t i m e  ( a b o u t  

1 ,000  bed volumes)  was a b l e  t o  rernove from t h e  

w a t e r  XAD a d s o r b a b l e  s u b s t a n c e s ,  which r e a c t  w i t h  

c h l o r i n e  t o  form m u t a g e n i c  m a t e r i a l s .  A f t e r  3 ,000 

bed volumes ,  however ,  rnu tagenic  e £  f e c t s  were found  

i n  t h e  XAD p H  2 f r a c t i o n  o f  t h e  c h l o r i n a t e d  e f -  

f l u e n t  ( r e f .  2 . 5 9 )  . 

The i n f l u e n c e  of t h e  c h l o r i n e  d o s a g e  on  t h e  forma-  

t i o n  of m u t a g e n i c  s u b s t a n c e  h a s  h a r d l y  been  i n v e s -  

t i g a t e d  y e t .  I n  a d d i t i o n ,  i t  i s  n o t  known whe the r  

t h e  p r e s e n c e  o f  bromide i n  the w a t e r  i n f l u e n c e s  t h e  

m u t a g e n i c  e f f e c t s  p roduced  by c h l o r i n a t i o n .  More 

d e t a i l e d  i n v e s t i g a t i o n  of t h e s e  a s p e c t s  i s  d e s i r a -  

b l e .  

The s i g n i f i c a n c e  f o r  t h e  consumer o f  m u t a g e n i c  e f -  

f e c t s  o f  c h l o r i n a t i o n  b y p r o d u c t s  i n  t h e  A m e s  t e s t  

c a n n o t  be e s t i m a t e d  a t  p r e s e n t .  These  e f f e c t s  
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Fig. 2.1 - E f f e c t  of c h l o r i n a t i o n  on t h e  mutagenic 

action with TA 100 in various purifica- 

t i o n  stages 



should be confirmed in additional mutagenicity 

tests. One important aspect of this rnight be the 

fact that, at most, part of the mutagenic effect in 

the Ames test can be inactivated by liver enzymes 

(ref. 2.59). 

Data on carcinogenicity studies wherein the bypro- 

ducts of chlor-ination are specifically considered 

are limited and will not be discussed in further 

detail here. 

The epidemiologie investigation discussed in sec- 

tion 2.2.1 is surely also applicable for this group 

of compounds, perhaps in an even stronger degree 

than for the trihalomethanes. 

Epidemiology 

Since the first publications regarding the possible 

association of cancer and chlorinated drinking wa- 

ter (ref. 2.26, 2.27) , an intensive search was made 
for a correlation between certain forms of cancer 

and the presence in drinking water of: 

- chloroform or 
- trihalomethanes or 
- organic compounds forrned by chlorination. 
In addition to the formation of chloroform and 

other THMs, chlorination of drinking water also 

leads to the formation of many otker compounds. An 

attempt will be made to discuss the most important 

data pertaining to cancer and the presence of chlo- 

rinated compounds described in greater detail or 

not (including chloroform and the THMs) in drinking 

water. The following findings are reported in the 

literature and can be summarized as Eollows. 



P a g e  e t  a l  ( r e f .  2 .27)  

A p o s i t i v e  c o r r e l a t i o n  o f  b l a d d e r  c a n c e r  a n d  

g a s t r o i n t e s t i n a l  t r a c t  c a n c e r  w i t h  t h e  c h l o r i n e  

c o n t e n t  of t h e  d r i n k i n g  w a t e r .  

Buncher  ( r e f .  2.28) 

A p o s i t i v e  c o r r e l a t i o n  o f  d r i n k i n g  w a t e r  p r e p a r e d  

f rom s u r f a c e  w a t e r  w i t h  c a n c e r  of t h e  b l a d d e r ,  

l i v e r  and p a n c r e a s .  

Kuzina ( re f .  2 .26)  

A s i g n i f i c a n t  c o r r e l a t i o n  be tween  d r i n k i n g  water 

q u a l i t y  and t h e  o c c u r r e n c e  of  i n t e s t i n a l  and b l a d -  

d e r  c a n c e r ,  a s  w e l 1  as t h e  o v e r a l l  c a n c e r  m o r t a l i -  

t y  

C a n t o r  ( re f .  2.29)  

A p o s i t i v e  c o r r e l a t i o n  between t h e  THM c o n t e n t  o f  

d r i n k i n g  w a t e r  and t h e  o c c u r r e n c e  o f  b l a d d e r  c a n c e r  

( h i g h l y  p o s i t i v e )  , l i v e r  and  b r a i n  c a n c e r ;  a  more 

p o s i t i v e  c o r r e l a t i o n ,  t h e  more bromine  i s  p r e s e n t  

i n  t h e  THM. 

Hoqan ( ref .  2.30) 

A s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  be tween  t h e  

c h l o r o f o r m  c o n c e n t r a t i o n  o f  d r i n k i n g  w a t e r  and  

b l a d d e r  cancer. 

McGabe ( r e f .  2 . 3 1 )  

A c o r r e l a t i o n  between t h e  c h l o r o f o r m  c o n t e n t  o f  

d r i n k i n g  w a t e r  and c a n c e r  m o r t a l i t y .  

C a r l o  ( r e f .  2 . 3 2 )  

A s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  be tween  t h e  THM 

c o n t e n t  i n  d r i n k i n g  water and p a n c r e a t i c  c a n c e r ;  no  

c o r r e l a t i o n  between THM and  c a n c e r  of  t h e  e sopha -  



g u s ,  s tomach ,  l a r g e  i n t e s t i n e ,  r e c t u m  and b l a d d e r .  

Kanarek ( ref .  2 .33)  

A p o s i t i v e  c o r r e l a t i o n  between t h e  c h l o r i n e  d o s e  i n  

t h e  d r i n k i n g  w a t e r  and c a n c e r  of t h e  l a r g e  i n t e s t i -  

ne ;  no  c o r r e l a t i o n  w i t h  c a n c e r  o f  o t h e r  o r g a n s  

( g a s t r o i n t e s t i n a l  t r a c t ,  u r i n a r y  t r a c t ,  b r a i n ,  

l u n g s ,  b r e a s t )  . 

A m s e l  ( r e f .  2 .34)  

For  an a r e a  w i t h  a  r e l a t i v e l y  h i g h  f r e q u e n c y  o f  

l a r g e  i n t e s t i n a l  c a n c e r  among t h e  i n h a b i t a n t s ,  i t  

is  a n t i c i p a t e d  t h a t  t h e  c o n t r i b u t i o n  t o  t h i s  d u e  t o  

c h l o r i n a t i o n  o f  t h e  d r i n k i n g  w a t e r  w i l 1  b e  s m a l l ,  

i f  it e x i s t s  a t  a l l .  

I s a c s o n  ( ref .  2.35) 

A p o s i t i v e  c o r r e l a t i o n  be tween  c a n c e r  of t h e  rectum 

and t h e  THM c o n c e n t r a t i o n  of d r i n k i n g  w a t e r .  A s  

more bromine  is p r e s e n t  i n  t h e  THM, t h e  c o r r e l a t i o n  

d i s a p p e a r s .  N o  c o r r e l a t i o n  be tween  c h l o r i n a t i o n  of  

d r i n k i n g  w a t e r  and  c a n c e r  o f  t h e  l a r g e  i n t e s t i n e .  

G o t t l i e b  ( r e f .  2.36) 

A h i g h l y  s i g n i f i c a n t  c o r r e l a t i o n  be tween  c h l o r i n a -  

t e d  s u r f a c e  w a t e r  and c a n c e r  of t h e  r e c t u m ,  a  weak 

p o s i t i v e  c o r r e l a t i o n  with b r e a s t  c a n c e r  and c a n c e r  

o f  the b r a i n ,  k i d n e y s  and p r o s t a t e ,  and no c o r r e l a -  

t i o n  with c a n c e r  of t h e  e s o p h a g u s ,  s tomach ,  l a r g e  

i n t e s t i n e  and b l a d d e r .  

N o  d e f i n i t e  c a u s a t i v e  c o r r e l a t i o n  be tween  o r g a n i c  

m a t t e r  i n  w a t e r  and human c a n c e r  was found  from re- 

c e n t l y  c o n d u c t e d  s o - c a l l e d  c a s e  c o n t r o l  s t u d i e s  

( x e f s .  2 .37 ,  2.38) . However, t h e s e  s t u d i e s  c o n t a i n  

many i n d i c a t i o n s  w h i c h  s u g g e s t  s u c h  a  c o r r e l a t i o n .  



A s  i s  a p p a r e n t  from t h i s  summary, m o s t  o f  t h e  re-  

s u l t s  a r e  c o n t r a d i c t o r y .  Al though tumors  o f  t h e  

b l a d d e r ,  l a r g e  i n t e s t i n e  and  r e c t u m  a r e  a s s o c i a t e d  

w i t h  w a t e r  q u a l i t y  p a r a m e t e r s  i n  many s t u d i e s ,  a  

c o n s i s t e n t  p i c t u r e  is l a c k i n g ,  The r e a s o n  f o r  t h i s  

may b e  s o u g h t ,  among o t h e r  t h i n g s ,  i n  t h e  f a c t  

t h a t :  

- t h e  i n v e s t i g a t i o n s  t o o k  p l a c e  i n  v a r i o u s  a r e a s  

and /o r  c i t i e s ;  

- d i f f e r e n t  c o m p u t a t i o n  methods  were  u s e d ;  

- v a r i o u s  e x p e r i m e n t a l  s e t u p s  were u s e d ;  

- t h e  e x p o s u r e  o f  humans t o  c h l o r i n a t e d  o r g a n i c  

compounds c a n n o t  b e  r e a d i l y  q u a n t i t a t e d ;  

- t h e  e x p o s u r e  o f  humans c a n  v a r y  g r e a t l y  o v e r  t i m e  

and  w i t h  r e g a r d  t o  l o c a t i o n  and  i n  r e l a t i o n  t o  a  

l a t e n c y  t i m e  f o r  t h e  o c c u r r e n c e  o f  c a n c e r  amoun- 

t i n g  f rom f i v e  t o  f o r t y  y e a r s ;  

- c a n c e r  is  n o t  c a u s e d  s o l e l y  by consumpt ion  o f  

w a t e r  , 

C o n c l u s i o n s  

N e i t h e r  f rom t h e  e p i d e r n i o l o g i c  i n v e s t i g a t i o n s  n o r  

f rom t h e  an ima1 s t u d i e s  it was found  t h a t  a  p o s i t i -  

ve  r e l a t i o n s h i p  e x i s t s  between t h e  p r e s e n c e  o f  ha-  

l o g e n a t e d  o r g a n i c  s u b s  t a n c e s  i n  d r  i n k i n g  w a t e r  and 

c e r t a i n  forms  o f  c a n c e r .  However, i t  i s  n o t e w o r t h y  

t h a t  a  r e l a t i v e l y  l a r g e  nurnber o f  s t u d i e s  c o n t a i n  

i n d i c a t i o n s  s u g g e s t i v e  o f  a  r e l a t i o n s h i p  be tween  

h a l o g e n a t e d  o r g a n i c  compounds i n  d r i n k i n g  w a t e l  and 

c a n c e r  o f  t h e  b l a d d e r ,  l a r g e  i n t e s t i n e  and /o r  

rec tum.  

However, e p i d e m i o l o g i s t s  e x p e c t  t h a t  more a c c u x a t e -  

l y  def i n e d ,  s o - c a l l e d  " c a s e  c o n t r o l  i n t e r v i e w  s t u -  

d i e s "  would p r o v i d e  more c l a r i t y  r e g a r d i n g  a p o s s i -  

b l e  c a u s a t i v e  r e l a t i o n s h i p  ( r e f .  2 . 3 9 ) .  T h i s  is 

e x p e c t e d  t o  be e s p e c i a l l y  d i f f i c u l t ,  s i n c e  t h e  



magnitude o f  t h e  e f f e c t s  t o  b e  measured  f a l l s  be- 

tween t h e  c r a c k s  of  t h e  measurement  rnethod used .  

For  t h e  p r e s e n t ,  i t  may b e  c o n c l u d e d  t h a t  t h e  con- 

t r i b u t i o n  o f  t h e  c h l o r i n a t i o n  o f  d r i n k i n g  w a t e r  t o  

c a n c e r  i s  p r o b a b l y  s m a l l ,  b u t  t h e  p o s s i b i l i t y  o f  

t h e  e x i s t e n c e  of a  c a u s a t i v e  r e l a t i o n s h i p  h a s  n o t  

been  e x c l u d e d .  F u r t h e r  s t u d y  i s  t h e n  a l s o  d e s i r a -  

b l e .  

C h l o r i n e  d i o x i d e  and b y p r o d u c t s  

2.3.1 C h l o r i n e  d i o x i d e  

One of t h e  a l  t e r n a t i v e  d i s i n f e c t a n t s  f o r  c h l o r i n e  

i s  c h l o r i n e  d i o x i d e .  C h l o r i n e  d i o x i d e  i s  added  i n  

q u a n t i t i e c  o f  0.02 t o  0 .1  m g / l i t e r ,  w h i l e  i n  t h e  

N e t h e r l a n d s  p r o p o r t i o n a l  a d d i t i o n  o f  c h l o r i n e  i s  

a l s 0  a p p l i e d .  A s m a l l  amount of c h l o r i n e  may a l s o  

form d u r i n g  t h e  p r e p a r a t i o n  of c h l o r i n e  d i o x i d e .  

I t  i s  known r e g a r d i n g  c h l o r i n e  d i o x i d e  t h a t  it d o e s  

n o t  g i v e  r i se  t o  t h e  f o r m a t i o n  of  t r i h a l o m e t h a n e s  

i n  w a t e r  ( r e f .  2 . 4 2 ) .  S t e v e n s  c o n f i r m s  t h i s ,  b u t  

s t a t e s  t h a t  c h l o r i n e  d i o x i d e  may g i v e  r i se  t o  t h e  

f o r m a t i o n  o f  c h l o r i n a t e d  and  n o n c h l o r i n a t e d  c o m -  

p o u n d ~  ( r e f .  2 .43 ) .  A t  p r e s e n t ,  so  l i t t l e  is known 

r e g a r d i n g  t h e  i d e n t i t y  o f  t h e s e  compounds t h a t  no 

t o x i c o l o g i c  e v a l u a t i o n  is possible.  

W i t h i n  t h e  body, c h l o r i n e  d i o x i d e  i s  b roken  down i n  

a  s h o r t  t i m e  t o  c h l o r i d e  ( C ,  c h l o r i t e  ( C 1 0 2 ' )  

and c h l o r a t e  ( C l c l , - )  . 
F o l l o w i n g  p r o l o n g e d  a d m i n i s t r a t i o n  o f  h i g h  c h l o r i n e  

d i o x i d e  c o n c e n t r a t i o n s  to  ra t s  (100 and  1 ,000  mg/ 

l i t e r )  , e l e v a t e d  c h l o r o f o r m  c o n c e n t r a t i o n s  w e r e  

found  i n  the blood ( ref .  2 . 4 2 ) .  For  t h e  t o x i c o l o g i c  

a s p e c t s  o f  c h l o r o f o r m ,  r e f e u e n c e  i s  made t o  s e c t i o n  

2.1 .1 .  



The t o x i c o l o g i c  a s p e c t s  o f  c h l o r i n e  d i o x i d e  and t h e  

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

and  c h l o r a t e ,  w i l 1  b e  d i s c u s s e d  i n  g r e a t e r  d e t a i l ,  

C h l o r i d e  ( C l - } ,  a l s o  formed,  i s  o f  such  low t o x i c i -  

t y  a t  t h e  e x i s t i n g  c o n c e n t r a t i o n  t k a t  t h e  C l -  i o n  

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

a. Acu te  t o x i c i t y  o f  c h l o r i n e  d i o x i d e  

A c u t e  t o x i c i t y  d a t a  f o r  c h l o r i n e  d i o x i d e  p e r t a i n  

e x c l u s i v e l y  t o  pulmonary u p t a k e .  The t h r e s h o l d  

l i m i t  v a l u e  (TLV) and  t h e  MAC v a l u e  amount t o  

0 . 1  ppm o r  0 . 3  mg/rn3. A t  PWN, e x p e r i e n c e  h a s  

shown t h a t  t h i s  v a l u e  i s  t o o  h i g h .  Workers  who 

work a t  t h i s  v a l u e  d e v e l o p  a  t e n d e n c y  t o  vomi t  

a f t e r  one  hour  ( S c h u l t i n k ,  p e r s o n a l  communica- 

t i o n )  . 

b. C h r o n i c  t o x i c i t y  o f  c h l o r i n e  d i o x i d e  

The mos t  i m p o r t a n t  i n v e s t i g a t i o n  r e g a r d i n g  t h e  

l o n g -  t e r m  t o x i c i  t y  of c h l o r i n e  d i o x i d e  was p e r -  

formed by C o u r i  e t  a l  ( r e f .  2 . 4 4 ) .  A d m i n i s t r a -  

t i o n  for  one  y e a r  o f  1, 1 0 ,  100 or  1 ,000  mg/ l i -  

ter  c h l o r i n e  d i o x i d e  v i a  t h e  d r i n k i n g  w a t e r  t o  

r a t s  i n  compar i son  t o  t h e  c o n t r o l  a n i m a l s  l e d  t o  

t h e  f o l l o w i n g  o b s e r v a t i o n s :  

- a t  a l 1  d o s a g e s ,  a  s l i g h t  d e c r e a s e  i n  t h e  body 

w e i g h t  was found.  T h i s  d e c r e a s e  was less t h a n  

15 % i n  a l 1  c a s e s ;  

- between  2 and  9 months  of e x p o s u r e  o f  t h e  r a t s  

a t  a l 1  d o s a g e s ,  s l i g h t  d e c r e a s e s  a r e  found  i n  

t h e  number of r e d  b lood  c e l l s ,  t h e  h e m a t o c r i t  

v a l u e ,  t h e  hemoglobin c o n t e n t  and  t h e  a v e r a g e  

hemoglobin  c o n t e n t  p e r  r e d  b l o o d  c e l l ;  

- a t  a l l  c o n c e n t r a t i o n s ,  c h a n g e s  i n  t h e  morpho- 

l o g y  a r e  found  as  w e l 1  a s  a d e c r e a s e  i n  t h e  

" o s m o t i c  f r a g i l i t y "  of t h e  r e d  b l o o d  c e l l s .  A t  



h i g h e r  c o n c e n t r a t i o n s ,  a  m i l d  h e m o l y t i c  

anaemia  o c c u r r e d  , which r educed  l i £  e t i m e  o f  

t h e  r e d  b lood  c e l l s .  

B e r c z  ( r e f .  2.451,  upon e x p o s u r e  of monkeys 

( C e r c o p i t h e c u s  a e t h i o p s )  f o r  60  d a y s  t o  c h l o r i n e  

d i o x i d e  d o s e s  o f  50,  100 ,  200 and 400 mg/ l i t e r  

o f  d r i n k i n g  w a t e r ,  found  l i t t l e  e f f e c t ,  With t h e  

e x c e p t i o n  o f  a  t e m p o r a r y  i n h i b i t i o n  o f  t h e  serum 

a c t i v i t y  ( a t  100 and  4 0 0  m g / l i t e r ) ,  no d i f f e r e n -  

ces were found r e l a t i v e  t o  t h e  c o n t r o l s  a s  con-  

c e r n e d :  

- numbers o f  v a r i o u s  b lood  ce l ls ;  

hemoglobin c o n t e n t s ;  

- methemoglobin  c o n t e n t s ;  

- osrnot ic  f r a g i l i t y ;  

c o n t e n t s  o f  se rum c o n s t i t u e n t s  ( r e n a l  func -  

t i o n )  ; 

s e r u m  enzyme a c t i v i t i e s  ( r e n a l  and l i v e r  f u n c -  

t i o n )  . 
The o n l y  r e rna rkab le  f i n d i n g  from t h i s  i n v e s t i g a -  

t i o n  was t h e  f a c t  t h a t  upon d i r e c t  i n t r o d u c t i o n  

o f  c h l o r i n e  d i o x i d e  i n t o  t h e  s tomachs  of t h e  

monkeys,  95 % o f  t h e  c h l o r i n e  d i o x i d e  was a l r e a -  

dy r e d u c e d  t o  c h l o r i d e  a f t e r  o n l y  5 m i n u t e s .  

It c a n  be  conc luded  from t h e  d a t a  r e p o r t e d  t h a t  

t h e  t o x i c  e f f e c t s  of c h l o r i n e  d i o x i d e  i n  r a t s  

and monkeys a r e  c o n t x a d i c t o r y .  The p o s s i b l e  

t o x i c  e f f e c t s  are  p r o b a b l y  c a u s e d  by t h e  decom- 

p o s i t i o n  p r o d u c t s  o f  c h l o r i n e  d i o x i d e ,  m a i n l y  

c h l o r i t e  and  c h l o r a t e .  T h e r e f o r e ,  i n  c o n s i d e r i n g  

the toxicologie significante o f  c h l o r i n e  d i o x i -  

d e ,  i t  is  n e c e s s a r y  t o  k e e p  i n  mind t k e  s l i g h t  

e f f e c t s  found i n  t e s t  a n i m a l s  and t h e  p o s s i b l e  

t o x i c i t y  of c h l o r i t e  and c h o r a t e -  



c. C a r c i n o g e n i c i t y  and  m u t a g e n i c i t y  

T h e r e  a r e  no  i n d i c a t i o n s  i n  t h e  l i t e r a t u r e  t h a t  

c h l o r i n e  d i o x i d e  i t s e l f  is  c a r c i n o g e n i c  or muta- 

g e n i c .  

C h l o r i n e  d i o x i d e  t r e a t m e n t  of 26 o r g a n i c  sub-  

s t a n c e s  b e l o n g i n g  t o  v a r  i o u s  c l a s s e s  o f  c o m -  

p o u n d ~  d i d  n o t  l e a d  t o  a  m u t a g e n i c  e f f e c t  i n  t h e  

A m e s  t e s t  and i n  a  m u t a g e n i c i t y  test  w i t h  y e a s t  

c e l l s  ( r e f .  2 .46 ) .  I t  s h o u l d  b e  n o t e d  t h a t  f o r  

m o s t  compounds, o n l y  c o n c e n t r a t i o n s  up t o  150 ~ g  

p e r  P e t r i  d i s h  w e r e  i n v e s t i g a t e d .  From t h e s e  re- 

s u l t s ,  Simmon drew t h e  c o n c l u s i o n  t h a t  no p o t e n -  

t i a l l y  c a r c i n o g e n i c  s u b s t a n c e s  w e r e  formed a s  a  

consequence  o f  c h l o r i n e  d i o x i d e  t r e a t m e n t  . How- 

e v e r ,  i n  v iew o f  t h e  t es t  s e t u p  and  t h e  f a i r l y  

s m a l 1  number o f  s u b s t a n c e s  i n v e s t i g a t e d ,  h i s  

c o n c l u s i o n  is p r e l i m i n a r y .  

I t  was found  f rom a  s t u d y  pe r fo rmed  by B u l l  

( r e f .  2 . 4 7 )  t h a t  a  c h l o r i n e  d i o x i d e - t r e a t e d  con- 

c e n t r a t e  o f  o r g a n i c  s u b s t a n c e s  from Ohio  R i v e r  

w a t e r  caused  no i n c r e a s e  i n  t h e  number o f  s k i n  

t umors  i n  m i c e .  Al though t h e  i n d u c t i o n  o f  tumors  

i n  t h e  s k i n  o f  m i c e  i s  a  s e n s i t i v e  s y s t e m ,  t h i s  

i s  nok a  r e p r e s e n t a t i v e  t es t  f o r  t h e  o r a l  u p t a k e  

of s u b s t a n c e s  v i a  d r i n k i n g  w a t e r ,  

A p r e l i m i n a r y  i n v e s t i g a t i o n  by Kool e t  a l  ( r e f .  

2 .41)  r e v e a l e d  t h a t  a t  h i g h  a d d i t i o n s  o f  c h l o r i -  

n e  d i o x i d e  t o  Rh ine  R i v e r  w a t e r ,  m u t a g e n i c  com- 

p o u n d ~  a r e  formed;  t h e s e  were  i s o l a t e d  w i t h  XAD 

a t  p H  7. Al though ,  b e c a u s e  of  t h e  d o s a g e s  of 5 

and  15 m g / l i t e r ,  t h i s  i n v e s t i g a t i o n  i s  n o t  rele- 

v a n t  f o r  p r a c t i c a 1  s i t u a t i o n s ,  i t  d o e s  i n d i c a t e  

t h a t  c h l o r i n e  d i o x i d e  c a n ,  i n  p r i n c i p l e ,  g i v e  



r i se  t o  t h e  f o r m a t i o n  of  m u t a g e n i c  s u b s t a n c e s .  

I n  a n a l o g y  t o  t h e  f i n d i n g s  w i t h  r e s p e c t  t o  c h l o -  

r i n e ,  i n v e s t i g a t i o n  r e g a r d i n g  t h e  f o r m a t i o n  o f  

more h y d r o p h i l i c  compounds is  d e s i r a b l e .  

d .  Ep idemio logy  

Some s t u d i e s  were pe r fo rmed  i n  which humans were 

d i r e c t l y  exposed  t o  c h l o r i n e  d i o x i d e - t r e a t e d  

d r i n k i n g  w a t e r .  

Miday e t  a l  ( r e f .  2.48) compared 198 i n d i v i d u a l s  

exposed  f o r  t h r e e  months t o  c h l o r i n e  d i o x i d e -  

t r e a t e d  d r i n k i n g  w a t e r  w i t h  a  c o n t r o l  g roup .  A s  

a  consequence  o f  d i s i n f e c t i o n  w i t h  c h l o r i n e  

d i o x i d e ,  t h e  d r i n k i n g  w a t e r  c o n t a i n e d  5 m g / l i t e r  

c h l o r i t e .  An e x t e n s i v e  and s t a t i s t i c a l l y  con- 

f i r m e d  s t u d y  on  t h e  e f f e c t s  of a  l a r g e  nurnber of 

b lood  p a r a m e t e r s  d i d  n o t  l e a d  to  t h e  o b s e r v a t i o n  

o f  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  t w o  

g r o u p s  , 

B i a n c h i n e  e t  a l  ( r e f .  2 .49)  pe r fo rmed  an e x t e n -  

s i v e  i n v e s t i g a t i o n  w i  t h  c h l o r i n e  d i o x i d e ,  c h l o -  

r i t e ,  c h l o r a t e ,  c h l o r a m i n e  a n d  c h l o r i n e  i n  

d r i n k i n g  w a t e r .  The d r i n k i n g  w a t e r  was consumed 

by h e a l t h y  i n d i v i d u a l s  and by i n d i v i d u a l s  who 

w e r e  e x t r a s e n s i t i v e  t o  " o x i d a n t  stress" d u e  t o  a  

d e £  i c i e n c y  of  t h e  enzyme, g l u c o s e - 6  - p h o s p h a t e  

dehydrogenase  (G-6-PD) i n  t h e  r e d  b l o o d  ce l l s .  

The v a r i o u s  i n v e s t i g a t i o n s  i n d i c a t e  s t a t i s t i c a l -  

l y  s i g n i f i c a n t  t r e n d s  i n  t h e  measurement  r e s u l t s  

i n  t h e  c a s e  o f  a l 1  o f  t h e  d i s i n f e c t a n t s  and  by- 

p r o d u c t s  men t ioned .  The problem i n  t h i s  i n v e s t i -  

g a t i o n ,  however ,  was t h a t  t h e  a c c u r a c y  o f  t h e  

a n a l y t i c a 1  methods  o f  b i o c h e m i c a 1  p a r a m e t e r s  

f e l 1  i n  t h e  o r d e r  o f  magn i tude  o f  t h e  normal  

f l u c t u a t i o n s  i n  b iochemica1  p r o c e s s e s ,  and  t h e  



i n v e s t i g a t i o n s  l a s  t e d  o n l y  t h r e e  months .  A l -  

though B i a n c h i n e  c a n n o t  e x c l u d e  t h e  p o s s i b i l i t y  

t h a t  c e r t a i n  t r e n d s  would c o n t i n u e  and i n t e n s i f y  

upon more p r o l o n g e d  e x p o s u r e ,  h e  n o t e s  t h a t ,  i n  

g e n e r a l ,  a l 1  o f  t h e  s u b s t a n c e s  i n v e s t i g a t e d  a t  

an  i n t a k e  o f  500 m l  w a t e r  p e r  d a y  c o n t a i n i n g  5 

m g / l i t e r  o f  t h e  s u b s t a n c e s  for  t h r e e  months  a r e  

r e l a t i v e l y  s a f e  f o r  h e a l t h y  a d u l t s  ( i n c l u d i n g  

o t h e r w i s e  h e a l t h y  i n d i v i d u a l s  w i t h  G-6-PD 

d e f  i c i e n c y )  , 

T u t h i l l  ( r e f .  2.50) i n v e s t i g a t e d  m o r t a l i t y  r a -  

t i o s  o f  newborns i n  two s i m i l a r  communi t i e s .  I n  

o n e  comrnunity, h i g h  c o n c e n t r a t i o n s  o f  c h l o r i n e  

d i o x i d e  w e r e  u sed  f o r  d r i n k i n g  water d i s i n f e c -  

t i o n ,  w h i l e  c h l o r i n a t i o n  was pe r fo rmed  i n  t h e  

o t h e r ,  H e  found  a s t a t i s t i c a l l y  s i g n i f i c a n t  po- 

s i t i v e  c o r r e l a t i o n  b e t w e e n  e x p o s u r e  o f  t h e  

mo the r  t o  c h l o r i n e  d i o x i d e - t r e a t e d  d r i n k i n g  w a -  

ter d u r i n g  p regnancy  and p r e m a t u r e  b i r t h ,  accom- 

p a n i e d  by a lower  b i r t h  w e i g h t  and h i g h e r  w e i g h t  

loss  i m m e d i a t e l y  a f t e r  b i r t h .  Because  o f  t h e  li- 

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

were c o n s i d e r e d  more " s u g g e s t i v e "  t h a n  " d e f i n i -  

t i v e " .  

e. C o n c l u s i o n s  

Some a u t h o r s  found  vague i n d i c a t i o n s  t h a t  c h l o -  

r i n e  d i o x i d e  a t  e l e v a t e d  c o n c e n t r a t i o n s  may be  

h a r m f u l  to  humans and s p e c i f i c a l l y  t o  i n f a n t s .  

The p o s s i b l e  h a r m f u l n e s s  of c h l o r i n e  d i o x i d e  i s  

p r o b a b l y  due  t o  i t s  b y p r o d u c t s ,  c h l o r i t e  and/or  

c h l o r a t e .  

2 . 3 . 2  B y p r o d u c t s  

Al though s e v e r a l  o r g a n i c  compounds a r e  f ormed unde r  



t h e  i n f l u e n c e  of  c h l o r i n e  d i o x i d e  t r e a t m e n t  ( r e f .  

2 . 4 3 ) ,  due t o  a  l a c k  of d a t a ,  e x c l u s i v e  a t t e n t i o n  

w i l l  be  p a i d  t o  t h e  toxicologie a s p e c t s  of c h l o r i t e  

and c h l o r a t e .  A t  a c h l o r i n e  d i o x i d e  dosage  amoun- 

t i n g  to  a  maximum of  0.2 m g / l i t e r ,  t h e  c h l o r i t e  

c o n t e n t  i s  below 0 . 1  m g / l i t e r .  The c h l o r a t e  c o n t e n t  

i s  n o t  measured i n  t h e  N e t h e r l a n d s ,  b u t  p r o b a b l y  

w i l l  n o t  be h i g h e r  t h a n  t h e  c h l o r i t e  c o n t e n t .  

C h l o r i t e  -------- 

a .  Acute t o x i c i t y  

The a c u t e  t o x i c i t y  o f  c h l o r i t e  f o r  t h e  r a t  was 

i n v e s t i g a t e d  by Amrnar ( r e f .  2.51) . H e  e s t a b l i s h -  

ed t h e  f o f l o w i n g  f a c t s  w i t h  r e f e r e n c e  t o  o r a l  

i n t a k e  v i a  d r i n k i n g  w a t e r :  

- d o s e s  of  5 and o f  20 g / l i t e r  c h l o r i t e  f o r  

t h r e e  weeks l e d  t o  a  d e c r e a s e  i n  body we igh t  

and a r e d u c t i o n  of t h e  wa te r  and f e e d  i n t a k e  

by t h e  r a t s .  No m o r t a l i t y  o c c u r r e d ;  

- a  c h l o r i t e  dosage o f  20 g / l i t e r  l e d  t o  a  h igh-  

ly abnormal morphology o f  t h e  r e d  blood c e l l s ;  

- a  dosage  of 20 g / l i t e r  c h l o r i t e  from day 8 t o  

15 of  pregnancy i n  female  r a t s  l e a d s  t o  t h e  

d e l i v e r y  of fewer f  e t u s e s  a l t o g e t h e r  and of  

more dead fetuses and r e s u l t s  i n  more u t e x i n e  

r e s o r p t i o n  of  f e t u s e s .  T h i s  c o n c e n t r a t i o n  is 

t h u s  c l e a r l y  f e t o t o x i c ;  

- d o s e s  of 1 and 5 g / l i t e r  c h l o r i t e  do n o t  re- 

v e a l  f e t o t o x i c  e f f e c t s ;  

- up  t o  a  c h l o r i t e  dosage  of  20 g / l i t e r ,  no  h i s -  

t o l o g i c a l  a b n o r m a l i t i e s  i n  t h e  s o f t  t i s s u e  nor  

s k e l e t a l  a b n o r m a l i t i e s  w e r e  found.  

I t  may be concluded from t h e s e  r e s u l t s  t h a t  i n  

t h e  N e t h e r l a n d s ,  a t  t h e  maximal c h l o r i t e  c o n t e n t  



o f  0 .1  m g / l i t e r  o c c u r i n g  i n  t h e  d r i n k i n g  water, 

t h e r e  i s  no  i n d i c a t i o n  o f  a c u t e  t o x i c  e f f e c t s ,  

b. C h r o n i c  t o x i c i t y  

The r e s u l t s  o f  o n l y  two b r i e f  s t u d i e s  r e g a r d i n g  

s u b c h r o n i c  t o x i c i t y  o f  c h l o r i t e  a r e  a v a i l a b l e ,  

S i n c e  c h l o r i t e  is an  o x i d i z i n g  a g e n t ,  i n  h i s  i n -  

v e s t i g a t i o n ,  Moore ( r e f .  2 . 5 2 )  made u s e  o f  a  

s p e c i a l  s t r a i n  o f  m i c e  which i s  h y p e r s e n s i t i v e  

t o  " o x i d a n t  stress" d u e  t o  a  d e f i c i e n c y  o f  t h e  

e n z y m e  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  

(G-6-PD) i n  t h e  r e d  b lood  cel ls .  

H e  f ound  t h a t  c h l o r i t e ,  a t  c o n c e n t r a t i o n s  o f  50 

and  100 m g / l i t e r  i n  t h e  d r i n k i n g  w a t e r  a f t e r  30 

d a y s ,  l e a d s  t o  c h a n g e s  i n  t h e  b l o o d ,  namely: 

- i n c r e a s e  i n  t h e  a v e r a g e  volume; 

- a h i g h e r  osmotic f r a g i l i t y  and  a  h i g h  a c t i v i t y  

o f  t h e  enzyme G-6-PD i n  r e d  b lood  cel ls ;  

- m o r p h o l o g i c a l  a l t e r a t i o n s  o f  t h e s e  r e d  b l o o d  

ce l l s .  

The c o n c e n t r a t i o n s  ment ioned  a l s o  have  a  d i s a d -  

v a n t a g e o u s  e f f e c t  on t h e  g rowth  o f  t h e  f e t u s  du- 

r i n g  t h e  l a c t a t i o n  p e r i o d ,  and more m o r t a l i t i e s  

o f  t h e  f e t u s e s  o c c u r r e d ,  However, Moore found  no 

h a r m f u l  e f f e c t s  on t h e  k i d n e y s  and no i n c r e a s e  

i n  t h e  b lood  p r e s s u r e .  

A s i m i l a r  i n v e s t i g a t i o n  i n  s h e e p ,  which a r e  

known t o  be rnore s e n s i t i v e  t o  " o x i d a n t  stress", 

d i t  n o t  l e a d  t o  d e t e c t a b l e  d i s a d v a n t a g e o u s  ef- 

f e c t ~ .  

B e r c z  ( r e f .  2 . 4 5 ) ,  a t  d o s a g e s  of 50-400 m g / l i t e r  

c h l o r i t e  i n  t h e  d r i n k i n g  w a t e r  o f  monkeys  

( C e r c o p i t h e c u s  a e t h i o p s )  a f t e r  60 d a y s ,  found  no  

l a s t i n g  e f f e c t  on b lood  p a r a m e t e r s .  H e  f ound  on- 

l y  a n  i n i t i a 1  r e d u c t i o n  o f  t h e  hernoglobin con- 



t e n t  and t h e  number o f  r e d  b lood  c e l l s .  Toward 

t h e  end  o f  t h e  i n v e s t i g a t i o n ,  t h e s e  e f f e c t s  h a s  

d i s a p p e a r e d  a g a i n ,  which i s  e x p l a i n e d  by s t i m u -  

l a t  i o n  o f  e r y t h r o p o i e s i s  ( b l o o d  f o r m a t i o n )  unde r  

t h e  i n f l u e n c e  o f  c h l o r i t e .  

I n  view o f  t h e  s h o r t  t e s t i n g  t i m e ,  no c o n c l u -  

s i o n s  can  be drawn from t h e s e  i n v e s t i g a t i o n s  

w i t h  r e s p e c t  t o  t h e  c h r o n i c  t o x i c i t y  o f  c h l o r i -  

te .  However, t h e r e  a r e  i n d i c a t i o n s  t h a t  newborns 

form a h i g h  r i s k  g r o u p .  I t  was found  from e p i d e -  

m i o l o g i c  i n v e s t i g a t i o n s  i n  humans by B i a n c h i n e  

( s e e  s e c t i o n  2 .3 .1 .d )  t h a t  c h l o r i t e  c o n c e n t r a -  

t i o n s  o f  5 m g / l i t e r  i n  d r i n k i n g  w a t e r  i n  t h e  

c a s e  o f  consumpt ion  f o r  t h r e e  months  o f  0 . 5  

l i t e r s  o f  w a t e r  p e r  d a y  have  no e f f e c t  on 

h e a l t h y  human a d u l t s .  T h i s  i n v e s t i g a t i o n  a l s o  

f e a t u r e d  a s h o r t  t e s t i n g  t i m e  s o  t h a t  no f i r m  

c o n c l u s i o n s  can  be  drawn r e g a r d i n g  t h e  c h r o n i c  

t o x i c i t y  o f  c h l o r i t e  f o r  humans and e s p e c i a l l y  

f o r  b a b i e s .  A w e l l -  p l anned  i n v e s t i g a t i o n  on 

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

some t e s t  an ima1 s p e c i e s  a t  r e l e v a n t  c o n c e n t r a -  

t i o n s  i n  d r i n k i n g  w a t e r  is h i g h l y  d e s i r a b l e .  

c .  ~arcinogenicity/mutagenicity 

N o  d a t a  are a v a i l a b l e  r e g a r d i n g  t h e  g e n e r a 1  

t o x i c i t y  of c h l o r i t e .  

d ,  Ep idemio logy  

See s e c t i o n  2 .3 ,1 .d .  

a .  Acute  t o x i c i t y  

Little t o x i c o l o g i c  i n f o r m a t i o n  i s  a l s o  a v a i l a b l e  

for c h l o r a t e .  T h e  o r a l  t o x i c i t y  i s  i n  e x c e s s  o f  



10 g / l i t e r  d r i n k i n g  w a t e r  and  i s  n o t  r e l e v a n t  

f o r  d r i n k i n g  w a t e r  p r a c t i c e .  

b .  C h r o n i c  t o x i c i t y  

Only  a  l i t t l e  i n f o r m a t i o n  is a v a i l a b l e  w i t h  res- 

p e c t  t o  c h r o n i c  t o x i c i t y :  C o u r i  ( r e f .  2 . 4 4 )  

found  t h a t  r a t s  which had been  exposed  f o r  one  

y e a r  t o  a  c o n c e n t r a t i o n  of  10 g / l i t e r  c h l o r a t e  

i n  t h e  d r i n k i n g  w a t e r  showed a  s l i g h t  w e i g h t  

loss .  I n  a d d i t i o n ,  be tween  t h e  s econd  and n i n t h  

months  of  t e s t i n g ,  he  found  a s l i g h t  d e c r e a s e  i n  

t h e  number o f  r e d  b lood  c e l l s ,  t h e  hemoglobin  

c o n t e n t ,  t h e  h e m a t o c r i t  v a l u e  and t h e  a v e r a g e  

hemoglobin  c o n c e n t r a t i o n  i n  t h e  r e d  b lood  ce l ls .  

F u r t h e r m o r e ,  a b n o r m a l i t i e s  d e v e l o p e d  i n  t h e  m o r -  

pho logy  of  t h e  r e d  b lood  ce l l s .  

B e r c z  ( r e f .  2 . 4 5 )  f o u n d ,  up t o  a  c o n c e n t r a t i o n  

o f  400  m g / l i t e r  c h l o r a t e  i n  t h e  d r i n k i n g  w a t e r ,  

no  e f f e c t  wha t soeve r  on t h e  b lood  p a r a m e t e r s  i n  

monkeys ( C e r c o p i t h e c u s  a e t h i o p s )  a f t e r  60  d a y s .  

f t  may be  c o n c l u d e d  from t h e  r e s u l t s  t h a t  a l -  

though no s u i t a b l e  i n v e s t i g a t i o n s  on c h r o n i c  

t o x i c i t y  w e r e  c o n d u c t e d ,  i n  v iew o f  t h e  h i g h  ex-  

p o s u r e  c o n c e n t r a t i o n s  i n  t h e  tests and  t h e  l o w  

c o n c e n t r a t i o n s  i n  d r i n k i n g  water, no c h r o n i c  

t o x i c  e f fec ts  of c h l o r a t e  are t o  be a n t i c i p a t e d .  

I t  i s  a l s 0  a p p a r e n t  t h a t  c h l o r a t e  i s  less t o x i c  

t h a n  c h l o r i t e .  

c. C a r c i n o g e n i c i t y / r n u t a g e n i c i t y  

No c a r c i n o g e n i c i t y  d a t a  a r e  a v a i l a b l e  r e g a r d i n g  

c h l o r a t e .  

Data  w e r e  r e c e n t l y  p r e s e n t e d  i n d i c a t i n g  t h a t  so- 

dium c h l o r a t e  i s  m u t a g e n i c  i n  t h e  A m e s  t e s t  

( S t r a i n  TA 1535 + S9)  a s  w e l 1  as i n  t h e  s e x -  



l i n k e d  r e c e s s i v e  l e t h a l  t e s t  w i t h  D r o s o p h i l a .  

The m i c r o n u c l e u s  t e s t  gave  a  n e g a t i v e  r e s u l t  

( r e f .  2.53) . The t e s t  c o n c e n t r a t i o n s  and a  d e s -  

c r i p t i o n  of t h e  t e s t  p r o c e d u r e ,  however ,  were 

n o t  p r o v i d e d .  N e v e r t h e l e s s ,  t h e  p o s s i b i l i t y  t h a t  

c h l o r a t e  i s  a g e n o t o x i c  s u b s t a n c e  mus t  b e  k e p t  

i n  mind. 

d. Ep idemio logy  

For  epidemiologie d a t a ,  t h e  r e a d e r  i s  r e f e r r e d  

t o  s e c t i o n  2 .3 . l . d -  From t h i s  s e c t i o n  i t  may be  

c o n c l u d e d  t h a t  c h l o r a t e  c o n c e n t r a t i o n s  o f  5 mg/ 

l i t e r  i n  d r i n k i n g  w a t e r  i n  case o f  t h e  consump- 

t i o n  f o r  t h r e e  rnonths of  0 . 5  l i t e r s  o f  w a t e r  p e r  

d a y ,  have  no  e f  f e c t s  on h e a l t h y  human a d u l t s .  

2.4 Ch lo ramine  and b y p r o d u c t s  

From t h e  d i s i n f e c t a n t s  d i s c u s s e d  i n  t h i s  s e c t i o n  

c h l o r a m i n e  h a s  been i n v e s t i g a t e d  t o x i c o l o g i c a l l y  

l e a s t  c o m p l e t e .  A p p l i c a t i o n  of c h l o r a m i n e  g i v e s  

r i se  t o  t h e  f o r m a t i o n  of  some o r g a n i c  b y p r o d u c t s .  

The toxicologie p r o p e r t i e s  o f  t h e s e  b y p r o d u c t s  w i l l  

b e  r e p o r t e d  s e p e r a t e l y .  

2 - 4 . 1  Ch lo ramine  

Only v e r y  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  r e g a r d i n g  

t h e  t o x i c i t y  o f  c h l o r a m i n e .  The a v a i l a b l e  d a t a  w i l l  

be p r e s e n t e d  w i t h o u t  d i s t i n g u i s h i n g  between a c u t e  

and c h r o n i c  t o x i c i t y .  

a .  Acute  and c h r o n i c  t o x i c i t y  

- E i c h e l s d o e r f e r  e t  a l  ( r e f .  2.54) e s t a b l i s h e d  

t h a t  a c o n c e n t r a t i o n  of 4 m g / l i t e n  c h l o r a m i n e  

i s  more i r r i t a t i n g  t o  t h e  mucous membranes of  



r a b b i t  e y e s  t h a n  20  m g / l i t e r  c h l o r i n e .  

- Chloramine s h o r t e n s  t h e  l i f e  o f  r e d  blood 

ce l l s  i n  humans i n  v i v o  a s  wel1  a s  i n  v i t r o  by 

produc t i o n  of  methemoglobi n  and by damaging 

t h e  e n e r g y  metabolism. 1 m g / l i t e r  ch lo ramine  

g i v e s  i n  v i t r o  t h e  p r o d u c t i o n  o f  8 % methemo- 

g l o b i n .  

E s p e c i a l l y  r e n a l  d i a l y s i s  p a t i e n t s  may be  

harmed by t h e  p r e s e n c e  of ch lo ramine  i n  t h e  

d r i n k i n g  wa te r  ( r e f .  2 . 5 5 ) .  Renal d i a l y s i s ,  i n  

p a r t i c u l a r ,  i s  an  a r e a  i n  which a t t e n t i o n  

shou ld  be  p a i d  t o  t h i s  problem. 

Moore and C a l a b r e s e  ( r e f .  2 . 5 6 )  a r e  o f  t h e  

o p i n i o n  t h a t  t h e  ch lo ramine  c o n c e n t r a t i o n  i n  

t h e  d r i n k i n g  wa te r  would have t o  be  h i g h e r  by 

s e v e r a l  o r d e r s  of magnitude t h a n  i s  c u r r e n t l y  

p r a c t i c a 1  i n  o r d e r  t o  r e s u l t  i n  t h e  p r e s e n c e  

o f  ch lo ramine  i n  t h e  blood a t  a  c o n c e n t r a t i o n  

o f  I m g / l i t e r .  Moore and C a l a b r e s e  found t h a t  

more t o x i c i t y  d a t a  a r e  n e c e s s a r y  i n  o r d e r  t o  

a c h i e v e  a  good r i s k  a n a l y s i s .  

I n  p a r t i c u l a r ,  a l lowances  must be  made f o r  

h i g h  r i s k  groups  such a s  b a b i e s  and i n d i v i -  

d u a l s  w i t h  G-6-PDH de£ i c i e n c i e s .  

- Bercz ( r e f .  2 . 4 5 )  found,  a f  t e r  60 days  of ex- 

p o s u r e  o f  monkeys (Cercop i  t h e c u s  a e t h i o p s )  t o  

c o n c e n t r a t i o n s  of 400  rng / l i t e r  ch lo ramine  i n  

t h e  d r i n k i n g  w a t e r ,  t h a t  no e f f e c t s  were de- 

t e c t a b l e  on blood pa ramete r s .  

- B i a n c h i n e  ( r e f .  2 . 4 9 )  also found,  a f t e r  expo- 

s u r e  of humans ( v o l u n t e e r s )  t o  5 m g / l i t e r  

ch lo ramine  i n  d r i n k i n g  wa te r  a t  a  consumption 

of 500 m l  wa te r  pe r  day f o r  20 weeks, no  e£- 



f e c t s  t h a t  would make it n e c e s s a r y  t o  c o n c l u d e  

t h a t  c h l o r a m i n e  i s  h a r m f u l  t o  humans. 

I n  summary, i t  can  b e  c o n c l u d e d  t h a t  t h e  i n v e s -  

t i g a t i o n  r e s u l t s ,  d e s p i t e  t h e i r  l i m i t a t i o n s ,  

g i v e  no  d i r e c t  s u g g e s t i o n  t h a t  c h l o r a m i n e ,  a t  

normal  l e v e l s  i n  d r i n k i n g  w a t e r ,  would b e  harm- 

f u l  t o  humans. 

The n e c e s s a r y  c e r t a i n t y  i n  t h i s  r e g a r d  c a n  o n l y  

b e  a c h i e v e d  a f t e r  p e r f o r m i n g  w e l l - p l a n n e d  i n v e s -  

t i g a t i o n s  on c h r o n i c  t o x i c i t y ;  e x p o s u r e  mus t  a l -  

r e a d y  b e g i n  p r e n a t a l l y ,  

b. C a r c i n o g e n i c i t y  and m u t a g e n i c i t y  

No d a t a  a r e  a v a i l a b l e  c o n c e r n i n g  t h e  p o s s i b l e  

c a r c i n o g e n i c i t y  of ch lo ramine .  The f o l l o w i n g  i s  

known w i t h  r e g a r d  t o  m u t a g e n i c i t y :  

- S h i h  and L e d e r b e r g  (ref.  2.571 showed t h a t  

c h l o r a m i n e  is s l i g h t l y  m u t a g e n i c  i n  B a c i l l u s  

s u b t i l i s  (Arp  C/Arp + r e v e r s i o n ) .  They sugges -  

t e d  t h a t  c h l o r a m i n e  h a s  an i n f l u e n c e  on  t h e  

DNA ( d e o x y r i b o n u c l e i c  a c i d )  , s i n c e  some "DNA 

r e p a i r  m u t a n t s "  w e r e  m o r e  s e n s i t i v e  t o  c h l o r -  

amine.  

- S c u l l y  ( r e f .  2 . 5 8 )  found  t h a t  unde r  t h e  i n -  

f l u e n c e  o f  c h l o r a m i n e  a d d i t i o n  t o  d r i n k i n g  w a -  

t e r ,  a  number of b y p r o d u c t s  a r e  formed.  I n  ad- 

d i t i o n  t o  the f o r m a t i o n  of s e v e r a l  nonmutage- 

n i c  s u b s t a n c e s ,  N - c h l o r o p i p e r i d i n e  was a l s 0  

o c c a s i o n a l l y  d e t e c t e d .  T h i s  compound i s  h i g h l y  

p o s i t i v e  i n  t h e  A m e s  t e s t  ( S t r a i n s  TA 100  a n d  

TA 1535)  and c a u s e s  chromosomal a b e r a t i o n s  

i n  cel1 c u l t u r e s  fxom o v a r i e s  of C h i n e s e  

h a m s t e r s .  



I n  v iew o f  t h e  m u t a g e n i c  e f f e c t s  of c h l o r a m i n e  

t r e a t m e n t ,  i t  i s  n e c e s s a r y  t o  p e r f o r m  s y s t e m a t i c  

i n v e s t i g a t i o n s  on  b o t h  t h e  m u t a g e n i c i t y  o f  

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

c h l o r a m i n e  i n  v a r i o u s  m u t a g e n i c i t y  tests. 

2.4.2 Byproduc ts 

The o n l y  i n f o r m a t i o n  a v a i l a b l e  on t h e  f o r m a t i o n  o f  

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

c h l o r a m i n e  o r i g i n a t e d  from S c u l l y  ( r e f .  2 . 5 8 ) .  H e  

f  r e q u e n t l y  o b s e r v e d  t h e  f o r m a t i o n  o f  t h e  f o l l o w i n g  

compounds: a c e t a l d e h y d e ,  a c e t o n i t r i l e ,  i s o b u t y r a l -  

dehyde ,  m e t h y l b u t a n o l ,  s u c c i n i c  a c i d  and  p h e n y l a c e -  

t i c  a c i d .  

None o f  t h e s e  compounds a t  t h e  c o n c e n t r a t i o n s  a t  

which t h e y  c a n  be  formed under  t h e  i n f l u e n c e  of  

c h l o r a m i n e  i s  b e l i e v e d  t o  be  t o x i c o l o g i c a l l y  harm- 

f u l ,  

I n  a d d i t i o n ,  i n  s e v e r a l  i n s t a n c e s ,  C c u l l y  demon- 

s t r a t e d  t h e  f o r m a t i o n  o f :  N - c h l o r o a n i l i n e ,  N-chlo- 

r o p i p e r i d i n e  (see s e c t i o n  2.4.1) and  N-ch lo rod i -  

e t h y l a m i n e .  

The c o n c e n t r a t i o n  o f  t h e s e  s u b s t a n c e s  were v e r y  

l o w ;  however ,  t h e  b i o l o g i c a 1  a c t i v i  t y  o f  N-chloro-  

p i p e r i d i n e  i s  v e r y  h i g h  ( h i g h l y  m u t a g e n i c ) ,  

I n  t h i s  i n s t a n c e ,  a s  w e l l ,  a  s y s t e m a t i c  i n v e s t i g a -  

t i o n  i s  n e c e s s a r y  r e g a r d i n g  t h e  f o r m a t i o n  of bypro-  

d u c t s  and t h e i r  b i o l o g i c a 1  a c t i v i t y .  

2 .5  C o n c l u s i o n s  and recommendat ions  

1. I n  v iew of t h e  c o n c e n t r a t i o n s  o c c u r r i n g  u n d e r  

normal  c o n d i t i o n s  i n  d r i n k i n g  w a t e r ,  no  d e f i n i -  

t e  i n d i c a t i o n s  have  been found  i n  t h e  l i t e r a t u -  



re t h a t  c h l o r i n e ,  c h l o r i n e  d i o x i d e  and  c h l o r -  

amine a s  w e l 1  a s  t h e i r  b y p r o d u c t s ,  c a n  e x e r t  an 

a c u t e  or c h r o n i c  t o x i c  e f f e c t  on  t h e  consumer.  

2. N o  d a t a  have  been r e p o r t e d  i n  t h e  l i t e r a t u r e  

s u g g e s t i n g  t h a t  c h l o r i n e ,  c h l o r i n e  d i o x i d e  or 

c h l o r a m i n e  i t se l f  c a n  be  c a r c i n o g e n i c  o r  muta-  

g e n i c .  

3 .  With  t h e  e x c e p t i o n  o f  c h l o r o f o r m ,  no  i n v e s t i g a -  

t i o n  r e s u l t s  a r e  known which s u g g e s t  t h a t  by- 

p r o d u c t s  formed under  t h e  i n f l u e n c e  o f  c h l o -  

r i n e ,  c h l o r i n e  d i o x i d e  or c h l o r a m i n e  a d d i t i o n  

t o  w a t e r  s h o u l d  b e  i n t e r p r e t e d  a s  c a r c i n o g e n i c  

s u b s t a n c e s .  

4 .  I n  t k e  q u a l i t a t i v e  s e n s e ,  m u t a g e n i c i t y  s t u d i e s  

w i t h  i n  v i t r o  s y s t e m s  i n d i c a t e d  t h a t  a d d i  t i o n  

o f  c h l o r i n e ,  c h l o r i n e  d i o x i d e  and c h l o r a m i n e  t o  

w a t e r  c a n  g i v e  r i s e  t o  t h e  f o r m a t i o n  o f  mutage-  

n i c  byproduc  t s  . 

5 ,  From t h e  q u a n t i t a t i v e  v i e w p o i n t ,  i t  a p p e a r s  

t h a t  a h i g h e r  m u t a g e n i c i t y  i s  induced  unde r  t h e  

i n f l u e n c e  o f  c h l o r i n e  a d d i t i o n  t h e n  a  compara- 

b l e  d o s e s  of  c h l o r i n e  d i o x i d e  and c h l o r a m i n e .  

The byproduc ts o f  c h l o r  ine d i o x i d e  and c h l o r -  

amine t r e a t m e n t  o f  d r i n k i n g  w a t e r ,  however ,  

Rave been  less  i n t e n s i v e l y  i n v e s t i g a t e d  t h a n  

t h o s e  o f  c h l o r i n e  t r e a t m e n t .  

6 .  For  epidemiologie r e a s o n s ,  no c a u s a t i v e  r e l a -  

t i o n s h i p  h a s  y e t  been found  between c a n c e r  and  

t h e  p r e s e n c e  o f  c h l o r i n a t e d  and /o r  o x i d i z e d  o r -  

g a n i c  compounds formed under  t h e  i n f l u e n c e  of 

c h l o r i n a t i o n  i n  d r i n k i n g  w a t e r .  



7 .  A number of epidemiologie i n v e s t i g a t i o n s  have  

s u g g e s t e d  t h a t  an a s s o c i a t i o n  e x i s t s  between 

t h e  p r e s e n c e  of o r g a n i c  c h l o r i n e  compounds 

formed unde r  t h e  i n f l u e n c e  o f  c h l o r i n e  and t u -  

mors  of  t h e  b l a d d e r ,  l a r g e  i n t e s t i n e  and  rec- 

tum. 

8. The p o s s i b l e  a s s o c i a t i o n  between t h e  p r e s e n c e  

o f  o r g a n i c  c h l o r  i n e  compounds f  ormed unde r  t h e  

i n f l u e n c e  o f  c h l o r i n e  i n  d r i n k i n g  w a t e r  and 

c e r t a i n  fo rms  o f  c a n c e r  a s  w e l 1  a s  t h e  p o s i t i v e  

r e s u l t s  o f  i n  v i t r o  m u t a g e n i c i t y  tes ts  i n d i c a t e  

a p o s s i b l e  r i s k  t o  t h e  h e a l t h  o f  t h e  d r i n k i n g  

w a t e r  consumer d u e  t o  t h e s e  b y p r o d u c t s .  

Thus ,  a t t e m p t s  s h o u l d  a l s o  b e  made t o  r e d u c e  

t h e  c o n c e n t r a t i o n s  o f  t h e  compounds men t ioned  

i n  d r i n k i n g  w a t e r .  

9 .  From t h e  t o x i c o l o g i c  v i e w p o i n t ,  a t  p r e s e n t ,  no  

p r e f e r e n c e  c a n  b e  e x p r e s s e d  f o x  a n y  o f  t h e  

t h r e e  d i s i n f e c t a n t s :  c h l o r i n e ,  c h l o r i n e  d i o x i d e  

or  c h l o r a m i n e .  A l 1  t h r e e  have  a d v a n t a g e s  and 

d i s a d v a n t a g e s .  I t  i s  only o b v i o u s  t h a t  t h e  d i s -  

i n f e c t a n t  whose d i s a d v a n t a g e s  ( t h e  p r e s e n c e  o f  

g e n o t o x i c  b y p r o d u c t s )  can  be  m o s t  r e a d i l y  e l i -  

m i n a t e d  i n  the f u t u r e  d e s e r v e s  p r e f e r e n c e  f o r  

t h e  d i s i n f e c t i o n  o f  d r i n k i n g  w a t e r .  

For t o x i c o l o g i c  r e a s o n s ,  a t  p r e s e n t ,  t h e r e  i s  

no  i n f o r m a t i o n  t h a t  s u g g e s t s  t h a t  t h e  d i s i n f e c -  

t i o n  o f  d r i n k i n g  w a t e r  s h o u l d  b e  e l i r n i n a t e d  i f  

t h i s  is  i n d i s p e n s a b l e  fox bacteriologie r e a -  

s o n s .  

On o n e  hand ,  d i s i n f e c t i o n  o f  d r i n k i n g  w a t e r  i s  

a n  a b s o l u t e  n e c e s s i t y  i n  o rder  t o  keep p a t h o -  

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



numbers i n  d r i n k i n g  w a t e r  and ,  on  t h e  o t h e r  

hand ,  t h e  p o t e n t i a l  h a r m f u l  e f f e c t s  a s  a  conse -  

quence  o f  d i s i n f e c t i o n  a r e  of  such  a  n a t u r e  and  

e x t e n t  that t k e r e  is no u r g e n t  n e c e s s i t y  f o r  

v e r y  s t r i n g e n t  measu res .  

11. F u r t h e r  i n v e s t i g a t i o n s  r e g a r d i n g  t h e  f o r m a t i o n ,  

p r e s e n c e  and significante o f  g e n o t o x i c  s u b s t a n -  

ces formed under  t h e  i n f l u e n c e  o f  d r i n k i n g  wa- 

ter d i s i n f e c t a n t s  i s  h i g h l y  d e s i r a b l e .  

Only  i f  s u f f i c i e n t  and c l e a r  r e s u l t s  o f  t h e s e  

i n v e s t i g a t i o n s  a r e  a v a i l a b l e  w i l 1  it be  p o s s i -  

b l e  t o  make recommendat ions  on t h e  b a s i s  o f  

toxicologie c o n s i d e r a t i o n .  
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CHLORINE USE I N  NETHERLANDS WATER WORKS 

3 . 1  I n t r o d u c t i o n  

I n  d r i n k i n g  w a t e r  s u p p l y ,  c h l o r i n e  i s  used  a t  s eve -  

r a l  l o c a t i o n s  f o r  a v a r i e t y  of  p u r p o s e s .  These  i n -  

c l u d e :  

a .  t r a n s p o r t  c h l o r i n a t i o n  t o  p r e v e n t  p r e s s u r e  los- 

c e s  due t o  g rowth  o f  o r g a n i s m s  i n  t h e  d i s t r i b u -  

t i o n  sys t em;  

b. b r e a k p o i n t  c h l o r i n a t i o n  f o r  o x i d a t i o n  of arnrno- 

nium, o x i d a t i o n  o f  o r g a n i c  s u b s t a n c e s  and d i s i n -  

f  e c t i o n ;  

c. p r o c e s s  c h l o r i n a t i o n  i n  o r d e r  t o  o b t a i n  t rea t -  

ment w i t h o u t  b i o l o g i c a 1  d i s t u r b a n c e s ;  

d.  o x i d a t i o n  o f  i r o n  (11) s u l f a t e  t o  t h e  i r o n ( I I 1 )  - 
s a l t  ( i r o n ( I 1 ) o x i d a t i o n )  ; 

e. p o s t - c h l o r i n a t i o n  a s  " f i n a l  d i s i n f e c t i o n "  and /o r  

t o  c o n t r o l  g rowth  o f  b a c t e r i a  and h i g h e r  o r g a -  

n i sms  i n  t h e  d i s t r i b u t i o n  ne twork .  

The ad hoc s t u d y  g r o u p  on " C h l o r i n e "  ( r e f .  3 .1)  d e -  

v e l o p e d  an  invento i ry  o f  c h l o r i n e  u s e  by t h e  Water  

Works on t h e  b a s i s  o f  a  q u e s t i o n n a i r e .  T h i s  ques -  

t i o n n a i r e  was d i s t r i b u t e d  i n  e a r l y  1977 w i t h  res- 

p e c t  t o  t h e  d a t a  f o r  1 9 7 6 .  

I n  a d d i t i o n ,  t h e  s t u d y  g r o u p  g a t h e r e d  and  i n t e r p r e -  

ted t h e  technological i n f o r m a t i o n  available a t  t h a t  

t i m e .  Based on  t h i s  i n t e r p r e t a t i o n  recommendat ions  

w e r e  f o r m u l a t e d  f o r  l i m i t i n g  t h e  u s e  o f  c h l o r i n e  

i n s o f a r  a s  p o s s i b l e .  

The f o l l o w i n g  p o s s i b i l i t i e s  w e r e  g i v e n  f o r  t h i s :  

- r e p l a c e m e n t  o f  t r a n s p o r t  c h l o r i n a t i o n  by t r a n s -  

p o r t  p u r i f i c a t i o n  or by t r a n s p o r t  d i s i n f e c t i o n  

w i t h  c h l o r a m i n e  o r  c h l o r i n e  d i o x i d e ;  

- r e p l a c e m e n t  of b r e a k p o i n t  c h l o r i n a t i o n  by b i o l o -  

g i c a l  p r o c e s s e s ;  



- r e p l a c e m e n t  o f  i r o n  (11) o x i d i a t i o n  w i t h  c h l o r i n e  

by o x i d a t i o n  w i t h  oxygen.  

However, f o r  t h e  p r e s e n t  p o s t - c h l o r i n a t i o n  had t o  

b e  r n a i n t a i n e d .  

Based on t h e s e  recommendat ions ,  e s p e c i a l l y  i n  t h e  

t i m e  p e r i o d  from 1976 t o  1979 ,  a  g r e a t  r e d u c t i o n  o f  

c h l o r i n e  consumpt ion  was b r o u g h t  a b o u t  by t h e  Water  

Works. For t h e s e  r e a s o n s ,  t h e  C o m m i t t e e  on  " S i d e  

E f f e c t s  o f  C h l o r i n a t i o n "  d e c i d e d  t o  r e p e a t  t h e  

s e n d i n g  o f  t h e  q u e s t i o n n a i r e  on  c h l o r i n e  consump- 

t i o n .  

The r e p e t i t i o n  o f  t h i s  i n q u i r y  was pe r fo rmed  i n  

mid-1980 f o r  t h e  1979 d a t a .  S e v e r a l  q u e s t i o n s  were 

added t o  t h e  q u e s t i o n n a i r e  r e g a r d i n g  t h e  m e a s u r e s  

t a k e n  a f t e r  1976 t o  l i m i t  c h l o r i n e  consumpt ion ,  t h e  

c o n s e q u e n c e s  t h e r e o f  , and t h e  m e a s u r e s  s t i l l  b e i n g  

c o n s i d e r e d  f o r  t h e  f u t u r e .  

The r e s u l t s  o f  t h e  two q u e s t i o n n a i r e s  a r e  r e p r o d u -  

ced  i n  t h i s  s e c t i o n ,  M o d i f i c a t i o n s  made i n  a  l a t e r  

s t a g e  a r e  added .  However, t h e  e x t e n t  o f  t h e s e  modi- 

f i c a t i o n s  h a s  n o t  been q u a n t i f i e d  u s i n g  a  q u e s t i o n -  

n a i r e .  

I n  a d d i t i o n ,  whe reve r  p o s s i b l e ,  a  d i s c u s s i o n  w i l l  

be p r e s e n t e d  on t h e  l i m i t a t i o n  o f  s i d e  e f f e c t s  o f  

c h l o r i n a t i o n  by t h e  r e d u c t i o n  o f  c h l o r i n e  consump- 

t i o n  a c c o m p l i s h e d .  The s i d e  e f f e c t s  o f  c h l o r i n a t i o n  

w i l l  be e x t e n s i v e l y  p r e s e n t e d  i n  s e c t i o n  4 f o r  t h e  

c o n t e n t s  o f  b y p r o d u c t s  i n  d r i n k i n g  w a t e r  and sec- 

t i o n  5 f o r  t h e  s i d e  e f f e c t s  r e l a t i v e  t o  t h e  t y p e  of 

c h l o r i n a t i o n .  

C h l o r i n e  consumpt ion  f o r  t r a n s p o r t  c h l o r i n a t i o n  

T r a n s p o r t  c h l o r i n a t i o n  i s  u s e d  by t h e  R i j n -  

Kennemerland Water  T r a n s p o r t  Cornpany (WRK), t h e  

Water  Supp ly  Company B r a b a n t s e  B i e s b o s c h  (WBB) , The 



Hague Dunes Water  Works (DWL ' s -Gravenhage)  and  t h e  

Water  Works o f  S o u t h  West N e t h e r l a n d s  ( W M Z ) .  The 

c h l o r i n e  consurnpt ion by t h e s e  companies  f o r  t r a n s -  

p o r t  c h l o r i n a t i o n  i n  1 9 7 6  a n d  1979  i s  p r e s e n t e d  i n  

t a b l e  3.1.  

T a b l e  3.1 - C h l o r i n e  consumpt ion  f o r  t r a n s p o r t  dis- 

i n f e c t i o n  

3% 's-Gravenhage 

Brakel - Bergambacht 

3ergambach t-Scheveningen 

2,4 300 

winter O 

1,5 55 

winter O 

smer  2,2 
66,5 

winter O 

smer  1 2 

los e T o t a l  

d l  use , 
tons/ 

F* 

Iinter O 

;mer 0,55 14 ,i 

Iinter O 

; m e x  1 L 0  



The t o t a l  c h l o r i n e  consumpt ion  i n  1976 o f  823 .5  

t o n s  p e r  y e a r  d e c l i n e d  t o  331.5 t o n s  p e r  y e a r  i n  

1979. T h i s  comes down t o  a r e d u c t i o n  o f  n e a r l y  

60 %.  A t  WBB, t h e  r e d u c t i o n  a c t u a l l y  amounted t o  

75 %. 

T h i s  r e d u c t i o n  i s  due t o  t w o  f a c t o r s .  I n  1976 i n  

t h e  w i n t e r ,  WBB, WMZ and DWL ' s-Gravenhage i n  t h e  

Bergambacht-Scheveningen s e c t i o n  e l i m i n a t e d  c h l o r i -  

n a t i o n  c o m p l e t e l y .  I n  1979 ,  WRK a l s 0  e l i m i n a t e d  

c h l o r i n a t i o n  i n  t h e  w i n t e r .  

I n  a d d i t i o n ,  t h e  d o s a g e s  i n  t h e  summer w e r e  c o n s i -  

d e r a b l y  r e d u c e d  ( e .g . ,  WBB from 4-7 m g / l i t e r  t o  

1 . 4  m g / l i t e r  and DWL ' s -Gravenhage f rom 2 .2  mg / l i -  

ter  t o  0 . 5  m g / l i t e r )  . 

3 . 3  C h l o r i n e  consumpt ion  f o r  b r e a k p o i n t  c h l o r i n a t i o n  

B r e a k p o i n t  c h l o r i n a t i o n  i s  used  by t h e  D o r d r e c h t  

M u n i c i p a l  Ene rgy  Concern  ( G E B ) ,  t h e  P r o v i n c i a l  

Water  Works o f  Nor th  Ho l l and  (PWN) a t  A n d i j k ,  t h e  

Ro t t e rdam Water Works (DWL-R) a t  t h e  B e r e n p l a a t  

p r o d u c t i o n  p l a n t  and  b e g i n n i n g  i n  1979 by t h e  Water 

Works o f  N o r t h  W e s t  B r a b a n t  (WNWB) a t  t h e  

Zevenbergen p r o d u c t i o n  p l a n t .  

The c h l o r i n e  consumpt ion  by t h e s e  companies  for  

b r e a k p o i n t  c h l o r i n a t i o n  is shown i n  t a b l e  3 . 2 .  



T a b l e  3 . 2  

Company 

GEB 

Pm 

DWL-R 

WNWB 

- C h l o r i n e  consumpt ion  f o r  b r e a k p o i n t  

c h l o r i n a t i o n  

Dose 

mg/l 

T o t a l  u s e ,  

t o n s / y e a r  

Dose 

mg/l 

2 r 1  

7r9 

3,6 

1 r 7 

I t  i s  a p p a r e n t  f rom t a b l e  3 . 2  t h a t  a  r e d u c t i o n  i n  

c h l o r i n e  consumpt ion  f rom 636 t o n s  p e r  y e a r  t o  

441 .1  t o n s  p e r  y e a r  o c c u r r e d  be tween  1976 and  1979. 

T h i s  is a  30.7 % r e d u c t i o n .  A t  GEB, t h e  r e d u c t i o n  

a c t u a l l y  amounted to  77.5  %. 

The t o t a l  d e c r e a s e  i n  t h e  c h l o r i n e  consumpt ion  i s  

t h u s  a p p r e c i a b l y  s m a l l e r  t h a n  i n  t h e  c a s e  o f  t r a n s -  

p o r t  c h l o r i n a t i o n .  I n  a d d i t i o n ,  a  l a r g e  p o r t i o n  o f  

t h e  r e d u c t i o n  was due t o  a d e c r e a s e  i n  p r o d u c t i o n  

by the B e r e n p l a a t  p l a n t  of t h e  DWL Rot te rdam.  How- 

e v e r ,  i n  v iew of  t h e  r e a s o n  f o r  t h e  u s e  o f  b r e a k -  

p o i n t  c h l o r i n a t i o n  (ammonium r e m o v a l ) ,  no  g r e a t  re- 

d u c t i o n  i s  t o  be  e x p e c t e d .  

T o t a l  u s e ,  

t o n s / y e a r  

14,6 

155  

266 

515 

Total  

3.4 C h l o r i n e  consumpt ion  for p x o c e s s  c h l o r i n a t i o n  

P r o c e s s  c h l o r i n a t i o n  is used  o n l y  by WMZ a t  t h e  

Braakman p roduc  t i o n  p l a n t .  However, i t s h o u l d  b e  

n o t e d  t h a t  t h e  b r e a k p o i n t  c h l o r i n a t i o n  d e s c r i b e d  i n  

4 4 1 , l  - 636 - 



p a r a g r a p h  3.3 a l s o  s e r v e s  t h e  f u n c t i o n  of p r o c e s s  

c h l o r i n a t i o n  i n  many i n s t a n c e s .  

The c h l o r i n e  u s e  a t  t h e  Braakman p r o d u c t i o n  p l a n t  

is  shown i n  t a b l e  3 . 3 .  

T a b l e  3 . 3  - C h l o r i n e  consumpt ion  for p r o c e s s  c h l o -  

Company 

WMZ 

Braakman 

r i n a t i o n  

Thus ,  1 8  t o n s  of c h l o r i n e  were  used  i n  b o t h  y e a r s  

f o r  t h i s  a p p l i c a t i o n .  

Dose 

mg/l  

3 .5  C h l o r i n e  consumpt ion  f o r  i r o n ( 1 I ) o x i d a t i o n  

T o t a l  con- 

sumpt ion  

t o n s / y e a r  

I r o n ( I I ) o x i d a t i o n  w i t h  c h l o r i n e  was used by DWL 

Rot t e rdam a t  the B e r e n p l a a t  p r o d u c t i o n  p l a n t  and by 

t h e  WMZ a t  t h e  Braakman p r o d u c t i o n  p l a n t .  The c h l o -  

r i n e  consumpt ion  o f  t h e s e  p l a n t s  f o r  i r o n ( I 1 ) o x i d a -  

t i o n  is shown i n  t a b l e  3 . 4 .  



T a b l e  3 . 4  - C h l o r i n e  u s e  f o r  i r o n ( I 1 ) o x i d a t i o n  

Company 

DWL-R 

B e r e n p l a a t  

WMZ 

Braa kman 

Dose 

m g / l  

T o t a l  con- 

sumpt ion  

t o n s / y e a r  

Dose 

mg/l 

T o t a l  con- 

sumpt ion  

t o n s / y e a r  

I t  i s  a p p a r e n t  f rom t a b l e  3 . 4  t h a t  i n  1979 ,  c h l o r i -  

n e  u s e  f o r  i r o n ( I 1 ) o x i d a t i o n  was 25.3 % l ower  t h a n  

i n  1976.  A s  i n  t h e  c a s e  o f  t h e  d e c r e a s e  i n  c h l o r i n e  

consumpt ion  f o r  b r e a k p o i n t  c h l o r i n a t i o n ,  t h i s  re- 

d u c t i o n  i s  l a r g e l y  c a u s e d  by a d e c r e a s e  i n  w a t e r  

p r o d u c t i o n  by t h e  B e r e n p l a a t  p r o d u c t i o n  p l a n t .  I n  

a d d i t i o n ,  t e n  t i m e s  less d r i n k i n g  w a t e r  was p r o -  

duced  i n  1979 t h a n  i n  1976 a t  t h e  Braakman p l a n t ,  

which p r i m a r i l y  s u p p l i e s  p r o c e s s  w a t e r .  

Fo r  such  u s e s  a s  w e l l ,  r e l a t i v e  t o  t h e  Same q u a n t i -  

t y  of w a t e r  u s e d ,  no  marked r e d u c t i o n  i s  t o  b e  an- 

t i c i p a t e d ,  u n l e s s  a n o t h e r  o x i d a t i o n  p r o c e s s  becomes 

u t i l i z e d .  

3 . 6  C h l o r i n e  consumpt ion  f o r  p o s t - c h l o r i n a t i o n  

A l 1  o f  t h e  companies  p a r t i c i p a t i n g  i n  t h e  i n q u i r y ,  

namely GEB D o r d r e c h t ,  P W N ,  Amsterdam M u n i c i p a l  W a -  

ter  Works ( G W ) ,  DWL Ro t t e rdam,  Groningen  M u n i c i p a l  



Water Works (GWG) , DWL ' s -Gravenhage ,  WMZ, WNWB, 

E n s c h e d e  M u n i c i p a l  E n e r g y  C o n c e r n  (ONE), 

N.V. L e i d s c h e  Dune Water  Works (LDM) and  t h e  Water  

Works of  O v e r i j s s e l  (WMO) u sed  p o s t - d i s i n f e c t i o n  i n  

1976 and  1979.  However, i t  may b e  n o t e d  t h a t  DWL 

' s -Gravenhage  and LDM pe r fo rmed  c h l o r i n a t i o n  o n l y  

i n c i d e n t a l l y ,  w h i l e  PWN u s e s  no c h l o r i n e  f o r  p o s t -  

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

c h l o r i n e  d i o x i d e .  

The c h l o r i n e  consumpt ion  o f  t h e  companies  u s i n g  

p o s t - d i s i n f e c t i o n  i s  p r e s e n t e d  i n  t a b l e s  3.5 and  

3.6. T a b l e  3.5 g i v e s  t h e  c h l o r i n e  consumpt ion  f o r  

t h e  s u r f a c e  w a t e r  t r e a t m e n t  p l a n t s ;  t a b l e  3 . 6  g i v e s  

t h e  c h l o r i n e  u s e  f o r  t h e  p l a n t s  which p u r i f y  

g roundwa te r  or i n f i l t r a t e d  w a t e r .  

Fo r  t h e  p r o d u c t i o n  p l a n t s  which u s e  c h l o r i n e  d i o x i -  

d e  f o r  p o s t - d i s i n f  e c t i o n ,  t h e  C102/C12 m i x t u r e  i s  

r e p o r t e d  a s  m g / l i t e r  c h l o r i n e .  The q u a n t i t y  of so- 

dium c h l o r i t e  consumed is shown i n  t a b l e  3.7. 

I n  t h e  s u r f a c e  w a t e r  t r e a t m e n t  p l a n t s ,  t h e  c h l o r i n e  

consumpt ion  f o r  p o s t - d i s i n f e c t i o n  d e c r e a s e d  f rom 

118.5 t o n s / y e a r  t o  93 t o n s / y e a r .  T h i s  i s  a  2 1 . 5  % 

r e d u c t i o n .  I n  t h e  g roundwa te r  and i n f  i l t r a t i o n  

p l a n t s ,  t h e  u s e  d e c r e a s e d  f rom 8 2  t o n s / y e a r  t o  

4 4 . 4  t o n s / y e a r ,  a 46  % r e d u c t i o n .  

A l t o g e t h e r ,  200 .5  t o n s  of c h l o r i n e  were used  for  

p o s t - d i s i n f e c t i o n  i n  1976 ,  w h i l e  i n  1979,  t h e  f i g u -  

re w a s  137.4 t o n s .  This is a 31.5 % d e c r ë a s e .  The 

c h l o r i t e  consumpt ion  d e c r e a s e d  f rom 16.9 t o n s / y e a r  

t o  6 . 2  t o n s / y e a r ,  which means a 6 3 . 3  % r e d u c t i o n .  

D e s p i t e  t h e  recommendat ion of t h e  a d  hoc  work ing  

g r o u p  on " C h l o r i n e "  t h a t  p o s t - c h l o r i n a t i o n  s h o u l d  

b e  m a i n t a i n e d ,  a  g r e a t  d e c r e a s e  i n  c h l o r i n e  con- 

sumpt ion  for t h i s  p u r p o s e  was found .  T h i s  d e c r e a s e  

i s  d u e  t o :  



T a b l e  3 .5  - C h l o r i n e  consumpt ion  f o r  p o s t - c h l o r i n a -  

t i o n  by  c o m p a n i e s  t r e a t i n g  s u r f a c e  

w a t e r  

Company 

GEB 

Pm 

Andi jk 

GW 

Driemond 

DWL 

B e r e n p l a a t  

K r a l i n g e n  

GWG 

D e  P u n t  

m z  
Braakman 

HNWB 

Zevenbergen 

Fota l  

Dose 

mg/l 

2 

0,3* 

Of5  

3,5 

0 1 8  

3,25 

2 

- 

- 

T o t a l  con- 

sumpt ion  

t o n s / y e a r  

Dose 

mg/l 

* The i n d i c a t e d  d o s a g e  p e r t a i n s  t o  

d o s a g e  

T o t a l  con- 

sumpt ion  

t o n s / y e a r  



T a b l e  3 . 6  - C h l o r i n e  consumpt ion  f o r  p o s t - c h l o r i n a -  

t i o n  by companies  t r e a t i n g  g roundwa te r  

or i n f i l t r a t e d  w a t e r  

Company 

ONE 

Weerseloseweg 

PWN 
Bergen  
Wijk a a n  Zee 
C a s t r i c u m  

GW 
L e i d u i n  

LDM 
Katwi jk  

WMZ 

Ouddorp 
Haams tede 

WMO 

Diepenveen  

Dose 

mg/l 

0,5 

0,14* 
0108* 
O, l8* 

016 

n o r m a l -  
ly O, if 
necessa -  

rY 
O '7-1,O 

i n c .  
0f6-0r9 

012 
012 

016 

r o t a l  con- 
;umption 
:ons/year 

* The i n d i c a t e d  d o s a g e  p e r t a i n s  t0 a  C 1 0 2 / C 1 2  

a d d i t i o n  



T a b l e  3 . 7  - Sodium c h l o r i t e  u s e  r e q u i r e d  f o r  p o s t -  

d i s i n f e c t i o n  w i t h  c h l o r i n e  d i o x i d e  

Company 

Pm 

Andi jk 

Bergen  

Wijk aan Zee 

C a s t r i c u m  

l 1976 

I T o t a l  consumpt ion  

I t o n s / y e a r  

1979 

T o t a l  consumpt ion  

t o n s / y e a r  

- t h e  s e l e c t i o n  o f  t h e  c h l o r i n e  d o s a g e  b a s e d  o n  a 

s h a r p e r  c r i t e r i o n ;  

- o p t i m i z a t i o n  o f  t r e a t m e n t ,  r e s u l t i n g  i n  r e d u c e d  

c h l o r i n e  demand o f  t h e  w a t e r ;  

- i n t r o d u c t i o n  o f  a d 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 ,  

f o r  example ,  g r a n u l a r  a c t i v a t e d  c a r b o n  f i l t r a -  

t i o n .  

I n  a d d i t i o n ,  DWL ' s -Gravenhage d i d  n o t  g e r f o r m  a n y  

c h l o r i n a t i o n  at a l 1  i n  1979 .  

The o n l y  i n c r e a s e  i n  c h l o r i n e  consumpt ion  t o o k  

place a t  GWG. This i n c r e a s e  i s  due  t o  a  d i s t u r b a n c e  

of t h e  b i o l o g i c a 1  e q u i l i b r i u m  i n  t h e  s l o w  s a n d  f i l -  

ters  a f t e r  r e f i l l i n g  and r e p l a c i n g  t h e  s a n d  i n  

t h e s e  f i l t e r s  i n  the winter o f  1976/1977. I n  combi- 

n a t i o n  w i  t h  a n  i n c r e a s e d  d r i n k i n g  w a t e r  p r o d u c t i o n  

f rom s u r f a c e  w a t e r ,  t h i s  n e c e s s i t a t e d  a n  i n c r e a s e  

i n  t h e  c h l o r i n e  dose from 0 .25  m g / l i t e r  t o  0.4 mg/ 

l i t e r .  f n c i d e n t a l l y ,  upon a change  i n  the w a t e r  

i n t a k e  f rom t h e  D r e n t s c k e  A a ,  0 . 5  m g / l i t e r  was 



added .  Both  i n  1976 a n d  i n  1979,  t h e  r e s i d u a l  c h l o -  

r i n e  c o n t e n t  a f t e r  8  h r .  w a s  S 0 .01  m g / l i t e r .  

T o t a l  c h l o r i n e  consumpt ion  

The t o t a l  c h l o r i n e  consumpt ions  i n  1976 a n d  1979 

and  t h e  r e d u c t i o n  i n  u s e  a r e  shown f o r  a l 1  c h l o r i n e  

a p p l i c a t i o n s  u t i l i z e d  i n  s e c t i o n s  3.2 up  t o  and 

i n c l u d i n g  3.6. T a b l e  3.8 shows t h e  t o t a l  consump- 

t i o n  p e r  c h l o r i n a t i o n ,  t h e  r e d u c t i o n  f o r  e a c h  c h l o -  

r i n a t i o n  and  t h e  r e d u c t i o n  r e l a t i v e  t o  t h e  t o t a l  

consumpt ion .  

The t o t a l  c h l o r i n e  consumpt ion  w a s  t h u s  r e d u c e d  

frorn 2108 t o n s / y e a r  i n  1976 t o  1249 t o n s / y e a r  i n  

1979.  T h i s  is  a t o t a l  r e d u c t i o n  of  40 .7  %. By f a r ,  

t h e  l a r g e s t  q u a n t i t i e s  of  t h i s  a r e  s u p p l i e d  by t h e  

r e d u c t i o n  o f  t h e  t r a n s p o r t  c h l o r i n a t i o n  (23 .3  % ) ,  

f o l l o w e d  by b r e a k p o i n t  c h l o r i n a t i o n  (9 .2  % )  and  

i r o n ( I 1 )  - 0 x i d a t i o n  ( 5 . 2  % )  . 
I n  t h e  l a t t e r  t w o  p r o c e s s e s ,  however ,  t h e  d e c r e a s e  

i n  w a t e r  p r o d u c t i o n  p l a y s  an  i m p o r t a n t  r o l e .  
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Table 3 . 8  - Tota l  ch lo r ine  consumption 

2hlorination t y p  

Breakpoint 

zhlor ination 

Iron ( 11) oxidatior 

Surface water 

Zroundwater + 
infi l trate 

1976 

:ons mption 

cons/year 

Reduc tion 

3 . 8  Discussion 

3 . 8 . 1  Adaptation of process con t ro l  

teduc tion 

mth  respect 

:o total  

:onsumption 
9 

23,3 

9,2 

O 

512 

112  

1 1 8  

40,7 

A c  i s  apparent from paragraphs 3 . 2  up t o  and inc lu-  

d i n g  3 . 7 ,  t h e  ch lo r ine  consumption d e c r e a s e d  g r e a t -  

ly a t  several l oca t ions .  



The f o l l o w i n g  m e a s u r e s  formed t h e  b a s i s  f o r  t h i s  

r e d u c t i o n :  

- a t  t e m p e r a t u r e s  above  10 "C, WBB r e p l a c e d  t h e  

t r a n s p o r t  c h l o r i n a t i o n ,  pe r fo rmed  a s  b r e a k p o i n t  

c h l o r i n a t i o n ,  by c h l o r i n a t i o n  w i t h  a  £ a r  lower 

dose .  A t  a  t e m p e r a t u r e  below 10 *C, c h l o r i n a t i o n  

i s  no l o n g e r  pe r fo rmed  a t  a l l ;  

- i n  1976,  WRK c h l o r i n a t e d  yea r - round .  I n  1979,  

c h l o r i n a t i o n  was s t o p p e d  a t  t e m p e r a t u r e s  be low 

- DWL ' s -Gravenhage  g r e a t l y  r e d u c e d  t r a n s p o r t  c h l o -  

r i n a t i o n  i n  t h e  t r a n s p o r  t f  rom Bergambacht  t o  

Scheven ingen ;  

- GEB D o r d r e c h t  s t o p p e d  t r a n s p o r t  c h l o r i n a t i o n  f o r  

g roundwa te r  and  g r e a t l y  r e d u c e d  c h l o r i n e  consump- 

t i o n  f o r  b r e a k p o i n t  c h l o r i n a t i o n ;  

- ONE r e d u c e d  c h l o r i n e  consumpt ion  f o r  p o s t - c h l o r i -  

n a t i o n  by a b o u t  50 %. O t h e r  companies  (GW) a l s o  

used  a  somewhat s h a r p e r  c r i t e r i o n ;  

- PWN g r e a t l y  r e d u c e d  t h e  C10, d o s e  a f t e r  i n t r o d u c -  

t i o n  o f  a c t i v a t e d  c a r b o n  f i l t r a t i o n ;  

- i n  a d d i t i o n ,  WBB and  GWG pe r fo rmed  a more selec- 

t i v e  w a t e r  i n t a k e  p r a c t i c e  b a s e d  on NH, and  UV 

c r i t e r i a .  

Only GWG t e m p o s a r i l y  found  it n e c e s s a r y  t o  i n c r e a s e  

t h e  c h l o r i n e  d o s e  c a u s e d  by a  d i s t u r b a n c e  of t h e  

b i o l o g i c a 1  e q u i l i b r i u m  f o l l o w i n g  r e f i l l i n g  o f  t h e  

s l o w  s a n d  f i l t e r s .  

3 . 8 . 2  F u r t h e r  a d a p t a t i o n s  o f  t h e  p r o c e s s  s e q u e n c e  a f t e r  

1979  and p o s s i b l e  f  u t u r e  a d a p t a t i o n s  

I n  a d d i t i o n  t o  t h e  a d a p t a t i o n s  i n  c h l o r i n e  u s e  re- 

ported for 1 9 7 9  i n  p a r a g r a p h  3.8.1, some companies  

a l s o  pe r fo rmed  a number of measu res  a f t e r  1 9 7 9  a s  

w e l l ,  T h i s  p e r t a i n s  t o  t h e  f o l l o w i n g  a d a p t a t i o n s :  



- f o l l o w i n g  e x t e n s i v e  bacteriologie, v i r o l o g i c  and 

hydrologie i n v e s t i g a t i o n s ,  WMZ s topped  t h e  pos t -  

c h l o r i n a t i o n  a t  Haamstede. 

I n  t h e  second half of  1982 ,  GW, f o r  t es t  purpo- 

ses, a l s o  s t a r t e d  t o  d e c r e a s e  p o s t - c h l o r i n a t i o n .  

S i n c e  March 1983,  t h e  w a t e r  i s  d i s t r i b u t e d  w i t h -  

o u t  f u r t h e r  c h l o r i n a t i o n .  These m a t t e r s  w i l l  be  

d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  s e c t i o n  8;  

- a t  t h e  B e r e n p l a a t  p r o d u c t i o n  p l a n t  i n  e a r l y  1983, 

DWL Rotterdam r e p l a c e d  i r o n ( I 1 ) o x i d a t i o n  w i t k  

g a s e o u s / l i q u i d  c h l o r i n e  by o x i d a t i o n  w i t h  a i r  

oxygen ( t h e  s o - c a l l e d  Lurg i  p r o c e s s )  . T h i s  l e d  t o  

an a d d i t i o n a l  15 % r e d u c t i o n  i n  t h e  t o t a l  c h l o r i -  

ne  use  a t  t h e  B e r e n p l a a t ;  

- a t  t h e  end of 1982, GEB Dordrech t  changed from 

W a n t i j  wa te r  t o  Biesbosch w a t e r ,  and s i n c e  t h e  

beg inn ing  o f  1983, h a s  a l s o  been u s i n g  a c t i v a t e d  

ca rbon  f i l t r a t i o n .  The c h l o r i n e  consumption was 

c o n s i d e r a b l y  reduced i n  t h i s  manner; 

- i n  1983, WRK reduced t h e  t e m p e r a t u r e  c r i t e r i o n  

f o r  t r a n s p o r t  c h l o r i n a t i o n  from 1 2  "C t o  1 5  "C. 

I n  1984 t r a n s p o r t  c h l o r i n a t i o n  was o m i t t e d  a l m o s t  

comple te ly ;  

- beg inn ing  i n  1982 on  t h e  Andel-Bergambacht sec- 

t i o n  DWL ' s-Gravenhage no l o n g e r  used t r a n s p o r t  

c h l o r i n a t i o n  a t  a wate r  t e m p e r a t u r e  below 8 "C. 

Beginning i n  1984,  no m o r e  c h l o r i n a t i o n  whatso- 

e v e r  i s  b e i n g  performed i n  t h e  Bergambacht- 

Scheveningen s e c t i o n .  

A s  a  r e s u l t  of a l 1  t h e s e  measures ,  t h e  t o t a l  ch lo -  

r i n e  consumption a t  N e t h e r l a n d s  Water Works h a s  

been f u r t h e r  reduced.  However, t h e s e  r e d u c t i o n s  

w i l l  n o t  be f u r t h e x  q u a n t i t a t e d  w i t h i n  t h e  scope  o f  

t h e  c u r r e n t  r e p o r t .  

I n  t h e  immediate f u t u r e  a s  w e l l ,  some p l a n t s  are 

s t i l l  c o n s i d e r i n g  a  number of  measures.  Some exam- 



ples include: 

- DWL 's-Gravenhage and WBB are investigating the 

extent to which it is possible to perform trans- 

port disinfection with the aid of chlorine diox- 

ide; 

- in 1984, ONE started using activated carbon fil- 

tration and hopes to be able to reduce the post- 

chlorination dosage in the near future; 

- WMZ is thinking about stopping post-chlorination 

at Ouddorp like they did before at Haamstede; 

- GWG has decided to eliminate chlorination under 

normal operating conditions after refurbishing 

the coagulation system for the purification of 

surface water (Drentsche Aa); 

- in 1984, WNWB started an investigation with the 
goal of replacing post-chlorination by slow sand 

filtration or disinfection with UV radiation. In 

addition, an investigation is being conducted to 

determine whether breakpoint chlorination can al- 

co be eliminated. 

3 . 8 . 3  Effect of measures taken on THM content 

In 1976-1979, chlorine consumption in Netherlands 

water supply companies was greatly reduced. The 

question arises to what extent the side effects of 

chlorination have been restricted by the limitation 

of chlorine use. The problem arises that in 1976, 

the side effects of chlorination were not accura- 

tely measured. THM contents measured by the 

National Institute are known for some cities; EOCL 

and AOC1 contents are not available at all. 

Nevertheless, whenever possible, an attempt was 

made to compare the THM contents measured in 1976 

with the average THM contents from the period 1979/ 

1980. The results are reported in table 3.11, 



T a b l e  3 .11 - THM c o n t e n t s  i n  d r i n k i n g  w a t e r  i n  1976 

and 1979/1980 

Loca t i o n  THM c o n t e n t s  

( i n  d i s t r i b u t i o n  

s y s t e m ,  i n c i d e n -  

t a l  measurement )  

Groningen  

' s-Gravenhage 

Wijk a a n  Zee 

Enschede  

Amsterdam 

Andi j k  

Ro t t e rdam 

D o r d r e c h t  

Avg. THM c o n t e n t  

(pumping s t a t i o n )  

The d a t a  on t h e  p e r i o d  1979/1980 a r e  based  on  re- 

p o r t  323 from K I W A  ( r e f .  3 . 2 )  a n d  w i l l  b e  d i s c u s s e d  

i n  d e t a i l  i n  s e c t i o n  4.  

I t  may be emphas ized  t h a t  t h e  f i g u r e s  p r e s e n t e d  

mus t  be i n t e r p r e t e d  w i t h  e x t r e m e  c a u t i o n .  Never the-  

l e s s ,  it  is c l e a r  t h a t  o v e r  t h e  e n t i r e  l i n e ,  t h e  

THM c o n t e n t  h a s  c l e a u l y  d e c r e a s e d .  T h i s  i s  e s -  

p e c i a l l y  t r u e  f o r  the d r i n k i n g  w a t e r  i n  which 

b r e a k p o i n t  c h l o r i n a t i o n  i s  i n c l u d e d  i n  t h e  t r e a t -  

ment p r o c e s s .  I n  a d d i t i o n ,  p o s t - c h l o r i n a t i o n  w i t h  a 

r a t h e r  l o w  c h l o r i n e  d o s e  a p p e a r s  t o  have  a r e l a t i -  

vely m a r k e d  i n f l u e n c e  o n  'che THM c o n t e n t  i n  

d r i n k i n g  w a t e r .  

I n  t h e  f o l l o w i n g  s e c t i o n s ,  a l 1  t h e s e  t o p i c s  w i l l  be 

d i s c u s s e d  i n  d e t a i l .  



C o n c l u s i o n s  

Approxi rna te ly  35 % o f  t h e  N e t h e r l a n d s  d r i n k i n g  wa-  

ter i s  t r e a t e d  w i t h  c h l o r i n e  i n  one  or more p h a s e s .  

I n  1976 ,  t h e  t o t a l  c h l o r i n e  consumpt ion  amounted t o  

2108 t o n s f y e a r ;  i n  1979 ,  i t  was r e d u c e d  by 40 .7  % 

t o  a  q u a n t i t y  o f  1 2 4 9  t o n s / y e a r .  

T h i s  r e d u c t i o n  was p r i m a r i l y  b r o u g h t  a b o u t  by a 

m a r k e d  l i m i t a t i o n  o f  t r a n s p o r t  c h l o r i n a t i o n  

(23.3  % ) .  The r e d u c t i o n  o f  t h e  c h l o r i n e  consurnpt ion 

i n  b r e a k p o i n t  c h l o r i n a t i o n  ( 9 . 2  % )  and  i r o n  (11) o x i -  

d a t i o n  (5 .2  % )  was p r i n c i p a l l y  d u e  t o  a  d e c r e a s e  i n  

t h e  q u a n t i t y  o f  w a t e r  p roduced .  The r e d u c t i o n  of 

t h e  c h l o r i n e  c o n s u m p t i o n  i n  p o s  t - c h l o r  i n a t i o n  

(1.2 % for s u r f a c e  w a t e r ,  1.8 % f o r  g roundwa te r  and 

i n f i l t r a t e d  w a t e r )  rernained r a t h e r  l i m i t e d .  I n c i -  

d e n t a l l y ,  h e r e  a l s o  c o n s i d e r a b l e  r e d u c t i o n s  were 

a c h i e v e d .  

The r e d u c t i o n s  w e r e  l i n k e d  t o  rneasures  t a k e n  by t h e  

companies .  The g r e a t e s t  r e d u c t i o n  was a c h i e v e d  by 

e l i m i n a t i n g  t r a n s p o r t  c h l o r i n a t i o n  below 8-11  "C 

and  by r e d u c i n g  c h l o r i n a t i o n  i n  t h e  summer. 

The measuses  t a k e n  have  l e d  t o  a  c o n s i d e r a b l e  re- 

d u c t i o n  i n  t h e  T H M  c o n t e n t .  Where c o n t e n t s  o f  more 

t h a n  100 ~ g / l i t e r  were p r e s e n t  i n  1976 ,  i n  1979/ 

1980 ,  t h e  a v e r a g e  c o n t e n t s  were below 40 p g / l i t e r .  

However, an  a c c u r a t e  compar i son  i s  n o t  p o s s i b l e ,  

s i n c e  l i t t l e  d a t a  a r e  a v a i l a b l e  f o r  1976 .  A f t e r  t h e  

second i n v e n t o r y  a s  w e l l ,  s o m e  l i m i t a t i o n s  i n  c h l o -  

r i n e  consumpt ion  were c a x x i e d  o u t .  T h i s  i n c l u d e s  

t h e  e l i m k n a t i o n  o f  p o s t - c h l o r i n a t i o n ,  i r o n  (11) o x i -  

d a t i o n  via t h e  L u r g i  p r o c e s s  and i n c r e a s i n g  t h e  

t e m p e r a t u r e  c r i t e r i o n  f o x  t r a n s p o r t  d i s i n f e c t i o n .  

I n  t h e  n e a r  f u t u r e ,  t h e  u s e  of C10, f o r  t r a n s p o r t  

and p o s t - d i s i n f e c t i o n  and ,  when p o s s i b l e ,  t h e  e l i -  

m i n a t i o n  o r  r e s t r i c t i o n  o f  p o s t - c h l o r i n a t i o n  have  a  



high priority. 
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4  HALOGENATED COMPOUNDS FORMED BY CHLORINATION I N  

NETHERLANDS D R I N K I N G  WATER 

I n t r o d u c t i o n  

In  t h e  p r e p a r a t i o n  o f  d r i n k i n g  w a t e r  c h l o r i n e  i s  

used by a  number of Water Works a t  v a r i o u s  l o c a -  

t i o n s  i n  t h e  t r e a t m e n t  system. During c h l o r  i n a t i o n ,  

a r e a c t i o n  can t a k e  p l a c e  between £ r e e  c h l o r i n e  and 

p r e c u r s o r s  p r e s e n t  i n  t h e  w a t e r  w i t h  f o r m a t i o n  of  

THM. The p r e s e n c e  o f  t h e s e  compounds is u n d e s i r a b l e  

from t h e  p u b l i c  h e a l t h  v iewpoint .  

For  t h i s  r e a s o n ,  t h e  ad hoc s t u d y  g roup  on  "Chlo- 

r i n e "  ( r e f .  4.1) recornmended t h a t  t h e  a n a l y t i c a 1  

chemica1 i n v e s t i g a t i o n  r e g a r d i n g  t h e  o c c u r r e n c e  of 

THM be i n t e n s i f i e d .  

I n  a d d i t i o n ,  t h e  ad hoc s t u d y  g roup  on "Chlor ine"  

gave a  h igh  p r i o r i t y  t o  t h e  removal of THM p r e c u r -  

s o r s  b e f o r e  t h e s e  come i n t o  c o n t a c t  w i t h  c h l o r i n e .  

A f t e r  1978, i t  became c l e a r  t h a t  d u r i n g  c h l o r i n a -  

t i o n ,  i n  a d d i t i o n  t o  THM, h i g h  m o l e c u l a r  we igh t  

organohalogens  a r e  a l s o  formed. I n  mid-1979, t h e r e  

were a l r e a d y  i n d i c a t i o n s  t h a t  t h i s  group o f  com- 

p o u n d ~  cou ld  be ve ry  i m p o r t a n t  bo th  from t h e  quan- 

t i t a t i v e  r e s p e c t  and i n  t e r m s  of t o x i c o l o q i c  a s -  

p e c t s .  

For the above r e a s o n s ,  f i r s t  o f  a l l ,  a  c o o r d i n a t e d  

a n a l y t i c a 1  i n v e s t i g a t i o n  was performed r e g a r d i n g  

t h e  p r e s e n c e  o5 THM i n  d r i n k i n g  water of a l 1  w a t e r  

t r e a t m e n t  p l a n t s  coming under c o n s i d e r a t i o n  f o r  

t h i s  s tudy.  T o  e v a l u a t e  t h e  p r e c u r s o r  c o n t e n t  i n  

d r i n k i n g  w a t e r ,  the THMFP p r e c u r s o r  ( t r i h a l o m e t h a n e  

f o r m a t i o n  p o t e n t i a l )  was de termined.  T h i s  THMFP i s  

de te rmined  a f t e r  a r e a c t i o n  t i m e  o f  48 h r  a t  a  p H  

of  8 and a r e s i d u a l  c h l o r i n e  c o n t e n t  a f t e r  4 8  h r  of 

a t  l e a s t  5 m g / l i t e r .  I n  a d d i t i o n ,  t h e  c o l o r ,  t h e  UV 



e x t i n c t i o n  and t h e  TOC c o n t e n t  a r e  d e t e r m i n e d  i n  

o r d e r  t o  i n v e s t i g a t e  whe the r  a  r e l a t i o n s h i p  e x i s t s  

be tween  o n e  o f  t h e s e  p a r a m e t e r s  and  t h e  THMFP. 

I n  o r d e r  t o  g a i n  an i m p r e s s i o n  r e g a r d i n g  t h e  h i g h  

m o l e c u l a r  weigh t o r g a n o h a l o g e n  c o n t e n t ,  t h e  d e t e r -  

m i n a t  i o n  o f  t h e  A O C I  ( a d s o r b a b l e  o r g a n o c h l o r  i n e )  

c o n t e n t  was a l s o  added t o  t h e  i n v e s t i g a t i o n .  The 

EOC1 ( e x t r a c t a b l e  o r g a n o c h l o r i n e )  c o n t e n t  i s  a l s o  

d e t e r m i n e d .  

I n  a d d i t i o n ,  t h e  c h l o r i n e  consumpt ion  d u r i n g  t h e  

THMFP d e t e r m i n a t i o n  and  t h e  c h l o r i n e  d o s e  i n  t h e  

p l a n t  a r e  e s t a b l i s h e d .  

I n  t h e  p e r i o d  f rom Sep tember ,  1979,  t o  J u l y ,  1980, 

i n  t h i s  c o n n e c t i o n  10 Water Works a t  14  p r o d u c t i o n  

l o c a t i o n s  c a r r i e d  o u t  t h e  f o l l o w i n g  d e t e r m i n a t i o n s :  

a. t h e  THM c o n t e n t  i n  c h l o r i n a t e d  d r i n k i n g  w a t e r  

a f t e r  l e a v i n g  t h e  pumping s t a t i o n  and a f t e r  a 

r e s i d e n c e  t i m e  o f  a b o u t  48 h r  i n  t h e  d i s t r i b u -  

t i o n  sys t em;  

b. t h e  THMFP of  t h e  d r i n k i n g  w a t e r ;  

c. t h e  TOC, W e x t i n c t i o n  and c o l o r  of t h e  d r i n k i n g  

w a t e r ;  

d,  t h e  A O C 1  and EOC1 c o n t e n t  i n  t h e  c h l o r i n a t e d  

d x i n k i n g  w a t e r ;  

e. t h e  c h l o r i n e  consumpt ion  d u r i n g  t h e  THMFP d e t e r -  

m i n a t i o n ;  

f. t h e  c h l o r i n e  d o s e  a p p l i e d  by the Water Works. 

The companies  p a r t i c i p a t i n g  i n  t h e  i n v e s t i g a t i o n  

w i t h  t h e  r e l e v a n t  p r o d u c t i o n  p l a n t s  and water t y p e s  

t r e a t e d  a r e  r e p r o d u c e d  i n  t a b l e  4.1. The p l a n t s  a r e  

r anked  a c c o r d i n g  t o  w a t e r  t y p e .  P l a n t s  l a n d  2 a r e  

g roundwa te r  p r o c e s s f n g  p l a n t s ,  p l a n k s  3 up t o  and 

i n c l u d i n g  8 tneat i n f i l t r a t e d  water and p l a n t s  9-14  

t r e a t  r e s e r v o i r  water. The g e o g r a p h i c a l  l o c a t i o n  o f  

t h e  p a r t i c i p a t i n g  p r o d u c t i o n  companies  is  shown i n  

f i g u r e  4 .1 .  
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Table 4.1 - Water works participating in the 

analytica1 investigation to the side 

e££ ects of chlorination together 

with production location and water 

nr. 

I 
2 

--- 
3 

4 

5 

6 

7 

8 

--- 
9 

10 

11 

L2 

L3 

L4 

- 

Water Work 

Water Works of Overijssel 
Groningen Plunicipal 
Water Wor ks 
---------m--------------- 

Dune Water Works of 
' s-Gravenhage 
Provincial Water Works of 
North Holland 
Water Works of 
South West Netherlands 

Enschede Municipal 
Energy Concern 

Water Works of 
South West Netherlands 

Municipal Water Works 
of Amsterdam 
......................... 
Municipal Water Works 
of Amsterdam 
Water Works of Rotterdam 

Provincial Water Works 
of North Hollarad 
Water Works of 
North West Brabant 
Water Works of Rotterdam 

Dordrecht Municipal 

Energy Concerns 

Prcduc tion 
loca tion 

D iepenveen 
De Punt 

------------ 
Scheveninger 

Wijk aan Zee 

Ouddorp 

Weerselose- 

weg 

Haams tede 

Leiduin 

Driemond 

Kralingen 

Andijk 

Zevenbergen 

Berenplaat 

Baanhoek 

Abbr. 

ONE 

grounäwater 
groundwa ter 

infiltrated 
Meuse water 
infiltrated 
Rhine water 
infiltrated 
Haringvliet 
water 
infiltrateä 
Twente Canal 
water 
infiltrated 
Haringvliet 
water 
infiltrated 
Rhine water 

Bethune 
polder wat= 
B iesbosch 
water 
IJssel Lake 
gater 
Biesbosch 
mter 
Biesbosch 
gater 

danty water 



A l 1  o f  t h e  s t u d y  r e s u l t s  a r e  r e p o r t e d  i n  r e p o r t  323 

from KIWA ( r e f .  4 .2 ) .  A n  example of t h e  manner i n  

which t h e  d a t a  i n  t h i c  r e p o r t  were p r o c e s s e d  w i l 1  

be  given below f o r  p l a n t  no. 1 2  (WNWB). 

a. P r o c e s s  scheme 

( R  = r e s e r v o i r ;  T rCI  = t r a n s p o r t  c h l o r i n a t i o n ;  

BrC1 = b r e a k p o i n t  c h l o r i n a t i o n ;  RF = r a p i d  f i l -  

t r a t i o n ;  GAC = g r a n u l a r  a c t i v a t e d  c a r b o n  f i l t r a -  

t i o n ;  PC1 = p o s t - c h l o r i n a t i o n . )  

C h l o r i n a t i o n s :  

- t r a n s p o r t  c h l o r i n a t i o n  : w i n t e r  O m g / l i t e r  ; 

sumrner 1 .8  m g / l i t e r ,  

c o n t a c t  t i m e  48 h r . ;  

- b r e a k p o i n t  c h l o r i n a t i o n :  1 .7 m g / l i t e r ,  c o n t a c t  

tise 30 -90  inin.; 

- p o s t - c h l o r i n a t i o n  : 0 .5  m g / l i t e r ,  c o n t a c t  

t i m e  4-15 h r . .  

b. A n a l y t i c a 1  d a t a  (a lso see f i g u r e s  4 . 1  and 4.2) 

THM c o n t e n t  on l e a v i n g  t h e  pumping station 

average 

8 , 7  

6 , 8  

5,9 

4 , 1  

25,5 

CHCL 3 

C H B r C 1 ,  

CHBr2Cl 

CHBr ,  

TTKM 

c o n c  ( u  

min 

3 , 7  

2,3 

2 , 3  

1 , 2  

1 1 , o  

max 

13,O 

12,O 

9,6 

5 , 8  

39 ,2  
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- THM contents after 48 hr. in the distribution 

CHC1, 

CHBrC1, 

CHBK ,C1 

CHSr 

TTHM 

- THMFP prec. 

m a x  

16, O 

15,O 

13,O 

10,O 

5OI4 

min 

TI1 

216 

510 

412 
22,6  

CHBrC1, 

CHBK 2C1 

CHBr 

TTHM 

THMFP (~mol/l) 

average 

1019 

g1'7 

919 

710 

37,7 

- EOC1 content (pg/l) 

- A O C I  content (ug/l) 

- TOC content (mg/C/l) 

- UV extinction (m-l) 

- color (mg Pt/l) 

min 

l5,O 

12,o 

12, o 
3IO 

42,9 

0,269 

min 

OI8 

40 

113 

1,9 

< 5 

max avg . 
4 15 Ir7 

140 78 

314 211 

319 2, 7 
< 5 - 

max 

34,o 

30,O 

19,o 

5I4 

89,3 

0,580 

In the remainder of this section, o n l y  the total 

average 

25,6 

22,6 

17 I 0 

411 

69,2 

0,450 
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Figure 4.2 - Data on c h l o r i n a t i o n  and side ef- 

fects of chlorination, p l a n t  12 



THMFP ( p g i l )  - Dose 
--u Rest con- 1 

centration 

Figure 4.3 - Chlorine dose and chlorine consump- 
tion, THMFP determination and pre- 

c u r s o r  data, p l a n t  12 

UV (m-l) 
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THM c o n t e n t  is  r e p o r t e d .  For t h e  c o m p o s i t i o n  

t h e r e o f ,  r e f e r  t o  r e f .  4 .2.  

I n  t h e  f o l l o w i n g ,  t h e  most  i m p o r t a n t  d a t a  i n  

this c o n n e c t i o n  w i l 1  be r e p o r t e d .  S u b s e q u e n t l y ,  

f o r  d r i n k i n g  w a t e r  p r e p a r e d  from g r o u n d w a t e r ,  

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

r i n e  d o s a g e s  and  t h e  m i n i m a l ,  m a x i m a l  a n d  

a v e r a g e  v a l u e s  w i l 1  be g i v e n  f o r  t h e  THM con- 

t e n t s  a f t e r  O and 48  h r  (THPI, and  T H M , , ) ,  t h e  

THMFP, t h e  EOC1 and AOC1 c o n t e n t s  and l i k e w i s e  

t h e  TOC, UV e x t i n c t i o n  and c o l o r .  Tke r e s u l t s  

o b t a i n e d  w i l 1  b e  e v a l u a t e d  i n  a  d i s c u s s i o n .  

D r i n k i n g  w a t e r  p r e p a r e d  f rom g roundwa te r  

WMO and GWG p r e p a r e d  d r i n k i n g  w a t e r  ( p a r t i a l l y )  

f rom g roundwa te r  and used p o s t - c h l o r i n a t i o n  i n  t h e  

t r e a t m e n t .  The r e s u l t s  o b t a i n e d  from t h e  s t u d y  on  

t h e  side e f f e c t s  o f  c k l o r i n a t i o n  a r e  shown i n  t a b l e  

4 . 2 .  

T a b l e  4 . 2  - S i d e  e f f e c t s  o f  c h l o r i n a t i o n  i n  d r i n k -  

i n g  w a t e r  p r e p a r e d  from g roundwa te r  

I 
Parameter 

!z 

C l ,  t o t a l  (mg/l) 
C l ,  post-chlorination (mg/liter) 

W I GWG 



Drink inq  w a t e r  p r e p a r e d  from i n f i l t r a t e d  w a t e r  

DWL 's-Gravenhage,  PWN a t  Wijk aan  Zee, WMZ a t  

Ouddorp, ONE, WMZ a t  Haamstede and GW a t  L e i d u i n  

p r e p a r e  d r i n k i n g  water from i n f i l t r a t e d  s u r f a c e  

w a t e r  and u s e  c h l o r i n e  a t  one o r  more p o i n t s  i n  t h e  

p u r i f  i c a t i o n  (see t a b l e  4.6) . The most  i m p o r t a n t  

results o b t a i n e d  from t h e  s t u d y  on t h e  s i d e  e f f e c t s  

of c h l o r i n a t i o n  a r e  reproduced  i n  t a b l e  4.3. "Chlo- 

r i n e  consumption" r e f e r s  t o  t h e  u s e  o f  a  c h l o r i n e  

d i o x i d e / c h l o r i n e  mix tu re .  

T a b l e  4.3 - S i d e  e f f e c t s  of c h l o r i n a t i o n  i n  d r i n k -  

i n g  water p r e p a r e d  from i n f i l t r a t e d  

wa te r  

Parameter Dm ' s- Gravenhage ) Pm w) 

min avg. min 

O,8 O 
- - 

o,.% - 
<0,1 1,l 

13 10 

3,4 2,2 

6,3  3,8 

7 (1. 

(0) 

min 

O 

O,8O 

<0,1 

10 

1,5 
- 

8  

I r 2  

OI2 

max 

4,4 
- 
1,69 

1,1 
80 

8,1 
- 

13 

avg. 

2,6 
- 

1,27 

0,4 

36 

4,3  
- 

10 
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T a b e l  4 . 3  - C o n t i n u a t i o n  

Parameter 

21, t o t a l  (mg/l) 

Z1, p t-chlorinatior 

mm-) 

min 

o 
O 

2,29 

< 0,l 
10 

5,6 

14,5 

10 

max avg. min 

4,9 2,9 O 

gt4 5,8 - 
3,33 2,87 0,32 

2,O 0,6 <0,1 

40 23 10 

6,5 6,O 0,7 

19,5 1611 - 
15 13 3 

max avg. 

25,l 3,7 

- 
0,74 0,50 

1,8 0,s 

50 13 

3,l 1,6 
- - 
5 - 

0,2 

D r i n k i n g  water p r e p a r e d  from r e s e r v o i r  water 

min max avg. 

34,5 23,7 

30,8 21,2 

1,09 0,92 

11,o 5,l 

40 20 

3,4 3,o 

6,l 5,6 

2,s 2,5 

216-3,l 

0 6 

GW a t  Driemond, DWLR a t  Kralingen, PWN a t  A n d i j k ,  

WNWB, DWLR a t  B e r e n p l a a t  and GEBD p r e p a r e  d r i n k i n g  

water from s u r f  ace w a t e r  and u s e  c h l o r i n e  a t  one  or 

more p o i n t s  i n  t h e  p u r i f i c a t i o n  (see t a b l e  4.6). 

The r e su l t s  o b t a i n e d  from the study on t h e  s i d e  

e f f e c t s  o f  c h l o r i n a t i o n  are summarized i n  table 

4 . 4.  
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Table  4.4 - S i d e  e f f e c t s  of c h l o r i n a t i o n  i n  d r i n k -  

i n g  water  p repared  from s u r f a c e  wa te r  

Parameter GW (D) Dw; R (K) P m  (A) 

min 

M o  (ug/l) 2f3 

m48 (!Jg/l) 5 f 1  

JFMEP (lrmol/l) 0,93 

3x1 (cigm 0 f 4 

m21 Iug/l) - 
m (w/U 4 J  
JV (m-1) 6 r7 

mlor (q Pt/l) (5 

t 

max avg. 

17,4 8,O 

14,9 8,2 

3,55 2,37 

1 ,7  0,8 
- 30 

5,6 4,8 

8,6  7,5 
<5 - 

Cl, t o ta l  (mg/l) 

Cl, post-&lori- 

nation (q/li ter 

avg . 

25,5 

37,7 

O ,  45 

L 7  
78 

2 f 1  

2r7 

min avg. I min max avg. 

39,6 22,5 

40,6 21,4 
- Of34 

3 , l  2,2 
90 40 

5,7 2,9 

1 ,9  1,4 
5 - 

DWL R (B) 

min 

16,2 

27,s 

o,= 
o, 4 

20 

2,6 

4f3 

I,O 

avg. min 

29,5 22,6 

38,4 21,9 

0,87 0,69 

3,O 1,8 
59 40 

3,l. 2,5 

5,O 4,O 

l,% 3,O 

GEB D 

max 

48,8 

53,3 

1,14 

3,3 
120 

3 , O  

5,O 

5,O 

avg. 

37,7 

44,7 

0,93 

2,5 
79 

2,8 

4,7 

4,3 

3 f 4  

L 3  



4.5 D i s c u s s i o n  

4 .5 .1  THM c o n t e n t s  i n  d r i n k i n g  w a t e r  upon l e a v i n g  t h e  

pumping s t a t i o n  and a f t e r  48 h r  i n  t h e  d i s t r i b u t i o n  

s y s t e m  

I n  p a r a g r a p h  4.2 up  t o  and i n c l u d i n g  4.4,  t h e  THM 

c o n t e n t s  a r e  p r e s e n t e d  for each  p l a n t .  Upon l e a v i n g  

t h e  pumping s t a t i o n ,  t h e  f o l l o w i n g  min ima l ,  maximal 

and  a v e r a g e  THM v a l u e s  a r e  e n c o u n t e r e d  (see t a b l e  

4 . 5 ) .  

T a b l e  4.5 - Minimal ,  maximal and  a v e r a g e  THM con- 

t e n t s  i n  d r i n k i n g  w a t e r  t r e a t e d  w i t h  

c h l o r i n e  upon l e a v i n g  t h e  pumping s t a -  

t i o n  

* I n  v i e w  of the  d i s t i n c t l y  d e v i a t i n g  c h a r a c t e r ,  a 

s e p a r a t e  s i t e  i s  r e p o r t e d  f o r  b o t h  i n f i l t r a t e  and 

surface w a t e r  

The t a b l e  shows t h a t  by f a r  t h e  l o w e s t  THM c o n t e n t s  

a r e  p r e s e n t  i n  d r i n k i n g  w a t e r  p r e p a r e d  from ground-  

water and i n £ i l t r a t e d  w a t e r .  R e l a t i v e l y  h i g h  THM 

c o n t e n t s  o c c u r  i n  d r i n k i n g  w a t e r  p r e p a r e d  f rom s u r -  

f a c e  w a t e r .  V a r i a t i o n s  a r e  s e e n  i n  t h e  THM c o n t e n t  

mmin 

mmax 
THM avg . 

A l 1  

water 

types 

O -2S,6 

4,4-49,5 

0,8-37,7 

Ground- 

water 

0,8- 1,l 

4,8-13,2 

Z,6- 4,3 

I n f i l t r a t e *  

O- en 15,O 

4,4-25,l en 34,5 

O,8- 3 ,7  en 23,7 

Surface 

water* 

2,3 en 6,5-22,6 

17,4 en 27,l-49,5 

8,O en 16,4-37,7 



a t  GW (L)  and GW ( D )  which  are  s t r i k i n g l y  h i g h  f o r  

i n f i l t r a t e d  w a t e r  and s t r i k i n g l y  l o w  for  s u r f a c e  

w a t e r .  

The d a t a  do  n o t  p e r m i t  any q u a n t i t a t i v e  c o r r e l a t i o n  

t o  b e  d e r i v e d  between t h e  c h l o r i n e  d o s e  and t h e  THM 

c o n t e n t ,  From t h e  q u a l i t a t i v e  v i e w p o i n t  t r a n s p o r t  

c h l o r i n a t i o n  be f  o r e  i n £  i l t r a t i o n  a p p e a r s  t o  have  

s c a r c e l y  a n y  e f f e c t  on t h e  THM c o n t e n t  and t r a n s -  

p o r t  c k l o r i n a t i o n  i n  t h e  c a s e  o f  s u r f a c e  w a t e r ,  t o  

have  a  v e r y  l i m i t e d  e f f e c t  on t h e  THM c o n t e n t .  

E s p e c i a l l y  i n  t h e  a b s e n c e  o f  c a r b o n  f i l t r a t i o n ,  

b r e a k p o i n t  c h l o r i n a t i o n  h a s  a  s u b s t a n t i a l  i n f l u e n -  

ce. P o s t - c h l o r i n a t i o n  w i t h  a  r e l a t i v e l y  low c h l o -  

r i n e  d o s e  c o i n c i d e s  w i t h  a  h i g h  THM c o n t e n t ,  

DWL l s -Gravenhage ,  which p e r f o r m s  i n f  i l t r a t i o n  a f -  

ter t w o  t r a n s p o r t  c h l o r i n a t i o n s  and t h e n  p e r £  orms 

no  f u r t h e r  c h l o r i n a t i o n s ,  h a s  an  a v e r a g e  THM con- 

t e n t  of 0.8 u g / l i t e r .  

F o l l o w i n g  b r e a k p o i n t  c h l o r i n a t i o n  PWN ( A )  u s e s  c a r -  

bon f i l t r a t i o n ,  f o l l o w e d  by C1O2/C1, dosage .  The 

THM c o n t e n t  ( a v e r a g e  22 .5  ~ g / l i t e r )  i n  t h i s  c a s e  i s  

c a u s e d  by b r e a k t h r o u g h  i n  c a r b o n  f i l t e r s .  GEB D 

w i t h  b r e a k p o i n t  and p o s t - c h l o r i n a t i o n  h a s  t h e  h i g h -  

est  a v e r a g e  THM c o n t e n t  ( 3 7 . 7  ~ g / l i t e r ) ,  

The THM composi t i o n  d i £  f e r s  g r e a t l y  d e p e n d i n g  on  

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

table 4.6  on t h e  b a s i s  o f  t h e  CHBr3 c o n t e n t s  i n  

d r i n k i n g  w a t e r  upon l e a v i n g  t h e  t r e a t m e n t  p l a n t .  

H i g h l y  c h l o r i n a t e d  THMc a r e  found  i n  t h e  d r i n k i n g  

w a t e r  i n  t h e  c a s e  o£  WMO, GWG, DWI; ' s -Gravenhage ,  

PW ( W ) ,  WMZ (0)  and  PWN ( A ) .  H i g k l y  b r o m i n a t e d  

THMs are found a t  the f a c i l i t i e s  o f  ONE, WMZ ( H ) ,  

GW ( L ) ,  GW (D) , DWL R (K), WNWB, DWL R ( B )  and  GEB 

D. The a v e r a g e  C H B r ,  c o n t e n t  a t  t h e s e  l o c a t i o n s  

v a r i e s  be tween  O and 6 . 0  ~ g / l i t e r .  

DWL ' s -Gravenhage  and  PWN ( A )  h a v e  low CHBr, con- 



t e n t s .  I t  c a n  b e  deduced  from t h i s  t h a t  b r o m i n a t e d  

THMs are removed b e t t e r  by i n f i l t r a t i o n  and  c a r b o n  

f i l t r a t i o n  t h a n  c h l o r i n a t e d  THMs. 

I t  i s  re rnarkable  that a t  DWL R ( K )  and  WNWB, where  

p o s t - c h l o r i n a t i o n  i s  p r e c e d e d  by a c t i v a t e d  c a r b o n  

f i l t r a t i o n ,  by £ar t h e  h i g h e s t  bromof o r m  c o n t e n t s  

a r e  e n c o u n t e r e d .  T h i s  f a c t  i s  a l s o  accompanied by 

t h e  l o w e s t  TOC c o n t e n t .  T h i s  phenomenon w i l 1  b e  

d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  s e c t i o n  7. 

H e r e ,  t o o ,  t h e  d i f f e r e n t  n a t u r e  o f  GW (L) i s  n o t e d .  

I n  compar i son  t o  t h e  o t h e r  p l a n t s ,  a v e r y  h i g h  

C H 3 r 3  c o n t e n t  i s  found h e r e .  

T a b l e  4.6 - Minimal ,  maximal and a v e r a g e  CHBr3 con- 

t e n t s  t o g e t h e r  w i t h  t h e  a d s o r p t i v e  and  

o x i d a t i v e  p r o c e s s  s t e p s  and t h e  a v e r a g e  

TOC c o n t e n t  

DWL ' s- Gravenhage 
(W) 
(0) 

ONE 
W) 

(U 

l - - - - - - - - -  
GW (D) 
D m  R (K) 

(4 
ifmwB 
D m  R (B) 
GEBD 

min max avg . 

OS1 Cl2 and activated 
carbon processec 

present 

PC1 
PC1 

- - - - - v - - - - - -  

TrCI - TrC1 - PAC 
TrC1 - Cl02 

TrC1 - 0 3  - a c  - PC1 
PC1 

TzC1- 03 - @C - PC1 
TrC1 - PAC - PC1 

- - - - - - - - - - m -  

O3 - X 1  
TrC1 - o, - GAC - PC1 

BrCl - GAC - C102 
T e l  - B r C l  - mc - PC1 
TrC1 - B r C l  - PAC - PC1 

B K 1  - 03 - PC1 



The 14 .5  u g / l i t e r  CHBra a t  WMZ ( H )  i s  a  s i n g l e  ob- 

s e r v a t i o n .  I n  a d d i t i o n ,  no  v a l u e  above 2.9 ~ g / l i t e r  

i s  e n c o u n t e r e d .  

Unf o r t u n a t e l y ,  b romide  c o n t e n t s  a r e  s c a r c e l y  known 

f o r  raw and  t r e a t e d  water. The measurement  o f  t h e s e  

p a r a m e t e r s  t o g e t h e r  w i t h  t h e  TOC c o n t e n t  make f o r  a 

deepened  i n s i g h t  i n t o  t h e  THM composi t i o n  a f t e r  

c h l o r i n a t i o n .  

Nine p l a n t s  have  measured  t h e  THM c o n t e n t  a f t e r  a 

r e s i d e n c e  t i m e  o f  48  h r  i n  t h e  d i s t r i b u t i o n  sys t em.  

T h i s  i s  t r u e  o f  t h e  WMO g roundwa te r  p l a n t ;  t h e  ONE 

and  GW ( L )  i n f i l t r a t i o n  p l a n t s  and  a l 1  s u r f a c e  

w a t e r  companies .  The min ima l ,  maximal and  a v e r a g e  

THM c o n t e n t s  e n c o u n t e r e d  a f t e r  48 h r  a r e  p r e s e n t e d  

i n  t a b l e  4.7. 

T a b l e  4.7 - Minimal ,  maximal and a v e r a g e  THM con- 

t e n t s  i n  d r i n k i n g  w a t e r  a f t e r  4 8  h r  i n  

t h e  d i s t r i b u t i o n  s y s t e m  

Once a g a i n ,  it is a p p a r e n t  t h a t  r e l a t i v e l y  l o w  THM 

c o n t e n t s  o c c u r  i n  d r i n k i n g  w a t e r  p r e p a r e d  f rom 

g roundwa te r  and  i n f i l t r a t e d  water and r e l a t i v e l y  

h i g h  THM c o n t e n t s  i n  d r i n k i n g  w a t e r  p r e p a r e d  f r o m  

s u r f a c e  w a t e r .  Now a l s o  GW (L) and  GW ( D )  h a v e  

d e v i a t i n g  v a l u e s .  

THMmin 

THMmax 

THMavg. 

A l l  w a t e r  

t y p e s  

O - 2 7 , s  

4 ,7-53 ,3  

3,O-44,7 

Ground- 

w a t e r  

1 1 6  

4 ,7  

3,O 

I n f i l t r a t e  

O e n  9,9 

9 , 4  e n  3 0 , 8  

5,8 e n  21 ,2  

S u r f a c e  

w a t e r  

5 , l - 2 7 , 5  

14 ,9 -53 ,3  

8 ,2-44 ,7  
-. 



A s i g n i f i c a n t  f o r m a t i o n  of THM i n  t h e  d i s t r i b u t i o n -  

s y s t e m  o c c u r s  a t  ONE, DWL R (K), WNWB, DWL R ( B )  

a n d  GEB D p l a n t s .  The a v e r a g e  formed q u a n t i t i e s  o f  

THM and CHBr3 are p r e s e n t e d  a l o n g  w i t h  t h e  c h l o r i n e  

d o s e  for  p o s t - c h l o r i n a t i o n  and t h e  p u r i f  i c a t i o n  

s y s t e m  i n  t a b l e  4.8.  

T a b l e  4.8 - The a v e r a g e  q u a n t i t y  of THM and CHBr3 

formed i n  t h e  d i s t r i b u t i o n  s y s t e m  t o -  

g e t h e r  w i t h  c h l o r i n e  d o s e  and  p u r i f i c a -  

t i o n  s y s t e m  

P l a n t  

N o  d e f i n i t e  q u a n t i t a t i v e  c o r r e l a t i o n  e x i s t s  be tween  

t h e  c b l o r i n e  dose and t h e  f o r m a t i o n  of THM i n  t h e  

d i s t r i b u t i o n  sys t em.  A r e l a t i o n s h i p  between t h e  

r e s i d u a l  c h l o r i n e  c o n t e n t s  a f t e r  1 h r  and t h e  THM 

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

e x i s t .  A f t e r  c a r b o n  f i l t r a t i o n  and p o s t - c h l o r i n a -  

t i o n ,  a  r e l a t i v e l y  l a r g e  amount o f  bromoform is 

formed i n  t h e  d i s t r i b u t i o n  sys t em.  

Chlo-  

r i n e  

d o s e  

1 

ONE 

D W L R ( K )  

WNWB 

D W L R ( B )  

GEB D 

< 0 , 5  

0 , 6  

O f 5  

0,45 

I r 3  



4.5.2 The THMFP p r e c u r s o r  of d r i n k i n g  w a t e r  

I n  pa ragraph  4.2 up  t o  and i n c l u d i n g  4 . 4 ,  t h e  THMFP 

p r e c u r s o r s  a r e  g iven  f o r  a l l  of t h e  p l a n t s .  I n  

t a b l e  4.9, the  a v e r a g e  THMFP p r e c u r s o r  is once 

a g a i n  g i v e n ,  t o g e t h e r  w i t h  t h e  a v e r a g e  THM c o n t e n t  

upon l e a v i n g  t h e  pumping s t a t i o n .  Both c o n t e n t s  a r e  

e x p r e s s e d  i n  u m o l / l i t e r .  A lso  p r e s e n t e d  i n  t h i s  

t a b l e  is  t h e  p e r c e n t a g e  o f  t h e  THMFP encoun te red  a s  

THM i n  p r a c t i c e .  

T a b l e  4 .9  - Average THM c o n t e n t s  upon l e a v i n g  t h e  

pumping s t a t i o n ,  a v e r a g e  THMFP and pe r -  

c e n t a g e  c o n v e r s i o n  o f  THMFP i n  p r a c t i c e  

P l a n t  THMFP 

(cimol/l) 



I t  i s  a p p a r e n t  f rom t h e  t a b l e  t h a t  t h e  a v e r a g e  

THMFP v a r i e s  f r o m  0.34 t o  2.87 u m o l / l i t e r .  The 

THMFP f o r  t r e a t e d  g roundwa te r  a t  t h e  t w o  p l a n t s  i n -  

v e s t i g a t e d  i s  a b o u t  1 u m o l / l i t e r ,  f o r  t r e a t e d  i n -  

f i l t r a t e  0.49-2.87 p m o l / l i t e r  and t r e a t e d  s u r f a c e  

water 0,34-2.37 p m o l / l i t e r .  

I t  i s  v e r y  r e m a r k a b l e  t h a t  o n l y  0.8-3.6 % o f  t h e  

THMFP i s  c o n v e r t e d  i n  p r a c t i c e  f o r  m o s t  g roundwa te r  

and  i n f i l t r a t i o n  p l a n t s .  For  most s u r f a c e  w a t e r  

companies ,  t h i s  f i g u r e  is  20.7-50.4 %. A d i f f e r e n t  

b e h a v i o r  is ,  o n c e  a g a i n ,  shown by t h e  i n f i l t r a t i o n  

p l a n t  GW (L)  and  t h e  s u r f a c e  w a t e r  p l a n t  GW ( D )  

w i t h  14,3 a n d  2.2 %, r e s p e c t i v e l y .  I n  a l l  c a s e s ,  

however ,  unde r  p r a c t i c a 1  c o n d i t i o n s ,  a  l a r g e  f r a c -  

t i o n  o f  THMFP i s  n o t  c o n v e r t e d  i n t o  THM, T h i s  shows 

t h a t  under  normal  p r o c e s s  c o n d i t i o n ,  i t  i s  n o t  t h e  

THMFP but r a t h e r  t h e  c h l o r i n e  d o s e  which i s  o f  

d e t e r m i n i n g  significante for t h e  THM c o n t e n t  i n  

d r i n k i n g  w a t e r .  The p o s t -  c h l o r i n a t i o n  a n d ,  t o  a  

lesser e x t e n t ,  b r e a k p o i n t  c h l o r i n a t i o n  a r e  o f  i m -  

p o r t a n c e  i n  t h i s  r e g a r d ,  T h i s  w i l 1  b e  d i s c u s s e d  i n  

f u r t h e r  d e t a i l  i n  s e c t i o n  7 .  

I t  can  b e  deduced  from t h e s e  r e s u l t s  t h a t  t h e  p r e -  

c u r s o r  removal  (TEIMFP r e d u c t i o n )  demands a  lower 

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

c h l o r i n a t i o n  is s p e c i f i c a l l y  o f  g r e a t  i m p o r t a n c e  so 

t h a t  r e d u c t i o n  o f  t h e  c h l o r i n e  consurnpt ion or an 

a l t e r n a t i v e  d i s i n f  e c t i o n  s t e p  ( C I O z  ) s h o u l d  be con- 

s i d e r e d .  

4 . 5 . 3  The E O C 1  and AOCI c o n t e n t s  i n  d r i n k i n g  w a t e r  upon 

l e a v i n g  t h e  pumping s t a t i o n  

I n  a d d i t i o n  t o  THM, o t h e r  h a l o g e n a t e d  compounds a r e  

a l s o  formed d u r i n g  c h l o r i n a t i o n .  Some o f  t h e s e  com- 

p o u n d ~  c a n  b e  c h a r a c t e r i z e d  by t h e  EOC1 c o n t e n t  



( l i p o p h i l i c  c h l o r i n a t e d  compounds) and  by t h e  A O C l  

c o n t e n t  ( f o r  example ,  c h l o r i n a t e d  humic m a t e r i a l s ) .  

The min ima l ,  maximal and  a v e r a g e  EOC1 and AOC1 con- 

t e n t  p e r  p r o d u c t i o n  p l a n t  a r e  p r e s e n t e d  i n  p a r a -  

g r a p h s  4.2 up  t o  and  i n c l u d i n g  4.4. 

T a b l e  4.10 g i v e s  t h e s e  c o n t e n t s t  a r r a n g e d  a c c o r d i n g  

to  water t y p e .  

T a b l e  4.10 - Minimal ,  maximal and a v e r a g e  EOC1 and  

A O C l  c o n t e n t s  i n  d r i n k i n g  w a t e r  upon 

l e a v i n g  t h e  pumping s t a t i o n  

I t  i s  a p p a r e n t  f rom t h e  t a b l e  t h a t  t h e  l o w e s t  EOC1 

and  A O C l  c o n t e n t s  a r e  found  i n  d r i n k i n g  w a t e r  p r e -  

p a r e d  f rorn g roundwa te r  and  inf i l t r a t e d  w a t e r .  Once 

a g a i n ,  t h e  GW(L) p l a n t  f o r m s  an  e x c e p t i o n ;  i t  h a s  a 

r e l a t i v e l y  v e r y  h i g h  EOC1 c o n t e n t .  

The EOCI c o n t e n t  a v e r a g e s  < 0 .1 -5 .1  u g / l i t e r .  Con- 

t e n t s  o f  above 1 u g / l i t e r  o c c u r  q u i t e  r e g u l a r l y .  

The AOC1 c o n t e n t  a v e r a g e s  13-79 p g / l i t e r ,  which  i s  

r e l a t i v e l y  h i g h .  

I n  o r d e r  t o  g a i n  an i m p r e s s i o n  r e g a r d i n g  t h e  m o l a r  

E l m i n  

W C k  

ECCLavg. 

ACClmin 

A O C M  

AOClavg. 

A l 1  

water 

types 

O -  1,8 

0,4- 1 1 , O  

O 5 , l  

<l0 - 50 

30 -140 

13 - 79 

Ground- 

water 

0 , l  

0,5- 0r6  

0,3- 0 t4  

20 -50 

60 -70 

42 -55 

I n f i l t r a t e  

< O -  7 

0,4-11,O 

(011- 5 , l  

(10 -10 

40 -80 

13 -36 

Surface 

water 

0t4- 1,8 

7  6,O 

018- 3,0 

(10 - 40 

30 -140 

18 - 79 



r a t i o  of the EOCl a n d  AOCl c o n t e n t s  fo rmed  t o  t h e  

THM f o r m e d  a n d  r e g a r d i n g  t h e  t o t a l  q u a n t i t y  foxmed 

t h e  average v a l u e  t o g e t h e r  w i t h  t h e  a n n u a l  d r i n k i n g  

w a t e r  p r o d u c t i o n  t h r o u g h o u t  1979  a re  p r e s e n t e d  i n  

t a b l e  4 .11.  

T a b l e  4 .11  - A v e r a g e  THM, EOCl a n d  AOCl c o n t e n t s  o n  

l e a v i n g  t h e  pumping s t a t i o n  a n d  

a n n u a l  d r i n k i n g  water p r o d u c t i o n  

m1 avg 
WW 

0,011 

0,009 
--e 

< 0,003 

0,059 

o, 011 

0,017 

O,  014 

0,144 - - - -  
O,  O23 

0,079 

0,062 

0,048 

0,085 

0,070 

\CC1 EO21 
avg . 

ml/l THM 

Am1 

THM 

77,5 

32,8 - - 
74,O 

53,8 

67,3 

28,3 

20,6 

4,8 - - 
16,7 

5,4 

6,s  

13,9 

8r4 

9r6 

t h e  

i n  

The a v e r a g e  EOCl c o n t e n t  t h u s  varies f r o m  < 0 , 0 0 3  

t o  0 , 1 4 4  p m o l / l i t e r .  From t h e  m o l a s  v i e w p o i n t ,  t h i s  

i s  an  average of 0 , 8  t i m e s  a s  h i g h  as  t h e  THM con- 

t e n t .  The AOCl c o n t e n t  varies f r o m  0 , 3 7  t o  



2,23 u m o l / l i t e r .  On t h e  a v e r a g e ,  o n  a  m o l a r  b a s i s ,  

t h i s  i s  30 x t h e  THM c o n t e n t .  

From t h i s ,  i t  is a l s o  p o s s i b l e  t o  d e d u c e  t h e  r a -  

t i o s  o f  the o r g a n o h a l o g e n  c o n t e n t s  i n  t h e  v a r i o u s  

g r o u p s .  S i n c e  e a c h  THM m o l e c u l e  c o n t a i n s  t h r e e  

h a l o g e n  a t o m s ,  t h e  r a t i o  be tween  t h e  c o n t e n t  o f  

h a l o g e n s  i n  EOC1 and  THM is a b o u t  0 , 3 .  For  AOC1 and  

THM, t h i s  r a t i o  amounts  t o  a b o u t  1 0 .  

I n  v i ew  o f  t h e  t y p e s  o f  compounds which make up  t h e  

EOCl c o n t e n t  and  t h e  u n d e f i n e d  n a t u r e  o f  t h e  com- 

p o u n d ~  which a r e  d e t e r m i n e d  w i t h  t h e  A O C l  c o n t e n t ,  

f u r t h e r  i n v e s t i g a t i o n  r e g a r d i n g  t h e s e  t w o  g r o u p s  o f  

compounds i s  u r g e n t l y  d e s i r e d .  

T o t a l  q u a n t i t y  o f  h a l o g e n a t e d  compounds i n  d r i n k i n g  

water ,  1979-1980 

About  294 ,4  x 1 0 6  m 3  o f  d r i n k i n g  w a t e r  t r e a t e d  i n  

some way w i t h  c h l o r i n e  was p r o d u c e d  f r o m  S e p t e m b e r ,  

1 9 7 9 ,  t o  A u g u s t ,  1980 .  

The THM c o n t e n t  i n  t h i s  water v a r i e d  f rom 0 ,005  t o  

0 , 2 3 2  p m o l / l i t e r .  I n  t h e  t o t a l  q u a n t i t y  of water 

p r o d u c e d  t h i s  is 33,000 m o l  T ~ ~ / y e a r  o r  a b o u t  

4.000 kg THM p e r  y e a r .  The EOCl c o n t e n t  v a r i e d  f rom 

< 0 , 0 0 3  t o  0 ,144  u m o l / l i t e r .  T h i s  means a  t o t a l  

q u a n t i t y  o f  a b o u t  715 kg e x t r a c t a b l e  o r g a n o c h l o -  

r i n e .  

The AOCl c o n t e n t  v a r i e d  frorn 0 , 3 7 - 2 , 2 3  u m o l / l i t e r .  

T h i s  means a t o t a l  q u a n t i t y  o f  1 0 , 1 0 5  kg a d s o r b a b l e  

o r g a n o c h l o r  i n e .  Thus , a b o u t  15 ,000  kg o r g a n o c h l o -  

r i n e  was d i s t r i b u t e d  v i a  p u r i f i e d  w a t e r  i n  t h e  

p e r i o d  i n  q u e s t i o n .  

The  t o t a l  THMFP i n  t h e  d i s t r i b u t e d  w a t e r  was 

268,090 mol  THM/year. Thus ,  33 ,000  mol  of t h i s  was 

c o n v e r t e d  i n t 0  THM. T h i s  means a  c o n v e r s i o n  o f  

12,4 %. 



4.5.5 Relationship between THMFP, W extinction, TOC and 

color 

Mext, it was investigated whether the fairly com- 

plicated THMFP determination could be replaced by 

the determination of W extinction, TOC content or 

color. The collected results of the 14 plants are 

presented in table 4.12. 

It is apparent from the table that a simple rela- 

tionship does not exists for any of the parameters. 

For certain plants or water types, the THMFP may be 

determined on the basis of, for example the TOC 

content. However, this is not possible for a natio- 

na1 comparison. 

Table 4.12 - Average values for THMFP, W extinc- 

tion, TOC content and color of the 14 

plants 

THMFP 
ymol/l 

THMFP 
UV 

0,lO 
0,14 

w - -  

0,08 
0,lO 
- 
0,18 
- 

THMFP 
TOC 

i 

THMFP 
color 

0,08 
O,l8 - 
0,07 
0,13 
0,13 
0,22 

0,48 



4.6 C o n c l u s i o n s  

The i n v e s t i g a t i o n  d e s c r i b e d  i n  t h e  p r e c e d i n g  p a r a -  

g r a p h s  o v e r  t h e  p e r i o d  o f  S e p t e m b e r ,  1 9 7 9 ,  t o  J u l y ,  

1 9 8 0 ,  c a n  be summar ized  as f o l l o w s .  

The THM c o n t e n t  i n  t h e  p u r e  w a t e r  on  l e a v i n g  

t h e  pumping s t a t i o n  amounted t o  a n  a v e r a g e  o f  

0 , 8 - 3 7 , 7  ~ g / l i t e r .  

The THM c o n t e n t  amounted t o  a n  a v e r a g e  o f  3,O- 

4 4 , 7  p g / l i t e r  a f t e r  a r e s i d e n c e  t i m e  o f  48 h o u r  

i n  t h e  d i s t r i b u t i o n  s y s t e m .  

P r i n c i p a l l y  c h l o r i n e - c o n t a i n i n g  THM w e r e  fo rmed  

a t  6 p l a n t s ;  more h i g h l y  b r o m i n a t e d  THM w e r e  

a l s o  formed a t  8 p l a n t s .  The CHBr, c o n t e n t  a t  

t h e s e  8 p l a n t s  a v e r a g e d  0,9-6,O p g / l i t e r .  

A t  5 l o c a t i o n s ,  a  q u a n t i t y  o f  THM i n  e x c e s s  o f  

l ~ g / l i t e r  was fo rmed  i n  t h e  d i s t r i b u t i o n  s y s -  

t e m .  T h i s  T H M  c o n t e n t  a v e r a g e d  2 , 9 -  

1 2 , 2  ~ g / l i t e r ,  of wh ich  0 - 2 , 9  ~ g / l i t e r  was 

C H B r  , . 
The a v e r a g e  THMFP o f  t h e  p u r e  w a t e r  v a r i e d  f r o m  

0 ,34-2 ,87  l i m o l / l i t e r .  Of t h i s ,  0 , 8 -50 ,4  % w a s  

c o n v e r t e d  t o  THM. The c o n v e r s i o n  was 0 , 8 - 3 , 6  % 

f o r  m o s t  g r o u n d w a t e r  and  i n f i l t r a t i o n  p l a n t s  

and  20 ,7 -50 ,4  % f o r  t h e  s u r f a c e  water p l a n t s .  

The EOC1 c o n t e n t  i n  t h e  p u r e  w a t e r  a v e r a g e d  

< 0 , l - 5 , l  u g / l i t e r .  

The A O C 1  c o n t e n t  i n  t h e  p u r e  water a v e r a g e d  13 -  

79 u g / l i t e r .  

I n  t h e  p e r i o d  t r o m  S e p t e m b e r ,  1 9 7 9 ,  t o  A u g u s t ,  

1980 ,  a t o t a l  o f  4 . 0 0 0  kg THM, 715 kg EOC1 and  

1 0 , 1 0 5  kg A O C l  w a s  formed. 

A l t o g e t h e r  i n  t h e  p e r i o d  S e p t e m b e r ,  1 9 7 9 ,  t o  

A u g u s t ,  1980 ,  268 ,090  m o l  o f  THM p r e c u r s o r s  

were d i s t r i b u t e d .  1 2 , 4  % ( 3 3 , 0 0 0  m o l )  was con-  

v e r t e d  i n t o  THM. 



1 0 .  N o  d e f i n i t e  r e l a t i o n s h i p  e x i s t s  be tween  t h e  

THMFP on  o n e  hand a n d  UV e x t i n c t i o n ,  TOC and 

c o l o r  on t h e  o t h e r  hand,  

The i n v e s t i g a t i o n  a l s o  l e d  t o  t h e  f o l l o w i n g  g e n e r a 1  

c o n c l u s i o n s .  

T h e r e  i s  no g e n e r a l l y  a p p l i c a b l e  n u m e r i c a l  r e l a -  

t i o n s h i p  between t h e  c h l o r i n e  d o s e  and  t h e  THM 

c o n t e n t .  T r a n s p o r t  c h l o r i n a t i o n  a p p e a r s  t o  have  

s c a r c e l y  a n y  e f f e c t  on t h e  THM c o n t e n t ,  b r e a k -  

p o i n t  c h l o r i n a t i o n  a  v a r i a b l e  e f  f e c t  and p o s t -  

c h l o r i n a t i o n  a g r e a t  e f f e c t ,  

The c o m p o s i t i o n  of t h e  THM c o n t e n t  a p p e a r s  t o  

depend g r e a t l y  on t h e  p u r i f i c a t i o n .  By £ a r ,  t h e  

h i g h e s t  bromoform c o n t e n t  is e n c o u n t e r e d  i n  t h e  

c a s e  o f  c h l o r i n a t i o n  a f t e r  c a r b o n  f i l t r a t i o n ,  

P r e d o m i n a n t l y  c h l o r i n e - c o n t a i n i n g  THMs a r e  en- 

c o u n t e r e d  i n  t h e  w a t e r  i n  t h e  case o f  c h l o r i n a -  

t i o n  f o l l o w e d  by i n f i l t r a t i o n  or c a r b o n  f i l t r a -  

t i o n ,  

On a  mo la r  b a s i s ,  EOC1 c o n t e n t  is 0,8 x t h e  THM 

c o n t e n t  and t h e  AOC1 c o n t e n t  i s  30 x t h e  THM 

c o n t e n t .  

The THM c o n t e n t  is lowest i n  t h e  c a s e  o f  d r i n -  

k i n g  w a t e r  p r e p a r e d  f rom g roundwa te r  and i n f i l -  

t r a t e d  w a t e r  and h i g h e s t  i n  t h e  c a s e  of d x i n k i n g  

w a t e r  p r e p a r e d  f rom s u r f a c e  water. 

E s p e c i a l l y  i n  s u r f a c e  w a t e r  p l a n t s ,  f o r m a t i o n  o f  

THM i n  t h e  d i s t r i b u t i o n  s y s t e m  o c c u r s  upon p o s t -  

c h l o r i n a t i o n .  I n  t h e  c a s e  o f  t h i s  f o r m a t i o n  as  

well, more b romina ted  THMs are found  a f t e r  c a r -  

bon £ i 1  t r a t i o n  and p o s  t - c h l o r i n a t i o n .  

The c o n c e p t  recommendat ion of VEWIN f o r  t h e  

s t a n d a r d  f o r  the THM c o n t e n t  of 0,55 u m o l / l i t e r  

i s  n o t  exceeded  i n  a n y  c a s e .  However, t h e  g u i d e -  

l i n e  l e v e l  f o r  ha logena ted  h y d r o c a r b o n s  ( n o t  



p e s t i c i d e s )  o f  1 p g / l i t e r  was exceeded .  

h .  Only p a r t  o f  t h e  THMFP was c o n v e r t e d  t o  THM. I n  

p r a c t i c e ,  t h e  c h l o r i n e  d o s e  more f r e q u e n t l y  is  

of d e t e r m i n i n g  s i g n i f i c a n c e  f o r  t h e  THM c o n t e n t  

t h a n  is t h e  p r e c u r s o r  c o n t e n t .  

The i n v e s t i g a t i o n  pe r fo rmed  g i v e s  r i se  t o  t h e  f o l -  

l owing  recommendat ions .  

1. S t u d i e s  aimed a t  r e s t r i c t i n g  or e l i m i n a t i n g  

p o s t - c h l o r i n a t i o n .  

2 .  S t u d i e s  r e g a r d i n g  t h e  e f f e c t s  and s i d e  e f f e c t s  

o f  a l t e r n a t i v e s  t o  c h l o r i n e .  

3 ,  I n v e s t i g a t i o n  r e g a r d i n g  t h e  i n f l u e n c e  o f  t h e  

bromide  c o n t e n t  on t h e  c o m p o s i t i o n  o f  t h e  THM 

c o n t e n t  and on t h e  c o m p o s i t i o n  o f  t h e  c o n t e n t s  

o f  h i g h  m o l e c u l a r  w e i g h t  o r g a n o h a l i d e s  (AOX) . 
4 .  S t u d y  r e g a r d i n g  t h e  s i d e  e f f e c t s  o f  chemica1  

d i s i n f e c t i o n  w i t h  t h e  a i d  o f  t o x i c i t y  t e s t i n g .  
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FORMATION OF HALOGENATED COMPOUNDS D U R I N G  SINGLE 

CHLORINATION STEPS AND OZONATION 

I n t r o d u c t i o n  

The r e d u c t i o n  o f  c h l o r i n e  u s e  i n  1976-1979 i s  d e s -  

c r i b e d  i n  s e c t i o n  3. Whenever p o s s i b l e ,  i n  a d d i -  

t i o n ,  t h e  r e d u c t i o n  o f  t h e  THM c o n t e n t  d u r i n g  t h i s  

t i m e  p e r i o d  was d i s c u s s e d .  I n  s e c t i o n  4 ,  e x t e n s i v e  

a t t e n t i o n  was p a i d  t o  t h e  c o n t e n t s  o f  b y p r o d u c t s  o f  

c h l o r i n a t i o n  i n  Water Works u s i n g  c h l o r i n e  i n  t h e i r  

t r e a t m e n t .  The THM, E O C l  and AOCl c o n t e n t s  f o u n d  i n  

t h e  t r e a t e d  w a t e r  are r e p o r t e d  f o r  t h e  p e r i o d  o f  

S e p t e m b e r ,  1979 ,  t o  J u l y ,  1980 .  I n  t h i s  s e c t i o n ,  w e  

w i l l  d i s c u s s  t h e  f o r m a t i o n  o f  h a l o g e n a t e d  compounds 

i n  a s p e c i f i c  c h l o r i n a t i o n  s t e p .  THM f o r m a t i o n  w i l l  

p r i n c i p a l l y  be d i s c u s s e d ;  s c a r c e l y  a n y  i n f o r m a t i o n  

i s  a v a i l a b l e  r e g a r d i n g  t h e  EOCl and A O C l  c o n t e n t s .  

F i r s t ,  a model  s t u d y  on t h e  c h l o r i n a t i o n  o f  B i e s -  

b o s c h ,  I J s s e l l a k e ,  Ande l se  Meuse and Lek  C a n a l  

water w i l l  be d i s c u s s e d .  From t h i s ,  a n  i m p r e s s i o n  

w i l l  b e  g a i n e d  r e g a r d i n g  t h e  THM c o n t e n t s  t o  be  

a n t i c i p a t e d  a f t e r  t r a n s p o r t - ,  b r e a k p o i n t -  and p o s t -  

c h l o r i n a t i o n .  Then,  t h e  side e f f e c t s  o f  t r a n s p o r t  

c h l o r i n a t i o n  w i l 1  be  d i s c u s s e d  w i t h  r e f e r e n c e  t o  

s i x  p l a n t s ,  b r e a k p o i n t  c h l o r i n a t i o n  a t  f o u r  p l a n t s  

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

p l a n t s .  E s p e c i a l l y  for p o s t - c h l o r i n a t i o n ,  it w i l l  

b e  d i f f i c u l t  t o  d i f f e r e n t i a t e  be tween  the s i d e  

e f f  e c t s  o f  p o s t - c h l o r i n a t i o n  and  t h e  p r i o r  t r e a t -  

ment  s t e p s .  

A d i s c u s s i o n  w i l l  be c o n d u c t e d  r e g a r d i n g  t h e  fo rma-  

t i o n  o f  h a l o g e n a t e d  compounds by o z o n a t i o n ,  with or 

w i t h o u t  p r i o r  b r e a k p o i n t  c h l o r i n a t i o n .  



5.2 Model s t u d y  

5 .2 .1  Model s t u d y  w i  t h  n o n - p u r i f  i e d  B i e s b o s c h ,  I J s s e l l a k e  

and A n d e l s e  Meuse w a t e r  

I n  1979 ,  s i n g l e -  t i m e  c h l o r i n a t i o n  e x p e r i m e n t s  w e r e  

per formed w i t h  n o n - p u r i f i e d  B i e s b o s c h ,  I J s s e l l a k e  

and  A n d e l s e  Meuse w a t e r  ( R e f s .  5 .1 -5 .3) .  For  a l 1  

w a t e r  t y p e s ,  t h e  THM f o r m a t i o n  was d e t e r m i n e d  f o r  a  

l a r g e  nurnber o f  c h l o r i n e  d o s a g e s  (0 ,25-  25,O mg/  

l i t e r )  and  r e a c t i o n  times (0,25-96 h o u ) .  I n  a d d i -  

t i o n ,  a t t e n t i o n  was d i r e c t e d  toward  the i n f l u e n c e  

of t h e  p H  on THM f o r m a t i o n  i n  t h e  pH r a n g e  f rom 

7,O-10,O and toward  t h e  r e l a t i o n s h i p  between t h e  

b r e a k p o i n t  c u r v e  and THM f o r m a t i o n ,  For  t h i s  pur -  

p o s e ,  t h e  b r e a k p o i n t  c u r v e  was d e t e r m i n e d  f o r  a l 1  

w a t e r  t y p e s .  

F i g u r e  5 . l . a  shows t h e  THM c o n t e n t  f o r  r e a c t i o n  

t i m e s  up t o  5 h o u r s  and f i g u r e  5. 1.b g i v e s  t h e  THM 

c o n t e n t s  f o r  r e a c t i o n  t i m e s  up t o  96 h o u r s  i n  t h e  

c h l o r i n a t i o n  o f  B i e s b o s c h  w a t e r .  

* = 2 mg,, th  
!*,Tl 5 - 4 mgil C; 

f l L O -  a - i mg:, Cl: 
n . B mg;, Cl, 
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E i g u r e  5 . 1  - THM c o n t e n t  of B i e s b o s c h  w a t e r  as a  

f u n c t i o n  o f  t i m e  a t  v a r i o u s  c h l o r i n e  

d o s a g e s ,  d a t e ,  J u l y  5 ,  1979  

I t  is a p p a r e n t  from t h e  figure t h a t  f o r  r e a c t i o n  



t i m e s  up t o  5 h o u r s ,  t h e  THM c o n t e n t s  amount t o  

a b o u t  1 0 0  ~ g / l i t e r  a t  t h e  h i g h e s t  c h l o r i n e  dose. 

The h i g h e s t  THM c o n t e n t ,  311 p g / l i t e r ,  i s  encoun- 

t e r e d  a f t e r  96 h o u r s .  I n  a d d i t i o n ,  f o r  a l 1  water  

t y p e s ,  t h e  THM f o r m a t i o n  was de termined a s  a  func-  

t i o n  o f  t h e  c h l o r i n e  dose  a l o n g  w i t h  t h e  b r e a k p o i n t  

cu rve .  

F i g u r e  5.2 p r e s e n t s  t h e s e  c u r v e s  f o r  t h e  c h l o r i n a -  

t i o n  of  I J s s e l l a k e  wa te r  f o r  a  r e a c t i o n  t i m e  of 

4 hours .  

! 1 
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F i g u r e  5 . 2  - THM c o n c e n t r a t i o n  and r e s i d u a l  ch lo -  

r i n e  c o n t e n t  i n  t h e  c h l o r i n a t i o n  o f  

I J s s e l l a k e  w a t e r  

I t  i s  a p p a r e n t  from t h e  f i g u r e  t h a t  r e l a t i v e l y  

l i t t l e  THM is  formed up t o  t h e  t o p  of  t h e  break-  

p o i n t  curve .  The f i r s t  f ree  c h l o r i n e  i s  d e t e c t a b l e  

i n  t h e  wa te r  a t  t h i s  p o i n t .  

Immediately above t h i s  p o i n t ,  marked THM f o r m a t i o n  

o c c u r s ;  a t  h i g h e r  dosages ,  t h e  THM a g a i n  i n c r e a s e s  

o n l y  s l i g h t l y .  Thus, t h r e e  r e g i o n s  can be d i f f e r e n -  

t i a t e d  a t  i n c r e a s i n g  c h l o r i n e  dosages .  Region A 



below t h e  b r e a k p o i n t  where no f r e e  c h l o r i n e  was 

d e t e c t a b l e  w i t h  s c a r c e l y  any THM f o r m a t i o n ,  r e g i o n  

B somewhat below and immedia te ly  above t h e  break- 

p o i n t  w i t h  very marked THM f o r m a t i o n  and r e g i o n  C 

a t  h igh  c h l o r i n e  dosages  w i t h  a  l i m i t e d  e x t r a  THM 

fo rmat ion .  Regions A ,  B and C w e r e  de termined f o r  

t h e  t h r e e  raw wate r  t y p e s  mentioned and f o r  Lek 

Canal  wa te r .  Tab le  5 .1  g i v e s  t h e  wid th  o f  t h e s e  re- 

g i o n s  e x p r e s s e d  i n  m g / l i t e r  c h l o r i n e  dosed a s  w e l 1  

a s  t h e  THM f o r m a t i o n  p e r  mg c h l o r i n e  dosed.  

Tab le  5 . 1  - THM f o r m a t i o n  f o r  v a r i o u s  wa te r  t y p e s  

Lek Canal  

Biesbosch 

Andelse  Meuse 

I J s s e l l a k e  

d o s e  mgC12 d o s e  mgCl2 

w/ 1 mg/l 

O-2,8 2,5 2,8-4,3 1 4  

0-2 2 2 -6 20 

O -4 1 4 -9 1 2 , 5  

0 - 2  2 2 -6 35 

I n  r e g i o n  A where no f r e e  c h l o r i n e  i s  d e t e c t a b l e  i n  

t h e  w a t e r ,  t h e  c h l o r i n e  added r e a c t s  w i t h  r a p i d l y  

r e a c t i n g  s u b s t a n c e s .  The w i d t h  of t h i s  r e g i o n  i s  

g e n e r a l l y  de te rmined  by t h e  p r e s e n c e  o f  ammonium 

compounds. I n  a d d i t i o n ,  a smal1 amount o f  THM is 

formed by a  c o m p e t i t i v e  r e a c t i o n  o f  c h l o r i n e  w i t h  

r a p i d l y  r e a c t i n g  THM p r e c u r s o r s .  For each m i l l i g r a m  

o f  c h l o r i n e  added i n  t h i s  r e g i o n ,  o n l y  1- 2 ,5  ~ g /  

l i t e r  THM i s  formed. 

I n  r e g i o n  B t h e  d i r e c t  c h l o r i n e  demand o f  t h e  w a t e r  

i s  s a t i s f i e d .  I n  t h i s  r e g i o n ,  £ree c h l o r i n e  p r e s e n t  



f o r  a  l o n g  t i m e  r e a c t s  w i t h  o r g a n i c  m a t e r i a l s  i n -  

c l u d i n g  THM p r e c u r s o r s .  The w i d t h  o f  t h i s  r e g i o n  i s  

a  measu re  o f  t h e  q u a n t i t y  o f  o r g a n i c  s u b s t a n c e s  

r e a c t i n g  r a t h e r  r a p i d l y  w i  t h  c h l o r i n e .  The number 

o f  ug THM p e r  mg C l ,  p r o v i d e s  a  p r e l i m i n a r y  c h a r a c -  

t e r i z a t i o n  o f  t h e  t y p e  o f  o r g a n i c  s u b s t a n c e s .  For  

e a c h  m i l l i g r a m  o f  added c h l o r i n e  i n  t h i s  r a n g e ,  

12 ,5 -35  u g / l i t e r  o f  THM a r e  formed.  

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

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

t h i n g s ,  w i t h  f o r m a t i o n  o f  THM. T h i s  phenomenon i s  

i l l u s t r a t e d  by r e g i o n  C. 

I t  s h o u l d  be  n o t e d  t h a t  t h e  measurements  p r e s e n t e d  

i n  t a b l e  5 . 1  a r e  b a s e d  m e r e l y  on  an  i n s t a n t a n e o u s  

p o r t r a i t  so t h a t  t h e  n u m e r i c a l  r e s u l t s  may n o t  b e  

g e n e r a l l y  a p p l i c a b l e .  The r e l a t i o n s h i p  o u t l i n e d  be- 

tween t h e  b r e a k p o i n t  c u r v e  and THM f o r m a t i o n  w i t h  a  

breakdown i n t o  t h r e e  r e g i o n s  o f  THM f o r m a t i o n  i s  

b e l i e v e d  a lways  t o  o c c u r  f rom t h e  q u a l i t a t i v e  view- 

p o i n t .  

I n  1976, t h e  c h l o r i n e  d o s e  f o r  t r a n s p o r t  c h l o r i n a -  

t i o n  o f t e n  f e l l  i n  r e g i o n  B. A f t e r  t h i s ,  t h e  c h l o -  

r i n e  d o s e  was g r e a t l y  r e d u c e d  and  now a l m o s t  a lways  

f a l l s  i n  r e g i o n  A. Dur ing  t r a n s p o r t  c h l o r i n a t i o n  i n  

t o d a y ' s  p r o c e s s  c o n t r o l ,  o n l y  a  l i m i t e d  THM forma- 

t i o n  w i l l ,  t h e r e f o r e ,  p r o b a b l y  t a k e  p l a c e .  

For  b r e a k p o i n t  c h l o r i n a t i o n  i n  1976 ,  t h e  c h l o r i n e  

d o s e  f e l l  i n  r e g i o n  B or  p o s s i b l y  e v e n  i n  r e g i o n  C.  

For  t h i s  a p p l i c a t i o n  a s  w e l l ,  t h e  c h l o r i n e  d o s e  was 

g r e a t l y  r e d u c e d ,  b u t  s t i l l  f a l l s  above  t h e  b r e a k -  

p o i n t ,  t h u s  i n  r e g i o n  B. B r e a k p o i n t  c h l o r i n a t i o n  i s  

t h u s  a lways  accompanied by a n  a p p r e c i a b l e  THM f o r -  

m a t i o n .  

N o  c o n c l u s i o n s  r e g a r d i n g  p o s t - c h l o r i n a t i o n  c a n  b e  

drawn from t h e s e  e x p e r i m e n t c .  T h i s  w i l 1  be d i s c u s -  

sed i n  g r e a t e r  d e t a i l  i n  the f o l l o w i n g  p a r a g r a p h .  



A v e r y  d e f i n i t e  pH dependence  i s  a p p a r e n t  f rom t h e  

e x p e r i m e n t  ( r e f s .  5 .1  u p  t o  and  i n c l u d i n g  5 .3)  . For 

example ,  t h e  THM c o n t e n t  i n  t h e  c a s e  o f  b r e a k p o i n t  

c h l o r i n a t i o n  can  b e  g r e a t l y  r e d u c e d  by a p H  r e d u c -  

t i o n  from 7 , 8  t o  7,O. T h i s  can  g i v e  a 2 5  % r e d u c -  

t i o n  i n  t h e  THM c o n t e n t .  

The f a c t  t h a t  t h e  ammonium c o n t e n t  p l a y s  an  impor-  

t a n t  r o l e  h a s  a l r e a d y  become a p p a r e n t  f rom t h e  

c o u r s e  o f  t h e  THM c o n t e n t s  and  t h e  b r e a k p o i n t  c u r -  

ve.  I f  c h l o r a m i n e s  a r e  p r e p a r e d  s e p e r a t e l y  and t h e n  

added ,  no THM f o r m a t i o n  w h a t s o e v e r  o c c u r s .  Upon a d -  

d i t i o n  o f  c h l o r i n e  t o  ammonium-containing w a t e r ,  

t h e  THM f o r m a t i o n  is g r e a t l y  l i m i t e d .  T h i s  i n d i c a -  

t e s ,  o n c e  a g a i n ,  t h a t  l o w  THM c o n t e n t s  c a n  b e  a n t i -  

c i p a t e d  i n  t h e  c a s e  o f  t r a n s p o r t  c h l o r i n a t i o n  w i t h  

low c h l o r i n e  d o s a g e s .  

5 . 2 . 2  Model s t u d y  w i t h  u n t r e a t e d  and p a r t i a l l y  t r e a t e d  

Lek C a n a l  w a t e r  

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  o f  t r e a t m e n t  

on  THM f o r m a t i o n  d u r i n g  c h l o r i n a t i o n  i n  1 9 7 9 ,  KIWA 

per£ ormed c h l o r i n a t i o n  e x p e r i m e n t s  w i t h  u n t r e a t e d  

and t r e a t e d  Lek Canal  w a t e r  ( r e f .  5 . 4 )  . The r e s u l t s  

f o r  u n t r e a t e d  w a t e r ,  r a p i d  f i l t r a t e  and  c a r b o n  f i l -  

t r a t e  a r e  summarized i n  t a b l e  5 .2 .  



T a b l e  5 . 2  - THM f o r m a t i o n  i n  raw Lek C a n a l  w a t e r  

and i n  Lek C a n a l  w a t e r  a f t e r  r a p i d  

f i l t r a t i o n  and a c t i v a t e d  c a r b o n  f i l t r a -  

t i o n  

I t  i s  a p p a r e n t  frorn t h e  w i d t h  of r e g i o n  B t h a t  i n  

t h e  r a w  w a t e r  and  t h e  r a p i d  f i l t r a t e  p r a c t i c a l l y  

t h e  Same THM f o r m a t i o n  t a k e s  p l a c e  upon c h l o r i n a -  

t i o n ,  The c a r b o n  f i l t r a t e  i s  d i s t i n c t l y  d i f f e r e n t  

i n  c h a r a c t e r .  The THM f o r m a t i o n  a s  a  f u n c t i o n  of 

t h e  c h l o r i n e  d o s e  t o g e t h e r  w i t h  t h e  b r e a k p o i n t  c u r -  

v e  f o r  c a r b o n  f i l t r a t e  are shown i n  f i g u r e  5.3. 
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F i g u r e  5.3 - THM c o n t e n t  a n d  r e s i d u a l  c h l o r i n e  

c o n t e n t  f o r  c a r b o n  f i l t r a t e  p r e p a r e d  

from Lek C a n a l  w a t e r  

F r e e  c h l o r i n e  i s  d e t e c t a b l e  i n  t h e  w a t e r  even  a t  

v e r y  l o w  c h l o r i n e  d o s a g e s .  I t  i s  a p p a r e n t  f rom t h e  

f i g u r e  t h a t  even  a t  v e r y  low c h l o r i n e  d o s e s  r e l a t i -  

v e l y  l a r g e  amounts o f  THM a r e  formed.  The c o n s e -  

quence  o f  t h i s  i s  t h a t  i n  t h e  p o s t - c h l o r i n a t i o n  of 

e x t e n s i v e l y  p u r i f i e d  water,  r e l a t i v e l y  high THM 

c o n t e n t s  can  o c c u r  a t  l o w  c h l o r i n e  d o s e s .  T h i s  THM 

c o n t e n t  can  only be r e d u c e d  by l o w e r i n g  t h e  d i s i n -  

f e c t i o n  c r i t e r i o n .  T h i s  c r i t e r i o n  i s  e s t a b l i s h e d  o n  

the b a s i s  o£ t k e  r e s i d u a l  f r e e  c h l o r i n e  c o n t e n t  

a f t e r  a s p e c i f i c  con tac t -  t i m e  (e.g., 0 ,2  m g / l i t e r  

f r e e  c h l o r i n e  a f t e r  a 20  m i n u t e  c o n t a c t  t i m e ) .  I n  

view o f  t h e  f a c t  t h a t  t h e  d i s i n f e c t i o n  c r i t e r i a  i n  

1976 and  1979 were  o f t e n  t h e  Same, it c a n  be a n t i  



c i p a t e d  t h a t  THM f o r m a t i o n  d u r i n g  p o s t - c h l o r i n a t i o n  

i n  b o t h  y e a r s  w i l l  be  p r a c t i c a l l y  unchanged. 

5 . 2 . 3  D i s c u s s i o n  

I t  was found  from t h e  model s t u d i e s  t h a t  a  c o r r e l a -  

t i o n  can  b e  drawn between THM f o r m a t i o n  as  a  func -  

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

Below t h e  b r e a k p o i n t ,  as l o n g  a s  no £ r e e  c h l o r i n e  

i s  d e t e c t a b l e ,  THM f o r m a t i o n  s c a r c e l y  o c c u r s ;  i m m e -  

d i a t e l y  below and above  t h e  b r e a k p o i n t ,  marked THM 

f o r m a t i o n  o c c u r s ;  and  a t  d o s a g e s  £ a r  above  t h e  

b r e a k p o i n t ,  o n l y  a  l i m i t e d  a d d i t i o n a l  THM f o r m a t i o n  

t a k e s  p l a c e .  The consequence  of  t h i s  i s  t h a t  THM 

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

c h l o r i n a t i o n  w i t h  low c h l o r i n e  d o s a g e s .  B r e a k p o i n t  

c h l o r i n a t i o n  i s  a lways  accompanied by r e l a t i v e l y  

h i g h  THM c o n t e n t s .  

A s  t h e  water is f u r t h e r  p u r i f i e d  ( and  t h u s ,  f o r  

example,  c o n t a i n s  f e w e r  ammonium i o n s ) ,  t h e  b reak -  

p o i n t  s h i f t s  toward  l o w e r  c h l o r i n e  d o s a g e s ,  A s  a 

r e s u l t ,  f x e e  c h l o r i n e  w i l l  b e  d e t e c t a b l e  i n  e x t e n -  

s i v e l y  p u r i f i e d  w a t e r  even  a t  l o w  c h l o r i n e  d o s a g e s ,  

and  t h i s  w i l  c a u s e  a  r e l a t i v e l y  marked THM forma- 

t i o n ,  

The consequence  o f  t h i s  i s  t h a t  d u r i n g  p o s t - c h l o r i -  

n a t i o n  of p u r e  w a t e r  w i t h  low d o s a g e s ,  r e l a t i v e l y  

h i g h  THM c o n t e n t s  c a n ,  n e v e r t h e l e s s ,  arise.  

The q u e s t i o n  of whe the r  t h e s e  c o n c l u s i o n s ,  b a s e d  o n  

model  e x p e r i m e n t s ,  c a n  b e  c o n f i r m e d  i n  p r a c t i c e  

w i l 1  be  c o n s i d e r e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  



Forma t ion  o f  h a l o g e n a t e d  compounds d u r i n g  t r a n s p o r t  

c h l o r i n a t i o n  

I n t r o d u c t i o n  

For t h e  d r i n k i n g  w a t e r  s u p p l y  o f  t h e  w e s t e r n  

N e t h e r l a n d s ,  e x t e n s i v e  u s e  i s  made o f  t h e  s u r f a c e  

w a t e r  of t h e  Rhine  ( L e k ) ,  Meuse and H a r i n g v l i e t .  

S i n c e  t h e  s u r f a c e  w a t e r  s o u r c e  and t h e  p r o d u c t i o n  

p l a n t  a r e  n o t  c l o s e  t o g e t h e r ,  t h e  w a t e r  must  be  

t r a n s p o r t e d  o v e r  c o n s i d e r a b l e  d i s t a n c e s .  S i n c e  t h e  

w a t e r  is  o n l y  p a r t i a l l y  p r e - p u r i f i e d  or i s  n o t  p r e -  

p u r i f i e d  a t  a l l ,  i n  g e n e r a l ,  t r a n s p o r t  c h l o r i n a t i o n  

i s  used  to  p r e v e n t  t h e  growth  on t h e  p i p e  w a l l s  o f ,  

among o t h e r  t h i n g s ,  s l i m e - f o r m i n g  b a c t e r i a  and 

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

Sometimes c h l o r i n a t i o n  and t r a n s p o r t  t a k e  p l a c e  

a f t e r  s t o r a g e  i n  r e s e r v o i r s  (WBB) or p r i o r  t o  i n -  

f i l t r a t i o n  i n t o  t h e  dunes  (WRK, W M Z )  ; sometimes a  

c o m b i n a t i o n  o f  bo th  t a k e s  p l a c e  (DWL Den Haag) :  

- The w a t e r  s u p p l y  company B r a b a n t s e  B i e s b o s c h  

(WBB) e x t r a c t s  raw w a t e r  f rom t h e  Meuse ( A r n e r )  a t  

K e r k s l o o t .  U p  t o  and i n c l u d i n g  1 9 7 9 ,  s t o r a g e  t o o k  

p l a c e  i n  two b a s i n s  w i t h  a r e s i d e n c e  t i m e  o f  

a b o u t  4 months ;  a t  p r e s e n t ,  s t o r a g e  t a k e s  p l a c e  

i n  t h r e e  b a s i n s  w i t h  an  a v e r a g e  r e s i d e n c e  t i m e  o f  

6 t o  7 months .  I n  t h e  l a s t  b a s i n  ( r e s i d e n c e  t i m e  

5 w e e k s ) ,  a h a r d n e s s  c o r r e c t i o n  i s  c a r r i e d  o u t  

w i t h  t h e  a i d  o f  sodium h y d r o x i d e  a d d i t i o n .  P r i o r  

t o  t r a n s p o r t ,  the w a t e r  i s  s i a b i l i z e d  w i t h  

s u l f u r i c  a c i d  a t  a p H  o f  9 .  

The w a t e r  i s  t r a n s p o r t e d  t o  t h e  p r o d u c t i o n  l o c a -  

t i o n s  a t  B e r e n p l a a t  and K r a l i n g e n  on  b e h a l f  o f  

t h e  Watexworks o f  Ro t t e rdam,  t o  t h e  s u r f a c e  w a t e r  

t r e a t m e n t  p l a n t  a t  Zevenbergen o f  t h e  Waterworks 

o f  Nor th-West -Brabant ,  and s i n c e  t h e  end  o f  1 9 8 2 ,  



t o  the Baanhoek production location of the Muni- 

cipal  Energy Concern of Dordrecht. 

I n  1974, chlorination was performed throughout 

the year with a chlorine dose of about 5 mg/li- 

t e r .  I n  1979 ,  the dose for transport chlorination 

was 1 mg/liter a t  temperatures above 6 "C (April- 

December). Beginning i n  1980, t h i s  temperature 

c r i te r ion  was increased t o  10 'C (May-November). 

- The Water Transport Company Rijn-Kennemerland 

(WRK) withdraws the raw water, which i s  Rhine 

water in origin,  from the Lek Canal. The water i s  

then coagulated and f i l t e red  a f t e r  se t t l ing .  The 

water i s  transported t o  the Leiduin treatment 

plant  of GW and to  Castricum on behalf of P W .  I n  

the period from 1976-1979, the chlorine dosage 

remained pract ical ly  constant ( -  2,5 mg/l i te r ) ,  

but since 1978, chlorination was only performed 

a t  a water temperature above 10 "C. Beginning i n  

1983, chlorination is only performed a t  a water 

temperature above 15 "C. I n  1984 transport chlo- 

r ination is omitted almost completely. 

- The Waterworks of Southwest Netherlands (WMZ) 

abstracts  raw water from the Haringvliet. Up to  

1976, the water was chlorinated with a chlorine 

doce of 2-3 mg/liter and transported t o  Ouddorp 

without further purif ication.  Beginning i n  1976, 

the chlorine dose was 1-1,5 mg/liter a t  a water 

temperature above 8 "C. I n  Ouddorp, part  o£ the 

water was in f i l t r a t ed ;  the r e s t  was transported 

without further chlorination to Haamstede, being 

i n f i l t r a t e d  there. 

- The Dune Water Works of the Hague (DwL 's-G) 

abstracts  water a t  the Meuse near Heusden. The 

water is treated with 9 mg/liter iron (11), then 

stored for about 2,5 months i n  the impounded 

Andelse Meuse. Following abstraction a t  Brakel, 



t h e  w a t e r  i s  t r a n s p o r t e d  t o  Bergambacht ,  whe re ,  

i n  1979 ,  t r a n s p o r t  c h l o r i n a t i o n  w i t h  a  c h l o r i n e  

d o s e  o f  1 , 5  m g / l i t e r  was used .  B e g i n n i n g  i n  1982,  

c h l o r i n a t i o n  w a s  o n l y  pe r fo rmed  a t  a  w a t e r  tempe- 

r a t u r e  above  8 O C .  

I n  Bergambacht ,  t h e  w a t e r  was r e c h l o r i n a t e d  a f t e r  

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

i n f i l t r a t i o n  t a k e s  p l a c e  , B e f o r e  1978,  t h e  c h l o -  

r i n e  d o s e  t h e r e  was 2 - 3  m g / l i t e r ;  a f t e r  t h i s  

t i m e ,  t h e  c h l o r i n e  d o s e  was r e d u c e d  t o  0 , 5  m g / l i -  

t e r  a t  a  w a t e r  t e m p e r a t u r e  above  8 " C  ( A p r i l -  

November).  B e g i n n i n g  i n  1 9 8 4 ,  no  f u r t h e r  t r a n s -  

p o r t  c h l o r i n a t i o n  a t  a l 1  was used  i n  t h i s  s e c t o r .  

R e s u l t s  

For t h e  p l a n t s  which u s e  t r a n s p o r t  c h l o r i n a t i o n ,  

t h e  q u a l i t y  d a t a  f o r  1979 were  g a t h e r e d  o n  t h e  

w a t e r  p r i o r  t o  t r a n s p o r t  and  c h l o r i n a t i o n  u s i n g  t h e  

d a t a  which c o u l d  p l a y  a  r o l e  i n  t h e  f o r m a t i o n  o f  

h a l o g e n a t e d  compoundc. These  i n v o l v e  t k e  p a r a m e t e r s  

TOC, KMnO, -number,  c o l o r ,  c h l o r o p h y l l  c o n t e n t ,  

ammonium c o n t e n t ,  pH and  t e m p e r a t u r e .  The d a t a  a r e  

p r e s e n t e d  i n  t a b l e  5 .3 .  

I n  a d d i t i o n ,  t h e  d a t a  a r e  g a t h e r e d  c o n c e r n i n g  t h e  

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

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

THM and EOCI c o n t e n t s  a f t e r  t r a n s p o r t .  These  d a t a  

a re  p r e s e n t e d  i n  t a b l e  5 . 4 .  

I t  i s  a p p a r e n t  E r o m  t h e  t a b l e  t h a t  WRK d u r i n g  

t r a n s p o r t  c h l o r i n a t i o n  p r o d u c e s ,  b y  £ a r ,  t h e  

h i g h e s t  a v e r a g e  THM c o n t e n t  and t h e  h i g h e s t  EOC 

c o n t e n t  ( 100 p g / l i t e r  and  3 , l  ~ g / l i t e r ,  r e s p e c t i -  

v e l y ) .  Al1 t h e  o t h e r  THM c o n t e n t s  a r e  s i g n i f i c a n t l y  

lowex (4-13 g i e r )  , w h i l e  a l 1  o t h e r  EOC1 con- 

t e n t s  a r e  i n d e e d  lower  b u t  f a 1 1  i n  t h e  Same o r d e r  

o f  m a g n i t u d e ,  
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T a b l e  5.3 - Average v a l u e s  o f  q u a l i t y  d a t a  f o r  1979 

i n  w a t e r  p r i o r  t o  t r a n s p o r t  and  c h l o r i -  

Average 
qua l i ty  

1979 

m (mg/l) 
M O b  (mg/l) 
Color (mg Pt / l )  
Chlorophyll (ug/l) 

NH++ (mg/l) 
pH 
Temperature ('C) 

T a b l e  5.4 - C h l o r i n a t i o n  c o n d i t i o n s  and s i d e  

f e c t s  o f  t r a n s p o r t  c h l o r i n a t i o n  i n  

year 1979 

Transport 
duration 

CmPanY 

WRK 

Zhlor ine  
lose 

2 r 5  

Transpor t sector 

W42 

DWL 

' s -G 

WBB 

Residual 
chlor ine  
content 

(mg/U 

Nieuwegein - Leiduin 

e f -  

t h e  

24 

Haringvliet - Ouddorp 
Haringvliet - Haamstede 

Brakel - Bergambacht 
Bergambacht - Scheveningen 

Biesbsch - Berenplaat 
Biesbsch - Ralingen 

Biesbosch - Zevenbergen 

2-4 
15 

l1 
12 

8 
13,s 

48 



5.3.3 D i s c u s s i o n  

I t  can be  deduced from t h e  r e s u l t s  r e p o r t e d  i n  

pa ragraph  5 . 3 - 2  t h a t  f o r  t h e  i n v e s t i g a t e d  w a t e r  

t y p e s ,  no d e f i n i t e  c o r r e l a t i o n  e x i s t s  between t h e  

THM f o r m a t i o n  and t h e  c o n t e n t  of o r g a n i c  s u b s t a n -  

ces, e x p r e s s e d  a s  TOC c o n t e n t ,  KMn0,-number o r  

c o l o r .  A t  a  comparable c h l o r i n e  d o s e ,  DWL ' s - G  and 

WMZ produce  less THM t h a n  WBB and WRK d e s p i t e  t h e  

f a c t  t h a t  t h e  o r g a n i c  m a t t e r  c o n t e n t s  f o r  t h e  f i r s t  

two p l a n t s  a r e  h i g h e r ,  The Same i s  t r u e  f o r  t h e  

c h l o r o p h y l l  c o n t e n t .  

I n  a d d i t i o n ,  from t h e  a v a i l a b l e  d a t a ,  no s i m p l e  

r e l a t i o n s h i p  can be d e r i v e d  between t h e  pH and t h e  

THM fo rmat ion .  WBB m a i n t a i n s ,  by £ a r ,  t h e  h i g h e s t  

pH d u r i n g  t r a n s p o r t ,  buk t h e  THM c o n t e n t  i s  n o t  

s i g n i f i c a n t l y  h i g h e r  t h a n  a t  t h e  o t h e r  p l a n t s .  

I n  a d d i t i o n ,  f o r  t h e  c h l o r i n e  dosages  m a i n t a i n e d ,  

no  d e f i n i t e  r e l a t i o n s h i p  i s  d e t e c t a b l e  between 

e i ther  t h e  c h l o r i n e  dosage  or t h e  c o n t a c t  t i m e  and 

t h e  THM c o n t e n t ,  a l t h o u g h  it  a p p e a r s  t h a t  t h e  

h i g h e s t  THM c o n t e n t s  occur  a t  l o n g e r  c o n t a c t  t i m e s ,  

I n  t h e  model exper iments  d e s c r i b e d  i n  s e c t i o n  

5.2.1,  a  s u b d i v i s i o n  i s  made i n t o  t h r e e  r a n g e s  o f  

THM f o r m a t i o n ,  The w i d t h  o f  range  A appeared  t o  be 

p r  i n c i p a l l y  de termined by t h e  p r e s e n c e  o f  ammonium 

compounds. The p resence  o f  ammonium is  then  a l s o  

o f  g r e a t  d e t e r m i n i n g  s i g n i f i c a n c e  f o r  t h e  phenomena 

observed.  T h i s  a l s o  a p p e a r s  t o  be t h e  c a s e  h e r e .  

Fox al1 p l a n t s ,  t h e  ammonium c o n t e n t  b e f o r e  t r a n s -  

p o r t ,  t h e  c h l o r i n e  dose ,  t h e  r a t i o  between t h e s e  

and t h e  THM c o n t e n t s  a f t e r  t r a n s p o r t  a r e  p r e s e n t e d  

i n  table 5.5. 



Table 5.5 - Ammonium content before transport, 

chlorine dose and THM content after 

Cl,- 

dose 

( M l  

2 

OI5 

b 0  

L 5  

1,25 

d 1,25 

transport 

Al1 the plants with a chlorine/ammonium weight 

ratio of 2-3 form less than 10 ~g/liter THM. These 

plants principally £ o m  monochloramine , which does 
not yield THM. Only during chlorine addition is a 

limited amount of THM formed by free chlorine which 

is then still present. 

At the WRK, however, the chlorine/ammonium ratio is 

20. Thus, £ree chlorine is present here for a very 

long time; it reacts with THM precursors and leads 

to high THM contentc. 

It is apparent from these data that the chlorine/ 

ammonium ratio is largely determining ior the THM 

formation, a fact which was also suggested by the 

model experiments. This is supported by the course 

of the ammonium content and the THM formation in 

Biesbosch water during water transport to 

Berenplaat and Kralingen. The ammonium content and 

the THM content for 1979 are presented in figure 

5.4. Beginning in mid-April, transport chlorination 

was begun with a dose of 1,O mg/liter. 

Plant 

WRK 

DWL ' s-G 
W B  

DWL 's-G 

M 

Transport 

Nieuwegein - Leiduin 
Bergambacht - Scheveningen 
Biesbosch - Kralingen 
Brakel - Eergambacht 
Haringvliet - ûuädorp 
Haringvliet - Haamsteäe 

m,+ 

(mg/l) 

0,lO 

0,24 

0,31 

0,49 

0,53 

0,53 
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X-THM KRALINGEN 
=THM BERENPLAAT 

J ' F M ' A ~ I M J  J ' A ' S O ~ N ' D  
I start chlorine dosage 

F i g u r e  5 .4  - Ammonium c o n t e n t s  i n  Biesbosch w a t e r  

and t h e  THM c o n t e n t  a f t e r  t r a n s p o r t  

c h l o r i n a t i o n  w i t h  1 , O  m g / l i t e r  ch lo -  

r i n e  

I t  is a p p a r e n t  from f i g u r e  5 .4 .  t h a t  o n l y  when t h e  

ammonium c o n t e n t  d r o p s  t o  0,l m g / l i t e r  o r  lower 

(chlorine/arnmoniurn r a t i o  > 1 0 )  d o e s  t h e  THM forma- 

t i o n  d i s p l a y  a  d i s t i n c t  i n c r e a s e  due t o  t k e  p resen-  

c e  of f r e e  c h l o r i n e .  A t  ammonium c o n t e n t s  in e x c e s s  

of  0,2 m g / l i t e r  (chlorine/arnmonium r a t i o  < 5 ) ,  mo- 

nochloramine  f o r m a t i o n  t a k e s  place p r e f e r e n t i a l l y  

and t h u s  o n l y  a v e r y  l i m i t e d  THM fo rmat ion .  

I t  seems a p p a r e n t  from t h e  p r e c e d i n g  t h a t  use 

s h o u l d  be  made of t he  ch lo ramine  p r o c e s s  fox trans- 

p o r t  c h l o r i n a t i o n .  A dosage  of 1 m g / l i t e r  a c t i v e  

c h l o r i n e  goes  t o g e t h e r  w i t h  a n  ammonium c o n t e n t  of 

0,25  r n g / l i t e r ,  which cou ld  be dosed p a r t i a l l y .  Such 

an  ammonium c o n t e n t  does  n o t  seem t o  g i v e  any pro-  

blems f o r  subsequen t  p u r i f i c a t i o n .  However, it 



would b e  d e s i r a b l e  t o  i n v e s t i g a t e  t h e  e x t e n t  t o  

which  h i g h  m o l e c u l a r  w e i g h t  o r g a n o h a l o g e n  compounds 

a r e  formed by c h l o r a m i n e  and w h e t h e r  t h e  p r e s e r v a -  

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

R e l a t i v e l y  l i t t l e  i n f o r m a t i o n  is a v a i l a b l e  on  t h e  

E O C l  c o n t e n t .  I t  a p p e a r s  t h a t  1-2 u g / l i t e r  EOCl a r e  

formed even  a t  low c h l o r i n e  d o s a g e s ,  a f t e r  which 

t h e  c o n t e n t  rises o n l y  s l i g h t l y  upon f u r t h e r  c h l o -  

r i n a t i o n .  I n  g e n e r a l ,  no i n f o r m a t i o n  i s  a v a i l a b l e  

r e g a r d i n g  t h e  AOCI c o n t e n t .  

5 . 4  F o r m a t i o n  of h a l o q e n a t e d  compounds d u r i n g  b r e a k -  

p o i n t  c h l o r i n a t i o n  ( s u p e r - c h l o r i n a t i o n )  

5 . 4 . 1  I n t r o d u c t i o n  

Four  w a t e r  t r e a t m e n t  p l a n t s  u s e  b r e a k p o i n t  c h l o r i -  

n a t i o n  i n  p r e p a r i n g  d r i n k i n g  w a t e r  f rom s u r f a c e  

w a t e r .  These  f o u r  p l a n t s  a r e :  

I. t h e  N.V. Waterworks of Nor th-West -Brabant  (WNWB) 

i n  t h e  s u r f a c e  w a t e r  p l a n t  a t  Zevenbergen;  

2.  t h e  Ro t t e rdam Waterworks (DWLR) i n  t h e  Beren-  

p l a a t  p r o d u c t i o n  p l a n t ;  

3 .  t h e  M u n i c i p a l  Ene rgy  Concern  o f  D o r d r e c h t  (GEB) 

i n  t h e  Baanhoek p r o d u c t i o n  p l a n t ;  

4 .  t h e  P r o v i n c i a l  Waterworks o f  N o r t h  H o l l a n d  ( P W )  

i n  t h e  t r e a t m e n t  p l a n t  a t  A n d i j k .  

T h e s e  f o u r  p l a n t s  u s e  b r e a k p o i n t  c h l o r i n a t i o n  for 

t h e  f o l l o w i n g  r e a s o n s :  

a .  a l 1  p l a n t s  u s e  b r e a k p o i n t  c h l o r i n a t i o n  t o  b r e a k  

down ammonium - GEB d o e s  t h i s  o n l y  a t  l o w  tempe- 

r a t u r e s ;  

b.  a l 1  p l a n t s  u s e  c h l o r i n a t i o n  f o r  d i s i n f e c t i o n  

p u r p o s e s ;  

c .  GEB and  PWN l i k e w i s e  u s e  c h l o r i n a t i o n  t o  c o n t r o l  



t h e  growth  o f  t h e  t r i a n g u l a r  m u s s e l  and  t o  remo- 

ve  phy to -  e n  z o o p l a n k t o n  d u r i n g  t r e a t m e n t ;  

The raw w a t e r ,  t h e  t r e a t r n e n t  scheme,  t h e  c h l o r i n e  

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

t h e  r e s i d u a l  c h l o r i n e  c o n t e n t s  a f t e r  a  c e r t a i n  

c o n t a c t  t i m e  d i f f e r  g r e a t l y  from one  p l a n t  t o  an-  

o t h e r  : 

- WNWB a t  Zevenbergen t r e a t s  B i e s b o s c h  w a t e r  w i t h  

t h e  a i d  o f  t h e  f o l l o w i n g  t r e a t m e n t  p r o c e s s :  

NaOH J 

NaOC1 

a c t i v a t e d  car 4 p u r e  w a t e r  

I n  1980,  t h e  p l a n t  used  a  c h l o r i n e  d o s e  o f  0 ,5 -  

1,1 ? n g / l i t e r  f o r  b r e a k p o i n t  c h l o r i n a t i o n ,  w i t h  a n  

a v e r a g e  c h l o r i n e  d o s e  o f  0 , 8  m g / l i t e r .  The c h l o r i n e  

d o s e  i s  d e t e r m i n e d  on  t h e  b a s i s  o f  a r e s i d u a l  f r e e  

c h l o r i n e  c o n t e n t  of 0 , 2  m g / l i t e r  b e f o r e  t h e  c a r b o n  

f i l t e r s .  The c o n t a c t  t i m e  o f  t h e  c h l o r i n e  i n  t h i s  

p r o c e s s  i s  30-90 m i n u t e s .  

- A t  B e r e n p l a a t  DWL R t r e a t s  B i e s b o s c h  water u s i n g  

t h e  £ o l l o w i n g  t r e a t r n e n t  p r o c e s s :  

C a  (OH) 2 a c t i v a t e d  c a r b o n  

Ca (OH) 
r a w w a t e r  4 c o n t a c t  b a s i n  J- 

r a p i d  f i l q  
. p u r e  w a t e r  

f l o c c u l a t o r s  



I n  1978/1979, t h e  p l a n t  used  a c h l o r i n e  d o s e  o f  

1 , 4 - 8 , 2  m g / l i t e r  w i t h  a n  a v e r a g e  d o s e  o f  3 , 3  mg / l i -  

ter .  The c h l o r i n e  d o s e  i s  d e t e r m i n e d  on  t h e  b a s i s  

o f  a  r e s i d u a l  c h l o r i n e  c o n t e n t  a f t e r  t h e  c h l o r i n e  

d e t e n t i o n  b a s i n  o f  0 ,8 -1 ,2  m g / l i t e r  . The c o n t a c t  

t i m e  o f  t h e  c h l o r i n e  was 30 m i n u t e s .  

- I n  1979/1980 a t  Baanhoek GEB t r e a t e d  W a n t i j  w a t e r  

u s i n g  t h e  f o l l o w i n g  t r e a t m e n t  p r o c e s s :  

4 upf low f i l t e r s  

I n  1978/1979 f o r  b r e a k p o i n t  c h l o r i n a t i o n ,  t h i s  

0 ,  C l ,  p u r e  

p l a n t  used  a c h l o r i n e  d o s e  o f  0 ,4-7,4  m g / l i t e r  w i t h  

a n  a v e r a g e  d o s e  o f  2,4 m g / l i t e r .  The c h l o r i n e  d o s e  

tïownflow 7 L  f i l t e r s  

is d e t e r m i n e d  on  t h e  b a s i s  o f  a  r e s i d u a l  £ r e e  c h l o -  

r i n e  c o n t e n t  a f t e r  t h e  c h l o r i n e  d e t e n t i o n  b a s i n  o f  

0,S-0,3 r n g / l i t e r .  The c o n t a c t  t i m e  o f  t h e  c h l o r i n e  

was 30-60 m i n u t e s .  

- PWN a t  A n d i j k  t r e a t s  I J s s e l l a k e  water u s i n g  t h e  

6 w a t e r  O z o n e d e t e n t X  

b a s i n  
m 

f o l l o w i n g  t r e a t m e n t  p r o c e s s :  

raw CO, 

Water1I--J----I, f l o c c u l a t o r s  b 



I n  1978/1979 f o r  b r e a k p o i n t  c h l o r i n a t i o n ,  t h e  p l a n t  

u sed  a  c h l o r i n e  d o s e  o f  4 , 2 - 1 0 , s  m g / l i t e r  w i t h  a n  

a v e r a g e  d o s e  of 7,5 m g / l i t e r .  The c h l o r i n e  d o s e  is 

d e t e r m i n e d  on t h e  b a s i s  o f  a  r e s i d u a l  t o t a l  c h l o -  

r i n e  c o n t e n t  a f t e r  t h e  c h l o r i n e  c o n t a c t  b a s i n  o f  

1 ,5 -2  m g / l i t e r  and a  r e s i d u a l  t o t a l  c h l o r i n e  b e f o r e  

r a p i d  f i l t r a t i o n  o f  0 , 3 - 0 , 5  m g / l i t e r ,  The c o n t a c t  

t i m e  o f  t h e  c h l o r i n e  was 180  m i n u t e s .  

O f  t h e  f o u r  p l a n t s ,  i n  1978/1979, o n l y  WNWB a t  

Zevenbergen  used  sodium h y p o c h l o r i t e ;  t h e  o t h e r  

p l a n t s  used  c h l o r i n e  g a s .  The a v e r a g e  c h l o r i n e  d o s e  

v a r i e s  g r e a t l y  (WNWB 0,8 m g / l i t e r ,  PWN 7,s mg/ 

l i t e r )  and t h e  min imal  and maximal d o s a g e s  u sed  

a l s o  d i f  £ e r  g r e a t l y ,  

I t  i s  n o t e w o r t h y  t h a t  WNWB a n d  GEB u s e  a £ r e e  c h l o -  

r i n e  r e s i d u a l  a s  a g u i d e ,  w h i l e  DWL and PWN u s e  a  

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

For  t h e  p l a n t s  which u s e  b r e a k p o i n t  c h l o r i n a t i o n ,  

f o r  t h e  raw w a t e r  and t h e  c h l o r i n a t e d  w a t e r ,  t h e  

q u a l i t y  d a t a  were g a t h e r e d  o v e r  t h e  p e r i o d  1978/  

1979 insofar a s  t h e s e  were b e l i e v e d  t o  p l a y  a pos- 

s ib le  r o l e  i n  the f o r m a t i o n  of h a l o g e n a t e d  com- 

p o u n d ~ .  T h i s  c o n c e r n s  the p a r a m e t e r s  TOC, KMnO, 

demand, COD, W e x t i n c t i o n ,  ammonium c o n t e n t ,  b ro -  

mide c o n t e n t ,  p H  and t e m p e r a t u r e .  For WNWB, t h e  

d a t a  for 1980 were t a k e n .  The d a t a  are p r e s e n t e d  i n  

t ab le  5.6 .  



T a b l e  5 . 6  - Average v a l u e s  of q u a l i t y  d a t a  i n  1975- 

1979 ( f o r  WNWB, 1980)  b e f o r e  and a f t e r  

b r e a k p o i n t  c h l o r i n a t i o n  

- = not determined 

3ef ore - 
3,9 

12 

12 

9 

O,  22 

L15 

10,7 - 

DWL 

ifter - 
3,7 

10 
- 
7  

: 0,03 

55 

814 

1017 - 

I n  a d d i t i o n ,  t h e  d a t a  a r e  p r e s e n t e d  r e g a r d i n g  t h e  

THM, POC1, EOC1 and A O C l  c o n t e n t s  b e f o r e  and a f t e r  

b r e a k p o i n t  c h l o r i n a t i o n .  These c o n t e n t s  a r e  p re sen -  

t e d  i n  t a b l e  5 .7  a l o n g  w i t h  t h e  c h l o r i n e  d o s e  and 

t h e  r e s i d u a l  c h l o r i n e  c o n t e n t  a f t e r  30 m i n u t e s .  

I t  i s  a p p a r e n t  from t h e  t a b l e  t h a t  PWN h a s ,  by £ a r ,  

t h e  h i g h e s t  c o n t e n t s  of h a l o g e n a t e d  compounds, f o l -  

lowed by DWL, WNWB and GEB. U n f o r t u n a t e l y ,  o n l y  

v e r y  few POC1 and AOCl measurernents a r e  a v a i l a b l e .  

For t h e  time b e i n g ,  i t  can  be conc luded  from t h e s e  

a n a l y s e s  performed a t  PWN t h a t  t h e  AOCl/THM r a t i o  

i s  lower  than  for c h l o r i n a t e d  p u r e  w a t e r  (see chap- 

ter 4 ) .  
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T a b l e  5.7 - C h l o r i n a t i o n  c o n d i t i o n s  and  s i d e  e f -  

f e c t s  o f  b r e a k p o i n t  c h l o r i n a t i o n  f o r  

1978-1979 ( f o r  W W 3 ,  1 9 8 0 )  

arameter 

Cl, content (mg/l) 

(Km 
CHBrc12 ( u d 1 )  
cHbR,Cl (rig/U 

CHBr (us / i )  
THM (rig/l) 

pocl (ug/U 

E Z 1  (ug/l) 

Am1 ( W / U  

5.4.3 D i s c u s s i o n  

Bef ore 

3f3 

3fO 

Of7 

(0,s 

(0,s 

3r7 
- 
L 5  
- 

I t  i s  a p p a r e n t  f rom t h e  r e s u l t s  p r e s e n t e d  

3ef ore  

7,s 

: 0 , l  

: 0 , l  

: O f 1  

: 0 , l  

: 0,l 
: l 

L 0 
l 0  

i n  sec- 

t i o n  5 . 4 . 2  t h a t  a  p o s i t i v e  c o r r e l a t i o n  e x i s t s  be- 

tween  t h e  m a g n i t u d e  o f  t h e  c h l o r i n e  d o s e  and  t h e  

THM c o n t e n t  a f t e r  c h l o r i n a t i o n .  F i g u r e  5.5 p r e s e n t s  

t h e  c h l o r i n e  d o s e s  and  t h e  THM c o n t e n t s  a t  GEB for 

t h e  p e r i o d e  1978-1980. 

I t  i s  a p p a r e n t  f rom t h e  figure that on t h e  who le ,  

t h e  THM c o n t e n t  f o l l o w s  t h e  c h l o r i n e  d o s e .  I t  may 

be e x p e c t e d  t h a t  a l i m i t a t i o n  of t h e  c h l o r i n e  do- 

s a g e s  would lead t o  a r e d u c t i o n  o f  t h e  THM c o n t e n t .  

I t  w a s  found f rom model tes ts  (see s e c t i o n  5.2.1)  

t h a t  t h e  f o r m a t i o n  o f  THM is a f u n c t i o n  of t i m e ,  

w h e r e i n  t h e  p r o d u c t i o n  d u r i n g  t h e  f i r s t  30 m i n u t e s  

i s  c o n s i d e r a b l e .  A t  PWN i n  p r a c t i c e ,  n o  d i f f e r e n c e  

i s  found  i n  t h e  THM c o n t e n t s  af ter 30 and 60 minu- 



THM ( A  

F i g u r e  5.5 - C h l o r i n e  dose f o r  b r e a k p o i n t  c h l o r i n a -  

t i o n  and THM c o n t e n t  a f t e r  c h l o r i n a -  

t i o n  a t  GEB i n  1978-1980 

tes.  U n n e c e s s a r y  p r o l o n g a t i o n  o f  t h e  c o n t a c t  t i m e ,  

however ,  i s  n o t  d e s i r a b l e .  The c h l o r i n e  d o s e  i s  de-  

t e r m i n e d  t o  a  h i g h  d e g r e e  by t h e  ammonium c o n t e n t  

o f  t h e  w a t e r .  The ammonium c o n t e n t  b e f o r e  break- 

p o i n t  c h l o r i n a t i o n ,  t h e  c h l o r i n e  dose and  t h e  THM 

and EOC1 c o n t e n t s  a i t e r  b r e a k p o i n t  c h l o r i n a t i o n  a r e  

shown i n  t a b l e  5.8. 

A s  i n  t r a n s p o r t  c h l o r i n a t i o n ,  a  marked i n f l u e n c e  o f  

t h e  c~,/NH,+ r a t i o  i s  s e e n .  P l a n t s  w i t h  a  C 1 2 / ~ ~ , +  

r a t i o  o f  a b o u t  15 p r o d u c e  a THM c o n t e n t  o f  10- 

2 0  u g / l i t e r  and an EOC1 c o n t e n t  o f  1 -3  y g / l i t e r .  



T a b l e  5.8  - Ammonium c o n t e n t  b e f o r e  b r e a k p o i n t  

c h l o r i n a t i o n ,  c h l o r i n e  d o s e  and THM and 

EOC1 c o n t e n t s  a f t e r  b r e a k p o i n t  c h l o r i -  

PWN w i t h  a  c ~ Z / N H ~ , +  r a t i o  o f  36 h a s  f a r  h i g h e r  THM 

and E O C I  c o n t e n t s  ( 8 1  and 9 , 5  b g / l i t e r ,  r e s p e c t i -  

v e l y ) .  For b r e a k p o i n t  c h l o r i n a t i o n  a s  w e l l ,  s u f f i -  

c i e n t  i n f o r m a t i o n  r e g a r d i n g  t h e  AOC1  c o n t e n t  i s  

l a c k i n g ,  

I n  a d d i t i o n  t o  t h e  ammonium c o n t e n t ,  t h e  pH can  

a l c o  p l a y  a  r o l e ,  Rook ( r e f .  5.5)  showed t h a t  pH 

r e d u c t i o n  l e a d s  t o  a  r e d u c t i o n  o f  c h l o r i n e  consump- 

t i o n  and t h u s  t o  a  d e c r e a s e  i n  t h e  byproduc t s  con- 

t e n t .  Upon comparing t h e  o p e r a t i n g  d a t a ,  i t  i s  seen  

t h a t  GEB, where t h e  wa te r  t o  be t r e a t e d  h a s  t h e  

l o w e s t  p H ,  h a s  t h e  l o w e s t  THM c o n t e n t  r e l a t i v e  t o  

t h e  c h l o r i n e  dose  and t h e  c h l o r i n e  : ammonium r a -  

t i o .  

I t  may be expec ted  t h a t  a pH r e d u c t i o n  from 8,6  t o  

7 can  bring a b o u t  a THM r e d u c t i o n  of 1 5  t o  30  %, 

w h i l e  t h e  c h l o r i n e  a l s o  h a s  a s t r o n g e r  d i s i n f e c t i o n  

c a p a b i l i t y .  

THM 

u g / l  

1 7 , 3  

20,7 

8,9  

8 1  

No d i r e c t  r e l a t i o n s h i p s  were e s t a b l i s h e d  between 

C l z ,  avg. 

NH,+ ,  avg. 

> 16 

C l 2  d o s e ,  

avg.  mg/l 

0 , 8  

P l a n t  

WNW3 

NH,+ avg. 

mg/ l 

< 0,05 
DWL 

GEB 

PWN 

0,22 

0,19 

O ,21  

3 , 3  

2 ,4  

7 , 5  

1 5  

1 3  

3 6  



t h e  o r g a n i c  m a t t e r  c o n t e n t  and THM f o r m a t i o n  i n  

p l a n t s  u s i n g  b r e a k p o i n t  c h l o r i n a t i o n .  However, i t  

rnay be a n t i c i p a t e d  t h a t  I J s s e l l a k e  w a t e r ,  w i t h  a  

TOC c o n t e n t  of 8 ,8  rng / l i t e r  and marked a l g a l  bloom, 

would r e q u i r e  a  h i g h e r  c h l o r i n e  d o s e  t h a n  t h e  o t h e r  

w a t e r  t y p e s  w i t h  a TOC c o n t e n t  of 3 - 4  m g / l i t e r .  

T h i s  h i g h e r  c h l o r i n e  dosage  t h e n  a g a i n  l e a d s  t o  a  

h i g h e r  THM c o n t e n t .  

A l o w e r  c h l o r i n e  consumption does  n o t  always l e a d  

t o  a lower T W  c o n t e n t .  Upon t h e  t r a n s i t i o n  from 

Meuse wa te r  t o  Biesbosch water, t h e  c h l o r i n e  u s e  a t  

DWL Rotterdam d e c r e a s e d  c o n s i d e r a b l y .  However t h e  

THM c o n t e n t  of t h e  c h l o r i n a t e d  w a t e r  s c a r c e l y  de- 

c r e a s e d .  I n c r e a s i n g  t h e  pH from 7,8  t o  9 and t r a n s -  

p o r t  c h l o r i n a t i o n ,  however, may have  p layed  a  r o l e  

i n  t h i s .  

I t  i s  a p p a r e n t  from t h e  p r e c e d i n g  t h a t  r e l a t i v e l y  

h i g h  THM and E O C I  c o n t e n t s  occur  i n  b r e a k p o i n t  

c h l o r i n a t i o n .  I n  t h i s  c a s e ,  a s  w e l l ,  t h e  c h l o r i n e /  

ammonium r a t i o  i s  of g r e a t  s i g n i f i c a n c e .  High r a -  

t i o s  l e a d  t o  h igh  THM and EOC1 c o n t e n t s .  I n  add i -  

t i o n ,  t h e  p H  may p l a y  a  r o l e  of some s i g n i f i c a n c e .  

A s i g n i f i c a n t  r e d u c t i o n  o f  t h e  s i d e  e f f e c t s  can ,  

t h e r e f o r e ,  be ach ieved  by r e s t r i c t i n g  c h l o r i n e  use .  

DWL and P m ,  t h e r e f o r e ,  r educed  t h e i r  demands f o r  

c h l o r i n e  c o n t e n t  a f t e r  t h e  d e t e n t i o n  b a s i n s ,  w h i l e  

GEB o n l y  adds c h l o r i n e  i n  w i n t e r .  A pH r e d u c t i o n  

h a s  n o t  y e t  been i n t r o d u c e d  f o r  c o s t  r e a s o n s .  I n  

view o f  t h e  most impor tan t  purpose  of b r e a k p o i n t  

c h l o r i n a t i o n ,  however, some £ r e e  c h l o r i n e  shou ld  

a lways  be p r e s e n t  i n  t h e  wa te r .  T h i s  w i l 1  a lways be 

accompanied by a  r e l a t i v e l y  g s e a t  f o r m a t i o n  o f  by- 

p r o d u c t c .  



5.5 Formation of halogenated compounds during post- 

chlorination 

Introduction 

Eleven production plants used post-chlorination in 

the preparation of drinking water in 1979/1980. The 

plants are: 

1. 

2. 

3 .  

4 .  

5. 

6. 

7 .  

8. 

9. 

10. 

11. 

The 

the Waterworks of Overijssel (WMO) at 

Diepenveen; 

the Municipal Waterworks of Groningen (GWG) at 

De Punt; 

the Waterworks of South-West-Netherlands (WMZO) 

at Ouddorp; 

the Enschede Municipal Energy Concern (ONE) on 

tke Weerseloseweg; 

the Waterworks of South-West-Netherlands (WMZH) 

at Haamstede; 

the Amsterdam Municipal Waterworks (GWL) at 

Leiduin; 

the Amsterdam Municipal Waterworks (GWD) at 

Driemond; 

the Rotterdam Waterworks (DWL R) at Kralingen; 

the Waterworks of North-West-Brabant (WNWB) at 

Zevenbergen; 

the Rotterdam Waterworks (DWL R) at the Beren- 

plaat; 

the Dordrecht Municipal Energy Concern (GEB) at 

the Baanhoek. 

f irst seven treatment plants use only post- 

chlorination or a combination of transport chlori- 

nation followed by infiltration and post-chlorina- 

tion; no THMs occur after infiltration. Plants 8 

through 11 inclusive use several chlorinations. 

Plant 1 treats groundwater, plants 2 and 11 tueat 

mixed groundwater and surface water and the other 



plants treat surface water. 

PWN (plants 12 and 13) uses post-disinfection with 

C10, in its plants. This wil1 be discussed in this 

section. 

The plants use post-chlorination for the f ollowing 

reasons: 

a. al1 plants use post-chlorination to control 

microorganisms; 

b. eight plants (2, 3, 5, 6, 7, 8, 9 and 10) use 

post-chlorination to neutralize higher orga- 

nisms; 

c. four plants (7, 8, 10 and 11) use post-chlorina- 

tion to maintain a chlorine residual in the 

distribution system; 

d. four plants (2, 4, 8 and 10) see in post-chlori- 

nation a possibility for occasional disinfection 

of the distribution network. 

Results 

For the plants which use post-chlorination, data 

have been collected for the period of 1979-1980 

with respect to the minimal, maximal and average 

chlorine dose, the residual chlorine content after 

20 minutes and the criterion used for guiding the 

chlorine dosage. These data are presented in table 

5.9. 

The chlorine dose is given as the chlorine content 

determined immediately after addition so that the 

instantaneous dose may be somewhat higher. Accor- 

ding to the table the average chlorine content 

immediately after addition appears to vary from 

0,09 to 0,86 mg/liter; after 20 minutes, the resi- 

dual chlorine content is < 0,02-0,49 mg/liter. In 

addition to the chlorine consumption of the water, 

these great differences are largely due to the 

criteria utilized for chlorination. 



T a b l e  5.9 - C h l o r i n e  d o s e ,  r e s i d u a l  c h l o r i n e  con-  

p l an t  

l m0 

2  m 
3 WM2-C 

4  om 
5  m-H 

6 GW-L 

7  ai-D 

8  DWL-K 

9 m w B  

.O Dm-B 

.I m 

t e n t  a f t e r  20 m i n u t e s  a n d  t h e  p o s t -  

c h l o r i n a t i o n  c r i t e r i o n  i n  1979-1980 

ceilorine dose 

- 
min. 

mg/l 
max. 

1,20 

o,50 

0,25 

D , l4  

0,30 

O ,7O 

O,6O 

- 
o,62 

- 
1,20 
- 

avg . 

O,  86 

0,45 

0  , l8  

0,09 

0,22 

0,67 

0,19 

0,46 

0,42 

O ,46 

O,8O 

r e s i d w l  chlo- 

r i n e  content  

min. 
- 
- 
0,25 

o 
o 
O 

O , l 8  

0,02 

0,22 

- 
0,25 

- 

cri ter ion 

0 , l  à 0,15 mg/l a f t e r  2  h r ,  

- 
0,05 mg/ì after 2  min. 

0 , l  q/l a f t e r  15 min. 

0,05 q/l a f t e r  2  min. 

0,2 mg/l a f t e r  20 min. 

0,2 mg/l a f t e r  20 min. 

0,05 q/l a f t e r  48 hr. 

0,2 mg/l a f t e r  20 min. 

0,05 mg/l a f t e r  48 hr. 

0,2 mg/l a f t e r  18 hr. 

D a t a  o n  t h e  THM c o n t e n t  w e r e  a l so  g a t h e r e d .  FOK 

p l a n t s  1-7  i n c l u s i v e ,  w h e r e  t h e  water c o n t a i n s  no 

THM p r i o r  t o  p o s t - c h l o r i n a t i o n ,  o n l y  t h e  c o n t e n t s  

a f t e r  p o s t - c h l o r i n a t i o n  are r e p o r t e d .  F o r  p l a n t s  

8 - 1 1  i n c l u s i v e ,  the c o n t e n t s  b e f o r e  a n d  a f t e r  p o s t -  

c k l o r i n a t i o n ,  as  w e l 1  as t h e  differente, are  r e p o r -  

t e d .  

T a b l e  5.10 shows t h a t  t h e  THM c o n t e n t  fo rmed  upon 

p o s t - c h l o r i n a t i o n  v a r i e s  f r o m  0.05-0.176 ~mol/li- 

ter .  B y  Ear, t h e  h i g h e s t  c o n t e n t s  o c c u r  a t  p l a n t s  6 

and  11. 

The EOCI and  AOC1 c o n t e n t s  are r e p o r t e d  f o x  t h e  

p u r e  c h l o r i n a t e d  water i n  c h a p t e r  4 .  Since very 



l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  r e g a r d i n g  t h e  non- 

c h l o r i n a t e d  w a t e r ,  no  a t t e n t i o n  w i l 1  be d e v o t e d  t o  

t h o s e  p a r a m e t e r s  i n  t h i s  s e c t i o n .  

Table 5.10 - C h l o r i n e  d o s e ,  r e s i d u a l  c h l o r i n e  con- 

t e n t  and THM c o n t e n t  b e f o r e  and a f t e r  

p o s t - c h l o r i n a t i o n  i n  1979-1980 

lant Average 

chlorine 

dose 

mg/l 

chlorine content 

a f t e r  20 min. 

5 .5 .3  D i s c u s s i o n  

I t  is  a p p a r e n t  f rom t h e  d a t a  r e p o r t e d  i n  s e c t i o n  

5.5.2 t h a t  t h e  THM c o n t e n t  v a r i e s  f rom 0,015-  

0 ,176  u m o l / l i t e r .  The l o w e s t  THM c o n t e n t s  a r e  found  

a t  p l a n t s  which p r e p a r e  d r i n k i n g  w a t e r  from ground-  

w a t e r  or w a t e r  f o l l o w i n g  soil p a s s a g e  and which can  

get by w i t h  a  r e l a t i v e l y  l o w  d o s a g e  f o r  p o s t - c h l o -  



r i n a t i o n .  P l a n t  7 ,  which a l s o  t reats  i n f i l t r a t e d  

w a t e r ,  f o rms  an e x c e p t i o n  i n  t h i s  r e g a r d .  

The h i g h e s t  THM c o n t e n t s  a r e  found  i n  t h e  case of 

s u r f a c e  w a t e r - t r e a t m e n t  p l a n t s  which g e n e r a l l y  u s e  

s e v e r a l  c h l o r i n a t i o n s .  The c u r v e s  f o r  t h e  THM con- 

t e n t s  a t  p l a n t s  10 and  11 a r e  n o t e w o r t h y  h e r e ;  b o t k  

o f  t h e s e  p l a n t s  u s e  b r e a k p o i n t  c h l o r i n a t i o n .  F o l l o -  

wing b r e a k p o i n t  c h l o r i n a t i o n ,  p l a n t  10 h a s  a  h i g h  

THM c o n t e n t ,  and  t h i s  c o n t e n t  is o n l y  s l i g h t l y  f u r -  

t h e r  e l e v a t e d  d u r i n g  p o s t - c h o r i n a t i o n .  P l a n t  11, on  

t h e  o t h e r  hand,  f o l l o w i n g  b r e a k p o i n t  c h l o r i n a t i o n ,  

h a s  a  r e l a t i v e l y  l o w  THM c o n t e n t ,  b u t  t h i s  c o n t e n t  

i n c r e a s e s  g r e a t l y  upon p o s t - c h l o r i n a t i o n ,  

E x t e n s i v e  d i s c u s s i o n  i s  p r e s e n t e d  r e g a r d i n g  t h e  

c o m p o c i t i o n  o f  t h e  THM i n  s e c t i o n  4 ,  W i t h o u t  nume- 

r i c a l  i l l u s t r a t i o n s ,  o n e  mus t  be c o n t e n t  h e r e  w i t h  

r e p o r t i n g  t h e  s h i f t  toward t h e  f o r m a t i o n  o f  more 

h i g h l y  b r o m i n a t e d  THM i n  t h e  c a s e  of  i n c r e a s i n g  

p u r i f i c a t i o n .  I n  t h i s  manner ,  h i g h l y  b romina ted  

THMs a r e  f ormed a f  ter c a r b o n  f i l  t r a t i o n  e s p e c i a l l y  

a t  s h o r t  f i l t e r  r u n s  ( p l a n t s  8 and 9 ) .  

The r e s u l t s  do  n o t  i n d i c a t e  any  d i s t i n c t  r e l a t i o n -  

s h i p  between t h e  THM c o n t e n t  and t h e  c h l o r i n e  d o s e  

or t h e  r e s i d u a l  c h l o r i n e  c o n t e n t  a f t e r  2 0  m i n u t e s .  

I n  a d d i t i o n ,  no  d i s t i n c t  dependence  upon t h e  s e a s o n  

i s  p r e s e n t .  A few examples  w i l 1  b e  c i t e d  f o x  i l l u s -  

t r a t i o n :  

- a t  i d e n t i c a l  c h l o r i n e  d o s e s ,  p l a n t  2 fo rms  more 

THM i n  summer t h a n  i n  w i n t e r ,  w h i l e  t h e  o p p o s i t e  

is t r u e  i n  p l a n t  6 ;  

- p l a n t  1 0 ,  a t  a v a r i a b l e  c h l o r i n e  d o s e  and  a n  

e q u a l  r e s i d u a l  c h l o r i n e  c o n t e n t ,  f o rms  a c o n s t a n t  

q u a n t i t y  of THM. P l a n t s  8 a n d  11, a t  i n c r e a s i n g  

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

c o n t e n t ,  form more THM. 



Thus ,  few d e f i n i t e  c o n c l u s i o n s  c a n  be  drawn from 

t h e  r e s u l t s ,  and  few measurements  have  been  made 

a s i d e  f rom t h e  THM d a t a .  

A more e x t e n s i v e  d i s c u s s i o n  o f  t h e  r e a s o n s  f o r  u s e  

of p o s t - c h l o r i n a t i o n ,  t k e  d o s e  l i m i t a t i o n  for  t h i s  

c h l o r i n a t i o n  and a l t e r n a t i v e s  t o  t h i s  c h l o r i n a t i o n  

w i l 1  b e  p r e s e n t e d  i n  s e c t i o n  8. 

F o r m a t i o n  o f  h a l o g e n a t e d  compounds d u r i n g  ozona-  

t i o n  

5.6.1 I n t r o d u c t i o n  

N o t  o n l y  d u r i n g  c h l o r i n a t i o n ,  b u t  a l s o  i n  some 

c a s e s  d u r i n g  o z o n a t i o n ,  an  i n c r e a s e  i n  t h e  c o n t e n t  

o f  h a l o g e n a t e d  compounds i s  found.  T h i s  phenomenon 

w i l 1  b e  i l l u s t r a t e d  i n  t h i s  s e c t i o n  based  on  some 

d a t a  f rom Germany and t h e  N e t h e r l a n d s .  

R e s u l t s  

The f o r m a t i o n  o f  some l o w  m o l e c u l a r  w e i g h t  h a l o g e -  

n a t e d  compounds d u r i n g  o z o n a t i o n  was f i r s t  n o t e d  by 

S t i e g l i t z  e t  a l  ( r e f .  5 .6 )  i n  a s t u d y  r e g a r d i n g  t h e  

b e h a v i o u r  o f  c h l o r i n a t e d  o r g a n i c  compounds d u r i n g  

t h e  t r e a t m e n t  of  Rhine  w a t e r  i n  some German Water-  

works.  W i t h i n  t h e  s c o p e  of t h i s  i n v e s t i g a t i o n ,  some 

s p e c i f i c  h a l o g e n  compounds w e r e  d e t e r m i n e d  and  some 

o r g a n o c h l o r i n e  d e t e r m i n a t i o n s  were perforrned £01- 

l owing  v a r i o u s  t r e a t m e n t  s t e p s .  F i g u r e  5 . 6  shows 

the changes  i n  t h e  gas c h r o m a t o g r a p h i c a l l y  de t e r m i -  

ned o r g a n o c h l o r i n e  c o n t e n t .  

A c c o r d i n g  to  f i g u r e  5 - 6  a d i s t i n c t  i n c r e a s e  i n  a l i -  

p h a t i c a l l y  bound c h l o r i n e  can  be s e e n  a f t e r  ozona-  

t i o n .  O f  t'ne s p e c i f i c  compounds, t h e  c o n t e n t s  of 

c h l o r o f o r m ,  t e t r a c h l o r o m e t h a n e ,  t r i c h l o r o e t h y l e n e ,  
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F i g u r e  5.6 - Changes i n  t o t a l ,  a l i p h a t i c  and aroma- 

t i c  o r g a n o c h l o r i n e  c o n t e n t s  ( d e t e r m i -  

ned by g a s  ch roma tography)  d u r i n g  t h e  

p u r i f i c a t i o n  o f  bank  f i l t r a t e  

t e t r a c k l o r o e t h y l e n e ,  t e t r a c h l o r o b u t a d i e n e  and  hexa-  

c h l o r o b u t a d i e n e  i n c r e a s e d .  I n  t h e  N e t h e r l a n d s ,  

D e  Greef  e t  a l .  ( r e f .  5 . 7 )  pe r fo rmed  s t u d i e s  on t h e  

f o r m a t i o n  of o r g a n i c  m i c r o c o n t a m i n a n t s  d u r i n g  ozo-  

n a t i o n .  Water  w a s  s t u d i e d  b e f o r e  and a f t e r  ozona-  

t i o n  a t  Z w i j n d r e c h t .  I n  Z w i j n d r e c h t ,  o z o n a t i o n  i s  

a p p l f e d  t o  bank f i l t r a t e  which h a s  undergone  not 

submerged f i1 t r a t i o n .  The c o n t e n t  of some ha logena -  

t e d  s u b s t a n c e s  was measured  b o t h  b e f o r e  and a f t e r  

o z o n a t i o n .  

The rneasurernents i n d i c a t e  t h e  o c c u r e n c e  o f  a s l i g h t  

i n c r e a s e  i n  t h e  THM c o n t e n t  and i n  t h e  t r i-  and 

t e t r a c h l o r o e t h y l e n e  c o n t e n t s .  



I n  t h e  c a s e  o f  GEB a t  D o r d r e c h t ,  w a t e r  i s  c h l o r i n a -  

t e d ,  c o a g u l a t e d  and  f i l t e r e d  p r i o r  t o  o z o n a t i o n ,  

The i n c r e a s e  i n  t h e  c o n t e n t s  of some bromine-  and  

i o d i n e - c o n t a i n i n g  compounds i s  r e m a r k a b l e .  T h i s  i n -  

c r e a s e  i n  t h e  c o n t e n t  o f  b r o m i n a t e d  THM was a l s o  

found  d u r i n g  t h e  o z o n a t i o n  o f  g round w a t e r  f rom 

D o r d r e c h t .  I n  t h i s  p r o c e s s ,  t h e  C H B r , C l  c o n t e n t s  

i n c r e a s e d  f rom O t o  1 ,5 -1 ,7  u g / l i t e r .  

5 .6 .3  D i s c u s s i o n  

I t  i s  a p p a r e n t  from t h e  r e s u l t s ,  t h a t  i n  some ca- 

ses, a  s l i g h t  i n c r e a s e  i n  t h e  c o n t e n t  o f  ha logena -  

ted compounds is o b s e r v e d .  T h i s  g e n e r a l l y  i n v o l v e s  

a n  i n c r e a s e  i n  bromine(i0dine)-containing THM. The 

r e a s o n  f o r  t h i s  may be o x i d a t i o n  o f  b romide ,  a s  i s  

i n d i c a t e d  i n  t h e  c a s e  o f  c h l o r i n a t i o n  ( r e f s .  5.5, 

5 .8)  ; however,  i t  s h o u l d  be  n o t e d  t h a t  d i r e c t  o x i -  

d a t i o n  o f  bromide by ozone  d o e s  n o t  t a k e  p l a c e  un- 

der p r a c t i c a 1  c o n d i t i o n s .  A c o n c e n t r a t i o n  i n c r e a s e  

a f t e r  o z o n a t i o n  i s  n o t  a lways  found ,  I n  o z o n a t i o n  

e x p e r i m e n t s  a t  L e i d u i n  and H e l v o i r t  ( n o t  d i s c u s s e d  

h e r e ) ,  no i n c r e a s e  was found .  

The f o r m a t  i o n  of c h l o r i n a t e d  compounds d u r i n g  ozo-  

n a t i o n  i s  even  more d i f f i c u l t  t o  e x p l a i n .  The 

breakdown of h i g h  m o l e c u l a r  w e i g h t  c h l o r i n a t e d  c o m -  

p o u n d ~  d u r i n g  i s o l a t i o n  may p l ay  a  role h e r e ,  and  

t h e  phenomenon may be based  on an a r t i f a c t .  

I n  summary, it can  be  s t a t e d  t h a t  an  i n c r e a s e  i n  

t h e  c o n t e n t  o f  h a l o g e n a t e d  compounds i s  found  i n  

some c a s e s  a f t e r  o z o n a t i o n ,  T h i s  i n v o l v e s  t h e  f o r -  

rna t ion  o f ,  a t  mos t ,  a  f e w  p g / l i t e r  of compounds, 

f r e q u e n t l y  b r o m i n e - c o n t a i n i n g .  

T h e  e x p l a n a t i o n s  for t h e  f o r m a t i o n  of t h e s e  com-  

p o u n d ~  a r e  somewhat s p e c u l a t i v e .  



D i s c u s s i o n  

I n  t h i s  s e c t i o n ,  a t t e n t i o n  was devo ted  t o  t h e  f o r -  

ma t ion  of  ha logena ted  s u b s t a n c e s  d u r i n g  t r a n s p o r t - ,  

b r e a k p o i n t -  and p o s t - c h l o r i n a t i o n  and d u r i n g  ozona- 

t i o n .  Many a n a l y s e s  of t h e  THM c o n t e n t s  a r e  a v a i l -  

a b l e  f o r  a l 1  of t h e  p r o c e s s e s ;  o t h e r  measurements 

(POCI, E O C I  and AOC1 c o n t e n t s )  w e r e  performed £ a r  

less e x t e n s i v e l y  and m o s t l y  f o r  t r e a t e d  wa te r  p r i o r  

t o  p o s t - c h l o r i n a t i o n .  A n  u r g e n t  need e x i s t s  f o r  

such d a t a ,  supplemented by t o x i c i t y  tests. 

The r e s u l t s  r e p o r t e d  i n  t h i s  s e c t i o n  can be summa- 

r i z e d  a s  lollows: 

- t h e  model s t u d i e s  i n d i c a t e  a  r e l a t i o n s h i p  between 

t h e  b r e a k p o i n t  cu rve  and THM f o r m a t i o n .  S c a r c e l y  

any  THMs a r e  formed up t o  t h e  t o p  of  t h e  break-  

p o i n t  cu rve ;  marked THM f o r m a t i o n  t a k e s  p l a c e  

immedia te ly  below and above t h e  b r e a k p o i n t .  A t  

h i g h e r  c h l o r i n e  dosages ,  t h e  THM c o n t e n t  shows 

o n l y  a s l i g h t  f u r t h e r  i n c r e a s e .  With i n c r e a s i n g  

p u r i f i c a t i o n  and lower c h l o r i n e  dosages ,  a  rela- 

t i v e l y  e x t e n s i v e  THM f o r m a t i o n  o c c u r s  s o  t h a t  it 

can  be a n t i c i p a t e d  t h a t  t h e  p o s t - c h l o r i n a t i o n  of 

t r e a t e d  w a t e r  c o i n c i d e s  w i t h  r e l a t i v e l y  h i g h  THM 

c o n t e n t s .  The THM f o r m a t i o n  i s  p H  dependent ;  less 

THMs a r e  formed a t  low pH; 

- a marked i n f l u e n c e  of t h e  ammonium c o n t e n t  is  

a p p a r e n t  from the d a t a  on t r a n s p o r t  c h l o r i n a t i o n .  

A t  Cl,/NH, r a t i o s  of 2-3,  t h e  THM c o n t e n t  i s  low; 

a  C12/NH4 r a t i o  of 20  l e a d s  t o  h igh  c o n t e n t s  ( u p  

t o  100 u g / l i t e r ) .  A l 1  o t h e r  p a r a m e t e r s  i n v e s t i -  

g a t e d  a p p e a r  t o  have no d e f i n i t e  e f f e c t ;  

- i n  t h e  c a s e  of  b r e a k p o i n t  c h l o r i n a t i o n  a s  w e l l ,  

t h e  Cl,/NH+ r a t i o  i s  g r e a t l y  d e t e r m i n i n g  f o r  t h e  

s i d e  e f f e c t s .  A t  a  C l , / N H ,  r a t i o  of 1 5 ,  t h e  THM 

c o n t e n t  i s  1 0 - 2 0  u g / l i t e r ;  a t  a r a t i o  of 3 6 ,  t h e  



THM c o n t e n t  i n c r e a s e s  t o  80 p g / l i t e r .  I n  a d d i -  

t i o n ,  t h e  p H  a p p e a r s  t o  have some e f f e c t  on t h e  

THM c o n t e n t ;  

- r e l a t i v e l y  l a r g e  q u a n t i t i e s  of THM a r e  formed 

d u r i n g  t h e  p o s t - c k l o r i n a t i o n  of  t r e a t e d  wa te r .  

The c o n t e n t  is  between 0,015 and 0,176 ymol / l i -  

ter .  The h i g h e s t  c o n t e n t s  occur  d u r i n g  t h e  p o s t -  

c h l o r i n a t i o n  of  t r e a t e d  wa te r  i n  which s e v e r a l  

c h l o r i n a t i o n s  a r e  g e n e r a l l y  used .  

No d e f i n i t e  q u a n t i t i v e  c o r r e l a t i o n  e x i s t c  between 

t h e  THM c o n t e n t ,  on one hand, and t h e  c h l o r i n e  

d o s e ,  t h e  r e s i d u a l  c h l o r i n e  c o n t e n t  a f t e r  20 

m i n u t e s ,  t h e  raw m a t e r i a l  o r  t h e  s e a s o n  on t h e  

o t h e r  hand; 

- dur  i n g  o z o n a t  i o n ,  some h a l o g e n a t e d  compounds a r e  

o c c a s i o n a l l y  formed a t  low c o n c e n t r a t i o n s .  No 

d e f i n i t e  c o n c e p t s  e x i s t  c o n c e r n i n g  t h e  p a t h  of 

fo rmat ion .  

I n  summary, i t  can be s t a t e d  t h a t  t h e  THM f o r m a t i o n  

d u r i n g  t r a n s p o r t  c h l o r i n a t i o n  can be g r e a t l y  l i m i t -  

ed by r e d u c i n g  t h e  c ~ ~ / N H * +  r a t i o .  R e l a t i v e l y  h i g h  

THM c o n t e n t s  may d e v e l o p  i n  t h e  c a s e  o f  b r e a k p o i n t  

c h l o r i n a t i o n  and p o s t - c k l o r i n a t i o n .  L i t t l e  d a t a  a r e  

a v a i l a b l e  on P O C 1 ,  E O C l  and AOC1 w i t h  r e f e r e n c e  t o  

i n d i v i d u a l  c h l o r i n a t i o n s .  However, d a t a  a r e  a v a i l a -  

b l e  f o r  t h e  t r e a t e d  w a t e r  i n  1979-1980 (see s e c t i o n  

4 ) .  For t h e  s a k e  o f  i l l u s t r a t i o n ,  t h e  a v e r a g e  THM, 

EOCl and AOC1 c o n t e n t s  and t h e  s p r e a d  o v e r  t h e  y e a r  

a r e  shown i n  f i g u r e  5.7.  

I t  i s  a p p a r e n t  from t h i s  t h a t  t h e  l a r g e s t  number of 

s i d e  e f f e c t s  o c c u r  i n  the s u r f a c e  w a t e r  t r ea t rnen t  

p l a n t s  ( p l a n t s  8-11, i n c l u s i v e ) ,  which use  b reak-  

p o i n t  and p o s t - c h l o r i n a t i o n .  



O 1  2 3 4 5 6 7 8 9 1 0 1 1  - treatment plant 

F i g u r e  5.7 - T H M ,  EOC1 a n d  A O C 1  c o n t e n t  i n  

N e t h e x l a n d s  water t r e a t m e n t  plants . 
Period: September, 1979-July, 1980 



5.8 Recommendations 

The r e s u l t s  d e s c r i b e d  i n  t h i s  s e c t i o n  have  sugges -  

t e d  t h e  f o l l o w i n g  p o i n t s  f o r  i n v e s t i g a t i o n :  

- i n v e s t i g a t i o n  r e g a r d i n g  t h e  p o s s i b i l i t i e s  f o r  

r e s t r i c t i n g  c h l o r i n e  u s e  f o r  t r a n s p o r t  d i s i n f e c -  

t i o n .  The f o l l o w i n g  p o s s i b i l i t i e s  a r i s e  t h e r e b y :  

a ,  u s e  of t r a n s p o r t  p u r i f i c a t i o n ;  

b ,  u s e  of i n t e r m i t t e n t  c h l o r i n a t i o n ;  

c .  t r a n s p o r t  d i s i n f e c t i o n  w i t h  c h l o r a m i n e  o r  

c h l o r i n e  d i o x i d e ;  

- i n v e s t i g a t i o n  r e g a r d i n g  t h e  p o s s i b i l i t i e s  f o r  

l i r n i t i n g  p o s t - c h l o r i n a t i o n ,  r e p l a c i n g  it by c h l o -  

r i n e  d i o x i d e  t r e a t m e n t ,  or  e l i r n i n a t i n g  it; 

- i n v e s t i g a t i o n  r e g a r d i n g  t h e  f o r m a t i o n  o f  h a l o g e -  

n a t e d  cornpounds d u r i n g  o z o n a t i o n .  

LITERATURE 

5.1 K r u i t h o f ,  J.C. and  P a a s s e n ,  J .A ,M.  van :  Forma- 

t i o n  of t r i h a l o m e t h a n e s  d u r i n g  c h l o r i n a t i o n  o f  

B i e s b o s c h  w a t e r .  R e p o r t  2 4 2  f r o m  K I W A ,  

September  1980.  

5 . 2  K r u i t h o f ,  J . C .  a n d  P a a s s e n ,  J . A . M ,  van:  Forma- 

t i o n  of t r i h a l o m e t h a n e s  d u r i n g  c h l o r i n a t i o n  o f  

I J s s e l l a k e  w a t e r .  R e p o r t  243  f r o m  K I W A ,  

September 1980.  

5 . 3  K r u i t h o f ,  J . C .  and  P a a s s e n ,  J . A . M .  van: Forma- 

t i o n  of t r i h a l o m e t h a n e s  d u r i n g  c h l o r i n a t i o n  of 

A n d e l s e  Meuse w a t e r .  R e p o r t  244 f rom KIWA, 

J a n u a r y  1980.  

5 - 4  K r u i t h o f ,  J.C. and  P a a s s e n ,  J.A.M. van:  Forma- 

t i o n  of t r i h a l o m e t h a n e s  i n  u n t r e a t e d  and  t r e a -  

ted L e k  C a n a l  w a t e r .  R e p o r t  254  f rom KIWA,  

A p r i l  1980 .  

5.5 Rook, J.J.: Forma t ion  o f  t r i h a l o m e t h a n e s  d u r i n g  



t r e a t m e n t  o f  d r i n k i n g  w a t e r  w i t h  c h l o r i n e .  

T h e s i s ,  Wageningen A g r i c u l t u r a l  U n i v e r s i t y ,  

1978.  

5 . 6  S t i e g l i t z ,  L. ;  Roth ,  W.;  Kuehn, W . ;  L e g e r ,  E. :  

B e h a v i o r  o f  o rganoha logen  compounds d u r i n g  

d r i n k i n g  w a t e r  p r e p a r a t i o n .  Vom Wasser ,  47 ,  

347-377, 1977.  

5.7 Greef  , E. d e ;  Hrubec,  J. ; Morris, J . C .  : Ozone 

and  h a l o g e n a t e d  o r g a n i c  compounds. I n  "Oxida- 

t i o n  T e c h n i q u e s  i n  ~ r i n k i n g  Water  T rea tmen t " ,  

K a r l s r u h e ,  1979 .  

5.8 G r a v e l a n d ,  A . ;  K r u i t h o f ,  J.C.; Nuhn, P.A.N.M.: 

P r o d u c t i o n  of v o l a t i l e  h a l o g e n a t e d  cornpounds by 

c h l o r i n a t i o n  a f t e r  c a r b o n  f i l t r a t i o n .  R e p o r t  

332 from KIWA, A p r i l  1981.  



6 REMOVAL OF HALOGENATED COMPOUNDS 

I n t r o d u c t i o n  

D e s p i t e  t h e  f a c t  t h a t  t h e  ad hoc s t u d y  g roup  on 

c h l o r i n e  came t o  t h e  c o n c l u s i o n  t h a t  under t h e  

p r o c e s s  c o n d i t i o n s  c u s t o m a r i l y  employed i n  1977, 

THM can n o t  be removed or d e s t r o y e d  by p r o c e s s e s  

such a s  a e r a t i o n ,  a d s o r p t i o n  and o x i d a t i o n ,  never-  

t h e l e s s ,  a  g r e a t  d e a l  of s t u d y  was performed i n  

o r d e r  t o  p u r s u e  such p o s s i b i l i t i e s .  

T h i s  s e c t i o n  d e s c r i b e s  t h e  removal of h a l o g e n a t e d  

compounds d u r i n g  a e r a t i o n ,  a c t i v a t e d  ca rbon  f i l t r a -  

t i o n ,  a d s o r p t i o n  on a l t e r n a t i v e  a d s o r b e n t s ,  ozona- 

t i o n ,  i n f i l t r a t i o n  and r e v e r s e  osmosis .  

P r a c t i c a l l y  t h e  e n t i r e  s e c t i o n  d e a l s  w i t h  t h e  remo- 

v a l  o r  c o n v e r s i o n  o f  THM. S c a r c e l y  any  i n f o r m a t i o n  

i s  a v a i l a b l e  r e g a r d i n g  o t h e r  byproduc t s  formed 

d u r i n g  c h l o r i n a t i o n  ( i n d i v i d u a l  p r o d u c t s  o r  g roups  

o f  p r o d u c t s  expressed  a s  t h e  EOC1 and AOC1 con- 

t e n t ) .  However, some d a t a  a r e  i n c l u d e d  r e g a r d i n g  

t h e  removal of  TCE ( t r i c h l o r o e t h y l e n e )  and t e t r a -  

c h l o r o e t h y l e n e ,  i n  view of t h e  r e l a t e d  n a t u r e  o f  

t h e s e  compounds . 
The e f f e c t  of t h e  p r o c e s s e s  i n v e s t i g a t e d  w i l l  be 

c o n s i d e r e d  i n  g r e a t e r  d e t a i l  and recommendations 

w i l l  be made for i u r t h e r  s t u d y .  

Removal of  h a l o g e n a t e d  compounds by a e r a t i o n  

6.2.1 In twoduc t ion  

A e r a t i o n  i s  a p r o c e s s  wide ly  used i n  t h e  chemica1 

i n d u s t r y  and i n  wa te r  t r e a t m e n t  f o r  t h e  removal of 

ammonia, ca rbon  d i o x i d e  and hydrogen s u l f i d e .  The 

p o s s i b i l i t i e s  have ex tended  t o  t h e  removal of  spe- 



c i f i c  o r g a n i c  m i c r o c o n t a m i n a n t s  f rom d r i n k i n g  wa- 

t e r .  U p  t o  1976,  p r i m a r i l y  g e n e r a l  l i t e r a t u r e  ap- 

p e a r e d  w h e r e i n  an  i d e a  w a s  g a i n e d  r e g a r d i n g  t h e  

e f f e c t i v e n e s s  of a e r a t i o n  b a s e d  on  H e n r y ' s  c o n s t a n t  

( H ) .  D i l l i n g  ( r e f .  6.1) f i n d s  h e r e  t h a t  t h e  h a l f -  

l i f e  f o r  a e r a t i o n  i n  t h e  c a s e  o f  H > l is  e q u a l  to  

t h e  s q u a r e  r o o t  o f  t h e  m o l e c u l a r  w e i g h t  and i s  i n -  

d e p e n d e n t  o f  H. 

B e g i n n i n g  i n  1976 ,  i n c r e a s i n g  amounts  of l i t e r a t u r e  

a p p e a r e d  which p e r t a i n e d  t o  t h e  removal  o f  THM and 

o t h e r  k a l o g e n a t e d  k y d r o c a r b o n s  s u c h  a s  t r i -  and te- 

t r a c h l o r o e t h y l e n e .  

6.2.2 Removal o f  THM 

Rook ( r e f .  6.2) d e s c r i b e s  t h e  r emova l  o f  c h l o r o f o r m  

i n  a  c a s c a d e  a e r a t o r ,  4 m i n  h e i g h t .  H e  f i n d s  89  % 

removal  a t  an a i r / w a t e r  r a t i o  o f  11 : 1 and a  50 % 

a t  a  r a t i o  of 3 , 2  : 1. Love e t  a l .  ( r e f .  6 .3 )  d e s -  

c r i b e  e x p e r i m e n t s  i n  a  c o u n t e r c u r r e n t  a e r a t o r  w i t h  

a d i a m e t e r  of 37 mm. They f i n d  r e d u c t i o n s  i n  t h e  

c h l o r o f o r m  c o n t e n t  r a n g i n g  from 53 % a t  an a i r /wa-  

ter r a t i o  of 8 : 1 t o  83 % a t  a  20 : 1 r a t i o .  These  

d a t a  were c o n f i r m e d  by Symons e t  a l .  ( r e f .  6.4) who 

f i n d  a n  80 % c h l o r o f o r m  r e d u c t i o n  at an a i r /wa tew 

r a t i o  of 20 : 1. They, l i k e w i s e ,  c o n c l u d e  f o r  8 

h a l o g e n a t e d  h y d r o c a r b o n s  t h a t  t h e r e  i s  a c o r r e l a -  

t i o n  between t h e  s o l u b i l i t y  and  t h e  a e r a t i o n  e f f i -  

c i e n c y .  McCarty e t  a l .  ( r e f .  6 .5)  a l s o  f i n d  r e d u c -  

t i o n s  i n  t h e  c h l o r o f o r m  c o n t e n t  t o  a b o u t  80 %. 

Houel  e t  a l .  ( r e f .  6 .6 )  remove c h l o r o f o r m  t o  t h e  

e x t e n t  o f  97,5 %. For t h i s  p u r p o s e ,  however ,  t h e y  

r e q u i r e  an  a i r / w a t e r  r a t i o  o f  1750 : 1. S i n g l e y  e t  

a l .  ( r e f .  6.7) d e s c r i b e  t h e  removal  of 9 v o l a t i l e  

s u b s t a n c e s ,  i n c l u d i n g  CHCl,, CHBrC12 and  CHBr * C l  by 

a e r a t i o n .  They s t a t e  that a e r a k i o n  i s  p o s s i b l e  i n  



t h e  c a s e  o f  H e n r y ' s  c o n s t a n t  H > 0 ,05 .  For  t h e  

t h r e e  THM men t ioned  i n  a packed c o u n t e r c u r r e n t  

a e r a t o r ,  t h e y  f i n d  t h e  f o l l o w i n g  e f f i c i e n c i e s  

t a b l e  6 . 1 )  . 

T a b l e  6 . 1  - A e r a t i o n  e f f i c i e n c i e s  f o r  THM 

Avg. concen. 

- - _ _ _ I  

33 

4  5 

32 

3ir/water 

r a t i o  

0r7-6,5 

Or7-5,3 

0,8-6,4 

0t7-6,5 

0t7-5,3 

0f8-6,4 

0f8-5,2 

2,7-5,3 

1,l-6,4 

(see 

T r i h a l o m e t h a n e s  can  thus be rernoved t o  t h e  e x t e n t  

o f  a b o u t  80  % by a e r a t i o n ,  w i t h  a i r / w a t e r  r a t i o s  

amount ing  t o  20 : 1. A n  e x t r e m e l y  h i g h  air/water 

r a t i o  i s  n e c e s s a r y  i n  o r d e r  t o  remove 9 7 , 5  % o f  t h e  

CHCls. 

Removal of t r i c h l o r o e t h y l e n e  and t e t r a c h l o r o e t h y -  

l e n e  

A f t e r  s u c h  cornpounds a s  t r i -  and t e t r a c h l o r o e t h y -  

l e n e  were e n c o u n t e r e d  i n  g roundwa te r  i n  1 9 7 6 ,  t h e  

r emova l  of t h e s e  s u b s t a n c e s  by a e r a t i o n  w a s  a l s o  



i n v e s t i g a t e d .  Van d e r  Laan (ref .  6.8) f i n d s  a  TCE 

removal  of 74-99 % a t  a i r / w a t e r  r a t i o s  o f  22 : 1 t o  

80 : 1 i n  a  p l a t e  a e r a t o r .  Doe t s  ( r e f .  6 .9)  a l s o  

f i n d s  very high removal  e f f i c i e n c i e s  f o r  TCE. I n  

t h e  case o f  a d o u b l e  a e r a t i o n  i n  a  c o o l i n g  tower 

a e r a t o r ,  he f i n d s  up t o  96 % r e d u c t i o n .  I n  t h e  c a s e  

o f  a  p e r f o r a t e d  vacuum p l a t e  a e r a t o r ,  he  even  f i n d s  

y i e l d s  i n  e x c e s s  of  99 %. These y i e l d s  a r e  even 

h i g h e r  f o r  t e t r a c h l o r o e t h y l e n e .  

Symons e t  a l .  ( r e f .  6 .4)  a l s o  f i n d  v e r y  h i g h  remo- 

v a l  p e r c e n t a g e s  f o r  tri- and t e t r a c h l o r o e t h y l e n e .  

F i g u r e  6 . 1  g i v e s  t h e  removal  a s  a  f u n c t i o n  o f  t h e  

a i r / w a t e r  r a t i o  (A/W) f o r  a c o n t a c t  t i m e  o f  1 0  

m i n u t e s  f o r  t h e  s u b s t a n c e s  C 2 C L 4 ,  C 2 H C 1 3 ,  C C 1 4  and 

CHC13 . 

Rest concentration (%) 

AIW ratio 

F i g u r e  6 . 1  - Removal of  CZClr, C2HC13 C C 1 4  and 

CHC1, a s  a  f u n c t i o n  o f  the a i r / w a t e r  

r a t i o  A/W 



Thus a e r a t i o n  o f f e r s  v e r y  good p o s s i b i l i t i e s  f o r  

removing such compounds a s  C 2 C l s  and C,HCl, from 

wate r .  E f f i c i e n c i e s  of  99 % a t  a i r / w a t e r  r a t i o s  

t h a t  are n o t  e x c e s s i v e  are p o s s i b l e .  

6.3 Removal of  h a l o g e n a t e d  compounds by a c t i v a t e d  car- 

bon f i l t r a t i o n  

6 .3 -1  I n t r o d u c t i o n  

Nine carbon f i l t e r  i n s t a l l a t i o n s  were used i n  t h e  

N e t h e r l a n d s  i n  mid -1983 ( r e f .  6 . 1 0 )  . Three  o f  tkem 

were s u p p l i e d  w i t h  c h l o r i n a t e d  w a t e r ,  namely, t h e  

i n s t a l l a t i o n  a t  t h e  Waterworks of Rotterdam a t  

Kra l ingen  (summer o n l y ) ,  t h e  i n s t a l l a t i o n  a t  Water- 

works of Northwest  Braban t  a t  Zevenbergen, and t h e  

f i l t e r s  of t h e  P r o v i n c i a l  Waterworks of  North 

Hol land a t  Andi jk .  The removal of THM i n  t h e s e  

ca rbon  f i l t e r  i n s t a l l a t i o n s  was e x t e n s i v e l y  i n v e s -  

t i g a t e d ;  much less i s  known r e g a r d i n g  t h e  removal 

of  h igh  molecu la r  weight  ha logena ted  compounds. 

F i r s t ,  t h e  THM removal f o r  t h e  t h r e e  i n s t a l l a t i o n s  

mentioned w i l l  b e  d i s c u s s e d .  Then, a  b r i e f  d i s c u s -  

s i o n  w i l l  be g iven  r e g a r d i n g  t h e  removal of TCE and 

h i g h  molecu la r  we igh t  compounds, de te rmined  a s  t h e  

r e d u c t i o n  of t h e  A O C 1  c o n t e n t ,  



6.3.2 Removal o f  THM 

A t  t h e  Waterworks o f  Ro t t e rdam a t  K r a l i n g e n  c a r b o n  

f i l t r a t i o n  i s  per formed i n  c y l i n d r i c a l  s teel  p r e s -  

s u r e  t a n k s  w i t h  a d i a m e t e r  of 6 m and  h e i g h t  o f  9 m 

( r e f .  6 . 1 1 ) .  The h e i g h t  of  t h e  c a r b o n  bed i s  4 m. 

The f i l t e r s  were p u t  i n t o  o p e r a t i o n  i n  1977 ;  t h e  

water h a s  an  empty bed c o n t a c t  t i m e  o f  1 3  minuges.  

The c a r b o n  f i l t r a t i o n  i s  a p p l i e d  t o  p u r i f y  B i e s -  

bosch  w a t e r  which h a s  s u c c e s s i v e l y  p a s s e d  t h r o u g h  

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

n a t i o n  ( w i t h  5 , 5  m g / l i t e r  i n  1977 ,  l a t e r  w i t h  a b o u t  

1 m g / l i t e r ) ,  c o a g u l a t i o n ,  £ l o c  s e p a r a t i o n ,  ozona-  

t i o n  and d u a l  media  f i l t r a t i o n .  

T a b l e  6 . 2  g i v e s  t h e  THM b r e a k t h r o u g h  o f  t h e  f i l t e r s  

i n  1 9 7 7  f o r  a  number o f  c a r b o n  l i f e s  and  bed vo lu -  

m e s  p a s s e d  t r o u g h .  

T a b l e  6 . 2  - THM b r e a k t h r o u g h  by a c t i v a t e d  c a r b o n  a t  

t h e  t r e a t m e n t  p l a n t  a t  K r a l i n g e n  i n  
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A f t e r  o n l y  10 weeks (8000 bed v o l u m e s ) ,  a n  a p p r e -  

c i a b l e  b r e a k t h r o u g h  i s  a l r e a d y  o c c u r i n g  f o r  CHC13, 

C H B r C l ,  and CHBr2C1. The b r e a k t h r o u g h  i s  h i g h e s t  

f o r  CHC13 (70 % )  , f o l l o w e d  by C H B r C l *  (35 % )  and  

C H B r 2 C 1  (20 % ) .  The f i r s t  C H B r 3  b r e a k t h r o u g h  t a k e s  

p l a c e  a f t e r  n e a r l y  14 weeks (11 ,500  bed v o l u m e s ) .  

CHC1, and  C H B r C l , ,  i n  p a r t i c u l a r ,  a r e  o n l y  modera- 

t e l y  a d s o r b e d .  One consequence  o f  t h i s  i s  t h e  oc- 

c u r r e n c e  o f  e l u t i o n  phenomena when t h e  i n f l u e n t  

c o n c e n t r a t i o n  d e c l i n e s .  One example of t h i s  is 

g i v e n  by t h e  a d s o r p t i o n  o f  c h l o r o f o r m  i n  t h e  w i n t e r  

o f  1977 /1978 .  A f t e r  a b o u t  17 ,000  bed volumes had 

p a s s e d  t h r o u g h  t h e  f i l t e r  t r a n s p o r t  c h l o r i n a t i o n  

was s t o p p e d .  A f t e r  t h i s ,  t h e  THM c o n t e n t  i n  t h e  

i n f l u e n t  d e c l i n e d  t o  O ~ g / l i t e r .  However, t h e  e f -  

f l u e n t  s t i l l  c o n t a i n e d  CHCl3 (see f i g u r e  6 . 2 ) .  

'\. inf luent transport chlorination off 
m ,*-m.. S . . . . :  J 
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F i g u r e  6 .2  - The CHC13 c o n t e n t  b e f o r e  and a f t e r  

c a r b o n  Z i l t r a t i o n  a t  DWL a t  K r a l i n g e n  

( f o r  1 9 7 7 / 1 9 7 8 )  

The CHC1,-free w a t e r  e l u t e s  t h e  weak ly  bound C H C 1 3  

from t h e  c a r b o n  f i l t e r .  T h i s  phenomenon a l s o  o c c u r s  

though t o  a lesser e x t e n t ,  i n  t h e  c a s e  o f  t h e  t h r e e  



b r o m i n a t e d  THM compounds. 

A t  t h e  W a t e r w o r k s  o f  N o r t h - W e s t - B r a b a n t  a t  

Zevenbergen  c a r b o n  f i l t r a t i o n  i s  pe r fo rmed  i n  con- 

crete b a s i n s  w i t h  a  s u r f a c e  a r e a  o f  27 ,8  m 2  ( ref .  

6 . 1 2 ) .  The d e p t h  o f  t h e  c a r b o n  bed i s  2,12 m.  The 

f i l t e r s  were p u t  i n t o  u s e  i n  1979 ;  t h e  empty bed 

c o n t a c t  t i m e  of t h e  w a t e r  w a s  a b o u t  25 m i n u t e s .  

Carbon f i l t r a t i o n  was a p p l i e d  t o  t r e a t e d  B i e s b o s c h  

water which s u b s e q u e n t l y  p a s s e d  t h r o u g h  t h e  f o l l o -  

wing t r e a t m e n t  s t e p s :  t r a n s p o r t  c h l o r i n a t i o n  w i t h  

1 m g / l i t e r  c h l o r i n e ,  c o a g u l a t i o n ,  f l o t a t i o n ,  b r e a k -  

p o i n t  c h l o r i n a t i o n  and d u a l  media f i l t r a t i o n .  I n  

1979 ,  t h e  a v e r a g e  THM c o n t e n t  i n  t h e  d u a l  media  

f i l t r a t e  was 4 4  u g / l i t e r ;  i n  1980 ,  t h i s  c o n t e n t  was 

a b o u t  25 y g / l i t e r .  

The c o u r s e  o f  t h e  c u m u l a t i v e  THM c o n t e n t  a s  a  f u n c -  

t i o n  o f  t h e  t i m e  and t h e  number o f  bed volumes i s  

p r e s e n t e d  i n  f i g u r e  6.3.  

/- 
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F i g u r e  6 .3  - The c u m u l a t i v e  THM c o n t e n t  a s  a func -  

t i o n  of t i m e  and number of bed  volumes 

i n  t h e  c a r b o n  f i l t r a t e  of t h e  WNWB a t  

Zevenbergen (1980)  

I t  i s  a p p a r e n t  f rom f i g u r e  6 . 3  t h a t  no b r e a k t h r o u g h  

o c c u r r e d  w i t h i n  6  weeks ( 2 1 0 0  b v ) .  Only t h e n  d o e s  



break th rough  of C H C l 3  b e g i n ,  fo l lowed  a f t e r  16 

weeks ( 4 7 0 0  bv)  by CHBrCl, and CHBr,CI. The break- 

through of C H B r 3  i s  v e r y  l i m i t e d  f o r  t h e  e n t i r e  

t i m e  (<  l g t e r )  I n  t h i s  c a s e  a l s o  a f t e r  more 

prolonged l i f e t i m e s  ( 4 0  weeks, 14.000 bv)  e l u t i o n  

t a k e s  p l a c e  p r i n c i p a l l y  o f  CHC1, and CHBrCl,. T h i s  

e l u t i o n  is caused by t h e  r e d u c t i o n  of  t h e  d o s e  f o r  

b r e a k p o i n t  c h l o r i n a t i o n ,  which h a s  l e d  t o  a  reduc-  

t i o n  o f  t h e  THM c o n t e n t  i n  t h e  i n f l u e n t  from 44  t o  

25 y g / l i t e r .  

A t  t h e  P r o v i n c i a l  Waterworks of  ~ o r t h  Hol land a t  

Andi jk ,  ca rbon  f i l t r a t i o n  i s  performed i n  c o n c r e t e  

b a s i n s  w i t h  a s u r f a c e  a r e a  o f  27 m 2 .  The ca rbon  

bed l e n g t h  is  3 m.  F i l t e r s  a r e  set  up i n  series i n  

t w o  groups  of  1 2  and have a  c o n t a c t  t i m e  w i t h  t h e  

w a t e r  o f  20-30 minu tes .  The th roughpu t  over  t h e  

f i l t e r s  i s  c o n s t a n t  and i s  e q u a l  t o  3000 m3/hour.  

A t  a  p r o d u c t i o n  o f  2250 m3/hour,  750 m3/hour of  

ca rbon  f i l t r a t e  is r e c i r c u l a t e d .  

The carbon f i l t e r s  were f i r s t  set  up a s  second 

s t a g e  f i l t e r s  f o r  5  o r  6 months. Then, t h e y  w e r e  

used a s  f i r s  t s t a g e  f i l t e r s ,  w h i l e  a  f r e s h / r e g e n e -  

r a t e d  f i l t e r  was connected  t h e r e a f t e r  a s  a  second 

s t e p  f i l t e r .  

Carbon f i l t r a t i o n  was a p p l i e d  t o  t r e a t e d  I J s s e l l a k e  

w a t e r  which had passed  through t h e  f o l l o w i n g  t r e a t -  

ment s t e p s  i n  s u c c e s s i o n :  b r e a k p o i n t  c h l o r i n a t i o n ,  

c o a g u l a t i o n ,  f l o c  removal and f i l t r a t i o n .  

The o p e r a t i n g  d a t a  f o r  1 9 8 0  a r e  shown i n .  f i g u r e  

6 .4 .  Subsequen t ly  f o r  CHCl,, CHBr2C1 and C H B r , ,  t h e  

c o n t e n t s  a r e  g iven i n  t h e  r a p i d  f i l t r a t e ,  t h e  i n l e t  

of  t h e  f i r s t  s t e p  ca rbon  f i l t e r ,  t h e  i n l e t  of  t h e  

second stage carbon f i l t e r  and t h e  e f f l u e n t .  I t  i s  

a p p a r e n t  from f i g u r e  6 . 4  t h a t  £OL t h e  f i r s t  s t a g e  

ca rbon  f i l t e r s  e l u t i o n  o f  CHC1, and CHBrC1, o c c u r s  

o v e r  t h e  e n t l r e  t e s t  p e r i o d ;  an a p p r e c i a b l e  f u r t h e r  



reduction takes place in the CHBr2C1 and CHBr, 

contents. In the second stage filter, THM removal 

takes place over the entire period. On the average, 

the THM removal after the second stage carbon fil- 

tration amounts to 70 % (on a weight basis) for 

1980. On the average, the CHC1, content is reduced 

from 26,5 to 15 yg/liter, CHBrC1, from 28,5 to 

7 ug/liter, CHBr,Cl from 23 ~g/liter to 1 ug/liter 

and CHBr3 from 4 to O ug/liter. 

Thus, trihalomethanes can only be removed by carbon 

filtration to a limited degree. Even after relati- 

vely short filter runs, breakthrough of CHC1, and 

CHBrCl* takes place. CHBr2CI and CHBr, are adsorbed 

significantly better. 

In addition, elution takes place for CHC1, and 

CHBrCl,. This takes place in time periods when no 

transport chlorination is used (so that the influ- 

ent content is O ~g/liter), or when due to reduc- 

tion of the chlorine dose (for example, for break- 

point chlorination) the influent content has 

declined over time. Elution can also take place in 

the first stage of two-stage carbon filtration. 

Carbon filtration is thus not a highly suitable 

treatment technique for completely removing a l 1  THM 

over long periods of time. However, the utilization 

possibilities are good when partial removal is suf- 

ficient and when a criterion of several t e n ~  of 

yg/liter is aimed for. In that case, filter runs 

wil1 be longer when THM are more brominated. It 

should be ernphasized that in the case of post-chlo- 

rination after carbon filtration even at short fil- 

ter runs, marked THM formation takes place, wherein 

principally brominated THMs are formed. This TWM 

formation during post-chlorination is discussed in 

section 5.5.2, 



rapid fiftrate 
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Figure 6.4 - Contents of CHCl,, CHBrC12, CHBrnC1 

and CHBrs as a f u n c t i o n  i n  the r a p i d  

filtrate, inlet to  first and second 

stages and effluent from the carbon 

f i l t e r s  at the PWN a t  Andijk (1980)  



Removal of TCE 

At the Waterworks of the Mid Netherlands (WMN) at 

Zeist, carbon filtration is performed in cylindri- 

cal steel pressure tanks with a diameter of 3 , 2  m 

and a height of 4 m (refs. 6.8, 6.11). The height 

of the carbon bed is 1 , 5  m. The filters were put 

into use in 1 9 7 8 ;  the empty bed contact time is two 

x 6 minutes (pseudo moving bed principle). 

The carbon filtration is applied to treated ground- 

water w h i c h  has successively passed through the 

following treatment steps: intensive aeration, iron 

removal/manganese removal and subsequent deacidifi- 

cation. 

The use of carbon filtration was preceded by a 

pilot plant study with an empty bed contact time of 

8 minutes. The bed was backwashed in fixed form in 

this process. The results of this investigation are 

shown in figure 6.5. 

Figure 6.5 - Breakthrough curves of TCE for carbon 

filtration at WMN, Zeist 

It is apparent from figure 6.5 that in the case of 



t h e  i n  t h o s e  d a y s  a p p l i e d  o p e r a t i n g  c r i t e r i o n  f o r  

b r e a k t h r o u g h  o f  6 u g / l i t e r ,  a  l i f e t i m e  o f  a b o u t  4 

months  i s  a c h i e v e d  (20,000 b v ) .  The e q u i l i b r i u m  

c a r b o n  l o a d  was 50 g  TCE/kg c a r b o n  a t  a  TCE i n f l u -  

e n t  c o n c e n t r a t i o n  o f  550 p g / l i t e r .  

The Amsterdam M u n i c i p a l  Waterworks a t  H i lve r sum 

a lso  u s e  c a r b o n  f i l t r a t i o n  i n  c y l i n d r i c a l  t a n k s  

w i t h  a  d i a m e t e r  o f  3,O m and a  h e i g h t  of 4,O m. The 

h e i g h t  o f  t h e  c a r b o n  bed is 2 , 5  m. The empty bed 

c o n t a c t  t i m e  i s  1 7  m i n u t e s .  

I n  p i l o t  p l a n t  s t u d i e s  w i t h  a n  i n f l u e n t  TCE concen-  

t r a t i o n  o f  30 p g / l i t e r ,  t h e  l i f e t i m e  was 216 d a y s  

(17,500 bv )  when 1 p g / l i t e r  was s e t  a s  t h e  s t a n d a r d  

f o r  t h e  maximum b r e a k t h r o u g h .  I n  t h e  c a s e  o f  c u r -  

r e n t  p r o c e s s  c o n t r o l  w i t h  an i n f l u e n t  TCE c o n t e n t  

o f  1,8-8,9 p g / l i t e r ,  t h e  a v e r a g e  c a r b o n  l i f e  is  1 2  

months ,  l i k e w i s e ,  w i t h  a c r i t e r i o n  of 1 p g / l i t e r .  

Thus,  TCE c a n  be  removed w e l 1  by a c t i v a t e d  c a r b o n  

f i l t r a t i o n .  A t  i n f l u e n t  TCE c o n t e n t s  of 550 ~ g / l i -  

t e r ,  f i l t e r  r u n s  o f  3-4  months a r e  p o s s i b l e .  A t  an  

i n f l u e n t  c o n t e n t  of 10-30 y g / l i t e r ,  t h e  c a r b o n  l i f e  

c a n  exceed  1 2  months  if a s t a n d a r d  o f  1 u g / l i t e r  

f o r  t h e  maximal b r e a k t h r o u g h  i s  m a i n t a i n e d .  

Thus ,  a c t i v a t e d  c a r b o n  i s  h i g h l y  s u i t a b l e  f o r  t h e  

removal  of TCE. I t  s h o u l d  be n o t e d ,  however ,  t h a t  

WNN h a s  found  a d e c r e a s e  i n  t h e  a d s o r p t i o n  c a p a c i t y  

upon r e g e n e r a t i o n  o f  t h e  c a r b o n .  

6 . 3 . 4  Removal OE h i g h  m o l e c u l a r  w e i g h t  h a l o g e n a t e d  com- 

p o u n d ~  

R e c e n t l y  i n c r e a s i n g  a t t e n t i o n  h a s  been  p a i d  t o  t h e  

p r e s e n c e  of h i g h  m o l e c u l a r  w e i g h t  o r g a n o h a l o g e n s  i n  

w a t e r .  These  g r o u p s  o f  o r g a n i c  s u b s t a n c e s  are  £re- 



q u e n t l y  c h a r a c t e r  i z e d  by s u r r o g a t e  p a r a m e t e r s  such 

a s  t h e  e x t r a c t a b l e  and a d s o r b a b l e  o r g a n i c  c h l o x i n e  

c o n t e n t s  (EOC1 and A O C 1 ,  r e s p e c t i v e l y ) .  

For  t h e  s a k e  of  i l l u s t r a t i o n  i n  t h e  c a s e  of  t h e  

ca rbon  f i l t e r  i n s  t a l l a t i o n  of WNWB a t  Zevenbergen, 

t h e  EOCl and A O C l  c o n t e n t s  a r e  g i v e n  a s  a  f u n c t i o n  

o f  t h e  l i f e t i m e  of  t h e  carbon f i l t e r  ( r e f .  6 . 1 3 ) .  

For  t h e  c o n d i t i o n s ,  see s e c t i o n  6.3.2. 

I t  i s  a p p a r e n t  from f i g u r e  6.6 t h a t  b o t h  t h e  EOCI 

and A O C l  c o n t e n t s  a r e  c o m p l e t e l y  removed d u r i n g  

r e l a t i v e l y  l o n g  f i l t e r  r u n s .  The f i r s t  b reak th rough  

o f  t h e  E O C l  c o n t e n t  t a k e s  p l a c e  a f t e r  1 2  weeks 

(3300 b v ) .  The f i r s t  b reak th rough  of t h e  A O C l  con- 

t e n t  t a k e s  p l a c e  a f t e r  1 8  weeks (4600 b v ) .  

EOCI ( vg 1 )  A AOCI ( US I ) B 

d filter run (weeks) - filter run (weeksj 

F i g u r e  6 . 6  - EOCl ( A )  and A O C l  ( B )  c o n t e n t s  b e f o r e  

a n d  a f  t e r  c a r b o n  f i l t r a t i o n  a t  

Zevenbergen ( p e r i o d  1980/1981) 

I t  c a n  be deduced from t h e  r e s u l t s  p r e s e n t e d  t h a t  

t h e  EOCl and  AOCl contents are  g r e a t l y  reduced by 



a c t i v a t e d  carbon f i l t r a t i o n .  However, i t  shou ld  be 

emphasized t h a t  up t o  t h e  p r e s e n t  t i m e ,  o n l y  a  

l i m i t e d  amount of i n f o r m a t i o n  i s  a v a i l a b l e  s o  t h a t  

c o n c l u s i o n s  shou ld  be drawn with g r e a t  c a u t i o n .  

I t  shou ld  a l s o  be no ted  t h a t  i n  t h e  c a s e  o f  c h l o r i -  

n a t i o n  f o l l o w i n g  ca rbon  f i l t r a t i o n ,  b o t h  t h e  EOC1 

and A O C 1  c o n t e n t s  i n c r e a s e  g r e a t l y  even a t  b r i e f  

f i l t e r  r u n s  ( 4  weeks, 1200 b v ) .  

6.4 Removal o f  h a l o g e n a t e d  compounds by a l t e r n a t i v e  

a d s o r b e n t s  

6.4.1 I n t r o d u c t i o n  

I n  1976, a  number of a d s o r b e n t s  w e r e  i n t r o d u c e d  

which,  i n  terms of t h e i r  compos i t ion ,  occupy t h e  

m i d d l e  ground between a c t i v a t e d  carbon and polyme- 

r i c  a d s o r b e n t s  ( r e f .  6 . 1 4 ) .  One o f  t h e s e  a g e n t s ,  

Ambersorb XE-340, was recommended f o r  t h e  rernoval 

o f  ch lo ro fo rm,  p e s  t i c i d e s  , c h l o r o e t h y l  e t h e r  and 

ca rbon  t e t r a c h l o r i d e .  Regenera t ion  can be  performed 

by s team t r e a t m e n t ,  methanol  t r e a t m e n t  must  be 

performed a f t e r  5 r e g e n e r a t i o n s .  S e v e r a l  American 

i n v e s t i g a t o r s  u sed  Ambersorb XE-340 f o r  removing 

THM and o t h e r  ha logena ted  hydrocarbons  from w a t e r .  

6 . 4 . 2  Removal of THM 

Symons e t  a l .  ( r e f . 6 . 4 )  d e s c r i b e  t h e  removal of 

C H C I ,  and C H B r C 1 2  from water  by a d s o r p t i o n  on XE- 

340 .  The r e s u l t s  a r e  summarized i n  t a b l e  6.3, 

Thus, good removal of b o t h  T H M s  takes p l a c e ,  

s t r o n g l y  dependent  upon t h e  empty bed c o n t a c t  t i m e  

and t h e  TOC c o n t e n t  of t h e  water.  D e s o r p t i o n  t a k e s  

p l a c e  when t h e  i n f l u e n t  c o n c e n t r a t i o n  i s  reduced.  

Regenera t ion  w i t h  s team restores t h e  ability t o  



a d s o r b  CHC1, , a l  though 

ter .  

T a b l e  6.3 - Removal o f  

f 

Substance 

cHc1 J 

ZH3rC12 

S n o e y i  nk 

Conc. Contact 

t h e  f i l t e r  r u n s  become s h o r -  

CHC13 and CHJ3rC1, b y  XE-340 

m. of 

bed 

volumes 

- 
5342 

11088 

6048 

11615 

14688 

12097 

filter run up 1 W 

to 10 % break- l 

( r e f .  6 , 1 5 ) ,  O'Connow et  a l .  ( re f .  6 - 1 6 )  

and  Oulmans ( ref .  6 .17)  a l s o  s t u d i e d  t h e  u s e  o f  XE- 

340 f o r  t h e  removal  o f  THM i n  a series of 1 5  adsor- 

b e n t s .  Based on  t h e  b a t c h  e x p e r i m e n t s  o f  Cnoeyink  

a n d  the p i l o t  s c a l e  s t u d i e s  of  OIConnor ,  Oulmans 

c o n c l u d e s  t h a t  X E - 3 4 0  a d s o r b s  T H M  t h e  b e s t .  

O'Connor found  t h a t  t h e  c a p a c i t y  o f  XE-340 d e c r e a -  

s e d  a f t e r  r e g e n e r a t i o n  w i t h  stearn.  However, t h e  

r e s u l t s  w e r e  o b s c u r e d  by t h e  f a c t  t h a t  a s h o r t e r  

c o n t a c t  t i m e  was used  a f t e r  r e g e n e r a t i o n .  

THM c a n  t h u s  be removed t o  t h e  e x t e n t  o f  more t h a n  

90  % by u s i n g  XE-340 o v e r  l o n g  f i l t e r  r u n s .  V a r y i n g  

i n f l u e n t  c o n c e n t r a t i o n s ,  however, can p roduce  e l u -  

t i o n .  R e g e n e r a t i o n  with s t e a m  i s  a n o t k e r  p o i n t  f o r  

f u r t h e r  i n v e s t i g a t i o n ,  



Removal of TCE and o t h e r  h a l o g e n a t e d  hydrocarbons  

Symons et a l -  ( r e f .  6.4) , i n  a d d i t i o n  t o  t h e  remo- 

v a l  of  THM, a l s o  i n v e s t i g a t e d  t h e  a d s o r p t i o n  of  8 

o t h e r  h a l o g e n a t e d  compounds. The most i m p o r t a n t  

d a t a  from t h i s  s t u d y  a r e  p r e s e n t e d  i n  t a b l e  6 . 4 .  

Tab le  6.4 - Removal of TCE, C2C1,,  C C l , = C H ,  and 

CCL,-CH,  by XE-340, TOC < 1 m g / l i t e r  

Substance  

TCE 

: , C l +  

:Cl ,=CH, 

:Cl , -CH, 

Conc. l Contac t  l L i f e t i m e  up  t o  

1 0  % break th rough  

( d a m  1 

Thus, a t  low TOC c o n t e n t s ,  e x c e l l e n t  removal  t a k e s  

p l a c e  over  v e r y  long  f i l t e r  r u n s .  A t  h i g h e r  TOC 

c o n t e n t s ,  however,  t h e  e f f e c t  d e c r e a s e s  somewhat. 

I n  t h i s  c a s e  a s  w e l l ,  e l u t i o n  t a k e s  p l a c e  a t  vary-  

i n g  influent c o n c e n t r a t i o n s .  

XE-340 thus appears to be a v e r y  s u i t a b l e  a d s o r b e n t  

for rernoving TCE from groundwater  w i t h  a low TOC 

c o n t e n t .  

6-4.4 U s e  of  o t h e r  a d s o r b e n t s  

I n  recent y e a r s ,  a v a r i e t y  o f  porous polymers were 

intwoduced fox which good removal of h a l o g e n a t e d  

compounds i s  c la imed.  Some examples a r e  Syn 4 6  and 

Syn 7 2 ,  P o l y s o r b  and Lyposorb. However, no d e t a i l e d  



i n f o r m a t i o n  i s  a v a i l a b l e  a s  y e t  r e g a r d i n g  t h e  e f f i -  

c i e n c y  o f  t h e s e  a g e n t s .  

I n  a d d i t i o n ,  sorne expe r i rnen t s  were per formed w i t h  

Compalox (a luminium o x i d e )  . However, no  d i r e c t  u s e  

c a n  be a n t i c i p a t e d  f o r  t h i s  a g e n t  i n  t h e  r emova l  of 

h a l o g e n a t e d  compounds. 

6 . 5  Removal of h a l o g e n a t e d  compounds by o x i d a t i o n  

L i t t l e  a t t e n t i o n  h a s  been p a i d  t o  t h e  removal  of 

h a l o g e n a t e d  compounds by o x i d a t i o n ,  s i n c e  t h e  con- 

v e r s i o n  to  be  e x p e c t e d  i s  g e n e r a l l y  s m a l l .  

Symons ( r e f .  6 .18)  and  Symons and S t e v e n s  ( re f .  

6 .19)  d e s c r i b e  t h e  e f f e c t s  of ozone  and c h l o r i n e  

d i o x i d e  on t h e  THM c o n t e n t s .  They found  t h a t  t h e s e  

o x i d i z i n g  a g e n t s  do n o t  i n f l u e n c e  t h e  THM c o n t e n t s .  

Love e t  a l .  ( r e f .  6 . 3 )  even  found  a n  i n c r e a s e  i n  

t h e  THM c o n t e n t  when o z o n a t i o n  is p r e c e d e d  by c h l o -  

r i n a t i o n .  T h i  s phenomenon was a l r e a d y  d i s c u s s e d  i n  

s e c t i o n  5.6,  

K r u i t h o f  and Van P a a s s e n  ( r e £ ,  6 . 2 0 )  found  t h a t  

t r e a t m e n t  o f  w a t e r  w i t h  ch lo ra rn ines  d o e s  n o t  l e a d  

t o  a change  i n  t h e  THM c o n t e n t .  By u s i n g  o x i d a t i o n  

a g e n t s  s u c h  as  c h l o r i n e  d i o x i d e  and c h l o r a m i n e s ,  no  

c h a n g e  i n  t h e  THM c o n t e n t  i s  e x p e c t e d  t o  be 

a c h i e v e d ,  A t  m o s t ,  a  s l i g h t  i n c r e a s e  w i l 1  o c c u r  

when impure  a g e n t s  ( c o n t a m i n a t e d  w i t h  c h l o r i n e )  a r e  

u sed .  For  o z o n a t i o n  a s  w e l l ,  a s i d e  f rom an  a e r a t i o n  

e f f e c t ,  no  r e d u c t i o n  of t h e  THM c o n t e n t  i s  t o  be  

a n t i c i p a t e d ,  However i n  some c a s e s ,  an  i n c r e a s e  i n  

t h e  THM c o n t e n t s  c a n  be e x p e c t e d .  



6.6 R e d u c t i o n  o f  t h e  c o n t e n t  o f  h a l o q e n a t e d  compounds 

d u r i n q  i n f i l t r a t i o n  

6 .6 .1  I n t r o d u c t i o n  

Only a  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  re- 

d u c t i o n  o f  t h e  c o n t e n t  o f  h a l o g e n a t e d  compounds 

d u r i n g  i n f i l t r a t i o n .  Some i n f o r m a t i o n  is  a v a i l a b l e  

f rom t h e  Amsterdam M u n i c i p a l  Waterworks ,  t h e  Dune 

Waterworks o f  t h e  Hague and t h e  P r o v i n c i a l  Water-  

works o f  Nor th  H o l l a n d .  A l 1  t h r e e  o f  t h e s e  compa- 

n i e s  p r o v i d e  i n f o r m a t i o n  on t h e  d e c l i n e  o f  t h e  THM 

and t h e  EOC1 c o n t e n t s .  The M u n i c i p a l  Waterworks and  

t h e  DWL-The Hague l i k e w i s e  p r o v i d e  some i n f o r m a t i o n  

c o n c e r n i n g  AOC1 and  AOBr d e c l i n e .  No d i s t i n c t i o n  i s  

made between removal  by a e r a t i o n  i n  t h e  i n f i l t r a -  

t i o n  c a n a l s  and removal  by i n f i l t r a t i o n .  E s p e c i a l l y  

f o r  t h e  r emova l  o f  THM, however ,  a e r a t i o n  c a n  p l a y  

a  ma jo r  r o l e .  90 % r e d u c t i o n s  are even  p o s s i b l e  

h e r e .  

6,6,2 Behav io r  of THM 

I t  i s  a p p a r e n t  f rom s t u d i e s  pe r fo rmed  a t  t h e  Muni- 

c i p a l  Waterworks t h a t  a  marked d e c r e a s e  i n  t h e  THM 

c o n t e n t  t a k e s  p l a c e  upon i n f i l t r a t i o n .  I t  a p p e a r s  

that the more h i g h l y  b r o m l n a t e d  THM are  b e t t e r  re- 

moved t h a n  C H C 1 3  i n  t h i s  c a s e .  A f t e r  an a v e r a g e  

s o i l  r e s i d e n c e  t i m e  o f  60  d a y s ,  o n l y  t r a c e s  of  

CHC1,  a p p e a r  t o  be p r e s e n t  ( <  1 ug/ l i t e r ) ;  o t h e r  

THMs a r e  n o t  d e t e c t e d .  

A c o n s i d e r a b l e  r e d u c t i o n  o f  THM a l s o  t a k e s  p l a c e  a t  

the Dune Waterworks of The Hague. F o l l o w i n g  a e r a -  

t i o n  and i n f i l t r a t i o n ,  however ,  t h e  THM c o n t e n t  h a s  

n o t  a l r e a d y  d e c l i n e d  t o  b e n e a t h  the d e t e c t i o n  li- 

m i t .  Sometimes THM c o n t e n t s  of 5 b g / l i t e r  o c c u r  



a f t e r  i n f i l t r a t i o n .  H e r e ,  o n l y  C H C 1 3  and  C H B r C 1 2  

were  d e m o n s t r a t e d ;  m o r e  h i g h l y  b r o m i n a t e d  THMs were 

n o t  p r e s e n t ,  

The c o n c e n t r a t i o n  change  o f  THM by i n f i l t r a t i o n  i s  

a l s o  d e t e r m i n e d  by t h e  PWN.  F i g u r e  6 .7  shows t h e  

c o u r s e  o f  t h e  CHC1, c o n c e n t r a t i o n  a f t e r  a  r e s i d e n c e  

t i m e  o f  I week i n  t h e  i n f i l t r a t i o n  a r e a .  

before infiltration 
0---o after 1 week infiltration 
n- - -m after 8 weeks infiltration 

- time (weeks) 

F i g u r e  6.7 - Removal o f  CHC13 by i n £  i l t r a t i o n  a t  

t h e  PWN ( c o r r e c t e d  f o r  t h e  r e s i d e n c e  

t i m e )  

H e r e ,  as w e l l ,  a c o n s i d e r a b l e  CHC1, r e d u c t i o n  t a k e s  

place; o n c e  a g a i n ,  n o  d i s t i n c t i o n  c a n  be  made be- 

tween a e r a t i o n  and i n f i l t r a t i o n .  A f t e r  a weeks re- 

s i d e n c e  t i m e ,  sorne b r e a k t h r o u g h  a l w a y s  o c c u r s ,  

w h e r e i n  t h e  b r e a k t h r o u g h  c u r v e  f o l l o w s  t h e  p a t t e r n  

of t h e  i n t r o d u c t i o n  c u r v e ,  t a k i n g  t h e  r e s i d e n c e  

t i m e  of  8 weeks i n t o  a c c o u n t .  

The removal  o f  C H B r C 1 2  f o l l o w s  more o r  less t h e  

Same p a t t e r n ,  The removal  o f  C H B r 2 C 1  i s  shown i n  

f i g u r e  6 .8 .  

I t  i s  a p p a r e n t  t h a t  between 1 and  8 weeks of resi- 

d e n c e  t i m e  f o r  C H C 1 3 ,  1 0 0 - 2 0 0  % d e s o r p t i o n  o c c u r s ,  



while for CHBr2C1, a removal of about 60 % still 

takes place. For CHBrCl,, the removal still amounts 

to about 25 %. Thus, here, as well, there a re  indi- 

cations for a greater concentration reduction of 

more highly brominated THM. No further THM can be 

detected in the abstracted water. 

0-0 before infiltration 
o---O after l week infiltration 
m- - - m  after 8 weeks infltration 

- time (weeks) 

Figure 6.8 - Removal of CHBr2C1 by infiltration at 
PWN (corrected for the residence time) 

Thus, THM a r e  largely removed by in£ iltration, The 

aeration which precedes the infiltration plays an 

important role in this. In two instances, the water 

contains no THM after infiltration. In one case, 

incidentally 10-25 % breakthrough of the more 

highly chlorinated THM occurred. 

6.6.3 Lowering of the EOC1, AOC1 and AOBr content 

At the Municipal Waterworks, a considenable neduc- 

tion of the  E O C l  esritent appears to occur. After 

only 50 cm soil passage, the reduction appears to 



amount to 7 5  %; a f t e r  c o m p l e t e  i n f i l t r a t i o n ,  t h e  

d e c r e a s e  i s  100 %, 

T h i s  good removal  is  u n d o u b t e d l y  r e l a t e d  t o  t h e  

l i p o p h i l i c  c h a r a c t e r  of t h e  compounds o c c u r r i n g  i n  

t h i s  g r o u p ,  

I n  t h e  c a s e  of t h e  Dune Waterworks a s  well, a re- 

d u c t i o n  o f  t h e  EOC1 o c c u r s  (see f i g u r e  6 . 9 ) .  

F i g u r e  6 .9  - The EOC1 c o n t e n t  b e f o r e  and a f t e r  i n -  

f i l t r a t i o n  a t  D'vJL-The Hague ( c o r r e c t e d  

fo r  the r e s i d e n c e  t i m e )  

24- 0-0 before infiltration t ! 
B---. after 6 weeks infiltration 

20: 

However, t h e  r e s i d u a l  c o n t e n t  i s  c o n s i d e r a b l e  h e r e  

and anounts t o  about  45 % of t h e  in£ luent v a l u e .  

At PWN, a c o n s i d e r a b l e  d e c r e a s e  in the EOC1 takes 

p l a c e .  T h i s  r e d u c t i o n  is greater t h a n  a t  The Hague 

and amounts  t o  an  a v e r a g e  of a b o u t  80 %, 

T h u s ,  l i k e  the THM c o n t e n t ,  the E O C l  conten t :  i s  

a l s o  c l e a r l y  r e d u c e d  by i n f i l t r a t i o n .  The r e l a t i v e -  

ly s m a l 1  r e d u c t i o n  at D'WL-The Hague (55 % )  is  note- 

wor thy ,  compared t o  t h e  80 % a t  PWN and  t h e  1 0 0  % 

a t  GW. 

16- 

12- 

8 - 

I n  a d d i t i o n ,  GW measured t h e  decrease i n  AOC1 and 

A O B r  c o n t e n t  d u r i n g  in£ i1 t r a t i o n .  For t h e  r e s u l t s  , 

/ 
/ 
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4 - 
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see f i g u r e  6.10. 

- = aerobc 
--- = anaerobic 

O I I I I l I 

O 1 2 3 4 5 6  7 - residence time (weeks) 

F i g u r e  6 .10  - The b e h a v i o r  o f  t h e  AOCl (a) a n d  t h e  

A O B r  (u )  c o n t e n t s  d u r i n g  i n f  i l t r a t i o n  

i n  t h e  Dunes (GW, r e f .  6 .23)  

I t  i s  a p p a r e n t  f rom t h e  f i g u r e  t h a t  t h e  r e d u c t i o n  

of t h e  A O C l  c o n t e n t  up t o  7 weeks '  r e s i d e n c e  t i m e  

amounts  t o  a b o u t  35 %; f o r  t h e  A O B r  c o n t e n t ,  t h i s  

f i g u r e  i s  60 %. U p  t o  a r e s i d e n c e  t i m e  o f  a b o u t  3 

weeks, t h e r e  is  no differente between  a e r o b i c  and 

a n a e r o b i c  c o n d i t i o n s .  

For t h e  i n f i l t r a t i o n  a t  The Hague, some data a r e  

a l s o  known r e g a r d i n g  t h e  behavior of AOC1 and AOBr 

d u r i n g  i n f i l t r a t i o n .  I t  i s  a p p a r e n t  f rom t h i s  t h a t  

the a v e r a g e  r e d u c t i o n  o f  A O C l  is  n i l  a f t e r  a b o u t  7 

weeks '  r e s i d e n c e  t i m e  ( 3  o b s e r v a t i o n s  i n  1 9 8 1 ) .  A 

60 % r e d u c t i o n  was found  f o x  A O B r  (1 o b s e r v a t i o n  i n  

1 9 8 1 ) .  

Thus ,  fo r  AOCl and A O B r  a s  w e l l ,  a m o r e  marked de- 

c r e a s e  i n  t h e  c o n t e n t  of b r o m i n a t e d  p r o d u c t s  appea- 

r e d  t o  occur. The number of a v a i l a b l e  measurements ,  

however ,  i s  h i g h l y  l i m i t e d .  



6.7 Removal of  h a l o g e n a t e d  p r o d u c t s  by r e v e r s e  osmos i s  

6 . 7 - 1  I n t r o d u c t i o n  

Reverse osmosi s is c a p a b l e  of  r e d u c i n g  o r g a n i c  ma- 

ter  i a 1  p a r a m e t e r s  such a s  permanganate number and 

t h e  TOC c o n t e n t  t o  a  l e v e l  which is a t  o r  below t h e  

l e v e l  of d e t e c t i o n .  However, i t  canno t  y e t  be con- 

c l u d e d  from t h i s  t h a t  a l 1  compounds a r e  a l s o  remo- 

ved cornpletely.  I n  t h i s  s e c t i o n ,  w e  w i l 1  d i s c u s s  

t h e  removal of THM and o t h e r  low molecu la r  we igh t  

compounds and t h e  r e d u c t i o n  of t h e  AOC1 c o n t e n t .  

6.7.2 Removal of THM and o t h e r  ha logena ted  compounds 

S c h i p p e r s  e t  a l .  ( r e f .  6 -21}  c h l o r i n a t e d  Rhinewater  

w i t h  a  c h l o r i n e  dose  of  5 m g / l i t e r .  Imrnediately a f -  

te r  c h l o r i n a t i o n ,  t h e  water was s u b j e c t e d  t o  r e v e r -  

se osmosis  wi th  c e l l u l o s e  a c e t a t e  membranes. A f t e r  

24 h o u r ,  t h e  e x c e s s  c h l o r i n e  i n  t h e  £eed and t h e  

p r o d u c t  were e l i m i n a t e d  u s i n g  Na2S ,O,. The concen- 

t r a t i o n s  of ha logena ted  compounds i n  t h e  w a t e r  were 

deteumined,  

The THM c o n c e n t r a t i o n  was reduced ,  b u t  t h i s  w a s  

p r i n c i p a l l y  due t o  t h e  removal of  h igh  m o l e c u l a r  

we igh t  THM p r e c u r s o r s  r a t h e r  t h a n  t o  removal of THM 

i t s e l f .  

The removal of  THM is i l l u s t r a t e d  on the b a s i s  of 

t a b l e  6 . 6 .  T h i s  shows t h e  removal of THM by r e v e r s e  

osmos i s  with c e l l u l o s e  a c e t a t e  and w i t h  polyamide 

membranes ( r e f .  6 - 2 2 )  , 

Thus, r e v e r s e  osmos i s  w i  t h  c e l l u l o s e  a c e t a t e  mem- 

b r a n e s  a c h i e v e s  no removal whatsoever  ; t h e  removal 

with polyamide membranes i s  c l e a r l y  b e t t e r  ( g r e a t e r  

t h a n  80 % ) .  



Table 6.6 - Removal of THM by reverse osmosis 

6.7.3 Reduction of t h e  AOCI content 

Subsequently, in some instances, the reduction of 

the AOCl content was determined both for cellulose 

acetate and for polyamide membranes. It appears 

that both membrane types bring the AOCl content of 

70 ug/liter back to the level of the detection 

limit ( <  10 ~g/liter). 

Reverse osmosis is thus wel1 suited for the removal 

fox high molecular weight halogenated compounds. 

6.8 Diccussion 

In this section, attention was paid to the removal 

of halogenated compounds during aeration, activated 

carbon filtration, adsorption on alternative adsor- 

bents, oxidation, infiltration and reverse osmosis. 

In general, it should be noted t h a t  a great deal of 



i n f o r m a t i o n  i s  a v a i l a b l e  on  THM removal  f o r  a l 1  

t r e a t m e n t  s t e p s .  For c e r t a i n  t e c h n i q u e s ,  t h e  remo- 

v a l  o f  TCE h a s  a l so  been  i n v e s t i g a t e d  e x t e n s i v e l y .  

F a r  less i n f o r m a t i o n  i s  a v a i l a b l e  c o n c e r n i n g  t h e  

r emova l  o f  h i g h  m o l e c u l a r  w e i g h t  compounds. I n  v iew 

o f  t h e  r e c e n t l y  n o t e d  c h a r a c t e r i s t i c s  of t h e s e  c o m -  

p o u n d ~ ,  t h i s  m a t e r i a l  d e s e r v e s  g r e a t  a t t e n t i o n .  

The f o l l o w i n g  may be  n o t e d  c o n c e r n i n g  t h e  i n d i v i -  

d u a l  p r o c e s s e s .  

- A e r a t i o n  

Us ing  a e r a t i o n ,  THM may be removed t o  t h e  e x t e n t  

o f  a b o u t  80 % w i t h  a i r / w a t e r  r a t i o s  o f  20 : 1, 

TCE c a n  b e  f a i r l y  e a s i l y  removed t o  t h e  e x t e n t  of 

99 %. 

- A c t i v a t e d  c a r b o n  a d s o r p t i o n  

Carbon f i l t r a t i o n  g i v e s  a m o d e r a t e  removal  o f  

THM. C H C ~ J  b r e a k s  th rough  r a p i d l y ,  f o l l o w e d  by 

t h e  o t h e r  THM. The a d s o r p t i o n  i s  b e t t e r ,  t h e  more 

h i g h l y  b r o m i n a t e d  i s  t h e  THM. E l u t i o n  of THM rnay 

t a k e  p l a c e  t h r o u g h  r e d u c t i o n  o f  t h e  THM c o n t e n t  

i n  t h e  i n f l u e n t ,  f o r  example,  by s t o p p i n g  t r a n s -  

p o r t  c h l o r i n a t i o n  or by r e d u c i n g  t h e  c h l o r i n e  

d o s e  i n  b r e a k p o i n t  c h l o r i n a t i o n .  T h i s  is p r i n c i -  

p a l l y  t h e  case w i t h  t h e  more h i g h l y  c h l o r i n a t e d  

THM: CHC13 and C H B r C l , .  

Thus ,  marked THM r e d u c t i o n  c a n n o t  b e  b r o u g h t  

a b o u t  o v e r  l o n g  f i l t e r  r u n s  u s i n g  c a r b o n  f i l t r a -  

t i o n .  N e v e r t h e l e s s ,  c a r b o n  f i l t r a t i o n  i s  r e a d i l y  

u s a b l e  when i t  is based  on  a s p e c i f  i c  c r i t e r i o n  

( f o r  example ,  o f  70 y g / l i t e r ,  a s  i s  t h e  c a s e  w i t h  

PWN a t  A n d i j k )  . 
TCE i s  removed we11 by c a r b o n  f i l t r a t i o n .  D u r i n g  

l o n g  f i l t e r  r u n s  ( f o r  example,  1 y e a r ) ,  i t  i s  

p o s s i b l e  t o  k e e p  t h e  e f f l u e n t  c o n t e n t  below 

1 u g / l i t e r ,  

R e l a t i v e l y  l i t t l e  i s  known r e g a r d i n g  t h e  r e d u c -  



t i o n  o f  t h e  EOC1 and A O C l  c o n t e n t s .  Occas iona l  

measurements have shown t h a t  t h e  removal o f  t h e s e  

i s  b e t t e r  t h a n  THM removal.  

- Adsorp t ion  on a l t e r n a t i v e  a d s o r b e n t s  

Among t h e  a l t e r n a t i v e  a d s o r b e n t s ,  a t t e n t i o n  has  

p r i n c i p a l l y  been p a i d  t o  t h e  c a r b o n - c o n t a i n i n g  

polymer XE-340. 3 0 t h  C H C 1 ,  and TCE appear  t o  be 

removed v e r y  w e l l ,  e s p e c i a l l y  a t  a  low TOC con- 

t e n t .  However, i t  shou ld  be no ted  t h a t  t h e  pro-  

d u c t i o n  c o s t s  a r e  abou t  10 t i m e s  a s  h igh  a s  f o r  

a c t i v a t e d  carbon and t h a t  i t  is  u n l i k e l y  t h a t  t h e  

manufac tu re r  w i l 1  p l a c e  t h i s  a g e n t  on t h e  marke t  

i n  t h e  n e a r  f u t u r e .  

- O x i d a t i o n  

L i t t l e  i s  known r e g a r d i n g  t h e  removal of  THM 

u s i n g  ozone,  c h l o r i n e  d i o x i d e  and ch lo ramine ,  

However, t h e  a v a i l a b l e  r e s u l t s  s u g g e s t  t h a t  s c a r -  

c e l y  any  removal e f f e c t  i s  t o  be  a n t i c i p a t e d .  

- I n f i l t r a t i o n  

I n f i l t r a t i o n  b r i n g s  a b o u t  a marked d e c r e a s e  i n  

t h e  THM, EOC1 and A O C l  c o n t e n t s .  I n  t h e  c a s e  of 

b reak th rough ,  f  i r s t  of a l l ,  t h e  v o l a t i l e  c h l o r i -  

n a t e d  compounds appear .  U p  t o  t h e  p r e s e n t  t i m e ,  

however,  l i t t l e  i n f o r m a t i o n  h a s  become a v a i l a b l e ,  

and t h e  c o n t r i b u t i o n  o f  the a e r a t i o n  p r e c e d i n g  

i n f i l t r a t i o n  (co t h e  rernoval p r o c e s s  i s  a l s o  n o t  

clear . 
- Reverse  osmosis  

T m  a r e  n o t  removed by r e v e r s e  osmosis  w i t h  c e l -  

l u l o s e  a c e t a t e  membranes; t h e  use  o f  polyamide 

membranes g i v e s  Sar  b e t t e r  r e s u l t s .  The AOCl con- 

t e n t  i s  g r e a t l y  reduced.  

I n  summary, i t  can be stated t h a t  t h e  THM c o n t e n t  

d e c r e a s e s  g r e a t l y  d u r i n g  i n f i l t r a t i o n ,  w h i l e  t h e  

u s e  ai carbon f i l t r a t i o n  p r o v i d e s  f o r  a  c e r t a i n  



removal. Alternative adsorbents may provide more 

possibilities, possibly in combination with a 

prior aeration. 

TCE can be removed very wel1 by aeration and 

carbon filtration. The use of alternative adsor- 

bents can also offer interesting possibilities. 

Little is known regarding the reduction of the 

AOC1 contents, Reverse osmosis gives good re- 

sults , while in£ iltration and activated carbon 

filtration also appear .ko have good utilization 

possibilities. 

In addition, attention should be drawn to the 

effect of post-chlorination. Relatively high con- 

tents of halogenated products can always be 

formed here. 

6.9 Recommendations 

The results described in this section give rise to 

the following points of investigation: 

- investigation regarding the removal of high mole- 
cular weight halogenated compounds, f or example, 

by adsorption techniques and by infiltration; 

- use of alternative adsorbents such as XE-340 for 
the wemoval of TCE. The regeneration aspects 

appear to be of particular importance here; 

- in general, more information is desired regarding 
infiltration, for example, regarding the effect 

of aeration preceding infiltration and the nature 

of the processes taking place in the soil layer; 

- furthermore, combination of processes is worthy 

of attention, for example, the combination of 

aeration and carbon filtration for the removal of 

THM or TCE; 

- Studies on the effect of post-chlorination follo- 

wing removal of halogenated compounds. 
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REMOVAL AND CONVERS ION O F  THM PRECURSORS 

7.1  I n t r o d u c t i o n  

One o f  t h e  v e r y  h i g h  p r i o r i t y  recommendat ions  o f  

t h e  ad hoc  s t u d y  g r o u p  on  c h l o r i n e  was t h e  r emova l  

o f  THM p r e c u r s o r s  u a i n g ,  f o r  example,  c o a g u l a t i o n ,  

o z o n a t i o n ,  a n i o n  exchange ,  g r a n u l a r  a c t i v a t e d  c a r -  

bon f i l t r a t i o n  and  membrane f i l t r a t i o n  b e f o r e  t h e y  

come i n t o  c o n t a c t  w i t h  c h l o r i n e .  B e g i n n i n g  i n  1978 ,  

a g r e a t  d e a l  o f  a t t e n t i o n  was p a i d  t o  t h e s e  removal  

p o s s i b i l i t i e s .  

T h i s  s e c t i o n  s u c c e s s i v e l y  d i s c u s s e s  p r e c u r s o r s  re- 

moval by a e r a t i o n ,  c o a g u l a t i o n ,  c a r b o n  f i l t r a t i o n ,  

i o n  exchange  and  a l  t e r n a t i v e  a d s o r b e n t s  . Then, 

c o n s i d e r a t i o n  i s  g i v e n  t o  t h e  c o n v e r s i o n  o f  p r e c u r -  

s o r s  by o z o n a t i o n ,  t h e  b e h a v i o r  of p r e c u r s o r s  

d u r i n g  i n f i l t r a t i o n  and  p r e c u r s o r  removal  by  r e v e r -  

se osrnosis .  

I n  d e s c r i b i n g  t h e  removal  and c o n v e r s i o n  o f  p r e c u r -  

s o r s ,  t h e  problern a r i s e s  r e g a r d i n g  t h e  manner i n  

which t h e  p r e c u r s o r  c o n t e n t  s h o u l d  be  d e t e r m i n e d .  

I t  i s  g e n e r a l l y  assumed t h a t  p r e c u r s o r s  a r e  n a t u r a 1  

s u b s t a n c e s ,  for  example,  humic m a t e r i a l s .  The con- 

t e n t  o f  t h e s e  s u b s t a n c e s  h a s  l o n g  been  e s t a b l i s h e d  

by d e t e r m i n i n g  p a r a m e t e r s  such  a s  t h e  TOC c o n t e n t ,  

t h e  KLYnO, number, t h e  UV e x t i n c t i o n  or t h e  color. 

However, i t  i s  n o t  c e r t a i n  t h a t  t h e s e  o r g a n i c  sub-  

s t a n c e  c o n t e n t s  p r e c i s e l y  p a r a l l e l  t h e  p r e c u r s o r  

c o n t e n t .  T h i s  w i l 1  o f t e n  be t r u e  £oir removal  p r o -  

cesses, b u t  n o t  f o r  c o n v e r s i o n  p r o c e s s e s .  

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

d e t e r m i n e  t h e  p r e c u r s o r  c o n t e n t ,  t h e  s o - c a l l e d  

THMFP ( t r i h a l o m e t h a n e  f o r m a t i o n  p o t e n t i a l )  determi-  

n a t i o n .  However, t h i s  test  w a s  n o t  a lways  pe r fo rmed  

u n i f o r i n l y  over t i m e .  G r e a t  d i f f e r e n c e s  w e r e  n o t e d  



i n  t e m p e r a t u r e ,  pHI r e a c t i o n  t i m e  and c h l o r i n e  

d o s e ,  The r e s u l t s  o f  a l 1  THMFP d e t e r m i n a t i o n  used  

w i l 1  n e c e s s a r i l y  b e  i n c l u d e d  and ,  i f  n e c c e s s a r y ,  

o r g a n i c  p a r a m e t e r s  w i l l  a l s o  b e  r e p o r t e d .  

I n  t h e  c o u r s e  o f  t h e  i n v e s t i g a t i o n ,  i t  was found  

t h a t  t h e  p r e c u r s o r  c o n t e n t  and t h u s  t h e  THMFP-pre- 

c u r s o r  was n o t  of d e t e r m i n i n g  significante f o r  t h e  

THM c o n t e n t  s u p p l i e d  t o  t h e  consumer.  T h i s  l e d  t o  

t h e  deve lopment  o f  t h e  d e t e r m i n a t i o n  o f  t h e  TNMFP- 

consumer ,  a  d e t e r m i n a t i o n  which b e g i n s  w i t h  t h e  pHI 

r e a c t i o n  t i m e  and c h l o r i n e  d o s e  a s  employed i n  

p r a c t i c e .  T h i s  TH,WP-consumer w i l l  a lso be d i s c u s -  

s e d  i n  t h i s  s e c t i o n .  

A t  t h e  end of  t h i s  s e c t i o n ,  t h e  p r o c e s s e s  i n v e s t i -  

g a t e d  w i l l  b e  c o n s i d e r e d  i n  f u r t h e r  d e t a i l ,  and  

recommendat ions  w i l 1  be made f o r  closer examina-  

t i o n .  

P r e c u r s o r  r emova l  b y  a e r a t i o n  

I n  t h e  t i m e  p e r i o d  i n  which it was assumed t h a t ,  i n  

a d d i t i o n  t o  humic n a t e r i a l s ,  c e r t a i n  v o l a t i l e  sub-  

s t a n c e s  ( f o r  example,  a c e t o n e )  c o u l d  a l s o  c o n t r i -  

b u t e  t o  t h e  THMFP-precursor, some i n v e s t i g a t i o n s  

were conducted t o  d e t e r m i n e  w h e t h e r  t h e  p r e c u r s o r  

c o n t e n t  c o u l d  be  r e d u c e d  by a e r a t i o n .  Bo th  S p o n s  

e t  a l .  ( x e f ,  7 . 1 )  and  S i n g l e y  e t  a l .  (ref. 7 . 2 ) ,  

however ,  Eound no s i g n i f i c a n t  r emova l s  a t  air/water 

r a t i o s  amount ing  t o  as  much a s  50 : 1. 

I t i s  a p p a r e n t  f roin t h i s  t h a t  v o l a t i l e  s u b s  t a n c e s  

t h u s  make no major c o n t r i b u t i o n  t o  t h e  THMFP-pre- 

c u r s o r  and t h a t  p r e c u r s o r s  c a n n o t  b e  removed by 

a e r a t i o n .  



Removal o f  p r e c u r s o r s  b y  c o a q u l a t i o n  

The c o a g u l a t i o n  p r o c e s s  i s  used i n  a l m o s t  e v e r y  

s u r f a c e  w a t e r  t r e a t m e n t  s y s t e m  f or d r i n k i n g  w a t e r  

s u p p l y .  I n  a d d i t i o n  t o  t h e  removal  o f  t u r b i d i t y ,  

i t s  p r i n c i p a l  g o a l  is based  on t h e  g e n e r a 1  o b s e s v a -  

t i o n  t h a t  removal  o f  o r g a n i c  s u b s t a n c e s  i s  a l s o  

a c c o m p l i s h e d .  T h i s  removal  is  f r e q u e n t l y  e s t a b l i -  

s h e d  on t h e  b a s i s  o f  a  r e d u c t i o n  of t h e  TOC con- 

t e n t ,  t h e  KMnOb number, t h e  UV e x t i n c t i o n  or t h e  

color. The d e g r e e  o f  removal  depends  g r e a t l y  on  t h e  

c o a g u l a n t  d o s e  and t h e  pH, w h i l e  t h e  n a t u r e  o f  t h e  

o r g a n i c  m a t e r i a l s  i n  t h e  w a t e r  t o  b e  t r e a t e d  i s  a l -  

s o  o f  e s s e n t i a l  s i g n i f i c a n c e .  The removal  p e r c e n -  

t a g e s ,  d e t e r m i n e d  a s  t h e  r e d u c t i o n  o f  t h e  TOC con- 

t e n t ,  a r e  o f t e n  a t  t h e  l e v e l  of s e v e r a l  t e n s  p e r -  

c e n t .  However, i t  i s  q u e s t i o n a b l e  whe the r  t h i s  or- 

g a n i c  m a t t e r  removal  is  a l s o  a p p l i c a b l e  t o  p r e c u r -  

s o r  removal  e x p r e s s e d  as t h e  THMFP-precursor. 

Love e t  a l .  ( r e f .  7 . 3 )  f o u n d  a  p a r t i a l  p r e c u r s o r  

removal  by c o a g u l a t i o n .  I r o n ( I I 1 ) c h l o r i d e  a p p e a r s  

t o  g i v e  a S e t t e r  r e s u l t  t h a n  a luminium s u l f a t e .  The 

s h i f t  toward  more h i g h l y  brominaked THM which t h e y  

o b s e r v e d  is c a u s e d  by t h e  r e a c t i o n  c o n d i t i o n s  du- 

r i n g  t h e  THMFP d e t e r m i n a t i o n .  These  r e s u l t s  are i n -  

c l u d e d  i n  t h e  f i n a l  r e p o r t  o f  t h e  ad  hoc  s t u d y  

g r o u p  on  c h l o r i n e  ( r e f .  7 . 4 ) .  S i n c e  that t i m e ,  in- 

v e s t i g a t i o n s  a t  KIWA and a t  t h e  Dutch t r e a t r n e n t  

p l a n t s  gave  somewhat more i n f o r m a t i o n ,  b u t  t h e  i n -  

t e r p r e t a t i o n  of t h i s  i s  g r e a t l y  impeded by t h e  non- 

u n i f o r m  pe r fo rmance  o f  t h e  THMFP d e t e r m i n a t i o n .  

Rook ( r e f .  7 . 5 )  found  a  marked d e c l i n e  i n  t h e  p r e -  

c u r s o r  c o n t e n t ,  measured  a s  t h e  c h l o r o f o r m  c o n t e n t ,  

a f t e r  24  h o u r  w i t h  a c h l o r i n e  d o s e  of 5 m g / l i t e r .  

I n  a p i l o t  p l a n t  w i t h  l a m e l l a  s e d i m e n t a t i o n ,  t h e  

c h l o r o f o r m  c o n t e n t  d e c r e a s e d  by a b o u t  50 % a t  a n  



i r o n  a d d i t i o n  of 5-10 m g / l i t e r  and  a  pH o f  7,8. The 

TOC c o n t e n t  d e c r e a s e d  by 20 % and  t h e  KMnO, v a l u e  

by 50 %. Higher  i r o n  d o s e s  d i d  n o t  l e a d  t o  a  f u r -  

t h e r  r e d u c t i o n  o f  t h e  c h l o r o f o r m  c o n t e n t  ( h e r e ,  a 

measu re  o f  t h e  p r e c u r s o r  c o n t e n t )  and t h e  perrnan- 

g a n a t e  number, w h i l e  TOC c o n t e n t ,  UV e x t i n c t i o n  and 

color showed some th ing  o f  a  f u r t h e r  d e c r e a s e ,  T h i s  

d e c r e a s e  i n  t h e  p r e c u r s o r  c o n t e n t  was a l s o  o b s e r v e d  

i n  many o t h e r  i n v e s t i g a t i o n c .  However, a removal  

p e r c e n t a g e  of 50 % was p r a c t i c a l l y  n e v e r  a c h i e v e d ,  

which may b e  e x p l a i n e d  t o  some d e g r e e  by t h e  THMFP 

d e t e r m i n a t i o n  method used  by Rook, K r u i  t h o f  and 

Van P a a s s e n  ( r e f .  7.6) s p e c i f i c a l l y  found  i n  t h e  

t r e a t m e n t  p r o c e s s  a t  K r a l i n g e n  a £ a r  s m a l l e r  r e d u c -  

t i o n  o f  t h e  p r e c u r s o r  c o n t e n t .  The THMFP-precursor, 

d e t e r m i n e d  a f t e r  a  r e a c t i o n  t i m e  o f  48 h o u r  and  

w i t h  a  r e s i d u a l  c h l o r i n e  c o n t e n t  a f t e r  4 8  h o u r  or 

5 m g / l i t e r ,  d e c r e a s e d  from 214 ~ g / l i t e r  f o r  t h e  raw 

w a t e r  t o  188 p g / l i t e r  a f t e r  c o a g u l a t i o n .  T h i s  is a 

1 2  % r e d u c t i o n .  It s h o u l d  be n o t e d  t h a t  t h e  w a t e r  

w a s  n o t  p a s s e d  o v e r  r a p i d  f i l t e r  a f t e r  c o a g u l a t i o n ,  

b u t  was sampled  i m m e d i a t e l y  a f t e r  l a m e l l a  sedimen-  

t a t i o n .  

I n  a d d i t i o n ,  i n  t h i s  i n v e s t i g a t i o n ,  a  THMFP-consu- 

m e r  d e t e r m i n a t i o n  was c a r r i e d  o u t  w i t h  a s h o r t e r  

r e a c t i o n  t i m e  and a lower  c h l o r i n e  d o s e .  T h i s  

THME'P-consuiner, which  is not a  m e a s u r e  of t h e  pre- 

c u r s o r  c o n t e n t ,  b u t  ra ther  of t h e  q u a n t i t y  of THM 

which may occuw i n  t h e  d r i n k i n g  w a t e r  a s  a conse-  

quence  o f  t h e  p o s t - c h l o r i n a t i o n ,  d i d  n o t  appear t o  

d e c r e a e s e  d u r i n g  c o a g u l a t i o n .  I t  i s  a p p a r e n t  f rom 

t h i s  t h a t  s u f f i c i e n t  £ a s t  r e a c t i n g  p r e c u r s o r s  are 

s t i l l  p r e s e n t  a f t e r  c o a g u l a t i o n  t o  form j u s t  as 

much THN unde r  p r a c t i c a 1  c o n d i t i o n s  as  b e f o r e  coa-  

g u l a t i o n .  T h i s  e x p e r i e n c e  was a l so  c o n f i r m e d  w i t h  

B i e s b o s c h  w a t e r  i n  t h e  t w e a t m e n t  p r o c e s s  a t  



Zevenbergen  (ref.  7 .7)  and  w i t h  L e k c a n a l  w a t e r  a t  

Nieuwegein.  

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

L e k c a n a l  w a t e r  by c o a g u l a t i o n  u s i n g  a standard j a r  

t e s t  equipment  ( r e f .  7 . 2 4 )  w i t h  t h e  pH and  m e t a l  

s a l t  a d d i t i o n  a s  v a r i a b l e s .  The r e s u l t s  are r e p o r -  

t e d  i n  t a b l e  7 . 1 .  

I t  i s  a p p a r e n t  f rom t h e  t a b l e  t h a t  t h e  pH i n  t h e  

r a n g e  from 6 . 2  t o  8 .5  h a s  o n l y  a  s l i g h t  i n f l u e n c e  

o n  t h e  THMPF-precursor a t  an i r o n  d o s e  o f  4 ng/ 

l i t e r  and a n  a luminium d o s e  of 2 r n g / l i t e r ,  A t  a n  

i r o n  d o s e  o f  4 m g / l i t e r  and a  pH of  7 t o  8 ,  t h e  

THMFP r e d u c t i o n  is a b o u t  20 %, and  a t  an a luminium 

d o s e  o f  2 r n g / l i t e r  and a pH of 6 ,5-7 ,0 ,  i t  is a b o u t  

30 %. I n c r e a s i n g  t h e  a luminium d o s e  f rom 2 t o  

5  m g / l i t e r  d o e s  n o t  r e s u l t  i n  any  THMFP r e d u c t i o n ,  

whe reas  the o r g a n i c  m a t e r i a l  p a r a m e t e r s  d o  d e c r e a s e  

somewhat more,  I n c r e a s i n g  t h e  i r o n  d o s e  f rom 4 t o  

8  m g / l i t e r  d o e s  l e a d  t o  an a d d i t i o n a l  10 % THMFP 

r e d u c t i o n .  S i n c e  t h e  measurements  were o n l y  p e r f o r -  

med o n e  t i m e ,  t h e  f i n d i n g s  a r e  v e r y  p r e l i m i n a r y  i n  

n a t u r e .  

GEB Dordrecht pe r fo rmed  s o m e  e x p e r i m e n t s  w i t h  R h i n e  

water a f t e r  s t o r a g e  i n  a r e s e r v o i r  i n  t e r m s  of the 

rernoval of p r e c u r s o r s  by c o a g u l a t i o n .  A t  an i r o n  

d o s e  of 10 mg/litex and a pH o f  7,5, t h e  THMFP de- 

c r e a s e s  by a b o u t  50 %, f rom L,2 u m o l / l i t e r  t o  

0 ,65  y m o l / l i t e r .  

Al though the q u a n t i t y  of d a t a  is  s t i l l  q u i t e  l i m i -  

t e d  and the de  t e r m i n a t i o n  f o r  the THMFP-precursor 

w a s  n o t  per formed i n  a s t a n d a r d i z e d  manner,  n e v e r -  

t h e l e s s ,  some p re l imina ry  c o n c l u s i o n s  can be drawn. 

The c o a g u l a t i o n  p r o c e s s  i s  a b l e  t o  r e d u c e  t h e  

THMFP-precursor. The removal  p e r c e n t a g e s  g e n e r a l l y  
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T a b l e  7 . 1  - C o a g u l a t i o n  of L e k c a n a l  water performed 

i n  the s tandard  ja r  test a p p a r a t u s  

Color l m  TOC THMFI 

ug /1  



c o r r e s p o n d  t o  t h o s e  f o r  o r g a n i c  m a t e r i a l  p a r a m e t e r s  

s u c h  as  t h e  KMnO, number, TOC c o n t e n t ,  UV e x t i n c -  

t i o n  and  c o l o r .  However, d e f i n i t e  q u a n t i t a t i v e  cor- 

r e l a t i o n s  a r e  n o r  d e t e c t a b l e  i n  view of  t h e  l i r n i t e d  

number o f  measu remen t s .  

The d e g r e e  o f  p r e c u r s o r  r emova l  depends  on t h e  mag- 

n i t u d e  o f  t h e  i r o n  d o s e  a n d ,  t o  a s l i g h t  d e g r e e ,  on  

t h e  pH. However, it seems t h a t  p r e c u r s o r  r emova l  

( t h u s  r e d u c t i o n  o f  t h e  THMFP-precursor) by c o a g u l a -  

t i o n  d o e s  n o t  l e a d  t o  lower T H M  c o n t e n t s  upon c h l o -  

r i n a t i o n  i n  p r a c t i c e  ( t h u s ,  r e d u c t i o n  o f  t h e  THMFP- 

c o n s u m e r ) ,  w h e r e i n  r e l a t i v e l y  low c h l o r i n e  d o s a g e s  

and s h o r t  r e a c t i o n  t i m e s  a r e  u sed .  More d e t a i l e d  

i n v e s t i g a t i o n  i n  t h i s  a r e a  a p p e a r s  d e s i r a b l e .  

P r e c u r s o r  r emova l  by a c t i v a t e d  c a r b o n  f i l t r a t i o n  

and  i o n  exchange  

I n t r o d u c t  i o n  

I n  r e c e n t  y e a r s ,  a  g r e a t  d e a l  h a s  been  p u b l i s h e d  

r e g a r d i n g  t h e  removal  o f  o r g a n i c  matter by g r a n u l a r  

a c t i v a t e d  c a r b o n  f i l t r a t i o n ,  measured  a s ,  f o r  exam- 

p l e ,  t h e  TOC r e d u c t i o n  or t h e  r e d u c t i o n  o f  t h e  UV 

e x t i n c t i o n .  For  example ,  referente may be made t o  

Meyers e t  a l .  ( r e f .  7 . 8 )  who p r e s e n t  o p e r a t i n g  d a t a  

f rom t h e  DWL Rot t e rdam a t  K r a l i n g e n ,  t h e  PWN a t  

A n d i j k  and p i l o t  i n s t a l l a t i o n  d a t a  from GW a t  

L e i d u i n .  I n  t h i s  s e c t i o n ,  w e  w i l l  l i m i t  o u r  c o n s i -  

d e r a t i o n  t o  t h e  removal  o f  p r e c u r s o r s ,  rneasured a s  

a  r e d u c t i o n  of t h e  THMFP-precursor. Some d a t a  f rom 

p i l o t  p l a n t  s t u d i e s  a t  D o r d r e c h t  and f u l l  s c a l e  

s t u d i e s  a t  Zevenbesgen w i l l  be  y r e s e n t e d .  Then,  a  

d i s c u s s i o n  w i l l  be p r e s e n t e d  r e g a r d i n g  t h e  c o u r s e  

o f  t h e  THMFP-consumer levels b e f o r e  and  a f t e r  c a r -  

bon f i l t r a t i o n ,  a s  meaured i n  p i l o t  p l a n t  s t u d i e s  



a t  L e i d u i n  a n d  f u l l  s c a l e  s t u d i e s  a t  Zevenbe rgen .  

F i n a l l y ,  c o n s i d e r a t i o n s  w i l 1  b e  p r e s e n t e d  o n  t h e  

r e d u c t i o n  o f  t h e  THMFP-precursor by  i o n  exchange ;  

t h e  e f f e c t  of an  i o n  e x c h a n g e r  w i l 1  b e  compared 

w i t h  a c t i v a t e d  c a r b o n  a d s o r p t i o n .  

R e d u c t i o n  o f  the THMFP-precursor b y  a c t i v a t e d  car- 

bon f i l t r a t i o n  

In 1 9 7 9  a t  GEB D o r d r e c h t ,  a p i l o t  i n v e s t i g a t i o n  w a s  

p e r f o r m e d  w i t h  referente t o  t h e  r e m o v a l  o f  THM 

p r e c u r s o r s  f rom t r e a t e d  s u r f a c e  water and  groundwa- 

ter  by  a c t i v a t e d  c a r b o n  f i l t r a t i o n .  The empty  bed 

c o n t a c t  t i m e  i n  t h e  c a r b o n  f i l t e r s  was 20 m i n u t e s ;  

t h e  a p p a r e n t  l i n e a r  v e l o c i t y  w a s  3 m/hour. The  re- 

d u c t i o n  of t h e  THMFP-precursor i s  p r e s e n t e d  i n  £i- 

g u r e  7 . 1  f o r  t r e a t e d  s u r f a c e  water.  
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F i g u r e  7.1 - Removal of THM p r e c u r s o r s  by  c a r b o n  

f i l t r a t i o n  a t  D o r d r e c h t .  P r e t r e a t m e n t :  

c o a g u l a t i o n ,  r a p i d  f i l t r a t i o n ,  ozona -  

tion ( 1 9 7 9 )  

- ---a after GAC-filtration 
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I n  t h e  t r e a t e d  s u r f a c e  water, t h e  THMFP-precursor 

i s  0 , 6 4  ~ m o l / l i t e r .  As a r e s u l t  o f  c a r b o n  f i l t r a -  

t i o n  i n  t h e  f i r s t  10-12 weeks ( 5 5 0 0  bv), a minimun 
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60 % reduction is achieved by carbon filtration. 

After this, the reduction decreases and stabilizes 

at about 35-40 % until the end of the 6-month run 

(13,000 bv) . 
The THMFP-precursor in the treated groundwater 

amounts to 1,08 ~mol/liter. Carbon filtration re- 

sults in an initia1 90 % reduction. This percentage 

gradually declines until, after I1 weeks (5500 bv), 

a 45 % reduction has been attained. 

At the Waterworks of North-West-Brabant at 

Zevenbergen, carbon filtration was applied to trea- 

ted Biesbosch water (ref. 7.9) . The THMFP-precursor 
of this water was determined at a pH of 8 by chlo- 

rine addition of 35 mg/liter. The THM content was 

determined after a reaction time of 48 hour. The 

THMFP-precursor appeared to vary from 150-240 yg/ 

liter and to consist principally of CHC1,. Al1 

variations were alco found as variations in the 

CHC1,  content. This is explainable by the reaction 

conditions selected for the THMFP-precursor deter- 

mination. 

The THMFP-precursor in the carbon filtration was 

determined as a function of the running time of the 

filter. The results are presented in figure 7.2, 
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Figure 7.2 - The curnulative THMFP-precursor as a 

function of the carbon filter runs at 

WNWB-Zevenbergen (1980) . Preliminary 

treatment: transport chlorination, 

coagulation, flotation, breakpoint 

chlorination and dual media filtra- 

tion 

It can be deduced from figure 7.2 that the THMFP 

increases with increasing carbon life, from 20 to 

160 ~g/liter. Marked THMFP reduction only occurs 

during very short filter runs (3 weeks, 900 bv). 

The precursor removal rapidly decreases, and after 

28 weeks (10,000 bv) , amounts to about 20 %, then 

becoming fairly constant. 

Tkus, carbon filtration appears to accomplish a 

considerable precursor reduction only during short 

filter runs. 

In addi tion, precursor removal is meaningful only 

i£ it also results in a decrease in the THM content 

under practica1 conditions. In other words: reduc- 

tion of the THMFP-precursor is only meaningful if 

it also leads to a reduction of the THMFP-consumer, 



7 .4 .3  R e d u c t i o n  o f  t h e  THMFP-consumer by a c t i v a t e d  c a r b o n  

f i l t r a t i o n  

A c  was p r e v i o u s l y  n o t e d ,  r e d u c t i o n  o f  t h e  THMFP- 

p r e c u r s o r  i s  o n l y  w o r t h w h i l e  i f  it a l s o  l e a d s  to a  

r e d u c t i o n  o f  t h e  THMFP-consumer, w h e r e i n  a  lower  

c h l o r i n e  d o s e  and a  s h o r t e r  c o n t a c t  t i m e  a r e  main- 

t a i n e d .  The f a c t  t h a t  t h e  c h l o r i n e  d o s e  i s  ex t r eme-  

ly i m p o r t a n t  i s  a p p a r e n t  f rom f i g u r e  7 . 3 ,  where  t h e  

THM c o n t e n t  i s  g i v e n  a s  a  f u n c t i o n  o f  t h e  c h l o r i n e  

dose for  a c a r b o n  f i l t r a t e  a t  L e i d u i n .  

THM 

F i g u r e  7 . 3  - THM c o n t e n t  a s  a  f u n c t i o n  of c h l o r i n e  

d o s e  i n  a c a r b o n  f i l t r a t e  a t  L e i d u i n  

I t  i s  a p p a r e n t  t h a t  t h e  C H B r ,  c o n t e n t  shows a maxi-  

mum f o r  a c h l o r i n e  dose o f  0,5 rng/ l i ter ,  t h e  

CHBr,Cl content a t  a c h l o r i n e  d o s e  of  10 m g / l i t e r ,  



w h i l e  t h e  CHBrC1, and CHC1,  c o n t e n t s  a l s o  c o n t i n u e  

t o  i n c r e a s e  a t  v e r y  h i g h  c h l o r i n e  d o s a g e s .  The 

c h l o r i n e  d o s e  t h u s  n o t  o n l y  i n f l u e n c e s  t h e  t o t a l  

THM c o n t e n t ,  b u t  a l s o  t h e  r a t i o  be tween  t h e  con-  

t e n t s  o f  t h e  i n d i v i d u a l  THMs. E s p e c i a l l y  under  

p r a c t i c a 1  c i r c u m s t a n c e s ,  t h e  c h l o r i n e  d o s e  i s  o f  

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

T h i s  phenomenon h a s  l e d ,  among o t h e r  t h i n g s ,  t o  t h e  

i n t r o d u c t i o n  o f  a  THMFP-consumer d e t e r m i n a t i o n .  

However, i n  t h e  c a s e  o f  t h i s  d e t e r m i n a t i o n  a s  w e l l ,  

t h e  p r o c e d u r e  employed i s  n o t  u n i f o r m  u n i v e r s a l l y .  

The M u n i c i p a l  Waterworks add  0 , 3  t o  0,6 m g / l i t e r  

c h l o r i n e  and  u s e  a s  a  g u i d e l i n e  a  r e s i d u a l  c h l o r i n e  

c o n t e n t  of 0,2 m g / l i t e r  c h l o r i n e  a f t e r  a  c o n t a c t  

t i m e  o f  20  m i n u t e s .  K I W A  and WNWB p e r f o r m  t h e  d e -  

t e r m i n a t i o n  w i t h  a f i x e d  c h l o r i n e  d o s e  ( e . g . ,  

0 , 5  m g / l i t e r ) .  Both d e t e r m i n a t i o n s ,  however ,  g i v e  a 

good i n d i c a t i o n  o f  t h e  THM c o n t e n t  t h a t  c a n  be e x -  

p e c t e d  by t h e  consumer.  

The r e s u l t s  o f  t h e  p i l o t  p l a n  s t u d y  a t  L e i d u i n  a r e  

p r e s e n t e d  i n  f i g u r e  7.4,  I n  a l 1  c a s e s ,  t h e  THMFP- 

consumer i s  shown as a f u n c t i o n  o f  t i m e  ( r e f .  

7.10) . 
The f o l l o w i n g  a b b r e v i a t i o n s  a r e  u sed  i n  f i g u r e  

7.4:  

C F  = c a r b o n  f i l t r a t i o n  

SSF = s l o w  s a n d  f i l t r a t i o n  

HR = h a r d n e s s  r e d u c t i o n  

o 3  = o z o n a t i o n .  

I t  i s  a p p a r e n t  f rom t h e  f i g u r e  t h a t  t h e  s y s t e m s  1-4 

w i t h  c a r b o n  f i l t r a t i o n ,  which h a v e  t h e  l o w e s t  TOC 

c o n t e n t s  ( 1 , 7 - 2 , l  m g / l i t e r )  and  the l o w e s t  THMFP- 

p r e c u r s o r  ( 4 0 - 8 0  u g / l i t e r ) ,  i n  a l 1  c a s e s  have  g i v e n  

the lowest CHCl, and  t h e  h i g h e s t  CHBr,, w h i l e  t h e  

t o t a l  THMFP-consumer i s  a l s o  q u i t e  h i g h .  Sys t ems  5- 
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Figure 7.4 - THMFP-consumer in water 

- 

af  ter S S F  

(slow sand filtration) w i t h  carbon 

filtration ( S l - S 4 )  and without carbon 

f i l t r a t i o n  ( S 5 - S 8 )  i n  the  pilot p l a n t  

at L e i d u i n  



8 w i t h o u t  c a r b o n  f i l t r a t i o n ,  w i t h  h i g h e r  TOC con-  

t e n t s  (2 ,4 -2 ,9  m g / l i t e r )  and h i g h e r  THMFP-precursor 

(75-150 g t e r )  , on  t h e  o t h e r  hand ,  g i v e  much 

lower CHBr3 c o n t e n t s ,  w h i l e  t h e  THMFP-consumer i s  

a l s o  l o w e r .  Carbon f i l t r a t i o n  t h u s  g i v e s  t h e  lowest 

THMFP-precursor. However, t h i s  c o i n c i d e s  w i t h  h i g h  

CHBr3 c o n t e n t s  and  a r e l a t i v e l y  h i g h  THMFP-con- 

sumer . 

A s i m i l a r  s t u d y  was pe r fo rmed  by WNWB and  K I W A  i n  

t h e  p r o d u c t i o n  p l a n t  a t  Zevenbergen ( r e f s .  7 .9 ,  

7 . 1 0 ) .  F i r s t ,  t h e  THM f o r m a t i o n  was d e t e r m i n e d  a s  a 

f u n c t i o n  o f  the c h l o r i n e  d o s e  i n  t h e  d u a l  media  

f i l t r a t e  and t h e  c a r b o n  f i l t r a t e .  The r e s u l t s  a r e  

p r e s e n t e d  i n  f i g u r e  7.5. 

THM 
l u g i l l  

t 

12 

Y 

4 

o 

DMF 

2 4 6 8 0  2 4 6 8 
+ chlorine dose (mg/l) 

(x=THM . o=CHCI,, A =CHBrCI,. V =CHBqCI 4- =CHBr,) 

F i g u r e  7.5 - Forma t ion  o f  THM a s  a f u n c t i o n  of 

c h l o r i n e  d o s e  i n  t h e  dual m e d i a  

f i l t r a t e  and t h e  c a r b o n  f i l t r a t e  a t  

Zevenbergen  



I t  i s  a p p a r e n t  from f i g u r e  7.5 t h a t  i n  a l r e a d y  

c h l o r i n a t e d  d u a l  media  f i l t r a t e  upon f u r t h e r  c h l o -  

r i n a t i o n ,  o n l y  CHC13  and  C H B r C 1 2  a r e  formed. A l l  

THM a r e  formed i n  t h e  c a r b o n  f i l t r a t e ,  w i t h  CHC13 

a t  t h e  lowest c o n c e n t r a t i o n s .  The C H B r 3  c o n t e n t  

p a s s e s  o v e r  a maximum a t  a  c h l o r i n e  d o s e  o f  0,5- 

1,O m g / l i t e r .  For a  low c h l o r i n e  d o s e  (0,5 m g /  

l i t e r )  , t h e  THM c o n t e n t  i n  t h e  c a r b o n  f i l t r a t e  i s  

somewkat h i g h e r  t h a n  i n  t h e  d u a l  media  f i l t r a t e .  

I n  a d d i  t i o n ,  t h e  THMFP-consumer was d e t e r m i n e d  f o r  

b o t h  t h e  d u a l  media  f i l t r a t e  and t h e  c a r b o n  f i l -  

t r a t e .  The THMFP-consurner of t h e  d u a l  media  f i l -  

t r a t e  amounted t o  13-25 p g / l i t e r  w i t h  C H C l s  i n  t h e  

h i g h e s t  c o n c e n t r a t i o n s ,  f o l l o w e d  by C H B r C l , ,  

C H B r 2 C 1  and C H B r 3 .  The THMFP-consumer o f  t h e  c a r b o n  

f i l t r a t e  i s  given i n  f i g u r e  7 .6 .  

THM ( ,Wl!l) 

t "l 

- CH Br, - cn B ~ ~ C I  - CH Br ClZ 

- filter run (weekc) 

F i g u r e  7 . 6  - Cumula t ive  THMFP-consurner a s  a f u n c -  

t i o n  o f  t h e  r u n n i n g  t i m e  of t h e  c a r b o n  

f i l t e r  a t  Zevenbergen  

The TRMFP-consumer i n c u e a s e s  from 5 t0 30 LIg / l i t e r .  

By f a r ,  t h e  h i g h e s t  c o n t e n t s  w e r e  e n c o u n t e r e d  f o r  

CHBrs ( t o  a  maximum of 20 p g / l i t e r )  , f o l l o w e d  by 

CHEr,Cl, CHBrC12 and  CHC13. 



Thus, in comparison with the dual media filtrate, a 

rnarked shift is seen toward the formation of more 

highly brominated THM. This shift is greatest for 

relatively short filter runs (3-11 weeks, 900- 

3100 bv). 

Thus, as was previously reported in section 7.4.2, 

carbon filtration leads to a certain THMFP-precur- 

sor reduction. This reduction, however, is not ac- 

companied by a THMFP-consumer reduction and leads 

to a shift toward the formation of more highly 

brominated THM. This shift is the greatest in the 

case of relatively short filter runs. 

The entire phenomenon is once again illustrated on 

the basis of f igure 7.7 (ref. 7.11) . 

- TOC i r n g i l l  

Figure 7.7 - THMFP-precursor, THMFP-consumer and 

CHBra-consumer as a function of the 

TOC content in carbon filtrate at 

Zevenbergen 

The THMFP-precursor increases as a function of the 



TOC c o n t e n t .  The THMFP-consumer ( a t  a f i x e d  c k l o -  

r i n e  d o s e )  rises t o  a c e r t a i n  TOC v a l u e ,  t h e n  re- 

ma ins  c o n s t a n t .  The CHBrs-consumer rises t o  a some- 

what  lower TOC v a l u e ,  t h e n  d e c r e a s e s .  

Only  p r e c u r s o r  re inoval  t o  a THMFP-precursor lower  

t h a n  a b o u t  0 , 5  u m o l / l i t e r  ( 6 0  v g / l  f o r  CHC13) l e a d s  

t o  a r e d u c t i o n  o f  t h e  THMFP-consumer, T h i s  c o i n -  

c i d e s  with a TOC r e d u c t i o n  t o  1 , 2  mg C/ l i t e r .  A t  

t h i s  TOC c o n t e n t ,  maximal f o r m a t i o n  o f  C H B r 3  t a k e s  

p l a c e  i n  t h e  p r e s e n c e  o f  a b o u t  70 p g / l i t e r  bromide.  

The above-ment ioned  example is n o t  g e n e r a l i z a b l e  

n u r n e r i c a l l y .  The t r e n d s ,  however ,  a r e  g e n e r a l i -  

z a b l e .  Only a marked THMFP-precursor r e d u c t i o n  

l e a d s  t o  a r e d u c t i o n  of t h e  THMFP-consumer. I n  ad-  

d i t i o n ,  i n  t h e  p r e s e n c e  of  b romide  i o n s  upon a de- 

c r e a s e  i n  t h e  THMFP-precursor, a s h i f t  t a k e s  p l a c e  

toward  t h e  more h i g h l y  b r o m i n a t e d  THM i n  t h e  THMFP- 

consumer . 
A l i m i t e d  p r e c u r s o r  removal  t h u s  d o e s  n o t  g i v e  t h e  

d e s i r e d  r e s u l t s .  T h e r e f o r e ,  p r e c u r s o r  removal  and  

e s t a b l i s h m e n t  of  a un i fo rm p r e r e q u i s i t e  f o r  t h e  

THMFP-precursor d e t e r m i n a t i o n  h a s  n o t  r e c e i v e d  a 

v e r y  h i g h  p r i o r i t y .  

P r e c u r s o r  removal  by i o n  exchange  i n  cornparison 

w i t h  a c t i v a t e d  c a r b o n  

A t  many l o c a t i o n s  i n  t h e  l i t e r a t u r e ,  t h e  removal  o f  

humic s u b s t a n c e s  by ion exchange  i s  d e s c r i b e d .  I n  

many i n s t a n c e s ,  t h e  d e c r e a s e  i n  t h e  humic a c i d  con- 

c e n t r a t i o n  i s  shown by t h e  d e c r e a s e  i n  c o l o r ,  W 

e x t i n c t i o n  or TOC c o n t e n t ,  w h i l e  t h e  THMEP h a s  a l s o  

been  d e t e r m i n e d  i n  s o m e  more r e c e n t  a r t i c l e s .  Some 

o f  t h e  m o s t  i m p o r t a n t  l i t e r a t u r e  r e f e r e n c e s  w i l 1  be 

d e s c r i b e d  n e x t  . 



- G a u n t l e t t  ( r e f .  7 .12)  compares  t h e  a c t i v i t y  o f  

i o n  e x c h a n g e r s  w i t h  t h a t  of a c t i v a t e d  c a r b o n  on  

t h e  b a s i s  o f  UV and TOC r e d u c t i o n .  H e  e x p r e s s e s  a  

d e f i n i t e  p r e f e r e n c e  f o r  t h e  u s e  o f  a c t i v a t e d  

c a r b o n .  

- Anderson and Maie r  ( r e f s .  7 .13 a n d  7.14)  found  

s t r o n g l y  b a s i c  i o n  e x c h a n g e r s  c a n  r e d u c e  t h e  TOC 

c o n t e n t  t o  below t h e  d e t e c t i o n  l i m i t  a s  l o n g  a s  

t h e  e x c h a n g e r  i s  i n  t h e  c h l o r i d e  or hydrogen  

c a r b o n a t e  form.  I n  t h e  c a s e  o f  c o n v e r s i o n  t o  t h e  

s u l f a t e  form,  TOC b r e a k t h r o u g h  b e g i n s  to  t a k e  

p l a c e .  They g i v e  a  c o s t - p r i c e  c a l c u l a t i o n ,  where-  

i n  i o n  exchange  comes o u t  f a v o r a b l y  r e l a t i v e  t o  

c a r b o n  f i l t r a t i o n .  

- K ö l l e  ( r e f .  7 .15)  a l s o  per formed a g r e a t  d e a l  of 

i n v e s t i g a t i o n  on the u s e  of s t r o n g l y  b a s i c  i o n  

e x c h a n g e r s .  B e g i n n i n g  i n  1978 ,  K o l l e  ( r e f .  7 .16)  

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

i n  t h e  TOC c o n t e n t  o f  50 %. 

- Rook and Evans ( r e f .  7 .17)  s t u d i e d  t h e  a c t i o n  o f  

weakly  b a s i c  i o n  e x c h a n g e r s .  A t  r u n s  o f  1000-1800 

bv p e r  c y c l e ,  t h e y  found  a THMFP r e d u c t i o n  of 

60 %. 

K r u i t h o f  and Van P a a s s e n  ( ref .  7.18)  p e r f o r m e d  

b a t c h  and c o n t i n u o u s  expewiments  on a l a b o r a t o r y  

scale r e g a r d i n g  t he  p r e c u r s o r  removal  by 11 i o n  ex- 

c h a n g e r s  and 3 c a r b o n  t y p e s .  T h i s  was f o l l o w e d  by a  

p i l o t  s c a l e  s t u d y  w i t h  t h e  bes t  i o n  exchange r  and 

t h e  b e s t  carbon type. The r e s u l t s  o f  t h i s  i n v e s t i -  

g a t i o n  are p r e s e n t e d  i n  f i g u r e  7 .8 .  

For  b o t h  a d s o r b e n t s ,  t h e  r e d u c t i o n  is d e t e r m i n e d  

by t h e  UV e x t i n c t i o n ,  fluorescente e m i s s i o n ,  color,  

TOC and THMFP. T h e r e  i s  no d e f i n i t e  differente i n  

c o l o r  removal  f o r  t h e  two a g e n t s .  For  a l l  o t h e r  pa- 

r a m e t e r s ,  a c t i v a t e d  c a r b o n  g i v e s  t h e  b e s t  removal .  
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c h a n g e ~  412 P and t h e  carbon type ROW 
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However, no  i n d i v i d u a l  p a r a m e t e r  i s  removed i n  v e r y  

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

The i o n  e x c h a n g e r  was r e g e n e r a t e d  a f t e r  r u n s  o f  2 0 ,  

4 0  and  80 d a y s  (2750,  5500 and 11 ,000  b v ) .  F o l l o -  

wing r e g e n e r a t i o n ,  t h e  e f f e c t  o f  t h e  i o n  e x c h a n g e r  

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

Thus,  b o t h  i o n  exchange  and c a r b o n  f i l t r a t i o n  are  

a b l e  t o  b r i n g  a b o u t  o n l y  a l i m i t e d  p r e c u r s o r  remo- 

v a l .  T h i s  r e d u c t i o n  a l s o  i s  n o t  e x p e c t e d  t o  l e a d  t o  

a  r e d u c t i o n  o f  t h e  THMFP-consumer. 

I n  a d d i t i o n ,  s i n c e  i o n  exchange  g i v e s  a  somewhat 

l ower  remova l t h a n  c a r b o n  f  i l t r a t i o n  a n d ,  f  u r t h e r -  

more ,  p rob lems  can  a r i s e  w i t h  t h e  d i s p o s a l  o f  t h e  

r e g e n e r a n t ,  f u r t h e r  s t u d i e s  on  p r e c u r s o r  r emova l  by 

i o n  exchange  d e s e r v e  a  l o w  p r i o r i t y .  

P r e c u r s o r  r emova l  u s i n g  a l t e r n a t i v e  a d s o r b e n t s  

I n  a d d i t i o n  t o  t h e  r emova l  o f  h a l o g e n a t e d  c o m -  

pounds ,  Ambersorb XE-340 was a l s o  t e s t e d  f o r  t h e  

r emova l  o f  p r e c u r s o r s .  Symons e t  a l ,  ( r e f .  7.1) 

found  t h a t  a d s o r p t i o n  on  XE-340 and  c o a g u l a t i o n  

g i v e  t h e  Same p r e c u r s o r  r emova l  f rom raw w a t e r .  XE- 

3 4 0  g i v e s  no f u r t h e r  p r e c u r s o r  r emova l  f rom coagu-  

l a t e d  w a t e r .  

O'Connor e t  a l .  ( r e f .  7 . 1 9 )  a l s o  i n v e s t i g a t e d  t h e  

p r e c u r s o r  removal  by XE-340.  They a l so  found no 

r e d u c t i o n  o f  the p r e c u r s o r  c o n t e n t ,  measured  as  a  

TOC d e c r e a s e .  

Ambersorb XE-340 i s  t h u s  n o t  a  s u i t a b l e  a g e n t  f o r  

p r e c u r s o r  removal .  

C o n v e r s i o n  o f  p r e c u r s o r s  by  o z o n a t i o n  

Ozona t ion  c a n  be used  f o x  v a r i o u s  p u r p o s e s  i n  

d r i n k i n g  w a t e r  t r e a t m e n t .  S p e c i f i c a l l y ,  ozone  h a s  a 



h i g h  b a c t e r i c i d a l  and v i r u c i d a l  a c t i o n .  I n  a d d i -  

t i o n ,  i t  is a l so  h i g h l y  s u i t a b l e  f o r  d e g r a d i n g  

m a t e r i a l s  which i m p a r t  o d o r  and t a s t e  o f  f o r  t h e  

p a r t i a l  breakdown o f  c o l o r e d  humic m a t e r i a l s .  Based 

o n  t h i s  l a t t e r  u s e ,  i t  seems q u i t e  l i k e l y  t h a t  

o z o n a t i o n  l e a d s  t o  a  breakdown of  p r e c u r s o r s .  

Two p o s s i b i l i t i e s  ar ise i n  t h i s  c o n n e c t i o n :  

- ozone  r e a c t s  a t  t h e  s i tes  of t h e  humic a c i d  mole- 

c u l e  which c a u s e  THM f o r m a t i o n  d u r i n g  c h l o r i n a -  

t i o n  and c o n v e r t s  t h e s e  i n t o  n o n r e a c t i v e  sites; 

- ozone  c o n v e r t s  p r e c u r s o r s  i n t o  m o d i f i e d  hurnic 

compounds which a r e  m o r e  r e a d i l y  removed i n  a  

s u b s e q u e n t  t r e a t m e n t  s t e p ,  f o r  example c o a g u l a -  

t i o n .  

Only t h e  f i r s t  p o i n t  w i l 1  b e  d i s c u s s e d  i n  t h i s  

s e c t i o n .  The d e t e r m i n a t i o n  o f  t h e  p r e c u r s o r  c o n t e n t  

was a c h i e v e d  by means o f  a  THMFP d e t e r m i n a t i o n .  The 

d i f f e r e n c e  i n  d e t e r m i n a t i o n  c o n d i t i o n s  o c c u r r i n g  

t h e r e b y  h a v e  a l r e a d y  been  d i s c u s s e d  a t  s e v e r a l  

p o i n t s .  For  t h e s e  r e a s o n s ,  d a t a  c o n c e r n i n g  t h e  re- 

d u c t i o n s  o f  c o l o r ,  UV e x t i n c t i o n ,  TOC and KMnOt, 

consumpt ion  w e r e  a l s o  added.  

Love ( r e f .  7.3) and  Symons and S t e v e n s  ( r e f .  7 .20)  

d e t e r m i n e d  t h e  THMFP b e f o r e  and a f t e r  o z o n a t i o n .  

The THMFP was d e t e r m i n e d  a t  a  c h l o r i n e  d o s e  of 

8 m g / l i t e r  and  a  c o n t a c t  t i m e  o f  6 d a y s .  The p r i n -  

c i p a l  r e s u l t s  a r e  summarized i n  t a b l e  7.2. 



T a b l e  7 . 2  - E f f e c t  o f  o z o n a t i o n  on  t h e  THMFP-pre- 

c u r s o r  ( r e f .  7 . 2 0 )  

a t e r  type l 
Dual media f i l t r a t e  l----- 
Dual media f i l t r a t e  

l Dual media f i l t r a t e  

I"" 

ozone 

dose 

mg/l 

o 
o, 7 

o 
8 

o 
227 

o 
o, 7 

O 

20,9 

It is  a p p a r e n t  f r o m  t h e  t a b l e  that f o x  al1 ozone  

d o s e s  up t o  20 m g / l i t e r  a t  a c o n t a c t  t i m e  o f  5-6 

m i n u t e s ,  t h e  THMFP shows a s l i g h t  i n c r e a s e .  Only a t  

a n  o z o n e  d o s e  o f  more t h a n  200 m g / l i t e r  d i d  a  THMFP 

r e d u c t i o n  o f  a b o u t  4 0  % t a k e  p l a c e .  

The THMFP-precursor d e c r e a s e d  a s  a f u n c t i o n  of t h e  

c o n t a c t  t i m e .  A t  a  very h i g h  ozone  d o s e  o f  4 3  mg/ 

liter, t h e  THMFP d e c r e a s e d  from 0,5 ~ m o l / l i t e r  

a f t e r  a c o n t a c t  t i m e  of 30  m i n u t e s  t o  less t h a n  

0 , l  ~ m o l / l i t e r  a f t e r  a  c o n t a c t  t i m e  o f  6 h o u r .  I n  

a d d i t i o n ,  Love ( r e f .  7 . 3 )  and  S p o n s  and S t e v e n s  

( r e f .  7 . 2 0 )  s t u d i e d  the combined a c t i o n  of ozone  

and  W r a d i a t i o n  on p r e c u r s o r  r emova l .  

The r e s u l t s  are r e p o r t e d  i n  figure 7 .9 .  



THMFP 
(prnol / l  

- time (min) 

Figure 7.9 - Effect of ozone and UV radiation on 

the THMFP 

It is apparent from the figure that good results 

can principally be achieved with combined use of 

ozone and UV radiation. After a contact time of 2 

hours , the precursor conversion amounts to about 

95 %. Rook (ref. 7.5) found results that did not 

correspond to the American investigations. Both for 

an ozone dose of 2,5 mg/liter and for 20,O mg/li- 

ter, he finds a positive correlation between the 

THM formation and the contact time. Here, he de- 

termines the THMFP with a chlorine dose of 6 mg/li- 

ter and a contact time of 6 hour. 

Contradictions in results were also found by 

Trussell (ref. 7.21) . Both THMFP increases of 30 % 

and decreases of 90 % were found. For an ozon dose 





o f  2 m g / l i t e r ,  b o t h  a  13  % THMFP i n c r e a s e  and  a  

2 2  % d e c r e a s e  w e r e  found .  The t es t  c o n d i t i o n s  and  

t h e  n a t u r e  o f  t h e  o r g a n i c  m a t t e r  w i l 1  undoub ted ly  

p l a y  a n  i m p o r t a n t  r o l e  h e r e .  

I n  t h e  N e t h e r l a n d s ,  f i v e  w a t e r w o r k s  u s e  b o t h  o z o n e  

and  c h l o r i n e  i n  d r i n k i n g  w a t e r  t r e a t m e n t .  Da ta  f rom 

t h e s e  p l a n t s  which p l a y  a ro le  i n  p o s s i b l e  p r e c u r -  

s o r  r emova l  a r e  p r e s e n t e d  i n  t a b l e  7 .3 .  

When two numbers a r e  g i v e n  i n  o n e  column,  t h e  f i r s t  

nurnber p e r t a i n s  t o  t h e  s i t u a t i o n  b e f o r e  o z o n a t i o n ,  

and  t h e  cecond a p p l i e s  t o  t h e  s i t u a t i o n  a f t e r  ozo-  

n a t i o n .  

It i s  a p p a r e n t  f rom t h e  t a b l e  t h a t  p r a c t i c a l l y  no  

o r g a n i c  m a t e r i a l  (TOC) is removed, b u t  t h a t  t h e  

o r g a n i c  m a t e r i a l  i s  h i g h l y  m o d i f i e d  (co lor ,  U V ) .  

Accord ing  t o  t h e  s p a r c e l y  a v a i l a b l e  THMFP d a t a ,  t h e  

p r e c u r s o r  r emova l  a p p e a r s  t o  v a r y  somewhat f rom 

p l a n t  t o  plant. Amounts v a r y i n g  from 40 % i n c r e a s e  

t o  4 5  % r e d u c t i o n  were found .  A c o r r e l a t i o n  be tween  

p r e c u r s o r  removal  on  o n e  hand a n d  o z o n e  d o s e ,  con-  

t a c t  t i m e  o r  water q u a l i t y  on  t h e  o t h e r  hand c a n n o t  

be drawn o n  t h e  basis o f  t h e  a v a i l a b l e  d a t a ,  

Thus,  l i t t l e  d e f i n i t e  i n f o r m a t i o n  i s  a v a i l a b l e  

r e g a r d i n g  p r e c u r s o r  c o n v e r s i o n  by o z o n a t i o n ,  Under 

c o n d i t i o n s  c u s t o m a r y  f o r  d r i n k i n g  w a t e r  p r e p a r a -  

t i o n ,  o n l y  a s l i g h t  removal  or  even  a n  i n c r e a s e  i s  

found .  Only  a t  v e r y  h i g h  d o s e s ,  u n u s u a l l y  l o n g  con-  

t a c t  t i m e s  o r  a d d i t i o n a l  u s e  o f  UV r a d i a t i o n  d o e s  

e x t e n s i v e  p r e c u r s o r  c o n v e r s i o n  a p p e a r  p o s s i b l e .  

P r e c u r s o r  b e h a v i o r  d u r i n g  i n f i l t r a t i o n  

The p r e c u r s o r  b e h a v i o r  d u r i n g  i n f i l t r a t i o n  w a s  s t u -  

d i e d  by t h e  M u n i c i p a l  Waterworks ( G W ) ,  t h e  Dunes 

W a t e r w o r k s  o £  t h e  Hague  ( D W L  Den H a a g ) ,  t h e  



M u n i c i p a l  Ene rgy  Concern  of  Enschede  (ONE) a n d  t h e  

Waterworks of S o u t h  W e s t  N e t h e r l a n d s  ( W M Z ) .  Each o f  

t h e s e  companies  d e t e r m i n e s  THME'P i n  a d i f f e r e n t  

way. GW b u f f e r s  the w a t e r  t o  a pH of 8 a n d  a d d s  

c h l o r i n e  t o  a  r e s i d u a l  c h l o r i n e  c o n t e n t  o f  0,s mg/ 

l i t e r  a f t e r  2 4  hour .  The sample  i s  s t o r e d  f o r  2 4  

hour  a t  2 5  "C. 

DWL Den Haag a d d s  5 , 3  m g / l i t e r  of c h l o r i n e  t o  an  

u n b u f f e r e d  s o l u t i o n ,  a f t e r  which t h e  s o l u t i o n  i s  

s t o r e d  f o r  18  h o u r  a t  25 "C. 

ONE and  WMZ add t o  a  n o n b u f f e r e d  s o l u t i o n  s u f f i -  

c i e n t  c h l o r i n e  s o  t h a t  t h e  r e s i d u a l  c o n t e n t  a f t e r  

48  h o u r  i s  5 r n g / l i t e r .  The sample  i s  s t o r e d  f o r  4 8  

h o u r  a t  2 5  "C. L a t e r ,  t h e  s amples  a r e  b u f f e r e d  t o  a 

p H  o f  8 .  

I t  is n e c e s s a r y  t o  t a k e  t h e s e  d i f f e r e n c e s  i n t o  con- 

s i d e r a t i o n  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  d a t a .  A 

s h i f t  toward t h e  f o r m a t i o n  o f  more h i g h l y  bromina-  

t e d  THM is i n d i c a t i v e ,  among o t h e r  t h i n g s ,  o f  t h e  

m a i n t e n a n c e  o f  an  i n a d e q u a t e  c h l o r i n e  d o s e  f o r  

p r o p e r  THMFP-precursor d e t e r m i n a t i o n .  

GW pe r fo rmed  o n l y  a l i r n i t e d  number of measurements  

a t  a  s o i l  r e s i d e n c e  t i m e  o f  2 months .  The q u a l i t y  

p a r a m e t e r s  b e f o r e  and a f  ter i n £  i l t r a t i o n  a r e  shown 

i n  t a b l e  7.4.  The d a t a  a f t e r  i n f i l t r a t i o n  a r e  t h e  

a v e r a g e  v a l u e s  o v e r  t e n  d i s c h a r g e  b a s i n s .  



T a b l e  7.4 - Q u a l i t y  p a r a m e t e r s  b e f o r e  and a f  t e r  i n -  

f i l t r a t i o n  a t  L e i d u i n  

KMnO s mg/l 

AOH* mg/l 

C h l o r i n e  dose  mg/l 

CHC13 ~ g / l  

C H B r C 1  lJg/l 

C H B r 2 C 1  W / 1  

CHBr W3/1 

"THMFP 'l urnol/ l  

AOHFP ~ m o l / l  

Pa ramete r  

TOC mg/l 

a f  t e r  

i n f i l t r a t i o  i b e f o r e  

i n f  i l t r a t i o n  

3,5 

* I n  t h e  t a b l e ,  AOH s t a n d s  f o r  a d s o r b a b l e  organo- 

ha logen  and AOHFP is a d s o r b a b l e  ha logens  i n  

w a t e r  t r e a t e d  i n  accordance  w i t h  t h e  THMFP p r e s -  

c r i p t i o n  

The t a b l e  i n d i c a t e s  a s h i f t  toward t k e  f o r m a t i o n  o f  

more h i g h l y  brominated  THM which c o i n c i d e s  w i t h  a 

p r e c u r s o r  (TOC) r e d u c t i o n  and a r e l a t i v e l y  low 

c h l o r i n e  dose .  The THMFP r e d u c t i o n  appears t o  

amount t o  27 %; t h e  AOHFP, a measure  f o r  t h e  h igh  

molecu la r  we igh t  organohalogens  t h a t  may be formed, 

appears t o  d e c r e a s e  by 17 %, 

The Hague h a s  a l s o  performed o n l y  a l i m i t e d  number 

of  measurements.  Here, a f t e r  i n f i l t r a t i o n ,  a s h i f t  

likewise t a k e s  p l a c e  toward t h e  f o r m a t i o n  o f  more 

highly brorninated THM. The THMFP does  n o t  show a 

d e f i n i t e  c o u r s e .  After i n f i l t r a t i o n ,  b o t h  i n c r e a s e s  



and  d e c r e a s e s  have been  o b s e r v e d .  I t  i s  p o s s i b l e  

t h a t  t h e  l o w  c h l o r i n e  d o s e  p l a y s  a  r o l e  h e r e .  A s  a 

r e s u l t  o f  t h e  l o w  c h l o r i n e  d o s e  h e r e ,  t h e  THM f o r -  

m a t i o n  i s  no l o n g e r  i n d e p e n d e n t  t h e r e o f  co  t h a t  

random errors can  p l a y  a  major role.  A s  a  r e s u l t ,  

any p o s s i b l e  smal1 e f f e c t s  a r e  n o t  o b s e r v e d .  

I n  a d d i t i o n ,  some d a t a  are a v a i l a b l e  from s i x  mea- 

s u r e m e n t s  pe r fo rmed  by ONE f o r  a  r e s i d e n c e  t i m e  i n  

t h e  s o i l  o f  a b o u t  3 weeks.  The d a t a  a r e  r e p o r t e d  i n  

t a b l e  7 .5 .  

T a b l e  7.5 - THMFP b e f o r e  and a f t e r  i n f i l t r a t i o n  a t  

Enschede  

Parme ter I before i n f i l t r a t i o n  ! af ter i n f i l t r a t i o n  I 

The f i r s t  t h r e e  measurements  p e r t a i n  t o  u n b u f f e r e d  

THMFP d e t e r m i n a t i o n s ;  t h e  r e d u c t i o n  upon i n f i l t r a -  

t i o n  was a b o u t  4 5  %. I n  t h e  s econd  series ,  t h e  

THMFP d e t e r m i n a t i o n s  were pe r fo rmed  w i t h  buf f e r i n g .  

I n  this case, t h e  r e d u c t i o n  was 53 %. 

I n  a d d i t i o n ,  WMZ haa  some i n f o r m a t i o n  r e g a r d i n g  t h e  



d e c r e a s e  i n  t h e  THMFP a f t e r  i n f i l t r a t i o n  a t  

Haamstede,  A r e d u c t i o n  o f  a b o u t  3 3  % a p p e a r s  t o  

o c c u r  h e r e .  

I t  i s  a p p a r e n t  f rom t h e  summarized d a t a  t h a t  a  

l i m i t e d  THMFP r e d u c t i o n  is b r o u g h t  a b o u t  by i n f i l -  

t r a t i o n .  The Same i s  t r u e  a t  G'rJ f o r  t h e  f o r m a t i o n  

p o t e n t i a l  o f  a d s o r b a b l e  o r g a n o h a l o g e n s .  However, 

more d a t a  a r e  d e s i r e d .  

The s h i f t  toward t h e  f o r m a t i o n  o f  more h i g h l y  b r o -  

m i n a t e d  THM d u r i n g  c h l o r i n a t i o n  c o i n c i d e s  w i t h  t h e  

r e d u c t i o n  o f  t h e  THMFP-precursor a s  w e l 1  as t h e  l o w  

c h l o r i n e  dose .  The s h i f t  i s  a l s o  p e r c e i v e d  i n  t h e  

c a s e  o f  t h e  THMFP-consumer ( somet imes  d e  t e r rn ined )  . 

P r e c u r s o r  removal  b y  r e v e r s e  osmosis 

I t  was found  from a l a r g e  number o f  e x p e r i m e n t s  

t h a t  r e v e r s e  o s m o s i s  membranes a r e  a b l e  t o  r e t a i n  

h i g h  m o l e c u l a r  w e i g h t  o r g a n i c  s u b s  t a n c e s .  The o r g a -  

n i c  m a t t e r  c o n t e n t  is u s u a l l y  measured  i n  t h e  forrn 

of TOC, KMnO, v a l u e  o r  UV e x t i n c t i o n .  S c h i p p e r s  e t  

a l .  ( r e f .  7.22) measu red  t h e s e  p a r a m e t e r s  i n  R h i n e  

w a t e r ,  p r e t r e a t e d  Rh ine  w a t e r  and  w a t e r  a f t e r  mem- 

b r a n e  p a s s a g e .  The r e s u l t s  a r e  r e p o r t e d  i n  t a b l e  

7 .6 .  

T a b l e  7 .6  - Removal of o r g a n i c  s u b s t a n c e s  by r e v e r -  

se osmosis 

Parameter Rhine  w a t e r  p r e t r e a t e d  

Rhine  w a t e r  

3 ? 9  
11 

6 t 8  

TOC ( m g / l )  

KMn05 ( m g / l )  

W (m+ 

w a t e r  a f t e r  

r e v e r s e  

osmosis 

0,5 

3 

O 

4 f 7  
1 9  

14,6 



R e d u c t i o n s  i n  TOC and  UV e x t i n c t i o n  o f  90 % a r e  

t h u s  a c h i e v a b l e .  I t  i s  t o  b e  a n t i c i p a t e d  t h a t  t h i s  

w i l 1  a l s o  b e  t r u e  f o r  p r e c u r s o r s .  F i g u r e  7.10 shows 

t h e  THM f o r m a t i o n  i n  r a p i d  f i l t r a t e  p roduced  by t h e  

WRK ( p r e t r e a t e d  Rh ine  w a t e r )  and i n  w a t e r  a f t e r  

r e v e r s e  osmosis under  t h e  i n f l u e n c e  o f  a c h l o r i n e  

d o s e  of 7 m g / l i t e r  ( r e f .  7 . 2 3 )  . 

-, time (h) 

F i g u r e  7.10 - Forma t ion  o f  t r i h a l o m e t h a n e s  i n  r a p i d  

f i l t r a t e  from t h e  WRK and i n  w a t e r  

t r e a t e d  by r e v e r s e  o smos i s  

I t  i s  a p p a r e n t  f rom t h e  f i g u r e  t h a t  p r e c u r s o r s  a r e  

e x c e l l e n t l y  r e t a i n e d  by reverse osmos i s .  The remo- 

val amounts  t o  nearly 100 %. 

R e v e r s e  o s m o s i s  i s  t h u s  t h e  o n l y  p r o c e s s  which 

removes a h i g h  p e r c e n t a g e  o f  THM p r e c u r s o r s  o v e r  a 

l o n g  t i m e .  Whether r e v e r s e  osmosis i s  used  f o r  t h i s  

p u r p o s e  comes down to  an economic c o n s i d e r a t i o n .  

D i s c u s s i o n  

I n  this s e c t i o n ,  a t t e n t i o n  was p a i d  to  t h e  removal  

o f  THM p r e c u r s o r s  by a e r a t i o n ,  c o a g u l a t i o n ,  c a r b o n  



f i l t r a t i o n ,  i o n  exchange ,  a d s o r p t i o n  on  a l t e r n a t i v e  

a g e n t s  and  r e v e r s e  osmosis, a s  w e l l  a s  t h e  conve r -  

s i o n  o f  p r e c u r s o r s  by o z o n a t i o n  and b e h a v i o r  d u r i n g  

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

The p r e c u r s o r  c o n t e n t  i s  e s t a b l i s h e d  w i t h  t h e  a i d  

o f  a THMFP-precursor d e t e r m i n a t i o n ,  The pe r fo rmance  

o f  t h i s  d e t e r m i n a t i o n  was n o t  s t a n d a r d i z e d  so t h a t  

g r e a t  d i f f e r e n c e s  were n o t e d  i n  t h e  c h l o r i n e  d o s e ,  

c o n t a c t  t i m e  and pH, 

N e v e r t h e l e s s ,  t h e  f o l l o w i n g  c a n  b e  conc luded  r e g a r -  

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

s t a g e s :  

- A e r a t i o n  

O n  t h e  whole ,  p r e c u r s o r s  a r e  n o t  removed by i n -  

t e n s i v e  a e r a t i o n .  

- C o a g u l a t i o n  

The c o a g u l a t i o n  p r o c e s s  r e d u c e s  t h e  p r e c u r s o r  

c o n t e n t  by 20-50 %. The d e g r e e  of removal  d e p e n d s  

on t h e  magn i tude  o f  t h e  c o a g u l a n t  d o s e  and  t h e  

PU - The p r e c u r s o r  r e d u c t i o n  a p p e a r s  t o  p a r a l l e l  
t h e  r e d u c t i o n  o f  o r g a n i c  m a t e r i a l  p a r a m e t e r s  s u c h  

as  c o l o r  and TOC, 

- A c t i v a t e d  c a r b o n  f i l t r a t i o n  and  i o n  exchange  

Carbon f i l t r a t i o n  a c c o m p l i s h e s  a c o n s i d e r a b l e  

p r e c u r s o r  r e d u c t i o n  ( a b o u t  90  % )  o n l y  w i t h i n  

r e l a t i v e l y  b r i e f  f i l t e r  r u n s .  T h i s  removal  r a p i d -  

ly d e c r e a s e s  and amounts  t o  20-40 % a f t e r  6 

months .  

From t h e  q u a l i t a t i v e  v i e w p o i n t ,  t h e  Same is t r u e  

f o r  p r e c u r s o r  removal  by i o n  exchange .  I n  t h i s  

c a s e ,  a s  w e l l ,  marked THMFP r e d u c t i o n s  t a k e  p l a c e  

o n l y  o v e r  short f i l t e r  r u n s .  However, t h i s  r educ -  

t i o n  d e c r e a s e s  even  more s l o w l y  t h a n  I n  t h e  c a s e  

o f  c a r b o n  f i l t r a t i o n ,  w h e r e i n  r e g e n e r a t i o n  res- 

tores t h e  a d s o r p t i o n  c a p a b i l i t y  o n l y  t o  a v e r y  

l i m i  ted d e g r e e ,  



- A d s o r p t i o n  on  a l t e r n a t i v e  a d s o r b e n t s  

The Ambersorb XE-340 i n v e s t i g a t e d  g i v e s  o n l y  a  

v e r y  l i m i t e d  r e d u c t i o n  o f  t h e  p r e c u r s o r  c o n t e n t .  

No f u r t h e r  r emova l  t a k e s  p l a c e  f rom c o a g u l a t e d  

w a t e r .  

- O z o n a t i o n  

Under c o n d i t i o n s  cus tomary  f o r  d r i n k i n g  w a t e r  

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

t a k e s  p l a c e  and sometimes a THMFP i n c r e a s e  i s  

even  found .  Only ozone  d o s e s  o f  more t h a n  100 mg/ 

l i t e r  and c o m b i n a t i o n  w i t h  W r a d i a t i o n  g i v e  a  

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

- 11-15 i l t r a t i o n  

I n f i l t r a t i o n  g i v e s  a  l i m i t e d  THMFP-precursor re- 

d u c t i o n .  The maximal r emova l  is  a b o u t  50 %. 

- R e v e r s e  o s m o s i s  

R e v e r s e  o s m o s i s  a p p e a r s  t o  remove p r e c u r s o r s  very 

w e l 1  (90-100 % ) .  

Thus, o f  t h e  p r o c e s s e s  s t u d i e d  o n l y  r e v e r s e  o s m o s i s  

a p p e a r s  t o  a c c o m p l i s h  a h i g h  d e g r e e  o f  p r e c u r s o r  

r emova l .  All o t h e r  p r o c e s s e s  g i v e  o n l y  a  p a r t i a l  

r emova l  or g i v e  good removal  o n l y  d u r i n g  a  v e r y  

s h o r t  t i m e .  

I n  a d d i t i o n ,  t h e  q u e s t i o n  a r i s e s  r e g a r d i n g  t h e  

e x t e n t  t o  which a p a w t i a l  p r e c u r s o r  r emova l  is  

o f  i rnpor tance  f o r  c h l o r i n a t i o n  under p r a c t i c a 1  

c o n d i t i o n s .  Very f r e q u e n t l y ,  d u r i n g  t h e  i n v e s t i g a -  

t i o n ,  it w a s  s e e n  t h a t  p a r t i a l  THMFP-precursor 

r e d u c t i o n  u n d e r  c h l o r i n a t i o n  c o n d i t i o n s  c u s t o m a r y  

i n  t h e  N e t h e r l a n d s  d i d  n o t  l e a d  t o  a  d e c r e a s e  i n  

the THM c o n t e n t  and  i n  a d d i t i o n ,  a  s h i f t  t o o k  p l a c e  

toward  t h e  f o r m a t i o n  of m o r e  h i g h l y  bxomina ted  THM. 

T h i s  was found  i n  t h e  case o f  c h l o r i n a t i o n  £0110- 

wing p r o c e s s e s  such  as c o a g u l a t i o n ,  i n f i l t r a t i o n  

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



This development led to the introduction of a 

THMFP-consumer determination which gives a measure 

for the THM content under practica1 conditions. 

Unfortunately, however, no uniform determination 

was used here either. Studies were conducted both 

with a fixed chlorine doce and with a fixed resi- 

dual chlorine content after 20 minutes. Neverthe- 

less, the investigation led to a nurnber of very 

definite conclusions: 

- only high reductions of the THMFP-precursor led 

to a decrease in the THMFP-consumer; 

- a reduction of the THMFP-precursor leads to a 

shift toward the formation of more highly bromi- 

nated THM in the THMFP-consumer in the presence 

of bromide ions. 

As a result of this development, the removal of 

precursors was given a lower priority and, there- 

fore, a specification for a uniform THMFP-precursor 

determination is also of little more than academic 

signif icance. 

Much attention should be paid to the formation of 

halogenated products under practica1 conditions, 

not only in the first stages of the process, but 

specifically at the end of the process. A good 

determination for the THMFP-consumer is of great 

significance here. 

In contrast to the recommendations from 1978, res- 

triction of the postchlorination is thus of centra1 

irnportance here. We wil1 return to this in section 

8. 

Recommendations 

The results described in this section give rise to 

the following investigation points: 

- establishment of a uniform specification for the 



THMFP-consumer d e t e r m i n a t i o n ;  

- i n v e s t i g a t i o n  on t h e  f o r m a t i o n  of  h a l o g e n a t e d  

compounds i n  c h l o r i n a t i o n  f o l l o w i n g  p r e c u r s o r  

removal.  It i s  p o s s i b l e  t o  t h i n k  h e r e  o f  i n f i l -  

t r a t i o n  or carbon f i l t r a t i o n  fo l lowed  by c h l o r i -  

n a t i o n .  

T h i s  e n t i r e  s e c t i o n  h a s  been devo ted  t o  t h e  removal 

of  THM-precursors. I n  a d d i t i o n ,  r e l a t i v e l y  h igh  AOH 

c o n t e n t s  have been encoun te red  a f t e r  c h l o r i n a t i o n ;  

t h e s e  may B e  o f  even g r e a t e r  impor tance  from t h e  

toxicologie v iewpoin t .  T h i s  group of compounds i s  

t o  be de termined with t h e  a i d  o f  t h e  AOH ( a d s o r -  

b a b l e  organohalogen)  d e t e r m i n a t i o n .  The p r e c u r s o r s  

f o r  t h e s e  compounds a r e  ko be  de te rmined  w i t h  an  

AOHFP.  I t  a p p e a r s  h i g h l y  d e s i r a b l e  t o  i n v e s t i g a t e  

whether  t h e  AOHFP f o l l o w s  t h e  Same t r e n d s  a s  t h e  

THMFP. T h i s  l e a d s  to  the  f o l l o w i n g  recommendation: 

- i n v e s t i g a t i o n  r e g a r d i n g  t h e  removal of  AOHFP and 

t h e  consequences t h e r e o f  f o r  c h l o r i n a t i o n  f  0110- 

wing t h i s  removal.  

I n  t h i s  pxocess ,  it may be d e s i r a b l e  t o  d i s t i n g u i s h  

between a n  A O C 1  and an  AOBr .  
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8 POSSIBILITIES FOR ADAPTION O F  PROCESS CONTROL 

8 . 1  I n t r o d u c t i o n  

I n  t h e  p r e c e d i n g  s e c t i o n s ,  among o t h e r  t h i n g s ,  ex -  

t e n s i v e  a t t e n t i o n  was d e v o t e d  t o  t h e  f o r m a t i o n  o f  

h a l o g e n a t e d  compounds d u r i n g  c h l o r i n a t i o n ,  t h e  re- 

moval o f  h a l o g e n a t e d  compounds and  t h e  removal  o f  

THM p r e c u r s o r s .  

I n  t h e  c u r r e n t  s e c t i o n ,  w e  w i l l ,  o n c e  a g a i n ,  d i s -  

c u s ~  t h e  f o r m a t i o n  of h a l o g e n a t e d  compounds; how- 

e v e r ,  i n  t h i s  i n s t a n c e ,  emphas i s  w i l l  b e  p l a c e d  on  

r e s t r i c t i n g  t h e  f o r m a t i o n  o f  t h e s e  by m o d i f y i n g  t h e  

p r o c e s s  c o n t r o l .  

F i r s t ,  w e  w i l 1  d i s c u s s  t h e  p r e s e n c e  o f  THM as 

f o u n d ,  and  sorne g e n e r a 1  g u i d e l i n e s  w i l 1  b e  g i v e n  

r e g a r d i n g  t h e  manner i n  which t h e s e  s i d e  e f f e c t s  

c a n  b e  l i m i t e d .  I n  s u b s e q u e n t  p a r a g r a p h s ,  some o f  

t h e s e  s u g g e s t i o n s  w i l 1  be  worked o u t  f o r  restr ic-  

t i n g  o r  e l i m i n a t i n g  t r a n s p o r t  and b r e a k p o i n t  c h l o -  

r i n a t i o n .  A f t e r  t h a t ,  a d e t a i l e d  d i s c u s s i o n  w i l l  be 

g i v e n  of t h e  p o s s i b i l i t i e s  for r e d u c i n g  'Lhe d o s a g e  

f o r  p o s t c h l o r i n a t i o n  o r  even  e l i m i n a t i n g  it. These  

p rob lems  w i l 1  be  i l l u s t r a t e d  on  t h e  b a s i s  o f  the 

p o s t c k l o r i n a t i o n  p h i l o s o p h y  d e v e l o p e d  a t  t h e  Muni- 

c i p a l  Waterworks o f  Amsterdam. The c h a p t e r  w i l l  end 

with s o m e  c o n c l u s i o n s  and  recomrnendat ions .  

The u s e  of a l t e r n a t i v e  d i s i n f e c t a n t s  w i l 1  n o t  b e  

d i s c u s s e d  i n  t h i s  s e c t i o n .  T h i s  w i l l  b e  d e a l t  w i t h  

i n  s e c t i o n  9 .  



Possibilities for reducing chlorine use in relation 

State of the art 

The THM content in drinking water is given for 

various types of water in section 4, and the THM 

formation for the individual types of chlorination 

in section 5, Here, a classification wil1 be made 

relative to the number of chlorinations, with sub- 

division into the postchlorination dose. This leads 

to the following classification: 

Group a: plants with only transport chlorination 

prior to infiltration; 

Group b: plants with transport chlorination prior 

to infiltration and postchlorination with 

a dose of < 0,2 rng/liter Clz or C1OZ; 
Group c: plants with only postchlorination with a 

chlorine dose of about 0,5 mg/liter Cla; 

Group d: plants with transport chlorination and 

postchlorination with a dosage of 0,6- 

1,O mg/liter; 

Group e: plants with breakpoint chlorination and 

postchlorination. Here, postchlorination 

doses of < 0,2 rng/liter ClO,, about 

0,5 mg/liter Cl, and > I mg/liter Cl, 

occur. 

The THM, EOCL and A O C 1  contents in the water sup- 

plied are shown in table 8.1. This table shows only 

the chlorinations. Other process steps such as 

carbon filtration and infiltration which greatly 

influence the THM content w i l 1  nor be discussed in 

this connection. 



Group 

T a b l e  8.1 - THM c o n t e n t s  i n  the w a t e r  s u p p l i e d  from 

1 7  p r o d u c t i o n  l o c a t i o n s  a r r a n g e d  a c c o r -  

d i n g  t o  t h e  type o f  c h l o r i n a t i o n .  

P e r i o d :  ' 7 9 - ' 8 0  

A dosage g i v e n  i n  q u o t a t i o n  marks r e f e r s  t o  a 

ClO,/Cl ,  a d d i t i o n  ( 1  : 1).  

It i s  a p p a r e n t  from the t a b l e  t h a t  t h e r e  i s  a gene- 

ral r e l a t i o n s h i p  between the THM c o n t e n t s  in the 
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d r i n k i n g  w a t e r  on t h e  o n e  hand a n d  t h e  number o f  

c h l o r i n a t i o n s  a n d t h e  magn i tude  o f  t h e  c h l o r i n e  d o s e  

f o r  p o s t c h l o r i n a t i o n  on  t h e  o t h e r  hand.  The rela- 

t i o n s h i p  between t h e  EOC1 and t h e  A O C 1  c o n t e n t s  on 

o n e  hand and t h e  nurnber o f  c h l o r i n a t i o n s  and/or  

c h l o r i n e  d o s e  f o r  p o s t c h l o r i n a t i o n  i s  less c l e a r  

(see t a b l e  8 .2 )  . 

T a b l e  8.2 - General r e l a t i o n s h i p  between THM, EOC1 

and  AOCI c o n t e n t s  i n  d r i n k i n g  w a t e r  and  

t h e  u s e  o f  c h l o r i n e  w i t h  a d i c t r i b u t i o n  

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

- 

a ,b  ' ikanspr t  chlorination 

IWansprt  chlorin. + 

Transport chlorin. + 

I \breakpoint chlorin. + 
postchlorination (0,03-1,3 m g l )  23-28 

E C C ~  a q .  /AmauI 

(ilg/l) ( K m  

The THM content is  t h u s  c l e a r l y  d e t e r m i n e d  by t h e  

number of c h l o r i n a t i o n s  and t h e  s i z e  of the p o s t -  

c h l o r i n a t i o n  d o s e .  T h i s  i s  less t r u e  f o r  t h e  EOCI 

and  AOC1 c o n t e n t s ,  b u t  h e r e  a l s o  i n  most c a s e s ,  a n  

i n c r e a s e  o c c u r s  w i t h  i n c r e a s i n g  number o f  c h l o r i -  

n a t i o n s  and i n c r e a s  i n g  c h l o r i n e  d o s e  . T r a n s p o r t  

c h l o r i n a t i o n  i s  f r e q u e n t l y  used p r i o r  t o  i n f i l t r a -  

t i o n  and  t h e n  p l a y s  no ma jo r  r o l e  f o r  t h e  THM con- 



t e n t  i n  d r i n k i n g  w a t e r .  However, t r a n s p o r t  c h l o r i -  

n a t i o n  c a n  p l a y  a  l i m i t e d  r o l e  i n  t h e  case of u s e  

a f t e r  s t o r a g e  i n  r e s e r v o i r s .  B r e a k p o i n t  c h l o r i n a -  

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

THM f o r m a t i o n .  When o n l y  p o s t c h l o r i n a t i o n  i s  used ,  

a c l e a r  dependence  on t h e  d o s e  i s  r e c o g n i z a b l e .  

Whenever b r e a k p o i n t  c h l o r i n a t i o n  and  p o s t c h . l o r i n a -  

t i o n  a r e  used ,  t h i s  dependence  i s  l e s s  c l e a r .  I n  

t h a t  c a s e ,  t h e  c h l o r i n e  d o s e  f o r  b r e a k p o i n t  c h l o r i -  

n a t i o n  and t h e  t r e a t r n e n t  f o l l o w i n g  t h e  b r e a k p o i n t  

c h l o r i n a t i o n  a l s o  p l a y  i m p o r t a n t  roles.  

I n  summary, i t  can  b e  s t a t e d  that c o n c e r n i n g  t h e  

c h l o r i n e  d o s e ,  t h e  s i d e  e f f e c t s  c a n  p r i n c i p a l l y  b e  

l i m i t e d  by: 

a ,  r e d u c t i o n  o f  t h e  p o s t c h l o ~ i n a t i o n  d o s e ;  

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

t i o n  and f u r t h e r  p u r i f i c a t i o n  f o l l o w i n g  b r e a k -  

p o i n t  c h l o r i n a t i o n .  

I n  a d d i t i o n ,  t r a n s p o r t  c h l o r i n a t i o n  p l a y s  a  l i m i t e d  

ro le  f or d r i n k i n g  w a t e r  t r a n s p o r t  c h l o r i n a t i o n  i f  

i n f i l t r a t i o n  i s  not used.  Organoha logens  a r e  pos- 

s i b l y  a d s o r b e d  or d e g r a d e d  i n  t h e  i n f i l t r a t i n g  

a q u i f e r  d u r i n g  i n f i l t r a t i o n .  

8.2.2 P o s s i b i l i t i e s  for  p r o c e s s  a d a p t a t i o n  

The m o s t  o b v i o u s  and  a l r e a d y  p a r t i a l l y  perforrned 

a d a p t a t i o n  i n  p r o c e s s  c o n t r o l  to res t r ic t  t h e  s i d e  

e f f e c t s  of c h l o r i n a t i o n  i s  t h e  r e d u c t i o n  of t h e  

c h l o r i n e  dose .  The p o s s i b i l i t i e s  f o r  this s h o u l d  b e  

considered f o r  e a c h  c h l o r i n a t i o n .  

a .  T r a n s p o r t  c h l o r i n a t i o n  

I n  some i n s t a n c e s ,  t r a n s p o r t  c h l o r i n a t i o n  i s  

used p r i o r  t o  i n f i l t r a t i o n .  I n  such cases, t h e  

THMs r e a c h  the d r i n k i n g  w a t e r  p roduced  s c a r c e l y  



or n o t  a t  a l l ,  b u t  t h e y  a r e  p a r t i a l l y  a d s o r b e d  

and  d e g r a d e d  i n  t h e  i n f i l t r a t i n g  a q u i f e r .  Most 

o f  t h e  THM, however ,  d i s a p p e a r s  d u r i n g  an  a e r a -  

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

I n  t h e  case o f  t r a n s p o r t  c h l o r i n a t i o n  a f t e r  

s t o r a g e ,  t h e  THM compounds are p a r t i a l l y  found  

i n  t h e  d r i n k i n g  w a t e r .  The s i d e  e f f e c t s  can  be  

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

below t h e  b r e a k p o i n t .  I n  such  a  case, i t  a p p e a r s  

t h a t  s c a r z e l y  a n y  THM is formed,  w h i l e  t h e  

c h l o r a m i n e  formed h a s  a  s u f f i c i e n t l y  s t r o n g  

p r e s e r v a t i v e  e f f e c t .  T h i s  r e d u c t i o n  o f  t h e  

c h l o r i n e  d o s e  h a s  a l r e a d y  t a k e n  p l a c e  i n  many 

i n s t a n c e s  (see s e c t i o n  3 and  5 ) .  

I n  a d d i t i o n ,  t h e  p o s s i b i l i t y  may b e  c o n s i d e r e d  

o f  r e p l a c i n g  t r a n s p o r t  c h l o r i n a t i o n  by a  t r a n s -  

p o r t  p u r i f i c a t i o n  such  a s  c o a g u l a t i o n  f o l l o w e d  

b y  f i l t r a t i o n .  The costs of t h i s  a r e  h i g h .  

b. B r e a k p o i n t  c h l o r i n a t i o n  

I n  b r e a k p o i n t  c h l o r i n a t i o n ,  t h e  c h l o r i n e  d o s e  i s  

g r e a t l y  d e t e r m i n e d  by t h e  ammonium c o n t e n t  of 

t h e  w a t e r .  The c h l o r i n e  d o s e  used i s  above  t h e  

b r e a k p o i n t .  To r e s t x i c t  tthe s i d e  e f f e c t s ,  the 

q u a n t i  t y  o f  c h l o r  i n e  added above  t h e  b r e a k p o i n t  

s h o u l d  be  a s  low as p o s s i b l e .  R e d u c t i o n  o f  t h e  

p H  s h o u l d  l e a d  t o  a  r e d u c t i o n  of t h e  THM con- 

t e n t .  A p H  r e d u c t i o n  £rom 8.6 t o  7.0 c a n  l e a d  t o  

a d e c r e a s e  i n  t'ne THM c o n t e n t  o f  15-30 %. I n  

a d d i t i o n ,  t h e  p o s s i b i l i t y  o f  e l i m i n a t i n g  b r e a k -  

p o i n t  c h l o r i n a t i o n  and r e p l a c i n g  it by b i o l o g i -  

c a l  ammonium d e g r a d a t i o n  d u r i n g  s t o r a g e  and  

f i l t r a t i o n  may be c o n s i d e r e d .  The c h i o r i n e  dose 

f o r  b r e a k p o i n t  c h l o r i n a t i o n  can 'oe g r e a t l y  i n -  

f l u e n c e d  by a s e l e c t i v e  w a t e r  g u i d e l i n e ,  for 

example ,  b a s e d  on an  ammonium c r i t e r i o n .  How- 



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

n o t  a lways  t o  c o i n c i d e  w i t h  a  l i m i t a t i o n  o f  t h e  

s i d e  e£  f e c t s .  

c. P o s t c h l o r i n a t i o n  

I n  t h e  p r e p a r a t i o n  of d r i n k i n g  w a t e r  f rom s u r -  

f a c e  w a t e r  i n  a l m o s t  a l 1  c a s e s ,  d i s i n f e c t i o n  

( p o s t d i s i n f e c t i o n )  i s  used  a s  t h e  l a s t  t r e a t m e n t  

s t e p .  U n t i l  v e r y  r e c e n t l y ,  t h e  o n l y  e x c e p t i o n  

was Dra Den Haag, which  d o e s  n o t  p e r f o r m  c h l o r i -  

n a t i o n  a f t e r  s l o w  s a n d  f i l t r a t i o n  under  normal  

c o n d i t i o n s ,  I n  o t h e r  Water Works  as  w e l l ,  

d e v e l o p n e n t s  have  p roceeded  i n  o r d e r  t o  r e d u c e  

o r  even  c o m p l e t e l y  e l i m i n a t e  p o s t c h l o r i n a t i o n  

a f t e r  i n f i l t r a t i o n  and s l o w  s a n d  f i l t r a t i o n .  

E x t e n s i v e  d i s c u s s i o n s  o f  t h e s e  m a t t e r s  w i l 1  b e  

p r e s e n t e d  i n  t h e  c u r r e n t  s e c t i o n .  

I n  a d d i t i o n ,  t h e  p o s s i b i l i t y  e x i s t s  for removing 

t h e  THM formed d u r i n g  t r a n s p o r t  and b r e a k p o i n t  

c h l o r i n a t i o n s ,  f o r  example,  by a e r a t i o n  and c a r -  

bon f i l t r a t i o n .  E x t e n s i v e  d i s c u s s i o n s  of  t h e s e  

p o s s i b i l i t i e s  were p r e s e n t e d  i n  s e c t i o n  6 .  

THM p r e c u r s o r  removal  r e s u l t s  i n  a r e s t r i c t i o n  

o f  t h e  s i d e  e f f e c t s  o n l y  i n  t h e  case o f  a h i g h  

removal  p e r c e n t a g e .  T h i s  was e x t e n s i v e l y  d i s c u s -  

s e d  i n  s e c t i o n  7.  

The s i d e  e f f ec t s  o f  c h l o r i n a t i o n  c a n  a l s o  be 

l i m i t e d  by u s i n g  a l t e r n a t i v e  d i s i n f e c t a n t s .  The 

f o l l o w i n g  a s p e c t s ,  i n  p a r t i c u l a r ,  d e s e r v e  a t t e n -  

t i o n :  

- u s e  o f  C l G a  and c h l o r a m i n e  Eor t r a n s p o r t  ch lo -  

r i n a t i o n ;  

- u s e  of C10, f o r  p o s t d i s i n f e c t i o n  i f  it c a n n o t  

b e  c o m p l e t e l y  e l i m i n a t e d .  

I n  s e c t i o n  9 ,  t he  c h a r a c t e x i s t i c s  of C10, and  

c h l o r a m i n e  w i l 1  be d i s c u s s e d .  Ozone and UV r a d i -  



a t i o n  may a l s o  be  used .  N o  d i s c u s s i o n  w i l 1  b e  

d e v o t e d  t o  t h e s e  t o p i c s ,  

8.3 U s e  o f  t r a n s p o r t  t r e a t m e n t  i n  p l a c e  o f  t r a n s p o r t  

c h l o r i n a t i o n  

F i l t r a t i o n ,  p o s s i b l y  combined w i t h  c o a g u l a t i o n  and  

s e t t l i n g ,  may be  used  as  a t r a n s p o r t  t r e a t m e n t .  

C o a g u l a t i o n ,  s e t t l i n g  and  r a p i d  f i l t r a t i o n  a r e  used  

by GW f o r  w a t e r  t r a n s p o r t  f rom t h e  Loenderveen  l a k e  

t o  t h e  t r e a t m e n t  p l a n t  a t  W e e s p e r k a r s p e l  o v e r  a 

d i s t a n c e  o f  16 km. E x p e r i e n c e  was g a i n e d  w i t h  t h i s  

s y s t e m  b e g i n n i n g  i n  1978;  no g rowth  p rob lems  were 

found  i n  t h e  t r a n s p o r t  l i n e .  

WRK a l s o  u s e s  c o a g u l a t i o n ,  s e t t l i n g  and  r a p i d  f i l -  

t r a t i o n  f o r  t h e  t r a n s p o r t  t r e a t m e n t  of  Lek c a n a l  

w a t e r ,  A t  t h i s  l o c a t i o n ,  however ,  o n e  i s  n o t  com- 

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

t o  c o m p l e t e l y  e l i m i n a t e  t h e  u s e  o f  c h l o r i n e  a t  

t i m e s  w i t h  h i g h e r  t e m p e r a t u r e s  ( >  1 5  " C ) ,  a l t h o u g h  

i n  1 9 8 4  c h l o r i n e  was a p p l i e d  o n l y  i n c i d e n t a l l y .  

U p  t o  and i n c l u d i n g  1982,  t h e  Same c o n s i d e r a t i o n s  

a p p l i e d  t o  t h e  t r a n s p o r t  o f  w a t e r  f rom t h e  A n d e l s e  

Meuse b a s i n  t o  t h e  Hague d u n e s .  The w a t e r  f rom t h e  

A n d e l s e  Meuse b a s i n  was f i l t e r e d  a t  Bergambacht  

( a l w a y s  w i t h  c h l o r i n a t i o n )  , Then, i n  t i m e  p e r i o d s  

w i t h  h i g h e r  temperatures, a s m a l 1  quantity of chlo- 

r i n e  was a g a i n  added p r i o r  t o  t r a n s p o r t  t o  the 

dunes .  B e g i n n i n g  i n  1982 ,  c h l o r i n a t i o n  was no l o n -  

g e r  pe r fo rmed  i n  the Andel-Bergambacht  s e c t i o n  a t  a 

water t e m p e r a t u r e  below 8 "C.  B e g i n n i n g  1984,  

t r a n s p o r t  c h l o r i n a t i o n  between Bergambacht  and 

Scheven ingen  was c o m p l e t e l y  e l i m i n a t e d .  

The e x t e n t  t o  which t r a n s p o x t  d i s i n f e c t i o n  c a n  b e  

r e p l a c e d  by t r a n s p o r t  t r e a t m e n t  a p p e a r s  to  depend 



g r e a t l y  on t h e  q u a l i t y  o f  t h e  w a t e r  t o  be  t r a n s p o r -  

t e d .  I t  i s  n e c e s s a r y  t o  i n v e s t i g a t e  whether  a  s u f -  

f i c i e n t l y  good q u a l i t y  c a n  be  a c h i e v e d  i n  a l 1  c a s e s  

by u s i n g  c o a g u l a t i o n  and r a p i d  f i l t r a t i o n  p r i o r  t o  

t r a n s p o r t .  

A t h e o r e t i c a 1  p o s s i b i l i t y  f o r  e l i m i n a t i n g  t r a n s p o r t  

d i s i n f e c t i o n  i s  t o  t r a n s p o r t  t h e  w a t e r  a n a e r o b i c a l -  

ly. However, n o t h i n g  i s  known a s  yet r e g a r d i n g  t k e  

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

Techniques  f o r  ammonium removal  a s  a n  a l t e r n a t i v e  

f o r  b r e a k p o i n t  c h l o r i n a t i o n  

B i o l o g i c a 1  d e g r a d a t i o n  

I n  t h e  1 9 6 0 1 s ,  t h e  ammoniuìn c o n t e n t  o f  t h e  Rhine 

and t h e  Meuse i n  w i n t e r  o f t e n  exceeded 5 m g / l i t e r .  

These c o n t e n t s  c o u l d  n o t  be c o m p l e t e l y  removed by 

b i o l o g i c a 1  p r o c e s s e s  a t  t e rnpera tu res  4 O C .  I n  

d i r e c t  s u r f a c e  wa te r  r e c o v e r y ,  it was t h e n  a l s o  

cus tomary t o  remove t h e  ammonium v i a  a  b r e a k p o i n t  

c h l o r i n a t i o n .  

S i n c e  t h a t  t i m e ,  t h e  ammonium c o n t e n t s  o f  t h e  Rhine 

and t h e  Meuse d e c r e a s e d  t o  1-2 m g / l i t e r  i n  w i n t e r .  

I n  a d d i t i o n ,  i n  t h e  s t o r a g e  phase ,  a n  a p p r e c i a b l e  

r e d u c t i o n  of  t h e  ammonium c o n t e n t  t a k e s  p l a c e .  A s  a  

r e s u l t ,  i t  h a s  become p o s s i b l e  i n  p r i n c i p l e  t o  e l i -  

m i n a t e  b r e a k p o i n t  c h l o r i n a t i o n  and t o  remove ammo- 

n i u m  by a  b i o l o g i c a 1  p r o c e s s .  

The b i o l o g i c a 1  o x i d a t i o n  o f  ammonium i s  c a l l e d  n i -  

t x i f i c a t i o n  and takes p l a c e  i n  two s t e p s  by n i t r i -  

f y l n g  b a c t e r i a :  



T h i s  i s  t h e  o x i d a t i o n  t o  n i t r i t e  by Ni t ro somonas  

( n i t r i t e  b a c t e r i a )  

T h i s  i s  t h e  o x i d a t i o n  o f  n i t r i t e  t o  n i t r a t e  by 

N i t r o b a c t e r  ( n i t r a t e  b a c t e r i a ) .  The o v e r a l l  r e a c -  

t i o n  f o r  n i t r i f i c a t i o n  is: 

Of t h e  t w o  t y p e s  o f  n i t r i f y i n g  b a c t e r i a ,  N i t r o -  

b a c t e r  is t h e  m o s t  t e m p e r a t u r e  s e n s i t i v e .  T h i s  

means t h a t  a t  lower  t e m p e r a t u r e s ,  r e a c t i o n  a .  s t i l l  

t a k e s  p l a c e ,  b u t  r e a c t i o n  b. no l o n g e r  t a k e s  p l a c e  

c o m p l e t e l y .  T h i s  r e s u l t s  i n  a n  i n c r e a s e  i n  t h e  n i -  

t r i t e  c o n t e n t  i n  t h e  w a t e r .  

I f  such  a s i t u a t i o n  a r i s e s  i n  d r i n k i n g  w a t e r  t r e a t -  

m e n t ,  c h l o r i n e  use for nitrite and ammonium o x i d a -  

t i o n  i s  p r a c t i c a l l y  i n d i s p e n s a b l e .  Dur ing  t h e  p a s t  

t e n  y e a r s ,  some methods w e r e  d e v e l o p e d ,  d i r e c t e d  

toward  t h e  r emova l  o f  ammonium by b i o l o g i c a 1  means.  

T h e s e  w i l l  be  d i s c u s s e d  l a t e r .  

S e l e c t i v e  i n t a k e  g u i d e l i n e s  d u r i n g  s t o r a g e  i n  r e -  

s e r v o i r s  u s i n g  t h e  ammonium c o . n t e n t  a s  a c r i t e r i o n  

S i n c e  t h e  t h i r d  Biesbosch s t o r a g e  b a s i n  a t  D e  

G i j s t e r  was p u t  i n t 0  o p e r a t i o n  t h e  WBB t o o k  a s  i t s  

g o a l  t h a t  o f  s u p p l y i n g  w a t e r  w i t h  a q u a l i t y  s u c h  

t h a t  c h l o r i n a t i o n  t o  a c h i e v e  ammonium remova l  w i l l  

no  l o n g e r  be n e c e s s a r y .  T h i s  l e d  t o  t h e  e s t a b l i s h -  

ment  o f  a d e s i r a b l e  v a l u e  of t h e  ammonium c o n t e n t  

i n  t h e  water s u p p l i e d  amount ing  t o  0 , 2  m g / l i t e r .  

T h i s  c o n t e n t  i s  i n  ag reemen t  w i t h  t h e  s t r i c t e s t  

s t a n d a r d  f o r  s u r f a c e  w a t e r  imposed by t h e  IAWR 



( I n t e r n a t i o n a l  Working Group o f  Waterworks i n  t h e  

Rh ine  C a t c h m e n t ) .  

The f l o w  d iag ram of t h e  B i e s b o s c h  b a s i n s  s i n c e  1979  

i s  shown in figure 8.1. The b a s i n s  are passed 

t h r o u g h  i n  series. By l e t t i n g  t h e  w a t e r  i n  "h igh"  

and  a b s t r a c t i n g  i t  " l o w " ,  t h e  s h o r t  c i r c u i t  i n  D e  

Gi j s te r  was l i m i t e d  t o  5 -10  %. 

Petrusplaat u 
I I O P 

r-' 
O 

Amer P in 

O N 
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F i g u r e  8 . 1  - B i e s b o s c h  b a s i n s  f l o w  scherne 

Honderd en Dert ig 

With  the a i d  o f  t h e  d a t a  on t h e  p e r i o d  f rom 1 9 7 7 -  

1 9 7 9  a t  t h e  b a s i n s  Honderd en  D e r t i g  and P e t r u s -  

plaat, it has become p o s s i b l e  to provi.de a model  

d e s c r i p t i o n  o f  t h e  b e h a v i o r  o f  ammonium i n  t h e  ba- 

s i n s ,  on  one  hand, b a s e d  on  n i t r i f i c a t i o n  and,  on  

t h e  o t h e r  hand, o n  e q u a l i z a t i o n  as  the p r o c e s s e s  o f  

d e t e r r n i n i n g  significante. 

One example o f  a model c a l c u l a t i o n  i s  p r e s e n t e d  i n  

f i g u r e  8.2. The s t a r t i n g  p o i n t s  f o r  t h i s  a r e :  

- h a l f  of t h e  supp ly  i n  D e  G i j s t e r  i s  used  up after 

a dry summer; 

i I r 7 
I 

De Gijster 



Amer 
-.. -..- De Gijster 
-.-.- Honderd en Dert ig 
..... . . . . .  .. Petrusplaat 

-+ Months 

F i g u r e  8 . 2  - C a l c u l a t e d  w i n t e r  l e v e l s  o f  t h e  ammo- 

nium c o n t e n t  i n  t h e  b a s i n s  a f t e r  a  d r y  

summer 

- t h e  s c h e m a t i c  ammonium c o u r s e  i n  t h e  r i v e r  p e r -  

t a i n s  t o  a  c o l d  w i n t e r ;  

- r i v e r  water i s  t a k e n  i n  c o n t i n u o u s l y .  

I t  is a p p a r e n t  f rom t h e  c a l c u l a t e d  c o u r s e  i n  t h e  

b a s i n s  t k a t  under  t h e s e  c o n d i t i o n s ,  t h e  ammonium 

c o n c e n t r a t i o n  i n  t h e  P e t r u s p l a a t  e x c e e d s  t h e  d e s i -  

red l e v e l  of 0,2 r n g / l i t e r  £OL- a l o n g  t i m e .  It c a n  

be conc luded  f r o m  t h i s  t h a t  s t o r a g e  i n  D e  G i j s t e r ,  

which  is i n t e n d e d  f o r  g e t t i n g  by i n  d r y  p e r i o d s  i n  

t h e  summer can  ( s h o u l d )  bo used  i n  t h e  w i n t e r  f o r  

r e g u l a t i n g  t h e  ammonium c o n t e n t .  A s e l e c t i v e  i n t a k e  

program w i t h  ammonium as t h e  i n t a k e  c r i t e r i o n  i s  

n e c e s s a r y  fo r  t h i s  p u r p o s e .  

With t b e  sarne m a r g i n a l  v a l u e s  a s  a b o v e ,  i t  c a n  be  



anticipated that at a maximum ammonium content of 

0,2 mg/liter in the Petrusplaat, the content in the 

Honderd and Dertig and De Gijster should not be 

higher than 0,4 and 0,8 mg/liter, respectively. 

From week to week, the critical ammonium concentra- 

tion of the river water can be calculated at which 

water intake is still acceptable. 

This selective intake guideline for ammonium was 

successfully employed in the winters after 1980. 

The ammonium content of the water supplied in al1 

cases was not higher than 0,19 mg/liter. 

Biologica1 purification by filtration 

The elimination of prechlorination (process chlori- 

nation, breakpoint chlorination) means that biolo- 

gical activity is possible throughout the course of 

treatment. Especially during filtration steps, a 

considerable nitrification wil1 be able to take 

place. This is true for rapid filtration and slow 

sand filtration as wel1 as activated carbon filtra- 

tion, In the treatment systems for surface water, 

two filtration phases are almost always involved 

(for example, rapid filtration and activated carbon 

filtration oi- rapid filtration and slow sand fil- 

tration) , co that nitxif ication wil1 almost always 
proceed completely. 

According to French and German experiences, a mo- 

dest preozonization wil1 promote the growth of not 

only heterotrophic but also nitrifying bacteria. 

Thus, the treatment plant at Mulheim, which treats 

Ruhr water, appeared to nitrify 1 to 2 mg/liter 

ammonium in this rnanner at water temperatures of O- 

1 *C, One prereguisite for this is apparently that 

the filters have a nitrifying flora when the tempe- 

rature drops or that the raw water continues to 



c o n t a i n  a n  a c t i v e  n i t r i f y i n g  f l o r a .  

T h e s e  p r e r e q u i s i t e s  a r e  g e n e r a l l y  n o t  a p p l i c a b l e  

f o r  r e s e r v o i r  w a t e r  i n  t h e  s i t u a t i o n  i n  t h e  

N e t h e r l a n d s ,  since t h e  ammonium c o n t e n t  i n  the 

r e s e r v o i r  w a t e r  is  e s p e c i a l l y  l o w  i n  summer and 

fall. T h i s  means t h a t  t h e  ammonium o n l y  i n c r e a s e s  

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

w i n t e r  l e v e l .  The e x p e r i e n c e s  i n  K r a l i n g e n  i n  t h e  

w i n t e r  o f  1978/1979 showed t h a t  t h e n  t h e  problem o f  

i n c o m p l e t e  n i t r i f  i c a t  i o n  ( n i t r i  t e  f o r m a t i o n )  c a n  

a r i s e  a t  ammonium c o n t e n t s  o f  a b o u t  0,5 m g / l i t e r .  

N e w  methods  

I f  t h e  b i o l o g i c a 1  a c t i v i t y  o f  t h e  t r e a t m e n t  s y s t e m  

a p p e a r s  i n a d e q u a t e  t o  remove ammonium c o m p l e t e l y ,  

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

may br  a d d e d ,  which a l s o  r e m a i n  e f f e c t i v e  a t  l ower  

t e m p e r a t u r e s .  

I n  E n g l a n d ,  b i o l o g i c a 1  s e d i m e n t a t i o n  i s  used  t o  

remove ammonium. T h i s  p r o c e s s  i s  b a s e d  on  "up f low 

s l u d g e  b l a n k e t  f i l t r a t i o n l ' ,  and  i s  c a r r i e d  o u t  i n  

a n  i n v e r t e d  c o n i c a l  t a n k .  

Tke WRC (Water  R e s e a r c h  C e n t e r )  i n v e s t i g a t e d  t h i s  

p r o c e s s  and  c o n c l u d e d  t h a t  t h e  t e m p e r a t u r e  s e n s i t i -  

v i t y  i s  l o w .  However, i n  t h e  w i n t e r ,  an  e x t r a  h i g h  

" s l u d g e  c o n c e n t r a t i o n ' '  is  r e q u i r e d  t o  c r e a t e  s u f f i -  

c i e n t  s u r f a c e  a r e a  f o r  t h e  n i t r i f y i n g  b a c t e r i a .  

T h i s  i s  a c h i e v e d  by a d d i n g  v e r y  f i n e  s a n d  (0,l m m ) .  

The p r o c e s s  i s  b e i n g  a p p l i e d  on  a  p r a c t i c a 1  s c a l e  

a t  v a r i o u s  p l a n t s .  



8.5 P h i l o s o p h y  c o n c e r n i n g  t h e  r e s t r i c t i o n / e l i m i n a t i o n  

of p o s t c h l o r i n a t i o n  

8 - 5 - 1  I rnpor tance  o f  p o s t c h l o r i n a t i o n  

I n  l a r g e  p a r t s  o f  t h e  w o r l d ,  c h l o r i n e  is used  f o r  

d i s i n f e c t i o n  p u r p o s e s ,  The N e t h e r l a n d s  w a t e r  s u p p l y  

l aw  p r e s c r i b e s  t h a t  upon l e a v i n g  t h e  pumping s t a -  

t i o n ,  n o t  a  s i n g l e  b a c t e r i a  o f  t h e  col i  g r o u p  or 

f e c a l  s t r e p t o c o c c u s  may be p r e s e n t  i n  300 m l  o f  

w a t e r .  V i r u s e s  a l s o  a r e  n o t  a l l o n e d  to  be p r e s e n t  

in t h e  w a t e r .  Accord ing  t o  t h e  WHO r e c o m e n d a t i o n ,  

no  v i r u s e s  may b e  d e t e c t a b l e  i n  500 or 1.000 l i t e r  

w a t e r  s amples .  I n  a d d i t i o n ,  t h e  VEWIN recomrnenda- 

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

t i n g  v a l u e  f o r  t h e  c o l o n y  c o u n t  of 1 0 i ) , / m l  rneasured 

a f t e r  t h r e e  d a y s  a t  t e m p e r a t u r e s  of 22  "C. 

Chemica1 d i s i n f e c t i o n  is o f  g r e a t  i m p o r t a n c e  i n  t h e  

c a s e  o f  less w e l 1  f u n c t i o n i n g  and  u n r e l i a b l e  t r e a t -  

ment s y s t e m s  ( f o r  example,  open  p o s t -  f i l t e r s )  . A t  

p r e s e n t ,  p r o c e s s  c o n t r o l  i n  t h e  N e t h e r l a n d s  i s  

h i g h l y  r e l i a b l e ,  and  good,  r a p i d  m i c r o b i o l o g i c a l  

a n a l y s i s  t e c h n i q u e s  are a v a i l a b l e .  F u r t h e r m o r e ,  i n  

r e c e n t  y e a r s ,  more knowledge had been  g a i n e d  i n  

'00th the b i o l o g i c a l  and t o x i c o l o g i c a i  a r e a s .  A s  a  

r e s u l t ,  p o s t c h l o r i n a t i o n  has  come t o  s t a n d  i n  a 

d i f f e r e n t  l i g h t  i n  t h e  N e t h e r l a n d s .  T h i s  material 

will b e  f u r t h e r  i l l u s t r a t e d  h e r e  on t h e  b a s i s  o f  

t h e  Amsterdam p r o d u c t i o n  p l a n t s  a t  L e i d u i n  and  

W e e s p e r k a r s p e l ,  a f ter  which some g e n e r a l  possibili- 

t ies  w i l l  b e  o u t l i n e d .  

8 - 5 . 2  S t a t e  o f  t h e  a r t  i n  M u n i c i p a l  Waterworks t r e a t m e n t  

p l a n t s  

The p r o d u c t i o n  p l a n t  a t  L e i d u i n  t r e a t s  L e k c a n a l  



water, which is i n f i l t r a t e d  i n t o  t h e  dunes  a f t e r  

c o a g u l a t i o n  and r a p i d  f i l t r a t i o n .  A f t e r  i n f i l t r a -  

t i o n ,  t h e  w a t e r  is  a e r a t e d ,  t r e a t e d  w i t h  powdered 

a c t i v a t e d  c a r b o n  and s u b j e c t e d  t o  r a p i d  f i l t r a t i o n  

and  s low s a n d  f i l t r a t i o n .  I n  a d d i  t i o n ,  p o s t c h l o r i -  

n a t i o n  i s  p r e s e n t  i n  t h e  p r o c e s s  ( s i t u a t i o n  i n  

rnid-1982).  

I n  t h e  p r o d u c t i o n  p l a n t  a t  Driemond w a t e r  f rom t h e  

Lakes  a t  Loenderveen  is t r e a t e d ;  it i s  t r a n s p o r t e d  

t o  Driemond a f t e r  c o a g u l a t i o n  and r a p i d  f i l t r a t i o n .  

T h e r e  o z o n a t i o n ,  c o a g u l a t i o n ,  r a p i d  f i l t r a t i o n  and 

s l o w  s a n d  f i l t r a t i o n  a r e  pe r fo rmed  i n  s u c c e s s i o n .  

I n  a d d i t i o n ,  p o s t c h l o r i n a t i o n  i s  i n c l u d e d  i n  t h e  

p r o c e s s  h e r e  a s  w e l 1  ( s i t u a t i o n  i n  mid-1982) .  

3 0 t h  p l a n t s  u s e  a s  t h e i r  l a s t  t r e a t m e n t  s t e p  a  

c o v e r e d  s l o w  s and  f i l t r a t i o n ,  f o l l o w e d  by a c o n t i -  

nuous p o s t c h l o r i n a t i o n .  The need  f o r  t h i s  ;ms tch lo -  

r i n a t i o n  h a s  come under  i n c r e a s i n g  d o u b t  o v e r  t h e  

c o u r s e  o f  t h e  y e a r s ,  For i l l u s t r a t i o n ,  t h e  £01- 

l o w i n g  d a t a  are p r e s e n t e d  f o r  1979/1981: 

- Tota l  c o n t e n t  o f  b a c t e r i a  of t h e  c o l i  g roup :  

A t  L e i d u i n ,  t h e  a v e r a g e  v a l u e  of t h e  nuinber of 

' n a c t e r i a  f rom t h e  c o l i  gxoup i n  t h e  s l o w  s a n d  

f i l t r a t e  i s  less t h a n  1 p e r  3 3 0  t o  S00 m l .  I n  

v e r y  s e v e r e  w i n t e r s ,  t h e s e  b a c t e r i a  a r e  somet imes  

f o u n d  c a u s e d  by t h e  presence of a n  open  a b s t r a c -  

t i o n .  T h e r m o t o l e r a n t  b a c t e r i a  of t h e  c o l i  gxoup 

(E ,  c o l i )  have never been detected i n  300-500 m l  

o f  p o s t - f i l t r a t e .  

- Colony c o u n t  37  "C: 

A t  L e i d u i n ,  t h e  c o l o n y  c o u n t  i n  r a p i d  f i l t r a t e  i s  

0-10 per m l .  The s l o w  s a n d  f i l t r a t e  i s  n o t  r o u t i -  

n e l y  i n v e s t i g a t e d .  

I n  Driemond, t h e  c o l o n y  c o u n t  i n  t h e  s l o w  s a n d  



f i l t r a t e  i s  an a v e r a g e  o f  l p e r  m l ;  t h e  s low s a n d  

f i l t r a t e  gave  a  d e c r e a s e  w i t h  a  f a c t o r  o f  10 .  

- Colony c o u n t  2 2  OC: 

I n  mos t  c a s e s  a t  b o t h  p r o d u c t i o n  l o c a t i o n s ,  t h e  

c o l o n y  c o u n t s  were between 5  a n d  50 p e r  m l ;  t h e  

c o l o n y  c o u n t s  f o r  L e i d u i n  a r e  lower t h a n  f o r  

Driemond. 

Thus ,  d u r i n g  a  l a r g e  p a r t  of  t h e  y e a r ,  b o t h  p l a n t s  

m e e t  t h e  l e g a l  r e q u i r e m e n t s  w i t h o u t  t h e  u s e  of  

p o s t c h l o r i n a t i o n .  Quality d e v i a t i o n s  i n  e x c e s s  o f  

t h e  norm may b e  c o n t r o l l e d  by u s i n g  o c c a s i o n a l  

c h l o r i n a t i o n .  

R e c e n t l y ,  s o m e  virologie i n v e s t i g a t i o n  h a s  a l so  

been  pe r fo rmed .  U p  t o  t h e  p r e s e n t  t i m e ,  no human 

e n t e r o v i r u s e s  have  been  d e m o n s t r a t e d  i n  500 l i ters  

p o s t - f i l t r a t e .  I n  a d d i t i o n ,  i t  i s  n e c e s s a r y  t o  k e e p  

i n  mind t h a t  t h e  l e v e l  o f  p o s t c h l o r i n a t i o n  ( d o s e  

f o r  L e i d u i n  0 ,2-0 ,6  m g / l i t e r ,  d o s e  f o r  Driemond 

0 ,4 -0 ,5  % g / l i t e r ,  c r i t e r i o n  0,15 m g / l i t e r  £ r e e  

c h l o r i n e  a f t e r  20 m i n u t e s )  w i l 1  have l i t t l e  o r  no 

e f f e c t  i n  terms o f  v i r u s  removal .  

The compar i son  of the Amsterdam p l a n t s  w i t h  Dune 

Water Conipany o£ The Hague seems i m p o r t a n t .  T h e r e  

also, the l a s t  s t e p  i s  a s l o w  s a n d  filtration. 

However, p o s t c h l o r i n a t i o n  i s  used  t h e r e  o n l y  i f  

b a c t e r i a  o f  t h e  c o l i  group a r e  e n c o u n t e r e d  i n  t h e  

p o s t - f i l t r a t e .  I n t e n s i v e  m i c r o b i o l o g i c a l  m o n i t o r i n g  

is pe r fo rmed  a t  The Hague. 

A f t e r  p o s t c h l o r i n a t i o n  h a s  been  e l i r n i n a t e d ,  GW a l c o  

i n t e n d s  t o  i n i t i a t e  such  c o n t r o l .  Thus,  i n  the m i -  

c r o b i o l o g i c  r e s p e c t  at GW, t h e r e  a s p e a r s  t o  b e  no 

r e a s o n  t o  m a i n t a i n  a c o n t i n u o u s  p o s t c h l o r i n a t i o n .  



8 . 5 . 3  A s p e c t s  which p l a y  a  role i n  t h e  r e s t r i c t i o n /  

e l i m i n a t i o n  o f  p o s t c h l o r i n a t i o n  

I n  a d d i  t i o n  t o  t h e  r n i c r o b i o l o g i c a l  m a t t e r  a l  r e a d y  

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

a t  GW. 

- Toxicologie a s p e c t s :  

T h i s  p e r t a i n s  t o  t h e  f o r m a t i o n  o f  b o t h  l o w -  and  

h i g h - m o l e c u l a r - w e i g h t  o r g a n o h a l o g e n  compounds 

d u r i n g  p o s t c h l o r i n a t i o n .  I t  h a s  been  found  t h a t  

p o s t c h l o r i n a t i o n  c a u s e s  an a p p r e c i a b l e  i n c r e a s e  

i n  t h e  m u t a g e n i c i t y  d e t e r m i n e d  i n  t h e  A m e s  t e s t  

u s i n g  s t r a i n  TA 1 0 0 .  I n  v iew o f  t h e  e x p e r i m e n t a l  

s t r u c t u r e  o f  t h e  A m e s  t e s t ,  t h i s  e f f e c t  may b e  

a t t r i b u t e d  t o  n o n v o l a t i l e  o r g a n o h a l o g e n  com- 

p o u n d ~ .  

I n  a d d i t i o n ,  i n  1979 /1980  i n  s t u d i e s  w i t h  t r o u t  

e g g s  a t  L e i d u i n ,  t h e  p e r c e n t a g e  of n o n v i a b l e  e g g s  

was i n c r e a s e d  by p o s t c h l o r i n a t i o n .  

- B i o l o g i c a 1  a s p e c t s :  

I n  a d d i t i o n  t o  s u b s t i t u t i o n  and  a d d i t i o n  r e a c -  

t i o n s ,  c h l o r i n e  also c a u s e s  o x i d a t i o n  r e a c t i o n c .  

T h i s  can  l e a d  t o  an i n c r e a s e  i n  t h e  a s s i m i l a b l e  

o r g a n i c  c a r b o n  (AOC) c o n t e n t ,  which ,  i n  t u r n ,  c a n  

l e a d  t o  i n c r e a s e d  a f t e r - g r o w t h  i n  t h e  d i s t r i b u -  

t i o n  network when a l 1  t h e  c h l o r i n e  h a s  r e a c t e d .  

Both  a t  L e i d u i n  and a t  Driemond, p o s t c h l o r i n a t i o n  

c a u s e s  a  d o u b l i n g  o f  t h e  AOC c o n t e n t .  However, no  

d i s t i n c t  g e n e r a 1  i n c r e a s e  i n  a f t e r - g r o w t h  i n  t h e  

ne twork  h a s  been found .  T h i s  c a n  be c a u s e d ,  among 

o t h e r  t h i n g s ,  by t h e  p r e s e n c e  of  h i g h e r  o r g a n i s m s  

(e .g . ,  R o t i f e r a )  a t  r e l a t i v e l y  h i g h  l e v e l s  i n  t h e  

d i s t r i b u t i o n  ne twork .  



- E s t h e t i c  a s p e c t s :  

P o s t c h l o r i n a t i o n  h a s  a d e f i n i t e  e f f e c t  on t h e  

t a s t e  o f  t h e  w a t e r .  E l i m i n a t i o n  of  p o s t c h l o r i n a -  

t i o n  may l e a d  to  a  change  i n  t h e  t a s t e .  T e s t  p i -  

p e l i n e  e x p e r i m e n t s  a t  L e i d u i n  have  shown t h a t  

c h l o r i n a t e d  p o s t - f i l t r a t e  a f t e r  t w o  d a y s  i n  a  

t e s t  p i p e l i n e  i s  g i v e n  a  p o o r e r  r a t i n g  by a  t a s te  

p a n e l  t h a n  i n  n o n - c k l o r i n a t e d  f i l t r a t e .  

- Genera1  a s p e c t s :  

I n  g e n e r a l ,  i t  is  d e s i r a b l e  t o  add t h e  minimum 

p o s s i b l e  q u a n t i t i e s  o f  c h e m i c a l s  i n  d r i n k i n g  wa- 

ter t r e a t m e n t .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  chemi- 

c a l s  which l e a d  to  t h e  f o r m a t i o n  of non-b iodegra -  

d a b l e  o r  p o o r l y  b i o d e g r a d a b l e  and t o x i c o l o g i c a l l y  

s u s p i c i o u s  compounds, s i n c e  t h e s e  e n t e r  t h e  en-  

v i ronmen t  v i a  w a s t e  w a t e r .  

- C o s t  a s p e c t s :  

I n  a d d i t i o n ,  c o s t s  p l a y  a n  i m p o r t a n t  r o l e  i n  a  

p l a n t .  C h l o r i n e  a d d i t i o n  a t  L e i d u i n  and Driemond 

costs a b o u t  150.000 Dutch g u i l d e r s  p e r  y e a r  f o r  

c h e m i c a l s .  

A l 1  t h e s e  p o i n t s  i l l u s t r a t e  t h e  d e s i r a b i l i t y  o f  

e l i m i n a t i n g  p o s t c h l o r i n a t i o n ,  a s  l o n g  a s  t h e  micro- 

b i o l o g i c a 1  a s p e c t s  make t h i s  p o s s i b l e .  

8.5.4 S t a t u s  d e t e r m i n a t i o n  o f  f o l l o w - u p  a t  GW 

C o n s i d e r a t i o n  of t h e  p o i n t s  men t ioned  h a s  r e c u l  t e d  

i n  t h e  f a c t  t h a t  GW h a s  d e c i d e d  t o  r e d u c e  p o s t c h l o -  

r i n a t i o n  a s  a  f u l l  s c a l e  e x p e r i m e n t .  B e g i n n i n g  i n  

mid-1982, the d o s e  f o r  p o s t c h l o r i n a t i o n  w a s  r e d u c e d  

by O,l m g / l i t e r  p e r  month. I t  was i n t e n d e d  t o  con- 

t i n u e  t h i s  r e d u c t i o n  down t o  a  c h l o r i n e  d o s e  o f  



0,2 m g / l i t e r ,  which would b e  m a i n t a i n e d  f o r  one  

y e a r .  A f t e r  one  y e a r  05 u s i n g  a c h l o r i n e  d o s e  o f  

0,2 m g / l i t e r ,  a  d e c i s i o n  would b e  made r e g a r d i n g  

w h e t h e r  o r  n o t  t h e  d o s e  w i l 1  b e  b r o u g h t  a l 1  t h e  way 

down t o  z e r o .  I n  p r a c t i c e ,  t h e  c h l o r i n e  d o s e  was 

a l r e a d y  b r o u g h t  down t o  z e r o  i n  March 1983,  s t i l l  

i n  t h e  manner o f  a  t r i a l ,  I n  1986 ,  a d e f i n i t e  d e c i -  

s i o n  u i l 1  be  made r e g a r d i n g  t h e  c o n t i n u a t i o n  o f  t h e  

c u r r e n t  s i t u a t i o n .  A h y p o c h l o r i t e  i n s t a l l a t i o n  i s  

a v a i l a b l e  a t  b o t h  p l a n t s  f o r  e rne rgenc ie s .  

The r e d u c t i o n  o f  t h e  c h l o r i n e  d o s e  i s  b e i n g  i n t e n -  

s i v e l y  i n v e s t i g a t e d  w i t h  t he  a i d  o f  m i c r o b i o l o -  

g i c a l ,  a n a l y t i c a 1  and  toxicologie i n v e s t i g a t i o n s  

f o r  b o t h  t h e  p o s t - f i l t r a t e  and t h e  water i n  t h e  

d i s t r i b u t i o n  sys tem.  

8.5.5 P o s s i b i l i t i e s  f o r  e l i m i n a t i n g  p o s t c h l o r i n a t i o n  

I n  g e n e r a l ,  i t  a p p e a r s  d e s i r a b l e  f o r  p l a n t s  which 

u s e  s l o w  s a n d  f i l t r a t i o n  t o  s u b j e c t  t h e  p o s t - f i l -  

t r a t e  f rom t h e i r  p l a n t s  t o  v e r y  e x t e n s i v e  m i c r o b i o -  

l o g i c a l  and v i r o l o g i c a l  t e s t i n g .  Based  on t h i s ,  i t  

may be  d e c i d e d  t o  omit p o s t c h l o r i n a t i o n  i n  v iew o f  

t h e  s i d e  e f f e c t s  o b s e r v e d .  A h y p o c h l o r i t e  i n s t a l l a -  

t i o n  s h o u l d  t h e n  be  a v a i l a b l e  on a  s t a n d b y  b a s i s  

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

ne twork .  

I n  a d d i t i o n ,  a l i m i t a t i o n  o r  e l i m i n a t i o n  o f  p o s t -  

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

i n f i l t r a t i n g  p l a n t s  which i i k e w i s e  u s e  s l o w  s a n d  

f i l t r a t i o n .  One example may be WMZ,  which a t  

Haarnstede and Ouddowp, t r e a t s  i n f i l t r a t e d  Har ing -  

v l i e t  w a t e r  u s i n g  a combined c a r b o n  f i l t r a t i o n /  

r a p i d  f i l t r a t i o n  as t h e  l a s t  s t e p .  F o l l o w i n g  ex- 

t e n s i v e  bacteriologie, v i r o l o g i c  and hydrologic 

i n v e s t i g a t i o n s  a t  Haarnstede,  p o s t c h l o r i n a t i o n  was 



e l i m i n a t e d ,  and c o n s i d e r a t i o n  i s  b e i n g  g iven  t o  

d o i n g  t h i s  i n  Ouddorp a s  w e l l .  

A number of water  t y p e s  i n  which no b a c t e r i a  o f  t h e  

c o l i  group o r  v i r u s e s  a r e  found do n o t  f u l f i l l  t h e  

VEWIN recommendation f o r  co lony  c o u n t ,  which shou ld  

be lower t h a n  100/ml, w i t h o u t  p o s t c h l o r i n a t i o n .  

C o n s i d e r a t i o n  rnay be g iven  t o  r e p l a c i n g  p o s t c h l o r i -  

n a t i o n  by c h l o r i n e  d i o x i d e  a d d i t i o n .  A smal1 ch lo -  

r i n e  d i o x i d e  dosage i s  a l r e a d y  be ing  used by PWN i n  

o r d e r  t o  l i m i t  a f t e r  growth f o l l o w i n g  carbon f i l -  

t r a t i o n .  

I n  a d d i t i o n  t o  t h e  use  o f  C l O , ,  UV r a d i a t i o n  shou ld  

a l s o  be a b l e  t o  be  used t o  c o n t r o l  h igh  co lony  

c o u n t s .  T h i s  method, which i s  beg inn ing  t o  f i n d  

i n c r e a s i n g  u s e ,  i s  a l s o  worthy o f  f u r t h e r  i n v e s t i -  

g a t i o n .  

When t h e  water  i s  contaminated  w i t h  b a c t e r i a  o f  t h e  

c o l i  group o r  v i r u s e s ,  f o r  t h e  p r e s e n t ,  t h e  use  of  

c h l o r i n e  a s  a  d i s i n f e c t a n t  shou ld  be main ta ined .  

More i n f o r m a t i o n  needs t o  be p rov ided  r e g a r d i n g  t h e  

d i s i n f e c t i n g  a c t i o n  of  c h l o r i n e  r e l a t i v e  t o  v i r u -  

s e s .  C h l o r i n e  d i o x i d e  rnay a l s o  be a b l e  t o  be  used.  

For t h i  s purpose ,  however, more i n £  o rmat ion  shou ld  

be s u p p l i e d  r e g a r d i n g  t h e  d i s i n f e c t i n g  a c t i o n  o f  

C l O , ,  l i n k e d  w i t h  t h e  p r e v i o u s l y  mentioned s i d e  e£- 

f e c t s .  

8 .6  D i s c u s s i o n  

I n  t h i s  s e c t i o n ,  a t t e n t i o n  was p a i d  t o  t h e  p o s s i b i -  

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

F i r s t ,  a  p i c t u r e  was o u t l i n e d  o f  the THM f o r m a t i o n ,  

s u b d i v i d e d  a c c o r d i n g  t o  t h e  number of c h l o r i n a -  

t i o n s ,  w i t h  a f u r t h e r  s u b d i v i s i o n  a c c o r d i n g  t o  t h e  

dose for p o s t c h l o r i n a t i o n .  A g l o b a l  r e l a t i o n s h i p  

a p p e a r s  t o  e x i s t  between t h e  THM c o n t e n t  and t h e  



number o f  c h l o r i n a t i o n s  and  between t h e  THM c o n t e n t  

and  t h e  magn i tude  o f  t h e  c h l o r i n e  d o s e  f o r  p o s t -  

c h l o r i n a t i o n .  Accord ing  t o  t h e  p o s s i b i l i t i e s  a l -  

r e a d y  d i s c u s s e d ,  t h e  s i d e  e f f e c t s  o f  c h l o r i n a t i o n  

c a n  t h u s  be  g r e a t l y  r e d u c e d  by r e d u c i n g  t h e  c h l o -  

r i n e  dose. T h i s  l i m i t a t i o n  o f  t h e  s i d e  e f f e c t s  

s h o u l d  be  t h e  g r e a t e s t  i n  t h e  c a s e  of  r e d u c i n g  t h e  

c h l o r i n e  d o s e  f o r  p o s t c h l o r i n a t i o n ,  f o l l o w e d  by a  

r e d u c t i o n  o f  t h e  d o s e  for  b r e a k p o i n t  c h l o r i n a t i o n ,  

E s p e c i a l l y  a f  ter i n £  i l t r a t i o n ,  t r a n s p o r t  c h l o r i n a -  

t i o n  p l a y s  o n l y  a  l i m i t e d  ro l e  i n  t h e  c a s e  o f  t h e  

THM c o n t e n t  i n  d r i n k i n g  water. P o o r l y  b i o d e g r a d a b l e  

s u b s t a n c e s  may be  a d s o r b e d  and  d e g r a d e d  i n  t h e  

i n f i l t r a t i o n  a q u i f e r .  

C h l o r i n e  u s e  f o r  t r a n s p o r t  c h l o r i n a t i o n  can  be res- 

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

o f  t r a n s p o r t  c h l o r i n a t i o n .  The p o s s i b i l i t y  f o r  t h i s  

w i l l  depend g r e a t l y  on  t h e  q u a l i t y  o f  t h e  w a t e r  t o  

b e  t r a n s p o r t e d  a f t e r  t r e a t m e n t .  I t  w i l l  be  n e c e s -  

s a r y  t o  i n v e s t i g a t e  w h e t h e r  c o a g u l a t i o n ,  f o l l o w e d  

by r a p i d  f i l t r a t i o n ,  i n  a l 1  c a s e s  g i v e s  a  s u f f i -  

c i e n t l y  good q u a l i t y  i n  o r d e r  t o  e l i m i n a t e  t r a n s -  

p o r t  c h l o r i n a t i o n .  

Tke u s e  o f  c h l o r i n e  f o r  b r e a k p o i n t  c h l o r i n a t i o n  c a n  

be g r e a t l y  l i m i t e d ,  among o t h e r  t h i n g s ,  by means o f  

a  s e l e c t i v e  i n t a k e  g u i d e l i n e  i n  t h e  c a s e  o f  s t o x a g e  

i n  r e s e r v o i r s .  T h e  i n t a k e  g u i d e l i n e  of  t h e  WiB i s  

d i r e c t e d  toward  a  maximum ammonium c o n t e n t  i n  t h e  

w a t e r  s u p p l i e d  o f  0 , 2  m g / l i t e r .  I n  t h i s  manner ,  i t  

i s  p o s s i b l e ,  i n  p r i n c i p l e ,  t o  e l i m i n a t e  b r e a k p o i n t  

c h l o r i n a t i o n  and t o  r e p l a c e  it by a  b i o l o g i c a 1  

t r e a t r n e n t  p r o c e s s  . However, this p r o c e s s  i s  tempe- 

r a t u r e  s e n s i t i v e ,  so  t h a t  i n c o m p l e t e  n i t r i f  i c a t i o n  

c a n  o c c u r ,  The  n i t r i f i c a t i o n  c a n  be a c t i v a t e d  by 

o z o n a t i o n .  I n  a d d i t i o n ,  some t r e a t m e n t  s t e p s  spe- 

c i a l l y  d i r e c t e d  toward  n i t r i f i c a t i o n  a r e  unde r  de- 



velopment, for example, biologica1 sedimentation. 

The restriction or even elimination of postchlori- 

nation deserves a great deal of attention. If there 

are no bacteriologic problems, continuous postchlo- 

rination can be eliminated. In the case of emergen- 

cies in the treatment plant or in the distribution 

system, a hypochlorite installation should be 

available on a standby basis. This situation exists 

in the case of plants which use infiltration and 

have a covered slow sand filtration as the final 

treatment step. 

In the case of other treatment systems as well, 

postchlorination for disinfection purposes may 

often be eliminated. In some cases, however, high 

colony counts are found in the water. In these 

cases, consideration should be given to replacing 

postchlorination by chlorine dioxide addition, 

while the use of UV radiation may also offer an 

alternative. 

However, the side effects of the alternatives men- 

tioned should be investigated and evaluated. 

Recommendations 

The results described in this section give rise to 

the following points for investigation: 

- investigations regarding the extent to which 

transport chlorination can be eliminated in al1 

cases by the use of coagulation and rapid filtra- 

tion; 

- investigation of ammonium removal by biological 
psocesses; 

- investigation regarding the possibilities of 

eliminating or replacing postchlorination using 

C10, OL UV radiation; 

- investigation regarding the effectiveness of the 



e x i s t i n g  d i s i n f e c t i o n  s t e p s  w i  t h  c h l o r i n e  i n  t h e  

c a s e  of v i r u s e s ;  

- i n v e s t i g a t i o n  w i t h  r e s p e c t  t o  t h e  occurence  of 

v i r u s e s .  



USE OF ALTERNATIVE DISINFECTANTS 

I n t r o d u c  t i o n  

The s ide  e f f e c t s  which may b e  c a u s e d  by t h e  u s e  o f  

c h l o r i n e  were d i s c u s s e d  i n  d e t a i l  i n  t h e  p r e c e d i n g  

s e c t i o n s .  I n  s e c t i o n  8, a t t e n t i o n  was p a i d  t o  some 

p o s s i b i l i t i e s  f o r  l i m i t i n g  t h e  s i d e  e f f e c t s .  I n  t h e  

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

t a n t s  w i l 1  b e  d i s c u s s e d .  

I n  view o f  t h e  significante of d i s i n f e c t i o n  i n  t h e  

p r e p a r a t i o n  o f  h y g i e n i c a l l y  r e l i a b l e  d r i n k i n g  wa- 

t e r ,  t h e  r e p l a c e m e n t  o f  c h l o r i n e  by an  a l t e r n a t i v e  

a g e n t  s h o u l d  be  c o n s i d e r e d  v e r y  c a u t i o u s l y ,  

The f o l l o w i n g  p l a y s  a r o l e  i n  t h i s  c o n s i d e r a t i o n :  

- t h e  d i s i n f e c t i n g  power o f  t h e  d i s i n f e c t a n t ;  

- t h e  t o x i c i t y  o f  t h e  d i s i n f e c t a n t ;  

- t h e  f o r m a t i o n  o f  i n o r g a n i c  and o r g a n i c  r e a c t i o n  

p r o d u c t s ;  

- t h e  t o x i c i t y  o f  t h e s e  r e a c t i o n  p r o d u c t s .  

I n  K I W A  communicat ion no. 58 "Problems c o n c e r n i n g  

h a l o f o r m s "  ( r e f .  9 l )  , a  surnmary was p r e s e n t e d  o f  

some d i s i n f e c t a n t s  which m i g h t  b e  c o n s i d e r e d  f o r  

r e p l a c i n g  c h l o r i n e .  These  i n c l u d e  t h e  a g e n t s  bro-  

mine ,  i o d i n e ,  f e r r a t e ,  c h l o r i n e  d i o x i d e ,  c h l o r a -  

mine ,  ozone  and  W r a d i a t i o n .  

R e c e n t  deve lopmen t s  have made it c l e a r  t h a t  i n  v iew 

o f  c o n s i d e r a t i o n s  o f  t r e a t m e n t  t e c h n o l o g y ,  economy 

and  h e a l t h ,  o n l y  c h l o r i n e  d i o x i d e ,  c h l o r a m i n e ,  

o z o n e  and  UV r a d i a t i o n  come i n t o  c o n s i d e r a t i o n  f o r  

u s e  on a  f u l l  s c a l e ,  These  f o u r  a g e n t s  can  a l so  

g e n e r a l l y  f u l f  i11 t h e  r e q u i r e m e n t s  imposed on  d i s -  

i n f e c t a n t s  by S p o n s  e t  a l .  ( ref .  9 . 2 ) :  

- t h e  d i s i n f e c t a n t  mus t  be an  e f f e c t i v e  b a c t e r i -  

cide; 

- t h e  r e s i d u a l  l e v e l s  o f  d i s i n f e c t a n t  mus t  be e a s i -  



l y  measured ;  

- t h e  d i s i n f e c t a n t  mus t  b e  e a s i l y  m a n u f a c t u r e d  

and /o r  i t  must  be  a b l e  t o  b e  t r a n s p o r t e d  and  

s t o r e d  c o n v e n i e n t l y  and s a f e l y ;  

- t h e  a g e n t  mus t  be  a b l e  t o  be  used  i n  an  economi- 

c a l l y  j u s t i f  i a b l e  manner;  

- t h e  d i s i n f e c t a n t  mus t  be  u n l i k e l y  or less l i k e l y  

t h a n  c h l o r i n e  t o  g i v e  rise t o  t h e  f o r m a t i o n  o f  

h a r m f u l  r e a c t i o n  p r o d u c t s .  

I n  t h i s  s e c t i o n  a s  w e l 1  a s  i n  s e c t i o n  2 ,  o n l y  t h e  

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

c h l o r a m i n e ,  w i l 1  b e  d i s c u s s e d .  

9 . 2  U s e  o f  c h l o r i n e  d i o x i d e  

9.2.1 C h a r a c t e r i s t i c s  and p r e p a r a t i o n  

C h l o r i n e  d i o x i d e  (C10,) i s  a  y e l l o w  g a s  w i t h  a  

b o i l i n g  p o i n t  o f  10 OC a t  100 kPa. The g a s  i s  ex-  

p l o s i v e  a t  a  c o n c e n t r a t i o n  of more t h a n  10  v o l .  % 

i n  a i r .  A s  a  r e s u l t ,  t r a n s p o r t  i s  s c a r c e l y  p o s s i -  

b l e ,  and  C 1 0 ,  must  be  p r e p a r e d  i n  s i t u .  

ClO, i s  f a i r l y  s t a b l e  i n  w a t e r .  P r e p a r a t i o n  i n  wa- 

t e r  c a n  'oe accompl i shed  from sodium c h l o r i t e  i n  

v a r i o u s  ways by r e a c t i o n ,  f o r  example ,  w i t h  hydro-  

c h l o r i c  a c i d  or  c h l o r i n e :  

The second  p r o c e s s  was i n i t i a l l y  t h e  m o s t  w i d e l y  

u s e d  i n  d r i n k i n g  w a t e r  twea tmen t  ( r e f .  9 . 3 ) .  Sodium 

c h f o r i t e  and c h l o r i n e  w e r e  combined i n  a  r e a c t i o n  



tower a t  a  1 : l r a t i o  and a pH o f  2 t o  4. T h i s  

means t h a t  an e x c e s s  of  c h l o r i n e  was added t o  p r e -  

v e n t  an u n d e s i r a b l e  c h l o r i t e  r e s i d u e .  

However, s i n c e  t h i s  method e n t a i l s  some d i £  f  i c u l -  

t i e s  ( u s e  of  e x c e s s  c h l o r i n e ,  c h l o r i n e  s t o r a g e )  

p r e p a r a t i o n  from c h l o r i t e  and h y d r o c h l o r i c  a c i d  i s  

becoming i n c r e a s i n g l y  common. 

For an e x t e n s i v e  d i s c u s s i o n  on t h e  chemica1 a s p e c t s  

o f  C l O , ,  t h e  r e a d e r  is  r e f e r r e d  t o  Massche le in  et  

a l .  ( r e f .  9 . 4 ) .  H e r e ,  a more d e t a i l e d  d i s c u s s i o n  

w i l 1  be g iven  r e g a r d i n g  t h e  use  o f  C 1 0 ,  i n  d r i n k i n g  

w a t e r  t r e a t m e n t ,  t h e  d i s i n f  e c t i o n  c a p a c i  t y  and t h e  

i n o r g a n i c  and o r g a n i c  r e a c t i o n  p r o d u c t s ,  The t o x i -  

c o l o g i c  c h a r a c t e r i s t i c s  were a l r e a d y  e x t e n s i v e l y  

t r e a t e d  i n  s e c t i o n  2.  

9.2.2 U s e  o f  c h l o r i n e  d i o x i d e  i n  d r i n k i n g  w a t e r  p r e p a r a -  

ti on 

C h l o r i n e  d i o x i d e  i s  p r i n c i p a l l y  used  i n  d r i n k i n g  

wa te r  p r e p a r a t i o n  f o r :  

a .  improving t h e  odor  and t a s t e  of t h e  w a t e r ,  p r i -  

m a r i l y  i n  t h e  c a s e  of problems produced by phe- 

n o l s  and a l g a e ;  

b. o x i d a t i o n  o f  d i v a l e n t  i r o n  and manganese, s p e c i -  

f i c a l l y  when t h e s e  a r e  p r e s e n t  i n  o r g a n i c  c o m -  

p l e x e ~ ;  

c .  d i s i n f e c t i o n  of wa te r ,  e s p e c i a l l y  i f  d i s i n f e c -  

t i o n  i s  t o  b e  performed w i t h  a p e r s i s t e n t  d i s i n -  

f e c t a n t  . 
I n  1977,  Fuchs ( r e f ,  9 - 5 1  performed a s u r v e y  r e g a r -  

d i n g  t h e  use of  C 1 0 ,  i n  wa te r  s u p p l y  companies i n  

some European c o u n t r i e s .  The r e c u l  ts are  p r e s e n t e d  

i n  t a b l e  9 . 1 .  



T a b l e  9 .1  - P u r p o s e s  o f  t h e  u s e  o f  C10, i n  some 

European  c o u n t r i e s  

Bacter i c i d a l  e£ f ec  t 

Safety d i  s infec t ion 

Taste improvemen t 

Iron r a v a l  

Ranoval of organic 

tter 

Odor renoval 

Color irnprovement 

i ruc ida l  a c t i v i t y  I 
ganese ranoval 

Turbidity removal 

No 

Great 

3r i ta in  

5 

4 

4 

3 

Switzer- 

land 

9 . 2 . 3  The d i s i n f e c t i n g  c a p a c i t y  o f  C I O ,  

C 1 0 ,  i s  known to b e  a s t r o n g  d i s i n f e c t a n t .  A s  e a r l y  

a s  t h e  19401s, t h e  b a c t e r i c i d a l  c a p a c i t y  o f  C10, 

was i n v e s t i g a t e d  by R idenour  e t  a l .  ( r e f s .  9 .6 ,  9 . 7  

a n d  9 . 8 ) .  The f o l l o w i n g  c o n c l u s i o n s  can  be drawn 

from t h e s e  i n v e s t i g a t i o n s :  

- w k t h  the aid of C10,, it i s  p o s s i b l e  t o  i n a c t i -  

v a t e  E. c o l i  j u s t  a s  e f f i c i e n t l y  a s  w i t h  c h l o -  

r i n e .  The e f f e c t  of C I O z ,  i n  c o n t r a s t  t o  t h a t  of 

c h l o r i n e ,  i s  i n d e p e n d e n t  o f  t h e  p H  i n  t h e  pH 

r a n g e  from 6 t o  1 0 ;  

- C 1 0 ,  i s  more e f f e c t i v e  t h a n  £ree c h l o r i n e  f o r  t h e  

r emova l  of B. s u b t i l i s ,  B. mesentericus and B. 

megather ium;  



- C I O ,  i s  as e f f e c t i v e  as £ r e e  c h l o r i n e  a g a i n s t  t h e  

p o l i o  v i r u s .  

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

c o n f i r m e d  by B e r n d t  ( r e f s .  9 . 9  a n d  9 . 1 0 ) ,  

B e d u l e v i c h  e t  a l .  ( r e f .  9 - 1 1 ) ,  C r o n i e r  e t  a l .  ( r e f .  

9 . 1 2 )  and  B e n a r d e  e t  a l .  ( r e f s .  9 .13 a n d  9 . 1 4 ) .  

However, s t r o n g e r  v i r u c i d a l  c h a r a c t e r i s t i c s  a r e  

a t t r i b u t e d  t o  C I O ,  t h a n  t o  c h l o r i n e .  

M o r r i s  ( r e f .  9.15) summarized t h e  r e s u l s  o f  t h e  

a b o v e  rnen t ioned  i n v e s t i g a t i o n s  as w e l 1  as  t h e  r e -  

s u l t s  0 5  W a r r i n e r  ( r e f .  9 .16)  a n d  F a i r  e t  a l .  

( r e f .  9 . 1 7 ) .  He r e p o r t s  t h e  C10, c o n c e n t r a t i o n  

wh ich  i s  n e c e s s a r y  t o  a c h i e v e  a  99 % k i l 1  i n  1 0  

m i n u t e s .  The d a t a  are p r e s e n t e d  i n  t a b l e  9 .2 .  

T a b l e  9.2 - B a c t e r i c i d a l  e f f e c t  o f  C 1 0 2  

I i c r o o r g a n i s m  

' o l i o v i r u s  3 

' o l i o v i r u s  1 

i o x s a c k i e  V i r u s  A9 
h y s t o l y t i c a  c y s t s  
i a c i l l u s  s p o r e s  

temp. 
*C 

Ct9 9 

10 m i n .  
mg/ l 

O f  4 
O f  5  
0 , 2 5  
O ,  38  
0 , 1 8  
0 f 2 8  
0 f 0 6  
0 , lO 
5 
2 
0 1 3  
515 
515 
2 f 5  
1 , 5  
Of4 
1,l 
Of3 

53  
30 

ref. 

9.13 
9.12 
9.14 
9 .12 
9 . 1 4  
9.12 
9.14 
9.14 
9.16 
9.16 
9.16 
9.12 
9.12 
9.12 
9.12 
9.12 
9 .12 
9 - 1 2  
9 - 1 7  
9.17 

For b o t h  t o x i c o l o g i c  a n d  o rgano lep t i c  r e a s o n s ,  t h e  



maximum p e r m i s s i b l e  d o s e  f o r  d r i n k i g  w a t e r  p r e p a r a -  

t i o n  s h o u l d  be a b o u t  0 , 2  m g / l i t e r .  FOK t h i s  r e a s o n ,  

t a b l e  9 . 2  g i v e s  o n l y  v e r y  l i m i t e d  i n f o r m a t i o n  re- 

g a r d i n g  c h a r a c t e r i s t i c s  o f  C 1 0 2  unde r  c o n d i t i o n s  

c o r r e s p o n d i n g  t o  t h o s e  o f  d r i n k i n g  w a t e r  p r e p a r a -  

tion. 

I n o r g a n i c  r e a c t i o n  p r o d u c t s  o f  C10, 

C h l o r i t e  and c h l o r a t e  can  b e  formed d u r i n g  r e a c -  

t i o n s  o f  c h l o r i n e  d i o x i d e  i n  w a t e r .  C h l o r i t e  i s  

formed p r i n c i p a l l y  a s  a  consequence  of t h e  o x i d a -  

t i o n  r e a c t i o n s  o f  c h l o r i n e  d i o x i d e  w i t h  i r n p u r i t i e s  

i n  a c c o r d a n c e  w i t h  t h e  r e a c t i o n :  

Only at very low pH is CIO, c o m p l e t e l y  r e d u c e d  t o  

c h l o r i d e .  I n  d r i n k i n g  w a t e r  p r e p a r a t i o n ,  however ,  

t h i s  i s  n o t  t h e  c a s e .  A t  h i g h  pH (pH > 1 0 ) ,  t h e  

f o l l o w i n g  d i s p r o p o r t i o n a t i o n  t a k e s  p l a c e :  

I n  a d d i t i o n ,  unde r  t h e  i n f l u e n c e  o f  l i g h t ,  as a  

consequence  of p h o t o  chemica1  r e a c t i o n s  , c h l o r  i t e ,  

c h l o r a t e ,  c h l o r i d e  and hydrogen  p e r o x i d e  c a n  b e  

formed (ref. 9 . 1 8 ) .  

M i l t n e r  ( r e f .  9 .19 )  d e t e r m i n e d  t h e  c o n t e n t s  of  C l - ,  

C102' and '210,- a t  v a r i o u s  pH v a l u e s  after t r e a t i n g  

c o a g u l a t e d  r i v e r  w a t e r  with C 1 0 , .  The r e s u l t s  a r e  

p r e s e n t e d  i n  f i g u r e  9.1. A t  a p H  of 5, more t h a n  

100 % r e a c t i o n  p r o d u c t s  a re  r e c o v e r e d  i n  an unex- 

p l a i n e d  manner.  

I n  addition, C10,- and C10,- may a l s o  be i n t r o d u c e d  

even  d u r i n g  t h e  a d d i t i o n  o f  C102 t o  t h e  w a t e r .  The 



reaction 
products 
C1 O2 

- chlorate n = ch lorite 
8 9 - pH 

m = chloride 

F i g u r e  9 . 1  - C o n t e n t s  o f  c h l o r a t e ,  c h l o r i t e  and 

c h l o r i d e  a s  a  f u n c t i o n  of t h e  pH i n  

c o a g u l a t e d  r i v e r  w a t e r  w i t h  C 1 0 ,  

( a c c o r d i n g  t o  M i i t n e r ,  r e f .  9 .19)  

q u a n t i t y  of  c h l o r i t e  depends  g r e a t l y  on  t h e  y i e l d  

o f  t h e  C102 p r e p a r a t i o n  method. S p e c i f i c a l l y ,  a  l o w  

y i e l d  i n  t h e  case of t h e  a c i d  p r e p a r a t i o n  c a n  b r i n g  

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

c o n c e n t r a t i o n  i n  w a t e r .  The i n t r o d u c t i o n  o f  c h l o -  

ra te  is g e n e r a l l y  due  t o  t h e  use  o f  c o n t a m i n a t e d  

c h l o r  i te .  

The c o n c e n t r a t i o n s  o f  C102 and  t h e  i n o r g a n i c  r e a c -  

t i o n  p r o d u c t s  i n  d r i n k i n g  w a t e r  a r e  g r e a t l y  i n -  

f l u e n c e d  by t h e  s t a g e  i n  t h e  t r e a t m e n t  p x o c e s s  of 

t h e  C 1 0 ,  a d d i t i o n .  When C 1 0 ,  i s  used  a s  a p o s t - d i s -  

i n f e c t a n t ,  a f a i r l y  l o w  d o s a g e  c a n  p r o b a b l y  be 

t o l e r a t e d  ( s e v e r a l  t e n t h s  of r n i l l i g r a m s  p e r  l i t e r ) .  

A s  a  r e s u l t ,  c h l o r i t e  and  c h l o x a t e  a r e  a l s o  encoun- 

t e u e d  a t  t h i s  c o n c e n t r a t i o n  l e v e l .  A g r e a t  need 



e x i s t s  f o r  methods  o f  d e t e r m i n i n g  ClO,, c h l o r i t e  

and  c h l o r a t e  i n  t h i s  c o n c e n t r a t i o n  r a n g e ,  U p  t o  

t h e  p r e s e n t  t i m e ,  no  good a n a l y t i c a 1  method h a s  y e t  

become a v a i l a b l e .  P o l a r o g r a p h y  o r  i o n  ch roma togra -  

phy may p r e s e n t  p o s s i b i l i  t ies.  

E s p e c i a l l y  b e c a u s e  o f  t h e  l a c k  o f  a  good a n a l y t i c a 1  

t e c h n i q u e ,  l i t t l e  i s  known r e g a r d i n g  t h e  b e h a v i o r  

o f  CIO,,  C10,- and C 1 0 , -  d u r i n g  v a r i o u s  t r e a t m e n t  

p r o c e s s e s ,  s u c h  a s  o x i d a t i o n  and a d s o r p t i o n .  P r e l i -  

rninary i n v e s t i g a t i o n  ( r e f .  9.20) h a s  shown t h a t  

c h l o r i t e  i s  c o n v e r t e d  t o  c h l o r i d e  d u r i n g  c a r b o n  

f i l t r a t i o n .  DWL Rot te rdam h a s  shown t h a t  c h l o r i t e  

is c o n v e r t e d  t o  c h l o r a t e  d u r i n g  o z o n a t i o n .  

9.2.5 O r g a n i c  r e a c t i o n  p r o d u c t s  o f  C 1 0 2  

A g r e a t  d e a l  of a t t e n t i o n  h a s  been  d e v o t e d  to  t h e  

r e a c t i o n  between C 1 0 ,  and v a r i o u s  o r g a n i c  m a t e r i a l s  

( r e f s .  9.2, 9 .4 ,  9.15,  9 .21  a n d  9 . 2 2 ) .  However, 

mos t e x p e r  i m e n t s  have been p e r f  ormed unde r  c o n d i -  

t i o n s  which a r e  n o t  r e p r e s e n t a t i v e  f o r  d r i n k i n g  

w a t e r  p r e p a r a t i o n  i n  t e r m s  o f  c o n c e n t r a t i o n ,  pH and  

t e m p e r a t u r e .  A d i v i s i o n  o f  o p i n i o n  e x i s t s  c o n c e r -  

n i n g  t h e  o x i d a t i o n  r e a c t i o n s  o f  CIOz. 

Miller ( r e f .  9 .21)  assumed a n  e l e c t r o p h i l i c  r e a c -  

t i o n  mechanism, w h e r e i n  r e a c t i o n  p r o d u c t s  s i m i l a r  

t o  t h o s e  i n  o z o n a t i o n  are formed.  I n  a d d i t i o n ,  t h e  

o p i n i o n  e x i s t s  t h a t  o x i d a t i o n  w i t h  c h l o r i n e  d i o x i d e  

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

From t h e  p u b l i c  h e a l t h  v i e w p o i n t ,  t h e  f o r m a t i o n  of 

h a l o g e n a t e d  o r g a n i c  s u b s  t a n c e s  d u r i n g  t h e  u s e  o f  

C 1 0 ,  i s  o£ g r e a t  significante. T h e r e  a r e  s u b s t a n -  

t i a l  i n d i c a t i o n s  t h a t  under  c o n d i t i o n s  cus tomary  i n  

d r i n k i n g  w a t e r  t r e a t m e n t ,  t h e  u s e  o f  C 1 0 ,  h a s  

l i t t l e  o r  no l i k e l i h o o d  of  l e a d i n g  t o  t he  Torma t ion  

o f  THM ( r e f s .  9.15,  9.21,  9 .23  and  9 . 2 4 ) .  T h i s  is 



a l s o  a p p a r e n t  from s t u d i e s  on t h e  u s e  o f  C l z  and 

C102 f o r  t h e  t r e a t m e n t  of  s u r f a c e  w a t e r s  (De Greef 

e t  a l . ,  r e f .  9 . 2 5 ) .  

However, M i l l e r  (9 .21)  and M a s s c h e l e i n  (9 .4 )  d i d  

demons t r a t e  t h e  f o r m a t i o n  of  c h l o r  i n a t e d  compounds 

i n  r e a c t i o n  w i t h  C 1 0 , .  L indgren  ( r e f .  9.26) c i t es  

as t h e  r e a s o n  f o r  t h e  f o r m a t i o n  o f  c h l o r i n a t e d  

compounds d u r i n g  t h e  u s e  o f  C 1 0 ,  t h e  p r o d u c t i o n  of 

H O C 1  d u r i n g  t h e  r e a c t i o n  o f  c h l o r i t e  w i t h  o r g a n i c  

m a t e r i a l s .  Morris ( r e f .  9 .15)  a t t r i b u t e s  a nuc leo -  

p h i l i c  c h a r a c t e r  t o  t h e  bond between o r g a n i c  mate-  

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

can  form v i a  s u b s t i t u t i o n  o f  a  c h l o r i n e  atom. 

Noack and Doerr  ( r e f ,  9 - 2 7 )  p r o v i d e  a  d e t a i l e d  d e s -  

c r i p t i o n  of t h e  r e a c t i o n  o f  C 1 0 ,  w i t h  p h e n o l s ,  A s  

t h e  end p r o d u c t s ,  q u i n o n e s  and o r g a n i c  a c i d s  are 

formed; however, c h l o r o p h e n o l s  can  form a s  t h e  i n -  

t e r m e d i a t e  p r o d u c t ~  ( r e £  s. 9.15, 9 - 2 2 ) ,  These  c h l o -  

r i n a t e d  p h e n o l s  can  b e  formed as  end p r o d u c t s  i £  

t h e  ClO,/phenol r a t i o  i s  v e r y  l o w .  O the r  s u b s t a n c e s  

b e s i d e s  c h l o r o p h e n o l s  which may have  consequences  

f o r  p u b l i c  h e a l t h  i n c l u d e  some qu inones  and 1,2- 

epoxy compounds ( r e f s .  9.14, 9.15, 9.22 and 9 . 2 7 ) -  

I n  a d d i t i o n  t o  t h e  r e a c t i o n  w i t h  pheno l ,  t k e  r e a c -  

t i o n s  between C l O ,  and amines  , a l c o h o l s ,  k e t o n e s  , 
a l d e h y d e s  and o r g a n i c  a c i d s  have a l s o  been s t u d i e d .  

I n  t h e  g r o u p  of o r g a n i c  amines ,  t h e  t e r t i a r y  amines 

a r e  t h e  most  h i g h l y  r e a c t i v e ;  a l d e h y d e s  and secon-  

d a r y  amines  a r e  formed. Secondary  amines  r e a c t  f a r  

more s l o w l y  and prirnary amines  g e n e r a l l y  do n o t  

r e a c t  w i t h  C I O ,  ( r e f s .  9 . 1 8 ,  9 . 2 2 ) .  Aldehydes a r e  

o x i d i z e d  t o  o r g a n i c  a c i d s .  C10, a p p e a r s  n o t  t o  

r e a c t  w i t h  amino a c i d s ,  a l c o h o l s ,  k e t o n e s ,  o r g a n i c  

a c i d s  and a l i p h a t i c  compounds ( u n s a t u r a t e d  a s  w e l 1  

a s  s a t u r a t e d )  i n  d i l u t e  aqueous  s o l u t i o n  ( r e f .  

9.13) . 



9.2.6 D i s c u s s i o n  

I n  t h e  p r e c e d i n g  s e c t i o n s ,  a t t e n t i o n  was p a i d  t o  

some a s p e c t s  o f  t h e  u s e  of C 1 0 , .  I n  v iew of  t h e  

c h a r a c t e r i s t i c s  o f  C10, , t h i s  a g e n t  s h o u l d  a lways  

b e  p r e p a r e d  f o r  u s e  i n  s i t u .  I t  i s  n e c e s s a r y  t o  

r eca l l  t h a t  C 1 0 ,  i s  e x p l o s i v e  i n  t h e  g a s  p h a s e  a t  a  

c o n c e n t r a t i o n  above  10 v o l .  %. Depending  on t h e  

p r e p a r a t i o n  method,  C 1 0 ,  may be  c o n t a m i n a t e d  w i t h  

c h l o r i n e ,  c h l o r i t e  and  ( a  l i t t l e )  c h l o r a t e .  C10, 

h a s  been used  s e v e r a l  y e a r s  i n  a  number o f  w e s t e r n  

European  c o u n t r i e s .  The m o s t  common u s e  i s  b a s e d  o n  

t h e  e x c e l l e n t  b a c t e r i c i d a l  a c t i v i t y  o f  C l O , ,  b u t  

t h e  a g e n t  i s  a l s o  used  f o r  t h e  t r e a t m e n t  o f  o r g a n i c  

s u b s t a n c e s ,  w h e r e i n  o d o r ,  t a s t e  and c o l o r i n g  mate- 

r i a l s  a r e  broken  down. 

I n  many i n s t a n c e s ,  C 1 0 ,  i s  e q u a l l y  e f f e c t i v e  t o  

c h l o r i n e  i n  t e r m s  o f  bacteriologie a c t i v i t y ,  and  i n  

sorne i n s t a n c e s ,  i t  is even  more e f f e c t i v e .  An a d d i -  

t i o n a l  a d v a n t a g e  i s  t h a t  under  p r a c t i c a 1  c o n d i -  

t i o n s ,  C 1 0 ,  i s  £ a r  less s e n s i t i v e  t o  pH t h a n  i s  

c h l o r i n e .  

C 1 0 ,  f o rms  b o t h  i n o r g a n i c  and  o r g a n i c  b y p r o d u c t s .  

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

and c h l o r a t e ,  which a r e  formed,  among othew t h i n g s ,  

b y  t h e  d i s p r o p o r t i o n a t i o n  of C 1 0 ,  a t  h i g h  pH. How- 

e v e r ,  t h i s  is not  of importante i n  p r a c t i c e .  (210, 

f o r m s  f a r  f ewer  o r g a n o h a l o g e n s  t h a n  d o e s  c h l o r i n e .  

No THM a r e  formed,  and t h e  E O C I  and AOC1 c o n t e n t s  

a r e  a l s o  d i s t i n c t l y  lower t h a n  i n  t h e  u s e  of c h l o -  

r i n e .  C h l o r o p h e n o l s  c a n  be  formed i n  c e r t a i n  c a s e s .  

Q u i n o n e s  and l , 2 - e p o x y  compounds are  o t h e r  r e a c t i o n  

p r o d u c t s  which may e x i s t .  

Toxicologie a s p e c t s  of  C 1 0 ,  and  i t s  i n o r g a n i c  and  

o r g a n i c  b y p r o d u c t s  have a l r e a d y  been d i s c u s s e d  i n  

some d e t a i l  i n  s e c t i o n  2 .  



The i n f o r m a t i o n  r e g a r d i n g  t h e s e  s u b s t a n c e s  a p p e a r s  

t o  be  q u i t e  i n c o m p l e t e  a s  y e t .  T h i s  h a s  g i v e n  r i se  

t o  r a t h e r  s t r i n g e n t  l i r n i t a t i o n s  on t h e  u c e  o f  C10, 

f o r  t h e  d i s i n f e c t i o n  of  d r i n k i n g  w a t e r  i n  many 

c o u n t r i e s .  A maximum a d d i t i o n  r a t e  o f  0 , l  m g / l i t e r  

C 1 0 ,  i s  recomrnended i n  Germany and  i n  Belgium a  

maximum d o s e  o f  0 ,25  m g / l i t e r  ( r e f .  9 . 4 ) .  I n  

Norway, t h e  u s e  o f  C10, f o r  d r i n k i n g  water d i s i n -  

f e c t i o n  i s  a c t u a l l y  p r o h i b i t e d  ( r e f .  9 .28)  . 
Much s t u d y  h a s  been  pe r fo rmed  i n  t h e  U n i t e d  S t a t e s  

on t h e  toxicologie a s p e c t s  o f  t h e  u s e  o f  C10, 

( r e f s .  9 .29 -9 .31 ) .  On t h e  b a s i s  o f  t h i s ,  f i r s t  o f  

a l l ,  a maximum d o s a g e  f o r  d r i n k i n g  w a t e r  d i s i n f e c -  

t i o n  o f  1 m g / l i t e r  C 1 0 ,  h a s  been  s u g g e s t e d .  L a t e r ,  

t h e  N a t i o n a l  Academy o f  S c i e n c e  recommended t h a t  

t h e  s t a n d a r d  be  based  on  t h e  maximum p e r m i s s i b l e  

r e s i d u a l  c o n t e n t s  o f  C I O ,  and C10,-. C o n s i d e r i n g  a  

s a f e t y  f a c t o r  o f  100 ,  t h i s  l e a d s  t o  r e s i d u a l  con- 

t e n t s  o f  0 , 3  m g / l i t e r  C10, and  0 , 2 1  m g / l i t e r  C 1 0 , -  

( r e f .  9 .32)  . Whi le  a w a i t i n g  t h e  r e s u l t s  o f  f u r t h e r  

s t u d i e s ,  t h e  EPA h a s  t a k e n  t h e  above  s u g g e s t i o n  

under  c o n s i d e r a t i o n .  

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

t h e  side e f f e c t s  of C 1 0 ,  i s  t h u s  u r g e n t l y  d e s i -  

r a b l e .  The r e s u l t s  of t h e s e  i n v e s t i g a t i o n s  w i l 1  be 

o f  g r e a t  d e t e r m i n i n g  significante for t h e  l a r g e -  

s c a l e  u s e  o f  C i .0 , .  

U s e  o f  monochloramine 

9 . 3 . 1  P r e p a r a t i o n  

I n  p r a c t i c e ,  c h l o r a m i n e s  a r e  p r e p a r e d  by a d d i n g  

b o t h  ammonia and c h l o r i n e  t o  w a t e r .  I n  t r e a t m e n t ,  

t h e  f o r m a t i o n  o f  monochloramine i s  p u r s u e d .  Pro-  

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



e q u a t i o n  

+ 
NH, + HOC1 + NH2C1 + H,O 

Monochloramine i s  formed a t  a chlorine/ammonium 

w e i g h t  r a t i o  o f  3 : 1 t o  4 : 1. The o p t i m a l  r e a c -  

t i o n  p H  i s  7  t o  8. 

A t  g r e a t e r  chlorine/ammonium r a t i o s  and lower pH, 

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

t r i c h l o r a m i n e  i s  formed.  I m m e d i a t e l y  above  t h e  

w e i g h t  r a t i o  o f  3 : 1 t o  4 : 1, t h e  t o t a l  c h l o r i n e  

c o n t e n t  l i k e w i s e  d e c l i n e s .  The c o u r s e  o f  t h e  c h l o -  

r i n e  c o n t e n t  a s  a  f u n c t i o n  of t h e  c h l o r i n e  d o s e  i s  

r e p r o d u c e d  by t h e  b r e a k p o i n t  c u r v e .  A d e t a i l e d  

c o n s i d e r a t i o n  o f  t h i s  i s  g i v e n  i n  c e c t i o n  5.  

The r e a c t i o n  r a t e  f o r  t h e  f o r m a t i o n  o f  monochlora-  

mine  i s  f a i r l y  h i g h .  A t  pH 7-8 ,  t h e  r e a c t i o n  i s  

90  % c o m p l e t e  w i t h i n  o n e  m i n u t e  ( r e f .  9 . 3 3 ) .  The 

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

l o w e r  a t  pH 7-8.  

U s e  o f  monochloramine  i n  d r i n k i n g  w a t e r  

Monochloramine was f i r s t  used d u r i n g  t h e  F i r s t  

World War i n  Denver ( C o l o r a d o )  t o  p r e v e n t  a f t e r -  

g rowth  w i t h i n  t h e  d i s t r i b u t i o n  s y s t e m  ( r e f .  9 . 2 ) .  

I n  t h e  19301c, t h e  u s e  o f  c h l o r a m i n e  became f a i r l y  

p o p u l a r  i n  t h e  U n i t e d  S t a t e s  s i n c e  t h e  w a t e r  deve -  

l o p e d  a " c h l o r o p h e n o l "  odor  or t a s t e  due t o  r e a c -  

t i o n  w i t h  p h e n o l s  when c h l o r i n e  was used .  D u r i n g  

t h e  Second World War, t h e  u s e  o f  t h e  c h l o r a m i n e  

p r o c e s s  d e c r e a s e d  g r e a t l y  a s  a  concequence  o f  t h e  

ammonia s h o r t a g e .  After r h i s ,  t h e  p r o c e s s  never 

r e g a i n e d  t h e  e x t e n t  o f  u s e  i n  t h e  1 9 3 0 ' s .  

The c h l o r a m i n e  p r o c e s s  i s  r a r e l y  u s e d  i n  d r i n k i n g  

w a t e r  t r e a t m e n t  i n  Euxope. Howevew, d u r i n g  t h e  



t r a n s p o r t  c h l o r i n a t i o n  o f  ammonium-containing r i v e r  

w a t e r ,  t h e  a c t u a l  d i s i n f e c t a n t  a c t i o n  t a k e s  p l a c e  

a s  a  r e s u l t  of t h e  monochloramine formed.  

9.3.3 The d i s i n f e c t i n g  c a p a b i l i t y  of monochloramine  

Monochloramine i s  a  weak d i s i n f e c t a n t .  The l i m i t e d  

b a c t e r i c i d a l  a c t i v i t y  was a l r e a d y  d e m o n s t r a t e d  i n  

t h e  1 9 4 0 ' s  by B u t t e r f i e l d  and  W a t t i e  ( r e f .  9 . 3 4 ) .  

I t  was found  from t h e i r  s t u d y  t h a t  when e q u a l  dosa -  

g e s  w e r e  u sed ,  t h e  u s e  o f  c h l o r a m i n e  r e q u i r e d  a 100 

t i m e s  l o n g e r  c o n t a c t  t i m e  t h a n  t h e  u s e  o f  c h l o r i n e  

t o  a c h i e v e  t h e  Same d e a c t i v a t i o n  o f  c o l i f o r m s .  

These  r e s u l t s  were con f i rmed  by S i d e r s  e t  a l .  ( ref .  

9.35) . The l i m i t e d  d i s i n f e c t a n t  c a p a b i l i t y  o f  

c h l o r a m i n e  w i t h  r e s p e c t  t o  v i r u s e s  and  Entamoeba 

h i s t o l y t i c a  w a s  d e m o n s t r a t e d  by F a i r  ( r e f .  9 . 1 7 )  . 
K e l l y  and S a n d e r s o n  ( r e f .  9.36) found  t h a t  a t  a 

c o n t e n t  o f  1 r n g / l i t e r  c h l o r a m i n e  a t  pH 1 0 ,  a  con- 

t a c t  t i m e  o f  6-8 hour  i s  r e q u i r e d ,  and a t  pH 7, a 

c o n t a c t  t i m e  o f  4 h o u r  i s  r e q u i r e d  t o  b r i n g  a b o u t  

99 ,7  % removal  o f  p o l i o v i r u s .  S i d e r s  e t  a l .  ( r e f .  

9 .35)  showed t h a t  f o r  a  99 % r e d u c t i o n  o f  t h e  num- 

ber of  e n t e r o v i r u s e s  w i t h i n  20 m i n u t e s ,  a  c h l o r a -  

mine c o n t e n t  o f  60 m g / l i t e r  i s  n e c e s s a r y .  

Because  o f  t h e  l i m i t e d  d i s i n f e c t i o n  c a p a b i l i t y  o f  

c h l o r a m i n e ,  t h e  EPA recommended i n  " t h e  N a t i o n a l  

I n t e r i m  P r i m a r y  Water  R e g u l a t i o n s :  C o n t r o l  o f  THM 

i n  D r i n k i n g  Water"  ( r e f .  9 .32)  t h a t  c h l o r a m i n e  n o t  

b e  u sed  a s  a  p r i m a r y  d i s i n f e c t a n t .  Ch lo ramine  i s  

u s a b l e  as  a  p r e s e r v a t i v e  t o  c o n t r o l  a f t e r - g r o w t h  

d u r i n g  d r i n k i n g  w a t e r  t r a n s p o r t  when t h e  w a t e r  f u l -  

f i l l s  a l 1  bacteriologie s t a n d a r d s .  



O r g a n i c  r e a c t i o n  p r o d u c t s  o f  c h l o r a m i n e  

The p rob lems  o f  THM f o r m a t i o n  d u r i n g  d i s i n f e c t i o n  

w i t h  c h l o r a m i n e  w e r e  s t u d i e d  by S t e v e n s  e t  a l .  

( r e f .  9 . 3 6 ) .  The tests were pe r fo rmed  w i t h  u n t r e a -  

t e d  w a t e r  f rom t h e  Oh io  u s i n g  c h l o r i n e  and mono- 

c h l o r a m i n e  a s  d i s i n f e c t a n t s .  A f t e r  a  c o n t a c t  t i m e  

o f  7 2  h o u r ,  1 6 0  u g / l i t e r  THM were  found  i n  t h e  

c h l o r i n e - t r e a t e d  w a t e r .  The w a t e r  t r e a t e d  w i t h  

c h l o r a m i n e  c o n t a i n e d  16  u g / l i t e r  THM. I n  1975,  

w i t h i n  t h e  s c o p e  o f  t k e  " N a t i o n a l  O r g a n i c s  Recon- 

n a i s s a n c e  Survey' '  ( r e £ ,  9 .37)  i n  t h e  USA,  t h e  d r i n -  

k i n g  w a t e r  f rom 80  water s u p p l y  companies  was i n -  

v e s t i g a t e d .  Ten of t h e s e  companies  u sed  c h l o r a m i n e .  

I n  t h e s e  compan ie s ,  t h e  THM c o n t e n t  v a r i e d  f rom 1- 

8 1  u g / l i t e r  ( a v e r a g e  19  u g / l i t e r ) .  I n  t h e  c a s e  o f  

t h e  companies  which used  b r e a k p o i n t  c h l o r i n a t i o n ,  

THM c o n t e n t s  up t o  472  u g / l i t e r  o c c u r e d  ( a v e r a g e  

72 ~ g / l i t e r ) .  The r e a s o n  f o r  t h e  r e l a t i v e l y  h i g h  

THM c o n t e n t s  i n  t h e  w a t e r  o f  some c h l o r a m i n e - u s i n g  

p l a n t s  is  t h e  f a c t  t h a t  f i r s t  c h l o r i n e  i s  added  i n  

t h i s  p r o c e s s  and  o n l y  t h e r e a f t e r ,  ammonium. 

More d e t a i l e d  s t u d y  h a s  h a r d l y  been  pe r fo rmed  

r e g a r d i n g  t h e  f o r m a t i o n  o f  o t h e r  o r g a n i c  r e a c t i o n  

p r o d u c t s  d u r i n g  t h e  u s e  o f  c h l o r a m i n e .  B u r t t s c h e l l  

( r e f .  9 . 3 8 )  found  f o r m a t i o n  o f  c h l o r o p h e n o l s  by t h e  

r e a c t i o n  o f  c h l o r a m i n e  w i t h  p h e n o l .  

Mergerum and Gray ( r e f .  9 . 3 9 )  found  f o r m a t i o n  of N- 

c h l o r o g l y c i n e  by r e a c t i o n  o f  monochloramine  w i t h  

g l y c i n e  under  c o n d i t i o n s  c u s t o m a r i l y  employed f o r  

d r i n k i n g  w a t e r .  They t h e o r i z e d  t h a t  t h e  r e a c t i o n  

t a k e s  p l a c e  v i a  h y d r o l y s i s  of monochloramine w i t h  

f o r m a t i o n  o f  ammoniuïn and HOCL. However, t h e  equi- 

l i b r i u m  c o n s t a n t  o f  t h i s  h y d r o l y s i s  r e a c t i o n  i s  
-12  

v e r y  l o w  (6,7.10 ) . 



Discussion 

In the preceding sections, some aspects of the use 

of monochloramine were considered. Chloramine was 

prepared by successively adding ammonium and chlo- 

rine or chlorine and ammonium to the water. The 

first method is prefered because of the THM pro- 

blems. Especially in the USA during the 19301sr the 

chloramine process was used extensively. The use 

decreased distinctly after 1940. In Europe, the 

chloramine process is used only occasionally. The 

use is rnostly based on a low chlorine addition to 

ammonium-containing water. The disinfection capabi- 

lity of chloramine is low. Therefore, it is princi- 

pally suitable as a preservative during transport 

and less suitable as a primary disinfectant. 

Little study has been directed toward the formation 

of organic reaction products by the use of chlora- 

mine. Low THM contents occur. The toxicologie as- 

pects of chloramine were already discussed in sec- 

tion 2. The available data are greatly limited and 

sometimec contradictory. More detailed study in 

this connection study is desirable. 

As for ClO,, there is tkus a large gap in knowlegde 

in the toxicology area. The more extensive use of 

chloramine, wherein transport disinfection is prin- 

cipally considered, wil1 depend greatly upon this. 

Conclusions 

Chlorine dioxide appears to be one of the most 

kopeful alternatives to chlorine for transport, 

primary and post-disinfection when a persistent 

disinfectant is to be used. The principal reasons 

for this are its great disinfecting capacity, which 



i s  p r a c t i c a l l y  i n d e p e n d e n t  o f  t h e  pH, i t s  low de -  

g r a d a t i o n  r a t e  and  t h e  l a c k  o f  f o r m a t i o n  o f  THM. 

However, some i m p o r t a n t  q u e s t i o n s  e x i s t  i n  connec-  

t i o n  w i t h  t k e  u s e  o f  C 1 0 , .  These  i n c l u d e  t h e  forma-  

t i o n  o f  p o t e n t i a l l y  harmf u 1  s u b s t a n c e s  d u r i n g  t h e  

r e a c t i o n  w i t h  o r g a n i c  m a t t e r  and t h e  p rob lems  o f  

t h e  t o x i c o l o g i c  e f f e c t s  o f  ClO,, c h l o r i t e  and  c h l o -  

r a t e  i n  d r i n k i n g  w a t e r .  

Monochloramine c a n  be  c h a r a c t e r i z e d  a s  a  weak d i s -  

i n f e c t a n t  w i t h  a  l o w  d e g r a d a t i o n  r a t e .  A s  a  r e s u l t ,  

i t  w i l 1  p r i n c i p a l l y  be used  f o r  t r a n s p o r t  d i s i n f e c -  

t i o n ,  w h e r e i n  c o m p l e t e  d i s i n f e c t i o n  i s  n o t  n e c e s -  

s a r y  . 
S e f o r e  a  changeove r  can  be  made t o  t h e  u s e  of t h e  

c h l o r a m i n e  p r o c e s s ,  t h e  p rob lems  o f  t h e  t o x i c i t y  o f  

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

d r i n k i n g  w a t e r  s h o u l d  be  c l a r i f i e d .  

The i n f o r m a t i o n  d e s c r i b e d  i n  t h i s  s e c t i o n  r e g a r d i n g  

t h e  c h a r a c t e r i s t i c s  o f  c h l o r i n e  d i o x i d e  and  c h l o -  

r amine  g i v e s  r i se  t o  t h e  f o l l o w i n g  recommendat ions  

f o r  f u r t h e r  i n v e s t i g a t i o n :  

- i n v e s t i g a t i o n  r e g a r d i n g  t h e  d i s i n f e c t a n t  c a p a b i -  

l i t y  o f  C10, a t  p r a c t i c a 1  d o s a g e s ;  

- i n v e s t i g a t i o n  with r e s p e c t  t o  t h e  f o r m a t i o n  o f  

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

o f  ClOz; 

- i n v e s t i g a t i o n  on  t h e  t o x i c o l o g i c  e f f e c t s  o f  ClO,, 

c h l o r i t e ,  c h l o r a t e  and t h e  o x g a n i c  r e a c t i o n  p r o -  

d u c t ~ ;  

- i n v e s t i g a t i o n  on  t h e  t o x i c i t y  o f  c h l o r a m i n e ;  

- i n v e s t i g a t i o n  on  t h e  f o r m a t i o n  o f  o r g a n i c  reac- 

t i o n  p r o d u c t s  d u r i n g  t h e  use of c h l o r a m i n e .  

I n  g e n e r a l ,  i t  seems a d v i s a b l e  t o  i n v e s t i g a t e  f u r -  



t h e r  t h e  u s e  o f  C 1 0 ,  and  c h l o r a m i n e  i n  t r a n s p o r t  

c h l o r i n a t i o n ,  w h i l e  t h e  u s e  of C10, f o r  p o s t - d i s i n -  

f e c t i o n  s h o u l d ,  l i k e w i s e ,  b e  c o n s i d e r e d  i n  g r e a t e r  

d e t a i l .  
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EVALUAT ION 

Introduction 

In 1974, investigations in the Netherlands and 

elsewhere showed that THM are formed during chlori- 

nation. Investigations raised the suspicions that 

THMs are undesirable from the toxicologic view- 

point. Therefore, an investigation was conducted on 

the manner in which the formation of these bypro- 

ducts can be restricted. 

In 1977, the KIWA ad hoc study group on "Chlorine" 

took an inventory of the situation at that time. In 

its final report, published in 1978, the working 

group concluded that: 

- chlorine for disinfection may only be replaced 

by another disinfectant which is at least equally 

effective and has fewer adverse effects; 

- THM cannot be economically removed by aeration, 

adsorption and oxidation; 

- reduction of the THM content may be accomplished 

by precursor removal prior to chlorination and by 

limiting the chlorine use while maintaining post- 

chlorination. 

Based on its inventory, the working group made the 

following recommendations with a high priority: 

- preparing an inventory of the toxicologic aspects 

of disinfection; 

- preparing an inventory of chlorine consumption in 

Netherlands water treatment plants; 

- establishing the THM content in dwinking water in 

the Netherlands; 

- investigation on the possibilities of reducing 

the chlorine dose for txansport and breakpoint 

chlorinations; 

- investigation on the removal of THM precursors. 



S i n c e  1978 ,  a  g r e a t  d e a l  of a t t e n t i o n  h a s  been  

d e v o t e d  t o  a l 1  o f  t h e s e  p o i n t s ,  THM removal  and t h e  

u s e  of a l t e r n a t i v e  d i s i n f e c t a n t s  have a l s 0  been  

c o n s i d e r e d .  

I n  a d d i t i o n  t o  t h e  f o r m a t i o n  o f  THM o v e r  t h e  y e a r s ,  

t h e  f o r m a t i o n  o f  n o n v o l a t i l e  o r g a n o h a l o g e n s  h a s  

come t o  occupy t h e  f o c a l  p o i n t  of a t t e n t i o n  s i n c e  

s p e c i f i c a l l y ,  t h i s  g r o u p  o f  compounds a p p e a r s  t o  

b e  t o x i c o l o g i c a l l y  s u s p e c t .  These  compounds a r e  de- 

t e r m i n e d  on  t h e  b a s i s  o f  t h e  s u r r o g a t e  p a r a m e t e r s ,  

a d s o r b a b l e  and e x t r a c t a b l e  o r g a n o c h l o r i n e  (AOC1 and 

EOC1) . These  p a r a m e t e r s  have  a l r e a d y  been  d e t e r m i -  

ned d u r i n g  t h e  a n a l y t i c  i n v e s t i g a t i o n  on  t h e  s i d e  

e f f e c t s  o f  c h l o r i n a t i o n  i n  d r i n k i n g  w a t e r ,  1979/  

1980 .  A t t e n t i o n  was a l s o  d e v o t e d  to  them i n  more 

r e c e n t  i n v e s t i g a t i o n s  on t r e a t m e n t  p r o c e s s e s .  How- 

e v e r ,  more i n f o r m a t i o n  i n  t h i s  a r e a  a l o n g  t h e  p e r -  

formance  o f  m u t a g e n i c i t y  tes ts  is u r g e n t l y  d e s i r e d .  

The i n v e n t o r i e s  and  s t u d i e s  pe r fo rmed  have  l e d  t o  

t h e  f o l l o w i n g  f i n d i n g s .  

T o x i c o l o q i c  f i n d i n g s  

The l i t e r a t u r e  c o n t a i n s  o n l y  a  l i m i t e d  amount o f  

i n f o r m a t i o n  r e g a r d i n g  t h e  toxicologie e f f e c t s  o f  

c h l o r i n e ,  c h l o r i n e  d i o x i d e ,  c h l o r a m i n e  and t h e i r  

r e a c t i o n  p r o d u c t s .  I t  c a n  be c o n c l u d e d  f rom t h e  

a v a i l a b l e  i n f o r m a t i o n  t h a t  a t  t h e  c u s t o m a r y  concen-  

t r a t i o n  l e v e l  o f  d i s i n f e c t a n t ,  n o  a c u t e  or c h r o n i c  

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

t h e m s e l v e s  a r e  a l s o  n o t  c a r c i n o g e n i c ,  The o n l y  c a r -  

c i n o g e n i c  s u b s t a n c e  t h a t  i s  found  as  a  r e a c t i o n  

p r o d u c t  i s  c h l o r o f o r m .  

The u s e  o f  d i s i n f e c t a n t s  does l e a d  t o  t h e  f o r m a t i o n  

o f  mu tagen ic  s u b s t a n c e s ;  c h l o r i n e  i n t r o d u c e s  more 

r n u t a g e n i c i t y  t h a n  c h l o r i n e  d i o x i d e  o r  c h l o r a m i n e .  



Epidemio log ic  i n v e s  t i g a t i o n  up t o  t h e  p r e s e n t  t i m e  

h a s  o n l y  g iven  s u g g e s t i o n s  of a  r e l a t i o n s h i p  be- 

tween r e a c t i o n  p r o d u c t s  o f  c h l o r i n a t i o n  and tumors 

of  t h e  b l a d d e r ,  l a r g e  i n t e s t i n e  and rectum. How- 

e v e r ,  c a u s a t i v e  r e l a t i o n s h i p s  have n o t  y e t  been 

f ound . 
The i n c r e a s e  i n  t h e  mutagenic  e f f e c t s  and t h e  pos- 

s i b l e  r e l a t i o n s h i p  between f o r m a t i o n  of  r e a c t i o n  

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

b l a d d e r ,  l a r g e  i n t e s t i n e  and rectum i n d i c a t e d  a  

p o t e n t i a l  r i s k  f o r  p u b l i c  h e a l t h  so t h a t  a  reduc-  

t i o n  of t h e  c o n t e n t  of r e a c t i o n  p r o d u c t s  a p p e a r s  

d e s i r a b l e .  

However, t h e r e  i s  no r e a s o n  a t  t h e  p r e s e n t  t i m e  t o  

e l i m i n a t e  chemica1 d i s i n f e c t i o n  f o r  t o x i c o l o g i c  

r e a c o n s  i f  it is n e c e s s a r y  f o r  bacteriologie r e a -  

sons .  Also  a t  t h i s  t i m e ,  no p r e f e r e n c e  can be ex- 

p r e s s e d  on a t o x i c o l o g i c  b a s i s  f o r  c h l o r i n e ,  c h l o -  

r i n e  d i o x i d e  o r  chloramine .  F u r t h e r  i n v e s t i g a t i o n  

r e g a r d i n g  t h e  f o r m a t i o n ,  p r e s e n c e  and s i g n i f i c a n c e  

o f  t o x i c o l o g i c a l l y  i m p o r t a n t  s u b s t a n c e s  i s  u r g e n t l y  

d e s i r e d .  The r e s u l t s  of t h i s  i n v e s t i g a t i o n  t o g e t h e r  

w i t h  epidemiologie d a t a  may l e a d  t o  a recommenda- 

t i o n  on t h e  b a s i s  of t o x i c o l o g i c  c o n s i d e r a t i o n s  i n  

t h e  f u t u r e .  

10.3 Tnventory 

I n  1979, t h e  c h l o r i n e  consumption a p p e a r s  t o  have 

been reduced t o  1 2 4 9  t o n s  pe r  yeaw, w h i l e  i n  1976, 

2108 t o n s  pe r  yea r  was s t i l l  used.  Th i s  4 1  % reduc-  

t i o n  i s  p r i n c i p a l l y  due t o  a  marked d e c r e a s e  i n  t h e  

chf o r i n e  consumption f o r  t r a n s p o r t  c h l o r i n a t i o n .  

The dose  f o r  p o s t c h l o r i n a t i o n  h a s  rernained p r a c t i -  

c a l l y  c o n s t a n t .  

T h i s  r e d u c t i o n  of c h l o r i n e  consumption h a s ,  among 



o t h e r  t h i n g s ,  a f f e c t e d  t h e  magn i tude  o f  t h e  THM 

c o n t e n t .  I n  1976 ,  c o n t e n t s  i n  e x c e s s  o f  1 0 0  y g / l i -  

ter  were found .  I n  1979/1980, t h e  h i g h e s t  measu red  

c o n t e n t  was 53 y g / l i t e r .  I n  t h e  p e r i o d  1979-1980, 

t h e  s ide e f f e c t s  o f  c h l o r i n a t i o n  were  q u a n t i t a t e d  

i n  al1 c h l o r i n e - u s i n g  w a t e r  t r e a t m e n t  p l a n t s  i n  t h e  

N e t h e r l a n d s .  The THM c o n t e n t  i n  d r i n k i n g  w a t e r  

amounted t o  a  maximum o f  53 ~ g / l i t e r .  The THM com- 

p o s i t i o n  a p p e a r e d  t o  depend g r e a t l y  on  t h e  d e g r e e  

o f  t r e a t m e n t  p r i o r  t o  c h l o r i n a t i o n .  I n  t h e  c a s e  o f  

more h i g h l y  t r e a t e d  w a t e r ,  l a r g e r  amounts  o f  more 

b r o m i n a t e d  THM were  found .  A d e f  i n i t e  q u a n t i t a t i v e  

c o r r e l a t i o n  between THM c o n t e n t  and  c h l o r i n e  d o s e  

d i d  n o t  a p p e a r  t o  e x i s t ;  however ,  p o s t c h l o r i n a t i o n ,  

i n  p a r t i c u l a r ,  had a  marked e f f e c t  on  t h e  THM con- 

t e n t ~ .  

E O C 1  c o n t e n t s  up t o  a  maximum of 11 u g / l i t e r  and  

A O C l  c o n t e n t s  up t o  a  maximum of  1 4 0  ~ g / l i t e r  oc -  

c u r e d  i n  t h e  drinking water. E s p e c i a l l y  t h e  AOC1 

c o n t e n t  was h i g h  w i t h  r e s p e c t  t o  t h e  THM c o n t e n t .  

P r e l i m i n a r y  toxicologie i n v e s t i g a t i o n s  showed t h a t  

t h e  f r a c t i o n  o f  n o n - v o l a t i l e  h a l o g e n a t e d  compounds, 

which  i s  r e f l e c t e d  by t h e  AOCl c o n t e n t ,  c a u s e s  an  

i n c r e a s e  i n  t h e  m u t a g e n i c  e f f e c t  i n  t h e  A m e s  t e s t .  

T h e r e f o r e ,  t h i s  g r o u p  o f  compounds, i n  p a r t i c u l a r ,  

i s  w o r t h y  o f  f u r t h e r  i n v e s t i g a t i o n .  

The THM p r e c u r s o r  c o n t e n t  was a l s o  d e t e r m i n e d ,  

measured  a s  t h e  THMFP ( " t r i h a l o m e t h a n e  f o r m a t i o n  

p o t e n t i a l " ) .  The THMFP a v e r a g e d  0 , 3 - 2 , 9  y m o l / l i t e r .  

From t h i s ,  1-50 % was c o n v e r t e d  i n t o  THM, spec i -  

f i c a l l y  1 - 4  % i n  t h e  g roundwa te r  t r e a t m e n t  p l a n t s  

and  21-50 % i n  t h e  s u r f a c e  w a t e r  t r e a t m e n t  p l a n t s .  

T ~ u s ,  a l a r g e  f r a c t i o n  o f  t h e  THMFP was n o t  c o n v e r -  

ted t o  THM co t h a t  it was not t h e  p r e c u r s o r  c o n t e n t  

b u t  r a t h e r  t h e  c h l o r i n e  d o s e  which was of d e t e r m i -  

n i n g  significante f o r  t h e  THM c o n t e n t  i n  d r i n k i n g  



w a t e r .  

I t  can  be deduced  from t h e  i n v e n t o r y  p r e p a r e d  t h a t  

t h e  c o n c e p t  recommendat ion of VEWIN f o r  t h e  THM 

c o n t e n t  of 0,55 ~ m o l / l i t e r  is  n e v e r  exceeded .  How- 

e v e r ,  c o n t i n u e d  e f f o r t s  mus t  be  made t o  r e d u c e  t h e  

THM c o n t e n t  i n s o f a r  as p o s s i b l e ,  From t h e  t o x i c o l o -  

g i c  v i e w p o i n t ,  t h e  A O C 1  is p r o b a b l y  even  more i m -  

p o r t a n t  t h a n  t h e  THM c o n t e n t .  T h e r e f o r e ,  t h i s  p a r a -  

meter s h o u l d  a l s 0  b e  d e t e r m i n e d  f r e q u e n t l y .  

F i n a l l y ,  i n  most c a s e s ,  p r e c u r s o r  removal  d i d  n o t  

a p p e a r  t o  l e a d  t o  a  r e d u c t i o n  o f  t h e  THM c o n t e n t  

unde r  p r a c t i c a 1  c o n d i t i o n s ,  I n s t e a d ,  t h e  c h l o x i n e  

d o s e  seemed t o  be o f  d e t e r m i n i n g  significante f o r  

t h e  THM c o n t e n t .  

Measures  

B e g i n n i n g  i n  1977 ,  a  g r e a t  d e a l  o f  i n v e s t i g a t i o n  

was d i r e c t e d  toward  t h e  m e a s u r e s  which may b e  t a k e n  

t o  l i m i t  t h e  s i d e  e f f e c t s  o f  c h l o r i n a t i o n .  THM ior-  

m a t i o n ,  THM removal  and p r e c u r s o r  removal  were 

p r i n c i p a l l y  i n v e s t i g a t e d .  F a r  less a t t e n t i o n  was 

p a i d  t o  t h e  f o r m a t i o n  and removal  o f  o t h e r  h a l o g e -  

n a t e d  compounds. More d e t a i l e d  i n v e s t i g a t i o n  i n  

t h i s  a r e a  i s  u r g e n t l y  d e s i r e d  i n  v iew o f  t h e  n a t u r e  

of t h e  s u b s t a n c e s .  f t  was found  from model s t u d i e s  

t h a t  a r e l a t i o n s h i p  e x i s t s  be tween  THM f o r m a t i o n  

and  t h e  b r e a k p o i n t  c u r v e .  S c a r c e l y  a n y  THM i s  f o r -  

med up t o  t h e  t o p  i n  t h e  b r e a k p o i n t  c u r v e ;  t h e  

g r e a t e s t  THM f o r m a t i o n  t a k e s  p l a c e  i rnrnediate ly  

above  t k i s .  I n  h i g h l y  t r e a t e d  water r e l a t i v e l y  

marked THM f o r m a t i o n  a l r e a d y  o c c u r s  a t  low c h l o r i n e  

doses, 

T h i s  p i c t u r e  i s  conf i rmed  by r e s u l t s  o b t a i n e d  i n  

p r a c t i c e .  D u r i n g  t r a n s p o r t  c h l o r i n a t i o n  w i t h  

c ~ , / N H , ~  r a t i o s  of 2 t o  3 s c a r c e i y  a n y  THM i s  f o r -  



med, T r a n s p o r t  and b r e a k p o i n t  c h l o r i n a t i o n  w i t h  

C ~ , / N H , '  r a t i o s  o f  1 5  t o  4 0  l e a d  t o  h i g h  THM con- 

t e n t ~ .  The THM f o r m a t i o n  d u r i n g  t r a n s p o r t  c h l o r i n a -  

t i o n  c a n  t h u s  be l i m i t e d  c o n s i d e r a b l y .  B r e a k p o i n t  

c h l o r i n a t i o n  i s  a lways  accompanied by a  h i g h  THM 

c o n t e n t .  P o s t c h l o r i n a t i o n  o f  t h e  t r e a t e d  w a t e r ,  

e v e n  w i t h  a  low c h l o r i n e  d o s e ,  i s  a lways  accompa- 

n i e d  by a r e l a t i v e l y  marked THM f o r m a t i o n .  

T H M s ,  o n c e  formed,  a r e  d i f f  i c u l t  t o  rernove i n  h i g h  

p e r c e n t a g e  o v e r  l o n g  p e r i o d s .  O x i d a t i o n  g i v e s  s c a r -  

c e l y  a n y  removal ;  a e r a t i o n  and r e v e r s e  osmosis mo-  

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

a l t e r n a t i v e  a d s o r b e n t s  g i v e  good removal  o n l y  du-  

r i n g  r e l a t i v e l y  s h o r t  f i l t e r  r u n s ,  I n  t h i s  p r o c e s s ,  

be t te r  THM removal  is a c h i e v e d ,  t h e  more h i g h l y  

b r o m i n a t e d  t h e y  are. A v e r y  marked r e d u c t i o n  o f  t h e  

THM c o n t e n t  t a k e s  p l a c e  d u r i n g  i n £  i l t r a t i o n .  A 

l a r g e  p o r t i o n  o f  t h e  rernoval is due  t o  t h e  a e r a t i o n  

which i s  a l s o  pe r fo rmed .  Dur ing  t h e  i n f i l t r a t i o n  

i t s e l f ,  t h e  removal  of more h i g h l y  b romina ted  THM 

i s  most  e f f e c t i v e .  

THM p r e c u r s o r s  a r e  r e a d i l y  removed by r e v e r s e  osmo- 

sis. A l l  o t h e r  p r o c e s s e s  i n v e s t i g a t e d ,  i e , a e r a -  

t i o n ,  c o a g u l a t i o n ,  a d s o r p t i o n ,  i o n  exchange ,  ozona-  

t i o n  and i n f i l t r a t i o n ,  g i v e  a  l i m i t e d  or o n l y  

b r i e f l y  a  good removal .  P a r t i a l  p r e c u r s o r  removal  

d o e s  n o t  r e s u l t  i n  a r e d u c t i o n  o f  t h e  THM c o n t e n t s  

u n d e r  p r a c t i c a 1  c o n d i t i o n s ,  s i n c e ,  i n  p r a c t i c e ,  t h e  

c h l o r i n e  d o s e  r a t h e r  t h a n  t h e  p r e c u r s o r  c o n t e n t ,  i s  

o f  d e t e r m i n i n g  significante f o r  THM f o r m a t i o n .  I n  

a d d i t i o n ,  more h i g h l y  b romina ted  THM a r e  formed i n  

t h e  c a s e  o f  a  marked r e d u c t i o n  of t h e  p r e c u r s o r  

c o n t e n t ,  which i s  u n d e s i r a b l e  i n  view o f  h e a l t h  

c o n s i d e r a t i o n s .  

A s  a r e s u l t  of t h e s e  f i n d i n g s ,  less a t t e n t i o n  was 

p a i d  t o  p r e c u r s o r  r emova l ,  and  t h e  p o s s i b i l i t i e s  



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

c o n s i d e r e d  wor thy  o f  a d d i t i o n a l  i n v e s t i g a t i o n .  The 

d e t e r m i n a t i o n  o f  t h e  p r e c u r s o r  c o n t e n t  h e r e  i s  a l so  

o f  lesser s i g n i f i c a n c e ,  A s  a  r e s u l t ,  d e t e r m i n a t i o n  

o f  t h e  THM c o n t e n t  o c c u r i n g  i n  t h e  w a t e r  unde r  

p r a c t i c a 1  c o n d i t i o n s  is o f  g r e a t  s i g n i f i c a n c e .  

The removal  o f  n o n - v o l a t i l e  o r g a n o h a l o g e n s  , measu- 

r e d  a s  t h e  A O C l  c o n t e n t ,  i s  of g r e a t  s i g n i f i c a n c e .  

Carbon  f i l t r a t i o n  r e d u c e s  t h e  AOC1 c o n t e n t  o v e r  

l o n g e r  f i l t e r  r u n s  t h a n  t h e  THM c o n t e n t .  I n f  i l t r a -  

t i o n  and r e v e r s e  o s m o s i s  a l s o  b r i n g  a b o u t  a  r educ -  

t i o n  of  t h e  AOCl c o n t e n t .  However, o n l y  a  v e r y  li- 

m i t e d  number o f  measurements  i s  a v a i l a b l e .  

A l t e r n a t i v e s  

I n  a d d i t i o n  t o  t h e  measu res  a l r e a d y  d i s c u s s e d ,  a  

few o t h e r  p o s s i b i l i t i e s  a r e  a l s o  a v a i l a b l e .  One o f  

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

f e c t a n t s  such  a s  c h l o r i n e  d i o x i d e  and c h l o r a m i n e .  

C h l o r i n e  d i o x i d e  i s  s a i d  t o  be s u i t a b l e  t o  be  used  

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

f o r  t r a n s p o r t  d i s i n f e c t i o n .  Before i t s  u s e  c a n  b e  

c o n s i d e r e d ,  t h e  toxicologie s i d e  e f f e c t s  s h o u l d  b e  

i n v e s  t i g a t e d  more t h o r o u g h l y .  Ozone and UV r a d i a -  

t i o n  may a l s o  be used  f o r  p r i m a r y  d i s i n f e c t i o n  and 

p o s t d i s i n f e c t i o n ,  r e s p e c t i v e l y .  However, no  a t t e n -  

t i o n  was d e v o t e d  t0  t h e s e  p r o c e s s e s  w i t h i n  t h e  

s c o p e  o f  t h e  p r e s e n t  r e p o r t .  

Depending on t h e  l o c a l  s i t u a t i o n ,  c e w t a i n  c h l o r i n a -  

t i o n  s t e p s  can  b e  e l i m i n a t e d  or r e p l a c e d  by t r e a t -  

ment  p r o c e s s e s .  Examples t h a t  may b e  men t ioned  i n -  

c l u d e  the r e p l a c e m e n t  o f  t r a n s p o r t  c h l o r i n a t i o n  by 

t r a n s p o r t  p u r  i f  i c a t i o n  and t h e  r e p l a c e m e n t  of 

b r e a k p o i n t  c h l o r i n a t i o n  by b i o l o g i c a 1  p r o c e s s e s ,  

l i n k e d  w i t h  a  s e l e c t i v e  w a t e r  i n t a k e  c r i t e r i o n .  The 



g e n e r a 1  a p p l i c a b i l i t y  o f  t h e s e  p r o c e s s e s  s h o u l d  be 

more c l o s e l y  i n v e s t i g a t e d .  

The e l i m i n a t i o n  of  p o s t c h l o r i n a t i o n  d e s e r v e s  much 

a t t e n t i o n .  I£ t h e  b a c t e r i o l o g ì c  and virologie qua- 

l i t y  i s  p r o t e c t e d  by t h e  p r e s e n c e  of  a d e q u a t e  phy- 

s i c a l ,  mechan ica1  and b i o l o g i c a 1  b a r r i e r s  , t h i s  

p o s s i b i l i t y  rnay be  c o n s i d e r e d .  One c a n  p r i n c i p a l l y  

t h i n k  a b o u t  p l a n t s  w i t h  s low s a n d  f i l t r a t i o n  a s  t h e  

f i n a l  t r e a t m e n t  s t e p .  T h i s  p r o c e s s  s equence  h a s  a l -  

r e a d y  been used  f o r  many y e a r s  a t  t h e  Dune Water-  

works o f  The Hague, and h a s  a l s o  been i n t r o d u c e d  a t  

t h e  M u n i c i g a l  Waterworks o f  Amsterdam and t h e  Wa- 

t e r w o r k s  o f  South-West -Neder land .  

10.6 C u r r e n t  s t a t e  o f  t h e  a r t  

The work pe r fo rmed  s i n c e  1977 g r e a t l y  e x t e n d e d  o u r  

u n d e r s t a n d i n g  o f  t h e  problems.  I f  c h l o r i n e  i s  ne- 

c e s s a r y  a s  a  d i s i n f e c t a n t ,  t h e  s i d e  e f f e c t s  do  n o t  

demand i t s  e l i m i n a t i o n .  However, a n  i n c r e a s e  i n  t h e  

rnu tagenic  e f f e c t  and p o s s i b l e  e p i d e r n i o l o g i c  r e l a -  

t i o n s h i p s  s u g g e s t  a  p o t e n t i a l  r i s k  t o  p u b l i c  h e a l t h  

s o  t h a t  t h e  b y p r o d u c t  c o n t e n t s  need  t o  b e  k e p t  a s  

low a s  p o s s i b l e .  More s t u d y  on  t h e  s i d e  e f f e c t s  and 

s i d e  r e a c t i o n s  of c h l o r i n e ,  c h l o r i n e  d i o x i d e  and  

c h l o r a m i n e  a s  w e l 1  a s  ozone  and UV r a d i a t i o n  is de-  

s i r a b l e .  

The c h l o r i n e  consumpt ion  d e c r e a s e d  g r e a t l y  i n  1976-  

1979 ,  e s p e c i a l l y  i n  t h e  case of t r a n s p o r t  c h l o r i n a -  

t i o n .  I n  1979/1980, it a p p e a r e d  t h a t  t h e  THM con- 

t e n t  n e v e r  exceeded  t h e  c o n c e p t  recommendat ion o f  

VEWIN. However, r e l a t i v e l y  h i g h  A O C 1  c o n t e n t s  oc -  

c u r e d .  

The r e d u c t i o n  of  t h e  c h l o r i n e  u s e  led t o  a r educ -  

t i o n  of t h e  THM c o n t e n t .  E s p e c i a l y  d u r i n g  pos  t c h l o -  

r i n a t i o n ,  however ,  a  good d e a l  of THM is s t i l l  



formed, and t h i s  i s  more h i g h l y  brominated ,  t h e  

more comple te  i s  t h e  p u r i f i c a t i o n .  

THM, once forrned, can  o n l y  be removed poor ly .  Only 

i n f i l t r a t i o n  and ca rbon  f i l t r a t i o n  f o r  s h o r t  f i l t e r  

r u n s  g i v e  good r e s u l t s .  

THM p r e c u r s o r s  a r e  a l s o  d i f f  i c u l t  to remove, Pa r -  

t i a l  p r e c u r s o r  removal does  n o t  l e a d  t o  THM reduc-  

t i o n  i n  p r a c t i c e  and l e a d s  t o  t h e  f o r m a t i o n  of  more 

h i g h l y  brominated THM d u r i n g  p o s t c h l o r i n a t i o n .  

The f o r m a t i o n  of  n o n - v o l a t i l e  organohalogens  i s  of 

g r e a t  impor tance .  T h i s  is due t o  b o t h  t h e  n a t u r e  

and t h e  q u a n t i t y  of t h e  p r o d u c t s  formed. However, 

l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on t h i s  m a t e r i a l .  

Thi  s group o f  compounds demands g r e a t  a t t e n t  i o n  

( A O C 1  d e t e r m i n a t i o n ,  m u t a g e n i c i t y  s t u d y ) .  

A s  a d d i t i o n a l  p o s s i b i l i t i e s ,  a l t e r n a t i v e  d i s i n f e c -  

t a n t s  can  be used i f  t h e  s i d e  e f f e c t s  of t h e s e  

a g e n t s  p e r m i t  t h i s .  L i m i t a t i o n  o r  even e l i m i n a t i o n  

o f  c h l o r i n a t i o n  shou ld  be  c o n s i d e r e d .  I n  p a r t i c u -  

l a r ,  t h i s  i s  t r u e  f o r  t h e  e l i m i n a t i o n  of  p o s t c h l o -  

r i n a t i o n  i f  t h e  t o t a l  t r e a t m e n t  p r o c e s s  a l l o w s  

t h i s .  

F u t u r e  developments  

Based on t h e  c u r r e n t  s i t u a t i o n ,  some i m p o r t a n t  

s t u d y  a r e a s  can be i n d i c a t e d .  These i n c l u d e :  

- toxicologie s t u d y  on t h e  s i d e  e f f e c t s  of  chlo-  

r i n e ,  c h l o r i n e  d i o x i d e ,  ch lo ramine ,  ozone and UV 

r a d i a t i o n ;  

- i n v e s t i g a t i o n  on t h e  f o r m a t i o n  and t h e  c h a r a c t e -  

r i s t i c s  of h igh  molecu la r  we igh t  organohalogens ;  

- i n v e s t i g a t i o n  on t h e  removal of  h igh  molecu la r  

weight  organohalogens ;  

- e l i m i n a t i o n  of p o s t c h l o r i n a t i o n  i£ s u f f i c i e n t  

b a r r i e r s  a r e  p r e s e n t ;  



- u s e  of a l t e r n a t i v e  d i s i n f e c t a n t s .  

T h e s e  i n v e s t i g a t i o n  a r e a s  w i l 1  b e  f u r t h e r  d i s c u s s e d  

i n  s e c t i o n  11. 



RECOMMENDAT IONS 

I n  t h e  p r e c e d i n g  s e c t i o n s ,  recommendations f o r  

f u r t h e r  i n v e s t i g a t i o n  have been f o r m u l a t e d  s i n c e  

c u r r e n t  knowledge shou ld  be expanded. These recom- 

mendat ions  a r e  d e t a i l e d  i n  s e c t i o n  11.1 f o r  a l 1  

o b j e c t s .  I n  a d d i t i o n ,  an a t t e m p t  i s  made a t  e s t a -  

b l i s h i n g  p r i o r i t i e s  i n  s e c t i o n  1 1 . 2 ,  

Recommendations f o r  f u r t h e r  i n v e s t i q a t i o n  

- T o x i c o l o g i c  a s p e c t s  of  some d i s i n f e c t a n t s  f o r  

d r i n k i n g  wa te r .  

1, I n v e s t i g a t i o n  on t h e  f  o rmat ion ,  occurence  and 

s i g n i f  i c a n c e  of g e n o t o x i c  subs  t a n c e s  f  ormed 

under the i n f l u e n c e  o f  d r i n k i n g  w a t e r  d i s i n -  

f e c t i o n .  

2 ,  Epidemiologie i n v e s t i g a t i o n  on t h e  p o s s i b l e  

r e l a t i o n s h i p  between t h e  p resence  o f  organoha- 

l o g e n s  formed under t h e  i n f l u e n c e  of d i s i n f e c -  

t a n t s  i n  d r i n k i n g  wa te r  and c e r t a i n  forms of  

c a n c e r  . 

- Halogenated compounds fowmed in N e t h e r l a n d s  d r i n -  

k ing  wa te r  by c h l o r i n a t i o n .  

l. I n v e s t i g a t i o n  on the r e s t r i c t i o n  o r  e l i m i n a -  

t i o n  of  p o s t c h l o r i n a t i o n .  

2. I n v e s t i g a t i o n  on t h e  i n f l u e n c e  of t h e  bromide 

c o n t e n t  on t h e  compos i t ion  of  t h e  THM c o n t e n t  

and t h e  compos i t ion  of t h e  c o n t e n t  of non- 

v o l a t i l e  organohalogens .  

3. I n v e s t i g a t i o n  on t h e  f o r m a t i o n  and removal of 

( n o n - v o l a t i l e j  organohalogens  by t r e a t m e n t  as 

a whole. 

4 .  I n v e s t i g a t i o n  on t h e  e f fec ts  and s i d e  e f f e c t s  

of  a l t e r n a t i v e s  t o  c h l o r i n e .  



5. Investigation on the side effects of chemica1 

disinfection with the aid of toxicity tests. 

- Formation of halogenated compounds during indivi- 

dual chlorinations and ozonation. 

1, Investigation of the possibilities for res- 

tricting the use of chlorine in transport dis- 

infection. The following possibilities arise: 

a. use of transport purification; 

b. use of intermittent chlorination; 

c. use of chlorine dioxide or chloramine. 

2. Investigation on the side effects of postchlo- 

rination by performing organohalogen determi- 

nations and toxicity tests, 

3. Investigation on the possibilities for res- 

tricting postchlorination, replacing it by 

chlorine dioxide treatment or eliminating it. 

4.  Investigation on the formation of halogenated 

compounds dur i n g  ozonation. 

- Removal of halogenated compounds. 

1, Investigation on the removaI of non-volatile 

organohalogens by infiltration and adsorption 

techniques. 

2. Use of alternative adsorbents for removing vo- 

latile organohalogens. 

3. Study on the effect of postchlorination fol- 

lowing tke removal of organohalogens formed in 

a previous chlorination. 

4. Investigation on the use of combination of 

processes (e.g., removal of trichloroethylene 

by a combination of aeration and carbon fil- 

tration) . 
5. Obtainment of more information on infiltra- 

tion, e.g., concerning the effect of aeration 

prior to infiltration. 



- Removal and c o n v e r s i o n  o f  THM p r e c u r s o r s .  

1. S e t t i n g  up a  un i fo rm p r e s c r i p t i o n  f o r  a  con- 

sumer-based  THMFP d e t e r m i n a t i o n .  

2, S t u d y  on t h e  f o r m a t i o n  o f  o r g a n o h a l o g e n s  w i t h  

c h l o r i n a t i o n  f o l l o w i n g  d i f f e r e n t  m e a s u r e s  o f  

o r g a n i c  s u b s t a n c e  removal .  

3. S t u d y  on t h e  removal  o f  s u b s t a n c e s  t h a t  form 

n o n - v o l a t i l e  o r g a n o h a l o g e n s  d u r i n g  c h l o r i n a -  

t i o n .  

4 .  I n v e s t i g a t i o n  on t h e  s e p a r a t e  d e t e r m i n a t i o n  of 

o r g a n o c h l o r  i n e  and organobromine .  

- P o s s i b i l i t i e s  f o r  u s e  o f  p r o c e s s  c o n t r o l .  

1, I n v e s t i g a t i o n  o f  t h e  e x t e n t  t o  which t h e  u s e  

of c o a g u l a t i o n  and r a p i d  f i l t r a t i o n  c a n  p e r m i t  

e l i m i n a t i o n  of t r a n s p o r t  c h l o r i n a t i o n  i n  a l 1  

c a s e s .  

2 .  I n v e s t i g a t i o n  on  o p t i m i z a t i o n  o f  ammonium re- 

rnoval by b i o l o g i c a 1  p r o c e s s e s .  

3 .  I n v e s t i g a t i o n  on t h e  p o s s i b i l i t i e s  o f  e l i m i n a -  

t i o n  p o s t c h l o r i n a t i o n  o r  r e p l a c i n g  i t  by t h e  

u s e  o f  C 1 0 ,  o r  UV r a d i a t i o n ,  Virologie a s p e c t s  

a r e  a l s o  o f  i rnpor tance  h e r e .  

- U s e  of a l t e r n a t i v e  d i s i n f e c t a n t s .  

1. I n v e s t i g a t i o n  on t h e  f o r m a t i o n  of  p o t e n t i a l l y  

h a r m f u l  subs  t a n c e s  ( c h l o r i t e ,  c h l o r a t e ,  o r g a -  

n i c  r e a c t i o n  p r o d u c t s )  d u r i n g  the  u s e  of  c h l o -  

r i n e  d i o x i d e .  

2.  I n v e s t i g a t i o n  on  t h e  f o r m a t i o n  o f  p o t e n t i a l l y  

h a r m f u l  s u b s t a n c e s  upon t h e  u s e  of c h l o r a m i n e .  

3. I n v e s t i g a t i o n  on  t h e  t o x i c i t y  o f  c h l o r i n e  

d i o x i d e  and c h l o r a m i n e .  

4 .  S t u d y  on  t h e  u s e  o f  c h l o r i n e  d i o x i d e  f o r  

t r a n s p o r  t- and pos  t - d i s i n f e c t i o n .  

5. S t u d y  on  t h e  use o f  c h l o r a m i n e  £ o r  t r a n s p o r t  



disinfection. 

Establishment of priorities 

The recommendations for further investigation are 

ranked by subject in section 11.1. Permeating al1 

of the previous sections, three investigation 

fields are strongly predominant, These are: 

a. investigation on the formation and removal of 

non-volat ile organohalogens; 

b. investigation on postchlorination. This pertains 

to both more detailed quantitation of the side 

effects of postchlorination and investigation on 

the possibility of eliminating postchlorination 

or replacing it by using C10, or UV radiation. 

In this process, the water quality should be 

evaluated bacteriologically and virologically; 

c. investigation on transport chlorination. This 

pertains to replacement by transport treatment 

or replacement by addi tion of chlorine dioxide 

or chloramine. 

In al1 these studies, the quantitation of side 

effects plays a large role. Par more than before, 

mutagenicity tests such as the Ames test must be 

used for evaluating the quality of the treated 

water. 

Concerning the chemica1 parameters, in addition 'co 

t h e  THM content, parameters for determining non- 

volatile organokalogens play a vesy important role. 

For this purpose, organohalogens can be determined 

after adsorption on activated carbon (AOC1) or af- 

ter isolation on XAD (XOCl), It is likewise highly 

desirable to be able to make a distinction between 

organochlorine and organobromine. 

There is als0 a need for quantitation of the inor- 



ganic byproducts of ClO,, c h l o r i t e  and ch lo ra te .  An 

ana ly t i ca1  method needs t o  be developed f o r  the  

concentrat ion range of 0 , O l - 0 , l  mg/ l i te r .  



APPENDIX 1 

Chromosome aberration: m i c r o s c o p i c a l l y  d e t e c -  

t a b l e  changes i n  t h e  s t r u c t u r e  and/or  number of  

chromosomes, 

Chronic toxicity: a  s u b s t a n c e  i s  s a i d  t o  have 

c h r o n i c  t o x i c i t y  i £ ,  a f  ter r e p e a t e d  ( u s u a l l y  

d a i l y )  a d m i n i s t r a t i o n  of  smal1 d o s e s  of  a  sub- 

s t a n c e  d u r i n g  a t  l e a s t  90 % o f  t h e  average  l i f e -  

t i m e  of  a  s p e c i f i c  t es t  anima1 s p e c i e s ,  harmful  

( s l i g h t  t o  s e r i o u s )  a d v e r s e  e f f e c t s  a r i s e .  

Cyst: a  c a v i t y  f i l l e d  w i t h  f l u i d ,  

Embryotoxic: t o x i c  ( h a r m f u l )  t o  t h e  u n b o r n  

o f f s p r i n g  ( i n  a  r e l a t i v e l y  e a r l y  s t a g e  o f  deve- 

lopment)  . 
Fetotoxic: t o x i c  (ha rmf  u l )  f o r  t h e  u n b o r n  

o f f s p r i n g  ( i n  a r e l a t i v e l y  l a t e  s t a g e  of  develop-  

m e n t ) .  

Genotoxic: c a u s i n g  damage t o  t h e  h e r e d i t a r y  

m a t e r i a l .  

Hematocrit v a l u e :  t h e  v o l u m e - p e r c e n t a g e  o f  

r e d  blood ce l l s  i n  whole blood.  

Hemoglobin: r e d  b lood pigment ( h a s  c a p a b i l i t y  

t o  b ind  and r e l e a s e  oxygen) . 
Hemolysis: t h e  d e s t r u c t i o n  o f  r e d  b l o o d  

c e l l s ,  

Hepatoma: l i v e r  tumor. 

Cancer: g e n e r a 1  term f o r  a l 1  forms of  mal ig-  

n a n t  tumor growth. A tumor i s  c a l l e d  m a l i g n a n t  i £  

i t  i s  c h a r a c t e r i z e d  by i n v a s i v e  growth,  where in  

the tumor t i s s u e  s p r e a d s  to  beyond t h e  t i s s u e  o r  

t h e  o rgan  i n  which it  i r i g i n a t e d ,  i n f i l t r a t e s  

i n t o  a d j a c e n t  t i s s u e  and p e n e t r a t e s  i n t o  body 

c a v i t i e s  o r  i n t o  lympha t i c  and blood v e s s e l s .  I n  

t h e  l a s t  c a s e ,  t h e  tumor c e l l s  can a l s o  n e s t  i n  

o t h e r  osgans  and produce a d d i  t i o n a l  tumors.  



- Metastasis: t h e  sowing of tumor cel ls .  

- Mutation: a  change  i n  t h e  c o n t e n t  or o r g a n i -  

z a t i o n  o f  t h e  g e n e t i c  i n f o r m a t i o n  which i s  t r a n s -  

f e r r e d  t o  d a u g h t e r  c e l l s  and l e a d s  t o  d i s t i n c t  

c h a n g e s  i n  t h e  c e l 1  or o rgan i sm i n v o l v e d .  Muta- 

t i o n s  can  ar ise  s p o n t a n e o u s l y  o r  b e  i n d u c e d  unde r  

t h e  i n f l u e n c e  o f  mu tagen ic  a g e n t s  such  a s  r a d i a -  

t i o n  o f  c h e m i c a l s .  Such c h e m i c a l s  a r e  c a l l e d  

mutagens.  

- Neoplasm: see tumor.  

- Osmotic fragility: b r e a k a b i l i t y  o f  t h e  w a l 1  

o f  r e d  b l o o d  ce l ls  unde r  t h e  i n f l u e n c e  o f  volume 

c h a n g e s  a s  a  consequence  o f  changes  i n  t h e  osmo- 

t i c  v a l u e  of t h e  b lood .  

- T e r a t o g e n i c :  damaging t o  t h e  o f f s p r i n g .  



APPENDIX 2 : ABBREVIATIONS 

Water  works  

DWL ' s  G 

DWL R 

GEB D 

GW 

GWG 

LDM 

O NE 

PWN 

w38 

WMO 

WMZ 

WNrn 

WRK 

: Dune Water  Works o f  The Hague 

: Water Works o f  Ro t t e rdam 

: M u n i c i p a l  Ene rgy  Conce rn  o f  D o r d r e c h t  

: M u n i c i p a l  Water  Works o f  Amsterdam 

: M u n i c i p a l  Water  Works o f  Groningen  

: Dune Water  Works o f  L e i d e n  

: M u n i c i p a l  Ene rgy  Concern  o f  Enschede  

: P r o v i n c i a l  Water  Works o f  Nor th  H o l l a n d  

: Water  S u p p l y  Company B r a b a n t s c h e  B i e s -  

bosch  

: Water Works o f  O v e r i j s s e l  

: Water  Works o f  S o u t h  W e s t  N e t h e r l a n d s  

: Water Works o f  Nor th  W e s t  B r a b a n t  

: Water  T r a n s p o r t  Company Rijn-Kennemer- 

l and  

The a b b r e v i a t i o n s  s t a n d  f o r  t h e  Dutch  nameg iv ing  o f  

t h e  Water Works . 

P u r i f i c a t i o n  p r o c e s s e s  

BrCl 

CF 

C l  

Coag 

DMF 

GAC 

HR 

NS F 

0 3 

a p p l i c a t i o n  o f  a c t i v a t e d  c a r b o n  

(powdered o r  g r a n u l a r )  

b r e a k p o i n t  c h l o r i n a t i o n  

c a r b o n  f i l t r a t i o n  

c h l o r i n a t i o n  

c o a g u l a t i o n  

d u a l  media  f i l t r a t i o n  

g r a n u l a r  a c t i v a t e d  c a r b o n  

h a u d n e s s  r e d u c t i o n  

n o t  submerged f i l t r a t i o n  

o  zona t i o n  



PC 1 : p o s t  c h l o r i n a t i o n  

RF : r a p i d  f i l t r a t i o n  

SSF : s low sand f i l t r a t i o n  

T r C  1 : t r a n s p o r t  c h l o r i n a t i o n  

A n a l y t i c a 1  p a r a m e t e r s  

AOBr  

AOC1 

AOH 

AOHFP 

COD 

EOC 1 

P O C I  

THM 

THMFP 

TOC 

UV 

a d s o r b a b l e  organo bromine 

a d s o r b a b l e  o rgano  c h l o r i n e  

a d s o r b a b l e  organo ha logen  

a d s o r b a b l e  organo h a l o g e n ,  de te rmined  

a c c o r d i n g  t o  t h e  THMFP p r e s c r i p t i o n  

chemica1 oxygen demand 

e x t r a c t a b l e  o rgano  c h l o r i n e  

p u r g e a b l e  o rgano  c h l o r i n e  

t r i h a l o m e t h a n e  

t r i h a l o m e t h a n e  f o r m a t i o n  p o t e n t i a l  

t o t a l  o r g a n i c  carbon 

u l t r a  v i o l e t - e x t i n c t i o n  


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

