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PREFACE

A review of the nation’s news coverages serves as a ready reminder that 
drinking water safety is more than a regional or local concern. In recent 
times, the print media alone has drawn attention to barium, bacteria, 
heavy metals, and increasingly organic contaminants, in public water 
supplies located in Florida, Rhode Island, Texas, Oregon, Illinois, Min­
nesota, North Carolina, Michigan and California, to name a few.

In an effort to address one of the major issues confronting the future of 
the nation s drinking water supplies, chemical contamination, the Drink­
ing Water Research Foundation and the American Chemical Society pre­
sented the symposium, “Safe Drinking Water: the Impact of Chemicals 
on a Limited Resource.” To add balance to the total presentation, two 
papers were included that were not part of the symposium.

Many questions as to the public significance of hundreds of organic 
chemicals known to be present in the national drinking water supply are 
waiting to be answered. In some areas of the country, acid rain-induced 
alterations of the natural leaching process represent an unexplored poten­
tial source of toxic pollutants. Finding workable ways to clean up the 
water supply will be an ongoing task.

Addressing these questions, as well as investigating how other countr­
ies are responding to these problems, the alternate sources available, 
such as bottled water, and point-of-use devices, the presentors in this 
symposium have attempted to explain the problems, situation, and 
alternatives.

As progress is made in one area, setbacks will occur in another. As we 
eliminate problems through chemical technology, we often create others, 
such as contamination of our waters.

While all the situations, problems, and alternatives are not discussed in 
these proceedings, it is hoped that some attention will be brought to the 
public, government, and private sectors so that future work will be done 
to assure the nation of safe drinking water resources.

William F. Deal, CAE 
Executive Vice President 

Drinking Water Research Foundation
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CHAPTER 1

CHEMICALS AND SAFE DRINKING WATER: 
NATIONAL AND INTERNATIONAL PERSPECTIVE

Robert A. Neal, Ph.D.
Chemical Industry Institute o f Toxicology 
Research Triangle Park, NC 27709

U n t i l  q u i t e  r e c e n t l y ,  "p u re "  d r i n k i n g  w a te r  was ju d g ed  
by t h e  a b s e n c e  o f  mud, t a s t e ,  o d o r ,  c o l o r ,  f e c a l  c o l i f o r m s ,  
t o t a l  d i s s o l v e d  s o l i d s  and a few o t h e r  f a c t o r s .  However, 
t h e  r e a l i z a t i o n  t h a t  d r i n k i n g  w a te r  i s  c o n ta m in a te d  by a 
m yriad  o f  i n o r g a n i c  a n d ,  p a r t i c u l a r l y ,  o r g a n i c  c h e m ic a l s  
ha s  changed  t h e  way we ju d g e  i t s  p u r i t y .  T h is  change  in  
t h e  way we view  o u r  d r i n k i n g  w a te r  h a s  been  a n a t u r a l  
o u tg ro w th  o f  t h e  d r a s t i c  change  i n  t h e  n a t u r e  o f  t h e
d i s e a s e s  t h a t  a c c o u n t  f o r  m o r t a l i t y  and m o r b id i ty  i n  o u r  
s o c i e t y .  Only a few d e c a d e s  a g o ,  i n f e c t i o u s  d i s e a s e s  and 
d i s e a s e s  c a u se d  by p a r a s i t e s  were t h e  m a jo r  c a u s e s  o f  
m o r b id i ty  and m o r t a l i t y .  Now c a r d i o v a s c u l a r  d i s e a s e s  and 
c a n c e r  a r e  t h e  p r e v a i l i n g  t h r e a t s  t o  human h e a l t h .  The 
d e t e r m i n a t i o n  o f  t h e  r o l e  o f  l i f e - s t y l e  and c h e m ic a l  
c o n ta m in a n t s  i n  o u r  e n v i ro n m e n t ,  i n c l u d i n g  d r i n k i n g  w a t e r ,  
i n  t h e  e t i o l o g y  o f  t h e s e  d i s e a s e s  i s  now a m a jo r  a c t i v i t y  
o f  g o v e rn m e n ts ,  s c i e n t i s t s  and t h e  m e d ic a l  p r o f e s s i o n .  The
p u rp o s e  o f  t h i s  p a p e r  i s  t o  ex am in e ,  i n  a g e n e r a l  s e n s e ,  
t h e  i s s u e  o f  c h e m ic a l  c o n ta m in a t io n  o f  d r i n k i n g  w a te r  
s o u r c e s  a n d ,  t o  t h e  d e g r e e  p o s s i b l e ,  t h e  i m p l i c a t i o n s  o f  
t h a t  c o n ta m in a t io n  t o  human h e a l t h .

C e r t a i n  human a c t i v i t i e s  p r o v id e  im p o r t a n t  s o u r c e s  o f  
c h e m ic a l  c o n ta m in a t io n  o f  d r i n k i n g  w a t e r .  Among t h e s e  a r e  
w a s te  d i s p o s a l  from m a n u fa c tu r in g  and m in in g ,  t h e  u se  o f  
p e s t i c i d e s  and f e r t i l i z e r s  i n  a g r i c u l t u r e ,  t h e  d i s p o s a l  o f  
d o m e s t ic  w a s te s  i n c l u d i n g  sew age , w a s te s  from  an im al  
f e e d l o t s  and highway d e i c i n g  m a t e r i a l s .

The d ecay  p r o d u c t s  o f  v e g e t a t i o n  a r e  an im p o r t a n t  
s o u r c e  o f  c h e m ic a l  c o n ta m in a t io n  o f  d r i n k i n g  w a te r  l a r g e l y  
u n r e l a t e d  t o  human a c t i v i t i e s .  V a r io u s  c h e m ic a l s  u sed  f o r  
t r e a t m e n t  and d i s i n f e c t i o n  o f  w a te r  r e a c t  w i th  t h e s e  decay  
p r o d u c t s  o f  v e g e t a t i o n  t o  p ro d u c e  some compounds o f  
p o t e n t i a l  c o n c e rn  f o r  human h e a l t h .  An exam ple i s  t h e  
p r o d u c t i o n  o f  c h lo r o f o r m  and o t h e r  t r i h a l o m e t h a n e s  a s  a
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2 SAFE DRINKING WATER

r e s u l t  o f  t h e  u se  o f  c h l o r i n e  i n  t h e  t r e a t m e n t  and 
d i s i n f e c t i o n  o f  w a te r  s u p p l i e s  c o n t a i n i n g  t h e  v e g e t a t i o n  
d ecay  p r o d u c t s .

A number o f  t h e  i n o r g a n i c  c h e m ic a ls  which  a r e  d e t e c t e d  
in  w a te r  s u p p l i e s  a r e  a l s o  o f  n a t u r a l  m in e r a l  o r i g i n .
O th e r  c h e m ic a ls  o c c u r  a s  c o n ta m in a n t s  i n  d r i n k i n g  w a te r  a s  
a r e s u l t  o f  m a t e r i a l s  u sed  i n  t h e  w a te r  d i s t r i b u t i o n  
s y s te m s .  An exam ple i s  t h e  o c c u r r e n c e  o f  p o ly a r o m a t i c  
h y d ro c a rb o n s  i n  d r i n k i n g  w a te r  a s  a r e s u l t  o f  t h e  u se  o f  
t a r  i n  c o a t i n g  p i p e s  u sed  i n  t h e  d i s t r i b u t i o n  s y s te m .  
R a d io n u c l id e  c o n ta m in a t io n  i n  d r i n k i n g  w a te r  can  be o f  b o th  
n a t u r a l  o r i g i n  o r  a r e s u l t  o f  human w a s te  d i s p o s a l  
p r a c t i c e s .  Those o f  n a t u r a l  o r i g i n  c u r r e n t l y  a r e  o f  
g r e a t e s t  c o n c e r n .

C hem ica ls  found a s  c o n ta m in a n t s  i n  d r i n k i n g  w a te r s  can  
be g rouped  c o n v e n i e n t l y  i n t o  t h r e e  c l a s s e s :  i n o r g a n i c ,  
o r g a n i c  and r a d i o n u c l i d e s .  A number o f  i n o r g a n i c  compounds
a r e  found  a s  c o n ta m in a n t s  i n  d r i n k i n g  w a t e r .  As n o te d  
p r e v i o u s l y , some o f  t h e s e  a r e  o f  n a t u r a l  o r i g i n .  One o f  
t h e s e ,  f l u o r i d e ,  o f t e n  i s  p u r p o s e ly  added t o  w a te r  s u p p l i e s  
a s  a p r o p h y l a c t i c  a g a i n s t  d e n t a l  c a r i e s .  Some o f  t h e s e  
i n o r g a n i c  c o n ta m in a n t s  o f  d r i n k i n g  w a te r  a r e  o f  c o n c e rn  a s  
r e g a r d s  p o t e n t i a l  a d v e r s e  human h e a l t h  e f f e c t s .  These  a r e s

o A r s e n ic  ( c a n c e r )
o Cadmium (k id n e y  damage)
o Chromium (c a n c e r )
o C yan ide  ( a c u t e  t o x i c i t y )
o F l u o r i d e  ( s k e l e t a l  f l u o r o s i s )
o Lead (n e rv o u s  system )
o M ercury  (n e rv o u s  sys tem )
o N i t r a t e  (m ethem oglobinem ia)
o Se len ium  ( g a s t r o i n t e s t i n a l )

A number o f  g o vernm en ts  and i n t e r n a t i o n a l  b o d ie s  have 
recommended maximum l e v e l s  f o r  t h e s e  i n o r g a n i c s  i n  d r i n k i n g  
w a t e r .

I n o r g a n i c  c o n ta m in a n t s  o t h e r  t h a n  t h o s e  n o te d  above 
f o r  w hich  t h e r e  i s  some, b u t  much l e s s  c o n c e rn  f o r  human 
h e a l t h ,  a r e  a luminum, b a r iu m ,  a s b e s t o s ,  b e r y l l i u m ,  n i c k e l  
and s i l v e r .  A few gov ern m en ts  have s e t  maximum 
c o n c e n t r a t i o n  l e v e l s  f o r  some o f  t h e s e  i n o r g a n i c  compounds.

O th e r  i n o r g a n i c  c h e m ic a ls  c o n t r i b u t e  u n d e s i r a b l e  
a e s t h e t i c  o r  o r g a n o l e p t i c  p r o p e r t i e s  t o  d r i n k i n g  w a t e r .  
These  a r e  c o p p e r ,  i r o n ,  magnesium, manganese and z i n c ,  and 
l e v e l s  c o n s i s t e n t  w i th  good w a te r  q u a l i t y  a l s o  have been  
e s t a b l i s h e d  f o r  some o f  t h e s e .

In  t h e  p a s t  d ecad e  s e v e r a l  hundred  d i f f e r e n t  o r g a n i c  
c h e m ic a l s  have been  i d e n t i f i e d  a s  c o n ta m in a n t s  o f  d r i n k i n g  
w a t e r .  However, t h o s e  so f a r  i d e n t i f i e d  r e p r e s e n t  b u t  a 
sm a l l  f r a c t i o n  o f  t h e  t o t a l  o r g a n i c  m a t t e r  p r e s e n t  i n  
d r i n k i n g  w a t e r .  The m a j o r i t y  o f  t h e  o r g a n i c  compounds 
p r e s e n t  i n  d r i n k i n g  w a te r  c o n s i s t  o f  n o n v o l a t i l e ,  w a t e r -  
s o l u b l e  s u b s t a n c e s ,  a s u b s t a n t i a l  f r a c t i o n  o f  w hich  have 
m o le c u la r  w e ig h t s  i n  e x c e s s  o f  1 ,0 0 0 .  The i d e n t i f i c a t i o n
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o f  t h e  s t r u c t u r e s  o f  most o f  t h e s e  n o n v o l a t i l e  compounds
w i l l  be e x c e e d in g ly  d i f f i c u l t .

I n  a c o n v e n t i o n a l  s e n s e ,  i t  w i l l  be  n e c e s s a r y  t o  know 
t h e  s t r u c t u r e  o f  t h e s e  compounds b e f o r e  i t  i s  p o s s i b l e  t o  
b e g in  an a s s e s s m e n t  o f  t h e i r  p o t e n t i a l  t o x i c i t y  t o  humans 
consum ing t h e  w a t e r .  However, b e c a u s e  o f  t h e  enormous 
number o f  compounds n o rm a l ly  p r e s e n t  and t h e  d i f f i c u l t y  i n  
i d e n t i f y i n g  t h e  s t r u c t u r e  o f  t h e  m a j o r i t y  o f  t h e  compounds, 
some c o n s i d e r a t i o n  i s  b e in g  g iv e n  t o  c a r r y i n g  o u t  an im a l  
s t u d i e s  on a  r e p r e s e n t a t i v e  m ix tu r e  o f  t h e  o r g a n i c  
compounds p r e s e n t  i n  a d r i n k i n g  w a te r  s u p p l y ,  t h e n  b a s in g  
t h e  a s s e s s m e n t  o f  t h e  p o t e n t i a l  t o x i c i t y  t o  humans 
consum ing t h e  w a te r  on t h e  r e s u l t s  o b t a i n e d  i n  a n im a ls  
u s in g  t h e  m i x t u r e .

In  t h e  m ean tim e, a t t e m p t s  t o  c o n t r o l  t h e  l e v e l s  o f  
p o t e n t i a l l y  h a rm fu l  o r g a n i c  c o n ta m in a n t s  i n  d r i n k i n g  w a te r  
i s  b a s e d  on e x a m in a t io n  o f  d r i n k i n g  w a te r  s u p p l i e s  f o r  
s p e c i f i c  compounds o r  c l a s s e s  o f  compounds known t o  be 
p o t e n t i a l l y  t o x i c  t o  humans. The c l a s s e s  o f  compounds o f  
p a r t i c u l a r  i n t e r e s t  i n c l u d e  t h e  h a lo g e n a t e d  a lk a n e s  and 
a l k e n e s ,  t h e  p o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n s ,  b e n z e n e ,  and 
v a r i o u s  a l k y l - s u b s t i t u t e d  b e n z e n e s ,  c h l o r o p h e n o l s ,  
c h lo r o b e n z e n e s ,  n i t r o s a m i n e s ,  p e s t i c i d e s ,  a r o m a t i c  a m in e s ,  
a r o m a t i c  n i t r o  compounds, p o l y c h l o r i n a t e d  b i p h e n y l s  and t h e  
p h t h a l a t e  e s t e r s *

The c h l o r i n a t e d  a lk a n e s  and a l k e n e s  o f  g r e a t e s t  
i n t e r e s t  b a se d  on t h e i r  o c c u r r e n c e  and e v id e n c e  o f  t o x i c i t y
i n  e x p e r im e n ta l  a n im a ls  a r e :

o C h lo ro fo rm  (and o t h e r  t r i h a l o m e t h a n e s )
o T r i c h l o r o e t h y l e n e
o T e t r a c h l o r o e t h y l e n e
o C arbon t e t r a c h l o r i d e
o 1 , 1 , 1 - T r i c h l o r o e t h a n e
o 1 , 1 - D i c h l o r o e t h y l e n e
o 1 ,2 - D i c h l o r o e t h a n e
o 1 , 2 - D i c h l o r o e t h y l e n e
o T r i c h l o r o e t h y l e n e
o M ethy lene  c h l o r i d e
o V in y l  c h l o r i d e

The p e s t i c i d e s  o f  most i n t e r e s t  b a s e d  b o th  on 
o c c u r r e n c e  a n d / o r  e v id e n c e  o f  t o x i c i t y  o r  p o t e n t i a l
t o x i c i t y  t o  humans a r e :

o DDT
o A l d r i n
o D i e l d r i n
o H e p ta c h lo r
o H e p ta c h lo r e p o x id e
o 2 ,4 -D
o 2 , 4 , 5 - T
0 C h lo rd a n e
o L indane
o M eth o x y ch lo r
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o Benzene h e x a c h l o r i d e
o T r i a z i n e  h e r b i c i d e s
o H ex ach lo rb en zen e
o E n d r in
o Toxaphene
o A l d ic a r b

In  a d d i t i o n  t o  b enzene  i t s e l f ,  t h e  a lk y l b e n z e n e s ,  
h a lo g e n a te d  b e n z e n e s  and c h l o r i n a t e d  p h e n o l s  o f  g r e a t e s t  
i n t e r e s t  a r e :

o T o luene
o E th y lb e n z e n e
o m-Xylene
o 1 , 2 -D ic h lo ro b e n z e n e
o 1 ,4 -D ic h lo r o b e n z e n e
o T r i c h lo r o b e n z e n e s
o Bromobenzene
o o - C h l o r o to lu e n e
o P e n ta c h lo r o p h e n o l
o 2 , 4 , 6 - T r i c h l o r o p h e n o l .

G u id e l in e s  s u g g e s t i n g  maximum c o n c e n t r a t i o n s  b a se d  on 
p o t e n t i a l  h e a l t h  e f f e c t s  have been  e s t a b l i s h e d ,  o r  soon 
w i l l  be e s t a b l i s h e d  by some governm en ts  and i n t e r n a t i o n a l  
b o d ie s  f o r  a few o f  t h e s e  compounds. Most n o t a b l e  a r e :

o t h e  T r ih a lo m e th a n e s
o E n d r in
o L indane
o M ethoxych lo r
o Toxaphene
o 2 ,4 -D
o 2 , 4 , 5 - T
O DDT
o C h lo rd a n e
o H ex ach lo ro b en zen e
o 1 , 2 - D ic h lo r o e th a n e
o 1 ,1 - D i c h l o r o e t h y l e n e
o P e n ta c h lo r o p h e n o l
o T e t r a c h l o r o e t h y l e n e
o T r i c h l o r o e t h y l e n e
o V in y l  c h l o r i d e
o 2 , 4 , 6 - T r i c h l o r o p h e n o l

The r a d i o n u c l i d e s  w hich o c c u r  a s  c o n ta m in a n t s  o f  
d r i n k i n g  w a te r  w hich a r e  o f  g r e a t e s t  c o n c e rn  f o r  human 
h e a l t h  a r e  rad ium -226  and - 2 2 8 ,  u ran ium  and ra d o n .  A l l  o f  
t h e s e  a r e  o f  n a t u r a l  o r i g i n  and a r e  a h e a l t h  c o n c e rn  
b e c a u s e  o f  t h e  p o t e n t i a l  f o r  r a d i a t i o n - i n d u c e d  c a n c e r .

A lth o u g h  l a r g e  numbers o f  p o t e n t i a l l y  t o x i c  o r g a n i c  
c h e m ic a l s  have b een  d e t e c t e d  a s  c o n ta m in a n t s  o f  d r i n k i n g  
w a t e r ,  i n  f a c t ,  o n ly  a s m a l l  f r a c t i o n  o f  t h e  o r g a n i c  
c h e m ic a l s  d e t e c t e d  a s  c o n ta m in a n t s  i n  d r i n k i n g  w a te r  have 
b een  exam ined by a v a i l a b l e  means f o r  t h e i r  p o t e n t i a l  t o
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c a u s e  t o x i c  e f f e c t s  i n  humans* I t  i s  l o g i c a l  t o  assume 
t h a t  when p r o p e r l y  t e s t e d ,  some o f  t h e s e  compounds w i l l  
show e v id e n c e  o f  a p o t e n t i a l  t o  c a u s e  t o x i c  e f f e c t s  i n  
humans consum ing t h e  w a te r*  However, i n  c o n s i d e r i n g  t h e  
p o t e n t i a l  o f  c o n ta m in a te d  d r i n k i n g  w a te r  t o  c a u s e  a d v e r s e  
h e a l t h  e f f e c t s  i n  humans, i t  i s  im p o r t a n t  t o  keep  i n  mind 
t h a t  i n  te rm s  o f  t h e  number o f  p e o p le  a f f e c t e d ,  m i c r o b i a l  
c o n ta m in a t io n  o f  w a te r  i s  o f  f a r  g r e a t e r  c o n c e rn  th a n  
c h e m ic a l s .  The a d v e r s e  h e a l t h  e f f e c t s  e x p e r i e n c e d  when 
consuming w a te r  e x c e s s i v e l y  c o n ta m in a te d  w i th  
m ic ro o rg a n ism s  w hich  a r e  p a th o g e n ic  t o  humans u s u a l l y  o c c u r  
s h o r t l y  a f t e r  i n g e s t i o n  and i f  t h e y  do n o t  c a u s e  m o r t a l i t y ,  
u s u a l l y  a r e  o f  s h o r t  d u r a t i o n .  In  c o n t r a s t ,  t h e  p o t e n t i a l  
human d i s e a s e s  c a u se d  by some c h e m ic a l  c o n ta m in a n t s  i n  
w a te r  a r e  l a r g e l y  b e l i e v e d  t o  be d e la y e d  e f f e c t s  w hich  
o c c u r  a s  a r e s u l t  o f  consum ing t h e  c o n ta m in a n te d  w a te r  o v e r
e x te n d e d  p e r i o d s  o f  t im e .

The g r e a t e s t  p u b l i c  c o n c e rn  i s  f o r  t h e  p o t e n t i a l  o f  
c h e m ic a l  c o n ta m in a n t s  i n  d r i n k i n g  w a te r  t o  c a u s e  c a n c e r ;  
t h i s  c o n c e rn  a l s o  i s  r e f l e c t e d  i n  t h e  a c t i v i t i e s  o f  
g o v e rn m e n ts .  However, k n o w led g eab le  s c i e n t i s t s  and h e a l t h  
p r o f e s s i o n a l s  b e l i e v e  t h a t  some a t t e n t i o n  a l s o  s h o u ld  be 
p a i d  t o  t h e  a b i l i t y  o f  c h e m ic a l  c o n ta m in a n t s  i n  d r i n k i n g  
w a te r  t o  a d v e r s e l y  a f f e c t  o t h e r  o rg a n  sy s te m s  o r  b i o l o g i c a l  
p r o c e s s e s  w hich  do n o t  e a s i l y  r e p a i r  th e m s e lv e s  o r  i n  w hich  
t h e  e f f e c t s  a r e  n o t  e a s i l y  r e v e r s i b l e .  T hese  i n c l u d e  
e f f e c t s  on t h e  f e t u s ,  germ c e l l s ,  t h e  r e p r o d u c t i v e  s y s t e m s ,  
and t h e  n e rv o u s  s y s te m .

In  e v a l u a t i n g  t h e  human h e a l t h  e f f e c t s  w hich  may o c c u r  
upon e x p o s u re  t o  c h e m ic a l s  o c c u r r i n g  a s  c o n ta m in a n t s  i n  
d r i n k i n g  w a t e r ,  t h e r e  i s  an i m p l i c i t  s e a r c h  f o r  a b s o l u t e  
a n sw ers  on t h e  p a r t  o f  most g o v e rn m e n ts ,  r e g u l a t o r y  
a g e n c ie s  and t h e  p u b l i c .  W itn e s s  t h e  i n c r e a s i n g  u s e s  o f  
m a th e m a t ic a l  m odels t o  c a r r y  o u t  q u a n t i t a t i v e  r i s k  
a s s e s s m e n t s  f o r  human c a n c e r  i n c i d e n c e  u s in g  d a t a  from  
s t u d i e s  c a r r i e d  o u t  i n  e x p e r im e n ta l  a n im a ls  w i th  compounds 
p r e s e n t  a s  c o n ta m in a n t s  i n  d r i n k i n g  w a t e r .  D a ta  o b t a i n e d  
from  t h e s e  m a th e m a t ic a l  m odels  g e n e r a l l y  would n o t  be 
a c c e p te d  f o r  p u b l i c a t i o n  by r e f e r e e d  j o u r n a l s  p u b l i s h i n g  
b i o l o g i c a l  d a t a  b e c a u s e  c u r r e n t l y  t h e r e  i s  no e x p e r im e n ta l  
means f o r  v e r i f y i n g  t h e i r  a c c u r a c y .  Yet t h e s e  numbers a r e  
l a r g e l y  p e r c e i v e d  by t h e  p u b l i c  t o  be a p r e c i s e  s t a t e m e n t  
o f  t h e  r i s k .  An im p o r t a n t  b u t  d i f f i c u l t  t a s k  f o r  t h e
in fo rm e d  s c i e n t i f i c  and m e d ic a l  community i s  t o  e d u c a t e  t h e  
p u b l i c ,  governm ent o f f i c i a l s ,  d e c i s i o n - m a k e r s  w i t h i n  
r e g u l a t o r y  a g e n c ie s  and t h e  l e s s  in fo rm ed  m e d ic a l  and 
s c i e n t i f i c  community t h a t  w i th  t h e  te c h n o lo g y  c u r r e n t l y  
a v a i l a b l e  we a r e  n o t  a b l e  t o  make p r e c i s e  ju d g em en ts  a b o u t  
t h e  p o t e n t i a l  h e a l t h  r i s k s  i n h e r e n t  i n  t h e  co n su m p tio n  o f  
c h e m ic a l ly  c o n ta m in a te d  d r i n k i n g  w a t e r .

In  e v a l u a t i n g  t h e  p o t e n t i a l  f o r  human t o x i c i t y  o f  
c h e m ic a l  c o n ta m in a t io n  o f  d r i n k i n g  w a t e r ,  t h r e e  
m e th o d o lo g ie s  a r e  a v a i l a b l e  (N e a l ,  1 9 8 2 ) .  T hese  a r e  
e p i d e m i o l o g i c a l  i n v e s t i g a t i o n s  i n  p o p u l a t i o n s  consum ing t h e  
c o n ta m in a te d  w a t e r ,  " s h o r t - t e r m "  t e s t s  f o r  t h e  p r e s e n c e  o f
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m u ta g e n ic  and p o t e n t i a l l y  c a r c i n o g e n i c  c h e m ic a l s  and 
s t u d i e s  i n  e x p e r im e n ta l  a n im a l s .

To d a t e ,  e p id e m i o l o g i c a l  s t u d i e s  have r e v e a l e d  a  few 
i n s t a n c e s  o f  a c u t e  o r  s u b a c u te  t o x i c i t y  r e s u l t i n g  from 
humans consuming w a te r  c o n ta m in a te d  w i th  c h e m ic a l s .  Most 
o f  t h e s e  have i n v o lv e d  c o n ta m in a t io n  w i th  i n o r g a n i c  
c h e m ic a l s .  N o ta b ly ,  t h e s e  have in v o lv e d  g a s t r o i n t e s t i n a l  
d i s t u r b a n c e s  a s  a  r e s u l t  o f  im p ro p e r ly  d e s i g n e d ,  im p ro p e r ly  
o p e r a t e d  o r  m a l f u n c t io n in g  f l u o r i d a t i o n  e q u ip m e n t ,  
g a s t r o i n t e s t i n a l  d i s t u r b a n c e s  a s  a r e s u l t  o f  l e a c h i n g  
c o p p e r  from  d i s t r i b u t i o n  s y s te m s ,  a n d ,  on r a r e  o c c a s i o n s ,  
n i t r a t e - i n d u c e d  m ethem oglob inem ia  (C raun ,  1 9 8 1 ) .  A d d i t i o n a l  
e p i d e m i o l o g i c a l  s t u d i e s  have f a i l e d  t o  show a c o n s i s t e n t  
r e l a t i o n s h i p  be tw een  c a n c e r  and c h e m ic a l  c o n ta m in a t io n  o f  
w a te r  (NAS, 1 9 8 0 ) .  A ls o ,  a  c a u s a l  r e l a t i o n s h i p  be tw een  
w a te r  h a r d n e s s  and h e a r t  d i s e a s e  has  n o t  been  b o rn e  o u t  by 
e p i d e m i o l o g i c a l  i n v e s t i g a t i o n  (NAS, 1 9 8 0 ) .  F i n a l l y ,  a 
r e l a t i o n s h i p  be tw een  w a te r  h a r d n e s s  o r  l e a d ,  n i t r a t e ,  
sodium  o r  cadmium c o n ta m in a t io n  o f  w a te r  and h y p e r t e n s i o n  
h as  b een  s u g g e s t e d .  However, t h e  e v id e n c e  from p r o p e r l y  
co n d u c te d  e p i d e m i o l o g i c a l  s t u d i e s  has  been  i n c o n c l u s i v e  
r e g a r d in g  t h e s e  r e l a t i o n s h i p s  (Folsom and P r i n e a s ,  1 9 8 2 ) .

T h u s ,  e x c e p t  f o r  an o c c a s i o n a l  o u tb r e a k  o f  a c u t e  
t o x i c i t y  l a r g e l y  r e s u l t i n g  from d e f e c t s  i n  w a te r  t r e a t m e n t  
o r  p ro b lem s  w i th  t h e  d i s t r i b u t i o n  s y s te m ,  e p i d e m i o l o g i c a l  
s t u d i e s  have n o t  r e v e a l e d  d e f i n i t i v e  e v id e n c e  o f  human 
i l l n e s s  a s  a  r e s u l t  o f  c h e m ic a l  c o n ta m in a t io n  o f  w a t e r .

A number o f  s h o r t - t e r m  t e s t s  f o r  m u ta g e n c i ty  o r  
mammalian c e l l  t r a n s f o r m a t i o n  have been  u sed  t o  d e t e c t  
m utagens  and p u t a t i v e  c a r c in o g e n s  i n  d r i n k i n g  w a te r  
s u p p l i e s .  However, a m ajo r  sh o r tc o m in g  o f  t h e s e  s h o r t - t e r m  
t e s t s  i s  t h a t  th e y  w i l l  d e t e c t  o n ly  p o t e n t i a l  m utagens  o r  
p u t a t i v e  human c a r c i n o g e n s .  No s h o r t - t e r m  t e s t s  have y e t  
been  d e v e lo p e d  t o  d e te r m in e  t h e  p o t e n t i a l  o f  t h e  c h e m ic a l  
c o n ta m in a n t s  t o  p ro d u c e  t o x i c  e f f e c t s  i n  t h e  f e t u s ,  t h e  
r e p r o d u c t i v e  s y s te m s ,  t h e  n e rv o u s  sy s te m s  o r  o t h e r  
b i o l o g i c a l  p r o c e s s e s  i n  mammals. In  a d d i t i o n ,  t h e  r e s u l t s  
o f  s h o r t - t e r m  t e s t s  f o r  p u t a t i v e  human c a r c in o g e n s  
c o r r e l a t e  o n ly  a p p r o x im a te ly  w i th  t h e  r e s u l t s  o f  c a n c e r  
s t u d i e s  i n  e x p e r im e n ta l  a n im a l s .  A ls o ,  s h o r t - t e r m  t e s t s  
f o r  p u t a t i v e  c a r c i n o g e n s  do n o t  d e t e c t  p ro m o te r s  o f  c a n c e r ,  
n o r  do t h e y  p r o v id e  r e l i a b l e  d a t a  on t h e  p o te n c y  o f  
i n i t i a t o r s  o f  c a n c e r  i n  e x p e r im e n ta l  a n im a ls  a n d ,  by 
i n f e r e n c e ,  i n  humans. T hus ,  i t  i s  n o t  p o s s i b l e ,  a t  
p r e s e n t ,  t o  u s e  d a t a  g e n e r a t e d  by a p p ly in g  s h o r t - t e r m  t e s t s  
t o  c h e m ic a l ly  c o n ta m in a te d  d r i n k i n g  w a te r  t o  d e te r m in e  w i th  
s u f f i c i e n t  c o n f id e n c e  t h e  human h e a l t h  r i s k  w hich  may o c c u r  
f rom  c o n su m p tio n  o f  t h a t  w a t e r .

The r e s u l t s  o f  an im a l  b i o a s s a y s ,  c o n d u c te d  l a r g e l y  i n  
r o d e n t s ,  have  b een  and w i l l  c o n t i n u e  t o  be t h e  m a jo r  s o u r c e  
o f  d a t a  f o r  e s t i m a t i n g  t h e  p o t e n t i a l  r i s k s  t o  humans p o sed  
by consum ing c h e m ic a l ly  c o n ta m in a te d  w a t e r .  A l th o u g h  t h e r e  
a r e  l i m i t a t i o n s  i n  t h e  a b i l i t y  o f  an im a l  t e s t s  t o  p r e d i c t  
t h e  p o t e n t i a l  f o r  human d i s e a s e  t o  r e s u l t  from  c o n su m p tio n



Chemicals And Safe Drinking Water 7

o f  c h e m ic a l ly  c o n ta m in a te d  w a t e r ,  i t  i s  t h e  b e s t
m e thodo logy  c u r r e n t l y  a v a i l a b l e .

As n o te d  p r e v i o u s l y ,  a  m a jo r  d i f f i c u l t y  i n  j u d g in g  t h e  
p o t e n t i a l  r i s k s  t o  humans o f  e x p o s u re  t o  c h e m ic a l ly  
c o n ta m in a te d  d r i n k i n g  w a te r  i s  t h a t  any t o x i c i t y  t h a t  
o c c u r s  would be  t h e  r e s u l t  o f  e x p o s u re  t o  a complex m ix tu r e
o f  c h e m ic a l s .  The t e c h n i c a l  a s p e c t s  o f  an im a l  t e s t s  u s in g
m ix tu r e s  o f  c h e m ic a l s  a r e  s t i l l  u n d e r  d e v e lo p m e n t .  T h u s ,  
s y s t e m a t i c  a n im a l  s t u d i e s  o f  t h e  m ix tu r e s  o f  c h e m ic a l s  
p r e s e n t  i n  a r e p r e s e n t a t i v e  d r i n k i n g  w a te r  s u p p ly  have n o t  
y e t  been  c a r r i e d  o u t .  Up t o  t h e  p r e s e n t  t i m e ,  we have  been  
l i m i t e d  t o  e s t i m a t i n g  t h e  a p p ro x im a te  p o t e n t i a l  r i s k s  t o  
humans w hich  a r e  im p l ie d  by t h e  p r e s e n c e  i n  d r i n k i n g  w a te r  
o f  i n d i v i d u a l  compounds o f  known t o x i c i t y  b a se d  l a r g e l y  on
th e  r e s u l t s  o f  a n im a l  t e s t s .

SUMMARY

A l a r g e  number o f  m ic ro o rg a n ism s  and c h e m ic a l s  o c c u r  
a s  c o n ta m in a n t s  o f  w a te r  i n t e n d e d  f o r  human c o n s u m p t io n .
The human h e a l t h  i m p l i c a t i o n s  o f  m i c r o b i a l  c o n t a m i n a t i o n  o f  
w a te r  a r e  f a r  more s e v e r e  t h a n  t h o s e  a t t e n d a n t  w i th  
c h e m ic a l  c o n t a m i n a t i o n .  The c o n ta m in a t io n  o f  d r i n k i n g  
w a te r  by m ic ro o rg a n ism s  p a t h o g e n ic  t o  humans can  be 
c o n t r o l l e d  l a r g e l y  by t h e  d i s i n f e c t i o n  t e c h n i q u e s  c u r r e n t l y  
a v a i l a b l e .  The a s s e s s m e n t  and c o n t r o l  o f  t h e  p o t e n t i a l  
h e a l t h  e f f e c t s  a t t e n d a n t  w i th  c h e m ic a l  c o n ta m in a t io n  o f  
w a te r  a r e  much more d i f f i c u l t .  However, b e c a u s e  o f  i t s  
p r im a r y  im p o r ta n c e ,  t h e  c o n t r o l  o f  m i c r o b i o l o g i c a l  
c o n ta m in a n t s  s h o u ld  n e v e r  be  compromised i n  o r d e r  t o  
c o n t r o l  t h e  c o n t a m in a t io n  o f  t h e  w a te r  w i th  c h e m i c a l s .

E p id e m io lo g ic a l  s u r v e y s  o f  p o p u l a t i o n s  consum ing 
c h e m ic a l ly  c o n ta m in a te d  w a te r  so f a r  have t o  show a 
c o n s i s t e n t  r e l a t i o n s h i p  be tw een  t h e  c h e m ic a l  c o n t a m i n a t i o n  
and a l t e r n a t i o n s  i n  t h e  i n c i d e n c e  o f  c a n c e r ,  h e a r t  d i s e a s e  
and h y p e r t e n s i o n .  However, b e c a u s e  o f  t h e  i n h e r e n t  
i n s e n s i t i v i t y  o f  e p id e m io lo g y ,  i t  c a n n o t  be assumed t h a t  
t h e r e  i s  no r i s k  t o  human h e a l t h  from  t h e s e  c o n t a m i n a n t s .  
S o - c a l l e d  " s h o r t - t e r m "  t e s t s  have r e v e a l e d  t h e  p r e s e n c e  o f  
p u t a t i v e  human c a r c i n o g e n s  i n  f i n i s h e d  d r i n k i n g  w a t e r .  
However, b e c a u s e  o f  some l a c k  o f  c o r r e l a t i o n  be tw een  t h e  
r e s u l t s  o f  s h o r t - t e r m  t e s t s  and t h e  i n d u c t i o n  o f  c a n c e r  i n  
e x p e r i m e n t a l  a n im a ls  ex posed  t o  a v a r i e t y  o f  c h e m ic a l s  and 
t h e  i n a b i l i t y  o f  s h o r t - t e r m  t e s t s  t o  a c t u a l l y  p r e d i c t  
c a r c i n o g e n i c  p o te n c y ,  t h e  r e s u l t s  o f  t h e s e  t e s t s  c a n n o t  be 
t a k e n  a s  e v id e n c e  o f  t h e  p r e s e n c e  o r  a b s e n c e  o f  a c a n c e r  
r i s k  t o  humans consum ing t h e  w a t e r .

A few compounds w hich  p ro d u c e  c a n c e r  i n  humans and a 
l a r g e  number w hich  p ro d u c e  c a n c e r  i n  e x p e r i m e n t a l  a n im a ls  
have b een  d e t e c t e d  i n  f i n i s h e d  d r i n k i n g  w a t e r .  T h is  
i n f o r m a t i o n  h as  been  u sed  t o  p ro p o s e  l i m i t s  on t h e  
c o n c e n t r a t i o n s  o f  t h e s e  compounds w hich  s h o u ld  be a l lo w e d  
in  f i n i s h e d  d r i n k i n g  w a t e r .  However, t h e r e  i s  no 
i n f o r m a t i o n  on t h e  p o t e n t i a l  human t o x i c i t y  o f  t h e  m a j o r i t y
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o f  t h e  o r g a n i c  compounds p r e s e n t  i n  d r i n k i n g  w a t e r .  S in c e
i t  w i l l  n o t  be  p o s s i b l e  n o r  d e s i r a b l e  t o  t e s t  e a c h  o f  t h e s e  
compounds f o r  p o s s i b l e  t o x i c  e f f e c t s  i n  humans, 
c o n s i d e r a t i o n  i s  b e in g  g iv e n  t o  c a r r y i n g  o u t  an im a l  t e s t s  
w i th  r e p r e s e n t a t i v e  m ix tu r e s  o f  t h e  c h e m ic a l s  p r e s e n t  in  
d r i n k i n g  w a te r  s u p p l i e s .  T h is  i s  a t o x i c o l o g i c a l l y  sound 
a p p ro a c h ,  s i n c e  t h e  t e s t i n g  o f  t h e  m ix tu re  
a u t o m a t i c a l l y  w i l l  t a k e  i n t o  a c c o u n t  t h e  p o s s i b l e  
a n t a g o n i s t i c ,  a d d i t i v e ,  o r  s y n e r g i s t i c  e f f e c t s  w hich may 
o c c u r  be tw een  t h e  v a r i o u s  t o x i c  compounds p r e s e n t  i n  t h e
m ix tu re  o f  c h e m ic a ls  p r e s e n t  i n  t h e  d r i n k i n g  w a te r  s u p p l i e s  
un d e r  s t u d y .
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CHAPTER 2

DRINKING WATER: A GLOBAL VICTUAL
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T here  a r e  t h r e e  r e q u i s i t e s  f o r  human l i f e :  a s u p p ly  
o f  a i r ,  an a d e q u a te  q u a n t i t y  o f  n u t r i t i o u s  f o o d ,  and w a te r
t o  d r i n k .  But w h i le  some s o c i e t i e s  a r e  n o u r i s h e d  m a in ly  by 
r i c e ,  o r  m e a t ,  o r  f i s h  d e p e n d in g  on l o c a l  t r a d i t i o n  and 
a v a i l a b i l i t y ,  a l l  depend on w a t e r ,  t h e  g l o b a l  v i c t u a l .

E s s e n t i a l  t o  l i f e ,  w a te r  i s  one o f  t h e  e a r t h ' s  most 
a b u n d a n t  s u b s t a n c e s .  We f i n d  i t  e v e ry w h ere  — i n  t h e  s k y ,  
on t h e  g round  and u n d e r n e a th  i t  a s  a l i q u i d ,  a s o l i d  and a 
g a s .  But you w i l l  n o t  f i n d  p u re  w a te r  anywhere i n  n a t u r e .  
W ater c a r r i e s  and d i s s o l v e s  so  many o t h e r  s u b s t a n c e s  t h a t  
i s  has  been  te rm ed  t h e  u n i v e r s a l  s o l v e n t .  In  t h e  
h y d r o lo g ie  c y c l e ,  i t  a b s o r b s  g a s e s  su ch  a s  s u l f u r  d i o x i d e  
and o x id e s  o f  n i t r o g e n  p r e s e n t  i n  t h e  a tm o sp h e re  a s  i t  
r e t u r n s  t o  t h e  e a r t h ' s  s u r f a c e  w h e re ,  a s  w a te r  o r  i c e ,  i t  
e r o d e s  and d i s s o l v e s  t h e  ro c k s  and s o i l s  and p i c k s  up o t h e r  
n a t u r a l  p o l l u t a n t s  a s  w i l d e r n e s s  s t r e a m s  t o  f lo w  t o  t h e  
o c e a n s .

A lth o u g h  m e n tio n  o f  t h e  p r e s e n c e  o f  c h e m ic a l s  in  
d r i n k i n g  w a te r  u s u a l l y  l e a d s  t o  th o u g h t s  o f  p o t e n t i a l  
a d v e r s e  h e a l t h  e f f e c t s ,  we s h o u ld  n o t  l o s e  s i g h t  o f  t h e  
b e n e f i c i a l  q u a l i t i e s  t h a t  c h e m ic a l  c o n s t i t u e n t s  b e s to w  on 
d r i n k i n g  w a t e r .

Anyone who h as  t a s t e d  c h e m ic a l ly  p u r e  w a te r  w i l l  a g r e e  
t h a t  i t  i s  i n s i p i d ,  t a s t e l e s s  and f l a t .  G o o d - t a s t i n g  w a te r  
d epends  upon i t s  i o n i c ,  i n o r g a n i c  c o n s t i t u e n t s  f o r  i t s  
a e s t h e t i c a l l y  p l e a s i n g  q u a l i t i e s .  In  f a c t ,  f rom  a r i g o r o u s  
p o i n t  o f  v iew ,  i t  has  been  s u g g e s te d  t h a t  t h e  t a s t e  o f  
d r i n k i n g  w a te r  can  be d e f i n e d  a s  " th e  s e n s a t i o n  t h a t  i s  due 
t o  t h e  p r e s e n c e  o f  s u b s t a n c e s  i n  w a te r  w hich have 
n e g l i g i b l e  v a p o r  p r e s s u r e s  and n e g l i g i b l e  o d o r s "
(A n o n . , 1 9 8 0 ) .

The p r e s e n c e  o f  s m a l l  amounts o f  f l u o r i d e  i n  d r i n k i n g  
w a te r  l e a d s  t o  a d e f i n i t e ,  s u b s t a n t i a l  r e d u c t i o n  i n  t h e

9
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i n c i d e n c e  o f  d e n t a l  c a r i e s ,  e s p e c i a l l y  i n  c h i l d r e n .
N a tu r a l  w a te r s  c o n t a i n  from t r a c e  amounts t o  10 mg/L (and 
o c c a s i o n a l l y ,  even  h i g h e r ) • Whereas a s m a l l  amount o f
f l u o r i d e  i s  b e n e f i c i a l ,  h i g h e r  c o n c e n t r a t i o n s  (above 1 .5  
mg/L f l u o r i d e )  may l e a d  t o  m o t t l i n g  o f  t h e  t e e t h  ( d e n t a l  
f l u o r o s i s ) , s k e l e t a l  f l u o r o s i s  (3 -6  mg/L) o r ,  w i th  v e ry  
h ig h  l e v e l s ,  c r i p p l i n g  f l u o r o s i s  (WHO, 1 9 7 0 ) .  G e n e r a l l y ,  
h ig h e r  c o n c e n t r a t i o n s  t e n d  t o  be a s s o c i a t e d  w i th  
u n d e rg ro u n d  s o u r c e s  and i n  some r e g io n s  ( i n  some p a r t s  o f  
I n d i a ,  f o r  example) n a t u r a l  f l u o r i d e  l e v e l s  a r e  so h ig h  a s  
t o  p r e s e n t  p u b l i c  h e a l t h  p ro b le m s .  Most s u r f a c e  w a t e r s ,  
how ever,  c o n t a i n  w e l l  below  1 mg/L f l u o r i d e  and many 
c o m m unitie s  have ch o sen  t o  p r a c t i c e  f l u o r i d a t i o n  o f  w a te r  
s u p p l i e s  a s  a p u b l i c  h e a l t h  m easu re .

A n o th e r  exam ple o f  t h e  b e n e f i c i a l  p r o p e r t i e s  o f  
c h e m ic a l  c o n s t i t u e n t s  i n  w a te r  i s  t h e  n e g a t i v e  s t a t i s t i c a l  
c o r r e l a t i o n  t h a t  has  been  o b s e rv e d  betw een  h a r d n e s s  and 
c a r d i o v a s c u l a r  d i s e a s e .  The f i r s t  r e p o r t  o f  a c l o s e  
a s s o c i a t i o n  be tw een  d e a t h  r a t e s  from s t r o k e s  and t h e  
a c i d i t y  o f  r i v e r  w a t e r - d e r i v e d  d r i n k i n g  w a te r  came from 
J a p a n  in  1957 (M ar ie r  e t  a l ,  1 9 7 9 ) .  S in c e  t h a t  t i m e ,  a 
number o f  s t u d i e s  from  v a r i o u s  p a r t s  o f  t h e  w or ld  have 
d e m o n s t r a te d  a s t a t i s t i c a l  a s s o c i a t i o n  be tw een  " s o f t "  w a te r  
and c a r d i o v a s c u l a r  d i s e a s e .

In  one su ch  u n d e r t a k i n g ,  t h e  B r i t i s h  R e g io n a l  H e a r t  
S tu d y ,  c a r d i o v a s c u l a r  m o r t a l i t y  was s t u d i e d  i n  r e l a t i o n  to  
w a te r  q u a l i t y  ( h a r d n e s s  and more t h a n  20 o t h e r  w a te r  
p a r a m e te r s  were s t u d i e d ) , c l i m a t e ,  a i r  p o l l u t i o n  and 
g e n e t i c  f a c t o r s  i n  253 B r i t i s h  tow ns .  A f t e r  a d ju s tm e n t  f o r  
o t h e r  f a c t o r s ,  s o f t  w a te r  a r e a s  (a round  0 .2 5  mmol/L) were
found  t o  have a 10-15% h ig h e r  c a r d i o v a s c u l a r  m o r t a l i t y  t h a n  
a r e a s  o f  medium h a r d n e s s  (Pocock e t  a l ,  1 9 8 1 ) .  O th e r s  have 
been  u n a b le  t o  d e m o n s t r a te  a s t a t i s t i c a l  r e l a t i o n s h i p  
b e tw een  h a r d n e s s  and c a r d i o v a s c u l a r  d i s e a s e  ( Z e i l h u i s  and 
H a r in g ,  1981) b u t ,  a s  n o te d  by Zoeteman (1 9 8 1 ) ,  c o u n t r i e s  
su ch  a s  t h e  N e t h e r l a n d s ,  n o t  h a v in g  v e ry  l a r g e  a r e a s  
s u p p l i e d  w i th  v e ry  s o f t  w a t e r ,  may s im p ly  n o t  be s u i t a b l e  
f o r  i n v e s t i g a t i n g  su c h  s t a t i s t i c a l  r e l a t i o n s h i p s .

S e v e r a l  h y p o th e s e s  have been  p ro p o se d  i n  a t t e m p t s  t o  
a c c o u n t  f o r  t h e  r e l a t i o n s h i p  b u t ,  a t  p r e s e n t ,  t h e r e  i s  no 
d e f i n i t e  e v id e n c e  t h a t  c a lc iu m  and magnesium a r e  in v o lv e d .  
The two most q u o te d  h y p o th e s e s  r e l a t e  t o  (1) c o n s t i t u e n t s  
i n  h a rd  w a te r  b e in g  p r o t e c t i v e  i n  some way, and (2) 
s u b s t a n c e s  i n  s o f t  w a te r  ( e . g . ,  m e ta l s  l e a c h e d  from  p i p i n g  
m a t e r i a l s ) , p ro m o tin g  th e  d i s e a s e .  In  t h e  c a s e  o f  t h e  
p r o t e c t i v e  h y p o t h e s i s ,  i t  i s  o f t e n  c o n s i d e r e d  t h a t  t h e  d i e t  
p r o v i d e s  an a d e q u a te  s u p p ly  o f  c a lc iu m  and magnesium, 
a l t h o u g h  f o r  magnesium, t h e r e  i s  t h e  p o s s i b l i t y  o f  a 
d i e t a r y  d e f i c i e n c y  i n  some s i t u a t i o n s  ( N e r i ,  1 9 7 8 ) .

To most p e o p l e ,  how ever,  t h e  m en t io n  o f  c h e m ic a ls  and 
d r i n k i n g  w a te r  c o n j u r e s  up v i s i o n s  o f  p o l l u t i o n  and 
a s s o c i a t e d  s u b t l e  i l l - h e a l t h  m a n i f e s t a t i o n s .  I n c r e a s i n g l y ,  
p u b l i c  h e a l t h  a u t h o r i t i e s  a r e  becoming c o n c e rn e d  by t h e  
p o s s i b i l i t y  o f  w a te r  we d r i n k  b e in g  t h e  v e h i c l e  whereby 
human b e in g s  a r e  exposed  to  un tow ard  q u a n t i t i e s  o f
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p o t e n t i a l l y  t o x i c  s u b s t a n c e s .  Of s p e c i a l  r e l e v a n c e  a r e  
r e c e n t  e p i d e m i o l o g i c a l  s t u d i e s  n o t in g  p o s s i b l e  c o r r e l a t i o n s  
be tw een  i n c r e a s e d  i n c i d e n c e s  o f  a number o f  d i s e a s e s  
i n c l u d i n g  b l a d d e r ,  c o lo n  and r e c t a l  c a n c e r  and t h e  
con su m p tio n  o f  w a te r  from  p a r t i c u l a r  s o u r c e s  (Crump and 
G uess ,  1 9 8 0 ) .

The r e a l  p ro b lem  l i e s  w i th  m an 's  g row ing  u se  o f  f r e s h  
d r i n k a b l e  w a te r  f o r  a m yriad  o f  o t h e r  p u r p o s e s .  In  C anada , 
f o r  exam ple ,  w a te r  w i th d r a w a ls  f o r  a l l  p u r p o s e s  amount t o  a 
s t a g g e r i n g  7 ,1 0 0  l i t e r s  p e r  p e r s o n  p e r  d a y ,  most o f  w hich  
i s  u sed  f o r  p u r p o s e s  su ch  a s  c o o l i n g ,  i r r i g a t i o n ,  a s  a 
medium f o r  w a s te  d i s p o s a l  and a s  p r o c e s s  w a te r  i n  
i n d u s t r i a l  p r o c e s s e s .  U n l ik e  o t h e r  n a t u r a l  r e s o u r c e s ,  
w a te r  h a s  b een  r e g a r d e d  t r a d i t i o n a l l y  a s  a f r e e  good: i t  
i s  r a r e l y  s u b j e c t  t o  a commodity c h a r g e ,  su c h  c h a r g e s  t h a t  
have b een  l e v i e d  u s u a l l y  b e in g  a s s o c i a t e d  w i th  pum ping, 
t r e a t m e n t  and d i s t r i b u t i o n .  F re e  goods t e n d  t o  be  o v e ru s e d  
and m isu sed  a s  w ere t h e  common p a s t u r e l a n d s  i n  m e d ie v a l  
E n g la n d .  F u r t h e r ,  u n t i l  r e c e n t l y ,  i t  was g e n e r a l l y  
b e l i e v e d  t h a t  w a t e r s  had an u n l i m i t e d  c a p a c i t y  f o r  s e l f ­
p u r i f i c a t i o n .

The a p p a r e n t  d e t e r i o r a t i o n  i n  q u a l i t y  o f  many raw 
w a te r  s o u r c e s  r e f l e c t s ,  on one han d ,  t h e  c o n t i n u a l l y  r i s i n g  
demands p l a c e d  on l i m i t e d  a v a i l a b l e  w a te r  r e s o u r c e s  a n d ,  on 
t h e  o t h e r  h an d ,  t h e  w or ldw ide  i n c r e a s e  i n  t h e  u se  o f  
c h e m ic a l s  i n  o u r  modern s o c i e t y .  A l th o u g h  lo n g - t e r m  d a t a  
on c h a n g e s  i n  w a te r  q u a l i t y  a r e  s c a r c e ,  i t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  c h l o r i d e  c o n c e n t r a t i o n s  i n  t h e  R hine  i n c r e a s e d  
l i n e a r l y  from  a b o u t  15 mg/L i n  1875 t o  a b o u t  200 mg/L i n  
1975 (OECD, 1982) and t h a t  a n n u a l  i c e  l a y e r s  from  a r e a s  o f  
G r e e n la n d ,  i d e n t i f i a b l e  back  t o  a b o u t  1200 A.D. r e f l e c t  an 
i n c r e a s e  i n  m e t a l l i c  c o n ta m in a t io n  o f  70% t o  1870 , o f  210% 
by t h e  1950s and o f  460% by t h e  1960s (OECD, 1 9 8 2 ) .

ORIGINS OF CHEMICALS OCCURRING IN DRINKING WATER

T a b le  1 shows t h r e e  b ro a d  c a t e g o r i e s  o f  s u b s t a n c e s  
a f f e c t i n g  t h e  q u a l i t y  o f  raw w a te r  s o u r c e s :  t h e  
" n a t u r a l l y - o c c u r r i n g "  s u b s t a n c e s ,  p o i n t  s o u r c e s  o f  
p o l l u t i o n  and n o n - p o i n t  (o r  d i f f u s e )  s o u r c e s .

" N a t u r a l l y - o c c u r r i n g "  s u b s t a n c e s  i n c l u d e  m i n e r a l s  
l e a c h e d  from  t h e  u n d e r l y i n g  g e o l o g i c a l  f o r m a t i o n s ,  su c h  a s  
c a lc iu m  and f l u o r i d e  a s  w e l l  a s  o r g a n i c  s u b s t a n c e s  su c h  a s  
humic a c i d s  c o n t r i b u t e d  from  s o i l s  and s e d im e n t s .  The 
i n t e r a c t i o n s  o f  a c i d i c  d e p o s i t i o n  ( a c id  r a i n )  w i th  t h e  
t e r r e s t r i a l  e c o s y s te m ,  i n c l u d i n g  v e g e t a t i o n ,  s o i l  and 
b e d r o c k ,  have r e s u l t e d  i n  a l t e r a t i o n s  i n  t h e  c o n c e n t r a t i o n s  
o f  w a te r s  i n  a c i d - s e n s i t i v e  a r e a s .

P o i n t  s o u r c e s  o f  p o l l u t i o n  i n c l u d e  i n d u s t r i a l  
e f f l u e n t s ,  l e a c h a t e s  and r u n - o f f  from  m in ing  s i t e s  and l a n d  
d i s p o s a l  s i t e s  o f  d o m e s t i c  and i n d u s t r i a l  w a s t e s .  A l th o u g h  
m u n i c i p a l i t i e s  i n c r e a s i n g l y  t r e a t  sew age , some p o l l u t a n t s ,  
m a in ly  t h e  n o n - b io d e g r a d a b le  o r g a n i c  and i n o r g a n i c
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A. Substances a ffectin g  the source quality (raw water)

"Naturally-occurri ng" substances

- leached from geological formations ( e .g . ,  calcium, heavy 
metals)

- derived from s o i ls  and sediments ( e .g . ,  humic substances) 

Pollutants derived from point sources

- domestic sewage treatment ( e .g . ,  NTA)
- industrial e fflu en ts  ( e .g . ,  synthetic organics, m etals, 

cyanide)
- la n d fill waste disposal ( e .g . ,  m etals, synthetic organics) 

Pollutants derived from non-point sources

- agricultural run-off ( e .g . ,  f e r t i l iz e r s ,  p estic id es)
- urban run-off ( e .g . ,  s a l t ,  PAHs)
- atmospheric fa ll -o u t  ( e .g . ,  PAHs, chlorinated organics, heavy 

metals)

B. Substances resu lting  from treatment

Substances formed during d isin fection  ( e .g . ,  trihalomethanes, 
chlorophenols)

Treatment chemicals ( e .g . ,  chloramines, flu orides) and th eir  
im purities ( e .g . ,  acrylamide monomer, carbon tetrachloride)

C. Substances arising from the d istrib u tion  and service systems

Contaminants arising from contact with construction oiaterials 
and protective coatings ( e .g . ,  lead, vinyl chloride monomer and 
asbestos fib ers  from piping, cadmium from f i t t in g s ,  PAHs fron  
coal tar lin in gs)

Substances arising from poin t-of-use devices ( e .g . ,  sodium, 
s ilv e r )

m a t e r i a l s  may p a s s  t h r o u g h  t h e  t r e a t m e n t  sy s te m  w i th o u t  
b e in g  e l i m i n a t e d ,  u n l e s s  advanced  t e c h n o lo g y  i s  a p p l i e d .

D i f f u s e  s o u r c e s  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  
"b ackground"  c o m p o s i t io n  o f  d r i n k i n g  w a te r  s u p p l i e s .  In  
some r i v e r  b a s i n s ,  d i f f u s e  s o u r c e s  may c o n t r i b u t e  up t o  
h a l f  o f  t h e  t o t a l  p o l l u t i o n  lo a d  (OECD, 1 9 8 2 ) .  R u n -o f f  
from  u rb a n  and i n d u s t r i a l  a r e a s  c o n t r i b u t e s  s i g n i f i c a n t l y  
t o  t h e  heavy  m e ta l  c o n t e n t  and o t h e r  c o n ta m in a n t s  i n c l u d i n g  
a s b e s t o s ,  h y d ro c a rb o n s  and PAHs (S c ie n c e  A d v iso ry  B oard ,
I J C ,  1 9 8 2 ) .  Over o n e - q u a r t e r  o f  t h e  w o r l d ' s  z in c  
co n su m p tio n  (which a l s o  o f t e n  c o n t a i n s  s i g n i f i c a n t  am ounts 
o f  cadmium) i s  u sed  f o r  g a l v a n i z i n g  which e r o d e s  and i s
g r a d u a l l y  washed o f f  i n  t h e  w e a th e r in g  p r o c e s s .  s f l t  u sed  
e x t e n s i v e l y  i n  c o ld  c o u n t r i e s  i n  o r d e r  t o  p r e v e n t  i c i n g  o f  
ro a d s  and highw ays can  add s i g n i f i c a n t l y  t o  t h e  c h l o r i d e  
c o n c e n t r a t i o n s  i n  w a te r s  a t  t h e  t im e  o f  t h e  s p r i n g  th aw ,  
and a c i d i c  a i r  p o l l u t a n t s ,  m o s t ly  g e n e r a t e d  i n  u rb a n  a r e a s ,  
may h a s t e n  c o r r o s i o n  and l e a d  t o  s e c o n d a ry  p o l l u t i o n .
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In  r u r a l  a r e a s ,  p e s t i c i d e s  and f e r t i l i z e r s  may im p a c t  
on s u r f a c e  and g ro u n d w a te r  q u a l i t y .  F or  e x am p le ,  r a p i d l y  
r i s i n g  n i t r a t e  l e v e l s  i n  a q u i f e r s  i n  p a r t s  o f  New Z ea lan d  
have been  l i n k e d  t o  i n c r e a s e d  a p p l i c a t i o n s  o f  n i t r o g e n  
f e r t i l i z e r s  and i r r i g a t i o n  o f  h o r t i c u l t u r a l  and c r o p  l a n d s  
(B urden , 1 9 8 3 ) .  S i m i l a r  p ro b lem s  have been  o b s e rv e d  i n  
many o t h e r  c o u n t r i e s  ( F r a s e r  and C h i l v e r s ,  1981) and 
i n f a n t i l e  m e th aem o g lo b in aem ia ,  r e s u l t i n g  i n  d e a t h  i n  a b o u t  
8% o f  a f f e c t e d  c h i l d r e n ,  has  b een  a s s o c i a t e d  w i th  a r e a s  in  
w hich  h ig h  n i t r a t e  c o n c e n t r a t i o n s  a r e  p r e s e n t  i n  t h e  
d r i n k i n g  w a t e r .

TREATMENT

B ecause  o f  t h e  r e c o g n iz e d  p ro b lem s  o f  c o n t a m i n a t i o n  o f  
w a te r  s o u r c e s ,  most s u r f a c e  w a te r  s o u r c e s  and some 
g ro u n d w a te r  s o u r c e s  r e c e i v e  some form o f  t r e a t m e n t  p r i o r  t o  
t h e i r  d i s t r i b u t i o n  t o  c o n su m e rs .  T r a d i t i o n a l l y ,  su ch  
t r e a t m e n t  has  been  a p p l i e d  p r i m a r i l y  t o  re d u c e  t h e  
p o s s i b i l i t y  o f  s p r e a d in g  w a t e r - b o r n e  p a th o g e n ic  b a c t e r i a  
and t o  re d u c e  t h e  c o n t e n t  o f  su sp en d ed  m a t e r i a l s .

In  t h e  p a s t  d e c a d e ,  a m a jo r  a r e a  o f  h e a l t h  c o n c e rn  has  
been  t h e  r e a l i z a t i o n  t h a t  compounds g e n e r a t e d  i n  d r i n k i n g  
w a te r  d u r in g  t r e a t m e n t  may p r e s e n t  h e a l t h  h a z a r d s .

C h l o r i n e  i s  u sed  w id e ly  a s  a d i s i n f e c t a n t  and a s  an 
o x i d a n t  t o  d e g ra d e  o r g a n i c  s u b s t a n c e s  and ammonia. I t  i s  
ch eap  and c o n v e n ie n t  t o  u se  e i t h e r  a s  c h l o r i n e  g a s  o r  
l i q u i d ,  o r  a s  h y p o c h l o r i t e .  In  1974 , Rook p u b l i s h e d  h i s  
c l a s s i c  p a p e r  i n  w hich  he showed t r i h a l o m e t h a n e s  a t  
s i g n i f i c a n t  l e v e l s  f o l lo w in g  c h l o r i n a t i o n  a t  t h e  R o t te rd a m  
w a te r  u t i l i t y  (Rook, 1 9 7 4 ) .

S u b s e q u e n t ly ,  t h e  N a t i o n a l  C ancer  I n s t i t u t e  announced  
i n  1976 t h a t  c h lo r o f o r m  ( th e  p re d o m in a n t  THM) in  m ost w a te r  
s u p p l i e s )  i s  c a r c i n o g e n i c  i n  b o th  r a t s  and mice (NCI,
1 9 7 6 ) .  G r a d u a l l y ,  i n  t h e  i n t e r v e n i n g  p e r i o d ,  i t  h a s  b een  
r e a l i z e d  t h a t  THMs a r e  o n ly  p a r t  o f  t h e  c h l o r i n a t e d  
b y p r o d u c t s ,  many o f  t h o s e  i d e n t i f i e d  t o  d a t e  b e in g  
compounds known, u n d e r  c e r t a i n  c o n d i t i o n s ,  t o  be t o x i c .

A l t e r n a t i v e s  t o  c h l o r i n a t i o n  most f r e q u e n t l y  
c o n s i d e r e d  a r e  t h e  u se  o f  ozone and c h l o r i n e  d i o x i d e .
Ozone has  been  employed e x t e n s i v e l y  i n  some c o u n t r i e s ,  
n o t a b l y  F r a n c e ,  f o r  a lm o s t  e i g h t y  y e a r s .  I t  i s  a more 
p o w e r fu l  o x i d i z i n g  and d i s i n f e c t i n g  a g e n t  t h a n  c h l o r i n e  
b u t ,  u n l i k e  c h l o r i n e ,  h a s  no r e s i d u a l  d i s i n f e c t a n t  a c t i o n  
i n  t h e  d i s t r i b u t i o n  s y s te m .  O n - s i t e  g e n e r a t i o n  eq u ip m en t  
i s  r e q u i r e d  and t h e  o v e r a l l  p r o c e s s  i s  more e x p e n s iv e  t h a n  
c h l o r i n a t i o n .  O zo n a t io n  r e a c t i o n  p r o d u c t s  a r e  s t i l l  
r e l a t i v e l y  unknown ( F i e s s i n g e r ,  e t  a l ,  1 9 8 1 ) ;  epoxy b y ­
p r o d u c t s  have been  p o s t u l a t e d  and e x t r a c t s  p r e p a r e d  from  
s u p p l i e s  t r e a t e d  w i th  ozone have  b een  shown t o  be m u ta g e n ic  
(Nestm ann, 1 9 8 3 ) .  P u re  c h l o r i n e  d i o x i d e  d o es  n o t  g iv e  r i s e



14 SAFE DRINKING WATER

t o  THMs, b u t  a m ajo r  d i s a d v a n ta g e  i s  t h e  p r o d u c t i o n  o f  
c h l o r a t e  and c h l o r i t e  w hich may be o f  h e a l t h  s i g n i f i c a n c e  
when i n g e s t e d  r e g u l a r l y  (Robeck, 1 9 8 1 ) .

In  modern t r e a t m e n t  t e c h n o lo g y ,  a w ide ra n g e  o f  
c h e m ic a l s  may be u s e d ,  i n c l u d i n g  s a l t s  o f  i r o n  and 
aluminum, f l o c c u l a t i o n  a d j u n c t s ,  a c t i v a t e d  s i l i c a t e s ,  
a l g i n a t e s ,  s y n t h e t i c  p o l y e l e c t r o l y t e s ,  pH a d j u s t i n g  
m a t e r i a l s  and d i s i n f e c t a n t s .  Many o f  t h e s e ,  p a r t i c u l a r l y  
t h e  s o - c a l l e d  " t e c h n i c a l "  g r a d e s ,  may be s o u r c e s  o f  
c o n t a m i n a t i o n .  The EPA i s  d e v e lo p in g  a W ater C hem ica ls  
Codex t o  s p e c i f y  t h e  p u r i t y  o f  many o f  t h e s e  c h e m ic a l s  
(R ehw old t ,  1 9 8 2 ) .  A n o th e r  a p p ro a c h  e n d o rs e d  by OECD (1982) 
r e q u i r e s  t h a t  no more th a n  10 p e r  c e n t  o f  t h e  maximum 
c o n ta m in a n t  l e v e l s  s p e c i f i e d  i n  n a t i o n a l  d r i n k i n g  w a te r  
s t a n d a r d s  s h o u ld  be  c o n t r i b u t e d  by t r e a t m e n t  c h e m ic a l s .

DISTRIBUTION

The re m a in in g  s o u r c e  o f  c h e m ic a l  c o n ta m in a n t s  in  
d r i n k i n g  w a te r  i s  t h e  d i s t r i b u t i o n  n e tw o rk .  In  t h e  c o u r s e  
o f  i t s  t r e a t m e n t  and d i s t r i b u t i o n ,  w a te r  comes i n t o  c o n t a c t
w i th  a v a r i e t y  o f  s t r u c t u r e s  i n c l u d i n g  s t o r a g e  t a n k s ,  
p i p i n g  and p lum bing  f i x t u r e s .  As a c o n s e q u e n c e ,  q u a n t i t i e s  
o f  a d v e n t i t i o u s  m a t e r i a l s  may be p r e s e n t  i n  t h e  w a te r
( i n c l u d i n g  a s b e s t o s ,  m e t a l s ,  and o r g a n i c s ) .

A s b e s to s -cem en t  p i p i n g  may c o n t r i b u t e  t o  t h e  a s b e s t o s  
c o n t e n t  o f  d r i n k i n g  w a t e r ,  p a r t i c u l a r l y  when t h e  w a te r  
s u p p ly  h as  a g g r e s s i v e  q u a l i t i e s .  In  W inn ipeg ,  f o r  
exam ple (a c i t y  w i th  a g g r e s s i v e  w a t e r ) , some sam p les  
from  t h e  d i s t r i b u t i o n  sy s te m  c o n ta in e d  6 .5  x 106 
f i b e r s / l i t e r  a t  t h e  w a te r  works ( H e a l th  and W e lfa re  
C anada , 1 9 7 9 ) .  I t  i s  e s t i m a t e d  t h a t  t h e r e  a r e  more 
th a n  1 .5  m i l l i o n  m i l e s  o f  A-C p ip e  w o r ld -w id e ,  o f  w h ich ,
200 ,0 0 0  m i le s  a r e  i n  t h e  U n i te d  S t a t e s  (O lso n ,  1 9 7 4 ) .  
A lth o u g h  s e v e r a l  e p id e m io lo g ic  s t u d i e s  have been  
r e p o r t e d ,  a l l  b u t  one were e c o l o g i c a l  i n  n a t u r e  and 
i n s e n s i t i v e  b e c a u s e  o f  a l a r g e  number o f  co n fo u n d in g  
v a r i a b l e s  (T o f t  e t  a l ,  1 9 8 3 ) .  In  one c a s e - c o n t r o l  
a u t h o r s  n o te d  v a r i o u s  i n c o n s i s t e n c i e s  i n  t h e i r  r e s u l t s  
b u t  c o n c lu d e d  t h a t  t h e i r  s tu d y  d id  n o t  p r o v id e  e v id e n c e  
o f  a c a n c e r  r i s k  due t o  t h e  i n g e s t i o n  o f  d r i n k i n g  w a te r
( P o l i s s a r  e t  a l ,  1 9 8 2 ) .
M e t a l s . U ptake  o f  m e ta l s  from p i p e s ,  s t o r a g e  t a n k s  
and p lum bing  f i t t i n g s  i s  a u n i v e r s a l  o c c u r r e n c e .  
C o n c e n t r a t i o n s  o f  m e ta l s  su ch  a s  c o p p e r ,  cadmium, z in c  
o r  l e a d  u s u a l l y  a r e  low , b u t  can  become e l e v a t e d  when
w a te r  s t a n d s  f o r  a lo n g  t im e  i n  t h e  p i p e s ,  e s p e c i a l l y  
i n  new p ipew ork  l a c k i n g  p r o t e c t i v e  d e p o s i t s .  S o f t ,  
a c i d i c  w a te r s  d i s t r i b u t e d  i n  o l d e r  sy s te m s  c o n t a i n i n g  
l e a d - l i n e d  s t o r a g e  t a n k s  and l e a d  p i p e s  have r e s u l t e d  
i n  c o n c e n t r a t i o n s  o f  l e a d  s u b s t a n t i a l l y  g r e a t e r  th a n  
100 m ic ro g /L  i n  t h e  U n i te d  Kingdom (Mathew, 1981) and
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e l e v a t e d  l e v e l s  o f  s e v e r a l  m e ta l s  have  been  fo u n d ,  
a f t e r  s t a n d i n g ,  i n  c o t t a g e s  d raw in g  w a te r  from  l a k e s  
a f f e c t e d  by a c i d  r a i n  (M eranger ,  1983)•
O r g a n i c s . P l a s t i c  s t r u c t u r e s  a l s o  can  c o n t r i b u t e  t o  
c o n ta m in a t io n  o f  d r i n k i n g  w a te r  s u p p l i e s  t h r o u g h  
l e a c h i n g .  Examples i n c l u d e  v i n y l  c h l o r i d e  from  c e r t a i n  
g r a d e s  o f  PVC p i p i n g ,  a l t h o u g h  PVC p i p i n g  t h a t  m ee ts  
s t a n d a r d s  and s p e c i f i c a t i o n s  su c h  a s  t h o s e  o f  t h e  
N a t io n a l  S a n i t a t i o n  F o u n d a t io n  s h o u ld  n o t  g iv e  r i s e  t o  
t h i s  k in d  o f  p ro b le m .

SIGNIFICANCE OF CHEMICALS IN RELATION TO HEALTH

In  c o n c l u d i n g ,  i t  i s  p e r t i n e n t  t o  c o n s i d e r  t h e  im p a c t  
o f  c h e m ic a l s  i n  d r i n k i n g  w a te r  w i th  r e g a r d  t o  human h e a l t h .  
As a r e s u l t  o f  ad v a n c e s  i n  a n a l y t i c a l  m e thodo logy  d u r in g  
t h e  p a s t  tw e n ty  y e a r s ,  l a r g e  numbers o f  o r g a n i c  compounds 
have b een  i d e n t i f i e d  i n  d r i n k i n g  w a te r  a t  r e l a t i v e l y  low 
c o n c e n t r a t i o n s  (m ic ro g /L  r a n g e ) .  In  1979 , s c i e n t i s t s  from  
f o u r t e e n  c o u n t r i e s ,  u n d e r  t h e  a u s p i c e s  o f  t h e  NATO/CCMS 
D r in k in g  W ater P i l o t  S tu d y ,  p o o le d  c u r r e n t  know ledge which  
r e s u l t e d  i n  a l i s t  o f  744 c h e m ic a l  compounds i d e n t i f i e d  i n  
d r i n k i n g  w a te r  ( B o r z e l l e c a ,  1 9 8 1 ) .  K r a y b i l l  (1982) 
r e p o r t e d  t h a t  765 c h e m ic a l s  have  been  i d e n t i f i e d  i n  
d r i n k i n g  w a t e r ,  o f  which  20 a r e  r e c o g n iz e d  c a r c i n o g e n s ,  23 
s u s p e c t  c a r c i n o g e n s ,  18 a r e  c a r c i n o g e n i c  p r o m o te r s  and 56 
a r e  m u ta g e n ic  compounds. The m a j o r i t y  o f  compounds 
i d e n t i f i e d  t o  d a t e  a r e  v o l a t i l e ,  n o n - p o l a r  compounds; 
how ever ,  t h e s e  r e p r e s e n t  l e s s  t h a n  10% o f  t h e  d i s s o l v e d  
o r g a n i c  c a rb o n  (DOC) c o n t e n t .  P r e s e n t  a t t e n t i o n  i s  
s h i f t i n g  to w a rd s  t h e  n o n - v o l a t i l e  compounds w hich  make up 
80-90% o f  t h e  DOC, u s in g  t e c h n i q u e s  su c h  a s  HPLC.

W ith  e s t i m a t e s  o f  known o r g a n i c  compounds now a ro u n d
1 ,000  (Kool e t  a l ,  1 9 8 2 ) ,  t h e  t a s k  o f  a s s e s s i n g  t h e  
p o t e n t i a l  f o r  human t o x i c i t y  on a c h e m ic a l - b y -c h e m ic a l  
b a s i s  i s  becom ing u n m an ag eab le .  Neal (1983) r e c e n t l y  h a s  
p u b l i s h e d  p r o p o s a l s  whereby l i m i t e d  t o x i c o l o g i c a l  and 
a n a l y t i c a l  r e s o u r c e s  would be  d i r e c t e d  i n i t i a l l y  t o  t h o s e  
o r g a n i c  c h e m ic a l s  t h a t  p o t e n t i a l l y  p o se  t h e  g r e a t e s t  r i s k  
t o  humans b a se d  upon l i p i d  s o l u b i l i t y ,  m o le c u la r  w e ig h t  and 
o c c u r r e n c e  i n  w a te r  a t  c o n c e n t r a t i o n s  e x c e e d in g  c e r t a i n  
d e f i n e d  l e v e l s .  Neal (1983) p r o p o s e s  t h a t  t h e  t o x i c i t y  o f  
compounds i d e n t i f i e d  by t h i s  a p p ro a c h  c o u ld  be e v a l u a t e d  
i n d i v i d u a l l y  o r  by a d m i n i s t r a t i o n  a s  an a r t i f i c i a l  m i x t u r e .  
One l o n g - t e r m  s tu d y  u s in g  m ix tu r e s  o f  c h l o r i n a t e d  
h y d ro c a rb o n s  f r e q u e n t l y  d e t e c t e d  i n  d r i n k i n g  w a te r  h a s  b een  
c a r r i e d  o u t  by Van d e r  H e i jd e n  and van Esch i n  t h e  
N e th e r l a n d s  and b r i e f l y  r e p o r t e d  upon by Kool (1 9 8 2 ) ;  no 
i n c r e a s e s  i n  tum or in c i d e n c e  were o b s e r v e d .

In  a v a r i a t i o n  o f  t h i s  t e c h n i q u e ,  Chu e t  a l  (1981) 
a d m i n i s t e r e d  i n o r g a n i c  s u b s t a n c e s  i n  c o m b in a t io n  a t  l e v e l s  
up t o  25 t im e s  t h e  IJC o b j e c t i v e  l e v e l s  t o  r a t s  f o r  13 
weeks w i th  no o b s e r v a b l e  e f f e c t s .  More r e c e n t l y ,  s i m i l a r
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i n v e s t i g a t i o n s  u s in g  o r g a n i c  s u b s t a n c e s  i n  m ix tu r e s  a t  up 
t o  one th o u s a n d  t im e s  o b j e c t i v e  l e v e l s  have been  f e d  
w i th o u t  a d v e r s e  e f f e c t s  ( V i l l e n e u v e ,  1 9 8 3 ) .  The a b se n c e  o f  
any o b s e r v a b le  t o x i c i t y  a t  t h e s e  l e v e l s  i s  a c l e a r  
d e m o n s t r a t i o n  o f  t h e i r  s u i t a b i l i t y  t o  p r o t e c t  h e a l t h  and 
p r o v i d e s  an answ er t o  t h o s e  who c r i t i c i z e  t h e  o b j e c t i v e s  on 
t h e  g ro u n d s  t h a t  d e l e t e r i o u s  i n t e r a c t i o n s  may o c c u r .

V a r io u s  a t t e m p t s  t o  o b t a i n  o r g a n ic  c o n c e n t r a t e s  and 
u se  t h e s e  i n  t o x i c o l o g i c a l  s t u d i e s  have been  r e p o r t e d  from  
th e  U . S . , F r a n c e ,  J a p a n ,  and t h e  N e t h e r l a n d s .  These  have 
b een  e x t e n s i v e l y  rev iew ed  by Kool e t  a l  (1982) and have 
in v o lv e d  t e s t i n g  c o n c e n t r a t e s  p r e p a r e d  by c h lo r o f o r m  and 
e t h a n o l  e x t r a c t i o n ,  a c t i v a t e d  c a rb o n  a d s o r p t i o n ,  r e v e r s e  
o sm o s is  and XAD r e s i n s .  In  s e v e r a l s  o f  t h e s e  s t u d i e s ,
s i g n i f i c a n t  i n c r e a s e s  were o b s e rv e d  in  t h e  i n c i d e n c e  o f  
tum ors  among a n im a ls  r e c e i v i n g  t h e  c o n c e n t r a t e s ,  a l t h o u g h  
s e v e r a l  o f  t h e  s t u d i e s  c o u ld  be f a u l t e d  d u e ,  f o r  exam ple ,  
t o  l a c k  o f  a d e q u a te  c o n t r o l s .

S c i e n t i s t s  i n  many c o u n t r i e s  have used  m u t a g e n i c i t y  
t e s t s  a s  a means o f  s c r e e n i n g  d r i n k i n g  w a te r  and e x t r a c t s  
and c o n c e n t r a t e s  p r e p a r e d  from  d r i n k i n g  w a t e r ,  i n  o r d e r  t o  
i d e n t i f y  com ponents showing b i o l o g i c a l  a c t i v i t y .  Such 
s t u d i e s  p r o v id e  i n s i g h t  and a means o f  s e t t i n g  p r i o r i t i e s  
i n  t h e  d i f f i c u l t  a n a l y t i c a l  t a s k  o f  i d e n t i f y i n g  o r g a n ic  
compounds o f  i n t e r e s t .

The d i f f i c u l t i e s  a s s o c i a t e d  w i th  t h e  u se  o f  
m u t a g e n i c i t y  t e s t s  i n  t h i s  manner have been  p o i n t e d  o u t  
( H a r r in g to n  e t  a l ,  1983; Nestmann, 1983) and 
g e n e r a l i z a t i o n s  a r e  d i f f i c u l t ,  i f  n o t  im p o s s i b l e ,  b e c a u s e  
o f  d i f f e r e n c e s  i n  c o n c e n t r a t i o n  t e c h n i q u e s  and t h e  c h o ic e
o f  b a c t e r i a l  s t r a i n s  f o r  t e s t i n g .  Loper (1980) p o i n t e d  o u t
t h a t  m ost known m utagens would e sc a p e  d e t e c t i o n  i f  w a te r  
c o n t a i n i n g  l e v e l s  o f  1 m ico rg /L  o r  l e s s  were t e s t e d  
d i r e c t l y .  However, c o n c e n t r a t i o n  t o  t h e  e x t e n t  o f  up t o  5 
x 1 0 4 - f o l d  o f t e n  i s  p r a c t i c e d  (Nestmann, 1 9 8 3 ) .

A number o f  r e p o r t s  s u g g e s t  t h a t  c h l o r i n a t i o n  u s u a l l y  
l e a d s  t o  an i n c r e a s e  i n  m u ta g e n c i ty  (L o p e r ,  1980; Nestm ann, 
1 9 8 3 ) ,  t h u s  s u p p o r t i n g  t h e  need t o  s tu d y  a l t e r n a t e  m ethods 
o f  d i s i n f e c t i o n .  A few C anad ian  w a te r  t r e a t m e n t  p l a n t s
d i s i n f e c t  w i th  ozone and i t  i s  o f  i n t e r e s t  t o  n o te  t h a t  
e x t r a c t s  o f  t h e s e  s u p p l i e s  show m u tag en ic  r e s p o n s e  
(Nestmann e t  a l ,  1 9 8 3 ) ,  a l t h o u g h  i t  must be p o i n t e d  o u t  
t h a t  p o s t - t r e a t m e n t  c h l o r i n a t i o n  i s  u sed  t o  m a in t a in  a 
c h l o r i n e  r e s i d u a l  i n  t h e  d i s t r i b u t i o n  sy s te m .  B u r le s o n  and 
Chambers (1982) showed t h a t  ozone t r e a t m e n t  c o u ld  
i n a c t i v a t e  t h e  m u t a g e n i c i t y  o f  p o l y c y c l i c  h y d ro c a rb o n s  and 
a r o m a t i c  a m in e s ,  b u t  t h a t  o t h e r  m u tag en ic  compounds were 
n o t  a f f e c t e d .

Kool e t  a l  (1982) l i s t  45 o r g a n ic  m utagens t h a t  have 
b een  i d e n t i f i e d  i n  d r i n k i n g  w a t e r ,  b u t  l i t t l e  h a s  b een  
r e p o r t e d  t o  e s t a b l i s h  c o r r e l a t i o n s  be tw een  o b s e rv e d  
m u ta g e n ic  r e s p o n s e s  i n  c o n c e n t r a t e s  o f  d r i n k i n g  w a te r  i n  
te rm s  o f  o r g a n i c s  p r e s e n t .  Kool e t  a l  (1981) n o te d  t h a t
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m u tag en ic  a c t i v i t y  i n  d r i n k i n g  w a te r  i n  t h e  N e th e r l a n d s  i s  
m a in ly  i n  t h e  n o n - v o l a t i l e  f r a c t i o n  and t h a t  t h e s e  
compounds a r e  d i f f e r e n t  from  t h o s e  a l r e a d y  i d e n t i f i e d  by 
GC/MS t e c h n i q u e s .

Nestmann e t  a l  (1983) r e c e n t l y  have p u b l i s h e d  t h e  
r e s u l t s  o f  a s u rv e y  i n v o l v i n g  w a te r  sam p le s  from  29 
m u n i c i p a l i t i e s  (30 t r e a t m e n t  p l a n t s )  t h r o u g h o u t  C anada . At 
ea c h  l o c a t i o n ,  sam p le s  o f  raw w a te r  and f i n i s h e d  d r i n k i n g  
w a te r  were compared and ea c h  s i t e  was su rv e y e d  i n  b o th  
summer and w i n t e r .  The m u t a g e n i c i t y  t e s t i n g  o f  e x t r a c t s  
was accom pan ied  by c h e m ic a l  a n a l y s i s  o f  v o l a t i l e  o r g a n i c s  
and o f  t r i a r y l / a l k y l  p h o s p h a t e s .  The h i g h e s t  c o r r e l a t i o n s  
were found  f o r  n o n h a lo g e n a te d  o r g a n i c s  d e t e c t e d  i n  t h e  XAD- 
2 e f f l u e n t ,  w i th  c o r r e l a t i o n  c o e f f i c i e n t s  g r e a t e r  t h a n  0 .9  
f o r  b e n z e n e ,  e t h y l b e n z e n e ,  t o l u e n e  and t h e  x y l e n e s .  The 
h i g h e s t  c o r r e l a t i o n s  f o r  c h l o r i n a t e d  compounds o c c u r r e d  
w i th  1 , 2 - d i c h l o r o e t h a n e ,  t e t r a c h l o r o e t h y l e n e  and 
d i c h lo r o m e th a n e ;  much lo w er  c o r r e l a t i o n  v a l u e s  w ere  found  
f o r  THMs and 1 , 2 - d i c h l o r o e t h y l e n e .  M u t a g e n ic i ty  d i d  n o t  
c o r r e l a t e  w e l l  w i th  t o t a l  ( d i s s o l v e d )  o r g a n i c  c a r b o n .

F i n a l l y ,  a word a b o u t  e p i d e m i o l o g i c a l  s t u d i e s .
S e v e r a l  s t u d i e s  have s u g g e s t e d  a p o s s i b l e  c o r r e l a t i o n  
be tw een  o r g a n i c s  i n  d r i n k i n g  w a te r  and e l e v a t e d  c a n c e r  
m o r t a l i t y  r a t e s  (Kool e t  a l ,  1982; Crump and G u e ss ,  1980; 
C o u n c i l  on E n v iro n m e n ta l  Q u a l i t y ,  1 9 8 1 ) .  However, a l l  
s t u d i e s  t o  d a t e  have been  l i m i t e d  by d e s i g n  f l a w s  (W ig le ,  
1 9 8 3 ) .  N e v e r t h e l e s s ,  su ch  s t u d i e s  p r o v i d e  im p o r t a n t  
i n s i g h t s ,  e s p e c i a l l y  i n  u n r a v e l l i n g  t h e  p o t e n t i a l  c a n c e r  
r i s k s  a s s o c i a t e d  w i th  c h e m ic a l s  i n  d r i n k i n g  w a t e r .  When 
t a k e n  i n  c o n j u n c t i o n  w i t h  t h e  known o c c u r r e n c e  o f  m u ta g e n ic  
s u b s t a n c e s  i n  d r i n k i n g  w a te r  c o n c e n t r a t e s  and t h e  
i d e n t i f i c a t i o n  o f  known and s u s p e c t  c a r c i n o g e n s ,  su c h  
o b s e r v a t i o n s  from  e p i d e m i o l o g i c a l  s t u d i e s  l e n d  w e ig h t  t o  
t h e  need  t o  d e v e lo p  new s t a n d a r d s  f o r  t o x i c  c h e m i c a l s ,  f o r  
new p u b l i c  p o l i c i e s  r e l a t i n g  t o  t h e  s a f e g u a r d i n g  o f  o u r  
h i g h e s t  q u a l i t y  w a te r  s o u r c e s  and f o r  r e q u i r i n g  r e s e a r c h  
and d ev e lo p m en t  o f  a l t e r n a t i v e  t r e a t m e n t  t e c h n o l o g i e s  t h a t  
r e s u l t  i n  t h e  h i g h e s t  p o s s i b l e  q u a l i t y  o f  d r i n k i n g  w a te r  
f o r  a l l  a t  an a f f o r d a b l e  p r i c e .
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The c o n d i t i o n  o f  t h e  n a t i o n ' s  w a te r  s u p p ly  i s  a t o p i c  
o f  keen  i n t e r e s t  t o  t h o s e  i n  t h e  b u s i n e s s  o f  p r o v i d i n g
d r i n k i n g  w a te r  t o  t h e  p u b l i c .  T h is  c o n f e r e n c e  r e p r e s e n t s  a 
w ide s p e c t ru m  o f  i n t e r e s t s  and r e s p o n s i b i l i t i e s  and i t  i s  
s a l u t a r y  in d e e d  f o r  us t o  g e t  t o g e t h e r  and s h a r e  o u r  
p e r s p e c t i v e s .  My p a r t  in  t h e  p rog ram  i s  t o  p r o v id e  t h e  
v ie w p o in t  o f  t h e  t e n s  o f  th o u s a n d s  o f  w a te r  s u p p ly  
p r o f e s s i o n a l s ,  u t i l i t i e s  and o t h e r  o r g a n i z a t i o n s  who 
c o m p r ise  t h e  m embership o f  t h e  AWWA R e se a rc h  F o u n d a t io n .

The AWWA R e s e a rc h  F o u n d a t io n  i s  a n o n p r o f i t  
o r g a n i z a t i o n  whose p u rp o s e  i s  t o  manage a c o o r d i n a t e d
n a t i o n a l  r e s e a r c h  and deve lo p m en t  p rogram  f o r  t h e  w a te r  
su p p ly  i n d u s t r y .  The F o u n d a t io n  s e l e c t s  and fu n d s  r e s e a r c h  
p r o j e c t s  d e s ig n e d  t o  d e v e lo p  o r  im prove t e c h n o l o g i e s  t h a t  
w i l l  h e lp  t h e  w a te r  s u p p ly  i n d u s t r y  meet p r e s e n t  and f u t u r e  
d r i n k i n g  w a te r  n eed s  i n  e n v i r o n m e n t a l l y  and e c o n o m ic a l ly  
a c c e p t a b l e  ways. The R e se a rc h  F o u n d a t i o n ' s  a c t i v i t i e s  a r e  
c o o r d i n a t e d  w i th  t h o s e  o f  governm ent a g e n c i e s ,  i n d i v i d u a l  
u t i l i t i e s ,  m a n u f a c t u r e r s ,  u n i v e r s i t i e s ,  and c o m p arab le  
o r g a n i z a t i o n s  i n  many o t h e r  c o u n t r i e s .

The theme o f  t h i s  c o n f e r e n c e ,  "The Im pact  o f  C h em ica ls  
on a L im ite d  R e s o u r c e ,"  i s  v e ry  i n t e r e s t i n g  when t a k e n  from 
th e  p e r s p e c t i v e  o f  t h e  w a te r  s u p p l i e r .  The im p ac t  o f  
c h e m ic a l s  may be e i t h e r  b e n e f i c i a l  o r  d e t r i m e n t a l  o r  b o t h ,  
d e p e n d in g  upon o n e ' s  p o i n t  o f  v iew . On one han d ,  c h e m ic a l s  
make i t  p o s s i b l e  t o  t r e a t  w a te r  from  o t h e r  t h a n  p r i s t i n e  
s o u r c e s  t o  make i t  p a l a t a b l e  and non h arm fu l  t o  t h e  consum er;  
i n  t h i s  s e n s e  c h e m ic a l s  have expanded  t h e  u s a b i l i t y  o f  a 
l i m i t e d  r e s o u r c e .  On th e  o t h e r  hand , c h e m ic a l  c o n ta m in a t io n  
o f  some w a te r  s o u r c e s  has  e l i m i n a t e d  o r  m in im ized  t h e i r
b e n e f i c a l  u s e .  O b v io u s ly ,  t h e  c h e m ic a l  sword has  two e d g e s .

The p e r s p e c t i v e  o f  t h e  w a te r  s u p p l i e r  i s  t h a t  he must 
t a k e  h i s  w a te r  a s  i t  comes, good o r  b a d ,  t r e a t  i t  t o  t h e  
b e s t  o f  h i s  a b i l i t y ,  and d e l i v e r  a p r o d u c t  t h a t  s a t i s f i e s
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b o th  consum er t a s t e s  and s t a n d a r d s  o f  p u b l i c  h e a l t h  
p r o t e c t i o n .  N a t u r a l l y  he i s  i n t e r e s t e d  i n  q u a l i t y  o f  t h e  
s o u r c e  and i t s  p r o t e c t i o n ,  b u t  by and l a r g e  he has  l i t t l e  
power beyond t h e  b o u n d a r i e s  o f  h i s  own s t o r a g e  and 
o p e r a t i o n s .

BENEFICIAL IMPACTS

In  t h e  U .S . an e s t i m a t e d  1 t o  2 b i l l i o n  g a l l o n s  o f  
d r i n k i n g  w a te r  i s  p r o v id e d  e a c h  day t o  t h e  c u s to m e rs  o f  
p u b l i c  w a te r  s y s te m s .  To comply w i th  h e a l t h  and o t h e r  
s t a n d a r d s  f o r  t r e a t i n g  t h a t  amount o f  w a t e r ,  i t  i s  e s t i m a t e d  
t h a t  o v e r  $272 m i l l i o n  was s p e n t  on t h e  p u r c h a s e  o f  
c h e m ic a l s  by t h e  U .S. w a te r  u t i l i t i e s  i n  1982 ( 1 ) .  T a b le  I  
shows t h e  q u a n t i t i e s  o f  c h e m ic a ls  t h a t  were u sed  by t h e  
w a te r  i n d u s t r y  i n  1982.

The most b e n e f i c i a l  c h e m ic a l  i n  t h e  h i s t o r y  o f  w a te r  
s u p p ly  has  b een  and w i l l  c o n t i n u e  t o  be c h l o r i n e .  C h lo r in e  
i s  e c o n o m ic a l ,  e f f e c t i v e ,  c o n v e n i e n t ,  and i t s  p r o p e r  u s e 'h a s  
v i r t u a l l y  e l i m i n a t e d  t h e  t r a n s m i s s i o n  o f  b a c t e r i o l o g i c a l  and 
v i r a l  d i s e a s e s  by d r i n k i n g  w a t e r .  D e s p i t e  c h l o r i n e ' s  
a s s o c i t i o n  w i th  THM p r o d u c t i o n ,  i t s  b e n e f i t s  f a r  o u tw e ig h  
any p o t e n t i a l  a d v e r s e  c h a r a c t e r i s t i c s .  C h lo r in e  i s  
v i r t u a l l y  t h e  o n ly  i r r e p l a c e a b l e  c h e m ic a l  i n  t h e  w a te r  
p u r v e y o r ' s  a r s e n a l  o f  weapons a g a i n s t  d i s e a s e  t r a n s m i s s i o n  
v i a  d r i n k i n g  w a t e r .  The a p p l i c a t i o n  o f  c h l o r i n e  has  v a s t l y  
expanded t h e  u s a b i l i t y  o f  o u r  w a te r  r e s o u r c e s  by a l lo w in g  
t h e  u se  o f  o t h e r  t h a n  p r i s t i n e  and p r o t e c t e d  s o u r c e s .

TABLE I .  CHEMICALS IN WATER TREATMENT
(1982 -  1000 to n s )  (1)

C o a g u la t io n S o f te n in g

Alum 250 C alc ium  o x id e 350
F e r r i c  c h l o r i d e 80 H ydra ted  l im e 170
F e r r i c  s u l f a t e 100 Sodium h y d ro x id e 135
P o l y e l e c t r o l y t e s 4 .5 Carbon d i o x i d e 18

Soda a sh 200

B i s À n f e s t i p n M is c e l l a n e o u s

C h lo r in e 500 F l u o r i d e  compounds 38
H y p o c h lo r i t e 2 .5 A c t i v a t e d  c a rb o n 10
Sodium c h l o r i t e 6 .4 P h o sp h a te 16
Ammonia 2 .5 Sodium c h l o r i d e 6 .5

Copper s u l f a t e 1 .5
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No l e s s  s i g n i f i c a n t  i s  t h e  u se  o f  c o a g u l a n t s  w i t h i n  t h e  
w a te r  i n d u s t r y .  E s s e n t i a l l y  t h e r e  a r e  no s u r f a c e  w a te r  
s o u r c e s  which  c o u ld  be u sed  w i th o u t  t h e  a p p l i c a t i o n  o f  some 
ty p e  o f  c o a g u l a n t  t o  remove t u r b i d i t y  and some i n o r g a n i c  
c o n ta m in a n t s .  These  a r e  o t h e r  exam ples  o f  c h e m ic a l s  which  
expand t h e  u s a b i l i t y  o f  o u r  w a te r  r e s o u r c e s .  The s o f t e n i n g  
c h e m ic a ls  c e r t a i n l y  have a c t e d  i n  t h e  same b e n e f i c i a l  way by 
m o d ify in g  t h e  q u a l i t y  o f  t h e  w a te r  so t h a t  i t  can  be u sed  
f o r  more p u r p o s e s .

W hile  f l u o r i d a t i o n  c a n n o t  be p o i n t e d  o u t  a s  i n c r e a s i n g  
t h e  r e s o u r c e  a v a i l a b i l i t y ,  t h e  b e n e f i t s  o f  f l u o r i d a t i o n  i n  
te rm s  o f  r e d u c in g  t o o t h  d ecay  c a n n o t  be  d i s p u t e d .  T h is  
p r o v i d e s  j u s t  a n o th e r  a s p e c t  t o  t h e  b e n e f i t s  o f  c h e m ic a l s  on 
a l i m i t e d  r e s o u r c e .

The w a te r  i n d u s t r y  i s  j u s t  now i n  t h e  b e g in n in g  p h a s e s  
o f  i n v e s t i g a t i n g  w a s te w a te r  r e u s e  a s  a v i a b l e  r e s o u r c e  
a l t e r n a t i v e  f o r  f u t u r e  d r i n k i n g  w a te r  s u p p l i e s .  A l re a d y  
w a te r  r e u s e  h as  b een  shown t o  be e f f e c t i v e  and e c o n o m ic a l  
f o r  i r r i g a t i o n ,  i n d u s t r i a l ,  and o t h e r  u s e s  lo w er  t h a n  human 
c o n s u m p t io n .  In  a l l  t h e s e  c a s e s  c h e m ic a l s  p l a y  an im p o r t a n t  
r o l e  i n  t h e  r e u s e  t r a i n .  Reuse i s  n o th in g  more t h a n  
i n c r e a s i n g  t h e  u t i l i z a t i o n  o f  a l i m i t e d  r e s o u r c e .

DETRIMENTAL IMPACTS

W ater s u p p ly  sy s te m s  to d a y  a r e  b e s e t  by an a r r a y  o f  
c o n ta m in a t io n  p ro b le m s  w h ic h ,  d u r in g  t h e  p a s t  d e c a d e ,  have  
b een  grow ing  i n  volume and c o m p le x i ty .  H undreds ,  i f  n o t  
th o u s a n d s ,  o f  new c h e m ic a l  compounds a r e  d e v e lo p e d  e v e ry  
y e a r .  Many o f  them f i n d  t h e i r  way i n t o  o u r  w a t e r .  We know 
l i t t l e  o r  n o th in g  a b o u t  t h e i r  p o t e n t i a l  h e a l t h  e f f e c t s  and 
we know l e s s  th a n  t h a t  a b o u t  t h e i r  e f f e c t s  i n  c o m b in a t io n  
w i th  e a c h  o t h e r .  No l o c a l  r e s e a r c h  p rog ram  i n  t h e  w o r ld  has  
t h e  r e s o u r c e s  t o  m o n i to r  f o r  a l l  t h e  compounds found  i n  
d r i n k i n g  w a t e r ,  t o  exam ine them  i n  c o m b in a t io n ,  t o  p e r fo rm  
t o x i c o l o g i c a l  t e s t s  on a l l  o f  them , and t o  c o n d u c t  
e p i d e m i o l o g i c a l  s t u d i e s  on a l l  o f  them . I t  i s  no 
e x a g g e r a t i o n  t o  s a y  t h a t  t h e  d im e n s io n s  o f  t h e  t a s k  b o g g le  
t h e  mind a s  w e l l  a s  t h e  p o c k e tb o o k .

T h is  i s  why t h e  w a te r  i n d u s t r y  lo o k s  t o  t h e  g overnm en t 
f o r  h e a l t h  e f f e c t s  r e s e a r c h .  B a s i c a l l y ,  we a r e  e n g i n e e r s ,  
n o t  t o x i c o l o g i s t s  o r  e p i d e m i o l o g i s t s .  T e l l  us  t h a t  
s o m e th in g  m ust be removed from t h e  w a t e r ,  and w e ' l l  f i n d  a 
way t o  c o n t r o l  i t  and t e l l  you what i t  w i l l  c o s t .  But i n  
t h e  same b r e a t h  w i th  w hich  we c a l l  f o r  more h e a l t h  e f f e c t s  
r e s e a r c h ,  we em p h as ize  th o ro u g h  and c a r e f u l  r e s e a r c h ,  t h e  
r e s u l t s  o f  w hich  s h o u ld  be made f u l l y  p u b l i c  and be  a b l e  t o  
w i t h s t a n d  t h e  s c r u t i n y  o f  s c i e n t i f i c  r e v ie w .  L ik e  o t h e r  
c i t i z e n s ,  t h e  w a te r  s u p p l i e r  demands t h e  s c r u p u l o u s  c a u t i o n  
o f  t h e  t r u e  s c i e n t i s t .  On t h e  one h an d ,  i f  t h e r e  i s  
s u b s t a n t i a l  e v id e n c e  t h a t  a c o n s t i t u e n t  i n  d r i n k i n g  w a te r  
c o n s t i t u t e s  a t h r e a t  t o  human h e a l t h ,  we w ant t o  remove i t .  
On t h e  o t h e r  h an d ,  we w ant t o  be c e r t a i n  o f  t h e  f a c t s ,  f o r  
t h e  c o s t  o f  m o n i to r in g  and c o n t r o l l i n g  a l a r g e  number o f
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c h e m ic a l s  m easured  i n  p a r t s  p e r  b i l l i o n  would impose an 
e x t r a o r d i n a r y  b u rd e n  on t h e  consumer — a b u rd e n  t h a t  m igh t  
w e l l  be  d i s p r o p o r t i o n a t e  t o  t h e  p r o t e c t i o n  g a in e d .

The p o i n t  i s  t h a t  t h e  r e g u l a t i o n  o f  c o n ta m in a n t s  i n  
d r i n k i n g  w a te r  must be a p u b l i c  d e c i s i o n  b a se d  s o l i d l y  on 
d a t a  t h a t  a r e  made p u b l i c ,  w i th  t h e  p u b l i c  in v o lv e d  in  
re v ie w in g  t h e  r i s k s  and c o s t s  i n v o lv e d .

WATER SOURCE CONTAMINATION

The p ro b lem  o f ,  and s o l u t i o n  t o ,  i n o r g a n i c  c h e m ic a l  
c o n ta m in a n t s  has  r e c e iv e d  a g r e a t  d e a l  o f  a t t e n t i o n  i n  t h e  
p a s t  and w i l l  n o t  be r e p e a t e d  h e r e ;  t h e  i n c r e a s e d  number o f  
o r g a n i c  c o n ta m in a n t s  b e in g  d e t e c t e d  i n  b o th  s u r f a c e  and
g ro u n d w a te r s  th r o u g h o u t  t h e  w orld  w i l l  be  t h e  fo c u s  o f  t h e  
re m a in d e r  o f  t h i s  p a p e r .  The o r g a n i c  c o n ta m in a n t s  r e c e i v i n g  
t h e  most a t t e n t i o n  c u r r e n t l y  a r e  r e f e r r e d  t o  a s  v o l a t i l e  
o r g a n i c  c h e m ic a l s  (VOCs). They a r e  named VOCs b e c a u s e  o f
t h e i r  d i s t i n c t i v e  common p r o p e r t y  o f  h ig h  v o l a t i l i t y
r e l a t i v e  t o  o r g a n i c  s u b s t a n c e s  su ch  a s  p e s t i c i d e s .

Most w a te r  s u p p ly  p e r s o n n e l  a r e  f a m i l i a r  w i th  man-made 
o r g a n i c  s u b s t a n c e s ,  su ch  a s  p h e n o ls  and c h l o r o p h e n o l s ,
b e c a u s e  o f  t h e  a d v e r s e  t a s t e - a n d - o d o r  p ro b lem s  th e y  c a u s e .  
A ls o ,  r e g u l a t e d  p e s t i c i d e s  a r e  a f a m i ly  o f  man-made o r g a n i c  
s u b s t a n c e s  f a m i l i a r  t o  w a te rw o rk s  o p e r a t o r s .  The p r e s e n c e  
o f  t h e s e  s u b s t a n c e s ,  a l t h o u g h  u n d e s i r a b l e ,  does  n o t  r e s u l t
i n  q u e s t i o n s  r e g a r d in g  e f f e c t i v e  t y p e s  o f  re m o v a l ,  o r  
m ag n itu d e  o f  t h e  c o s t s  t h a t  may be i n c u r r e d ,  s i n c e  
e x p e r i e n c e  has  p r o v id e d  a c c e p t a b l e  an sw ers  t o  t h e s e  
q u e s t i o n s .

G e n e r a l l y ,  c o n ta m in a te d  s u r f a c e  w a te r s  have been  found 
t o  c o n t a i n  a b ro a d  s p e c t ru m  o f  o r g a n i c  s u b s t a n c e s  o f  v e ry  
low c o n c e n t r a t i o n  ( 2 ) ,  o f t e n  in  t h e  nanogram p e r  l i t e r  
r a n g e .  C o n v e r s e ly ,  c o n ta m in a te d  g ro u n d w a te r s  may c o n t a i n  a 
l e s s e r  number o f  compounds t h a t  o c c u r  a t  v e r y  h ig h  
c o n c e n t r a t i o n s  (a s  h ig h  a s  400 mg/L) ( 2 - 6 ) .  D a ta  from 
o r g a n i c  c o n ta m in a t io n  s u r v e y s  by s t a t e  a g e n c ie s  and t h e  U .S.
E n v iro n m e n ta l  P r o t e c t i o n  Agency (USEPA) have begun t o  change  
t h e  g e n e r a l  p e r c e p t i o n  o f  g ro u n d w a te r  q u a l i t y .  The lo n g  
a c c e p te d  v ie w p o in t  t h a t  g ro u n d w a te r  s o u r c e s  a r e  o f  p r i s t i n e  
p u r i t y  and i n  need  o f  m in im al t r e a t m e n t  i s  b e in g  q u e s t i o n e d  
i n  c u r r e n t  w a te r  q u a l i t y  forum s ( 7 - 1 0 ) .

USEPA has  c o n d u c te d  t h r e e  m ajor  w a te r  s u p p ly  s u r v e y s  
t h a t  have g e n e r a t e d  a g r e a t  amount o f  d a t a  on o r g a n i c  
c o n t a m in a t io n  o f  d r i n k i n g  w a te r  s u p p l i e s  ( 2 - 4 ) .  Each s u rv e y  
was d e s ig n e d  t o  fo c u s  upon s e l e c t e d  c o n ta m in a n t s ,  g e o g r a p h ic  
d i s t r i b u t i o n s ,  and w a te r  u t i l i t y  s i z e s ,  and t o  p r o v id e  a 
b ro a d  ra n g e  o f  i n f o r m a t i o n .  None o f  t h e  s u rv e y s  fo c u s e d  
upon s p e c i f i c  l o c a t i o n s  f o r  d e t a i l e d  te m p o ra l  d a t a .  A 
re v ie w  o f  t h e s e  d a t a  f o r  s u r f a c e  w a te r  s u p p l i e s  was p r o v id e d  
i n  a 1981 EPA p u b l i c a t i o n  ( 5 ) .  The d a t a  i n d i c a t e  t h a t  
t r i c h l o r o e t h y l e n e  and c a rb o n  t e t r a c h l o r i d e  a p p e a re d  i n  a b o u t  
o n e - t h i r d  o f  a l l  sam p le s  a n a ly z e d .  T y p i c a l l y ,  mean v a l u e s
o f  sam p le s  c o n t a i n i n g  VOCs ( p o s i t i v e  sam p les)  ran g ed  from
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0 .5  ppb t o  3 .5  ppb ;  maximum v a l u e s  f e l l  i n  t h e  r a n g e  o f  10 
t im e s  t h e  a v e ra g e  v a l u e s .

D a ta  from  t h e  EPA s u r v e y s  p r o v id e  an a d e q u a te  o v e rv ie w  
o f  t h e  n a t i o n a l  s i t u a t i o n  i n  t h e  U .S . ,  b u t  do n o t  a d d r e s s  
t h e  m a jo r  t h r e a t  p o sed  t o  s u r f a c e  s t r e a m s  by VOCs: t h a t  i s ,  
i n f r e q u e n t ,  s h o r t - t e r m  o c c u r r e n c e s  o f  h ig h  c o n c e n t r a t i o n s  
c a u se d  by s p i l l s  and d e l i b e r a t e  d i s c h a r g e s .  T h is  s i t u a t i o n  
c a n  be docum ented o n ly  by c o l l e c t i n g  sam p les  a t  a f r e q u e n c y  
t h a t  i s  c o m p arab le  t o  t h e  e x p e c te d  d u r a t i o n  o f  t h e  e v e n t .
The most p u b l i c i z e d  s p i l l  i n  t h e  U .S . o c c u r r e d  i n  F e b r u a r y  
1977 on t h e  Kanawha R i v e r ,  a t r i b u t a r y  o f  t h e  Ohio R iv e r  
l o c a t e d  i n  West V i r g i n i a .  An e s t i m a t e d  1 4 0 ,0 0 0 - l b  d i s c h a r g e  
o f  c a rb o n  t e t r a c h l o r i d e  was o b s e rv e d  d u r in g  w hat was 
o r i g i n a l l y  a r o u t i n e  a n a l y s i s  i n  t h e  NOMS p ro g ram  ( 1 1 ) .  
Carbon t e t r a c h l o r i d e  was d e t e c t e d  a t  50 ppb i n  a s i n g l e  g ra b  
sam ple  a t  H u n t in g to n ,  West V i r g i n i a  on t h e  Ohio R i v e r .  A 
l a c k  o f  d a t a  made t h e  d e t e r m i n a t i o n  o f  maximum 
c o n c e n t r a t i o n s  d i f f i c u l t .  The s p i l l  i n c i d e n t  d i d  r e s u l t  i n  
t h e  im provem ent o f  m o n i to r in g  and com m unica tion  n e tw o rk s  i n  
t h e  Ohio R iv e r  V a l l e y .

C o n ta m in a t io n  o f  g ro u n d w a te r  by o r g a n i c  c h e m ic a l s  i s  
much more commonplace t h a n  p r e v i o u s l y  b e l i e v e d .  W ith  
g ro u n d w a te r ,  r e l a t i v e l y  s m a l l  s o u r c e s  o f  p o l l u t a n t s  can  
c a u s e  a h ig h  d e g r e e  o f  c o n t a m in a t io n  t o  a l o c a l i z e d  a r e a  
w i th o u t  a f f e c t i n g  s u r r o u n d in g  a r e a s .  C o n t in u o u s  d i s c h a r g e  
may c a u s e  mounding and s h i f t  t h e  d i r e c t i o n  and sp eed  o f  
w a te r  f lo w  somewhat u n p r e d i c t a b l y .

The l a c k  o f  p r e d i c t a b i l i t y  o f  c o n t a m i n a t i o n  i n  a q u i f e r s  
and t h e  g r e a t  r e l i a n c e  o f  s m a l l  co m m u n it ie s  on g ro u n d w a te r  
s u p p l i e s  combine t o  make an o v e r a l l  a s s e s s m e n t  o f  
g ro u n d w a te r  c o n t a m in a t io n  d i f f i c u l t .  E a r l y  e f f o r t s  i n  
g ro u n d w a te r  m o n i to r in g  were fo c u s e d  i n  a r e a s  o f  heavy  
i n d u s t r i a l i z a t i o n  where t h e  u se  and d i s p o s a l  o f  i n d u s t r i a l  
c h e m ic a l s  o c c u r r e d  i n  h ig h  vo lum e.

S u rv ey s  c o n d u c te d  by i n d i v i d u a l  s t a t e s  have y i e l d e d  a 
g r e a t  d e a l  o f  d a t a  on s p e c i f i c  s i t e s  o f  c o n t a m i n a t i o n .  The 
o n ly  n a t i o n a l  o v e rv ie w  o f  t h e  p ro b lem  i n  t h e  U .S . ,  how ever ,  
h a s  b een  p r o v id e d  by t h e  r e c e n t l y  c o m p le te d  Ground W ater 
S upp ly  Su rvey  (GWSS) c o n d u c te d  by EPA i n  c o n j u n c t i o n  w i t h  
t h e  s t a t e s  ( 1 2 ) .  The d a t a  from  t h e  GWSS was d i v i d e d  i n t o  
two s u b c l a s s e s :  d a t a  from  random ly  s e l e c t e d  sam ple  
l o c a t i o n s ,  and d a t a  from l o c a t i o n s  t h o u g h t  t o  have a h ig h  
p r o b a b i l i t y  o f  c o n t a m i n a t i o n ,  b u t  f o r  w hich  no d a t a  w ere y e t  
a v a i l a b l e .

The summary d a t a  i n d i c a t e d  t h a t  16 t o  37% o f  a l l  
s a m p le s  c o n t a i n e d  a t  l e a s t  one o f  t h e  m easu red  VOCs, 
d e p e n d in g  upon t h e  s u b c l a s s .  D e t e c t i o n s  o c c u r r e d  a t  a 
s i g n i f i c a n t l y  h i g h e r  f r e q u e n c y  and c o n c e n t r a t i o n  i n  t h e  n o n -  
random sam p les  a s  opposed  t o  t h e  random s a m p le s ,  a s  would be 
e x p e c t e d .  These  d a t a  r e f l e c t  a g r e a t  d e a l  o f  s i m i l a r i t y  t o  
p r e v i o u s l y  r e p o r t e d  d a t a  f o r  s u r f a c e  s t r e a m s ,  w i th  t h e  
e x c e p t i o n  t h a t  t h e  maximum v a l u e s  e n c o u n te r e d  a r e  50 t o  100 
t im e s  t h e  a v e ra g e  v a l u e s  o f  p o s i t i v e  d e t e c t i o n .

I t  i s  s t r e s s e d  t h a t  t h e  GWSS in c lu d e d  sam ple  l o c a t i o n s  
t h a t  were e i t h e r  random o r  t h a t  were s e l e c t e d  on t h e
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s u s p i c i o n  o f  c o n ta m in a t io n  w i th o u t  e x i s t i n g  d a t a .  These  
q u a l i f i c a t i o n s  l a r g e l y  e x c lu d e d  g ro u n d w a te r  s u p p l i e s  t h a t  
w ere known t o  be c o n ta m in a te d  t o  some e x t e n t  by VOCs. An 
a p p r e c i a b l e  amount o f  d a t a  h a s  b een  c o l l e c t e d  by s t a t e  
s u r v e y s  i n  a r e a s  c o n ta m in a te d  w i th  VOCs. A lth o u g h  
s t a t i s t i c a l  i n t e r p r e t a t i o n  o f  t h e s e  d a t a  i s  d i f f i c u l t  
b e c a u s e  o f  v a r y in g  c o n d i t i o n s  o f  sam ple  c o l l e c t i o n  and 
a n a l y s i s ,  t h e  d a t a  do p r e s e n t  v a l u a b l e  i n f o r m a t i o n  on 
s e r i o u s l y  c o n ta m in a te d  a q u i f e r s  w i t h i n  l i m i t e d  g e o g r a p h ic  
c o n f i n e s .

The p ro b le m s  a s s o c i a t e d  w i th  g ro u n d w a te r  c o n ta m in a t io n  
c o n s t i t u t e  a w orr isom e l i t a n y :

o C on tam in an t  c o n c e n t r a t i o n s ,  p a r t i c u l a r l y  f o r
t h e  o r g a n i c  c h e m ic a l s ,  t e n d  t o  be a t  much h ig h e r  l e v e l s  
i n  g ro u n d w a te r s  t h a n  i n  s u r f a c e  w a t e r s .

o C o n ta m in a t io n  i s  d i f f i c u l t  and c o s t l y  t o
d e t e c t .

o C on tam in an t  rem oval can  be so e x p e n s iv e  and
t e c h n i c a l l y  complex t h a t  i t  i s  o f t e n  n o t  a v i a b l e  
o p t i o n ,  e s p e c i a l l y  f o r  sm a l l  s y s te m s .

o B ecause  o f  t h e  s low  r a t e  o f  g ro u n d w a te r
movement, n a t u r a l  f l u s h i n g  o f  an a q u i f e r  may t a k e  
h u n d re d s  o f  y e a r s ;  and t h e  s o u r c e  o f  p o l l u t i o n  may be 
i m p o s s ib l e  t o  i d e n t i f y  i f  t h e  p ro b lem  d o e s n ' t  s u r ­
f a c e ,  so  t o  s p e a k ,  f o r  d e c a d e s  a f t e r  i t  was c a u s e d .

o L a s t l y ,  t h e  s o u r c e s  o f  g ro u n d w a te r  c o n ta m in ­
a t i o n  a r e  a s  d i v e r s e  and d i f f i c u l t  t o  c o n t r o l  a s  t h o s e  
a f f e c t i n g  s u r f a c e  w a t e r s .  They i n c l u d e  i n d u s t r i a l  
w a s te  d i s p o s a l  and impoundment s i t e s ,  a g r i c u l t u r a l  
p r a c t i c e s ,  some i n j e c t i o n  p r a c t i c e s ,  d e p l e t i o n  and s a l t  
w a te r  i n t r u s i o n ,  u rb a n  r u n - o f f ,  i n t e r a c t i o n  w i th  p o l ­
l u t e d  s t r e a m s ,  and t h e  c u m u la t iv e  e f f e c t s  o f  many 
s m a l l ,  n o n - p o i n t  s o u r c e  a c t i v i t i e s .

Thus f a r ,  i t  seems t h a t  p o l l u t i o n  has  a f f e c t e d  o n ly  a 
s m a l l  f r a c t i o n  o f  o u r  g ro u n d w a te r  r e s o u r c e s .  What s h o u ld  
t r o u b l e  u s ,  how ever ,  i s  n o t  t h e  d e g re e  o f  c o n t a m i n a t i o n ,  b u t  
t h e  f a c t  t h a t  i t  can  and d o es  o c c u r  and t h a t  t h e  c o n d i t i o n s  
w hich  c a u s e d  t h e  known i n s t a n c e s  e x i s t  e l s e w h e r e  i n  t h e  
c o u n t r y .

SMALL WATER SYSTEMS

I t  i s  n o te w o r th y  t h a t  t h e  p re p o n d e ra n c e  o f  s m a l l  w a te r  
sy s te m s  draw upon g ro u n d w a te r  s o u r c e s  and t h a t  t h e s e  a r e  t h e  
v e r y  s y s te m s  w hich  a r e  p a t e n t l y  i l l - e q u i p p e d  t o  cope  w i th  
c o n t a m i n a t i o n .  Using round f i g u r e s ,  10% o f  t h e  n a t i o n ' s  
w a te r  sy s te m s  s e r v e  90% o f  t h e  p o p u l a t i o n ;  90% o f  t h e  
sy s te m s  s e r v e  t h e  re m a in in g  10% o f  t h e  p o p u l a t i o n .  To be a
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l i t t l e  more p r e c i s e ,  88.4% o f  o u r  5 9 ,000  s y s te m s  s e r v e  few er  
th a n  3 ,3 0 0  p e o p l e .  A lm ost 38 ,5 0 0  sy s te m s  s e r v e  few er  t h a n  
500 p e o p l e .  T y p i c a l l y ,  t h e s e  a r e  g ro u n d w a te r  s y s te m s  w i th  a 
pump, a s im p le  d i s t r i b u t i o n  s y s te m ,  p e r h a p s  a c h l o r i n a t o r ,  
and an u n t r a i n e d  p a r t - t i m e  o p e r a t o r .

The p r i n c i p a l  g ro u n d w a te r  p ro b lem s  in v o lv e  n i t r a t e s ,  
t h e  n a t u r a l l y  o c c u r r i n g  c o n ta m in a n t s  o f  a r s e n i c ,  b a r iu m ,  
f l u o r i d e ,  rad iu m , and s e l e n iu m ,  and a s m a l l  number o f  
o r g a n i c  p o l l u t a n t s  c o n s i s t i n g  p r i m a r i l y  o f  i n d u s t r i a l  
s o l v e n t s .  These  a r e  p ro b lem s  w hich  a r e  m inor i n  n a t u r e  and 
e a s i l y  c o r r e c t e d  by t h e  i n t r o d u c t i o n  o f  l a r g e - s c a l e  
t r e a t m e n t  f a c i l i t i e s ;  how ever ,  t h i s  i s  n o t  p r a c t i c a l  i n  many 
s m a l l  sy s te m  s i t u a t i o n s  f o r  t h r e e  m a jo r  r e a s o n s :

Economics

The c o s t  o f  i n s t a l l a t i o n  and o p e r a t i o n  o f  t h e  n e c e s s a r y  
t r e a t m e n t  p r o c e s s e s  n o rm a l ly  i s  beyond t h e  r e a c h  o f  
consum ers  i n  t h e  s m a l l  s y s te m s .  A cco rd in g  t o  a 1980 EPA 
s t u d y ,  t h e  i n s t a l l a t i o n  o f  a t r e a t m e n t  p l a n t  i n  a s m a l l  
sy s te m  would i n c r e a s e  t h e  a v e ra g e  c u s to m e r  b i l l  from  $5 .20  
p e r  month t o  $51 .00  o r  more p e r  m onth , a t e n - f o l d  i n c r e a s e .  
C o m p a r a t iv e ly ,  f o r  a l a r g e  sy s te m  s e r v i n g  a p o p u l a t i o n  o f
100 ,000  p e o p l e ,  t h e  same p ro b lem  and s o l u t i o n  would r a i s e  
m on th ly  b i l l s  from  $4 .20  t o  $5 .60  — a t o l e r a b l e  c o s t  i n  t h e  
i n t e r e s t  o f  p u b l i c  h e a l t h  p r o t e c t i o n .  The same s t u d y  
c o n c lu d e d  t h a t  even  w i th  a 100% c o n s t r u c t i o n  g r a n t  p rog ram  
(a  l i k e l i h o o d  i n  no o n e ' s  b o o k ) ,  t h e  m a j o r i t y  o f  s m a l l  
sy s te m s  would be u n a b le  t o  meet t h e  s t a n d a r d s  b e c a u s e  th e y  
c o u l d n ' t  a f f o r d  t o  o p e r a t e  t h e  p l a n t  and t o  pay  a co m p e te n t  
o p e r a t o r .

Lack Of A p p r o p r i a t e  T re a tm e n t  T e c h n o lo g ie s  F or  Sm all  W ater 
System s

Removal t e c h n o l o g i e s  c e r t a i n l y  a r e  a v a i l a b l e  f o r  a l l  
t h e  c o n ta m in a n t s  o f  c o n c e r n ,  b u t  i n  many c a s e s  t h o s e  
t e c h n o l o g i e s  have n o t  been  s c a l e d  down f o r  t h e  s m a l l e r  
s y s te m s .  EPA h as  i n v e s t e d  a g r e a t  d e a l  o f  r e s e a r c h  fu n d s  i n  
t h i s  a r e a  o v e r  t h e  p a s t  few y e a r s ,  b u t  a g r e a t  d e a l  o f  work 
s t i l l  n e e d s  t o  be  d o n e .

Lack Of W ell T r a in e d  O p e r a to r s  A v a i l a b l e  To The Sm all 
System .

In  s h o r t ,  s m a l l  sy s te m s  c a n n o t  a f f o r d  t o  r e t a i n  
o p e r a t o r s  t h a t  a r e  w e l l  q u a l i f i e d  t o  o p e r a t e  even  a s im p le  
c h l o r i n a t o r .  AWWA, EPA, and t h e  R u ra l  W ater A s s o c i a t i o n  a l l  
have t r a i n i n g  and e d u c a t i o n  p rog ram s aimed a t  t h i s  c l a s s  o f  
o p e r a t o r  w hich  w i l l ,  i n  t h e  l o n g - t e r m ,  a t  l e a s t  r e d u c e ,  i f  
n o t  e l i m i n a t e ,  t h e  s i t u a t i o n .

The r o o t  c a u s e  o f  t h e  s m a l l  sy s te m  p ro b lem  i s  r e l a t e d  
d i r e c t l y  t o  c o s t s .  Sm all  s y s t e m s '  re v e n u e s  a r e  low b e c a u s e  
o f  t h e  low number o f  c u s to m e r s .  C o n s e q u e n t ly ,  t h e y  have  to  
keep  r a t e s  down a s  f a r  a s  p o s s i b l e  b e c a u s e  o f t e n  t h e  p e o p le
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t h e y  s e r v e  a r e  low income o r  f i x e d  income f a m i l i e s .  They do 
n o t  have a c c e s s  t o  c a p i t a l  f o r  im provem ents  b e c a u s e  th e y  
have  su c h  low re v e n u e  and l i m i t e d  a s s e t s  o f  any v a l u e .  
O p e r a t i o n a l l y ,  t h e i r  low b u d g e t s  p r e c l u d e  h i r i n g  and 
r e t a i n i n g  s k i l l e d  p e r s o n n e l  t o  s t a f f  t h e  sy s te m .  O f te n  
s m a l l  sy s te m s  c a n ' t  a f f o r d  t o  r e p l a c e  o ld  equ ipm en t o r  even  
t o  m a i n t a i n  t h e  s y s te m  p r o p e r l y .  T h is  l e a d s  n o t  o n ly  t o  
s e r v i c e  b reakdow ns b u t  a l s o  t o  w a te r  q u a l i t y  p ro b le m s .  For  
c e r t a i n  c o n ta m in a t io n  p ro b le m s ,  a p p r o p r i a t e  t e c h n o lo g y  
s im p ly  i s  n o t  a v a i l a b l e  on t h e  s m a l l  s c a l e  r e q u i r e d ,  even  i f  
t h e  sy s te m  c o u ld  a f f o r d  i t .

EPA and t h e  s t a t e s  a r e  f u l l y  aware o f  t h e s e  r e a l i t i e s ,  
b u t  n e i t h e r  l e v e l  o f  governm ent i s  i n  a p o s i t i o n  t o  do much 
a b o u t  t h e  b a s i c  c a u s e s .  T h is  i s  n o t  t o  sa y  t h a t  r e g u l a t o r y  
a g e n c i e s  a r e  d o in g  n o th in g  t o  h e lp  s m a l l  s y s te m s .  Q u i te  t h e  
c o n t r a r y ,  many s t a t e  p rog ram s i n  p a r t i c u l a r  have had a 
d e m o n s t r a b ly  p o s i t i v e  im p ac t  on s m a l l  sy s te m  p e r fo rm a n c e .  
Only t h e  more s e v e r e  c a s e s  f a l l  beyond t h e i r  i n f l u e n c e .

RESPONSIBILITY

A l l  t h a t  h a s  been  d i s c u s s e d  i n  t h i s  p a p e r ,  by way o f  
r e p r e s e n t i n g  t h e  v ie w p o in t  o f  t h e  w a te r  s u p p l i e r ,  s e r v e s  a s  
b ackg round  t o  t h i s  fu n d a m e n ta l  q u e s t i o n :  who s h o u ld  b e a r  
t h e  r e s p o n s i b i l i t y  f o r  c o n ta m in a n t  rem oval from  a d r i n k i n g  
w a te r  s o u rc e ?  The p r o t e c t i o n  o f  t h e  p u b l i c  h e a l t h  and o u r  
w a te r  r e s o u r c e s  i s  a n a t i o n a l  g o a l ,  and t h e r e f o r e  t h e  means 
o f  a c h i e v in g  i t  i s  a d e c i s i o n  t h a t  must be made c l e a r l y  and
f a i r l y .  I t  seems t o  me t h e  f o l lo w in g  f a c t o r s  s h o u ld  be 
c o n s i d e r e d  when we t r y  t o  f i x  t h e  r e s p o n s i b i l i t y ,  w h e th e r  i t
be  c o n ta m in a t io n  o f  g ro u n d w a te r  o r  s u r f a c e  w a t e r :

E q u i ty

Should  t h e  dow nstream  u s e r  b e a r  t h e  c o s t  o f  rem oving an 
u p s t re a m  d i s c h a r g e ?  Should  d i s c h a r g e  p e r m i t s  be b a se d  upon 
d i f f e r e n t  c o n s i d e r a t i o n s  and r i s k s  t h a n  d r i n k i n g  w a te r  
s t a n d a r d s  and h e a l t h  a d v i s o r i e s ?  In  many c a s e s  t h e  fo rm e r  
a r e  b a se d  upon b e s t  a v a i l a b l e  t r e a t m e n t  w h i le  t h e  l a t t e r  a r e  
b a s e d  upon e x t r a p o l a t e d  h e a l t h  r i s k s .  Should  t h e  c i t i z e n s  
o f  one community pay  t h e  c o s t  o f  c l e a n i n g  up t h e  p o l l u t i o n
c a u se d  by o t h e r  co m m unit ie s  o r  i n d u s t r i e s  u p s t re a m ?

E n f o r c e a b i l i t y

Which a p p ro a c h  i s  more e n f o r c e a b l e :  c o n ta m in a n t  
rem oval b e f o r e  d i s c h a r g e  o r  a f t e r  w i th d ra w a l  f o r  p u b l i c  
co n su m p tio n ?  Can governm ent f o r c e  a community o f  a few 
h u ndred  p e o p le  t o  u n d e r t a k e  w a te r  t r e a t m e n t  c o s t s  t h a t  a r e  
d e m o n s t r a b ly  beyond t h e  p e o p l e ' s  a b i l i t y  t o  pay? Do you p u t  
t h e  town c o u n c i l  i n  j a i l  o r  s h u t  down t h e  w a te r  s y s te m ,  o r
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i s  i t  more p r a c t i c a l  t o  e n f o r c e  d i s c h a r g e  l i m i t a t i o n s  and 
s t a n d a r d s ?

H e a l th  and E n v iro n m e n ta l  P r o t e c t i o n

At w hich  p o i n t  -  d i s c h a r g e  o r  w a te r  t r e a t m e n t  p l a n t  —  
a r e  p u b l i c  h e a l t h  and t h e  e n v iro n m e n t  b e s t  p r o t e c t e d ,  n o t  
o n ly  f o r  d r i n k i n g  w a te r  p u r p o s e s  b u t  f o r  o t h e r  s t r e a m  and 
a q u i f e r  u s e s  a s  w e l l ?  Those c o n c e rn e d  a b o u t  s t r e a m  e c o lo g y  
o r  r e c r e a t i o n  v e r y  l i k e l y  would j o i n  i n  a r g u in g  f o r  
p r o t e c t i o n  o f  t h e  s o u r c e  i t s e l f ,  d o n ' t  you t h i n k ?

Economics

Which a l t e r n a t i v e  i s  most c o s t - e f f e c t i v e :  
t r e a t i n g  r e l a t i v e l y  h ig h  c o n c e n t r a t i o n s  o f  known 
c o n ta m in a n t s  i n  d i s c h a r g e s  o r  m o n i to r in g  and t r e a t i n g  a t  t h e  
w a te r  p l a n t  f o r  a w ide ra n g e  o f  unknown c o n ta m in a n t s  a t  v e ry  
low l e v e l s ?  Should  t h e  c o s t  o f  rem oving w a s te s  be 
a s s o c i a t e d  w i th  t h e  p r o d u c t s  b e in g  p ro d u c e d  o r  be p a s s e d  
a lo n g  t o  t h o s e  who d r i n k  w a te r?

Method o f  P r o t e c t i o n

From t h e  v ie w p o in t  o f  b o th  t e c h n o lo g y  and p u b l i c  
p o l i c y ,  i s  i t  w ise  t o  r e p l y  on t h e  w a te r  t r e a t m e n t  p l a n t  t o  
p r o v i d e  t h e  p r i n c i p a l ,  i f  n o t  t o t a l ,  d e f e n s e  a g a i n s t  human 
e x p o s u re  t o  p o l l u t a n t s ?  The w a te r  sy s te m  i s  t h e  f i n a l  p o i n t  
o f  p r o t e c t i o n  a g a i n s t  co n su m p tio n  o f  h a rm fu l  c h e m i c a l s .

Q u i te  o b v i o u s l y ,  a l l  t h e s e  f a c t o r s  and i s s u e s  have 
b ro a d  i m p l i c a t i o n s ,  and th e y  can  h a r d l y  be  r e s o l v e d  
u n i l a t e r a l l y  by t h e  w a te r  s u p p l i e r .  G overnm ents a t  a l l  
l e v e l s  a r e  i n v o lv e d ;  so  a r e  i n d u s t r y ,  a g r i c u l t u r e ,  
r e c r e a t i o n ,  and t h e  g e n e r a l  p u b l i c .  I t  i s  a l s o  im p o r t a n t  t o  
p o i n t  o u t  t h a t  s e v e r a l  f e d e r a l  and s t a t e  law s  and r e g u l a t o r y  
p ro g ram s a r e  in v o lv e d  i n  t h i s  e f f o r t  and s h o u ld  be a p p l i e d  
i n  a c o o r d i n a t e d  e f f o r t .  The S a fe  D r in k in g  W ater A ct d o es  
n o t  s t a n d  a l o n e ;  i t  i s  i n t e r r e l a t e d  w i th  t h e  C lean  W ater A ct 
( d i s c h a r g e  p e r m i t s ) , R eso u rce  C o n s e r v a t io n  and R ecovery  A ct 
( g r o u n d w a te r ) , T ox ic  S u b s ta n c e s  C o n t r o l  A ct and t h e  
S u p e r fu n d  A c t .

SUMMARY

T h is  p a p e r  h as  a t t e m p te d  t o  su m m arize ,  f rom  t h e  w a te r  
u t i l i t y  p o i n t  o f  v ie w ,  t h e  im p a c ts  o f  c h e m ic a l s  on d r i n k i n g  
w a t e r .  In  one s e n s e ,  c h e m ic a l s  a r e  a n e c e s s i t y  and have 
v a s t l y  i n c r e a s e d  t h e  u t i l i z a t i o n  o f  a l i m i t e d ,  y e t  
r e n e w a b le ,  r e s o u r c e .  In  a n o t h e r  s e n s e ,  c h e m ic a l  
c o n t a m in a t io n  o f  d r i n k i n g  w a te r  s o u r c e s  c e r t a i n l y  has
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r e d u c e d  t h e  u s a b i l i t y  o f  some w a te r  r e s o u r c e s  f o r  p o t a b l e  
p u r p o s e s .  T h is  i s  p a r t i c u l a r l y  t r u e  f o r  s m a l l  w a te r  s u p p ly  
sy s te m s  t h a t  do n o t  have t h e  f i n a n c i a l  n o r  t h e  t e c h n o l o g i c a l  
b a s i s  t o  cope w i th  t h e  p ro b lem s  p r e s e n t e d  by t h e  p r e s e n c e  o f  
t h e  c h e m ic a l s  i n  t h e  s o u r c e  w a t e r .

The w a te r  u t i l i t y  manager a l s o  must e v a l u a t e  t h e  
q u e s t i o n  o f  r e s p o n s i b i l i t y  w i th  r e p e c t  t o  man-made c h e m ic a l  
c o n t a m in a t io n  o f  a  d r i n k i n g  w a te r  s o u r c e .  The m a jo r  i s s u e  
i s  n o t  one o f  p l a c i n g  blame on t h e  g u i l t y  p a r t y ,  b u t  r a t h e r  
o f  a s s i g n i n g  r e s p o n s i b l i t y  f o r  t h e  p r o t e c t i o n  o f  t h e
r e s o u r c e s  and a s s u r i n g  t h a t  a l l  t h e  u s e r s  o f  t h a t  r e s o u r c e  
a r e  t r e a t e d  i n  an  e q u i t a b l e  m anner.

What do w a te r  s u p p l i e r s  want?  The more t h o u g h t f u l  
among them a r e  c la m o r in g  f o r  more and b e t t e r  r e s e a r c h  i n t o  
t h e  h e a l t h  e f f e c t s  o f  c o n ta m in a n t s  a s  a more r e l i a b l e  b a s i s  
f o r  r e g u l a t i n g  any a d d i t i o n a l  s t a n d a r d s .  They ask  f o r  
c o o p e r a t i o n  and a c t i o n  from g o v e rn m en t ,  i n d u s t r y ,  
a g r i c u l t u r e  and t h e  p u b l i c  i n  p r o t e c t i n g  d r i n k i n g  w a te r  
s o u r c e s  from  p o l l u t i o n  and f o r  r e c o g n i t i o n  o f  t h e  f a c t  t h a t  
p r e v e n t i v e  m easu re s  may c o s t  l e s s  i n  t h e  lo n g  run  th a n  t h e  
p r i c e  t o  be p a id  f o r  h e a l t h  s e r v i c e s ,  new t r e a t m e n t  p l a n t s  
and o t h e r  e f f e c t s  o f  c o n ta m in a te d  d r i n k i n g  w a t e r .  W ater 
s u p p l i e r s  a l s o  seek  a g r e a t e r  and more r e a l i s t i c  
a p p r e c i a t i o n  o f  t h e  c o s t s  a s s o c i a t e d  w i th  t h e  d e l i v e r y  o f  a 
s a f e ,  r e l i a b l e  s u p p ly  o f  good q u a l i t y  w a t e r .  F i n a l l y ,  t h e  
i n d u s t r y  a s k s  t h a t  we n o t  l o s e  s i g h t  o f  t h e  f a c t  t h a t  among 
t h e  com pe ting  u s e s  f o r  o u r  w a te r  r e s o u r c e s  — s p o r t s  and 
r e c r e a t i o n ,  i n d u s t r y  and a g r i c u l t u r e  — d r i n k i n g  w a te r  must 
c o n t i n u e  t o  be g iv e n  to p  p r i o r i t y .  P u b l i c  h e a l t h  and s a f e t y  
depend  upon t h a t  commitment.

Am erican d r i n k i n g  w a te r  i s  s t i l l ,  a l l  t h i n g s  
c o n s i d e r e d ,  t h e  f i n e s t  q u a l i t y  w a te r  i n  t h e  w o r ld .  T h a t  
f a c t ,  how ever,  c a n n o t  be t a k e n  f o r  g r a n t e d .  On t h e  
f r o n t i e r s  o f  t h e  new knowledge s c i e n c e  i s  d i s c o v e r i n g ,  t h e r e  
a r e  s e r i o u s  i s s u e s  r e q u i r i n g  n a t i o n a l  a t t e n t i o n ,  s t u d y ,  and 
p u b l i c  i n v e s tm e n t .  The s c i e n c e  o f  t h e  l a s t  d e c a d e  h as  
b r o u g h t  us t o  t h e  t h r e s h o l d  o f  a new e r a  i n  w hich  we s h a l l  
l e a r n  much more th a n  we know now and i n  which we s h a l l  have 
t o  do more t h a n  we do now t o  p r e s e r v e  o u r  p ro u d  c la im  t o  t h e  
b e s t  and s a f e s t  d r i n k i n g  w a te r .
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CHAPTER 4

BOTTLED WATER: AN ALTERNATIVE SOURCE 
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San Francisco, California 94104

A m e r ic a n s ,  i n  grow ing  num bers ,  a r e  t u r n i n g  t o  b o t t l e d  
w a te r  t o  quench  t h e i r  t h i r s t .  L a s t  y e a r ,  t h e  b o t t l e d  w a te r  
i n d u s t r y  s e r v e d  a b o u t  15 b i l l i o n  g l a s s f u l s  o f  w a te r  t o  more 
th a n  12 m i l l i o n  consum ers  i n  e v e ry  s t a t e  o f  t h e  U nion. 
A cco rd in g  to  t r a d e  s t a t i s t i c s ,  t h e  number o f  p e o p le  d r i n k i n g  
b o t t l e d  w a te r  i s  i n c r e a s i n g  a t  more t h a n  10 p e r c e n t  p e r  
y e a r .  At c u r r e n t  g row th  r a t e s ,  i n d u s t r y  s a l e s  c o u ld  to p  $1 
b i l l i o n  by 1985.

The most f r e q u e n t l y  a sk ed  q u e s t i o n  a b o u t  t h e  i n d u s t r y  
i s ,  why do p e o p le  buy b o t t l e d  w a te r?  U n t i l  r e c e n t l y  t h e  
answ er h as  been  t h r e e f o l d :  t o  s a t i s f y  a s p e c i a l  d i e t a r y  
n e e d ,  a s  a s o u r c e  o f  s a f e  d r i n k i n g  w a te r  i n  t im e s  o f  
em ergency , and f o r  a e s t h e t i c  r e a s o n s .  B o t t l e d  w a te r  i s  
recommended and o f t e n  m e d i c a l l y - p r e s c r i b e d  f o r  p r e g n a n t  
women and i n f a n t s  i n  a r e a s  where n i t r a t e  l e v e l s  i n  a l o c a l  
w a te r  s u p p ly  a r e  e x c e s s i v e ,  f o r  i n d i v i d u a l s  on sodium 
r e s t r i c t e d  d i e t s ,  and t o  p r o t e c t  c h i l d r e n  from  m o t t l e d  t e e t h
in  r e g i o n s  where f l u o r i d e  l e v e l s  a r e  to o  h i g h .

Use o f  b o t t l e d  w a te r  i n  em ergency s i t u a t i o n s  c a u s e d  by 
f l o o d s ,  e a r t h q u a k e s ,  and h u r r i c a n e s  i s  a m a t t e r  o f  r e c o r d .  
B o t t l e d  w a te r  a l s o  i s  u sed  a s  an a l t e r n a t i v e  s o u r c e  o f  
d r i n k i n g  w a te r  when t h e  s a f e t y  o f  a community w a te r  s u p p ly  
i s  compromised by c o n ta m in a n t s  o f  n a t u r a l  o r  i n d u s t r i a l  
o r i g i n .  A s b e s to s  i n  D u lu th ,  r a d i o a c t i v i t y  a t  T h ree  M ile
I s l a n d ,  n i t r a t e s  and s e le n iu m  i n  Wyoming, and p e s t i c i d e s  i n  
Hawaii a r e  i l l u s t r a t i v e  o f  j u s t  some o f  t h e  r e a s o n s  why and 
l o c a t i o n s  where b o t t l e d  w a te r  has  p ro v e n  i n v a l u a b l e  i n  t im e s  
o f  em ergency  — a u se  now o f f i c i a l l y  r e c o g n iz e d  by t h e
D ep a r tm en t  o f  I n t e r i o r  and in  EPA's N a t i o n a l  C o n t in g e n c y  
P la n  u n d e r  t h e  S u p e rfu n d  A c t .

A e s t h e t i c  f a c t o r s  a r e  t h e  d r i v i n g  f o r c e  b e h in d  most 
p u r c h a s e s  o f  b o t t l e d  w a t e r .  Consumer demand f o r  w a te r  t h a t
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l o o k s  c l e a n  and t a s t e s  good r e a d i l y  e x p l a i n s  why b o t t l e d  
w a te r  s a l e s  a r e  c o n c e n t r a t e d  i n  g e o g r a p h ic  a r e a s  where t h e  
a e s t h e t i c  q u a l i t y  o f  w a te r  i s  p o o r .  P e r  c a p i t a  co n su m p tio n  
o f  b o t t l e d  w a te r  i s  g r e a t e s t  i n  t h e  S o u th w e s t ,  where grow ing
p o p u l a t i o n s  and l i m i t e d  w a te r  s u p p l i e s  combine t o  p u sh  t o t a l  
d i s s o l v e d  s o l i d s  (TDS) l e v e l s  up and consumer a c c e p ta n c e  
down. F or  ex am p le ,  b o t t l e d  w a te r  u se  i n  S o u th e rn  C a l i f o r n i a  
ex c e e d s  t h e  n a t i o n a l  a v e ra g e  by s i x f o l d .  N a t io n w id e ,  one 
consum er i n  18 u s e s  b o t t l e d  w a t e r .  C a l i f o r n i a ,  where one o f  
e v e r y  s i x  consum ers  d r i n k s  b o t t l e d  w a t e r ,  t o p s  t h e  n a t i o n a l  
a v e ra g e  by t h r e e - f o l d .  In  S o u th e rn  C a l i f o r n i a ,  t h e  p a c e ­
s e t t e r ,  one o f  e v e r y  t h r e e  consum ers  u s e s  b o t t l e d  w a te r  b o th  
a t  home and when away from  home.

Today, h e a l t h  c o n s i d e r a t i o n s ,  i n  a d d i t i o n  t o  d i e t a r y ,  
e m ergency ,  and a e s t h e t i c  f a c t o r s ,  a r e  b e g in n in g  t o  a f f e c t  
b u y in g  h a b i t s .  Even th o u g h  t h e  b o t t l e d  w a te r  i n d u s t r y  makes 
no h e a l t h  c l a i m s ,  c u s to m e r  i n q u i r i e s  and consum er i n t e r v i e w s  
r e f l e c t  a g row ing  p u b l i c  c o n c e rn  a b o u t  t h e  s a f e t y  o f  p u b l i c  
and p r i v a t e  w a te r  s u p p l i e s .

A l th o u g h  a w ide  ra n g e  o f  pack ag e  s i z e s  i s  a v a i l a b l e ,  
m ost b o t t l e d  w a te r  u s e r s  a r e  s e r v e d  by d i r e c t  d e l i v e r y  o f  
l a r g e  5 - g a l l o n  b o t t l e s  t o  homes, o f f i c e s ,  f a c t o r i e s ,  
h o s p i t a l s ,  and p u b l i c  f a c i l i t i e s .  T h is  means t h a t  b o t t l e d  
w a te r  t e n d s  t o  be p u rc h a s e d  f o r  a l l  members o f  t h e  f a m i ly  o r  
w o r k - s t a f f ,  r a t h e r  t h a n  o n ly  f o r  t h o s e  i n d i v i d u a l s  h av in g  
s p e c i a l  d i e t a r y  n e e d s .  T h is  t r e n d  i s  c l e a r l y  e v i d e n t  i n  an 
a n a l y s i s  o f  t h e  U .S . b o t t l e d  w a te r  s a l e s ,  w hich shows t h a t  
d i r e c t  d e l i v e r y  o f  5 - g a l l o n  b o t t l e s  a c c o u n t s  f o r  a b o u t  80% 
o f  t h e  i n d u s t y ' s  t o t a l  e s t i m a t e d  1982 s a l e s  o f  $700 m i l l i o n .
G ro ce ry  d i s t r i b u t i o n ,  t y p i c a l l y  i n  1 - g a l l o n  b o t t l e s ,  
a c c o u n t s  f o r  a b o u t  20% o f  t o t a l  s a l e s .

U .S . BOTTLED WATE* SALES 
Dollar Sales Persent 

( M i l l io n )  (A p p ro x .)

DIRECT DELIVERY 

Home
I n s t i t u t i o n a l *

fifiQCm

T o t a l  S a l e s

420
140

140

700

60
20

20

100

* O f f i c e s ,  F a c t o r i e s ,  H o s p i t a l s ,  P u b l i c  F a c i l i t i e s .
S o u rc e :  1982 I n d u s t r y  Survey  D a ta .

To s u p p o r t  t h e  q u a l i t y  and s a f e t y  o f  i t s  p r o d u c t s ,  t h e  
i n d u s t r y  i s  o r g a n iz e d  t o  e n s u r e  t h a t  e a c h  o f  i t s  members (a) 
m ee ts  a l l  r e g u l a t o r y  r e q u i r e m e n t s ,  (b) i s  f a m i l i a r  w i th  new 
w a te r  t r e a t m e n t  t e c h n o lo g y ,  and (c) employs a c c e p te d  
m a n u fa c tu r in g  p r a c t i c e s .

The b o t t l e d  w a te r  i n d u s t r y  i s  r e p r e s e n t e d  by a  t r a d e  
a s s o c i a t i o n  h e a d q u a r t e r e d  i n  A l e x a n d r i a ,  V i r g i n i a .  Formed
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i n  1958 a s  t h e  A m erican B o t t l e d  W ater A s s o c i a t i o n  and 
renamed t h e  I n t e r n a t i o n a l  B o t t l e d  W ater A s s o c i a t i o n  i n  1981 , 
IBWA r e p r e s e n t s  o v e r  200 b o t t l e r  members who d i s t r i b u t e  more 
th a n  85% o f  a l l  b o t t l e d  w a te r  s o l d  i n  t h e  U n i te d  S t a t e s .

The c h a r t e r e d  p u rp o s e  and o b j e c t i v e s  o f  t h e  A s s o c i a t i o n  
a r e  t o :

o Work w i th  a l l  l e g i s l a t i v e  b o d ie s  and governm en t 
a g e n c i e s  in v o lv e d  w i th  t h e  s u p p ly  and r e g u l a t i o n  o f  
d r i n k i n g  w a te r ;

o Conduct c o n t i n u i n g  e d u c a t i o n  p ro g ram s t o  
a s s i s t  i n d u s t r y  members w i th  q u a l i t y  c o n t r o l  and 
p r o d u c t i o n  p r o c e d u r e s ;

o F a c i l i t a t e  exchange  o f  t e c h n i c a l ,  s c i e n t i f i c ,  
and g o v e rn m e n ta l  r e l a t i o n s  i n f o r m a t i o n  among members.

o P rom ote t h e  p r o d u c t i o n  and s a l e  o f  pack ag ed  
d r i n k i n g  w a t e r .

PRODUCTS

The i n d u s t r y  d i s t r i b u t e s  f o u r  g e n e r i c  t y p e s  o f  b o t t l e d  
w a t e r ,  a l l  o f  which  m ust be d e r i v e d  from  a  p r o t e c t e d  s o u r c e :

o N a t u r a l  w a te r  i s  w a te r  o b t a i n e d  from  a 
p r o t e c t e d  s p r i n g  o r  w e l l .

o M i n e r a l - f r e e  w a te r  may be  p ro d u c e d  by d i s t i l ­
l a t i o n  o r  by d e m i n e r a l i z a t i o n .

o F l u o r i d a t e d  w a te r  may o r i g i n a t e  from  a n a t u r a l  
s o u r c e  o r  may c o n t a i n  added f l u o r i d e s  i n  an amount 
r a n g in g  from  0 .8  t o  1 .7  m i l l i g r a m s  p e r  l i t e r ,  d ep e n d in g  
on t h e  a n n u a l  a v e ra g e  d a i l y  a i r  t e m p e r a t u r e  a t  t h e  
l o c a t i o n  where t h e  b o t t l e d  w a te r  i s  s o l d .

PROCESSES

A l l  b o t t l e d  w a te r  i s  p r o c e s s e d  i n  some m anner .  IBWA 
m em bership  s t a n d a r d s  r e q u i r e  t h a t  any n o n - c h l o r i n a t e d  p u b l i c  
w a te r  s u p p ly  be t r e a t e d  by m e c h a n ic a l  f i l t r a t i o n  and 
o z o n a t io n  p r i o r  t o  b o t t l i n g .  I f  a c h l o r i n a t e d  w a te r  s u p p ly  
i s  u sed  a s  t h e  s o u r c e  w a t e r ,  a c t i v a t e d  c a rb o n  f i l t r a t i o n  and 
o z o n a t io n  a r e  r e q u i r e d .  I f  t h e  s o u r c e  w a te r  i s  a p r o t e c t e d  
p r i v a t e  w a te r  s u p p l y ,  s u c h  a s  a s p r i n g  o r  w e l l ,  t h e  minimum 
t r e a t m e n t  r e q u i r e d  i s  o z o n a t io n  o r  o t h e r  a c c e p t a b l e  means o f  
p r o t e c t i n g  t h e  p r o d u c t  a g a i n s t  b a c t e r i a l  c o n t a m i n a t i o n .

Beyond t h e s e  minimum r e q u i r e m e n t s ,  most b o t t l e d  w a te r  
com pan ies  employ a  more s o p h i s t i c a t e d  ra n g e  o f  t e c h n o l o g i e s  
d e p e n d in g  on t h e  c o m p o s i t io n  o f  t h e  s o u r c e  w a te r  and t h e  
t y p e s  o f  end p r o d u c t s  p ro d u c e d .  Advanced w a te r  t r e a t m e n t
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t e c h n i q u e s  su c h  a s  d i s t i l l a t i o n ,  d e i o n i z a t i o n ,  and r e v e r s e  
o sm o s is  may be  u sed  s i n g l y  o r  i n  c o m b in a t io n  t o  p ro d u c e
d e m i n e r a l i z e d  w a t e r .  One m easure  o f  t h e  d e g re e  o f  w a te r  
t r e a t m e n t  i s  found  i n  t h e  f a c t  t h a t  t h e  i n d u s t r y  removed 
more th a n  1 .2 5  m i l l i o n  pounds o f  d i s s o l v e d  c h e m ic a l  
s u b s t a n c e s  from  i t s  incom ing s o u r c e  w a te r s  l a s t  y e a r .  A 
r e m i n e r a l i z a t i o n  p r o c e s s  i s  u sed  t o  add back  l o w - l e v e l s  o f  
s e l e c t e d  m in e r a l s  when "good t a s t e "  i s  t h e  s o u g h t - f o r  
consumer a t t r i b u t e .  O z o n a t io n ,  app roved  by FDA a s  GRAS, i s  
u sed  by most b o t t l e d  w a te r  s u p p l i e r s  a s  a b i o l o g i c a l  c o n t r o l  
a g e n t .

P a c k a g in g  i s  a f i n a l  s a f e g u a r d .  To a s s u r e  t h a t  i t s  
p r o d u c t s  a r e  f u l l y  p r o t e c t e d  d u r in g  d i s t r i b u t i o n ,  t h e  
b o t t l e d  w a te r  i n d u s t r y  h as  been  and c o n t i n u e s  t o  be  a 
p i o n e e r  i n  t h e  d e s i g n  and u se  o f  l a r g e  5 - g a l l o n  food  
c o n t a i n e r s .  At t h e  p r e s e n t  t i m e ,  t h e  i n d u s t r y  i s  a c t i v e l y  
engaged  i n  c o n v e r t i n g  from  g l a s s  t o  a l i g h t e r  w e ig h t ,  e n e rg y  
c o n s e r v in g  and e q u a l l y  p r o t e c t i v e  p o l y c a r b o n a t e  b o t t l e .

F ig u r e  I  shows how a b o t t l e d  w a te r  o p e r a t o r  m igh t  
combine s e v e r a l  p r o c e s s e s  i n  t h e  m a n u fa c tu re  o f  f l u o r i d a t e d  
w a t e r ,  p u r i f i e d  w a t e r ,  and d r i n k i n g  w a t e r .  I f ,  f o r  ex am p le ,  
t h e  s o u r c e  w a te r  was c h l o r i n a t e d  ( e . g . ,  a m u n ic ip a l  s u p p l y ,  
b o th  m e c h a n ic a l  and a c t i v a t e d  c a rb o n  f i l t r a t i o n  would be 
u sed  — t h e  c a rb o n  t o  remove r e s i d u a l  c h l o r i n e  and o r g a n i c s .  
T h e r e a f t e r ,  a s o f t e n e r  o r  o t h e r  c o n d i t i o n i n g  t r e a t m e n t  m igh t  
be  u sed  ahead  o f  r e v e r s e  o sm o s is  t o  s u b s t a n t i a l l y  re d u c e  
l e v e l s  o f  t o t a l  d i s s o l v e d  s o l i d s .  T re a tm e n t  w i th  a m ixed -  
bed r e s i n  i s  a t y p i c a l  s t e p  in  t h e  p r o d u c t i o n  o f  p u r i f i e d  
w a te r  from  w hich  b o th  f l u o r i d a t e d  w a te r  and d r i n k i n g  w a te r  
a r e  m a n u fa c tu red  th r o u g h  t h e  a d d i t i o n  o f  a p p r o p r i a t e  m in e r a l  
m ix e s .  I t  i s  som etim es e c o n o m ic a l ly  a d v a n ta g e o u s ,  d e p e n d in g  
on t h e  c o m p o s i t io n  o f  t h e  s o u r c e  w a t e r ,  t o  u se  c a t i o n  and 
a n io n  exchange  r e s i n  p r e t r e a t m e n t  ahead  o f  t h e  m ixed-bed  
r e s i n .  In  k e e p in g  w i th  common i n d u s t r y  p r a c t i c e ,  n o t e  t h a t  
e a c h  p r o d u c t  i s  t r e a t e d  w i th  ozone p r i o r  t o  b o t t l i n g .

REGULATION

Regarded  a s  a food  by t h e  Food and Drug A d m i n i s t r a t i o n ,  
b o t t l e d  w a te r  i s  t h e  n a t i o n ' s  most h i g h l y  r e g u l a t e d  and 
m o n i to re d  d r i n k i n g  w a te r  s u p p ly .  To comply w i th  FDA's 
Q u a l i t y  S ta n d a rd  (21 CFR S e c t io n  1 0 3 .3 5 ) ,  and Good 
M a n u fa c tu r in g  P r a c t i c e s  (21 CRF S e c t i o n s  1 2 9 .1 ,  1 2 9 .2 0 ,  
1 2 9 .3 ,  1 2 9 .3 5 ,  1 2 9 .3 7 ,  1 2 9 .4 0 ,  1 2 9 .80 )  f o r  b o t t l e d  w a t e r ,  
a l l  i n d u s t r y  p r o d u c t s  must come from p r o t e c t e d  s o u r c e s ,  be  
b o t t l e d  i n  f a c i l i t i e s  r e g u l a t e d  a s  food  p l a n t s ,  p r o c e s s e d  
u s in g  m a n u fa c tu r in g  p r a c t i c e s  ap p roved  by t h e  F e d e r a l  
G overnm ent, d e l i v e r e d  t o  consum ers  i n  s a n i t i z e d  b o t t l e s  
whose s a f e t y  i s  a s s u r e d  by f e d e r a l  r e g u l a t i o n ,  and so 
l a b e l e d  a s  t o  p r o v id e  p u b l i c  n o t i f i c a t i o n  w henever t h e  
m i c r o b i o l o g i c a l ,  p h y s i c a l ,  c h e m ic a l ,  o r  r a d i o l o g i c a l  q u a l i t y
o f  any b o t t l e d  w a te r  p r o d u c t  i s  s u b - s t a n d a r d .

In  a d d i t i o n  t o  FDA, most s t a t e s  now r e g u l a t e  b o t t l e d
w a t e r .
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F i g u r e  1 .  P r o c e s s e s  u s e d  i n  p r o d u c i n g  b o t t l e d  w a t e r .
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Under p r o v i s i o n s  o f  t h e  S a fe  D r in k in g  W ater A ct o f  
1974 , and i n  k e e p in g  w i th  a 1978 Memorandum o f  U n d e rs ta n d in g  
b e tw een  PDA and EPA, t h e  E n v iro n m e n ta l  P r o t e c t i o n  Agency 
a l s o  h as  a d e f i n i t e  im p ac t  on t h e  r e g u l a t i o n  o f  b o t t l e d  
w a t e r .  The 1974 A ct r e q u i r e s  FDA t o  a d o p t  r e v i s i o n s  in  
EPA's N a t io n a l  D r in k in g  W ater S ta n d a rd s  f o r  b o t t l e d  w a t e r ,  
o r  p u b l i s h  i n  t h e  F e d e r a l  R e g i s t e r  r e a s o n s  f o r  n o t  d o in g  s o .
Taken t o g e t h e r  w i th  t h e  re q u i r e m e n t  o f  FDA's Q u a l i t y  
S t a n d a r d ,  t h i s  FDA-EPA a r ra n g e m e n t  means t h a t  b o t t l e d  w a te r  
must meet a l l  c u r r e n t l y  e f f e c t i v e  p r o v i s i o n s  o f  EPA's 
I n t e r i m  P r im a ry  and a l l  S econdary  D r in k in g  W ater S ta n d a r d s  
(T a b le  I ) .  No o t h e r  d r i n k i n g  w a te r  i s  so h i g h l y  r e g u l a t e d .  
And, n e e d l e s s  t o  s a y ,  s i m i l a r  c o n t r o l s  and s a f e g u a r d s  a r e  
n e i t h e r  p o s s i b l e  n o r  e c o n o m ic a l ly  f e a s i b l e  f o r  a l l  
m u n i c i p a l ,  community, and p r i v a t e  w a te r  s u p p l i e s .

F req u en cy  o f  i n s p e c t i o n  i s  a f i n a l  m easure  o f  
r e g u l a t o r y  o v e r s i g h t .  A j u s t  c o m p le ted  IBWA s u rv e y  o f  
member com panies  shows t h a t  b o t t l e d  w a te r  p l a n t s  t h r o u g h o u t  
t h e  U .S . a r e  i n s p e c t e d  a t  l e a s t  a n n u a l ly  by a f e d e r a l ,  
s t a t e ,  o r  l o c a l  ag en cy .  In  f a c t ,  most p l a n t s  a r e  i n s p e c t e d  
s e v e r a l  t im e s  a y e a r .

SELF-REGULATION

In  a d d i t i o n  to  governm ent r e g u l a t i o n ,  t h e  i n d u s t r y  h as  
a c o m p re h e n s iv e  p rogram  o f  s e l f - r e g u l a t i o n .  The f o u n d a t io n  
f o r  t h i s  p rog ram  i s  t h e  IBWA P l a n t  T e c h n ic a l  Manual which 
p r o v i d e s  a l l  members w i th  d e t a i l e d  "how to "  i n f o r m a t i o n  on 
p r o c e s s i n g  and q u a l i t y  c o n t r o l  t e c h n i q u e s  t o  be u sed  i n  t h e  
p r o d u c t i o n  and b o t t l i n g  o f  e a c h  i n d u s t r y  p r o d u c t .  To e n s u r e  
t h a t  t h e s e  p r o c e d u r e s  a r e  a d h e re d  t o ,  t h e  i n d u s t r y  employs 
an in d e p e n d e n t  l a b o r a t o r y  — t h e  Am erican S a n i t a t i o n  
I n s t i t u t e  — t o  a u d i t  t h e  p e r fo rm a n c e  o f  e a c h  member 
company. The ASI a u d i t ,  co n d u c te d  a n n u a l l y ,  e v a l u a t e s  
c o m p l ia n c e  w i th  b o th  t h e  A s s o c i a t i o n ' s  p e r fo rm a n c e  
r e q u i r e m e n t s  and FDA's Q u a l i t y  S ta n d a rd  and Good 
M a n u fa c tu r in g  P r a c t i c e s .  To s t i m u l a t e  h ig h  p e r fo rm a n c e  on 
t h e  p a r t  o f  e a c h  member company, t h e  a u d i t  r e s u l t s  a r e  u sed  
a s  t h e  m o t i v a t i o n a l  t h r u s t  i n  IBWA' s  P ro d u c t  E x c e l l e n c e  
Award P rogram . To keep  t h e  i n d u s t r y  in fo rm ed  on t h e  l a t e s t  
q u a l i t y  c o n t r o l  t e c h n i q u e s  i n  w a te r  p r o c e s s i n g  and b o t t l i n g ,  
IBWA s p o n s o r s  an ongo ing  s e r i e s  o f  t e c h n i c a l  s e m in a r s  and 
w orkshops  a lo n g  w i th  an o p e r a t o r  c e r t i f i c a t i o n  p ro g ram .
Each o f  t h e s e  p rog ram s i s  a v a i l a b l e  t o  members and non­
members a l i k e .

Summarizing t o  t h i s  p o i n t ,  we n o te  t h a t  b o t t l e d  w a te r  
i s  a p u b l i c l y  a c c e p te d  s o u r c e  o f  d r i n k i n g  w a t e r .  Each y e a r  
g row ing  numbers o f  A m ericans u se  b o t t l e d  w a te r  a t  home and 
away-from-home l o c a t i o n s .  W hile  a e s t h e t i c  f a c t o r s  — 
a p p e a ra n c e  and t a s t e  — a r e  t h e  t r a d i t i o n a l  m o t i v a t i o n s ,  
h e a l t h  c o n c e rn s  a r e  b e g in n in g  t o  i n f l u e n c e  b u y in g  h a b i t s .

B ecause  a l l  i n d u s t r y  p r o d u c t s  meet EPA's I n t e r i m  
P r im a ry  and S eco n d ary  D r in k in g  W ater S t a n d a r d s ,  b o t t l e d  
w a te r  i s  an i d e a l  a l t e r n a t i v e  whenever a p u b l i c  o r  a p r i v a t e
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TABLE I . FEDERAL DRINKING WATER STANDARDS (mg/L)

Su bstance

FDA
B o tt le d  Water 

Standards

EPA
Prim ary

Standards

EPA
Secondary
Standards

A rsen ic 0 .0 5 0 .0 5
Barium 1 .0 1 .0
Cadmium 0 .0 1 0 .0 1
C h lor id e 2 5 0 .0 2 5 0 .0
Chromium 0 .0 5 0 .0 5
Copper 1 .0 1 .0
Iron 0 .3 0 .3
Lead 0 .0 5 0 .0 5
Manganese 0 .0 5 0 .0 5
Mercury 0.002+ 0 .0 0 2
N itr a te  (N) 1 0 .0 1 0 .0
P h en o ls 0 .0 0 1
Selenium 0 .0 1 0 .0 1
S i lv e r 0 .0 5 0 .0 5
S u lfa te 2 5 0 .0 2 5 0 .0
T o ta l D is so lv e d  S o l id s 5 0 0 .0 5 0 0 .0
Zinc 5 .0 5 .0
T u rb id ity 5 .0 < 5 .0
C olor 1 5 .0 1 5 .0
Odor 3 .0 3 .0
C o r r o s iv ity ___ N o n -co r ro siv e
Foaming A gents — 0 .5
pH — 6 .5  -  8 .5
Endrin 0 .0002+ 0 .0 0 0 2
Lindane 0.004+ 0 .0 0 4
M ethoxychlor 0 .1  + 0 .1
Toxaphene 0 .005+ 0 .0 0 5
2 ,4 -D 0 .1  + 0 .1
2 ,4 ,5 -T P  S i lv e x 0 .0 1  + 0 .0 1
R a d io a c t iv i ty C on cen tra tion  in  P ic o c u r ie s p er l i t e r

G ross Alpha P lu s  
G ross B eta

<5 * <5

T riha lom eth anes 100 ppb**
♦ E f f e c t iv e  J u ly  1 , 1979 

♦ ♦F ederal R e g is t e r  4 8 (4 0 ) :6 8 6 2 4 (November 2 9 , 1979)
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w a te r  s u p p ly  f a i l s  t o  meet consumer e x p e c t a t i o n s  f o r  h e a l t h  
o r  f o r  a e s t h e t i c  r e a s o n s .

FUTURE ISSUES

B e fo re  c l o s i n g  we s h o u ld  a s k ,  what can  b o t t l e d  w a te r  
c o n t r i b u t e  t o  t h e  n a t i o n ' s  f u t u r e  s a f e  d r i n k i n g  w a te r  
p rog ram s?  As I  s e e  them , t h e  m a jo r  n a t i o n a l  d r i n k i n g  w a te r  
i s s u e s  t o  be  d e a l t  w i t h  i n  t h e  y e a r s  ahead  a r e  s a f e t y ,  
a v a i l a b l i l i t y ,  and c o s t .

Even th o u g h  p r o g r e s s  i s  b e in g  made i n  t h e  a r e a  o f  
s a f e t y ,  much re m a in s  t o  be  d o n e .  Many q u e s t i o n s  a s  t o  t h e  
p u b l i c  h e a l t h  s i g n i f i c a n c e  o f  s h o r t - t e r m  and l i f e - t i m e  
e x p o s u re  t o  t h e  h u n d re d s  o f  o r g a n i c  c h e m ic a ls  known t o  be  
p r e s e n t  i n  d r i n k i n g  w a te r  a r e  b ack lo g g e d  — w a i t i n g  t o  be 
a n sw e re d .  Using e v e r  more s e n s i t i v e  d e t e c t i o n  m e th o d s ,  
a n a l y t i c a l  c h e m is t s  a r e  d i s c o v e r i n g  o r g a n i c  c h e m ic a l s  i n  
d r i n k i n g  w a te r  a t  r a t e s  f a s t e r  t h a n  t o x i c o l o g i s t s  and 
e p i d e m i o l o g i s t s  can  a s s e s s  t h e i r  h e a l t h  s i g n i f i c a n c e s .
In  some r e g i o n s  o f  t h e  c o u n t r y ,  a c i d  r a i n - i n d u c e d  
a l t e r a t i o n s  o f  t h e  n a t u r a l  l e a c h i n g  p r o c e s s  r e p r e s e n t  an 
u n c h a r t e d  and p o t e n t i a l  s o u r c e  o f  t o x i c  p o l l u t a n t s .  F in d in g  
w o rk a b le  and e c o n o m ic a l ly  a c c e p t a b l e  an sw ers  t o  t h e  p ro b lem s  
o f  heavy  m e ta l s  and o t h e r  c o n ta m in a t io n  o r i g i n a t i n g  w i t h i n
d i s t r i b u t i o n  sy s te m s  w i l l  demand a s u b s t a n t i a l  commitment o f  
s c i e n t i f i c  and f i n a n c i a l  r e s o u r c e s .

The n a t i o n ' s  news s e r v i c e s  s e r v e  up s t e a d y  re m in d e rs  
t h a t  d r i n k i n g  w a te r  s a f e t y  i s  a s e r i o u s  p u b l i c  c o n c e r n .
Media a t t e n t i o n  t o  l e a d ,  b a r iu m ,  cadmium, TCE, DBCP, EDB, 
b a c t e r i a ,  and o t h e r  c o n ta m in a n t s  i n  p u b l i c  and p r i v a t e  w a te r  
s u p p l i e s  h a s  become commonplace i n  v i r t u a l l y  e v e ry  s t a t e  o f  
t h e  U nion .

Supp ly  s h o r t f a l l s ,  d ro p p in g  w a te r  t a b l e s ,  and i n c r e a s e d  
c o m p e t i t i o n  among u s e r s  f o r  a v a i l a b l e  s u p p l i e s  can  be 
e x p e c te d  t o  add c h a l l e n g i n g  new d im e n s io n s  t o  f u t u r e  s a f e  
d r i n k i n g  w a te r  p ro g ra m s .  L ik e  q u e s t i o n s  o f  s a f e t y ,  f u t u r e  
p ro b lem s  o f  a v a i l a b i l i t y  a r e  n o t  r e s t r i c t e d  t o  any one 
g e o g r a p h ic  r e g i o n .  P e rh a p s  p r e d i c t i v e  o f  t r e n d s  e l s e w h e r e ,  
t h e  s u p p ly  s i t u a t i o n  i s  e s p e c i a l l y  c r i t i c a l  i n  t h e  W es te rn  
s t a t e s ,  w here  c o n f l i c t s  be tw een  t h e  u se  o f  w a te r  f o r  e n e rg y  
p r o d u c t i o n ,  a g r i c u l t u r e ,  i n d u s t r i a l  p r o d u c t i v i t y ,  and 
d o m e s t ic  c o n su m p tio n  a l r e a d y  a r e  v i s i b l e  and w o r s e n in g .

G iven t h e  complex ran g e  o f  q u e s t i o n s  c o n c e rn in g  
n a t i o n a l  p r i o r i t i e s ,  s t a t e  l a w s ,  w a te r  r i g h t s ,  and p a r o c h i a l  
i n t e r e s t s ,  i t  i s  u n l i k e l y  t h a t  t h e  t a s k  o f  p r o t e c t i n g  t h e  
ad eq u acy  and s a f e t y  o f  d r i n k i n g  w a te r  s u p p l i e s  w i l l  be 
e a s i l y  o r  q u i c k l y  a c c o m p l is h e d .  The p ro b lem s  t o  be  r e s o l v e d  
a r e  m ost e v i d e n t  i n  w a t e r - s h o r t  r e g io n s  where p o p u l a t i o n  
g ro w th  i s  c a u s in g  a d e c l i n e  i n  t h e  p e r  c a p i t a  s u p p ly  o f  
f r e s h  w a t e r .

C a l i f o r n i a ,  f a c e d  w i th  one o f  t h e  n a t i o n ' s  f a s t e s t  
g row ing  p o p u l a t i o n s ,  i s  a c a s e  i n  p o i n t .  A l re a d y  t h e  
n a t i o n ' s  m ost p o p u lo u s  s t a t e ,  C a l i f o r n i a ' s  C o lo ra d o  R iv e r  
w a te r  a l l o t m e n t  i s  s c h e d u le d  t o  be c u t  by more t h a n  50% a s
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t h e  S t a t e  o f  A r iz o n a  u n d e r  a Supreme C o u r t  o r d e r ,  p re e m p ts  a 
g r e a t e r  s h a r e  o f  t h e  C o lo ra d o  R iv e r  s u p p ly  i n  1985 . P la n s  
t o  d i v e r t  f r e s h  w a te r  from  t h e  n o r t h  t o  t h e  s o u t h e r n  p o r t i o n  
o f  t h e  s t a t e  c o n t i n u e  t o  be  d e la y e d  by a s e r i e s  o f
l e g i s l a t i v e ,  e x e c u t i v e ,  and l e g a l  a c t i o n s ,  and a r e  f u r t h e r  
c o m p l ic a te d  by d e f i c i t - c o n s c i o u s  p u b l i c  a t t i t u d e s .

T h ere  i s  a g row ing  r e a l i z a t i o n  t h a t  i n  t h e  f u t u r e  w a te r  
w i l l  c o s t  m ore . P o i n t i n g  t o  t h e  r i s i n g  c o s t  o f  pumping 
w a te r  from  g r e a t e r  d e p th s  and t h e  e s c a l a t i n g  e x p e n se  o f  
t r a n s p o r t i n g  i t  o v e r  i n c r e a s i n g l y  l o n g e r  d i s t a n c e s ,  some 
e x p e r t s  have p r o j e c t e d  t h a t  t h e  p r i c e  o f  w a te r  t o  C a l i f o r n i a  
consum ers  w i l l  r i s e  a t  l e a s t  300% w i t h i n  t h e  n e x t  t e n  y e a r s .  
But — b e c a u s e  i t  f a i l s  t o  a l lo w  f o r  any a d d i t i o n a l  w a te r  
t r e a t m e n t  o r  r e j u v e n a t i o n  o f  a g in g  d i s t r i b u t i o n  sy s te m s  — 
o t h e r s  a rg u e  t h a t  t h i s  e s t i m a t e  i s  to o  low .

In  s h o r t ,  d r i n k i n g  w a t e r :  where t o  g e t  i t ,  how t o  
t r e a t  i t ,  and how t o  d e l i v e r  i t  seems d e s t i n e d  t o  r e m a in ,  
f o r  t h e  f o r e s e e a b l e  f u t u r e ,  a  p r i o r i t y  i s s u e  a t  t h e  
n a t i o n a l ,  s t a t e ,  and l o c a l  l e v e l s .

As i n  t h e  p a s t ,  we can  and m ust depend  on t h e  b o t t l e d  
w a te r  i n d u s t r y  a s  an a l t e r n a t e  s o u r c e  o f  s a f e  d r i n k i n g  w a te r  
w henever (a) n a t u r a l  o r  man-made e m e rg e n c ie s  make a w a te r  
s u p p ly  u n s a f e ,  (b) t h e  c o s t  o f  b r i n g i n g  a  p u b l i c  w a te r  
s u p p ly  o r  d i s t r i b u t i o n  sy s te m  i n t o  r e g u l a t o r y  c o m p l ia n c e  i s  
p r o h i b i t i v e ,  (c) s p e c i a l  h e a l t h  n e e d s  r e q u i r e  low n i t r a t e ,  
low sodium  o r  r e d u c e d  f l u o r i d e  d i e t s ,  (d) a demand e x i s t s  
f o r  d r i n k i n g  w a te r  t h a t  m ee ts  a l l  p r im a r y  and s e c o n d a ry  
s t a n d a r d s ,  t h a t  i s  p r o t e c t e d  i n  s e a l e d  c o n t a i n e r s  a g a i n s t  
c o n t a m i n a t i o n  d u r in g  d i s t r i b u t i o n ,  and t h a t  lo o k s  c l e a n  and 
t a s t e s  good .
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CHAPTER 5

OVERVIEW OF POINT-OF-USE WATER 
TREATMENT TECHNOLOGY

P. Regunathan, Ph.D. 
Everpure, Inc.
660 North Blackhawk Drive 
Westmont, Illinois 60559

The t r e a t m e n t  o f  w a te r  a t  t h e  p o i n t  o f  u se  (POU) has  
i n c r e a s e d  many f o l d  d u r in g  t h e  l a s t  t e n  y e a r s  t o  meet t h e  
r e a l  and p e r c e i v e d  n eed s  o f  t h e  consum ers  i n  t h i s  c o u n t r y .  
W hile  most POU u n i t s  a r e  a c q u i r e d  f o r  t h e  im provem ent in  
a e s t h e t i c  q u a l i t y  o f  t h e  w a t e r ,  more and more d e v i c e s  a r e  
becoming a v a i l a b l e  t o  re d u c e  t h e  c o n c e n t r a t i o n  o f  h e a l t h -  
r e l a t e d  c o n ta m in a n t s  found  in  some w a te r  s u p p l i e s .  I t  i s  
an e s t a b l i s h e d  f a c t  t h a t  l e s s  t h a n  one p e r c e n t  o f  t h e  w a te r  
p ro d u ced  by c e n t r a l  w a te r  t r e a t m e n t  p l a n t s  i s  a c t u a l l y  used  
f o r  c o o k in g  and d r i n k i n g .  T h is  s m a l l  f r a c t i o n  o f  t h e  
t r e a t e d  w a te r  can  be f u r t h e r  t r e a t e d  e c o n o m ic a l ly  a t  t h e  
p o i n t  o f  u s e ,  m ee t in g  more s t r i n g e n t  r e q u i r e m e n t s  t h a n  t h e  
r e s t .  Some c o n ta m in a n t s  t h a t  a r e  p r e s e n t  a t  t h e  t a p ,  such  
a s  d i s t r i b u t i o n  s y s t e m - r e l a t e d  t a s t e  and odor  and c o r r o s i o n  
p r o d u c t s ,  p r o d u c t s  r e s u l t i n g  from  w a te r  main f a i l u r e ,  and 
d i s i n f e c t i o n  b y - p r o d u c t s ,  c a n n o t  be removed a t  t h e  c e n t r a l  
p l a n t .  These  f a c t o r s  make POU u n i t s  i d e a l  su p p le m e n ts  f o r  
p ro d u c in g  s m a l l  q u a n t i t i e s  o f  s p e c i a l l y  t r e a t e d  w a te r  f o r  
s p e c i f i c  n e e d s .

UNITS AND APPLICATION

A v a r i e t y  o f  POU u n i t s  e x i s t s  i n  t h i s  c o u n t r y  a t  t h i s  
t i m e .  They i n c l u d e  s o f t e n e r s  t o  remove h a r d n e s s ,  
a d s o r p t i o n  f i l t e r s  f o r  t h e  rem oval o f  d i s s o l v e d  o r g a n i c s ,  
p a r t i c u l a t e  f i l t e r s  f o r  removing t u r b i d i t y ,  c y s t s ,  and 
a s b e s t o s  f i b e r s ,  and r e v e r s e  o s m o s i s - a c t i v a t e d  c a rb o n  
sy s te m s  t o  remove d i s s o l v e d  m in e r a l s  a lo n g  w i th  t h e  a b o v e -  
m en tio n ed  c o n ta m in a n t s .  F ig u r e  1 shows t h e  b a s i c  d e s i g n  o f  
t h e  most common u n i t s :

43
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F i g u r e  1 .  T yp e  o f  u n i t s .

A. Granular Bed — most common, s i m p l e s t ,  and 
e a s i e s t  t o  b u i l d .  G ra n u la r  a c t i v a t e d  c a rb o n  b ed s  can  
be d e s ig n e d  t o  remove a wide v a r i e t y  o f  o r g a n i c  
c o n ta m in a n t s .

Spool Filters — made o f  f i b e r s ,  s t r i n g ,  o r
r o l l e d  p a p e r .  Used in  a v a r i e t y  o f  p a r t i c u l a t e  
rem oval f u n c t i o n .  E f f i c i e n c y  a l s o  can  v a ry  w id e ly  i n  
t e rm s  o f  p e r c e n t  rem oval and s i z e  o f  p a r t i c l e s  
rem oved.

C. floated. Filters — p l e a t e d  w i th  p a p e r ,
non-woven f a b r i c ,  o r  membranes w i th  c o n t r o l l e d  p o re  
s i z e .  A p p l i c a t i o n s  and v a r i a t i o n s  a r e  s i m i l a r  t o  
s p o o l f i l t e r s .

D* P x e c o a t  F i l t e r s  — u se  f i n e l y  powdered 
f i l t e r  medium, u s u a l l y  d ia to m a c e o u s  e a r t h  o r
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f i l t e r i n g  m a t e r i a l .  I f  p r o p e r l y  d e s ig n e d  n o t  t o  
c h a n n e l  o r  c r a c k  t h e  f i l t e r  medium, a l l  p a r t i c l e s  1 
m ic ro n  o r  even  s m a l l e r  can  be  removed e f f e c t i v e l y .
I f  a c t i v a t e d  c a rb o n  i s  i n  t h e  f i l t e r  medium, t a s t e  
and o d o r  rem oval can  be  added t o  t h e  p a r t i c l e  rem oval 
c a p a b i l i t i e s .

E. R e v e rse  Osmosis (RO) U n i t s  — p r e s s u r e  
f o r c e s  w a te r  th r o u g h  a membrane w i th  A n g s t ro m -s iz e d  
p o r e s .  A ccum ula ted  m in e r a l  c o n c e n t r a t i o n  i s  sw ep t t o  
w a s te  by d r a i n  f lo w .  Removes most d i s s o l v e d  su b ­
s t a n c e s  e x c e p t  v o l a t i l e  o r g a n i c s .

F .  M is c e l l a n e o u s  U n i t s  — p r e s s e d  c a rb o n  and 
c a n d le  f i l t e r s  can  be d e s ig n e d  t o  combine e f f e c t i v e  
p a r t i c l e  rem oval w i th  o r g a n i c  re m o v a l .  RO, io n  
e x c h a n g e ,  and a c t i v a t e d  a lu m in a  a r e  u sed  more 
f r e q u e n t l y  f o r  t h e  rem oval o f  h e a l t h - r e l a t e d  o r g a n i c s .

A p p l i c a t i o n  o f  t h e s e  d i f f e r e n t  u n i t s  i n  t h e  home can  
be d i v i d e d  i n t o  f o u r  m a jo r  c a t e g o r i e s  ( s e e  F i g u r e  2 ) :

A. F a u c e t  Add-On — M o st ly  c a rb o n  bed t y p e ,  
e a s i e s t  t o  i n s t a l l ,  b u t  some a r e  to o  s m a l l  f o r  
s i g n i f i c a n t  r e d u c t i o n  o f  l e v e l s  o f  h e a l t h - r e l a t e d
o r g a n i c s .

B. U n d e r - th e - S in k _ U n i t s  — Two s u b c a t e g o r i e s  
a r e  s t a t i o n a r y  u n i t s  which  t r e a t  a l l  t h e  c o ld  w a te r  
g o in g  t o  t h e  e x i s t i n g  f a u c e t  and l i n e  b y p a s s  u n i t s  
w hich  t r e a t  a s m a l l  p o r t i o n  o f  c o ld  w a te r  d i v e r t e d  t o  
a s e p a r a t e  f a u c e t .  The RO-carbon sy s te m  w i th  a 
r e s e r v o i r  i s  a s p e c i a l  c a s e  i n  t h i s  c a t e g o r y .

C. Whole H ousehold  U n i t s  — o t h e r  t h a n  w a te r  
u sed  f o r  lawn s p r i n k l i n g ,  a l l  t h e  w a te r  u sed  i n  t h e  
home i s  t r e a t e d  by t h e s e  r e l a t i v e l y  l a r g e  u n i t s .
These  a r e  becom ing u s e f u l  i n  rem oving v o l a t i l e  
o r g a n i c s  from c o n ta m in a te d  g ro u n d w a te r  s u p p ly  u se d  by
p r i v a t e  home o w n ers .

D. Unplumbed U n i t s  ( n o t  shown i n  f i g u r e )  — 
u s u a l l y  g r a n u l a r  c a rb o n  bed t y p e .  T hese  p o u r - t h r o u g h  
u n i t s  can  o p e r a t e  e i t h e r  by g r a v i t y  o r  w i th  a pump
t o  t r e a t  s m a l l  q u a n t i t i e s  o f  w a te r  a s  r e q u i r e d .

The v a r i a t i o n s  i n  POU u n i t s  encom pass a l l  t h e  
d i f f e r e n t  t r e a t m e n t  p r o c e s s e s  t h a t  a r e  known t o  t h e  e n t i r e  
w a te r  t r e a t m e n t  i n d u s t r y .  Types o f  m edia u sed  v a r y  i n  
te rm s  o f  g r a n u l a r  o r  powdered w i th  t h e i r  i n h e r e n t  s i z e  
d i f f e r e n c e s ,  s t r e n g t h  and h a r d n e s s ,  s o u r c e  o f  raw m a t e r i a l s  
and t h e  m a n u f a c tu r in g  p r o c e s s  d i f f e r e n c e s .  The m a t e r i a l s  
u sed  i n  t h e  p r e s s u r e  v e s s e l s  and t h e  i n t e r n a l  com ponents
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F i g u r e  2 .  B a s i c  t y p e  o f  s y s te m .

can  be  s t e e l ,  aluminum, b r a s s ,  c o p p e r ,  o r  v a r i o u s  p l a s t i c s
o r  c o m b in a t io n s  o f  one o r  more o f  t h e  ab o v e .  D i f f e r e n t
m a n u f a c tu r e r s  u se  d i f f e r e n t  means t o  c a u t i o n  t h e  u s e r  t o  
s e r v i c e  t h e  u n i t s  p e r i o d i c a l l y .  These means i n c l u d e  
d e l i b e r a t e  u n d e r s t a t e m e n t  o f  c a p a c i t y  i n  l a b e l l i n g ,  u se  o f  
m e te r s  o r  p r e s s u r e - s e n s i n g  c o n t r o l s ,  o r  a c o m b in a t io n  o f  
t h e  a b o v e .  Some u n i t s  r e q u i r e  rem oval o f  c a r t r i d g e s  i n s i d e  
p e rm an en t  p r e s s u r e  v e s s e l s ;  o t h e r s  have d i s p o s a b l e  p r e s s u r e  
v e s s e l s  w i th  t h e i r  own i n c o r p o r a t e d  c a r t r i d g e s ;  some o t h e r  
t y p e s  o f  u n i t s  r e q u i r e  i n - p l a c e  b a c k -w a sh in g  r a t h e r  t h a n  
change  o f  m ed ia .

CHEMICAL REMOVAL

The o r i g i n a l  need  t h a t  i s  s t i l l  p r e d o m in a n t ly  r e q u i r e d  
from  t h e  p o i n t  o f  u se  u n i t s  i s  t h a t  o f  t a s t e  and odor  
rem oval  a lo n g  w i th  v i s i b l e  d u s t  and r u s t  re m o v a l .  However,
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h e a l t h - r e l a t e d  o r g a n i c  and i n o r g a n i c  rem oval i s  g a i n i n g  
im p o r ta n c e  i n  t h e  i n d u s t r y ,  a s  more and more p o t e n t i a l l y  
h a rm fu l  c o n ta m in a n t s  a r e  b e in g  d e t e c t e d  i n  s m a l l  p u b l i c  and 
p r i v a t e  w a te r  s y s te m s .  W hile  t h e  POU m a n u f a c t u r e r s  have 
c a r r i e d  o u t  t h e i r  own p e r fo rm a n c e  s t u d i e s ,  t h e  most 
c o m p re h e n s iv e  and in d e p e n d e n t  s t u d y  o f  t h e s e  u n i t s  f o r  
t h e i r  e f f e c t i v e n e s s  i n  t h e  rem oval o f  v o l a t i l e  o r g a n i c s  was 
co m p le ted  by  G u lf  S ou th  R e s e a rc h  I n s t i t u t e  (GSRI) u n d e r  a 
p rog ram  funded  by t h e  U .S . E n v iro n m e n ta l  P r o t e c t i o n  Agency. 
T h i r t y  d i f f e r e n t  u n i t s  o f  v a r i o u s  d e s i g n  and m a n u fa c tu re  
were t e s t e d  u n d e r  t h i s  p rog ram  f o r  t h e i r  e f f e c t i v e n e s s  i n  
removing t r i h a l o m e t h a n e s , and v a r i o u s  o t h e r  v o l a t i l e  
o r g a n i c s  ( 1 , 2 , 3 , 4 ) .  At l e a s t  t e n  POU u n i t s  were found  t o
be e f f e c t i v e  i n  t h a t  t h e y  removed h i g h e r  t h a n  85% o f  t h e  
v o l a t i l e  o r g a n i c s  f o r  t h e i r  r a t e d  l i f e  i n  t h e s e  t e s t s .

POU u n i t s  c o n t a i n i n g  a c t i v a t e d  c a rb o n  have b een  o f  
p r a c t i c a l  u se  i n  s e v e r a l  l o c a t i o n s  a c r o s s  t h e  c o n t i n e n t a l  
U n i te d  S t a t e s  t o  remove o r  re d u c e  l e v e l s  o f  v a r i o u s  
v o l a t i l e  o r g a n i c s  found t o  be p r e s e n t  i n  t h e  w a te r  s u p p ly .
A p a r t i a l  l i s t  o f  t h e  o r g a n i c s ,  t h e i r  c o n c e n t r a t i o n s  and 
t h e  l o c a t i o n s  i s  shown i n  T a b le  I .  Most o f  t h e  o r g a n i c s  
a r e  s y n t h e t i c  m a t e r i a l s ,  p r o b a b ly  l e a c h e d  from  l a n d f i l l s  o r  
s i m i l a r  s o u r c e s .  T r i c h l o r o e t h y l e n e - t y p e  compounds a r e  t h e  
most o f t e n  fo u n d .  POU u n i t s  u sed  i n  t h e s e  l o c a t i o n s  
re d u c e d  t h e  c o n c e n t r a t i o n s  shown i n  t h e  t a b l e  t o  a v e r y  low 
r a n g e ,  o f t e n  be low  d e t e c t a b l e  l e v e l s  f o r  t h e  p a r t i c u l a r  
o r g a n i c  compound.

The POU i n d u s t r y ' s  own i n - h o u s e  t e s t s  i n c l u d e  o r g a n i c  
and i n o r g a n i c  rem oval by v a r i o u s  u n i t s ,  su c h  a s  a c t i v a t e d  
c a rb o n  u n i t s ,  RO-carbon s y s t e m s ,  s o f t e n e r s  and a c t i v a t e d  
a lu m in a  s y s te m s .  S e v e r a l  exam ples  o f  su c h  work and t h e  
d a t a  w i l l  be  p r e s e n t e d  i n  t h i s  s e c t i o n .

A d u a l  c a r t r i d g e  sy s te m  w i th  a g r a n u l a r  c a rb o n  bed and 
a p r e c o a t  f i l t e r  was t e s t e d  f o r  t h e  rem oval o f  c h lo r o f o r m  
(a v e ra g e  320 m ic ro g /L )  and c a rb o n  t e t r a c h l o r i d e  (27 
m ic ro g /L )  s p ik e d  i n t o  a m u n ic ip a l  w a te r  w i th  a n a t u r a l  
a v e r a g e  TOC c o n c e n t r a t i o n  o f  5 .0  mg/L. The t e s t  c o n d i t i o n s  
and t h e  r e s u l t s  have been  d e s c r i b e d  i n  d e t a i l  e l s e w h e r e  
( 5 ) ,  b u t  a r e  shown b r i e f l y  i n  F i g u r e  3 .  T h is  d u a l  
c a r t r i d g e  sy s te m  was found  t o  be c a p a b le  o f  r e d u c in g  t h e  
l e v e l s  o f  b o t h  compounds by more t h a n  80-90 p e r c e n t  f o r  a t  
l e a s t  1 ,0 0 0  g a l l o n s  i n  t h i s  t e s t .  The same sy s te m  a l s o  has  
b een  t e s t e d  by GSRI i n  t h e i r  c o m p re h e n s iv e  t e s t  p ro g ram  
( 1 , 2 , 3 ) ,  i n d i c a t i n g  a rem oval c a p a b i l i t y  o f  more t h a n  90% 
f o r  TTHMs, 40-50% o f  TOC, a p p r o x im a te ly  80% o f  NPTOX, and 
more th a n  95% o f  o t h e r  v o l a t i l e  o r g a n i c s  l i s t e d  i n  T a b le
I I .

An RO-carbon s y s te m  o p e r a b l e  on l i n e  p r e s s u r e  i n  a 
home h as  b een  t e s t e d  f o r  t h e  rem oval o f  v a r i o u s  o r g a n i c s ,  
i n o r g a n i c s ,  and p a r t i c u l a t e s .  A deep  w e l l  w a t e r ,  s o f t e n e d  
by io n  exchange  and s p ik e d  w i th  v a r i o u s  c o n ta m in a n t s  and 
humic a c i d  was u sed  in  s e v e r a l  s e p a r a t e  t e s t s  t o  g a t h e r  t h e  
d a t a  shown i n  T a b le  I I I .  W ith  t h e  e x c e p t i o n  o f  s i l v e r  and
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F i g u r e  3 .  T o t a l  g a l l o n s  f i l t e r e d - c h l o r o f o r m
and c a r b o n  t e t r a c h l o r i d e  r e d u c t i o n  
by a P . O . U .  d e v i c e .
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TABLE I .  PRACTICAL USE OF POU UNITS

TABLE I I .  GSRI TESTS

COMPOUNDS
INFLUENT 

LEVEL, PPB LOCATION

T rihalom eth anes
Chloroform
Brorooform
Chlorodibrom omethane
Brom odichlorom ethane

9 -  300 New O rlea n s, 
Miami B each, 
A tla n ta , GA 
D e t r o i t ,  MI 
P ico  R iv era ,

LA
FL

CA
T r ic h lo r o e th y le n e  
T e tra c h lo r o e th y len e  
Carbon T e tra c h lo r id e

50
50
20

Spiked Ground 
Water and Spiked  
New O rlea n s , LA Water

1 , 1 , 1 -T r ic h lo r o eth a n e 50
Chlordane 50 Spiked New O r lea n s , LA
p -D ich lo ro b en zen e 10 Water

H exachlorobenzene 10

COMPOUND
INFLUENT 

LEVEL, PPB LOCATION

DBCP 3 -  5 KINGSBURG, CA

3 -  5 REEDLEY, CA

TRICHLOROETHYLENE 70 -  290 NEW BRIGHTON, MN

90 -  240 ROCKAWAY, NJ

20  -  100 SILVERDALE, PA

1 , 1 , 1 -T R ICHLORO ETHAN E 50 -  240 ROCKAWAY, NJ

u p  to  1000 MIDSTATE, CT

ALDICARB CARBAMATE 20 -  515 SUFFOLK COUNTY, NY

1 ,1 ,2 - -  TRICHLOROETHYLENE 5 -  20 ROCKAWAY, NJ

1 , 1 , 1 -T R  I CHLORO ETHANE 1 -  10 ROCKAWAY, NJ

1,2-DICHLOROPROPANE 20 -  515 ROCKAWAY, NJ

T ETRACHLORO ETHYL EN E 1 -  20 ROCKAWAY, NJ

10 -  140 SILVERDALE, PA

CHLORDANE 1 -  10 PITTC AIRN , PA

t h m ' s 100 -  500 SEVERAL LOCATIONS

PHENOL (S P IL L ) 4 -  7 ppm NEW ORLEANS, LA
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TABLE I I I .  SUMMARY OF TEST RESULTS* OF AN RO-CARBON DEVICE**

CONTAMINANT
INFLUENT

CONCENTRATION
PERCENT
REMOVAL

TOTAL DISSOLVED SOLIDS,, m g / L 1275 88
TOTAL ORGANIC CARBON, m g / L 11 >90
THM, v g / L 770 >90
CARBON TETRACHLORIDE, v g / L 20 >95
ENDR1N, g / L 2 >99
METHOXYCHLOR, v g / L 1000 >99
LINDANE, v g / L m >99
PCB, v g / L 100 >99
NITR ATE, m g / L 100 40
FLUORIDE, m g / L 100 85
CHLORIDE, m g / L m 87
SULFATE, m g / L 215 98
SODIUM, m g / L 270 82
CHROMIUM, v g / L 3400 88
CADMIUM, v g / L 900 76
BARIUM, m g / L 10 71
LEAD, v g / L 2100 72
SILV E R , v g / L 600 34
ASBESTOS FIBERS 10& f i b e r e / L >200 >99
* TRACE METALS, PCB, ASBESTOS FIBER TESTS WERE SHORT DURATION

TESTS. OTHERS TESTED FOR 10100 GALLONS. TEST PRESSURE -50 PS

REVERSE OSMOSIS MEMBRANE SYSTEMS FOLLOWED A BED WITH 275 GRAMS 
OF CARBON.

n i t r a t e ,  t h e  rem oval r a t e s  ranged  from 71% f o r  b a r iu m  to  
99% f o r  o r g a n i c  p e s t i c i d e s  and a s b e s t o s  f i b e r s .  Removal 
r a t e s  f o r  s i l v e r  and n i t r a t e  were 34% and 40%, 
r e s p e c t i v e l y ,  i n  t h e s e  t e s t s .  More r e c e n t  u n p u b l i s h e d  d a t a  
show t h a t  t h e s e  r a t e s  can  be im proved f u r t h e r  by t h e  u se  o f  
im proved membranes o r  h ig h e r  i n f l u e n t  p r e s s u r e .

Cadmium and h a r d n e s s  rem oval by a home w a te r  s o f t e n e r  
was s t u d i e d  i n  one t e s t  and t h e  r e s u l t s  o b t a i n e d  d u r in g  t h e  
5 2 7 th  r e g e n e r a t i o n  c y c l e  a r e  shown i n  F ig u r e  4 .  I n f l u e n t  
cadmium c o n c e n t r a t i o n  and t h e  h a r d n e s s  l e v e l s  were 1 .0  mg/L 
and 370 mg/L (a s  CaC0 3 >, r e s p e c t i v e l y .  T h is  l e n g t h  o f
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F ig u r e  4 . Cadmium rem oval by a home w a te r  s o f te n e r .
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o p e r a t i o n  (527 c y c l e s )  means a p p r o x im a te ly  t h r e e  y e a r s  o f
norm al u se  o f  t h e  w a te r  s o f t e n e r  i n  an " a v e ra g e "  home. The 
rem oval c u rv e  f o r  cadmium c l o s e l y  re s e m b le s  t h a t  o f  
h a r d n e s s ,  im p ly in g  t h a t  norm al r e g e n e r a t i o n  by s a l t  i s  
s u f f i c i e n t  f o r  c o n t i n u i n g  rem oval o f  cadmium by s o f t e n i n g  
r e s i n s .

The heavy  m e ta l  rem oval a b i l i t i e s  o f  a home w a te r  
s o f t e n e r  u s in g  c a t i o n  exchange  r e s i n  i n  sodium form a lo n g  
w i th  t h a t  f o r  cadmium a r e  summarized i n  T a b le  IV. T h is  
t a b l e  shows t h a t  w h i le  cadmium rem oval can  be r e s t o r e d  t o  
t h e  same l e v e l  a f t e r  s u c c e s s i v e  r e g e n e r a t i o n s ,  l e a d ,  
b a r iu m ,  chromium, and s i l v e r  t e n d  t o  a c c u m u la te  a s  t h e  
o p e r a t i o n  i s  c o n t in u e d  from c y c l e  t o  c y c l e .  However, even
a f t e r  527 c y c l e s ,  l e a d  rem oval was 92% and a f t e r  192 
c y c l e s ,  t h e  o t h e r  t h r e e  m e ta l s  were removed by more th a n  
90%. T h is  i n d i c a t e s  t h a t  i f  a home w a te r  s o f t e n e r  i s  t o  be 
u sed  f o r  t h e  rem oval o f  t h e s e  f o u r  heavy m e ta l s  ( o t h e r  t h a n  
cadm ium ), y e a r l y  c l e a n i n g  o f  t h e  r e s i n s  w i th  a c i d s  and s a l t  
would be  n e c e s s a r y  t o  r e s t o r e  them t o  v i r g i n  c o n d i t i o n s  f o r  
c o n t in u e d  heavy  m e ta l  rem o v a l .

A s p e c i a l  t w o - c a r t r i d g e  sy s te m  w i th  a c t i v a t e d  a lu m in a  
h as  b een  o p e r a t e d  t o  e s t a b l i s h  t h e i r  c a p a b i l i t y  t o  remove 
p e n t a v a l e n t  a r s e n i c  l e v e l s  found i n  some g ro u n d w a te r  
s u p p l i e s .  Each o f  t h e  two c a r t r i d g e s  was 2 .5  i n .  I .D .  x 10 
i n .  d e e p ,  f i l l e d  w i th  a c t i v a t e d  a lu m in a .  The sy s te m  was 
o p e r a t e d  c o n t i n u o u s l y  a t  0 .5  gpm w i th  i n f l u e n t  a r s e n i c ( V )
i n  c o n c e n t r a t i o n s  o f  0 .8 7  ± 0 .1 4  mg/L. The b r e a k th r o u g h  
a f t e r  t h e  f i r s t  c a r t r i d g e  and t h e  sy s te m  e f f l u e n t  a r e  shown 
i n  F i g u r e  5 ,  i n d i c a t i n g  t h e  sy s te m  to  be e f f e c t i v e  i n  
m a i n t a i n i n g  t h e  a r s e n ic ( V )  l e v e l  below  t h e  MCL o f  0 .0 5  mg/L 
f o r  700 g a l l o n s  o f  w a t e r .

TABLE IV. HEAVY METAL REMOVAL BY CATION EXCHANGE RESIN

HEAVY

METAL

INFLUENT 

CONCi,  PPB

NUMBER
OF

TEST
CYCLES

EFFLUENT CONC 
DURING 
EARLY 

CYCLES

ppb

LAST
CYCLE

PERCENT
REMOVAL

LAST
CYCLE

CADMIUM 1 ,0 0 0 527 <10 <10 >99

LEAD 1 ,0 0 0 527 10 80 92

BARIUM* 1 0 ,0 0 0 192 10 1 ,0 0 0 90

CHROMIUM* 1 ,0 0 0 192 <10 20 98

SILVER* 1 ,0 0 0 192 10 80 92

* 2-IN C H  DIAMETER COLUMN TESTS (SIMULTANEOUSLY TESTING ALL
THREE METALS ALONG WITH NATURAL HARDNESS IN THE WATER)
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F i g u r e  5 .  A r s e n i c  (V)  r e m o v a l  by  a c t i v a t e d  a l u m i n a .

These  exam ples  o f  c h e m ic a l  rem oval c a p a b i l i t i e s  o f  
d i f f e r e n t  t y p e s  o f  POU d e v i c e s  i n d i c a t e  a w ide r a n g in g  
a b i l i t y  t o  d e a l  w i th  c h e m ic a l  c o n ta m in a n t s  a t  t h e  p o i n t  o f  
u s e .  T hus ,  o f t e n  when c o n s t r u c t i o n  c o s t s  and t im e  t a b l e s  
a r e  u n a t t r a c t i v e ,  i n s t a l l a t i o n  o f  POU d e v i c e s  can  be  a 
b e t t e r  s o l u t i o n  t o  w a te r  q u a l i t y  p ro b le m s  th a n  c o n t in u e d  
r e l i a n c e  on a c e n t r a l  t r e a t m e n t  s y s te m .

PARTICULATE REMOVAL

POU p r o d u c t s  d e s ig n e d  f o r  p a r t i c u l a t e  rem oval v a r y  
w id e ly  i n  t h e i r  e f f e c t i v e n e s s  due t o  t h e  f a c t  t h a t  
d i f f e r e n t  a p p l i c a t i o n s ,  i n c l u d i n g  i n d u s t r i a l  and com m erc ia l  
n e e d s ,  r e q u i r e  d i f f e r e n t  e f f i c i e n c i e s  and l i f e  
c a p a b i l i t i e s .  Some o f  t h e s e  p r o d u c t s  a r e  m e re ly  s t r a i n e r s
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removing o n ly  l a r g e  p a r t i c l e s  t h a t  a r e  v i s i b l e  t o  t h e  naked  
e y e .  F in e  f i l t e r s  do e x i s t  t h a t  can  remove 99.9% o r  more 
o f  m ic ro n  o r  subm icron  s i z e d  p a r t i c l e s .  T here  i s  some
c o n f u s io n  a b o u t  t h e  "n om ina l"  r a t i n g  o f  f i l t e r s  i n  te rm s  o f  
p a r t i c l e  rem o v a l ,  due t o  t h e  v a r y in g  i n t e r p r e t a t i o n s  by 
m a n u f a c tu r e r s  and u s e r s .  The r e c e n t l y  d e v e lo p e d  N a t io n a l  
S a n i t a t i o n  F o u n d a t io n  S ta n d a rd  42 d e f i n e s  t h e  "nom ina l"  
r a t i n g  a s  t h e  s m a l l e s t  p a r t i c l e  s i z e  a t  and above w hich 85% 
o f  a l l  p a r t i c l e s  would be removed by t h e  f i l t e r  (6 ) .  Even
t h i s  i s  a compromise d e f i n i t i o n .  So, c a u t i o n  i s  r e q u i r e d  
i n  u s in g  t h e s e  p r o d u c t s  i n  s p e c i f i c  a p p l i c a t i o n s  w i th  
s p e c i f i c  n e e d s .

P a r t i c u l a t e  c o n ta m in a n t s  o f  e s t a b l i s h e d  o r  p o t e n t i a l  
h e a l t h - r e l a t e d  c o n c e rn  i n c l u d e  t u r b i d i t y ,  a s b e s t o s  f i b e r s ,  
p r o to z o a n  c y s t s ,  p a r t i c l e s  t h a t  have a d so rb e d  on t h e i r  
s u r f a c e s  heavy  m e ta l s  a n d /o r  o r g a n i c s ,  and heavy m e ta l  
p r e c i p i t a t e s .  Among t h e s e  d i f f e r e n t  t y p e s  o f  p a r t i c u l a t e s ,  
t h e  c y s t s  o f  G i a r d i a  l a m b l i a  a r e  g a i n i n g  i n c r e a s i n g  
im p o r ta n c e  a s  t h e  G i a r d i a  o u tb r e a k s  show a d o u b l in g  e v e ry  
f i v e  y e a r s  ( 7 ) .

Some POU p r o d u c t s  have been  t e s t e d  f o r  t h e i r  a b i l i t i e s
t o  remove f i n e  p a r t i c l e s .  One su ch  t e s t  u s in g  p r e c o a t  
f i l t e r s  s t u d i e d  t h e  i n f l u e n t  and e f f l u e n t  p a r t i c l e  c o u n t s  
u s in g  a v o l c a n i c  a sh  s u s p e n s io n  w i th  t h e  p a r t i c l e  s i z e  
r a n g in g  from  1 .0  t o  60 m ic ro n s  ( 5 ) .  A rem oval a b i l i t y  o f  
99.9% o f  a l l  p a r t i c l e s  was a t t a i n e d  by t h i s  p r e c o a t  f i l t e r  
( s e e  F ig u r e  6 ) .  The same ty p e  o f  p r e c o a t  f i l t e r  was t e s t e d
a t  D u lu th ,  M in n eso ta  w i th  an a v e ra g e  i n f l u e n t  am ph ibo le  
a s b e s t o s  f i b e r  c o n c e n t r a t i o n  o f  120 MFL ( 8 ) .  The f i l t e r  
r ed u ced  t h e  f i b e r  c o n c e n t r a t i o n  t o  below d e t e c t a b l e  l e v e l s  
d u r in g  t h i s  t e s t  l a s t i n g  3 ,0 0 0  g a l l o n s  o f  w a t e r ,  
e s t a b l i s h i n g  a rem oval o f  g r e a t e r  t h a n  99%.

A r e c e n t  s tu d y  i n v e s t i g a t e d  sev en  POU d e v i c e s  f o r  
t h e i r  G i a r d i a  l a m b l i a  c y s t  rem oval e f f e c t i v e n e s s  ( 9 ) .  Four 
o f  t h e  s e v e n  t e s t e d  removed 1 00 % o f  t h e  c y s t s  i n t r o d u c e d
i n t o  t h e  i n f l u e n t  t e s t  w a t e r ,  w h i le  t h e  o t h e r  t h r e e  red u ced  
t h e  c y s t  l e v e l  by 6 6 .4  t o  84.4%. The r e s u l t s  o f  t h i s  t e s t  
a r e  summarized i n  T a b le  V.

BACTERIOLOGICAL CONCERNS

Many have e x p r e s s e d  c o n c e rn s  ab o u t  t h e  p o s s i b i l i t y  o f  
e x c e s s i v e  b a c t e r i a l  g row th  i n  a c t i v a t e d  c a rb o n  and o t h e r  
POU d e v i c e s  due t o  i n t e r m i t t e n t  o r  e x te n d e d  u se  o f  t h e  
p r o d u c t s  by t h e  co n su m ers .  I n d ig e n o u s  b a c t e r i a  i n  a w a te r  
s u p p ly  can  grow t o  c o n s i d e r a b l e  numbers u n d e r  q u i e s c e n t  
c o n d i t i o n s .  T h is  i s  b a s i c a l l y  due t o  t h e  rem oval o r  
d i s s i p a t i o n  o f  d i s i n f e c t a n t  r e s i d u a l s  i n  t h e  p r e s e n c e  o f  
n u t r i e n t s  and t h e  s u r f a c e  a r e a  p r e s e n t e d  i n  t h e  sy s te m .
Such g ro w th  can  o c c u r  u n d e r  c e r t a i n  c o n d i t i o n s  on t h e  w a l l s  
o f  p i p e s ,  v a l v e s ,  f i t t i n g s ,  f a u c e t s ,  a s  w e l l  a s  on t h e
s u r f a c e  o f  t h e  f i l t e r i n g  media  i n  POU p r o d u c t s .  A c t i v a t e d
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F i g u r e  6 .  P a r t i c u l a t e  r e m o v a l  by  a 
p r e c o a t  c a r b o n  f i l t e r .

c a rb o n  o r  o t h e r  f i l t e r  m edia  a r e  n o t  u n iq u e  i n  t h i s  a s p e c t .  
A l l  s u r f a c e s  can  s u p p o r t  su ch  g ro w th .  Even RO-carbon 
sy s te m s  and " f i n e "  f i l t e r s  a l lo w  a few o rg a n ism s  t o  p a s s  
t h r o u g h  and c o l o n i z e  on t h e  e f f l u e n t  s i d e  o f  t h e  s y s te m s .

The e x t e n t  and l e v e l  o f  su ch  g ro w th s  i n  POU p r o d u c t s  
was s t u d i e d  e x t e n s i v e l y  i n  t h e  GSRI s tu d y  ( 1 , 2 , 3 ) .  A 
summary o f  t h e i r  r e s u l t s  i n  Phase  2 i s  shown i n  T a b le  V I.
A c o m p a r iso n  o f  t h e  mean v a l u e s  i n  t h e  i n f l u e n t  (New 
O r le a n s  w a te r )  and t h e  e f f l u e n t  from  a c t i v a t e d  c a rb o n  POU 
d e v i c e s  show t h a t  a o n e - h a l f  t o  one lo g  i n c r e a s e  o f
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TABLE V. CYST REMOVAL BY POU PRODUCTS ( 9 )

FILTER 

Q u a lity  C ontrol #1

CYSTS
[NTRODUCEE

50,000*

CYSTS 
> RECOVERED

48,600*

% EFFICIENCY 

97.2%*
Everpure Model QC4-SC 50,000 0 100.0%
P o lle n e x  Model WP-100 50 ,000 16 ,800 66.4%
S ea-G u ll IV Model X-IF 50 ,000 0 100.0%
M icro-Twin Model lO-TOBC 50,000 0 100.0%
Mr. Water F i l t e r  Model SY-1 50 ,000 15 ,000 70.0%
Royal D oulton Model F303 50 ,000 0 100.0%
W ater-Pik In stap u re  Model F-■1C 50 ,000 7 ,8 0 0 84.4%
Q u a lity  C ontrol #2 50,000* 48,800* 97.6%

* S in ce  th e  cou n ts were not a b so lu te  numbers, th e  recovery  o f  97.2% and
97.6%, r e s p e c t iv e ly ,  r e p r e s e n ts  as c lo s e ly  as p o s s ib le  our recovery
te c h n iq u e s .

TABLE VI. GSRI (PHASE 2) DATA AND STATISTICAL COMPARISONS

MEAN LOGjtf VALUES

RUNNING OVERNIGHT
2 DAYS 

OFF
5 DAYS 

OFF

SPC 1* INFLUENT 1.42 1.61 2.32 2.68
SPC 1 EFFLUENT 2.18 2.69 3.04 3.12
F TEST 95% CONF. LEVEL NO YES YES YES
T TEST 95% CONF. LEVEL NA YES YES YES

SPC 2** INFLUENT 1.47 1.72 2.32 2.93
SPC 2 EFFLUENT 2.31 2.75 3.02 3.13
F TEST 95% CONF. LEVEL YES YES YES YES
T TEST 95% CONF. LEVEL YES YES YES NO

* -  35° C FOR 48 HOURS 

** -  25° C FOR 120 HOURS

INDUSTRY'S OWN CONCLUSION
-  NO HEALTH RELATED DIFFERENCE BETWEEN THE INFLUENT AND 

EFFLUENT VALUES
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h e t e r o t r o p h i c  b a c t e r i a l  c o u n t  can  o c c u r  due t o  t h e  p r e s e n c e  
o f  t h e s e  d e v i c e s .  S in c e  t h e  a c t u a l  c o u n t s  i n  t h e  i n f l u e n t
w a te r s  o f t e n  can  be a s  h ig h  o r  h i g h e r  t h a n  t h e  e f f l u e n t  
l e v e l s ,  i t  i s  r e a s o n a b le  t o  c o n c lu d e  t h a t  a h e a l t h - r e l a t e d
c o n c e rn  due t o  h e t e r o t r o p h i c  b a c t e r i a l  g ro w th  need  n o t  be  
m a in t a in e d .

Even th o u g h  t h e  POU i n d u s t r y  h as  b een  a c t i v e  i n  
a t t e m p t i n g  t o  i n c o r p o r a t e  a b a c t e r i o s t a t  i n  t h e s e  POU 
d e v i c e s  i n  o r d e r  t o  remove t h i s  a s  a f a c t o r  o f  f o c u s ,  none 
y e t  has  been  found t o  be e f f e c t i v e .  T h is  i s  due t o  t h e  
r e s i s t a n c e  o f  v a r i e d  s p e c i e s  o f  o rg a n ism s  t h a t  a r e  found  in  
d i f f e r e n t  s u p p l i e s  a c r o s s  t h e  c o u n t r y ,  w a te r  q u a l i t y  
v a r i a t i o n s ,  and a f a i r l y  h ig h  i n p u t  o f  t h e s e  o rg a n is m s  i n t o  
t h e  u n i t s .  The o n ly  b a c t e r i o s t a t  t h a t  h a s  b een  t r i e d  by 
many i s  s i l v e r  d e p o s i t e d  on t h e  a c t i v a t e d  c a rb o n  m e d ia .  I t  
was shown i n  t h e  GSRI s tu d y  t h a t  s i l v e r - c o n t a i n i n g  c a rb o n  
POU u n i t s  d i d  n o t  c o n t r o l  b a c t e r i a l  g ro w th s  any b e t t e r  t h a n  
n o n - s i l v e r  u n i t s  i n  New O r le a n s  ( 4 ) .

However, s i l v e r  d o es  have some m e a s u ra b le  e f f e c t  on 
some s p e c i f i c  o rg a n ism s  when a l lo w e d  t o  a c t  s l o w l y .  I n  one 
s t u d y ,  s i l v e r - c o n t a i n i n g  powdered c a rb o n  p r e c o a t  f i l t e r s  
were compared w i th  s i m i l a r  c o n t r o l  u n i t s  w i th o u t  s i l v e r  i n  
r e d u c in g  t h e  l e v e l s  o f  E n t .  a e r o g e n e s  i n t r o d u c e d  i n t o  t h e  
i n f l u e n t  w a t e r .  The o rg a n ism  l e v e l  i n  t h e  i n f l u e n t  was 
m a in ta in e d  a t  1 ,0 0 0  o rg a n is m s  p e r  100 mL d u r in g  t h e  f i r s t  
week o f  t e s t s ,  and t h e n  i n c r e a s e d  t o  1 0 0 , 0 0 0  o rg a n is m s  p e r  
100 mL d u r in g  t h e  l a s t  two weeks o f  t e s t s .  C o n t r o l  f i l t e r s  
red u c e d  t h e s e  l e v e l s  by f i n e  f i l t r a t i o n  t o  10 o rg a n is m s  p e r  
100 mL d u r in g  t h e  f i r s t  week and 100 t o  1 ,0 0 0  o rg a n is m s  p e r  
100 mL d u r in g  t h e  l a s t  two w eeks ,  i n d i c a t i n g  a f a i r l y  
u n i fo rm  rem oval r a t e  o f  99% by f i n e  f i l t r a t i o n .  F i l t e r s  
w i th  s i l v e r  re d u c e d  t h e s e  i n f l u e n t  l e v e l s  even  f u r t h e r  t o  

<1 t o  1 o rg a n is m  p e r  100 mL, and l a t e r  t o  a p p r o x im a te ly  10 
o rg a n is m s  p e r  100 mL. The r e s u l t s  shown i n  F ig u r e  7
i n d i c a t e  t h e  e f f e c t  o f  s i l v e r  t o  be 1 t o  1 .5  lo g  on t h i s  
c o l i f o r m  o rg a n is m .  S im u l ta n e o u s  a n a l y s i s  o f  h e t e r o t r o p h i c  
b a c t e r i a l  c o u n t s  showed no e f f e c t  on t h e s e  o rg a n is m s  by 
s i l v e r ,  a s  shown i n  F ig u r e  8 . I t  can  be c o n c lu d e d  from  
t h e s e  t e s t s  t h a t  s i l v e r  may be e f f e c t i v e  s p e c i f i c a l l y  
a g a i n s t  c e r t a i n  o r g a n i s m s ,  b u t  n o t  a g a i n s t  a l l  o rg a n is m s  — 
a t  l e a s t  i n  c e r t a i n  w a te r  s u p p l i e s .

The i n c o r p o r a t i o n  o f  an e c o n o m ic a l ly  a c c e p t a b l e  
a n t i m i c r o b i a l  a g e n t  i n  POU d e v i c e s  h as  n o t  y e t  become 
t e c h n o l o g i c a l l y  f e a s i b l e  due t o  v a r i e d  r e s i s t a n c e  o f  
d i f f e r e n t  m i c r o b i a l  s p e c i e s  t o  a p a r t i c u l a r  a n t i m i c r o b i a l  
a g e n t  u n d e r  v a r y in g  w a te r  q u a l i t y  c o n d i t i o n s  and due t o  t h e  
o c c a s i o n a l l y  h ig h  i n p u t  o f  b a c t e r i a  i n t o  a POU p r o d u c t .
S in c e  no h e a l t h - r e l a t e d  d i f f e r e n c e  e x i s t s  be tw een  t h e  
b a c t e r i a l  g row th  in  d i s t r i b u t i o n  sy s te m s  and i n  POU 
p r o d u c t s ,  t h i s  can  o n ly  be o f  academ ic  i n t e r e s t ,  n o t  an 
i s s u e  o f  p r a c t i c a l  im p o r ta n c e .
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F i g u r e  7 . E f f e c t  o f  s i l v e r  o n  c o l i f o r m .
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F i g u r e  8 .  E f f e c t  o f  s i l v e r  o n  SPC.
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COST FACTORS

R e c e n t ly ,  a s tu d y  was co m p le ted  by Tem ple, B a r k e r ,  and 
S lo an e  (TBS) o f  L e x in g to n ,  MA f o r  t h e  W ater Q u a l i t y  
A s s o c i a t i o n  c o n c e rn in g  t h e  c o s t  o f  POU t r e a t m e n t  compared 
t o  c e n t r a l  t r e a t m e n t  (1 0 )•  In  t h i s  s t u d y ,  s i x  b a s i c  
p r o c e s s e s  were c o n s i d e r e d ;  r e v e r s e  o s m o s is ,  c a t i o n  
e x c h a n g e ,  a n io n  e x c h a n g e ,  a c t i v a t e d  a lu m in a ,  d i r e c t  
f i l t r a t i o n ,  and g r a n u l a r  a c t i v a t e d  c a rb o n  f i l t r a t i o n .
T hese POU p r o d u c t s  w ere c o n s id e r e d  t o  t r e a t  c o n ta m in a n t s  
t h a t  may c a u s e  c h r o n i c  h e a l t h  e f f e c t s .  The s c e n a r i o s  
c o n s id e r e d  w ere d r i n k i n g  w a te r  o n ly  ( s e p a r a t e  f a u c e t ) , a l l  
t h e  c o ld  w a te r  u sed  i n  a s i n g l e  t a p  ( s t a t i o n a r y ) , and whole 
h o u se .  The r e s u l t s  showed t h e  f o l l o w in g  (1 0 ) :

POU T re a tm e n t  

R ev e rse  Osmosis

C a t io n  Exchange

Anion Exchange 

A c t i v a t e d  Alumina

D i r e c t  F i l t r a t i o n

G ra n u la r  A c t i v a t e d  
Carbon

The t r e a t m e n t  o f  d r i n k i n g  w a te r  o n ly  w i th  a s e p a r a t e  
f a u c e t  was ju d g ed  t o  be  lo w er  i n  c o s t  t h a n  c e n t r a l  
t r e a t m e n t  i n  a l l  s i z e s  o f  com m unit ie s  when c o n s i d e r i n g  f o u r  
o f  t h e  s i x  p r o c e s s e s :  r e v e r s e  o s m o s is ,  c a t i o n  e x c h a n g e ,
d i r e c t  f i l t r a t i o n  and g r a n u l a r  a c t i v a t e d  c a rb o n  f i l t r a t i o n .  
T h is  s tu d y  h as  shown t h e  economic v i a b i l i t y  o f  t h e  POU 
a p p ro a c h .

CONCLUSIONS

1 . P r o p e r l y  d e s ig n e d  p r o d u c t s  can  remove a 
w ide v a r i e t y  o f  c o n ta m in a n t s  i n c l u d i n g  heavy  m e t a l s ,  
THMs, o t h e r  o r g a n i c  c o n ta m in a n t s ,  p a r t i c u l a t e s ,  and 
i n  some c a s e s  m ic ro o rg a n is m s .  These a l s o  can  r e s u l t  
i n  d r i n k i n g  w a te r  w i th  improved t a s t e ,  o d o r ,  and 
c l a r i t y .

C o s t - C o m p e t i t iv e  
Community S iz e

Amount o f  W ater 
T r e a te d

A l l  s i z e s D r in k in g  w a te r  o n ly
<90 h o u ses S in g le  t a p

A l l  s i z e s D r in k in g  w a te r  o n ly
<50 h o u ses S in g le  t a p
<30 h o u ses Whole house

<85 ho u ses D r in k in g  w a te r  o n ly

<100 h o u ses D r in k in g  w a te r  o n ly
<80 h o u ses S in g le  t a p
<60 h o u ses Whole house

A l l  s i z e s A l l  s c e n a r i o s

A l l  s i z e s A l l  s c e n a r i o s
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2 .  The p o i n t - o f - u s e  p r o d u c t s ,  i f  p r o p e r l y  
d e s i g n e d ,  can  be  c o s t - e f f e c t i v e  su p p le m e n ts  t o  
c e n t r a l i z e d  w a te r  t r e a t m e n t  sy s te m s  and can  be 
b e n e f i c i a l  i n  l o c a t i o n s  where t h e  u t i l i t i e s  c a n n o t  be  
c o s t - e f f e c t i v e  due t o  t h e i r  s i z e  o r  o t h e r  econom ic 
f a c t o r s .  They can  be  c o s t - e f f e c t i v e  a l t e r n a t i v e s  t o  
c e n t r a l  t r e a t m e n t  f o r  s p e c i f i c ,  c h r o n i c  c o n ta m in a n t s  
i n  s m a l l e r  c o m m u n i t ie s .

3 .  I n d u s t r y  now h as  grow ing  c a p a b i l i t i e s  i n  t h e  
d ev e lo p m en t  o f  i n c r e a s i n g l y  more e f f e c t i v e  p o i n t - o f -  
u se  w a te r  t r e a t m e n t  p r o d u c t s .
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AN EFFECTIVE ALTERNATIVE 
TO OFFICIAL REGULATION OF 

INDIRECT ADDITIVES TO DRINKING WATER
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DEFINITION

By d e f i n i t i o n ,  a d d i t i v e s  t o  d r i n k i n g  w a te r  may be 
g rouped  i n t o  two b ro a d  g e n e r a l  c l a s s e s :  d i r e c t # c h e m ic a l s  
w hich  a r e  added i n t e n t i o n a l l y  f o r  t h e  t r e a t m e n t  o f  w a te r ;  
and i n d i r e c t , c h e m ic a ls  w hich  a r e  added u n i n t e n t i o n a l l y  by 
c o n t a c t  o f  t h e  w a te r  w i th  v a r i o u s  m a t e r i a l s  and i te m s  o f  
e q u ip m e n t .

REGULATION

The U .S . E n v iro n m e n ta l  P r o t e c t i o n  Agency (EPA) has  
m anda ted ,  p r im a ry  a u t h o r i t y  f o r  r e g u l a t i n g  a d d i t i v e s  and 
o t h e r  s u b s t a n c e s  i n  d r i n k i n g  w a te r  u n d e r  P u b l i c  Law (PL)
92-523 ( th e  S a fe  D r in k in g  W ater A ct -  SDWA), PL 94-469  ( t h e  
T ox ic  S u b s ta n c e s  C o n t r o l  ACT -  TSCA), and PL 92-516 ( th e  
F e d e r a l  I n s e c t i c i d e ,  F u n g i c i d e ,  and R o d e n t i c id e  A ct -  
FIFRA). T h is  a u t h o r i t y  was c l a r i f i e d  i n  an EPA and Food 
and Drug A d m i n i s t r a t i o n  (FDA) Memorandum o f  U n d e r s ta n d in g  
(MOU), p u b l i s h e d  on J u l y  20 ,  1979 ( 1 ) .  In  a c c o rd a n c e  w i th  
t h e  MOU, FDA has  a u t h o r i t y  u n d e r  t h e  F e d e r a l  Food, Drug and 
C osm etic  A ct (FFDCA) f o r  r e g u l a t i n g  b o t t l e d  w a t e r ,  and 
w a te r  u sed  i n  food  and food  p r o c e s s i n g  f a c i l i t i e s ;  EPA has  
a u t h o r i t y  f o r  r e g u l a t i n g  th e  q u a l i t y  o f  a l l  o t h e r  d r i n k i n g  
w a te r  c o v e re d  by F e d e r a l  r e g u l a t i o n s .

Under t h e  SDWA, EPA's a u t h o r i t y  i s  l i m i t e d  t o  p u b l i c  
w a te r  s u p p l i e s  -  t h e  59 ,660  community sy s te m s  s e r v i n g  25 o r  
more p e r s o n s ,  and 160 ,000  non-com m unity  s y s te m s  s e r v i n g  t h e  
t r a v e l i n g  p u b l i c .  P r i v a t e  w e l l s  and s m a l l  c l u s t e r  sy s te m s  
s e r v i n g  l e s s  t h a n  25 p e o p le  a r e  n o t  r e g u l a t e d  u n d e r  t h e  
A c t .

63
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The World H e a l th  O r g a n i z a t i o n  (WHO) has  i n  f i n a l  d r a f t  
fo rm , G u id e l in e s  f o r  D r in k in g  W ater Q u a l i t y , a document 
i n t e n d e d  f o r  u se  i n  d e v e lo p in g  s t a n d a r d s  o r  a l t e r n a t i v e  
c o n t r o l  p r o c e d u r e s  f o r  a l l  d r i n k i n g  w a t e r ,  i n c l u d i n g  w e l l s  
and b o t t l e d  w a te r  ( e x c e p t  b o t t l e d  m in e r a l  w a t e r ,  which  i s  
c o n s id e r e d  a b e v e r a g e ) . T h is  G u id e l in e s  document 
s u p e r s e d e s  b o th  t h e  WHO E uropean  (1970) and I n t e r n a t i o n a l  
(1971) S ta n d a r d s  f o r  D r in k in g  W a te r , I t  i n c l u d e s  i n o r g a n i c  
and o r g a n i c  c h e m i c a l s ,  m i c r o b i o l o g i c a l  and b i o l o g i c a l  
c o n ta m in a n t s ,  r a d i o n u c l i d e s ,  and a e s t h e t i c  p a r a m e t e r s .

In  t h e  U .S. t h e  P u b l i c  W ater Supp ly  Program  i s  a 
s t r o n g  p a r t n e r s h i p  i n  w hich EPA s e t s  n a t i o n a l  s t a n d a r d s  f o r  
c o n ta m in a n t s  w hich  "may have any a d v e r s e  e f f e c t  on t h e  
p u b l i c  h e a l t h "  (SDWA S e c t i o n  1 4 1 2 ) ,  and t h e  s t a t e s  o r  
t e r r i t o r i e s  e l e c t  t o  a c c e p t  p r im a ry  e n fo rc e m e n t  
r e s p o n s i b i l i t y .  (There  a r e  57 e l i g i b l e  s t a t e s  and 
t e r r i t o r i e s :  t o  d a t e ,  51 have a c c e p te d  "p r im acy"  un d er  t h e  
s t a t u t e ) .

As o f  t h i s  w r i t i n g ,  EPA has  e s t a b l i s h e d  p r im a ry  
s t a n d a r d s  -  maximum c o n ta m in a n t  l e v e l s  (MCLs) -  f o r  t e n  
i n o r g a n i c  c h e m ic a l s ,  s i x  p e s t i c i d e s ,  t o t a l  t r i h a l o m e t h a n e s ,  
r a d i o n u c l i d e s ,  c o l i f o r m  b a c t e r i a ,  and t u r b i d i t y .  MCLs a r e  
e s t a b l i s h e d  f o r  lo n g  te rm  i n g e s t i o n  o f  t h e  c o n ta m in a n t ;  
i . e . ,  th e y  assume a d a i l y  consu m p tio n  p e r  i n d i v i d u a l  o f  two 
l i t e r s  o f  d r i n k i n g  w a te r  and 6 .5  g o f  f i s h  p r o d u c t s  o v e r  a  
l i f e t i m e  o f  70 y e a r s .  F i f t e e n  v o l a t i l e  o r g a n i c  c h e m ic a l s  
(VOCs) a r e  b e in g  c o n s id e r e d  f o r  r e g u l a t i o n  ( 2 ) .

In  a d d i t i o n  t o  i t s  s t a n d a r d  s e t t i n g  f u n c t i o n s ,  EPA i s  
g r a n t e d  em ergency pow ers  un d er  SDWA ( S e c t io n  1 4 3 1 ) ,  and 
p r o v i d e s  t e c h n i c a l  g u id a n c e  th r o u g h  i t s  p rogram  o f  H e a l th  
A d v i s o r i e s  [HAs, v i s - a - v i s  SNARLs (S u g g e s te d  No A dverse  
R esponse  L e v e l s ) ] .  T w e n ty - th re e  HAs have b een  d e v e lo p e d  t o  
d a t e  on a need b a s i s  t o  a s s i s t  w i th  c o n ta m in a t io n  
i n c i d e n t s ;  e . g . ,  a c c i d e n t a l  s p i l l s  and g ro u n d w a te r  
p ro b le m s .  In  s e t t i n g  s t a n d a r d s  (MCLs), h e a l t h  e f f e c t s ,  
g e n e r a l l y  a v a i l a b l e  t r e a t m e n t  t e c h n o l o g i e s ,  and c o s t s  must 
be  c o n s i d e r e d .  By c o n t r a s t ,  o n ly  h e a l t h  e f f e c t s  a r e  
c o n s i d e r e d  in  t h e  HAs, w hich a r e  n o t  F e d e r a l l y  e n f o r c e a b l e  
s t a n d a r d s .  C u r r e n t  U .S . s t a n d a r d s ,  WHO G u i d e l i n e s ,  and 
o t h e r  n a t i o n a l  s t a n d a r d s  a r e  summarized i n  T a b le  I .

To d e a l  w i th  t h e  i s s u e  o f  a d d i t i v e s ,  EPA e s t a b l i s h e d  
an A d d i t i v e s  E v a l u a t i o n  B ranch  in  1980. Through t h e  
B ran ch ,  a c o n t r a c t  was awarded t o  t h e  N a t io n a l  Academy o f  
S c ie n c e s  (NAS) t o  d e v e lo p  and p u b l i s h  a W ater C hem ica ls  
Codex f o r  d i r e c t  a d d i t i v e s ,  and a d v i s o r y  c o m m it te e s  w ere 
e s t a b l i s h e d  t o  a s s i s t  i n  d e a l i n g  w i th  i n d i r e c t  a d d i t i v e s .  
The f i r s t  e d i t i o n  o f  t h e  Codex was p u b l i s h e d  i n  1982 (3) 
and i s  t h e  s u b j e c t  o f  a n o th e r  p a p e r  i n  t h i s  symposium ( 4 ) .  
To d a t e ,  EPA h as  p r o v id e d  t e c h n i c a l  a s s i s t a n c e  t o  s t a t e s  i n  
t h e  form  o f  " a d v i s o r y  o p i n io n s "  r e g a r d in g  a d d i t i v e s ,  b u t  i t  
h as  n o t  "ap p ro v ed "  o r  o th e r w i s e  c o n t r o l l e d  e i t h e r  d i r e c t  o r  
i n d i r e c t  a d d i t i v e s .
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TABLE I .  MAXIMUM LIMIT VALUES FOR HEALTH RELATED
INORGANIC SUBSTANCESa VARIOUS COUNTRIES

PARAMETER

Sb As Ba Cd Cr Pb Hg Se
USA 1976
Maximum Contaminant 
L evel

- 0 .0 5 1 .0 0 .0 1 0 .0 5 0 .0 5 0 .0 0 2 0 .0 1

WHO Proposed 1983 
G u id e lin e  Value 0 .0 5 0 .0 0 5 0 .0 5 0 .0 5 0 .0 0 1 0 .0 1
WHO (European) 1970 
Upper L im it 
C on cen atra tion

- 0 .0 5 - 0 .0 1 0 .0 5 0 .1 - 0 .0 1

WHO ( I n te r n a t io n a l)
1971 

Upper L im it 
C on cen tra tion

- 0 .0 5 - 0 .0 1 - 0 .1 0 .0 0 1 0 .0 1

EEC 1980
Maximum A d m iss ib le  
C o n cen tra tio n

0 .0 1 0 .0 5 - 0 .0 0 5 0 .0 5 ooo 0 .0 0 1 0 .0 1

USSR 1972
Maximum P e r m is s ib le  
C o n cen tra tio n

0 .0 5 0 .0 5 4 .0 b 0 .0 1 0 .1 /b  0 .5
0 .1 0 . 005b 0 .0 0 1

CANADA 1978 
Maximum A ccep ta b le  
C oncentrât ion

- 0 .0 5 1 .0 0 .0 0 5 0 .0 5 0 .0 5 0 .0 0 1 0 .0 1

INDIA 1976 
Cause fo r  
Re.lect ion

- 0 .0 5 - 0 .0 1 0 .0 5 0 .1 0 .0 0 1 0 .0 1

EGYPT 1980
Maximum P e r m is s ib le
L im it

- 0 .0 5 - 0 .0 1 - 0 .0 1 0 .0 0 1 0 .0 1

JAPAN 1978 
Maximum 0 .0 5 0 .0 1 0 .0 5 0 .1 0 .0 0 5 0 .0 1
AUSTRALIA 1980 
H ealth  I n v e s t ig a t io n  
L ev e ls

- 0 .0 5 1 .0 0 .0 1 0 .0 5 0 .0 5 0 .0 0 1 0 .0 1

aA ll v a lu e s  are mg/L

bValue fo o tn o te d , but fo o tn o te not i d e n t i f i e d  in  a v a i la b le  r e fe r e n c e .

INDIRECT ADDITIVES: PRODUCTS AND ISSUES

P r o d u c t s  w hich may c o n t r i b u t e  i n d i r e c t  a d d i t i v e s  t o  
d r i n k i n g  w a te r  i n c l u d e  p i p e s ,  f i t t i n g s ,  and a p p u r t e n a n c e s  
u sed  a s  com ponents  o f  d i s t r i b u t i o n  and p lum bing  s y s te m s ;  
p a i n t s ;  c o a t i n g s ;  j o i n i n g  m a t e r i a l s ,  i n c l u d i n g  c a u l k s  and 
s e a l a n t s ;  f i l m s  and l i n e r s ;  and o t h e r  i t e m s  which a r e  in  
d i r e c t  c o n t a c t  w i th  t h e  w a te r  a t  any s t a g e  p r i o r  t o  a c c e s s  
by t h e  consum er .  T h ere  a r e  h u n d re d s  -  p e r h a p s  t h o u s a n d s  -  
o f  t h e s e  p r o d u c t s  i n  common u s e .
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The p r i n c i p a l  i s s u e  i s  a d v e r s e  h e a l t h  e f f e c t s  
a t t r i b u t e d  t o  l e a c h i n g  o f  i n o r g a n i c  and o r g a n i c  c h e m ic a l  
c o n ta m in a n t s  i n t o  t h e  w a te r ;  i . e . ,  i n d i r e c t  a d d i t i v e s .  
R e c e n t ly ,  p e r m e a b i l i t y  o f  p i p i n g  sy s te m  com ponents a l s o  has  
become a m ajo r  i s s u e .

I t  i s  im p o r ta n t  t o  r e c o g n iz e  t h a t  s t a n d a r d  s e t t i n g  i s  
a complex p r o c e s s ,  which  r e q u i r e s  b o th  sound s c i e n c e  and 
good ju d g em en t .  We a r e  a d d r e s s i n g  to d a y  c h e m ic a ls  assumed 
f o r  d e c a d e s  t o  be e i t h e r  s a f e  o r  a b s e n t  from  ou r  w a te r  
s u p p l i e s ;  p r o d u c t s  w hich were a way o f  l i f e  a r e  s u d d e n ly  
s u s p e c t .  The s t a t e  o f  o u r  u n d e r s t a n d in g  and o u r  a b i l i t y  t o  
d e a l  w i th  d r i n k i n g  w a te r  c o n ta m in a n t s  i s  ch an g in g  r a p i d l y .

To i d e n t i f y  c o n ta m in a n t s  w hich  a r e  c a n d i d a t e s  f o r  
r e g u l a t i o n ,  n a t i o n a l  m o n i to r in g  s u r v e y s  have been  
c o n d u c te d .  To m easure  t h e  c o n ta m in a n t s ,  a n a l y t i c a l  
t e c h n i q u e s  -  an d ,  i n  some c a s e s ,  i n s t r u m e n t a t i o n  -  have 
b een  d e v e lo p e d  and v a l i d a t e d .  D a ta  t o  e s t a b l i s h  t o x i c i t y  
and c a r c i n o g e n i c i t y  have been  a c q u i r e d  th ro u g h  an im a l  
t e s t i n g ,  and o c c a s i o n a l l y ,  human e x p e r i e n c e .  The a r t  o f  
s c i e n c e  o f  r i s k  a s s e s s m e n t  i s  b e in g  d e v e lo p e d  in  a c l o s e l y  
p a r a l l e l  m anner.

T here  i s  a r e f e r e n c e  t o  t o x i c i t y  and a d v e r s e  h e a l t h  
e f f e c t s  from  m e ta l  p i p i n g  sy s te m s  -  c o p p e r ,  g a l v a n i z e d ,  and 
l e a d  ( 5 - 7 ) .  H e r r e r a  e t  a l  ( 8 ,9 )  p u b l i s h e d  t h e o r e t i c a l  and 
e x p e r im e n ta l  d a t a  s u p p o r t i n g  t h e  u se  o f  t i n / a n t i m o n y  ( i n  
l i e u  o f  l e a d - b a s e d )  s o l d e r s  t o  red u ce  t h e  l e v e l s  o f  m e ta l s  
l e a c h e d  i n t o  d r i n k i n g  w a te r  from  co p p e r  p i p i n g  s y s te m s .  
E x p e r ie n c e  w i th  a s b e s t o s  and t e t r a c h l o r o e t h y l e n e  from 
a s b e s to s - c e m e n t  (A/C) and l i n e d  A/C p ip e  i s  w e l l  
docum ented .

P l a s t i c s  have been  used  i n  t h e  U .S. f o r  p i p i n g  sy s te m  
com ponents  s i n c e  t h e  e a r l y  195 0 s .  The t y p e s  u sed  f o r  
p o t a b l e  w a te r  (PW) in c l u d e  p r i n c i p a l l y ,  p o l y v i n y l  c h l o r i d e )  
(PVC), c h l o r i n a t e d  p o l y v i n y l  c h l o r i d e  (CPVC), a 
p o l y e t h y l e n e  (P E ) , and p o ly b u ty l e n e  (PB) . A c r y l o n i t r i l e -  
b u t a d i e n e - s t y r e n e  (ABS) p ip e  f i t t i n g s  a r e  u sed  p r i n c i p a l l y  
f o r  d r a i n a g e  sy s te m s  b u t  o c c a s i o n a l l y ,  f o r  PW. A l le g e d  
l e a c h i n g  o f  o r g a n i c  c h e m ic a ls  from p l a s t i c s  p i p i n g  sy s te m  
com p o n en ts ,  i n c l u d i n g  j o i n i n g  m a t e r i a l s ,  i s  b e in g  d e b a te d  
i n  s e v e r a l  s t a t e  and l o c a l  h e a l t h  and p lum bing  code 
j u r i s d i c t i o n s ,  i n c l u d i n g  b u t  n o t  l i m i t e d  t o :  C a l i f o r n i a ,  
Iowa, and M ich igan .

In  C a l i f o r n i a ,  a 1977 p r o p o s a l  t o  p e r m i t  expanded  u se  
o f  p l a s t i c  p lum bing  sy s te m  com ponents i n  r e s i d e n t i a l
c o n s t r u c t i o n  h as  r e s u l t e d  i n  e x t e n s i v e  p o l i t i c a l  and 
t e c h n i c a l  a c t i v i t y .  In  1978, f o l lo w in g  o r a l  and w r i t t e n

a May b e  u s e d  f o r  h o t  o r  c o l d  w a t e r  a p p l i c a t i o n s .
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p u b l i c  t e s t i m o n y ,  t h e  C a l i f o r n i a  Commission o f  H ousing and 
Community D evelopm ent (CHCD) f i l e d  an a d m i n i s t r a t i v e  
a c t i o n  s t a t i n g  t h a t  no s i g n i f i c a n t  a d v e r s e  e n v i r o n m e n ta l  
im p a c ts  were e x p e c te d  from  t h e  u se  o f  p l a s t i c  p i p e ,  and no 
E n v iro n m e n ta l  Im pac t  R e p o r t  (EIR) was r e q u i r e d .

In  J a n u a r y  1980, Assemblyman Papan in t r o d u c e d  i n t o  t h e  
C a l i f o r n i a  L e g i s l a t u r e ,  Assembly C o n c u r r e n t  R e s o l u t i o n  No. 
98 (ACR 98) (10) d i r e c t i n g  CHCD t o  h o ld  i t s  d e c i s i o n  on 
expanded  u se  o f  p l a s t i c s  u n t i l  a c o m p re h e n s iv e  s p e c i a l  
s tu d y  r e p o r t  was a v a i l a b l e  from  t h e  T ox ic  S u b s ta n c e s  A l e r t  
System o f  t h e  S t a t e  D ep ar tm en t  o f  H e a l th  S e r v i c e s  (HALTS). 
The r e p o r t  was t o  i n c l u d e ,  b u t  n o t  be l i m i t e d  t o ,  "a  
c o n s i d e r a t i o n  o f  t h e  s a f e t y  o f"  a c r y l o n i t r i l e  (AN), m e th y l  
e t h y l  k e to n e  (MEK), m e th y l  b u t y l  k e to n e  (MBK), N,N- 
d im e th y lfo rm a m id e  (DMF), c y c lo h e x a n o n e ,  t e t r a h y d r o f u r a n  
(THF), and p o l y v i n y l  c h l o r i d e ,  " a s  w e l l  a s  any o t h e r  
c h e m ic a l s  found  in  t h e  cem ent and p r im e r s  u sed  f o r  t h e  
i n s t a l l a t i o n  o f  p l a s t i c  p i p e s " .  ACR 98 a l s o  r e q u i r e d  a 
c o m p re h e n s iv e  r e p o r t  from  t h e  S t a t e  F i r e  M a r s h a l l  on t h e  
p o t e n t i a l  f l a m m a b i l i t y  o f  p l a s t i c  p ip e  and t h e  f i r e  h a z a r d s  
a s s o c i a t e d  w i th  i t s  u s e .

A c o m p re h e n s iv e ,  s h o r t - t e r m  s tu d y  was o r g a n i z e d ,  
managed by HALTS, and s u p p o r t e d  by m a n u f a c tu r e r s  o f  p l a s t i c
p i p e .  Two end u se  s i m u l a t i o n s  were in c lu d e d  i n  t h e  s t u d y :  
a s t a t i c  s y s te m ,  t y p i c a l  o f  new c o n s t r u c t i o n ;  and a f lo w ­
t h r o u g h  s y s te m ,  t y p i c a l  o f  p o s t - o c c u p a n c y  u s a g e .
The sy s te m s  in c lu d e d  p i p e ,  f i t t i n g s ,  and "good" and "bad" 
s o l v e n t  w elded  j o i n t s .  In  a d d i t i o n  t o  t h e  s o l v e n t s  i n  
j o i n i n g  m a t e r i a l s ,  o r g a n i c  and i n o r g a n i c  c h e m ic a l s  were 
a n a ly z e d  in  t h e  e x t r a c t a n t  w a t e r s .  R e s u l t s  were r e p o r t e d  
a s  f o l l o w s  (1 1 ) :

o mg/L l e v e l s  o f  s o l v e n t s  from  cem en ts  and 
p r im e r s  were found  i n  w a te r  r e s i d i n g  f o r  two weeks i n  
PVC and CPVC p i p e s ;  t h e  l e v e l s  d e c r e a s e d  r a p i d l y  a f t e r  
p e r i o d i c  r e f i l l s .  A f t e r  98 d ay s  o f  c o n t a c t ,  MEK and 
THF were m easured  a t  l e v e l s  o f  1 -3  m ic ro g /L ,  and no 
o t h e r  compounds w ere d e t e c t e d .

o h i g h e r  l e v e l s  o f  s o l v e n t s  l e a c h e d  from  j o i n t s  
w i th  e x c e s s  p r im e r  t h a n  from j o i n t s  p r e p a r e d  i n  
a c c o rd a n c e  w i th  m a n u f a c t u r e r ' s  i n s t r u c t i o n s .

o S o lv e n t  l e v e l s  d e c r e a s e d  r a p i d l y  d u r in g  t h e  
e a r l y  f lo w  p e r i o d  i n  t h e  f lo w  th r o u g h  (occupancy  use)  
s i m u l a t i o n .

CHCD wa s  e s t a b l i s h e d  i n  1971  t o  a s s i s t  t h e  l e g i s l a t u r e  a n d  
p r o v i d e  a  p u b l i c  f o r u m  f o r  h o u s i n g  i s s u e s .  The  D e p a r t m e n t  
o f  H o u s i n g  a n d  Co m m un i t y  D e v e l o p m e n t  (DHCDE) h a s  a u t h o r i t y
u n d e r  t h e  S t a t e  H o u s i n g  Law t o  c o n t r o l  p l u m b i n g  s t a n d a r d s  
i n  C a l i f o r n i a .
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o m ic ro g /L  l e v e l s  o f  c h lo ro fo rm  and c a rb o n
t e t r a c h l o r i d e  l e a c h e d  from  CPVC b u t  n o t  from  s i m i l a r  
PVC t e s t  s y s te m s .

o v i n y l  c h l o r i d e  monomer (VCM) was n o t  d e t e c t e d
i n  any s a m p le s .

HALTS rev iew ed  t h e  James M. Montgomery r e p o r t  ( 1 1 ) ,  
and c o n c lu d e d  t h a t f " w i th  t h e  a d e q u a te  f l u s h i n g  o f  new 
s y s te m s  p r i o r  t o  o c c u p a n c y ,  a c c u m u la t io n  t o  t o x i c  l e v e l s  o f  
s o l v e n t s  i n  sy s te m s  u s in g  p l a s t i c s  i s  u n l i k e l y . "  A 
p r o c e d u r e  f o r  f l u s h i n g  new sy s te m s  -  b o th  p l a s t i c s  and 
m e ta l s  -  was recommended.

S u b s e q u e n t ly ,  how ever,  CHCD v o te d  t o  r e q u i r e  an EIR, 
and i n  March 1983 , an E n v iro n m e n ta l  Review Document (ERD) 
( 1 2 ) was p u b l i s h e d  which  rev iew ed  and i n t e r p r e t e d  a v a i l a b l e  
d a t a ,  and i d e n t i f i e d  a r e a s  o f  a d d i t i o n a l  n e e d .  The summary 
c o n c lu d e s  w i t h ,  "no c l e a r  e n v i ro n m e n ta l  p r e f e r e n c e  b e tw een  
p l a s t i c  and m e ta l  p i p e s  h a s  emerged from  l a c k  o f  
i n f o r m a t i o n .  Even a f t e r  t h e  recommended t e s t i n g ,  r e s i d u a l  
u n c e r t a i n t i e s  w i l l  e x i s t ,  and CHCD w i l l  need  t o  b a l a n c e  t h e  
p o s s i b l e  r e s i d u a l  r i s k s  a g a i n s t  t h e  b e n e f i t s  o f  a l lo w in g  
more f l e x i b i l i t y  i n  t h e  c h o ic e  o f  p lum bing  m a t e r i a l s . "

In  F e b ru a ry  1982 , EPA p u b l i s h e d  a p r o j e c t  summary 
r e p o r t  "O rg an ic  and O rg a n o t in  Compounds Leached from  PVC 
and CPVC P ip e "  ( 1 3 ) .  The p u rp o s e  o f  t h i s  s tu d y  was to  
d e m o n s t r a te  w h e th e r  o r  n o t  o r g a n i c  s p e c i e s  o f  t i n - b a s e d  
h e a t  s t a b i l i z e r s  u sed  i n  PVC and CPVC p i p e  le a c h e d  i n t o  
w a te r  i n  c o n t a c t  w i t h  t h e  p i p e .  The r e s u l t s :  a l k y l t i n  
s p e c i e s  were e x t r a c t e d  from PVC a t  l e v e l s  o f  35 ppb f o r  day 
o n e ,  and 3 .0  t o  0 .2 5  ppb p e r  24 h o u rs  ( b i p h a s i c )  f o r  d ay s
two th r o u g h  22 . For CPVC, t h e  l e v e l s  were 2 .6  ppb f o r  day 
o n e ,  and 1 .0  t o  0 .0 3  ppb p e r  24 h o u rs  ( b i p h a s i c )  f o r  days
two th r o u g h  21 .  The q u e s t i o n  o f  w h e th e r  o r  n o t  t h e s e  
l e v e l s  p o se  s i g n i f i c a n t  r i s k s  i s  n o t  a d d r e s s e d .  D a ta  from  
t h e  Montgomery s tu d y  (11) a l s o  must be c o n s id e r e d  i n  t h e  
c o n t e x t  o f  s i g n i f i c a n t  r i s k .

A W all S t r e e t  J o u r n a l  e d i t o r a l  (14) by L e s t e r  L ave , 
P r o f e s s o r  o f  Economics and P u b l i c  P o l i c y ,  G ra d u a te  Schoo l 
o f  I n d u s t r i a l  A d m i n i s t r a t i o n ,  C a rn e g ie -M e l lo n  U n i v e r s i t y  i s
recommended r e a d in g  i n  i t s  e n t i r e t y .  Two p r i n c i p l e s  a r e  
p r o p o s e d :  (1 ) i g n o r e  m in im al r i s k s ,  and (2 ) b a l a n c e  
r i s k s  a g a i n s t  b e n e f i t s  and c o n t r o l  c o s t s  where r i s k s  a r e  
n o t  n e g l i g i b l e .  P r o f e s s o r  Lave w arns t h a t ,  "A z e r o - r i s k  
g o a l  w i l l  p a r a l y z e  t h e  e n t i r e  econom y," and r e f e r s  t o  
s a f e t y  g o a l s ,  w hich a l s o  r e q u i r e  t h e  c a r e f u l  b a l a n c e  o f  
r i s k  b e n e f i t .  "Try  b a n n in g  a u to m o b i le s  t o  end t h e  c a rn a g e  
on t h e  h ig h w ay s .  T ry  b a n n in g  p h a r m a c e u t i c a l s  b e c a u s e  t h e i r  
s i d e  e f f e c t s  p o se  r i s k s . "
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The A m erican C hem ica l S o c i e t y ,  i n  a s t a t e m e n t  t o  t h e  
EPA A d m i n i s t r a t o r ,  e x p r e s s e d  c o n c e rn  f o r  s e t t i n g  s t a n d a r d s  
w i th o u t  a d e q u a te ,  s c i e n t i f i c  a s s e s s m e n t  o f  r i s k  a t  low 
l e v e l s  o f  e x p o s u re  t o  c h e m ic a l s  i n  d r i n k i n g  w a t e r .  "The 
S o c i e t y  b e l i e v e s  t h a t  i t  i s  n o t  a lw ay s  n e c e s s a r y  t o  d e v e lo p  
r e g u l a t o r y  c o n t r o l s  f o r  p o t e n t i a l  h e a l t h  h a z a r d s  t h a t  o c c u r  
a t  l e v e l s  where t h e  r i s k s ,  i f  a n y ,  have n o t  y e t  been  
d e t e r m i n e d . "

VOLUNTARY CONSENSUS STANDARDS

W il l ia m  D. R u c k e ls h a u s ,  i n  a d d r e s s i n g  t h e  N a t i o n a l  
Academy o f  S c i e n c e s ,  n o t e d ,  "The g r e a t e s t  t r iu m p h  o f  a 
s c i e n t i s t  i s  t h e  c r u c i a l  e x p e r im e n t  t h a t  s h a t t e r s  t h e  
c e r t a i n t i e s  o f  t h e  p a s t  and opens  up r i c h  new p a s t u r e s  o f  
i g n o r a n c e . "

T h ere  i s  need to  c a r e f u l l y  e v a l u a t e  -  an d ,  where 
a p p r o p r i a t e  -  r e g u l a t e  and m o n i to r  a d d i t i v e  c o n ta m in a n t s  t o  
d r i n k i n g  w a t e r .  A l l  w a te r  t r e a t m e n t  c h e m ic a l s  and i n d i r e c t  
a d d i t i v e  p r o d u c t s  s h o u ld  be c o n s i d e r e d  i n  t h e  e v a l u a t i o n  
p r o c e s s .  D e c i s io n s  must be r e l a t e d  t o  r i s k ,  n o t  d e t e c t i o n  
c a p a b i l i t y .  And, t h e r e  i s  an e s t a b l i s h e d ,  e f f e c t i v e  
a l t e r n a t i v e  t o  o f f i c i a l  r e g u l a t i o n  th r o u g h  v o l u n t a r y ,  
c o n s e n s u s  s t a n d a r d s  and o b j e c t i v e ,  t h i r d - p a r t y  t e s t i n g  and 
c e r t i f i c a t i o n  o f  r e l a t e d  p r o d u c t s .  The N a t i o n a l  S a n i t a t i o n  
F o u n d a t io n  (NSF) h as  p r o v id e d  t h e s e  s e r v i c e s  t h r o u g h  i t s  
s t a n d a r d  1 4 ,  E la s t i c .  .P ig ing -^Y g tem  Compon e n t s -  and. Re l a t e d 
M a t e r i a l s  ( 1 5 ) .  T h is  s t a n d a r d  e s t a b l i s h e s  minimum p u b l i c  
h e a l t h  and s a f e t y  r e q u i r e m e n t s  f o r  th e r m o s e t  and 
t h e r m o p l a s t i c  p i p e s ,  f i t t i n g s ,  v a l v e s ,  t a n k s ,  j o i n i n g  
m a t e r i a l s ,  a p p u r t e n a n c e s ,  and p l a s t i c  c o a t i n g s  f o r  p o t a b l e  
w a te r  and d r a i n a g e  a p p l i c a t i o n s .  I t  i n c l u d e s  d e f i n i t i o n s ,  
m a t e r i a l  and p r o d u c t  r e q u i r e m e n t s ,  and s p e c i f i e s  q u a l i t y  
c o n t r o l ,  m a rk in g ,  and r e c o r d - k e e p in g  p r o c e d u r e s ,  a s  w e l l  a s  
t e s t i n g  p r o t o c o l s .

The A m erican M ed ica l  A s s o c i a t i o n  (AMA), i n  r e s p o n s e  t o  
r e p o r t s  from  Oregon t h a t  p e r s o n s  who c o m p la in  a b o u t  
d i s a g r e e a b l e  t a s t e s  and o d o r s  i n  d r i n k i n g  w a te r  and have  
s u f f e r e d  a p p a r e n t l y  r e l a t e d  m i ld  d i a r r h e a l  symptoms may 
have been  a f f e c t e d  by c o n t a m in a t io n  from  g a l v a n i z e d  
s y s te m s ,  p a s s e d  a fo rm a l  r e s o l u t i o n  e n c o u ra g in g  " n a t i o n a l  
a g e n c i e s  d i r e c t l y  in v o lv e d  i n  s t a n d a r d  s e t t i n g  a c t i v i t i e s  
su c h  a s  t h e  N a t io n a l  S a n i t a t i o n  F o u n d a t io n  . . . .  t o  
d e v e lo p  s t a n d a r d s  f o r  g a l v a n i z e d  s t e e l  p i p e  u sed  f o r  
p lum bing  p u r p o s e s  which  would i n c l u d e  h e a l t h  a s p e c t s  a s  
w e l l  a s  p h y s i c a l  and c h e m ic a l  p r o p e r t i e s "  ( 1 6 ) .

NSF i s  a p r i v a t e ,  n o t - f o r - p r o f i t  c o r p o r a t i o n ,  
c h a r t e r e d  i n  1944 u n d e r  M ich igan  law  t o  d e v e lo p  and 
a d m i n i s t e r  p ro g ram s r e l a t i n g  t o  p u b l i c  h e a l t h  and t h e  
e n v i ro n m e n t .  Through h e a d q u a r t e r s  and l a b o r a t o r i e s  i n  Ann 
A rb o r ,  M ic h ig a n ,  a w a s te w a te r  equ ip m en t  t e s t i n g  f a c i l i t y  i n
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C h e l s e a ,  M ich ig an ,  and r e g i o n a l  o f f i c e s  i n  Upland and 
D a v i s ,  C a l i f o r n i a ;  Ann A rb o r ,  M ich igan ; C h a l f o n t ,  
P e n n s y lv a n ia ;  and A t l a n t a ,  G e o rg ia ,  i t s  p rogram s and 
s e r v i c e s  r e a c h  th r o u g h o u t  t h e  U .S. and i n t o  23 f o r e i g n  
c o u n t r i e s .  I t  i s  b e s t  known f o r  i t s  t r a d i t i o n a l  r o l e  i n  
v o l u n t a r y ,  c o n s e n s u s  s t a n d a r d s  and t h i r d - p a r t y  
c e r t i f i c a t i o n  o f  p r o d u c t s  con fo rm in g  w i th  t h e s e  s t a n d a r d s ;  
b u t ,  o t h e r  s e r v i c e s  c o n s i s t e n t  w i th  i t s  m is s io n  a r e  
p e r fo rm e d  c u r r e n t l y ,  and a r e  p la n n e d  f o r  f u t u r e  g ro w th .
I t s  o r g a n i z a t i o n a l  i n t e g r i t y  and o b j e c t i v e  s e r v i c e s  a r e  
known and h i g h l y  r e g a rd e d  a round  t h e  w o r ld .

A h i g h l y  q u a l i f i e d  p r o f e s s i o n a l  and t e c h n i c a l  s t a f f  -  
e n g i n e e r s ,  c h e m i s t s ,  m i c r o b i o l o g i s t s ,  and e n v i ro n m e n ta l  
s c i e n t i s t s  -  i s  r e t a i n e d  by NSF, and s t a t e - o f - t h e - a r t  
f a c i l i t i e s  a r e  r e t a i n e d  o r  a v a i l a b l e .  F a c u l t y  members from  
The U n i v e r s i t y  o f  M ich igan  a r e  r e t a i n e d  f o r  c o n s u l t a n t  
t o x i c o l o g i c a l , r a d i o l o g i c a l ,  and o t h e r  e x p e r t i s e ,  and t h e  
U n i v e r s i t y  f a c i l i t i e s  a r e  a v a i l a b l e  a s  r e q u i r e d .  R ecen t  
c a p i t a l  a c q u i s t i o n s  f o c u s  on l a b o r a t o r y  and in f o r m a t i o n  
p r o c e s s i n g  r e s o u r c e s  i n te n d e d  to  o p t im iz e  q u a l i t y  and 
t i m e l i n e s s  o f  a l l  o p e r a t i o n s .

P l a s t i c s  p ip i n g  sy s tem s  have been  t e s t e d  by NSF s i n c e  
1955 -  f i r s t  i n  a co m p reh en s iv e  s p e c i a l  s tu d y  which 
i n c lu d e d  an im a l  f e e d in g  o f  w a te r  exposed  t o  p l a s t i c s  ( 1 7 ) ,  
t h e n ,  u n d e r  NSF S ta n d a rd  14 ( 1 5 ) ,  f o r  w hich t h e  b a s i c  
t o x i c o l o g i c a l  and l e a c h a t e  d a t a  were p ro v id e d  by th e  
s p e c i a l  s t u d y .  An a n n u a l  p r o d u c t  L i s t i n g  o f  i te m s  t e s t e d  
u n d e r  S ta n d a rd  14 and a u t h o r i z e d  t o  b e a r  t h e  NSF lo g o  i s  
p u b l i s h e d  (18) and w id e ly  c i r c u l a t e d .  I t  i s  n o t  uncommon 
f o r  code and r e g u l a t o r y  a u t h o r i t i e s  t o  r e f e r e n c e  o r  r e q u i r e  
con fo rm ance  w i th  an a p p l i c a b l e  NSF s t a n d a r d ,  o r  t o  r e q u i r e  
t h a t  p r o d u c t s  a p p e a r  i n  t h e  c u r r e n t  L i s t i n g . S ta n d a rd  14 
was a d o p te d  i n  1965 and i s  r e v i s e d  on a c o n t i n u i n g  b a s i s .

In  t h e  p l a s t i c s  p ro g ram , t h e r e  i s  an u n d e r s t a n d in g  
be tw een  NSF and t h e  EPA O f f i c e  o f  D r in k in g  W ate r ,  t h a t  
c o n ta m in a n t s  r e g u l a t e d  by t h e  N a t io n a l  P r im a ry  D r in k in g  
W ater R e g u la t i o n s  (NPDWR) and a s s o c i a t e d  w i th  p l a s t i c s  
p r o d u c t s  l i s t e d  by NSF under  S ta n d a rd  14 f o r  p o t a b l e  w a te r  
a p p l i c a t i o n s ,  w i l l  be m o n i to re d  by l e a c h a t e  o r  d i r e c t  
c h e m ic a l  t e s t i n g ,  and meet t h e  MCLs s p e c i f i e d  in  t h e  NPDWR. 
The p r o c e d u r e  fo l lo w e d  by NSF i n  c a r r y i n g  o u t  t h i s  
ag re e m e n t  has  been  t o  c l o s e l y  m o n i to r  t h e  NPDWR; and ,  when 
new MCLs a r e  p r o m u lg a te d ,  d e te r m in e  by f o r m u l a t i o n  rev iew  
and s p e c i a l  t e s t i n g  w h e th e r  o r  n o t  t h e y  a r e  a s s o c i a t e d  w i th  
any t y p e s  o f  p r o d u c t s  l i s t e d  f o r  p o t a b l e  w a te r  end u s e .

Under NSF S ta n d a rd  14 , i n g r e d i e n t s  p ro p o se d  f o r  u se  i n  
p o t a b l e  w a te r  f o r m u l a t i o n s  a r e  a c c e p te d  by co m p reh en s iv e  
re v ie w  and t e s t i n g  p r o t o c o l s ,  th e n  q u a l i f i e d  f o r  u se  in  
l i s t e d  p r o d u c t s .  These r e q u i r e m e n ts  a r e  summarized i n  
F i g u r e  1 .  W ith  an a p p l i c a t i o n  f o r  l i s t i n g ,  t h e  
m a n u f a c tu r e r  p r o v i d e s  c o m p le te ,  d e t a i l e d  c h e m ic a l  i d e n t i t y  
o f  a l l  i n g r e d i e n t s  i n  t h e  f o r m u l a t i o n .  T h is  i n f o r m a t i o n  i s
rev iew ed  by s t a f f ,  and h e ld  un d e r  te rm s  o f  c o n f i d e n t i a l



Alternative To Regulation O f Indirect Additives 71

Acceptance1 
(New or Genericeiiy 
Similar Ingredient)

Qualification1 
(New Product or Chenge 

in FormuiãtionJ
Monitoring2

Disclosure statement w ith 
completa chemical identity

Product and compound 
tested at 2 X maximum 
recommended use level

Chemical leachate testing3 
1st exposure :£10 X MPL4 
3rd exposure sMPL4

FDA GRASd 
If no, Ames test and 
90-day feeding study 
at effect, no effect, 
and intermediate levels

Product and compound 
tested at maximum 
use level

Chemical leachate testing3 
1st exposure <10 X MPL4 
3rd exposure sMPL4 
Performance testing 
HDS ASTM4 
ASTM4

Chemical extraction testing3 
3rd exposure sMPL4 
Performance testing 
HDS 
ASTM4

'Samples submitted by applicant.
’ Samples collected by regional staff.
3RVCM rsMPL is also required for PVC and CPVC pipe and fittings. 
4Refers to all parameters in Standard 14.

F i g u r e  1 .  Summary o f  r e q u i r e m e n t s  f o r  p r o d u c t s  l i s t e d  
u n d e r  S t a n d a r d  1 4 .

d i s c l o s u r e .  For  i n g r e d i e n t s  g e n e r a l l y  r e c o g n iz e d  a s  s a f e  
(by FDA) f o r  food  c o n t a c t ,  (GRAS), no f u r t h e r  t o x i c o l o g i c a l  
t e s t i n g  u s u a l l y  i s  r e q u i r e d .  For  non-GRASd i n g r e d i e n t s ,  
Ames t e s t  d a t a  ( f o r  m u ta g e n ic i ty )  and a n im a l  f e e d in g  
s t u d i e s  must be p r o v i d e d .  The a n im a l  d a t a  must i n c l u d e  
e s t a b l i s h e d  n o - e f f e c t ,  e f f e c t ,  and i n t e r m e d i a t e  l e v e l s  o f  
t h e  p ro p o s e d  i n g r e d i e n t ;  t h e  p r o t o c o l  and t e s t i n g  
l a b o r a t o r y  must be app ro v ed  i n  advance  by NSF 's  r e t a i n e d  
t o x i c o l o g i s t s .

C hem ica l l e a c h a t e  t e s t i n g  i s  r e q u i r e d  f o r  a l l  p ro p o s e d  
new i n g r e d i e n t s .  P ip e  and compound a r e  f o r m u la t e d  t o  
maximum u s e .  [For ex am p le ,  i f  a s t a b i l i z e r  s u p p l i e r  
p r o p o s e s  a new p r o d u c t  f o r  u se  i n  p ip e  r e c i p e s  a t  a l e v e l  
r a n g in g  from  2 t o  4 p a r t s  p e r  hundred  p a r t s  o f  r e s i n  ( p h r ) , 
he must su b m it  sam p le s  o f  p ip e  and compound c o n t a i n i n g  t h e  
s t a b i l i z e r  a t  8 p h r . ]  Form al c e r t i f i c a t i o n  s t a t e m e n t s  a r e  
r e q u i r e d  and a r e  r e t a i n e d  on f i l e  f o r  b o th  maximum u se  and 
tw o - t im e s  u se  l e v e l s  i n  t h e  p r o d u c t s  and m a t e r i a l s  t e s t e d .

C hem ica l l e a c h a t e  ( e x t r a c t i o n )  t e s t i n g  i s  p e r fo rm e d  
c o n s i s t e n t  w i t h  t h e  t e s t i n g  p r o t o c o l  i n  NSF S ta n d a rd  14 ,
i . e . ,  e x p o s u re  t o  " f o r m u la t e d  w a te r "  a t  pH 5 . 0 ± 0 . 2 ,  a t  3 7 ±
0 .5  d e g r e e s  C e n t ig r a d e  ( °C), f o r  p e r i o d s  o f  2 4 ,  2 4 ,  and 72 
h o u r s . a F r e s h  w a te r  i s  added f o l lo w in g  e a c h  o f  t h e  2 4 -h o u r

A s s u m e s  c o l d  w a t e r  e n d  u s e  a p p l i c a t i o n s .  F o r  h o t  w a t e r  
a p p l i c a t i o n s  e x p o s u r e s  a r e  1 h o u r  a t  8 2 °C ,  a n d  0 . 5  h o u r  
a t  82°C  f o l l o w e d  by  72 h o u r s  a t  3 7 ° C .
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e x p o s u r e s ,  p r o v i d i n g  d a t a  f o r  t h r e e  s e p a r a t e  e x t r a c t i o n s .  
The f i r s t  e x p o s u re  i s  assumed t o  s i m u l a t e  w o r s t  c a s e  end 
u s e ,  where t h e  u s e r  would i n g e s t  t h e  f i r s t ,  v e r y  a g g r e s s i v e  
w a te r  drawn from  a new i n s t a l l a t i o n ;  t h e  t h i r d  e x p o s u re  
r e p r e s e n t s  w a te r  w hich c o u ld  be i n g e s t e d  a s  t h e  f i r s t  draw 
o f  w a te r  l e f t  s t a n d i n g  i n  p i p e s  o v e r  a w eekend.

The c h e m ic a l  p a r a m e te r s  m o n i to re d  and t h e i r  maximum 
p e r m i s s a b l e  l i m i t s  (MPLs) a r e  shown in  T a b le  I I .  For 
p ro p o s e d  new i n g r e d i e n t s ,  t h e  MPL f o r  t h e  f i r s t  e x p o s u re  
(MPL-1) i s  s e t  a t  t e n  t im e s  t h e  e s t a b l i s h e d ,  t h i r d - e x p o s u r e  
MPL (MPL-3). MPL-3 i s  e q u i v a l e n t  t o  maximum c o n ta m in a n t  
l e v e l s  (MCLs) i n  t h e  NPDWR f o r  a l l  r e g u l a t e d  c h e m ic a ls  
i n c lu d e d  i n  NSF S ta n d a rd  14 .

The a d d i t i o n  o f  t o t a l  t r i h a l o m e t h a n e s  (TTHMs) t o  NSF 
S ta n d a rd  14 i s  a "good f a i t h "  m o d i f i c a t i o n  t o  t h e  p o l i c y  o f  
ad d in g  r e g u l a t e d  c h e m ic a ls  (MCLs) e s t a b l i s h e d  i n  t h e  NPDWR 
t o  t h e  S ta n d a rd  i f  t h e  c o n ta m in a n t s  a r e  known t o  be 
a s s o c i a t e d  w i th  l i s t e d  p r o d u c t s .

TABLE I I .  CHEMICAL PARAMETERS IN STANDARD 14

*In f in is h e d  product

PARAMETER MPL

-1

(ppm)

-3

Antimony 0 .5 0 .0 5

A rsen ic 0 .5 0 .0 5

Barium 1 0 .0 1 .0

Cadmium 0 .1 0 .0 1

Chromium 0 .5 0 .0 5

Lead 0 .5 0 .0 5

Mercury 0 .0 2 0 .0 0 2

P h en o lic  S u b stan ces 0 .5 0 .0 5

RVCM* 1 0 .0 1 0 .0

Selenium 0 .1 0 .0 1

Tin 0 .5 0 .0 5

TTHM 1 .0 0 .1 0
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To t e s t  f o r  v o l a t i l e  o r g a n i c  c h e m i c a l s ,  a v a l i d  
e x p o su re  p r o t o c o l  was r e q u i r e d .  An NSF r e p o r t ,  P ro p o se d  
O ra a n o h a l id e  L each in g  Test Protocol for Plastic Piping (10) 
d e s c r i b e s  a capped  p ip e  p r o c e d u r e  and v a l i d a t i o n  d a t a  f o r  
19 p ip e  sam p le s  -  7 PVC and 12 CPVC. A j a r  t e s t  t e c h n i q u e  
c u r r e n t l y  i s  b e in g  v a l i d a t e d .  A l l  d a t a  a c q u i r e d  t o  d a t e  
i n d i c a t e d  t h a t  TTHMs a r e  n o t  l e a c h e d  by p l a s t i c  p i p e  a t  
s i g n i f i c a n t  l e v e l s ;  b u t ,  b e c a u s e  TTHMs a r e  r e g u l a t e d ,  and 
b e c a u s e  t h e r e  i s  c o n s i d e r a b l e  c u r r e n t  c o n c e rn  f o r  o r g a n i c  
c h e m ic a l  c o n ta m in a n t s  i n  d r i n k i n g  w a t e r ,  an MPL was 
recommended f o r  NSF S ta n d a rd  14 t o  a s s u r e  c o l l e c t i o n  o f  an 
a d e q u a te  r e p r e s e n t a t i v e  d a t a  b a s e  f o r  p l a s t i c  p i p e .

The p r o c e d u r e  f o r  a c c e p t i n g  p ro p o s e d  new i n g r e d i e n t s  
i s  diagrammed i n  F ig u r e  2 .  To c o n f i r m  c o m p a t a b i l i t y  w i th  
o t h e r  i n g r e d i e n t s  i n  a p r o d u c t  r e c i p e ,  an a c c e p te d  new 
i n g r e d i e n t  t h e n  must be " q u a l i f i e d "  by a d d i t i o n a l  c h e m ic a l  
l e a c h a t e  t e s t i n g .  P r o d u c t s  f o r m u la t e d  by t h e  i n g r e d i e n t  
u s e r  ( p i p e ,  f i t t i n g s ,  o r  a p p u r te n a n c e  m a n u f a c tu r e r )  a t  t h e  
maximum p ro p o s e d  u se  l e v e l  a r e  t e s t e d  i n  a c c o rd a n c e  w i th  
t h e  p r o c e d u r e  d e s c r i b e d  f o r  a c c e p t a n c e  t e s t i n g .  (T h is  
p r o c e d u r e  i s  shown i n  F ig u r e  3 . )

F o l lo w in g  a c c e p ta n c e  o f  an i n g r e d i e n t  and 
q u a l i f i c a t i o n  o f  p r o d u c t ,  l i s t i n g  i s  a u t h o r i z e d .  _The 
a p p r o p r i a t e  lo g o  i s  t h e n  d i s p l a y e d  on t h e  p r o d u c t ,  a 
minimum o f  t h r e e  a n n u a l ,  unannounced i n s p e c t i o n s  a r e  made 
a t  e a c h  p r o d u c t i o n  l o c a t i o n ,  and sam p les  a r e  s e l e c t e d ,  
i n d e l i b l y  marked in  t h e  p r o d u c t i o n  p l a n t  by t h e  NSF 
r e p r e s e n t a t i v e  a t  t h e  t im e  o f  s e l e c t i o n ,  and s h ip p e d  t o  Ann 
A rbor  f o r  c o m p le te  c h e m ic a l  and p h y s i c a l  t e s t i n g  i n  
a c c o rd a n c e  w i th  NSF S ta n d a rd  14 . The i n s p e c t i o n  and 
s a m p l in g  f u n c t i o n s  a r e  h a n d le d  by q u a l i f i e d  p e r s o n n e l  from  
t h e  r e s p e c t i v e  r e g i o n a l  o f f i c e s .

To d e m o n s t r a te  w h e th e r  o r  n o t  t h e  o r g a n i c  c h e m ic a l s  
p ro p o s e d  f o r  r e g u l a t i o n  by EPA a r e  l e a c h e d  from  p o t a b l e  
w a te r  p r o d u c t s  l i s t e d  by NSF, an a d d i t i o n a l  m o n i to r in g  
r e q u i r e m e n t  h a s  b een  added to  S ta n d a rd  14 f o r  t h e  f i v e  VOCs 
recommended f o r  r e g u l a t i o n  by t h e  N a t i o n a l  D r in k in g  W ater 
A d v iso ry  C o u n c i l  (NDWAC) ( 2 0 ) .  T h is  r e q u i r e m e n t  i s  f o r  
d a t a  a c q u i s t i o n  o n l y .  The C o u n c i l ' s  p o s i t i o n  i s  t h a t  b o th  
h e a l t h  e f f e c t s  and o c c u r r e n c e  d a t a  s h o u ld  be a v a i l a b l e  t o  
s u p p o r t  t h e  s e t t i n g  o f  s t a n d a r d s .  T h e r e f o r e ,  o f  t h e  15 
VOCs in c lu d e d  i n  t h e  March 1982 ANPRM, o n ly  c a rb o n  
t e t r a c h l o r i d e  (CC14 ) t r i c h l o r o e t h y l e n e  (TCE), 
t e t r a c h l o r o e t h y l e n e  (PCE), 1 , 1 , 1 - t r i c h l o r o e t h a n e ,  and 1 , 2 -  
d i c h l o r o e t h a n e  were recommended by NDWAC f o r  r e g u l a t i o n .  
N e i t h e r  RMCLs n o r  MCLs have b een  p ro p s e d  o r  p r o m u lg a te d ,  
and MPLs have n o t  been  added t o  NSF S ta n d a rd  14 .

a NSF -  pw,  -  w c ,  f o r  p o t a b l e  w a t e r / w e l l  c a s i n g  a p p l i c a t i o n s ;  
NSF -  dwv .  -  t u b u l a r ,  f o r  d r a i n ,  w a s t e ,  a n d  v e n t / c o n t i n u o u s  
w a s t e  s y s t e m s .  NSF-cw  f o r  c o r r o s i v e  w a s t e s ?  N S F - s e w e r  
f o r  s e w e r  m a i n  a p p l i c a t i o n s .
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Notes:
1. P otable w a te r app lica tions  only.

2. M a n u fac tu re r m ust p rov ide  ce rtifica tio n  sta tem ent w ith  leve l o f in g red ien t in sam ples and m a x im u m  recom m ended  use levels.

3. Extraction testing  p ro toco l in S tandard  14; dec is ion crite ria  inc lude  ingred ien t(s) extracted ^  10 x MPL in S tanda rd  14 in 1st
exposure and s  MPL in 3rd exposure.

4. US Code o f Federal R egu la tions (CFR), T itle  21 (Food and Drug Regulations).

5. Includes chem ica l d e scrip tion  and leve ls w ith  m o lecu la r s truc tu re ; p u rity ; id e n tifica tio n  and levels o f all know n con ta m in a n ts ;
id e n tif ica tio n  o f know n po ten tia l ca rc inogens w ith  a p p rop ria te  lite ra tu re  references.

6. M a n u fac tu re r m ust p rov ide  ce rtifica tio n  sta tem en t tha t p roposed in g red ien t is su itab le  fo r po tab le  w a te r end use app lica tions .

7. A d d itio n a l ana lytica l and/or to x ico lo g ica l data, risk b ene fit assessm ents, and health  effects in fo rm a tio n  m ay be requ ired .

8. Three leve ls o f pi uposed ing re d ie n t are requ ired  —  effect, no effect, and an in te rm ed ia te . Feeding s tu d y  m ay not be requ ired  fo r
acceptance o f gene rica lly  s im ila r ingred ien t.

9. O ffice o f D rink ing  W ater (ODW).

F i g u r e  2 .  P r o c e d u r e  f o r  a c c e p t a n c e  o f  p r o p o s e d  new a n d  
g e n e r i c a l l y  s i m i l a r  i n g r e d i e n t s  —  p o t a b l e  
w a t e r  a p p l i c a t i o n s  o n l y .
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N otes:

1 . T h e rm o p la s tic  p ipe and fittin g s .

2 .  T h e rm op las tic  m ateria ls , co m pounds , so lve n t cem ents, th e rm o se t p ipe  and fitt in g s , in g re d ie n t changes.

3 .  F o rm u la tion  in fo rm a tio n  is su bm itted  on the fo rm , "C o n fid e n tia l R eport on Plastics F o rm u la tio n  fo r M a te ria ls ” ; or on the  fo rm , 
"C o n fid e n tia l Report on Plastics F o rm u la tio n  fo r  F in ished P roduc t".

4 .  M a n u fac tu re r m ust ce rtify  the fo rm u la tio n  and use leve ls o f ing red ien ts  in the su b m itte d  sam ples.

5 .  E xtraction  testing  p ro to co l in S tandard  14; dec is ion  crite ria  inc lude  ingred ien t(s) extracted  s  10 x MPL in S tandard  14 in 1st 
exposu re  and îs MPL in 3rd exposure.

6 .  M ate ria ls  or com pounds  fo r pressure p ip in g  a p p lica tions  m u s t also have an estab lished hyd ro s ta tic  des ign  basis (HDB).

F i g u r e  3 .  P r o c e d u r e  f o r  q u a l i f i c a t i o n  o f  m a t e r i a l s ,  
p r o d u c t s  a n d  a l t e r n a t e  i n g r e d i e n t s  - -  f o r  
p o t a b l e  w a t e r  a n d  d r a i n a g e  a p p l i c a t i o n  
o n l y .
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In  1978 , a r e q u i r e m e n t  f o r  r e s i d u a l  v i n y l  c h l o r i d e  
monomer (RVCM) was added to  NSF S ta n d a rd  14 . By m ode ling  
and l e a c h a t e  t e s t i n g ,  i t  was e s t a b l i s h e d  t h a t  l e v e l s  t o  10 
p a r t s  p e r  m i l l i o n  (ppm) RVCM i n  t h e  w a l l  o f  p i p e  o r  
f i t t i n g s  would n o t  l e a c h  d e t e c t a b l e  l e v e l s  o f  t h e  monomer 
t o  w a te r  exposed  t o  p r o d u c t  (where " d e t e c t i o n "  i s  2 p p b ) . 
R e s u l t s  o f  RVCM m o n i to r in g  e x p e r i e n c e  a r e  shown i n  T ab le
I I I .  I t  i s  s i g n i f i c a n t  t h a t  l i s t e d  p r o d u c t s  have d e c re a sed  
s i g n i f i c a n t l y  -  from  o c c a s i o n a l l y  g r e a t e r  t h a n  100 ppm RVQ 
(1977-79) t o  c o n s i s t e n t l y  l e s s  t h a n  10 ppm -  o v e r  t h e  
p e r i o d  o f  NSF S ta n d a rd  14 t e s t i n g .  No sam p les  t e s t e d  i n  
1982 and 1983 t o  d a t e  have ex ceed ed  t h e  e s t a b l i s h e d  MPL.

The t y p e s  o f  p l a s t i c s  commonly a c c e p te d  f o r  p o t a b l e  
w a te r  end u se  -  PVC, CPVC, PE, and PB -  and t y p i c i a l  
f o r m u l a t i o n  i n g r e d i e n t s  f o r  each  a r e  summarized i n  T a b le
IV. Heat s t a b i l i z e r s  a r e  e s s e n t i a l  i n g r e d i e n t s  i n  PVC and
CPVC p i p e ,  f i t t i n g s ,  and a p p u r t e n a n c e s .  They a r e  t y p i c a l l y  
o r g a n o m e t a l l i c  compounds o f  t i n  o r  a n t im o n y ,  su c h  a s  :
(mono- a n d /o r  d i - )  - m e t h y l t i n ,  - b u t y l t i n ,  o r  - o c t y l t i n  
e s t e r s  o r  e s t e r t i n ,  compounds. T here  a r e  a l s o  i n o r g a n i c  
f o r m u l a t i o n s  su ch  a s  c a l c i u m - z i n c  which a r e  i n  l i q u i d  
s u s p e n s io n  w i th  h y d ro c a rb o n  d i l u e n t s  o r  a m ix tu r e  o f  b a r i u i  
c a r b o n a te - b a r iu m  a l k y l p h e n o l a t e .  L ead -b ased  s t a b i l i z e r s ,  
a l t h o u g h  commonly u sed  o u t s i d e  t h e  U .S . ,  have n o t  been  
a c c e p te d  by NSF. L u b r i c a n t s  i n  PVC may be c a lc iu m  
s t e a r a t e ,  p a r a f f i n  wax, o r  EP wax; i n  ABS, th e y  a r e  
Acrowax-C, o r  magnesium s t e a r a t e .  The PVC f i l l e r  t y p i c a l l y  
i s  c a lc iu m  c a r b o n a t e .

TABLE I I I .  RVCM EXPERIENCE DATA

PERIOD
NUMBER

SAMPLES
TESTED

NUMBER SAMPLES (ppm)

(n ) <10 >10<20 >20<50 >90<100 >100

1977 200 182 2 5 6 5
1979 650 629 11 7b 1 2
1980 457 455 1a l b 0 0
1981 474 473 1e 0 0 0
1982 285 285 0 0 0 0
1983* 150 150 0 0 0 0

a1 4 . 4 ppm; r e t e s t  sam ple <10 
b2 7 .1  ppm; r e t e s t  sam ple <10 
c 1 5 .7  ppm; r e t e s t  sam ple <10 
^January through J u ly  o n ly
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The p r o c e s s i n g  a i d s  o r  im p ac t  m o d i f i e r s  i n  PVC a r e  
p o ly m e rs ,  s u c h  a s  c h l o r i n a t e d  p o l y e t h y l e n e  (CPE), ABS, 
m e th y l  m e t h a c r y l a t e - b u t a d i e n e - s t y r e n e ,  o r  a l p h a -  
m e t h y l s t y r e n e .  P ig m en ts  a r e  t y p i c a l l y  t i t a n i u m  d i o x i d e  o r  
c a rb o n  b l a c k ;  b u t  o t h e r s  a r e  a c c e p t e d ,  i n c l u d i n g ,  f o r  
ex am p le ,  t a l c  (h y d ro u s  magnesium s i l i c a t e  s p e c i f i e d  t o  
c o n t a i n  z e r o  f i b r o u s  c o n t e n t ) , f e r r i c  o x i d e ,  o r  c o p p e r  
t h i o c y a n i n e  i n  p o l y b u t y l e n e .

A n t i o x i d a n t s  a r e  r e q u i r e d  i n  t h e  p o l y o l e f i n s  (PE and 
PB) and ABS. In  t h e  p o l y o l e f i n s ,  t h e y  a r e  h in d e r e d  
p h e n o l s ,  su c h  a s  I rg a n o x  1010 [ t e t r a k i s - ( m e t h y l e n e - 3 -  
{3*, 5 ' - d i t e r t . - b u t y l - 4 - h y d r o x y p h e n y l } p r o p i o n a t e ) m e t h a n e ] . 
In  ABS, t h e y  a r e  t y p i c a l l y  d i l a u r y l  t h i o d i p r o p i o n a t e .

The p o l y o l e f i n  m a t e r i a l s  and compounds i n  PW p r o d u c t s  
a r e  r e q u i r e d  by NSF t o  c o n t a i n  in n o c u o u s  t r a c e  e l e m e n t s .  
These  a r e  i n o r g a n i c  m e ta l s  o r  m e t a l l i c  o x id e s  added a t  
a s s i g n e d  l e v e l s  o f  10 t o  1 ,0 0 0  mg/L. The t r a c e r  and l e v e l  
a r e  s p e c i f i c  t o  e a c h  m a n u f a c tu r e r  ( m a t e r i a l  s u p p l i e r  o r  i n -  
p l a n t  co m p o u n d e r) , and a r e  i n c lu d e d  i n  t h e  r e g i s t e r e d  
f o r m u l a t i o n  f o r  e a c h  m a t e r i a l  o r  compound. P r o d u c t s  ( p ip e  
and f i t t i n g s )  m a n u fa c tu re d  from  t h e s e  m a t e r i a l s  o r  
compounds a r e  a n a ly z e d  f o r  t r a c e r  l e v e l s  t o  v e r i f y  t h e  
s o u r c e  o f  m a t e r i a l  o r  compound u s e d .  I n - p l a n t  compounds 
t h a t  a r e  b l e n d s  o f  l i s t e d  m a t e r i a l s  a l s o  a r e  a n a ly z e d  t o  
v e r i f y  t h e  s o u r c e  and a p p ro x im a te  l e v e l s  o f  t h e  s o u r c e  
m a t e r i a l s .  The a s s i g n e d  t r a c e r s  i n c l u d e  z i r c o n iu m  o x i d e ,  
a lum inum , t i n  o x i d e ,  magnesium c a r b o n a t e ,  z i n c  o x i d e ,  
v anad ium , molybdenum, b a r iu m  c a r b o n a t e ,  and t i t a n i u m  
d i o x i d e .

The i n o r g a n i c  c h e m ic a l s  i n  t h e  NPDWR and o t h e r s  
p e c u l i a r  t o  t h e  PW l i s t e d  p l a s t i c s  ( e . g . ,  t i n  and a n t im o n y  
u sed  a s  h e a t  s t a b i l i z e r s )  a r e  m easured  r o u t i n e l y  i n  
l e a c h a t e  t e s t i n g  ( a c c e p t a n c e ,  q u a l i f i c a t i o n ,  and 
m o n i t o r i n g ) . B oth  l e a c h a t e  and p e r fo rm a n c e  t e s t i n g  a r e  
r e q u i r e d  f o r  PW p r o d u c t s ;  p e r fo rm a n c e  o n ly  i s  r e q u i r e d  f o r  
d r a i n a g e  p r o d u c t s .  F a i l u r e  e x p e r i e n c e  f o r  l i s t e d  sa m p le s  -  
1980 th r o u g h  J u l y  1983 -  i s  shown i n  T a b le  V.

Type
In g red ien t

R esin S t a b i l iz e r A n tiox idan t L ubricant F i l le r P r o c e ss in g  A id / 
Impact M od ifier

Pigment T racer S o lv e n t

PVC X X X X X X
CPVC X X X X X X
PB X X X X X
PE X X X X X
ABS X X X X
Cement/
Primer X X X
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TABLE V. 

Period Samples 
Tested 

(n) 

1980 491 
1981 694 
1982 407 
1983• 22~ 

SUMMARY OF RECENT EXPERIENCE FOR 
CHEMICAL LEACHATE TESTING UNDER 

NSF STANDARD 14 

Samples Failed 
Failed Samples Tin (Sn) 

(nF) (%) (nF) 

9 1.8 9 
3 0.4 3 
8 2.0 6 
2 0.9 1 

*January through July only 

Parameters Failed 
Cadmium (Cd) Phenols 

(nF) (nF) 

0 0 
0 0 
1 1 
0 1 

The three annual inspections of production facilities 
are minima, and apply to foreign and domestic sites1 
nonconformance and other problems result in additional 
inspections. At the plant, products in production and 
inventory are checked to verify consistency with previous 
design and testing records. Use of only accepted 
ingredients or compounds, and in-plant quality assurance 
are verified1 and selected evaluations may be performed 
(e.g., dimensioning plastics). Plastics plant inspections 
in 1982 numbered 7111 736 are planned for 1983. Violations 
identified either in testing or inspection result in 
various actions, ranging from corrective measures to 
delisting. 

Solvent systems - cements and primers - are used to 
join PVC, CPVC, and ABS products. Ingredients in these 
products include the solvents (principally THF, 
cyclohexanone, MEK, or DMF), resin or compound, and 
pigments (principally titanium dioxide or carbon black). 
By policy, label verification to qualify and quantify the 
solvents will be required monitoring practice under NSF 
Standard 14. 

Recognition of the desirability and feasibility of 
uniform, minimum national standards for products and 
services relevant to health of the public and quality of 
the environment is a principal corporate tenet. To achieve 
success, understanding and appreciation of the needs of all 
parties concerned is essential. From the outset, standards 
development at NSF has included representatives at all 
levels of government, the affected industry, and users of 
the subject products or services. Typically, the request 
for a standard may originate with any of the three sectors1 
interest and commitment are established in an exploratory 
meeting. A small task committee then is appointed to draft 
the standard. The draft is reviewed and revised or 
accepted by the Joint/Industry Advisory Committees 
(JC/IAC), where each sector - regulatory, industry, and 
user - has voting representation. The Joint Committee 
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p r o p o s e s  t h e  s t a n d a r d  t o  t h e  C o u n c i l  o f  P u b l i c  H e a l th  
C o n s u l t a n t s ,  a g ro u p  o f  28 p u b l i c  h e a l t h  p r o f e s s i o n a l s  w i th  
no i n d u s t r y  r e p r e s e n t a t i o n .  The C o u n c i l  recommends a 
s t a n d a r d  t o  t h e  Board o f  T r u s t e e s ,  where f i n a l  a d o p t io n  
o c c u r s .  T h is  p r o c e s s  i s  diagrammed i n  F i g u r e  4 .

New s t a n d a r d s  d ev e lo p m en t  a c t i v i t i e s  a r e  c l a s s i f i e d  by 
a n t i c i p a t e d  c o m p le x i ty .  C o m p le t io n  o f  t h e  most complex i s  
t a r g e t e d  f o r  two y e a r s ;  t h e  l e a s t  com plex , one y e a r .  A 
m o d i f ie d  P r o j e c t  E v a l u a t i o n  Review T ech n iq u e  (PERT) has  
been  a d o p te d  by t h e  p rog ram  s t a f f  a s  a means o f  a c h i e v i n g  
t h e  c o m p le t io n  t a r g e t s .

A l l  NSF s t a n d a r d s  have a r e q u i r e m e n t  f o r  p e r i o d i c  
re v ie w  a t  i n t e r v a l s  n o t  t o  ex ceed  f i v e  y e a r s .  The f o r m a l ,  
o n -g o in g  re v ie w  and r e v i s i o n  -  o r  r e a f f i r m a t i o n  -  p r o c e s s
i s  a c c o m p l is h e d  th r o u g h  e s t a b l i s h e d  I n d u s t r y  A d v is o ry  (IAC) 
and J o i n t  Com m ittee  p r o c e d u r e s .  A l l  v o t i n g  i s  i n  
co m p l ia n c e  w i th  p r o c e d u r e s  d e s c r i b e d  i n  t h e  O f f i c e  o f  
Management and Budget (OMB) C i r c u l a r  A -119.

Figure 4. NSF consensus standards process
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The t y p e  o f  c o m p re h e n s iv e ,  c o o p e r a t i v e  r e g u l a t o r y  -  
t h i r d - p a r t y  -  i n d u s t r y  p rogram  i n  p l a c e  f o r  p l a s t i c s  p i p i n g  
sy s te m  com ponents  f o r  more t h a n  20  y e a r s  i l l u s t r a t e s  an 
" i n n o v a t i v e  r e g u l a t o r y  re fo rm " c o n s i s t e n t  w i th  t h e  c u r r e n t  
W ash ing ton  r h e t o r i c .  I t  e f f e c t i v e l y  and a p p r o p r i a t e l y  
p l a c e s  c o s t  b u rd e n s  w i th  t h e  p r i v a t e  s e c t o r ;  an d ,  
c r e d i b i l i t y  i s  a s s u r e d  by t h e  t h i r d - p a r t y  p a r t i c i p a n t .  I t  
i s ,  "an  e f f e c t i v e  a l t e r n a t i v e  t o  o f f i c i a l  r e g u l a t i o n  o f  
i n d i r e c t  a d d i t i v e s  t o  d r i n k i n g  w a t e r . "
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CHAPTER 7

THE WATER TREATMENT CHEMICALS CODEX

Robert E. Rehwoldt, P.E.
Food and Nutrition Board 
Commission on Life Sciences 
National Academy of Sciences 
Washington, DC 20418

The a v a i l a b i l i t y  and p r o d u c t i o n  o f  p o t a b l e  w a te r  a r e  
m a t t e r s  o f  g r e a t  n a t i o n a l  and w orldw ide  c o n c e r n .  In  t h e  
U .S . a l o n e ,  an e s t i m a t e d  1 -2  b i l l i o n  g a l l o n s  o f  d r i n k i n g  
w a te r  must be p ro v id e d  e a c h  d a y .  To comply w i th  h e a l t h  and 
o t h e r  a p p l i c a b l e  s t a n d a r d s  f o r  t r e a t i n g  t h a t  amount o f
p o t a b l e  w a t e r ,  s u p p l i e r s  used  more th a n  1 . 2  m i l l i o n  to n s  o f  
c h e m ic a l s  in  1981.

In  1980, t h e  N a t io n a l  Academy o f  S c ie n c e s  Committee on 
W ater T re a tm e n t  C hem ica ls  was formed and e n t r u s t e d  w i th  t h e  
t a s k  o f  d e v e lo p in g  s p e c i f i c a t i o n s ,  f i r s t  f o r  d i r e c t  
a d d i t i v e s ,  and l a t e r ,  a s  f e a s i b l e ,  f o r  i n d i r e c t  a d d i t i v e s .  
A f t e r  two y e a r s  o f  d e l i b e r a t i o n s ,  t h e  com m ittee  p ro d u ced  a 
W ater T re a tm e n t  C hem ica ls  Codex. The Codex i s  meant t o  
su p p le m e n t  e x i s t i n g  com pendia  on w a te r  t r e a t m e n t  c h e m ic a l s  
and i s  c o n f in e d  to  i n f o r m a t i o n  on p u r i t y  a s  i t  i s  r e l a t e d  
to  h e a l t h .  I t  does  n o t  a d d r e s s  p r o d u c t  p e r fo rm a n c e ,  
p a c k a g in g ,  s t o r a g e ,  o r  h a n d l i n g .

To a r r i v e  a t  i t s  recommended c o n ta m in a n t  l i m i t s ,  t h e  
com m ittee  met w i th  t h e  U .S. EPA w i th  t h e  aim o f  c o m p i l in g  a 
l i s t  o f  p r i o r i t y  c h e m ic a l s .  T h is  l i s t  th e n  was c a t e g o r i z e d  
a c c o r d in g  t o  u se  p a t t e r n ,  t h a t  i s ,  t h o s e  c h e m ic a l s  u sed  i n  
c o a g u l a t i o n  and f l o c c u l a t i o n ;  s o f t e n i n g ,  p r e c i p i t a t i o n  and 
pH c o n t r o l ;  d i s i n f e c t i o n  and o x i d a t i o n ;  and m i s c e l l a n e o u s  
t r e a t m e n t  a p p l i c a t i o n s .  In  d r a f t i n g  t h e  monographs in  e a c h  
c a t e g o r y ,  a su b g ro u p  o f  t h e  com m ittee  rev iew ed  c u r r e n t  d a t a  
on known i m p u r i t i e s  i n  t h e  c h e m ic a l s ,  g r a d e s  o f  
m a n u fa c tu re d  p r o d u c t s ,  u se  p a t t e r n s ,  and o t h e r  v a r i a b l e s .

The co m m ittee  a l s o  d e v e lo p e d  a l i s t  o f  i m p u r i t i e s  to  
be c o n s i d e r e d .  I n i t i a l l y ,  t h e  l i s t  was i d e n t i c a l  t o  t h a t  
o f  t h e  r e g u l a t e d  i n o r g a n i c  i m p u r i t i e s  s p e c i f i e d  by t h e
N a t io n a l  I n t e r i m  D r in k in g  W ater R e g u la t i o n s  d e v e lo p e d  in  
r e s p o n s e  t o  t h e  S a fe  D r in k in g  W ater A ct o f  1974 . T h is  l i s t
s u b s e q u e n t l y  was m o d i f ie d  t o  i n c l u d e  t h o s e  s u b s t a n c e s  f o r  
which  t h e r e  i s  e v id e n c e  o f  o c c u r r e n c e  a s  c o n ta m in a n t s  in  
w a te r  t r e a t m e n t  c h e m ic a l s .  The t o x i c o l o g y  su b g ro u p  o f  t h e
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co m m it tee  s u p p l i e d  t o x i c o l o g i c a l  d a t a  on t h e s e  s u b s t a n c e s ,  
i n c l u d i n g  i n f o r m a t i o n  on p o s s i b l e  g e n o to x ic  o r  e p i g e n e t i c  
( n o n g e n e t i c  c e l l u l a r  damage) e f f e c t s •

In  g e n e r a l ,  t h e  com m ittee  f e l t  t h a t  i t  would be 
a p p r o p r i a t e  t o  u t i l i z e  t h e  Maximum C o n tam inan t L ev e l  (MCL) 
f o r  c a l c u l a t i n g  t h e  a l l o w a b le  c o n ta m in a n t  l e v e l  c o n t r i b u t e d  
by an im p u r i ty  i n  a w a te r  t r e a t m e n t  c h e m ic a l ,  u n l e s s  t h e r e  
was no c u r r e n t  MCL f o r  t h a t  i m p u r i t y ,  o r  when t h e r e  was new 
i n f o r m a t i o n  c o n c e rn in g  e i t h e r  t h e  t o x i c i t y  o f  t h e  
c o n ta m in a n t  o r  t h e  c u r r e n t  s t a t u s  o f  t h e  MCL,

An MCL th u s  was c o n v e r te d  t o  a Recommended Maximum 
I m p u r i ty  C o n te n t  (RMIC) f o r  t h e  a d d i t i v e  by t h e  f o l lo w in g  
e q u a t io n s

RMIC =_____________M£L________________
maximum d o sag e  x s a f e t y  f a c t o r

= .itCL. Iing/L) x 106 jmg/ Kg 
MD (mg/L) x SP

The maximum d o sag e  f o r  t h e  w a te r  t r e a t m e n t  c h e m ic a l  was 
b a se d  on maximum p a t t e r n s  known by t h e  com m ittee  t o  be 
r e p r e s e n t a t i v e  o f  w a te r  t r e a t m e n t  p r a c t i c e .  The s a f e t y  
f a c t o r  u sed  i n  t h e  c a l c u l a t i o n  o f  t h e  RMIC was 10 , 
r e f l e c t i n g  t h e  v iew  o f  t h e  com m ittee  t h a t  no more t h a n  1 0 % 
o f  a g iv e n  MCL v a lu e  s h o u ld  be c o n t r i b u t e d  by a g iv e n
i m p u r i t y  i n  a w a te r  t r e a t m e n t  c h e m ic a l .

The Codex c o n t a i n s  RMIC v a l u e s  f o r  i m p u r i t i e s  o f  
c o n c e rn  a t  s e l e c t e d  a d d i t i v e  d o se  l e v e l s ,  which a r e  
r e p o r t e d  t o  one s i g n i f i c a n t  f i g u r e .  RMIC v a lu e s  d e f i n i n g  
t h e  p u r i t y  o f  e a c h  w a te r  t r e a t m e n t  c h e m ic a l  a l s o  a r e  
c o n t a i n e d  in  i n d i v i d u a l  monographs and may be u sed  as  
g u i d e l i n e s  f o r  t h e  w a te r  works i n d u s t r y .  At p r e s e n t ,  t h e  
Codex c o n t a i n s  34 m onographs; an a d d i t i o n a l  8 a r e  e x p e c te d  
t o  be  co m p le ted  by t h e  end o f  t h e  y e a r .

A n a l y t i c a l  p r o c e d u r e s  were s e l e c t e d  from  com pendia  on 
m ethodo logy  and p r o t o c o l ,  a d o p te d  from  m a n u f a c tu r e r s  o r  
d e r i v e d  from  m ethods s e t  f o r t h  i n  t h e  s c i e n t i f i c  
l i t e r a t u r e .  D a ta  on t o x i c o l o g i c a l  a s p e c t s  were o b t a in e d  
from  t h e  s c i e n t i f i c  l i t e r a t u r e ,  from  c h e m ic a l  
m a n u f a c t u r e r s ,  and from  t h e  Code o f  F e d e r a l  R e g u l a t i o n s .

The RMIC l e v e l s  a r e  b a se d  upon in f o r m a t i o n  a v a i l a b l e  
t o  t h e  c o m m it te e .  I t  i s  im p o s s ib l e  t o  recommend maximum 
c o n t e n t  l e v e l s  f o r  u n u s u a l  o r  u n e x p e c te d  i m p u r i t i e s ,  t h e  
p r e s e n c e  o f  w hich would depend  upon t h e  method o f  
m a n u fa c tu re  and t h e  q u a l i t y  o f  raw m a t e r i a l s  u s e d .  I f  
u n u s u a l  raw m a t e r i a l s  o r  u n u s u a l  methods o f  m a n u fa c tu re  go 
i n t o  t h e  p r e p a r a t i o n  o f  a t r e a t m e n t  c h e m ic a l ,  t h e  u s e r  
s h o u ld  r e q u i r e  a p p r o p r i a t e  c e r t i f i c a t i o n  o f  p u r i t y  from  t h e  
v en d o r  o r  m a n u f a c tu r e r ,  t o  p ro v e  t h a t  t h e  c h e m ic a l  i s  
s u i t a b l e  f o r  a p p l i c a t i o n  t o  t h e  making o f  p o t a b l e  w a t e r .

I t  i s  e x p e c te d  t h a t  t h e  Codex w i l l  be  rev iew ed  
c o n t i n u o u s l y  and t h a t  a n n u a l  s u p p le m e n ts  w i l l  be i s s u e d .
The su p p le m e n ts  may c o n t a i n  l i s t s  o f  a d d i t i o n a l  c h e m ic a l s  
and r e v i s i o n s  o f  t h e  monographs c o n t a i n e d  i n  t h e  p r e s e n t
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Codex, a s  w e l l  a s  r e v i s i o n s  o f  a n a l y t i c a l  p r o c e d u r e s .  
I n f o r m a t io n  a b o u t  o r d e r i n g  i t  can  be  o b t a i n e d  from  t h e  
N a t i o n a l  Academy o f  S c i e n c e s ,  P u b l i c a t i o n s  O f f i c e ,  
W ash in g to n ,  DC 20418.
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CHAPTER 8

DISINFECTANT CHEMISTRY IN DRINKING W ATER- 
OVERVIEW OF IMPACTS ON DRINKING WATER QUALITY

A.A. Stevens, L. Moore, R.C. Dressman, and D.R. Seeger 
U.S. Environmental Protection Agency 
Municipal Environmental Research Laboratory 
Drinking Water Research Division 
Cincinnati, Ohio 45268

C h em ica ls  commonly c o n s i d e r e d  f o r  u se  a s  d i s i n f e c t a n t s  
i n  m u n ic ip a l  d r i n k i n g  w a te r  t r e a t m e n t  a r e  c h l o r i n e ,  
c h l o r a m i n e s ,  c h l o r i n e  d i o x i d e ,  and o z o n e .  C o n s i d e r a t i o n s  
s u c h  a s  d i s i n f e c t i o n  pow er,  e a s e  o f  a p p l i c a t i o n ,  and low 
c o s t  i n  t h e  p a s t  have l e d  to  t h e  u se  o f  f r e e  c h l o r i n e  
(H0C1/0C1") a s  t h e  p r im a ry  d i s i n f e c t a n t .  D is c o v e ry  o f  
t r i h a l o m e t h a n e s , formed by t h e  a c t i o n  o f  f r e e  c h l o r i n e  upon 
n a t u r a l  o r g a n i c  m a t e r i a l s  su ch  a s  a q u a t i c  humic m a t e r i a l s ,  
has  l e d  to  a r e e x a m in a t io n  o f  t h i s  p r a c t i c e .  In  many c a s e s  
a change  t o  an a l t e r n a t i v e  d i s i n f e c t i o n  p r a c t i c e  e i t h e r  has  
o c c u r r e d  o r  i s  b e in g  c o n te m p la te d  by u t i l i t i e s  t h a t
o t h e r w i s e  have d i f f i c u l t y  m ee t in g  t h e  maximum c o n ta m in a n t
l e v e l  r e q u i r e m e n t  f o r  t r i h a l o m e t h a n e s .  C h lo ra m in e s ,  
c h l o r i n e  d i o x i d e ,  o r  ozone when used  a lo n e  do n o t  u s u a l l y  
c a u s e  s i g n i f i c a n t  f o r m a t io n  o f  t r i h a l o m e t h a n e s .  Each i s  an 
a c t i v e  o x i d a n t ,  how ever,  and has  t h e  p o t e n t i a l  o f  fo rm ing  
o b j e c t i o n a b l e  b y p r o d u c t s  o t h e r  th a n  t r i h a l o m e t h a n e s  (a s  may
c h l o r i n e  a s  w e l l ) . F re e  c h l o r i n e ,  f o r  ex am p le ,  fo rm s 
q u a n t i t i e s  o f  " o r g a n ic  h a lo g e n "  s u b s t a n t i a l l y  i n  e x c e s s  o f  
th o s e  a c c o u n te d  f o r  by t h e  t r i h a l o m e t h a n e s .  C h lo ram in es  
and c h l o r i n e  d i o x i d e  do a l s o ,  a l t h o u g h  to  a l e s s e r  e x t e n t  
t h a n  f r e e  c h l o r i n e .  S p e c i f i c  r e a c t i o n  p r o d u c t s  o f  e a c h  i n  
aqueous  s o l u t i o n  now a r e  b e in g  i d e n t i f i e d .  T hus ,  t h e  
b e n e f i c i a l  u se  o f  e a c h  o f  t h e s e  c h e m ic a l s  a s  a b i o c i d e  in  
d r i n k i n g  w a te r  t r e a t m e n t  may have i t s  own l e s s  d e s i r a b l e  
s i d e  e f f e c t s .

INTRODUCTION

When we were f i r s t  a sk ed  to  p r e s e n t  a p a p e r  a t  t h i s  
symposium on t h e  s u b j e c t  o f  d i s i n f e c t a n t  c h e m i s t r y  in
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d r i n k i n g  w a te r  a s  an "o v e rv iew "  p a p e r ,  we had i n  mind a 
somewhat t r a d i t i o n a l  t e x tb o o k  ap p ro a c h  d e s c r i b i n g  i n  a 
b r i e f  way a l l  t h e  known b a s i c  c h e m i s t r y .  A f t e r  re m in d in g  
o u r s e l v e s  o f  t h e  c o m p le x i ty  o f  t h a t ,  i n c l u d i n g  t h e  p ro b lem
o f  d i s t i l l i n g  t h e  huge volume o f  l i t e r a t u r e  on t h a t
s u b j e c t ,  we d e c id e d  t o  t a k e  a d i f f e r e n t  a p p ro a c h  t h a t  we 
t h i n k  i s  more a p p r o p r i a t e  f o r  t h i s  g ro u p  and b e t t e r  
a d d r e s s e s  t h e  t h r u s t  o f  t h i s  symposium. T h a t  i s ,  we p l a n  
t o  a d d r e s s  t h e  v a r i o u s  p e r c e i v e d  im p a c ts  o f  t h e  a p p l i c a t i o n  
o f  d i s i n f e c t a n t  c h e m ic a ls  on d r i n k i n g  w a te r  q u a l i t y  i n  a
c o m p a ra t iv e  way a n d ,  t o  t h e  e x t e n t  i t  i s  u n d e r s to o d ,  t o  
r e l a t e  t h e s e  o b s e r v a t i o n s  t o  t h e  known c h e m is t r y  o f  e a c h  
d i s i n f e c t a n t .  The b a s i c  c h e m is t r y  o f  t h e  o x i d a n t s  i n  w a te r  
t r e a t m e n t ,  t h e i r  u s e s  a s  o x i d a n t s ,  a s  d i s i n f e c t a n t s ,  and o f  
t r i h a l o m e t h a n e  f o r m a t io n  and c o n t r o l  have been  rev iew ed  in  
a much more c o m p le te  and d e t a i l e d  f a s h i o n  e l s e w h e r e  ( 1 - 5 ) ,  
and t h i s  m a t e r i a l  s e r v e d  a s  t h e  s o u rc e  o f  much o f  t h e  
f o l lo w in g  d i s c u s s i o n .

DISINFECTANTS

Four c h e m ic a l  o x i d a n t s  a r e  c o n s id e r e d  most o f t e n  a s  
d r i n k i n g  w a te r  d i s i n f e c t a n t s .  These a r e  c h l o r i n e  ( f r e e ) ,  
c h lo r a m in e s  ("com bined c h l o r i n e " ) ,  c h l o r i n e  d i o x i d e ,  and 
o z o n e .

Free. ChlQiine.

F re e  c h l o r i n e  e x i s t s  i n  aqueous s o l u t i o n  a s  a m ix tu re  
o f  h y p o c h lo ro u s  a c i d  (HOC1) and h y p o c h l o r i t e  (0C1~) i o n :

C l2 + H2 0 ----- ► H0C1 + H* + C1“ Í1]

H0C1 + 0C1“ 12]

The s o u r c e  can  be c h l o r i n e  o r  a h y p o c h l o r i t e  p r e p a r a t i o n  
su ch  a s  NaOCl ( s o l u t i o n )  o r  C a (0 C l)2 .  In  e i t h e r  c a s e ,  t h e  
f i n a l  pH o f  t h e  d r i n k i n g  w a te r  e s t a b l i s h e s  t h e  r e l a t i v e  
amounts o f  ea c h  o f  t h e  a c t i v e  s p e c i e s .  At pH 7 .5  t h e  two 
e x i s t  i n  a lm o s t  e q u a l  c o n c e n t r a t i o n s .

Chloramines
The c h e m is t r y  o f  "combined c h l o r i n e "  i s  e s s e n t i a l l y  

t h e  combined c h e m i s t r i e s  o f  f r e e  c h l o r i n e  and ammonia. The 
ammonia may be  p r e s e n t  n a t u r a l l y  i n  t h e  s o u r c e  w a te r  o r  
added i n t e n t i o n a l l y  by t h e  u t i l i t y .

F r e e  c h l o r i n e  f i r s t  r e a c t s  w i th  ammonia (NH3 ) t o  form  
m onoch lo ram ine  (NH2C1) by t h e  s u b s t i t u t i o n  r e a t i o n :

HOC1 + NH3 ^p=^NH2Cl + H20 [3]

S e q u e n t i a l  r e a c t i o n s  o c c u r  t o  form d ic h lo r a m in e  (NHC12) and 
n i t r o g e n  t r i c h l o r i d e  (NCI3 ) .  O x id a t io n  o c c u r s  i n  t h e
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p r o c e s s  when s u f f i c i e n t  e x c e s s  c h l o r i n e  i s  p r e s e n t  t o  
remove t h e  ammonia a s  n i t r o g e n  g a s :

2NHC12 + H20 ------► N2 + HOC1 + 3H+ +3C1“ [4 ]

A l l  o f  t h i s  i s  somewhat s i m p l i f i e d ,  and t h e  end r e s u l t  i s  
h e a v i l y  d e p e n d e n t  on pH. N e v e r t h e l e s s ,  f o r  t h e  p u r p o s e s  o f  
t h i s  p a p e r  i t  i s  s u f f i c i e n t  t o  u n d e r s t a n d  t h a t  f r e e  
c h l o r i n e  e x i s t s  o n ly  i n  v e r y  s m a l l  q u a n t i t y  ( r e l a t i v e  t o  
t h a t  added) u n t i l  t h e  ammonia i s  decomposed and removed a s  
n i t r o g e n  g a s  by t h e  p r o c e s s  w e l l  known i n  t h e  d r i n k i n g  
w a te r  i n d u s t r y  a s  b r e a k p o i n t  c h l o r i n a t i o n  ( F ig u r e  1 ) .

Chlorine. Dioxide
C h lo r in e  d i o x i d e  (C102 ) i s  a g a s  a t  norm al t e m p e r a t u r e  

and p r e s s u r e  and e x i s t s  a s  m o le c u la r  CIO2 i n  p u re  aqueous  
s o l u t i o n .  P u re  c h l o r i n e  d i o x i d e  i s  u n s t a b l e  and can  be an 
e x p l o s i v e  m ix tu r e  i n  a i r  a t  a p p r o x im a te ly  e le v e n  p e r c e n t  
c o n c e n t r a t i o n  ( 4 ) .  For  t h a t  r e a s o n  i t  i s  p ro d u c e d  o n - s i t e  
a t  a u t i l i t y .  T h is  u s u a l l y  i s  by r e a c t i o n  o f  sodium  
c h l o r i t e  w i th  e x c e s s  c h l o r i n e  i n  a c i d  s o l u t i o n :

HOC1 + H+ + 2C102-  ----- ► 2C102 + H20 + C1“ [5]

A lth o u g h  d i s p r o p o r t i o n a t i o n  o f  C102 t o  form C102" and CIO3“ 
t a k e s  p l a c e ,  t h i s  r e a c t i o n  i s  much s lo w e r  a n d ,  t h e r e f o r e ,  
i s  l e s s  im p o r t a n t  from  a c h e m ic a l  d i s i n f e c t a n t  s t a n d p o i n t  
t h a n  t h e  n e a r l y  im m ed ia te  h y d r o l y s i s  o f  m o le c u la r  c h l o r i n e  
t o  h y p o c h l o r i t e .  C h lo r in e  d i o x i d e  d o es  n o t  r e a c t  w i th  
ammonia, b u t  am m o n ia - f ree  w a te r s  do e x h i b i t  a demand f o r  
C102 s i m i l a r  i n  m ag n itu d e  t o  t h a t  f o r  f r e e  c h l o r i n e  ( 3 ) .

Qzoiie
M o le c u la r  ozone (O3 ) i s  a v e r y  s t r o n g  o x i d a n t  and 

r e l a t i v e  t o  t h e  above d i s i n f e c t a n t s  h a s  a v e r y  s h o r t  h a l f -  
l i f e  i n  w a te r  -  s a i d  t o  be  on t h e  o r d e r  o f  tw e n ty  m in u te s  
a t  low pH v a l u e s .  M o le c u la r  ozone i s  t h e  r e a c t i v e  s p e c i e s  
a t  n e u t r a l  and lo w er  pH v a l u e s ,  r e a c t i n g  t h r o u g h  an i o n i c  
m echanism . At pH v a l u e s  above 8 - 9 ,  O3 r e a c t s  w i th  w a te r  t o  
p ro d u c e  h y d ro x y l  and h y d ro p e ro x id e  r a d i c a l s  a s  t h e  a c t i v e  
s p e c i e s  ( 4 ) .

RELATIVE DISINFECTION EFFECTIVENESS

The p r im a r y  r e a s o n  f o r  t h e  u se  o f  d i s i n f e c t a n t s  i n  t h e  
t r e a t m e n t  o f  d r i n k i n g  w a te r  i s  t o  e n s u r e  t h e  d e s t r u c t i o n  o f  
p a th o g e n ic  m ic ro o rg a n ism s  d u r in g  t h e  t r e a t m e n t  p r o c e s s ,  
t h e r e b y  p r e v e n t i n g  t h e  t r a n s m i s s i o n  o f  d i s e a s e  by d r i n k i n g  
w a t e r .  S e c o n d a r i l y ,  t h e  p r e s e n c e  o f  a d i s i n f e c t a n t  i n  t h e  
w a te r  d i s t r i b u t i o n  sy s te m  h e lp s  t o  m a i n t a i n  t h e  q u a l i t y  o f  
w a te r  by p r e v e n t i n g  t h e  g row th  o f  n u i s a n c e  m ic ro o rg a n is m s .
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F i g u r e  1 .  C h l o r i n e  -  ammon ia  b r e a k p o i n t  
c u r v e .



Disinfectant Chemistry In Drinking Water 91

The e f f e c t i v e n e s s  o r  e f f i c i e n c y  o f  b i o c i d a l  a g e n t s  i s  
d e te r m in e d  by t h e  r a t e  a t  w hich  t h e  r e a c t i o n  o r  k i l l i n g  o f  
t h e  m ic ro o rg a n ism  p o p u l a t i o n  p r o c e e d s  (3 ) •  The c o m p a ra t iv e  
b i o c i d a l  e f f i c i e n c i e s  o f  d i s i n f e c t a n t s  f r e q u e n t l y  a r e  
e x p r e s s e d  a s  t h e  r e l a t i v e  c o n c e n t r a t i o n  (mg/L) o f  d i f f e r e n t  
d i s i n f e c t a n t s  n eeded  t o  o b t a i n  e q u i v a l e n t  d i s i n f e c t i o n  
r a t e s ,  o r  a s  t h e  r e l a t i v e  i n a c t i v a t i o n  r a t e s  p ro d u c e d  by 
t h e  same c o n c e n t r a t i o n  o f  d i f f e r e n t  d i s i n f e c t i n g  a g e n t s .  
Most o f  t h i s  i n f o r m a t i o n  h as  been  o b t a i n e d  by l a b o r a t o r y  
e x p e r i m e n t a t i o n  u n d e r  c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s ,  
w hich  i n c l u d e  c l e a n  s y s te m s ,  t h e  a b se n c e  o f  e x t r a n e o u s  
d i s i n f e c t a n t - d e m a n d i n g  s u b s t a n c e s ,  and t h e  u se  o f  p u re  
c u l t u r e s  o f  t h e  m ic ro o rg a n ism  u n d e r  s t u d y .  The p r e s e n c e  
( i n  s o l u t i o n )  o f  m a t e r i a l s  e x e r t i n g  d i s i n f e c t a n t  demand i s  
l i k e l y  t o  change  d i s i n f e c t i o n  e f f i c i e n c i e s  by way o f  
c o m p e tin g  r e a c t i o n  m echan ism s. T h is  e f f e c t  c o m p l i c a t e s  
e x t r a p o l a t i o n s  f rom  e x p e r im e n ts  w i th  c l e a n  sy s te m s  t o  
e x p e c te d  w a te r  u t i l i t y  p e r f o r m a n c e .  N e v e r t h e l e s s ,  
c o m p a r iso n s  o f  d i s i n f e c t a n t  p e r fo rm a n c e  u n d e r  l a b o r a t o r y  
c o n d i t i o n s  a r e  i n s t r u c t i v e .

D a ta  from  r e s u l t s  o f  a number o f  e x p e r im e n ts  c o n d u c te d  
u s in g  d i f f e r e n t  d i s i n f e c t a n t s  a t  v a r i o u s  c o n c e n t r a t i o n s  can  
be  u sed  t o  c o n s t r u c t  p l o t s  o f  t h e  ty p e  shown i n  F i g u r e  2 .  
T hese  r e s u l t s  show t h e  e x p o s u re  t im e s  and c o n c e n t r a t i o n s  o f  
s e v e r a l  d i s i n f e c t a n t s  needed  to  p ro d u c e  a g iv e n  l e v e l  o f  
i n a c t i v a t i o n  o f  a g iv e n  m ic ro o rg a n is m .  The r e s u l t s  show 
t h a t  c h l o r i n e  d i o x i d e  a t  pH 7 and H0C1 a t  pH 6 p ro d u c e  
s i m i l a r  r a t e s  o f  i n a c t i v a t i o n  o f  E s c h e r i c h i a  c o l i . 
H y p o c h lo r i t e  io n  (OCl““) a t  pH 10 was l e s s  e f f e c t i v e ,  and 
m onoch lo ram ine  a t  pH 7 and d i c h lo r a m in e  a t  pH 4 .5  w ere  even  
l e s s  s o .  A s i m i l a r  p l o t  showing v i r u c i d a l  e f f i c i e n c y  o f  
t h e s e  d i s i n f e c t a n t s  f o r  p o l i o v i r u s  1 i s  shown i n  F i g u r e  3 .  
Note t h a t  i n  g e n e r a l ,  h i g h e r  d i s i n f e c t a n t  c o n c e n t r a t i o n s  
and lo n g e r  c o n t a c t  t im e  a r e  needed  f o r  i n a c t i v a t i o n  o f  
p o l i o v i r u s  1 t h a n  f o r  £ .  c o l i .

A c o m p a r iso n  o f  t h e  r e l a t i v e  p o s i t i o n s  o f  t h e  c u r v e s  
i n  F i g u r e s  2 and 3 r e v e a l s  t h a t  t h e  r e l a t i v e  e f f i c i e n c i e s  
o f  t h e  v a r i o u s  d i s i n f e c t a n t s  v a ry  a c c o r d in g  t o  t h e  t a r g e t
o rg a n is m .  Ozone i s  n o t  in c lu d e d  i n  t h e s e  f i g u r e s  b e c a u s e
f a s t  r e a c t i o n  r a t e s  and d i s i n f e c t a n t  i n s t a b i l i t y  c a u s e  
l i m i t a t i o n s  on sa m p l in g  t im e s  and ozone m e a su re m e n ts ,  t h u s  
making good e x p e r im e n ta l  r e s u l t s  d i f f i c u l t  t o  o b t a i n .
Ozone d o e s ,  how ever ,  i n a c t i v a t e  t h e s e  m ic ro o rg a n ism s  a t  a 
h ig h  r a t e .

A s s e s s in g  t h e  e f f i c i e n c i e s  o f  d i f f e r e n t  f r e e  and 
combined c h l o r i n e  s p e c i e s  a l s o  i s  c o m p l ic a te d  by t h e  n a t u r e  
o f  t h e  c h e m ic a l  r e a c t i o n s  t h a t  d e te r m in e  t h e  c h e m ic a l
s p e c i e s  p r e s e n t  and t h e  c h e m ic a l  e q u i l i b r i a  e s t a b l i s h e d  
u n d e r  v a r i o u s  pH c o n d i t i o n s .  F or  i n s t a n c e ,  d u r in g  t h e  
r e a c t i o n  o f  e q u a t i o n  [ 2 ] a r a p i d l y  a c h ie v e d  e q u i l i b r i u m  
e x i s t s  t h a t  i s  d r a s t i c a l l y  i n f l u e n c e d  by pH. At pH 10 , 
a p p r o x im a te ly  0 .5  p e r c e n t  o f  t h e  f r e e  r e s i d u a l  c h l o r i n e  
s t i l l  i s  p r e s e n t  a s  HOC1, and b e c a u s e  i t  i s  a much more 
p o w e r fu l  b i o c i d e  t h a n  OC1“ , i t s  p r e s e n c e  c o u ld  i n f l u e n c e  
t h e  o b s e rv e d  b i o c i d a l  a c t i v i t y  s u b s t a n t i a l l y .



92 SAFE DRINKING WATER

S i m i l a r l y ,  e q u a t i o n  [31 i s  r e v e r s i b l e ,  and a s o l u t i o n  
o f  2 mg/L NH2CI i s  e s t i m a t e d  t o  be 0 .5 8  p e r c e n t  h y d ro ly z e d
(0 .5 8  p e r c e n t  HOC1) a t  pH 7 and 2 5°C. B ecause  o f  t h e  much 
h i g h e r  b i o c i d a l  e f f i c i e n c y  o f  HOC1, i t s  i n f l u e n c e  on t h e  
d i s i n f e c t i o n  r a t e  o b s e rv e d  c o u ld  be s u b s t a n t i a l  and c o u ld  
e x p l a i n  t h e  i n f l u e n c e  o f  pH on t h e  b i o c i d a l  e f f i c i e n c y  o f  
m o n o ch lo ram in e .

F u th e rm o re ,  e q u a t i o n  C6] i n d i c a t e s  t h a t  a l t h o u g h

H+ + 2NH2C1 5 = S ‘ NH4+ + NHC12 [ 6 ]

m o s t ly  m onochloram ine  i s  formed when e x c e s s  ammonia i s  
p r e s e n t  a t  h ig h  pH (> 8 ) ,  a d d i t i o n  o f  hyd rogen  io n  ( lo w e r in g  
pH) w i l l  c a u s e  f o r m a t io n  o f  d i c h l o r a m i n e ,  w i th  t h e  p o s i t i o n  
o f  t h i s  e q u i l i b r i u m  b e in g  d e te rm in e d  by t h e  pH o f  t h e

F i g u r e  2 .  I n a c t i v a t i o n  o f  E .  c o l i  (ATCC 1 1 2 2 9 )  
( f r o m  r e f .  3 ,  b a s e d  on  r e f s .  6 ,  7 ) .
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F i g u r e  3 .  I n a c t i v a t i o n  o f  p o l i o v i r u s  1 ( M a h o n e y )  
( f r o m  r e f .  3 ,  b a s e d  on  r e f s .  6 .  7 ) .

t r e a t e d  w a t e r .  Thus w i th  c h l o r i n e  and c h l o r a m i n e s ,  p u r e  
s p e c i e s  n e v e r  a r e  p r e s e n t ,  and pH d e t e r m in e s  w hich  a r e  
p r e s e n t  and t h e i r  p r o p o r t i o n s .  The i n f l u e n c e  o f  pH, 
t h e r e f o r e ,  c a n n o t  be e x p e r i m e n t a l l y  s e p a r a t e d  from  s p e c i e s  
e f f e c t i v e n e s s  f o r  d i s i n f e c t i o n .

N e v e r t h e l e s s ,  i n  t h e  c a s e  o f  c h l o r i n e ,  d i s i n f e c t i o n  
e f f i c i e n c y  d e c l i n e s  r a p i d l y  a s  t h e  pH i s  i n c r e a s e d  from  7 
t o  9 .  The e f f i c i e n c y  o f  c h l o r i n e  d i o x i d e  a l s o  c h a n g e s  
s u b s t a n t i a l l y  o v e r  t h i s  pH r a n g e ;  b u t  i n  c o n t r a s t  t o  
c h l o r i n e ,  t h e  e f f e c t i v e n e s s  i n c r e a s e s  a s  t h e  pH i n c r e a s e s  
( F ig u r e  4 ) .  In  t h i s  c a s e ,  t h e  change  a p p e a r s  t o  be i n  
m ic ro o rg a n is m  s e n s i t i v i t y  r a t h e r  t h a n  i n  d i s i n f e c t a n t  
s p e c i e s  p r e s e n t  b e c a u s e ,  u n l i k e  c h l o r i n e ,  c h l o r i n e  d i o x i d e  
d o es  n o t  so  r a p i d l y  d i s s o c i a t e  o r  d i s p r o p o r t i o n a t e  i n t o  
d i f f e r e n t  c h e m ic a l  s p e c i e s  w i t h i n  t h i s  pH r a n g e .
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F i g u r e  4 .  E f f e c t  o f  pH on  i n a c t i v a t i o n  o f  p o l i o v i r u s  1 
(M a h o n e y )  w i t h  c h l o r i n e  d i o x i d e  ( f r o m  r e f .  3 ,  
b a s e d  on  r e f .  6 ) .

The pH o f  t h e  w a te r  a l s o  a f f e c t s  ozone c h e m i s t r y .  At 
h ig h  pH v a l u e s ,  ozone d ecay  i s  a c c e l e r a t e d ,  p ro c e e d in g  
th r o u g h  r a d i c a l  io n  i n t e r m e d i a t e s ?  t h u s ,  t h e  pH o f  t h e  
w a te r  b e in g  t r e a t e d  may a l s o  i n f l u e n c e  ozone e f f e c t i v e n e s s .

OTHER BENEFICIAL USES

A lth o u g h  t h e  p r im a ry  p u rp o se  o f  ad d in g  t h e s e  o x i d a n t s  
t o  d r i n k i n g  w a te r  d u r in g  t r e a t m e n t  i s  f o r  t h e  c o n t r o l  o f  
m i c r o b i o l o g i c a l  c o n ta m in a n t s ,  e s p e c i a l l y  p a th o g e n ic  
o r g a n i s m s ,  c e r t a i n  s i d e  b e n e f i t s  a l s o  a c c r u e  ( 1 - 5 ) .  S o u rce
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w a t e r s  h ig h  i n  f e r r o u s  i r o n  and manganese a r e  t r e a t e d  
s u c c e s s f u l l y  w i th  C102 , 03 , and f r e e  c h l o r i n e  by o x i d a t i v e  
p r e c i p i t a t i o n .  Ozone has  been  o b s e rv e d  t o  im prove t h e  
c l a r i f i c a t i o n  p r o c e s s .  C h lo r in e  can  remove ammonia, and 
h y d r a u l i c s  a r e  im proved o r  m a in ta in e d  by c o n t r o l  o f  s l im e s  
and m a c ro o rg a n ism s .  Ozone and c h l o r i n e  d i o x i d e  a r e  u sed  t o  
remove o r  p r e v e n t  t a s t e  and o d o r .  In  some l o c a t i o n s  t h e  
o x i d a n t s  a r e  u sed  t o  remove c o l o r ,  and i t  i s  t h i s  l a t t e r
c a s e  t h a t  h i n t s  o f  t h e  o c c u r r e n c e  o f  some l e s s  d e s i r a b l e  
s i d e  e f f e c t s .

NEGATIVE ASPECTS OF DISINFECTANT USE
Many c o n s i d e r a t i o n s ,  su c h  a s  d i s i n f e c t i o n  pow er,  e a s e  

o f  a p p l i c a t i o n ,  and low c o s t ,  i n  t h e  p a s t  have l e d  t o  t h e
heavy  u se  o f  f r e e  c h l o r i n e  (HOC1/OC1- ) a s  t h e  p r im a ry  
d i s i n f e c t a n t  i n  d r i n k i n g  w a te r  t r e a t m e n t ,  o f t e n  v e ry  e a r l y  
i n  t h e  t r e a t m e n t  p r o c e s s .  D is c o v e ry  o f  t r i h a l o m e t h a n e s ,  
how ever ,  form ed by t h e  a c t i o n  o f  f r e e  c h l o r i n e  upon n a t u r a l  
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  a q u a t i c  humic m a t e r i a l s  t h a t
a r e  r e s p o n s i b l e  f o r  u n d e s i r a b l e  c o l o r  i n  many s o u r c e  
w a t e r s ,  has  l e d  to  a r e e x a m in a t io n  o f  t h i s  p r a c t i c e .

A l th o u g h  s p o r a d i c  r e p o r t s  o f  t h e  p r e s e n c e  o f  
c h lo r o f o r m  and o t h e r  t r i h a l o m e t h a n e s  i n  f i n i s h e d  d r i n k i n g  
w a te r  o c c u r r e d  b e f o r e  1974 , t h e  r e p o r t s  t h a t  y e a r  by Rook 
( 8 ) o f  t h e  R o tte rd a m  W ater U t i l i t y  i n  t h e  N e th e r l a n d s  and 
by B e l l a r ,  L i c h t e n b e r g ,  and K roner  (9) o f  t h e  U .S. 
E n v iro n m e n ta l  P r o t e c t i o n  Agency (USEPA) c l e a r l y  
d e m o n s t r a te d  t h a t  t h e s e  c o n ta m in a n t s  a r e  formed d u r in g  t h e  
w a te r  t r e a t m e n t  p r o c e s s s  a s  a r e s u l t  o f  c h l o r i n a t i o n .  T h is  
f i n d i n g  prom pted  a s u rv e y  (10) i n  e a r l y  1975 o f  80 w a te r  
u t i l i t i e s  i n  t h e  U n i te d  S t a t e s ,  79 o f  which  p r a c t i c e  f r e e  
r e s i d u a l  c h l o r i n a t i o n  o r  combined r e s i d u a l  c h l o r i n a t i o n .  
T h is  s u r v e y ,  t h e  N a t i o n a l  O rg a n ic s  R e c o n n a is s a n c e  S urvey  
(NORS), showed t h a t  a l l  o f  t h e  w a te r  u t i l i t i e s  t h a t  u sed  
f r e e  c h l o r i n e  i n  t h e i r  t r e a t m e n t  p r a c t i c e  had v a r y in g  
c o n c e n t r a t i o n s  o f  a t  l e a s t  one o f  f o u r  t r i h a l o m e t h a n e s  i n  
t h e i r  f i n i s h e d  d r i n k i n g  w a te r  and t h a t  t h e y  were formed 
d u r in g  t r e a t m e n t .  F o l lo w -u p  s t u d i e s  i n  1 9 7 5 -1 9 7 7 ,  
i n c l u d i n g  t h e  N a t i o n a l  O rg a n ic s  M o n i to r in g  Su rvey  (NORS)
(1 1 ) s u p p o r t e d  t h e s e  c o n c l u s i o n s  w i th  a n a l y s e s  o f  sam p le s  
c o l l e c t e d  a t  113 l o c a t i o n s  d u r in g  t h r e e  d i f f e r e n t  s e a s o n s .

These  s u r v e y s ,  combined w i th  l i k e  r e s u l t s  from  a l l  
o v e r  t h e  w o r ld ,  showed t h a t  t h e  r e a c t i o n  o f  c h l o r i n e  to
p ro d u c e  t r i h a l o m e t h a n e s  was w id e s p re a d  and s u r e l y  had been  
o c c u r r i n g  f o r  a s  lo n g  a s  c h l o r i n e  had been  in  u se  i n  w a te r
t r e a t m e n t .  S in c e  t h e  d i s c o v e r y  o f  t r i h a l o m e t h a n e s  i n  
d r i n k i n g  w a t e r ,  v e ry  l a r g e  e f f o r t s  have fo c u s e d  on g a i n i n g  
an u n d e r s t a n d i n g  o f  n a t u r a l  f a c t o r s  t h a t  i n f l u e n c e  t h e  
f o r m a t io n  o f  t r i h a l o m e t h a n e s ,  and w hich  l e a d  to  means f o r  
t h e i r  c o n t r o l  d u r in g  d r i n k i n g  w a te r  t r e a t m e n t .

The f o u r  t r i h a l o m e t h a n e s  most commonly found  in  
f i n i s h e d  d r i n k i n g  w a te r  a r e  c h lo r o f o r m  (CHCI3 ) , 
b ro m o d ic h lo ro m e th a n e  (CHBrCl2 ) r  d ib ro m o c h lo ro m e th a n e
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(CHB^Cl) , and bromoform (CHB-rç). A f i f t h ,  
d ic h lo r o io d o m e th a n e  (CHC12 I )  i s  found much l e s s  f r e q u e n t l y .  
A s o u r c e  o f  o r g a n i c  p r e c u r s o r s  t h a t  r e a c t s  w i th  c h l o r i n e  i s  
g e n e r a l l y  a c c e p te d  t o  be a q u a t i c  humic m a t e r i a l s  found  in  
v i r t u a l l y  a l l  d r i n k i n g  w a te r  s o u r c e s ,  e s p e c i a l l y  s u r f a c e  
s u p p l i e s .  These humic m a t e r i a l s  i n c l u d e  b o th  humic and 
f u l v i c  a c i d s  w h ich ,  when p r e s e n t  i n  h ig h  c o n c e n t r a t i o n ,  
a c c o u n t  f o r  much o f  t h e  c o l o r  i n  t h o s e  w a t e r s .  N a t u r a l  
b rom ide  and i o d i d e  a r e  c o n s id e r e d  t o  be t h e  n o n - c h l o r i n e  
h a lo g e n s  which  a r e  i n c o r p o r a t e d  i n t o  t h e  t r i h a l o m e t h a n e s .

TRIHALOMETHANES FROM CHLORINATION

The c o n c e n t r a t i o n s  o f  t r i h a l o m e t h a n e s  o b s e rv e d  in  
w a te r  t r e a t m e n t  and d i s t r i b u t i o n  a r e  h e a v i l y  d e p e n d e n t  on 
r e a c t i o n  t i m e ,  humic m a t e r i a l  c o n c e n t r a t i o n ,  pH, 
t e m p e r a t u r e ,  and t o  a s m a l l e r  e x t e n t ,  c h l o r i n e  
d o s e / r e s i d u a l  ( 3 ) .  F o rm a tio n  i s  s t r o n g l y  d e p e n d e n t  on 
c h l o r i n e  d o se  when t h e  r e a c t i o n  i s  c h l o r i n e  l i m i t e d ,  b u t  
l i t t l e  change  can  be s e e n  in  CHCI3 c o n c e n t r a t i o n  once  t h e  
demand r e q u i r e m e n t  h as  been  met and t h e  r e s i d u a l  m a in ta in e d  
a s  i n  t h e  exam ple shown (F ig u re  5 ) .

F i g u r e  5 .  C h l o r o f o r m  f o r m a t i o n  c o m p a r e d  w i t h  c h l o r i n e
r e s i d u a l  ( f r o m  r e f .  3 ,  b a s e d  on  r e f .  1 2 ) .
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F i g u r e  6 .  D i s t r i b u t i o n  o f  t r i h a l o m e t h a n e s  w i t h
v a r y i n g  b r o m i d e  c o n c e n t r a t i o n  ( f r o m  r e f .  3 ) .

Bromide i o n ,  even  a t  v e ry  low c o n c e n t r a t i o n s  r e l a t i v e  
t o  t h e  a p p l i e d  c h l o r i n e ,  s t r o n g l y  i n f l u e n c e s  t h e  m ix tu r e  o f  
t r i h a l o m e t h a n e s  form ed ( F ig u r e  6 ) .  T h is  o c c u r s  a s  a r e s u l t  
o f  r a p i d  o x i d a t i o n  o f  Br~ t o  HOBr fo l lo w e d  by r e a c t i o n  o f
t h i s  a c t i v e  s p e c i e s  w i th  t h e  o r g a n i c  p r e c u r s o r .  The 
r e a c t i o n  o f  b rom ine  w i th  humic s u b s t a n c e s  i s  much more 
r a p i d  t h a n  t h a t  o f  c h l o r i n e ,  r e s u l t i n g  i n  b o th  t h e  
d i s p r o p o r t i o n a t e  s h a r e  o f  b r o m i n e - c o n t a i n i n g  s p e c i e s  and 
a p p ro a c h in g  a f i n a l  t r i h a l o m e t h a n e  c o n c e n t r a t i o n  much 
e a r l i e r  ( u s u a l l y  m in u te s  r a t h e r  t h a n  h o u rs  o r  d a y s ) •

A f t e r  much s tu d y  o f  t r e a t m e n t  f e a s i b i l i t y  and c a r e f u l  
c o n s i d e r a t i o n  o f  p o t e n t i a l  h e a l t h  e f f e c t s ,  t h e  USEPA 
p ro m u lg a te d  a r e g u l a t i o n  on November 2 9 ,  1979 l i m i t i n g  
c o n c e n t r a t i o n s  o f  t o t a l  t r i h a l o m e t h a n e s  (CHCI3 + CHC^Br + 
CHClBr2 + CHBr3) t o  0 .1 0  mg/L a t  u t i l i t i e s  s e r v i n g  
p o p u l a t i o n s  g r e a t e r  t h a n  10 ,0 0 0  p o p u l a t i o n  ( 1 3 ) .  T h is  
r e g u l a t i o n  becomes e f f e c t i v e  o v e r  a f o u r  y e a r  s c h e d u le  and 
h as  c a u s e d  many u t i l i t i e s  t o  reex am in e  t h e i r  t r e a t m e n t  
p r o c e s s e s ,  i n c l u d i n g  a p p ro a c h e s  t o  d i s i n f e c t i o n .  I n  many 
c a s e s  a change  t o  an a l t e r n a t i v e  d i s i n f e c t i o n  p r a c t i c e
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e i t h e r  h a s  o c c u r r e d  o r  i s  b e in g  c o n te m p la te d  by u t i l i t i e s
t h a t  o t h e r w i s e  have d i f f i c u l t y  m ee t in g  t h e  maximum 
c o n ta m in a n t  l e v e l  r e q u i r e m e n t  f o r  t r i h a l o m e t h a n e s  in  
d r i n k i n g  w a t e r .

ALTERNATIVE DISINFECTANTS AND TRIHALOMETHANE FORMATION

Prefo rm ed  c h lo r a m in e s  do n o t  p ro d u c e  t r i h a l o m e t h a n e s  
(3 ) •  G e n e r a l l y ,  t h e  a d d i t i o n  o f  ammonia t o  w a te r  
c o n t a i n i n g  f r e e  c h l o r i n e  w i l l  s t o p  t h e  f o r m a t io n  o f  
t r i h a l o m e t h a n e s .  E x c e p t io n s  t o  t h i s  have been  o b s e r v e d ,  
and one p o s s i b l e  e x p l a n a t i o n  i s  t h a t  i n t e r m e d i a t e s  b u i l t - u p
d u r in g  t h e  c h l o r i n a t i o n  s t e p  a r e  h y d ro ly z e d  a f t e r  t h e  f r e e  
c h l o r i n e  i s  removed w i th  ammonia. The p r e s e n c e  o f  brom ide  
io n  a l s o  can  c a u s e  t h e  r e a c t i o n  t o  a p p ra c h  c o m p le t io n  
b e f o r e  t h e  NH3 i s  ad d e d ,  r e d u c in g  t h e  e f f e c t i v e n e s s  o f  NH3 
a s  a c o n t r o l  m e a su re .

C h lo r in e  d i o x i d e  used  a lo n e  a l s o  d oes  n o t  g e n e r a l l y  
form  t r i h a l o m e t h a n e s  ( 1 4 ,1 5 ) ,  a l t h o u g h  i n  one i n s t a n c e  
t r i h a l o m e t h a n e  f o r m a t io n  h as  been  r e p o r t e d  a t  pH 1 2 ,  v e ry  
h ig h  f o r  d r i n k i n g  w a te r  t r e a t m e n t  p r a c t i c e  ( 1 6 ) .
A d d t i o n a l l y , c h l o r i n e  d i o x i d e  p l u s  e x c e s s  c h l o r i n e  a c t u a l l y
r e s u l t s  i n  low er  f i n a l  t r i h a l o m e t h a n e  c o n c e n t r a t i o n s  t h a n  
t h e  same amount o f  c h l o r i n e  a lo n e  ( 3 , 1 4 ) .

Ozone a lo n e  does  n o t  form t r i h a l o m e t h a n e s ,  e x c e p t  
p o s s i b l y  i n  t h e  p r e s e n c e  o f  e x c e s s i v e  c o n c e n t r a t i o n s  o f  
b rom ide  io n  ( 3 , 4 ) .  Ozone can  i n f l u e n c e  t h e  y i e l d  o f  
t r i h a l o m e t h a n e s ,  e i t h e r  upward o r  downward, r e s u l t i n g  from 
s u b s e q u e n t  c h l o r i n a t i o n  o f  t h e  o z o n e - t r e a t e d  w a te r  
n e c e s s a r y  t o  m a in t a in  a d i s i n f e c t a n t  r e s i d u a l  i n  t h e  
d i s t r i b u t i o n  sy s te m  ( 3 ) .

OTHER REACTIONS

The l i t e r a t u r e  i s  f i l l e d  w i th  ample e v id e n c e  t h a t  t h e  
a c t i v e  o x i d a n t s  a r e  s u f f i c i e n t l y  r e a c t i v e  w i th  o r g a n i c  
compounds so t h a t  b y p ro d u c t  fo r m a t io n  m igh t  be e x p e c te d  (1 -  
5 ) .  For exam ple ,  t h e  f o r m a t io n  o f  c h lo r o p h e n o l s  by 
c h l o r i n e  accom panied  by t h e  a s s o c i a t e d  odo r  p ro b lem s  has  
lo n g  been  known i n  t h e  d r i n k i n g  w a te r  f i e l d .  T h is  can  be 
p r e v e n te d  by u se  o f  c h l o r i n e  d i o x i d e ,  even  th o u g h  
c h l o r o p h e n o l s  can  be formed un d e r  c e r t a i n  c o n d i t i o n s  (T a b le  
I ) and i n d i c a t e s  a d i f f e r e n t  k in d  o f  r e a c t i v i t y  o f  CIO2 .

As m en tio n ed  b e f o r e ,  ozone i s  a v e ry  r e a c t i v e  compound 
and h as  a v e r y  s h o r t  h a l f - l i f e .  Ozone i s  w e l l  known by 
c h e m is t s  engaged  i n  o r g a n i c  s y n t h e s i s  t o  r e a c t  r e a d i l y  w i th  
c e r t a i n  c l a s s e s  o f  o r g a n i c  compounds.

C h lo ra m in e s ,  much l e s s  r e a c t i v e  t h a n  c h l o r i n e ,  p e r s i s t  
f o r  lo n g  p e r i o d s  i n  t r e a t e d  w a te r  and p r o b a b ly  a r e  l e s s  
p ro n e  t o  p ro d u c e  i d e n t i f i a b l e  b y p r o d u c t s .

The r e a c t i o n s  o f  a l l  o f  t h e s e  o x i d a n t s  w i th  a q u a t i c  
humic m a t e r i a l s  a r e  o n ly  b e g in n in g  t o  be u n d e r s to o d ,
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TABLE I .  PRODUCTS RESULTING FROM CHLORINE DIOXIDE TREATMENT OF
PHENOL ( 1 5 ) a

how ever ,  p r i m a r i l y  b e c a u s e  o f  t h e  c o m p le x i ty  and r e l a t i v e l y
u n c h a r a c t e r i z e d  n a t u r e  o f  t h e  s u b s t r a t e  m a t e r i a l  i t s e l f .  
Much o f  t h i s  i s  n o n - v o l a t i l e ,  h ig h  m o le c u la r  w e ig h t  
m a t e r i a l  t h a t  c a n n o t  be i d e n t i f i e d  o r  m easured  by g as  
c h ro m a to g ra p h ic  t e c h n i q u e s  ( 1 7 ) .  Many o f  t h e  e x p e c te d  
b y p r o d u c t s  would be e x p e c te d  t o  f a l l  w i t h i n  t h i s  c a t e g o r y  
a s  w e l l .

TOTAL ORGANIC HALOGEN (TOX)

One a p p ro a c h  t o  c h a r a c t e r i z i n g  and q u a n t i f y i n g  
b y p ro d u c t  f o r m a t io n  from  t h e  d i s i n f e c t a n t s  t h a t  c o n t a i n  
h a lo g e n  i s  t o  m easure  T o t a l  O rg a n ic  H alogen  (TOX) w hich  can  
be done by u se  o f  an a c t i v a t e d  c a rb o n  a d s o r p t i o n - p y r o l y s i s  
t e c h n i q u e  ( 1 8 ) .  In  o u r  l a b o r a t o r y ,  t h i s  a n a l y t i c a l  
t e c h n o lo g y  was a p p l i e d ,  w i th  a p p r o p r i a t e  c o n t r o l  s o l u t i o n s ,  
t o  s o l u t i o n s  o f  a s o i l  humic a c i d  t h a t  was t r e a t e d  
s e p a r a t e l y  w i th  e a c h  o f  t h e  t h r e e  d i s i n f e c t a n t s :  f r e e  
c h l o r i n e ,  combined c h l o r i n e  ( c h l o r a m i n e s ) , and c h l o r i n e  
d i o x i d e .  Time, t e m p e r a t u r e ,  pH, d i s i n f e c t a n t  d o s e ,  and 
o r g a n i c  s u b s t r a t e  c o n c e n t r a t i o n s  were v a r i e d .  S e l e c t e d
exam ples  o f  t h e  r e s u l t s  o b t a i n e d  a r e  p r e s e n t e d  i n  F i g u r e s  7 
and 8 .

The b a r  g r a p h s  i n  F ig u r e  7 r e p r e s e n t  N o n -P u rg e a b le  
O rg an ic  H alogen (NPOX) above t h e  z e ro  l i n e  and P u r g e a b le  
O rg a n ic  H alogen  (POX), m easured  a s  t r i h a l o m e t h a n e s  ( i n  t h i s

Y ie ld  from Phenol%

C102/
phenol
(m o le /)
(mole^)

o -C h lo r o -
phenol

Phenol
reco v ered

2 , 4 -D ic h lo r o  
phenol

-  p -C h lo ro -  
phenol

Hydro—
quinone

T o ta l
Recovery

4 /5 11 30 0 .3 13 3 .6 58

14/5 NFC NF NF NF 7 .2 7 .2
14/1 NF NF NF NF 45 45

aR ea c t io n  t im e ,  4 

bIn m g/L .,  4 /5  =

Q
None found.

hr .

4 3 . 5 /7 5 ;  14 /5  = 150 /75; 14/1 = 16 4 /1 6 .
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F i g u r e  7 .  A c o m p a r i s o n  o f  t h e  e f f e c t s  o f  pH a n d  
o x i d a n t  d o s e  on  t h e  f o r m a t i o n  o f  NPOX
a n d  THMs (CHCl* )  a t  2 0 °  i n  d i s t i l l e d  
w a t e r  s o l u t i o n s  o f  53mg h u m i c  a c i d / L .  
N o t e  t h a t  THMs + NPOX = TOX ( t h e  e n t i r e
b a r ) .

c a s e  e x c l u s i v e l y  CHCI3 ) ,  below  t h e  z e ro  l i n e .  The f u l l  
l e n g t h  o f  a b a r ,  t h e r e f o r e ,  r e p r e s e n t s  T o t a l  O rg a n ic  
H alogen (TOX). A rranged  i n  t h i s  m anner, t h e  c o n c e n t r a t i o n  
o f  TOX i n  s o l u t i o n  a t  20° C can  be s e e n  t o  be composed
m o s t ly  o f  NPOX a t  pH v a l u e s  o f  5 and 7 ,  w h i le  a t  pH 11 t h e  
amount o f  t r i h a l o m e t h a n e s  p r e s e n t  i s  t h e  g r e a t e r .  The r a t i o
o f  NPOX t o  t r i h a l o m e t h a n e s  i s  shown t o  d i m i n i s h  w i th
i n c r e a s i n g  pH, w hich  o c c u r s  b e c a u s e  i n c r e a s i n g  pH f a v o r s  a 
s l i g h t  i n c r e a s e  i n  t r i h a l o m e t h a n e  f o r m a t i o n ,  w h i le  a t  t h e  
same t im e  p ro m o tin g  a d r a s t i c  d e c r e a s e  i n  NPOX 
c o n c e n t r a t i o n .

The e f f e c t  on o r g a n i c  h a l i d e  f o r m a t io n  o f  i n c r e a s i n g  
t h e  d o se  o f  c h l o r i n e  from 8 .1  mg/L t o  20 mg/L a t  20°C a l s o  
i s  d e m o n s t r a te d  i n  F ig u r e  7 .  Compared w i th  t h e  low d o s e ,  
TOX i s  i n c r e a s e d  by 2 9 ,  36 and 27% a t  pH v a l u e s  n e a r  5 ,  7 
and 1 1 ,  r e s p e c t i v e l y ,  a t  t h e  h ig h e r  d o s e .  T h i s  i s  a lm o s t  
e n t i r e l y  due t o  an i n c r e a s e  i n  NPOX f o r m a t i o n .
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F ig u r e  7 a l s o  r e v e a l s  a r e l a t i v e l y  r a p i d  f o r m a t io n  o f  
NPOX w i t h i n  t h e  f i r s t  two h o u rs  a f t e r  d o s in g  w i th  c h l o r i n e  
when compared t o  THM f o r m a t i o n .  A l l  o f  t h e s e  r e s u l t s  o f  
c h l o r i n a t i o n  a r e  t y p i c a l  o f  t h o s e  r e p o r t e d  f o r  humic 
m a t e r i a l s  from  o t h e r  s o u r c e s  ( 1 9 ) .

F ig u r e  8 com pares  t h e  NPOX and t r i h a l o m e t h a n e  
f o r m a t io n  a t  20° C a t  t h r e e  d i f f e r e n t  pH l e v e l s  f o r  e a c h  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 a m i n e s ,  and 
c h l o r i n e  d i o x i d e .  NPOX f o r m a t io n  i s  red u c e d  by 85% when 
com paring  t h e  u se  o f  c h lo ra m in e  a s  t h e  d i s i n f e c t a n t  t o  
c h l o r i n e ,  and i s  even  much lo w er  when c h l o r i n e  d i o x i d e  i s  
u s e d .  T r ih a lo m e th a n e  f o r m a t io n  was red u ced  by g r e a t e r  t h a n  
95% when c h lo r a m in e s  w ere u s e d ,  and no t r i h a l o m e t h a n e s  w ere 
d e t e c t e d  when c h l o r i n e  d i o x i d e  was u s e d .  U n l ik e  t h e  
r e s u l t s  o b t a i n e d  w i th  c h l o r i n e ,  w hich  i n c r e a s e s  t h e  
f o r m a t io n  o f  t r i h a l o m e t h a n e s  w i th  i n c r e a s i n g  pH, t h e  u se  o f  
c h lo r a m in e s  and c h l o r i n e  d i o x i d e  a s  d i s i n f e c t a n t s  r e s u l t s  
i n  a d e c r e a s e  i n  t h e  f o r m a t io n  o f  a l l  o r g a n i c  h a l i d e s  w i th  
i n c r e a s i n g  pH. NPOX f o r m a t io n  w i th  c h l o r i n e  d i o x i d e  was 
r a p i d  w i t h  no d i f f e r e n c e  o b s e rv e d  be tw een  2 h r  and 144 h r  
sam ple  c o n c e n t r a t i o n s .

As p a r t  o f  t h e  above s t u d i e s ,  t h e s e  t e s t s  a l s o  were 
ru n  a t  t h r e e  t e m p e r a t u r e s  ( 4 ° ,  20° and 3(P C) , t h e  g e n e r a l  
e f f e c t  o f  i n c r e a s i n g  t e m p e r a t u r e s  was t o  p ro d u c e  more t o t a l  
o r g a n i c  h a l i d e  w h a te v e r  t h e  d i s i n f e c t a n t  u sed  and 
r e g a r d l e s s  o f  t h e  pH. The m ost s i g n i f i c a n t  i n c r e a s e  i n  TOX 
was a lw ay s  e n c o u n te r e d  a t  pH n e a r  5 and was p r i m a r i l y  due 
t o  an i n c r e a s e  i n  NPOX. In  a s i m i l a r  s e t  o f  t e s t s  which  
i n v o lv e d  a lo w e r in g  o f  o r g a n i c  s u b s t r a t e  c o n c e n t r a t i o n  from
5 mg/L t o  2 mg/L and an i n c r e a s e  i n  c h l o r i n e  c o n c e n t r a t i o n  
from  8 .1  t o  10 mg/L, TOX f o r m a t io n  was re d u c e d  by 55%. A 
r e d u c t i o n  i n  b o th  THM and NPOX f o r m a t io n  o c c u r r e d  i n  t h i s  
t e s t .

T hus ,  t h e  e v id e n c e  from  v a r y in g  c h l o r i n e  d i s i n f e c t a n t  
c o n c e n t r a t i o n  and o r g a n i c  s u b s t r a t e  c o n c e n t r a t i o n  i n d i c a t e s  
t h a t  a t  any g iv e n  pH and t e m p e r a t u r e ,  THM f o r m a t io n  
i n c r e a s e s  p r i n c i p a l l y  a s  a f u n c t i o n  o f  o r g a n i c  s u b s t r a t e  
c o n c e n t r a t i o n ,  and NPOX f o r m a t io n  i n c r e a s e s  a s  a f u n c t i o n  
o f  b o th  o r g a n i c  s u b s t r a t e  c o n c e n t r a t i o n  and c h l o r i n e  
c o n c e n t r a t i o n .

OTHER SPECIFIC COMPOUNDS PRODUCED

S p e c i f i c  compounds w hich  a c c o u n t  f o r  a s h a r e  o f  t h e  
o b s e rv e d  b y p r o d u c t s  c o m p r is in g  t h e  t o t a l  o r g a n i c  h a lo g e n  
o t h e r  th a n  t r i h a l o m e t h a n e s  a r e  b e in g  fo u n d .  T hese  i n c l u d e  
d i h a l o a c e t o n i t r i l e s  and mono-, d i - ,  and t r i c h l o r o a c e t i c  
a c i d s .  Numerous o t h e r  compounds, some c o n t a i n i n g  c h l o r i n e ,  
have been  i d e n t i f i e d  w i th  r e l a t i v e l y  c o n f i d e n t  s t r u c t u r a l  
a s s ig n m e n t  ( 2 0 , 2 1 ) .  For  t h e  m ost p a r t ,  how ever ,  t h i s  work 
h as  in v o lv e d  e x p e r im e n ts  d e s ig n e d  t o  maxim ize b y p r o d u c t  
y i e l d ,  r a t h e r  t h a n  mimic t h e  d r i n k i n g  w a te r  t r e a t m e n t  
p r a c t i c e .  P a r t  o f  t h i s  work i s  t h e  s u b j e c t  o f  a p a p e r  t o  
be p r e s e n t e d  l a t e r  t h i s  a f t e r n o o n  by Norwood ( 2 2 ) .
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F i g u r e  8 .  A c o m p a r i s o n  o f  t h e  f o r m a t i o n  o f  NPOX 
a n d  THMs (CHClg )  a t  2 0°  i n  d i s t i l l e d  
w a t e r  s o l u t i o n s  o f  5 mg h u m i c  a c i d / L  
d o s e d  w i t h  v a r i o u s  d i s i n f e c t a n t s .  N o t e  
t h a t  NPOX + THMs = TOX ( t h e  e n t i r e  b a r ) .
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Figure 9 shows computerized reconstructions of fused 
silica capillary column gas chromatograph/mass spectrometry 
data from 13 L of unchlorinated and 10 L of chlorinated (20 
mg/L Cl2> solutions of a soil humic acid (5.3 mg/L TOC). 
In unpublished studies conducted in our laboratory, the 
samples were concentrated on granular activated carbon, 
extracted with ethyl ether, and methylated with 
diazomethane. Forty nanograms of 1-chlorododecane was 
injected with each sample, and each chromatogram has been 
adjusted for a 100 percent response for the internal 
standard. This example graphically illustrates in a 
qualitative way (17) the chromatographable byproducts 
produced by the addition of chlorine to this sample. 

Similar earlier studies in our laboratory, using XAD-8 
resin to concentrate the chlorination bypro~ucts attempted 
to compare the same soil humic acid with an aquatic humic 
acid and a finished water from a surface water with a 
relatively low concentration of humic material. The soil 
humic acid experiment was performed twice to check the 
reproducibility of the methodology, and approximately twice 
the volume of tap water was concentrated because of the low 
humic material concentration. Both mass spectral data and 
chromatographic retention time data were used to check for 
recurrence of individual compounds. Actual identification 
was not attempted in most cases, and most spectra did not 
match available reference spectra. Designation of a peak 
as chlorinated was based on visual inspection of mass 
spectral data for characteristic ion clusters. 

Table II lists the numbers of chlorination byproducts 
(unique retention time and spectra), both chlorinated and 
nonchlorinated, from various humic materials. 
Trihalomethanes and compounds also found in the 
nonchlorinated samples or solvent blanks are not included 
in the list. Of all the compounds detected in the three 
samples, the soil humic acid produced the most byproducts, 
especially chlorinated compounds. The aquatic humic acid 
produced approximately half as many as the soil, and the 
finished tap water data indicated that, if produced from 
this source, relatively few of the byproducts are surviving 
the treatment process. The soil humic acid had the largest 
number of byproducts that were not found in the other 
samples. In contrast, only three compounds were unique to 
the tap water sample, indicating that those that did form 
were typical of aquatic humic material byproducts. 

INORGANIC END PRODUCTS 

Each of the active oxidants may produce reduced 
species or disproportionation products of concern. Free 
chlorine is mostly dissipated as chloride ion at 
concentrations which are insignficant relative to normal 
background levels. 
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F i g u r e  9 .  C h l o r i n a t e d  a n d  u n c h l o r i n a t e d  s o i l  h u m i c  
a c i d  t o t a l  i o n  c u r r e n t  p r o f i l e s .
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TABLE I I .  BYPRODUCTS FOUND FROM CHLORINATION OF DIFFERENT 
TYPES OF HUMIC ACID SOURCES

Number  o f  O r g a n i c s
_____ Eûilûd_______
C h l o r i n e -  N o n c h lo r in e  
c o n t a i n i n g  c o n t a i n i n g

T o t a l  Unique Compounds (A l l  Samples) 47 51
S o i l  Humic A cid 43 37
A q u a t ic  Humic Acid 27 24
F i n i s h e d  W ater 8 17
Unique t o  S o i l  Humic A cid 16 18
Unique t o  A q u a t ic  Humic Acid 4 11
Unique t o  F i n i s h e d  W ater 0 3

When c h l o r i n e  d i o x i d e  r e a c t s  w i th  o r g a n i c  compounds 
t h e  b y p r o d u c t  c h l o r i t e  (CIO2” ) i s  fo rm ed . F u th e rm o re ,  a s  
c h l o r i n e  d i o x i d e  d i s p r o p o r t i o n a t e s  i n  w a t e r ,  b o th  c h l o r i t e  
and c h l o r a t e  (CIO3 ) a r e  form ed a s  b y p r o d u c t s .  The 
r e l a t i v e  p r o p o r t i o n  o f  t h e s e  b y p r o d u c t s  was d e te r m in e d  
d u r in g  a s t u d y  r e p o r t e d  e l s e w h e r e  by M i l t n e r  ( 2 3 ) ,  i n  which
1 .5  mg/L o f  c h l o r i n e  d i o x i d e  was added t o  Ohio R iv e r  w a te r  
t h a t  had b een  t r e a t e d  i n  a p i l o t  p l a n t .  The d a t a  i n  T a b le  
I I I  show t h a t  a p p r o x im a te ly  50% o f  t h e  o r i g i n a l  c h l o r i n e  
d i o x i d e  was c o n v e r t e d  t o  c h l o r i t e ,  a b o u t  25% t o  c h l o r a t e ,  
and a p p r o x im a te ly  25% t o  c h l o r i d e .  T hus ,  when c h l o r i n e  
d i o x i d e  i s  u se d  a s  an a l t e r n a t i v e  d i s i n f e c t a n t ,  t h e  h e a l t h  
s i g n i f i c a n c e  o f  i n o r g a n i c  a n io n s  o t h e r  t h a n  c h l o r i d e  must 
be  c o n s i d e r e d .  These  i n o r g a n i c  b y p r o d u c t s  a r e  u n iq u e  t o  
c h l o r i n e  d i o x i d e .

C h lo ra m in e s  t h e m s e lv e s  p e r s i s t  i n  a d r i n k i n g  w a te r  
d i s t r i b u t i o n  s y s te m ,  and have b een  known t o  c a u s e  u n iq u e  
p ro b le m s  i n  k id n e y  d i a l y s i s  and t o  t r o p i c a l  f i s h  ( 3 ) .

SUMMARY

C o n s i d e r a t i o n s  su c h  a s  d i s i n f e c t i o n  pow er,  e a s e  o f  
a p p l i c a t i o n ,  and low c o s t  i n  t h e  p a s t  have  l e d  t o  t h e  u se  
o f  f r e e  c h l o r i n e  (HOC1/OC1-  ) a s  t h e  p r im a r y  d i s i n f e c t a n t  i n  
d r i n k i n g  w a te r  t r e a t m e n t .  D is c o v e ry  o f  t r i h a l o m e t h a n e s ,  
form ed by t h e  a c t i o n  o f  f r e e  c h l o r i n e  upon n a t u r a l  o r g a n i c  
m a t e r i a l s  su c h  a s  a q u a t i c  humic m a t e r i a l s ,  has  l e d  t o  a 
r e e x a m in a t io n  o f  t h i s  p r a c t i c e .  In  many c a s e s  a ch ange  t o  
an a l t e r n a t i v e  d i s i n f e c t i o n  p r a c t i c e ,  su c h  a s  t h e  u se  o f



TABLE I I I .  INORGANIC CHLORINE DIOXIDE BYPRODUCTS*1 (1 4 ,2 3 )

106 SAFE DRINKING WATER

I n i t i a l C on centra t ion F in a l  C on centra t ion

S p e c i e s m g/L m g/L a s  Cl mg/L m g/L a s  C 1 C 10^ d e m a n d , %

c io 2 1.5 0 .8 0 0 -

c io 2" - - 0 .7 0 .4 50

c io 3" - - 0 .4 0 .2 25

Cl” 17.9 17 .9 18.1 18.1 25

T o t a l s _ 18.7 _ 18.7 100

a 1 .5  mg/L CIO2 added to  Ohio River  water which was c o a g u la te d ,  s e t t l e d ,  
du a l-m e d ia l  f i l t e r e d .  Contact t im e was 42 hr; pH was 7 . 1 .

c h l o r a m in e s ,  c h l o r i n e  d i o x i d e ,  o r  ozone e i t h e r  has  o c c u r r e d  
o r  i s  b e in g  c o n te m p la te d  by u t i l i t i e s  t h a t  o t h e r w i s e  have
d i f f i c u l t y  m e e t in g  t h e  maximum c o n ta m in a n t  l e v e l  
r e q u i r e m e n t  f o r  t r i h a l o m e t h a n e s .  These a l t e r n a t i v e  
d i s i n f e c t a n t s  when used  a lo n e  do n o t  u s u a l l y  c a u s e  
s i g n i f i c a n t  f o r m a t io n  o f  t r i h a l o m e t h a n e s .  Each i s  an 
a c t i v e  o x i d a n t ,  how ever,  and has  t h e  p o t e n t i a l  o f  fo rm ing  
o b j e c t i o n a b l e  b y p r o d u c t s  o t h e r  t h a n  t r i h a l o m e t h a n e s  (a s  may
c h l o r i n e  a s  w e l l ) . F re e  c h l o r i n e ,  f o r  ex am p le ,  form s 
" o r g a n ic  h a lo g e n "  l e v e l s  s u b s t a n t i a l l y  i n  e x c e s s  o f  t h o s e  
a c c o u n te d  f o r  by t h e  t r i h a l o m e t h a n e s .  C h lo ram in es  and 
c h l o r i n e  d i o x i d e  do a l s o ,  a l t h o u g h  l e s s  th a n  does  f r e e  
c h l o r i n e .  I n c r e a s i n g  numbers o f  s p e c i f i c  r e a c t i o n  p r o d u c t s  
o f  e a c h  d i s i n f e c t a n t  i n  aqueous  s o l u t i o n  now a r e  b e in g
o b s e r v e d ,  and some a r e  b e in g  i d e n t i f i e d .  T hus ,  t h e
b e n e f i c a l  u se  o f  ea c h  o f  t h e  c h e m ic a ls  a s  a b i o c i d e  in  
d r i n k i n g  w a te r  t r e a t m e n t  may have i t s  own l e s s  d e s i r a b l e  
s i d e  e f f e c t s .

REFERENCES

1. J o l l e y ,  R .L . and C a r p e n t e r ,  J . H . ,  "A re v ie w  o f  t h e  
C h e m is t ry  and E n v iro n m e n ta l  F a t e  o f  R e a c t iv e  
O x id a n t  S p e c ie s  i n  C h l o r i n a t e d  W a te r" ,  I n :
W ater  C h l o r i n a t i o n ,  E n v iro n m e n ta l  Im pact, and 
H e a l th  E f f e c t s , Volume.-4,r. Bools. .1. R. L. J o l l e y ,  
e t  a l . ,  E d s . ,  (S toneham , MA; Ann A rbor S c ie n c e  
P u b l i s h e r s ,  I n c . ,  1 9 8 3 ) ,  p p .  3 -4 8 .



Disinfectant Chemistry In Drinking Water 107

2 .  G ordon, G . ,  K i e f f e r ,  R .G . ,  and R o s e n b l a t t ,  D .H . ,
"The C h e m is t ry  o f  C h lo r in e  D i o x id e " ,  I n :  
P r o g r e s s .  i n  InQrganig.,.£hgmiai;£yii..y.QJL.>.l^y s . j . 
L ip p a r d ,  Ed. New Y ork, NY; W i l e y - I n t e r s c i e n c e ,  
1972) p .  201 .

3 .  Symons, J .M . ,  S t e v e n s ,  A. A . ,  C l a r k ,  R .M .,
G e l d r e i c h ,  E . E . ,  Love, O .T. J r . ,  and DeMarco, J . ,  
" T re a tm e n t  T ec h n iq u e s  f o r  C o n t r o l l i n g  T r i h a l o ­
m eth an es  i n  D r in k in g  W a te r . "  (EPA R e p o r t  No. 
6 0 0 /2 -8 1 -1 5 6 )  ( C i n c i n n a t i ,  OH; US EPA, 1 9 8 1 ) .

4 .  R ic e ,  R .G . ,  and C o t ru v o ,  J . A . ,  E ds .  O z o n e /C h lo r in e
D io x id e  O x id a t io n  P r o d u c t s  o f  O rg a n ic  M a t e r i a l s . 
(N orw alk , CT; I n t i  Ozone A s s o c . ,  1 9 7 8 ) .

5 .  M i l l e r  G.W., R ic e ,  R .G . ,  Robson, C .M ., S c u l l i n ,
R .L . ,  Kühn, W. and W olf ,  H . ,  "An A sse ssm e n t  o f  
Ozone and C h lo r in e  D io x id e  T e c h n o lo g ie s  f o r  
T re a tm e n t  o f  M u n ic ip a l  W ater S u p p l i e s , "  EPA 
R e p o r t  No. 6 0 0 /2 -7 8 -1 4 7  ( C i n c i n n a t i ,  OH; USEPA 
A ugust  1 9 7 8 ) ,  571 p p . r NTIS A c c e s s io n  No. PB 
285972/AS.

6 . S c a r p in o ,  P .V . ,  C r o n i e r ,  S . ,  Z in k ,  M .L .,  B r ig a n o ,
F .A .O . ,  and H o f f ,  J . C . ,  " E f f e c t s  o f  
P a r t i c u l a t e s  on D i s i n f e c t i o n  o f  E n t e r o v i r u s e s  
and C o l i fo rm  B a c t e r i a  i n  W ater by C h lo r in e  
D i o x i d e , "  i n :  P ro c ee d i n g s . E l f  th-W at&c 
Q u a l i t y  T echno logy  C o n f e r e n c e . K ansas  C i t y ,
"The C h e m is t ry  o f  C h lo r in e  D i o x id e " ,  I n :
P r o g r e s s  i n  In o rg a n ic ,  C hem istry , ,-  Vol». 15, S . J .  
L ip p a r d ,  Ed. New Y ork , NY; W i l e y - I n t e r s c i e n c e ,  
1972) p .  201 .

3 .  Symons, J .M . ,  S t e v e n s ,  A. A . ,  C l a r k ,  R .M.,
G e l d r e i c h ,  E . E . ,  Love, O .T. J r . ,  and DeMarco, J . ,  
" T re a tm e n t  T ec h n iq u e s  f o r  C o n t r o l l i n g  T r i h a l o ­
m e th an es  i n  D r in k in g  W a te r . "  (EPA R e p o r t  No. 
6 0 0 /2 -8 1 -1 5 6 )  ( C i n c i n n a t i ,  OH; US EPA, 1 9 8 1 ) .

4 .  R ic e ,  R .G . ,  and C o t ru v o ,  J . A . ,  Eds .  O z o n e /C h lo r in e
D io x id e  O x id a t io n  P r o d u c t s  of. O rgan ic .  M a t e r i a l s # 
(N orw alk , CT; I n t i  Ozone A s s o c . ,  1 9 7 8 ) .

5 .  M i l l e r  G .W .,„ R ic e ,  R .G . ,  Robson, C .M ., S c u l l i n ,
R .L . ,  Kuhn, W. and W olf ,  H . ,  "An A sse ssm e n t  o f  
Ozone and C h lo r in e  D io x id e  T e c h n o lo g ie s  f o r  
T re a tm e n t  o f  M u n ic ip a l  W ater S u p p l i e s , "  EPA 
R e p o r t  No. 6 0 0 /2 -7 8 -1 4 7  ( C i n c i n n a t i ,  OH; USEPA 
A ugust  1 9 7 8 ) ,  571 p p . ,  NTIS A c c e s s io n  No. PB 
285972/AS.

6 . S c a r p in o ,  P .V . ,  C r o n i e r ,  S . ,  Z in k ,  M .L .,  B r ig a n o ,
F .A .O . ,  and H o f f ,  J . C . ,  " E f f e c t s  o f  
P a r t i c u l a t e s  on D i s i n f e c t i o n  o f  E n t e r o v i r u s e s  
and C o l i fo rm  B a c t e r i a  i n  W ater by C h lo r in e  
D i o x i d e , "  I n :  P r o c e e d in g s  -  F i f t h - W a t e r  
Q u a l i t y  T echno logy  C o n f e r e n c e . K ansas  C i t y ,
MO, December 4 - 7 ,  1977 , P a p e r  2B -3 , 11 p p .
(D enver ,  CO, Am. W ater Works A s s o c . ,  1 9 7 8 ) .



108 SAFE DRINKING WATER

7 .  E p o s i t o ,  M .P . ,  "The I n a c t i v a t i o n  o f  V i r u s e s  i n  W ater
by D i c h l o r a m i n e , " M.S. T h e s i s ,  U n i v e r s i t y  o f  
C i n c i n n a t i ,  C i n c i n n a t i ,  OH (1 9 4 4 ) .

8 . Rook, J . J . ,  "F o rm a tio n  o f  H aloform s D uring  C h l o r i n ­
a t i o n  o f  N a t u r a l  W a te r ,"  Water Treatment and 
E x a m in a t io n , 2 3 ( 2 ) s234-243 (1 9 7 4 ) .

9 . B e l l e r ,  T .A . ,  L i c h t e n b e r g ,  J . J . ,  and K ro n e r ,  R .C . ,
"The O ccurence  o f  O r g a n o h a l id e s  i n  C h l o r i n a t e d  
D r in k in g  W a te r , "  J .  Am. W ater Works A sso c .
6 6 ( 1 2 ) S703-706 (1 9 7 4 ) .

10 . Symons, J .M . ,  B e l l a r ,  T .A . ,  C a r s w e l l ,  J . K . ,
DeMarco, J . ,  Kropp K .L . ,  Robeck, G .G . ,  S e e g e r ,  
D .R . ,  Slocum, C . J . ,  Sm ith  B .L . ,  and 
S t e v e n s ,  A .A . ,  " N a t io n a l  O rg a n ic s  R e c o n n a is s a n c e  
Survey  f o r  H a lo g e n a te d  O r g a n i c s , "  J .  Am. W ater 
Works A sso c .  67 ( 1 1 ) :634-647  (1 9 7 5 ) .

11 . B r a s s ,  H . J . ,  F e i g e ,  M.A., H a l l o r a n ,  T . ,  M e l lo ,
J .W . ,  Munch, D . ,  and Thomas, R . F . ,  "The 
N a t i o n a l  O rg an ic  M o n i to r in g  Surveys Sam pling and 
A n a ly s i s  f o r  P u rg e a b le  O rg an ic  Compounds," Ins  
D r in k in g  W ater Q u a l i t y  Enhancement Through 
S o u rce  P r o t e c t i o n , (S toneham , MA; Ann A rbor  
S c ie n c e  P u b l i s h e r s ,  I n c . ,  1 9 7 7 ) ,  p .  393 .



CHAPTER 9

BY-PRODUCTS OF CHLORINATION: 
SPECIFIC COMPOUNDS AND THEIR 

RELATIONSHIP TO TOTAL ORGANIC HALOGEN

D.L. Norwood, G.P. Thompson, J.J. St. Aubin, D.S. Millington, 
R.F. Christman, and J.D. Johnson

Department o f Environmental Sciences and Engineering 
School o f  Public Health 
University o f North Carolina 
Chapel Hill, North Carolina 27514

ABSTRACT

Over t h e  p a s t  d ec a d e  a g r e a t  d e a l  o f  s c i e n t i f i c  
i n t e r e s t  has  fo c u s e d  on t h e  h y d ro p h o b ic  h a lo g e n a te d  by ­
p r o d u c t s  o f  d r i n k i n g  w a te r  d i s i n f e c t i o n ,  p r i n c i p a l l y  
c h lo r o f o r m  and o t h e r  t r i h a l o m e t h a n e s .  N a t u r a l  a q u a t i c  humic 
m a t e r i a l  has  been  i m p l i c a t e d  a s  a p r e c u r s o r  f o r  t h e s e  
s u b s t a n c e s .  More r e c e n t  d a t a  s u g g e s t s  t h a t  t h e  im p o r ta n c e  
o f  c h lo r o f o r m  as  an aqueous c h l o r i n a t i o n  p r o d u c t  o f  humic
m a t e r i a l s  may have been  o v e r s t a t e d .  T h is  s tu d y  re v ie w s  t h e  
p r o g r e s s  to  d a t e  on t h e  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  o f  
more h y d r o p h i l i c  c h l o r i n a t i o n  b y - p r o d u c t s ,  su ch  a s  
t r i c h l o r o a c e t i c  a c i d ,  from a v a r i e t y  o f  humic s u b s t a n c e s .  
Q u a l i t a t i v e  d a t a  a r e  summarized from s e v e r a l  p r e v i o u s  
s t u d i e s  and compared w i th  more r e c e n t  e x p e r im e n ts  p e r fo rm e d  
i n  t h e  a u th o r s *  l a b o r a t o r y  on i s o l a t e d  a q u a t i c  humic 
m a t e r i a l .  D a ta  a r e  r e p o r t e d  w hich s u p p o r t  t h e  h y p o t h e s i s  
t h a t  t h e s e  h y d r o p h i l i c  s u b s t a n c e s  a r e  p ro d u c e d  i n  g r e a t e r  
y i e l d  t h a n  c h lo r o f o r m  and a c c o u n t  f o r  a s i g n i f i c a n t  f r a c t i o n  
o f  t h e  t o t a l  o r g a n i c  h a lo g e n  m a t e r i a l s  p ro d u c e d .
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INTRODUCTION

Over t h e  p a s t  d ecad e  a g r e a t  d e a l  o f  s c i e n t i f i c  
i n t e r e s t  has  fo c u s e d  on t h e  h y d ro p h o b ic  h a lo g e n a te d  by­
p r o d u c t s  o f  d r i n k i n g  w a te r  d i s i n f e c t i o n ,  p r i n c i p a l l y  
c h lo r o f o r m  and i t s  s i s t e r  t r i h a l o m e t h a n e s .  A q u a t ic  humic 
m a t e r i a l s  w hich a r e  p r e s e n t  i n  most n a t u r a l  w a te r s  have been  
i m p l i c a t e d  a s  m ajo r  p r e c u r s o r s  f o r  t h e s e  s u b s t a n c e s .  
However, i t  d o es  n o t  seem r e a s o n a b le  t o  assume t h a t  t h i s  
r e l a t i v e l y  h y d r o p h i l i c  humic m a t e r i a l  sh o u ld  p ro d u c e  m o s t ly  
h y d ro p h o b ic  m a t e r i a l  ( i . e . ,  c h lo ro fo rm )  when o x i d i z e d  by 
aqueous  c h l o r i n e .  On t h e  c o n t r a r y ,  one would a n t i c i p a t e  t h e  
p r o d u c t i o n  o f  even more h y d r o p h i l i c  s u b s t a n c e s .  T h is  
h y p o t h e s i s  h a s  b een  t h e  s u b j e c t  o f  a number o f  s t u d i e s  i n  
o u r  l a b o r a t o r y  and by o t h e r s  u t i l i z i n g  d i f f e r e n t  n a t u r a l
w a te r s  and humic s u b s t a n c e s .

In  an e a r l y  s e r i e s  o f  e x p e r im e n t s ,  O l i v e r  (1) s t u d i e d  
t h e  t o t a l  amount o f  o r g a n i c  c h l o r i n e  t h a t  was i n c o r p o r a t e d  
when v a r i o u s  i s o l a t e d  humic m a t e r i a l s  were r e a c t e d  w i th  
c h l o r i n e  u n d e r  t y p i c a l  w a te r  t r e a t m e n t  p l a n t  c o n d i t i o n s .
T h is  s t u d y  u t i l i z e d  a new g ro u p  p a r a m e te r  te rm ed  T o ta l  
O rg a n ic  Halogen (TOX). In  a l l  c a s e s ,  i t  was found  t h a t  
c o n s i d e r a b l e  n o n v o l a t i l e  o r g a n ic  h a lo g e n  m a t e r i a l  was 
p r o d u c e d ,  w hich  on t h e  a v e ra g e  a c c o u n te d  f o r  43% o f  t h e  
t o t a l .  V o l a t i l e  o r g a n ic  h a lo g e n  m a t e r i a l  a l s o  was p ro d u c e d ,  
o f  w hich  95% was found  t o  be c h lo r o f o r m  by in d e p e n d e n t
m ea su re m e n ts .  A ls o ,  t h e  r e l a t i v e  amounts o f  v o l a t i l e  v e r s u s  
n o n v o l a t i l e  o r g a n i c  h a lo g e n  were p H -d e p e n d e n t , w i th  t h e  
n o n v o l a t i l e  f r a c t i o n  b e in g  maximized a t  more a c i d i c  v a l u e s .  
A l th o u g h  O l i v e r  i d e n t i f i e d  none o f  t h e  s p e c i f i c  compounds 
w hich  co m p r ised  t h e  n o n v o l a t i l e  o r g a n ic  h a lo g e n  f r a c t i o n ,  i t  
i s  a t t r a c t i v e  t o  assume t h a t  t h e  r e l a t i v e  l a c k  o f  v o l a t i l i t y  
was c a u se d  by i n c r e a s e d  p o l a r i t y  and th u s  h y d r o p h i l i c i t y .

G laze  and c o -w o rk e rs  have r e p o r t e d  s i m i l a r  r e s u l t s  f o r  
c h l o r i n a t e d  raw w a te r  sam p les  ( 2 , 3 ) .  In  one s t u d y ,  
c h l o r i n a t e d  raw w a te r  o f  h ig h  o r g a n i c  c a rb o n  c o n t e n t  was 
s u b j e c t e d  t o  s i z e  f r a c t i o n a t i o n  by h ig h  p e r fo rm a n c e  l i q u i d  
ch ro m a to g ra p h y  i n  c o n j u n c t i o n  w i th  TOX a n a l y s i s  ( 2 ) .  The 
m a j o r i t y  o f  t h e  TOX a p p e a re d  a s  a p p a r e n t l y  h ig h e r  m o le c u la r  
w e ig h t  s p e c i e s  w hich maximized a t  a b o u t  M = 4 .2  K.

L a t e r  r e s u l t s  showed t h a t  t h e  TOX f o r m a t io n  p o t e n t i a l  
o f  a n o th e r  h ig h  c a rb o n  raw w a te r  sam ple  g r e a t l y  exceed ed  t h e
t r i h a l o m e t h a n e  f o r m a t io n  p o t e n t i a l  ( 3 ) ,  a g a in  p o i n t i n g  t o  
t h e  p r e s e n c e  o f  n o n v o l a t i l e  TOX m a t e r i a l s .  S iz e  e x c l u s i o n  
chrom atogram s o f  t h i s  c h l o r i n a t e d  raw w a te r  b e f o r e  and a f t e r  
p a s s a g e  th r o u g h  a column o f  XAD-2 r e s i n  i n d i c a t e d  t h a t  t h i s  
m a t e r i a l  was v e ry  i n e f f i c i e n t  a t  a d s o r b in g  t h e  n o n v o l a t i l e  
c h l o r i n a t e d  o r g a n i c  m a t e r i a l .  T h is  r e s u l t  was c o n f i rm e d  by 
W a t t s ,  e t  a l  ( 4 ) .  S in c e  th e  XAD-2 a d s o r p t i o n  e f f e c t  i s  
m a in ly  due t o  weak i n t e r m o l e c u l a r  bond ing  f o r c e s ,  i t  i s  
a g a in  a t t r a c t i v e  t o  assume t h a t  t h i s  d e c r e a s e  i n  
a d s o r b a b i l i t y  was due t o  i n c r e a s e d  p o l a r i t y  and 
h y d r o p h i l i c i t y .

T hese  s t u d i e s  r e p r e s e n t  o n ly  a s m a l l  sam p lin g  o f  t h e  
l a r g e  body o f  l i t e r a t u r e  i n d i c a t i n g  t h a t  t r i h a l o m e t h a n e
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f o r m a t io n  a lo n e  c a n n o t  a c c o u n t  f o r  t h e  m a j o r i t y  o f  TOX 
p r o d u c t i o n  from  aqueous  n a t u r a l  p r o d u c t  o r g a n i c  m a t e r i a l s .  
F u th e rm o re ,  i t  h as  been  d e m o n s t r a te d  t h a t  t h e  m u ta g e n ic  
a c t i v i t y  o f  c h l o r i n a t e d  d r i n k i n g  w a te r  i s  more c l o s e l y  
a s s o c i a t e d  w i th  t h i s  n o n v o l a t i l e  f r a c t i o n  ( 5 , 6 ) .

Two h y p o th e s e s  may be p u t  fo rw a rd  r e g a r d i n g  t h e  
i d e n t i t y  o f  compounds r e s p o n s i b l e  f o r  t h i s  n o n v o l a t i l e  TOX. 
F i r s t ,  t h e y  may be h ig h  m o le c u la r  w e ig h t  m a c ro m o le c u la r  
s p e c i e s ,  and t h u s  no t. be  am endable  t o  t h e  u s u a l  m ethods o f  
c h e m ic a l  a n a l y s i s .  G la z e ,  e t  a l  (2 ,3 )  and W atts  e t  a l .  (4) 
a l l u d e  t o  t h i s  p o s s i b i l i t y .  S e c o n d ly ,  i t  i s  p o s s i b l e  t h a t  
t h e  compounds a r e  n o t  o f  e x t r e m e ly  h ig h  m o le c u la r  w e ig h t ,  
b u t  a r e  q u i t e  p o l a r  and h y d r o p h i l i c ,  and t h u s  would r e q u i r e  
s p e c i a l  p r o c e d u r e s  f o r  t h e i r  e x t r a c t i o n  and a n a l y s i s .

The seco n d  h y p o t h e s i s ,  w hich  was s t a t e d  a t  t h e  
b e g in n in g  o f  t h i s  s e c t i o n ,  h a s  been  t h e  s u b j e c t  o f  s e v e r a l  
r e c e n t  r e p o r t s  i n  t h e  l i t e r a t u r e .  A v a r i e t y  o f  s m a l l  
a l i p h a t i c  c h l o r i n a t e d  h y d r o p h i l i c  compounds was d e te rm in e d  
i n  o u r  l a b o r a t o r y  t o  be p ro d u ced  from  c h l o r i n a t i o n  o f  an 
e x t r a c t e d  a q u a t i c  humic m a t e r i a l  u n d e r  v a r i o u s  r e a c t i o n  
c o n d i t i o n s  ( 7 - 9 ) .  A summary o f  p r o d u c t s  common t o  a l l  
e x p e r im e n ts  i s  shown in  T a b le  I .  The do m in an t  s t r u c t u r e s  
found  in  e a c h  c a s e  were d i c h l o r o a c e t i c  a c id  (DCAA) and 
t r i c h l o r o a c e t i c  a c i d  (TCAA).

O th e r  w o rk e rs  have shown t h a t  a s i m i l a r  s e r i e s  o f  
h y d r o p h i l i c  p r o d u c t s  was p ro d u c e d  from  c h l o r i n a t i o n  o f  
e x t r a c t e d  s o i l  humic m a t e r i a l  w i th  t h e  same dom inance  o f  
DCAA and TCAA ( 1 0 - 1 2 ) .  In  t h e s e  s t u d i e s  t h e  p r o d u c t  
d i s t r i b u t i o n  was shown t o  be a f u n c t i o n  o f  s e v e r a l  
v a r i a b l e s ,  i n c l u d i n g  pH and t h e  mole r a t i o  o f  c h l o r i n e  t o  
c a rb o n  (1 2 ) .

C o n c u r r e n t l y  i t  was shown by Rook t h a t  DCAA and TCAA 
were t h e  p r i n c i p a l  c o n s t i t u e n t s  o f  a m e th y le n e  c h l o r i d e  
e x t r a c t  o f  R o tte rd am  f i n i s h e d  d r i n k i n g  w a te r  s u b j e c t e d  t o  
b r e a k p o i n t  c h l o r i n a t i o n  (13) . A l s o ,  Boyce and H orn ing  (14) 
showed t h a t  a s i g n i f i c a n t  amount o f  c h lo r o f o r m  was p ro d u ced  
and d e t e c t e d  when aqueous  TCAA was i n j e c t e d  i n t o  a g a s  
c h ro m a to g ra p h .  T h is  c h lo r o f o r m ,  p re su m a b ly  p ro d u c e d  by 
h y d r o l y s i s  i n  t h e  GC i n j e c t i o n  p o r t ,  may be r e s p o n s i b l e  f o r  
e x c e s s  c h lo r o f o r m  r e p o r t e d  from  d i r e c t  aqueous  i n j e c t i o n  
a n a l y t i c a l  m ethods and a t t r i b u t e d  t o  " c h lo r o f o r m  p r e c u r s o r s "  
(15) .

In  a l l  t h e  above m en t io n ed  s t u d i e s  on a q u a t i c  and s o i l  
humic s u b s t a n c e s  i t  was shown t h a t  TCAA was p ro d u c e d  in  
g r e a t e r  q u a n t i t i e s  t h a n  c h lo r o f o r m .  These  r e s u l t s  beg t h e  
q u e s t i o n :  how much TOX i s  r e p r e s e n t e d  by t h e s e  h y d r o p h i l i c  
compounds? In  o u r  l a b o r a t o r y ,  we i n i t i a l l y  s t u d i e d  p r o d u c t  
and TOX p r o d u c t i o n  from an e x t r a c t e d  a q u a t i c  f u l v i c  a c i d  in  
h i g h l y  c o n c e n t r a t e d  s o l u t i o n  ( 1 6 ) .  The p r i n c i p a l  p r o d u c t s  
were found i n  abu n d an ces  i n d i c a t e d  in  T a b le  I I .  The sum o f  
t h e s e  p r o d u c t s  a c c o u n t s  f o r  a s i g n i f i c a n t  f r a c t i o n  (53%) o f  
t h e  TOX. R e s e a rc h  now i s  i n  p r o g r e s s  i n  o u r  l a b o r a t o r y  on 
n a t u r a l  w a te r  sam p le s  t o  d e te r m in e  t h e  p r o d u c t  d i s t r i b u t i o n s  
and r e l a t i v e  am oun ts .  I n i t i a l  r e s u l t s  o f  t h e s e  s t u d i e s  a r e  
p r e s e n t e d  h e r e .
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TABLE I .  SHORT CHAIN CHLORINATION PRODUCTS OF AQUATIC
HUMIC AND FULVIC ACIDS

CHClg t r i c h l o r o m e t h a n e
(c h lo ro fo rm )

CHBrCl2 b romod i c h l o  rom ethane

CCI3CHO t r i c h l o r o a c e t a l d e h y d e
( c h l o r a l )

H2CC1C02H c h l o r o e t h a n o i c  a c id  
( c h l o r o a c e t i c  a c id )

HCC12C02H d i c h l o r o e t h a n o i c  a c id
( d i c h l o r o a c e t i c  a c i d ,  DCAA)

c c i 3c o 2h t r i c h l o r o e t h a n o i c  a c id
( t r i c h l o r o a c e t i c  a c i d ,  TCAA)

c h 3c c i 2c o 2h 2 , 2 - d i c h l o r o p r o p a n o i c  a c id

c c i 2= ch c o 2h 3 , 3 - d i c h l o r o p r o p e n o i c  a c id

CC12=CC1C02H 2 , 3 , 3 - t r i c h l o r o p r o p e n o i c  a c i d

ho2c c c i 2c o 2h d i c h l o r o p r o p a n e d i o i c  a c id
( d ic h lo r o m a lo n ic  a c i d ,  DCMA)

HO2C(CH2 }2C0 2H b u t a n e d i o i c  a c i d  
( s u c c i n i c  a c id )

H02CCH2CHC1C02H c h l o r o b u t a n e d i o i c  a c id  
( c h l o r o s u c c i n i c  a c id )

ho2c c c i 2c h 2c o 2h 2 , 2 - d i c h l o r o b u t a n e d i o i c  a c id  
( 2 , 2- d i c h l o r o s u c c i n i c  a c i d ,  

(DC SA)

H02CCH=CC1C02H c i s - c h l o r o b u t e n e d i o i c  a c i d  
( c h lo r o m a le i c  a c id )

H02CCC1=CC1C02H c i s - d i c h l o r o b u t e n e d i o i c  a c i d  
( d i c h l o r o m a l e i c  a c id )

H02CCC1=CC1C02H t r a n s - d i c h l o r o b u t e n e d i o i c  a c i d  
( d i c h l o r o f u m a r i c  a c id )
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TABLE I I .  YIELDS OF CHLORINATION PRODUCTS FROM
EXTRACTED FULVIC ACID (BLACK LAKE)

* Sum o f  d i c h lo r o a c e t ic  and d ic h lo r o s u c c in ic  a c id s

EXPERIMENTAL

N a t u r a l  w a te r  sam p le s  f o r  o r g a n i c  h a l i d e  s c r e e n i n g  were 
c o l l e c t e d  i n  a c i d  washed 1-L g l a s s  b o t t l e s  and s t o r e d  u n t i l  
c h l o r i n a t i o n  a t  room t e m p e r a t u r e  i n  a h e a d - s p a c e  f r e e  
c o n d i t i o n .  Samples o f  ea c h  w a te r  s o u r c e  a l s o  were  c o l l e c t e d  
i n  a c id  washed 60-mL sep tu m -c a p p e d  v i a l s  f o r  t o t a l  o r g a n i c  
c a rb o n  (TOC) a n a l y s i s  u t i l i z i n g  a Dohrmann DC-80 i n s t r u m e n t  
e q u ip p e d  w i t h  an a u to m a t i c  s a m p le r .

C h l o r i n a t i o n  r e a c t i o n s  w ere c a r r i e d  o u t  by a d d in g  a 
s u f f i c i e n t  q u a n t i t y  o f  5% sodium  h y p o c h l o r i t e  s o l u t i o n  t o  
ea c h  1-L  sam ple  t o  p ro d u c e  a c h l o r i n e  t o  c a rb o n  mole r a t i o
o f  4 : 1 .  H ead -sp ace  f r e e  c o n d i t i o n s  and n e u t r a l  pH were
m a in t a in e d  f o r  t h e  e n t i r e  r e a c t i o n  p e r i o d  o f  24 h r s .  An 
o r g a n i c  h a l i d e  b la n k  was p r e p a r e d  by a d d in g  2 .0  mL o f  5% 
NaOCl s o l u t i o n  t o  1-L o f  d i s t i l l e d - d e i o n i z e d  w a t e r .  A f t e r  
t h e  r e a c t i o n  t im e  p e r i o d ,  e a c h  sam ple  was ch eck ed  
i o d o m e t r i c a l l y  and found  t o  c o n t a i n  r e s i d u a l  c h l o r i n e .  T h is  
e x c e s s  c h l o r i n e  was quenched  by a d d i t i o n  o f  sodium  a r s e n i t e  
c r y s t a l s  w hich  had b een  p r e v i o u s l y  e x t r a c t e d  w i th  e t h e r  t o  
remove p o t e n t i a l  c o n t a m in a n t s .  A l i q u o t s  o f  e a c h  quenched  
r e a c t i o n  m ix tu r e  w ere p l a c e d  i n  a c id -w a s h e d  se p tu m -c a p p e d  
v i a l s  and s u b m i t t e d  f o r  t o t a l  o r g a n i c  h a lo g e n  (TOX) a n a l y s i s  
u s in g  EPA I n t e r i m  Method 4 5 0 .1  (17) w i th  a Dohrmann MCTS-20 
i n s t r u m e n t .

M easured 300 mL a l i q u o t s  o f  e a c h  r e a c t i o n  m ix tu r e  and 
b la n k  t h e n  were s p ik e d  w i th  a p p r o x im a te ly  50 m ic ro g /L  o f  t h e  
compounds 13C - t r i c h l o r o a c e t i c  a c i d  and I 3 c - c h l o r o f o r m .
These  s t r u c t u r e s  a r e  s t a b l e  i s o t o p i c a l l y  l a b e l e d  a n a lo g s  o f  
t h e  two compounds o f  i n t e r e s t .  A f t e r  a l l o w in g  a two hour  
t im e  p e r i o d  f o r  t h e s e  i n t e r n a l  s t a n d a r d s  t o  e q u i l i b r a t e  w i th  
t h e  sam ple  m a t r i x ,  e a c h  r e a c t i o n  m ix tu r e  was a c i d i f i e d  t o  pH
0 .7  w i th  c o n c e n t r a t e d  HC1 and e x t r a c t e d  w i th  t h r e e  100-mL 
a l i q u o t s  o f  r e d i s t i l l e d  d i e t h y l  e t h e r .  The e t h e r  e x t r a c t s  
w ere d r i e d  w i th  l i q u i d  n i t r o g e n  and p r e - e x t r a c t e d  MgS0 4 , 
c o n c e n t r a t e d  i n  a K u d e rn a -D an ish  a p p a r a t u s  and m e th y la t e d  
w i th  e t h e r e a l  d ia z o m e th a n e .  T h is  sam ple  w ork-up  p r o c e d u r e  
i s  i d e n t i c a l  t o  t h a t  d e s c r i b e d  p r e v i o u s l y  ( 1 6 ) .  The 
g e n e r a l i z e d  se q u e n c e  o f  s t e p s  i s  o u t l i n e d  i n  F i g u r e  1 .

P roduct m g/g FA mg C /g FA
% o r g in a l  

TOC
% f i n a l  

TOX

t r ic h lo r o a c e t i c  a c id 9 0 .3 1 3 .3 3 .0 3 2 .1
CHCI3 3 8 .2 3 .8 0 . 8 1 7 .3
d ic h lo r o a c e t ic  a c id 1 0 . 2 1 .9 0 .4 3 .6 *
d ic h lo r o s u c c in ic  a c id 3 .4 0 .9 0 . 2 —
TOTAL 1 4 2 .1 1 9 .9 4 .4 5 3 .0
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Figure 1. Outline of steps in the sample work-up and analysis  
procedure.

Each c o n c e n t r a t e d ,  m e th y la te d  e t h e r  e x t r a c t  was 
a n a ly z e d  by c a p i l l a r y  column g as  ch ro m a to g rap h y /m ass  
s p e c t r o m e t r y  (GC/MS) u t i l i z i n g  an i s o t o p e  d i l u t i o n  method t o  
q u a n t i f y  t h e  amounts o f  t r i c h l o r o a c e t i c  a c i d  and c h lo r o f o r m  
p ro d u c e d  d u r in g  c h l o r i n a t i o n .  The i s o t o p i c a l l y  l a b e l e d  
i n t e r n a l  s t a n d a r d s  s p ik e d  i n t o  t h e  aqueous  sam p le s  s h o u ld  
c o r r e c t  f o r  m a t r ix  e f f e c t s  and re c o v e ry  l o s s e s  d u r in g  work­
up . The method u t i l i z e s  p r o c e d u r e s  s i m i l a r  t o  th o s e  
o u t l i n e d  i n  EPA Method 1625 ( 1 8 ) ,  and has  been  d e s c r i b e d
p r e v i o u s l y  ( 1 6 ) .  The GC/MS/DS c o n s i s t s  o f  a VG-Micromass 
7070F d o u b l e - f o c u s i n g  mass s p e c t r o m e te r  w i th  VG 2035 
com pu te r  i n t e r f a c e d  t o  an HP5710A c a p i l l a r y  g a s  
c h ro m a to g ra p h .  D a ta  a c q u i s i t i o n  was un d e r  com puter  c o n t r o l  
w i th  s e l e c t e d  io n  m o n i to r in g  (SIM) o f  t h e  q u a n t i t a t i o n  io n  
p a i r s  m/z 85 and 86 f o r  c h lo ro fo rm  and m/z 141 and 142 f o r  
m e th y l  t r i c h l o r o a c e t a t e .  D e t a i l e d  d e s c r i p t i o n s  o f  t h e  
i s o t o p e  d i l u t i o n  m e th o d o lo g y ,  i n s t r u m e n t a l  c o n d i t i o n s  and 
v a l i d a t i o n  have been  d e s c r i b e d  i n  d e t a i l  e l s e w h e r e  ( 1 9 ) .
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RESULTS AND DISCUSSION

The s e l e c t i o n  o f  w a te r  s o u r c e s  f o r  t h e  o r g a n i c  h a l i d e  
s c r e e n i n g  e x p e r im e n t  i n c lu d e d  exam ples  from  t h r e e  m a jo r  
t y p e s  o f  N o r th  C a r o l i n a  w a t e r s .  The f i r s t  g ro u p  r e p r e s e n t e d  
i s  t h e  s o - c a l l e d  " C a r o l i n a  bay  l a k e s "  w hich  a r e  h i g h l y  
c o l o r e d ,  h ig h  TOC, n a t u r a l  l a k e s  l o c a t e d  on t h e  c o a s t a l  
p l a i n .  These  i n c lu d e d  Lake S i n g l e t a r y ,  Lake Waccamaw and 
B lack  Lake . I s o l a t e d  B lack  Lake f u l v i c  a c i d  had been  shown 
p r e v i o u s l y  t o  y i e l d  l a r g e  q u a n t i t i e s  o f  h y d r o p h i l i c  
c h l o r i n a t e d  r e a c t i o n  p r o d u c t s  and c h lo r o f o r m  ( s e e  T a b le  I I ) .

The seco n d  g ro u p  r e p r e s e n t e d  impoundments w hich  a r e  
u sed  a s  d r i n k i n g  w a te r  s u p p l i e s ,  and i n c lu d e d  Lake W heeler  
( R a le ig h ,  NC), Lake M ich ie  (Durham, NC) and U n i v e r s i t y  Lake 
(C hapel H i l l ,  NC). F i n a l l y ,  t h e  t h i r d  g ro u p  r e p r e s e n t e d  
r i v e r s  w hich  a l s o  a r e  u sed  a s  d r i n k i n g  w a te r  s u p p l i e s ,  and 
in c lu d e d  t h e  Haw R iv e r  ( P i t t s b o r o ,  NC) and t h e  Cape F e a r  
R iv e r  sam pled  a t  two l o c a t i o n s  (S a n fo rd  and F a y e t t e v i l l e ,
NC). T hese  s o u r c e s  r e p r e s e n t  a r e a s o n a b l e  c r o s s - s e c t i o n  o f  
N o r th  C a r o l i n a  n a t u r a l  w a t e r s .

B e fo re  s c r e e n i n g  a l l  t h e  s am p le s  f o r  o r g a n i c  h a l i d e ,  i t  
was n e c e s s a r y  t o  d e te r m in e  w hat s o r t  o f  r e a c t i o n  c o n d i t i o n s  
t o  employ i n  o r d e r  t o  p ro d u c e  r e a s o n a b l e  q u a n t i t i e s  o f  t h e s e  
s u b s t a n c e s  t o  m e a su re .  To a c c o m p l is h  t h i s ,  B lack  Lake was 
s e l e c t e d  a s  t h e  b a s e l i n e  s o u r c e  ( s i n c e  so  much d a t a  on i t  
a l r e a d y  was i n  hand) and sam p les  w ere c h l o r i n a t e d  a t  v a r i o u s  
c h l o r i n e  t o  c a rb o n  m o la r  r a t i o s  be tw een  0 .5  and 4 .  The 
r e s u l t s  o f  t h e  e x p e r im e n t  a r e  shown i n  T a b le  I I I .

I t  s h o u ld  be  n o te d  f i r s t  t h a t  s i g n i f i c a n t  q u a n t i t i e s  o f  
TCAA, c h lo r o f o r m  and TOX were p ro d u ced  i n  t h e s e  r e a c t i o n s ,  
w i th  t h e  sum o f  t h e  TCAA and c h lo r o f o r m  a c c o u n t in g  f o r  a 
s i g n i f i c a n t  f r a c t i o n  o f  t h e  TOX (59% a t  C l/C  = 4 ) .  T h is

TABLE I I I .  RESULTS OF CHLORINATION OF BLACK LAKE WATER
VARYING Cl/C

+ m icrog /L  as Cl in d ic a te d  by v a lu e s  in  p a r e n th e s is

Sample

Cl/C
Mole
R a tio

TOX 
(m icrog /L  

as C l)
TCAA

m icrog/L
CHCI3

m icrog /L

% TOX 
A ccounted  

fo r

1 0 .5 560 7 7 .2
(5 0 .2 )

39
( 3 4 .7 )

15

2 1 . 0 970 244
(1 5 9 )

113
( 1 0 1 )

27

3 2 . 0 940 278
(1 8 1 )

258
(2 3 0 )

43

4 4 .0 10 00 299
(1 9 4 )

295
(2 6 3 )

59
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r e s u l t  i s  i n  good a g reem en t  w i th  p r e v i o u s  d a t a  ( 1 6 ) .  I t  
s h o u ld  be  n o te d  a l s o  t h a t  a l l  t h r e e  o f  t h e s e  c o n c e n t r a t i o n s  
a p p e a r  t o  be  l e v e l i n g  o f f  a t  a c h l o r i n e  t o  c a rb o n  mole r a t i o
o f  4 / 1 ;  t h e r e f o r e  t h i s  v a lu e  was ch o sen  a s  t h e  c o n d i t i o n  f o r
c h l o r i n a t i o n  o f  a l l  t h e  o t h e r  s a m p le s .

The r e s u l t s  o f  t h e  co m p le te  s c r e e n i n g  a n a l y s i s  a r e  
p r e s e n t e d  i n  T a b le  IV. A g a in ,  i t  sh o u ld  be n o te d  t h a t  
s i g n i f i c a n t  q u a n t i t i e s  o f  TCAA, c h lo ro fo rm  and TOX were 
p ro d u ced  from a l l  t h e  s o u r c e s  s t u d i e d .  In  t h i s  c o n t e x t ,  
s i g n i f i c a n t  i s  d e f i n e d  i n  te rm s  o f  t h e  EPA 100 m ic ro g /L  
s t a n d a r d  f o r  c h lo r o f o r m  ( 2 0 ) .  Of s p e c i a l  i n t e r e s t  i s  t h e  
o b s e r v a t i o n  t h a t  i n  a l l  c a s e s  TCAA was a t  l e a s t  a s
c o n c e n t r a t e d  a s  c h lo r o f o r m ,  and in  many i n s t a n c e s  more s o .  
The sum o f  t h e s e  two com ponents makes up a s i g n i f i c a n t  
f r a c t i o n  o f  t h e  TOX i n  a l l  c a s e s .  P r e d i c t a b l y ,  t h e  h i g h l y  
c o l o r e d  bay  l a k e s  S i n g l e t a r y  and Waccamaw p ro d u ced  t h e  most 
TCAA, c h lo r o f o r m  and TOX. L arge  q u a n t i t i e s  a l s o  were 
p ro d u ced  i n  t h e  impounded l a k e s  and r i v e r s  u sed  a s  d r i n k i n g  
w a te r  s u p p l i e s .

I t  i s  a p p r o p r i a t e  a t  t h i s  p o i n t  t o  comment on t h e  
r e c o v e r y  o f  TOX by t h e  EPA I n t e r i m  Method 4 5 0 .1  u t i l i z e d  i n  
t h e s e  s t u d i e s .  T h is  i s  im p o r t a n t  s i n c e  t h e  d a t a  on p e r c e n t  
o f  TOX a c c o u n te d  f o r  assum es q u a n t i t a t i v e  r e c o v e r y  o f  a l l
o r g a n i c  h a l i d e s  p r e s e n t ,  e s p e c i a l l y  TCAA and c h lo r o f o r m .
S t u d i e s  have been  r e p o r t e d  im p ly in g  t h a t  t h e  method i s  q u i t e

TABLE IV. RESULTS OF CHLORINATION OF VARIOUS NORTH CAROLINA
NATURAL WATERS

Sample Source
TOC

microg/L
TOX

microg/L
TCAA

microg/L
CHC13

microg/L
%T0X

Accounted
for

1 Lake Waccamaw 8640 3280 1370
(892)*

653
(582)

44.9

2 Lake S ingletary 6580 3440 1620
(1050)

834
(743)

52.1

3 Lake Wheeler 5170 1700 545
(355)

291
(259)

36.1

4 Cape Fear R iver, 
Sanford

4770 990 410
(267)

281
(250)

52.2

5 Lake Michie 4280 1430 617
(402)

331
(295)

48.7

6 Black Lake 3770 940 348
(227)

346
(308)

56.9

7 Cape Fear River, 
F a y e tte v ille

3610 1000 392
(255)

285
(254)

50.9

8 Haw River 
P ittsb oro

3100 825 315
(205)

216
(192)

48.1

9

* mici

U n iversity  Lake 

:og Cl/L in d icated  1

1440 

by values ir

460 

L parenthesi

124
(80.7)

.s

93.8
(83.6)

35.7
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e f f i c i e n t  a t  TOX re c o v e r y  ( 1 7 ) ,  how ever,  m a t r ix  e f f e c t s  on 
r e c o v e r y  a l s o  have  been  o b s e rv e d  ( 2 1 ) .  S ta n d a rd  a d d i t i o n  
e x p e r im e n ts  i n  o u r  l a b o r a t o r y  have shown t h a t  TCAA i s  
a p p r o x im a te ly  93% r e c o v e r a b l e  a s  TOX and c h lo r o f o r m  
a p p r o x im a te ly  75% r e c o v e r a b l e .  These  s t a n d a r d  a d d i t i o n s  
w ere made t o  c h l o r i n a t e d  B lack  Lake f u l v i c  a c i d  m a t r i x .  
A l th o u g h  some m a t r ix  e f f e c t s  a p p e a r  t o  be p r e s e n t ,  we f e e l  
t h a t  t h e  % TOX a c c o u n te d  f o r  d a t a  d o es  r e p r e s e n t  a 
r e a s o n a b l e  b a s i s  f o r  co m p ar iso n  a t  t h i s  p o i n t .  
E x p e r im e n ta t io n  i s  c o n t i n u i n g  i n  t h i s  a r e a .

Some i n t e r e s t i n g  r e l a t i o n s h i p s  a c r o s s  t h e  v a r i o u s  
s o u r c e s  have  been  o b s e rv e d  and a r e  d e p i c t e d  i n  F i g u r e s  2 and

F i g u r e  2 .  R e l a t i o n s h i p  b e t w e e n  t r i c h l o r o a c e t i c
a c i d  a n d  t o t a l  o r g a n i c  h a l i d e .
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3 .  In  F ig u r e  2 n o te  t h a t  t h e r e  i s  a v e ry  good l i n e a r  
c o r r e l a t i o n  be tw een  TCAA and TOX p ro d u c e d ,  w hich  i m p l i e s  
t h a t  t h i s  compound r e p r e s e n t s  a r e l a t i v e l y  c o n s t a n t  f r a c t i o n
o f  t h e  t o t a l  o r g a n i c  h a lo g e n  a c r o s s  t h e  v a r i o u s  s o u r c e s .
T h is  r e l a t i o n s h i p  i s  n o t  q u i t e  so good f o r  c h lo r o f o r m  and 
TOX,, a s  may b een  s e e n  i n  F ig u r e  3 ,  b u t  t h e r e  i s  s t i l l  a 
good c o r r e l a t i o n .  These r e l a t i o n s h i p s  seem t o  im ply  t h a t  
TCAA c o n c e n t r a t i o n  i s  a b e t t e r  i n d i c a t o r  o f  t h e  t o t a l  
o r g a n i c  h a lo g e n  p r e s e n t  i n  a c h l o r i n a t e d  raw w a te r  sam ple
th a n  c h lo r o f o r m .  However, g r e a t  c a r e  must be e x e r c i s e d  i n  
t h i s  i n t e r p r e t a t i o n ,  s i n c e  o n ly  one s e t  o f  r e a c t i o n  
c o n d i t i o n s  and o n ly  a few s o u r c e s  were em ployed .

CONCLUSIONS

The r e s u l t s  o f  t h i s  s tu d y  i n d i c a t e  t h a t  t h e  h y d r o p h i l i c  
o r g a n i c  h a l i d e  t r i c h l o r o a c e t i c  a c i d  i s  a m a jo r  b y - p r o d u c t  o f
n a t u r a l  w a te r  c h l o r i n a t i o n  un d e r  t h e  c o n d i t i o n s  u t i l i z e d .
In  many c a s e s  i t  was p ro d u ced  i n  h ig h e r  c o n c e n t r a t i o n s  on a 
w e ig h t  b a s i s  t h a n  c h lo r o f o r m .  When summed t o g e t h e r ,  t h e s e  
two s t r u c t u r e s  a l s o  can  a c c o u n t  f o r  a l a r g e  f r a c t i o n  o f  t h e  
m easured  t o t a l  o r g a n ic  h a lo g e n .  These r e s u l t s  c l e a r l y  
i n d i c a t e  t h e  need  f o r  m o n i to r in g  o f  t h e  h y d r o p h i l i c  p o r t i o n  
o f  t h e  TOX i n  d r i n k i n g  w a te r .
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F i g u r e  3 .  R e l a t i o n s h i p  b e t w e e n  c h l o r o f o r m
a n d  t o t a l  o r g a n i c  h a l i d e .
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CHAPTER 10

OZONE FOR DRINKING WATER TREATMENT -
EVOLUTION AND PRESENT STATUS

Rip G. Rice, Ph.D.
Rip G. Rice, Incorporated 
Ashton, Maryland 20861

A b s t r a c t ; S in c e  i t s  a d o p t io n  by t h e  C i ty  o f  
N ic e f F ra n c e  in  1906 f o r  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 , t h e  u se  o f  ozone a s  a w a te r  t r e a t m e n t  
a g e n t  has  grown in  im p o r ta n c e .  E a r ly  i n s t a l l a ­
t i o n s  u sed  ozone p r i m a r i l y  f o r  d i s i n f e c t i o n  
a t  t h e  end o f  t h e  t r e a t m e n t  p r o c e s s .  In  modern 
t i m e s , how ever , t h e  u se  o f  ozone a s  a c h e m ic a l  
o x i d a n t  d u r in g  e a r l y  s t a g e s  o f  w a te r  t r e a t m e n t
have become p r e v a l e n t .  In  l i g h t  o f  c u r r e n t  
r e c o g n i t i o n  o f  p ro b lem s o f  o r g a n i c s  i n  d r i n k i n g  
w a t e r ,  modern w a te r  t r e a t m e n t  f a c i l i t i e s  a r e  
l e a r n i n g  how t o  combine ozone a s  a c h e m ic a l  
o x id a n t  w i th  o t h e r  w a te r  t r e a t m e n t  s t e p s ,  i n c l u d i n g
ozone d i s i n f e c t i o n .  The o v e r a l l  b e n e f i t  o f
tw o- o r  t h r e e - s t a g e  o z o n a t io n  t o  t h e  im proved  
q u a l i t y  o f  w a te r  becomes one o f  rem oving d e t r i m e n t a l  
o r g a n i c  m a t e r i a l s  t o  m in im ize  t h e  amount o f
c h l o r i n e  compound r e s i d u a l  r e q u i r e d  f o r  t h e  
d i s t r i b u t i o n  sy s te m .

EARLY HISTORY ( H i l l  and R ic e ,  1982)

A lth o u g h  ozone was f i r s t  d i s c o v e r e d  in  1840 by S chönbe in  
d u r in g  e l e c t r o l y s i s  e x p e r im e n t s ,  e a r l y  s t u d i e s  on i t s  
use  a s  a g e rm ic id e  f o r  t r e a t i n g  p o t a b l e  w a te r  were n o t  
c o n d u c te d  u n t i l  1886, by de M e r i te n s  i n  F r a n c e .  E a r ly  
p i l o t  p l a n t  t e s t s  o f  ozone d i s i n f e c t i o n  a t  p o t a b l e  w a te r  
p l a n t s  were c o n d u c te d  in  O udshoorn , t h e  N e th e r l a n d s  (1 8 9 3 ) ,
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P a r i s ,  F ra n c e  ( l a t e  1 8 9 0 s ) , L i l l e ,  F ra n c e  (1898) and P a d e rb o rn  
and W iesbaden , Germany (1902 and 1903, r e s p e c t i v e l y ) .

In  1906 ozone d i s i n f e c t i o n  was i n s t a l l e d  a t  t h e  Bon 
Voyage w a te r  t r e a t m e n t  p l a n t  i n  N ic e ,  F ra n c e .  B ecause  
o f  t h e  f a c t  t h a t  ozone has  been  u sed  t o  t r e a t  N ice  c i t y
w a te r s  e v e r  s i n c e ,  N ice  h as  become known a s  t h e  " b i r t h p l a c e  
o f  o z o n a t io n  f o r  p o t a b l e  w a te r  t r e a t m e n t " .  The Bon Voyage
p l a n t  o p e r a t e d  u n t i l  1970 , d u r in g  which t im e  two a d d i t i o n a l  
p o t a b l e  w a te r  p l a n t s  i n c o r p o r a t i n g  ozone were c o n s t r u c t e d  
a s  t h e  c i t y  and i t s  s u b u rb s  grew in  s i z e .  In  1970 t h e  
new and c o m p le te ly  m o d e rn ized  Super Rimiez p l a n t  ( s t i l l  
i n c o r p o r a t i n g  ozone) was c o n s t r u c t e d  on a m o u n ta in to p  
o v e r lo o k in g  N ic e ,  and th e  t h r e e  o l d e r  p l a n t s  were s h u t
down.

In  1916 , Vosmaer l i s t e d  a t o t a l  o f  49 European  w a te r  
t r e a t m e n t  p l a n t s  u s in g  o zo n e ,  26 o f  which were l o c a t e d  
in  F r a n c e .  As o f  1977, a t  l e a s t  1 ,036  w a te r  t r e a t m e n t  
p l a n t s  th r o u g h o u t  t h e  w o r ld  w ere u s in g  ozone ( M i l l e r ,  
e t  a l , f 1 9 7 8 ) ,  and a b o u t  h a l f  o f  t h e s e  were l o c a t e d  i n  
F r a n c e .  I t  i s  n o te w o r th y  t h a t  S w i t z e r l a n d ,  a c o u n t r y  
no l a r g e r  i n  s i z e  t h a n  t h e  s t a t e  o f  New J e r s e y ,  had 150 
o p e r a t i n g  w a te r  t r e a t m e n t  p l a n t s  u s in g  o z o n a t io n  in  1977.

D uring  1977 , t h e r e  were 23 d r i n k i n g  w a te r  t r e a t m e n t  
p l a n t s  i n  Canada u s in g  o zo n e ,  a l l  e x c e p t  one i n  t h e  P ro v in c e  
o f  Quebec. At t h e  same t im e ,  t h e r e  were o n ly  5 p l a n t s
u s in g  ozone i n  t h e  U n i te d  S t a t e s .  Today t h e r e  a r e  40 
t o  50 o p e r a t i o n a l  p l a n t s  i n  Canada ( s e v e r a l  o u t s i d e  o f  
Quebec P r o v i n c e ) , and 20 in  t h e  USA (T ab le  I ) . A no ther  
f i v e  Am erican p l a n t s  a r e  un d er  c o n s t r u c t i o n .

PROPERTIES OF OZONE PERTINENT TO WATER TREATMENT

G e n e r a t io n

At norm al t e m p e r a tu r e s  and p r e s s u r e s  e n c o u n te re d  in  
d r i n k i n g  w a te r  t r e a t m e n t  p l a n t s ,  ozone i s  a g a s ,  which 
i s  p r e p a r e d  o n - s i t e .  T h is  i s  a c c o m p l ish e d  by p a s s i n g  
a d r y ,  o x y g e n - c o n ta in in g  gas  ( u s u a l l y  a i r  f o r  w a te r  t r e a t m e n t  
p l a n t s )  be tw een  two e l e c t r i c a l  p l a t e s  s e p a r a t e d  by a c e ra m ic  
d i e l e c t r i c  and a n a rrow  d i s c h a r g e  g ap .  Under t h e s e  c o n d i t i o n s ,  
p a r t  o f  t h e  oxygen i s  c o n v e r te d  t o  ozones
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I t  i s  im p o r t a n t  t o  r e c o g n iz e  t h a t  t h e  s y n t h e s i s  r e a c t i o n  
p ro d u c e s  r a t h e r  low y i e l d s  o f  o zo n e ,  u s u a l l y  1 t o  3% when 
a i r  i s  t h e  f e e d  g a s ,  and 2 t o  6 % when p u re  oxygen i s  t h e  
f e e d  g a s .

I t  i s  a l s o  n o te w o r th y  t h a t  t h e  r e a c t i o n  i s  an e q u i l i b r i u m
on e ,  m eaning t h a t  ozone a l s o  decomposes back t o  oxygen
from  w hich  i t  i s  fo rm ed .  H eat i n c r e a s e s  t h e  r a t e  o f  t h e  
r e v e r s e  r e a c t i o n .  T h e r e f o r e ,  b e c a u s e  ozone g e n e r a t i o n
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p ro d u c e s  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  o f  h e a t  a s  a  b y - p r o d u c t ,  
e f f i c i e n t  c o o l in g  o f  t h e  ozone g e n e r a t o r  i s  im p o r t a n t  
t o  m axim ize ozone y i e l d s .

C o n ta c t in g

Ozone i s  o n ly  p a r t i a l l y  s o l u b l e  i n  w a t e r ,  a s  a r u l e  
o f  thumb, a b o u t  13 t im e s  t h e  s o l u b i l i t y  o f  oxygen . As
a r e s u l t ,  a p p ly in g  ozone t o  w a te r  i n v o l v e s  g a s / l i q u i d  
c o n t a c t i n g .  T h is  can  be a c c o m p l is h e d  i n  a v a r i e t y  o f  
ways, w hich  i n v o lv e  t r a d e o f f s  be tw een  a d d i t i o n a l  e n e rg y  
r e q u i r e d  by t h e  v a r i o u s  a v a i l a b l e  c o n t a c t i n g  s y s te m s ,  
v e r s u s  c o n t a c t  chamber s i z e  and c o n t a c t  t i m e .

For d e t a i l e d  d i s c u s s i o n s  o f  t h e  g e n e r a t i o n  and c o n t a c t i n g  
o f  o z o n e ,  t h e  r e a d e r  i s  r e f e r r e d  t o  r e c e n t  t r e a t i s e s  by
C a r l i n s  and C la rk  (1982) and M a s s c h e le in  (1 9 8 2 ) ,  r e s p e c t i v e l y .

O x i d i z a b i l i t y

T a b le  I I  shows t h e  r e l a t i v e  o x i d a t i o n  p o t e n t i a l s  o f  
a number o f  c h e m ic a l s .  Of t h o s e  m a t e r i a l s  r e a d i l y  a v a i l a b l e  
f o r  w a te r  t r e a t m e n t ,  ozone i s  t h e  m ost p o w e r f u l ,  h a v in g  
an o x i d a t i o n  p o t e n t i a l  a b o u t  1 .5  t im e s  h i g h e r  t h a n  t h a t  
o f  c h l o r i n e .  T h is  means t h a t  ozone w i l l  o x i d i z e  m a t e r i a l s
f a s t e r ,  w i l l  a t t a i n  a l e v e l  o f  d i s i n f e c t i o n  f a s t e r  (o r  
w i th  lo w er  c o n c e n t r a t i o n s ) , and som etim es w i l l  o x i d i z e  
m a t e r i a l s  t h a t  w eaker o x i d a n t s  w i l l  n o t  o x i d i z e .  More 
d e t a i l e d  d i s c u s s i o n s  o f  ozone  o x i d a t i o n  o f  o r g a n i c  m a t e r i a l s  
w i l l  be found  i n  l a t e r  s e c t i o n s  o f  t h i s  p a p e r .

Ozone R e s id u a l

In  p r o p e r l y  t r e a t e d  d r i n k i n g  w a t e r ,  a m e a s u re a b le  
r e s i d u a l  o f  ozone can  be a t t a i n e d  r e a d i l y  i n  t h e  t r e a t m e n t  
p l a n t .  In  f a c t ,  a t t a i n m e n t  and m a in ta in m e n t  o f  s p e c i f i c  
and r e p r o d u c i b l e  l e v e l s  o f  d i s s o l v e d  ozone r e s i d u a l  i s  
u sed  a s  a means o f  c o n t r o l l i n g  and a u to m a t in g  ozone d i s i n ­
f e c t i o n  p r o c e s s e s .  However, t h i s  r e s i d u a l  i s  n o t  s u f f i c i e n t l y
s t a b l e  i n  t h e  d i s t r i b u t i o n  sy s tem  t o  p r o v id e  c o n t i n u i n g  
b a c t e r i o s t a t i c  a c t i v i t y .  C o n s e q u e n t ly ,  i t  i s  u s u a l  p r a c t i c e  
t o  f o l lo w  ozone d i s i n f e c t i o n ,  a t  t h e  end o f  t h e  w a te r  
t r e a t m e n t  p r o c e s s ,  w i th  s m a l l  q u a n t i t i e 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 ,  o r  c h lo r a m in e ,  d ep en d in g  upon l o c a l  
c o n d i t i o n s .  More w i l l  be s a i d  on t h i s  s u b j e c t  i n  t h e  
n e x t  s e c t i o n .

When ozone d i s i n f e c t s  o r  o x i d i z e s ,  oxygen atoms a r e  
i n t r o d u c e d  i n t o  t h e  c h e m ic a l  s t r u c t u r e s  o f  t h e  m a t e r i a l s  
b e in g  o x i d i z e d .  F re e  oxygen a l s o  i s  r e l e a s e d  i n t o  s o l u t i o n .
No h a lo g e n a te d  b y - p r o d u c t s  o f  o x i d a t i o n  a r e  p ro d u c e d  upon 
o z o n a t i o n .  T h is  i s  a s i g n i f i c a n t  d i f f e r e n c e  be tw een  o z o n e ,
w hich  a c t s  a s  a d i s i n f e c t a n t  and c h e m ic a l  o x i d a n t ,  v e r s u s
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TABLE I .  O .S . POTABLE WATER TREATMENT PLANTS USING 
OZONE ( J u l y  1984)

L o c a t io n
P r im a ry  
P u rp o se  
o f  Ozone

S t a r t u p
D ate

Av. Flow R a te  
mad m3/ d a v

IN OPERATION
W h i t in g ,  IN T & 0 1940 4 15 ,142
S t r a s b u r g ,  PA d i s i n f . 1973 0 . 1 379
G ra n d in ,  ND Fe & Mn 1978 0 .0 5 189
S a r a t o g a ,  WY T & 0 1978 3 .5 13 ,249
Bay C i t y ,  MI T & 0 1978 40 162 ,487
Monroe, MI T & 0 1979 18 73 ,119
N ew port,  DE d i s i n f . 1979 0 .2 5 1 ,016
N ew port, RI THM p r e ­

c u r s o r s ;  
T&O; c o l o r

1980 5 20 ,311

No. T a r ry to w n ,  NY T & 0 1980 1 . 2 4 ,875
Kennewick, WA co lo r;T & 0 1980 3 12 ,187
E l i z a b e t h  C i t y ,  NC c o l o r 1981 5 2 0 ,311
C a s p e r ,  WY d i s i n f . 1982 5 20 ,311
E p h ra ta  Borough, PA T & 0 1982 0 .145 549
New Ulm, MN Fe & Mn 1982 2 . 6 10 ,562
S ou th  Bay, FL c o l o r 1982 2 . 2 8 ,937
Rockwood, TN* f l o c c u l a ­

t i o n ;  THM 
p r e c u r s o r s

1982 6 22 ,712

P otsdam , NY c o l o r 1984 1 3 ,786
B e r i a ,  OH* THM & T&O 1984 3 .6 14 ,348
B e l l e  G la d e ,  PL* c o l o r ,  THM 

p r e c u r s o r s  
& a l g a e

1984 6 22 ,712

S t i l l w a t e r ,  OK 
(c o n t in u e d )

c o l o r 1984 5 18 ,927
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L o c a t io n
P r im ary  
P u rp o se  
o f  Ozone

S t a r t u p Av. F lo w .R a te
Date mad m*V day

UNDER CONSTRUCTION
New Y ork, NY o r g a n i c s 1984 3

( p i l o t )
1 1 ,358

H ackensack ,  NJ c o l o r ,  Fe 
& Mn; THM 
p r e c u r s o r s

1986 100 378 ,540

Los A n g e le s ,  CA m i c r o f l o c ­
u l a t i o n  & 
o r g a n i c s

1986 580 2 ,1 9 5 ,5 3 1

JfflPfiR..DesifíH
M y rt le  B each , SC* c o l o r ;  THM 

p r e c u r s o r s
1987 30 121 ,865

C l i n t o n ,  IL F e 1985 1 .5 5 ,6 7 9

PILOT PLANT STUDIES

Rocky Mount, NC color;THMs

C e l i n a ,  OH T&O; THM 
p r e c u r s o r s

* t w o - s t a g e  o z o n a t io n  p l a n t s

TABLE I I .  RELATIVE OXIDATION POWER OF OXIDIZING SPECIES

S p e c ie s

O x id a t io n
P o t e n t i a l ,

v o l t s

R e l a t i v e
O x id a t io n

Power*

f l u o r i n e 3 .0 6 2 .2 5
h y d ro x y l  r a d i c a l 2 .8 0 2 .0 5
a to m ic  oxygen 2 .4 2 1 .7 8
ozone 2.07 1.52
hy drogen  p e r o x id e 1 .7 7 1 .3 0
p e r h y d r o x y l  r a d i c a l s 1 .7 0 1 .2 5
h y p o c h lo ro u s  a c i d 1 .4 9 1.10
c h l o r i n e 1 .3 6 1 .0 0

* b a se d  on c h l o r i n e a s  r e f e r e n c e  p o i n t  ( = 1 .0 0 )

c h l o r i n e ,  w hich a l s o  a c t s  a s  a d i s i n f e c t a n t  and c h e m ic a l  
o x i d a n t ,  b u t  a l s o  a s  a c h l o r i n a t i n g  a g e n t .

S o lv in g  t h e  c u r r e n t  p ro b lem s  o f  h a lo g e n a t e d  o r g a n i c s  
i n  w a te r  s u p p l i e s  i n v o l v e s  t r y i n g  t o  m in im ize  t h e  unw anted  
c h l o r i n a t i n g  r e a c t i o n s  w h i le  m a i n t a i n i n g  t h e  d i s i n f e c t i n g  
a n d /o r  c h e m ic a l  o x i d a t i o n  c a p a b i l i t i e s  o f  c h l o r i n e .  One
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o f  c h l o r i n e ' s  s t r o n g e s t  a d v a n ta g e s  in  w a te r  t r e a t m e n t
i s  i t s  a b i l i t y  t o  p r o v id e  a s t a b l e  b a c t e r i o s t a t i c  r e s i d u a l  
i n  t h e  d i s t r i b u t i o n  s y s te m .

APPLICATIONS OP OZONE IN WATER TREATMENT (R ice  a l . ,
1981)

B a c t e r i a l  D i s i n f e c t i o n

When used  f o r  d i s i n f e c t i o n ,  o z o n a t io n  n o rm a l ly  i s  
c o n d u c te d  a t  t h e  end o f  t h e  t r e a t m e n t  p r o c e s s .  T h is  means 
t h a t  c h e m ic a l  a d d i t i o n ,  f l o c c u l a t i o n ,  s e d i m e n t a t i o n  and 
f i l t r a t i o n  a l l  have  been  acc o m p l ish e d  p r i o r  t o  t h e  w a te r  
b e in g  o z o n iz e d .  The e f f i c i e n c y  o f  t h e  p r e t r e a t m e n t  p r o c e s s ( e s )  
t o  remove o r g a n i c s  and o t h e r  ozone-dem anding  c o n s t i t u e n t s  
w i l l  d e te rm in e  t h e  amount o f  ozone r e q u i r e d  t o  a t t a i n  
d i s i n f e c t i o n .  In  t u r n ,  t h e  amount o f  o x i d i z a b l e  o r g a n ic  
m a t e r i a l s  r e m a in in g  when o z o n a t io n  i s  c o n d u c te d  w i l l  d e te r m in e  
t h e  amount and ty p e s  o f  o r g a n i c  o x i d a t i o n  p r o d u c t s  which 
w i l l  be form ed in  t h e  o z o n iz e d  w a te r .

O p e r a t i o n a l  F ren ch  w a te r  t r e a t m e n t  p l a n t s  t r e a t i n g  
r i v e r  w a te r  by means o f  c h e m ic a l  a d d i t i o n ,  f l o c c u l a t i o n ,  
s e d i m e n t a t i o n ,  and f i l t r a t i o n  p r i o r  t o  ozone d i s i n f e c t i o n
in  t h e  s u b u rb s  o f  P a r i s ,  n o rm a l ly  a p p ly  2 .0  t o  4 .0  mg/L 
o f  ozone f o r  d i s i n f e c t i o n .  T h is  d o sag e  can i n c r e a s e  t o
o v e r  6 mg/L d u r in g  warm summer c o n d i t i o n s .

B ecause  ozone i s  a much s t r o n g e r  b a c t e r i c i d e  th a n  
c h l o r i n e ,  c o n t a c t  t im e s  n e c e s s a r y  t o  a t t a i n  t h e  d e s i r e d  
b a c t e r i a l  d i s i n f e c t i o n  a r e  s h o r t e r  when u s in g  o zo n e .
Under c o n d i t i o n s  w hich p ro d u c e  v i r a l  i n a c t i v a t i o n  u s in g  
ozone (m a in te n a n c e  o f  0 .4  mg/L o f  r e s i d u a l  ozone o v e r  
f o u r  m in u te s  — s e e  n e x t  p a r a g r a p h ) , b a c t e r i a l  d i s i n f e c t i o n
w i l l  be a t t a i n e d  s i m u l t a n e o u s l y .

V i r a l  I n a c t i v a t i o n

P i o n e e r in g  s t u d i e s  by F ren ch  p u b l i c  h e a l t h  o f f i c i a l s  (Coin 
e t  a l . . 1964 , 1967) have e s t a b l i s h e d  t h a t  p o l i o m y e l i t i s  
v i r u s  t y p e s  I ,  I I ,  and I I I  can  be i n a c t i v a t e d  above 99.9% 
when exposed  t o  a d i s s o l v e d  ozone r e s i d u a l  o f  0 .4  mg/L 
f o r  a minimum p e r i o d  o f  t im e  o f  f o u r  m in u te s .  S u b seq u en t  
t o  t h e s e  s t u d i e s ,  t h e  c i t y  o f  P a r i s  a d o p te d  t h e  c r i t e r i o n  
o f  m a i n t a i n i n g  an 0 .4  mg/L r e s i d u a l  ozone o v e r  f o u r  m in u te s
a f t e r  t h e  i n i t i a l  ozone demand o f  t h e  w a te r  h a s  been  s a t i s f i e d
f o r  v i r a l  i n a c t i v a t i o n .  T h is  s t a n d a r d  s u b s e q u e n t ly  was 
a d o p te d  th r o u g h o u t  F ra n c e  when ozone i s  a p p l i e d  f o r  d i s i n ­
f e c t i o n .  Ozone d i s i n f e c t i o n  f a c i l i t i e s  in  many o t h e r  
c o u n t r i e s  have been  p a t t e r n e d  a f t e r  t h e  F ren ch  s t a n d a r d ,
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and t h e  World H e a l th  O r g a n i z a t i o n  recommends t h e  same 
c o n d i t i o n s  f o r  ozone d i s i n f e c t i o n .  I t  s h o u ld  be u n d e r s to o d ,  
how ever ,  t h a t  o n ly  F ra n c e  has  f o r m a l l y  a d o p te d  t h e s e  c o n d i t i o n s  
a s  s t a n d a r d  f o r  ozone d i s i n f e c t i o n .

P o s t - T r e a tm e n t  A f t e r  Ozone D i s i n f e c t i o n

I t  was p o i n t e d  o u t  e a r l i e r  t h a t  ozone does  n o t  p r o v id e  
a s t a b l e  r e s i d u a l  f o r  t h e  d i s t r i b u t i o n  s y s te m .  M oreover ,  
t h e  a d d i t i o n  o f  ozone t o  w a te r  s i m u l t a n e o u s l y  adds  l a r g e  
volum es o f  a i r  a n d / o r  oxygen t o  t h e  w a t e r ,  b e c a u s e  t h e  
c o n c e n t r a t i o n s  o f  ozone i n  t h e  g a s e s  e x i t i n g  t h e  ozone 
g e n e r a t o r  a r e  o n ly  1 t o  3% when a i r  i s  u se d  a s  t h e  f e e d  
g a s ,  o r  2 t o  6 % when p u re  oxygen i s  t h e  f e e d  g a s .  Thus 
t h e  a c t  o f  o z o n a t io n  r e s u l t s  i n  s i g n i f i c a n t  i n c r e a s e s  
i n  t h e  d i s s o l v e d  oxygen c o n t e n t  o f  t h e  w a t e r .

F i n a l l y ,  i t  s h o u ld  a l s o  be a p p r e c i a t e d  t h a t  when ozone 
o x i d i z e s  d i s s o l v e d  o r g a n i c  com ponents o f  w a te r  s u p p l i e s ,
t h o s e  o r g a n i c s  a r e  se ldom  o x i d i z e d  t o t a l l y  t o  C02 and 
w a t e r .  I n s t e a d ,  t h e  o r g a n i c  m a t e r i a l s  a r e  p a r t i a l l y  o x i d i z e d ,  
and t h e  p a r t i a l  o x i d a t i o n  p r o d u c t s  c o n t a i n  more oxygen 
t h a n  d id  t h e i r  p r e c u r s o r s .  As a g e n e r a l  r u l e ,  p a r t i a l l y  
o x i d i z e d  o r g a n i c  compounds a r e  more b i o d e g r a d a b l e  t h a n
t h e  i n i t i a l  m a t e r i a l s .  They have been  s t a r t e d  a lo n g  t h e i r  
way t o  c o m p le te  o x i d a t i o n ,  u l t i m a t e l y  t o  p ro d u c e  C0 2 and 
w a t e r .

B ecause  o f  t h e  above c o n se q u e n c e s  o f  ozone d i s i n f e c t i o n ,  
i t  i s  c l e a r  t h a t  w i th o u t  a s t a b l e  ozone r e s i d u a l  f o r  t h e  
d i s t r i b u t i o n  sy s te m ,  a lo n g  w i th  a h i g h e r  d i s s o l v e d  oxygen 
c o n t e n t  and w i th  a h i g h e r  c o n t e n t  o f  b i o d e g r a d a b l e ,  p a r t i a l l y
o x i d i z e d  o r g a n i c  c o n s t i t u e n t s ,  t h e  d i s t r i b u t i o n  sy s te m
now becomes a " g a rd e n  o f  Eden" f o r  b a c t e r i a l  r e g ro w th .
T h is  t y p e  o f  r e g ro w th  w as, i n  f a c t ,  o b s e rv e d  i n  Sw iss  
d i s t r i b u t i o n  sy s te m s  when ozone d i s i n f e c t i o n  was i n s t a l l e d
a s  t h e  t e r m i n a l  t r e a t m e n t  s t e p .  As soon  a s  t h e  c a u s e s  
o f  r e g ro w th  were  r e c o g n iz e d ,  how ever,  a d d i t i o n  o f  a s m a l l
r e s i d u a l  o f  c h l o r i n e  d i o x i d e  was a d o p te d  ( a b o u t  0 .1 5  m g /L ).  
T h is  p r e v e n t e d  b a c t e r i a l  r e g ro w th  from o c c u r r i n g  i n  t h e  
d i s t r i b u t i o n  sy s te m s  ( M i l l e r ,  i t  â l w  1 9 7 8 ) .

T h ere  can  be i n t e r a c t i o n s  be tw een  c h l o r i n e  d i o x i d e  
and o z o n e ,  how ever ,  and f o r  t h i s  r e a s o n ,  many Sw iss  w a te r  
t r e a t m e n t  p l a n t s  u s in g  ozone f o r  d i s i n f e c t i o n ,  r o u t i n e l y  
f i l t e r  o z o n iz e d  w a te r  t h r o u g h  g r a n u l a r  a c t i v a t e d  c a rb o n  
p r i o r  t o  a d d i t i o n  o f  c h l o r i n e  d i o x i d e .  GAC s e r v e s  t h e  
d u a l  p u rp o s e  o f  d e s t r o y i n g  e x c e s s  ozone i n  t h e  w a te r  and 
a d s o r b in g  many o f  t h e  r e m a in in g  o r g a n i c s  i n  t h e  w a t e r ,  
t h u s  p r o v i d i n g  an even  h i g h e r  q u a l i t y  o f  d r i n k i n g  w a te r  
(R ice  ê t  â l . f  1982) .
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Ozone O x id a t io n  o f  S o lu b le  I r o n  and Manganese

F e r r o u s  i r o n  i s  r a p i d l y  o x i d i z e d  by ozone t o  f e r r i c
i o n s ,  which t h e n  h y d r o ly z e ,  c o a g u l a t e ,  and p r e c i p i t a t e
a s  t h e  i n s o l u b l e  f e r r i c  h y d r o x id e ,  a c c o r d in g  t o  t h e  f o l lo w in g  
e q u a t i o n s :

Fe+2 + 03 + H20 — -  » Fe+3 + 0 2 + 2 (OH) ~

Fe+3 + 3H20 -----------► Fe(OH) 3 \  + 3H+

S i m i l a r l y ,  d i v a l e n t  manganous io n s  a r e  e a s i l y  o x i d i z e d  
t o  t h e  t e t r a v a l e n t  m anganic  i o n s ,  w hich th e n  h y d r o ly z e  
r a p i d l y  fo rm in g  th e  i n s o l u b l e  manganese d i o x i d e :

Mn+2 + 03 + h20 ------- ►Mn'*’4 + 02 + (OH)"

Mn+4 + 4 (OH)“ -------- ►Mn(OH) 4 ------►Mn02 f + 2H20

However, e x c e s s i v e  o z o n a t io n  o f  m anganese compounds 
w i l l  c o n t in u e  t h e  o x i d a t i o n  p r o c e s s ,  p r o d u c in g  t h e  s o l u b l e  
s e p t a v a l e n t ,  p e rm an g an a te  i o n ,  which i s  p in k  i n  c o l o r :

Mn+2 o r  Mn+4 + 4O3 » MnO^ + 402

P erm angana te  i s  t o x i c ,  and m ust be p r e v e n te d  from 
e n t e r i n g  w a te r  d i s t r i b u t i o n  n e tw o rk s ,  where i t  i s  s lo w ly  
re d u c e d  t o  i n s o l u b l e  Mn02 , l e a d i n g  t o  b u i ld u p  o f  m angana te  
s c a l e s .  To a v o id  t h i s  p o s s i b i l i t y ,  o z o n a t io n  f o r  o x i d a t i o n  
o f  i r o n  a n d /o r  manganese n o rm a l ly  i s  c o n d u c te d  p r i o r  t o
f i l t r a t i o n ,  a t  an  e a r l y  s t a g e  in  t h e  w a te r  t r e a t m e n t  p r o c e s s .  
H o ld in g  t h e  o z o n iz e d  w a te r  30 m in u te s  a l lo w s  t r a c e s  o f  
p e rm a n g a n a te  t o  o x i d i z e  some o f  t h e  o r g a n i c s  p r e s e n t ,  
and be red u c e d  t o  t h e  i n s o l u b l e  t e t r a v a l e n t  s t a t e :

MnO^" + o r g a n i c s  -------► Mn0 2  ̂ + o x i d i z e d  o r g a n i c s

Decom plexing o f  O r g a n i c a l l y  Bound Heavy M e ta ls

When d e c a y in g  v e g e t a t i o n  i s  p r e s e n t  i n  raw w a te r  s u p p l i e s ,  
t h e r e  i s  a s t r o n g  p o s s i b i l i t y  t h a t  heavy  m e t a l s ,  p a r t i c u l a r l y  
m anganese ,  can  be p r e s e n t  i n  t h e  form o f  s o l u b l e  o r g a n ic  
co m p lex es .  Such com plexes a r e  n o t  e a s i l y  decomposed by 
c h l o r i n e ,  b u t  o z o n a t io n  e a s i l y  l i b e r a t e s  t h e  heavy  m e ta l  
a s  a s o l u b l e  c a t i o n .  For t h i s  ty p e  o f  a p p l i c a t i o n ,  o z o n a t io n  
i s  c o n d u c te d  a t  an e a r l y  s t a g e  in  t h e  t r e a t m e n t  p r o c e s s ,  
b e f o r e  f i l t r a t i o n .
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O x id a t io n  o f  I n o r g a n i c s  (C y a n id e s ,  S u l f i d e s ,  N i t r i t e s ,  
and Ammonia)

T ox ic  c y a n id e  io n s  a r e  r e a d i l y  o x i d i z e d  by ozone t o  
t h e  much l e s s  t o x i c  c y a n a te  ions

(CN)“ + 0 3 — ►(CNO)“ + 0 2

C y an a te  io n  s lo w ly  h y d r o ly z e s  t o  p ro d u c e  C02 and n i t r o g e n

2 (CNO) “  + 2H20 ------ ^2 C 0 2 + N2 + 4H+

S u l f i d e  io n  i s  e a s i l y  o x i d i z e d  t o  s u l f u r ,  t h e n  t o  
s u l f i t e ,  t h e n  t o  s u l f a t e s

S"2 + 0 3 ---- ► S° — ► SO3"2 -----►so4“2
The d e g re e  o f  o x i d a t i o n  o b t a i n e d  w i l l  depend  upon t h e  
amount o f  ozone em ployed and t h e  c o n t a c t  t im e .

N i t r i t e  io n  i s  o x i d i z e d  v e ry  r a p i d l y  by ozone t o  n i t r a t e
ions

N0 2~ + 0 3 -----►no3"  + o2
O x id a t io n  o f  t h e s e  i n o r g a n i c  s p e c i e s  w i l l  o c c u r  a t  any 
s t a g e  o f  t h e  t r e a t m e n t  p r o c e s s  a t  which  ozone i s  a p p l i e d .  
S in c e  t h e  p r o d u c t s  o f  o z o n a t io n  a l l  a r e  s o l u b l e  ( e x c e p t  
f o r  e l e m e n ta l  s u l f u r  from s u l f i d e  o x i d a t i o n ) , t h e r e  i s  
no p a r t i c u l a r  a d v a n ta g e  t o  be g a in e d  i n  a p p ly in g  o z o n a t io n  
a t  any s p e c i f i c  p o i n t  i n  t h e  t r e a t m e n t  p r o c e s s ,  a s  i s  
t h e  c a s e  f o r  o x i d a t i o n  o f  o r g a n i c s  and f o r  d i s i n f e c t i o n .

Under pH c o n d i t i o n s  n o rm a l ly  found  in  w a te r  t r e a t m e n t  
p l a n t s ,  ammonia does  n o t  r e a c t  w i th  ozone a t  any a p p r e c i a b l e  
r a t e  be low  pH o f  9 .0  (S in g e r  & Z i l l i ,  1 9 7 5 ) .  T h e r e f o r e ,  
ammonia i n  t h e  raw w a te r  s u p p ly  w i l l  c a r r y  t h r o u g h  t h e  
p l a n t ,  u n l e s s  i t  i s  c o n v e r t e d  t o  n i t r a t e  b i o l o g i c a l l y  
( n i t r i f i c a t i o n  -  s e e  s e c t i o n  on Ozone P r e t r e a t m e n t  f o r  
B i o l o g i c a l  P r o c e s s i n g ) . L e v e ls  o f  ammonia g e n e r a l l y  a r e  
u n d e s i r a b l e  i n  f i n i s h e d  w a te r s  b e c a u s e  ammonia com bines 
w i th  f r e e  c h l o r i n e  t o  p ro d u c e  c h lo r a m in e s ,  which  a r e  l e s s  
b e n e f i c i a l  a s  d i s i n f e c t a n t s  t h a n  i s  f r e e  r e s i d u a l  c h l o r i n e .  
However, c h lo r a m in e s  do e x e r t  s u f f i c i e n t  b a c t e r i o s t a t i c  
a c t i o n  t o  be u s e f u l  i n  d i s t r i b u t i o n  sy s te m s  f o r  r e s i d u a l .

O x id a t io n  and Removal o f  O rg a n ic s

C o lo r  Removal -  U s u a l ly  t h e  c o l o r s  p r e s e n t  i n  d r i n k i n g  
w a te r  a r e  d e r i v e d  from  t h e  d e c o m p o s i t io n  o f  n a t u r a l l y  
o c c u r r i n g  humic m a t e r i a l s ,  and a r e  c a u s e d  by t h e  p r e s e n c e
o f  c o n ju g a t e d  u n s a t u r a t e d  m o i e t i e s ,  c a l l e d  c h ro m o p h o res .
Ozone i s  p a r t i c u l a r l y  r e a c t i v e  to w ard  u n s a t u r a t e d  g r o u p s ,  
c l e a v i n g  t h e  c a r b o n - c a r b o n  d o u b le  bonds t o  p ro d u c e  k e t o n e s ,  
a ld e h y d e s ,  o r  c a r b o x y l i c  a c i d s ,  d e p e n d in g  upon t h e  o t h e r  
s u b s t i t u e n t s  on t h e  c a rb o n  atom s a f f e c t e d ,  t h e  amount
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o f  ozone a p p l i e d ,  t h e  ozone c o n t a c t  t im e  in v o lv e d ,  te m p e ra ­
t u r e ,  e t c .  As soon  a s  t h e  c o n j u g a t i o n  h as  been  d i s r u p t e d  
by o zo n e ,  t h e  c o l o r  d i s a p p e a r s .  However, t h i s  does  n o t  
mean t h a t  a l l  o f  t h e  c o l o r - c a u s i n g  compound h as  been  t o t a l l y
o x i d i z e d  t o  C02 and w a t e r .  I n s t e a d ,  t h e  o r i g i n a l  o r g a n ic
m a t e r i a l  h a s  been  p a r t i a l l y  o x i d i z e d ,  and now c o n t a i n s  
a l a r g e  number o f  p o l a r ,  o x y g e n - c o n ta in in g  g r o u p in g s .

These  p o l a r  g ro u p in g s  now can  combine w i th  p o l y v a l e n t  
c a t i o n s ,  su ch  a s  aluminum o r  f e r r i c  i o n s ,  added  a s  f l o c c u l a t i n g  
a g e n t s ,  and t h u s  can be e a s i l y  p r e c i p i t a t e d  from t h e  t r e a t e d  
w a t e r .  T h e r e f o r e ,  when u s in g  ozone f o r  c o l o r  rem ova l ,  
i t  s h o u ld  be a p p l i e d  p r i o r  t o  c h e m ic a l  a d d i t i o n  and fo l lo w e d  
by f i l t r a t i o n .

O x id a t io n  o f  O th e r  O rg a n ic s  -  O rg a n ic  compounds which 
c a u s e  t a s t e  and odor p ro b lem s (many p h e n o l s ,  m e ta b o l i c  
p r o d u c t s  o f  a l g a l  m e ta b o l i s m ) , and some d e t e r g e n t s  and 
p e s t i c i d e s  can be o x i d i z e d  p a r t i a l l y  upon o z o n a t i o n .
In  most c a s e s ,  t h i s  amount o f  o x i d a t i o n  i s  s u f f i c i e n t  
t o  d e s t r o y  t h e  u n d e s i r a b l e  o r g a n o l e p t i c  p r o p e r t i e s  im p a r te d  
t o  t h e  w a te r  by t h e  p a r t i c u l a r  c o n ta m in a n t .  T o ta l  o x i d a t i o n  
r a r e l y  o c c u r s ,  b u t  t h e  more p o l a r  o x i d a t i o n  p r o d u c t s  now 
a r e  more e a s i l y  f l o c c u l a t e d  and removed from s o l u t i o n .  
C o n s e q u e n t ly ,  o z o n a t io n  f o r  t h e s e  p u r p o s e s  a l s o  s h o u ld  
be c o n d u c te d  b e f o r e  c h em ica l  t r e a t m e n t  and f i l t r a t i o n .

A lgae  C o n t r o l  -  D uring  s e a s o n a l  c l i m a t e  ch an g es  and when 
p r o p e r  n u t r i e n t  b a l a n c e s  a r e  p r e s e n t  in  t h e  raw w a t e r s ,  
a l g a e  g ro w th s  a r e  prom oted  in  t h e  p r e s e n c e  o f  s u n l i g h t .
L arge  amounts o f  a l g a e  w i l l  c lo g  f i l t e r s  in  t h e  t r e a t m e n t  
p l a n t ,  r e q u i r i n g  more f r e q u e n t  b a ck w ash in g .  O z o n a t io n  
d i s r u p t s  t h e  m e ta b o l i c  p r o c e s s e s  o f  many ty p e s  o f  a l g a e  
by o x i d i z i n g  key o r g a n i c  c o n s t i t u e n t s .

In  t r e a t m e n t  p l a n t s  a l r e a d y  em ploying  p r e o z o n a t i o n  
f o r  o t h e r  p u r p o s e s ,  s e a s o n a l  blooms o f  a l g a e  i n  t h e  raw 
w a te r s  a r e  h a n d le d  m e re ly  by i n c r e a s i n g  t h e  p r e o z o n a t i o n  
d o sag e  f o r  a s  lo n g  a s  t h e  a l g a e  bloom l a s t s  ( u s u a l l y  o n ly  
a  few w e e k s ) . In  p l a n t s  em ploying  ozone f o r  d i s i n f e c t i o n ,  
s e a s o n a l  blooms o f  a l g a e  a r e  c o n t r o l l e d  by a d d in g  a c o n t a c t i n g  
b a s i n  t o  t h e  e a r l y  s t a g e s  o f  w a te r  t r e a t m e n t  and p r e o z o n i z i n g  
a t  t h i s  p o i n t .

T u r b i d i t y  C o n t r o l  and M i c r o f l o c c u l a t i o n  -  When t u r b i d i t y  
i s  c a u se d  by c o l l o i d a l  s i z e d  su sp en d ed  s o l i d s ,  o z o n a t io n  
som etim es  w i l l  change t h e  ch e m ic a l  n a t u r e  o f  t h e  p a r t i c l e  
s u r f a c e s ,  a l l o w in g  t h e  p a r t i c l e s  t o  c o a g u l a t e  and s e t t l e .
In  su ch  i n s t a n c e s  o z o n a t io n  d e c r e a s e s  t h e  l e v e l  o f  t u r b i d i t y .

In  o t h e r  c a s e s ,  su ch  a s  when ozone d i s i n f e c t i o n  i s  
c o n d u c te d  on w a te r s  c o n t a i n i n g  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  
o f  d i s s o l v e d  o r g a n i c s ,  t h e  t u r b i d i t y  o f  t h e  o z o n iz e d  w a te r
som etim es  w i l l  i n c r e a s e . T h is  i s  b e c a u se  o f  t h e  i n t r o d u c t i o n  
o f  oxygen i n t o  t h e  o r g a n ic  m a t e r i a l s ,  p ro d u c in g  c a r b o x y l ,
c a r b o n y l ,  and h y d ro x y l  g r o u p s .  These h i g h l y  p o l a r  m o i e t i e s
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now can  combine w i th  p o l y v a l e n t  c a t i o n s  a l s o  p r e s e n t ,  
su c h  a s  c a lc iu m ,  magnesium, i r o n ,  aluminum, e t c . ,  fo rm in g  
h i g h e r  m o le c u la r  w e ig h t  s t r u c t u r e s ,  which now p r e c i p i t a t e .
T h is  phenomenon o f  t u r b i d i t y  f o r m a t io n  a f t e r  o z o n a t io n  
h a s  been  te rm e d  " m i c r o f l o c c u l a t i o n "  by M aier  (1979) .

I f  t h e  l e v e l  o f  d i s s o l v e d  o r g a n i c s  i s  lo w ered  p r i o r  
t o  ozone d i s i n f e c t i o n ,  m i c r o f l o c c u l a t i o n  i s  n o t  o b s e r v e d .
The Sw iss  p r a c t i c e  o f  f i l t r a t i o n  f o l lo w in g  ozone d i s i n f e c t i o n
g u a r a n t e e s  rem oval o f  any t u r b i d i t y  r e s u l t i n g  from m ic r o -  
f l o c c u l a t i o n .

In  1986 , t h e  C i t y  o f  Los A n g e le s ,  C a l i f o r n i a  w i l l  
s t a r t  up w hat w i l l  be t h e  l a r g e s t  d r i n k i n g  w a te r  t r e a t m e n t  
p l a n t  i n  t h e  w o r ld  t o  u t i l i z e  o z o n e .  Some 3 ,3 1 1  kg (7 ,3 0 0  
lb s )  p e r  day o f  ozone w i l l  be g e n e r a t e d  from oxygen t o  
t r e a t  2 .2  m i l l i o n  n r  p e r  day (580 mgd) t o  lo w er  t u r b i d i t y  
t o  l e s s  t h a n  0 .3  u n i t .  The o z o n iz e d  and c h e m ic a l ly  t r e a t e d  
( i r o n  s a l t s  and c a t i o n i c  po lym er) raw w a te r  w i l l  be  c o a g u l a t e d ,  
f l o c c u l a t e d ,  t h e n  f i l t e r e d  th ro u g h  s i x - f e e t  o f  a n t h r a c i t e  
c o a l  a t  a r a t e  o f  1 3 .5  g a l / m i n / f t 2 . T h is  h ig h  f i l t r a t i o n  
r a t e  i s  made p o s s i b l e  by em ploy ing  ozone a s  a m i c r o f l o c c u l a n t ,  
w i th o u t  w hich f i l t r a t i o n  r a t e s  o f  t h e  c o a g u l a t e d  and f l o c c u ­
l a t e d  w a te r  c o u ld  n o t  exceed  9 g a l / m i n / f t z ( S t o l a r i k ,
1983) .

Ozone P r e t r e a t m e n t  For B i o l o g i c a l  P r o c e s s in g  -  Examples 
c i t e d  e a r l i e r  p o i n t e d  o u t  t h a t  u n d e r  o z o n a t io n  c o n d i t i o n s  
n o rm a l ly  a p p l i e d  in  t r e a t i n g  d r i n k i n g  w a t e r ,  m ost o x i d i z a b l e  
o r g a n i c  c o n s t i t u e n t s  a r e  o n ly  p a r t i a l l y  o x i d i z e d .  However
ozone does  i n t r o d u c e  c o n s i d e r a b l e  oxygen i n t o  t h e s e  compounds
and r e n d e r s  them more b i o d e g r a d a b l e .

At t h e  same t im e ,  o z o n a t io n  i n c r e a s e s  t h e  d i s s o l v e d  
oxygen c o n t e n t  o f  t h e  w a t e r ,  t h e r e b y  im p ro v in g  c o n d i t i o n s  
f o r  a e r o b i c  m i c r o b i o l o g i c a l  a c t i v i t y .  Such b i o l o g i c a l  
a c t i v i t y  can  c o n v e r t  d i s s o l v e d  o r g a n i c  i m p u r i t i e s  t o  C02 
and w a t e r ,  b u t  a l s o  can c o n v e r t  ammonia t o  n i t r a t e .

P o s t - o z o n a t i o n  b i o l o g i c a l  t r e a t m e n t  can  be c o n d u c te d  
in  a v a r i e t y  o f  m an n e rs .  Raw w a te r s  can  be p r e o z o n i z e d ,  
th e n  s t o r e d  s e v e r a l  days  i n  a r e s e r v o i r  b e f o r e  e n t e r i n g  
t h e  t r e a t m e n t  p l a n t  p r o p e r .  A f t e r  e n t e r i n g  t h e  t r e a t m e n t  
p l a n t ,  i n t a k e  w a te r s  can  be o z o n iz e d  a lo n g  w i th  c h e m ic a l  
a d d i t i o n ,  t h e n  f i l t e r e d .  O z o n a t io n  p a r t i a l l y  o x i d i z e s  
d i s s o l v e d  o r g a n i c s ,  w hich th e n  a r e  more c o m p le te ly  p r e c i p i t a t e d
by means o f  t h e  f l o c c u l a t i n g  a g e n t s .  In  san d  f i l t e r s ,  
some d i s s o l v e d  o r g a n i c  c a rb o n  i s  removed b i o l o g i c a l l y .  
N i t r i f i c a t i o n  a l s o  o c c u r s  in  sand  f i l t e r s .

GAC f i l t e r s / a d s o r b e r s  p l a c e d  a f t e r  sand  f i l t e r  beds  
a l s o  c o n t a i n  c o n s i d e r a b l e  a e r o b i c  b i o a c t i v i t y .  Those 
d i s s o l v e d  o r g a n i c  compounds which have n o t  been  o x i d i z e d ,  
even  by o z o n e ,  a r e  a d s o rb e d  by t h e  GAC. O th e r  o r g a n i c s  
w hich have  been  p a r t i a l l y  o x i d i z e d  d u r in g  o z o n a t io n  may 
o r  may n o t  be a d s o r b e d ,  b u t  i n  any c a s e  a l s o  can  be b io d e g r a d e d
by t h e  m ic ro o rg a n ism s  p r e s e n t .

B ecause  o f  t h e  i n c r e a s e d  b i o d é g r a d a t i o n  which  o c c u r s  
i n  t h e  GAC a d s o r b e r s ,  t h e  b r e a k th r o u g h  t im e  f o r  t h e  GAC
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i s  p o s tp o n e d .  In  European  w a te r  t r e a t m e n t  p l a n t s  which 
a r e  em ploy ing  t h i s  " b i o l o g i c a l  a c t i v a t e d  ca rb o n "  p r o c e s s ,  
i t  h a s  been  shown t h a t  t h e  u s e f u l  l i f e t i m e  o f  t h e  GAC 
can  be e x te n d e d  by f a c t o r s  up t o  s i x  t i m e s ,  s im p ly  by 
i n c o r p o r a t i n g  ozone o x i d a t i o n  p r i o r  t o  f i l t r a t i o n  th ro u g h  
s a n d / a n t h r a c i t e .

E x te n s io n  o f  t h e  GAC o p e r a t i n g  l i f e  r e s u l t s  i n  c o s t  
s a v in g s  w h ich ,  i n  some i n s t a n c e s ,  have  been  shown t o  pay 
f o r  t h e  c o s t s  o f  i n s t a l l i n g  p r e o z o n a t i o n .  T h is  a s p e c t  
w i l l  be d i s c u s s e d  f u r t h e r  l a t e r  i n  t h i s  c h a p t e r  under  
" c o s t s " .

Ozone t r e a t m e n t  o f  THMs o r  THM P r e c u r s o r s  -  When c h l o r i n e  
i s  added  t o  w a te r  c o n t a i n i n g  t r i h a l o m e t h a n e  p r e c u r s o r s ,  
t r i h a l o m e t h a n e s  (THMs) and o t h e r  h a lo g e n a te d  compounds 
a r e  p ro d u c e d .  Once fo rm ed , THMs a r e  n o t  o x i d i z e d ,  even 
by o z o n e .  The more v o l a t i l e  THMs may v o l a t i l i z e  p a r t i a l l y ,  
b e c a u s e  o f  t h e  a e r a t i n g  a c t i o n  which accom pan ies  t h e  a p p l i ­
c a t i o n  o f  ozone t o  w a t e r .  A d s o rp t io n  on GAC w i l l  remove 
THMs f o r  a s h o r t  t im e ,  b u t  r a p i d  b re a k th o u g h  i s  o b s e rv e d ,  
r e q u i r i n g  f r e q u e n t  r e a c t i v a t i o n  o f  t h e  GAC, w hich i s  a 
c o s t l y  p r o c e s s .

I t  i s  a x io m a t ic  t h a t  once THMs a r e  p ro d u c e d ,  c h l o r i n e  
h as  been  w a s te d  and THMs a r e  c o s t l y  t o  remove. Thus, 
t h e  a p p ro a c h  o f  t h e  d i s c e r n i n g  w a te r  t r e a t m e n t  e n g in e e r  
sh o u ld  be t o  m odify  h i s  t r e a t m e n t  p r o c e s s  t o  m in im ize  
th e  c o n c e n t r a t i o n s  o f  THM p r e c u r s o r s  b e f o r e  t h e  a d d i t i o n  
o f  c h l o r i n e .  T h is  a p p ro a c h  s h o u ld  be c o n t r a s t e d  w i th
t h a t  o f  making no ch an g es  i n  t h e  t r e a t m e n t  p r o c e s s ,  b u t  
i n s t a l l i n g  t r e a t m e n t  t e c h n i q u e s  t o  remove THMs a f t e r  t h e y  
a r e  fo rm ed .

O z o n a t io n  has  been  shown t o  low er  t h e  c o n c e n t r a t i o n s  
o f  some THM p r e c u r s o r s ,  b u t  i n  s e v e r a l  c a s e s  THM p r e c u r s o r
l e v e l s  a c t u a l l y  i n c r e a s e  upon o z o n a t io n  ( R ic e ,  1 9 8 0 ) .
As a r e s u l t ,  t h e  u se  o f  ozone t o  o x i d i z e  THM p r e c u r s o r s  
and re d u c e  t h e i r  c o n c e n t r a t i o n s  s h o u ld  be t e s t e d  on each  
w a te r  s u p p ly  b e f o r e  t h i s  a p p ro a c h  i s  a d o p te d .

THM p r e c u r s o r s  can  be p a r t i a l l y  o x i d i z e d  by ozone ,  
th e n  f l o c c u l a t e d  w i th  s t a n d a r d  f l o c c u l a t i n g  a g e n t s .  Thus , 
p r e o z o n a t i o n  o f  raw w a t e r s ,  f o l lo w e d  by c h e m ic a l  a d d i t i o n ,  
f l o c c u l a t i o n ,  s e d i m e n t a t i o n  and f i l t r a t i o n  a p p e a r s  t o  
be one e f f e c t i v e  a p p ro a c h  t o  low er  t h e  c o n c e n t r a t i o n s  
o f  THM p r e c u r s o r s ,  and t h e r e f o r e ,  t h e  c o n c e n t r a t i o n  o f
THMs u l t i m a t e l y  p ro d u c e d .  S in c e  t h e  w a te r  t r e a t m e n t  o b j e c t i v e  
i s  t o  m in im ize  t h e  amounts o f  h a lo g e n a te d  compounds, t h e n  
p r e c h l o r i n a t i o n  m ust be abandoned  i n  f a v o r  o f  p r e c u r s o r  
m in im iz a t io n  t e c h n i q u e s .
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Summary

F ig u r e  1 shows t h e  " c o n v e n t io n a l "  w a te r  t r e a t m e n t  
p r o c e s s ,  a lo n g  w i th  a p p r o p r i a t e  p o i n t s  o f  a p p l i c a t i o n  
o f  ozone f o r  s p e c i f i c  p u r p o s e s .  In  t h i s  f i g u r e ,  t h e  "con­
v e n t i o n a l "  w a te r  t r e a t m e n t  p r o c e s s  i s  d e f i n e d  a s  t r e a t m e n t  
o f  t h e  raw w a te r  w i th  c h e m ic a ls  ( o t h e r  th a n  c h l o r i n e )  
f o r  c o a g u l a t i o n ,  f l o c c u l a t i o n ,  s e d i m e n t a t i o n ,  th e n  f i l t r a t i o n  
and d i s i n f e c t i o n .

Figure 1. P oin ts  o f  ozonation  during water treatm ent.
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When ozone i s  u sed  a s  an o x i d a n t ,  i t  i s  a p p l i e d  d u r in g  
e a r l y  s t a g e s  o f  t h e  t r e a t m e n t  p r o c e s s .  When u sed  a s  a 
d i s i n f e c t a n t ,  i t  i s  a p p l i e d  a s  t h e  l a s t  t r e a t m e n t  s t e p  
p r i o r  t o  ad d in g  t h e  a p p r o p r i a t e  c h l o r i n e  compound f o r  
r e s i d u a l .  At any p o i n t  o f  a p p l i c a t i o n ,  ozone w i l l  b o th  
o x i d i z e  and d i s i n f e c t .  In  e a r l y  s t a g e s  o f  t r e a t m e n t ,
when l e v e l s  o f  o x i d i z a b l e  m a t e r i a l s  p re d o m in a te  o v e r  m ic ro ­
o r g a n i s m s ,  o n ly  p a r t i a l  d i s i n f e c t i o n  may be a c h i e v e d ,
u n l e s s  l a r g e  amounts o f  ozone a r e  a p p l i e d  i n  r e l a t i o n
t o  t h e  amounts o f  o x i d i z a b l e  m a t e r i a l s  p r e s e n t .

C o n v e r s e ly ,  when ozone i s  u sed  a s  a d i s i n f e c t a n t  a f t e r  
rem oval o f  m ost o f  t h e  o x i d i z a b l e  c o n s t i t u e n t s ,  c o m p le te  
d i s i n f e c t i o n  can  be a t t a i n e d  w i th  s m a l l  amounts o f  o z o n e .  
Under t h e s e  c i r c u m s t a n c e s ,  o n ly  s m a l l  amounts o f  o r g a n ic  
o x i d a t i o n  p r o d u c t s  w i l l  be p ro d u c e d .  T h e r e f o r e ,  ozone
s h o u ld  n o t  be r e l i e d  upon a s  a d i s i n f e c t a n t  i n  t h e  e a r l y  
s t a g e s  o f  t r e a t m e n t .

TWO-STAGE APPLICATIONS OF OZONE

The b e n e f i t s  o f  a p p ly in g  ozone a t  more th a n  one p o i n t  
i n  t h e  t r e a t m e n t  p r o c e s s  have been  p i o n e e r e d  i n  modern 
F re n c h  and German p l a n t s ,  and s e v e r a l  p l a n t s  i n  t h e  P a r i s  
su b u rb s  r e c e n t l y  have i n s t a l l e d  t r i p l e - s t a g e  o z o n a t io n  
t o  im prove t h e  q u a l i t y  o f  w a te r  even f u r t h e r .  T r i p l e ­
s t a g e  o z o n a t io n  w i l l  be  d i s c u s s e d  in  a l a t e r  s e c t i o n .

R o u e n - l a - C h a p e l l e ,  F ra n c e

One o f  t h e  f i r s t  p l a n t s  t o  u se  d o u b l e - s t a g e  o z o n a t io n  
i s  t h e  l a  C h a p e l l e  p l a n t  a t  Rouen, F ra n c e  (Gomella and 
V e rsa n n e ,  1 9 7 7 ) .  F ig u r e  2 i s  a s c h e m a t ic  d iag ram  o f  t h e  
w a te r  t r e a t m e n t  p r o c e s s  em ployed . W ater i s  drawn from 
w e l l s  a d j a c e n t  t o  t h e  S e in e  R iv e r  (w e l l  downstream  o f  
P a r i s ) . P r e o z o n a t io n  i s  c o n d u c te d  t o  o x i d i z e  i r o n  and 
m anganese , a s  w e l l  a s  t o  p a r t i a l l y  o x i d i z e  d i s s o l v e d  o r g a n i c  
c o n s t i t u e n t s  and t o  p r e p a r e  t h e  medium f o r  n i t r i f i c a t i o n  
and b i o l o g i c a l  rem oval o f  o r g a n i c s .

F o l lo w in g  o z o n a t i o n ,  t h e  w a te r  i s  sand  f i l t e r e d .  
P r e c i p i t a t e d  i r o n  and m anganese h y d ro x id e s  a r e  removed 
and m ost o f  t h e  ammonia i s  c o n v e r te d  t o  n i t r a t e  b i o l o g i c a l l y .  
N ex t ,  t h e  f i l t e r e d  w a te r  i s  p a s s e d  th ro u g h  g r a n u l a r  a c t i v a t e d  
c a rb o n  beds  where m ost o f  t h e  o r g a n i c s  a r e  removed (by 
a d s o r p t i o n  and b i o l o g i c a l  d e g r a d a t i o n ) . Ozone d i s i n f e c t i o n ,  
th e n  p o s t - c h l o r i n a t i o n  f o r  r e s i d u a l  co m p le te  t h e  t r e a t m e n t  
p r o c e s s .

Ozone d i s i n f e c t i o n  i s  c o n d u c te d  i n  two c o n t a c t  cham bers  
c o n t a i n i n g  d i f f u s i o n  b u b b l in g  d e v i c e s .  These  a l lo w  a d e q u a te  
ozone t r a n s f e r  e f f i c i e n c y  t o  t h e  w a te r  (90% and h ig h e r )  
w i th o u t  r e q u i r i n g  a d d i t i o n a l  e n e rg y  beyond t h a t  n e c e s s a r y  
f o r  t h e  g e n e r a t i o n  o f  o z o n e .  In  t h e  f i r s t  c o n t a c t  cham ber ,  
a l e v e l  o f  0 .4  mg/L o f  r e s i d u a l  ozone i s  a t t a i n e d  d u r in g
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F ig u re  2. The R o u e n > la -C h a p e l le  p ro ce ss ,  
Rouen, F r a n c e .

a  r e t e n t i o n  t im e  o f  f i v e  t o  s i x  m in u te s .  In  t h e  seco n d  
cham ber,  t h e  0 .4  mg/L l e v e l  o f  r e s i d u a l  ozone i s  m a in t a in e d  
d u r in g  a n o t h e r  f i v e  t o  s i x  m in u te s .  About t w o - t h i r d s  
o f  t h e  ozone  u se d  f o r  d i s i n f e c t i o n  i s  a p p l i e d  i n  t h e  f i r s t
c o n t a c t  chamber ( t o  s a t i s f y  t h e  i n i t i a l  ozone demand) 
and t h e  b a l a n c e  i s  added  i n  t h e  s e c o n d .

B ecause  t h e  t r a n s f e r  e f f i c i e n c y  o f  ozone i n t o  w a te r  
i n  t h e  b u b b le r  d i f f u s e r  c o n t a c t o r  i s  a b o u t  90%, t h e  e x h a u s t  
g a s e s  from t h e  ozone d i s i n f e c t i o n  c o n t a c t o r  s t i l l  c o n t a i n  
a s i g n i f i c a n t  amount o f  o z o n e .  I f  d i s i n f e c t i o n  were  t h e  
s o l e  p u rp o s e  o f  o z o n a t i o n ,  t h e s e  e x h a u s t  g a s e s  would be 
p a s s e d  th r o u g h  an ozone d e s t r u c t i o n  u n i t  b e f o r e  d i s c h a r g e  
t o  t h e  o u t s i d e  a tm o s p h e re .  However, b e c a u s e  o f  t h e  seco n d  
a p p l i c a t i o n  o f  ozone a t  t h i s  p l a n t  ( p r e o z o n a t i o n ) , t h e  
d i s i n f e c t i o n  c o n t a c t o r  e x h a u s t  g a s e s  i n s t e a d  a r e  drawn 
i n t o  t h e  p r e o z o n a t i o n  c o n t a c t  chamber by means o f  a t u r b i n e ,
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w hich  a l s o  s e r v e s  a s  t h e  ozone c o n t a c t i n g  d e v ic e  and f o r  
r a p i d  m ix in g .

T h is  u se  o f  c o n t a c t o r  e x h a u s t  g a s e s  s e r v e s  two p u r p o s e s :  
f i r s t ,  i t  s u p p l i e s  m ost o f  t h e  ozone r e q u i r e d  f o r  t h e  
f i r s t  s t a g e ,  and se c o n d ,  i t  u t i l i z e s  most o f  t h e  ozone 
which o t h e r w i s e  would have t o  be d e s t r o y e d  w i th o u t  r e a l i z i n g
any b e n e f i t .

D uring  t h e  p r e o z o n a t i o n  s t e p  t h e r e  i s  no re q u i r e m e n t  
t o  d e v e lo p  a s p e c i f i c  r e s i d u a l  o f  d i s s o l v e d  ozone f o r  
a s p e c i f i e d  p e r i o d  o f  t im e ,  b e c a u se  t h e  o b j e c t i v e  i s  o x i d a t i o n ,  
n o t  d i s i n f e c t i o n .  O x id a t io n  o f  i r o n  and manganese and 
t h e  p h e n o ls  (which a r e  t h e  p r im a ry  o r g a n i c s  p r e s e n t )  i s  
n e a r l y  i n s t a n t a n e o u s .  P a r t i a l  o x i d a t i o n  o f  o t h e r  o r g a n i c s ,  
w h i le  n o t  i n s t a n t a n e o u s ,  n e v e r t h e l e s s  o c c u r s  i n  t h e  s h o r t  
c o n t a c t  t im e  (two m in u te s  a t  R o u en ) . Thus t h e  u se  o f  
a t u r b i n e  c o n t a c t o r  d e v i c e ,  w hich r e q u i r e s  e n e rg y  f o r  
i t s  o p e r a t i o n ,  i s  c o s t - e f f e c t i v e  f o r  t h e  p r e o z o n a t io n  
s t e p .  Not o n ly  does  i t  p r o v id e  v i o l e n t  a g i t a t i o n  o f  ozone 
w i th  t h e  w a t e r ,  b u t  i t  a l s o  c r e a t e s  a p a r t i a l  vacuum w hich 
draws t h e  d i s i n f e c t i o n  c o n t a c t o r  e x h a u s t  g a s e s  i n t o  t h e  
p r e o z o n a t i o n  c o n t a c t  cham ber, t h u s  e l i m i n a t i n g  t h e  need  
f o r  a d d i t i o n a l  pumping.

In  t h e  e v e n t  t h a t  more ozone i s  r e q u i r e d  f o r  t h e  p r e o z o ­
n a t i o n  s t e p  t h a n  i s  a v a i l a b l e  i n  t h e  d i s i n f e c t i o n  c o n t a c t o r  
e x h a u s t  g a s e s ,  t h e  a d d i t i o n a l  ozone can  be p r o v id e d  d i r e c t l y  
from t h e  ozone g e n e r a t o r s .

I t  i s  a l s o  w o r th  n o t i n g  t h a t  t h i s  tw o - s t a g e  o z o n a t io n  
sy s tem  which i n c l u d e s  GAC a d s o r p t i o n  was i n s t a l l e d  a t  
Rouen i n s t e a d  o f  a p r o c e s s  in v o lv in g  p r e c h l o r i n a t i o n ,  
f o l lo w e d  by f i l t r a t i o n ,  GAC a d s o r p t i o n  ( t o  remove c h l o r i n e  
and c h l o r i n a t e d  o r g a n ic s )  t h e n  ozone d i s i n f e c t i o n .  T h is  
d e c i s i o n  was b a se d  on c o n s i d e r a t i o n s  o f  c o s t s ;  t h e  p r o c e s s  
i n v o l v i n g  c h l o r i n e  would have r e q u i r e d  s i g n i f i c a n t  s p a c e  
f o r  lo n g  d e t e n t i o n  t im e  c h l o r i n e  c o n t a c t i n g .  In  a d d i t i o n ,  
t h e  GAC u sed  f o r  d e c h l o r i n a t i o n  would have r e q u i r e d  f r e q u e n t  
r e a c t i v a t i o n  ( l e s s  t h a n  s i x  months) (Gomella and V e rsa n n e ,
1 9 7 7 ) .

A f t e r  t h r e e  y e a r s  o f  s u c c e s s f u l  o p e r a t i o n ,  i t  has  
been  r e p o r t e d  t h a t  t h e  GAC had shown no s i g n s  o f  b r e a k th o u g h  
o f  o r g a n i c s  s u f f i c i e n t  t o  r e q u i r e  i t s  r e a c t i v a t i o n  ( S c h u lh o f ,
1979) .

Mülheim, F e d e r a l  R e p u b l ic  o f  Germany

One o f  t h e  f i r s t  w a te r  t r e a t m e n t  p l a n t s  t o  employ 
tw o - s t a g e  o z o n a t io n  in  t h e  F e d e r a l  R e p u b l ic  o f  Germany, 
was t h e  Dohne p l a n t  i n  Mfllheim. T h is  p l a n t  t r e a t s  Ruhr 
R iv e r  w a te r  by t h e  p r o c e s s  shown s c h e m a t i c a l l y  i n  F ig u r e
3 (S o n th e im e r ,  £ t  â l . r 1 9 7 8 ) ,  which has  r e p l a c e d  t h e  o r i g i n a l  
p r o c e s s  in v o lv in g  b r e a k p o i n t  c h l o r i n a t i o n  o f  t h e  raw w a t e r .
By t h e  new p r o c e s s ,  raw w a te r  i s  t r e a t e d  w i th  f l o c c u l a t i n g  
a g e n t s  and ozone u n d e r  h ig h  sp eed  a g i t a t i o n .  T h is  n o t  
o n ly  p r o v i d e s  t h e  d e s i r e d  d e g re e  o f  m ix in g ,  b u t  a l s o  a l lo w s
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F ig u r e  3 .  C om parison o f  t h e  o ld  ( p r e c h l o r i n a t i o n )  and 
new ( tw o - s t a g e  o z o n a t io n )  p r o c e s s e s  a t  t h e  
Dohne p l a n t ,  Mülheim, F e d e r a l  R e p u b l ic  o f  
Germany.

e f f e c t i v e  c o n t a c t i n g  o f  ozone and p a r t i a l  o x i d a t i o n  and 
m i c r o f l o c c u l a t i o n  o f  o r g a n i c  com ponen ts .

A f t e r  s e d i m e n t a t i o n ,  t h e  s u p e r n a t a n t  w a te r  a g a in  i s  
o z o n iz e d ,  t h i s  t im e  in  a tw o-cham ber c o n t a c t o r  w i th  b u b b le  
d i f f u s e r s  u s in g  t h e  F re n c h  d i s i n f e c t i o n  c o n d i t i o n s  s i m i l a r  
t o  t h o s e  employed a t  t h e  R o u e n - l a - C h a p e l l e  p l a n t .  T h is  
t r e a t m e n t  c o n t i n u e s  t h e  o x i d a t i o n  o f  o r g a n i c  m a t e r i a l s ,  
making them a l l  t h e  more b i o d e g r a d a b l e .

P u re  oxygen i s  added  t o  t h e  o z o n iz e d  w a te r  t o  i n c r e a s e  
t h e  d i s s o l v e d  oxygen l e v e l  i n  o r d e r  t o  m axim ize n i t r i f i c a t i o n  
i n  t h e  san d  f i l t e r s ,  and t o  p rom ote  a e r o b i c  b i o l o g i c a l  
a c t i v i t y  i n  t h e  GAC a d s o r b e r s .

As a t  t h e  R o u e n - l a - C h a p e l l e  p l a n t ,  e x h a u s t  g a s e s  from 
t h e  se c o n d  o z o n a t io n  s t e p  a r e  drawn i n t o  t h e  p r e o z o n a t i o n  
s t a g e  f o r  r e u s e / d e s t r u c t i o n  o f  o z o n e .
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S uburbs  o f  P a r i s ,  F ra n c e

G e rv a l  (1978) r e p o r t e d  e x p e r i e n c e s  o f  t h e  S y n d ic a t  
d e s  Communes de l a  B a n l i e u e  de P a r i s  p o u r  l e s  Eaux w i th  
p r e o z o n a t i o n  o f  raw w a te r s  t o  improve b i o l o g i c a l  rem oval 
o f  d i s s o l v e d  o r g a n i c s  and c o n v e r s io n  o f  ammonia t o  n i t r a t e .
In  t h e  l a r g e  p l a n t s  o f  t h e  P a r i s  s u b u rb s  where ozone d i s i n ­
f e c t i o n  had been  i n  u se  f o r  many y e a r s  w i th  c o n v e n t i o n a l l y  
t r e a t e d  S e in e ,  O ise  and Marne r i v e r  w a te r s  ( i n c l u d i n g  
p r e c h l o r i n a t i o n ) , t h e  l e v e l s  o f  ozone n o rm a l ly  r e q u i r e d  
f o r  d i s i n f e c t i o n  h i s t o r i c a l l y  a v e ra g e d  2 t o  4 mg/L. However, 
i n  summer, t h e s e  v a l u e s  c o u ld  r i s e  t o  a s  h ig h  a s  5 t o
7 mg/L, p r i m a r i l y  b e c a u s e  o f  t h e  p r e s e n c e  o f  h i g h e r  co ncen ­
t r a t i o n s  o f  ozone-dem anding  o r g a n i c s  and i n c r e a s e d  m ic ro ­
o rg an ism  a c t i v i t y .

When ozone was f i r s t  i n s t a l l e d  a t  t h e s e  p l a n t s ,  ammonia 
was removed by b r e a k p o i n t  c h l o r i n a t i o n  o f  t h e  raw w a t e r .  
However, w i th  i n c r e a s i n g  l e v e l s  o f  ammonia i n  t h e  raw 
w a t e r ,  and w i th  t h e  i n c r e a s e d  p r o d u c t i o n  o f  h a lo g e n a t e d  
o r g a n i c s  d u r in g  p r e c h l o r i n a t i o n ,  t h e  t r e a t m e n t  p r o c e s s
had t o  be m o d i f i e d .  The p o i n t  o f  f i r s t  i n t r o d u c t i o n  o f  
c h l o r i n e  h as  been  moved t o  a f t e r  t h e  ozone d i s i n f e c t i o n  
s t e p ,  and ammoniacal n i t r o g e n  now i s  b e in g  removed b i o ­
l o g i c a l l y .

I n s t a l l a t i o n s  f o r  b i o l o g i c a l  rem oval o f  ammoniacal 
n i t r o g e n  a t  t h e s e  p l a n t s  c o n s i s t  o f  raw w a te r  r e s e r v o i r s  
o r  d e t e n t i o n  t a n k s  i n  which o z o n e - t r e a t e d  raw w a te r s  a r e
s t o r e d  a p p r o x im a te ly  two days  b e f o r e  e n t e r i n g  t h e  p l a n t  
p r o p e r .  The amount o f  ozone r e q u i r e d  f o r  p r e o z o n a t i o n  
i s  s m a l l  ( l e s s  t h a n  1 .2 5  mg/L) and t h e  c o n t a c t  t im e  r e q u i r e d  
i s  o n ly  two m in u te s .

T a b le  I I I  shows t h e  e f f e c t s  o f  tw o-day  r e s e r v o i r  s t o r a g e  
w i th  and w i th o u t  p r e o z o n a t i o n  u n d e r  t h e  above c o n d i t i o n s  
upon c e r t a i n  o f  t h e  raw w a te r  q u a l i t y  p a r a m e t e r s .  L e v e ls  
o f  d e t e r g e n t s ,  o r g a n i c  c a rb o n ,  COD and ammoniacal n i t r o g e n
a r e  s i g n i f i c a n t l y  lo w ered  upon tw o-day  s t o r a g e  p re c e e d e d  
by p r e o z o n a t i o n .

TABLE I I I .  EFFECTS OF PREOZONATION BEFORE STORAGE 
(1 .2 5  mg/L ozone dosage)

d e t e r g e n t s
(mg/L)

o r g a n ic
c a rb o n

ima/L)

COD 
(mg/L o f  

oxygen)

nh4t
(mg/L)

raw w a te r 0 .16 8 .3 19 6 . 2

2 -d a y  s t o r a g e  
(no p r e o z o n a t io n )

0 .13 8 11 4

2 -d a y  s t o r a g e  
( w i th  p r e o z o n a t io n )

0 .0 8 7 6 3 .2
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Of even  more s i g n i f i c a n c e  was t h e  f a c t  t h a t  t h e  p r e o z o ­
n a t i o n  d o sag e  o f  1 .2 5  mg/L lo w e re d  t h e  p o s t - o z o n a t i o n  
d i s i n f e c t i o n  d o sag e  from  an a v e r a g e  o f  4 .2  mg/L t o  2 .1  
mg/L. Thus t h e  t o t a l  amount o f  ozone r e q u i r e d  a t  t h i s  
p l a n t  h a s  been  k e p t  t h e  same ( o r  even  s l i g h t l y  r e d u c e d ) ,  
w h i le  t h e  o n ly  in v e s tm e n t  c o s t  in v o lv e d  was t h e  i n s t a l l a t i o n  
o f  a  p r e o z o n a t i o n  c o n t a c t o r  sy s te m  and t h e  a s s o c i a t e d  
p i p i n g .

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

o a  r e d u c t i o n  i n  q u a n t i t i e s  o f  p r e t r e a t m e n t  c h e m ic a l s  
f o r m e r ly  r e q u i r e d ,

o an a p p r o x im a te ly  50% i n c r e a s e  i n  f i l t r a t i o n  c y c l e  
t im e ,

o o x y g e n a t io n  o f  t h e  w a t e r ,  w hich  im proves  t h e  e l i m i n a t i o n  
o f  n i t r o g e n  even  f u r t h e r .

When t h e  f i l t e r  i n l e t  am m oniacal n i t r o g e n  l e v e l  i s  
n o t  g r e a t e r  t h a n  1 mg/L, t h e  o u t l e t  l e v e l  does  n o t  ex ceed
0 .1  mg/L.

B ecause  o f  t h e s e  b e n e f i t s  o f  p r e o z o n a t i o n ,  i t  i s  now 
p o s s i b l e  f o r  t h e  p l a n t  t o  u se  l e s s  c h l o r i n e  dow nstream  
f o r  p o s t - d i s i n f e c t i o n  r e s i d u a l ,  w h ich ,  i n  t u r n ,  lo w e rs  
THM c o n t e n t s  t o  below 10 mg/L i n  t h e  d i s t r i b u t i o n  s y s t e m s .

When t h e  p r e o z o n a t i o n  sy s te m  was o p t im iz e d  a t  t h i s  
P a r i s  s u b u rb s  p l a n t ,  i t  was found  t h a t  t h e  u s u a l  4 mg/L 
ozone d i s i n f e c t i o n  d o sag e  (when t h i s  was t h e  s o l e  o z o n a t i o n  
s t e p )  was re d u c e d  t o  1 .2  mg/L by a p p ly in g  an o p t im iz e d  
p r e o z o n a t i o n  d o sag e  o f  0 .6  mg/L, an a c t u a l  s a v i n g s  i n  
t o t a l  ozone r e q u i r e m e n t .

S in c e  i n s t a l l a t i o n  o f  t w o - s t a g e  o z o n a t io n  i n  t h e  Rouen- 
l a - C h a p e l l e  p l a n t  i n  1976 and a t  t h e  Dohne p l a n t  i n  1977 , 
many o t h e r  European  w a te r  t r e a t m e n t  p l a n t s  have  i n s t a l l e d  
s i m i l a r  t r e a t m e n t  p r o c e s s e s .

B e l l e  G la d e ,  F l o r i d a

In  t h e  U n i te d  S t a t e s ,  t h e  f i r s t  tw o - s t a g e  o z o n a t i o n  
w a te r  t r e a t m e n t  p l a n t  i s  u n d e r  c o n s t r u c t i o n  a t  B e l l e  G la d e ,  
F l o r i d a ,  and i s  s c h e d u le d  t o  s t a r t  o p e r a t i n g  i n  1984 (Wagner 
and E l e f r i t z ,  1983; E l e f r i t z  e t  a l . , 1 9 8 4 ) .  Raw w a te r  
f o r  t h i s  p l a n t  i s  t a k e n  from Lake O keechobee, w hich  h as  
v e r y  h ig h  c o n t e n t s  o f  humic c o l o r  and o t h e r  n a t u r a l l y  
o c c u r r i n g  o r g a n i c  m a t e r i a l s ,  t u r b i d i t y  and b i o l o g i c a l  
g r o w th s .  N orm ally  t h e  l a k e  w a te r s  e x h i b i t  COD l e v e l s  
i n  e x c e s s  o f  60 mg/L w i th  TOC l e v e l s  a b o u t  30 mg/L. A f t e r  
s t o r m s ,  t h e s e  l e v e l s  have  r i s e n  t o  a s  h ig h  a s  100  and 
75 mg/L, r e s p e c t i v e l y ,  w i th  c o l o r  l e v e l s  p e a k in g  a t  500 
c o l o r  u n i t s .
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H i s t o r i c a l l y ,  t h i s  raw w a te r  h a s  been  p r e c h l o r i n a t e d  
f o r  a l g a e  c o n t r o l  and p a r t i a l  c o l o r  re m o v a l ,  fo l lo w e d  
by l im e  s o f t e n i n g  and t r e a t m e n t  w i th  a lum , s y n t h e t i c  p o ly m e rs ,  
and r e c y c l e d  l im e  s l u d g e ,  t h e n  r e c a r b o n a t i o n  p r i o r  t o  
f i l t r a t i o n  and c h l o r i n e  d i s i n f e c t i o n .  By t h i s  p r o c e s s ,  
t h e  B e l l e  G lade  p l a n t  n o rm a l ly  p ro d u c e s  t o t a l  THM l e v e l s  
o f  600 t o  900 m ic ro g /L  ( p p b ) . Moving t h e  p o i n t  o f  c h l o r i n a t i o n
was n o t  e f f e c t i v e ,  i n  t h a t  s e r i o u s  a l g a e  blooms th e n  were 
e n c o u n te r e d  w i t h i n  t h e  t r e a t m e n t  p l a n t .  The r e s p i r a t o r y  
p r o d u c t s  o f  t h e  a l g a e  and o f  t h e  s a p r o p h y t i c  b a c t e r i a  
w ere n o t  removed by t h e  c o n v e n t io n a l  t r e a t m e n t  p r o c e s s ,  
w i th o u t  p r e c h l o r i n a t i o n ,  and t a s t e ,  o d o r ,  and a d d i t i o n a l  
THM p ro b lem s  r e s u l t e d  upon p o s t c h l o r i n a t i o n .

F ig u r e  4 shows a s c h e m a t ic  o f  t h e  new tw o - s t a g e  o z o n a t io n  
p r o c e s s  which was d e v e lo p e d  f o r  t r e a t i n g  t h e  Lake Okeechobee 
w a te r  a t  B e l l e  G la d e .  Raw w a te r  i s  p r e o z o n iz e d  t o  m odify  
t h e  s t r u c t u r e  o f  t h e  THM p r e c u r s o r s ,  making them more 
s u s c e p t i b l e  t o  p h y s i c a l  rem oval by means o f  added l im e  
and p o l y e l e c t r o l y t e s  a f t e r  f l a s h  m ix in g .  A f t e r  c l a r i ­
f i c a t i o n ,  t h e  w a te r  i s  r e c a r b o n a te d  f o r  pH c o n t r o l ,  t h e n  
p o s t - o z o n i z e d  t o  p o l i s h  rem a in in g  o r g a n i c s ,  f i l t e r e d  t o  
remove any re m a in in g  a p p a r e n t  c o l o r  and f i l t e r a b l e  o r g a n i c  
m a t e r i a l ,  t h e n  p o s t - c h l o r i n a t e d  t o  d e v e lo p  a f r e e  r e s i d u a l  
o f  c h l o r i n e  f o r  t h e  d i s t r i b u t i o n  s y s te m .

T h is  p r o c e s s  was d e m o n s t r a te d  o v e r  a 12-week p e r i o d  
i n  a 5 - g a l / m i n  p i l o t  p l a n t  u n i t .  D uring  t h i s  p e r i o d  o f  
t im e ,  t e r m i n a l  THM c o n c e n t r a t i o n s  were m a in ta in e d  below 
100 m ic ro g /L  (ppb) c o n s i s t e n t l y .  Using f r e e  c h l o r i n e  
d i s i n f e c t i o n ,  t h e  THM c o n t e n t  c o u ld  be m a in ta in e d  a s  low 
a s  25 ppb c o n s i s t e n t l y .  W ith combined c h l o r i n e  r e s i d u a l ,  
t h e  THM c o n t e n t  c o u ld  be a d j u s t e d  t o  even lo w er  l e v e l s .
D uring  t h e  same p e r i o d  o f  t im e ,  t h e  c o n v e n t io n a l  p r o c e s s  
g e n e r a t e d  600 t o  1 ,600  ppb o f  THMs in  t h e  main p l a n t .

By t r a c i n g  t h e  TOC th r o u g h  t h e  p i l o t  p l a n t  o p e r a t i o n ,  
i t  was shown t h a t  n e a r l y  80% o f  t h e  o r g a n i c s  removed were 
c a r r i e d  o u t  p h y s i c a l l y  d u r in g  t h e  c l a r i f i c a t i o n  and f i l t r a t i o n
s t e p s .

The t o t a l  amount o f  ozone t o  be a p p l i e d  i n  t h e  p l a n t  
i s  a b o u t  6 mg/L, h a l f  o f  t h i s  b e in g  added  d u r in g  p r e o z o n a t i o n ,  
t h e  o t h e r  h a l f  d u r in g  p o s t - o z o n a t i o n .  As a  r e s u l t  o f  
im proved  rem oval o f  o r g a n i c s  (w i th  c o n t r o l  o f  a l g a e  and 
c o l o r  a s  a d d i t i o n a l  b e n e f i t s ) , t h e  p o s t - c h l o r i n a t i o n  d i s i n ­
f e c t i o n  d o sag e  now w i l l  be a b o u t  2 mg/L. T h is  d o sag e  
i s  s u f f i c i e n t  t o  p r o v id e  a s t a b l e  f r e e  c h l o r i n e  r e s i d u a l  
i n  t h e  B e l l e  G lade  d i s t r i b u t i o n  sy s te m  and t o  p r o v id e  
t h e  v e r y  much lo w ered  THM l e v e l s .

Wagner and E l e f r i t z  (1983) recommend t h a t  b e f o r e  i n i t i a t i n g
ozone t e s t i n g ,  t h e  p l a n t  p r o c e s s  s t e p s  o f  m ix in g ,  c l a r i f i ­
c a t i o n  and f i l t r a t i o n  f i r s t  s h o u ld  be a d j u s t e d  t o  m aximize 
e f f i c i e n c y ( i e s ) . At t h e  B e l l e  G lade  p l a n t ,  t h i s  i n c lu d e d  
r e t r o f i t t i n g  c l a r i f i e r s  w i th  v e r t i c a l  f low  t u b e  s e t t l e r s  
t o  im prove o v e r a l l  e f f i c i e n c y  and c a p a c i t y .
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F ig u r e  4 .  The B e l l e  G la d e ,  F l o r i d a ,  tw o - s t a g e  ozone
t r e a t m e n t  sy s te m  (Wagner & E l e f r i t z ,  1 9 8 3 ) .

TRIPLE-STAGE OZONATION

F o l lo w in g  s u c c e s s f u l  e x p e r i e n c e s  w i th  t h e  p ro m o t io n  
o f  b i o l o g i c a l  o x i d a t i o n  o f  o r g a n i c s  and n i t r i f i c a t i o n
o f  am m oniacal n i t r o g e n  by u se  o f  p r e o z o n a t i o n ,  t r i p l e
s t a g e  o z o n a t io n  was d e s ig n e d  i n t o  t h r e e  l a r g e  w a te r  t r e a t m e n t  
p l a n t s  i n  t h e  su b u rb s  o f  P a r i s ,  F ra n c e  d u r in g  t h e  p e r i o d  
1980-1981 (S c h u lh o f ,  1 9 8 0 ) .  R e c e n t ly ,  o p e r a t i o n a l  e x p e r i e n c e s  
w i th  t h i s  new p r o c e s s  have been  d e s c r i b e d  f o r  t h e  p l a n t  
a t  M ^ ry - s u r -O is e  ( R a p in a t ,  1 9 8 2 ) .  The t h r e e - s t a g e  o z o n a t io n  
p r o c e s s  i n s t a l l e d  and o p e r a t i n g  a t  t h i s  p l a n t  i s  shown 
i n  F i g u r e  5 .

Raw w a te r  i s  p r e o z o n iz e d  u s in g  0 .2 5  mg/L ozone  d o s a g e ,  
t h e n  a l lo w e d  t o  s t a n d  s e v e r a l  days  i n  a s t o r a g e  b a s i n .
D uring  t h i s  t im e  s e t t l i n g  o c c u r s ,  a s  w e l l  a s  some b i o l o g i c a l  
d e c o m p o s i t io n  o f  d i s s o l v e d  o r g a n i c  m a t e r i a l s ,  and some 
n i t r i f i c a t i o n .  F o l lo w in g  c h e m ic a l  t r e a t m e n t ,  f l o c c u l a t i o n ,  
s e d i m e n t a t i o n ,  and sa n d  f i l t r a t i o n ,  ozone a g a in  i s  a p p l i e d  
p r i o r  t o  GAC a d s o r p t i o n ,  and a g a in  a t h i r d  t im e  f o r  d i s i n ­
f e c t i o n  a f t e r  GAC a d s o r p t i o n .  C h lo r in e  f o r  r e s i d u a l  i s  
added  a s  t h e  w a te r  l e a v e s  t h e  t r e a t m e n t  p l a n t  by means 
o f  sodium  h y p o c h l o r i t e  s o l u t i o n .
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F i g u r e  5.  T r i p l e - s t a g e  o z o n a t i o n  a t  M é r y - s u r O i s e  
( Pa r i s ,  F ra n ce )  wa t e r  t r e a t m e n t  p l a n t

The o r i g i n a l  t r e a t m e n t  p r o c e s s  a t  M é ry - s u r -O is e  ( b r e a k p o i n t  
c h l o r i n a t i o n ,  f l o c c u l a t i o n ,  sand  f i l t r a t i o n ,  ozone d i s i n f e c t i o n  
and p o s t c h l o r i n a t i o n )  removed 6 6 % o f  t h e  d i s s o l v e d  o r g a n i c s  
from t h e  O ise  r i v e r  w a t e r .  By t h e  new p r o c e s s ,  i n v o l v i n g  
t h r e e - s t a g e  o z o n a t i o n ,  b i o l o g i c a l  t r e a t m e n t ,  and e l i m i n a t i o n  
o f  t h e  p r e c h l o r i n a t i o n  t r e a t m e n t ,  80% o f  t h e  d i s s o l v e d
o r g a n i c s  a r e  removed and t h e  p r o d u c t  w a te r  c o n t a i n s  no
s i g n i f i c a n t  l e v e l s  o f  t r i h a l o m e t h a n e s .  T a b le  IV com pares 
t h e  e f f e c t i v e n e s s  o f  t h e  two p r o c e s s e s  i n  rem oving o r g a n i c  
m a t e r i a l s .

In  t h e  o r i g i n a l  p r o c e s s ,  t h e  d o sag e  o f  ozone r e q u i r e d  
f o r  d i s i n f e c t i o n  a v e ra g e d  3 .5  mg/L. The new, t r i p l e - s t a g e
o z o n a t io n  p r o c e s s  r e q u i r e s  a t o t a l  o f  4 .5  mg/L. T o t a l
c o s t s  f o r  t h e  new p r o c e s s ,  i n c l u d i n g  r e g e n e r a t i o n  o f  t h e  
GAC e v e ry  two y e a r s ,  a r e  o n ly  6% h i g h e r  th a n  t h o s e  o f  
t h e  o l d e r ,  s i n g l e - s t a g e  o z o n a t io n  p r o c e s s .  R e l a t i v e  c o s t s  
f o r  t h e  two t r e a t m e n t  p r o c e s s e s  a r e  compared i n  F ig u r e  6 .
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TABLE IV. ORGANICS REMOVAL AT MERY-SUR-OISE PLANT BY
CHEMICAL AND BIOLOGICAL TREATMENT PROCESSES

p e r c e n t rem oval by
a f t e r  p r o c e s s  s t e p c h e m ic a l  t r t m t . b i o l o g i c a l  t r t m t .

p r e o z o n a t i o n  & s t o r a g e 30%

f l o c c u l a t i o n  & s e t t l i n g ----- 45%

b r e a k p o i n t  c h l o r i n a t i o n  
& f l o c c u l a t i o n

50% ----

sa n d  f i l t r a t i o n 58% 60%

o z o n a t io n  & p o s t - C l 2 6 6 % ----

o z o n a t io n ---- 6 8 %

GAC a d s o r p t i o n ---- 74%

p o s t - o z o n a t i o n ---- 78%

p o s t - c h l o r i n a t i o n ----- 80%

COSTS FOR OZONE TREATMENT OF DRINKING WATERS

In  t h i s  s e c t i o n ,  c o s t s  a r e  e x p r e s s e d  i n  U .S . d o l l a r s  
and volum es a r e  i n  c u b ic  m e te r s  and U .S . g a l l o n s .

In  s u r v e y in g  E uropean  and C an ad ian  w a te r  t r e a t m e n t  
p l a n t s  u s in g  o z o n e ,  M i l l e r  à l .  (1978) found  t h a t  c a p i t a l  
c o s t s  f o r  o z o n a t i o n  sy s te m s  can  ra n g e  from  a low o f  $1 , 100 / k g  
( $ 5 0 0 / lb )  o f  ozone g e n e r a t i o n  c a p a c i t y  p e r  day f o r  l a r g e  
sy s te m s  t o  a h ig h  o f  $ 8 , 80 0 /k g  ( $ 4 , 0 0 0 / lb )  p e r  day f o r  
r e l a t i v e l y  s m a l l  s y s te m s .  Added c o s t s  a r e  h o u s in g  f o r  
t h e  g e n e r a t i n g  s y s te m ,  w hich  can  ra n g e  from  20 t o  33% 
o f  eq u ipm en t c o s t s ,  and c o n t a c t i n g  sy s te m  c o s t s .

O p e r a t in g  c o s t s  f o r  o z o n a t io n  sy s te m s  depend  upon 
e n e rg y  demand, a m o r t i z a t i o n  r a t e s ,  a m o r t i z a t i o n  p e r i o d ,  
and l o c a l  e n e rg y  c o s t s .  In  s u r v e y in g  European  d r i n k i n g  
w a te r  t r e a t m e n t  p l a n t s ,  M i l l e r  g t  a l .  (1978) found  t h e s e  
c o s t s  t o  ra n g e  from $0.46C/m3 t o  1 .05C/m 3 (1 .7 5  t o  4 C /1 ,0 0 0  
g a l )  o f  w a te r  t r e a t e d .

Lepage (1981) h as  d e s c r i b e d  t h e  6 8 ,137  n r / d a y  (8-mgd) 
w a te r  t r e a t m e n t  p l a n t  a t  Monroe, M ic h ig a n ,  w hich  h a s  been  
o z o n iz in g  f o r  t a s t e  and o do r  c o n t r o l  s i n c e  e a r l y  1979 .
Two ozone g e n e r a t o r s ,  e a c h  c a p a b le  o f  p r o d u c in g  3 k g /d a y  
(225 l b s / d a y )  o f  ozone from d ry  a i r  a r e  i n  u s e .  T o t a l  
c a p i t a l  c o s t  o f  t h e  ozone g e n e r a t i o n  and c o n t a c t i n g  sy s te m  
e q u a t e s  t o  $ 2 , 3 1 0 /k g  ( $ 1 , 0 5 0 / lb )  o f  ozone g e n e r a t e d .
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F ig u r e  6 . C o m para tive  c o s t s  o f  ch e m ic a l  and b i o l o g i c a l  
t r e a t m e n t  a t  M e ry - s u r -O is e  (F ran ce )  w a te r  
t r e a t m e n t  p l a n t  ( R a p in a t ,  1982)

At an  a v e ra g e  a p p l i e d  ozone do sag e  o f  1 .6 3  mg/L t o  a  30 ,283  
n r / d a y  (8-mgd) a v e ra g e  f low  r a t e  and w i th  an a v e ra g e  ozone 
t r a n s f e r  e f f i c i e n c y  in  t h e  c o n t a c t o r  sy s tem  o f  more t h a n  
97%, t h e  t o t a l  o p e r a t i n g  c o s t s  o f  a i r  p r e p a r a t i o n ,  ozone 
g e n e r a t i o n ,  c o n t a c t i n g ,  and r e i n j e c t i o n  o f  c o n t a c t o r  e x h a u s t  
g a s e s  have  a v e ra g e d  0 .168$ /m 3 ( 0 . 6 3 6 $ / l , 0 0 0  g a l )  a t  Monroe.

I t  s h o u ld  a l s o  be n o te d  t h a t  e a c h  o f  t h e  two ozone 
g e n e r a t o r s  i n s t a l l e d  a t  Monroe can  h a n d le  t h e  ozone demand 
o f  t h e  sy s te m  by i t s e l f  i f  o p e r a t e d  a t  i t s  f u l l  p r o d u c t i o n
o u t p u t .  However, i t  i s  much more c o s t - e f f e c t i v e  t o  u se
b o th  g e n e r a t o r s  o p e r a t e d  a t  l e s s  th a n  f u l l  p r o d u c t i o n  
c a p a c i t y .  The s i t u a t i o n  i s  a n a lo g o u s  t o  o p e r a t i n g  an 
a u to m o b i le  a t  100 m i l e s / h r  v e r s u s  50 m i l e s / h r .  At t h e  
s lo w e r  s p e e d ,  t h e  e n e rg y  demand i s  much lo w e r .
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When one ozone g e n e r a t o r  i s  t a k e n  o f f - l i n e  f o r  p r e v e n t i v e  
m a in te n a n c e ,  t h e  seco n d  g e n e r a t o r  i s  t u r n e d  up t o  p r o v i d e  
t h e  ozone r e q u i r e d  f o r  t h e  few days  i n v o lv e d .

At Bay C i t y ,  M ic h ig a n ,  a  151 ,416  m3/ d a y  (40 mgd) d r i n k i n g  
w a te r  t r e a t m e n t  p l a n t  h a s  been  o p e r a t i n g  s i n c e  e a r l y  1980 
f o r  t a s t e  and odor  c o n t r o l  a t  an  a v e r a g e  f lo w  r a t e  o f  
45 ,4 2 5  m3/ d a y  (12 mgd). Four ozone g e n e r a t o r s  a r e  c a p a b le  
o f  p ro d u c in g  250 l b s / d a y  (1 1 3 .4  kg /d ay )  e a c h ,  o r  a  t o t a l
o f l , 0 0 0  l b s  (4 5 3 .5  k g ) /d a y  o f  o z o n e .  C a p i t a l  c o s t s  f o r
i n s t a l l i n g  t h e s e  ozone g e n e r a t o r s  were  $ 6 6 0 ,8 0 0 ,  which 
e q u a t e s  t o  $ 6 6 1 / lb  o f  ozone g e n e r a t i o n  c a p a c i t y .  O p e r a t in g  
c o s t s  f o r  an a v e ra g e  a p p l i e d  ozone d o sag e  o f  1 .5  mg/L 
were  r e p o r t e d  t o  be 0.118C/m 3 ( 0 .4 4 8 C / l f0 0 0  g a l )  d u r in g  
t h e  f i r s t  s i x  months o f  o p e r a t i o n  iC r o y ,  1 9 8 0 ) .

At New Ulm, M in n e s o ta ,  9 ,8 1 1  n r / d a y  (2 .5 9  mgd) o f  
w e l l  w a te r s  a r e  t r e a t e d  w i th  an  ozone d o sag e  o f  2 .1  mg/L 
t o  o x i d i z e  i r o n  and m anganese . The c a p i t a l  c o s t  f o r  t h e  
o z o n a t io n  sy s te m  c a p a b le  o f  g e n e r a t i n g  up t o  34 k g /d a y
(75 l b s / d a y )  from  d ry  a i r  was $480,000 ( $ 6 , 4 0 0 / l b  o f  ozone  
g e n e r a t i o n  c a p a c i t y ;  c o n t a c t i n g  c o s t s  a r e  p r o b a b ly  in c lu d e d  
in  t h i s  f i g u r e )  i n  1982 d o l l a r s  ( K i r k ,  1 9 8 4 ) .

In  Po tsdam , New York, a new 9 ,8 4 2  m3/d a y  (2 .6  mgd) 
w a te r  t r e a t m e n t  p l a n t  w ent o n - s t r e a m  i n  t h e  summer o f  
1983 (S im coe, 1 9 8 3 ) .  Ozone i s  u sed  f o r  d i s i n f e c t i o n  o f  
r i v e r  w a te r  p r i o r  t o  c h l o r i n a t i o n .  In  p i l o t  p l a n t  s t u d i e s ,  
t h e  THM maximum f o r m a t io n  p o t e n t i a l  was lo w e re d  from  353 
m ic ro g /L  t o  116 m ic ro g /L  w i th  a p p l i e d  ozone d o s a g e s  o f  
2 .5  mg/L. A s i n g l e  ozone g e n e r a t o r  p ro d u c e s  150 l b s  (68  
k g ) /d a y  o f  ozone from  d ry  a i r .

C o s ts  f o r  t h e  ozone g e n e r a t i o n  e q u ip m e n t ,  i n c l u d i n g  
i n s t r u m e n t a t i o n  and c o n t r o l s ,  i s  $227,600 ( $ 1 , 5 1 7 / l b  o f  
g e n e r a t i o n  c a p a c i t y ) .  Ozone c o n t a c t o r  cham bers  c o s t  $ 1 9 4 ,4 0 0 ,  
o f  w hich  $73 ,500 i s  f o r  r e i n f o r c e d  c o n c r e t e  s t r u c t u r e s ,
$55 ,000  f o r  s t a i n l e s s  s t e e l  c o v e r s ,  and $65 ,900  f o r  s t a i n l e s s  
s t e e l  w a l l  p i p e s ,  a c c e s s  manways, and d r a i n  p i p i n g .

E s t im a te d  a n n u a l  o p e r a t i n g  c o s t s  f o r  o z o n a t io n  a t  
t h i s  f a c i l i t y  a r e  e s t i m a t e d  t o  be $2 0 , 0 0 0 , c o n s i s t i n g  
o f  $7 , 2 0 0  f o r  ozone g e n e r a t i o n  and th e r m a l  d e s t r u c t i o n
o f  c o n t a c t o r  e x h a u s t  g a s e s ,  $4 ,100 f o r  p l a n t  h e a t i n g  and
v e n t i l a t i n g ,  and $8 ,700  f o r  eq u ipm en t m a in te n a n c e .  T hese  
c o s t s  e q u a te  t o  0 . 0 2 1 C/1 , 0 0 0  g a l .

The C i t y  o f  Los A n g e le s  c o n d u c te d  e x te n d e d  c o s t  a n a l y s e s  
on a l t e r n a t i v e  t r e a t m e n t  p r o c e s s e s  f o r  c o n t r o l l i n g  t u r b i d i t y ,  
t a s t e  and o d o r ,  r e d u c t i o n  i n  l e v e l s  o f  t r i h a l o m e t h a n e s  
and f o r  a s s u r i n g  b a c t e r i a l  and v i r a l  d i s i n f e c t i o n  ( S t o l a r i k ,  
1 9 8 3 ) .  T h e i r  f i n a l  d e c i s i o n  came down t o  o z o n a t io n  v e r s u s  
c h l o r i n a t i o n ,  and t h e i r  d e t e r m i n a n t  c o s t  f i g u r e s  w i th  
r e g a r d  t o  t h e  two p r o c e s s e s  a r e  shown i n  T a b le  V. By 
i n t e g r a t i n g  o z o n a t io n  i n t o  t h e  f i l t e r  p l a n t  d e s i g n ,  a 
low er  u l t i m a t e  c a p i t a l  c o s t  p r o j e c t  r e s u l t s .
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TABLE V. EFFECT OF OZONE VS. CHLORINE SYSTEMS COSTS ON 
TOTAL PROJECT COST* AT LOS ANGELES 
( S t o l a r i k ,  1983)

Capital._CQst..Item Ozone C h lQ r in e

P r o c e s s  Equipment $ 5 ,6 6 1 ,0 0 0 $ 166 ,000

R e l a t e d  P r o c e s s  S t r u c t u r e s  
and A p p u r te n a n c e s 5 ,4 6 1 ,7 0 0 ---

A d d i t i o n a l  F i l t e r i n g  C a p a c i ty  
( r e l a t e d  c o s t s ) --- 13 , 070 ,330

R e l a t e d  E l e c t r i c a l 1 ,1 6 0 ,0 0 0 782 ,000

A d d i t i o n a l  Backwash C a p a c i ty ---- 11260 ,500

M is c e l l a n e o u s 1 ,0 9 4 ,3 0 0 40 ,000

S u b t o t a l $13 «790 #800 $15 .318 .8 3 0

[ P r e s e n t  c o n s t r u c t i o n  p r o v i s i o n  
f o r  f u t u r e  f a c i l i t i e s  (O3 ) s h o u ld  
C l2 n o t  a c h i e v e  t a s t e  & odor  
c o n t r o l ,  THM s t a n d a r d ]

( i n c l u d i n g  s a l e s  ta x )  TOTAL $1 3 ,7 9 0 ,8 0 0 $18 ,5 3 2 ,8 3 0

O p e r a t io n  and M ain ten an ce  I tem

C h lo r in e $ ---- $ 162 ,400

A d d i t i o n a l  Chem ical C o a g u la n t ---- 314 ,000

Ozone D i e l e c t r i c  M a in ten an ce 127,000

A d d i t i o n a l  Power 498 ,000 42 ,100

TOTAL $ 625,000 $ 518 ,500

*N ote: The c o s t s  r e f l e c t  t h e  d i f f e r e n c e  be tw een  t h e
a l t e r n a t i v e s  a s  t h e y  a f f e c t  t h e  t o t a l  p r o j e c t  
c o s t  o f  t h e  f i l t r a t i o n  p l a n t ,  and do n o t  i n c l u d e  
t h e  c o s t s  f o r  f e a t u r e s  which a r e  t h e  same.

Annual o p e r a t i o n  and m a in te n a n c e  c o s t s  f o r  ozone a r e  
h i g h e r  t h a n  f o r  c h l o r i n e ,  b u t  t h e  5 0 - y e a r  p r e s e n t  w o r th  
( u s in g  a 9% d i s c o u n t  r a t e )  o f  t h e  d i f f e r e n c e  ($ 1 ,1 6 7 ,3 0 0 )  
was l e s s  t h a n  t h e  s a v in g s  i n  p l a n t  c o n s t r u c t i o n  c o s t  due 
t o  t h e  u se  o f  o z o n e .
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An e a r l i e r  p r e s e n t  w o r th  co m p ar iso n  be tw een  ozone 
and c h l o r i n e  d i o x i d e  showed t h a t  t h e  p r e s e n t  w o r th  c o s t  
o f  c h l o r i n e  d i o x i d e  f o r  t h i s  p l a n t  would be tw ic e  t h a t
o f  ozone ( S t o l a r i k ,  1 9 8 4 ) .

At B e l l e  G la d e ,  F l o r i d a ,  c a p i t a l  c o s t s  f o r  equ ip m en t  
t o  g e n e r a t e  500 l b s  (227 k g ) /d a y  o f  o z o n e ,  and t o  i n s t a l l  
t h e  e n t i r e  o z o n a t io n  sy s te m ,  i n c l u d i n g  c o n t a c t  r e a c t o r s ,  
p i p i n g ,  and a b u i l d i n g  t o  h ouse  t h e  g e n e r a t o r s  was $670,000 
(Wagner and E l e f r i t z ,  1 9 8 3 ) .  T h is  e q u a te s  t o  $ 1 ,3 4 0 / l b  
o f  ozone g e n e r a t i o n  c a p a c i t y .  Over 20 y e a r s  a t  12% compounded
a n n u a l  i n t e r e s t ,  t h i s  c a p i t a l  am ounts t o  3 C/1 , 000 g a l  
o f  w a te r  t o  be t r e a t e d .

E l e f r i t z ,  e t  a l . (1984) r e p o r t e d  t h a t  t h e  c o m p le te  
t u r n k e y  c o s t  o f  t h e  o z o n a t io n  sy s te m  was $530,000  f o r  
t h e  500 l b s / d a y  s y s te m .  T h is  e q u a t e s  t o  $ 1 ,0 6 0 / l b  o f  
ozone g e n e r a t i o n  c a p a c i t y .

T a b le  VI sum m arizes  t h e  e s t i m a t e d  c h e m ic a l  r e q u i r e m e n t s  
f o r  t h e  c o n v e n t i o n a l  and new d u a l - s t a g e  o z o n a t io n  p r o c e s s  
a t  B e l l e  G la d e .  I t  can  be s e e n  t h a t  c o s t s  f o r  l im e ,  p o ly m e r ,  
and c a rb o n  d i o x i d e  a r e  t h e  same i n  b o th  p r o c e s s e s ,  b u t  
t h a t  alum i s  e l i m i n a t e d  ( s a v in g  $ 9 9 , 6 2 1 / y r ) ,  and c h l o r i n e  
c o s t s  a r e  lo w ered  from $ 5 8 ,6 1 9 /y r  t o  $ 7 , 0 3 2 / y r .  Ozone 
c o s t s  add $1 0 1 , 000 / y r ;  t h u s  t h e  new p r o c e s s  s a v e s  a b o u t  
$ 5 0 ,0 0 0 /y r  i n  c h e m ic a l  c o s t s .  S t a t e d  a n o t h e r  way, t h e  
c h e m ic a l  c o s t s  f o r  t h e  two p r o c e s s e s  a r e :

C o n v e n t io n a l  P r o c e s s  1 4 .8 1 0 /1 ,0 0 0  g a l

2 - S ta g e  Ozone P r o c e s s  1 2 .8 4 0 /1 ,0 0 0  g a l

The n e a r l y  2 0 /1 ,0 0 0  g a l  d i f f e r e n c e  r e p r e s e n t s  a 13% 
s a v in g s  i n  c h e m ic a l s  c o s t s .

T a b le  V II  sum m arizes  t h e  c a p i t a l  and o p e r a t i n g  c o s t  
d a t a  f o r  ozone a t  t h e  s i x  U .S . w a te r  t r e a t m e n t  p l a n t s  
d i s c u s s e d  a b o v e .  W ith t h e  e x c e p t i o n  o f  t h e  p l a n t  a t  New 
Ulm, M in n e s o ta ,  t h e  c a p i t a l  c o s t s  ra n g e  from $661 t o  $1 ,517  
p e r  pound o f  ozone g e n e r a t i o n  c a p a c i t y .  O p e r a t in g  c o s t s  
f o r  o z o n a t io n  ra n g e  from 0 .0 2 1 0 /1 ,0 0 0  g a l  a t  P o tsdam ,
New York t o  3 .9 5 0 /1 ,0 0 0  g a l  a t  B e l l e  G la d e ,  F l o r i d a .

ORGANIC OXIDATION PRODUCTS FROM OZONATION

Ozone o x i d a t i o n  o f  o r g a n i c  m a t e r i a l s  p ro d u c e s  many 
i n t e r m e d i a t e  o x i d a t i o n  p r o d u c t s ,  a s  t h e  c a rb o n a c e o u s  m a t e r i a l s  
p r o g r e s s  a lo n g  t h e i r  o x i d a t i o n  pa thw ays  u l t i m a t e l y  t o  
p ro d u c e  CO^ and w a t e r .  As a g e n e r a l  r u l e ,  t h e s e  o x i d i z e d  
i n t e r m e d i a t e s  a l l  c o n t a i n  more oxygen th a n  d i d  t h e i r  p r e ­
c u r s o r s .  A lso  a s  a  g e n e r a l  r u l e ,  t h e  more oxygen o r g a n i c  
compounds c o n t a i n ,  t h e  more w a te r  s o l u b l e  and t h e  more 
b i o d e g r a d a b l e  t h e y  a r e .  T h is  i s  why ozone  o x i d a t i o n  o f  
o r g a n i c  m a t e r i a l s  p ro m o tes  b i o d é g r a d a t i o n .
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TABLE V I. ESTIMATED CHEMICAL REQUIREMENTS AT BELLE GLADE, 
FLORIDA ( E l e f r i t z  e t  a l . . 1984)

CONVENTIONAL PROCESS a 7 UGD

CHEMICAL DOSAGE 
(mg/ U

UNIT COST 
(6 /kg )

DEMAND
(kg/DAY)

COST 
(6/DAY)

COST 
(0/YEARJ

LIME too 0.0159 5307.27 408.55 149.161.00

ALUM 0.55 0.0366 1459.55 272.94 99.621.26

CARBON
DIOXIDE to 0.0535 530.73 153.45 59.664.36

POLYMER 0.20 1.2045 5.32 31.00 11.316.63

CHLORINE

MODIFIED

zs

OZONE PRL

0.0500

CESS o 7

553.54

AVG-0.039  

MGD

150.50

*1.036.56
t6/m *(14.$i

COST
(6/DAY)

56.619.00

6376.362.36
't / 1000GALS)

COST
(6/YEAR)

CHEMICAL DOSAGE
(m g /l)

UNIT COST 
(6 /kg )

DEMAND 
( kg/DAY)

LIME too 0.0159 5307.27 406.66 149.161.00

POLYMER 0.20 / .2045 5 .32 31.00 11.316.63

CARBON
DIOXIDE to 0.0635 530.73 163.46 59.664.36

* OZONE $ 0.3591 159.09 276.72 101.003.24

CHLORINE

* OZONE 9 n  
«  6

3

t KILOWATT 
.50 PER KWh

0.0500

HOURS/LBS
(R

79.51 

AVG-0.0339

19.27

0699 .II  
t/m 3 (l2 .6 4 {

7.031.67

6326.177.30
t/IOOOGALS)
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TABLE V I I .  SUMMARY OF OZONE CAPITAL AND OPERATING COSTS 
AT OPERATIONAL U .S. WATER TREATMENT PLANTS

p l a n t  (y r  
s t a r t e d )

am t.  o f  O3 c a p i t a l  
s i z e  g e n e r a t e d  c o s t

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

mJ (mgd) 
p e r  day

kg ( lb s )  
p e r  day

S / l b
c a p a c i t y

0/ 1 , 0 0 0  
a a l  t r t d .

Monroe, MI 
(1979)

6 8 ,1 3 7 (1 8 ) 113(225) $1 ,050 0 .6 3 6 0

Bay C i t y ,  
MI (1978)

1 5 1 ,4 1 6 (4 0 ) 4 5 4 (1 ,0 0 0 ) $ 661 0 .4 4 8 0

New Ulm, MN 
(1982)

9 ,8 1 1 ( 2 .6 ) 341(75) $6,400 n o t  g iv e n

Potsdam , NY 
(1983)

9 ,8 4 2 ( 2 .6 ) 68(150) $1 ,517 0 . 0 2 1 0

Los A n g e le s ,  
CA (1986)

2.2MM(580) 3 ,3 1 1 ( 7 ,3 0 0 ) $ 716 0 .2 9 5 0

B e l l e  G la d e ,  
FL (1984)

2 2 ,7 1 2 (6 ) 227(500) $1 ,340*
$1,060

3 .9 5 0

* i n c l u d i n g  c o s t s  o f  t w o - s t a g e  c o n t a c t i n g  + h o u s in g

Im proved b i o d e g r a d a b i l i t y  a l s o  im p l i e s  l e s s  t o x i c i t y  
o f  t h e  o x i d a t i o n  p r o d u c t s ,  b u t  t h i s  i s  n o t  a lw ays  t h e  
c a s e ,  p a r t i c u l a r l y  when a r o m a t i c  r i n g s  a r e  i n v o lv e d .
W ith  p h e n o l ,  f o r  exam ple ,  i n i t i a l  o x i d a t i o n  t a k e s  p l a c e  
w i th o u t  c l e a v i n g  t h e  r i n g ,  and i t  s h o u ld  be assum ed t h a t  
t h e  p o ly h y d ro x y a ro m a t ic  i n t e r m e d i a t e  o x i d a t i o n  p r o d u c t s  
a r e  a s  t o x i c  a s  i s  p h e n o l .  Once t h e  a r o m a t i c  r i n g  i s  
r u p t u r e d ,  how ever ,  t h e  a l i p h a t i c ,  c a r b o x y l  and c a r b o n y l -  
c o n t a i n i n g  p r o d u c t s  become l e s s  t o x i c ,  and more b i o d e g r a d a b l e .

F ig u r e  7 shows many o f  t h e  o x i d a t i v e  pa thw ays  which  
p h e n o l  u n d e rg o e s  when i t  i s  o x i d i z e d  ( M i l l e r ,  a l . ,
1 9 7 8 ) .  I n c lu d e d  i n  t h i s  f i g u r e  a r e  d i c h l o r i n a t e d  p h e n o l s  
and a l k y l p h e n o l s ,  w hich  a r e  shown t o  p ro d u c e  t h e  same 
o x i d a t i o n  p r o d u c t s  a s  p h e n o l  a f t e r  r i n g  r u p t u r e .  The 
c a r b o n - c h l o r i n e  bonds a r e  b ro k e n  a t  some p o i n t  d u r in g  
t h e  o x i d a t i o n  p r o c e s s ,  g e n e r a t i n g  c h l o r i d e  i o n s .
A lth o u g h  t h e  r e a c t i o n s  i n  F ig u r e  7 a r e  shown a s  b e in g  
ca u s e d  by ozone o x i d a t i o n ,  i t  s h o u ld  be a p p r e c i a t e d  t h a t  
many o f  t h e s e  i n t e r m e d i a t e  o x i d a t i o n  p r o d u c t s  a l s o  can  
be p ro d u c e d  by o t h e r  s t r o n g  o x i d i z i n g  a g e n t s ,  i n c l u d i n g  
c h l o r i n e  d i o x i d e ,  p e rm a n g a n a te ,  h y d rogen  p e r o x i d e ,  and 
c h l o r i n e  i t s e l f .
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F ig u r e  7 .  R e a c t io n s  o f  ozone w i th  p h e n o ls  
( M i l l e r  e t  a l . . 1 9 7 8 ) .
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C e r t a i n  p e s t i c i d e s ,  su c h  a s  p a r a t h i o n  and m a la th io n  
form  t h e i r  r e s p e c t i v e  oxons upon i n i t i a l  o x i d a t i o n .  F u r t h e r  
o x i d a t i o n  ( u s in g  more o x i d a n t  a n d / o r  lo n g e r  c o n t a c t  t im e s )
w i l l  c o n v e r t  t h e s e  i n t e r m e d i a t e s  t o  o t h e r  p r o d u c t s ,  a s  
shown i n  F ig u r e  8 . However, i t  s h o u ld  be a p p r e c i a t e d  
t h a t  t h e  oxons a r e  more t o x i c  t h a n  a r e  t h e  t h i o n s  (M a r t in  
and L a P la n c h e ,  1 9 7 7 ) .

The s t r o n g  i n s e c t i c i d e  H e p ta c h lo r  upon o z o n a t io n  p ro d u c e s  
t h e  more t o x i c  H e p ta c h lo r e p o x id e ,  w hich i s  s t a b l e  t o  f u r t h e r  
t r e a t m e n t  w i th  ozone u n d e r  c o n d i t i o n s  n o rm a l ly  employed 
i n  d r i n k i n g  w a te r  t r e a t m e n t  p l a n t s  (Hofmann and E i c h e l s d ö r f e r ,  
1 9 7 1 ) .

T hese  p e s t i c i d e  exam ples  l e a d  t o  s e v e r a l  s i g n i f i c a n t  
c o n c l u s i o n s :

1) To t h e  maximum e x t e n t  p o s s i b l e ,  t h e  w a te r  t r e a t m e n t
s p e c i a l i s t  s h o u ld  know w hat o x i d i z a b l e  m a t e r i a l s  a r e
i n  h i s  raw w a t e r ,  and what p r o d u c t s  a r e  form ed upon
o x i d a t i o n ,

2) I f  o z o n e ,  t h e  m ost p o w e r fu l  o x i d i z i n g  a g e n t  employed
i n  d r i n k i n g  w a te r  t r e a t m e n t ,  w i l l  n o t  t o t a l l y  o x i d i z e
some o r g a n i c  compounds t o  C02 and w a t e r ,  n e i t h e r  w i l l
weaker oxidizing agent?,

3) The a p p l i c a t i o n  o f  any o x i d i z i n g  a g e n t  t o  w a te r s  c o n t a i n i n g
h ig h  c o n c e n t r a t i o n s  o f  d i s s o l v e d  o r g a n i c  m a t e r i a l s
w i l l  p ro d u c e  o r g a n i c  o x i d a t i o n  p r o d u c t s .

4) The p r o p e r  w a te r  t r e a t m e n t  s t r a t e g y  s h o u ld  be t o  remove
o r g a n i c  m a t e r i a l s  t o  t h e  maximum e x t e n t  p o s s i b l e  by
p h y s i c a l  and c h e m ic a l  t e c h n i q u e s  b e f o r e  any o x i d a n t
i s  a d d ed .

In  r e v ie w in g  t h e  p u b l i s h e d  l i t e r a t u r e  on t h e  o x i d a t i o n  
p r o d u c t s  o f  o r g a n i c  m a t e r i a l s  p ro d u c e d  by ozone o r  by 
c h l o r i n e  d i o x i d e ,  M i l l e r  a i .  (1978) c o n c lu d e d  t h a t ,  
a s  a g e n e r a l  r u l e ,  a l l  o x i d a n t s  u se d  f o r  t r e a t m e n t  o f  
d r i n k i n g  w a te r  ( c h l o r i n e ,  c h l o r i n e  d i o x i d e ,  p e rm a n g a n a te ,  
and ozone) can  p ro d u c e  s i m i l a r ,  and i n  some c a s e s  i d e n t i c a l ,  
n o n - h a lo g e n a t e d  o x i d a t i o n  p r o d u c t s .  Each o x i d a n t  w i l l  
p ro d u c e  o t h e r  o r g a n i c  o x i d a t i o n  p r o d u c t s  t h a t  a r e  u n iq u e
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F ig u r e  8 . O zo n a t io n  o f  M a la th io n  and P a r a t h i o n  
(M a r t in  & L a p la n c h e ,  1 9 7 7 ) .
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t o  i t s  c h e m i s t r y ,  su ch  a s  h a lo g e n a t e d  o r g a n i c s  when u s in g  
c h l o r i n e ,  and from c h l o r i n e  d i o x i d e  un d er  c e r t a i n  c o n d i t i o n s .

T h is  c o n c lu s io n  i s  s u p p o r t e d  by t h e  work o f  C a r l s o n  
and C ap le  (1977) who s t u d i e d  t h e  o x i d a t i o n  o f  a v a r i e t y  
o f  o r g a n i c  compounds ( a l p h a - t e r p i n e o l ,  o l e i c  a c i d ,  a b i e t i c  
a c i d  and c h o l e s t e r o l )  w i th  c h l o r i n e  and w i th  ozone in  
aqueous  s o l u t i o n s .  Many o f  t h e  o x i d a t i o n  p r o d u c t s  i s o l a t e d  
and i d e n t i f i e d  were i d e n t i c a l ,  r e g a r d l e s s  o f  w hich o x id a n t  
was em ployed .

CONCLUSIONS

1) The u se  o f  ozone f o r  t r e a t i n g  d r i n k i n g  w a te r  i s  a 
common p r a c t i c e ,  p r i m a r i l y  i n  Europe where i t s  u se  
was p i o n e e r e d  in  t h e  e a r l y  1 9 0 0 s .  Today t h e r e  a r e
a t  l e a s t  1 ,300  ozone w a te r  t r e a t m e n t  p l a n t s  th r o u g h o u t  
t h e  w o r ld ,  40 t o  50 p l a n t s  in  Canada and 20 in  t h e  
U n i te d  S t a t e s ,  s u c c e s s f u l l y  em ploy ing  ozone f o r  one 
o r  more p u r p o s e s .

2) Ozone s e r v e s  b o th  a s  a d i s i n f e c t a n t  and a s  a c h e m ic a l  
o x i d a n t ,  and b o th  p r o c e s s e s  w i l l  be o p e r a t i v e  r e g a r d l e s s  
o f  where ozone i s  added  d u r in g  t h e  t r e a t m e n t  p r o c e s s .

3) When u sed  a s  a d i s i n f e c t a n t ,  ozone i s  a p p l i e d  a t  o r  
n e a r  t h e  end o f  t h e  t r e a t m e n t  p r o c e s s ;  when u sed  a s  
an o x i d a n t ,  ozone n o rm a l ly  i s  a p p l i e d  a t  an e a r l y  
s t a g e .

4) B ecause  ozone does  n o t  p r o v id e  a s t a b l e  r e s i d u a l  f o r  
d i s t r i b u t i o n  s y s te m s ,  a c h l o r i n e  compound ( 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 lo ra m in e s )  n o rm a l ly  i s  added  
f o r  t h i s  p u r p o s e ,  a f t e r  ozone d i s i n f e c t i o n .

5) The a b i l i t y  o f  p r e o z o n a t i o n  t o  p a r t i a l l y  o x i d i z e  o r g a n i c  
m a t e r i a l s  in  raw w a te r s  l e a d s  t o  t h e i r  more e f f i c i e n t  
rem oval by s u b s e q u e n t  f l o c c u l a t i o n  and f i l t r a t i o n .
In  many c a s e s ,  p r e o z o n a t i o n  s a v e s  c h e m ic a l  c o s t s .
At t h e  new Los A n g e le s ,  CA p l a n t ,  p r e o z o n a t i o n  w i th  
c h e m ic a l  t r e a t m e n t  w i l l  a l lo w  a 50% f a s t e r  f i l t r a t i o n  
r a t e .

6 ) Most o r g a n i c  m a t e r i a l s  c a n n o t  be o x i d i z e d  c o m p le te ly  
t o  C0 2 and w a te r  un d er  o z o n a t io n  c o n d i t i o n s  n o rm a l ly  
employed in  w a te r  t r e a t m e n t  p l a n t s .  P a r t i a l  o x i d a t i o n  
p r o d u c t s  g e n e r a l l y  a r e  more b i o d e g r a d a b l e  th a n  t h e  
o r i g i n a l  compounds. Thus o z o n a t io n  can  be u se d  t o  
p rom ote  b i o l o g i c a l  a c t i v i t y ,  which when p r o p e r l y  d e s ig n e d  
and o p e r a t e d  w i t h i n  t h e  w a te r  t r e a t m e n t  p l a n t ,  can  
lo w er  t h e  t o t a l  o r g a n i c  c a rb o n  and ammonia c o n t e n t s
o f  t h e  t r e a t e d  w a t e r .
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7) P l a n t s  a l r e a d y  u s in g  ozone f o r  d i s i n f e c t i o n  can  i n c o r ­
p o r a t e  p r e o z o n a t io n  a t  t h e  in c r e m e n ta l  c o s t  o f  a d d in g
a p r e o z o n a t i o n  c o n t a c t i n g  s y s te m .  O z o n e - c o n ta in in g
e x h a u s t  g a s e s  from t h e  d i s i n f e c t i o n  c o n t a c t o r  g e n e r a l l y
p r o v id e  t h e  r e q u i s i t e  amount o f  ozone f o r  t h e  p r e o z o n a t i o n
s t e p .

8 ) P r e o z o n a t io n  has  r e p l a c e d  b r e a k p o i n t  p r e c h l o r i n a t i o n  
a t  many European w a te r  t r e a t m e n t  p l a n t s ,  t h u s  moving 
t h e  p o i n t  o f  c h l o r i n e  a d d i t i o n  u n t i l  much l a t e r  in  
t h e  t r e a t m e n t  p r o c e s s ,  a f t e r  most o f  t h e  o r g a n i c s
have  been  removed. T h is  r e s u l t s  in  much low er  q u a n t i t i e s  
o f  h a lo g e n a t e d  o r g a n i c s  b e in g  p ro d u c e d .

9) I n s t a l l i n g  o z o n a t io n  p r i o r  t o  GAC a d s o r p t i o n  can p ro lo n g
t h e  u s e f u l  l i f e  o f  t h e  GAC up t o  a f a c t o r  o f  s i x  t i m e s .
In  many i n s t a n c e s  t h e s e  s a v in g s  i n  GAC r e a c t i v a t i o n
can  pay f o r  t h e  c o s t s  o f  p r e o z o n a t i o n .

10) The most modern F ren ch  w a te r  t r e a t m e n t  p l a n t s  now
a r e  em ploying  t r i p l e - s t a g e  o z o n a t io n  ( p r e o z o n a t i o n ,
o z o n a t io n  p r i o r  t o  GAC a d s o r p t i o n ,  and ozone d i s i n f e c t i o n )
t o  p ro d u c e  h ig h  q u a l i t y  d r i n k i n g  w a t e r s .  T h is  i s
b e in g  a c c o m p l ish e d  w i th  l e s s  th a n  30% more ozone th a n  
t h a t  o r i g i n a l l y  r e q u i r e d  f o r  d i s i n f e c t i o n  a l o n e .

11) A l th o u g h  t h e  c a p i t a l  c o s t s  o f  i n s t a l l i n g  o z o n a t io n
equ ipm en t a r e  r e l a t i v e l y  h ig h  compared w i th  o t h e r
o x i d a n t s ,  o p e r a t i n g  c o s t s  a r e  low. C a p i t a l  c o s t s
f o r  ozone g e n e r a t i o n  in  some o f  t h e  newer U .S. w a te r  
t r e a t m e n t  p l a n t s  ran g e  from $661 t o  $1,500 p e r  pound 
o f  d a i l y  ozone g e n e r a t i o n  c a p a c i t y .  O p e r a t in g  c o s t s
a t  t h e  same p l a n t s  ran g e  from 0.02C t o  3 .9 5 0  p e r  1 ,000  
U .S. g a l l o n s  t r e a t e d .

12) Whenever any ch e m ic a l  o x id a n t  i s  added t o  w a te r s  c o n t a i n i n g
h ig h  c o n c e n t r a t i o n s  o f  d i s s o l v e d  o r g a n ic  m a t e r i a l s ,
o x i d a t i o n  p r o d u c t s  w i l l  be fo rm ed . A lth o u g h  each
c h e m ic a l  o x id a n t  p ro d u c e s  o r g a n ic  o x i d a t i o n  p r o d u c t s  
s p e c i f i c  t o  i t s  o x i d a t i o n  c h e m is t r y ,  many o f  t h e  same 
p r o d u c t s  a r e  formed by a l l  c h e m ic a l  o x i d a n t s .  M in im iz ing  
t h e  f o r m a t io n  o f  o r g a n ic  o x i d a t i o n  p r o d u c t s  r e q u i r e s  
m ax im iz ing  t h e  rem oval o f  o r g a n i c s  by p h y s i c a l  and 
c h e m ic a l  t e c h n i q u e s  b e f o r e  o x i d a n t s  a r e  ad d ed .
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CHAPTER 11

THE OCCURRENCE OF CONTAMINATION IN 
DRINKING WATER FROM GROUNDWATER SOURCES

Hugh F. Hanson, P.E.
Chief, Science and Technology Branch 
Office o f Drinking Water 
U.S. Environmental Protection Agency 
Washington, DC 20460

I t  h a s  been  e s t i m a t e d  t h a t  be tw een  30 and 60 
q u a d r i l l i o n  g a l l o n s  o f  g ro u n d w a te r  o c c u r  w i t h i n  1 / 2  m i le  o f  
t h e  s u r f a c e  i n  t h e  U n i te d  S t a t e s  — a volume o f  w a te r  
g r e a t e r  t h a n  f o u r  t im e s  t h a t  c o n t a i n e d  in  t h e  G re a t  L a k e s ,  
A p p ro x im a te ly  25% o f  t h e  f r e s h w a t e r  u sed  i n  t h e  U n ite d  
S t a t e s  i s  from  g ro u n d w a te r  s o u r c e s .  A l th o u g h  t h e  
p re d o m in a n t  u s e s  o f  g ro u n d w a te r  a r e  f o r  i r r i g a t i o n  and 
i n d u s t r i a l  a p p l i c a t i o n s ,  a b o u t  2 0% o f  g ro u n d w a te r  i s  u sed  
f o r  d r i n k i n g  w a t e r ,  i n c l u d i n g  b o th  p u b l i c  w a te r  s u p p l i e s  
and i n d i v i d u a l ,  u s u a l l y  r u r a l ,  s u p p l i e s .  I t  i s  e s t i m a t e d  
t h a t  a b o u t  50% o f  a l l  U .S . r e s i d e n t s  o b t a i n  d r i n k i n g  w a te r  
f rom  g ro u n d w a te r .  H i s t o r i c a l l y ,  g ro u n d w a te r  h a s  been  
v iew ed a s  a r e l a t i v e l y  p r i s t i n e  r e s o u r c e ,  and g e n e r a l l y  has  
been  used  f o r  d r i n k i n g  w a te r  w i th o u t  m a jo r  t r e a t m e n t  o t h e r  
t h a n  d i s i n f e c t i o n .  In  r e c e n t  y e a r s ,  how ever ,  i t  has  been  
r e c o g n iz e d  t h a t  g ro u n d w a te r  i s  v u l n e r a b l e  t o  c o n t a m i n a t i o n ,  
p a r t i c u l a r l y  w i th  o r g a n i c  c h e m ic a l s  r e s u l t i n g  from  a ra n g e  
o f  m an 's  i n d u s t r i a l  and a g r i c u l t u r a l  a c t i v i t i e s .

The p u rp o s e  o f  t h i s  p a p e r  i s  t o  summarize t h e  
i n f o r m a t i o n  c u r r e n t l y  a v a i l a b l e  t o  EPA's O f f i c e  o f  D r in k in g  
W ater on t h e  o c c u r r e n c e  o f  c o n ta m in a n t s  i n  p u b l i c  w a te r  
s u p p l i e s  u s in g  g ro u n d w a te r  s o u r c e s .

P u b l i c  w a te r  s u p p l i e s ,  a s  d e f i n e d  in  t h e  S a fe  D r in k in g  
W ater A c t ,  a r e  t h o s e  s e r v i n g  25 o r  more p e o p l e .  I t  i s  
c u r r e n t l y  e s t i m a t e d  t h a t  t h e r e  a r e  i n  e x c e s s  o f  45 ,000  
p u b l i c  g ro u n d w a te r  s u p p l i e s  s e r v i n g  more th a n  100  m i l l i o n  
p e o p le  i n  t h e  U n i te d  S t a t e s .  I t  s h o u ld  be n o te d  t h a t  t h e r e  
a r e  a l s o  more th a n  11 m i l l i o n  p r i v a t e  w e l l s  p r o v i d i n g  
d r i n k i n g  w a te r  t o  an a d d i t i o n a l  25-30 m i l l i o n  r e s i d e n t s ,  
m a in ly  i n  r u r a l  a r e a s .  The d i s t r i b u t i o n  o f  g ro u n d w a te r  
sy s te m s  a s  r e l a t e d  t o  p o p u l a t i o n  g ro u p s  i s  g iv e n  i n  T a b le
I .

161
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TABLE I .  GROUNDWATER SYSTEMS IN RELATION TO 
POPULATION GROUPS

The S a fe  D r in k in g  W ater A ct g i v e s  EPA t h e  a u t h o r i t y  t o  
e s t a b l i s h  n a t i o n a l  s t a n d a r d s  i n  t h e  form  o f  maximum 
c o n ta m in a n t  l e v e l s ,  o r  MCLs, t h a t  s p e c i f y  t h e  maximum 
p e r m i s s i b l e  l e v e l  o f  a c o n ta m in a n t  i n  w a te r  which i s  
d e l i v e r e d  t o  any u s e r  o f  a p u b l i c  w a te r  s y s te m . In  
December 1975 , EPA p ro m u lg a te d  t h e  N a t io n a l  I n t e r i m  P r im a ry  
D r in k in g  W ater R e g u la t io n s  w hich e s t a b l i s h e d  MCLs and 
m o n i to r in g  and r e p o r t i n g  r e q u i r e m e n ts  f o r  10 i n o r g a n i c  
m a t e r i a l s ,  s i x  o r g a n i c  p e s t i c i d e s ,  r a d i o n u c l i d e s ,  
m i c r o b i o l o g i c a l  c o n ta m in a n t s ,  and t u r b i d i t y .  In  November 
1979 , t h e s e  r e g u l a t i o n s  were amended t o  i n c l u d e  an MCL, 
m o n i to r in g  and r e p o r t i n g  r e q u i r e m e n ts  f o r  t o t a l  
t r i h a l o m e t h a n e s  (T ab le  I I ) •

V i o l a t i o n s  o f  t h e  MCLs a r e  r e p o r t e d  by t h e  s t a t e s  t o  
EPA. Those d a t a  a r e  m a in ta in e d  by EPA on t h e  F e d e r a l  
R e p o r t in g  D a ta  System  (FRDS).

W ith  th e  e x c e p t i o n  o f  m i c r o b i o l o g i c a l  c o n t a m i n a t i o n ,  
t h e  r e p o r t e d  v i o l a t i o n s  o f  MCLs i n  g ro u n d w a te r  s u p p l i e s  a r e  
r e l a t i v e l y  few . A p p ro x im a te ly  4 ,5 0 0  g ro u n d w a te r  s u p p l i e s  
have  b een  r e p o r t e d  t o  exceed  t h e  m i c r o b i o l o g i c a l  MCL. Most 
o f  t h e  v i o l a t i o n s  a r e  by sm a l l  s u p p l i e s .

I t  i s  e s t i m a t e d  t h a t  t h e r e  a r e  be tw een  1 ,5 0 0  and 3 ,0 0 0  
g ro u n d w a te r  s u p p l i e s  i n  v i o l a t i o n  o f  t h e  MCLs f o r  t h e  
i n o r g a n i c s  i n c l u d i n g  t h e  m e t a l s .  Most o f  t h e s e  —  1 ,0 0 0 -  
2 , 0 0 0  — a r e  v i o l a t i o n s  o f  t h e  f l u o r i d e  s t a n d a r d s  and a b o u t  
500-600  a r e  v i o l a t i o n s  o f  t h e  n i t r a t e  s t a n d a r d .  Among t h e  
m e t a l s ,  v i o l a t i o n s  o f  s e le n iu m  and a r s e n i c  MCLs a p p e a r  most 
f r e q u e n t l y .  T here  a r e  s c a t t e r e d  v i o l a t i o n  r e p o r t s  o f  t h e  
r a d i o n u c l i d e  s t a n d a r d s ,  and v e ry  few ( i . e . ,  l e s s  t h a n  1 0 ) 
v i o l a t i o n s  o f  t h e  p e s t i c i d e  MCLs.

The m ajo r  c o n c e rn  w i th  g ro u n d w a te r  s o u r c e s  o f  d r i n k i n g  
w a te r  a t  p r e s e n t  i s  t h e  o c c u r r e n c e  o f  v o l a t i l e  o r g a n i c  
c h e m i c a l s .  In  March 1982 , EPA i s s u e d  an Advanced N o t ic e  o f  
P ro p o sed  Rulemaking i d e n t i f y i n g  14 VOCs most commonly 
d e t e c t e d  i n  g ro u n d w a te r  which  EPA has  been  c o n s i d e r i n g  f o r  
r e g u l a t i o n  u n d e r  P hase  I  o f  t h e  R ev ised  N a t i o n a l  P r im a ry  
D r in k in g  W ater R e g u la t io n s  (T ab le  I I I ) . Some a d d i t i o n a l

POPULATION SERVED NQ... szsT m s.

25-100 19 ,200
100-150 13 ,400
5 0 0 -1 ,0 0 0 4 ,2 0 0

1 , 0 0 0 - 1 0 , 0 0 0 7 ,3 0 0
1 0 , 00 0 - 1 0 0 , 0 0 0 1 , 2 0 0

1 0 0 ,0 0 0 -1  M i l l i o n 66
Over 1 M i l l i o n -  1

TOTAL 45,000
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TABLE I I .  CONTAMINANTS CURRENTLY REGULATED UNDER THE
INTERIM NATIONAL PRIMARY DRINKING WATER REGULATIONS

In o rg a n ic s MCL

A rsen ic 0 .0 5  mg/L
Barium 1 .0  mg/L
Cadmium 0 .0 1 0  mg/L
Chromium 0 .0 5  mg/L
Lead 0 .0 5  mg/L
Mercury 0 .0 0 2  mg/L
N itr a te  (a s  N) 10 mg/L
Selenium 0 .0 1  mg/L
S i lv e r 0 .0 5  mg/L
F lu o r id e 1 .4 - 2 .4 mg/L

O rganic P e s t ic id e s

(am bient tem pera­
tu re  dependent)

Endrin 0 . 0 0 0 2 mg/L
Lindane 0 .0 0 4 mg/L
M ethoxychlor 0 . 1 mg/L
Toxaphene 0 .0 0 5 mg/L
2,4 -D 0 . 1 mg/L
2 , 4 , 5 , -TP (S i lv e x ) 0 . 0 1 mg/L

R a d io n u c lid es

Radium-226 p lu s  Radium-228
Gross alpha p a r t ic le a c t i v i t y
B eta  p a r t i c l e  and photon r a d io a c t iv i t y

T u rb id ity

' T o ta l T rihalom eth anes

C oliform  B a c ter ia

5 pCi/L  
15 pCi/L  

4 mrem/year

1 Tu (up to  5 Tu)

0 .0 1  mg/L

V a r ies  as fu n c tio n  
o f system  s i z e ,
sam pling freq u en cy , 
and a n a ly t ic a l  
m ethods used
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o r g a n i c  c o n ta m in a n t s  ( e . g . ,  p e s t i c i d e s  l i k e  DBCP and EDB)
a r e  b e in g  c o n s i d e r e d  f o r  P hase  I I  o f  t h e  r e v i s e d  
r e g u l a t i o n s .  B ecause  t h e r e  a r e  no MCLs o r  m o n i to r in g  
r e q u i r e m e n t s  c u r r e n t l y  f o r  VOCs, a co m p reh en s iv e  d a t a  b a s e  
on t h e  o c c u r r e n c e  o f  VOCs in  p u b l i c  w a te r  s u p p l i e s  d o es  n o t  
e x i s t .  E s t im a te s  o f  t h e  n a t i o n a l  o c c u r r e n c e  o f  VOC's have  
b een  d e v e lo p e d  from  m o n i to r in g  d a t a  o b t a i n e d  th ro u g h  
e x t r a p o l a t i o n  from  s i x  n a t i o n a l  s u r v e y s  c o n d u c te d  o v e r  t h e  
l a s t  s e v e r a l  y e a r s :

-  N a t io n a l  O rg a n ic s  R e c o n n a is sa n c e  Survey  (NORS)
-  N a t io n a l  O rg a n ic s  M o n i to r in g  Survey  (NOMS)
-  N a t io n a l  S c re e n in g  Program  f o r  O rg a n ic s  in  D r in k in g  

W ater (NSP).
-  Community W ater Supply  Survey  (CWSS)
-  R u ra l  W ater Survey  (RWS)
-  G roundw ater  Supply  Survey  (GWSS)

The number o f  g ro u n d w a te r  s u p p l i e s  sam pled  and t h e  
p a r t i c u l a r  VOC exam ined i n  each  s u rv e y  a r e  a l s o  shown in  
T a b le  I I I .

T a b le  IV shows t h e  e s t i m a t e d  p e r c e n t a g e s  o f  
g ro u n d w a te r  s u p p l i e s  n a t i o n a l l y  t h a t  a r e  c o n ta m in a te d  w i th  
v a r i o u s  VOCs a s  e x t r a p o l a t e d  from t h e  d a t a  a v a i l a b l e  from  
t h e  s i x  s u r v e y s .  In  g e n e r a l ,  t h e  f r e q u e n c y  o f  o c c u r r e n c e  
i s  much g r e a t e r  among l a r g e r  s u p p l i e s ,  a l t h o u g h  in  a b s o l u t e  
num bers ,  more s m a l l  s u p p l i e s  a r e  e x p e c te d  t o  be 
c o n ta m in a t e d .  T a b le  V sum m arizes  d a t a  o b t a i n e d  on VOC 
o c c u r r e n c e s  and t h e i r  maximum c o n c e n t r a t i o n s  fo u n d .

NORS NOMS NSP CWSS GWSS RWS

Approximate Number o f  
Groundwater System s 
Sampled

16 18 12 330 945 644

T r ic h lo ro e th y le n e • • • • •

T etra c h lo ro e th y len e • • • • •
Carbon T e tra c h lo r id e • • • • • •

1 , 1 , 1 -T r ich lo ro eth a n e • • • • •

1 , 2 -D ich lo ro e th a n e • • • • • •
V inyl C h lor id e • •
D ichlorom ethane • • •
Benzene • • • •
C hlorobenzene • • •
D ic h lo ro b en zen e ( s ) • • •
T r ich lo ro b en ze n e ( s ) • •
1 , 1 -D ic h lo r o e th y len e • •
c i s  -  or t r a n s - 1 ,2 -  
D ic h lo r o e th y le n e • • • •
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TABLE IV. ESTIMATED NATIONAL FREQUENCY OF OCCURENCE
OF VOCS IN GROUNDWATER SUPPLIES

VOC
0.5

microg/L
5

microg/L
20

■microg/L
50

microg/L
100

microg/L

Trichloroethylene 3.4% 0.9% 0.4% 0.3% 0.1%
1 ,1 ,1-Trichloroethane 2 .91 0.8% 0.2% 0.01% 0.01%
Tetrachloroethylene 3.2% 0.7% 0.1% <0.01%
Benzene 1.3% 0.3% 0.04% <0.01%
Vinyl Chloride 0.06% 0.04% <0.01% <0.01%
cis/trans-Dichloroethvlene 1.1% 0.4% 0.02%
1 ,1-Dichloroethylene 1.8% 0.2%
Carbon Tetrachloride 0.7% 0.2%
p-Dichlorobenzene 1.0%
1 ,2-Dichloroethane 0.3%
Chlorobenzene 0.2%
o-Dichlorobenzene 0.2%

TABLE V. SUMMARY OF VOC FINDINGS IN THE GROUNDWATER SURVEY

A lth o u g h  t h e  d a t a  s u g g e s t  t h a t  few er  th a n  5% o f  t h e  
n a t i o n ' s  g ro u n d w a te r  s u p p l i e s  have  d e t e c t a b l e  l e v e l s  o f  any 
one s p e c i f i c  VOC, an a n a l y s i s  o f  t h e  d a t a  from  a b o u t  500 
random ly  s e l e c t e d  sa m p le s  o f  t h e  G roundw ater  S upp ly  Su rvey  
(GWSS) ( F ig u r e  1) i n d i c a t e d  t h a t  21.2% o f  t h e  n a t i o n ' s  
s u p p l i e s  may have a t  l e a s t  one VOC p r e s e n t  a t  d e t e c t a b l e  
l e v e l s ,  and t h a t  5.6% have t h r e e  o r  more p r e s e n t .

* R atio  o f  community w e l ls  to  p r iv a te  w e l ls  i s  not known 
** Not a s t a t i s t i c a l  v a lu e

CHEMICAL
ESTATES

TESTED
DWELLS*
TESTED %P0SITIVE**

MAXIMUM
MICROG/L

T r ic h lo r o e th y le n e 8 2894 28 35 ,000
Carbon T e tra c h lo r id e 4 1659 10 379
T etr a c h lo r o e th y le n e 5 1652 14 50
1 , 2 -D ich lo ro e th a n e 2 1212 7 400
1 , 1 , 1 -T r ic h lo r o eth a n e 3 1611 23 401 ,300
1 , 1 -D ic h lo ro e th a n e 9 785 18 11 ,300
D ic h lo r o e th y le n e s  (3 ) 8 781 23 860
M ethylene C h lor id e 10 1183 2 3 ,6 0 0
V inyl C h lor id e 9 1033 7 380
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RESULTS OF ANALYSES:

Random -  21% o f  system s were p o s i t iv e  

Non-Random -  27% o f  system s were p o s i t iv e

SYSTEMS SERVING 10 ,0 0 0  PEOPLE OR MORE FOUND TO HAVE HIGHER 
FREQUENCY OF CONTAMINATION:

10 .0 0 0  -  16.5%

10 .0 0 0  -  28.5%

VOC CONTAMINATION CANNOT BE PREDICTED WITH MUCH ACCURACY BASED 
UPON PROXIMITY TO INDUSTRIES, LANDFILLS, OR OTHER POTENTIAL 

SOURCES.

F i g u r e  1 .  G r o u n d w a t e r  S u p p l y  S u r v e y  r e s u l t s .

C o n v e r s e ly ,  a non-random  s e l e c t i o n  o f  sam ple  s i t e s  t a k e n  in  
t h e  GWSS i n d i c a t e d  a h i g h e r  f r e q u e n c y  o f  o c c u r r e n c e  (27%) 
and much h i g h e r  c o n c e n t r a t i o n s .

G roundw ater  c o n ta m in a t io n  w i th  VOCs, when fo u n d ,  i s  
d e t e c t e d  most commonly a t  l e s s  th a n  10 mg/L w i th  s m a l l e r  
p e r c e n t a g e s  i n  t h e  10-100 m ic ro g /L  and 100-1000 m ic ro g /L  
r a n g e ,  r e s p e c t i v e l y .  By c o n t r a s t ,  VOC c o n ta m in a t io n  o f  
s u r f a c e  w a t e r ,  when fo u n d ,  i s  d e t e c t e d  most commonly a t  
l e s s  t h a n  5 m ic ro g /L .

I t  i s  v e ry  c l e a r  t h a t  t h e  d i s t r i b u t i o n  o f  o r g a n i c s  in  
d r i n k i n g  w a te r  i s  d i r e c t l y  r e l a t e d  t o  u se  p a t t e r n s  o f  t h e  
s p e c i f i c  c h e m ic a l s .  T h is  i s  even more d r a m a t i c  i n  t h e  c a s e  
o f  heavy  m o le c u la r  w e ig h t  c h e m ic a l s ,  su ch  a s  p e s t i c i d e s  and
h e r b i c i d e s .  T h e r e f o r e ,  EPA w i l l  be  a n a ly z in g  a l l  o f  t h e s e  
o c c u r r e n c e  p r e d i c t o r s  i n  o r d e r  t o  d e v e lo p  m o n i to r in g
s t r a t e g i e s  t h a t  can  e f f e c t i v e l y  i d e n t i f y  and q u a n t i f y  
g ro u n d w a te r  c o n t a m i n a t i o n ,  and w i l l  p ro p o s e  t h o s e  
s t r a t e g i e s  a s  p a r t  o f  t h e  p en d in g  VOC p r o p o s a l  and th e  
a n t i c i p a t e d  Advanced N o t ic e  o f  P ro p o sed  Rulemaking f o r  t h e  
r e v i s i o n  o f  t h e  N a t io n a l  I n t e r i m  P r im a ry  D r in k in g  W ater 
s t a n d a r d s .  The Agency b e l i e v e s  t h a t  t h e  p ro b lem s  in  
g ro u n d w a te r  can  be i d e n t i f i e d  and m i t i g a t e d  th ro u g h  
e f f e c t i v e  and h i g h l y  q u a l i f i e d  m o n i to r in g .  The p r e s e n t  
e f f o r t s  o f  t h e  O f f i c e  o f  D r in k in g  W ater a r e  c o n c e n t r a t i n g  
on t h e  d e v e lo p m en t  o f  r e v i s e d  r e g u l a t i o n s  w hich  w i l l  
s p e c i f y  t h e  a p p r o p r i a t e  m o n i to r in g  re g im e n s .
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APPROACHES TO GROUNDWATER QUALITY ASSESSMENT

C o n c u r re n t  w i th  t h e  i n c r e a s e d  i n t e r e s t  i n  p r o t e c t i n g  
th e  q u a l i t y  o f  g ro u n d w a te r  has  been  an expanded  e f f o r t  t o  
im prove o u r  c a p a b i l i t i e s  f o r  i d e n t i f y i n g  and q u a n t i f y i n g  
c h e m ic a l  c o n ta m in a n t s  i n  g ro u n d w a te r .  M ajor o b j e c t i v e s  
have in c lu d e d  r e d u c t i o n s  i n  t h e  c o s t ,  t im e  and 
u n c e r t a i n t i e s  in v o lv e d  in  g ro u n d w a te r  m o n i t o r i n g .  The 
r e s u l t s  t o  d a t e  o f  r e c e n t  r e s e a r c h  and d ev e lo p m en t  
a c t i v i t i e s  d i r e c t e d  to  t h e s e  o b j e c t i v e s  have been  
e n c o u r a g in g ,  and su ch  a c t i v i t i e s  u n d o u b te d ly  w i l l  c o n t i n u e  
t o  i n c r e a s e  i n  s i z e  and sco p e  d u r in g  t h e  n e x t  s e v e r a l  
y e a r s .

Much o f  o u r  i n f o r m a t i o n  a b o u t  g ro u n d w a te r  q u a l i t y  has  
come from m o n i to r in g  s u rv e y s  o f  c o n ta m in a n t s  e n t e r i n g  
d r i n k i n g  w a te r  sy s te m s  t h a t  u se  g ro u n d w a te r  and s u r v e y s  o f  
c o n ta m in a n t s  i n  t a p  w a te r  t h a t  i s  drawn from  i n d i v i d u a l  
w e l l s .  U n f o r t u n a t e l y ,  how ever,  t h i s  a p p ro a c h  o f  sa m p l in g  
a t  t h e  p o i n t  o f  u se  may u n co v e r  p ro b le m s  o n ly  a f t e r  an 
a q u i f e r  has  been  i r r e v e r s i b l y  c o n ta m in a te d .

A seco n d  a p p ro a c h  to  a s s e s s i n g  g ro u n d w a te r  q u a l i t y  i s  
t o  exam ine a l l  a v a i l a b l e  m o n i to r in g  d a t a  a b o u t  an a q u i f e r ,  
i d e n t i f y  c o n ta m in a n t  s o u r c e s  o f  t h e  a q u i f e r  and 
h y d r o g e o l o g i c a l  c o n d i t i o n s  o f  t h e  a r e a ,  and t h e n  a t t e m p t  t o  
c h a r a c t e r i z e  t h e  q u a l i t y  o f  t h e  a q u i f e r .  In  some a r e a s  o f  
th e  c o u n t r y  m o n i to r in g  w e l l s  have been  i n  p l a c e  f o r  many 
y e a r s  and can  p r o v id e  d a t a  f o r  su ch  a s s e s s m e n t s ,  a l t h o u g h  
c o v e ra g e  has  been  v e ry  s p o t t y  b o th  i n  te rm s  o f  g e o g r a p h ic  
d i s t r i b u t i o n  and c h e m ic a l s  o f  i n t e r e s t .  R e c e n t ly ,  s e v e r a l  
s t a t e s  have i n i t i a t e d  more s y s t e m a t i c  m o n i to r in g  p rog ram s 
i n  some a r e a s .  They have i n s t a l l e d  a number o f  w e l l s  and 
a r e  c o n d u c t in g  a n a l y s e s  f o r  a ran g e  o f  p e s t i c i d e s  and o t h e r
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o r g a n i c  compounds t o  p r o v id e  an im proved d a t a  b a s e  on
g ro u n d w a te r  c o n t a m i n a t i o n .

A t h i r d  a p p ro a c h ,  w hich i s  t h e  f o c u s  o f  t h i s  
p r e s e n t a t i o n ,  i s  m o n i to r in g  n e a r  t h e  s o u r c e s  o f  g ro u n d w a te r  
c o n t a m i n a t i o n .  The o b j e c t i v e s  a r e  t o  u n co v e r  p o t e n t i a l  
p o l l u t i o n  p ro b lem s  a s  e a r l y  a s  p o s s i b l e  an d ,  by r e l a t i n g  
c o n ta m in a t io n  l e v e l s  t o  s o u r c e s ,  t o  p r o v id e  a b a s i s  f o r  
p r e v e n t i v e  o r  c o r r e c t i v e  a c t i o n s .  In  t h i s  r e g a r d  t h e  
R eso u rce  C o n s e r v a t io n  and R ecovery  A ct (RCRA) and t h e  
S uperfu n d  l e g i s l a t i o n  c l e a r l y  a r e  a m ajo r  im p e tu s  f o r  
i n c r e a s e d  g ro u n d w a te r  p r o t e c t i o n  e f f o r t s ,  p a r t i c u l a r l y  a s  
s u b s u r f a c e  c o n ta m in a n t s  a r e  d i s c o v e r e d  n e a r  many abandoned 
d i s p o s a l  s i t e s .  A ls o ,  t h e  i n c r e a s i n g  f r e q u e n c y  o f  
p e r s i s t e n t  a g r i c u l t u r a l  c h e m ic a ls  showing up i n  g ro u n d w a te r  
i n  a g r i c u l t u r a l  a r e a s  and t h e  w id e s p re a d  c o n c e rn s  o v e r  
p e t r o l e u m  p r o d u c t s  l e a k i n g  from  u n d e rg ro u n d  s t o r a g e  t a n k s  
a t  r e f i n e r i e s ,  a i r p o r t s ,  and a c t i v e  and abandoned f i l l i n g  
s t a t i o n s  have u n d e r s c o r e d  t h e  im p o r ta n c e  o f  m o n i to r in g  n e a r  
t h e  s o u r c e s  o f  p o l l u t i o n .

R educing  t h e  c o s t s  o f  l a b o r a t o r y  a n a l y s e s  i s  a c e n t r a l  
c o n c e rn  i n  e v e ry  a p p ro a c h  t o  g ro u n d w a te r  m o n i t o r i n g .  W hile  
c o s t s  o f  r o u t i n e  a n a l y s e s  f o r  l a r g e  numbers o f  c h e m ic a ls  
have  d ro p p ed  d r a m a t i c a l l y  d u r in g  t h e  p a s t  s e v e r a l  y e a r s ,  
t h e  c o s t s  s t i l l  a r e  s u b s t a n t i a l .  A v a r i e t y  o f  f i e l d  
s c r e e n i n g  p r o c e d u r e s  now i s  b e in g  u s e d ,  and a d d i t i o n a l  
f i e l d  and l a b o r a t o r y  s c r e e n i n g  t e c h n i q u e s  a r e  b e in g  
d e v e lo p e d  i n  e f f o r t s  t o  re d u c e  t h e  need  f o r  d e t a i l e d  
a n a l y s e s  o f  a l l  sam p les  t h a t  a r e  c o l l e c t e d .

USING AERIAL PHOTOGRAPHY TO IDENTIFY GEOGRAPHICAL AREAS OF 
CONCERN

D u ring  t h e  p a s t  s e v e r a l  y e a r s ,  s u r v e y s  f o r  a c t i v e  and 
abandoned  h a z a rd o u s  w a s te  s i t e s  have b een  c a r r i e d  o u t  i n  
a lm o s t  e v e ry  p a r t  o f  t h e  c o u n t r y .  Most o f  t h e  l a r g e r  s i t e s
p r o b a b ly  have  now been  l o c a t e d  by s t a t e  and l o c a l  
a u t h o r i t i e s .  However, many o f  t h e s e  s i t e s  have n o t  y e t  
been  c h a r a c t e r i z e d  i n  even  a p r e l i m i n a r y  m anner, and t h e r e  
may be  a few s i t e s  o f  m a jo r  s i g n i f i c a n c e  w hich rem ain  
u n d i s c o v e r e d  b e n e a th  overgrow n v e g e t a t i o n  o r  i n t e r m i n g l e d  
w i t h i n  man-made u rb a n  o r  i n d u s t r i a l  d e v e lo p m e n ts .

A e r i a l  p h o to g ra p h y  h as  been  a v e r y  v a l u a b l e  t o o l  i n  
i d e n t i f y i n g ,  c h a r a c t e r i z i n g ,  and c a t a l o g i n g  s i t e s .  In  many 
c a s e s  p h o to s  t a k e n  10 t o  40 y e a r s  ago have p r o v id e d  t h e  
i n i t i a l  c l u e s  a s  t o  t h e  p r e s e n c e  o f  abandoned  s i t e s .  
P h o to g ra p h y  can  p l a y  an im p o r t a n t  r o l e  i n  a s s e s s i n g  t h e  
l i k e l i h o o d  t h a t  c h e m ic a ls  a r e  m i g r a t i n g  away from  a s i t e .  
P h o to s  may p r o v i d e  d i r e c t  e v id e n c e  o f  m i g r a t i o n  p a th w ay s  by 
i d e n t i f y i n g  v e g e t a t i o n  damage o r  r u n o f f  p a t t e r n s .  They may 
c o n f i r m  t h a t  c o n ta in m e n t  has  n o t  been  b re a c h e d  o r  t h a t  
c l e a n u p  e f f o r t s  have been  s u c c e s s f u l .  P ro b a b ly  most o f t e n  
t h e y  i d e n t i f y  l o c a t i o n s  t h a t  w a r r a n t  d e t a i l e d  o n - s i t e  
i n v e s t i g a t i o n s .
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The c o u p l in g  o f  a e r i a l  p h o to s  showing p o t e n t i a l  
s o u r c e s  o f  g ro u n d w a te r  c o n t a m in a t io n  and p o s s i b l e  m i g r a t i o n  
pa thw ays  w i th  i n f o r m a t i o n  on t h e  s u r f i c i a l  g e o lo g y  and t h e  
l o c a t i o n  and c h a r a c t e r i s t i c s  o f  n e a rb y  a q u i f e r s  would 
f u r t h e r  c l a r i f y  t h e  p o t e n t i a l  f o r  g ro u n d w a te r  
c o n t a m i n a t i o n .  U n f o r t u n a t e l y ,  a d e q u a te  i n f o r m a t i o n  on t h e  
m ic ro g e o lo g y  o f  i n d i v i d u a l  s i t e s  se ldom  i s  a v a i l a b l e ,  and 
s u b s u r f a c e  p r o f i l e s  m ust be d e v e lo p e d  d u r in g  t h e  c o u r s e  o f  
e n v i r o n m e n ta l  i n v e s t i g a t i o n s .  However, once  su c h  p r o f i l e s  
a r e  i n  h a n d ,  p r e p a r a t i o n  o f  g e o r e f e r e n c e d  d a t a  s e t s  i n  
d i g i t a l  form  l i n k i n g  t h e  p r o f i l e s  and a e r i a l  im agery  would 
o f f e r  a number o f  p o s s i b i l i t i e s  f o r  i n t e g r a t i n g  a v a r i e t y  
o f  i n d i c a t o r s  o f  c o n ta m in a t io n  p ro b le m s  and f o r  p r e s e n t i n g  
su c h  i n t e g r a t e d  d a t a  i n  a c o m p re h e n s ib le  m anner.  S i m i l a r  
t e c h n i q u e s  have been  d e v e lo p e d  f o r  i n t e g r a t i n g  a v a r i e t y  o f  
p a r a m e te r s  a f f e c t i n g  l a r g e  g e o g r a p h i c a l  a r e a s ,  b u t  have y e t  
t o  be  a d a p te d  t o  s m a l l e r  a r e a s  a s s o c i a t e d  w i th  s p e c i f i c  
p o i n t  s o u r c e s  o f  g ro u n d w a te r  c o n ta m in a t io n  r e p r e s e n t e d  by 
w a s te  s i t e s .

W hile  c h a r a c t e r i z i n g  s i t e s  u sed  e x c l u s i v e l y  f o r  
h a z a rd o u s  w a s te  d i s p o s a l  p r e s e n t s  d i f f i c u l t  c h a l l e n g e s ,  
more complex p ro b lem s  a r e  e n c o u n te r e d  i n  t h e  i d e n t i f i c a t i o n  
and c h a r a c t e r i z a t i o n  o f  c h e m ic a l  d i s p o s a l  a c t i v i t i e s  t h a t  
have  n o t  b een  c o n f in e d  t o  su c h  s i t e s .  S p e c i f i c a l l y ,  c o -  
m in g l in g  o f  c h e m ic a l  w a s te s  w i th  m u n ic ip a l  r e f u s e  a t  c i t y  
l a n d f i l l s  has  b een  common i n  many l o c a l i t i e s .  Abandoned 
u n d e rg ro u n d  s t o r a g e  t a n k s  i n  i n d u s t r i a l  a r e a s  and a t  
t h o u s a n d s  o f  s e r v i c e  s t a t i o n s  t h r o u g h o u t  t h e  c o u n t r y  now 
a r e  em erg ing  a s  m a jo r  s o u r c e s  o f  u n d e rg ro u n d  c o n t a m i n a t i o n .  
F i n a l l y ,  t h e  c u r r e n t  e f f o r t s  i n  a number o f  s t a t e s  t o  ban  
o r  s e v e r e l y  l i m i t  t h e  l a n d  d i s p o s a l  o f  c h e m ic a l  w a s te s  may 
be  r e s u l t i n g  i n  a r e v i v a l  o f  m id n ig h t  dumping p r a c t i c e s .
The p a i n s t a k i n g  p r o c e s s  o f  f e r r e t i n g  o u t  t h e s e  t y p e s  o f  
p ro b le m s  i s  underw ay . W hile  a e r i a l  p h o to s  may be  o f  o n ly  
l i m i t e d  u s e  i n  t h e s e  e f f o r t s ,  f r e q u e n t l y  t h e y  can  p r o v id e  
a t  l e a s t  a p o i n t  o f  d e p a r t u r e  f o r  o t h e r  i n v e s t i g a t i v e  
t e c h n i q u e s .

A s p e c i a l i z e d  u se  o f  a e r i a l  p h o to g r a p h y ,  and 
p a r t i c u l a r l y  h i s t o r i c a l  p h o to g ra p h y  a c q u i r e d  i n  t h e  1930s 
and 1 9 4 0 s ,  has  been  t h e  i d e n t i f i c a t i o n  o f  abandoned  o i l  
w e l l s  t h a t  c o u ld  p r o v id e  man-made p o l l u t i o n  c o n d u i t s  i n t o  
a q u i f e r s .  The p r e s e n c e  i n  t h e  U n i te d  S t a t e s  o f  more th a n  
1 . 8  m i l l i o n  a c t i v e  and abandoned  w e l l s  u n d e r s c o r e s  t h e  
im p o r ta n c e  o f  t h i s  c o n c e r n .  I n i t i a l  e f f o r t s  have 
d e m o n s t r a te d  a v e r y  h ig h  d i s c o v e r y  r a t e  o f  abandoned  w e l l s  
u s in g  p h o to s  and t h e  f e a s i b i l i t y  o f  p i n p o i n t i n g  t h e  w e l l  
l o c a t i o n s  w i t h i n  s i x  f e e t  f o r  ground  i n v e s t i g a t i o n s .  Even 
i n  c a s e s  where c o u n ty  r e c o r d s  i n d i c a t e  t h e  p r e s e n c e  o f  su c h  
abandoned  w e l l s ,  t h e  r e c o r d s  and a v a i l a b l e  maps f r e q u e n t l y  
a r e  n o t  s u f f i c i e n t l y  a c c u r a t e  t o  a l lo w  su c h  p i n p o i n t i n g ,  o r  
in d e e d  even  d i s c o v e r y  i n  f i e l d s  t h a t  a r e  now o v e rg ro w n .



170 SAFE DRINKING WATER

DELINEATING CONTAMINANT PLUMES IN GROUNDWATER

P r o g r e s s  i s  b e in g  made i n  a d a p t in g  s e v e r a l  s u r f a c e  
g e o p h y s i c a l  t e c h n i q u e s  d e v e lo p e d  p r i m a r i l y  f o r  o i l  and 
m in e r a l  e x p l o r a t i o n  t o  t h e  i d e n t i f i c a t i o n  o f  i n o r g a n i c  
c o n ta m in a n t  p lum es i n  g ro u n d w a te r .  F i e l d  i n v e s t i g a t i o n s  o f  
a c o n ta m in a te d  a q u i f e r  u s in g  e l e c t r o m a g n e t i c  i n d u c t i o n  and 
r e s i s t i v i t y  t e c h n i q u e s ,  i n  p a r t i c u l a r ,  show good 
c o r r e l a t i o n  be tw een  t h e  r e s u l t s  o b t a in e d  w i th  t h e s e  
t e c h n i q u e s  and a n a l y s e s  o f  g ro u n d w a te r  sam p les  from  
m o n i to r in g  w e l l s .  The n e x t  s t e p s  a r e  t o  improve t h e  
c a l i b r a t i o n  o f  t h e  g e o p h y s i c a l  m ethods and t o  document more 
f u l l y  t h e i r  c a p a b i l i t i e s  and l i m i t a t i o n s  c o n s i d e r i n g  
d i f f e r e n t  d e p t h s ,  g e o l o g i c a l  c o n d i t i o n s ,  and c o n ta m in a n t  
t a r g e t s .

Downhole s e n s in g  t e c h n i q u e s  a l s o  s h o u ld  be h e l p f u l  i n  
d i s c o v e r i n g  and d e l i n e a t i n g  i n o r g a n i c  c o n ta m in a n t  p lu m es ,  
p a r t i c u l a r l y  w i th  r e g a r d  t o  v e r t i c a l  p r o f i l e s .  The d e p th s  
o f  p r i n c i p a l  i n t e r e s t  a r e  10 t o  100  f e e t ,  w i th  a maximum
d e p th  o f  300 f e e t .  R e s i s t i v i t y  and gamma lo g g in g  a r e  among 
t h e  m ost p r o m is in g  t e c h n i q u e s  b e in g  i n v e s t i g a t e d .  E x i s t i n g  
m o n i to r in g  w e l l s  f o r  i m p l a n t a t i o n  o f  t h e  p ro b e s  a r e  u sed  
w henever p o s s i b l e ,  a l t h o u g h  i n  some c a s e s  d r i l l i n g  s m a l l  
d ia m e te r  b o r e h o l e s  may be a p p r o p r i a t e .  Downhole s e n s in g  
a l s o  i s  im p o r t a n t  i n  c h a r a c t e r i z i n g  t h e  s u b s u r f a c e  
s t r a t i g r a p h y  and t h e  sp eed  and d i r e c t i o n  o f  g ro u n d w a te r  
f lo w  w h ic h ,  i n  t u r n ,  p r o v id e  e s s e n t i a l  i n s i g h t s  a s  t o  plume 
m i g r a t i o n .

The p ro b lem  o f  r e m o te ly  s e n s in g  o r g a n ic  p lum es i s  more 
d i f f i c u l t .  One a p p ro a c h  i s  t o  assume t h a t  some i n o r g a n i c  
c o n ta m in a n t s  t e n d  t o  move t o g e t h e r  w i th  t h e  o r g a n i c s  o f  
c o n c e r n .  G e o p h y s ic a l  t e c h n i q u e s  can  l o c a t e  t h e  i n o r g a n i c s  
and th u s  t h e  g e n e r a l  a r e a  o f  t h e  p lum e. Then g ro u n d w a te r  
s a m p l in g ,  o r  p e r h a p s  s o i l  g a s  sam p lin g  n e a r  t h e  s u r f a c e ,  
u s in g  D ra e g e r  t u b e s  o r  s u r f a c e  o r  s u b s u r f a c e  f l u x  t r a p s ,  
may be a b l e  t o  d e l i n e a t e  t h e  o r g a n ic  c o n t a m i n a t i o n .  T here  
have been  s u c c e s s f u l  e f f o r t s  t o  d e t e c t  h y d ro c a rb o n s  
d i r e c t l y  u s in g  e l e c t r o m a g n e t i c  i n d u c t i o n .  However, t h e  
e l e c t r i c a l  c o n d u c t i v i t y  phenomena a r e  n o t  w e l l  u n d e r s to o d ,  
and t h e  t e c h n i q u e  i s  a p p l i c a b l e  o n ly  i n  c e r t a i n  t y p e s  o f  
s u b s u r f a c e  e n v i ro n m e n ts .

U s u a l l y ,  g ro u n d w a te r  sam p les  w i l l  p r o v id e  t h e  
a u t h o r i t a t i v e  i n f o r m a t i o n  needed  t o  c h a r a c t e r i z e  a q u i f e r  
c o n t a m in a t io n  w i th  rem ote  m o n i to r in g  t e c h n i q u e s  u sed  t o  
g u id e  t h e  l o c a t i o n  o f  m o n i to r in g  w e l l s  and t h e r e b y  re d u c e  
c o s t s  o f  t h e  sa m p lin g  p rog ram . F r e q u e n t l y ,  w e l l s  a l r e a d y  
w i l l  be  i n  p l a c e  and t h e  g e o p h y s i c a l  d a t a  w i l l  h e lp  
d e te r m in e  t h e  a p p r o p r i a t e n e s s  o f  r e l y i n g  on t h e s e  w e l l s  and 
w h e th e r  a d d i t i o n a l  l o c a t i o n s  a r e  i n  o r d e r .

STATISTICAL BASIS FOR SAMPLING

U n d e r ly in g  t h e  a p p ro a c h  t o  g ro u n d w a te r  sam p lin g  sh o u ld  
be a s t a t i s t i c a l  b a s i s  f o r  a c q u i r i n g  r e p r e s e n t a t i v e  d a t a .
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The s t a t i s t i c a l  a p p ro a c h ,  i n  t u r n ,  d epends  on t h e  s p e c i f i c  
o b j e c t i v e s  o f  t h e  m o n i to r in g  p ro g ra m , e . g . ,  c h a r a c t e r i z e  
t h e  e x t e n t  o f  t h e  plume i n  t h e  a q u i f e r ,  d e t e c t  ch an g es  
above b ackground  w hich  i n d i c a t e  t h e  p r e s e n c e  o f  a plume 
a t t r i b u t a b l e  t o  a man-made s o u r c e ,  o r  compare c o n ta m in a t io n  
l e v e l s  i n  a c o n ta m in a te d  a r e a  w i th  c o n t a m i n a t i o n  l e v e l s  i n  
a c o n t r o l  a r e a .  Im p lem en tin g  sam p lin g  schem es b a s e d  on 
s t a t i s t i c a l  c o n s i d e r a t i o n s ,  w hich  u s u a l l y  c a l l  f o r  many 
sa m p l in g  p o i n t s ,  may be  c o s t l y ,  b u t  t h e  o b j e c t i v i t y  
p r o v id e d  by s t a t i s t i c s  can  p r o v id e  v e ry  u s e f u l  g u id a n c e  f o r  
a c q u i r i n g  and i n t e r p r e t i n g  m o n i to r in g  d a t a .

In  o p e r a t i o n a l  s e t t i n g s ,  c o s t  c o n s t r a i n t s  may l i m i t  
t h e  number o f  w e l l s  and sam ple  a n a l y s e s  t o  su c h  an e x t e n t  
t h a t  t h e  a p p l i c a t i o n  o f  s t a t i s t i c s  i s  n o t  p r a c t i c a l .  
However, a s  t h e  c o s t s  o f  r e m e d ia l  a c t i o n s  i n c r e a s e ,  and 
w i th  i n c r e a s e d  r e l i a n c e  on m o n i to r in g  d a t a  a s  t h e  p r i n c i p a l  
b a s i s  f o r  s u c h  a c t i o n s ,  l a r g e r  e x p e n d i t u r e s  on m o n i to r in g  
i n c r e a s i n g l y  a r e  w a r r a n t e d .

G e o s t a t i s t i c s  have  found i n c r e a s i n g  r e c e p t i v i t y  i n  
e f f o r t s  t o  c h a r a c t e r i z e  t h e  a r e a l  e x t e n t  o f  s u r f a c e  s o i l  
c o n ta m in a t io n  n e a r  p o i n t  s o u r c e s .  U n l ik e  s t a t i s t i c s  b a s e d  
on random v a r i a b l e s ,  t h i s  t e c h n i q u e  r e c o g n iz e s  t h a t  
c o n ta m in a n t  l e v e l s  i n  sam p le s  t a k e n  c l o s e  t o g e t h e r  a r e  more 
l i k e l y  t o  be s i m i l a r  t h a n  i n  s a m p le s  t a k e n  f a r t h e r  a p a r t .  
Using  d a t a  from  p r e l i m i n a r y  s a m p l in g ,  g e o s t a t i s t i c s  have 
p r o v id e d  an o b j e c t i v e  b a s i s  f o r  d e t e r m in in g  a p p r o p r i a t e  
sam ple  s p a c i n g .  T h is  t e c h n i q u e  a l s o  p r o v i d e s  a b a s i s  f o r  
i n t e r p o l a t i n g  c o n ta m in a n t  l e v e l s  be tw een  l e v e l s  m easu red  a t  
sa m p l in g  p o i n t s .  Such i n t e r p o l a t i o n s  f a c i l i t a t e  t h e  
p r e p a r a t i o n  o f  maps which  p r e s e n t  i s o p l e t h s  w hich  c o n n e c t  
p o i n t s  w i th  t h e  same l e v e l s  o f  c o n t a m i n a t i o n .  These  maps 
t h e n  ca n  be  u sed  i n  d e t e r m in in g  t h e  l o c a l i z e d  a r e a s  o f  h ig h  
c o n ta m in a t io n  t h a t  may w a r r a n t  c l e a n u p  a c t i v i t i e s .

E v a l u a t i o n  o f  t h e  a p p r o p r i a t e  s p a t i a l  l o c a t i o n  o f  
g ro u n d w a te r  m o n i to r in g  w e l l s  i s  o f t e n  a c o m p l ic a te d  p ro b lem  
n o t  e n t i r e l y  am enable  t o  s o l u t i o n  by c l a s s i c a l  s t a t i s t i c s .  
G roundw ater  and c o n ta m in a n t  movement i s  c o m p le t e ly  
d e te r m in e d  by p h y s i c a l  p a r a m e te r s  su c h  a s  p e r m e a b i l i t y ,  
p o r o s i t y ,  p i e z o m e t r i c  head g r a d i e n t s ,  f a u l t  l o c a t i o n  and 
o r i e n t a t i o n ,  and o t h e r  f a c t o r s .  The e f f e c t  o f  d i f f u s i o n  i s  
v e r y  s m a l l .  T h e r e f o r e ,  c o n ta m in a n t  m i g r a t i o n  i s  n o t  a 
random p r o c e s s ;  i n  s t a t i s t i c a l  t e r m s ,  i t  i s  c h a r a c t e r i z e d  
by h ig h  s p a t i a l  c o r r e l a t i o n .

A p p l i c a t i o n  o f  g e o s t a t i s t i c s  t o  t h i s  t h r e e - d i m e n s i o n a l  
p ro b le m  o f  g ro u n d w a te r  c o n ta m in a t io n  now i s  b e in g  e x p l o r e d .  
G iven t h e  c o s t s  o f  i n s t a l l i n g  m o n i to r in g  w e l l s ,  t h e  amount 
o f  d a t a  r e q u i r e d  f o r  s u c c e s s f u l l y  u s in g  t h i s  t e c h n i q u e  i s  
o f  p a r t i c u l a r  c o n c e r n .  N e v e r t h e l e s s ,  i f  a u t h o r i t a t i v e  
t h r e e - d i m e n s i o n a l  i s o p l e t h s  o f  a q u i f e r  c o n t a m i n a t i o n  c o u ld  
be  o b t a i n e d ,  t h e  c o s t s  o f  a c q u i r i n g  t h e  n e c e s s a r y  i n p u t  
d a t a  w e l l  may be w a r r a n t e d .

In  com paring  t h e  means o f  c o n ta m in a t io n  l e v e l s  be tw een  
sa m p le s  t a k e n  u p - g r a d i e n t  and d o w n - g r a d ie n t  o f  a known 
p o l l u t i o n  s o u r c e ,  c l a s s i c a l  s t a t i s t i c s  may p r o v i d e  a b a s i s  
f o r  d e t e r m in in g  w h e th e r  c o n t a m i n a t i o n  can  be a t t r i b u t e d  t o
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t h e  s o u r c e .  S e v e r a l  s t a n d a r d  s t a t i s t i c a l  t e s t s  a r e  
a v a i l a b l e  f o r  com paring  mean c o n ta m in a n t  v a l u e s  from  t h e  
s a m p le s  t h a t  a r e  t a k e n .  The s t a t i s t i c a l  t e s t s  t o  be u s e d ,  
i n  t u r n ,  s h o u ld  i n f l u e n c e  t h e  number o f  sam p le s  t h a t  a r e  
c o l l e c t e d  — e i t h e r  i n  te rm s  o f  l o c a t i o n  o f  sam p lin g  p o i n t s  
a n d / o r  sa m p l in g  f r e q u e n c y .

S i m i l a r l y ,  s t a t i s t i c s  a r e  im p o r ta n t  i n  d e t e r m in in g  
w h e th e r  l e v e l s  o f  c o n ta m in a t io n  t h a t  a r e  r e p o r t e d  ex ceed  
p r e s c r i b e d  s t a n d a r d s .  Of p a r t i c u l a r  c o n c e rn  a r e  t h o s e  
c a s e s  i n  w hich  t h e r e  a r e  t e c h n i c a l  u n c e r t a i n t i e s  a s s o c i a t e d  
w i th  t h e  c h e m ic a l  a n a l y s e s ,  and t h e  r e p o r t e d  l e v e l s  a r e  
c l o s e  t o  t h e  s t a n d a r d s .  S t a t i s t i c s  can  p r o v id e  a b a s i s  f o r  
e s t a b l i s h e d  c o n f id e n c e  l i m i t s  t h a t  l e v e l s  r e p o r t e d  above o r  
below  t h e  s t a n d a r d s  a r e  i n  f a c t  above o r  be low .

IMPROVED SAMPLING AND ANALYSIS TECHNIQUES

As g ro u n d w a te r  m o n i to r in g  a c t i v i t i e s  expand t o  i n c l u d e  
more c h e m ic a l s  a t  lo w er  c o n c e n t r a t i o n  l e v e l s ,  t h e  p o s s i b l e  
i n a d v e r t e n t  i n t r o d u c t i o n  o f  c o n ta m in a n t s  i n t o  m o n i to r in g  
w e l l s  d u r in g  d r i l l i n g  o r  sam p lin g  i s  o f  g row ing  c o n c e r n .
The p r e s e n c e  o r  l a c k  o f  h y d r a u l i c  c o n n e c t io n s  be tw een  
s h a l lo w  and d e e p e r  a q u i f e r s  may be a key q u e s t i o n  a s  t o  
c o n ta in m e n t ,  and c a r e  i s  needed  t o  i n s u r e  t h a t  m o n i to r in g  
w e l l s  do n o t  i n a d v e r t e n t l y  p r o v id e  su ch  c o n n e c t i o n s .  A ls o ,  
d r i l l i n g  t e c h n i q u e s  must a l lo w  f o r  a p p r o p r i a t e  g r o u t i n g  as  
t h e  d r i l l  b i t  p a s s e s  from one a q u i f e r  t o  a n o th e r  i f  
a c c u r a t e  v e r t i c a l  p r o f i l e s  o f  c o n ta m in a n t s  a r e  t o  be 
o b t a i n e d .

In  a d d i t i o n  t o  c r o s s  c o n ta m in a t io n  be tw een  a q u i f e r s ,  
t h e  c o n ta m in a t io n  p o t e n t i a l  from t h e  m a t e r i a l s  u sed  d u r in g  
d r i l l i n g ,  c a s i n g ,  and sam p lin g  i s  o f  c o n c e r n .
S p e c i f i c a l l y ,  t h e  m a t e r i a l s  t h a t  can  be u sed  in  c a s i n g s  
(© •g . /  p o l y v i n y l  c h l o r i d e ,  p o l y e t h y l e n e ,  T e f l o n ,  s t a i n l e s s  
s t e e l )  and i n  s u b m e r s ib le  pumps ( e . g . ,  T e f l o n ,  g l a s s ,  
s t a i n l e s s  s t e e l )  a r e  r e c e i v i n g  g r e a t e r  s c r u t i n y .  G r e a t e r  
c a r e  i s  needed  i n  t h e  s e l e c t i o n  o f  c e m e n ts ,  g l u e s ,  and 
c l e a n i n g  a g e n t s .

W ith  r e g a r d  t o  m ethods f o r  a n a ly z in g  t h e  l a r g e  number 
o f  g ro u n d w a te r  sam p le s  t h a t  a r e  b e in g  c o l l e c t e d ,  c o s t s  a r e
a m a jo r  c o n c e r n .  At p r e s e n t  t h e  a n a l y t i c a l  p r o t o c o l s  b e in g  
u sed  f o r  t h e  S u p e rfu n d  p rogram  c a l l  f o r  q u a n t i t a t i o n  o f  a 
l a r g e  number o f  o r g a n i c  and i n o r g a n i c  c h e m ic a l s  i n  t h e  10 -  
100  ppb ra n g e  a t  a c o s t  a t  com m erc ia l  l a b o r a t o r i e s  o f  a b o u t  
$700-$800 p e r  sa m p le .  W hile  t h i s  c o s t  i s  g r e a t l y  red u ced  
from  c o s t s  s e v e r a l  y e a r s  a g o ,  t h e  p r i c e  s t i l l  i s  to o  h ig h  
f o r  r o u t i n e  a n a l y s e s  o f  sam ples  t h a t  a r e  n o t  e x p e c te d  t o  be 
c o n ta m in a te d .

F i e l d  s c r e e n i n g  t e c h n i q u e s  now a r e  b e in g  used  f o r  
d e t e c t i n g  v o l a t i l e  o r g a n i c  compounds and h a lo g e n a t e d  
p e s t i c i d e s  w hich a r e  found  t o  be a s s o c i a t e d  w i th  many 
h a z a rd o u s  w a s te  s i t e s .  Such f i e l d  t e c h n i q u e s  p r o v i d e  d a t a  
w i th  m in im al d e l a y s ,  a s  w e l l  a s  r e d u c in g  t h e  a n a l y t i c a l  
c o s t s  by i d e n t i f y i n g  t h o s e  sam p le s  t h a t  w a r r a n t  d e t a i l e d
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l a b o r a t o r y  a n a l y s i s .  One o f  t h e  most w id e ly  u sed  
a p p ro a c h e s  i s  O rg a n ic  V o l a t i l e  A n a l y s i s ,  w hich  a l l o w s  
h e a d s p a c e  v a p o r  s am p le s  t o  be i n j e c t e d  i n t o  a f lam e  
i o n i z a t i o n  d e t e c t o r .  I f  v o l a t i l e s  a r e  d e t e c t e d ,  i n j e c t i o n s  
t h e n  a r e  made o n to  a p o r t a b l e  g a s  c h ro m a to g ra p h ic  co lum n. 
S ta n d a r d s  a r e  u sed  i n  t h e  f i e l d  t o  a l lo w  q u a n t i t a t i o n  i n  
t h e  10-100  ppb r a n g e .  E l e c t r o n  c a p t u r e  d e t e c t o r s ,  i n  
c o m b in a t io n  w i th  g a s  c h ro m a to g ra p h s ,  p r o v i d e  a b a s i s  f o r  
m e a su r in g  p e s t i c i d e s  and p o l y c h o r i n a t e d  b i p h e n y l s  i n  t h e  
one ppm r a n g e .

A number o f  m o b i le  l a b o r a t o r i e s  a l s o  a r e  b e in g  u sed  
f o r  more d e t a i l e d  a n a l y s e s  i n  t h e  f i e l d .  Most r e c e n t l y ,  
tandem  mass s p e c t r o m e t r y  u n i t s  a r e  b e in g  u sed  i n  a d d i t i o n  
t o  t h e  more s t a n d a r d  l a b o r a t o r y  t e c h n i q u e s  t h a t  have b een  
t a k e n  t o  t h e  f i e l d .

F i n a l l y ,  t h e  u se  o f  f i b e r  o p t i c s  t e c h n o lo g y  i n  
c o m b in a t io n  w i th  l a s e r  f l u o r e s c e n c e  s p e c t r o s c o p y  a s  a means 
f o r  d e t e c t i n g  g ro u n d w a te r  c o n ta m in a n t s  i n  t h e  f i e l d  h as  
a t t r a c t e d  c o n s i d e r a b l e  a t t e n t i o n  i n  r e c e n t  m on ths .  The 
c o n c e p t  c a l l s  f o r  t r a n s m i t t i n g  a l a s e r  s i g n a l  th r o u g h  a 
c a b l e  i n s e r t e d  i n t o  a s m a l l  d i a m e te r  b o r e h o l e  t o  t h e  
a p p r o p r i a t e  d e p th  and th e n  c o r r e l a t i n g  t h e  r e t u r n  s i g n a l  
w i th  c a l i b r a t e d  f l u o r e s c e n c e  c h a r a c t e r i s t i c s  o f  t h e  
c o n t a m i n a n t s .  C u r r e n t  work i s  b e in g  d i r e c t e d  t o  
d ev e lo p m en t  o f  an o p t i c a l - c h e m i c a l  t r a n s d u c e r  t h a t  w i l l  
p e r m i t  s e n s i n g  o f  i n o r g a n i c  c h l o r i d e s .  The n e x t  s t e p  w i l l  
be  t o  d e v e lo p  a t r a n s d u c e r  f o r  o r g a n i c  c h l o r i d e s .  Then i t  
s h o u ld  be  p o s s i b l e  t o  p r e p a r e  f l u o r e s c e n c e  r e s p o n s e  c u r v e s  
t h a t  c an  be  u sed  f o r  m e a su r in g  c o n c e n t r a t i o n s  o f  s e l e c t e d  
compounds, w hich  c o u ld  s e r v e  a s  i n d i c a t o r  c h e m i c a l s .

WHAT CHEMICALS SHOULD BE MONITORED AND AT WHAT LEVELS?

As a minimum, t h o s e  c h e m ic a l s  t h a t  a r e  r e g u l a t e d  u n d e r  
t h e  S a fe  D r in k in g  W ater Act u s u a l l y  a r e  o f  i n t e r e s t  i n  
i n v e s t i g a t i o n s  o f  p o s s i b l e  g ro u n d w a te r  c o n t a m i n a t i o n .  At 
t h e  o t h e r  e x t r e m e ,  f e d e r a l  l e g i s l a t i o n  h a s  been  p ro p o s e d  
w hich  would r e q u i r e  m o n i to r in g  f o r  " a l l "  c h e m ic a l s  t h a t  
m igh t  be  p r e s e n t .  In  b e tw e e n ,  some s t a t e s  have  t h e i r  own 
c h e m ic a l  " h i t  l i s t s . "  For  ex am p le ,  one s t a t e  r e q u i r e s  
m o n i to r in g  f o r  80 p a r a m e te r s  i n  some p ro g ra m s .  An a p p ro a c h  
t h a t  seems t o  be  g a i n i n g  i n c r e a s i n g  a t t e n t i o n  i s  t o  m o n i to r  
f o r  t h e  p r i o r i t y  p o l l u t a n t s ,  s i n c e  t h e  p r o c e d u r e s  f o r  
a n a l y z i n g  f o r  t h e s e  129 c h e m ic a l s  a s  a p a ck ag e  have b een  
w e l l  d e v e lo p e d .

The g ro u n d w a te r  m o n i to r in g  r e q u i r e m e n t s  u n d e r  RCRA a r e  
d e v e lo p in g  r a p i d l y .  The c u r r e n t  a p p ro a c h  c a l l s  f o r  two 
t y p e s  o f  g ro u n d w a te r  m o n i t o r i n g :  (1 ) d e t e c t i o n  m o n i to r in g  
t o  d e te r m in e  w h e th e r  c o n ta m in a n t s  r e a c h  t h e  g ro u n d w a te r ,  
and i f  t h e y  d o ,  (2 ) c o m p l ia n c e  m o n i to r in g  t o  d e te r m in e  
w h e th e r  p r o s c r i b e d  l e v e l s  a r e  b e in g  e x c e e d e d .
F o r  d e t e c t i o n  m o n i t o r i n g ,  a s e t  o f  i n d i c a t o r  p a r a m e t e r s  h a s  
been  p ro p o s e d  f o r  m o n i to r in g  a t  a l l  s i t e s  ( T o ta l  O rg a n ic  
H a lo g en ,  T o t a l  O rg a n ic  C arb o n ,  pH, t e m p e r a t u r e ,  s p e c i f i c
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c o n d u c t a n c e ) ,  w i th  EPA s p e c i f y i n g  o t h e r  h a z a rd o u s  
c o n s t i t u e n t s  o f  i n t e r e s t  on a s i t e - b y - s i t e  b a s i s «  Among 
t h e  f a c t o r s  t o  be  c o n s i d e r e d  i n  s p e c i f y i n g  t h e  a d d i t i o n a l  
c o n s t i t u e n t s  a r e  t h e  m o b i l i t y ,  s t a b i l i t y ,  and p e r s i s t e n c e  
o f  t h e  c h e m ic a l s  d e p o s i t e d  a t  t h e  s i t e  and o f  t h e i r
d e g r a d a t i o n  p r o d u c t s ;  t h e  d e t e c t a b i l i t y  o f  t h e  c h e m ic a l s  o f  
c o n c e r n ;  and t h e  b ackground  p r e s e n c e  o f  t h e  c h e m ic a l s  in  
t h e  g ro u n d w a te r  due t o  n a t u r a l  o r  man-made s o u r c e s  o f  
c o n ta m in a t io n  o t h e r  t h a n  t h e  w a te r  s i t e  o f  i n t e r e s t .

M o n i to r in g  r e q u i r e m e n t s  a t  S up erfu n d  s i t e s  a r e  l e s s  
w e l l  d e f i n e d ,  g iv e n  t h e  wide v a r i e t y  o f  s i t u a t i o n s  t h a t  a r e  
e n c o u n te r e d .  Such r e q u i r e m e n t s  a r e  i n c o r p o r a t e d  
i n c r e a s i n g l y  i n t o  c o n s e n t  d e c r e e s  and u n d o u b te d ly  w i l l  
become a m a jo r  c o n c e rn  o f  t h e  P o s t - c l o s u r e  L i a b i l i t y  T r u s t  
Fund w hich w i l l  a d m i n i s t e r  many m o n i to r in g  p rog ram s 
f o l l o w in g  c le a n u p .  One c u r r e n t  a p p ro a c h  i s  t o  s p e c i f y  t h e  
c h e m ic a l s  o f  c o n c e rn  b a se d  on t h e  r e s u l t s  o f  p r e l i m i n a r y  
s i t e  a s s e s s m e n t s ,  and p a r t i c u l a r l y  a n a l y s e s  o f  l e a c h a t e s  
d i s c o v e r e d  t o  have m ig r a te d  away from  t h e  s i t e .  A n o th e r  
a p p ro a c h  i s  t o  m o n i to r  f o r  a s t a n d a r d  h i t  l i s t  o f  c h e m ic a l s  
( c u r r e n t l y  a b o u t  150) an d ,  i n  a d d i t i o n ,  t o  i d e n t i f y  t h o s e  
o t h e r  o r g a n i c  c h e m ic a l s  t h a t  show s i g n i f i c a n t  p e a k s  on a
g as  ch ro m a to g ra p h /m as s  s p e c t r o m e t r y  sy s te m  i n  a d d i t i o n  t o  
t h e  p e a k s  i n d i c a t i n g  t h e  p r e s e n c e  o f  h i t  l i s t  compounds.

D e te r m in a t io n  o f  t h e  c o n c e n t r a t i o n  l e v e l s  o f  
c o n ta m in a n t s  i n  g ro u n d w a te r  t h a t  s h o u ld  be  o f  c o n c e rn  i s  
c e n t r a l  t o  t h e  dev e lo p m en t  o f  e f f e c t i v e  m o n i to r in g  
p ro g ra m s .  One a s p e c t  o f  su ch  d e t e r m i n a t i o n s  i s  t h e  
s e n s i t i v i t y  o f  a v a i l a b l e  a n a l y t i c a l  m e th o d s ,  a l th o u g h  
h e a l t h  c o n c e rn s  p re su m b ly  p r e s e n t  t h e  o v e r r i d i n g  
c o n s i d e r a t i o n s .

At p r e s e n t ,  s e v e r a l  a p p ro a c h e s  a r e  b e in g  u sed  t o  s e t  
c o n ta m in a n t  l e v e l s  o f  c o n c e r n .  O b v io u s ly ,  d r i n k i n g  w a te r  
s t a n d a r d s ,  h e a l t h  a d v i s o r y  l e v e l s ,  and r e l a t e d  n u m e r ic a l  
l i m i t a t i o n s  d e v e lo p e d  by t h e  F e d e r a l  o r  S t a t e  Governm ents 
a r e  t h e  c o r e  a c t i o n  l e v e l s  f o r  a q u i f e r s  w hich s e r v e  a s  
d r i n k i n g  w a te r  s o u r c e s .  For o t h e r  c o n ta m in a n t s  i n  su ch  
a q u i f e r s ,  o r  f o r  a l l  c o n ta m in a n t s  i n  a q u i f e r s  w hich have no 
p o t e n t i a l  a s  s o u r c e s  o f  d r i n k i n g  w a t e r ,  an a p p ro a c h  i s  t o  
s e t  t h e  lo w e s t  l e v e l s  t h a t  a r e  t e c h n i c a l l y  f e a s i b l e  t o  
a t t a i n .  T h is  a p p ro a c h  i n t r o d u c e s  c o n s i d e r a t i o n  o f  t h e  
c o s t s  o f  c l e a n i n g  up t h e  a q u i f e r ,  a s  w e l l  a s  t h e  c o s t s  o f  
a l t e r i n g  a c t i v i t i e s  c o n t r i b u t i n g  t o  a q u i f e r  c o n t a m i n a t i o n .
A t h i r d  a p p ro a c h  i s  t o  d e c l a r e  t h a t  b ackground  l e v e l s  in  
t h e  a q u i f e r  a r e  t h e  a p p r o p r i a t e  a c t i o n  l e v e l s  and t h a t  
c o n ta m in a n t  s o u r c e s  which  i n c r e a s e  t h e s e  l e v e l s  a r e  
p r o h i b i t e d  o r  must be c l e a n e d  up .  Of c o u r s e ,  t h e  p ro b lem s  
i n  d e f i n i n g  b ackground  a r e  f o r m id a b le .

SUMMARY

Our a p p ro a c h  t o  g ro u n d w a te r  p r o t e c t i o n  i s  c r i t i c a l l y  
d e p e n d e n t  on o u r  a b i l i t y  t o  d e te r m in e  t h e  p r e s e n t  and 
p o t e n t i a l  e x t e n t  and s e r i o u s n e s s  o f  c o n t a m in a t io n  p a t t e r n s .
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The a q u i f e r s  a r e  so  e x t e n s i v e  and t h e  c o s t s  o f  a s s e s s i n g  
s u b s u r f a c e  p o l l u t i o n  so  h ig h  t h a t  l i m i t e d  r e s o u r c e s  m ust be  
c a r e f u l l y  h u sb an d ed .  We c a n n o t  a f f o r d  t o  make m easu rem en ts  
t h a t  l a c k  c r e d i b i l i t y  o r  m ean ing ,  n o r  can  we a f f o r d  n o t  t o  
make im p o r t a n t  m ea su re m e n ts .
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Washington, DC 20234

In  r e c e n t  y e a r s ,  t h e  a n a l y s i s  o f  d r i n k i n g  w a te r  has  
em phas ized  t h e  i d e n t i f i c a t i o n  and d e t e r m i n a t i o n  o f  s p e c i f i c  
c h e m ic a l  p o l l u t a n t s  which  r e p r e s e n t  p u b l i c  h e a l t h  h a z a r d s .
A number o f  t h e s e  p r i o r i t y  p o l l u t a n t s  a r e  p r e s e n t  a t  
m ic ro g /L  l e v e l s .  For  u se  i n  c a l i b r a t i n g  i n s t r u m e n t a t i o n  and 
v a l i d a t i n g  e x p e r im e n ta l  d a t a  and m e th o d s ,  NBS i s s u e s  
S ta n d a rd  R e fe re n c e  M a t e r i a l s  (SRMs) c e r t i f i e d  f o r  
c o n c e n t r a t i o n s  o f  i m p o r t a n t  i n o r g a n i c  and o r g a n i c  p r i o r i t y  
p o l l u t a n t s .  T h ree  w a te r  SRMs a r e  a v a i l a b l e ,  which  a r e  
c e r t i f i e d  f o r  i n o r g a n i c  c o n ta m in a n t s .  They a r e :  SRMs 1641b 
and 1642b, w hich  a r e  c e r t i f i e d  f o r  m ercu ry  a t  t h e  microg/mL 
and ng/mL l e v e l s ,  r e s p e c t i v e l y ;  and SRM 1 643a ,  T ra c e  
E lem en ts  in  W a te r ,  w hich  i s  c e r t i f i e d  f o r  17 t r a c e  e l e m e n t s .

T h ree  SRMs a l s o  have been  i s s u e d  f o r  o r g a n i c  
p o l l u t a n t s .  They a r e :  SRM 1644, G e n e r a to r  Columns f o r  
P o ly n u c l e a r  A ro m a tic  H y d ro c a rb o n s ,  w hich p r o v i d e s  a means o f  
g e n e r a t i n g  known, a c c u r a t e  aqueous  c o n c e n t r a t i o n s  o f  
a n t h r a c e n e ,  b e n z ( a ) a n t h r a c e n e ,  and b e n z o ( a ) p y r e n e ;  SRM 1647, 
P r i o r i t y  P o l l u t a n t  P o ly n u c le a r  A ro m a tic  H ydrocarbons  ( i n  
A c e t o n i t r i l e ) ;  and most r e c e n t l y ,  SRM 1639, H a lo c a rb o n s  ( i n  
M ethano l)  f o r  W ater A n a l y s i s ,  w hich i s  c e r t i f i e d  f o r  t h e  
c o n c e n t r a t i o n s  o f  f o u r  t r i h a l o m e t h a n e s  and two o t h e r  
h a l o c a r b o n s .

The C e r t i f i c a t e  o f  A n a ly s i s  f o r  SRM 1639 l i s t s  
c e r t i f i e d  c o n c e n t r a t i o n s  o f  c h lo r o f o r m ,  c h lo r o d ib r o m o -  
m e th an e ,  b ro m o d ic h lo ro m e th a n e ,  b rom oform , 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 .  The c e r t i f i e d  c o n c e n t r a t i o n s  o f  
t h e s e  v o l a t i l e  compounds a r e  b a se d  on g as  c h ro m a to g ra p h y  and 
on t h e  mass o f  t h e  h a lo c a r b o n ,  c o r r e c t e d  f o r  compound 
p u r i t y ,  added t o  t h e  m e th a n o l .  SRMs 1639 and 1647 a r e  
i n t e n d e d  p r i m a r i l y  f o r  a d d in g  a c c u r a t e  amounts o f  t h e

177
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c e r t i f i e d  compounds t o  w a te r  and d e t e r m in in g  re s p o n s e  
f a c t o r s .

C o p ie s  o f  SRM 1639 [H a lo ca rb o n s  ( i n  M ethanol)  f o r  W ater 
A n a ly s i s ]  and SRM 1643a [T race  E lem en ts  i n  W a t e r ] , a r e  
a t t a c h e d  t o  t h i s  p r e s e n t a t i o n .

O th e r  SRMs a r e  b e in g  d e v e lo p e d .  For exam ple ,  an SRM 
w i l l  be  c e r t i f i e d  f o r  t h e  c o n c e n t r a t i o n s  o f  a p p r o x im a te ly  
t e n  p h e n o l s  i n  m e th a n o l .  A n o th e r  SRM i s  b e in g  d e v e lo p e d  f o r  
u se  w i th  combined g as  ch ro m a to g ra p h y /m ass  s p e c t r o m e t r y .  I t  
w i l l  c o n s i s t  o f  two s o l u t i o n s :  one c e r t i f i e d  f o r  t h e  
c o n c e n t r a t i o n s  o f  a p p r o x im a te ly  t e n  p r i o r i t y  p o l l u t a n t s ;  t h e  
o t h e r  f o r  t h e  c o n c e n t r a t i o n s  o f  t h e  same compounds which
have been  l a b e l e d  i s o t o p i c a l l y .  The compounds w i l l  
r e p r e s e n t  a c i d  e x t r a c t a b l e ,  b a s e - n e u t r a l  e x t r a c t a b l e ,  and 
v o l a t i l e  c l a s s e s .

NBS i s  a u t h o r i z e d  by F e d e r a l  l e g i s l a t i o n  t o  i s s u e  SRMs 
w hich  have im p o r t a n t  a p p l i c a t i o n s  i n  q u a l i t y  a s s u r a n c e .  We 
welcome y o u r  s u g g e s t i o n s  f o r  a d d i t i o n a l  SRMs t h a t  may be 
needed  t o  im prove m easurem ent r e l i a b i l i t y .
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^National ÿttm m  of ^tanáarrís

Certificate of JVttalgsis

Standard Reference Material 1639 

Halocarbons (in methanol) for Water Analysis

This Standard Reference Material is intended primarily for calibrating chromatographic instrumentation used in the 
determination of halocarbons. It is also useful in recovery studies for adding accurate amounts of the certified 
compounds to a sample. Because of its miscibility with water, it is particularly useful in analyzing water samples for 
these compounds.

Certified Concentrations of the Halocarbons: The certified concentrations and estimated uncertainties of seven halo­
carbons in methanol are shown in Table 1. Because the density of methanol changes with temperature, these concentra­
tions are certified for the temperature range of 20 to 26 ° C.

They are based on the analytical results by gas chromatography (GC) and on the concentrations calculated from the mass 
of the halocarbon added, corrected for compound purity, to methanol. In addition to GC, high performance liquid 
chromatography (HPLC) was used to confirm the homogeneity of the entire lot. Table 2 shows the calculated and 
GC-determined concentrations.

NOTICE AND WARNINGS TO USERS

Expiration of Certification: This certification is valid, within the limits certified, for one year from the date of purchase. 
In the event that the certification should become invalid before then, purchasers will be notified by NBS.

Storage: Sealed ampoules, as received, should be stored in the dark at temperatures between 10-30 ° C.

Use: Samples of the SRM for analysis should be withdrawn from ampoules equilibrated at 23 ± 3 ° C. Samples should 
be withdrawn immediately after opening and used without delay for any certified value in Table I to be valid within the 
stated uncertainty. Certified values are not applicable to ampoules stored after opening, even if resealed. A suggested 
procedure for preparing and equilibrating water calibration standards is described in a separate section.

Analytical determinations were performed at the Center for Analytical Chemistry, Organic Analytical Research 
Division, by S.N. Chester, R.G. Christensen, and F.R. Guenther.

The statistical design and analysis of the experimental work was provided by K. Kafadar and K.R. Eberhardt of the 
Statistical Engineering Division.

The coordination of the technical measurements leading to certification was performed under the direction of 
F.R. Guenther, S.N. Chesler, and H.S. Hertz.

The technical and support aspects involved in preparation, certification, and issuance of this Standard Reference 
Material were coodinated through the Office of Standard Reference Materials by R. Alvarez.

Washington, DC 20234 
April 20, 1983

(over)

George A. Uriano, Chief 
Office of Standard Reference Materials
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Table 1. Certified Concentration of Halocarbons in SRM 1639 at 23 + 3 °C

Compound Concentration,. n g / µ L*

Chloroform 6235 ±  340
Chlorodibromomethane 124.6 ± 1.1
Bromodichloromethane 389.9 ± 7.1
Bromoform 86.5 ± 1.4
Carbon tetrachloride 157.0 ± 4.4
Trichloroethylene 85.8 ± 2.6
Tetrachloroethylene 40.6 ± 0.9

•Estimated uncertainty is given as 95% confidence limits obtained from the GC 
measurements.

Table 2. Summary of Results

Compound Concentration, ng/µiL

Calculated* GCb
Chloroform 6311 ±34 6235 ± 338
Chlorodibromomethane 124.9 ±  0.1 124.6 ± 1.1
Bromodichloromethane 392.0 ± 0 . 3 389.9 ± 7.1
Bromoform 87.7 ± 0.1 86.5 ± 1.4
Carbon tetrachloride 160.1 ± 0.1 157.0 ± 4.4
Trichloroethylene 87.9 ± 0.1 85.8 ± 2.6
Tetrachloroethylene 40.95 ± 0.03 40.6 ± 0.9

m e  c a lc u la te d  c o n c e n tra t io n  is b ased  on  th e  to ta l  m ass o f  th e  h a lo c a rb o n  a d d e d  to  th e  m e th a n o l . 

E s tim a te d  u n c e r ta in ty  is g iv e n  a s  95%  c o n fid e n c e  lim its .

Suggested Procedure for Preparing and Equilibrating Water Calibration Standards

The following procedure provides aqueous halocarbon concentrations in the range normally found in drinking water 
supplies.

1. Allow ampoule to equilibrate at a temperature of 23 ± 3 °C  and shake ampoule for one minute.
2. Open ampoule and complete sampling of contents within five minutes.
3. Insert one-µ L disposable micropipet (such as “Microcap”* available from laboratory supply houses) into ampoule 

and fill micropipet from top of SRM solution.

4. Inject the one-µ L volume into a stoppered 100-mL volumetric flask containing 100-mL pure water and rinse the 
micropipet twice with this solution.

5. Shake the flask for at least one minute and analyze entire sample. However, because the one-minute shaking time 
may not have achieved a uniform concentration of halocarbons in the water, the analysis of aliquots may require 
a longer shaking time.

Other concentrations can be obtained by the use of other calibrated micropipets and /o r volumetric flasks of suitable 
volume.

Preparation and Analysis of SRM 1639

The methanol solution of the seven halocarbons was prepared at NBS. It was chilled and ampouled into 2-mL amber 
glass ampoules. The ampoules were purged with argon immediately before adding the solution. Samples representing 
early, middle, and final stages of ampouling were analyzed by GC. HPLC was also used to confirm homogeneity of the 
material for the SRM. No significant differences in concentrations of the seven compounds were found.

GC analyses were done on a 30 m x 0.25 mm inside diameter fused silica capillary column coated with a one-µm thick 
immobilized SE-52* phase. Bromotrichloromethane was used as an internal standard. A Hall electrolytic conductivity 
detector was used in the halogen mode for the determination of all constituents except bromoform and chlorodibromo- 
methane. These highly brominated compounds were determined using electron capture detection.

♦Note: To describe the procedure adequately, identification of a commercial product by the manufacturer’s name was 
necessary. This identification does not imply endorsement by NBS nor that the particular product is the best available.
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Certificate

Standard Reference Material 1643b

Trace Elements in Water

This Standard Reference Material (SRM) is intended primarily for use in evaluating the accuracy of trace element 
determinations in filtered and acidified fresh water and for calibrating instrumentation used in these determinations. 
SRM 1643b consists of approximately 950 mL of water in a polyethylene bottle, which is sealed in an aluminized bag to 
maintain stability. SRM 1643b simulates the elemental composition of fresh water. Nitric acid is present at a concentra­
tion of 0.5 mole per liter to stabilize the trace elements.

Concentrations of Constituent Elements: The concentrations of the trace elements that were determined are shown in 
Table 1 The certified values are based on results obtained either by reference methods of known accuracy or by two or 
more independent, reliable analytical methods. Noncertified values, which are given for information only, appear in 
parentheses.

Notice and Warnings to Users:

Expiration of Certification: This certification is invalid two years after the shipping date.

Precautions: The bottle should be shaken before use because of possible water vapor condensation. To prevent possible 
contamination of the SRM, do not insert pipets into the bottle. After use, the bottle should be capped tightly and placed 
inside the aluminized bag, which should be folded and sealed with sealing tape. This safeguard will protect the SRM 
from possible environmental contamination and long-term loss of water.

Elemental determinations of ng/g levels are limited by contamination. Apparatus should be scrupulously cleaned and 
only the purest grade reagents employed. Sampling and manipulations, such as evaporations, should be done in a clean 
environment, for example, a Class 100 clean hood.

The overall direction and coordination of the technical measurements leading to this certification were performed under 
the direction of E. Garner, Chief of the Inorganic Analytical Research Division.

The technical and support aspects involved in the preparation, certification, and issuance of this Standard Reference 
Material were coordinated through the Office of Standard Reference Materials by R. Alvarez.

Washington, DC 20234 
May 18, 1984

(over)

Stanley D. Rasberry, Chief 
Office of Standard Reference Materials
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* The estimated uncertainty is based on judgment and represents an evaluation of the combined effects of method imprecision 
and possible systematic errors among methods. To convert to nanograms per milliliter, multiply by the density of the SRM. 
The density at 23 °C is 1.017 grams per milliliter.

**  Values in parentheses are not certified.

1. Atomic absorption spectrometry, electrothermal
2. Atomic emission spectrometry,

a. dc plasma
b. flame

3. Laser enhanced ionization flame spectrometry

4. Isotopic dilution mass spectrometry,
a. resonance ionization
b. thermal ionization

5. Neutron activation, 
instrumental

Source and Preparation of Material: SRM  1643b was prepared a t the U.S. Geological Survey, National W ater Quality 
Laboratory, Arvada, Colorado, under the direction of V.J. Janzer of that laboratory and J.R . M oody of the NBS Center 
for Analytical Chemistry. Only high-purity reagents were used and the containers were acid-cleaned and sterilized before 
use. In the preparation, a polyethylene cylindrical tank was filled with distilled water and sufficient nitric acid to  make 
the solution approximately 0.5 moles H NO 3 per liter. Solutions containing known am ounts of calcium, sodium, 
magnesium, potassium, and the elements to be determined were added to the acidified water solution with constant 
stirring. After thoroughly mixing, the solution was filtered, sterilized, and then transferred to  one-liter polyethylene 
bottles. The approximate concentrations, in p g/m L,  of Ca, Na, Mg, and K are respectively 35, 8, 15, and 3.

Analysts:

Center for Analytical Chemistry, National Bureau of Standards

1. K. A. Brletic
2. T. A. Butler
3. E. C. Deal
4. M. S. Epstein
5. J. D. Fassett
6. K. Fitzpatrick
7. H. M. Kingston
8. R. M. Lindstrom
9. L. A. Machlan

10. J. R. M oody
11. L. J. Powell
12. T. C. Rains
13. T. A. Rush
14. S. F. Stone
15. G. C. Turk
16. R. L. W atters, Jr.
17. R. Zeisler

(Table 1)

Concentrations of Constituent Elements

Element
Concentration,

ng/g Element
Concentration*

ng/g

Arsenic1’5 (49)** Lead 23.7 ±  0.7
ö  . 2« ,2b, 5Banum 44 ± 2 Manganese 28 ± 2
Beryllium1’2“ 19 ± 2 M olybdenum2*’5 85 ± 3
Bismuth1 (11) Nickel2*’3 49 ± 3
Boron2“ (94) Selenium1' 5 9.7 ±  0.5
Cadm ium21*'3’5 20 ±  1 Silver1’5 9.8 ± 0.8
Chromium40 18.6 ±  0.4 „  . 2a,5  Strontium 227 ± 6
C obalt1,5 26 ±  1 Thallium41* 8.0 ±  0.2
Copper3,4b 21.9 ±  0.4 Vanadium41* 45.2 ±  0.4
» 2 a ,4 a ,5Iron 99 ± 8 Zinc2*’5 66 ± 2



CHAPTER 14

REGULATION OF CONTAMINANTS IN DRINKING WATER

Joseph A. Cotruvo, Ph.D.
Director; Criteria and Standards Division 
Office o f Drinking Water 
Environmental Protection Agency 
Washington, DC 20460

I t  i s  a p l e a s u r e  f o r  me t o  be h e re  and to  be t a l k i n g  
w i th  you a b o u t  d r i n k i n g  w a te r  q u a l i t y  i s s u e s .  These  i s s u e s  
a r e  v e ry  c o m p l ic a te d  o f  c o u r s e ,  and i t  i s  v e ry  d i f f i c u l t  to  
d i v o r c e  t h e  h e a l t h  c o n c e rn  from t h e  f a c t ,  from  t h e  
h y p o t h e s i s ,  from  th e  p o t e n t i a l .  But n e v e r t h e l e s s ,  a l l  o f  us 
f e e l  t h a t  i t  i s  e s s e n t i a l  t h a t  t h e r e  be v e ry  h ig h  q u a l i t y  
d r i n k i n g  w a te r  a v a i l a b l e  t o  t h e  p u b l i c ,  t h a t  t h e r e  s h o u ld  
n o t  be any q u e s t i o n  i n  p e o p l e ' s  m inds a s  t o  t h e  q u a l i t y  o f  
t h e i r  d r i n k i n g  w a t e r ,  and t h a t  i t  i s  o u r  c o l l e c t i v e  
r e s p o n s i b i l i t y ,  as  w a te r  q u a l i t y  p r o f e s s i o n a l s ,  t o  a s s u r e  
t h a t  i s  t h e  c a s e .  We p r o v id e  t h e  t r e a t m e n t  and t h e  c o n t r o l s  
o v e r  c o n ta m in a t io n  a t  t h e  s o u r c e ,  and we a r e  in v o lv e d  in
e s t a b l i s h i n g  q u a l i t y  s p e c i f i c a t i o n s .  T o g e th e r ,  we must 
a s s u r e  t h a t  t h e  p u b l i c  does  n o t  have any s i g n i f i c a n t  r i s k  
f rom  e x p o s u re  t o  d r i n k i n g  w a te r  c o n t a m i n a t i o n ,  and t h a t  t h e  
p u b l i c  s h o u ld  be c o n f i d e n t  t h a t  t h e i r  d r i n k i n g  w a te r  i s  
s a f e .

T here  i s  a wide v a r i e t y  o f  s u b s t a n c e s  in  d r i n k i n g  w a te r  
and i n  some c a s e s ,  t h e r e  a r e  in d e e d  c l e a r  im m inent h a z a r d s ;  
f o r t u n a t e l y ,  t h o s e  c a s e s  a r e  r e l a t i v e l y  few . But t h e r e  a r e  
a l s o  o t h e r  c a s e s  where t h e r e  i s  p o t e n t i a l  f o r  c o n c e rn  o r  
r i s k ,  and t h e r e  a r e  o t h e r s  where t h i s  i s  r e l a t i v e l y  
s p e c u l a t i v e .  And so  r a t h e r  t h a n  lum ping them a l l  t o g e t h e r  
a s  h a z a r d s ,  su ch  t h a t  e v e ry  s i n g l e  s u b s t a n c e  once  found  
a u t o m a t i c a l l y  i s  c o n c lu d e d  t o  be a h a z a r d ,  I t h i n k  we must 
make some d i f f e r e n t i a t i o n .  We have t o  d e a l  w i th  r i s k s  t h a t  
we u n d e r s t a n d  i n  a p a r t i c u l a r  c o n t e x t ,  and t h o s e  t h a t  we do 
n o t  know v e ry  much a b o u t  i n  a n o th e r  c o n t e x t .

In  g e n e r a l  we have t o  c o n c lu d e  t h a t  by a l l  r e a s o n a b l e  
m easu re s  t h e  d r i n k i n g  w a te r  i s  s a f e .  P u b l i c  w a te r  s u p p l i e s  
a r e  s a f e .  Now, o b v i o u s l y ,  t h a t  does  n o t  mean t h a t  a l l  o f  
them a r e  a b s o l u t e l y ,  and u n e q u iv o c a b ly  f r e e  from e v e ry  
p o s s i b l e  c o n ta m in a n t  o r  e v e ry  p o s s i b l e  r i s k  t h a t  c o u ld  be

183
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t h e r e .  We know t h a t  t h e r e  a r e  exam ples  where t h e r e  i s  v e r y  
s i g n i f i c a n t  c o n t a m i n a t i o n ,  and we know t h a t  g ro u n d w a te r  i s  a 
m a t t e r  o f  i n c r e a s i n g  c o n c e rn  a s  more o f  t h e s e  d e t e c t i o n s  
o c c u r .  T ha t  i s  r e a l !  We m ust d e a l  w i th  t h o s e .  But t h a t
d o es  n o t  mean t h a t  p e o p le  s h o u ld  a p p ro a c h  t h e i r  g l a s s e s  o f  
d r i n k i n g  w a te r  w i th  f e a r  and t r e p i d a t i o n  i n  t h e  v a s t  
m a j o r i t y  o f  c a s e s .  I t  a l s o  does  n o t  mean t h a t  we s h o u ld  n o t  
be c o n c e rn e d  t h a t  d r i n k i n g  w a te r  p o t e n t i a l l y  can  become 
c o n ta m in a te d .  I  t h i n k  t h a t  o u r  main c o n c e rn  i n  t h e  U .S. 
g o v e rn m e n t ,  i s  t o  be s u r e  t h a t  we do n o t  p e r m i t  
c o n ta m in a t io n  t o  o c c u r ,  t h a t  we p r e v e n t  i t ,  t h a t  we re d u c e  
i t  w henever we c a n ;  and we do t h a t  a g g r e s s i v e l y !  But t h e  
p r o p e r  p e r s p e c t i v e  a l s o  i s  i m p o r t a n t .

S a f e t y  i s  n o t  a p r e c i s e  t e r m .  We would have t o  sa y  
t h a t  o u r  s a f e t y  i n  t h i s  room r i g h t  now i s  n o t  p r e c a r i o u s  i n  
t h e  s e n s e  o f  an a i r p l a n c e  c r a s h i n g  i n t o  i t  i n  t h e  n e x t  h o u r .  
T h a t  i s  a v e ry  low p r o b a b i l i t y  e v e n t .  None o f  us a r e  
c o n c e rn e d  a b o u t  t h a t  h a p p e n in g ,  b u t  n e v e r t h e l e s s ,  i t  i s  
im p o r t a n t  t h a t  t h e  a i r l i n e s  t a k e  s p e c i a l  p r e c a u t i o n s  t o  
e n s u r e  t h a t  t h e y  f l y  s a f e l y .  Any t h a t  i s  what we a r e  d o in g  
i n  d r i n k i n g  w a te r :  we a r e  e n s u r in g  -  a s  a g o a l  -  t h a t  
d r i n k i n g  w a te r  i s  a s  good a s  i t  can  be!

The o t h e r  t h i n g  we s h o u ld  keep  in  mind i s  t h a t  e x c e p t  
i n  r e l a t i v e l y  u n u s u a l  c a s e s ,  d r i n k i n g  w a te r  i s  n o t  t h e  
p r i n c i p a l  o r  even  a m ajo r  s o u r c e  o f  e x p o s u re  t o  most 
e n v i r o n m e n ta l  c o n t a m in a n t s ,  e i t h e r  i n d u s t r i a l  o r  o t h e r w i s e .  
A i r  happens  t o  be a v e ry  s i g n i f i c a n t  s o u r c e ,  b o th  from 
o c c u p a t i o n a l  e x p o s u re  and from  in d o o r  c o n ta m in a t io n .  Food
can  be  a s i g n i f i c a n t  s o u r c e  o f  n a t u r a l  and s y n t h e t i c  
t o x i c a n t s .  D r in k in g  w a te r  i s  u n iq u e ly  t h e  most s i g n i f i c a n t  
s o u r c e  o f  t h o s e  s u b s t a n c e s  t h a t  a r e  a s s o c i a t e d  i n t i m a t e l y  
w i th  d r i n k i n g  w a te r  p r o d u c t i o n ,  e s p e c i a l l y  d i s i n f e c t i o n  and 
o t h e r  t r e a t m e n t  p r o c e s s e s .  So, o b v io u s ly  t h a t  r e q u i r e s
s p e c i a l  a t t e n t i o n  b e c a u s e  we have c o m p le te  c o n t r o l  o v e r  i t .
We do n o t  have co m p le te  c o n t r o l  o v e r  t h e  o t h e r  s o u r c e s  o f  
c o n t a m i n a t i o n ,  how ever; t h u s  we s t i l l  have t o  be  d i l i g e n t .

The n e r v o u s n e s s  t h a t  d e v e lo p s  i n  t h i s  a r e a  i s  t h a t  a s  
a n a l y t i c a l  s c i e n c e  k eep s  im p ro v in g ,  we keep  d e t e c t i n g  more 
and more t h i n g s  i n  d r i n k i n g  w a t e r ,  and eve ry w h ere  e l s e  in  
t h e  e n v i ro n m e n t .  The p ro b lem  i s  t h a t  a n a l y t i c a l  c h e m is t r y  
i s  ru n n in g  a b o u t  t h r e e ,  f o u r  o r  f i v e  o r d e r s  o f  m ag n itu d e  
ahead  o f  t h e  a b i l i t y  o f  t o x i c o l o g i s t s  and e p i d e m i o l o g i s t s  t o  
d e te r m in e  t h e  co n se q u e n c e s  o f  t h a t  e x p o s u r e .  So we have 
many more q u e s t i o n s  t h a n  we w i l l  e v e r  be a b l e  t o  a n sw e r .  I 
do n o t  t h i n k ,  and I c a n n o t  even  c o n c e iv e  un d e r  t h e  most 
e x c e p t i o n a l  d e v e lo p m e n ts  o f  s c i e n c e  t h a t  one w i l l  e v e r  be 
a b l e  t o  sa y  w i th  any d e g re e  o f  c e r t a i n t y  what t h e  
c o n se q u e n c e s  a r e  o f  e x p o s u re  t o  s m a l l  amounts o f  v a r i o u s  
s u b s t a n c e s  i n d i v i d u a l l y ,  l e t  a lo n e  i n  c o m b in a t io n .  So we 
w i l l  n e v e r  answ er t h a t  q u e s t i o n ,  u l t i m a t e l y ,  a b s o l u t e l y !

The t r a d i t i o n a l  a p p ro a c h ,  a s  we a r e  t o l d  from  t h e  w a te r  
i n d u s t r y ,  has  b een  t o  d e a l  w i th  p ro b lem s  i n  a ty p e  o f  b e s t  
p r a c t i c a l / a v a i l a b l e  t e c h n o lo g y  p r o c e s s ,  and i s  p r o b a b ly  t h e  
b e s t  one t o  c o n t i n u e .  In  1900, o r  n e a r  t h a t  t im e  when 
c h l o r i n e  was j u s t  b e g in n in g  t o  be u sed  i n  t h e  d i s i n f e c t i o n
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o f  w a t e r ,  i f  t h e  s c i e n t i s t s  had t a k e n  o v e r  and d e te r m in e d  
t h a t  b e f o r e  one c o u ld  make t h a t  a d ju s tm e n t  t o  t r e a t m e n t  
p r o c e s s e s ,  we f i r s t  had t o  i d e n t i f y  e a c h  o f  t h e  p a r t i c u l a r  
m ic ro o rg a n ism s  t h a t  c o u ld  p o s s i b l y  be i n  d r i n k i n g  w a te r  and 
th e n  found  i t s  p a r t i c u l a r  p o te n c y  and f r e q u e n c y ,  and found  
i t s  p a r t i c u l a r  s u s c e p t i b i l i t y  t o  t r e a t m e n t  and c h l o r i n a t i o n ,  
we would p r o b a b ly  s t i l l  be  w ondering  w h e th e r  o r  n o t  c h l o r i n e  
s h o u ld  be added t o  d r i n k i n g  w a t e r .  The p o i n t  i s ,  someone 
made an e x c e l l e n t  g u t  judgem en t i n  t h a t  t im e  -  and i t  s av ed  
m i l l i o n s  o f  l i v e s .  T here  were l o t s  o f  u n c e r t a i n t i e s .  But 
i t  w orked . I t  was c h e a p .  I t  s o lv e d  t h e  p ro b lem  
c o n c e p t u a l l y ,  a s  opposed  t o  d e a l i n g  w i th  t h e  p ro b le m  i n  i t s  
m in u te  s e n s e .  And, i n  a s e n s e ,  we need  t o  keep  t h i n k i n g  
a lo n g  t h o s e  l i n e s .  The e n g i n e e r s  need  t o  t h i n k  a lo n g  t h o s e  
l i n e s  a s  th e y  a r e  d e s i g n i n g  w a te r  t r e a t m e n t  s y s te m s .  I t  i s  
n o t  so  im p o r t a n t  n e c e s s a r i l y  t o  d e a l  w i th  s p e c i f i c  
i n d i v i d u a l  c h e m i c a l s ,  i t  i s  b e t t e r  t o  d e a l  w i th  c l a s s e s  and 
g ro u p s  o f  c o n ta m in a n t s  a s  t h e y  d e s i g n  t h e i r  sy s te m s  and t o  
o p t im iz e  them t o  p ro d u c e  h ig h  q u a l i t y  w a t e r .

INTERIM DRINKING WATER REGULATIONS

In  t h e  r e s t  o f  t h e  p r e s e n t a t i o n  I  w i l l  g iv e  you an id e a  
o f  t h e  a c t i v i t i e s  g o in g  on i n  t h e  EPA i n  im p le m e n t in g  t h e  
S a fe  D r in k in g  W ater A cts  how we a r e  e v a l u a t i n g  o u r  c u r r e n t  
r e g u l a t o r y  a c t i v i t i e s ;  what we a r e  g o in g  t o  be  d o in g  o v e r  
t h e  n e x t  c o u p le  o f  y e a r s ;  and o u r  g e n e r a l  p e r c e p t i o n  o f  t h e  
s i g n i f i c a n c e  o f  c e r t a i n  k in d s  o f  c o n ta m in a n t s  t h a t  a r e  found 
i n  d r i n k i n g  w a t e r .

The e x i s t i n g  i n t e r i m  r e g u l a t i o n s  i n  t h e  U n i te d  S t a t e s  
i n v o lv e  a p p r o x im a te ly  40 s u b s t a n c e s .  They a r e  v e ry  
c o m p re h e n s iv e ,  a l t h o u g h  n o t  t o t a l l y  e n c o m p a ss in g ,  and 
i n c l u d e  t h e  b ro a d  s p e c t ru m  o f  c o n ta m in a n t s  t h a t  c an  be i n  
d r i n k i n g  w a t e r .  They i n c l u d e  t h e  t r a d i t i o n a l  b i o l o g i c a l  
c o n t a m i n a n t s ,  c o l i f o r m s  and t u r b i d i t y ;  a s p e c t ru m  o f  
i n o r g a n i c  c o n ta m in a n t s  t h a t  a r e  s t i l l  most f r e q u e n t l y  found  
i n  d r i n k i n g  w a te r  from  v a r i o u s  s o u r c e s ;  s i x  o r g a n i c  
p e s t i c i d e s ;  r a d i o n u c l i d e s ,  and f i n a l l y  t r i h a l o m e t h a n e s .  In  
a d d i t i o n  t o  t h o s e  p r im a r y  s t a n d a r d s ,  t h e r e  i s  a s e r i e s  o f  
s e c o n d a ry  s t a n d a r d s  t h a t  a r e  n o t  d e a l t  w i th  a s  m a t t e r s  o f  
p u b l i c  h e a l t h  c o n c e r n ,  b u t  more a s  a m a t t e r  o f  a e s t h e t i c s .

REVISED REGULATIONS

Our management scheme f o r  r e v ie w in g  and r e v i s i n g  a l l  o f  
t h e  e x i s t i n g  r e g u l a t i o n s  i s  c o n t r o l l e d  by t h e  f a c t  t h a t  
t h e r e  i s  su c h  a t rem en d o u s  number o f  a d d i t i o n a l  s u b s t a n c e s  
t h a t  must be  c o n s i d e r e d  i n  t h e  r e v i s i o n s .  The f i r s t  t im e  
a ro u n d ,  t h e  C o n g ress  t o l d  us  t o  c o n c e n t r a t e  on t h o s e  
s u b s t a n c e s  t h a t  were i n  t h e  U .S . P u b l i c  H e a l th  S e r v i c e  
g u i d e l i n e s ;  we d id  t h a t ,  and e x te n d e d  them somewhat t o  t h e  
t r i h a l o m e t h a n e s  and r a d i o n u c l i d e s .  But s i n c e  t h a t  t i m e ,
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a n a l y t i c a l  c h e m is t r y  has  been  so i n t e n s i v e l y  a p p l i e d  i n  
d r i n k i n g  w a te r  sy s tem s  a round  t h e  U .S. t h a t  we found  more 
s u b s t a n c e s  an d ,  s o ,  we have to  c o n s i d e r  them f o r  r e g u l a t i o n .  
The t a s k  was d i v i d e d  i n t o  f o u r  g ro u p s  o r  p h a s e s  (T a b le  I ) : 
t h e  f i r s t  i s  v o l a t i l e  s y n t h e t i c  o r g a n ic  c h e m ic a l s ;  t h e s e  a r e  
c h e m ic a l s  l i k e  t r i c h l o r 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  
w hich  a r e  most f r e q u e n t l y  found  in  g ro u n d w a te r s .  The f i r s t  
d a t a  on t h o s e  s u b s t a n c e s  a p p e a re d  i n  1 9 7 8 /7 9 ,  and t h e  l i s t  
ha s  been  g row ing  s i n c e  t h e n .

In  t h e  second  p h a s e ,  we w i l l  be d e a l i n g  w i th  t h e  
g r e a t e s t  number o f  s u b s t a n c e s  and t h e  g r e a t e s t  v a r i e t y .  The 
o r g a n i c s  a r e  p r i m a r i l y  p e s t i c i d e s  and o t h e r  s y n t h e t i c
o r g a n i c  c h e m i c a l s ,  o f t e n  j u s t  d i s c o v e r e d  i n  t h e  l a s t  y e a r s
a s  p o t e n t i a l  c o n ta m in a n t s  i n  g ro u n d w a te r .  We a r e  exam in ing  
a l l  o f  t h e  o ld  i n o r g a n i c s  and c o n s i d e r i n g  a d d i t i o n a l  o n es  -  
and th e n  t a k i n g  a co m p reh en s iv e  new lo o k  a t  t h e  m i c r o b i a l  
c o n ta m in a n t s  g o in g  f a r  beyond j u s t  c o l i f o r m s  and t u r b i d i t y .

P h ase  3 i s  a new lo o k  a t  t h e  r a d i o n u c l i d e s  and t h a t  
w i l l  o c c u r  b e g in n in g  n e x t  y e a r .  P hase  4 i s  a co m p re h e n s iv e  
r e e x a m in a t io n  o f  d i s i n f e c t i o n  b y p r o d u c t s  s t a r t i n g  w i th  t h e  
THMs, b u t ,  o f  c o u r s e ,  g o in g  f a r  beyond b e c a u s e  a trem en d o u s  
amount o f  new i n f o r m a t i o n  has  been  d e v e lo p e d  s i n c e  t h e  1979 
THM i n t e r i m  r e g u l a t i o n  was i s s u e d .

TABLE I .

Regulatory Framework

Phase 1 VOCs

Phase II O rganics/Pesticides, 
Inorganics, M icrobials

Phase IIA Fluoride

Phase III Radionuclides

Phase IV D isinfection
By-Products (e.g. THMs)
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PHASE I REGULATIONS

These  10 c h e m ic a l s  (T a b le  I I ) , t h e  v o l a t i l e  s y n t h e t i c  
o r g a n i c s  (VOCs), were  s e l e c t e d  a s  o u r  e v a l u a t i o n  g ro u p
b e c a u s e  o f  f r e q u e n t  d e t e c t i o n s  i n  g r o u n d w a te r s .  They a r e  
among t h e  most common s y n t h e t i c  c h e m ic a l s  t h a t  a r e  
m a n u fa c tu re d ,  many o f  them i n  m i l l i o n s  o f  pounds p e r  y e a r  
q u a n t i t i e s  i n  t h e  U n i te d  S t a t e s  a l o n e ,  r e l a t i v e l y  i n e r t  
s u b s t a n c e s ,  and f o r t u n a t e l y ,  m o s t ly  r e l a t i v e l y  n o n - t o x i c  
e x c e p t  f o r  b e n z e n e ,  f o r  exam ple .  T h a t  i s  one o f  t h e  r e a s o n s  
t h a t  th e y  a r e  so  w id e ly  u s e d ,  b e c a u s e  t h e y  do n o t  have 
im m ed ia te  t o x i c o l o g y  a s s o c i a t e d  w i th  them i n  most c a s e s :  
b u t  t h e r e  a r e  a few e x c e p t i o n s .

In  o r d e r  t o  im prove o u r  u n d e r s t a n d in g  o f  t h e  t r u e  
o c c u r r e n c e  o f  t h o s e  s u b s t a n c e s  i n  d r i n k i n g  w a te r s  i n  t h e
U n i te d  S t a t e s ,  p a r t i c u l a r l y  i n  g r o u n d w a te r s ,  we co m p le te d  a 
m a jo r  n a t i o n a l  s u rv e y  o f  1000  g ro u n d w a te r  s u p p l i e s  i n  two 
g r o u p s ,  and h a l f  o f  t h e  g ro u p  -  a p p r o x im a te ly  500 was 
random ly s e l e c t e d  (T a b le  I I I )  . On f r e q u e n c i e s ,  a s  one would 
have e x p e c t e d ,  t e t r a c h l o r o e t h y l e n e ,  t r i c h l o r o e t h y l e n e ,
1 , 1 , 1 - t r i c h l o r o e t h a n e  and t h e  d i c h l o r o e t h y l e n e s  were  found  
m ost f r e q u e n t l y .  A p p ro x im a te ly  25 p e r c e n t  o f  t h e  sam p le s  
t h a t  w ere  c o l l e c t e d  random ly were p o s i t i v e  f o r  one o r  more 
o f  t h e s e  s u b s t a n c e s .

The d e t e c t i o n  l i m i t s  were on t h e  o r d e r  o f  two t e n t h s  o f  
a p a r t  p e r  b i l l i o n .  A p p ro x im a te ly  90 p e r c e n t  o f  t h o s e  
p o s i t i v e s  were v e ry  c l o s e  t o  t h e  d e t e c t i o n  l i m i t ,  l e s s  th a n  
one p a r t  p e r  b i l l i o n .  My s u s p i c i o n  i s  t h a t  many o f  t h o s e  90

TABLE II

Phase 1: VOCS

Trichloroethylene Vinyl Chloride

Tetrachloroethylene Benzene

Carbon Tetrachloride 1, 1-Dichloroethylene

1, 1, 1-Trichloroethane Dichloromethane

1, 2-Dichloroethane Chlorobenzenes
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TABLE I I I .

p e r c e n t  t h a t  were c l o s e  t o  t h e  d e t e c t i o n  l i m i t  were e i t h e r  
t h e  l e a d i n g  edge o r  t h e  t r a i l i n g  edge o f  a plume o f  
c o n t a m i n a t i o n ,  b u t  more p r o b a b l y ,  t h e  r e s u l t  o f  a tm o s p h e r ic  
f a l l o u t  b e in g  b ro u g h t  down i n  t h e  r a i n  and m ig r a t i n g  i n t o  
r e l a t i v e l y  s h a l lo w  a q u i f e r s .  The a v e ra g e  l e v e l s  u s u a l l y  
w ere a b o u t  one p a r t  p e r  b i l l i o n  o r  l e s s  a c r o s s  t h e  b o a r d .  
Only a b o u t  one p e r c e n t  o f  t h e  random g roup  exceed ed  5 p a r t s  
p e r  b i l l i o n .

O b v io u s ly ,  t h e r e  a r e  c a s e s  where one would f i n d  
c o n s i d e r a b l y  h ig h e r  c o n c e n t r a t i o n s ,  b u t  i n  g e n e r a l ,  a t  t h e s e  
l e v e l s  e x p o s u re s  from  s o u r c e s  o t h e r  t h a n  d r i n k i n g  w a te r  
u s u a l l y  a r e  by f a r  much more s i g n i f i c a n t  in  te rm s  o f  d a i l y  
body b u rd e n .  As an exam ple :  b e n z e n e ,  one o f  t h e  m ajor 
com ponents  o f  u n le a d e d  g a s o l i n e  i s  c e r t a i n l y  found in  
g ro u n d w a te r s  a s  p e r h a p s  a t r a c e r  i n  c a s e s  o f  l e a k i n g  
u n d e rg ro u n d  s t o r a g e  t a n k  o c c u r r e n c e .  But s t i l l ,  e x c e p t  i n  
v e r y  u n u s u a l  c a s e s ,  i n h a l a t i o n  o f  a i r  i s  g o in g  t o  g iv e  a 
much g r e a t e r  d o se  th a n  t h e  few m icrogram s t h a t  one m igh t  g e t  
o c c a s i o n a l l y  i n  d r i n k i n g  w a t e r .  We have t o  keep  t h a t
p e r s p e c t i v e  i n  mind -  w hich  how ever,  d o es  n o t  s a y  we a r e  n o t  
c o n c e rn e d  a b o u t  d r i n k i n g  w a t e r .

E a r ly  n e x t  y e a r ,  o u r  f i r s t  p r o p o s a l  o f  recommended 
maximum c o n ta m in a n t  l e v e l s  f o r  n in e  o f  t h e s e  s u b s t a n c e s  i s

Summary of GWSS Occurrence Data
RANDOM SAMPLE 

n= 466

Parameter Frequency % Maximum ug/L
TETRACHLOROETHYLENE 7.3 23
TRICHLOROETHYLENE 6.4 78
1,1,1—TRICHLOROETHANE 5.8 18
1.1 -DICHLOROETH ANE 3.9 3.2
U-DICHLOROETHYLENES 

(cis and/or tram)
3.4 2.0

CARBON TETRACHLORIDE 3.2 16
1,1—DICHLOROETHYLENE 1.9 6.3
nt-XYLENE 1.7 1.S
o—+p—XYLENE 1.7 0.9
TOLUENE 1.3 2.9
1,2—DICH LOROPROP ANE 1.3 21
p-DICHLOROBENZENE 1.1 13
BROMOBENZENE 0.9 5 M
ETHYLBENZENE 0.6 1.1
BENZENE 0.6 15
1,2-DICHLOROETHANE 0.6 1.0
VINYL CHLORIDE 0.2 1.1
DBCP 0.2 5.5



Regulation O f Contaminants 189

g o ing  to  be p u b lis h e d . That w i l l  t r ig g e r  th e  m ajor 
re g u la to r y  a c t io n s  tow ard  e v e n tu a l ly  a r r iv in g  a t  s p e c i f ic  
maximum co n ta m in a n t le v e ls  f o r  th ese  substances in  d r in k in g  
w a te r .

PHASE I I  REGULATIONS

The second g roup  o f  substances th a t  is  b e in g  examined 
f o r  re v is e d  re g u la t io n s  c o n s is ts  o f  th e  s y n th e t ic  o rg a n ic  
p e s t ic id e s ,  th e  b road spectrum  o f  in o rg a n ic  ch em ica ls  and 
th e  b io lo g ic a l  co n ta m in an ts  (T a b le  I V ) . Among th e  
in o rg a n ic s  (T a b le  V ) , t h i s  f i r s t  g roup  is  th e  g roup  th a t  is  
a lre a d y  re g u la te d  in  th e  N a t io n a l In te r im  P rim a ry
R e g u la t io n s , and in  many cases th e  numbers a re  g o ing  to  
change from  what th e y  were o r i g i n a l l y .

In  a d d it io n  to  th o s e , we a re  re -e x a m in in g  a much lo n g e r  
l i s t  o f  c h e m ic a ls , in c lu d in g  such w e ll-kn o w n  substances as 
asbes tos  and sodium  and o th e rs  l i k e  copper th a t  i s  a 
c o r ro s io n  p ro d u c t in  many d is t r i b u t i o n  system s, and alum inum  
w h ich  i s  one o f  th e  m a jo r substances used in  th e  tre a tm e n t 
o f  d r in k in g  w a te r . I  th in k  th e  ite m s o f  most conce rn  in  
t h i s  g roup  o f  substances a re  th ose  th a t  a re  produced as a 
r e s u l t  o f  c o r ro s io n  where w a te r in  c o n ta c t w ith  p ip in g  
lea che s  o u t m e ta ls  such as le a d , co p p e r, perhaps z in c  and 
o th e r  substances th a t  a re  p re s e n t in  d is t r i b u t i o n  system s.

Among th e  s y n th e t ic  o rg a n ic s  th a t  we a re  exam in ing  f o r  
p o s s ib le  r e g u la t io n  (T a b le  V I)  th e re  a re  s ix  th a t  a re  
a lre a d y  re g u la te d  in  th e  in te r im s  -  a l l  p e s t ic id e s .  B u t in  
th e  second group  th a t  i s  b e ing  exam ined, abou t 75 p e rc e n t o f  
th e se  a re  p e s t ic id e s ,  and th e y  in c lu d e  such ite m s  as 
e th y le n e  d ib ro m id e , d ib ro m o c h lo ro p ro p a n e , A ld ic a rb  and many 
o th e r  p e s t ic id e s ,  w h ich  in  re c e n t tim e s  a re  b e in g  found  in  
a reas where th e y  were a p p lie d  f o r  a g r ic u l t u r a l  use . We w i l l  
n o t n e c e s s a r i ly  re g u la te  a l l  o f  th e se  su b s ta n ce s . We a re  
concerned abou t p e s t ic id e s  th a t  a re  m ig ra t in g  to  w a te r 
s u p p lie s ,  and abou t p e s t ic id e s  th a t  a re  used as p a r t  o f  th e

TABLE IV PHASE II

•  SYNTHETIC ORGANIC CHEMICALS/ 
PESTICIDES

•  INORGANIC CHEMICALS

•  MICROBIOLOGICAL CONTAMINANTS
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TABLE V.

c o n t r o l  o f  w a te rb o rn e  p e s t s ,  e i t h e r  i n  w a te r  s u p p l i e s  
th e m s e lv e s  o r  i n  t h e  w a te r s h e d s .

Among t h e  b i o l o g i c a l  c o n ta m in a n t s  (T ab le  V II)  i n  
a d d i t i o n  t o  t h e  o r i g i n a l  e x i s t i n g  s t a n d a r d s  o f  c o l i f o r m s  and 
t u r b i d i t y  w hich have s e r v e d  v e ry  w e l l ,  we know a l o t  more 
a b o u t  b i o l o g i c a l  c o n ta m in a t io n  o f  d r i n k i n g  w a te r  t h a n  was 
known i n  1912 o r  so when t h e  f i r s t  s t a n d a r d s  were p r o p o s e d .  
In  t h e  U n i te d  S t a t e s ,  i n  a b o u t  t h e  l a s t  t e n  y e a r s ,  t h e r e  
were a t  l e a s t  2 0 , 0 0 0  c a s e s  o f  w a te rb o rn e  g i a r d i a s i s  t h a t  
have  been  i d e n t i f i e d .  In  1980 a l o n e ,  t h e r e  were somewhere 
be tw een  2 0 , 0 0 0  and 1 0 0 , 0 0 0  c a s e s  o f  w a te rb o rn e  d i s e a s e s  o f  
v a r i o u s  s o r t s .  Most o f  them go u n r e p o r t e d .  So I  do n o t  
t h i n k  t h e r e  sh o u ld  be any com placency  ab o u t  t h e  f a c t  t h a t  
b i o l o g i c a l  c o n ta m in a t io n  in  many p l a c e s ,  b e c a u s e  o f  
i n a d e q u a t e  t r e a t m e n t  o r  i n a d e q u a te  s o u r c e  p r o t e c t i o n ,  i s  
s t i l l  a v e ry  s i g n i f i c a n t  v i s i b l e  r i s k  from  d r i n k i n g  w a te r  
c o n su m p t io n .

V i r u s e s  a r e  t h e  p e r e n n i a l  c o n c e rn  and a g a i n ,  a  m a t t e r  
o f  i n a d e q u a t e  t r e a t m e n t  o r  in a d e q u a te  s o u r c e  c o n t r o l  i n  some
s i t u a t i o n s .  From v a r i o u s  m o n i to r in g  t h a t  h a s  been  d o n e ,  i t  
a p p e a r s  t h a t  l e g i o n e l l a  a r e  v e ry  common o rg a n ism s  
i n h a b i t a t i n g  w a te r  d i s t r i b u t i o n  sy s te m s  and home p lum bing  
s y s te m s ,  which  i s  n o t  t o  s a y  t h a t  i n g e s t i o n  o f  w a t e r -  
c o n t a g i o u s  l e g i o n e l l a  c a u s e s  L e g i o n n a i r e ' s  D i s e a s e .  But i t
d o e s  a p p e a r  t h a t  t h e  r o o t  o f  i n f e c t i o n  may be  from  
i n h a l a t i o n  o f  t h e  o rg a n ism s  by s u s c e p t i b l e  i n d i v i d u a l s .

PHASE II : INORGANIC CHEMICALS

• NIPDWR:

Arsenic
Barium
Cadium
Chromium
Lead

Mercury
Nitrate
Selenium
Silver
Fluoride

• Other IOCs:

Aluminum
Antimony
Molybdenum
Asbestos
Sulfate
Copper

Vanadium
Sodium
Nickel
Zinc
Corrosion

Berylium
Thalium
Cyanide
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TABLE VI.

TABLE VII.

PHASE II : SYNTHETIC ORGANIC CHEMICALS
(SOCs) /  PESTICIDES

• NIPDWR

Endrin 2 ,4-D
Lindane 2,4,5-TP (Silvex)
Methoxychlor
Toxaphene

• OTHER SOCs

Chlordane Aldicarb Glyphosate
Pentachlorophenol DBCP Carbofuran
Atrazine Simazine Epichlorohydrin
PAHs PCBs Formaldehyde
Phthalates Adipates Endothal
Acrylamide Dinoseb Heptachlor
Butachlor Alachlor Ethylbenzene
Dalapon Diquat Freons
Picloram Endothall Trichlorobenzene
1,2-Dichloropropane Vydate Ethylene Dibromide
2,3,7,8-TCDD (Dioxin) Toluene 1,1 ,2-TCE
Acrylonitrile Xylene 1,1-Dichloroethane
Hexachlorobenzene Styrene Hexachlorocyclopentadine

PHASE II: MICROBIALS

•  NIPDWR
COLIFORMS
TURBIDITY

•  OTHER MICROBIALS
GIARDIA LAMBLIA — 
TREATMENT REQUIREMENT
STANDARD PLATE COUNT
VIRUSES
LEGIONELLA
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Here i s  a c a s e  where we may be d e a l i n g  i n  a h y b r id  where 
t h i s  may be a c o n ta m in a n t  i n  d r i n k i n g  w a te r  b u t  t h e  
t r a n s p o r t  o f  t h a t  from  t h e  w a te r  t o  t h e  a i r  and t h e  
i n h a l a t i o n  may be t h e  c a u s e  o f  a p ro b le m . The same t h i n g  
may h o ld  f o r  VOCs and may h o ld  f o r  one o f  t h e  n e x t  g ro u p ,  
r a d o n ,  w hich  i s  a g a s e o u s  r a d i o n u c l i d e  found  n a t u r a l l y  i n  
c e r t a i n  a r e a s  o f  t h e  c o u n t r y .  In  a d d i t i o n  t o  t h o s e  
r a d i o n u c l i d e s  t h a t  a l r e a d y  have been  r e g u l a t e d ,  we a r e  
s e r i o u s l y  lo o k in g  a t  n a t u r a l  u ran ium  and n a t u r a l  ra d o n .  
(T ab le  V I I I ) .

P hase  4 (T ab le  IX) i s  a c o m p reh en s iv e  r e - e x a m i n a t i o n  o f  
a l l  d i s i n f e c t i o n - r e l a t e d  p r o d u c t s ,  s t a r t i n g  w i th  t h e  
t r i h a l o m e t h a n e s  b u t  go in g  much beyond them . T here  i s  a much 
g r e a t e r  u n d e r s t a n d in g  now ab o u t  t h e  b y p r o d u c t s  o f  
d i s i n f e c t i o n ,  t h e  o r g a n i c s ,  b u t  a l s o  t h e  d i s i n f e c t a n t s  
t h e m s e l v e s ,  l i k e  c h l o r i n e  and c h l o r i n e  d i o x i d e  t h a t  a r e  u sed  
i n  some s i t u a t i o n s .  These t h a t  a r e  d e l i b e r a t e l y  added to  
t h e  w a te r  a lm o s t  i n v a r i a b l y  a r e  p r e s e n t  i n  much g r e a t e r  
q u a n t i t i e s  th a n  any i n a d v e r t a n t  c o n ta m in a n t  t h a t  one would 
e v e r  f i n d  i n  a d r i n k i n g  w a te r  s u p p ly ;  t h e y  n o t  o n ly  c o n t a c t  
t h e  l a r g e s t  p o p u l a t i o n  e x p o se d ,  b u t  a l s o  l i k e l y  a r e  p r e s e n t  
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 .

TABLE V I I I .

PHASE III: RADIONUCLIDES

• NIPDWR
RADIUM 226 & 228
GROSS ALPHA
BETA PARTICLE/ PHOTON 
RADIOACTIVITY

• OTHERS
URANIUM
RADON
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TABLE IX .

PHASE IV: DISINFECTANT BY-PRODUCTS

•  NIPDWR 
TRIHALOMETHANES (THMs)

•  BY-PRODUCTS OF OTHER DISINFECTANTS 
CHLORAMINES
CHLORINE DIOXIDE 
OZONE

COMPLIANCE WITH REGULATIONS

T ab le  X p ro v id e s  an id e a  o f  some o f  th e  com p liance  
r e s u lt s  in  th e  U n ite d  S ta te s  s in c e  th e  im p le m e n ta tio n  o f  
th e  Safe D r in k in g  W ater A c t in te r im  r e g u la t io n s .  There a re  
about 59,000 p u b lic  w a te r system s in  th e  U n ite d  S ta te s  and 
th e y  se rve  somewhere between 180 and 200 m i l l i o n  p e o p le ; 
3 ,000 o f  th o se  exceed 10,000 persons in  p o p u la t io n ;  th e  
o th e r  56,000 a re  on th e  low  end, th e y  se rve  le s s  th a n  te n  
p e rc e n t o f  th e  p o p u la t io n .

About 50,000 o f  th e  59,000 have n o t re p o r te d  v io la t io n s  
in  a re c e n t c o u n t. There a re  s t i l l  about 1 ,000  p e r s is te n t  
b io lo g ic a l  co n ta m in a n t v io la t io n s  even when a l l  i t  ta k e s  is  
c h lo r in a t io n  to  p re v e n t i t  from  happen ing . T h is  i s  a s m a ll 
comm unity system  p ro b le m . There i s  s t i l l  in t e r m i t t e n t  
c o n ta m in a tio n  o c c a s io n a l ly  re p o r te d  and s t i l l  t u r b i d i t y  
p rob lem s in  s u rfa c e  w a te r s u p p lie s  th a t  a re  n o t f i l t e r i n g .  
There were abou t 500 v io la t io n s  o f  ra d io n u c l id e  s ta n d a rd s  -  
a l l  n a tu ra l  rad iu m . There were about 1 ,500 to  3 ,000 
in o rg a n ic  s ta n d a rd s  v io la t io n s ,  h a l f  o f  th ese  a re  f l u o r id e ,  
th e  o th e rs  a re  odds and ends -  a few a rs e n ic ,  a few 
s e le n iu m , and so f o r t h .

The w a te r q u a l i t y  s i t u a t io n  i s  b e t t e r  now th a n  i t  was 
te n  ye a rs  ago b e fo re  th e re  was a n a t io n a l r e g u la t io n .  
However, th e re  i s n ' t  any magic s o lu t io n  th a t  o c c u rs . There 
s t i l l  can be n on -co m p lia n ce . The approach i s  to  c o n t in u a l ly  
move fo rw a rd  tow ard  g e t t in g  th e  maximum p o s s ib le  number o f  
com m un ities  h av ing  th e  b e s t q u a l i t y  w a te r th a t  th e y  can 
re a so n a b ly  have.
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CONCLUSION

In  summary, what I  would l i k e  t o  l e a v e  w i th  you i s  t h a t  
t h e r e  a r e  a number o f  p o t e n t i a l  c o n ta m in a n t s  i n  d r i n k i n g  
w a te r  t h a t  a r e  o f  c o n c e r n .  C o n t r a r y  t o  what we b e l i e v e d  on 
t h e  p a s s a g e  o f  ty p h o id  and c h o l e r a  and o t h e r  w a te rb o rn e  
d i s e a s e s  i n  N o r th  A m erica -  b i o l o g i c a l  p ro b lem s  s t i l l  do 
e x i s t .  T here  i s  no r e a s o n  f o r  them t o  e x i s t  b e c a u s e  we know 
how t o  d e a l  w i th  them . We know how t o  f i l t e r  w a te r  and 
d i s i n f e c t  w a t e r .  The p ro b lem  i s  making i t  happen i n  t h o s e  
p l a c e s  where t h e s e  t r e a t m e n t s  do n o t  hap p en ,  m o s t ly  t h e  
s m a l l  c o m m u n i t ie s .  T here  i s  s t i l l  p a r t i c u l a r  c o n c e rn  w i th  
c o r r o s i o n - r e l a t e d  p r o d u c t s  and w i th  d i s i n f e c t i o n  b y p r o d u c t s
-  t h o s e  a r e  t h e  s u b s t a n c e s  where one has  t h e  l a r g e s t  
p o p u l a t i o n  e x p o s u re  p o t e n t i a l  and o f t e n  h i g h e s t  
c o n c e n t r a t i o n s .  T here  i s  p a r t i c u l a r  c o n c e r n ,  e s p e c i a l l y  
r e c e n t l y ,  a b o u t  g ro u n d w a te r  c o n t a m i n a t i o n ,  e s p e c i a l l y  
p e s t i c i d e s  and some o f  t h e  s y n t h e t i c  o r g a n i c  c h e m ic a l s  t h a t  
may be  fo u n d .  However keep  in  mind, t h e r e  a r e  many o t h e r  
r o u t e s  o f  e x p o s u re  t o  most o f  t h o s e  s u b s t a n c e s  b e s i d e s  
d r i n k i n g  w a t e r ,  and i t  i s  im p o r ta n t  t o  c o n t r o l  them t o o .
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P e o p le  t h a t  a r e  i n  t h e  w a te r  i n d u s t r y  s h o u ld  p r e s e n t  
th e m s e lv e s  a s  p e o p le  who a r e  a g g r e s s i v e l y  t r y i n g  t o  s t o p  
t h e s e  t h i n g s  from  h a p p e n in g ,  a g g r e s s i v e l y  t r y i n g  t o  c o n t r o l  
c o n ta m in a t io n  where i t  e x i s t s ,  p r e v e n t  i t  from  o c c u r r i n g ,  
and t r e a t  i t  when i t  d oes  o c c u r .

We a l l  a g r e e  t h a t  i t  i s  i n t r i n s i c a l l y  good t o  have 
c l e a n  d r i n k i n g  w a t e r .  I t  i s  e s s e n t i a l ;  i t  i s  a b i r t h r i g h t  
maybe! I a l s o  do n o t  b e l i e v e  t h a t  we need  t o  j u s t i f y  
p r o v i d i n g  c l e a n  s a f e  d r i n k i n g  w a te r  on t h e  p re m is e  t h a t  
d r i n k i n g  w a te r  c o n t a m in a t io n  i s  s i g n i f i c a n t l y  r e l a t e d  to  
c a n c e r  r i s k s  i n  t h e  g e n e r a l  p o p u l a t i o n ;  i t  i s  e x t r e m e ly  
u n l i k e l y  t o  be t h e  c a s e ,  much a s  Bruce  Ames r e c e n t l y  has  
p o i n t e d  o u t .  But i t  i s  im p o r t a n t  t h a t  d r i n k i n g  w a te r  be 
c l e a n  and s a f e  and t h a t  we a s  a s o c i e t y  d e c i d e  t h a t  we a r e  
g o in g  t o  make i t  a s  c l e a n  and s a f e  a s  we can  p o s s i b l y  make 
i t  -  b e c a u s e  t h e r e  i s  no need  t o  t o l e r a t e  l e s s ,  and t h e  c o s t  
i s  r e a s o n a b l e .

T here  a r e  t h r e e  a r e a s  t h a t  need  t o  be e m p h as ized :  
p r e v e n t i n g  c o n ta m in a t io n  o f  d r i n k i n g  w a te r  s o u r c e s ;  
p r o v i d i n g  t r e a t m e n t  when i t  i s  n e e d e d ,  t h a t  i s  t a i l o r e d  t o  
t h e  ty p e  o f  c o n t a m i n a t i o n ;  and o f  c o u r s e ,  m o n i to r in g  t o  
e n s u r e  t h a t  we know what i s  i n  t h e  w a te r  so t h a t  we can  t a k e  
a p p r o p r i a t e  a c t i o n  when c o n ta m in a t io n  i s  found  and n e e d s  t o  
be d e a l t  w i t h .
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An O f f i c e  o f  Management and Budget p o l i c y  o f f i c i a l  
d u r in g  t h e  C a r t e r  A d m i n i s t r a t i o n  r e f e r r e d  t o  g ro u n d w a te r  
p r o t e c t i o n  a s  a " s l e e p i n g  g i a n t "  o f  e n v i r o n m e n ta l  i s s u e s .  
The P r e s i d e n t ' s  C o u n c i l  on E n v iro n m e n ta l  Q u a l i t y  a t  t h a t  
t im e  i n d i c a t e d  t h a t  g ro u n d w a te r  p r o t e c t i o n  would be a 
p r i o r i t y  e n v i r o n m e n ta l  c o n s i d e r a t i o n  i n  t h e  1 9 8 0 ' s .  
D eve lopm ents  o f  t h e  l a s t  few y e a r s  d e m o n s t r a t e  t h e  a c c u r a c y  
o f  t h e s e  p r e d i c t i o n s .  Having gone from l i t t e r b u g s  i n  t h e
1960s t o  Love C anal i n  t h e  1 9 7 0 s , A m erica has  fo c u s e d  on 
g ro u n d w a te r  and r e l a t e d  p u b l i c  h e a l t h  i s s u e s  a s  i t s  b i g g e s t  
e n v i r o n m e n ta l  c a u s e  c e l e b r e .  The se q u e n c e  p e r h a p s ,  i s ,  
l o g i c a l .  W ith  t h e  r e g u l a t o r y  fo c u s  o f  t h e  E n v iro n m e n ta l  
P r o t e c t i o n  Agency s h i f t i n g  i n c r e a s i n g l y  i n  t h e  d i r e c t i o n  o f  
e n v i r o n m e n ta l  h e a l t h  and p r o t e c t i o n  o f  t h e  food  s u p p l y ,  i t  
makes s e n s e  f o r  EPA t o  be c o n c e rn e d  w i th  w h e th e r  
g ro u n d w a te r ,  a m ajo r  s o u r c e  o f  food  in  t h e  U n i te d  S t a t e s ,  
i s  s a f e .

Many i n d u s t r i e s  and m u n i c i p a l i t i e s  u t i l i z e  g ro u n d w a te r  
a s  a r e s o u r c e ,  e i t h e r  a s  a food  ( f o r  d r i n k i n g  and food  
p r o c e s s i n g )  o r  i n  p r o d u c t i o n  and o t h e r  com m erc ia l  
a c t i v i t i e s .  Many i n d u s t r i e s  and m u n i c i p a l i t i e s  a l s o  may 
a d v e r s e l y  a f f e c t  g ro u n d w a te r  th r o u g h  w a s te  d i s p o s a l ,  and 
th r o u g h  u n p la n n e d  o r  in a d e q u a te  com m erc ia l  and r e s i d e n t i a l  
d e v e lo p m e n t .  Both t h o s e  who u se  and t h o s e  who a f f e c t  
g ro u n d w a te r  a d v e r s e l y  have a m a jo r  s t a k e  i n  t h e  c u r r e n t  
d ev e lo p m en t  o f  a n a t i o n a l  g ro u n d w a te r  p r o t e c t i o n  s t r a t e g y .  
These  a r e  t h e  c o n c e rn s  o f  t h e  food  and a g r i c u l t u r a l  
com m unity, i n c l u d i n g  t h o s e  who s u p p ly  o u r  n a t i o n ' s  d r i n k i n g  
w a te r  a s  w e l l  a s  t h e  c o n c e r n s  o f  m ajo r  seg m en ts  o f  A m erican 
c o m m e rc ia l ,  r e s i d e n t i a l  and i n d u s t r i a l  d e v e lo p m e n t ,  
i n c l u d i n g  o i l  and g as  i n d u s t r i e s ,  t h e  c h e m ic a l  i n d u s t r y ,  
m in in g ,  h o u s in g  d e v e lo p m e n t ,  and m u n ic ip a l  g o v e rn m e n t .
Some o f  t h e s e  c o n c e rn s  a r e  as  f o l l o w s :
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A g ro u n d w a te r  p r o t e c t i o n  s t r a t e g y  a t  t h e  f e d e r a l  l e v e l  
m ust a c c o u n t  f o r  t h e  p o t e n t i a l  c o n f l i c t  be tw een  t h o s e  who 
may ab u se  g ro u n d w a te r .  In  some c a s e s  t h e  same e n t i t y  may 
do b o t h , e . g . ,  m u n ic ip a l  l a n d f i l l  and p u b l i c  w a te r  s u p p ly  
a c t i v i t i e s  may c o n f l i c t .  Hence, a g ro u n d w a te r  p r o t e c t i o n  
s t r a t e g y  must be b a se d  on a sy s te m  o f  p r i o r i t i e s  t h a t  t a k e s  
a c c o u n t  o f  t h e  econom ic im p o r ta n c e  n o t  o n ly  o f  g ro u n d w a te r ,  
b u t  o f  t h o s e  who may a d v e r s e l y  a f f e c t  i t ,  i . e . ,  n o t  a l l  
g ro u n d w a te r  i s  w o r th  t h e  c o s t  o f  s t r i n g e n t  p r o t e c t i o n  in  
l i g h t  o f  i t s  c u r r e n t  q u a l i t y  and i n  v iew o f  t h e  economic 
and s o c i a l  c o s t s  o f  p r o v i d i n g  s t r i n g e n t  p r o t e c t i o n .  Not 
a l l  g ro u n d w a te r  i s  im p o r t a n t  a s  a s o u rc e  o f  d r i n k i n g  w a t e r ,  
g iv e n  a v a i l a b l e  a l t e r n a t i v e s .

A f e d e r a l  g ro u n d w a te r  p r o t e c t i o n  s t r a t e g y  a l s o  must 
d e te r m in e  n o t  o n ly  t h e  s i g n i f i c a n t  s o u r c e s  o f  g r o u n d w a te r ,  
b u t  t h e  s i g n i f i c a n t  s o u r c e s  o f  im pac t  on g ro u n d w a te r  and 
e s t a b l i s h  p r i o r i t i e s  a c c o r d i n g l y .  By f a i l i n g  t o  e s t a b l i s h  
su c h  p r i o r i t i e s ,  we may f a i l  t o  p r o t e c t  t h e  most im p o r ta n t  
u s e s  and s o u r c e s  o f  g ro u n d w a te r .  For  exam ple ,  i f  s e p t i c  
t a n k s  and u rb a n  and s to rm  w a te r  r u n o f f  (b o th  o f  w hich o c c u r  
n e a r  where g ro u n d w a te r  i s  used  f o r  d r i n k i n g )  a r e  l a r g e l y  
u n c o n t r o l l e d ,  r i g i d  f e d e r a l  r e g u l a t i o n s  o f  o t h e r  s o u r c e s  o f  
g ro u n d w a te r  c o n ta m in a t io n  ( su c h  a s  w a s te  d i s p o s a l )  may be 
r e l a t i v e l y  i n e f f e c t i v e .  I t  may be more c o s t - e f f e c t i v e  t o  
f o c u s  on l a n d  u se  c o n t r o l  by s t a t e  and l o c a l  governm ent 
d i r e c t e d  a t  p r o t e c t i o n  o f  im p o r ta n t  r e c h a r g e  z o n e s ,  r a t h e r  
t h a n  f o c u s in g  h e a v i l y  on d i s c h a r g e  l i m i t a t i o n s .  In  
p a r t i c u l a r ,  d i s c h a r g e  r e s t r i c t i o n s  i n  a r e a s  t h a t  may be 
l o c a t e d  u n d e r  o r  n e a r  g ro u n d w a te r  b u t  t h a t  a r e  n o t  
im p o r t a n t  r e c h a r g e  a r e a s  may n o t  be o f  g r e a t  p r o t e c t i v e  
v a lu e  f o r  an a q u i f e r  i f  im p o r ta n t  r e c h a r g e  a r e a s  a r e  
i g n o r e d .  S t r i n g e n t  f e d e r a l  l i m i t a t i o n s  w i th o u t  l a n d  use  
c o n t r o l s  o f  com m erc ia l  and r e s i d e n t i a l  dev e lo p m en t  i n  
r e c h a r g e  zones  may be n o n p r o d u c t iv e .  In  l i g h t  o f  t h e  
c o n e rn s  o f  t h o s e  who u t i l i z e  and t h o s e  who im p ac t  
g ro u n d w a te r ,  t h e  c u r r e n t  and p r o j e c t e d  f e d e r a l  p rogram  f o r  
g ro u n d w a te r  p r o t e c t i o n  i s  d e s c r i b e d  b e low .

The C om prehensive  E n v iro n m e n ta l  R esp o n se ,  C om pensa tion  
and L i a b i l i t y  A ct ("CERCLA" o r  t h e  "S u p erfu n d  A c t" )  was 
e n a c t e d  i n  December, 1980 t o  f i l l  what was w id e ly  
c o n s i d e r e d  t o  be a l a r g e  gap in  f e d e r a l  e n v i ro n m e n ta l  
p r o t e c t i o n  s t a t u t e s .  I t  i s  aimed p r i n c i p a l l y  a t  c l e a n i n g  
up th o u s a n d s  o f  abandoned h a z a rd o u s  w a s te  d i s p o s a l  s i t e s .  
The s a l i e n t  e n v i r o n m e n ta l  f e a t u r e  o f  most o f  t h e s e  s i t e s  i s  
t h e i r  t h r e a t  t o  g ro u n d w a te r .  Response  a c t i o n s  t a k e n  by 
s t a t e s  and EPA a t  su ch  s i t e s  f r e q u e n t l y  i n v o lv e  v e ry  c o s t l y  
g ro u n d w a te r  m o n i to r in g  and re m e d ia l  e n g i n e e r i n g  m ethods 
( g r o u t i n g ,  s l u r r y  w a l l ,  l e a c h a t e  c o l l e c t i o n ,  c a rb o n  
f i l t r a t i o n  o f  c o n ta m in a te d  d r i n k i n g  w a te r )  d e s ig n e d  t o  
p r o t e c t  g r o u n d w a te r .  EPA has  a u t h o r i t y  t o  p r o v id e  
a l t e r n a t e  w a te r  s u p p l i e s  t o  co m m unit ie s  w i th  c o n ta m in a t io n  
o f  p r i v a t e  w e l l s  o r  t h e  c e n t r a l  s y s te m .  The c o s t  o f
g ro u n d w a te r  p r o t e c t i o n  e f f o r t s  un d er  t h e  S u p e rfu n d  A ct 
u n d o u b te d ly  w i l l  run  i n t o  b i l l i o n s  o f  d o l l a r s .
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Under t h e  R eso u rce  C o n s e r v a t io n  and R ecovery  A ct 
("RCRA"), EPA has  a d o p te d  h a z a rd o u s  w a s te  and s o l i d  w a s te  
d i s p o s a l  r e g u l a t i o n s  t h a t  i n  s i g n i f i c a n t  m easure  a r e  aimed 
a t  g ro u n d w a te r  p r o t e c t i o n .  EPA w i l l  u t i l i z e  s i t i n g  
c r i t e r i a  f o r  new h a z a rd o u s  w a s te  d i s p o s a l  f a c i l i t i e s  and an 
en d an g erm en t  s t a n d a r d  a s  r e f l e c t e d  i n  n u m e r ic a l  d r i n k i n g  
w a te r  s t a n d a r d s  t o  d e te r m in e  t h e  adequacy  o f  h a z a rd o u s  
w a s te  d i s p o s a l .  EPA has  a d o p te d  a d d i t i o n a l  t e c h n o l o g i c a l  
s t a n d a r d s  and m o n i to r in g  r e q u i r e m e n t s  f o r  h a z a rd o u s  w a s te  
d i s p o s a l  aimed a t  g ro u n d w a te r  p r o t e c t i o n .  In  a d d i t i o n ,  
f e d e r a l  c r i t e r i a  d e f i n i n g  "open dumps" u t i l i z e  g ro u n d w a te r  
p r o t e c t i o n  a s  a p r i n c i p a l  o b j e c t i v e  t o  be u sed  by t h e  
s t a t e s  i n  d e te r m in in g  a c c e p t a b l e  s o l i d  w a s te  d i s p o s a l  
p r a c t i c e s .

Under t h e  S a fe  D r in k in g  W ater A c t ,  EPA p r o t e c t s  
g ro u n d w a te r  th r o u g h  U nderground  I n j e c t i o n  C o n t r o l  (UIC) 
r e g u l a t i o n s  and th r o u g h  " s o l e  s o u r c e "  a q u i f e r  p r o t e c t i o n .  
The UIC p o r t i o n  o f  t h a t  A ct was t h e  f i r s t  s u b s t a n t i a l  
f e d e r a l  l e g i s l a t i o n  d i r e c t e d  s o l e l y  a t  g ro u n d w a te r  
p r o t e c t i o n .  EPA i n  i t s  RCRA r e g u l a t i o n s  borrow ed  t h e  m ost 
s a l i e n t  f e a t u r e  o f  t h e  UIC p ro g ra m , i . e . ,  t h e  u se  o f  t h e  
c r i t e r i o n ,  "en d an g erm en t  o f  d r i n k i n g  w a te r  s o u r c e s . "  The 
UIC p rog ram  w i l l  i n c l u d e  s i t i n g  c r i t e r i a ,  t e c h n o l o g i c a l  
s t a n d a r d s  and m o n i to r in g  r e q u i r e m e n t s  aimed a t  g ro u n d w a te r  
p r o t e c t i o n .  The s o l e  s o u r c e  a q u i f e r  p rog ram  u n d e r  t h e  S a fe  
D r in k in g  W ater Act i s  aimed a t  p r o t e c t i n g  t h e  r e c h a r g e  
zo n es  o f  d e s i g n a t e d  a q u i f e r s  from  a d v e r s e  f e d e r a l l y -  
s p o n s o re d  o r  funded  d e v e lo p m e n t .

The C lean  W ater A ct t r a d i t i o n a l l y  h as  b een  view ed a s  
p r o t e c t i n g  s u r f a c e  w a te r s  u sed  i n  i n t e r s t a t e  commerce.
W hile  EPA may t a k e  a c c o u n t  o f  t h e  r e l a t i o n s h i p  be tw een  
s u r f a c e  and g ro u n d w a te r  i n  g r a n t i n g  p e r m i t s  u n d e r  t h e  NPDES 
p o r t i o n  o f  t h i s  A c t ,  t h i s  a u t h o r i t y  i s  u n im p o r ta n t  a s  a 
s o u r c e  o f  g ro u n d w a te r  p r o t e c t i o n .

O th e r  f e d e r a l  s t a t u t e s  w hich have  l e s s  b e a r i n g  on 
g ro u n d w a te r  p r o t e c t i o n  i n c l u d e  t h e  F e d e r a l  S u r f a c e  Mining 
C o n t r o l  and R e c la m a t io n  A c t ,  t h e  T ox ic  S u b s ta n c e s  C o n t r o l  
A ct (TSCA), and t h e  F e d e r a l  I n s e c t i c i d e ,  F u n g i c i d e ,  and 
R o d e n t i c id e  A ct (FIFRA). The S u r f a c e  M ining A ct p r o v i d e s  
s i t i n g  c r i t e r i a  and r e c l a m a t i o n  r e q u i r e m e n t s  t h a t  i n c l u d e  
t h e  o b j e c t i v e  o f  g ro u n d w a te r  p r o t e c t i o n  t h r o u g h  mine 
d r a i n a g e  c o n t r o l  and p r e s e r v a t i o n  o f  r e c h a r g e  z o n e s .

The T o x ic  S u b s ta n c e s  C o n t r o l  Act i n c l u d e s  t h e  
a u t h o r i t y  t o  r e g u l a t e  t h e  d i s p o s a l  o f  any c h e m ic a l .  To 
d a t e ,  EPA has  done so  w i th  r e s p e c t  t o  PCBs and t h e  h i g h l y  
t o x i c  d i o x i n ,  TCDD. EPA i s  c o n s i d e r i n g  a d o p t i o n  o f  
r e g u l a t i o n s  f o r  l e a k i n g  u n d e rg ro u n d  s t o r a g e  t a n k s  (LUST) 
u n d e r  TSCA.

FIFRA p r o v i d e s  a u t h o r i t y  f o r  l a b e l  r e s t r i c t i o n s  on 
p e s t i c i d e  u s e .  W hile  t h i s  may be u sed  t o  p r o t e c t  
g ro u n d w a te r  from  p e s t i c i d e  c o n t a m i n a t i o n ,  EPA h as  n o t  done 
so  t o  any g r e a t  e x t e n t .  Most l a b e l  r e s t r i c t i o n s  on 
p e s t i c i d e  u se  a p p ly  t o  s u r f a c e  w a t e r ,  and g e n e r a l l y  t o  
p u b l i c  w a te r  s u p p l i e s  o r  w e l l s .  R e c e n t l y ,  how ever ,  a 
r e g i s t r a n t  f o r  t h e  p e s t i c i d e ,  A l d i c a r b ,  a g re e d  t o  t e r m i n a t e
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i t s  u se  on c e r t a i n  c r o p s  i n  Long I s l a n d  ( S u f f o lk  County) 
b e c a u s e  t h e  p e s t i c i d e  was l e a c h i n g  from t h e  f i e l d s  t o  
g r o u n d w a te r .  Y e t ,  t h e  r e l a t i o n s h i p  be tw een  p e s t i c i d e  
a p p l i c a t i o n  and g ro u n d w a te r ,  p a r t i c u l a r l y  due t o  i r r i g a t i o n  
r e t u r n  f l o w s ,  t o  my know ledge , does  n o t  a p p e a r  t o  have been  
e x p lo r e d  by EPA.

W ith  t h e  e x c e p t i o n  o f  t h e  S uperfu n d  A ct and UIC 
p rog ram  u n d e r  t h e  S a fe  D r in k in g  W ater A c t ,  none o f  t h e s e  
f e d e r a l  s t a t u t e s  i s  d i r e c t e d  p r i m a r l y  a t  g ro u n d w a te r  
p r o t e c t i o n .  T h is  has  l e d  some c r i t i c s  t o  c o n te n d  t h a t  t h e  
c u r r e n t  f e d e r a l  a p p ro a c h  t o  g ro u n d w a te r  p r o t e c t i o n  i s  
f r a g m e n te d  and c o n t a i n s  m ajor  g a p s .  C r i t i c s  o f  t h e  c u r r e n t  
a p p ro a c h  have c a l l e d  f o r  a c o m p reh en s iv e  p rogram  b a se d  on :

1 ) n o n - d e g r a d a t i o n  o f  g ro u n d w a te r
2 ) t h e  a d o p t io n  o f  g ro u n d w a te r  q u a l i t y  s t a n d a r d s  

and e f f l u e n t  l i m i t a t i o n
3) t h e  im p le m e n ta t io n  o f  l a n d  u se  c o n t r o l s

aimed a t  p r o t e c t i n g  r e c h a r g e  z o n e s .

However, o t h e r  c r i t i c s  o f  t h e  c u r r e n t  f e d e r a l  a p p ro a c h  
c o n te n d  t h a t  i t  i s  a l r e a d y  m i s d i r e c t e d ,  and t h a t  a sy s te m  
s h o u ld  be  e s t a b l i s h e d  t h a t  ra n k s  a q u i f e r s  a c c o r d in g  t o  
t h e i r  s o c i a l  and econom ic im p o r ta n c e ,  and t h a t  d e t e r m in e s  
t h r o u g h  a  c o s t / b e n e f i t  a p p ro a c h  which  g ro u n d w a te r  s h o u ld  be 
p r o t e c t e d  t o  t h e  h ig h  s t a n d a r d s  o f  d r i n k i n g  w a te r  q u a l i t y .
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INTRODUCTION

In  d i s c u s s i n g  r e g u l a t o r y  a s p e c t s  r e l a t e d  t o  d r i n k i n g  
w a te r  and c h e m i c a l s ,  I p ro p o s e  t o  d e a l  m a in ly  w i th  t h e  
q u e s t i o n  o f  d r i n k i n g  w a te r  s t a n d a r d s  and g u i d e l i n e s ;  i n  
p a r t i c u l a r ,  I  have been  i n v i t e d  t o  d i s c u s s  t h e  World H e a l th  
O r g a n i z a t i o n ' s  (WHO) new g u i d e l i n e s  f o r  d r i n k i n g  w a te r  
q u a l i t y  and t h e  D i r e c t i v e  o f  t h e  C o u n c i l  o f  t h e  European  
C om m unities o f  J u l y  15 ,  1980 , r e l a t i n g  t o  t h e  q u a l i t y  o f  
w a te r  i n t e n d e d  f o r  human c o n su m p t io n .

F or t h e  p u r p o s e s  o f  t h i s  p a p e r ,  I s h a l l  u se  t h e  te rm  
" s t a n d a r d s "  a s  d e f i n e d  by Whyte and B u r to n  (1 9 8 0 ) ,  v i z :

" S ta n d a r d s  a r e  p r e s c r i b e d  l e v e l s ,  q u a n t i t i e s  
o r  v a l u e s  w hich  a r e  r e g a rd e d  a s  a u t h o r i t a t i v e
m easu re s  o f  what i s  a s a f e  enough , o r  a c c e p t a b l e ,  
amount o f  . . . c o n ta m in a t io n  o r  e x p o s u re  t o  
r i s k " .

D epending on t h e  l e g a l  framework w hich e x i s t s  ( t h i s  v a r i e s  
f rom  c o u n t r y  t o  c o u n t r y ) , s t a n d a r d s  u s u a l l y  a r e  c o d i f i e d  in  
r e g u l a t i o n s  and th e y  have t h e  power o f  l e g a l  e n fo rc e m e n t  
b e h in d  them . G u i d e l i n e s ,  on t h e  o t h e r  h an d ,  a r e  more in  
t h e  n a t u r e  o f  recommended l e v e l s  and do n o t  have  t h e  
b a c k in g  o f  t h e  law  t o  e n s u r e  c o m p l ia n c e  w i th  them .

THE ROLE OF WHO IN REGULATION OF DRINKING WATER QUALITY

WHO f i r s t  p u b l i s h e d  i t s  I n t e r n a t i o n a l  S ta n d a r d s  f o r  
D r in k in g  W ater i n  1958. The p u rp o s e  was t w o - f o l d :  (1) a s  
p a r t  o f  t h e  I n t e r n a t i o n a l  S a n i t a r y  R e g u la t io n s  t o  g o v e rn
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t h e  q u a l i t y  o f  d r i n k i n g  w a te r  s u p p l i e d  a t  p o r t s  and 
a i r p o r t s ,  and (2) t o  p r o v id e  a b a s i s  f o r  t h e  f o r m u l a t i o n  o f  
n a t i o n a l  d r i n k i n g  w a te r  s t a n d a r d s .  R ev ised  e d i t i o n s  were 
p u b l i s h e d  i n  1963 and 1971. In  a d d i t i o n ,  t h e  WHO p u b l i s h e d  
s e p a r a t e  E uropean  D r in k in g  W ater S t a n d a r d s ,  t h e  l a s t  
e d i t i o n  b e in g  p u b l i s h e d  i n  1970 . The p u rp o se  o f  t h e s e  
E uropean  s t a n d a r d s  was " to  e n c o u ra g e  c o u n t r i e s  o f  advanced  
econom ic and t e c h n o l o g i c a l  c a p a b i l i t y  t o  a t t a i n  h ig h e r  
s t a n d a r d s  th a n  t h e  m in im al ones  s p e c i f i e d  i n  t h e  
I n t e r n a t i o n a l  S ta n d a r d s  f o r  D r in k in g  W a te r . "  I t  a l s o  was 
n o te d  t h a t  i n d u s t r i a l  dev e lo p m en t  and i n t e n s i v e  
a g r i c u l t u r a l  p r a c t i c e s  i n  Europe c r e a t e d  h a z a r d s  t o  w a te r  
q u a l i t y .

The a p p ro a c h  t a k e n  in  t h e  new G u id e l in e s  f o r  D r in k in g  
W ater Q u a l i t y , a s  t h e  document i s  t i t l e d ,  r e c o g n iz e s  t h a t  
t h e  p o s s i b i l i t y  f o r  p r o v i d i n g  s a f e  w a te r  v a r i e s  g r e a t l y  i n  
d i f f e r e n t  a r e a s  o f  t h e  w o r ld .  I t  a l s o  r e c o g n iz e s  t h a t  a 
l a r g e  p a r t  o f  t h e  w o r l d ' s  p o p u l a t i o n  does  n o t  have a c c e s s  
t o  s u p p l i e s  p ip e d  i n t o  i n d i v i d u a l  homes b u t  must r e l y  on 
community w e l l s  o r  s t a n d p i p e s ,  o r  on b o t t l e d  w a te r  
s u p p l i e s .  I t  r e c o g n iz e s  t h a t  t r e a t m e n t  t e c h n o l o g i e s  t h a t  
a r e  f e a s i b l e  i n  advanced  c o u n t r i e s  may be q u i t e  
i m p r a c t i c a b l e  i n  d e v e lo p in g  c o u n t r i e s ,  and t h a t  s u p p l i e s  
f o r  r u r a l  v i l l a g e s  may r e q u i r e  d i f f e r e n t  c o n s i d e r a t i o n s  
f rom  t h o s e  f o r  l a r g e  m e t r o p o l i t a n  a r e a s .  Each c a s e  w i l l  
r e q u i r e  s e p a r a t e  c o n s i d e r a t i o n s ,  and t h e  s t a n d a r d s  t h a t  a r e  
a p p r o p r i a t e  may d i f f e r  a p p r e c i a b l y .

By p r o v i d i n g  a common b a s i s  f o r  c o n s i d e r i n g  h e a l t h  
a s p e c t s  a s s o c i a t e d  w i th  c o n ta m in a n t s  i n  d r i n k i n g  w a t e r ,  i t  
i s  i n t e n d e d  t h a t  p o t e n t i a l  h e a l t h  r i s k s  w i l l  be i d e n t i f i e d  
and r e c e i v e  a d e q u a te  c o n s i d e r a t i o n  a lo n g  w i th  t e c h n o l o g i c a l  
and econom ic f e a s i b i l i t y  i n  n a t i o n a l  d e c i s i o n s  r e l a t i n g  t o  
d r i n k i n g  w a te r  s u p p ly .

WORKING ARRANGEMENTS

U n lik e  p r e v i o u s  r e v i s i o n s  t o  t h e  WHO I n t e r n a t i o n a l  
S ta n d a r d s  f o r  D r in k in g  W ater where t h e  s h o r t - t e r m  
a s s i s t a n c e  o f  c o n s u l t a n t s  had been  used  t o  work w i th  t h e  
WHO s e c r e t a r i a t ,  t h e  new g u i d e l i n e s  r e p r e s e n t  a m a jo r  
e f f o r t  on t h e  p a r t  o f  b o th  WHO and h u n d red s  o f  s c i e n t i s t s  
and t e c h n o l o g i s t s  from  t h i r t y  c o u n t r i e s  ( A r g e n t in a ,  
A u s t r a l i a ,  B e lg ium , B u l g a r i a ,  C anada , C z e c h o s lo v a k ia ,  
Denmark, E g y p t ,  F r a n c e ,  Ghana, G re e c e ,  F e d e r a l  R e p u b l ic  o f  
Germany, H ungary , I n d i a ,  I s r a e l ,  J a p a n ,  Luxembourg, 
M a la y s ia ,  M exico, N e t h e r l a n d s ,  N i g e r i a ,  S e n e g a l ,  Sudan, 
Sweden, S w i t z e r l a n d ,  T h a i l a n d ,  U n ited  Kingdom, USA, and 
USSR).

E x p e r t  g ro u p s  were convened t o  d e v e lo p  c r i t e r i a  and 
recommend g u i d e l i n e  v a l u e s  f o r  m i c r o b i o l o g i c a l ,  b i o l o g i c a l ,  
c h e m ic a l  ( i n o r g a n i c ,  o r g a n i c ) , o r g a n o l e p t i c  and 
r a d i o l o g i c a l  p a r a m e t e r s .  A s e p a r a t e  t a s k  g ro u p  d e a l t  w i th  
t h e  a p p l i c a t i o n  o f  t h e  g u i d e l i n e s ,  e s p e c i a l l y  i n  d e v e lo p in g  
c o u n t r i e s ,  and w i th  m o n i to r in g  and s u r v e i l l a n c e  a c t i v i t i e s .
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R e p o r ts  o f  a l l  o f  t h e s e  e x p e r t  g ro u p s  were r ev iew ed  by 
t h e  N a t i o n a l  F o c a l  P o i n t s  f o r  t h e  WHO E n v i ro n m e n ta l  H e a l th  
C r i t e r i a  Programme; t h i s  p r o v id e d  an o p p o r t u n i t y  f o r  i n p u t  
and comment from  i n d i v i d u a l  c o u n t r i e s  w hich  e v e n t u a l l y  
would become t h e  " c l i e n t s "  f o r  t h e  f i n a l  p r o d u c t .  F i n a l l y ,  
i n  March 1982 , a g ro u p  o f  s c i e n t i s t s ,  w a te r  t e c h n o l o g i s t s  
and a d m i n i s t r a t o r s  from  s i x t e e n  c o u n t r i e s  and s e v e r a l  
i n t e r n a t i o n a l  a g e n c ie s  rev iew ed  t h e  docum ents  t o  e n s u r e  
t h a t  i n p u t  and comments from  N a t i o n a l  F o c a l  P o i n t s  had been  
t a k e n  i n t o  a c c o u n t  p r o p e r l y ,  and t o  e n s u r e  c o n s i s t e n c y  in  
a p p ro a c h  on t h e  p a r t  o f  t h e  n i n e  i n d i v i d u a l  e x p e r t  g ro u p s  
w hich  had p a r t i c i p a t e d .

The new WHO G u id e l in e s  a r e  b e in g  p u b l i s h e d  i n  t h r e e  
v o lu m es .  Each o f  t h e s e  s e r v e s  a d i f f e r e n t  p u r p o s e .  Volume
I ,  a l r e a d y  p u b l i s h e d ,  i s  a compendium o f  t h e  g u i d e l i n e  
v a l u e s  w i th  a b r i e f  r a t i o n a l e  u sed  i n  d e r i v i n g  t h e  
recommended v a l u e s ;  i n f o r m a t i o n  a l s o  w i l l  be p r o v id e d  on 
t h e i r  p r a c t i c a l  a p p l i c a t i o n  ( e . g . ,  r e m e d ia l  a c t i o n s ,  
m o n i t o r i n g ,  e t c . ) .  I t  i s  e x p e c te d  t h a t  Volume I  w i l l  be 
u s e f u l  t o  w a te rw o rk s  o p e r a t o r s ,  p u b l i c  h e a l t h  o f f i c i a l s  and 
a d m i n i s t r a t o r s  r e s p o n s i b l e  f o r  t h e  p r o v i s i o n  o f  s a f e  
d r i n k i n g  w a te r  s u p p l i e s .

Volume I I ,  t o  be p u b l i s h e d  s h o r t l y ,  i s  a c o m p i l a t i o n  
o f  t h e  s c i e n t i f i c  c r i t e r i a  u sed  by t h e  v a r i o u s  e x p e r t  
g ro u p s  i n  d e r i v i n g  t h e  g u i d e l i n e  v a l u e s .  I t  e l a b o r a t e s  on 
t h e  s c i e n t i f i c  a s p e c t s ,  e s p e c i a l l y  t h e  t o x i c o l o g i c a l  and 
e p i d e m i o l o g i c a l  e v id e n c e  a v a i l a b l e  t o  t h e  v a r i o u s  t a s k  
g r o u p s .

Volume I I I  i s  i n t e n d e d  m a in ly  f o r  t h e  l e s s e r  d e v e lo p e d  
c o u n t r i e s .  In  r e c o g n i t i o n  o f  t h e  f a c t  t h a t  s o p h i s t i c a t e d  
a p p ro a c h e s  d e p e n d e n t  on advanced  te c h n o lo g y  may be  t h e  
f i n a l  g o a l ,  i t  i n t r o d u c e s  c o n c e p t s ,  s t a n d a r d s  and 
p r o c e d u r e s  t h a t  can  be a d a p te d  t o  l o c a l  c o n d i t i o n s  t o  
p ro d u c e  good i n t e r i m  r e s u l t s  and a c o n s e q u e n t  d ro p  in  
w a te r - b o r n e  d i s e a s e  f o r  com m u n it ie s  em bark ing  upon a 
d r i n k i n g  w a te r  q u a l i t y  c o n t r o l  programme.

NATURE OF WHO GUIDELINE VALUES

At t h e  r i s k  o f  re d u n d a n c y ,  I  must s t r e s s  t h e  n a t u r e  o f  
t h e  g u i d e l i n e  v a l u e s .  They a r e  i n t e n d e d  t o  a s s i s t  t h e  
a p p r o p r i a t e  a g e n c i e s  i n  d i f f e r e n t  c o u n t r i e s  t o  d e v e lo p  
s t a n d a r d s .  They a r e  n o t ,  i n  t h e m s e l v e s ,  s t a n d a r d s .

The d e f i n i t i o n s  o f  g u i d e l i n e  v a l u e s  n e e d ,  t h e r e f o r e ,  
t o  be c a r e f u l l y  c o n s i d e r e d .  These  a r e :

(a) A g u i d e l i n e  v a lu e  r e p r e s e n t s  t h e  l e v e l  (a 
c o n c e n t r a t i o n  o r  a number) o f  a c o n s t i t u e n t  which  
e n s u r e s  an a e s t h e t i c a l l y  p l e a s i n g  w a te r  and d o es  n o t  
r e s u l t  i n  any s i g n i f i c a n t  r i s k  t o  t h e  h e a l t h  o f  t h e  
consum er.

(b) The q u a l i t y  o f  w a te r  d e f i n e d  by t h e  G u i d e l i n e s  f o r  
D r in k in g  W ater Q u a l i t y  i s  su c h  t h a t  i t  i s  s u i t a b l e
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f o r  human con su m p tio n  and f o r  a l l  u s u a l l y  d o m e s t ic  
p u r p o s e s ,  i n c l u d i n g  p e r s o n a l  h y g ie n e .  However, w a te r  
o f  a h i g h e r  q u a l i t y  may be r e q u i r e d  f o r  some s p e c i a l
p u r p o s e s ,  su c h  a s  r e n a l  d i a l y s i s .

(c) When a g u i d e l i n e  v a lu e  i s  e x c e e d e d ,  t h i s  s h o u ld  be a 
s i g n a l :  ( i )  t o  i n v e s t i g a t e  t h e  c a u s e  w i th  a v iew  t o  
t a k i n g  re m e d ia l  a c t i o n ;  ( i i )  t o  c o n s u l t  w i th  
r e s p o n s i b l e  p u b l i c  h e a l t h  a u t h o r i t i e s  f o r  a d v i c e .

(d) A lth o u g h  t h e  g u i d e l i n e  v a l u e s  d e s c r i b e  a q u a l i t y  o f  
w a te r  a c c e p t a b l e  f o r  l i f e l o n g  c o n su m p t io n ,  t h e  
e s t a b l i s h m e n t  o f  t h e s e  g u i d e l i n e s  s h o u ld  n o t  be 
r e g a r d e d  a s  im p ly in g  t h a t  t h e  q u a l i t y  o f  d r i n k i n g  
w a te r  may be d e g ra d e d  t o  t h e  recommended l e v e l .
In d e e d ,  a c o n t in u o u s  e f f o r t  s h o u ld  be made t o  
m a i n t a i n  d r i n k i n g  w a te r  q u a l i t y  a t  t h e  h i g h e s t  
p o s s i b l e  l e v e l .

(e) The s p e c i f i e d  g u i d e l i n e  v a l u e s  have b een  d e r i v e d  t o  
s a f e g u a r d  h e a l t h  on t h e  b a s i s  o f  l i f e l o n g  c o n su m p t io n .  
S h o r t - t e r m  e x p o s u re s  t o  h i g h e r  l e v e l s  o f  c h e m ic a l  
c o n s t i t u e n t s ,  su c h  a s  m igh t  o c c u r  f o l l o w in g  
a c c i d e n t a l  c o n t a m i n a t i o n ,  may be t o l e r a t e d  b u t  need
t o  be a s s e s s e d  c a s e - b y - c a s e ,  t a k i n g  i n t o  a c c o u n t ,  f o r  
ex am p le ,  t h e  a c u t e  t o x i c i t y  o f  t h e  s u b s t a n c e  in v o lv e d .

( f )  S h o r t - t e r m  d e v i a t i o n s  above t h e  g u i d e l i n e  v a l u e s  do 
n o t  n e c e s s a r i l y  mean t h a t  t h e  w a te r  i s  u n s u i t a b l e  f o r  
c o n su m p tio n .  The amount by w h ich ,  and t h e  p e r i o d  f o r  
w h ic h ,  any g u i d e l i n e  v a lu e  can  be ex ceed ed  w i th o u t  
a f f e c t i n g  p u b l i c  h e a l t h  d epends  on t h e  s p e c i f i c  
s u b s t a n c e  i n v o lv e d .

I t  i s  recommended t h a t ,  when a g u i d e l i n e  v a lu e  i s  
e x c e e d e d ,  t h e  s u r v e i l l a n c e  agency  ( u s u a l l y  t h e  
a u t h o r i t y  r e s p o n s i b l e  f o r  p u b l i c  h e a l t h )  sh o u ld  be 
c o n s u l t e d  f o r  a d v ic e  on s u i t a b l e  a c t i o n ,  t a k i n g  i n t o  
a c c o u n t  t h e  i n t a k e  o f  t h e  s u b s t a n c e  from  s o u r c e s  o t h e r  
t h a n  d r i n k i n g  w a te r  ( f o r  c h e m ic a l  c o n s t i t u e n t s ) ,  t h e  
l i k e l i h o o d  o f  a d v e r s e  e f f e c t s ,  t h e  p r a c t i c a l i t y  o f  
r e m e d ia l  m e a s u re s ,  and s i m i l a r  f a c t o r s .

(g) In  d e v e lo p in g  n a t i o n a l  d r i n k i n g  w a te r  s t a n d a r d s  b a se d  
on t h e s e  G u i d e l i n e s ,  i t  w i l l  be  n e c e s s a r y  t o  t a k e  
a c c o u n t  o f  a v a r i e t y  o f  l o c a l  g e o g r a p h i c a l ,  
s o c io e c o n o m ic ,  d i e t a r y  and i n d u s t r i a l  c o n d i t i o n s .
T h is  may l e a d  t o  n a t i o n a l  s t a n d a r d s  t h a t  d i f f e r  
a p p r e c i a b l y  from t h e  g u i d e l i n e  v a l u e s .

(h) In  t h e  c a s e  o f  r a d i o a c t i v e  s u b s t a n c e s ,  t h e  te rm  
" g u i d e l i n e  v a lu e "  i s  u sed  i n  t h e  s e n s e  o f  " r e f e r e n c e  
l e v e l "  a s  d e f i n e d  by t h e  I n t e r n a t i o n a l  Commission on 
R a d i o l o g i c a l  P r o t e c t i o n  (IC R P).
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C e r t a i n  a s s u m p t io n s  a r e  i n h e r e n t  i n  t h e  g u i d e l i n e  
v a l u e s .  One o f  t h e s e  i s  t h a t  t h e  d a i l y  p e r  c a p i t a  i n t a k e  
o f  w a te r  i s  two l i t e r s .  T h is  p r o b a b ly  s l i g h t l y  
o v e r e s t i m a t e s  t h e  a v e r a g e  d a i l y  co n su m p tio n  i n  t e m p e r a t e  
z o n e s .  In  C anada , f o r  ex am p le ,  s u r v e y s  show t h a t  t h e  
a v e r a g e  d a i l y  c o n su m p tio n  o f  t a p w a t e r  and t a p w a t e r - b a s e d  
b e v e r a g e s  i s  1 .3 4  l i t e r s  (an amount s l i g h t l y  g r e a t e r  t h a n  
i n  t h e  U.K. o r  N e th e r l a n d s  where s i m i l a r  s u r v e y s  have b een  
m ad e ) . T o t a l  d a i l y  f l u i d  i n t a k e  i n  Canada i s  a b o u t  2 
l i t e r s ,  t h e  re m a in d e r  b e in g  im b ibed  a s  m i lk ,  a l c o h o l i c  
b e v e r a g e s  and s o f t  d r i n k s  ( H e a l th  and W e lfa re  C anada ,
1 9 8 1 ) .  On t h e  o t h e r  h an d ,  i t  s h o u ld  a l s o  be r e c o g n iz e d  
t h a t  a s i g n i f i c a n t  number o f  i n d i v i d u a l s  consume f o u r  
l i t e r s  o r  more p e r  d a y .

Those l i v i n g  i n  h o t  r e g i o n s ,  e s p e c i a l l y  u n d e r  d e s e r t  
c o n d i t i o n s ,  may consume much more (M olnar ,  1946 , G a lag an  e t  
a l . ,  1 9 5 7 ) .  I  s h o u ld  a l s o  p o i n t  o u t  t h a t  t h e  c o n su m p tio n  
p e r  u n i t  body w e ig h t  b a s i s  i s  much h i g h e r  i n  c h i l d r e n .  I n  
C anada , t h e  f i v e - a n d - u n d e r  age  g ro u p  consumes a b o u t  tw ic e  
a s  much t a p w a t e r  p e r  kg body w e ig h t  a s  a d u l t s .  G iven t h e  
p a r t i c u l a r  s e n s i t i v i t y  o f  c h i l d r e n  t o  su c h  w a te r  
c o n ta m in a n t s  a s  l e a d  and n i t r a t e ,  su c h  c o n s i d e r a t i o n s  may 
be  s i g n i f i c a n t .

A n o th e r  m a t t e r  t h a t  d e s e r v e s  p a r t i c u l a r  m en t io n  i s  t h e  
e x t r a p o l a t i o n  a p p ro a c h  u sed  t o  d e r i v e  t h e  g u i d e l i n e  v a l u e s  
f o r  o r g a n i c  c h e m ic a l s  t h a t  a r e  known c a r c i n o g e n s .  The 
g u i d e l i n e s  n o t e  t h a t  t h e  m ethodo logy  a d o p te d  t o  a r r i v e  a t  
g u i d e l i n e  v a l u e s  i s  v e r y  d i f f e r e n t  i n  t h e  c a s e  o f  t h e s e  
s u b s t a n c e s ,  i n  t h a t  i t  r e l i e s  upon a v e r y  c o n s e r v a t i v e  
h y p o t h e t i c a l  m a th e m a t ic a l  model t h a t  c a n n o t  be 
e x p e r i m e n t a l l y  v e r i f i e d .  The u n c e r t a i n t i e s  i n v o lv e d  a r e  
s i g n i f i c a n t ,  and a t  l e a s t  o f  t h e  o r d e r  o f  a b o u t  two o r d e r s  
o f  m ag n itu d e  ( i . e . ,  from  l / 1 0 t h  t o  10 t im e s  t h e  recommended 
n u m b e r ) .

S in c e  t h e s e  c a l c u l a t i o n s  were made i n  1980 , t h e r e  have 
been  c o n s i d e r a b l e  d e v e lo p m e n ts  i n  t h e  f i e l d  o f  c a r c i n o g e n i c  
r i s k  a s s e s s m e n t  (K rew sk i ,  1 9 8 3 ) ,  b u t  t h e s e  i n  no way 
i n c r e a s e  c o n f id e n c e  i n  t h e  g u i d e l i n e  v a l u e s  t h a t  w ere 
d e r i v e d .  The p ro b lem s  i n h e r e n t  i n  a s s e s s i n g  t h e  r i s k s  
a s s o c i a t e d  w i t h  t h e  t r a c e  q u a n t i t i e s  o f  o r g a n i c s  were  w e l l  
r e c o g n iz e d  by t h e  Task Group convened  by WHO i n  1980 t o  
recommend g u i d e l i n e  v a l u e s  f o r  o r g a n i c s ,  and i t  i s  
n o te w o r th y  t h a t  t h e  Task Group recommended t h a t  WHO s h o u ld  
p l a n  t o  r e - e v a l u a t e  t h e s e  v a l u e s  w i t h i n  f i v e  y e a r s  i n  v iew  
o f  t h e  c o m p l e x i t i e s  o f  t h e  i s s u e  and t h e  r a p i d  a d v a n c e s  i n  
r i s k  a s s e s s m e n t  m ethodo logy  t h a t  w ere t a k i n g  p l a c e .

In  t h e  c a s e  o f  some o f  t h e  o r g a n i c  compounds 
c o n s i d e r e d ,  i t  was r e c o g n iz e d  t h a t  t h e i r  m ost im p o r t a n t  
i n f l u e n c e  on t h e  q u a l i t y  o f  d r i n k i n g  w a te r  was i n  r e l a t i o n  
t o  a e s t h e t i c  and o r g a n o l e p t i c  a s p e c t s  r a t h e r  t h a n  h e a l t h  
e f f e c t s .  Such s u b s t a n c e s  o f t e n  c o u ld  r e n d e r  a w a te r  
c o m p le t e ly  u n d r i n k a b l e  a t  l e v e l s  w e l l  be low  any t h a t  would 
g iv e  r i s e  t o  c o n c e rn  from  a h e a l t h  a s p e c t .
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In  c o n t r a s t  t o  t h e  WHO G u i d e l i n e s ,  which a r e  a d v i s o r y  
i n  n a t u r e  and p r o v id e  a s c i e n t i f i c  b a s i s  f o r  c o u n t r i e s  t o  
d e v e lo p  t h e i r  own s t a n d a r d s ,  t h e  European  Community 
D i r e c t i v e  o f  J u l y  15 ,  1980 , r e l a t i n g  t o  t h e  q u a l i t y  o f  
w a te r  in te n d e d  f o r  human consu m p tio n  e s t a b l i s h e s  f i n i t e  
s t a n d a r d s  t o  be r e s p e c t e d  by Member S t a t e s .  As n o te d  by 
Amavis and Smeets (1 9 8 1 ) ,  a d o p t io n  o f  t h i s  d i r e c t i v e  
s i g n i f i e s  ag reem en t  be tw een  9 c o u n t r i e s  on 62 p a r a m e t e r s ,  
t h e i r  n u m e r ic a l  v a l u e s  and t h e i r  m o n i to r in g .

I t  i s  r e l e v a n t  t o  n o te  t h a t  t h e  EEC p r e v i o u s l y  i s s u e d  
a n o th e r  D i r e c t i v e  i n  1975 t i t l e d  "The Q u a l i t y  R e q u ire d  f o r  
S u r f a c e  W ater I n te n d e d  f o r  t h e  A b s t r a c t i o n  o f  D r in k in g  
W ater i n  t h e  Member S t a t e s .  B r i e f l y ,  t h i s  D i r e c t i v e  g i v e s  
t h e  q u a l i t y  r e q u i r e m e n ts  w hich  s u r f a c e  w a te r  u sed  f o r  
p r e p a r i n g  d r i n k i n g  w a te r  must m ee t .  T h ree  c a t e g o r i e s  o f  
w a te r  (a s  d e f i n e d  by p h y s i c a l ,  c h e m ic a l  and m i c r o b i o l o g i c a l  
c h a r a c t e r i s t i c s )  a r e  r e c o g n iz e d  d e p en d in g  upon t h e  d e g re e  
o f  t r e a t m e n t  u s e d .  T hus ,  t h e  EEC a l r e a d y  has  moved some
d i s t a n c e  to w ard  th e  recom m endations  o f  OECD (1982) w hich  
r e q u i r e  a sy s te m  o f  m a tch in g  i n s t r u m e n t s  t h a t  a r e  
in d e p e n d e n t  b u t  ha rm onized  (F ig u re  1 ) .  The OECD r e p o r t  
n o t e s  t h a t ,  d e s p i t e  good a v a i l a b l e  e x p e r i e n c e ,  a number o f  
i t s  Member c o u n t r i e s  s t i l l  o n ly  u se  some e le m e n ts  o f  t h e  
s y s te m ,  and o f t e n  w i th o u t  t h e  n e c e s s a r y  i n t e r c o n n e c t i o n s .

COMPARISON OF WHO GUIDELINES AND EEC STANDARDS

T here  i s  a r e m a rk a b le  s i m i l a r i t y  b e tw een  t h e  WHO and 
EEC l i s t s  i n  te rm s  o f  h e a l t h - r e l a t e d  i n o r g a n i c  s u b s t a n c e s  
t h a t  a r e  in c lu d e d ,  and t h e  g u i d e l i n e  v a l u e s  (WHO) and 
maximum a d m i s s i b l e  c o n c e n t r a t i o n s  (MAC)(EEC). The European  
s t a n d a r d s  s e t  l e v e l s  f o r  s i l v e r  and n i t r i t e ,  b o th  o f  w hich  
were c o n s i d e r e d  i n  t h e  WHO document b u t  f o r  w hich  g u i d e l i n e  
v a l u e s  were n o t  s e t .  The v a lu e  f o r  c y a n id e  s e t  by WHO (0 .1  
mg/L) i s  h i g h e r  t h a n  t h a t  o f  t h e  EEC. In  t h e  c a s e  o f  l e a d ,  
b o th  docum ents  s p e c i f y  0 .0 5  mg/L, b u t  t h e  EEC makes 
e x c e p t i o n s  t o  p e r m i t  up t o  0 .1  mg/L when l e a d  p i p e s  a r e  
p r e s e n t .

The WHO g u i d e l i n e s  a r e  n o t a b l e  f o r  t h e  ra n g e  o f  
o r g a n i c  s u b s t a n c e s  f o r  w hich g u i d e l i n e  v a l u e s  have b een
s e t .  These  i n c l u d e  a number o f  c h l o r o a l k e n e s  and 
c h l o r o a l k a n e s ,  c h lo r o p h e n o l s  and c h l o r o b e n z e n e s .  N o ta b le  
i s  a g u i d e l i n e  v a lu e  f o r  c h lo ro fo rm  o f  30 m ic ro g /L .  In  
c o n t r a s t ,  t h e  EEC s t a n d a r d  has  no MAC f o r  o r g a n i c s  o t h e r  
t h a n  p e s t i c i d e s .  In  t h e  c a s e  o f  h a lo f o r m s ,  a "G uide L ev e l"  
o f  1 m ic ro g /L  i s  g iv e n  (w i th  t h e  comment t h a t  h a lo fo rm
c o n c e n t r a t i o n s  must be a s  low a s  p o s s i b l e ) . The WHO 
docum ent l i s t s  v a l u e s  f o r  7 commonly o c c u r r i n g  p e s t i c i d e s  
i n d i v i d u a l l y .  The EEC document r e q u i r e s  t h a t  n o t  more th a n
0 .1  m ic ro g /L  o f  any i n d i v i d u a l  p e s t i c i d e  be p r e s e n t  w i t h  a 
t o t a l  n o t  e x c e e d in g  0 .5  m ic ro g /L .  The EEC h as  r e t a i n e d  t h e
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F i g u r e  1.  D e p e n d e n c e  o f  w a t e r  q u a l i t y  s t a n d a r d s .
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t r a d i t i o n a l  PAH s t a n d a r d  b a se d  on f i v e  r e f e r e n c e  
s u b s t a n c e s .  T h is  was d ro p p ed  i n  t h e  WHO s t a n d a r d  b u t  
r e p l a c e d  by a s p e c i f i c  g u i d e l i n e  v a lu e  f o r  b e n z o ( a ) p y r e n e .

D i f f e r e n c e s  be tw een  t h e  two docum ents a r e  much more 
n o t i c e a b l e  among t h o s e  p a r a m e te r s  a f f e c t i n g  t h e  
o r g a n o l e p t i c  and a e s t h e t i c  q u a l i t i e s  o f  w a t e r .  In
p a r t i c u l a r ,  p a r a m e te r s  su c h  a s  i r o n  and manganese te n d  to  
be  more c l o s e l y  c o n t r o l l e d  i n  t h e  European  s t a n d a r d .

CONCLUSION

In  c o n c l u s i o n ,  t h e  new WHO g u i d e l i n e s  p r o v id e  a 
s c i e n t i f i c  b a s i s  f o r  e s t a b l i s h i n g  s t a n d a r d s  w i th  r e s p e c t  t o  
h e a l t h  p r o t e c t i o n .  By c o m p a r iso n ,  t h e  EEC s t a n d a r d s  w hich 
were d e r i v e d  i n d e p e n d e n t ly  show re m a rk a b le  s i m i l a r i t i e s  i n  
t e rm s  o f  b o th  p a r a m e te r s  i n c lu d e d  and t h e  n u m e r ic a l  l i m i t s  
d e r i v e d  f o r  them .
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REGULATORY FLEXIBILITY AND CONSUMER OPTIONS 
UNDER THE SAFE DRINKING WATER ACT 

Timothy L. Harker, Esquire 
Kadison, Pfaelzer, Woodard, Quinn, & Rossi 
2000 Pennsylvania Avenue, N. W. 
Washington, DC 20006 

Hazardous waste contamination of public and private 
water supplies, combined with financial instability of many 
small public treatment systems to comply with the Safe 
Drinking Water Act, appear to be a permanent part of our 
nation's public health concerns. State and local 
governments increasingly are confronted with the need to 
recommend alternatives to centralized treatment as sources 
of safe drinking water. 

Bottled water is a principal alternative source for use 
in emergencies and on an interim or permanent basis for 
small public water supply systems. Accordingly, state and 
local governments need to learn more about the safety and 
the regulation of this alternate source, as well as its 
physical capability and legal capacity to serve as an 
alternative to centralized treatment under the Safe Drinking 
Water Act. 

The following position paper, developed on behalf of 
the Drinking Water Research Foundation, addresses these 
issues. 

THE FAILURE OF SMALL SYSTEMS TO COMPLY WITH THE SAFE 
DRINKING WATER ACT 

The Safe Drinking Water Act of 1974 <"the Act") 
represents the first comprehensive national effort to assure 
safe drinking water. Under the direction of the Act, the 
Administrator of the Environmental Protection Agency has 
established Primary Drinking Water Regulations, including 
"Maximum Contaminant Levels" ("MCLs") which public drinking 
water systems must attain for such pollutants as coliforms, 

209 
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t u r b i d i t y ,  i n o r g a n i c  c h e m ic a l s ,  p e s t i c i d e s ,  r a d i a t i o n ,  and 
more r e c e n t l y ,  t r i h a l o m e t h a n e s  ("THMs").

The p r o m u lg a t io n  o f  MCLs i s  n o t  t h e  end o f  d r i n k i n g  
w a te r  p ro b le m s ,  u n f o r t u n a t e l y .  A cco rd in g  t o  EPA, a s  o f  
1980 ,  a p p r o x im a te ly  13 ,600  community w a te r  sy s te m s  w ere i n  
v i o l a t i o n  o f  one o r  more I n t e r i m  P r im a ry  D r in k in g  W ater 
R e g u l a t i o n s  ( 1 ) .  The i n c i d e n c e  o f  v i o l a t i o n  a p p e a r s  t o  be 
i n c r e a s i n g .  D uring  f i s c a l  y e a r  1982 o v e r  70 ,000  v i o l a t i o n s  
o f  t h e  I n t e r i m  R e g u la t io n s  were r e c o rd e d  by 20 ,000  community
w a te r  s y s te m s .  W hile  most v i o l a t i o n s  a r e  o f  m o n i to r in g  and 
r e p o r t e d  s t a n d a r d s ,  EPA e s t i m a t e s  t h a t  more t h a n  9 ,000  
sy s te m s  must im prove t r e a t m e n t  f a c i l i t i e s  i n  o r d e r  t o  meet 
h e a l t h - r e l a t e d  d r i n k i n g  w a te r  s t a n d a r d s ,  (48 F ed . Reg.
45505, O c t .  5 ,  1 9 8 3 ) .

T h ere  a r e  a p p r o x im a te ly  60 ,000  community s y s te m s .  Two- 
t h i r d s  (o v e r  3 8 ,000)  s e r v e  few er  t h a n  500 p e o p l e .  EPA has  
c o n c lu d e d  t h a t  c o m p l ia n c e  w i th  t h e  I n t e r i m  P r im a ry  D r in k in g  
W ater R e g u la t io n s  i s  a p ro b lem  m o s t ly  f o r  s m a l l  s y s te m s ,  
( s e r v i n g  l e s s  t h a n  3 ,3 0 0  p e o p l e ) .  EPA r e p o r t s  t h a t  i n  1982 
t h e  m i c r o b i o l o g i c a l  r e q u i r e m e n t s  were n o t  met by 10% o f  t h e  
s m a l l e r  s y s te m s ,  (48 F ed . Reg. 4 5 5 0 5 ) .  M o n i to r in g  a l s o  
i n d i c a t e s  t h a t  b e tw een  1 ,5 0 0  and 3 ,0 0 0  community sy s te m s  
e x ceed  c u r r e n t  Maximum C o n tam inan t L e v e ls  f o r  c e r t a i n  
i n o r g a n i c  c o n ta m in a n t s ,  (48 F ed . Reg. 4 5 5 0 4 ) .  P rob lem s a r e  
p r i m a r i l y  w i th  a r s e n i c ,  b a r iu m ,  l e a d  (from  p i p e  o r  s o l d e r  
c o r r o s i o n )  f l u o r i d e  and n i t r a t e .

The i n a b i l i t y  o f  sm a l l  community sy s te m s  t o  f i n a n c e  t h e  
im provem ents  n e c e s s a r y  t o  come i n t o  co m p lia n c e  w i th  I n t e r i m  
P r im a ry  D r in k in g  W ater R e g u la t i o n s  i s  an im p o r t a n t  c a u s e  o f  
t h e s e  h ig h  non co m p lian ce  r a t e s .  EPA e s t i m a t e s  t h a t  o f  t h e  
community sy s te m s  v i o l a t i n g  one o r  more o f  t h e  MCLs, 
a p p r o x im a te ly  8 ,700  (63%) would r e q u i r e  " r e l a t i v e l y  
e x p e n s iv e  t r e a t m e n t  im provem ents"  i n  o r d e r  t o  a c h ie v e  
c o m p l ia n c e .  A p p ro x im a te ly  3 ,3 0 0  o f  t h e s e  sy s te m s  would be 
" u n a b le  t o  make n e c e s s a r y  im provem ents  Ein c e n t r a l i z e d  
t r e a t m e n t ]  u s in g  c o n v e n t i o n a l  l o c a l  f i n a n c i n g "  ( 2 ) .  Of t h e  
community w a te r  sy s te m s  u n a b le  t o  f i n a n c e  n e c e s s a r y  
im p ro v em en ts ,  97% s e r v e  l e s s  t h a n  2 ,5 0 0  consum ers  and 91% 
s e r v e  l e s s  t h a n  500 consum ers  ( 2 ) .

The s t a t i s t i c s  g iv e n  above do n o t  r e f l e c t  co m p l ia n c e  
r a t e s  f o r  t h e  163 ,000  "non-com m unity  s y s te m s"  ( sy s te m s  
h a v in g  a t  l e a s t  15 s e r v i c e  c o n n e c t io n s  u sed  by t r a v e l e r s  o r  
t r a n s i e n t s  o r  r e g u l a r l y  s e r v i n g  25 o r  more n o n - r e s i d e n t  
i n d i v i d u a l s  d a i l y  f o r  a t  l e a s t  60 d ay s  p e r  y e a r )  w hich  a r e  
a l s o  s u b j e c t  t o  f e d e r a l  d r i n k i n g  w a te r  r e g u l a t i o n s .  Non­
community sy s te m s  in c l u d e  m o t e l s ,  cam pgrounds , h o s p i t a l s ,  
and o t h e r  w a te r  sy s te m s  s e r v i n g  n o n - r e s i d e n t  p o p u l a t i o n s .
The number o f  t h e s e  sy s te m s  i n  v i o l a t i o n  o f  d r i n k i n g  w a te r  
r e g u l a t i o n s  h as  n o t  been  e s t i m a t e d .  EPA c o n c lu d e s  t h a t  
w h i le  c o m p l ia n c e  r e c o r d s  f o r  non-com m unity  sy s te m s  a r e  
i n c o m p le t e ,  t h e s e  sy s te m s  g e n e r a l l y  do n o t  meet m o n i to r in g  
r e q u i r e m e n t s  on s c h e d u l e .  The s i g n i f i c a n c e  o f  su c h  f r e q u e n t  
m o n i to r in g  v i o l a t i o n s  by p u b l i c  d r i n k i n g  w a te r  sy s te m s  i s  
c l e a r :
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C e r t a i n  c o n ta m in a n t s  su ch  a s  c o l i f o r m s ,  
t u r b i d i t y  and some i n o r g a n i c  and o r g a n i c  c h e m ic a l s  a r e  
w id e ly  d e t e c t e d  i n  d r i n k i n g  w a te r  s u p p l i e s  and p o se  
s e r i o u s  h e a l t h  r i s k s  when MCLs a r e  e x c e e d e d .
Without, consistent or.frequent oversight, t h e s e  
MCLs have a h ig h  p o t e n t i a l  f o r  b e in g  e x c e e d e d .  Such 
c o n ta m in a n t s  w a r r a n t  n a t i o n a l  r e g u l a t i o n s  w i th  f i x e d  
minimum r e q u i r e m e n t s ,  i n c l u d i n g  .regular, monitoring 
r e q u i r e m e n t s ,  (48 F ed .  Reg. 4 5 5 0 5 ) .

The same f a c t o r s  r e s p o n s i b l e  f o r  n o n -c o m p l ia n c e  in  
s m a l l  community sy s te m s  o f t e n  o c c u r  i n  non-com m unity  
s y s te m s .  The f a c t o r s  o b s t r u c t i n g  s m a l l  s y s te m  c o m p l ia n c e  
w i th  P r im a ry  D r in k in g  W ater R e g u l a t i o n s  i n c l u d e  t h e  
f o l lo w in g s

Sm all sy s te m s  f r e q u e n t l y  a r e  u n a b le  t o  t a k e  
a d v a n ta g e  o f  s c a l e  econom ics  i n  t r e a t m e n t  t e c h n i q u e s ,  
r e s u l t i n g  i n  h i g h e r  p e r - c a p i t a  c o s t s .

Sm all  sy s te m s  o f t e n  l a c k  f u l l - t i m e  and p r o p e r l y  
t r a i n e d  s y s te m  o p e r a t o r s  p o s s e s s i n g  a d e q u a te  t e c h ­
n i c a l  e x p e r t i s e .

Sm all  sy s te m s  o f t e n  have l e s s  l a t i t u d e  i n  s e e k in g  
a l t e r n a t i v e  w a te r  s u p p l i e s  and t h e r e f o r e  a r e  more 
s u b j e c t  t o  l o c a l  w a te r  q u a l i t y  p ro b le m s  th a n  a r e  
l a r g e r  s y s te m s ,  w hich  can  lo o k  f u r t h e r  f o r  b e t t e r  
q u a l i t y  s o u r c e s .

Some t r e a t m e n t  t e c h n i q u e s  a r e  s im p ly  e c o n o m ic a l ly  
u n a v a i l a b l e  t o  s m a l l  s y s te m s  w i th  l i m i t e d  f i n a n c i a l  
r e s o u r c e s .

L o c a l  r e s i s t a n c e  t o  h i g h e r  u s e r  f e e s  can  impede 
t h e  a b i l i t y  o f  s m a l l  sy s te m s  t o  f i n a n c e  n e c e s s a r y  
im p ro v em en ts .

Nor do s t a t i s t i c s  on c o m p l ia n c e  f a i l u r e  on t h e  p a r t  o f  
s m a l l  p u b l i c  sy s te m s  r e f l e c t  t h e  e s t i m a t e d  5 .5  m i l l i o n  
f a m i l i e s  i n  r u r a l  a r e a s  t h a t  a r e  i n d i c a t e d  i n  an EPA s u r v e y  
t o  be  d r i n k i n g  w a te r  w i th  t o x i c  c o n t a m i n a n t s .

The n o n -c o m p l ia n c e  d i f f i c u l t i e s  f a c e d  by s m a l l  s y s te m s  
a s s u r e d l y  w i l l  be  compounded i n  t h e  n e a r  f u t u r e ,  due t o  t h e  
p o t e n t i a l l y  d i s p r o p o r t i o n a t e  b u rd e n  w hich  s m a l l  sy s te m s  w i l l  
b e a r  i n  com ply ing  w i th  l i k e l y  new s t a n d a r d s  f o r  v o l a t i l e  
o r g a n i c  compounds ("VOCs"), i n o r g a n i c  compounds and 
m i c r o b i o l o g i c a l  c o n t a m i n a n t s .

EPA i s  c o n s i d e r i n g  a d d i t i o n a l  r e g u l a t i o n  o f  
m i c r o b i o l o g i c a l ,  o r g a n i c  and i n o r g a n i c  c o n t a m i n a n t s .  Among 
o p t i o n s  u n d e r  e v a l u a t i o n  f o r  m i c r o b i o l o g i c a l  c o n ta m in a n t s  
a r e  a d d i t i o n a l  c r i t e r i a  f o r  p a r a s i t e s  and v i r u s e s ,  
d i s i n f e c t i o n  a s  minimum t r e a t m e n t  f o r  a l l  g ro u n d w a te r  
s o u r c e s  o f  p u b l i c  d r i n k i n g  w a t e r ,  and i n c r e a s e d  m o n i t o r i n g ,  
(48 F ed .  Reg. 4 5 5 1 1 ) .  Among o p t i o n s  u n d e r  c o n s i d e r a t i o n  f o r
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i n o r g a n i c  c o n ta m in a n t s  a r e  more s t r i n g e n t  MCLs f o r  n i t r a t e ,  
a r s e n i c ,  b a r iu m ,  cadmium and l e a d ,  c o n t r o l  o f  w hich  a r e  
" r e l a t i v e l y  e x p e n s iv e  on a p e r  c a p i t a  b a s i s  f o r  s m a l l  p u b l i c  
w a te r  s y s te m s"  (48 F ed .  Reg. 4 5 5 0 4 ) .

A d d i t i o n a l  r e g u l a t i o n s  f o r  i n o r g a n i c s  a l s o  may in v o lv e  
sodium  and c o r r o s i o n  c o n t r o l .  EPA r e p o r t s  t h a t  "sodium  i s  
p r o b a b ly  t h e  most d i f f i c u l t  s u b s t a n c e  t o  remove from  
d r i n k i n g  w a te r "  (48 F ed .  Reg. 4 5 5 1 6 ) .  EPA e s t i m a t e s  t h a t  16 
p e r c e n t  o f  p u b l i c  w a te r  sy s te m s  in  t h e  U .S. a r e  h i g h l y  
a g g r e s s i v e  and an a d d i t i o n a l  52% a r e  m o d e ra te ly  a g g r e s s i v e .  
Only a  l i m i t e d  number o f  t h o s e  p u b l i c  sy s te m s  have 
i n s t i t u t e d  c o r r o s i o n  c o n t r o l .  " C o r ro s io n  i s  a v e ry  
s i g n i f i c a n t  c o n c e rn "  (48 F ed . Reg. 4 5 5 1 7 ) .  I t  p o s e s  a 
s e r i o u s  econom ic im p ac t  and a f f e c t s  b o th  t h e  a e s t h e t i c  
q u a l i t y  and s a f e t y  o f  d r i n k i n g  w a t e r .

C a s e - i n - P o i n t :  VOCs and T r ih a lo m e th a n e s

VOCs a r e  s y n t h e t i c  o r g a n ic  c h e m ic a ls  which EPA b e l i e v e s  
e n t e r  w a te r  s u p p l i e s  t h r o u g h  im p ro p e r  d i s p o s a l  o f  h a z a rd o u s  
w a s te s  and i n d u s t r i a l  a c t i v i t i e s .  These  c h e m ic a l s  a r e  n o t  
r a p i d l y  b io d e g ra d e d  n o r  r e a d i l y  a d so rb e d  by s o i l  p a r t i c l e s ;  
once  th e y  e n t e r  g ro u n d w a te r ,  t h e y  may rem ain  f o r  y e a r s  o r
d e c a d e s .  EPA i s  c o n c e rn e d  w i th  VOCs i n  d r i n k i n g  w a te r  
b e c a u s e  o f  t h e i r  p o s s i b l e  e f f e c t s  on human h e a l t h ,  a s  a 
p o s s i b l e  c a u s e  o f  c a n c e r  and o t h e r  d i s e a s e s .  R ecen t  EPA 
s u r v e y s  d e t e c t e d  VOCs i n  ab o u t  28% o f  p u b l i c  w a te r  sy s te m s  
u s in g  g ro u n d w a te r s  s e r v i n g  o v e r  10 ,000  p e o p l e ,  and i n  a b o u t  
17% o f  su c h  sy s te m s  s e r v i n g  l e s s  th a n  1 0 ,0 0 0 .  A lth o u g h  t h e  
amount o f  VOCs d e t e c t e d  i n  most sy s te m s  was n o t  h ig h  enough 
f o r  EPA t o  c o n s i d e r  them a s  h e a l t h  t h r e a t s ,  some s y s te m s  had 
s i g n i f i c a n t  c o n t a m i n a t i o n .

I n i t i a l  e s t i m a t e s  o f  t h e  p r e l i m i n a r y  c o s t s  f o r  
c o n t r o l l i n g  VOCs i n  p u b l i c  w a te r  s u p p l i e s  s u g g e s t  t h a t  t h e  
m on th ly  p e r - h o u s e h o ld  c o s t  i n c r e a s e s  f o r  su ch  t r e a t m e n t  w i l l  
be g r e a t e s t  i n  s m a l l  s y s te m s ,  r e g a r d l e s s  o f  t h e  te c h n o lo g y  
em ployed , a s  shown i n  T a b le  I .

EPA h as  a d d r e s s e d  t h e  p ro b lem  o f  d i s p r o p o r t i o n a t e  c o s t s  
i n  t h e  c a s e  o f  a d i f f e r e n t  s e t  o f  c o n ta m in a n t s ,  t h e  THMs.
The EPA s o l u t i o n  t o  t h i s  p ro b lem  was s im p ly  t o  exempt a l l  
sy s te m s  s e r v i n g  u n d e r  1 0 ,000  p e r s o n s  from t h e  THM s t a n d a r d  
( 3 ) .  Such sy s te m s  need  n o t  p r o v id e  t h e  l e v e l  o f  d r i n k i n g  
w a te r  s a f e t y  p r e s c r i b e d  f o r  l a r g e r  s y s te m s .

PROPOSAL: BOTTLED WATER AS A MEANS OF ACCOMPLISHING 
SMALL-SYSTEM COMPLIANCE WITH PRIMARY DRINKING WATER 
REGULATIONS

B o t t l e d  w a te r  i s  r e c e i v i n g  i n c r e a s i n g  a t t e n t i o n  a s  an 
a l t e r n a t i v e  means f o r  s m a l l  sy s te m s  t o  overcome w a te r  
q u a l i t y  p ro b le m s .  The p r o v i s i o n  o f  b o t t l e d  w a te r  t o  s e r v e  
t h e  d r i n k i n g  and co o k in g  w a te r  r e q u i r e m e n ts  o f  consum ers  i s
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an o b v io u s  a l t e r n a t i v e  t o  c e n t r a l i z e d  t r e a t m e n t  d e s ig n e d  t o  
b r i n g  a l l  t a p  w a te r  up t o  t h e  q u a l i t y  needed  f o r  t h e  l e s s  
th a n  one p e r c e n t  t h a t  i s  u sed  f o r  d r i n k i n g  and c o o k in g .
Much o f  t h e  b e n e f i t  o f  c e n t r a l i z e d  t r e a t m e n t  i s  s im p ly  
f l u s h e d  away.

B o t t l e d  w a te r  i s  c a p a b le  o f  s e r v i n g  a t  l e a s t  f o u r  
d i f f e r e n t  r o l e s  f o r  s m a l l  sy s te m s  f a c i n g  n o n -c o m p lia n c e  
p ro b le m s .

TABLE I .  SUMMARY OF INCREASED PER-HOUSEHOLD COSTS FOR 
REDUCING TRICHLOROETHYLENE (a VOC) LEVELS IN 
DRINKING WATER

B o t t l e d  W ater As A P erm anen t W ater Supp ly

F i r s t ,  b o t t l e d  w a te r  can  s e r v e  a s  a p e rm an en t  s u p p ly  o f  
p o t a b l e  w a te r  f o r  an e n t i r e  s m a l l  community o r  non-com m unity  
s y s te m ,  o r  f o r  r e s i d e n t i a l  a r e a s  s e r v e d  by p r i v a t e  w e l l s  i n  
an a q u i f e r  t h a t  h a s  become c o n ta m in a t e d .  T h is  o p t i o n  i s  
most a p p r o p r i a t e  where a l t e r n a t i v e s ,  su c h  a s  u p g ra d in g  
c e n t r a l i z e d  t r e a t m e n t  o r  e x te n d in g  s e r v i c e  l i n e s  t o  a 
com ply ing  c e n t r a l  s y s te m ,  a r e  n o t  a v a i l a b l e  w i th o u t  
i n c u r r i n g  s u b s t a n t i a l  c a p i t a l  c o s t s ,  f o r  w hich  t h e  s m a l l  
sy s te m  o r  t h e  community d o es  n o t  have t h e  p o p u l a t i o n  b a s e  t o

P o p u l a t i o n
Served

T echno logy 1ÛQ-499
1 ,0 0 0 -
2 ,4 9 9

1 0 ,0 0 0 -
2 4 ,999

a . 90% Removal(500 mg/L t o  50 mg/L

A e r a t i o n  
(Packed Tower)

$ 4 .6 5 - 6 .4 9 $ 2 .0 4 - 2 .5 8 $ 0 .7 2 - 0 .9 2

A e r a t i o n  
( D i f f u s e d  A ir )

9 .76 5 .0 4 2 .4 1

A d s o r p t io n
(GAC)

1 3 .4 8 7 .6 2 2 .0 3

B. 99% R em oval(500 mg/L t o  5 mg/L)

A e r a t i o n  
(Packed Tower)

$ 5 .1 1 - 7 .4 3 $ 2 .3 4 -1 2 .0 0 $ 0 .8 5 - 1 .1 3

A e r a t i o n  
( D i f f u s e d  A i r )

1 3 .4 8 8 .23 3 .8 1

A d s o r p t io n
(GAC)

1 3 .9 5 7 .8 7 6 .3 2
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p r o v i d e  f u n d in g .  A v a i l a b l e  c e n t r a l i z e d  t r e a t m e n t  eq u ipm en t 
may be o b s o l e t e  o r  o th e r w i s e  i n c a p a b l e  o f  a c h ie v in g  MCLs 
w i t h o u t  e x p e n s iv e  u p g r a d in g .  The sy s te m  may be i n  v i o l a t i o n
o f  more t h a n  one t r e a t m e n t  t e c h n o lo g y  b e c a u s e  no s i n g l e
t r e a t m e n t  t e c h n iq u e  i s  e f f e c t i v e  w i th  r e s p e c t  t o  a l l  
r e g u l a t e d  c o n ta m in a n t s .

Non-community sy s te m s  a l s o  m igh t  u se  b o t t l e d  w a te r  on a 
p e rm an en t  b a s i s .  These sy s te m s  f a c e  p ro b lem s  p e c u l i a r  t o  
t h e i r  s i z e f o w n e rs h ip ,  and t h e  t r a n s i e n t  p o p u l a t i o n s  t h e y  
s e r v e .  The p r i n c i p a l  fo c u s  f o r  su ch  sy s te m s  i s  a c u t e  h e a l t h  
e f f e c t s ,  su c h  a s  t h o s e  a r i s i n g  from b a c t e r i a l  c o n t a m i n a t i o n ,  
r a t h e r  t h a n  c h r o n ic  e f f e c t s  a r i s i n g  from lo n g - t e r m  e x p o s u r e .  
Many non-com m unity  sy s te m s  a r e  p r i v a t e l y  owned, and su ch  
ow ners  o f t e n  f a c e  an even  more l i m i t e d  c a p a c i t y  t o  r a i s e  t h e
c a p i t a l  n e c e s s a r y  t o  a c h ie v e  d r i n k i n g  w a te r  s t a n d a r d s  
th r o u g h  c e n t r a l i z e d  t r e a t m e n t .

R e s i d e n t i a l  com m unit ie s  s e r v e d  by p r i v a t e l y  owned 
g ro u n d w a te r  w e l l s  t h a t  have become c o n ta m in a te d  a l s o  may u se  
b o t t l e d  w a te r  on a p e rm anen t b a s i s  ( 4 ) .

The p r im a ry  a d v a n ta g e  o f  t h e  b o t t l e d  w a te r  o p t i o n  l i e s  
i n  i t s  low c a p i t a l  i n t e n s i t y .  Communities and non-com m unity  
s y s te m s  and r e s i d e n t i a l  a r e a s  s e r v i c e d  by c o n ta m in a te d  
p r i v a t e  w e l l s  t h u s  can  a c h ie v e  p e rm an en t  c o m p l ia n c e  w i th  a l l  
P r im a ry  D r in k in g  W ater R e g u la t i o n s  w i th o u t  l a r g e  c a p i t a l  
e x p e n d i t u r e s .  Not h av in g  t o  c o n f r o n t  a s u b s t a n t i a l  c a p i t a l  
e x p e n d i t u r e  may be a s i g n i f i c a n t  inducem en t f o r  a sm a l l  
sy s te m  o r  f o r  a community t o  come i n t o  c o m p l ia n c e .  For 
exam ple ,  EPA i n d i c a t e s  t h a t  some s m a l l  sy s te m s  rem ain  
u n c o n v in c e d  t h a t  t h e  h e a l t h  b e n e f i t s  o f  l a r g e  c a p i t a l  
e x p e n d i t u r e s  a r e  w a r r a n te d  (48 F ed . Reg. 4 5 5 0 4 ) .

The u se  o f  b o t t l e d  w a te r  where t h e  f i n a n c i a l  c a p a c i t y  
o f  t h e  sy s te m  i s  i n s u f f i c i e n t  t o  s u p p o r t  t h e  c a p i t a l
e x p e n d i t u r e s  n e c e s s a r y  f o r  u p g ra d in g  c e n t r a l i z e d  t r e a t m e n t  
would a c c o m p lis h  t h e  p u rp o s e s  o f  t h e  S a fe  D r in k in g  W ater A ct 
c o n s i d e r a b l y  b e t t e r  t h a n  m e re ly  exem pting  s m a l l  sy s te m s  from  
v a r i o u s  c o n ta m in a n t  r e g u l a t i o n s ,  a s  was t h e  a p p ro a c h  t a k e n  
w i th  r e s p e c t  t o  THMs. The h e a l t h  c o n s i d e r a t i o n s  fo rm in g  t h e  
b a s i s  o f  r e g u l a t i o n  i n  l a r g e  sy s te m s  a r e  no l e s s  c o m p e l l in g  
f o r  s m a l l  s y s te m s .

B o t t l e d  W ater As An I n t e r i m  S o l u t i o n

The seco n d  p u rp o s e  which can  be s e r v e d  by b o t t l e d  w a te r  
i s  a s  a te m p o ra ry  s o l u t i o n  d u r in g  t h e  i n t e r m e d i a t e  p e r i o d  
w h i le  p e rm an en t  c e n t r a l i z e d  s o l u t i o n s  a r e  b e in g  d e v i s e d .
The i n s t a l l a t i o n  o f  modern c e n t r a l i z e d  t r e a t m e n t  sy s te m s  can  
be t im e -c o n s u m in g ,  w h i le  t h e  demand f o r  w a te r  w hich  m ee ts  
a p p l i c a b l e  h e a l t h  s t a n d a r d s  i s  im m ed ia te .  Even where 
b o t t l e d  w a te r  i s  n o t  t h e  u l t i m a t e  c o s t - e f f e c t i v e  pe rm an en t  
s o l u t i o n ,  i t s  u se  i n  t h i s  i n t e r i m  c a p a c i t y  o f t e n  i s  
a p p r o p r i a t e .

Such i n t e r i m  u se  i s  w e l l  p r e c e d e n t e d .  F or  ex am p le ,  
i n t e r i m  p r o v i s i o n  o f  b o t t l e d  w a te r  was a c c o m p l ish e d  in  
D u lu th ,  M in n eso ta  i n  1976 and 1977, w h i le  t h e  p u b l i c  sy s tem
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was up g rad ed  i n  o r d e r  t o  remove u n a c c e p t a b l e  l e v e l s  o f  
a s b e s t o s .  S i m i l a r l y ,  t h e  U n i te d  S t a t e s  Government has  
c o n s e n te d  t o  a s t i p u l a t i o n  ag reem en t  w i th  t h e  A lcova  A cres  
I n v e s tm e n t  Company p r o v i d i n g  t h a t  t h e  company w i l l  p r o v id e  
b o t t l e d  w a te r  f o r  c o o k in g  and d r i n k i n g  t o  a l l  s e r v i c e  
c o n n e c t io n s  s e r v e d  by t h e  A lcova  A cres  W ater System  i n  
N a tro n a  C oun ty ,  Wyoming, u n t i l  t h a t  sy s te m  comes i n t o  
co m p l ia n c e  w i th  MCLs f o r  n i t r a t e s  and s e le n iu m  ( 5 ) .

B o t t l e d  W ater As An Emergency A l t e r n a t i v e  S ource

A t h i r d  u se  o f  b o t t l e d  w a te r  by w a te r  s y s te m s  f a c i n g  
w a te r  q u a l i t y  p ro b lem s  i s  t o  p r o v id e  an em ergency ,  s h o r t ­
te rm  s o u r c e  o f  p o t a b l e  w a te r  t o  a l l  consum ers  o f  a p u b l i c  
s y s te m .  Emergency s i t u a t i o n s  o f  a t e m p o ra ry  n a t u r e ,  when 
w a te r  q u a l i t y  p ro b le m s  r a i s e  a c u t e  h e a l t h  h a z a r d s ,  may 
c r e a t e  a p r e s s i n g  demand f o r  p o t a b l e  w a te r  w hich  can  be met 
o n ly  by t h e  r a p i d  s h o r t - t e r m  i m p o r t a t i o n  o f  b o t t l e d  w a t e r .  
T h is  u se  o f  b o t t l e d  w a te r  h a s  been  e x p r e s s l y  r e c o g n iz e d  by 
t h e  U .S . Army Corps o f  E n g in e e r s ,  t h e  F e d e r a l  Emergency 
W ater A d m i n i s t r a t i o n  and t h e  U .S . E n v i ro n m e n ta l  P r o t e c t i o n  
Agency u n d e r  t h e  N a t io n a l  C o n t in g e n c y  P la n  f o r  r e s p o n d in g  t o  
c o n t a m i n a t i o n  o f  d r i n k i n g  w a te r  s u p p l i e s .

The b o t t l e d  w a te r  i n d u s t r y  has  c o n s i d e r a b l e  e x p e r i e n c e  
i n  s u p p ly in g  p u b l i c  d r i n k i n g  w a te r  n e e d s  d u r in g  p e r i o d s  o f  
em ergency .  In  numerous em ergency s i t u a t i o n s ,  from 
e a r t h q u a k e s  i n  Los A n g e le s ,  t o  H u r r i c a n e  A gnes, t o  t h e  
Jo h ns tow n  f l o o d s ,  t o  t h e  T h re e -M ile  I s l a n d  a c c i d e n t  i n  
P e n n s y l v a n i a ,  t o  c o n ta m in a t io n  o f  community w e l l s  from  t h e  
r e l e a s e  o f  h a z a rd o u s  m a t e r i a l s ,  t h e  b o t t l e d  w a te r  i n d u s t r y  
has  p e r fo rm e d  a s  an a l t e r n a t i v e  t o  c e n t r a l i z e d  t r e a t m e n t  and 
t o  p r i v a t e  w e l l s .

B o t t l e d  W ater As A P erm anen t A l t e r n a t i v e  S ource  F or  S p e c i a l  
Segments Of P o p u l a t i o n

I t  i s  p ro p o s e d  t h a t  b o t t l e d  w a te r  can  s e r v e  a 
s p e c i a l i z e d  p u rp o s e  r e l a t i n g  t o  p a r t i c u l a r l y  s e n s i t i v e  
p o p u l a t i o n  g r o u p s .  Some d r i n k i n g  w a te r  r e g u l a t i o n s  a r e  
t a r g e t e d  a t  p a r t i c u l a r l y  s e n s i t i v e  p o p u l a t i o n  g r o u p s .  F or  
e x am p le ,  maximum n i t r a t e  l e v e l s  a r e  s e t  t o  p r o v id e  s a f e t y  
f o r  s m a l l  c h i l d r e n  and p r e g n a n t  women, w h i le  h i g h e r  l e v e l s  
a r e  s a f e  f o r  o t h e r  p e r s o n s .  Maximum s a f e  l e v e l s  f o r  
f l u o r i d e  a l s o  may be h i g h e r  f o r  a d u l t s  t h a n  f o r  c h i l d r e n .  
Recommended maximum sodium  l e v e l s  f o r  p e r s o n s  on sod ium - 
r e s t r i c t e d  d i e t s  need  n o t  a p p ly  f o r  a l l  o t h e r s  i n  t h e  
p o p u l a t i o n .  In  some s i t u a t i o n s ,  i n  b o th  s m a l l  community 
sy s te m s  and noncommunity s y s te m s ,  t h e  most e f f i c i e n t  means 
o f  p r o v i d i n g  t h e  l e v e l  o f  s a f e t y  s o u g h t  i n  t h e  S a fe  D r in k in g  
W ater A ct i s  t o  p e r m i t  t h e  sy s te m  t o  p r o v i d e  b o t t l e d  
d r i n k i n g  w a te r  t o  t h a t  p o r t i o n  o f  i t s  consum ers  w hich  i s  a t  
r i s k  from  a p a r t i c u l a r  c o n ta m in a n t ,  r a t h e r  t h a n  r e q u i r i n g
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e x p e n s iv e  c e n t r a l i z e d  t r e a t m e n t  i n  o r d e r  t o  meet t h e  
s p e c i a l i z e d  n e e d s  o f  an i d e n t i f i a b l e  s u b - g r o u p .

THE QUALITY OF BOTTLED WATER

The s a f e t y  o f  w a te r  d e l i v e r e d  by t h e  b o t t l e d  w a te r  
i n d u s t r y  sh o u ld  be more th a n  a d e q u a te  f o r  s m a l l  sy s te m s  t o  
meet t h e  g o a l s  o f  t h e  S a fe  D r in k in g  W ater A c t .  B o t t l e d  
w a te r  i s  a h i g h l y  r e g u l a t e d  and m o n i to re d  d r i n k i n g  w a te r  
s u p p ly .  A l l  b o t t l e d  w a te r  m ust:  (a) come from  p r o t e c t e d  
s o u r c e s  and m eet governm ent s a f e t y  and q u a l i t y  s t a n d a r d s ;
(b) be b o t t l e d  in  f a c i l i t i e s  r e g u l a t e d  a s  food  p l a n t s ;  (c) 
be p r o c e s s e d  i n  a c c o rd a n c e  w i th  p r a c t i c e s  ap p ro v ed  by t h e  
f e d e r a l  g o v e rm en t;  (d) be d e l i v e r e d  i n  b o t t l e s  whose s a f e t y
a s  food  p a c k a g in g  i s  r e g u l a t e d  by f e d e r a l  s t a n d a r d s ;  and (e) 
be  so  l a b e l e d  a s  t o  p r o v id e  p u b l i c  n o t i f i c a t i o n  w henever 
q u a l i t y  i s  s u b s t a n d a r d .

B o t t l e d  w a te r  i s  r e g u l a t e d  a s  a food  by t h e  F e d e r a l  
Food and Drug A d m i n s i s t r a t i o n  ("FDA"). The FDA has  i s s u e d  
q u a l i t y  s t a n d a r d s  (21 CFR § 1 0 3 .3 5 ) ,  and Good M a n u fa c tu r in g  
P r a c t i c e s  (21 CFR § 129) f o r  b o t t l e d  w a t e r .

The q u a l i t y  s t a n d a r d s  have been  b ro a d e n e d  t o  i n c l u d e  
p e s t i c i d e s ,  m e rc u ry ,  r a d i o a c t i v i t y  and t r i h a l o m e t h a n e s  
( a p p l i c a b l e  t o  a l l  b o t t l e d  w a t e r ,  u n l i k e  MCLs f o r  THMs which  
a p p ly  o n ly  i n  p u b l i c  d r i n k i n g  w a te r  sy s te m s  s e r v i n g  1 0 ,000  
p e o p le  o r  m o re ) .  FDA's s t a n d a r d s  a r e  su ch  t h a t  b o t t l e d  
w a te r  must meet a l l  a p p l i c a b l e  p r o v i s i o n s  o f  EPA's I n t e r i m  
P r im a ry  s t a n d a r d s  and a l l  s e c o n d a ry  d r i n k i n g  w a te r  c r i t e r i a  
(w hich a r e  o n ly  g u i d e l i n e s  f o r  p u b l i c  w a te r  s u p p l i e s ) .

FDA's Good M a n u fa c tu r in g  P r a c t i c e s  e s t a b l i s h  minimum 
c r i t e r i a  f o r  b u i l d i n g s  and f a c i l i t i e s ,  raw m a t e r i a l s ,  
o p e r a t i n g  p r o c e d u r e s ,  and c o n t r o l s .  The Good M a n u fa c tu r in g
P r a c t i c e s  have  been  a d j u s t e d  t o  p r o v id e  f o r  r e g u l a r  
a n a l y t i c a l  t e s t i n g  o f  b o t t l e d  w a t e r .  O z o n a t io n  o f  b o t t l e d  
w a t e r ,  t h e  p r i n c i p a l  s o u r c e  o f  d i s i n f e c t i o n ,  has  been  
a f f i r m e d  a s  G e n e r a l l y  R ecogn ized  As S a fe  by t h e  FDA. In  
a d d i t i o n  t o  FDA, a lm o s t  a l l  s t a t e s  now r e g u l a t e  b o t t l e d  
w a t e r .  A l l  s t a t e s  i n  which t h e  b o t t l e d  w a te r  m a rk e t  i s  
s i g n i f i c a n t  have c o m p reh en s iv e  r e g u l a t i o n s ,  some o f  w hich  go 
beyond FDA's s t a n d a r d s .

Under p r o v i s i o n s  o f  t h e  S a fe  D r in k in g  W ater A c t ,  and in  
k e e p in g  w i th  t h e  1978 Memorandum o f  U n d e rs ta n d in g  be tw een  
FDA and EPA, t h e  EPA a l s o  has  a s i g n i f i c a n t  im p ac t  on t h e  
r e g u l a t i o n  o f  b o t t l e d  w a t e r .  The S a fe  D r in k in g  W ater A ct 
r e q u i r e s  t h a t  FDA a d o p t  r e v i s i o n s  i n  EPA's n a t i o n a l  d r i n k i n g  
w a te r  s t a n d a r d s  f o r  b o t t l e d  w a t e r ,  o r  p u b l i s h  i n  t h e  F e d e r a l  
R e g i s t e r  r e a s o n s  f o r  n o t  d o in g  so  ( 6 ) .

FDA r e g u l a t i o n s  p r o v id e  c o n t r o l  o v e r  food  c o n t a c t  
s u r f a c e s ,  i n c l u d i n g  t h e  equ ipm en t and p a c k a g in g  u sed  i n  t h e  
p r o c e s s i n g  and d i s t r i b u t i o n  o f  b o t t l e d  w a te r  ( 7 ) .  In  
c o n t r a s t ,  r e g u l a t i o n s  f o r  t a p  w a te r  u n d e r  t h e  S a fe  D r in k in g  
W ater A ct do n o t  f u l l y  r e g u l a t e  d e l i v e r y  s y s te m s .  B ecause  
many p i p e  n e tw o rk s  a r e  a n t i q u a t e d  and d e t e r i o r a t i n g ,  w a te r  
i n  c o m p l ia n c e  w i th  a p p l i c a b l e  r e g u l a t i o n s  when i t  l e a v e s  t h e
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t r e a t m e n t  p l a n t  may n o t  be i n  c o m p l ia n c e  when i t  a r r i v e s  i n  
t h e  home. B o t t l e d  w a te r  i s  r e g u l a t e d  w i th  r e s p e c t  t o  
p a c k a g in g  a s  w e l l  a s  c o n t e n t .

A f i n a l  FDA s a f e g u a r d  r e q u i r e s  p u b l i c  n o t i f i c a t i o n  
w henever t h e  m i c r o b i o l o g i c a l ,  p h y s i c a l ,  c h e m ic a l  o r  
r a d i o l o g i c a l  q u a l i t y  o f  b o t t l e d  w a te r  i s  s u b s t a n d a r d  ( 8 ) .

The b o t t l e d  w a te r  i n d u s t r y  h as  a c o m p re h e n s iv e  p ro g ram  
o f  s e l f - r e g u l a t i o n .  The I n t e r n a t i o n a l  B o t t l e d  W ater  
A s s o c i a t i o n ' s  ("IBWA") P l a n t  T e c h n ic a l  Manual p r o v i d e s  
members w i t h  d e t a i l e d  i n f o r m a t i o n  on p r o c e s s i n g  and q u a l i t y  
c o n t r o l  t e c h n i q u e s  t o  be u sed  i n  t h e  p r o d u c t i o n  and b o t t l i n g  
o f  e a c h  i n d u s t r y  p r o d u c t .  IBWA em ploys an i n d e p e n d e n t  
l a b o r a t o r y  t o  a u d i t  t h e  p e r fo rm a n c e  o f  e a c h  member company. 
T h is  a n n u a l  a u d i t  e v a l u a t e s  c o m p l ia n c e  w i th  t h e  
a s s o c i a t i o n ' s  p e r fo rm a n c e  r e q u i r e m e n t s  and FDA's s a f e t y  
r e g u l a t i o n s .

To keep  t h e  i n d u s t r y  in fo rm ed  on t h e  d e v e lo p m e n ts  i n  
q u a l i t y  c o n t r o l  t e c h n i q u e s  and w a te r  p r o c e s s i n g  and 
b o t t l i n g ,  IBWA s p o n s o r s  an o n -g o in g  s e r i e s  o f  t e c h n i c a l  
s e m in a r s  and w orkshops  open t o  members and non-members 
a l i k e .  IBWA p r o v i d e s  an e d u c a t i o n a l  c o u r s e  and 
c e r t i f i c a t i o n  p rog ram  f o r  p l a n t  o p e r a t o r s .

F re q u e n c y  o f  i n s p e c t i o n  i s  an im p o r t a n t  m easu re  o f  
r e g u l a t o r y  o v e r s i g h t .  IBWA s u r v e y s  o f  member com panies  
s i n c e  1978 show t h a t  b o t t l e d  w a te r  p l a n t s  t h r o u g h o u t  t h e  
U .S . a r e  i n s p e c t e d  a t  l e a s t  once  a  y e a r  by a  f e d e r a l ,  s t a t e ,  
o r  l o c a l  a g e n c y .  Most p l a n t s  a r e  i n s p e c t e d  s e v e r a l  t im e s  
p e r  y e a r .

LEGAL AUTHORITY FOR THE UTILIZATION OF BOTTLED WATER TO 
MEET PRIMARY DRINKING WATER REGULATIONS

The S a fe  D r in k in g  W ater A c t ,  42 U .S .C . § 3 0 0 f - j ,  a l lo w s  
EPA t o  a u t h o r i z e  t h e  u se  o f  b o t t l e d  w a t e r ,  where 
a p p r o p r i a t e , t o  a c h ie v e  t h e  g o a l s  o f  t h e  A c t .  The A ct 
r e g u l a t e s  t h e  s a f e t y  o f  p u b l i c  d r i n k i n g  w a te r  th r o u g h  t h e  
p r o m u lg a t io n  o f  " p r im a ry  d r i n k i n g  w a te r  r e g u l a t i o n s "  by t h e  
A d m i n i s t r a t o r  o f  EPA. S e c t i o n  3 0 0 f ( l )  o f  t h e  s t a t u t e  
d e f i n e s  " p r im a ry  d r i n k i n g  w a te r  r e g u l a t i o n "  a s  a r e g u l a t i o n  
w hich

(A) a p p l i e s  t o  p u b l i c  w a te r  s y s te m s ;

(B) s p e c i f i e s  c o n ta m in a n t s  w hich  . . . may 
have an a d v e r s e  e f f e c t  on t h e  h e a l t h  o f  p e r s o n s ;

(C) s p e c i f i e s  f o r  e a c h  su c h  c o n ta m in a n t  e i t h e r -

( i )  a  maximum c o n ta m in a n t  l e v e l  . . .  o r

( i i )  . . . e a c h  t r e a t m e n t  t e c h n i q u e  . . . 
w h ich  l e a d s  t o  a [ s u f f i c i e n t  r e d u c t i o n  i n  
t h e  l e v e l  o f  su ch  c o n ta m in a n t  . . .  ; and
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(D) c o n t a i n s  c r i t e r i a  and p r o c e d u r e s  t o  a s s u r e  
a s u p p ly  o f  d r i n k i n g  w a te r  w hich  d e p e n d a b ly  c o m p l ie s  
w i th  su ch  maximum c o n ta m in a n t  l e v e l s  . . .

The te rm  "maximum c o n ta m in a n t  l e v e l "  ("MCL") i s  d e f i n e d  in  
3 0 0 f (3 )  a s  t h e  "maximum p e r m i s s i b l e  l e v e l  o f  a c o n ta m in a n t  
i n  w a te r  w hich  i s  d e l i v e r e d  t o  any u s e r  o f  a p u b l i c  w a te r  
s y s t e m . "

N o th ing  in  t h e s e  d e f i n i t i o n s  p r o h i b i t s  t h e  
A d m i n i s t r a t o r  from i s s u i n g  r e g u l a t i o n s  w hich p e r m i t  s m a l l  
s y s te m s  t o  comply w i th  MCLs and t r e a t m e n t  s p e c i f i c a t i o n s  by 
p r o v i d i n g  b o t t l e d  w a te r  t o  a l l  consum ers  on a pe rm an en t  o r  
t e m p o ra ry  b a s i s .  The d e f i n i t i o n  o f  MCL r e f e r s  t o  
c o n ta m in a n t  l e v e l s  i n  w a te r  " d e l i v e r e d  t o  any u s e r  o f  a 
p u b l i c  w a te r  s y s te m " ;  d e l i v e r y  i n  b o t t l e s  i s  n o t  p r e c l u d e d .

S e c t io n  3 0 0 g - l  o f  t h e  A c t ,  w hich s t a t e s  c r i t e r i a  f o r  
t h e  s e l e c t i o n  o f  MCLs and t r e a t m e n t  t e c h n i q u e s ,  p r o v i d e s  
a d d i t i o n a l  s u p p o r t  f o r  t h e  a u t h o r i t y  o f  EPA t o  p e r m i t  t h e  
u se  o f  b o t t l e d  w a te r  t o  comply w i th  t h e  A c t .  B r i e f l y ,
§ 3 0 0 g - l  r e q u i r e s  t h e  A d m i n i s t r a t o r  t o  s e l e c t  MCLs and
r e q u i r e d  t r e a t m e n t  t e c h n i q u e s  su ch  t h a t  c o n ta m in a n t  l e v e l s  
a r e  red u ced  t o  l e v e l s  w hich  a r e  a s  c l o s e  t o  t h o s e  w hich 
p r e v e n t  a d v e r s e  h e a l t h  e f f e c t s  "a s  i s  f e a s i b l e . "  The te rm  
" f e a s i b l e "  i s  d e f i n e d  a t  § 3 0 0 g - l ( b ) ( 3 )  a s  " f e a s i b l e  w i th  
t h e  u se  o f  t h e  b e s t  t e c h n o lo g y ,  t r e a t m e n t  t e c h n i q u e s ,  and 
o t h e r  m eans , w hich t h e  A d m i n i s t r a t o r  f i n d s  a r e  g e n e r a l l y
a v a i l a b l e  ( t a k i n g  c o s t s  i n t o  c o n s i d e r a t i o n ) . "  (Em phasis  
a d d e d . )  T h is  s e c t i o n  a u t h o r i z e s  f l e x i b i l i t y  i n  t h e  
s e l e c t i o n  o f  p o l i c i e s  t o  a c c o m p l ish  c o m p lia n c e  w i th  MCLs and 
t e c h n iq u e  r e q u i r e m e n t s .  Where su ch  c o m p lian ce  i s  " f e a s i b l e "  
and c o s t - e f f e c t i v e l y  acc o m p lish e d  by means o f  b o t t l e d  w a t e r ,  
r e g u l a t i o n s  p e r m i t t i n g  i t s  u se  a r e  a u t h o r i z e d .

The l e g i s l a t i v e  h i s t o r y  o f  t h e  S a fe  D r in k in g  W ater Act 
v e r i f i e s  t h i s  a n a l y s i s .  S e n a to r  H a r t ' s  e x te n d e d  d i s c u s s i o n  
o f  t h e  b i l l  i n  t h e  Congressional Regard e x p l a i n s  t h e
N a t io n a l  P r im a ry  D r in k in g  W ater S ta n d a rd s  a s  f o l l o w s :

"The s t a n d a r d  f o r  b o th  n a t i o n a l  i n t e r i m  p r im a ry  
d r i n k i n g  w a te r  r e g u l a t i o n s  and r e v i s e d  n a t i o n a l  p r im a ry  
d r i n k i n g  w a te r  r e g u l a t i o n s  i s  t h a t  h e a l t h  s h a l l  be 
p r o t e c t e d  t o  t h e  e x t e n t  f e a s i b l e .  O b v io u s ly ,  a s  t h e  
d e t e r m i n a t i o n s  v a r y ,  t h e  f e a s i b i l i t y  o f  a s t a n d a r d  i s  
g o v e rn ed  n o t  o n ly  by t h e  c o s t  o f  c o m p l ia n c e  b u t  a l s o  
w i th  t h e  e x t e n t  o f  h e a l t h  r i s k ;  b a l a n c i n g  be tw een  
h e a l t h  r i s k s  on t h e  one s i d e  and t h e  c o s t  o f  com­
p l i a n c e  on t h e  o t h e r  s i d e  must be w e ig h ed .  Where 
h e a l t h  r i s k s  a r e  g r e a t ,  h ig h e r  c o s t s  may be i n c u r r e d ,  
p e r h a p s  even  t o  t h e  p o i n t  o f  r e q u i r i n g  a l t e r n a t i v e  
s o u r c e s  o f  d r i n k i n g  w a te r "  ( 9 ) .

T h is  w e ig h in g  o f  h e a l t h  r i s k s  and co m p l ia n c e  c o s t s  i s  
p a r t i c u l a r l y  a p p r o p r i a t e  i n  t h e  c a s e  o f  s m a l l  s y s te m s  f a c i n g  
d i f f i c u l t  w a te r  q u a l i t y  p ro b le m s .  Under su c h  c i r c u m s t a n c e s ,  
t h e  p r o v i s i o n  o f  a l t e r n a t i v e  s o u r c e s  may be t h e  most c o s t -
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e f f e c t i v e  m eans, and p e r h a p s  t h e  o n ly  p r a c t i c a l  m eans, o f  
a c h i e v i n g  t h e  h e a l t h  p r o t e c t i o n  g o a l s  o f  t h e  A c t .

The s e c t i o n s  o f  t h e  A ct g o v e rn in g  t h e  g r a n t i n g  o f  
v a r i a n c e s  and e x e m p tio n s  from P r im a ry  D r in k in g  W ater 
R e g u la t io n s  v e r i f y  t h e  a u t h o r i t y  o f  t h e  A d m i n i s t r a t o r  t o  
p e r m i t  sy s te m s  t o  m eet d r i n k i n g  w a te r  s t a n d a r d s  th r o u g h  t h e  
u se  o f  b o t t l e d  w a t e r .  The s t a t u t e  p e r m i t s  t h e  g r a n t i n g  o f  a 
v a r i a n c e  t o  a p u b l i c  w a te r  sy s te m  w h ich ,  " b e c a u s e  o f  
c h a r a c t e r i s t i c s  o f  t h e  raw w a te r  s o u r c e s  w hich  a r e  
r e a s o n a b l y  a v a i l a b l e  t o  t h e s e  s y s te m s ,  c a n n o t  meet t h e  
r e q u i r e m e n t s  r e s p e c t i n g  t h e  maximum c o n ta m in a n t  l e v e l s  o f  
s u c h  d r i n k i n g  w a te r  r e g u l a t i o n s  d e s p i t e  a p p l i c a t i o n  o f  t h e  
b e s t  t e c h n o lo g y ,  t r e a t m e n t  t e c h n i q u e s ,  o r  o t h e r  m eans, w hich  
t h e  A d m i n i s t r a t o r  f i n d s  a r e  g e n e r a l l y  a v a i l a b l e  ( t a k i n g  
c o s t s  i n t o  c o n s i d e r a t i o n ) "  ( 1 0 ) .

Under t h i s  l a n g u a g e ,  t h e  A d m i n i s t r a t o r  must f i n d  t h a t  
" o t h e r  means" o f  co m p l ia n c e  w i th  MCLs (su c h  a s  b o t t l e d  
w a te r )  a r e  n o t  a v a i l a b l e  b e f o r e  a v a r i a n c e  may be g r a n t e d .

S i m i l a r l y ,  § 3 0 0 g - 5 ( a ) ( 2 )  o f  t h e  s t a t u t e  p e r m i t s  an 
e x t e n s i o n  i n  t h e  c o m p l ia n c e  d a t e  f o r  new p u b l i c  w a te r  
sy s te m s  " o n ly  i f  no r e a s o n a b l e  a l t e r n a t i v e  s o u r c e  o f  
d r i n k i n g  w a te r  i s  a v a i l a b l e  t o  su c h  new s y s t e m ."  T hus ,  t h e  
s t a t u t e  e x p l i c i t l y  p r o v i d e s  f o r  t h e  c o n s i d e r a t i o n  and u se  o f  
" a l t e r n a t i v e  s o u r c e s  o f  d r i n k i n g  w a te r "  (p re su m a b ly  
i n c l u d i n g  b o t t l e d  w a te r )  b e f o r e  an ex em p tio n  may be  g r a n t e d ,  
a s  a means o f  co m p l ia n c e  w i th  MCLs.

EPA has  i s s u e d  a p o l i c y  s t a t e m e n t  d i s c u s s i n g  t h e  
s p e c i a l  p ro b le m s  f a c e d  by s m a l l  p u b l i c  sy s te m s  i n  com ply ing  
w i th  t h e  A c t ,  and p r o p o s in g  s m a l l  sy s te m  s t r a t e g i e s  t o  
m i t i g a t e  a c u t e  h e a l t h  h a z a r d s  and im plem ent t h e  most 
f e a s i b l e  s o l u t i o n  t o  o t h e r  t y p e s  o f  v i o l a t i o n s  a s  
e x p e d i t i o u s l y  a s  p o s s i b l e  (11) . The A g e n c y 's  p ro p o s e d  s m a l l  
s y s te m  c o m p l ia n c e  s t r a t e g y  e x p l i c i t l y  a u t h o r i z e s  an 
a s s e s s m e n t  o f  " a l t e r n a t i v e  means o f  c o m p l ia n c e "  f o r  s m a l l  
sy s te m s  in  v i o l a t i o n  o f  d r i n k i n g  w a te r  s t a n d a r d s .  "Among 
t h e  a l t e r n a t i v e s  t o  be c o n s i d e r e d  a r e  r e g i o n a l i z a t i o n  o r  
some o t h e r  in te r - c o m m u n i ty  a r r a n g e m e n t ,  a l t e r n a t i v e  w a te r  
s o u r c e s , b l e n d in g  o r  m ix ing  o f  new and o ld  s o u r c e s ,  a n d ,  
f i n a l l y ,  t r e a t m e n t "  ( 1 2 ) .

OTHER GOVERNMENT POLICIES AUTHORIZING THE USE OF BOTTLED 
WATER TO MEET DRINKING WATER NEEDS

The u t l i z a t i o n  o f  b o t t l e d  w a te r  d u r in g  w a te r  s u p p ly  
e m e rg e n c ie s  n o t  o n ly  i s  w id e s p re a d  i n  p r a c t i c e ,  b u t  a l s o  i s  
s p e c i f i c a l l y  a u t h o r i z e d  by s e v e r a l  a g e n c i e s  b e a r i n g  w a t e r -  
s u p p ly  r e s p o n s i b i l i t i e s .

EPA's N a t i o n a l  C o n t in g e n c y  P la n  Under The S u p e r fu n d  A ct

The C om prehensive  E n v iro n m e n ta l  R e sp o n se ,  C o m p en sa t io n ,  
and L i a b i l i t y  A ct o f  1980 ( t h e  " S u p e r fu n d "  Act) e s t a b l i s h e s  
b ro a d  F e d e r a l  a u t h o r i t y  t o  re sp o n d  t o  r e l e a s e s  o f  h a z a rd o u s
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s u b s t a n c e s ,  p o l l u t a n t s ,  and c o n ta m in a n t s  i n t o  t h e  
e n v i ro n m e n t .  S e c t i o n  105 o f  t h e  Act m andates  r e v i s i o n  o f  
t h e  N a t i o n a l  C o n t in g e n c y  P la n  o r i g i n a l l y  p u b l i s h e d  p u r s u a n t  
t o  § 311 o f  t h e  F e d e r a l  W ater P o l l u t i o n  C o n t r o l  A c t ,  42 
U .S .C . § 1 3 2 1 ( c ) ( 2 ) ,  by r e q u i r i n g  t h e  i n c l u s i o n  o f  a s e c t i o n  
t o  be known a s  t h e  " N a t io n a l  H azardous S u b s ta n c e  R esponse  
P l a n . "  EPA h as  a d o p te d  a d e t a i l e d  s e t  o f  m o d i f i c a t i o n s  t o  
t h e  N a t i o n a l  C o n t in g e n c y  P la n  i n  c o m p l ia n c e  w i th  § 105 o f  
t h e  S u p e rfu n d  A c t .  Among t h e  re m e d ia l  a c t i o n s  e x p l i c i t l y  
a u t h o r i z e d  u n d e r  t h i s  p r o p o s a l  i s  t h e  p r o v i s i o n  o f  b o t t l e d  
w a te r  a s  a means o f  p r o v i d i n g  a l t e r n a t e  w a te r  s u p p l i e s  when 
norm al s u p p l i e s  a r e  c o n ta m in a te d  ( 1 3 ) .

D ep a r tm en t  Of I n t e r i o r ' s  Emergency W ater Supply  P la n

The D epar tm en t o f  I n t e r i o r  has  p ro m u lg a te d  an Emergency 
W ater Supply  P la n  f o r  t h e  p u rp o s e  o f  a s s u r i n g  an a d e q u a te  
s u p p ly  and b e s t  u se  o f  w a te r  f o r  n a t i o n a l  d e f e n s e  and 
e s s e n t i a l  c i v i l i a n  p u r p o s e s .  The P la n  s p e c i f i e s  t h a t  s t a t e  
and l o c a l  gov e rn m en ts  s h o u ld  in v e n t o r y  t h e  c a p a b i l i t y  o f  
b o t t l e d  w a te r  com panies  i n  t h e i r  a r e a s  t o  meet n a t i o n a l  
em ergency n e e d s .

The U .S . Army C orps Of E n g in e e r s '  Emergency W ater P la n

The Army Corps o f  E n g i n e e r s '  a u t h o r i t y  t o  p r o v id e  
te m p o ra ry  s u p p l i e s  o f  c l e a n  d r i n k i n g  w a te r  d u r in g  p e r i o d s  o f  
em ergency i n c l u d e s  t h e  p ro c u re m e n t  and d i s t r i b u t i o n  o f  
b o t t l e d  w a te r  (33 CFR § 2 1 4 .1 0 ) .

CONCLUSION

The c o s t  o f  p r o v i d i n g  b o t t l e d  w a te r  t o  consum ers  i n  a 
community o r  non-com m unity  sy s te m  w i l l  v a ry  g r e a t l y  
a c c o r d in g  t o  t h e  p a r t i c u l a r  c i r c u m s ta n c e s  o f  e a c h  c a s e .  
O b v io u s ly ,  a s m a l l  sy s te m  c o n s i d e r i n g  t h e  b o t t l e d  w a te r  
o p t i o n  w i l l  have  t o  compare i t s  c o s t  w i th  t h e  c o s t  o f  o t h e r
a v a i l a b l e  a l t e r n a t i v e s .  What i s  c r u c i a l  i s  t h a t  EPA and t h e  
s t a t e s  a u t h o r i z e  u se  o f  t h e  b o t t l e d  w a te r  o p t i o n  by p u b l i c  
sy s te m s  so  t h a t ,  i n  t h o s e  c a s e s  i n  which i t  p r o v e s  t o  be t h e  
m ost e c o n o m ic a l  o p t i o n ,  t h o s e  sy s te m s  w i l l  be a b l e  t o  s e l e c t  
i t .  I t  would be  c o u n t e r p r o d u c t i v e  t o  f o r e c l o s e  t h e  u se  o f  
b o t t l e d  w a te r  a s  a m a t t e r  o f  p o l i c y .  In  many c a s e s ,  b e c a u s e  
o f  econom ic r e a l i t i e s ,  t h e  a l t e r n a t i v e  t o  u s in g  b o t t l e d
w a te r  i s  t o  t o l e r a t e  t h e  p r o v i s i o n  o f  d r i n k i n g  w a te r  w hich  
e x c e e d s  s a f e t y  s t a n d a r d s .

The b o t t l e d  w a te r  i n d u s t r y  i s  an e x p e r i e n c e d  p r o v i d e r  
o f  s a f e  d r i n k i n g  w a te r  t o  m i l l i o n s  o f  c o n su m e rs .  I t  s h o u ld
p l a y  a r o l e  i n  a c c o m p l is h in g  t h e  p u r p o s e s  o f  t h e  S a fe  
D r in k in g  W ater A c t ,  p a r t i c u l a r l y  a s  an a l t e r n a t e  s o u r c e  t o  
w hich  s m a l l  sy s te m s  and s m a l l  co m m unit ie s  can  t u r n  f o r  
a s s i s t a n c e .
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CHAPTER 18 

STRUCTURE AND REGULATION OF 
THE EUROPEAN BOTTLED WATER INDUSTRY 

Rip G. Rice, Ph.D. 
Rip. G. Rice, Incorporated 
Ashton, MD 20861 

G. Wade Miller 
Wade Miller Associates 
Arlington, VA 22209 

Abstract: In the United States, bottled water 
is an alternative option to municipal drinking 
water. This is because U.S. bottled water either 
is groundwater which is disinfected by ozone 
(not chlorine) as it is bottled, or is municipal 
tap water which has been treated with granular 
activated carbon (to remove chlorine and other 
dissolved organics), and with deionizing resins 
(to remove inorganics). Specific levels of 
minerals then are added, and the water is ozonized 
as it is bottled. As a result, U.S. bottled 
waters do not contain the chlorinous tastes 
and odors sometimes prevalent in U.S. municipal 
tap waters. 

On the other hand, European tap waters also 
are either clean groundwaters, or are surface 
waters which are treated by a combination of 
processes such that they do not contain chlorinous 
tastes and odors. As a result, in Europe the 
bottled water with which we are familiar in 
the U.S. is nQi an alternative to municipal 
tap waters. 

22:3 
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E uropeans  do d r i n k  " b o t t l e d  w a t e r " ,  b u t  
t h e s e  a r e  n a t u r a l  w a te r s  from m in e r a l  s p r i n g s ,  
w hich  a r e  m a rk e te d  f o r  t h e i r  h e a l t h  b e n e f i t s .
Many te rm s  a r e  u sed  f o r  European  b o t t l e d  w a t e r ,  
t h e  m ost common b e in g  'm i n e r a l  w a t e r ' .  However, 
r e g u l a t i o n s  r e c e n t l y  a d o p te d  by member s t a t e s  
o f  t h e  European  Economic Community now have
s t a n d a r d i z e d  on t h e  te rm ,  " n a t u r a l  m in e r a l  w a t e r " .

In  m ost European  c o u n t r i e s ,  a b o u t  80% o f  
b o t t l e d  m in e r a l  w a te r s  c o n t a i n  c a r b o n a t i o n ,  
e i t h e r  n a t u r a l l y  o r  a d d ed .  C a rb o n a t io n  i s  b e l i e v e d  
t o  add ' f r e s h n e s s '  t o  t h e  p r o d u c t ,  b u t  i t  i s  
a l s o  w e l l  e s t a b l i s h e d  t h a t  common m ic ro o rg a n ism s  
c a n n o t  p r o l i f e r a t e  in  c a r b o n a t e d  w a t e r .

F ra n c e  i s  t h e  m a jo r  W este rn  European  p r o d u c e r  
o f  b o t t l e d  w a t e r ,  b u t  i t s  p r o d u c t  mix i s  r e v e r s e d
from t h o s e  o f  t h e  o t h e r  c o u n t r i e s .  More th a n  
80% o f  t h e  F ren ch  m in e r a l  w a te r  p ro d u ced  each  
y e a r  i s  ' f l a t ' ,  o r  s t i l l  w a te r ,  and o n ly  a b o u t  
20% i s  c a r b o n a te d .  By c o n t r a s t ,  a b o u t  80% o f  
m in e r a l  w a te r s  b o t t l e d  i n  Germany and I t a l y
c o n t a i n  c a r b o n a t i o n .

Each s p r i n g  s o u r c e  o f  n a t u r a l  m in e r a l  w a te r  
m ust be ap p ro v ed  and i s  r e g u l a t e d  by t h e  a p p r o p r i a t e  
n a t i o n a l  agency  r e s p o n s i b l e  f o r  p u b l i c  h e a l t h .  
B o t t l i n g  n o rm a l ly  i s  co n d u c te d  a t  t h e  s o u r c e ,  
which m ust be p r o t e c t e d  a g a i n s t  " a l l  r i s k  o f  
p o l l u t i o n " .  D i s i n f e c t i o n  by any means t h a t  
i s  l i k e l y  t o  change t h e  v i a b l e  c o lo n y  c o u n t  
o f  a p p ro v ed  n a t u r a l  m in e r a l  w a te r s  i s  p r o h i b i t e d .
T h is  i s  b e c a u se  c o u n t s  o f  n a t u r a l l y  p r e s e n t  
b a c t e r i a l  c o l o n i e s  a r e  u sed  a s  r o u t i n e  i n d i c a t o r s  
o f  p o l l u t i o n .  W ith o u t  a co lo n y  c o u n t ,  much
more s o p h i s t i c a t e d  a n a l y t i c a l  t e c h n i q u e s  would 
be r e q u i r e d  t o  d e te r m in e  t h e  p r e s e n c e  o r  a b se n c e  
o f  p o l l u t i o n .

Many n a t u r a l  m in e r a l  w a te r s  have  known h e a l t h  
b e n e f i t s  which have been c o n f i rm e d  and ap p ro v ed  
by n a t i o n a l  a cad em ies  o f  m e d ic in e  and by p u b l i c  
h e a l t h  o r g a n i z a t i o n s .  These p ro v e n  b e n e f i t s  
t o  human h e a l t h  can  be s u g g e s te d  in  a d v e r t i s e m e n t s ,  
b u t  n o t  c la im e d .  Each l a b e l  must c a r r y  t h e  
s o u r c e  and m in e r a l  a n a l y s i s  o f  t h e  w a te r .

In  t h i s  p a p e r ,  t h e  a u t h o r s  d e s c r i b e  t h e  
g row th  o f  W es te rn  European  b o t t l e d  w a te r  m a rk e ts  
o v e r  t h e  p a s t  d e c a d e ,  d i s c u s s  t h e  u n iq u e  f e a t u r e s
o f  t h i s  m a rk e t  t h a t  d i s t i n g u i s h  i t  from t h e
U .S . b o t t l e d  w a te r  m a r k e t s ,  t h e n  d i s c u s s  t h e  
c u r r e n t  r e g u l a t i o n s  f o r  b o t t l e d  w a te r  in  t h e  
E uropean  Economic Community c o u n t r i e s ,  and compare 
t h e s e  r e g u l a t i o n s  w i th  t h o s e  c u r r e n t l y  e x t a n t  
i n  t h e  U .S .A .



European Bottled Water Industry 225

I .  TYPES OF EUROPEAN BOTTLED WATER

In  E u ro p e ,  b o t t l e d  d r i n k i n g  w a te r  g e n e r a l l y  i s  r e f e r r e d  
t o  a s  'm i n e r a l  w a t e r ' .  T h is  i s  b e c a u s e  i t s  o r i g i n  i s  
s u b t e r r a n e a n  g ro u n d w a te r ,  r a t h e r  t h a n  b e in g  p r o c e s s e d  
t a p  w a t e r .  G roundw ater  c o n t a i n s  n a t u r a l l y  o c c u r r i n g  m i n e r a l s  
hen ce  t h e  o r i g i n  o f  t h e  te rm .

Most E uropean  m i n e r a l  w a te r s  a r e  s o l d  i n  0 .7 - L  b o t t l e s  
( g l a s s  o r  PVC), w i th  t h e  b a l a n c e  c o n s i s t i n g  o f  0 .2 5 ,  0 . 5 ,  
and 1 .5  L c o n t a i n e r s .  E s s e n t i a l l y  no m in e r a l  w a te r s  a r e  
s o l d  i n  5 - g a l l o n  c a rb o y  t y p e  c o n t a i n e r s  a s  i s  t h e  common 
p r a c t i c e  i n  t h e  USA.

T here  a r e  e s s e n t i a l l y  t h r e e  t y p e s  o f  m in e r a l  w a te r s  
i n  E u ro p e ,  c a r b o n a t e d ,  n o n - c a r b o n a t e d ,  and ' h e a l t h '  o r  
m e d ic in a l  w a t e r s .  Most o f  t h e  b o t t l e d  w a te r  consumed 
in  Europe i s  c a r b o n a te d  (Germany 86 %, I t a l y  80%). Much 
o f  t h e  E uropean  p o p u l a t i o n  h as  been  b r o u g h t  up w i th  t h e
u n d e r s t a n d in g  t h a t  c a r b o n a t i o n  i m p a r t s  ' f r e s h n e s s '  t o  
t h e  w a t e r .  However, i t  i s  a w e ll-know n  f a c t  t h a t  common 
m i c r o b i o l o g i c a l  o rg a n ism s  c a n n o t  l i v e  i n  su ch  w a te r s  b e c a u s e  
o f  t h e  p r e s e n c e  o f  c a rb o n  d i o x i d e .  Some n o n - c a r b o n a te d
m in e r a l  w a te r s  a r e  d e l i b e r a t e l y  c a r b o n a t e d  t o  p r o v id e  
t h e  d e s i r e d  d e g re e  o f  ' f r e s h n e s s ' .  C o n c e n t r a t i o n s  o f  
c a rb o n  d i o x i d e  i n  t h e s e  m in e r a l  w a te r s  i s  on t h e  o r d e r  
o f  8 t o  10 g /L .

By c o n t r a s t ,  t h e  r a t i o  i n  F ra n c e  i s  r e v e r s e d .  More 
th a n  80% o f  F re n c h  b o t t l e d  m in e r a l  w a te r s  a r e  f l a t ,  o r  
n o n - g a s e o u s .  In  F r a n c e ,  t h e  o n ly  r e q u i r e m e n t  t o  be c a l l e d  
a " m in e r a l  w a te r "  i s  t h a t  i t  be from an u n d e rg ro u n d  s o u r c e  
and have a p ro v e n  t h e r a p e u t i c  b e n e f i t .

S o - c a l l e d  ' h e a l t h '  o r  m e d ic in a l  w a te r s  c o n t a i n  t r a c e s  
o f  s p e c i f i c  m i n e r a l s ,  d e l i b e r a t e l y  added  (o r  rem oved) ,
o r  o c c u r r i n g  n a t u r a l l y ,  w hich  p r o v id e  some s p e c i a l  h e a l t h
b e n e f i t s .  For exam ple ,  m in e r a l  w a te r s  c o n t a i n i n g  s m a l l  
q u a n t i t i e s  o f  f l u o r i d e  a r e  b e n e f i c i a l  i n  c o m b a t t in g  d e n t a l  
c a r i e s .  O th e r  m i n e r a l s  w hich  im p a r t  s p e c i a l  h e a l t h  b e n e f i t s  
i n c l u d e  i o d i n e ,  i r o n ,  m agnesium, c a lc iu m ,  and o t h e r s .

Some m e d ic in a l  w a te r s  c o n t a i n  h ig h  c o n c e n t r a t i o n s  
and o t h e r s  low c o n c e n t r a t i o n s  o f  sodium  c h l o r i d e  and s u l f a t e s  
O th e r s  a r e  c a r b o n a t e d ,  b u t  t o  c o n c e n t r a t i o n s  l e s s  t h a n  
2 .5  g /L  o f  c a rb o n  d i o x i d e .

I I .  SOURCES OF EUROPEAN MINERAL WATERS

Each i n d i v i d u a l  E uropean  c o u n t r y  (and t h e  EEC c o u n t r i e s  
a s  a u n i t )  r e q u i r e s  t h a t  a n a t u r a l  m in e r a l  w a te r  m ust 
have  i t s  o r i g i n  i n  a s u b t e r r a n e a n  s o u r c e .  I t  m ust d i f f e r  
from t a p  w a te r  by i t s  " o r i g i n a l  p u r i t y " ,  s p e c i a l  q u a l i t y ,  
m in e r a l  c o n t e n t ,  and i t s  s p e c i a l  e f f e c t s .  The m in e r a l  
w a te r  m ust c o n t a i n  a t  l e a s t  1 , 0 0 0  mg o f  m i n e r a l s  p e r  k i lo g ra m  
o r  i f  n o t ,  i t  m ust p ro v e  i t s  s p e c i a l  e f f e c t  by p h y s i o l o g i c a l ,
p h a r m a c o l o g i c a l ,  and c l i n i c a l  t e s t s .
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" O r i g i n a l  p u r i t y "  means, f o r  exam ple ,  t h a t  t h e  w a te r s  
c o n t a i n  no p e s t i c i d e s  o r  h a lo g e n a t e d  o r g a n i c  compounds, 
and m ust be f r e e  o f  e n v i ro n m e n ta l  c o n ta m in a t io n  and p a t h o g e n ic  
m i c r o b i o l o g i c a l  i m p u r i t i e s .

F ra n c e  h as  a b o u t  1 ,500  known s o u r c e s  o f  n a t u r a l l y
o c c u r r i n g  m in e r a l  w a t e r s ,  o f  which a b o u t  900 c u r r e n t l y
a r e  b e in g  u s e d .  Of t h e s e ,  o n ly  25 a r e  ap p ro v ed  by t h e  
F re n c h  M i n i s t r y  o f  H e a l th  f o r  b o t t l i n g  and s a l e  a s  m in e r a l  
w a te r s  which p r o v id e  s p e c i a l  t h e r a p e u t i c  b e n e f i t s  t o  humans. 
N a t u r a l l y  o c c u r r i n g  m in e r a l  w a te r s  from t h e  o t h e r  s o u r c e s  
(which do n o t  have d e m o n s t r a te d  t h e r a p e u t i c  p r o p e r t i e s )  
a r e  b o t t l e d  and s o l d  a s  ' s p r i n g  w a t e r s ' ,  a t  a much low er  
p r i c e  th a n  m in e r a l  w a te r s  w i th  ap p ro v ed  t h e r a p e u t i c  p r o p e r t i e s .

Most o f  t h e  F ren ch  m in e r a l  w a te r  s o u r c e s  a r e  i n  m o u n ta in o u s  
a r e a s  in  t h e  V o sg es ,  P y r e n e e s ,  and A lp s .  Of t h e  1 ,500  
F ren ch  s o u r c e s ,  a b o u t  100 a r e  s p a s ,  where p e o p le  come 
f o r  r e c r e a t i o n ,  b u t  a l s o  t o  d r in k  t h e  t h e r a p e u t i c  m in e r a l  
w a te r s  d i r e c t l y  from t h e  s p r i n g s .

In  t h e  F e d e r a l  R e p u b l ic  o f  Germany, t h e r e  a r e  500 
m in e r a l  w a te r  s o u r c e s  which a r e  owned by t h e  190 member 
com panies  o f  t h e  VDM (Verband D e u ts c h e r  M in e ra lb r t in n en  
= A s s o c i a t i o n  o f  German M in e ra l  S p r i n g s ) . These  190 com panies  
s u p p ly  m ost o f  t h e  German m in e r a l  w a te r  m a rk e t .  The l a r g e s t  
German com panies  p ro d u c e  more t h a n  300 MM b o t t l e s / y e a r ,  
p r i m a r i l y  0 .7 -L  i n  s i z e .  T here  a r e  a l s o  160 o t h e r  German 
m in e r a l  w a te r  s u p p l i e r s ,  e a c h  o f  w hich p ro d u c e s  a  maximum 
o f  1 MM b o t t l e s / y r .

I t a l y  has  200 m in e r a l  w a te r  p r o d u c e r s  which own 300 
m in e r a l  w a te r  s o u r c e s .  The l a r g e s t  f o u r  o f  t h e s e  c o n t r o l  
30% o f  t h e  I t a l i a n  m a r k e t .  The to p  20 I t a l i a n  com panies  
c o n t r o l  33% o f  t h e  m a rk e t ;  t h u s  67% o f  t h e  I t a l i a n  m a rk e t  
i s  s h a r e d  by t h e  180 s m a l l e r  co m p an ies .

I I I .  PRODUCTION OF EUROPEAN MINERAL WATERS

W este rn  European  m in e r a l  w a te r s  m ust be b o t t l e d  a t  
t h e  s o u r c e ,  e x c e p t  w i th  s p e c i a l  a p p r o v a l .  Each s p r i n g  
h as  i t s  own i n d i v i d u a l  name, t h e r e f o r e  one b o t t l i n g  company 
may o f f e r  more t h a n  one m in e r a l  w a t e r ,  s i n c e  m in e r a l  c o n t e n t s  
and t h e r a p e u t i c  b e n e f i t s  n o rm a l ly  a r e  u n iq u e  t o  each  i n d i v i d u a l  
s p r i n g .

T a b le  I  shows t h e  number o f  m a jo r  m in e r a l  w a te r  b o t t l e r s  
i n  s e v e n  European  c o u n t r i e s .  The F e d e r a l  R e p u b l ic  o f  
Germany, I t a l y ,  S p a in ,  and F ra n c e  have t h e  h i g h e s t  number 
o f  m in e r a l  w a te r  b o t t l e r s .

T a b le  I I  shows t h e  a n n u a l  p r o d u c t i o n  o f  m in e r a l  w a te r s  
f o r  t h e  p e r i o d  1971 th ro u g h  1980 in  F ra n c e ,  t h e  F e d e r a l  
R e p u b l ic  o f  Germany, I t a l y  and Belgium  (EEC C o u n t r i e s ) ,
S p a in ,  Y u g o s la v ia ,  S w i t z e r l a n d ,  A u s t r i a ,  and P o r t u g a l .  
P r o d u c t io n  in  t h e  f o u r  EEC c o u n t r i e s  has  grown from 4 ,900  
MM l i t e r s  i n  1971 t o  7 ,297  MM l i t e r s  i n  1980, a g row th  
r a t e  o f  49%. At t h e  same t im e ,  p r o d u c t i o n  i n  t h e  o t h e r  
f i v e  l i s t e d  European  c o u n t r i e s  has  grown from 966 MM l i t e r s
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i n  1971 t o  1 ,898  MM l i t e r s  i n  1980, a 96% g row th  r a t e .
In  t h e s e  n in e  l i s t e d  European  c o u n t r i e s ,  t o t a l  p r o d u c t i o n  
grew from 5 ,8 6 6  MM l i t e r s  i n  1971 t o  9 ,1 9 5  MM l i t e r s  i n  
1980, an o v e r a l l  g row th  r a t e  o f  56%.

TABLE I .  MAJOR MINERAL WATER PRODUCERS IN EUROPE

The p e r c e n t a g e s  o f  m in e r a l  w a te r  p r o d u c t i o n  p e r  c o u n t r y  
i n  1980 a r e  l i s t e d  i n  T a b le  I I I .  For t h a t  y e a r ,  F ra n c e  
l e d  w i th  32.4%, c l o s e l y  f o l lo w e d  by t h e  F e d e r a l  R e p u b l ic  
o f  Germany w i th  25.9%. The f o u r  l i s t e d  EEC c o u n t r i e s
t o g e t h e r  p ro d u c e d  79.3% and t h e  o t h e r  f i v e  c o u n t r i e s  a c c o u n te d  
f o r  2 0 . 6 % o f  t h e  n in e  c o u n t r y  t o t a l  p r o d u c t i o n .

TABLE I I I .  PERCENTAGES OF EUROPEAN MINERAL WATER 
PRODUCTION -  1980

Of t h e  t o t a l  9 ,1 9 4 .8  MM l i t e r s  p ro d u c e d  by 
n in e  c o u n t r i e s :

C ou n try

v o l .  m in e r a l  w a te r  
p ro d u c e d  i n  1980 

MM L i t e r s

no .  s i g n i f i c a n t  
p r o d u c e r s

A u s t r i a 249 8

Belgium 427 44

F e d e r a l  R e p u b l ic  
o f  Germany 2 ,380 190 (350 

t o t a l )

F ra n c e 2 ,980 36

I t a l y 1 ,510 40 (200 
t o t a l )

S p a in 785 50

S w i t z e r l a n d 216 9

EEC C o u n t r i e s
F ra n c e 32.4%
F e d e r a l  R e p u b l ic  o f  Germany 25.9%
I t a l y 16.4%
Belgium 4.6%

Non-EEC C o u n t r i e s
S p a in 8.5%
Y u g o s la v ia 5.4%
A u s t r i a 2.7%
S w i t z e r l a n d 2.3%
P o r t u g a l 1.7%
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M e d ic in a l  w a te r s  i n  t h e  F e d e r a l  R e p u b l ic  o f  Germany 
c u r r e n t l y  have  c a p t u r e d  10 t o  15% o f  t h e  t o t a l  German 
m in e r a l  w a te r  m a rk e t  —  a b o u t  400 MM 0 .7 - L  b o t t l e s  (280 
MM L ) . Two com panies  c o n t r o l  75% o f  t h i s  m e d ic in a l  w a te r  
m a r k e t ,  a c c o r d in g  t o  t h e  German H e a l th  W ater P r o d u c t i o n  
U nion , w hich  c o n s i s t s  o f  a b o u t  35 member co m p an ie s .

IV. USES AND CONSUMPTION OF BOTTLED WATER IN WESTERN EUROPE

Each c o u n t r y  h as  i t s  own r e g u l a t i o n s  c o n c e r n in g  t h e  
u s e s  f o r  b o t t l e d  w a t e r .  For exam ple ,  h i s t o r i c a l l y  m in e r a l  
w a te r  i s  a l lo w e d  t o  be u sed  f o r  t h e  p r o d u c t i o n  o f  s o f t  
d r i n k s  i n  t h e  F e d e r a l  R e p u b l ic  o f  Germany, b u t  n o t  i n  
F r a n c e .

T a b le  IV l i s t s  t h e  1980 p e r  c a p i t a  co n su m p tio n  o f  
m in e r a l  w a te r s  f o r  t h e  n in e  m a jo r  European  c o u n t r i e s  f o r  
w hich  d a t a  a r e  a v a i l a b l e .  Consum ption  p e r  c a p i t a  i n  F ra n c e  
was h i g h e s t  ( n e a r l y  56 L ) , f o l lo w e d  by Belg ium  (4 3 .5  L) , 
t h e n  Germany, S w i t z e r l a n d  and A u s t r i a  i n  t h e  33 t o  39 
L / c a p i t a  r a n g e ,  w i th  consu m p tio n  i n  I t a l y ,  S p a in ,  and 
Y u g o s la v ia  b e in g  in  t h e  ra n g e  o f  21 t o  27 L / c a p i t a .  Consump­
t i o n  i n  P o r t u g a l  was t h e  l o w e s t ,  1 5 .5  L / c a p i t a .

TABLE IV. CONSUMPTION PER CAPITA OF MINERAL WATER IN 
SOME EUROPEAN COUNTRIES
P r o d u c t io n  I n h a b i t a n t s  1980 C onsum ption  

C o u n try  i n  MM l i t e r s ( m i l l i o n s )  i n  l i t e r s / c a p i t a
p

C o u n try  i

EEC C o u n t r i e s  

F ra n c e

r o d u c t i o n  
n MM l i t e r s

2 ,980

I n h a b i t a n t s
( m i l l i o n s )

5 3 .3

1980 C onsum ption  
i n  l i t e r s / c a p i t a

5 5 .9
F e d l .  Rep. o f

Germany 2 ,3 8 0 6 1 .4 39
I t a l y 1 ,510 5 6 .7 2 6 .6
Belgium 427 9 .8 4 3 .5

Non-EEC C o u n t r i e s

S p a in 785 3 7 .1 2 1 . 2
Y u g o s la v ia 496 2 2 . 0 2 2 .5
S w i t z e r l a n d 216 6 .3 3 4 .3
A u s t r i a 249 7 .5 3 3 .2
P o r t u g a l 153- „ 9 . 9 15 ,5

T o t a l s 9 ,196 2 64 .0 35 (av)

I t  s h o u ld  be a p p r e c i a t e d  t h a t  i n  Europe b o t t l e d  w a te r  
i s  consumed d i r e c t l y  f o r  d r i n k i n g ,  a s  opposed  t o  b e in g  
u se d  t o  make c o f f e e ,  t e a ,  s o u p s ,  s o f t  d r i n k s ,  g e n e r a l  
h o u s e h o ld  c o o k in g ,  e t c .  N orm ally  t a p  w a te r s  a r e  u se d  
f o r  t h e s e  p u r p o s e s ,  e s p e c i a l l y  i n  c o u n t r i e s  o t h e r  t h a n
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F r a n c e .  T h is  i s  b e c a u s e  m ost o f  t h e  b o t t l e d  w a te r  i s  
c a r b o n a te d  i n  t h e s e  o t h e r  c o u n t r i e s .

I t  s h o u ld  be n o te d  a l s o  t h a t  European  t a p  w a te r s  do 
n o t  have  s t r o n g  c h l o r i n o u s  t a s t e s .  T h e r e f o r e ,  c o f f e e ,  
t e a ,  s o u p s ,  e t c . ,  p r e p a r e d  from European  t a p  w a te r s  have 
t a s t e s  which  a r e  d e s i r e d  by European  p a l a t e s .  These  consum able  
l i q u i d s  w i l l  t a s t e  t h e  same in  Europe w h e th e r  p r e p a r e d  
from f l a t  b o t t l e d  w a te r  o r  t a p  w a te r .

V. BOTTLED WATERS IN THE MAJOR WESTERN EUROPEAN COUNTRIES

A. F ra n c e

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

About 90% o f  t h e  F ren ch  m in e r a l  w a te r  m a rk e t  i s  s e r v e d  
by f o u r  o r g a n i z a t i o n s  which a r e  composed o f  many o f  t h e  
36 m a jo r  F ren ch  p r o d u c e r s .  Whereas most o f  t h e  m in e r a l  
w a te r s  p ro d u c e d  i n  t h e  re m a in d e r  o f  W este rn  Europe a r e  
c a r b o n a t e d  ( 86 % i n  Germany; 80% i n  I t a l y ) ,  t h e  s i t u a t i o n  
i s  r e v e r s e d  i n  F r a n c e .  D uring  t h e  10 y e a r  p e r i o d  o f  1971 
th r o u g h  1981, p r o d u c t i o n  o f  c a r b o n a te d  m in e r a l  w a te r s  
i n  F ra n c e  ra n g ed  from 14 .6  t o  19.6% o f  t h e  t o t a l  m in e r a l  
w a te r  p ro d u c e d .

In  F r a n c e ,  t h r e e  t y p e s  o f  d r i n k i n g  w a te r s  have  been  
d e f i n e d :

1) P o t a b l e  W a te r , w h ich ,  i n  t u r n ,  i s  co m p rised  o f  t h r e e
ty p e s  :

a) t a p  w a t e r , d e l i v e r e d  t o  t h e  p u b l i c  th ro u g h  p i p i n g
sy s te m s

b) s p r i n g  w a te r  -  n a t u r a l l y  o c c u r in g  from u n d e rg ro u n d
s p r i n g s

c) ' t a b l e  w a t e r 1 -  b o t t l e d  w a te r  w hich i s  t r e a t e d
o r  u n t r e a t e d  t a p  w a t e r .  However, t h i s  ty p e  i s
d i s a p p e a r i n g ,  b e c a u se  F ren ch  r e g u l a t i o n s  do n o t
c u r r e n t l y  r e q u i r e  a s t a t e m e n t  n o t i n g  t h a t  t h e
w a te r  h a s  o r  h a s  n o t  been  t r e a t e d .

2) G a s i f i e d  W a te r , w hich  c o n t a i n s  added  c a rb o n  d i o x i d e ,

3) M in e ra l  W a te r s , w hich can  be th e  same a s  s p r i n g  w a t e r s ,
b u t  w i th  d e m o n s t r a te d  t h e r a p e u t i c  v a l u e s .

G a s i f i e d  w a te r s  ( s p r i n g  o r  t a p  w a te r s  t o  w hich  c a rb o n
d i o x i d e  h as  been  added) s h o u ld  n o t  be c o n fu se d  w i th  g a se o u s  
w a t e r s .  The l a t t e r  a r e  n a t u r a l l y  c a r b o e f f e r v e s c e n t .

W ate rs  c o n t a i n i n g  no c a r b o n a t i o n  ( n a t u r a l  o r  added) 
a r e  c a l l e d  f l a t  wat e r s .
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M in e ra l  w a te r s  a r e  d e f i n e d  by t h e  d e c r e e  o f  12 J a n u a r y  
1922, a s  m o d i f i e d  by t h e  d e c r e e  o f  24 May 1957 a s  f o l l o w s :

"The te rm s  'm i n e r a l  w a t e r '  and ' n a t u r a l  m in e r a l  w a t e r '  
and a l l  o t h e r s  c o n t a i n i n g  t h e s e  words a r e  r e s e r v e d  
f o r  w a te r s  endowed w i th  t h e r a p e u t i c  p r o p e r t i e s ,  coming 
from  a s p r i n g  whose e x p l o i t a t i o n  h as  been  a u t h o r i z e d  
by m i n i s t e r i a l  d e c i s i o n ,  u n d e r  t h e  c o n d i t i o n s  p r o v id e d  
f o r  by t h e  law s and r u l e s  i n  f o r c e " .

In  c o n t r a s t  w i th  l e g i s l a t i o n  o f  numerous o t h e r  W es te rn  
E uropean  c o u n t r i e s  ( S w i t z e r l a n d ,  F e d e r a l  R e p u b l ic  o f  Germany) 
F ren ch  a u t h o r i t i e s  do n o t  t a k e  i n t o  c o n s i d e r a t i o n  t h e  
m in e r a l  c o n t e n t  o f  t h e  w a te r  t o  c o n f e r  upon a s p r i n g  t h e  
l a b e l  'm i n e r a l  w a t e r ' .  D e m o n s tra te d  and p ro v e n  t h e r a p e u t i c  
p r o p e r t i e s  ( c o n f i rm e d  by t h e  F renqh  Academy o f  M edic ine)  
a r e  a l l  t h a t  i s  r e q u i r e d .

"By c o n t r a s t ,  t h e  te rm  ' s p r i n g  w a t e r ' ,  o r  a l l  o t h e r  
( d e f i n i t i o n s )  i n d i c a t i n g  a d r i n k i n g  w a te r  o f  d e te rm in e d  
o r i g i n ,  i s  r e s e r v e d  f o r  p o t a b l e  w a t e r ,  t h a t  i s ,  w a te r
s u i t a b l e  f o r  human c o n su m p t io n ,  i n t r o d u c e d  ( t o  t h e  
consum ers  o r  i n t o  commerce) a t  i t s  p l a c e  o f  em ergence  
(from  t h e  g r o u n d ) " .

2 .  S o u rc e s  And C u r r e n t  M arket C h a r a c t e r i s t i c s

C u r r e n t l y ,  t h e r e  a r e  1 ,500  s o u r c e s  o f  m in e r a l  w a te r s  
i n  F r a n c e ,  o f  which a b o u t  900 a r e  a c t i v e .  However, o n ly  
a b o u t  25 a r e  ap p ro v ed  by t h e  F re n c h  M i n i s t r y  o f  H e a l t h ,  
a f t e r  n o t i c e  from t h e  F re n c h  Academy o f  M e d ic in e ,  a s  b e in g  
b e n e f i c i a l  t o  h e a l t h .

The F re n c h  m in e r a l  w a te r  i n d u s t r y  grew r a p i d l y  d u r in g  
t h e  p e r i o d  1950 t o  1970. In  1940, t h e  t o t a l  F re n c h  p r o d u c t i o n  
o f  m in e r a l  w a te r  was o n ly  30 MM l i t e r s .  By 1957 , t h i s
had grown t o  1 b i l l i o n  l i t e r s ,  t o  2 .5  b i l l i o n  l i t e r s  i n  
1971, and t o  i t s  peak  o f  a lm o s t  3 .1  b i l l i o n  l i t e r s  i n  
1973.

D uring  1981, t h e  t o t a l  p r o d u c t i o n  o f  b o t t l e d  m in e r a l  
w a te r s  i n  F ra n c e  was 2 ,396  m i l l i o n  l i t e r s .  Of t h i s  am ount,
2 ,000  MM l i t e r s  (83.5%) w ere f l a t  m in e r a l  w a t e r s ,  and 
396 MM l i t e r s  (16.5%) were g a s e o u s .  Over t h e  t e n  y e a r  
p e r i o d  1971-1981 ,  F re n c h  p r o d u c t i o n  o f  b o t t l e d  w a te r s  
h a s  rem ain ed  r e l a t i v e l y  s t a t i c ,  v a r y in g  from a low o f
2 ,0 5 4  MM L i n  1971 (80% f l a t  w ater/20%  g a se o u s )  t o  a  peak  
o f  3 ,0 9 7  MM L in  1973 (84% f l a t  w a te rs /16%  g a s e o u s ) .

The F re n c h  b o t t l e d  m in e r a l  w a te r  i n d u s t r y  i s  s e r v e d  
by 36 i n d i v i d u a l  p r o d u c e r s ,  b u t  many o f  t h e s e  a r e  members 
o f  f o u r  m a jo r  g ro u p s ,  w hich  c o l l e c t i v e l y  c o n t r o l  n e a r l y
90% o f  t h e  F re n c h  m a r k e t .  These  f o u r  g ro u p s ,  w i th  t h e i r  
m a jo r  p r o d u c t  l a b e l s ,  a r e :
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P e r r i e r 2 C o n t r e x ,  P e r r i e r ,  V ichy E t a t ,  S t .  Y o r re ,  
C i l e s t i n s

B .S .N - : E v ia n ,  B a d o i t

V i t t e l ; V i t t e l  Grand S o u rc e ,  H epar ,  V i t t e l o i s e ,  
P i e r v a l

Sel l i e r . .  k e b l a n g : V o lv i c ,  V o l v i l l a n t e

For 1981, F re n c h  m in e r a l  w a te r s  were b o t t l e d  i n  t h e  
f o l lo w in g  p e r c e n t a g e s ;

Flat. Waters
P e r r i e r  C o n tre x  25.7%
B .S .N . E v ian  22.8%
V i t t e l  V i t t e l  17.1%

P i e r v a l  2 .0
Hépar 1 .0

V o lv ic  V o lv ic  8.9%
S p r in g  W ate rs  V a r io u s  17.8% 

P a r t - t i m e
d i s t r i b u t o r s  4,7%

1 0 0 . 0 %

M in e ra l  W a te r s , a u t h o r i z e d  by t h e  M i n i s t r y  o f  H e a l th  
o f  t h e  p a r t i c u l a r  D epar tm en t ( S t a t e ) :

fiaasflua Haters.
P e r r i e r P e r r i e r 39.3%

S t .  Y orre 25.7%
Vichy C e l e s t i n s 5.5%

B .S .N . B a d o i t 14.6%
V i t t e l V i t t e l o i s e 4.0%
V a r io u s

1 0 0 . 0%

C o n t r e x é v i l l e  ( P e r r i e r ) ,  V ich y ,  E v ia n ,  and V i t t e l  
b o t t l e  n e a r l y  a l l  F re n c h  s p r i n g  w a t e r s .

T h ere  h as  been  l i t t l e  change in  t h e s e  r e l a t i v e  p o s i t i o n s  
s i n c e  1975 , e x c e p t  t h a t  p r o d u c t i o n  o f  V o lv ic  w a te r  has  
grown t o  i t s  c u r r e n t  l e v e l  s i n c e  t h a t  t im e .

3. pistributipn
About 72% o f  F re n c h  m in e r a l  w a te r s  a r e  d i s t r i b u t e d  

th r o u g h  fo o d  s t o r e s ,  and 28% th ro u g h  c a f e s ,  h o t e l s ,  and 
r e s t a u r a n t s .  In  food  d i s t r i b u t i o n  c h a n n e l s ,  a b o u t  37.8% 
i s  d i s t r i b u t e d  th r o u g h  s u p e r m a r k e t s ,  27.5% i n  h y p e rm a rk e ts
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(many t im e s  t h e  s i z e  o f  o u r  s u p e r m a r k e t s ) ,  13.2% i n  s u p e r e t t e s  
( s m a l l  s u p e rm a rk e ts )  and 21.5% in  o t h e r  ' t r a d i t i o n a l 1 
r e t a i l  o u t l e t s  o t h e r  t h a n  c a f e s ,  h o t e l s ,  and r e s t a u r a n t s  
(su c h  a s  p h a r m a c ie s ,  d e p a r tm e n t  s t o r e s ,  v e r y  s m a l l  n e ig h b o rh o o d  
g r o c e r y  s t o r e s ,  e t c . ) .

4 .  E x p o r t s

Only r e l a t i v e l y  s m a l l  q u a n t i t i e s  o f  F re n c h  m in e r a l  
w a te r s  a r e  e x p o r t e d .  For exam ple ,  i n  1981, 2 ,5 4 8  MM L 
were consumed d o m e s t i c a l l y ,  w i th  an a d d i t i o n a l  432 MM L 
(14%) e x p o r t e d .  Of t h i s  t o t a l ,  2 ,1 0 9  MM L w ere f l a t  w a te r s  
consumed d o m e s t i c a l l y  w i th  an a d d i t i o n a l  290 MM L (12%) 
e x p o r t e d ,  and 439 MM L o f  g a se o u s  m in e r a l  w a te r s  were 
consumed d o m e s t i c a l l y ,  w i th  an a d d i t i o n a l  141 MM L (24%) 
b e in g  e x p o r t e d .

5. .Beggragg CgnsiMPP.tj.<an. in Françe
The a v e r a g e  F r e n c h p e r s o n  consumes a n n u a l l y :

100 L o f  w ine

60 L o f  c o f f e e

60 L o f  b o t t l e d  w a te r  (53 L m i n e r a l  w a t e r ;  7 L s p r i n g
w a te r )

49 L o f  b e e r

Consum ption  o f  b o t t l e d  ' t a b l e  w a t e r s '  i s  d e c r e a s i n g ,  
b e c a u s e  t h e  h ig h  q u a l i t y  o f  t h e  much lo w er  c o s t  F re n c h  
t a p  w a te r  i s  b e in g  i n c r e a s i n g l y  r e c o g n i z e d .  For  exam ple ,  
i n  l a t e  1975, t h e  D epar tm en t o f  H e a l th  o f  t h e  C i t y  o f  
P a r i s  a d v i s e d  a l l  p u b l i c  a s s i s t a n c e  h o s p i t a l s  ( t h e n  u s in g  
b o t t l e d  ' t a b l e  w a t e r ' )  t h a t  t h e y  s h o u ld  change  im m e d ia te ly  
t o  t a p  w a t e r .  The H e a l th  D ep ar tm en t  p o i n t e d  o u t  t h a t  
P a r i s  t a p  w a te r  ' i s  a t  l e a s t  a s  b a c t e r i a l l y  p u re  a s  b o t t l e d  
t a b l e  w a t e r ,  and i t  i s  c o n s i d e r a b l y  c h e a p e r " .  T h is  c o n v e r s io n  
had been  " t e s t  m a rk e te d "  and ap p ro v ed  by b o th  p a t i e n t s  
and d o c t o r s .  The c o n v e r s io n  from b o t t l e d  w a te r  t o  t a p  
w a te r  a l s o  a l lo w e d  t h e  h o s p i t a l s  t o  i n s t i t u t e  a reg im en  
o f  ch a n g in g  t h e  b e d s id e  c a r a f e s  o f  w a te r  two t i m e s / d a y ,
r a t h e r  t h a n  l e s s  f r e q u e n t l y  w i th  t h e  more c o s t l y  b o t t l e d
t a b l e  w a t e r .

6 . T h e r a p e u t i c  Uses o f  M in e ra l  W ate rs  i n  F ra n c e

F re n c h  m i n e r a l  w a te r s  m ust have  a  t h e r a p e u t i c  b e n e f i t  
i n  o r d e r  t o  be ap p ro v e d  by t h e  M i n i s t r y  o f  H e a l th  f o r  
s a l e  a s  m i n e r a l  w a t e r .  Such t h e r a p e u t i c  a d v a n ta g e s  m ust
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be c e r t i f i e d  by t h e  F ren ch  Academy o f  M e d ic in e .  Of c o u r s e ,  
t h e  t h e r a p e u t i c  v a lu e  o f  s p e c i f i c  m in e r a l  w a te r s  depends  
e n t i r e l y  upon t h e  m in e r a l  c o n t e n t s  o f  t h e  w a t e r s .  Once 
t h e  t h e r a p e u t i c  b e n e f i t  o f  a p a r t i c u l a r  m in e r a l  w a te r  
ha s  been  c e r t i f i e d  and a p p ro v e d ,  t h e  b o t t l e r  i s  a l lo w e d  
t o  a d v e r t i s e  t h i s  f a c t ,  which a l lo w s  him t o  c h a rg e  a h i g h e r  
s a l e s  p r i c e .

S e v e r a l  F ren ch  m in e r a l  w a te r s  a r e  l i s t e d  be low , a lo n g  
w i th  t h e i r  m a jo r  m in e r a l  c o n t e n t s ,  t h e i r  ap p ro v ed  t h e r a ­
p e u t i c  b e n e f i t s ,  and t h e  a p p ro x im a te  r e c e n t  a n n u a l  r a t e  
o f  s a l e s :

Fl a t  M in e ra l  B a teyg

C o n t r e x é v i l l e . c o n t a i n s  h ig h  c a lc iu m  s u l f a t e  (up t o  
1 ,500  m g /L ) , low c o n t e n t s  o f  c a lc iu m  b i c a r b o n a t e ,  low 
sodium and low magnesium s u l f a t e .  About 500 MM L /y r  a r e  
s o l d  a s  a d i u r e t i c  a i d ,  a l s o  f o r  t r e a t m e n t  o f  b i l i a r y  
c o n d i t i o n s  and l i t h i a s i s .

E v ia n r i s  w eakly  m i n e r a l i z e d ,  c o n t a i n s  v e ry  low sodium 
(5 m g /L ) , 78 mg/L c a lc iu m ,  24 mg/L magnesium, 357 mg/L 
b i c a r b o n a t e  i o n .  About 500 MM L /y r  a r e  s o l d  f o r  t r e a t m e n t  
o f  g o u t ,  a r t h r i t i s ,  o b e s i t y ,  and r e n a l  i n f e c t i o n s .

H e p a r . i s  r i c h  i n  magnesium (110 m g/L ),  c a lc iu m  (596 
m g /L ) , and b i c a r b o n a t e  (403 m g /L ) . I t  i s  a d v e r t i s e d  f o r  
t r e a t i n g  m ig r a in e  h e a d a c h e s ,  h e p a t o b i l i a r y  c o n d i t i o n s ,  
and e x c e s s  c h o l e s t e r o l .  B ecause  o f  i t s  h ig h  magnesium 
c o n t e n t ,  t h i s  m in e r a l  w a te r  i s  c la im e d  t o  be a d i e t e t i c  
s u b s t i t u t e  f o r  c h o c o l a t e s  and d r i e d  f r u i t s ,  which a r e  
h ig h  i n  magnesium, b u t  a l s o  h ig h  in  c a l o r i e s  and a r e  som etim es  
b a n i s h e d  from human d i e t s .  T h is  m in e r a l  w a te r  i s  c la im e d  
t o  r e p l a c e  magnesium r e q u i r e d  by t h e  body t o  p r e v e n t  f a t i g u e  
and n e r v o u s n e s s .

V i t t e l  c o n t a i n s  v e ry  low sodium (3 m g /L ) , 202 mg/L 
c a lc iu m ,  and 36 mg/L magnesium. About 554 MM L /y r  a r e  
s o l d  f o r  t r e a t m e n t  o f  g o u t ,  e x c e s s  u r i c  a c i d ,  o b e s i t y ,  
u r i n a r y  i n f e c t i o n s ,  and r e n a l  l i t h i a s i s .

V o lv ic  has  v e ry  low m in e r a l  c o n t e n t ,  o n ly  1 0 .4  mg/L 
c a lc iu m ,  6 mg/L o f  magnesium, 8 mg/L o f  sod ium , and 64 
mg/L o f  b i c a r b o n a t e .  About 130 MM L /y r  a r e  s o l d  a s  a 
d i u r e t i c ,  and f o r  t r e a t m e n t  o f  l i t h i a s i s ,  o b e s i t y ,  and 
im p ro v in g  m e ta b o l ism .

Sa j o u s  M in e ra l  Wat e r s

B a d o i t , c o n t a i n s  157 mg/L c a lc iu m ,  1 .3  mg/L f l u o r i d e ,
83 mg/L magnesium, and 138 mg/L sodium . I t s  h ig h  sodium 
c o n t e n t  makes i t  i n c o m p a t ib l e  w i th  low -sod ium  d i e t s .
About 75 MM L /y r  a r e  s o l d  t o  improve d i g e s t i o n ,  and f o r  
p r e v e n t i n g  d e n t a l  c a r i e s .  I t  i s  a v e ry  a g r e e a b l e  w a te r
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t o  d r i n k ,  n o t  to o  g a s e o u s ,  which accom pan ies  food  v e ry  
w e l l  when t h e  d i n e r  w is h e s  t o  a v o id  a l c o h o l  and d r in k  
o t h e r  l i q u i d s .

P e r r i e r , i s  o n ly  s l i g h t l y  m i n e r a l i z e d ,  c o n t a i n i n g  
p r i n c i p a l l y  140 .2  mg/L o f  c a lc iu m .  T here  a r e  no m ajo r  
t h e r a p e u t i c  b e n e f i t s ,  o t h e r  th a n  i t s  d i g e s t i v e  q u a l i t i e s .
I t  h a s  v e r y  low sodium c o n t e n t  (5 mg/L) and a b o u t  350 
MM L /y r  a r e  s o l d .

V ic h y - E ta t  i s  h i g h l y  m i n e r a l i z e d ,  c o n t a i n i n g  v a r i a b l e  
amounts o f  c a lc iu m ,  magnesium, l i t h i u m ,  i r o n ,  and p o ta s s iu m ,  
b u t  v e ry  h ig h  sodium c o n t e n t s  (1 ,2 8 0  m g /L ) . About 40 
MM L /y r  a r e  s o l d  f o r  t r e a t m e n t  o f  h e p a t o b i l i a r y  d i s o r d e r s  
( a f t e r  v i r a l  h e p a t i t i s ,  f o r  e x a m p le ) ,  d e s e n s i t i z i n g  a l i m e n t a r y  
and d i g e s t i v e  a l l e r g i e s ,  im prov ing  d i g e s t i o n ,  and p r o t e c t i o n  
o f  g a s t r i c  f l u i d s  d u r in g  t r e a t m e n t  w i th  a n t i b i o t i c s  o r
c o r t i s o n e .

V ic h y - S t .  Y o r r e . a l s o  c o n t a i n s  v e ry  h ig h  sodium c o n t e n t s  
( 1 ,6 7 6 .7  m g /L ) . About 200 MM L /y r  a r e  s o l d  f o r  t h e  t r e a t m e n t  
o f  l i v e r  a i l m e n t s  c a u se d  by t o x i c  s u b s t a n c e s ,  a s  a d i u r e t i c ,
f o r  e l i m i n a t i o n  o f  e x c e s s  u r i c  a c i d  and c h o l e s t e r o l ,  and 
a s  a d i g e s t i v e  a i d .  In  s p i t e  o f  i t s  h ig h  sodium c o n t e n t ,  
i t  does  n o t  have  a s a l t y  t a s t e .

S p r in g  W ate rs  have e s s e n t i a l l y  t h e  same m in e r a l  c o n t e n t s  
a s  t h e  above l i s t e d  M in e ra l  W a te r s ,  b u t  do n o t  have  known 
t h e r a p e u t i c  p r o p e r t i e s .  As a r e s u l t ,  t h e y  c a n n o t  be m a rk e te d  
a s  M in e ra l  W a te r s .  T h e r e f o r e ,  t h e i r  s a l e  p r i c e s  a r e  much 
lo w er  th a n  p r i c e s  commanded by m in e r a l  w a t e r s .

T a b le  W ater to d a y  i s  consumed m a in ly  i n  t h e  N o r th e rn  
s e c t i o n s  o f  P ra n c e ,  p r i m a r i l y  where c i t y  w a te r  s u p p l i e s  
a r e  n o t  y e t  a v a i l a b l e .  However t a b l e  w a te r s  may o r  may 
n o t  be t r e a t e d  w a te r s  from any s o u r c e  -  t h e r e  i s  no c u r r e n t  
r e g u l a t o r y  r e q u i r e m e n t  t h a t  t h e y  m ust be t r e a t e d .

7 .  Cost s

In  F r a n c e ,  t h e  consumer p ay s  a b o u t  500 t im e s  t h e  c o s t  
o f  t a p  w a te r  f o r  b o t t l e d  m in e r a l  w a t e r .  The a v e r a g e  c o s t
o f  a 0 .7 - L  b o t t l e  t o  t h e  d i s t r i b u t o r  i s  1 .5 0  F re n c h  f r a n c s
(F f  -  c u r r e n t l y  t h e  exchange  r a t e  i s  more th a n  8 F f  p e r  
U .S . d o l l a r ) ,  b ro k en  down a s  f o l l o w s :  ( t o t a l  1 .5 0  Ff)

p a c k a g in g  c o s t  (o f  f i l l e d  b o t t l e s )  0 .4 0  Ff
b o t t l i n g  0 .2 5
r e im b u r s a b l e  V alue  Added Tax 0 .2 5
n o n - r e im b u r s a b l e  V .A .T . 0 .1 0
g e n e r a l  e x p e n se s  0 . 1 0
s p e c i f i c  w a te r  r i g h t s  0 .0 5
community t a x e s  0 . 0 2
p r o f i t  0 .3 3
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T r a n s p o r t a t i o n  c o s t s  a r e  i n  a d d i t i o n  t o  t h e  1 .5 0  F f  
■ p r o d u c t io n 1 c o s t s  l i s t e d  ab o v e .  When b o t t l e d  i n  g l a s s ,
t r a n s p o r t a t i o n  c o s t s  a r e  a b o u t  19% a d d i t i o n a l ,  and a b o u t  
10% a d d i t i o n a l  w i th  p l a s t i c  b o t t l e s .  B oth  o f  t h e s e  f i g u r e s  
depend  upon t h e  d i s t a n c e  o f  t r a n s p o r t a t i o n  from  t h e  s o u r c e  
o f  t h e  w a t e r .

About 54.6% o f  t h e  c o s t  o f  a b o t t l e  t o  t h e  consumer 
i s  p r o d u c t i o n  c o s t  when t h e  b o t t l e s  a r e  p l a s t i c ,  and a b o u t  
36.8% when t h e  b o t t l e s  a r e  g l a s s .

W ith m in e r a l  w a t e r s ,  a d v e r t i s e m e n t  o f  t h e  s p e c i f i c  
b ra n d  name and i t s  t h e r a p e u t i c  b e n e f i t s  a r e  t h e  m ost im p o r t a n t  
f a c t o r s  i n f l u e n c i n g  s a l e s .  The t h e r a p e u t i c  b e n e f i t s  o f  
t h e  w a te r  f a r  o u tw e ig h  t h e  s a l e s  p r i c e  i n  t h e  ey e s  o f  
t h e  F re n c h  consum er.

However w i th  s p r i n g  w a t e r s ,  which have  no known o r  
ap p ro v ed  t h e r a p e u t i c  b e n e f i t s ,  p r i c e  i s  t h e  most im p o r t a n t  
s a l e s  f a c t o r .

In  l i g h t  o f  t h i s  f a c t ,  a l o g i c a l  q u e s t i o n  i s ,  "why 
d oes  t h e  s p r i n g  w a te r  m a rk e t  s h a r e  n o t  i n c r e a s e ? "  The 
answ er i s  t h a t  many s p r i n g s  have  l i m i t e d  p r o d u c t i o n  r a t e s ,  
and o n ly  so  much s p r i n g  w a te r  can  be b o t t l e d  o v e r  a g iv e n  
p e r i o d  o f  t im e .

B. F e d e r a l  R e p u b l ic  Of Germany

1 .  I n t r o d u c t i o n  and D e f i n i t i o n s

About 75% o f  t h e  German p o p u l a t i o n  (14 y e a r s  o f  age  
and o l d e r )  r e g u l a r l y  d r i n k s  m in e r a l  w a t e r .  The m ark e t  
f o r  m in e r a l  w a te r s  i n  Germany h as  i n c r e a s e d  r a p i d l y ,  p a r t i ­
c u l a r l y  from 1970 t o  1981. Much o f  t h i s  r e c e n t  g row th  
h as  been  a t t r i b u t e d  t o  an image change f o r  m in e r a l  w a t e r ,  
from t h a t  o f  a l i q u i d  t o  be d runk  f o r  i t s  h e a l t h f u l  p r o p e r t i e s  
o n ly  t o  a l i q u i d  which i s  r e f r e s h i n g  t o  t h e  t a s t e  and
w hich  q u en ch es  t h i r s t .  As r e c e n t l y  a s  1969, m in e r a l  w a te r  
was a  p r o d u c t  p u rc h a s e d  p r i m a r i l y  by s p o r t s m e n ,  p a t i e n t s ,  
and e l d e r l y  p e o p l e ,  p r i m a r i l y  f o r  h e a l t h  p u r p o s e s .

Today, how ever ,  m in e r a l  w a te r s  have  t h e  image o f  H e a l th  
p l u s  T h i r s t / R e f r e s h m e n t .  I t  i s  a d v e r t i s e d  a s  t h e  k in d  
o f  d r i n k  which  i s  f r e s h  ( c a r b o n a t i o n ) , h e a l t h y ,  w i th o u t
c a l o r i e s ,  and i t  i s  a d r in k  which i s  r e q u i r e d  t o  be made 
a v a i l a b l e  a t  p a r t i e s  and o t h e r  a c t i v i t i e s  where a l c o h o l i c  
b e v e ra g e s  a r e  s e r v e d .  D r iv e r s  o f  a u to m o b i le s  can  l o s e  
t h e i r  l i c e n s e s  p e rm a n e n t ly  i f  th e y  a r e  c a u g h t  d r i v i n g  
'u n d e r  t h e  i n f l u e n c e ' ,  even  one t im e .  As a r e s u l t ,  t h e  
c a r  p o o l  d r i v e r  o f  p a r t y - g o e r s  u s u a l l y  l i m i t s  h i s  con su m p tio n  
t o  b o t t l e d  w a t e r ,  f r u i t  j u i c e s ,  o r  s o f t  d r i n k s .

About 86 % o f  German b o t t l e d  m in e r a l  w a te r s  a r e  c a r b o n a t e d ,  
e i t h e r  n a t u r a l l y  o r  d e l i b e r a t e l y ,  w i th  t h e  b a l a n c e  b e in g  
s t i l l  w a t e r s .  In  c o n t r a s t  t o  F r a n c e ,  how ever,  German 
m i n e r a l  w a te r s  a r e  n o t  l i m i t e d  o n ly  t o  t h o s e  w hich  have 
t h e r a p e u t i c  u s e s .  Those w a te r s  which do have docum ented 
t h e r a p e u t i c  a d v a n ta g e s  a r e  c a l l e d  ' h e a l t h  w a t e r s ' , o r
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m e d ic in a l  w a t e r s . I n  t h e  p a s t ,  m i n e r a l  w a te r s  from  a 
s i n g l e  s p r i n g  have  been  s o l d  b o th  a s  a  h e a l t h  w a te r  and 
a s  a m in e r a l  w a te r  ( w i th o u t  h e a l t h  b e n e f i t s ) . However, 
t h e  new r e g u l a t i o n s  a d o p te d  by t h e  members o f  t h e  E uropean  
Economic Community c o u n t r i e s  i n  1980 ( s e e  l a t e r  d i s c u s s i o n )  
f o r b i d  t h i s  p r a c t i c e .

T a f f e lw & s s e r n , o r  t a b l e  w a te r s  a r e  s t i l l  o r  c a r b o n a t e d ,  
b u t  g e n e r a l l y  a r e  s im p ly  w a te r s  b o t t l e d  from  any  s o u r c e ,  
w i th  t h e  p r o v i s o  t h a t  i t  i s  s a f e  f o r  human c o n su m p tio n .

2 . gQurçes And Current, JftâlJiët C h a r a c te r is t ic s

The 1981 German m a rk e t  volume f o r  b o t t l e d  m in e r a l  
w a te r s  was a b o u t  2 ,5 4 0  MM l i t e r s ,  w hich  r e p r e s e n t s  an 
a v e r a g e  p e r  c a p i t a  c o n su m p tio n  o f  a p p r o x im a te ly  42 L / y e a r ,  
consumed by t h e  t o t a l  p o p u l a t i o n ,  14 t h r o u g h  60 y e a r s  
o f  a g e .  Consum ption  a p p e a r s  t o  be h i g h e r  among more h i g h l y
e d u c a te d  g r o u p s .

A lth o u g h  t h e  F e d e r a l  R e p u b l ic  o f  Germany h a s  a b o u t  
350 b o t t l i n g  com panies  and an  unknown number o f  m i n e r a l  
w a te r  s o u r c e s ,  t h e  190 member com panies  o f  t h e  German 
A s s o c i a t i o n  o f  M in e ra l  W ater P r o d u c e r s  (VDM = V e re in  D e u tsc h e  
M in e ra lb ru n n e n )  have  500 s o u r c e s .

The m a jo r  s u p p l i e r s  o f  m i n e r a l  w a te r  (m o s t ly  i n  0 .7 - L  
b o t t l e s )  i n  t h e  F e d e r a l  R e p u b l i c  o f  Germany a r e  a s  f o l l o w s :

A p o l l i n a r i s  a b o u t  350 MM b o t t l e s  ( a b o u t  254 MM L)

G e r o l s t e i n e r  S t e r n  a b o u t  350 MM b o t t l e s  ( a b o u t  245 MM L)

U b e rk in a e r  Group a b o u t  300 MM b o t t l e s  ( a b o u t  210 MM L)

(w hich  c o n s i s t s  o f ) : ü b e r k in g e r
H e ig e r lo c h /B a d  Imnau 
Bad D i tz e n b a c h  
K is s l ig g /K ru m b a c h  
W a i b l i n g e n / B e i n s t e i n

B lau e  Q u e l l e n  Group a b o u t  250 MM b o t t l e s  ( a b o u t  175 MM L)

(w hich c o n s i s t s  o f ) : R hense r
F ü r s t  B ism arck  Q u e l l e
N e u s t e l t e r s
G rauhof
V o r lo /R ie t e n a u

F ran k en  M in e ra l  und a b o u t  150 t o  200 MM b o t t l e s
H e i lb rü n n e n  H u fn ag e l  ( a b o u t  105 t o  140 MM L)
KG/GmbH, N e u s t a d t / B a v a r i a
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An a d d i t i o n a l  tw e lv e  com panies  each  p ro d u c e  50 t o  
130 MM b o t t l e s  ( a b o u t  35 t o  91 MM L) p e r  y e a r r and 160 
o t h e r  medium and s m a l l e r  com panies  each  p ro d u c e  up t o
1 m i l l i o n  b o t t l e s / y e a r  ( a b o u t  0 .7  MM L ) .

The to p  t e n  German b o t t l e d  m in e r a l  w a te r  com panies  
have  a b o u t  25% o f  t h e  c u r r e n t  m a rk e t ,  and t h e  t o p  25 com panies  
have  a m a rk e t  s h a r e  o f  a b o u t  45%.

3 .  D i s t r i b u t i o n

In  t h e  F e d e r a l  R e p u b l ic  o f  Germany, 65% o f  m in e r a l  
w a te r s  p ro d u c e d  a r e  s o l d  t o  h o u s e h o ld s ,  2 0 % t o  r e s t a u r a n t s ,  
and 15% t o  c a f e t e r i a s  o f  i n d u s t r i a l  com panies  and o t h e r  
s o u r c e s .  About 6 6 % i s  d i s t r i b u t e d  by w h o le s a le  d e a l e r s  
o f  b e v e ra g e s  (who a l s o  d e l i v e r  t o  food  d e a l e r s ) , a b o u t
30% by d i s c o u n t  p u r c h a s e s ,  and a b o u t  4% by home s e r v i c e ,  
d e l i v e r e d  by s m a l l  t r u c k s .

B o t t l e  s i z e s  and p e r c e n t a g e s  o f  t h e i r  u se  a r e  a s  f o l l o w s :

0 .7  L a p p ro x .  76%

0 .2 5  L a p p ro x .  15% ( e s p .  f o r  r e s t a u r a n t s )

0 .5  L a p p ro x .  7%

1 .0  L & o t h e r s  a p p ro x .  2%

Whereas t h e  number o f  aluminum can s  u sed  f o r  s o f t  
d r i n k  p a c k a g in g  i s  g row ing  i n  Germany, t h e  u se  o f  can s  
f o r  m in e r a l  w a te r  i s  l e s s  th a n  0 . 0 0 1 % o f  t h a t  f o r  b o t t l e s  
a t  p r e s e n t .

4 .  E x p o r t s  and Im p o r ts

About 60% o f  t h e  t o t a l  German m in e r a l  w a te r  e x p o r te d  
(a b o u t  200 MM L /y r )  i s  b o t t l e d  by t h e  l a r g e s t  p r o d u c e r ,  
A p o l l i n a r i s ,  w hich  e x p o r t s  on a w o r ld -w id e  b a s i s .  Most 
o t h e r  German e x p o r t e r s  s e l l  p r i m a r i l y  t o  o t h e r  E uropean
EEC c o u n t r i e s .

I n  s p i t e  o f  r e c e n t  a g g r e s s i v e  m a rk e t in g  e f f o r t s  o f  
F re n c h  p r o d u c e r s ,  o n ly  some 3% (a b o u t  78 MM L) o f  m in e r a l  
w a te r s  consumed in  t h e  F e d e r a l  R e p u b l ic  o f  Germany a r e  
im p o r te d ,  a t  t h e  p r e s e n t  t im e .

5 .  C onsum ption o f  B ev e rag es  i n  t h e  F e d e r a l  R e p u b l ic  
q£. Germany

D uring  1981, t h e  a v e ra g e  German consumed some 6 6 1 .7  
l i t e r s  o f  b e v e r a g e s ,  d i v i d e d  a s  f o l l o w s :
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A lth o u g h  t h e  1981 co n su m p tio n  r a t e  o f  m in e r a l  w a te r  
i n  Germany was a b o u t  42 L /p e r s o n ,  i t  h a s  been  p r o j e c t e d  
t h a t  co n su m p tio n  can  grow t o  a maximum o f  55 L / p e r s o n / y e a r  
by 1990, The f i g u r e  o f  55 L (1 4 .5  U .S . g a l l o n s ) / p e r s o n / y e a r  
c u r r e n t l y  i s  b e l i e v e d  t o  r e p r e s e n t  a maximum s a t u r a t i o n  
o f  t h e  p o t e n t i a l  German m a r k e t .  I t  i s  b a s e d  on t h e  f a c t  
t h a t  F re n c h  co n su m p tio n  o f  m i n e r a l  w a te r s  s i n c e  1973 h as  
rem ain ed  more o r  l e s s  f i x e d  a t  a b o u t  t h i s  r a t e .

At f i r s t  g l a n c e ,  t h e  p e r  c a p i t a  c o n su m p tio n  o f  55 L /y e a r  
a p p e a r s  t o  be a v e r y  low maximum w a te r  consu m p tio n  f i g u r e .  
However, i t  s h o u ld  be p o i n t e d  o u t  t h a t  m i n e r a l  w a te r s  
a r e  consumed d i r e c t l y .  I t  i s  e s t i m a t e d  t h a t  t h e  a v e r a g e  
German consumes an a d d i t i o n a l  2 .4  L /d ay  o f  t a p  w a te r  u sed  
f o r  making c o f f e e ,  t e a ,  and s o u p s .  T h is  e q u a t e s  t o  an 
a d d i t i o n a l  912 .5  L / y r ,  o r  a t o t a l  o f  9 6 7 .5  L / y r ,  w hich  
c o n v e r t s  t o  255 U .S . g a l l o n s  p e r  y e a r .

The s e n i o r  a u t h o r  o f  t h i s  p a p e r  h a s  been  p u r c h a s in g  
n o n - c a r b o n a t e d  b o t t l e d  w a te r  s i n c e  1979. For h i s  f a m i ly  
o f  two p e o p l e ,  he p u r c h a s e s  an a v e r a g e  o f  25 g a l l o n s  p e r  
month (300 U .S . g a l l o n s / y r ) , i n  f i v e - g a l l o n  p l a s t i c  b o t t l e s .  
However, b o t t l e d  w a te r  i s  u sed  n o t  o n ly  f o r  d r i n k i n g ,  
b u t  a l s o  f o r  c o o k in g ,  r e c o n s t i t u t i o n  o f  pow dered m i lk ,  
making c o f f e e ,  t e a ,  lem onade , e t c .  In  Germany (and o t h e r  
European  c o u n t r i e s  e x c e p t  F r a n c e ) , b e c a u s e  m ost m in e r a l  
w a te r  i s  c a r b o n a t e d ,  i t  does  n o t  le n d  i t s e l f  t o  c o o k in g ,  
o r  t h e  o t h e r  p u r p o s e s  m e n t io n e d .

T a b le  V shows t h e  dev e lo p m en t  o f  t h e  German m in e r a l  
w a te r  m ark e t  from 1938 th ro u g h  1981. The i n c r e a s e  in  
con su m p tio n  from 2 L / p e r s o n / y e a r  i n  1938 t o  a b o u t  42 L 
i n  1981 i s  p a r t i c u l a r l y  s t r i k i n g .

TABLE V. DEVELOPMENT OF GERMAN MINERAL WATER MARKET, 
1938-1981

c o f f e e  and s u b s t i t u t e s 2 0 6 .5  L
b e e r 147 .0
m ilk 9 3 .4
s o f t  d r i n k s 69 .0
t e a 4 9 .8
m in e c â l  w a te j 4 1 .9
w ine 2 0 . 2
s p i r i t s 7 .7
champagne —A.MÂ.

t o t a l 6 6 1 .7  L

y e a r
c o n s u m p t i o n / c a p i t a / y r  

i n  l i t e r s
m a rk e t  volume 

i n  Germany

1938 2 .0  L 140 MM L
1950 = c a .  3 .8  L 190 MM L
1970 = c a .  1 3 .0  L 766 MM L
1981 = c a .  4 2 .0  L 2 ,5 4 0  MM L
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I n  1970 t h e  s h a r e  o f  m in e r a l  w a te r  co n su m p tio n  i n  
Germany was 2.4% o f  t h e  t o t a l  b e v e ra g e  m a rk e t  (5 1 7 .6  L / c a p i t a  
-  o f  w hich  b e e r  r e p r e s e n t e d  141 L / c a p i t a ) . In  1981, t h e  
s h a r e  o f  m i n e r a l  w a te r  had r i s e n  t o  6.3% o f  t h e  t o t a l  
German b e v e ra g e  m a rk e t  (662 L / c a p i t a  -  o f  which b e e r  r e p r e ­
s e n t e d  147 L / c a p i t a ) . Consum ption o f  m in e r a l  w a te r  more 
t h a n  d o u b le d  d u r in g  t h i s  t i m e ,  w h i le  p e r  c a p i t a  b e e r  consump­
t i o n  r o s e  by s l i g h t l y  more th a n  4%. S t i l l , how ever,  Germans 
d r i n k  more t h a n  t h r e e  t im e s  t h e  volume o f  b e e r  t h a n  b o t t l e d  
w a t e r .

6 . M e d ic in a l  W ate rs  i n  t h e  F e d e r a l  R e p u b l ic  
o f  G erm anv

About 400 MM 0 .7 - L  b o t t l e s  o f  h e a l t h  w a te r s  a r e  p ro d u c e d  
e a c h  y e a r  a t  t h e  p r e s e n t  t im e .  T h is  r e p r e s e n t s  a b o u t  
10 t o  15% o f  t h e  c u r r e n t  German m in e r a l  w a te r  m a rk e t .
About 45% o f  t h i s  p r o d u c t i o n  i s  made by t h e  U berk ingen  
g ro u p ,  and 30% by t h e  F a c h in g e n  company (a b o u t  120 MM 
b o t t l e s ) .

T h e re  i s  a German A s s o c i a t i o n  f o r  H e a l th  W a te r ,  w hich 
has  some 35 members. These  w a te r s  a r e  d i s t r i b u t e d  by 
w h o le s a le  d e a l e r s  f o r  food  and d i s c o u n t  s t o r e s ,  and a r e  
s o l d  i n  p h a r m a c ie s ,  d r u g s t o r e s ,  and h o s p i t a l s .

7. costs,.. of. Mineral water in  t he Federal  Republic
of Germany

The a v e ra g e  p r i c e  p a i d  f o r  an i n d i v i d u a l  0 .7 - L  b o t t l e
o f  m in e r a l  w a te r  i n  1973 was 0 .5 4  DM; 0 .4 9  DM i n  1977;
0 .5 0  DM i n  1979; and 0 .5 2  DM i n  1 9 8 1 /1982 .  D uring  l a t e  
1982 , t h e  p r i c e  c h a rg e d  f o r  a  box o f  12 0 .7 - L  b o t t l e s  
was 6 .6 0  DM (0 .5 5  D M /b o t t le ,  i n c l u d i n g  box d e p o s i t ) .
The c u r r e n t  c o n v e r s io n  r a t e  i s  a b o u t  2 .7  DM p e r  U .S . d o l l a r .

P r i c e s  c h a rg e d  i n  German s t o r e s  f o r  a box o f  12 0 .7 - L  
b o t t l e s  o f  t h r e e  c l a s s e s  o f  m in e r a l  w a te r  ( i n e x p e n s i v e ,  
m i d d l e - c l a s s  and h ig h  p r i c e d )  d u r in g  l a t e  1982 w ere a s  
f o l l o w s :

In e x p e n s iv e  C la s s  1 .9 9  -  3 .0 0  DM/box (0 .1 6  -  0 .2 5
D M /b o tt le )

M idd le  C la s s  3 .5 0  -  5 .0 0  DM/box (0 .2 9  -  0 .4 2
D M /b o tt le )

High C la s s  5 .0 0  -  9 .0 0  DM/box (0 .4 2  -  0 .7 5
( A p o l l i n a r i s ,  G e r o l s t e i n ,  e t c . )  D M /b o tt le )

M e d ic in a l  w a te r  c o s t s  i n  Germany ra n g e  from 0 .6 5  t o  
1 .5 5  DM/0.7-L b o t t l e  (h ig h  p r i c e d  b ra n d  = F a c h in g e n ) .

A p o l l i n a r i s * h ig h  p r i c e d  b ra n d  s o l d  i n  1-L b o t t l e s  
c o s t s  0 .9 5  t o  1 .2 0  D M /b o t t le .
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C o s ts  f o r  1 .5 - L  PVC b o t t l e s  o f  v a r i o u s  im p o r te d  m in e r a l  
w a te r s  i n  Germany a r e  a s  f o l l o w s :

Spa (Belgium) = 0 .8 0  -  0 .9 0 D M /b o t t le

V i t t e l (F ran ce) = 0 .8 5  -  0 .9 5 d o .

C o n tre x (F ran ce) = 1 .1 5  -  1 .2 0 d o .

E v ian (F ran ce) = 0 .8 5  -  0 .9 5 d o .

H ig h la n d  S p r in g s = a b o u t  1 . 0 0 d o .
(G re a t  B r i t a i n )

P r o d u c t io n  C o s ts  o f  M in e ra l  W ater i n  _the_£BG

C o s ts  i n  D M /b o t t le  f o r  p r o d u c t i o n ,  b o t t l i n g ,  s a l e s  
and d i s t r i b u t i o n  o f  m i n e r a l  w a te r  i n  t h e  F e d e r a l  R e p u b l ic  
o f  Germany have  been  e s t i m a t e d  t o  be a s  f o l l o w s :

l a b o r  c o s t s  = 

f r e i g h t  c o s t s  

200  km

400 km =

800 km =

a d v e r t i s i n g  and s a l e s  =

c o s t s  f o r  b o t t l e ,  l a b e l ,  e t c .  =

0 .0 8  -  0 .1 0  D M /b o t t le

0 .0 9

0 .1 4

0 . 2 1

0 .0 3  -  0 .0 6

0 .0 5  -  0 .1 5
0 .1 6  -  0 .3 1  D M /b o t t le ,  

p l u s  f r e i g h t  c o s t s

One b e n e f i t  a c c r u i n g  t o  t h e  190 member com panies  o f  
t h e  VDM i s  t h a t  t h e  0 .7 - L  g l a s s  b o t t l e s  a r e  s t a n d a r d i z e d  
and i n t e r c h a n g e a b l e .  T h is  means t h a t  e a c h  member company 
i s  a b l e  t o  u s e  t h e  0 .7 - L  b o t t l e s  o f  any o t h e r  member company.

C. I t a l y

I n  t h i s  c o u n t r y ,  t h e r e  a r e  a b o u t  200 m i n e r a l  w a te r  
b o t t l e r s ,  who c o n t r o l  a b o u t  300 s o u r c e s  o f  m i n e r a l  w a t e r s .  
However, m ost o f  t h e s e  a r e  s m a l l  c o m p a n ie s .  The t o p  f o u r  
com panies  c o n t r o l  o n ly  30% o f  t h e  I t a l i a n  m i n e r a l  w a te r  
m a r k e t ,  33% o f  t h i s  m a rk e t  i s  c o n t r o l l e d  by t h e  l a r g e s t  
20 I t a l i a n  b o t t l e r s ,  and 67% o f  t h e  m a rk e t  i s  s e r v e d  by 
t h e  s m a l l e r  180 co m p an ie s .
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C a rb o n a te d  m in e r a l  w a te r s  a c c o u n t  f o r  a b o u t  80% o f  
t h e  I t a l i a n  m a rk e t ;  how ever ,  o n ly  0.3% o f  t h e  n a t u r a l  
m in e r a l  w a te r s  c o n t a i n  c a rb o n  d io x id e  a t  t h e  s o u r c e .
T h e r e f o r e ,  m ost I t a l i a n  m in e r a l  w a te r s  m ust be c a r b o n a t e d .
The two com panies  who s e l l  t h e  n a t u r a l l y  c a r b o n a te d  m in e r a l  
w a te r  a d v e r t i s e  i t  a s  b e in g  ' n a t u r a l l y  c a r b o n a t e d ' .  However, 
I t a l i a n s  who d r i n k  c a r b o n a te d  w a te r  want more c a r b o n a t i o n  
th a n  i s  p r e s e n t  i n  t h e  n a t u r a l l y  c a r b o n a te d  w a t e r .  T hus, 
even  t h e  n a t u r a l l y  c a r b o n a te d  w a te r  u s u a l l y  i s  su p p le m e n te d  
w i th  c a rb o n  d i o x i d e .

The f o u r  m a jo r  I t a l i a n  m in e r a l  w a te r  p r o d u c e r s  and 
t h e i r  i n d i v i d u a l  s h a r e s  o f  t h e  r e c e n t  m in e r a l  w a te r  m a rk e t  
a r e  a s  f o l l o w s :

S t .  Gemini 10%
S t .  P e l l e g r i n o  10%
Bognanco 5%
R e c o ra ro  5%

S t .  G e m in i 's  m in e r a l  w a te r  h a s  been  ap p ro v ed  f o r  p r e p a r i n g  
b a b i e s  m ilk  f o r m u la s .

C onsum ption o f  m in e r a l  w a te r s  by I t a l i a n s  i s  a b o u t  
1 L /p e r so n /w e e k  f o r  a b o u t  50% o f  t h e  I t a l i a n  p o p u l a t i o n .
The o t h e r  50% do n o t  consume b o t t l e d  m in e r a l  w a t e r .  Most 
o f  t h e  I t a l i a n  m in e r a l  w a te r  i s  s o l d  i n  g l a s s  b o t t l e s ,
w i th  maximum c a p a c i t y  o f  1 - l i t e r .  T here  i s  one p l a s t i c  
b o t t l e ,  o f  2-L  c a p a c i t y .  T here  a r e  no 5 - g a l l o n  b o t t l e s .  
I n s t e a d ,  t h e  consumer buys a box o f  12 1-L b o t t l e s .

Very l i t t l e  I t a l i a n  m in e r a l  w a te r  i s  e x p o r t e d .

V I.  REGULATION OF WESTERN EUROPEAN BOTTLED WATERS

A. The EEC Uniform S ta n d a r d s  For N a tu r a l  M in e ra l  
W aters

On 30 A ugust  1980, t h e  O f f i c i a l  J o u r n a l  o f  t h e  E uropean  
C om m unities p u b l i s h e d  two C o u n c i l  D i r e c t i v e s ,  b o th  o f  
w hich  had been  a d o p te d  by t h e  member c o u n t r i e s  on 15 J u l y  
1980 . T hese  D i r e c t i v e s  r e l a t e  t o :

(1) The Q u a l i t y  o f  W ater I n te n d e d  For Human Consum ption 
( O f f i c i a l  J o u r n a l  No. L. 2 2 9 / 1 ) ,  and

(2) The A p p ro x im a tio n  o f  t h e  Laws o f  t h e  Member S t a t e s  
R e l a t i n g  t o  t h e  E x p l o i t a t i o n  and M a rk e t in g  o f  N a tu r a l  
M in e ra l  W ate rs  ( O f f i c i a l  J o u r n a l  No. L 2 2 9 /1 1 ) .

The D i r e c t i v e  r e l a t i n g  t o  t h e  Q u a l i t y  o f  W ater I n te n d e d  
For Human Consum ption does  n o t  a p p ly  t o  " n a t u r a l  m in e r a l  
w a te r s  r e c o g n iz e d  o r  d e f i n e d  a s  su ch  by t h e  co m p e ten t  
n a t i o n a l  a u t h o r i t i e s ,  n o r  t o  m e d ic in a l  w a te r s  r e c o g n iz e d  
a s  su c h  by t h e  co m p e ten t  n a t i o n a l  a u t h o r i t i e s " .  T h is  
d i r e c t i v e  i s  co n c e rn e d  w i th  a g reem en t  upon p a r a m e te r s
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o f  p o t a b l e  w a te r  t o  be m e a su re d ,  f r e q u e n c y  o f  m easurem ent
o f  t h e s e  p a r a m e t e r s ,  and r e f e r e n c e  m ethods o f  a n a l y s i s
f o r  t h e s e  p a r a m e t e r s .  In  a d d i t i o n ,  Guide  L e v e ls  and Maximum 
A llo w a b le  C o n c e n t r a t i o n s  f o r  e a c h  p a r a m e te r  a l s o  a r e  l i s t e d ,  
where ag re e m e n t  h as  been  r e a c h e d .

The D i r e c t i v e  r e l a t i n g  t o  t h e  E x p l o i t a t i o n  and M a rk e t in g  
o f  'N a t u r a l  M in e ra l  W a t e r s ' ,  d e f i n e s  t h a t  t e r m ,  and o t h e r s ,
th e n  l i s t s  r e q u i r e m e n t s  and c r i t e r i a  f o r  a p p ly in g  t h e  
d e f i n i t i o n s ,  s u p p le m e n ta l  r e q u i r e m e n t s  f o r  n a t u r a l l y  e f f e r ­
v e s c e n t  n a t u r a l  m in e r a l  w a t e r s ,  and c o n d i t i o n s  f o r  t h e  
e x p l o i t a t i o n  and m a rk e t in g  o f  n a t u r a l  m i n e r a l  w a t e r s .
Of m ost im p o r ta n c e  i s  t h e  ag reem en t  r e a c h e d  f o r  d e f i n i t i o n  
o f  t e r m s ,  p a r t i c u l a r l y  u se  o f  t h e  te rm ,  " n a t u r a l  m in e r a l
w a t e r " ,  and t h e  c o n d i t i o n s  u n d e r  w hich  a  s o u r c e  f o r  su c h  
w a te r  can  be c o m m e rc ia l i z e d ,  b o t t l e d ,  l a b e l l e d ,  a n a l y z e d ,  
and r e g u l a t e d .

T h ere  a r e  t h i r t e e n  im p o r t a n t  f e a t u r e s  o f  t h e  r e g u l a t i o n s  
a d o p te d  by t h e  EEC f o r  b o t t l e d  w a te r :

1) U n i fo rm i ty  Of D e f i n i t i o n

"N a t u r a l  M in e ra l  W ater means m i c r o b i o l o g i c a l l y  wholesome 
w a te r  ( w i t h i n  t h e  m eaning o f  A r t i c l e  5 o f  t h e  D i r e c t i v e
-  s e e  i t e m  6 be low , M i c r o b i o l o g i c a l  R e g u l a t i o n s ) , o r i g i n a t i n g  
i n  an u n d e rg ro u n d  w a te r  t a b l e  o r  d e p o s i t  and em erg ing  
from  a s p r i n g  ta p p e d  a t  one o r  more n a t u r a l  o r  b o r e  d e p o s i t s " .

The te rm  " m in e ra l  w a te r "  no l o n g e r  can  be u s e d .

2) S o u rc e s  o f  N a t u r a l  M in e ra l  W ate rs

As i n d i c a t e d  by t h e  above d e f i n i t i o n ,  n a t u r a l  m i n e r a l  
w a te r  o r i g i n a t e s  i n  an  u n d e rg ro u n d  s o u r c e .  I t  i s  d i s t i n g u i s h e d  
from o r d i n a r y  d r i n k i n g  w a te r  by i t s  n a t u r e  ( c h a r a c t e r i z e d  
by m in e r a l  c o n t e n t  an d ,  where a p p r o p r i a t e ,  by i t s  m e d ic in a l  
e f f e c t s ) , and by i t s  o r i g i n a l  s t a t e .

B oth  o f  t h e s e  c h a r a c t e r i s t i c s  a r e  p r e s e r v e d  i n t a c t  
b e c a u s e  o f  t h e  u n d e rg ro u n d  o r i g i n  o f  t h e  w a t e r ,  and b e c a u s e  
t h e  s o u r c e  i s  r e q u i r e d  t o  be " p r o t e c t e d  from a l l  r i s k  
o f  p o l l u t i o n " .

The s p r i n g  s o u r c e  m ust be a p p ro v e d  by t h e  r e s p o n s i b l e  
h e a l t h  a u t h o r i t y  i n  t h e  Member S t a t e .  C e r t i f i c a t i o n  o f  
a p p r o v a l  m ust be o b t a i n e d  from t h e  r e s p o n s i b l e  h e a l t h  
a u t h o r i t y  e v e ry  two y e a r s .

In  a p p ro v in g  a s o u r c e  o f  n a t u r a l  m i n e r a l  w a t e r ,  t h e  
r e s p o n s i b l e  h e a l t h  a u t h o r i t y  s h a l l  c o n d u c t  a c o m p le te  
s u rv e y  o f  t h e  s o u r c e ,  which  i n c l u d e s  d e t e r m in in g  t h e  r a t e  
o f  f lo w  o f  t h e  s p r i n g ,  t e m p e r a t u r e  o f  t h e  w a te r  a t  s o u r c e
and t h e  a m b ie n t  t e m p e r a t u r e ,  r e l a t i o n s h i p  be tw een  t h e  
n a t u r e  o f  t h e  t e r r a i n  and n a t u r e  and t y p e s  o f  m i n e r a l s  
i n  t h e  w a t e r ,  d ry  r e s i d u e s  a t  180°C and 260°C, e l e c t r i c a l  
c o n d u c t i v i t y  o r  r e s i s t i v i t y  (w i th  t h e  t e m p e r a t u r e  o f  m easu re ­
ment h a v in g  t o  be s p e c i f i e d ) , pH, a n io n s  and c a t i o n s ,
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n o n - i o n i z e d  e l e m e n t s ,  t r a c e  e le m e n t s ,  r a d i o l o g i c a l  p r o p e r t i e s  
a t  s o u r c e ,  t h e  r e l a t i v e  i s o t o p e  l e v e l s  o f  t h e  c o n s t i t u e n t  
p a r t s  o f  w a te r  ( i s o t o p e s  o f  oxygen and h y d ro g e n ,  where 
a p p r o p r i a t e ) , and t h e  t o x i c i t y  o f  c e r t a i n  c o n s t i t u e n t  
e l e m e n ts  o f  t h e  w a t e r ,  t a k i n g  i n t o  a c c o u n t  t h e  l i m i t s  
s e t  f o r  them .

The c a tc h m e n t ,  p i p e s ,  and r e s e r v o i r s  m ust be o f  m a t e r i a l s  
s u i t a b l e  f o r  w a t e r ,  and so  b u i l t  a s  t o  p r e v e n t  any c h e m ic a l ,  
p h y s i c o - c h e m i c a l ,  o r  m i c r o b i o l o g i c a l  a l t e r a t i o n  o f  t h e  
w a t e r .

3) Lig t ia g-.fit  Nat ura l  Mipqraj WafcfiKß.

The D i r e c t i v e  c a l l s  f o r  a l i s t i n g  o f  w a te r s  e x t r a c t e d
from  t h e  g round  i n  Member S t a t e s  and r e c o g n iz e d  by t h e  
r e s p o n s i b l e  a u t h o r i t i e s  o f  t h o s e  Member S t a t e s  a s  n a t u r a l  
m in e r a l  w a t e r s .  In  a d d i t i o n ,  t h o s e  n a t u r a l  m in e r a l  w a te r s  
im p o r te d  from a  t h i r d  c o u n t r y  ( o u t s i d e  o f  t h e  EEC) and 
r e c o g n iz e d  a s  n a t u r a l  m in e r a l  w a te r s  by t h e  r e s p o n s i b l e  
a u t h o r i t y  o f  a Member S t a t e  a l s o  a r e  r e q u i r e d  t o  be l i s t e d  
i n  t h e  O f f i c i a l  J o u r n a l .

Through m i d - J u l y ,  1983, how ever,  no su ch  l i s t i n g  had 
a p p e a r e d .

4) A l lo w a b le  T re a tm e n ts

No c h e m ic a l  t r e a t m e n t  o f  n a t u r a l  m in e r a l  w a te r s  i s
a l lo w e d  e x c e p t  f o r  t h e  f o l l o w i n g :

a) s e p a r a t i o n  o f  i t s  " u n s t a b l e  e l e m e n t s " ,  su ch  a s  i r o n
o r  s u l f u r  compounds, by f i l t r a t i o n  o r  d é c a n t a t i o n ,
p o s s i b l y  p r e c e e d e d  by o x y g e n a t io n ,  a s  lo n g  a s  t h i s
t r e a t m e n t  does  n o t  a l t e r  t h e  c o m p o s i t io n ,  a s  r e g a r d s
t h e  e s s e n t i a l  c o n s t i t u e n t s  o f  t h e  w a te r  which g iv e
i t  i t s  p r o p e r t i e s ;

b) t o t a l  o r  p a r t i a l  e l i m i n a t i o n  o f  f r e e  c a rb o n  d i o x i d e
by e x c l u s i v e l y  p h y s i c a l  means;

c) i n t r o d u c t i o n  o r  r é i n t r o d u c t i o n  o f  c a rb o n  d i o x i d e  un d er
c o n d i t i o n s  s p e c i f i e d  on t h e  l a b e l .  The w a te r s  may
be te rm ed  " n a t u r a l l y  c a r b o n a te d  n a t u r a l  m in e r a l  w a t e r " ,
" n a t u r a l  m in e r a l  w a te r  f o r t i f i e d  w i th  gas  from  t h e
s p r i n g " ,  o r  " c a r b o n a te d  n a t u r a l  m in e r a l  w a t e r " .

5) P r o h i b i t i o n  o f  D i s i n f e c t i o n

D i s i n f e c t i o n  t r e a t m e n t ,  by w h a te v e r  m eans, and t h e
a d d i t i o n  o f  b a c t e r i o s t a t i c  e l e m e n t s ,  o r  any o t h e r  t r e a t m e n t  
w hich  i s  l i k e l y  t o  change  t h e  v i a b l e  co lo n y  c o u n t  o f  t h e  
n a t u r a l  m i n e r a l  w a te r  i s  p r o h i b i t e d .  The r e a s o n  f o r  t h i s
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i s  t h a t  t h e  n a t u r a l  v i a b l e  c o lo n y  c o u n t  i s  c o n s i d e r e d  
t o  be a m e a s u re a b le  i n d i c a t o r  o f  p o l l u t i o n .  I f  t h e  c o u n t  
i s  lo w er  t h a n  t h a t  w hich n o rm a l ly  o c c u r s  a t  t h e  s o u r c e ,  
t h i s  can  be i n t e r p r e t e d  t o  be an i n d i c a t i o n  t h a t  t h e  s o u r c e  
h a s  become p o l l u t e d .  I f  t h e  c o u n t  i s  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  s o u r c e ,  t h i s  i n d i c a t e s  t h a t  t h e  w a te r  c o u ld  
have become p o l l u t e d ,  a n d / o r  c o u ld  have  b een  s u b j e c t e d  
t o  e l e v a t e d  t e m p e r a t u r e s  d u r in g  s t o r a g e  o r  t r a n s i t .

The q u a l i t a t i v e  and q u a n t i t a t i v e  c o m p o s i t io n  o f  t h e  
no rm al v i a b l e  c o lo n y  c o u n t  o f  t h e  n a t u r a l  m in e r a l  w a te r  
m ust be ch eck ed  by p e r i o d i c  a n a l y s i s .

6) MiçE obiQ iog iç fr l Reg u la t i ons

A r t i c l e  5 o f  t h e  D i r e c t i v e  r e q u i r e s  t h a t :

(a) A f t e r  b o t t l i n g ,  t h e  t o t a l  c o lo n y  c o u n t  a t  s o u r c e  may 
n o t  ex ceed  100/mL a t  20 t o  22°C i n  72 h r s  (on a g a r - a g a r  
o r  a g a r - g e l a t i n e ) , and 20 p e r  mL a t  3 7°  i n  24 h r s
(on a g a r - a g a r ) . The t o t a l  c o lo n y  c o u n t  s h a l l  be m easu red  
w i t h i n  t h e  12 h o u rs  f o l l o w i n g  b o t t l i n g ,  w i th  t h e  w a te r  
b e in g  m a in t a in e d  a t  4°C ± 1°C d u r in g  t h i s  t im e .

(b) At s o u r c e ,  t h e s e  v a l u e s  n o rm a l ly  s h o u ld  n o t  ex ceed  
20/mL a t  20 t o  22°C in  72 h r s ,  and 5/mL a t  37°C i n  
24 h r s ,  w i th  t h e  u n d e r s t a n d i n g  t h a t  t h e s e  f i g u r e s
a r e  t o  be c o n s i d e r e d  a s  g u id e  numbers and n o t  a s  maximum 
p e r m i t t e d  c o n c e n t r a t i o n s .

(c) In  a d d i t i o n ,  a t  s o u r c e  and d u r in g  m a r k e t in g ,  a n a t u r a l  
m in e r a l  w a te r  s h a l l  be f r e e  o f  t h e  f o l l o w i n g :

i )  p a r a s i t e s  and p a th o g e n ic  o rg a n is m s ;

i i )  E s c h e r i c h i a  c o l i  and o t h e r  c o l i f o r m s ,  and f e c a l  
s t r e p t o c o c c i  i n  any 250 mL sam ple  exam ined ;

i i i )  s p o r u l a t e d  s u l f i t e - r e d u c i n g  a n a e r o b e s  i n  any
50 mL sam ple  exam ined ;

iv )  Pseudomonas a e r u g i n o s a  i n  any 250 mL sam ple  exam ined .  

At t h e  m a r k e t in g  s t a g e :

i )  t h e  r e v i v a b l e  c o lo n y  c o u n t  may o n ly  be t h a t  r e s u l t i n g
from  t h e  norm al i n c r e a s e  i n  b a c t e r i a  c o n t e n t
w hich  t h e  n a t u r a l  m in e r a l  w a te r  had a t  t h e  s o u r c e ;

i i )  t h e  n a t u r a l  m in e r a l  w a te r  may n o t  c o n t a i n  any 
o r g a n o l e p t i c  d e f e c t s .
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7) B o t t l i n g

The w ash ing  and b o t t l i n g  p l a n t  m ust meet h y g ie n e  r e q u i r e ­
m e n ts .  B o t t l e s  m ust be w ashed , d i s i n f e c t e d ,  and f i n a l  
r i n s e d  w i th  w a te r  t o  be b o t t l e d .

8 ) P ack ag in g

C o n ta in e r s  must be t r e a t e d  o r  m a n u fa c tu re d  so  a s  t o  
a v o id  a d v e r s e  e f f e c t s  on t h e  m i c r o b i o l o g i c a l  and ch e m ic a l  
c h a r a c t e r i s t i c s  o f  t h e  n a t u r a l  m in e r a l  w a t e r s .  C o n ta in e r s  
m ust be f i t t e d  w i th  c l o s u r e s  d e s ig n e d  t o  a v o id  "any p o s s i b i l i t y
o f  a d u l t e r a t i o n  o r  c o n ta m in a t io n " .

9) A d v e r t i s i n g ^ d  l a b e l l i n g

S a l e s  l i t e r a t u r e  and l a b e l s  s h a l l  u se  t h e  s p e c i f i c a l l y  
ap p ro v ed  t e r m s ,  a s  w e l l  a s  any i n d i c a t i o n s  a s  t o  t r e a t m e n t s  
(app roved )  w hich t h e  w a te r s  may have  u n d e rg o n e .  L a b e ls  
a l s o  m ust i n c l u d e  t h e  f o l l o w in g  m anda to ry  i n f o r m a t io n s

(a) E i t h e r  t h e  wordss " c o m p o s i t io n  in  a c c o rd a n c e  w i th  
t h e  r e s u l t s  o f  t h e  o f f i c i a l l y  r e c o g n iz e d  a n a l y s i s  
o f ............. ( d a t e  o f  a n a l y s i s ) " ,

a s t a t e m e n t  o f  t h e  a n a l y t i c a l  c o m p o s i t io n ,  g iv in g  
i t s  c h a r a c t e r i s t i c  c o n s t i t u e n t s ;

(b) t h e  l o c a t i o n  o f  t h e  s p r i n g  and i t s  name.

I t  i s  f o r b id d e n  t o  m ark e t  n a t u r a l  m in e r a l  w a te r s  from 
one and t h e  same s p r i n g  un d er  more t h a n  one t r a d e  d e s c r i p t i o n .  
I t  i s  a l s o  f o r b id d e n  f o r  a company t o  s u g g e s t  a c h a r a c t e r i s t i c
t h a t  t h e  w a te r  does  n o t  p o s s e s s .  The te rm  • m in e ra l  w a t e r 1 
no l o n g e r  can  be u s e d .

C la im s t h a t  a n a t u r a l  m in e r a l  w a te r  i s  e f f e c t i v e  f o r  
t h e  p r e v e n t i o n ,  t r e a t m e n t ,  o r  c u r e  o f  a human i l l n e s s  
no lo n g e r  can  be made. However, i n d i c a t i o n s  a s  t o  m in e r a l  
c o n t e n t  can  be made a s  l i s t e d  i n  T a b le  V I,  p r o v id e d  th e y  
have been  drawn up on t h e  b a s i s  o f  p h y s ic o c h e m ic a l  a n a l y s e s ,  
and where n e c e s s a r y ,  p h a r m a c o lo g ic a l ,  p h y s i o l o g i c a l ,  and 
c l i n i c a l  e x a m in a t io n s  c a r r i e d  o u t  in  a c c o rd a n c e  w i th  r e c o g n iz e d  
s c i e n t i f i c  m ethods and in  a c c o rd a n c e  w i th  a s s e s s m e n t  o f  
t h o s e  c h a r a c t e r i s t i c s  which g iv e  n a t u r a l  m in e r a l  w a te r s  
p r o p e r t i e s  f a v o r a b l e  t o  h e a l t h .

T hese  a n a l y s e s  s h o u ld  be s u i t e d  t o  t h e  p a r t i c u l a r  
c h a r a c t e r i s t i c s  o f  t h e  n a t u r a l  m in e r a l  w a te r  and i t s  e f f e c t s  
on t h e  human o rg a n ism , su ch  a s  d i u r e s i s ,  g a s t r i c  and i n t e s t i n a l  
f u n c t i o n s ,  and c o m p e n sa t io n  f o r  m in e r a l  d e f i c i e n c i e s .
These  a n a l y s e s  a r e  o p t i o n a l  when t h e  w a te r  a l r e a d y  had 
been  ap p ro v ed  a s  (o r  had been  c o n s id e r e d  t o  be a) n a t u r a l  
m i n e r a l  w a te r  i n  t h e  Member S t a t e  p r i o r  t o  e n t r y  i n t o
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TABLE V I. ALLOWABLE STATEMENTS FOR NATURAL MINERAL 
WATERS

S ta te m e n t C r i t e r i a
Low m in e r a l  c o n t e n t M in e ra l  s a l t  c o n t e n t ,  c a l c u ­

l a t e d  a s  a f i x e d  r e s i d u e ,  
n o t  g r e a t e r  t h a n  500 mg/L

Very low m in e r a l  c o n t e n t M in e ra l  s a l t  c o n t e n t ,  c a l c u ­
l a t e d  a s  a f i x e d  r e s i d u e ,  
n o t  g r e a t e r  t h a n  50 mg/L

R ich  i n  m in e r a l  s a l t s M in e ra l  s a l t  c o n t e n t ,  c a l c u ­
l a t e d  a s  a f i x e d  r e s i d u e ,  
g r e a t e r  t h a n  1 ,500  mg/L

C o n ta in s  b i c a r b o n a t e B i c a r b o n a te  c o n t e n t  g r e a t e r  
t h a n  600 mg/L

C o n ta in s  s u l f a t e S u l f a t e  c o n t e n t  g r e a t e r  th a n  
200 mg/L

C o n ta in s  c h l o r i d e C h lo r id e  c o n t e n t  g r e a t e r  
t h a n  200 mg/L

C o n ta in s  c a lc iu m Ca c o n t e n t  g r e a t e r  t h a n  150 
mg/L

C o n ta in s  magnesium Mg c o n t e n t  g r e a t e r  t h a n  50 
mg/L

C o n ta in s  f l u o r i d e F l u o r i d e  c o n t e n t  g r e a t e r  
t h a n  1 mg/L

C o n ta in s  i r o n F e ( I I )  c o n t e n t  g r e a t e r  t h a n  
1 mg/L

A c id ic F re e  CO? c o n t e n t  g r e a t e r  
t h a n  250 mg/L

C o n ta in s  sodium Na c o n t e n t  g r e a t e r  t h a n  200 
mg/L

S u i t a b l e  f o r  t h e  
p r e p a r a t i o n  o f  

i n f a n t  food

S u i t a b l e  f o r  a low -sod ium  
d i e t

Na c o n t e n t  l e s s  t h a n  20 mg/L

May be l a x a t i v e ------

May be d i u r e t i c ------



248 SAFE DRINKING WATER

f o r c e  o f  t h i s  D i r e c t i v e .  T h is  i s  t h e  c a s e  i n  p a r t i c u l a r  
when t h e  w a te r  c o n t a i n s ,  b o th  a t  s o u r c e  and a f t e r  b o t t l i n g ,  
a minimum o f  1 , 0 0 0  mg o f  t o t a l  s o l i d s  i n  s o l u t i o n ,  p e r  
k g ,  0£ a minimum o f  250 mg o f  f r e e  c a rb o n  d i o x i d e .

Member S t a t e s  may a d o p t  s p e c i a l  p r o v i s i o n s  r e g a r d i n g  
in f o r m a t i o n  -  b o th  on p a c k a g in g  o r  l a b e l l i n g  and i n  a d v e r ­
t i s i n g ,  c o n c e r n in g  t h e  s u i t a b i l i t y  o f  a n a t u r a l  m in e r a l  
w a te r  f o r  t h e  f e e d in g  o f  i n f a n t s .

10) P r o d u c t io n  o f  N a tu r a l  M in e ra l ,  Wate_r

B o t t l i n g  g e n e r a l l y  i s  c o n d u c te d  a t  t h e  s o u r c e .  Equipm ent 
m ust be i n s t a l l e d  so  a s  t o  a v o id  any p o s s i b i l i t y  o f  c o n ta m i­
n a t i o n  and t o  p r e s e r v e  t h e  p r o p e r t i e s  w hich  t h e  w a te r  
p o s s e s s e s  a t  s o u r c e .  In  p a r t i c u l a r :

(a) t h e  s p r i n g  o r  o u t l e t  m ust be p r o t e c t e d  a g a i n s t  t h e  
r i s k s  o f  p o l l u t i o n ;

(b) t h e  c a tc h m e n t ,  p i p e s ,  and r e s e r v o i r s  m ust be made 
o f  m a t e r i a l s  s u i t a b l e  f o r  w a t e r ,  and so  b u i l t  a s  t o
p r e v e n t  any c h e m ic a l ,  p h y s ic o c h e m ic a l  o r  m i c r o b i o l o g i c a l  
a l t e r a t i o n  o f  t h e  w a te r ;

(c) t h e  w ash ing  and b o t t l i n g  p l a n t  m ust m eet h y g ie n e  r e q u i r e ­
m e n ts .

(d) t r a n s p o r t a t i o n  i s  p e r m i t t e d  o n ly  i n  a u t h o r i z e d  c o n t a i n e r s ,  
e x c e p t  i f  a Member S t a t e  h as  a u t h o r i z e d  t h e  t r a n s p o r t
o f  n a t u r a l  m in e r a l  w a te r  i n  t a n k s  from t h e  s p r i n g
t o  t h e  b o t t l i n g  p l a n t  a t  t h e  t im e  o f  n o t i f i c a t i o n
o f  t h e  D i r e c t i v e .

11) In  t h e  E ven t o f  P o l l u t i o n

I f  t h e  n a t u r a l  m in e r a l  w a te r  no lo n g e r  p r e s e n t s  t h e  
m i c r o b i o l o g i c a l  c h a r a c t e r i s t i c s  p r e s e n t e d  i n  A r t i c l e  5 
( s e e  i t e m  6 , M i c r o b i o l o g i c a l  R e g u l a t i o n s ,  a b o v e ) ,  a l l  
o p e r a t i o n s  m ust be su s p e n d e d ,  p a r t i c u l a r l y  t h e  b o t t l i n g
p r o c e s s ,  u n t i l  t h e  c a u s e  o f  p o l l u t i o n  has  been  e r a d i c a t e d  
and t h e  w a te r  a g a in  c o m p l ie s  w i th  t h e  p r o v i s i o n s  o f  A r t i c l e  
5 ( M i c r o b i o l o g i c a l  R e g u l a t i o n s ) .

1 2 ) Mo n i t p E in g

The r e s p o n s i b l e  a u t h o r i t y  i n  t h e  c o u n t r y  o f  o r i g i n  
s h a l l  c a r r y  o u t  p e r i o d i c  ch eck s  t o  d e te r m in e  t h a t  t h e  
a u t h o r i z e d  c o n d i t i o n s  e x i s t  and a r e  b e in g  a p p l i e d .
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1 3 ) ExpflXfr

R e q u ire m e n ts  o f  t h e  D i r e c t i v e  do n o t  a p p ly  t o  n a t u r a l  
m in e r a l  w a te r s  i n t e n d e d  f o r  e x p o r t  t o  c o u n t r i e s  o u t s i d e  
o f  t h e  EEC.

V I I .  COMPARISON OP EUROPEAN AND AMERICAN BOTTLED WATER
REGULATIONS

A. S i m i l a r i t i e s

W ith  a few n o te w o r th y  e x c e p t i o n s ,  r e g u l a t i o n s  a p p l i c a b l e  
t o  t h e  E uropean  b o t t l e d  w a te r  i n d u s t r y  a r e  q u i t e  s i m i l a r  
t o  t h o s e  i n  f o r c e  i n  t h e  USA. S o u rc e s  o f  w a te r  a r e  t o  
be ap p ro v ed  by t h e  a p p r o p r i a t e  p u b l i c  h e a l t h  a u t h o r i t i e s  
and p r o t e c t e d  from p o l l u t i o n .  European  s o u r c e  g ro u n d w a te r s  
a r e  sam pled  and a n a ly z e d  a t  r e g u l a r  i n t e r v a l s  ( e v e ry  two 
months i n  F r a n c e ) f t o  be s u r e  t h a t  t h e  m in e r a l  and b a c t e r i a l  
c o n t e n t s  have  n o t  ch a n g e d .  P a th o g e n ic  o rg a n ism s  must 
be a b s e n t  i n  t h e  p r o d u c t  w a t e r s .  European  and A m erican 
c a tc h m e n ts ,  p i p e s  and r e s e r v o i r s  m ust be made o f  m a t e r i a l s  
s u i t a b l e  f o r  t h e  h a n d l in g  o f  w a t e r .  A d d i t i o n a l  European  
r e q u i r e m e n t s  a r e  t h a t  t h e  c a tc h m e n ts ,  p i p e s ,  and r e s e r v o i r s  
be c o n s t r u c t e d  so  a s  t o  p r e v e n t  c h e m ic a l ,  p h y s i c a l - c h e m i c a l ,  
o r  m i c r o b i o l o g i c a l  a l t e r a t i o n  o f  w a te r  q u a l i t y .

B o t t l i n g  p l a n t s  and f a c i l i t i e s  i n  b o th  r e g i o n s  m ust 
be p r o t e c t e d  a g a i n s t  e n t r y  o f  d o m e s t ic  and w i ld  a n i m a l s ,  
r o d e n t s ,  and i n s e c t s ,  and m ust be m a in t a in e d  h y g i e n i c a l l y  
c l e a n .  W ater c o n t a i n e r s  m ust be m a n u fa c tu re d  o r  t r e a t e d  
t o  a v o id  a d v e r s e  e f f e c t s  on m i c r o b i o l o g i c a l  and c h e m ic a l  
c h a r a c t e r i s t i c s .  C o n t a i n e r s  m ust be r i g o r o u s l y  i n s p e c t e d  
when th e y  a r e  r e c e i v e d  (new o r  r e t u r n e d )  f o r  c o n t a m i n a t i o n ,  
p a r t i c u l a r l y  f o r  t h e i r  h a v in g  b een  u sed  a s  c o n t a i n e r s  
f o r  c h e m ic a l s .  They m ust be w ashed , s t e r i l i z e d ,  and r i n s e d  
i n  p r o d u c t  w a te r  b e f o r e  b e in g  f i l l e d .

C lo s u r e s  and c a p p in g  eq u ip m en t  i n  b o th  r e g i o n s  m ust 
be d e s ig n e d  t o  p r e v e n t  any p o s s i b i l i t y  o f  c o n t a m i n a t i o n ,  
and a l s o  m ust be w ashed , s t e r i l i z e d ,  and r i n s e d  w i th  p r o d u c t  
w a te r  b e f o r e  b e in g  u s e d .

P r o d u c t  w a t e r s  i n  b o th  r e g i o n s  m ust be  f r e e  o f  o r g a n o l e p t i c  
d e f e c t s .

B. D i f f e r e n c e s

The p r im a ry  d i f f e r e n c e s  i n  European  and A m erican re g u ­
l a t i o n s  a r e  i n  m i c r o b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  
w a t e r s ,  a l l o w a b l e  t r e a t m e n t s  o f  t h e  w a t e r s ,  and l a b e l l i n g  
r e q u i r e m e n t s .

European  b o t t l e r s  m ust n o t  d e s t r o y  t h e  n a t u r a l ,  v i a b l e  
c o lo n y  c o u n t s  i n  t h e i r  s o u r c e  w a t e r s .  S in c e  p a th o g e n ic  
o rg a n ism s  a r e  a b s e n t ,  t h e  v i a b l e  t o t a l  c o lo n y  c o u n t  o f  
t h e  n a t u r a l  w a te r s  can  be u sed  a s  an i n d i c a t o r  o f  t h e
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p r e s e n c e  o f  p o l l u t i o n .  I f  t h e  c o lo n y  c o u n t  f a l l s ,  t h i s
i s  t a k e n  a s  an i n d i c a t i o n  t h a t  some p o l l u t i n g  ch e m ic a l
h a s  a p p e a re d  i n  t h e  s o u r c e  which i s  t o x i c  t o  t h e  m ic ro o rg a n ism s
p r e s e n t .  S i m i l a r l y ,  i f  t h e  co lo n y  c o u n t  su d d e n ly  r i s e s ,
t h i s  can  i n d i c a t e  t h e  p r e s e n c e  o f  a p o l l u t a n t  w hich s e r v e s
a s  a b a c t e r i a l  s t i m u l a n t .  I f  h i g h e r  t h a n  norm al c o lo n y
c o u n t s  a r e  found  in  t h e  p r o d u c t  w a te r  a t  any p o i n t  i n
t h e  d i s t r i b u t i o n  c h a i n ,  t h i s  can  i n d i c a t e  t h e  same ty p e
o f  p o l l u t i o n ,  b u t  a l s o  t h a t  t h e  b o t t l e d  w a te r  may have
been  s t o r e d  u n d e r  e x c e s s i v e l y  h ig h  t e m p e r a tu r e  c o n d i t i o n s .

E uropeans  a l lo w  no ch e m ic a l  t r e a t m e n t  o f  t h e i r  w a t e r s ,  
o t h e r  t h a n  t h e  p o s s i b i l i t y  o f  o x y g e n a t io n  t o  a s s i s t  in
rem oval o f  u n s t a b l e  e l e m e n t s ,  su ch  a s  i r o n  o r  s u l f u r  by 
f i l t r a t i o n  o r  d é c a n t a t i o n .  Carbon d i o x i d e  may be a d d ed ,  
b u t  a lw ays  by p u r e l y  p h y s i c a l  m eans. T h is  r e s t r i c t i o n  
i s  n e c e s s a r y  in  o r d e r  t h a t  t h e  v i a b l e  c o lo n y  c o u n t s  n o t  
be a f f e c t e d  by ch e m ic a l  t r e a t m e n t .

A m erican s o u r c e  w a te r s  can  be u n d e rg ro u n d  o r  t a p  w a t e r s .
I f  u n d e rg ro u n d  s o u r c e s  h a v in g  h ig h  m in e r a l  c o n t e n t s  a r e  
em ployed , th e y  n o rm a l ly  w i l l  be d e io n i z e d  i n  t h e  USA, 
e i t h e r  by means o f  r e v e r s e  o sm o sis  o r  d e i o n i z i n g  r e s i n s  
(o r  b o t h ) . C i t y  t a p  w a te r s  w i l l  be d e c h l o r i n a t e d  by p a s s a g e  
th r o u g h  g r a n u l a r  a c t i v a t e d  c a rb o n .  In  some c a s e s ,  s o u r c e  
w a te r s  w i l l  be d i s t i l l e d .

A l l  Am erican b o t t l e d  w a te r s  a r e  d i s i n f e c t e d  a s  t h e y  
a r e  b e in g  b o t t l e d ,  and t h i s  n o rm a l ly  i s  a c c o m p l ish e d  by 
a p p ly in g  ozone a s  t h e  t e r m i n a l  s t e p  in  w h a te v e r  t r e a t m e n t  
p r o c e s s  h as  been  a d o p te d  f o r  t h e  p a r t i c u l a r  w a t e r .

E uropean  l a b e l l i n g  r e q u i r e m e n ts  a r e  more s t r i n g e n t  
t h a n  i n  t h e  USA. T h is  i s  b e c a u se  t h e  p r o p e r t i e s  o f  a 
s p e c i f i c  n a t u r a l  m in e r a l  w a te r  a r e  d ep e n d e n t  upon t h e  
t y p e s  and c o n c e n t r a t i o n s  o f  s p e c i f i c  m in e r a l s  p r e s e n t  
i n  t h e  s o u r c e  w a t e r .  As a c o n se q u e n c e ,  European  l a b e l s  
m ust c a r r y  t h e  name o f  t h e  s p r i n g  and i t s  l o c a t i o n ,  a s  
w e l l  a s  a m i n e r a l s  a n a l y s i s ,  o r  t h e  s t a t e m e n t ,  " i n  a c c o rd a n c e  
w i th  r e s u l t s  o f  t h e  o f f i c i a l l y  r e c o g n iz e d  a n a l y s i s  o f  
________  ( d a t e ) " .

P r i o r  t o  t h e  a d o p t io n  o f  t h e  EEC r e g u l a t i o n s  on 15 
J u l y  1980, e a c h  b o t t l e r  whose s o u r c e  w a te r  had d e m o n s t r a te d  
t h e r a p e u t i c  b e n e f i t s  f o r  humans c o u ld  c la im  t h o s e  b e n e f i t s ,  
b o th  i n  h i s  l a b e l l i n g  and in  h i s  a d v e r t i s i n g .  S u b se q u e n t  
t o  a d o p t io n  o f  t h e  EEC D i r e c t i v e ,  how ever,  su ch  m e d ic a l  
c l a im s  no lo n g e r  can  be p r i n t e d  on t h e  l a b e l s .  T h is  a l s o  
a v o id s  t h e  fo rm er  p r a c t i c e ,  a p p a r e n t l y  w id e s p re a d  w i th  
some b o t t l e r s ,  o f  s e l l i n g  w a te r  from t h e  same s p r i n g  in  
two d i f f e r e n t  b o t t l e s ,  one c a r r y i n g  t h e  t h e r a p e u t i c  a d v a n ta g e s  
l a b e l  and commanding a  h ig h  p r i c e ,  and t h e  o t h e r  c a r r y i n g  
a s p r i n g  w a te r  l a b e l ,  and commanding a lo w er  p r i c e .

In  t h e  USA, l a b e l l i n g  r e q u i r e m e n ts  a r e  s p e c i f i e d  by 
t h e  Food & Drug A d m i n i s t r a t i o n  and by i n d i v i d u a l  s t a t e s .
Some s t a t e s  a d o p t  t h e  FDA r e g u l a t i o n s ,  b u t  o t h e r s  som etim es  
s p e c i f y  more s t r i n g e n t  r e q u i r e m e n t s .  I n  g e n e r a l ,  A m erican 
b o t t l e d  w a te r s  do n o t  have t o  c a r r y  a  c o m p le te  m i n e r a l
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a n a l y s i s  on t h e  l a b e l ,  b e c a u s e  m ost A m erican w a te r s  have  
been  d e m i n e r a l i z e d .

However, i n  c a s e s  w hich  in v o lv e  t h e  c o n t e n t  o f  sod ium , 
b o t t l e d  Am erican w a te r s  can  l i s t  t h e  sodium  c o n t e n t  t o  
t h e  n e a r e s t  5 mg/L. In  f l u o r i d a t e d  US b o t t l e d  w a t e r s ,  
t h e  l a b e l  s h o u ld  c o n t a i n  d i r e c t i o n s  f o r  u s e ,  r a t h e r  t h a n  
s im p ly  t h e  f l u o r i d e  c o n t e n t .

M o n i to r in g  i s  c o n d u c te d  p e r i o d i c a l l y  and r o u t i n e l y  
by t h e  a p p r o p r i a t e  p u b l i c  h e a l t h  a u t h o r i t i e s  i n  b o th  c o u n t r i e s ,  
b o th  n a t i o n a l  and r e g i o n a l .

One i te m  o f  p a r t i c u l a r  i n t e r e s t  s h o u ld  be m e n t io n e d  
a t  t h i s  p o i n t .  In  I t a l y ,  m in e r a l  w a te r s  a r e  c o n s i d e r e d  
t o  be n a t u r a l  r e s o u r c e s .  As a  r e s u l t ,  I t a l i a n  b o t t l e r s  
o f  m in e r a l  w a te r s  a r e  r e g u l a t e d  by t h e  M i n i s t r y  o f  I n d u s t r y ,  
r a t h e r  t h a n  by t h e  M i n i s t r y  o f  P u b l i c  H e a l t h .

C. R e g u la t i o n  o f  S p e c i f i c  C hem ica ls  i n  B o t t l e d  W ater

In  t h e  U n i te d  S t a t e s ,  b o t t l e d  w a te r s  a r e  r e g u l a t e d  
by t h e  PDA, w hich r e q u i r e s  t h a t  b o t t l e d  w a te r s  m eet EPA's 
P r im a ry  D r in k in g  W ater S t a n d a r d s ,  o r  t h e  Com m issioner 
o f  PDA m ust p u b l i s h  t h e  r e a s o n s  f o r  n o t  r e q u i r i n g  t h i s .
T a b le  V II  l i s t s  s p e c i f i c  c a t i o n s  and a n io n s  and t h e i r  
maximum p e r m i t t e d  l e v e l s  i n  b o t t l e d  w a te r s  o f  t h e  USA,
F e d e r a l  R e p u b l ic  o f  Germany, and o f  F r a n c e .  A bsence o f  
a l i m i t  s h o u ld  n o t  n e c e s s a r i l y  be i n t e r p r e t e d  t o  mean 
t h a t  t h e r e  i s  no s t a n d a r d  f o r  su ch  e n t r i e s ,  b u t  r a t h e r  
t h a t  su c h  d a t a  have  n o t  been  a v a i l a b l e  t o  t h e  a u t h o r s .

In  t h e  F e d e r a l  R e p u b l ic  o f  Germany, a s  i n  t h e  USA 
and F r a n c e ,  t h e  d r i n k i n g  w a te r  s t a n d a r d  f o r  m anganese 
i s  0 .0 5  mg/L. However, h i g h e r  l e v e l s  o f  manganese a r e  
p e r m i t t e d  i n  German b o t t l e d  w a t e r s ,  i f  su ch  h i g h e r  l e v e l s  
a r e  p r e s e n t  n a t u r a l l y  i n  t h e  s o u r c e  w a t e r .  On t h i s  same 
b a s i s  o f  b e in g  p r e s e n t  n a t u r a l l y ,  s u l f a t e ,  c h l o r i d e ,  and 
c o p p e r  c o n c e n t r a t i o n s  can  ex ceed  t h e  d r i n k i n g  w a te r  s t a n d a r d s  
i n  German b o t t l e d  w a t e r s .

T a b le  V I I I  l i s t s  t h e  r e g u l a t e d  o r g a n i c  c h e m ic a l s  in  
t h e  USA and i n  t h e  F e d e r a l  R e p u b l ic  o f  Germany. S ix  p e s t i c i d a l  
o r g a n i c s  a r e  r e g u l a t e d  in  t h e  USA, and e a c h  has  i t s  own 
maximum l i m i t a t i o n .  On t h e  o t h e r  han d ,  Germany h as  a 
r e q u i r e m e n t  l i m i t i n g  t h e  c o n c e n t r a t i o n  o f  any s i n g l e  p e s t i c i d e  
t o  0 .0 0 0 1  mg/L e a c h .  The sum o f  a l l  p e s t i c i d e s  p r e s e n t  
m ust n o t  ex ceed  0 .0005  mg/L. In  a d d i t i o n ,  p o l y c y c l i c  a r o m a t i c s  
( t o t a l )  a r e  l i m i t e d  i n  Germany t o  0 .0002  mg/L, and s i x  
s p e c i f i c  compounds a r e  l i s t e d .

F i n a l l y ,  t h e  US l i m i t s  t r i h a l o m e t h a n e s  t o  0 .1 0  mg/L, 
w h ereas  i n  Germany, h a lo fo rm s  m ust be m a in t a in e d  a t  l e v e l s  
"a s  low a s  p o s s i b l e " .  One m ic roa ram  p e r  l i t e r  i s  t h e  
c u r r e n t  g u i d e l i n e  f o r  h a lo fo rm s  in  Germany.
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TABLE V I I .  MAXIMUM CONTAMINANT LEVELS OF BOTTLED 
WATERS

C o n tam in an t USA Germany F ra n c e
As 0 .0 5  mg/L 0 .0 5  mg/L 0 .0 5  mg/L
Cd 0 .0 1 0 .005
C l" 250 2 00*
Cr 0 .0 5 0 .0 5 n o t  d e t e c t a b l e
Cu 1 .0 3 .0 * * 1 .0
Fe 0 .3 0 .2 0 .1
Pb 0 .0 5 0 .0 5 0 .1
Mn 0 .0 5 0 .0 5 * * 0 .0 5
Hg 0 .0 0 2 0. 00 1
N i t r a t e  ( a s N) 10 (a s N) 50 (a s  NOn“ ) 

0 .0 0 0 5 ,  
n o t  r e a c t e d  

w i th  c h l o r i n e

10 (a s  N)
P h e n o ls 0 .0 01 m ust be a b s e n t

Se 0 .0 1 0 .010 0 .0 5
Ag 0 .0 5 0 .0 1 0
S u l f a t e 250 250*
TDS 500 — —

Zn 5 .0 5 .0 5 .0
Ni ---- 0 .0 5
Sb ---- 0 .0 1
C yan ide ---- 0 .0 5 n o t  d e t e c t a b l e

* H ig h er  l e v e l s  a r e  p e r m i t t e d  i f  i te m  i s  a n a t u r a l
component o f  m in e r a l  w a te r .

** D r in k in g  w a te r  s t a n d a r d .  H ig h e r  l e v e l s  a r e  
D e rm i t t e d  f o r  m in e r a l  w a t e r s .

TABLE V I I I .  REGULATION OF ORGANICS IN BOTTLED WATER
USA Germany

E n d r in  0 .0002  mg/L P e s t i c i d e s ,  0 .0 0 0 1  mg/L ea c h
L in d an e  0 .0 0 4  mg/L 
M eth o x y ch lo r  0 .1  mg/L 
Toxaphene 0 .0 0 5  mg/L 
2 ,4 -D  0 .1  mg/L 
2 ,4 ,5 - T P

P e s t i c i d e s ,  t o t a l ,  0 .0005  mg/L

S i l v e x  0 .0 1  mg/L P o l y c y c l i c  a r o m a t i c s ,
t o t a l  = 0 .0002  mg/L: 

f l u o r a n t h e n e  
b e n z o - 3 , 4 - f l u o r a n t h e n e  
b e n z o -1 1 , 1 2 - f l u o r a n t h e n e  
b e n z o - 3 , 4 - p y r e n e  
b e n z o - 1 , 1 2 - p e r y l e n e  
in d e n e  ( 1 ,2 ,3 - c d )  p y re n e

T r ih a lo m e th a n e s  0 .1 0  mg/L H aloform s -  a s  low a s  p o s s i b l e  
(1 m ic ro g /L  i s  g u i d e l i n e )
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V I I I .  CONCLUSIONS

E uropean  b o t t l e d  w a te r s  a r e  n a t u r a l l y  o c c u r r i n g  m in e r a l  
w a te r s  o b t a i n e d  from  g ro u n d w a te r  s o u r c e s  and w hich  c o n t a i n  
s i g n i f i c a n t  m in e r a l  c o n t e n t s ,  w hich d i f f e r  i n  i d e n t i t y  
and q u a n t i t y  from s o u r c e  t o  s o u r c e .  Some o f  t h e s e  m in e r a l  
w a te r s  p r o v i d e  s p e c i f i c  and p ro v e n  t h e r a p e u t i c  a d v a n ta g e s  
t o  humans. B ecause  o f  t h i s ,  European  b o t t l e r s  a r e  f o r b i d d e n  
t o  t r e a t  n a t u r a l  m i n e r a l  w a te r s  t o  change  t h e i r  c o m p o s i t i o n s .  
They a r e  a l s o  f o r b i d d e n  t o  d i s i n f e c t  n a t u r a l  m in e r a l  w a t e r s ,  
b e c a u s e  t h e  v i a b l e  c o lo n y  c o u n t  a t  t h e  s o u r c e  i s  u sed  
a s  an i n d i c a t o r  o f  l a c k  o f  p o l l u t i o n  o f  t h e  s o u r c e  w a t e r s .

B o t t l i n g  i s  c o n d u c te d  a s  c l o s e  t o  t h e  s o u r c e  a s  p r a c t i c a l  
c o n s i s t e n t  w i th  p r e v e n t i n g  t h e  b o t t l i n g  p l a n t  from  p o l l u t i n g  
t h e  s o u r c e .  A l l  m a t e r i a l s  u sed  i n  b o t t l i n g  European  n a t u r a l  
m i n e r a l  w a te r s  m ust be a p p r o p r i a t e  f o r  h a n d l in g  w a t e r ,  
t h e  b o t t l i n g  p l a n t s  m ust be m a in t a in e d  i n  h y g i e n i c a l l y  
s a f e  c o n d i t i o n ,  b o t t l e s  and c l o s u r e s  m ust be c l e a n s e d ,  
d i s i n f e c t e d ,  and r i n s e d  w i th  w a te r s  t o  be b o t t l e d ,  and 
f i l l e d  and capped  b o t t l e s  m ust be m a in t a in e d  i n  h y g i e n i c a l l y  
s a f e  c o n d i t i o n s .  L a b e ls  m ust name t h e  s o u r c e ,  i t s  l o c a t i o n ,  
and p r o v i d e  a m i n e r a l s  a n a l y s i s .

The c o g n i z a n t  p u b l i c  h e a l t h  a u t h o r i t y  o f  e a c h  E uropean  
c o u n t r y  h as  p r im a ry  r e g u l a t o r y  and m o n i to r in g  r e s p o n s i b i l i t y
f o r  b o t t l e d  w a te r  p l a n t s ,  b u t  r e g i o n a l  and l o c a l  a u t h o r i t i e s  
som etim es  have  a d d i t i o n a l  r e g u l a t o r y  r e q u i r e m e n t s ,  and 
p e r fo rm  r o u t i n e  m o n i t o r i n g .

I n  c o n t r a s t  t o  Am erican p r a c t i c e ,  a lm o s t  80% o f  b o t t l e d
E uropean  w a te r s  a r e  c a r b o n a t e d  (20% i n  F r a n c e ) , and a r e  
s o l d  i n  0 .7 - L  b o t t l e s ,  r a t h e r  t h a n  in  5 - g a l l o n  c a r b o y s .
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CONGRESSIONAL INITIATIVES

Honorable Robert T. Stafford 
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Washington, DC 20510

Thank you f o r  p e r m i t t i n g  me to  p a r t i c i p a t e  in  y o u r  
symposium on s a f e  d r i n k i n g  w a t e r ,  an i s s u e  c r i t i c a l  t o  t h e  
v e ry  s u r v i v a l  o f  o u r  n a t i o n .  L ike  t h e  s e a s o n s ,  
e n v i r o n m e n ta l  i s s u e s  wax and wane. S low ly  — a lm o s t  
i m p e r c e p t i b l y — we move from one t o  a n o t h e r .  And, a l s o  l i k e  
t h e  s e a s o n s ,  e ach  e n v i ro n m e n ta l  i s s u e  seems t o  r e t u r n  on 
s c h e d u le  w i th  a v i g o r  and a f o r c e  t h a t  had dimmed in  o u r  
memory. As we seek  to  re sp o n d  to  t h e s e  i s s u e s ,  t h e  f a c t s  
and t h e  law s each  become more and more com plex .

The C lean  W ater Act began  in  t h e  l a t e  1940s a s  a 
f e d e r a l  p r o c e s s  o f  n e g o t i a t i n g  w a te r  d i s p u t e s .  The C lean  
A ir  Act began  in  much t h e  same way in  1954. Today t h o s e  
law s a r e  complex r e g u l a t o r y  m echanism s, and t h e y  become more 
complex e a c h  t im e  we d e a l  w i th  them . The C lean  A ir  A c t ,  f o r  
ex am p le ,  i s  190 p a g e s  lo n g .  And, i f  t h e  r e a u t h o r i z a t i o n  
b i l l  recommended l a s t  y e a r  by t h e  S e n a te  Committee on 
E nv ironm ent were t o  become law , a n o th e r  114 p a g e s  would be 
added t o  t h a t  t o t a l .

The r e a s o n  f o r  a l l  t h i s  i s ,  o f  c o u r s e ,  t h a t  
e n v i r o n m e n ta l  i s s u e s  r a r e l y  a r e  a s  s im p le  a s  t h e y  seem . When 
we e n a c te d  t h e  v a r i o u s  amendments t o  t h e  C lean  W ater Act 
d u r in g  t h e  Decade o f  t h e  S e v e n t i e s  i t  seemed a s im p le  t a s k  
t o  r e s t o r e  t h e  q u a l i t y  o f  ou r  r i v e r s  and s t r e a m s .  In  some 
r e s p e c t s ,  i t  a c t u a l l y  w as. G re a t  n a t i o n a l  w a te r s  — l i k e  
t h e  Potomac R iv e r  and Lake E r i e  — have made r e m a rk a b le  
r e c o v e r i e s ,  th a n k s  i n  p a r t  t o  t h e  m ass iv e  e x p e n d i t u r e s  o f  
f e d e r a l  money. We have n o t  been  so s u c c e s s f u l  w i th  some 
o t h e r  r i v e r s  and l a k e s ,  a s  you know. And, o f  c o u r s e ,  i t
w i l l  be  a lo n g  and c o s t l y  s t r u g g l e  t o  a c h ie v e  ou r  g o a l  o f  
c l e a n  w a t e r .  B u t ,  by and l a r g e ,  t h e  re m a in in g  p u re  r i v e r s  
o f  Am erica  a r e  t h o s e  h id d e n  from s i g h t .  They a r e  deep  un d e r
t h e  s u r f a c e ,  and th e y  run  c l e a n e r  t h a n  t h e  f r e s h e s t  snowmelt 
o r  g l a c i a l  r u n o f f .  Sad to  a d m i t ,  now t h e y ,  t o o ,  a r e
t h r e a t e n e d .

255
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I t  i s  a g e n u in e  t r a g e d y  t h a t  A m erica h a s  e x h a u s te d  so  
many o f  t h e  m ou n ta in  r i v e r s  o f  my y o u th .  We have p o l l u t e d  
and p o is o n e d  o u r  s u r f a c e  w a te r s  t o  t h e  e x t e n t  t h a t  i f  I  were 
t o  o f f e r  any one o f  you two g l a s s e s  o f  w a te r  — one drawn 
from  a r i v e r  and one drawn from  t h e  g ro u n d w a te r  u n d e r n e a th — 
you would make y o u r  d e c i s i o n  w i th o u t  h e s i t a t i o n .  B u t r i t  i s  
an even  g r e a t e r  t r a g e d y  t h a t  e a c h  o f  you would p r o b a b ly  
p a u s e  f o r  an i n s t a n t  — an d ,  p e rh a p s  even  l o n g e r  — t o  
s i l e n t l y  ask  w h e th e r  even  t h e  second  g l a s s  o f  w a te r  — t h e  
u n d e rg ro u n d  w a te r  — was s a f e  t o  d r i n k .  E x p e r t s  t h a t  you 
a r e ,  you would r e f l e c t  on t h e  b u rd e n  o f  t h e  c h e m ic a l  and 
b i o l o g i c a l  p o i s o n s  dumped on t h e  s u r f a c e  and wonder w h e th e r  
th e y  had f i n a l l y  r e a c h e d  t h e  w e l l  w a te r  — as  you know th e y  
i n e v i t a b l y  m u s t .

The f i r s t  l o s s  — t h a t  o f  t h e  m oun ta in  b ro o k s  and 
s t r e a m s  o f  my c h i ld h o o d  — i s  t e r r i b l e .  B u t ,  p e r h a p s  i t  i s  
a l o s s  t h a t  can  be made up . I t  we s t i c k  t o  i t ,  e v e n t u a l l y  -
-  and a t  a g r e a t  c o s t  —  we may t u r n  back t h e  c l o c k .
C h i l d r e n  may a g a in  d r i f t  s a f e l y  i n  a s m a l l  c a n o e ,  a s  I  d i d ,  
o r  f i s h  f o r  t h e  A t l a n t i c  sa lm o n , a s  d id  my f a t h e r  and
g r a n d f a t h e r .  G re a t  sums o f  money, a id e d  by t h e  p u r i f y i n g  
and h e a l i n g  pow ers  o f  t h e  sun  and w i th  t h e  w ind ,  may b r i n g  
t h o s e  memories back t o  l i f e .

But r e c o v e r y  may n o t  be p o s s i b l e  i f  we p e r m i t  t h e  g r e a t  
r i v e r s  o f  t h e  u n d e rg ro u n d  t o  be  p o i s o n e d .  The sun  d o e s  n o t  
s h i n e  on them , n o r  does  t h e  wind r i p p l e  t h e i r  s u r f a c e .  They 
would be l o s t ,  q u i t e  p o s s i b l y ,  f o r e v e r .  I t  i s  a l o s s  we 
c a n n o t  a f f o r d .  Such a l o s s  would mean t h e  s q u a n d e r in g  o f  
one o f  o u r  n a t i o n ' s  g r e a t e s t  r e s o u r c e s .  I t  would be t h e  
s p e n d in g  o f  t h e  w e a l th  o f  o u r  c h i l d r e n  b e c a u s e  o f  o u r  
s h o r t s i g h t e d n e s s .

I f  you d ig  deep  enough i n  t h e  U n i te d  S t a t e s ,  you a r e  
l i k e l y  t o  s t r i k e  w a t e r .  I t  i s  a lm o s t  e v e ry w h e re .  F u l l y  
o n e - t h i r d  o f  t h e  n a t i o n  l i e s  o v e r  a q u i f e r s  c a p a b le  o f
y i e l d i n g  a t  l e a s t  1 0 0 , 0 0 0  g a l l o n s  a day t o  a s i n g l e  w e l l .  
L ess  p r o d u c t i v e  a q u i f e r s  u n d e r l i e  s t i l l  more l a n d .  The 
s u p p ly  o f  u s a b l e  f r e s h  w a te r  s t o r e d  w i t h i n  t h e  f i r s t  h a l f -  
m i le  o f  t h e  s u r f a c e  o f  t h i s  n a t i o n  i s  a t  l e a s t  tw e n ty  t im e s  
g r e a t e r  t h a n  t h e  amount o f  w a te r  h e ld  i n  a l l  r i v e r s ,  l a k e s  
and s t r e a m s ,  i n  t h e  U n i te d  S t a t e s .  Most o f  t h i s  w a te r  i s  
s t i l l  v i r t u a l l y  p r i s t i n e  i n  q u a l i t y .  The t o t a l  amount i s  
even  h ig h e r  i f  we c o u n t  a l l  t h e  w a te r  t h a t  i s  n a t u r a l l y  
s a l t y ,  b r a c k i s h ,  m i n e r a l i z e d ,  a l k a l i n e ,  b a d - t a s t i n g  o r  
o t h e r w i s e  u n f i t  t o  d r i n k .  S t i l l  more l i e s  a t  l e v e l s  to o
deep  t o  r e c o v e r  a t  t o d a y ' s  p r i c e s .

I t  i s  a s im p le  f a c t  t h a t  t h e  U n i te d  S t a t e s  i s  
g ro u n d w a te r  r i c h .  We a r e  s u p p l i e d  by t h e  w o r l d ' s  l a r g e s t  
s o la r - p o w e r e d  e n g in e .  Each y e a r ,  p r e c i p i t a t i o n  p u t s  back 
a b o u t  t e n  t im e s  a s  much w a te r  — 300 t r i l l i o n  g a l l o n s  — as  
we pump o u t  o f  t h e  g ro u n d .  A lth o u g h  most r a i n w a t e r  e i t h e r  
ru n s  o f f  i n t o  w a terw ays  o r  e v a p o r a t e s ,  a s  much a s  30 p e r c e n t  
o f  i t  s e e p s  i n t o  t h e  up p er  l a y e r s  o f  t h e  s o i l ,  t h e n
p e r c o l a t e s  down t o  t h e  w a te r  t a b l e s .  T here  t h e  w a te r  ru n s  
th r o u g h  a q u i f e r s  t h a t  a r e  s u c c e s s i v e l y  d e e p e r  and d e e p e r .
And t h e r e  t h e  w a te r  w a i t s  f o r  man.
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A tw o - in c h  p i p e  can  be d r i v e n  th r o u g h  t h e  e a r t h  t o  
su p p ly  a f a m i ly  w i th  d a i l y  w a te r  n e e d s .  O r, i n  t h e  a r i d  
W est ,  a g i a n t  u n d e rg ro u n d  l a k e  may be ta p p e d  t o  ru n  a huge 
e n g in e  o f  i r r i g a t i o n  t u r n i n g  d r y  and d u s t y  e a r t h  i n t o  
p r o d u c t i v e  f a r m la n d .  B u t ,  i n  e i t h e r  c a s e  — a r u r a l  
h o u se w ife  d raw in g  a g l a s s  o f  w a te r  f o r  h e r  c h i l d ,  o r  t h e  
fa rm e r  w h e e l in g  w a te r  o v e r  h i s  c ro p  — I  may be  d e s c r i b i n g  a 
t h r e a t e n e d  way o f  l i f e .

Many p a r t s  o f  t h e  c o u n t r y  f a c e  s e v e r e  s h o r t a g e s  o f  
g r o u n d w a te r .  Some a r i d  and s e m i - a r i d  W es te rn  s t a t e s  a r e  
t a k i n g  w a te r  from  t h e  g round  f a s t e r  t h a n  r a i n f a l l  can  
r e p l e n i s h  i t .  L e t  me m en t io n  j u s t  a few o f  t h e  p ro b lem  
a r e a s :

o In  s o u t h e r n  F l o r i d a ,  g ro u n d w a te r  m in ing  h as  so
lo w ered  t h e  w a te r  t a b l e  t h a t  i n  d ry  s p e l l s ,  s a l i n e  
w a te r  i n f i l t r a t e s  d o m e s t ic  w e l l s .

o D r in k in g  s u p p l i e s  i n  a t  l e a s t  o n e - t h i r d  o f  t h e
com m u n it ie s  i n  M a s s a c h u s e t t s  have been  a f f e c t e d  by 
c h e m ic a l  c o n ta m in a t io n  t o  some d e g r e e .  A s t a t e  r e p o r t  
s a y s  t h a t  by S eptem ber o f  1979 , w e l l s  had b een  c l o s e d  
i n  22 c o m m u n i t ie s ,  w i th  l o s s e s  a v e r a g in g  40 p e r c e n t  o f  
o f  t h e  s u p p ly  and r a n g in g  a s  h ig h  a s  100  p e r c e n t .

o D uring  1 9 6 2 -6 3 ,  t h e r e  were 150 c a s e s  o f  h e p a t i t i s
r e p o r t e d  i n  one s m a l l ,  r u r a l  community i n  L in c o ln  
C o u n ty ,  M ontana, where a lm o s t  e v e r y  home had i t s  own 
w e l l  and s e p t i c  s y s te m .  The community i s  on a f l o o d  
p l a i n  and when t h e  w a te r  t a b l e  r i s e s  e v e r y  s p r i n g ,  
d o m e s t ic  sewage c o n ta m in a t e s  t h e  w e l l s .

o Near D e n v e r ,  a lm o s t  30 s q u a r e  m i l e s  o f  a s h a l lo w  a q u i f e r  
were c o n ta m in a te d  by A l d r i n ,  D i e l d r i n  and o t h e r  t o x i c  
s u b s t a n c e s .  D u r ing  t h e  1 9 5 0 s ,  t h e s e  s u b s t a n c e s  had 
se e p e d  from  an u n l i n e d  h o ld in g  pond a t  t h e  Rocky 
M ounta in  A r s e n a l ,  where p e s t i c i d e s  and c h e m ic a l  
w a r f a r e  a g e n t s  were b e in g  m a n u f a c tu r e d .  More t h a n  60 
w e l l s  u sed  f o r  h o u se h o ld  s u p p l y ,  l i v e s t o c k  and 
i r r i g a t i o n  had t o  be c l o s e d  down.

When my S e n a te  co m m it tee  was c o n s i d e r i n g  t h e  c h e m ic a l  
S u p e r fu n d  l e g i s l a t i o n ,  I  became c o n c e rn e d  o v e r  t h e  im p ac t  
t h a t  r e l e a s e  o f  t o x i c  c h e m ic a l s  was h a v in g  on t h e  
e n v i r o n m e n t .  S in c e  no one seemed t o  have  any good e s t i m a t e  
o f  t h e  m ag n itu d e  o f  t h e  n a t i o n a l  i n j u r y ,  I  a sk ed  t h e  L i b r a r y  
o f  C o n g ress  t o  re v ie w  i t s  f i l e s  and f u r n i s h  me w i th  a 
r e p o r t .  Keep i n  m ind , t h i s  was n o t  an i n v e s t i g a t i o n .  T here  
was no f i e l d  work; no i n t e r v i e w s  w i t h  p u b l i c  o f f i c i a l s  o r  
anyone e l s e ,  and no v i s i t s  t o  d i s t a n t  p l a c e s  a ro u n d  t h e  
n a t i o n .  I t  was s im p ly  a  l i b r a r y  s p e c i a l i s t  o p e n in g  a f i l e  
d ra w e r  and ru n n in g  t h r o u g h  i t s  c o n t e n t s  t o  s e e  w hat was 
a v a i l a b l e .  I t  was a s im p le  t a s k  o f  l i s t i n g  i n c i d e n t s  t h a t  
had come t o  t h e  a t t e n t i o n  o f  one s p e c i a l i s t  — o f t e n  s im p ly  
by c h a n c e .  Even w i t h i n  t h i s  l i m i t a t i o n ,  t h e  r e p o r t  was



258 SAFE DRINKING WATER

f u r t h e r  c o n s t r a i n e d .  B ecause  t h e  S u p e rfu n d  law  d id  n o t  d e a l  
w i t h  c e r t a i n  p o is o n o u s  s u b s t a n c e s ;  c o n ta m in a t io n  from  sewage 
and o i l  p o l l u t i o n  were e x c lu d e d .

T hus ,  t h e  r e p o r t  was c e r t a i n  t o  be a v a s t  
u n d e r s t a t e m e n t  o f  t h e  p ro b le m . Yet i t  docum ented o v e r  1 ,3 0 0  
w e l l s  and w e l l  f i e l d s  t h a t  had b een  c lo s e d  b e c a u s e  o f  
c o n t a m i n a t i o n .

Of t h o s e  c l o s i n g s :

o 242 were from  o r g a n i c  c o n ta m in a t io n ;
o 26 from  c h l o r i d e  c o n ta m in a t io n ;
o 23 from  n i t r a t e  c o n ta m in a t io n ;
o 619 from  m e ta l s  c o n ta m in a t io n ;
o T hree  from c o n ta m in a t io n  by o t h e r  o r g a n i c s ;
o 185 from  i n d u s t r i a l  w a s te  d i s p o s a l  where t h e

c o n ta m in a n t  was unknown, and
o 64 from l a n d f i l l  l e a c h a t e  where t h e

c o n ta m in a n t  was unknown.

And, a s  o u r  grow ing  knowledge d e m o n s t r a t e s ,  t h e  t h r e a t  t o  
g ro u n d w a te r  i n c l u d e s  n o t  o n ly  c o n t a m i n a t i o n ,  b u t  e x h a u s t i o n ,  
a t  l e a s t  i n  some p a r t s  o f  t h e  c o u n t r y .

The wondrous f o r m a t io n s  o f  s u b t e r r a n e a n  p o o l s  and 
r i v e r s  t h a t  l i e  u n d e r  t h e  s u r f a c e  o f  most o f  t h e  c o u n t r y  a r e  
a v i t a l  r e s o u r c e .  Roughly h a l f  t h e  p o p u l a t i o n  o f  t h e  U n i te d  
S t a t e s  d epends  upon g ro u n d w a te r  a s  i t s  p r i n c i p a l  s o u r c e  o f  
d r i n k i n g  w a t e r .  About o n e - q u a r t e r  o f  a l l  w a te r  w ithd raw n  i n  
t h e  n a t i o n  comes from  u n d e r  t h e  g ro u n d .  In  1975, i t  was 
e s t i m a t e d  t h a t  o n e - t h i r d  o f  a l l  i r r i g a t i o n  w a te r  came from 
u n d e rg ro u n d  s o u r c e s .

Some co m m unit ie s  a r e  t o t a l l y  r e l i a n t  upon g r o u n d w a te r ,  
w h i l e  o t h e r s  u se  o n ly  s u r f a c e  s u p p l i e s .  For ex am p le ,  on a 
s t a t e w i d e  b a s i s ,  g ro u n d w a te r  f u r n i s h e d  o n ly  two p e r c e n t  o f  
a l l  w a te r  w ithd raw n  i n  Montana in  1975; b u t  g ro u n d w a te r  
p r o v id e d  86 p e r c e n t  o f  t h e  w i th d r a w a ls  i n  K a n sa s ,  68  p e r c e n t  
i n  N eb rask a  and 61 p e r c e n t  i n  A r iz o n a .

The im p o r ta n c e  o f  g ro u n d w a te r  w i l l  c o n t i n u e  t o  
i n c r e a s e .  From 1950 t o  1975, t h e  t o t a l  amount o f  w a te r  
w ithd raw n  from t h e  ground  r o s e  from 34 b i l l i o n  g a l l o n s  a day 
t o  82 b i l l i o n  g a l l o n s  a d a y .  I t  i s  e s t i m a t e d  t h a t  t o t a l  
w i l l  i n c r e a s e  t o  100 b i l l i o n  g a l l o n s  a day  by t h e  Year 2000 . 
V a r io u s  r e g i o n s  o f  t h e  n a t i o n  w i l l  be un d er  p a r t i c u l a r  
p r e s s u r e ,  w i th  p o p u l a t i o n  g row th  and i n c r e a s i n g  c o m p e t i t i o n  
f o r  l i m i t e d  w a te r  s u p p l i e s .

Our g ro u n d w a te r  r e s o u r c e s  c o n s t i t u t e  a v a s t  s t r a t e g i c  
r e s e r v e ,  s i m i l a r  t o  t h e  n a t i o n ' s  huge d e p o s i t s  o f  c o a l .  I t  
has  been  e s t i m a t e d  t h a t  t h i r t y - s i x  q u a d r i l l i o n  g a l l o n s  o f  
f r e s h  g ro u n d w a te r  l i e  w i t h i n  a h a l f - m i l e  o f  t h e  s u r f a c e .  
T h a t ' s  more t h a n  f o u r  t im e s  t h e  volume o f  t h e  G re a t  L a k e s .
I t  i s  1 ,2 0 0  t im e s  t h e  amount o f  w a te r  w ithd raw n  i n  1975.
N ote t h a t  t h e  a n n u a l  r e c h a r g e  o f  u n d e rg ro u n d  s u p p l i e s  i s  
e s t i m a t e d  a t  a lm o s t  t e n  t im e s  t h e  w i th d r a w a l s .

But t h o s e  g r o s s  f i g u r e s  mask some c r i t i c a l  r e g i o n a l  
p ro b le m s .  In  1975 , an e s t i m a t e d  25 p e r c e n t  o f  g ro u n d w a te r  
w i th d r a w a l s  were o v e r d r a f t s  — t h a t  i s ,  t h e y  e x ceed ed
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r e c h a r g e  by n a t u r a l  o r  a r t i f i c i a l  means. Some a q u i f e r s  a r e  
" f o s s i l "  i n  n a t u r e  — t h e y  r e c e i v e  no r e p l e n i s h m e n t  and 
w a te r  removed from  them i s  s a i d  t o  be "m in e d ."  Many o t h e r  
a q u i f e r s  a r e  r e c h a r g e d  a t  an e x t r e m e ly  s low  r a t e .  A l l  o f  
w hich  means t h a t  much g ro u n d w a te r  has  t o  be  v iew ed a s  a non­
re n e w a b le  s o u r c e .

In  a few p l a c e s ,  o v e r d r a f t s  have lo w e re d  t h e  w a te r  
t a b l e  so  much t h a t  pumping f o r  i r r i g a t i o n  h as  become to o  
c o s t l y ,  and fa rm la n d  has  d e t e r i o r a t e d  o r  been  t a k e n  o u t  o f  
p r o d u c t i o n .  In  b o th  c o a s t a l  and i n l a n d  a r e a s ,  s a l t w a t e r  has  
se e p e d  i n  t o  f i l l  a q u i f e r s  from  which  f r e s h  w a te r  was 
o v e rd ra w n .  One r e p o r t  I  have s e e n  s a y s :

"B ecause  o f  t h e  h ig h  s a l t  c o n t e n t  o f  s e a w a t e r ,  as  
l i t t l e  a s  two p e r c e n t  o f  i t  mixed w i th  f r e s h  g ro u n d ­
w a te r  can  make a p o r t i o n  o f  an a q u i f e r  u n u s u a b le  u n d e r  
c u r r e n t  d r i n k i n g  w a te r  s t a n d a r d s . "

S t i l l  a n o th e r  p ro b lem  w i th  o v e r d r a f t i n g  i s  l a n d  
s u b s i d e n c e ;  t h e  s i n k i n g  o f  t h e  l a n d .  T h is  can  r e s u l t  i n  
s t r u c t u r a l  damage, re d u c e d  p r o p e r t y  v a l u e s ,  g r e a t e r  
v u l n e r a b i l i t y  t o  f l o o d i n g  and l o s s  o f  u n d e rg ro u n d  s t o r a g e  
c a p a c i t y .

I  r e c o g n iz e  t h a t  you a r e  t h e  e x p e r t s  on t h i s  s u b j e c t .  
B u t ,  I  w ant t o  s t r e s s  t h a t  we have a p ro b le m ,  and t h a t  we i n  
t h e  C o n g ress  a r e  aware t h a t  i t  c o u ld  become a b ig  p ro b le m .
We have p l a c e d  an a l p h a b e t  o f  law s on t h e  b o o k s .  One o f  
them , t h e  S a fe  D r in k in g  W ater A c t ,  i s  s p e c i f i c a l l y  d e s ig n e d  
t o  s e e k  a s o l u t i o n  t o  many o f  t h e  p ro b lem s  we have been  
t a l k i n g  a b o u t .  O th e r  law s — S u p e r fu n d ,  t h e  C lean  W ater 
A c t ,  t h e  R eso u rce  C o n s e r v a t io n  and R ecovery  A ct and t h e  
S t r i p m in in g  Law, t o  name b u t  f o u r  — have p r o t e c t i o n  o f  
g ro u n d w a te r  a s  a m a jo r  p u r p o s e .  L a t e r  t h i s  y e a r ,  t h e  S e n a te  
Committee on E nv ironm en t w i l l  b e g in  t h e  p r o c e s s  o f  
l e g i s l a t i v e  r e a u t h o r i z a t i o n  o f  t h e  S a fe  D r in k in g  W ater A c t .  
The c h a i rm a n  o f  t h e  su b co m m it tee  r e s p o n s i b l e  f o r  t h a t  law  i s  
S e n a to r  Dave D u re n b e rg e r  o f  M in n e s o ta .  He h as  s c h e d u le d  
h e a r i n g s  on some r e a u t h o r i z a t i o n  i s s u e s  and h as  p l a n s  t o  
s c h e d u le  markups e a r l y  i n  t h e  s p r i n g .  S e n a to r  D u re n b e rg e r  
e x p e c t s  t o  f o c u s  on t h e  f o l l o w i n g  i s s u e s :

THE DEGREE TO WHICH THE PRESENT UNDERGROUND INJECTION 
PROGRAM IS ADEQUATELY PROTECTING GROUNDWATER SUPPLIES.

The E n v iro n m e n ta l  P r o t e c t i o n  Agency has  e s t i m a t e d  t h a t  
more t h a n  e i g h t  b i l l i o n  g a l l o n s  o f  h a z a rd o u s  w a s te  i s  
i n j e c t e d  i n t o  d eep  w e l l s  e a c h  y e a r .  The number o f  w e l l s  and 
t h e  volume o f  w a s te  a r e  c e r t a i n  t o  i n c r e a s e  a s  f e d e r a l  and 
s t a t e  r e g u l a t i o n  o f  l a n d f i l l s ,  s u r f a c e  impoundments and 
i n c i n e r a t o r s  g e t  t o u g h e r  — a s  i t  w i l l .  Of even  g r e a t e r  
c o n c e r n ,  how ever ,  a r e  t h e  s h a l lo w  w e l l s  u sed  t o  i n j e c t  
h a z a rd o u s  w a s te s  i n t o  o r  above a q u i f e r s .  EPA e s t i m a t e d  
t h a t ,  i n  1978 , t h e r e  c o u ld  have been  be tw een  f i v e  th o u s a n d  
and t e n  th o u s a n d  o f  t h o s e  w e l l s .  T h a t  e s t i m a t e  h as  been
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d ro p p in g  s t e a d i l y  s i n c e  t h e n .  But even  one su ch  w e l l  i s  one 
t o o  many. T here  i s  no good r e a s o n  t o  e v e r  i n j e c t  h a z a rd o u s  
w a s te  i n t o  o r  o v e r  an a q u i f e r  t h a t  can  be u sed  f o r  d r i n k i n g  
w a te r  o r  i r r i g a t i o n  w a t e r .  Only bad t h i n g s  can  r e s u l t  from 
t h a t  p r a c t i c e .

THE IMPACT OP FEDERAL REQUIREMENTS OF SMALL COMMUNITIES

I t  i s  p a r t i c u l a r l y  d i f f i c u l t  f o r  some c i t i e s  and towns 
t o  f i n a n c e  c o n s t r u c t i o n  o f  w a te r  t r e a t m e n t  f a c i l i t i e s  needed  
t o  comply w i th  d r i n k i n g  w a te r  s t a n d a r d s .  C o n g ress  h as  
r e sp o n d e d  t o  t h i s  c o n c e rn  by a l lo w in g  s t a t e s  t o  g r a n t  c a s e -  
b y - c a s e  e x t e n s i o n s  o f  up t o  t h r e e  y e a r s  t o  meet i n t e r i m  
p r im a ry  s t a n d a r d s .  EPA h as  e s t i m a t e d  t h a t  n e a r l y  14 ,000  
community w a te r  sy s te m s  would have b een  u n a b le  t o  m eet t h e  
J a n u a r y  1 ,  d e a d l i n e  f o r  co m p lia n c e  c o n ta in e d  i n  t h e  o r i g i n a l  
S a fe  D r in k in g  W ater Act b e c a u s e  o f  in a d e q u a te  l e a d  t im e  o r  
l a c k  o f  money.

T h ere  a r e  some, o f  c o u r s e ,  who f e e l  t h e  C o n g ress  s h o u ld  
e s t a b l i s h  a N a t io n a l  W ater U t i l i t i e s  Bank t o  h e lp  e s t a b l i s h  
a f i n a n c e  f a c i l i t i e s .  T h a t  i s  u n l i k e l y  t o  happen  f o r  some 
t im e .

HOW WELL THE FEDERAL-STATE IMPLEMENTATION PROCESS IS  WORKING

The S a fe  D r in k in g  W ater Act e n v i s i o n s  a scheme i n  w hich  
s t a t e s  assume d a y - t o - d a y  r e s p o n s i b i l i t y  f o r  e n f o r c i n g  
n a t i o n a l  r e q u i r e m e n ts  and f o r  a s s u r i n g  s a f e  and a d e q u a te  
s u p p l i e s  o f  d r i n k i n g  w a t e r .  B u t ,  o f f i c i a l s  i n  a t  l e a s t  one 
s t a t e  —  Iowa — have d e c id e d  t h a t ,  b e c a u s e  o f  red u ced  
f e d e r a l  s u p p o r t ,  t h e  s t a t e  no lo n g e r  can  a f f o r d  t o  c o n t i n u e  
t h e  p r im a ry  e n fo rc e m e n t  a u t h o r i t y  f o r  t h e  d r i n k i n g  w a te r  
p ro g ram . W hile  no o t h e r  s t a t e  h a s  s h i f t e d  r e s p o n s i b i l i t y  
f o r  d r i n k i n g  w a te r  p rog ram s t o  t h e  EPA, o f f i c i a l s  i n  
s e v e r a l  o t h e r  s t a t e s  have d i s c u s s e d  t h a t  p o s s i b i l i t y .  A 
r e c e n t  s t u d y  by t h e  G e n e ra l  A cco u n t in g  O f f i c e  r e p o r t e d  
w id e s p re a d  non co m p lian ce  by l o c a l  w a te r  s y s te m s ,  w i th  
f e d e r a l  d r i n k i n g  w a te r  s t a n d a r d s .  The c o n s e n s u s  i s  t h a t  
t h i s  f i n d i n g  r e f l e c t s  i n s u f f i c i e n t  r e s o u r c e s  a t  t h e  s t a t e  
and l o c a l  l e v e l s  and in a d e q u a te  g u id a n c e  from t h e  f e d e r a l  
l e v e l .  A l l  o f  t h e s e  q u e s t i o n s  a r e  to u g h  o n e s ,  b u t  none i s  
new.

As f a t e  p u l l s  a l l  o f  us d e e p e r  i n t o  t h e  web o f  m ounting  
e n v i r o n m e n ta l  p ro b le m s ,  I  c a n n o t  h e lp  b u t  a sk  w h e th e r  many 
o f  o u r  p r e s e n t  p ro b lem s  h a v e n ' t  been  i n t e n s i f i e d  b e c a u s e  we
re sp o n d e d  w i th  e a s y  an sw ers  and in c o m p le te  s o l u t i o n s  i n  t h e  
p a s t .  The e a s y  answ er makes t o d a y ' s  l i f e  more c o m f o r t a b l e  -  
- b u t  i t  r e a p s  b i t t e r  f r u i t  i n  t h e  f u t u r e .  We have h a r v e s t e d  
o u r  f o r e s t s  n o t  j u s t  once  o r  t w i c e ,  b u t  i n  some r e g i o n s  a s
many a s  f i v e  t i m e s .  We have e x h a u s te d  many m in e r a l  
s u p p l i e s .  We have c o n ta m in a te d  much o f  o u r  s u r f a c e  w a te r  
and a i r .
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But o u r  g ro u n d w a te r s  rem ain  r e l a t i v e l y  u n to u c h e d .  
G roundw ate rs  a r e  d e l i v e r e d  i n t o  o u r  hands i n  a v i r t u a l l y  
v i r g i n a l  s t a t e .  They a r e  c l e a n e r  th a n  o u r  most 
s o p h i s t i c a t e d  human t e c h n o l o g i e s  can  make them . They a r e  
a b s o l u t e l y  f r e e .  We pay  n o t  a s i n g l e  c e n t  f o r  t h i s  v a s t  
s u p p ly  o f  p u re  w a t e r .

But i n  t h e  p a s t ,  c l e a n  a i r  and w a te r  have been  so  
ab u n d a n t  t h a t  t h e y  have n o t  b een  t r e a t e d  l i k e  t h e  f i n i t e  
n a t u r a l  r e s o u r c e s  t h e y  a r e .  We now know t h a t  even  th o u g h  
o u r  f o r e s t s  a r e  r e n e w a b le ,  we must p l a n t  a s e e d l i n g  f o r
e v e ry  t r e e  t h a t  i s  f e l l e d .

The same h o ld s  t r u e  f o r  d r i n k i n g  w a t e r .  Our f u t u r e  and 
o u r  c h i l d r e n ' s  f u t u r e  d ep en d s  on m a i n t a i n i n g  a  u s a b l e
n a t u r a l  r e s o u r c e .  T h a t  means a r e s o u r c e  t h a t  i s  s a f e .  Not 
p r o b a b ly  s a f e ,  b u t  c e r t a i n l y  s a f e .

We made a m is ta k e  w i th  o u r  s u r f a c e  w a t e r s ,  and we made 
a m is ta k e  w i th  o u r  a i r .  I t  i s  c o s t i n g  us  b i l l i o n s  upon 
b i l l i o n s  o f  d o l l a r s  t o  s e t  t h o s e  m i s t a k e s  r i g h t .

We c a n n o t  a f f o r d  t o  make t h e  same m is ta k e  w i t h  o u r  
g r o u n d w a te r .
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CHAPTER 20

CONFERENCE SUMMATION

Timothy L. Harker, Esquire
Kadison, Pfaelzer, Woodard, Quinn & Rossi 
2000 Pennsylvania Avenue, N. W.
Washington, DC 20006

The s e a r c h  f o r  a b s o l u t e  an sw ers  t o  d r i n k i n g  w a te r  
c o n ta m in a t io n  p ro b lem s  has p ro d u ced  r e l i a n c e  on m a th e m a t ic a l  
m odels t h a t  p ro d u c e  q u e s t i o n a b l e  r i s k  a s s e s s m e n t  d a t a  t h a t  
i s  t a k e n  a s  g o s p e l  by th e  p r e s s ,  t h e  p u b l i c ,  and p e r h a p s  by 
governm ent (even  on o c c a s io n  by C o n g ress  p l a y i n g  t o  t h e  
p u b l i c ) . I f  I h e a r  t h e  s u g g e s t i o n  c o r r e c t l y ,  t h e r e  i s  a 
v i c i o u s  c y c l e  o f  q u e s t i o n a b l e  d a t a  t h a t  g e n e r a t e s  p u b l i c  
p r e s s u r e  f o r  more r e g u l a t i o n  w h ich ,  i n  t u r n ,  g e n e r a t e s  an 
i n c r e a s e d  need  t o  r e l y  on more q u e s t i o n a b l e  d a t a .  P e rh a p s  
t h e r e  i s  a r e s e a r c h  need h e re  t o  improve t h e  r i s k  a s s e s s m e n t  
c a p a b i l i t y  o r ,  on t h e  o t h e r  han d ,  t o  e d u c a t e  t h e  p r e s s  and 
t h e  p u b l i c  so as  to  a l lo w  r e g u l a t o r s  t o  e s c a p e  from t h i s  
v i c i o u s  c i r c l e .

I h e a rd  f o r  t h e  f i r s t  t im e  in  D r. C o t r u v o 's  rem arks  
t h a t  (a) w i th  t h e  e x c e p t i o n  o f  t h e  b y - p r o d u c t s  o f  
d i s i n f e c t i o n ,  d r i n k i n g  w a te r  n o rm a l ly  i s  a m inor c o n t r i b u t o r  
t o  human e x p o s u re  t o  o r g a n i c  c o n ta m in a n t s ;  (b) i t  i s  
u n l i k e l y  t h a t  d r i n k i n g  w a te r  w i l l  p ro v e  t o  be a m a jo r  c a u s e  
o f  c a n c e r  i n  t h e  U n i te d  S t a t e s ;  and (c) p r o b a b ly  o t h e r
i l l n e s s e s  such  a s  c a r d i o v a s c u l a r  d i s e a s e  may p ro v e  t o  be 
more s i g n i f i c a n t  c o n se q u e n c e s  o f  c h e m ic a l s  i n  d r i n k i n g  
w a t e r .

I t  seems to  me t h e r e  a r e  two r e g u l a t o r y  i m p l i c a t i o n s  o f  
t h a t  s u g g e s t i o n :

1) Much governm ent t o x i c o l o g y  r e s e a r c h  on 
c a r c in o g e n s  th r o u g h  t h e  N a t io n a l  C ancer  I n s t i t u t e  and 
o t h e r  i n s t i t u t i o n s  may be o f  g r e a t  s i g n i f i c a n c e  f o r
o c c u p a t i o n a l  e x p o s u r e ,  b u t  n o t  a l l  t h a t  s i g n i ­
f i c a n t  f o r  d r i n k i n g  w a te r  p ro g ra m s .  The q u e s t i o n  th e n  
i s  w h e th e r  t h e  n e c e s s a r y  n o n c a r c in o g e n ic  t o x i c o l o g y  
r e s e a r c h  i s  a d e q u a te ly  s u p p o r te d  by t h e  f e d e r a l  
g o v e rn m e n t .

263
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2) Much o f  t h e  p u b l i c  s u p p o r t  f o r  t h e  S a fe
D r in k in g  W ater A ct i s  o u t  o f  c o n c e rn  f o r  c a n c e r  
( " c a r c i n o p h o b i a " ) . I f  t h a t  i s  s o ,  and i f  t h e  c h l o r i n e  
b y - p r o d u c t s  p ro b lem  u l t i m a t e l y  i s  r e s o l v e d ,  w i l l  t h e  
c u r r e n t  need  f o r  a s t r o n g  r e g u l a t o r y  p rogram  i n  t h e  
s a f e  d r i n k i n g  w a te r  a r e a  d im in i s h  w i th  r e s p e c t  t o  
c h e m ic a l  c o n ta m in a n t s ?

The " m ix tu re s "  c o n t r o v e r s y  w i th  r e s p e c t  t o  an im a l  
t e s t i n g  was fram ed a s  a r e g u l a t o r y  conundrum, i . e . ,  a 
c o n f l i c t  be tw een  t h e  r e a l i t y  o f  e x p o su re  t o  c h e m ic a ls  in  
d r i n k i n g  w a te r  ( i n  a m i x t u r e ) and t h e  " s i n g l e - c h e m i c a l "  
f o c u s  o f  e n v i r o n m e n ta l  l a w s .  Mr. Manwarin g  a l s o  to u c h e d  on 
t h i s  i s s u e  when he r h e t o r i c a l l y  a sk ed  where t h e  e q u i t i e s  l i e  
b e tw een  r e q u i r i n g  t h e  dow nstream  u s e r  o r  t h e  u p s t re a m  
c o n ta m in a to r  o f  t h e  w a te r  s u p p ly  t o  pay  t o  c l e a n  i t  up . D r.  
C o tru v o  a l s o  s u g g e s t e d ,  a s  m e n t io n e d ,  t h a t  t h e  c a n c e r  t h r e a t  
p o sed  by o r g a n i c  c o n ta m in a t io n  i n  d r i n k i n g  w a t e r ,  e x c e p t  f o r  
t h e  b y - p r o d u c t s  o f  d i s i n f e c t i o n ,  may n o t  be a n a t i o n a l  
h a z a r d .

I t  seems t o  me t h a t  t h e r e  a r e  t h e  f o l lo w in g  e le m e n ts  o f  
r e a l  v a lu e  f o r  r e g u l a t o r y  p o l i c y  in  e a c h  o f  t h e s e  comments.

1) W ith  r e s p e c t  t o  t h e  S up erfu n d  i s s u e  o f  r i s k s
from  h a z a rd o u s  w a s te  d i s p o s a l  s i t e s  — i f  t h e r e  i s  a 
n a t i o n a l  p u b l i c  h e a l t h  p rob lem  r e l a t e d  t o  abandoned 
s i t e s ,  i s  i t  t h r o u g h  t h e  d r i n k i n g  w a te r  r o u te ?  Y e t ,  
t h i s  a l l e g e d  h e a l t h  p rob lem  may n o t  be o f  n a t i o n a l  
p r o p o r t i o n s  (g iv e n  t h e  s u g g e s t i o n  r e g a r d in g  o r g a n i c  
c o n ta m in a n t s  i n  d r i n k i n g  w a t e r ) .

2) F or  p u r p o s e s  o f  t h e  S a fe  D r in k in g  W ater A c t ,
r e q u i r i n g  t r e a t m e n t  t e c h n i q u e s  i s  t h e  o n ly  sa n e  way t o  
d e a l  w i th  t h e  p l e t h o r a  o f  o r g a n i c s  and t h e  s u b s t a n t i a l  
number o f  i n o r g a n i c s .  T h is  i s  e s p e c i a l l y  so  when we 
d o n ' t  know much a b o u t  t h e  t o x i c o l o g i c a l  e f f e c t s  o f  
most o f  t h e s e  c o n ta m in a n t s .  In  a s e n s e ,  t h e  S a fe  
D r in k in g  W ater A c t ,  w i th  i t s  p r e o c c u p a t i o n  w i th  s i n g l e  
compound MCLs, has  s to o d  r e g u l a t o r y  wisdom on i t s  
h e a d ,  i . e . ,  i t  i s  b e t t e r  t o  r e g u l a t e  g e n e r i c a l l y  whole 
c a t e g o r i e s  o f  compounds t h a t  a r e  r e c e p t i v e  t o  one k in d  
o f  t r e a t m e n t  t e c h n o lo g y  by r e q u i r i n g  t h a t  t e c h n o lo g y ,
r a t h e r  th a n  w o r ry in g  ab o u t  d e v e lo p in g  t h e  t o x i c o l o g y  
and r i s k  a s s e s s m e n t  i n f o r m a t i o n  n e c e s s a r y  t o  demon­
s t r a t e  t h a t  e a c h  i n d i v i d u a l  compound i s  b a d .  T h is  i s  
e s p e c i a l l y  so  i f  we know, a s  we do a l r e a d y ,  t h a t  some 
o r g a n i c  compounds a r e  h a rm fu l  t o  h e a l t h .  U n l ik e  t h e
S a fe  D r in k in g  W ater A c t ,  t h e  C lean  W ater A ct w i th  i t s
p r i o r i t y  p o l l u t a n t s / t e c h n o l o g y - b a s e d  a p p ro a c h  to  
s t a n d a r d s  a p p e a r s  t o  t a k e  t h e  more i n t e l l i g e n t  
a p p ro a c h .

3) T h is  r a i s e s  Mr. M anw aring 's  p o i n t s  i n  t h e
r e a l  w o r ld ,  i s  i t  f a i r  t o  a l lo w  a d i s c h a r g e r  u n d e r  t h e  
C lean  W ater A ct t o  meet t e c h n o lo g y - b a s e d  s t a n d a r d s
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w hich a l lo w  a d i s c h a r g e  and th e n  t u r n  a ro u n d  and r e ­
q u i r e  t h e  dow nstream  u s e r  o f  t h a t  w a te r  s u p p ly  to  
t r e a t  t h e  c o n ta m in a n t s  i n  t h e  w a te r  b a se d  on a r i s k  
a s s e s s m e n t  a p p ro a c h ?  My p r i n c i p a l  t h o u g h t  i s  t h a t  
i n  t h e  r e a l  w o r ld ,  t h i s  i s  s im p ly  a f a c t  o f  l i f e .  
W ith o u t  z e ro  d i s c h a r g e  t h e r e  i s  no way c u r r e n t l y  t o  
p r e c l u d e  d i s c h a r g e s  o f  c o n ta m in a n t s  t o  t h e  w a te rw ays  
o f  t h e  c o u n t r y  by i n d u s t r y .  I t  i s  a r g u a b ly  b e t t e r
s im p ly  t o  r e q u i r e  t e c h n o lo g y - b a s e d  s t a n d a r d s  f o r  t h e  
c le a n u p  o f  a l l  d r i n k i n g  w a te r s  d e r i v e d  from  s u r f a c e  
w a te r s  and g ro u n d w a te r  s o u r c e s  t h a t  c o n t a i n  o r g a n i c  
and i n o r g a n i c  compounds. I  s h o u ld  p o i n t  o u t  t h a t  t h e  
r e c e n t  b i l l  i n t r o d u c e d  by Congressm an E c k e r t ,  H.R.
3200 , would how ever ,  a c c o m p l is h  c e r t a i n  o f  t h e  s m a l l  
sy s te m  c o m p l ia n c e  i s s u e s  r a i s e d  by Mr. M anwaring.

On t h e  s u b j e c t  o f  s m a l l  sy s te m s  c o m p l ia n c e ,  t h e  two 
u m b r e l l a  i s s u e s  a r e :  1 ) r i s k  a s s e s m e n t ,  s t i l l  a t  a l e v e l  
o f  r e l i a b i l i t y  j u s t  beyond t h a t  o f  voodoo m ag ic ,  a s  a b a s i s
f o r  a d o p t in g  MCLs t h a t  a r e  to o  c o s t l y  f o r  s m a l l  s y s t e m s ,  and
2 ) t h e  c h r o n i c  i n a b i l i t y  o f  s m a l l  sy tem s t o  com ply , w i th  
t h e  p u b l i c  h e a l t h  r i s k  a t t e n d a n t  on t h a t  f a c t .

I  am p l e a s e d  t o  s e e  EPA c o n s i d e r a t i o n s  o f  a d d i t i o n a l  
f l e x i b i l i t y  i n  im p lem en tin g  t h e  S a fe  D r in k in g  W ater A c t ,  
e s p e c i a l l y  t h e  em p h as is  on a l t e r n a t i v e  s o u r c e s .  However, I 
q u e s t i o n  w h e th e r  d e te r m in in g  t h e  a v a i l a b i l i t y  o f  t e c h n o lo g y  
on a s i t e - s p e c i f i c  b a s i s  i s  " a p p r o p r i a t e "  w i t h i n  t h e  sco p e  
o f  t h e  S a fe  D r in k in g  W ater A c t .  C l e a r l y ,  u s in g  t h e  C lean
W ater  A ct a s  a p r e c e d e n t ,  t h a t  k in d  o f  c a s e - b y - c a s e  a n a l y s i s  
would n o t  be a l lo w e d  un d e r  t h e  gam b it  o f  B e s t  A v a i l a b l e  
T ech n o lo g y .  In  any e v e n t ,  t h i s  t h i n k i n g  r e f l e c t s  EPA's 
r e c o g n i t i o n  o f  a p ro b lem  t h a t  C o n g ress  p e r h a p s  has  d e c l i n e d  
t o  d e a l  w i t h .  EPA's a t t e m p t ,  a d m i n i s t r a t i v e l y ,  t o  p r o v i d e  
some r e l i e f  s h o u ld  be a p p la u d e d .

Ihave a q u e s t i o n a s t o w h e th e r t h e r e i s n o t 
s i g n i f i c a n t v a l u e t o be s e r v e d i n r e q u i r i n g m an d a to ry 
a l t e r n a t i v e s t o c e n t r a l i z e d t r e a t m e n t d u r i n g p e r i o d s o f 
n o n c o m p l ia n c e . R ec o g n iz in g t h a t t h e r e w i l l be more 
f l e x i b i l i t y t a k e n i n t h e a d m i n i s t r a t i o n o f t h e S a fe D r in k in g 
W ater A ct w i t h r e s p e c t t o s m a l l sy s te m c o m p l ia n c e ( i . e . , 
t a k e econom ics i n t o a c c o u n t on a s y s t e m - b y - s y s t e m b a s i s , 
u l t i m a t e l y demanding co m p l ian ce ) t h i s may be n e c e s s a r y in 
o r d e r  t o  p r o t e c t  t h e  p u b l i c  f u l l y  d u r in g  t h e  p e r i o d  o f
n o n c o m p l ia n c e .

W ith  r e s p e c t  t o  t h e  s u g g e s te d  p u b l i c  n o t i f i c a t i o n  
m o d i f i c a t i o n ,  I  f a v o r  a n o t i f i c a t i o n  r e q u i r e m e n t  o n ly  f o r  
v i o l a t i o n s  o f  h e a l t h - r e l a t e d  m o n i t o r i n g ,  t r e a t m e n t ,  o r  MCL 
s t a n d a r d s .  C e r t a i n l y  I  b e l i e v e  t h a t  t h e  n o t i f i c a t i o n  s h o u ld  
be i n  a n o n a la rm in g  f a s h i o n .  But I  b e l i e v e  t h a t ,  a s  an 
e n fo rc e m e n t  m a t t e r ,  t h e r e  i s  c u r r e n t l y  to o  l i t t l e  a t t e n t i o n  
p a id  t o  f a i l u r e  t o  comply w i th  p u b l i c  n o t i f i c a t i o n  
r e q u i r e m e n t s  by s m a l l  sy s te m s  i n  c i r c u m s t a n c e s  t h a t  would 
meet my d e f i n i t i o n  o f  when a n o t i f i c a t i o n  s h o u ld  be g i v e n .

The WHO G u i d e l i n e s  f o r  d r i n k i n g  w a te r  q u a l i t y  r e c o g n iz e  
t h a t  t r e a t m e n t  t e c h n o lo g y  t h a t  i s  f e a s i b l e  i n  advanced
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c o u n t r i e s  may be i m p r a c t i c a l  i n  d e v e lo p in g  c o u n t r i e s  and 
t h a t  r u r a l  a r e a s  may r e q u i r e  d i f f e r e n t  c o n s i d e r a t i o n s  from 
l a r g e  m e t r o p o l i t a n  a r e a s .  T h is  r e f e r e n c e  u n d o u b te d ly  i s  t o  
t h e  q u e s t i o n  o f  m i c r o b i o l o g i c a l  c o n t r o l  a s  a p r i o r i t y ,  
v e r s u s  p l a c i n g  o r g a n i c s  on t h e  back b u r n e r  o f  r e g u l a t i o n .
But t h e  l o g i c  would seem t o  a p p ly  i n  t h i s  c o u n t r y  w i th  
r e s p e c t  t o  t h e  c u r r e n t  s i t u a t i o n  o f  n o n com pliance  on t h e  
p a r t  o f  s m a l l  sy s te m s  ( i . e . ,  r a t h e r  t h a n  t o l e r a t i n g  
c o n t in u e d  s m a l l  sy s te m  v i o l a t i o n s  o f  c u r r e n t  s t a n d a r d s  i t  
would be b e t t e r  t o  m anda te ,  i n  t h e  s h o r t  ru n ,  a l t e r n a t i v e s  
t o  u p g ra d in g  c e n t r a l i z e d  t r e a t m e n t ,  p e n d in g  p ro lo n g e d  
w r e s t l i n g  w i th  t h e  q u e s t i o n  o f  t h e  economic f e a s i b i l i t y  o f  
c a p i t a l  im p ro v e m e n ts ) .

The s u g g e s t i o n  t h a t  t h e r e  i s  a h ig h e r  con su m p tio n  o f  
d r i n k i n g  w a te r  p e r  k i lo g ra m  o f  body w e ig h t  i n  c h i l d r e n  f i v e  
y e a r s  and u n d e r ,  c o n s id e r e d  t o g e t h e r  w i th  t h e  s e n s i t i v i t y  o f  
c h i l d r e n  t o  l e a d  and n i t r a t e s  i s ,  i n  my ju d g em en t ,  a. 
h i g h l y  s i g n i f i c a n t  comment by D r. Hickman. I t  s u g g e s t s  a 
need f o r  s p e c i a l  r e g u l a t o r y  a t t e n t i o n  t o  sy s te m s  i n  t h i s  
c o u n t r y  t h a t  a l r e a d y  a r e  on t h e  m arg in  o r  i n  v i o l a t i o n  o f  
l e a d  o r  n i t r a t e  s t a n d a r d s .  I t  s u g g e s t s ,  a l s o  t h a t  t h e  l e a d  
and n i t r a t e  MCLs may be to o  low .

The d i s c u s s i o n  by D r. R ice  on European  b o t t l e d  w a te r  i s  
t r u l y  a f i r s t  i n  t h i s  c o u n t r y ,  i f  n o t  w o r ld w id e .  I t  i s  o f  
h i s t o r i c a l / c u l t u r a l / s o c i o l o g i c a l  i n t e r e s t  t o  r e f l e c t  on t h e  
d i f f e r e n c e s  i n  t h e  U .S. and European  b o t t l e d  w a te r  
i n d u s t r i e s .

I f  I  h e a r  D r. R ice  c o r r e c t l y ,  t h e  b o t t l e d  w a te r  
i n d u s t r y  i n  Europe d e v e lo p e d  n o t  a s  an a l t e r n a t i v e  t o  t a p  
w a t e r ,  b u t  o u t  o f  h e a l t h  o r  t h e r a p e u t i c  c o n c e r n s ,  and t h e r e  
i s  a r e c e n t  r e s t r i c t i o n  o f  t h a t  a s p e c t ,  a t  l e a s t  i n  t h e  form  
o f  t h e  EEC r e g u l a t i o n s  r e s t r i c t i n g  h e a l t h  c l a im s  f o r  m in e r a l
w a t e r s .

In  t h e  U n i te d  S t a t e s  (p e r  D r.  H u t to n ) ,  t h e  h i s t o r i c a l  
d ev e lo p m en t  o f  t h e  b o t t l e d  w a te r  i n d u s t r y  i s  t h e  r e v e r s e ,
i . e . ,  t h e  i n d u s t r y  i n i t i a l l y  was founded  on c o n c e rn s  o f  t h e  
consum er w i th  t a s t e  o f  t a p  w a t e r s ,  and i t  has  grown more 
r e c e n t l y  t o  i n c l u d e  t h e  c o n c e rn s  w i th  h e a l t h  c o n s i d e r a t i o n s ,
i . e . ,  h e a l t h  c o n c e rn  o v e r  what i s  i n  t a p  w a te r  a s  opposed  to  
h e a l t h  c o n c e rn  f o r  what t h e  c o n s t i t u e n t s  o f  t h e  b o t t l e d  
w a te r  can  do f o r  o n e .

I t  i s  i n t e r e s t i n g  t o  n o te  t h e  European  r e q u i r e m e n t  t o  
s t a t e  t h e  a n a l y t i c a l  c o m p o s i t io n  on t h e  l a b e l  o f  t h e  m in e r a l  
w a te r  p r o d u c t  v e r s u s  t h e  U .S. FDA e n fo rc e m e n t  p o l i c y  a g a i n s t  
l i s t i n g  o f  compounds on t h e  l a b e l  u n l e s s  i t  i s  i n  co m p l ia n c e  
w i th  t h e  n u t r i t i o n a l  l a b e l i n g  s t a n d a r d s .  I n  my ju d g e m e n t ,  
i t  would be v e ry  h e l p f u l  t o  l i s t  t h e  compounds on t h e  l a b e l  
o f  t h e  b o t t l e d  w a te r  p r o d u c t  w i th o u t  h a v in g  t o  s u g g e s t  t h a t
t h i s  somehow o r  o t h e r  c o n s t i t u t e s  a n u t r i t i o n a l  c l a im .  The 
consum er h e r e  has  t h e  p r i o r i t y  i n t e r e s t .

D r.  C o truvo  r e f e r r e d  t o  d r i n k i n g  w a te r  a s  a c o n t r i b u t o r  
o f  b o th  r i s k  and o f  p o t e n t i a l l y  v a l u a b l e  t r a c e  e l e m e n t s .
The l a t t e r  a s p e c t  a s  h i g h l i g h t e d ,  I  b e l i e v e ,  i n  D r.  R i c e ' s  
p a p e r  on t h e  E uropean  b o t t l e d  w a te r  i n d u s t r y  i s  d e s e r v i n g  o f  
more a t t e n t i o n  i n  t h i s  c o u n t r y .
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b i o l o g i c a l  a c t i v a t e d  c a r b o n  
1 3 4 , 1 3 9

b i o l o g i c a l  c o n t a m i n a n t s  190  
b i o l o g i c a l  p r o c e s s i n g ,  w i t h  

o z o n e  133
b i s m u t h  182 
b o r o n  182
b o t t l e d  m i n e r a l  w a t e r  64 
b o t t l e d  w a t e r  3 3 - 4 1 , 6 3 , 6 4 ,  

2 0 2 , 2 0 9 , 2 1 2 - 2 2 0 ,
266

b o t t l e d  w a t e r  i n d u s t r y ,
E u r o p e a n  2 2 3 - 2 5 4 , 2 6 6  

b r e a k p o i n t  c h l o r i n a t i o n  8 9 ,  
9 0 , 1 1 1 , 1 3 8 - 1 4 0 , 1 4 4 , 1 4 5 ,
156

b r o m i d e  9 6 , 9 7 , 9 8  
b r o m o b e n z e n e  4 , 1 8 8  
b r o m o d i c h l o r o m e t h a n e  9 5 , 9 7 ,

1 1 2 , 1 7 7 , 1 8 0  
b r o m o f o r m  4 9 , 9 6 , 9 7 , 1 7 7 , 1 8 0  
B u t a c h l o r  191
b y - p r o d u c t s ,  o f  c h l o r i n a t i o n

1 0 3 . 1 0 5 . 2 6 4  
b y - 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  105  
b y - p r o d u c t s ,  o f  d i s i n f e c t a n t s

1 0 9 , 1 1 0 , 1 8 6 , 1 9 2 , 1 9 3 , 2 9 4 ,
2 6 3 . 2 6 4  

b y - p r o d u c t s ,  o f  o x i d a t i o n
9 8 , 9 9 , 1 0 1 , 1 2 5

c a d i u m  2 , 6 , 1 2 , 1 4 , 3 9 , 4 0 , 5 0 - 5 2 ,  
6 5 , 7 2 , 7 8 , 1 6 3 , 1 8 2 , 1 9 0 , 2 1 2 ,  
252

c a l c i u m  1 0 - 1 2 , 7 6 , 1 3 3 , 1 8 2 ,  
2 2 5 , 2 3 5 , 2 4 7  

c a l c i u m  b i c a r b o n a t e  23 4  
c a n c e r  2 , 5 - 7 , 1 4 , 2 1 2 , 2 6 3 ,

264
c a n c e r ,  b l a d d e r  11 
c a n c e r ,  c o l o n  11 
c a n c e r ,  i n i t i a t o r s  6 
c a n c e r ,  m o r t a l i t y  r a t e s  17 
c a n c e r ,  p r o m o t e r s  6 
c a n c e r ,  r a d i a t i o n - i n d u c e d  4 
c a n c e r ,  r e c t a l  11 
c a n c e r  r i s k  1 4 , 1 7 , 2 6 4  
C a r b o f u r a n  191

c a r b o n  t e t r a c h l o r i d e  3 ,  1 2 ,  
2 4 , 2 5 , 4 7 - 5 0 , 6 8 , 7 3 , 1 6 4 ,
1 6 5 , 1 8 0 , 1 8 7 , 1 8 8  

c a r c i n o g e n i c i t y  66 
c a r c i n o g e n i c  p o t e n c y  7 
c a r c i n o g e n i c  p r o m o t e r s  15 
c a r c i n o g e n i c  r i s k  a s s e s s m e n t  

205
c a r c i n o g e n s  1 5 , 1 7 , 2 0 5 , 2 6 3  
c a r c i n o g e n s ,  p u t a t i v e  6 , 7  
c a r c i n o g e n s ,  s u s p e c t  15 
c a r c i n o p h o b i a  264  
c a r d i o v a s c u l a r  d i s e a s e  1 , 1 0 ,

263
c h e m i c a l s ,  c a r c i n o g e n i c  6 
c h e m i c a l s ,  m u t a g e n i c  6 
c h e m i c a l  w a r f a r e  a g e n t s  25 7  
c h l o r a m i n e ,  d i -  8 8 , 9 1 - 9 3  
c h l o r o m i n e ,  mo no -  8 8 , 9 1 - 9 3 .

1 2 5 , 1 3 5
c h l o r a m i n e s  1 2 , 8 7 , 8 8 , 9 3 , 9 8 ,  

9 9 , 1 0 1 , 1 0 2 , 1 0 5 , 1 0 6 , 1 3 1 ,
1 5 5 . 1 9 3

c h l o r a t e  1 4 , 8 9 , 1 0 5 , 1 0 6  
C h l o r d a n e  3 , 4 9 , 1 9 1  
c h l o r i d e  1 1 , 1 2 , 3 9 , 5 0 , 1 0 3 ,  

1 0 6 , 1 5 1 , 2 4 7 , 2 5 1 , 2 5 2 , 2 5 8  
c h l o r i n a t e d  o r g a n i c s  1 2 , 1 3 8  
c h l o r i n a t e d  w a t e r  35 
c h l o r i n a t i n g  a g e n t  127  
c h l o r i n a t i o n  1 6 , 9 5 , 9 6 , 9 8 ,

1 0 1 , 1 0 9 , 1 1 1 - 1 1 6 , 1 1 8 , 1 3 9 ,
1 4 2 . 1 4 7 . 1 8 5 ,
193

c h l o r i n a t i o n ,  c o m b i n e d  r e s i ­
d u a l  95 

c h l o r i n a t i o n ,  f r e e  r e s i d u a l
95

c h l o r i n e  1 3 , 2 2 , 8 7 , 8 9 , 9 0 , 9 3 ,
96 , l O O - 1 0 3  , 1 0 6 , 110  , 1 1 3  ,
1 1 5 , 1 1 6 , 1 2 5  ,  1 2 7 , 1 2 8 , 1 3 0 ,  
1 3 4 - 1 3 6 , 1 3 8 , 1 4 0 , 1 4 2 , 1 4 8 ,
1 5 1 . 1 5 3 . 1 5 5 . 1 5 6 . 1 8 4 . 1 8 5 ,
1 9 2 , 2 2 3

c h l o r i n e ,  c o s t s  1 4 9 , 1 5 0  
c h l o r i n e ,  c o m b i n e d  8 8 , 9 1 , 9 9 ,  

142
c h l o r i n e  d i o x i d e  1 3 , 8 7 - 8 9

9 1 , 9 2 , 9 4 , 9 5 , 9 8 , 9 9 , 1 0 1 , 1 0 2 ,  
1 0 5 , 1 0 6 , 1 2 5 , 1 2 9 , 1 3 5 , 1 4 9 ,
1 5 1 . 1 5 3 . 1 5 5 . 1 9 2 . 1 9 3  

c h l o r i n e ,  d o s e / r e s i d u a l  96 
c h l o r i n e ,  f r e e  8 7 - 8 9 , 9 1 , 9 5 ,

9 7 - 9 9 , 1 0 3 , 1 3 1
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c h l o r i n e ,  o r g a n i c  1 1 0 , 1 4 0  
c h l o r i n e ,  r e s i d u a l  1 1 3 , 1 2 3 ,

1 3 1 , 1 3 7 , 1 4 1 - 1 4 3  
c h l o r i t e  1 4 , 8 9 , 1 0 5 , 1 0 6  
c h l o r o a c e t i c  a c i d  112  
c h l o r o a l k a n e s  206  
c h l o r o a l k e n e s  206  
c h l o r o b e n z e n e  1 6 4 , 1 6 5  
c h l o r o b e n z e n e s  3 , 1 8 7 , 2 0 6  
c h l o r o d i b r o m o m e t h a n e  9 5 - 9 7 ,

1 7 7 , 1 8 0  
1 - c h l o r o d o d e c a n e  103  
c h l o r o f o r m  1 , 3 , 1 3 , 1 6 , 4 7 , 4 8 ,  

4 9 , 6 8 , 9 5 - 9 7 , 1 0 0 , 1 0 2 , 1 0 9 -  
1 1 9 , 1 7 7 , 1 8 0 , 2 0 6  

c h l o r o f o r m  p r e c u r s o r s  111  
c h l o r o m a l e i c  a c i d  112  
o - c h l o r o p h e n o l  99
p - c h l o r o p h e n o l  99  
c h l o r o p h e n o l s  3 , 1 2 , 9 8 , 9 9 , 2 0 6  
c h l o r o s u c c i n i c  a c i d  112 
o - c h l o r o t o l u e n e  4
c h o l e r a  194
c h r o m i u m  3 9 , 5 0 , 5 2 , 6 5 , 7 2 , 1 6 3 ,

1 8 2 . 1 9 0 . 2 5 2  
C l e a n  A i r  A c t  255
C l e a n  W a t e r  A c t  1 9 9 , 2 5 5 , 2 5 9 ,

2 6 4 , 2 6 5  
c o a g u l a n t s  23  
c o b a l t  182
c o l i f o r m  b a c t e r i a  6 4 , 1 6 3 , 1 8 6 ,  

1 9 0 , 1 9 1 , 2 0 9 , 2 1 1 , 2 4 5  
c o l o n y  c o u n t ,  r e v i v a b l e  245  
c o l o n y  c o u n t ,  t o t a l  24 5  
c o l o n y  c o u n t ,  v i a b l e  2 4 4 , 2 4 5 ,

2 4 9 . 2 5 0 . 2 5 3
C om m un i ty  W a t e r  S u p p l y  S u r v e y  

(CWSS) 164  
C o m p r e h e n s i v e ,  E n v i r o n m e n t a l  

R e s p o n s e ,  C o m p e n s a t i o n  
a n d  L i a b i l i t y  A c t  (CERCLA) 
- -  s e e  a l s o  S u p e r f u n d  A c t
1 9 8 , 2 1 9

c o p p e r  2 , 6 , 1 4 , 3 9 , 6 6 , 1 8 2 , 1 8 9 ,
1 9 0 , 2 5 1 , 2 5 2  

c o p p e r  s u l f a t e  22 
c o r r o s i o n  1 8 9 , 1 9 0 , 2 1 0  
c o r r o s i o n  c o n t r o l  212  
c o s t s ,  c h l o r i n e  1 4 9 , 1 5 0  
c o s t s ,  o z o n a t i o n  1 4 5 , 1 4 8 , 1 5 0 ,  

151

C o u n c i l  o f  t h e  E u r o p e a n
C o m m u n i t i e s ,  D i r e c t i v e  o f  
J u l y  1 5 ,  1 9 8 0  201  

c y a n a t e  131
c y a n i d e  2 , 1 2 , 1 3 1 , 1 9 0 , 2 0 6 , 2 5 2  
c y c l o h e x a n o n e  6 7 , 7 8  
c y s t s  56
c y s t s ,  p r o t o z o a n  54

2 . 4 - D  3 , 3 9 , 1 6 3 , 1 9 1 , 2 5 2  
DDT 3
D a l a p o n  191
d e c h l o r i n a t i o n ,  by  a c t i v a t e d

c a r b o n  1 3 8 , 1 3 9 , 2 5 0  
d e i o n i z a t i o n  36 
d e n t a l  c a r i e s  1 0 , 2 2 5 , 2 3 4  
d e t e r g e n t s  132  
d i b r o m o c h l o r o p r o p a n e  (DBCP)

4 0 , 1 6 4 , 1 8 8 , 1 8 9 , 1 9 1  
d i c h l o r o a c e t i c  a c i d  1 0 1 , 1 1 1 -  

113
1 , 2 , - d i c h l o r o b e n z e n e  4 , 1 6 5  
1 , 4 , - d i c h l o r o b e n z e n e  4 , 4 9 ,

1 6 4 . 1 6 5 . 1 8 8
1 . 1 - d i c h l o r o e t h a n e  1 8 8 , 1 9 1
1 . 2 - d i c h l o r o e t h a n e  3 , 1 7 , 7 3 ,

1 6 4 . 1 6 5 . 1 8 7 . 1 8 8
1 . 1 - d i c h l o r o e t h y l e n e  3 , 1 6 4 ,

1 6 5 . 1 8 7 . 1 8 8
1 . 2 - d i c h l o r o e t h y l e n e ( s ) 3 , 1 7 ,

1 6 4 . 1 6 5 . 1 8 8  
d i c h l o r o i o d o m e t h a n e  96 
d i c h l o r o f u m a r i c  a c i d  112  
d i c h l o r o m a l e i c  a c i d  112  
d i c h l o r o m a l o n i c  a c i d  112  
d i c h l o r o m e t h a n e  ( s e e  a l s o

m e t h y l e n e  c h l o r i d e ) ' 12
2 . 4 - d i c h l o r o p h e n o l  99  
d i c h l o r o p h e n o l s  151
1 . 2 - d i c h l o r o p r o p a n e  4 9 , 1 8 8 ,  

191
2 . 2 - d i c h l o r o p r o p a n o i c  a c i d  

112
3 . 3 - d i c h l o r o p r o p e n o i c  a c i d

112
2 , 2 - d i c h l o r o s u c c i n i c  a c i d  

1 1 2 , 1 1 3  
D i e l d r i n  3 , 2 5 7  
d i h a l o a c e t o n i t r i l e s  101  
N , N - d i m e t h y l f o r m a m i d e  6 7 , 7 8
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D i n o s e b  191
D i o x i n  (TCDD) 1 9 1 , 1 9 9
D i q u a t  191
d i s i n f e c t a n t ,  p r i m a r y  8 7 , 1 0 5  
d i s i n f e c t a n t ,  r e s i d u a l  98 
d i s i n f e c t a n t s  8 7 - 8 9 , 9 1 , 9 5 , 9 9 ,  

1 0 1 , 1 0 6 , 1 2 5 , 1 2 7  
d i s i n f e c t i o n  1 , 7 , 1 2 , 1 6 , 8 3 , 9 3 ,  

9 7 , 1 0 9 , 1 1 0 , 1 2 3 , 1 2 5 , 1 2 6 ,  
1 2 8 , 1 3 1 , 1 3 2 , 1 3 5 , 1 4 2 , 1 6 1 ,  
1 8 4 , 1 9 4 , 2 1 1 , 2 1 6 , 2 2 4 , 2 4 4 ,
2 5 0 , 2 5 3

d i s i n f e c t i o n  b y - p r o d u c t s  4 3 ,  
87

d i s i n f e c t i o n  e f f i c i e n c y  8 9 , 9 1
93

d i s i n f e c t i o n  p o w e r  9 5 , 1 0 5  
d i s i n f e c t i o n  r a t e  92 
d i s t i l l a t i o n  36 
d i u r e s i s  246  
d o w n h o l e  s e n s i n g  170  
D r i n k i n g  W a t e r  R e s e a r c h

F o u n d a t i o n  (DWRF) 20 9

e l e c t r o m a g n e t i c  i n d u c t i o n  170  
e l e c t r o m a g n e t i c  r e s i s t i v i t y

170
E m e r g e n c y  W a t e r  P l a n ,  U . S .

Army C o r p s  o f  E n g i n e e r s  
2 2 0

E m e r g e n c y  W a t e r  S u p p l y  P l a n ,  
D e p a r t m e n t  o f  I n t e r i o r
220

E n d o t h a l l  191  
E n d r i n  4 , 3 9 , 5 0 , 1 6 3 , 1 9 1 , 2 5 2  
e n v i r o n m e n t a l  c o n t a m i n a n t s  

184
e p i c h l o r o h y d r i n  191  
e p i d e m i o l o g i c a l  i n v e s t i g a t i o n s

5 - 7 , 1 1 , 1 4 , 1 7 , 2 3  
e p i d e m i o l o g y  7 
e p o x y  b y - p r o d u c t s  13 
e t h a n o l  16
e t h y l b e n z e n e  4 , 1 7 , 1 8 8 , 1 9 1  
e t h y l e n e  d i b r o m i d e  (EDB) 4 0 ,

1 6 4 , 1 8 9 , 1 9 1  
E u r o p e a n  E c o n o m i c  Comm un i t y  

(E E C ) ,  D i r e c t i v e  o f  J u l y  
1 5 , 1 9 8 0  2 0 1 , 2 0 6 , 2 4 2 , 2 4 3

F e d e r a l  F o o d ,  D r u g  a n d  
C o s m e t i c  A c t  63 

F e d e r a l  I n s e c t i c i d e ,
F u n g i c i d e ,  a n d  R o d e n t i -  
c i d e  A c t  6 3 , 1 9 9  

F e d e r a l  S u r f a c e  M i n i n g
C o n t r o l  a n d  R e c l a m a t i o n  
A c t  1 9 9 , 2 5 9  

F e d e r a l  W a t e r  P o l l u t i o n
C o n t r o l  A c t  220  

f e r t i l i z e r s  1 , 1 2 , 1 3  
f e r t i l i z e r s ,  n i t r o g e n  13 
f l u o r a n t h e n e  252 
f l u o r i d a t e d  w a t e r  3 6 , 3 7  
f l u o r i d a t i o n  1 0 , 2 3  
f l u o r i d e  2 , 9 - 1 2 , 2 2 , 2 7 , 3 3 , 3 5 ,

4 1 , 4 4 , 5 0 , 1 6 2 , 1 6 3 , 1 8 6 , 1 9 0 ,  
1 9 3 , 2 1 0 , 2 1 5 , 2 2 5 , 2 3 4 , 2 4 7 ,
251

f l u o r i n e  127  
f l u o r o s i s ,  c r i p p l i n g  10 
f l u o r o s i s ,  d e n t a l  10  
f l u o r o s i s ,  s k e l e t a l  2 , 1 0  
f o o d  p r o c e s s i n g  197  
f o r m a l d e h y d e  191  
F r e o n s  191
f u l v i c  a c i d ,  a q u a t i c  1 1 1 - 1 1 3 ,  

1 1 5 , 1 1 7  
f u l v i c  a c i d s  96

gamma l o g g i n g  170  
g a s o l i n e ,  u n l e a d e d  188  
g a s t r o i n t e s t i n a l  d i s t u r b a n c e s  

6
g e n e r a l l y  a v a i l a b l e  t r e a t m e n t  

t e c h n o l o g i e s  64  
g e o r e f e r e n c e d  d a t a  s e t s  169 
g e o s t a t i s t i c s  171  
g i a r d i a s i s  190 
G l y p h o s a t e  191  
Good M a n u f a c t u r i n g  P r a c t i c e s  

-FDA 3 6 , 3 8 , 2 1 6  
g o u t  234
g r o u n d w a t e r ,  c o n t a m i n a n t  

p l u m e s  i n  170  
g r o u n d w a t e r ,  c o n t a m i n a n t  i o n  

1 6 1 , 1 6 7 - 1 6 9 , 1 7 1 , 1 7 3 , 1 8 6 ,
194

g r o u n d w a t e r  m o n i t o r i n g  198
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g r o u n d w a t e r ,  m o n i t o r i n g  
t e c h n i q u e s  1 6 7 - 1 7 5  

g r o u n d w a t e r  p r o t e c t i o n  1 9 7 -  
2 00

G r o u n d  W a t e r  S u p p l y  S u r v e y  
( GWSS) 2 5 , 1 6 4 - 1 6 6 , 1 8 8

h a l o c a r b o n s  1 7 7 - 1 8 0  
h a l o f o r m s  2 0 6 , 2 5 1 , 2 5 2  
h a r d  w a t e r  10 
H e a l t h  A d v i s o r i e s  64 
h e a l t h  a d v i s o r y  l e v e l s  174  
h e a l t h  e f f e c t s  218  
h e a l t h  r i s k s  2 8 , 2 1 5 , 2 1 8 , 2 1 9  
h e a l t h  t h r e a t s  212  
h e a l t h  w a t e r s ( s e e  ’’m e d i c i n a l  

w a t e r s ” ) 2 2 5 , 2 3 6  
h e a r t  d i s e a s e  6 
h e a v y  m e t a l s  1 2 , 5 2 , 5 4 , 1 3 0 ,

258
h e p a t o b i l i a r y  d i s o r d e r s  235  
H e p t a c h l o r  3 , 1 5 3 , 1 9 1  
H e p t a c h l o r e p o x i d e  3 , 1 5 3  
h e r b i c i d e s  166  
h e t e r o t r o p h i c  b a c t e r i a l  

g r o w t h  57 
h e x a c h l o r o b e n z e n e  4 , 4 9 , 1 9 1  
h e x a c h l o r o c y c l o p e n t a d i e n e  191 
h u m i c  a c i d ,  a q u a t i c  1 0 4 , 1 0 5  

111,112
h u m i c  a c i d ,  s o i l  9 9 , 1 0 3 - 1 0 5 ,  

111
h u m i c  a c i d s  1 1 , 4 7 , 9 6 , 9 7 , 1 0 0 ,  

102
h u m i c  m a t e r i a l s  131  
h u m i c  m a t e r i a l s ,  a q u a t i c  1 0 5 ,  

1 0 9 , 1 1 0
h u m i c  s u b s t a n c e s  1 2 , 8 7 , 9 5 - 9 8 ,  

1 0 1 , 1 0 3 , 1 0 5  
h y d r o c a r b o n s  1 2 , 7 6  
h y d r o c a r b o n s ,  c h l o r i n a t e d  15 
h y d r o g e n  p e r o x i d e  1 2 7 , 1 5 1  
h y d r o g e o l o g i c a l  c o n d i t i o n s  167 
h y d r o l o g i e  c y c l e  9 
h y d r o p e r o x i d e  r a d i c a l s  89  
h y d r o q u i n o n e  99 
h y d r o x y l  r a d i c a l s  8 9 , 1 2 7  
h y p e r t e n s i o n  6 
h y p o b r o m o u s  a c i d  (HOBr)  97 
h y p o c h l o r i t e  1 3 , 2 2 , 8 7 - 8 9 , 9 1 ,

9 3 , 9 5 , 1 0 5 , 1 1 3 , 1 4 3

h y p o c h l o r o u s  a c i d  (H0C1)  8 7 ,  
8 8 , 9 1 - 9 3 , 9 5 , 1 0 5 , 1 2 7

i n d e n e  ( 1 , 2 , 3 - c d )  p y r e n e  252  
I n t e r n a t i o n a l  B o t t l e d  W a t e r  

A s s o c i a t i o n  3 5 , 3 8 , 2 1 7  
I n t e r n a t i o n a l  S a n i t a r y  

R e g u l a t i o n s  201  
i o d i d e  96 
i o d i n e  225
i r o n  2 , 1 4 , 3 9 , 9 5 , 1 2 6 , 1 3 0 , 1 3 2 ,  

1 3 3 , 1 3 5 , 1 3 6 , 1 3 8 , 1 4 7 , 1 8 2 ,
2 0 8 , 2 3 5 , 2 4 7 , 2 5 0 , 2 5 2  

i s o p l e t h s ,  t h r e e - d i m e n s i o n a l  
171

k i d n e y  da m ag e  2 
k i d n e y  d i a l y s i s  105

l e a d  2 , 6 , 1 2 , 1 4 , 3 9 , 4 0 , 5 0 , 5 2 ,
6 5 , 6 6 , 7 2 , 7 6 , 1 6 3 , 1 8 2 , 1 8 9 ,  
1 9 0 , 2 0 5 , 2 0 6 , 2 1 0 , 2 1 2 , 2 5 2 ,  
266

l e a k i n g  u n d e r g r o u n d  s t o r a g e
t a n k s  (LUST) 1 8 8 , 1 8 9  

l e g i o n e l l a  1 9 0 , 1 9 1  
L e g i o n n a i r e ' s  D i s e a s e  190  
L i n d a n e  3 , 3 9 , 5 0 , 1 6 3 , 1 9 1 , 2 5 2
l i t h i a s i s  234  
l i t h i a s i s ,  r e n a l  23 4  
l i t h i u m  235

m a g n e s i u m  2 , 1 0 , 7 6 , 7 7 , 1 3 3 , 1 8 2 ,
2 2 5 , 2 3 4 , 2 3 5 , 2 4 7 , 2 5 1  

m a g n e s i u m  s u l f a t e  2 34  
m a l a o x o n  153  
M a l a t h i o n  1 5 3 , 1 5 4  
m a m m a l i a n  c e l l  t r a n s f o r m a t i o n

6
m a n g a n e s e  2 , 3 9 , 9 5 , 1 2 6 , 1 3 0 ,  

1 3 5 , 1 3 6 , 1 3 8 , 1 4 7 , 1 8 2 , 2 0 8 ,  
252

m e d i c i n a l  w a t e r ' s  ( s e e  ’’h e a l t h
w a t e r s ” ) 2 2 5 , 2 2 9 , 2 3 7 , 2 4 0 ,  
242
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Memorandum o f  U n d e r s t a n d i n g  
FDA-EPA 3 8 , 6 3 , 2 1 6  

m e r c u r y  2 , 3 9 , 6 5 , 7 2 , 1 6 3 , 1 9 0 ,
2 1 6 , 2 5 2  

m e t a l l i c  c o n t a m i n a t i o n  11 
m e t h e m o g l o b i n e m i a  2 
m e t h e m o g l o b i n e m i a ,  i n f a n t i l e

13
m e t h e m o g l o b i n e m i a ,  n i t r a t e -

i n d u c e d  6 
M e t h o x y c h l o r  3 , 3 9 , 5 0 , 1 6 3 , 1 9 1 ,  

252
m e t h y l  b u t y l  k e t o n e  (MBK) 67 
m e t h y l e n e  c h l o r i d e  3 , 1 6 5 , 1 8 7  
m e t h y l  e t h y l  k e t o n e  (MEK) 6 7 ,  

78
m e t h y l  t r i c h l o r o a c e t a t e  114 
m i c r o b i a l  c o n t a m i n a t i o n  o f  

w a t e r  5 , 7 , 1 8 9 , 2 1 1  
m i c r o f l o c c u l a t i o n  1 3 3 , 1 3 5 , 1 3 9  
m i c r o g e o l o g y ,  o f  c o n t a m i n a t e d  

s i t e s  169  
m i c r o o r g a n i s m s ,  p a t h o g e n i c  89  
m i n e r a l  w a t e r  2 2 4 - 2 5 0 , 2 6 6  
m o l y b d e n u m  1 8 2 , 1 9 0  
m o n i t o r i n g  t e c h n i q u e s ,  r e m o t e

170
m o n i t o r i n g  w e l l s  1 7 0 , 1 7 1  
m o n o c h l o r o a c e t i c  a c i d  101 
m o t t l e d  t e e t h  33 
m u t a g e n i c i t y  6 , 1 6 , 1 7 , 7 1  
m u t a g e n i c  r e s p o n s e s  1 6 , 1 1 1  
m u t a g e n s  6 , 1 3 , 1 5

NTA ( n i t r i l o t r i a c e t i c  a c i d )
11

N a t i o n a l  C o n t i n g e n c y  P l a n ,  f o r  
r e s p o n d i n g  t o  c o n t a m i n ­
a t i o n  o f  d r i n k i n g  w a t e r  
s u p p l i e s  21 5  

N a t i o n a l  C o n t i n g e n c y  P l a n ,  
u n d e r  F e d e r a l  W a t e r  
P o l l u t i o n  C o n t r o l  A c t  220  

N a t i o n a l  C o n t i n g e n c y  P l a n ,  
u n d e r  t h e  S u p e r f u n d  A c t  
2 19

N a t i o n a l  D r i n k i n g  W a t e r
S t a n d a r d s  -  EPA 3 8 , 7 0 , 8 3 ,  
1 6 2 , 1 6 3 , 1 6 6 , 1 8 5 , 1 8 9 - 1 9 4 ,
2 0 9 , 2 1 0 , 2 1 4 , 2 1 7 , 2 1 9

n a t i o n a l  g r o u n d w a t e r
p r o t e c t i o n  s t r a t e g y  1 9 7 ,  
198

N a t i o n a l  H a z a r d o u s  S u b s t a n c e  
R e s p o n s e  P l a n  220  

N a t i o n a l  O r g a n i c s  M o n i t o r i n g  
S u r v e y  (NOMS) 9 5 , 1 6 4  

N a t i o n a l  O r g a n i c s  R e c o n ­
n a i s s a n c e  S u r v e y  (NORS) 
9 5 , 1 6 4

N a t i o n a l  S a n i t a t i o n  F o u n d a t i o n  
S t a n d a r d  14 5 4 , 6 9 , 7 0 , 7 2 ,  
7 3 , 7 5 , 7 6 , 7 8  

N a t i o n a l  S c r e e n i n g  P r o g r a m  
f o r  O r g a n i c s  i n  D r i n k i n g  
W a t e r  (NSP)  164  

N a t i o n a l  W a t e r  U t i l i t i e s  Ba nk  
260

n a t u r a l  m i n e r a l  w a t e r  2 2 4 -  
2 2 5 , 2 3 1 , 2 4 2 - 2 5 0 , 2 5 3  

n i c k e l  2 , 1 8 2 , 1 9 0 , 2 5 2  
n i t r a t e ( s )  2 , 6 , 1 3 , 2 7 , 3 3 , 3 9 ,  

4 1 , 4 4 , 5 0 , 1 3 3 , 1 3 6 , 1 4 0 , 1 6 2 ,
1 6 3 , 1 9 0 , 2 0 5 , 2 1 0 , 2 1 2 , 2 1 5 ,  
2 5 2 , 2 5 8 , 2 6 6  

n i t r i f i c a t i o n  1 3 1 , 1 3 3 , 1 3 6 ,
1 4 0 , 1 4 1 , 1 4 3  

n i t r a t e  1 3 1 , 2 0 6  
n i t r o g e n  t r i c h l o r i d e  88 
n i t r o s a m i n e s  3

o b e s i t y  234
o l e i c  a c i d  155
o r g a n i c  h a l i d e s  1 0 0 , 1 0 1 , 1 0 6 ,

1 1 0 , 1 1 3 , 1 1 5 , 1 2 7 , 1 4 0 , 1 5 5 ,  
1 5 6 , 1 7 3 , 2 2 6  

O r g a n i c  V o l a t i l e  A n a l y s i s  
173

o r g a n o l e p t i c  d e f e c t s  2 4 5 , 2 4 9
o r g a n o l e p t i c  p r o p e r t i e s ,  o f

w a t e r  1 3 2 , 2 0 5 , 2 0 8  
o x i d a n t ,  c h e m i c a l  125
o x i d a t i o n  p o t e n t i a l  1 2 5 , 1 2 7
o x i d a t i o n  p r o d u c t s ,  o r g a n i c

1 2 8 , 1 4 9 , 1 5 3 , 1 5 5 , 1 5 6  
o x i d a t i o n  p r o d u c t s ,  p a r t i a l

1 2 9 , 1 5 5  
o x y g e n ,  a t o m i c  127
o z o n a t i o n  3 5 , 1 2 4 , 1 2 5 , 1 2 8 ,

1 2 9 , 1 3 0 , 1 3 2 , 1 3 5 , 1 3 9 , 1 4 1 ,
1 4 3 - 1 4 5 , 1 4 7 , 1 5 5 , 2 1 6
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o z o n a t i o n  c o s t s  1 4 5 , 1 4 8 , 1 5 0 ,  
151

o z o n a t i o n ,  t h r e e - s t a g e  1 3 6 ,
1 4 3 . 1 4 4 . 1 5 6  

o z o n a t i o n ,  t w o - s t a g e  1 3 6 ,
1 3 8 , 1 3 9 , 1 4 1 - 1 4 3 , 1 4 9  

o z o n a t o r  37
o z o n e  1 3 , 3 6 , 8 7 - 8 9 , 9 1 , 9 4 , 9 5 ,  

9 8 , 1 0 6 , 1 2 3 - 1 5 9 , 1 9 3 , 2 2 3 ,  
250

o z o n e  c o n t a c t i n g  1 2 5 , 1 4 5  
o z o n e  c o n t a c t i n g  d e v i c e  138  
o z o n e  c o n t a c t o r  e x h a u s t  g a s e s

1 3 8 . 1 3 9 . 1 4 6 . 1 5 6  
o z o n e  c o n t a c t  t i m e  132  
o z o n e  d i s i n f e c t i o n  1 2 4 , 1 2 5 ,

1 2 8 , 1 2 9 , 1 3 2 , 1 3 3 , 1 3 6 - 1 4 1 ,
1 4 4 . 1 4 7 . 1 5 5 . 1 5 6

o z o n e  g e n e r a t i o n  1 2 4 , 1 2 5 , 1 4 5  
o z o n e  o x i d a t i o n  1 3 4 , 1 3 8  
o z o n e  r e s i d u a l  1 2 5 , 1 2 8 , 1 2 9 ,  

1 3 6 - 1 3 8  
o z o n e  t r a n s f e r  e f f i c i e n c y  

1 3 6 , 1 3 7 , 1 4 6

PVC p i p i n g  15 
p a r a o x o n  153  
p a r a s i t e s  2 1 1 , 2 4 5  
P a r a t h i o n  1 5 3 , 1 5 4  
p a t h o g e n i c  o r g a n i s m s  9 4 , 2 2 6 ,  

2 4 5 , 2 4 9  
p e n t a c h l o r o p h e n o l  4 , 1 9 1  
p e r h y d r o x y l  r a d i c a l s  127  
p e r m a n g a n a t e  1 3 0 , 1 5 1 , 1 5 3  
p e s t i c i d e s  1 , 3 , 1 2 , 1 3 , 2 4 , 3 3 ,  

5 0 , 6 4 , 1 3 2 , 1 5 3 , 1 6 2 , 1 6 3 ,
1 6 6 , 1 6 7 , 1 7 2 , 1 7 3 , 1 8 5 , 1 8 6 ,  
1 8 9 , 1 9 1 , 1 9 9 , 2 0 0 , 2 0 6 , 2 1 0 ,  
2 1 6 , 2 2 6 , 2 5 1 , 2 5 2 , 2 5 7  

p e s t i c i d e s ,  h a l o g e n a t e d  172  
p h e n o l s  2 4 , 3 9 , 4 9 , 7 2 , 7 8 , 9 9 ,

1 3 2 , 1 3 8 , 1 5 1 , 1 7 8 , 2 5 2  
p h e n o l s ,  c h l o r i n a t e d  1 2 , 2 4  
p h t h a l a t e  e s t e r s  3 , 1 9 1  
P i c l o r a m  191
p i e z o m e t r i c  h e a d  g r a d i e n t s

171
p o i n t - o f - u s e  u n i t s  4 3 , 4 5 , 4 6 ,  

4 8 , 4 9 , 5 3 - 5 7 , 6 0 , 6 1  
p o l y c h l o r i n a t e d  b i p h e n y l s

( P C B s ) 3 , 5 0 , 1 7 3 , 1 9 1 , 1 9 9

p o l y e l e c t r o l y t e s  1 4 , 2 2  
p o l y e t h y l e n e  1 7 2 , 1 8 2  
p o l y e t h y l e n e ,  c h l o r i n a t e d  77 
p o l y h y d r o x y a r o m a t i c  o x i d a t i o n  

p r o d u c t s  151  
p o l y n u c l e a r  a r o m a t i c  h y d r o ­

c a r b o n s  (PAHs)  2 , 3 , 1 2 ,
1 6 , 1 7 7 , 1 9 1 , 2 0 8 , 2 5 1 , 2 5 2  

p o l y v i n y l  c h l o r i d e  (PVC) 6 6 ,  
6 7 , 7 3 , 7 7 , 7 8 , 1 7 2  

p o l y v i n y l  c h l o r i d e ,  
c h l o r i n a t e d  66  

p o s t - c h l o r i n a t i o n  1 3 7 , 1 4 2 ,  
1 4 4 , 1 4 5

P o s t - c l o s u r e  L i a b i l i t y  T r u s t  
F u n d  174  

p o s t - o z o n a t i o n  1 3 7 , 1 4 1 , 1 4 2 ,  
145

p o t a s s i u m  1 8 2 , 2 3 5  
p r e c h l o r i n a t i o n  1 3 4 , 1 3 8 , 1 4 0 ,

1 4 2 , 1 4 4
p r e o z o n a t i o n  1 3 2 , 1 3 4 , 1 3 6 - 1 4 5 ,

1 5 5 , 1 5 6
p r i o r i t y  p o l l u t a n t s  1 7 7 , 1 7 8 ,

264

Q u a l i t y  S t a n d a r d  -  FDA 3 6 ,  
3 8 , 2 1 6

r a d i a t i o n  210  
r a d i o a c t i v i t y  3 3 , 3 9 , 2 1 6  
r a d i o n u c l i d e s  2 , 4 , 6 4 , 1 6 2 ,  

1 6 3 , 1 8 5 , 1 8 6 , 1 9 2 , 1 9 4 , 2 0 4 ,  
r a d i u m  2 7 , 1 9 3  
r a d i u m - 2 2 6  4 , 1 6 3 , 1 9 2  
r a d i u m - 2 2 8  4 , 1 6 3 , 1 9 2  
r a d o n  4 , 1 9 2
Reco mmen ded  Maximum I m p u r i t y  

C o n t e n t  (RMIC) 84 
r e g i o n a l i z a t i o n  21 9  
r e m e d i a l  a c t i o n s ,  c o s t s  o f

171
r e n a l  d i a l y s i s  204  
r e n a l  i n f e c t i o n s  23 4  
r e s i d u a l  v i n y l  c h l o r i d e  

monomer  (RVCM) 7 2 , 7 6  
r e s i s t i v i t y  l o g g i n g  170  
R e s o u r c e  C o n s e r v a t i o n  a n d  

R e c o v e r y  A c t  (RCRA) 
2 8 , 1 6 8 , 1 7 3 , 1 9 9 , 2 5 9
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r e v e r s e  o s m o s i s  3 6 , 3 7 , 4 4 , 4 5 ,  
5 0 , 6 0

r e v e r s e  o s m o s i s - a c t i v a t e d
c a r b o n  u n i t s  4 3 , 4 6 , 4 7 ,  
5 0 , 5 5

R u r a l  W a t e r  S u r v e y  (RWS) 164

S a f e  D r i n k i n g  W a t e r  A c t  2 8 ,  
3 8 , 6 3 , 6 4 , 8 3 , 1 6 1 , 1 6 2 , 1 7 3 ,  
1 8 5 , 1 9 3 , 1 9 9 , 2 0 0 , 2 0 9 , 2 1 4 -
2 1 8 , 2 2 0 , 2 5 9 , 2 6 0 , 2 6 4 , 2 6 5  

s e l e n i u m  2 , 2 7 , 3 3 , 3 9 , 6 5 , 7 2 ,
1 6 2 , 1 6 3 , 1 8 2 , 1 9 0 , 1 9 3 , 2 1 5 ,  
252

s i l i c a t e s ,  a c t i v a t e d  14 
s i l v e r  2 , 1 2 , 3 9 , 5 0 , 5 2 , 5 8 , 5 9 ,

1 6 3 , 1 8 2 , 1 9 0 , 2 0 6 , 2 5 2  
s i l v e r ,  d e p o s i t e d  on c a r b o n  

57
S i m a z i n e  191
s m a l l  w a t e r  s y s t e m s  2 6 - 2 8 ,

30
s o d i u m  6 , 1 2 , 4 1 , 5 0 , 1 4 3 , 1 8 2 ,  

1 8 9 , 1 9 0 , 2 1 2 , 2 1 5 , 2 3 4 , 2 3 5  
s o d i u m  c h l o r i d e  225  
s o d i u m  c h l o r i t e  2 2 , 8 9  
s o d i u m - r e s t r i c t e d  d i e t s  33 
s o f t  d r i n k s ,  m i n e r a l  w a t e r  

u s e  i n  229  
s o f t  w a t e r  10 
s p r i n g  w a t e r ( s )  2 2 6 , 2 3 0 ,  

2 3 1 , 2 3 5 , 2 3 6 , 2 5 0  
S t a n d a r d  R e f e r e n c e  M a t e r i a l s ,  

N a t i o n a l  B u r e a u  o f  
S t a n d a r d s  177 

s t r o n t i u m  182  
s t y r e n e  191 
s u c c i n i c  a c i d  112  
S u g g e s t e d  No A d v e r s e  R e s p o n s e  

L e v e l s  (SNARLs) 64 
s u l f a t e  1 9 0 , 2 2 5 , 2 4 7 , 2 5 1 , 2 5 2  
s u l f i d e  131  
s u l f u r  250  
s u l f u r  c o m p o u n d s  244  
S u p e r f u n d  A c t  2 8 , 3 3 , 1 6 8 , 1 9 8 -  

2 0 0 , 2 1 9 , 2 2 0 , 2 5 7 - 2 5 9  
s y n e r g i s t i c  e f f e c t s  8 
s y n t h e t i c  o r g a n i c  c h e m i c a l s

1 8 6 , 1 8 9 , 1 9 1 , 1 9 4 , 2 1 2

2 . 4 . 5 - T  3
2 . 4 . 5 - T P  S i l v e x  3 9 , 1 6 3 , 1 9 1 ,

252
t a b l e  w a t e r  2 3 0 , 2 3 3 , 2 3 5 , 2 3 7  
T e f l o n  172 
t e r p i n e o l ,  a l p h a  155  
t e t r a c h l o r o e t h y l e n e  3 , 1 7 , 4 9 ,  

6 6 , 1 6 4 , 1 6 5 , 1 7 7 , 1 8 0 , 1 8 6 -  
188

t e t r a h y d r o f u r a n  (THF) 6 7 , 7 8  
t h a l l i u m  1 8 2 , 1 9 0  
t i n  7 2 , 7 6 , 7 8
t i n - b a s e d  h e a t  s t a b i l i z e r s  

68
t o l u e n e  4 , 1 7 , 1 8 8 , 1 9 1  
T o x a p h e n e  4 , 3 9 , 1 6 3 , 1 9 1 , 2 5 2  
t o x i c o l o g i c a l  s t u d i e s  1 6 , 2 3  
T o x i c  S u b s t a n c e s  C o n t r o l  A c t  

2 8 , 6 3 , 1 9 9  
t r i a r y l / a l k y l  p h o s p h a t e s  17 
t r i a z i n e  h e r b i c i d e s  4 
t r i c h l o r o a c e t a l d e h y d e  112 
t r i c h l o r o a c e t i c  a c i d  1 0 1 ,

1 0 9 , 1 1 1 - 1 1 8  
t r i c h l o r o b e n z e n e ( s )  4 , 1 6 4 ,

191
1 , 1 , 1 - t r i c h l o r o e t h a n e  3 , 4 9 ,

7 3 , 1 6 4 , 1 6 5 , 1 8 7 , 1 8 8  
t r i c h l o r o e t h y l e n e  3 , 2 4 , 4 0 ,  

4 7 , 4 9 , 7 3 , 1 6 4 , 1 6 5 , 1 7 7 , 1 8 0 ,  
1 8 6 - 1 8 8 , 1 9 1 , 2 1 3

2 . 4 . 6 - t r i c h l o r o p h e n o l  4
2 , 3 , 3 - t r i c h l o r o p r o p e n o i c

a c i d  112 
t r i h a l o m e t h a n e  f o r m a t i o n  1 0 1 ,

1 1 0 , 1 4 7  
t r i h a l o m e t h a n e  p r e c u r s o r s  

1 2 6 , 1 3 4 , 1 4 2  
t r i h a l o m e t h a n e s  (THMs) 1 , 1 2 ,  

1 3 , 1 4 , 1 7 , 2 2 , 3 9  , 4 7 , 4 9 , 5 0 ,  
6 4 , 7 2 , 7 3 , 8 7 , 8 8 , 9 5 , 9 7 - 1 0 0 ,  
1 0 2 , 1 0 3 , 1 0 5 , 1 0 6 , 1 0 9 , 1 1 0 ,  
1 2 6 , 1 3 4 , 1 4 1 , 1 4 2 , 1 4 4 , 1 4 7 ,  
1 6 2 , 1 6 3 , 1 7 7 , 1 8 5 , 1 8 6 , 1 9 2 ,
2 1 0 , 2 1 2 , 2 1 4 , 2 1 6 , 2 5 1 , 2 5 2  

t y p h o i d  194

u n d e r g r o u n d  i n j e c t i o n  c o n t r o l  
p r o g r a m  1 9 9 , 2 0 0 , 2 5 9  

u r a n i u m  4 , 1 9 2
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u r i n a r y  i n f e c t i o n s  234

V a n a d i u m  1 8 2 , 1 9 0  
v e g e t a t i o n ,  d e c a y  p r o d u c t s  o f  

1,2
v i n y l  c h l o r i d e  3 , 1 2 , 1 5 , 6 8 , 1 6 5 ,

1 8 7 , 1 8 8  
v i r a l  h e p a t i t i s  23 5  
v i r u c i d a l  e f f i c i e n c y  9 1 , 9 3 ,

94
v i r u s e s  1 9 1 , 2 1 1  
v i r u s  i n a c t i v a t i o n ,  w i t h  o z o n e

1 2 8 , 1 4 7  
V o l a t i l e  O r g a n i c  C h e m i c a l s  

(VOCs) 2 4 , 2 6 , 4 5 , 4 7 , 6 4 ,
1 6 2 , 1 6 4 , 1 6 5 , 1 6 6 , 1 7 2 , 1 7 7 ,
1 8 6 , 1 8 7 , 1 9 2 , 2 1 1 , 2 1 2  

V y d a t e  191

w a s t e w a t e r  r e u s e  23 
W a t e r  T r e a t m e n t  C h e m i c a l s  

C od ex  1 4 , 6 4 , 8 3 , 8 5  
w a t e r  s y s t e m s  4 3 , 5 1  
W o r l d  H e a l t h  O r g a n i z a t i o n

(WHO), E n v i r o n m e n t a l  
H e a l t h  C r i t e r i a  P r o g r a m m e  
20 3

WHO, E u r o p e a n  D r i n k i n g  W a t e r  
S t a n d a r d s  202  

WHO, G u i d e l i n e s  f o r  D r i n k i n g  
W a t e r  Q u a l i t y  2 0 1 , 2 0 3  

WHO, g u i d e l i n e  v a l u e s  2 0 3 -  
2 0 6 , 2 0 8

WHO, I n t e r n a t i o n a l  S t a n d a r d s  
f o r  D r i n k i n g  W a t e r ,
( 1 9 5 8 )  2 0 1 , 2 0 2

x y l e n e s  1 7 , 1 9 1  
m - x y l e n e  4 , 1 8 8  
o + p - x y l e n e  188

z i n c  2 , 1 2 , 1 4 , 3 9 , 7 6 , 1 8 2 , 1 8
1 9 0 , 2 5 2
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