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A B S T R A C T 
T h e s a f e d i s p o s a l o f e f f l u e n t s can p r e s e n t a m a j o r p r o b l e m t o l a r g e u r b a n 
c o m m u n i t i e s b e c a u s e o f t h e i r i n e v i t a b l e c o n t e n t o f p o t e n t i a l l y p a t h o g e n i c 
e n t e r i c v i r u s e s . A t l e a s t one h u n d r e d t y p e s o f v i r u s may be p r e s e n t a l t h o u g h 
many o f t h e s e a r e d i f f i c u l t o r e v e n i m p o s s i b l e t o c h a r a c t e r i s e u n d e r t h e s e 
c o n d i t i o n s . Was tewate r t r e a t m e n t does n o t g r e a t l y e f f e c t t h e s u r v i v a l o f many 
e n t e r i c v i r u s e s and some s u r v i v e w e l l even a f t e r e f f l u e n t d i s p o s a l . The use o f 
d i s i n f e c t a n t s f o r t h e i n a c t i v a t i o n o f v i r u s i n e f f l u e n t i s p r a c t i c a b l e b u t 
r e q u i r e s c a r e f u l m a n i p u l a t i o n i n o rde r t o a v o i d the d i s e m i n a t i o n o f b y p r o d u c t s 
t o x i c t o man o r capab le o f i n t e r f e r r i n g w i t h t he eco logy o f t h e r e c e i v i n g w a t e r s 
o r s o i l s . No one sys tem i s l i k e l y t o be e i t h e r u n i v e r s a l l y a c c e p t a b l e because 
o f t he v a r i a b l e q u a l i t y o f e f f l u e n t s and much research rema ins t o be done b e f o r e 
g u i d e l i n e s can be recommended or e s t a b l i s h e d . 
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INTRODUCTION 

I s d i s i n f e c t i o n o f e f f l u e n t s n e c e s s a r y ? S e v e n y e a r s ago B e r g ( 1 9 7 3 ) made t h e 
p o i n t t h a t a l t h o u g h i t was n o t e a s y t o r e m o v e a l l v i r u s e s f r o m s e w a g e , t h e 
techno logy t o do so e x i s t e d and we shou ld be p repared t o pay t h e cos t . I t i s 
the o b j e c t o f t h i s b r i e f r e v i e w t o r e - e x a m i n e the p r a c t i c a b i l i t y o f a c h i e v i n g 
v i r u s - f r e e e f f l u e n t s , a s u b j e c t r e c e n t l y r e v i e w e d by s e v e r a l o t h e r s i n 
p a r t i c u l a r , Grabow ( 1 9 7 9 ) , W h i t e ( 1 9 7 9 ) and B i t t o n (1980 ) . 

T h e s a f e d i s p o s a l o f e f f l u e n t s and t h e a s s o c i a t e d s l u d g e s can p r e s e n t a m a j o r 
problem t o urban commun i t i es where t h e vo lumes i n v o l v e d may exceed m i l l i o n s o f 
l i t r e s each d a y . A l t h o u g h t h e s e p r o d u c t s o f w a s t e w a t e r t r e a t m e n t a r e 
p o t e n t i a l l y v a l u a b l e f o r i r r i g a t i o n and f e r t i l i s a t i o n o f l a n d , t hey a re u s u a l l y 
d i sca rded because i t i s s i m p l e r and cheaper . S ludges a re f r e q u e n t l y dumped i n 
t h e s e a , b u t may be s p r e a d on l a n d w h e r e t h e t r e a t m e n t w o r k s a r e t o o f a r f r o m 
t h e coas t f o r t r a n s p o r t a t i o n t o be economica l . E f f l u e n t s t y p i c a l l y pour i n t o 
r i v e r s , e s t u a r i e s or the sea depending on t h e l o c a t i o n o f t he t r e a t m e n t wo rks , 
b u t , where w a t e r i s s c a r c e , t h e y may be used as an i r r i g a n t o r even r e c y c l e d f o r 
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146 Μ. Butler 
p o t a b l e s u p p l y ( G r a b o w , 1 9 7 9 ) . H o w e v e r , a p a r t f r o m t h e t e c h n i c a l and 
e n g i n e e r i n g p r o b l e m s i n v o l v e d i n such p r o d u c t i v e d i s t r i b u t i o n o f e f f l u e n t , 
se r i ous consequences may r e s u l t f rom t h e i r use because o f t h e i r l o a d o f chemica l 
c o n t a m i n a t i o n and the presence o f pa thogen ic m ic roo rgan i sms i n c l u d i n g v i r u s e s . 
The degree o f chemica l and b i o l o g i c a l c o n t a m i n a t i o n r e f l e c t s on t h e o r i g i n o f 
t h e w a s t e w a t e r w h i c h may r a n g e f r o m p u r e l y d o m e s t i c sewage t o p r i n c i p a l l y 
i n d u s t r i a l e f f l u e n t s . F u r t h e r m o r e , t h e q u a l i t y o f p r o d u c t s o f w a s t e w a t e r 
t r e a t m e n t d e p e n d s on t h e t y p e o f p r o c e s s u s e d w h i c h r a n g e v e r y w i d e l y i n d e e d . 
T h e f i n a l p r o c e s s i n g o r f i n i s h i n g o f e f f l u e n t s and s l u d g e s i s n e c e s s a r i l y 
d i f f e r e n t b e c a u s e o f t h e i r d i f f e r e n t c o n s t i t u t i o n and t h i s i s p a r t i c u l a r l y 
obv ious so f a r as t h e remova l o f v i r u s e s i s concerned. The remova l o f v i r u s e s 
f rom s ludges has o n l y r e l a t i v e l y r e c e n t l y a t t r a c t e d s e r i o u s a t t e n t i o n ( C l i v e r , 
1 9 7 5 ; B e r g , 1 9 7 8 ; O s b o r n and H a t t i n g h , 1 9 7 8 ) b u t f o r e f f l u e n t s , v a r i o u s 
p r o c e d u r e s h a v e been a d o p t e d f o r some t i m e , p a r t i c u l a r l y d i s i n f e c t i o n w i t h 
c h l o r i n e , a t r e a t m e n t now under c r i t i c a l r e v i e w . 

The prob lems a s s o c i a t e d w i t h the remova l o f v i r u s e s f rom e f f l u e n t s a re complex 
and i t i s e s s e n t i a l t o pay c l o s e a t t e n t i o n t o t h e f o l l o w i n g i n t e r d e p e n d e n t 
q u e s t i o n s i f a p r o p e r e v a l u a t i o n o f s u i t a b l e m e t h o d s o f t r e a t m e n t i s t o be 
reached : 

1 . How many t y p e s o f v i r u s e s a r e p r e s e n t i n e f f l u e n t , how n u m e r o u s a r e t h e y 
and what i s t h e i r pa thogen ic p o t e n t i a l ? 

2 . How r e p r o d u c i b l e and s e n s i t i v e a r e t h e m e t h o d s f o r t h e i s o l a t i o n and 
c h a r a c t e r i s a t i o n o f v i r u s e s i n e f f l u e n t and i s t h e r e a r e p r e s e n t a t i v e 
v i r u s . 

3. How does w a s t e w a t e r t r e a t m e n t a f f e c t t h e d i s t r i b u t i o n and f a t e o f v i r u s e s 
and how w e l l do v i r u s e s s u r v i v e a f t e r t he d i s p o s a l o f u n t r e a t e d e f f u l e n t ? 

4. What methods a re a v a i l a b l e and p r a c t i c a b l e f o r t he remova l o f v i r u s e s f rom 
e f f l u e n t s , how do these work and i s t h e r e a recommended procedure? 

1 . V i r u s e s g e t i n t o w a s t e w a t e r w i t h the f a e c a l s o l i d s w i t h i n wh ich t hey may be 
p r e s e n t a t l e v e l s o f up t o 1 0 ' ^ / g as j u d g e d by e l e c t r o n m i c r o s c o p y ( F l e w e t t , 
1 9 7 7 ) . However , l e v e l s o f i n f e c t i o u s v i r u s i n f aeces may be much l o w e r (Made l y , 
1979) and s ince f a e c a l s o l i d s r e p r e s e n t o n l y a m i n u t e f r a c t i o n o f w a s t e w a t e r , 
t he p r e d i c t e d i n p u t o f i n f e c t i o u s v i r u s may be no more than 10 v l i t r e ( M e l n i c k , 
Gerba and W a l l i s , 1 9 7 8 ) . 

I t i s w e l l k n o w n t h a t a t l e a s t a h u n d r e d d i f f e r e n t t y p e s o f e n t e r i c 
v i r u s e s ( T a b l e 1) may be found i n human faeces ( M e l n i c k , Gerba and W a l l i s , 1 9 7 8 ) , 
o f w h i c h a t l e a s t some c o u l d be e x p e c t e d t o be i n f i n a l e f f l u e n t s . I t ' i s a l s o 
p o s s i b l e t h a t c e r t a i n v i r u s e s e x c r e t e d w i t h t h e u r i n e c o u l d a l s o be p r e s e n t 
( U t z , 1 9 7 4 ) b u t i n g e n e r a l , i t i s l i k e l y t h a t t h e f r e q u e n c y and p a t h o g e n i c 
p o t e n t i a l o f e n t e r i c v i r u s e s w i l l be i n f l u e n c e d by geog raph i c , seasona l , as w e l l 
as soc ioeconomic f a c t o r s . Most e n t e r i c v i r u s i n f e c t i o n s i n deve loped c o u n t r i e s 
are spo rad i c and e p i s o d i c bu t i n d e v e l o p i n g r e g i o n s they may w e l l be s e r i o u s l y 
ep idemic . The range o f symptoms t hey may cause i n c l u d e no t o n l y g a s t r o e n t e r i t i s 
b u t such d i v e r g e n t c l i n i c a l f e a t u r e s as m e n i n g i t i s , e x a n t h e m a and e v e n 
r e s p i r a t o r y symptoms (Andrews , P e r l e r a and W i l d y , 1 9 7 8 ) . Some e n t e r i c v i r u s e s , 
f o r i n s t a n c e p o l i o v i r u s vacc ine s t r a i n s , may f o r o b v i o u s reasons be r e g u l a r l y 
i s o l a t e d f r o m e f f l u e n t o r c o n t a m i n a t e d w a t e r s a l t h o u g h a p p a r e n t l y n o t 
n e c e s s a r i l y so even d u r i n g a v a c c i n a t i o n campaign ( K a t z e n e l s o n & Kedmi , 1 9 7 9 ) . 
O f t h e o t h e r common e n t e r i c v i r u s e s , t h e e c h o v i r u s e s , t he c o x s a c k i e v i r u s e s , t h e 
r e o v i r u s e s and t h e adenov i ruses many may be i s o l a t e d t h roughou t t h e y e a r , b u t 



virus Removal by Disinfection of Effluents 147 

T A B L E I HUMAN V I R U S E S FOUND I N F A E C E S 

V I R U S GROUP COMMON C L I N I C A L SYMPTOMS 

P A R V O V I R U S ( 3 ) * R e s p i r a t o r y d i s e a s e ( ? ) 
P O L I O V I R U S ( 3 ) P a r a l y s i s , m e n i n g i t i s . 
E C H O V I R U S ( 3 4 ) M e n i n g i t i s , r e s p i r a t o r y d i s e a s e , d i a r r h o e a . 
C O X S A C K I E V I R U S A ( 2 4 ) M e n i n g i t i s , r e s p i r a t o r y d i s e a s e . 
C O X S A C K I E V I R U S Β ( 6 ) M y o c a r d i t i s , r e s p i r a t o r y d i s e a s e , m e n i n g i t i s . 
E N T E R O V I R U S ( 4 ) R e s p i r a t o r y d i s e a s e , m e n i n g i t i s , c o n j u n c t i v i t i s . 
H E P A T I T I S A ( 1 ) H e p a t i t i s . 
NORWALK A G E N T S ( 5 ) G a s t r o e n t e r i t i s . 
A S T R O V I R U S ( 1 ) G a s t r o e n t e r i t i s . 
C A L I C I V I R U S ( 1 ) G a s t r o e n t e r i t i s . 
R E O V I R U S ( 3 ) (None ? ) . 
R O T A V I R U S ( 4 ) G a s t r o e n t e r i t i s 
A D E N O V I R U S ( 3 ) R e s p i r a t o r y d i s e a s e , c o n j u n c t i v i t i s , g a s t r o e n t e r i t i s 

C O R O N A V I R U S ( 1 ) G a s t r o e n t e r i t i s . 

* (number o f s e r o t y p e s ) 

T A B L E 2 - HUMAN V I R U S E S FOUND I N F A E C E S 

V I R U S G R O U P : C U L T I V A T I O N I N L A B O R A T O R Y : 

P A R V O V I R U S - v e 
P O L I O V I R U S + v e ( s e v e r a l c e l l c u l t u r e s ) 
E C H O V I R U S + v e ( s e v e r a l c e l l c u l t u r e s ) 
C O X S A C K I E V I R U S A + ve ( n e o - n a t a l m i c e ) 
C O X S A C K I E V I R U S Β + v e ( s e v e r a l c e l l c u l t u r e s ) 
E N T E R O V I R U S + v e ( s e v e r a l c e l l c u l t u r e s ) 
H E P A T I T I S + v e (monkey o n l y ) 
NORWALK A G E N T S - v e 
A S T R O V I R U S - v e 
C A L I C I V I R U S - v e 
R E O V I R U S + v e ( s e v e r a l c e l l c u l t u r e s ) 
R O T A V I R U S + v e ( i n c o m p l e t e r e p l i c a t i o n I n c e l l c u l t u r e ) 
A D E N O V I R U S ? + v e ( H E K c e l l s o n l y ) 
C O R O N A V I R U S - v e 
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t h e s e r o t y p e s may v a r y f r o m y e a r t o y e a r and v a l u a b l e c o r r o b o r a t i v e d a t a f o r 
t h i s has been p r o v i d e d i n t h e U . K . , by t h e P u b l i c H e a l t h A u t h o r i t y t h r o u g h i t s 
w e e k l y and q u a r t e r l y r e p o r t s ( C D S C , I 9 8 O ) . U n f o r t u n a t e l y , s e v e r a l i m p o r t a n t 
e n t e r i c v i r u s e s such as H e p a t i t i s A , t h e r o t a v i r u s e s and s e v e r a l s o - c a l l e d 
' s m a l l round v i r u s e s ' cannot be r e a d i l y c u l t i v a t e d i n t h e l a b o r a t o r y ( T a b l e 2) 
and ev idence f o r them depends w h o l l y on c l i n i c a l o r immuno log i ca l d a t a , or on 
t h e i r v i s u a l i s a t i o n i n t h e e l e c t r o n mic roscope. 

A l t h o u g h many d i f f e r e n t e n t e r i c v i r u s e s a re l i k e l y t o be p r e s e n t i n w a s t e w a t e r , 
t h e r i s k s o f t r a n s m i s s i o n o f i n f e c t i o n v i a c o n t a m i n a t e d w a t e r i n d e v e l o p e d 
c o u n t r i e s by v a r i o u s r o u t e s ( F i g . 1 ) i s t hough t t o be s l i g h t a l t hough p robab l y 
i n c r e a s i n g , b u t e l s e w h e r e t h e r i s k s may be v e r y g r e a t i n d e e d ( W H O , 1 9 7 6 ) . 
Undoub ted l y , o u t b r e a k s o f g a s t r o e n t e r i t i s h a v e been a s s o c i a t e d w i t h e f f l u e n t -
p o l l u t e d l a k e w a t e r (CDC, 1 9 7 9 ; D e n i s e t a l . , 1 9 7 4 ) and b a t h i n g beaches ( C a b e l l i 
e t a l . , 1 9 7 9 ) and many c a s e s o f H e p a t i t i s A as w e l l as o t h e r e n t e r i c v i r u s 
i n f e c t i o n s h a v e r e s u l t e d f r o m t h e c o n s u m p t i o n o f s h e l l f i s h h a r v e s t e d f r o m 
con tamina ted w a t e r s (Gerba and G o y a l , 1 9 7 8 ) . 

F i g u r e I . R o u t e s f o r t h e t r a n s m i s s i o n o f v i r u s e s v i a 

w a s t e w a t e r t r e a t m e n t . 

f 
E X C R E T A 

t 
W A S T E W A T E R T R E A T M E N T E F F L U E N T -

W A T E R S U P P L Y 
( R E C Y C L E D ) 

R I V E R S 

L A K E S 

I R R I G A T I O N 

,— C R O P S 

G R O U N D W A T E R 

- S L U D G E 

( C A T T L E F E E D ) 

L A N D ( F E R T I L I Z E R ) 
( L A N D I N - F I L L ) 

E S T U A R I E S 

O C E A N S 

R E C R E A T I O N 

S H E L L F I S H 

r -C R O P S 
G R O U N D W A T E R 

R E C R E A T I O N 

W A T E R S U P P L Y } \ Γ W A T E R S U P P L Y 

M A N 

( I N F E C T I O N / D I S E A S E ) 
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I n g e n e r a l , w h e r e e p i d e m i o l o g i c a l ev idence f o r g a s t r o e n t e r i t i s and d i a r r h o e a l 
d i seases has been assembled, i t accoun ts f o r abou t h a l f t h e reco rded o u t b r e a k s 
o f wa te rbo rne d i seases (Craun , McCabe and Hughes, 1 9 7 6 ) , a l t h o u g h i n r e l a t i v e l y 
f e w c a s e s i s t h e a e t i o l o g i c a l a g e n t i d e n t i f i e d e i t h e r by i s o l a t i o n o r by 
s e r o l o g i c a l means . I t i s h o w e v e r b e l i e v e d t h a t a s u b s t a n t i a l p r o p o r t i o n o f 
these i n f e c t i o n s cou ld be o f v i r a l o r i g i n because o f t he deve lopment o f symptoms 
between one and t w o days a f t e r i n f e c t i o n and t h e r e c o v e r y o f t h e s u b j e c t w i t h i n 
two t o t h r e e days w i t h o u t s i g n i f i c a n t seque lae . 

A l t h o u g h c l i n i c a l l y c h a r a c t e r i s t i c i n f e c t i o n s such as H e p a t i t i s A may w e l l 
o c c u r , i t m u s t be b o r n e i n m i n d t h a t o n l y a s m a l l p r o p o r t i o n o f i n f e c t e d 
s u b j e c t s , e s p e c i a l l y c h i l d r e n , d e v e l o p symptoms ( E v a n s , 1978 ) and t h i s i s a l s o 
t r u e o f v i r t u a l l y a l l e n t e r i c v i r u s i n f e c t i o n s e v e n t h o s e w h i c h may be v e r y 
s e r i o u s , such as p o l i o m y e l i t i s . The s i g n i f i c a n c e o f t h i s o b s e r v a t i o n i s t h a t 
i n f e c t e d symptomless i n d i v i d u a l s may w e l l r e p r e s e n t f o c i f o r f u r t h e r i n f e c t i o n 
i n t h e communi ty , and shou ld t h i s happen, then d i sease o f ep idemic p r o p o r t i o n 
cou ld subsequen t l y deve lop . O f cou rse , i n these c i r c u m s t a n c e s , i t wou ld be v e r y 
d i f f i c u l t t o r e l a t e such an e p i d e m i c t o an o r i g i n a l w a t e r b o r n e i n f e c t i o n . 
I n c i d e n t a l l y , i t i s suggested by some t h a t low l e v e l s o f i n f e c t i o n th rough t h e 
w a t e r r o u t e may be advantageous t o a communi ty by p r o v i d i n g i t w i t h a r e l a t i v e l y 
harmless mechanism f o r the c i r c u l a t i o n o f v i r u s e s wh ich cou ld o t h e r w i s e become 
dangerous ly ep idemic i n a l a r g e l y s u s c e p t i b l e p o p u l a t i o n ( M o s l e y , 1 9 6 7 ) . I t has 
a l so been argued (Gamb le , 1979) t h a t even i f t h e e l i m i n a t i o n o f such l o w - l e v e l 
t r a n s m i s s i o n o f v i r u s e s were p o s s i b l e i t wou ld be u n l i k e l y t o have much e f f e c t 
on endemic i n f e c t i o n wh ich i s commonly by the d i r e c t person t o person method. 
N e v e r h t e l e s s , i t i s t hough t t h a t v i r u s e s i n w a t e r r e p r e s e n t an u n d e r e s t i m a t e d 
problem (Mahdy, 1 9 7 9 ) . 

2 . An a s s e s s m e n t o f t h e e x t e n t o f t h e h a z a r d s o f v i r a l c o n t a m i n a t i o n o f 
e f f l u e n t s and t h e e f f e c t i v e n e s s o f any t r e a t m e n t f o r i t s r e m o v a l d e p e n d s 
c r i t i c a l l y on t h e s e n s i t i v i t y and r e l i a b i l i t y o f t h e procedures f o r t h e r e c o v e r y 
and c h a r a c t e r i s a t i o n o f t h e v i r u s e s . S u c c e s s f u l c h a r a c t e r i s a t i o n o f v i r u s e s 
depends e s s e n t i a l l y on t h e i n f e c t i v i t y t e s t b e c a u s e n o t o n l y i s t h i s t h e 
paramount p r o p e r t y under s c r u t i n y bu t t h e l e v e l s l i k e l y t o be p r e s e n t a re v e r y 
s m a l l i n d e e d . C e r t a i n l y t h e y w o u l d n o t be s u f f i c i e n t , w i t h o u t i m p r a c t i c a l 
l e v e l s o f c o n c e n t r a t i o n , f o r d e t e c t i o n by e l e c t r o n m i c r o s c o p y o r s e r o l o g i c a l 
t echn iques , bo th o f wh ich r e q u i r e a t l e a s t 1 0 ^ p a r t i c l e s / m l . 

A l t h o u g h i n f e c t i v i t y assays may be q u i t e s e n s i t i v e , i t must be borne i n mind i t 
i s p o s s i b l e t h a t o n l y one i n f e c t i o u s p a r t i c l e i s s u f f i c i e n t t o i n f e c t a .pa 
s u s c e p t i b l e s u b j e c t ( W e s t w o o d and S a t t a r , 1 9 7 6 ) and i n t h i s r e g a r d , i t i s 
i m p o r t a n t t o no te t h e d i f f i c u l t y wh ich e x i s t s i n d e f i n i n g an i n f e c t i o u s p a r t i c l e 
( F l o y d and S h a r p , 1 9 7 9 ) w h i c h may be an a g g r e g a t e o f p a r t i c l e s , o r e v e n 
p a r t i c l e s embedded i n o r g a n i c f l o e . A n o t h e r i m p o o r t a n t l i m i t a t i o n on t h e 
i n t e r p r e t a t i o n o f i n f e c t i v i t y assays r e l a t e s t o the s e n s i t i v i t y o f t he s e l e c t e d 
c e l l c u l t u r e . T h e c h o i c e o f t h i s i s o f t e n d i c t a t e d by such p r a g m a t i c 
c o n s i d e r a t i o n s as cos t and p r a c t i c a b i l i t y , f o r i n s t a n c e , i t i s c l a i m e d t h a t one 
o f t h e mos t s e n s i t i v e c e l l s y s t e m s f o r a w i d e r a n g e o f e n t e r i c v i r u s e s i s t h e 
p r ima ry rhesus k idney c e l l c u l t u r e bu t t h i s i s now v i r t u a l l y u n o b t a i n a b l e and 
one o r more monkey k i d n e y c e l l l i n e s l i k e v e r o and BGM h a v e become p o p u l a r 
a l t e r n a t i v e s ( S c h m i d t e t a l . , 1 9 7 8 ) . None o f t h e s e c e l l c u l t u r e s i s e q u a l l y 
s e n s i t i v e t o a l l t h e e n t e r i c v i r u s e s , f u r t h e r m o r e , some v i r u s e s r e p l i c a t e i n 
them much more s l o w l y than o t h e r s so t h a t o v e r g r o w t h o f the c u l t u r e by one v i r u s 
may o c c u r , a n o t u n l i k e l y e v e n t , f r o m an e f f l u e n t s a m p l e w h i c h c o u l d w e l l be 
expec ted t o be con tamina ted w i t h s e v e r a l d i f f e r e n t v i r u s e s . T h i s prob lem wou ld 
be l e s s t roub lesome where t h e assay f o r i n f e c t i v i t y was t h e p laque t e s t , bu t i t 
would be i n t r a c t a b l e where a q u a n t a l assay was employed based on d e g e n e r a t i o n o f 
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t h e w h o l e c u l t u r e . E v e n g r e a t e r p r o b l e m s o c c u r when t h e v i r u s i s n o n -
c y t o p a t h o g e n i c , and t h i s cou ld be compounded i f such a v i r u s i n t e r f e r e d w i t h t h e 
g row th Of a c y t opa thogen i c v i r u s . Ano the r l i m i t a t i o n wh ich must be a p p l i e d t o 
t he i n t e r p r e t a t i o n o f i n f e c t i v i t y assays i s t h a t c e l l s e n s i t i v i t y t o l a b o r a t o r y -
a d a p t e d v i r u s and t o f r e s h v i r a l i s o l a t e s i s known t o d i f f e r , e s p e c i a l l y t o 
i s o l a t e s f rom f a e c a l samples (Made ley , 1979) w i t h wh ich v i r u s i n e f f l u e n t s a re 
comparab le . These v a r i o u s p o i n t s h i g h l i g h t t h e d i f f i c u l t i e s i n d e v e l o p i n g v i r a l 
s tandards f o r e f f l u e n t q u a l i t y where the assay o f i n f e c t i v i t y i s o n l y e f f e c t i v e 
f o r some, u n c e r t a i n f o r o t h e r s and t o t a l l y u n a v a i l a b l e f o r those i n wh ich we a r e 
p a r t i c u l a r l y i n t e r e s t e d 

Ano the r c o n s t r a i n t on t h e s e n s i t i v i t y o f t h e i n f e c t i v i t y assay r e l a t e s t o t h e 
s m a l l number o f i n f e c t i o u s p a r t i c l e s w h i c h may be p r e s e n t , such t h a t 
c o n c e n t r a t i o n o f t h e s a m p l e b e f o r e i s o l a t i o n may w e l l be e s s e n t i a l . Many 
methods f o r c o n c e n t r a t i o n o f v i r u s e s f r om w a t e r have been recommended, such as 
f i l t r a t i o n , f l o c c u l a t i o n o r t w o p h a s e l i q u i d s e p a r a t i o n , b u t t h e i r v a l u e f o r 
e f f l u e n t t r e a t m e n t w i l l be g r e a t l y i n f l u e n c e d by the e f f l u e n t q u a l i t y e s p e c i a l l y 
i t s c o n t e n t o f s u s p e n d e d s o l i d s . ( S e e l e y and P r i m r o s e , 1 9 7 9 ) . One p a r t i c u l a r 
problem i s the c o n c e n t r a t i o n o f c y t o t o x i c subs tances wh ich may be d i f f i c u l t t o 
c h a r a c t e r i s e and remove ( G l a s s , S l u i s and Y a n k o , 1 9 7 8 ; Schmid t e t a l . , 1 9 7 8 ) . 

H a v i n g i s o l a t e d and c u l t u r e d a v i r u s f r o m e f f l u e n t , t h e r e r e m a i n s i t s 
c h a r a c t e r i s a t i o n and i d e n t i f i c a t i o n w h i c h i s a m a j o r t a s k . T h i s , t o a l a r g e 
e x t e n t , d e p e n d s on t h e d e v e l o p m e n t o f a c h a r a c t e r i s t i c c y t o p a t h o l o g y and t h e 
a p p l i c a t i o n o f s e r o l o g i c a l t e s t s , p a r t i c u l a r l y t he n e u t r a l i s a t i o n t e s t . O t h e r 
s e r o l o g i c a l t e s t s l i k e i m m u n o f l o u r e s c e n c e f o r n o n - c y t o p a t h o g e n i c v i r u s e s may 
h a v e t o be used and c h a r a c t e r i s a t i o n by e l e c t r o n m i c r o s c o p y may a l s o be 
necessa ry . 

C l e a r l y , t he c o m p l e x i t y o f t h i s s i t u a t i o n makes t h e t e s t i n g f o r t h e presence o f 
a l l p o s s i b l e e n t e r i c v i r u s o u t o f t he q u e s t i o n , y e t i t i s e q u a l l y t r u e t h a t t h e 
m o n i t o r i n g f o r t h e e f f e c t i v e n e s s o f e f f l u e n t t r e a t m e n t i s e s s e n t i a l , so t h e 
s e l e c t i o n o f an i n d i c a t o r v i r u s wou ld be u s e f u l . F o r b a c t e r i a i t i s g e n e r a l l y 
a g r e e d t h a t c e r t a i n c o l i f o r m b a c t e r i a may be r e g a r d e d as r e p r e s e n t a t i v e , b u t 
w i t h v i r u s e s i t i s no t a t a l l o b v i o u s wh i ch , i f any one t y p e , cou ld be s e l e c t e d . 
T h e i d e a t h a t e n t e r i c b a c t e r i a c o u l d be used as m o d e l s f o r e n t e r i c v i r a l 
c o n t a m i n a t i o n has been r e j e c t e d , no t o n l y because t h e r e i s l i t t l e c o r r e l a t i o n 
b e t w e e n t h e l e v e l s f o u n d o f t h e t w o g r o u p s , b u t b e c a u s e many v i r u s e s a r e m o r e 
r e s i s t a n t t o d i s i n f e c t i o n , wh ich i s t he usua l o b j e c t o f t he s t u d y ( B e r g , e t a l . , 
1 9 7 8 ) . F u r t h e r m o r e , t h e range o f t y p e s o f e n t e r i c v i r u s e s wh ich may be p resen t 
v a r y w i d e l y b e c a u s e , u n l i k e many e n t e r i c b a c t e r i a , t h e y do n o t a p p e a r t o f o r m 
p a r t o f t h e n a t u r a l g u t f l o r a b u t o c c u r s p o r a d i c a l l y . H o w e v e r , i t h a s been 
f r e q u e n t l y suggested t h a t a c o l i p h a g e , w h i c h wou ld be expec ted t o be p a r t o f t h e 
n a t u r a l f l o r a , wou ld be s u i t a b l e i n d i c a t o r o f e n t e r i c v i r u s p o l l u t i o n ( S c a r p i n o , 
1 9 7 5 ; K o t t e t a l 1 9 7 4 ) . The co l i phages c e r t a i n l y f u l f i l a number o f recommended 
p r e r e q u i s i t e s (Haas, 1 9 7 7 ) t h a t t hey a re p resen t whenever t h e i r pa thogen i c h o s t s 
a r e p r e s e n t , t h e y a r e i n c a p a b l e o f r e g r o w t h i n t h e e f f l u e n t , b u t a r e a t l e a s t 
e q u a l l y r e s i s t a n t t o e n v i r o n m e n t a l s t r e s s , i n c l u d i n g d i s i n f e c t i o n . F u r t h e r m o r e , 
t h e y a r e p r e s e n t i n l a r g e n u m b e r s and a r e r e a d i l y e n u m e r a t e d . H o w e v e r t h e 
s e l e c t i o n o f a p a r t i c u l a r co l i phage poses a p rob lem, f o r i n s t a n c e , an o b v i o u s 
con tender l i k e t h e f 2 c o l i p h a g e recommended by Shah and McCabe ( 1 9 7 2 ) i s no t t h e 
o n l y phage t o r e p l i c a t e i n i t s s p e c i f i c h o s t E s c h e r i c h i a c o l i ( K - , 2 H f r ) . The use 
o f t h e l e s s s e l e c t i v e £ ^ c o l i Β s t r a i n w o u l d i s o l a t e e v e n m o r e t y p e s o f 
c o l i p h a g e s ( K o t t , e t a l . , 1 9 7 4 ) . T h e d e l i b e r a t e i n t r o d u c t i o n o f a phage t y p e 
u n l i k e l y t o occur n a t u r a l l y , f o r examp le , a phage o f S e r r a t i a m^rc^seng (Cas tens 
and C o e t z e e , 1 9 6 5 ) w o u l d be i m p r a c t i c a l f o r r o u t i n e m o n i t o r i n g o f e f f l u e n t 
t r e a t m e n t , even suppos ing i t had t h e r i g h t p r o p e r t i e s , l i k e h i g h r e s i s t a n c e t o 
d i s i n f e c t a n t . To t a k e a phage dependent on a hos t t h o u g h t t o be commonly p r e s e n t 
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in wastewater treatment like a cyanophage (Smedberg and Cannon, 1976) would only 
be useful if it occurred reliably and was also very resistant to effluent 
treatment. Nearly all these studies, as well as those in which a model 
enterovirus was propsed, suffer from the disadvantages peculiar to such 
laboratory studies, in that it is not certain how far results can be 
extrapolated to field conditions. 
3. So how worried need we be about viruses in effluent? The answer depends 
essentially on the nature of the wastewater treatment providing the effluent 
and, of course, on the fate of the effluent and the survival of the viruses in 
the receiving waters or soil. The nature of the wastewater treatment will 
inevitably influence the behaviour and fate of viruses, for instance, it is well 
known that much more virus is found in effluents after percolating filtration 
than those from the activated sludge treatment (Berg, 1 9 7 3 ) . 

The degritting and settling procedures carried out during the early stages of 
sewage treatment lead to an unpredictable dispersion of the virus originally 
present in the faecal solids. For instance, although a substantial proportion 
of the solids settle out into the primary sludges there is little apparent loss 
of infectivity in the settled sewage effluent (Kollins, 1966) presumably due to 
a break up of vvviral aggregates and floes to release individual infectious 
virions and the fact that viruses have a strong predeliction to adsorp to solids 
(Bitton, 1976) accounts for their effective removal during the activated sludge 
aeration. Indeed, good quality effluents from such treatment should have a very 
low suspended solids content and a good correlation between low solids content 
and low viral infectivity of effluents has been observed (Balluz and Butler, 
1 9 7 9 ) . The absence of solids from effluent is also important because they 
provide a mechanism for the protection of adsorbed virus against disinfection 
(Boardman and Sproul, 1 9 7 7 ; Hajkal, et al, 1 9 7 9 ) Virus in untreated final 
effluents is ultimately subject to various forms of environmental stress in the 
receiving waters or soil (Bitton, 1 9 8 0 ) , but the fact that virus is readily 
isolated from effluent polluted river water obviously implies reasonable 
survival and experimental studies in different types of water provide additional 
evidence of good survival (Gerba, Wallis and Melnick, 1975 ) especially in clean 
(Mehnel et al., 1 9 7 7 ) or heavily polluted waters but surprisingly and 
inexplicably, less so in moderately dirty water (Clarke, et al 1 9 6 9 ) . Virus 
apparently survives less well in sea water (Gerba and Schaiberger, 1975b) indeed 
there is some evidence that it is specifically inactivated (Fujioka, Loh and 
Lau, 1 9 8 0 ) . Disposal of effluent to land may result in percolation of virus 
through the soil to contaminate ground water supplies (Schaub and Sorber, 1 9 7 7 ) 
but normally viruses eventually disappear, due to adsorption and ultimately 
inactivation. .pa 
The distribution of viruses in soil is known to be strongly influenced by the 
degree of hydration, the pH, the ionic strength and the organic content of the 
medium (Akin et al., 1 9 7 1 ) . It is clear from all this that the ecology of 
viruses during wastewater treatment and after the disposal of the products is 
evidently very complex. Furthermore, it is also worth noting that virions enter 
the sewage plant discontinuously and in various states of aggregation so that no 
one sample at any one stage in the process can be taken as representative of 
anything other than what is present at that time in that sample. 
4. The methods available for the inactivation of viruses in effluent differ 
little in principle from those applied to potable water, but are distinct from 
the disinfection of viruses contaminating, laboratory or medical equipment, 
where highly toxic chemicals like detergents, phenols, formaldehyde or 
permanganate may be used (Spalding et al 1 9 7 7 ) . For effluents, the choice of 
treatment is limited by the requirement for a high quality final effluent free 
from harmful by-products. The treatment must be cheap, easy to produce. 
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T A B L E 4 T A B L E 3 

C H E M I C A L D I S I N F E C T A N T S P H Y S I C A L D I S I N F E C T A N T S 

C H L O R I N E BROMINE I O N I S I N G I R R A D I A T I O N : 
C H L O R I N E D I O X I D E BROMINE C H L O R I D E e . g . GAMMA RAYS OR E L E C T R O N S 
I O D I N E O Z O N E N O N - I O N I S I N G 
COMBINAT IONS O F T H E S E C H E M I C A L S e . g . U L T R A V I O L E T L I G H T 
O T H E R S , e . g . P E R A C E T I C A C I D PHOTODYNAMIC O X I D A T I O N 

H E A T 

The d i s i n f e c t i o n methods a v a i l a b l e range f rom the p u r e l y p h y s i c a l ( T a b l e 3 ) , t o 
p u r e l y chemica l ( T a b l e 4) l i k e t he a p p l i c a t i o n o f t h e ha logen d i s i n f e c t a n t s . I n 
a d d i t i o n , t h e r e i s t h e more complex and i n t e r e s t i n g a p p l i c a t i o n o f a comb ina t i on 
o f one o r more o f t h e s e b a s i c m e t h o d s . I n d e e d , t h e d i s t i n c t i o n b e t w e e n t h e 
c a t e g o r i e s i s by no means c l e a r c u t , e s p e c i a l l y i n e f f l u e n t s where , because o f 
t h e i m p u r i t i e s , a number o f m e c h a n i s m s may o p e r a t e a n t a g o n i s t i c a l l y o r 
s y n e r g i s t i c a l l y . F o r e x a m p l e , i o n i s i n g i r r a d i a t i o n a l t h o u g h a b l e t o a c t 
d i r e c t l y on t h e v i r u s , may a l s o f u n c t i o n c h e m i c a l l y i n so f a r as i t may induce 
t h e p r o d u c t i o n o f t o x i c f r e e r a d i c a l s . I n c o n t r a s t , a c h e m i c a l d i s i n f e c t a n t 
l i k e c h l o r i n e , may reac t p r e f e r e n t i a l l y w i t h o rgan i c and i n o r g a n i c con tam inan t s 
so t h a t i t s f u l l p o t e n t i a l i s l o s t . Thus , t he e f f e c t i v e n e s s o f any one o f t hese 
t r e a t m e n t s y s t e m s may be much i n f l u e n c e d by t h e p r e s e n c e o f c h e m i c a l and 
p h y s i c a l i m p u r i t i e s and t h e p r e t r e a t m e n t o f e f f l u e n t s t o r e m o v e t h e s e may be 
e s s e n t i a l f o r t he e f f e c t i v e , economic and s a f e d i s i n f e c t i o n o f v i r u s e s (Guy and 
M c l v e r , 1 9 7 7 ) . Cu lp ( 1 9 7 1 ) q u e s t i o n e d the need f o r d i s i n f e c t i o n a f t e r e f f e c t i v e 
per t r e a t m e n t bu t t h i s v e r y much depends on t h e f a t e o f t he e f f l u e n t and a number 
o f p rocedures have been adopted f o r t he improvement o f e f f l u e n t q u a l i t y b e f o r e 
d i s i n f e c t i o n . O f t he most commonly a p p l i e d methods, f l o c c u l a t i o n w i t h a v a r i e t y 
o f s a l t s or 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 i s p robab l y t he most u s e f u l , bu t n o t a l l 
v i r u s e s b e h a v e i n t h e same w a y , f o r i n s t a n c e r o t a v i r u s i s l e s s e f f i c i e n t l y 
a d s o r b e d t o a l u m i n i u m h y d r o x i d e t h a n p o l i o v i r u s , ( F a r a h e t a l . , 1 9 7 8 ) , b u t i n 
p r a c t i c e such d i f f e r e n c e s m igh t no t be i m p o r t a n t . 

F i l t r a t i o n o f e f f l u e n t s by s l o w sand f l i b e r a t i o n ( P o y n t e r and S l a d e , 1 9 7 7 ) 
r e s u l t s i n t h e r e m o v a l o f v i r u s by a d s o r b t i o n t o t h e c o m p l e x m i c r o b i a l 
p o p u l a t i o n wh ich grows i n the upper l a y e r s , b u t r a p i d sand f i l t r a t i o n a l t h o u g h 
remov ing s o l i d s f rom e f f l u e n t and t h e r e f o r e e f f e c t i n g some u s e f u l c l a r i f i c a t i o n 
does n o t r e m o v e s u s p e n d e d v i r u s w e l l ( G u y and M c l v e r 1 9 7 7 ) f u r t h e r m o r e i t s 
f u n c t i o n i n t h i s r e g a r d i s g r e a t l y i n f l u e n c e d by p H , i o n i c c o n c e n t r a t i o n and 
o r g a n i c c o n t a m i n a t i o n . A d s o r p t i o n o f v i r u s t o such s u b s t a n c e s as a c t i v a t e d 
cha rcoa l i s e f f i c i e n t f rom c lean w a t e r ( O z a and Chang, 1975) bu t such subs tances 
a r e r a p i d l y b l o c k e d by o r g a n i c m a t t e r ( S p r o u l , 1 9 6 8 ) . I n c i d e n t l y a l l t h e s e 

t r a n s p o r t and s t o r e . I t m u s t be p o t e n t a t l o w d o s a g e and r e a d i l y d e c o m p o s e , 
e i t h e r s p o n t a n e o u s l y o r by t h e a p p l i c a t i o n o f a n e u t r a l i s i n g a g e n t , i n t o 
ha rm less b y - p r o d u c t s . F u r t h e r m o r e , i t must be s i m p l y and r e l i a b l y assayed and 
u n r e a c t i v e w i t h o t h e r c h e m i c a l o r p h y s i c a l c o n s t i t u e n t s o f t h e e f f l u e n t . I n 
t h i s r e g a r d , t h e c h a r a c t e r i s a t i o n o f e f f l u e n t i s an i m p o r t a n t c o n s i d e r a t i o n 
because w ide v a r i a t i o n s i n p h y s i c a l and chemica l q u a l i t y a re known t o occur and 
are l i k e l y t o i n f l u e n c e the e f f e c t i v e n e s s o f d i s i n f e c t i o n ( T o n e l l i , 1 9 7 6 ) . 
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t r e a t m e n t s wh ich r e s u l t i n t h e remova l o f v i r u s m e r e l y d e f e r t he prob lem o f i t s 
i n a c t i v a t i o n , t o the t r e a t m e n t o f t he r e s u l t a n t s ludge . 

E x c e s s l i m e t r e a t m e n t has t h e g r e a t e s t p r o m i s e f o r t h e t r e a t m e n t o f e f f l u e n t 
w i t h r e s u l t a n t i n a c t i v a t i o n o f v i r u s (Grabow, M iddendo r f and Basson , 1 9 7 8 ) I t 
i s t hough t t h a t t h e s i n g l e - s t r a n d e d RNA v i r u s e s a re p a r t i c u l a r i l y s u s c e p t i b l e t o 
t h e h i g h pH v a l u e s o b t a i n e d w i t h t h e genome as t h e p r i m e t a r g e t ( W a r d e t a l 
1 9 7 8 ) a l t h o u g h S p r o u l ( 1 9 7 2 ) t h o u g h t t h a t i n a c t i v a t i o n w a s t h e r e s u l t o f 
d e n a t u r a t i o n o f t h e c a p s i d . I n g e n e r a l , e n t e r i c v i r u s e s h a v e a w i d e pH 
t o l e r a n c e w h i c h i s , p r e s u m a b l y , a r e f l e c t i o n on t h e i r n a t u r a l h i s t o r y as g u t 
p a r a s i t e s t r a n s m i t t e d by t h e f a e c a l o r a l r o u t e a n d , t h e r e f o r e , e x p o s e d t o t h e 
a c i d i t y o f t h e s t o m a c h and c o m p e n s a t i n g a l k a l i n e s e c r e t i o n s o f t h e s m a l l 
i n t e s t i n e . 

I n a c t i v a t i o n o f v i r u s p resen t i n good q u a l i t y e f f l u e n t s by p h y s i c a l o f p h y s i c o -
c h e m i c a l m e t h o d s h a s a t t r a c t e d i n c r e a s i n g a t t e n t i o n b e c a u s e d i s i n f e c t i o n b y 
c h l o r i n e has come i n c r e a s i n g l y under a t t a c k . The most p r o m i s i n g deve lopmen ts 
use i o n i s i n g ( S i n s k y , 1 9 7 7 ) and n o n - i o n i s i n g i r r a d i a t i o n ( V a j d i c , 1 9 7 0 ) no t o n l y 
a lone bu t i n c o n j u n c t i o n w i t h chemica l methods. The main d i s a d v a n t a g e s i n t h e s e 
m e t h o d s i s t h a t i o n i s i n g i r r a d i a t i o n by gamma r a y s o r h i g h e n e r g y e l e c t r o n s , 
l i k e t h a t w i t h u l t r a v i o l e t , has poor p e n e t r a t i n g power and i t s e f f e c t i s g r e a t l y 
d i m i n i s h e d by t u r b i d i t y . H o w e v e r , a l t h o u g h e x p e n s i v e i n c o m p a r i s o n t o t h e 
a p p l i c a t i o n o f c o n v e n t i o n a l d i s i n f e c t a n t s t h e y may , as a r e s u l t o f i m p r o v e d , 
techno logy become c o m p e t i t i v e and a c c e p t a b l e ( S i n g e r and Nash , 1 9 7 9 ) Hea t a l s o 
wou ld work w e l l bu t rema ins i m p r a c t i c a l f o r e f f l u e n t s , a l t hough a p p l i c a b l e t o 
s l u d g e s (Ward and A s h l e y , 1 9 7 8 ) w h e r e a n a e r o b i c d i g e s t i o n r e s u l t s i n t h e 
deve lopment o f e l e v a t e d t e m p e r a t u r e . However , s t u d i e s o f hea t i n a c t i v a t i o n o f 
v i r u s e s i n w a t e r h a v e , i n c i d e n t l y , p r o v i d e d a u s e f u l b a s i s f o r u n d e r s t a n d i n g 
v i r a l i n a c t i v a t i o n i n g e n e r a l . I n p a r t i c u l a r , o f t he c h a r a c t e r i s t i c b i p h a s i c 
i n a c t i v a t i o n w h e r e a f t e r t r e a t m e n t t h e r e r e m a i n s a r e s i d u a l o f a p p a r e n t l y 
u n a f f e c t e d v i r u s . The i n f l u e n c e o f pH, d i v a l e n t c a t i o n s and redox p o t e n t i a l on 
h e a t i n a c t i v a t i o n may a l s o p r o v i d e some i n s i g h t i n t o t h e i n f l u e n c e o f t h e s e 
f a c t o r s on c h e m i c a l d i s i n f e c t i o n , i n d e e d t h e a c t i o n o f p H , c a t i o n s o r r e d o x 
p o t e n t i a l a lone on v i r u s e s shou ld no t be i gno red ( P o y n t e r , S l ade & J o n e s 1 9 7 3 ) 
b e c a u s e b o t h r e d o x p o t e n t i a l and pH a r e b o t h b e l i e v e d t o a c t on v i r a l c a p s i d 
p r o t e i n s ( M a n d e l , 1 9 7 1 ) w h i c h may e i t h e r a l t e r t h e i r s e n s i t i v i t y t o 
d i s i n f e c t a n t s o r t h e i r a b i l i t y t o adsorb t o s e n s i t i v e c e l l s . 

The most p r a c t i c a l and success fu l d i s i n f e c t a n t s o f w a s t e w a t e r e f f l u e n t s a re t h e 
o x i d i s i n g agents l i k e t h e ha logens , ozone and p e r o x i d e s , a l t h o u g h i t i s l i k e l y 
t h a t t h e a c t i o n o f t h e s e c h e m i c a l s i s n o t e x c l u s i v e l y t h r o u g h o x i d a t i o n . T h e 
g e n e r a l p r i n c i p l e s o f d i s i n f e c t i o n w e r e e s t a b l i s h e d by C h i c k ( I 9 O 8 ) who 
f o r m u l a t e d a l a w w h i c h s t a t e d t h a t t h e r a t i o o f a g i v e n p o p u l a t i o n d e c r e a s e d 
e x p o n e n t i a l l y w i t h t i m e , t h a t i s t h a t t h e r e a c t i o n o b e y e d ' f i r s t o r d e r * 
k i n e t i c s . H o w e v e r t h i s o n l y a p p l i e s i f t h e d i s i n f e c t a n t i s i n e x c e s s ( H i a t t , 
1964 ) , i f t he system i s homogeneous and i f t he i n t e r a c t i o n between v i r u s and t h e 
d i s i n f e c t a n t i s d i r e c t . Such c o n d i t i o n s do n o t , o f c o u r s e , a p p l y i n sewage 
e f f l u e n t wh ich has a complex and v a r i a b l e c o n s t i t u t i o n . 

D e v i a t i o n s f r o m f i r s t o r d e r r e a c t i o n s h a v e been c o m m o n l y o b s e r v e d and t h e y 
m a i n l y f a l l i n t o t w o c a t e g o r i e s , those wh ich show an i n i t i a l l a g b e f o r e maximum 
o r o p t i m u m r a t e s o f i n a c t i v a t i o n d e v e l o p and t h o s e w h e r e , a f t e r an i n i t i a l 
p e r i o d o f r a p i d i n a c t i v a t i o n , a p l a t e a u d e v e l o p s r e p r e s e n t i n g a p e r s i s t a n t 
i n f e c t i o u s f r a c t i o n . Somet imes bo th f e a t u r e s a re observed i n the same system 
( F u j o k a and A c k e r m a n , 1 9 7 5 ) . V a r i o u s e x p l a n a t i o n s h a v e been s o u g h t f o r t h e s e 
phenomena . F o r i n s t a n c e , an i n i t i a l s h o u l d e r w o u l d a p p e a r when t h e m u l t i h i t 
r e s p o n s e o c c u r r e d as w o u l d be e x p e c t e d w i t h m o s t s u s p e n s i o n s o f i n f e c t i o u s 
v i r i o n s w h i c h , o f c o u r s e , i n c l u d e v i r a l a g g r e g a t e s o f v a r i o u s s i z e ( F l o y d & 
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Sharp 1 9 7 7 ) . The re wou ld be , i n such examp les , a d e l a y i n t h e measured l o s s even 
though much v i r u s was a c t u a l l y i n a c t i v a t e d . A g g r e g a t i o n cou ld e q u a l l y e x p l a i n 
r e s i d u a l i n f e c t i v i t y w h e r e i n f e c t i o u s p a r t i c a l s remained i n a c c e s s i b l e t o t h e 
d i s i n f e c t a n t ( B r o a r d m a n and S p r o u l , 1 9 7 7 ) I t i s a l s o p o s s i b l e t h a t v i r a l 
p o p u l a t i o n s a r e g e n e t i c a l l y h e t e r o g e n o u s w i t h r e s p e c t t o s e n s i t i v i t y t o 
d i s i n f e c t i o n , indeed some s t u d i e s have r e s u l t e d i n the s e l e c t i o n o f p o p u l a t i o n 
w i t h i nc reased r e s i s t a n c e ( B a t e s , S h a f f e r and S u t h e r l a n d , 1 9 7 7 ) bu t i t i s a l s o 
p o s s i b l e t h a t some r e s i d u a l i n f e c t i v i t y i s t h e r e s u l t o f m u l t i p l i c i t y 
r e a c t i v a t i o n ( Y o u n g and S h a r p , 1 9 7 9 ) t h a t i s t h e r e s t o r a t i o n o f t h e c o m p l e t e 
r e p l i c a t i o n mechanism due t o t he m u l t i p l e i n f e c t i o n o f a c e l l w i t h v i r i o n s w i t h 
d i f f e r n t l y b u t o n l y s l i g h t l y damaged g e n o m e s . Such d o u b t s r e - e m p h a s i s e t h e 
neeed f o r r e l i a b l e and rep roducab le i n f e c t i v i t y assays and i n such s i t u a t i o n s 
each v i r u s p a r t i c l e m u s t be assumed t o be i n f e c t i o u s and i t s i n f e c t i v i t y 
d e t e r m i n a b l e . 

T h e r e a r e i n f a c t f e w e x a m p l e s w h e r e t h e t o t a l number o f v i r i o n s p r e s e n t 
c o r r e s p o n d s t o t h e number o f i n f e c t i o u s u n i t s and u s u a l l y t h e r e i s a 
c o n s i d e r a b l e d i f f e r e n c e . T h i s a l s o emphasises t h a t a d i s i n f e c t i o n a c t i v i t y may 
have t o be de te rm ined e m p i r i c a l l y f o r each v i r u s i n q u e s t i o n i f p r e c i s e d a t a i s 
r e q u i r e d ( H a j e n i o n and B u t l e r , 1980) . C e r t a i n l y , assay o f i t s e f f i c a c y depends 
not o n l y on e f f e c t i v e assay o f i n f e c t i v i t y bu t a l s o on t h a t o f the d i s i n f e c t a n t . 

The mechanism by which t h e o x i d a t i v e d i s i n f e c t a n t s work i s p r o b a b l y complex and 
a b a s i c u n d e r s t a n d i n g i s r e q u i r e d . So f a r as t h e h a l o g e n s a r e c o n c e r n e d t h e y 
a re known t o r e a c t w i t h v i r a l p r o t e i n s and n u c l e i c a c i d s ( 0 1 i v i e r i e t a l . , 1 9 7 5 ; 
0 » B r i e n and N e w a n , 1 9 7 9 ) and i n t h i s d e b a t e i t i s w o r t h n o t i n g t h e e s s e n t i a l 
s t r u c t u r a l f e a t u r e s o f t h e e n t e r i c v i r u s e s w h i c h h a v e a p r o t e i n a c e o u s c a p s i d 
e n c l o s i n g t h e s i n g l e o r d o u b l e s t r a n d e d n u c l e i c a c i d genome. T h e c a p s i d 
p r o t e i n s may be o rgan i sed as s p e c i f i c r e c e p t o r s , t he i n t e g r i t y o f wh ich i s v i t a l 
t o t h e i n f e c t i o u s p r o c e s s b u t damage t o t h e r e c e p t o r s may n o t r e s u l t i n d e ­
n a t u r a t i o n o f t h e genome w h i c h , o f c o u r s e , l e a v e s t h e p o s s i b i l i t y t h a t v i r a l 
r e p l i c a t i o n c o u l d u l t i m a t e l y o c c u r . F u r t h e r m o r e , as n o t e d a b o v e , p a r t i a l 
d e n a t u r a t i o n o f t he genome may no t i n e v i t a b l y r e s u l t i n f a i l u r e t o r e p l i c a t e . A 
d i s i n f e c t a n t may d i s s o c i a t e o r dena tu re v i r a l p r o t e i n s o r r e a c t w i t h the genome 
o r b o t h and one w h i c h r e a c t s s p e c i f i c a l l y w i t h t h e genome m u s t be a b l e t o 
p e n e t r a t e the c a p s i d . 

O f t h e h a l o g e n d i s i n f e c t a n t s , c h l o r i n e has a l o n g h i s t o r y as a s u c c e s s f u l 
d i s i n f e c t a n t ( W h i t e , 1 9 7 2 ) . I t i s m o s t c o m m o n l y u s e d f o r f i n i s h e d p o t a b l e 
w a t e r s and s w i m m i n g p o o l s b u t i s w i d e l y u s e d f o r t r e a t m e n t o f e f f l u e n t s , 
p a r t i c u l a r l y s t o r m w a t e r s and e v e n f o r o x i d a t i o n ponds ( K o t t , 1 9 7 3 ) . I t s 
c h e m i a l p r o p e r t i e s h a v e been e x h a u s t i v e l y examined and desc r i bed . B a s i c a l l y , 
when a ha logen i s d i s s o l v e d i n w a t e r i t h y d r o l i z e s t o fo rm the hypoha lous a c i d . 

X2 + H2O > - H O X + X " + H+ 

and t h e ac i d i o n i s e s t o t he h y p o h a l i t e i o n . 

HOX O X " + Η·*-

H y d r o l y s i s and i o n i s a t i o n a r e pH, t e m p e r a t u r e and c o n c e n t r a t i o n dependant and 
t h e t h r e e h a l o g e n s c h l o r i n e , b r o m i n e and i o d i n e b e h a v e d i f f e r e n t l y . I t i s 
i m p o r t a n t t o know t h i s b e c a u s e i t i s t h e h y p o h a l o u s a c i d w h i c h i s t h e m o s t 
a c t i v e mo lecu le . F o r i n s t a n c e a t low pH the c h l o r i n e mo lecu le i s p redominan t 
w h e r e a s a b o v e pH 9 t h e h y p o c h l o r i t e i o n i s p r e s e n t . C h l o r i n e f u n c t i o n s b e s t 
a g a i n s t v i r u s e s a t about pH 6 when opt imum l e v e l s o f t h e a c i d a r e fo rmed ( K o t t , 
Nupen and R o s s , 1 9 7 5 ) and i t i s w o r t h n o t i n g , h e r e , t h a t t h e pH o f many 
e f f l u e n t s i s about pH 8. 
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Halogens react with other nitrogenous matter to form similar derivatives but the 
chemistry of such compounds is complex. Halogens also react with inorganic 
matter to produce stable but non-disinfecting compounds and the loss of halogen 
this way is referred to as the halogen demand of the system, which is usually 
high in effluents. 
In the case of chlorine it is clear that it has some remarkably useful 
characteristics especially in water with slight nitrogenous contamination when 
it forms stable, persistent and disinfecting chloramines. These are, however, 
less active against viruses than against bacteria (Shah and McCamish 1 9 7 2 ; Hart, 
1 9 7 4 ) . In heavily polluted effluents the loss of chlorine, its conversion into 
chloramines and many even less acceptable byproducts may be so great as to 
render its highly unsuitable (Ward and DeGraeve, 1 9 7 8 ; Smith, McCall and Chen, 
1 9 7 7 ) mainly because of their toxicity to the natural flora and fauna of the 
receiving waters and their carcinogenic potential. Furthermore, it may be 
necessary to acidify effluent to obtain optimum conditions for chlorine 
disinfection (Mills, 1 9 7 3 ) . 

The disinfection potential of chlorine against viruses has been demonstrated by 
many people with experimental model systems as well as in the field situation. 
It is important to note that viruses range in their sensitivity (Lund 1964) for 
instance a laboratory strain of coxsackievirus was the most resistant 
enterovirus tested and some other enteritis viruses like reovirus and adenovirus 
were more sensitive than than any of the tested enteroviruses. More interesting 
is the observation that fresh isolates of enterovirus appeared to be more 
resistant than laboratory adapted strains(Kelly and Sanderson, 1958, Lui et al 
1 9 7 7 ) . Furthermore, certain viruses may have resistance selectively induced by 
cultivation in the presence of chlorine (Bates, Shaffer and Sutherland, 1 9 7 7 ) . 
This observation raised objections to inadequate chlorination (Nupen and Morgan, 
1978) because of the possibility that such resistant viruses may, when released 
in effluent, ultimately replicate in susceptible people. 
The need for thorough mixing of disinfectant to ensure optimal activity is 
stressed (Longley, 1 9 7 8 ) and this is especially important where virus is 

Another interesting and important phenomenon is that hypohalous acids react with 
ammonia to form mono, di and tri halomines: 

HOX + NH3 NH2X + H2O. 

HOX + NH2 NHX2 + 

HOX + NHX2 >- NX3 + H2O 

These reactions are concentration dependant such that, for instance, when the 
ratio of chlorine to ammonia is greater than 2 0 : 1 , free chlorine is again 
available for hydrolysis, a phenomenon well known as break-point chlorination 
(Palin, 1 9 5 0 ) . The reaction is also pH dependant with the highly substituted 
derivatives being found in acid conditions. The mono and dihalomines decompose 
to release nitrogen and those formed with chlorine are the most stable: 

2NH2X + HOX >- N2 + 3HX + H2O 

2NHX2 N2 + 2HX + X 2 
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adsorbed to particulate matter by which it is protected (Boardman and Sproul, 
1977; Hijkal et al, 1979) so the design of efficient chlorinating systems is .pa 
important (Tickhe, 1 9 7 6 ) . Furthermore, its meaningful assay in effluent has 
been closely questioned (Morrow and Martin, 1977). Of these methods chemical 
assay, especially by the DPD method (Palin, 1 9 7 4 ) , is the most accurate and 
reproducible but for automatic monitoring the known relationship between redox 
potential and disinfection potential (Victorian, Hellstrom and Rylander, 1972) 
has led to the development of assay based on the electrical charge however, the 
value of this has been questioned (Rosenblalt, 1975) especially its application 
to water heavily contaminated with nitrogenous compounds (Johnson, Edwards and 
Keeslan, 1978) when an electrode responding directly to hypochlorous acid was 
used. No one method is wholly satisfactory because the chemical property of a 
disinfectant may not correspond with its disinfecting potential. 
The problems resulting from the excessive use of chlorine for effluent 
disinfection (Comp. General, 1977) has led to quite extensive searches for 
alternative. Furthermore, the disontinuance of the production and distribution 
of liquid chlorine, which some critise (Humphrey, 1978),has precitated even more 
active interest in alternative disinfectants. 
Of the other halogens the one least likely to be useful alone is iodine. It is 
both poorly soluble in aqueous solution and not very reactive. However, it is 
easily stored and transported and is therefore useful for emergency 
sterilisation of water. In aqueous solution it forms hypoiodous acid and 
hydrogen iodide, the acid being the most active molecule: 

I2 + H2O HOI + HI 
It experiences considerable demand but it persists for longer in effluent than 
chlorine (Cramer et al., 1976) and is a more effective virucide than chlorine 
both at neutral pH and, especially, at higher pH values. 
Bromine, although known to be a powerful virocide (Taylor and Johnson, 1 9 7 4 , 
Floyd, Johnson and Sharp, 1976; Hajenian and Butler, I98O) is poorly soluable in 
water and is a highly corrosive liquid. Although, as such, it is not suitable 
for effluent treatment its chlorine derivative, bromine chloride has great 
promise. Indeed this has been found to be more effective against viruses than 
chlorine on a weight for weight basis (Keswick et al., 1978; Kawata et al., 
1979) and experienced less interference from added ammonia or glycine in sewage 
effluent. However,.its potential against a wide spectrum of enteric viruses has 
yet to be evaluated as has the effect of its residual on the ecology of the 
receiving waters (Mills, 1977). It is readily soluable in water and in 
a aqueous solution hypobromous acid is formed which is readily ionised: 

BrCl + H2O HOBr + HCl 
If some hypochlorous acid is also formed it is unstable in the presence of the 
bromide ion forming further hypobromous acid, the most active molecule 

HOCl + Br >- HOBr + Cl" 
These reactions are pH dependant and the greatest disinfecting potential is 
between pH 7 and 8 which would mean that for use in effluent no acidification 
would be required. The disinfectant reacts, of course, with nitrogenous 
compounds to form bromamines which are claimed to be highly virucidal (Mills, 
1 9 7 5 ) . However, they are short lived which although a disadvantage for clean 
water treatment would therefore be a valuable property for effluents treatment. 
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T h e e x c e l l e n t p o t e n t i a l f o r d i s i n f e c t i o n p o s s e s s e d by c h l o r i n e d i o x i d e was 
recogn ised ove r t h i r t y y e a r s ago (R idenou r and I n g o l s , 1 9 4 7 ) and i t has been .pa 
shown t o be v e r y u s e f u l a g a i n s t v i r u s e s ( D o w l i n g , 1 9 7 4 ; Kawata e t a l . , 1 9 7 9 ) . I n 
aqueous s o l u t i o n i t produces ch l o rous and c h l o r i c ac i ds 

2CIO2 + >- HCIO2 + HCIO3 

The normal method o f p r o d u c t i o n o f c h l o r i n e d i o x i d e wh ich i s f rom c h l o r i n e and 
sodium c h l o r i t e means t h a t a r e s i d u a l o f c h l o r i n e rema ins wh ich i n t h e fo rm o f 
hypoch lo rous a c i d r e a c t s w i t h c h l o r i n e d i o x i d e t o produce t h e h i g h l y r e a c t i v e 
c h l o r i d e i on ( T i f f t e t a l . , 1 9 7 7 ) : 

2CIO2 + H O C l + H+ 2 C I O 2 + H2O + C1+ 

Some o f t h e e a r l y r e p o r t s on t h e d i s i n f e c t i n g a c t i v i t y o f c h l o r i n e d i o x i d e 
f a i l e d t o t a k e i n t o a c c o u n t t h a t c h l o r i n e was p r e s e n t b u t i n m o r e r e c e n t 
s t u d i e s , e s p e c i a l l y where t h e d i s i n f e c t a n t i s made by h e a t i n g p o t a s s i u n c h l o r a t e 
w i t h o x a l i c ac i d ( P a l i n , 1948) i t s a c t i v i t y i s b e t t e r unde rs tood . F o r t u i t o u s l y , 
c h l o r i n e d i o x i d e does no t r e a d i l y r e a c t w i t h n i t r o g e n o u s compounds a l t h o u g h i t 
does e x p e r i e n c e a demand f r o m p h e n o l i c c h e m i c a l s . I t i s t h i s p r o p e r t y , 
r e s u l t i n g i n t h e e l i m i n a t i o n o f c o l o u r , t a s t e and odour wh ich has a t t r a c t e d much 
a t t e n t i o n ( I n g o l s , 1 9 7 5 ) . I t s assay i n t he presence o f c h l o r i n e i s complex b u t 
r e c e n t l y a s p e c i f i c s p e c t r o p h o t o m e t r i c assay has been r e p o r t e d ( K n e c h t e l , J a n z e n 
and D a v i s , 1978) wh ich i s u s e f u l . 

F r o m t h e e a r l i e s t t i m e s o z o n e h a s a t t r a c t e d a l o t o f a t t e n t i o n as a w a t e r 
d i s i n f e c t a n t . L i k e c h l o r i n e d i o x i d e , i t h a s t o be p r o d u c e d i n s i t u b u t t h e 
e q u i p m e n t i s s i m p l e d e p e n d i n g on t h e c o n v e r t i o n o f o x y g e n i n an e l e c t r i c a r c . 
H o w e v e r , f o r a c c u r a t e and r e l i a b l e d e l i v e r y c o n s i d e r a b l e c a r e h a s t o be 
e x e r c i s e d , and i t s a s s a y i s f r o u g h t w i t h d i f f i c u l t y b e c a u s e i t s c h e m i s t r y i n 
aqueous s o l u t i o n i s complex ( P e l e g , 1 9 7 6 ) . 

O3 + Η 2 θ > ^ θ 2 + 20H" 

O3 + OH >- 02 + Η02 

OH + O H " >- O ' + H2O 

O " + O2 

O9 + 0· 

Its disinfectant activity probably resides in the hydroxy and oxide radicals 
(Hoigne and Baden, 1 9 7 6 ; Kim, Gentile and Sproul, 198O) but its value also lies 
in its capacity to react with many organic carbon compounds incidently resulting 
in the removal of colour, odour and taste, a subject which has been critically 
reviewed (Kinman, 1 9 7 5 ) . It has been shown to be active against a range of 
viruses (Evison, 1 9 7 8 ) and its potential is greatly enhanced by good mixing 
particularly the application of ultrasound (Dahi, 1 9 7 5 , Burleson, Murray and 
Pollard, 1 9 7 5 ) which probably affects not only the bubble size (Farouq, Chian 
and Engelbrecht, 1 9 7 7 ) but may be useful in the break-up of viral aggregates and 
the release of virus from floe. Its effectiveness has been compared to that of 
chlorine (Bollyky and Siegel,1077; Wyatt and Wilson, 1 9 7 9 ) , but its main 
disadvantage for effluent is the great demand which has to be met before the 
formation of the active residual, however there is a complete absence of harmful 
biproducts. 
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T h e r e r e m a i n s a s m a l l m i s c e l l a n y o f c h e m i c a l s w h i c h a r e known t o h a v e a 
d i s i n f e c t i n g p o t e n t i a l bu t wh ich have no t been adequa te l y t e s t e d . P r i m e amongst 
these i s p e r a c e t i c a c i d . I t s v i r u c i d a l a c t i v i t y was f i r s t r e p o r t e d by K l e i n and 
H u l l ( 1 9 6 0 ) and l a t e r by S p r o s s i g and Mucke ( 1 9 6 9 ) and t h e r e i s a r e c e n t 
l a b o r a t o r y s t u d y on v i r u s e s i n e f f l u e n t ( H a j e n i a n and B u t l e r , I 9 8 O ) . T h i s i s 
complemented by a s i m i l a r , a l t hough more e x t e n s i v e s tudy o f i t s b a c t e r i o c i d a l 
a a t i v i t y i n e f f l u e n t ( P o f f e e t a l . , 1978) I n aqueous s o l u t i o n nascent oxygen i s 
produced wh ich presumably i m p a r t s t he d i s i n f e c t i n g p r o p e r t y : -

0 0 

CH3-C-O-OH CH3-C-OH + 0· 

The byp roduc t , a c e t i c a c i d , i s u n l i k e l y t o be t o x i c a l t hough i t i s undoub ted ly a 
m i c r o b i a l m e t a b i l i t e . I t appears t o s u f f e r n e g l i g a b l e demand i n e f f l u e n t s i nce 
i t s a c t i v i t y i s f u l l y r e t a i n e d a g a i n s t added v i r u s up t o t h i r t y m i n u t e s a f t e r 
i t s o r i g i n a l a p p l i c a t i o n ( H a j e n i a n and B u t l e r , I98O). A n o t h e r common 
p e r o x i d e , t h e p e r o x i d e o f h y d r o g e n i s a v e r y w e a k d i s i n f e c t a n t ( B a y l i s s and 
W a i t e s , 1980) and i s u n l i k e l y t o be u s e f u l f o r w a s t e w a t e r t r e a t m e n t excep t f o r 
the c o n t r o l o f hydrogen s u l p h i d e and b u l k i n g . 

One o f t h e most i n t e r e s t i n g deve lopments i n t h e d i s i n f e c t i o n o f e f f l u e n t s cou ld 
be t he a p p l i c a t i o n o f two o r more t r e a t m e n t s s e q u e n t i a l l y o r s i m u l t a n e o u s l y t o 
ach ieve a r e a l o r apparen t s y n e r g i s t i c e f f e c t . Appa ren t synerg ism wou ld occu r , 
o f cou rse , when t he a c t i o n o f one t r e a m t e n t s i m p l y removed a subs tance capab le 
o f b l o c k i n g o r i n a c t i v a t i n g t h e o t h e r r e a c t a n t . Examp les o f t h i s have a l r e a d y 
been no ted , f o r i n s t a n c e the p r e t r e a t m e n t o f e f f l u e n t t o make i t more s u i t a b l e 
f o r chemica l d i s i n f e c t i o n o r t h e more s p e c i a l case o f t h e v a l u e o f u l t r a sound 
d u r i n g o z o n i s a t i o n ( D a h i , 1976 ) .A good example o f r e a l synerg ism i s demons t ra ted 
by t h e s e q u e n t i a l a d d i t i o n o f c h l o r i n e and c h l o r i n e d i o x i d e w h e r e t h e n e t t 
d i s i n f e c t i o n i s improved ( T i f f t e t a l . , 1 9 7 7 ) . U s u a l l y t he advan tages o f such 
t r e a t m e n t o r e q u i v a l e n t p rocedures w i t h c h l o r i n e and ozone (Ross , van Leeuven 
and G r a b o w , 1 9 7 6 ; W y a t t and W i l s o n , 1 9 7 9 ) i s m a i n l y i n t h e p r o d u c t i o n o f a 
b e t t e r q u a l i t y wa te r f r e e f rom i r r i t a t i n g o r t o x i c r e s i d u a l s . T r u e synerg ism 
has a l so been though t t o be t he r e s u l t o f the c o m b i n a t i o n o f monochl o r amine and 
i o d i n e (Kerman and L a y t o n , 1976) and i o d i n e w i t h ozone (Budd ie , 1 9 7 3 ) . 

A number o f o t he r comb ina t i ons o f d i s i n f e c t a n t s cou ld be u s e f u l l y e x p l o r e d , f o r 
i n s t a n c e c h l o r i n e w i t h p e r a c e t i c a c i d where t h e a p p l i c a t i o n o f t h e l a t t e r causes 
a f a l l i n pH t o a c i d v a l u e s ( H a j e n i a n and B u t l e r , 1980b) a t wh ich c h l o r i n e i s a t 
i t s g r e a t e s t e f f i c i e n c y . A p a r t i c u l a r p r o b l e m w i t h such s t u d i e s e s p e c i a l l y 
where the chemica ls a re a p p l i e d s i m u l t a n e o u s l y cou ld be i n the d e t e r m i n a t i o n o f 
s p e c i f i c d i s i n f e c t a n t r e s i d u a l . 

I n c o n c l u s i o n i t shou ld be s t r e s s e d t h a t few o f t h e v i r u s e s p resen t i n e f f l u e n t 
can be p r o p e r l y c h a r a c t e r i s e d . F u r t h e r m o r e , t h e h e a l t h h a z a r d t h a t any 
p o t e n t i a l l y pa thogen ic e n t e r i c v i r u s r e p r e s e n t s i n e f f l u e n t can o n l y be guessed 
a t . However , a l t hough the d i s i n f e c t i o n o f e f f l u e n t s , w i l l improve t he s i t u a t i o n 
t h e v a r i a b l e q u a l i t y o f e f f l u e n t s w i l l make i t d i f f i c u l t t o s t a n d a r d i s e a n y 
p r o c e d u r e . I t s h o u l d a l s o be s t r e s s e d t h a t o v e r d o s i n g w i t h d i s i n f e c t a n t , 
e s p e c i a l l y c h l o r i n e , shou ld be d i scouraged and c r i t i c a l s t u d i e s o f a l t e r n a t i v e s 
c o n t i n u e d , e s p e c i a l l y , p e r h a p s t h e d e v e l o p m e n t o f t h e c o m b i n a t i o n o f 
d i s i n f e c t a n t s . 
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