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ABSTRACT 

A two-year  s t u d y  was c o n d u c t e d  t o  d e t e r -  

mine t h e  v i r u s - r e m o v i n g  c a p a c i t y  o f  two man- 

made e c o s y s t e m s  d e s i g n e d  f o r  t h e  t r e a t m e n t  o f  

raw d o m e s t i c  w a s t e w a t e r .  The f i r s t  t r e a t m e n t  

s y s t e m  c o n s i s t e d  o f  two meadows f o l l o w e d  b y  a  

marsh-pond u n i t  (M/M/P) .  The second  system 

c o n t a i n e d  i n d i v i d u a l  marsh and  pond h n i t s  (M/ 

P ) .  A l l  s y s t e m s  d e m o n s t r a t e d  modera t e  v i r u s  

r emova l ,  w i t h  t h e  marsh/pond s y s t e m '  y i e l d i n g  

t h e  most c o n s i s t e n t  r emova l  r a t e s .  W i t h i n  

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

removal  a p p e a r e d  t o  o c c u r  i n  t h e  marsh u n i t .  

I n  a d d i t i o n  t o  t h e  p r o d u c t i o n  o f  sys t em-  

o r i e n t e d  d a t a ,  improved t e c h n i q u e s  f o r  t h e  

c o n c e n t r a t i o n  and e n u m e r a t i o n  o f  human v i r u s e s  

f rom c e w a g c - p o l l u t e d  ayuaLic systems w e r e  

d e v e l o p e d .  
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I.  INTRODUCTION 

The i n c r e a s i n g  demandstwi th  r e s p e c t  t o  e f f i c i e n t  

d i s p o s a l  o f  domes t i c  wa's tewater  and t h e  e s t a b l i s h m e n t  

o f  new s o u r c e s  o f  p o t a b l e  w a t e r , h a v e  prompted a  s e a r c h  

f o r  a  means o f  supplement ing  t h e  groundwater  a q u i f e r  

w i t h  renova ted  was tewate r  e f f l u e n t s .  Inc luded  among 

proposed methods a r e :  s p r a y  i r r i g a t i o n ;  d e e p  w e l l  i n -  

j e c t i o n ;  b a s i n  r e c h a r g e ;  and " o v e r l a n d  f low schemes" 

u s i n g  n a t u r a l  l and  and a q u a t i c  ecosys tems.  I n h e r e n t  i n  

any  scheme o f  was tewate r  r e u s e  o r  r e c y c l i n g  a r e  t h e  

p o t e n t i a l  h a z a r d s  posed by p a t h o g e n i c  microorganisms 

which i n h a b i t  t h e  human a l i m e n t a r y  t r a c t ,  and a r e  com- 

monly a s s o c i a t e d  w i t h  d o m e s t i c  was tewate r .  Inc luded  

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

w a s t e s  a r e  a  v a r i e t y  o f  f u n g a l  and p ro tozoan  s p e c i e s ,  

b a c t e r i a  ( e . q .  Sa lmone l l a ,  S h i g e l l a ,  V i b r i o ,  e tc .  ) ,  and 

human v i r u s e s  ( e n t e r o v i r u s e s ,  a d e n o v ~ i r u s e s ,  h e p a t i . t i s  

v i r u s e s ,  e tc .  ) .  I n  r e c e n t  y e a r s ,  major  l a n d  t r e a t m e n t  

concern  h a s  been d i r e c t e d  towards  t h e  human v i r u s e s  by  

v i r t u e  o f :  1) .  t h e i r  enhanced p o t e n t i a l  f o r  producing 

d i s e a s e ;  2 )  t h e i r  a b i l i t y  t o  s u r v i v e  t h e  r i g o r s  o f  con- 

v e n t i o n a l  sewage t r e a t m e n t  and subsequen t  d i s i n f e c t i o n ;  

3 )  t h e i r  l i k e l y  s u r v i v a l  c a p a c i t y  t h r o u g h  t h e  v a r i o u s  

e f f l u e n t  r e c e i v i n g  modes ( e . g .  f r e s h  and s a l t w a t e r  d i s -  

c h a r g e ,  r e c h a r g e ,  e tc .  ) ;  and 4 )  t h e  f a c t  t h a t ,  t o  d a t a ,  

few s t u d i e s  have been conducted  t o  d e l i n e a t e  t h e  f u l l  

impact o f  v i r u s e s  on t h e  v a r i o u s  proposed l a n d  t r e a t m e n t  

rncthods. 

The major human v i r u s  g r o u p s  known t o  o c c u r  i n  human 

sewage i n c l u d e :  1) ~ n t e r o v i r u s e s  - t r a n s i e n t  members o f  



. . , .. ;. 
t h e  human.a l imentary  t r a c t  which i n c l u d e ' o v e r  15'0 s e r o -  

. . ,  

t y p e s  i nc luded  w i t h i n  t h e  P o l i o v i r u s ,  Coxsackiev i rus  
. . .. . . .  . . 

and E C H O ~ ~ ~ U S  g roups ;  2 )  ~ d e n o v i r u s e s  - upper  r e s p i r a - .  
. . .. . 

t o r y  v i r u s e s  which can s u r v i v e  t h e  r l g o r s  of  t h e  human 
. . .  . "  . ' .  . $  . .  . ' . . ,, .., . . . . *  . 

a l i m e n t a r y  t r a c t  and be  shed i n  t h e  f b c e s ;  3 )  ' H e p a t i t i s  ' 
. . . .. .. , 

v i r u s  and 4 )  R o t a v i r u s e s  - ~ e o v i r u s - l i k e  pert icl&s which 

c a u s e  d i a r r h e a l  d i s e a s e s  ' i n  i n f a n t s  an% adults ' . ' '  w h i l e '  

o n l y  Hepat i t  i s  and i olio virus haLe been ' d & n c l u s i v e l y .  

proven t o ' b e  t r a n s m i t t e d  v i a  t h e  wat&'"route, '  s t ud i e s '  

have i n d i o a t c d  th@' ' l i k e l i h o o d  ul: suQll' t?2n~lr t i tss i~hi ' . ' tb i '  
, . .  

many ok. a l l  o f  t h e  above groups.  ~ . ' ~ a r t i a l  l i s t  of  . 

sewage-assoc ia ted  v i r u s e s  and t h e i r  ' d i s e a s e s  is  p re sen ted  

i n  Tab le  1. . . . . 
. . 

.. . 

A number o f  f i e l d  s t u d i e s  ha..ve'b'een di ,scussed i.n.*th'e 

l i t e r a t u r e  which i n d i c a t e d  t h a t  v l r u s e s  might b e . e f f . e c t - .  

i v e l y  removed from. sewage e f f l u e n t s  by movement. thr.ough,. .. 

o r  over  s o i l .  A t  t h e  San tee  Water Reclamation P r o j e c t ,  . 

c h l o r i n a t e d  sewage e f f l u e n t  p e r c o l a t e d  th rough 400 f e e t  

o f  sand and g r a v e l  was used t o  supp ly  w a t e r s  f o r  a  r e -  

c r e a t i o n a l  l a k e  ( 2 9 ) .  Out o f  128 samples ,  o n l y  two showed 

p o s i t i v e  v i r a l  i s o l a t i o n s .  A f t e r  s eed ing  t r e a t e d  waste-  

w a t e r  w i t h  h igh  c o n c e n t r a t i o n s  o f  P o l i o  t y p e  3 , ' n o  v i r u s  
. . . . 

could  be d e t e c t e d  a f t e r  passage  th rough 200 f e e t  o f  sand 

r e c l a m a t i o n  bed. It shh111d he noted t h a t  t h c  a u t h o r s  

used swabs and gauze  .pads a s  w a t e i  ' sampling d e v i c g s ,  and 

t h e s e  methods do no t  r e .p re sen t  v e r y  ' e f f e ' c t i v e  means o f  

recovering v i r u s e s  under f i e l d  c o n d j t i o n s .  Gilbert; e t  a 1  - .I 

( 1 8 )  found t h a t  p e r c o l a t i o n  th rough 60-90 cm o f  f i n e  loamey 

sand was s u f f i c i e n t  t o  remove ove r  99% of  t o t a l  c o l i f o r m s ,  

f e c a  1' 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  (Gi lber t ;  e t  a l . ,  1 7 ) .  
. . 



' TABLE 1 

HUMAN VIRUSES COMMONLY FOUND I N  SEWAGE 

.. 
TYPE OF 

NO. OF NUCLEIC 
GROUP SUBGROUP SEHOTYPES A C I D  DISEASES 

E n t e r o v i r u s  P o l i o v i r u s  3 RNA Mild-Severe G a s t r o e n t e r i t i s  
A b o r t i v e  P o l i o m y e l i t i s  
A s e p t i c  M e n i n g i t i s  . 
P a r a l y t i c  P o l i m y e l l t i s  

Coxsackie- 
v i r u s  

2 4 RN A Summer Minor I l l n e s s  
He r p a n g i n a  
A s e p t i c  M e n i n g i t i s  
Common Cold 
Hand, Foo t  & Mouth ~ i s e a s k  
I n f a n t  D i a r r h e a  

6 VA A s e p t i c  M e n i n g i t i s  
Common Cold 
P l e u r o d y n i a  
N e o n a t a l  D i s e a s e  
Sudden I n f a n t  Death Syndrome 
M y o c a r d i t i s  
P e r i c a r d i t i s  

E c h o v i r u s  3 4 HNA Asep.t ic M e n i n g i t i s  , 
Mild P a r a l y s i s  
F e b r i l e  I l l n e s s  
~ o n j u n c t i v i t i s  
Boston Exanthem D i s e a s e  
I n f a n t  D i a r r h e a  
V a g i n i t i s  & C e r v i c i t i s  
P e r i c a r d i t i s  & M y o c a r d i t i s  

H e p a t i t i s  A 
. B  

R N A  ? I n f e c t i o u s  ( v i r a l )  H e p a t i t i s  
DNA? Serum H e p a t i t i s  

3'1 DNA Acute R e s p i r a t o r y  D i s e a s e  
P h a r y n g o c o n j u n c t i v a l  F e v e r  
P r imary  A t y p i c a l  Pneumonia 
Epidemic  Kera tocon junc- '  

t i v i t i s  ( s h i p y a r d  e y e )  
I n t u s s u s c e p t i o n  
F e b r i l e  c a t a r r h  

Adenovirus  

? R N A  I n f a n t  & Adul t  D i a r r h e a  R o t a v i r u s  



A number o f  s t u d i e s  have d e t e c t e d  t h e  p re sence  o f  

v i r u s e s  i n  groundwater  fo l lowing  t h e  r e c h a r g e  o f  sewage 

e f f l u e n t s  th rough sand b a s i n s .  Hori  e t  a l . ,  ( 23 )  s tudy-  

i ng  t h e  movement o f  P o l i o v i - r u s . t y p e  2  throug.h.0ahu I s l a n d  

s o i l s  found . i n s t a n c e s  of  v i r a l  contamina t ion  of  ground- 
. . I' 

w a t e r  d e s p i t e  t h e  good removal c h a r a c t e r i s t i c s  o f  t h e  so i l . .  

The a u t h o r s  concluded t h a t  t h e  p o s s i b i l i t y  o f  groundwater  , ,  . 
. . . , . . .. 

contamina t ion  e x i s t e d  i f  t ' he ' unde r ly ing  s o i l  w a s ' i n t e r -  
I .  

. .  . . z 
. . . . : 

. . 
r u p t e d  by . f i s s u r e s  .and f r a c t u r e s ,  r e s u l t i n g  i n  channe l ing  

of t h e  p e r c o l a t i n g  w a t e r s .  I n  a  s t u d y ' o f  t h e  r a p i d  i n f i l -  

t r a t i o n  o f  v i r u s e s  th rough s i l t y  sand a n d ' f i n e  g r a v e l ,  . 

Schaub and Sorber  (34 )  demonstrated t h e  s p o r a d i c  occur -  

r e n c e  of e n t e r o v i r u s  i n  groundwater .  Labora.tory e x p e r i -  

ments confi rmed t h e  poor removal q u a l i t i e s  o f  t h e  t e s t  s o i l  

used.  i n  t h e i r  f i e l d  exper iments .  

The probablemechanisms  o f  v i r u s  removal d u r i n g  move- 

ment th rough o r  a c r o s s  s o i l s  i n c l u d e s :  a d s o r p t i o n ,  f i l -  

t r a t i o n ,  biomass.  u t i l i z a t i o n ,  photochemical  r e a c t  i o n ,  and 

the rma l  i n a c t i v a t i o n  ('8, 3 2 ) .  Of t h e s e ,  a d s o r p t i o n  ap- 

p e a r s  t o  p l a y  the major r o l e .  The a d s o r p t i o n  proc:ess i s  
. . 

s t r ~ t i g l y  i n £  1uencLd by a  number of fac ' tb rs  i n c l u d i n g :  t h e  

pH o f  t h e  recharged  w a t e r ;  t h e  chemical  composi t ion o f  t h e  

s o i l ; '  t h e  mo i s tu re  c o n t e n t  of  t h e  s o i l ;  and t h e  r a t e  o f  

r echa rge  (16).  s i n c e  v i r u s e s  a r e  e l e c t r i c a l l y - c h a r g e d  

~ C J l l u i d d l  p a r t i c l e s ,  c o n s ~ s t i n g  o f  an  i n n e r  c o r e  o f  n u c l e i c  . . 

a c i d  su~rounded hy a p r n t e i  n ;coat, t h c  p11 and i o n i c  s , L r ~ l y L l ~  

of t l i ~  t;urr:uunding medium g r e a t l y  i r i f l uenees  t h e  a b i l i t y  . 

o f  th.e v i r u s  t o  a d s o r b  t o  s o i l  p a r t i c l e s .  Drewry and E l i a s -  

s en  ( 8 )  -demons t r a t ed  t h i s  pH dependence i n  a  s t u d y  o f  bac-  

' t c r i o p h a g e  e d s o r p t i o u  L u  d i f f e r e n t  t y p e s  o f  s o i l s .  They found 



L 

. . 

t h a t  maximum a d s o r p t i o n  occu r red  when pH v a l u e s  were 

below t h e  i s o e l e c t r i c  p o i n t  o f  t h e  v i r u s  p a r t i c l e .  Under 

t h e s e  c o n d i t i o n s ,  t h e  v i r u s  would be p o s i t i v e l y  charged  

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

The i o n i c  s t r e n g t h  o f  t h e  adso rb ing  environment was 

a l s o  found t o  b e  a n  impor tan t  f a c t o r  i n  t h e  a t tachment  of  

v i r u s  p a r t i c l e s .  Wel l ings  e t  a l . ,  ( 47 )  s t u d i e d  t h e  a b i l i t y  

o f  s o i l  w i t h i n  a  c y p r e s s  dome t o  remove e n t e r i c  v i r u s e s  p r e s e n t  

i n  t r e a t e d  sewage e f f l u e n t .  No  i s o l a t i o n s  w e r e  observed d u r i n g  

t h e  f i r s t  f i v e  months, however, t h r e e  i s o l a t i o n s  of v i r u s  

from groundwater w e r e  l a t e r  r e p o r t e d  fo l lowing  a  p e r i o d  o f  

heavy r a i n f a l l .  The a u t h o r s  concluded t h a t  t h e  r a i n f a l l  

r e s u l t e d  i n  a n  i n c r e a s e  i n  t h e  w a t e r / s o i l  r a t i o  which a c t e d  

t o  d e s o r b  v i r u s e s ,  a l l owing  them t o  move towards t h e  a q u i f e r .  

A s i m i l a r  d e s o r p t i o n  e f f e c t  was seen  when d e i o n i z e d  w a t e r  

was added t o  250 c m  c a l c a r e o u s  sand columns used t o  r e -  

cha rge  sewage e f f l u e n t  ( 2 6 ) .  The v i r u s ,  which had been  

p r e v i o u s l y  adsorbed  t o  t h e  t o p  c m  o f  t h e  s o i l  column, moved 

down t h e  column r e a d s o r b i n g  a t  a  lower l e v e l .  ~ e s o r p t i o n  

was minimized by  d r y i n g  t h e  columns one day  between a p p l i -  

c a t i o n s  o f  t h e  sewage, o r  by a d d i t i o n  o f  c a t i o n s  t o  t h e  e f -  

f l u e n t .  The i n v e s t i g a t o r s  concluded t h a t  d e s o r p t i o n  was due 

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

s i m i l a r  s t u d y  Duboise & &, ( 9 )  r e p o r t e d  t h a t  a  s p e c i f i c  

conductance o f  700-800 microohms p e r  c m  (~ohms/cm) was 

n e c e s s a r y  f o r  maximum r e t e n t i o n  o f  v i r u s  t o  s o i l .  The ad- 

d i t i o n  o f  d i s t i l l e d  wa te r  t o  s i m u l a t e  r a i r ~ f a l l  d i l u t e d  t h e  

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

b e  no ted  h e r e  t h a t  much of  t h e  i n f o r m a t i o n  concern ing  v i r u s -  

s o i l  i n t e r a c t i o n s  h a s  been developed f o r  r e l a t i v e l y  few 



v i r u s  t y p e s .  Recent s t u d i e s  have demonstrated s i g n i f i -  

c a n t  v a r i a b i l i t y  when a  wide v a r i e t y  of  v i r u s e s  a r e . t e s t e d  ' . ' . .  

(13,  2 7 ) .  

Although v i r u s e s  ' a r e  r e a d i l y  adsorbed t o  s o i l s  d u r i n g  '. 

t h e  proces 's  o f  r e c h a r g e ,  t h e y  can remain v i a b l e .  f o r  s i g -  . . 

n i f i c a n t  p e r i o d s  o f  t ime .  Moore et' a l . ,  : (30 )  found t h a t  " 

t h e  P o l i o v i r u s  adsorbed  t o  o r g a n i c  and i 'norganic  ,part. 'iculates'.: 

was s t i l l  in fec t ' i ' ve ;  ~ c h a u b  and sagill: ( 3 3 ) '  r e p o r t e d  thak  .. '. 

c lay-adsorbed  v i r u s  r e t a i n e d ' i t s  i n f e c t i v i t y . ' i n  t i s s u e '  c u l -  ' 

,. . t1.1rs rnonola9ea;c, and i n  ' mlcc * ' '  bngdasaryail ( 3  ) sLt.ldied Lhe' 
. . 

s u r v i v a l  o f  e n t e r i c  v i r u s e s  , i n .  s o i l  and '~conc1uded t h a t  s u r -  ' . .  

v i v a 1  was dependent  on t h e  p H  o f t h e  ' s o i l ,  i t s  moi s tu re  con- 

t e n t ,  t h e  n a t u r e  .Of t h e  ' s o i l  and i t s  t empera iu re .  ' Sandy 

s o i l  a t  a  p H  of  7 . 5 ' p r o v i d e d  t h e  b e s t .  c o n d i t i o n s  f o r  v i r u s  . '  

s u r v i v a l ,  w i t h  P o l i o  t y p e  1 surv ' iving " fo r . -170  .days  a t  3 - 1 0 : ' ~ .  

Wel l ings  et' a l . ,  ( 4 7 )  r e p o r t e d  t h e  i s o l a t i o n . o f  P o l i o v i r u s  i n  a  

groundwater  w e l l  below a r e c h a r g e  b a s i n  28 days  a f t e r  ap- 

p l i c a t i o n * ~ £  a  sewage e f f l u e n t  was t e r m i n a t e d .  l311hnise - et ' 

&, ( 9 )  found p o l i o v i r u s  capab le  o f  s u r v i v i n g  84 days  i n  

s o l 1  a t  3 C. I n c r e a s i n g  t h e  t empera tu rc  t o  20 C r e s u l t e d  

i n  a 99% i n a c t i v a t i o n  i n  8 4  days.  A s i m i l a r  s t u d y  by  ' ' ' 

T i e r n e y  e t  a l . ,  ( 3 8 )  d e t e c t e d  p o l i o v i r u s  a f t e r  96 days  i n  

i r r i g a t e d . ' s o i l s  d u r i n g  t h e  w i n t e r .  Surhmer. s u r v i v a l  i n  s o i l  

s i g n i f i c a n t l y  s h o r t e r ,  t h e  t e s t  organisms 1ast.h ng ' n n l y  T 1  days.  

Much o f ,  t h e  i : ~ i r u s - s o i l  i n t c r a c t i o n , d n t a  which has Le&il 

produced o v e r  t h e  p a s t  15' y e a r s  i s  somewhat ' e x t r a p o l a b l e  t o  . 

over land- f low t y p e  l and - t r ea tmen t  systems.  A'recent study 

conducted by  Schaub & &, ( 3 2 )  d e a l t  d i r e c t l y  w i t h  v i r u s  

removal i n  a n  ove r l and  flow system *(comparable t o  o u r  Meadow 

System - see  ater rials and Methods).    he a u t h o r s  observed  
. . . . . . 



removal r a t e s  o f  30-60% of  a  p o l i o v i r u s  seed .  They con- 

c luded t h a t  w h i l e  ove r l and  flow appeared t o  b e  a  r e l a -  

t i v e l y  e f f e c t i v e  method f o r  removal o f  t h i s  v i r u s ,  i t  . 

would b e  unwise t o  assume s i m i l a r  removal e f f i c i e n c i e s  

f o r  o t h e r  v i r u s  t ypes .  

The v i rus - removal  e f f i c i e n c y  o f  n a t u r a l  a q u a t i c  eco- 

systems ( a s  a  method f o r  sewage r e n o v a t i o n )  cannot  b e  

s i m i l a r l y  e x t r a p o l a t e d  from an  a p p r o p r i a t e  s u r r o g a t e  sys -  

tem, and l i t t l e  d i r e c t  d a t a  on t h e  s u b j e c t  c u r r e n t l y  e x i s t s .  

I d e a l l y ,  n a t u r a l  t r e a t m e n t  systems should b e  s t u d i e d  i n d i -  

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

o f  v i r u s e s  on each .  T h i s  document p r e s e n t s  d a t a  accumulated 

d u r i n g  a  two-year s t u d y  o f  a  lowland sewage r e c h a r g e  system 

which made use  o f  b o t h  land ( i . e .  meadows) and a q u a t i c  

(marsh,  ponds)  ecosystems f o r  t h e  t r e a t m e n t  and r e n o v a t i o n  

o f  was tewater .  The pr imary concern of  t h e  s t u d y  was t o  

p r o v i d e  in format  i on  on t h e  movement and s u r v i v a l  'of human 

v i r u s e s  th rough each  p i l o t  system i n  an  e f f o r t  t o  d e l i n e a t e  

i t s  o v e r a l l  v i rus-removing c a p a b i l i t y .  T h e ' s t u d y  r e p r e -  

s e n t e d  t h e  f i r s t  conce r t ed  e f f o r t  t o  r e l a t e  human v i r u s  

f a t e  t o  such v a r i e d  n a t u r a l  t r e a t m e n t  ecosystems.  

11. METHODS AND MATERIALS 

A .  Study S i t e  

The s i t e  chosen f o r  t h e  s t u d y  inc luded  two a r t i f i c i a l  

we t l ands  sewage r ec l ama t ion  semi-works o p e r a t e d  a t  Brook- 

haven Na t iona l  Labora tory .  T h e i r  p r e c i s e  d e s i g n  and h i s -  

t o r y  have been d e s c r i b e d  p r e v i o u s l y :  (48,  49,  36,  2 0 ) .  

B r i e f l y ,  t h e  syskerns were des igned  a s  fo l lows* .  

* System d e s i g n  summary adapted  from Small  ( 3 7 ) .  ~ e p r i n t e d  
h e r e  w i t h  permiss ion  o f  t h e  a u t h o r .  



The Meadow/Marsh/~ond (M/M/P) System conta  ined two ,  . 

Reed Canary Gras s  meadows o f  0.08ha each ,  fol lowed b y  a  

0.08ha Typha marsh fol lowed by a  .08ha pond about  1.5m 

deep.  The Marsh/pond (M/P) was s i m i l a r ,  b u t  omi t t ed  t h e .  

meadows. Both were u n d e r l a i n  b y  a  b a r r i e r  membrane. Each 

system r e c e i v e d  sc reened ,  comminuted, a e r a t e d , . r a w ,  un- 

sedimented sewage. Both systems p o l i s h e d  t h e i r  . e f f l u e n t  ..: 

by s u r f a c e  a p p l i c a t i o n  t o  a  wooded, ' sandy- so i l  a q u l f e r  . 

r e c h a r g e  a r e a .  Schematics  . o f '  b o t h  a r e  shown , i n  F ig .  1. . 4 

The wctlandls: lscgbll opcracLion i n  ' L l w  Spxincj v f  lq73.  

S ince  Spr ing .1975 ,  < b o t h  have been i n  con t inuous ,  o n - l i n e  
. . 

o p e r a t  i o n ,  . rec la iming  wa te r  from b l e n d s  o f ,  s e p t a g e  .and . ,  

sewage, s e p t a g e  and sewage alon.e, s l u d g e  from s e p t a g e  

lagoons and from c o n v e n t i o n a l  pr imary p l a n t s  and,  raw . .. 

s o l i d s  from t h e  BNL sewage system c l a r i f i e r .  The we t l ands  

ope ra t ed  th roughout  t h e  y e a r ,  w i thou t  producing odor  o r  

vermin (wi th  no r e g u l a r  ma in t enance ) ,  a t  a p p l i c a t i o n  r a t e s  

between 420 and 835 m3/ha-d. Both. ponds,  were ,  s tocked  w i t h  

f i s h  and f r e s h w a t e r  c lams.  W i l d l i f e  have f r e q u e n t l y . b e e n  

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

NO pcrmancnt ocdimcnt bu i ld -up  hao bccn  n o t i c e d  ovc r  

t h e  f i v e - y e a r  o p e r a t i o n  o f  e i t h e r  system,  d e s p i t e  t h e  f a c t  
.,< ; 

t h a t  no s l u d g e  h a s  been removed from t h e '  sewage a t  any ' 

p o i n t .  Hay i s  ha rves t ed  from t h e  meadows a t  th'e r a t e ' o f  

10 ~ g , / h a  IJ d r y  we igh t ,  Duclcwccd i 3  h i r v c o t c d  f r m  khc 

M/M/P ponds. Both c r o p s  a r e  f e d . t o  h o r s e s .  The M/P i s  

nnf crnppcd.  Thc c h a r a c t c r i o t i c o  df t h b  i n i l u c t i t  ocwagc 

and pond e f f l u e n t  a r e  p r e s e n t e d  i n  Tab le  2 .  . 



. . , ,  Figure 1 Land and Aquatic Ecosystem' Schematic , 

.. . . . 

Septage 
Raw 

Sewage 
I '  

Pretreatment Area 

Cornminutor 
& 

Screen nL.- - - -. - - - - --. - 
I Pump . i 
I 
I 
I 

$ Wetlands Area 
.r - - 

1 
' I 
I Recirculating Header I I Marsh 

- - - c  C I - - -  . -  

- --- J 

Aeration 
Pond 

Meadow/Marsh/~ond System 
ystem 

4 
Scale 

Forest ~echarge 
i .  - 

1 



TABLE 2  . . ' .  . - -... ,-.. * * . .  

CHARACTER1 STICS OF INFLUENT SEWAGE AND POND EFFLUENTS 

( i n  mg/& except  f o r  pH and a s  n o t e d )  
. . (F.rom:, Small ,  37)  

contaminant Mean Max. Mean Max. Mean Max. 

T o t a l  S o l i d s  
T o t a l  V o l a t i l e  s o l i d s  
T o t a l  Suspcndcd Eol ida  
T o t a l  V o l a t i l e  S ispended S o l i d s  
~ o t a l  Dissolved S o l i d s  
Biochemical Oxygen Demand (BOD) 
Chemica 1 oxygen' Demand 
T o t a l  Nitrogen ( l i q u i d  + s o l i d )  , 

Kje ldah l  Ni t rogen  ( l i q u i d  -k s o l i d )  
~mmonia N1troge.n ( l i q u i d  ) 
(NO2 + N O ~ ) - N  ( l i q u i d )  
T o t a l  Phosphorous ( l i q u i d  + s o l i d )  
Orthophosphate-P ( l i q u i d )  
T o t a l  ~ o l i f o r m  ( # / 1 0 0 m l ) ~  
Feca l  ~ o l i f o r m  (#/100ml) 
pH : 

~ u r b ~ d i t y  (J.u. ) 
Water Temperature (OC)  

S p e c i f i c  Conduc. mhos) 
MBAS (AFS)  , 

Calcium 
Ch lo r ide  
Chromium . 
Copper . 

L;'luurLde 
I ron 
Magnesjum 
~ a n g . a n e s e  
Potassium 
Sod i um 
Z i n c .  

3  *Mul t ip ly  v a l u e  by 10  : Means a r e  geomet r ic .  



B. V i r u s ,  h o s t  c e l l  and b a c t e r i a l  s t o c k s  

P laque-pur i f  i e d  p o l i o v i r u s  t y p e  1 (LSC-2ab) was 
' 

propagated on low-passage Buf fa lo  Green Monkey k idney  

ce l l s  (BGM, 61,  and was prepared  i n  monodispersed c u l -  

t u r e s  by t h e  procedure  of  Jakubowski -- et  a l .  ( 2 4 ) .  Non- 

v a c c i n e  s t r a i n s  o f  p o l i o  t y p e  2,  ob t a ined  from f i e l d  

samples d u r i n g  an e a r l i e r  s t u d y  ( 4 2 ) ,  were propagated 

and prepared  i n  a s i m i l a r  manner. C u l t u r e s  of  b a b t e i i o -  

phage MS-2, an  RNA-containing c o l i p h a g e ,  and i t s  h o s t  

bac t e r ium Esche r i ch i a  c o l i  p4x6 were ob ta ined  from D r . ' R .  

M. Z s ig ray ,  Department o f  Microbiology,  U n i v e r s i t y  o f  

New Hampshire. C u l t u r e s  of  E. c o l i  B and Salmonel la  

typhimurium, o b t a i n e d  from t h e  American Type C u l t u r e  

c o l l e c t i o n  (ATCC),  were propagated i n  n u t r i e n t  b r o t h ,  

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

C. V i r u s  Assay 

Samples ( i n c l u d i n g  c o n c e n t r a t e s )  were t r e a t e d  w i t h  

ch loroform f o r  30 min t o  l i m i t  b a c t e r i a l  con tamina t ion ,  

and were d i l u t e d  i n  a p p r o p r i a t e  volumes o f  phosphate-  

bu f f e red  s a l i n e  ( p ~  7 . 2 ) .  Sample volumes of  0.5 m l  were 

i n o c u l a t e d  o n t o  monolayers o f  BGM c e l l s  i n  25-cm2 f l a s k s .  

A f t e r  a 60-min a d s o r p t i o n  pe r igd  w i t h  rock ing ,  i nocu la  were 

dccsnked  and r c p l a c c d  w i t h  4 ml of a n e u t r a l  red a g a r  ovpr- 

l a y  ( 2 2 ) .  F l a s k s  were incuba ted  a t  36 C, and observed f o r  

p laque  format ion  f o r  a pe r iod  o f  7 days .  Bac te r iophage  

a s s a y s  used t h e  a g a r  o v e r l a y  t echn ique  of  Adams (1). 

D. ~ a c t e r i a l  . Assay -- 

Enumerations of  E. c o l i  frvm s u r v i v a l  exper iments  were 

c a r r i e d  o u t  u s ing  a pour p l a t e  method. A f t e r  d i l u t i o n  i n  

a p p r o p r i a t e  volumes of  phosphate  b u f f e r  (pH 7 . 2 ) ,  0.5 m l  

volumes were p i p e t t e d  i n t o  100 x 17  mm P e t r i  d i s h e s .  



T h i r t y - f o u r  m l  volumes o f  molten (42 C )  deoxychola te -  

l a c t o s e  a g a r  were added t o  each  d i s h  which 'was t h e n  

r o t a t e d  t o  a l l o w  uniform d i s t r i b u t i o n  o f  t h e  sample.  

Dishes  were incuba ted  a t  36 C and r ead  f o r  co lony  f o r -  
. . .  

mation a t  24 and 48 h r .  Assay of  samples c o n t a i n i n g  ' . 

Salmonel la  s p e c i e s  involved t h e  use  o f  a  spread  p l a t e  

t e c h n i q u e .  A p p r o p r i a t e l y  d i l u t e d  0.5 m l  sample volumes 

were p i p e t t e d  t o  100 x  15 mm P e t r i  d i s h e s  c o n t a i n i n g  
.; .,_ 

s o l i d i f i e d  Ss lmonc l l a -Eh igc l l a  (SS)  agar. sakples  were 

t h e n  sp read  a c r o s s  t h e  Su r face  of the  a g a r  w i i h  a s t e r i i b . "  
g l a s s  r o d .  P l a t e s  were incuba ted  a t  36 c ahd checked for '.. 

colony format ion  a t  24 and 48 hr: 
. . 

Z'ota 1 and f eca  1 c o l i f o r m  'deterrnir.iat i o n s  from f i e l d  
. . 

samples  were c a r r i e d  o u t  u s ing  s t a n d a r d  membrane-f i l t r a t  ion  . . 

( M F )  t e chn iques  (2 ) . 
E. F i e l d  Samplinq 

~ o u t i n e  sampling was c a r r i e d  ou t  on a  weekly b a s i s  
. . 

f o r  t h e  p e r i o d  1/77 t o  11/78. Samples were c o l l e c t e d  

from t h e  p o i n t s  i n d i c a t e d  i n  F igu re  1 ,  which inc luded:  

ho ld ing  pond w a t e r s ;  Meadow 1 e f f l u e n t ;  Meadow 2  e f f l u e n t ;  

~ a r s h / ~ o n d  L e f f l u e n t ;  and pond 2 e f f l u e n t '  (meadows w e r e  

u s u a l l y  ope ra t ed  on an  a l t e r n a t i n g  b a s i s ,  samples were 

t h e r e f o r e  c o l l e c t e d  o n l y  from t h e  Apera t ing  meadow). 

Samples fo r  c o l i f o r m  a n a l y s e s  were c o l l e c t e d  a s  24-hr com- 

p o s i t e s  i n  s t e r i l e  l - g a l l o n  c o n t a i n e r s .  Large volume 

samples f o r  v i r u s  a n a l y s i s  were c o l l e c t e d  i n  55-ga l lon  ' 

c o n t a i n e r s .  Between c o l l e c t i o n s ,  c o n t a i n e r s  were  t h o r -  

oughly  r i n s e d  w i t h  t a p  w a t e r ,  s a n i t i z e d  w i t h  1.2 N hydro- 

c h l o r i c  a c i d  f o r  30 min. and r i n s e d  once a g a i n  w i t h  t a p  

.wa te r .  Immediately b e f o r e  a c t u a l  sample c o l l e c t i o n ,  con- 

t a i n e r s  were r i n s e d  w i t h  10 t o  20 g a l  (cu .  37.9 - 65.7 <,) 

of  sample w a t e r .  Pumping equipment ( i m p e l l e r  pumps, h o s i n g )  



was a l s o  s u b j e c t e d  . t o  a c i d  r i n s e  and f l u s h i n g  w i t h  sample 

wa te r .  These p r e c a u t i o n s  were t aken  t o  o b v i a t e  any  chance 

o f  c ross -contamina t ion  between samples.  

V i r u s e s  i n  large-volume wa te r  samples  were i n i t i a l l y  

concen t r a t ed  by means of  an  Aquel la  v i r u s  c o n c e n t r a t o r  

(Carborundum Corp . ) .  Appropr i a t e  sample volumes were 

pumped through a  s e r i e s  o f  p r e f i l t e r s  t o  remove d e b r i s . '  

Sample pH was t h e n  a d j u s t e d  t o  3.5,  and aluminum c h l o r i d e .  

was added t o  a  f i n a l  c o n c e n t r a t i o n  of  0.0005 M.   he w a t e r  

was t h e n  passed  through a  v i r u s - c o n c e n t r a t i n g  f i l t e r  s e r i e s  

c o n s i s t i n g  o f  a  f i b e r g 1 a . s ~  d e p t h  c a r t r i d g e  (K27 ) and ' a n  

epoxy- f ibe rg l a s s - a sbes tos  m i c r o f i l t e r  sandwich (0.45 and 

1 Urn, Cox-AA45 and AA100). E l u t i o n  o f  adsorbed  v i r u s  was 

c a r r i e d  o u t  w i t h  2 - l i t e r  volumes o f  0.1 M g l y c i n e  a t  pH 

11.5.  E l u a t e s  were t h e n  n e u t r a l i z e d  t o  pH 7.5 w i t h  an e q u a l  

volume of  pH 2.0 g l y c i n e .  The c o n c e n t r a t i o n  

r o u t i n e l y  y i e l d e d  a  f i n a l  volume o f  4  I , ,  which was recon-  

c e n t r a t e d  i n  t h e  l a b o r a t o r y  by means of  a n  i n o r g a n i c  f l o c -  

c u l a t i o n  procedure  ( 1 0 )  t o  a  f i n a l  volume of  25-50 m l .  

A f t e r  t h e  a d d i t i o n  o f  10% f e t a l  c a l f  serum, samples were 

s t o r e d  a t  -72 C t o  awa i t  a s s a y .  

The above c o n c e n t r a t i o n ,  r e c o n c e n t r a t i o n  method was 

used d u r i n g  most o f  t h e  f i e l d  sampling phase of  t h e  p r o j e c t .  

During t h e  l a t t e r  p o r t i o n  o f  t h e  s t u d y ,  however, a  new 

method was t e s t e d  and i n c o r p o r a t e d  i n t o  t h e  remainder  of  

t h e  v i r u s  moni tor ing  program. A d e s c r i p t i o n  o f  t h e  new 

method and i t s  e f f i c i e n c y  o f  v i r u s  r ecove ry  can be  found 

i n  "G"  of  t h i s  s e c t i o n  and i n  t h e  R e s u l t s  S e c t i o n .  



F. S u r v i v a l  o f  Microorganisms i n   quat tic Ecosystems . . - . . . 

I n  o r d e r  t o  de t e rmine  t h e  s t a b i 1 i . t ~  o f  var l .ous  micro- . .  . 

organisms  i n  n a t u r a l  a q u a t i c  ecosystems,  a  . s e r i e s  o f  . sur_ .  

v i v a 1  expe r imen t s  were c a r r i e d  o u t  i n  t h e  w a t e r s  o f  Pond ' .  . 

#2. Unless  o t h e r w i s e  i n d i c a t e d ,  t h e  procedure  f o r  e a c h .  , 

s u r v i v a l  s t u d y  was a s  fo l lows .  A u t o c l a v e - s t e r i l i z e d , .  . . 

f i l t e r - s t e r i l i z e d ,  o r  u n t r e a t e d  volumes ( u s u a l l y  100 m l ) , .  

o f  Pond #2 w a t e r  w e r e  i n o c u l a t e d  w i t h  v a r i o u s . c o n c e n t r a t i o n s  

o f  a p p r o p r i a t e  microorganisms ( s u r v i v a l  s t u d i e s ,  w e r e .  c a r r l e d  

o u t  on c u l t u r a s  s f  E. aoli B, ~ a h n o n c l ~ a  typhFmurium, ,bat 
. . 

t e r i o p h a g e  MS-2 and P o l i o v i r u s  t y p e  1 LSC-2ab). Seeded , .  . .  . 
volumes were t h e n  p laced  i n  ~ e m b r a n e  ~ i f f u s l o n .  Chambers . 

.. . 

( 2 8 )  f i t t e d  w i t h  e i t h e r  0.45 pm c e l l u l o s e  acetate . ,membrane 

f i l t e r  media f o r  b a c t e r i a l  s t u d i e s ,  o r  15 nm p o r o s i t y , N u c l e -  

p o r e  membrane f i l t e r s  f o r  v i r u s  s t u d i e s .  Chambers.were t h e n  

immersed i n  t h e  c e n t e r  o f  Pond #2, hung from a  f l o a t i n g  

' p l a t  form. A t  i n t e r v a l s  p rede te rmined  f o r  each  experiment  ,, 

samples were c o l l e c t e d  from each  chamber and t h e  number o f  
. .  - 

s u r v i v i n g  b a c t e r i a  o r  v i r u s  determined us ing  o n e . o f  t h e  

a s s a y  methods d e s c r i b e d  above. When poss ib l e ' ,  s e v e r a l  

s t u d i e s  wcra c a r r i e d ' o u t  on eaeh tes t  o rgan i sm d u r i n g  vaiF= 

ous  seasons  o f  t h e  y e a r  i n  a n  e f f o r t  t o  a s s e s s .  t h e  o v e r a l l  

e f f e c t s  o f  ambient t empera tu re  on t h e  s u r v i v a l  o f  t h e  res- 

p e c t i v e  organicmc,  

, G. Improvements i n  V i r u n  c o n c e n t r a t i o n  - - R e c o n c z  

t r a t i o n  Methods 

Vi sl?s r e c o v e r i e s  from M,/M/B s y s t e m s ,  u ~ i n g  t h c  f i l t c r  a d  

s o r p t i o n - e l u t i o n  system w i t h  a  0..10 M g l y c i n e  (pH 11 .5)  e l u a n t  

w e r e  o f t e n  i n c o n s i s t e n t  ( s e e  ~ e s u l t s ) .  Experiments conducted 



i n  t h e  l a b o r a t o r y  w i t h  po l iov i rus - seeded  Pond #2 e f f l u -  

e n t  a l s o  y i e l d e d  e r r a t i c  d a t a .  It became obvious t h a t  

some c h a r a c t e r i s t i c  o f  t h e  pond w a t e r s  (and meadow e f -  

f l u e n t s )  was i n t e r f e r i n g . w i t h  t h e  v i r u s - r e c o v e r y  p r o c e s s .  

I n  an  e f f o r t  t o  i n c r e a s e  t h e  r e c o v e r y  e f f i c i e n c y ,  e x p e r i -  

ments were conducted w i t h  an  e l u t i o n - r e c o n c e n t r a t i o n  system 

us ing  beef  e x t r a c t  a s  d e s c r i b e d  by ~ a t z e n e l s o n  e t  a l . ,  ( 25 )  

f o r  r ecove ry  of  v i r u s  from t a p  w a t e r .  Known c o n c e n t r a t i o n s  

o f  p o l i o v i r u s  (Lsc-2ab) were added t o  25 g a l  volumes o f  

was tewater .  F i r s t  s t a g e  v i r u s  c o n c e n t r a t i o n s  were c a r r i e d  

o u t  a s  b e f o r e  w i t h  t h e  e x c e p t i o n  t h a t  no c l a r i f y i n g  f i l t e r s  

were used ( t h i s  was done on t h e  recommendation o f  D r .  F. M. 

Wel l ings  d u r i n g  a  Rocke fe l l e r  Foundation s u p p o r t e d  v i s i t  

t o  h e r  l a b o r a t o r y ) .  V i r u s e s  were e l u t e d  from c o n c e n t r a t i n g  

f i l t e r s  w i t h  two 600-ml volumes of  3% b e e f  e x t r a c t  (pH 9 . 0 ) .  

The pH o f  t h e  e l u a t e  was then  lowered t o  3.5 caus ing  t h e  

format ion  o f  a  v i ru s -adso rb ing  p r o t e i n  p r e c i p i t a t e .  The 

p r e c i p i t a t e  was c o l l e c t e d  by c e n t r i f u g a t i o n  a t  5 ,000  x  g  

f o r  10 min. The r e s u l t i n g  p e l l e t  was d i s s o l v e d  i n  a  s m a l l  

volume (20-25 m l )  o f  0.15 M Na2 HP04 (pH 9 .0 )  and a d j u s t e d  

. t o  a  f i n a l  pH of  7.2. ' Samples 'were s t o r e d  a t  -70 C u n t i l  

assayed .  A schemat ic  o f  t h e  modif ied t echn ique  i s  p r e s e n t e d  

i n  F ig .  2. 

An a d d i t i o n a l  m o d i f i c a t i o n  made t o  t h e  c o n c e n t r a t i o n  

procedure  was t h e  replacement  o f  t h e  Cox f i l t e r  w i t h  a  ' 

p l e a t e d  c a r t r i d g e  f i l t e r  (Duo-Fine).  T h i s  l a t t e r  t y p e  

combined good v i r u s  r ecove ry  e f f i c i e n c y  w i t h  h igh  sample 

flow r a t e .  By u s ing  t h e s e  f i l t e r s ,  l a r g e r  sample volumes 

could  he processed  through t h e  c o n c e n t r a t o r  i n  a f r a c t i o n  

o f  t h e  t i m e  r e q u i r e d  by t h e  Cox f i l t e r .  
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H. V i r u s   emo oval i n  a ' ~ a r s h  Ecosystem 

I n  o r d e r  t o  de t e rmine  t h e  e f f i c i e n c y  o f  v i r u s  re- 

moval d u r i n g  passage  of  was tewater  a c r o s s  marsh sys tems ,  

a  1/100 s c a l e  "mini-marsh" model was c o n s t r u c t e d  t o  t h e  

a p p r o p r i a t e  s p e c i f i c a t i o n s  o f  t h e  BNL marsh ecosystems.  

The u n i t s ,  b u i l t  o u t  of  wood and u n d e r l a i n  w i t h  Poly- 

v i n y l  c h l o r i d e  ( W C )  p l a s t i c ,  con ta ined  two 2 '  x  8 '  x 3 '  

t r o u g h s  c o n t a i n i n g  e i t h e r  a  c l e a n  pebble  ( c o n t r o l ) ,  o r  . 

muck-sediment bot tom ( t e s t  c e l l ) .  Both t r o u g h s  w.ere ' ~ l a n t e d  

t o  c a t t a i l s  (Typha l a t i f o l i a )  and v a r i o u s  ~ c i r p u s  s p e c l e s .  

A l so  p r e s e n t  were numerous v a r i e t i e s  o f  zooplankton.  Fresh-  

w a t e r  ( c o n t r o l ) ,  o r  ho ld ing  pond sewage was d i scha rged  i n t o  

t h e  a p p r o p r i a t e  t rough  from s e p a r a t e  55 -ga l lon  p l a s t i c  b a r -  

rels. A wa te r  l e v e l  o f  1-2 inches  was main ta ined  i n  b o t h  

t r o u g h s  (approximate  flow r a t e  - 1 g a l / h r ) .  Trough e f f l u e n t s  

were c o l l e c t e d  i n  l a r g e  volume composi te  samplers .  During 

expe r imen ta l  r u n s ,  f r e s h w a t e r  and sewage i n p u t  b a r r e l s  were  

seeded w i t h  p o l i o v i r u s  t y p e  1 (LSc) .  Waters were t h e n  d i s -  

charged through t h e  a p p r o p r i a t e  c o n t r o l  ( f r e s h w a t e r )  o r  

sewage system. Experiments were c a r r i e d  o u t  f o r  3-day 

p e r i o d s  du r ing  which : input  b a r r e l s  w e r e  r e p l e n i s h e d  w i t h  

v i r u s  seeded f r e s h w a t e r  o r  sewage. Two-hour composi te  e f -  

f l u e n t  samples  (1 l i t e r )  were c o l l e c t e d  a t  i n t e r v a l s .  

V i r u s e s  i n  samples were c o n c e n t r a t e d  by an  o r g a n i c  f l o c -  

c u l a t i o n  method. O n e - l i t e r  volumes were f i r s t  supplemented 

w i t h  b e e f  e x t r a c t  ( '3%). Sample pH was t h e n  a d j u s t e d  t o  3 .5  

which caused t h e  format ion  o f  a  v i ru s -adso rb ing  o r g a n i c  

p r e c i p i t a t e  which was c o l l e c t e d  by c e n t r i f u g a t i o n  (5000 x 

9/10 min) .  P e l l e t s  were d i s s o l v e d  i n  15 m l  volumes o f  d i -  

b a s i c  sodium phosphate  (pH 9 . 0 ) .  Concen t r a t e s ,  a d j u s t e d  t o  



pH 7.2,  were s t o r e d  a t  -70 C t o  awa i t  a s s a y .  I n  ad-  

d i t i o n  t o  v i r u s  a s s a y s ,  t empera tu re , .  t u r b i d i t y  p l u s  

, pH v a l u e s  were  de te rmined  d u r i n g  each  sampling i i t & r v a l .  

~ x p e r i m e n t s  were c a r r i e d  o u t  w i t h  env i ronmen ta l ly  rea l - '  
: ,. 

i s t i c  v i r u s  i n p u t  c o n c e n t r a t i o n s  (0.01'  - 0.1 pfu/ml) t o  
' . '  . t ,  

b e t t e r  a s c e r t a i n  t h e  l i k e l y  performance o f  the '  l a r g e  ' 

. . 

marsh systems.  

RESULTS ' 
. . 

A .  F i e l d  Sampling 

The u s e  of  r c c c n t i y  dcvcfopcd v i r u c  concdn t r a . t o r  t e c h -  
: 

nology has  g r e a t l y  f a c i l i t a t e d  t h e  i s o l a t i o n  o f  hunian 

v i r u s e s  from 1akge voluines of: w a t e r .  However, t h e  V%i?e- 
. . 

a b i l i t y  of '  c o n d i t i o n s  encountered d u r i n g  field sampl'ing', 

such  a s  t u r b i d i t y ,  p r e sence  of  p r g a n i c s  and v a r i a t i o n s  i n  

i o n  c o n c e n t r a t i o n ,  t e n d  t o  o b v i a t e  a  100% e f f i c i e n c y  o f  

v i r u s  c o n c e n t r a t i o n .  A s  a r e s u l t ,  t h e  d a t a  p re sen ted  beiow 

l i k e l y  r e p r e s e n t  t h e  minimum v i r u s  numbers i n  each  sample. 

T h e ' i n a b i l i t y  t o  d e t e c t  v i r u s e s  w i t h i n  t h e  c o n s t r a i n t s  o f  

t h e  t e s t i n g  system used d u r i n g  t h i s  s t u d y  (1977-1979) could  

n o t  p r e c l u d e  t h e  p o s s i b i l i t y  o f  v i r u s  presence .  . c re ate st‘ . 

d i f f i c u l t i e s  were encountered  w i t h  Holding .Pon.d and Porid '#l' 

and #2 samples ( d u r i n g  p e r i o d s  of a l g a l  b loom) ,  'where h i g h  

turbidity l i k e l y  accounted  for c o n s i d e r a b l e  l d s i  of v i r u s  
. . 

recovery  ef f i c - iency .  
, :  ' 

. ~ l r u o  rcco ,vcr ico  from f i e l d  c a m p l o ~  a z e  p r e d e n t ~ d  i n  
' 

T a b l e s  3 t h rough  7. A s  expec t ed ,  h i g h e s t .  r e c o v e i i e s  w e r e  

o b t a i n e d  ' from ' ho ld ing  pond ~ a m p l e s  (Table  3 ) . V i r u s  con- 

c e n t r a t i o n s  i n  t h e s e  samples  ranged from 8.5 t o  1 , 2 2 4  p fu /ga l .  
" / 



TABLE 3 

VIRUS AWD COLIFORM ISOLATIONS - HOLDING POND WATERS . . 

Sample # 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
1 3  
1 4  
1 5  
16 
17  
18 
1 9  
2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
26 
2 7 
2 8 
2 9 
3 0 
3 1 
3 2 
3 3 
3 4 
3 5 
36 
3 7 
3 8 
3 9 
4 0 
4 1  
42 

Date  

4/7/7 7 
4/14 
4/2 1 
5/5 
6/17 
6/2 3 
6/3 0 
7 /7 
7/14 
7/2 1 
8/4 
8/18 
8/2 5 
9/1 
9/8 
9/15 
9/2 2 
9/2 9 

10/6 
10/13 
10/2 0 
10/2 7 
11/3 
11/17 
12/1 

1/5/78 
1/19 
2/2 
2/24 
3 /2 
3/10 
3/23 
4/13 
a /?  1 

5/4 
5/25 
6/8 
7/2 0 
8/10 
8/3 1 
9/14 . 

10/19 

T o t a l  c o l i -  
form/100 m l  

F e c a l  c o l i -  
form/100 m l  

V i r u s  
pFLJa/ga 1 

N I ~  
784.2 

NTC 
154.7 

N I  
NT 

556.2 
NT 

1 , 2 2 4 . 0  
N I 
74.0 

228.0 
N I 
NT 
NT 

100.0 
547.0 
123.0  
275.0 

NT 
NT 
N T  
NT 

~ NT 
N I 

201.6 
19.2 

110.6 
N I  

322.8 
10.6  
N I  
N I  

3 .8  
N I  
N I  
N I 

8 .5  
35 - 7  
N I  
80 .4  
N I  

a ,  p f u  - p l a q u e  forming u n i t s  

b ,  none i s o l a t e d  

c, n o t  t e s t e d  



TABLE 4 

Total coli- Fecal Coli- Virus 
sample # Date form/100 ml £orm/1OO ml - ~Fu/gal 



T A B L E  5 

V I R U S  AND COLIFORM I S O L A T I O N S '  - MEADOW # 2  EFFLUENT 

T o t a l  coli- Fecal coli- V i r u s  
S a m p l e  # D a t e  f o r m / l O O  r n l  f o r r n / 1 0 0  rul P F U / ~ ~  1 

3 , 4 0 0 .  

1 , 2 7 0  

NT 

1 2 , 1 0 0  

2 7 0  

NT 

m 
N T .  

NT 



TABLE 6 

Sample # 

1 .  
2 
3 
4 
5 
6 
7 .  
8 
9 
10 . . 
i 1 
1; 2 
13 
14 
15 
1'5 
17 
18 
19 
-20 
2 1 
2 2 

.' 23 
2 4 
? 5 
,26 
2 '7 
2 8 
2 9 
3 0. 
3 1 
'32 
3.3 
34 
3 5 
3 6 
3 7 
3 8 
? 9 
40 
4 1 
42 
43 
44 
4 5 
46 
4 7 

Date 

4/7/7 7 
4/14 
4/2 1 
5/5 
6/9 
6/1? 
6/25: 

. 6/30 
7/7. . 
'.7/14 
7/2 1 
8/4 . 

8/i8 
8/25 
9/1 
91'8 : .  
3/15 
9/2 2 
9/2 9 

. 10/6 ' 

10/13 
10/?0 , 

10/2 7 
1113. : 
11/17 
12/1 
12,'O . . 
1/5/78 
1/19. ".' 

2 /2 
2/24 
3 /2 .': . 
3/10 
3/23 , . 

4/14 
4/2 1 .-' 
514 
5/25 ' 

6/8 . .  
6/2 2 
7/6 
7/20 
8/10 
8/3 1 
9/14 
9/2 8 
10/13 

Total Coli- 
form/100 ml 

41,000 
1,640 
2,100 
3,700 

>loo, 000 
NT 

s100,000 ' ! 

26,000 
6,000 
NT 
6,000 

NT . 1. 
jqr 

NT 
110,000 

>loo, 000 
1,600 ' 

29,000. '. . 

2,100 .. 

NT 
520 . 

11,000 ., 

820 
4,000 
56,000 . ,  . . 
NT 
NT 

>loo, 000 
>loo, 000 
>.loo, UUU ; 

NT 
14,000 
NT 
NT 
NT 
NT 
MI' 
NT 
NT 
NT 
m 
NT 
NT 
NT 
NT 
NT 
'NT 

Fecal Coli- Virus 
form/100 rnl P~u/ga 1 



TABLE 7 

V I R U S  AND COLIFORM I S O L A T I O N S  - POND #2 EFFLUENT 

T o t a l  C o l i -  Fecal C o l i -  V i r u s  
S a m p l e  + D a t e  f o r m / l O O  m l  f o r m / 1 0 0  m l  P ~ ~ / q a l  



I n .  g e n e r a l ,  v i r u s e s  were recovered  from samples  y i e l d i n g  

h i g h  c o l i f o r m  coun t s .  T h i s ,  however) was . no t .  c o n s i s t e n t ,  

a s  v i r u s e s  were o f t e n .  n o t  d e t e c t e d  i n  o t h e r  samples  w h i c h .  

a l s o  had h igh  col i . form coun t s .  .The appa ren t  d o n t r a d i d t i o n  

was l i k e l y  t h e  r e s u l t  o f  one o r  more o f  t h e  f a c t o r s  c i t e d  

above ( e s p e c i a l l y  t u r b i d i t y ) .  dn t h e  b a s i s  'of t h e  a v a i l -  

a b l e  Holding Pond i s o l a t i o n  d a t a ,  two f a c t s  became appa r -  

e n t :  I )  human v i r u s e s  could  b e  r o u t i n e l y  i s o l a t e d  from 

ho ld ing  pond w a t e r s  (60.6% - Tab16. 8 )  ; and ( 2 ) :  w h i l e  : i s o l a t i o n  

f r equency  was h i g h ,  d e t e c t a b l e  v i r u s  c o n c e n t r a t i o n s  w e r e  lower 

t h a n  t h e s e  normal ly  found i n  r a w  domcotic rcwagc (3,600 - 
10 ,000  re w gal 1391. The f a c t  t h a t  t h e  sewag,e i n p u t ' w a s  . . 
" v i r o l o g i c a l l y  weak" must be  cons ide red  i n  any e s t ~ m a t l o n  

o f  t h e  s y s t e m ' s  v i r u s  removing c a p a b i l i t i e s .  

V i r u s  i s o l a t i o n  f r e q u e n c i e s . w e r e  s i g n i f i c a n t l y  reduced 

i n  t h e  renovated  w a t e r s  (Table  8 ) .  I n  g e n e r a l ,  t h e r e  was 

l i t t l e  c o r r e l a t i o n  between c o l i f o r m  numbers and v i r u s  re- 

c o v e r i e s  i n  t h e s e - w a t e r s .  Meadow #2 was a p p a r e n t l y  more 

e f f e c t i v e  t h a n  Meadow #1 i n  r educ ing  t h e  f requency  o f  v i r u s  

i s o l a t i o n  (9% - Meadow #2 vs. 20% - Meadow #I ) .   his d i f -  

f e r e n c e  may have been t h e  r e s u l t  p f  t h e  e x t e n s i v e  u s e  of  

Meadow #1 d u r i n g  t h e  s t u d y  p e r i o d . .  With t h e  l onge r  d r y i n g  

p e r i o d s  o c c u r r i n g  i n . ~ e a d o w  #2, v i r u s e s  would have had 

more o p p o r t u n i t y  t o . i n t e r a c t  ( i - e .  a d s o r b )  w i t h  s o i l  par- 

t i c l e s  (Note:  Loading and d r y i n g  c y c l e s  have been proposed 

s o  a mcthod f o r  cnhanoing v i z u s  removal d u r i n g  ~ r o u n d w a t ~ r  

r e c h a r g e  o p e r a t i o n s  t h rough  s o i l  b a s i n s  [26].  
J 

, , 

Treatment  th rough b o t h  a q u a t i c  systems also resulted 

i n  reduced f r e q u e n c i e , ~  o f  v i r u s  i s o l a t i o n  (Tab le s  6 ,  7 :and 

8) . Of t h e  two, ~ a r s h / ~ o n d  system #2 appeared '  t o  b e  m 0 s . t  



TABLE 8 

COMPILED VIRUS RESULTS FOR M/M/P FIELD SAMPLING 

Sample Type  No .  Samples  Taken N o .  P o s i t i v e  P e r c e n t  P o s i t i v e  

H o l d i n g  Pond 33  2 0  60.6 

Meadow #1 Ef-  
f l u e n t  

Meadow #2 Ef-  
f l u e n t  

~ a r s h / ~ o n d  #1 
E f f l u e n t  

Pond #2 E f f l u e n t  36 



s u c c e s s f u l  w i t h  a  v i r u s  i s o l a t i o n  f r e q u e n c y  o f  o n l y  

8 . 3 %  v e r s u s  11.1% f o r  ~ a r s h / ~ o n d  #l. T o t a l  v i r u s  numbers 

r e c o v e r e d  from s y s t e m  #2 w e r e  a l s o  lower  t h a n  t h o s e  en-  

c o u n t e r e d  i n  s y s t e m  #l. The o b s e r v e d  d i f f e r e n c e s  i n  v i r u s  

r emova l  e f f i c i e n c i e s  be tween t h e  two s y s t e m s  may have  b e e n  re- 

l a t e d  t o  t h e  l a r g e r  f u n c t i o n a l  marsh  a r e a -  i n  s y s t e m  . . .  #2. 

(when b u i l t ,  b o t h  marshes  measured 0 .2  a c r e s  i n  a r e a .  

Because  o f  t h e  d e s i g n  o f  ~ a r s h / p o n d  #1 [ F i g .  11 ) , l a r g e  

a r e a s  o f  Marsh #1 w e r e  o f t e n  f l o o d e d ,  r e d u c i n g  t h e  f u n c t i o n -  
. . . . 

'. . 
a 1  a r e a  o f  t h e  s y s t e m . )  ' The mechan ics  most i n v o l v e d  i n  

w i l - 1 1 s  removal  i n  these  s y s t e m s  w e r e  a d s o r p t i o n  t o  marsh  ,.,, 

s o i l s  and a d s o r p t i o n - s e d i m e n t a t i o n  in the ponds  ( e x p e r i -  

ments d i s c u s c c d  l a t e r  a d d r e s s e d  t.he l i k e l i h o o d  o f  o t h e r  

" remova l"  mechanism - i . e .  s u r v i v a l ) .  Of t h e  two,  a d -  

s o r p t i o n  t o  marsh s o i l s  a p p e a r e d  t o  p l a y  t h e  g r e a t e r  r o l e  

i n  removing v i r u s e s .  

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

( i . e .  t h e  "weak" v i r a l  c h a r a c t e r  o f  t h e  s e w a g e ) ,  t h e  f i e l d  

s a m p l i n g  program i n d i c a t e d  t h e  Marsh/Pond a p p r o a c h  ( i  . c.  

t h e  d e s i g n  used  i n  s y s t e m  # 2 )  t o  be most e f f e c l i v e  i n  re- 

moving v i r u s e s .  Moreover ,  w i t h  t h e  e x c e p t i o n  o f  p e r i o d s  

o t  p h y t o p l a n k t o n  b l o o ~ n s  i n  pond w a t e r s ,  e f f l u e n t  t u r b i d ~ t  1 . e ~  

from t h i s  s y s t e m  ( i n d e e d ,  from a l l  s y s t e m s  t e s t e d )  w e r e  s u f -  

f i c i ' e n t l y  low ( u s u a l l y  be low 1 0  NTU - T a b l e  2 )  t o  ' a l . 1 0 ~  

e f f i c i e n t  e f f l u e n t  d i s i n f e c t i o n  ( c h l o r i n a t i o n ,  o z o n a t i o n )  

p r i o r  t o  r e c h a r g e . ,  Whi le  no  c u r r e n t  t r e a t m e n t  scheme can  

a s s u r e  v i r u s - f r e e  e f f l u e n t s ,  a p r o p e r l y  d e s i g n e d  and managed 

Marsh/pond s y s t e m  may v e r y  w e l l  p roduce  e f f l u e n t s  o f  s i m i l a r  

o r  s u p e r i o r  q u a l i t y  ( i n  terms o f  v i r u s  o c c u r r e n c e )  t o  t h o s e  

p roduced  b y  s e c o n d a r y  and t e r t i a r y  p l a n t s  c u r r e n t l y  o p e r a t i n g  



on Long I s l a n d  (41,  3 9 ) .  It i s  s t r o n g l y  recommended 

t h a t  comparat ive s t u d i e s  w i t h  conven t iona l  t r ea tmen t  

modes b e . i n i t i a t e d  i n  o r d e r  t o  p r e c i s e l y  d e l i n e a t e  t h e  

e f f e c t i v e n e s s  o f  a q u a t i c  ecosystems f o r  t r e a t i n g  "normal" 

raw wastewater  i n p u t s .  

A s  expec ted ,  l i t t l e  c o r r e l a t i o n  was no ted  between 

v i r u s  and c o l i f o r m  recoue r i ' e s  i n -  a l l  samples t e s t e d .  . The " 

i n a p p r o p r i a t e n e s s  of  t h e  co l i form-based  s t anda rd  f o r  p re -  

d i c t i n g  v i r u s ,  ,occur rence  has  been n o t e d  by seve . ra l  a u t h o r s  

(44,  14,  19,  11 ,  4 5 ) .  

B. S u r v i v a l  Experiments 

Data from f i e l d  sampling s t u d i e s  s u g g e s t e d . t h a t  s i g n i f i -  

c a n t  v i r u s  l o s s  occur red  d u r i n g  t h e  p a s s a g e . o f  was tewater  

th rough t h e  ~ a r s h / ~ o n d  systems; While a d s o r p t i o n  and ad- 

so rp t ion - sed imen ta t ion  were cons ide red  t o  be  t h e  major 

mechanisms o f  removal,  v i r a l  (and t o  a  l e s s e r  ex- 

t e n t  b a c t e r i a l )  s u r v i v a l  i n  pond w a t e r s  a l s o  r e q u i r e d  con- 

s i d e r a t i o n .  

The compiled r e s u l t s  o f  a  number o f  s u r v i v a l  s t u d i e s  

a r e  shown i n  Tab le  9. The g r e a t e s t  surv. iva1 c a p a c i t y  was 
I 

demons t ra ted  by : p o l i o v i r u s ,  fol lowed b y  MS-2 b a c t e r i o p h a g e ,  

E. c o l i  B and Salmonel la .  A s e a s o n a l  i n f l u e n c e  was no ted  -- 
i n  t h e  c a s e  o f  t h e  b a c t e r i a l  organism where su rv iva l '  was 

enhanced d u r i n g  c o l d e r  months. With t h e  excep t ion  o f  MS-2 

phage,  a l l  t e s t  organisms appeared t o  be  more s t a b l e  i n  

u n s t e r i l e ,  raw pond water.s t h a n  i n  f i l t e r - s t e r i l i z e d  w a t e r s .  

It may b e  t h a t  f i l t r a t i o n  removed organisms o r  p a r t i c l e s  

which e x e r t e d  a  p r o t e c t i v e  i n f l u e n c e ,  t h u s ,  t h e  dec reased  

s u r v i v a l ,  The most impor tan t  g e n e r a l  c o n c l u s i o n  a r i s i n g  

' f r o m  t h e  d a t a  was t h a t  t h e  b a c t e r i o c i d a l - v i r u c i d a l  a c t i v i t y  

o f  t h e  pond wa te r  was no t  s u f f i c i e n t  t o  p rov ide  s i g n i f i c a n t  



. . 
TABLE 9 

COMPILED DATA: SURVIVAL OF BACTERIA AND VIRUS I N  AQUATIC ECOSYSTEMS 
. . 

F i n a l  Day Percent  
T e s t  Organisms ' s u r v i v a l  - 

- 8 

Season Cu~pcnd inq  Mcdium O r r l p n i  srn n ~ t . ~ c t . e d  - F r n a l  Dav 

Spr ing  S t e r i l e  Pond Water E. co l i  B 24 0.000056 
I I U n s t e r i l e  Pond E. c o l i  B 24 0.00012 

Water 

Summer S t e r i l e  pond Water 'E .  c o l i  B 
II 11 . II I 1  Salmonel la  . . 
II I I II I I MS-2 
I I U n s t e r i l e  pond' ' E.' toll B ' 

Wa t e r  
,a ,, #I ~a lmonel l a  

I t  . I I I 1  MS- 2 

 all s t e r i l e  pond water M,S-2 14 0.000023 
la I I !I ,I p o l i o  LSc 1.8 12.4 
II U n s t e r i l e  Pond , 

. . .  
MS-2 20 . 0.00017 

. . 
Water . . 

I I II I I P o l i o  LSc . ,18 3 0 ... 0 

Winter  s t e r i l e  "pond Water E. c o l i  B 25 ' 0.00069 
I I 11 I I . "  . Sa lrnonella , 20 0.000088 
I I u n s t  e r . i l e  Pond E. c o l i  B 25 0.000081 

' Water 
I I I#  . It Sa lmone 1 l a  20 0.00017 



bacterial/viral removal during the normal residence time 

of these organisms through the pond systems. Removals 

reflected in field data must therefore have been the re- 

sult of an adsorption-sedimentation mechanism. Organisms 
. . 

thus trapped in the lower regions of the ponds would remain 

for sufficient periods to affect more extensive inactivation. 

The rate at which this inactivation would take place could 

not be determined as sediment survival studies were not 

carried out. 

C. Improvements in Virus ~oncentration/~econcentration 

Met hods 

1. Efficiency of beef extract in the recovery 

of virus 

A comparison of the efficiency of virus recovery using 

3% beef extract (pH 9.0), or 0.10 M glycine (pH 11.5) was 

assessed in p~liov~rus-seeded 25-gallon volumes of sewage 

effluent., .The viruses were concentrated via filter adsorp- 

tion-elution using a fiberglass cartridge depth filter (K27) 
and epoxy-fiber glass-asbestos filters (1.0 and 0.45 pm 

porosity). The results of duplicate experiments (Table 10) 

indicated beef extract' elution followed byorganic floccula- 

tion to be superior to a glycine elution-inorganic floc- 

culation method in the recovery of seeded poliovirus. Beef 

extract elution yielded a recovery efficiency of >loo% and 

96% respectively in two trials, while the recovery efficiency 

using glycine.was'31.and 41% respectively. . . In 'order to in- 

sure reproducibility, a series of additional seeding experi- 

ments were carried out using the techniques previously des- 

cribed. The data, presented in Table 11, show a consist- 

ently higher recovery of poliovirus from wastewater using 



TABLE 10 

' .  : 

COMPARISON OF POLIOVIRUS RECOVERY : - 3% BEEF 

EXTRACT (pH 9 . 0 )  VERSUS 0.10 M GLYCINE (pH 1 1 . 5 )  . 

T o t a l  P F U ~  R e c o v e r e d  F r o m  

B e e f  E x t r a c t  E l u t i o n .  G l y c i n e  ~ l u t  i dn  

Input  

3.03x105 

. . 

R e c o n .  Input 

a PPU, plaque forming u n i t s  

Values i n  parentheses are percent 
recoveries based on i n p u t  values. 



- TABLE 11 

T H E  OVERALL E F F I C I E N C Y  OF POLIOVIRUS RECOVERY 

USING 3% BEEF EX!I'RACT (pH 9 - 0 )  ELUTION-RECONCENTRATION 

Tota l  PI?$ R e c o v e r e d  F r o m  

Inpu t  R e c o n c e n t r a t e  

Percent  
R e c o v e r y  

Range 68 - 100 

a PFU, plaque f o r m i n g  u n i t s  



b e e f  e x t r a c t .  I n  7  t r i a l s ,  t h e  mean r ecove ry  e f f i c i e n c y  

was 85%, w i t h  r e c o v e r i e s  r ang ing  from 68 t o  100%. 

A d d i t i o n a l  s t u d i e s  were conducted t o  de t e rmine  whether  

a n  e x t e n s i o n  o f  t h e  c o n t a c t  t ime  between t h e  v i r u s  concen- 

t r a t i n g  f i l t e r s  and t h e  e l u a n t  would i n c r e a s e  t h e  e f f i c i e n c y  , 

o f  v i r u s  recovery .  , Comparat i v e  exper iments  were performed 

by seed ing  two 25-ga l lon  was tewater  samples w i t h  i d e n t i c a l  

c o n c e n t r a t i o n s  of  p o l i o v i r u s  (1.54 x  l o 7  PFU). One sample 

was e l u t e d  i n  t h e  manner p r e v i o u s l y  d e s c r i b e d ,  w h i l e  t h e  

' o t h e r  sample was e l u t e d  a f t e r  a l l owing  t h e  beef  e x t r a c t  t o  , , . 
. . .  

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

o f  3 0  minutes .  Immediate e l u t i o n  r e s u l t e d  i n  t h e  r ecove ry  

of 1 .34 x 1 pFU (87%) ,  w h i  1 e the e.&tendpd el !,ti on rnpthnd 

y i e l d e d  a  r e c o v e r y  of  1 .24 x  l o 7  t o t a l  PFU (80.5%). These 

r e s u l t s  sugges ted  t h a t  t h e  e l u t i o n  was l i k e l y  i n s t a n t a n e o u s ,  

and a l s o  t h a t  p o l i o v i r u s  was n o t  i n a c t i v a t e d  by prolonged 

c o n t a c t  (30 min) w i t h  beef  e x t r a c t  a t  pH 9.0.  

Recent ly ,  a  number of  i n v e s t i g a t o r s  have adopted p l e a t e d  

c a r t r i d g e  f i l t e r s  f o r  use  i n  t h e  r ecove ry  o f  e n t e r o v i r u s e s  

from l a r g e  volume w a t e r  samples (10,  12,  31). The inc reased  

s u r f a c e  a r e a  o f  t h e s e  f i l t e r s  e l i m i n a t e s  c logging  problems, 

a l l o w i n g  h i g h e r  volume samples t o  be  p roces sed .   experiment.^ 

were t h e r e f o r e  performed t o  i n s u r e  t h a t  3% b e e f  e x t r a c t  (pH 

9 .0)  was e q u a l l y  e f f e c t i v e  i n  systems us ing  t h e s e  f i l t e r s .  

Virus-seeded sewage samples were processed  through a  f i l t e r  

s e r i e s  c o n s i s t i n g  o f  a  f i b e r g l a s s  K 2 7  f i l t e r  and a  0.45 ,,m 

p l e a t e d  f i l t e r  (DUO-Fine; F i l t e r i t e ,  ~ i m o n i u m ,  ~ a r y l a n d  ) . 
The r e o u l t o ,  p re sen ted  i n  Tab le  12 ,  i n d i c a t e d  t h a t  an  average 

o f  65% of  t h e  i n p u t  p o l i o v i r u s e s  were recovered  fo l lowing  

c o n c e n t r a t i o n  and r e c o n c e n t r a t i o n .  



TABLE 12 

E F F I C I E N C Y  O F  POLIOVIRUS RECOVESY FROM PLEATED 

CARTRIDGE F I L T E R S  U S I N G  3% B E E F  EXTRACT ( p ~  9.0) 

~ x p e r i m e n t  Total PFU" R e c o v e r e d  F r o m  

I n p u t  ~econcen tka t  e 

M e a n  % R e c O - ~ e r y  

a PFU, p l a q u e  f o r m i n g  u n i t s  

V a l u e s  i n  pa r en the se s  a r e  percent recoveries 
based on i n p u t .  



2. ~ f f i c i e n c y  of  bee f  e x t r a c t  i n  second-s tage  

r e c o n c e n t r a t i o n  

Katzenelson e t  a l .  (25)  r e c e n t l y  r e p o r t e d  t h a t  an  

o r g a n i c  f l o c c u l a t i o n  procedure ,  . u t - i l i z i n g  3% bee f  e x t r a c t ,  

was s u p e r i o r  t o  an  i n o r g a n i c  f l o c  method us ing  g l y c i n e  f o r  

t h e  r ecove ry  o f  seeded p o l i o v i r u s  from t apwa te r  du r ing  , 
. , . . .. . . .. 

second-s tage  r e c o n c e n t r a t i o n .  To de.t'ermine whether  a  s i m i -  
. .  i- 3 ,  

l a r  occu r rence  could  b e  observed i n  seeded was tewater ,  p o i i o -  

v i r u s  was i n o c u l a t e d  i n t o  1 $ .volumes  of  t r e a t e d  sewage e f -  

f a u c n t ,  Thc sample was: d i v i d e d  i r ~ L v  250 1111 a l iquoes  and t h e  - .. . . . . .  . . - . -. - - .  . . -  . '. . .. . *,-....... .... . -. 
p o l i o v i r u s  c o n c e n t r a t e d  us ing  e i t h e r  o r g a n i c  o r  i n o r g a n i c  

f l o c c u l a t i o n .  The r e s u l t s  po able 1 3 )  suppor t  t h e  f i n d i n g s  

o f  Katzene lson  o t  a l . ,  ( 25 )  r e g a r d i n g  the s u p e r i o r i t y  of  

bee f  e x t r a c t  i n  t h e  second-s tep  r e c o n c e n t r a t i o n  p roces s .  ; 
" .  . . - ., -. ,, , 

~ i ~ h t y - f i v e  p e r c e n t  o f  t h e  i n p u t  v i r u s e s  were recovered  w i t h  

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

a v e r a g e  r ecove ry  of  64%. . . . . 

Since  a l l  p r e v i o u s  r e c o n c e n t r a t i o n  exper iments  u t i l i z e d  

3% bee f  e x t r a c t ,  i t  was o f  i n t e r e s t  t o  de te rmine  i f  lower 
7' . 

. . 
c o n c e n t r a t i o n s  o f  bee f  e x t r a c t  would y i e l d  s im' i ' lar  v i r u s  ice- ' 

c o v e r i e s .  I n i t i a l  exper iments  were conducted us ing  s m a l l  

volumes of  was tewater  c o l l e c t e d  from o b s e r v a t i o n  w e l l s  l o c a t e d  

benea th  was tewater  r e c h a r g e  b a s i n s .  S i x  l i t e r  volumes were 
. , 

seeded w i t h  p o l i o v i r u s  and d i spensed  in t 'o  1 9 a l i . q ~ ~ o f . s ,  

Samples were c o n c e n t r a t e d  by o r g a n i c  f l o c c u l a t i o n  us ing  . . , ._ 
beef  e x t r a c t  a t  f i n a l  c o n c e n t r a t i o n s  o f :  0..5; 1 .0 ;  '1i.5; .2.0; 

2.5 and 3.0%, r e s p e c t i v e l y .  The r e s u l t s  o f  t h i s  experiment 

(Table  1 4 )  i n d i c a t e d  t h a t  lower c o n c e n t r a t  i o n s  o f  b e e f  e x t r a c t  

a l s o  y i e l d e d  s a t i s f a c t o r y  v i r u s  r ecove ry .  



TABLE 13 

COMPARISON O F  T H E  E F F I C I E N C Y  O F  RECONCENTRATING 

S E m E D  P O L I O V I R U S  BY INORGANIC OR ORGANIC FLOCCULATION METHODS 

~ x p e r i m e n t  To ta l  P F U ~  R e c o v e r e d  a f ter  

Inorganic F l o c c u l a t i o n  O r q a n i c  F loccufa t ion  

A v e r a g e  64.05 85.64 
l 

a PFU, plaque f o r m i n g  u n i t s  

b V a l u e s  i n  parentheses are  percent recoveries 

based on an  i n p u t  va lue  of 3 . 4 5 ~ 1 0 ~  t o t a l  PFU. 



TABLE 1 4  

. . 

RECONCENTRATION EFFICIENCY OF VARIOUS 

CONCENTRATIONS OF BEEF E,JTRACT .. ,., 
. I . .  . . . . . : . .  4 

. . . . ,  
. ' : ' > . .  . . .  

I . .  

. . .  

.,1.. 
. . 

. .  . " .  
Percent  

Beef Ext rac t  

. . . . .  . - '.. : ' 
~ o t a l  ' P F U ~ '  Recovered From 

. .  , . . . . .  :. . . .  . . 

Mean - 
Recovery ("/,I 

Exp lb 
'b 

Exp 2 
. . .  .. . . . . .  ': 

. . . . 

0.5 1.14 x l d 5  (74.03) 1.99 x 10 (80.56) 77.29 
.'5 

2 -48 X. 105 (100) 100,o 

a . . .  
PFU, plaque ' forming unit. : 

? .  . . , . 

b 
~ a l u c s  i n  paren theses  are percent  recover ies .  
based on input  va lues  of  1.54.x105 f o r  t h e  f i r s t  
experiment and 2,47x105 f o r  experiment 2, 



Since  beef e x t r a c t  concen t r a ' t i ons  o f  less t h a n  3% 

appeared t o  b e  e f f e c t i v e  i n  a  r e c o n c e n t r a t i o n  .p rocess ,  i t  

was of  i n t e r e s t  t o  tes t  t h e i r  r e l a t i v e . e f f i c i e n c i e s  o f  

v i r u s  e l u t i o n  from c o n c e n t r a t i n g  f i l t e r s .  I n  a  series of  

p r e l i m i n a r y  exper iments ,  p o l i o v i r u s  was se.eded i n t o  25- . , ' y  

g a l l o n  was tewater  samples ,  and c o n c e n t r a t e d  us ing  a  f i b e r -  

g l a s s  c a r t r i d g e - p l e a t e d  f i l t e r  s e r i e s .  E l u t i o n  was ac -  

complished us ing  e i t h e r  1% o r  3% b e e f  e x t r a c t  (pH 9 . 0 ) .  

P re l imina ry  r e s u l t s  i n d i c a t e d  t h a t  1% bee f  e x t r a c t  was a s  

e f f i c i e n t  a s  3% beef  e x t r a c t  i n  t h e  r ecove ry  o f  p o l i o v i r u s .  

E l u t i o n  w i t h  3% b e e f  e x t r a c t  r e s u l t e d  i n  t h e  r ecove ry  o f  

68% o f  t h e  i n p u t  v i r u s ,  w h i l e  75% o f  t h e  v i r u s e s  were r e -  

covered us ing  1% b e e f  e x t r a c t  e l u t i o n .  

D. V i r u s  Removal i n  Marsh T e s t  System 

The "Mini-Marsh" experiment  was c a r r i e d  o u t  o v e r  a  

four-day pe r iod  d u r i n g  t h e  month o f  December. The t u r b i d -  

i t y ,  pH and t empera tu re  measurements which were t aken  

throughout  t h e  experiment  a r e  p r e s e n t e d  i n  Tab le  15.  No 

unusua l  f l u c t u a t i o n s  were noted i n  any o f  t h e s e  d a t a .  V i r u s  

r ecove ry  d a t a  (Table  1 6 )  i n d i c a t e d  t h a t  s i g n i f ' i c a n t  v i r u s  

removal occu r red  d u r i n g  passage  th rough b o t h  marsh systems.  

The o n l y  samples  y i e l d i n g  r e c o v e r a b l e  v i r u s  numbers w e r e  

t h o s e  t aken  on t h e  f i r s t  two days  from t h e  sewage t e s t  system 

(here r ~ r ~ u v a l s  averaged between 82 and 94%) : A f t e r  day  two, 

no v i r u s e s  could b e  d e t e c t e d  i n  any o f  t h e  samples.  

We had i n i t i a l l y  assumed t h a t  g r e a t e r  numbers o f  

v i r u s e s  would have been recovered  from t h e  f r e s h  w a t e r  

system. T h i s  assumption was based upon t h e  t h e o r y  t h a t  t h e  

more t u r b i d  sewage would o f f e r  more , oppor tun i ty  for vi-rus- . . 

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



: :. TABLE 15 

TURBIDITY, -pH AND TEMPERATURE DATA : 

Day Sample #a T u r b i d i t y  (NTU) pH Temperature  ( O C )  

6 . 3  7.5 
I . . . .  .. 

1 : 

. . ' .  . 
a A d e n o t e s  samples  from f r e s h w a t e r  t e s t  system; B d e n o t e s  - . . - 

snmp1e.s.'  from ~ewaq.0 test, system.  
. . . .. . . 

Three  composi te .  s a m p l e s . c o l l e c t e d  from e a c h  sys tem on' 
e ach  t e s t '  day: f i r s t  sample c o l l e c t e d  from 9 -30  - 1 l : O O  
a ; m . ;  second sample ,  12:OO - 1:00 p.m.; t h i r d  sample ,  : 

2:00 - 4:00 p.m. 

n t  = no t  t e s t e d .  



TABLE 16 

POLIOVIRUS REMOVAL IN "MINI-MARSH" SYSTEM 

Day S a m p l e  #a V i r u s  R e c o v e r y  (PFU/&)' 

0 I n p u t  (A+B) 2 6 4  

A 1 0  
B 1 0  
A l l  
B 1 1  

a ,  A denotes  f r e s h w a t e r  tes t  system; B = s e w a g e  
test system. 



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

c o n c e n t r a t i o n ,  however,  was s u f f i c i e n t l y  low (264 PFU/?,) 

t o  o b v i a t e  a  m a j o r  r o l e  f o r  t h i s  mechanism. Recent  work 

by S e i d e l  ( 3 5 ) ,  czerwenka and ~ e ' i d e l  ( 5 ) ,  and DeJong ( 7 )  

i n d i c a t e d  . t h a t  v a r i o u s  a q u a t i c  p l a n t s  had 'some b a c t e r i a l  . . 

removing p o t e n t i a l  r e f l e c t e d  b o t h  i n  t h e i r  o f f e r i n g  o f  ; 

a d d i t i o n a l  a d s o r p t i o n  s i t e s  a r o u n d  r o o t  s y s t e m s  j. ; a s  w e l l  

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

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

may p r o v i d e  some e x p l a n a t  i o n  f o r  t h e  somewhat un 'expected 

r e s u l t s  o f  t h e  "Mini-Marsh" e x p e r i m e n t .  Were n o n s p e c i f i c  

v i r u c i d a l  components  a l s o  b e i n g  produced b y  o n e  o r  more 

o f  t h e  p l a n t  s p e c i e s ,  t h e i r  e f f e c t s  would b e  .compromised 

t y  t h e  p r o t e c t i v e  effect i m p a r t e d  t o  v i r u s e s  b y  t h e  p a r -  

t i c l e s  and o r g a n i c  m i l i e u  o f  t h e  raw sewage.  Such en-  

hancement o f  v i r u s  s u r v i v a l  b y  p a r t i c u l a t e s  and  o r g a n i c  

m a t e r i a l  h a s  b e e n  n o t e d  p r e v i o u s l y  ( 4 6 ,  21 ,  1 5 ,  4 ) .  S i n c e  

t h e  f r e s h  w z t e r  s y s t e m  o f f e r e d  no  s u c h  p r o t e c t i v e  p o t e n t i a l ,  

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

t h e  ewper iment  . 
I n  t h e  above, w e  o f f e r  some s p e c u l a t i o n  qn the  reasons 

f o r  d a t a  d i f f e r e n c e s  o c c u r r i n g  between t h e  f r e s h  w a t e r  and 

sewage s y s t e m s .  The most s i g n i f i c a n t  a s p e c t  o f  t h i s  e x p e r i -  

ment ,  however,  i s  i t s  d e m o n s t r a t i o n  o f  n o t a b l e  v i r u s  r emova l  

i n  t h e  marsh test  sys tem.  The d a t a  a r e  c o n s i s t e n t  w i t h  ob-  

s e r v a t i o n s  made d u r i n g  t h e  f i e l d  a n a l y s e s  p o r t i o n  o'f t h e  

. r e s e a r c h  p r o j e c t  and u n d e r s c o r e  t h e  i m p o r t a n c e  o f  t h e  marsh  

s y s t e m  i n  t h e  o v e r a l l  scheme o f  v i r u s  r emova l  i n  lowland 

t r e a t m e n t  ' systems. 



I V .  CONCLUSIONS . * . .  

Recent ly  developed and improved methods f o r  t h e  re- 

covery  and enumerat ion o f  human v i r u s e s  have g r e a t l y ,  - . . . .  _ .I . .. 

f a c i l i t a t e d  t h e  t e s t i n g  o f  envi ronmenta l  systems and t h e - .  .-,-. .. . 

conduct of  f i e l d - a p p r o p r i a t e  low v i r u s  i n p u t  . exper i -  . . , , - . .  

menta t ion .  However, t h e  v a r i a b i l i t i e s  of  c o n d i t i o n s  en- :; 

countered  d u r i n g  sampling and t h e  nonex i s t ence  o f - a  , . . , . ,  , ,  

s i n g l e  concent ra t ion-enumera t ion  system f o r  a l l  v i r u s  

t y p e s  l i k e l y  t o  occur  i n  sewage o b v i a t e  t h e  1 , ike l ihood  

o f  a  100% v i r u s  r ecove ry  e f f i c i e n c y .  Data: from f i e l d  . .  :.. 

s t u d i e s  must, t h e r e f o r e ,  be  cons ide red  t o  r e p r e s e n t  t h e  

minimum number o f  v i r u s e s  p r e s e n t  i n  each  sample.. I n  , . 

a d d i t i o n  t o  methodologica l  l i m i t a t i o n s ,  i t  must b e  r e -  

membered t h a t  t h e  t e s t  systems were o p e r a t e d  us ing  what 

must b e  d e s c r i b e d  a s  a  compara t ive ly  "weak" sewage b l e n d ,  

e s p e c i a l l y  w i t h  r e s p e c t  t o  t h e  number o f  d e t e c t e d .  

The c'onclusi.ons p re sen ted  below have been developed w i t h  , 

t h e  above c o n s t r a i n t s  i n  mind, b u t  have been b a s e d . p r i -  

m a r i l y  upon t h e  r e s u l t s  a r i s i n g  from each  s t u d y  element  

of  t h e  p r o j e c t  ( i . e .  t h e  observed d a t a ) .  A s  t h i s  r a t i o n -  

a l e  i s  used throughoht  t h e  r epo r t , ,  t h e  dange r s  o f  : 'out-of-  

c o n t e x t "  m i s i n t e r p r e t a t i o n  by t h e  r e a d e r  cannot  be under- 

e s t i m a t e d .  

I n  summary, the fo l lowing  were developed d u r i n g  t . h t  

s tudy :  

1) F i e l d  sampling d a t a  i n d i c a t e d  t h a t  modera te ly  e f -  

f e c t l v e  v i r u s  removal 'occurred i n  a l l  systems.  The g e n e r a l  

c l a r i t y  o f  t h e  r e s p e c t i v e  e f f l u e n t s  would e a s i l y  lend them- 

s e l v e s  t o  e f f i c i e n t  d i s i n f e c t i o n  p r i o r  t o  groundwater  r e - .  

. cha rge  ( p r e f e r a b l y  a t '  low i n f i l t r a t i o n  r a t e  on Long I s l a n d  

141,  431 1. 



2 )  The Marsh-Pond #2 system provided t h e  most con- 

s i s t e n t  v i r u s  r e d u c t i o n s ,  w i t h  t h e  m a j o r i t y  o f  removal 

a p p a r e n t l y  o c c u r r i n g  i n  t h e  marsh. The v i r u c i d a l  p o t e n t i a l  

o f  t h e  raw Pond w a t e r  appeared  t o ' b e  l i m i t e d  o w i n g ' t o  t h e '  

r e l a t i v e l y  b r i e f  r e s i d e n c e  t ime  o f  v i r u s e s  i n  t h e  syst@m ' 

(however, sedimented,  p a r t i c u l a t e - b o u n d  v i r u s e s  would 

l i k e l y  remain i n  t h e  .system long enough f o r  inactivation. ' 

t o  o c c u r ) .  

3 ) '  New and improved tqchn iques  f o r  t h e  c o n c e n t r a t i o n  

and enumerat ion o f  v i r u s e s  from sewage-pol luted f r e s h  wa te r  

w e r e  developed.  The methods should  prove e x t r e m e l y ' u s e f u l  

i n  a l l  f u t u r e  r e l a t e d  envi ronmenta l  t e s t i n g .  

4 )  No c l e a r - c u t  c o r r e l a t i o n s  could  b e  ma'de between 

t h e  occu r rence  o f  human v i r u s e s  and i n d i c a t o r  b a c t e r i a  i n  

t h e  system's. Indeed ,  t h e r e  was some ev idence  t h a t  co . l i fo im 

organisms  could  grow i n  some o f  t h e  systems du r ing '  warmer ... 

months. . 

It was no t  . p o s s i b l e  t o  perform v i r u s  seed-removal . .  

s t u d i e s  i n  t h e  meadows. However,-we f e e l  c o n f i d e n t  that!  

such  a  s t u d y ,  i f  c a r r i e d  o u t ,  would' have c o r r o b o r a t e d  t h e  

r e c e n t  f i n d i n g s  .of Shaub e t  a l . ,  ( 3 2 )  i n  which. b8-85% r e -  

movals were r e a l i z e d .  

One o f  t h e  most impor tan t  q u e s t i o n s  i n d i r e c t l y  ad-  

d r e s s e d  by t h i s  s t u d y  concerned t h e  o v e r a l l  performance 

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

secondary  t rea tmer i t  system. Based upon a  cornpar i s o n  .of 

. sys tem i n p u t s  and effluents, which drew upon t h e . f i e l d  

r e s u l t s  r e p o r t e d  above and d a t a  r e s u l t i n g  from e x t e n s i v e  

t e s t i n g  a t  s e v e r a l  l o c a l  secondary  sewage t r e a t m e n t  p l a n t s  

(39, 4 2 ) ,  t h e  o v e r a l l  v i r u s  removals  i n  t h e  n a t u r a l  systems 

were a s  good, i f  no t  b e t t e r ,  t h a n  t h o s e  i n  t h e  c o n v e n t i o n a l  

system. Obviously,  t h e  o n l y  way t o  c o r r o b o r a t e  t h i s  e x t r a -  

p o l a t e d  comparison would b e  t o  moni tor  t h e  performance o f  



b o t h  systems " s i d e  by s i d e "  where each  r e c e i v e  i d e n t i c a l  

amounts and b l e n d s  o f  raw sewage. It i s  h i g h l y  recom- 

mended t h a t  such a  s t u d y  be  conducted,  f o r  it a l o n e  w i l l  

p rov ide  s u f f i c i e n t  " r e a l  wor ld"  d a t a  upon which appro-  

p r i a t e  was tewater  management d e c i s i o n s  may b e  made. Owi'ng ':. 

t o  t h e  r a t h e r  poor q u a l i t y  pr imary and secondary e f f l u e n t s  

produced by some e x i s t i n g  l o c a l  t r e a t m e n t  p l a n t s  ( 4 2 ) ,  i t  
. . -  ' 

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

l a t i o n '  o f  marsh " p o l i s h e r " '  systems a t  a p p r o p r i a t e  t . reatment  

p l a n t s  b e  cons ide red .  
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