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ABSTRACT 

The o c c u r r e n c e  o f  human e n t e r o v i r u s e s .  i n  ground- 

wa te r  a q u i f e r  r echa rged  w l t h  t e r r i a r y  was tewater  e f -  

f  l u e n t s .  

A two-year s t u d y  o f  t h e  impact o f  human v i r u s e s  

on a  t e r t i a r y  t rea tment -groundwater  r e c h a r g e  systam 

l o c a t e d  on Long I s l a n d  i s  c u r r e n t l y  n e a r i n g  com2let  i o n .  

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

groundwater  from b e n e a t h  a u n i q u e l y  des igned  r e c h a r g e  

b a s i n  w e r e  a s sayed  on a  weekly b a s i s  f o r  t h e  p re sence  

of  i nd igznous  human e n t e r o v i r u s e s  and c o l i f o r m  b a c t e r i a .  

While h i g h  c o n c e n t r a t i o n s  of v i r u s e s  were r o u t i n e l y  i s o -  

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

e f f l u e n t s  were p o s i t i v e  f o r  v i r u s  i n  o n l y  3 of  2 0  samples .  

I n  s p i t e  of t h e  h i g h  q u a l i t y  e f f l u e n t  b e i n g  r e c h a r g e d ,  

v i r u s e s  were d e t e c t e d  i n  t h e  groundwater  a q u i f e r  on s e v e r a l  

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

t h e  r e c h a r g e  b a s i n .   his f i n d i n g  was confirmed by  t h e  

r e s u l t s  o f  two p o l i o v i r u s  s eed ing  e x p e r i n z n t s  c a r r i e d  o u t  

a t  t h e  f i e l d  i n s t a l l a t i o n .  A t  b ~ t h  high (75-100 c i ~ / h r )  

and low ( 6  cm/hr) i n f i l t r a t i o n  r a t e s  seeded p o l i o v i r u s e s  

were d e t e c t e d  a t  a l l  sampling l e v e l s  a s  w e l l  a s  i n  t h e  

g r ~ u n d w a t e r  a q u i f e r ,  7 . 6 2  n below t h e  r e c h a r g e  b a s i n .  I t  

b~ould appea r  t h a t  Loc%;er i n f  i l t r a t  ig!l r a t e s  prgriiote S e t t e r  

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

s t u d y .  



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

I n c r e a s e d  demands. f o r  a d d i t i o n a l  s o u r c e s  o f  p o t a b l e  

wa te r  have r e s u l t e d  i n  t h e  need t o  supplemgnt groundwater  

r e s e r v e s .  Among methods proposed t o  augment groundwater  

. s u p p l i e s  a r e  t h o s e  i n v o l v i n g  r e c h a r g e  w i t h  r enova ted  

domes t i c  was tewater  i n c l u d i n g :  s p r a y  i r r i g a t i o n ;  ove r -  

l and  flow; deep  w e l l  i n j e c t i o n ;  and b a s i n  r e c h a r g e .  The 

use  o f  was tewater  i n  any o f  t h e  above schemes o f . a q u i f e r  

supp lemen ta t ion .  h a s  o f t e n  met w i t h  o p p o s i t i o n  because  o f  

t h e  p o t e n t i a l  haza rd  posed by  t h e  p re sence  of  t h e  human 

v i r u s e s  which commonly occu r  i n  sewage ( ~ e r n a r d ,  1973; 

Gerba e t  a l . ,  1 9 7 5 ) .  

Labora to ry  s t u d i e s  have i d e n t i f i e d  s e v e r a l  f a c t o r s  

which a f f e c t  v i r u s  removal d u r i n g  t h e  pas sage  o f  was te -  

w a t e r  t h rough  s o i l .  Drewry and E l i a s s e n  (1968)  i n d i c a t e d  

t h a t  a d s o r p t i o n  r a t h e r  t h a n  f i l t r a t i o n  was t h e  p robab le  

mechanism o f  v i r u s  removal d u r i n g  sand o r  s o i l  p e r c o l a t i o n ,  

Gerha e t  a l .  (1975)  r e p o r t e d  t h a t  t h e  a d s o r p t i o n  p r o c e s s  -- 
was s t r o n g l y  i n f l u e n c e d  by  a  number of  f a c t o r s  i n c l u d i n g  

t h e  pH o f  r echa rged  w a t e r ,  t h e  chemica l  compos i t ion  and 

moi s tu re  c o n t e n t  o f  t h e  s o i l ,  and i n f i l t r a t i o n  r a t e  t h rough  

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

has  a l s o  been siiown t o  be irr-portant i n  t h e  a t t achmen t  of  

v i r u s  t o  s o i l  p a r t i c l e s  ( ~ u 3 o i s e  et &, 1976; Lance e t  a l . ,  

1976; w e l l i n g s  e t  a l . ,  1975) .  Clean ,  d r y  sand was shown 

t o  have l i t t l e  r2moval c a p a b i l i t i e s  (Berg,  1 9 7 3 ) ,  wh i l e  

mois tened sand demons t rz ted  an Fmprovsd removal e f f i c i e n c y  

(Nes to r  and C o s t i n ,  1 9 7 1 ) .  Dre:.lry a n d  E l i e s s ~ n  (1353)  re- 

pqr t ed  that s o i l s  c o 2 t a i n i n s  3 i g h  c o n c e n t r a . t i g n s  o f  c l a y  

~ C L - 1  1yt'L'sme15,i - ~.-~~--+-.Ft,-c L L L . = . - c  . V ~ ~ U S  z ~ : c ) ' L . ~ ~ c ~ s .  3 i k 5 3 p .  



(1975)  i n d i c a t e d  t h a t  t h i s  e f f i c i e n c y  was due p r i m a r i l y  

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

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

o f  a  number o f  l a b o r a t o r y  s t u d i e s ,  compara t ive ly  few 

have add res sed  t h e  p re sence  of  n a t u r a l l y  o c c u r r i n g  v i r u s e s  

a t  o p e r a t i o n a l  r e c h a r g e  i n s t a l l a t i o n s .  Wel l ings  e t  a 1  - A t  

(1975)  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  and cox- 

s a c k i e v i r u s  from groundwater  b e n e a t h  a  c y p r e s s  dome used 

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

and Sorbe r  (1977)  a l s o  demons t ra ted  t h e  s p o r a d i c  o c c u r r e n c e  

of  z n t e r o v i r u s e s  i n  r echa rged  groundwater .  G i l b e r t  e t  a l . ,  

(1976)  were unab le  t o  d e t e c t  v i r u s e s  i n  groundwater  samples  

t aken  a t  t h e  F lush ing  Meadoxs r e c h a r g e  p r o j e c t .  Recen t ly ,  

Vaughn e t  a l . ,  ( i n  p r e s s )  demons t ra ted  t h e  p re sence  o f  a -- 
v a r i e t y  o f  e n t e r o v i r u s e s  i n  groundwater  a q u i f e r s  a d j a c e n t  

t o  w a s t s w a t e r r r e c h a r g e  b a s i n s  a t  t h r e e  s e p a r a t e  r e c h a r g e  

s i tes  l o c a t e d  on Long I s l a n d .  

A major  p o r t i o n  o f  t h e  above s t u d i e s  were conducted  

w i t h  sewage e f f l u e n t s  which r e c e i v e d  no more than  seconda ry  

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

r o u t i n e  v i r a l  mon' i tor ing and f i e l d  e x p e r i m e n t a t i o n  a t  a 

un ique ly  des igned  r e c h a r g e  i n s t a l l a t i o n  which u s e s  t e r t i a r y  

t r e a t e d  e f f l u e n t s .  

2 .  FIethods and p i a t e r i a l s  

A .  T e s t  S i t e  

The s i t e  s e l e c t e d  was l o c a t e d  a t  t h e  12-Pines  t r e a t m e n t  

f a c i l i t y  i n  M e d f ~ r d ,  N e w  York. The p l a n t  cgnb ines  conven- 

t i ' o n a l  p r imary  an3 secondary  t r e a t m e n t  p r o c e s s e s  w i t h  t e r -  
- .  t i a r y  t r e a t m e n t  ( c i ~ n ~ t r i f i c ~ t  i o n - f i l t r a t i o i i ; !  and c h l o r i n a -  

- .  t i o n .  Trea t r -5  s.srg;gz i s  t h e n  dischs.rqec! ~ n c . 2  nearbl/ recharye 



- 
b a s i n s t o r  a  p o r t i o n  d i v e r t e d  t o  t h e  tes t  r e c h a r g e  b a s i n .  

The p h y s i c a l  and chzmica l  c h a r a c t e r i s t i c s  of  t h e  t e r t i a r y  

e f f l u e n t  and t h e  r enova ted  was tewater  may be seen  i n  

T a b l e  1. ~ h i r t y  y a r d s  n o r t h e a s t  o f  t h e  r e c h a r g e  b a s i n s  

i s  t h e  s t u d y  f a c i l i t y  b u i l t  and o p e r a t e d  by t h e  U.S. 

G e o l o g i c a l  Survey ( F i g u r e  1 ) .  The s t r u c t u r e  i s  a  minia- 

t u r i z e d  v e r s i o n  o f  t h e  a d j a c e n t  r e c h a r g e  b a s i n s ,  c o n s i s t i n g  

2 o f  a  c i r c u l a r  t e s t  b a s i n  6 .09 m i n  d i ame te r  ( 2 5  m ) whose 

s u r f a c e  is  approx ima te ly  7 .62  m above t h e  s t a t i c  water 

l e v e l .  A manhole h a s  been  c a r e f u l l y  c o n s t r u c t e d  th rough  

the c e n t e r  o f  t h e  b a s i n  t o  a  d e p t h  of  6 . 4  m.  w i t h i n  t h e  

m a n h o l e , g r a v i t y  s ample r s  (38.7 c m 2  c a p t u r e  a r e a )  have been  

c o n s t r u c t e d  a t  d e p t h s  of  0.75,  2 . 2 5  and 5 . 3 4  rn which ex tend  

( 0.9 rn i n t o  t h e  su,r rounding r e c h a r g e  b a s i n .  A t  t h e  bot tom 

o f  t h e  manhole, a  w e l l  h a s  been sunk i n t o  t h e  w a t e r  t a b l e  

t o  a l l o w  t e s t i n g  o f  w a t e r s  which have p c r c o l s t e d  th rough  

t h e  system.  Ths t e s t  b a s i n  has  been  equipped w i t h  i n s t r u -  

men ta t ion  f o r  measuring w a t z r  l e v e l ,  i n f i l t r a t i o n  r a t e ,  

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

p r i m a r i l y  o f  c o a r s e  sand and f i n e  g r a v e l  and c o n t a i n s  an  

ave rage  o f  1 . 1 2 %  s i l t  and c l a y  (Table  2 ) .  The s t u d y  f a c i l i t y  

o p e r a t e s  a t  a  norNal  l oad ing  r a t e  o f  40 ,000  1 pe r  day and 

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

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

b e  e x p e r i m e n t a l l y  a p p l i e d  t o  t h e  system. 

B.  Sample C o l l e c t  i on  

Samples of  raw sewage ( i n f l u e n t  ) ,  t e r t i z r y  e f f l u e n t ,  

and g r o u n d w ~ k e r  f r g n  b e n e a t h  t h e  t e s t  b a s i n  were c o l l e c t e d  

a t  weekly i n t e r v a l s .  Ray.%: ser.s.ege ~ r 3 5  ssmp1.e~ % ? r e  c o l l e c t e d  

.I i r l .  s t e r i l s  4 1 c~nialners. - - l s r t i a r : , :  e f f i u c ? , t  (100  1) and 



Tab le  1. Chemical and P h y s i c a l  C h a r a c t e r i s t i c s  
of  12 P i n e s  T e r t i a r y - T r e a t e d  Sewage 
E f f l u e n t  and Renovated W e l l  Water .  

Mean Values  

T u r b i d i t y  (NTU)  

C o n d u c t i v i t y  (gmho) 

PX 

T o t a l  a l k a l i n i t y  (mg/l) 

Ch l o r  i d e  (ng / l )  

S u l f a t e  (mg/l) 

N i t r a t e - n i t r o g e n  (mg/l) 

N i t r  i t e - n i t r o g e n  (ng / l )  

Annonia-ni t rogen (mg/l) 

T o t a l  K j e l d a h l  n i t r o g e x  

E f f l u e n t  W e l l  Water  

O r  t h o  phospha te  . (mg/l) 6 .13  ('4.8-6.8) 6.07 (4.8-7.0) 
+++ 

Fe . (mg/l) <O .05 (<O .05)  0  - 0 5  (<O -05-0.1) 
+-!- 

Mn (mg/l) 0.02 ' (0.01-0.03) .07 8  ( .02-. 15)  
++ 

lug (m5J/l)  4 . 53  (2.7-7.8) 4 .26  . (2.6-7.0) 
++ 

Ca (mg/l) 19 .@ (15-24) 2 1 .37 (17-33) 
- 

Na' (mg/l) 

T o t a l  suspended s o l i d s  (mg/l) 5.00 (1-14) ---- 
T o t a l  o r g a n i c  ca rbon  (mg/l) 15.13 (10-29) 

. . 
"aium3er i i l  p a r e n t h e s e s  r e p r e s e n t  t h e  rai;(;e of v a l u e s ,  



Schematic of the test basin faciiity . 



Tab le  2 .  Percen tage  of  p a r t i c l e s  i n  each s i z e  r ange  
i n  s o i l  samples  from u n s a t u r a t e d  zone,  
below t e s t  b a s i n .  

(all v a l u e s  i n  p e r c e n t )  

P a r t i c l e  d i a m e t e r ,  Depth below bas i n  surf a c e  (m)  
i n  m i l l i m e t e r s  0.75 2.25 5.34 

S i l t  and c l a y  
<O. 0625 

1 i Sand 

G r a v e l  
2-4 
4-8 
8-16 
16-32 
32-64 



groundwater  (400 1) samples  were c o l l e c t e d  i n  s t e r i l e  

220 1 t a n k s  ( P l a s t - i - c u b e ,  G r e i f  S r o t h e r s  Corp.) .  Between 

c o l l e c t i o n s ,  t a n k s  were tho rough ly  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  0.12 g h y d r o c h l o r i c  a c i d  ( t h i r t y  m i n u t e s ) ,  

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  

c o l l e c t i o n  a t  each  s i t e , . t a n k s  and pumping equipment w e r e  

r i n s e d  w i t h  40 t o  80  1 of  w a t e r  t o  b e  sampled. These  pre-  

c a u t i o n s  were t aken  i n  o r d e r  t o  o b v i a t e  t h e  chance  o f  

c ros s -con tamina t ion  between samples .  

C.  V i r u s  C o n c e n t r a t i o n  P rocedures  

V i r u s e s  i n  raw sewage samples  were c o n c e n t r a t e d  by an  

i n o r g a n i c  f l o c c u l a t i o n  p rocedure  ( F a r r a h  et A, 1 9 7 6 ) .  

The r e s u l t i n g  c o n c e n t r a t e s  (20-50 m l )  w e r e  supplemented 

w i t h  13% f e t a l  c a l f  seruin and s t o r e d  a t  -72  C .  

V i r u s e s  i n  l a r g e  volume wa te r  samples  w e r e  i n i t i a l l y  

c o n c e n t r a t e d  by means of an Aque l l a  V i r u s  C o n c e n t r a t o r  

(Carborundum C o r p o r a t i o n )  u s ing  a  s e r i e s  of  p r e f i l t e r s  t o  

remove d e b r i s .  V i r u s e s  w e r e  adsorbed  t o  f i b e r g l a s s  d e p t h  

c a r t r i d g e  f i l t e r s  (K27). and an  epoxy- f ibe r  g l a s s - a s b e s t o s  

f i l t e r s  (1 .0  and 0.45 un Cox) a t  a  p H o f  3.5 and 0.5 

A l C 1 3  ( F a r r a h  & &, 1 9 7 6 ) .  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 1 volumes 0 . 1  g 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  i n  an e q u a l  volume 

o f  pH 2.0 g l y c i n e .  The c o n c e n t r a t i o n  p rocedures  r o u t i n e l y  

y i e l d e d  a  ,4 , volume which was r e c o n c e n t r a t e d  i n  t h e  l a b o r a -  

t o r y  b y  means o f  an i n o r g a n i c  f l o c c u l a t i o n  p rocedure  ( F a r r a h  

e t  .&, 1976)  t o  a  f i n a l  voleme of  50-100 ml. 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  s e r u n ,  s.arnples w3re s t o r e d  a t  

-72 C to ?:>;zit asszy.  



D.  sola at ion and I d e n t i f i c a t i o n  

V i r a l  enumera t ions  from f i e l d  samples  were c a r r i e d  

o u t  on monolayers of  low-passaged B u f f a l o  Green Monkey 

Kidney C e l l s  (BGM - M i c r o b i o l o g i c a l  A s s o c i a t e s ) ,  which 

were grown on minimum e s s e n t i a l  medium w i t h  Hanks b a l a n c e d  

s a l t  so lu t ion . supp le rnen ted  w i t h  1 0 %  fetal c a l f  serum. 

F i v e - t e n t h s  m l  sample volumes w e r e  p l a c e d  on c e l l  mono- . . 

l a y e r s  i n  2 5  c m 2  f l a s k s ,  and incuba ted  f o r  1' h r  t o  f a c i l i -  

t a t e  v i r u s  a t t achmen t .  A f t e r  d e c a n t i n g  e x c e s s  s,ample 

m a t e r i a l ,  c e l l s  were o v e r l a i n  w i t h  4 m l  n e u t r a l  r e d  a g a r  

mediurn (PIelnick and Wenner, 1 9 6 4 ) ,  and i n c u b a t e d  a t  36 C 

under  5% C02 f o r  a  p e r i o d  of  1 0  days .  D a i l y  r e a d i n g s  were 

t a k e n  t o  de t e rmine  t h e  p r e s e n c e  o f  v i r u s e s  which appea red  

a s  p l aques .  Folio+wing t h e  i n c u b a t i o n  p e r i o d ,  p l a q u e s  w e r e  

p icked  and e n r i c h e d  on monolayers of  BGM c e l l s  p ropaga ted  

i n  twenty- four  w e l l  c l u s t e r  d i s h e s  ( c o s t a r ) .  I s o l a t e s  were 

i d e n t i f i e d  i n  m i c r o t i t e r  p l a t e s  b y  serum n e u t r a l i z a t i o n  

t e c h n i q u e s  (Flelnick et &, 1973)  u s i n g  e n t e r o v i r u s  t y p i n g  

p o o l s .  

E. Col i form S t u d i e s  

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

b i o l o g i c a l  p o l l u t i o n  i n d i c a t o r ,  t o t a l  and f e c a l  c o l i f o r m  

n u r n h r s  were d 9 t e r ~ . i n e d  f o r  a l l  samplzs  c o l l e c t e d .  C o l i  form 

enuin2rat ions  were c a r r i e d  o u t  u s ing  s t a n d a r d  "most p r o 3 a b l e  

number" methods ( S t a n d a r d  Methods, 1976 ) . 
F. Bas in  S s e d i n q  Experiments  

On two o c c a s i o n s ,  e f f l u e n t s  e n t e r i n g  t h e  t e s t  b a s i n  were 

seedzd w i t h  p o l i o v i r u s  t y p e  1 (Lsc) i n  o r d e r  t o  a s s e s s  the 

virus-removing c a p a c i t y  o f  the-  b a s i n  u n d e r  the s t r e s s  of  'nigh . . 

v i r u s  c o n e e n t r a k i q n s .  The pr&c&urss  f o r  3zch experFment 



d i f f e r e d  and w i l l  b e  d e s c r i b e d  s e p a r a t e l y .  

a )  Experiment #1 

Monodispersed p o l i o v i r u s  (Lsc)  s t o c k s  were p ropaga t ed  

on monolayers  o f  B u f f a l o  Green Monkey Kidney ce l l s  (BGSI) 

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

Jakubowski e t  a 1  (1975 ) . P o l i o v i r u s  was added t o  8500 1 - 2 1  

o f  u n c h l o r i n a t e d  t e r t i a r y - t r e a t e d  was t ewa te r  e n t e r i n g  t h e  

p r e v i o u s l y  d r a i n e d  b a s i n  . V i r u s e s  were i n o c u l a t e 2  t h rough  

a n  i n j e c t i o n  p i p e  which a s s u r e d  u n i f o r a  d i s t r i b u t i o n  o f  virus  

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

s eeded  e f f l u e n t  uas 7.0 x l o 4  PFU/l. 

The seeded e f f l u e n t  was a l l owed  t o  d r a i n  ( i n f i l t r a t i o n  

r a t e  = 6 cm/hr) t o  a  d e p t h  o f  4-6 crn above t h e  b a s i n  f l o o r  

b e f o r e  resumpt ion  o f  normal  r e c h a r g e  p r o c e d c r e s  w i t h  un- 

s s e d e d  t e r t i a r y  e f f l u e n t .  The i n t e n t i o n  o f  t h i s  manipu- 

l a t i o n  w a s  t h e  p r o d u c t i u n  of d "band" of water c o n t a i n i n g  

h ighnumber s  o f  v i r u s  whose p r o g r a s s  t h rough  t h e  b a s i n  c c u l d  

b e  t r a c 3 d .  

S m p l e s  f o r  v i r u s  z s s a y  ta!<en d u r i n g  t h e  e x p e r i n e n t  

i n c l u d e d :  t e r t i a r y  sewage (40 1) and o b s e r v a t i o n  well w a t e r  

(490 1) samples  t a k e n  p r i o r  t o  v i r u s  s eed ing '  i n  o r d e r  t o  

s u p ~ l y  b a c k ~ r c u n d  i n f o m z t i o n ;  2 1 c o n p c s i t e  s a i p l e s  c o l -  

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

0 . 7 5 ,  2 . 2 5  and 5 . 3 4  m d e p t h s  i n  t h e  b a s i n ;  o b s e r v a t i o n  w e l l  

sa?.:.lo,s. (400 1 each )  t a k e n  a t  i n t e - r z l s  f o r  a  p e r i o d  of  

s e v e r s 1  d a y s .  Large  v o l u z e  s a i ~ . p l e s  (40-400 1) were p r o c e s s e d  

u s i n g  p r e v i o u s l y  descr ibec i  ~ ~ F r u s  c o ~ c e n t r a t o r  :?.2.thc?.s. Virus 



A l l  samples  were a s szyed  on monolayers o f  BG91 

c e l l s  u s ing  a  p l aque  o v e r l a y  t echn ique .  Becauss  o f  

t h e  low numbers e x p e c t e d ,  9-10 r n l  volumes o f  each  

sample r e c o n c e n t r a t e  were ana lyzed  f o r  v i r u s  c o n t e n t .  

b) Expsriment ++2 

The i n i t i a l  s eed ing  exper iment  was c a r r i e d  o u t  a t  

a n  i n f i l t r a t i o n  r a t e  o f  6 cm/hr. Thg second experiment  

was des igned  t o  a s s e s s  t h e  e f f e c t s  an  i n c r e a s e d  i n f i l -  

t r a t i o n  r a t e  would have on v i r u s  removal i n  t h e  b a s i n .  

For s e v e r a l  weeks p reced ing  t h e  expe r imen t ,  t h e  b a s i n  

r e c e i v e d  no e f f l u e n t  which promoted modera te  d r y i n g .  

One week b e f o r e  t h e  expe r imen t ,  t h e  p r e v i o u s l y  c logged  

t o p  2 . 5  cm o f  b a s i n  bo t tom were removed and r e p l a c e d  

G ~ i t h  c l e a n  sand .  A s  a r e s u l t  o f  thesz measures ,  an  i n -  

f i l t r a t i o n  r a t e  o f  75-100 cn/hr  was r e a l i z e d .  A 4000 1 

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

(LSc) and a l lowed t o  d r a i n  t h rough  t h e  b a s i n  a s  b e f o r e .  

Normal r e c h a r g e  o p e r a t i o n s  werz t h e n  resumed. Becauss  o f  

t h e  r a p i d  i n f i l t r a t i o n .  r a t e ,  1 1 g r a v i t y  samples  were 

t a k e n  a t  i n t e r v a l s  which were de t e rmined  a c c o r d i n g  t o  t h e  

movement o f  t h e  seeded  " f r o n t "  t h rough  t h e  b a s i n .  w i t h i n  

an  hour  o f  t h s  pas sage  of  t h e  " f r o n t "  t h rough  e a c h  of t h e  

sampling l e v e l s ,  i n t e r v a l  sampling was c u r t a i l e d  i n  l i e u  

of  l a r g e  volume c o n p o s i t e  s a n ~ l e s , .  which were c o l l e c t e o l  at 

each  l e v e l  ove r  a  p e r i o d  o f  2 - 3  hou r s .  v i r u s e s  c o n t a i n e d  

w i t h i n  t h e s e  samples  were c o n c e n t r a t e d  b y  an  orcjanic  f l o c -  

c u l a t i o n  method (Katzene lson  Pt &, 1976 ) . Ground~~ia t e r  

s a n p l e s  (380  1) 5.1~re a l s o  c g l l e c t e d  d u r i n g  t h e  expe r imen t ,  

and p roces sed  thrguqh a n  -2.cuel ' la V i r ! ~ s  C o n c e n t r a t o r  u s i n g  

2 modi f ied j:/i e:.:tr.ict s l c t  i q n  z e ~ i . . ~ <  ( L . 5 ~ d ~ - , r  .st 3.1. , - -- 
i n  p r e s s ) .  



Table 3 .  Enterovirus and Coliforn I so la t ions  from ' 
1 2  -P,ines Raw Sewage I n £  luent . 

~ o l i f o r n s / 1 0 0  m l  

I Date V i r u s  

Sample No. Collected pF'IJa/qal Total  Fecal 



T a b l e  4 .  E n t e r o v i r u s  znd C o l i E o r n  I s o l a t i c n s  f rom 
12 P i n e s  T e r t i a r y  Sesvage Er ' f  l u e n t  .. 

Samz~le  N o .  

D a t e  

C o l l e c t e d  

V i r u s  

~ ~ ~ " / q a l  T o t a l  F e c a l  



Tab le  5 .  E n t e r o v i r u s  and C o l i f o r n  I s o l a t i o n s  f o r  
12 Dines Renovated Wastewater 
(Groundwater Observa t ion  W e l l )  . 

S a n ~ l e  N o .  

Date  Virus 

C o l l e c t e d  ??!?'Ua/cJal 

11/10/75 2 . 5  

11/18/76 0 

T o t a l  F e c a l  

9 . 3 ~ 1 0  
2 --- 
2 

4.3~10 , 9 6 6x10 1 

9 . 3 ~ 1 0  
3 

4 . 3 ~ 1 0  
3 



T e r t i a r y  e f f l u e n t  was a p p l i e d  t o  t h e  b a s i n  f o r  a  p e r i o d  

o f  5 h r .  ~ l l  samples  were ana lyzed  f o r  v i r u s  c o n t e n t  a s  

p r e v i o u s l y  d e s c r i b e d .  

3 .  R e s u l t s  

A .  Enumerations from f i e l d  samples  

The t r e a t m e n t  system under s t u d y  was o p z r a t i n g  a t  one- 

q u a r t e r  t o  one.-half c a p a c i t y  d u r i n g  t h e  sam?ling p e r i o d  

d e s c r i b e d  below. I t  was t h e r e f o r e  o f t e n  n e c e s s a r y  t o  sup- 

plement t h e  raw sewage e n t e r i n g  t h e  t r e a t m e n t  p l a n t  w i t h  

f r e s h  w a t e r .  T h i s  p r o c e s s  i n t r o d u c e d  a  d i l u t i o n  which was 

r e f l e c t e d  i n  v i r u s  and c o l i f o r m  c o u n t s  from i n f l u e n t  and  

e f f l u s n t  samples .  

A s  would b e  expec ted ,  raw i n f l u e n t  samples  r o u t i n e l y  

y i e l d e d ' l a r g e  numbers of  v i r u s e s  and c o l i f o r m  b a c t e r i a  

(TzSie 3 ) .  A s i g n l f  i c a n t  r e d u c t i o n  i n .  i s o l a t i o n  f r equency  

w a s  nste 'd  i n  the Ll'edked e f f l u e n t  (Table  4 ) ,  where v i r u s e s  

were d e t e c t e d  on o n l y  t h r e e  ~ c c a s i o n s .  I n  s p i t e  o f  t h e  in -  

f requency  o f  i s o l a t i ~ n s  from e f f l u e n t s ,  v i r u s e s  were d e t e c t e d  

i n  t h e  groundwater  b e n e a t h  t h e  r e c h a r g e  b a s i n  on s i x  oc 'cas ions  

(Tab le  5 )  i n d i c a t i n g  t h e  a b i l i t y  o f  v i r u s e s  t o  p e n e t r z t e  t h e  

b a s i n .  L i t t l e  c o r r e l a t i o n  y.. ]as obse rved -  between v i r i l s  and 

co l i for rn  occ1;;:rences i n  n o s t  of t h ?  samplss  a.nalyz.2.2, 

~ 7 . ~ .  ,, 1 , ~ s " ~  idciq+ ,, , - - ~ec !  i F1 f rom ra:? L ~ f l c o n t  2nd t e r t i a r y  

e f  f lcient i n c l u d e d  : P o l i c v i r u s  t y p e s  1 and 2 ; C ~ x s z c l ~ i e v i ~ s  

t ypes  A16, R 2 ,  E3, 5 5 ,  and 3 5 ;  end ECHO v i r u s  t y p e s  '18, 2 1 ,  

2 5 ,  entl 2 7 .  To d s t e ,  oilly one of t h e  qroundwats r  Fso la . t e s  

has  beep. p o s i t i v e l y  identified as.beinq P o l i s v i r u s  type 2 .  



B. Bas in  Seedinq Experiments  

Experiment 

Tab le  6 summarizes t h e  d a t a  r e s u l t i n g  from t h e  

f i r s t  s eed ing  exper iment  which was c a r r i e d  o u t  a t  a  low 

i n f i l t r a t i o n  r a t e  ( 6  c n / h r )  . S i g n i f i c a n t  r e d u c t i o n  i n  

v i r a l  numbers r e s u l t e d  from passage  th rough  t h e  r e c h a r g e  

b a s i n ,  t h e  g r e a t e s t  removals  o c c u r r i n g  between t h e  2.25 

and 5 .34  m l e v e l s .  I n  s p i t e  o f  t h e s e  encouraging  r e n o v a l  

r a t e s ,  some v i r u s  p a r t i c l e s  were a p p a r e n t l y  a b l e  t o  pene- 

t r a t e  t h e  e n t i r e  l e n g t h  o f  t h e  b a s i n .  Peaks i n  v i r a l  

nunhers  were no ted  between 6 and 10 hour s  a f t e r  s eed ing  

i n  t k 2  0.75 m l e v e l  ( l e v e l  1) ;  between 11 and 24 hour s  i n  

t h t  2.25 n l e v e l  ( l e v e l  2 ) ;  between 23 and 25 h o u r s  i n  t h e  

5 .34  3 l e v e l  ( l e v e l  3 ) ;  and a t  24 hour s  i n  t h e  o b s e r v a t i o n  

w s l l  ( l e v e l  4 ) .  The a lmos t  sin.!ultaneous appea rance  9 f  

v i r u s  i n  t h e  f i r s t  two l e v e l s  w i t h i n  t h r e e  hour s  of  s eed ing  

sugges t ed  t h a t  t h e  v i r u s - l a d e n  band o f . w a s t e w a t e r  d i d  no t  

move uni formly  between these l e v e l s .  The re  was ev l ?ence  of  

c o n s i s t e n t  v i r u s  movement f r o m ' l e v e l  L ' t o  l e v e l  2 ,  b u t  o n l y  

a . b r i . e f  p e r i o d  of  movement from l e v e l  2 t o  l e v e l  3 (occu r -  

r i n g ' b e t w e e n  hour - 2 3  and 2 5 ) .  Few v i r u s e s  were shown t o  

hzve succes s fu l ly . rnoved  from l e v e l  3 t o  t h 2  groundwater  

ac ! . i i f~ r  ( l e v e l  4 ) .  

~ x ~ e r i r n e n t  =2 

The seconc7, ex~erirr.en",indicz.ted t h a t  c?scrzzzed viz2.l 

r z t e n t i o n  o c c u r r e d  es a r e s u l t  of h i g h  i n f i l t r a t i o ~  rate 

(Y'zblc 7 ) .  Large n u ~ h e r s  o f  v i r u s  v;sre d e t e c t e d  a t  a l l  



Table 6 .  The r e c o v e r y  of p o l i o v i r u s  at various depths  d u r i n g  
sewage r e c h a r g e  .a t .  a  low i n f i l t r a t i o n  r a t e  (6  cmfnr ) .  
I n i t i a l  Seeded V i r u s  C o n c e n t r a t i o n  = 7 x 1 ~ ~ .  

Depth Below S u r f a c e  Sample i$ Time of  C o l l e c t  ion 
of gas i r ,  F l o o r  (m) after Seed Fnq . (hr  ) ' V i r u s  PFU/.?. 

. . 

1 0.75  (Leve l  1) 1 1.45-2.25 0  



Table  7 .  me recovery  of p o l i o v i r u s  a t  va r ious  dep ths  dur ing  
sewage recharge  a t  a h i g h  i n f i l t r a t i o n  r a t e  (75-190 ca/hr )  . 

5- 
I n i t i a l  Seeded Virus Concent ra t ions  = 1.84 x 10 / L .  

Dspth Below SurPace Sample # T i m e  of c o l l e c t i o n  Virus  
of  Basin F loor  (m) a f t e r  Se.edinq (hr) 

4 
PFU/L ( ~ 1 0  ) 

0 .75  (Level 1) 1 0.60-0.81 78.00 

2 . 2 5  (Level  2 )  

I I 

5.34 (Level  3 )  

I I 



f rom 1 2 v e l  3 may have r e s u l t e d  .from c h a ~ m e l i n g  th rough  

p o r t i o n s .  o f  t h e  b a s i n .  Reduced numbers o f  v i r u s  were 

r ecove red  from t h e  a q u i f e r  ( l e v e l  4 ) -  The r e d u c t i o n  was 

l i k e l y  caused  by v i r u s  d i l u t i o n  f o l l o w i n g  e n t r a n c e  i n t o  

t h e  groundwater  t a b l e .  

4. D i scuss ion  

The r e c e n t  development o f  improved v i r u s - c o n c e n t r a t i n g  

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

human v i r u s e s  from l a r g e  volumes o f  waker. Such methods,  

however, cannot  g u a r a n t e e  a  100% e f f i c i e n c y  of  v i r u s  con- 

c e n t r a t i o n .  The f i e l d  d a t a  p r e s e n t e d  i n  t h e  p reced ing  sec- 

t i o n  must t h e r e f o r e  b e  c o n s i d e r e d  t o  b e  r e p r e s e n t a t i v e  o f  

t h e  mininun numbers o f  v i r u s  i n  each  sampli.. The 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  o c r  t e s t i n g  

system cannot  p r e c l u d e  t h e  p o s s i b l i t y  o f  v i r u s . o c c u r r ' e n c e  

in v e r y  l o w  c o n c e n t r a t i o n s .  
c,. d L r e n t l y  .- p r a c t i c e d  se:Jage t r a a . L ~ e n t  metko2s canno t  

i n s u r e  t h e  r e n o v a l  of a l l  human v i r u s e s ,  and t h z i r  i s o l a -  

t i o n  from t r e a t e d  v a s t e w a t e r  e f f l u e n t s  h a s  been t h e  s u b j e c t  

of numerous r e p o r t  ( E u r a s ,  1976;  C i z r k e  e t  z l . ,  1951; 
, -- 

ivletcalf e t  a l . ,  1972) . The g r e s e n c e  of t h e s e  organisms  h a s  - -. 
been vi&:sd as c3. p o t c n t . i a 1  h e a l t h  h a z z r z  tc \qastelca.ker r o u s e  

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

(Be rna rd ,  1973; Berg,  1973; R o r i  -- e t  21., 1 9 7 0 ) .  To d a t e ,  

r e l a t i v e l y  fevr f i e l d  s t u d i z s  have been c a r r i e d  o u t  ~ ; ; h i ~ : ? _  

addressed t h e  question of n a t u r a l l y  o c c u r r i n q  v i r Q s e s  i n  



were  d e t e c t e d  in rocha rgzd  qroundwats r  on s s v z r a l  02- 

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

t e r t i a r y  e f f l u e n t s  were s h a m  to' c o n t a i n  few v i r u s  par -  

t i c l e s .  The p r o g r e s s  o f  aqu i ' f e r - en t r a ined  v i r u s e s  i n  

t h e  s t u d y  a r e a  cannot  b e  commented upon, b u t  two p re -  

v i o u s  r e p o r t s  have i n d i c a t e d  t h e  p o s s i b l e  ho r i zon . t a1  

movement o f  v i r u s e s  t h rough  qroundwater  a q u i f e r s  ( ~ v ' e l l i n g s  

et A, 1975; Vaughn ec a l . ,  i n  p r e s s ) .  

Da ta  .-From f i e l d  s k u d i e s  w e r e  v e r i f i e d  by t h e  r e s u l t s  

o f  t h e  b a s i n  s e e d i n g  expe r imen t s .  I n  b o t h  i n s t a n c e s ,  p o l i o -  

v i r u s  t y p s  1 was shown t o  be  c a p a b l e  o f  p e n e . t r a t i n g  t h e  

g r o u n c ~ d a t s r  a q u i f z r  (Not? : P r e l i m i n a r y  f i e l d  d a t a  f rom t h i s  

l a b o r a t o r y  i n d i c a t e s  t h a t ' p o l i o v i r u s  t y p e  1 may adso rb  more 

r e z d i l y  t o  s o i l .  s u r f a c e s  t h a n  o t h e r  rr,embers o f  t h e  o n t e r o -  

v i r u s  g roup  [ ~ a u g h n  -- e t  a l . ,  i n  p r e s s ] .  Bzs in  s e e d i n g  data 

~ 2 y  t h e r e f o r e  r e p r e s e n t  a  c o n s e r v a t i v e  rncdel.)  A ccrnpzrison 

o f  t h e  two e x p e r i n s n t s  i n d i c a t e d  t h z t  lower  i n f i l t r a t i o n  r a t e s  

r e s u l t e d  i n  a  g r e a t e r  efficiency of  virus removal  d u r i n s  b a s i n  

p e r c o l z t i o n  of tertiary k f f l x e n t .  The r e s u l t  i s  i n  a c c c r d  wikh 

t h o s e  of Lance e t  a l .  (1976) who r e p o r t e d  e f f i c i e n t  v i r u s  -- 
removal  d u r i n g  t h e  low r a t e  (15-55 cm/day) p a s s a g e  of sercage 

throi igh s o i l s  v h i c h  c o n t a i n e d  s l i g h t l y  h i g h e r  l e i~ s l s  of c l a y  

and s i l t  than  those d e s c r i b e 2  i n  t h i s  r e p o r t  ( 3 %  c l a y ,  8 %  s i l t ) .  

P  he r e s u r t s  of t h e  p r e s e n t  study i n c l l c a t e  ",hat ,ir?filtrs- 



T h i s  p r o j e c t  was suppor t ed  b y  t h e  U.S. 

~ n v i r o n m e n t a l  P r o t e c t i o n  Agency under  c o n t r a c t  

%804776-01, D r .  Elmer Akin,  P r o j e c t  O f f i c e r .  

The a u t h o r s  wish t o  acknowledge t h e  a s s i s t -  

a n c e  o f  M.Z .  Thomas, L. Earanosky,  C. Beckwith,  

fil, Dahl ,  N.  D e l i h a s  and T. V i c a l e  of  t h e  Brook- 

havsn Viro logy  Group, and R.  P r i l l ,  E. Oaksford 

and J. P o t o r t i  o f  t h e  U.S.  G e o l o g i c a l  Survey. 

Chemical a n a l y s e s  were performed by  t h e  S u f f o l k  

County DeFx L m e i i t  uf Environmental  C o n t r o l .  
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