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Abst rac t  

A v i r u s  survey was conducted in Nassau and Suf fo lk  Counties 
under t h e  ausp ices  of t h e  federally-funded "208" program from June 
1976 t o  June 1977. The survey involved t h e  concen t ra t ion ,  enumera- 
t i o n ,  and i d e n t i f i c a t i o n  of human e n t e r o v i r u s e s  from s e l e c t e d  aqua- 
t i c  systems on Long I s l a n d  inc lud ing  embayments, l a k e s ,  c reeks ,  pub- 
l i c  d r ink ing  water  s u p p l i e s ,  groundwater inf luenced by wastewater 
recharge,  s a n i t a r y  l a n d f i l l s ,  and stormwater recharge b a s i n s ;  and 
t h e  e f f l u e n t s  from secondary and t e r t i a r y  sewage t reatment  p l a n t s .  

Enteroviruses  were i s o l a t e d  from a l l  systems s tud ied  except t h e  
p u b l i c  water  supply w e l l s .  A s  expected,  v i r u s e s  were most o f t e n  en- 
countered i n  t h e  c h l o r i n a t e d  e f f l u e n t s  of sewage t reatment  p l a n t s .  
On two s e p a r a t e  occasions ,  wi ld  type P o l i o v i r u s  was i s o l a t e d  from 
one of t h e s e  p l a n t s .  

The l i m i t e d  sampling conducted a t  each s i t e  (1 per month) ob- 
v i a t e d  any ex tens ive  i n t e r p r e t a t i o n  of t h e  d a t a  f o r  t h e  purpose of 
i d e n t i f y i n g  t h e  p r e c i s e  hazard posed by e n t e r i c  v i r u s e s  i n  Long 
I s l a n d  waters .  Among t e n t a t i v e  conclus ions  were: suppor t  f o r  t h e  
continued s tudy  of recharge of groundwater a q u i f e r s  v i a  t h e  a p p l i -  
c a t i o n  of p roper ly  t r e a t e d  domestic wastewater t o  recharge b a s i n s ;  
cau t ion  regarding placement of p r i v a t e  s e p t i c  systems i n  s a t u r a t e d  
zones near  s u r f a c e  water bodies ;  t h e  d i scharge  of sewage e f f l u e n t s  
i n t o  embayments; and t h e  i ' d e n t i f i c a t i o n  of those  a r e a s  r e q u i r i n g  
f u r t h e r  v i r o l o g i c a l  s tudy.  
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I. INTRODUCTION AND OVERYIEK 

Growing.public concern oyer  t h e '  f a t e . o f ' d v i n d l i n g  n a t u r a l . a q u a t f r  

ressurces :  has  . res .u l ted  i n  a nationwide commitment f o r  t h e  r e e v a l u a t i o n  of 

water management p r a c t i c e s ,  e s p e c i a l l y  tho5.e. r e l a t e d  t o  domes:tis kas te -  

water  d i s p o s a l .  E f f o r t s  t o  e v a l u a t e  the re levance of v a r i o u s  t reatment  

schemes have o f t e n  been stymied by t h e  l a c k  of adequate informat ion wi th  

which t o  p r e d i c t  t h e  movements and u l t i m a t e  f a t e s  of t h e  p o t e n t i a l l y  

pathogenic b i o l o g i c a l  organisms commonly associ'ated wi th  human f e c a l  

m a t e r i a l .  Among t h e s e  organisms much.a t tent ion has  been given t o  t h e  

f i n a l  d i s p o s i t i o n  o£ human v i r u s e s .  The major human v i . rus  groups known 

t o  occur i n  sewage inc lude :  

1 )  Enteroviruses  - t r a n s i e n t  members of t h e  human al imentary  t r a c t  con- 

s i s t i n g  of over 100 s p e c i e s  inc lud ing  P o l i o v i r u s e s ,  Coxsackieviruses,  

and ECHO v i r u s e s ;  2)  Adenoviruses - upper r e s p i r a t o r y  v i r u s e s  which a r e  

a b l e  t o  wi ths tand t h e  a c i d i t y  of t h e  human gut  and may be  shed i n  t h e  

f e c e s ;  3)  H e p a t i t i s  v i r u s ;  and 4) Reoviruses.  While only  H e p a t i t i s  v i r u s  

and P o l i o v i r u s  i n f e c t i o n s  have been conc lus ive ly  proven a s  b s b g  t r a n s -  

mi t t ed  by t h e  water  r o u t e  Q. sewage p o l l u t i o n  of d r ink ing  water ,  s h e l l -  

f i s h  beds,  r e c r e a t i o n a l  wa te r s ,  e t c . ) ,  s t u d i e s  have i n d i c a t e d  t h e  l i k e l i h o o d  

of similar t ransmiss ion of some o r  a l l  of t h e  s p e c i e s  mentioned above. A 

l i s t i n g  of t h e  v i r u s e s  which may be water-borne and t h e  d i s e a s e s  a s s o c i a t -  

ed with. th .m is, presented i n  Table 1. 

Reports  of human v i r u s  i s o l a t i o n s  from d i v e r s e  a q u a t i c  systems (3. 

rivers., hays, e s t u a r i e s ,  t.reat_rpent. plan t  e f f l u e n t s ,  e t c .1 ,  which have 

appeared on occasion i n  t h e ' l i . t e r a t u r e ,  haye knderscored t h e  need f o r ' m o r e  

extens.ive v i r u s .  moni tor ing programs.. Such .a need' was r e a l i z e d  tiy t h e  



Table  1 

Human Viruses Commonly Found I n  Sewage and Diseases  Assoc ia ted  With These V i r u s e s .  

No. o f  Type 
Group Subgroup Sero types  ~ u c l e i c  Acid D i s e a s e s  

E a 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  
Abor t ive  P o l i o m y e l i t i s  
A s e p t i c  Meni.ngit is  
P a r a l y l i c  P o l i o n y e l i t i s  . 

Coxsackie- 
v i r u s  

Echovirus  34 RiiA 

24 RNA 

H e p a t i t i s  
A 
B 

Reovirus  

6 RNA 

RN A ? 
DNA? 

31. DNA 

6 RNA 

Summer Ninor  I l l n e s s  
H e r p a n g h a  
A s e p t i c  M e n i n g i t i s  
Common Cold 
Hand, Fouc a l ~ d  l.11.1vL11 D i a t s a c  
Ynf anr; Zll.arr11ra 

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  
Neona ta l  Disease  
SuJde~r  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  

A s e p t i c  W 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  
C 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  
Vaginitis and C e r v i c i t i e s  
Yerlcarrlitis a11d i.iyocard1cj.s 

I n f e c ~ i o u s  ( v l ~ a l )  1lcpat i t i . r  
Serum H e p a t i t i s  

Acute R e s p i r a t o r y  Disease  
Pharyngocon junc t iva l  Fever  
P r imary .  A t p i c a l  Pneumonia 
Epideml'c K e r a L u c o l ~ j u ~ z c t i v i t i s  

(€hipyard eye)  
I n t u s s u s c e p t i o n  
F e b r i l e .  catarrh 



Nassau-Suffolk advisory committees which. Tncluded a v i r u s  s tudy a s  p a r t  

of t h e i r  f  ederally-funded "208" program. ,. 'The. stndy-, i n i t f a t e d '  i n  June of 

1976, was. designed t o  survey the 'occurence  o f ' b n  e n t e r i s  y i r u s e s ' i n  a 

number of r o u t i n e l y  monitored a q u a t i c  s.ystems. E n t e r w i r u s e s ' . w r e  spec i f -  

i c a l l y  chos.en a s  a model system because of t h e i r  predominance ' i n  sewage- 

a s s o c i a t e d  systems. and t h e  r e l a t i v e  ease  of t h e i r  i ' so la t ion ' and  i d e n t i f -  

i c a t i o n  i n  t h e  l abora to ry .  

The u l t i m a t e  goa l  of t h e  v i r u s  survey was t o  provide p rw2oukly  

unava i lab le  background information on t h e  presence of t h e s e  unique 

organisms i n  v a r i o u s  Long I s land  aquat i'c r esources .  I'nf ormat i o n '  generated 

from t h e  s tudy  would then be u t i l i z e d  6y. those  involved i n  .'water manage- 

ment planning dec i s ions .  I n  this regard,  t h e  v i rus -  d a t a  were no t  meant t o  

s t and  a lone,  but  i n  conjunct ion wi.th. e x f s t i n g  physfca l  and chemical in fo r -  

mation. I n  a d d i t i o n ,  v i r u s  results would be u s e d ' t o  de f fne  t r e n d s  i n  spe- 

c i f i c  t rea tment  systems and t o  d e l i n e a t e  a r e a s  f o r ' f u t u r e  s-tudy. 

11. LITERATURE REVIEW - HUMAN VIRUSES IN AQUATIC SYSTEMS 

Because of t h e  g r e a t  d i v e r s i t y  among t h e  k inds  of samples taken dur ing 

t h e  208 v i r u s  s tudy,  i t  w i l l  be necessary  t o  revfew- each a s  a s e p a r a t e  u n i t  

(3. s u r f a c e  waters ,  sewage t reatment  p l a n t  e f f l u e n t s , .  d r ink ing  water ,  e t c . ) .  

A. Drinking Water 

The l i k e l y  presence of v i r u s  i n  d r ink ing  water h a s  been a d i f f i c u l t ,  

o f t e n  perpxexing problem t o  eya lua te .  Among ques t ions  f a c i n g  environmental  

sc ien t i s - t s .  i n  th i s .  area' are th0s.e concerning: 1) t h e  minimum f n f e c t i y e  

dose necessary  f o r  ' the estab.lishment of ' an  i n f e c t i o n ;  2 1  the'. documented 

t ransmimion  of v i r u s  d i s e a s e s y i a  t h e ' w a t e r  r o u t e  and 31. the 'conffrmed '  

occurrence of v i r u s  i n  p u b l i c  d r ink ing  water  supp l ies ;  



While inany dis.agree on the'.ques.tinnl.of 3ow:many y i m s  p a r t i c l e s '  a r e  

necess.ary f o r  the  establishment o f '  infect2on'  i n  hmans, laboratory. exper- 

iments i n  t i s s u e  cu l tu re  c e l l s  haire indicated t h a t  one v i r u s  is sufficicient 

t o  produce an i n f e c t i o n ' i n  human c e l l s  @lotMn and Katz, 1967; Katz and 

Plo tk in ,  1967). The infec t ion  may o r  'may not '  lead t o  d isease  depending 

upon a wide range of host-related factors . .  Hypothetical ca lcu la t ions  done 

by Gerba, Wallis and Melnick (lP75aI suggested that where one infec t ious  

u n i t  is present per 50 gal lons of f in i shed  water,  a community u t i l i z i n g  50 

mi l l ion  gal lons per day (GPD) would have a minimum of 60U of i t s  r e s iden t s  ex- 

posed t o  possible  infec t ion  each.day (assuming 0.2% use of 'water  f o r  drink- 

ing purposes, and an infec t ion  r a t e  of 30%). 

A second problem i n  the  assesanent o f ' v i r u s  drinking water r e l a t e s  t o  

the  l a c k  of epidemiological evidence on t h e  transmis.s%on of ' .d isease by the  

water route.  To d a t e s t h e  only documentation f o r  water t ransmission 'of  human 

d isease  by sewage-borne v i ruses  is t h a t  per ta in ing  t o  t h e  Hepat i t i s  type A 

v i r u s ,  and possibly Pol iovirus .  In  1955, a sewage-contaminated municipal 

water supply was blamed f o r  over 30,000 cases of in fec t ious  h e p a t i t i s  i n  

New Delhi (Viswanathan, 1957). Becween 1961 and 1970, over 30 outbreak8 of 

water-borne h e p a t i t i s  were recorded i n  t he  United S t a t e s  with a majori ty  

being caused by sewage contamination of p r iva t e  o r  semi-public water 

suppl ies  CSobs.ey., 1975; Taylor 'ee , a l . ,  1466). S o b e y  (3.9752 pofnted out 

t h a t  t he  l a c k  of ep idemio log i~a l  eyidence 1u.r ' waler-borne t r ansmi~a ion .  of 

o the r  e n t e r i c  d i seases  does notmean tha t  transmiaaionof'auchdiseaae iB 
. . 

imposklhle.. Goldfield C1976) suggested t h a t  usual  e p i d a l o i o g b a l  pro- 

cedures could no t '  he.  used' t o  determine vater-borne t r a n g m b a h n '  of 'rm0s.t' 



e n t e r i c  d i s e a s e s  c i t i n g  a number of reasons  including:  p r i o r  immunity of 

i n d i v i d u a l s  l ead ing  t o  s u h c l i n i c a l  i n f e c t i o n ;  t h e  broad spectrum of d i s e a s e  

syndromes common t o  many v i r u s  types;  and t h e  secondary spread of d i s e a s e  

by person-to-person con tac t  obscur ing the  r o l e  of mter. Sobsey (3975) 

concluded t h a t  a l t e r n a t i v e  i n v e s t i g a t B e  approaches must be u t i l i z e d  t o  

determine t h e  t ransmiss ion of water-borne e n t e r i c  d i s e a s e .  

The t h i r d  problem i n  eva lua t ing  t h e  v i r u s  assessment i n  d r ink ing  water  

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

A s  mentioned p rev ious ly  H e p a t i t i s  v i r u s  was responsi l j le  f o r  a massive 

d i s e a s e  outbreak i n  New Delhi  i n  1955. I n  1964, Coin e t  a l . ,  i s o l a t e d  

e n t e r i c  v i r u s  i n  18% of t h e  d r ink ing  water  samples analyzed i n  P a r i s .  Among 

t h e  i s o l a t e s  he i d e n t i f i e d  were P o l i o v i r u s  types  1-and 3 ,  Coxsackie v i r u s  

and ECHO v i r u s ,  wi th  an  average concen t ra t ion  of 1 plague-forming u n i t  (PFU) 

per  300 1 C l i t e r s )  of water .  E n t e r i c  v i r u s e s  were a l s o  found i n  1 0  1 vol- 

umes of d r ink ing  water  i n  South Afr ica  (Nupin, Bateman and McKinney, 1974). 

I n  t h e  United S t a t e s ,  e n t e r i c  v i r u s  i s o l a t i o n s  from dr ink ing  water  have 

been sporadic  and sometimes ques t ionab le .  In  1970, P o l i o v i r u s  type 2 was 

i s o l a t e d  from an unchlor inated d r ink ing  water  w e l l  i n  sou theas t  Michigan 

(Mack, 1973). A f t e r  c h l o r i n e  t reatment  was i n i t i a t e d ,  t h e  v i r u s  could no t  

be  de tec ted .  Also i n  1970, a n a t i o n a l  controversy a r o s e  when t h e  North- 

e a s t  Water Supply Research Laboratory repor ted  t h e  i s o l a t i o n  of e n t e r i c  

v i r u s  from t h e  f i n i s h e d  d r ink ing  water  s u p p l i e s  of two Massachusetts  

communities (Potable  Water Senate Bearings).  Almost immediately, t h e  Mater 

Supply Research Laboratory of the P A  Nat iona l  Environmental Research Center 

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

i s o l a t i o n  methods used. The i n v e s t i g a t o r s  concluded t h a t  techniques  used 



by t h e  Northeast .  Lab requ i red  exces.siye .manipulations,  and were. theref  o r e  
. . 

s u b j e c t  t o  t h e '  pos .s . ih i l i ty :  of ' extraneo.us .yi ra1 contaminatfon. .. A s i m i l a r  

s i . t u a t i o n '  r e c e n t l y  occurred &en'. Koehn' UP751 repor ted  the '  presence of 

P o l i o v i r u s  i n  t h e  Yirginiats. .Occoquan Res:ervoir. Subsequent s t u d i e s ' b y :  

Akin and Jakubowski c19.76) of the '  Enyi'roruhental P r o t e c t f o n '  Agency.' f a i l e d '  

t o  confirm t h e  presence of v i r u s  i n  t h e  system'and aga in  r a i s e d t h e  ques- 

t i o n  of p o s s i b l e  l a b o r a t o r y  contaminatfon.  

Extensive  s t u d i e s  of drinking-water s y s t a n s  i n  communitiey-.located i n  

Ohio, Indiana and Missour i  have shoini t h e s e  water  s u p p l i e s  t o  be f r e e  of 

e n t e r i c  v i r u s  CAkin, e t .  a l . ,  1975a]. In t h e s e  s t u d i e s ,  t h e  a u t h o r s  sampled 

l a r g e  volumes of d r i n k i n g  water  (l9QO 1 )  u s i n g  s e n s i t i v e  yi ' rus concentra- 

t i o n  techniques  designed t o  recover  3-5 PFU per 380 1. In the absence of 

p o s i t i v e  f i n d i n g s ,  t h e  a u t h o r s  concluded t h a t  good ~ o n v e n t f o n a l  t rea tment  

was adequate f o r  v i r u s  removal from p u b l i c  d r t n e n g  water  s u p p l i e s .  

B-1. Surface  Waters 

The p o s s i b l e  t r ansmiss ion  of d i s e a s e s  of viral  e t f a l o g y  f n  s u r f a c e  wa te r s  

( l akes ,  streams, bays,  e s t u a r i e s  and c o a s t a l  wa te r s )  h a s  been t h e  t o p i c  of 

numerous s t u d i e s .  Concern h a s  been ampl i f i ed  by t h e  r e c e n t  i n t e r e s t  i n  t h e  

conservat ion of t h e  a q u a t i c  environment f o r  both r e c r e a t i o n a l  and economic 

purposes. The l a t t e r  is of p a r t i c u l a r  importance i n  an  a r e a  such. as Long 

I s l a n d  where c o a s t a l  waters  and embayments s e r v e  a s  important s h e l l f i s h -  

growing a r e a s .  

The v i r u s  hazard h a s  been' c r e a t e d '  bg. the' r e l e a s e  o f '  seuage material 

e i t h e r  d i r e c t l y .  i n t o  tha' l a r g e r  ua te r rnasses ;  o in.di.rsc.tly- y1.a wai;.tc?.- 

water contamination'  o f '  t h e i r  t r i b u t a r y  stceains and rivers. 

Himan v i r u s e s '  haye heen' i s o l a t e d '  from almost .  a l l  types  of s u r f a c e  water. 



Simkova and Mallnerova (1973a) i so la ted ' .  C0xsacki.e v i rus .  froar: waters. o$. t h e '  

Danuhe River .  .Neator '  and C o s t i n .  (_19.761 repor ted '  s i m i l a r  f tnd ings  in .sew- 
. . . . 

age-contaminated r i v e r  wa te r s  hi. R o u k n i a  . Human e n t e r i s  v i rus :  Iiave .been 

i s o l a t e d  i n  e s t u a r i e s  m e t c a l k .  and S t i l e s ,  1967;' Vaughn' and .Metcalk., 19751, 

a s  w e l l  as, i n  s.eawater' and c o a i t a l  lpar ine  s e d h e n t s  (DeFlora, .DeRenzi and 

Badola t i ,  19751. I n  t h e ' l a t t e r s t u d y ,  t h e  concentration'of'~iruses i s o l a t -  

ed from marine  wate r s  ranged from 0.1 PFU per  100 m i l l i l i t e r s  (b l )  i n  

m d e r a t e l y  p o l l u t e d  wate r s ,  t o  40 PmT/100 m l  i n  heav i ly  p o l l u t e d  wate r s  

near  sewage o u t f a l l s .  The au thors  found t h a t  v i r u s e s  r e a d i l y  adsorbed t o  

marine sediments and could be re leased  i n t o  t h e  water  column by simple 

mechanical shaking s i m i l a r  t o  t h e  , a g i t a t i o n  occur r ing  i n  n a t u r a l  waters .  

The s u r v i v a l  capac i ty  of e n t e r i c  v i r u s e s  i n  marine environments is  

q u i t e  unpred ic tab le ,  even though. seawater has  been shown t o  c o n t a i n  a n t i -  

v i r a l  p r o p e r t i e s .  Seawater c o n s t i t u e n t s  such as organ ic  mat te r ,  p a r t i c u l -  

a t e s  and heavy m e t a l i o n s h a v e  been shown t o  be  a n t a g o n i s t i c  t o  t h e  a c t i o n  

of nonspecific a n t i v i r a l  components, u l t i m a t e l y  r e s u l t i n g  i n  t h e  ex tens ion  

of v i r u s  s u r v i v a l  (Vaughn, 1974). 1 n i t i a l  v i r u s  i n a c t i v a t i o n  s t u d i e s  were 

conducted us ing  P o l i o v i r u s  type  3 i n  B a l t i c  and North Sea wate r s  by Lycke, 

e t  a l .  (1965). The au thors  found t h a t  marine wa te r s  had a v i r u s  i n a c t i -  

v a t i n g  capac i ty  (VIC) capable  of inactivating 99% of t h e  v i r u s  i n  8 days 

a t  23 C. Since t h e  i n a c t i v a t i n g  agent  o r  agen t s  were no t  hea t - fab i l e  o r  

f i l t e r a b l e ,  t h e  au thors  suspected t h a t  mar,Lne Liqcterium might have been 

involved i n  the v i r u s  inac  t i y a t t o n  ' process .  In-a 6:imi'lar s tudy,  Shuval , 

Thoinpson, F a t t a l  , Cymbalis ta  and Fliener ' (19.711 found a n t  i v f  r a l  a c t i y i t y .  

i n  Mediterranean and Red Sea waters. Heating and f i l t e r '  s t e r i l i z a t i o n  re- 

duced' the '  i n a c t i v a t i n g  capacLti.es' o,f the b t e r '  l ead ing  t h e '  a u t h o r s .  t o '  a lso .  

conclude t h a t  marine h a c t e r i a  rqight p l a y  a r o l e  i n  v i r a l  i n a c t i y a t i o n .  



Laboratory s t u d i e s .  by. Metcalf and S t i l e s '  ClP68L. and Vaughn' and .Metcalf 

(19.751 ..demonstrated t h a t  i n a c t i y a t i ~ n  ' of 1. Coxiackik type.  R 3  ,'. ECWir~ls t y p e  
. . . . 

6 and P o l i o v i r u s  t y p e  1 was dependent p r i m a r i l y  upon 'uacer  temperature,  auto- 

c laved and ul trav io le t ' l ight - s ter l lked  waters  s h o d n g  similar YIC. Follow- 

up s t u d i e s '  i n  t h e '  f i e l d  indi'cated, hourleyer, that v i r u s e s  could b.e' i 'nactiv- 

a t e d  a t  an even f a s t e r ' r a t e  in n a t u r a l  environments, suggest ing t h a t  f a c t o r s  

o t h e r  than temperature  were Lrrvolved. By. u s i n g  a  f low-throughsystem, Akin 

e t  a l .  (1976) found t h a t  au toc lav ing  and f i l t r a t i o n  had l i t t l e  e f f e c t  on 

t h e  v i r u s  i n a c t i v a t i n g  capac i ty  of wa te r s  from t h e  Gulf of Mexico, They 

found water  temperature  t o  be the most important f a c t o r  i n  v i r u s  s u r v i v a l  

bu t  c i t e d  t h e  very complex n a t u r e  of v i r u s  i n a c t i v a t i o n  i n  an  a q u a t i c  environ- 

ment. Temperature was a g a i n  found t o  be  an important f a c t o r  i n  a  s tudy by 

Lo e t  a l .  (1976). The s tudy  revealed t h a t  whi le  P o l i o v i r u s  could surv ive  6  

weeks a t  25 C,  s u r v i v a l  could be extended t o  40 weeks by reducing the temp- 

e r a t u r e  t o  4 C.  Their  f i e l d  s t u d i e s  i n d i c a t e d  t h a t  whi le  v i r u s  were more 

s e n s i t i v e  t o  i n a c t i v a t i o n  i n  n a t u r a l  environments t h a n  i n  l a b o r a t o r y  environ- 

ments, water temperature s t i l l  played an  important r o l e  i n  s u r v i v a l  rate. 

P o l i o v i r u s  was shown t o  su rv ive  27 days dur ing t h e  summer months a t  tempera- 

t u r e s  of 21 t o  26 C,  but  were s t i l l  v i a b l e  f o r  pe r iods  of up t o  65 days dur- 

i n g  t h e  w i n t e r  (0-12 C) . The a u t h o r s  demonstrated t h a t  s u r v i v a l  rate v a r i e d  

g r e a t l y  with. t h e  type of v i r u s  being s tud ied .  ECKOvfrus type 6 was more - 
stable than ? o l i o v i r u s  i n  b o t h  f i e l d ' a n d  l abora to ry  s t u d i e s .  Coxsackie- 

v i r u s  type 5  was t h e ' m o s t  staEiLe, capaEile of su rv iv ing  up t o  53 weeks  a t  

4 C in faborieuij  experiments, and oycr 8Q days in f i e l d  studfsa. 

The' s u r v i v a l  of e n t e r i c  i r i r u s  in non-sparine a q u a t i c  enviromients-  haire 

n o t  been e x t e n s i y e l y  s tud ied .  Simkoya and Flallnerova OP73b) found t h a t  



Coxsackie virus A4 could survive for 45 days at a temperature of 22 C 

and up to 154 days at 4 C in Danube River water. Using membrane dialysis 

chambers, OIBrien and Newman (1977) observed inactivation rates of Polio- 

virus types 1 and 3, and Coxsackievirus types B1 and A13 in the Rio Grande 

River. They found inactivation to be a function of both water temperature 

and the virus type. All virus were more readily inactivated at 23-27 C 

than at 4 C, with Polio 1 and Coxsackie B1 showing greater stability than 

Polio 3 and Coxsackie A13. Lycke et al. (1965) found river and lake 

waters to be devoid of inactivating capacity for Poliovirus type 1, but 

Hermann et al. (1974) demonstrated that Polio type 1 and Coxsackie type A9 

could be inactivated by water from a Wisconsin Lake. The viruses were in- 

activated more rapidly in natural lake water than in sterilized lake water. 

The mecl~aalsu~ lor the viricidal action of marine and other surface 

waters remains complicated. The role of powerful oxidants, sunlight, sal- 

inity, metals, detrital material and marine organisms have been suggested 

as contributing to vkricidal capacities of natural waters (Won and Ross, 

1973), but there is considerable conflicting evidence concerning the effect 

of heat-labile filterable agents or toxins. All studies seem to agree that 

water temperature appears to be of primary importance with greatest viral 

inactivation occurring at higher temperatures. Recent studies by OIBrien 

and Newman (1977) have indicated viral inactivation at temperatures lower 

than 37 C might be due to damage of the nucleic acid core of the virus. 

They found that inactivated virus was still capable of adsorbing to host 

cells even after exposure to river water indicating no major alteration of 

external structures. They theorized that inactivation resulted as a con- 

srquruce of an exposure of the viral nucleic acid to some inactivating agent 

in the water, damage to the nucleic acid likely resulting in an inability 



for the virus to replicate, rendering it functionally "dead". W l e  nucleic 

acid degradation appears to be the primary mechanism for viral inactivation 

at temperatures of 25 C and below, it appears that oxidation of the viral 

protein coat is the most likely mechanism for inactfiation at temperatures 

of 37 C and above' (Lund, 1973). 

B-2. Shellfish 

There has been increasing concern over the likelihood of human virus 

carriage by shellfish. While there is little epidemiological evidence 

for the transmission of enteric disease from the consumption of sewage- 

contaminated shellfish, (with the notable exception of infectious hepa- 

titis), the potential for infection cannot be ignored. Fugate, Cliver and 

Hatch (1975) outlined a number of reasons why a potential health hazard 

exists: 1) shellfish raising waters are continually being subjected to 

high levels of pollution from sewage sources; 2) shellfish, being filter 

feeders, are able to efficiently concentrate viruses from the surrounding 

waters; 3) a majority of viruses are concentrated in the digestive organ 

of the mollusk which is consumed along with all the other parts of the an- 

imal; 4 )  shellfish are frequently consumed raw or with minimal cooking 

which may not be sufficient to inactivare all oi the \.-luuses within them. 

The occurrence of human virus (i.e. enterovirus) in various shellfish 

species is well documented. Morris, Nearns and Kim (1976), while studying 

the presence of virus in the California mussel found that 18 of the 39 

samples tested contained virus. The mussels had been taken from beds 

located near ourf all6 wl~icll wcrr di~charging primary and wcnndary treated 

sewage effluent. Viral enumerations revealed concentrations ranging from 

25 to 1475 PFU/kg of meat. Eugate et al., (1975) found virus in 2 of 17 

oyster samples in Texas and in 1 of 24 samples taken from the Louisiana 



Gulf Coast. Oysters had been taken from areas which met the approved coli- 

form standard. Virus isolates were identified as ECHO virus type 4 and 

Poliovirus type 1 from the Texas oysters, and Poliovirus type 3 from the 

Louisiana oysters. 

In 1968, Metcalf and Stiles isolated Poliovirus, Coxsackie B-3 and 

Reovirus from shellfish growing in a sewage polluted estuary in New Hampshire. 

Coxsackie type A was isolated from 7 to 70 oyster samples and 2 out of 10 

mussel samples found in a French market (Denis, 1973). Serological assays 

in suckling mice identified the majority of the French isolates as being 

Coxsackie virus type A16. 

Although many enteric virus isolates have been found in shellfish, there 

is no epidemiological evidence to indicate that consumption of contaminated 

shellfish would lead to infection. There is, however, well-documented evid- 

ence for the shellfish-mediated transmission of disease by Hepatitis virus. 

The first reported shellfish-related outbreak occurred in Sweden in 1955 

resulting in 629 cases of infectious hepatitis (Roos, 1956). Since then, 

outbreaks have occurred in 1961 in New Jersey, Mississippi and Alabama; 

in Philadelphia and Connecticut in 1963; in North Carolina in 1964; in New 

Jersey in 1966; and in Rhode Island and Massachusetts in 1971 (Portnoy et al., 

1975). An outbreak occurred in October and November 1973 (Portnoy et al., 

1975) affecefng two hundred and sixty-three individuals from Houston and 

15 from Calhoun, Georgia, who were infected with hepatitis following the 

consumption of raw oysters from Louisiana Bay, After eliminating the pos- 

sibility of contamination during transportation and storage;investigation 

concluded that the oysters were contaminated prior to, or at the time of 

harvesting. The area from which the oysters were harvested had been closed 

6 weeks earlier due to contamination by polluted flood waters from the 



Mississippi Valey. On Septeluter 1, the area was recertified by means of 

a coliform standard. The authors concluded that the hepatitis virus had 

been retained within the oysters for periods as long as 6 weeks. More 

recently, Mahoney et al. (1974) detected the presence of Australia antigen 

(Au), indicative of the presence of type B Hepatitis virus, in Maine 

clams. The clams were taken from waters known to be contaminated with 

untreated sewage from a local hospital. It was found that the antigen 

could be transmitted to previously uninfected clams and they concluded 

that shellfish could act both as a vector and a reservoir for Au antigen 

and type B Hepatitis virus. 

Shellfish obtain their food through a filter-feeding process in which 

they selectively ingest small particles of organic matter from large volumes 

of seawater. Food particles become attached to the mucus secretions of the 

shellfish and are directed by ciliary action to the mouth region where they 

are either swept into the mouth, or rejected and passed out as pseudofeces. 

Since viruses are often attached to small particles of organic material, 

they readily gain entrance to the inner portion of shellfish. 

l)i Girolamo, et al. (1977) proposed a mechanism for the attachment of 

virus to shelltish muCus during I e e d k ~ g .  Utilizing a number of entoric 

viruses in seeded laboratory experiments, they found that virus particles 

became ionically bound to secretions. The binding sites were found to be 

the sulfate radicals in the mucopolysaccharides of the shell mucus. The 

uptake of virus particles by shellfish occurs very rapidly resulting in 

thc accumulation of large n~lmhers of virus in the digestive glands of the 

animal. Liu, Seraichekas and Murphy (1966a) found 70% of the poliovirus 

seeded into seawater tanks were accumulated in species of the Northern 

~;ahau~ in 48 hours. Di Girolamo, Liston and Matches (1975) repotted a 



similar rate of uptake in the West Coast oyster with 80 to 90% of the 

seeded viruses being accumulated within 24 hours. Liu, Seraichekas and 

Murphy (1966b) found that maximum efficiency of virus uptake occurred 

when virus concentrations in the surrounding water were at low levels. 

Hamblet et al. (1969) reported that oysters subjected to low turbidity 

water accumulated three times as many poliovirus as oysters in high tur- 

bidity seawater. 

Although high titers of virus can be accumulated within shellfish in 

a relatively short period of time, the animal's filtering system can work 

to remove virus when placed in clean water through a process called depur- 

ation. Laboratory studies have shown that contaminated shellfish, when 

placed in fresh running seawater, can be rendered virus-free. Depuration 

rates have been found to be dependent on the temperature as well as the 

salinity of the seawater (Liu, Seraichekas and Murphy, 1967). Studies have 

found removal of virus occurring in 48 hours at 18 C. Reducing the temp- 

erature to 13 C resulted in an increase in the depuratiod time. Little or 

no depuration occurred at 8 C, a temperature at which the shellfish ceased 

pumping. The authors also demonstrated that a reduction of 50% in the 

salinity of the water in the oyster tanks was sufficient to ha.lt the virus 

depuration process. Studies conducted in an estuarine environment by 

Vaughn and Metcalf (1975) showed that complete virus removal from seeded 

oysters 'required a period o'f 21-30 days in summer (17-22 C) and 60-80 days 

during winter months (-1-12 C). These results tended to confirm those of 

several earlier studies. Hamblet et al. (1969) concluded that under con- 

trolled environmental conditions, oysters can effectively eliminate virus 

irrespective of turbidity levels. The optimal conditions for depuration 

were judged to be: continuously flowing virus-free seawater of either high 



or low turbidity; a temperature optimum of 20 C; and a salinity of greater 

than 18 parts per thousand (ppt). 

In addition to determination of uptake and depuration rates, the 

question of virus survival within .the shellfish has also.been addressed. 

Morris et al. (1976) calculated that enteric viruses could survive in 

mussel tissue three to six times longer than coliform bacteria. Hedstrom 

and Lycke (1964) found Poliovirus to be more stable in oyster tissue than 

in the surrounding waters. 'Di Girolamo et al. (1970) went one step fur- 

ther in testing the survival of Poliovirus in shellfish during various 

food preparation procedures. They found a marked stability during refrig- 

eration tot periods up to 30 days. Studies with heat proccooing chowed 

surprising results. The authors were unable to inactivate all of the shell- 

fish-bound Poliovirus after frying or stewing for 8 minutes, baking for 30 

minutes, or steaming for 30 minutes. They concluded that none of the pro- 

cedures were of sufficient duration to generate enough internal heat to 

bring about total virus inactivation. Later studies conducted by the same 

authors concluded that total virus inactivation required a 30-minute expo- 

sirre t n  temperatures in excess of 70 C. 

C. Sanitary Landfills 

Sanitary landfills contain a mass of heterogeneous solid waste mat- 

erials including those generated by households such as anillla1 (pet) feces 

and fecally soiled disposable diapers. Since fecal material is known to 

contain potential human pathogens, the possibility exists that such organ- 

isms may be collected and passed via the landtill leachates to gruund- 
' 

water aquifers (Pohland and Engelbrecht, 1976). 

While a number of studies have investigated landfills for pathogenic 

bacteria, few have concerned themselves with the fate of human enteric 



virus in landfill leachate and leachate-contaminated groundwater. Peterson 

(1971) examined raw municipal solid wastes and found human enteric virus 
1 

in 4 of 12 samples in concentrations of 192 to 684 PFU per 200 g of solid 

waste. The viral isolates were identified as Poliovirus types 1, 2 and 

3. Among the waste items most commonly present in the municipal waste 

were disposable diapers. Further studies by Peterson (,1974) demonstrated 

that enteric viruses could be found in 10% of the soiled disposable diapers 

analyzed. 

The potential hazard of enteric viruses in sanitary landfills depends 

upon the amount of virus in the landfill, their survival in the landfill 

environment, and the ability of the viruses to pass through.the landfill 

into the surrounding environment (Engelbrecht et al. 1974). As with most 

microorganisms, the fate of enteric virus in landfill environments is 

contingent upon a number of factors including temperature, pH, moisture, 

duration of storage and the presence of chemical and biological antagonists. 

A majority of survival studies conducted thus far has dealt with the sur- 

vival of virus in landfill leachate. Peterson (1971) failed to recover virus 

after seeding solid waste with Poliovirus in a sanitary landfill. Cooper 

et al. (1975) reported sporadic recovery of seeded Poliovirus for periods 

of up to 20 weeks from the leachates of simulated sanitary landfills whose 

chekcal and physical properties were similar to those of natural sanitary 

landfill leachates. The authors felt that the sporadic occurrence was 

due to the irregular distribution of the fill, and the non-uniform flow 

of water over the fill. They were able to show, however, that the leachate 

had no detrimental effect on Poliovirus over a 48-hour period. Sobsey et 

al. (1975) was unable to recover Poliovirus or ECHO virus in a simulated 

sanitary landfill seeded with high concentrations of each virus. They 



conceded that their lysimeters might not have been operating for a sufficient 

amount of time to allow viruses to have traveled the length of the refuse 

column. Engelbrecht et al. (1974) studied the stability of Poliovirus in 

landfill leachates at various temperatures and pH. They found that natur- 

ally occurring leachate (22 C) at a pH of 5.3 was more viricidal than a 

pH of 7.0. Additional studies on the effect of temperature showed an 

almost immediate viral inactivation at 55 C. Similar work by Sobsey et 

al. (1975) showed 95% virus inactivation in 2 weeks at 20 C, 6 days at - 
37 C, and 27 days at 4 C. 

From the above, it can be determined that the rate of viral inact- 

ivat'ion will vary greatly depending on the type of leachate studied. In 

an effort to determine which specific chemical characteristics were respon- 

sible for viral inactivation in leachates. Engelbrecht and Amirhor (1975) 

fractionated a landfill leachate by ultrafiltration and tested the,various 

subfractions for virus inactivating capacity. They observed that most of 

the inactivation was found in a 500 molecular weight (MW) permeate. Chem- 

ical analysis of the permeate revealed that if contairled h i g h   concentration^ 

of short chain fatty acids as well as iron (120-190 milligram pcr liter, 

mg/l) and ~ i n c  (30-48 mg/l). 

Little information is available on the passage of viruses from land- 

fills leachates to groundwater aquifers. Existing data on removal of virug 

in sewage material via adsorption to soil columns cannot be extrapolated 

to a virus-in leachate situation (Pohland and ~ngeibrecht, lY/bj. A single 

study conducted by Novello (1974) showed an 80% or less retentior1 uf 

Poliovirus in landfill leachate by soil. To date, no follow-up studies have 

been reported. 



D. Storm Water Recharge Basins 

There is little or no information available concerning the presence 

of human viruses in storm water recharge basins, or the groundwater be- 

neath them. It can be speculated that the most likely source of viruses 

in such basins would be from surface run off (provided such waters would 

have access to basins). Viruses on entering basins would be subjected to 

the same renova1 systems discussed for sewage recharge basins in section 

E-2 (i.e., adsorption to soil, etc.). 

The presence of virus in groundwater beneath stormwater recharge basins 

could also be indicative of other pollution sources. Such a condition might 

occur in an area where the basins are in the midst of a heavily developed 

area making use of septic tanks. In such an area, viruses might enter the 

groundwater through septic leachates with no direct involvement of the 

basin. 



E-1. Sewage Treatment Plants 

The occurrence of virus in human domestic wastewater is well-documented. 

Poliovirus was first found in raw sewage by Levaditi (1940) and by Paul, 

Trask and Gard (1940). Melnick (1954) found Poliovirus in secondary treat- 

ed sewage effluents. Although outbreaks of poliomyelitis were reported 

shortly thereafter (Little, 1954), the evidence incriminating the out- 

break as water borne was circumstantial. Other enteric viruses have been 

isolated from sewage, such as Coxsackie (Clarke, Knowles, Shimade, Rhodes, 

Ritchie and Donahue, 1951) and ECHOvirus (Kelly and Sanderson, 1957). More 

recently, Shuval (1970) found high concentrations of enteric virus in raw 

sewage ranging from 5 to 11,000 PFU per liter. In a two-year study of 

Israeli wastewaters, Buras (1976) found that viruses were present throughout the 

year in both raw sewage and secondarily treated effluents. The highest 

concentrations reported were during the summer months, with average concen- 

trations of 28,000 PFU per 100 ml in raw influent and 20,000 PFU per 100 

m l  in the treated effluent. There was considerably less virus found dur- 

ing the winter months. During a period of epidemic poliomyelitie, seven, 

strains of poliovirus 1, 2 and 3 were recovered from Madrid wasLeiYaters 

(Olivares, 1974). Studies have demonstrated L;he liigh nulubcr. of solid.. 

associated virus in sludge (Wellings, Lewis and Mountain, 1976; Cliver, 

1975) which are removed by primary settling during the initial phases of 

wastewater treatment. Although the raw sludge is rich in nutrients, it 

cannot be utilized in this form due to the high concentrations and long- 

term aurvival of both bacteri,nl and viral  pathogens. Investi~ations have 

shown that viruses associated with sludge solids are still capable of 

causing infection (Moore, Sagik and Malina, 1975). A common treatment for 

raw sludge is anaerobic digestion. Studies have elucidated the mechanism 



of v i r a l  i n a c t i v a t i o n  dur ing anaerobic dfgest i i in .  Using raw s ludge seeded 

wi th  d i f f e r e n t  se ro types  of P o l i o v i r u s ,  Ward and Ashley (1976) found t h a t  

v i r u s  could be  recovered i n t a c t  from d iges ted  s ludge,  but t h e  concen t ra t ion  

var ied  wi th  temperature and t ime. They observed a  90% reduc t ion  i n  v i r a l  

i n f e c t i v i t y  i n  one day a t  28 C ,  but  required a  d i g e s t i o n  per iod of 5  days 

f o r  t h e  same reduc t ion  a t  4 C.  S ince  raw s ludge exh ib i t ed  no v i r i c i d a l  

a c t i v i t y ,  they concluded i n  a  l a t e r  s tudy t h a t  t h e  v i r i c i d a l  agent was a  

product of t h e  d i g e s t i o n  process  (Ward, Ashley and Moseley, 1976): Frac- 

t i o n a t i o n  of t h e  d iges ted  s ludge i n d i c a t e d  t h a t  t h e  a n t i v i r a l  a c t i v i t y  was 

a s s o c i a t e d  wi th  t h e  l i q u i d  p o r t i o n  of t h e  sludge.  When t h i s  f r a c t i o n  was 

added t o  raw s ludge v i r a l  i n a c t i v a t i o n  occurred.  Analysis  of t h e  l i q u i d  

i n d i c a t e d  t h e  agent respons ib le  f o r  t h e  i n a c t i v a t i o n  was ammonia (Ward and 

Ashley, 1977). I n a c t i v a t i o n  was found t o  occur only when t h e  pH of t h e  

d iges ted  s ludge was 8.0 o r  h igher  where t h e  ammonia would be i n  t h e  un- 

charged s t a t e .  I n a c t i v a t i o n  was observed f o r  s e v e r a l  v i r u s e s  belonging 

t o  t h e  P icornav i rus  family  (Pol io ,  ECHO, Coxsackie) whi le  Reovirus was 

r e s i s t a n t  t o  t h e  e f f e c t s  of ammonia. The mechanism of i n a c t i v a t i o n  appear- 

ed t o  be cleavage of t h e  major capsid  p r o t e i n s  followed by d e s t r u c t i o n  

of t h e  v i r a l  RNA. 

A number of s t u d i e s  have been conducted which were designed t o  de- 

termine t h e  e f f i c i e n c y  of v i r u s  i n a c t i v a t i o n  a t  each s t e p  of t h e  waste- 

water t rea tment  process .  
8 

0 

1. Primary S e t t l i n g  

The d a t a  on v i r u s  removal by primary s e t t l i n g  i s  confusing and incom- 

p l e t e .  A f t e r  seeding P o l i o v i r u s  i n  raw i n f l u e n t ,  Clarke et  a l .  (1961) 

repor ted  t h a t  v i r u s  f a i l e d  t o  s e t t l e  o u t  w i t h i n  3 t o  6 hours a f t e r  seeding.  

Only 40 t o  79% of t h e  v i r u s  had s e t t l e d  a f t e r  24 hours  even though 75% of 



the solids had settled. Berg (S973b) pointed out that there was no way 

of measuring those viruses imbedded and adsorbed within the fecal material. 

Presumably, a large portion of these viruses would settle out with the 

solids. 

2. Storage 

Long-term storage has been suggested as a simple method for destroy- 

ing virus. The survival of virus, however, is directly related to the water 

quality and the temperature (Berg, 1973b). In his study, Berg reported that 

99% inactivation of Polio 1 and ECHO 12  required 60 days of storage at 10 C, 

and 30 days at 30 C. ECHOvirus type 7 required twice as long for the same 

inactivation. Survival was found to be longer in clean water than moderate- 

ly or grossly polluted water (Clarke and Chang, 1959). Because of the leng- 

thy detention times and the large storage facilities required, this method 

of virus removal is not considered to be practical. 

3. Biological Treatment 

Several methods of biological treatment have been utilized to remove 

virus from wastewater including: trickling filters, stabilization ponds 

and activated sludge. Trickling filters show erratic virus removal rates. 

Shuval (1970) reported 16 to 100% recovery of virus from wastewater passed 

through trickling filters. Results from experiments utilizing stabilization 

ponds to remove virus were equally varied and erratic. In a series of 

repeated experiments, Shuval (1970) reported that virus removal ranged from 
% 

0 to 96% in ponds with a 20 day retention time. 

Activated sludge appears to be the best method of biological treat- 

ment available for virus removal or inactivation. In laboratory studies, 

Berg.(1971) reported that 96 to 99% of Coxsackie type A9 was removed after 

a 6 to 8.5 hour treatment period. When Polio 1 was seeded Into activated 



sludge, 88 to 94% was removed within 7.5 hours. Similar studies con- 

ducted at treatment plants yielded reductions of 53 - 71%. 
4. Chemical and Physical Treatment 

Coagulation appears to be the most effective chemical procedure for 

removal of viruses from wastewater. The reaction involves a metal cation- 

protein interaction forming a metal-virus complex which aggregates to form 

a precipitate (Clarke and Chang, 1959). Aluminum sulfate, calcium hydroxide 

andpolyelectrolyteshave been most often used in the coagulation process. 

Chang et al. (1958) obtained virus reduction up to 99% using 60 to 100 mg/l 

of alum. By using 10 mg/l of alum as a coagulant, Thorup et al. (1970) 

removed 85 to 90% of seeded poliovirus type 1. Virus is generally not 

inactivated by coagulation but precipitated in the sludge. A number of 

investigators have isolated viable virus from alum sludge and expressed 

concern over the disposal of such sludge , (Gerg, 1973b). Lime [Ca(OH) is 

an effective coagulant at concentrations of 400 to 500 mg/l. When the 

higher concentrations of lime were used, a pH of 11.1 resulted. This pH 

level was sufficient to destroy or inactivate 90 to 99% of the virus during 

a 90-minute contact period (Gerg, 1973b). Effective virus removal was also 

reported using FeCl as a coagulant (Chang et al., 1958). Cationic poly- 3 

electrolytes have been found to be more efficient in virus removal than 

nonionic or anionic polyelectrolytes (Berg, 1973a). In deionized water up 

to 99 percent removal of virus was observed with these polyelectrolytes. 

5. Disinfection 

Since the majority of sewage treatment plants cannot effectively 

remove all the potentially harmful microorganisms during biological, phgs- 

ical and chemical treatment, a terminal disinfection stage is necessary for 

wastewaters. However, due to the complex nature of the effluent wastewaters, 



there is ample evidence to indicate that routine disinfectior~ used in most 

treatments is not sufficient to destroy viruses. There is no one agent 

which can effectively disinfect all types of wastewaters due to the vary- 

ing quality of the effluents. 

Chlorine is widely used as a terminal disinfectant. The viricidal 

effectiveness of chlorine is dependent upon pH, retention time, temperature, 

chlorine concentration and overall quality of the water being treated. There 

is some disagreement in the literature as to which form of chlorine is the 

most' effective viricidal agent. Between acidic and neutral pH levels 

chlorine hydrolyzes to yield hypochlorous acid (HOCl), while under alkaline 

conditions, it exists as hypochlorite ion (0~1~). Kott, .Nupen and R u s s  

(1975) indicated that hypochlorous acid at pH 6.0 was a more effective vi- 

rididal agent against Poliovirus. Clarke and Kabler had previously report- 

ed (1954) that the hypo.chlorous acid form at a residual concentration of 

1 mg/l,was sufficient to inactivate 99.6% of Coxsackie type A2 in 100 sec 

at 27 C while similar concentrations of hypochlorite ion required 3.5 

minutes to attain the same level of inactivation. Temperature reduction 

was shown to 1e.ngehen tl~e hiactivation time but the same (1-iffetence was 

noted with HOCl inactivating 99.6% in 7 minutes and OCI- 111 30  minute^. 

Other investigators have found 0 ~ 1 -  to be a more effective viricidal agent 

(Scarpino, et al., 1972). The effectiveness of clklorine as a di~infecting 

agent is complicated by its reactions with other wastewater components 

leading to the formation of a variety of compounds. The presence of 

ammonia, for example, results i11 tlie production of shlorami.nes. Not 

only are chloramines less efficient in their viral inactivating capacity, 

but at concentration of 0.06 mg/l are toxic to fish and other aquatic life. 

Species within the Enterovirus group have varying s.ensiti.vi.ti.es to chlorine 



TABLE 2 

TIME TO INACTIVATE 99.99 PERCENT OF TWENTY-FIVE HUMAN 

ENTERIC VIRUSES WITH 0 . 5  MGIL FREE CHLORINE IN POTOMAC WATER 

(pH 7.8 and 2 C) 

V i r u s  

1 Reo 1 

2 3 

2 

Adeno 3 

Cox B2 

Cox A9 

Cox B4 

ECHO 7 

ECHO 5 

Cox B1 

ECHO 9 

Adeno 7a 

ECHO 8 

ECHO 11 

P o l i o  1 

ECHO 29 

Adeno 1 2  

ECHO 1 

P o l i o  3 

Cox B 3  

Cox A5 

Cox B5 

P o l i o  2 

ECHO 12 

Cox A6 

M i n u t e s  



as seen in Table 2 (Liu and McGowan, 1973). Reovirus type 1 was inactivated 

in 2.7 minutes, but Coxsackie type A6 virus required over 120 minutes of 

contact time to reach the same level of inactivation. The inactivation time 

among members of the same group can vary significantly. 

Shuval (1970) reported that viruses were more resistant to the effects 

of chlorine than bacteria. Chlorine concentrations of 40 mg/l were required 

to inactive 99.9% of Poliovirus in sewage in 10 minutes. To reach the 

same level of inactivation only 9 mg/l chlorine was needed to inactivate 

coliform organisms. Kott, et al., (1975) also demonstrared Polivvirus t o  

be more resistant to chlorination treatment than E. coli. 

Other agents have been used to disinfect wastewaters. Ozone appears 

to have excellent potential value as a terminal disinfecting agent particular- 

ly in waters containing organics (Berg, 1973b). It has been shown to inact- 

ivate Polio type 3 and Coxsackie B3 in 10 minutes. Iodine has also been 

used in small water supplies. While being slower in virus inactivation than 

HOC1, I has the advantage of not forming amines and may be useful in waste- 
2 

waters containing ammonia (Berg, 1973a). Studies of the use of bromine have 

yielded results comparable to those for I While all above methods have 
2 ' 

shown promise in experimental or small scale operations, none have proven 

to be totally reliable in sewage disinfection processes. 

Efforts to produce virus-free sewage effluents have thus far met 

with little success (Sproul 1974). The major problem appears to rest not 

with the type disinfectant, used, but the quality of the water being dis- 

infected (Berg 1971). 



E-2. Sewage E f f l u e n t  Recharge 

Most e f f l u e n t s  from wastewater t rea tment  p l a n t s  con ta in  populat ions  

of ' e n t e r i c  v i r u s e s .  The presence of t h e s e  v i r u s e s  c o n s t i t u t e s  a  p o t e n t i a l  

t h r e a t  t o  wastewater recharge procedures should v i r u s e s  be c a r r i e d  through 

s o i l  and contaminate t h e  ground-water a q u i f e r s .  The f a t e  of v i r u s e s  i n  

s o i l ,  t h e i r  adsorp t ion ,  movement and s u r v i v a l ,  should be c a r e f u l l y  

s t u d i e d  i n  o r d e r  t o  determine i f  p o t e n t i a l  h e a l t h  hazards  e x i s t .  

A number of f i e l d  s t u d i e s  have been discussed i n  t h e  l i t e r a t u r e  

which ' ind ica ted  t h a t  v i r u s e s  can be e f f e c t i v e l y  removed from sewage e f f l u -  

e n t s  by p e r c o l a t i o n  through s o i l .  A t  t h e  Santee 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  pe rco la ted  through 400 f e e t  of sand and g r a v e l  

was used t o  supply waters  f o r  a  r e c r e a t i o n a l  l a k e  (Merrel l  and Ward, 1968). 

Out of 128 samplings,  2  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  seeding 

t r e a t e d  wastewater wi th  high concen t ra t ions  of P o l i o  type 3 ,  no v i r u s  

could be found a f t e r  passage through 200 f e e t  of sand reclamat ion bed. 

It should be noted t h a t  t h e  a u t h o r s  used swabs and gauze pads a s  water  

sampl ing.devices .  These methods du no t  r e p r e s e n t  very  e f f e c t i v e  means of 

recover ing v i r u s e s  under f i e l d  cond i t ions .  G i l b e r t ,  e t  a 1  . , (1976b) found 

t h a t  p e r c o l a t i o n  through 60-90 cm of f i n e  loamey sand was s u f f i c i e n t  t o  

remove 99.99% of t h e  v i r u s e s  found i n  secondary sewage e f f l u e n t s .  Sand 

f i l t r a t i o n  was a l s o  found t o  be s u f f i c i e n t  t o  remove over 99% of t o t a l  

col i forms,  f e c a l  col i forms,  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 . ,  1976a). 

A number of s t u d i e s  have de tec ted  t h e  prcscncc of v i r u s  i n  ground- 

water fo l lowing t h e  recharge of sewage e f f l u e n t s  through sand b a s i n s .  Hori ,  

e t  a l . ,  (1970) s tudying t h e  f a t e  of P o l i o  v i r u s  type  2 recharged through 

Oahu I s l a n d  s o i l s  found i n s t ~ n c e s  of v i r a l  contamination of groundwater 

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  of t h e  s o i l .  The au thors  



concluded t h a t  t h e  p o s s i b i l i t y  of groundwater contamlnation e x i s t e d  i f  t h e  

under ly ing  s o i l  was i n t e r 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  whfcll would 

r e s u l t  i n  channel ing of t h e  p e r c o l a t i n g  wa te r s .  I n  a  s tudy  of t h e  r a p i d  

i n f i l t r a t i o n  of v i r u s e s  through s i l t y  sand and f i n e  g r a v e l ,  Schaub and 

Sorber  (1977) demonstrated t h e  sporad ic  occurrence  of e n t e r o v i r u s  i n  ground- 

wa te r .  Laboratory experiments confirmed t h e  poor r e m ~ v a l  q u a l i t i e s  of t h e  

t e s t  s o i l  used i n  t h e i r  f i e l d  experiments.  

The probable  mechanism of v i r u s  removal dur ing  p e r c o l a t i o n  through sand 

o r  s o i l s  i s  a d s o r p t i o n  r a t h e r  than  f i l t r a t i o n  o r  s i e v i n g  (Dremy and E l i a s s e n ,  

1968) .  The a d s o r p t i o n  process  i s  s t r o n g l y  in f luenced  by a  number of f a c t o r s  

i n c l u d i n g  t h e  pH of  t h e  recharged water, t h e  chemical composition o f  t h e  

s o i l ,  t h e  mois ture  con ten t  of t h e  s o i l ,  and t h e  r a t e  of recharge  (Gerba, 

et  a l . ,  1975).  Since  v i r u s e s  a r e  e l e c t r i c a l l y  charged c o l l o i d a l  p a r t i c l e s  

c o n s i s t i n g  of an  i n n e r  c o r e  of n u c l e i c  a c i d  surrounded by a  p r o t e i n  c o a t ,  

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

a b i l i t y  of t h e  v i r u s  t o  adsorb t o  s o i l  p a r t i c l e s .  Drewry and E l i a s s e n  (1968) 

demonstrated this pH dependence i n  a  s tudy  of t h e  a b i l i t y  of bacter iophage 

t o  adsorb t o  d i f f e r e n t  types  of s o i l s .  They found tlli-ll: ulazrGnum adsorp t ion  

occurred when pH v a l u e s  were below t h e  i s o e l e c t r i c  po in t  of 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 b e  p o s i 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  of t h e  adsorbing environment was a l s o  found t o  be  

a n  important  f a c t o r  i n  t h e  at tachment of v i r u s  p a r t i c l e s .  Well ings,  e t  a l . ,  

C lY/b )  s t u d i e d  che a b i l l t y  ol: a cy.press dome to rcmovc c n t u r l c :  V ~ L . U S P 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  v e r e  observed dur ing  

t h e  f i r s t  f i v e  months, however, 3 i s o l a t i o n s  of v i r u s  from groundwater 

were l a t e r  r epor ted  fol lowing a  per iod of  heavy r a i n f a l l .  The au thors  



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  the  t r a t e r l s o i l  

r a t i o  which a c t e d  t o  -desorb t h e  v i r u s e s  a l l o g i n g  them t o  move v e r t i c a l l y  

towards t h e  a q u i f e r .  A similar desorp t ion  e f f e c t  was seen when deionized 

water  was added t o  250 cm ca lca reous  sand columns used t o  recharge sewage 

e f f l u e n t  (Lance, e t  a l . ,  1976). The v i r u s ,  w h i c h h a d  been p rev ious ly  

adsorbed t o  t h e  top  cm of t h e  s o i l  column, moved down t h e  column readsorb- 

i n g  a t  a  lower l e v e l .  Desorption was.minimized by drying t h e  columns one 

day between a p p l i c a t i o n s  o f  the sewage, o r  by a d d i t i o n  of 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 that desorp t ion  was due t o  a re- 

duct ion i n  t h e  i o n i c  s t r e n g t h  of t h e  s o i l .  In a s i m i l a r  s tudy  Duboise, 

e t  a l . ,  (1976) repor ted  that a  s p e c i f i c  conductance of 700-800 micro- 

ohms per  cm (Mohnslcm) was necessary  f o r  maximum r e t e n t i o n  of v i r u s  t o  

s o i l .  The a d d i t i o n  of d i s t i l l e d  water  t o  ,simulate r a i n f a l l  d i l u t e d  t h e  

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

Robeck, e t  a l . , .  (1962) repor ted t h a t  t h e  r a t e  of recharge was impor- 

t a n t  i n  the removal of P o l i o  v i r u s  type 1 i n  a  sand recharge bas in .  At 

2  
recharge r a t e s  of 0.6 t o  1 .2  R/min/m , 99% of the v i r u s  was 'removed dur ing  

passage through sand columns. A t  h igher  f low rates of (38 t o  76 g /min/mL) , 

v i r u s e s  were commonly found i n  t h e  sand column e f f l u e n t .  G i l c r e a s  and 

ICeliy (1955) repor ted  similar r e s u l t s  us ing  Coxsackie A5: A flow r a t e  of 

2  2  7.5 Rlminlm allowed removal of 99% of t h e  v i r u s w t i i l e a  75 Rlminlm xechatge 

r a t e  r e s u l t e d  i n  t h e  removal of on ly  10% of the v i r u s .  

Clean dry sand has been shown t o  have l i t t l e  o r  no c a p a b i l i t y  f o r  

removing v i r u s  (Berg, 1973a).  Moistened sand showed a b e t t e r  removal e f f i c -  

iency (Nestor and CosCLu, 1971).  Drewry and E l h s s e n  0 9 6 8 1  repor ted  t h a t  

s o i l s  with a h i g h  c l a y  and silt  content  (composed of .5 t o  1% organ ic  m a t t e r )  

were e f f e c t i v e  i n  removing v i r u s e s .  Clay p a r t i c l e s  w e r e  found t o  possess  a 



l a r g e r  s u r f a c e  a r e a  than sand whichprov ided  numerous sites f o r  v i r a l  ad- 

s o r p t i o n  (Bi t ton,  1975) . 
A l t h o u g h 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  dur ing  t h e  process  of 

recharge,  they  can remain v i a b l e  f o r  s i g n i f i c a n t  pe r iods  of time. Moore, 

e t  a l . ,  (1975) found t h a t  t h e  P o l i o v i r u s  adsorbed t o  organic  and inorgan ic  

p a r t i c u l a t e s  was s t i l l  i n f e c t i v e .  Schaub and Sagik  0 9 7 5 )  repor ted  that 

clay-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 t u r e  monolayers 

and i n  mice. Bagdasaryan (1964) s t u d i e d  t h e  s u r v i v a l  of e n t e r i c  v i r u s e s  

i n  s o i l  and concluded t h a t  s u r v i v a l  was dependent on t h e  pH of t h e  s o i l ,  

i t s  mois ture  con ten t ,  t h e  n a t u r e  of t h e  s o i l  and i t s  temperature.  Sandy 

s o i l  ~t R pH of 7.5 provided t h e  b e s t  cond i t ions  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  type 1 s u r v i v i n g  f o r  170 days a t  3-10 C.  Wellings,  e t  a l .  (1975) 

repor ted  i s o l a t i n g  P o l i o v i r u s  i n  a groundwater w e l l  below a recharge b a s i n  

28 days a f t e r  a p p l i c a t i o n  of sewage e f f l u e n t  was terminated.  DuboAse, gt- 

d., (1976) found P o l i o v i r u s  capable  of su rv iv ing  84 days i n  s o i l  a t  3C. 

Inc reas ing  t h e  temperature 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  r a t e  i n  

84 days. A s i m i l a r  s tudy  by 'Lierfley, e t  a l .  (1977) de tec tad  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  dur ing t h e  win te r .  Summer s u r v i v a l  i n  

s o i l  was s i g n i f i c a n t l y  s h o r t e r ,  l a s t i n g  on ly  11 days. 

F. S e p t i c  Systems 

L i t t l e  Informat ion i s  a v a i l a b l e  on the f a t e  of human e n t e r i c  v i r u s e s  

i n  s e p t i c  systems. Since  l a r g e  numbers of human v i r u s e s  can b e  shed i n  

f e c e s ,  t h e r e  is  l i t t l e  doubt of t h e i r  presence i n  t h e  system. What is 

needed is  more informat ion concerning t h e  amorinr of v i t u o  removed dur ing 

the i n i t i a l  s t a g e s  of s e t t l i n g ,  t h e  mechanisms and r a t e  of v i r a l  inac t -  

i v a t i o n  dur ing  this per iod,  and t h e  u l t i m a t e  f a t e  of v i r u s e s  discharged i n  

s e p t i c  t ank  e f f l u e n t s .  



Due to the lack of scientific study, the answers to the first two 

questions have not been determined. One can, however, speculate based 

upon similar processes occurring during the initial stages of conventional 

wastewater treatment. As found in primary settling, some viruses will be 

removed with the solids, the survival depending upon the presence of 

non-specific viricidal agents present in the sludge, or the toxic metabolic 

by-products of the resident microbial population. 

The fate of viruses discharged in septic tank effluents has been the 

subject of a few laboratory studies, but little or no data' has been gather- 

ed from field trials. The studies have concerned themselves with the 

removal of viruses from effluents by percolation through soils, a subject 

which has been reviewed in Section E-2. Sproul (1975) reported that viruses 

discharged from leaking septic tanks could be efficiently removed from the 

leachates depending on the type of subsoil, the flow rate, and the overall 

quality of the effluent itself. He recommended using soils which contain . 

a high percentage of silt or clay, with a minimum depth. of within 5 to 10 . 

feet of the fractured ledge. The recommended flow rate for such a system 

2 was 0.4 to 0.7 GPD/ft . Citing the number of viral isolations from ground- 
water folio-g recharge, Sproul warned that the soi.1 adsorbing layer should 

be free from fissures or fractures that would lead to channeling and pos- 

sible contamination of the groundwater. Green and Cliver (1974) reported 

on laboratory studies involving the removal of virus by sand columns. 

Using Poliovirus type 1 seeded into septic tank effluent, they found that 

a majority of the viruses were removed in 60 cm sand columns. The sand 

columns were the most efficient when the column was unsaturated. Drewry 

and ~liassed (1968) found soil to be an effective virus adsorbing medium 

except where channeling occurred. Their recommendations for an ideal 



subsurf  ace  s o i l  p e r c o l a t i o n  system included a  minimum i n £  i l t r a t i o n  r a t e  

2  
o f  2.54 cm p e r  h o u r . w i t h  a  loading r a t e  of 3 GPD/ft , and a  high.adsorp-  

t i v e  s o i l  c o n t a i n i n g  1 t o . 2  % s i l t  o r  c l a y  and 0 .5  t o  1% organ ic  mat te r .  

They concluded t h a t  incorpora t ion  of t h e  above c r i t e r i a ,  i n  a d d i t i o n  t o  

placement of t h e  s e p t i c  system 100-150 f t  from t h e  n e a r e s t  w e l l  would be 

s u f f i c i e n t  t o  avoid v i r a l  contamination of groundwater used f o r  domestic 

purposes.  



111. METHODS AND MATERIALS 

A. Sample Site Selection 

Sites for virus sampling were chosen by a sub-group of the Technical 

Advisory Committee which represented a diversity of professional disciplines. 

The sites selected and the frequency with which they were sampled,are de- 

scribed below and reviewed in Table 3. 

1. Sites located in Nassau County 

a) Meadowbrook Hospital - the site included a 1,000,000 
gallon per day (GPD) capacity secondary sewage treatment plant (trickling 

filter) which services the hospital complex of the Nassau County Medical 

Center and the Nassau County Jail. Chlorinated effluent was discharged 

into a series of recharge basins which.were located approximately 34 ft. 

above the groundwater table. Sampling at this site consisted of a 25 

gallon sewage effluent sample and a 100 gallon groundwater sample taken 

from an observation well which was located within 10 lateral feet (down- 

flow) of the primary recharge basin (sample designated as "Meadowbrook 

Well"). Samples were taken on a monthly basis. 

b) Oyster Bay STP - the site consisted of a secondary 

sewage treatment facility (trickling filter) which disinfected its effluents 

via chlorination. Treated effluent was discharged directly into Oyster 

Bay. Twenty-five gallon samples were taken on a monthly basis from this 

site. 

c) Oyster Bay Waters and Shellfish - water (100 gal.) and 
shellfish (oyster) samples were taken from areas of Oyster Bay which had 

been designated as "open" or "closed" to shellfishing by the New York 

State Department of Environmental Conservation on the baeis of coliform~ 



TABLE 3 

SITES CHOSEN FOR VIRAL ANALYSES 

LOCATION 
SITE (COUNTY ) TYPE SAMPLE FREQUENCY - 

1. Meadowbrook Hospital Nassau Chlorinated sewage ef- Monthly 
fluent 

2. Meadowbrook Well 

3. Oyster Bay STP (a), 

4. Oyster Bay - closed 
waters 

5. Oyster Bay - open 
waters 

6. Oyster Bay - closed 
waters 

7. Oyster Bay - open 
oysters 

8. No. Massapequa re- 
charge basin 

9. Haypout Well' 

10. Oakdale Well 

11 . Stony Brook STP 

12. Stony brook Well 

13. Penataquit Creek 

I I Groundwater from obser- I I 

vation well located down 
flow from sewage efflu- 
ent recharge basin 

Chlorinated secondary 
sewage efflucnt 

Bay water (area closed Monthly - 
to shellf ishing) June - Sept., 

March - May 
Bi-mont hly - 
uce - Peb 

Bay water (area open to 
shellf ishing) 

Oysters from closed 
area 

Oysters from open 
area 

Water trom observation MCI 1.1 t 111 y 
well located within re- 
charge bnain receiving 
storm water run-off 

Suf talk SCWA'') well water Plonth3.y 

II SCWA well water II 

II Chlorinated secondary 

sewage effluent 

Suf f olk Groundwater from oboer- Monthly 
vation well located down 
flow from sewage effluent 
recharge basin 

Salt water c.reek re- 
ceiving fresh water 
run0 f f 



LOCATION 
SITE (COUNTY) - TYPE SAMPLE FREQUENCY 

14 .  Great  South Bay - II Bay water  (area open t o  Monthly - 
open wa te r s  s h e l l f i s h i n g )  June - Sep t . ,  

March - May 
Bi-monthly - 
Oct - Feb 

15 .  Great South Bay - 
open clams 

16 .  Great Soutll. Bay - 
c losed  'waters  

17 .  Great  South Bay - 
c losed  clams 

18 .  Babylon Well 

19.  S u n r i s e  STP 

20. S u n r i s e  Well 

21. Parkland I11 STP 

22. Parkland I11 Well 

23 .  Lake Ronkonkoma 

Clams from open a r e a  

Bay water  (area c losed  
t o  s h e l l f i s h i n g )  

Clams from c losed  a r e a  

Groundwater from obser- 
v a t i o n  w e l l  l o c a t e d  down 
flow from s a n i t a r y  land- 
f i l l  s i t e  .. . 

Chlor inated secondary 
sewage e f f l u e n t  

11 

Monthly 

Groundwater from ,obser- I 1  

v a t i o n  w e l l  l o c a t e d  down 
flow from sewage e f f l u -  
e n t  l each ing  pools  

11 Chlor inated sewage e f -  
f l u e n t  

I 1  Groundwater from obser- 
v a t i o n  w e l l  l o c a t e d  down 
flow from recharge  b a s i n  
r e c e i v i n g  sewage e f f l u e n t  

Lake Water 

24. ~ ~ ~ ~ ( ~ ) E ' x ~ e r i m e n t a l  suf f elk Raw wastewater 
wastewater s e p t i c  sys- 

' tem ( loca ted  a t  Brook- 
haven Nat ional  Labora- 
t o r y )  - I n f l u e n t  

25. SCHD exper imental  sep- 11 

t i c  system - e f f l u e n t  
Treated non-chlor inated 
e f f l u e n t  

Monthly - 
June - Sept 
Bi-monthly - 
Oct. - May 

(a)  Sewage Treatment P l a n t  
(b) Suf fo lk  C ~ u i t L y  WaLar AuthBrity 
(c)  Suf f o l k  County Heal th  Uepartment 
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APPENDIX TO TABLE 3 

A l l  "well" samples l i s t e d  were col lected 

from observation wel l s  which had been driven 

a few f e e t  below the upper surface of the 

groundwater aquifer.  



d a t a .  The s i t e s  were sampled monthly from June. - Septernher, and again  

from March - May, and on a bi-monthly. bas i . s  from October - February. 

d) North Massapequa - t h e  s i t e  was c b s e n  a s  a r e p r e s e n t a t i v e  

stormwater recharge b a s i n  loca ted  i n  a t h i c k l y  s e t t l e d  a r e a .  Sampling 

cons i s ted  of 100-gallon volumes c o l l e c t e d  monthly from a U.S. Geological  

Survey observa t ion  w e l l  loca ted  i n  t h e  bottom of t h e  b a s i n .  

2. S i t e s  l o c a t e d  i n  Suf fo lk  County 

a )  Bayport Well, Oakdale Well - both s i t e s  were Suf fo lk  

County Water Auth'ority p u b l i c  d r ink ing  water  supply w e l l s  loca ted  i n  t h e  

hamlets of Bayport and Oakdale r e s p e c t i v e l y .  Samples, taken a t  monthly 

i n t e r v a l s ,  c o n s i s t e d  of 100 g a l l o n s  each. Both a r e a s  had been i n  s e r v i c e  

f o r  a number of y e a r s  w i t h  n e i t h e r  having any p a s t  problems w i t h  high 

co l i fo rm counts .  

b)  Stony Brook - t h i s  s i t e  included a 300,000 GPD capac i ty  

secondary sewage t reatment  p l a n t  (contact  s t a b i l i z a t i o n )  and a s e r i e s  of 

r echarge  b a s i n s  i n t o  which c h l o r i n a t e d  e f f l u e n t  was discharged.  A t  monthly 

i n t e r v a l s ,  25 g a l l o n  t r e a t e d  e f f l u e n t  samples were taken a long w i t h  100 

g a l l o n s  of water  taken from an  observa t ion  w e l l  loca ted  some.8 l a t e r a l  f e e t  

downflow from t h e  n e a r e s t  recharge bas in .  The b a s i n s  themselves were some 

80 f e e t  above t h e  water  t a b l e .  

c )  Pena taqu i t  Creek - t h e  c reek  l o c a t e d  i n  t h e  hamlet of 

Bay Shore, is  a t r i b u t a r y  t o  Great  South Bay. I n  making i ts  way t o  t h e  

bay, the water  passes  through a r e s i d e n t i a l  a r e a  and by a h o s p i t a l .  The 

a c t u a l  sampling p o i n t  was t h e  Town o f  T.s.lip hoatholise l o c a t e d  w e l l  below 

t h e  above areas. 

d )  Great 'South Bay Waters and S h e l l f i s h  - l o c a t e d  wi th in  



the town of Lslip, sites for collection of water (100 gal.) and shellfish 

(clam) samples included areas designated as "open" and "closed" to shell- 

fishing by the New York State Department of Environmental Conservation. 

Samples were taken monthly from June - September, and March - May, and on 
a bi-monthly basis from October - February. 

e) Babylon - the sampling area was a groundwater obser- 

vation well located within )t mile down groundwate flow from the Babylon 

landfill site. The landfill includes regular rubbish disposal and pits 

for scavenger-waste disposal, and is located approximately 75 feet above 

the glacial aquifer. Monthly samples of 100 gallons each were taken from 

U.S.G.S. observation well. 

f) Sunrise Garden Apartments - this site, located in the 

hamlet of Sayville included a secondary sewage treatment facility (contact 

stabilization) with a 38,000 GPD measured operating capacity. Chlorinated 

effluent from the plant was discharged to a leaching field which was locat- 

ed some 5-8 feet above the groundwater table. Twenty-five gallon effluent 

samples were taken at monthly intervals, along with 100 gallon volumes 

from an observation well which was sunk within 10 feet downflow from the 

leaching field. 

g) Parkland I11 - the site consisted of a 260,000 GPD 
capacity tertiary treatment plant (extended aeration, denitrification, 

gravity, sand filtration) with recharge basins located some 18 feet above 

the water table. Twenty-five gallon samples of the chlorinated effluent 

were taken on a monthly basis along wlth a 100-gallon volume from an 

observation well located some 50 lateral yards down water flow from the 

recharge basins. 



1 Lake Ronkonkoma - the site constitutes the largest fresh 

water lake on Long Island. The area 5s thickly. settled by both residential 

and commercial concerns, and contains several public bathing areas. Virus 

sampling was confined to an area within the Islip Town Beach. One-hundred- 

gallon volumes were taken from a depth. of 5 feet (approximately 10-15 feet 

off shore) on a monthly basis from June - September, and bi-monthly from 

October - May. 

i) Septic System - the site, located at the Brookhaven 

National Laboratory, contains an experimental septic system which has 

been constructed by the Suffolk County Health Department in collaboration 

with'william F. Cosulich Associates. The subsurface systems consists of 

a tile field which has been constructed over an aerobic soil zone. Below 

this is an anaerobic soil zone - the principle function of which is de- 

nitrification. Final effluent from the system is collected in a sampling 

shaft. Samples of this systems raw influent (1 gallon) and final effluent 

(100 gallon - undisinfected water) were collected for viral analysis on 

a monthly basis. 

B. Sample Collection 

Sample volumes of 100-125 gallons each weye t~ken from public water 

supply wells, groundwater wells near recharge basins and sanitary landfills, 

embayments, lakes and streams. Twenty-five gallon samples were usually 

collected from wastewater treatment plants while 1-gallon samples were taken 

when raw influent was required. 

A1,l samp1.e~ (with exception of raw influents) were collected in plas- 

tic 55 gallon tanks {Plast-i-cube, Greif Brothers Corp.). Between sample 

collections, tanks were thoroughly rinsed with tap water, sanitized with 



0.12 - N hydrochloric acid C30 min.) , and rinsed once again wi.th tap water. 

Upon arrival at each site,.tanks were initially rinsed with.10-20 gallons 

of sample water before filling with sample material. Brookhaven National . 

Laboratory pumping equipment (e. impeller pumps, hosing) was also 

rinsed with 20-30 gallons of sample water prior to collection. Brook- 

. haven National Laboratory equipment was routinely used for all sampling, 

with the exception of waters from Oyster Bay (open and closed). In 

these instances, water samples were taken by means of pumps available on 

oyster boats belonging to Flowers Inc. of Bayville. Before collection of 

thses samples, water from the designated area was rinsed through the pump- 

ing system for 5-10 minutes. 

The above precautions were taken in order to obviate any chance of 

virus cross-contamination between samples. 

Great South Bay clam samples were collected by tonging, while oysters 

from Oyster Bay were obtained by dredging. Shellfish samples were stored 

in ice during transport to the laboratory where processing was carried out 

immediately whenever possible. 

C. Virus Concentration Procedures 

1. Water Samples 

Viruses in large volume water samples were initially concentrated 

by means of an Aquella Virus Concentrator (Carborundum Corporation). 

Appropriate sample volumes were pumped through a series of prefilters to 

remove debris. Sample pI.1 was then adjusted to 3.5 and aluminum chloride 

was added to a final concentration of 0.0005 g . The water then flowed 

through virus concentrating filters, where virus was adsorbed to the 

surface of the filters. Elution of adsorbed virus was carried out with 



0.1  - M g lyc ine  a t  pH 11.5. Samples were n e u t r a l i z e d  t o  pH 7.5. The 

concen t ra t ion  procedure rout inely .  y ie lded a f i n a l  volume o f 4  1 which. 

was f u r t h e r  concentra ted i n  t h e  l abora to ry .  The procedure involved the 

format ion of a n  aluminum hydroxide f l o c  t o  w-hich.virus p a r t i c l e s  became 

adsorbed.  A f t e r  concen t ra t ion  of the f l o c  by c e n t r i f u g a t i o n ,  v i r a l  pa r t -  

i c l e s  w e r e  e l u t e d  w i t h  0 .1  - M g l y c i n e  (pB 11.5) t o  a f i n a l  volume of 

approximately 50 m l .  A f t e r  t h e  a d d i t i o n  of 10% f e t a l  c a l f  serum t o  each 

reconcen t ra te ,  samples were s t o r e d  a t  -72 C u n t i l  needed. 

2 ,  She)-lfish. Sampl-es 

S h e l l f i s h  (clams and o y s t e r s )  were shucked and placed i n  100 g a l i q u o t s .  

Following homogenization, samples were a c i d i f i e d  causing formation of a 

v i rus -con ta in ing  p r e c i p i t a t e  which could be cen t r i fuged  and c o l l e c t e d .  Viruses  

were e l u t e d  from t h e  p r e c i p i t a t e  with a g lyc ine-sa l ine  s o l u t i o n ,  then  sep- 

a r a t e d  from t h e  r e s t  of the p r e c i p i t a t e  by c e n t r i f u g a t i o n .  Virus-laden 

superna tes  were then f i l t e r e d  through a s e r i e s  of 47 mi l l imete r  (mm) 

membrane f i l t e r s  (0.8, 0.45 and 0.22 micrometer Cum) p o r o s i t y  respec t ive -  

l y )  and concentra ted by u l t r a f i l t r a t i o n  t o  a f i n a l  volume of  5 ni l .  Pro- 

cessed samples were frozen a t  -72 C whi le  awai t ing  t i s s u e  c u l t u r e  assay.  

D. I s o l a t i o n  and I d e n t i f i c a t i o n  

Virus  enumerations from f i e l d  'samples were c a r r i e d  on monolayers of 

Buff a10 Green Monkey Kidney Cells ( B q  - Micro-biological  Associa tes)  . - 
Quin tup l ica te  0 .5  m l  sample volumes were placed on prepared c e l l  s h e e t s  

and incubated f o r  one hour t o  f a c i l i t a t e  v i r u s  at tachment.  A f t e r  decant ing 

excess  sample m a t e r i a l ,  c e l l s  were covered w i t h  a 4 m l  n e u t r a l  red agar 

o v e r l a y  media and incubated a t  36 C under 5% CO f o r  a per iod of e i g h t  
2 

days.  Daily read ings  were taken t o  determine t h e  presence of v i r u s e s  which 



appeared a s  "plaques" (_clear ings  in t h e  normally r e d  s t a i n e d  background 

i n d i c a t i n g  c e l l  d e a t h . a s  a  r e s u l t  o f v i r u s  i n f e c t i o n ) .  A f t e r  eight days 

each plaque was "picked" and the i s o l a t e d  v i r u s e s  were enriched f o r ' o n e  

week on a  monolayer of BGM c e l l s .  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  by serum n e u t r a l i z a t i o n  techniques  us ing e n t e r o v i r u s  typing pools  

made a v a i l a b l e  by t h e  Nat ional  L n s t i t u t e  of Al lergy and I n f e c t i o u s  D i -  

s ease .  

E .  P o l i o v i r u s  T-Marker S tud ies  

I s o l a t e s  i d e n t i f i e d  a s  being members of t h e  P o l i o v i r u s  group were 

f u r t h e r  t e s t e d  t o  determine whether they were vaccine  s t r a i n  o r  wi ld  t y p e  

v i r u s .  Th i s  was accomplished through T-marker t e s t s  which d i f f e r e n t i a t e  

between vaccine  s t r a i n  and wi ld  type  based upon t h e  l a t t e r ' s  a b i l i t y  t o  

grow a t  40 C.  T-marker tests were c a r r i e d  o u t  i n  response t o  a  reques t  

by h e a l t h  o f f i c i a l s .  who r e a l i z e d  t h e  p u b l i c  h e a l t h  s i g n i f i c a n c e  o f t h e  

i s o l a t i o n  of non-vaccine P o l i o v i r u s e s  from Long I s l a n d  a q u a t i c  systems. 

F. Coliform S tud ies  

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  recognizable  b i o l o g i c a l  pol- 

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  co l i fo rm numbers were determined from a l l  

sites t e s t e d  f o r  v i r u s .  Coliform enumerations de r ived  from s tandard "most 

probable numbers" methods were c a r r i e d  o u t  by t h e  s t a f f  o f  t h e  New York 

State Department of Environmental Conservation Microbiology Sect ion (Stony 

Brook), under t h e  d i r e c t i o n  of M r .  James Redman. 

G. Other Chemical and Phys ica l  T e s t s  

pH de te rmina t ions  were c a r r i e d  o u t  on a l l  samples w i t h  t h e  except ion 

of s h e l l f i s h .  Residual  c h l o r i n e  and t u r b i d i t y  measurements were made on 

sewage t reatment  p l a n t  e f f l u e n t s  ( t u r b i d i t y  monitoring began i n  February 

1977). 



I V .  RESULTS 

A .  Limi ta t ion  of Study 

Before proceeding w i t h  t h e  p r e s e n t a t i o n  of t h e  r e s u l t s  of t h e  "208" 

Virus Study, i t  i s  a p p r o p r i a t e  t o  d i s c u s s  t h e  major l i m i t i n g  f a c t o r s  which 

were i n h e r e n t  i n  t h e  program. 

The use  of v i r u s  concen t ra t ing  u n i t s ,  s u c h . a s  t h e  Carborundum con- 

c e n t r a t o r s  used i n  our  s tudy ,  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  and 

enumeration of human e n t e r i c  v i r u s e s  from l a r g e  volumes of wa te r .  However, 

because of t h e  v a r i a b l e s  involved,(e .g . ,  t u r b i d i t y ,  s a l i n i t y ,  presence of 

o rgan ics ,  e t c . )  i t  is no t  reasonable  t o  expect a  '100% e f f i c i e n c y  of con- 

c e n t r a t i o n .  S i m i l a r l y ,  methods f o r  v i r u s  e x t r a c t i o n  from s h e l l i i s h  do 

n o t  r e l e a s e  a l l  of t h e  v i r u s  p a r t i c l e s  bound up wi th in  t h e  t i s s u e s  of t h e  

animal.  Budgetary cons idera t ions  requ i red  our  use  of a  s i n g l e  h o s t  c e l l  

type (BGM) which has  been shown t o  be s e n s i t i v e  t o  a  g r e a t  v a r i e t y  of 

e n t e r o v i r u s e s  (Dahling, e t  a l . ,  1974),  but n o t  t o  a l l  known members of t h e  

group. Extending t h e  range would have required t h e  u s e  of a d d i t i o n a l  c e l l  

s t r a i n s ,  an a c t i o n  which would have involved cons iderab le  expense. 

A s  a r e s u l t  of t h e  above l i m i t a t i o n s ,  t h e  v i r a l  enumerations repor t -  

ed i l l  the following pages must be construed a s  being r e p r e s e n t a t i v e  of t h e  

minimum numbers of v i r u s  i n  each sample. It i s  l i k e l y  that i n  most c a s e s  

t h e r e  were more than  we were a b l e  t o  r e p o r t .  Samples i n  which no v i r u s e s  

were d e t e c t e d  have been l abe led  N I  (no i s o l a t e s )  i n  t h e  t a b l e s  r a t h e r  than 

w i t h  a  zero .  The N I  des igna t ion  r e f e r s  t o  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  the c o n s t r a j n t s  nf our t e s t i n ~  systems, but  cannot pt=~~] - t j ,dc  the 

p o s s i b i l i t y  of v i r a l  presence i n  ve ry  low concen t ra t ions .  



I s o l a t e  i d e n t i f i c a t i o n  procedures u t i l i z e .  serum pools  which can 

a c c u r a t e l y  i d e n t i f y  4 2  members of the E n t e r o v i r u s  group. These inc lude  

those  s p e c i e s  most o f t e n  encountered i n  domestfc wastewater.  A s  t h e r e  a r e  

over  100 known Ente rov i ruses ,  i t  was impossible  t o  i d e n t i f y  a l l  i s o l a t e s  

der ived from t h e  208 s tudy .  Untypable i s o l a t e s  w i l l  be des ignated by a "U" 

i n  the tabu la ted  l i s t i n g s  of v i r u s  i d e n t i f i c a t i o n .  

B .  Resu l t s  of F i e l d  Samplings 

1. Publ ic  water supply w e l l s  

A l l  samples from both  t h e  Bayport and Oakdale d r ink ing  water  i n s t a l l -  

a t i o n s  y ie lded  no p o s i t i v e  v i r u s  r e s u l t s  (Tables 4 and 5 ) .  Corresponding 

co l i fo rm counts  were a t  t h e  lowest  l i m i t s  of d e t e c t i o n  (Figures  1 and 2 ) .  

Drinking water sample r e c o n c e n t r a t e s  w e r e  assayed on t i s s u e  c u l t u r e  

more ex tens ive ly  than any o t h e r  sample type.  The r e s u l t i n g  d a t a  a r e  the re -  

f o r e  more r e p r e s e n t a t i v e  of t h e  e n t i r e  sample volume. 

With t h e  except ion of Bayport ' s  August and September read ings ,  pH 

va lues  showed l i t t l e  f l u c t u a t i o n  (Table 2 6 )  and were no t  considered a s  

c o n t r i b u t i n g  t o  any l o s s  of v i r u s .  

2 .  Surface  wate r s  

a .  Lake Ronkonkoma 

Viruses  were recovered from t h e  l a k e  on two occas ions ,  September and 

March.  isolation^ occurred a t  t i m e s  when col i form numbers were no t  a t  

p a r t i c u l a r l y  apprec iab le  l e v e l s  (Table 6 ,  Figure  3 ) .  

The a r e a  from which t h e  samples were taken is  used ex tens ive ly  dur ing 

summer months a s  a ba th ing  beach. With this i n  mind, it  would n o t  be  un- 

reasonable  t o  expect  a c e r t a i n  l e v e l  of e n t e r i c  v i r u s e s  t o  be  p resen t  i n  

t h e  near  shore  wa te r s  i n  e a r l y  September, t h e  l i k e l y  v i r a l  source  being 



Month 

June  1976 

.T l~ ly  1976 

August 1976 

September 1976 

Occober 13 76 

November 1976 

December 1976 

January  1977 

February  1977 

March 1977 

A p ~ i l  1977 

May I977 

TABLE 4 

Col i form and Vi rus  I s o l a t i o n  

Baypor t Well  

T o t a l  
Coliform/100 m l  

< 2 

'3 

<3 

< 3 

< 3 

< 3 

< 3 

< 3 

< 2 

<3  

< 3 

<3 

F e c a l  
Coliform/100 m l  

< 2 

( 3  

< 3 

< 3 

< 3 

< 3 

< 3 

< 3 

< 2 

n t  

n t  

< 3 

Virus  PFU/gal 

n i  

ill 

n i 

n i  

n i  

n  i 

n i  

n i  

n i  

n i  

n i  

ni 

ni = No 1 s o l . a t e s  

n t  = Not Tes ted  



Month 

June  1976 

J u l y  1976 

August 1976 

September 1976 

October 1976 

b?ovember 19 7 6 

December 1976 

J a n u a r y  1977 

February  19  77 

March 1977 

A p r i l  1977 

May 1977 

TABLE 5 

Col i form and V i r u s  I s o l a t i o n  

Oakdale Well 

T o t a l  
~ o l i f o r ' m / 1 0 0  m l  

<2 

<2 

<3 

<3 

<3 

<3 

<3 

<3 

<2 

<3 

<3 

<3 

F e c a l  
Coliform/100 m l  

<2 

<2  

< 3  

<3 

< 3 

<3 

<3 

<3 

<2 

n t  

n t  

<3 

n i  = No I s o l a t e s  

n t  = Not T.ested 
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Col i fo rm  and  V i r u s  I s o l a t i o n  

Lake Ronkonkoma 

Month 

J u l y  1976 

PLugust 1976 

September 1976 

October  1976 

November 1976 

December 1976 

J a n u a r y  1977 

F e h r ~ l a r y  19 7  7  

March 1977 

A p r i l  1977 

May 1977 

T o t a l  
Col i form/100 m l  

2 30 

2,300 

4  3  

n t  

9  30 

n t  

14  

n t  

7  

n t  

150  

n i  = No I s o l a t e s  

n t  = Not Tes t ed  

F e c a l  
Col i form/100 m l  

2 30 

9  30 

4  3  

n t  

930 

n t  

9  

. n t  

n t  

n t  

7  5 

V i r u s  PFU/gal 

n i  

n i  

2 . 3  

MONTH 

Figure  3 . -  T o t a l  and f e c a l  c o l i f o m  counts  (per  100 ml) ,  
Lake Ronkonkoma. 0 - t o t a l  co l i form;  A - f e c a l  co l i form 



t h e  b a t h e r s  themselves, e s p e c i a l l y  young c h i l d r e n .  Sampling prohlems 

a r i s i n g  from t h e  presence of a l g a l  blooms dur ing J u l y  and August may have 

i n h i b i t e d  t h e  i s o l a t i o n  of v i r u s e s  whose presence could a l s o  have been 

l inked  t o  b a t h e r s .  September i s o l a t e s  were confirmed bu t  could no t  be 

s p e c i f i c a l l y  i d e n t i f i e d  a s  they were i n s e n s i t i v e  t o  our typing a n t i s e r a  

(Table 7) .  

I s o l a t i o n s  made i n  March cannot e a s i l y  be l inked  t o  b a t h e r s  un less  i t  

is proven t h a t  v i r u s e s  can over-winter i n  l a k e  bottoms. Since  t h e r e  a r e  

supposedly no d i r e c t  sewage d i scharges  i n t o  the l a k e ,  the source  poss i -  

b i l i t i e s  a r e  l o g i c a l l y  narrowed t o  runoff and contamination from t h e  s e p t i c  

systems (v ia  seepage o r  overflow) of homes s i t u a t e d  around o r  near  t h e  l a k e .  

The l a t t e r  p o s s i b i l i t y  i s  s t rengthened by t h e  i s o l a t i o n  of a vaccine  s t r a i n  

of P o l i o v i r u s  type  2 (Table 7) normally shed by young c h i l d r e n  who have 

r e c e n t l y  been immunized a g a i n s t  p o l i o m y e l i t i s .  The remainder of t h e  con- 

firmed March i s o l a t e s  could n o t  be  i d e n t i f i e d .  

b.  Pena taqu i t  Crce-ck. 

V i r a l  i s o l a t i o n s  were made i n  t h e  c reek  i n  June and J u l y  dur ing  

per iods  when t o t a l  and f e c a l  co l i fo rm counts  w e r e  moderately high (Table 

8 ,  Figure  4 ) ,  b u t  not  when t o t a l  col i form counts  reached t h e i r  h ighes t  

p o i n t  i n  August. It is p o s s i b l e  t h a t  t h e  August counts  were r e p r e s e n t a t i v e  

of a non-human f e c a l  source  ( i . e . ,  ducks, s e a g u l l s ,  e t c . ) .  

The major sources  of contamination i n  t h e  c reek  l i k e l y  occurred from 

p o i n t s  above our  sampling a r e a ,  r a t h e r  than from the  bay. The consistently 

high co l i fo rm counts  suggested a f a i r l y  cons tan t  source  of p o l l u t a n t s ,  such. 

a s  runof f ,  and leakage from t h e  s e p t i c  systems l o c a t e d  a long t h e  banks of 

the creek.  

The l i k e l i h o o d  t h a t  contamination a r o s e  from a number of sources  



Date 

Sept. 7, 1976 

March 9, 1977 

*U - Identity Unknown 

Virus Isolate Identifications 

Lake Ronkonkoma 

Identifications Include 

Poliovirus Type 2 
(Vaccine strain) 

U* 



TABLE 8  

Co l i fo r m  and  V i r u s  I s o l a t i o n  

P e n a t a q u i t  Creek  

T o t a l  F e c a l  
Month ~ o l i f  orm/100 m l  Coliforrn/100 m l  

I I 
June 1976 I 43,000 I 43,000  

J u l y  1976 I 1 ,100  I 460 

August 1976 1 230'000 I 9 , 300  

September 19 76 n t  I n t  

November 1976 1 ,500  I 390 

December 1976 9  30 I 9 3  

January 1977 I 9,300 I 4,300 

F e b r u a r y  19 77 I 9 ,300  I n t  

March 1977 I 15,000  I n t  

V i r u s  P F ~ / g a l  

25 .O 

8 . 0  

n  i 

n t  

n i  

n i  

n  i 

n  i 

n  i 

i n i  

n i  

n i  

A p r i l  1977 4,300 

Hay 1977 4 ,300  

n t  = Not T e s t e d  n i  = No I s o l a t e s  
10 

4,300  

4 30 

w w w w w w w r . r . r . r . r -  
b r . r . F F r . t . r . r . F r . r -  
W h m c c > ~ C D ~ -  
C  - .- z. 3 = a i ; Z a : l Y S i ;  
3 7 

MONTH 

Figure  4 .  T o t a l  and f e c a l  co l i f o rm  counts  (per  100 ml) , 
Pena t aqu i t  Creek. 0  - t o t a l  co l i form;  b - f e c a l  c o l i -  
form. 

- 50 - 



r a t h e r  than a s i n g l e  one was f u r t h e r  supported by t h e  wide var i .e ty  of 

i s o l a t e s  i d e n t i f i e d  from t h e  two samples (Table 9 ) .  No P o l i o v i r u s  s p e c i e s  

were recovered from any creek samples. 

c .  Great South Bay - waters  and s h e l l f i s h  

i. Open a r e a  

Virus recover ies  i n  water  occurred twice  dur ing  t h e  summer. and once 

i n  t h e  s p r i n g  (Table 1 0 ) .  With t h e  except ion of t h e  J u l y  sample, v i r u s  

i s o l a t i o n s  were made dur ing t imes when col i form counts  were a t  t h e i r  max- 

imum (Figure 5 ) .  I s o l a t i o n s  from clam samples occurred i n  A p r i l ,  when . 

recover ies  were a l s o  made i n  t h e  water  column, and i n  June (Table 1 1 ) .  

Some moderate c o r r e l a t i o n  was noted between v i r u s  i s o l a t i o n s  and col i form 

counts  (Figure  6) dur ing t h e s e  months. D i f f i c u l t i e s  i n  ob ta in ing  s h e l l -  

f i s h  s e v e r e l y  l i m i t e d  t h e  t o t a l  number of samples t aken  dur ing t h e  s tudy 

per iod.  

The p o s s i b l e  sources  of p o l l u t i o n  t o  t h i s  r e g i o n  inc lude  l and  runof f ,  

leakage from domestic s e p t i c  systems l o c a t e d  a long t h e  bay, and t h e  d i scharges  

of p rev ious ly  contaminated t r i b u t a r y  r i v e r s  and c reeks  (Note: Pena taqu i t  

Creek, which was p rev ious ly  shown t o  c o n t a i n  v i r u s  dur ing summer months, 

empties i n t o  Great South Bay a t  a p o i n t  j u s t  n o r t h  of where "closed" and 

11 open" water sampling was c a r r i e d  o u t ) .  

With t h e  except ion of the J u l y  sample, moot o f  t h e  water  and shel.1- 

f i s h  i s o l a t e s  could n o t  be s p e c i f i c a l l y  typed (Table 12) .  The P o l i o v i r u s  

type 2 i s o l a t e  occur r ing  i n  J u l y  was l a t e r  shown t o  be a vaccine  s t r a i n .  

ii. Closed a r e a  

The a r e a  sampled was loca ted  w i t h i n  one m i l e  in-shore from t h e  "openv' 

area, and was t h e r e f o r e  c l o s e r  t o  those  p o t e n t i a l  p o l l u t i o n  sources  pre- 

v i o u s l y  discussed.  



TABLE 9 

Virus  I s o l a t e  I d e n t i f i c a t i o n s  

Pena taqu i t  Creek 

Date - 

June 29, 1976 

J u l y  15, 1976 

U* - I d e n t i t y  Unknown 

I d e n t i f i c a t i o n s  Inc lude  

ECHOvirus Type 6 
U* 

ECHOvirus Type 2 
Coxsackievirus Type A-9 

U* 
U* 

ECHOvirus Type 15 
Coxsackievirus Type B-3 

ECHOvirus Type 25 
ECHOvirus Type 32 

TABLE 10 

Coliform and Virus  I s o l a t i o n  

Virus  pFU/gal 

8 .O 

1 . 2  

n i  

n t  

n i 

n t  

n t  

n i  

n i  

2.9 

n t  

n i  

Great  South Bay, Open S h e l l f i s h  Waters - I s l i p  

To ta l  Feca l  

n i  = No I s o l a t e s  

n t  = Not Tested 

~ o l i f  orm/100 m l  

4 

4 

< 3 

n t  

nt. 

n t  

n t  

n t  

<3  

1 5  

n t  

< 3  

Month 

J u l y  1976 

August 1976 

September 1976 

October 1976 

November 19 76 

December 1976 

January 1977 

February 19 77 

March 1977,  

A p r i l  1977 

May 1977 

June 1977 

~ o l i f o r m / 1 0 0  m l .  

4 

460 

9 3 

n t  

4 3 

n t  

n t  

9 3 

23 

150 

n t 

9 3 



TABLE 11 

Col i fo rm and V i r u s  I s o l a t i o n  

Month 

September 1976 

October  1976 

November 1976 

December 19  76 

J a n u a r y  1977 

Feb rua ry  1977 

March 1977 

A p r i l  1977 

P!.ay 1977 

J u n e  1977 

Grea t  South Bay Open S h e l l f i s h  - Clams 

T o t a l  F e c a l  
C o l i f  orm/100 g C o l i f  orm/100 g 

I 

n i  = No I s o l a t e s  I 
n t  = Not Tes t ed  

MONTH 

V i r u s  PFU/g 

n  i 

n t  

n t  

n t  

n t  

n  i 

n i  

0 . 3  

n t  

0 . 1  

F igure  5. T o t a l  and f e c a l  co l i form counts  (per  100 ml) ,  
Great  South Bay, Open S h e l l f i s h  Waters - I s l i p .  0 - 
t o t a l  col iform; A - f e c a l  c o l i f o m .  



MONTH 

Figure 6. To ta l  and f e c a l  coliform counts (per 100 ml),  
Great Souch Bay, Opeh S h e l l f i s h  - Clams.. 0 - t o t a l  
coliform; A - f e c a l  coliform. 

TABLE 12 

Vi rus  I s o l a t e  I d e n t f i c a t i o n s  

Grea t  South Bay 

"Open" Water and S h e l l f i s h  ' 

Date - 
J u l y  7, 1976 

Sample Type I d e n t i f  i c a  ti-ofis,-Include, 

Water 

August 18,  1976 Water 

A p r i l  25, 1977 Water 

A p r i l  25, 1977 S h e l l f i s h  

June  2, 1977 S h e l l f i s h  

C* 
u* 

P o l i o v i r u ~  Type 2 
(Vaccine S t r a i n )  

ECilWirus 'Type 22 
ECHOvirus Type 11 

U* - I d e n t i t y  Unknown 



V i r a l  i s o l a t i o n s  from closed waters  and s h e l l f i s h  were made i n  J u l y  

(1976) and June (1977), wi th  an  a d d i t i o n a l  i s o l a t i o n  made i n  water a lone  

i n  February (Tables 1 3  and 14) .  I n  genera l ,  v i r a l  i s o l a t i o n  d i d  n o t  corre-  

l a t e  w e l l  w i t h  co l i fo rm counts (Figures  7  and 8) ,  with  t h e  except ion of t h e  

J u l y  clam sample. 

I s o l a t e  i d e n t i f i c a t i o n s ,  shown i n  Table 15,  included s e v e r a l  P o l i o  and 

ECHO v i r u s  types .  Of p a r t i c u l a r  i n t e r e s t  were t h e  June 2 samples i n  which 

P o l i o v i r u s  type 1 was i s o l a t e d  from both  s h e l l f i s h  and t h e  over ly ing  water  

column. 

Ex t rapo la t ion  of d a t a  c o l l e c t e d  from Pena taqu i t  Creek sugges t s  t h a t  

t h i s  and o t h e r  l o c a l  c reeks  were c o n t r i b u t i n g  t o  t h e  " v i r a l  po l lu t ion"  

,observed i n  t h i s  immediate reg ion  of t h e  bay. 

Based on t h e  l i m i t e d  informat ion c o l l e c t e d ,  t h e r e  was apparen t ly  l i r t l e  

v i r o l o g i c a l  d i f f e r e n c e  between t h e  waters  and s h e l l f i s h  of t h e  "open" and 

"closed" a r e a s .  It must be noted,  however, t h a t  t h e  d i s t a n c e  between t h e  

sites was n o t  s u f f i c i e n t  t o  expect any meaningful v i r u s  removal from t h e  

water  column. A s i g n i f i c a n t  d i f f e r e n c e  may have been seen,  had t h e  "open" 

t e s t i n g  s i t e  been l o c a t e d  s e v e r a l  mi les  from t h e  "closed" a r e a .  

d. Oyster Bay - waters  and s h e l l f i s h  

i. Open a r e a  

Virus i s o l a t i o n s  from "open" wate r s  and s h e l l f i s h  were in f requen t  (Tables 

1 6  and 1 7 ) .  Corresponding co l i fo rm counts  a l s o  tended t o  be  q u i t e  low wi th  

t h e  except ion of some of t h e  summer read ings  (Figures 9  and 1 0 ) .  Virus  

i s o l a t e s  which were recovered i n  J u l y  and March, could n o t  be  i d e n t i f i e d  

us ing  typ ing  pools  (Table 18).  

The s tudy a r e a  i n  ques t ion ,  which had been open t o  s h e l l f i s h i n g  f o r  



TABLE 1 3  

Month 

J u n e  1976 

August 1976 

September 1976 

October  1976 

Novembcr 1 3  76 

December 1976 

Janua ry  19 77 

February  1977 

March 1977 

A p r i l  1977 

May 1977 

J u n e  1977 

Col i form and Vi rus  I s o l a t i o n  

G r e a t  South  Bay, Closed S h e l l f i s h  Waters - I s l i p  

T o t a l  
c o l i f  orm/100 m l  

ni = No I s o l a t e s  

n t  = Not Tes ted  

F e c a l  
~ o l i f o r m / 1 0 0  m l  V i r u s  PFU/gal 

I 



Month 

J u l y  1976 

August 1976 

September 1976 

October 1976 

November 1976 

December 1976 

January 1977 

February 1977 

March 1977 

A p r i l  1977 

May 1977 

June 1977 

TABLE 14 

Coliform and Virus  I s o l a t i o n  

Great  South Bay Closed S h e l l f i s h  - Clams 

T o t a l  
Coliform/100 g 

16,000 

2 0 

1,300 

n t  

n t  

n t  

n t  

<20 

50 

630 

n t  

2 20 

Feca l  
Coliform/100 g 

. 16,000 

< 20 

< 20 

n t  

n t  

n t  

n t  

n t  

< 20 

20 

n t  

20 

Virus PFU/g 

0.16 

n i 

n i  

n t  

n t  

n t  

n t  

n i  

n i 

n i  

n t  

0 . 1  

n i  = No I s o l a t e s  

n t  = Not Tested 
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Flgure 7 .  Total and feca l  coliform counts (per 100 ml),  
Great South Bay, Closed She l l f i sh  Waters - I s l i p .  0 - 
t o t a l  coliform; A - f eca l  coliform. 

MONTH 

Figure 8 .  Total and feca l  coliform counts (per 100 ml),  
Great South Bay, Closed She l l f i sh  - Clams. 0 - t o t a l  
coliform; A - fecal  coliform. 



TABLE 15 

Virus Isolate Identifications 

Great South Bay 

"Closed" Waters and Shellfish 

Date Sample Type Identifications Include 

July 7, 1976 Water U* 

July 29, 1976 Shellfish 

February 28, 1977 Water 

June 2, 1977 Water 

June 2, 1977 Shellfish 

U* - Identity unknown 

ECHOvirus Type 20 
ECHOvirus Type 23 

Poliovirus Type 2 
(Vaccine strain) 

Poliovirus Type 1 
' (Vaccine strain) 

Poliovirus. Type 1 
(Vaccine strain) 



Month 

J u l y  1976 

August 1976 

Septcmber 1976 

October 1976 

November 19 76 

December 19 76 

Janua ry  19 7 7 

February 1977 

March 1977 

A p r i l  1977 

May 1977 

June  19 77 

n i  = No I s o l a t e s  

TABLE 16 

Col i form and Vi rus  I s o l a t i o n  

Oyster  Bay, Open S h e l l f i s h  Waters 

T o t a l  Feca l  
Coliform/100 41 - 1  . Coliform/100 m l  V i r u s   gal 

2.8 

n t  = h'ot Tes t ed  



TABLE 17 

Coliform and Vi rus  I s o l a t i o n  

Oyster Bay, Open A r e a  - Oysters  

T o t a l  Feca l  
Month Col i fom/100  g Col i f  om/100  g 

1 I 
J u l y  1976 I 80 I 20 

August 1976 

September 1976 

October 1976 

November 1976 

December 1976 

January 1977 

February 1977 

March 1977 

A p r i l  1977 

May 1977 

June 1977 

n i  = No I s o l a t e s  

n t  = Not Tested 

Virus  PFU/g 

n i  

n i  

n i  



MONTH 

Figure 9 .  Total and feca l  coliform counts (per 100 ml), 
Oyster Bay, Open Shel l f i sh  Wnt.ern. n - t o t a l  coliform; 
h - Ircal cul l furui .  

Figure 10. Total and feca l  c o l i f o m  counts (per 100 
ml),  Oyster Bay, Open Area - Oysters. 0 - to ta l  c o l i -  
form: A - f eca l  colitorm. 



TABLE 18 

Virus Isolate Identifications 

Oyster Bay 

"Open" Water and Shellfish 

Date Sample Type ~dentifications Include 

July 20, 1976 Water U * 

March 30, 1977 Shellfish U* 

U* - Identity Unknown 



many years, was located several miles from the nearest major pollution source, 

a secondary effluent outfall. The relative infrequency with which viruses 

were isolated was probably related to the viricidal properties of the waters, 

in conjunction with the distance required to reach the "open" area. 

ii. Closed area 

The bay area studied had been closed to shellfishing for several years. 

The surrounding banks were extensively developed with single family dwell- 

ings. 

Viral isolations were not made from any of -the water samples tested 

(Table 19). With the exception of the June 1977 sample, coliform counts 

lu ~111s area were qtilte low (Figure 11). These findings were difficult to 

reconcile with shellfish data from the same area which revealed a number 

of virus isolations and high coliform counts in three of the eight times 

the area was sampled (Table 20, Figure 12). There are two possible ex- 

planations for this discrepancy: 1) the waters in the "closed" area 

contained heavy concentrations of suspended'material (i.e., algae, detritis). 

It has been shown that such conditions, especially when in a marine or 

estuarine environment, can severely limit the efficienciee of virus concen- 

tration methods, and 2) in extremely turbid estuarine waters, human viruses 

will not usually remain in a free state. Studies have shown that viruses 

in the water column readily bind to particulates which later become sedi- 

mented. A number of workers have shown greater numbers of virus in sedi- 

ments than in the'surrounding waters. If this was occurring in the "closed" 

area of Oyocer Bay, viruses would be diFficult to find frl water samples 

but would still be available for uptake by shellfish. 

Little value would be obtained from any attempt to compare data from 

11 open" and "closed" areas based upon so few sampling events. 



TABLE 19  . 

Month 

J u l y  1976 

August 1976 

September 1976 

October 1976. 

November 19 76 

December 1976 

Janua ry  1977 

February  1977 

March 1977 

Col i form and Vi rus  I s o l a t i o n  

Oys t e r  Bay, Closed S h e l l f i s h . W a t e r s  

T o t a l  F e c a l  
~ o l i f o 1 & / 1 0 0  m l  ~ o l i f o r m / 1 0 0  m l  

I 

n t  

' n t  

n t  = Not Tes ted  

A p r i l  1977 

May 1977 

June  1977 

MONTH 

9 

n t  

2,400 

V i r u s  PFU/gal 

n i  

n i  

n  i 

n i  = No I s o l a t e s  

Figure 11. To ta l  and f e c a l  co l i form counts  (per 100 
ml) ,  Oyster Bay, Closed S h e l l f i s h  Waters. 0  - t o t a l  
coliform; A - f e c a l  coliform; 



TABLE 20 

Coliform and Virus I s o l a t i o n  

Month 

J u l y  1976 

A u g u ~ t  1976 

September 1976 

October 1976 

Nove~llLar 1976 

December 1976 

January 19 7 7 

February 1977 

March 1977 

A p r i l  1977 

May 1977 

June 1977 

Oyster Bay, Closed Area - Oysters  

T o t a l  
Col i f  orm/100 g 

Fecal  
~ o l i f o r m / 1 0 0  g 

n i  = No I s o l a t e s  

n t  = Not Tested 

Virus PFu/g 

0.48 

n i  

n i  

a t  

0.08 

n t  

n t  

n i  

n i  

0.2 

n t  

n i  



Date - 

July 27, 1976 

MONTH 

Figure 12. Total and fecal coliform counts (per 100 
ml), Oyster Bay, Closed Area - Oysters. 0 - total 
coliform; A - fecal coliform. 

TABLE 21 

Virus Isolate Identifications 

Oyster Bay 

"Closed" Area, Shellfish 

November 22, 1976 

April 27, 1977 

Identifications Include 

ECHOvirus Type 15 
ECHOvirus Type 2 

u* 

Coxsackievirus Type B-3 

U* - Identity Unknown . 



3. Landf i l l  s i t e  

Groundwater samples taken near t he  Babylon l a n d f i l l  yielded a s i n g l e  

pos i t i ve  r e s u l t  (Table 22) during the  month of November. Coliform counts 

during the  e n t i r e  sampling program tended t o  be qu i t e  low (Figure 13) .  

The l i k e l y  v i r u s  source was t h e  scavanger waste p i t s  located a t  t he  land- 

f i l l . s i t e .  Since no t e s t s  were performed on the  scavenger waste, it  i s  

not  poss ib le  t o  comment on removal r a t e s .  

Water samples from the  Babylon s i t e  had a l i g h t  orange co lor ,  and 

gave off  a "chemical smell!' It i s  poss ib ie  t h a t  t h e  extremely poor 

q u a l i t y  of t h e  water i nh ib i t ed  add i t i ona l  v i r u s  i so l a t i ons .  

The only confirmed i s o l a t e  i d e n t i f i c a t i o n  was a Coxsackievirus type 

B-3 (Table 23). 

4.  Storm water recharge bas in  

Viruses were recovered from groundwater beneath t h e  North Massapequa 

storm water recharge bas in  during t h e  month of August (Table 24). A t  no 

t i m e  during t h e  e n t i r e  sampling period (July '76-May' '77) were col i form 

counts higher than 4. per 100 m l  (Figure 14).  The pH values (Table 25) 

f o r  water beneath t h e  bas in  were among t h e  lowest recorded of any of t h e  

a r e a s  s tudied.  A cont r ibu t ing  f ac to r  t o  t he  low pH may have been r a i n f a l l  

which tends t o  be a c i d i c  i n  t h i s  region. 

Since l i t t l e  is known about t h e  v i ro log i ca l  make up of storm water 

runoff, i t  would be  presumptuous t o  i d e n t i f y  t h i s  a s  t h e  s o l e  source of 

v i r u s  contamination. The d i v e r s i t y  of v i r a l  spec ies  i so l a t ed  (Table 26) 

suggests a recent  human f e c a l  source,  lending some c r e d i b i l i t y  t o  the 

theory of s e p t i c  tank seepage from homes surrounding the  basin.  Further  

t e s t i n g  would have t o  be conducted before e i t h e r  o r  both p o s s i b i l i t i e s  

could be  dismissed'. 



Month 

August 1976 

September 1976 

October 1976 

November 1976 

December 1976 

January 1977 

February 1977 

March 1977 

A p r i l  1977 

May 1977 

TABLE 22  
. . 

co i i fo rm and Virus  I s o l a t i o n  

Babylon Well 

T o t a l  Coliform 

2  

< 3  . 

2  3 

< 3  

Feca l  Coliform 

< 2  

< 3 

< 3 

< 3 

n i  = No I s o l a t e s  

n t  = Not Tested 

MONTH 

Virus PFU/gal 

n i  

n i 

n i  

n i 

3.6 

n i  

Figure 13. Total  and f e c a l  coliform counts (per 100 
m l ) ,  Babylon Well. 0 - t o t a l  c o l i f o m ;  A - f e c a l  
co l i f  o m .  



Date - 

November 17, 1976 

TABLE 23 

Virus Isolate Identifications 

Babylon Well 

Identifications Include 

Coxsackievirus Type B-3 
U* 

U* - Identity Unknown 



TABLE 24  

Month 

July 1976 

August 1976 

September 1976 

October 1976 

November 1976 

December 1976 

January 1977 

February 1977 

March 1977 

April 1977 

May 1977 

Coliform and Virus Isolation 

No. Massapequa Well 

Total Fecal 

ni = No Isolates 

nt = Not Tested 

MONTH 

Virus PmT/gal 

I 
n i 

I 4.0 
I 

I n i 
I 

ni 

ni 

nt 

n i 

ni 

ni 

n i 

ni 

Figure 14. Total and fecal coliform counts (per 100 
ml), North Massapequa well .  0 - total coliform; 
A - fecal coliform. 



TABLE 25 

Ambient pH Va lues  Of Water From V.arious S i t e s  

June J u l y  Aug 
S i t e  1976 1976 1976 

I I I 
Meadowbrook STP 
O y s t e r  Bay STP 
Park land  STP 
Stony Brook STP 
S u n r i s e  STP 

Meadowbrook Well 
Park land  W e l l  
S tony  Brook W e l l  
S u n r i s e  W e l l !  

I 
w G r e a t  South Bay 
h) 

Closed S h e l l f i s h  HzO 
I 

G r e a t  South Bay 
Open S h e l l f i s h  H 2 0  
O y s t e r  Bay 
Closed  S h e l l f i s h  H 2 0  
O y s t e r  Bay 
Open S h e l l f i s h  H,O 

Lake Ronkonk,om~ 
Per - t aqu i t  Creek 

Bayport  W e l l  
Oakdale w e l l  
No, Massapequa Well  

SCED -per.  S i t e  nz 1 7.0  I 6 . 1  
( e f f l u e n t  ) 

n t  
6 . 6  

Babylon Wel l  

Sep t  
1976 

7'. 2 
6.2 
8 ; l  
7.2 
7 .4  

6.2 
7 .0  
6.6 
6.7 

8 . 1  

8 . 1  

7 .5  

7.6 

6 .0  
5.. 8 
n t  

O c t  Nov 
1976 1976 

I 

10.0 
7.5 

n: 

J a n  
1977 

7.4 
7.2 
7.3 
6 . 9  
7 .8  

6.3 
7.0 
6.4 
6.7 

n t  

n t  

n t  

n t  

7.6 
6 .4  

6.2 
6.3 
6 .0  

Feb Mar ~ ~ r i l  
1977 1977 1977 

8 . 8  
6 . 1  
5.7 

n t  

May June  
1977 1977 

7.3 

I 

n t  6 .8  
7.4 n t .  
n t  6.2 
7 .1  n t  
7.0 n t  

n t  n t  
n t  6.8 
6 .4  n t  

6 - 7  

nt 

I 
n t  

I 
7.5 1 

I 



TABLE 26 

Date - 

August 4, 1977 

Virus Isolate Identifications 

North Massapequa Well 

Identifications Include 

ECHOyirus Type 23 
ECHOvirus Type 11 
Coxsackievirus Type A-16 



Sewage treatment plants 

a. Discharge to surface waters - Oyster Ray 

The secondarily treated, chlorinated effluent discharged from the 

Oyster Bay sewage treatment plant (STP) was found to contain significant 

numbers of viruses on four sampling occasions (Table 27). As is typical 

with sewage effluent, a wide variety of virus species was isolated (Table 

28). There was little correlation between viral numbers isolated and 

corresponding colif o m  counts (Figure 15). 

Viruses were isolated in summer, early fall, late winter, and spring, 

Isolations were not made when residual chlorine 'levels were in excess of 

1.0 parts per million (ppm) (Table 29, Figure 16), but there is insuf- 

ficient information to conclude that use of such residuals would consistent- 

ly result in virus-free effluents. (Note: chlorine residual readings pre- 

sented in all STP samples taken on the day that virus sampling occurred. 

They should not be interpreted as being the levels that existed through- 

out the month.) 

Beginning in March, effluent turbidity levels were monitored in order 

to investigate a previously proposed relationship between virus occurrence 

and high turbidities in STP effluents. Isolations were made in March and 

April when turbidity levels were 20 and 24 Nephelometric Trubidity Units 

(NTU) respectively (Table 30). No isolations were recorded in May when 

the turbidity level was 10 NTU. While these data do not contradict the 

theory of a virus-turbidity relationship, they do not of themselves 

represent a confirmation. This could only be established by more intensive 

sampling and comparison. 



TABLE 27 

Col i form and V i r u s  I s o l a t i o n  

Month 
P 

June  19768 

J u l y  1976 

August 1976 

September 1976 

October  1976 

November 1976 

December 1976 

Janua ry  1977 

February  1977 

March 1977 

A p r i l  1977 

May 1977 

O y s t e r  Ray STP 

T o t a l  
Col i form/100 ml 

* Unch lo r ina t ed  

n i  = No I s o l a t e s  

n t  = Not Tes t ed  

F e c a l  
~ o l i f o r m / 1 0 0  m l  Virus  PFU/gal 

n t  

227.0 

n i 

67.2 

n i 

n i  

n i  . 

n i 

n i  

2636.4 

216.4 



Date 

July 12, 1976 ' 

September 21, 1976 

March 8, 1977 

April 5, 1977 

Virus Isolate Identifications 

Oyster Bay 

STP 

Identifications Include 

ECHOvirus Type 25 
ECHOvirus Type 14 
Coxsackievirus Type A-16 
Coxsackievirus Type B-3 
ECHOvirus Type 17 
ECHOvirus Type 27 
Coxsackievirus Type B-6 
ECHOvirus Type 11 
ECHOvirus Type 13 
Coxsackievirus Type A-7 
Coxsackievirus Type B-4 

ECHOvirus Type 5 
ECHOvirus Type 25 
Coxsackievirus Type B-2 
ECHOvirus Type 17 
ECBSnrnriiS Type 11 
Coxsackievirus Type B-5 
F C H 0 v i t i . 1 ~  Type 6 
Poliovirus Type 3 

(Vaccine strain) 
ECHOvirus Type 12 

Coxsackievirus Type B-3 
ECHOvirus Typo 11 
Poliovirus Type 2 

(Vaccine strain) 

1.r * 
ECHOvirus Type h 
Coxsackievirus Type B-3 
Coxsackievirus Type A-17 

U* - Identity Unknown 



TABLE 2 9  . 
R e s i d u a l  ' c h l o r i n e  Va lues  (ppm) For  Sewage Trea tment  P l a n t  E f f l u e n t s  

S i t e  - Month 

J u n e  J u l y  Aug Sep t  O c t .  Nov Dec J a n  Feb Mar Apr May J u n e  

TABLE 30 

Turbidity Values (MTU) for Sewage Treatment Plant Effluents 

Site . - Month 

March April May June 
1977 1977 1977 1977 

Meadowbrook STP 

Oyster Bay STP 

Parkland STP 

Stony Brook STP 

Sunrise STP 

19 

2 0 

3 7 

10 

25 

10 

2 4 

,9 .5 

nt 

6.8 

14 

10 

nt 

2 5 

19 

nt 

nt 

'20 

nt 

nt 



MONTH 

Figure 15. Total and feca l  coliform counts (per 100 
ml),  Oyster Bay STP.. 0 - t o t a l  coliform; A - f cca l  
c o l i f  orm. 

MONTH 

Figure 16. Residual chlorine (ppm), Oyster Bay STP. 



b. Discharge to leaching fields - 
Sunrise Garden A~artments 

With two exceptions, which cannot be accounted for, significant 

numbers of viruses were routinely isolated in chlorinated treated waste- 

water (Table 31). At the same time, extremely high coliform counts were 

also recorded (Figures 17 and 18). The high levels of virus and bac- 

teria are indicative of grossly inadequate treatment procedures which 

resulted in effluents of such poor quality that chlorine residuals as 

high as 2.0 ppm (Figure 19) were unable to affect any appreciable disinfec- 

tion. The net result was an effluent that often resembled (microbially) 

the product of a primary treatment plant. It was impossible to identify 

all isolates from each sample, and is likely that many more virus species 

would have been identified than indicated in Table 32, 

Despite the high virus numbers entering the leaching fields, only 

two samples from the groundwater observation well yielded positive results 

(Table 33). This unexpected finding indicated the extraordinary virus 

adsorbing capacity of the soil. It is probable that a majority of the 

viruses in the effluents were bound to small particles. The particles 

were then removed during horizontal passage through the soil by a sieving 

action. Reductions were also noted in coliform numbers (exceptions occurr- 

ed in February and April). Precise determinations of virus and bacterial 

removal could not be made due to a lack of information concerning effluent 

residence time in the leaching fields, and the soil characteristics of 

the area. 



TABLE 31 

Month 

August 1976 

Seprember 1976 

October 1976 

November 1976 

December 19 76 

January 1977 

February 19 7 7 

March 1977 

A p r i l  1977 

May 1977 

Coliform and Vi rus  I s o l a t i o n  

S u n r i s e  STP 

T o t a l  
Co l i f  orm/100 ml 

93,000 

24,000,000 

2,400,000 

4,600,000 

2,400,006 

230,000 

110,000,000 

2,400,000 

930,000 

9,300,000 

Fecal  
Coliform/100 m l  

I 
Virus  PFU/gal 

1440.0 

1gon.n 

n i  = NO I s o l a t e s  

n t  = Not Tested 
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TABLE 32 

Date 

August 13, 1976 

September 22, 1976 

October .l9, 1976 

December 15, 1976 

January 18, 1977 

January 18, i9-7 

March 22, 1977 

Virus Isolate Identifications 

Sunrise 

STP and Observation Well 

Sample Type 

Effluent 

Effluent 

Effluent 

Effluent 

Effluent 

Observation Well 

Effluent 

April 20, 1977 Effluent 

May 16, 1977 

May 16, 1977 

Effluent 

Observation Well 

Identifications Include 

Coxsackievirus Type B-3 
ECHOvirus Type 6 
ECHOvirus Type 7 
ECHOvirus Type 21 
Coxsackievirus Type B-4 

ECHOvirus Type 6 
Coxsackievirus Type B-6 
Poliovirus Type 2 

(Vaccine strain) 
Coxsackievirus Type B-2 
ECHOvirus Type 7 

Coxsackievirus Type A-16 
ECHOvirus Type 15 

u* 
ECHOvirus Type 31 

ECHOvirus Type 31 
ECHOvirus Type 24 
ECHOvirus Type 25 
Coxsackievirus Type B-3 

Coxsackievirus Type B-3 
ECHOvirus Type 24 

u* 

Poliovirus Type 2 
(Vaccine strain) 

Poliovirus Type 1 
(Vaccine strain) 

ECHOvirus Type 6 
Coxsackievirus Type B-4 

u* 
ECHOvirus Type 2 
Coxsackievirus Type B-3 
Poliovirus Type 3 

(Vaccine strain) 

U* - Identity Unknown 



TABLE 33 

Month 

September 1976 

October 1976 

November 1976 

December 1976 

January 1977 

February 1977 

March 1977 

April 1977 

May 1977 

Coliform and Virus Isolation 

Sunrise Well 

Total Fecal 
Coliform/100 ml , ~oliform/100 m l  

I 
Virus PFU/gal 

ni 

ni 

ni 

nt 

3.8 

ni 

ni 

ni 

5.7 

ni = No Isolates 

nt = Not Tested 



c. Sewage treatment plants with groundwater 

recharge basins 

i. Meadowbrook STP 

Viruses were,isolated in chlorinated effluents on three occasions 

(Table 34). Of interest was the isolation of virus during periods when 

coliform counts were extremely low (September and February), and the absence 

of virus isolates during months when coliform counts were unusually high 

(Figures 20 and 21), the exception being the sample from June 1976. In 

all likelihood, human viruses were present during those periods of high 

coliform densities (August and January), but their adsorption to virus 

concentrating filters may have been inhibited (other workers have noted 

similar difficulties when using the virus concentrator in grossly con- 

taminated waters. The process responsible has not as yet been determined). 

Viruses were recovered from. effluents with chlorine residuals as hlgh 

as 1.5 ppm (Table 29, Figure 22). Isolate correlation with turbidity 

levels could not be made (Table 30). Isolate identifications (Table 35) 

included a wide variety of enterovirus species. Among the isolates obtain- 

ed from the September 1976 sample were Coxsackievirus types B-3 and B-4. 

The same virus species had been reported during that period as having been 

isolated from numerous patients suffering from a' variety of clinical sym- 

ptoms by Dr. Wayne Klein, Chief of Virology Service, Nassau County. 

Medical Center (Meadowbrook Hospital). 

Small numbers of viruses were found on three occasions in the ob- 

servation well (Table 36), indicating vertical movement of virus particles 

through the basin. The likelihood of horizontal movement of viruses can- 

not be commented upon due to the location of the observation well. The well 



TABLE 34 

Coliform and Virus Isolation 

Month 

June 1976 

July 1976 

August 1976 

September 1976 

October 1976 

November 1976 

December 1976 

January 19 77 

February 1977 

March 1977 

April 1977 

May 1977 

Meadowbrook STP 

Total Fecal 
Coliform/100 ml Coliform/100 ml 

ni = No Isolates 

nt = Not Tested 

Virus ~FU/gal 

80.0 

ni 

ni 

6.4 

n i 

ni 

n i 

n i 

100..0 

ni 

ni 

~ ni 
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TABLE 35 

Virus Isolate Identifications 

Meadowbrook 

STP and Observation Well 

Date Sample Type Identifications Include - 

June 22, 1976 Effluent ECHOvirus Type 13 
ECHOvirus Type 21 
Coxsackievirus Type B-3 

August 17, 1976 Observation Well ECHOvirus Type 12 
U* 

September 1'3, 1976 Effluent 

September 13, 1976 Observation Well 

February 2, 1977 Effluent 

April 5, 1977 Observation Well 

U* - Identity Unknown 

Coxsackievirus Type B-4 
Coxsackievirus Type B-3 
ECHOvirus Type 6 
Poliovirus Type 1 

(Vaccine strain) 

Coxsackievirus Type 6-4 
ECHOvirus Type 30 

u* 



TABLE 36 

Col i form and Vi rus  I s o l a t i o n  

Meadowbrook Well  

Month 

August 1976 

September 1976 

October  1976 

November 19  76 

December 1976 

Janua ry  1977 

February  1977 

March 1977 . 

A p r i l  1977 

May 1977 

T o t a l  
Col i form/100 ml 

23,000 

n i  = No I s o l a t e s  

n t  = Mot Tested 

F e c a l  
Col i form/100 ml V i rus  PFU/gal 

1 . 3  



had been sunk w i t h i n  8 f t .  of the bank of t h e  bas in .  At s u c h  c l o s e  prox- 

imi ty ,  i t  is l i k e l y .  t h a t  t h e  w e l l  drew from t h e  dome of recharged water  

t h a t  extended outward from beneath  t h e  bas in .  Well samples were t h e r e f o r e  

n o t  r e p r e s e n t a t i v e  of groundwater t h a t  had undergone any apprec iab le  

h o r i z o n t a l  flow. V i r a l  i s o l a t i o n s  showed l i t t l e  r e l a t i o n s h i p  t o  co l i fo rm 

counts i n  t h e  w e l l  water samples. 

ii. Stony Brook STP 

Human v i r u s e s  were i s o l a t e d  from c h l o r i n a t e d  e f f l u e n t s  dur ing  win te r  

and s p r i n g  months (Table 37). On t h r e e  occasions  t h e r e . w e r e  c o r r e l a t i o n s  

wi th .unusua l ly  h i g h  co l i fo rm counts  (F igures '23  and 24).  Most of t h e  

i s o l a t i o n s  occurred when c h l o r i n e  r e s i d u a l s  were l e s s  than 0.2 ppm (Table 

29, Figure  25). The sporad ic  n a t u r e  of t h e  co l i fo rm and v i r u s  l e v e l s  sug- 

g e s t s  a temporary breakdown i n  treatluent o r  d i s i n f e c t i o n  processes . .  Such 

breakdowns were known t o  occur a t  t h i s  and o t h e r  p l a n t s  s t u d i e d .  

Well samples y ie lded  no v i r u s  i s o l a t i o n s ,  i n d i c a t i n g  t h e  i n a b i l i t y  of 

v i r u s e s  t o  p e n e t r a t e  t h e  80 f t .  from b a s i n  bottom t o  groundwater a q u i f e r  

(Table 38).  Coliform counts  were a l s o  s u b s t a n t i a l l y  reduced' dur ing  s o i l  

p e r c o l a t i o n  (wi th  t h e  obvious except ion of t h e  December sample). The 

r e s u l t s  f o r  t h i s  month do n o t  f i t  t h e  t r e n d s  observed over t h e  year  and 

cannot be  r e a d i l y  expla ined.  

Overa l l ,  t h e  r e s u l t s  were viewed a s  support ing t h e  p r a c t i c e  of t h e  

recharge o f . p r o p e r l y  t r e a t e d  sewage e f f l u e n t s  through b a s i n s  l o c a t e d  

a t  reasonable  d i s t a n c e s  (e.g. ,  80 f t . )  above groundwater a q u i f e r s .  

iii. Parkland 111 STP 

The parkland Iff p l a n t ,  which was t h e  only  t e r t i a r y  t reatment  system 

saupled dur ing t h e  srudy, experienced a number of opera t ing  problems dur ing 



Month 

June 1976 

July 1 Y  16 

August 1976 

September 1.976 

October 1976 

November 1976 

December 1976 

January 1977 

February 1977 

March 1977 

April 1977 

May 1977 

TABLE 37 

Coliform and Virus Isolation 

Stony Brook STP 

Total 
Coliform/100 ml 

7,500 

2,300 

9 

9,300 

4 

11,000,000 

2,400,000 

2,300 

9,300 

4,300 

930,000 

240,000 

Fecal 
Coliform/100 ml Virus PFU/gal 

ni 

ni 

n i 

ni 

ni 

84.4 

369.6 

ni 

n i 

32.4 

2 3 . 2  

ni 
I 

ni = No Isolates 

nt = Not Tested 
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Figure 24. Fecal coliform counts (per 100 ml), 
Stony Brook STP and Stony Brook Well. A - fecal 
coliform - STP; A - fecal coliform - Well. 

MONTH 

Figure 25. Residual chlorine (ppm), Stony Brook STP. 



TABLE 38 

Month 

September 1976 

October 1976 

November 1976 

December 1976 

January  1977 

February 1977 

March 1977 

A p r i l  1977 

May 1977 

Coliform and Vi rus  I s o l a t i o n  

T o t a l  Fecal  
Co l i f  orm/100 m l  Coliform/100 m l  

I. 
V i rus  PFU/gal 

n  i 

n i  

n i  

n  i 

n i  

n  i 

n i  

n  i 

n i  

n i  = No I s o l a t e s  

n t  = Not Tested  



TABLE 39 

Date - 

November 9 ,  1976 

Virus I s o l a t e  I d e n t i f i c a t i o n s  

Stonybrook 

STP 

December 13,  1976 

March 16 ,  1977 

April  12 ,  1977 

U* - Ident i ty  Unknown 

I d e n t i f i c a t i o n s  Include' 

~ ~ ~ 0 k i r u s  Type 2 
ECIiOviruo Typc 21 

u* 
Coxsackievirus Type A-16 
Coxsack iev ir i .~~  Type B-3 

Coxsackievirus Type B-3 
Po l iov irus  Type 1 

(Vaccine s t r a i n )  

ECHOvirus Type 6 



the study period. As a result, monthly coliform counts were quite high, 

and viruses were isolated on six different occasions (Table 40, Figures 

26 and 27). Viral and bacterial numbers were lowest when chlorine resi- 

duals were above 1 ppm (Table 29, Figure 28). At residuals below 0.2 ppm, 

the microbial quality of the effluent often resembled that of primary 

treated sewage. The highest virus count occurred,in March when turbidity 

was at a high of 37 NTU (Table 30). As noted with a previously discussed 

STP effluent, the isolations of additional virus during the months of 

December, January, and April were probably inhibited by the presence of 

excessive numbers of coliform bacteria. 

Isolate identifications included the broad range of enteric viruses 

commonly associated with municipal wastewater (Table 41). As of this writ- 

ing, three Poliovirus isolates recovered from effluent samples during 

February, March, and April have been tentatively identified as begng wild 

type (non-vaccine) strains. Final confirmation of these isolations will 

be made with the assistance of the Center for Disease ~ontr6l (C.D.C.) 

Atlanta, Ga. 

,Comparatively low numbers of viruses were isolated from the ob- 

servation well on three occasions (Table 42). The well was situated 

a sufficient distance from the basins to be representative of some hori- 

zontal flow. The high virus and coliform numbers occurring in improperly 

treated effluents represented a never-intended stress to the removal 

capacities of the recharge system. Despite the loading, the syatem 

appeared to have removed a significant. n ~ ~ r n h ~ r  of organisms. It is not 

known how far the viruses could have moved through the agudferr but they 

would likely have been subject to the same removal mechanisms that occur 



Month 

July 1976 

August 1976 

September 1976 

OcLuber 1976 

November 19 76 . 

December, 1976 

January 1977 

February 19 77 

March 1977 

April 1977 

May 1977 

June 1977 

TABLE 40 

Coliform and Virus Isolation 

Parkland 111 STP 

Total Fecal 

ni = No Isolates 

nt = Not Tested 

Virus PFU/gal 

ni 

ill 

6.8 

n i 

ni 

22.0 

94.7 

315.5 

1070.7 

94.0 

nt 

n i 
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MONTH 

Figure 2 7 .  Fecal coliform counts (per 100 ml), 
Parkland 111 STP and Parkland 111 Well. A - 
f eca l  c o l i f o m  - STP; A - f eca l  coliform - Well. 

MONTH 

Figure 28. Residual chlorinc (ppm), Parkland IIT STP. 



TABLE 41 

Virus Isolate Identifications 

Parkland I11 

STP and Observation Well 

Date Sample Type Identifications Include - 

August 17, 1976 Observation Well ECHOvirus Type 6 

September 6, 1976 Effluent ECHOvirus Type 9 

Decembkr 14, 1976 Effluent U* 

December 14, 1976 . Observation Well ECHOvirus Type 21 
ECHOvirus Type 24 

January 18, 1977 Effluent Poliovirus Type 3 
(Vaccine strain) 
u* 

February 8, 1977 Effluent Coxsackievirus Type B-3 
Poliovirus Type 3 

(Non-vaccine strain) 
Poliovirus Type 2 

(Vaccine strain) 

u * February 8, 1977 observation Well 
,ECHOvirus Type 25 

. u* 

March 15, 1977 Ef fl.uent 

April 13, 1977 Effluent 

u* 
Poliovirus Type 2 
ECHOvirus Type 13 
ECHOvirus Type 25 
Poliovirus Type 3 

(Vaccine strain) 
Coxsackievirus Type A-16 

u* 
poliovirus Type 3 

(Non-vaccine strain) 
ECHOvirus Type 32 

U* - Identity Unknown 



TABLE 4 2  

Month 

August 1976 

September 1976 

October  1976 

November 1976 

December 19 76 

Janua ry  1977 

February  1977 

March 1977 

A p r i l  197.7 

May 1977 

June  1977 

Col i form and Vi rus  I s o l a t i o n  

Parkland I11 Well 

T o t a l  F e c a l  
Coliform/100 m l  I Coliform/100 m l  V i r u s  PFU/gal 

3.7 

n i  

n i  = NO I a o l a t c ~  

n t  = Not Tes t ed  



during vertical penetration through basins. 

Because of the prevalence of low huality effluents, it was 'not 

possible to adequately assess the recharge system's ability to perform 

under normal plant operating conditions. 

6. Experimental septic system 

The routine isolation of high concentrations of human viruses and 

coliform bacteria from raw septic tank influent was expected (Table 4 3 ) .  

No unusual species were noted among the many isolates identified (Table 

4 4 ) .  

Results from tests of the system's undisinfected effluents were nothing . 

less than remarkable. Viruses were isolated on a single occasion in the 

very beginning of the study (~abie 4 5 ) .  Effluent. coliform counts were 

often similar to those found in drinking water (Figure 29). There was 

little evidence of any major system failure, and removal efficiency did 

not appear to be affected by seasonal change. 

Simple adsorptive processes cannot account for the tremendous 

removal rates observed. Further elucidation of the mechanisms involved 

must await additional study. 



TABLE 43 

Total and Fecal Coliform/100 ml and Virus PFU/gal - SCHD Influent 

Month 

July 1976 

August 1976 

September 1976 

October 1976 

November 1976 

December 1976 

January 1977 

February 1977 

March 1977 

April 1977 

May 1977 

Total Coliform 

23,000 

110,000,000 

11,000,000 

24,000,000 

/1,600,000 

24,000,000 

2,100,000 

930,000 

11,000,000 

11,000,000 

7,500,000 

Fecal Coliform 

2,300 

110; 000,000 

11,000,000 

2,400,000 

/t,600,000 

4,600,030 

43,000 

930,000 

nt 

4,600,000 

2,300,000 

Virus PFU/gal 

5,400.0 

600.0 

10,000.0 

2,730.0 

1,800.0 

8,880.0 

1,660.0 

ni 

672.0 

ni 

n i 

u l  = Nu IuulaLcti 

nt - Not Tested 



TABLE 44 

Date 

July 8, 1976 

Virus Isolate Identifications 

SCHD Septic System : 

Influent and ~ f f  luent 

Sample ' ~ ~ ~ e  Identifications Include 

Inf luen t U* 
ECHOvirus Type 21 
Poliovirus Type 2 

(Vaccine strain) 
Coxsackievirus Type A-16 
ECHOvirus Type 25 
Poliovirus Type 3 

(Vaccine strain) 

July 8, 1976 Effluent 

August 2, 1976 Influent 

September 1.4, 1976 Influent, 

October 5, 1976 

November 2, 1976 

December 7. 1976 

January 10, 1977 

March 14, 1977 

Inf luent 

Inf luent 

Tnf luent 

Inf luent 

In£ luent 

ECHOvirus Type 23 
U* 

ECHOvirus Type 11 

ECHOvirus Type 11 
Coxsackievirus Type B-3 
Coxsackievirus Type B-5 
ECHOvirus Type 2 
Coxsackievirus Type A-16 
ECHOvirus Type 23 

U* e 

Poliovirus Type 1 
(Vaccine strain) 

ECHOvirus Type 21 
ECHOvirus Type 12 
ECHOvirus Type 24 

U* 

Coxsackievirus Type A-16 
U* 

P O ~ ~ O V ~ L U S  Type 2 
(Vaccine strain) 

ECHOvirus Type 2 
Coxsackieviru.~ Type A-16 

'J * 
ECHOvirus Type 11 
Coxsackievlrus Type B-3 

U * 
Coxsackievirus Type 'B-3 
ECHOvitus Type 2 
ECHOvirus Type 25 
ECHOvirus Type 14 

U * 
U* - Identity Unknown 



TABLE 45 

Total and Fecal Coliform/100 ml and Virus PFU/gal - SCHD Effluent 

Month 

July 1976 

AugusL 1976 

September 1976 

October 1976 

November 1976 

December 1976 

January 1977 

February 1977 

March 1977 

April 1977 

May 1977 

Total Coliform 

93 

2 3 

2 30 

4 3  

2 8 

< 3 

< 3  

< 3 

< 3 

< 3 

4 

Fecal Coliform 

<3  

< 3 

<3 

< 3  

4 

<3 

< 3 

< 3  

nt 

< 3  

4 

Virus PFU/gal 

10.0 

n i 

n i 

ni 

111 

ni 

n i 

ni 

ni. 

n i 

n i 

ni = No Isolates 

nt = Not Tested 
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V. DISCUSSION 

A. Introduction 

There is as yet no established standard for viral pollution levels in 

aquatic systems. The reasons for this include the difficulty of sampling, 

the nonexistence of a single standard method for enumeration and ident- 

ification, and the lack of concise epidemiological information concerning 

the waterborne transmission potentials of the virus groups involved. In 

isolating members of the Enterovirus group in Long Island aquatic systems, 

we do not stress their significance as disease causing agents, but rather 

as indices of recent contact with human fecal material. 

The study described herein does not represent the "definitive" state- 

ment on pollution in the areas studied. Such a determination would be 

obviated by the low sample numbers, and the brief duration of the program. 

In addition, there was no information gathered on non-Enterovirus species 

which may also be found in sewage polluted systems (e.g., Adendvirus, Re- 

ovirus , Rotavirus (Reo-like) , Norwalk-agents) . 
The conclusions presented on the following pages were developed with 

the above. restrictions in mind, but based primarily upon the results obtain- 

ed from the study. As this rationale exists th.roughout the report, the 

dangers of out-of-context interpretation by the reader cannot be under- 

estimated. 

B. Discussion of Results from Field Samples 

1. Pubfic- Water .-- Supplies 

Reliable technology for the study of virus in drinking water has 

orily been recently developed. Methods now exist which enable specialized 

laboratories to sample volumes of water ranging from 380 k to 19-00 !t 



(Sobsey et al., ' 1973; Yarrah et al., 1976%. The techniques have recently 

been approved and included in the 14th editlton of Standard Methods - for 

Examination of Water and Waste Water (1976). ----- 
Several studies have dealt with the sensitivities of the new methods. 

Hill et al., (1976) reported that 3-5 PFU per 380 9, could be recovered 

when 1900 R of sample water were tested, with overall recovery efficiencies 

ranging from 28 to 42%, with an average sf 35%. The methods have been' 

successfully tested for a number of viruses including Polio, Coxsackie, 

ECHO, Reo and Adenovirus. 

Few virus isolations would be expected in public water supplies due 

to a number of factors including: the inability of human viruses to re- 

produce outside of their host; the natural physical, biological and chem- 

ical processes that inactivate virus in aquatic environments; and the 

efficiency of virus removal and inactivation by conventional drinking- 

water treatment plants (Akin and Jakubowski, 1976). Evidence for the pre- 

sence of virus in drinking water is sketchy and incomplete. A few reports 

have cited viral isolations from drinking-water. After subsequent testing, 

the findings could not be confirmed and were judged to be the result of 

contamination. To avoid siniilar errors in the future, Akin and Jakubowski 

(1976) proposed a set of guidell~~eu Iur saluyling Iinished wacer: 

1. Personnel directly involved in sample collecting and handling 

should routinely have'throat and rectal swabs collected. They should be 

processed if a virus-positive water sample is found.. 

2. Aseptic technique in a closed system should be used for sample 

collecting and processing. 

3. When samples are to be stored prior to testing, they should be 



p l a c e d i n  u l t r a l o i t e m p e r a t u r e  f r e e z e r s  t h a t  c o n t a i n  no o t h e r  type. of v i r u s  

sample. 

4 .  Samples should b e  processed i n  i s o l a t i o n  f a c i l i t i e s  where no o t h e r  

type  of v i r u s  sample is handled. 

5. Mul t ip le  b a r r i e r s  t o  a i r  contamination should e x i s t ,  i .e. ,  s e p a r a t e  

i s o l a t i o n  f a c i l i t y ,  laminar f low hoods, e t c .  

6 .  A l l  i s o l a t e s  must be confirmed a s  being v i r a l  i n  n a t u r e .  

Few e x i s t i n g  l a b o r a t o r i e s  can meee all t h e  above recounueudations, 

p a r t i c u l a r l y  i n  regard  t o  a s e p a r a t e  i s o l a t i o n  f a c i l i t y .  The Brookhaven 

Nat iona l  Laboratory Virology f a c i l i t y  was a b l e  t o  adopt a major i ty  of t h e  

Environmental P r o t e c t i o n  Agency's recommendations f o r  s tudying t h e  d r ink ing  

water  samples from Bayport and Oakdale. 

The s tudy  w e l l s  were s p e c i f i c a l l y  chosen because of t h e i r  r e l a t i v e l y  

shal low depths  and v u l n e r a b i l i t y  t o  contaminants because of t h e i r  l o c a t i o n .  

The water  q u a l i t y  met a p p r o p r i a t e  d r ink ing  water  s t andards  i n  a l l  cases .  

Based upon our  d a t a  which showed no v i r u s  i s o l a t i o n s  from any dr ink ing  

wate r  samples, i t  may be concluded t h a t  v i r u s  and b a c t e r i a l - f r e e  water should 

r e s u l t  from t h e  adequate t reatment  of groundwater from p u b l i c  supply w e l l s  

t h a t  have been l o c a t e d  cons iderab le  d i s t a n c e s  from p o s s i b l e  p o l l u t i o n  sources  

such a s  contaminated r i v e r s  o r  streams, o r  heav i ly  developed (housing) 

a r e a s  where l each ing  from c l o s e l y  packed s e p t i c  systems may adverse ly  a f f e c t  

water  q u a l i t y  i n  t h e  surrounding a rea .  I n  l i g h t  o-f t h e  above f i n d i n g s ,  i t  

is  t e n t a t i v e l y  recommended t h a t  such measures be  taken whenever p o s s i b l e  

f o r  pub l ic  wa te r  s u p p l i e s  on Long I s l a n d .  As t h e  systems s tud ied  (Bayport, 

Oakdale) may n o t  r e p r e s e n t  t h e  "average" water  supply w e l l  on Long i s l a n d ,  

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



o u t  on a v a r i e t y  of p u b l i c  water supply systems i n  o r d e r  t o  lend support  

and f u r t h e r  j u s t i f y  t h e  above conclus ions .  

2. Surface  Waters 

a,  Lake Ronkonkoma 

A review of t h e  a v a i l a b l e  l i t e r a t u r e  r e v e a l s  no previous  r e p o r t  of 

i s o l a t i o n  of human v i r u s e s  i n  l a k e  water  i n  t h e  United S t a t e s .  . The major 

reason f o r  t h i s  would appear t o  be t h e  l a c k  of v i r u s  s t u d i e s  a c t u a l l y  

c a r r i e d  out  on this p a r t i c u l a r .  t y p e  of a q u a t i c  resource .  

I s o l a t i o n  of human v i r u s e s  i n  Lake Ronkonbma samples on two ou t  of 

seven occasions  (28.5%) could t h e o r e t i c a l l y  be  a t t r i b u t e d  e n t i r e l y  t o  t h e  

i n f l u e n c e  of b a t h e r s .  .The theory i s  e a s i l y  appli.ed t o  the occurrence of 

v i r u s e s  a t  a bathing a r e a  i n  ear ly .September ,  a t i m e  when t h e  a r e a  was 

s t i l l  i n  use .  Surv iva l  of human v i r u s e s  i n  l a k e  water would appear t o  

be ex tens ive  (Hermann et  a l . ,  1974), e s p e c i a l l y  i f  they  become t rapped 

wi th in  t h e  sed iments . .  It i s  p o s s i b l e  (but n o t  proven) t h a t  such  v i r u s e s  

could surv ive  f o r  per iods  of up t o  s i x  months, which would exp la in  t h e  

i s o l a t i o n s  i n  March of 1977. There were, however, a n  i n s u f f i c i e n t  number 

of measurements taken b.etween September and March. t o  t o t a l l y  support  o r  

r e f u t e  this theory.  

It i s  imprac t i ca l  t o  ignore  t h e  p o s s i b i l i t y  of o t h e r  sources  con- 

t r i b u t i n g  t o  v i r a l  presence in ,  t h e  l ake .  A s  p rev ious ly  mentioned, t h e  

March i s o l a t i o n s  could r e f l e c t  t h e  passage of f e c e s  - contaminated 

l i q u i d  from domestic s e p t i c  systems t o  t h e  water of t h e  l ake .  In for -  

marion gathered a t  o t h e r  sites concerning the l i k e l i h o o d  of h o r i z o n t a l  

migrat ion of v i r v s  p a r t i c l e s  through s o i l s  would suggest  t h a t  s e p t i c  

systems would have t o  be l o c a t e d  ad jacen t  t o  t h e  shores  of t h e  l a k e  f o r  



this type of movement to occur with any predictable frequency. Ln order 

to adequately assess the likelihood of this particular type of source, 

it would be necessary to test the waters in those areas where septic 

systems are known to occur. 

Standards now exist regarding the placement of septic systems near 

surface waters. It is recommended that further study be carried out to 

assess the adequacy of these standards' in preventing the passage of viral 

contaminants into these waters. 

b. Penataquit Creek 

N i ~ r n ~ i n i i ~  ~ t l l d i ~ . ~  have d~.mnnsrrated the presence oL huisuna vf~uses:  J.il 

the tributary waters leading to embayments (Metcalf and Stiles, 1967; 

Vaughn and Metcalf, 1975). In most instances, pollutants have been traced 

to direct discharge of treated or untreated sewage into the rivers, creeks, 

or streams under study. The likelihood of the passage of infectious viruses 

through tributaries and into embayments of estuarine regions has been 

established. In the case of Penataquit Creek, the two positive samples 

out of a total of eleven taken (18.1%) could not be traced to a regula~ 

discharge of sewage effluent. While leakage from seytlc systems along the 

creek bank, run-off from streets, and the dischar'ge from large boats 

located in the creek may be suspect, the periodicity of virus. isolation 

(and that of bacteria) suggests a more intermittent source. 

Penataquit Creek'exerts'an influence on the water quality of the 

nearby rggiop of Great South Bay. An improvement i n  the quality of this 

and other creek waters would likely result in a corresponding improvement 

in the immediate 'area of the bay. 



c .  Marine Embayments and' their S h e l l f i s h  

(Author's no te :  Over t h e  p a s t  s e v e r a l  months much deba te  has  been 

centered on t h e  adequacy of t h e  co l i fo rm index t o  a c c u r a t e l y  i d e n t i f y  t h e  

p o t e n t i a l  hazards  posed by sewage-borne pathogens t o  commercial s h e l l f i s h  

beds. It i s  no t  t h e  i n t e n t  of t h e  208 v i r u s  s tudy t o  pursue t h i s  quest ion,  

and t h e  p resen t  r e p o r t  con ta ins  i n s u f f i c i e n t  informat ion t o  p roper ly  address  

t h e  problem. Caution i s  t h e r e f o r e  advised regard ing  any c o r r e l a t i o n  of 

v i r a l  and b a c t e r i a l  d a t a  which could no t  be  supported by t h e  au thors  o r  

by Brookhaven Laboratory.)  

Numerous i n v e s t i g a t o r s  have descr ibed t h e  i s o l a t i o n  of human v i r u s e s  

from s h e l l f i s h  and' s h e l l f i s h  growing wate r s  ( see  L i t e r a t u r e  Review - Sect ion 

1 1 ) .  I n  most of t h e  cases  descr ibed,  t h e  source  of v i r a l  p o l l u t i o n  w a s  t h e  

discharge of primary o r  secondary sewage t reatment  p l a n t s .  

Although a  d e f i n i t e  c o r r e l a t i o n  between v i r a l  numbers i n  Pena taqu i t  

Creek and those  i n  Great South Bay could no t  be e s t a b l i s h e d ,  t h e  c reek  

obviously r e p r e s e n t s  one of t h e  sources  of contamina.tion t o  t h e  bay. The 

t ransmiss ion  from creek t o  bay was probably i n  e f f e c t  dur ing t h e  e n t i r e  

year  (even though we were unable t o  i s o l a t e  them from t h e  c reek  a t  a l l  

t imes) ,  w i t h  t h e  a c t u a l  v i r u s  concen t ra t ions  f l u c t u a t i n g  wi th  t h e  season. 

Viruses  were i s o l a t e d  from "closed" wate r s  i n  37.5% of t h e  samples t e s t e d  

whi le  being found i n  28.5% of a l l  "closed" clam samples. The "open" a r e a  

y ie lded  p o s i t i v e  r e s u l t s  i n  37.5% of t h e  water  and s h e l l f i s h  samples. 

These r e s u l t s  do no t  c o n f l i c t  w i t h  e s t a b l i s h e d  s u r v i v a l  p a t t e r n s  f o r  

marine wa te r s  which show extended s u r v i v a l  i n  wa te r ,  s h e l l f i s h  and sedi-  

ments (Vaughn and Metcalf ,  1975; Akin et a l . ,  1975b; DeFlora et  a l . ,  1975). 

The i n s t a l l a t t o n  of s e p t i c  systems a long t h e  immediate s h o r e l i n e  has  



been curtailed by state and county regulation, which should prevent further 

movement of viruses to near shore areas of the bay. The role of storm-water 

run-off as a source of human viruses has been suggested but'not proven in 

the area studied. Additional studies would be necessary to define both the 

extent'of the pollution contributed by run-off, and the likely measures 

for control. 

The "open" and "closed" areas studied in Oyster Bay were probably 

influenced by separate sources of pollutants. Results showed that 12.5% 

of all water and shellfish samples taken at the open site contained species 

of human viruses. Likely sources of viral contamination to this region 

include overland run-off, septic tank leaching, and the nearby (1-2 miles) 

discharge of treated sewage effluent from the Oyster Bay sewage treatment 

plant. While the major viral source could'not be determined within the 

confines of this study, it should be noted that previous work by one of 

the authors (Vaughn and Metcalf, 1974; Metcalf, Vaughn and Stiles, 1972), 

conducted in a similar bay system receiving discharges from secondary 

treatment plants, indicated the presence of human viruses In shellfish beds 

that were located 7-8 miles from the nearest outfall. 

The "closed" site was located several miles west of the "open" area 

discussed above. Microbial contamination at this site was probably influ- 

enced slightly by the sewage outfall, the more likely sources being from 

overland run-off and septic tank seepage from the numerous older homes 

surrounding the area. The results of sampling in this area yielded no 

virus isolates in the water column, yet 37.5% of the shellfish. tested did 

contain viruses. The likely reason for this discrepancy, previously dis- 

cussed in the Results section,.was the heavy turbidity of the water. This 



finding raises some interesting questions concerning the accuracy of the sole 

use of water samples to predict the viral quality of shellfish residing 

in especially turbid environments. 

As the sources of viral pollution in these areas cannot be specifically 

identified without furth.er study, it is impractical to of fe.r concrete sug- 

gestions concerning their control. 

3. Babylon Landfill 

The banning of the open burning of trash, and the demise of the "town 

dump" have popularized the use of sanitary landfills for th.e disposal of 

trash items. Certain precautions shouTdl be taken to prevent the passage, 

of viruses through the landfill and into the groundwater aquifer. Such 

precautions could iriclude the use of impermeable membranes beneath. the fill 

to prevent leaching, or the use of "filtering systems", such as artificial 

peat bogs, to polish the leachates before percolation to groundwater 

aquifers . 
Investigators have previously isolated human viruses in solid wastes 

(Peterson, 1974), but few have reported similar isolations in landfill 

leachates. To date no reports have described isolations in leachate-con- 

taminated groundwater. Correlation of the results of our study with those 

of previous studies was compl.i.ca.t~.d hy the presence of saavcngcr waste 

pits on the Babylon landfill, a practice which is apparently not ofl&n 

used in other parts of the country. The'presence of so obvious a source 

of human viruses tended to diminish the likelihood of other potential sources 

such. as disposable diapers. 

Virus isolations were made in 10% of the groundwater samples tested. 

Because neither the scavenger waste, nor the landfill leachate was tested, 



little can be concluded concerning the virus removing capacity of the land- 

fill itself (significant removal could have actually occurred during move- 

ment through the groundwater aquifer between the landfill and the ohsenation 

well). 

W l e  the greatest threat to groundwater pollution by landfill 

leachates is likely chemical rather than biological in nature, the poss- 

ible movement of potentially harmful'microbes through landfills (especially 

those which mix ,domestic sewage or slLdge with fill) cannot be ig- 

nored. Studies to define procedures (s. those precautions mentioned above) 

f o r  the abatement of biological pollutants in leachates would be indicated. 

4. Storm Water Recharge Basins 

Little is known about the occurrence, cransmlsslu~~ aud survival of 

human viruses in storm water, and.questions concerning their passage through 

storm water recharge basins are moot. The isolation of viruses from the 

groundwater beneath the North.Massapequa recharge basin provides more ques- 

tions than answers. Since the storm waters entering the basin were not 

tested, it is not certain thae vsruse~ were ever prcscnt within them. 'l'he 

only alternative vital source a u ~ e d  waa paaaiblc leaking or nverf1.0~ from 

septic systems located around the basin. Again, there is not sufficient 

information to make this conclusion. 

Additional testing of groundwater and the storm water run-off enter- 

ing the baain over a period of time would likely provide information re- 

garding viral soutce, or at the very least provide additional data with 

which to determine the significance of the single isolation that was en- 

countered. 

Should storm water be identified as the virus source, it wuuld be most 



interesting to.determine the effect of the low pH of waters beneath the 

basin on the removal of viruses during percolation through the soil (as 

previously mentioned, pH levels between 3.0 and 5.5 tend to enhance virus 

adsorption to many surfaces). 

5. Sewage Treatment Plants 

Currently practiced sewage treatment methods cannot guarantee the 

removal.of all human viruses. Isolation of virus. in treated effluents 

is therefore not surprising. The results of'tests carried out on a number 

of sewage treatment plant effluents indicated that efforts could be made 

to minimize the number of viruses in treated wastewater (i.e. carrying out 

standard treatment practices in a properly designed plant). Three of the 

plants released significant virus numbers in less than, 50% of their effluent 

samples tested (Stony Brook STP - 36.3%, Oyster Bay STP - 36.3%, ~eadow- 
brook STP - 25.0%). The Parkland I11 plant showed a slightly higher frequency 

with 54.5% of samples taken yielding positive results. Least effective at 

removing viruses (and bacteria) was the Sunrise Garden Apartments plant 

which showed an 80% frequency of virus isolation. 

The Oyster Bay facility was the only.plant studied which was dis- 

charging treated effluents into surface waters. While the virus removing 

efficiency of this plant was among the highest; of those studied, significant 

numbers of virus particles were periodically released into areas of the bay 

which are now closed.. It can be calculated, given the survival capacities 

of viruses in such systems, that even infrequent discharges of viruses and 

other microbial pollutants can eventually affect the water quality of the 

entire bay area. Such a risk should not be ignored and more effective virus- 

removing methods, or alternative means of effluent disposal should be 

considered. 



The increasing demand for potable water to supply domestic and commer- 

cial needs has prompted a search for methods to supplement .fresh water 

reserves. Among methods proposed are several dealing with the recharge of 

groundwater aquifers with renovated wastewater, including: spray irri- 

gation; land application; well injection; and percolation through recharge' 

basins. Inherent in any scheme of wastewater reuse is the potential hazard 

posed by the pathogenic microorganisms co,mmonly found in sewage. The success 

of many recharge methods may depead largely upon Lheir ability to'succeso- 

fully remove these organisms. An important facet- of the 208 virus study 

was the monitoring of several groundwater recharge sites in order to qual- 

itatively assess their ability to remove human viruses (Note: quantitative 

assessment would require more elaborate programs than those conducted for 

208). While being unable to define all the necessary conditions, it was 

hoped that the program of monthly viral analysis would be able to indicate 

the likelihood of returning virus-free waters to groundwater aquifers. 

While not usually listed among recharge methods, the use of subsurface 

leaching fields associated with sewage treatment plants will eventually 

result in the return of water to the aquifer. It is recommended that eff- 

fluents of similarly low quality to those found at the Sunrise plant not 

be used for such purposes.   ow ever, the information gathered at this site 

may be useful as an index of the efficiency of such recharge systems under 

"worst possible conditions". Viruses were isolated from,8O% of the S'l'P 

effluent samples taken, while only a 22.2% frequency was noted in the 

groundwater observation well. The data suggested that this type of dis- 

posal of low volume effluents in fairly isolated areas would be practical, 

providing the effluents w-ere of adequate quality. 



Among treatment plants discharging into recharge basins,. the best 

results,were obtained frolu the Stonybrook site where no viruses could be 

isolated from the 8 samples tested. Parkland I11 yielded positive results 

in 20% of samples taken, and Meadowbrook showed an isolation frequency of 

25.0%. Previously cited studies have demonstrated an inability of effluent 

borne viruses to penetrate appreciable distances through soil columns de- 

pending on soil composition and effluent application rates. The apparent 

inability to recover significant numbers of virus at the Stonybrook site 

was likely a result of the soil depth from the bottom.of the recharge basin 

to the aquifer, which measured some 80 ft. 

The 34 ft. soil layer from basin to aquifer at the Meadowbrook site 

seemed to be a less efficient virus remover. This conclusion does not 

account for differences in effluent qualities, and soil characteristics. 

Studies of the latter may have indicated the presence of small fissures 

which would have allowed rapid virus infiltration by channeling. Had the 

observation well been located further down-flow, rather than within the 

dome of recharged water, some estimate of virus removal during horizontal 

flow would have been possible. In the absence of this information, it 

can only be assumed that removal rates through the aquifer would be similar 

to those encountered during percolation through the recharge basin. Based 

upon this, it is calculated 'that viral penetration in the. aquifer would not 

be significant after the first 100-200 ft. of travel. Confirmation of this 

hypothesis would require an additional study of the site which would in- 

clude the installation of a second observation well 150 ft. down ground- 

water flow from the recharge basin. 



The microbial quality of effluents discharged from the Parkland LIL 

plant did not resemble those of a properly operated tertiary treatment system. 

In spite of this, encouraging removal rates were noted in observation well 

waters.' Based upon these data, it is conceivable that the recharge of pro- 

perly treated effluents would contribute no,significant virus numbers to 

the aquifer. The premise could be confirmed with a study similar to that 

just completed. 

On the basis of viral information derived from this and other ongoing 

and recently completed studies, the following guidelines concern- 

ing the recharge of domestic sewage rrearmenr: pla11L eIIlueuLs ULL L ~ i l g  Island 

are presented for consideration: 

1. The overall microbial quality of effluents to be recharged 

should, at the very least, conform to standards prescribed for secondary 

effluents, including a suggested fecal coliform count of no greater.(and 

preferably less) than the EPA recommended 200 per 100 milliliters (geo- 

metric mean). Properly treated secondary effluents with chlorine resi- 

duals of 1.5 - 2 .  ppm (15 min. coaeacr rime) should cullLaill reaso~~ably 

low numbers of viruses that should be removed during percolation. 

2. Recharge basins should be located in areas where groundwater 

aquifers are at a significant depth. Because of differences in.soi1 char- 

acteristics, an exact figure cannot be indicated. Depths to groundwater 

of 60-100 feet.would appear to be adequate for the removal of a majority 

of virus particles. Shallower recharge zoaes mighr be acceyLuL1e to a 

minimum of approximately 30 feet. 'Construction of recharge basins with 

distances to groundwater of less than 30 feet. Construction of recharge 

basins with distances to groundwater of less than 30 feet would have to 

be carefdly scrutinized. Alternative treatment methods may modify the 

abo- condieeratione. 



3 .  Recharge basins should not be constructed in areas abutting 

lakes, rivers, creeks, streams or coastal waters where saturated soil 

conditions would facilitate the movement of viruses. 

4 .  Consideration should be given to the siting of recharge oper- 

ations with respect to their proximity to public water supply wells. 

5 .  A series of additional monitoring wells should be constructed 

at each recharge site in order to routinely monitor the quality of the re- 

charged water and its efiect on aquifer quality. 

6. Experimental Septic System 

A major portion of Suffolk County is unsewered, and is likely to re- 

main so for some time, necessitating the use of septic tanks. In an effort 

to'find a more efficient septic system, the Suffolk County Health Department 

constructed an experimental subsurface systemon the grounds of.Brookhaven 

National Laboratory, which treated a portion of raw wastes originating from 

the Laboratory's apartment complex. 

Results from the testing of this system which was part of the 208 

virus program, indicated it to be mst promising for the treatment of small 

vo.lumes of raw wastewater. In spite of the large number of viruses and 

bacteria entering the system, undisinfected effluents consistently reveal- 

ed significant removals of both. The removal mechanisms involved could not 

be determined within the confines of the 208 program, but it is hoped that 

this research may be conducted in the future. 
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