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ABSTRACT 

There were marked differences in  t he  a b i l i t i e s  of d i f fe ren t  soi l  mater- 
i a l s  t o  remove and re ta in  viruses from se t t l ed  sewage, b u t  f o r  each so i l  
material the  behavior of two d i f fe ren t  viruses,  pol iovirus type 1 and reo- 
virus type 3 ,  was often s imilar .  Virus adsorption t o  so i l  materials  was 
rapid,  the  majority occurring within 15 min. Clayey material s e f f i c i en t l y  
adsorbed both viruses from wastewater over a range of pH and t o t a l  dissolved 
sol ids  levels .  Sands and organic so i l  material s were comparatively poor 
adsorbents, b u t  in some cases t h e i r  a b i l i t y  t o  adsorb viruses increased a t  
low pH and with the  addition of t o t a l  dissolved so l ids  o r  divalent  cat ions .  
Viruses in  suspensions of so i l  material in s e t t l ed  sewage survived f o r  
considerable time periods, despite microbial a c t i v i t y .  In some cases vi rus  
survival was prolonged i n  suspensions of so i l  materials  compared t o  s o i l -  
f r e e  controls.  Although sandy and organic so i l  materials  were poor vi rus  
adsorbents when suspended i n  wastewater, they gave >95% virus  removal from 
intermit tent ly  applied wastewater as  unsaturated, lv-cm-deep columns. 
However, considerable quan t i t i es  of the  retained viruses were washed from 
the  columns by simulated r a i n f a l l .  Under t he  same conditions, clayey so i l  
materi a1 removed >99.9995% of the  viruses from appl ied wastewater, and 
none were washed From the  columns by simulated r a i n f a l l .  

In p i l o t  scale  s tudies  with 5-foot long and 6-inch diameter columns 
having 3-foot, unsaturated upper zones and 2-foot, saturated bottom zones, 
extensive ( >  99.999998 percent) pol iovi rus an reovi rus reduct ions occurred B when septic-tank e f f luen t  containing 3-6 x 10 PFU of viruses per ml was 
appl i ed a t  a r a t e  of 1 .3 inches ( 3  cm) per day over 8-week periods. 
Furthermore, no viruses were detected in ex t rac t s  made from the  column 
so i l  materials  a f t e r  column operation,  thus indicating t ha t  retained viruses 
were extensively inactivated.  This extensive vi rus  retention and inactiva- 
t ion  with 5-foot long columns was obtained with soi l  materials  t ha t  had 
re1 a t ive ly  poor vi rus  adsorbent capabi 1 i t i e s .  These r e su l t s  suggest t h a t  
extensive virus reductions in  s o i l s  can be achieved with s o i l s  t ha t  have 
poor vi rus  adsorbing a b i l i t i e s  i f  there  i s  a su f f i c i en t  depth of unsaturated 

flow. However, the  e f f ec t s  of periodic ra in fa l l  on vi rus  retention and 
inactivation i n  s o i l s  must be fu r ther  investigated.  
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

There were marked di f ferences i n  t h e  a b i l i t i e s  o f  eleven d i f f e r e n t  s o i l  
m a t e r i a l s  t o  remove and r e t a i n  v i ruses  from s e t t l e d  sewage. However, f o r  each 
type of s o i l  ma te r i a l  the  behavior of two markedly d i f f e r e n t  v i ruses,  p o l i o v i r u s  
type 1  and reov i rus  type 3, was o f t e n  s i m i l a r .  Considerin t h e  d i f f e rences  i n  
s i z e  and sur face proper t ies ,  i n c l u d i n g  i s o e l e c t r i c  po in t s  I o f  p o l i o v i r u s  type 
1, s t r a i n  LSc = 7.15; and o f  reov i rus  t ype  3, Dearing = 3.9 ?! (Sobsey, M.D., 
R. R. Jacobs and W.A. Rutala, unpubl ished r e s u l t s )  , t h e  s i m i l a r i t i e s  i n  adsorpt ion 
t o  s o i l  m a t e r i a l s  were unexpected. These f i n d i n g s  a re  i n  con t ras t  t o  those o f  
Goyal and Gerba (1979) and Landry e t  a l .  (1979), who found t h a t  v i r u s  adsorpt ion 
and r e t e n t i o n  by s o i l  ma te r i a l s  va r i ed  g r e a t l y  w i t h  v i r u s  type and s t r a i n .  
Fur ther  s tud ies  w i t h  a d d i t i o n a l  types and s t r a i n s  o f  enterov i ruses and reovi ruses 
would be necessary t o  determine i f  t h e  s o i l  types used i n  t h i s  present study 
show t h e  v a r i a b i l  i t y  i n  v i r u s  adsorpt ion and r e t e n t i o n  repor ted  by these o the r  
workers. 

Experiments on t h e  k i n e t i c s  o f  v i r u s  adsorp t ion  t o  s o i l  m a t e r i a l  suspended 
i n  wastewater showed t h a t  most o f  t h e  adsorp t ion  occurred w i t h i n  15 min. and d i d  
n o t  vary  appreciably  du r ing  a  90-min. contac t  per iod.  S i m i l a r  r e s u l t s  have been 
repor ted  fo r  t h e  adsorp t ion  o f  bacteriophage T4 t o  kaol i n i  t e  (Car l  son e t  a1 . , 
1968) encephal omyocardi ti s  v i ruses  t o  montmoril l o n i  t e  (Schaub and Sagi k ,  1975) 
and p o l i o v i r u s  t o  sandy loam (Goyal and Gerba, 1979), w i t h  the  m a j o r i t y  o f  
adsorp t ion  occu r r i ng  w i t h i n  20 min. o r  less .  

The e f f e c t s  o f  pH and TDS on v i r u s  adsorpt ion t o  suspensions of s o i l  
ma te r i a l s  i n  wastewater depended p r i m a r i l y  on t h e  type o f  s o i l  ma te r i a l .  
Kaol i n i t e  and B-horizon ma te r ia l s  o f  Cec i l ,  Davidson, and Nor fo l k  ex tens i ve l y  
adsorbed bo th  pol i o v i r u s  and reov i rus  over a  wide range of pH and TDS l e v e l s .  
Bentoni te ex tens i ve l y  adsorbed reov i rus  a t  a l l  pH and TDS l e v e l s  tested,  whereas 
pol  i o v i r u s  adsorp t ion  was l e s s  extensive a t  a l l  pH l e v e l s  bu t  was markedly 
improved a t  h igher  TDS l e v e l s .  Ponzer organic muck adsorbed reov i rus  more 
e f f i c i e n t l y  than p o l i o v i r u s ,  al though t h e  adsorpt ion o f  t h e  l a t t e r  v i r u s  was 
g r e a t l y  improved a t  low pH and h igh  TDS l e v e l s .  The t h r e e  sands, Lakeland, 
F r i pp  and commercial sand as we l l  as loam and organic t o p s o i l s  from the  Tidewater 
reg ion  o f  North Carol ina were genera l l y  poor adsorbents f o r  both v i ruses.  
V i rus  adsorpt ion o f  F r i p p  and Lakeland was improved a t  lower pH and h igher  
TDS leve l s .  The a d d i t i o n  o f  MgC12 t o  F r i p p  suspensions enhanced v i r u s  adsorpt ion 
t o  bo th  s o i l  m a t e r i a l s  and wastewater s o l i d s  more e f f e c t i v e l y  than NaC1. This  
enhanced v i r u s  adsorp t ion  by added s a l t s ,  e s p e c i a l l y  a t  lower pH leve l s ,  i s  
cons is ten t  w i t h  t h e  r e s u l t s  o f  previous s tud ies  i n  which v i r u s  adsorpt ion t o  
var ious  suspended s o l i d s  and s o i l  ma te r i a l s  was enhanced a t  lower pH l e v e l s  
and more e f f e c t i v e l y  by d i v a l e n t  than by monovalent ca t i ons  ( B i t t o n  e t  a l . ,  
1976; Carl son e t  a1 . , 1968; L e f l  e r  and Kot t ,  1974; and Moore e t  a1 ., 1975). 

None o f  t h e  e luents  tes ted  was capable o f  ex tens i ve l y  e l u t i n g  adsorbed 
v i ruses  from a  m a j o r i t y  o f  t h e  s o i l  ma te r i a l s ,  bu t  an organic ma te r i a l ,  n u t r i e n t  
broth, was more e f f e c t i v e  than e i t h e r  d i s t i l l e d  water o r  3.5% NaCl. The most 
ex tens ive  e l u t i o n  was from Lakeland sand and Ponzer organic muck. These 
f ind ings  a re  i n  con t ras t  t o  those o f  some previous s tud ies  i n  which organ ic  
m a t e r i a l s  and d i s t i l l e d  water r e a d i l y  desorbed v i r u s  from c l a y  and s i l i c a t e  
p a r t i c l e s  (Car1 son e t  a1 . , 1968; and Lo and Sproul , 1977). 



Viruses in  suspensions of so i l  materials  in s e t t l ed  sewage survived fo r  
considerab:e periods of time, even when the  suspensions were microbially 
act ive .  Similar protection against  inactivation by adsorption t o  soi l  and 
mineral pa r t i cu la tes  has been reported f o r  viruses in seawater (Gerba and 
Schaiberger, 1975) and exposed t o  chlorine (Boardman and Sproul, 1977; and 
Stagg e t  a l . ,  1977). The r e su l t s  of the  experiments on vi rus  survival i n  so i l  
suspensions suggest t ha t  viruses i n  saturated s o i l s  may remain infect ious  fo r  
considerable periods of time, even a t  a moderate temperature of 200C where 
t he  so i l  would be microbially act ive .  

The extent  of v i rus  removal and retention in 10-cm-long, unsaturated soi l  
columns receiving in termit tent  appl ications of wastewater o r  simulated ra in -  
water depended primarily on the  type of so i l  material .  Virus removal from 
columns of a so i l  material w i t h  a high clay content ,  Norfolk sandy clay loam, 
removed >99.9995%of t he  viruses from wastewater applied a t  both high and low 
hydraul ic loadings over a 58-day period. Furthermore, none of the  applied 
viruses were washed out of t he  columns by simulated r a i n f a l l .  Sandy and organic 
so i l  mater ia ls ,  which were poor vi rus  adsorbents when suspended in wastewater, 
were capable of >95% virus  removal from wastewater as  columns. However, 
considerable quan t i t i es  of t he  removed viruses were washed out of t he  columns 
under simulated r a in f a l l  conditions. These findings with sandy and organic 
so i l  columns a r e  consistent  with those of o ther  workers who have observed 
t he  re lease  and migration of viruses in  so i l  columns by applications of 
d i s t i l  led and other  low-TDS waters simulating ra in fa l l  (Duboise e t  a1 . , 1976; 
Lance e t  al. ,  1976; Landry e t  a1 . , 1979; Lefl e r  and Kott, 1974; and Moore 
e t  a l . ,  1978). However, the  r e su l t s  of experiments with Norfolk columns 
indicate  t h a t  some types of so i l  materials  have such a strong a f f i n i t y  fo r  
viruses t ha t  1 i t t l e ,  i f  any, re lease  and migration will occur under ra in fa l l  
conditions. 

Fecal col iform reductions in so i l  columns exceeded virus  reductions by 
1 .3  t o  3.3 orders of magnitude under high and low hydraulic toadings of waste- 
water. The spec i f ic  reasons why fecal col iform bacteria were removed by soi l  s 
more e f f i c i en t l y  than poliovirus were not investigated in  t h i s  study. One 
possible reason i s  t ha t  bacter ia ,  being la rger  than vi ruses ,  can be removed 
in soi l  s by three mechani sms : entrapment between soi l  pa r t i c l e s ,  adsorption 
t o  so i l  pa r t i c les ,  and sedimentation on t he  "downstream" s ide  of soi l  pa r t i c les .  
However, viruses are  so small t ha t  they a re  probably removable in s o i l s  
primarily by adsorption, unless they a r e  associated with l a rger  par t i c les .  
Another poss ib i l i ty  i s  t h a t  the  difference i n  bacteria and vi rus  removal 
eff ic iency by s o i l s  r e f l e c t s  differences in surface propert ies t h a t  influence 
t h e i r  adsorption behavior. The va l id i ty  of these hypotheses must await the  
finding of fu tu re  s tudies  designed t o  address these issues.  

T h e  observation t h a t  s o i l s  removed fecal coliforms more extensively than 
poliovirus suggests t h a t  fecal  coliforms may not be su i tab le  indicators f o r  
en t e r i c  v i rus  reductions i n  land appl ica t ion systems fo r  wastewater. This 
suggestion supports the  f indings of recent f i e l d  s tudies  on vi rus  and indicator  
bacteria contamination of groundwaters in which enteroviruses were isola ted from 
groundwater samples containing no detectable fecal col iforms in 100-m1 volumes 
(Marzou k e t  a1 . , 1979). 

The r e su l t s  of p i lo t -scale  s tudies  indicated t ha t  5-foot long so i l  columns 
containing an upper 3-foot unsaturated zone and receiving an hydraulic load 
of 1.3 inches per day were capable of achieving extensive virus and fecal 
col i form bacteria reductions from appl ied wastewater. Furthermore, extensive 



inactivation of the retained viruses occurred, as indicated by the lack of 
infectious viruses remaining in the soil  column material s .  

I t  i s  important to  note tha t  t h i s  extensive virus retention and inactiva- 
tion was achieved in soil  materials that  were relat ively poor virus adsorbents, 
based on the i r  a b i l i t y  to  adsorb viruses under saturated conditions as soil  
suspensions in wastewater. However, i t  should also be noted tha t  the pi lot  
scale columns did not receive simulated ra infa l l .  Therefore, i t  cannot be 
known i f  such extensive virus retention and inactivation would occur under 
actual f i e ld  conditions where periodic rainfall  might cause greater movement 
and penetration of viruses through the soil material. The resul ts  of studies 
with miniature soil  columns indicated tha t  simulated rainfal l  could indeed 
resul t i n  extensive virus movement t h r o u g h  a t  l east  some soi 1 material s , 
especially sandy and organic so i l s .  Further p i lo t  scale soil  column studies 
should be conducted using simulated rainfal l  in order to  determine i f  t h i s  
will cause increased virus movement and breakthrough in column effluents.  



INTRODUCTION 

The s u r v i v a l  and f a t e  o f  e n t e r i c  v i r u s e s  i n  t h e  s o i l  i s  an impor tan t  
c o n s i d e r a t i o n  i n  l a n d  t rea tment  o f  mun ic ipa l ,  domestic, and animal wastes 
t h a t  has n o t  been adequate ly  eva luated.  P o t e n t i a l  human and animal h e a l t h  
hazards f rom e n t e r i c  v i r u s e s  a r e  assoc ia ted  w i t h  a  v a r i e t y  o f  l a n d  a p p l i c a t i o n  
systems f o r  human and animal wastes such as groundwater recharge, c rop  
i r r i g a t i o n ,  household s e p t i c  waste d isposa l ,  and mun ic ipa l  s o l  i d s  waste 
l a n d f i l l .  

V i r us  s u r v i v a l  i n  s o i l s  and t h e  na tu re  and degree o f  v i r u s  r e t e n t i o n  
by s o i l  m a t e r i a l s  w i l l  i n f l uence  t h e  e x t e n t  o f  v i r u s  con tamina t ion  o f  
b o t h  t h e  s o i l  and t h e  assoc ia ted  groundwater. A  number o f  l a b o r a t o r y  and 
f i e l d  s t u d i e s  have es tab l i shed  t h a t  v i r u s  r e t e n t i o n  by and s u r v i v a l  i n  
s o i l s  i s  i n f l u e n c e s  by such f a c t o r s  as s o i l  type;  chemical c h a r a c t e r i s t i c s  
o f  t h e  a p p l i e d  water, i n c l u d i n g  pH, and concent ra t ions  o f  t o t a l  d i s s o l v e d  
s o l i d s  (TDS), p o l y v a l e n t  c a t i o n s  and organics;  and h y d r a u l i c  c h a r a c t e r i s t i c s ,  
i n c l u d i n g  a r e a l  l o a d i n g  and a p p l i c a t i o n  frequency (see rev iews  i n  Baldwin 
e t  a1 . , 1976; B i t t o n ,  1975; and Gerba e t  a1 . , 1975). The r e s u l t s  o f  many 
o f  t h e  l a b o r a t o r y  s tud ies  a re  o f  1  i m i t e d  use fu lness  and a p p l i c a b i l i t y  f o r  
one o r  more o f  t h e  f o l l o w i n g  reasons: ( i )  i n v e s t i g a t i o n  o f  o n l y  a  few 
s o i l  m a t e r i a l s ,  u s u a l l y  a  sand o r  c l ay ;  ( i i )  use o f  d i s t i l l e d  o r  t a p  wate r  
i n s t e a d  o f  wastewater; ( i  i i )  use o f  bacter iophages o r  o n l y  a  s ing1 e  t y p e  o f  
en te rov i r us ;  and ( i v )  use o f  o n l y  s t e r i l i z e d  water  and s o i l  m a t e r i a l .  The 
few r e p o r t e d  f i e l d  s tud ies  on v i r u s e s  i n  l a n d  t rea tment  systems have a l s o  
p rov ided  o n l y  1  i m i  t e d  i n fo rma t  i o n  because t h e i r '  marked d i f f e r e n c e s  i n  
c h a r a c t e r i s t i c s  and o p e r a t i n g  c o n d i t i o n s  and t h e i r  apparent d i f f e r e n c e s  i n  
v i r u s  removal e f f i c i e n c i e s  have n o t  l e d  t o  t h e  development o f  r a t i o n a l  des ign 
and o p e r a t i o n  p r i n c i  p l  es f o r  v i r u s  c o n t r o l  ( G i l  b e r t  e t  a1 , 1976; Moore e t  a1 . , 
1978; Schaub and Sorber, 1977; and We1 1  i ngs  e t  a1 . , 1975). 

T h i s  r e p o r t  descr ibed  t h e  r e s u l t s  o f  l a b o r a t o r y  and p i  l o t  sca le  s t u d i e s  
on t h e  i n t e r a c t i o n s  and s u r v i v a l  o f  r ep resen ta t i ves  o f  two d i f f e r e n t  e n t e r i c  
v i r u s  groups i n  e leven d i f f e r e n t  s o i l  m a t e r i a l s  i n  s e t t l e d  sewage. A d d i t i o n a l  
v a r i a b l e s  s tud ies  i nc l ude :  ( i  ) hydraul  i c  cond i t i ons ,  ( i  i ) s o i l  m i c r o b i a l  
a c t i v i t y ,  and ( i  i i ) such wastewater c h a r a c t e r i s t i c s  as pH and t h e  concentra-  
t i o n s  o f  TDS and d i v a l e n t  ca t i ons .  



OBJECTIVES 

General O b j e c t i v e  

To determine t h e i n t e r a c t i o n s ,  s u r v i v a l  and f a t e  o f  e n t e r i c  v i r u s e s  
i n  s o i l  t r ea tmen t  systems f o r  wastewater. 

S p e c i f i c  Ob jec t i ves  

To c h a r a c t e r i z e  t h e  s h o r t  te rm i n t e r a c t i o n s  o f  e n t e r i c  v i r u s e s  w i t h  
s o i l  -wastewater m ix tu res  under c o n t r o l  1  ed 1 abo ra to r y  cond i t i ons .  

To assess t h e  s u r v i v a l  and f a t e  o f  e n t e r i c  v i r u s e s  i n  wastewaters 
a p p l i e d  t o  l a b o r a t o r y  s c a l e  columns c o n t a i n i n g  No r th  Ca ro l i na  s o i l s  o r  s o i l  
components. 

To eva lua te  e n t e r i c  v i r u s  removal f rom a  t r e a t e d  wastewater e f f l u e n t  
by p i l o t  s c a l e  s o i l  t rea tment  systems. 



MATERIALS AND METHODS 

Soil Materials f o r  Small -Scale Laboratory Studies 

Eight widely d i f f e r en t  so i l  mater ia ls  were used in 1 aboratory s tud ies ,  
and t h e i r  cha r ac t e r i s t i c s  a re  summarized i n  Table 1.  In addit ion,  organic 
matter content ,  a s  determined by igni t ion t e s t s ,  was 80.1% fo r  Ponzer and 
e l% f o r  t he  other  seven so i l  materials .  

Viruses 

The viruses used i n  this study were poliovirus type 1 ,  s t r a i n  LSc, and 
reovirus type 3 ,  s t r a i n  Dearing. Virus growth, preparation,  and assay 
procedures a r e  described e l  sewhere (Sobsey e t  a1 . , 1978). Samples f o r  
v i rus  assay were d i lu ted  in  phosphate-buffered s a l i n e  containing 2% heat- 
inactivated f e t a l  c a l f  serum and an t i b io t i c s  (400 U of pen i c i l l i n ,  400 pg 
of streptomycin, and 200 ~g of kanamycin per ml ) . 
Wastewaters 

All small-scale experiments were done w i t h  s e t t l e d  sewage t h a t  was 
prepared by s e t t l  ing raw, domestic sewage f o r  3 hours i n  the  laboratory and 
co l lec t ing  t h e  upper half  of t he  l iquid  from the  s e t t l i n g  containers.  The 
s e t t l e d  sewage was then dispensed i n to  100- t o  250-ml volumes and stored 
a t  -200C. The average composition of the s e t t l e d  sewage was a s  follows: 
TDS = 290 mg of NaCl per 1 i te r ,  pH = 7.6, t o t a l  v o l a t i l e  sol ids  = 110 mg/l , 
t o t a l  organic carbon = 46 mg/l , Biochemical Oxygen Demand (5-day measurement) 
60 mg/l , Kjeldahl -N = 24 mg/l , N H  -N = 22 mg/l , NO3 + N02-N<0.3 mg/l , t o t a l  
phosphate = 5 mg/l, ~ a + 2  = 12 mg/?, ~ g + 2  = 4 mg/l. These analyses were 
performed according t o  t h e  procedures- in standard Met hods (American Publ i c  
Health Association, 1976). 

Fecal Coliform Analysis 

Fecal col iforms were analyzed by the  modified A-1 mult iple tube fermen- 
t a t i on  procedure (Hunt and Springer, 1975) o r  by the  membrane f i l t e r  procedure 
(American Publ i c  Health Association, 1976). 

Short-Term Virus Adsorption i n  Soil-Wastewater Suspensions 

Virus adsorption was studied i n  short-term, batch-type experiments with 
virus-containing so i l  suspensions i n  wastewater. Such var iables  a s  contact  
time, type of so i l  mater ia l ,  pH, and concentrations of TDS and divalent  
ca t ions  were investigated.  As a general experimental procedure, weighed 
quan t i t i e s  of a i r -dr ied  so i l  material were added t o  enough s e t t l  ed sewage 
i n  polypropylene beakers containing Teflon-coated s t i r  bars t o  give 1 o r  
5% (wtlvol)  suspensions having f ina l  volumes of 50 o r  100 ml. In some 
experiments the pH, TDS, o r  MgC12 l eve l s  of the suspensions were adjusted 
before making them up t o  t he  f i na l  volumes. After such adjustments, these  
suspensions were magnetically premixed a t  several hundred revolutions per 
minute f o r  30 minutes t o  allow them t o  reach room temperature (24 + loC) and 
t o  otherwise s t a b i l i z e ,  e spec ia l ly  with regard t o  disegregation 07 ai r -d r ied  
so i l  lumps. While mixing continued, no more than 1.0 ml of stock vi rus  was 



then added t o  give an i n i t i a l  concentration of about 5 x 104 plaque-forming 
units per mi. Control samples consisted of only se t t led  sewage and virus,  
A1 1 samples were magneticall y mixed a t  several hundred rev01 utions per 
minute throughout the en t i re  experimental period. A t  each sampling time, 
1.0-ml volumes were withdrawn from the beakers, i n i t i a l l y  diluted 10-fold 
in 9 ml of diluent,  and then diluted another 10-fold for  subsequent virus 
assay. 

To determine the extent of virus adsorption to  soil  material a t  each 
sampling time, a 10-ml volume was also withdrawn from each beaker and 
immediately centrifuged a t  5,000 t o  10,000 x g for  10 to  15 min. t o  sediment 
the soil  material. The resulting supernatant was diluted 10- and 100- 
fold and assayed for  viruses. The amount of virus adsorbed to  the sedimented 
soil  material was considered t o  be the difference between the amount of 
virus in the uncentrifuged sample and the supernatant resulting from 
centrifugation. For experiments on the kinetics of virus adsorption t o  
soil  materials, the pH and TDS levels were measured a t  regular intervals 
during the experiment bu t  were n o t  adjusted or controlled. For experiments 
on the effects  of pH on virus adsorption, the samples were adjusted t o  the 
desired pH levels with small volumes of 0.1 N HCl or NaOH, and, i f  necessary, 
small volumes of 16% NaCl were added t o  give a TDS concentration of 350 mg 
of NaCl per 1 i t e r .  Sample pH levels were checked a t  regular intervals 
during the course of the experiment and, i f  necessary, readjusted to  the 
desired level. For experiments on the e f fec ts  of TDS concentration on virus 
adsorption, the sampl es were adjusted t o  different  TDS concentrations by 
adding small amounts of 16% NaC1. Sample TDS levels were checked a t  regular 
intervals during the course of the experiment to  verify that  appreciable 
changes did not occur. To study the effects  of added divalent cations on 
virus adsorption to  Fripp sand, small volumes of concentrated MgC12 solution 
were added t o  the samples, and they were then adjusted to  the desired pH 
and conductivity levels as already described. 

Elution of viruses adsorbed to  soi l  materials a f t e r  short contact 
times was also studied. Virus-containing soil  suspensions in se t t led  sewage 
were prepared as previously descri bed, and, except where noted otherwise, 
the samples were adjuted to  pH 4.5 and a TDS of 3,500 mg of NaCl per l i t e r  
t o  obtain maximum virus adsorption. After an adsorption period of 45 t o  
60 min., 1 -ml samples were centrifuged as previously described. The 
resulting supernatants were sampled fo r  virus assay and then decanted. The 
sedimented soil  material s were resuspended t o  10-ml volumes in different  
eluent f lu ids ,  and a f t e r  adjusting to  pH 7.5 with 0.1 N HC1 or NaOH (pH 
5.0 for  Ponzer soil  ),  1 -ml samples were taken for  virus assay. The following 
eluent f luids  were used: d i s t i l l e d  water, 3.5% NaCl buffered with 0.007 M 
sodium phosphate, and 4% nutrient broth (pH 7.5). After 15 min., these 
suspensions were centrifuged as before, and the resulting supernatants 
were assayed for  viruses. The proportion of viruses eluted was determined 
from the virus t i t e r s  of the soil  material suspensions in eluent f lu id  and 
the supernatants resulting from centrifugation. The virus t i t e r s  of the 
soil  material suspensions in the eluent f luid were also compared with the 
virus t i t e r s  of the i n i t i a l  suspensions in wastewater t o  confirm that  no 
extensive loss of virus infect ivi ty  had occurred. 



Virus Survival i n  Soil-wastewater Suspensions 

Experiments were done t o  determine vi rus  survival in s t e r i l e  and 
nonster i le  so i l  -wastewater suspensions. One and 5% (wt/vol ) suspensions 
of so i l  material in s e t t l ed  sewage were prepared in  500-ml -capacity 
polypropylene, widemouth, screwcap bo t t l es  t o  give f inal  volumes of 300 ml 
a f t e r ad ju s t i ng  t o  pH 6.5 (pH 5.5 fo r  Ponzer) with 0.1 N HC1 or  NaOH. Four 
rep l ica te  suspensions were prepared f o r  each so i l  material .  Two of the  
four suspensions were s t e r i l  ized by autoclaving fo r  15 min. After the  
autoclaved suspensions cooled, 1 .5  ml of penic i l l in-st reptomycin-kanamycin 
mixture was added t o  give f ina l  concentrations of 200 Units/ml , 200 ~g /ml  and 100 
ug/ml, respectively;  and, i f  necessary, the pH was readjusted. After bringing t o  
200C, s t e r i l e  and nonster i le  suspensions were inoculated with no more than 
1 ml of stock reovirus o r  poliovirus t o  give an i n i t i a l  concentration of 
about 5 x 105 plaque-forming units per ml . Control samples consisted of 
only s e t t l ed  sewage and virus  (and an t i b io t i c s  in  s t e r i l e  samples). The 
suspensions were mixed f o r  several minutes, and 1-ml volumes were taken 
fo r  v i rus  assay. For s t e r i l e  suspensions, weekly 1 -ml samples were a l so  
plated on nutr ient  agar t o  confirm t h a t  s t e r i l i t y  was being maintained. 

Survival and Fate of Poliovirus in Miniature Soil Columns 

To study the  survival and f a t e  of viruses in  a system tha t  was physically 
more representative of an i n t a c t ,  unsaturated so i l  than were suspensions of 
so i l  material in  wastewater, experiments were done with small, unsaturated 
columns of soi l  materials  t o  which virus-laden wastewater was in termit tent ly  
applied. Miniature so i l  columns were made ,from the  barre ls  of disposable 
60-ml polypropylene syringes ( length = 13.3 cm; diameter = 2.6 cm) by placing 
a small wad of polypropylene f i be r s  i n  the bottom of t he  barrel and then 
packing with so i l  material t o  a height of 10 cm. Columns of Fripp, Lakeland, 
Ponzer, and B-horizon material of Norfolk were used a s  representatives of 
a wide range of d i f f e r en t  so i l  types, including porous sands, organic s o i l s  
and clay s o i l s .  The columns were conditioned by f i r s t  sa turat ing with 
d i s t i l l e d  water and draining overnight. Throughout the  experiment the  
columns were kept a t  20 - + loC i n  the  dark. 

In t he  f i r s t  phase of the  so i l  column experiment, 13.5 ml , corresponding 
t o  2.54 cm, of s e t t l e d  sewage containing 5 x 104 plaque-forming un i t s  of 
poliovirus per ml was applied a l l  a t  once t o  each soi l  column two times 
per week, thus giving a weekly application ra te  of 5.08 cm. The column 
e f f luen ts  were allowed t o  drain f ree ly  overnight in to  s t e r i l e ,  17-ml- 
capacity,  polystyrene t e s t  tubes t ha t  were t i g h t l y  connected t o  t h e  column 
ou t le t s .  However, i t  was observed t h a t  overnight column drainage was not 
essent ia l  because a l l  of the  column e f f luen t  was produced within 1 hr. a f t e r  
each wastewater application.  A sample of the  virus-containing wastewater 
inf luent  was kept w i t h  the  so i l  columns overnight t o  serve a s  a control f o r  
v i rus  survival in wastewater. After the column e f f luen ts  and controls were 
col lected,  they were di lu ted and assayed f o r  both fecal col iform bacteria 
and poliovirus. This f i r s t  phase of t he  so i l  column experiment las ted 37 
days from the  i n i t i a l  appl i c a t  ion of virus-containing s e t t l ed  sewage. 



Both the  sandy loam topsoil and the  organic topsoil were collected 
near t he  comunity o f  Plymouth in  the Tidewater region s f  the North Car 
coastal plain.  The sand the  gravel were obtained commercially. These 
materials  were hand-packed into  the  columns a t  approximately 6% moisture 
by weight. 

Tidewater region s o i l s  were selected fo r  t h i s  study because 
they are  from a problem region of chronic sep t ic  tank f a i l u r e .  I t  was 
of i n t e r e s t  t o  determine viruscremoval and survlval in  these s o i l s  when 
they were used f o r  wastewater treatment under ideal i zed p i l o t  scale  csndi t i s  

Operation and Dosing of P i lo t  Scale Columns 

The columns were f i r s t  conditioned with tapwater and then with sep t ic  
tank e f f luen ts  (STE) fo r  a t o t a l  period s f  6 months pr ior  t o  the  add i t i  
of t e s t  viruses i n  STE. For t he  f i r s t  3 months the  columns were dosed 
da i ly  with 3 cm of tapwater. After 3 months of tapwater dosing, t he  columns 
began t o  be dosed with STE. They were dosed with 300 ml of STE twice da 
corresponding t o  an hydraulic loading r a t e  s f  3.3 cm (1.3 inches) per da 

osing, the  STE was adde over a 30-minute period a t  a r a t e  of 1 
Hydraulic residence times i n  the columns, which were determined experime 
by supplementing STE with 1000 mg/l chloride and then monitoring chloride 
concentrations in the  column e f f luen ts ,  averaged about 2 weeks. The column 
were conditioned w i t h  STE f o r  3 months before adding viruses t o  the  system. 
Column temperatures were maintained a t  250C. During the  study period, 
column eff luent  samples of 100 ml were c ~ l l e c t e d  2 o r  3 times weekly fo r  
v i rus  assay. Samples were a l so  periodically col lected fo r  the  determination 
of fecal  col iform bacteria ( F C )  , chemical oxygen demand ( C O D ) ,  t o t a l  ammo 
and n i t r a t e  nitrogen (TN, NH4-N, and N03-N, respectively) and acid hydro1 
ortho- and polyphosphate (P04-P). All chemical and fecal coliform analyses 
were done as  previously described (Stewart, 1976). 

The vi rus  dosing schedule during the study period was as  follows. 
After the  3 month conditioning period with STE, t he  columns were dosed w i t  
STE containing 6 x 104 PFU/ml of added pol iovirus type 1 , s t r a i n  LSc, f o r  
a period of 8 weeks. This was followed by an 8-week period of dosing wit 
STE containing no added viruses.  After t h i s  8-week " res t "  period, the  
columns were then dosed f o r  8 weeks wi h STE containing added reovirus f type 3 ,  a t  a concentration of 3.7 x 10 PFU/ml. This was a l so  followed 
by an 8-week r e s t  period during which the  columns were dosed with STE 
containing no added viruses.  After t h i s  f inal  8-week period,the conten 
of each column were removed and fractionated a s  a function of depth,and 
each f rac t ion  was analyzed f o r  i t s  v i rus  content. 

Virus Concentration from Effluents of P i lo t  Scale Columns 

The 100-m1 column e f f luen t  samples were too large  in volume t o  be 
economically assayed in  t h e i r  en t i r e ly  f o r  viruses without f i r s t  concent 
the  viruses t o  a smaller amount of f lu id .  Therefore, viruses in these  
samples were f i r s t  concentrated 5- t o  10-fold by adsorption t o  and e l u t i o  
from 47 mm diameter fiberglass-asbestos-epoxy f i l t e r s ,  2.0 and 0.45 pm 
pore s ize ,  in s e r i e s  (Types AA200 and AA45, respectively,  Cox Instrument 
Division, Lynch Corp, Detroi t ,  Michigan). To promote e f f i c i e n t  v i rus  



Beginning on day 38, the  application schedule f o r  the  columns was 
modified t o  simulate the  occurrence of rain shor t ly  a f t e r  wastewater 
application.  Virus-contaminated, s e t t l ed  sewage was applied t o  the  columns 
i n  13.5-ml amounts twice weekly as  before. However, the  column e f f luen ts  
were collected f o r  only 3 hr. a f t e r  wastewater application instead of 
overnight, and they were s e t  aside.  

A 13.5-ml volume of s t e r i l e ,  d i s t i l l e d  water was then applied t o  each 
column a l l  a t  once t o  simulate a 2.5-cm r a i n f a l l .  The column e f f luen ts  
from the  d i s t i l  led water appl ica t ions  were then separately coll  ected over- 
night.  The collected column e f f luen ts  from the  wastewater application as 
well as  t he  control wastewater samples were stored with the  columns over- 
night. All three  types of samples were then assayed f o r  fecal coliform 
bacteria and pol iovirus.  A t o t a l  of four applications of wastewater and 
d i s t i l l e d  water were made over a 2-week period (days 38, 41 , 45, and 48). 
Beginning on day 52, the  application schedule ~f these same columns was 
again changed, t h i s  time t o  simulate increased wastewater loads and 
application frequencies. The  d i s t i l l e d  water applications simulating ra in fa l l  
were eliminated. The wastewater application frequency was increased t o  
13.5 ml (2.54 cm) per day, corresponding t o  a weekly wastewater loading 
of 17.8 cm. A t o t a l  of seven da i ly  applications were made from days 52 
through 58. As before, column e f f luen ts  were collected overnight and 
then assayed f o r  fecal  coliforms and poliovirus as  were the  stored control 
samples of appl i ed wastewater. 

P i l o t  Scale Columns and Their Soil Materials 

P i lo t  scale  so i l  absorption systems consisted of soi l  columns constructed 
of ac ry l ic  p las t i c .  Each column was 5 f ee t  long and 6 inches in diameter and 
had an unsaturated upper zone of 3 f e e t  and a saturated bottom zone of 
2 f e e t .  The soi l  composition of the  upper zone was e i t he r  loamy sand 
topsoil  o r  a 1 :1 mixture of loamy sand topsoil  and commercial sand. The 
saturated 2 foot  bottom zone was e i t h e r  gravel o r  a 1 :2 mixture of orqanic 
topsoil (27% organic matter)  and medium sand. The propert ies of the  individual 
soi l  material components are  summarized i n  Table 2.  There were four d i f fe ren t  
columns; one fo r  each possible combination of upper and lower zone material .  

Column 1 : Loamy sand topsoil  upper zone 
2: 9 organic topsoil -sand bottom zone 

Column 2: Loamy sand topsoil upper zone 
gravel bottom zone 

Column 3: 1 :1 mixture of loamy-sand topsoil + sand upper zone 
2:l organic topsoil  -sand';bottom zone 

Column 4: 1 :1 mixture of loamy sand topsoil + sand upper zone 
gravel bottom zone. 

Liquid was added t o  t he  columns through a 1.9 cm-thick porous block of 
the  type which i s  sometimes used f o r  sep t ic  tank soi l  absorption l i ne s  as  
an a l t e rna t ive  t o  perforated pipe. The block material was used in the  
form of a hollow cube w i t h  ac ry l ic  s ide  walls and porous block fo r  t he  
cube top and bottom (Figure 1 ) .  



Figure 1.  Construction de ta i l s  of cinderblock cube. 
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adsorption t o  the  f i l t e r s ,  t he  samples were adjusted t o  e i t h e r  pH 3.5 
( f o r  poliovirus)  o r  pH 5.5 ( f o r  reovirus)  and e i t h e r  0.0005 M AlCl3 ( fo r  
poliovirus)  o r  0.05 M MgCl2 ( f o r  reovirus)  was added. The conditioned 
samples were then f i l t e r e d  through the  above f i l t e r  s e r i e s  and the  f i l t r a t e s  
were discarded. The f i l t e r s  were washed with 10 ml of 0.14 N NaCl t o  
remove excess AlCl3 o r  MgC12, and these f i l t r a t e s  were discarded, Adsorbed 
viruses were then eluted from the  f i l t e r  with 7 t o  9 ml of e i t h e r  glycine 
(0.05 M)-NaOH, pH 11.5 ( f o r  poliovirus)  o r  4% nu t r i en t  broth (Difco, 
Detroi t ,  Michigan), pH 9.0 ( f o r  reovirus) .  The e lua tes  were adjusted t o  
pH 7.5 w i t h  pH 1.5 glycine (0.05 M)-HC1 and supplemented w i t h  f e t a l  c a l f  
serum (2%) , penici 11 i n  (400 Uni ts/ml ) and streptomycin (400 pg/ml) . The 
e n t i r e  concentrates were then assayed f o r  viruses by the  plaque technique 
as  previously descri  bed. 

Virus Recovery from Fractionated Soil Material s of P i lo t  Scale Columns 

A t  the  termination of column operation with ST€ dosing, i t  was of 
i n t e r e s t  t o  determine the  l eve l s  of v i ruses  t ha t  had not migrated through 
the  columns b u t  remained associated with the  so i l  mater ia ls  in an infect ious  
s t a t e .  Attempts were made t o  recover these  viruses from the  so i l  materials  
a s  a function of column depth by using three  d i f f e r en t  f l u id s  t o  e l u t e  
soi ls -associa ted viruses:  a1 kal ine glycine,  d i s t i l l e d  water and nu t r i en t  
broth. 

After  t he  8-week " r e s t "  period t h a t  followed t he  reovirus dosing period, 
t h e  so i l  mater ia ls  of each column were removed in  f rac t ions  according t o  
column depth. The upper, unsaturated zone material of each column was 
col lec ted and composited as  5 f rac t ions :  0-3, 3-6, 6-12, 12-18 and 18-36 
inches. Composite so i l  samples were a l so  taken from the  saturated bottom 
zones of columes 1 and 3. To e l u t e  and recover adsorbed vi ruses ,  10 t o  
50 gram quan t i t i e s  of each f rac t ion  were resuspended in one of the  th ree  
d i f fe ren t  media a t  a d i l u t i on  r a t i o  of 1 :7 ( w / v )  in an e f f o r t  t o  desorb 
the  infect ious  vi ruses  present. 

In t h e  recovery procedure using a1 kal ine glycine fifty-gram samples 
of composited so i l  material were resuspended in  350 ml of 0.05 M glycine.  
While mixing w i t h  a magnetic s t i r r e r ,  the suspensions were adjusted t o  
pH 10.5 with 1.0 and 0.1 N NaOH t o  promote virus e lut ion from the  so i l  
materials .  The suspensions were then centrifuged a t  2000 x g f o r  30 
minutes t o  remove so i l  mater ia ls .  Viruses i n  the  resu l t ing  supernatants 
were concentrated t o  a smaller volume by adsorption t o  and e lut ion from 
microporous f i l t e r s  a s  follows. The supernatants were adjusted t o  pH 5.5 
w i t h  1 .0  and 0.1 N HC1 and MgC12 was added t o  a f i na l  0.05 M concentration 
t o  promote virus adsorption t o  adsorbent f i l t e r s .  Each sample was then 
f i l t e r e d  through a 47 mm diameter f i l t e r  s e r i e s  consis t ing of a f ibe rg lass  

per f i l t e r  ( type AP25, Mil 1 ipore Corp. ) and a f i  berg1 ass-asbestos-epoxy 
microporous f i l t e r  (0.45 um pore s i z e ,  type AA45, Cox Instrument Div., 
Lynch Corp.) t o  adsorb viruses.  The f i l t r a t e  was discarded and the 
adsorbed viruses were then eluted from the  f i l t e r s  w i t h  a 15-ml volume 
of nu t r i en t  broth in 0.14 N NaCl, pH 9.0. The e lua te  was t rea ted  with 
an t i b io t i c s  and assayed f o r  viruses.  



Viruses were recovered from so i l  mater ia ls  w i t h  d i s t i l l e d  water by 
suspending another 50-gram sample of each composite f rac t ion  of so i l  
material i n  350 ml of s t e r i l e  d i s t i l l e d  water and adjus t ing t o  pH 8.0. 
The suspension was centrifuged and vi ruses  in the  resu l t ing  supernatant 
were fu r t he r  concentrated and assayed as  described above fo r  samples 
t r ea ted  wtih a1 kal ine glycine. 

To recover viruses from column f rac t ions  using nu t r i en t  broth, 10 grams 
of so i l  mater ia ls  were resuspended in 70 ml of 4% nu t r i en t  broth, pH 9.0 
and b r i e f l y  shaken by hand t o  e l u t e  adsorbed viruses.  The samples were 
then centrifuged a t  2,000 x g t o  sediment the  so i l  mater ia l .  The resul t ing 
supernatant was decanted, supplemented with an t i b io t i c s  and divided in to  
two equal volumes f o r  subsequent pol iovirus  and reovirus assay, respectively.  



RESULTS AND DISCUSSION 

Short-term Virus Adsorption t o  Soil Materials Suspended in Wastewater 

Kinetics of v i rus  adsorption t o  so i l  mater ia ls .  The r e su l t s  of the  
kinet ic  s tudies  on vi rus  adsorption t o  so i l  materials  suspended in s e t t l ed  
sewage (Table 3 )  indicate  t h a t  adsorption, i f  any, i s  rapid,  with most of 
i t  occurring within 15 min. The two sands, Lakeland and Fripp, were 
r e l a t i ve ly  poor adsorbents f o r  both viruses.  Ponzer was a poor adsorbent 
f o r  poliovirus,  b u t  considerably be t te r  f o r  reovirus with about 80% 
adsorption. Bentonite e f fec t ive ly  adsorbed reovirus,  b u t  i t s  adsorptive 
a b i l i t y  f o r  poliovirus was much lower and even decreased over t he  90- 
min. contact period. Kaolinite adsorbed poliovirus and reovirus with 
average e f f ic ienc ies  of 96 and 89%, respectively.  6-horizon materials  of 
Cecil , Davidson and Norfol k were excel l e n t  adsorbents fo r  both viruses,  
with adsorption e f f ic ienc ies  consis tent ly  >99%. I t  should be noted t ha t  
because only one-fif th as  much so i l  materig1 was used i n  the  bentonite 
and kaol i n i t e  suspensions, t he  r e su l t s  a re  not d i r ec t l y  comparable t o  those 
fo r  t he  other  s i x  soi l  materials .  Although some virus  adsorption occurred 
in the  control samples containing no so i l  mater ia l ,  t he  majority of both 
viruses remained i n  the  supernatant a f t e r  centrifugation.  Virus adsorption 
i n  t h e  controls was probably t o  the suspended sewage sol ids  t h a t  sedimented 
upon centrifugation.  Because most of the vi rus  adsorption t o  s o i l  materials  
occurred within 15 min., contact times of 45 t o  60 min. were used in 
subsequent short-term virus adsorption experiments t o  insure t ha t  r e l a t i ve ly  
stab1 e conditions were achieved with respect t o  adsorption equil i  br ia .  

Effect of pH on virus  adsorption. The r e su l t s  of experiments on vi rus  
adsorption t o  so i l  materials  a s  a function of PH a re  summarized i n  Table 
4. 1n control samples there  was 1 i t t l e  pol i o v i h s  adsorption between pH 
4.5 and 7.5 and l i t t l e  reovirus adsorption between pH 5.5 and 7.5. However, 
a t  pH 3.5, 47% of t he  poliovirus i n f ec t i v i t y  in  t he  control was removed by 
centr i fugat ion,  and f o r  reovirus the  i n f ec t i v i t y  reduction by centrifugation 
was 58 and 99% a t  pH 4.5 and 3.5, respectively.  This vi rus  i n f ec t i v i t y  
reduction in  ac id ic  controls  was probably due t o  vi rus  adsorption t o  
sedimentable sewage sol ids .  A t  a1 1 pH leve l s  t es ted ,  B-horizon materials  
of Cecil,  Davidson, and Norfol k adsorbed >99% of both viruses.  Kaol i n i t e  
adsorbed both viruses w i t h  a t  l e a s t  90% eFficiency a t  a1 1 pH leve l s ,  and 
adsorp t ion  eff ic iency increased t o  >99% with decreasing pH. Bentonite 
adsorbed reovirus with >99% eff ic iency a t  a l l  pH leve l s ,  b u t  i t  was considerably 
l e s s  e f fec t ive  f o r  poliovirus,  with adsorption e f f ic ienc ies  ranging from 
70 t o  91%. The adsorption eff ic iency of Ponzer varied not only w i t h  the  
vi rus  type b u t  a l so  with pH. Ponzer adsorption was >90% f o r  reovirus 
between pH 3.5 and 5.5, but f o r  poliovirus i t  was >90% only a t  pH 3.5. Virus 
adsomtion eff ic iency of Ponzer was considerably lower a t  t he  higher pH 

ipp was a generally poor vi rus  adsorbent a t  a1 1 pH l eve l s  
reovirus a t  pH 4.5 f o r  which the  adsorption eff ic iency 

land t he  adsorption eff ic iency fo r  both viruses was 
as pH decreased, w i t h  97 and 99% adsorption eff ic iency 
reovirus,  respectively,  a t  pH 4.5. The improved v i rus  

adsorption eff ic iency obtained a t  low pH levels  f o r  some samples may be 
par t ly  a t t r i bu t ab l e  t o  sewage sol ids  ra ther  than soi l  materials .  However. 
the extent  of v i rus  adsorption a t  low pH was greater  in the  suspensions of 
so i l  materials  than in  the  controls ,  thus indicating t h a t  the so i l  mater ia ls  
were responsible f o r  some adsorption. 

level k tes ted.  Fr 
t e s t ed ,  except fo r  
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fo r  pol iovi rus and 



Effect of t o t a l  dissolved so l ids  concentration on vi rus  adsorption. As 
shown by t he  r e su l t s  in  Table 5, increasing the  TDS concentrations of the  
s e t t l e d  sewage suspensions a t  pH 6.5 (pH 5.5 f o r  Ponzer) produced increased 
vi rus  adsorption with some of t he  soi l  materials  tes ted.  For both control 
and Fripp samples, v i rus  adsorption eff ic iency was low a t  a1 1 TDS 1 evel s ,  
although poliovirus adsorption by Fripp increased t o  40% a t  a TDS concentra- 
t ion  of 3,500 mg of NaCl per l i t e r .  Reovirus adsorption by Lakeland did 
not exceed 30%, whereas pol iovirus adsorption was g rea te r ,  reaching 94% 
a t  a TDS concentration of 3,500 mg of NaCl per l i t e r .  A t  pH 5.5, Ponzer 
adsorbed reovirus more e f f i c i e n t l y  than poliovirus,  with 90% adsorption 
of the  former and only 63% adsorption of t h e  l a t t e r  a t  t he  highest TDS 
leve l ,  and f o r  both viruses,adsorption eff ic iency improved somewhat with 
increasing TDS concentration. With poliovirus,  bentonite a l so  gave increased 
adsorption eff ic iency with increasing TDS concentration, whereas r e ~ v i r u s  
adsorption was >99% a t  a1 1 TDS 1 evel s. B-horizon material s of Ceci 1 , 
Davidson, and Ncrfol k adsorbed both viruses with >99% eff ic iency,  and kaol in i  t e  
adsorbed poliovirus w i t h  - >99% eff ic iency a t  a l l  TDS leve l s .  

Effect of added MgCIz on vi rus  adsorption t o  Fripp. Because the  
r e su l t s  of t he  previous experiments showed t h a t  Fripp was a generally poor 
vi rus  adsorbent' a t  a l l  pH TDS leve l s  t s ted ,  t he  e f f ec t  of increased divalent  
cation concentration, spec i f i ca l ly  M9'$, on virus adsorption by Fripp was 
investigated.  MgC12 a t  added concentrations of 0.01 and 0.001 M enhanced 
poliovirus adsorption a t  pH 7.5 and 4.5, but reovirus adsorption was 
enhanced only a t  pH 4.5 (Table 6 ) .  Added MgC12 and lower pH a l so  caused 
greater  v i rus  adsorption i n  the  soi l  - f ree  controls ,  pa r t i cu la r ly  fo r  
reovirus,  b u t  the  extent  of v i rus  adsorption in the  control was generally 
l e s s  than t ha t  i n  the  corresponding Fripp sample. I t  should be noted t h a t  
even a t  0.001 M ,  t h e  added MgC12 appreciably increased the  divalent  cation 
concentration of t he  s e t t l ed  sewage, which was only about 0,00016 and 0.0003 M 
f o r  ~ g + 2  and ~ a + ~ ,  respectively.  

Elution of adsorbed viruses.  None of the  three  media was capable of 
e l u t i n s  e i t h e r  v i rus  from a l l  seven of t he  so i l  mater ia ls  t es ted  (Table 7 ) .  
The degree o f  virus e lut ion from the  so i l  materials  varied w i t h  the  types 
of so i l  mater ia ls ,  e luents ,  and viruses.  The l e a s t  e f f ec t i ve  eluent was 
buffered 3.5% NaC1, which eluted a substantial  amount of only reovirus from 
Lakeland sand. The effectiveness of t he  NaC1 solution i n  e lu t ing adsorbed 
viruses i s  consis tent  with t he  previous observation t h a t  increasing concentra- 
t ions  of NaCl (TDS) tended t o  enhance vi rus  adsorption by some so i l  
materials .  Dis t i l l ed  water a t  pH 7 was a somewhat more e f fec t ive  e lut ion 
medium than buffered 3.5% NaC1, e lut ing considerable quan t i t i es  of both 
viruses from Lakeland a s  well as  poliovirus from Ponzer and €3-horizon Cecil. 
The most e f fec t ive  eluent was nutr ient  broth, b u t  i t  was more e f fec t ive  f o r  
poliovirus than reovirus. Nutrient broth eluted >lo% of adsorbed poliovirus 
from Lakeland, Ponzer, bentonite, and B-horizon mgterial of Cecil,  b u t  i t  
eluted >lo% of adsorbed reoviruses only from B-horizon material of Cecil 
and NorFol k .  



Virus Survival in Soi 1 -wastewater Suspensions 

The resul ts  of experiments on virus survival in s t e r i l e  and nonsterile 
suspensions of soil  materials in se t t led  sewage are summarized in Table 8 
in terms of the time in days for  99% of the t o t a l ,  i n i t i a l  viruses to  become 
inactivated (T-99). As shown by the mean T-99 values, both viruses survived 
longer in s t e r i l e  than in nonsterile samples, thus suggesting tha t  microbial 
ac t iv i ty  plays a t  l eas t  some role in virus inactivation in so i l s .  The 
survival of the two viruses in corresponding nonsterile samples was generally 
similar,  b u t  in some of the s t e r i l e  samples, such as bentonite and Ponzer, 
the survival of the two viruses was markedly different .  Poliovirus 
survival was lowest in both s t e r i l e  and nonsterile Ponzer a t  pH 5.5, b u t  
t h i s  was not direct ly  at t r ibutable  t o  pH e f fec ts ,  because poliovirus survival 
in a pH 5.5, soi l - free control (not shown in Table 8)  was higher than in the 
Ponzer samples. Reovirus survival in nonsterile samples was lowest in the 
soil  -free control, followed by Ponzer, whereas in s t e r i l e  samples i t  was 
the lowest in bentonite, followed by the soil -free control. In some cases, 
viruses survived considerably longer in soi l  -containing suspensions than in 
soi l - free controls, suggesting tha t  viruses in so i l s  may be protected 
against inactivation. 

Survival and Fate of Poliovirus in Miniature Soil Columns 

Summarized i n  Table 9 are the resul ts  of the i n i t i a l  phase of the soil  
column experiment in which two 2.54-cm applications of set t led sewage were 
made per week. Column performance for  each wastewater application i s  
expressed a t  loglo reduction, which was computed by converting the organism 
concentrations of the appl ied wastewater and column effluents to  log1 value, 
and then subtracting the l a t t e r  from the former. Mean column performance over 
the en t i re  period i s  also shown as percent organism reduction. In general, 
the 10-cm-deep columns of a1 1 four soil  materials produced considerable 
pol iovirus and fecal col iform reductions, with fecal col iform reductions 
being consi s tent ly  greater. Mean fecal col iform reductions exceeded mean 
pol iovirus reductions by 1.3 to  3 . 3  orders or  magnitude, depending upon 
column material . The extent of pol iovirus and fecal col iform reduction 
remained relat ively s table  throughout the ent i re  t e s t  period, except for 
pol iovirus reductions by the Lake1 and columns, which decreased somewhat a f t e r  
23 days. B-horizon material of Norfolk, which was an excellent virus 
adsorbent in the previous experiments with soil  suspensions, also produced 
extensive poliovirus and fecal coliform reductions in the column system, 
averaging A . 3  and >5.6 orders of magnitude, respectively. Fripp, Lakeland, 
and Ponzer columns were capable of producing mean loglo poliovirus reductions 
of 1.9, 3.5 and 2.0, respectively, even though they were often ineffective 
virus adsorbents in soil  suspensions. 

Effect of simulated rainfal l  on poliovirus retention. Table 10 shows 
the resul ts  of the experiments on simulated rainfal l  e f fec ts  on poliovirus 
retention, in terms of the loglo virus reduction i n  the column wastewater 
effluent ( i  .e . ,  the difference i n  the virus concentrations of the applied 
wastewater and the corresponding column eff luent)  and the log1 0 virus 
concentration in the column effluent resulting from the simulated rainfal l  
( d i s t i l  led water appl ica t  ion). The column effluents resulting from the 



wastewater applications showed about the same degree of virus reduction as 
that in the first phase of the column experiments when only wastewater was 
applied, especially if the comparison is limited to the later times of the 
first experimental phase. In the columns of 5-horizon Norfolk, none of 
the viruses retained from the applied wastewater appeared in the column 
effluents from the subsequent rainwater appl i cat ion. However, the amounts 
of virus washed out of the Fripp, Lakeland, and Ponzer columns by the 
rainwater were so great that they exceeded the amounts of virus retained 
from the wastewater application of the same day. Therefore, some of'the 
viruses washed out of these columns by the simulated rainfall were from 
previous wastewater appl icat ions, suggesting that retained viruses survived 
long enough in the soils to accumulate to higher concentrations than those 
in the applied wastewater. The results of this experiment indicate that 
with some soil material s considerable migration of viruses retained from 
wastewater is possible as a result of rainfall, even under conditions of 
unsaturated flow. However, the results with the columns of 5-horizon 
Norfolk indicate that some soil materials having a strong affinity for 
viruses may not re1 ease their adsorbed viruses under rainfall conditions. 

Effect of increased hydraul ic loading on virus retention. Increasing 
the wastewater loadinq 3.5 times by going from two to seven 2.54-cm 
appl ications per week-resul ted in ittle-change in the virus retention 
efficiency of the soil columns. Virus reduction by all four soil materials 
was similar to those in the previous two phases of the column experiment 
(Table 11 ) .  Thus, the increased hydraulic loading either had no effect on 
soil column performance or the columns were not operated long enough for the 
effects to be detected. Fecal coliform reductions at the increased 
hydraulic loading were lower in some soil columns than those at the lower 
application rate, but the columns were still producing logl0 fecal coliform 
reductions of about 3.5 to >5.7 (99.97 to >99.9998%). 

Survival and Fate of Pol iovirus and Reovirus in Pilot Scale Soil Columns 

Reductions of chemical constituents, fecal col iform bacteria and viruses 
in column effluents. The performance of the columns for non-viral parameters 
during the entire 32-week virus study period is summarized in Table 12. 

COD reductions in the columns averaged 73%. There was a substantial 
decrease in ammonia nitrogen and the conversion of much of the nitrogen in 
the STE to the nitrate form. Phosphorous removals in the columns averaged 
about 95%. Of particular interest are the fecal coliform reductions. 
A1 though the FC concentration in the STE averaged 5.1 x 105 colonies/100 ml, 
no FC were detected in any of the column effluents during the entire 32-week 
study period. The coliform reductions were in excess of 99.9998% or greater 
than 5.7 orders of magnitude. 

Although septic tank effluent containing pol iovirus type 1 at an average 
concentration of 6.05 x 106 PFU/100 ml was fed into the columns for a total 
period of 8 weeks, the 39 column effluent samples (100 m1 each) collected 
throughout this 8-week period of poliovirus feed and for a subsequent 8-week 
period contained polioviruses only rarely (Table 13). The differences in the 
extent of virus presence in the effluents of the 4 columns were minor, and 
all columns produced extensive virus reductions. Based upon the poliovirus 
concentration in the STE and the average poliovirus concentration in the 
effluents of the 4 columns, the average virus reduction was in excess of 
99.999998 percent or about 7.7 orders of magnitude. 



Following the 8-week re s t  period a f t e r  poliovirus dosing when STE with 
no added viruses was fed into the columns, the columns were dosed with STE 
containing reoviruses. Septic tank effluent containing reovirus Type 3 a t  
an average concentration of 3 . 7  x lo6 PFU/100 ml was fed into the columns 
for  8 weeks. Column effluent samples for  virus assay were collected during 
t h i s  8-week period as well as during an additional 8-week period of dosing 
with STE containing no added reoviruses. No reoviruses were detected in 
any of the 38, 100 ml samples collected from each column during t h i s  16-week 
period (Table 14). Based on the average reovirus concentration in the STE, 
the virus reduction i n  the columns was in excess of 99.9999993 percent or 
more than 8.1 orders of magnitude. 

Occurrence of viruses in fractionated column soil  material . Because 
l i t t l e  or no virus appeared in soil  column effluents,  an e f fo r t  was made to  
recover viruses from fractionated soil  materials taken from the columns. 
No viruses were detected in any of the soil  fractions using any of the 3 
elution procedures (a1 kal ine glycine, d i s t i l l ed  water or nutrient broth). 
If a l l  of the added viruses had been uniformly retained in the columns 
with no virus inactivation,the av rage concentr t ions of poliovirus and 8 1 reovirus would have been 4 . 2  x 10 and 2.6 x 10 PFU per gram of s o i l ,  
respectively. Because no viruses were detected in any of the 5 t o  50 
gram soi l  fraction extracts,  extensive virus inactivation must have occurred 
in the columns. 

Short-term Virus Adsorption to  Soil Materials Used in Pilot  Scale Columns 
When Suspended in Wastewater. 

The resul ts  of the studies with p i lo t  scale soil  columns showed tha t  
5-foot long columns containing 3 feet  of unsaturated soil  materials were 
capable of extensive virus reductions from applied wastewater. I t  was of 
in te res t  t o  determine i f  the extensive virus reductions were at t r ibutable  to  
exceptional virus adsorption a b i l i t i e s  of the soil  materials used in the 
columns or  t o  other factors  related t o  the columns and the i r  operating 
characteristics.  Previous experiments with a variety of other soi 1 material s 
showed tha t  there were considerable differences among them when they were 
tested for  short-term virus adsorption efficiency as suspensions in wastewater 
(Tables 3 through 6 ) .  Therefore, a ser ies  of experiments was done t o  
determine the short-term poliovirus and reovirus adsorption eff ic iencies  
of the three main types of soi l  materials used in the p i lo t  scale columns. 

The general procedures used in these experiments were similar to  those 
described fo r  the other soil  materials previously tested for  virus adsorption 
as suspensions i n  se t t led  sewage, with the following exceptions: suspension 
volumes were 150 ml, contact time was 180 minutes, and neither pH nor conduct- 
iv i ty  was controlled. The resul ts  of these experiments (Table 15) indicate 
that  a l l  three soi l  materials tested were relat ively poor virus adsorbents, 
with l i t t l e  o r  no increase in virus adsorption beyond tha t  observed in so i l -  
f ree control samples of se t t led  sewage. These findings suggest t h a t  soil  
materials with inherently poor virus adsorption a b i l i t i e s  have the potential 
t o  achieve extensive virus reductions from appl ied wastewater when there i s  
a suff ic ient  depth fo r  unsaturated flow. 



TABLE 1. Charac te r i s t i cs  of S o i l  Ma te r ia l s  used i n  Laboratory Studies. 

S o i l  Ser ies 

F r i  pp 

Lake1 and 

Ponzer 

Bentoni te 

Kaol i n i  t e  

E Ceci 1 

Dav i dson 

Nor fo l  k 

- 

1 H o r i -  I 
Taxonomic Series I Locat ion I zon pH 

I 1 

Thermi c, coated 
Typic Quartzpisamnent 

Loamy, mi xed, dysi  c , thermi c 
T e r r i  c Medi sapr i  s t  

Clayey, kaol i n i t i c ,  thermic 
Typic Hap1 udul t 

Clayey, k a o l i n i t i c ,  thermic 
Rhodi c Pal eudul t 

Mixed, thermic A t l a n t i c  Beach, N.c.' 
Typic Udpisamment I 

Fine loamy, s i l  iceous, 
thermi  c; Typic Pal eudul t 

Go1 dsboro , N . C. 

Hyde Co., N.C. 

Wyoming 

Georgia 

Chatham Co., N.C. 

P i  t tsboro ,  M.C. 

Clayton, N.C. 

Texture 
% % % C E C ~  

Sand S i l t  Clay Class me./100 gm. 

98.8 0 1.2 Sand 

92.9 3.3 3.7 Sand 1 

d 
I 

<1 <1 >99 Clay- 

<1 d <1 >99 Clay- 

46.0 18.9 35.1 Sandy 
C l  ay 

11.9 36.2 51.9 Clay 

62.6 7.4 30.0 Sandy 
c l  ay 
1 oam 

b %at ion  exchange capacity.  --Col lected from a depth o f  20-35 cm below surface. 

k i f t s  of D. S. Weed, S o i l  Science Dept., N.C. S ta te  Univ., Raleigh, N.C. d -C lay-s ize  p a r t i c l e s  obta ined 

by sedimentat ion method (Jackson, 1969). %IT = n o t  tested.  



TABLE 2. Character is t ics  of Soil Materials Used in P i lo t  Scale Columns 

Designation ~axonomi'c Series Horizon Texture (%) : Class Organic 
Depth (cm) Sand S i l t  Clay Matter 

Loam 
Topsoi 1 

Organic 
topsoil  

Pact01 us s e r i e s ,  Ap 9 

Aquic Quar t i  psamment , 0-20 
Sil iceous,  thermic, 
coated 

Cape Fear s e r i e s  
Typic Umbraquul t 

AP 
0-20 

Clayey, mixed, thermic 
(kao l in i t i c )  

83 13 4 Sandy 1.9% 
1 oam 

52 20 28 Sandy 27% 
cl ay 
1 oam 

Sand* 

Gravel 

- Commercial, washed 

- Smooth stone, 1.3-1.9 cm diameter 

*Grading: very course = 20.5%, coarse = 63.5%, medium = 14%, f i ne  = 2% 



TABLE 3.  Kinet ics  o f  Virus Adsorption t o  So i l  Mater ia ls i n  Se t t led  sewas& 

I Percentage o f  t o t a l  i n i t i a l  pol i ov i rus  adsorbed 

T i  me 
(min.) 

I percentage o f  t o t a l  i n i  t i a l  reov i  rus  adsorbed 

Con- Lake- Pon- Ben- Kao- Ceci l  David- Nor fo lk  
t r o l  1  and Fr ipp zer t o n i t e  1  i n i  t e  (B) son (B) (B) 

15 

3 0 

%uspensions were 5% (w/v) except Bentonite and Kao l i n i t e  which were 1%. 

b NT- 21 0 2 8 86 9 8  >99 >99 >99 

NT 2 7 6 28 80 97 >99 >99 > 99 

Sample pH leve ls :  Controls = 7.6, Lakeland = 7.4, Fr ipp = 7.2, Ponzer = 4.6, 

Bentonite = 6.3, Kaol i n i t e  = 7.5, Ceci l  (B) = 6.8, Davidson (B) = 7.4, and 

Norfo l  k (B )  = 6.6. Sample TDS l eve l s  ranged from 200-410 mg/l NaC1. 

b 41 = no t  tested. 



TABLE 4. E f f ec t  of pH on Virus Adsorption t o  So i l  Mater ia ls i n  Se t t led  ~ewageg 

Percentage o f  t o t a l  i n i t i a l  pol  i o v i r u s  adsorbed to :  

Con- Lake- Pon- Ben- Kao - Ceci l  David- Norfo l  k 
t r o l  land Fr ipp zer t o n i  t e  1 i n i  t e  (B) son (B) (B) 

10 5 9 8 NT- 9 1 98 >99 >99 >99 b 

6 76 (1 38 70 99 >99 >99 >99 

7 9 0 9 34 7 5 9 9 >99 >99 >99 

16 97 31 19 9 1 >99 >99 >99 >99 

47 NT NT 97 NT NT NT NT NT 

Percentage o f  t o t a l  i n i  ti a1 reov i  rus  adsorbed 

%uspensions were 5% (w/v) except Bentonite and Kaol i n i t e  which were 1%; 

Contact t ime was 60 minutes; TDS concentrat ion was 350 mg/l NaC1. 

b -NT = not  tested. 



TABLE 5. 

TDS 
jmg/1 )k 

Ef fec t  o f  Total  Dissolved Sol i ds  Concentration on Virus Adsorption 

t o  So i l  Mater ia ls i n  Se t t led  sewage% 

Percentage o f  t o t a l  i n i t i a l  po l i ov i r us  adsorbed to :  

Con - Lake- Pon- Ben- Kao- Ceci l  Davidson Nor fo lk  
t r o l  Fr ipp land zer t o n i t e  l i n i t e  (B) (B) ( 8 )  

Percentage o f  t o t a l  i n i t i a l  reov i rus  adsorbed 

%uspensions were 5% (w/v) except f o r  Bentonite and Kao l i n i t e  which were 

1%. Samples were pH 6.5, except Ponzer which was pH 5.5; contact t ime was 60 

min, 

%T = no t  tested. 



TABLE 6 .  Effect  of Added MgC12 on Virus Adsorption t o  Fripp sand& 

Percentage of t o t a l  i n i t i a l  virus adsorbed 
- 

Pol iovi rus I Reovi rus 

%ripp samples were 5% (w/v) sand; controls  contained only 

Added 

pH 

0.01 7.5 

4.5 

0.001 7.5 

4.5 

None 7.5 

s e t t l e d  sewage; a l l  samples were brought t o  a TDS concentration 

of 2,000 mg/l as  

contact time was 

Control Fripp 

4 7 98 

6 2 9 9 

4 7 9 6 

42 9 6 

24 3 3 

NaCl by 

60 m i n .  

Control Fri pp 

11 17 

94 >99 

12 18 

92 9 8 

2 3 2 5 

adding NaC1; temperature = 20 +loC; 



TABLE 7. Elution of Viruses Adsorbed t o  Soil Materials 

Percentage of total adsorbed pol iovi rus eluted 

E l  u t  i on Medi urn 

Di s t i  1 led water 

I Percentage of t o t a l  adsorbed reovirus eluted 

Lake- Pon- Ben- Kao- Cecil David- Norfolk 
land zer tonite 1 inite ( B )  son ( B )  ( B )  

18 49 8 3 15 6 < 1 

Buffered, 3.5% NaCl 

Nutrient broth 

Distilled water 1 25 3 c 1 5 c 1 < 1 < 1 

c 1  c 1 7 c 1 c 1 < 1 < 1 

3 3 40 25 c 1 10 < 1 < 1 

Buffered, 3.5% NaCl 37 I c 1 c 1 2 < 1 < 1 4 

Nutrient broth 1 3 2 4 2 1 6 17 



TABLE8. Virus Survival  i n  Non-Steri le and S t e r i l e  

Suspensions o f  So i l  Mater ia l  i n  Se t t led  sewact8 

Sampl e  

Control 

F r i  pp 

Lake1 and 

Ponzer 

Bentonite 

Kaol i n i  t e  

Cecil ( B )  

Davidson (B) 

Nor fo lk  ( 0 )  

Mean 

Time f o r  99% v i r us  

Pol i ov i  rus 

Non-Steri le S t e r i l e  

34 86 

25 69 

4 7 154 

9 18 

3 7 83 

49 9 5 

80 167 

46 73 

4 7 109 

42 95 

l a c t i va t i on  (days) 

Reovi rus  

Non-Steri le S t e r i l e  

9 38 

20 113 

%amples contained 5% (w/v) s o i l  mater ia l ,  except Ben- 

t o n i t e  and Kaol in i te ,  which contained 1%. Controls contained 

on ly  s e t t l e d  sewage w i t h  v i rus .  Temperature = 20 +l°C; pH = 

6.5; except Ponzer = 5.5. 



TABLE 9. 

T i  me 
( days _) 

0  

3  

6  

9 

13 

16 

2  0  

2  3  

26 

30 

34 

Mean 

Mean 
Percent 
Reduction 

Pol i o v i  rus  and Fecal Col i form Reduction i n  Min ia ture  So i l  ~ o l  umnsh 

Logl, po l i ov i r us  reduct ion 

Lake- Pon- Nor fo lk  
Fr ipp land zer  (B)  

Loglo feca l  col  i form reduct ion 

Nor fo lk  
F r i  pp La ke l  and Ponzer (B) 

>5.6 

5.0 

4.9 

4.2 

4.8 

5.5 

4.3 

5.3 

4.8 

>4,8 

b NT- 

&TWO 2.54-cm (1- in.  ) appl i ca t i ons  o f  s e t t l e d  sewage per week, Mean loglo 

pol i o v i r u s  and feca l  col  i f o rm  concentrat ions i n  t he  appl i e d  sewage were 4.5 and 

5.2, respect ive ly .  

$T = no t  tested.  



TABLE 10. E f fec t  o f  Simulated Ra in fa l l  on Po l iov i rus  

Retention by Miniature So i l  col umnsg 

Time 
( days) 

3 8 

4 1 

4 5 

4 8 

Mean 
Log1 0 

Logl pol i o v i  w s  
conc. i n  appl i ed 

wastewater 

t 

- 

m 

4.5 

Loglo pol  i o v i  rus reduct ion 
Trom aPpl i ed wastewater 

Lake- Pon- Nor- 
Fr ipp land zer f o l k  (B) 

Logl pol i o v i  rus  concentrat ion 
i n  ra inwater column e f f l u e n t  

Lake- Pon- Norfo lk 
Fr ipp land zer (B)  

L~wice-weekly appl i ca t ions  o f  2.54 cm (1 in .  ) o f  s e t t l e d  sewage fo l lowed a f t e r  

3 h r  by an equal volume o f  s t e r i l e  d i s t i l l e d  water. Mean loglo po l i ov i r us  concentra- 

t i o n  i n  the appl ied sewage was 4.5. 



TABLE 11 .  Effect  of Increased Hydraulic Loading on Pol iovirus  and 

Fecal Col i form Retention i n  Miniature Soil ~ o l  umnsh 

Time 
days) 

52 

5 3 

54 

5 5 

56 

57 

58 

Logl pol iovirus reduction 

Lake- Pon- Norfolk 
Fripp land zer  (B) 

2.2 2.0 1.6 >4.6 

1.5 1.4 1.4 >4.7 

1.4 1.9 1.9 >4.7 

1.2 1.5 1.7 >4.7 

1.2 1.3 1.8 >4.6 

1.3 1.3 2.1 >4.7 

1.4 1.4 1.9 >4.7 

Loglo coliform reduction 

Lake- Pon- Norfolk 
Fripp land ze r  ( B )  

5.9 5.5 5.5 >6.3 

4.0 ~3.7 <3.7 >5.2 

<3.4 3.5 4.1 >5,8 

3.6 3.7 4.7 >6,4 

2.6 2.1 3.8 >5.3 

2.6 2.4 3.9 >4.9 

3.7 3.8 4.7 >6.0 

%aily 2.54-cm (1-in.)  applications of s e t t l e d  sewage; mean 

loglo pol iovi rus and fecal col iform concentrations i n  the appl ied 

sewage were 4.7 and 5.3, respectively.  
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TABLE 13. Reduction of Poliovirus i n  Septic Tank Effluent 
in P i lo t  Scale Soil Columns5 

Number I Number( 
Column Effluent 

Virus Concentration 
(MPNI100 ml ) b 

Virus Reduction 
Percent 1 ogl 

99.999998 7.7 

99.999998 7.7 

99.9999991 8.0 

99.999997 7.5 

%olumn ef f luen t  s a m ~ l e  volumes were 100 ml . 
Pol iovirus  concentration i n  t he  applied STE averaged 6.05 x 1 o6 PFU/100 m l  
during the  8-week poliovirus dosing period. 

b -Most probable number of viruses per 100 ml of column e f f luen t .  



TABLE 14. Reduction o f  Reovirus i n  Sept ic  Tank E f f l u e n t  
i n  P i l o t  Scale S o i l  Columns% 

Virus Reduction 
Percent 1 ogl 

Column 
Number 

Qolumn e f f l u e n t  sample volumes were 100 m l  
Reovirus concentrat ion i n  the  appl l e d  STE averaged 3.7 x 106 PFU/100 m l  
dur ing  the  8-week reov i rus  dosing period. 

b -Most  probable number o f  v i ruses per  100 m l  o f  column e f f l u e n t .  

Number P o s i t i v e  
Number o f  Samples 

I Column E f f l u e n t  
Vi rus Concentrat ion 

(MPNI100 m l  ) b 



Control  (no s o i l )  I 

TABLE 15. V i rus  Adsorpt ion t o  S o i l  Ma te r ia l s  used i n  P i l o t  Scale 
S o i l  Columns when Suspended i n  S e t t l e d  Sewage* 

Loamy sand 

Organic 

S o i l  Ma te r ia l  

Sand 

Percent Adsorpt ion o f :  
Pol i o v i r u s  Reovirus 

*Suspensions were 5% (w t / vo l ) ;  Sample pH l e v e l s :  con t ro l  = 7.85, 
loamy sand = 7.2, organic = 6.65, sand = 7.9; sample TDS l e v e l s  
ranged from 118-275 mg of NaCl per  l i t e r ;  temp. = 260C; contac t  
t ime = 180 min. Results o f  t r i p l i c a t e  t r i a l s  o f  each cond i t ion .  
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