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ABSTRACT 

Dur ing  t h e  coming decade much g r e a t e r  emphasis w i l l  be p laced  i n  deve lop ing  

c o u n t r i e s  on groundwater e x p l o i t a t i o n  f o r  d r i n k i n g  water-suppl  i e s  and on unsewered 

s a n i t a t i o n .  I n  c e r t a i n  hyd rogeo log ica l  c o n d i t i o n s  these low  c o s t  t echno log ies  may 

be i n  c o n f l i c t  and an  i n t e g r a t e d  approach i s  r e q u i r e d  t o  a v o i d  new p o l l u t i o n  hazards. 

T h i s  paper b r i e f l y  rev iews  t h e  f a c t o r s  i n f l u e n c i n g  t h e  s u r v i v a l  and m i g r a t i o n  o f  

f a e c a l  b a c t e r i a  and v i r u s e s  i n  groundwater systems, assesses t h e  t h r e a t  of  chemical  

p o l l u t i o n ,  and i d e n t i f i e s  t h e  c r i t i c a l  f a c t o r s  i n  t h e  e v a l u a t i o n  o f  groundwater 

p o l l u t i o n  r i s k .  

INTRODUCTION 

The p e r i o d  1981-90 has been adopted by t h e  UN General Assembly as t h e  I n t e r -  

n a t i o n a l  D r i n k i n g  Water Supply and S a n i t a t i o n  Decade. The goa l  o f  t h i s  decade i s  

t h a t  a l l  peop le  shou ld  have access t o  an  adequate water -supp ly  and a s a t i s f a c t o r y  

means of  exc re ta  d i sposa l  i n  o r d e r  t o  reduce t h e  i n c i d e n c e  o f  wa te r  and exc re ta  

r e l a t e d  d iseases .  

s i n c e  i t  i s  no rma l l y  t h e  cheapest and s a f e s t  source  o f  u n t r e a t e d  p o t a b l e  water  

i n  deve lop ing  c o u n t r i e s .  

s a n i t a t i o n  can p r o v i d e  adequate s e r v i c e  l e v e l s  f o r  exc re ta  d i sposa l  a t  s u b s t a n t i a l l y  

l e s s  c o s t  than mains sewerage systems ( r e f .  1 ) .  

Groundwater i s  w i d e l y  used, and w i l l  be i n c r e a s i n g l y  developed, 

I t  has a1 so been e s t a b l i s h e d  t h a t  unsewered ( o n - s i t e )  

CLASSICAL RESEARCH ON UNSEWERED SANITATION 

The n a t u r a l  s o i l  p r o f i l e  has l o n g  been recogn ised as an e f f e c t i v e  system f o r  

wastewater d i s p o s a l .  The d e t a i l e d  s t u d i e s  o f  some e a r l y  researchers  ( r e f s .  2 - 4 )  
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a r e  d i r e c t l y  r e l e v a n t  because t h e y  r e l a t e  t o  b r o a d l y  comparable e x c r e t a  d i sposa l  

u n i t s  ( l a t r i n e s ) .  Most i n v e s t i g a t i o n s  were r e s t r i c t e d  t o  s i t u a t i o n s  where exc re ta  

were d ischarged d i r e c t l y  i n t o  t h e  s a t u r a t e d  zone ( f i g .  1 ) ;  l a t e r a l  m i g r a t i o n  o f  

f a e c a l  b a c t e r i a  d i d  n o t  g e n e r a l l y  exceed 10 m i n  t h e  groundwater f l o w  d i r e c t i o n ,  

a l t hough  a broader plume of  chemical  con tamina t ion  c o u l d  be de tec ted  o v e r  much 

l a r g e r  d i s tances .  The e x t e n t  o f  b a c t e r i o l o g i c a l  p o l l u t i o n  was observed t o  reduce 

w i t h  time, concomi tan t  w i t h  t h e  f o r m a t i o n  o f  a c r u s t  on l a t r i n e  w a l l s  as a r e s u l t  

o f  pore  c logg ing .  

p e n e t r a t e  more than 1.0 m below a l a t r i n e .  These r e s u l t s  suggested 15 m as  t h e  

sa fe  l a t e r a l  separa t i on  between groundwater supp ly  i n s t a l l a t i o n s  and exc re ta  d i s -  

posa l  u n i t s ;  a g u i d e l i n e  wh ich  has been v e r y  w i d e l y  adopted by p u b l i c - h e a l t h  

eng ineers .  A s e r i o u s  l i m i t a t i o n  of  t h e  s tud ies ,  however, i s  t h a t  t h e y  sampled 

r e s t r i c t e d  ground c o n d i t i o n s ;  

and sa tu ra ted  groundwater f l o w  v e l o c i t i e s  o f  less t h a n  300 

t i v e l y .  

c a t i o n .  Under c e r t a i n  c o n d i t i o n s ,  i n  uncon f ined  ( w a t e r - t a b l e )  a q u i f e r s ,  l a t r i n e s  

may rep resen t  a s e r i o u s  p o l l u t i o n  r i s k  t o  groundwater,  and t h u s  t o  ne ighbour ing  

water -supp ly  i n s t a l l a t i o n s ,  such as boreholes,  w e l l s  and sp r ings ,  and sometimes 

a l s o  t o  water  r e t i c u l a t i o n  mains s u b j e c t  t o  i n t e r m i t t e n t  d e p r e s s u r i s a t i o n .  On 

t h e  o t h e r  hand, i f  a q u i f e r s  a r e  e s s e n t i a l l y  c o n f i n e d  o r  semi -conf ined ( f i g .  l ) ,  
o r  where t h i c k  unsa tu ra ted  zones o f  unconso l i da ted  s t r a t a  a r e  p resen t  above 

unconf ined a q u i f e r s  ( f i g .  l ) ,  a 15  m separa t i on  may be t o o  conserva t i ve .  Fo r  

v a r i o u s  s o c i a l  reasons t h e  minimum p r a c t i c a b l e  s e p a r a t i o n  w i l l  o f t e n  be des i red .  

T h i s  paper c o n s t i t u t e s  t h e  synops is  o f  a ma jo r  desk s tudy  on t h e  sub jec t ,  i n t e r -  

p re ted  i n  t h e  l i g h t  o f  f i e l d  exper ience ( r e f .  5 ) .  

I n  unsa tu ra ted  s o i l s  f a e c a l  b a c t e r i a  were r a r e l y  found t o  

e s s e n t i a l l y  sandy fo rma t ions  w i t h  mean g r a i n  s i z e s  

and 1.0 m/d respec- 

Not  hyd rogeo log ica l  environments a r e  e q u a l l y  e f f e c t i v e  f o r  e f f l u e n t  p u r i f i -  

MICROBIAL MIGRATION I N  GROUNDWATER SYSTEMS 

Role  o f  s o i l - u n s a t u r a t e d  zone i n  e f f l u e n t  p u r i f i c a t i o n  

It i s  cons idered t h a t  i n f i l t r a t i o n  i n t o ,  and th rough,  t h e  unsa tu ra ted  zone 

a f f o r d s  t h e  f i r s t  l i n e ,  and by f a r  t h e  n o s t  impor tan t  l i n e ,  o f  defence a g a i n s t  

p o l l u t i o n  f o r  u n d e r l y i n g  a q u i f e r s  f rom wh ich  groundwater s u p p l i e s  may be drawn. 

The performance o f  most l a t r i n e s  depends p r i m a r i l y  on t h e  a b i l i t y  o f  t h e  s o i l s  and 

rocks  o f  t h e  unsa tu ra ted  zone t o  accept  and t o  p u r i f y  sewage e f f l u e n t :  

which may be i n  c o n f l i c t  and r e l a t e ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  t o  t h e  

hyd r a u  1 i c c ha r a  c t e r i  s t i c s . 

a i r ;  t h e  m o i s t u r e  con ten t  and t h e  unsa tu ra ted  v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  

being a f u n c t i o n  o f  t h e  p r e v a i l i n g  n o i s t u r e  p o t e n t i a l  o r  t e n s i o n  ( f i g .  2 ) .  

sands and sandstones have r e l a t i v e l y  l a r g e  pores  wh ich  d r a i n  a b r u p t l y  a t  q u i t e  

low tens ions ,  i n  c o n t r a s t  t o  c l a y s  and s i l t s t o n e s  whose wa te r  i s  s t r o n g l y  

f u n c t i o n s  

The unsa tu ra ted  zone c o n t a i n s  c o n t i n u o u s l y  v a r y i n g  p r o p o r t i o n s  o f  water  and 

Some 
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F i g .  1. Sketch sec t i ons  i l l u s t r a t i n g  t y p i c a l  p o l l u t i o n  regimes: unconf ined 
a q u i f e r  w i t h  ( a )  deep and ( b )  seasona l l y  sha l l ow  groundwater t a b l e  and ( c )  semi- 
c o n f i n e d  a q u i f e r .  

r e t a i n e d  i n  v e r y  f i n e  pores .  

sub-p lanar  vo ids  (no rma l l y  known as f i s s u r e s ) ,  wh ich  w i l l  a l s o  o n l y  c o n t a i n  (and 

conduc t )  wa te r  a t  v e r y  l o w  tens ions  ( f i 3 .  2 ) .  I n  consequence, unsa tu ra ted  

v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  o f t e n  decreases d r a m a t i c a l l y  w i t h  r e d u c t i o n  i n  

m o i s t u r e  con ten t  

zone do n o t  no rma l l y  average more than 0 .3  n /d .  However, under c o n d i t i o n s  o f  

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

i n  f i s s u r e d  fo rmat ion ,  t h e y  may be much h igher .  

t h e  i n f i l t r a t i o n  sur face  as  a r e s u l t  o f  ( a )  changes i n  s o i l  s t r u c t u r e  caused by 

c a t i o n  exchange and s w e l l i n g  of  c l a y  m i n e r a l s ,  ( b )  b lockage o f  s o i l  pores w i t h  

f i l t e r e d  s o l i d s ,  ( c )  d e p o s i t i o n  o f  s l imes  th rough  b a c t e r i a l  a c t i v i t y  and ( d )  

p r e c i p i t a t i o n  o f  i n s o l u b l e  meta l  su lph ides ,  deoxygenated c o n d i t i o n s  deve lop ing  

a f t e r  ponding has become e s t a b l i s h e d  ( r e f .  6 ) .  A l though po re  c l o g g i n g  may 

r e s u l t  i n  t h e  f a i l u r e  o f  some l a t r i n e s ,  due t o  s u r f a c i n g  o f  e f f l u e n t ,  t h e  c r u s t  

per fo rms impor tan t  r o l e s :  ( a )  i t  a c t s  as a very e f f e c t i v e  f i l t r a t i o n  ( s t r a i n i n g )  

medium f o r  f a e c a l  b a c t e r i a  ( s i z e  0 .5  - 5.0 pm), wh ich  a r e  e l i m i n a t e d  by an ta-  

g o n i s t i c  anaerobes, and ( b )  by reduc ing  t h e  e f f e c t i v e  i n f i l t r a t i o n  r a t e  pe r  

u n i t  a rea  i t  ensures t h a t  t h e  m o i s t u r e  p o t e n t i a l ,  i n  t h e  unsa tu ra ted  zone below, 

remains r e l a t i v e l y  high, t he reby  g r e a t l y  reduc ing  i t s  v e r t i c a l  h y d r a u l i c  con- 

d u c t i v i t y ,  i n c r e a s i n g  i t s  groundwater res idence  t i m e  and m i n i m i s i n g  t h e  poss i -  

b i l i t y  o f  p r e f e r r e d  ( r a p i d )  f l o w  i n  aggregated c l a y  s o i l s  and f i s s u r e d  rocks .  

Passage th rough  t h e  c r u s t  r e s u l t s  i n  t h e  e l i m i n a t i o n  o f  a v e r y  l a r g e  p ro -  

p o r t i o n  o f  t h e  f a e c a l  b a c t e r i a i n l a t r i n e  e f f l u e n t ,  b u t  p o p u l a t i o n s  a r e  so h i g h  

(p robab ly  109/100 m l  ) t h a t  s i g n i f i c a n t  numbers s t i l l  e n t e r  t h e  unsa tu ra ted  zone. 

Sur face  a d s o r p t i o n  on m i n e r a l  sur faces ,  w i t h  deg rada t ion  by o t h e r  ( a e r o b i c )  

bac te r ia ,  i s  be l i eved  t o  be t h e  predominant e l i m i n a t i o n  process here  and i s  

Nost  c o n s o l i d a t e d  rocks ,  and some c l a y s ,  c o n t a i n  

-- 

and groundwater f l o w  r a t e s  i n  t h e  unsa tu ra ted  

When l a t r i n e  e f f l u e n t  en te rs  t h e  unsa tu ra ted  zone, p o r e  c l o g g i n g  develops a t  



202 

F i g .  2. M o i s t u r e  c o n t e n t  as a f u n c t i o n  o f  m a t r i x  p o t e n t i a l  ( t e n s i o n ) .  

enhanced when l i q u i d  movement occu rs  o n l y  i n  t h e  s m a l l e r  pores o f  t h e  s o i l / r o c k  

w i t h  maximum m e d i a - l i q u i d  c o n t a c t .  

i s  compl ica ted  by t h e  many c o n t r o l l i n g  f a c t o r s :  m o i s t u r e  con ten t ,  temperature,  

a c i d i t y ,  t o g e t h e r  w i t h  o r g a n i c / n u t r i e n t  l e v e l s  and a n t a g o n i s t i c  m i c r o b i a l  popu- 

l a t i o n s .  I n  s o i l s ,  f a e c a l  c o l i f o r m s  g e n e r a l l y  s u r v i v e  l e s s  than  60 days, w i t h  

tqo ( t i m e  f o r  90% p o p u l a t i o n  r e d u c t i o n )  n o r m a l l y  l e s s  than 15  days, b u t  under 

coo l ,  mo is t ,  a l k a l i n e  c o n d i t i o n s  a hardy r e s i d u a l  f r a c t i o n  may s u r v i v e  f o r  many 

months. I n  groundwater, excep t iona l  s u r v i v a l s  o f  ove r  100 days have been 

repor ted ,  but b a c t e r i a l  h a l f - l i f e  i n  w e l l  and l a b o r a t o r y  groundwaters i s  m a i n l y  

i n  t h e  range 0.3 - 1.0 d, t h a t  i s  t,, l e s s  than  11 days ( r e f . 7  ). 

V i ruses  (0.01 - 0.1 d iamete r )  a r e  t h e  s m a l l e s t  exc re ted  pathogens and 

d i f f e r  fundamenta l l y  f rom b a c t e r i a  i n  t h a t  ( a )  

p a r t i c l e s  ( o f  r i b o n u c l e i c  a c i d )  t h a t  cannot  r e p l i c a t e  o u t s i d e  a l i v i n g  hos t ,  

( b )  t h e i r  i n f e c t i v e  dose may be  o r d e r s  o f  magnitude l e s s ,  and ( c )  t h e y  a r e  t o o  

smal l  t o  be r m o v e d  by porous medium f i l t r a t i o n .  

t i o n  i n t o  t h e  sub-sur face  i s  t h u s  dependent a lmos t  e n t i r e l y  on a d s o r p t i o n  ( r e f .  

8 ) ,  t h e  r a t e  o f  wh ich  w i l l  v a r y  w i t h  v i r a l  s t r a i n  b u t  i nc reases  w i t h  s o i l  a c i d i t y  

The f a c t o r s  c o n t r o l l i n g  subsequent e l i n a t i o n  a r e  n o t  w e l l  unders tood b u t  degra- 

d a t i o n  by ae rob ic  b a c t e r i a  i s  p robab ly  t h e  dominant process. 

a r e  l i k e l y  i n  anaerobic,  l ow  temperature,  environments,  and t,,., of 2 - 100 

P r e d i c t i o n  o f  t h e  s u r v i v a l  t i m e  o f  f a e c a l  b a c t e r i a  i n  subsur face  environments 

t h e y  c o n s i s t  of  i n e r t  

R e t a r d a t i o n  o f  v i r u s  penet ra -  

Longest s u r v i v a l s  
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days a r e  reported.  
heavy r a i n f a l l .  
i s o l a t e d  from samples containing no de tec tab le  faecal  bacter ia  ind ica tor  organisms, 
espec ia l ly  in  anaerobic environments. 

Viruses can become desorbed from s o i l s ,  espec ia l ly  following 
I t  i s  a l s o  important t o  note  t h a t  v i ruses  nay sometimes be 

Most of t h e  reported incidences of microbiological contamination of groundwater, 
resu l t ing  from t h e  use of unsewered s a n i t a t i o n ,  a r e  associated with a reas  of thin 
s o i l  cover ( l e s s  t h a n  3 m )  over f i ssured  non-porous bedrock o r  a r e a s  of high ( l e s s  
than 3 m depth) ,  o r  seasonal ly  high, groundwater t a b l e .  
-- 

Attenuation and d i l u t i o n  i n  sa tura ted  zone 
Since in  most hydrogeological condi t ions (o ther  than c l o s e  to  pumping boreholes 

in r e l a t i v e l y  low t ransmiss iv i ty  a q u i f e r s )  t h e  hydraulic grad ien t  i s  very shallow, 
i t  might be expected t h a t  groundwater flow v e l o c i t i e s  in t h e  sa tura ted  zone would 
invariably be small ( l e s s  than, say, 2 m/d) and t h a t  protect ion of water-supply 
i n s t a l l a t i o n s  in unconfined aqui fe rs  aga ins t  pol lut ion from excreta disposal un i t s  
could readi ly  be obtained by increasing t h e i r  l a t e r a l  separat ion.  

(pr imari ly  adsorpt ion)  w i l l ,  i n  most cases ,  be much l e s s  a c t i v e  than in  the unsatura- 
ted zone, and t h e  population of aerobic  bacter ia  t o  a f f e c t  t h e i r  eventual elimina- 
t ion  wil l  be g r e a t l y  reduced. Moreover, few aqui fe rs  a r e ,  in  prac t ice ,  uniform. 
Permeability heterogeneity wil l  o f ten  be present ,  sonetimes on a gross  sca le  a s  in 
some s t r a t i f i e d  a l l u v i a l  sequences and in many limestones. 
highly-permeable groundwater flowoaths of r e l a t i v e l y  small cross-sect ional  area 
r e s u l t s  in  groundwater v e l o c i t i e s  of ten  exceeding 10 m/d, reaching 100 m!d o r  more 
i n  many f i ssured  aqui fe rs  and 1 km/d o r  more i n  some k a r s t i c  limestones. Physical 
(hydraul ic )  d i spers ion ,  t h e  phenomenon pr imari ly  resDonsible f o r  d i l u t i o n  of 
po l lu tan ts  in  groundwater flow s y s t m s ,  i s  a l s o  d i f f i c u l t  t o  pred ic t  and cos t ly  t o  
inves t iga te .  T h u s ,  in  many hydrogeological environments, increasing 1 a t e r a l  
separat ion i s  not a very manageable method of increasing protect ion aga ins t  faecal 
groundwater po l lu t ion .  Even where r e l i a b l e ,  i t  must be recognised t h a t  t h e  
separat ion will have t o  be increased in  large increments, say, t o  25 o r  50 m, and 
t h i s  wil l  only be f e a s i b l e  in  low densi ty  set t lements(substant ia l1y l e s s  than 
about 100 people/ha). 

However, the  processes resDonsible f o r  the  f i x a t i o n  of excreted pathogens 

The presence of 

A s t r i k i n g  f e a t u r e  of the  published work on l a t e r a l  microbial po l lu t ion  t ravel  
in  t h e  saturated zone i s  t h a t  migration i s  governed predominantly by groundwater 
flow ve loc i ty ;  
_-- no more than 10 days. 
many reported experimental surv iva ls ,  b u t  t h e  l a t t e r  probably r e f e r  t o  higher 
i n i t i a l  populations, l e s s  dispers ion and l e s s  an tagonis t ic  environments. The 
l a r g e s t  recorded d is tance  of microbial t rave l  i n  unconsolidated (non-fissured) 

appearing t o  be equivalent  t o  t h e  flow d is tance  during a period of 
This implied ( o r  apparent)  survival time i s  much l e s s  than 
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s t r a t a  i s  920 m, f o r  b a c t e r i a l  and v i r a l  t r a c e r s  i n  c o a l l u v i a l  g r a v e l s  ( r e f .  1 0 ) .  

NITRATE POLLUTION PROBLEM 

The i n t r o d u c t i o n  o f  unsewered s a n i t a t i o n  schemes w i l l ,  a lmost  i n e v i t a b l y .  l e a d  

t o  n i t r a t e  con tamina t ion  i n  u n d e r l y i n g  uncon f ined  a q u i f e r s ,  except  where t h e  

groundwater system i s  n a t u r a l l y  anaerob ic .  

i n  t h e  fo rm o f  ammonium and conp lex  o rgan ic  compounds, b o t h  o f  which can be 

expected t o  be r a p i d l y  conver ted  t o  ( h i g h l y  m o b i l e )  n i t r a t e  under ae rob ic  cond i -  

t i o n s .  Heavy n i t r a t e  p o l l u t i o n  can be expected i n  some cases (eg . re f .  9) .  The 

f a c t o r s  c o n t r o l l i n g  i t s  s e v e r i t y  w i l l  be ( a )  p o p u l a t i o n  d e n s i t y ,  ( b )  t h e  p r o p o r t i o n  

o f  n i t r o g e n  l o s t  f rom t h e  l a t r i n e  d i r e c t l y  by d e n i t r i f i c a t i o n ,  ( c )  d i l u t i o n  by  

l o c a l  groundwater recharge  and r e g i o n a l  a q u i f e r  th roughf low,  ( d )  any  d e n i t r i f i -  

c a t i o n  i n  t h e  groundwater system i t s e l f .  

Human waste c o n t a i n s  about  5 kgN/cap/a, 

CONCLUDING REMARKS 

I n  v iew o f  t h e  c o m p l e x i t y  o f  t h e  f a c t o r s  i nvo l ved ,  and t h e  p o t e n t i a l  impor -  

t ance  o f  r a t h e r  d e t a i l e d  c o n s i d e r a t i o n s ,  i t  would be d e s i r a b l e  t o  t r e a t  each 

se t t l emen t  o r  s i t e  on i n d i v i d u a l  m e r i t  when assess ing  t h e  f a e c a l  p o l l u t i o n  r i s k  

assoc ia ted  w i t h  unsewered s a n i t a t i o n .  However, t h e  economics and l o g i s t i c s  

o f  l ow  c o s t  s a n i t a t i o n  schemes a r e  such a s  t o  p rec lude  t h e  r o u t i n e  use  of  hydro- 

g e o l o g i c a l  field i n v e s t i g a t i o n s  and, i n  p r a c t i c e ,  a c l a s s i f i c a t i o n  o f  hydro- 

g e o l o g i c a l  environments i s  r e q u i r e d  a s  t h e  b a s i s  f o r  new g u i d e l i n e s .  

between water -supp ly  i n s t a l  l a t i o n  and exc re ta  d i sposa l  u n i t  ( a )  can be reduced 

t o  10 m, o r  even 5 m, ( b )  i s  acceptab le ,  ( c )  may i n v o l v e  s i g n i f i c a n t  r i s k  and 

inc reas ing  separa t i on  t o  25 o r  50 n accompanied by m o n i t o r i n g  o f  p i l o t  schemes 

i s  adv isab le ,  and ( d )  i n v o l v e s  h i g h  r i s k  and s p e c i a l i s t  a d v i c e  shou ld  be sought,  

s ince  m o d i f i e d  exc re ta  d i sposa l  u n i t s  o r  r e d e s i g n / r e l o c a t i o n  o f  water -supp ly  

i n s t a l l a t i o n s  may be r e q u i r e d .  It n u s t  be  workab le  w i t h  da ta  r e a d i l y  a v a i l a b l e  

t o  p u b l i c - h e a l t h  eng ineers  f rom reco rds  n o r m a l l y  h e l d  l o c a l l y  i n  government 

o f f i ces /agenc ies ,  o r  t h a t  t h e y  can c o l l e c t  on s i t e  f o l l o w i n g  a s imp le  manual. 

The p r i n c i p a l  parameters i n v o l v e d  have been i d e n t i f i e d  as  ( a )  degree o f  con- 

f inement  and c h a r a c t e r  o f  t h e  a q u i f e r  ho r i zons  f rom wh ich  groundwater supp l i es  

a r e  drawn, ( b )  t h i c k n e s s  and n a t u r e  o f  t h e  unsa tu ra ted  zone, and ( c )  l a t r i n e  

hydra u 1 i c 1 oad i ng . 
A p r e l i m i n a r y  c l a s s i f i c a t i o n  i n  t h e  fo rm o f  an  a l g o r i t h m  has been drawn up 

us ing  these  parameters ( r e f .  5 )  b u t  f u r t h e r  da ta  a r e  r e q u i r e d  f o r  i t s  c o n s o l i -  

d a t i o n  and ex tens ion .  Such da ta  cou ld  b e s t  b e  c o l l e c t e d  by d e t a i l e d  f i e l d  

research  and/or  r o u t i n e  m o n i t o r i n g  assoc ia ted  w i th  p i l o t  o n - s i t e  s a n i t a t i o n  

schemes. 

The c l a s s i f i c a t i o n  must i d e n t i f y  under wh ich  c o n d i t i o n s  a separa t i on  o f  15  m 
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