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SUMMARY Sodium may have t h e  p o t e n t i a l  f o r  g r e a t e r  environmental  d e g r a d a t i o n  from wastewater  d i s p o s a l  
t h a n  t h e  p o l l u t a n t  n i t r a t e s  and phosphates .  The need f o r  e f f l u e n t  d i s p o s a l  by o n - s i t e  s e p t i c  t a n k s  o r  
sewage t r e a t m e n t  p l a n t s  has  n o t  addressed  t h e  problems a s s o c i a t e d  w i t h  exchangeable  sodium percen tages  of 
t h e  s o i l  o r  t h e  sodium a b s o r p t i o n  r a t i o  o r  s p e c i f i c  conductance of t h e  wastewater .  Two e f f e c t s  may be 
s w e l l i n g  and /o r  d i s p e r s i o n .  The l a t t e r  i s  i r r e v e r s i b l e  r e q u i r i n g  p r e v e n t i o n  b e f o r e  c u r e  when d i s p o s i n g  
of was tewa te r s  t o  s u s c e p t i b l e  s o i l s .  Th i s  paper  a d d r e s s e s  t h o s e  problems and examines t h e  q u a l i t i e s  i n  
r e l a t i o n  t o  wastewater .  

1 INTRODUCTION 

On-si te  d i s p o s a l  of s e p t i c  t ank  e f f l u e n t  t o  t h e  
s o i l  sys tem and t h e  r e t u r n  of t r e a t e d  wastewaters  
t o  t h e  hydro log ic  c y c l e  a r e  b o t h  r e g u l a t e d  by 
codes of p r a c t i c e  o r  s t a n d a r d s  based upon t h e  
e f f l u e n t  and t h e  r e c e i v i n g  medium. S o i l  p o t e n t i a l  
f o r  o n - s i t e  d i s p o s a l ,  a s  d e f i n e d  by S t e e l e  a l ,  
(1986) i s  r a t e d  on seven c a t e g o r i e s :  dep th  t o  
bedrock, dep th  t o  f r a g i p a n ,  dep th  t o  s e a s o n a l l y  
h i g h  wa te r  t a b l e ,  s o i l  p e r c o l a t i o n  r a t e ,  s l o p e ,  
s u r f a c e  s t o n i n e s s  and l andscape  p o s i t i o n .  Ander- 
son  gt- al (1978) r e l a t e  impor tan t  s i t e  c h a r a c t e r  
i s t i c s  t o  s o i l  t ype  and t h i c k n e s s ,  groundwater 
p rox imi ty ,  h y d r a u l i c  c o n d u c t i v i t y  and topography. 
Each h a s  n e g l e c t e d  t h e  e f f e c t s  upon s o i l  s t r u c t -  
u r e  and p o r o s i t y  of t h e  c h a r a c t e r i s t i c s  of t h e  
e f f l u e n t  g iven  by q u a l i t i e s  such  a s  Sodium 
Absorp t ion  R a t i o  (SARI and e l e c t r i c a l  conduc- 
t i v i t y  (EC) .  

The h y d r a u l i c  c o n d u c t i v i t y  measurement espoused 
by t h e  common r e f e r e n c e s  t o  s i z e  d r a i n f i e l d  
a b s o r p t i o n  a r e a s  ( P a r k e r  6 a, 1978;  Winneber- 
g e r ,  1984;  USEPA, 1980) i n c l u d i n g  New South Wales 
H e a l t h  Commission (unda ted  l e a f l e t l a n d  t h e  Vic- 
t o r i a n  H e a l t h  Commission (1983) i s  based upon a  
modif ied Ryon' s  Curve ( c i t e d  i n  O l i v i e r i  a, 
1981) ,  commonly known a s  t h e  p e r c o l a t i o n  t e s t .  
Few r e s e a r c h e r s  have acknowledged t h e  s i g n i f i -  
c a n t l y  h i g h e r  p e r c o l a t i o n  r a t e s  ob ta ined  i n  t h e  
t e s t  compared w i t h  t h e  long term f u n c t i o n i n g  of 
t r a d i t i o n a l  o n - s i t e  d i s p o s a l  t r e n c h e s .  Brouwer 
(1982) recommends f o r  V i c t o r i a ,  t h a t  on ly  by an 
i d e n t i f i c a t i o n  of s o i l  t y p e  w i t h  a c t u a l  s a t i s f a c -  
t o r y  f u n c t i o n i n g  can a  r a t i n g  be  p laced  upon 
s u i t a b l e  d i s p o s a l  c r i t e r i a  such a s  t r e n c h  l e n g t h  
and dos ing  r a t e .  

That  t h e  need of e f f l u e n t  d i s p o s a l  t o  e i t h e r  
s o i l s  o r  r i v e r  sys tems h a s  n o t  addressed t h e  
problems a s s o c i a t e d  w i t h  Exchangeable Sodium 
Percen tages  (ESP) and Sodium Absorpt ion R a t i o s  
(SARI i n  r e l a t i o n  t o  s p e c i f i c  c o n d u c t i v i t y  i s  
d i f f i c u l t  t o  unders tand.  None of t h e  American 
l i t e r a t u r e  a v a i l a b l e  f o r  o n- s i t e  d i s p o s a l  ind i -  
c a t e s  sodium c o n c e n t r a t i o n s  i n  e f f l u e n t .  A  s t u d y  
of New South Wales sewage t r e a t m e n t  p l a n t s  (SPCC, 
1978) d i d  n o t  measure t h e  SAR o r  sodium i o n  con- 
c e n t r a t i o n s  even though 60% of t h e  p l a n t s  emptied 
t r e a t e d  e f f l u e n t  i n t o  n a t u r a l  wa te r  courses .  It 
i s  n o t  den ied  t h a t  t h e  q u a l i t i e s  measured (BOD, 

TOC, TSS, n i t r a t e ,  phosphate  and co l i fo rms)  a r e  
n o t  necessa ry  f o r  p r o t e c t i o n  of t h e  environment 
and t h e  r e s o u r c e s .  The requ i rement s  f o r  i r r i g a t i o n  
wa te r  downstream i s  one j u s t i f i c a t i o n  f o r  monitor- 
ing  and c o n t r o l l i n g  t h e  sodium i o n  c o n c e n t r a t i o n  
i n  wastewater  d i s p o s a l .  Gu ide l ines  f o r  d i s p o s a l  
of wastewaters  on  l and  by i r r i g a t i o n  i n  V i c t o r i a  
do address  t h e  s a l i n i t y  and s o d i c i t y  l i m i t a t i o n s  
(EPA, 1983) .  The re- use of wastewater  i s  now 
commonplace i n  semi-ar id  A u s t r a l i a  a s  i n d i c a t e d  by 
P h i l l i p s  (1977).  While t h e  e f f e c t s  of sodium o n  
t h e  h y d r a u l i c  c o n d u c t i v i t y  of s o i l s  have been w e l l  
r e sea rched   lackmo more and Marshal 1, 1965 ; Emerson, 
1977; F renke l  a l ,  1978; McIntyre,  1979; Jaya- 
wardane, 1979; and B r e s l e r  al, 19821, t h e i r  
a p p l i c a t i o n  t o  wastewaters  i s  neg lec ted .  The 
Glene lg  P l a n t  i n  South A u s t r a l i a ,  o f f e r i n g  much of 
i t s  t r e a t e d  water  f o r  re- use,  has  an  average s a l-  
i n i t y  of 1500 mg/l and a n  SAR of 9 ,  p l a c i n g  t h e  
wa te r  i n  a  medium haza rd  c l a s s  ( ~ h i l l i ~ s ,  1977).  
However, t h e  sandy s o i l s  w i t h i n  t h e  d i s t r i c t  a l low 
s a l t s  t o  be leached through t h e  p r o f i l e  wi thou t  
c r e a t i n g  a  s o d i c  problem. The same could n o t  be  
s a i d  of t h e  p o t e n t i a l  f o r  re- use around major  New 
South Wales c e n t r e s .  

Th i s  paper  reviews a  background of r e s e a r c h  r e l e-  
v a n t  t o  t h e  e f f e c t s  of sodium on  A u s t r a l i a n  s o i l s  
w i t h  p a r t i c u l a r  emphasis on  t h e  i m p l i c a t i o n s  f o r  
s u b s o i l  d i s p o s a l  of s e p t i c  t a n k  e f f l u e n t  and 
t r e a t e d  wastewater  i n t o  r i v e r  systems. It becomes 
obvious  t h a t  t h e  sodium ions  i n  wastewater  should 
n o t  be  ignored i n  con tex t  w i t h  environmental  and 
water  r e s o u r c e  p r o t e c t i o n .  The q u a n t i f i c a t i o n  o f  
sodium i n  domest ic  e f f l u e n t  i s  p a r t  of t h i s  analy-  
s i s .  S a l i n i t y  i n  t h i s  used t o  r e f e r  t o  t h e  t o t a l  
i o n i c  c o n c e n t r a t i o n  of a l l  s a l t s  i n  t h e  s o i l  
s o l u t i o n  whi l e  s o d i c i t y  r e f e r s  s p e c i f i c a l l y  t o  
sodium c o n c e n t r a t i o n s .  

2 SODIUM I N  THE ENVIRONMENT 

2.1 Sodium - Toxic o r  E s s e n t i a l  

Sodium i s  t h e  predominant i o n  c i r c u l a t i n g  i n  t h e  
plasma of warm and co ld  blooded animals  a l i k e .  I t s  
f u n c t i o n  i s  t o  provide a  constancy of osmotic  
p r e s s u r e ,  an  acid-base  ba lance  and a  f l u i d  volume 
t o  p r o t e c t  t h e  c e l l s  from t h e  e x t e r n a l  environment 
 ento ton, 1982) .  Body s a l t s  of sodium, potass ium,  
calc ium and magnesium a r e  roughly i n  t h e  r a t i o s  
150:5:5:2 i n v e r t e b r a t e s  a l i k e .  A  d e f i c i e n c y  i n  



sodium invokes  a  "hunger f o r  s a l t

Q

'  i n n a t e  i n  a l l  
animals   ento ton, 19821, whi l e  a n  excess  may 
reduce plasma potass ium l e v e l s  l e a d i n g  t o  c i r cu-  
l a t o r y  inadequac ies  ( M a c ~ a r l a n e ,  1971) .  I n  p l a n t s  
sodium c o n t r i b u t e s  t o  a l t e r a t i o n s  i n  c e l l u l a r  
i o n i c  c o n c e n t r a t i o n s  and membrane p e r m e a b i l i t y  
(Campbell and Pitman, 1971) .  P l a n t s  a r e  more 
s e n s i t i v e  t o  h i g h e r  c o n c e n t r a t i o n s  of sodium when 
potass ium c o n c e n t r a t i o n s  a r e  low. S ince  p l a n t s ,  
u n l i k e  animals  a r e  unab le  t o  e x c r e t e  excess  
sodium, t h e  l e a f  may have h i g h e r  sodium l e v e l s  
t h a n  t h o s e  exposed t o  t h e  h i g h e r  s a l i n e  concen- 
t r a t i o n s  i n  t h e  r o o t  system. Th i s  excess  sodium 
may l e a d  t o  l e a f  a b s c i s s i o n ,  b u t  n o t  a t  t h e  same 
c o n c e n t r a t i o n  f o r  a l l  p l a n t s .  Agronomists s e l e c t  
g r a s s e s  and crops  a b l e  t o  t o l e r a t e  va ry ing  l e v e l s  
of s a l i n i t y .  

Sodium, l i k e  a l l  c a t i o n s ,  can be t r a n s p o r t e d  i n  
t h e  s o i l  by mechanisms such a s :  mass movement of 
t h e  s o l u t i o n ;  mechanical  d i s p e r s i o n  between 
moving p a r t i c l e s  and t h e  s o i l  p a r t i c l e s ;  and 
molecu la r  d i f f u s i o n  wi thou t  s o l u t i o n  f low (peck ,  
1971; B r e s l e r ,  1982) .  F a c t o r s  which a f f e c t  t h e  
movement p a t t e r n s  i n c l u d e  s o i l  m o i s t u r e  c o n t e n t ,  
t o r t u o s i t y  of t h e  d i f f u s i o n  p a t h  and concentra-  
t i o n  g r a d i e n t .  The two former  c o n d i t i o n s  a r e  
i n t e r r e l a t e d  t o  s o i l  t ype ,  i . e .  c l a y  c o n t e n t .  
Kemper and Van Schaik ,  1966 c i t e d  i n  B r e s l e r  et 
a 1  (1982) have shown t h a t  t h e  s o l u t e  d i f f u s i o n  - 
c o e f f i c i e n t  f o r  c l a y / w a t e r  systems i s  a  p o s i t i v e  
e x p o n e n t i a l  f u n c t i o n  of w a t e r  c o n c e n t r a t i o n  and 
f o r  p r a c t i c a l  purposes  i s  independent  of s a l t  
c o n c e n t r a t i o n s .  Thus A u s t r a l i a n  s o i l s ,  g e n e r a l l y  
h i g h e r  i n  c l a y  con ten t  t h a n  American s o i l s  have a  
g r e a t e r  a b i l i t y  t o  t r a n s l o c a t e  s a l t s  and t h e  
h i g h e r  s u r f a c e  a r e a  of t h e  c l a y  c o l l o i d  means 
t h a t  t h e  s o i l  has  a  g r e a t e r  a f f i n i t y  f o r  i o n s  
such a s  sodium and potass ium.  

Ions  adsorbed t o  c l a y  ( o r  humic) c o l l o i d s  may be 
r e l e a s e d  a t  a  l a t e r  s t a g e  when t h e  i o n i c  concen- 
t r a t i o n  g r a d i e n t  r e v e r s e s  under c o n d i t i o n s  of 
l each ing  w i t h  d i l u t e  s o l u t i o n s .  Th i s  can occur  
when s o i l s  h igh  i n  adsorbed i o n s  a r e  leached w i t h  
r a i n w a t e r  (of  extremely low s p e c i f i c  conductiv-  
i t y ) ,  t h u s  i n c r e a s i n g  t h e  c o n c e n t r a t i o n  of t h e  
e n t e r i n g  s o l u t i o n .  Th i s  f a c t  i s  a p p r e c i a t e d  by 
i r r i g a t i o n  t e c h n o l o g i s t s  who c o n t r o l  t h e  t o t a l  
s a l t  c o n c e n t r a t i o n  of a l l  i r r i g a t i o n  wa te r s  t o  
avoid t h e  r e l e a s e  of adsorbed i o n s  i n t o  t h e  s o i l  
s o l u t i o n .  

D i s p e r s i o n  i s  t h e  complete  s e p a r a t i o n  of c l a y  
p a r t i c l e  a s  a  r e s u l t  of t h e ' r e d u c t i o n  i n  a t t r a c -  
t i v e  f o r c e s  between cont iguous c l a y  c r y s t a l s  t o  
such an  e x t e n t  t h a t  thermal  f o r c e s  cause  t h e  
p a r t i c l e s  t o  behave independent ly  of one a n o t h e r  
(Quirk ,  1971) .  I n  a  d i s p e r s e d  s t a t e ,  p a r t i c l e s  
a r e  a b l e  t o  move s e p a r a t e l y  w i t h i n  t h e  s o i l  s o l-  
u t i o n  and may become lodged w i t h i n  t h e  micropor- 
o s i t y  of t h e  s o i l  medium. Thus, h y d r a u l i c  con- 
duc t  i v i t y  may be reduced by blocking.  While 
s w e l l i n g  i s  a  r e v e r s i b l e  c o n d i t i o n ,  t h a t  i s  under  
dehydra t ion ,  b lock ing  of p o r e s  by d i s p e r s e d  par-  
t i c l e  i s  i r r e v e r s i b l e .  The i m p l i c a t i o n s  of t h i s  
f o r  o n- s i t e  d i s p o s a l  a r e  paramount t o  p r e v e n t i o n  
r a t h e r  t h a n  cu re .  

2.3 American Versus  A u s t r a l i a n  S o i l  Data  

The m a j o r i t y  of o n- s i t e  d i s p o s a l  p r a c t i c e s  em- 
ployed i n  A u s t r a l i a  have been 'borrowed' from 
American r e s e a r c h  and development. The des ign  and 
dos ing  r a t e s  i n  t h e  American system a r e  based upon 
s o i l s  which a r e  more c o a r s e l y  t e x t u r e d  t h a n  Aust- 
r a l i a n  s o i l s  which a r e  predominant ly  c l a y s  of f i n e  
t e x t u r e  (Mcln ty re ,  1979) .  However, i n  des ign ing  
t r a d i t i o n a l  o n- s i t e  d r a i n f  i e l d s ,  wh i l e  c logg ing  
l a y e r s  i n  t h e  bottom a b s o r p t i o n  a r e a  have been  
addressed ( # r o p f ,  1975) i n  r e l a t i o n  t o  t h e  de- 
c r e a s e  i n  h y d r a u l i c  c o n d u c t i v i t y  due t o  t h e i r  slow 
p e r m e a b i l i t y ,  no ment ion has  been made of t h e  
e f f e c t s  of t h e  sodium i o n  c o n c e n t r a t i o n  i n  e i t h e r  
t h e  s o i l  o r  t h e  e f f l u e n t .  The n o t i o n  of t h e  e f f e c t  
of exchangeable  sodium percen tages  on reduced in- 
f i l t r a t i o n  i s  n o t  new. Uni ted S t a t e s  S a l i n i t y  Lab- 
o r a t o r y  S t a f f  (1954) and i n  A u s t r a l i a ,  Nor thco te  
and Skene ( 1  97 21, Emerson ( 1  977 1, Jayawardane 
(1979) and McIntyre (1979) have examined t h e  
e f f e c t s  of s o d i c i t y  on  h y d r a u l i c  c o n d u c t i v i t y .  
There  i s  g e n e r a l  agreement between r e s e a r c h e r s  of 
t h e  two c o n t i n e n t s  of t h e  p r i n c i p l e s  involved i n  
t h e  i n i t i a t i o n  of s w e l l i n g  and d i s p e r s i o n  b u t  n o t  
on  t h e  p o i n t  of s t a b i l i t y .  The USSLS (1954) con- 
s i d e r s  a  s o i l  of ESP 1 5  and above a s  u n s t a b l e  
whereas a  v a l u e  of ESP 6  has  been sugges ted  a s  t h e  
lower l i m i t  f o r  A u s t r a l i a n  s o i l s  ( ~ o r t h c o t e  and 
Skene, 1972) o r  ESP 4  by McIntyre (1979).  Whether 
t h e  l a t t e r  two f i g u r e s  a r e  a c c u r a t e  i s  l e s s  impor- 
t a n t  t h a n  t h e  degree  of v a r i a t i o n  between t h e  two 
c o n t i n e n t s  when r e f e r r i n g  t o  a  q u a l i t y  of a  s o i l  
f o r  a  p a r t i c u l a r  u s e ,  i n  t h i s  c a s e  t h e  d i s p o s a l  of 
wastewater .  

2.4 I m p l i c a t i o n  f o r  Wastewater Disposa l  
2.2 Sodium and Hydraul ic  Conduct ivi ty  

Hydraul ic  c o n d u c t i v i t y  a s  a  measure of t h e  i n f i l -  
t r a t i o n  c a p a c i t y  of a  s o i l  i s  dependent upon 
macroporosi ty .  A  d e c r e a s e  i n  t h e  pore  s i z e  may be 
induced by swe l l ing  of t h e  s o i l  p a r t i c l e s ,  o r  
b locking of t h e  pores  w i t h  t r a n s p o r t e d  m a t e r i a l .  
The former ,  s w e l l i n g ,  occurs  p r e f e r e n t i a l l y  i n  
dec reas ing  o r d e r  of montmor i l lon i t e ,  i l l i t e  and 
k a o l i n i t e  c l a y s .  B r i e f l y ,  t h e  osmotic  r e p u l s i v e  
f o r c e s  between c l a y  p l a t e s  g i v e  r i s e  t o  t h e  
swe l l ing ,  sodium c l a y s  p rov id ing  a lmost  twice  t h e  
f o r c e  a s  calc ium c l a y s  (Quirk ,  1971).  Clays 
s a t u r a t e d  w i t h  sodium ions  may i n c r e a s e  t h e i r  
volume 100% o r  more i n  t h e  presence of d i l u t e  
s o l u t i o n s .  Thus p o r o s i t y  may be reduced by swel l-  
i n g ,  more i n  t h e  sodium s a t u r a t e d  c l a y s  than  t h e  
calc ium c l a y s .  Emerson (1977) s t a t e s  t h a t  f o r  a  
g iven  ESP, where magnesium was t h e  p r i n c i p a l  
c a t i o n  r a t h e r  t h a n  calc ium,  s w e l l i n g  was most 
pronounced. The wa te r s  examined i n  t h i s  paper  
have sodium a s  t h e  p r i n c i p a l  c a t i o n .  S o i l s  h igh  
i n  o rgan ic  c o l l o i d s  a r e  more s t a b l e  under adverse  
c o n d i t i o n s  ( ~ r e s l e r ,  1982) .  

The d e s i g n  of o n- s i t e  d i s p o s a l  t r e n c h e s  i s  based 
upon modif ied Ryon's p e r c o l a t i o n  t e s t s .  The s i z-  
ing of t h e  t r e n c h  i s  c a l c u l a t e d  cons ide r ing  pref-  
e r e n t i a l  i n f i l t r a t i o n  of t h e  bottom a r e a  over  t h e  
s i d e w a l l  a r e a .  While t h e  r e d u c t i o n  i n  bottom a r e a  
i n f i l t r a t i o n  i s  acknowledged i n  r e l a t i o n  t o  t h e  
fo rmat ion  of a  c logging l a y e r  ( ~ r o ~ f  et al, 1975) ,  
no c o n s i d e r a t i o n  h a s  been made of t h e  l o s s  of 
h y d r a u l i c  c o n d u c t i v i t y  by t h e  SAR and EC of t h e  
e f f l u e n t .  An example of t h e  expected l o s s  of 
h y d r a u l i c  c o n d u c t i v i t y  can be gauged from t h e  
graph below which i n d i c a t e s  t h e  l o s s  i n  r e l a t i o n  
t o  EC and SAR. The i m p l i c a t i o n s  t o  t h e  s o i l  
d i s p o s a l  medium a r e  t h a t  wh i l e  an SAR of 10 i s  
p o s s i b l e ,  ECs a r e  u s u a l l y  l e s s  t h a n  1 .Ome/l 
(10ms/m> . 
A  s i m i l a r  s i t u a t i o n  e x i s t s  f o r  t h e  d i s p o s a l  of 
t r e a t e d  sewage wastewaters  where downstream u s e r s  
a r e  involved i n  i r r i g a t i o n ,  o r  where a n o t h e r  com- 
munity r e q u i r e s  t h a t  wa te r  f o r  re- use and t r e a t -  
ment. The sodium i o n s  i n  s o l u t i o n  a r e  n o t  remov- 
ed i n  t h e  t r ea tmen t  p rocess  and t h e  p o s s i b i l i t y  



of unacceptable l eve l s  of sodium compounding over 
time i s  high. 

- 

Figure 1 Relat ionship of Hydraulic Conductivity 
t o  SAR and EC ( a f t e r  Jayawardane, 1979) 

3 FIELD RESULTS 

3.1 Measured Sodium Levels 

As pa r t  of a  l a r g e r  p ro j ec t  s p e c i f i c a l l y  inves t i-  
gat ing  on- s i te  domestic e f f l u e n t  d i sposa l ,  i t  
became apparent t h a t  t h e  high f a i l u r e  r a t e  of 
d i sposa l  d r a i n f i e l d s  could no t  be a t t r i b u t e d  
merely t o  a  design f a u l t  o r  l ack  of maintenance. 
However, while  Pa t te rson  e t  a l  (1986) found t h a t  
t rench  lengths were inadequate f o r  t he  volume of 
d a i l y  inflow t o  t he  system, t h e  problem of sodium 
i n  t he  e f f l u e n t  was recognised. 

Analyses were made of t h e  e f f l u e n t s  from domestic 
s e p t i c  tanks i n  the  Amidale  a r ea  toge ther  with 
those of t he  water  source. Measurements were 
a l s o  made of SAR and EC f o r  t he  Amidale  r e t i cu-  
l a t e d  water  supply and a t  var ious  po in t s  i n  t h e  
sewage treatment  system and discharge water- 
course. Other readings were taken a t  t h e  l o c a l  
l ives tock  sa leyards  and a t  Dumaresq Creek and 
Martins Gully wi th in  t he  c i t y  boundary. These 
measurement were made simply t o  quantify t h e  
concent ra t ion  of sodium ions i n  t h e  environment 
of human a c t i v i t y  and not  t o  i s o l a t e  p a r t i c u l a r  
problem areas .  

3.2 Analy t ica l  Methods 

Sodium and potassium concentrat ions were measured 
by flame photometry i n  mil l igrams per l i t r e .  
Calcium and magnesium were measured on a Varian 
AA-175 Atomic Absorption Spectrophotometer and 
converted t o  mil l igrams per  l i t r e .  Ca lcu la t ions  
of SAR ( a l l  values i n  m i l l i equ iva l en t )  were made 
using' t he  equat ion:  

A sodium absorpt ion r a t i o  of 5 is  considered t he  
lower l i m i t  of s u i t a b i l i t y  f o r  water t o  be used 
f o r  i r r i g a t i o n  ( v i c t o r i a  EPA, 1983 1. Speci f ic  
conductivi ty was measured a s  e l e c t r i c a l  conduct- 
i v i t y  i n  mil l is iemens per  metre and converted t o  
m i l l i equ iva l en t s  per l i t r e  as  defined by Hem 
(1982). 100 mi l l i equ iva l en t s  approximates 1 
microsiemen per  cent imetre,  v a r i a t i o n  occurr ing 
with d i f f e r e n t  combinations of ions. 

Exchangeable sodium percentages were measured using 
ca t i on  exchange methods of f lush ing  a s o i l  sample 
with alcohol  and ex t r ac t i ng  exchangeable ca t ions  i n  
an ammonium a c e t a t e  so lu t ion .  Cations were measured 
a s  f o r  SAR. The sodium ion concentrat ion was re- 
l a t e d  t o  t h e  t o t a l  exchange capac i ty  of t h e  s o i l ,  
expressed a s  a  percentage. It was s t a t e d  e a r l i e r  
t h a t  Aus t ra l ian  researchers  suggest  an ESP of 5 as  
a  l i m i t  s i g n i f i c a n t  f o r  i n i t i a t i n g  s o i l  s t r u c t u r a l  
problems. 

3.3 Sodium Within t h e  Household 

Sodium, o the r  than a s  an e s s e n t i a l  s a l t  i n  the  
d i e t ,  i s  used i n  q u a n t i t i e s  approaching 50 ki lo-  
grams of sodium per  household per  year  as  laundry 
detergent  i n  which sodium su lpha te  i s  used as  a  
f i l l e r .  Addit ional ly sodium perbora te  i s  used as  a  
bleach,  sodium tr ipolyphosphate,  sodium s i l i c a t e  o r  
sodium carboxymethylcellulose a r e  used t o  a s s i s t  
surf  acant  a c t i v i t y .  Sodium hypochlori te  i s  the 
bas i s  of many bleaches and d i s i n f ec t an t s .  A survey 
conducted of 27 households showed t h a t  the  use of 
laundry powders and de te rgents  was o f t e n  i n  excess 
of manufacturer 's  recommendations of 120 grams per 
load f o r  an automatic washing machine. Automatic 
machines were i n  use i n  50% of a l l  dwellings sur- 
veyed. Several  manufacturers recommend ha l f  the  
volume of powder i n  a  twin tub o r  f r on t  loading 
machine. Considering most of these  types have only 
ha l f  the  load washing capaci ty of automatics, the  
input  of sodium t o  t h e  system a t  t h e  end of the  
washing day would be t h e  same. 

3.4 Sodium and Wastewaters 

Sodium, as  a  cons t i t uen t  of t he  s e p t i c  tank e f f lu-  
en t ,  and s p e c i f i c  conductivi ty a s  a  measure of the  
t o t a l  so lub le  s a l t s  (TSS) a r e  given i n  Table I 

TABLE I 
SODIUM LEVELS AND SPECIFIC CONDUCTANCE OF DOMESTIC 
SEPTIC TANK EFFLUENT AND GROUNDWATER RESOURCES. 

sodium SAR EC 
mg/ 1 m s l m  (me) 

Ef f luent  
me an 159 9.6 120 (0.12) 

Ef f  luen t  + 
highes t  Ma 206 12.3 110 (0.11) 

Ef f luent  + 

lowest Na 136 8.6 140 (0.14) 

Groundwfter 
Mean Ma 62 1.4 70 (0.07) 

Groundwatef 
Highest Ma 36 2.1 245 (0.25) 

Groundwatfr 
lowest Na 102 1.6 47 (0.05) 

Armidale City 
Water Supply 35  2 -0 30 (0.03) 

below averaged over 16 s e p t i c  tanks.  The water  in- 
put t o  each was rainwater  co l lec ted  from roof 
catchment and s tored  i n  concre te  tanks. Average 
values of sodium ion concentrat ions f o r  groundwater 
resources a r e  included i n  t h e  t a b l e  t o  i nd i ca t e  the  
add i t i ona l  sodium concentrat ions input t o  t he  sep- 
t i c  tank system. A 1 1  t h e  groundwater was derived 



from a q u i f e r s  having b a s a l t i c  l andscapes  a s  re-  TABLE I1 
charge a r e a s ,  t h u s  a  h i g h  l e v e l  of sodium i s  n o t  SODIUM, SAR AMD EC FROM IMFLUENT/EFFLUENT AT 
t o  be  expected.  Pew groundwater r e s o u r c e s  a r e  ARMIDALE SEWAGE TREATMENT WORKS, AND OTHER 
found i n  g r a n i t e s  around Armidale.  LOCATIONS I N  ARMIDALE. 

Sodium i s  used i n  t h e  t r e a t m e n t  of w a t e r  i n  t h e  
A m i d a l e  C i t y  Water Supply, a s  i s  t h e  c a s e  i n  a l l  
t r ea tmen t  works. An ave rage  u n t r e a t e d  w a t e r  drawn 
from t h e  Malpas Dam (most ly  b a s a l t i c  landscape)  
has  a  sodium v a l u e  of approximately  20 mg/ 1. 

The e f f e c t s  of s e p t i c  t a n k  e f f l u e n t  upon t h e  re-  
c e i v i n g  s o i l  a r e  such t h a t  a t  a n  SAR 1 0  and a n  
e l e c t r o l y t e  c o n c e n t r a t i o n  of one t e n t h  of one 
m i l l i e q u i v a l e n t  p e r  l i t r e  ( m e / l ) ,  accord ing  t o  
graph F i g u r e  1 (Jayawardane,1979) t h e  r i g h t  most 
cu rve  should be fol lowed.  At such  a  low e l e c t r o-  
l y t e  c o n c e n t r a t i o n  t h e  b a s a l t i c  c l a y ,  a s  used t o  
compile t h e  graph,  i n f i l t r a t i o n  would be  extreme- 
l y  low. S ince  t h e  m a j o r i t y  of s e p t i c  t ank  e f f l u-  
e n t  d i s p o s a l  f i e l d s  i n  A m i d a l e  and t h e  North 
Coast r e g i o n s  a r e  c o n s t r u c t e d  i n  t h e  c l a y  B hor i-  
zon, t h e  p o s s i b i l i t y  of h a l t i n g  i n f i l t r a t i o n  i s  
q u i t e  high.  Where ESP i s  h i g h e r ,  such a s  f o r  t h e  
s o l o d i c s ,  b e f o r e  t h e  a d d i t i o n a l  e f f e c t s  of t h e  
e f f l u e n t ,  t h e  p o t e n t i a l  f o r  s o i l  d i s p o s a l  i s  de- 
creased  r a p i d l y .  It may be a l s o  t h a t  a t  a n  SAR 2  
and a  low e l e c t r o l y t e  c o n c e n t r a t i o n  of 0.03me/ 1, 
t h a t  t r e a t e d  wa te r  i s  u n s u i t a b l e  f o r  i r r i g a t i o n  
of s o i l  which has  an  ESP above t h e  ESP 4-6 docu- 
mented p rev ious ly .  

I n  examining t h e  i n £  luen t f  e f  f  l u e n t  from t h e  
Armidale C i t y  Sewage Treatment Works, a s  w e l l  a s  
wa te r  from Dumaresq Creek and Mar t ins  Gul ly  with-  
i n  t h e  town boundary, a  sample was t a k e n  from t h e  
overf low of t h e  primary t r e a t m e n t  lagoon a t  t h e  
Armidale l i v e s t o c k  s a l e y a r d s .  The r e s u l t s  of t h a t  
examinat ion a r e  t a b u l a t e d  below. Due t o  t h e  
c u r r e n t  drought  (Dec. 1985- present ,  June 1986) 
t h e r e  have n o t  been any f lows through t h e  two 
wa te rcourses  o r  t h e  s a l e y a r d  complex s i n c e  t h e  
p r o j e c t  commenced. I n  e f f e c t  t h e r e  has  been no 
f l u s h i n g  of t h e  s u r f a c e  system e i t h e r  t o  remove 
sodium a s  runof f  o r  t o  draw sodium i n t o  s o l u t i o n  
by t h e  i n f l u x  of low EC r a i n w a t e r .  S i m i l a r l y  
t h e r e  has  been l i t t l e  d i l u t i o n  of t h e  t r e a t e d  
e f f l u e n t  i n  t h e  r e c e i v i n g  wa te r s  a s  g iven  i n  
Table  11. 

Mar t ins  Gul ly  would, i n  t imes  of over land f low 
i n c l u d e  t h e  runoff  w a t e r s  from t h e  s a l e y a r d s .  
The s i m i l a r i t y  of sodium i o n  c o n c e n t r a t i o n s  b e a r s  
t h i s  o u t  whi l e  t h e  l o s s  of EC would be i n  t h e  
l o s s  of o r g a n i c  s a l t s  i n  t h e  wa te rcourse  t o  s o i l  
and o r g a n i c  m a t t e r  sediments .  The d a t a  i n d i c a t e s  
t h a t  t h e  lower l i m i t  of SAR 5  i s  c l o s e l y  
approximated f o r  t h r e e  of t h e  wa te r s .  Eva lua t ion  
of s o i l  s u i t a b i l i t y  b e f o r e  i r r i g a t i o n  would be  
e s s e n t i a l  t o  avoid t h e  p o t e n t i a l  f o r  s o i l  
s t r u c t u r a l  problems. 

It i s  simply c a l c u l a t e d  t h a t  by i r r i g a t i n g  w i t h  
t h e  t r e a t e d  wastewater ,  t h a t  t h e  a p p l i c a t i o n  of 
each m i l l i m e t r e  of i r r i g a t i o n  w a t e r  adds 6  
ki lograms of sodium t o  each  h e c t a r e ,  The u s e  of 
1 met re  of wa te r  t h e r e f o r e  adds 6 tonnes  of 
sodium per  h e c t a r e .  That l e v e l  of a p p l i c a t i o n  
would r e q u i r e  c a r e f u l  management t o  p reven t  l o s s  
of product ion.  

3.5 E f f e c t s  of E f f l u e n t  on ESP 

The ESP of a  f a i l e d  s o i l  a b s o r p t i o n  t r e n c h  was 
measured a t  two c o n t r o l  p o i n t s  ( u n a f f e c t e d  by 
e f f l u e n t ) ,  5  p o s i t i o n s  a long and w i t h i n  600mm of 
t h e  t r e n c h  s i d e w a l l  and t h r e e  downslope s u r f a c e  
p o s i t i o n s  where e f f l u e n t  had been o v e r s p i l l i n g  

sodium S  AR EC 
mg/ 1 m s f m  (me111 

ASTW raw 
w a t e r  i n £  l u e n t  

s e t t l e d  
was tewa te r  

a f t e r  
a e r a t i o n  

pond e x i t  

n a t u r a l  re-  
c e i v i n g  w a t e r s  

downstream 
( 5 km) 

Dumaresq Creek 

Sa leya rds  

Mar t ins  Gul ly  

t h e  s u r f a c e  f o r  1 5  months. The s o i l  was a  grey 
brown podzo l i c ,  a  c l a y  loam A hor izon ,  a  loam t o  
sandy loam A2 and a  medium c l a y  B h o r i z o n  having 
i r o n  and manganese nodu les  and e x h i b i t i n g  m o t t l i n g .  
From a  c o n t r o l  of ESP 2  i n  t h e  B hor i zon ,  t h o s e  
p o s i t i o n s  a long  t h e  t r e n c h  r o s e  t o  ESP 7 whi l e  t h e  
o v e r s p i l l  s i t e s  r o s e  t o  ESP 11. At one s i t e  where 
e f f l u e n t  was moving through a sandy loam A2 h o r i-  
zon, ESP 13 was measured. The l a t t e r  d i d  n o t  d i s-  
p e r s e  due t o  t h e  sandy loam t e x t u r e ,  however, a l l  
o t h e r  samples g r e a t e r  t h a n  ESP 3  d i s p e r s e d  when 
placed i n  d i s t i l l e d  wa te r .  S ince  t h e  c o n c e n t r a t  i o n  
of t h e  s e p t i c  t ank  e f f l u e n t  is  a l s o  extremely low 
(0 .1  me / l )  s i m i l a r  d i s p e r s i o n  w i t h i n  t h e  s o i l  pro- 
f i l e  could occur .  The d i s p e r s e d  m a t e r i a l  provid-  
ing  a  mechanism f o r  i r r e v e r s i b l y  b lock ing  t h e  s o i l  
pores .  

3  -6  Design of o n- s i t e  d i s p o s a l  d r a i n f  i e l d s  

Brouwer (1982) has suggested t h a t  on ly  by examin- 
a t i o n  of e x i s t i n g  d r a i n f i e l d s  i s  i t  p o s s i b l e  t o  
c l a s s i f y  a  s o i l  t y p e  t o  a  s u i t a b i l i t y  c l a s s .  That  
would r e q u i r e  exhaus t ive  a n a l y s i s  of t h e  p r e s e n t  
dosing r a t e s  a s  w e l l  a s  t h e  competency of t h e  con- 
s t r u c t o r ,  i n t e r n a l  f a i l u r e s  w i t h i n  t h e  t r e n c h  and 
s o l i d s  carry- over  from t h e  s e p t i c  tank i n t o  t h e  
d r a i n f i e l d ,  t o  name a  few. B r e s l e r  & & (1982) 
have s t a t e d  t h a t  e m p i r i c a l  equa t ions  a r e  of l i t t l e  
v a l u e  s i n c e  they  f a i l  t o  account  f o r  t h e  l o s s  of 
h y d r a u l i c  c o n d u c t i v i t y  due t o  swe l l ing  and d i s p e r-  
s i o n ,  whi l e  Kropf (1975) i n d i c a t e s  t h a t  t h e  i n f i l -  
t r a t i o n  r a t e  i s  determined by t h e  pe rmeab i l i ty  of 
t h e  c logg ing  l a y e r .  While t h e  l a t t e r  may be s o ,  
t h e  i n f i l t r a t i o n  l a t e r a l l y  i n t o  t h e  s i d e w a l l s  i s  
n o t  s o  a f f e c t e d  by o r g a n i c  c logging bu t  w i l l  be by 
s w e l l i n g  and d i s p e r s i o n .  It remains ,  t h e r e f o r e ,  
t h a t  a n a l y s i s  of t h e  e f f e c t s  of t h e  sodium t o  
swe l l ing  and d i s p e r s i o n  should be under taken f o r  
each s o i l  t ype  i n  a r e a s  r equ i red  f o r  o n- s i t e  
d i s p o s a l  and f o r  d i s p o s a l  of wastewater  from 
t rea tmen t  p l a n t s ,  r e l a t i n g  bo th  p r o p e r t i e s  t o  t h e  
SAR and EC of t h e  e f f l u e n t ,  wh i l e  measuring t h e  
ESP of t h e  s o i l .  Th i s  r e s e a r c h  w i l l  n o t  improve 
t h e  problems of f a i l u r e  i n  e x i s t i n g  systems bu t  



w i l l  a l l o ~  f o r  a m e l i o r a t i o n  of t h e  s o i l  p r i o r  t o  
d i s p o s a l  t o  p reven t  d i s p e r s i o n  i n  newly con- 
s t r u c t e d  systems. 

4 CONCLUSION 

Monitor ing t h e  SAR and EC of b o t h  s e p t i c  t ank  
e f f l u e n t  and sewage t r e a t e d  was tewa te r s  w i l l  
a l l o w  f o r  development of a s t r a t e g y  f o r  d i s p o s a l  
based upon p r e d i c t e d  impact of t h a t  e f f l u e n t  on 
t h e  s w e l l i n g  and d i s p e r s i o n  of t h e  s o i l  r e c e i v i n g  
medium. As t h e  problem of h i g h  SAR, low EC wate r  
has  been managed i n  i r r i g a t i o n  farming by t h e  u s e  
of a p p r o p r i a t e  e l e c t r o l y t e  c o n c e n t r a t i o n s ,  s o  t o o  
must wastewater  be  amended t o  i n c r e a s e  t h e  e l ec-  
t r o l y t e  c o n c e n t r a t i o n  t o  a l e v e l  which w i l l  main- 
t a i n  a f l o c c u l a t e d  s t a t e  w i t h i n  t h e  s o i l .  The 
problem of a m e l i o r a t i n g  domest ic  e f f l u e n t  i s  
s p e c i f i c  t o  household p roduc t ion  of sodium and 
t h e  s p e c i f i c  s o i l  ESP and t e x t u r e .  

Di sposa l  of t r e a t e d  wastewater  t o  a n a t u r a l  w a t e r  
course  i s  n o t  t h e  answer u n l e s s  t h e  SAR and EC 
a r e  env i ronmenta l ly  a c c e p t a b l e  f o r  t h e  p a r t i c u l a r  
downstream c o n d i t i o n s .  Downstream u s e r s ,  by add- 
ing  t h e i r  sodium was tes ,  compound t h e  p o t e n t i a l  
f o r  s o d i c  c o n d i t i o n s .  

Thus sodium may have t h e  p o t e n t i a l  f o r  g r e a t e r  
environmental  d e g r a d a t i o n  t h a n  t h e  n i t r a t e s  and 
phosphates  p r e s e n t l y  cons ide red  t h e  contaminants  
of d i s p o s a l  a r e a s .  While n i t r a t e  and phosphate  
may be removed, a t  a c o s t ,  t h e  a b i l i t y  t o  remove 
sodium is  more d i f f i c u l t  s i n c e  n e a r l y  a l l  sodium 
s a l t s  a r e  h i g h l y  s o l u b l e .  Thus a m e l i o r a t i o n  w i t h  
d i v a l e n t  i o n s  may o f f e r  a s o l u t i o n  s i n c e  prevent-  
i o n  i s  b e t t e r  t h a n  c u r e  when a s s o c i a t e d  w i t h  d i s-  
pers ion .  Emerson (1977) h a s  i n d i c a t e d  a p o t e n t i a l  
problem w i t h  magnesium s a l t s  w h i l e  aluminium w i l l  
c r e a t e  a t o x i c i t y  and i r o n  may cause  p r e c i p i t a-  
t i o n  of e s s e n t i a l  p l a n t  n u t r i e n t s .  Calcium, pre-  
f e r a b l y  a s  calc ium s u l p h a t e  (gypsum) may p rov ide  
t h e  key t o  a m e l i o r a t i o n  of bo th  t h e  e f f l u e n t  and 
t h e  s o i l .  

The a l t e r a t i o n  of d e s i g n  based upon b o t h  c logg ing  
l a y e r  and t h e  e f f e c t s  of sodium does  n o t  n e g a t e  
t h e  need f o r  w a t e r  c o n s e r v a t i o n  w i t h i n  t h e  house 
o r  adequa te  maintenance of t h e  s e p t i c  t a n k  and 
c o n t r o l  of i n p u t  t o  t h e  system. 
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