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INTRODUCTION 

Higher goa ls  f o r  water  q u a l i t y  i nc lud ing  t h e  need f o r  n u t r i e n t  removal has  

made land d i sposa l  a  s i g n i f i c a n t  a l t e r n a t i v e  f o r  many i n d u s t r i e s  and munic ipa l i -  

t i e s ,  The o b j e c t i v e  of t h i s  workshop was t o  p re sen t  t h e  l a t e s t  information on 

s o i l s ,  economics, h e a l t h  e f f e c t s ,  i r r i g a t i o n ,  and o t h e r  important a s p e c t s  of 

land a p p l i c a t i o n  of wastewater t o  s t a f f  members of t h e  Of f i ce  of Water and A i r  

Resources, Because of i t s  broad coverage, t h e  proceedings should be a  u s e f u l  

r e f e rence  f o r  r e p r e s e n t a t i v e s  i n  S t a t e  and Federa l  water  agencies  and consu l t i ng  

f i rms  . 
Another u s e f u l  document i s  t h e  proceedings of t h e  National  Symposium on 

"Ultimate Disposal of Wastewaters and Thei r  Residuals" he ld  on A p r i l  26 and 

2 7 ,  1973, i n  Durham, N. C. That sgmposium was sponsored by t h e  Research 

Tr iangle  U n i v e r s i t i e s  of North Caro l ina ,  t h e  Environmental P r o t e c t i o n  Agency, 

and seve ra l  n a t i o n a l  s o c i e t i e s  concerned w i t h  water  p o l l u t i o n  con t ro l .  Copies 

of t h e s e  symposium proceedings may be ordered  from t h e  Water Resources Research 

I n s t i t u t e  f o r  $8,00 prepaid.  
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LAND APPLICATION OF WASTEWATER 

by 

Beaford L ,  Seabrook 
P r o f e s s i o n a l  Engineex 

Municipal Waste Water System Divis ion  
Of f i ce  of Water Program Operat ions 

U, S , Environmental P r o t e c t i o n  Agency 
Washington, D, C. 20460 

Summary 

The American P u b l i c  Works Assoc ia t ion  Research Foundation, i n  1972,  con- 

ducted an on- s i t e  f i e l d  survey of approximately 100 f a c i l i t i e s  i n  a l l  c l i m a t i c  

zones where community o r  i n d u s t r i a l  wastewaters  a r e  being app l i ed  t o  t h e  land ,  

a s  con t r a s t ed  t o  t h e  convent ional  method of t r e a t i n g  such wastes  and d ischarg-  

i n g  t h e m  i n t o  r ece iv ing  wa te r s ,  

Addi t iona l  d a t a  were gathered from many e x i s t i n g  land a p p l i c a t i o n  f a e i l i -  

t i e s  ac ros s  the  country by means of a  m a i l  survey addressed t o  r e spons ib l e  

o f f i c i a l s ,  Another survey was c a r r i e d  out  t o  a s c e r t a i n  t h e  na tu re  and e x t e n t  

of S t a t e  h e a l t h  and water  p o l l u t i o n  control r e g u l a t i o n s  governing t h e  u s e  and 

con t ro l  of land a p p l i c a t i o n  systems.  To augment informat ion  on U, S, p r a c t i c e s ,  

a  survey was made of exper iences  gained i n  c e r t a i n  fo re ign  c o u n t r i e s .  I n  addi-  

t i o n ,  an ex tens ive  b ib l iography was compiled of l i t e r a t u r e  on a l l  p e r t i n e n t  

phases of land  a p p l i c a t i o n  p r a c t i c e s .  

The f a e i l i t f  es surveyed were r e l a t i v e l y  l a r g e  long-es tabhished ope ra t ions  , 

These were s e l e c t e d  t o  o b t a i n  a s  much informat ion  a s  p o s s i b l e  on t h e  ope ra t ing  

experience of those  us ing  t h i s  technique ,  The surveyed f a c i l i t i e s  whose muni- 

c i p a l  wastes  were appl ied  on l and  were predominately loca red  i n  western and 

southwestern po r t ions  of t h e  U, S o ,  whi le  i n d u s t r i a l  f a c i l i t i e s  were gene ra l ly  

s i t e d  i n  t h e  no r theas t e rn  s e c t i o n  because t h i s  i s  where t h e  ma jo r i t y  of such 

i n s t a l l a t i o n s  a r e  i n  s e r v i c e .  This method o f  handl ing waste  water  has been 

used t o  meet d e f i n a b l e  needs and i s  t e c h n i c a l l y  f e a s i b l e  i n  most a r e a s ,  

Land a p p l i c a t i o n  of e f f l u e n t  has been employed f o r  a  v a r i e t y  s f  reasons ,  

Those most f r equen t ly  mentioned were: 

1, t o  provide supplemental i r r i g a t i o n  water, 

2 .  t o  g ive  economical a l t e r n a t i v e  s o l u t i o n s  f o r  t r e a t i n g  wastes  

and d ischarg ing  them i n t o  r ece iv ing  waters ,  without  causing 

degrada t ion  of r i v e r s ,  l a k e s  and c o a s t a l  wa te r s ,  and 
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3 .  t o  overcome t h e  l a c k  of s u i t a b l e  r ece iv ing  waters  and e l i m i n a t e  

exces s ive  c o s t s  of long o u t f a l l  l i n e s  t o  reach  s u i t a b l e  p o i n t s  

of d i s p o s a l  i n t o  l a r g e  s u r f a c e  bodies  of water .  

Among t h e  major means of accomplishing land a p p l i c a t i o n  of wastewaters 

a r e  : 

1, i r r i g a t i o n  of land a r e a s  by spraying ,  wi th  high-pressure o r  

low-pressure devices ,  us ing  e i t h e r  s t a t i o n a r y  o r  moveable 

types  of d i s t r i b u t i o n  systems; 

2.  r i d g e  and furrow i r r i g a t i o n  systems; 

3 .  use  of overland flow o r  f looding  methods; and 

4 .  use  of i n f i l t r a t i o n  lagoon o r  evapora t ion  ponds. 

Although f a c i l i t i e s  of a l l  types  were surveyed, t h i s  r e p o r t  i s  p r i m a r i l y  

concerned wi th  i r r i g a t i o n - t y p e  f a c i l i t i e e  f o r  supplying supplemental water  t o  

crop a reas ,  f o r e s t  a r e a s  and unharvested s o i l  cover acreages .  The o t h e r  t ypes  

a r e  n o t  a s  widely used because t h e  c l imate  o r  s o i l  cond i t i ons  i n  some l o c a t i o n s  

have an adverse impact on these  a l t e r n a t i v e  methods of applying wastewater  t o  

land .  

I r r i g a t i o n - t y p e  f a c i l i t i e s  were found t o  be used i n  many i n s t a n c e s  under 

a  wide v a r i e t y  of c l ima te  and s o i l  condi t ions  wi th  va r ious  degrees of p r i o r  

t rea tment  of t h e  app l i ed  wastewater and va r ious  types of ground cover  u t i l i z e d .  

Each method of a p p l i c a t i o n  has i nhe ren t  advantages and disadvantages which 

must be eva lua ted  f o r  t h e i r  f e a s i b i l i t y  and e f f i c a c y .  

Land a p p l i c a t i o n  of wastewaters has  been p r a c t i c e d  ex tens ive ly  i n  va r ious  

p a r t s  of t h e  world f o r  many yea r s ,  long be fo re  t h e  t u r n  of t he  century .  The 

major i ty  of e a r l i e r  f a c i l i t i e s  appl ied  un t r ea t ed  domestic wastewaters  w i t h  

vary ing  degrees of contxol  and s u c c e s s ,  

A s  knowledge of  wastewater t rea tment  processes  improved and techniques  

were developed conf in ing  i n  a  r e l a t i v e l y  sma l l  a r e a  t h e  e n t i r e  process  needed 

t o  produce a  " t r e a t e d t t  e f f l u e n t  f o r  d i s p o s a l  i n t o  r ece iv ing  waters ,  l and  a p p l i -  

c a t i o n  was r e l e g a t e d  i n  most states t o  being a n  undes i r ab le  and unacceptable  

process ,  

New concerns about preserv ing  t h e  q u a l i t y  and reuse  of t h e  n a t i o n ' s  wa te r  

resources  have r e s u l t e d  i n  a  reawakening of i n t e r e s t  i n  land a p p l i c a t i o n  a s  a  

v i a b l e  a l t e r n a t i v e  t o  convent ional  wastewater t rea tment  and d i s p o s a l  i n t o  

r ece iv ing  wa te r s .  Inc reas ing  volumes of sewage and i n d u s t r i a l  was tes ,  growing 

complexity of such r a w  was tes ,  and mounting needs f o r  water  t o  s e r v e  growing 



urban  and i n d u s t r i a l  p r o c e s s i n g  needs  have c r e a t e d  doubts  abou t  t h e  a b i l i t y  of 

r e c e i v i n g  w a t e r s  t o  a s s i m i l a t e  e f f l u e n t s  which do n o t  meet h i g h - q u a l i t y  

s t a n d a r d s ,  In addf t i  ~ n ,  i n c r e a s i n g  e v i d e n c e  o f  e u t r o p h i  c a t i o n  o f  nan-f lowing 

r e c e i v i n g  w a t e r s  h a s  focused  a t t e n t i o n  on t h e  need t o  e l i m i n a t e  t h e  p r e s e n c e  

of  n u t r i e n s s  i n  was tewate r  e f f l u e n t s ,  F u r t h e r ,  t h e  p r e s e n c e  o f  t o x i c  t r a c e  

e lements  i n  e f f l u e n t s  1s sometimes c o n s i d e r e d  a t h r e a t  t o  the s a f e t y  of r e c e i v -  

i n g  w a t e r s ,  Thus, advanced t r e a t m e n t  methods have been developed and u t i l i z e d  

t o  avo id  d i s c h a r g e  of such o b j e c t i o n a b l e  components, Inasmuch a s  l a n d  a p p l i -  

s a t i o n  appears  t o  o f f e r  comparable o r  s u p e r i o r  d e g r e e s  of t r e a t m e n t  by aug- 

menting w a s t e  t r e a t x e n b  w i t h  t h e  "natuxak" p u r i f i c a t i o n  o f f e r e d  by s o i l  con- 

t a c t ,  l a n d  a p p l i c a t i o n  ie a g a i n  be ing  c o n s i d e r e d  a s  one o f  t h e  a c c e p t a b l e  

means of a c h i e v i n g  f u l l  t r e a t m e n t  s f  w a s t e w a t e r s ,  

However, a most i m p o r t a n t  f a c t o r  of t h e  c u r r e n t  l a n d  a p p l i c a t i o n  concep t  

i s  t h a t  i t  b e  l imf  t e d  t o  t h e  u s e  of t r e a t e d  wastes, G e n e r a l l y ,  e f f l u e n t s  are 

being c o n v e n t i o n a l l y  t r e a t e d  t o  meet secondary t r e a t m e n t  q u a l i t y  c r i t e r i a .  I n  

a t  least t h r e e  observed f a c i l i t i e s ,  a p p l i e d  e f f l u e n t s  have r e c e i v e d  t e r t i a r y  

t r e a t m e n t  t o  t h e  p o i n t  where t h e  e f f l u e n t  would f u l l y  meet t h e  g e n e r a l l y  p r e -  

s c r i b e d  as w e l l  as proposed c r i t e r i a  f o r  d i s c h a r g e  t o  r e c e i v i n g  w a t e r s ,  Thus, 

l a n d  a p p l i c a t i o n  i s  b e i n g  used t o  g i v e  a  d e g r e e  of advanced w a s t e  t r e a t m e n t ,  

i n c l u d i n g  h i g h  d e g r e e s  of n u t r i e n t  and b a c t e r i a l  removal.  I n  t h i s  c o n t e x t ,  

l a n d  a p p l i c a t i o n  can b e  viewed as a n  a l t e r n a t i v e  t o  phys ica l -chemica l  p r o c e s s e s  

and o t h e r  methods of u l t r a - t r e a t m e n t  which a r e  des igned  t o  a c h i e v e  a high-  

q u a l i t y  e f f l u e n t  , 

Economics of c o n s t r u c t i o n  c o s t ,  o p e r a t i n g  c o s t s ,  energy r e q u i r e m e n t s ,  and 

e f f i c i e n c i e s  of performance o f  Land a p p l i c a t i o n  sys tems  must be ba lanced  w i t h  

t h e  a b i l i t y  t o  a c q u i r e  t h e  r i g h t  t o  app ly  was tewate r  upon t h e  r e q u i r e d  l a n d  

a r e a s .  The c o s t  of advanced w a s t e  t r e a t m e n t  by c o n v e n t i o n a l  means must be  

weighed i n  t h e  l i g h t  of t h e  c a s t  and c o m p l e x i t i e s  of l a n d  a p p l i c a t i o n  sys tems .  

Two i n f o r m a t i v e  r e p o r t s  were  p u b l i s h e d  on t h e  s u b j e c t  of l a n d  a p p l i c a t i o n  

i n  1972 ,  Green Lands - Clean Streams,  a  r e p o r t  by Temple U n i v e r s i t y  Center  f o r  

t h e  Study of  Federa l i sm,  i s  a f r a n k l y  w r i t t e n  advocacy o f  t h e  l a n d  a p p l i c a t i o n  

of was tewate r s  and s l u d g e s ,  Wastewater Management by D i s p o s a l  on t h e  Land by 

t h e  U, S . Amy Corps of Engineers  i s  a  thorough review of  t h e  p h y s i c a l ,  chemical ,  

and b i o Z o g i c a l  i n t e r a c t i o n s  invo lved  i n  t h e  t e c h n i q u e  s f  l a n d  a p p l i c a t i o n ,  

The Consu l t ing  Engineer ing  f i r m  of Metca l f  and Eddy h a s  a l s o  p r e p a r e d  a eom- 

panfon r e p o r t  f o r  t h e  U, S ,  Enviranmeatal  P r o t e c t i o n  Agency, concerned w i t h  



engineer ing  cons ide ra t i ons  of l and  a p p l i c a t i o n  systems,  e n t i t l e d  Wastewater 

Treatment and Reuse by Land Appl ica t ion .  The M&E r e p o r t  w i l l  b e  p r i n t e d  by t h e  

U, S.  Government P r i n t i n g  Of f i ce  i n  1973, These t h r e e  r e p o r t s ,  t o g e t h e r  w i t h  

t h i s  r e p o r t  on t h e  s tudy conducted by t h e  AWPA Research Foundation, should be 

considered i n  eva lua t ing  land a p p l i c a t i o n  systems because they d e a l  w i t h  some- 

what d i f f e r e n t  a s p e c t s  of t h e  common problem. 

The r e p o r t  on t h e  AWPA s t u d i e s  has  made no  s p e c i a l  e f f o r t  t o  examine t h e  

s p e c i f i c  a s p e c t s  covered i n  d e t a i l  i n  t h e  o t h e r  r e p o r t s .  Rather ,  i t  i s  con- 

cerned wi th  r e p o r t i n g  upon t h e  p o l i c i e s ,  p r a c t i c e s  and performances of a  r ep re -  

s e n t a t i v e  group of t h e  r e l a t i v e l y  l a r g e r  land  a p p l i c a t i o n  systems w i t h i n  t h e  

U .  S . ;  p o l i c i e s ,  o r  l a c k  of p o l i c i e s ,  of s t a t e  r e g u l a t o r y  agenc ies ;  and t h e  

exper ience  w i t h  land  a p p l i c a t i o n  i n  c e r t a i n  f o r e i g n  i n s t a l l a t i o n s .  

Systems which were under cons t ruc t ion ,  such a s  Muskegon County, Michigan, 

and s e v e r a l  major domestic and i n d u s t r i a l  systems which were i n t i m a t e l y  known 

t o  Metcalf and Eddy p r o j e c t  personnel  were n o t  i n v e s t i g a t e d  f o r  t h i s  r e p o r t .  

However, t h e  f i rm  of Metcalf and Eddy has  supp l i ed  copies  of i t s  f i e l d  i n t e r -  

views a t  such  si tes t o  APWA e v a l u a t o r s  and d a t a  on many of t h e s e  i n s t a l l a t i o n s  

have been inco rpo ra t ed  i n  t h i s  r e p o r t .  Conversely,  a l l  f i e l d  in format ion  

obtained du r ing  t h e  APWA i n v e s t i g a t i o n s  was supp l i ed  d i r e c t l y  t o  t h e  f i r m  of 

Metcalf and Eddy f o r  i t s  use  i n  ana lyz ing  i t s  own s tudy  r e s u l t s .  

H igh l igh t s  

The fo l lowing  h i g h l i g h t s  from t h e  f i e l d  survey a r e  p re sen t ed  t o  g i v e  a  

composite p i c t u r e  of t h e  obse rva t ions  made dur ing  t h e  land  a p p l i c a t i o n  s i t e  

v i s i t s  : 

1. 

2 .  

3.  

4 * 

Communities gene ra l l y  use  t h e i r  l and  a p p l i c a t i o n  system on 

a cont inuous b a s i s .  Food p roces s ing  p l a n t s ,  t h e  predominant 

i n d u s t r i a l  u s e r s  of t h e  system, gene ra l l y  u s e  discharge-to-  

l and  systems f o r  t h r e e  t o  e i g h t  months p e r  yea r .  

Ground cover  u t i l i z e d  f o r  municipal  systems i s  d iv ided  between 

g r a s s  and c rops .  I n d u s t r i e s  gene ra l l y  u s e  g ra s s  cover .  

Land a p p l i c a t i o n  systems a r e  gene ra l l y  used on a  d a i l y  b a s i s ,  

seven days p e r  week. 

App l i ca t i on  r a t e s  f o r  crop i r r i g a t i o n  a r e  very  low i n  t e r m s  of 

inches  of water  p e r  week. Two inches  o r  less was commonly used.  

(Two inches  p e r  week equa ls  54,300 ga l lons  pe r  a c r e  p e r  week.) 



LO.  

11. 

Many t y p e s  o f  s o i l s  were used ,  a l t h o u g h  sand ,  loam, and s i l t  

were t h e  most common c l a s s i f i c a t i o n  g i v e n ,  Two systems u s i n g  

a p p l i c a t i o n s  o v e r  many f e e t  of sand were  a p p l y i n g  up t o  e i g h t  

i n c h e s  p e r  day once a  week, and one sys tem on c l a y  was apply- 

i n g  a  d a i l y  r a t e  of 0 . 1  i n c h ,  

Mss t o p e r a t i n g  a g e n c i e s ,  munic ipa l  and i n d u s t r i a l ,  are p lan-  

n i n g  t o  e i t h e r  expand o r  c o n t i n u e  t h e i r  l a n d  a p p l i c a t i o n  i n s t a l l a -  

t i o n s .  The few examples of sys tems which had been abandoned were 

due t o  e i t h e r  t h e  d e s i r e  t o  make a h i g h e r  u s e  o f  t h e  l a n d  o r  

because  o f  r e p o r t e d  o v e r l o a d i n g  and incompetent  o p e r a t i o n  of 

t h e  l a n d  a p p l i c a t i o n  f a c i l i t i e s ,  

I n d u s t r i e s  su rveyed  g e n e r a l l y  t r e a t  t h e i r  t o t a l  was te  f low by 

l a n d  a p p l i c a t i o n ,  P r a c t i c e s  of m u n i c i p a l i t i e s  v a r i e d  from less 

t h a n  25 p e r c e n t  t o  a l l  t h e  was tewate r s  d i s c h a r g e d .  

Secondary t r e a t m e n t  i s  g e n e r a l l y ,  b u t  n o t  a lways,  p rov ided  by 

m u n i c i p a l i t i e s  p r i o r  t o  l a d  a p p l i c a t i o n  o f t e n  t i m e s  accompanied 

by l agosn ing .  I n d u s t r i e s ,  u s i n g  t h i s  t e c h n i q u e  f r e q u e n t l y  

t r e a t e d  t h e i r  p r o c e s s  w a s t e s  by s c r e e n i n g  o n l y .  

Spray i r r i g a t i o n  i s  t h e  most f r e q u e n t l y  used (57 f a c i l i t i e s )  

method of a p p l i c a t i o n ,  a l t h o u g h  most m u n i c i p a l i t i e s  u s e  more 

t h a n  one method, Ridge-and- fur r~w i r r i g a t i o n  i s  used a t  23 

f a c i l i t i e s  and f l o o d i n g  i r r i g a t i o n  by 34 s y s t e m s .  I n d u s t r y  

g e n e r a l l y  used s p r a y  i r r i g a t i o n ,  

Land u s e  zoning f o r  l a n d  a p p l i c a t i o n  sites i s  predominant ly  

c l a s s i f i e d  as fawning w i t h  some r e s i d e n t i a l  zon ing  i n  con- 

t i g u o u s  a r e a s ,  

Wasrewater g e n e r a l l y  is  t r a n s p o r t e d  t o  t h e  a p p l i c a t i o n  s i t e  by 

p r e s s u r e  l i n e s  a l t h o u g h  a number o f  m u n i c i p a l i t i e s  are a b l e  t o  

u t i l i z e  d i t c h e s  o r  g r a v i t y  f low p i p e l i n e s .  

Many m u n i c i p a l  l a n d  a p p l i c a t i o n  f a c i l i t i e s  have  been i n  u s e  f o r  

s e v e r a l  years--more t h a n  h a l f  (of o v e r  100 surveyed)  f o r  o v e r  

1 5  yearns, I n d u s t r i a l  sys tems g e n e r a l l y  have been i n  u s e  f o r  a  

l e s s e r  p e r i o d  of t i m e ,  

Renovated was tewate r  i s  seldom c o l l e c t e d  by u n d e r d r a i n s ;  r a t h e r ,  

e v a p o r a t i o n ,  p l a n t  t r a n s p i  r a t i o n ,  and groundwater r e c h a r g e  t a k e  

up t h e  f low.  



14,  Land a p p l i c a t i o n  f a c i l i t i e s  gene ra l ly  do n o t  make apprec i ab le  

e f f o r t s  t o  prec lude  pub l i c  access .  Residences a r e  f r equen t ly  

l oca t ed  ad jacent  t o  l and  a p p l i c a t i o n  s i t e s .  No s p e c i a l  e f f o r t  

i s  made t o  s ec lude  l and  a p p l i c a t i o n  a reas  from r e c r e a t i o n a l  

f a c i l i t i e s  and from those  who use  t h e s e  l e i s u r e  s i tes ,  

1 5 ,  Monitoring of groundwater q u a l i t y ,  s o i l  uptake of contaminants,  

crop uptake of wastewater components, and s u r f a c e  water  impacts 

i s  n o t  c a r r i e d  out  wi th  any cons is tency .  

Overview 

I n  o r d e r  t o  p re sen t  a l l  of t h e  d e t a i l s  and da t a  r e l a t i n g  t o  t h e  conduct of 

t h e  s t u d i e s ,  and t o  explore  t he  in f luence  of p o s s i b l e  f a c t o r s  i n f luenc ing  t h e  

handl ing of  sewage from many sources ,  a t  many sites, and wi th  many d i v e r s e  

methods s f  a p p l i c a t i o n ,  t h e  APWA r e p o r t  has r e s u l t e d  i n  a  r a t h e r  l a r g e  document. 

Among o the r  t h i n g s ,  t he  r e p o r t  has been compiled t o  answer t h e  i n q u i r i e s  

of t h e  U .  S  , Environmental P r o t e c t i o n  Agency from o the r  U .  S. Government agen- 

c i e s ,  m u n i c i p a l i t i e s ,  i n d u s t r i e s  and engineer ing  consu l t an t s .  The t o t a l  r e p o r t  

i s  va luab le ,  n o t  because of i t s  s i z e  b u t  due t o  i t s  con ten t s .  This  i s  t h e  

f i r s t  t ime some of t h i s  d a t a  has eve r  been assembled, eva lua ted ,  and r epor t ed ,  

It w i l l  become a v a i l a b l e  from t h e  U ,  S ,  Govexnment P r i n t i n g  O f f i c e  i n  t h e  l a t e  f a l l  

of 1973 and from the  Nat iona l  Technical  Information Serv ice  (NTIS) of t h e  U .  S .  

Department of Commerce. 

This overview i s  f o r  those  who r e q u i r e  a  b r i e f  summary of t h e  con ten t s  of 

t he  American P u b l i c  Works Assoc ia t ion  r e p o r t  e n t i t l e d ,  Survey of F a c i l i t i e s  

Using Land Appl ica t ion  of Wastewaters, and an equal ly  concise  eva lua t ion  of t he  

p r i n c i p l e s ,  p r a c t i c e s  and performances of t h e  land a p p l i c a t i o n  systems now i n  

s e r v i c e  i n  t h e  United S t a t e s  and i n  c e r t a i n  f o r e i g n  c o u n t r i e s ,  Summaries of 

t h e  b a s i c  i n t e n t  and information contained i n  each Sec t ion  of t h e  r e p o r t  a r e  

presented  a s  w e l l  as a  demographic eva lua t ion  and a  d i scuss ion  of t h e  f a t e  of 

m a t e r i a l s  app l i ed  t o  t h e  land .  

The conclusions drawn from t h e  s tudy s e r v e  t o  v e r i f y  t h e  r e l a t i v e  success  

of p re sen t  land a p p l i c a t i o n  systems f o r  supplementing groundwater sources ;  pro- 

v id ing  economical means of e f f l u e n t  u t i l i z a t i o n  where d ischarge  t o  s u r f a c e  

waters  would be  excess ive ly  d i f f i c u l t  and c o s t l y ;  a f fo rd ing  augmented e f f l u e n t  

q u a l i t y  improvement by s o i l  uptake of c o n s t i t u e n t s  which would adverse ly  a f f e c t  

r ece iv ing  water  q u a l i t y ;  o f f e r i n g  o p p o r t u n i t i e s  to  enhance crop growths and 



s i l v i c u l t u r e ;  and augmenting ind igenous  w a t e r  s u p p l i e s  f o r  r e c r e a t i o n a l  and 

a e s  t h a t i c  p u r p o s e s ,  

S u c c e s s f u l  a p p l i c a t i o n  o f  e f f l u e n t  was tewate r s  t o  l a n d  areas i s  n o t  wi th -  

o u t  i t s  problems,  Th is  management t e c h n i q u e  i s  n o t  a  u n i v e r s a l  panacea ,  

The need f o r  p u b l i c  a c c e p t a n c e  o f  l a n d  a p p l i c a t i o n  methods i s  s t r o n g l y  

advoca ted ,  p a r t i c u l a r l y  f o r  proposed i n s t a l l a t i o n s  c o v e r i n g  l a r g e  volumes of 

f low t o  e x t e n s i v e  a c r e a g e  i n  r e l a t i v e l y  d e n s e l y  p o p u l a t e d  r e g i o n s .  Over and 

above t h e  problem of n e u t r a l i z i n g  t h e  a e s t h e t i c  and p s y c h o l o g i c a l  o b j e c t i o n s  t o  

any d i r e c t  o r  i n d i r e c t  c o n t a c t s  w i t h  was tewate r s  o r  w a s t e  r e s i d u e s ,  unfounded 

f e a r s  of v i r o l o g i c a l  o r  p a t h o l o g i c a l  i n f e c t i o n s  n u s t  b e  overcome by c a r e f u l l y  

p lanned  and e f f e c t i v e l y  execu ted  p u b l i c  e d u c a t i o n  programs,  

This  p u b l i c  r e l a t i o n s  problem emphasizes t h e  recommendation t h a t  i r r e f u t -  

a b l e  f i n d i n g s  on t h e  p r e s e n c e  o r  absence  o f  h e a l t h  h a z a r d s  i n  l a n d  a p p l i c a t i o n  

p r a c t i c e s  must b e  d e f i n e d  and r e p o r t e d  b e f o r e  g u i d e l i n e s  f o r  t h i s  method of  

was tewate r  e f f l u e n t  management are promulga ted ,  G u i d e l i n e s  a r e  soon i n t e r -  

p r e t e d  as " the  l a w "  r a t h e r  than  sugges ted  c r i t e r i a ,  T h i s  g i v e s  c redence  t o  t h e  

sound s u g g e s t i o n  t h a t  f o r m a l i z a t i o n  o f  " g u i d e l i n e s "  b e  d e f e r r e d  u n t i l  " i n t e r i m  

e v a l u a t i o n  p rocedures"  are p u b l i s h e d  and g i v e n  t h e  o p p o r t u n i t y  t o  b r i d g e  t h e  

gap between today" r a t h e r  l i m i t e d  use  o f  l a n d  a p p l i c a t i o n  sys tems  and any 

g r e a t l y  expanded u t i l i z a t i o n  o f  t h i s  t r e a t m e n t - d i s p o s a l  p rocedure  i n  t h e  f u t u r e .  

The Study - S e c t i o n  I1 

The s t u d i e s  conducted by t h e  American P u b l i c  Works Research Foundat ion on 

b e h a l f  of t h e  U. S ,  Environmental  P r o t e c t i o n  Agency were  planned and consummated 

t o  produce t h e  fundamental  i n f o r m a t i o n  needed t o  g i v e  v a l i d i t y  t o  t h e  i n t e n t  of 

S e c t i o n  201 of t h e  1972 Amendments t o  t h e  Water P o l l u t i o n  C o n t r o l  Act s u c h  as: 

6 A f f i r m a t i o n  of d e s i g n  and o p e r a t i o n a l  d a t a  f o r  a l a r g e  number o f  U. S. 

i n s  t a l l a t i  ons i n  v a r f  ous  c l i m a t i c  r e g i o n s ,  h a n d l i n g  was tewate r s  of v a r i o u s  

t y p e s  and volumes; by v a r i o u s  methods o f  a p p l i c a t i o n ;  f o r  d i f f e r e n t  purposes ;  

on v a r i o u s  t y p e s  of s o i l ,  ground cover  and c ropp ing ;  and demons t ra t ing  d i f f e r -  

e n t  l o c a l  env i ronmenta l  c o n d i t i o n s  and moni to r ing  p r a c t i c e s .  

a C o l l e c t i o n  and i n t e r p r e t a t i o n  o f  s i m i l a r  d a t a  on  f o r e i g n  i n s t a l l a t i o n s  

where l a n d  a p p l i c a t i o n  has  been i n  e f f e c t  f o r  l o n g e r  p e r i o d s  and under  v a r y i n g  

c o n d i t i o n s .  

C o l l a t i o n  of b i b l i o g r a p h i c  r e c o r d s  and r e f e r e n c e s  on  every  c o n c e i v a b l e  f a c e t  

s f  l a n d  a p p l i c a t i o n ,  i n c l u d i n g  d e s i g n ,  o p e r a t i o n ,  p h y s i c a l ,  chemical ,  p a t h o l o g i -  

c a l ,  v i r o b o g i c a l ,  p a r a s i t i c ,  a e s t h e t i c ,  h y d r o l o g i c ,  a g r i c u l t u r a l ,  h e r b i c u l t u r a l ,  

s i l v i c u l t u r a b  b e n e f i t s  and d e t r i m e n t s ,  and o t h e r  r e l a t e d  matters, 



Evalua t ion  of a l l  d a t a  i n  terms of p r a c t i c a l  i n t e r p r e t a t i o n  a f  t h e i r  

meaningful answers and gu ide l ines  t o  land a p p l i c a t i o n  p r a c t i c e s ,  

The s t u d i e s ,  i n  g r e a t  measure, achieved t h e s e  goa l s .  

Survey I n v e s t i g a t i o n s  - Sect ion  111 

On-site, in-depth i n v e s t i g a t i o n s  of more than  67 community and 20 indus- 

t r i a l  land a p p l i c a t i o n  systems were c a r r i e d  ou t  by t r a i n e d  engineer ing  s p e c i a l -  

ists.  The 87 i n s t a l l a t i o n s  des igna ted  provided d a t a  of s i g n i f i c a n c e ,  These 

s i t e s  were chosen t o  be r e p r e s e n t a t i v e  of n a t i o n a l  exper iences  w i t h  vary ing  

types of wastewaters ,  appl ied  t o  vary ing  types of s o i l s ,  ground coves and o t h e r  

indigenous cond i t i ons  under d ive r se  c l i m a t i c  condi t ions .  

To augment t h e  f ind ings  of t h e  on-s i te  surveys ,  a ma i l  i n v e s t i g a t i o n  of  

s i m i l a r  l and  a p p l i c a t i o n  sites was c a r r i e d  o u t ,  covering t h e  same s tudy  sub- 

j e c t s  explored by t h e  f i e l d  s tudy  team. S i g n i f i c a n t  d a t a  were obta ined  f o r  

approximately t h e  same number of municipal  and i n d u s t r i a l  i n s t a l l a t i o n s  covered 

by the  f i e l d  s t u d i e s ,  Five c l i m a t i c  zones, each with t h e i r  own temperature,  

p r e c i p i t a t i o n ,  humidity and seasona l  c h a r a c t e r i s t i c s  were des igna ted ,  Evalua- 

t i o n  of survey f ind ings  was i n t e r p r e t e d  on t h e  b a s i s  of t h e  impact of c l i m a t i c  

condi t ions  on wastewater  a p p l i c a t i o n  t o  land  a r e a s  and o t h e r  f a c t o r s  i n f luenced  

by meteoro logica l  phenomenon, 

The demographic, geographic,  geologic ,  hydrologic ,  and o t h e r  f a c t o r s  and 

impacts of land a p p l i c a t i o n  p r a c t i c e s ,  procedures ,  and performance a r e  d i s -  

cussed i n  t h i s  s e c t i o n .  

The f i n d i n g s  of t h e  survey o f f e r  evidence of acceptab le  ope ra t ing  expe r i -  

ences,  which should be u s e f u l  i n  guiding f u t u r e  l and  a p p l i c a t i o n  d e c i s i o n s ,  An 

important  f i n d i n g ,  among a l l  of t h e  d i v e r s e  conclusions t h a t  can be drawn from 

f i e l d  and ma i l  survey d a t a ,  i s  t h e  f a c t  t h a t  90 percent  of communities and 95 

percent  of i n d u s t r i e s  making use  of land  a p p l i c a t i o n  methods p l a n  t o  cont inue  

t h e i r  use; n e a r l y  50 pe rcen t  of communities and one - f i f t h  of t h e  i n d u s t r i e s  

contemplate  i n c r e a s i n g  o r  expanding t h e i r  systems.  I f  t h e  "proof of t h e  pudding" 

is  i n  t h e  performance, t h e  approval  of u s e r s  i s  t h e  f i n a l  a p p r a i s a l  o f  t h e  l and  

a p p l i c a t i o n  technique.  

The s tudy  i n d i c a t e d  t h a t  e x i s t i n g  land a p p l i c a t i o n  systems a r e  s e rv ing ,  

predominantly,  i n  r e l a t i v e l y  sma l l  communities and i n d u s t r i a l  s i t e s ,  i n  terms 

of popula t ion  and flow loadings .  Future a p p l i c a t i o n s  may involve  l a r g e r  load- 

i ngs ,  g r e a t e r  i r r i g a t i o n  a reas  and g r e a t e r  l and  va lues ,  bu t  t h e  expansion of 

f a c i l i t i e s  may r ep resen t  an o r d e r l y  enlargement of scope and a  manageable 

i n c r e a s e  i n  c o s t s  . It i s  s i g n i f i c a n t  t h a t  t he  c o s t s  involved i n  e x i s t i n g  land  



i i p p l i c a t d o n  c y s t e m s  a p p a r e n t l y  l i e  v i th i -n  t h e  c a p a b i l i t i e s  of small.er com- 

m u n i t i e s  and i n d u s t r y  i n s t a l l a t i o n s ,  Choice of this means of wastewater  d i s -  

p o s a l  h a s  been based on v a r i o u s  f a c t o r s :  Need f o r  supp lementa l  i r r i g a t i o n  

w a t e r ;  augmentat ion of ground .i.rater r e s o u r c e s ;  s i x p l i c i t y  and econowj of p ro-  

v i d i n g  r e q u i r e d  d e g r e e s  of t r e a t m e n t ;  problems of e x c e s s i v e  c o s t  of p r o v i d i n g  

t r e a t m e n t  and o u t f a l l  l i n e s  t o  d i s t a n t  p o i n t s  of e f f l u e n t  d i s c h a r g e  i n t o  s u i t -  
?, 

a b l e  r e c e i v i n g  w a t e r s ;  and merely  " t o  g e t  r i d  o f  t h e  sewage' j.n a  c o n v e n i e n t ,  

t r o u b l e - f r ~ e  manner t h a t  ts a c c e p t a b l e  t o  t h e  community. 

The f i n d i n g s  of t h e  s u r v e y  a r e  s o  mani fo ld  and t e c h n o l o g i c a l  t h a t  any 

a t t e m p t  t o  c a p s u l a t e  them would h i n d e r  t h e i r  v a l u e  and endanger  t h e i r  i n t e r -  

p r e t a t i o n ,  The f o l l o w i n g  p o i n t s  a r e  borne o u t  by  t h e  r e p o r t :  E x i s t i n g  p rac -  

t i c e  s t r e s s e s  l a n d  a p p l i c a t i o n  of t r e a t e d  e f f l u e n t s ,  n o t  r a w  wss tewate r s ;  

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

of t h e  l a n d  r e s e r v e d  by t h e  owners f o r  t h e i r  sys tems;  a p p l i c a t i o n  p e r i o d s  may 

v a r y  from one month t o  twe lve  months a y e a r ,  and from one t o  seven  days  a  week, 

depending on c l i m a t i c  c o n d i t i o n s ,  need f o r  l a n d  a p p l i c a t i o n  f o r  s u r p l u s a g e  

f lows ,  s e a s o n a l  i n d u s t r i a l  p r o c e s s i n g ,  such as i n  t h e  food i n d u s t r y ,  and o t h e r  

l o c a l  f a c t o r s ;  l and  v a l u e s  a r e  r e l a t i v e l y  low, zoned f o r  e i t h e r  a g r i c u l t u r e  o r  

r e s i d e n t i a l  u s e s ,  o f t e n  i n  undeveloped a r e a s ,  and s u b j e c t  t o  minimal degrada-  

t i o n  of v a l u e  due t o  u s e  f o r  i r r i g a t i o n  purposes ;  a l l  t y p e s  o f  s o i l  a r e  u t i l i z e d ,  

w i t h  sand ,  c l a y ,  and s i l t  most f avored ;  groundwater i n t e r f e r e n c e  j)roblem- 

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

d i f f i c u l t i e s  w i t h  l a n d  a p p l i c a t i o n  methods; predominant wastewater  d i s t r i b u t i o n  

methods a r e  s p r a y  i r r i g a t i o n ,  o v e r l a n d  f l o o d i n g  i r r i g a t i o n  and ridge-and-furrow 

i r r i g a t i o n .  

Use of t h e  i r r i g a t e d  l a n d  v a r i e s  w i t h  t h e  owner ' s  needs  and d i c t a t e s ,  from 

no ground cover  t o  g r a s s  c o v e r ,  c u l t i v a t e d  c r o p s  and f o r e s t e d  a r e a s .  Grass is 

t h e  nos t common ground c o v e r  i n  community sys tems .  I t  i s  e v i d e n t  t h a t  t h e  crop- 

p i n g  v a l u e  of supp lementa l  i r r i g a t i o n  w i t h  was tewate r s  and t h e i r  n u t r i e n t  com- 

ponen ts  i s  n o t  u n i v e r s a l l y  u t i l i z e d .  

R a t e s  of a p p l i c a t i o n  of sewage e f f l u e n t s  t o  t h e  l a n d ,  and d u r a t i o n  of 

u n i n t e r r u p t e d  a p p l i c a t i o n  v a r y  from 0 . 1  i n c h  per  day t o  o v e r  1 i n c h  p e r  day,  

w i t h  v a r y i n g  p e r i o d s  of i r r i g a t i o n  and r e s t i n g .  The most commonly used a p p l i -  

c a t i o n  r a t e  i s  two i n c h e s  p e r  week. Few systems are o v e r s t r e s s e d  by such  l o a d -  

i n g s ;  i t  i s  a p p a r e n t  t h a t  i n c r e a s e d  r a t e s  of a p p l i c a t i o n  c o u l d  b e  p r a c t i c e d  

w i t h o u t  j eopardy  t o  t h e  sys tem o r  t h e  environment and w i t h  more e f f e c t i v e  and 



economical u t i l i z a t i o n  of ass igned  acreages ,  The fol low-the-leader  t r end  i n  

a p p l i c a t i o n  r a t e s  i s  apparent ;  proposed guide l ines- -e i ther  t e n t a t i v e  o r  f i n a l - -  

would do much t o  e s t a b l i s h  more r a t i o n a l  a p p l i c a t i o n  r a t e s ,  based on f a c t s  

r a t h e r  than  b l i n d  adherence t o  t h e  a c c i d e n t a l  o r  a r b i t r a r y  r a t e s  used by o t h e r  

r e s e a r c h e r s .  

L i t t l e  concern and p r o t e c t i v e  measures have been shown f o r  t h e  d e t e r i o r a -  

t i o n  of t h e  environment i n  a p p l i c a t i o n  a r e a s  o r  t o  t h e  impact on cont iguous 

lands  and t h e i r  occupants .  Secu r i ty  p rov i s ions  a r e  not  u n i v e r s a l l y  used t o  

p r o t e c t  a g a i n s t  i n t r u s i o n  of t r e s p a s s e r s  or  a g a i n s t  t he  d i s p e r s a l  of on - s i t e  

condi t ions  t o  surrounding land  a r e a s .  Fencing and p a t r o l l i n g  is n o t  un iver -  

s a l l y  p r a c t i c e d ;  b u f f e r  zones t o  i s o l a t e  land  a p p l i c a t i o n  a r e a s  and impede d i s -  

p e r s a l  of a e r o s o l  sprays  a r e  used bu t  no common p r a c t i c e  is  i n  e f f e c t ;  monitor- 

i n g  of groundwater, su r f ace  water  sources ,  s o i l s ,  crops,  animals and i n s e c t s  

i s  p rac t i ced  i n  some l o c a t i o n s  and minimally used i n  o t h e r s ,  o f t e n  dependent 

s o l e l y  on t h e  requirements of p u b l i c  h e a l t h  a u t h o r i t i e s .  

It i s  hazardous t o  c h a r a c t e r i z e  t h e  above thumbnail f i n d i n g s  a s  t r u l y  

r e p r e s e n t a t i v e  of t h e  p r a c t i c e s  and exper iences  d i sc losed  by t h e  survey.  

S imi l a r ly ,  t hese  f a c t o r s  do n o t  r ep re sen t  a l l  of t he  d i s c l o s u r e s  of t h e  s tudy .  

They do, however, g ive  i n d i c a t i o n  f o r  those  who w i l l  not  s tudy t h e  f u l l  t e x t  

and d e t a i l s  of t h e  comprehensive i n v e s t i g a t i o n s  explored i n  t h e  f u l l  r e p o r t ,  

t h a t  land a p p l i c a t i o n  methods have been found t o  be workable and r e l a t i v e l y  

amenable t o  t h e  l o c a l  environment even under c o n t r o l  and r egu la to ry  procedures  

which must be improved i n  a l l  f u t u r e  land  a p p l i c a t i o n  p r a c t i c e s .  The f u t u r e  

w i l l  r e q u i r e  more complete supe rv i s ion  of land a p p l i c a t i o n  s i t e s  supported by 

d e f i n i t i v e  proof of t h e  c a p a b i l i t i e s  of such systems t o  s e rve  a s  wastes  handl ing  

f a c i l i t i e s  worthy of t he  term " a l t e r n a t i v e "  techniques.  

Opinions and Regulat ions of S t a t e  Heal th and Water P o l l u t i o n  Control  Agencies - 
Sect ion  I V  

The survey conducted by APWA with s t a t e  h e a l t h  and water  p o l l u t i o n  c o n t r o l  

agencies  i n d i c a t e d  t h a t  most s t a t e  agencies  have no s e t  p o l i c i e s  on t h i s  phase 

of wastewater handl ing  o r  a t t e n d a n t  environmental impacts,  do not  impose 

s p e c i f i c  cond i t i ons  on i n s t a l l a t i o n s ,  seldom inspec t  e x i s t i n g  systems,  and 

seldom r e q u i r e  monitor ing procedures  and t h e  f i l i n g  of o f f i c i a l  r e p o r t s  on 

opera t ion .  

Only f o u r  s t a t e s  repor ted  r u l e s  governing t h e  types of crops t h a t  can be 

grown on sewage-irr igated lands .  The few agencies  which invoke r e s t r i c t i o n s  of 



t h i s  n a t u r e  s p e c i f y  t h e  q u a l i t y  o f  e f f l u e n t s  a p p l i e d  t o  l a n d  areas, O f  27 

s ta te  c o n t r o l  a g e n c i e s  which p a r t i c i p a t e d  i n  t h e  d a t a - g a t h e r i n g  program, a 

maximum of 25 p e r c e n t  invo lved  themselves  w i t h  any s i n g l e  i t e m  of t h e  11 

g u i d e l i n e  c r i t e r i a  covered by t h e  op in ion  s u r v e y ,  

I n  d e f e n s e  of t h i s  r e c o r d  of i r r e l e v a n c e  w i t h  t h e  l a n d  a p p l i c a t i o n  p r a c t i c e ,  

i t  must be s a i d  t h a t  some s t a t e s  have few such  i n s t a l l a t i o n s  and even fewer  have 

i n s t a l l a t i o n s  of any major s i g n i f i c a n c e .  I n  a d d i t i o n ,  states contend t h a t  

they have been deep ly  invo lved  w i t h  t h e  c o n t r o l  and r e g u l a t i o n  of c o n v e n t i o n a l  

sewage t r e a t m e n t  f a c i l i t i e s  and stream q u a l i t y  p r o t e c t i o n .  Shor tage  o f  q u a l i -  

f i e d  p e r s o n n e l  h a s  been o f f e r e d  as t h e  r e a s o n  f o r  absence  o f  a t t e n t i o n  t o  t h e  

i n s  t a l l a t f  on, o p e r a t i o n ,  and moni to r ing  of l a n d  a p p l i c a t i o n  i n s t a l l a t i o n s ,  

I n  t h e  absence of f o r m a l  s t a t e  r e g u l a t i o n s ,  some a g e n c i e s  have used 

u n o f f i c i a l  s t a f f  o p i n i o n s  as t h e  b a s i s  f o r  l a n d  a p p l i c a t i o n  d e c i s i o n s .  Simi- 

l a r l y ,  e a c h - c a s e - f o r - i t s e l f  d e c i s i o n s  on h e a l t h  h a z a r d s  have been invoked o r  

expressed  by s t a t e  h e a l t h  a g e n c i e s  b u t  a  minimum of t r a n s l a t i o n  of such p o l i -  

c i e s  i n t o  s p e c i f i c  r e g u l a t o r y  a c t i o n s  was d i s c l o s e d  by t h e  s u r v e y .  

Summary s f  Fore ign  Exper ience - S e c t i o n  V 

Data from s u c h  w i d e l y  l o c a t e d  c o u n t r i e s  as A r g e n t i n a ,  A u s t r a l i a ,  Belgium, 

I n d i a ,  I s r a e l ,  Hungary, and Mexico conf i rm t h e  u s e  and v a l u e  of t h e  l a n d  a p p l i -  

c a t i o n  t echn ique  f o r  v a r i o u s  purposes ,  f o r  a  v a r i e t y  of growing c r o p s ,  under  

d i v e r s i f i e d  conditions, and w i t h  d i f f e r e n t  r e s u l t s .  Enhancement o f  s o i l  

p r o d u c t i v i t y ,  th rough  t h e  mechanics of supp lementa l  i r r i g a t i o n  w i t h  was te  w a t e r  

and t h e  enr ichment  of s o i l  w i t h  t h e  o r g a n i c  c o n s t i t u e n t s  of sewage and i n d u s t r i a l  

p r o c e s s i n g  w a t e r s  a r e  wide ly  acknowledged. 

H e a l t h  h a z a r d s  have been s t u d i e d  i n  v a r i o u s  c o u n t r i e s  and p r o t e c t i v e  

measures have been invoked,  Some c o u n t r i e s ,  such as wate r - shor t  Israel,  

u t i l i z e  was tewate r s  f o r  i r r i g a t i o n  purposes--where o v e r  100 sys tems  a r e  i n  

s e r v i c e ,  b u t  t h e y  t end  t o  a v o i d  t h e  u s e  o f  raw, u n t r e a t e d  sewage and c o n t a c t  

wi th  c r o p s  t h a t  a r e  e a t e n  raw by humans o r  domes t ica ted  a n i m a l s ,  

On t h e  North American c o n t i n e n t ,  t h e  most d r a m a t i c  l a n d  a p p l i c a t i o n  system 

on r e c o r d  is  i n  Tu la  Hidalgo,  Mexico, where l a n d s  o p e r a t e d  by t h e  Mexican 

F e d e r a l  Department of A g r i c u l t u r e  a r e  a s s i g n e d  t o  E j i d o s ,  heads  of f a m i l i e s ,  i n  

u n i t s  of l i m i t e d  h e c t a r e s ,  On 47,000 h e c t a r e s ,  e q u i v a l e n t  t o  115,000 a c r e s ,  

some 1,476,000 m e t r i c  t o n s  of food p r o d u c t s  were grown i n  1971,  Approximately 

t h e  same tonnage was produced i n  1972. A d d i t i o n a l  a r i d  l a n d  i s  a v a i l a b l e  f o r  



c u l t i v a t i o n  when a d d i t i o n a l  was tewate r  from Mexico C i t y  becomes a v a i l a b l e .  

C u r r e n t l y ,  some 570 m i l l i o n  g a l l o n s  p e r  day o f  raw u n t r e a t e d  sewage f l o w s  by 

c a n a l  t o  t h i s  a r e a ,  95 p e r c e n t  of which r e a c h  t h e  c rop land .  During t h e  r a i n y  

season  t h e r e  i s  an  a d d i t i o n a l  s t o r m  w a t e r  f l o w  through t h e  same c a n a l ,  most 

of which i s  impounded i n  a series of dams f o r  u s e  d u r i n g  t h e  d r y  season  f o r  

c rop land  i r r i g a t i o n ,  

I n  England t h e  H e r t f o r d s h i r e  f a c i l i t y  h a s  had o v e r  20 y e a r s '  e x p e r i e n c e  

i r r i g a t i n g  l i q u i d  d i g e s t e d  s l u d g e  c o n t a i n i n g  abou t  t h r e e  p e r c e n t  s o l i d s .  

T e c h n i c a l l y ,  t h i s  l a n d  a p p l i c a t i o n  sys tem i s  more r e l a t e d  t o  s l u d g e  t h a n  t o  

sewage e f f l u e n t s ,  b u t  i t s  long  and s u c c e s s f u l  e x p e r i e n c e  conf i rms  t h e  f e a -  

s i b i l i t y  of t h a t  method of l a n d  a p p l i c a t i o n  o f  w a s t e w a t e r s .  There  is  a  non- 

t e c h n i c a l  1 6  mm c o l o r  f i l m ,  e n t i t l e d ,  Wealth from Waste, which shows t h e  

H e r t f o r d s h i r e  o p e r a t i o n s .  

G u i d e l i n e s  f o r  Implementat ion of Land A p p l i c a t i o n  Systems - S e c t i o n  V I  

The survey  p rov ided  many g u i d e l i n e s  t h a t  could  b e  t r a n s l a t e d  i n t o  l ldo ' s ' l  

and " d o n ' t ' s "  i n  l a n d  a p p l i c a t i o n  p r o c e d u r e s .  I n  a d d i t i o n ,  t h e  l i t e r a t u r e  

s e a r c h e s  b r o u g h t  added c r i t e r i a  t o  l i g h t  conf i rming  t h e  b a s i c  f a c t s  evolved 

from t h e  s u r v e y .  From t h e s e  i n f o r m a t i o n  s o u r c e s  and o t h e r s  t h e  r e p o r t  sug- 

g e s t s  g u i d e l i n e s  f o r  t h e  implementa t ion  of l a n d  a p p l i c a t i o n  systems.  

For t h e  gu idance  o f  t h e  r e g u l a t o r y  a d m i n i s t r a t o r  s t a f f s ,  decis ion-makers ,  

d e s i g n e r s  and owners o f  f u t u r e  l a n d  a p p l i c a t i o n  i n s t a l l a t i o n s ,  some t e n t a t i v e  

p r o c e d u r e s  have been p r e s e n t e d  a s  they  may be  a f f e c t e d  by c l i m a t i c  c o n d i t i o n s  

and a p p l i c a b i l i t y  of t h e  p r o c e s s  t o  s p e c i f i c  m e t e o r o l o g i c a l  phenomenon; 

a v a i l a b i l i t y  and l o c a t i o n  of l a n d  a r e a s  s u i t a b l e  f o r  wastewater  a p p l i c a t i o n ;  

r a t e s  o f  a p p l i c a t i o n ;  t y p e s  of s o i l s ,  c r o p s  and ground cover ;  methods of a p p l i -  

c a t i o n  and t h e i r  r e l a t i o n s h i p  w i t h  g e o l o g i c a l ,  t o p o g r a p h i c a l  and h y d r o l o g i c a l  

c o n d i t i o n s ;  t y p e s  o f  wastewater  p r e t r e a t m e n t  t o  a s s u r e  p r o p e r  and s a f e  l a n d  

a p p l i c a t i o n ;  c a p i t a l  and o p e r a t i n g  c o s t s ;  moni to r ing  and h e a l t h  p r o t e c t i v e  

measures;  and o t h e r  r e l a t e d  a s p e c t s  of sys tem p l a n n i n g  and e x e c u t i o n .  

Refe rences  have been drawn from a l l  p o s s i b l e  s o u r c e s  t o  s u p p o r t  t h e  t e n -  

t a t i v e  p a r a m e t r i c  p rocedures  o u t l i n e d  i n  t h e  g u i d e l i n e s .  The l i s t e d  c r i t e r i a  

a r e  n o t  p r e s e n t e d  as "s tandards";  t h i s  would b e  improper ly  a n t i c i p a t o r y  o f  t h e  

n e x t  o f f i c i a l  s t e p  which must b e  t a k e n  t o  d i s t i l l  from t h i s  s t u d y  and t h e  

o t h e r  p a r a l l e l  i n v e s t i g a t i o n s  sponsored by t h e  U. S .  Environmental  P r o t e c t i o n  

Agency on l a n d  a p p l i c a t i o n  t e c h n i q u e s .  Ra ther ,  t h e  g u i d e l i n e s  a r e  o f f e r e d  as 



suggested c r i t e r i a ,  a necessary  inpu t  i n t o  t h e  o v e r a l l  fund of information upon 

which even tua l  o f f i c i a l  gu ide l ines  must be  based, As mentioned i n  t h e  Overview, 

c h i s  g ives  credence t o  t h e  sugges t ion  t h a t  fo rma l i za t ion  of  gu ide l ines  be 

defer red  unt  i l "in t e r im  eva lua t ion  procedures" a r e  publ i shed .  

P lac ing  Land Appl ica t ion  s f  E f f luen t s  i n  Pe r spec t ive :  An I n t e r p r e t a t i o n  - 
Seet ion  V I I  

This s e c t i o n  s t r e s s e s  t h e  importance of p lac ing  land a p p l i c a t i o n  techniques 

i n  t h e i r  proper  pe r spec t ive  and i n t e r p r e t i n g  the  a l t e r n a t i v e  "pluses"  and 
1 1  minuses" on t h e  b a s i s  of l o c a l  f a c t o r s  and l o c a l  needs. 

It is  evident  t h a t  an " a l t e r n a t i v e "  must be compared wi th  something f o r  

which i t  i s  an a l t e r n a t i v e ,  Thus, t h e  de te rmina t ion  of t h e  choice of wastewater 

utilization process  must be  based on a ful l -dimensional  dec is ion;  and t h a t  

dec is ion  must stem f r ~ m  p lac ing  t h e  land  a p p l i c a t i o n  process  i n t o  t h e  proper  

pe r spec t ive  with i t s e l f  and wi th  o the r  means of managing wastewaters.  

When viewed i n  t h i s  l i g h t ,  l and  a p p l i c a t i o n  technology i s  not  a panacea 

f o r  a l l  wastes ,  i n  a l l  a r e a s ,  under a l l  c i rcumstances ,  It i s  n o t  a "quick and 

e a s y ' h e a n s  of g e t t i n g  r i d  of unwanted wastewaters ,  It involves  adequate  

pre t rea tment ,  e f f e c t i v e  ope ra t iona l  procedures ,  r i g i d  monitoring c o n t r o l s  and 

r a t i o n a l  cos t  e v a l u a t i o n s ,  A s  a s u b s t i t u t e  f o r  t h e  r e t u r n  of waters  i n t o  t h e  

dra inage  bas ins  f rom whence i t  o r i g i n a l l y  came, i t  can a f f e c t  t h e  "cycle  of 

water"  and c r e a t e  an imbalance i n  t h e  water  resources  of a reg ion .  Land app l i -  

c a t i o n  can no longer  be compared wi th  d i s p o s a l  of was tes  by d i l u t i o n ;  j u s t  a s  

convent ional  wastewater t rea tment  now i n v ~ l v e s  h igh  degrees of t rea tment ,  s o  

land a p p l i c a t i o n  must a s s u r e  t h a t  t h e  s o i l  w i l l  r e ce ive  h ighly  t r e a t e d  i n f l u e n t  

water or t h a t  the soil w i l l  p rovide  t h e  equ iva l en t  s f  t e r t i a r y  t reatment  and 

removal of d e l e t e r i o u s  components by biological-chemical-physical  phenomenon, 

The e f f e c t i v e n e s s  of land a p p l i c a t i o n  must be judged by what i t  accomplishes-- 

n o t  merely a s  a means of e l imina t ing  t h e  d i r e c t  d i scharge  of comparably wel l -  

t r e a t e d  e f f l u e n t s  i n t o  r ece iv ing  w a t e r s ,  

To f u l f i l l  i t s  f u l l  p o s s i b i l i t i e s  and b e n e f i t s ,  l and  a p p l i c a t i o n  must be 

examined from t h e  s t andpo in t  of what has become known a s  t h e  "4-R cycle1'-- 

r e t u r n  of wastewater to t h e  l o c a l  land  r a t h e r  than  being l o s t  by s t ream flowage 

t o  downstream a reas ;  renovat ion  of t h e  wastewater by s o i l  and v e g e t a t i v e  a c t i o n s ;  

recharge of t h e  groundwater resources  which then become t h e  r e s e r v o i r  a q u i f e r  

which feeds  s u r f a c e  water  sources ;  and t h e  reuse  of wastewater e i t h e r  d i r e c t l y  

of f  t h e  land  o r  v i a  t h e  tapping of t h e  groundwater r e s e r v o i r .  P r a c t i c a l  



examples of t hese  land a p p l i c a t i o n  b e n e f i t s  a r e  a v a i l a b l e ;  they must be placed 

i n  proper  pe r spec t ive  wi th  t h e  needs and p o t e n t i a l i t i e s  of t h e  a r e a  i n  which a  

proposed land a p p l i c a t i o n  p r o j e c t  w i l l  be cons t ruc ted  a s  an a l t e r n a t i v e  t o  

convent iona l  wastewater t rea tment  works, 

Demographic Evaluat ion of Land Appl ica t ion  Techniques 

Demography i s  t h e  sc i ence  of s o c i a l  s t a t i s t i c s ,  Wastewaters a r e  t h e  

product of people and of i n d u s t r i a l  product ion i n  an urban i n d u s t r i a l  s o c i e t y .  

The n a t u r e  s f  was tes  produced by community l i f e  and i n d u s t r i a l  p rocess ing  and 

the  m o u n t s  of such wastewaters a r e  a f f e c t e d  by r e g i o n a l  cond i t i ons  and t h e i r  

impact on l i f e  and l i v i n g  processes .  Automatically,  then,  t h e  manner i n  which 

wastewaters a r e  handled and disposed of i s  inf luenced  by demography, o r  r e g i o n a l ,  

environmental needs ,  For example, t h e  degree of sewage and i n d u s t r i a l  t r e a t -  

ment in t h e  p a s t  was inf luenced  by the  water  resources  needs s f  r e g i o n a l  a r e a s  

and how regu la to ry  bodies  i n t e r p r e t e d  these  needs t o  p r o t e c t  t he  n a t u r a l  environ-  

ment and p re se rve  p u b l i c  h e a l t h  and s a f e t y .  Over and above t h e  n a t u r a l  s e t -  

t i n g  f o r  any reg ion ,  p o l i c i e s  were and w i l l  cont inue  t o  b e  a f f e c t e d  by popula- 

t i o n  d e n s i t i e s ,  water  needs, p u b l i c  d e s i r e s  and a n t i p a t h i e s ,  and o the r  f a c t o r s .  

This r e p r e s e n t s  demography i n  a c t i o n .  

I f  i t  were p o s s i b l e  t o  r e l a t e  t he  a p p l i c a b i l i t y  s f  wastewater management 

on land  a reas  t o  such f a c t o r s  as c l i m a t i c  cond i t i ons ,  popula t ion  and popula- 

t i o n  d e n s i t i e s ,  economic-social p a t t e r n s ,  and s i m i l a r  demographic parameters ,  

t h e s e  would s e r v e  as important  guides f a r  t h e  choice of t h i s  a l t e r n a t i v e  

method of wastewater t rea tment  and u t i l i z a t i o n  vis-a-vis  today" convent iona l  

t rea tment  s t anda rds  and t h e  advanced degrees of e f f l u e n t  q u a l i t y  t h a t  w i l l  b e  

r equ i r ed  i n  t he  f u t u r e ,  I f  such r e l a t i o n s h i p s  could be e s t a b l i s h e d ,  based on 

t h e  f ind ings  of t h e  APWA Report, o r  by p a r a l l e l  i n v e s t i g a t i o n s  now sponsored 

by EPA, t h e  v i a b i l i t y  of t h e  l and  a p p l i c a t i o n  technique could be  v e r i f i e d  o r  

c l i n i c a l l y  ques t ioned ,  

The f a c t o r s  involved i n  a  f u l l  demographic eva lua t ion  of land  a p p l i c a t i o n  

p r a c t i c e s  appear t o  be t o o  numerous, t o o  complex and too interwoven t o  be 

capable of c l a r i f i c a t i o n  by t h e  cu r r en t  M V A  s tudy .  Many of t h e  f a c t o r s  a r e  t o o  

i n t a n g i b l e  t o  be explained by b a s i c  survey da t a ;  t h e  type of s tudy  parameters  

used i n  t h e  cu r r en t  s tudy  could not  inc lude  such incomprehensible i m p l i c a t i o n s .  

But t h e  s tudy d id  involve  t h e  r e l a t i o n s h i p s  between Land a p p l i c a t i o n  and 

c l i m a t i c  cond i t i ons ,  and concurrent  r e l a t i o n s h i p s  involv ing  urban popula t ions  



and d e n s i t i e s ,  i n d u s t r i a l  ope ra t ions ,  l o c a l  e c o l o g i c a l  cond i t i ons  and o t h e r  

indigenous f a c t  o m ,  

Climate i s  a  major f a c t o r  i n  t h e  a p p l i c a b i l i t y  of l and  a p p l i c a t i o n  pro- 

cedures on t h e  purpose and con t inu i ty  of ope ra t ion  and on t h e  performance of 

t h i s  a l t e r n a t i v e  technique ,  I n  r ecogn i t i on  of t h e  importance of c l i m a t i c  con- 

d i t i o n s ,  the  s tudy  was based on t h e  choice of s i t e  i n v e s t i g a t i o n s  i n  f i v e  c l i -  

matic  regions o f  t h e  United S t a t e s  and eva lua t ions  were aimed a t  determining 

t h e  impact of t h e  s p e c i f i c  zonal  meteoro logica l  c h a r a c t e r i s t i c s  on every phase 

of t h e  s tudy .  

Broadly cha rac t e r i zed ,  Zone A (mid and south P a c i f i c  coas t )  i s  an a r e a  

of dry  summers and mild w e t  win ters ;  Zone 3 (southeast-Gulf coas t -At lan t ic  

coas t  and P a c i f i c  nor thwes t )  experiences h o t  w e t  summers and mild win te r s ;  

Zone D (eas t -cont inent  and n o r t h e a s t  A t l a n t i c  c o a s t )  is  s u b j e c t  t o  humid 

weather wi th  s h o r t  w in te r s  and hot  summers; Zone E (mid-continent and f a r  

no r theas t )  is  a  humid a r e a  wi th  long w i n t e r s  and warm summers. (See map of 

c%imat ic  zones, 1 
While c l i m a t i c  condi t ions  have t h e  most s i g n i f i c a n t  impact on t h e  l and  

appbiea t ion  p r i n c i p l e ,  o t h e r  f a c t o r s  have p o t e n t i a l  bear ing:  s i z e  of t he  com- 

m u n i t y  and t h e  indus t ry ;  t he  volume of  wastes  flow; t h e  popula t ion  c o n t r i b u t i n g  

s a n i t a r y  wastes  p lus  t h e  popula t ion  equ iva l en t  of t h e  i n d u s t r i a l  wastes  con- 

t r i b u t e d  t o  t h e  municipal sewer system; t h e  a v a i l a b i l i t y  of open land f o r  i r r i -  

ga t ion  use;  t he  land-use zoning of t h e  region;  t h e  c o s t  s f  l and;  t he  type  of 

crops t o  be grown wi th  supplemental i r r i g a t i o n ,  and t h e  market needs and demands 

f o r  such crops;  t h e  groundwater depth  and q u a n t i t i e s ,  and t h e i r  use  f o r  water  

supply purposes,  p r o t e c t i o n  a g a i n s t  s a l t  water  i n t r u s i o n  i n t o  a q u i f e r s  and 

o t h e r  Sunet i sns ;  t h e  n a t u r e  of t h e  s o i l ;  t h e  proximity of su r f ace  waters  which 

can become r e c i p i e n t s  of convent ional ly t r e a t e d  e f f l u e n t s ;  and o t h e r  c o r r e l a t e d  

s i rcumstances of l o c a l  o r  indigenous n a t u r e ,  

It i s  n o t  d i f f i c u l t  t o  r a t i o n a l i z e  t h e  e f f e c t s  of t h e s e  climatic-demographic 

condi t ions  on land a p p l i c a t i o n  p r a c t i c e s ,  and conversely,  t h e  impacts of l and  

a p p l i c a t i o n  on these  environmental cond i t i ons ,  It i s  d i f f i c u l t ,  however, t o  

t r a n s l a c e  t h e  f ind ings  of t h e  s u b j e c t  i n t o  these  r e l a t i o n s h i p s .  E f f o r t s  have 

been made to draw every p o s s i b l e  r e l a t i o n s h i p  between these  va r ious  f a c t o r s ,  bu t  

t h e  f i nd ings  a r e  o f t e n  too  inde termina te  t o  warrant  such t r a n s l a t i o n s .  

The fol lowing h i g h l i g h t s  can provide  va luab le  guidance f o r  decision-makers 

and des igners  of land a p p l i c a t i o n  systems even though they a r e  n o t  always 

a f f i rmed and confirmed by s tudy f i n d i n g s ,  





1 a 

C l i m a t i c  Condi t ions .  The 67 community sys tems and 20 i n d u s t r i a l  l a n d  a p p l i -  

c a t i o n  s i tes  covered by t h e  o n - s i t e  v i s i t s  and t h e  comparable numbers of such  

i n s t a l l a t i ~ n s  covered by m a i l  i n q u i r y  were r e p r e s e n t a t i v e  of t h e  a c t u a l  t o t a l  

p r o j e c t s  i n  each of t h e  f i v e  c l i m a t i c  zones .  The major number o f  community 

sys tems surveyed was l o c a t e d  i n  Zones A and B w i t h  C a l i f o r n i a  s i t e s  predominat-  

i n g .  These two zones  r e p r e s e n t  d r y  and a r i d  c o n d i t i o n s  which make supp lementa l  

w a t e r  resources-- reused wate r  i n  t h e  form of e f f l u e n t s - - a  p r e c i o u s  commodity. 

No i n d u s t r i a l  s i tes i n  t h e s e  zones were  surveyed by o n - s i t e  i n v e s t i g a t o r s  

because  minimal u s e  s f  l a n d  a p p l i c a t i o n  t e c h n i q u e s  i s  made by l o c a l  i n d u s t r i a l  

i n s t a l l a t i o n s .  I n  l i e u  o f  such i n d u s t r i a l  i r r i g a t i o n  p r o j e c t s ,  communities i n  

Zones A and B a c c e p t  i n d u s t r i a l  wastes i n t o  p u b l i c  sewers and on to  p u b l i c l y  

owned a p p l i c a t i o n  si tes i n  t h e  form of p o p u l a t i o n  e q u i v a l e n t  l o a d i n g s .  

I n  Zones C, D, and E ,  i n d u s t r i a l  s i t e s  were  su rveyed  because  t h e  u s e  of 

l a n d  a p p l i c a t i o n  i s  p r a c t i c e d  more g e n e r a l l y  i n  t h e s e  p a r t s  of t h e  n a t i o n .  

The i n d u s t r i e s  invo lved  a r e  p r i m a r i l y  food cann ing-process ing  f a c t o r i e s ,  d a i r y  

p r o c e s s i n g  p l a n t s ,  p u l p  and paper  m i l l s ,  and o r g a n i c  chemica l  manufac tu r ing  

f i r m s  , 

The d i f f e r e n t i a t i o n  between t h e  z o n a l  i n c i d e n c e s  o f  community sys tems  and 

i n d u s t r y  s i t e s  i s  e x p l a i n e d ,  a t  l e a s t  i n  p a r t ,  by t h e  needs  f o r  supp lementa l  

w a t e r  and t h e  u s e s  f o r  such  w a t e r .  Thus, c l i m a t i c  w a t e r - s h o r t  and w a t e r - r i c h  

a r e a s  d i c t a t e  t h e  r e t e n t i o n  of s a n i t a r y  was tewate r s  i n  t h e  areas which produce 

them o r  whether  t o  pe rmi t  them t o  f low away downstream i n t o  o t h e r  r e c e i v i n g  

wate r sheds  and w a t e r  b a s i n s .  

I n  Zones A and B w a t e r  i s  i n  r e l a t i v e l y  s h o r t  supp ly  due t o  d r y  summers and 

year-round a r i d i t y ,  and was tewate r s  are o f t e n  t i m e s  c o n s i d e r e d  b y  communities 

a s  a v a l u a b l e  commodity f o r  l a n d  i r r i g a t i o n ,  f o r  groundwater augmenta t ion ,  and 

f o r  u s e  f o r  such  a n c i l l a r y  purposes  a s  g o l f  c o u r s e  and highway median w a t e r i n g  

and t h e  c r e a t i o n  of r e c r e a t i o n a l  wa te r  f a c i l i t i e s .  I n d u s t r i e s  i n  t h e s e  a r e a s ,  

however, a s  i n  o t h e r  a r e a s  are less concerned w i t h  s u c h  b k n e f i c i a l  u s e s  of 

wastewater  and may n o t  p r a c t i c e  l a n d  a p p l i c a t i o n ;  they  may u s e  t h i s  management 

p rocedure  p r i m a r i l y  f o r  t h e  purpose  o f  " g e t t i n g  r i d "  of such e f f l u e n t s  i n  t h e  

cheapes t  and s i m p l e s t  manner w i t h o u t  a d v e r s e l y  a f f e c t i n g  t h e  environment.  

T h i s  b r i n g s  t h e  m a t t e r  of wastewater  o r  used w a t e r ,  economic and e c o l o g i c  

v a l u e  and u t i l i z a t i o n  i n t o  f o c u s  as t h e  de te rmin ing  f a c t o r s  i n  t h e  p r a c t i c e  of 

l a n d  a p p l i c a t i o n .  I n  a r i d  r e g i o n s  l a n d  a p p l i c a t i ~ n  o f f e r s  s t r o n g  i n c e n t i v e s .  

I n  we t ,  humid r e g i o n s  water-husbanding i s  n o t  a v i t a l  m o t i v a t i n g  r e a s o n  f o r  



land a p p l i c a t i o n  i n s t a l l a t i o n s ;  b u t  such mot iva t ion  can be  found i n  t h e  economies 

of producing h igh-qual i ty  e f f l u e n t  by means of t h e  " f ree"  p u r i f i c a t i o n  c a p a b i l i -  

t i e s  of s o i l .  Whether planned a s  a  water resource  conserva t ion  procedure o r  

no t ,  t he  u l t i m a t e  f a t e  of wastewaters app l i ed  t o  land a r e a s  by spray i r r i g a t i o n  

and su r f ace  a p p l i c a t i o n  such a s  ridge-and-furrow methods i s  a  means of enhance- 

ment of t h e  l o c a l  groundwater r e s e r v o i r .  The f a c t  t h a t  85 percent  of t h e  water  

s t o r e d  i n  t he  United S t a t e s  i s  contained i n  subsurface a q u i f e r s  adds s i g n i f i -  

cance t o  t h i s  wastewater f a t e .  

Cl imatic ,  geographic,  and geologic  condi t ions  have o t h e r  i n f luences  on 

t h e  choice of wastewater d i sposa l  systems. In land  a reas  t h a t  have no convenient  

r ece iv ing  waters  may f i n d  i t  cheaper t o  apply wastewaters t o  t h e  l and  r a t h e r  

than cons t ruc t ing  long,  expensive o u t f a l l  l i n e s  from t h e i r  t rea tment  p l a n t s  t o  

s u i t a b l e  d ischarge  p o i n t s ,  On t h e  o the r  hand, t he  water-cycle imbalance which 

may occur i n  l o c a l  wa te r s  by t ak ing  water  supp l i e s  from them and not  r e t u r n i n g  

wastewater back t o  t h e  same r i v e r s  and l a k e s  may p l ace  a  nega t ive  a spec t  on 

l and  a p p l i c a t i o n  procedures .  This  type of water  r e sou rce  imbalance does n o t  

apply  t o  c o a s t a l  wa te r s .  

The r e l a t i o n s h i p  between hard win ters  and land a p p l i c a t i o n  systems i s  

obvious. I n  a r e a s  where fu l l -yea r  i r r i g a t i o n  can be  p rac t i ced ,  land  app l i ca -  

t i o n  would have g r e a t e r  a p p l i c a b i l i t y  than  where adverse win te r  cond i t i ons  

would make i r r i g a t i o n  inappropr i a t e  o r  i n e f f i c i e n t .  While l and  a p p l i c a t i o n  i s  

p r a c t i c e d  i n  some i c e ,  snow, and sub-freezing condi t ions ,  optimum cond i t i ons  

a r e  represented  by year-round mild weather  such a s  i s  experienced i n  Zones A, 

p a r t s  of B, and i n  C .  

Simi l a r ly ,  t he  r e l a t i o n s h i p  between c l i m a t i c  cond i t i ons  and hold ing  pond 

c a p a c i t i e s  i s  e q u a l l y  understandable.  Where seasonal  c e s s a t i o n  of land app l i -  

c a t i o n  is  necessary ,  t he  p r i n c i p l e  of "not one drop of wastes  i n t o  water  

resources"  impe l l s  t h e  cons t ruc t ion  and use  of adequate holding f a c i l i t i e s .  

"Adequacy" i s  a  r e l a t i v e  term; 3 1  percent  of community and i n d u s t r i a l  systems 

use  ponds wi th  c a p a c i t i e s  of f i v e  days o r  l e s s .  I n  Zones A, B,  and C, 75 

percent  of t h e  s i t e s  have holding c a p a c i t i e s  of l e s s  than 30 days, o r  less than  

needed f o r  a  f u l l  w in t e r  season. One i n s t a l l a t i o n  i n  a  cold zone provides  a  

50 m i l l i o n  g a l l o n  pond f o r  a  d a i l y  flow loading  of 0 .5  mgd. 

Of some s i g n i f i c a n c e ,  i f  no t  a s  p e r t i n e n t  a s  o t h e r  seasonal  c o n d i t i o n s ,  

i s  the  amount of r a i n f a l l  i n  humid a r e a s  which may impede s o i l  abso rp t ion  of 

appl ied  wastewaters  and r e q u i r e  t h e  use  of f low-equal izat ion o r  flow-holding 



of excess  w a t e r s  u n t i l  r e q u i r e d  r a t e s  s f  a p p l i c a t i o n  can be  r e i n s t a t e d .  As 

s t a t e d ,  where r a i n f a l l  i s  g e n e r a l l y  adequa te ,  i f  n o t  always p r e d i c t a b l e ,  l a n d  

a p p l i c a t i o n  f o r  enhancement o f  crop growths ,  f o r e s t  growths and  groundwater 

augmentat ion i s  n o t  t h e  dominant r e a s o n  f o r  t h e  cho ice  of t h i s  wastewater  

management t e c h n i q u e ,  

While t h e  survey s t u d i e s  brought  t h e s e  c l i m a t i c  r e l a t i o n s h i p s  i n t o  f o c u s ,  

t h e y  d i d  n o t  always p r o v i d e  p o s i t i v e  proof  of t h e s e  e f f e c t s  and impac t s .  T h i s  

does  n o t  d e t r a c t  from t h e  v a l i d i t y  of t h e  above o b s e r v a t i o n s .  No a t t e m p t  h a s  

been made t o  draw a l l  p o s s i b l e  c l imat ic -env i ronmenta l  r e l a t i o n s h i p s  w i t h  l a n d  

a p p l i c a t i o n  p r i n c i p l e s  and p r a c t i c e s ;  however, t h e  r a t i o n a l e  i s  adequa te  t o  

demons t ra te  t h a t  t h e r e  i s  a d i r e c t  c o r r e l a t i o n  which must b e  cons idered  b e f o r e  

cho ice  of wastewater  management is made f o r  each  i n d i v i d u a l  p r o j e c t .  No s e t  

s t a n d a r d s  can be  e s t a b l i s h e d ;  each c a s e  w i l l  r e q u i r e  i t s  own r e l a t i o n s h i p  

e v a l u a t i o n ,  

S i z e  of Wastewater F a c i l i t y :  I n  t h e  c a s e  o f  p u b l i c l y  owned sys tems ,  t h e  

p o p u l a t i o n  s e r v e d  i s  t r a n s l a t a b l e  i n t o  v o l u m e t r i c  and q u a l i t a t i v e  l o a d i n g s .  

For i n d u s t r i e s ,  t h e  f l o w  l o a d i n g  i s  a f a c t o r  o f  volume and p o p u l a t i o n  equiva-  

l ency  of t h e  o r g a n i c  c o n s t i t u e n t s  as measured by BOD, COD, suspended s o l i d s  

and o t h e r  s i g n i f i c a n t  p a r a m e t e r s .  

The s u r v e y  i n d i c a t e d  t h a t  some o u t s t a n d i n g  l a r g e  community l a n d  a p p l i c a t i o n  

i n s t a l l a t i o n s  have been i n  s e r v i c e  i n  t h e  Uni ted S t a t e s  and f o r e i g n  c o u n t r i e s .  

However, t h e  major  p e r c e n t a g e  of c u r r e n t  o p e r a t i n g  i n s t a l l a t i o n s  are i n  t h e  

smal le r - s  i z e  r a n g e ,  

The o n - s i t e  s u r v e y  d i s c l o s e d  t h a t  73 p e r c e n t  of communities s t u d i e d  have 

l a n d  a p p l i c a t i o n  c a p a c i t i e s  of under  5 mgd; t h e  m a i l  su rvey  covered no com- 

munity sys tems w i t h  o v e r  1 0  mgd c a p a c i t y .  I n d u s t r y  i n s t a l l a t i o n s  covered by 

t h e  o n - s i t e  su rvey  were a l l  under  5 mgd c a p a c i t i e s ;  t h e  mail-surveyed i n s t a l l a -  

t i o n s  were  a l l  under 10 mgd s i z e .  It i s  c o n j e c t u r e d  t h a t  t h e  s m a l l  c i t i e s  and 

i n d u s t r i e s  have found l a n d  a p p l i c a t i o n  w i t h i n  t h e i r  economic range and t h a t  

adequa te  c o n v e n t i o n a l  t r e a t m e n t  would have been more c o s t l y .  

S i z e  f a c t o r s  a r e  numerous, b u t  few showed d e f i n i t i v e  r e l a t i o n s h i p s  w i t h  

o t h e r  l a n d  a p p l i c a t i o n  s i t e  a c r e a g e  paramete rs .  The area used f o r  i r r i g a t i o n  

a p p l i c a t i o n  v a r i e d  w i t h o u t  b a s i c  r e a s o n  from t h e  t o t a l  a c r e a g e  owned by t h e  

community o r  i n d u s t r y .  I n  some c a s e s  t h e  major e x t e n t  of t h e  a r e a  i s  used 

f o r  d i s t r i b u t i o n ;  i n  o t h e r  i n s t a n c e s ,  o n l y  a p o r t i o n  is s o  used; t h e  rest of 



t he  acreage  being devoted t o  hold ing  ponds, b u f f e r  zone, and genera l  i s o l a t i o n  

of s i tes ,  

The s i z e  of t h e  a r e a  v a r i e s ,  n a t u r a l l y ,  w i th  t he  volume of flow app l i ed ,  

t h e  n a t u r e  of t he  s o i l  and i t s  abso rp t ive  c h a r a c t e r .  The e f f e c t  of c l i m a t i c  

condi t ions  such a s  r a i n f a l l ,  humidity,  and temperature on i r r i g a t i o n  a r e a  

acquired by communities and i n d u s t r i e s  i s  minimal d e s p i t e  any impression t h a t  

such a  d i r e c t  r e l a t i o n s h i p  should e x i s t .  No s p e c i f i c  t rend  was found i n  b u f f e r  

zone r egu la t ions  and usage. The open land  a v a i l a b l e  f o r  such b u f f e r i n g  o r  i so -  

l a t i o n  f a c i l i t i e s  is  undoubtedly inf luenced  by s t a t e  r egu la to ry  agency r equ i r e -  

ments and the  type of  d i s t r i b u t i o n  systems used (spray i r r i g a t i o n  tends  t o  be 

a s s o c i a t e d  w i t h  bu f fe r ing  a c r e s  and p l a n t i n g s  t o  impede t h e  o f f - s i t e  dissemi- 

n a t i o n  of a e r o s o l  m i s t s  and p a r t i c u l a t e s ) ,  

Continui ty of Operation: The r e l a t i o n s h i p  between c o n t i n u i t y  of waste- 

water  a p p l i c a t i o n  on days-per-week o r  a  months-per-year b a s i s  and l and  acreages  

used f o r  land a p p l i c a t i o n  was found t o  be inde termina te .  Cont inui ty  of opera- 

t i o n  appeared t o  be d i c t a t e d  by o t h e r  f a c t o r s  than a v a i l a b i l i t y  of s i t e  

acreage.  It i s  obvious t h a t  r a t e s  of a p p l i c a t i o n  should have a  bear ing  on t h e  

l and  a reas  r equ i r ed ,  p a r t i c u l a r l y  on s i t e s  t h a t  a r e  l i m i t e d  i n  s i z e  and not  

overgenerous i n  dimensions. While t he  a n a l y s i s  of study da t a  does n o t  d i s -  

c l o s e  t h i s  r e l a t i o n s h i p ,  i t  i s  undebatable s i n c e  t h e  f a i l u r e  of i r r i g a t e d  land  

t o  handle  d i s t r i b u t e d  wastewaters f o r  planned per iods  w i l l  n e c e s s i t a t e  t h e  

r e s t i n g  of such a r e a s  and the  immediate u t i l i z a t i o n  of o t h e r  equiva len t  acreages  

t o  r ep l ace  t h e  overloaded o r  ponded s o i l  p l o t s ,  

I f  wastewater product ion i s  i n  e f f e c t  f o r  longer  weekly or  monthly pe r iods  

and pond s t o r a g e  capac i ty  i s  n o t  a v a i l a b l e  t o  r e t a i n  excess  f lows,  i r r i g a t i o n  

a r e a s  may be a f f e c t e d  by the  requirement t h a t  d i r e c t  a p p l i c a t i o n  of produced 

flows must be provided.  S imi l a r ly ,  t he  land-need requirements f o r  any s i t e  

w i l l  be inf luenced  by whether t h e  system w i l l  f unc t ion  on a  twelve-month b a s i s  

o r  s h o r t e r  y e a r l y  pe r iods .  

Communities tend t o  maintain yea r ly  con t inu i ty  of land a p p l i c a t i o n  more 

completely than  i n d u s t r i e s ;  broadly i n t e r p r e t e d ,  communities ope ra t e  fu l l -yea r  

a t  60 percent  of i n s t a l l a t i o n s  and i n d u s t r i e s  a t  40 percent  of s i t e s .  The 

r e l a t i o n s h i p  between c l imate  and con t inu i ty  of i r r i g a t i o n  was p a r t i a l l y  c l a r i -  

f i e d  by t h e  s tudy ,  d e s p i t e  t he  f a c t  t h a t  p o s i t i v e  p a t t e r n s  were not  confirmed, 

The on - s i t e  survey-interview procedures used i n  t h e  s tudy d i sc losed  t h a t  twelve- 

month con t inu i ty  of community opera t ion  f o r  Zones A, B,  C,  D ,  and E was 



prac t i ced  i n  76 ,  6 3 ,  56, 7 1 ,  and 67 percent  of s i t e s ,  r e s p e c t i v e l y ,  while  indus- 

t r i a l  systems showed s i m i l a r  year-round i r r i g a t i o n  s e r v i c e  i n  Zones C ,  D ,  and 

E of 50, 56,  and 30 percent  of sites, r e s p e c t i v e l y .  

The m i l  survey showed t h a t  i n d u s t r i e s  i n  Zones A and B (not  surveyed i n  

t he  on-s i te  program) opera ted  on a  12-month b a s i s  a t  100 percent  of t h e  s i t e s  

involved wi th  100 percent  of t h e  Zone C community i n s t a l l a t i o n s  func t ioning  on 

a  fu l l -yea r  b a s i s ,  Thus, t h e  zonal  f a c t o r s  showed l i t t l e  e f f e c t  of widely 

d ivergent  c l i m a t i c  cond i t i ons  on whether systems func t ioned  without  c e s s a t i o n .  

Full-week s e r v i c e  seemed t o  be d i c t a t e d  more by t h e  a c t u a l  purpose of land  

a p p l i c a t i o n  than by o t h e r  f a c t o r s .  Full-week i r r i g a t i o n  was found t o  be more 

common than when crop i r r i g a t i o n  was p r a c t i c e d  than  when wastewater d i s p o s a l  

onto grass-cover lands  was u t i l i z e d  f o r  groundwater augmentation o r  f o r  t he  

simple purpose of e f f l u e n t  d i sposa l .  Appl ica t ion  s i t e s  handl ing under 1 rngd 

flows were most commonly grass-covered wh i l e  l a r g e r  a r e a s  of over 1 mgd 

capac i ty  gene ra l ly  s t r e s s e d  crop growth. Fores t  i r r i g a t i o n  was p r a c t i c e d  more 

f r equen t ly  i n  humid a r e a s  than a r i d  r eg ions ,  probably because t r e e  growth i s  

more common i n  t h e  humid c l i m a t i c  reg ions .  Cropping on a r i d  reg ion  lands i s  

r e l a t i v e l y  c s m s n  i n d i c a t i n g  the  va lue  of wastewater f o r  supplemental 

i r r i g a t i o n ,  

Groundwater depths a r e  a dominant f a c t o r  i n  choice  s f  s i t e s ;  b u t  once 

acqui red ,  t hese  a p p l i c a t i o n  lands  experience minimal impacts on choice  of a p p l i -  

c a t i o n  methods and on ope ra t ion  performance. Obviously, groundwater depths 

a r e  g r e a t e r  i n  a r i d  r eg ions  and a r e  l e s s  of a  f a c t o r  i n  choice  of land  a p p l i -  

c a t i o n  sites. Appl ica t ion  r a t e s ,  whi le  n o t  c o n s i s t e n t l y  inf luenced  by c l i m a t i c  

condi t ions  or  s o i l  cha rac t e r  and whi le  vary ing  minimally from t h e  almost t r a d i -  

t i o n a l  l e v e l  of one-half inch  per  day and two inches per  week, a r e  inf luenced  

by a r i d i t y  and h igh  humidi ty-prec ip i ta t ion  cond i t i ons .  

Land A v a i l a b i l i t y ,  Land Use, and Land Value: A d i r e c t  r e l a t i o n s h i p  between 

demographic c r i t e r i a  and land a v a i l a b i l i t y ,  zoning use ,  and acreage  p r i c e  i s  

unavoidable.  The f i r s t  requirement of a  l and  a p p l i c a t i o n  system i s  - l and .  It 

must be a v a i l a b l e  i n  reasonably c l o s e  proximity t o  t he  source  of community o r  

i n d u s t r i a l  wastes; t h e  land  must be  usable  f o r  wastewater a p p l i c a b l e  by zoning 

and o the r  use  r egu la t ions ;  t h e  p r i c e  must n o t  b e  p r o h i b i t i v e .  

These condi t ions  a r e  most commonly met i n  a r eas  of low popula t ion  d e n s i t y  

where open lands  a r e  a v a i l a b l e  and where undeveloped and p rope r ly  zoned 



p r o p e r t i e s  can be acquired at r e l a t i v e l y  low c o s t .  This i s  why t h e  survey  

showed t h e  predominance of land systems i n  u se  by small  communities and r e l a -  

t i v e l y  smal l  i n d u s t r i e s  and land  p r i c e s  ranging b a s i c a l l y  i n  t h e  under-$500 

p e r  a c r e  p r i c e  l e v e l ,  Areas of t h e  n a t i o n  w i l l  become p rog res s ive ly  more 

densely populated because over  a  m i l l i o n  a c r e s  of r u r a l  lands a r e  absorbed 

annual ly i n  u rban iza t ion  and r e l a t e d  f a c e t s  of community growth. The a v a i l a -  

b i l i t y  of nearby l a n d s ,  zoned f o r  a g r i c u l t u r e  o r  r e s i d e n t i a l  purposes,  and p r i c e d  

a t  low enough l e v e l s ,  w i l l  become a g r e a t e r  problem f o r  u s e r s  s f  l and  a p p l i -  

c a t i o n  systems,  The c o s t  of long-dis tance wastewater t ransmiss ion  w i l l  become 

an important  f a c t o r  i n  determining t h e  economic f e a s i b i l i t y  of land  a p p l i c a t i o n  

f o r  wastewaters . 
The impact of land  a p p l i c a t i o n  i n s t a l l a t i o n s  on neighboring a r e a s  and 

t h e i r  r e s i d e n t s  can be i n  d i r e c t  r a t i o  t o  popula t ion  dens i ty .  While e x i s t i n g  

systems have demonstrated t h e i r  a b i l i t y  t o  be "good neighbors" t o  r e s i d e n t s  

l i v i n g  a s  c l o s e  a s  500 f e e t  of a p p l i c a t i o n  s i te ,  t h i s  c l o s e  proximity may n o t  

be  good p r a c t i c e  i n  a l l  c a s e s ,  Reported complaints have been minimal a g a i n s t  

p re sen t  i n s t a l l a t i o n s  d e s p i t e  t h e  f a c t  t h a t ,  f o r  example, 20 pe rcen t  of community 

systems i n  Zone A a r e  l o c a t e d  less than  500 f e e t  from t h e  n e a r e s t  neighbors  and 

22 pe rcen t  a r e  s i m i l a r l y  l oca t ed  i n  Zone B .  I n d u s t r i a l  s i tes a r e  l o c a t e d  i n  

Zones C ,  D ,  and E w i t h i n  500 f e e t  of r e s idences  i n  10, 1 0 ,  and 2 1  pe rcen t  of 

t he  cases  i n v e s t i g a t e d ,  r e s p e c t i v e l y ,  

The r e l a t i o n s h i p  between l o c a l  demographic condi t ions  and l and  app l i ca -  

t i o n  system monitor ing i s  obvious. The degree of monitor ing was found t o  be 

less r e l a t e d  t o  zone c l ima to log ica l  condi t ions  than  t o  s t a t e  h e a l t h  and water  

p o l l u t i o n  c o n t r o l  r egu la t ions  i n  t h e  l i m i t e d  cases  where such governmental 

s t i p u l a t i o n s  a r e  imposed. It i s  understandable t h a t  i nc reas ing  popula t ion  

i n t r u s i o n s  i n  an a r e a  and t h e  d e n s i t y  of t h e  r e s i d e n t i a l  popula t ion  w i l l  

d i c t a t e  t h a t  c l o s e r  a t t e n t i o n  should be given t o  t he  impacts of land a p p l i c a t i o n  

on l and  and water  resources  and on persons exposed t o  a c t u a l  wastewater ,  s ludge  

r e s idues ,  spray m i s t s  and animals and i n s e c t s  which come i n  con tac t  w i t h  i rr i-  

ga t ion  l i q u i d s  and vege ta t ive  growths. The frequency and l o c a t i o n  of monitor ing 

p o i n t s ,  such a s  t e s t  w e l l s  and o t h e r  sampling f a c i l i t i e s ,  and the  e x t e n t  of 

monitor ing parameters  w i l l  be i n t e n s i f i e d  i n  t h e  f u t u r e  t o  s a t i s f y  a c t u a l  

hazards o r  t he  psychologica l  impressions of l o c a l  r e s i d e n t s .  

S i t e  s e c u r i t y  measures such as fenc ing  may be r equ i r ed  and b u f f e r  zones 

may be s p e c i f i e d .  Operat ion and maintenance c o s t s  w i l l  r e a c t  t o  a l l  such 



monitoring and s e c u r i t y  requirements ,  b u t  t h e  reasonable  c o s t  l e v e l s  f o r  pre-  

s e n t  systems could b e  increased  without  s e r i o u s l y  a f f e c t i n g  t h e  f e a s i b i l i t y  and 

economy of band a p p l i c a t i o n  techniques,  Future wastewater t rea tment  works, 

p a r t i c u l a r l y  those  r equ i r ing  f u l l  secondary t rea tment  and process ing  t o  remove 
-- - 

such components a s  phosphorus, n i t rogen ,  t r a c e  me ta l s  and organic  p e s t i c i d e s ,  

w i l l  r e q u i r e  s i m i l a r  augmentation of p re sen t  s p e c i f i c  l abo ra to ry  c o n t r o l  and 

s i t e  s a f e t y  and s e c u r i t y  measures. 

Fa te  of Ma te r i a l s  Applied t o  t h e  Land 

To complete t h i s  extended summary of t h e  l and  a p p l i c a t i o n  of wastewaters  

a  review of t h e  f a t e  of app l i ed  m a t e r i a l s  i s  presented  t o  round out  t h e  i n f o r -  

mation which has been presented ,  Reference i s  made t o  two papers  e n t i t l e d ,  

s e e s  w i th  Land Spreading of Municipal E f f l u e n t s  and Fa te  of Ma te r i a l s  

Applied, prepared by Richard E, Thomas, S o i l  S c i e n t i s t ,  Robert S ,  Kerr Water 

Research Center,  Environmental P r o t e c t i o n  Agency, Ada, Oklahoma. For t h e  f u t u r e  

a p p l i c a b i l i t y  of land u t i l i z a t i o n  of  wastewaters ,  i t  i s  important  t o  know wi th  

some measure of c e r t a i n t y  what t h e  f a t e  of wastewater components w i l l  b e .  

The m a t e r i a l s  contained i n  wastewaters a r e  reminiscent  of t h e  o r i g i n  of 

t h e s e  f lows--ei ther  s a n i t a r y ,  s a n i t a r y  and combined s torm water ,  i n d u s t r i a l  

p rocess  water ,  o r  combinations of s a n i t a r y  and i n d u s t r i a l  wastes ,  Since t h e  

a p p l i c a t i o n  of raw wastewaters  onto land a reas  i s  n o t  contemplated under the  

d e f i n i t i o n  of  t h i s  a l t e r n a t i v e  waste  management technique,  a l l  such wastes  

have been s u b j e c t  t o  some degree of pre t rea tment  be fo re  they a r e  appl ied  t o  

land ,  The purpose of monitor ing of i n f l u e n t  flows onto land  a r e a s  i s  t o  ascer -  

t a i n  t h e  composition of t h e  wastewater a f t e r  t he  s t a g e s  of pre t rea tment  provided.  

A c l a s s i f i c a t i o n  of wastewater m a t e r i a l s  could be: Suspended ma te r i a l s ;  

major p l a n t  n u t r i e n t s ;  and o t h e r  c o n s t i t u e n t s .  Another d e l i n e a t i o n  of t h e  

wastewater components, based on t h e  a c t u a l  phys i ca l  n a t u r e  of t h e  subs tances ,  

is: Suspended s o l i d s ;  c o l l o i d a l  s o l i d s ;  d i s so lved  o rgan ic  ma te r i a l s ;  and 

d isso lved  ino rgan ic  subs tances .  

The f a t e  of t hese  subs tances  dur ing  t h e  p roces s  of l and  a p p l i c a t i o n  w i l l  

vary wi th  the  type of  d i s t r i b u t i o n  system, t h e  n a t u r e  of  t he  s o i l ,  t h e  r a t e  of 

a p p l i c a t i o n ,  the  c l ima te ,  t h e  r e s t i n g  pe r iods ,  and t h e  l o c a t i o n  and proximity 

of t h e  groundwater a q u i f e r  and t h e  s u r f a c e  water  source  which r ece ives  runoff  

from the  s i te ,  The phenomena involved inc lude :  The phys i ca l  condi t ion  of 

entrapment o r  mechanical f i l t r a t i o n ;  t h e  b i o l o g i c a l ,  biochemical,  e lec t rochemica l  



and o t h e r  man i f e s t a t ions  i n  and i n  contac t  w i t h  t h e  s o i l ;  evapora t ive  f a c t o r s ;  

atmospheric ox ida t ion ;  b a c t e r i o l o g i c a l ,  germic ida l ,  and bac ter iophage  o r  a n t i -  

contamination r e a c t i o n s ,  and o t h e r s  which a r e  n o t  t o t a l l y  understood even by 

h igh ly  t r a i n e d  and experienced s c i e n t i s t s .  

Suspended s o l i d s  entrapped i n  t h e  i n t e r s t i c e s  of t h e  s o i l  o r  adhering t o  

s o i l  p a r t i c l e s  by e lec t rochemica l  entrainment  can experience b i o l o g i c a l  oxida- 

t i o n  and decomposition i n t o  s t a b i l i z e d  s ~ b s t a ~ c e s .  The f a t e  of t h i s  suspended 

m a t e r i a l  can vary;  i t  can  remain i n  t h e  s o i l  t o  form humus s o i l  cond i t i on ing  o r  

n u t r i t i v e  m a t e r i a l  o r ,  i n  coa r se  media, under unusual c ircumstances,  i t  may be 

sloughed o f f  and pe rco la t ed  i n t o  lower s o i l  depths o r  i n t o  t h e  groundwater. 

Co l lo ida l  mater ia l s - - so l ids  of minute s i z e  which may be a b l e  t o  f i l t e r  

through s o i l  media--can be  coalesced o r  coagulated by e lec t rochemica l  agglomera- 

t i o n  and then  adsorbed onto s o i l  p a r t i c l e s .  The f a t e  of t h i s  material, normally 

considered t o  possess  e l e c t r i c a l  charge, may p a r a l l e l  t h a t  of t r u e  suspended 

s o l i d s  by oxida t ion-d iges t ion  phenomena. Accumulations i n  t h e  s o i l  may a f f e c t  

t h e  r a t e  of a p p l i c a t i o n  of subsequent wastewater l oad ings .  

Organic d i s so lved  s o l i d s  may be u t i l i z e d  by p l a n t  c rops ,  r e t a i n e d  i n  t h e  

body of t h e  s o i l  by chemical f i x a t i o n  o r  o the r  bonding phenomena o r  may be 

oxid ized  by atmospheric  r e a c t i o n s  i n  t h e  course  of a i r  c o n t a c t  wi th  sp rays  

o r  s h e e t s  of wastewater flowing over  t h e  land .  

A major concern is  centered  on t h e  n i t r o g e n ,  phosphorus, and sodium s a l t s  

i n  wastewaters .  The presence of t h e s e  d isso lved  c o n s t i t u e n t s  can i n f l u e n c e  t h e  

use  of land  a p p l i c a t i o n  systems i n  l i e u  of advanced t rea tment  and d ischarge  i n t o  

s u r f a c e  r ece iv ing  water  p r imar i ly  because they  can a c t  a s  " t r i g g e r s "  i n  t h e  

eu t roph ica t ion  of s u r f a c e  wa te r s .  S imi l a r ly ,  i f  t he se  m a t e r i a l s  can adverse ly  

" f e r t i l i z e "  l a k e s ,  why cannot they be  used t o  f e r t i l i z e  land?  

The f a t e  of n i t r o g e n  and phosphorus w i l l  b e  inf luenced  by many f a c t o r s ,  

i nc lud ing  t h e  type  of wastewater d i s t r i b u t i o n  system u t i l i z e d  and the  type  of 

ground cover  and crops grown, The f a c t o r s  involved i n  t h e  d i f f e r e n t  l and  

a p p l i c a t i o n  methods a r e  covered i n  e x c e l l e n t  d e t a i l s  i n  t h e  above-referenced 

papers ,  and i t  i s  n o t  t h e  i n t e n t  he re  t o  exp lo re  t h e s e  man i f e s t a t ions  beyond 

b r i e f  r e f e r e n c e  t o  t h e  f a c t  t h a t  t h e  f a t e  of t h e s e  two b a s i c  elements can be 

r egu la t ed  by proper  p r a c t i c e s  t o  avoid s e r i o u s  e f f e c t s  on groundwater o r  s u r f a c e  

water  sources .  The a b i l i t y  of s o i l  t o  r e t a i n  and f i x  phosphorus i s  more impor- 

t a n t  than  i t s  capac i ty  to  handle n i t r o g e n  because phosphorus d e l i v e r y  t o  t h e  

s o i l  may be g r e a t e r  than  t h e  crop uptake a b i l i t y  t o  u t i l i z e  i t .  For tuna te ly ,  



s o i l  r e t e n t i o n  i s  a b l e  t o  prevent  phosphorus i n t r u s i o n  i n t o  groundwaters t h a t  

a r e  adequately deep f o r  any e f f e c t i v e  land  a p p l i c a t i o n  s i t e ,  

Nitrogen could e n t e r  t he  groundwater i n  concent ra t ions  t h a t  might exceed 

the  s a f e  l e v e l s  of t h i s  m a t e r i a l  i n  water  f o r  human consumption, The a b i l i t y  

of land  a p p l i c a t i o n  techniques t o  complete a nitrification-denitrification 

cycle ,  however, can be u t i l i z e d  t o  prevent  t h i s  f a t e  a s  i n  t h e  spray-runoff 

technique;  o therwise ,  t h e  overland flow technique.  Spray-runoff flow i s  a 

Land a p p l i c a t i o n  approach f o r  dense ( t i g h t  c l a y )  s o i l s  which has been u t i l i z e d  

t o  achieve  e x c e l l e n t  removal of suspended s o l i d s ,  biochemical oxygen demand, 

n i t rogen ,  and o t h e r  cons t i t u e n t s  from i n d u s t r i a l  was tewaters  such as a t  P a r i s ,  

Texas, where t h e  sewage from a food process ing  p l a n t  is much more concentrated 

than raw domestic wastewater ,  The e x c e l l e n t  t rea tment  e f f i c i e n c y  achieved a t  

some of t hese  i n d u s t r i a l  land t rea tment  i n s t a l l a t i o n s  and exper iences  w i th  raw 

domestic wastewater,  such a s  those a t  Melbourne, A u s t r a l i a ,  i n d i c a t e  t h a t  spray- 

runoff may be  a s u i t a b l e  approach f o r  t rea tment  of comminuted raw domestic 

wastewater,  A s u b s t a n t i a l  p ropor t ion  of t h e  phosphorus contained i n  appl ied  

wastewaters i n  t h e  same spray-runoff process  could reach s u r f a c e  water  sources  

un le s s  adequate  s t e p s  a r e  taken t o  improve phosphorus removal by l and  c o n t a c t ,  

Other c o n s t i t u e n t s  of land-applied wastewaters have f a t e s  t h a t  may 

in f luence  t h e  u s e  of land  methods e i t h e r  i n  f avo r  of t h i s  a l t e r n a t i v e  process  

o r  opposed t o  i t s  u t i l i z a t i o n ,  These inc lude  heavy meta ls  even i n  t r a c e  amounts, 

p e s t i c i d e s ,  and o the r  organo-compounds, and var ious  s a l t s .  Evaporation and 

t r a n s p i r a t i o n  of l i q u i d s  from s o i l ,  v e g e t a t i v e  s u r f a c e s  o r  water  s u r f a c e s  w i l l  

no t  change t h e  f a t e  of t h e s e  d isso lved  m a t e r i a l s ;  t h e  evapora t ive  process  

p a r a l l e l s  t h e  d i s t i l l a t i o n  phenomenon, i n  t h a t  t h e  wa te r  is  converted t o  

vapor o r  gaseous form and t h e  s o l i d s  a r e  t hus  concent ra ted  i n  t h e  s o i l  o r  

vege ta t ion ,  S a l t s  may, t hus ,  reach  t h e  groundwater by p e r c o l a t i o n  and leaeh- 

Eng a c t i o n ,  Heavy metals and p e s t i c i d e s  can undergo phys i ca l ,  chemical, and 

biochemical i n t e r a c t i o n s  w i t h  the  s o i l  making l and  a p p l i c a t i o n  an a u x i l i a r y  

means of provid ing  so-ca l led  " t e r t i a r y "  t rea tment  f o r  wastewaters ,  in. l i e u  of  

more complex and most c o s t l y  a r t i f i c i a l  wastes  t rea tment  processes .  

To r e p e a t  t h e  s ta tement  made above, t h e  i n t e n t  of t h i s  d i s s e r t a t i o n  on 

t h e  f a t e  of m a t e r i a l s  app l i ed  t o  land a reas  i s  t o  p o i n t  ou t  t h a t  t h e  s o i l  and 

v e g e t a t i v e  forms do o f f e r  a "bonus" f a c t o r  t h a t  must be given cons ide ra t ion  i n  

determining t h e  f u t u r e  of land a p p l i c a t i o n  p roces s ,  Current concern about t h e  

impacts of n i  t r a t e s ,  phosphorous, t r a c e  meta ls ,  p e s t i c i d e s  and o t h e r  o rgan ic  



compounds on r ece iv ing  waters  i s  s u f f i c i e n t  reason f o r  knowing more about t h e  

f a t e  of  t h e s e  obj ec t ionab le  m a t e r i a l s  i n  t h e  l and  a p p l i c a t i o n  process .  More 

remains t o  be known about them and about t h e  way va r ious  methods of waste- 

water  d i s t r i b u t i o n ,  va r ious  types  of s o i l  and topographic and c l i m a t i c  condi- 

t i o n s ,  and o t h e r  f a c t o r s  and combinations of f a c t o r s ,  i n f luence  t h e i r  f a t e .  

The f a t e  of wastewater contaminants dur ing  t h e  l and  a p p l i c a t i o n  process ,  

i n  s h o r t ,  o f f e r s  o p p o r t u n i t i e s  f o r  b e n e f i c i a l  u se  f o r  s o i l  and crop enhancement 

which must be  considered a s  a "plus" f o r  t h i s  a l t e r n a t i v e  technique.  I n  addi- 

t i o n ,  the  c a p a b i l i t y  of l and  a p p l i c a t i o n  system t o  remove, modify and s t a b i l i z e  

p o l l u t a n t s  which would r e q u i r e  augmented process ing  i n  convent iona l  sewage 

t rea tment  systems o f f e r s  another  advantage f o r  t h i s  a l t e r n a t i v e  management 

procedure. But t h e s e  b e n e f i t s  must be eva lua ted  i n  t h e  l i g h t  of whether t h e  

appl ied  m a t e r i a l s  w i l l  i n  any way adverse ly  a f f e c t  t h e  water  and s o i l  environ-  

ment of t h e  reg ion  where land  a p p l i c a t i o n  systems w i l l  b e  u t i l i z e d ,  Only through 

a weighing of t h e  b e n e f i t s  and hazards can t h e  f e a s i b i l i t y  and a p p l i c a b i l i t y  of 

l and  a p p l i c a t i o n  processes  be proper ly  judged f o r  each s p e c i f i c  i n s t a l l a t i o n  

and each s p e c i f i c  was tes  problem. 

Conclusions 

The fol lowing conclusions a r e  based upon t h e  f i e l d  i n v e s t i g a t i o n s  of 

67 municipal  and 20 i n d u s t r i a l  f a c i l i t i e s  which y i e lded  usab le  d a t a  as w e l l  as 

informat ion  from more than 300 ques t ionna i r e s ,  a b i b l i o g r a p h i c  review, and 

numerous f o r e i g n  con tac t s .  

Note: A t  t h e  t i m e  t h e  r e p o r t  was prepared EPA had n o t  adopted a - 
d e f i n i t i o n  of secondary t rea tment .  Thus, t h e  t e r m  "secondary 

t reatment"  i s  used throughout t h e  A.P.W,A. r e p o r t  t o  connote 

t rea tment  beyond t h a t  normally given by primary t reatment  

and - n o t  t h a t  def ined  by p re sen t  r egu la t ions .  

Land a p p l i c a t i o n  of wastewaters from community and i n d u s t r i a l  process-  

i nn  sources  is  ~ r a c t i c e d  s u c c e s s f u l l v  and ex tens ive lv  i n  t h e  United 

S t a t e s  and i n  many coun t r i e s  throughout t h e  world, F a c i l i t i e s  i n v e s t i -  

gated handled from less than  0.5 mgd, providing s e r v i c e  f o r  s i x t y  

days p e r  yea r ,  t o  more than  570 mgd appl ied  on a year-round b a s i s .  



2 ,  Various degrees of municipal sewage pre t rea tment  a r e  p r a c t i c e d  

p r i o r  t o  land a p p l i c a t i o n ,  The degree of pre t rea tment  i s  dependent 

upon t h e  types of vege ta t ion  t o  be i r r i g a t e d ,  method and r a t e  of 

a p p l i c a t i o n ,  t h e  p r o b a b i l i t y  of odors o r  ponding a t  t h e  a p p l i c a t i o n  

s i t e ,  and o t h e r  e c o l o g i c a l  impacts and p u b l i c  h e a l t h  concerns.  

Under proper  condi t ions ,  land a p p l i c a t i o n  of  wastewater i s  a  

workable a l t e r n a t i v e  t o  advanced o r  t e r t i a r y  t rea tment  of muni- 

c i p a l  was tes .  Successfu l  ope ra t ions  now i n  use  gene ra l ly  r e l y  

upon convent ional  t rea tment  processes  t o  p r e t r e a t  s a n i t a r y  wastes  

equ iva l en t  to  "secondary t r ea tmen t , "  P r i o r  t o  appl ica t ion .  t o  land 

a r e a s ,  i n d u s t r i a l  wastewaters ,  on t h e  o t h e r  hand, o f t e n  r ece ive  no 

convent ional  t r ea tmen t ,  o t h e r  than screening .  

4 .  Land a p p l i c a t i o n  of wastewaters i s  p r a c t i c e d  f o r  s e v e r a l  s p e c i f i c  

reasons ,  Among t h e  major reasons a re :  To provide  f o r  supplemental 

i r r i g a t i o n  water ;  the  d e s i r a b i l i t y  of augmenting groundwater 

sources ;  excess ive  d i s t ances  t o  s u i t a b l e  bodies  of r ece iv ing  waters  

o r  ex t r ao rd ina ry  c o s t  t o  c o n s t r u c t  f a c i l i t i e s  t o  reach  s u i t a b l e  d i s -  

posa l  s i t e s ;  economic f e a s i b i l i t y ,  a s  con t r a s t ed  wi th  t h e  c o s t  of 

cons t ruc t ion  and ope ra t ion  of advanced o r  t e r t i a r y  t rea tment  f a c i l i -  

t i e s ;  and i n a b i l i t y  of convent iona l  t rea tment  f a c i l i t i e s  t o  handle 

d i f f i c u l t - t o - t r e a t  was tes .  

5 ,  Land a p p l i c a t i o n  of wastewaters can be considered a s  a p a r t  of a  

water r euse  cyc l e .  Emphasis should be placed on wastewater u t i l i z a -  

t i o n ,  reuse  and renovation--the so-ca l led  "4-R cyc le ."  Land app l i -  

c a t i o n  i s  n o t  land  d i s p o s a l  inasmuch as wastes  a r e  n o t  placed 

i n e r t l y  and L e f t  on l and  areas ;  r a t h e r ,  they become a  p a r t  of a  

dynamic system of u t i l i z a t i o n  and conversion of t h e  l i q u i d  and the  

n u t r i e n t  components contained t h e r e i n .  (This r e q u i r e s  cau t ion  i n  

a p p l i c a t i o n  of non-amenable wastewaters which cannot become a  p a r t  

of t h i s  recyc le- reuse  process  ,) 

6 .  P re sen t  land a p p l i c a t i o n  f a c i l i t i e s  gene ra l ly  a r e  no t  " s t r e s s ing"  

t h e  system. Many f a c i l i t i e s  a r e  found t o  b e  us ing  e f f l u e n t  on a  

crop-need b a s i s ,  Even where e f f o r t s  were being made t o  u se  l and  a s  

t h e  only p o i n t  of d i s p o s a l ,  a p p l i c a t i o n  r a t e s  were gene ra l ly  conser- 

v a t i v e  and t h e  s o i l - p l a n t  components of t h e  system were n o t  s t r e s s e d  

t o  l i m i t s  of a s s i m i l a t i o n  o r  used t o  t h e i r  optimum c a p a c i t i e s ,  thus  

providing a  l a r g e  f a c t o r  of s a f e t y .  



Small communities and food process ing  i n d u s t r i e s  w i l l  probably con- 

t i n u e  t o  be t h e  p r i n c i p a l  u s e r s  of land t rea tment  of e f f l u e n t s  f o r  

near  f u t u r e .  The a b i l i t y  t o  assemble the  necessary  l and  a t  p roper  

p r i c e s  and without  adverse  e f f e c t  on l o c a l  land-use p r a c t i c e s ,  tend 

t o  f avo r  t h e  use  of land a p p l i c a t i o n  systems f o r  such sma l l e r  i n s t a l l a -  

t i o n s ,  However, s t r i n g e n t  requirements on d ischarge  of e f f l u e n t s  t o  

r ece iv ing  waters ,  energy shor tages ,  o r  a  number of o t h e r  conceivable  

economic-environmental f a c t o r s  could make l and  a p p l i c a t i o n  f e a s i b l e  

and workable f o r  l a r g e r  communities o r  o the r  wastewater sou rces .  

A v a r i e t y  of b e n e f i c i a l  uses  a r e  being made of wastewater e f f l u e n t s ,  

Uses i nc lude  i r r i g a t i o n  of parks ,  go l f  courses ,  cemeter ies ,  co l l ege  

grounds, s t r e e t  t r e e s ,  highway median s t r i p s ,  s p o r t s  grounds, orna- 

mental foun ta ins  and a r t i f i c i a l  l a k e s .  Wastewater e f f l u e n t s  a r e  a l s o  

used t o  i r r i g a t e  many types of crops,  i nc lud ing  g ra s ses ,  a l f a l f a ,  

corn, sorghum, c i t r u s  trees, grapes ,  and co t ton .  Fo res t  l ands  a l s o  

a r e  be ing  i r r i g a t e d  i n  many a r e a s ,  Groundwater augmentation t o  pre-  

vent  s a l t  water  i n t r u s i o n  i s  being p r a c t i c e d .  I n  Mexico, a wide 

v a r i e t y  of t r u c k  garden crops has long been i r r i g a t e d  wi th  e f f l u e n t s .  

Crops appeared t o  b e n e f i t  from bo th  t h e  n u t r i e n t s  and t h e  inc reased  

amount of water  which i s  appl ied .  

A l a r g e  v a r i e t y  of p o t e n t i a l  oppor tun i t i e s  f o r  land  a p p l i c a t i o n  of 

wastewater e x i s t  i n  many communities. Wastewaters t h a t  a r e  given a 

high degree of t rea tment  could w e l l  be considered f o r  i r r i g a t i n g  

l a r g e  p u b l i c  and p r i v a t e  f a c i l i t i e s  t o  r e l i e v e  t h e  demand f o r  i r r i g a t i o n  

wi th  po tab le  water  s u p p l i e s .  Golf courses ,  cemeter ies ,  parkways, 

school  grounds, parks ,  a i r p o r t s ,  planned u n i t  developments, green 

b e l t s ,  f o r e s t  p re se rves ,  and marginal  land and l and  w i t h i n  f lood  

p l a i n s  a l l  o f f e r  oppor tun i t i e s  f o r  t h e  u s e f u l  a p p l i c a t i o n s  of 

e f f l u e n t  t o  the  land .  

Sa l e  of e f f l u e n t  f o r  b e n e f i c i a l  use  has been gene ra l ly  unsuccess fu l ,  

Few examples were found where a  p u b l i c  agency had been a b l e  t o  o b t a i n  

more than  a  token payment f o r  supplying t r e a t e d  e f f l u e n t .  I n  s e v e r a l  

cases  i t  was repor ted  t h a t  land f o r  t h e  t rea tment  p l a n t  had been 

given i n  cons ide ra t ion  of a  r i g h t  t o  a l l  o r  a  p o r t i o n  of t h e  e f f l u e n t .  

Where an  agency rece ived  a  t a n g i b l e  d o l l a r  r e t u r n ,  i t  was gene ra l ly  

based upon use of both land and the  e f f l u e n t ,  



Successfu l  ope ra t ion  of a  land  a p p l i c a t i o n  system r e q u i r e s  t h e  inpu t  

from a v a r i e t y  of d i s c i p l i n e s ,  For many systems t h e  services,osf a  

geo log i s t  and environmental eng inee r  a r e  requi red .  For  systems 

designed t o  augment the  indigenous crop water  requirements by supple- 

mental i r r i g a t i o n ,  t h e  advice and guidance of an agronomist and s o i l s  

s p e c i a l i s t  w i l l  be  needed, For l a r g e r  systems s o c i a l  and behaviora l  

s c i e n t i s t s ,  a s  w e l l  a s  medical-heal th  personnel ,  may be r equ i r ed  t o  

a s s i s t  i n  eva lua t ing  and secu r ing  acceptance of t h i s  a l t e r n a t i v e  means 

of t reatment  , 

Operat ion of land a p p l i c a t i o n  f a c i l i t i e s  can be  accomplished without  

c r e a t i n g  a nuisance o r  downgrading the  ad jacent  environment, The 

survey ind ica t ed  t h a t  a  ma jo r i t y  of t h e  f a c i l i t i e s  were conducted by 

wel l - t ra ined  personnel ,  aware of t h e  need f o r  c a r e f u l  opera t ion  of 

t h e  systems,  Training,  supe rv i s ion  and adequate  monitoring of p e r t i -  

ment f a c t o r s  a r e  necessary  t o  ensure  t h a t  systems w i l l  n o t  be over- 

s t r e s s e d .  If  ponding an  t h e  l and  i s  n o t  allowed, odors w i l l  n o t  be a  

problem, The hazard of c r e a t i n g  o t h e r  adverse e f f e c t s  on t h e  environ-  

ment d ischarg ing  t r e a t e d  e f f l u e n t  on l and  i s  minimal, 

Environmental a n a l y s i s  of t h e  e f f e c t s  of l and  a p p l i c a t i o n  r e f l e c t s  a  

gene ra l  improvement of t he  environment r a t h e r  than impairment of t h e  

indigenous ecology,  Many f a c i l i t i e s  were observed where t h e  e f f l u e n t  

provided t h e  only i r r i g a t i o n  water  a v a i l a b l e ,  Land va lues  f o r  s i t e s  

wi th  a r i g h t  t o  such wastewaters were g r e a t e r  than  t h a t  of ad j acen t  

land  because crop and f o r e s t  growth was enhanced, and use  of po tab le  

water  supp l i e s  reduced, Farming and r e c r e a t i o n  p o t e n t i a l s  e x i s t  a s  

w e l l  a s  improved h a b i t a t  f o r  w i l d l i f e ,  

Treatment of wastewater p r i o r  t o  land a p p l i c a t i o n  has gene ra l ly  been 

d i c t a t e d  by t h e  d e s i r e  t o  use  t h e  b e s t  p r a c t i c a l  means c o n s i s t e n t  

wi th  a v a i l a b l e  technology and t o  minimize any adverse e f f e c t s  upon 

t h e  environment, Land a p p l i c a t i o n  of wastewater by e l imina t ing  d i r e c t  

d i scharges  of e f f l u e n t  i n t o  r ece iv ing  waters  could be regarded a s  

s a t i s f y i n g  t h e  u l t i m a t e  n a t i o n a l  p o l i c y  goa l  of "zero discharge" of 

p o l l u t a n t s ,  

No in s t ances  s f  h e a l t h  hazards were r epo r t ed  from any e x i s t i n g  

f a c i l i t i e s ,  a l though t h e  S t a t e  a f  Delaware ind ica t ed  concern over  

p o s s i b l e  v i r u s  t ransmiss ion ,  



14 .  Local  p u b l i c  opinion--obj e c t i o n  t o  becoming t h e  r e c i p i e n t s  of 

"somebody e l s e ' s  waste"--could be a major l i m i t i n g  f a c t o r  i n  t h e  

development of l a r g e  l and  a p p l i c a t i o n  systems a t  d i s t a n c e s  from 

wastewater sou rces ,  Psychologica l  concern over  d i s t a s t e f u l  

c h a r a c t e r i s t i c s  of e f f l u e n t s  can r e s u l t  i n  d i s t r u s t  of t h e  a b i l i t y  

of p u b l i c  agencies  t o  ope ra t e ,  c o n t r o l ,  and manage such systems.  

However, s e v e r a l  s u c c e s s f u l  examples of e f f e c t i v e  ope ra t ions ,  such a s  

West Her t fo rdshke ,  England, and many of t h e  f a c i l i t i e s  surveyed and 

descr ibed  i n  d e t a i l  i n  t h i s  (APWA) r e p o r t ,  demonstrate t h a t  p u b l i c  

acceptance can be achieved, 

Monitoring of l and  a p p l i c a t i o n  f a c i l i t i e s  and e f f e c t s  has  been 

minimal and mostly inadequate ,  Few s t a t e s  have taken  an a c t i v e  

r o l e  i n  r equ i r ing  use of monitor ing f a c i l i t i e s ,  apparent ly  because 

t h e r e  was no d i r e c t  d i scharge  of e f f l u e n t s  t o  r ece iv ing  wa te r s .  

Many of t he  municipal  systems surveyed provided l i t t l e  o r  no moni- 

t o r i n g ,  inasmuch a s  t he  e f f l u e n t  was be ing  used only f ~ r  supplemental 

i r r i g a t i o n ,  I n d u s t r i a l  systems were gene ra l ly  b e t t e r  monitored, 

bu t  c o n t r o l  i n  most cases  cannot be  cha rac t e r i zed  a s  be ing  adequate .  

1 6 ,  Energy requirements f o r  land a p p l i c a t i o n  systems may be an important  

cons idera  t i o n .  Reported energy requirements f o r  mos t advanced and 

t e r t i a r y  t rea tment  proposa ls  a r e  very  high a s  compared t o  convent iona l  

t r ea tmen t ,  Depending upon t h e  l o c a t i o n  and a v a i l a b i l i t y  of l and ,  

energy requirements a s soc i a t ed  wi th  land  a p p l i c a t i o n  techniques may 

be s u b s t a n t i a l l y  less than o the r  means of t rea tment  and e f f l u e n t  

management, This f a c t o r  deserves f u r t h e r  eva lua t ion ,  

17'. The n a t u r e  and quan t i t y  of r ece iv ing  waters  must be c a r e f u l l y  

eva lua ted  p r i o r  t o  d i v e r t i n g  e f f l u e n t  t o  land  a p p l i c a t i o n ,  Few 

e x i s t i n g  systems were found t h a t  used underdrains  t o  c o l l e c t  t he  

renovated e f f l u e n t ,  Rather ,  t h e  groundwater a q u i f e r s  rece ived  t h e  

flow, I f  a  land a p p l i c a t i o n  a r e a  i s  ad jacent  t o  t h e  r ece iv ing  

water ,  much of t h e  groundwater may s e r v e  t o  augment t h e  flow i n t o  

the  r ece iv ing  waters  by a  gradual  seepage i n t o  t h e  dra inage  b a s i n .  

El iminat ion of d i r e c t  wastewater d i scharges  t o  a  s t ream could 

unbalance the  f low regimen a s soc i a t ed  wi th  downstream b e n e f i c i a l  

u ses ,  i n h i b i t  d e s i r a b l e  d i l u t i o n  of waste d ischarges ,  i n t e r f e r e  w i th  

t h e  tempering of thermal water  d i scharges ,  and permit t h e  i n t r u s i o n  



of s a l i n e  waters  i n t o  normally f r e s h  water  zones, The impact of 

e f f l u e n t  d ive r s ion  i n t o  land a reas  w i th  r e s p e c t  t o  t h e  b a s i c  

p r i n c i p l e  of r i p a r i a n  water  r i g h t s  must be considered where i r r i g a -  

t i o n  i s  planned as an a l t e r n a t e  t o  d i scha rge  i n t o  s u r f a c e  waters  i n  

some a r e a s ,  

18.  When wastewater i s  discharged t o  land  and t h i s  method i s  used a s  a  

means s f  advanced t rea tment  by n a t u r a l  means, t h e  l and  must r ece ive  

p r i o r i t y  f o r  t h e i r  u se  over o t h e r  o p t i o n a l  land u s e s ,  The needs of 

crop product ion,  r e c r e a t i o n ,  and o t h e r  b e n e f i t s  can be i n  c o n f l i c t  

wi th  t he  u t i l i z a t i o n  of a  land a p p l i c a t i o n  system f o r  t h e  t rea tment  

of wastewater ,  For i n s t a n c e ,  t he  p l a n t i n g ,  c u l t i v a t i o n  and harves t -  

i n g  of crops and t h e  u s e  of r e c r e a t i o n  f a c i l i t i e s  may i n t e r f e r e  

wi th  continuous a p p l i c a t i o n  of wastewater onto land a r e a s ,  The need 

f o r  t h e  system t o  e i t h e r  u t i l i z e  a l l  s f  t h e  flow o r  provide s u f f i c i e n t  

r e t e n t i o n  s t o r a g e  f o r  needed pe r iods  of non-operation must be con- 

s i d e r e d ,  The o b j e c t i v e  of provid ing  adequate t rea tment  of t h e  e f f l u e n t  

cannot be s a c r i f i c e d  f o r  o t h e r  needs and uses  of t h e  land;  proper  

handl ing of t h e  wastewater must be t h e  f i r s t  p r i o r i t y ,  

19 .  Choice of ground cover  can p lay  an important  r o l e  i n  t he  success  of 

a  land a p p l i c a t i o n  system, On o t h e r  than  sandy s o i l s ,  i t  appears  

t h a t  f o r e s t e d  o r  minimally wooded a r e a s  w i l l  accept  g r e a t e r  r a t e s  of 

a p p l i c a t i o n  of e f f l u e n t  without  ponding than  w i l l  c u l t i v a t e d  

a g r i c u l t u r a l  a r e a s .  Many e x i s t i n g  f a c i l i t i e s  u t i l i z e  f o r e s t  a r e a s  

and grassed a r e a s  f o r  a p p l i c a t i o n .  Fores ted  a r e a s  appear  p a r t i c u l a r l y  

u s e f u l  f o r  w in te r  a p p l i c a t i o n s  when f i x e d  spray  systems a r e  used,  

Poss ib ly  except  i n  t h e  South, Reed Canary g r a s s  gene ra l ly  appears  t o  

be  p a r t i c u l a r l y  w e l l  s u i t e d  f o r  producing mulched ground cover which 

can enhance s o i l  a s s i m i l a t i o n  and abso rp t ion  c h a r a c t e r i s t i c s ,  

20,  Land a p p l i c a t i o n  f a c i l i t i e s  t h a t  have been used f o r  many yea r s  a r e  

a v a i l a b l e  f o r  t he  s tudy  of long-term e f f e c t s  of such u s e ,  They 

o f f e r  t h e  oppor tuni ty  t o  s tudy  e f f e c t s  on s o i l s  and groundwaters.  

Demonstration p r o j e c t s  should be undertaken t o  eva lua t e  t h e  e f f e c t s  

and c h a r a c t e r i s t i c s  of c l ima te  and s o i l  condi t ions  on t h e  p r a c t i c e  

of d i scharg ing  e f f l u e n t  on l a n d ,  A p r o j e c t  should a l s o  be i n i t i a t e d  

on the  methods of a p p l i c a t i o n  of wastewater t o  land .  However, i t  

appears unnecessary t o  suppor t  s e p a r a t e  demonstrat ion f a c i l i t i e s  i n  



each of s e v e r a l  s t a t e s  and reg ions .  During t h e  course  of t h e  s tudy 

s e v e r a l  smal l - sca le  r e sea rch  and demonstrat ion p r o j e c t s  involv ing  land  

a p p l i c a t i o n  were reviewed. Some of  t h e s e  p r o j e c t s  appeared t o  have 

been i n s t i t u t e d  simply f o r  t he  purpose of convincing l o c a l  and s t a t e  

o f f i c i a l s  of t h e  s a f e t y  of t h i s  a l t e r n a t i v e  method of t rea tment  and 

d i s p o s a l ,  

S p e c i f i c  eva lua t ion  of e s t a b l i s h e d  systems i n  t h e  va r ious  c l i m a t i c  

zones would appear t o  be  more f r u i t f u l  than new re sea rch  i n s t a l l a t i o n s  

f o r  determining long-term e f f e c t s  upon s o i l ,  vege ta t ion ,  groundwater, 

and t h e  indigenous ecology o r  on t h e  h e a l t h  of s i te  workers and 

ad jacen t  r e s i d e n t s ,  

21, Observat ions i n  t h e  f i e l d  and surveys of l and  a p p l i c a t i o n  systems 

~- 
c losed  very  l i t t l e  concern over t h r e a t s  t o  t h e  h e a l t h  of on - s i t e  

workers,  r e s i d e n t s  of neighboring a r e a s ,  domestic animals o r  wild- 

l i f e ,  o r  of those  who consume o r  come i n  con tac t  w i t h  land-appl ied 

,wastewaters . Mail surveys of o t h e r  r e p r e s e n t a t i v e  municipal  and 

i n d u s t r i a l  l and  a p p l i c a t i o n  systems s i m i l a r l y  provided no evidence 

of any h e a l t h  problems a s soc i a t ed  w i t h  t h i s  method of d i s p o s a l .  

Some concern over p o t e n t i a l  h e a l t h  hazards  was, however, expressed 

o r  i n f e r r e d  by o f f i c i a l s  of some s t a t e  agencies  who suppl ied  informa- 

t i o n  about t h e i r  p o l i c i e s  on land a p p l i c a t i o n  of e f f l u e n t s  a s  an  

a l t e r n a t i v e  means of wastewater management. Whether t h i s  concern 

was based on s p e c i f i c  in format ion  o r  mere susp ic ions ,  founded o r  

unfounded, could no t  be determined from t h e  responses.  

I n q u i r i e s  have been made w i t h  inconc lus ive  r e s u l t s  about t h e  h e a l t h  

imp l i ca t ions  of land  a p p l i c a t i o n  systems by s e v e r a l  f e d e r a l ,  s t a t e ,  

and l o c a l  agencies  and by o t h e r  quasi-governmental and p u b l i c  s e r v i c e  

o rgan iza t ions .  Concern over  " the unknown1' was expressed f o r  such 

f a c t o r s  a s  p o t e n t i a l  v i r a l  and pathogenic hazards r e s u l t i n g  from 

disseminat ion  of a e r o s o l  sp rays  o r  m i s t s  and con tac t s  w i th  s a n i t a r y  

i n d u s t r i a l  s ludge  r e s idues .  

While t h e  c u r r e n t  s t u d i e s  d i d  n o t  d i s c l o s e  cause f o r  such concerns,  

t h e  b i b l i o g r a p h i c  a b s t r a c t s  prepared as an i n t e g r a l  p a r t  of t h i s  


































































































































































