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The s u i t a b i l i t y  of  s o i l s  of  Norrh Cat-clina f o r  a p p l i c a t i o n  of  i n d u s t r i a l  
and municipal wastes  was s t u d i e d .  I n  t h e  Coasta l  P l a in  s o i l  r esource  a r e a ,  
s o i l  d ra inage  i s  t h e  most c r i t i c a l  phys ica l  p a r a n e t e r  in  determining s u i t a b i l i t y  
o f  f i e l d  s i t e s  f o r  waste a p p l i c a t i c m s . .  Wel l -drained s o i l s  o f  t h e  reg ion  can 
be s u c c e s s f u l l y  u t i l i z e d  a s  waste  a p p l i c a t i s n  s i t e s  i f  c e r t a i n  design c r i t e r i a  
a r e  fol lowed.  S o i l s  c l a s s i f i e d  a s  moderate ly  well  d ra iqed  can be used f o r  
was te  a p p l i c a t i o n  f i e l d s  i f  e i t h e r  adequate  s t o r a g e  of  wastewater  i s  provided 
t o  a l low r e s t i n g  o f  the f i e l d  dur ing  extended r a iny  pe r i ods  o r  t h e  s o i l  i s  
modif ied t o  a c t  a s  a  well d ra ined  s i t e .  S o i l s  c l a s s i f i e d  a s  very poor ly ,  
p o o r l y ,  o r  somewhat poor ly  d ra ined  c a ~ ~ n o t  s a t i s f a c t o r i l y  f unc t i on  a s  waste  
f i e l d s  wi thout  a r t i f i c i a l  improvement i n  d r a inaye .  

Of t h e  seven f i e l d  s i t e s  i nves t - i ga t ed ,  f i v e  werc l c c a t e d  i n  t h e  Coasta l  
P l a i n  s o i l  r esource  a r e a  and two i n  t h e  Piedmont s o i l  r esource  a r e a .  Design 
l oad ings  which ca!] be u t i l i z e d  a t  t he se  s i t e s  var ied  cons ide r ab ly ,  i nc lud ing  
h y d r a u l i c  load ings  of one inch pe r  week on t h e  P iedrnn t  s i t e s  and up t o  f o u r  
inches  pe r  week on the  r a p i d l y  d ra ined  sands o f  t he  Coastal  P l a i n .  Organic 
l oad ings  which could be s u c c e s s f u l l y  u t i l i z e d  on each s i t e  ranged from about  
1100 1 b/a/wk t o  aboilt 4000 I b/a/wk o f  t o t a l  oxygen demanding r ~ a t e r i a l  , aga in  
wi th  t h e  lower r a t e s  r equ i r ed  on t h e  ? i ednon t  : : ~ i l s .  

O f  t h e  s i t e s  i n v e s t i g a t e d ,  s z l t  problems w r e  r e spons ib l e  f o r  r a r e  opera-  
t i o n a l  problems than any o t h e r  design paramete r .  Was twa t e r  con t a in ing  up 
t o  500 ng/l of  sodium ions  can be s u c c e s s f u l l y  app l i ed  on m s t  f i e l d  s i t e s  
i f  e i t h e r  p roper  ba lances  o f  Ca -t Mg a r e  mainta ined i n  the  wate r  o r  by a p p l i -  
c a t i o n  o f  s o i l  amendments t o  t h e  f i e l d .  i o t a ?  s a l t  loads  o f  up t o  3000 mg/l 
can be app l i ed  t o  f e s cue  p a s t u r e s  wi thout  r e s t r i c t i n g  p l a n t  growth. 

I f  t h e  above parameters  a s  well a s  n u t r i e r ~ t  and heavy metal load ings  a r e  
balanced t o  s i t e  c a p a b i l i t i e s  and i f  sound managevent p r a c t i c e s  of  the  s o i l -  
c rop ,  i r r i g a t i o n ,  and o t h e r  ope ra t i ona l  f u n c t i o n s  fo l lowed ,  land a p p l i c a t i o n  
o f  wastewater  can be a  t e c h n i c a l l y  and ecotioiliically sgund systei:i f o r  t r e a t i n g  
waste  l oads  a t  many i n d u s t r i a l  and municipal s i t e s  i n  r4orth Caro l ina .  
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SUMMARY A N D  CONCLUSIONS 

The objectives of t h i s  study were t o  evaluate the f e a s i b i l i t y  of land 
applicat ion as a  viable yaste treatment. a1 ternat ive  for  indust r ia l  and muni- 
cipal  wastes and t o  conduct f i e l d  invest igat ions  a t  s i t e s  u t i l i z i n g  t h i s  
method of waste treatment t o  enhance predict ions of soil-waste in te rac t ions  
under varying loading parameters. 

Field investigations were conducted a t  seven major indust r ia l  s i t e s  in 
North Carolina and South Carolina, a l l  using land applicat ion as the primary 
waste disposal system. The e f f luen t  was characterized as to  s ign i f i can t  
waste components and flow regimes; the f i e l d  s i t e s  were characterized by so i l  
propert ies and topography; c l imat ic  information, including r a i n f a l l ,  ET and 
temperature, was  developed fo r  each s i t e ;  and t o t a l  design a n d  operational 
loadings fo r  s ign i f i can t  parameters were evaluated. 

Several design parameters must be considered in the successful operation 
of a  land applicat ion system including: 

a )  Soil s u i t a b i l i t y  (aseable s o i l s  avai lable  within the f i e l d  a rea )  
b )  Hydraulic loading 
c )  Organic loading 
d )  Nutrient loading 
e )  Sa l t  loading 
f )  Heavy metal loading 
g )  Vegetative cover 

Cne or more of these parameters can be l imi t ing a n d  each s i t e  wil l  have 
spec i f i c  loading capac i t i e s  f o r  each component depending on so i l  c a p a b i l i t i e s ,  
topographic posi t ion,  crops se lected and the management levels  employed. A 
minimum investigation required f o r  s i t e  planning include a  deta i led  so i l  
survey of the area ,  location and depth of localized r e s t r i c t i v e  horizons in 
the s o i l ,  depth t o  seasonal groundwater, location of needed in terceptor  
d ra ins ,  i n c l u d i n ~  su i t ab l e  o u t l e t s ,  and su i t ab le  s i t e s  f o r  storage lagoons. 

Of theghysical-chemical parameters l i s t e d  above, s a l t  loading problems, 
pa r t i cu la r ly  Na imbalances o f  the applied wastewater, have resulted in the 
most severe problems of the land appl ica t ion systems surveyed. Combined 
overloadings, both hydraulic and organic,  hav resulted in some systems Z experiencing temporary problems within spray i e l d s ,  b u t  a re  much eas ie r  and 
quicker t o  remedy than with s a l t  overloadings. Nutrient and heavy metal 
loadings are  not presently creat ing major problems in land applicat ion sys- 
tems b u t  must be considered in design c r i t e r i a  to  prevent fu ture  environmental 
problems. 

Based on information from t h i s  survey and basic knowledge of so i l  cap- 
a b i l i t i e s  of the  s t a t e ,  the following range in design loadings can be u t i l i z ed  
on most well-drained s o i l s  of the  s t a t e :  



Cesi g n  range Component 

Soi 1  

tiydraul .ic loading 

Organic loading 

Nutrient loading 

S a l t  loading 

Well-drained o r  modified t o  reac t  
as  a  well-drained s o i l  

1 - 4 inches/wk (depending on s o i l )  

1100 - 4000 1 b TOD/a/wk (depending 
on s o i l  ) 

1 . 5  times crop requirement of N 

1200 - 3000 mg/l (depending on  crop) 

< 500 mg/l Va (with use of s u i t a b l e  
chemical amendments) 

Heavy metal loading Soil and sludge s p e c i f i c  

Vegetative cover I2anagement s p e c i f i c  

So i l s  o f  lower drainage c a p a b i l i t i e s  may be used fo r  waste appl ica t ions  
i f  e i t h e r  the natural  drainage i s  improved by a r t i f i c i a l  drainage o r  s u f f i -  
c i e n t  s tora52 capacity i s  provided t o  e l iminate  the necessi ty of i r r i g a t i o n  
during wet periods of the  yea r .  So i l s  c l a s s i f i e d  as moderately well drained 
coi~ld  be used i f  s torage  f a c i l i t i e s  of s i x  to  e i2h t  weeks a re  provided f o r  
the wastewater whereas s o i l s  c l a s s i f i e d  as very poorly, poorly o r  somewhat 
poorly drained cannot s a t i s f a c t o r i l y  function as  waste f i e l d s  without a r t i -  
f i c i a l  improvement in drainage.  Depending on the permeability of the sub- 
surface  s o i l  horizons, some of the  poorer drained s o i l s  can be s u b s t a n t i a l l y  
improved by a r t i f i c i a l  drainage whereas o thers  cannot functicn as  waste f i e l d s  
due t o  r e s t r i c t e d  in ternal  drainage.  

Poor management of land appl ica t ion  systems appears t o  be responsible 
f o r  reduced perfornance on more s i t e s  than any o ther  f a c t o r s ,  including 
design loadings. Total management of a  system t o  include s o i l  and crop 
management, waste appl ica t ion  system opera t ion ,  monitoring equipment mainte- 
nance and o ther  mechanical equipment maintenance associated with the farm or 
waste treatment operation must have high p r i o r i  ty and responsible personnel 
in charge t o  ensure successful  opera t ion .  

I f  design loadings a r e  balanced t o  s i t e  c a p a b i l i t i e s  and sound manage- 
ment p rac t i ces  followed, land appl ica t ion  of wastewaters can be an environ- 
mentally *sa fe  and economical l y  sound system f o r  t r e a t i n g  waste loads from 
i n d u s t r i a l  and n m i c i p a l  s i t e s  in North Carolina and surrounding s t a t e s .  



The r e su l t s  of the study indicated t ha t  land applicat ion systems f o r  
nuncipal and indust r ia l  wastewater tt-eatment are  feas ib le  on ce r ta in  soi 1  
i n  North Carolina and surrounding s t a t e s .  The following recommendations can 
be made as a  r e su l t  of information and procedures developed during the course 
of t h i s  p ro jec t :  

1. Develop guidelines f o r  evaluating f i e l d  s i t e s  f o r  potential  use in land 
applicat ion systems. Based on loading parameters and procedures devel- 
oped in t h i s  repor t ,  guidelines should be writ ten tha t  a re  su i t ab le  f o r  
use by regulatory agencies, consulting engineers and others d i r ec t l y  
involved in implementation of waste treatment a l t e rna t i ve s ,  including 
land appl ica t ion.  

2 .  Develop $nventories of so i l  capab i l i ty  areas of the s t a t e  in terms of 
regions most su i t ab le  f o r  land appl ica t ion s i t e s .  This information 
should be readily avai lable  t o  planners, indust r ia l  consultants  and 
engineering firms. 

3 In'ventory major indus t r i a l  and milnicipal waste sources of the s t a t e  t o  
include s ign i f i can t  waste cha r ac t e r i s t i c s  a n d  f l o w  volumes a n d  evaluate 
the potential  of land applicat ion o f  these wastes as an a l t e rna t i ve  t o  
o thzr  waste treatment systems and potential  benef i ts  t o  agr icu l tu ra l  
production. 

4. Continue research in the area of soil-waste in teract ions  including 
unsaturated hydraulic conduct iv i t ies ,  oxygen di f fus ion r a t e s ,  s a l t  
in teract ions  and heavy metal adsorption o f  major s o i l s  of the s t a t e  t o  
fu r the r  ref ine  so i l  loading parameters. 

5. Conduct workshops, shor t  courses, on-s i te  study tours and spec i f i c  
indust r ia l  t r a in ing  fo r  personnel d i r ec t l y  involved in the design, 
review, management or  research o f  operational programs of land appl i -  
ca t ion.  



INTRODUCTION 

The Federal Water Pol lu t ion  Control Amendments of 1972 s t a t e s  t h a t  " the  
discharge of po l lu tan t s  i n t o  navigable waters be eliminated by 1985." Efflu-  
en t  l i m i t a t i o n  guidel ines have been es tabl i shed f o r  many point source d i s -  
charges as t o  the  degree of e f f l u e n t  reduction a t t a i n a b l e  through the  applica-  
t ion  of " t h e  bes t  prac t icable  technology" and " the  best  ava i l ab le  technology 
economically achievable" over the l i f e  of the  works. For c e r t i f i c a t i o n  and 
cost-shared funding under t h i s  l e g i s l a t i o n ,  waste treatment plans must include 
evidence t h a t  a l l  v iable  a l t e r n a t i v e s  a re  considered and evaluated toward 
advancing the goal of "zero discharge."  

Land appl ica t ion  i s  recognized as an a l t e r n a t i v e  method f o r  e f f e c t i v e  
treatment of wastewater and f o r  u l t i i i~a te  disposal  of so l id  wastes in  the  
prevention of surface water pol lu t ion .  While the ideal ized  goal of "zero 
discharge" i s  ne i ther  p rac t i ca l  nor completely d e s i r a b l e ,  successful 1 l y  
operated land appl ica t ion  systems may approach t h i s  concept in  terms of 
e l iminat ing  point  source d i s c h a r ~ e s  from our r i v e r s  and allowing contaminants 
t o  be t r ea ted  and diffused slowly in to  natural  waters without c rea t ing  shock 
loads .  As an "economic achievable system" land treatment i s  capable of pro- 
viding high-level treatment a t  a  r e l a t i v e l y  lower cos t  t h a n  o ther  advanced 
o r  t e r t i a r y  treatment systems (Young a n d  Carl son,  1975). 

The m?re accurate descr ip t ion  of l a n d  appl ica t ion  of wastewaters i s  t h a t  
of an advanced treatment system and not a "zero discharge" system s ince  a l l  
land areas  pe r iod ica l ly  cont r ibute  water and i t s  inc lus ions  t o  the ground o r  
surface  water.  Application of wastes t o  land does not automatical ly ensure 
t h a t  there  wi l l  be no movement of has te  cons t i tuen t s  or  products i n t o  the  
environment in the  for11 of run-off ,  percola t ion ,  o r  gaseous discharges.  The 
design of land appl ica t ion  systems t o  ensure environmental protect ion i s  a  
prec ise  s c i e n t i f i c  and engineering operation involving an evaluat ion and 
giving due considerat ion t o  many fac to r s  including s o i l  biophysical parameters,  
engineering design,  environmental c o n t r o l s ,  soc ia l  and economic parameters,  
a n d  p o l i t i c a l - l e g a l  c o n s t r a i n t s .  

Numerous cases o f  both t rouble- f ree  and unsat i s fac tory  systems f o r  land 
appl ica t ion  o f  wastes have been reported in North Carolina as in  adjacent  
s t a t e s .  This study was i n i t i a t e d  t o  increase our knowledge concerning bio- 
physical parameters of land appl ica t ion  of wastes and t o  determine those fac-  
t o r s  most c r i t i c a l  in the  successful operation of such systems. This informa- 
t ion  i s  needed t o  provide a  b e t t e r  basis  f o r  considerat ion of land applica-  
t ion  as  a  v iable  a l t e r n a t i v e  t o  other  approaches in waste management in  North 
Carolina and in  the southeas t .  

Emphasis in  t h i s  document i s  d i rec ted  towards u t i l i z a t i o n  of ag r i cu l tu ra l  
processing, i n d u s t r i a l ,  and municipal wastes through appl ica t ion  on agr i cu l -  
t u r a l  land. While animal wastes systems were not included in t h i s  s tudy,  
c r i t e r i a  f o r  so i l -waste  loadings would apply equally t o  a l l  wastes types.  



R E V I E W  OF LITERATURE 

Indust r ia l  and Processing Wastes 

Indus t r i e s  which have u t i l i z e d  land as a  waste disposal system include 
pulp and paper, meat s laughter ing  and packing, cotton processing, canning, 
da i ry  products,  sugar r e f in ing ,  frozen f r u i t s  and vegetables,  poultry pro- 
cess ing ,  a r t i f i c i a l  f i b e r s ,  a n d  hides,  l ea the r  and wool scouring. Waste 
t reatment and disposal problems a r e  a  main concern with a l l  of these indus- 
t r i e s ;  the  problems general ly a r e  characterized by large  volumes of waste- 
water with high BOD, l a rge  amounts of suspended s o l i d s  a n d  various inorgarlic 
cons t i tuen t s  including nitrogen and phosphorus ( ~ n a p p ,  1970). 

In 7973, Sull ivan -- e t  a1 . (1973) conducted a n  on-s i te  survey of 20 d i f f e r -  
e n t  i n d u s t r i e s  which were using land appl ica t ion  of wastewater and reported 
t h a t  land a p p l i c a t i c ; ~  could be a  v iable  a l t e r n a t i v e  f o r  many indus t r i e s  and 
t h a t  land appl ica t ion  may use l e s s  t o t a l  energy than o the r  z l t e r n a t i v e  
treatment systems. O f  t he  20 i n d u s t r i e s  surveyed, a l l  had design flow r a t e s  
of l e s s  t h a n  5 mgd and could be general ly categorized in to :  1 )  vegetable 
processing,  2 )  d a i r y  processing,  3) pulp a n d  paper, and 4 )  crganic chemical 
manufacturing. Also included were a  tannery and a  fiberboard p lan t .  The 
study revealed t h a t  the  small i n d l ~ s t r i e s  surveyed general ly found land app l i -  
ca t ion  more economical and t h a t  they have located general ly in low popula- 
t ion  d e n s i t i e s  where open lands a r e  ava i l ab le  within a  shor t  d is tance  a n d  a t  
a r e l a t i v e l y  low c o s t .  

Thomas and Law (1968)  repor t  t h a t  many indus t r i a l  s i t e s  u t i l i z i n g  ?re-  
t r e a t s e n t  and stream discharge o f  has tes  have exceeded rhe ass imi la t ive  capa- 
c i t y  of many streams and pose a  ser ious  th rea t  t o  our water suppl ies .  They 
repor t  t h a t  by encouraging more appl ica t ion  o f  these  wastewater t o  acjricul- 
tu ra l  land,  mul t i -benef i t s  would r e s u l t  including:  1  ) promote growth of 
crops,  2 )  conserve water a n d  n u t r i e n t s  normally wasted, 3)  provide economical 
treatment of the  wastewater,  and 4 )  reduce the pol lu t ion  load on surface  
water supp l i e s . .  

Processing and i n d u s t r i a l  wastewater may contain a va r i e ty  of components, 
some of which may be phytotoxic o r  c rea te  severe problems in terms of s o i l  
physical and chemical p roper t i e s .  Wilcox (1959) summarized the  e f f e c t s  of 
a var ie ty  of i n d u s t r i a l  po l lu tan t s  and recommended pretreatment systems f o r  
a  var ie ty  of e f f l u e n t s  t o  be used f o r  i r r i g a t i o n .  He concluded t h a t  in-  
d u s t r i a l  wastewaters which a r e  high in  na tu ra l ly  occurring organic cons t i tu -  
e n t s ,  such as pulp and paper processing and food processing,  general ly a r e  
best  su i t ed  f o r  land app l i ca t ion .  

Spray' i r r i g a t i o n  of cannery and food processing wastes h a s  been pract iced 
in t h i s  country f o r  a number of years  ( B e l l ,  1955; Bolton, 1947; Canham, 1955). 
Canham, 1955, in a review of e a r l y  methods, grouped s o i l  -waste systems a s  
those using a )  absorption beds, b)  r idge and furrow, and c )  spray i r r i g a t i o n .  
He c i t e s  cases where wastes were pumped three  miles t o  the  spray s i t e s ,  and 
sprayed on slopes a s  high as 7-8 percent .  Rest periods of 5  t o  7 days between 
i  r r iqa t ion  were recomended f o r  most systems. 



Spray i r r i ga t i on  was the most common m5thod of applicat ion of wastewaters 
t o  land in systems studied by Sullivan - e t  -- a l . ,  1973. However, other types of 
appl ica t ion systems were being used i n c l u d i ~ ~ g  flood i r r i g a t i o n ,  ridge and 
furrow i r r i g a t i o n ,  and overland flow. Water applicat ion ra tes  varied from 
0.75 t o  greater  than 10 inches per week, b u t  a  more cornan hydraulic loading 
was about two inches per week. Crops grown on these waste applicat ion s i t e s  
included pasture grasses such as fescue and reed canarygrass, row crops 
such as corn and soybeans, and natural vegetat ion,  

Drake a n d  Kieri , 1952, surveyed several vegetable canneries in Minnesota 
and reported t ha t  there a re  several economi'c and physical l imi ta t ions  to  the 
use of spray i r r i ga t i on  of wastewater on agr icul tura l  crops. Problems which 
were reported were 1 )  roots o f  plants may ro t  i f  the soi 1 i s  watered too 
o f ten ,  2 )  organic matter from the wastewater may accumulate on plants and 
provide harborage f o r  fungi and other harmful organisms, 3)  plant  diseases 
may be spread from processed products t o  crops being i r r i g a t e d ,  a n d  4 )  s o i l  
s t r uc tu r e  may de te r io ra te  under prolonged i r r i ga t i on  of a  pa r t i cu la r  f i e l d .  

Forest areas have been used more recent ly  f o r  waste a p p l i c a t i o ~  s i t e s .  
Norris e t  a l . ,  1972, reported t ha t  e f f luen t s  from a  pulp bleaching plant may 
be d i sposedof  by i r r i g a t i o n  on forres ted 1 ands without detrimental e f f ec t s  
on microorganisms in  the three  fo r e s t  soi 1s ztudied.  Nilson, 1971, reported 
t h a t  stream water qua l i ty  during 13w flow p2riods in the suriiner could be 
protected be t t e r  by i r r i g a t i n g  fo r e s t  areas of b o t h  hardwods and softwoods 
with paper mill e f f luen t  in l ieu  of stream discharge. 

A more recent development i n  land t r e a t r en t  of \ilastewater i s  t k  over- 
land flow o r  spray-runoff system. This systerr? operates best on sloping 
t e r r a i n  of 2-6 percent grade and terraced t o  separate shor t  slope Funs from 
100 t o  300 f e e t  long. The wastewater i s  appl'ed along the upper reaches of 
each slope segment and flows in a thin sheet over the surface toward the 
co1 l ec t ing  t e r race  a t  the  bottom. This s j  stem does reqtri re considerable land 
forming t o  ensure uniform slopes between ter races  a n d  t o  prevent water from 
concentrating in r i l l s  r a the r  t h a n  in sheet f l ~ w .  This system does allow 
use of s o i l s  such as those with heavy clays and eroded surfaces for  waste 
appl ica t ion.  The system can be successful in t r ea t ing  a  var ie ty  of waste- 
water a n d  returning a substant ia l  portion o f  the pur i f ied  hastewater t o  a  
receiving stream (Gilde,  7970) .  

Municipal Wastes 

The applicat ion of high levels  of municipal wastes t o  so i l  creates con- 
s iderable  concern among the public as well as regulatory agencies involved in 
the  protection of the  public health and the t o t a l  environment. These con- 
cerns r e l a t e  t o  the possible contamination of soi 1 ,  groundwater, surface water 
or  the atmosphere with pathogenic organisms, toxic organic substances, soluble 
s a l t s ,  t r ace  rwta l s ,  and plant  nu t r i en t  elements. 

The current  knowledge of the health implications of sewage disposal has 
w?cen t ly  been sum~arized i n  extensive l i t e r a t u r e  reviews (Hanks, 1967; Law, 



1968). In a  review concerned w i t h  the agr icu l tu ra l  uses of sewage e f f l uen t  
and sludge,  Law (1  968) concluded: 

a. Raw, untreated sewage should not be used on cropland. 
b .  I f  handled properly, the use of t r ea ted  sewage e f f luen t  will pose 

no hazards t o  the  operators or  farm laborers .  
c .  Sewage e f f luen t  receiving primary treatment may be used on crops 

not fo r  human consumption. 
d .  The use of primary t rea ted  sewage e f f luen t  on feed and pasture 

crop fo r  l ivestock consumption i s  sa fe  and should be encouraged. 
e .  Treated sewage e f f l uen t  may be used on any crop i f  i t  i s  f i r s t  

chl orinated.  

Law fu r t he r  concludes tha t  i t  i s  not advisable t o  apply digested sludge 
d i r e c t l y  on root crops o r  any vegetable crop tha t  i s  t o  be eaten raw, a l -  
though, incorporation of the  sludge i n to  the so i l  well ahead ( a t  l e a s t  three  
months) of planting t i n e  does a1 l ow dest ruct ion of these pathogenic organisms. 

The recent i n t e r e s t  i n  disposing of sewage sludges in so i l  has been 
largely  centered around the disposal of anaerobical ly digested s1 udge (Ewing 
and Dick, 1970). Merz, 1959, s t a t e s  t ha t  the maximum recommended ra te  of 
slude applicat ion depends on the various s o i l ,  p lan t ,  and cl imatic fac to rs  
b u t  t h a t  generally 100 tons of dry so l id  digested sludge can be applied with- 
out impairing crop growth and t ha t  25 tons of dry so l ids  i s  comparable t o  
normal f e r t i l i z e r  ra tes  on agr icu l tu ra l  crops. 

King and Morris, 1 9 7 2 ,  applied l iquid  sewage sludge to  coastal bernuda- 
grass a n d  rye a t  r a tes  up  t o  20 cm depth per year (48 tons dry so l ids /ac re )  
i n  a comparison with conventional f e r t i l i z e r  treatment. From the aspect of 
b o t h  pollut ion control a n d  crop production, 5  crn/yr was the best of the 
four ra tes  used. A t  the higher r a t e s ,  large amounts of NO -N accumulated in  
the  so i l  p rof i l e  and reduced rye y i e ld s ,  apparently from Z$ tox ic i ty .  The 
sludge applicat ions had l i t t l e  e f f e c t  on in-vivo d i g e s t i b i l i t y  of the forage 
and theye was no s i gn i f i c an t  survival of coliform bacteria on the forage a t  
harvest .  

In s tudies  by Waf ker -- e t  a1 . , 1972,  digested sewage s1 W e  was incorporated 
i n to  c lay  s o i l s  a t  r a tes  u p  t o  120 tons dry so l i d s  per acre .  Ultimate growth 
of rye was best a t  the  40 tons-per-acre r a t e ;  no nitrogen,  bac t e r i a l ,  o r  
v i ra l  contamination of groundwater occurred during the f i r s t  season. The 
invest igators  s t a t e  t ha t  heavy metal build-up may ultimately determine how 
much sludge can be applied t o  so i l  f o r  maximum benefi t  a n d  minimum hazard t o  
man and plants .  

The magnitude of so i l  and water pol lu t ion by organic substances as a  re- 
s u l t  o f  th,e applicat ion of sewage t o  f i e l d s ,  has received r e l a t i ve ly  l i t t l e  
study. Butler  e t  a l . ,  1954, reviewed several aspects  of the underground 
movement of c h e z c a  po l lu tan t s .  These workers noted reports  of leaching 
from organic waste deposits  t r ave l ing  several miles in the s o i l .  They con- 
clude t h a t  many of the  decomposition products from complex organic materials  



such as  sewage sludge a r e  simple, water soluble compounds which a re  l i ke ly  t o  
be mobile in the so i l  environments. 

The majority of research thus f a r  conducted on t r ea ted  sewage and waste 
sludge as possible f e r t i l i z i n g  materials  i n  the United S ta tes  had dea l t  with 
only applicat ions covering a  shor t  span of time. Research dealing with t r ace  
elements i n  s o i l s  has been aimed a t  the  beneficial  use of the t r ace  elements 
as plant nutr ients .  Perhaps because of t he  r e l a t i ve ly  shor t  experience of 
farm u t i l i z a t i o n ,  no c l ea r  evidence of t o x i c i t i e s  and y ie ld  reduction t o  
crops have been reported in the l i t e r a t u r e .  Braids -- e t  a l . ,  1968, however, 
did repor t  sludge t rea ted  s o i l s  t o  have higher concentrations of heavy metals 
with some increased concentration in p lants  a n d  leachates.  

Long-term applicat ion o f  sewage t o  farm l a n d  has been experienced in  
Europe. Rohde, 1962, a t t r i b u t e s  the  reduced f e r t i l i t y  a t  the Berlin and 
Par is  sewage farns t o  accumulation of copper and zinc.  A t  Rickmansworth, 
England approximately 7000 acres of farmland i s  t rea ted yearly with 1  iquid 
d iges te r  sludge and ea r ly  research work es tabl ished the now-accepted guide- 
l i ne s  of "zinc equivalents" as long-term loading c r i t e r i a  f o r  sludge applica-  
t ions  (Sullivan -- e t  a l . ,  1973). This work, which appears t o  be the only well- 
docunlented report  of heavy-wtal t ox i c i t y  t o  plants induced by long-term 
appl ica t ion of sewage t o  agr icu l tu ra l  land, established t h a t  nickel i s  four  
times and copper two times more toxic t o  plant  l i f e  than zinc.  Horn, 1968, 
suggests t ha t  est imates of r e l a t i ve ly  short-term ( l e s s  than 50 years )  e f f e c t s  
of sludge on so i l  propert ies can be based on ex i s t ing  knowledge of so i l  com- 
posit ion and the chemical , biochemical , and physical systems operative in 
natural  s o i l s .  

Lunin -- e t  a l . ,  1968, suggested a  program fo r  acceptable i imi t s  of t r a ce  
elements in i r r i ga t i on  wastewater based on two types of so i l  groupings t h a t  
may be i r r i ga t ed :  a )  well-drained s o i l s ,  primarily sands, loamy sands, o r  
sandy loams; and b )  slowly drained s o i l s ,  primarily those with f i ne  t ex tu res .  
The l imi t s  fo r  individual t r ace  elements in water t o  be used on each type of 
land was calculated assuming t ha t  steady s t a t e  would be approached in a  re- 
l a t i ve ly  shor t  period of time on group "a" lands; the re fore ,  the concentrations 
in i r r i ga t i on  waters approximate t ha t  of so i l  solut ion.  Upper l imi t s  on group 
"b"  lands were  more a rb i t r a ry  and were developed for  conditions where f i xa -  
t ion was greater  2 n d  steady s t a t e  would not be approached unt i l  time periods 
exceeding 20 years .  

While most of the long-term s tudies  on municipal waste appl ica t ions  t o  
land have occurred in European countr ies ,  the use of i r r i g a t i o n  t o  t r e a t  and 
dispose of secondary e f f luen t  from municipal i t ies  has been practiced a t  some 
location in the  United Sta tes  f o r  a t  l e a s t  fo r ty  years (Gray, 1968). While 
most of these systems have been located in the Southwest where water i s  a 
premium (Pound and Cr i t es ,  1973), Ma1 hotra and Myers, 1974, reported t h a t  
more than fo r ty  municipal land i r r i g a t i o n  systems were in operation in the 
s t a t e  of Michigan. This i s  in an area where the e f f l uen t  must be stored f o r  
20 t o  25 weeks/year due t o  weather conditions preventing f i e l d  appl ica t ions .  



Pennsylvania S t a t e  University has been conducting research on land appl i -  
cat ion of municipal e f f luen t s  since 1962 and report  spray i r r i ga t i on  can be 
successfully used in both fo res t  and on cropland i n  the humid ea s t  to  o f f e r  
advanced treatment of the e f f luen t  p r io r  to  recharge of groundwaters (Sopper 
and Kardos, 1973). 

Several informative reports  were published in the l a s t  four years on 
land applicat ion systems f o r  municipal waste treatment. The U .  S .  Army 
Corps o f  Engineers published two repor ts  which present a thorough review 
of the physical ,  chemical, and b<ological in teract ions  involved in land 
treatment systems (Reed, 1972; and Driver -- e t  a1 . , 1972). Several survey 
repor ts  were published by the U .  S. Environmental Protection Agency concern- 
ing f i e l d  reviews of ex i s t ing  systems of land applicat ion (Sullivan -- e t  a l . ,  
1973; Pound and Cr i t es ,  1973) and presenting the current  s ta te-of- the-ar t  
on engineering and economic considerat ions of land applicat ion design (Pound 
e t  a l . ,  1975; anon., 1975). -- 

Several workshops and symposiums have been conducted in the past several 
years on land applicat ion of municipal wastes. Proceedings of these con- 
ferences contain a number of papers by various authors,  in which a wide range 
of d i f f e r en t  topics on t h i s  subject  a r e  discussed. The following s i x  recent 
conferences provide proceedings which generally cover current  programs of 
study in t h i s  country. 

F i r s t  Annual IFAS Workshop on Land Renovation of Wastewater in Florida.  - 
I ampa, Florida,  June, 1972. 

International  Conference o n  Land fo r  Waste Management. Ottawa, Canada. 
October, 1973. 

Proceedings of Conference on Land Disposal of Municipal Effluents and 
Sf udges. Rutgers University. March, 1973. 

Proceedings of the Jo in t  Conference on Recycling Municipal Sludges 
and Effluents on Land. Champaign, I l l i n o i s .  Ju ly ,  1973. 

Recycling Treated Municipal Wastewater and Sludge Through -- Fcirest 
and Cropland. University Park, Pennsylvania, 1973. 

Workshop on Recyclinq Municipal Wastewater on L a n d .  South Atlantic-  
Gulf Region of W R R I .  At lanta ,  Georgia. June, 1974. 

These r e ~ o r t s  aive a broad overview of the  current  knowledue ava i lab le  
concerning land disposal of municipal wastes and indicate  a p i i n g  i n t e r e s t  
among regulatory agencies f o r  systems which might serve as an a l t e rna t i ve  t o  
conventional treatment of domestic wastes. All reports  ind ica te ,  however, 
the  continuing need f o r  research before such systems can be wfdely implemented. 



PROCEDURES 

Three basic in te r re la ted  parameters wil l  be discussed r e l a t i ve  t o  the 
design c r i t e r i a  o r  s i t e  se lect ion of a  land applicat ion system. These in-  
clude: 1  ) landscape fea tu res ,  2 )  propert ies of the s o i l ,  and,3) system 
management aspects .  This document i s  not intended t o  provide f ina l  design 
c r i t e r i a  and information which could be used t o  t o t a l l y  design and manage 
a  land applicat ion system. Rather i t  i s  intended as an information vehicle 
t o  provide the pr inciples  of land applicat ion design. Information presented 
i s  a  combination of professional experiences of the authors combir:cd with 
spec i f i c  on-si t e  evaluations of operating systems. 

Detailed f i e l d  invest igat ions  were conducted a t  several processing and 
indus t r i a l  s i t e s  i n  North Carolina and South Carolina which u t i l i z e  land 
appl ica t ion as a  means of advanced treatment and ultimate disposal ~f waste 
products. Investigat'on of systems included two vegetable processing p lan t s ,  
two meat processing plants  (one located i n  South Carolina),  and a synthe:ic 
f i b e r  plant  in the Coastal Plain so i l  resource area and a  f r u i t  processing 
p l an t ,  and a  f i be r  board plant  i n  the Piedmont so i l  resource area .  S i t e  
v i s i t s  were a lso  made t o  a  t e x t i l e  m i l l ,  a  meat processing plant  and a  pulp 
and ?aper mill in South Carolina, a l l  using land a ~ p l i c a t i o n  systems to  some 
degree. 

No s i  sn i f i can t  operations of land appl i ca t  Scn of municipal wastes were 
in operation in the region during the period of t h i s  study. Two experimental 
s i t e s  u t i l i z i n g  spray i r r i g a t i o n  of domestic wastes onto f o r e s t  s i t e s  were 
i n i t i a t e d  in the region during the l a t t e r  s tages of t h i s  study b u t  these 
s i t e s  a re  f o r  recreational  areas and wil l  receive limited use. Samples were 
col lec ted and analyzed from several municipal treatmeilt p lants  fo r  heavy metal 
and nu t r i en t  content of the s:odge and will be discussed under appropriate 
sect ions  of the repor t .  

The approach used in t h i s  study was t o  examine various components of 
waste, regardless of source, pretreatment, o r  type of wastes and describe o r  
predic t  the in te rac t ions  of these components with various s o i l  parameters 
under the  environmental conditions of North Carolina. The ult imate object ive  
was t o  use t h i s  information plus current  ex i s t ing  knowledge t o  develop recom- 
mendations or guidelines f o r  u t i l i z i n g  so i l  as a  medium f o r  treatment of 
spec i f i c  waste components i n  a manner tha t  wculd not endanger the  qual i ty  of 
the environment and would maintain o r  improve production capacity of the so i l  
sys tern. 

Waste Characterizat ion 

~ i c a u s e  of the  nature of t h e i r  o r i g in ,  waste e f f luen t s  a re  qu i te  var iable  
a n d  as such o f f e r  a great  challenge t o  the  analys t  in obtaining representa t ive  
samples and r e l i ab l e  data.  A deta i led  sampling a n d  analyses program was con- 
ducted a t  three  s i t e s  under t h i s  study t o  develop su f f i c i en t  background data 
on s i gn i f i c an t  components i n  the  waste stream. These s i t e s  included two 
vegetable processing plants  and a  f i be r  board p lan t .  A t  four o ther  s i t e s  



inves t igated,  data furnished by the  industry was used as a  bas is  f o r  de te r -  
mining loading r a t e s  on the f i e l d  s i t e .  Since indust r ia l  operat ion permit 
requirements provided through the  North Carolina Division of Environmental 
Management specify a  weekly o r  monthly report ing of e f f luen t  qua l i t y ,  t h i s  
information was judged t o  be s a t i s f ac to ry  f o r  t h i s  study. 

Parameters which should be considered f o r  design purposes i n  appl ica t ion 
of wastewater t o  land a r e  given i n  Table 1. Other ana7yses should be made i f  
the presence of ce r ta in  elements o r  compounds a re  suspected in the  pa r t i cu l a r  
e f f l u e n t .  Generally, a  knowledge of the  source of the wastes i s  s u f f i c i e n t  
t o  iden t i fy  the analyses t h a t  should be made. Most of the ana ly t i ca l  pro -  
cedures which would be required a r e  ublished i n  "Methods fo r  Chemical Ana- 
l y s i s  o f  Water and h'aste" ( E P A ,  1975 i' . 

In addit ion t o  t h e  composition of the e f f l u e n t ,  daily flow volumes a r e  
equally important in the design of land appl ica t ion systems. Flow ra tes  which 
were deterniined o r  estimated i n  t h i s  study included dai ly  average flow, maxi-  
m u m  weekly f l o w ,  seasonal var ia t ion in flow, and storage capacity.  

Land S i t e  Evaluations 

S i t e  invest igat ions  and se lec t ion  must consider those c h a r a c t e r i s t i c s  o f  
the s o i l  and landscape t h a t  wil l  promote the decomposition and u1tir;:ate t r e a t -  
ment of the  wt.ste components without c rea t ing  er~vironir~ental probleins outs ide  
the s i t e  perimeter o r  impair the a b i l i t y  of the so i l  t o  substa in  adeq2ate 
vegetat ive cover. In land used f o r  waste app l ica t ions ,  the s o i l  functions 
as a natural  f i l t e r  and as a  medium f o r  the b i ~ l o g i c a l  a n d  chemical react ions  
which r e s u l t  in waste treatment and renovation. The s u i t a b i l i t y  of each s i t e  
invest igated was, the re fore ,  evaluated in terms o f  t h e  physical ,  c h e ~ i c a l  and 
mineralogical cha r ac t e r i s t i c s  of t he  s o i l .  Physical character iza t ion included: 

1.  Texture and s t r uc tu r e  of t he  surface  and upper subsurface horizons. 

2 .  I n f i l t r a t i o n  and p e r m a b i l i t y  of the  surface  a n d  other l imi t ing  so i l  
horizons. 

3 .  Depth t o  l imi t ing  so i l  horizons o r  paqs. 

4 .  Drainage cha rac t e r i s t i c s .  

Chemical character iza t ion of the soi 1 s included: 

1 .  pH. 

2 .  Soluble ca t ions .  

3.  Cation exchange capaci ty .  

4 .  E lec t r i ca l  conductivi ty of sa tura ted e x t r a c t s .  
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T a b l e  1 .  Parameters t o  consider  for  wastewaters t o  be used in land 
appl i c a t i o n .  

Parameter Reconmendation f o r  Analyses 
-- 

C O D  Yes 

BOD To determine BOD-COD r a t i o  

Total dissolved s o l i d s  Yes 

Total suspended s o l i d s  Yes 

Yes 

Total N Yes 

NO3-N 

N H 4 - N  

Total P 

K+ 

Heavy metals 

Yes 

Yes 

Yes 

Yes 

I f  conductivi ty exceeds 250 p 

rnhoicm 

I f  conductivi ty exceeds 250 
mho/crn 

I f  conductivi ty exceeds 250 
nho/cn 

I f  conductivi ty exceeds 250 p 
mho/cm 

Municipal e f f l u e n t s  and i f  
suspected in o thers  

Municipal sludges and i f  
suspected in o thers  

Toxic organics I f  suspected 



5. Organic matter content .  

6 .  Available nu t r i en t s .  

I n  addition t o  the so i l  charac te r iza t ion ,  a descript ion of each s i t e  
investigated was recorded t o  i n c l ~ d e  f i e l d  s i z e ,  type and qua l i ty  of vegeta- 
t i on ,  and topographical f ea tu res .  

Climatic information was developed fo r  each area of the s t a t e  t o  include 
p rec ip i t a t ion ,  evapotranspiration r a t e s ,  and temperature. A t  three  s i t e s ,  
rain gauges were i n s t a l l e d ;  a t  the o thers ,  data from the nearest  weather 
s t a t i on  were u t i l i z ed .  

Design Loadings 

All systems investigated in t h i s  study used spray i r r i ga t i on  as the 
method f o r  a p p l i c a t i m .  A loading r a t e  f o r  each system was established fo r  
the s i gn i f i c an t  parameters as follows: 

1 .  Hydraulic loading. 

2.  Organic c~mponent loadings. 

3. Nutrient loadings. 

4 .  Sa l t  a p p l i c a t i m s .  

5. Heavy metal loadings. 

App l  ica t ion techniques, as we1 1 as s i gn i f i c an t  management problems, were 
determined fo r  various s i t e s  including in te rva l s  of operat ion,  land manage- 
ment procedures, crop harvesting, pretreatment systems a n d  waste storage 
capacity and frequency. 

A t  three s i t e s ,  so i l  treatment c apab i l i t i e s  were monitored by col lec t ing 
samples of the applied e f f l uen t  during app l ica t ion ,  soi 1  samples a t  spec i f i c  
i n t e rva l s  during the project  period t o  detect  changes i n  physical a n d  chemi- 
cal proper t ies ,  and samples o f  t he  so i l  solut ion from various d e p t h s  in the 
so i l  p ro f i l e .  To determine l eve l s  of contaminants moving through the s o i l ,  
porous cups were inser ted  a t  specif ied depths in the so i l  t o  sample the water 
as i t  percolated through the so i l  toward the groundwater. Adjacent s i t 9 s  
not receiving waste appl ica t ions  were a l so  sampled to  compare qua l i ty  of 
leachates.  Effluent samples were ins ta l  led a t  three  locations within each 
spray f i e l d  t o  measure uniformity of wastewater appl ica t ions  and measure waste- 
water loadings a t  spec i f i c  s i t e s  where porous cup samples were ins ta l l ed .  
Rain gauges were i n s t a l l ed  near the spray f i e l d s  a t  each s i t e  b u t  general 
evidence of vandalism and contamination of these ins ta l l a t ionsp laced  some 
doubt on the va l i d i t y  of the measurements. 



RESULTS AND DISCUSSION 

Seven major land applicat ion systems were investigated in varying de t a i l  
during the course of t h i s  project .  Table 2 summarizes the industry type, 
s i z e  of the spray f i e l d ,  so i l  resource a rea ,  and major so i l  types of the 
f i e l d s  fo r  each locat ion.  S i t e s  1 ,  2 and 3 were studied in more de ta i l  by 
placing e f f luev t  samplers and so i l  suction cups a t  several locations within 
each f i e l d  to  measure wastewater applicat ion r a t e s  and soil-waste in te r -  
ac t ions .  Small plot  areas were harvested a t  each sampling s i t e  fo r  y ie ld  
and qua1 i t y  of forage. 

Soi ls  and Topography 

The landscape posit ion o r  topography o f t h e  s i t e  i s  of major importance 
because of the influence i t  has on surface and subsurface water movement 
(hydrology). Topography wil l  a l so  have a  major influence on runoff, so i l  
eros ion,  and the ~ n o u n t  of waste components leaving the s i t e  by surface 
drainage. Landscape posit ion a s se r t s  a  secondary influence through the con- 
t r o l  of development of spec i f i c  s o i l s  i n  the watershed. 

The major topographic posit ions hlhich a re  of major importance fo r  land 
applicat ion s i t e s  in the Coastal Plain a r e  the  convex slopes on the broad 
ridges of the area and the concave slopes of the broad f l a t s  of intrastream 
divides .  Soi ls  on the convex landscape posit ions of the Coastal Plain a r e  
usually the be t t e r  s i t e s  f o r  waste appl ica t ion since they a re  be t t e r  drained, 
be t t e r  oxidized, more permeable and have generally higher i n f i l t r a t i o n  r a t e s .  
The convex ridges are  broad and r s l a t i v e l y  f l a t  and have s l i g h t  erosion 
hazards. So i l s  on the concave posi t ions  of broad f l a t s  a r e  often poorly 
drained,  poorly aerated and often have nuch  l e s s  permeable horizons within 
t h e i r  so i l  p ro f i l e .  Ar t i f i c i a l  drainage i s  often necessary fo r  these s i t e s  
t o  function as waste appl ica t ion s i t e s .  

The most important c r i t e r i a  in judging the s u i t a b i l i t y  of a  s i t e  f o r  
waste applicat ion i s  the physical ,  chemical and mineralogical cha r ac t e r i s t i c s  
of the s o i l .  Of the physical so i l  p roper t i es ,  texture  i s  one of the most 
important aspects of s i t e  se lect ion because of i t s  influence on i n f i l t r a t i o n ,  
percolat ion,  ae ra t ion ,  adsorption react ions ,  and water holding proper t ies .  

The coarse textured s o i l s  which include the sands, and loamy sands, have 
the bes t  hydraulic propert ies f o r  spray i r r i g a t i o n  s i t e s  b u t  may exhibi t  poor 
waste renovation capaci t ies  a t  high hydraulic loadings. The f ine  textured 
s o i l s  include c lay,  s i l t y  c lay ,  and sandy c lay and a re  not generally well 
su i t ed  f o r  land applicat ion s i t e s  due t o  the poor in ternal  drainage proper- 
t i e s .  Ut i l i za t ion  of such s i t e s  f o r  spray i r r i g a t i o n  systems would require 
several months storage capacity t o  handle waste loads when the so i l  i s  too 
wet f o r . i r r i g a t i o n .  Also, the  f i ne  textured s o i l s  a re  generally not su i t ab le  
f o r  a r t i f i c i a l  drainage due t o  the slow r a t e  of water movement within the pro- 
f i l e .  The loamy s o i l s  include the sandy loams, s i l t  loams, s i l t s ,  clay loams, 
sandy c lay loams, and s i l t y  c lay  loanis. This c l a s s  of soi'ls comprise the 
major portion of surface textures  found in North Carolina and wil l  be the most 
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the most l i k e l y  s i t e s  f o r  land appl ica t ion  s y s t e m .  The loainy c las s  of 
s o i l s  wi l l  have a  wide range of c h a r a c t e r i s t i c s  a n d  therefore  wi l l  require 
de ta i l ed  f i e l d  inves t iga t ions  in  addi t ion  t o  a  basic s o i l  survey of the s i t e  
t o  determine permissable waste loadings.  

I n f i l t r a t i o n ,  permeability and drainage c las ses  a re  a l l  r e l a t ed  in 
determining the  s u i t a b i  1 i  t y  of land s i t e s  f o r  waste appl i c a t i o n .  Texture 
plus s t r u c t u r e  a re  the  main fac to r s  in  con t ro l l ing  r a t e  of water movement 
in s o i l  and therefore  have a  major influence on the  in te rna l  drainage r a t e s  
of t h e  s o i l .  Land s i t e s  may have s o i l s  with good t ex tu ra l  proper t ies  b u t  
s t i l l  have poor drainage due t o  topographic pos i t ion  and excess x a t e r  accu- 
mulation such as a high water t a b l e .  The drainage c l a s s  can be improved on 
s o i l s  w i t h  good permeability using a r t i f i c i a l  drainage b u t  may not be improved 
on s o i l s  with low permeability requi r ing  t h a t  the drainage c l a s s i f i c a t i o n  
of a s o i l  be accompanied by addi t ional  information on s o i l  pernieability t o  
de ternine  i f  the  condit ions can be inproved. So i l s  c l a s s i f i e d  as very poor1 , , 
poorly, o r  somewhat poorly drained cannot s a t i s f a c t o r i  ly function as waste 
f i e l d s  without seine a r t i f i c i a l  drainage.  The soi 1 s  c l a s s i f i e d  as moderately 
well drained wi l l  have excessive wetness problems during several  weeks of the 
year  and addit ional  i r r i g a t i o n  with e f f l u e n t s  during t h i s  time would c rea te  
severe f i e l d  problems. I f  the appl ica t ion  periods a r e  such t h a t  w a s t w a t e r  
i s  only applied during the ac t ive  growing season of the vegetat ive crop,  thest 
s o i l s  may be s u i t a b l e  s i t e s  f o r  i r r i g a t i o n .  

Res t r i c t ive  layers  in the soi 1 p r o f i l e  may adversely a f f e c t  the r a t e  of 
water novemcnt, e spec ia l ly  under increased hydraulic loadings with wastewater 
i r r i g a t i o n .  The n~ost  ccmon r e s t r i c t i v e  l aye r  in s o ~ l s  of North Carolina 1 5  

a zone of c l a j  accumulation ( a , - g j  11  i c  hor izon) .  Other r e s t r i c t i v e  layers  
include the pled pan, a i^o;n?acted zone j l js t  below the surface  re su l t ing  f r w  
repeated heavy equiprne~i t t r a f f i c ,  a n d  the f r a g i  pans, a r e s t r i c t i v e  zorte w-  
sult i r ig from ndtural s o i l  forn.~ng processes i n  s l l  t y  o r  f i n e  loaniy mate r i a l s .  
A t h i r d  type of p a n  encountered occasionally i n  the Coastal Plain areas i s  
the  spodic h o r ~ z o n ,  a zone of ceivnted o r g a n i c - f ~ r r o u s  iron accun~itlatioris. 
These pans a re  usually described in the  de ta i l ed  s o i l s  repor t  of a  f i e l d  b u t  
must be considered as t o  the impact they wi l l  have on water movement ~,i t h in  
the p r o f i l e .  

An on-s i t e  inspection by a qua l i f i ed  s o i l  s c i e n t i s t  i s  a  minimum re-  
quirement in def in ing the  l imi ta t ions  of the  s o i l s  a t  the  s i t e  f o r  accepting 
waste loads. While a  published s o i l  survey wi l l  define the  general s u i t -  
a b i l i t i e s  of p a r t i c u l a r  s i t e s  f o r  s p e c i f i c  uses,  specia l  considerat ions may 
be needed on groundwater hydrology o r  public  heal th cons idera t ions  a n d  spec- 
i a l i s t s  in these f i e l d s  should be consulted.  

Cl imatic Data 

An evaluat ion of c l imat ic  f a c t o r s ,  such as p r e c i p i t a t i o n ,  evapotrans- 
p i r a t i o n  and temperature i s  iniportant f o r  the  determination of 1 )  water ba l -  
avce,  2 )  s torage capacity requirement, 3)  i r r i g a t i o n  i n t e r v a l s ,  and 4 )  the 
appropr ia te  growing season. 



S u f f i c i e n t  c l i ~ ~ i i ~  (!at2 J r e  ~ j t ' ~~ i ' t - o i lv  ~ v ; ~ i i o l ~ l ~ ~  f o r  I I I ~ ~ , ~  loca t ions  in  
the  count ry ,  from t h r e e  pdb l i ca t ions  of t h e  Natio~xal Oceanic and Atmospheric 
Administrat ion ( former ly  the  Weather au reau ) .  

The National Surwary of Climatic  -----..-- Data prcvides d a i l y  weather sumniaries 
of every weather s t a t i o n  in  a  given area s u c ! ~  ds t o t a l  p r e c i p i t a t i o n ,  naximurn 
and minimum tempera tures ,  r e l a t i v e  huriiidi ty and L-va; ,orat ive da ta  where a v a i l -  
a b l e .  

The Climatic  Sumniary -- of the  .- -- United S t a t e s  provides 10-year summaries of 
t h e  above da ta  inc luding  mean i l i ~ ~ ? t h l y  p r e c i p i t a t i o n ,  teiilperature and degree 
days f o r  the above s t a t i o n s .  

The tiational C1 imat ic  Center a t  Hsh?vil l e ,  North Carolina in 1973 pub- 
l i s h e d  s t a t e  summaries of c l ~ m a t o l o p i c a l  data  for  each of the  51 s t a t e s  g iv ing  
mean temperature,  ilionthly prec ip i  ta t ior i  norn~al s a r i J  4 ~ r l t l 1 1 g  dtld cool iiig degree 
days f o r  t he  period covering 1941-1970. Sonie 100 i t c i t i o ~ s  I n  Yorth Czrolina 
a r e  repor ted  in  t h i s  pub l i ca t ion .  

Data on evapotrar-~spir-at io~;  ( E T )  i-;ii.r2s a r t 1  I I I O ! . ~ . ~  cli f f i cu l l .  t o  ob ta in  f o r  
s p e c i f i c  l o c a t i o n s .  Figure 1 shows t! ,e p o t e t ~ l  i ,il !:T V E I " S ~ ~ S  p r e c i p i t a t i o n  fo r  
t he  IJ. S. which i n d i c a t e s  t h a t  North Carolina i s  i i i  an exces:, r a i n f a l l  a r e a .  
Rainfa l l  exceeds ET by s o w  7 t o  23 ii-iches (18 t o  51 C i l )  depeoding on t h e  
loca t ion  within the s t a t e .  !Ivcr,ige ar1i?u;11 I - a i t ; i a l l  df t h e  s i z t e  i s  shown in  
Figure 2 .  

The bes t  source of i n f o m a t i o n  on lot a1 LT (i;17_a i s  the  ; , u b l  i c a t i o n  Neather -- 

and Cl itnate in  North Caro l ina ,  North Carol ;r?a ;?.ji-ic:ii t i ; ,-al  ~ i : ~ ~ i - i m e n t  S t a t ion  
S g l l e t i n  396, 1971. inforniation i s  pi-esr.n:ed i n  ' i l i s  ! ; u l  l e t i n  on s p e c i f i c  E l  
from vegeta t ive  s i t e s  a t  var ious locatior-1s in  the i t d t e .  A siliil!!;ai'y of t hese  
da t a  i s  presented in  Table 3 ,  a n d  w i l l  be i i t , i l ized i n  the  c a l c u l a t i o n s  of 
water budgets in  l a t e r  s ec t ions  of t h i s  r e p c r t .  

Wastewater Loa4i 119s 

Based on wastewater cha t -ac te r - i s t ics  e l  t h e r  riloasu~-r.d froiii sdr-iples co l l  ec ted  
during land appl i c a t i o n  o r  of e f f l  i r e n ~  a n a l y s i s  s u p ; ~ l ~ c c ~  b y  t h e  i ndus t ry ,  
wastewater a p p l i c a t i o n  r a t e s  and waste component loadintjs i.dYle ca l cu la t ed  f o r  
each of t h e  seven s i t e s  i n v e s t i g a t e d .  The appl i c a t i o n  rh ies  tJerc cal c u l ~ t e d  
on t h e  b a s i s  of t o t a l  reported acreage of the  spray f i e l d  a t  each s i t e .  Thir 
procedure assuiiles I00 percent  e f f i c i e n c y  of a p p l i c a t i c n  wi th in  the  f i e l d  
a r e a ,  a  f i g u r e  c e r t a i n l y  not achieved a t  zny of t he  s i t e s  s t u d i e d .  The pro- 
blem of i r r i g a t i o n  e f f i c i e n c y  and uni foriili t y  of waste 1 oadings i s  discussed in  
a  l a t e r  s ec t ion  on nianage!,ient cons idera t io i i s .  

The appl i c a t i o n  r a t e  of wastewater a n d  t he  loading parameters of s p e c i f i c  
waste components were c a l c u l a t e d  f o r  those conponents considered most severe  
in  t e r n s  of the  s o i l  and p l an t  capac i ty  t o  renmve and a s s i m i l a t e  the contami- 
nan t ,  t h e  d ischarge  requirer!lents t o  qroundwater and s u r f a c e  water ,  and the  
u l t ima te  e f f e c t  on t h e  b b i l i t y  of t h c  s o i l  t o  su5 ta in  vege ta t ive  grohth. A 







Table  3. Average e v a p o r a t i o n  from v e g e t a t i o n  growing i n  mois t  s o i l s  i n  
North Carol i n a .  

Month Ashevi 1 1 e C h a r l o t t e  Rale igh Wilrnington 

J a n .  

Feb. 

March 

Apri 1 

May 

June 

J u l y  

Aug. 

S e p t .  

Oc t .  

Nov. 

Dec. 

(Es t imated  v a l u e s ,  i n c h e s  pe r  month) 

0 .93  0 . 9 3  0 . 9 3  

1 .40  1 . 4 0  1 . 4 0  

2 .17 2 .48 2 .17 

3 . 3 0  3 . 3 0  3 . 3 0  

3.72 4.34 4 .34 

4 .50  5.10 4 .80  

4.34 4 .96 4 .65 

3 .72  4 .34 4 . 0 3  

3 .00 3.00 3 .30  

1.56 2 . 1 7  1 . 8 6  

1 . 2 0  1 . 2 0  1 . 2 0  

0 .62 0 . 6 2  0 .62 

T o t a l s  30.76 33.84 32.60 36.25 

Source:  A .  V .  Hardy a n d  J .  D. Hardy, Weather and Cl imate  i n  North C a r o l i n a .  
B u l l e t i n  396. 1971. North Carol i n a  T g r i c u l  t u r a l  ~ G e r i r n e n t  S t a t i o n .  



l i s t i n g  of the s i t e s  surveyed and the  more important loading parameters c a l -  
culated f o r  each s i t e  a re  presented in  Table 4 .  Each of the  major e f f l u e n t  
loading cons t ra in t s  a r e  discussed i n  the following sec t ions .  

I t  i s  evident  t h a t  a  wide range of loading c h a r a c t e r i s t i c s  were u t i l i z e d  
in the  s i t e s  surveyed f o r  t h i s  p ro jec t .  S i t e s  1 , 2 ,  a n d  5 a r e  vegetable 
and f r u i t  processing p lan t s ,  and as  such, only operate seasonally f o r  4 t o  
8 months. The reported f i e l d  loadings are  only f o r  the period of opera t ion .  
Storage capacity as reported ind ica tes  the  t o t a l  capacity of the s torage  a r e a ,  
not the  operat ing capaci ty .  Most lagoons were normally f u l l  of e f f l u e n t  and 
therefore  afforded l i t t l e  reserve s torage .  They do serve as detention areas 
f o r  the  e f f l u e n t  and equalize the  v a r a b i l i t y  of e f f l u e n t  qua l i ty  on a  day t o  
day basi s  . 
Hydraulic Loadings 

For e f f e c t i v e  renovation of wastewater by spray i r r i g a t i o n ,  the waste- 
t e r  must f i r s t  i n f i l t r a t e  i n t o  the  s o i l  and then percolate through 3 t o  
f e e t  of the  s o i l  p r o f i l e .  Application schedules should a1 low s u f f i c i e n t  

residence time f o r  waste cons t i tuen t s  t o  i n t e r a c t  with the s o i l  components, 
f o r  the  s o i l  t o  dra in  and aerobic condit ions r e s to red .  Application r a t e s  
should not exceed the  s o i l ' s  capaci ty  t o  accept water without runoff o r  with- 
out  ponding f o r  more than a  few hours. 

Hydraulic loading may be higher during the  sumrner a n d  ea r ly  f a l l  when 
evapotranspirat ion i s  h i g h  (Table 3 )  b u t  wi l l  be l e s s  during the remainder of 
the year  when r a i n f a l l  exceeds evapotranspi ra t ion .  Wastewater organics nust  
be e f f e c t i v e l y  degraded by biologica l  a c t i v i t y ,  thus requi r ing  longer i n t e r -  
vals between appl ica t ions  during colder  oeather  t h a n  a t  normal growing sezson 
temperatures. The in te rva l  between i r r i g a t i o n s  depends on the s o i l  proper- 
t i e s ,  the waste c h a r a c t e r i s t i c s ,  c l imat ic  condi t ions ,  and the crop. This 
in terval  may need t o  be only two t o  three  days on the deep permeable sands t o  
several  weeks on the  more poorly drained s i t e s .  The concept of r e s t i n g  periods 
between waste appl ica t ions  wi l l  be discussed i n  more d e t a i l  in the sec t ion  on 
organic loading. 

The most important c r i t e r i a  in  design hydrzulic loadings i s  the  amount of 
water drained from the s o i l  p r o f i l e  per un i t  time a t  various water contents .  
While hydraulic conduc t iv i t i e s  of sa tu ra ted  s o i l  samples from d i f f e r e n t  hori-  
zons in the  majori ty of North Carolina s o i l s  have been determined (Lutz,  1970),  
the more important question becomes one of determining the r a t e  of drainage 
from the s o i l  a t  l e s s  than sa tu ra ted  condit ions.  The unsaturated hydraulic 
conductivi ty of s o i l s  i s  dependent upon s o i l  water content  and i s  e s s e n t i a l l y  
unknown f o r  most s o i l  systems in  North Carolina due t o  the  d i f f i c u l t y  and time 
consumed in the  measurement. Work i s  progressing i n  t h i s  area (Dr. D. K. 
Cassel , personal communications) b u t  i t  wi 1 1  be some time ye t  before t h i s  i n -  
formation i s  ava i l ab le  f o r  the  major s o i l  types in  the  s t a t e .  

Other measurements can help in i n t e r p r e t a t i o n s  of s o i l  water movement and 
ul t imate permissible hydraulic  loadings.  One of the  concepts most useful i s  
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the evaluat ion of " f i e l d  capac i ty . "  As de f inc~ l  h y  Eaver c t  A -- a l .  , 1972, f i e l d  
capacity ( F C )  i s  " t h e  water con te r~ t  o f  a ~ o i l  p r o f i l e ,  usually the rooting 
zone, which has been thoroughly wetted by i r r i g a t i o n  o r  r a i n f a l l  and a f t e r  
the  subsequent r a t e  of drainage out of the  p r o f i l e  has become negl ib ib ly  
smal l . "  Therefore, drainage r a t e s  a r e  involved in f i e l d  capacity determina- 
t ions  although there  i s  often much d i f f i c u l t y  i i ~  deciding when the r a t e  of 
drainage from the  so!:] p r o f i l e  has become negl i  yibly sn:all. The "water 
holding capacity" of the  soi 1 i s  then defined as the amount of water ,  usually 
expressed as a percent by volume, re ta ined in the so i l  a f t e r  drainage t o  
f i e l d  capaci ty .  

While the term " f i e l d  capacity" i s  now obsolete in technical  l i t e r a t u r e ,  
i t  i s  s t i l l  a n  important concept in  hydraulic  loadings s ince  i t  attempts t o  
define the  percentage of water remaining in a  s o i l  a f t e r  f r e e  drainage be- 
comes negl ig ib ly  small.  The most important f a c t o r  determining the  water con- 
t e n t  a t  FC i s  the  percentage of l a rge r  pores in the  s o i l .  The d i f ference  
between the  water content a t  sa tu ra t ion  and FC represents  the water drained 
from the  large pores and thus represents  the  approximate volume of s o i l  pores 
t h a t  would drain f r e e l y  following a  ra in  or  i r r i g a t i o n .  

The volume o f  s o i l  pores drained a t  FC i s  the iiiaximum volume of water 
t h a t  can be replaced by appl ica t ions  of wastewater or  r a i n f a l l .  This value 
does n o t ,  however, ind ica te  the  time required f o r  f r e e  drainage t o  cease. 
Other workers have inves t iga ted  t h i s  problem a n d  Cassel and Sweeny, 1 9 7 4 ,  
reported t h a t  f o r  sandy textured s o i l s ,  the  FC i s  normally reached within 12 
to  24 hours. For medium textured s o i l s ,  includiilg sandy loans and loams, 2  
t o  3 d;ys were required t o  reach FC and u p  t o  5 days f o r  a  s i l t  loam s o i l .  
The f i n e  textured s o i l s  such as  clays a n d  s i l t y  clays d < d  not reach drainage 
equil ibrium in over 20 days time, t h e r e f o r e ,  f i e l d  capacity has l i t t l e  meaning 
f o r  these  s o i l s .  I f  hydraulic  loadings were t o  be designed on f i n 2  t2xtured 
s o i l s ,  drainage times of a t  l e z s t  10 to  12 days should be considered. 

The information on water l o s t  during drainage t o  FC plus the genera1 know- 
ledge of r a t e s  of drainage f o r  various textured s c i l s  were used t o  e s t i r , a t e  
the hydraulic loading capacity of many of the  s o i l  i n  North Carolina. Table 5 
i s  a l i s t i n g  of seme of the  physical p roper t i e s ,  including water contents  a t  
0 ,  one-tenth,  and one-third a t m  tens ion,  f o r  se lec ted  s o i l s  from spray f i e l d s  
of t h i s  study. One-tenth and one-third atm tension values a re  derived from 
laboratory analys is  of sieved s o i l  samples and a r e  used t o  es t imate  FC on 
coarse and medium textured s o i l s ,  respect ive ly .  These p a r t i c u l a r  s i t e s  were 
se lec ted  f o r  t h e i r  wide d i v e r s i t y  in soi  1 c h a r a c t e r i s t i c s .  

While the  r a t e  of drainage a t  each s i t e  i s  normally cont ro l led  by the most 
horizon in the  s o i l  p r o f i l e ,  the  surface  o r  A horizon i s  the most 

c r i t i c a l  zone in terms of drainage and reaera t ion  fo r  p lant  cjrowth, waste t r e a t -  
ment, and  ability t o  withstand t r a f f i c .  U t i l i z i n g  the drainage r a t e s  observed 
f o r  various textures  and data from Table 6 which summarizes the  water l o s t  
from sa tu ra t ion  t o  the  one-tenth atm value in Table 5 ,  a  r a t e  of drainage can 
be estimated as shown in Table 7 ,  considering t h a t  drainage and reaerat ion i s  
required in the A horizon b u t  t h a t  drainage r a t e s  a r e  general ly cont ro l led  by 
the B horizon. 



Table 5 .  Physical  c h a r a c t ~ e r i s t i c s  of s o i l s  a t  f i v e  spray f i e l d  s i t e s .  
-- - -- 

Water Content  
So i l  Depth Bulk 

Densi ty  
P a r t i c l e  S i z e  So i l  Moisture Tension (a tm) - 

Sand S i l t  Clay 0  1  /10 1  / 3  

0-12 ( A )  1 . 5 5  7 5 7  18  40.4  18 .5  1 6 . 0  
13-26 ( B )  1.62 6 2  6  32 37 .8  22.5 16.6 
S i t e  1 .  Norfolk s l  - Typic P a l e u d u l t s ,  f ine - loamy,  s i l i c e o u s ,  thermic 
Locat ion - Harne t t  County, North Carol ina  
Topography - Nearly l e v e l  (1-2% s l o p e )  

0-8 ( A )  1 .46 7  7  15 8 41 .2  16 .4  15 .8  
9-18 (B)  1.51 4 9 2 3 28 42.2 24.2 1 8 . 8  

S i t e  2 .  Norfolk s l  - Typic P a l e u d u l t s ,  f ine- loamy,  s i l i c e o u s ,  thermic 
Locat ion - Wilson County, North Caro l ina  
Topography - Nearly l eve l  (1-2% s l o p e )  

0-9 (A?) 1 . 3 8  2 3  6 1  16 47 .8  33.5 29 .8  
10-18 ( B i )  1 .35 5  5 1  44 48.2 41 . I  37 .2  
S i t e  3.  Georgev i l l e  s i l  - Typic Hapludul t s ,  c l a y e y ,  k a o l i n i t i c ,  thermic 
Location - Nash County, North Caro l ina  
Topography - Gently r o l l i n g  (3-5% s l o p e )  

0-10 ( A )  1 .68  78 1 5  8 38.1 22.1 1 7 . 8  
11-24 ( B )  1 .79  5  5  14 31 32.4  25.1 22.5  
S i t e  4 .  Rains 1 s  - Typic P a l e a q u u l t s ,  f i n e  loamy, s i l i c e o u s ,  thermic 
Locat ion - Brunswick County, North Caro l ina  
Topography - F l a t  ( < I %  s l o p e )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0-8 ( A P )  1 .51  7 5 16 9  42.1 23.1 18.4  
10-16 ( B i )  1 .47 4 6 2  0  34 43 .8  31.4 29.1 
S i t e  5. Ceci l  s l  - Typic Hap ludu l t s ,  c l ayey ,  k a o l i n i t i c ,  thermic 
Location - Lincoln County, North Caro l ina  
Topography - Gentle  r o l l i n g  (3-5% s l o p e )  

3-8 (A) 1 .51  8 1 15 4  41 .8  12.1  9 . 9  
9-24 (AC) 1 .57  9 2  5  3 38 .5  13 .4  8 . 8  

S i t e  6 .  Lakeland 1 s  - Typic Quartzipsamrnents, s i l i c e o u s ,  t he rmic ,  coa ted  
Locat ion - Robeson County, North Caro l ina  
Topography - Nearly l e v e l  (1-2% s l o p e )  



, . I .  

Table 6 .  Water l o s t  a t  so i l  tensions of one-t,enth and one-third atm 

Water l o s t  between tension o f :  
0 - 1 / 1 0  atm 1/10 - 1 / 3  atm 

S3il Type % by volume inches "/; by vol unie inches 

iiorfol k s l  2 1 . 9  2.63 2.5 0 . 3  
0 - 1 2  in .  

Georgeville s l  14.3 1 .28 3.7 0 .3  
0  - 9 in .  

Rains I s  1 6 . 0  1.60 4 .3  0.4 
0  - 10 i n .  

Cecil f s l  19.0 1.52 
0 - 8 i n .  

Lakeland 1s 2 9 . 7  2.37 
0 - 8 i n .  

Table 7 .  Approximate drainage times and water loss t o  reach f i e l d  
capaci t ies  of se lected s o i l s .  

Soil Type Draj nage Time !dater Lost During 
t o  reach FC drainage ( A  horizon) 

Gays Inches 

Florfolk s l  

Georgeville s i l  

Rains 1s 

Cecil f s l  

Lakeland 1s 



By combining drainage times with reaerat ion times developed in the sec- 
t ion on organic loadings, monthly est imates of drainage ra tes  can be deter-  
mined and water balances can then be attempted fo r  spec i f i c  f i e l d  s i t e s .  
Using an estimated three  days requirement f o r  reaerat ion of the soi l  a f t e r  
draining t o  f i e l d  capacity,  t o t a l  monthly drainage ra tes  des i rable  in the 
spray f i e l d  a re  given in Table 8.  

Water l o s t  by drainage wil l  ac tua l ly  be greater  than shown in Table 8 ,  
s ince s o w  addit ional  drainage wil l  occur during the three day reaerat ion 
time. However, these losses wil l  be 5mall s ince drainage ra tes  a re  very low 
a t  tensions greater  than one-tenth atm. 

Since r a in f a l l  cannot be predetermined, some f l e x i b i l i t y  must be designed 
i n to  the i r r i ga t i on  program to  allow for rainy periods when drainase and 
reaerat ion times cannot be accomplished as desired.  Also, many s o i l s  in the  
Coastal Plain of North Carolina, due t o  topographical position or in ternal  
so i l  cha r ac t e r i s t i c s ,  have inadequate drainage t o  handle normal r a i n f a l l  and 
therefore  s t ay  sa tura ted t o  near the surface fo r  s ign i f i can t  periods during 
winter. Naturally, these s o i l s  cannot handle additional wastewater during 
these periods without some means of a r t i f i c i a l  drainage. 

Many of our Piedmont s o i l s  have slow internal  drainage due t o  clay accu- 
mulations in the B horizon of the p ro f i l e .  However, due t o  ro l l ing  topography, 
much of the applied water o r  r a i n f a l l  moves l a t e r a l l y  down slope through the 
A horizon, which helps a l l e v i a t e  any drainage problem. While t h i s  nay c rea te  
seeps on some downslope s i t e s ,  t h i s  problem can normally be handled by a few 
we1 l  -placed in terceptor  dra ins .  

Using the data presented in Table 8 ,  plus the c l imat ic  data presented 
pre\jiously, a des i rable  water budget was developed fo r  three s i t e s  in t h i s  
study, comprising the Norfolk, Cec i l ,  a n d  LaLeland so i l  types. These data 
a re  presented in Table 9 .  

These data indicate  the wide range in hydraulic loading ra tes  which may 
be permissable on pa r t i cu l a r  s o i l s  of North Carolina. The Norfolk and Lake- 
land s o i l s ,  being two o f  the be t t e r  s o i l s  of the s t a t e  f o r  land appl ica t ion,  
may accept hydraulic loads in the range of 2 and 4 inches (5 a n d  10 cm) per 
week respectively as a l imi t ing r a t e  f o r  winter i r r i ga t i on  while a  comon 
Piedmont so i l  type,  Cecil s l ,  may only accept 1  inch ( 2 . 5  cm) per week. 
Other fac tors  may l im i t  applicat ion ra tes  on the excessively permeable Lakeland 
s o i l s  due to  the lower treatment c apab i l i t i e s  f o r  various waste components. 

Water balance tables  s imi la r  t o  these can be developed fo r  any applica- 
t ion s i t e  i n  the s t a t e .  However, a  deta i led  on-s i te  f i e l d  investigation i s  
s t i l l  a requirement t o  determine the so i l  and topographical va r i ab i l i t y  i n  
any f i e l d  s i t e .  





Table  9 .  Water budgets  for  t h r e e  f i e l d  s i t e s  i c  North C a r o l i n a .  

S i t e  1 .  Norfolk s l  
Locat ion - H a r n e t t  County, North C a r o l i n a  

Water Losses Water Addi t ions  
Month E T Drainage T o t a l  P r e c i p .  I r r i g a t i o n  Tota l  

Jan .  
Feb. 
Ma rc h 
A p r i  1 
May 

'-. June 
J u l y  
Aug . 
S e p t .  
Oct.  
Nov. 1 .20 13 .15  14 .35  2 . 9 6  11 -39  14.35 
Dec. 0 .62  13.15 13 .77  2 . 9 8  10.79 13.77 

T o t a l s  33.53 157 .80  191 .33  46.69 1 4 4 . 6 4  191.33 

S i t e  5. Lakeland 1 s  
i o c a t i o n  - Robeson County, North C a r o l i n a  

J a t e r  Losses Water Addi t ions  
Month E T Drainage Tota l  P r e c i p .  I r r i g a t i o n  Tota l  

J a n .  
Feb. 
March 
Apri 1 
May 
June 
J u l y  
Aug. 
S e p t .  
Oct .  
Nov. 
Dec . 

T o t a l s  



Table  9 .  C o n t ' d .  
. . 

S i t e  3. Ceci l  s l  
Locat ion - L i n c o l n  County, North Carol ina  

Water Losses * Water Addi t i o n s  
Month ET Drainage Runoff Tota l  P r e c i p .  I r r i g a t i o n  Tota l  

- -- . - - - - 

J a n .  
Feb. 
March 
Apri 1 
May 
June 
J u l y  
Aug . 
S e p t .  
Oct. 
Nov. . 

Dec. 0.62 6.5 0.59 7.71 - 
T o t a l s  33.84 78.0 7 . 1 7  113.01 

* 
Based on runof f  c o e f f i c i e n t  o f  0 . 1 5  f o r  g e n t l y  r o l l i n g  land w i t h  good 
v e g e t a t i v e  c o v e r .  



Organic Loadings 

Organic compounds a r e  found i n  a l l  wastertaters.  These [nay be in  t h e  
form of suspended s o l i d s  o r  a s  d i sso lved  compo~inds. The suspended s o l i d s  a r e  
f i i  t e r e d  out  near  the  s o i l  su r f ace  and wi l l  normally not move more than a  
few inches i n t o  t h e  s o i l .  A t  t he se  shallow depths ,  oxygen d i f f u s i o n  r a t e s  
a r e  genera l ly  high and organic  decomposition adequate .  

The so lub le  oxygen demanding organics  may be c a r r i e d  t o  g r e a t e r  depths 
i n t o  the  s o i l  with t h e  water .  The compounds which a r e  c a t i o n i c  o r  bas ic  in  
na ture  a r e  r e t a ined  by ca t ion  exchange mechanisms whereas t h e  l a rge  molecules 
and po la r  compounds a r e  removed from t h e  wastewater by adsorp t ion  mechanisms. 
For t hese  compounds t o  be decontposed quick ly  wi th in  the  s o i l  p r o f i l e  r equ i r e s  
unsa tura ted  s o i l  rnoisture condi t ions  a t  t h e  s o i l  si irfacc and s u f f i c i e n t  tinie 
f o r  oxygen t o  d i f f u s e  t o  t he  zone of microbial a c t i v i t y .  

Organic overloads can occur  i n  a s o i l  system by e i t h e r  suspended s o l i d s  
o r  by so lub le  o rgan ic s .  I f  suspended s o l i d s  c r e a t e  slime formation a t  t h e  
s o i l  su r f ace  t h a t  exceed the  r e s p i r a t o r y  capac i ty  of microbiitl popula t ions ,  
anaerobic condi t ions  can develop,  i n f i l t r a t i o n  capac i ty  may decrease and 
severe  odor and l o s s  of vege ta t ion  can occur .  A t  lower depths i n  the s o i l ,  
reduced ae ra t ion  in  the root  zone may impair growth of t he  crop and r e s u l t  i n  
eventual l o s s  of t h e  vege ta t ive  cover .  Aerat ion of t h e  root  zone i s  most 
important t o  a g r i c u l t u r a l  crops which in  ge re ra l  show adverse e f f e c t s  from 
inadequate oxygen a t  l e v e l s  of oxygen l e s s  than 10 percent  i n  the  s o i l  a t -  
mosphere (Letey ,  S to lzy  and Kernper, 1967) .  The more water t o l e r a n t  p l a n t s ,  
such a s  t a l l  fescue  and reed canarygrass ,  have a  major i ty  of t h e i r  roo t s  
near  t he  su r f ace  and a  decrease in  oxygen i s  l e s s  detr imental  than f o r  deeper 
rooted c rops .  

To determine t h e  pem, issable  organic  

no d i f f u s i o n  of oxygen froni t h e  so i  

loading of a  s o i l  , oxygen r equ i r e -  
ments of t he  s o i l - p l a n t  system p r i o r  t o  waste loadings should be known. Clark 
and Kemper, 1967, repor ted  t h a t  t he  r a t e  of oxygen use in  s o i l  containing 
growing p l an t s  i s  of t he  o rde r  of 4 t o  6  pounds of oxygen per  ac re  per hour 
( 4 . 5  t o  6 .7  kg /ha /h r ) ,  with about one-half  of t h i s  used by the  p lan t  roo t s  
and one-half by t h e  microorganisms c l o s e l y  a s soc i a t ed  with root  su r f aces .  
They a l s o  developed an equat ion f o r  e s t ima t ing  t h e  t i n e  requi red  t o  dep lea t  
t h e  s o i l  r e s e r v o i r  of  oxygen t o  t h e  poin t  of damaging p l a n t  r o o t s ,  assuminq 

1  su r f ace .  I t  i s :  

where T i s  the  t ime in  hours ,  d  i s  t h e  depth t o  a  s a t u r a t e d  zone in  f e e t ,  '5 
i s  t h e  a i r  f i l l e d  p o r o s i t y ,  C i s  t h e  percent  oxyoen i n  t h e  s o i l  a i r ,  and 
R i s  t he  r a t e  of oxygen use by p l a n t s  and microorganisms. 

Thus, a moderately well drained s o i l  i n  t h e  Coastal P l a in  might have the 
fol lowing cond i t i ons :  



I 1  

d  = 3 f e e t  ( dep th  t o  wate r  t a b l e )  
S = 18  pe r cen t  ( a i r  f i l l e d  p o r o s i t y )  
C = 19 pe r cen t  ( i n i t i a l  O2 con t en t  of s o i l  a i r )  
R ~ =  5 l b / a / h r  ( b i o l o g i c a l  r a t e  of O2 use )  

t h e r e f o r e :  

( 0 . 3 8 )  ( 3 )  ( 1 8 )  (19-10)  
T = = 36 hours 

5 

The s u r f a c e  could probably be s ea l ed  o f f  by i r r i g a t i o n  o r  r a i n f a l l  f o r  about  
36 hours before  t h e  oxygen c o n t e n t  of the  s o i l  a i r  would be lowered t o  below 
70 p e r c e n t ,  t h e  damaging l eve l  for p:ant r o o t s  

Another f a c t o r  t o  be reso lved  before  o rgan i c  load ings  cdn be determined 
i s  t h a t  of  oxygen d i f f u s i o n  r a t e s  i n  s o i l .  Research has revea led  t h a t  d i f -  
f u s i o n  i s  t h e  most impor tan t  mechanism i n  s o i l  a e r a t i o n  and t h a t  d i f f u s i o n  
r a t e s  a r e  d e p e n d ~ n t  upon t h e  f r a c t i o n  of t h e  s o i l  which i s  ocgupisd by g a s .  
The oxygen d i f f u s i o n  o e f f i e i e n t  i n  wate r  i s  about  2 . 5 6  x 10'- cm / s e e  and 5 about  1.89 x 10-I cm/ s e c  i n  a i r ,  or- approximately  10,000 t imes g r e a t e r  i n  
a i r  than  i n  water. Van Bavel ,  1952, r epo r t ed  t h a t  t h e  d i f f u s i o n  o f  vapors 
through t h e  s o i l  mass cdn be de sc r i bed  by t h e  equa t i on  

where D i s  t h e  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  through t h e  s o i l  mzss,  Do i s  
t h e  d i fPus ion  c o e f f i c i e n t  i n  a i r  and S i s  t h e  a i r  f i l l e d  p o r o s i t y .  

tIci.lichae1 and McKee, 1566, used t h e  above equa t i on  and F i c k ' s  law of  
gaseous d i f f u s i o n  t o  d e r i v e  t h e  equa t i on  

D_T 1 /2  

a s  t h e  amount of  oxygen PI d i f f u s i n g  i n t o  t h e  s o i l  dur ing  t ime T where Co i s  
t h e  s u r f a c e  c o n c e n t r a t i o n  of  oxygen and t h e  s o i l  a i r  c o n c e n t r a t i o n  of oxygen 
i s  z e r o .  However, t h i s  e q u a t i o ~  prcvfd?s  f o r  a  nicxirnum cjradient  and s i n c e  
s o i l  oxygen must be g r e a t e r  thari 19  pe r cen t  t o  p r even t  adverse  p l a n t  r o o t  
r e a c t i o n s ,  a more r e a l i s t i c  d i f f u s i o n  r a t e  w5u1d be de sc r i bed  by t h e  equa t i on  

D T 1 /2  
M = 2  (Co - Cp) (+) 

where 

M = grn 02/rn2 moving i n t o  s o i l  
Co = m g 0 2 / l i t e r  i n  a i r  above ground 
Cp = M 0  / l i t e r  i n  s o i l  a i r  
D = m 3 / 8 ay oxygen d i f f u s i v i t y  f o r  s o i l  
T ~ =  Time i n  days 



The oxygen in the  atmosphere above ground i s  about 21 percent  by volume of 
the  a i r  o r  about  300 mgO2/1iter ($00 c ~ m / m ~ ) .  The d ' f f u s i o n  c o e f f i c i e n t  i f o r  oxygen in a i r  i s  about 1.62 m per day ( 1 7 . 5  f t  per day) a s  given in  t he  
Handbook of Chemistry and Physics ,  1971. To maintain s o i l  oxygen s u f f i c i e n t  
f o r  p l a n t  growth, C must be 10 percent  o r  g r e a t e r  o r  about 143 mg02 / l i t e r .  
For t hese  boundary conditions, the  above equat ion can now be solved t o  
determine the  amount of oxygen en te r ing  the  s o i l  a s  a  funct ion of t ime. 

Solving t h i s  equat ion f o r  the  Norfolk s l  a t  s i t e  1 ,  da t a  from Table 6 
gives t h e  a i r  f i l l e d  po ros i ty  a t  f i e l d  capac i ty  o r  0.1 atm a s :  

t h e r e f o r e  

D~ 
= 0 .6  S Do = 0.6 ( . 2 2 )  ( 1 . 6 2 )  = 0.214 rnL/day 

f o r  T = 1 day 
112 2 

O ) ]  = 82 qrn 02/m /day M = 2 (300-143) [--- 
'Ti 

The same da ta  ca l cu la t ed  f o r  t h e  Georgevi l le  s l  y i e l d s :  

S = 0.14 2 D = 0 .6  ( . 1 4 )  (1 .62 )  = 0.136 m  /day . 
T ~ =  1 day 

112 
M = 2 (300-143) [ 2 O '  36 ( ' '1  

= 64 rp02/rn /day 
'ii 

and f o r  the  Lakeland I s :  

These da ta  i n d i c a t e  some of t he  v a r i a t i o n  i n  oxygen d i f f u s i o n  r a t e s  and 
t h e  o rde r  of magnitude of oxygen t r a n s f e r  i n t o  s o i l  systems t h a t  have dra ined  
t o  f i e l d  capac i ty .  The above a n a l y s i s  i s  not  completely r e a l i s t i c  when appl ied  
t o  t h e  behavior of so i l -was te  system s i n c e  the  s o i l - a i r  con ten t  of oxygen 
w i l l  not be maintained a t  a  cons t an t  10 percent  a s  descr ibed i n  t h i s  equat ion .  
Also, by t h e  na ture  of  t he  d i f f u s i o n  process ,  t h e  upper s o i l  ho r i zonshavea  
cons iderably  g r e a t e r  oppor tuni ty  t o  be r eae ra t ed  than t h e  deeper  s o i l  zones. 
Since the  above equat ion only descr ibed  the  t r a n s f e r  of  oxygen i n t o  the  sur- 
f ace  s o i l ,  t h e  r a t e  of t r a n s f e r  t o  lower depths w i l l  be somewhat l e s s .  The 
t o t a l  process of r eae ra t ion  o f  appl ied  e f f l u e n t  i n  an unsa tura ted  s o i l  i s  
very complicated and a  lack of  knowledge of  a1 1 t h e  physical  parameters in -  
volved prevent  t he  eva lua t ion  o f  prec i se  models. However, using the  da ta  from 
the  above equation, summarized i n  Table 10 ,  a s  t h e  b e s t  information a v a i l a b l e  



on s o i l  r e a e r a t i o n ,  c a l c u l a t i o n s  can be made of poss ib le  loadings of o r g i n i c  
ma te r i a l s  i n  s o i l s  of t h e  a r ea .  Based on t o t a l  oxygen den;and ( T O D )  of t he  
appl ied wastewater p lus  oxygen requi reinents of the  s o i l  - p l a n t  system, per- 
missable loadings of TOD a r e  ca l cu la t ed  f o r  the same s o i l s  and presented i n  
Table 11. 

These da ta  cannot be i n t e r p r e t e d  t o  mean t h a t  e f f l u e n t  having these  TOD 
r a t e s  can be appl ied  each day t o  f i e l d  s i t e s  because v i t u a l l y  no oxygen 
d i f f u s i o n  occurs during and i n n ~ e d i a t e l y  fol lowing water app l i ca t ion  by 
r a i n f a l l  o r  i r r i g a t i o n .  A t  t h i s  t ime,  water i s  held in  the  l a r g e r  pores 
thus  blocking oxygen d i f f u s i o n .  Drainage times l i s t e d  in  the  previous sec -  
t i o n  show requirement of from 0 . 5  days t o  5 . 0  days t o  dra in  the  s o i l  t o  
f i e l d  capac i ty .  Oxygen d i f f u s i o n  r a t e s  would be r e s t r i c t e d  during t h i s  per iod 
and T O D  laading c a l c u l a t i o n s  should be conserva t ive ly  based on r eae ra t ion  
times a f t e r  drainage i s  complete. This would allow weekly TOD loadings a s  
s h o w  in  Table 1 2 .  

The t o t a l  oxygen demand ( T O [ > )  of a  wastewater i s  normally measured by 
the  biochemical oxygen demand ( S O D )  exe r t ed  over a  period of time ( u p  t o  
100 days)  in a  BOD b o t t l e .  This demand i s  approximately equal t o  t he  chemical 
oxygen dei;;and (COD) plus  t h e  oxygen requi red  t o  convert  a1 1 am~on ia  and orgavic  
n i t rogen  t o  n i t r a t e s  (NOD). Although t h i s  demand may extend over 100 days i n  
a B O D  b o t t l e ,  most of i t  appears t o  be exer ted  very r ap id ly  in  pe rco la t ion  
through we1 1 -aera ted  so i  1 . Therefore ,  t h e r e  appears t o  be gcod j u s t i  f i c a t i o n  
i n  c a l c u l a t i n g  ?OD f o r  land a p p l i c a t i o n  s y s t ~ ~ s  by the fo l loh ing  formula: 

TDD = C O D  + N O D  

Two rnol of oxygen ( 0 2 )  per  mol of n i t rogen  (14) a r e  required t o  cx id i ze  the  
n i t rogen  t o  n i t r a t e .  Thus 1 mg PI r equ i r e s  4 . 5 6  mgg2 t o  s a t i s f y  i t s  oxygen 
derr,and. Therefore:  

T D D  = C O D  + 4 . 5 6  (Org N i NHq - N )  

The normal BOD exe r t ed  in a  f i v e  day SOD t e s t  i s  exer ted  i n  l e s s  than 
two days in  a  well ae ra t ed  s o i l  and the  ammonium N O D  i s  normally s a t i s f i e d  
i n  a t  l e a s t  t h ree  days i n  t he  presence of adequate oxygen. The organic  n i -  
trogen i s  not t o t a l l y  oxid ized  in  t h r e e  days in  most s o i l  systems but due t o  
t he  extreme v a r i a b i l i t y  in  waste decomposition r a t e s ,  t o t a l  o rganic  n i t rogen  
should be included in  TOD loadings a s  a  s a f e t y  f a c t o r .  Therefore by al lowing 
t h r e e  days of r eae ra t ion  a f t e r  s o i l  d ra inage  before  applying another  waste 
load and keeping the  TOD loadings a t  o r  below the  c a l c u l a t e d  r a t e s ,  spray 
f i e l d  s i t e s  can be maintained in  ae rob ic  s t a t e s  which al low good renovat ion 
of  t he  wastewater and a  vigorous growing gound cover .  

The tr%eatment c a p a b i l i t i e s  of  a  we l l - ae ra t ed  s o i l  f o r  removing carbon 
from appl ied  wastewaters i s  evidenced in Fig. 3. A t  f i e l d  s i t e  1 where the 
appl ied  wastewater had a  t o t a l  o rganic  carbon content  of over 1100 mg/l and 
a  weekly TOD loading of 950 Ibs/a/wk, leaching through only s i x  inches of t h e  
well ae ra t ed  Norfolk s l  top  s o i l  a f fo rded  over 90 percent  reduct ion in  so lub le  
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Table 10.  Calculated O2 t r a n s f e r  r a t e s  a t  0.1 atm water tens ion.  

0 Transfer Rates 

S o i  1 - g/nl /day 1 bs/a/day 

Norfolk s l  8 2 7 32 

Georgevi 11 e s i  1 64 571 

Lakeland 1s 96 857 

Table 11. Oxygen ava i l ab le  f o r  waste TOD and plant  requirements. 

O2 Transfer  Rate 0 Requirement of 0 Available 
Soi 1 a t  0.1 atm ~ 0 7 1 - p l a n t  System f &  Waste TOO 

water tension 

1 b/a/day 

Norfolk s l  7 32 1 4 4  588 

Georgevil l e  s i  1 571 1 4 4  42 7 

Lakeland I s  857 144  71 3 

Table 12 .  TOD loadings based on required reaera t ion  times. 

Relative 
Soi 1 Reaeration Time Perinissable k'eekly 

Per Week TOD Loadings 

Percent I b/a/wk 

Norfolk s l  

Georgeville s i 1  3 7 1 106 

Lakeland Is 8 6 4292 



F i g .  3. S o l u b l e  o r g a n i c  c a r b o n  c o n t e n t  of  soil leac , i ia te  f r o c  s i t e  1 .  



organic carbon as measured in collected leachate samples during ea r ly  winter 
appl i ca t ions .  Some addit ional  removal of soluble organic carbon was accom- 
plished a t  lower depths during leaching t o  bring to ta l  organic removal e f f i -  
ciency t o  over 98 percent in the top three f e e t  of the s o i l .  Summer time 
eff ic iency fo r  carbon removal was even g rea te r ,  with a l l  samples showing no 
evidence of increased carbon concentration abcve t ha t  of the control p lo t s .  

Nutrient Loadings 

nitrogen 

Nitrogen i s  the  c r i t i c a l  element in determining nu t r i en t  loadings on 
land applicat ion s i t e s  and the n i t r a t e  form i s  the most Smportant because of 
i t s  s o l u b i l i t y  and mobility in water, i t s  s t a b i l i t y  and health implications in 
ground waters, and i t s  imp1 ica t ions  fo r  eutrophication and animal health in 
surface waters. The other mineral forms, ammonium and n i t r i t e ,  a re  usually 
converted to  n i t r a t e  ra ther  quickly in well o r  moderately well aerated s o i l .  
All three  forms a r e  taken u p  by most p lants .  In the presence of high amounts 
of rapidly decomposing organic matter and reduced soi 1 ae ra t ion ,  n i t r a t e  and 
n i t r i t e  may be reduced ( d e n i t r i f i e d )  t o  gaseous forms a n d  recycled back i n to  
the atmosphere. Both n i t r i f i c a t i o n  and den i t r i f i c a t i on  are  biological processes 
carr ied  out by microorganisms which are  not very ac t ive  a t  temperatures below 
1 O 0 C .  

All inorganic nitrogen ( N H  + NO? + ! iO  ) applied in wastewater i s  imned- 
2 i a t e l y  avai lable  f o r  crop uptaka s imi lar  to  adding cor~mercial f e r t i l i z e r  

ni trogen.  Depending on the carbon-ni trogen ra t i o  and the ra te  of deco~~posi  - 
t ion  of wastewater carbonaceous mater ia l ,  as l i t t l e  as twenty percent to  as 
much as f i f t y  percent of the organic N applied in wastewater nay be released 
(mineralized) as ammonium and n i t r i f i e d  to n i t r a t e  the f i r s t  year .  The re- 
mainder w i l l  be retained (immobilized i n  residual humus). This humus w i l l  
continue t o  decompose and re lease  mineral forms of N in subsequent years ,  b u t  
a t  much reduced r a t e s .  In the presence of rapidly decomposing carbonaceous 
materials  such as may be added as wastes, the ra tes  of i n i t i a l  a n d  residua1 
re lease  are  subs tan t ia l ly  reduced. 

In low ra te  i r r i ga t i on  of wastewater, nitrogen not removed from the s i t e  
by harvest of vegetation wil l  tend t o  b u i l d - u p  in the system. For design pur- 
poses, inputs of N should not exceed the capacity of the vegetation to  take i t  
u p  plus some allowance fo r  den i t r i f i c a t i on  and immobilization. I f  crops a r e  
harvested, the overall  capacity of the soil-crop system to  remove N can be 
estimated a t  150 percent the expected removal by harvest (Walcott and Cook, 
1975). Some N wil l  be l o s t  through d e n i t r i f i c a t i o n ,  perhaps 15 t o  50 percent 
i f  inputs do not g rea t ly  exceed the N required fo r  optimum plant  growth. I f  
vegetation of p1 a n t  products a r e  not harvested , some arbi t r a r i  l y  1 ower f  i  gure 
wi 11 need t o  be used. Actual removal will vary with many f ac to r s  of s i t e  and 
management and can only be determined by monitoring the system's operation.  

In Table 13, the amount of nu t r i en t s  harvested fo r  various crops i s  
given. However, design est imates o f  harvest removal should be based on y ie ld  





goals  which loca l  a g r i c u l t u r a l  s p e c i a l i s t s  i n d i c a t e  can be achieved with good 
management on p a r t i c u l a r  s o i l s .  The po ten t i a l  f o r  harves t ing  n u t r i e n t s  with 
perennial  crops i s  genera l ly  g r e a t e r  than with annuals s i n c e  annuals u t i l i z e  
l e s s  of the  growing season f o r  a c t i v e  n u t r i e n t  uptake. 

In genera l ,  a g r i c u l t u r a l  crops produce more harves tab le  dry m t t e r  with 
higher  n u t r i e n t  conten t  than t r e e  spec ies  grown f o r  t imber.  Legumes can f i x  
a l l  the N they need Prom t h e  a i r ,  b u t  they a r e  a c t i v e  scavengers f o r  mineral 
n i t rogen  i f  p resent  as  well a s  phosphate. Large harves t  removals can be 
achieved with both legumes and perennial g rasses  i f  they a r e  c u t  a t  e a r l y  
growth s t ages  when t h e i r  n u t r i e n t  content  i s  high. 

L i t t l e  n i t r a t e  removal i s  expected during periods when a c t i v e l y  growing 
vegetat ion i s  not p re sen t .  Consequently, any level  of n i t r a t e  exceeding 
10 ng/ l  N (d r ink ing  water  s t anda rds )  should be considered a  s e r i o u s  hazard 
in a p p l i c a t i o n  t o  land without  vege ta t ive  cover .  

I n  review of n i t rogen  loadings appl ied on s i t e s  of t h i s  s tudy ,  i t  i s  
ev ident  t h a t  a  wide range in loading r a t e s  a r e  p rac t i ced .  These n i t rogen  
loadings ranged from a  low of approximately 350 l b / a / y r  t o  over 20,000 I b / a / y r .  
All s i t e s  u t i l i z e d  fescue o r  a  conbination of fescue and re?d canarygrass  a s  
a  cover crop.  No vegeta t ion  was  renoved from any of the f i e l d s  although most 
of them were mowed r e g u l a r l y  during the  growing season.  

A t  f i e l d  s i t e s  1 ,  2 ,  and 3 ,  d e t a i l e d  sampling of the  s c i l ,  forage and 
s o i l  wiiter was conducted t o  deterniine i f  a  buildup of n i t rogen  had occurred 
in  t h e  sys t en  of s u f f i c i e n t  magnitude t o  c r e a t e  excess l o s s  of n i t r a t e s  t o  
t h e  groundwater or uptake in  the  forage.  F ie ld  s i t e  3 i s  a  new sytem and 
spray app l i ca t ion  began during the time o f  t h i s  s tudy a ~ d  probably had not  
reached s teady s t a t e  condi t ions  during t h i s  s tudy per iod .  5 i t e s  1 and 2 ,  
however, had been i n  opera t ion  f o r  f i v e  years  when  t h i s  s tudy began and con- 
di t i o n s  should i n d i c a t e  i f  n i t rogen  accumulation was becovirig a  problem. 
Figures 4 and 5  show the  NO -N  content  of s o i l  l eacha te  with depth a t  var ious 
seascns of t he  yea r  f o r  s i t 2  1  and 2 .  I t  i s  ev ident  t h a t  some excess  n i t r a t e  
i s  leaching through t h e  p r o f i l e  ddring the  win te r  season ,  although concentra-  
t i o n s  a r e  s t i l l  below t h e  c r i t i c a l  10 mg/l NO -N in a l l  cases  a t  s i t e  1 .  A t  
s i t e  2 ,  where N loadings averaged aver  400 ~ b j a / ~ r ,  NO -N l e v e l s  a t  the  f i v e  
f o o t  depth reached a  niaxirwn of 28 rag/: a t  one sarnplin$ loca t ion  during the  
win te r  months, with an average concent ra t ion  of over 15 mg/l a t  four  l o c a t i o n s  
ind ica t ing  t h a t  excess  n i t rogen  had accumulated in  the  s o i l  and leaching was 
occurr ing  during high r a i n f a l l  seasons when p l an t  uptake was minimized. 
Ddring the a c t i v e l y  growing pe r iods ,  NO -N l e v e l s  were always below the  c r i t i -  
cal  l e v e l s  o f  10 mg/l. Nitrate-N conce2t ra t ions  in  discharges from t i l e  d ra ins  
loca ted  in  t h i s  f i e l d  were l e s s  than 3 mg/l and normally was below 1 mg/l 

phosphorus 

Many wastes may con ta in  considerably more phosphorus r e l a t i v e l y  t o  the 
n i t rogen  needs o f  most c rops .  Waste a p p l i c a t i o n s  based e n t i r e l y  on N r e -  
quirements of the  crop may o f t e n  o v e r - f e r t i l i z e  with r e spec t  t o  P .  However, 
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N i t r a t e  n i t r o g e n  c o n t e n t  o f  s o i l  l e a c h a t e  a t  
f i e l d  s i t e  1. 

N i t r a t e  z i t r o g e n  c o n t e n t  of  s o i l  l e a c h a t e  a t  
f i e l d  s i t e  2 .  



Table 14. Yield and nu t r i en t  uptake of fescue pasture a t  s i t e  1 f o r  1974-  
1975 growing season.* 

Yield (d.m.) 
I b/a 

Nutrient Uptake 
1 b/a 

* 
Total annual production measured by three  cut t ing;  a n d  averaged over three  
sampling s i t e s .  

unless very high amounts of waste phosphorus a r e  appl ied ,  t h i s  should pre- 
sen t  l i t t l e  problem in terms of leaching s ince  P i s  both u t i l i z e d  by crops 
and adsorbed o r  p rec ip i t a t ed  by the s o i l .  All of the applied inorganic P i n  
wastewaters would be expected t o  be quickly immobilized in the s o i l  through 
conversion t o  orthophosphate a n d  adsorption by the s o i l  o r  plant  system. Or- 
ganic P applied in the  wastewater may be converted t o  orthophosphate more 
slowly but i s  re ta ined by the s o i l  un t i l  conversion. Under extremely heavy 
appl ica t ion  r a t e s ,  some wastewater including organic P may pass through the  
s o i l  before s u f f i c i e n t  time has elapsed f o r  the  conversion of a l l  of the phos- 
phate. However, a t  moderate appl ica t ion  r a t e s ,  the  P will  be adsorbed and 
removed by the s o i l  with l i t t l e  danger of fmmediate l c s s  t o  the drainage 
waters.  Over f e r t i l i z a t i o n  with P should not present probleris f o r  many years  
although a t  high loadings ,  s o i l s  from each p a r t i c u l a r  s i t e  should be examined 
with respect  t o  t h e i r  a b i l i t y  t o  adsorb P .  

All land appl ica t ion  s i t e s  inves t iga ted  h a d  pbsphorus  appl ica t ion  r a t e s  
of l e s s  thar-i 200 Ib /a /y r  with exception of s i t e  7 ,  where the appl ica t ion  r a t e  
was approximately 1400 l b / a / y r .  A de ta i l ed  sacipling of t h i s  f i e l d  (Page, l 9 7 l ) ,  
revealed t h a t  a  majori ty of the phosphorus h a d  accumulated in the 0-6 inch s o i l  
depth with a s l i g h t  build-up in t h e  6-10 inch s o i l  depth. The so i l  a t  t h i s  
s i t e  i s  a  Lakeland sand, which although having a r e l a t i v e l y  low phosphorus 
f ix ing  capacity i s  s t i l l  capable of f ix ing  and/or absorbing a l l  of the  phos- 
phorus t h a t  would be added in t h i s  wastewater over a  50 year  period a t  the  
cu r ren t  appl ica t ion  r a t e .  

Well managed land appl ica t ion  f i e l d s  can y ie ld  very l a rge  q u a n t i t i e s  of 
dry matter  forage as evidenced in Table 14. Dry matter y i e l d  from rep l i ca ted  
p1 o t s  a t  s i t e  1 ,  showed q u a n t i t i e s  of near 8 tons per a c r e ,  over twice the 
y i e l d  f o r  normally f e r t i l i z e d  fescue pas tures .  Much higher uptake o f  N and K 
were a l s o  evident  i n  these  f i e l d  samples, indica t ing  some build-up of these  
elements in the  s o i l .  



S a l t  Loadings 

Soluble s a l t s  generai ly do not accumulate i n  the  s o i l  of the  Southeast 
s ince  p rec ip i t a t ion  exceeds evapotranspirat ion in fa1 1 ,  winter ,  and spring 
and leaching wil l  remove most of the  s a l t s .  However, in local s i t u a t i o n s ,  
s a l t s  from specia l ized  indus t r i a l  o r  processing un i t s  may give r i s e  t o  ab- 
normal concentrat ions in the wastewater plus evapotranspirat ion processes 
may f u r t h e r  concentrate these s a l t s  in  s o i l s  during the  summer months. Tables 
15 and 16 show the y i e l d  decrement to  be expected f o r  f i e l d  crops and forages 
due t o  s a l t  problems in applied i r r i g a t i o n  water.  As these data show, s a l t  
i n ju ry  t o  sens i t ive  crops can occur i f  wastewater containiqg more than about 
1200 - 1400 mg/l of dissolved s o l i d s  ( e l e c t r i c a l  conductivi ty > 2 .0  n rnho/cm) 
i s  applied regular ly  during the summer months. Sa1 t in jury  of t a l l  fescue 
appears a t  a  level  of about 3000 mg/l ( E C  > 4 . 5 ) .  

An even g rea te r  problem with many indus t r i a l  wastewaters i s  an imbalance 
of s a l t s ,  e spec ia l ly  Na in r e l a t ion  to  Ca + Mg. This balance i s  measured by 
sodium adsorption r a t i o s  (SAR) and i s  ca lcula ted  according t o  the following 
equation: 

\qi t h  a1 1  concentrat ions 

A n  example f o r  the 
shown below: 

Na = 100 mg/l 
Ca = 25  mg/l 
Plg = 10 m g / l  

expressed a s  c ie / l .  

ca lcula t ion  o f  a n  S A R  fo r  a typica! wastewater i s  

J 25 mg/l Ca 10 mg/ l  149 
t -- 

20 mg/me Ca 1 2  mg/me Fig 
2 

4.35 SAR = = 4 . 2 6  

Wastewater with SAR values g rea te r  t h a n  10-12 become c r i t i c a l  in terms 
of po ten t i a l  detrimental e f f e c t s  on s o i l  s t ruc tu re  a n d  u l t imate  reduction in 
permeability and i n f i l t r a t i o n  ra t e s  of s o i l s .  Cnly i n  s o i l s  having horizons 



T a b l e  15.  Yield  decrement t o  be expected f o r  f i e l d  crops  due t o  s a l t  concen- 
t r a t i o n  o f  a p p l i e d  wate r  (Ayers ,  1973) .  

YSeld Decrement 
, 0% 1 0% 25% 

Crop ECw ' TDS ECw TDS ECw 
5 0% 

TDS ECw TDS 

Barley 5 . 3  3,392 8 5 ,120 10 .7  6 ,848 12 7,680 

Sugarbee t s  4 .5  2,880 6 . 7  4 ,288  8 . 7  5,568 10 .7  6,848 

Cot ton 4 . 5  2,880 6 . 7  4 ,288 8 5 , 1 2 0  10 .7  6 ,848 

Saf f lower  3 .5  2,240 5 . 3  3,392 7 .3  4,672 8 5,120 

Wheat 3.1 1 ,984 4 . 7  3 ,008 6 . 7  4 ,288 9 . 3  5,952 

Sorghum 2 .7  1 ,728 4 2,560 6 3,840 8 5 ,120 

Soybean 2 . 5  1 ,600 3 . 7  2,368 4 .7  3,088 6 3,840 

Sesbania  1 . 8  1 ,152 2 . 7  1 ,728  3.7 2,368 6 3,840 

Rice 
(paddy) 2 . 2  1 ,408  3 . 3  2,112 4 2 ,560 5 . 3  3,392 

Corn 2 .2  1 ,408 3 . 3  2,112 4 2 ,560 4 . 7  3,0C8 

Broadbean 1 . 5  960 2 . 3  1 ,472 3 1 ,920  4 . 3  2,752 

Flax 1 . 3  832 2 1 ,280  3 1 ,920  4 . 3  2,752 

Beans 
( f i e l d )  . 7  4 48 1 64 0 1 . 3  832 2 . 3  1,472 

' E C W  = e l e c t r i c a l  c o n d u c t i v i t y  o f  app l i ed  wate r  i n  rn mho/cm E C w  x 640 TDS 
i n  m g / l .  



T a b l e  16 .  Y ie ld  dec remen t  t o  be expected f o r  f o r a g e  c r o p s  due  t o  s a l t  con- 
c e n t r a t i o n s  o f  a p p l i e d  w a t e r  ( A y e r s ,  1 9 7 3 ) .  

Bermuda 
G r a s s  5 . 8  3 ,712  

T a l l  Wheat 
G r a s s  4 . 9  3 ,136 

C r e s t e d  Nh.  
G r a s s  2 . 7  1 , 7 2 8  

T a l l  
Fescue  3 .1  

P e r e n n i a l  
RY e 3 . 5  2 , 2 4 0  

Hard ing  
G r a s s  3 . 5  2 ,240  

C i r d s f o o t  
TI-efo i l  2 . 7  1 , 7 2 8  

Beard1 ess 
W i l d R y e  1 . 8  1 , 1 5 2  2 . 7  1 , 7 2 8  4 . 7  3 , 0 0 8  7 . 3  4 , 6 7 2  

A l f a l f a  1 . 3  832 3 1 , 2 8 0  3 . 3  2 , 1 1 2  5 . 3  3 ,392 

Orcha rd  
G r a s s  1 . 1  

Meadow 
Fox t.a i  1 . 9  576 1 . 3  832  2 . 3  1 , 4 7 2  4 . 3  2 ,752  

C l o v e r  .9  5 7 6  1 . 3  8 3 2 1 . 7  1,088 2 . 7  1 , 7 2 8  

'ECW = e l & t r i c a l  c o n d u c t i v i t y  o f  a p p l i e d  w a t e r  i n  m mho/cm. E C w  x 640 TDS 
i n  mg/l. 



of a t  l e a s t  90 percent sand in the  top 120 cm can high SAR waste be used with- 
out detrimental e f f e c t s  o r  the need f o r  cheniical amendments. 

A t  SAR values from 5 t o  15, s o i l  s t r u c t u r e  can be impaired in s o i l  hori-  
zons of loam or  f i n e r  t ex tu res  ( > I 0  percent c l a y )  by repeated appl ica t ions  
over several years .  Chemical amendments a r e  recomnended t o  prevent decl ine  
in s o i l  percolat ion capac i t i e s  a t  lower SAR values, e spec ia l ly  in moderate t o  
f ine- textured  s o i l s .  E l l i s ,  1973, reported one case of 25  percent reduction 
of i n f i l t r a t i o n  r a t e s  r e s u l t i n g  from 14 years  of i r r i g a t i o n  on moderately 
f i n e  textured s o i l s  with SAR values of 3. 

Other than excessive hydraulic  loadings,  high S A R  values have created 
more problems with systems inves t iga ted  in t h i s  study than any o ther  physical 
o r  chemical f a c t o r .  I t  i s  the  waste component nost  often ignored in char- 
a c t e r i z a t i o n  of e f f l u e n t s  and i s  usually thought of as a  problem occurring 
only in the  a r i d  o r  semi-arid regions of the  country. High SAR wastewater 
have been d i r e c t l y  responsible f o r  the near f a i l u r e  of a t  l e a s t  two f i e l d  
s i t e s  in t h i s  study and only through an accelera ted  program of chemical a l -  
t e r a t i o n  and res t ing  of the  spray f i e l d  was the  system salvaged. 

I t  i s  much e a s i e r  t o  t r e a t  the  problem of ria imbalance in wastewater 
than i t  i s  t o  co r rec t  the  e f f e c t .  Once a  s o i l  has been deflocculated and 
the  s t r u c t u r e  damaged, i t  i s  very slow a n d  tedious procedure to  p a r t i a i l y  
r e s t a r e  the so i l  t o  i t s  o r ig ina l  condit ion.  I f  the zone of damage i s  a t  the  
s o i l  sur face ,  the co r rec t ive  problem i s  much e a s i e r  s ince calcium s a l t s  can 
be surface  applied and mechanically incorporated in the so i l  to  i m e d i a t e l y  
lower the  sodium percentage of the  s o i l  adsorption s i t e s .  By means of mech- 
anica l  manipulat-ion and a l t e r n a t i v e  wetting a n d  drying procedures, the spray 
f i e l d  may be restored t o  p a r t i a l  use in a  matter of a few months. 

The more comon problem in s o i l s  of North Carolina, as  well a s  the south- 
e a s t ,  i s  t h a t  of s t r u c t u r e  de te r io ra t ion  of the  upper 6 horizon ( s u b s o i l )  due 
to  high sodium loadings. The problem then becomes one of applying calcium 
s a l t ;  t o  the so i l  sur face  and re ly ing on natural  leaching to  move the soluble  
calcium down t o  the problem zone, some 8 t o  16 inches below the  surface .  Since 
movement of water through the  deflocculated zone i s  severely r e s t r i c t e d ,  i t  
may require one t o  two years  to  r e s t o r e  the s o i l  percolat ion to reasc~nable 
r a t e s .  

The more reasonable so lu t ion  t o  the problem of high SAR dastewaters i s  
t o  reduce the Na problem a t  the  source o r  apply adequate s o i l  amendments t o  
the  f i e l d  t o  maintain the  proper Na t o  Ca + Mg balance. The material commonly 
used t o  apply t o  spray f i e l d s  f o r  proper s a l t  balance i s  gypsum (CaSO 2H20) .  
This material i s  ava i l ab le  a t  r e l a t i v e l y  low cos t  and o f f e r s  a more sgluble 
source of calcium than a g r i c u l t u r a l  lime. The s o l u b i l i t y  of pure gypsum i s  
approximately 2000 mg/l of which about 465 mg/l of calcium would be so lub i l i zed  
by r a i n f a l l  or applied i r r i g a t i o n  water.  

To maintain wastewater S A R I  s  a t  l eve l s  be1 ow 5 requi res  approximately 
equivalent  weights of calcium t o  sodium. Using gypsum as  the  source of calcium 



( ,oltr l) i l  i t y  1 i initat ionc,  wn~ild rcr,i i r t  l N o  l i ~ v o l ' ,  t o  lr",: t h 2 1 1  450 ~i~r j / l  i n  t h e  
w a s l e w t e r  t o  main ta in  proper  r a t i o s  in  the s o i  l l e a ~ l ~ ~ l e .  l h i s  assuiiies Lha t 
app l i ed  wastewater i s  f u l l y  s a t u r a t e d  with Ca uuon i n f i l t r a t i o n  i n t o  the  s o i l ,  
which i s  probably no t  t h e  case  due t o  lirni t ed  c o n t a c t  tiriie of  t h e  wastewater 
wi th  gypsum p a r t i c l e s .  There w i l l ,  however, he a d d i t i o n a l  gypsum sol ubi 1  i zed  
by r a i n f a l l  and leached i n t o  t he  s o i l  p r o f i l e .  The l i r r i t a t i o n  of  500 mg/l Na 
f o r  maximum concen t r a t i ons  appl i ed  t o  so i  1 appears  t o  o f f e r  enough s a f e t y  
f a c t o r  when using gypsum a s  t h e  s o i l  amendment f o r  balancing Na-Ca r a t i o s .  
A t  h i ghe r  Na c o n c e n t r a t i o n s ,  a  iiior-e s o l u b l e  source of  Ca and /or  Mg could be 
used b u t  t o t a l  s a l t s  may then becollie a  l in i i t i r ig  f a c t o r .  

The on ly  i n d u s t r i e s  surveyed i n  t h i s  s tudy  h h ~ c h  showed problems with  
s a l t s  were those using N a O H  a s  a p a r t  of t h e  pee l i ng  ope ra t i on  i n  vege tab le  
p roce s s ing  o r  a s  a  c l e a n i n g  agen t  i n  t h e  d a i l y  c leanup of s p e c i a l  equipment. 
Of t h e  two vege tab le  p rocess ing  p l a n t s  i n v e s t i g a t e d ,  both used " l y e  pee l"  
p roce s se s  f o r  po t a toe s  and one e f f l u e n t  showed an SAR o f  about  2 2  and Na 
c o n c e n t r a t i o n  of  750 ing/l whereas t h e  o t h e r  p l a n t  had e f f l u e n t  SAR's of  on ly  
3 and Na c o n c e n t r a t i o n s  o f  35-40 ~ r g / l .  The main d i f f e r e n c e  i n  t h e  two p l a n t s  
was t h e  b e t t e r  s eg rega t i on  and s c r een ing  of  peel wastes  of  t h e  l a t t e r  whereas 
much o f  t h e  peel waste p lu s  Na was included in  t he  e f f l u e n t  d i scharged  t o  
lagoons and subsequent ly  a p p l i e d  t o  t he  land a t  i h ~  former s i t e .  Even i i i th  
1 i b e r a l  a p p l i c a t i o n s  of gypsun t o  t h e  spray f i c l d ,  de t e :  :;:-atiori of s o i l  
per--,eabil i  t y  was observed over  t h e  per iod  of  t h i s  s t u d y .  
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Heavy Metal Loadings 

While t he re  were no mun ic ipa l i t i e s  in  North t a r o l i r p  which u t i l i z e  land 
app l i ca t ion  as  a  primary system f o r  disposal  of e f f l u e n t s  o r  s ludge ,  several  
c i t i e s  have inves t iga t ed  t h e  p o s s i b i l i t y  of usfna t h i s  method a s  a  fu tu re  
ileans of  sludge d i sposa l .  Samples of sludge v.?re analyzed from several  
mun ic ipa l i t i e s  in  North Carolina which r e q u e s 9 d  iuformation on land appl ica-  
t i on  techniques and expressed i n t e r e s t  in  de\!e:oping a  major program on land 
app l i ca t ion  of waste s ludge.  Sove of t h i s  ? z t ?  i s  presented in  Table 1 7 .  

The quest ion which concerns a1 1 m u n i c i p a l i t i e s  contemplating land 
spreading  of sludge a r e  the  number of ac re s  requi red  on an annual bas i s  t o  
accept  the sludge and the  ul t i m t e  1 i f e  of t he  s i t e  cons ider ing  heavy metal 
accumulation. A i-?cent d r a f t  of guide1 ines  f o r  iilunicipal sludge management 
were published in  t h e  Federal Regis te r  under j c i n t  USDA-EPA authorship ( s e e  
Appendix A ) .  I f  t he se  c r i t e r i a  a r e  adapted as  presented in  the  i n i t i a l  d r a f t ,  
maximum cumulative s ludge loadings a s  we17 as  annual loading r a t e s  could be 
c a l c u l a t e d ,  knowing the  ca t ion  exchange capac i ty  of the s o i l ,  the  crop t o  
be grown, and the  heavy metal and n i t rogen  content  of the  sludge t o  be appl ied .  

The suggested guide l ines  l i s t  two c a t e g o r i e s  of land app l i ca t ion  of 
s ludge:  1 )  app l i ca t ion  t o  p r i v a t e l y  owned land ,  and 2 )  app l i ca t ion  t o  
pub1 i c l  jl oxnsd o r  l e r  sed land dedicated t o  s ludge appl i c a t i o n .  For p r i v a t e l y  
owned land ,  no g r e a t e r  amount of sludge-borne metals ;nay be appl ied  than those  
shown in  Table 18.  

Table 18. Maxirnun cumulative sludge metal a p p l i c a t i o n s  f o r  p r i v a t e l y  c i m d  
land. l  

Metal Soi 1 Cation ixc1;ange Capacity (meq/lOOg) 2 - 

' s e c t i o n  2-4.2 of t h e  EPA T e c h i c a l  Bulletii7 en %mic ipa l  Sludge Management. 

' ~ e t e r n i n e d  on unsludged s o i l  using the  method u t i l i z i n g  pH 7 ammonium ace- 
t a t e  f o r  a weighted average t o  a  depth of  50 cm. 



I t  i s  fu r the r  suggested t ha t  sludges having cadmium contents greater  than 
25 mg/kg (dry weight) not be applied t o  pr ivate ly  owned land unless t h e i r  Cd/ 
Zn  i s  <0.015. 

To calcula te  annual ra tes  of sludge applicat ion on land, the E P A  guide- 
l i n e s  suggest the lower of the following two values: J 

1. Cadmium loadings on land should not exceed 1  kg/hajyr (0.9 I b / a / y r )  
from l iquid  sludge and not more than 2 kg/ha/yr (1.8 Ib /a /y r )  
from dewatered sludge. 

2. Nitrogen requirement of the crop, calculated on the basis of 100 
percent a v a i l a b i l i t y  of inorganic N and 20 percent ava i l ab i l i t y  of 
organic N of the sludge. I f  surface appl ied,sludge should be added a t  
no more than 150 percent of the crop requirement fo r  N and 100 percent 
of the crop requirement when sludge i s  incorporated. 

The metal addit ions apply only t o  s o i l s  t h a t  a r e  adjusted to  pH 6 .5  or  
g rea te r  when sludge i s  applied and managed a t  pH 6.2 o r  greater  the rea f te r .  

On publicly controlled land, u p  t o  f i ve  times t h e  amounts of sludge- 
borne metals l i s t e d  in Table 18 may be applied i f  the sludge i s  mixed in to  
the 0-6 in (0-15 cm) surface s o i l .  Where deeper incorporation i s  pract iced,  
the recommended t o t a l  metal applicat ion may be proportionally higher. Other 
c r i t e r i a  f o r  sludge appl ica t ions  on public land are  l i s t e d  in the EPA guide- 
1 ines (see  Appendix A ) .  

Using, as a n  example, sludge analyses from the municipal sludge diges- 
t o r s  a t  High Point,  North Carolina, ca lcula t ions  can be made as to allowable 
sludge applicat ions on both p r iva te  and public lands. These ra tes  would be 
applicable to  most of the Piedmont s o i l s  of North Carolina, which have soi l  
cat ion exchange capaci t ies  in the range of 5-15 meq/100g in the t o p  50 cm. 
Cumulative applicat ion r a t e s  on Coastal Plain s o i l s  would probably be only 
one-half of these ra tes  since the exchange capacity i s  normally below 5 
meq/100g. 

Based on analyses of sludge given in Table 17, concentration of s i gn i f i -  
cant elements in High Point d iges tor  sludge are  shown in Table 19. 

Sludge Applications t o  Pr ivate  Lands 

Based on soi l  cat ion exchange capac i t i e s  in the 5-15 rneq/100g range in 
t he  top 50 cm of s o i l s  and using the  recommended maximum cumulative sludge 
metal applicat ions from Table 18, and the  sludge composition from Table 1 9 ,  
the following cumulative sludge appl ica t ions  could be applied t o  most land 
areas o f * t h e  Piedmont: 

o r  500 kg/ha x 0.405 ha/a 
= 302,000 g a l / a  0.67 kg/1000 gal 



Table 19.  Elemental composi t ion o f  High P o i n t  d i g e s t o r  s l u d g e .  

Element Dry Weight Bas i s  Liquid  Bas i s  

I b l t o n  kg/ton 1  b/1000 gal kg11 000 gal  

Organic  N 80 36 1 6 . 7  7 . 6  

C u  = 
250 kg/ha x 0.405 ha/a - 7 2 . 3  tons,,a 1 . 4  kg/ ton  

- 

250 kg/ha x 0.405 ha/a = 349,000 
O r  0 . 2 9  kg/1000 gal 

100 kg/ha x 0.405 ha/a , 45 N i  = 0.9  kg/ ton 

Based' on t h e  s l u d g e  c o n t e n t  o f  heavy m e t a l s ,  n i c k e l  would l i m i t  t o t a l  
accumula t ive  s l u d g e  a d d i t i o n s  t o  p r i v a t e  l and  t o  r a t e s  of 45 t o n s / a  d r y  b a s i s  
o r  213,000 g a l / a  l i q u i d  volume, assuming s o i l  pH's a r e  a d j u s t e d  t o  6 .5  or 
g r e a t e r  when s l u d g e  i s  a p p l i e d  and main ta ined  a t  pH 6 . 2  o r  g r e a t e r  t h e r e a f t e r .  



I '  

Annual r a t e s  of sludge appl ica t ions  on pr ivate  land wi l l  be control led  by 
o f  the  following two values: the lower 

a > 

b 1 

Cadmium loadings not t o  exceed 1 kg/ha/yr, using l i qu id  diges tor  
sludge 

Nitrogen requirement of the  crop 

Nitrogen requirements a r e  based on 100% of crop requirement when sludge 
i s  incorpcrated or 750% when sludge i s  surface  applied. Due t o  t h e  s t a b i l i t y  
of the sludge organics,  sludge nitrogen a v a i l a b i l t i y  i s  based on 100 percent 
of inorganic N + 20% of organic N .  This sludge would then have the  following 
N a v a i l a b i l i t y :  

Organic N = 2000 ppm x .20 = 400 pprn 

N H q - N  = 500 ppm x 1 .0  = 500 ppm 

Total ava i l ab le  N = 900 pprn 

900 x x 73:: Ib,- = 7 . 5  l b  N / ~ O O O  gal 
ga 

Dependent on the  crop t o  be grown, so i l  nu t r i en t  requirements a r e  as  
s h a m  in Table 20. 

Table 20. Annual nitrogen requirement f o r  c e r t a i n  crops. 

Crop 

- 

100% N Requirement 150% N Requirement 
I  b/a 1 b/a 

Corn, grain 

Corn, s i l age  

Fescue pasture 

Small grains 

Coastal bermudagrass 



Annual recommended s l  udqe appl icat ion ra tes  could then be calculated as 
given in Table 21. 

Table 21. Annual applicat ion r a t e s  of sludge based on nitrogen requirements 
of selected crops. 

Crop Sludge, Incorporated Sl udge, Surface Appl ied 
- - - 

tons/a/yr 1000 gal / a /y r  tons/a /yr  1 OOO gal /a /yr  

Corn, grain 4 . 2  2 0  6 . 3  3 0  

Corn, s i l age  5 .6  26.6 8 . 3  4 0  

Fescue pasture 5.6 

Small grains 2.8 13.3  4 . 2  2 0 

Coastal bermuda- 
grass 11.1 

Nitrogen loadings would control annual s1 udge t ippl  ica t ions  in a1 1 instances.  
Under continuing year ly  sludge appl ica t ions ,  some r~-ifrogen would be avai lable  
from previous years applicat ion and annual loadings would be reduced accord- 
ingly. 

Sludge Applications on Public Controlled Lands 

If ce r ta in  c r i t e r i a  a re  met, sludge may be applicd t o  publicly controlled 
lands a t  r a tes  up  t o  f ive  times the amunts  of sludge m e t ~ l s  l i s t e d  in Table 
18. These ra tes  maybe usedonly i f :  

a )  The sludge i s  mixed in to  the 0-15 cm of surface s o i l .  
b )  The s o i l s  a re  adjusted to  pH 6.5 o r  g rea te r  when sludge i s  applied.  
c )  Metal analyses wil l  be provided t o  purchasers of marketed products. 

I f  these c r i t e r i a  are  not met, then t o t a l  cumulative sludge appl ica t ions  
will be as  recommended f o r  p r iva te ly  owned land. Annual applicat ion r a t e s  
would a l so  be under the same l imi ta t ions  as  f o r  pr ivate  lands. By adhering 
to  the above c r i t e r i a ,  to ta l  cumulative sludge appl ica t ions  could be made t o  
public lands u p  t o  225 tons/a with nickel loadings again being the l imited 
element. 

A considerat ion in any sludge program should be in terms of reducing 
heavy metal. concentrations in the  sludge to  allow grea te r  u t i l i z a t i o n  on 
agr icu l tu ra l  land. One object ive  of a publicly owned sludge f i e l d  would be 
f o r  i t  t o  have a usable l i f e  span of a t  l e a s t  25 years .  Also minimum annual 
sludge appl ica t ion r a t e s  should be a t  l e a s t  10 tonsla  (dry w t .  b a s i s )  t o  



supply nitrogen requirements of the crop and minimize land area needed. 
Based on these concepts, permissable metal concentrations in a  sludge t o  
be applied t o  s o i l s  with CEC's of 5-15 meq/100g a r e  shown in Table 22. 

Table 22. Maximum a1 lowable concentrations o f  heavy metals in sludge applied 
to  s o i l s  with C E C  of 5-15 meq/100g. 

Element A ?  lowabl e  Concentration 
Dry. Wt. Basis Wet Wt. Basis 

These metal concentrations represent values which a re  only 20 t o  25 per- 
cent of the level presently measured in many sludges in North Carolina. I f  
a  publicly controlled sludge applicat ion s i t e  i s  t o  be u t i l i z ed  in municipal 
programs, e i t he r  considerable reduction in metal concentrations should be 
encouraged or  the s i t e  should be s t r i c t l y  managed such t ha t  sludge r a t e s  
could be applied a t  the higher r a t e s  as  presented in the USDA-EPA guide1 ines 
f o r  public lands. 

SYSTEM MNAGEMENT 

Management of land applicat ion systems includes management of the s o i l ,  
crop, i r r i ga t i on ,  monitoring equipment, pretreatment waste systems, and any 
other mechanical equipment associated with the farm operations. Generally, 
no one person i s  usually qua l i f i ed  in a l l  of these a reas ,  ye t  i n  most s i t e s  
investigated,  one employee had a l l  of t h i s  r espons ib i l i ty .  Management pro- 
blems appears t o  be responsible f o r  poor performance of a  majority of land 
applicat ion systems ra ther  than design loadings. 

Management problem can be c l a s s i f i ed  i n to  four major ca tegor ies  in- 
cluding: a )  the  i r r i ga t i on  system, b )  f i e l d  management, including both 
crop and s o i l ,  c )  in-plant  e r r o r s  and malfunctions, and d )  natural  phenomena. 

 he' i r r i ga t i on  system probably o f f e r s  the g rea tes t  problem, s t a r t i n g  
with poor i n i t i a l  design and including the day t o  day operations.  Theoreti- 
c a l l y ,  the  system i s  designed t o  add wastewater uniformly over the spray 
f i e l d ,  but t h i s  i s  seldom achieved. Due t o  inadequate l i n e  pressure,  



improperly spaced o r  s ized sp r ink le r s ,  and/or frcquent s t a r t - u p  and shut-down 
of the  system, water a p p l  i ca t ion  r a t e s  increase rdpidly fronl the  perimeter of 
the sp r ink le r  area inward t o  the sp r ink le r  head in m a n y  spray f i e l d s .  This 
r e s u l t s  in an overload in an area around the  sp r ink le r  which may destroy the  
vegetation and a  progression of b e t t e r  vegetation toward the perimeter.  Reduc- 
ing the number of system s ta r t -ups  and shut-dow~s may a l l e v i a t e  some of t h i s  
problem whereas o ther  s i t e s  needed a-major renovation of t h e i r  t o t a l  system. 
Systems designed to  "dose" a  f i e l d ,  i . e . ,  apply a  weeks hydraulic load during 
one day tend t o  o f f e r  a  more even d i s t r i b u t i o n  of rnaterial and b e t t e r  renova- 
t i v e  capacity of the so i l -p lan t  system. 

Other problems occasional 1y encountered include 1 eaking control  values 
( e s p e c i a l l y  b u t t e r f l y  valves),  a i r  leaks in pneumatic systems, nozzle clogging, 
broken sprinkers and r i s e r s ,  nialfunctioning t imers ,  a n d  negligent  switching 
of f i e l d  l i n e s .  These problems may be niinor b u t  can have ser ious  consequences 
i f  not discovered and corrected immediately. 

Field management problems a r e  usually more sub t l e  and may go unnoticed 
by an untrained eye. Such th ings  as improper appl ica t ion  of f e r t i l i z e r  n u -  
t r i e n t s  a n d  so i l  amendments, poor coordination of crop harvesting with 
wastewater app l i ca t ions ,  se l ec t ing  improper type of crop, and improper t r e a t -  
ment of d isease  and insec t  problems a l l  tend t o  reduce the e f fec t iveness  of 
the  system. Because the f i e l d  system, including both the s o i l  and crop, i s  
the  hea r t  of a land appl ica t ion  system, consul ta t ion  with appropriate a g r i -  
cu l tu ra l  experts  should be a  planned aspect of managing the system. 

Crop se lec t ion  should be based on the degree of mnagement placed on the  
f i e l d  program. Vigorous, water - to lerant  grasses which form dense sods a r e  
ideal f o r  waste appl ica t ion .  Tall fescue appears most promising under clima- 
t i c  condit ions f o r  most o f  North Carolina because of i t s  high product iv i ty  
under continuously moist condi t ions .  Reed canaryyrass was in terplanted  with 
t a l l  fescue on several f i e l d  s i t e s  inves t iga ted  but disappeared a f t e r  a  few 
yea r s ,  apparently from disease  problems. Coastal bermudagrass can be a  higher 
productive crop t h a n  t a l l  fescue in terms of y i e l d ,  n u t r i e n t  uptake, and 
value of the product. However, the management must be a t  a much higher level 
than normally pract iced on spray f i e l d s  because t h i s  grass must be removed 
o r  harvested and does not t o l e r a t e  poor in ternal  drainage. The growing sea- 
son f o r  Coastal bermudagrass i s  much shor te r  and will  requi re  overseeding 
with winter  grasses i f  year-around appl ica t ions  of water a r e  required.  Row 
crops such a s  corn o r  forage sorghums may be produced on the  f i e l d  b u t  wi l l  
requi re  much higher l e v e l s  of management and coordination i f  they a r e  t o  be 
produced successful ly .  

In-plant  malfunctions o r  e r r o r s  can have d i sas t rous  e f f e c t s  on the spray 
f i e l d  i f  no pretreatment o r  shor t  detention times a r e  p rac t i ces  p r i o r  t o  
i r r i g a t i o n .  Under such systems, i n - l i n e  sa fe ty  monitors a r e  needed t o  shut  
down the  System before the  tox ic  material  reaches the f i e l d .  

Natural phenomena include severe f r eez ing ,  extended rainstorms and o the r  
uncontroll  ab1 e  problems such a s  vandal i  srn. These can be hand1 ed through pre- 
planning and frequent  inspect ions  of the  f i e l d  system. 

5 0 



PUBLIC HEALTH 

Public health aspects  of applying sewage wastes t o  land was not a  major 
emphasis of t h i s  study since no municipal systems of land spreading were i n  
operation during the period of the project .  However, potential  disease 
hazards from such appl ica t ions  a r e  a  major concern to those involved in safe-  
guarding the environment against  e i t h e r  known or  theoret ica l  hazards. 

The a b i l i t y  of ce r ta in  pathogenic organisms, especia l ly  viruses and cer- 
t a in  bacter ia ,  t o  survive wastewater treatment processes including chl orina- 
t i on ,  coupled with a  lack of  knowledge as t o  t h e i r  ultimate ro le  in disease 
outbreaks adds g rea t ly  t o  our concern in extensive land spreading of sewage 
wastes. This uncertainty makes even more questionable the continued discharge 
of sewage e f f luen t s  in to  surface waters used as  a water supply and contact 
recreation fo r  a majority of the population of the s t a t e .  

Two extreme posi t ions  have been taken on land applicat ion of sewage. One 
extreme view would ban the use of sewage wastes on land unless i t  could be 
shown tha t  no disease producing organisms were present. The other  would per- 
mit any applicat ion of sewage wastes t o  land as  long as  the pract ice  had not 
been known to r e s u l t  in appreciable disease outbreaks. The more s a t i s f ac to ry  
posit ion would be somewhere between these extremes, using our most current  
knowledge on soil-pathogen in teract ions  a n d  applying these t o  develop a l t e r -  
native systems t o  economical 1y reduce the number of viable pathogms reaching 
our water suppl i e s  and recreation areas .  

There a re  several highly qual i f ied  s c i e n t i s t s  current ly  involved in 
s tudies  on the health aspects  of applying sewage wastes on land.  A recent 
review of t h i s  work was presented by Burge, 1974, a t  a  workshop in the North 
Central Regional Conference. A repr in t  of the summary and conclusions of 
t h i s  paper i s  presented in Appendix B, and generally sumarized the current  
thoughts of the more knowledgeable s c i e n t i s t s  in the area of health aspects  
of land spreading of wastes. 
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S i l t y  Loam 

T o t a l  D i  s s o l  ved Sol i d s  
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Appendix A 

USDA SUGGESTED DRAFT OF S E C T I O N  2 - 4 . 2  O F  THE 

E P A  TECHNICAL BULLETIN ON MUNICIPAL SLUDGE MANAGEMENT 

Suggested Draft  o f  Sect ion 2 . 4 :  

2 . 4  Additional Requirements f o r  Sludge Appl i c a t i o n  t o  Agr icu l tura l  Land. 
The app l i ca t ion  of sludge t o  a g r i c u l t u r a l  lands which may be used t o  g r o w  crops 
must be accomplished so as  t o  ensure t h a t  cropland resources a r e  pro tec ted  and 
harmful contaminants a r e  not accumulated in  t he  human food chain.  

Additional Requirements f o r  Sludge Applicat ion f o r  Forested Land 

Current knowledge i s  inadequate t o  permit s e t t i n g  p rec i se  l i m i t s  of heavy 
metal app l i ca t ion  t o  lands dedicated t o  f o r e s t  product ion.  Disposal on f o r e s t  
l ands  of sludge conta in ing  those metals l i s t e d  in  Table A i s  considerably l e s s  
hazardous than on cropland.  

Fores t  vegetat ion i s  not  a  p r inc ipa l  food f o r  domestic animals ,  so food 
chain cons idera t ions  a r e  of r e l a t i v e l y  l i t t l e  concern. In the  event  t he  land 
i s  converted t o  food crop production the  l i m i t s  s e t  f o r  a g r i c u l t u r a l  land would 
apply.  Prevention of  damage t o  t r e e s  and a s soc i a t ed  f o r e s t  vegetat ion and t o  
wild1 i f e  must be assured.  Current knowledge sugges ts  t h a t  the  maximum sludge 
app l i ca t ion  t o  fo re s t ed  s i t e s  may be determined by the  n i t rogen  content  of the  
s  1 udge. 

Whenever land d isposa l  of s ludge i s  ex t ens ive ly  o r  repea ted ly  p r a c t i c e d ,  
e f f e c t s  on w i l d l i f e  population should be monitored and cont ro l  l ed .  hfater  
qua1 i t y  must a1 so be monitored and c o n t r o l l e d ;  and s o i l  e r o s i o n ,  overland f low,  
and rapid percola t ion  of  contaminants i n t o  shal low ground water. aqui f e r s  must 
e i t h e r  be prevented o r  c o n t r o l l e d .  

2-4.2. Pro tec t ion  of  Agr icu l tura l  Lands. The fol lowing in t e r im  c r i t e r i a  a r e  
based on recommendations of t h e  U .  S. ~epa r t rnen t  of Agr icu l ture .  These l i m i t s  
a r e  based on experiments d i r e c t e d  a t  t he  determinat ion of l e v e l s  of heavy metals 
which a r e  t ox ic  t o  p l a n t s  o r  absorbed by p l an t s .  Because of  the  g rea t  un- 
c e r t a i n t y  concerning the  app ropr i a t e  leve l  of i n t ake  by humans of  these  heavy 
metals  a s  pa r t  o f  t h e i r  d i e t ,  E P A  cannot say t h a t  these  l e v e l s  c o n s t i t u t e  t h e  
appropr ia te  l e v e l s  f o r  human in t ake .  To t he  e x t e n t ,  however, t h a t  the  l i m i t s  
r ep re sen t  an a t tempt  t o  keep the  l e v e l s  o f  heavy metals i n  foods a t  a  lower 
po in t  than would otherwise be the  case ,  t h e s e  l i m i t s  w i l l  make a con t r ibu t ion  
t o  t he  pro tec t ion  of  publ i c  hea l th .  There w i l l  be two c a t e g o r i e s  of land appl i -  
c a t i o n  of  sludge: (1  ) Appl i c a t i o n  t o  p r i v a t e l y  owned land ( h e r e a f t e r  denoted 
p r i v a t e l y  owned l and )  and ( 2 )  Applicat ion t o  land dedica ted  t o  sludge appl i c a -  
t i o n ,  e .  g. , publ i c l y  owned o r  leased  land ( h e r e a f t e r  denoted publ i c l y  c o n t r o l l e d  
1  and) .  



1 .  Applicat ion c r i t e r i a  f o r  p r iva t e ly  owned 1 and. 
No g r e a t e r  amount of sludge-borne metals  may be appl ied  than those 
shown i n  Table A :  

Table A .  Maximum cumulative sludge metal app l i ca t ions  f o r  p r i v a t e l y  owned 
land.  

Soi l  Cation Exchange Capacity (meq/100g)* 
0 - 5  5 - 15 >15 

Maximum metal add i t i on ,  kg/ha 

250 500 1000 

125 250 590 

50 1  00 200 

5  10 2 0  

500 1000 2000 

* 
Determined on unsludged s o i l  using the  method u t i l i z i n g  pH 7 ammonium a c e t a t e  
f o r  a  weighted average t o  a  depth of 50 cm. 

I t  i s  suggested t h a t  s ludges  having cadmium contents  g r e a t e r  than 25 mg/kg (d ry  
weight)  should not  be appl ied  t o  p r i v a t e l y  owned land unless  t h e i r  C d / h  i s  
<0.015. Annual r a t e s  of sludge app l i ca t ion  on land should be lower of the  - 
fol lowing two valges ( 1  o r  2 ) :  

1.  Nitrogen requirement of t he  crop ( ino rgan ic  N + 20% organic N ) .  

a .  When incorpora ted  - sludge should be appl ied  a t  no more than 100% 
of the crop requirement f o r  N .  

b .  When su r f ace  appl ied  - sludge should be added a t  no more t h a n  150% 
of the  crop requirement f o r  N .  

2.  Cadmium loadings on land should not exceed 1 kg/ha/yr from 1  iqu id  s ludge 
and not  more than 2  kg/ha/yr from dewatered sludge. 

Sludge having a  cadmium con ten t  g r e a t e r  than 1 . 5  percent  of i t s  z inc  content  
should not  be appl ied  on a  cont inuing  bas i s  un less  t h e r e  i s  an abatement pro- 
gram t o  reduce t h e  q u a n t i t i e s  of  cadmium in t h e  s ludge t o  an acceptab le  l e v e l .  
These metal add i t i ons  apply only t o  s o i l s  t h a t  a r e  ad jus ted  t o  pH 6 .5  o r  g r e a t e r  
when s ludge i s  app l i ed ,  and a r e  t o  be m3naged a t  pH 6 . 2  o r  g r e a t e r  t h e r e a f t e r  
( s o i l  pH determined by 1 :1 water ,  o r  equ iva l en t  method). 

Growing l e a f y  vegetab les  on s ludge t r e a t e d  land i s  not recommended with- 
ou t  monitoring the  metal conten t  of the  crop.  



Sludge should not be applied to  s o i l s  with l e s s  than 50 cm of depth. 

11. Application c r i t e r i a  fo r  publicly controlled land. 

On publicly controlled land, u p  t o  5 times the amounts of sludge- 
borne metal s  1  i s t ed  in Table A may be applied i f  the sludge i s  mixed into the 
0-1 5 cm surface soi 1.  Where deeper incorporation i s  practiced,  proportional 1y 
higher t o t a l  metal appl ica t ions  may be mde .  These metal applicat ions apply 
only t o  s o i l s  t ha t  a r e  adjusted to  pH 6 . 5  o r  g rea te r  when sludge i s  applied. 

I f  the sludge metal applicat ion r a t e s  exceed those recommended f o r  
pr ivate ly  owned land, metal analyses shal l  be provided to purchasers of mar- 
keted products. Purchasers may wish t o  consult  the appropriate s t a t e  and 
federal  agencies concerning the relevance of these analyses. 

These coments and recornendations a r e  based on best avai lable  in- 
formation and  should be subject  t o  revision as new information becomes avai l -  
able .  
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Wylie D.  Burge 2 

Summa ry 

There i s  a  great  deal of evidence t ha t  processed sewage wastes, including 
chlor inated e f f luen t s  and digested sludges, s t i l l  contain v i r a l ,  b ac t e r i a l ,  
protozoan, and helminthic agents of d isease .  I t  appears, however, t ha t  the 
g rea t  majority of i l  l inesses  associated with sewage have been a t t r i bu t ab l e  to  
appl ica t ion of raw sewage wastewater, raw sludges, and night so i l  to  crops 
t o  be consumed raw; t o  contamination of private water supplies by sep t ic  
systems; and t o  consumption of raw she l l f i sh  grown in sewage-polluted waters. 
Further, despi te  the presence of disease organisms in sewage wastes, t h e i r  
appears t o  be l i t t l e  hazard to  sewage plant workers who ce r ta in ly  receive a  
maximum of exposure. There i s  a  paucity of l i t e r a t u r e  on the hazards of in- 
fec t ion fo r  workers i r r i g a t i n g  with chl or ins ted e f f l  uents o r  land-spreadi ng 
sludges, b u t  the apparent lack of disease incidence among sewage plant  workers 
indicates  t ha t  there  i s  l i t t l e  hazard fo r  these people. There a lso  seems t o  
be l i t t l e  hazard t o  the people of communities adjacent to land disposal systems. 

Although much needs to  be defined about how s o i l s  remove pathogens, pa r t i -  
cu la r ly  v i ruses ,  from percolat ing waters, the ev'dence indicates t ha t  sewage 
sludges o r  e f f l uen t s  can be applied t o  s o i l s ,  i f  the s o i l s  a re  n o t  extremely 
coarse textured,  without resu l t an t  contamination of the ground water with 
pathogens. Amoeba cys t s  and helminth ova are  large enough t o  be rerxoved by 
f i l t r a t i o n .  Bacteria and viruses a re  small enough to  move in the pore systems 
of m s t  s o i l s  b u t  a re  adsorbed from the percolating waters by the so i l  material .  
While bacteria and vi ruses  may be removed i n  a  meter o r  l e s s  of the ver t ica l  
percolation of water, sa tura ted l a t e r a l  flow o f  water through the so i l  i ~ d u c e d  
by impervious layers  may carry the organisms f o r  much greater  distances.  The 
g rea tes t  hazard, however, f o r  movement of pathogens r e su l t s  from so i l  runoff 
of water; provisions should be made fo r  capturing and re ta ining o r  recycling 
the runoff water onto the  u t i l i z a t i on  s i t e .  

The th rea t  of infect ion to  sp r ink le r  i r r i g a t i o n - s i t e  workers and t o  the 
surrounding cornunit ies through exposure to  pathogens containing aerosols has 
not been completely defined, b u t  experience and avai lable  l i t e r a t u r e  seem to  
indicate  t ha t  the t h r ea t  i s  minimal. The communities can be protected by 
borders, plantings of  bushes and t r e e s  f o r  screens, and use of spray- i r r igat ion 
systems designed to  minimize aerosol production and movement. 

'presented -North Cen. Reg. Cont. Workshop, "Educational Needs Associated with 
Ut i l i za t ion  of Wastewater Treatment Products on Land," Kellog Center, Mich. 
S t .  Univ., East Lansing, Mich., Sept. 23-26, 1974. 

' ~ o i  l  Sc i en t i s t .  Biological Waste Management Laboratory, Agricultural Environ- 
mental Qua l i ty  I n s t i t u t e ,  Agricultural Research Service,  U .  S. Department of 
Agriculture,  Be1 t s v i l l e ,  Md. 
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Dz'sinfection oC sewage e f f luen t s  i s  mainly by chlorinatfon b u t  i s  seldom 
comptete. Sludges can be p a r t i a l l y  disinfected by 5eat d r y i ~ c ,  7 irning, chlor i -  
nation,  composting, o r  completely dis infected Sy ?asteurizat ;en.  Heat drying 
i s  cos t ly  b u t  i s  e f fec t ive .  Limiog i s  mainly csei f o r  s tabi ' iza t ion of raw 
sludge pr ior  to  disposal by land f i l l .  Chlori?t?on i s  used i n  a  few sewage 
plants  in t h e  United Sta tes  and besides lowerin: pathogen content ,  tends to  
stab!? i  ze the s l  udge, possibly preventing odor ?yoduction. Composting p roduc~s  
an e s the t i c a l l y  pleasing product, and i s  e f fec t ive  in pathoqen destruction i f  
conducted properly. Pasteurizat ion i s  very e f f ec t i ve  in k i l l i ng  pathogens b u t  
does not s t a b i l i z e  the  sludge. Pasteurizat ion may be a  des i rable  method f o r  
sludges t o  be applied t o  crop lands f o r  growth of vegetables t o  be consumed 
raw o r  to  dairy pastures. 

In general,  there appears t o  be 1  i  t t l e  danger e i t h e r  t o  workers o r  people 
of  surrounding communities when chlorinated sewage e f f luen t s  a r e  used f o r  
irritation, or  when anaerobically digested sludges o r  sludges whose pathogen 
content has been g rea t ly  reduced by other  eans a r e  applied t o  s o i l s  fo r  pro- ? duction of crops not t o  be consumed raw d rec t ly  by humans. The applicat ion 
of raw sewage wastewater, night s o i l ,  s ep t i c  tanks pumping, and raw sewage 
sludges has, however, been associated w i t h  the spread of disease.  Their 
u t i l i z a t i o n  on farm land presents unacceptable r i sks .  

The number of s t a t e s  regulat ing the use of sewage wastes on food crops 
i s  growing. The regulat ions usually prohibi t  the use of raw sewage on growing 
crops and provide t h a t  pa r t i a l l y  d is infected e f f luen t s  shall  n o t  be used t o  
water food crops to  be consumed raw. In the absence of regulat ions,  i t  would 
seem wise t o  follow the above guide1 lnes .  The question of how long land t rea ted  
with anaerobically digested o r  p a r t i a l l y  d is infected sewage wastes should remain . 
out of production of food crops fo r  consumption raw i s  being debated. The  ti^? 
adopted will m r e  than l ike ly  not be l e s s  t h a n  a  year and could be much longer. 
Most pathogens will perish or be a t  very low numbers in a  yea r ' s  time. Some 
ascar i s  ova may remain viable in so i l  f o r  much grea te r  lengths o f  time. Whet+er 
they can be a  s ign i f i can t  source of i n f ec t i v i t y  a f t e r  a year i s  pa r t  of t h a t  
deb?'.?. 


