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ABSTRACT 

The swine growing c e n t e r  u t i l i z e d  f o r  sample c o l l e c t i o n  i s  a conf inement  

f a c i l i t y  i n  which t h e  c o n c r e t e  f l o o r s  were washed d a i l y .  New f e e d e r  p i g s  were 

c o n t i n u o u s l y  b rought  i n  and market  s i z e  an imals  removed. The f e e d  r a t i o n  con- 

t a i n e d  abou t  133  ppm of copper  and 100 ppm of z i n c .  T h i s  e x p e r i m e n t a l  s t a t i o n  

i n i t i a l l y  c o n s i s t e d  of one h o u s i n g  u n i t  f o r  about  100 a n i m a l s  w i t h  a  f i v e - f o o t  

deep a n a e r o b i c  lagoon.  

The i n f l u e n c e  of f e e d  a n t i b i o t i c s  c h l o r o t e t r a c y c l i n e ,  c o p p e r  and z i n c  concen- 

t r a t i o n s  and sample d i l u t i o n  dpon t h e  s t a n d a r d  f ive-day b i o c h e m i c a l  oxygen demand 

 BOD^) a n a l y s i s  was i n v e s t i g a t e d  f o r  swine f e c e s ,  lagoon i n f l u e n t  and l agoon  e f f -  

l u e n t  . The v a r i a t i o n  of t h e  BOD v a l u e  w i t h  sample c o n c e n t r a t i o n  was a l s o  inves -  
5 

t i g a t e d  f o r  s y n t h e t i c  sewage and an imal  was te  samples w i t h o u t  i n h i b i t o r y  f e e d  

a d d i t i v e s .  Analyses  of t h e  e x p e r i m e n t a l  d a t a  f o r  t h e  BOD b i o a s s a y  showed t h a t  

r e s u l t s  depend upon sample h i s t o r y ,  t y p e  and amount o f  s e e d  o rgan i sms ,  i n c u b a t i o n  

c o n d i t i o n s  and sample s i z e .  T h e r e f o r e ,  work was conducted t o  c o r r e l a t e  BOD 5 

r e s u l t s  w i t h  o t h e r  chemical  o r  i n s t r u m e n t a l  t e s t s  and deve lop  t e c h n i c a l l y  sound 

methods f o r  e v a l u a t i n g  t h e  oxygen demand o r  p o l l u t i o n a l  p o t e n t i a l  of an imal  was te .  

Data c o r r e l a t i o n s  and c h a r a c t e r i z a t i o n  v a l u e s  f o r  t h e  P r e c i s i o n  S c i e n t i f i c  i n s t r u -  

m e n t a l  chemical  oxygen demand a n a l y z e r  and Beckman o r g a n i c  ca rbon  a n a l y z e r  were 

developed f o r  an imal  w a s t e .  Recommendations were p r e s e n t e d  f o r  o b t a i n i n g  a c c u r a t e  

and c o n s i s t e n t  c h a r a c t e r i z a t i o n  d a t a  f o r  animal  was te  and s u g g e s t i o n s  were made f o r  

o b t a i n i n g  t h e  most r e l i a b l e  BOD r e s u l t s ,  p a r t i c u l a r l y  f o r  swine  was te .  
5 

Labora to ry  work was a l s o  conducted on t h e  s u i t a b i l i t y  o f  p r o c e d u r e s  o u t l i n e d  

i n  S t a n d a r d  Methods f o r  Examinat ion o f  Water and Wastewater (1971) and a l t e r n a t i v e  

a n a l y t i c a l  t e c h n i q u e s  f o r  t h e  c h a r a c t e r i z a t i o n  of an imal  w a s t e s .  E v a l u a t i o n  o f  

t o t a l  phospha te  v e r s u s  o r t h o p h o s p h a t e  t e s t s ;  n i t r a t e  d e t e r m i n a t i o n  by t h e  u l t r a -  

v i o l e t  t e c h n i q u e ,  s e l e c t i v e  e l e c t r o d e ,  and Hach P o r t a b l e  L a b o r a t o r y ;  and methods 



f o r  f e c a l  co l i form de termina t ion  were conducted and recornendat ions  made. 

This  l abo ra to ry  work provided f o r  the eva lua t ion  of t he  animal waste t r e a t -  

ment a l t e r n a t i v e s  i n v e s t i g a t e d  dur ing  t h i s  p r o j e c t .  Operat ion d a t a  f o r  a s i n g l e  

unaerated swine waste lagoon,  two unaerated lagoons i n  s e r i e s ,  and packed s o i l  

l y s ime te r s  f o r  l and  d i s p o s a l  of this lagoon e f f l u e n t  were analyzed. Lysimeter 

work on the  land a p p l i c a t i o n  of l i q u i d  d a i r y  manure was a l s o  i n i t i a t e d .  The 

l y s i u e t e r s  were opera ted  as n a t u r a l  flow-through s o i l  p r o f i l e s  and w i t h  a  con- 

t r o l l e d  water  t a b l e .  I t  was demonstrated t h a t  t he  n i t r a t e  formed i n  t h e  a e r o b i c  

s o i l  l a y e r s  could be removed wi thout  supplemental organic  a d d i t i o n  by b i o l o g i c a l  

d e n i t r i f i c a t i o n  i n  t he  anaerobic  zone proved b y - t h e  c o n t r o l l e d  water  t a b l e .  

The s t u d i e d  unaera ted  s e r i e s  lagoon system f o r  swine waste  p rov ides  f o r  a  

g r e a t e r  reduct ion  i n  p o l l u t i o n a l  p o t e n t i a l  than  j u s t  t h e  o r i g i n a l  s i n g l e  unaera ted  

lagoon. However, excess  l i q u i d  from unaerated lagoons must, be a p p l i e d  t o  t h e  l and  

because i t  i s  no t  s u i t e b l e  f o r  d i scha rge  t o  r e c e i v i n g  s t reams.  The land  has  t h e  j 

p o t e n t i a l  t o  a s s i m i l a t e  and s t a b i l i z e  waste components b u t  ove r load ing  w i t h  n i t r o g e n ,  

heavy meta l  feed  a d d i t i v e s  o r  s a l t s  can pose an environmental  o r  h e a l t h  hazard.  Tbe 

greater the amount of p re t r ea tmen t  provided,  t h e  sma l l e r  t h e  amount of l and  r e q u i r e d  

f o r  s a t i s f a c t o r y  f i n a l  d i s p o s a l  of e f f l u e n t  oxygen demand, o r g a n i c  carbon,  heavy 

E t a l s  and n i t rogen .  D e n i t r i f  i c a t i o n  by c o n t r o l l e d  land  management techniques  can 

f u r t h e r  reduce t h e  amount of n i t r o g e n  i n  e f f l u e n t  s o i l  water .  Recommended land  

loading  r a t e s  f o r  t e rmina l  animal waste d i s p o s a l  based upon l i m i t i n g  cond i t i ons  are 

being developed t o  provide  guidance f o r  a  p a r t i c u l a r  animal  producer .  
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SUMMARY AND CONCLUSIONS 

The o b j e c t i v e s  o f  t h i s  s t u d y  were t o  e v a l u a t e  a n a l y t i c a l  t e c h n i q u e s  f o r  t h e  

c h a r a c t e r i z a t i o n  o f  swine w a s t e s  and t o  s t u d y  methods f o r  t h e  t r e a t m e n t  and 

d i s p o s a l  of an imal  w a s t e .  The s u i t a b i l i t y  o f  employing contemporary a n a l y t i c a l  

methods f o r  an imal  w a s t e  t e s t i n g  was s t u d i e d  and new p r o c e d u r e s  o r  t e c h n i q u e s  

p u r s u a n t  t o  more r e l i a b l e  and a c c u r a t e  c h a r a c t e r i z a t i o n  of t h e  p o l l u t i o n a l  

p o t e n t i a l  of animal  w a s t e  were i n v e s t i g a t e d .  ~ a b o r a t o r ~  work p rov ided  f o r  t h e  

a n a l y t i c a l  e v a l u a t i o n  o f  t h e  f o l l o w i n g  swine w a s t e  t r e a t m e n t  a l t e r n a t i v e s :  a 

s i n g l e  u n a e r a t e d  l a g o o n ,  two u n a e r a t e d  lagoons i n  s e r i e s ,  and packed s o i l  

l y s i m e t e r s  f o r  l a n d  a p p l i c a t i o n  of lagoon e f f l u e n t .  work was a l s o  i n i t i a t e d  

on t h e  a p p l i c a t i o n  o f  l i q u i d  d a i r y  manure t o  l y s i m e t e r s .  

Severe  problems w i t h  t h e  s t a n d a r d  b iochemica l  oxygen demand  BOD^) a n a l y -  

s is  o u t l i n e d  i n  S t a n d a r d  Methods f o r  t h e  Examinat ion o f  Water and Wastewater  

(1971) ( h e r e a f t e r  r e f e r r e d  t o  a s  S tandard  Methods) were e x p e r i e n c e d  when t h i s ,  

b i o a s s a y  was used t o  e v a l u a t e  swine w a s t e s .  The s t a n d a r d  BOD v a l u e  c o n s i s -  
5 

t e n t l y  v a r i e d  w i t h  t h e  amount of sample c o n c e n t r a t i o n .  No v a r i a t i o n  i n  t h e  

BOD5 v a l u e  w i t h  sample  c o n c e n t r a t i o n  shou ld  occur  i f  d i l u t i o n  a n d / o r  a n a l y t i c a l  

e r r o r s  a r e  avo ided  and  i n h i b i t o r y  s u b s t a n c e s  a r e  n o t  p r e s e n t .  

The i n v e s t i g a t i o n  o f  t h e  BOD5 t e s t  was more s i g n i f i c a n t  t h a n  a mere ana ly -  

t i c a l  e x e r c i s e  because  o f  concern a b o u t  i t s  r e l i a b i l i t y  a s  t h e  mains tay  o f  

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

a b i l i t y  a s  a b a s i s  f o r  p u b l i c  i n v e s t m e n t  i n  e n v i r o n m e n t a l  q u a l i t y .  Although 

t h e  BOD t e s t  h a s  been  t h e  most wide ly  employed a n a l y s i s  f o r  t h e  measurement 5 

of o r g a n i c  p o l l u t i o n  i n  terms of oxygen r e q u i r e d  f o r  t h e  b i o l o g i c a l  s t a b i l i z -  

a t i o n  o f  m u n i c i p a l  and  i n d u s t r i a l  was tewate r ,  problems have been p e r i o d i c a l l y  

r e p o r t e d  f o r  a b o u t  f i f t y  y e a r s .  T h e r e f o r e ,  i t  i s  n o t  u n u s u a l  t h a t  r e s e a r c h e r s  

i n  a g r i c u l t u r a l  waste management have been s e r i o u s l y  p lagued  by t h e  d i f f i c u l t y  
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of  o b t a i n i n g  r e p r o d u c i b l e  BOD d a t a .  
5  

The c o n c e n t r a t i o n  of feed  a d d i t i v e  c h l o r o t e t r a c y c l i n e ,  copper ,  and z i n c  i n  

swine f e c e s ,  lagoon i n f l u e n t ,  lagoon e f f l u e n t  and BOD b i o a s s a y  s o l u t i o n s  was 

determined.  C h l o r t e t r a c y c l i n e  c o n c e n t r a t i o n s  were found by modifying t h e  A.O.A.C. 

(1965) m i c r o b i o l o g i c a l  method f o r  t h e  a s s a y  of c h l o r t e t r a c y c l i n e  i n  an imal  f e e d s .  

Copper and z i n c  l e v e l s  of d i g e s t e d  samples were de te rmined  w i t h  an a t o m i c  absorp-  

t i o n  spec t rophotomete r .  

Domestic sewage was used t o  e s t a b l i s h  c o n c e n t r a t i o n s  of copper ,  z i n c  and 

c h l o r t e t r a c y c l i n e  t h a t  would a f f e c t  t h e  BOD b i o a s s a y .  R e s u l t s  o f  t h e  minimal  
5  

i n h i b i t o r y  c o n c e n t r a t i o n  (MIC) s t u d i e s  on t h e  BOD of sewage d i r e c t e d  t h e  
5  

s e l e c t i o n  of swine w a s t e  samples w i t h  a  copper  c o n c e n t r a t i o n  of l e s s  t h a n  0 . 0 1  

mg/ l ,  which c o r r e s p o n d i n g l y  r e s u l t e d  i n  an  oxygen d e p l e t i o n  of on ly  a b o u t  2 

mg/l  a s  t h e  most r e l i a b l e .  A d d i t i o n a l  work w i t h  seeded  and unseeded s a m p l e s ,  

s t i r r e d  and u n s t i r r e d  tests, and d i f f e r e n t  i n c u b a t i o n  t i m e s  f o r  v a r i o u s  swine 

was te  samples and s y n t h e t i c  sewage showed t h a t  f e e d  a d d i t i v e  t o x i c i t y  cou ld  

n o t  s i n g l y  e x p l a i n  t h e  v a r i a t i o n  o f  t h e  BOD v a l u e  and n o  m i t i g a t i n g  remedies  
5  

have been found. BOD v a l u e  v a r i a t i o n  w i t h  sample c o n c e n t r a t i o n  i s  a t t r i b u t e d  5 

t o  i n h i b i t o r y  m a t e r i a l s ,  ' e i t h e r  f e e d  a d d i t i v e s  o r  m e t a b o l i c  end p r o d u c t s ,  which 

exceed minimal i n h i b i t o r y  c o n c e n t r a t i o n s  i n '  t h e  more c o n c e n t r a t e d  samples  and  to 

t h e  b a s i c  p r o c e d u r e s  f o r  t h e  BOD5 b i o a s s a y .  

Labora to ry  work t o  c o r r e l a t e  w i t h  BOD5 a d d i t i o n a l  a n a l y s e s  f o r  t h e  a c c u r a t e  

c h a r a c t e r i z a t i o n  of a n i m a l  w a s t e s  h a s  shown t h a t  t h e  s t a n d a r d  chemica l  oxygen 

demand (COD) t e s t  anh i n s t r u m e n t a l  a n a l y s i s  f o r  t o t a l  o r g a n i c  ca rbon  (TOC) pro-  

v i d e  t h e  most t e c h n i c a l l y  sound d a t a .  E v a l u a t i o n  o f  p a r a m e t e r  r a t i o s  showed 

t h a t  t h e  (COD)/(TOC) r a t i o  p rov ided  t h e  b e s t  p r e d i c t o r  o f  e i t h e r  oxygen demand 

o r  o r g a n i c  carbon g iven  e i t h e r  pa ramete r .  

. A d d i t i o n a l  l a b o r a t o r y  work showed t h a t  f o r  swine w a s t e  t h e  membrane f i l t e r  



t e s t  o u t l i n e d  i n  S tandard  Methods f o r  t h e  d e t e r m i n a t i o n  of f e c a l  s t r e p t o c o c c u s  

(FS) d e n s i t i e s  was s u p e r i o r  t o  t h e  membrane f i l t e r  t e c h n i q u e  u t i l i z i n g  KF b r o t h .  

However, even w i t h  t h e  h i g h e r  and more c o n s i s t e n t  FS counts  f o r  t h i s  method, 

t h e  FC/FS r a t i o  o f  0 .6  o r  less r e p o r t e d  f o r  warm-blooded an imals  c o u l d  n o t  b e  

v e r i f i e d .  

Nitrate d a t a  comparisons  r e v e a l e d  t h a t  v a l u e s  f o r  t h e  Hach P o r t a b l e  Labora- 

t o r y ,  an Orion S e l e c t i v e  E l e c t r o d e  and u l t r a v i o l e t  p rocedure  o u t l i n e d  i n  S t a n d a r d  

Methods were s i m i l a r ,  w i t h  t h e  Hach procedure  g e n e r a l l y  y i e l d i n g  a s m a l l e r  v a l u e .  

Th is  i n d i c a t e s  t h a t  t h e  d i s s o l v e d  o r g a n i c  m a t t e r  c o r r e c t i o n  f o r  t h e  u l t r a v i o l e t  

t e s t  i s  adequa te  f o r  s o i l  l e a c h a t e  samples and t h e  Hach procedure  can p r o v i d e  a 

r e l a t i v e l y  a c c u r a t e  f i e l d  a n a l y s i s  f o r  n i t r a t e .  

T o t a l  phospha te  and or tho-phosphate  d a t a  comparisons  f o r  t e s t s  o u t l i n e d  i n  

S tandard  Methods have shown t h a t  r e s u l t s  f o r  r e p l i c a t e  raw and t r e a t e d  a n i m a l  

was te  samples  a r e  e s s e n t i a l l y  i d e n t i c a l .  Thus t h e  added t ime  and expense  f o r  

t h e  t o t a l  phospha te  t e s t  i s  n o t  j u s t i f i e d .  Comparison of t h e s e  d a t a  w i t h  t o t a l  

and or tho-phosphate  r e s u l t s  o b t a i n e d  w i t h  t h e  Hach P o r t a b l e  Labora to ry  f o r  

r e p l i c a t e  samples show t h a t  t h e  Hach r e s u l t s  a r e  always much h i g h e r  f o r  b o t h  

phospha te  t e s t s .  

The e x p e r i m e n t a l  s t a t i o n  u t i l i z e d  a s  t h e  sampl ing  and f i e l d  s t u d y  s i t e  

i n i t i a l l y  c o n s i s t e d  o f  one hous ing  u n i t  f o r  approx imate ly  100 an imals  w i t h  a 

f i v e - f o o t  deep a n a e r o b i c  lagoon des igned  a c c o r d i n g  t o  Midwest P l a n  S e r v i c e  (1966) 

3 recommendation f o r  swine of 2 f t  o f  volume p e r  pound of  an imal .  T h i s  l agoon  

prov ided  a b o u t  an  80% r e d u c t i o n  i n  oxygen demand and o r g a n i c  c a r b o n ,  A f t e r  

an i d e n t i c a l  h o u s i n g  u n i t  and lagoon were added, t h e  lagoons were o p e r a t e d  i n  

s e r i e s  w i t h  a l l  t h e  was te  b e i n g  d i s c h a r g e d  t o  t h e  o l d  lagoon and o v e r f l o w  

going t o  t h e  new lagoon .  Although t h e  an imal  w a s t e  i n p u t  t o  t h e  f i r s t  l agoon  

h a s  c o r r e s p o n d i n g l y  doubled,  t h e  e f f l u e n t  q u a l i t y  remained abou t  t h e  same. 
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T h e r e f o r e ,  t h e  use  o f  two lagoons des igned  a s  s i n g l e  u n a e r a t e d  u n i t s  f o r  a 

. s , e r i es  sys tem r e s u l t e d  i n  a  f i n a l  d i s c h a r g e  s u p e r i o r '  t o  t h e  e f f l u e n t  from t h e  

o r i g i n a l  s i n g l e  lagoon.  A d d i t i o n a l l y ,  t h e  t r e a t m e n t  e f f i c i e n c y  and e f f l u e n t  

q u a l i t y  o f  t h e  s e c o n d a r y , l a g o o n  con t inued  t o  improve w i t h  t i m e  i n d i c a t i n g  t h e  

development of a  b i o l o g i c a l  community t h a t  enhanced t h e  o p e r a t i o n  of t h i s  treat- 

ment u n i t .  Sludge d e p t h  measurements d u r i n g  t h e  f i r s t  y e a r  o f  series o p e r a t i o n  

, . . showed l i t t l e  change e x c e p t  i n  t h e  a r e a  of i n f l u e n t  and e f f l u e n t  f l o w  which 

i n c r e a s e d  on ly  s e v e r a l  i n c h e s  i n  t h e  secondary lagoon and a b o u t  s i x  i n c h e s  i n  

t h e  primary lagoon.  The pr imary lagoon which h a s  been i n  o p e r a t i o n  abou t  t e n  

y e a r s  h a s  a  s l u d g e  d e p t h  of abou t  two f e e t  a t  t h e  i n l e t  and o u t l e t  and one f o o t  

e l sewhere .  The poor  q u a l i t y  of t h e  e f f l u e n t  and t h e  p o t e n t i a l  f o r  o d o r  and 

l e a k a g e  a r e  t h e  major  c o n s t r a i n t s  a s s o c i a t e d  w i t h  t h e  e x c e l l e n t  w a s t e  r e d u c t i o n  

p rov ided  by t h e  s t u d i e d  lagoon system which i s  c h a r a c t e r i s t i c  o f  l agoons  i n  

t h e  S o u t h e a s t  . 
The a p p l i c a t i o n  o f  pr imary lagoon e f f l u e n t  t o  l y s i m e t e r s  exposed t o  w e a t h e r  

c o n d i t i o n s  a t  a h y d r a u l i c  r a t e  of one i n c h  p e r  week r e s u l t e d  i n . e s s e n t i a l l y  

complete removal of phosphorus and e x c e l l e n t  removal o f  oxygen demand and 

o r g a n i c  carbon. The e x t e n s i v e  convers ion  of w a s t e  n i t r o g e n  t o  n i t r a t e  i s  of  

concern because  of p h y s i o l o g i c a l  ill e f f e c t s  i n  humans and l i v e s t o c k  a s s o c i a t e d  

w i t h  h i g h  n i t r a t e - n i t r o g e n ,  'Lhe n i t r o g e n  l o a d i n g  r a t e  can be reduced by apply-  

i n g  secondary lagoon e f f l u e n t  because  t h e r e  i s  about  50% r e d u c t i o n . o f  n i t r o g e n  

i n  t h e  second lagqon.  
- 

I n v e s t i g a t i o n  o f  l y s i m e t e r s  w i t h  c o n t r o l l e d  w a t e r  t a b l e s  showed t h a t  a d d i -  

t i o n a l  n i t r o g e n  removal by b i o l o g i c a l  d e n t r i f i c a t i o n  can be ach ieved  w i t h o u t  

supp lementa l  carbon a d d i t i o n  and w i t h  n o  d e c r e a s e  i n  t h e  a s s o c i a t e d  removal  of 

o r g a n i c  carbon and oxygen demand. R e s u l t s  f o r  s h o r t - t e r m  l y s i m e t e r  s t u d i e s  

w i t h  reduced l o a d i n g s  o f  swine was te  lagoon e f f l u e n t  and l i q u i d  d a i r y  manure 
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r e v e a l e d  h i g h e r  removals o f  oxygen demand and o r g a n i c  ca rbon ,  b u t  a l s o  h i g h e r  

c o n c e n t r a t i o n s  o f  e f f l u e n t  n i t r a t e .  Long-term i n v e s t i g a t i o n s  a r e  r e q u i r e d  t o  

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

l i q u i d  animal  was te  . 
Lysimeter  s o i l  d a t a  evidenced some accumulat ion of n i t r o g e n ,  p r o g r e s s i v e  

i n c r e a s e s  i n  phosphorus ,  sodium, po tass ium and c a l c i u m  and a b u i l d  up of 

f e e d  a d d i t i v e  copper  and z i n c .  Comparison of c o v e r  g r a s s  d a t a  w i t h  l i t e r a t u r e  

... i n f o r m a t i o n  on t h e  e l e m e n t a l  composi t ion of g r a s s  showed a  t h r e e  t o  seven- 

f o l d  i n c r e a s e  i n  copper .  Z i n c  and magnesium c o n c e n t r a t i o n s  were  a l s o  e l e v a t e d ,  

b u t  t h e  magnesium l e v e l s  remained r a t h e r  c o n s t a n t  w h i l e  copper  and z i n c  

ev idenced  p r o g r e s s i v e  i n c r e a s e s .  Although lagoons  can p r o v i d e  f o r  a  r e d u c t i o n  

of n i t r o g e n  p r i o r  t o  l a n d  d i s p o s a l ,  l i t t l e  change i n  s a l t s  such  as sodium, 

po tass ium and c a i c i u m  can be  expec ted .  

Heavy m e t a l  i n v e n t o r i e s  f o r  swine w a s t e  showed t h a t  l a g o o n s  can ,serve as 

copper and z i n c  t r a p s .  However, l o n g  t e r m  i n t e r e s t s  r e q u i r e  c o n s i d e r a t i o n  o f  

lagoon r e n o v a t i o n  a n d / o r  d i s p o s a l  of accumulated s o l i d s .  C r i t i c a l  a s s e s s m e n t  

o f  t h e  r e l a t i v e  advan tages  and d i s a d v a n t a g e s  of a l t e r n a t i v e  n u t r i t i o n a l  d i e t s ,  

p r o d u c t i o n  methods and a s s o c i a t e d  t r e a t m e n t  sys tems w i t h  c o r r e s p o n d i n g  c o s t s  

and o p e r a t i o n a l  r equ i rements  must be  made. 

R e s u l t s  of t h i s  r e s e a r c h  p r o j e c t  s u p p o r t  t h e  f o l l o w i n g  summarized con- 

c l u s  i o n s  : 

1. The s t a n d a r d  BOD v a l u e  f o r  an imal  was te  i s  a f u n c t i o n  of sample 
5 

c o n c e n t r a t i o n ,  w a s t e  composi t ion and i n c u b a t i o n  c o n d i t i o n s .  

2 .  V a r i a t i o n  o f  t h e  BOD v a l u e  w i t h  sample c o n c e n t r a t i o n  could  n o t  b e  
5 

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

i s  a t t r i b u t e d  t o  i n h i b i t o r y  m a t e r i a l s ,  e i t h e r  f e e d  a d d i t i v e s  o r  metab- 

o l i c  end p r o d u c t s ,  which exceed minimal i n h i b i t o r y  c o n c e n t r a t i o n s  i n  

t h e  more c o n c e n t r a t e d  samples .  
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3 ,  The s tandard  COD t e s t  and in s t rumen ta l  a n a l y s i s  f o r  organic  carbon 

(TOC) provide the  most t e c h n i c a l l y  sound d a t a  and t h e  COD/TOC r a t i o  

provides  t h e  b e s t  p r e d i c t o r  of  oxygen demand o r  o rgan ic  carbon given 

e i t h e r  parameter.  

The membrane f i l t e r  t e s t  ou t l i ned  i n  Standard Methods f o r  determin- 

a t i o n  of f e c a l  s t rep tococcus  i s  supe r io r  to' the  membrane f i l t e r  

technique wi th  KF b r o t h ,  

N i t r a t e  va lues  f o r  l y s ime te r  l e a c h a t e  obta ined  by a  s e l e c t i v e  

e l e c t r o d e ,  Hach Por t ab le  Laboratory and u l t r a v i o l e t  procedure out- 

l i n e d  i n  Standard Methods were very s i m i l a r .  

Resul t s  of t o t a l  and ortho-phosphate comparisons f o r  t e s t s  o u t l i n e d  

i n  Standard Methods a r e  e s s e n t i a l l y  i d e n t i c a l ,  whi le  Hach va lues  

a r e  always much h ighe r .  

The measurement u n i t  of parameter p e r  gram of dry  s o l i d s  i s  more 

a p p l i c a b l e  t han  t h e  mi l l ig ram of parameter  p e r  l i t e r  u n i t  f o r  

animal waste  c h a r a c t e r i z a t i o n  because the  e f f e c t  of d i l u t i o n  i s  

e l imina ted  afid thus  more meaningful d a t a  comparison f o r  va r ious  

waste samples is ~ o s s i b l e .  

The poor  e f f l u e n t  q u a l i t y  and p o t e n t i a l  f o r  odor  and leakage a r e  

major c o n s t r a i n t s  a s soc i a t ed  wi th  the  e x c e l l e n t  waste r educ t ion  

provided by t h e  s tud ied  lagoon system. 

Appl ica t ion  of animal wastewater t o  l y s ime te r s  exposed t o  t h e  weather  

r e s u l t e d  i n  complete removal of phosphorus and e x c e l l e n t  r educ t ion  

of oxygen demand and organic  carbon. 

The excess ive  n i t r a t e  concen t r a t ion  of l y s i m e t e r  l e a c h a t e  can be 

reduced by b i o l o g i c a l  d e n t r i f i c a t i o n  wi thout  supplemental  carbon 

a d d i t i o n  when ope ra t ing  t h e  l y s i m e t e r  w i th  a  c o n t r o l l e d  water  t a b l e  
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a t  a p r o p e r  d i s t a n c e  below t h e  s o i l  s u r f a c e .  However, shor t - term 

reduced l o a d i n g s  d i d  n o t  r e s u l t  i n  a p r o p o r t i o n a l  r e d u c t i o n  o f  

l e a c h a t e  n i t r a t e .  

11. Heavy m e t a l  f e e d  a d d i t i v e s ,  n i t r a t e - n i t r o g e n  and s a l t s  i n  an imal  

was te  o r  l agoon  e f f l u e n t  can pose  an e n v i r o n m e n t a l  o r  h e a l t h  h a z a r d ,  

i . e .  t h e  copper  c o n t e n t  of t h e  s o i l - p l a n t  r e c e i v e r  sys tem may 

approach l e v e l s  t h a t  po i son  t h e  s o i l  and /or  a r e  t o x i c  f o r  s h e e p  

and o t h e r  g r a z i n g  an imals .  However, l agoons  can be u t i l i z e d  t o  

reduce  n i t r o g e n  c o n t e n t  and a s  a heavy m e t a l  t r a p  p r i o r  t o  t e r m i n a l  

l a n d  d i s p o s a l .  

1 2 ,  Sludge accumula t ion  i n  t h e  p r imary  l agoon  which h a s  been i n  o p e r a t i o n  

f o r  abou t  t e n  y e a r s  was l e s s  than  expec ted .  

13. Waste compos i t ion ,  t y p e  of w a s t e  p r e t r e a t m e n t  and d e s i r e d  l a n d  

u t i l i z a t i o n  o r  d i s p o s a l  scheme de te rmine  a p p l i c a t i o n  r a t e s  and t h u s  

l a n d  r e q u i r e m e n t s  n e c e s s a r y  t o  p r e s e r v e  a v i a b l e  sys tem and conform 

t o  r e g u l a t o r y  c r i t e r i a .  



RECOMMENDATIONS 

The f o l l o w i n g  recommendations can be  made a s  a  r e s u l t  o f  t h i s  p r o j e c t .  

A.  Animal Waste C h a r a c t e r i z a t i o n  

1. Proven and a c c e p t e d  t e c h n i q u e s  f o r  e v a l u a t i o n  of a n i m a l  w a s t e s  

s h o u l d  be documented and a v a i l a b l e  a s  a r e f e r e n c e  and l a b o r a t o r y  gu ide .  It may 

be most e x p e d i e n t  t o  add a  s p e c i a l  s e c t i o n  t o  S tandard  Methods o r  a t  l e a s t  

augment t h e  e x i s t i n g  d i s c u s s i o n  and p rocedure  s e c t i o n  of t e s t s  employed, Such an 

addendum should  c o v e r ,  a t  l e a s t ,  t h e  r e l a t i v e  s u i t a b i l i t y  of a l t e r n a t i v e  t e s t s ,  

n e c e s s a r y  p r o c e d u r a l  m o d i f i c a t i o n s ,  sample p r e p a r a t i o n  r e q u i r e m e n t s ,  p o t e n t i a l  

i n t e r f e r e n c e s ,  and p r e c i s i o n  f o r  v a r i o u s  animal  o r  a g r i c u l t u r a l  w a s t e s .  Addi t ion-  

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

a p p r o p r i a t e l y  n o t e d .  

2 .  The s t a n d a r d  f ive-day b iochemica l  oxygen demand (BOD ) t e s t  s h o u l d  n o t  
5 

be used a s  t h e  s o l e  a n a l y s i s  f o r  d e t e r m i n a t i o n  of t h e  oxygen demand of a g r i c u l t u r a l  

w a s t e s  becauss  r e s u l t s  of t h e  BOD t e s t  v a  ,- :.?ith sample c o n c e n t r a t i o n .  The 5 

sample r e s u l t i n g  i n  t h e  l o w e s t  a c c e p t a b l e  oxygen d e p l e t i o n  s h o u l d  be  c o n s i d e r e d  

more a c c u r a t e  i f  t o x i c  c o n d i t i o n s  a r e  n o t  n e g a t i n g .  

3 .  More a t t e n t i o n  s h o u l d  be  d i r e c t e d  t o  t h e  s t a n d a r d  chemica l  oxygen 

demand (COD) t e s t  and i n s t r u m e n t a l  a n a l y z e r s  f o r  oxygen demand (CO D) and o r g a n i c  2 

carbon (TOC). The c o n j u n c t i v e  u s e  of an i n s t r u m e n t a l  oxygen-based and carbon-based 

a n a l y z e r  can p r o v i d e  a n  e x c e l l e n t  t o o l  f o r  t h e  most r a p i d  and c o n s i s t e n t  method of 

d e t e r m i n i n g  t h e  o x i d a t i o n  s t a t e  o f  was tewate r .  

4 .  T e s t  k i t s  o r  f i e l d  l a b o r a t o r i e s  c u r r e n t l y  a v a i l a b l e  can p r o v i d e  a 

r e l a t i v e l y  a c c u r a t e  f i e l d  e v a l u a t i o n  f o r  some p a r a m e t e r s ,  b u t  v e r i f i c a t i o n  o f  

a n a l y t i c a l  accuracy  must b e  checked b e f o r e  such s i m p l i f i e d  p r o c e d u r e s  are employed 

and conf idence  p l a c e d  i n  t h e  r e s u l t s .  
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B. Animal Waste Lagoons 

1. Land d i s p o s a l  shou ld  be  c o n s i d e r e d  an  i n t e g r a l  p a r t  o f  an imal  w a s t e  

management sys tems  because  t h e  o r i g i n a l  was te  o r  l agoon  e f f l u e n t  is  n o t  s u i t a b l e  

f o r  r e l e a s e  . t o  s u r f a c e  w a t e r s .  

2 .  P r o d u c e r s  who use  copper o r  o t h e r  m e d i c i n a l s  t h a t  p r e s e n t  h e a l t h  o r  

env i ronmenta l  h a z a r d s  must manage t h e  amount of t h e s e  m a t e r i a l s  p l a c e d  on d i s p o s a l  

o r  r e c y c l i n g  p l o t s .  The economical  b e n e f i t  of  copper  o r  o t h e r  m e d i c i n a l s  t h a t  

p r e s e n t  h e a l t h  o r  env i ronmenta l  h a z a r d s  shou ld  be c r i t i c a l l y  compared w i t h  t h e  

a d d i t i o n a l  c o s t s  r e q u i r e d  f o r  was te  management t e c h n i q u e s  n e c e s s a r y  f o r  t h e  s a f e  

u t i l i z a t i o n ,  t r e a t m e n t  o r  d i s p o s a l  o f  such amended w a s t e s .  

C. Land D i s p o s a l  

1. Land l o a d i n g  c r i t e r i a  based upon pounds o f  l i m i t i n g  s u b s t a n c e  p e r  

a c r e  p e r  y e a r  seems most l o g i c a l .  

2. Land a p p l i c a t i o n  shou ld  be exec-ed-according t o  good management 

t e c h n i q u e s  s o  t h a t  immediate runof f  i s  e l i m i n a t e d ,  odor  s u p p r e s s e d  and q u a n i t i e s  

o f  l i m i t i n g  m a t e r i a l s  n o t  exceeded. 

D. A d d i t i o n a l  Research 

1. More d a t a  on r e l a t i o n s h i p s  between s i z e ,  t y p e  and o p e r a t i o n  o f  

v a r i o u s  t r e a t m e n t  u n i t s  p r i o r  t o  l and  d i s p o s a l  are r e q u i r e d  s o  d e s i g n  and judge- 

ment d e c i s i o n s  c o n c e r n i n g  a l t e r n a t i v e  u n i t  and management schemes f o r  l a n d  

d i s p o s a l  sys tems  can be made w i t h  a  g r e a t e r  d e g r e e  of s p e c i f i c i t y  and competance. 

2, P l a n t - s o i l  t o l e r a n c e  and compos i t ion  d a t a  f o r  m a t e r i a l s  t h a t  p o s e  a n  

env i ronmenta l  o r  h e a l t h  hazard  must be  d e f i n e d  by l o n g  term s t u d i e s  of r e p r e s e n t a -  

t i v e  was te  t r e a t m e n t  o r  r e c y c l i n g  schemes. 

3 .  Maximum s o i l  s o r p t i o n  c a p a b i l i t y  and r a t e s  o f  accumula t ion  f o r  non- 

b i o d e g r a d a b l e  m a t e r i a l s  must be de te rmined  s o  t h a t  t h e  c a p a c i t y  a n d / o r  l i f e  o f  

l a n d  d i s p o s a l  s i tes  can be p r e d i c t e d .  
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4 .  The f a t e  o f  harmful  m a t e r i a l s  e n t e r i n g  t h e  groundwater f o r  t y p i c a l  

env i ronmenta l  r e g i o n s  must be determined b e f o r e  lagoon l e a k a g e  can be judged and 

comprehensive l a n d  l o a d i n g  r a t e s  e s t a b l i s h e d .  

E .  Technology T r a n s f e r  

1. Research i n f o r m a t i o n  must be  c o o r d i n a t e d  and p r e s e n t e d  i n  a condensed 

and s i m p l i f i e d  form f o r  d i r e c t  u t i l i z a t i o n  by animal  growers and i n t e r e s t e d  

a g e n c i e s .  Workshops, r e g i o n a l  seminars  and commodity mee t ings  f o r  t echnology  

t r a n s f e r  between r e s e a r c h ,  e x t e n s i o n  and r e g u l a t o r y  p e r s o n n e l  and t h e  an imal  p ro-  

d u c e r s  a r e  e s s e n t i a l .  

2 .  Implementat ion of r e s e a r c h  f i n d i n g s  i s  mandatory and t h e r e f o r e ,  

r e s e a r c h  and e x t e n s i o n  must p r o v i d e  meaningful  t o o l s  f o r  t h e  l a i s o n  between t h e o r y  

and p r a c t i c e .  
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INTRODUCTION 

Animal p r o d u c t i o n  t echn iques  have r e c e n t l y  changed from a s z a l l  p roducer  

w i t h  s e v e r a l  t y p e s  of an imals  on p a s t u r e  t o  i n t e n s e  p r o d u c t i o n  of one s p e c i e s  

i n  cbnf ined  growing u n i t s .  Confinement hous ing  o r  f e e d l o t s  have a l lowed 

i n c r e a s e d  and more economical  p r o d u c t i o n ,  b u t  have a l s o  r e s u l t e d  i n  p o i n t  

s o u r c e s  of w a s t e  t h a t  a r e  s i m i i a r  t o  t h o s e  of m u n i c i p a l - i n d u s t r i a l  complexes. 

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

of ,waste  w i t h i n  t h e  c o n s t r a i n t s  and c a p a b i l i t i e s  of each  p a r t i c u l a r  a g r i c u l -  

t u r a l  e n t e r p r i s e .  

The p r o p e r  c h a r a c t e r i z a t i o n  o f  a n i x a l  waste 1s e s s e n t i a l  f o r  t h e  d e s i g n  

a n d . e v a l u a t i o n  of an imal  w a s t e  t r e a t m n t  sys tems .  h i m s i  w a s t e s  have v e r y  

h i g h  c o n c e n t r a t i o n s  of o r g a n i c s , n i t r o g e n ,  phosphorus ,  s a l t s  and c o n t a i n . c a r r y -  

o v e r  f e e d  a d d i t i v e s .  These was tes  caq b e  m e t a b c l i z e d  by e i t h e r  a e r o b i c  o r  

a n a e r o b i c  b a c t e r i a  w i t h  t h e  subsequen t  decompos i t ion  a n d / o r  stabilization of  

waste o r g a n i c s .  T h e r e f o r e ,  t h e  measurement of t h e  amount o f  b i o d e g r a d a b l e  

w a s t e  o r g a n i c s  and removal r a t e s  o r  e f f i c i e n c i e s  i s  v e r y  i m p o r t a n t  f o r  t h e  

e v a l u a t i o n  of p o l l u t i o n a l  p o t e n t i a l .  

The most wide ly  used a n a l y s i s  f o r  t h e  measurement of w a s t e  o r g a n i c  b i o -  

d e g r a d a t i o n  i s  t h e  s t a n d a r d  f ive -day  b i o c h e m i c a l  oxygen demand (BOD ) t e s t .  5 

The BOD5 test i s  a measure  of t h e  amount of oxygen r e q u i r e d  f o r  t h e  b i o l o g i c a l  

metabol ism and s t a b i l i z a t i o n  of was te  m a t e r i a l s  under  a e r o b i c  c o n d i t i o n s .  How- 

e v e r ,  t h i s  b i o a s s a y  i s  s u b j e c t  t o  any i n t e r f e r e n c e s  t h a t  w i l l  a f f e c t  b i o l o g i c a l  

a c t i v i t y  and t h u s  w a s t e  components such a s  c o p p e r ,  z i n c  and a n t i b i o t i c s  may 

i n h i b i t  o r  even  i n a c t i v a t e  b i o l o g i c a l  metabol ism t h e r e b y  r e s u l t i n g  i n  r e s t r i c t e d  

o r  e r r a t i c  oxygen consumption t h a t  i s  r e f l e c t e d  i n  v a r i a b l e  BOD, v a l u e s .  - 
Approximately 95 p e r c e n t  cf commercial f e e d  mixes c o n t a i n  a n t t b i o t i c s .  

A n t i b i o t i c s  promote we igh t  g a i n s  and r e d u c e  an imal  d i s e a s e s ,  Copper and z i n c  



a r e  r equ i r ed  i n  t he  feed  r a t i o n  a s  a  t r a c e  minera l  supplement. Copper i s  a l s o  

used a s  a growth s t i m u l a n t .  Heavy metal  feed  a d d i t i v e s  may have inc reas ing  

l o c a l  and n a t i o n a l  a t t e n t i o n  because t h e  Report of t h e  FDA Task Force on use  

of A n t i b i o t i c s  i n  Animal Feed (1972) recommended d i scon t inua t ion  of a n t i b i o t i c s  

f o r  swine by J u l y  1, 1973. Since a  po r t ion  of t h e s e  feed  a d d i t i v e s  o r  mine ra l s  

pas s  through t h e  animal,  t hese  substances have an a f f e c t  upon waste  ana lyses  

and t h e  e f f e c t i v e n e s s  and/or  a p p l i c a b i l i t y  of waste  tr'eatment a l t e r n a t i v e s ,  

H i s t o r i c a l l y  animal wastes  have been re turned  t o  t he  land and considered 

a s  b e n e f i c i a l  f o r  crop growth. However, a s  a  r e s u l t  of c u r r e n t  product ion  

methods new animal was te  c o l l e c t i o n  systems and corresponding u t i l i z a t i o n ,  

t rea tment  and d i s p o s a l  systems a r e  being developed. A t  f i r s t ,  l e a s t  c o s t  and 

techniques developed f o r  o t h e r  wastes  were d i r e c t i v e .  Consequently unaera ted  

lagoons became very  popular  i n  t h e  Southeas t ,  t h e r e  being 2,488 swine waste  

lagoons i n  j u s t  North Caro l ina  during 1968 (Jones ,  1968).  Add i t i ona l ly ,  tech-  

n i c a l  advice and economic a s s i s t a n c e  f o r  animal waste  lagoon c o n s t r u c t i o n  by 

t h e  S o i l  Conservation Serv ice  through ASCS s t imu la t ed  t h e  i n s t a l l a t i o n  and 

u t i l i z a t i o n  of lagoons throughout t he  United S t a t e s .  

Liquid systems have become popular because of economics and convenience. 

However, land d i s p o s a l ,  wi th  o r  without  p re t r ea tmen t ,  i s  considered t h e  most 

f e a s i b l e  method of t e rmina l  d i s p o s a l .  Therefore i t  i s  impera t ive  t h a t  allow- 

a b l e  land a p p l i c a t i o n  r a t e s  f o r  va r ious  manure d i s p o s a l  and wastewater a p p l i c a t i o n  

schemes be  def ined .  Land loading  c r i t e r i a  must b e  determined f o r  each system 

i n  va r ious  c l i m a t i c  and bio-physical  r eg ions  and def ined  i n  a  manner t h a t  w i l l  

b e  a p p l i c a b l e  t o  t he  d i f f e r e n t  wastes  t h a t  may be  r e tu rned  t o  t h e  land  a s  a  

r e s u l t  of a  p a r t i c u l a r  waste  management scheme. Add i t iona l ly ,  t h e  f a t e  of was te  

m a t e r i a l s  t h a t  may cause environmental o r  h e a l t h  hazards  must b e  def ined  a s  

management techniques a r e  developed f o r  t he  d i s p o s a l  o r  r ecyc l ing  of animal 

wastes  through t h e  s o i l ,  

2 



REVIEW OF LITERATURE 

P r o p e r t i e s  of Swine Wastes 

The p r o p e r t i e s  o f  swine was tes  can  b e  c l a s s i f i e d  a s  p h y s i c a l ,  chemica l  and 

b i o l o g i c a l ,  S i g n i f i c a n t  v a r i a t i o n s  i n  t h e s e  p r o p e r t i e s  a r e  r e p o r t e d  i n  t h e  

l i t e r a t u r e ,  T a i g a n i d e s  and Hazen (1966) r e p o r t e d  t h a t  t h e  p h y s i c a l  and chem- 

i c a l  p r o p e r t i e s  o f  an imal  w a s t e s  a r e  known t o  b e  a f f e c t e d  by f e e d  r a t i o n ,  

phys io logy  of t h e  an imal  and growing c o n d i t i o n s .  Feed r a t i o n  d i g e s t i b i l i t y ,  ' 

d i e t  a d d i t i v e s  and p h y s i o l o g i c a l  pa ramete rs  of t h e  an imal  i n f l u e n c e  w a s t e  pro-  

p e r t i e s  because  t h e s e  p a r a m e t e r s  p a r t i a l l y  d e t e r m i n e  f e e d  c o n v e r s i o n  e f f i c i e n c y  

w i t h i n  a g iven  environment .  

The q u a n t i t y  o f  d a i l y  w a s t e  depends l a r g e l y  on t h e  f e e d  r a t i o n  and t h e  e n v i -  

ronment,  T a i g a n i d e s  and Hazen (1966) r e p o r t e d  t h a t  t h e  d a i l y  q u a n t i t y  o f  manure 

produced i n  r e c e n t  y e a r s  was u s u a l l y  l e s s  t h a n  t h a t  produced a  few d e c a d e s  ago 

because  of i n c r e a s e d  f e e d  convers ion  e f f i c i e n c i e s .  D a i l y  w a s t e  volumes v a r y  

c o n s i d e r a b l y  due t o  d i f f e r e n t  methods of c l e a n i n g ,  w a s t e  c o l l e c t i o n  and measure- 

ment. For example,  T a i g a n i d e s  e t  a l .  (1964) and Schmid and L i p p e r  (1969) r e p o r t e d  -- 
v a l u e s  of 5 . 0  and 7 .5  pounds of wet manure p e r  day p e r  100 pound hog, r e s p e c t i v e l y .  

Muehling (1969) s t a t e d  t h a t  w a s t e  from a hog i s  a p p r o x i m a t e l y  5  t o  8 p e r c e n t  of 

i t s  l i v e  we igh t  p e r  day  w i t h  1 0  t o  1 5  p e r c e n t  o f  t h e  w a s t e  b e i n g  d r y  m a t t e r .  

Kesler and Hinton (1966) r e p o r t e d  0.56 pounds of d r y  s o l i d s  produced p e r  day  p e r  

100 pound hog, whereas ,  J e f f r e y  e t  a l .  (1965) gave  1 .66 pounds p e r  an imal  p e r  day.  -- 
An average  of t e n  r e f e r e n c e s  compiled by Muehling (1969) i n d i c a t e d  t h a t  o n e  pound 

of d r y  s o l i d s  was produced d a i l y  p e r  100 pound hog.  

The oxygen demand of  swine w a s t e  h a s  been measured by t h e  s t a n d a r d  f ive -day  

b iochemica l  oxygen demand (BOD ) a n d / o r  t h e  chemica l  oxygen demand (COD) t e s t . .  5 

S i g n i f i c a n t  v a r i a t i o n s  i n  t h e  BOD and COD v a l u e s  o f  swine w a s t e  have been  
5 

r e p o r t e d .  F o r  example,  J e f f r e y  e t  a l .  (1965) gave a BOD5 v a l u e  of 0.44 and a  -- 



COD va lue  of 2.26 pounds pe r  day per  hog, whereas Schmid and Lipper (1969) 

repor ted  a BOD v a l u e  of 0.15 pounds pe r  day and a COD va lue  of 0.52 pounds 
5 

p e r  day f o r  a 100 pound hog. Based upon t h e  d a t a  of many workers,  Muehling 

(1969) concluded t h a t  t h e  average BOD5 i s  about 0.32 pounds p e r  day pe r  hog 

weighing 100 t o  125 pounds and t h e  average COD f o r  a 100 pound hog i s  about 

1 . 4  pounds pe r  day. 

The organic  p o l l u t i o n a l  s t r e n g t h  of a waste may be  r e l a t e d  t o  t h e  oxygen , 

demand o r  t h e  o rgan ic  carbon content  of t h e  waste .  The o rgan ic  carbon con- 

t e n t  can be measured d i r e c t l y  by the .  t o t a l  o rganic  carbon (TOC) in s t rumen ta l  

a n a l y s i s  (Ford, 1968a) .  Robbins -- e t  a l .  (1969) r epo r t ed  an average TOC,value 

f o r  swine waste  of 0.13 pounds per  day pe r  100 pound hog. 

Methods of Waste Cha rac t e r i za t ion  

Taiganides and Hazen (1966) suggested t h a t  a n a l y t i c a l  t echniques  were a 

cause f o r  t he  d i f f e r e n c e s  i n  swine waste  p r o p e r t i e s  r epo r t ed  i n  t h e  l i t e r a -  

t u r e .  Robbins -- e t  a l ,  (1971) a l s o  s t a t e d  t h a t  v a r i a t i o n s  i n  t h e  c h a r a c t e r i z a t i o n  

of swine wastes  were i n  p a r t  due t o  a n a l y t i c a l  procedures  and t h a t  many s t an -  

dard  t e s t s  used t o  determine q u a l i t y  of water  and wastewater  were n o t  d i r e c t l y  

app l i cab le  f o r  swine was te  eva lua t ion .  

Biochemical Oxygen Demand 

The s t anda rd  f ive-day biochemical oxygen demand (BOD5) t e s t  has been widely . 
used t o  measure o rgan ic  p o l l u t i o n  i n  terms of t h e  oxygen r equ i r ed  f o r  t h e  b io-  

l o g i c a l  s t a b i l i z a t i o n  of wastewater.  However, t h e  BOD t e s t  i s  a b ioas say  

s u b j e c t  t o  i n t e r f e r e n c e s  t h a t  w i l l  a f f e c t  b i o l o g i c a l  a c t i v i t y .  

BOD t e s t  problems have been r epor t ed  by workers i n v e s t i g a t i n g  munic ipa l  
5 

and i n d u s t r i a l  wastewater f o r  about 50 yea r s .  Recent ly,  Enders -- e t  a l .  (1967) 

d iscussed  t h e  i n f l u e n c e  of d i l u t i o n  upon BOD va lues  f o r  s laughterhouse  was tes .  

Data showed a maximum BOD va lue  a t  an in t e rmed ia t e  d i l u t i o n .  BOD va lues  a t  5 5 

h ighe r  and lower d i l u t i o n s  were l e s s  f o r  bo th  t h e  raw waste  and the  anaerobic  



Lagoon e f f l u e n t e  S c h a f f e r  -- e t  a l .  (1965) r e p o r t e d  t h e  phenomenon of a  " s l i d i n g  

BCD" f o r  munic ipa l  wastes; i , e . ,  lower  BOD r e s u l t s  f o r  more c o n c e n t r a t e d  Sam- 5 

p l e s  . 
M a y  r e s e a r c h e r s  working w i t h  animal  w a s t e  have had d i f f i c u l t y  i n  o b t a i n i n g  

r e p r o d u c i b l e  BOD d a t a  even though t h e  p rocedures  o u t l i n e d  i n  S tandard  Methods 

have been r i g o r o u s l y  f o l l o w e d ,  T a i g a n i d e s  and V h i t e  (1969) r e p o r t e d  on t y p i c a l  

v a r i a t i o n s  encounte red  i n  measur ing t h e  oxygen demand f o r  an imal  w a s t e s .  

Robbins et ai, (1971) found t h a t  BOD- vsbues  f o r  an imal  was tewate r  v a r i e d  w i t h  -- - 2 

t he  amount of sample d i l u t i o n ,  The d i s p a r i t y  of BOD d a t a  f o r  a  un i fo rm w e i g h t  

hog r c p s r c e d  i n  t h e  l i t e r a t u r e  and r e s e a r c h  rev iews  (Muehling,  1969) v i v i d l y  

i l l u s t r a t e s  t h e  non-uniformity  of BOD d a r a  f o r  an imal  w a s t e s .  5 

Cla rk  (1965) concluded t h e  BOD t e s t  was n o t  a p p l i c a b l e  f o r  swine w a s t e  o r  

lagoon wacer acd t h a t  f e e d  a d d i t i v e  a n t i b i o t i c s  and metals r e t a r d e d  w a s t e  b i o -  

d e g r a d a t i o n .  About 95 p e r c e n t  of commercial f e e d  m i x t u r e s  f o r  swine c o n t a i n  

a n t i b i o t i c s  t o  promote we igh t  g a i n s  and reduce  an imal  d i s e a s e s .  

The r o l e  of e x c r e t e d  a n t i b i o t i c s  i n  modifying m i c r o b i a l  decompos i t ion  of 

f e e d l o t  waste was s t u d i e d  by Morrison e t  a l e  (1969) .  They found t h a t  a b o u t  

75 p e r c e n t  of t h e  i n g e s t e d  c h l o r t e t r a c y c l i n e  was e x c r e t e d  i n  t h e  f e c e s .  H a l f -  

life s t u d i e s  of c h l o r t e t r a c y c l i n e  i n  t h e  manure showed t h a t  d u r i n g  w i n t e r  months 

was te  b i o d e g r a d a t i o n  was i n h i b i t e d  by c o l d  t e m p e r a r u r e s ,  p e r s i s t e n c e  of a n t i -  

b o s i c  r e s i d u e  and t h e  con t inuous  d e p o s i t i o n  of f r e s h  manure c o n t a i n i n g  a n t i b i o t i c s .  

Seventy-seven p e r c e n t  of t h e  b a c t e r i a l  growth was i n h i b i t e d  by 0.007 vg p e r  ml of 

c h l o r t e t r a c y c l i n e .  Nine ty  p e r c e n t  o f  b a c t e r i a l  growth was s e n s i t i v e  t o  a con- 

c e n t r a t i o n  of 0 .031 pg p e r . m l .  

Copper and z i n c  are added t o  t h e  swine f e e d  r a t i o n  as t r a c e  m i n e r a l  s u p p l e -  

ments ,  Copper, i n  t h e  form of copper  s u l f a t e  o r  copper  o x i d e ,  i s  f e d  t o  hogs 

a s  a  growth s t i m u l a n t ,  G e n e r a l l y ,  abou t  250 ppm i s  added t o  promote w e i g h t  

g a i n s  and a l t e r  t h e  b a c t e r i a l  l e v e l  i n  &he a z i m a l ' s  i n t e s t i n e .  T a i g a n i d e s  (19631 



e s t i m a t e d  t h a t  80 p e r c e n t  of t h e  i n g e s t e d  copper was e x c r e t e d  and b i o l o g i c a l  

t r e a t m e n t  of t h e  manure was l i m i t e d  when 36 ppm of ecpper  was added t o  t h e  

f s e d  r a t i o n ,  

P l a c a k  e t  al-, (1949) r e p o r t e d  t h a t  amounts of copper  a s  low a s  0 , 0 1  ppm 

were found t c  a f f e c t  t h e  BOD of sewage d i l u t i o n s ,  and when 0.05 ppm o f  copper  

was p r e s e n t ,  t h e  measured BOD was a b o u t  80 p e r c e n c  cf ehe a c t u a l .  B a r t h  
5 

e t  a l e  (1965) s t u d i e d  t h e  e f f e c t s  o f  copper ,  chromium, n i c k e l ,  and z i n c ,  i n d i -  

v i d u a l l y  and i n  combina t ion ,  on b i o l o g i c a l  t r e a t m e n t  p r o c e s s e s .  The r e s u l t s  

of  t h e i r  s t u d i e s  showed t h a t  t h e  a e r a t i o n  phase  of  b i o l o g i c a l  t r e a t m e n t  can  

t o l e r a t e  a t o t a l  heavy metal c o n c e n t r a t i o n  of 1G mg!k i n  t h e  i n f l u e n t  sewage,  

e i t h e r  s i n g l y  o r  i n  combinat ion,  w i t h  o n l y  a  5 p e r c e n t  r e d u c t i o n  i n  o v e r a l l  

p l a n t  e f f i c i e n c y ,  whereas  a copper c o n c e n t r a t i o n  of LO m g l l  i n  t h e  s l u d g e  

caused f a i l u r e  of t h e  a n a e r o b i c  d i g e s t o r  employed t o  degrade  s l u d g e .  

A r e c e n t  r e p o r t  by Masselli e t  a l .  (1971) on e f f e c t s  of t o x i c  s u b s t a n c e s  

on BOD t e s t i n g  p r e s e n t e d  t h e  c o n c e n t r a t i o n s  of c h l o r i n e ,  copper ,  chromium, 

n i c k e l ,  z i n c  and c y a n i d e  r e q u i r e d  t o  reduce  t h e  BOD by v a r i c u s  p e r c e n t a g e s .  5 

The calc ium s a l t  o f  e thy lened iamine  t e t r a - a c e t i c  a c i d  (CaEDTA) was added t o  

r e p l i c a t e  samples  and t h e  potential ef its c h e l a z i n g  c a p a c i t y  t o  reduce  metal 

t o x i c i t y  summarized. 

Chemical Oxygen Demand 

The chemical  oxygen demand (COD) test measures  t h e  t o t a l  q u a n t i t y  of oxy- 

gen r e q u i r e d  f o r  chemica l  o x i d a t i o n  o f  waste t o  carbon d i o x i d e  and w a t e r .  

The c h i e f  l i m i t a t i o ~  of t h e  COD t e s t  i s  i t s  i n a b i l i t y  t o  d i f f e r e n t i a t e  between 

b i o l o g i c a l l y  r e s i s t a n t  m a t t e r  and b i o l o g i c a l l y  o x i d i z a b l e  o r g a n i c s  and i n d i c a t e  

b i o d e g r a d a t i o n  k i n e t i c s  (Sawyer and McCarty, 1967) .  

T o t a l  Organ ic  Carbon 

The t o t a l  o r g a n i c  carbon (TOC) i n s t r u m e n t a l  a n a l y s i s  can b e  u t i l i z e d  f o r  

de te rmin ing  t h e  o r g a n i c  c o n t e n t  o f  was tewate r .  T h i s  a n a l y s i s  i s  b a s e d  upon 



t h e  c o n p l e t e  combustion of o r g a n i c  m a t e r i a l s  t o  carbon d i o x i d e  and w a t e r .  

The r e s u l t i n g  carbon d i a x i d e  measured by t h e  i n f r a r e d  a n a l y z e r  i s  d i r e c t l y  

p r o p o r t i o n a l  LO the  i n i t i a l  ssmple  carbon c o n t e n t  (Van B a l l  and S t a n g e r ,  

l 9 6 7 ) ,  

S c h a f f e r  e t  a l .  (1965) s t a t e d  t h a t  p o t e a t i a l l y  t h e  o r g a n i c  ca rbon  ana ly -  

sis can r e p l a c e  t h e  BOD a n d / o r  COD measurement £or t h e  d e t e r x i n a t i o n  of 

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

a n a l y t i c d  e x p t n s e  and t h e  d i s t i r i c t  advan tage  i n  minimizing t h e  p e r i o d  

between sample c o l l e c t i o n  and a n a l y t i c a l  r a s u l t s .  A d d i t i o n a l l y ,  t h e  TOC 

s l i d i n g  BCD and s u s c e p t i b i l i t y  t o  chemical  o x i d a n t s .  

S c h a f f e r  et a l .  (1965) concluded t h a t  i t  was p c s s i b l e  f o r  m e t r o p o l i t a n  

wastewater o r  i n d u s t r i a l  w a s t e  of some c o n s i s t e n c y  i n  c h a r a c t e r  t o  have a 

s i g n i f i c a n t  c o r r e l a t i o n  between TOC and COD o r  EOD. I n  a  r e f i n e r y  w a s t e  

s t u d y ,  Ford (196%) was a b l e  t o  e s t a b l i s h  a  good r e l a t i o n s h i p  between COD 

and TOC. However, Robbins e t  a l .  (1969) r e p o r t e d  d i f f i c u l t y  i n - e s t a b l i s h i n g  

a  c o r r e l a t i o n  between BOD and TOC f o r  swine w a s t e ,  S i n c e  t h e  TOC neasure -  

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

variable BOD v a l u e s  caused  by t o x i c  s u b s t a n c e s ,  h i g h  s o l i d s  and e r r o r s  

a s s o c i a t e d  w i t h  r e q u i r e d  d i l u t i o n s .  

A l i m i t a t i o n  of t h e  TOC a n a l y s i s  i s  t h a t  r e s u l t s  a r e  u n f a m i l i a r  t o  i n v e s -  

t i g a t o r s ,  and c o r r e l a t i o n s  between t h e  carbon-based t e s t  (TOC) and oxygen- 

based  tests (BOD, COD) are n e c e s s a r y  i f  TOC i s  t o  have d i r e c t  u s e  f o r  w a s t e  

c h a r a c t e r i z a t i o n  and w a t e r  q u a l i t y  moni to r ing  (Robbins e t  a l . ,  1969) .  Ford 

(1968a) s t a t e d  t h a t  TOC should  n o t  b e  c o n s i d e r e d  as a  p a r a m e t e r  t h a t  w i l l  

e v e n t u a l l y  r e p l a c e  t h e  BOD and COD t e s t s  because  t h e  TOC a n a l y s i s  i s  n o t  a n  

oxygen-based e v a l u a t i o n .  



I n s t r u m e n t a l  Chemical Oxygen   em and 

An i n s t r u m e n t a l  method f o r  t h e  i n d i r e c t  measurement of oxygen demand of a 

l i q u i d  sample ( n o t e d  as CO2Q h a s  been d e s c r i b e d  by S t e n g e r  and Van H a l l  (1967) . 
Reported a n a l y t i c a l  d a t a  (S tenger  and Van H a l l ,  1968) show t h a t  r e s u l t s  a r e  

r e l a t e d  t o  t h e ' s t a n d a r d  COD, b u t  g e n e r a l l y  sonfewhat h i g h e r ,  Good d a t a  c o r r e l a -  

t i o n s  w i t h  COD were p o s s i b l e  f o r  c e r t a i n  w a s t e s .  

B a c t e r i a l  D e n s i t i e s  

The c o l i f o r m  group of b a c t e r i a  h a s  b e e n ' u s e d  t o  i n d i c a t e  c o n t a m i n a t i o n  

and p o l l u t i o n  f o r  many y e a r s  ( F a i r  e t  a l . ,  1968) .  S i n c e  s o i l  abounds w i t h  

many c o l i f o r m  organ i sms ,  G e l d r e i c h  e t  a l .  (1962) s u g g e s t e d  t h a t  t h e  f e c a l  

c o l i f o r m  (FC) and t h e  f e c a l  s t r e p t o c o c c u s  (FS) tests may y i e l d  more v a l u a b l e  

i n f o r m a t i o n  and be  more s p e c i f i c  f o r  warm-blooded an imal  p o l l u t i o n  a p p r a i s a l  

t h a n  j u s t  t h e  u s e  of t h e  t o t a l  c o l i f o r m  (TC) a n a l y s i s .  

Data taken  by G e l d r e i c h  e t  a l .  (1962) and Kenner et, zl. (1961) was p r e -  

s e n t e d  i n  t h e  Water P o l l u t i o n  Cont ro l  Research S e r i e s  R e p o r t ,  S a n i t a r y  

S i g n i f i c a n c e  of F e c a l  Col i fo rms  i n  t h e  Environment ( G e l d r e i c h ,  1966) t o  show 

t h a t  t h e  r a t i o  o f  f e c a l  c o l i f o r m  t o  f e c a l  s t r e p t o c o c c i  f o r  man i s  4 .4 ,  whereas  

f o r  o t h e r  warm-blooded an imals  i s  0.6 o r  l e s s .  I t  was t h e r e f o r e  concluded t h a t  

FC/FS r a t i o s  g r e a t e r  t h a n  4 . 1  u s u a l l y  i n d i c a t e  human w a s t e  and r a t i o s  less t h a n  

0.6 s u g g e s t  l i v e s t o c k  w a s t e .  However, Robbins e t  a l e  (1971) r e p o r t e d  an  FC/FS 

r a t i o  of about  4.0 f o r  raw swine was te .  

,. Lagoon Waste Treatment  

Lagoons were  f i r s t  adap ted  f o r  t h e  t r e a t m e n t  o f  swine w a s t e s  because  o f  

t h e i r  low i n i t i a l  c o s t  and e a s e  of o p e r a t i o n .  E a r l y  l agoons  were des igned  

a c c o r d i n g  t o  c r i t e r i a  f o r  munic ipa l  a e r o b i c  w a s t e  s t a b i l i z a t i o n  ponds and 

i n t e n d e d  t o  p r o v i d e  complete  t r e a t m e n t  w i t h o u t  o b j e c t i o n a b l e  o d o r s ,  Swine 

w a s t e  l agoons  were  immediate ly  over loaded  and d i d  n o t  f u n c t i o n  as a e r o b i c  



l agoons  because  an imal  w a s t e  c o n t a i n 3  a h i g h e r  c o n c e n t r a t i o n  o f  o r g a n i c s  and 

oxygen demand p e r  v o l u n e  t h a n  d c m e s t i c  sewage, T h e r e f o r e ,  an imal  w a s t e  l agoons  

became a n a e r o b i c  and o d o r s u s .  

H a r t  and Turner  (1965, 1966) concluded t h a t  manure l agoons  must b e  o p e r a t e d  

a n a e r o b i c a l l y  because  i t  would r e q u i r e  l a r g e  volumes o f  d i l u t i o n  w a t e r  f o r  n a t -  

u r a l l y  a e r o b i c  t r e a t m e n t  and t h e  r e s u l t i n g  l a n d  r e q u i r e m e n t s  would b e  e x c e s s i v e .  

From a 1959 X i s s o u r i  su rvey  of 50 hog l a g o o n s ,  R i c k e t t s  (1960) concluded t h a t  

some odors  shou ld  b e  expec ted  because  t h e  l agoons  p robab ly  f u n c t i o n e d  more n e a r l y  

l i k e  l a r g e ,  ?pen 

Loehr (1968) 

f o r  hand l ing  and 

s e p t i c  t a n k s .  

p o i n t e d  o u t  t h a t  a n a e r o b i c  l agoons  o f f e r  c o n s i d e r a b l e  p o t e n t i a l  

t r e a t i n g  c o n c e n t r a t e d  animal  w a s t e ,  He e x p l a i n e d  t h a t  anaero-  

b i c  lagoons shou ld  be  used a s  a c o n t r o l l e d  b i o l o g i c a l  u n i t  o r  a s  a  h o l d i n g  u n i t  

p r i o r  t o  l a n d  d i s p o s a l .  He a l s o  s t a t e d  t h a t  t h e  main purpose  of a n a e r o b i c  l a g o o n s  

was t h e  removal,  d e s t r u c t i o n  and s t a b i l i z a t i o n  of o r g a n i c  m a t t e r  and n o t  w a t e r  

p u r i f i c a t i o n .  J e f f r e y  e t  a l .  (1965) and C l a r k  (1965) had e a r l i e r  r ecognized  -- 
t h a t  a n a e r o b i c  l a g o o n s  do n o t  produce a  s t a b l e  e f f l u e n t .  

Robbins e t  a l .  (1971) r e p o r t e d  a  range  of BOD v a l u e s  from about  270 t o  610 -- 5 

mg/l  f o r  t h r e e  u n a e r a t e d  swine l agoon  e f f l u e n t s .  I t  was i n d i c a t e d  t h a t  l agoons  

f o r  swine w a s t e  f u n c t i o n e d  mainly  a s  t r a p s ;  i . e , ,  s e t t l i n g  and r e t e n t i o n  b a s i n s ,  

and p rov ided  o n l y  a  l i m i t e d  amount of t r e a t m e n t  beyond t h a t  e x p e r i e n c e d  t h r o u g h  

s e d i m e n t a t i o n .  Lynn (1968) r e p o r t e d  on l o a d i n g  r a t e s  f o r  a n a e r o b i c  l agoons  i n  

South C a r o l i n a ,  and s t a t e d  t h a t  l agoons  were e f f e c t i v e  i n  r e d u c i n g  t h e  BOD of 

u n t r e a t e d  swine w a s t e  t o  a n  e f f l u a n t  v a l u e  of 2,614 ppm. 

Land A p p l i c a t i o n  of Lagoon E f f l u e n t  

Loehr (19711, i n  a r e c e n t  d i s c u s s i o n  of a l t e r n a t i v e s  f o r  t h e  t r e a t m e n t  and 

d i s p o s a l  of an imal  w a s t e s ,  observed i t  i s  u n l i k e l y  t h a t  c u r r e n t  l i q u i d  treat- 

ment sys tems w i l l  p r o d u c e  e f f l u e n t s  t h a t  can b e  s a f e l y  d i s c h a r g e d  i n t o  r e c e i v i n g  



streams,  and thus  excess  r e s idue  should be  re turned  t o  t h e  land .  P r e t r e a t -  

ment a l t e r n a t i v e s  l i s t e d  a s  t h e  most f e a s i b l e  t o  reduce n i t r o g e n  reaching 

s u r f a c e  and groundwater were ammonia r e l e a s e ,  c o n t r o l l e d  n i t r i f i c a t i o n  and 

d e n t r i f i c a t i o n ,  and 'crop o r  land  management. He concluded t h a t  more i n f o r -  

matioh i s  needed on t h e  land  d i s p o s a l  of animal w a s t e  t o  avoid subsequent 

impairment of t h e  environment. 

Nordstedt e t a l .  (1971) a r e  c u r r e n t l y  s tudying  a m u l t i s t a g e  d a i r y  waste  

lagoon system i n  F l o r i d a  c o n s i s t i n g  of t h r e e  lagoons i n  s e r i e s  wi th  p a s t u r e  

i r r i g a t i o n  of f i n a l  e f f l u e n t ,  Although t h e  e f f l u e n t  from t h e  f i n a l  lagoon 

has a very low oxygen demand, i t  i s  being appl ied  t o  t h e  land  f o r  f i n a l  

t rea tment  and/or  u t i l i z a t i o n ,  Add i t iona l ly ,  lagoon leakage  and e f f e c t s  of 

land d i s p o s a l  on groundwater q u a l i t y . a r e  being s t u d i e d .  

Animal waste  t rea tment  i n v e s t i g a t i o n s  a t  Iowa S t a t e  (Koe l l i ke r  e t  a l . ,  

1971) have been d i r e c t e d  a t  determining a l lowable  land  loading  r a t e s  per  

a c r e  f o r  unaerated swine waste  lagoon l i q u i d .  Laboratory d e n i t r i f i c a t i o n  

of lagoon e f f l u e n t  conta in ing  n i t r a t e - n i t r o g e n  has  v e r i f i e d  t h a t  n i t r o g e n  

removal i n  a r e a c t o r  can be  increased  by adding g lucose .  Resu l t s  from a 

b a r r i e r  landscape wa te r  renovat ion system (Erickson e t  a l . ,  1971) showed 

t h a t  a con t ro l l ed  p l a n t - s o i l  p r o f i l e  can s i g n i f i c a n t l y  reduce t h e  amount of 

land requi red  t o  p reven t  overloading and leaching  of n i t r a t e  from animal 

was t e s  i n t o  subsu r face  water .  



EWERIMENTAL PROCEDURE 

Sampling and F ie ld  Study S i t e  

The f a c i l i t i e s  a t  t h e  North Carol ina Swine Evaluat ion S t a t i o n  were used a s  

the  sampling s i te  and l o c a t i o n  f o r  eva lua t ion  of a s i n g l e  unaerated lagoon and 

subsequently a two lagoon s e r i e s  system, During t h e  f i r s t  po r t i on  of t h i s  
, 

study when the  emphasis was on waste c h a r a c t e r i z a t i o n  and a n a l y t i c a l  t echniques ,  

one housing u n i t  and a s i n g l e  lagoon were present .  A f t e r t h e  a d d i t i o n  of an iden? 

t i c a l  housing u n i t  and lagoon, t he  a l t e r n a t i v e  t rea tment  of swine waste  by an 

unaerated s e r i e s  lagoon system and land d i s p o s a l  of e f f l u e n t  from t h e  f i r s t  

lagoon of t h e  two lagoon system was i n v e s t i g a t e d .  

The animals grown a t  t h e  s t a t i o n  were suppl ied  by North Caro l ina  swine pro- 

ducers  i n  o rde r  t o  e v a l u a t e  boars  by progeny t e s t i n g .  New feede r  p igs  were 

continuously brought i n  and market s i z e  animals removed. Each pen was d i s i n -  

f e c t e d  a f t e r  t h i s  p e r i o d i c  removal of swine. 

The main i n g r e d i e n t  of t he  feed r a t i o n  was f i n e  ground yel low corn wi th  

soybean o i l  meal (50 percent  p ro t e in )  being the  second l a r g e s t ~ i n g r e d i e n t .  The 

r a t i o n  contained 0.2 pe rcen t  copper (10 ppm) a s  a t r a c e  minera l  and one pound 

of copper s u l f a t e  (CuSO *5H20) p e r  t on  of feed (128 ppm) a s  a growth s t imu lan t .  
4 

The r a t i o n  a l s o  inc luded  2.0 percent  z i n c  (100 ppm) a s  a t r a c e  minera l  and 50 

grams p e r  ton of f eed  (57 ppm) of the  a n t i b i o t i c  c h l o r t e t r a c y c l i n e ,  Therefore 

t he  feed r a t i o n  contained a t o t a l  of about 138 ppm copper and 100 ppm of z inc .  

The swine were housed i n  a concre te  f l o o r  confinement u n i t  and t h e  pens 
.. 

were washed d a i l y ,  A 1.3 f o o t  wide, 250 f o o t  long and from 0.5 f o o t  t o  3.1 f o o t  

deep trough t h a t  extended t h e  e n t i r e  l eng th  of t h e  o r i g i n a l  confinement u n i t  

was used t o  c o l l e c t  the  waste and washwater o r  lagoon i n f l u e n t .  This  t rough 

emptied i n t o  an unaera ted  overflow lagoon through a s u r f a c e  d ischarge  p i p e  loca tgd  

a t  t he  s i d e  of t he  lagoon, 
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I n i t i a l l y  t h i s  exper imenta l  s t a t i o n  cons i s t ed  of one housing u n i t  f o r  

approximately 100 animals wi th  a f i v e  f o o t  deep anaerobic  lagoon designed 

according t o  Midwest Plan Serv ice  (1966) recommendation f o r  swine of 2 f t  3 

of  volume per  pound of animal. This lagoon which has a s u r f a c e  a r e a  of 

2 
about 8300 f t  had been i n  u se  f o r  n i n e  yea r s  before  t h i s  s tudy began, A f t e r  

an i d e n t i c a l  housing u n i t  and lagoon were added dur ing  t h i s  p r o j e c t  pe r iod ,  

t he  lagoons were opera ted  i n  s e r i e s  with a l l  t he  waste be ing  d ischarged  t o  t he  

o ld  lagoon and overf low going t o  new lagoon, A t  t h i s  time t h e  c o l l e c t i o n  of 

t h e  lagoon i n f l u e n t  was discont inued and the  i n v e s t i g a t i o n  of the two lagoon 

s e r i e s  system i n i t i a t e d .  

Lysimeter S tud ie s  

Land a p p l i c a t i o n  of t h e  e f f l u e n t  from t h e  f i r s t  lagoon of t h e  two lagoon 

system was s tud ied  a s  an a l t e r n a t i v e  t o  s e r i e s  lagoon t rea tment  by employing 

model p l a n t - s o i l  l y s i m e t e r s  w i t h  s u r f a c e  dimensions of 32" x 38". Dupl ica te  

46" deep p r o f i l e s  with a 6" l a y e r  of t o p s o i l  of t he  fo l lowing  s o i l s  were 

u t i l i z e d :  

S o i l  1 - Cec i l  sandy c l ay  loam, which i s  common i n  t h e  sou theas t e rn  Piedmont. 

S o i l  2 - Norfolk sandy loam, which i s  common i n  the  sou theas t e rn  Coas ta l  P l a i n s ,  

These ly s ime te r s  were seeded wi th  fescue  and rye  g r a s s  according t o  season.  

The l i q u i d  loading  r a t e  of one inch  p e r  week of primary lagoon e f f l u e n t  was i n  / 
add i t i on  t o  t h e  normal r a i n f a l l  of about 50 inches p e r  y e a r  i n  the  c e n t r a l  Pied- 

mont and western Coas t a l  P l a i n s  of North Carol ina.  
* 

Opera t iona l  problems, p r imar i ly  s o i l  s e a l i n g  o r  flow channe l i za t ion  r e s u l t -  

i n g  i n  no l eacha te  o r  abnormal flow, caused s t a r t -up  problems and n e c e s s i t a t e d  

t h e  repacking of l y s ime te r s .  However, i t  was p o s s i b l e  t o  s tudy the i n i t i a l  
1 - 
loading r a t e s  f o r  both Cec i l  l y s ime te r s  and one Norfolk l y s i m e t e r  f o r  about 

s i x  months. Subsequently only one o r i g i n a l  l y s ime te r  (PI )  was cont inued and 



t h e  fo l lowing  ly s ime te r  schedule inc luding  a  reduced load ing  s tudy ,  c o n t r o l l e d  

water  t a b l e  condi t ions  and i n i t i a t i o n  of l i q u i d  da i ry  manure i n v e s t i g a t i o n s  was 

then implemented and i s  s t i l l  under s tudy:  . 
Lysimeter S o i l  - 

'Ceci l  

Norfolk 

Norfolk 

Cec i l  

Cec i l  

Opera t ing  Condit ion 

O r i g i n a l  s o i l  s t i l l  loaded a t  one inch  
p e r  week wi th  f low through cond i t i ons .  

O r i g i n a l  s o i l  s t i l l  loaded a t  one inch  
pe r  week but  water  t a b l e  c o n t r o l l e d  a t  
18" below s o i l  s u r f a c e .  

Repacked-loaded a t  114" pe r  week wi th  
flow through cond i t i ons .  

O r i g i n a l  s o i l  s t i l l  loaded a t  one inch  
p e r  week bu t  water  t a b l e  c o n t r o l l e d  a t  
18" below s o i l  su r f ace .  

Loaded with l i q u i d  d a i r y  manure at 115" 
p e r  week wi th  f low through cond i t i ons ,  

Loaded wi th  l i q u i d  d a i r y  manure a t  415" 
pe r  week wi th  f low through condi t ions .  

Sample Co l l ec t ion  

S o l i d  f e c e s ,  t o t a l  waste o r  lagoon i n f l u e n t  and lagoon e f f l u e n t  samples f o r  s 4 n e  

waste and t h e  l i q u i d  d a i r y  manure were c o l l e c t e d  t h e  same day and taken  d i r e c t l y  to 

t h e  l abo ra to ry  f o r  a n a l y s i s  o r  a p p l i c a t i o n  t o  model l y s ime te r s .  S torage  o r  presepy 

v a t i o n  techniques only inc luded  r e f r i g e r a t i o n  because t h e r e  was a  minimum of delay 

between c o l l e c t i o n  and a p p l i c a t i o n  t o  ' l y s ime te r s  o r  p repa ra t ion  f o r  ana ly t i ca l .  

ana lyses .  

S o l i d  Swine Feces Sample 

About two l i t e r s  of s o l i d  f e c e s  were scraped from t h e  f l o o r  of s e v e r a l  pens 

immediately a f t e r  washdown t o  a s s u r e  a  f r e s h  and r e p r e s e n t a t i v e  sample. 

T o t a l  Swine Waste o r  Lagoon I n f l u e n t  Sample 

Co l l ec t ing  procedures  were developed s o  a  r e p r e s e n t a t i v e  sample of t h e  t o t a l  



w a s t e  f o r  a  24-hour p e r i o d  cou ld  be o b t a i n e d .  T h i s  sample is  d e f i n e d  as t h e  

l agoon  i n f l u e n t ,  

The normal d a i l y  c l e a n i n g  procedure  was t o  washdown b o t h  t h e  pens  and c o l -  

l e c t i n g  t rough  w i t h  a h o s e  t o  remove t h e  accumulat ion of was te  and f e c e s .  A 

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

a f t e r  a  washdown e v e n t  t o  a l l o w  c o l l e c t i o n  o f  t h e  t o t a l  was te  and washwater 

f o r  t h e  n e x t  24-hour p e r i o d .  Immediately a f t e r  washdown on t h e  day o f  sampl ing,  

t h e  t o t a l  c o n t e n t s  o f  t h e  t rough  was c i r c u l a t e d  by means of a  c e n t r i f u g a l  pump 

t h a t  had a  3-inch s u c t i o n  and 2 1/2- inch d i s c h a r g e  p i p e .  The t r o u g h  bo t tom was 

s c r a p e d  v i g o r o u s l y  w i t h  a s t i f f  b r i s t l e  broom w h i l e  t h e  f low was c i r c u l a t i n g  

t h r o u g h  t h e  t rough.  When t h e  was tewate r  was homogeneous and no s o l i d s  remained 

on t h e  t rough  bot tom,  t h e  t o t a l  was te  o r  lagoon i n f l u e n t  sample was t aken .  The 

c o l l e c t i o n  t rough  was c a l i b r a t e d  s o  t h a t  t h e  was tewate r  volume cou ld  b e  determined.  

Swine Waste Lagoon E f f l u e n t  Sample 

A grab sample was t a k e n  from t h e  lagoon over f low p i p e  o f  t h e  p r imary  lagoon 

b e f o r e  t h e  t rough  c o n t e n t s  were r e l e a s e d .  When t h e r e  was no  o v e r f l o w ,  t h e  

e f f l u e n t  sample was o b t a i n e d  from t h e  s u r f a c e  o f  t h e  lag%on n e x t  t o  t h e  over f low 

p i p e .  A f t e r  t h e  second lagoon  was i n s t a l l e d  t h e  e f f l u e n t  o r  l agoon  l i q u i d  f o r  

b o t h  t h e  pr imary lagoon and secondary  l agoon  was c o l l e c t e d  a t  t h e  over f low p i p e  

a f t e r  t h e  morning c l e a n i n g  on t h e  same day each week. The l i q u i d  f rom t h e  

p r imary  lagoon f o r  l o a d i n g  t h e  l y s i m e t e r s  was pumped f rom t h e  a r e a  of t h e  

e f f l u e n t  p i p e .  

L i q u i d  Dairy  Manure Sample 

- The Randleigh Dairy  which h a s  a l i q u i d  wash system s e r v e d  a s  t h e  c o l l e c t i o n  

s i t e .  The sample was pumped f rom t h e  was tewate r  s t o r a g e  t a n k  which was g e n e r a l l y  

h a l f  f u l l  on t h e  day of c o l l e c t i o n .  



Swine Waste Lagoon Sludge Sample 

The bot tom s l u d g e  f rom e a c h  l agoon  was o b t a i n e d  w i t h  a  Wildo-Ekman bo t tom 

sample r .  A b o a t  was used t o  a l l o w  c o l l e c t i o n  of samples  a n d  measurement o f  

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

Lysirneter Leacha te  Sample 

The e f f l u e n t  o r  l e a c h a t e  

a t  f i r s t  and t h e n  a f t e r  f i v e  

n e x t  was te  a p p l i c a t i o n .  The 

f rom t h e  bot tom of each  l y s i m e t e r  was t aken  d a i l y  

months,  one day a f t e r  l o a d i n g  and j u s t  p r i o r  t o  t h e  

c o n t e n t s  of t h e  c o l l e c t i o n  b o t t l e  were  empt ied p r i o r  

t o  a c o l l e c t i o n  p e r i o d  s o  t h a t  a f r e s h  sample cou ld  be  o b t a i n e d  f o r  a n a l y s e s .  

Lys imete r  S o i l  Sample 

- P e r i o d i c  s o i l  samples  from e a c h  l y s i m e t e r  was o b t a i n e d  by t a k i n g  a  v e r t i c l e  

c o r e  of t h e  t o t a l  s o i l  p r o f i l e .  S o i l  a t  t h e  top  and bo t tom of t h e  t o p s o i l  and 

s u b s o i l  were s e p a r a t e d  f o r  a n a l y s e s .  

Lys imete r  Grass  Sample 

The l y s & n e t e r  g r a s s  was k e p t  trimmed t o  3" of  t h e  s o i l  l e v e l .  Samples f o r  

a n a l y s i s  were taken d u r i n g  p e r i o d s  o f  r a p i d  growth.  

Sample P r e p a r a t i o n  

S p e d i a l  a t t e n t i o n  was g iven  t o  sample p r e p a r a t i o n  f o r  l a b o r a t o r y  a n a l y s e s  

because  u n t r e a t e d  an imal  wast'e c o n t a i n s  a  v e r y  h i g h  suspended and d i s s o l v e d  

s o l i d s  c o n t e n t .  The abundance o f  l a r g e - s i z e d  p a r t i c u l a t e  matter made i t  v e r y  

d i f f i c u l t  t o  o b t a i n  a  r e p r e s e n t a t i v e  sample,  A d d i t i o n a l l y ,  t h e  w a s t e  sample 

had t o  be  e x t e n s i v e l y  d i l u t e d  s o  t h a t  t h e  c o n c e n t r a t i o n s  o f  t e s t e d  p a r a m e t e r s  

were w i t h i n  t h e  d e t e r m i n a t i o n  l i m i t s  f o r  t h e  a n a l y t i c a l  p r o c e d u r e s  s e t  f o r t h  

i n  t h e  A s s o c i a t i o n  of O f f i c i a l  Methods o f  A g r i c u l t u r a l  Chemists ,  A.O.A.C. 

(1965) and S tandard  Methods f o r  t h e  Examination o f  Water and  Wastewater (1971),  

( h e r e a f t e r  r e f e r r e d  t o  as S t a n d a r d  Methods.) 



S o l i d  Swine Feces  Sample 

The e n t i r e  s o l i d  f e c e s  sample was manually s t i r r e d  w i t h  a  g l a s s  rod  u n t i l  

homogeneity was ach ieved .  A 50-gram sample was t h e n  taken and b lended  w i t h  

approximately  500 m l  o f  d o u b l e - d i s t i l l e d  w a t e r  a t  t h e  h i g h  speed  s e t t i n g  of 

a Waring b l e n d e r  f o r  f i v e  minu tes .  T h i s  l i q u i d  was t h e n .  t r a n s f e r r e d  t o  a 

t w o - l i t e r  v o l u m e t r i c  f l a s k .  The b l e n d e r  was r i n s e d  w i t h  d o u b l e - d i s t i l l e d  w a t e r  

and was f u r t h e r  c l e a n e d  by b l e n d i n g  t h r e e  a d d i t i o n a l  volumes of d o u b l e - d i s t i l l e d  

wa te r .  Alli of  t h e  r i n s e  w a t e r  was added t o  t h e  t w o - l i t e r  f l a s k  t h a t  c o n t a i n e d  

t h e  blended w a s t e .  The sample p o r t i o n  was then l e f t  q u i e s c e n t  f o r  approx imate ly  

30 minu tes  i n  o r d e r  t o  reduce  t h e  amount of a i r  en t rapment  and  foaming. The 

f i n a l  s o l i d  f e c e s  sample was p r e p a r e d  by d i l u t i n g  t h e  c o n t e n t s  o f  t h e  f l a s k  w i t h  

double-dis  t i l l e d  w a t e r  t o  t h e  t w o - l i t e r  l e v e l .  

T o t a l  Swine Waste o r  Lagoon I n f  l u e n t  Sample 

The b o t t l e  c o n t a i n i n g  t h e  c o l l e c t e d  sample was v i g o r o u s l y  a g i t a t e d  and a 

r e p r e s e n t a t i v e  a l i q u o t  removed f o r  c o n d i t i o n i n g  w i t h  a Waring b l e n d e r  a t  t h e  h i g h  

speed s e t t i n g  f o r  f i v e  minu tes .  The blended i n f l u e n t  sample was t h e n  t r a n s f e r r e d  

t o  a  l a r g e  b e a k e r  and l e f t  q u i e s c e n t  f o r  approximately  30 minu tes .  The b lended  

p o r t i o n  was c o n s i d e r e d  as t h e  p r e p a r e d  t o t a l  was te  sample and was a t  t h e  same 

s t r e n g t h  a s  t h e  lagoon i n £  l u e n  t 

L i q u i d  Dairy Manure Sample 

The c o l l e c t e d  l i q u i d  d a i r y  manure sample was thoroughly  a g i t a t e d  and t h e n  

d i l u t e d  w i t h  d i s t i l l e d  w a t e r .  T h i s  sampf e  was r e l a t i v e l y  homogeneous because  

i t  h a s  been c o l l e c t e d  w i t h  a  pump. 

Swine Waste Lagoon E f f l u e n t  Sample 

The lagoon e f f l u e n t  samples were c o n s i d e r e d  as t h e  p r e p a r e d  sample because  

l i q u i d  from e i t h e r  t h e  pr imary o r  secondary l agoon  d i d  n o t  c o n t a i n  an a p p r e c i a b l e  

amount o f  s e t t l e a b l e  s o l i d s .  



Swine Waste Lagoon Sludge Sample 

The bot tom s l u d g e  samples were d r i e d  i n  an oven a t  103OC. 

Lysimeter  Leacha te  Sample 

An a l i q u o t  o f  t h e  sample o b t a i n e d  d u r i n g  a c o l l e c t i o n  p e r i o d  r e s u l t i n g  i n  

a t  l e a s t  one l i t e r  of volume was u t i l i z e d  d i r e c t l y .  

Lys imete r  S o i l  Sample 

S o i l  Samples were f r o z e n  f o r  s t o r a g e  u n t i l  ana lyzed .  

Lysimeter  Grass Sample 

G r a s s  c l i p p i n g s  were d r i e d  a t  70°C and s t o r e d  under  room c o n d i t i o n s  i n  a 

p l a s t i c  bag  u n t i l  ana lyzed .  

A n a l y t i c a l  P rocedures  

P r i o r  t o  l a b o r a t o r y  t e s t i n g  a l l  t h e  p r e p a r e d  l i q u i d  samples  were  t r a n s f e r r e d  

t o  l a r g e  b e a k e r s  and c o n t i n u o u s l y  mixed,by a  magnet ic  st irrer.  A f t e r  homogeneity 

was o b t a i n e d ,  t h e  p o r t i o n s  r e q u i r e d  f o r  each a n a l y s i s  were removed from t h e  b e a k e r s .  

A n t i b i o t i c  C h l o r t e t r a c y c l i n e  

The c h l o r t e t r a c y c l i n e  c o n c e n t r a t i o n s  i n  t h e  s o l i d  f e c e s ,  l agoon  i n f l u e n t  and 

lagoon e f f l u e n t  samples  f o r  swine w a s t e  were found by modi fy ing  t h e  A.O.A.C. (1965) 

m i c r o b i o l o g i c a l  method f o r  t h e  a s s a y  o f  c h l o r t e t r a c y c l i n e  h y d r o c h l o r i d e  in animal 

f e e d s .  The p r e l i m i n a r y  ac id -ace tone  e x t r a c t i o n  of c h l o r t e t r a c y c l i n e  f o r  t h e  s o l i d  

f e c e s  and lagoon i n f l u e n t  a n a l y s e s  was performed i n  t h e  same manner. One hundred 

m i l l i l i t e r s  (100 ml) o f  t h e  p r e p a r e d  samples  were mixed w i t h ' 2 5  m l  o f  ac id-acetone.  

For t h e  lagoon e f f l u e n t ,  100 m l  o f  t h e  p r e p a r e d  sample  were  mixed w i t h  1 0  m l  o f  

ac id -ace tone .  Three  r e p l i c a t e s  o f  each sample were made. The m i x t u r e s  were 

r e f r i g e r a t e d  o v e r n i g h t  a t  5OC. 

A 40-ml p o r t i o n  of e a c h  r e p l i c a t i o n  was c e n t r i f u g e d  a t  8000xG f o r  15 m i n u t e s .  

Then a 10-ml p o r t i o n  o f  t h e  c l e a r  l i q u i d  from each sample was a d j u s t e d  t o  pH 4.5 

w i t h  1 - N NaOH and d i l u t e d  w i t h  a  phospha te  b u f f e r  s o l u t i o n  (pH.4.5) s o  t h a t  t h e  



c h l o r t e t r a c y c l i n e  c o n c e n t r a t i o n  was i n  t h e  range of t h e  s t a n d a r d  curve .  The 

amount o f  b u f f e r  s o l u t i o n  added t o  t h e  s o l i d  f e c e s  and lagoon i n f l u e n t  e x t r a c -  

t i o n  s o l u t i o n s  was 60 m l  and 20 m l ,  r e s p e c t i v e l y ,  No b u f f e r  s o l u t i o n  was 

added t o  t h e  lagoon e f f l u e n t  s o l u t i o n .  These e x t r a c t i o n s  w e r e - t h e n  used as t h e  

a s s a y  s o l u t i o n s .  

B a c i l l u s  c e r e u s  (ATCC No. 11778) ,  t h e  a s s a y  organism p r e s c r i b e d  by t h e  

A.O.A.C. method, was o b t a i n e d  from t h e  American Type C u l t u r e  C o l l e c t i o n  at 

R o c k v i l l e ,  Maryland. The s e e d  f o r  t h e  a s s a y  test was p r e p a r e d  by washing t h e  

growth from a one week c u l t u r e .  s l a n t  o b t a i n e d  from t h e  s t o c k  c u l t u r e  which was 

renewed p e r i o d i c a l l y .  The 3 m l  of washwater c o n t a i n i n g  t h e  s e e d ' w a s  t r a n s f e r r e d  

t o  t h e  s u r f a c e  of a  100-mm p e t r i  d i s h  c o n t a i n i n g  BBL b a c t e r i o l o g i c a l  s e e d  a g a r  

and was i n c u b a t e d  f o r .  f i v e  days  a t  30°C. The. growth from t h e  a g a r  s u r f a c e  was 

washed w i t h  25 m l  of s t e r i l e  w a t e r  and h e a t  suspended f o r  30 minu tes  a t  65OC. 

The s u s p e n s i o n  was then  c e n t r i f u g e d  a t  500xG and t h e  s u p e r n a t a n t  was ted .  The 

r e s i d u a l  s p o r e s  were washed t h r e e  t i m e s  w i t h  s t e r i l e  w a t e r  fo l lowed  by c e n t r i -  

f u g i n g  and d e c a n t i n g  each  t i m e ,  The f i n a l  p e l l e t  was t h e n  resuspended  w i t h  10 

m l  o f  s t e r i l e  w a t e r  and h e a t  susp.ended f o r  30 minu tes  a t  65OC. The s t o c k  sus -  

pens ion  was s t o r e d  a t  5OC. 

The b a s e  l a y e r  of t h e  a s s a y  p l a t e s  was made by a d d i n g  6.0 m l  of mel ted  

BBL b a s e  a g a r  a d j u s t e d  t o  pH 5.6-5.7 t o  a 100-mm p e t r i  d i s h .  The s e e d  l a y e r  

t h a t  was added t o  t h e  s u r f a c e  o f  t h e  s o l i d i f i e d  b a s e  l a y e r  c o n s i s t e d  of 4 m l  

of t h e  same pH a d j u s t e d  a g a r  t h a t  was coo led  t o  48OC and t h e n  i n o c u l a t e d  w i t h  

approx imate ly  1 m l  of s t o c k  s u s p e n s i o n  t o  100 m l  of a g a r .  The a s s a y  p l a t e s  

were used on t h e  same day of p r e p a r a t i o n .  

The c h l o r t e t r a c y c l i n e  s t o c k  s o l u t i o n  was made by a c c u r a t q l y  we igh ing  t h e  

amount of c h l o r t e t r a c y c l i n e  H C 1  NF r e q u i r e d  t o  g i v e  a  c o n c e n t r a t i o n  o f  1000 

pg/ml when d i s s o l v e d  and d i l u t e d  t o  50 m l  w i t h  0 .01  5 H C 1 .  T h i s  c h l o r t e t r a -  



c y c l i n e  s o l u t i o n  was p repared  t h e  day b e f o r e  t h e  a s s a y  and was s t o r e d  i n  t h e  d a r k  

a t  5OC. The s t a n d a r d  c u r v e  was made by d i l u t i n g  a p p r o p r i a t e  a l i q u o t s  of s t o c k  

s o l u t i o n  w i t h  enough phosphate  b u f f e r  s o l u t i o n  t o  o b t a i n  c o h c e n t r a t i o n s  of 0 . 0 4 ,  

0 .08 ,  0 .12 ,  0 .16,  0 .24,  0 .32 ,  0 .48 pglml. The-0.16 pg/ml c o n c e n t r a t i o n  was 
* 

d e s i g n a t e d  as t h e  r e f e r e n c e  c o n c e n t r a t i o n .  

Four 114-inch a s s a y  d i s k s  were p l a c e d - . a t  90' i n t e r v a l s  on a  2 . 8  cm r a d i u s  

o f  each  seeded  p l a t e .  Two-hundredths o f  a  mi23. i l5 ter  (0 .02 m l )  of t h e  r e f e r -  

ence  c o n c e n t r a t i o n  was p i p e t t e d  o n t o  a l t e r n a t e  d i s k s .  E i t h e r  t h e  a s s a y  s o l u -  

t i o n s  f o r  t h e  unknown c h l o r t e t r a c y c l i n e  d e t e r m i n a t i o n s  o r  t h e  s t a n d a r d  concen- 

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

t h a t  day were  p i p e t t e d  o n t o  t h e  o t h e r  d i s k s . .  Three r e p l i c a t e  p l a t e s  were 

made f o r  b o t h  t h e  assay  s o l u t i o n s  and t h e  s t a n d a r d  c o n c e n t r a t i o n s .  The a s s a y  

p l a t e s  were incuba ted  f o r  1 8  h o u r s  a t  30°0. 

The d iamete r  of t h e  i n h i b i t i o n  zone was measured w i t h  c a l i p e r s .  The s i x  

r e a d i n g s  o f  t h e  r e f e r e n c e  c o n c e n t r a t i o n  on each S e r i e s  of t r i p l i c a t e  p l a t e s  

were averaged.  The s i x  r e a d i n g s  of t h e  s t a n d a r d  o r  a s s a y  s o l u t i o n  were  a l s o  

averaged.  The d i f f e r e n c e  between t h e  average- r e f e r e n c e ' v a l u e  f o r  a l l  p l a t e s .  

and t h e  average  r e f e r e n c e  v a l u e  f o r  any s e r i e s  of t r i p l i c a t e  p l a t e s  was used 

a s  a c o r r e c t i o n  ko a d j u s t  f o r  t h e  v a r i a t i o n  between supposed ly  i d e n t i c a l  

a s s a y  p l a t e s .  For example,  i f  t h e  average r e f e r e n c e  c o n c e n t r a t i o n  on a set  of 

p l a t e s  was 19.5  inm and t h e  t o t a l  average  r e f e r e n c e  c o n c e n t r a t i o n  was 19 .7  mm, 

t h e n  t h e  c o r r e c t i o n  f o r  t h i s  s e t  of p l a t e s  i s  +0.2 mm; T h e r e f o r e ,  i f  t h e  

average  of t h e  second c o n c e n t r a t i o n  on t h e  same se , t  o f  p l a t e s  was 2 0 . 1  mm, t h e  

c o r r e c t e d  v a l u e  would be 20 .3  mm. 

There was a  t o t a l  of n i n e  r e a d i n g s  f o r  e a c h  s o l u t i o n  t e s t e d  because  t h r e e  

r e p l i c a t e  p l a t e s  of t r i p l i c a t e  o r i g i n a l  sample p o r t i o n s  were  ana lyzed .  The 

r e p l i c a t e s  were n e c e s s a r y  a t  f i r s t  s o  - t h a t  t H e  unknowri s o l u t i o n  would be  i n  

19 



t h e  same range a s  the  r e f e rence  c h l o r t e t r a c y c l i n e  concen t r a t ion  and l a t e r  served 

t o  expose any experimental  e r r o r .  

The s tandard  curve  was p l o t t e d  from the  co r r ec t ed  s t anda rd  concen t r a t ion  

readings  on semi-loggrthmic graph paper  us ing  the  logar i thmic  s c a l e  f o r  concen- 

t r a t i o n s  and t h e  a r i t h m e t i c  s c a l e  f o r  average i n h i b i t i o n  zone d iameters .  The 

l i n e  of b e s t  f i t  was determined 'by inqpec t ion .  The concen t r a t ions  of c h l o r t e t -  

r a c y c l i n e  i n  t h e  assay  s o l u t i o n $  were read d i r e c t l y  from t h e  s t anda rd  curve. 

Copper, Zinc and Exchangeable Cat ions  

The copper and z i n c  concen t r a t ions  of the  s o l i d  f e c e s ,  l i q u i d  and s ludge  

samples f o r  swine waste  and t h e  ly s ime te r  s o i l  and p l a n t  samples were de t e r -  

mined w i t h  a  Perkin-Elmer Model 303 Atomic Absorption Spectrophotometer.  

P r i o r  t o  metal  ana lyses  t h e  f eces  and lagoon i n f l u e n t  samples were d i g e s t e d  by 

the  procedure given i n  Standard Methods. 

The d i l u t e  ac id  e x t r a c t i o n  method was used f o r  t he  s o i l  de t e rmina t ions  and 

the  p l a n t  and s ludge ana lyses  were performed a f t e r  t h e  samples had been dry 

ashed a t  500°C and d i s so lved  i n  hydrochlor ic  a c i d .  

Biochemical Oxygen Demand (BOD) 

Because of t h e  i n h e r e n t  var i 'a t ion of t he  s t anda rd  five-day BOD ( 8 0 ~ ~ )  t e s t  

r e s u l t s ,  a  procedure t h a t  wou$d g ive  the  l e a s t  p o s s i b l e  v a r i a t i o n  of t h e  sample 

concent ra t ion  i n  r e p l i c a t e  BOD b o t t l e s  was developed and r e f i n e d .  Genera l ly ,  

samples were t r a n s f e r r e d  d i r e c , t l y  t o  t h e  BOD b o t t l e  and the  b o t t l e  f i l l e d  wi th  

j u s t  s u f f i c i e n t  d i l u t i o n  water  s o  t h a t  t h e  s t o p p e r  could be i n s e r t e d  wi thout  

l eav ing  a i r  bubbles .  This procedure can l ead  t o  v a r i a t i o n s  i n  t he  sample 

d i l u t i o n s  and thus  BOD r e s u l t s  f o r  r e p l i c a t e s .  5 

v a r i a t i b n  i n  sample d i l u t i o n q  can r e s u l t  from n o t  f i l l i n g  t o  t he  same 

p o s i t i o n  on each b o t t l e  neck and a l s o  by d i s p l a c i n g  excess  l i q u i d  by t h e  



s t o p p e r .  A d d i t i o n a l  v a r i a t i o n  i n  t h e  BOD t e s t  can be caused by t h e  one t o  t h r e e  

p e r c e n t  v a r i a t i o n  i n  t h e  c a p a c i t y  of s t a n d a r d  BOD b o t t l e s .  These v a r i a t i o n s  can 

g i v e  non-uniformity  t o  sample c o n c e n t r a t i o n ,  i n i t i a l  oxygen c o n t e n t  and oxygen 

consumption f o r  r e p l i c a t e s  a t  t h e  same d i l u t i o n  o r  f o r  samples  i n  a  series of  .. 
d i l u t i o n s .  T h e r e f o r e ,  t o  i n s u r e  u n i f o r m i t y  o f  sample c o n c e n t r a t i o n s  i n  tri-  

p l i c a t e  b o t t l e s ,  a l l  BOD d i l u t i o n s  were made i n  v o l u m e t r i c  f l a s k s  and t r a n s f e r r e d  

t o  t h e  BOD b o t t l e s  by s i p h o n i n g .  

The p r e p a r a t i o n  of d i l u t i o n  w a t e r ,  i n c u b a t i o n  p r o c e d u r e  f o r  t h e  BOD test  and s 
d e t e r m i n a t i o n  of t h e  d i s s o l v e d  oxygen c o n t e n t  by t h e  a z i d e  m o d i f i c a t i o n  o f  t h e  

i o d o m e t r i c  method as d e s c r i b e d  i n  S tandard  Methods were fo l lowed .  A l l  BOD, 
J 

d e t e r m i n a t i o n s  were unseeded samples  i n c u b a t e d  f o r  f i v e  d a y s  a t  20°C & l e s s  

o t h e r w i s e  no ted .  

Chemical Oxygen Demand (COD) 

The COD of t h e  s o l i d  f e c e s ,  l agoon  i n f l u e n t ,  lagoon e f f l u e n t  and l y s i m e t e r  
.- 

l e a c h a t e  were o b t a i n e d  by t h e  p rocedure  f o r  t h e  50-ml sample  s i z e  o u t l i n e d  i n  

S tandard  Methods. A  s e r i e s  o f  samples  s i z e s  of about  2  t o  1 0  m l  of t h e  pre-  

p a r e d  swine s o l i d  f e c e s ,  l i q u i d  d a i r y  manure, and lagoon i n f l u e n t  were used and 

approx imate ly  20 t o  30 ml of t h e  lagoon e f f l u e n t  and 50 ml of  l y s i m e t e r  l e a c h a t e .  

I n s t r u m e n t a l  Oxygen Demand ( ~ 0 ~ 0 )  

The i n s t r u m e n t a l  method f o r  COD d e t e r m i n a t i o n  based upon t h e  vapor  phase  

o x i d a t i o n - r e d u c t i o n  sys tem d e s c r i b e d  by S t e n g e r  and Van H a l l  (1967) and per -  

formed by t h e  P r e c i s i o n  S c i e n t i f i c  Aquara to r  was employed. I n  t h i s  method 
. . 

t h e  oxygen demanding m a t e r i a l  i n  a  20-ul aqueous sample r e a c t s  w i t h  carbon 

d i o x i d e  o v e r  a  platinum-gauze c a t a l y s t  i n  a  t u b e  h e a t e d  a t  875'C. Carbon 

monoxide i s  t h e  r e a c t i o n  p r o d u c t  on which t h e  i n s t r u m e n t a l  measurement i s  

based .  



T o t a l  Organic  Carbon (TOC) 

The TOC c o n t e n t  of a l l  samples  was o b t a i n e d  w i t h  a  Beckman Model 915 Analyzer  

ip accordance w i t h  t h e  combus t ion- in f ra red  t e c h n i q u e  o u t l i n e d  i n  S t a n d a r d  Methode, 

Nir r o g e n  

Ammonia and o r g a n i c  n i t r o g e n  were determined by t h e  K j e l d a h l  method and 

n i t r a t e  n i t r o g e n  was de te rmined  by t h e  u l t r a v i o l e t  s p e c t r o p ~ o t o m e t r i c  p rocedure  

as o u t l i n e d  i n  S tandard  Methods. N i t r a t e  c o n c e n t r a t i o n s  were a l s o  de te rmined  

u t i l i z i n g  t h e  Hach Chemical P o r t a b l e  Labora to ry  t e s t  based upon t h e  cadmium 

r e d u c t i o n  method and an  Orion s e l e c t i v e  e l e c t r o d e  w i t h  an expaqded s c a l e  pH m e t e r  

for d a t a  comparison. 

Phosphorus 

Rout ine  or tho-phosphate  d e t e r m i n a t i o n s  a c c o r d i n g  t o  t h e  s t a n n o u s  c h l o r i d e  

p rocedure  and comparisons of t h e  s u l f u r i c - n i t r i c  a c i d  and p e r s u l f a t e  d i g e s t i o n s  

f o r  t o t a l  phospha te  a s  o u t l i n e d  i n  S tandard  Methods were made. 

S o l i d s  
7 

T o t a l  and v o l a t i l e  s o l i d s  were determined on t h e  s o l i d  f e c e s ,  l agoon  i n f l u e n t  

apd l agoon  e f f l u e n t  samples f o r  swine was te  a c c o r d i n g  t o  t h e  p r o c e d u r e  o u t l i n e d  

i q  S tandard  Methods. 

B a c t e r i a l  D e n s i t i e s  

The membrane f i l t e r  t e c h n i q u e  was u t i l i z e d  f o r  a l l  b a c t e r i a l  a n a l y s e s  (Tqylor  

e t  a 1  1 9 5 5 ) .  T o t a l  c o l i f o r m  d e n s i t i e s  were de te rmined  by u s i n g  M-Endo medivq 
-rT. -' 

aqd i n c u b a t i o n  a t  35OC f o r  20 h o u r s  (Kable r  and C l a r k ,  1960) .  F e c a l  s t r e p t o c o c c u s  

measurements were made u s i n g  3 m l  of M-Enterococcus a g a r  p l a c e d  on a 50-mm p e t r i  

d i s h  and i n c u b a t e d  a s  o u t l i n e d  i n  S tandard  Methods. F e c a l  c o l i f o r m  c o u n t s  were 

de te rmined  u s i n g  M-FC medium w i t h  i n c u b a t i o n  a t  4h°C f o r  24 h o u r s  ( G e l d r e i c h  

e t  a l ,  , 1965) . -- 



RESULTS AXD DISCUSSION FOR SWINE WASTE CHARACTERIZATION INVESTTGATIONS 

BOD Value Versus Sample C o n c e n t r a t i o n  5  

The BOD5 r e s u l t s  f o r  t h e  s o l i d  f e c e s ,  lagoon i n f l u e n t  and lagoon e f f l u e n t  

showed s i m i l a r  v a r i a t i o n s  i n  t h e  magnitude of t h e  BOD v a l d e  w i t h  sample concen- 5 

t r a t i o n .  During t h i s  p e r i o d  o f  t h e  p r o j e c t  on ly  t h e  s i n g l e  u n a e r a t e d  lagoon was 

i n  o p e r a t i o n .  T y p i c a l  c u r v e s  i l l u s t r a t i n g  t h i s  BOD d a t a  v a r i a t i o n  a r e  shown i n  5 

F i g u r e  1 w i t h  t h e  magnitude o f  t h e  BOD v a l u e  p l o t t e d  on t h e  o r d i n a t e  v e r s u s  pe r -  
5 

c e n t  sample c o n c e n t r a t i o n  on t h e  a b s c i s s a  f o r  each t y p e  o f  was te .  Such c u r v e s  

a r e  r e p r e s e n t a t i v e  of w a s t e s  c o n t a i n i n g  t o x i c  o r  i n h i b i t o r y  s u b s t a n c e s  because  

t h e  BOD v a l u e  d e c r e a s e s  as t h e  amount of sample and ,  c o n s e q u e n t l y ,  t h e  amount of 5 

a s s o c i a t e d  i n h i b i t o r y  s u b s t a n c e s  i n c r e a s e s  i n  t h e  a s s a y  b o t t l e .  No v a r i a t i d n  i n  

BOD v a l u e s  wi th  sample c o n c e n t r a t i o n  s h o u l d  be  p r e s e n t  i f  i n h i b i t o r y  s u b s t a n c e s  5 

do n o t  a f f e c t  t h e  b i o a s s a y .  

C h l o r t e t r o c y c l i n e  De te rmina t ions  

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

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

d i a m e t e r  of t h e  i n h i b i t i o n  zone.  A  t y p i c a l  s t a n d a r d  c u r v e  i s  p r e s e n t e d  i n  F i g u r e  

2 .  The c h l o r t e t r a c y c l i n e  c0 ,ncen t ra t ions  f o r  t h e  swine w a s t e  a r e  t a b u l a t e d  i n  

Appendix A. 

The c o n c e n t r a t i o n s  of c h l o r t e t r a c y c l i n e  p r e s e n t  i n  t h e  BOD b o t t l e  f o r  t h e  

v a r i o u s  s o l i d  f e c e s  and l agoon  i n f l u e n t  c o n c e n t r a t i o n s  a r e  shown i n  F igure  3 .  

The s t a n d a r d  b i o a s s a y  r e s u l t s  f o r  t h e  c h l o r t e t r a c y c l i n e  c o n c e n t r a t i o n  i n  t h e  

lagoon e f f l u e n t  were n e g a t i v e .  subsequen t  examina t ions  o f  t h e  lagoon e f f l u e n t  

,. i n d i c a t e d  t h a t  t h e  c h l o r t e t r a c y c l i n e  c o n c e n t r a t i o n  was l e s s  t h a n  0 . 0 1  mg/l. 

T h e r e f o r e ,  t h e  c h l o r t e t r a c y c l i n e  c o n c e n t r a t i o n  of t h e  l agoon  e f f l u e n t  was con- 

s i d e r e d  n e g l i g i b l e .  
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BOD5 ANALYSIS  O F  SWINE WASTE 



Copper and Z inc  Dete rmina t ions  

The a s p i r a t o r  on t h e  a tomic  a b s o r p t i o n  spec t rophotomete r  u t i l i z e d  f o r  t h e  

d e t e r m i n a t i o n  o f  copper  and z i n c  c o n c e n t r a t i o n s  exc luded  a p o r t i o n  of t h e  s o l i d s  

p r e s e n t  i n  t h e  s o l i d  f e c e s  and lagoon i n f l u e n t .  Therefore;  t h e  d i g e s t i o n  pro- 

cedure  f o r  m e t a l  d e t e r m i n a t i o n s  i n  S tandard  Methods was used  t o  d i s s o l v e  p a r t i -  

c u l a t e  m a t t e r  i n  t h e  s o l i d  f e c e s  and lagoon i n f l u e n t  samples .  The r e s u l t s  f o r  

t h e  metal a n a l y s e s  of t h e  s o l i d  f e c e s  and lagoon i n f l u e n t  d i g e s t e d  samples  were 
i 

approx imate ly  50 p e r c e n t  h i g h e r  t h a n  t h e  und iges ted  samples .  Because o r g a n i c  

matter w i l l  t i e  up copper ,  t h e  e x c l u s i o n , o f  s o l i d s  by t h e  a tomic  a b s o r p t i o n  

spec t rophotomer  was proposed a s  t h e  reason  f o r  t h e  lower  r e s u l t s  i n  t h e  undi-  

g e s t e d  samples .  The lagoon e f f l u e n t  was n o t  d i g e s t e d  b e c a u s e  l a r g e  p a r t i c u l a t e  

matter was n o t  p r e s e n t  and comparisons  showed l i t t l e  d i f f e r e n c e  between t h e  

metal c o n t e n t  o f  d i g e s t e d  and u n d i g e s t e d  samples.  

R e s u l t s  f o r  t h e  m e t a l  a n a l y s e s  a r e  t a b u l a t e d  i n  Appendix A.  The average  

m e t a l  c o n c e n t r a t i o n s  i n  m i l l i g r a m  of  m e t a l  p e r  gram d r y  s o l i d s  were:  

. . Copper Z i n c  - 
Feces  0.5  0 . 3  

Lagoon In£  l u e n t  0 .6  0 .4  

Lagoon E f f l u e n t  0 . 5  0 . 4  

The average  m e t a l  c o n c e n t r a t i o n  f o r  t h e  pr imary lagoon e f f l u e n t  d u r i n g  t h e  

s i n g l e  unaera ted  lagoon o p e r a t i o n  i n  m i l l i g r a m  of m e t a l  p e r  l i t e r  was: 

Copper Z i n c  - 
Lagoon E f f l u e n c  0 .6  0 . 3  

The metal c o n c e n t r a t i o n s  p r e s e n t  i n  t h e  a s s a y  b o t t l e s  f o r  t h e  BOD a n a l y s e s  5 

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

are p r e s e n t e d  i n  F i g u r e s  4 and 5. 
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E f f e c t  o f . I n h i b i t o r y  Substances on BOD5 Analysis  

Domestic sewage was used t o  determine the  concent ra t ion  of copper,  z i n c  and 

a n t i b i o t i c  c h l o r t e t r a c y c l i n e '  t h a t  would e f f e c t  the  BOD5 ana lyses .  Typica l  curveq - 
showing t h e  e f f e c t  of copper,  z inc  and c h l o r t e t r a c y c l i n e  concen t r a t ions  on t h e  

BOD5 a n a l y s i s  of sewage a r e  shown i n  Figure 6. Resul t s  v e r i f i e d  t h e  work by 

Placak e t  a l .  (1949) t h a t  about 0 .01  mg/l of copper a f f e c t s  t h e  BOD5 of sewage, 

The minimal i n h i b i t o r y  concent ra t ion  (MIC) of z inc  and c h l o r t e t r a c y c l i n e  t h a t  

caused a  decrease i n  t h e  BOD5 t e s t  r e s u l t s  was found t o  be about  0.2 mg/l and 

0.025 mg/l, r e spec t ive ly  ., Typica l  copper concent ra t  i ons  p r e s e n t  i n  t h e  bio-  

assay b o t t l e  f o r  t he  BOD5 a n a l y s i s  of  swine waste were i n  t h e  range of t he  

MIC f o r  copper whereas t he  average z i n c  and c h l o r t e t r a c y c l i n e  concen t r a t ions  

were below t h e  i n d i c a t e d  MIC.  

The combined e f f e c t  of copper a n d  z i n c  upon the  BOD5 a n a l y s i s  was inves  ti- 

gated a t  t h e  same r a t i o  found t o  e x i s t  i n  the  swine waste;  i . e . ,  Cu/Zn = 1.5.  

A s  shown i n  t h e  t y p i c a l  curve presented  i n  Figure 7 ,  t he  M I C  f o r  t h e  combined 

e f f e c t  of copper and z i n c  on ' the  BOD5 a n a l y s i s  of domestic sewage was approxi-  

mately 0.02 mg/l. For t h i s  combined amount of meta l ,  t he  copper concen t r a t ion  

was 0.012 mg/l and t h e  z i n c  concen t r a t ion  0.008 mg/l.  The MIC'S f o r  copper and 

z i n c  found i n  t he  combined i n h i b i t o r y  s tudy were s i m i l a r  t o  t h e  i n d i v i d u a l  MIC'g 

f o r  t hese  metals .  

The t o t a l  e f f e c t  of copper ,  z i n c  and c h l o r t e t r a c y c l i n e  on the  BOD 5 a n a l y s i s  

was s tud ied  us ing  t h e  same r a t i o s  i n  the ,was te :  i . e . ,  Cu:Zn:Chlortetracycl ine = 

6:6:1. The M I C  f o r  t he  combined e f f e c t  of the  i n h i b i t o r y  subs tances  on t h e  BOD 

a n a l y s i s  of domestic sewage was ?about  0,012 mg/l (Figure 8) . For t h i s  com- 

bined amount of i n h i b i t o r y  subs tances ,  t he  copper p o r t i o n  was 0 .OO65 mg/l ,  

t h e  z iyc  concent ra t ion  was 0.0043 - mg/l and the  c h l o r e t r a c y c l i n e  content  
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was 0.0012 mg/l .  The amount of copper  p r e s e n t  i n  t h e  t o t a l  e f f e c ~  a n a l y s i s  

was s i m i l a r  t o  t h e  recorded  M I C  f o r  j u s t  copper%.-. Thus, copper  was c o n s i d e r e d  
-, 

* .  

t h e  c o n t r o l l i n g  i n h i b i t o r y  s u b s t a n c e  a f f e c t i n g  t h e  BOD a q a l y s i s  of swine was te .  

S i n c e  t h e  M I C  of copper 

based  upon a  p e r c e n t  sample 

c o n c e n t r a t i o n  of copper .  A 

approx imate ly  0.007 mg/l  of 

was about  0 .01 mg/l ,  a l l  BOD ' v a l u e s  chosen were 
5 

c o n c e n t r a t i o n  t h a t  would have l e s s  than  0 .01  mg/l 

sample c o n c e n t r a t i o n  of 0 . 1  p e r c e n t  t h a t  c o n t a i n e d  

copper  was used f o r  t h e  BOD a n a l y s e s  o f  t h e  s o l i d  
5 

f e c e s  and lagoon i n f l u e n t  samples ,  and a 1 . 0  p e r c e n t  sample c o n c e n t r a t i o n  t h a t  

c o n t a i n e d  a b o u t  0.006 mg/l o f  copper  was used f o r  t h e  BOD a n a l y s e s  on t h e  5 

lagoon e f f l u e n t  samples.  However, t h e s e  samples which c o n t a i n e d  l e s s  t h a n  t h e  

M I C  of copper  showed an  oxygen d e p l e t i o n  of on ly  abou t  2 . 0  mg/ l .  S tandard  

Methods s p e c i f i e s  t h a t  an  oxygen d e p l e t i o n  of a t  l e a s t  2  mg/l  s h o u l d  be  cons i -  

de red  t h e  most r e l i a b l e .  Sawyer and McCarty (1967) , i n  d i s c u s s i n g  problems w i t h  

t h e  s t a n d a r d  BOD5 t e s t ,  s t a t e d  t h a t  i n  g e n e r a l  t h e  a c c e p t a b l e  sample w i t h  t h e  

g r e a t e s t  oxygen d e p l e t i o n  r e p r e s e n t s  t h e  most s t a t i s  t i c a l l y  r e l i a b l e  d a t a .  How- 

e v e r ,  r e g a r d l e s s  of t h e  amount of oxygen d e p l e t i o n  r e l i a b l e  BOD d a t a  cannot  b e  5 

o b t a i n e d  i f  t h e  sample c o n c e n t r a t i o n  i s  such t h a t  i n h i b i t o r y  amounts of copper  

o r  o t h e r  s u b s t a n c e s  e x i s t .  

Data f o r  a l l  t h e  swine w a s t e  samples show t h a t  a d i r e c t  r e l a t i o n s h i p  e x i s t s  

between t h e  amount of o r g a n i c s  o r  oxygen demand and t h e  c o n c e n t r a t i o n  of copper  

f o r  s e r i e s  d i l u t i o n s .  Thus i t  may be i m p o s s i b l e  t o  o b t a i n  a copper c o n t e n t  

below t h e  M I C  and s t i l l  r e a l i z e  more t h a n  a  2 mg/ l  oxygen d e p l e t i o n .  For such  

w a s t e s  a compromise must b e  made t o  s e l e c t  a sample d i l u t i o n  t h a t  h a s  t h e  l o w e s t  

p o s s i b l e  c o n c e n t r a t i o n  of i n h i b i t o r y  s u b s t a n c e s  b u t  a  s u f f i c i e n t  amount of 

o r g a n i c s  t o  p r o v i d e  a t e c h n i c a l l y  a c c e p t a b l e  oxygen d e p l e t i o n .  BOD5 v a l u e s  f o r  

sample d i l u t i o n s  r e s u l t i n g  i n  on ly  1 t o  2 mg/l ox&n d e p l e t i o n  may be  more 

r e l i a b l e  t h a n  d a t a  f o r  samples  w i t h  more t h a n , a  . -  -2.mg/'l, oxygen d e p l e t i o n  i f  any 
L 



MIC v a l u e  i s  exceeded i n  t h e  more c o n c e n t r a t e d  samples.  Every e f f o r t  must b e  made 

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

y e t  approaches  o r  i s  below t h e  MIC of any m a t e r i a l .  - 
The problem of feed  a d d i t i v e  t o x i c i t y  and c o r r e s p o n d i n g l y  e r r a t i c  BOD d a t a  5 

f o r  swine was te  could  be e l i m i n a t e d  i f  a  s u b s t a n c e  were found t h a t  would n e g a t e  

t h e  e f f e c t  of copper  and n o t  o t h e r w i s e  a f f e c t  t h e  BOD5 test .  Such a m a t e r i a l  

cou ld  be r o u t i n e l y  added t o  t h e  d i l u t i o n  w a t e r  a s  a  s t a n d a r d  procedure . .  There- 

f o r e  t h e  f e a s i b i l i t y  o f  employing c h e l a t i n g  a g e n t s  t o  e l i m i n a t e  t h e  i n h i b i t o r y  

e f f e c t  of copper on t h e  BOD t e s t  f o r  swine w a s t e  was i n v e s t i g a t e d .  S a l y i c y a -  5 

l o x i n e ,  a  c h e l a t i n g  a g e n t  which i s  v e r y  s p e c i f i c  f o r  copper  was i n v e s t i g a t e d .  

Manganese was a l s o  examined because  of i t s  r e p o r t e d  d e t o x i f y i n g  a b i l i t y .  T y p i c a l  

c u r v e s  f o r  t h e  BOD of s e e d e d ,  s y n t h e t i c  sewage samples c o n t a i n i n g  manganese and 
5 

s a l y i c y a l o x i n e  s i n g l y  o r  i n  combinat ion p r e s e n t e d  i n  F i g u r e s  9 and 10 show t h a t  

t h e s e  a d d i t i o n s  d i d n ' t  s i g n i f i c a n t l y  a l t e r  t h e  BOD r e s u l t s .  However, i t  can  5 

be s e e n  from t y p i c a l  c u r v e s  p r e s e n t e d  i n  F i g u r e  11 t h a t  t h e s e  a d d i t i v e s  d i d  n o t  

e l i m i n a t e  t h e  v a r i a t i o n  o f  t h e  BOD v a l u e  w i t h  sample c o n c e n t r a t i o n  f o r  swine  5 

w a s t e  c o n t a i n i n g  copper .  E x t e n s i v e  t e s t s  showed t h a t  t h e s e  chemica l s  would 

n o t  m i t i g a t e  t h e  c h a r a c t e r i s t i c  BOD v a l u e  v a r i a t i o n .  5 

A s e r i e s  o f  seeded  and unseeded BOD tests were t h e n  r u n  under  s t i r r e d  and 5 

u n s t i r r e d  c o n d i t i o n s  f o r  t h r e e  and f i v e  day i n c u b a t i o n s  t o  f u r t h e r  i n v e s t i g a t e  

t h e  s u i t a b i l i t y  o f  t h e  BOD5 t e s t  f o r  swine w a s t e .  The s y n t h e t i c  sewage u t i l i z e d  

f o r  t h e s e  BOD i n v e s t i g a t i o n s  d e f i n e d  i n  T a b l e  1 h a s  proven t o  b e  dependable  5 

by s u p p o r t i n g  l o n g  t e rm l a b o r a t o r y  a c t i v a t e d  s l u d g e  and a l g a l - b a c t e r i a l  s t u d i e s .  

The s e e d  was developed i n  a  l a b o r a t o r y  a c t i v a t e d  s l u d g e  u n i t  t h a t  was s u p p o r t e d  

w i t h  swine was te  from a  u n i v e r s i t y  growing u n i t  which d i d  n o t  use  f e e d  a d d i t i v e  

copper  and z i n c .  T h i s  swine p r o d u c t i o n  u n i t  was a l s o  used a s  t h e  s o u r c e  of 
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Table  1. S y n t h e t i c  sewage formula  

# I n g r e d i e n t  C o n c e n t r a t i o n  (mg/l)  

Glucose ( S o l u b l e  Carbohydrate)  80 

S t a r c h  ( I n s o l u b l e  Carbohydrate)  80 

Yeast  E x t r a c t  (Organic  Ni t rogen  i s  15 mg/l) 

NH4C1  ( N  a s  NH3 i s  20 mg/l)  

*CaC12 2H20 

*FeSO *7H20 4 

*MnS04 -HZO 

*MgS04'7H20 

CaC03- (Carbonate  B u f f e r  System) 

D i s t i l l e d  Water 

1 5  8 

6 3 

40.3 

1 0  

1 0  

1 0  

300 

20 

t o  1 l i t e r  

COD of s y n t h e t i c  sewage 300 

* S a l t  s o l u t i o n  i s  a f t e r  fo rmula  p r e s e n t e d  by Gaudy and Turner  i n  
J o u r n a l  Water P o l l u t i o n  C o n t r o l  F e d e r a t i o n ,  36 (6) : 767, 1964. 



was te  samples t h a t  d i d  n o t  c o n t a i n  copper .  These samples were  o b t a i n e d  from the 

manure s t o r a g e  p i t  below t h e  s l o t t e d  f l o o r s  a f t e r  t h e  c b n t e n t s  had been v igor -  

ous ly  mixed. S t i r r i n g  o r  a g i t a t i o n  f o r  t h e s e  BOD, i n v e s t i g a t i o n s  was p rov ided  
2 

by magnet ic  mixers ,  A l l  o t h e r  t e s t  c o n d i t i o n s  were i n  acc  

d u r e s  p r e v i o u s l y  d e s c r i b e d .  

R e s u l t s  v e r i f i e d  p r e v i o u s l y  r e p o r t e d  work (Bush, 1971; 

White, 1969) t h a t  v a l u e s  f o r  seeded samples  were h i g h e r  a t  

day i n c u b a t i o n  t imes  f o r  b o t h  s t i r r e d  and u n s t i r r e d  c o n d i t i  

rdance  w i t h  proce-  

T a i g a n i d e s  and 

t h e  t h r e e  and f i v e -  

ons  ,than unseeded 

r e p l i c a t e s  a s  shown i n  F i g u r e  12.  Although t h i s  c u r v e  i s  f o r  t h e  u n s t i r r e d  

BOD of swine waste  w i t h o u t  f e e d  a d d i t i v e s ,  t h e  r e l a t i o n s h i p  between seeded  5 

and unseeded r e p l i c a t e s  was t y p i c a l  f o r  a l l  samples ana lyzed .  However, t h e  

curves  showing t h e  BOD v a l u e  v e r s u s  sample c o n c e n t r a t i o n  f o r  t h e  s t i r r e d  and 5 

u n s t i r r e d  r e p l i c a t e s  (seeded o r  unseeded) were n o t  always s i m i l a r  a s  shown i n  

F i g u r e s  1 3 ,  1 4  and 15.  While t h e  s t i r r e d  sample f o r  unseeded swine w a s t e  

w i t h o u t  copper  s h o m  i n  F i g u r e  1 3  evidenced on ly  a  small BOD5 v a r i a t i o n  w i t h  

sample c o n c e n t r a t i o n ,  such a  uniform v a l u e  f o r  s t i r r e d  samples  cou ld  not be 

c o n s i s t e n t l y  d u p l i c a t e d .  The v a r y i n g  n a t u r e  of  t h e  s t i r r e d  and  u n s t i r r e d  

BOD d a t a  i s  shown i n  F i g u r e s  1 4  and 15 which p r e s e n t s  d a t a  f o r  seeded  
5 

s y n t h e t i c  sewage. 

I n  s p i t e  of t h e  v a r i a b l e  s l o p e  of t h e  BOD5 d a t a  f o r  s t i r r e d  and u n s t i r r e d  

samples ,  t h e s e  c u r v e s  i n d i c a t e  t h a t  t h e  v a r i a t i o n  of BOD5 v a l u e  w i t h  sample 

c o n c e n t r a t i o n  i s  n o t  due t o  d i f f u s i o n  l i m i t a t i o n s .  I f  d i f f u s i o n  l i m i t a t i o n s  

were s o l e l y  r e s p o n s i b l e  f o r  t h e  lower  BOD f o r  l a r g e r  sample c o n c e n t r a t i o n s  
5 

then  mixing would e l i m i n a t e  t h i s  e f f e c t  by p roduc ing  t u r b u l e n t  t r a n s p o r t  con- 

d i t i o n s  and t h u s  t h e  BOD v a l u e  would n o t  v a r y  w i t h  sample c o n c e n t r a t i o n  f o r  
5 

s t i r r e d  c o n d i t i o n s .  

A r e p l o t  o f  t h e  BOD5 d a t a  p r e s e n t e d  i n  F i g u r e s  1 3  and 1 4  as oxygen con- 
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sumption v e r s u s  sample c o n c e n t r a t i o n  a l s o  i n d i c a t e s  t h a t  oxygen d i f f u s i o n  was not 

l i m i t i n g  because  t h e  r e l a t i o n s h i p  between t o t a l  oxygen consumed v e r s u s  sample 

s i z e  i s  a  con t inuous  f u n c t i o n .  T h i s  curve  i s  t y p i c a l  r e g a r d l e s s  o f  t h e  s l o p e  of . 
t h e  BOD curve  f o r  s t i r r e d  o r  u n s t i r r e d ,  seeded and unseeded c o n d i t i o n s  w i t h  5 

sample c o n c e n t r a t i o n .  I f  oxygen a v a i l a b i l i t y  r e s t r i c t e d  BOD e x e r t i o n  f o r  t h e  5 

l a r g e r  sample c o n c e n t r a t i o n s ,  t h e  oxygen consumed would i n c r e a s e  w i t h  i n c r e a s e d  

sample c o n c e n t r a t i o n  u n t i l  t h e  c o n d i t i o n  o f  oxygen l i m i t a t i o n  and t h e n  l i t t l e  

o r  no  a d d i t i o n a l  i n c r e a s e  i n  oxygen consumption would o c c u r .  

Obviously b i o l o g i c a l  a c t i v i t y  and consequen t ly  oxygen u p t a k e  i s  lower i n  

t h e  BOD b o t t l e s  w i t h  t h e  l a r g e r  amounts of was te  sample. The assumption of 

p r e f e r e n t i a l  growth a c c e l e r a t i o n  i n  t h e  l e s s  c o n c e n t r a t e d  samples  does  n o t  

appear  t e n a b l e .  Thus some t y p e  of i n h i b i t i o n  o r  growth l i m i t a t i o n  may be  

r e s t r i c t i n g  biometabol ism and appeaf  as a  f u n c t i o n  of sample c o n c e n t r a t i o n .  

The i n c r e a s e d  b i o l o g i c a l  a c t i v i t y  due t o  t u r b u l e n t  t r a n s p o r t  c o n d i t i o n s  

caused by mixing a p p a r e n t l y  overshadows any i n h i b i t o r y  e f f e c t s  a s  ev idenced  

by t h e  i n c r e a s e d  BOD v a l u e  f o r  a l l  s t i r r e d  samples .  However, a s s o c i a t e d  w i t h  
5 

t h e  h i g h e r  BOD5 f o r  t h e  s t i r r e d  samples i s  a l a r g e r  v a r i a t i o n  i n  t h e  magnitude 

of t h e  BOD v a l u e  f o r  t h e  d i f f e r e n t  sample c o n c e n t r a t i o n s .  T h e r e f o r e  t h i s  
5  

growth v a r i a t i o n  becomes more pronounced f o r  i n c u b a t i o n  c o n d i t i o n s  t h a t  r e s u l t  

i n  i n c r e a s e d  biometabol ism.  Th is  would i n d i c a t e  t h a t  m e t a b o l i c  end p r o d u c t s  

o r  w a s t e  m a t e r i a l s  may c o n t r i b u t e  t o  t h e  i n h i b i t o r y  e f f e c t s  c a u s i n g  t h e  lower 

b i o l o g i c a l  a c t i v i t y  f o r  t h e  more c o n c e n t r a t e d  w a s t e  samples .  

The r e s u l t s  and a n a l y s e s  of t h e  s t i r r e d  and u n s t i r r e d  BOD tests r e i n -  5 

f o r c e  c o n c l u s i o n s  o f  t h e  M I C  i n v e s t i g a t i o n s  t h a t  t h e  b i o a s s a y  b o t t l e  w i t h  t h e  

smallest sample c o n c e n t r a t i o n  h a v i n g  an a c c e p t a b l e  oxygen d e p l e t i o n  p r o v i d e s  

t h e  most r e l i a b l e  d a t a ,  T h i s  a l s o  w i l l  g e n e r a l l y  d i r e c t  s e l e c t i o n  o f  t h e  

l a r g e s t  magnitude BOD v a l u e .  However, i t  must be  r e c o g n i z e d  t h a t  a h i g h e r  5  





v a l u e  w i l l  be o b t a i n e d  f o r  seeded t h a n  unseeded r e p l i c a t e s .  

Seeding adds a n o t h e r  v a r i a b l e  t o  t h e  BOD5 b i o a s s a y .  The r a t i o  of w a s t e  

n u t r i e n t s  o r  food t o  microorganisms i s  c o n s t a n t  f o r  each  sample  c o n c e n t r a t i o n  

i f  s e e d i n g  is  n o t  employed. However, i f  samples a r e  seeded by add ing  micro- 

organisms t o  t h e  d i l u t i o n  w a t e r ,  a  d i f f e r e n t  food t o  microorganism r a t i o  e x i s t s  

f o r  each sample c o n c e n t r a t i o n .  I t  h a s  n o t  been p o s s i b l e  t o  i s o l a t e  t h e  e f f e c t  

of s e e d i n g  on s t i r r e d  and u n s t i r r e d  samples .  

Although r e s u l t s  i n d i c a t e  t h a t  n e i t h e r  oxygen a v a i l a b i l i t y  o r  d i f f u s i o n  

c a u s e s  t h e  v a r i a t i o n  of t h e  BOD v a l u e  f o r  sample c o n c e n t r a t i o n s  w i t h  an 
5 

a c c e p t a b l e  oxygen r e s i d u a l ,  t h e  BOD t e s t  is  based upon t h e  l i m i t a t i o n  of 
5 

n u t r i e n t s .  T h e o r e t i c a l l y  t h e  r a t e  of BOD e x e r t i o n  o r  o r g a n i c  removal i s  

dependent upon t h e  amount of o r g a n i c s  remaining.  T h e r e f o r e  t h e  amount of 

n u t r i e n t s  o r  sample s i z e  is f i x e d  t o  l i m i t  b i o l o g i c a l  a c t i v i t y  s o  t h a t  oxygen 

d e p l e t i o n s  a f t e r  f i v e  days  a r e  w i t h i n  an a c c e p t a b l e  range .  
.. 

For  a  v a l i d  b i o a s s a y  a l l  c o n d i t i o n s  'must remain c o n s t a n t  w i t h  t h e  measured 

paramete r  b e i n g  t h e  on ly  v a r i a b l e .  However, t h e  measured p a r a m e t e r  i n  t h e  BOD 
5 

tes t ,  oxygen up take  ( o r g a n i c s  m e t a b o l i z e d ) ,  i s  v a r i e d  w i t h  d i f f e r e n t  sample 

c o n c e n t r a t i o n s .  Seed ing  r e s u l t s  i n  a n o t h e r  v a r i a b l e  f o r  s e r i e s  sample d i l u -  

t i o n s ,  a d i f f e r e n t  food t o  microorganism r a t i o .  T h e r e f o r e  f o r  t h e s e  r e a s o n s  

a l o n e  i t  would a p p e a r  t h a t  a un i fo rm BOD r e s u l t  f o r  s e r i e s  d i l u t i o n s  i s  n o t  
5 

o b t a i n a b l e ,  e s p e c i a l l y  f o r  seeded  samples .  

These i n v e s t i g a t i o n s  d i d  n o t  c o n c l u s i v e l y  p rove  t h a t  any i n h i b i t o r y  sub- 

s t a n c e  o r  combinat ion of s u b s t a n c e s  were s o l e l y  r e s p o n s i b l e  f o r  t h e  v a r i a t i o n  

of t h e  BOD v a l u e  w i t h  sample c o n c e n t r a t i o n  f o r  e i t h e r  swine w a s t e  o r  syn- 5 

t h e t i c  sewage. The t h r e e  and f i v e  day s t i r r e d  and u n s t i r r e d  i n v e s t i g a t i o n s  

i n d i c a t e  t h a t  oxygen t r a n s f e r  and a v a i l a b i l i t y  f o r  b iometabo l i sm is  n o t  t h e  

l i m i t i n g  f a c t o r  c a u s i n g  t h e  b i o a s s a y s  w i t h  t h e  more n t r a t e d  sample t o  

46 





have a lower BOD v a l u e .  However, t h e  mechanism o f  i n h i b i t i o n  and t h e  5 

e f f e c t  o f  mixing i n t e n s i t y  on oxygen and n u t r i e n t  t r a n s p o r t  o r  c o n d i t i o n  

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

determined.  T h e r e f o r e  no  s i n g l e  cause  can y e t  be given t o  e x p l a i n  t h e  

v a r i a t i o n  o f  t h e  BOD b i o a s s a y  v a l u e  and t h u s  no  m i t i g a t i n g  remedies  
5 

'have been found. A t  p r e s e n t ,  t h e  BOD v a r i a t i o n  w i t h  sample  concentra-  5 

' t i o n  i s  a t t r i b u t e d  t o  i n h i b i t o r y  m a t e r i a l s ,  e i t h e r  f e e d  a d d i t i v e s  o r  

m e t a b o l i c  end p r o d u c t s ,  which exceed minimal i n h i b i t o r y  c o n c e n t r a t i o n s  

i n  t h e  more c o n c e n t r a t e d  samples  and t o  t h e  b a s i c  p r o c e d u r e s  f o r  t h e  

BOD b i o a s s a y .  5 

Bush (1971) i n  h i s  monograph, Aerobic B i o l o g i c a l  Trea tment  of Waste 

Waters ,  P r i n c i p l e s  and P r a c t i c e  which was p u b l i s h e d  a f  ter t h i s  p r o j e c t  

began, d i r e c t s  c o n s i d e r a b l e  a t t e n t i o n  t o  t h e  BOD t e s t  f rom b o t h  a  k i n e t i c  5 

and a q u a n t i t a t i v e  v iewpoin t .  I n  i n t r o d u c i n g  c h a p t e r  4 h e  s t a t e s ,  "This 

c h a p t e r  i s  i n t e n d e d  t o  show t h e  confus ion  caused by u s e  o f  BOD , t o  p r e s e n t  5 

t h e  incompetence of t h e  tes t  f o r  p r o c e s s  assessment  o r  f o r  d a t a  p e r t i n e n t  t o  

n a t u r a l  sys tems ,  and t o  s u g g e s t  r a t i o n a l ,  v a l i d  measures  f o r  t h e s e  purposes ."  

Although t h i s  monograph does  n o t  s p e c i f i c a l l y  c o n s i d e r  t h e  v a r i a t i o n  of BOD 
5 

r e s u l t s  w i t h  sample c o n c e n t r a t i o n ,  s e v e r a l  f a c t o r s  germane t o  t h e  a n a l y s e s  

o f  an imal  was tes  such a s  b i o l o g i c a l  a c c l i m a t i o n ,  s h i f t s  i n  m i c r o b i a l  popula- 

t i o n s  and non-uniform d e g r a d a t i o n  of was te  m a t e r i a l s  are emphasized.  Addi- 

t i o n a l l y ,  he  n o t e s ,  " r e a c t i o n  k i n e t i c s  p r o v i d e  d i r e c t  e v i d e n c e  of t h e  f a l l a c y  

o f  u s i n g  ' r a t e 1  d a t a  from a  q u i e s c e n t ,  d i f f u s i o n  l i m i t e d  s y s t e m  w i t h  sometimes 

n o n - r e p r e s e n t a t i v e  b i o t a  t o  p r e d i c t  r e a c t i o n  r e s p o n s e  i n  a food- l imi ted ,  mass 

c u l t u r e ,  s t i r r e d  r e a c t o r  o r  i n  a f lowing  s t ream.  Even comparison o f  BOD ra te  

d a t a  w i t h  an u n s t i r r e d  ( n o t  a r t i f i c i a l l y  a e r a t e d )  o x i d a t i o n  pond is  i n v a l i d  
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because  of wind mixing,  s e d i m e n t a t i o n  and a l g e e  e f f e c t s . "  These comments have 

p a r t i c u l a r  a p p l i c a b i l i t y  t o  t h e  s u i t a b i l i t y  o f  t h e  BOD t e s t  f o r  t h e  c h a r a c t e r i ~  
5 

z a t i o n  of animal  w a s t e s  and e v a l u a t i o n  of t r e a t m e n t  lagoons.  

Regarding t o x i c i t y ,  Bush n o t e s  t h a t  by u s i n g  enr ichment  c u l t u r e  t e c h n i q u e s  

t h e  BOD b o t t l e  sys tem p r o v i d e s  e x c e l l e n t  p o t e n t i a l  f o r  b a c t e r i a l  a d a p t i o n  and 

s e l e c t i o n .  Typica l  d a t a  p r e s e n t e d  i m p l i e d  t h a t  i n  a  f a s h i o n  s i m i l a r  t o  s u b s t r a t e  

l i m i t a t i o n ,  t o x i c i t y  becomes e v i d e n t  a t  a  c r i t i c a l  r a t i o  of t o x i c  i o n  t o  biomasg 

and t h u s  t h e r e  i s  no b r o a d l y  s i g n i f i c a n t  t o x i c  i o n  c o n c e n t r a t i o n .  

I n  c l o s u r e  Bush s t a t e s ,  "BOD i s  a  s o u r c e  of confus ion  i n  p r o c e s s  assessment  
5 

and h o l d s  no  t h e o r e t i c a l  o r  p r a c t i c a l  s i g n i f i c a n c e  even i f  t h e  t e s t  were  accu- 

r a t e  o r  conven ien t  t o  perform." The r e s u l t s  o f  t h i s  s t u d y  show t h a t  t h e  BOD5 

assay  i s  a  f u n c t i o n  o f  sample s i z e  and c u l t u r e  c o n d i t i o n s .  T h e r e f o r e  i t  h a s  

been v i r t u a l l y  i m p o s s i b l e  t o  o b t a i n  c o n s i s t e n t  o r  r e p r o d u c i b l e  r e s u l t s  f o r  

animal  was te  samples and t h e  v a l i d i t y  of t h e  measure i s  q u e s t i o n a b l e .  

B a c t e r i a l  De te rmina t ions  

During t h e  i n i t i a l  s t a g e s  of t h e  s t u d y ,  t h e  FS measurements f o r  swine w a s t e  

were  determined w i t h  t h e  KF b r o t h  d e s c r i b e d  by Kenner e t  a l .  (1961) .  D i f f i -  

c u l t i e s  i n  o b t a i n i n g  FS c o u n t s  u s i n g  t h e  KF b r o t h  were e x p e r i e n c e d  b e c a u s e  t h e  

c o l o r  o f  t h e  FS c o l o n i e s  on t h e  KF medium ranged from a  v e r y  l i g h t  p i n k  to a 

y e l l o w i s h  w h i t e .  The M-Enterococcus a g a r  d e s c r i b e d  i n  S tandard  Methods was 

then  used and i t  y i e l d e d  FS c o l o n i e s  w i t h  a  p i n k  t o  .dark r e d  c o l o r .  With 

e i t h e r  medium on ly  t h e  p i n k  t o  d a r k  r e d  c o l o n i e s  a r e  t o  be c o n s i d e r e d  f o r  FS 

counts  . 
Data f o r  t h e  M-Enterococcus a g a r  were approx imate ly  1 0  t i m e s  t h e  c o u n t s  

from t h e  KF b r o t h  even when c o u n t i n g  a l l  c o l o n i e s  on  t h e  KF medium. The 

d i f f e r e n c e  between t h e  number and c o l o r  of c o l o n i e s  r e s u l t i n g  f rom p o r t i o n s  
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of t h e  same sample p l a c e d  on bo th  FS media i s  i l l u s t r a t e d  by t h e  photograph 

shown i n  F i g u r e  1 6 ,  The u t i l i z a t i o n  of M-Enterococcus a g a r  i n s t e a d  o f  KF 

b r o t h  f o r  r o u t i n e  b a c t e r i a l  examina t ions  s o l v e d  t h e  d i f f i c u l t y  t h a t  had  been 

e x p e r i e n c e d  i n  t h i s  l a b o r a t o r y  i n  o b t a i n i n g  p o s i t i v e  d e t e c t i o n  o f  FS c o l o n i e s .  

B a c t e r i a l  examina t ions  were made on swine f e c e s ,  l agoon  i n f l u e n t  and 

l agoon  e f f l u e n t  t o  de te rmine  i f  t h e  f e c a l  c o l i f o r m  t o  f e c a l  s t r e p t o c o c c u s  

r a t i o  c o u l d  be  u t i l i z e d  t o  i n d i c a t e  was te  source .  Data p r e s e n t e d  i n  t h e  Water 

P o l l u t i o n  C o n t r o l  Research S e r i e s  Repor t ,  S a n i t a r y  S i g n i f i c a n c e  

of Feca l  Col i forms i n  t h e  Environment ( G e l d r e i c h ,  1966) i n d i c a t e s  t h a t  t h e  

FC/FS r a t i o  f o r  man i s  4 , 4  and f o r  warm-blooded an imals  0 .6  o r  l e s s .  It 

h a s  been i m p o s s i b l e  t o  ve rJ fy  t h i s  concept  p a r t i a l l y  due t o  i n i t i a l  problems 

w i t h  FS d e t e r m i n a t i o n s  and e r r a t i f n a t u r e  of b a c t e r i a l  r e s u l t s .  However, i t  

can be  n o t e d  f rom t h e  l i s t i n g  of t h e  FC/FS d a t a  i n  Appendix A t h a t  t h i s  r a t i o  

is g e n e r a l l y  l e s s  t h a n  1 .0  f o r  swine f e c e s , a n d  p r o g r e s s i v e l y  became more 

v a r i a b l e  and h i g h e r  f o r  t h e  swine was te  lagoon i n f l u e n t  and lagoon e f f l u e n t  

samples.  

N i t r a t e  De te rmina t ions  

Labora to ry  work h a s  been conducted t o  deve lop  and c o r r e l a t e  t h r e e  d i f f e r e n t  

methods f o r  n i t r a t e  d e t e r m i n a t i o n .  S i n c e  t h e  p h e n o l d i s u l f o n i c  a c i d ,  b r u c i n e  

and r e d u c t i o n  tests o u t l i n e d  i n  S tandard  Methods a r e  so  t e d i o u s ,  a  r a p i d  and 

r e l i a b l e  p rocedure  i s  most d e s i r a b l e .  The Hach. P o r t a b l e  E n g i n e e r ' s  Labora to ry  

i n c l u d e s  a f i e l d  t e s t  f o r  n i t r a t e  based upon t h e  cadmium r e d u c t i o n  method. 
. <  

R e s u l t s  from t h i s  s i m p l i f i e d  t echn ique  have.  been.  compared w i t h  d a t a  f o r  t h e  

r e l a t i v e l y  e a s y  u l t r a v i o l e t  s p e c t r o p h o t o m e t r i c  tes t  o u t l i n e d  i n  S tandard  

Methods. A d d i t i o n a l l y ,  t h e  Orion s p e c i f i c  i o n  e l e c t r o d e  f o r  n i t r a t e  w i t h  an 

expanded s c a l e  pH mete r  h a s  been u t i l i z e d .  Comparison o f  t h e  d a t a  p r e s e n t e d  

i n  Appendix A f o r  l y s i m e t e r  l e a c h a t e  samples show t h a t  v a l u e s  f o r  t h e  u l t r a -  



Figure 16. Photograph of typical cultures obtained with media used 
for feca? afraRtococqug determinations, 



v i o l e t  method and t h e  n i t r a t e  probe are s i m i l a r  and g e n e r a l l y  g r e a t e r  t h a n  t h e  

v a l u e  f o r  t h e  Hach Procedure .  T h i s  i n d i c a t e s  t h a t  t h e  c o r r e c t i o n  f o r  d i s s o l v e d  

o r g a n i c  i n t e r f e r e n c e  i n  t h e  u l t r a v i o l e t  method i s  adequa te  f o r  t h i s  sample which 

h a s  a  v e r y  low COD and TOC c o n t e n t .  A d d i t i o n a l l y ,  t h i s  d a t a  shows t h a t  t h e  Hach 
- 

Procedure  can p r o v i d e  a  r e l a t i v e l y  a c c u r a t e ,  r a p i d  l a b o r a t o r y  and f i e l d  a n a l y s i s  
, 

f o r  n i t r a t e .  

Phosphorus De te rmina t ions  

T o t a l  phosphate  and or tho-phosphate  d a t a  f o r  r e p l i c a t e  samples  by t h e  Hach 

Procedure  and t e c h n i q u e s  o u t l i n e d  i n  S tandard  Methods were  c o l l e c t e d .  The 

r e s u l t s  of t h e  Hach and s t a n n o u s  c h l o r i d e  p r o c e d u r e s  f o r  o r tho-phospha te  i n  add- 

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

f o r  t o t a l  phospha te  a r e  l i s t e d  i n  Appendix A. Data comparisons  show t h a t  Hach 

v a l u e s  a r e  always much h i g h e r  t h a n  cor responding  r e s u l t s  o b t a i n e d  a c c o r d i n g  t o  

p r o c e d u r e s  o u t l i n e d  i n  S t a n d a r d  Methods. A d d i t i o n a l l y ,  r e p l i c a t e  r e s u l t s  f o r  

t h e  or tho-phosphate  and i n v e s t i g a t e d  t o t a l  phospha te  d i g e s t i o n  t e s t s  o u t l i n e d  i n  

S tandard  Methods f o r  raw an imal  was te  and t r e a t e d  samples  a r e  e s s e n t i a l l y  

i d e n t i c a l .  These d a t a  comparisons  show t h a t  t h e  Hach Procedure  i s  n o t  s u i t a b l e  

f o r  or tho-phosphate  o r  t o t a l  phospha te  e v a l u a t i o n s  of any an imal  w a s t e  sample.  

The added t ime and expense  r e q u i r e d  f o r  t h e  t o t a l  p h o s p h a t e  test  i s  n o t  con- 

s i d e r e d  j u s t i f i e d  because  r e s u l t s  f o r  t h e  two t o t a l  phosphorus  d i g e s t i o n s  

and or tho-phosphate  a n a l y s e s  a s  o u t l i n e d  i n  S tandard  Methods a r e  e s s e n t i a l l y  

i d e n t i c a l .  

I n s t r u m e n t a l  Chemical Oxygen Demand (C02D) 

O p e r a t i o n a l  problems h a v e  s e v e r e l y  r e s t r i c t e d  t h e  u t i l i z a t i o n  of t h e  P r e c i -  

s i o n  S c i e n t i f i c  Aquara to r  i n s t r u m e n t a l  oxygen demand a n a l y z e r  ( c o ~ D ) .  I t  h a s  

been i m p o s s i b l e  t o  make t h i s  i n s t r u m e n t  come up t o  t h e  performance q u a l i t y  o f  

t h e  Beckman T o t a l  Organ ic  Carbon Analyzer .  C a l i b r a t i o n  i n  t h e  low r a n g e s  



(10-50 mg/l) h a s  been d i f f i c u l t  and t h e  maintenance of s e n s i t i v i t y  i n  t h e  h i g h e s t  

r ange  (300 mg/l)  has  been i m p o s s i b l e  even though t h e  i n f r a r e d  a n a l y z e r  component 

h a s  been r e p a i r e d  and r e p l a c e d .  Subsequent ly  P r e c i s i o n  S c i e n t i f i c  h a s  s u p p l i e d  

two new i n l e t  assembles  and sugges ted  a  r e v i s e d  i n j e c t i o n  t e c h n i q u e  similar t o  - 
t h e  method o u t l i n e d  by Beckman f o r  t h e  TOC a n a l y z e r .  .An a u t o m a t i c  sample i n j e c -  

t i o n  s y r i n g e  appears  mandatory because  response  peaks a r e  a  f u n c t i o n  of i n j e c t i o n  

speed o r  f o r c e  and t h u s  o p e r a t o r  i n f l u e n c e .  

B a s e l i n e  d r i f t  h a s  always been a  problem f o r  swine o r  l i q u i d  d a i r y  w a s t e  

samples  t h a t  have been i n  c o n t a c t  w i t h  t h e  s o i l .  Negat ive  p e a k s  a r e  common b e f o r e  

response  t o  t h e  i n j e c t e d  sample and v e r y  pronounced f o r  samples  w i t h  a low COD. 

C o l l e c t e d  C02D d a t a  a r e  p r e s e n t e d  i n  Appendix A and compared w i t h  COD and TOC 

r e s u l t s  f o r  r e p l i c a t e  samples .  The C02D r e s u l t s  and a l s o  C02D/COD r a t i o s  f o r  t h e  

swine was te  lagoon e f f l u e n t  samples a r e  r e a s o n a b l e .  However, t h e  C02D v a l u e s  f o r  

t h e  l y s i m e t e r  l e a c h a t e  a r e  g e n e r a l l y  l e s s  than t h e  c o r r e s p o n d i n g  COD and t h u s  t h e  

C O ~ D / C O D  d a t a  r a t i o s  f o r  t h e  l e a c h a t e  samples a r e  e r r a t i c .  There  a p p e a r s  t o  be no  

t e c h n i c a l l y  sound e x p l a n a t i o n  t o  j u s t i f y  t h e  C02D v a l u e  of an imal  w a s t e w a t e r  b e i n g  

l e s s  than t h e  cor responding  COD because  t h e  Aquara to r  p r o v i d e s  f o r  a more complete  

combustion of w a s t e s  and even  o x i d i z e s  s u b s t a n c e s  n o t  i n c l u d e d  i n  t h e  COD r e s u l t s ,  

such a s  u r i n e .  

C h a r a c t e r i z a t i o n  Parameter  De te rmina t ions  

' 

The measurement u n i t  of mg/l  h a s  become a  mainstay f o r  t h e  c h a r a c t e r i z a t i o n  of 

domes t ic  sewage and i n d u s t r i a l  was tewate r .  Many i n v e s t i g a t o r s  a r e  a l s o  u s i n g  t h e  

mg/ l  measurement f o r  t h e  c h a r a c t e r i z a t i o n  of an imal  w a s t e s .  T h i s  measurement u n i t ,  

however, i s  n o t  a p p l i c a b l e  f o r  swine w a s t e  because  i n d i v i d u a l  management p r a c t i c e s  

r e s u l t  i n  d i f f e r e n t  ways o f  

i s  a f u n c t i o n  o f  t h e  number 

The amount of washwater 

h a n d l i n g  t h e  waste .  The l i q u i d  c o n t e n t  o f  a n i m a l  w a s t e  

of a n i m a l s ,  t y p e  of h o u s i n g  and c l e a n i n g  p rocedures .  

p e r  hog a t  t h e  s t u d i e d  s i t e  was c a l c u l a t e d  from t h e  



i n f l u e n t  sample d a t a  p r e s e n t e d  i n  Appendix A and i s  p r e s e n t e d  i n  Table  2 a s  g a l l o n s  

of w a t e r  p e r  pound o f  hog weigh t .  The s i g n i f i c a n c e  of d i l u t i o n a l  e f f e c t s  and c o r -  

r esponding  p r e j u d i c e  of mg/l  e v a l u a t i o n s  a r e  emphasized by t h e  measured v a r i a t i o n  

of 0.07 t o  1.0 g a l l o n s  p e r  pound of  animal .  Although t h e  amount of washwater d i d  - 
n o t  i n c r e a s e  l i n e a r l y  w i t h  t h e  number of an imals ,  t h e  average  volume of washwater 

f o r  t h i s  growing u n i t  was abou t  t e n  g a l l o n s  p e r  hog. 

Tab le  2 .  Volume o f  washwater p e r  pound of  an imal  we igh t  

Date Volume o f  washwater/  
' Pound of Hog Weight 

I 

The e f f e c t  of d i l u t i o n  on c h a r a c t e r i z a t i o n  paramete rs  can be e l i m i n a t e d  i f  

r e s u l t s  are r e p o r t e d  as gram of pa ramete r  p e r  gram of d r y  s o l i d s  because  t h e  
. ,  

amount of was te  s o l i d s  p e r  an imal  remains  r e l a t i v e l y  c o n s t a n t .  Lagoon i n f l u e n t  

d a t a  a r e  a l s o  p r e s e n t e d  as pound of  pa ramete r  p e r  100 pound hog p e r  day because  

t h i s  measurement u n i t  i s  v e r y  u s e f u l  when d e s i g n i n g  swine t r e a t m e n t  f a c i l i t i e s .  

Recognizing t h a t  e f f l u e n t  judgements a r e  p a r t l y  baped on t h e  mg/l  u n i t  and t h a t  

t h e  mg/l measurement i s  most common i n  w a t e r  q u a l i t y  management, t h e  lagoon e f f l u e n t  

d a t a  a r e  a l s o  p r e s e n t e d  as mg/l. 
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S o l i d  Feces 

Resul t s  f o r  t h e  s o l i d  swine f eces  c h a r a c t e r i z a t i o n  ana lyses  a r e  presented  i n  

Appendix A and summarized i n  Table 3. A l l  d a t a  a r e  l i s t e d  a s  gram of parameter 

p e r  gram t o t a l  s o l i d s .  This  i s  the  only meaningful method of c h a r a c t e r i z a t i o n  

'because the  raw s o l i d  f e c e s  sample contained no u r ine  o r  washwater and d i l u t i o n  

of t he  sample. was done i n  t he  labora tory .  

Lagoon I n f l u e n t  

Resul t s  f o r  t he  swine waste lagoon i n f l u e n t  ana lyses  a r e  l i s t e d  i n  Appendix 

A and summarized i n  Table 4. The d a t a  a r e  t abu la t ed  a s  both  gram of parameter  

p e r  gram t o t a l  s o l i d 4  an4 i n  milJigrams of parameter pe r  l i t e r  f o r  comparison. 
. - .  

. A s  can be seen ,  t h e  coe f f i c i en f  qf v a r i a t i o n  is l e s s  ' f o r  t h e  gram p e r  gram t h w  

the mi l l ig ram pe r  l i t e r  d a t a  because of t h e  in f luence  of d i l u t i o n .  

Table 3. Summary of s o l i d  swiqe f eces  c h a r a c t e r i z a t i o n  parameters  

Coe f f i c i en t  
Parameter Maximum Me an Minimum of Var i a t ion  Unit 

Table 4, Summary of swine waste  lagcon i n f l u e n t  c h a r a c t e r i z a t i o n  parameters  

Coe f f i c i en t  
Parameter Maximum Me an Miq imum of Var i a t ion  Unit 

CODITS 1.46 1.10 0.66 0.22 g/g 
BOD /TS 0.62 0.50 0.36 0.15 g ig  
TO& 0.42 0.36 0.24 0.16 ' d g  
vs ITS 0.80 0.72 0.66 0.05 d g  

COD 9740 5169 12 75 0 .51  mg/l 
 BOD^ 3700 2 2 3 7 426 0.44 mg/ 1 
TOC 2 880 1828 590 0.32 mg/l 
TS 8040 5793 3600 0.21 mg/l 
VS 6 440 4445 30 30 0.22 mg/ 1 



Data f o r  t h e  lagoon i n f l u e n t  a r e  a l s o  summarized a s  pounds of pa ramete r  p e r  

100 pound hog p e r  day i n  Tab le  5 .  

Table  5. Summary o f  swine was te  c h a r a c t e r i z a t i o n  p a r a m e t e r s  
.. 

Paramete r  Lb/100 Lb Hog/Day 
- 

COD 0 .64 

BOD5 

TOC 

T S 

VS 

Lagoon E f f l u e n t  

R e s u l t s  f o r  t h e  lagoon e f f l u e n t  a n a l y s e s  are p r e s e n t e d  i n  Appendix A and 

summarized i n  Table  6 ,  The d a t a  a r e  p r e s e n t e d  as b o t h  gram of  p a r a m e t e r  p e r  

gram t o t a l  s o l i d s  and a s  m i l l i g r a m s  of pa ramete r  p e r  l i t e r .  The d a t a  g i v e n  as 

g / g  shows g r e a t e r  u n i f o r m i t y  because  d i l u t i o n a l  e f f e c t s  a r e  e l i m i n a t e d  and p a r a -  

meters a r e  based upon a more un i fo rm i n t e n s i t y  f a c t o r .  

The c h r o n o l o g i c a l  v a r i a t i o n  o f  lagoon e f f l u e n t  BOD COD, TOC and TS are 
5 ' 

i l l u s t r a t e d  i n  F i g u r e  16 where t h e  c o n c e n t r a t i o n  (mg/l) o f  e a c h  c h a r a c t e r i z a t i o n  

p a r a m e t e r  i s  p l o t t e d  v e r s u s  sample d a t e .  A comparison of F i g u r e  1 7  and t h e  d a t a  

f o r  t h e  amount of washwater p e r  animal  (Tab le  2) shows t h a t  as t h e  100 weigh t  o f  

an imals  i n c r e a s e d  t o  t h e  maximum (June 1 7 ) ,  t h e  lagoon e f f l u e n t  c h a r a c t e r i z a t i o n  

p a r a m e t e r s  i n  mg/l a l s o  c o r r e s p o n d i n g l y  i n c r e a s e d .  



Table  6. Summary of lag009 cf  f l u e n t  c h a r a c t e r i z a t i o n  pararfieters 

C o e f f i c i e n t  
Paramete r  Maximum Me an Minimum of V a r i a t i o n  Uni t  

 COD!.^ S 8 . 9 8  3. I 6  0.59 0.12 g! g  
 BOD^ /T s G , 3 0  0 .18  0.10 1) '-28 g / &  

COD 

E 5  
TS 
VS 

T h e o r e t i c a l l y ,  a s  t h e  p r o p o r t i o n  o f  washwater p e r  100 w e i g h t  d e c r e a s e s ,  t h e  

c o n c e n t r a t i o n  of p a r a m e t e r  p e r  l i t e r  s h c u l d  i n c r e a s e  and a s  t h e  100 weigh t  of 

animal  i n c r e a s e s ,  t h e  m g / l  o f  pa ramete r  shou ld  i n c r e a s e .  T h i s  dependency of mg/l 

d a t a  on an imal  we igh t  and d i l u t i o n  i s  i l l u s t r a t e d  by t h e  i n c r e a s i n g  c o n c e n t r a t i o n  

of p a r a m e t e r  a s  an imal  we igh t  i n c r e a s e s  i n  F i g u r e  17.  The e f f e c t  o f  a d e c r e a s e  

i n  an imal  number and t h e  use  of a s p r i n k l e r  sys tem f o r  an imal  comfor t  i s  r e f l e c t e d  

by t h e  d e c r e a s e  of p a r a m e t e r  c o n c e n t r a t i o n  a f t e r  June  17 .  Converse ly ,  t h e  g / g  

d a t a  d u r i n g  t h e  i d e n t i c a l  t i m e  p e r i o d  shows a  much g r e a t e r  d e g r e e  of c o n s i s t e n c y  

a s  shown by comparing t h e  mgl l  p l o t s  i n  F i g u r e  17  and t h e  g / g  p l o t s  i n  F i g u r e  1 8 ,  

and a l s o  i n  Tab le  6 where t h e  c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  t h e  d a i l y  g / g  and 

mg/ l  d a t a  a r e  summarized. The l a r g e  v a r i a t i o n s  shown i n  t h e  m g / l  d a t a  emphasize  

t h e  d e f i c i e n c y  of such a  c h a r a c t e r i z a t i o n  u n i t  and t h e  need f o r  c a u t i o n  when 

sampling and i n t e r p r e t i n g  such  r e s u l t s  f o r  lagoon e f f l u e n t .  A d d i t i o n a l l y ,  when 

on ly  o c c a s i o n a l  samples  a r e  t a k e n  and r e p o r t e d  i n  m g / l  t o  e v a l u a t e  t h e  p o l l u t i o n  

p o t e n t i a l  of animal  w a s t e w a t e r ,  t h e  r e s u l t s  a r e  q u e s t i o n a b l e .  

Comparison o f  Paramete r  R a t i o  Means 

A comparison of t h e  swine w a s t e  c h a r a c t e r i z a t i o n  p a r a m e t e r s  f o r  t h e  s o l i d  

f e c e s ,  lagoon i n f l u e n t  and l agoon  e f f l u e n t  was p o s s i b l e  b e c a u s e  d i l u t i o n a l  e f f e c t s  







were e l i m i n a t e d  by c a l c u l a t i n g  t h e  c h a r a c t e r i z a t i o n  p a r a m e t e r s  on a  d r y  s o l i d s  
. , 

o r  r a t i o  b a s i s .  The mean v a l u e  o f  each paramete r  r a t i o  f o r  t h e  s o l i d  f e c e s ,  

lagoon i n f l u e n t  and l agoon  e f f l u e n t  a r e  l i s t e d  i n  Tab le  7, 

T a b l e  7. Comparison of swine was te  pa ramete r  r a t i o  means 
* 

S o l i d  Lagoon Lagoon 
Paramete r  Feces  I n f  l u e n t  E f f l u e n t  Uni t  

COD/BOD, R a t i o  

T h e o r e t i c a l l y  t h e  COD/BOD r a t i o  is  always g r e a t e r  t h a n  u n i t y .  A  v a l u e  n e a r  

u n i t y  i n d i c a t e s  t h e  w a s t e  i s  v e r y  b iodegradab le .  However, t h e  COD w i l l  b e  much 

g r e a t e r  than  t h e  BOD i f  c o n d i t i o n s  i n h i b i t o r y  t o  b i o l o g i c a l  o x i d a t i o n  o r  sub- ' 
5 

s t a n c e s  r e s i s t a n t  t o  b i o d e g r a d a t i o n  a r e  p r e s e n t .  

D i s i n f e c t i o n  was p r a c t i c e d  p e r i o d i c a l l y  on non-sampling d a t e s  d u r i n g  t h i s  

s t u d y .  Although t h e  s o l i d  f e c e s  and lagoon i n f l u e n t  samples  were n o t  a f f e c t e d ,  

t h e  d i s i n f e c t a n t  c a r r i e d  o v e r  i n t o  t h e  lagoon. The l a r g e  cOD/BOD5 r a t i o  f o r  t h e  

lagoon e f f l u e n t  was caused by a low BOD v a l u e  t h a t  was a t t r i b u t e d  t o  removal of 
5  

BOD i n  t h e  lagoon o r  p r e s e n c e  of a d i s i n f e c t a n t  i n h i b i t o r y  t o  t h e  BOD a n a l y s i s .  
5 



COD/TOC Rat io  

P o l l u t i o n  p o t e n t i a l  and the  degree of t reatment  o r  s t a b i l i z a t i o n  obtained 

i s  d i r e c t l y  r e l a t e d  t o  t h e  oxida t ion  s t a t e  of t h e  waste,  Oxidation. s t a t e  can 

be detennined by the  r a t i o  of t he  oxygen and carbon-based d a t a .  The BOD/TOC 
- 

r a t i o  i n d i c a t e s  the  biological-based oxida t ion  s t a t e  and t h e  COD/TOC r a t i o ,  t h e  

chemical ox ida t ion  s t a t e .  A C O ~ D / T O C  va lue  would be based completely on i n s t r u -  

. , 

mental ana lyses .  

The v a r i a t i o n  of t he  oxygen demand va lue  f o r  a  cons tan t  carbon content  o r  

TOC value  can be i l l u s t r a t e d  by c a l c u l a t i n g  the  COD/TOC r a t i o  f o r  methane and 

methylamine. Carbon i s  a t  i t s  most reduced s t a t e  i n  methane, and thus  w i l l  

r e q u i r e  the  maximum amount of oxygen f o r  ox ida t ion ,  The COD ox ida t ion  r e a c t i o n  

The t h e o r e t i c a l  COD/TOC r a t i o  would be: 

4 [atomic weight of oxygen] = - = 
atomic weight of carbon 

4(16) 5.33 
1 2  

This  va lue  approximates t h e  maximum COD/TOC r a t i o  and such a h igh  va lue  

i n d i c a t e s  t h a t  t he  analyzed compound i s  very reduced. 

S t ra ight -cha in  a l i p h a t i c  compounds, aromatic  hydrocarbons, p y r i d i n e  and 

u r i n e  a r e  n o t  ox id ized  t o  any apprec iab le  e x t e n t  i n  the  s t anda rd  COD t e s t .  A 

compound t h a t  i s  n o t  ox id ized  by the  COD t e s t  e i t h e r  because' of i t s  qx ida t ion  

s t a t e  o r  r e s i s t a n c e  t o  t e s t  cond i t i ons  would have a ,  zero COD and thus  a  ze ro  

COD/TOC r a t i o ,  Such a  compound would be methylamine because t h e  COD t e s t  does 

n o t  ox id ize  s t r a igh t - cha in  a l i p h a t i c s .  Therefore ,  t h e  t h e o r e t i c a l  r a t i o  f o r  

t h i s  compound would be:  

COD NIL ZERC) 
r=-= 

TOC 12 



The u t i l i z a t i o n  of t h e  C0D/TOC r a t i o  t o  moni tor  p r o g r e s s i v e  o x i d a t i o n  can b e  

i l l u s t r a t e d  by t h e  f o l l o w i n g  example of t h e  step-by-step o x i d a t i o n  of methane 

a s s o c i a t e d  CODITOC r a t i o s  : 

Oxidat ion 

CH4- CH30H - CH20 - HCOOH- C02 + H20 
I I 

C A R B O N  D I O X I D E  A N D  W A T E R  

COD/TOC 5 . 3  4  .0 2 . 8  1 . 3  ZERO 

It i s  apparen t  t h a t  t h e  lower COD/TOC v a l u e  i n d i c a t e s  a  more o x i d i z e d  o r  

s t a b i l i z e d  compound. The b a s i c  p r i n c i p l e  of a e r o b i c  w a s t e  t r e a t m e n t  i s  t o  con- 
8 

v e r t  reduced waste n u t r i e n t s  t o  t h e  cor responding  non-odorous o x i d i z e d  end p r o -  

d u c t s ,  p a r t i c u l a r l y  carbon d i o x i d e  and w a t e r .  T h e r e f o r e ,  t h i s  r a t i o  would g i v e  

d i r e c t  i n s i g h t  t o  t h e  degree  of o x i d a t i o n  o r  t r e a t m e n t  a c h i e v e d  and t h e  p o l l u t i o n -  

a1 p o t e n t i a l  of any was te .  

The mean v a l u e s  o f  t h e  COD/TOC r a t i o  f o r  t h e  swine w a s t e  samples  i n d i c a t e  t h e  

a n t i c i p a t e d  p r o g r e s s i v e  s t a b i l i z a t i o n  o r  o x i d a t i o n  o f  t h i s  was te .  The f e c e s  

samples would be expec ted  t o  be a t  t h e  l o w e s t  o x i d a t i o n  s t a t e  o r  be t h e  most re- 

duced. The lagoon i n f l u e n t  would be more o x i d i z e d  because  t h i s  sample was r e t a i n e d  

i n  t h e  c o l l e c t i o n  t rough  f o r  a 24-hour p e r i o d  and c o n t a i n e d  a l l  of  t h e  washwater 

from t h e  c o n c r e t e  f l o o r  washdown a t  t h e  end o f  t h e  c o l l e c t i o n  p e r i o d .  The l agoon  

e f f l u e n t  had a lower r a t i o  t h a n  t h e  lagoon i n f l u e n t  which i n d i c a t e s  t h a t  some 

degree  of t r e a t m e n t  was p rov ided  by t h e  lagoon.  

COD/TS R a t i o  

The CODITS r a t i o s  i n d i c a t e d  t h a t  some o x i d a t i o n  of w a s t e  m a t e r i a l s  o c c u r r e d  



i n  t h e  lagoon because  t h e r e  was a  d e c r e a s e  i n  t h e  CODITS r a t i o s  between t h e  lagoon 

i n f l u e n t  and e f f l u e n t .  Data  show t h a t  t h e  COD, BOD5 and TOC v a l u e s  decreased  a t  

a g r e a t e r  r a t e  t h a n  d i d  t h e  TS v a l u e ,  i n d i c a t i n g  t h a t  t h e  r e d u c t i o n  of oxygen 

demand and o r g a n i c  carbon i n  t h e  lagoon was i n  e x c e s s  o f  s o l i d s  removed by s e d i -  
m 

menta t ion .  The s i m i l a r i t y  o f  t h e  COD/TS r a t i o  f o r  t h e  s o l i d  f e c e s  and lagoon 

i n f l u e n t  f u r t h e r  v e r i f i e s  t h a t  t h e  COD o f  u r i n e  i s  n e g l i g i b l e .  

VS/TS R a t i o  

The , lagoon i n f l u e n t  c o n t a i n e d  more i n e r t  s o l i d s  ( g r i t ,  h a i r ,  s p i l l e d '  f e e d ,  e t c . )  

t h a n  d i d  t h e  s o l i d  f e c e s  sample,  and t h u s  t h e  VS/TS r a t i o  f o r  t h e  lagoon i n f l u e n t  

was lower than t h e  f e c e s .  The amount of VS o x i d i z e d  o r  removed i n  t h e  lagoon was 

g r e a t e r  than t h e  amount of t o t a l  s o l i d s  removed because  t h e  VS/TS r a t i o  was l o w e s t  

f o r  t h e  lagoon e f f l u e n t .  

Metal/TS R a t i o s  

The CU/TS and Zn/TS r a t i o s  f o r  t h e  lagoon i n f l u e n t  were h i g h e r  t h a n  f o r  t h e  

s o l i d  f e c e s  because  of t h e  c o n c e n t r a t i o n s  o f  t h e  m e t a l s  p r e s e n t  i n  t h e  u r i n e .  

Meta l s  t end  t o  p e r s i s t  i n  t h e  environment because  t h e y  do n o t  degrade  n a t u r a l l y  

b u t  when o r g a n i c  s u b s t a n c e s  a r e  p r e s e n t ,  t h e  m e t a l  w i l l  be t i e d  up w i t h  t h e  

o r g a n i c  m a t t e r  (McKinney, 1962) .  The r a t i o s  of Cu/TS and Z ~ / T S  were  t h e  l o w e s t  

i n  t h e  lagoon e f f l u e n t  because '  as o r g a n i c  m a t t e r  s e t t l e s ,  metals were a l s o  

removed and r e t a i n e d  i n  t h e  bot tom s l u d g e .  

C h l o r t e t r a c y c l i n e / T S  R a t i o  

A n t i b i o t i c s  i n  s o l u t i o n  degrade  n a t u r a l l y .  The h a l f - l i f e  of t h e  a n t i b i o t i c  

c h l o r t e t r a c y c l i n e  i n  manure i s  r e p o r t e d  t o  b e  one week a t  37OC and g r e a t e r  t h a n  

20 days  a t  28OC and 4 ' ~  (Morr ison,  1969) .  The lagoon i n f l u e n t  samples  were 

r e t a i n e d  f o r  a  24-hour p e r i o d  i n  t h e  c o l l e c t i o n  t rough .  Th is  a l lowed  t i m e  f o r  

t h e  c h l o r t e t r a c y c l i n e  t o  p a r t i a l l y  degrade.  T h e r e f o r e ,  t h e  c h l o r t e t r a c y c l i n e  

c o n c e n t r a t i o n  i n  t h e  s o l i d  f e c e s  would b e  expec ted  t o  b e  h i g h e r  t h a n  i n  t h e  

6 2 



lagoon i n f l u e n t ,  C h l o r t e t r a c y c l i n e  was n o t  de t ec t ed  i n  rhe  lagoon e f f l u e n t ;  - - 

C o e f f i c i e n t  of Va r i a t i on  ~ o k ~ a r h o f i  -, ' 

For S e l e c t e d  Swine Waste &ra&et&rs  " '  

The c o e f f i c i e n t s  of v a r i a t i o n  f o r  t h e  r a t i o s  of  o j t g e n  demand and o rgan ic  

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

: . .  
a r e  presen ted  i n  Table  8. - t 

L .  + - 
~ a b i e  8. Coe f f i c i en t  of v a r i a t i o n  comparison f o r  t o t a l  s o l i d s  parameter  r a t i o s  

Parameter Feces 
Lagoon - '  

I n f l u e n t  
Lagoon 

E f f l u e n t  

CODITS Rat io  

. The h igh  c o e f f i c i e n t  o f  v a r i a t i o n  of  t h e  lagoon i n f l u e n t  CODITS was a t t r i b u t e d  

t o  t h e  d i f f i c u l t y  i n  ob t a in ing  a r e p r e s e n t a t i v e  sample. Even though measures were 

taken  t o  avoid sampling e r r o r s ,  t he  volume of  l i q u i d  handled i n  t h e  c o l l e c t i n g  , 

t rough became s o  g r e a t  t h a t  i t  was imposs ib le  t o  be p o s i t i v e  t h a t  t h e  waste  was 

homogeneous when t h e  sample was taken. The s&l volume of  waste  sample (2-5 ml) 

t h a t  was d i l u t e d  t o  50 m l  f o r  t h e  s tandard  COD a n a l y s i s  o f  t he  s o l i d  f e c e s  and 

lagoon i n f l u e n t  samples would c o n t r i b u t e  t o  v a r i a t i o n  because of problems i n h e r e n t  

i n  d i l u t i n g  concent ra ted  samples.  The low c o e f f i c i e n t  of  v a r i a t i o n  f o r  t h e  lagoon 

e f f l u e n t  i n d i c a t e d  t h a t  t h e  COD and TS tests were more r ep roduc ib l e  f o r  t h i s  . 

sample. 



BOD5/Ts Rat io 

The s u s c e p t i b i l i t y  of t h e  BOD bioassay t o  ma te r i a l s  u t i l i z e d  f o r  medication 
5  

and d i s i n f e c t i o n ,  sample concenprat ion and t e s t  procedures  con t r ibu ted  t o  t h e  

high c o e f f i c i e n t  of  v a r i a t i ~ n  f o r  p a r t i c u l a r i l y  t he  lagoon e f f l u e n t  samples. 

TOC/TS Ratio 

The r e p r o d u c i b i l i t y  of t he  in s t rumen ta l  a n a l y s i s  f o r  t h e  TOC t e s t  and the  

cons tan t  method of a n a l y s i s  were proposed a s  t h e  reasons f o r  t he  low c o e f f i c i e n t  

of v a r i a t i o n  f o r  a l l  samples. 

Oxygen Demand and Organic Carbon Rat ios  f o r  P red ic t ion  U t i l i z a t i o n  

The C O D / B O D ~ ,  BOD5/T0c and COD~TOC r a t i o s  f o r  the  s o l i d  f e c e s ,  lagoon in-  

f l u e n t  and lagoon e f f l u e n t  samples based on mg/l d a t a  a r e  l i s t e d  a s  g /g  va lues  

i n  Table 9 .  

Table 9 ,  Comparison of swine waste parameter r a t i o s  f o r  p r e d i c t i o n  u t i l i z a t i o n  

Parameter Maximum Me an Minimum 
C o e f f i c i e n t  of 

Var i a t ion  

. . 
COD/BOD 
BOD /TO? 
C O D ~ O C  

Feces' 

Lagoon I n f l u e n t  

Lagoon E f f l u e n t  



Suggested P r e d i c t o r  - - ' .  
The mos t  r e l i a b l e  oxygen and carbon-based i n d i c i e s  f o r  t h i s  r a t i o , s e e m s ,  

.... " : 
1 C' . 

a t  p r e s e n t ,  t o  be COD and TOC. The s t a t i s t i c a l  comparison of pa ramete r  r a t z o s  
1 .  

f o r  t h e  c h a r a c t e r i z a t i o n  o t  v a r i o u s  swine w i d t e  samples showii i n    able 9 i n d i r  
% ,. 

c a t e s  t h a t  t h e  l o w e s t  c a e f f t c i e n t  o £ ' . < a r i i t i &  i s  g e n e r a l l y  a s s o c i a t e d  w i t h  
4 / 

t h e  COD/TOC r a t i o .  The v a l i d i t y  and i n h e r e n t  v a r i a b i l i t y  o f  BOD v a l u e s  must . - 5 

be c o n s i d e r e d  i n  any c r i t i c a l  e v a l u a t i o n  o f  t h i s  d a t a .  

I t  can a l s o .  b e  s e e n  f rom t h e  d a t a  i n  T a b l e  9 t h a t  t h e  COD v a l u e  h a s  a 

g r e a t e r  magnitude o f  change t h a n  t h e  TOC v a l u e  because  o f  t h e  p r o g r e s s i v e  

biometabol ism a n d / o r  o x i d a t i o n  o f  o r g a n i c s .  The reduced TOC v a l u e  i n d i c a t e s  

carbon removal e i t h e r  by b i o l o g i c a l  a c t i v i 6  o r  chemical  c o n v e r s i o n  t o  gaseous  

methane and /or  ca rbon  d i o x i d e  which e s c a p e s  

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

approaches  some minimum v a l u e  n e a r  z e r o ,  i f  

ment h a s  been achieved.  

t o  t h e  a tmosphere .  The e f f l u e n t  

shou ld  have a COD/TOC r a t i o  t h a t  

adequa te  s t a b i l i z a t i o n  and t r e a t -  

Some of  t h e  l o w e s t  r e p o r t e d  oxygen/carbon r a t i o s  f o r  t h e  e f f l u e n t  from 

an imal  was te  t r e a t m e n t  schemes have been a s s o c i a t e d  w i t h  a e r a t i o n  and l a n d  

d i s p o s a l  s t u d i e s .  Robbins et, a l .  (1971) r e p o r t e d  a BOD /TOC r a t i o  of 0 .51  , t - -- 5 . . . b 

i n  t h e  s t reamf low d u r i n g  r u n o f f  from a l a n d  s p r e a d i n g  s i t e  f o r  swine w a s t e ,  

T h i s  f i g u r e  was compared w i t h  t h e  BOD /TOC v a l u e s  of 0.17 and 0 .18 f o r  t h e  
5 

c o n t r o l  wa te r sheds  which were devoid o f  d ~ m e s t i c  an imals  and  r e c e i v e d  n o  fa rm 

an imal  w a s t e s ,  

A d i s a d v a n t a g e  o f  t h e  cOD/TOC r a t i o  i s  t h a t  t h e  s m a l l  o r f i c e  of t h e  sample 

s y r i n g e  f o r  t h e  TOG a n a l y z e r  may e x c l u d e  a l a r g e  p o r t i o n  o f  w a s t e  s o l i d s  and 

c o r r e s p o n d i n g l y  p r e j u d i c e  t h e  r e s u l t s .  Wastewater can be  c o n s i d e r e d  t o  be  

composed o f  a p a r t i c u l a t e  and s o l u b l e  f r a c t i o n .  An e n l a r g e d  t i p  p i p e t t e  can 

be used t o  o b t a i n  a  r e p r e s e n t a t i v e  sample f o r  t h e  s t a n d a r d  COD test .  However, 



a por t ion  of s o l i d s  w i l l  be e ~ c l u d e d  f o r  both t h e  carbon (TOC) and oxygen-baged 

(C02D) ins t rumenta l  ana lyzers .  Therefore t h e  r e s u l t s  of t hese  in s t rumen ta l  

ana lyses  must be considered a s  sqpresent ing  only the so lub le  p o r t i o n ,  p a r t i c u -  
* 

l a r l y  f o r  a  wastewater t h a t  contAiqs a  high amount of la rge-s ized  s o l i d s .  

I d e a l l y  these  ana lyses  should only be employed t o  examine e f f l u e n t  samples. 

Although t h i s  c o n s t r a i n t  may somewhat r e s t r i c t  t he  a p p l i c a b i l i t y  of t hese  

ins t rumenta l  ana lyses ,  the  most p r o f i t a b l e  use of such equipment would be f o r  

the  eva lua t ion  of f i n a l  e f f l u e n t  and monitor ing s t ream q u a l i t y .  

The g r e a t e s t  advantage of i n s t rumen ta l  ana lyses  a r e  t h e  reduced amount of 

t ime, l abo r ,  chemicals and l abo ra to ry  appara tus  requi red  f o r  t h e  same number 

of s tandard  ana lyses ,  n o t  t o  mention the  va lue  of the  d a t a  q u a l i t y .  The reduqed 

sample q u a n t i t y  necessary can a l s o  be a  f a c t o r  when many t e s t s  a r e  d e s i r e d  on a 

sma l l ,  d i f f i c u l t  t o  ob ta in  specimen. 

The conjunct ive  use of an in s t rumen ta l  oxygen-based and carbon-based ana lys iq  

provides  a  r ap id  and s imple method of determining t h e  p o l l u t i o n a l  p o t e n t i a l  and 

oxida t ion  s t a t e  of wastewater.  This  approach would a l s o  a l low t h e  most convenienF 

and t e c h n i c a l l y  sound b a s i s  f o r  t h e  eva lua t ion  of animal waste t rea tment  systems 

and a g r i c u l t u r a l  water  qual$.ty rrianagement, 



RESULTS AND DISCUSSION FOR LAGOON 

TEATMENT AND LAND APPLICATION INVESTIGATIONS 

S ing le  Unaerated Swine Waste Lagoon 

The c a l c u l a t i o n s  f o r  t rea tment  e f f i c i e n c y  of t h e  s i n g l e  unaerated swine waste  

lagoon i n i t i a l l y  considered were based on weekly i n f l u e n t  arid e f f l u e n t  va lues  

expressed a s  mg/l which a r e  l i s t e d  i n  Appendix A. There was no a t tempt  t o  d e t e r -  

mine o r  c a l c u l a t e  m a t e r i a l  ba lances  f o r  t h i s  lagoon. Thus, i t  should be noted 

t h a t  t h e  fol lowing r e s u l t s  f o r  removal e f f i c i e n c i e s  were only an approximation of 

t h e  t rea tment  t h a t  could be expected from t h e  s t u d i e d  lagoon,  The percent  removal 

f o r  COD, BOD5, TOC and TS a r e  presented  i n  Table 10. 

Performance summary f o r  s i n g l e  unaerated swine waste  lagoon 

Average 
E f f l u e n t  

-------- Percent  Treatment---------- Concentrat ion 
Maximum Me an Minimum (mg/l) 

COD 

BOD, 

TOC 

The t reatment  e f f i c i e n c y  of anaerobic animal waste lagoons have been s e r i o u s l y  

quest ioned.  Often lagoons a r e  considered a s  sedimentat ion t anks  t h a t  remove s o l i d s  

(Robbins e t  a l . ,  (1971). An approximation of t he  lagoon t rea tment  i n d i c a t e d  t h a t  

t h e r e  was some b i o l o g i c a l  t rea tment  because t h e  average removal of COD, BOD and 
5 

TOC exceeded t h e  average t o t a l  s o l i d s  removal of approximately 73  percent .  Some 

removal of the  oxygen demand and organic  carbon i n  t he  t rea tment  lagoon is  a l s o  

i n d i c a t e d  by the r a t i o s  of COD, BOD5, TOC and VS t o  TS p re sen ted  i n  Table 7 t h a t  

show reduc t ions  between t h e  lagoon i n f l u e n t  and e f f l u e n t  d a t a .  The d a t a  f o r  



average  e f f l u e n t  c o n c e n t r a t i o n s  showed t h a t  t h e  p e r c e n t  o t  t r e a t m e n t  cou ld  be 

ve ry  mis lead ing  because  even though t h e  p e r c e n t  removal was v e r y  h i g h ,  t h e  

e f f l u e n t  v a l u e s  exceeded similar c h a r a c t e r i z i n g  paramete rs  f o r  raw domes t ic  

sewage. 
s 

Unaerated S s r i e s  Lagoon System f o r  Swine Waste 

The s e r i e s  lagoon sys tem,  i n i t i a t e d  when a  d u p l i c a t e  growing u n i t  was 

i n s t a l l e d ,  h a s  been moni tored f o r  about  one y e a r .  The a v e r a g e  c o n c e n t r a t i o n  

of COD, TOC, and o r g a n i c ,  ammonia and n i t r a t e  n i t r o g e n  i n  t h e  e f f l u e n t  from 

t h e  o r i g i n a l  lagoon u t i l i z e d  a s  t h e  p r imary  l agoon  and t h e  new sdcondary 

lagoon w i t h  t h e  cor responding  removal e f f i c i e n c i e s  a r e  p r e s e n t e d  f o r  s e a s o n a l  

t ime  i n t e r v a l s  i n  T a b l e  11. The w i n t e r  o r  c o l d  p e r i o d  o c c u r s  i n  North C a r o l i n a  

d u r i n g  J a n u a r y ,  February and March. Theref  o r e ,  t h e  t h r e e  d a t a  p e r i o d s  p r e s e n t e d  

i n  Tab le  11 r e p r e s e n t  t h e  f i r s t  warm p e r i o d ,  t h e  c o l d  p e r i o d  and t h e  i n i t i a t i o n  

of t h e  second warm p e r i o d  s i n c e  t h e  i n s t a l l a t i o n  of t h i s  series lagoon system.  

Data on t h e  e f f l u e n t  q u a l i t y  o f  t h e  pr imary and secondary l agoon  c o l l e c t e d  

d u r i n g  t h i s  s e r i e s  lagoon s t u d y  a r e  t a b u l a t e d  i n  Appendix B .  

Comparison of s e a s o n a l  o p e r a t i o n  d a t a  f o r  t h e  o r i g i n a l  lagoon f o r  b o t h  

p r i o r  and a f t e r  s e r i e s  o p e r a t i o n  shows t h a t  e f f l u e n t  pa ramete r  c o n c e n t r a t i o n s  

have remained s i m i l a r  even though t h e  q u a n t i t y  o f  was te  i n p u t  t o  t h e  pr imary 

lagoon h a s  doubled d u r i n g  t h e  s e r i e s  o p e r a t i o n .  However, t h e  COD and TOC 

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

average  p e r c e n t  removals have i n c r e a s e d  t o  about  50% f o r  o r g a n i c  carbon and 

oxygen demand. T h i s  p r o g r e s s i v e  i n c r e a s e  i n  t h e  t r e a t m e n t  performance o f  t h e  

secondary lagoon may be  due t o  n a t u r a l  lagoon matur ing  mediated by t h e  accumu- 

l a t i o n  of a n a e r o b i c  bo t tom s l u d g e  coupled w i t h  t h e  development of a ba lanced  

and a c c l i m a t e d  b i o l o g i c a l  community. C u r r e n t l y  t h e  r e d u c t i o n  o f  t o t a l  n i t r o -  

gen i n  t h e  secondary l agoon  i s  a l s o  abou t  50%. It i s  t o o  soon t o  de te rmine  i f  

68 



Table 11. Performance summary f o r  unaerated series lagoon system fo r  swine waste. 

Nitrogen 

NH3 Organic N03 T o t a l  P04 COD TOC COD/TOC ---------- r n g / l  as N---------- mg/l as P ---mg/l--- 

Primary Lagoon E f f l u e n t  

Secondary Lagoon E f f l u e n t  

Average pe rcen t  removal 
f o r  secondary lagoon 

Primary Lagoon E f f l u e n t  

Q\ 
Secondary Lagoon Ef f luen t  

Average pe rcen t  removal 
f o r  secondary lagoon 

Primary Lagoon E f f l u e n t  

Secondary Lagoon E f f l u e n t  

Average pe rcen t  removal 
f o r  secondary lagoon 

Per iod  of 12/28/71 t o  3/1/72 

43.6 2.2 305 29.8 

22.3 4.5 15 2 25.1 

49% 50% 15% 

Per iod  of 3/1/72 t o  4/1/72 

35.6 3.8 284 46.8 

29.5 4.5 15 8 31.1 

17% 44% 34% 



ammonia l o s s e s  w i l l  i n c r e a s e  dur ing  the  summer season and i f  t h e  n i t r o g e n  reduct ion  

w i J l  correspondingly change. 

Data on t h e  f a t e  of feed  a d d i t i v e  copper and z inc  i n  the s e r i e s  lagoon sys- 

t e m  a r e  summarized i n  Table 12. Heavy metal  i n v e n t o r i e s  show t h a t  t h e  reduct ion  

of  copper and z inc  through the  lagoon system was a s soc i a t ed  w i t h  a concomitant 

s ludge  accumulation. These metal  concent ra t ions  repor ted  a s  ppm on a dry s o l i d s  

b a s i s  a r e  s t e a d i l y  i n c r e a s i n g  and thus  concern e x i s t s  about subsequent  e f f e c t  on 

s ludge  d iges t ion  and lagoon t reatment  performance. 

Table 12. Heavy metal concen t r a t ion  i n  swine waste samples 

Copper Concentration Zinc Concentrat iop 
S amp l e  mg Culgrpm dry  s o l i d s  (ppm) ( P P ~  

Feces 
S ing le  Lagoon Sys tem 

In£ l u e n t  
E f f luen t  

S e r i e s  Lagoon System 
Secondary Lagoon I n f l u e n t  
Secondary Lagoon E f f l u e n t  
Primary Lagoon Sludge 
Secondary Lagoon Sludge 

Sludge depth measurements dur ing  the  f i r s t  y e a r  of t he  s e r i e s  lagoon ope ra t ion  

showed l i t t l e  change except  i n  the  a r e a  of i n£  l u e n t  and e f f l u e n t  flow which in-  

c reased  only s e v e r a l  i nches  i n  t ho  secondary lagoon and about s i x  inches  i n  t he  

primary lagoon. The primary lagoon which has  been i n  ope ra t ion  about t e n  y e a r s  

has  a s ludge  depth of  about  two f e e t  at the  i n l e t  and o u t l e t  and one t o o t  e l s e -  

where. This  r a t e  of s ludge accumulation i s  w e l l  below expec ta t ions .  

The d a t a  presented  f o r  t he  s i n g l e  lagoon and s e r i e s  lagoon system i l l u s -  

tT@tes  the  d i f f i c u l t y  of  accu ra t e  chayac te r iqa t ion  i f  only q u a l i t y  parameters  i p  

m4/l a r e  considered because the o r i g i n a l  lagoon appears  t o  be working b e t t e r  when 



r e c e i v i n g  twice  as much w a s t e  as t h e  pr imary lagoon i n  t h e  s e r i e s  system. The 

s i g n i f i c a n c e  of d i l u t i o n a l  e f f e c t s  and cor responding  p r e j u d i c e  of mg/l eva lua-  

t i o n s  were i l l u s t r a t e d  p r e v i o u s l y  by recorded  washwater d a t a  f o r  t h i s  growing 
. : .  

I .  
I , '  

' 9 ; c  

u n i t  which showed a v a r i a t i o n  of 0.07 t o  l .O,?gal.  p e r  pound of hog. Weather - .. 
* 

c o n d i t i o n s  a l s o  a f f e c t  p a r a m e t e r s  judged on a  c o n c e n t r a t i o n  b a s i s  because  
. , ' .  

. t h e r e  was about  36 i n c h e s  of r a i n  *dur ing t h e  y e a r  t h e  s i n g l e  lagoon was moni- 

t o r e d  and 46 i n c h e s  f o r  t h e  yea; t h k  s e r i e s  l a g o o n  i n s t a l l a t i o n  was e v a l u a t e d .  

I n  s p i t e  o f  t h e s e  l i m i t a t i o n s  i t  'is apparen t  t h a t  e f f l u e n t  from e i t h e r  t h i s  

s i n g l e  lagoon o r  s e r i e s  l agoon  sys tem i s  n o t  s u i t a b l e  f o r  d i s c h a r g e  t o  

r e c e i v i n g  w a t e r s .  However, t h e  u n a e r a t e d  lagoon p r o v i d e s  f o r  s i g n i f i c a n t  

r e d u c t i o n  of p o l l u t i o n a l  p o t e n t i a l  of an imal  was tewate r ,  p a r t i c u l a r i l y  i n  view 

of  t h e  d e s i g n  c r i t e r i a  u t i l i z e d  and minimal a t t e n t i o n  d i r e c t e d  t o  t h e s e  u n i t s  

which a r e  v u l n e r a b l e  t o  c l i m a t i c  ' - e f f e c t s .  

Most lagoons i n  t h e  m o i s t u r e  e x c e s s  S o u t h e a s t  w i l l  over f low a s  l eakage  o r  

s o i l  i n f i l t r a t i o n  i s  reduced due t o  d e c r e a s e d  p e r m e a b i l i t y  o r  s e a l i n g  of 

e s p e c i a l l y  piedmont s o i l ,  To d a t a  t h e  use  of two lagoons  des igned  a s  i n d i v i d u a l  

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

t h e  d i s c h a r g e  measured when one of t h e s e  l agoons  was o r i g i n a l l y  employed as a 

s i n g l e  u n i t  f o r  abou t  one-half  t h e  an imals .  

Lysime t e r  I n v e s t i g a t i o n s  

I n i t i a l l y  two C e c i l  sandy c l a y  loam ( t y p i c a l  Piedmont s o i l )  and two Nor fo lk  

sandy loam ( t y p i c a l  C o a s t a l  P l a i n s  s o i l )  l y s i m e t e r s  w i t h  f l o w  th rough  c o n d i t i o n s  

exposed t o  t h e  w e a t h e r  were loaded  w i t h  e f f l u e n t  from t h e  p r imary  swine w a s t e  

lagoon at a h y d r a u l i c  r a t e  o f  one-inch p e r  week. Data  f o r  t h e  t r e a t m e n t  per-  

formance d u r i n g  t h i s  six-month sunimer p e r i o d  a r e  summarized i n . T a b l e s  1 3  and 1 4 ,  

O p e r a t i o n a l  problems p r e v e n t e d  t h e  c o n t i n u a t i o n  o f  one Nor fo lk  p r o f i l e  f o r  t h i s  

t o t a l  p e r i o d .  The l i s t e d  l e a c h a t e  v a l u e s  a r e  an  a v e r a g e  o f  samples  between 

l o a d i n g  e v e n t s  because  t h e  d a i l y  v a l u e s  were s i m i l a r .  However, t h e  h i g h e s t  

7 1 



Table 13. Performance s p m a r y  f o r  ly s ime te r s  with flow through condi t ions  
loaded with primary swine waste lagoon e f f l u e n t -  a t  1" per  week 

Applied Waste Leachate Average 
Parameter mg/l lb/acre/wk m ~ / l  % Reduction 

COD 

TOC 

P04 
Cu 

Zn 

COD 

TOC 

P04 
Cu 

Zn 

Ceci l  Sandy Clay Loam 

226 2 9 38.7 95% 

7 8 17.3 17 95% 

9.1 .04 .33 99% 

.11 Negl ig ib le  100% 

,095 . l o  .2 64% 

Norfolk Sandy Loam 

226 4 2 



Table 14. Fa t e  of n i t r o g e n  f o r  l y s ime te r s  wi th  flow- through cond i t i ons  
loaded wi th  primary swine waste  lagoon a t  1" p e r  week 

Applied Waste L,eachate Average 
Parameter mg/l lb/acre/wk lb/acre/ ; r  mg/l  X Reduction 

Ammonia (As N) 

Organic (As N) 

N i t r a t e  (As N) 

T o t a l  

Ammonia (As N) 

Organic (As N) 

N i t r a t e  (As N) 

T o t a l  

Cecil Sandy Clay Loam 

2 00 45.4 2360 1 . 8  .53 

7 7 17.5 9 10  0 .11  .14 

Neg l ig ib l e  - 50.3 31.5 - - - - 
277 62.9 3270 52.2 32.2 

Norfolk Sandy Loam 

200 45.4 2360 

7 7 17.5 910 

Neg l ig ib l e  



l e a c h a t e  c o n c e n t r a t i o n s  g e n e r a l l y  occur red  j u s t  a f t e r  l o a d i n g .  C o l l e c t e d  

d a t a  f o r  t h e  o p e r a t i o n  of a l l  t h e  l y s i m e t e r  a l t e r n a t i v e s  s t u d i e d  a r e  l i s t e d  i n  

Appendix C. 

Data  p r e s e n t e d  i n  Tab le  1 3  shows t h a t  t h e  a p p l i c a t i o n  of e f f l u e n t  from t h e  p r i -  
A ,  - .  

mary swine w a s t e  lagoon a t  a h y d r a u l i c  rate of one i n c h  p e r  week h a s  r e s u l t e d  i n  

e s s e n t i a l l y  complete removal of phosphorus and e x c e l l e n t  r e d u c t i o n  of oxygen 

demand and o r g a n i c  carbon.  Concern e x i s t e d  abou t  t h e  c o n c e n t r a t i o n  of copper  and 

z i n c  i n  t h e  l e a c h a t e  samples  and d a t a  comparisons r e v e a l e d  t h a t  t h e  amounts were 

n e g l i g i b l e  a s  i n d i c a t e d  by l i t e r a t u r e  r e f e r e n c e s .  Cor responding ly ,  a r rangements  

were made t o  have a l l  metal a n a l y s e s  performed by t h e  A n a l y t i c a l  S e r v i c e  Labora- 

t o r y  i n  t h e  Department o f  S o i l  S c i e n c e ,  North C a r o l i n a  S t a t e  U n i v e r s i t y .  

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

T a b l e  14.  No a t t e m p t  h a s  been made t o  d e f i n e  n i t r o g e n  l o s s e s  due t o  ammonia 

v o l a t i l i z a t i o n ,  d e n i t r i f i c a t i o n  a n d / o r  p l a n t  up take .  E s s e n t i a l l y  a l l  t h e  

reduced n i t r o g e n  i n  t h e  a p p l i e d  was te  was conver ted  t o  n i t r a t e  i n d i c a t i n g  t h a t  

t h e  s o i l  p r o f i l e s  were  a e r o b i c .  

Oxygen probes  p l a c e d  12" from t h e  s o i l  s u r f a c e  i n  e a c k  p r o f i l e  recorded  

oxygen t e n s i o n  i n  t h e  s o i l  v o i d  s p a c e  f o r  a 30-day p e r i o d .  Oxygen t e n s i o n  

d e p r e s s i o n s  occur red  a f t e r  l o a d i n g s  o r  r a i n f a l l  a s  shown i n  F i g u r e  18. Fluc- 

t u a t i o n  r a n g e s  f o r  t h e  oxygen t e n s i o n  v a l u e s  d u r i n g  t h e  t e s t  p e r i o d  were: 

Lysime ter 

C e c i l  1 
C e c i l  2  
Nor fo lk  1 
Norfo lk  2  

Range o f  oxygen t e n s i o n  v a l u e s  

5 t o  15% 
6 t o  14% 
4 t o  14% 

1 4  t o  20% 

The low oxygen t e n s i o n  v a l u e  observed i n  t h e  Nor fo lk  1 l y s i m e t e r  can be  a t t r i -  

b u t e d  t o  . t h e  e v e n t u a l  c l o g g i n g  which r e s t r i c t e d  d r a i n a g e .  

S o i l  samples  were t e s t e d  t o  i n v e s t i g a t e  t h e  p o t e n t i a l  accumula t ion  of a p p l i e d  

m a t e r i a l s .  Data f o r  n i t r o g e n ,  phosphorus ,  ca lc ium,  po tass ium,  sodium, z i n c  and 
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copper a r e  l i s t e d  i n  Tables  15-21 r e s p e c t i v e l y .  The 

i s  beyond t h e  f i r s t  six-month s tudy per iod  f o r  C e c i l  

t i n u a t i o n  of l y s ime te r  P1 and f o r  Norfolk sandy loam 

converted t o  c o n t r o l l e d  water  t a b l e  cond i t i ons .  The 

meters has remained one inch  p e r  week. A l l  t h e  r e s t  

d a t a  e n t r y  f o r  ' l / 6 /72  which 

sandy c l a y  loam i s  the  con- 

i s  l y s i m e t e r  C2 which was 

load ing  f o r  t he se  two l y s i -  
t. 

of t h e  s o i l  d a t a  r e p r e s e n t s  

average va lues  f o r  o p e r a t i o n a l  l y s ime te r s  dur ing  t h i s  f i r s t  six-nonth i nves t i ga -  

t i o n .  

These s o i l  samples i n d i c a t e  t h a t  t h e r e  was some accumulation of n i t r o g e n .  

The b u i l d  up of phosphorus i n  t h e  t o p s o i l  reg ion  f u r t h e r  emphasizes t h a t  s o i l  

is  an e x c e l l e n t  phasphorus t r a p .  The v a r i a b l e  concen t r a t i ons  o f  c a t i o n s  a r e  

a t t r i b u t e d  t o  l each ing  a s s o c i a t e d  w i th  r a i n f a l l .  However, t h e  p rog re s s ive  

i n c r e a s e  i n  calcium, potassium and sodium j eopa rd i ze s  t h e  cont inued pe rmeab i l i t y  

and s u i t a b i l i t y  of t h i s  s o i l  f o r  p l a n t  growth. The r ap id  accumulat ion of  z i n c  

is  a l s o  noteworthy and h a s  caused s p e c i a l  s c r u t i n y  of sampling and a n a l y t i c a l  

tedhniques.  

The g r a s s  ha rves t ed  from t h e s e  l y s ime te r s  was analyzed t o  determine i f  t h e  

a p p l i c a t i o n  of swine waste a f f e c t e d  t h e  copper,  z i n c  and magnesium concen t r a t i on  

of t he  cover crop. Fescue seed was p l an t ed  bu t  t h e  g r a s s  ha rves t ed  f o r  a n a l y s i s  

dur ing  a  pe r iod  of r ap id  growth was a  mixture  of s e v e r a l  g r a s s  s p e c i e s .  The 

copper,  magnesium and z i n c  conten t  of  t h e  ha rves t ed  crop f o r  each  l y s i m e t e r  is  

presen ted  i n  Table  22. . . 
Comparison of t h i s  cover  crop d a t a  w i th  l i t e r a t u r e  in format ion  on t h e  

e lementa l  composition of  g r a s s e s  showed t h a t  a  t h r e e  t o  seven-fold i n c r e a s e  

i n  copper conten t  occur red ,  The copper concen t r a t i on  on o r  i n  some of t h e  

l y s ime te r  p l a n t  p a r t s  a r e  a t  levels where t o x i c i t y  may'show'up I f b r  g r az ing  

sheep because t h e  r epo r t ed  copper t o x i c i t y  t h r e sho ld  l e v e l  f o r  sheep -is 

about 30 ppm (Todd 1967) .  Zinc and magnesium concek t r a t i ons  were a l s o  



Table  1 5 .  S o i l  n i t r o g e n  i n  l y s i m e t e r s  loaded  w i t h  swine w a s t e  l agoon  e f f l u e n t  
a+- 1" p e r  week .. 

Top of Bottom of  Top of  Bottom of  
T o p s o i l  T o p s o i l  S u b s o i l  S u b s o i l  

Sample ( P P ~  ( P P ~  ( P P ~  ( P P ~  

C e c i l  Sandy Clay Loam 

V i r g i n  

6 /11 /71  

7130171 

9120171 

10125171 

1 /6 /72  

V i r g i n  

6 /11 /71  

7130171 

9120171 

10 /25 /71  

1 /6 /72  

Nor fo lk  Sandy Loam 



T a b l e  16 .  S o i l  phosphorus i n  l y s i m e t e r s  loaded  w i t h  swine w a s t e  l agoon  e f f l u e n t  
zi 1" p e r  week 

.. 

Top of Bottom of Top of Bottom of 
T o p s o i l  T o p s o i l  S u b s o i l  S u b s o i l  

Sample ( P P ~  ( P P ~ )  ( P P ~  ( P P ~ )  
. ,  

V i r g i n  

6 /11 /71  

7130171 

9 / 2 0 / 7 1  

1 0 / 2 5 / 7 1  

1 / 6 / 7 2  

V i r g i n  

6 / 1 1 / 7 1  

7130171 

9 /20 /71  

1 0 / 2 5 / 7 1  

1 / 6 / 7 2  

C e c i l  Sandy Clay Loam 

Norfo lk  Sandy Loam 



Table  17 .  S o i l  ca lc ium i n  l y s i m e t e r s  loaded  w i t h  swine w a s t e  l agoon  e f f l u e n t  
a t  1" p e r  week 

Top of  Bottom of Top of Bottom of 
T o p s o i l  T o p s o i l  S u b s o i l  S u b s o i l  

Sample ( P P ~  ( P P ~  ( P P ~  ( P P ~  

V i r g i n  

6 / 1 1 / 7 1  

7/30/71 

9 /20 /71  

10 /25 /71  

1 /6 /72  

V i r g i n  

6 /11 /71  

C e c i l  Sandy Clay Loam 

Norfo lk  Sandy Loam 

80 4 0 

128 88 



T&bie 18. Z32.I i ~ i a s s i u m  i n  l y s i m e t e r s  loaded w i t h  swine w a s t e  l agoon  e f f l u e n t  
:L:. 1'' ?er week 

----- 
Tcp of Bottom of Top of Bottom of 

?-- a * .. w r s o u  T o p s o i l  S u b s o i l  S u b s o i l  
SET';, :' (2pm) ( P P ~  ( P P ~  ( P P ~ )  
- 

C e c i l  Sandy Clay Loam 

Norfo lk  Sandy Loam 



Table 19, Soil sodium in lysimeters loaded with swine wagte lagoon effluent 
at 1" per week 

Top of Bottom of Top of Bottom of 
Topsoil Topsoil Subsoil Subsoil 

s arnp 1e ( P P ~  ( P P ~  ( P P ~  ( P P ~  

Cecil Sandy Clay Loam 

Virgin 

6/11/71 

7130171 

9120171 

10/25/71 

1/6/72 

Norfolk Sandy Loam 

Virgin 11.9 11.9 

6/11/71 34.0 18.7 



Table 20. S o i l  z i n c  i n  l y s ime te r s  loaded wi th  swine waste  lagoon e f f l u e n t  
r ? t  1" pe r  week - 

- - -- - - --- - - -- --- 

Top of Bottom of Top of- Bottom of 
Topsoi l  Topsoi l  Subsoi l  Subso i l  

Sample ( P P ~  ( P P ~  ( P P ~ )  ( P P ~  

Virg in  

6/11/71 

7/30/71 

9/20/71 

10/25/71 

1/6/72 

Virg in  

6/11/71 

7130171 

9/20/71 

10/25/71 

1/6/72 

C e c i l  Sandy Clay Loam 

Norfolk Sandy Loam 



Table 21, S o i l  copper i n  l y s i m e t e r s  
a t  1" pe r  week 

1oaded.with swine waste  lagoon e f f l u e n t  . 

Sample 

Top of 
Topsoi l  

( P P ~  

Bottom of 
Topsoi l  

( P P d  

Top of 
SUBS o  i 1 

( P P ~  

. . 

~ o t t o m  of 
Subso i l  

( P P ~  

Virg in  

6/11/71 

7/30/71 

10125171 

1/6/72 

Vi rg in  

6/11/71 

7/30/71 

10/25/71  

1/6/72 

C e c i l  Sandy Clay Loam 

Norfolk Sandy Loam 

, 2  . 3  

.64 ,56 

1 .6  .8 

1 .2  1 .8  

1 . 0  0.5 



Table 22, Ketal analyses of grass grown on lysimeters loaded with swine 
waste bpon effluent at 1% per week 

Norfolk 1 

Norfolk 1 

Norfolk 1 

Norfolk 2 

Norfolk 2 

Norfolk 2 

Cecil 1 815 27.8 4 7 5 5  112.6 

Cecil 1 8/12 53.2 5 400 170.6 - 
Cecil 1 8/26 41.8 4475 148.6 

Cecil 2 815 54.0 

Cecil 2 



e l e v a t e d  b u t  t h e  magnesium l e v e l s  remained r a t h e r  c o n s t a n t  w h i l e  copper  and 

z i n c  evidenced p r o g r e s s i v e  i n c r e a s e s .  

Heavy m e t a l  d a t a  p r e s e n t e d ,  i n  Table  12 show t h a t  lagoons s e r v e  as a 

copper  t r a p .  P roducers  who u s e  copper o r  o t h e r  m e d i c i n a l s  t h a t  p r e s e n t  h e a l t h  

o r  env i ronmenta l  h a z a r d s  must manage t h e  amount o f  t h e s e  m a t e r i a l s  - p l a c e d  on 

d i s p o s a l  o r  r e c y c l i n g  p l o t s .  U l t i m a t e l y  t h e  economical  b e n e f i t  of  such  f e e d  

a d d i t i v e s  must be  compared w i t h  t h e  a d d i t i o n a l  c o s t s  r e q u i r e d  f o r  w a s t e  manage- 

ment t e c h n i q u e s  n e c e s s a r y  f o r  t h e  s a f e  u t i l i z a t i o n ,  t r e a t m e n t  o r  d i s p o s a l  of 

such  amended w a s t e s .  

To d a t e ,  t h e  major l i m i t a t i o n  o f  a p p l y i n g  pr imary swine was te  lagoon 

e f f l u e n t  t o  t h e  l y s i m e t e r s  a t  a r a t e  of one,*ch p e r  week h a s  been t h e  con- 

v e r s i o n  of waste  n i t r o g e n  t o  n i t r a t e  because  t h e  upper twelve i n c h e s  of t h e  s o i l  

p r o f i l e  remained a e r o b i c  even a f t e r  l o a d i n g  o r  r a i n f a l l .  Judg ing  l e a c h a t e  a c c e p t -  

i b i l i t y  by d r i n k i n g  w a t e r  limits f o r  n i t r a t e  (45 mg/l a s  NO o r  1 0  mg/l a s  N) , 
3 

t h e  n i t r a t e  c o n t e n t  o f  t h i s  l e a c h a t e  would b e  c o n s i d e r e d  e x c e s s i v e .  Assuming 

t h a t  t h e r e  i s  a l i n e a r  r e l a t i o n s h i p  between n i t r o g e n  c o n t e n t  i n  t h e  a p p l i e d  w a s t e  

and l e a c h a t e ,  t h e  n i t r o g e n  l o a d i n g  r a t e  based upon t h e s e  s h o r t - t e r m  l y s i m e t e r  

i n v e s t i g a t i o n s  would have t o  be  reduced t o  about  1 5  lb /ac re /week  f o r  C e c i l  and 1 0  

lb /ac re /week  f o r  Nor fo lk  s o i l s  t o  comply w i t h  n i t r a t e  r e q u i r e m e n t s  f o r  consumable 

... 
water .  

The l y s i m e t e r  i n v e s t i g a t i o n s  were c o r r e s p o n d i n g l y  a l t e r e d  t o  s t u d y  e f f e c t s  o f  

reduced l o a d i n g  on t h e  l e a c h a t e  n i t r a t e  c o n t e n t ,  t h e  p o t e n t i a l  o f  d e n i t r i f i c a t i o n  

and a p p l i c a t i o n  of l i q u i d  d a i r y  was te .  The f i n a l  l y s i m e t e r  program d e l i n a t e d  i n  

t h e  Exper imenta l  P rocedure  S e c t i o n  which was t h e n  implemented i s  s t i l l  under  

s t u d y .  

Data  f o r  t h e  c o n t i n u a t i o n  of t h e  Piedmont s o i l  l y s i m e t e r  ( P l ) ,  repacked 

C o a s t a l  P l a i n s  s o i l  l y s i m e t e r  (Cl)  f o r  t h e  reduced l o a d i n g  i n v e s t i g a t i o n  and 

t h e  Piedmont (P2) and C o a s t a l  P l a i n s  (C2) l y s i m e t e r  c o n v e r t e d  t o  c o n t r o l l e d  
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w a t e r  t a b l e  c o n d i t i o n s  f o r  b o t h  t h e  c o l d  p e r i o d  from 12 /28 /71  t o  3/1/72 and 

i n i t i a i  p o r t i o n  of t h e  warm season  a r e  p r e s e n t e d  i n  Tab les  23-26 r e s p e c t i v e l y .  

Comparison o f  d a t a  f o r  t h e  C e c i l  sandy c l a y  l o a n  l y s i m e t e r s  l o a d e d  a t  1" 

p e r  week w i t h  f low through ( P l ,  Table  23) and c o n t r o l l e d  w a t e r  t a b l e  c o n d i t i o n s  

( ~ 2 ,  Tab le  25) shows e s s e n t i a l l y  t h e  sam removal o f  o r g a n i c  c a r b o n  and oxygen 

demand d u r i n g  t h e  c o l d  and warm p e r i o d s .  However, f o r  b o t h  p e r i o d s  t h e  t o t a l  

removal of n i t r o g e n  is  g r e a t e r  and l e a c h a t e  n i t r a t e  c o n c e n t r a t i o n  lower f o r  t h e  

c o n t r o l l e d  w a t e r  t a b l e  l y s i m e t e r  P2. The t o t a l  removal of n i t r o g e n  i n  l y s i -  

mete r  P2 was h i g h e s t  (90%) and t h e  l e a c h a t e  n i t r a t e  c o n c e n t r a t i o n  l o w e s t  (13.3  

mg/l)  d u r i n g  t h e  warm p e r i o d  a s  compared t o  58% removal and 97 mg/l  l e a c h a t e  

n i t r a t e  f o r  l y s i m e t e r  P 1  f o r  t h i s  p e r i o d .  The h i g h e r  t o t a l  p e r c e n t  n i t r o g e n  

removal recorded  f o r  l y s i m e t e r  P2 and c o r r e s p o n d i n g l y  g r e a t e r  r e d u c t i o n  of 

l e a c h a t e  n i t r a t e  a r e  a t t r i b u t e d  t o  b i o l o g i c a l  d e n i t r i f i c a t i o n  i n  t h e  a n a e r o b i c  

s a t u r a t e d  zone main ta ined  by t h e  c o n t r o l l e d  w a t e r  t a b l e .  Cor responding ly  t h e  

c o n t r o l l e d  w a t e r  t a b l e  l y s i m e t e r  w i t h  Nor fo lk  s o i l  loaded  a t  1" p e r  week (C2, 

T a b l e  26) a l s o  had a h i g h  removal o f  n i t r o g e n  (85%) and l o w e s t  l e a c h a t e  n i t r a t e  

c o n t e n t  ( 1 1  mg/l) d u r i n g  t h e  warm p e r i o d .  F u r t h e r  e v i d e n c e  t h a t  t h e  i n c r e a s e d  

n i t r o g e n  removals and l e a c h a t e  n i t r a t e  r e d u c t i o n s  i n  t h e  c o n t r o l l e d  w a t e r  t a b l e  

l y s i m e t e r s  a r e  due t o  b i o l o g i c a l  d e n i t r i f i c a t i o n  a r e  i n d i c a t e d  by t h e  t i m e  l a g  

a f t e r  i n i t i a t i o n  of w a t e r  t a b l e  c o n t r o l  b e f o r e  a d d i t i o n a l  n i t r o g e n  removals 

were r e a l i z e d  and h i g h e r  removal r a t e s  a r e  a s s o c i a t e d  w i t h  t h e  warm p e r i o d .  

It s h o u l d  be  n o t e d  t h a t  supp lementa l  o r g a n i c  a d d i t i o n s  were n o t  employed 

t o  f a c i l i t a t e  d e n i t r i f i c a t i o n  i n  t h e  c o n t r o l l e d  w a t e r  t a b l e  l y s i m e t e r s  C2 and 

P2. Appl ied w a s t e  n u t r i e n t s  a p p a r e n t l y  p rov ided  t h e  energy  source .  f o r  t h e  

. d e n i t r i f y i n g  microorganisms,  b u t  y e t  s i m i l a r  and e x c e l l e n t  removals  of TOC and 

COD were recorded  f o r  b o t h  l y s i m e t e r s .  The r e g u l a t i o n  of t h e  r e l a t i v e  s i z e  o f  

t h e  a e r o b i c  and a n a e r o b i c  s o i l  r e a c t i o n  zones  f o r  o x i d a t i o n  o f  n i t r o g e n  t o  

n i t r a t e  and passage  of w a s t e  n u t r i e n t s  s u f f i c i e n t  f o r  t h e  e n e r g y  r e q u i r e m e n t s  o f  
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Table 23. Performance summary f o r  l y s i m e t e r  P I ;  o r i g i n a l  C e c i l  sandy c l a y  loam s o i l  w i t h  
f low through condi t ions  loaded w i t h  e f f l u e n t  from primary swine was te  lagoon 
a t  1" per  week 

Parameter  Applied Waste Leachate  Average % 
mg/l lb/acre/wk.  l b / a c r e / y r .  mg/l Reduction 

COD 

TOC 

. C u  

PO4 ( a s  P) 

'Nitrogen 

Ammonia (an N) 
Co 
4 Organic ( a s  N) 

Nitrate (as  N) 

T o t a l  Nitrogen 

COD 

TO(: 

Nitrogen 

Ammonia ( a s  N) 

Organic ( a s  N) 

Nitrate (as N) 

T o t a l  Nitrogen 

Per iod  of 12/28/71 t o  3/1/72 

9 75 22 1 11,509 58 9 4% 

2 71 6 1  3199 11 96% 

Per iod  of  3/1/72 t o  4/1/72 

1000 22 7 11804 2 7 9 7% 
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Table 25. Performance summary f o r  l y s i m e t e r  P2; o r i g i n a l  C e c i l  sandy c l a y  loam s o i l  
w i th  water  t a b l e  c o n t r o l l e d  a t  18" below s o i l  s u r f a c e  loaded w i t h  e f f l u e n t  
from primary swine waste  lagoon a t  ltt p e r  week 

Parame ter Applied Waste Leachate  Average % 
mg/l lb/acre/wk . l b / a c r e / y r .  mg/l Reduction 

COD 

TOC 

Cu 

PO4 ( a s  P) 

Ni t rogen  

Pe r iod  of 12/28/71 t o  3/1/72 

9 75 2 2 1 11509 57 94% 

271 6 1  3199 9 9 7% 

0.4 .09 4.7 0 100% 

COD 

TOC 

Ammonia ( a s  N) 259 5 9 305 7 16 9 4% 

Organic  ( a s  N) 44 10  5 19 4 9 1% 

Nitrate ( a s  N) 2.2 0.5  26 25.5 - - 
T o t a l  Nitrogen 305.2 69.5 3602 45.5 85 % 

Nitrogen 

Pe r iod  o f  3/1/72 t o  4!1/72 

1000 227 11804 39 96% 

2 70 6 1  3187 9 9 7% 

Ammonia (as  N) 2 45 5 6 2891 10  96% 

Organic  ( a s  N )  35.6 8 . 1  420 5 85 % 

N i t r a t e  (as  N) 3 .8  0.86 45 13.3 - - 
T o t a l  Nitrogen 284.4 6 5 3356 28.3 90% 



Table  26. Performance summary f o r  l y s i m e t e r  C2; o r i g i n a l  Norfo lk  sandy loam w i t h  
wa te r  t a b l e  c o n t r o l l e d  a t  18Q below s o i l  s u r f a c e  loaded w i t h  e f f l u e n t  
from primary swine waste lagoon a t  1" p e r  week 

Parameter  Applied Waste Leachate  Average % 
mg/l lb /acre /wk.  l b / a c r e / y r .  mg/l Reduction 

Per iod  of 12/28/71 t d  3/1/72 

COD 9 75 221  11509 - 120 8 8% 

TOC 2 71 

Cu , 0.4 

PO4 ( a s  P) 30 

Nitrogen 

Ammonia (as N) 259 

Organic  (as N) 4 4 

Nitrate ( a s  N) 2.2 
-. 

. T o t a l  Ni t rogen  . 305.2 ' 

COD 

TOC 

Nitrogen 

Per iod  o£  3/1/72 t o  4/1/72 

1000 22 7 ' 11804" 

Ammonia (as N) 2 45 . 56 ' . 2891 2 5 90% . 

o r g a n i c  (as N) 35.6 8 . 1  420 8 7 8% 

N i t r a t e  (as N) 3.8 0.86 - - . -  45 . -  10.5 - - 
T o t a l  Nitrogen 284.4 6 4 3356 43.5 85% 



d e n i t r i f y i n g  microotganisms a p p e a r s  t o  be t h e  c r i t i c a l  c r i t e r i a .  Ac tua l  f i e l d  

schemes developed f o r  s u b s u r f a c e  i r r i g a t i o n  and /or  d r a i n a g e  could  be  employed 

t o  c o n t r o l  t h e  w a t e r  t a b l e  f o r  such an a c t u a l  animal  w a s t e  l a n d  i r r i g a t i o n  p l o t .  

At l e a s t ,  c o n t r o l l e d  d e n i t r i f i c a t i o n  cou ld  p rov ide  f o r  n i t r a t e  r e d u c t i o n  i n  s o i l -  

w a t e r  i n t e r f l o w s  l e a v i n g  d i s p o s a l  p l o t s  and i f  t h e  l a n d  d i s p o s a l  s i t e  was p r o p e r l y  

managed and l o c a t e d ,  a  s i g n i f i c a n t  r e d u c t i o n  of ground w a t e r  n i t r a t e  cou ld  be  

o b t a i n e d  b e f o r e  such  f low l e f t  t h e  owner 's  p r o p e r l y .  

Data f o r  t h e  C o a s t a l  P l a i n s  s o i l  l y s i m e t e r  loaded  a t  one- four th  i n c h  p e r  week 

w i t h  f low th rough  c o n d i t i o n s  ( C l ,  Tab le  24)  shows a lmos t  complete  removal of 

oxygen demand, o r g a n i c  ca rbon ,  ammonia and o r g a n i c  n i t r o g e n  and c o r r e s p o n d i n g l y  

h i g h e r  p e r c e n t  removals than  similar l y s i m e t e r s  loaded  a t  1" p e r  week. However, 

comparison w i t h  l y s i m e t e r  P 1  l o a d e d  a t  1" p e r  week and a l s o  o p e r a t e d  w i t h  f low 

through c o n d i t i o n s  (Table  23) r e v e a l s  t h a t  t h e  e f f l u e n t  n i t r a t e  i s  n o t  propor-  

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

i n c r e a s e d  f o r  b o t h  o f  t h e s e  l y s i m e t e r s  d u r i n g  t h e  warm s e a s o n ,  i . e . ,  P1; 65.5 

t o  97 mg/ l  and C 1 ;  21.8 t o  49.8 m g / l .  Although t h e  i n i t i a l  l y s i m e t e r  i n v e s t i g a -  

t i o n s  (Tab le  14) r e v e a l e d  t h a t  t h e  l e a c h a t e  n i t r a t e  c o n c e n t r a t i o n  f o r  e q u a l l y  

loaded l y s i m e t e r s  i s  h i g h e r  i n  C e c i l  t h a n  Nor fo lk  s o i l s ,  t h e s e  s h o r t  t e rm s t u d i e s  

i n d i c a t e  t h a t  d e c r e a s e d  l o a d i n g  i n t e n s i t y  does  n o t  i n i t i a l l y  r e s u l t  i n  a pro-  

p o r t i o n a l  r e d u c t i o n  of l e a c h a t e  n i t r a t e .  However, a t  s t e a d y - s t a t e  c o n d i t i o n s  

mass b a l a n c e s  a r g u e  t h a t  e f f l u e n t  n i t r o g e n  must e q u a l  t h e  i n p u t  n i t r o g e n  minus 

l o s s e s  which s h o u l d  b e  s i m i l a r  f o r  comparable s o i l  p r o f i l e s .  T h e r e f o r e ,  l o n g  

t e r m  s t u d i e s  a r e  r e q u i r e d  t o  judge  t h e  m e r i t s  of reduced l o a d i n g  r a t e s  w i t h  t ime .  

The l i q u i d  d a i r y  manure l o a d i n g s  were c a l c u l a t e d  s o  t h a t  t h e  n i t r o g e n  i n p u t s  

would b e  s i m i l a r  t o  t h e  swine w a s t e  lagoon e f f l u e n t  l o a d i n g s  of 1 / 4 "  (P3) and 1" 

(P4) p e r  week. However, t h e  c h a r a c t e r  ,of  t h e  l i q u i d  d a i r y  w a s t e  h a s  changed 



d u r i n g  t h e  r e p o r t e d  p e r i o d  and consequen t ly  t h e  amount of d a i r y  w a s t e  a p p l i e d  

t o  each  l y s i m e t e r  had been cor responding ly  reducsd.  S u r f a c e  c l o g g i n g  due t o  

t h e  m a t t i n g  o f  f i b e r o u s  m a t e r i a l s  r e s u l t i n g  i n  wastewater  ponding f o r  prolonged 

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

a n a e r o b i c  c o n d i t i o n s  induced  by t h i s  ponding a r e  sugges ted  to" e x p l a i n  t h e  low 

l e a c h a t e  n i t r a t e  c o n t e n t ,  e s p e c i a l l y  f o r  t h e  l y s i m e t e r  r e c e i v i n g  t h e  l a r g e r  

l o a d i n g ,  (P4) . 
I n i t i a l  d a t a  f o r  t h e  l y s i m e t e r s  loaded  w i t h  l i q u i d  d a i r y  manure p r e s e n t e d  

i n  Tab le  27 c o r r o b o r a t e  r e s u l t s  f o r  l y s i m e t e r s  loaded  w i t h  swine w a s t e  t h a t  

t h e  s o i l  h a s  a  tremendous c a p a c i t y  f o r  a s s i m i l a t i n g  and s t a b l i z i n g  oxygen 
- 

demand, o r g a n i c  carbon and phosphorus.  Lys imete r s  P3 and P4 r e c e i v e d  a  much 

h i g h e r  amount of COD and TOC (more t h a n  t e n  t imes)  t h a n  imposed upon l y s i m e t e r s  

r e c e i v i n g  swine was te  lagoon e f f l u e n t  a t  1" p e r  week due t o  t h e  chang ing  com- 

position of  t h e  l i q u i d  d a i r y  manure. However, i n i t i a l  w a s t e  removals  have 

, 
exceeded t h e  e a r l y  t r e a t m e n t  performance of f l o w  through l y s i m e t e r s  r e c e i v i n g  

swine waste .  

The same phenomenon observed f o r  f low-through l y s i m e t e r s  l o a d e d  w i t h  1" 

and 1 /4"  of swine w a s t e  lagoon e f f l u e n t  i s  a l s o  a p p a r e n t  f o r  t h e  s i m i l a r l y .  

loaded  l y s i m e t e r s  w i t h  l i q u i d  , d a i r y  manure - t h e  l e a c h a t e  n i t r a t e  c o n c e n t r a -  

t i o n  i s  h i g h e s t  f o r  t h e  l y s i m e t e r  w i t h  t h e  lower  l o a d i n g  r a t e .  Average 

l e a c h a t e  n i t r a t e  f o r  t h e  lower l o a d i n g  r a t e ( P 3  @ 115") was 48 .2  mg/l  whereas  

f o r  t h e  h i g h e r  l o a d i n g  r a t e  (P4 @ 1") i t  was o n l y  20.6 mg/ l .  I n c r e a s e d ,  a e r o b i c  

s o i l  c o n d i t i o n s  a s s o c i a t e d  w i t h  lower  l o a d i n g  r a t e s  may e x p l a i n  t h e  h i g h e r  

convers ion  of w a s t e  n i t r o g e n  t o  n i t r a t e  which i s  mobi le  and t h u s  r e a d i l y  

a p p e a r s  i n  t h e  l e a c h a t  e. However, a s  reasoned p r e v i o u s l y  , s teady-s  tate  condi-  

t i o n s  which must be  a t t a i n e d  w i t h  t ime d i c t a t e  t h a t  t h e  t o t a l  n i t r o g e n  i n p u t  

nus t e q u a l  n i t r o g e n  l o s s e s  p l u s  accumula t ion .  T h e r e f o r e ,  l o n g  term 
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s t u d i e s  a r e  requi red  t o  accu ra t e ly  access  land i r r i g a t i o n  of animal waste.  

Although ly s imeters  provide an e x c e l l e n t  r e sea rch  t o o l ,  t h i s  d a t a  should be 

d i r e c t i v e  f o r  a scale-up f i e l d  s tudy t o  i n v e s t i g a t e  t h e  f a t e  of animal  

waste m a t e r i a l s  i n  t he  a c t u a l  environment . . 
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GLOSSARY OF SYMBOLS 

Symbo 1 

BOD 

BOD5 

Chlor 

COD 

mg/ 1 

MIC 

.. 
Def in i t i on  

biochemical  oxygen demand 

s tandard  five-day BOD a n a l y s i s  

a n t i b i o t i c  c h l o r o t e t r a c y c l i n e  hydrochlor ide  NF 

chemical oxygen demand 

in s t rumen ta l  chemical oxygen demand 

f e c a l  co l i form 

f e c a l  s t rep tococcus  

grams p e r  gram 

g r a v i t a t i o n a l  fo rce  exer ted  f o r  c e n t r i f u g a t i o n  

mi l l ig rams p e r  i i t e r  

minimal i n h i b i t o r y  concent ra t ion  

t o t a l  co l i form 

t o t a l  o rganic  carbon 

t o t a l  s o l i d s  

v o l a t i l e  s o l l d s  

r e s u l t s  below de tec t ion  l i m i t s  of a n t i b i  o t i c  b ioassay  





Appendix A. Swine waste Characterization Data 

Table 28. Data for solid swine feces 

April 29 7210 2560 6445 

6 
May 13 
May 20 
May 27 

June 3 
June 10 
June 17 
-June 24 

July ' 1 
July 8 
July 15 
July 22 
July 29 



Table 29. Data f o r  s i n g l e  unaerated swine waste lagoon i n f l u e n t  

February 16 
February 1 8  
February 25 

March 4 
March 11 
March 1 8  
March 25 

P 
0 
f- A p r i l  1 

A p r i l  8 
A p r i l  15 
A p r i l  22 
A p r i l  29 

May 6 
May .13 
May 20 

. . 

June 3 5270 3200 1900 5160 3670 = 6 :  35 3.97 0.59 125000000 32000000 ~ ~ ~ O O O O O ~  12140 
June 10 9740 3700 2880 6780 4980 7.19 3.98 0.81 225000000 130000000 29300000 14190 
June 17 4490 2750 2130 6840 4700 7.46 3.92 0 . 8 1 %  16269 



Table 30. Data f o r  s i n g l e  unaerated swine waste lagoon e f f l u e n t  

Date COD BOD5 TBC TS VS Cu . Zn Chlor TC PC FS PC/FS 

--- -mg/ 1- ----- ----Colonies/lOO ml- 

~ e b r u a r y  38 
February.  25 

Mar& 4 
March 1 8  
March 25 

A p r i l  1 

I-' A p r i l  8 
A p r i l  15  
A p r i l  22 
A p r i l  29 

May 6 
May 1 3  
May 20 
May 27 

June 3 
June  10 
June 17  
June 24 

J u l y  1 
J u l y  8 
J u l y  15  
J u l y  22 
J u l y  29 

2 31 

260 
240 , 

240 1101 
280 1073 
260 1060 
260 1140 
370 1450 

400 1390 
495 1720 
475 1600 
545 1760 

sao 1810 
590 2070 
585 2140 
500 1980 

550 1980 
1850 

. I300  
16 80 
15 30 

* R e s u l t s  below de termina t ion  l i m i t  of a n t i b i o t i c  b ioas say  



Table 31. Results for comparison of nitrate data by the Hach t e s t ,  s e l ec t ive  electrode and 
spectrophotometric procedure outlined i n  Standard Methods. 

Hach U.V. Probe UV Probe UV 
Sample Date ------ 4 1  as N ---- Hach Hach Probe 



I-' 
0 
-4 

Table 31. (continued) 

Hach U.V. Prpbe W - Probe - uv 
Sample Date ----- mg/l a s  N ----- Hach Hach Probe 







Table 32.  Results for comparison of ortho-phosphate and t o t a l  phosphate data by 
the Hach test and procedures outlined in Standard Methods, 

Ortho-Phosphate T o e l  Phosphate 
Sample Date ----- -mg/l as B- - as F--------- 

Ha& Staanous Sach Su1frtri.c- Persulfate 
Chlori& Nitric Acid D i g e s t i o ~  



Table 32. (Continued) 
Ortho-Phosp-hate ~ e t a l  Fkpsphate 

Sample Date ----mg/l as P--- --ong/l as p---------- 
Hacb Stannous Kach Su l fu r i c -  P e r s u l f a t e  

Chlor ide N i t r i c  Acid D iges t i on  

L.L.* cz 2 / a  o . l o  . 0.13 



Table 32.  (Continued) 
Or tho-Phbsphate T o t a l  Phosphate 

Sample Date ------ mg/l a s  P----- ---------..%/I as p---------- 
Hach Stannous Kach Sulfuric- P e r s u l f a t e  

Chloride Nitric Acid - Diges t ion  

*L.L. = Lysimeter Leachates 

L.D.W. = Liquid Dairy Waste 

P.S.E. = Primary Swine Waste Lagoon E f f l u e n t  

S.S.E. = Secondary Swine Waste Lagoon E f f l u e n t  



? ? ? ?  
o o a m  

4 



! T a b l e  33. ( C o n t i n u e d )  
S a m p l e  D a t e  C02 D TOC COD ~0~ D/COD CO, D/TOC CODITOC 

L.L. * C1 6/7 1 2  11 22 0.6 1.1 2.0 

L.L. * C 2  



Table 33. (Cat inued)  
S amp le Date C02  I1 TOC COD CO~D/.COD - C O ~ D / T O C  COD/TOC 

P.S.E. * 12/14 1720 139 8 1.3 

U . L .  = Lysimeter Leachate 

F P.S.E. = Primary Swine Lagoon Effluent 
I-' 
V, L.D.M. = L&quid Dairy Manure 







I . I  i 

Table , .  . 34 .  (continued) 

DATE; , . ' NITROGEN PHOSPHATE METALS 
s , NH 

3  
O r g a n i c  

P04 cu Z n  J '  . TOC COD COD/TOC 
, i ---- m g / l  as N--- m g / l  as P ----------------- rng/ I------- - < 







Table 35. (Continued) 

'DATE NITROGEN PHOSPHATE METALS 

NH3 
O r g a n i c  P04 Cu Zn TOC COD COD/TOC 



Appendix C. Data f o r  L y s i m e t e r  I n v e q t i g a t i o n s  

T a b l e  3 6 .  Data for l y s i r n e t e r  P1, C e c i l  sandy  d a y  loam s o i l  w i t h  f l o w  th rough  c o n d i t i o n s ,  l o a d e d  w i t h  
e f f l u e n t  f rom primary swine waste lagoon a t  1" pe r  week. 

P a r a m e t e r  DATE NITROGEN PHOSPHATE METALS 
NH3 Organic  

N03 P04 Cu 
Zn TOC COD COD/TOC 

I n p u t  

L e a c h a t e  
11 

I n p u t  

L e a c h a t e  
I I 

I n p u t  

L e a c h a t e  
I I 

r n p  u t 

I n p u t  

15.8 2.3 

8.0 0 .O 

0.3 5 .O 

43.3 12.7 

Repacked then loaded  a t  same r a t e  

332.6 92.9 

1.1 0.0 

1 . 4  0.0 



Table 36.. (Continued) 

Parameter DATE N IT  ROGEN PHOSPHATE METALS 
* .  NH3 Organic 

N03 P04 Cu Zn TOC COD COD/TOC 

Leachate 
II 

I t  

Input 

Leachat e 
I 1  

P 
N t l  
W 

Input 

Leachate 
t1 

#I 

11 

I t  

Input 

Leachate 
f1 

I t  

I t  

Input  

Leachate 
11 

I I 



I-i 

o m 0  d ( U O m m u u m 0 ~ m d m O m m U  
? ? " .  q q a o o o o o a o o o r l m o ~ o  . . . . .  
o o m  

u rr) rr) In 





T a b l e  36. ( c o n t i n u e d )  

P a r a m e t e r  DATE NITROGEN PHOSPHATE METALS 
NH3 O r g a n i c  N03 P04 C u Zn TOC COD COD/TOC 

-----m g/l a s  N----- -mg/l as P- ---------- mg/l----------- Sample 
I n p u t  1015 128.5 52.64 6.70 0 . 5  0 .8  132 

L e a c h a t e  
t I  

t I 

I n p u t  

L e a c h a t e  
11 

*I 

I n p u t  

L e a c h a t e  
II 

I n p u t  

L e a c h a t e  
I I 

I t  

I n p u t  

L e a c h a t e  

I n p u t  

I n p u t  

I n p u t  

L e a c h a t e  
11 

I n p u t  

Leacha te 



T a b l e  36. (Cont inued)  
P a r a m e t e r  DATE NITROGEN PHOSPHATE METALS 

NH3 Organic  
N03 P04 cu Zn TOC COD COD/TOC 

Sample ----- mg/l a s  N----- -mg/l.  a s  P- ----------- me/ I-- --------- 
10 2 5 2.5  Leacha te 

I n p u t  

L e a c h a t e  
I 1  

I n p u t  

L e a c h a t e  

I n p u t  
N 

L e a c h a t e  
I I 

I n p u t  

Leacha  te 
I 1  

Inpu t  

L e a c h a t e  

I n p u t  

L e a c h a t e  
11 

I n p u t  

L e a c h a t e  

I n p u t  

Leachate 
I1  

I n p u t  



Table 36. (Continued) 

Parameter DATE NITKOGEN PHOSPHATE METALS 
NH3 Organic 

N03 P04 
Cu Zn TOC COD COU/TOC 

Input 

Leachate 
I 1  

Input 

Leacha te 

t-l (1 
Iu 
00 

Input 

Leachate 
11 

Input 

Leachate 
11 

Input 

Leachate 
1: 

Input 

Leachate 
b 8 

I t  





T a b l e  31.  (Cont inued)  

P a r a m e t e r  DATE NITROGEN PBOSPHA'IX METALS CARBON 
NH3 O r g a n i c  

N03 P04 
Cu Zn TO C COD COD/TOC 

11 7 16 255.7 

L e a c h a t e  717 6.7 

I n p u t  
P 

L e a c h a t e  0 

it 

11 

I n p u t  

L e a c h a t e  

I n p u t  

L e a c h a t e  
11 







T a b l e  37. (Cont inued)  
-----pa- --- -- - --- - -- --- --- ----- 
P a r a m e t e r  DA'IE E~ROGEN PIlOSPIlA'J'E PX'I'ALS CAI?IION 

N H 3  Organic  
3 P04 

C u %n TOC COD COD/TOC 

S amp l e  -,-.--- ----..-,..--.-- - -- mp/l a s  N----- -lug/ I. as P- .--r--..------.- 
-. - . - -- -- - 

2 18  
.- .. ~ . -- ..- ---.----.. . ---.------ 

Inp  u 1: 267.4 37.8 0.0 34 ,OO 0 ,3  0.3 350 

I n p u t  

L e a c h a t e  

I n p u t  

Leacha te  
t-' 
W 11 

.W 

I l lput  

L e a c h a t e  
I 1  

I n p u t  

Leacha te  
11 

I n p u t  

Leacha te  

I n p u t  



r-t 

cq 





Table 38. (Con t i n u c d )  
-- -- ---- 
Parameter  DATE NITROGEN YHOSPl-IATE METALS 

NH3 Organic N03 'O4 Cu Zn TOC COD COU/TOC 

Sample ------ mg/l as N------- -mg/l as P- ------------ mg/l---------- 
- --- --- -- 

Inpu t  

Leacha te 

I-' 11  
Lz 
cn 

I n p u t  

Leacha te  
I I 

11  

I 1  

I I  

lnpu  t 

Leacha te 

I I 

Inpu t  

Leacha te 

I1  

I t  

I I 

29 .OO 

0.52 

0.8 0.68 

0.64 

0.60 

SO. 20 

0.62 

0.17 

0.38 

49.20 

0.76 

53.80 

0.86 

0 .68  

0.52 

0.67 



Table  38. ( C o n t i n u e d )  

P a r a m e t e r  DATE NITROGEN PHOSPHATE METALS 

NH3 O r g a n i c  NO3 
P04 C u  Zn TOC COD COD/TOC 

S a m p l e  ------ m g / l  as N------ - m g / l  as P- ------------ mg/l---------- 

L e a c h a t e  

Input  

L e a c h a t e  
I 1  

Input  

L e a c h a  te 
11 

11 

1 I 

Input  

L e a c h a  te 
11 

I I 

L e a c h a t e  



Table 38. (continued) 

Parameter DATA NITROGEN PHOSPHATE METALS 

NH3 
Organic N03 PO4 cu Zn TOC COD COD/TOC 

Leachate 9/16 0.0 0.21 0.1 0.2 10 15 1.5 

I I 9/21 0.0 

p Input 9/21 182.0 
W 

Leachate 9/22 0.0 

> 
. 3  

I I 9/28 45 .O 0.07 0.3 0.4 13 27 2.1 

Input 9/28 140.0 22.60 0.3 0.5 1380 

Leachate 9/29 2.2 54.0 0.67 0.3 0.1 3 8 -36 0.9 
I I 9/30 53 .O 0.08 0.3 0.3 15 3 8 2.5 

I I 1011 0.0 55 .O 0.3 0.1 

I 1  1014 0.0 55 .O 0.00 0.3 0.1 

Input 1 0 ~ 5  128.5 52.6 6.70 0.5 0.8 

Leacha t e  10/6 0.0 0.3 57 .O 0.21 0.3 0.1 
11 10/8 1.1 0.0 52.0 0 .00 0 . 3  0.2 
11  10 / 11 

Input 10/12 

Leachate 10113 



Table 38. (continued) 

Parameter DATE NITROGEN PHOSPHATE METALS 
- NH3 Organic 

N03 P04 TOC COD CODITOC Cu Zn 

S amp l e  ------ mg/l a s  N------ ------------ rng/l---------- -mg/l a s  P- 

Leachate 10 / 15  48 .O 0.00 0.4 0.3 
$1 

16 

10118 50.0 0.01 0.3 0.3 

Input  10119 94.1 54.8 8.08 0.4 0.5 

Leachate 10120 41.0 0.00 0.6 0.2 
I I 10125 46.0 0.5 0.2 

From t h i s  po in t  on lysimeter  P2 was operated with water t a b l e  con t ro l l ed  a t  18" below s o i l  surface .  

Input  1112 

Leachate 1113 
11 11/5 2.2 2.8 70.0 - 60 

, 11 
. 1118 86 .O 6 7 

Input  1119 

I I 1ri1.2 

Input  11/16 

Leachate 111 19 
- . I 1  11/22 

Input '  11/23 
.. I ' 
,\ Leachate 

' '  ' * r ~ :  
11/29 , , . . 8 .  . 

Input  . ~ l j  30 - ,  .. 
- " , - , o f  . .  < -  

~ e a c h a t k  , 1211 



Table 38, XConrinued) 

Parameter DATE NITROGEbl . PHOSPHATE - XETALS 
Organic M3 Cu 251 TOC em c o ~ I ~ o c  

Input 

Leacha t e  
I t  

1nput' 

Leacha te  

Input 

Leacha t e  

Input 

Leachate 

Input 

Leacha te 
II 

Input 

Leacha te 

Input 

Leacha te 
I I  

Input 

Leacha te  

Input 

Leacha te 



Table 38. (Continued) 

Parameter  DATE NITROGEN PHOSPHATE METALS 

NH3 Organic 
N03 P04 cu Zn TOC COD C O D ~ T O C  

.. Sample ------ mg/l as N------ -mg/l as P- ------------ mg/l---------- 

Leachate  

Inpu t  

Leacha te 

Inpu t  

Leachate  
f- 
P I f  

Inpu t  

Leachate  

Inpu t  

Leachate  
11 

Inpu t  

~ e a c h a t e  
I I 

Inpu t  

Leachate 
1 I 

Input  

Leachate 
I 1  



Table 39. Data t o r  lys imeter  C2; Norfolk sandy loam s o i l ,  loaded wi th  swine waste lagoon 
e f f l u e n t  at 1" per  week, flow through condi t ions  5/24/71 t o  10/25/71, water  t a b l e  
c o n t r o l l e d  11/1/71. 

Parameter DATE NITROGEN PHOSPHATE METALS CARBON 
NH3 Organic 

N03 P04 Cu Zn TOC COD COD/TOC 

Sample ----- m g / l  a s  N---- -mg/l a s  P- P-------TmR/l--F--,- 
Input  5/24/71 293.0 86.0 305 ' 942 3.1 
Leachate 

I1 

Input 

Leachat e 
I1 

II 

I S  

11 

II 

Input  

Leacha t e 
I* 

I I 

I1 

Input  

Leachatc 



Table 39, %Continued) 
Parame rer DATE NITROGEN PHOSPHATE METALS CARBON 

NH3 Organic  NO^ cu ~n TOC COP, , COD/TOC 

Input 

Leachate 
I1 

Input 

Leachate 
I1 

Enput 

Leachate 
I1 . 
I1 

I1 

Leachate 

Input 

Leachate 



Table 39. (~ant inued)  ' 
Parameter DATE NITROGEN PHOSPHATE METALS CARBON 

NH3 Organic N03 P04 
Cu Zn TOC COD COD/TOC 

S amp le ----- m g / l  as N----- - m g / l  a s  P-' ----------- mg/l----------9- . - 
Input 813 180.3 ' 50.20 0 .4  36 0 880 2.4 

Leachate 
I 1  

11 

11 

11 

Input 
I--' 
f- 
f- Leachate 

II 

Input 

Eeachate 

Input 

Leachate 
I 1  

I 1  

Input 

Leachate 



Table 39. (Continued) 
Parameter DATE NITROGEN PHOSPHATE METALS CARBON 

NH3 Organic NO3 
P04 C u  Zn TOC COD COD/TOC 

S amp l e  ----- mg/l as N----- -mg/l as P- --------- mg/l------F--- 
Leachate 913 '1 .7  0.02 0 . 3  0 .2  7 15 2 . 1  

I I 

11 

Input 

Leachate 
11 

I t  

Leachate 
II 

Input 

Leachate 
I I 

11 

I t  

I I 

Input 

Leachate 
I I 

11 

I1 

Input 

Leachat e 

9 



Table 39. (Continued) 
Parameter DATE N ITROGEN PHOSPHATE METALS CARBON 

NH3 Organic 
N03 P04 

Cu Zn TOC COD COD/TOC 

S amp l e  ----- mg/l as N---- -mg/l as  P- ----------- 
Leachare 1011 1 .4  94 .O 0 .OO 0.2 0.4 66 

t t  1014 67 .O 0.01 0.4 0.4 4 3 

Input 10 I5 128.5 52.6 6.70 0.5 0.8 7 32 

Leachate 10 16 0.8 0.3 56.0 0 .OO 0.4 0.2 59 
I t  101 8 1.1 0.0 51.0 0 .OO 0.3 0.4 4 6 
I# lo111 38 .o 0.00 0.3 0.3 45 

Input 10 I12 13.40 0.5 0.6 
td 

- 730 
P 10113 m Leachate 35 .O 0 . O 1  0.2 0.3 3 8 

I1 101 15 54 .O 0 .OO 0.4 0.3 41 
11 10/18 60 .O 0.01 0.5 0-4 

Input 10119 94.1 54.8 8.08 0.4 0.5 

Leachate 10120 0.8 62 .O 0 -01 0.3 0.5 
1s 10122 55 .o 0 .oo 0.4 0.4 
11 10125 37 .O 0.3 0.4 

From t h i s  point on lysimeter C2 was operated with water table  controlled a t  18" below s o i l  surface. 

Input 1112 977 

Leachat e 1113 13.3 13.2 36.0 I 

t t 1115 2.8 3.9 42.0 
st 1118 45 .O 

Input 1119 

Input 11/16 

Leachate 11/19 4 1  .O 

Leachat e 1 1 / 2 2  39.0 



Table 39. (Continued) 
Parameter DATE NITROGEN PHOSPHATE METALS CARBON 

NH3 Organic N03 P04 Cu Zn TO C COD COD/TOC 

S amp l e  ----- mg/l a s  N----- -mg/l a s  P- ----------- mg/l-------- 
Inpu t  11/23 99 8 

Leachate 

Input  

Leachate 
I 1  

Inpu t  

Inpu t  

Leachate 
I I 

Input  .. 
Leachate 

Inpu t  

Leachat e 

Inpu t  

Leachate 
I I 

Input  

Leachat e 

Inpu t  

Leachate 
11' 

I n p u t  

Leachat c 



Table  39. (Continued) 
Parameter DATE NITROGEN PHOSPHATE METALS CARBON 

NH3 Organic NO3 
P04 

Cu Zn TOC COD COD/TOC 

Sample ----- mg/l a s  N----- -mg/l a s  P- -----------mg/l---------- 

Inpu t  2 /1 301.0 28.0 2 .O 36.00 " 0.4 0.4 602 

Leachat e 
I I 

Input  

Leachat e 

I n p u t  

I-' 
Leachate  

.D 
03 

I I 

I n p u t  

Leachate 
11 

Inpu t  

Leachate 
11 

Inpu t  

Leachate  
11 

Inpu t  

Leachate 

Inpu t  

Leachate  
I 1  



Table  40. Data f o r  l y s i m e t e r  P3;  C e c i l  sandy c l a y  loam s o i l ,  l o a d e d  w i t h  l i q u i d  d a i r y  manure a t  
1/5"  p e r  week, f low th rough  c o n d i t i o n s .  

Paramete r  DATE NITROGEN PHOSPHATE CARBON 

NH3 
Organic  

3 P04 TOC COD 
COD/TOC 

Sample ------- r n g / l  as N-------- mg/l as P ----mg/l---- 
1 / 4 / 7 2  

- 
I n p u t  158.2 214.2 6  .O 1 5  70 8120 5.2 

L e a c h a t e  2 /15  

I n p u t  2  / 1 5  

Leacha te  2 /16  
I1 2 /22 

Input  2/22 

Leacha te  2  /2 3 
I1 2 /29 

0.0 

197.4 

0.0 

1 .7  

I n p u t  2/29 162.0 

L e a c h a t e  311  
I I 31 7  3.6 

I n p u t  3/ 7  117.6 

Leacha te  318 
11 3 /14  5.6 



Tab le  40. (cont inued)  
Parameter  DATE NITROGEN PHOSPHATE CARBON 

NH3 
Organic ' 

N03 P04 
. TOC COD COD/TOC 

S amp l e  -------- mg/l a s  N------- m g / l  as P ---rng/ I----- 

I n p u t  31 1 4  187.6 330.4 92.00 3080 15500 5 .O 

Leachate  3 /21  2.2 3.4 56.0 1 6 6.0 

Inpu t  3 /21  215.6 378.0 7.0 72.00 3830 12900 3.4 

Leachate  3/22 0.0 0 .O 46.0 1 1 3  13.0 
11 3/28 2.2' 2.2 6 



Table 41. Data for  lysimeter P4; Cecil  sandy clay loam, loaded with l iqu id  dairy marrure 4/5" per  
week, flow through conditions. 

Parameter DATE NITROGEN PHOSPHATE CARBON 

m3 Organic *O3 P04 TOC COD COX)/TOC 

I t  

II 

I1 

I1 

I 0  

Leachate 

Input 

Leachat e 
II 

Input 

Leachat e 
I t  

Input 

Leachate 
11 

Input 

Leachate 

Sample ------- r n g / l  as  N-------- mg/l a s  P ----rng/ I---- 
Input 1/4/72 158.2 214.2 6 .O 15 70 

-- 
8120 5.2 



Table 41. (Continued) -.. 
Parameter  DATE N I TRO GEN PHOSPHATE CARBON 

NH3 
Organic 3 P04 

TOC COD COD/TOC 

S amp le ------- mg/l a s  N-------- mg/l as P ---amg/ I-?-- 

Leachate  3/ 14 5 .O 3.4 9 .C3 7 3 7 5 .3  

I n p u t  31 14 187.6 ' 3 3 0 . 4  92.00 3080 15500 5.0 

Leachate  31 15  5 .O 3.4 11.0 
II 3 /21  3.9 4.5 13.0 

I n p u t  3 /21  215.6 378.0 7 .O 

Leachate  3/22 5 .O 4.5 11.5 






