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D I S C LA I ME R 

T h i s  r e p o r t  w a s  p r e p a r e d  u t i l i z i n g  t h e  Summary P i l o t  Watershed 
R e p o r t s  f o r  t h e  Genesee (New York-Pennsylvaniaj ,  Menomonee (Wisconsin) ,  
Maumee (Ohio-Indiana)  , Grand ( O n t a r i o )  and Saugeen ( O n t a r i o )  River  
B a s i n s ;  t h e  Summary Repor ts  f o r  t h e  A g r i c u l t u r a l  Watersheds ( O n t a r i o )  
and F o r e s t e d  Watershed ( O n t a r i o ) ;  and t h e  Streambank Eros ion  Study 
R e p o r t s  (Canada and Uni ted  S t a t e s ) .  F i n d i n g s  and c o n c l u s i o n s  are t h o s e  
of  t h e  a u t h o r s  and do n o t  n e c e s s a r i l y  r e f l e c t  t h e  views of t h e  Reference 
Group o r  i t s  recommendations t o  t h e  I n t e r n a t i o n a l  J o i n t  Commission. 
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FOREWORD 

I n  i n v e s t i g a t i n g  t h e  e f f e c t s  of l a n d  use a c t i v i t i e s  on t h e  boundary 
waters of t h e  Great Lakes  sys tem f o r  t h e  I n t e r n a t i o n a l  J o i n t  Commission, 
tine I n t e r n a t i o n a l  Reference  Group on Great Lakes P o l l u t i o n  from Land Use 
A c t i v i t i e s  (PLUARG) unde r took  i n t e n s i v e  s t u d i e s  of land u s e s ,  c h a r a c t e r i s t i c s  
and management p r a c t i c e s  i n  s e v e r a l  r e p r e s e n t a t i v e  wa te r sheds  in Canada 
and t h e  Uni ted  S ta tes .  The o b j e c t i v e  w a s  t o  re la te  i n p u t s  of con taminan t s  
t o  t h e  Greac Lakes t o  s p e c i f i c  s o u r c e s  and management p r a c t i c e s  and t o  
c o n t r i b u t e  t o  i d e n t i f y i n g  p r a c t i c a b l e  r emed ia l  measures ,  p r i n c i p l e s  and 
f a c t o r s  which would a i d  i n  r educ ing  p o l l u t i o n  of t h e  l a k e s .  

The p i l o t  wa te r shed  s t u d i e s  program, d e s i g n a t e d  Task C ,  was one of 
f o u r  major  t a s k s  compr i s ing  t h e  PLUARG i n v e s t i g a t i v e  program. The 
r e s u l t s  were combined w i t h  i n f o r m a t i o n  on water and env i ronmen ta l  c o n d i t i o n s  
i n  t h e  Great Lakes and t r i b u t a r y  mouths, l and  u s e s  and c h a r a c t e r i s t i c s ,  
and r emed ia l  measures i n  t h e  p r e p a r a t i o n  of t h e  PLUARG F i n a l  Repor t .  
The wa te r shed  s t u d i e s  a l s o  provided  much of  t h e  i n p u t  f o r  overview 
mode l l ing ,  which w a s  used to e v a l u a t e  f i n d i n g s  i n  r e l a t i o n  t o  e x i s t i n g  
and p r o j e c t e d  l a n d  u s e s  and i n t e g r a t e  c o s t  estimates f o r  r emed ia l  measures.  

P i l o t  watershed  s t u d i e s  w e r e  under taken  i n  s i x  major d r a i n a g e  
b a s i n s  i n  t h e  Great Lakes b a s i n ,  i n  e l even  smaller a g r i c u l t u r a l  wa te r sheds  
i n  s o u t h e r n  O n t a r i o ,  i n  one f o r e s t e d  watershed  area i n  n o r t h e r n  O n t a r i o ,  
w e s t  o f  t h e  Lake S u p e r i o r  b a s i n ,  and a t  a few o t h e r  l o c a t i o n s  where 
s p e c i f i c  s o u r c e s  of con taminan t s  were e v a l u a t e d .  The p i l o t  wa te r sheds  
were s e l e c t e d  t o  r e p r e s e n t  major l and  use  a c t i v i t i e s ,  geology,  and 
c l imat ic  c o n d i t i o n s .  S t u d i e s  were under taken  t o  de t e rmine  contaminants  
b e i n g  produced from u rban ,  a g r i c u l t u r a l ,  and f o r e s t e d  l and  u s e s  and 
s p e c i a l  l and-use  a c t i v i t i e s  such  as o r c h a r d s ,  p r i v a t e  waste d i s p o s a l  
sys t ems ,  and s p r a y  i r r i g a t i o n  of mun ic ipa l  sewage e f f l u e n t s .  I n  a d d i t i o n ,  
i n v e s t i g a t i o n s  i n t o  t h e  e f f e c t s  of streambank e r o s i o n  on water q u a l i t y  
were conducted i n  each  coun t ry .  

I n d i v i d u a l  s t u d i e s  were unde r t aken  by members of government a g e n c i e s ,  
u n i v e r s i t i e s  and c o n s u l t i n g  f i r m s ,  and gu idance  and co -o rd ina t ion  w e r e  
a r r a n g e d  w i t h i n  t h e  framework of t h e  Task C Techn ica l  Committee. F i e l d  
i n v e s t i g a t i o n s  commenced i n  1974 and w e r e  i n t e n s i f i e d  i n  1975 and 1976, 
w i t h  many c o n t i n u i n g  i n t o  t h e  s p r i n g  of 1977. With s t r o n g  co -ope ra t ion  
from t h e  a n a l y s t s  of p a r t i c i p a t i n g  l a b o r a t o r i e s  and f i e l d  s t a f f ,  a 
q u a l i t y  c o n t r o l  program w a s  run  t o  e n s u r e  t h a t  s u i t a b l e  d a t a  were produced 
from t h e  d i f f e r e n t  s t u d i e s  f o r  comparison and e x t r a p o l a t i o n  purposes .  

The r e s u l t s  of s t u d i e s  of p a r t i c u l a r  l and  u s e s  and management 
p r a c t i c e s ,  and p o l l u t a n t  g e n e r a t i o n ,  t r a n s p o r t  and r e a c t i o n  p r o c e s s e s  
are c o n t a i n e d  i n  d e t a i l e d  r e p o r t s  by i n d i v i d u a l  i n v e s t i g a t o r s  o r  groups  
of i n v e s t i g a t o r s .  They are p u b l i s h e d  i n  e i t h e r  t h e  PLUARG t e c h n i c a l  
r e p o r t  series o r  as r e p o r t s  of t h e  fund ing  a g e n c i e s .  Combined, t h e y  
p r o v i d e  a w e a l t h  of i n f o r m a t i o n  on d i f f u s e  s o u r c e s  of p o l l u t a n t s  and t h e  
p r o c e s s e s  a f f e c t i n g  them. 
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To s t r e n g t h e n  c o - o r d i n a t i o n  and p r o v i d e  a means f o r  rev iewing  t h e  
major  r e s u l t s  from t h e  watershed  s t u d i e s ,  Task C e s t a b l i s h e d  a S y n t h e s i s  
and E x t r a p o l a t i o n  Work Group (SEWG) i n  1976. I n  June,  SEWG h e l d  i t s  
f i r s t  meet ing  and t h e n ,  i n  c o n c e r t  w i t h  t h e  River  Basin S t u d i e s  Co- 
o r d i n a t o r ,  s e t  o u t  on a ser ies  of meet ings  w i t h  p i l o t  watershed  i n v e s t i g a t o r s .  
Through t h e i r  e f f o r t s ,  agreement  w a s  reached  on t h e  g e n e r a l  format  f o r  
t h e  summary p i l o t  watershed  r e p o r t s  p u b l i s h e d  by PLUARG. 

The members of t h e  S y n t h e s i s  and E x t r a p o l a t i o n  Work Group, s u p p o r t e d  
by t h e  e f f o r t s  of  s e v e r a l  i n v e s t i g a t o r s  who a c c e p t e d  t h e  t a s k  of i n t e g r a t i n g  
r e s u l t s  on a g r i c u l t u r a l  s o u r c e s  of p o l l u t a n t s ,  p repared  t h i s  Task C 
Summary Repor t .  It h i g h l i g h t s  t h e  f i n d i n g s ,  shows t h e  r a n g e  of e f f e c t s  
and c a u s e s  of  v a r i a t i o n s  i n  p o l l u t a n t  l o a d i n g s ,  and p r o v i d e s  maps showing 
t h e  r e s u l t s  o f  e x t r a p o l a t i o n  of l o a d i n g  i n f o r m a t i o n  f o r  suspended sediment ,  
t o t a l  phosphorus,  and t o t a l  n i t r o g e n  c o n t r i b u t e d  by a g r i c u l t u r a l  and 
urban  l a n d  u s e s .  I n  t h e  r e p o r t ,  they  d e s c r i b e  o t h e r  contaminants  such  
as o r g a n i c  t o x i c a n t s ,  metals,  and micro-organisms and go on t o  p r e s e n t  
p r i n c i p l e s ,  f a c t o r s  and p r a c t i c e s  needed i n  c o n s i d e r i n g  and implementing 
r e m e d i a l  and p r e v e n t a t i v e  measures  t o  reduce  d i f f u s e  s o u r c e s  of p o l l u t a n t s .  
Uni t  area l o a d i n g s  d e r i v e d  f o r  t h e  major l a n d  u s e s  and an e v a l u a t i o n  of 
t h e  f a c t o r s  which i n f l u e n c e  t h e s e  l o a d s  were used i n  deve loping  t h e  
p r i o r i t y  management concept  d i s c u s s e d  i n  t h e  PLUARG F i n a l  Report .  

We e x p r e s s  o u r  a p p r e c i a t i o n  to  a l l  of  t h e  i n v e s t i g a t o r s ,  a n a l y s t s ,  
and f i e l d  s t a f f ,  t h e  members of t h e  Task C Technica l  Committee and Ad 
Hoc groups ,  and t o  t h e  members of SEWG and t h e  River  Bas in  S t u d i e s  Co- 
o r d i n a t o r ,  t h e  j o i n t  a u t h o r s  of t h i s  r e p o r t ,  f o r  t h e  impor tan t  c o n t r i b u t i o n s  
made by them t o  PLUARG r e s u l t s  from t h e  p i l o t  watershed  s t u d i e s .  

W H  John G.  Konrad, u Wiscons in  Department of 
N a t u r a l  Resources  

O n t a r g  M i n i s t r y  of  
t h e  Environment 
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S U flFlA RY 

One o f  t h e  f o u r  p r i n c i p a l  t a s k s  of PLUARG, Task C w a s  t o  de t e rmine  
t h e  c h a r a c t e r i s t i c s  and l o c a t i o n s  of d i f f u s e  s o u r c e s  of p o l l u t a n t s  i n  
t h e  Great Lakes Bas in ,  and t o  assess t h e i r  r e l a t i v e  s i g n i f i c a n c e .  A 
f u r t h e r  o b j e c t i v e  w a s  t o  q u a n t i f y  t h e  p r o c e s s e s  involved  i n  t r a n s m i s s i o n  
of p o l l u t a n t s  from t h e s e  s o u r c e s  t o  t h e  boundary waters. The Techn ica l  
Committee a p p o i n t e d  by PLUARG t o  m e e t  Task C o b j e c t i v e s  p lanned  and 
s u p e r v i s e d  e i g h t  " p i l o t  watershed"  programs each  of which i n c l u d e d  
i n t e n s i v e  water q u a l i t y  mon i to r ing  and a g r e a t  v a r i e t y  of s o u r c e  e v a l u a t i o n  
and p r o c e s s  s t u d i e s .  The Task C r e p o r t  i n c o r p o r a t e s  major f i n d i n g s  of 
t h e s e  s t u d i e s  and i s  s t r u c t u r e d  t o  p r o v i d e :  a )  a d e s c r i p t i o n  of l and  
u s e s  i n  t h e  p i l o t  wa te r sheds  and i n  t h e  Great Lakes Basin,  b )  a r a t i o n a l e  
f o r  t h e  c h o i c e  of pa rame te r s  r e c e i v i n g  g r e a t e s t  emphasis,  c )  an e v a l u a t i o n  
o f  u n i t  area l o a d i n g s  f o r  i n d i v i d u a l  l and  uses  i n  t h e  p i l o t  w a t e r s h e d s ,  
d )  an  e x t r a p o l a t i o n  of u n i t  area l o a d s  t o  t h e  wa te r sheds  of each  l a k e ,  
e )  a r a n k i n g  of hazardous  l a n d  uses  f o r  d i f f e r e n t  p a r a m e t e r s ,  f )  a 
d i s c u s s i o n  o f  i n f o r m a t i o n  and f a c t o r s  u s e f u l  i n  d e s i g n i n g  a l t e r n a t i v e  
r emed ia l  s t r a t e g i e s  and g )  f u t u r e  r e s e a r c h ,  mon i to r ing  and demons t r a t ion  
needs .  

The p i l o t  wa te r sheds  were s e l e c t e d  t o  r e p r e s e n t  t h e  v a r i e t y  of 
p h y s i o g r a p h i c  f e a t u r e s  and l and  u s e s  r e p r e s e n t e d  i n  t h e  Basin.  Urban 
areas w e r e  i n t e n s i v e l y  s t u d i e d  i n  t h e  Grand River  watershed  of sou thwes te rn  
O n t a r i o  and t h e  Menomonee watershed  i n  Wisconsin.  These wa te r sheds  
a l o n g  w i t h  t h e  Genesee (New York) ,  Maumee (Ohio) ,  Felton-Herron and M i l l  
Creeks (Michigan) and t h e  Saugeen ( O n t a r i o )  provided  r e s u l t s  from a 
v a r i e t y  of a g r i c u l t u r a l  s o i l s  and management p r a c t i c e s .  A d d i t i o n a l  
d e t a i l e d  i n f o r m a t i o n  on a g r i c u l t u r a l  s o u r c e s  w a s  o b t a i n e d  from 11 s m a l l  
a g r i c u l t u r a l  subwa te r sheds  s e l e c t e d  t o  r e p r e s e n t  major a g r i c u l t u r a l  
r e g i o n s  i n  sou thwes te rn  O n t a r i o .  F o r e s t r y  p r a c t i c e s  and f o r e s t e d  l and  
were a s s e s s e d  i n  s m a l l  wa te r sheds  i n  t h e  Kenora d i s t r i c t  of On ta r io .  

A d d i t i o n a l  spec ia l  s t u d i e s  were c a r r i e d  o u t  by Task C i n v e s t i g a t o r s  
and p rov ided  i n f o r m a t i o n  on p r i v a t e  waste d i s p o s a l  sys t ems ,  s a n i t a r y  
l a n d f i l l s ,  stream-bank e r o s i o n  and o t h e r  d i f f u s e  s o u r c e s  of p o l l u t a n t s .  

A wide r ange  of p o t e n t i a l  p o l l u t a n t s  w a s  moni tored  i n  v a r i o u s  Task 
C s t u d i e s  b u t  n o t  a l l  of t h e s e  are r e p o r t e d  on h e r e .  Lake s c i e n t i s t s  
(Task D) deve loped  a l i s t  of s i g n i f i c a n t  p o l l u t a n t s  from d i f f u s e  s o u r c e s  
which i n c l u d e d  o r g a n i c  t o x i c a n t s ,  metals and microorganisms among t h o s e  
o f  p u b l i c  h e a l t h  s i g n i f i c a n c e ,  and phosphorus which c o n t r i b u t e s  t o  
a l g a l  growth and t h e r e f o r e  h a s  a e s t h e t i c  s i g n i f i c a n c e  t o  t h e  l a k e s .  The 
t r a n s m i s s i o n  of each  of t h e s e  t o  t h e  l a k e s  w a s  examined i n  Task C p r o j e c t s  
and many ( e s p e c i a l l y  phosphorus ,  metals and some p e s t i c i d e s )  w e r e  found 
t o  b e  c a r r i e d  by o r  l a r g e l y  a s s o c i a t e d  w i t h  suspended sed imen t s .  For 
t h i s  r e a s o n  b u t  a l s o  because  of i t s  d e l e t e r i o u s  e f f e c t s  on nea r - shore  
water q u a l i t y ,  suspended sediment  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  from 
Task C .  
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A g e n e r a l  o b s e r v a t i o n  made throughout  t h i s  work w a s  th,rt phys iograph L C  

f a c t o r s  w e r e  i n  many cases as s i g n i f i c a n t  as l a n d  use  i n  detcrrnining t h e  
q u a n t i t y  of p o l l u t a n t s  i n  r u n o f f .  For  example,  a major  d e t e r m i n a n t  of 
sediment  l o a d i n g s  (and t h e  l o a d i n g s  of sediment-re1 a t e d  p o l l u t a n t s )  in 
any t r i b u t a r y  i s  t h e  p e r c e n t a g e  of c l a y  i n  t h e  s o i l s  of t h e  watershed .  
Coarse- tex tured  (sandy)  s o i l s  y i e l d  v e r y  low l o a d i n g s  of sediment  regard-  
less  o f  l a n d  u s e  w h i l e  f i n e - t e x t u r e d  ( c l a y )  s o i l s  y i e l d  a p p r e c i a b l e  
l e v e l s  of  sed iment  even under  low-yielding l a n d  u s e s  such  as p a s t u r e  o r  

/. For t h i s  r e a s o n ,  t h e r e  are v e r y  wide ranges  i n  t h e  "uni t -a rea-  
lad' ( t h e  c a l c u l a t e d  amount of p o l l u t a n t  e n t e r i n g  t h e  l a k e s  from each 
htict,2irc) i o r  t h e  v a r i o u s  l a n d  u s e s .  However, i t  w a s  i ( ~ u i i d  t h a t  t h e  
uni t -area-Loads o f  i n t e n s i v e  a g r i c u l t u r a l  a c t  i v i t i e s  and urban land  uses 
a rc  approximate ly  e q u a l  ( i . e .  of t h e  same o r d e r  of  magni tude)  f o r  suspended 
s e d i m e n t ,  phosphorus and copper .  The u n i t - a r e a  l o a d s  from b o t h  land-use 
c a t e g o r i e s  are  one o r  two o r d e r s  of magnitude g r e a t e r  t h a n  f o r e s t e d  
a n d l o r  i d l e  l a n d .  These l a t t e r  l o a d s  can be  c o n s i d e r e d  t o  be t h e  minimum 
t o  which p o l l u t a n t - l e v e l  r e d u c t i o n  can be r e a l i s t i c a l l y  lowered w i t h  t h e  
a p p l i c a t i o n  o f  r e m e d i a l  measures .  Urban i n p u t s  of  c h l o r i d e  and l e a d  are 
a n  o r d e r  of  magni tude g r e a t e r  than  t h e  upper r a n g e  f o r  g e n e r a l  agriculture 
and c r o p l a n d .  L i v e s t o c k  were found t o  c o n t r i b u t e  phosphorus t o  t h e  
Grea t  Lakes b u t  i n p u t s  from t h i s  s o u r c e  probably  t o t a l  l e s s  t h a n  20% of 
a g r i c u l t u r a l  l a n d  u s e  i n p u t s .  

Almost a l l  t r i b u t a r y  samples  c o n t a i n e d  PCB which presumably was 
d e r i v e d  from a t m o s p h e r i c  f a l l - o u t .  DDT and some of i t s  d e r i v a t i v e s  w e r e  
r e c o r d e d  f r e q u e n t l y  i n  t r i b u t a r y  samples d r a i n i n g  areas where t h e s e  
i n s e c t i c i d e s  were i n t e n s i v e l y  used i n  t h e  p a s t .  Other  p e s t i c i d e s  w e r e  
o n l y  found i n f r e q u e n t l y  and i n  low c o n c e n t r a t i o n  except  when careless 
h a n d l i n g  r e s u l t e d  i n  s p i l l s .  An e x c e p t i o n  w a s  a t r a z i n e ,  a h e r b i c i d e  
used e x t e n s i v e l y  i n  c o r n  c u l t i v a t i o n .  T h i s  chemical  w a s  d e t e c t e d  i n  a 
l a r g e  p r o p o r t i o n  of samples  from t r i b u t a r i e s  d r a i n i n g  corn-growing areas 
throughout  t h e  b a s i n .  

Task C d a t a  were combined w i t h  phys iographic  d a t a  from t h e  p i l o t  
w a t e r s h e d s  t o  deve lop  c o r r e l a t i o n s  f o r  e x t r a p o l a t i o n  t o  unmonitored 
areas of t h e  b a s i n .  The o b j e c t i v e  was t o  l o c a t e  areas of l a n d  u s e  o r  
l a n d  u s e l l a n d  form combinat ion w i t h  t h e  g r e a t e s t  hazard  p o t e n t i a l  f o r  
e a c h  p o l l u t a n t  of i n t e r e s t  t o  PLUARG. A series of b a s i n  maps appear  i n  
t h e  Task C r e p o r t  and show, f o r  p o l l u t a n t s  such  as phosphorus,  sediment  
and l e a d ,  t h e  a r e a s  expec ted  t o  y i e l d  h i g h ,  medium o r  l o w  u n i t  area 
l o a d s .  For  example,  t h e  n o r t h w e s t e r n  Ohio r e g i o n  making up most of t h e  
Maumee River b a s i n  and t h e  s o u t h w e s t e r n  O n t a r i o  r e g i o n  d r a i n i n g  d i r e c t l y  
i n t o  Lake S t .  C la i r  are t h e  pr imary  h i g h  l o a d i n g  areas f o r  sed iments  and 
phosphorus of a g r i c u l t u r a l  o r i g i n .  Predominant ly  urban areas such  as 
Chicago, Cleve land ,  D e t r o i t  and Toronto and t h e i r  suburbs  are h i g h  
l o a d i n g  a r e a s  f o r  sediment  of urban o r i g i n .  C e r t a i n  a g r i c u l t u r a l  a r e a s  
of  medium h a z a r d  when combined w i t h  l o c a l  urban  development produce 
a r e a s  of h i g h  hazard .  Examples are t h e  area around Toledo,  Ohio and t h e  
Hamilton-St.  C a t h a r i n e s  area of O n t a r i o .  
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'Task. C h a -  made some s p e c i f i c  recommendations f o r  r e d u c i n g  p o l l u t a n t  
 loading^, f o  the> Lakes; d e t a i l s  w i l l  be found i n  t h e  r e p o r t .  However, 
seirera  i i m p o r L r i r i t  c o n s i d e r a t i o n s  have a r i s e n  from f i n d i n g s  and subsequent  
disc-rrc,.;ions w i t h i n  'Task C: t h a t  r e l a t e  t o  how remed ia l  measures  shou ld  be 
appruactied.  'rhcst> con5 i d e r a t  ions are as f o l l o w s :  

1 .  Di spe r sed  p o l l u t i o n  docs  n o t  a r i se  uni formly  from wa te r sheds  i n  t h e  
( ; r e n t  1,aki.s Basin. Close examinat ion  of p i l o t  wa te r shed  i n f o r m a t i o n  
mi forms,  nmounts a i d  c o n c e n t r a t i o n s  of po l l .u tan ts  demons t r a t e s ,  i n  
some c a s e s ,  d e f i n a b l e  s o u r c e  areas. The s o u r c e  areas may r e p r e s e n t  
o n l y  ?mall p o r t i o n  of t h e  t o t a l  l and  area of  t h e  p i l o t  wa te r sheds  
,ind t h e  same. is p r o b a b l y  t r u e  f o r  t h e  Great Lakes Basin a s  a whole. 
r h i s  f i n d i n g ,  suppor t ed  by u n i t  area l o a d i n g  d a t d ,  po in t : ;  t o  two 
r i r i n c i p l e s  t h a t  r e l a t e  t o  implementing remedial  measures  when 
c o n s t r a i n e d  by  f i n i t e  f i n a n c i a l  r e s o u r c e s :  

A .  Ins t ' i l 1 , i t i on  o r  implementa t ion  of  r emed ia l  o r  p r e v r n t a t i v e  
me<isures t o  c o n t r o l  d i f f u s e  p o l l u t i o n a l  s o u r c e s  s h a u l d  be 
aimed a t  t h o s e  s o u r c e  areas i n  which t h e  p o l l u t a n t  i s  g e n e r a l l y  
a t  i t s  h i g h e s t  c o n c e n t r a t i o n .  

p, Remedial measures may n o t  be r e q u i r e d  f o r  l a r g e  a r e a s  of l a n d .  

2 .  U e t r r i o r a t i o n  o f  t h e  Great Lakes through a d d i t i o n ?  of p e r s i s t e n t  
r o n t a m i n a n t s ,  a l t h o u g h  r e v e r s i b l e  i n  t h e  long  term, may b e  more 
s e r i o u s  than  the a e s t h e t i c  o r  e u t r o p h i c a t  ion  impacts  because :  (a) 
t h e  lakes w i l l  r e q u i r e  longe r  p e r i o d s  o f  t i m e 1  t o  c l e a n  themselves  
and ( L I )  small amounts of  some t o x i c  a g e n t s  inti .oduced i n f r e q u e n t l y  
c a n  create long-term problems. Thus, t h e  na t i r re  o f  tht' p o l l u t a n t  
shou ld  be an  impor t an t  f a c t o r  i n  r ank ing  hnasr<ioi:s areas and d i c t n t i n g  
t h e  d e g r e e  of  t r e a t m e n t  r e q u i r e d  f o r  remedial  measures .  

3 .  A n  implementa t ion  program of  remedial  measures  m u s t  be t a i l o r e d  t o  
m e e t  t h e  unique  f ea t c l r e s  of t h e  watershed  i n  which they  a re  p laced  
t o  e n s u r e  long-term p u b l i c  accep tance -  
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1, INTRODUCTION 

Concern f o r  t h e  e f f e c t s  of v a r i o u s  l a n d  u s e  a c t i v i t i e s  on Great 
Lakes water q u a l i t y  prompted t h e  governments of t h e  Uni ted  S t a t e s  and 
Canada -under t h e  Great Lakes Water Q u a l i t y  Agreement of A p r i l  15, 
1 9 7 2  - t o  d i r e c t  t h e  I n t e r n a t i o n a l  J o i n t  Commission (IJC) t o  conduct 
s t u d i e s  of t h e  impact of l a n d  u s e  a c t i v i t i e s  on t h e  w a t e r  q u a l i t y  of t h e  
Great Lakes and t o  recommend remed ia l  measures f o r  m a i n t a i n i n g  o r  improving 
Great Lakes water q u a l i t y .  

To e f f e c t  t h i s  u n d e r t a k i n g ,  t h e  I J C  e s t a b l i s h e d  t h e  I n t e r n a t i o n a l  
Reference  Group on Great Lakes P o l l u t i o n  from Land Use A c t i v i t i e s  (PLUARG). 
The Refe rence  Group developed  a program which c o n s i s t e d  of f o u r  major 
t a s k s .  Task A w a s  devoted  t o  t h e  c o l l e c t i o n  and e v a l u a t i o n  of management 
and r e s e a r c h  i n f o r m a t i o n  and i n  i t s  la ter  s t a g e s  t o  an  assessment  of t h e  
i m p l i c a t i o n s  of r emed ia l  management s t r a t e g i e s .  Task B p repa red  a l a n d  
u s e  i n v e n t o r y  l a r g e l y  from e x i s t i n g  d a t a ,  and, a l s o ,  an a n a l y s i s  of 
t r e n d s  i n  l a n d  u s e  p a t t e r n s  and p r a c t i c e s .  Task C s t u d i e d  s e l e c t e d  
w a t e r s h e d s  t o  de t e rmine  t h e  s o u r c e s  of p o l l u t a n t s ,  t h e i r  r e l a t i v e  s i g n i f i c a n c e  
and an  assessment  of t h e  d e g r e e  of t r a n s m i s s i o n  of p o l l u t a n t s  t o  boundary 
waters. Task D w a s  devoted  t o  o b t a i n i n g  supplementary  i n f o r m a t i o n  on 
t h e  impacts  of p o l l u t a n t s  r e a c h i n g  t h e  boundary waters, t h e i r  e f f e c t  on 
water q u a l i t y  and t h e i r  s i g n i f i c a n c e  i n  t h e  f u t u r e .  

The Task C p o r t i o n  of  t h e  PLUARG " D e t a i l e d  Study Plan"  p repa red  i n  
1 9 7 4  i n c l u d e d  an  i n t e n s i v e  i n v e s t i g a t i o n  of wa te r sheds  i n  Canada and t h e  
Uni ted  S t a t e s  ( s e e  F i g u r e  1.-1 f o r  l o c a t i o n s )  which are r e p r e s e n t a t i v e  
of a f u l l  r a n g e  of urban  and r u r a l  l a n d  u s e s  found i n  t h e  Great Lakes 
Bas in .  A Task C T e c h n i c a l  Committee w a s  e s t a b l i s h e d  by PLUARG and 
a s s i g n e d  p r imary  r e s p o n s i b i l i t y  f o r  deve lop ing  and conduc t ing  t h e  p i l o t  
wa te r shed  s t u d i e s .  
by Task C t o  deve lop  t h i s  summary r e p o r t ,  u s i n g  t h e  r e p o r t s  cove r ing  t h e  
p i l o t  wa te r shed  s t u d i e s .  

A S y n t h e s i s  and E x t r a p o l a t i o n  Work Group w a s  e s t a b l i s h e d  

1.1 REPORT FORMAT 

The Task C Summary Report  i s  s t r u c t u r e d  t o  p rov ide :  a )  a d e s c r i p t i o n  
o f  l a n d  u s e s  i n  t h e  P i l o t  Watersheds and i n  t h e  Great Lakes Basin,  b )  a 
r a t i o n a l e  f o r  t h e  c h o i c e  of parameters r e c e i v i n g  g r e a t e s t  emphasis i n  
t h e  s t u d i e s ,  c )  a n  e v a l u a t i o n  of u n i t  area l o a d i n g s  f o r  i n d i v i d u a l  l a n d  
u s e s  i n  t h e  p i l o t  wa te r sheds ,  d )  an  e x t r a p o l a t i o n  of u n i t  area l o a d s  t o  
t h e  wa te r sheds  of each  l a k e ,  e )  a r a n k i n g  of hazardous  l a n d  u s e s  f o r  
d i f f e r e n t  parameters, f )  a d i s c u s s i o n  of i n f o r m a t i o n a l  needs  t o  des ign  
a l t e r n a t i v e  r e m e d i a l  s t r a t e g i e s  and g) f u t u r e  r e s e a r c h ,  mon i to r ing  and 
d e m o n s t r a t i o n  needs .  
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1 . 2  DESCRIPTION OF PILOT WATERSHEDS 

The e i g h t  p i l o t  wa te r shed  s t u d i e s  (Summary Repor t s  f o r  each watershed  
are a v a i l a b l e  as p a r t  of t h e  PLUARG T e c h n i c a l  Report  S e r i e s )  and t h e  
r a t i o n a l e  f o r  t h e i r  c h o i c e  are l i s t e d  b r i e f l y  below. 

1 . 2 . 1  Genesee R ive r  Watershed 

The Genesee R ive r  wa te r shed  encompasses an area of 617,456 h e c t a r e s  
i n  c e n t r a l  New York and 24,864 h e c t a r e s  i n  n o r t h - c e n t r a l  Pennsylvania .  
The Genesee R ive r  rises i n  Pennsy lvan ia  and f lows  n o r t h  t o  Roches t e r ,  
New York, where i t  d i s c h a r g e s  t o  Lake O n t a r i o .  The c u r r e n t  wa te r shed  
p o p u l a t i o n  of about  485,000 i s  c o n c e n t r a t e d  a long  t h e  main s t e m  of t h e  
r i v e r  and n e a r  Lake O n t a r i o  a t  t h e  C i t y  of Roches t e r ;  
s o u t h  o f  suburban  Roches t e r  i s ,  f o r  t h e  most p a r t ,  s p a r s e l y  popu la t ed  
and c o n s i s t s  p r i m a r i l y  of a g r i c u l t u r a l  l a n d s  w i t h  some f o r e s t e d  areas. 
Although t h e  a g r i c u l t u r e  i s  predominant ly  d a i r y  fa rming ,  e x t e n s i v e  areas 
of t r u c k  and row c r o p s  e x i s t .  Corn i s  t h e  major crop w h i l e  o a t s ,  wheat 
and b a r l e y  combined occupy about  t h e  same a c r e a g e  as corn.  Physio- 
g r a p h i c a l l y ,  t h e  wa te r shed  c o n s i s t s  of t h r e e  terraces s e p a r a t e d  by 
nor thward  f a c i n g  e sca rpmen t s .  G l a c i a l  t i l l  predominates  excep t  i n  t h e  
narrow l a k e  p l a i n  w i t h i n  t h e  C i t y  of Roches t e r  which c o n s i s t s  of l a c u s t r i n e  
s i l t  and c l a y  d e p o s i t s .  The wa te r shed  s o i l s  r ange  from w e l l  t o  modera te ly  
w e l l  d r a i n e d  t o  p o o r l y  d r a i n e d .  The ave rage  d i s c h a r g e  from t h e  wa te r shed  
i s  76 m3/ sec  and t h e  r i v e r  f low is  c a r e f u l l y  r e g u l a t e d  by a series of 
dams i n  and n e a r  t h e  C i t y  of Roches t e r .  The watershed  h a s  a humid 
c l imate  w i t h  mi ld  summers and c o l d  w i n t e r s ;  ave rage  annua l  t empera tu re  
i s  10°C i n  t h e  lower p o r t i o n  of t h e  watershed  and 7°C i n  t h e  h i g h e r  
e l e v a t i o n s .  Average annua l  p r e c i p i t a t i o n  i s  86 cm, d e c r e a s i n g  from a 
h i g h  of 107 cm i n  t h e  upper r e a c h e s  of t h e  watershed  t o  7 1  cm i n  t h e  
lower  p o r t i o n  of  t h e  b a s i n .  The Genesee River  watershed  se rved  as t h e  
f o c u s  o f  i n v e s t i g a t i o n s  on t h e  impact of d i v e r s e  l a n d  uses  on water 
q u a l i t y .  

The watershed  

1 . 2 . 2  Menomonee River  Watershed 

T h e  Menomonee R i v e r  watershed  c o m p r i s e s  an area of 35,483 h e c t a r e s  
i n  t h e  s o u t h e a s t  c o r n e r  of Wisconsin.  The Menomonee River and i t s  
t r i b u t a r i e s  f low i n  an  e a s t e r l y  d i r e c t i o n  and t h e  r i v e r  d i s c h a r g e s  t o  
Lake Michigan a t  t h e  C i t y  of Milwaukee. Th i s  h i g h l y  u rban ized  watershed  
encompasses a l l  o r  p a r t s  of f o u r  c o u n t i e s ,  17 c i t i e s ,  v i l l a g e s  and towns 
and c u r r e n t l y  c o n t a i n s  a p o p u l a t i o n  of abou t  336,800, w i t h  97 p e r c e n t  
c o n c e n t r a t e d  i n  t h e  lower  t h r e e  q u a r t e r s  of t h e  wa te r shed .  E x i s t i n g  
l a n d  u s e s  r ange  from an  i n t e n s e l y  developed commerc ia l - indus t r i a1  complex 
i n  t h e  lower  q u a r t e r  of t h e  watershed  t o  low t o  medium d e n s i t y  r e s i d e n t i a l  
areas i n  t h e  c e n t e r  h a l f ,  w h i l e  t h e  upper q u a r t e r  i s  i n  t h e  p r o c e s s  of 
c o n v e r s i o n  from r u r a l  t o  urban  l a n d  u s e s .  The i r r e g u l a r  topography of 
t h e  wa te r shed  w a s  de te rmined  l a r g e l y  by t h e  u n d e r l y i n g  bedrock  and t h e  
o v e r l y i n g  he te rogeneous  g l a c i a l  d e p o s i t s .  Dominant s o i l  t y p e s  t e n d  t o  
b e  o f  s i l t  loam t e x t u r e  and are p o o r l y  d r a i n e d .  The long  t e r m  a v e r a g e  
d i s c h a r g e  from t h e  wa te r shed  i s  2 .3  m3/sec  b u t  f l o o d  f lows  as h i g h  as 
380 m3/ sec  have  been r eco rded .  The wa te r shed  h a s  a humid climate w i t h  
mi ld  summers and cold winters .  The a v e r a g e  annual t empera tu re  i s  10°C 
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w i t h  monthly means r a n g i n g  from -7°C i n  Janua ry  t o  22°C i n  J u l y .  
annua l  p r e c i p i t a t i o n  i s  74 cm (107 c m  snow). The Menomonee River  watershed  
s e r v e d  as  t h e  f o c u s  of i n v e s t i g a t i o n s  on t h e  impact of urban l and  u s e s  
on water q u a l i t y .  

Average 

1 . 2 . 3  Fe l ton-Herron  and M i l l  Creek Subwatersheds 

The Fe l ton-Herron  subwatershed  is a s m a l l  d r a i n a g e  area ( l e s s  t h a n  
100 h e c t a r e s )  t h a t  l i e s  a lmos t  e n t i r e l y  w i t h i n  t h e  boundar i e s  of t h e  
campus of Michigan S t a t e  U n i v e r s i t y  i n  s o u t h c e n t r a l  Michigan. The 
subwatershed  i s  t r i b u t a r y  t o  t h e  Red Cedar River  which f lows  i n t o  t h e  
Grand R ive r  a few m i l e s  downstream from t h e  C i t y  of E a s t  Lans ing .  The 
Grand River  f lows  i n  a w e s t e r l y  d i r e c t i o n  and d i s c h a r g e s  t o  Lake Michigan 
a t  Grand Haven. Topograph ica l ly ,  t h e  subwatershed  is modera t e ly  r o l l i n g  
and t h e  area i n c l u d e s  a complex v a r i e t y  of s o i l  t y p e s  r a n g i n g  from sand 
and g r a v e l  t o  heavy c l a y s  and muck s o i l s .  The l and  w a s  p a r t i a l l y  under 
c u l t i v a t i o n  u n t i l  app rox ima te ly  10  y e a r s  ago. S ince  t h a t  t i m e ,  much of 
t h e  l a n d  h a s  r e v e r t e d  t o  o l d - f i e l d  s u c c e s s i o n  w i t h  t h e  e x c e p t i o n  of 1 2  
h e c t a r e s  o f  c u l t i v a t e d  p l o t s  p r e s e n t l y  s e r v i n g  as a h y d r o l o g i c a l  e v a l u a t i o n  
of s p r a y  i r r i g a t i o n . o f  sewage e f f l u e n t .  The subwatershed  h a s  a humid 
climate w i t h  mi ld  summers and c o l d  w i n t e r s .  The annua l  a v e r a g e  t empera tu re  
i s  9 ° C  w i t h  monthly means r a n g i n g  from -5°C i n  January  t o  22°C i n  J u l y .  
Average a n n u a l  p r e c i p i t a t i o n  i s  77 cm (130 cm snow). I n  many ways, t h e  
area t h a t  w a s  deve loped  f o r  s p r a y  i r r i g a t i o n  is a microcosm of t h e  
d r a i n a g e  b a s i n  of t h e  Great Lakes and as such se rved  a p t l y  as a r e p r e s e n t a t i v e  
envi ronment  f o r  p r e d i c t i o n  and e x t r a p o l a t i o n  f o r  t h e  s h o r t  and long  
t e r m .  

The M i l l  Creek subwatershed  i s  l o c a t e d  w i t h i n  t h e  well-known "Peach 
Ridge" f r u i t  fa rming  area i n  Kent County of southwes t  lower Michigan. 
The subwatershed  encompasses an area of approx ima te ly  5,570 h e c t a r e s  of 
which t h e  upper  3 ,058  h e c t a r e s  are under i n v e s t i g a t i o n .  About 50% of t h e  
subwatershed  i s  i n  c o r n ,  30% i n  f r u i t  o r c h a r d s ,  10% i n  p a s t u r e  o r  a l f a l f a ,  
and t h e  remain ing  10% i n  wood lo t s  o r  we t l ands .  M i l l  Creek f lows  through 
approx ima te ly  20 o r c h a r d s  f o r  1 6  km b e f o r e  i t s  conf luence  w i t h  t h e  Grand 
River. The o r c h a r d s  are of v a r i o u s  s i z e s  and employ a v a r i e t y  of c u l t u r a l  
p r a c t i c e s  f o r  p r o d u c t i o n  of c r o p s  such  as a p p l e s ,  peaches ,  pears ,  c h e r r i e s  
and g r a p e s .  The subwatershed  h a s  a r o l l i n g  topography of low r e l i e f  
which h a s  been de termined  l a r g e l y  by t h e  u n d e r l y i n g  bedrock and t h e  
o v e r l y i n g  he te rogeneous  g l a c i a l  d e p o s i t s .  Dominant s o i l  t y p e s  tend t o  
b e  of sandy loam t e x t u r e  and are modera t e ly  t o  we l l -d ra ined .  
h a s  a humid c l imate  w i t h  mi ld  summers and c o l d  w i n t e r s .  
a n n u a l  t e m p e r a t u r e  is 9°C w i t h  monthly means r a n g i n g  from -5°C i n  
January  t o  22OC i n  J u l y .  
snow). 
on t h e  impact  o f  i n t e n s i v e  u s e  of i n s e c t i c i d e s ,  h e r b i c i d e s  and f e r t i l i z e r s  
under  d i f f e r e n t  p r a c t i c e s  w i t h i n  a s i n g l e  l and  use.  

The subwatershed  
The ave rage  

Average annua l  p r e c i p i t a t i o n  is 8 1  c m  (157 cm 
The M i l l  Creek subwatershed  se rved  as t h e  f o c u s  of i n v e s t i g a t i o n s  

1 . 2 . 4  Maumee River Watershed 

The Maumee River wa te r shed  c o n t a i n s  approx ima te ly  1 ,639 ,500  h e c t a r e s ,  
of which 19.1% are i n  n o r t h e a s t e r n  I n d i a n a ,  73.7% are i n  n o r t h w e s t e r n  
Ohio, and 7.2% are i n  s o u t h e r n  Michigan. The Maumee River i s  formed a t  
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F o r t  Wayne, I n d i a n a ,  by t h e  c o n f l u e n c e  of t h e  S t .  Joseph  and S t .  Marys 
Rivers. The fiumee River f l o w s  i n  a n o r t h e a s t w a r d  d i r e c t i o n  t o  Toledo, 
Ohio,  where i t  d i s c h a r g e s  t o  t h e  Maumee Bay of Lake E r i e .  
o f  t h e  wa te r shed  i s  approx ima te ly  1 ,400 ,000  w i t h  t h e  m a j o r i t y  r e s i d i n g  
i n  Toledo ,  Ohio,  and F o r t  Wayne, Ind iana .  The watershed  is p r i m a r i l y  
a g r i c u l t u r a l ,  w i t h  more t h a n  90 p e r c e n t  of t h e  l a n d  i n  a g r i c u l t u r a l  u se .  
The p r i n c i p a l  c r o p s  grown are co rn ,  soybeans ,  wheat and o a t s ,  w i t h  some 
s u g a r  b e e t s .  There  are a l s o  s i g n i f i c a n t  a c r e a g e s  of v e g e t a b l e  c r o p s  and 
n u r s e r y  s t o c k .  S a l e s  from l i v e s t o c k  and l i v e s t o c k  p r o d u c t s  accoun t  f o r  
abou t  one - fou r th  of t h e  fa rm income. P h y s i o g r a p h i c a l l y ,  t h e  Maumee River  
wa te r shed  i s  a lmos t  a level p l a i n  t h a t  r e p r e s e n t s  a p o r t i o n  of t h e  
abandoned f l o o r  o f  g l a c i a l  Lake Maumee which occupied  t h e  Lake Erie 
Bas in  i n  l a t e  P l e i s t o c e n e  T i m e .  The s o i l s ,  which have  predominant ly  
s i l t y  c l a y  loam t e x t u r e  i n  t h e  s u r f a c e  h o r i z o n  w i t h  c l a y  s u b - s o i l s  are 
v e r y  p o o r l y  t o  modera t e ly  w e l l  d r a i n e d .  These s o i l s  have been brought  
i n t o  p r o d u c t i o n  th rough  one of t h e  most i n t e n s i v e  farm d r a i n a g e  sys tems 
i n  t h e  n a t i o n .  The wa te r shed  h a s  a humid climate w i t h  mi ld  summers and 
c o l d  w i n t e r s ;  a v e r a g e  a n n u a l  t empera tu re  is about  10°C w i t h  monthly 
means r a n g i n g  from -3°C i n  Janua ry  t o  22°C i n  J u l y .  The ave rage  annua l  
p r e c i p i t a t i o n  i s  84 c m  (61  cm snow). The ave rage  d i s c h a r g e  from t h e  
wa te r shed  i s  abou t  142 m3/sec b u t  f l o o d  f lows  as h igh  as 2,630 m3/sec 
have  been r e c o r d e d .  The Maumee River watershed  se rved  as t h e  f o c u s  of 
i n v e s t i g a t i o n s  on t h e  impact of a g r i c u l t u r a l  l and  u s e s  on water q u a l i t y .  

The p o p u l a t i o n  

1 . 2 . 5  Grand R ive r  Watershed 

The Grand R ive r  wa te r shed  is t h e  l a r g e s t  watershed  i n  sou thwes te rn  
O n t a r i o ,  d r a i n i n g  an  area of approx ima te ly  667,200 h e c t a r e s .  The Grand 
River  rises i n  a mass ive  swampy upland  s o u t h  of Georgian Bay and runs  a 
s o u t h e r l y  c o u r s e  o f  290 km t o  Lake Erie a t  P o r t  Mai t land .  The Ni th ,  
Conestogo and Speed R i v e r s  are t h e  t h r e e  major t r i b u t a r i e s  which j o i n  
t h e  main stem i n  t h e  middle  p o r t i o n  of t h e  wa te r shed .  The Conestogo 
R ive r  d r a i n s  t h e  n o r t h w e s t e r n  p o r t i o n  of t h e  watershed  w i t h  t h e  N i t h  and 
Speed Rivers d r a i n i n g  t h e  w e s t e r n  and e a s t e r n  p o r t i o n ,  r e s p e c t i v e l y .  The 
wa te r shed  can  b e  d i v i d e d  i n t o  an  upper p a r t  where t h e  Grand River  and 
i t s  t h r e e  main b ranches  f low,  f o r  t h e  most p a r t ,  i n  p r e v i o u s l y  formed 
g l a c i a l  s p i l l w a y  channe l s .  I n  t h e  lower p a r t ,  below t h e  C i t y  of B r a n t f o r d ,  
t h e  r i v e r  h a s  scoured  i t s  own channe l  a c r o s s  g l a c i a l  l a k e  d e p o s i t s  of 
s i l t  and c l a y .  The Grand R ive r  wa te r shed  h a s  been developed  e x t e n s i v e l y  
f o r  u rban  and a g r i c u l t u r a l  u s e s  which, r e s p e c t i v e l y ,  compr ise  t h r e e  and 
75 p e r c e n t  of t h e  t o t a l  wa te r shed  area. The p r i n c i p a l  c r o p s  are c o r n  and 
s m a l l  g r a i n s  w i t h  a d d i t i o n a l  l and  used f o r  f o r a g e  and p a s t u r e .  Approximately,  
1 9  p e r c e n t  of t h e  wa te r shed  area is  wooded a n d / o r  i d l e  and t h e  remain ing  
t h r e e  p e r c e n t  i s  i n  o t h e r  u s e s .  The watershed  p o p u l a t i o n  of 514,000 is 
p r i m a r i l y  c o n c e n t r a t e d  i n  t h e  c e n t r a l  p o r t i o n  of t h e  watershed  i n  t h e  
Kitchener-Cambridge area and w i t h i n  t h e  c i t i e s  of Guelph and B r a n t f o r d .  
The topography of t h e  wa te r shed  i s  p r i m a r i l y  de te rmined  by t h e  u n d e r l y i n g  
bedrock  and o v e r l y i n g  he te rogeneous  g l a c i a l  d e p o s i t s  and r anges  from a n  
i r r e g u l a r  s u r f a c e  of t i l l  p l a i n s  and mora ines  i n  t h e  upper p a r t  t o  a 
n e a r - l e v e l  l a k e  p l a i n  i n  t h e  lower p a r t .  Dominant s o i l  t y p e s  r ange  from 
sandy s o i l s  i n  t h e  upper p a r t  t o  s i l t y  c l a y  loams i n  t h e  lower r e g i o n  of 
t h e  wa te r shed .  
6°C i n  t h e  headwa te r s  t o  9°C a t  Lake E r i e .  Long t e r m  a v e r a g e  annua l  

C l i m a t i c a l l y ,  t h e  ave rage  annua l  t e m p e r a t u r e s  va ry  from 
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p r e c i p i t a t i o n  varies from 84 cm ( 1 7 8  cm snow) i n  t h e  lower r e a c h e s  t o  88 
cm ( 1 2 7  c m  snow) i n  t h e  upper  r e a c h e s  of t h e  watershed .  Average annual  
f l o w  a t  t h e  o u t l e t  of t h e  r i ve r  i s  estimated t o  be  64 m3/sec w i t h  peak 
d i s c h a r g e s  r a n g i n g  from 5 0 0  t o  1 , 4 0 0  m3/sec .  The Grand River watershed  
s e r v e d  as t h e  f o c u s  of i n v e s t i g a t i o n s  on t h e  impact of a g r i c u l t u r a l  and 
u r b a n  l a n d  u s e s  on water q u a l i t y .  

1 . 2 . 6  Saugeen River Watershed 

The Saugeen River o r i g i n a t e s  i n  a swampy upland s o u t h  of Georgian 
Bay and r u n s  a n o r t h w e s t e r l y  c o u r s e  of 1 8 4  km t o  Lake Huron a t  Southampton, 
O n t a r i o .  Four major  t r i b u t a r i e s  - t h e  North Saugeen, t h e  Rocky Saugeen, 
t h e  South Saugeen and t h e  Teeswater  R i v e r s  and numerous smaller streams - 
feed  t h e  main channel .  The t o t a l  d r a i n a g e  area of t h e  watershed  i s  
approximate ly  397,900 h e c t a r e s .  The headwater  a r e a s  of t h e  Saugeen 
River  a re  s h a r e d  w i t h  t h e  Grand R i v e r ,  t h e  d i v i d e  between them b e i n g  
somewhat i n d i s t i n c t ,  o f t e n  c o n s i s t i n g  of  a s p r a w l i n g  swamp from which 
d r a i n a g e  o c c u r s  i n  two d i r e c t i o n s .  The upper stream r e a c h e s  c o n s i s t  of 
rough and rocky l a n d  w i t h  l a r g e  areas of swamp and non-product ive 
woodlands.  C l e a r e d  areas i n  t h e  headwaters  are p r i m a r i l y  used f o r  
permanent p a s t u r e .  The s o i l  is  loamy o r  g r a v e l l y .  The topography of 
t h e  watershed  is  p r i m a r i l y  due t o  g l a c i a t i o n  and ranges  from an i r r e g u l a r  
r o l l i n g  s u r f a c e  of  t e r races  and mora ines  i n  t h e  upper and middle  p a r t s  
t o  a n e a r  l e v e l  p l a i n  i n  t h e  lower s e c t i o n .  Land u s e  i n  t h e  Saugeen 
River  watershed  i s  predominant ly  a g r i c u l t u r a l  ( 6 4  p e r c e n t )  w i t h  l a r g e  
areas o f  t h e  b a s i n  i n  permanent p a s t u r e .  I n t e n s i v e  l i v e s t o c k  and p o u l t r y  
o p e r a t i o n s  and a wide v a r i e t y  of c r o p s  are a l s o  found i n  t h e  area. Much 
of t h e  l a n d ,  p a r t i c u l a r l y  i n  t h e  headwater  areas, i s  swamp o r  u n p r o d u c t i v e  
woodland ( 3 3  p e r c e n t ) .  Urban development is  r e s t r i c t e d  t o  a few s m a l l  
communities.  The t o t a l  p o p u l a t i o n  of t h e  watershed  is about  5 7 , 2 8 0  of  
which 2 8 , 8 8 0  are c o n c e n t r a t e d  i n  towns and v i l l a g e s .  The a v e r a g e  a n n u a l  
t e m p e r a t u r e  i s  approximate ly  6°C. Average annual  p r e c i p i t a t i o n  varies 
from 84 c m  t o  101 c m  a c r o s s  t h e  watershed .  Average annual  f low of t h e  
Saugeen R i v e r  i s  approximate ly  56 m3/sec w i t h  peak d i s c h a r g e s  r a n g i n g  
from 300 t o  8 5 0  m3/sec.  
o f  i n v e s t i g a t i o n s  on t h e  impact  of a g r i c u l t u r a l  u s e s  on water q u a l i t y .  

The Saugeen River  watershed  s e r v e d  as t h e  f o c u s  

1 . 2 . 7  F o r e s t e d  Watersheds 

The F o r e s t e d  Watershed s t u d i e s  w e r e  under taken  i n  twelve s m a l l  
w a t e r s h e d s  of  35 t o  1 , 2 5 0  h e c t a r e s  w i t h i n  t h e  headwaters  of t h e  E n g l i s h  
and Winnipeg R i v e r s  sys tems a b o u t  55 km s o u t h e a s t  o f  Kenora, O n t a r i o .  
Although t h i s  s t u d y  w a s  n o t  conducted w i t h i n  t h e  Great Lakes Bas in ,  i t  
is t h e  o n l y  s t u d y  a v a i l a b l e  i n  O n t a r i o  d e a l i n g  w i t h  any a s p e c t  of f o r e s t  
management p r a c t i c e s  and t h e i r  e f f e c t  on water q u a l i t y  and q u a n t i t y .  
The s t u d y  c o n c e n t r a t e d  on t h e  impact of c l e a r c u t t i n g  and s c a r i f i c a t i o n .  
The topography of  t h e  s t u d y  area is a l i g n e d  i n  an approximate ly  east- 
w e s t  d i r e c t i o n  i n  c o n f o r m i t y  w i t h  t h e  major  f r a c t u r e  sys tem of t h e  
bedrock.  The magnitude of r e l i e f  is  about  76 meters. G l a c i a l - f l u v i a l  
d e p o s i t s  o c c u r  o c c a s i o n a l l y  i n  some v a l l e y s ,  and a r e  found l o c a l l y  on 
h i l l  f l a n k s  and crests.  The s o i l  p a r e n t  mater ia l  a p p e a r s  t o  be d e r i v e d  
e n t i r e l y  from g r a n i t i c  rock .  I ts  t e x t u r e  is dominant ly  sandy loam, b u t  
i t  c o n t a i n s  h i g h l y  v a r i a b l e  components of g r a v e l  and c o b b l e s .  Some 
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outwash and d e l t a i c  d e p o s i t s  of f i n e  sand are p r e s e n t .  The s o i l s  are 
g e n e r a l l y  t h i n  and s u b j e c t  t o  r a p i d  l e a c h i n g .  The a v e r a g e  annua l  t empera tu re  
i s  2 ° C  r a n g i n g  from - 1 7 ° C  i n  Janua ry  t o  19°C i n  J u l y .  Average annua l  
p r e c i p i t a t i o n  i s  67 cm (200 cm snow). 

1 . 2 . 8  A g r i c u l t u r a l  Watersheds 

The A g r i c u l t u r a l  Watersheds s t u d i e s  c o n s i s t e d  of mon i to r ing  11 
s m a l l  (1,860 - 7 ,913  ha )  a g r i c u l t u r a l  subwatersheds  s e l e c t e d  t o  r e p r e s e n t  
major  a g r i c u l t u r a l  r e g i o n s  i n  s o u t h e r n  O n t a r i o .  In  s i x  of t h e  subwa te r sheds ,  
a number of  d e t a i l e d  s t u d i e s  w e r e  conducted .  Table  1.1-1 c o n t a i n s  
i n f o r m a t i o n  abou t  each  area. For a l l  subwa te r sheds ,  t h e  s t u d y  program 
c o n s i s t e d  of m o n i t o r i n g  p r e c i p i t a t i o n ,  stream f low q u a n t i t y  and q u a l i t y  
and p r e p a r i n g  an i n v e n t o r y  of l and  u s e  p r a c t i c e s .  A s  p a r t  of t h e  d e t a i l e d  
s t u d y ,  p r e c i p i t a t i o n  q u a l i t y  w a s  de te rmined  and a d e t a i l e d  s o i l  su rvey  
w a s  made of t h e  s i x  subwatersheds .  In  a d d i t i o n ,  t h e s e  s i t e s  were t h e  
f o c u s  o f  i n v e s t i g a t i o n s  on t h e  s o u r c e s ,  n a t u r e  and enr ichment  of s ed imen t s ,  
and on t h e  e f f e c t s  of s o i l s ,  c r o p s ,  l i v e s t o c k ,  s u r f a c e  hydro logy  and 
groundwater movement on c o n c e n t r a t i o n s ,  l o a d i n g  ra tes  and d e l i v e r y  of 
s e l e c t e d  po l . l u t an t s  from a g r i c u l t u r a l  areas. 
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Table  1.1-1 CANADIAN REPRESENTATIVE AGRICULTURAL SUBWATERSHEDS 

S u r f i c i a l  Average Annual Average Tempera ture ,  "C Growing Degree Major 
Wate r shed  River  Bas in  Area, ha Geology P r e c i p i t a t i o n ,  cm Janua ry  Ju ly  Days Above 6 O c  Major Crops L i v e s t o c k  

10  ( h )  * 

Thames River  

Big Creek 

Ausable R ive r  

Grand R ive r  

Middle Thames 
River  

Mai t land  River  

S h e l t e r  Val ley  
Creek 

Twenty Mile 
Creek 

Humber R ive r  

Hillman Creek 

Saugeen River  

5,080 

7 , 9 1 3  

5 ,645  

1,860 

3 ,000  

5 ,472  

6 , 2 0 0  

3 , 0 2 5  

2 , 3 8 3  

1 , 9 9 0  

4.504 

L a c u s t r i n e  c l a y  over  
till p l a i n  ove r  
l imes tone  bedrock  

Deep l e v e l  d e l t a i c  
s ands  

Level  c l a y  t i l l  
p l a i n  over s h a l e  

S i l t y  c l ay  ground 
mora ine  

Clacareous  loamy 
t i l l  

Drumlinized loam 
till 

Wind blown sand  
and s i l t  on 
s l o p i n g  sandy 
c a l c a r e o u s  t i l l  

L a c u s t r i n e  and 
reworked c l a y  over  
dolomi te  

S t r a t i f i e d  c l ay  
ove r  s h a l e  and 
l imes tone  t i l l  

Shallow moraine 
sand  over c l a y  till 
p l a i n  over l imes tone  

bedrock 

Reworked l a c u s t r i n e  
c l a y  over c l a y  t i l l  

76 

a9 

94 

91 

86 

99 

79 

79 

79 

76 

89 

-4  

-4 

-6 

-7 

-6 

-7 

-7 

-4  

- 7  

-3 

-6 

23 

21 

20 

19 

21 

19 

21 

2 2  

20 

23 

19 

4 , 2 0 0  

3 ,600  

3 , 5 0 0  

3 ,000  

3 , 4 0 0  

2 ,900  

3 ,500  

3 ,750  

3 , 3 0 0  

4 , 3 0 0  

3 , 1 0 0  

Corn, None 
soybeans  

Tobacco, None 
r y e  
Corn ,  s m a l l  Da i ry ,  beef  
g r a i n s  

Corn, small Da i ry  
g r a i n s  

Corn, s m a l l  Dai ry  
g r a i n s  

Mixed g r a i n s ,  Da i ry ,  b e e f ,  
c o r n  hogs 

P a s t u r e  , Beef ,  beef 
c o r n  f e e d e r s  

Hay, p a s t u r e  Hogs, 
p o u l t r y  

Hay, g r a i n  mixed Da i ry ,  beef  

V e g e t a b l e s ,  None 
o r c h a r d ,  c o r n ,  

soybeans  

P a s t u r e ,  hay Beef 
f e e d e r s ,  
d a i r y  

*Subwatersheds  i n  which d e t a i l e d  s t u d i e s  w e r e  conducted. (a-k) Map l o c a t i o n s  of subwa te r shed  on F igu re  l.-l. 



2, SOURCES, FORMS AND AMOUNTS OF POLLUTANTS REACHING THE 
GREAT LAKES FROM P I L O T  WATERSHEDS 

The d a t a  i n  t h i s  s e c t i o n  were o b t a i n e d  i n  t h e  p i l o t  watershed  
s t u d i e s .  Annual t o t a l  l o a d s  and annual  u n i t  area l o a d s  f o r  r u r a l  and 
urban  l a n d  u s e s  are  compared between p i l o t  watershed  areas and t h e  
r e l a t i v e  impor tance  of p a r t i c u l a r  land  u s e s  as c o n t r i b u t o r s  t o  Great 
L,akes p o l l u t i o n  are e v a l u a t e d .  

2 . 1  LAND USE CATEGORIES ~. 

T h i s  s e c t i o n  o f  t h e  r e p o r t  i n d i c a t e s  t h e  l a n d  u s e  a c t i v i t i e s  inc luded  
i n  t h e  Task C p i l o t  watershed  s t u d i e s ,  d e f i n e s  t h e  broad l a n d  use  c a t e g o r i e s  
c o n s i d e r e d  i n  t h i s  Repor t ,  and summarizes under t h e s e  c a t e g o r i e s  the 
l a n d  u s e  a c t i v i t i e s  i n  t h e  Great Lakes Basin.  

2 . 1 . 1  Land Use A c t i v i t i e s  I n  P i l o t  Watersheds 

The s i t e s  for  t h e  e i g h t  p i l o t  watershed  s t u d i e s  conducted under 
Task C were se lec ted  because  c o l l e c t i v e l y  they  r e p r e s e n t e d  t h e  range  of 
l a n d  u s e  a c t i v i t i e s  found i n  t h e  Great Lakes Basin.  Each s t u d y  d e f i n e d  
t h e  predominant  l a n d  u s e s  t o  be  c o n s i d e r e d  i n  a watershed ,  b u t  t h e  
d e s c r i p t o r s  used by t h e  s e v e r a l  i n v e s t i g a t o r s  were n o t  a lways i d e n t i c a l  
o r  d i r e c t l y  comparable .  Table  2 . 1 - 1  i n d i c a t e s  t h e  l a n d  u s e  a c t i v i t i e s  
i n c l u d e d  i n  each of  t h e  p i l o t  watershed  s t u d i e s  and shows t h e  a r e a  of  
t h a t  l a n d  u s e  and i t s  p e r c e n t a g e  of t h e  watershed  a r e a .  

The r e s u l t s  of t h e  Task C s t u d i e s  i n d i c a t e  t h a t  t h e  c o n t r i b u t i o n s  
of  p o l l u t i o n  from l a n d  u s e s  i n  t h e  Great Lakes Basin are g e n e r a l l y  
r e l a t e d  t o  t h e  i n t e n s i t y  of t h e  a c t i v i t i e s  t h a t  are t a k i n g  p l a c e  on t h e  
l a n d .  For t h e  purposes  of  t h i s  r e p o r t ,  t h e  l a n d  use  a c t i v i t i e s  i n c l u d e d  
i n  t h e  p i l o t  watershed  s t u d i e s  w e r e  c o l l e c t e d  under b r o a d e r  l a n d  u s e  
c a t e g o r i e s  t o  r e f l e c t  t h i s  i n t e n s i t y .  These l a n d  u s e  c a t e g o r i e s  are 
d e f i n e d  as f o l l o w s :  

RURAL LAND USE CATEGORIES 
AGRICULTURAL LAND 

GENERAL AGRICULTURE--a broad l a n d  u s e  c a t e g o r y  t h a t  
encompasses a l l  of t h e  r u r a l  l a n d  u s e  c a t e g o r i e s  i n c l u d i n g  
a g r i c u l t u r a l  and n o n - a g r i c u l t u r a l  r u r a l  l a n d  u s e s .  

CROPLAND--land used f o r  t h e  p r o d u c t i o n  of annual  c r o p s  
and f o r  o r c h a r d s  and v i n e y a r d s .  It  i n c l u d e s  row c r o p s  
such  as corn ,  tobacco  and v e g e t a b l e s ,  and c l o s e  grown 
c r o p s  such  as wheat ,  o a t s  and o t h e r  g r a i n s .  
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TABLE 2.1-1 LAND USE ACTIVITIES IN PILOT WATERSHED STUDIES 
Land Use Areas in 1000 ha Units and Percentages of Each Watershed 

Genesfe Menomcnee Felton-Herren* Mill Creek Maumee Grand Saugeen Forest** AdricuLture*"* 

Land use activities area % area % area % area % area % area % area % area % area ranEe ( 2 )  
Rural 
Agricultural 
General Agricultural 

Cropland 
Row crops 
Close grown crops 
Orchards 

Improved pasture 
Spray irrigation 
Sludge disposal 

Forest/Woodland 
Other 
Water 
Wetlands 
Recreation 
Transportation 
Sanitary landfills 
Extractive 
Feedio t s 
Private Waste Disposal 
Misc. 

Urban 
General Urban 
Developed 
Residential 
Hi h 
Me8ium 
Low 

Commercial 
Industrial 

Developing 
Undeveloped 

Total 

284.5 

26.7 

215 .1  

4 . 5  
26. I 

9 . 6  

1 5 . 3  

3 8 . 2  

1 6 . 5  

636.4 

44 .7  
4 . 8  
4 .3  

4 .2  5 . 7  

33 .8  2 . 0  

0 .7  0 .2  
4 . 1  1.1 
1 . 5  

0 . 1  

<. 1 

2.4 

6 .0  
4 .5  9 .4  
4.2 

2 .6  6 .5  
0.6 

0 .7  
100 35.3 

+ 
13.6  
1 2 . 1  

1 6 . 1  + 
+ 

5.6  + 
0 . 5  
3 . 0  

0 . 3  

<. 1 

1 . 2  
12 .7  
11.8 
1 8 . 5  

1 . 7  

2 .0  
100 

*wastewater irrigation study - 7 plots between 1 . 2  and 4 . 0  ha 
**forested watershed study - 12  plots between 35 and 1250 ha 
***11 agricultural watersheds (1860 to 7913 ha) 
+identifies plot experiments 

504.G 7 5 . 0  228.0 6 4 . 0  

1 . 3  $5 .0  923 .0  56 .3  
146 .8  9 . 0  

1 . 3  45.0 
265.5 16 .2  

0.1 c1 .0  <.1 < l . O  
5 . 1  ,1.0 0 . 1  <l.O 

0 . 2  5 . 0  166 .8  10.2 i 2 7 . 0  19.0 131.0  33 .0  ** 100 .0  

1 3 . 1  0.8 
0 . 2  5.0 2 .0  0 .1  

1 1 . 3  1 . 7  6 . 8  1 . 7  
0.5 -1.0 0 . 2  < i . O  
0 . 1  11 .0  < . i  <1.0 

+ + 

20.0 3 . 0  4 . 0  1 . 0  

112 .9  6 . 9  

9 .4  0 .6  

3 .1  100 1 ,639 .5  100 668.0  100 400.0  100 

53-98 

22-91 
10-60 

9-29 
0-4 
0-67 

4-37 

+ 



IMPROVED PASTURE--land used t o  grow f o r a g e  and o t h e r  
c l o s e  grown c r o p s  and managed f o r  p a s t u r i n g  l i v e s t o c k  o r  
making hay by t e c h n i q u e s  such  as f e r t i l i z a t i o n ,  re- 
s e e d i n g  a n d / o r  ove r seed ing .  

SPRAY I R R I G A T I O N  AND SEWAGE SLUDGE DISPOSAL LAND--agricultural 
l a n d  used € o r  these purposes  and s e p a r a t e l y  s t u d i e d  by 
Task  C i n v e s t i g a t o r s .  

NON-AGR LCULTUKAL LAND 
FOKEST/WOODLAND--land b e a r i n g  f o r e s t s ,  s h o r t  trees o r  
b rush .  

OTHER RURAL LAND--a c a t e g o r y  inc luded  to  r e f l e c t  t h o s e  a c t i v i t i e s  
t h a t  do n o t  l e n d  themselves  t o  t h e  u n i t  area l o a d i n g  
c o n c e p t s .  I t  incLudes t r a n s p o r t a t i o n ,  e x t r a c t i o n ,  r e c r e a t i o n  
l a n d ,  l i v e s t o c k  f e e d l o t s ,  and p r i v a t e  was te  d i s p o s a l  
sys t ems .  

IDLE LAND--land n o t  used f o r  a c t i v e  a g r i c u l t u r a l  pu rposes .  
I t  i n c l u d e s  open water such  as l a k e s ,  ponds and r i v e r s ;  
we t l ands  such  a s  swamps and marshes;  b a r r e n  l a n d ;  and 
p e r e n n i a l  g r a s s l a n d s  n o t  used f o r  p a s t u r e .  

URBAN LAND USE CATEGORIES 
URBAN LAND 

GENERAL URBAN LAND--a b road  l a n d  use  ca t egory  t h a t  
encompasses  a l l  urban  l a n d  u s e s  i n c l u d i n g  developed 
and deve lop ing  urban  l a n d  uses .  

DEVELOPED URBAN LAND 
RESIDENTIAL LAND--land used f o r  r e s i d e n t i a l  pu rposes .  
It i n c l u d e s  s i n g l e  and m u l t i p l e  d w e l l i n g  u n i t s  i n  
b u i l t  up p o r t i o n s  of c i t i e s ,  towns and v i l l a g e s ;  and 
areas of  urban  sp rawl  such  as s t r i p  r e s i d e n t i a l  
development  . 
COMMERCIAL LAND--land used f o r  commercial purposes  
i n c l u d i n g  o f f i c e  b u i l d i n g s ,  shopping  c e n t e r s ,  p r i n c i p a l  
t r a n s p o r t a t i o n  c o r r i d o r s ,  e t c .  

INDUSTRIAL LAND--laod used f o r  i n d u s t r i a l  pu rposes .  

UNDEVELOPED URBAN LAND 
DEVELOPING URBAN LAND--land t h a t  i s  a c t i v e l y  be ing  
developed  f o r  r e s i d e n t i a l ,  commercial o r  i n d u s t r i a l  
pu rposes .  
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2 . 1 . 2  Land Use Act iv i t ies  I n  The Great Lakes B a s i n s  

Table  2 .1 -2 ,  p r e p a r e d  from t h e  most r e c e n t  d a t a  a v a i l a b l e  on l a n d  
u s e  i n  t h e  Great Lakes Bas in ,  shows t h e  broad c a t e g o r i z a t i o n  of l a n d  
u s e s  i n  t h e  Bas in .  
c a t e g o r i e s  of l a n d  u s e  i n c l u d e d  i n  t h i s  r e p o r t .  

These broad c a t e g o r i e s  are groupings  of  t h e  narrower 

2.2 __ POLLUTANTS AND T H E I R  TRANSMISSION TO THE GREAT LAKES 

The  p o l l u t a n t s  s e l e c t e d  f o r  s t u d y  i n  t h e  v a r i o u s  p i l o t  w a t e r s h e d s  
d i f f e r e d  i n  each  case, p a r t l y  because  of d i f f e r e n c e s  i n  l a n d  u s e s  i n  t h e  
w a t e r s h e d s ,  and p a r t l y  because  of d i f f e r e n c e s  i n  a n a l y t i c a l  c a p a b i l i t i e s  
o f  t h e  i n v e s t i g a t o r s .  During t h e  c o u r s e  of t h e  s t u d y  p r i o r i t i e s  were 
e s t a b l i s h e d  by s c i e n t i s t s  (Task D) i n d i c a t i n g  which p a r a m e t e r s  were most 
i m p o r t a n t  t o  l a k e  q u a l i t y .  T h i s  p r i o r i t y  r a n k i n g  and t h e  f a c t  t h a t  
e x t r e m e l y  low l o a d i n g s  were measured f o r  some of t h e  p o l l u t a n t s  moni tored  
i n  some watershed  s t u d i e s ,  d i c t a t e d  t h e  r e p o r t i n g  procedure  used by 
watershed  i n v e s t i g a t o r s .  The r e s u l t  is t h a t  n o t  a l l  parameters  moni tored  
have been r e p o r t e d  on so t h a t  more a t t e n t i o n  could  be  devoted t o  t h e  
more i m p o r t a n t  p o l l u t a n t s  d e t e c t e d .  

i n  t h e  p i l o t  watershed  r e p o r t s ,  a l o n g  w i t h  t h e  r e a s o n s  f o r  t h e i r  i n c l u s i o n .  
L i s t e d  below are t h e  p o l l u t a n t s  f o r  which i n f o r m a t i o n  is a v a i l a b l e  

2 . 2 . 1  P o l l u t a n t s  Having P u b l i c  H e a l t h  S i g n i f i c a n c e  

2 . 2 . 1 . 1  Organic  t o x i c a n t s :  A v e r y  l a r g e  number of o r g a n i c  chemica ls  
are i n  commercial  a n d / o r  i n d u s t r i a l  u s e  i n  t h e  basin-- some a u t h o r i t i e s  
p u t  t h e  number a t  500,000. Of t h e s e ,  many undoubtedly are p o t e n t i a l l y  
hazardous  and many f i n d  t h e i r  way i n t o  t h e  r e c e i v i n g  waters b u t  few are 
used i n  land-based a c t i v i t i e s .  I n  any case, t o x i c o l o g i c a l  i n f o r m a t i o n  
on many of t h e s e  chemica ls  i s  i n a d e q u a t e  and, hence ,  t h e  s i g n i f i c a n c e ,  
i f  any ,  of  t h e  p r e s e n c e  of t h e s e  compounds would be  i m p o s s i b l e  t o  i n t e r p r e t .  
N e v e r t h e l e s s ,  c e r t a i n  chemica ls  w i t h  w e l l  d e f i n e d  b i o l o g i c a l  e f f e c t s  are 
so widely  used i n  land-based a c t i v i t i e s  (e .  g.  t h e  h e r b i c i d e ,  a t r a z i n e )  
o r  are s o  common as ae r i a l  contaminants  (e .g .  PCBs) t h a t  t h e i r  p r e s e n c e  
i n  l a n d  d r a i n a g e  can be  expec ted  and can be  r e l a t e d  t o  l a n d  u s e  a c t i v i t i e s  
and t o  mechanisms govern ing  movement of p o l l u t a n t s .  Where p o s s i b l e ,  
p i l o t  watershed  i n v e s t i g a t o r s  monitored stream l o a d i n g s  of o r g a n i c  
compounds. P e s t i c i d e s  r e c e i v e d  s p e c i a l  c o n s i d e r a t i o n  i n  a f r u i t - g r o w i n g  
area of Michigan ( M i l l  Creek)  and i n  t h e  Canadian a g r i c u l t u r a l  watershed  
s t u d i e s .  

2 . 2 . 1 . 2  Metals: The d i s c o v e r y  t h a t  m e t h y l a t i o n  of metals o c c u r s  
r e a d i l y  i n  n a t u r a l  sys tems (e .g .  mercury i n  sed iment )  a l e r t e d  s c i e n t i s t s  t o  
t h e  p o t e n t i a l  p u b l i c  h e a l t h  t h r e a t  of  methyla ted  metals as compared t o  
t h e  e l e m e n t a l  forms of metals. The t o x i c i t y  of  methyla ted  metals  are o f  
concern  n o t  o n l y  f o r  mercury b u t  a l s o  l e a d  and perhaps  o t h e r  metals and 
m e t a l l o i d s  as w e l l .  I n p u t s  of metals t o  l a n d  occur  i n  s a n i t a r y  l a n d  
f i l l s  and o t h e r  waste d i s p o s a l  s i t e s  and d u r i n g  t h e  r e c y c l i n g  of  sewage 
s l u d g e  on cropped l a n d .  Aerial  f a l l o u t  i s  a l s o  a s o u r c e  of metals t o  
a l l  l a n d  s u r f a c e s ;  e . g .  l e a d  from automobi le  e x h a u s t s .  
m o b i l i z e d  a l o n g  w i t h  metals r e s u l t i n g  from n a t u r a l  w e a t h e r i n g  processes ,  

These may become 
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TABLE 2.1-2 MAJOR LAND USES IN THE GREAT W(ES BASIN* 

1,000 ha 

URBAN LAND USE 
DEVELOPED LAND 

RURAL LAND USE 
AGRICULTURAL LAND NON-AGRICULTURAL LAND 

COMMERCIAL./ FOREST/ BARRZN / BRUSH/ TOTAL 
LAKE BASIN RESIDENTIAL INDUSTRIAL CROPLAND PASTURE WOODLAND WETLAND LAND 

LAKE SUPERTOR 
U.S. 7.1 1.5 25.3 114.5 3,753.6 497.9 4,399.9 
C;1 ilada 6.0 3.7 2.2 5i. 1 9,342.6 53.1 9,458.7 
TOTAL 13.1 5.2 27.5 165.6 13,096.2 551 0 13,858.6 

U.S. 379.4 28.1 1,453.7 1,295.6 5,842.8 2,741.2 11,740.8 
Canada 0 0 0 0 3 0 0 

_--___ TOTAL 379.4 28.1 1,453.7 1,295.6 5,842.8 2 741.2 11,740.8 

h) LAICE MUXON 
VI U.S. 140-4 5.0 690.1 387.1 2,026.9 342.3 4,191.8 

Canada 79.2 9.7 511.9 1,303.9 6 ,44k3. 0 365. a 8.694.5 
i,691.0 8,470.9 1,288.1 12,885.3 TOTAL 219.6 14.7 1,202.0 

U.S. 553.1 79.7 1,923.3 882.3 1,0C\5.7 1,114.8 5,558.9 
Canada 65.9 23.3 1,182.2 670.0 3 i 2 . 2  34.4 2,318 .O 
TOTAL 619.0 103.0 3,105.5 1,552.3 1,347.9 1,149.2 7,876.9 

U.S. 155.3 6.7 407.9 526.2 2,942,2 538.7 4,577.0 
2,950.2 Canada 110.2 56.4 387.7 1,056.5 1,254.6 84.8 

TOTAL 265.5 63.1 795.6 1,582.7 4,196.8 623.5 7,527.2- 

Uni ted  S t a t e s  1,235.4 121.0 4,500.3 3,205.7 15,571.2 5,834.9 30,468.5 
Canada 261.3 93.1 2,084.0 3.011.5 17,383.4 518.1 23,421.4 
TOTAL 1,496.7 214.1 6,584.3 6,287.2 32 ,954 - 6 6,353.0 53,889.9 

LAKE bl1CHIGAN 

___ 
LAKE E R I E  

LAKE ONTARIO 

GREAT LAKES BASIN 

*Prepared from t h e  most r e c e n t  d a t a  a v a i l a b l e  on l a n d  u s e  i n  t h e  Great Lakes Bas in .  The U.S. d a t a  d i f f e r  from t h o s e  i n  
The re  are  some d i f f e r e n c e s  i n  ear l ier  PLUARG r e p o r t s  on l a n d  u s e  and re f lec t  a r e e v a l u a t i o n  o f  t h e  U.S. d a t a  b a s e .  

d e f i n i t i o n  of s p e c i f i c  l a n d  u s e s  between Canada and  t h e  U.S. 



and t h e  e x t e n t  t o  which some of t h e s e  meta ls  a r e  t r a n s p o r t e d  i n  s t r eams  
was measured i n  several Task C i n v e s t i g a t i o n s .  

2 .2 .1 .3  
v a r i e t y  of  pa thogen ic  microorganisnls  arid v i i -uses .  Among water-borne 
b a c t e r i a  of  p u b l i c  h e a l t h  s i g n i f i c a n c e  a r e  s a l m o n e l l a s ,  pseudomonads and 
s tc lphylococc i .  These,  a l o n g  w i t h  c o l i f o r m  rind o t h e r  i n d i c a t o r  b a c t e r i a  
a r e  d c p o s i t e d  on l and  in the  d ropp ings  of w j  Id  and domcst ic  b i r d s  and 
c i n i i n . i I  q .  Bacteri:] were mon  i t o r c d  i n  tt:c’ (:r<tiid and Smgeen Rivers and 
W t ‘ r t ’  ,ilso the> subject o f  spc’cii l l  s t u d v  i r r  p r ~ j r l c t s  c , i r r i 4  o u t  i n  t h e  
Grand l.:ivc.r B a s i n  .ind do parL of  t-lie , 4 g r i c ~ u l t u r a l  !dat.ershed s t u d i e s  i n  
O n t a r i o  . 

Microorganisms:  Sur fdce  w a t e r s  may a c t  a s  a v e c t o r  f o r  a 

2.2.2 Po 1 l u  t an  t s S i g 11 i f i c an c e 

2 .2 .2 .1  P l a n t  n u t r i e n t s :  The e l emen t s  w!iicli a r e  ag reed  t o  be most 
s i g n i f i c a n t  i n  t h e  i n c r e a s e  i n  p r o d u c t i v i t y  arid t h e  consequent  d e c l i n e  
i n  a e s t h e t i c  q u a l i t y  of  s u r f a c e  waters a r e  n i t r o g e n  and phosphorus.  I n  
a d d i t i o n ,  a l a r g e  number of t r a c e  n u t r i e n t  e l emen t s  such  as molybdenum 
and s i l i c a  a r e  found i n  l a n d  d ra inage .  S ince  p l a n t s  have a ve ry  s m a l l  
r equ i r emen t  f o r  t h e  l a t t e r  e l emen t s  i t  seems u n l i k e l y  t h a t  l and  management 
cou ld  reduce  t h e  c o n c e n t r a t i o n s  of t h e s e  n u t r i e n t s  i n  d r a i n a g e  water t o  
g rowth - l imi t ing  l e v e l s .  Task C i n v e s t i g a t i o n s ,  t h e r e f o r e ,  c o n c e n t r a t e d  
on n i t r o g e n  and phosphorus and o f  t h e s e ,  phosphorus r e c e i v e d  t h e  n o s t  
a t t e n t i o n  s i n c e  i t  i s  g e n e r a l l y  conceded t o  be t h e  major  n u t r i e n t  w i t h  
t h e  b e s t  p o t e n t i a l  f o r  management. N i t rogen  and phosphorus are major  
components of  f e r t i l i z e r s  used on fa rms ,  ga rdens  and r e c r e a t i o n  areas, 
of  an imal  manure and a v a r i e t y  of waste o r g a n i c  materials,  c rop  r e s i d u e s  
and s e p t i c  t a n k  e f f l u e n t s .  A number of  forms of n i t r o g e n  and phosphorus 
were moni tored  and t h e  s i g n i f i c a n c e  of t h e s e  i s  d i s c u s s e d  below. While 
n o t  s t r i c t l y  speak ing  a p l a n t  n u t r i e n t ,  t h e  an ion ,  c h l o r i d e  w a s  a s u b j e c t  
f o r  i n v e s t i g a t i o n s  i n  most Task C p i l o t  watershed  s t u d i e s .  Ch lo r ide  i s  
a ve ry  mobi le  i o n  and ,  as a major  component of d e i c i n g  s a l t ,  h a s  a l a r g e  
i n p u t  t o  t h e  b a s i n .  

2 . 2 . 2 . 2  Sediment:  S o i l  and o t h e r  s o l i d  p a r t i c l e s  are p icked  up by 
w a t e r  moving a c r o s s  t h e  l and  s u r f a c e  and,  as suspended s o l i d s  o r  s ed imen t ,  
move t o  water c o u r s e s .  I n  t h e  l a k e s ,  suspended mater ia l  i n  i t s e l f  may 
n o t  be  a s e r i o u s  p o l l u t a n t ,  excep t  a s  i t  a f f e c t s  t h e  appearance  of t h e  
water  i n  r iearshore  a r e a s ;  b u t ,  as i n d i c a t e d  below, a number of  o t h e r  
p o l l u t a n t s  a r e  a s s o c i a t e d  w i t h  o r  are i n f l u e n c e d  by sed iment .  For t h e s e  
r e a s o n s  a l l  o f  t h e  Task C p i l o t  watershed  s t u d i e s  inc luded  e x t e n s i v e  
mon i to r ing  of  s ed imen t .  

2 . 2 . 3  Transmiss ion  of P o l l u t a n t s  from Source t o  t h e  Great Lakes -- - 

2 . 2 . 3 . 1  P o l l u t a n t s  t r a n s p o r t e d  t o  streams by groundwater :  S u r f a c e  
s o i l  c h a r a c t e r i s t i c s  de t e rmine  t h e  p r o p o r t i o n  of p r e c i p i t a t i o n  which 

I_-- 

i n f i l t r a t e s  t o  groundwater .  I n  areas where r a p i d  i n f i l t r a t i o n  o c c u r s  
(when s o i l  m o i s t u r e  c o n d i t i o n s  p e r m i t ) ,  c e r t a i n  p o l l u t a n t s  are c a r r i e d  
i n t o  t h e  groundwater  sys tem w h i l e  o t h e r s  are r e t a i n e d  by s o r p t i o n  i n  the 
s o i l  p r o f i l e .  I n  cases where d i s c h a r g e  t o  t h e  groundwater  sys tem is  
d i r e c t ,  as i s  t h e  case i n  p o o r l y  des igned  s a n i t a r y  l a n d f i l l s ,  t h e  less 
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mobi le  pol  l u t a n t s  a r c  a t t e n u a t e d  rapid1L as w a t e r  move., th rough porous  
s t r a t a .  
sys tem are a n i o n s  - t h o s e  of  concern  i n  ‘Task C s t u d i e s  are c h l o r i d e  and 
n i t r a t e .  In  a g r i c u l t u r < i l  a r e a s ,  movement of t h e s e  i o n s  may be f a c i l i t a t e d  
by drainagt .  tiJt’s. During l o w  f l o w  strc,im c o n d i t i o n s ,  the  d i s c h a r g e  of  
a n i o n i c  p o l l u t a n t s  t rom l and-  b a s e d  a c t i v i t i e s  may con t  inue when t h e  
c o n c e n t r a t i o n  of  o t h e r  pnrametcrs  i s  very  low. Genera l ly  speak ing ,  t h e  
groundwater  c o n c e n t r d t i o n  of all o t h e r  po l l  uLants  is  below the  l e v e l s  of 
concern  t o  Great Lakes w a t e r  q u a l i t y .  

I n  genc>ral the pol  l u t a n t s  which move i n t o  t h e  groundwater  

I t  1s u s u a l  !y acccp ted  t h a t  t h e  t r a n s p o r t  of t h e  p r i n c i p a l  s o l u b l e  
a n i o n i v  p o l  Lutaut:; ( n i t r a t e  a n d  c h l o r  jde cjnd p o s s i b l y  b o r a t e )  in  groundwater  
i s  v e r y  c o n s c r v , I t i v t ,  i . e .  no s i r iks  e x i s t  f o r  t h e s e  p o l l u t ? n t s  i n  t h e  
groundwnter  sys tem.  However, it- w a s  shown i n  a PLIIARG s t u d y  t h a t  some 
d e n i t r i € i c a t i o i i  o f  n i t r a t c ,  occurs i f  d i s c h a r g e  is through .;cdinic~nt 
c o n t a i n i n g  o r g a n i c  c<iYbon;  <itid f rom m o t h e r  PLUARG s t u d y  d e n i t t - i f  i c a t i o n  
i s  s u s p e c t e d  of  o c c u r i n g  i n  tlie groundwater  i t s e l f .  

2 . 2 . 3 . 2  P o l l u t a n t s  t r a n s p o r t e d  t o  streams ___ by ____ s u r f a c e  d r a i r L d E :  --- Water 
moving a c r o s s  cul  t ivat  e d  land  or paved a r e a s ,  indeed ,my c-ali.face, suspends  
p a r t i c u l a t e  m a t e r i a l  o r  d i sso lvc ls  s o l u b l e  m a t e r i a l .  So  ii  2 , i r t i c l e s  move 
i n  t h i s  way as do mater ia l : ;  l i k r  manure o r  f e r t i L i z e r  i s j a g  on t h e  so11 
s u r f a c e .  f t tmospheric  f , i l l o u t  also may s e r v e  as <i b,jt i i  f o r  a s i g n i f i c a n t  
p o r t i o n  o f  t h i s  s o l i d s  load .  these ci isso Lvtd o r  suspc~ idc~d  s o l i d s  a r c  
t r a n s p o r t e d  obe r  land  t h e y  may e r e d e p o s i t e d  l ~ v  vcI r  i e t y  o f  mecl i~nisms.  
Suspe1idt.d sol id ,  p ~ r  titularly tile c o a r s e r  o n e s ,  ‘ir (’ uL po.; i t e d  as  water 
v e l o c i t y  i s  rt.diiced tcmpor , i r i ly  by  i r r e g u 1 a r i t i t . s  la +-!icx s u r f a c e  o r  by 
v e g e t a t i o n .  l n  a d d i t i o n ,  r t ’ ten t ior i  of disso!vcJri I [I<, , e .  g I anunonium 
(NE,+) a t  n e g a t i v e l y  ct1,lrgijci s i  tcs on s t a t i o n i r v  1 1 1  t i c l e s  o c c u r s  
and sol ub1 e i n o r g a n i c  phosphorus m‘iy r e a c t  wi r ‘ 1  i 1 1  i( c7on;plexes a t  
t h e  s o i l  p a r t i c l e  s u r f a c e  t o  prodiiccl l i igli l  L l i i ‘ J a )  t ,  iininobile me ta l  
phospha te s .  ‘Thus, a s i g n i f  i c a : i i  r e d u c t  ion I ,  )u I l i i ~  sirit load o f  ove r l and  
d r a i n d g e  w a t c r  miy occur  b e f o r e  the  wntc’r I‘ I<’:> <1 ( hdnne 1 li 

_I-_____ 

2 . 2 . 3 . 3  T r a n s p o r t  oE p o l l u t a n t s  ili strL’mt;:  __ Plariy w s t t r  p o l l u t a n t s  a r e  
a s s o c i n t ~ d  w i  t h  scd iment  p a r t  i c l  es. 2s <ire m e t a l s ,  some i n s o l u b l e  
o r g a n i c  t o x i c a n t s  and  phosphorus.  ’ i hs  f o r  sediment  31s~) a c t  as 
s i n k s  f o r  t h e s e  s e d i m e n t - r e l a t e d  p o l l u f  a i i t s ,  ‘it !e, ist  t o  t h e  e x t e n t  th‘it 
t h e y  are  n o t  s o l u b i i  i z e d  by ph) :i i c a l  o r  hic  LogiL A I  p r o c e s s e s .  Converse ly ,  
r e d u c t i o n  of sed iment  l o a d  by d e p o s i t  ~ i ) i i  111 5trt’lms o r  r e s e r v o i r s  may 
n o t  r educe  s e d i m e n t - r e l a t e d  pol! u t d n t s  ‘!\ much ds expec ted  hecause  tile 
p o l l u t a n t s  t end  t o  be  a s s v c i d t e d  w i  t i >  t he smallc-.r p a r t  i c l t s  which t end  
t o  remain i n  suspens ion .  Geiierai  lv. Tc1 ,It C i n v e s t i g , i t o r s  have assumed 
t h a t  a1 1 of  t h e  sed iment  a i d  sedlTr(>nt -IC Laced p o l l u t a n t ?  & r e  t r a n s p o r t e d  
t o  t h e  l a k e  once t h e s e  have e n t c i r d  ‘1 .>treain channe l .  It in l i k e l y ,  
however, t h a t  t h i s  stream d e l i v e r y  I 

___ 

= 1) (SDR= 2oLl~t a n ~ s  i:cacliing l a k e  
p o l 1 i i t a r . t ~  d i s c h < i r g e d  t o  channel  

i s  o n l y  ach ieved  in t h e  v e r y  long  Lc’rin, p robab ly  dcc‘ldes. Except ions  t o  
t h e  SDR = 1 r u l e  o c c u r  where Large 1.tkas o r  r e s e r v o i r s  a r e  n r e s e n t  ups t ream 
of the Great Lakes e . g . ,  t h e  Kawarthr, i.akes o f  S .  O n t a r i o .  
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P o l l u t a n t s  a s s o c i a t e d  w i t h  sed imen t s ,  i n c l u d i n g  phosphorus ,  may 
become s o l u b i l i z e d ,  b u t  t h e  e x t e n t  t o  which t h i s  o c c u r s  d u r i n g  stream 
t r a n s p o r t  i s  unknown. 
and a s s o c i a t e d  w i t h  sed iment  may decompose w h i l e  r e s i d i n g  i n  temporary 
s i n k s  i n  streams. 

C e r t a i n  p e s t i c i d e s  which are r e l a t i v e l y  i n s o l u b l e  

The f a t e  of s o l u b l e  i o n s  i n  t r a n s p o r t  i n  a stream depends l a r g e l y  
on t h e i r  b i o l o g i c a l  a c t i v i t y  a l t h o u g h  s o l u b l e  phospha te  i s  s u b j e c t  t o  
p h y s i c a l  p r o c e s s e s  which a f f e c t  i t s  t r a n s p o r t .  Phosphate  r e a c t s  w i t h  
f i n e  p a r t i c u l a t e  s o l i d s  i n  suspens ion  o r  on t h e  streambed t o  produce 
i n s o l u b l e  P complexes which may p r e c i p i t a t e .  Aquat ic  p l a n t s  r e t a i n  
phosphorus as a r e s u l t  of b i o l o g i c a l  up take  and may s e r v e  as a s i g n i f i c a n t  
s i n k  d u r i n g  l a t e  s p r i n g  and e a r l y  summer. 
s i n k  because  dead p l a n t  mater ia l  i s  t r a n s p o r t e d  downstream and t h e  
c o n t a i n e d  phosphorus  i s  m i n e r a l i z e d .  

This  would b e  a temporary 

N i t r o g e n  ( N )  t r a n s f o r m a t i o n s  occur  i n  streams, p a r t i c u l a r l y  a t  t h e  
s e d i m e n t l w a t e r  i n t e r f a c e .  Organic  N may be m i n e r a l i z e d ,  n i t r a t e  produced 
and d e n i t r i f i e d ,  r e s u l t i n g  i n  l o s s e s  of N d u r i n g  t r a n s p o r t .  Temporary 
s i n k s  a l s o  occur  i n  p l a n t  up take  and i n  immobi l i za t ion  d u r i n g  decomposi t ion  
o f  n i t rogen-poor  o r g a n i c  r e s i d u e s .  

Un l ike  phosphorus and n i t r o g e n ,  c h l o r i d e  is  r e l a t i v e l y  non- reac t ive  
and b i o l o g i c a l l y  i n e r t .  I ts  t r a n s p o r t  i n  streams i s  c o n s e r v a t i v e  ( i . e .  
no l o s s e s  o r  up take  d u r i n g  t r a n s p o r t ) .  

2 .3  POLLUTANT LOADS FROM PILOT WATERSHEDS 

2 . 3 . 1  Lake Loadings from P i l o t  Watersheds 

The u n i t  area l o a d s  shown i n  Table  2.3-1 are based  on river-mouth 
mon i to r ing  and i n c l u d e  p o i n t  and d i f f u s e  s o u r c e s .  They a l s o  r e f l e c t  t h e  
stream t r a n s m i s s i o n  c h a r a c t e r i s t i c s  d e s c r i b e d  above. Thus, t h e  u n i t  area 
l o a d s  f o r  sed iment  and s e d i m e n t - r e l a t e d  pa rame te r s  may n o t  b e  r e p r e s e n t a t i v e  
of long- te rm u n i t  l o a d s  depending on whether s t o r a g e  of sed iment  o r  
removal o f  s t o r e d  sed iment  occur red  d u r i n g  t h e  two y e a r s  of r e c o r d .  For 
example,  t h e r e  i s  ev idence  t h a t  i n  b o t h  1975 and 1976 d e p o s i t i o n  of 
sed iment  o c c u r r e d  i n  t h e  lower  r e a c h  of t h e  Grand R ive r  as shown by m o n i t o r i n g  
d a t a  a t  a s t a t i o n  65 km ups t ream of t h e  river mouth where t h e  sed iment  
l o a d i n g s  i n  b o t h  y e a r s  were about  4 t i m e s  h i g h e r  t han  t h e  l o a d  a t  t h e  
mouth. Tab le  2.3-1 p r o v i d e s  an overview summary o f  t h e  p i l o t  wa te r shed  
s t u d i e s  and p e r m i t s  comparison of u n i t  l o a d s  f o r  s e l e c t e d  pa rame te r s  a t  t h e  
mouths of wa te r sheds  hav ing  v e r y  d i f f e r e n t  land-use  and t r a n s m i s s i o n  
c h a r a c t e r i s t i c s .  

It  i s  c lear  from t h e  d a t a  i n  Table  2.3-1 t h a t  t h e  y e a r  h a s  a major  
i n f l u e n c e  on u n i t  area l o a d s  and t h a t  t h e  e f f e c t s  may be q u i t e  l o c a l .  
For example, suspended sediment  u n i t  l o a d s  i n  t h e  Genesee i n  1976 w e r e  
less  t h a n  h a l f  t h e  l o a d s  i n  1975 b u t  i n  t h e  Maumee t h e  reverse w a s  t r u e .  
The r ange  o f  annua l  u n i t  a r e a  l o a d s  observed  w a s  from 300 kg lha  i n  t h e  
Menomonee t o  1590 kg/ha  i n  t h e  Genesee. 
annua l  u n i t  a r e a  l o a d s  of t o t a l  phosphorus (P) w a s  obse rved ,  from about  
0 .4  kg /ha  i n  t h e  Saugeen i n  1976 t o  2 . 1  kg /ha  i n  t h e  Maumee. 

A s l i g h t l y  nar rower  r ange  of 

Wi th in  
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TABLE 2.3-1 
LAKE LOADS FROM PILOT WATERSHEDS AND TOTAL ESTIMATED TRIBUTARY LOADS TO EACH OF THE GREAT LAKES 

Sources  of Grea t  Lakes d a t a  a r e  Sonzogni e t  a 1  (1978) and Unpublished O n t a r i o  M i n i s t r y  of t h e  Environment T r i b u t a r y  
Monitor ing Data 

ANNUAL  LOADS^ 
Watershed Year of Stream Land Uses Sediment T o t a l  P T o t a l  N c1 Pb 
and Area Record Flow Runoff Agr I-F* Urban Other  Tot** UAL** Tot  UAL Tot UAL Tot UAL Tot  1- 

kTt kg/ha kT kg/ha kT kg/ha kT kg/ha TI K A  , ha m’/sec crn .......................... 

544 860 0 .52  0 .82  3.86 6 . 1  1 1 2  180  
636,400 1975176 8 1  40 1 ,010  1 , 5 9 0  0 . 8 1  1 . 2 8  7.57 1 2 . 0  127  200 

U.S. L .  O n t a r i o  1976 1 ,545  340 3 . 5 1  0.77 3 5 . 0  7 . 7  1 , 6 0 0  350 

Genesee 1976177 4 9  3 4  9 8 

4,577 ,000 
Cdn. L .  O n t a r i o  1976 
2 ,950 ,000  (2,157,000 ) 

416 193 1 .06  0 . 4 9  1 8 . 3  8 . 5  311 1 4 4  1 2 4  0.057 

70 110 1 5  0.022 Grand 1976 87 4 1  75  19  3 3 305 460 0 .62  0.90 9 . 3  1 4  
667 ,000  1975 69 33 220 330 0 .44  0 .60  7 . 7  11 65 100 

Maumee 1976 159 31  82 1 0  7 1 1,509 920 2.51 1 . 5 3  20.4 12*T 126 7 7  
1,610 982 3.44 2 .10  52.9 321-t 209 1 2 7  1 ,639 ,500  1975 1 5 1  29 

P o r t a g e  1976 1 0  29 85 8 3 4 4 1  367 0.09 0 . 8 3  1 . 2  18-‘ 11 100 
110,900 1975 9 24 105 949 0 .16  1 . 4 5  3 .6  344-1 15 138 

U.S. L .  E r i e  1975 6,055 1 ,090  8 . 6 4  1 . 5 5  1 1 2  20 856 154 
5,559,000 
Cdn. L.  E r i e  19 i6  
2,318.000 (1,847,000 ) 

456 247 1 .60  0 . 8 5  34 19 188 102 40 0.022 

-___ 
Saugeen 1976 69 55 64 33 1 2 208 520 0 . 1 6  0 .40  3 .4  8 . 6  1 5  37 7 0 .019  
400,000 1975 61  48 181  460 0 . 2 1  0 . 5 1  3.2 7 . 9  1; 36 

U . S .  L .  Huron 1976 765 183 1 .95  0 .47  2 7  6 . 4  122 100 
4,192,000 

256 36 0 . 1 1  0.10 2 2  3 . 1  1 7 1  24 Cdn. L.  Huron 1976 
8 ,695 ,000  (7,091,000+) 
Menomonee 1976 2 .7  2 7  26 25 49 0 9 . 6  300 0.028 0.90 0.20 6 . 2  
35,500 1975 3 . 0  70 11.5  370 0 .036  1 . 1 0  

L. Michigan 1976 7 4 2  63 3 . 6  0 .31  55 4 . 7  7 1 2  61 
11 ,741 ,000  
U . S .  L .  Super io r  1976 7 2 1  163  0 .96  0 . 2 2  1 0 . 9  2 .5  8 1 . 6  19  
4 -400 -000 

- 
12 380 0 .1 ;  

____ 

, I  

Cdn. L. Supe r io r  1976 1,778 249 1 . 2 8  0.18 1 2 . 0  1 . 7  4 7 . 5  7 
9.459.000 (7.148.000+) 

k I n c l u d e s  d i f f u s e  and t r i b u t a r y  p o i n t  s o u r c e  i n p u t s  
* I-F is i d l e / f o r e s t e d  l a n d .  
**Tot is t o t a l  annua l  l oad  and UAL is u n i t  a r e a  l o a d .  
t k T  is thoumand t onnes  and T is t o n n e s  
+*Estimated from ( n i t r a t e  + n i t t i t e ) a s  n i t r o g e n  x 1.67. 
+Area d r a i n e d  by t r i b u t a r i e s  deemed t o  be  s i g n i f i c a n t  by I J C  -- Loads and u n i t  a r e a  l o a d s  based on  s i g n i f i c a n t  t r i b u t a r y  d a t a  only. 



wate r sheds  t h e  t o t a l  P l o a d s  i n  t h e  2 years r e f l e c t e d  d i f f e r e n c e s  i n  
suspended sediment  l o a d s .  However, between wa te r sheds ,  t o t a l  P u n i t  
l o a d s  d i d  n o t  r a n k  t h e  same a s  suspended sediment .  This i s  t o  b e  expec ted  
s i n c e  s o i l s ,  and sed imen t s  d e r i v e d  from them, d i f f e r  markediy i n  phosphorus 
c o n t e n t .  Also t h e  p e r c e n t a g e  of t o t a l  l o a d  a t t r i b u t a b l e  t o  p o i n t  sou rces  
v a r i e s  from b a s i n  t o  b a s i n  and from y e a r  t o  y e a r  (e .g .  i n  t h e  Menomonee, 
P i n p u t  from p o i n t  s o u r c e s  v a r i e d  from 40 p e r c e n t  o€ t o t a l  P i n  1975 t o  
2 7  p e r c e n t  i n  1976) .  

N i t rogen  u n i t  a r e a  l o a d s  d i d  n o t  v a r y  much between wa te r sheds  - t h e  
somewhat h i g h e r  v a l u e s  observed  i n  t h e  Maumee and Grand wa te r sheds  
p robab ly  r e f l e c t  t h e  h i g h  n a t u r a l  f e r t i l i t y  and t h e  l a r g e  f e r t i l i z e r  
i n p u t s  c h a r a c t e r i s t  - of t h e s e  i n t e n s i v e  c ropping  a r e a s .  
h a n d ,  c h l o r i d e  showed v e r y  s m a l l  u n i t  a r e a  l o a d i n g s  i n  t h e  r u r a l  Saugeen 
wa te r shed  and t h e  h i g h e r  l o a d s  observed i n  t h e  Grand, t h e  Menomonee and 
t h e  Genesee may b e  r e l a t e d  t o  t h e  l a r g e r  areas of urban  development i n  
t h e s e  t h r e e  wa te r sheds .  S i m i l a r l y ,  l e a d  l o a d i n g s  might  be  expec ted  t o  
r e f l e c t  t h e  l a r g e r  number of au tomobi les  i n  urban a r e a s  - t h e  v e r y  h igh  
u n i t  area l o a d  of t h e  Menomonee is, t h e r e f o r e ,  n o t  s u r p r i s i n g .  

On t h e  o t h e r  

When u n i t  area l o a d s  f o r  t h e  smaller a r e a s  are compared w i t h  t h e  
basin-wide l o a d i n g s  (Table  2 . 3 - l ) ,  t h e  watersheds  chosen f o r  Task C 
s t u d i e s  appea r  r easonab ly  r e p r e s e n t a t i v e  of t h e  l a k e  b a s i n  i n  which they  
are l o c a t e d .  An e x c e p t i o n  is t h e  Menomonee Basin which, because  of i t s  
i n t e n s e l y  urban  l a n d  use ,  g e n e r a t e s  much h i g h e r  u n i t  l o a d s  of most 
p o l l u t a n t s  t han  i s  c h a r a c t e r i s t i c  of t h e  Lake Michigan Basin.  

2 . 3 . 2  Land U s e  Un i t  Area Loads from P i l o t  Watersheds 

A s  p a r t  o f  t h e  Task C program, d a t a  were compiled t o  p rov ide  a 
r ange  of u n i t - a r e a  l o a d s  f o r  t h o s e  a r e a s  i n  a dominant s i n g l e  l a n d  use 
(Tab les  2.3-2 t o  2 . 3 - 5 ) .  These d a t a  w e r e  used t o  p rov ide  t h e  in fo rma t ion  
needed t o  p r e d i c t  l o a d s  t o  t h e  Grea t  Lakes b a s i n  which i n  t u r n  can be 
used f o r  development of management a l t e r n a t i v e s .  The pa rame te r s  of 
p r i n c i p l e  concern  are : 

suspended sediment (Table  2 . 3 - 2 )  
t o t a l  phosphorus (Table  2 .3 -2 )  
f i l t e r e d  reactive phosphorus (Table  2 .3 -3 )  
d i s s o l v e d  phosphorus (Table  2.3-3) 
t o t a l  n i t r o g e n  (Table  2.3-4)  
( n i t r a t e  + n i t r i t e )  as n i t r o g e n  (Table  2 .3 -4 )  
l e a d  (Table  2 . 3 - 5 )  
copper  (Table  2 . 3 - 5 )  
z i n c  (Table  2 . 3 - 5 )  
c h l o r i d e  (Tab le  2 .3 -5 )  

The wide r anges  r e p o r t e d  h e r e i n  f o r  t h e  u n i t - a r e a  l o a d s  f o r  each  of 
t h e  land-use  c a t e g o r i e s  r e s u l t  from v a r i a t i o n s  and d i f f e r e n c e s  i n  s o i l  
t y p e s ,  phys iography,  watershed  a r e a  and land-use c a t e g o r i z a t i o n  amongst 
t h e  p i l o t  wa te r sheds .  I n  a few i n s t a n c e s ,  c l i m a t i c  ex t remes  encountered  
i n  t h e  wa te r sheds  d u r i n g  t h e  p e r i o d  of r e c o r d  caused  l a r g e  v a r i a b i l i t y .  
For  example,  a one-in-a-hundred y e a r  f requency  s to rm i n  the Black Creek 
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TABLE 2.3-2 
U N I T  AREA LOADS OF SUSPENDED SEDIMENT AND TOTAL PHOSPHORUS BY LAND USE ( P o i n t  s o u r c e s  excluded)  

ANNUAL L T I T  AREA LOADS 
Genesee Menomonee Fel ton-Herron M i l l  Creek Maumee Grand/Saugeen F o r e s t e d  A g r i c u l t u r a l  

Land Uses SS* TP* ss TP ss TP SS TP SS TP SS TP SS TP SS TP 
-------------------------------------------------~g/ha/~r .................................................................... 

RURAL 
30-800 0.1-1.5 Genera l  a & r i c u l t u r e  30-900 0.1--1.1 230-410 0.3-0.6 500-5 ,600  1 .4 -9 .1  3-2,200 0 . i - 2 . 3  

400-800 0.9-1 .5  Cropland 20-70 0.2-0.6 80 -5 ,100  0.8-4.6 

30-80 0.1-0.5 Improved P a s t u r e  

Forested/wooded 30-50 0 . 1  1-5 0.04-0.2 

I d l e / p e r e n n i a l  30-50 0 . 1  

w Sewage s l u d g e  0 . 2  

Spray i r r i g a t i o n  0 .2  

N 
I 

I- 

10-30 0.1-0.2 

0 .4 -1 .4  

7-820 0.02-0.67 

7-820 0.02-0.67 

URBAN 
Genera l  urban 

R e s i d e n t i a l  

Commercial 

I n d u s t r i a l  

210-280 0.3-0.9 

830-2,300 0.9-1.3 

50-660 0.1-0.4 

400-1,700 1.1-4.1 

400- I, 750 0 .7 -2 .1  

620"" 0.4** 

830** 0.9"" 

1.080** O . Y * *  

Developing*** 27 ,500  23  
*SS i s  suspended sed imen t ,  TP is  t o t a l  phosphorus.  
**Data o b t a i n e d  from Canada/Ontar io  Agreement s t u d i e s .  
***one s i t e  one y e a r  



TABLE 2.3-3 

U N I T  AREA LOADS OF FILTERED REACTIVE PHOSPHORUS BY LAND USE ( P o i n t  s o u r c e s  exc luded)  

Rura l  
Gene ra l  a g r i c u l t u r e  0.01-0.16 0.2 0.2-0.5 0.01-0.5 0.02-0.6 

Cropland 0.1-0.3 0.05-0.3 0.3 -0.4 

Improved P a s t u r e  0.02-0.2 

Forested/wooded 

I d l e / p e r e n n i a l  

I Sewage s ludge  N 

r 
N 

Spray  i r r i g a t i o n  

URBAN 
Genera l  urban 

Res i den t i a 1 

C o m e r  c i a 1 

I n d u s t r i a l  

0.01-0.03 

0.01-0.03 

0.3 

0.2 

0.02-0.08 

0.3 

0.02-0.07 

0.1-1.3 

0.01 

0.01 

0.01 

0.05-0.12 

0.03-0.1 

Developing  0.1 

*FRP i s  f i l t e r e d  r e a c t i v e  phosphorus  
**Tota l  d i s s o l v e d  phosphorus  (on ly  d a t a  a v a i l a b l e )  



r.. 

TABLE 2.3-4 
:SIT iRE.4. Lci.4DS i?F TDT.;: SITRLIGES -LUD INITRATE + N I T R I T E )  - S I T R J G E N  BY L M D  USE ( P o i n t  s o u r c e s  exc luded)  

- .. ___ ________ 
:LVNUiiL LWIT AREA LOADS 

A g r i c u l t u r a l  F c r e a t e d  
~~ 

G e n r s r e  ?!enamonre Fe l ton -Her r sn  Mill Creek Maumee Grand/ Sauge rn  
TS* TS  Ino rg .  N *  3 I n L > r g . S  Tlu’ 1norg.N lnorg.N TN 1riorg.K ?ti I 5 c r g . N  TIL‘ Inor- , .  N -_________ __- Land Cses 

RURAL 
Genera l  ; p r i c .u l tu re  

C r 3 p 1 and 

I m p r i ’ v r d  P c s t u r r  

F o r e s t e d i w x d r d  

I d l e / p e r e n n i a l  

Sewage s l u d g e  

S p r a y  i r r i g a t i c n  

L’ RB &V 
Genera l  urban 

R e s i d e n t i a l  

Commercial 

I n d u s t r i a l  

Developing 

i - 2 2  li 10 

1-6 

1-6 

0 .  L 3.2 

7 . 3  3.1 

1.4-1.2 0.6-1.’ 

1.9 0.6 

63 3.0 

0 . 5 - 1 . 5  3.1-0.2 

2 . 2 - 5 . 0  1 .  3 - 3 . 2  

2.;-16 0 .6 -24  0.2-17 3.1-42  2 . 1 - 3 7  

i . 3 - 1 0  3 .5 -6 .7  2 . 2 - 2 1  16-3 i  11-2& 

3.2-14 2 . 1 - 1 1  

i . 8 - 5 . 6  0 .  3-3.5 L .  7-6.3 0.1-2.0 

k .6 -5 .6  0.3-3.5 

11 1 1  

370 1: 

e .  7-10 3. i ) -3 .  1 

5.0** 

:1** 

I&** 

-______ -______ 
*TK i s  t o t a l  n i t r o g e n  and 1norg.N i s  ( n i t r a t e  + n i t r i t e )  - n i t r o g e n .  
**Data o b t a i n e d  from Canada/Ontar io  Agreement s t u d i e s .  
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portion of the Maumee basin in 1975 caused as much as two orders of 
magnitude greater yield of sediment in 1975 compared with 1976. These 
types of data illustrate the difficulty in deriving representative 
values for general extrapolation purposes and for the development of a 
hazard ranking scale for land uses. Greater details of on-site characteristics 
are to be found in the Task C Summary Pilot Watershed Reports and the 
supporting technical documents. 

2.3.3 Land Practices, Usages and Parameters not Suited to the Unit- 
Area Load Concept 

Some land uses and practices such as small-scale waste disposal, 
transportation, streambank erosion, livestock and parameters such as 
microorganisms, pesticides and toxic organic compounds, which were 
monitored in the Task C studies, do not lend themselves to a strict 
unit-area load calculation. Major regional differences, management, 
density and the probability that some of the land uses act more like 
point than diffuse sources, suggest that unit loadings independent of 
area would provide a more suitable method of reporting the loads from 
these sources. 

2.3.3.1 Small-scale waste disposal: Studies of private waste-disposal 
systems (septic systems) and sanitary landfills were undertaken as part 
of the Canadian Task C program. These studies suggest that the only 
pollutants of concern from private waste-disposal systems are phosphorus 
and, to a lesser extent, nitrogen. Bacterial contamination may also 
occur as a result of runoff from faulty private waste-disposal systems. 
In areas where large urban and rural populations use private waste- 
disposal systems (i.e. unsewered areas), an impact on the water quality 
of the receiving streams and ultimately on the quality of the Great 
Lakes can occur. Estimates of average contributions of nutrients from 
septic systems, assuming a 30% failure rate and a nominal distance from 
the receiving waters of each septic system, are 0.74 kg of filtered 
reactive phosphorus and 8.2 kg of (nitrate + nitrite) - nitrogen for 
each system. Although nitrogen inputs are initially in the organic 
form, nitrification to nitrate occurs in a short distance from the 
waste-disposal system. This form of nitrogen is highly soluble and 
mobile, thereby posing a threat to groundwater systems. 

Increased levels of chloride, metals and toxic organic compounds 
can occur in the receiving streams from poorly designed or mismanaged 
sanitary landfills. 
sites using the natural attenuation capacity of the soil column accompanied 
by leachate treatment, where necessary, provide no threat to Great Lakes 
water quality. 

Properly designed and well-managed sanitary landfill 

Pollution of the groundwater system is usually of localized significance 
and occurs most commonly with small-scale waste disposal practices. 
Ultimate discharge of the polluted groundwater into the receiving streams, 
particularly during low-flow conditions in perennial streams, 
an increased burden on the assimilative capacity of the stream. 
overland runoff from small-scale waste disposal sites located near 
receiving streams also may require remedial attention. The natural 

places 
Direct 
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a t t e n u a t i o n  c a p a c i t y  of s o i l s  th rough s o r p t i o n  p r o c e s s e s  f o r  some pa rame te r s ,  
e . g .  metals,  t o x i c  o r g a n i c  compounds and phosphorus,  minimizes  t h e  
p o t e n t i a l  p o l l u t a n t  impact  of t h e s e  d i s p o s a l  p r a c t i c e s .  

2 .3 .3 .2  T r a n s p o r t a t i o n  c o r r i d o r s :  The major  p o l l u t a n t  produced a s  a 
r e s u l t  of maintenance o p e r a t i o n s  on t r a n s p o r t a t i o n  c o r r i d o r s  i s  c h l o r i d e  
from highway d e i c i n g  o p e r a t i o n s .  Leve l s  of c h l o r i d e  i n  groundwater 
a d j a c e n t  t o  highways have been i n c r e a s i n g  as t h e  use  of sa1.t a s  a d e i c i n g  
a g e n t  h a s  i n c r e a s e d .  S a l t  usage  on p r o v i n c i a l  highways i n  On ta r io  
doubled between 1960 and 1975. Highway s a l t i n g  r anges  from 20 tonnes  of 
s a l t  (13 tonnes  of c h l o r i d e )  p e r  k i l o m e t r e  of two-lane highway t o  67 
tonnes  of  s a l t  ( 4 0  t onnes  of c h l o r i d e )  p e r  k i l o m e t r e  of fou r - l ane  highway 
Task C mon i to r ing  d a t a  from a 1 . 3  km l e n g t h  of  a fou r - l ane  highway i n  
t h e  Grand R ive r  b a s i n  conf i rms  i n c r e a s e d  c h l o r i d e  l o a d s  as a r e s u l t  of 
d e i c i n g  o p e r a t i o n s .  

The l i t e r a t u r e  i n d i c a t e s  t h a t  o t h e r  p o l l u t a n t s  such as g r e a s e  and 
o i l ,  p e s t i c i d e s  and heavy metals may be produced as a r e s u l t  of r o u t i n e  
main tenance  o p e r a t i o n s  on roads .  Ai rborne  l e a d  h a s  been r e p o r t e d  as 
accumula t ing  i n  t h e  s o i l  downwind of t h e  highway s t u d y  s i t e  t h a t  was 
moni tored  i n  t h e  Grand River  b a s i n .  No o t h e r  wa te r  q u a l i t y  pa rame te r s  
t h a t  were monitored i n  t h e  sma l l  stream d r a i n i n g  t h e  a r e a  a long  t h e  
highway e x h i b i t e d  i n c r e a s e d  c o n c e n t r a t i o n s  (wi th  t h e  e x c e p t i o n  of c h l o r i d e )  
downstream of t h e  highway. S i m i l a r l y ,  l e v e l s  of metals and p e s t i c i d e s  
were unchanged downstream of t h e  highway i n  suspended and bed-sediment 
samples .  

2 .3 .3 .3  Streambank e r o s i o n :  Task C s t u d i e s  on s t reambank e r o s i o n  were 
conducted t o  estimate t h e  ampunt of sediment  e roded .  
was u t i l i z e d  t o  d t ce rmine  whether  p r e d i c t i o n s  of s t reambank e r o s i o n  were 
f e a s i b l e .  By. t h i s  means, t h e  e f f e c t  of material e roded  from r i v e r  banks 
on t h e  q u a l f t y  of t h e  Great Lakes could  be  determined so  t h a t  r emed ia l  
measures  cou ld  b e  des igned  and c o s t s  a s c e r t a i n e d .  Data on bank geometry 
( s l o p e ,  shape ,  l e n g t h ) ,  v e g e t a t i o n ,  e r o s i o n a l  mechanisms, s o i l  materials, 
d r a i n a g e - p a t t e r n  morphology, stream c r o s s - s e c t i o n ,  channel  g r a d i e n t ,  
roughness  and s t r eamf low were c o l l e c t e d .  Recess ion  rates and t h e  areas 
of r e c e s s i o n  were de termined  to p rov ide  an ave rage  r e c e s s i o n  rate p e r  
k i l o m e t r e  of s t reambank.  These d a t a  w e r e  subsequen t ly  conver ted  t o  
p r o v i d e  g e n e r a l  estimates of  y i e l d s l u n i t  a r e a .  
w a s  a l s o  under taken  t o  estimate chemical  l o a d i n g s  r e s u l t i n g  from streambank 
e r o s i o n .  The e s t i m a t e d  y i e l d s  of sed iment ,  phosphorus and metals from 
s t reambank e r o s i o n  are as f o l l o w s :  

This  i n fo rma t ion  

Sampling of s o i l  materials 

Study Parameter 
Sediment * Phosphorus* Lead** Copper** Zinc** 

F o r e s t e d  Watersheds (Cdn) 0 . 4  - 2 . 0  
A g r i c u l t u r a l  Watersheds (Cdn) 38 
Menomonee Bas i n  40  
Canada ( ave rage )  9 0.016 
Uni ted  States (Average) 4 - 4 3  0 .007-0 .034  0.5-5.0 - 0.2-7 1-5 
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The b e s t  estimate of t h e  r e l a t i v e  c o n t r i b u t i o n  of s t reambank e r o s i o n  
t o  Great Lakes t r i b u t a r y  sediment l o a d s  i s  102, w i t h  a range  f o r  i n d i v i d u a l  
major  t r i b u t a r i e s  of  nea r  ze ro  t o  30%. 

2 .3 .3 .4  L i v e s t o c k :  A model of l i v e s t o c k  i n p u t s  of t o t a l  phosphorus 
w a s  deve lcped  f o r  u s e  i n  t h e  Canadian b a s i n .  Th i s  w a s  p o s s i b l e  because  
comparable d a t a  were a v a i l a b l e  f o r  t h e  whole of t h e  b a s i n  and inc luded  a 
s u r v e y  of l i v e s t o c k  e n t e r p r i s e  l o c a t i o n s  i n  r e l a t i o n  t o  stream channe l s .  
The i n f o r m a t i o n  i n  t h e  U.S. w a s  n o t  so amenable t o  i n t e g r a t i o n  because  
d a t a  w e r e  a v a i l a b l e  i n  d i f f e r e n t  forms i n  d i f f e r e n t  S ta tes  and s u r v e y s  
of l i v e s t o c k  e n t e r p r i s e  l o c a t i o n s  w e r e  l i m i t e d  t o  s m a l l  areas. For 
t h e s e  r e a s o n s ,  t h e  PLUARG mode l l ing  of l i v e s t o c k  i n p u t s  i n  t h e  U.S .  
b a s i n  w a s  r e s t r i c t e d  t o  t h e  S t a t e  of Wisconsin.  E s t i m a t e s  of l o a d i n g s  
on an  an ima l  u n i t  b a s i s  were n o t  v e r y  d i f f e r e n t  i n  t h e  two s t u d i e s .  For 
O n t a r i o  t h e  r ange  w a s  0.08 kg t o  0 .22  kg of t o t a l  phosphorus p e r  an imal  
u n i t  p e r  y e a r .  The e q u i v a l e n t  f i g u r e s  f o r  Wisconsin were 0 .11  t o  0 .35  
kg. Ranges are g iven  because  t h e  model assumes t h a t  manure phosphorus 
may b e  f u l l y  a t t e n u a t e d  by ove r l and  t r a v e l  t o  a channe l ,  and t h e  d i s t a n c e  
e s t i m a t e d  f o r  comple te  a t t e n u a t i o n  r a n g e s  from about  30 me t re s  t o  about  
120  metres. 

Pa r t  of t h e  d i f f e r e n c e  observed  i n  r e s u l t s  of t h e  two s t u d i e s  may 
b e  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  an imal  u n i t  used i n  t h e  two c o u n t r i e s ;  
t h a t  i n  t h e  Wisconsin s t u d y  w a s  based on l i v e  weight w h i l e  t h e  O n t a r i o  
an ima l  u n i t  i s  based  on n i t r o g e n  e x c r e t e d .  Fur thermore ,  channe l  d e n s i t y  
i s  an  impor t an t  v a r i a b l e  i n  t h e  model used and t h e  method of e s t i m a t i n g  
channe l  d e n s i t y  w a s  d i f f e r e n t  i n  t h e  two s t u d i e s .  N e v e r t h e l e s s ,  t h e  
an ima l  u n i t  b a s e  and t h e  u n i t  i n p u t s  c a l c u l a t e d  i n  t h e  two s t u d i e s  were 
s u f f i c i e n t l y  s imi la r  t o  encourage  t h e  development of a r e p r e s e n t a t i v e  
i n p u t  f o r  e x t r a p o l a t i o n  pu rposes .  The middle  of t h e  r a g e  of t o t a l  
phosphorus an ima l  wi t  l o a d s  i n  t h e  Canadian s t u d y  w a s  0 .15  kg w h i l e  i n  
t h e  Wisconsin s t u d y  i t  was 0.23 kg. The mean of  t h e s e  two f i g u r e s  is 
c l o s e  t o  0 .20  kg and t h i s  f i g u r e  w a s  t aken  t o  be t h e  an imal  u n i t  i n p u t  f o r  
e x t r a p o l a t i o n  t o  t h e  Great Lakes Basin.  

When s o u r c e s  w i t h i n  t h e  l i v e s t o c k  i n d u s t r y  as modelled i n  t h e  two 
s t u d i e s  are compared, d i f f e r e n c e s  are much more obv ious ,  as might b e  
expec ted .  Tab le  2.3-6 shows such  a comparison. The d i f f e r e n c e s  r e s u l t  
n o t  o n l y  from t h e  d i s p a r i t i e s  no ted  above b u t  l a r g e l y  from d i f f e r e n c e s  
i n  t h e  l i v e s t o c k  i n d u s t r y  i n  O n t a r i o  and Wisconsin--the l a t t e r  is a 
major  d a i r y  area w h i l e  O n t a r i o  has expe r i enced  a d e c l i n e  i n  d a i r y i n g  and 
growth i n  t h e  beef  i n d u s t r y  ove r  tile p a s t  few y e a r s .  

2 .3 .3 .5  P e s t i c i d e s  and o t h e r  t o x ~ c  o r g a n i c  s u b s t a n c e s :  Moni tor ing  of 
a v a r i e t y  o f  h e r b i c i d e s  and i n s e c t i c i d e s  and some f u n g i c i d e s  w a s  c a r r i e d  
o u t  r o u t i n e l y  i n  s a m p l e s  from M i l l  Creek, t h e  Grand and Saugeen Rivers 
and t h e  A g r i c u l t u r a l  Watersheds.  These s a m p l e s  w e r e  a l s o  ana lyzed  f o r  
PCBs and mirex. A series of bottom--sediment samples from t h e  Maumee 
Rive r  w e r e  a l s o  ana lyzed  f o r  similar chemica l s .  A number of chemica l s  
w.ere o c c a s i o n a l l y  d e t e c t e d  a t  l e v e l s  so low as t o  p r e c l u d e  c a l c u l a t i o n  
of p r e c i s e  l o a d i n g  rates. Inc luded  among t h e s e  were l i n d a n e ,  e n d r i n  and 
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TABLE 2.3-6 
PROPORTION OF TOTAL PHOSPHORUS LOADING FROM LIVESTOCK ENTERPRISES ATTRIBUTABLE 

TO SPECIFIC LIVESTOCK CLASSES 

Wisconsin p o r t i o n  of t h e  
Great Lakes d ra inage  b a s i n  

On ta r io  p o r t i o n  of  t h e  
Great Lakes d ra inage  b a s i n  

Cr i t ica l  d i s t a n c e  assumed 

30.5 m 121.9 m 

Dairy Cat t le  50% 44% 

Winter Spread Manure 30 38 

Beef Cattle 
N 
I 
co P Hogs 

C r i t i c a l  d i s t a n c e  assumed 
30.5 m 121 .9  m 

Beef Cattle Lo t s '  49% 44% 
Dairy Ca t t l e  Lots '  26 24 

Winter Spread Manure 13 1 9  

Poul t ry/Hog Manure 5 5 

Hogs' 2 2 

S to rages  

' d i r e c t  i n p u t  from feed  l o t s f l o a f i n g  a r e a s  



h e p t a c h l o r  i n  urban  s t a t i o n s  of t h e  Grand River, c e r t a i n  d e r i v a t i v e s  of 
DDT, d i e l d r i n  and endosu l f an  i n  t h e  A g r i c u l t u r a l  Watersheds and DDT 
d e r i v a t i v e s  i n  t h e  Maumee Rive r .  Frequent  occur rences  w e r e  r eco rded  f o r  
a t r a z i n e  and DDT and some of i t s  d e r i v a t i v e s  i n  a l l  t h e  Canadian a g r i c u l t u r a l  
wa te r sheds  examined and i n  M i l l  Creek. M i l l  Creek samples  a l s o  e r r a t i c a l l y  
showed low levels of gu th ion .  

DDT and d i e l d r i n  r e s i d u e s  i n  water are d e r i v e d  from p a s t  u s e s  of 
DDT and a l d r i n ,  and l i t t l e  can be done t o  change t h e  s low r e l e a s e  t o  
water. The e x t e n t  of a t r a z i n e  use  may have reached  a peak s i n c e  t h e r e  
i s  c u r r e n t l y  some s h i f t  t o  t h e  use  of o t h e r  h e r b i c i d e s .  The p a t t e r n  of 
a t r a z i n e  o c c u r r e n c e  i n  t h e  b a s i n  i s  d i s c u s s e d  i n  S e c t i o n  3. Guthion is 
r a p i d l y  degraded and h a s  n o t  been d e t e c t e d  i n  t h e  l a k e s .  

Mirex w a s  n o t  d e t e c t e d  i n  any of t h e  moni tored  wa te r sheds  b u t  PCBs 
w e r e  d e t e c t e d  i n  a l l  A g r i c u l t u r a l  Watersheds and i n  over  90% of a l l  
w a t e r  samples  from t h e s e  wa te r sheds .  PCBs were found c o n s i s t e n l y  i n  t h e  
samples  f o r  urban  r e a c h e s  of t h e  Grand River. Crude c a l c u l a t i o n s  of 
u n i t  l o a d s  of PCBs f o r  urban areas based on r e s u l t s  from t h e  Grand River 
s t u d y  show a range  of 0.003 t o  0.26 g / h a / y r .  For t h e  A g r i c u l t u r a l  
Watersheds ,  t h e  r ange  was 0.08 t o  0.22 g / h a / y r .  These d a t a  s u g g e s t  t h a t  
a tmosphe r i c  i n p u t s  may be  t h e  dominant s o u r c e  of PCBs i n  r e c e i v i n g  
streams. 

I n  summary, i t  appea r s  t h a t  DDT and i t s  d e r i v a t i v e s  and d i e l d r i n  
w i l l  c o n t i n u e  t o  e n t e r  t h e  l a k e  from l and  areas where p a s t  u se  w a s  
s u b s t a n t i a l .  A t r a z i n e  o c c u r s  a t  a p p r e c i a b l e  l o a d i n g s  i n  corn-producing 
areas. Othe r  p e s t i c i d e s  may b e  d e t e c t e d  i n f r e q u e n t l y  as a r e s u l t  of 
c a r e l e s s  h a n d l i n g  o r  a c c i d e n t a l  i n t r o d u c t i o n  t o  streams. PCBs a r e  
common contaminants  of streams i n  t h e  b a s i n  as a r e s u l t  of ae r ia l  d e p o s i t i o n  
on l a n d  as w e l l  as from p o i n t  s o u r c e s .  

2 .3 .3 .6  Microorganisms:  Frequent  mon i to r ing  of t h e  Grand and Saugeen 
R ive r s  e s t a b l i s h e d  t h a t  m i c r o b i o l o g i c a l  q u a l i t y  of t h e s e  waters i s  o f t e n  
v e r y  poor  and d i d  n o t  a lways meet O n t a r i o  s t a n d a r d s  f o r  r e c r e a t i o n a l  
q u a l i t y  a t  some sampl ing  sites. Urban and a g r i c u l t u r a l  areas w e r e  shown 
t o  c o n t r i b u t e  f e c a l  i n d i c a t o r  b a c t e r i a  and,  i n  s p e c i a l  s t u d i e s ,  pa thogen ic  
SaZmoneZZa spp .  The s o u r c e  of t h e s e  organisms i n  urban areas i s  thought  
t o  be  f e c a l  material from domest ic  an imals  and w i l d l i f e ,  and,  i n  some 
i n s t a n c e s ,  from combined sewers. 

I n  a g r i c u l t u r a l  areas, l i v e s t o c k  a r e  b e l i e v e d  t o  make a s i g n i f i c a n t  
c o n t r i b u t i o n  t o  microorganism c o n t e n t  i n  w a t e r ,  a l t h o u g h  i t  w a s  n o t  
p o s s i b l e  t o  show a d i r e c t  r e l a t i o n s h i p  between l i v e s t o c k  numbers and t h e  
m i c r o b i o l o g i c a l  q u a l i t y  of w a t e r .  No e s t i m a t e s  could  be made of t h e  
t r a n s m i s s i o n  of  pa thogen ic  microorganisms t o  t h e  l a k e s ,  a l though  p rev ious  
work s u g g e s t s  t h a t  d i e -o f f  i s  l i k e l y  t o  be r a p i d ,  p a r t i c u l a r l y  d u r i n g  
summer when m i c r o b i a l  con tamina t ion  appea r s  t o  be most s e r i o u s .  It i s  
l i k e l y  t h a t  b a c t e r i a l  con tamina t ion  may be  l o c a l l y  hazardous  where 
s u r f a c e  waters are used f o r  c o n t a c t  r e c r e a t i o n a l  purposes  and /o r  as a 
water -supply  s o u r c e .  
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2.3.4 Hazard Ranking o f  Land Uses 

The r a n k i n g  of l a n d  u s e s  h a s  been a t t empted  u s i n g  d a t a  p r e s e n t e d  i n  
T a b l e s  2.3-2 t o  2.3-5 i n c l u s i v e ,  f o r  each  of t h e  parameters l i s t e d  i n  
S e c t i o n  2 .3 .3  w i t h  t h e  e x c e p t i o n  of copper and z i n c .  The r ank ing  
f a c t o r s  c o n s i s t  of t h e  u n i t  area l o a d s  t h a t  were e s t i m a t e d  f o r  t h e  r u r a l  
and u rban  l a n d  u s e s  d e s c r i b e d  i n  S e c t i o n  2 . 1 . 1 .  Outputs  from t h e s e  l and  
u s e s  were moni tored  by Task C i n v e s t i g a t o r s  a t  dominant ly  s i n g l e  land- 
u s e  s i tes .  Moni to r ing  of a l l  p e r m u t a t i o n s  and combina t ions  of l and  u s e ,  
s o i l ,  phys iog raphy ,  cl imate,  e tc .  w a s  n o t  p o s s i b l e ;  however, t h e  most 
r e p r e s e n t a t i v e  l a n d  u s e s  and p r a c t i c e s  i n  t h e  Great Lakes b a s i n  were 
s o u g h t .  As r e p o r t e d  eqrlier, l a r g e  v a r i a t i o n s  i n  t h e  u n i t - a r e a  load  
r a n g e s  are a t t r i b u t e t i  t o  d i f f e r e n c e s  i n  s o i l ,  phys iography,  area, land-  
use  c a t e g o r i z a t i o n  and c l i m a t i c  d i f f e r e n c e s  amongst t h e  wa te r sheds .  
These d a t a  are p r e s e n t e d  i n  g r a p h i c a l  form i n  F i g u r e s  2.3-1 and 2.3-2. 

Although dominan t ly  s i n g l e  land-use  a r e a s  are shown € o r  s p e c i f i c  
c a t e g o r i e s  o f  b o t h  r u r a l  and urban  l and  use ,  more g e n e r a l  combina t ions  
of r u r a l  and urban  c a t e g o r i e s  are a l s o  p r e s e n t e d  ( "gene ra l  a g r i c u l t u r e ' '  
and ' ' g e n e r a l  urban") f o r  compara t ive  pu rposes  and t o  f u r t h e r  s u b s t a n t i a t e  
t h e  u n i t - a r e a  l o a d  r a n g e s  r e p o r t e d  f o r  t h e  dominant ly  s i n g l e  land-use  
s t u d i e s .  However, some c a u t i o n  shou ld  be e x e r c i s e d  i n  making comparisons 
of l o a d i n g s  under  t h e s e  g e n e r a l  l a n d  u s e  c a t e g o r i e s ,  s i n c e  l and  c h a r a c t e r i s t i c s ,  
c l i m a t e  and d i s t r i b u t i o n  of component l a n d  u s e s  w i t h i n  t h e  g e n e r a l  
c a t e g o r i e s  w i l l  have  a major b e a r i n g  on u n i t  l o a d s .  
a g r i c u l t u r e ' '  c a t e g o r y  of l a n d  u s e  i n c l u d e s  t h e  whole gamut of a g r i c u l t u r a l  
l and -uses  and i t s  r ange  of u n i t - a r e a  l o a d s  i s  expec ted  t o  be g r e a t e r  
t h a n  t h e  r ange  o f  u n i t - a r e a  l o a d s  f o r  any s i n g l e  a g r i c u l t u r a l  l a n d  use.  
A similar s i t u a t i o n  o c c u r s  f o r  t h e  " g e n e r a l  urban" land-use  c a t e g o r y .  

Thus, t h e  " g e n e r a l  

The u n i t  area l o a d  comparisons p r e s e n t e d  i n  F i g u r e s  2.3-1 and 2.3-2  
i n d i c a t e  t h a t  t h e  r e l a t i v e  haza rd  of i n t e n s i v e  a g r i c u l t u r a l  a c t i v i t i e s  
( i . e .  c r o p l a n d  c a t e g o r y )  and urban  l a n d  u s e s  are approx ima te ly  e q u a l  
( i . e .  of t h e  same o r d e r  of magnitude) f o r  suspended sediment ,  phosphorus ,  
n i t r o g e n  and copper .  The u n i t  area l o a d s  from b o t h  land-use  c a t e g o r i e s  
are  one o r  two o r d e r s  of magnitude g r e a t e r  t h a n  f o r e s t e d  and /o r  i d l e  
l a n d .  The l o a d s  from f o r e s t e d  a n d / o r  i d l e  l and  can be c o n s i d e r e d  t o  b e  
t h e  minimum t o  which p o l l u t a n t - l e v e l  r e d u c t i o n  can b e  r e a l i s t i c a l l y  
lowered  w i t h  t h e  a p p l i c a t i o n  of r emed ia l  measures ;  u n i t  area l o a d s  f o r  
improved p a s t u r e  o v e r l a p  w i t h  t h e  upper r ange  of t h e  f o r e s t e d  a n d / o r  
i d l e  l a n d  c a t e g o r i e s  and t h e  lower r ange  of t h e  c rop land  c a t e g o r y .  
Developing urban  l a n d  w a s  an o r d e r  of magnitude h i g h e r  f o r  sed iment  and 
t o t a l  phosphorus t h a n  t h e  g e n e r a l  a g r i c u l t u r a l  o r  g e n e r a l  u rban  c a t e g o r i e s .  
Urban i n p u t s  of c h l o r i d e  and l e a d  are an o r d e r  of magnitude g r e a t e r  t h a n  
t h e  upper  r a n g e  shown f o r  g e n e r a l  a g r i c u l t u r e  and c rop land .  Uni t -a rea  
l o a d s  f o r  s p r a y  i r r i g a t i o n  practices are shown t o  b e  approximate ly  e q u a l  
t o  t h e  l o a d s  o b t a i n e d  from g e n e r a l  a g r i c u l t u r e ,  c rop land  and urban  
c a t e g o r i e s  f o r  phosphorus and up t o  an  o r d e r  of magnitude g r e a t e r  f o r  
n i t r o g e n .  The h i g h  l o a d i n g  v a l u e s  shou ld  b e  u t i l i z e d  t o  d e l i n e a t e  
a l t e r n a t i v e  c o n t r o l  s t r a t e g i e s  and t o  set p r i o r i t i e s  on t h e  pa rame te r s  
of conce rn  i n  Great Lakes water q u a l i t y  a s ses smen t s .  
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3, BASINWIDE LOADINGS BY EXTRAPOLATION 
The Task C e f f o r t  p rov ided  l o a d i n g  i n f o r m a t i o n  a t  d i f f e r e n t  p o i n t s  

Two d i s t i n c t  problems were 
i n  t h e  Great Lakes Bas in  from which p r e d i c t i o n s  of l a n d  u s e  d i f f u s e  
l o a d i n g s  can  b e  made f o r  unmonitored areas. 
encoun te red  which become c r i t i c a l  when t h i s  t y p e  of e x t r a p o l a t i o n  i s  
a t t e m p t e d :  
wa te r sheds  f o r  which ups t ream l a n d  u s e s  and p h y s i o g r a p h i c  c o n d i t i o n s  
cou ld  n o t  b e  i d e n t i f i e d  i n  d e t a i l :  i i )  c l i m a t i c  v a r i a b i l i t y  d u r i n g  t h e  
1975 t o  1977 mon i to r ing  p e r i o d  r e s u l t e d  i n  i n c o m p a t i b i l i t y  of d a t a  
between t h e  w e s t e r n  and e a s t e r n  s e c t o r s  of t h e  b a s i n .  These problems 
combine t o  make v e r i f i c a t i o n  of t h e  c o n s i s t e n c y  of l o a d i n g  d a t a  d i f f i c u l t .  
N o n e t h e l e s s ,  v e r i f i c a t i o n  w a s  a t t empted  s i n c e  e x t r a p o l a t i o n s  based  on 
t h e  major l a n d  u s e  and p h y s i o g r a p h i c  f a c t o r s  which a f f e c t  each  water 
q u a l i t y  pa rame te r  are o t h e r w i s e  of q u e s t i o n a b l e  v a l i d i t y .  

i )  many w a t e r  q u a l i t y  l o a d i n g  d a t a  have been c o l l e c t e d  i n  

The e x t r a p o l a t i o n  p r o c e s s  w a s  n e c e s s a r i l y  l i m i t e d  t o  t h o s e  l a n d  
u s e s  f o r  which s u f f i c i e n t  i n f o r m a t i o n  w a s  c o l l e c t e d  ove r  a r ange  of 
b a s i n  c o n d i t i o n s ,  and t o  t h o s e  pa rame te r s  which were moni tored  and 
amenable t o  t h e  u n i t  area l o a d  concept .  

3 . 1  

3 .1 .  

been 

EXTRAPOLATION PROCEDURES 

. Loads from A g r i c u l t u r a l  l a n d  

The r e s u l t s  of t h e  Canadian A g r i c u l t u r a l  Watershed S t u d i e s  have 
used t o  deve lop  r e g r e s s i o n - t y p e  p r e d i c t i o n  e q u a t i o n s  f o r  v a r i o u s  

parameters. 
p h y s i c a l  c h a r a c t e r i s t i c s .  Independent  v a r i a b l e s  used i n  t h e  p r e d i c t i o n  
e q u a t i o n s  were wa te r shed  c h a r a c t e r i s t i c s  which accounted  f o r  t h e  g r e a t e s t  
amount of t h e  v a r i a b i l i t y  i n  l o a d i n g s  a t  t h e  11 wate r sheds  when e n t e r e d  
i n  r e g r e s s i o n  e q u a t i o n s .  Such c h a r a c t e r i s t i c s  as s o i l  c l a y  c o n t e n t ,  
p e r c e n t  wa te r shed  area i n  row c r o p s ,  mean f e r t i l i z e r  a p p l i c a t i o n  rates,  
e t c . ,  were measured i n  each  watershed .  Over 30 such v a r i a b l e s  were 
t e s t e d  i n  t h e  r e g r e s s i o n  approach. The r e s u l t s  were g e n e r a l l y  c a p a b l e  
of a c c o u n t i n g  f o r  g r e a t e r  t h a n  80% of t h e  v a r i a b i l i t y  i n  l o a d s  and 
c o n c e n t r a t i o n s  of most pa rame te r s .  Other  e x t r a p o l a t i o n  t e c h n i q u e s  were 
c o n s i d e r e d  f o r  such  p o l l u t a n t s  as p e s t i c i d e s  and s o u r c e s  such  as l i v e s t o c k .  
R e p r e s e n t a t i v e  l o a d i n g s  under  s p e c i f i e d  s o u r c e  c o n d i t i o n s  w e r e  developed 
where p o s s i b l e .  

These wa te r sheds  had wide r anges  i n  most a g r i c u l t u r a l  and 

3 .1 .2  Loadings from Urban Land 

Urban r u n o f f  a p p e a r s  t o  b e  more i n f l u e n c e d  by f a c t o r s  such  as t h e  
d e g r e e  of imperv ious  cove r ,  d e g r e e  of i n d u s t r i a l i z a t i o n  and f r equency  of 
s t reet  sweeping t h a n  by t h e  p h y s i c a l  l o c a t i o n  of t h e  urban  l a n d .  The re fo re ,  
i t  seems r e a s o n a b l e  t o  compare l o a d i n g s  from d i f f e r e n t  t y p e s  o f  urban  
l a n d  t o  see i f  e x t r a p o l a t i o n  i s  p o s s i b l e .  The most e x t e n s i v e  urban  
m o n i t o r i n g  h a s  been done i n  t h e  Menomonee b a s i n ,  w i t h  a d d i t i o n a l  i n f o r m a t i o n  
from urban  s i t e s  i n  t h e  Grand R ive r  b a s i n .  U n i t  area l o a d s  developed 
i n  t h e s e  s t u d i e s  were n o t  e n t i r e l y  c o n s i s t e n t .  For example, t o t a l  
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phosphorus l o a d s  were h i g h e r  f o r  commercial and r e s i d e n t i a l  areas i n  t h e  
Menomonee than  t h e y  were f o r  t h e  CanadalOntar io  Agreement s t u d i e s  r e p o r t e d  
i n  t h e  Grand R ive r  r e p o r t .  
b a s i n  i n c l u d e  a n  upper r a n g e  which w a s  h i g h e r  t han  any of t h e  urban  
l o a d s  in t h e  Menomonee, e x c e p t  f o r  deve lop ing  and i n d u s t r i a l  l a n d .  
Suspended sediment  l o a d s  were more c o n s i s t e n t  between t h e s e  s t u d i e s .  
The Menomonee v a l u e s  f o r  r e s i d e n t i a l  l and  were somewhat h i g h e r  t h a n  
t h o s e  v a l u e s  report .ed i n  t h e  Grand R ive r  s t u d i e s .  I n s u f f i c i e n t  d a t a  
w e r e  a v a i l a b l e  t o  compare n i t r o g e n  o r  heavy m e t a l  l o a d s  f o r  d i f f e r e n t  
urban  l a n d  u s e s ,  b u t  i n d u s t r i a l  l and  i n  t h e  Menomonee had t h e  h i g h e s t  
l o a d s  of l e a d ,  z i n c  and copper of any area s t u d i e d .  

The " g e n e r a l  urban" v a l u e s  f o r  t h e  Grand 

S i m u l a t i o n  mode l l ing  h a s  been t e s t e d  i n  t h e  Menomonee s t u d y .  
However, u n i t  area l o a d s  used i n  t h e  model w e r e  n o t  measured i n  t h e  
PLUARG Study.  They r e p r e s e n t  l i t e r a t u r e  v a l u e s  and some are i n c o n s i s t e n t  
w i t h  t h e  moni tored  l o a d s  shown i n  Table  2.3-1. 

It  must b e  concluded ,  a t  t h i s  t i m e ,  t h a t  e x t r a p o l a t i o n  of urban 
l a n d  u n i t  area l o a d s  must be done on t h e  b a s i s  of ' ' bes t  estimate'' v a l u e s  
f o r  " g e n e r a l  urban' '  l and  use .  

3 .1 .3  Loadings from F o r e s t e d  Land 

Only one s t u d y  h a s  measured t h e  l o a d i n g s  from f o r e s t  l a n d  d i r e c t l y .  
T h i s  s t u d y  w a s  l o c a t e d  i n  t h e  L a u r e n t i a n  S h i e l d  o u t s i d e  t h e  Great Lakes 
Bas in ,  b u t  i s  f a i r l y  r e p r e s e n t a t i v e  of most of t h e  Lake S u p e r i o r  Bas in  
and t h e  n o r t h e r n  s h o r e  of Lake Huron which are predominant ly  f o r e s t e d  
areas. I n d i c a t i o n s  of f o r e s t  l a n d  l o a d i n g s  can a l s o  be o b t a i n e d  from 
sub-bas ins  o f  o t h e r  p i l o t  wa te r sheds ,  and t h e s e  l o a d i n g s  may p r o v i d e  
b e t t e r  estimates of f o r e s t  l a n d  l o a d i n g s  i n  t h e  Lower Lakes t h a n  t h o s e  
o b t a i n e d  i n  t h e  F o r e s t  s t u d i e s .  However, t h e  range  i n  l o a d i n g s  f o r  t h e  
predominant ly  f o r e s t e d  b a s i n s  is narrow and a s i n g l e  " b e s t  estimate" can 
p robab ly  b e  used f o r  a l l  pa rame te r s  excep t  suspended sed imen t ,  where a 
h i g h e r  " b e s t  e s t i m a t e "  o f  about  30 kg /ha /y r  i s  probably  m o r e  r e p r e s e n t a t i v e  
f o r  t h e  Lower Lakes l o a d i n g s  than  t h e  v a l u e  of 2 k g / h a / y r  o b t a i n e d  f o r  
t h e  sandy Upper Lakes d r a i n a g e  b a s i n s .  Any e r r o r  i nvo lved  i n  e x t r a p o l a t i n g  
t h e  ' 'best ' '  v a l u e s  i s  l i k e l y  t o  be small, excep t  i n  b a s i n s  where f o r e s t r y  
makes up t h e  dominant l a n d  use.  S ince  l i t t l e ,  i f  a n y t h i n g ,  can  b e  done 
t o  r educe  t h e  l o a d i n g s  from f o r e s t  l a n d ,  i t  i s  a p p a r e n t  t h a t  t h e  e x t r a p o l a t i o n  
o f  t h e s e  l o a d i n g s  i s  a low p r i o r i t y  concern .  For most o t h e r  p a r a m e t e r s  
( i . e .  heavy metals, p e s t i c i d e s ,  t o x i c  o r g a n i c s )  l o a d i n g s  w i l l  l i k e l y  be 
v e r y  low and as c l o s e  t o  "background1' l e v e l s  as w i l l  be found anywhere i n  
t h e  b a s i n .  E x t r a p o l a t i o n  of v a l u e s  a t  t h i s  l e v e l  is p robab ly  n o t  v e r y  
meaningfu l .  

3.2 VERIFICATION O F  EXTRAPOLATION PROCEDURES 

For a g r i c u l t u r a l  l a n d  i n  t h e  b a s i n ,  t h e  r e s u l t s  of t h e  Canadian A g r i c u l t u r a l  
Watershed S t u d i e s  have p rov ided  e x t r a p o l a t i o n  v a l u e s .  For urban  and f o r e s t e d  
l a n d ,  r e p r e s e n t a t i v e  v a l u e s  have  been e s t i m a t e d  from t h e  d a t a  p r e s e n t e d  i n  t h e  
p r e c e d i n g  s e c t i o n  o f  t h e  r e p o r t .  
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I n  t h e  f o l l o w i n g  d i s c u s s i o n ,  d a t a  f rom p r i m a r i l y  r u r a l  sub-bas ins  
of t h e  P i l o t  Watersheds are compared w i t h  t h e  l o a d i n g  v a l u e s  f o r  t h e s e  
sub-bas ins  p r e d i c t e d  by a p p l y i n g  t h e  e x t r a p o l a t i o n  p r o c e d u r e s  and 
r e p r e s e n t a t i v e  l o a d s .  These sub-bas ins  are independent  ( l o a d i n g s  do n o t  
have t o  b e  found by d i f f e r e n c e )  t r i b u t a r y  ca tchments  of  t h e  P i l o t  
Watersheds.  No such  w a t e r s h e d s  c o u l d  b e  found which were e n t i r e l y  
a g r i c u l t u r a l ,  u rban  o r  f o r e s t e d ,  so  a combined e x t r a p o l a t i o n  approach  
h a s  been used i n  t h i s  v e r i f i c a t i o n  s e c t i o n .  

3 . 2 . 1  Suspended Sediment from R u r a l  Watersheds 

Suspended sediment  d a t a  w e r e  h i g h l y  v a r i a b l e  throughout  t h e  watershed  
s t u d i e s ,  An a t t e m p t  a t  e x t r a p o l a t i o n  f o r  a g r i c u l t u r a l  l a n d  based on s imple  
l i n e a r  r e g r e s s i o n  on s o i l  t e x t u r e  and row-crop d e n s i t y  h a s  been examined. 
T h i s  e x t r a p o l a t i o n  i s  based  on t h e  r e l a t i v e l y  uni form s i z e  and s t r e a m  
c h a r a c t e r i s t i c s  of  t h e  11 Canadian a g r i c u l t u r a l  w a t e r s h e d s .  Table  3 .2-1  
shows t h e s e  r e s u l t s  t o g e t h e r  w i t h  estimates of l o a d s  from urban  and 
f o r e s t e d  l a n d .  

The e x t r a p o l a t i o n  based  on s o i l  and row crop  d a t a  may be  r e a s o n a b l e  
f o r  e s t i m a t i n g  i n p u t s  from a g r i c u l t u r a l  f i e l d s  where stream b o r d e r  
c o n d i t i o n s  are similar t o  t h o s e  found i n  t h e  A g r i c u l t u r a l  Watersheds.  
It s h o u l d  b e  n o t e d  t h a t  management of l a n d  b o r d e r i n g  a stream i s  c r i t i c a l  
t o  t h e  sed iment  y i e l d s  and may, i n  p a r t ,  account  f o r  t h e  u n e x p l a i n a b l e  
v a r i a t i o n s  found i n  Table  3.2-1. Fur thermore ,  s i n c e  t h e  p r e d i c t i o n  
method does  n o t  i n c l u d e  a f low v a r i a b l e ,  t h e  d i s c r e p a n c i e s  found between 
p r e d i c t e d  and measured l o a d s  i n  t h e  Black Creek Watershed i n  1975 can be 
p a r t l y  e x p l a i n e d  by t h e  o c c u r r e n c e  of a 100 y e a r  f requency  s torm i n  
1975,  and t h e  u n u s u a l l y  low r u n o f f  which o c c u r r e d  i n  1976. 

It  must b e  concluded t h a t  t h i s  approach t o  e x t r a p o l a t i o n  of sediment  
l o a d i n g s  r e q u i r e s  r e f i n e m e n t .  Only t h e  s i t e s  w i t h  h i g h e s t  p r e d i c t e d  l o a d i n g s  
a g r e e d  w i t h  t h e  s i t e s  w i t h  h i g h e s t  moni tored  l o a d s ,  and t h e r e  w a s  poor  
agreement i n  terms of  magnitude of  t h e s e  l o a d s .  

The Model l ing Task Force  of PLUARG h a s  a l s o  developed e x t r a p o l a t i o n  
p r o c e d u r e s  f o r  suspended sediment  based on t h e  U n i v e r s a l  S o i l  Loss  
Equat ion  and e s t i m a t e d  d e l i v e r y  r a t i o s .  

3.2.2.  Phosphorus from R u r a l  Watersheds 

One o f  t h e  f i n d i n g s  i n  t h e  A g r i c u l t u r a l  Watershed s t u d i e s  w a s  t h a t  
a b o u t  85% of  t h e  v a r i a b i l i t y  i n  u n i t  area l o a d i n g s  of t o t a l  P i n  s m a l l  
a g r i c u l t u r a l  b a s i n s  can be  accounted  f o r  by 2 v a r i a b l e s ,  namely c l a y  c o n t e n t  
of  s o i l s  and p r o p o r t i o n  of l a n d  area i n  wide-spaced row c r o p s .  Using t h i s  
c o r r e l a t i o n  t o  estimate l o a d i n g s  from a g r i c u l t u r a l  l a n d  and l o a d i n g s  of  
2 . 0  k g / h a / y r  and 0.1 k g / h a / y r  r e s p e c t i v e l y  i n  urban  and f o r e s t e d  l a n d  areas, 
t o t a l  P l o a d i n g s  were p r e d i c t e d  f o r  t h e  sub-bas ins  o f  t h e  p i l o t  w a t e r s h e d s .  

The p r e d i c t e d  and measured v a l u e s  f rom t h e  u n i t  area l o a d  e x t r a p o l a t i o n  
are shown i n  Table  3.2-2.  
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TABLE 3.2-1 COMPARISON OF MEASURED AND PREDICTED ANNUAL LOADS OF SUSPENDED SEDIMENTS 

2 S i t e '  Year P r e d i c t e d  l o a d  ( t o n n e s f y r )  
Agr.--- Urban F o r e s t  

GR- 6 
GR-13 
GR- 14 
SR-4 
SR-5 
G- 1 
G- 2 
G- 3 
G- 4 
G-5 
G- 6 
G- 7 
G- 8 
5-2; 

3 B- 6 
B-23 
B- 6 
MR 

3 
3 

M- 5 
M- 5 

1976 
1976 
1976 
1976 
1976 
19 7 5-76 
197 5- 7 6 
19 7 5- 76 
1975-76 
1975-76 
197 5-76 
197 5-76 
197 5- 76 
1975 
1975 
1976 
1976 
1976 
1975-76 
1976-77 

6358 
1196 
14110 
4129 
0 
392 
701 
1329 
511 
2 2 4  
587 
698 
6426 
668 
46G 
66s 
464 
623 
1773 
1773 

384 
795 
775 
333 
249 
25 
108 
1367 
58 
701 
37 
0 

6886 
0 
36 
0 
36 
279 
0 
0 

166 
668 
304 
379 
240 
101 
82 
82 
20 

165 
64 
30 

1224 
0 
1 
0 
1 
1 
11 
11 

N e t  U n i t  Area Loads  ( K g f h a f y r )  S t r e a m  D i s c h a r g e  
Mea s u r ed P r e d i c t e d  (cm/yr>  

14 5 
69 
409 
138 
191 
65 
162 
655 
232 
457 
189 
399 
27 

3376 
5s99 
528 
641 
486 

4 4  
51 

180 
33 
19 6 
73 
20 
104 
165 
299 
305 
129 
166 
258 
194 
709 
702 
709 
702 
421 
350 
350 

48 
42 
53 
61 
59 
42 
43 
43 
36 
36 
63 
63 
45 
29 
26 
12 
10 
25 
38 
11 

'GR i s  Grand River;  SR is  Saugeen  R i v e r ;  G i s  Genessee  R i v e r ;  B i s  B lack  C r e e k ;  ?R i s  Xenomonee R i v e r  
s t a t i o n  463001; M i s  M i l l  C reek .  

P r e d i c t e d  l o a d s  f o r  s m a l l ,  p r i m a r i l y  r u r a l ,  s u b - b a s i n s  u s i n g  r e g r e s s i o n  o f  1976 
C a n a d i a n  A g r i c u l t u r a l  W a t e r s h e d  u n i t - a r e a  l o a d s  o n  s o i l  c l a y  c o n t e n t  a n d  r o w  c r o p s  

2 

a s  follows: 

a n d  a r e p r e s e n t a t i v e  " b e s t  e s t i m a t e "  o f  1090 k g / h a / y r  a n d  30 k g / h a / y r  f o r  u r b a n  a n d  
T o t a l  s u s p e n d e d  s e d i m e n t s  ( k g / h a / y r )  = -281+ 1 3 . 6 ( % C l a y )  t 8.3(% Row C r o p s )  

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

3The l o a d s  f o r  1975 a n d  1976 in B l a c k  C r e e k  and 75-76 and 76-77 i n  H i 1 1  Creek h a v e  been  s e p a r a t e d  
as bo th  y e a r s  had unusua l  r u n o f f  c o n d i t i o n s .  



TABLE 3.2-2 COMPARISON OF FEASURED WITH PREDICTED ANNUAL LOADS OF TOTAL PHOSPHORUS 

w 
I 

VI 

S i t e '  

GR- 6 
GR- 13  
GR-14 
SR-4 
SR-5 
G - 1  
G- 2 
G- 3 
G-4 
G- 5 
G- 6 
G- 7 
G-8 
B-2 
B- 6 
B-2 

3 
3 
3 

B-63 

3 
3 

MR 
M- 5 
M- 5 

Year 

1 9 7 6  
1976 
1 9 7 6  
1976 
1976 
1975-76 
1975-76 
1975-76 
1975-76 
19 7 5-76 
1 9  7 5-7 6 
197 5-76 
1975-76 
1975 
1975 
1976 
1976 
1976 
197 5-76 
1 9 7 6 - 7 7  

P r e d i c t e d  l o a d  ( t o n n e s l y r ) '  
Agr.  Urban F o r e s t  

1 0 . 6  
12.28 
41.39 
10.17 

2.84 
0.76 
1 . 1 5  
2.35 
0.99 
0.51 
1 .04  
1 . 3 2  

11 .03  
1 . 6 7  
1 . 2 8  
1 .67  
1 . 2 8  
1 . 2 5  
3 . 3 1  
3 . 3 1  

0.77 
1 .59  
1 .55  
0 . 6 7  
0 . 5  
0 .05  
0.22 
2.73 
0.12 
1.40 
0.08 

0 
1 3 . 7 7  

0 
0.08 

0 
0.08 
0.56 

0 
0 

0 .55 
2 . 2 3  
1 .01  
1 . 2 6  
0.80 
0.34 
0.27 
0.27 
0.07 
0.55 
0 . 2 1  
0 .1  
4 .08  

0 
0 
0 
0 
0 

0.04  
0.04 

N e t  U & t  Area Loads (Kg/ha/yr)  
Measured P r e d i c t e d  

0 .3 -  
0 . 2 5  
0.77 
0 .20  
0 .28  
0.10 
0.11 
0.44 
0.35 
0 .38  
0.30 
0 .60  
0.15 
9.07 
6 . 9  
1 . 6  
1 . 4 2  
0 .72  
0.56 
0 . 3 3  

0 . 3 1  
0 .20  
0.57 
n.18 

2.23  
0 .30  
0 .58  
0 . 6 1  
0.29 
0.32 
0.51 
0.39 
1 . 7 7  
1 . 9  
1 . 7 7  
1 . 9  
0.84 
0.66 
0 .66  

n a  

S t r e a m  D i s c h a r g e  
[-@H/Yd 

48 
42 
53 
6 1  
59 
42 
43 
43 
36 
36 
63  
63 
45 
29 
26 
1 2  
1 0  
25 
38 
11 

'GR i s  Grand R i v e r ;  SR i s  Saugeen R i v e r ;  G i s  Genesset, R i v e r ;  B i s  B l a c k  C r e e k ;  MK i s  Menornonee R ive r  
s t a t i D n  $63001: ?f i s  !.lill_ C r c c k .  

' P r e d i c t e d  l o a d s  € o r  s m a l l ,  p r i m a r i l y  r u r a l ,  s u b - b a s i n s  u s i n g  r e g r e s s i o n  o f  1 9 7 6  
C a n a d i a n  A g r i c u l t u r a l  W a t e r s h e d  u n i t - a r e a  l o a d s  o n  s o i l  c l a y  c o n t e n t  a n d  r o w  c r o p s  
a s  f o l l o w s :  2 

T o t a l  p h o s p h o r u s  ( k g / h a / y r )  = - 0 . 0 9 4  f O.OOOSS(Z Clay) : !  + 0.00021(% Row C r o p s )  

a n d  a r e p r e s e n t a t i v e  " b e s t  e s t i m a t e "  o f  2 k g / h a / y r  a n d  0 . 1  k g / h a / y r  f o r  u r b a n  a n d  
f o r e s t e d  l a n d  r e s p e c t i v e l y .  

3The  l o a d s  f o r  1 9 7 5  a n d  1 9 7 6  i n  B l a c k  C r e e k  and f o r  75-76 and 76-77 i n  M i l l  Creek have been s e p a r a t e d  
as b o t h  y e a r s  had u n u s u a l  runoff  c o n d i t i o n s .  



I n  some cases, t h e  e x t r a p o l a t i o n  model does n o t  p r e d i c t  t h e  v a r i a b i l i t y  
i n  t h e  measured l o a d s  e x a c t l y  because  of t h e  h i g h e r  c l a y  c o n t e n t  of many 
of t h e  U . S .  Lake Erie  Bas in  s o i l s  compared t o  t h e  s o i l s  i n  t h e  Canadian 
p a r t  o f  t h e  b a s i n ,  t h e r e b y  n e c e s s i t a t i n g  e x t r a p o l a t i o n s  o u t s i d e  the  
r ange  of  t h e  o r i g i n a l  a g r i c u l t u r a l  d a t a  set (Table  3 . 2 - 2 ) .  The extreme 
v a r i a b i l i t y  i n  f low c o n d i t i o n s  observed i n  t h e  two y e a r s  of d a t a  a t  some 
of t h e  U.S.  Task C Study si tes c r e a t e d  added d i f f i c u l t i e s .  N e v e r t h e l e s s ,  
t h e  u n i t  area l o a d  e x t r a p o l a t i o n  p rocedure  does  appea r  t o  g i v e  an e f f e c t i v e  
s e p a r a t i o n  of "high" (>1 .5  k g / h a / y r ) ,  "medium'' ( 0 . 5 - 1 . 5  k g l h a l y r )  and 
"low" (<0.5 k g / h a / y r )  y i e l d i n g  r u r a l  areas, d e s p i t e  t h e  l a c k  of  a flow 
v a r i a b l e  i n  t h e  e q u a t i o n .  

The e x t r a p o l a t i o n  of t o t a l  phosphorus from a g r i c u l t u r a l  l and  t a k e s  
i n t o  accoun t  an  a v e r a g e  e f f e c t  from l i v e s t o c k .  By mode l l ing  p rocedures  
i n  b o t h  U . S .  and Canadian s t u d i e s ,  l i v e s t o c k  have been found t o  c o n t r i b u t e  
phosphorus  t o  streams a t  a ra te  of approximate ly  0 . 2 0  kg P/an imal  u n i t / y r  
( s e e  S e c t i o n  2 . 3 . 3 . 4 . ) .  Since  l i v e s t o c k  d e n s i t y  was n o t  a s t a t i s t i c a l l y  
s i g n i f i c a n t  d e t e r m i n a n t  of t o t a l  P l o a d i n g s  t o  t h e  stream i n  t h e  a g r i c u l t u r a l  
wa te r sheds  s t u d i e d ,  e x t r a p o l a t i o n  of l i v e s t o c k  e f f e c t s  must b e  handled  
as a s e p a r a t e  p rocedure  i n  o r d e r  t o  estimate t h e i r  p r o b a b l e  impact.  
However, l i v e s t o c k  u n i t s  and phosphorus p roduc t ion  i n  manure were s t a t i s t i c a l l y  
s i g n i f i c a n t  i n  e x p l a i n i n g  v a r i a b i l i t y  i n  t o t a l  d i s s o l v e d  phosphorus 
measured by flow-weighted mean c o n c e n t r a t i o n s  and u n i t  area l o a d s  r e s p e c t i v e l y .  
N e v e r t h e l e s s ,  s i n c e  c o n c e n t r a t i o n s  of d i s s o l v e d  P are known t o  change 
markedly d u r i n g  stream t r a n s p o r t ,  and s i n c e  t h e  e x t e n t  of t h e s e  changes 
canno t  b e  p r e d i c t e d ,  e s t i m a t i o n  of l a k e  l o a d i n g s  from ups t ream i n p u t s  i s  
imposs ib l e .  E x t r a p o l a t i o n  of d i s s o l v e d  P l o a d i n g s  w a s  t h e r e f o r e  n o t  
a t t e m p t e d .  

3 . 2 . 3  Ni t rogen  from Rura l  Watersheds 

Not a l l  s t u d i e s  have inc luded  n i t r o g e n  s i n c e  t h i s  has  been deemed a 
pa rame te r  of secondary  s i g n i f i c a n c e  t o  PLUARG. N i t rogen  is s u b j e c t  t o  
l o s s e s  d u r i n g  t r a n s p o r t  t o  t h e  l a k e s ,  and t h e r e f o r e  e x t r a p o l a t i o n  of 
l a k e  l o a d i n g s  based on ups t ream i n p u t s  is n o t  p o s s i b l e .  E x t r a p o l a t i o n s  
are n e v e r t h e l e s s  i n c l u d e d  t o  p rov ide  i n f o r m a t i o n  on s t r e a m  c o n c e n t r a t i o n s  
which may b e  of l o c a l  s i g n i f i c a n c e ,  and may a l s o  i n d i c a t e  l o c a t i o n s  
where h igh  n i t r o g e n  i n p u t s  t o  t h e  Great Lakes may be expec ted .  

E x t r a p o l a t i o n  from t h e  A g r i c u l t u r a l  s t u d i e s  h a s  been r e a s o n a b l y  
good based  on t h e  f e r t i l i z e r  and manure i n p u t s  of n i t r o g e n  and on t h e  
l a n d  area p l a n t e d  t o  c o r n .  R e p r e s e n t a t i v e  urban and f o r e s t e d  l a n d  
i n p u t s  o f  n i t r o g e n  were 10 k g l h a l y r  and 2 k g l h a l y r ,  r e s p e c t i v e l y ,  i n  
t h i s  e x t r a p o l a t i o n .  

Comparisons of moni tored  l o a d i n g s  w i t h  p r e d i c t e d  l o a d i n g s  of n i t r o g e n  
based  on t h i s  e x t r a p o l a t i o n  are  seen  i n  Table  3.2-3. There  a p p e a r s  t o  b e  
a g e n e r a l ,  b u t  n o t  c o n s i s t e n t ,  tendency f o r  p r e d i c t e d  v a l u e s  t o  exceed 
measured v a l u e s  by 20% o r  more. Th i s  o v e r - p r e d i c t i o n  w a s  n o t i c e a b l e  a t  
most of t h e  U.S. s i t es .  A t  t h i s  t i m e ,  no f u r t h e r  e x p l a n a t i o n  exis ts  f o r  
t h e  lower  l o a d i n g s  of t o t a l  n i t r o g e n  measured a t  m o s t  sites compared t o  
t h o s e  which might b e  expec ted  from t h e  e x t r a p o l a t i o n  p rocedure ,  o t h e r  
t h a n  t h e  p o t e n t i a l  stream t r a n s p o r t  l o s s e s  d i s c u s s e d  above. 
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TABLE 3.2-3 COMPARISON OF WASURED AND PREDICTED ANNUAL LOADS OF TOTAL NITROGEN 

2 
Year P r e d i c t e d  load ( t o n n e s / y r . )  1 

. -- S i t e  
Urban F o r e s t  
_I- 

Agr . 

GR- G 1976 835.7 
GR- 1 3  1976 -'7S.2 
GR- 1 4  1976 1284 .2  
SR-4 1976 717.4 
SR-5 1976 88.0 
B-23 1975 1 1 . 9  
B-23 1976 1 1 . 9  
B-63 1975 9 . 6  

1976 9 . 6  
1975-76 61 .1  
1976-77 6 1 . 1  

3 B- 6 
MC- 5 
MC- 5 

3 
3 

3 . 3  
8.0 
7.8 
3 .3  
2.5 
0 
0 

0.4 
0.4 

0 
0 

11.1 
4 4 . 3  
20 .3  
2 5 . 3  
1 6 . 0  

0 
0 
0 
0 
0 
0 

N e t  U n i t  Area Load (Kg/ha /yr )  S t r e a m  D i s c h a r g e  _ _  
(cm/yr> Mea s u r  ed P r e d i c t e d  -- 

1 9 . 2  
5 . 6  

1 3 . 1  
9 . 5  
6 . 1  

1 6 . 3  
7 . 1  
9 . 1  
2 . 4  
9 . 7  
5.0 

2 2 . 1  
6 .6  

1 6 . 9  
1 1 . 2  

4 . 2  
12 .6  
1 2 . 6  
1 4  .O 
1 4  .O 
1 2 . 0  
1 2  . o  

48 
42 
53 
61  
59 
29 
1 2  
26 
10 
38 
11 

u 
I 

GR i s  Grand R i v e r ;  SR i s  Saugeen River ;  B i s  B l a c k  C r e e k ;  MC i s  M i l l  Creek. 
P 

2 1 ? r e d i c t e d  l o a d s  f r o m  s m a l l ,  p r i m a r i l y  r u r a l ,  s u b - b a s i n s  u s i n g  e s t i m a t e s  b a s e d  o n  1 9 7 6  
C a n a d i a n  A g r i c u l t u r a l  W a t e r s h e d  d a t a  a s  f o l l o w s :  

T o t a l  N ( k g / h a / y r )  = 0 . 1 1 7 ( M a n u r e  N) i- 0 . 0 0 1 6 ( M a n u r e  N z  4- ( F e r t i l i z e r  N x M a n u r e  N ) )  
2 6 . 0 ( %  c o r n  + p o t a t o e s )  4- 3 . 6 ( %  c e r e a l s  + s o y b e a n s  + v e g e t a b l e s )  
0 . 1 ( %  p a s t u r e  + h a y )  

w h e r e  m a n u r e  a n d  f e r t i l i z e r  n i t r o g e n  a r e  i n  k g / h a / y r ,  
a n d  a r e p r e s e n t a t i v e  " b e s t  e s t i m a t e "  o f  1 0  k g / h a / y r  a n d  2 k g / h a / y r  f o r  u r b a n  a n d  
f o r e s t e d  l a n d  r e s p e c t i v e l y .  

3 T h e  l o a d s  f o r  1 9 7 5  a n d  1 9 7 6  i n  B l a c k  C r e e k  and 75-76 and 76-77 i n  M i l l  Creek have  been  s e p a r a t e d  as 
b o t h  y e a r s  had u n u s u a l  r u n o f f  c o n d i t i o n s .  



3 . 3  BASIN-WIDE EXTRAPOLATION 

The i n t e n t  of t h e  e x t r a p o l a t i o n  p rocedure  w a s  t o  l o c a t e ,  w i t h i n  
t h e  Great Lakes Bas in ,  t h o s e  l and  u s e s  o r  l and  u s e / l a n d  form combina t ions  
which were found i n  t h e  Task C S t u d i e s  t o  b e  a s s o c i a t e d  w i t h  t h e  
h i g h e s t  l o a d i n g s  of each  p o l l u t a n t .  
a re  t h e  o n l y  h i g h  l o a d i n g  areas, o r  t h a t  t h e  p r e s e n c e  of a h i g h  l o a d i n g  
area n e c e s s a r i l y  i n d i c a t e s  t h a t  a h i g h  l o a d  w i l l  b e  d e l i v e r e d  t o  t h e  l a k e  
i n  any p a r t i c u l a r  y e a r .  Ra the r ,  i t  i s  an e x t e n s i o n  of Task C S t u d i e s  t o  
unmonitored areas so t h a t  some e x p l a n a t i o n s  of observed  l o a d i n g  rates 
might be a t t e m p t e d .  

T h i s  i s  n o t  t o  s u g g e s t  t h a t  t h e s e  

I n  a d d i t i o n  t o  t h e  problems i n d i c a t e d  i n  t h e  v e r i f i c a t i o n  p r o c e s s  
d i s c u s s e d  above, t h e r e  remains  t h e  problem of a v a i l a b i l i t y  of d a t a  w i t h  
which t o  e x t r a p o l a t e .  T h i s  i s  a p o t e n t i a l  c o n s t r a i n t  i n  t h a t  a p a r t i c u l a r  
e x t r a p o l a t i o n  p rocedure  may appea r  s a t i s f a c t o r y ,  b u t  r e q u i r e s  t h e  u s e  of 
c h a r a c t e r i s t i c s  which may b e  u n a v a i l a b l e  on an e x t e n s i v e  b a s i s .  

The maps shown i n  t h e  f o l l o w i n g  s e c t i o n  are s i m p l i f i e d  summaries. 
I n  many cases, t h e y  are based  on more d e t a i l e d  maps a t  a s c a l e  which 
makes them too  l a r g e  f o r  i n c o r p o r a t i o n  i n t o  t h i s  r e p o r t .  Because of  
d e l a y s  i n  t h e  a v a i l a b i l i t y  of some of t h e  most r e c e n t  l and  use  d a t a ,  
some of t h e s e  maps are based on p r o v i s i o n a l  d a t a  on ly .  

The u n i t  on which t h e  e x t r a p o l a t i o n  h a s  been mapped is g e n e r a l l y  
t h e  county  i n  t h e  U.S., and t h e  d r a i n a g e  b a s i n  i n  Canada. Averaging 
ove r  county  o r  d r a i n a g e  b a s i n  areas w a s  c a r r i e d  o u t  u s i n g  a w e i g h t i n g  
p rocedure  i n  o r d e r  t h a t  a s i n g l e  v a l u e  could  be mapped f o r  each  mapping 
u n i t .  

3 . 3 . 1  Suspended Sediment 

F i g u r e  3.3-1 shows t h e  r e s u l t  of e x t r a p o l a t i n g  t h e  l o a d i n g s  of 
suspended sediment  which are p r e d i c t e d  t o  a r i se  from combina t ions  of row 
c r o p s  and h i g h  c l a y  s o i l s .  The a g r i c u l t u r a l  l o a d i n g s  f o r  each  a r e a  have 
been  e s t i m a t e d  and mapped i n  d e t a i l  a f t e r  o v e r l a y i n g  county o r  watershed  
sub-bas in  c r o p  d a t a  on s o i l  a s s o c i a t i o n  maps f o r  which estimates of t h e  
mean c l a y  c o n t e n t  of t h e  s o i l s  i n  each  s o i l  a s s o c i a t i o n  have been made. 
Weighting w a s  based  on v a r i a t i o n s  of t h e  d e n s i t y  of a g r i c u l t u r a l .  l a n d  i n  
each area (county  o r  s u b - b a s i n ) ,  and t h e  r e s u l t s  are shown i n  F igu re  
3.3-2. Urban i n p u t s  are mapped as a summary i n  F igu re  3.3-3 and i t  
s h o u l d  b e  n o t e d  t h a t  suspended sediment l o a d s  from urban  l a n d  are r e l a t i v e l y  
h i g h  compared t o  a g r i c u l t u r a l  l a n d .  U n f o r t u n a t e l y ,  i t  has  n o t  been 
p o s s i b l e  t o  i d e n t i f y  l a n d  which i s  undergoing  r a p i d  u r b a n i z a t i o n ,  where 
f a r  h i g h e r  l o a d i n g s  might  b e  expec ted .  

3.3.2 Phosphorus 

F i g u r e  3.3-4 shows t h e  e x t r a p o l a t e d  l o a d i n g s  of t o t a l  phosphorus i n  
t h e  Great Lakes Basin from a g r i c u l t u r e  based on areas where s o i l s  w i t h  
h i g h  c l a y  c o n t e n t  and predominant ly  row c rop  c u l t u r e  occur  t o g e t h e r .  
The l o a d  values were we igh ted  a c c o r d i n g  t o  t h e  p e r c e n t a g e  of each county  
o r  sub -bas in  which i s  i n  active a g r i c u l t u r e ,  and have been p l o t t e d  i n  
F i g u r e  3.3-5. L i v e s t o c k  c o n t r i b u t i o n s  t o  t h e  load  v a l u e s  have been 
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Figure  3.3.-3 D i s t r i b u t i o n  of u r b a n  l a n d  and estimates of a s s o c i a t e d  l o a d i n g s  f o r  t o t a l  
phosphorus,  t o t a l  n i t r o g e n ,  sed iment  and l e a d ,  pe r  u n i t  area of a l l  l and  
(exc ludes  deve lop ing  l a n d )  (by e x t r a p o l a t i o n  of 1976 l o a d s  t o  p r o v i s i o n a l  
l a n d  use  d a t a ) .  
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e s t i m a t e d  by d i r e c t  e x t r a p o l a t i o n  of t h e  an imal  u n i t  l o a d .  
magni tude of t h e s e  e s t i m a t e d  l o a d s  are shown i n  F igu re  3.3-6 .  These 
l o a d  v a l u e s  should  n o t  b e  added t o  t h e  l o a d s  shown on t h e  p r e v i o u s  map, 
as a v a r i e t y  of l i v e s t o c k  d e n s i t i e s  were p r e s e n t  i n  t h e  b a s e  sites on 
which t h e  f i r s t  e x t r a p o l a t i o n  of t o t a l  phosphorus w a s  made. Rather ,  t h e  
l i v e s t o c k  l o a d s  should  b e  used t o  i n d i c a t e  where a c t u a l  l o a d s  are probably  
h i g h e r  o r  lower  t h a n  t h o s e  shown by t h e  f i r s t  e x t r a p o l a t i o n .  However, 
t h e  l i v e s t o c k  l o a d i n g s  a r e  s m a l l  enough t h a t  t h e y  b r i n g  about  few changes 
t o  t h e  expec ted  ave rage  a g r i c u l t u r a l .  l o a d i n g s .  

The r e l a t i v e  

An urban u n i t - a r e a  l o a d  of 2 kg /ha /y r  h a s  been e x t r a p o l a t e d  and i s  
shown i n  F i g u r e  3.3-3. These l o a d i n g s  can be added t o  t h e  l o a d i n g  
p a t t e r n  f o r  t o t a l  phosphorus from a g r i c u l t u r a l  l and .  I n  t h o s e  a r e a s  
such  a s  Wayne County, Michigan, and t h e  area around Cleve land ,  Ohio, 
t h i s  added l o a d  becomes a major f a c t o r  i n  o v e r a l l  s o u r c e  area i d e n t i f i c a t i o n  
( i . e .  ' ' ho t  s p o t s " ) .  

3 . 3 . 3  Ni t rogen  

The r e g r e s s i o n  model d i s c u s s e d  e a r l i e r  h a s  been used t o  e x t r a p o l a t e  
t h e  e f f e c t  o f  c ropp ing  and l i v e s t o c k  a c t i v i t i e s  on t o t a l  n i t r o g e n  l o a d i n g s  
from a g r i c u l t u r a l  l and  i n  t h e  b a s i n .  The p r e d i c t e d  l o a d s  are shown i n  
F igu re  3.3-7. 

The t a b u l a t e d  l o a d i n g s  from ear l ier  s e c t i o n s  of t h i s  r e p o r t  i n d i c a t e  
t h a t  u rban  l a n d s  may c o n t r i b u t e  f a i r l y  h igh  l e v e l s  of t o t a l  n i t r o g e n  i n  
runof f  water, and F i g u r e  3.3-3 i n c l u d e s  n i t r o g e n  estimates t o  i n d i c a t e  
t h e  p o s s i b l e  d i s t r i b u t i o n  of n i t r o g e n  from d i f f u s e  urban s o u r c e s .  

3 .3 .4  P e s t i c i d e s  

A t r a z i n e  l o a d i n g s  a r e  s t a t i s t i c a l l y  r e l a t e d  t o  co rn  h e c t a r a g e  and 
t h e  t e x t u r e  of t h e  s o i l .  F i g u r e  3.3-8 shows t h e  d i s t r i b u t i o n  of co rn  - 
which i s  t h e  o n l y  c rop  on which t h i s  h e r b i c i d e  i s  used.  Thus t h e  p a t t e r n  
seen should  c l o s e l y  resemble  t h a t  expec ted  f o r  t h e  a t r a z i n e  e x t r a p o l a t i o n ,  
a l t h o u g h  it  h a s  n o t  been p o s s i b l e  t o  p r e d i c t  u n i t  a r e a  l o a d s  r e l i a b l y .  

The o t h e r  p e s t i c i d e s  a r e  n o t  e x t r a p o l a t a b l e  by t h e  u n i t  area l o a d  
approach .  
of o rcha rd  and v e g e t a b l e  p roduc t ion  areas i n  which useage i s  l i k e l y  t o  
b e  h i g h e s t .  It can b e  assumed t h a t  s p i l l s ,  a c c i d e n t s ,  misuse ,  etc.  are 
more l i k d y  t o  occur  i n  a r e a s  where useage  i s  g r e a t e s t .  

However, F i g u r e  3.3-9 has  been compiled t o  show t h e  d i s t r i b u t i o n  

Although p e s t i c i d e  use  i n  urban  areas is l i k e l y  t o  be  a p p r e c i a b l e ,  
few d a t a  are  a v a i l a b l e  t o  assess t h i s  sou rce .  The l i m i t e d  in fo rma t ion  
a v a i l a b l e  f o r  DDT i n d i c a t e s  t h a t  t h e  range  of v a l u e s  observed i n  urban  
runof f  i s  lower than  t h o s e  seen  a t  a g r i c u l t u r a l  s i t e s .  No a t t e m p t  has  
been made t o  e x t r a p o l a t e  t h i s  i n f o r m a t i o n ,  bu t  t h e  a g r i c u l t u r a l  l o a d i n g s  
are l i k e l y  t o  be h i g h e s t  i n  t h o s e  a r e a s  shown on F i g u r e  3.3-9 where p a s t  
u s e  w a s  p robably  most f r e q u e n t .  
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F i g u r e  3 .  3-6 Lives tock  d e n s i t y  and e s t i m a t e d  t o t a l  phosphorus l o a d s  from l i v e s t o c k  
p e r  u n i t  area of a l l  l a n d  (by  e x t r a p o l a t i o n  t o  p r o v i s i o n a l  land  u s e  d a t a ) .  
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Figure 3'3.-8:  Distribution of corn production areas (provisional land use data). 



Orchard  and v e g e t a b l e  p roduc ing  
areas as p e r c e n t  of t o t a l  l a n d  area* 
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F i g u r e  3,3-9: D i s t r i b u t i o n  o f  o r c h a r d s  and v e g e t a b l e  p roduc t ion  a r e a s ( p r o v i s i o n a 1  h n d  u s e  d a t a ) .  



3.3.5 Metals 

The a g r i c u l t u r a l  l o a d i n g s  of metals are h i g h l y  dependent  on sediment  
movement, and c o n c e n t r a t i o n s  i n  sed iment  are a lmost  e n t i r e l y  of n a t u r a l  
o r i g i n  and may be  c o n s i d e r e d  as background levels.  Reference  t o  F i g u r e  
3.3-2 showing a g r i c u l t u r a l  sediment  l o a d i n g s  . sugges ts  t h e  r e l a t i v e  d i s t r i b u t i o n  
of  a g r i c u l t u r a l  i n p u t s  of  metals. Urban l o a d i n g s ,  however, are f a r  
h i g h e r ,  and t h e  urban  l a n d  d i s t r i b u t i o n  shown i n  F i g u r e  3.3-3 g i v e s  a n  
i n d i c a t i o n  of u n i t  area l o a d  d i s t r i b u t i o n .  

3.4 MAJOR CONTRIBUTING AREAS FOR DIFFUSE SOURCES OF POLLUTANTS 

There h a s  been c o n s i d e r a b l e  concern as t o  t h e  f e a s i b i l i t y  of  u s i n g  
e x t r a p o l a t i o n  t e c h n i q u e s  t o  i d e n t i f y  areas of h i g h  p o t e n t i a l  l o a d i n g s  
(sometimes r e f e r r e d  t o  as "hot  s p o t s " )  a r i s i n g  from one o r  more l a n d  u s e  
a c t i v i t y .  Using suspended sediment  as an example, i t  can be s e e n  from 
F i g u r e  3.2-2 i n  t h e  p r e v i o u s  s e c t i o n  t h a t  t h e  n o r t h w e s t e r n  Ohio r e g i o n  
making up most o f  t h e  Maumee River b a s i n ,  and t h e  s o u t h w e s t e r n  O n t a r i o  
r e g i o n  d r a i n i n g  d i r e c t l y  i n t o  Lake S t .  Clair are t h e  pr imary  h i g h  s o u r c e  
areas f o r  sed iments  of a g r i c u l t u r a l  o r i g i n .  I f  o t h e r  s o u r c e s  are  i n c l u d e d ,  
t h o s e  predominant ly  urban areas such  a s  Chicago, D e t r o i t ,  Cleve land ,  
B u f f a l o  and Toronto and t h e i r  s u r r o u n d i n g  suburban areas, can be  added 
t o  t h e  a g r i c u l t u r a l  "hot  s p o t s " .  Fur thermore ,  some areas w i t h  moderate  
a g r i c u l t u r a l  l o a d i n g s  which have s i g n i f i c a n t  urban l a n d  may become "hot 
s p o t s ' '  when t h e s e  two s o u r c e s  are combined. For example,  t h e  area 
around Toledo ,  Ohio,  and t h e  Hamilton-St.  C a t h a r i n e s  s t r i p  a l o n g  t h e  
Niagara  P e n i n s u l a  are r e g i o n s  which probably  c o n t r i b u t e  h i g h  sediment  
l o a d s  as a consequence of having  more t h a n  one major  c o n t r i 5 u t i n g  l a n d  
u s e .  

I n  g e n e r a l ,  t h e  same p i c t u r e  w i l l  be s e e n  f o r  major  c o n t r i b u t i n g  
areas of phosphorus.  L i v e s t o c k  s o u r c e s  of  phosphorus can a l s o  be  c o n s i d e r e d ,  
b u t  cannot  be  ranked on t h e  same b a s i s  as o t h e r  l o a d i n g s  because  t h e y  
are s m a l l  by comparison,  even i n  areas w i t h  l a r g e  numbers of l i v e s t o c k .  
L i v e s t o c k  do n o t  appear  t o  add s i g n i f i c a n t l y  t o  t h e  l o c a t i o n s  of t h e  
phosphorus "hot  s p o t s "  on a b a s i n  wide scale, b u t  they are,  n e v e r t h e l e s s ,  
q u i t e  n o t i c e a b l e  i n  t h e  s o u t h e a s t e r n  Wisconsin and c e n t r a l  Southwestern 
O n t a r i o  areas.  

Major c o n t r i b u t i n g  areas of  n i t r o g e n  are d i s t r i b u t e d  somewhat 
d i f f e r e n t l y  from t h o s e  of sed iment  and phosphorus.  The Wisconsin,  
n o r t h w e s t e r n  I n d i a n a  and s o u t h w e s t e r n  O n t a r i o  r e g i o n s  are as h i g h  i n  
n i t r o g e n  c o n t r i b u t i o n s  as n o r t h w e s t e r n  Ohio. Highly u r b a n i z e d  areas 
s h o w  up as ' 'hot  s p o t s "  f o r  n i t r o g e n  as t h e y  d i d  f o r  suspended sediment  
and phosphorus and t h e  e f f e c t  of adding  urban t o  a g r i c u l t u r a l  l o a d s  i n  
t h i s  case a p p e a r s  t o  make s o u t h e r n  Michigan i n t o  an a d d i t i o n a l  "hot  
s p o t "  f o r  n i t r o g e n  c o n t r i b u t i o n s .  

For most o t h e r  p a r a m e t e r s ,  major  c o n t r i b u t i n g  areas can be i d e n t i f i e d  
based on a s i n g l e  l a n d  use.  For  example, l e a d  ' 'hot s p o t s ' '  w i l l  cor respond 
t o  areas of  d e n s e  urban and t r a n s p o r t a t i o n  l a n d  use .  P e s t i c i d e s  w i l l  
g e n e r a l l y  b e  a s s o c i a t e d  w i t h  t h e  c r o p s  on which they  are used ,  and so 
"hot  s p o t s ' '  f o r  a t r a z i n e ,  f o r  example, w i l l  be s e e n  t o  o c c u r  i n  s o u t h e r n  
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Michigan and n o r t h e a s t e r n  I n d i a n a  where t h e  corn  d e n s i t y  is h igh  w h i l e  
t h o s e  f o r  t h e  major  f r u i t  and v e g e t a b l e  i n s e c t i c i d e s  w i l l  be  i n  e a s t e r n  
Michigan, and a long  t h e  U.S. and Canadian sou thwes te rn  s h o r e  of Lake 
O n t a r i o .  The n a t u r e  of  t h e s e  l a t t e r  i n s e c t i c i d e s ,  however, i s  such t h a t  
t h o s e  i n  u s e  today  w i l l  n o t  g e n e r a l l y  p e r s i s t  l ong  enough t o  r each  t h e  
Great Lakes w a t e r s .  
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4, REMEDIAL AND PREVENTATIVE STRATEGIES 

4 . 1  GOALS 

Task C r ecogn ized  t h a t  t h e  o v e r r i d i n g  g o a l  i n  PLUARG a c t i v i t i e s  
r e s u l t i n g  from t h e  1 9 7 2  U.S.-Canada Great Lakes Water Q u a l i t y  Agreement 
w a s  t h a t  of m a i n t a i n i n g  and enhancing  t h e  water q u a l i t y  of Grea t  Lakes 
boundary w a t e r s .  To a c h i e v e  t h i s  g o a l  w i l l ,  of n e c e s s i t y ,  r e q u i r e  
management of many e lements  of t h e  environment which d i r e c t l y  o r  i n d i r e c t l y  
impact on t h e  Grea t  Lakes. It should  be r ecogn ized ,  however, t h a t  t h e  
implementa t ion  of any water management p rac t ice  des igned  t o  a c h i e v e  t h a t  
g o a l  h a s  t h e  p o t e n t i a l  of c r e a t i n g  secondary  problems, some of which 
cou ld  conce ivab ly  be as s e r i o u s  as t h o s e  be ing  so lved  by t h e  r emed ia l  
measure.  The pr imary  theme of t h i s  s e c t i o n  is t h a t  water management is 
i n s e p a r a b l e  from env i ronmen ta l  management i n  i t s  b r o a d e s t  c o n t e x t .  

Approaches t o  env i ronmen ta l  management h i s t o r i c a l l y  have  been 
s i m p l i f i e d  th rough  a r t i f i c i a l  compar tmen ta l i za t ion  i n t o  component p a r t s  
(Land, A i r ,  Wa te r ) .  However, i t  is impor t an t  t o  r e c o g n i z e  t h a t  sound 
management r e q u i r e s  c o n s i d e r a t i o n  of t h e  environment as a whole. Thus, 
i t  i s  i n a p p r o p r i a t e  t o  advance a recommendation, management p r a c t i c e  o r  
r emed ia l  measure which h a s  been s t r u c t u r e d  s i n g l y  t o  m e e t  t h e  g o a l  of 
Great Lakes water q u a l i t y  i f  i t  h a s  known o r  suspec ted  d e l e t e r i o u s  
consequences on some o t h e r  a s p e c t  of t h e  environment o r  on t h e  s o c i a l  
f a b r i c  of t h e  b a s i n ,  w i t h o u t  c o n s i d e r i n g  t h e  ne t  r e s u l t  of t h e  p r o p o s a l .  
I n  a l l  l i k e l i h o o d ,  o p t i m a l  o v e r a l l  envi ronmenta l  management w i l l  r e q u i r e  
compromise i n  t h e  deg ree  t o  which many s o c i e t a l  g o a l s  are m e t .  

4 . 2  ROLE AND IMPORTANCE OF TASK C INPUT 

Encompassed w i t h i n  t h e  combined e x p e r i e n c e  of Task C i n v e s t i g a t o r s  
w a s  a broad  b a s e  of t e c h n i c a l  e x p e r t i s e .  There were a l s o  d i s c i p l i n a r y  
b i a s e s  r e l a t e d  t o  t h e  impor tance  of d i f f e r e n t  water and l and  u s e  i s s u e s .  
Y e t  t h e r e  were common t h r e a d s  l i n k i n g  components of t h e  Task C e f f o r t  
which are pe rhaps  unique .  One of t h e s e  t h r e a d s  w a s  d a t a  -- d a t a  o b t a i n e d  
from a Study P l a n  des igned  t o  p r o v i d e  i n p u t  t o  meet ing  PLUARG'S o b j e c t i v e s .  
Another t h r e a d  w a s  t h a t  of f a m i l i a r i t y  w i t h  t h e  wa te r sheds  under s t u d y .  
S t i l l  a n o t h e r  t h r e a d  w a s  t h e  development and o p e r a t i o n  of a d a t a  q u a l i t y  
c o n t r o l  program f o r  a l l  i n v e s t i g a t o r s .  These,  coupled w i t h  t h e  broad  
d i s c i p l i n a r y  d i v e r s i t y  of Task C ' s  composi t ion  a s s i g n s  s p e c i a l  impor tance  
t o  t h e  o u t p u t  of t h i s  group. 

4 . 3  FACTORS FOR CONSIDERATION I N  DEVELOPING AN APPROACH TO REMEDIAL MEASURE? 

Several impor t an t  c o n s i d e r a t i o n s  have a r i s e n  from f i n d i n g s  and 
subsequen t  d i s c u s s i o n s  w i t h i n  Task C t h a t  r e l a t e  t o  how remed ia l  measures 
shou ld  b e  approached .  These c o n s i d e r a t i o n s  a r e  as f o l l o w s :  

1. D i f f u s e  p o l l u t i o n  does  n o t  a r i se  un i fo rmly  from wa te r sheds  i n  t h e  
Great Lakes Basin.  C lose  examinat ion  of p i l o t  wa te r shed  i n f o r m a t i o n  
on forms,  amounts and c o n c e n t r a t i o n s  of p o l l u t a n t s  d e m o n s t r a t e s ,  i n  
some cases, d e f i n a b l e  s o u r c e  areas. The s o u r c e  areas may r e p r e s e n t  
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o n l y  a s m a l l  p o r t i o n  of  t h e  t o t a l  l a n d  area of  t h e  p i l o t  wa te r sheds  
and t h e  same i s  p robab ly  t r u e  f o r  t h e  Great Lakes Bas in  a s  a whole. 
T h i s  f i n d i n g ,  suppor t ed  by u n i t  a r e a  l o a d i n g  d a t a ,  p o i n t s  t o  two 
p r i n c i p l e s  t h a t  r e l a t e  t o  implementing r emed ia l  measures  when 
c o n s t r a i n e d  by f i n i t e  f i n a n c i a l  r e s o u r c e s :  

A. I n s t a l l a t i o n  o r  implementa t ion  of r emed ia l  o r  p r e v e n t a t i v e  
measures  t o  c o n t r o l  d i f f u s e  p o l l u t i o n a l  s o u r c e s  shou ld  be  
aimed a t  t h o s e  s o u r c e  a r e a s  i n  which t h e  p o l l u t a n t  i s  g e n e r a l l y  
a t  i t s  h i g h e s t  c o n c e n t r a t  i o n .  

B .  Remedial measures  may n o t  be r e q u i r e d  f o r  l a r g e  a r e a s  of l a n d .  

D e t e r i o r a t i o n  of  t h e  Great Lakes through a d d i t i o n s  of p e r s i s t e n t  
con taminan t s ,  a l t h o u g h  r e v e r s i b l e  i n  t h e  long  t e r m ,  may be more 
s e r i o u s  than  t h e  a e s t h e t i c  o r  e u t r o p h i c a t i o n  impacts  because :  
( a )  t h e  l a k e s  w i l l  r e q u i r e  l o n g e r  p e r i o d s  of t i m e  t o  c l e a n  themse lves ,  
and (b)  s m a l l  amounts of some t o x i c  a g e n t s  i n t roduced  i n f r e q u e n t l y  
can  c rea te  long-term problems.  Thus, t h e  n a t u r e  of t h e  p o l l u t a n t  
shou ld  b e  an  impor t an t  f a c t o r  i n  r ank ing  hazardous  areas and d i c t a t i n g  
t h e  d e g r e e  of  t r e a t m e n t  r e q u i r e d  f o r  a r emed ia l  measure.  

3. An implementa t ion  program of r emed ia l  measures  must be  t a i l o r e d  t o  
meet t h e  unique  f e a t u r e s  of  t h e  watershed  i n  which they  are p laced  
t o  e n s u r e  long-term p u b l i c  accep tance .  

4 .4  OTHER CONSIDERATIONS 

A ser ies  of  r emed ia l  measure o p t i o n s  shou ld  be developed i n d i c a t i n g  
t h e  d i s b e n e f i t s  as w e l l  a s  t h e  b e n e f i t s  which acc rue  f o r  each  measure i n  
a n  a t t e m p t  t o  c l a r i f y  t h e  fo l lowing :  

o How much w i l l  t h e  measure reduce  p o l l u t a n t  l o a d i n g s ?  
o A r e  t h e r e  l o c a l  water q u a l i t y  b e n e f i t s  ( i . e .  upstream) t o  be  r ecogn ized?  
o What problems might  a r i se  i n  implementing t h e  measure? 
0 Can t h e  measure b e  ma in ta ined?  
o Are t h e r e  known o r  s u s p e c t e d  a d v e r s e  e f f e c t s  of t h e  measure (envi ronmenta l  

and /o r  r e s o u r c e  u s e  i n e f f i c i e n c y ) .  

4 . 5  SPECIFIC REMEDIAL MEASURE RECOMMENDATIONS 

The f o l l o w i n g  measures  are t h o s e  which appea r ,  from t h e  p e r s p e c t i v e  
of  t h e  Task C r e s u l t s ,  t o  be  most l i k e l y  t o  be t e c h n i c a l l y  f e a s i b l e .  
Comments are made on t h e  p u b l i c  a c c e p t a b i l i t y ,  c o s t s ,  i n d i r e c t  b e n e f i t s  
o r  d i s b e n e f i t s ,  e t c . ,  of  a r emed ia l  measure on ly  where Task C a c t i v i t i e s  
l e d  i n v e s t i g a t o r s  i n t o  s i t u a t i o n s  where t h e s e  could  be a p p r a i s e d  r e a l i s t i c a l l y  
w i t h o u t  e x c e s s i v e  i n d i v i d u a l  b i a s .  

S i n c e  no  Task C s t u d i e s  were formula ted  w i t h  t h e  s p e c i f i c  o b j e c t i v e  
of  demons t r a t ing  r e d u c t i o n s  i n  p o l l u t a n t  l o a d i n g s  from remed ia l  measures ,  
any such  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  s e c t i o n  w i l l  be  by way of  es t imates  
based  on i n c i d e n t a l  o r  l i t e r a t u r e  documented f i e l d  o b s e r v a t i o n s .  
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4 . 5 . 1  Sediment 

Sediment  i s  c o n t r i b u t e d  from urban  and a g r i c u l t u r a l  l a n d  a t  s i m i l a r  
u n i t  area l o a d s .  Although l o a d  r e d u c t i o n s  from each  of  t h e s e  s o u r c e s  
w i l l  have  approx ima te ly  t h e  same impact i n  terms of t o t a l  s ed imen t ,  
t h e r e  may w e l l  be  impor t an t  q u a l i t a t i v e  and q u a n t i t a t i v e  d i f f e r e n c e s  i n  
t h e  con taminan t s  t r a n s p o r t e d  by t h i s  s ed imen t .  Also, sediments  g e n e r a t e d  
Erom f o r e s t e d  l a n d  o r  th rough s t reambank e r o s i o n  may c a r r y  less contaminants  
t h a n  sed imen t s  a r i s i n g  from urban o r  a g r i c u l t u r a l  a c t i v i t i e s .  The 
j u s t i f i c a t i o n  f o r  sedi-ment c o n t r o l  i s  con ta ined  i n  S e c t i o n  2 . 2 .  

4 .5 .1 .1 .  Sediment from a g r i c u l t u r a l  l a n d  use :  A g r i c u l t u r a l  l and  c o n t r i b u t e s  
sed iment  t o  streams by a combinat ion of s h e e t ,  r i l l ,  g u l l y  and bank 
e r o s i o n .  The s p a t i a l  l o a d i n g  p a t t e r n  from t h e s e  s o u r c e s  shows wide 
d i f f e r e n c e s  w i t h i n  i n d i v i d u a l  fa rms ,  i n  e x t e n s i v e  a g r i c u l t u r a l  areas, 
and w i t h i n  t h e  Great Lakes Basin.  Of t h e  a g r i c u l t u r a l  sed iment  l o a d ,  
60% may be  g e n e r a t e d  from abou t  30% of t h e  a g r i c u l t u r a l  area of t h e  
b a s i n  because  of  t h e  major  d i f f e r e n c e s  i n  s o i l  c h a r a c t e r i s t i c s  and 
c ropp ing  p r a c t i c e s  a c r o s s  t h e  Grea t  Lakes Basin.  I n  an a r e a  c o n s i s t i n g  
of a s m a l l  number of  f a r m s ,  80 t o  90% of  t h e  sed iment  is  g e n e r a l l y  
c o n t r i b u t e d  by o n l y  15  t o  20% of  t h e  l and  area i . e .  t h e  most h y d r o l o g i c a l l y  
a c t i v e  area concep t .  It i s  c lear  t h a t  wide-spread remedia l  measures  are 
n e i t h e r  f e a s i b l e  n o r  d e s i r a b l e .  Measures need on ly  be  a p p l i e d  t o  t h o s e  
areas which are  most h y d r o l o g i c a l l y  a c t i v e ,  which normal ly  occupy t h e  
l a n d  b o r d e r i n g  d r a i n a g e  ways and n a t u r a l  stream c o u r s e s .  

I n  t h i s  " s e n s i t i v e "  area,  m o d i f i c i a t i o n s  t o  c u l t u r a l  p r a c t i c e s  are 
recommended t o :  i )  r educe  s o i l  e r o s i o n  ra tes ;  and i i )  r educe  t h e  t r a n s p o r t  
of  e roded  s o i l  i n t o  t h e  stream o r  d r a i n a g e  channe l .  

i) Reducing s o i l  e r o s i o n  r a t e s  can be accomplished by a 
w e l l - t e s t e d  t e c h n i q u e s  which e i t h e r  reduce  t h e  impact energy  
d rops  ( e . g .  mulch o r  cove r  c r o p s )  o r  a l t e r  t h e  s o i l  o r  o t h e r  
s o  as t o  l e s s e n  e r o d i b i l i t y  (e .g .  m a i n t a i n i n g  s o i l  s t r u c t u r e  
o r g a n i c  m a t t e r  c o n t e n t  o r  by minimum t i l l a g e ) .  

number of 
of r a i n  
c o n d i t i o n s  
by i n c r e a s i n g  

i i )  Reducing t r a n s p o r t  of e roded  s o i l  t o  stream c h a n n e l s  can be  
p a r t l y  accompl ished  by a p p l i c a t i o n  of e s t a b l i s h e d  measures  such  as 
c o n t o u r  c ropp ing ,  d i v e r s i o n  te r races ,  e t c .  Of g r e a t e r  v a l u e  w i l l  b e  t h e  
s e p a r a t i o n  of  c ropp ing  and c u l t i v a t i o n  a c t i v i t i e s  from streams and 
d r a i n a g e  c h a n n e l s  by v e g e t a t e d  " b u f f e r  s t r i p s "  o r  " f i e l d  borders ' '  t h e r e b y  
r e d u c i n g  t h e  v e l o c i t y  of  runof f  wa te r  and i n c r e a s i n g  i n f i l t r a t i o n  l e a d i n g  
t o  i n c r e a s e d  s e t t l i n g  of  s ed imen t s  b e f o r e  r e a c h i n g  t h e  stream. Dense 
v e g e t a t i o n  w i l l  a l s o  a c t  p a r t i a l l y  as a f i l t e r .  Sediment t h u s  p r e c i p i t a t e d  
i s  u n l i k e l y  t o  b e  r emob i l i zed  i f  t h e  s o i l  remains  und i s tu rbed .  Grassed 
waterways w i l l  perform a s i m i l a r  f u n c t i o n  i n  areas where s u r f a c e  d r a i n a g e  
i s  c o n t r o l l e d  and d i v e r t e d  away from stream banks and i n t o  a r t i f i c i a l  
c h a n n e l s  o r  c o n d u i t s .  These a r t i f i c i a l  channe l s  should  be  des igned  f o r  
maximum s t a b i l i t y  by u s i n g  bank s l o p e s  s u i t a b l e  f o r  m a i n t a i n i n g  s o i l  
s t a b i l i t y  and v igo rous  v e g e t a t i v e  cover .  Maintenance p r a c t i c e s  should  
be des igned  t o  c r e a t e  as l i t t l e  d i s t u r b a n c e  as p o s s i b l e  from c l e a n i n g  
a n d  r e g r a d i n g  o p e r a t i o n s .  I f  s o i l  is kep t  on t h e  f i e l d ,  t h e r e  w i l l  be  
l ess  need f o r  d i t c h  c l e a n i n g  o p e r a t i o n s .  
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Some a s p e c t s  of  a g r i c u l t u r a l  l and  management d i r e c t l y  i n f l u e n c e  t h e  
s t a b i l i t y  of  stream banks and should  be cons ide red  a p a r t  of  any o v e r a l l  
a g r i c u l t u r a l  r e m e d i a l  s t r a t e g y .  T i l l a g e  o p e r a t i o n s  c l o s e  t o  s t r e a m  
banks can  i n c r e a s e  t h e  s u s c e p t i b i l i t y  of  t h e  banks t o  s lumping,  and is 
an a d d i t i o n a l  j u s t i f i c a t i o n  f o r  m a i n t a i n i n g  v e g e t a t e d  b u f f e r  o r  bo rde r  
s t r i p s .  R e s t r i c t i n g  t h e  a c c e s s  of  l i v e s t o c k  t o  stream banks d u r i n g  
p e r i o d s  o€  h i g h  s o i l  m o i s t u r e ,  such as i n  t h e  s p r i n g  months, a l s o  w i l l  
r educe  t h e  i n c i d e n c e  of  bank i n s t a b i l i t y  and slumping. Subsur face  
d r a i n a g e  o u t l e t s  i n t o  streams and d i t c h e s  should  be des igned  t o  g i v e  
s t a b i l i t y  i n  t e r m s  o f  t h e i r  r e s i s t a n c e  t o  d i s i n t e g r a t i o n  o r  misa l ignment  
( e . g .  u s e  adequa te  l e n g t h  of  r i g i d  p i p e )  and i n  terms of minimizing 
s c o u r i n g  and u n d e r c u t t i n g  of  t h e  stream o r  d i t c h  bank (e .g .  by p r o v i d i n g  
e r o s i o n  r e s i s t a n t  p r o t e c t i v e  material where n e c e s s a r y ) .  

L t  shou ld  b e  emphasized t h a t ,  i n  t h e  n o r t h e r n  s e c t o r  of  t h e  Great 
Lakes Bas in ,  70 t o  80% of  t h e  annual  a g r i c u l t u r a l  sediment  l o a d  is  
d e l i v e r e d  t o  streams between February  and A p r i l  d u r i n g  snowmelt and 
s p r i n g  runof f  e v e n t s .  To be e f f e c t i v e ,  r emed ia l  measures  must r educe  
e r o s i o n  and sed iment  t r a n s p o r t  t o  streams d u r i n g  t h i s  c r i t i c a l  p e r i o d .  

A s  a g r o s s  approx ima t ion ,  t h e  t r e a t m e n t  of t h e  most a c t i v e  areas of 
t h e  30% of  t h e  a g r i c u l t u r a l  p a r t  of t h e  b a s i n  which is  p r e s e n t l y  c o n t r i b u t i n g  
60% of  t h e  sed iment  l o a d  from a g r i c u l t u r a l  l and  may have t h e  p o t e n t i a l  
t o  r educe  t h i s  i n p u t  by about  50%. Thus, an o v e r a l l  r e d u c t i o n  of about  
30% of  t h e  a g r i c u l t u r a l  sed iment  l o a d  may be  achieved  by t r e a t i n g  on ly  
4.5 t o  6% of t h e  t o t a l  a g r i c u l t u r a l .  l and  s u r f a c e .  

4 . 5 . 1 . 2  Sediment  from urban  l a n d :  Urban u n i t  l o a d i n g s  of  suspended 
sediment  a re  r e l a t i v e l y  h i g h ,  and probably  do n o t  va ry  g r e a t l y  from one 
l o c a t i o n  t o  i n o t h e r  w i t h i n  t h e  Great Lakes Basin.  Highes t  l o a d s  are 
g e n e r a t e d  from areas under  c o n s t r u c t i o n .  Remedial measures  can  be  
a p p l i e d  t o  t h e s e  areas i n  t h e  form of p r e v e n t i o n  o r  r e t e n t i o n .  P r e v e n t a t i v e  
measures  i n c l u d e  minimizing t h e  d i s t u r b a n c e  of e x i s t i n g  v e g e t a t i o n ,  
r e v e g e t a t i o n  o r  mulching of  a l l  exposed s o i l  mater ia l  and minimiz ing  t h e  
g r a d i e n t s  of  c u t  o r  f i l l e d  s l o p e s .  R e t e n t i v e  measures  i n c l u d e  t h e  
c o n s t r u c t i o n  of  s e t t l i n g  b a s i n s  f o r  runof f  o r  t h e  e s t a b l i s h m e n t  of 
v e g e t a t e d  b o r d e r s  o r  f i l t e r  s t r i p s .  

Within e s t a b l i s h e d  urban  areas, measures  which w i l l  r educe  sed iment  
l o a d s  i n c l u d e  s t o r a g e  and i n f i l t r a t i o n  sys tems such  a s  s e t t l i n g  b a s i n s  
f o r  s to rm r u n o f f ,  and v e g e t a t e d  channe l s  and i n f i l t r a t i o n  areas. Mechanical  
removal of d u s t  p a r t i c l e s  by s t reet  c l e a n i n g  w i l l  f u r t h e r  d e c r e a s e  
sed iment  l o a d s  i n  s to rm r u n o f f .  

No d e t e r m i n a t i o n  has  been made as t o  t h e  deg ree  of  r e d u c t i o n  i n  
sediment  l o a d s  which may be p o s s i b l e  from urban  l a n d s .  It  may be r e a s o n a b l e  
t o  expec t  c o n s i d e r a b l e  r e d u c t i o n s  of  sed iment  from c o n s t r u c t i o n  s i tes  i f  
adequa te  c o n t r o l  measures  are e s t a b l i s h e d  a t  t h e  i n i t i a t i o n  of  each  
development .  Th i s  i s  a n  obvious  r emed ia l  measure  and l o c a t i n g  t h e  areas 
i s  s i m p l e  because  of  p e r m i t  r equ i r emen t s .  
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In e x i s t i n g  urban cnvi ronments ,  50% r e d u c t i o n s  i n  sed iment  l o a d s  
may be f eas ib l t . ,  bu t  t h i s  e s t i m a t e  i s  e n t i r e l y  s p e c u l a t i v e .  With urban 
land  occupying  3% (7f t h e  l and  i n  t h e  Great Lakes Basin ( 7 %  of t h e  Lake 
Er i e  b:; i n ) ,  50% r e d u c t i o n s  i n  c u r r e n t  l o a d s  of abou t  1 ,000 k g / h a / y r  
would have a m<irked e f f e c t .  It is sugges t ed  t h a t  t h i s  urban sed iment  b e  
p a r t i c u l a r l y  s u b j e c t  t o  c o n t r o l  f o r ,  w h i l e  i t s  phosphorus c o n t e n t  may be 
r e l a t i v e l y  Low, i t  is  l i k e l y  t o  c o n t a i n  h i g h e r  l e v e l s  of t o x i c  contaminants  
su( ti as t r a c e  m e t a l s  ,ind o t h e r  d e l e t e r i o u s  s u b s t a n c e s  such a s  hydrocarbons  
o r i g i n a t i n g  w i t h  motor v e h i c l e s ,  comp'ired w i t h  sed imen t s  a r i s i n g  i n  t h e  
r u r a l  environment .  Remedial s t r a t e g i e s  should  t a k e  i n t o  account  t h a t  
t h e  c o n t r o l  o f  f i n e  p a r t i c l e s  is  most impor tan t  because they  have a much 
g r e a t e r  c 'zpacitv f o r  t h e  t r a n s p o r t  of adsorbed  p o l l u t a n t s .  

4 . 5 . 1 . 3 .  Sediments  ~ from f o r c s t  l and ,  s t reambanks  and o t h e r  l and  u s e  activities; 
Sediments  a r c  g e n e r a t e d  i n  f o r e s t e d  a r e a s  a t  low levels  which are probably  
d i f f i c u l t  t o  c o n t r o l .  Although some i n c r e a s e s  i n  t h e s e  low l e v e l s  
accompany h a r v e s t i n g  a c t i v i t i e s ,  s i m p l e  a p p l i c a t i o n  of good management 
( e . g .  minimizing s k i d d i n g  r o u t e s ;  working i n  f i n e  t e x t u r e d  s o i l  areas 
when f r o z e n  o r  snow covered)  w i l l  be adequa te  t o  ma in ta in  t h e  p r e s e n t  
low l e v e l s  o f  sediment  c o n t r i b u t i o n .  P r o t e c t i n g  streams from damage by 
rvad  c o n s t r u c t i o n ,  and Leaving und i s tu rbed  b u f f e r  o r  bo rde r  s t r i p s  a l o n g  
s t r e a m s  w i l l  f u r t h e r  e n s u r e  t h e  s u r c e s s  of good management p r a c t i c e s .  

Streambanks a re  i n f l u e n c e d  c o n s i d e r a b l y  by a g r i c u l t u r a l  p r a c t i c e s  
where s t r eams  f low through fa rming  a r e a s ,  and r emed ia l  measures  f o r  
sediineii ts  from t h e s e  were d i s c u s s e d  under t h e  s e c t i o n  on a g r i c u l t u r a l  
s ed imen t s .  Streambanks i n  urban and r e c r e a t i o n  a r e a s  are  o f t e n  s u b j e c t  
t o  a v a r i e t y  of abuses .  Management, p r o t e c t  ion, s t a b i l i z a t i o n  and 
v e g e t a t i o n  w i l l  c o n t r i b u t e  t o  reduced s t reambank e r o s i o n  in t h e s e  
areas. Streambanks e l sewhere  i n  t h e  b a s i n  a r e  e rod ing  p r i m a r i l y  th rough 
n a t u r a l  p r o c e s s e s .  The n a t u r a l  g e o l o g i c  movement of m a t e r i a l  is a c c e l e r a t e d  
by poor d e s i g n  and c o n s t r u c t  i on  of b r i d g e s ,  d a m s ,  u t i l i t y  c o r r i d o r s ,  
e t c .  N e v e r t h e l e s s ,  t h e  p r o c e s s e s  a r e  l a r g e l v  u n c o n t r o l l a b l e  and probably  
unimpor tan t  from a r emed ia l  s t a n d p o i n t  because t h e  sed iments  involved  
a lmost  i n v a r i a b l y  c o n t a i n  low l e v e l s  of p o l l u t a n t s .  Thus, remedia l  
a c t i v i t y  h a s  L i t t l e  p o t e n t i a l  b e n e f i t  and is l a r g e l y  unwarranted.  

The low l e v e l s  of sed iment  l o a d s  from o t h e r  l and  u s e s  ( e . g .  s a n i t a r y  
l a n d  f i l l s ,  t r a n s p o r t a t i o n  c o r r i d o r s )  do no t  appear  t o  be in need of 
r emed ia l  a c t i o n ,  though i t  must be recognized  t h a t  mismanagement mav 
l e a d  t o  hazardous  i n p u t s  of sed iment  t o  s t r eams .  

Ph o s pho r u s 4.5.2 _ _  
I n  g e n e r a l ,  t h e  tendency  of phosphorus LO b e  sorbed  bv m i n e r a l  s o i l  

p a r t i c l e s  and t o  b e  p r e c i p i t a t e d  a s  me ta l  hydrous o x i d e s  l e a d s  t o  a very  
c l o s e  r e l a t i o n s h i p  between sediment  and t o t a l  phosphorus.  Thus, t h e  
measures  d e s c r i b e d  above f o r  t h e  r o n t r o l  of sediment  yields from d i f f u s e  
s o u r c e s  w i l l  s e r v e  t o  r educe  phosphorus l o a d s .  N e v e r t h e l e s s ,  t h e  two 
con taminan t s  are n o t  e n t i r e l y  i n t e r r e l a t e d  and i n  some c a s e s  must be 
c o n t r o l l e d  by d i f f e r e n t  r e m e d i a l  measures .  
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4 . 5 . 2 . 1 .  Phosphorus from a g r i c u l t u r a l  l a n d  u s e :  I n  some cases, a g r i c u l t u r a l  
l a n d  y i e l d s  phosphorus a t  r e l a t i v e l y  h i g h  rates due t o  a v a r i e t y  of 
f a c t o r s .  The h i g h  n a t u r a l  s o i l  f e r t i l i t y  of some areas may be  c o n t r i b u t o r y  
as i t  l e a d s  t o  t h e  eroded sed iments  from t h e s e  s o i l s  having  a h i g h  
phosphorus c o n t e n t .  I n  such  areas, sediment  c o n t r o l  measures  w i l l  b e  
e s p e c i a l l y  e f f e c t i v e  i n  r e d u c i n g  phosphorus.  The n a t u r a l  phosphorus 
c o n t e n t  of some s o i l s  can b e  e n r i c h e d  from r e p e a t e d  f e r t i l i z e r  and 
manure a p p l i c a t i o n s .  I n  t h e  zones which a re  most h y d r o l o g i c a l l y  active 
and which y i e l d  eroded s o i l s  as sediment  t o  streams, measures  des igned  
t o  minimize t h e  enr ichment  of t h e s e  s o i l s  w i t h  phosphorus w i l l  serve t o  
decrease phosphorus l o a d s ,  b u t  o n l y  t o  a l i m i t e d  degree .  Educa t ion  
should  b e  i n t e n s i f i e d  t o  encourage f a r m e r s  t o  u t i l i z e  p h o s p h a t i c  f e r t i l i z e r s  
o n l y  a t  l eve l s  r e q u i r e d  f o r  "optimum" c r o p  p r o d u c t i o n .  However, measures  
which r e s t r i c t  phosphorus i n p u t s  as f e r t i l i z e r  o r  manure t o  t h o s e  recommended 
from a s o i l  phosphorus p l a n t  a v a i l a b i l i t y  test may have v e r y  l i m i t e d  
impact i n  improving water q u a l i t y  because  of t h e  r e l a t i v e l y  h i g h  n a t u r a l  
phosphorus c o n t e n t  of most s o i l s  used f o r  i n t e n s i v e  a g r i c u l t u r e .  

S o l u b l e  phosphorus i n  r u n o f f  water from t h e  most h y d r o l o g i c a l l y  
a c t i v e  areas may b e  i n c r e a s e d  by poor management of phosphorus f e r t i l i z e r  
o r  manures.  S p e c i f i c a l l y ,  f a i l u r e  t o  i n c o r p o r a t e  t h e s e  materials i n t o  
t h e  s o i l  can l e a d  t o  h i g h  c o n c e n t r a t i o n s  of s o l u b l e  phosphorus i n  runoff  
water.  Remedial measures  should  encourage t h e  i n c o r p o r a t i o n  of manure 
i n t o  t h e  s o i l  as soon as p o s s i b l e  a f t e r  a p p l i c a t i o n .  Most p h o s p h a t i c  
f e r t i l i z e r s  are a p p l i e d  i n  bands because  of t h e  decreased  a v a i l a b i l i t y  
of  b r o a d c a s t  materials.  Broadcas t ing  of f e r t i l i z e r s  w i t h o u t  immediate 
plowdown should  be  d i s c o u r a g e d  i n  areas where water q u a l i t y  may be  
a f f e c t e d .  

Direct manure i n p u t s  from r u n c f f  o r  seepage  from manure s t o r a g e  o r  
l i v e s t o c k  f e e d i n g  areas add phosphorus to streams p r i m a r i l y  i n  s o l u b l e  
forms. Remedial measures  are recommended which w i l l  s e p a r a t e  l i v e s t o c k  
f a c i l i t i e s  from streams u n l e s s  runoff  and seepage  i s  c o n t a i n e d  w i t h i n  
t h e  o p e r a t i o n .  The d e g r e e  of s e p a r a t i o n  n e c e s s a r y  t o  p r o t e c t  water 
q u a l i t y  depends on s o i l  t y p e ,  s l o p e ,  cl imate and o t h e r  f e a t u r e s  of each 
s i t e .  G u i d e l i n e s  should  b e  p r e p a r e d  which w i l l  r e s u l t  i n  the siting of 
f u t u r e  o p e r a t i o n s  i n  non-hazardous areas. Furthermore,  e x i s t i n g  o p e r a t i o n s  
need r u n o f f  c o n t r o l  measures  i f  stream contaminat ion  is e v i d e n t .  Runoff 
s h o u l d  be  c o n t a i n e d  and then  pumped o r  t r a n s p o r t e d  t o  non-hazardous 
areas f o r  d i s p o s a l  o r  u s e  f o r  c r o p  p r o d u c t i o n .  L i v e s t o c k  d e f e c a t i n g  
d i r e c t l y  i n t o  streams w h i l e  w a t e r i n g  i s  an u n q u a n t i f i e d ,  b u t  probably  
minor ,  s o u r c e  of phosphorus.  It  can be  c o n t r o l l e d  by r e s t r i c t i n g  a c c e s s  
t o  streams which c r o s s  p a s t u r e s ,  b u t  management and c o s t s  of such a 
measure may be  u n a c c e p t a b l e .  

Other  a g r i c u l t u r a l  s o u r c e s  of  phosphorus can be c o n s i d e r e d  f o r  
c o n t r o l  by s i t e  s p e c i f i c  measures .  Examples a re  t h o s e  farm s i l o s  from 
which d r a i n a g e  l i q u o r  i s  al lowed t o  f low i n t o  a s t r e a m  o r  i n t o  a farm 
d r a i n a g e  sys tem l e a d i n g  t o  a stream. Parm yard  and milk-house d r a i n a g e  
h a s  a l s o  been found t o  contaminate  sub-sur face  d r a i n  systems.  Connect ions 
from t h e s e  s o u r c e s  t o  € i e l d  d r a i n a g e  sys tems should be t r a c e d  and e l i m i n a t e d ,  
w i t h  contaminated  water b e i n g  d i v e r t e d  i n s t e a d  i n t o  seepage  d i s p o s a l  
b e d s ,  o r  s t o r e d  and pumped f o r  l a n d  d i s p o s a l .  
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Organ ic  s o i l s  which have  been d r a i n e d  may y i e l d  l a r g e  q u a n t i t i e s  of  
phosphorus  t o  d r a i n a g e  water because  of h i g h  s o i l  decomposi t ion  ra tes ,  
and because  of  f e r t i l i z e r  a p p l i c a t i o n s  f o r  c rop  p roduc t ion .  I n  some 
i n s t a n c e s ,  t h e s e  f e r t i l i z e r  a p p l i c a t i o n s  a r e  excessive,  a l though  management 
recommendations are a v a i l a b l e  which w i l l  keep a p p l i c a t i o n  r a t e s  t o  
levels which m e e t  c rop  needs .  Fol lowing  t h e s e  recommendations w i l l  
r educe  phosphorus l o a d i n g s  from t h e s e  areas. The a r e a  t o  which t h i s  
r e m e d i a l  measure might  app ly  is, however, v e r y  s m a l l ,  c o n s i s t i n g  main ly  
of  two l o c a t i o n s  i n  O n t a r i o ,  an area i n  New York n e a r  t h e  s o u t h  s h o r e  of 
Lake O n t a r i o ,  and some s i t e s  s c a t t e r e d  throughout  Michigan. 

I n  terms of  p r i o r i t i e s  based on t e c h n i c a l  e f f e c t i v e n e s s  ( i n c l u d i n g  
t h e  e x t e n t  of  c o n t r o l l a b l e  s o u r c e s ) ,  i t  is  sugges t ed  t h a t  t h e  r emed ia l  
measures  which can  b e  u t i l i z e d  f o r  phosphorus r e d u c t i o n  from a g r i c u l t u r a l  
l a n d  shou ld  be  a p p l i e d  i n  t h e  most h y d r o l o g i c a l l y  a c t i v e  a r e a s  a s  f o l l o w s :  
i )  r e d u c t i o n  of  sed iment  from s o i l  e r o s i o n :  i i )  c o n t r o l  of runof f  from 
manure s t o r a g e  and l i v e s t o c k  f e e d i n g  a r e a s  and t h e  i n c o r p o r a t i o n  of 
manure i n t o  t h e  s o i l  immedia te ly  a f t e r  s p r e a d i n g ;  i i i )  r e s t r i c t i o n  of 
a p p l i c a t i o n s  of  f e r t i l i z e r  phosphorus t o  "soil t es t"  ra tes ;  and i v )  
c o n t r o l  of  d r a i n a g e  from s i l o s  and ba rn  y a r d s  which are connec ted  t o  
s u b s u r f a c e  f i e l d  d r a i n s .  

4 .5 .2 .2 .  Phosphorus from urban  l a n d :  A s  d i s c u s s e d  p r e v i o u s l y ,  phosphorus 
l eve ls  i n  urban  runof f  are no t  excess- ive ly  h igh .  
c o n t r o l l e d  as i n d i c a t e d  i n  S e c t i o n  4 . 5 . 1 . 2 ,  t h e  bu lk  of  t h e  phosphorus 
w i l l  a l s o  b e  c o n t r o l l e d .  

I f  sediment  l o a d s  are 

A d d i t i o n a l  measures  may f u r t h e r  reduce  phosphorus i n  urban  r u n o f f :  
c o n t r o l  of wastes from p e t s ,  e s p e c i a l l y  t h o s e  d e l i b e r a t e l y  d e p o s i t e d  i n  
runof f  c h a n n e l s  a l o n g  t h e  edge of pavements; c o n t r o l  of leaves i n  t h e  
f a l l ,  e s p e c i a l l y  t h e  bu rn ing  of l e a v e s  i n  road  s i d e  g u t t e r s  where a s h  is  
washed away i n  t h e  n e x t  r a i n ;  more c a r e  i n  t h e  s p r e a d i n g  of phosphorus 
f e r t i l i z e r  on p a r k  and g r a s s e d  l and  a long  s t r e e t s  and highways, some of 
which f a l l s  on paved s u r f a c e s  i s  washed by r a i n  i n t o  nea rby  streams. 

A f u r t h e r  p r o b l e m  s p e c i f i c  t o  c e r t a i n  urban  areas is  t h a t  of t h e  
combined sewer sys tem.  When ove r f lows  occur ,  u n t r e a t e d  wastes c o n t a i n i n g  
phosphorus are  d i s c h a r g e d  t o  streams w i t h  runof f  water.  Combined sys tems 
have t h e  advan tage ,  however, t h a t  s t ree t  and s to rm sewer f l u s h i n g  is  
p o s s i b l e ,  and i f  ove r f lows  seldom occur ,  most runof f  i s  t r e a t e d  b e f o r e  
d i s c h a r g e .  

4 .5 .2 .3 .  Phosphorus from o t h e r  l a n d  u s e s :  Phosphorus is p r e s e n t  i n  a l l  
s ed imen t s  d i s c h a r g e d  t o  streams and t h e  c o n t r o l  of t h i s  sed iment  w i l l  
s u f f i c e  t o  c o n t r o l  t h i s  phosphorus.  

Sewage s l u d g e  d i s p o s a l  on l and  is a s o u r c e  of phosphorus similar t o  
t h e  s p r e a d i n g  of  farmyard manure. Plowdown requ i r emen t s  shou ld  be 
s i m i l a r  t o  t h o s e  sugges t ed  f o r  manure. 

P r i v a t e  was te  d i s ; lo sa l  sys t ems  ( s e p t i c  t a n k s )  a r e  a c o n t r o l l a b l e  
s o u r c e  of  s o l u b l e  phosphorus i n  many r u r a l  wa te r sheds .  S e p t i c  t a n k s  may 
f a i l  and l e a d  t o  d i s c h a r g e s  of phosphorus by be ing  l o c a t e d  n e a r  streams 
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o r  d i t c h e n  i n  e i t h e r  s o i l s  which a r e  t o o  permeable ( s a n d s  arid g r a v e l s )  
f o r  adcqtiat e phos-phtJrus f i x a t i o n ,  o r  soils which ‘31-e of  such low permea- 
b i l i t y  t h a t  e f f l u e t i t  rises t o  t he  s u r f a c e  and f lows  i n t o  s u r f a c e  channel F.  

These s i t u a t i o n s  can o f t e n  be c o r r e c t e d  by s e t t i n g  back seepage  beds 
away i rom streams o r  d i t ( - h e s ,  and r e p l a c i n g  u n s u i t a b l e  s o i l  w i t h  f i l l  of 
a p p r o p r i a t e  c h a r a c t e r  i s t i c s  p r i o r  t o  seepage  bed i n s t a l l a t i o n .  In 
u n c o r r e c t a b l e  s i t u a t i o n s  such  a s  sha l low s o i l s  over  bedrock o r  sands  
where s e p a r a t i o n  Erom t h e  s t r e a m  a n d / o r  s o i l  repLacement by f i l l  is 
impraccicnbl  c ,  h o l d i n g  t a n k s  are nPcessary ,  which must b e  p e r i o d i c a l l y  
pumped o u t .  Wliere s c p t i c  t a n k  e f f l u e n t  p i p e s  are connected d i r e c t l y  t o  
s h b s u r f a c e  dr r inagc3  sys tems,  ( e .  g. f i e l d  t i l e )  c o r r e c t i o n  should  b e  
s i m p l e  and immediate,  w i t h  i n s t a l l a t i o n  of approved seepage  beds.  
I n s p e c t i o n  of  p r i v a t e  w a s t e  d i s p o s a l  sys tems i n s t a l l e d  p r i o r  t o  t h e  
t i g h t e n i n g  of I c c d l  h e a l t h  department  r e g u l a t i o n s  i n  t h e  l as t  5 t o  10 
y e a r s  a p p e a r s  w a r r a n t e d  t o  t r y  t o  l o c a t e  f a u l t y  o r  i l l e g a l l y  by-passed 
sys tems.  

4 . 5 . 3 .  -. N i t r o E n  - 

While n o t  a parameter  o f  major  s i g n i f i c a n c e  t o  l a k e  water q u a l i t y  
a t  t h i s  t i m e ,  t h e  h i g h  l e v e l s  of  n i t r o g e n  found i n  many upstream areas 
i n  bo th  s u r f a c e  and ground water s u g g e s t  t h a t  remedia l  measures a re  
d e s i r a b l e  where p r a c t i c a b l e .  While some n i t r o g e n  is a s s o c i a t e d  w i t h  
s e d i m e n t s ,  and w i l l  t h e r e f o r e  be c o n t r o l l e d  by remedia l  measures  implemented 
f o r  sed iment ,  t h e  most abundant  form of n i t r o g e n  is t h e  h i g h l y  s o l u b l e  
n i t r a t e  i o n  which moves f r e e l y  through s o i l s  and i n t o  d r a i n a g e  sys tems 
and groundwater .  l in for tur ia te ly ,  many remedia l  measures des igned  t o  
c o n t r o l  phosphorus o r  sediment  r e s u l t  i n  a d d i t i o n a l  f low of contaminated  
w a t e r  th rough t h e  s o i l  t o  d r a i n a g e  systems o r  groundwater.  While a c h i e v i n g  
t h e i r  o b j e c t i v e  of r e t a i n i n g  phosphorus,  t h e y  may r e s u l t  i n  a d d i t i o n a l  
l o a d s  of  n i t r a t e  e n t e r i n g  groundwaters .  

4 .5 .3 .1 .  Ni t rogen  --__ from a g r i c u l t u r a l  l a n d :  Evidence s u g g e s t s  t h a t  much 
n i t r o g e n  o r i g i n a t e s  f rom p i t h e r  s o i l  o r g a n i c  matter undergoing m i n e r a l i  zat ior i  
w i t h  s u c c e s s i v e  y e a r s  of  c u l t i v a t i o n ,  o r  as f e r t i l i z e r  o r  manure n i t r o g e n  
which i s  added t o  promote c rop  growth. Improved e f f i c i e n c y  i n  t h e  u s e  
of t h e  added s o u r c e s  would reduce  l e a c h i n g  l o s s e s .  Optimum t iming  of 
a p p l i c a t i o n s ,  matching rates of a p p l i c a t i o n  t o  c rop  needs  and p l a n t i n g  
c o v e r  c r o p s  a f t e r  h a r v e s t  of t h e  main c rop  t o  t a k e  up excess a v a i l a b l e  
n i t r o g e n  w i l l  r educe  t h e s e  l o s s e s .  An adequate  s o i l  t es t  f o r  d e t e r m i n i n g  
s o i l  a v a i l a b l e  n i t r o g e n  i s  c u r r e n t l y  needed. 

Many of  t h e  s u g g e s t e d  measures  f o r  c o n t r o l  of s o l u b l e  phosphorus 
from manure s t o r a g e  and l i v e s t o c k  o p e r a t i o n s  a l s o  reduce  c o n c e n t r a t i o n s  
of n i t r o g e n  i n  r u n o f f ,  b u t  w i l l  do l i t t l e  t o  reduce  l e a c h i n g  t o  groundwater  
o r  t o  t i l e  d r a i n s .  T i l e  d r a i n s  should  n o t  be  p l a c e d  under unpaved 
manure s t o r a g e  o r  l i v e s t o c k  f e e d i n g  areas i f  n i t r o g e n  i s  t o  be k e p t  out. 
of streams. Best remedial  measure f o r  t h e s e  s i t e s  is probably  t h e  
r o o f i n g  o v e r  of a r e a s  where manure is d e p o s i t e d  so  t h a t  t h e  manure w i l l  
d r y  o u t  and t h e  n i t r o g e n  w i l l  n o t  be l e a c h e d  i n t o  groundwater o r  d r a i n a g e  
systems by r a i n f a l l  and snow-melt. 



Once w a t e r  of  h i g h  n i t r a t e  c o n t e n t  enters a stream o r  groundwater  
t hc  p o t e n t i a l  e x i s t s  € o r  d e n i t r i f i c a t i o n ,  r e s u l t i n g  i n  t h e  r e t u r n  of  
n i t r o g e n  t o  t h e  atmosphere.  PLUARG s t u d i e s  sugges t  t h a t  s t r e a m  r e n o v a t i o n  
n ~ ~ i ~ u r e s  which i n c l u d e  t h e  r e v e g e t a t i o n  of stream banks w i t h  trees and 
5hrubs  may c r e a t e  c o n d i t i o n s  conducive tfi d e n i t r i i i c a t i o n .  

4 . 5 . 3 . 2 ,  Ni t rogen  from urban l a n d :  S ince  most runoff  from urban 1-ands 
c - * ~ i g i ~ ~ ~ t e : i  f rom paved a r e a s  , t h e  measurcs  suggesllrd p r e v i o u s l y  f O K  

r t  r,>I c > t  s e d i m r l r i L  , ind pliosphor tis w i l l  i u v e  ;I r 7 i r n i  I a r  a f f e c t  in reducing  
r l i t i , i f f  X I  Ltr,)gc>p Fi.oni t h i s  l and  ~ i s e ~  b u t  nay iocr(.,?s.- I tic amounts r e a c h i n g  
~ ~ ~ o t i r ~ d w ~ t e r ~  Heavy f c r - t i l i 7 a t  ion of  l a w n s  and g,Ardtns i.1 urtjav a r e a s  
a l s o  h i i l l  e n r i c h  groundwater  i n  t h e s e  a r e a s .  Educa t ion  io encourage  t h e  
rc.duced usage  o f  lawn f e r t i l i z e r  i s  urged.  

- --__-I_ 

4 . 5 . 3 . 3 .  Ni t rogen  from o t h e r  l and  uses :  ___ From most o t h e r  l and  u s e s  
( e . g .  f o r e s t ,  r e c r e a t i o n ,  t r a n s p o r t a t i o n ) ,  n i t r o g e n  is  d i scha rged  t o  
s t r e a m s  a t  l o w  l e v e l s  which a r e  essentially u n c o n t r o l l a b l e  and g e n e r a l l y  
r e p r e s e n t  n a t u r a l  background l e v e l s  and p r e c i p i t a t i o n  i n p u t s .  

P r i v a t e  waste,  sewage s l u d g e  and r e f u s e  d i s p o s a l  p r e s e n t  a p o t e n t i a l  
f o r  m i n e r a l i z a t i o n  and n i t r i f i c a t i o n  of o r g a n i c  n i t r o g e n  and consequent  
l e a c h i n g  of n i t r a t e  t o  groundwater  o r  d r a i n a g e  systems. L i t t l e  appea r s  
f rcas ib le  by way of  c o n t r o l  o f  t h e s e  s i t u a t i o n s ,  s i n c e  n i t r o g e n  l o s s e s  
are  t o  b e  expec ted .  For  example, when n i t r o g e n  is l e a c h i n g  from a 
s e p t i c  t ank  e f f l u e n t  d i s p o s a l  a r e a ,  t h e  s y s t e n  is  probably  working a s  i t  
w a s  des igned  t o  do. 

Sewage s l u d g e  a p p l i c a t i o n s  can be c o n t r o l l e d ,  as sugges t ed  f o r  
manure, by matching  n i t r o g e n  a p p l i c a t i o n s  w i t h  c rop  r equ i r emen t s ,  and 
a p p l y i n g  a t  times a p p r o p r i a t e  f o r  optimum c rop  uptake .  

4 .5 .4  C h l o r i d e  

The major  d i f f u s e  s o u r c e  of c h l o r i d e  i n  t h e  Grea t  Lakes Basin 
arises from t h e  u s e  of  s a l t  f o r  highway de- ic ing .  Remedial measures  
must r e l y  on minimiz ing  usage ,  and p r o t e c t i n g  s t o r a g e  a r e a s  from l e a c h i n g  
by r a i n w a t e r  o r  snow-melt, i . e . ,  covered s t o r a g e .  The dumping of sa l t -  
l aden  snow and ice  removed from s t ree ts  i n t o  d i t c h e s ,  r i ve r s  o r  d i r e c t l y  
t o  t h e  l a k e s  shou ld  b e  d i scouraged .  New i n n o v a t i v e  methods of highway 
de - i c ing  are u r g e n t l y  needed.  

C h l o r i d e s  a l s o  are l eached  from manure s t o r a g e  and l i v e s t o c k  f e e d i n g  
areas, and from p r i v a t e  and p u b l i c  waste d i s p o s a l  s i t e s  ( s e p t i c  t a n k s  
and s a n i t a r y  l a n d  f i l l s ) .  No t e c h n i c a l l y - f e a s i b l e  methods of c o n t r o l  
arc  a v a i l a b l e  a t  t h i s  t i m e  and ,  i n  view of  t h e  overwhelming i n f l u e n c e  of  
t h e  highway s o u r c e ,  t h e  development of technology t o  c o n t r o l  c h l o r i d e s  
f rom t h e s e  w a s t e  d i s p o s a l  s o u r c e s  h a s  a low p r i o r i t y .  

4 . 5 . 5 "  P e s t i c i d e s  

P e s t i c i d e s  are b e s t  d i v i d i d e d  i n t o  t h e i r  two main broad g roups ,  
namely, i n s e c t i c i d e s  and h e r b i c i d e s :  

4-9 



4 .5 .5 .1 .  I n s e c t i c i d e s :  Most i n s e c t i c i d e s  i n  u s e  today  are n o n - p e r s i s t e n t  
s o l u b l e  compounds of  s h o r t - t e r m  h i g h  t o x i c i t y .  
l i t t l e  danger  i s  p r e s e n t e d  by t h e s e  materials as f a r  as can b e  a s c e r t a i n e d  
from p r e s e n t  t o x i c o l o g i c a l  i n f o r m a t i o n .  
s p i l l a g e  have been found t o  l e a d  t o  stream contaminat ion .  
o f  r e g u l a t i o n s ,  a d e q u a t e  t r a i n i n g  of u s e r s  and g e n e r a l  e d u c a t i o n  on ways 
t o  minimize usage  w i l l  c o n t r i b u t e  t o  lower ing  i n c i d e n c e s  of envi ronmenta l  
c o n t a m i n a t i o n .  

When p r o p e r l y  a p p l i e d  

Careless h a n d l i n g ,  misuse  and 
S t r i c t  enforcement  

Usage i s  n o t  r e s t r i c t e d  t o  t h e  a g r i c u l t u r a l  s e c t o r ,  b u t  i s  common 
i n  u r b m  household and garden u s e ,  semi- i n d u s t r i a l  o p e r a t i o n s  such  as 
mushroom houses  <ind greenhouses ,  and, t o  some d e g r e e ,  i n  f o r e s t r y .  
I n d u s t r i a l  waste d i s p o s a l  s i t e s  are a l s o  a p o t e n t i a l  s o u r c e  i f  t h e s e  
mater ia ls  are d e p o s i t e d  i n  them. For a l l  of t h e s e  s o u r c e s ,  t h e  same 
r e q u i r e m e n t s  should  a p p l y ,  i . e . ,  r e c o g n i z e  t h e  hazard ,  minimize usage ,  
and e l i m i n a t e  pathways by which t h e  mater ia l  may e n t e r  water sys tems.  

4.5.5.2. H e r b i c i d e s :  Today's h e r b i c i d e s  are used wide ly  f o r  weed 
c o n t r o l  in a g r i c u l t u r e  and on u t i l i t y  c o r r i d o r s .  They are g e n e r a l l y  
s o l u b l e  m a t e r i a l s  of low t c x i c i t y ,  w i t h  r e l a t i v e  p e r s i s t e n c e  g r e a t e r  
t h a n  t h e  c u r r e n t l y  used i n s e c t i c i d e s ,  b u t  less t h a n  t h e  o l d e r  and no 
l o n g e r  used i n s e c t i c i d e  m a t e r i a l s .  

Although no e v i d e n c e  e x i s t s  of envi ronmenta l  damage, t h e  ra tes  a t  
which a t r a z i n e  ( a  h e r b i c i d e  used f o r  c o r n  c u l t u r e )  i s  showing up i n  
m o n i t o r i n g  may b e  c a u s e  f o r  concern.  This  s o l u b l e  mater ia l  is p r e s e n t  
i n  r u n o f f  and t i l e  d r a i n a g e  water from f i e l d s  on which i t  i s  used,  and 
may p e r s i s t  i n  s o i l s  upwards of 2 y e a r s  a f t e r  use.  Other materials can 
be  s u b s t i t u t e d  f o r  a t r a z i n e  under a p p r o p r i a t e  weed c o n d i t i o n s ,  and may 
n o t  p e r s i s t  long  enough t o  appear  i n  d r a i n a g e  water. To reduce  a t r a z i n e  
l e v e l s  t o  guard a g a i n s t  f u t u r e  problems (should  t h i s  mater ia l  e v e n t u a l l y  
be  l i n k e d  w i t h  envi ronmenta l  h e a l t h  c o n c e r n s ) ,  i t  i s  s u g g e s t e d  t h a t  
e d u c a t i o n  and e x t e n s i o n  programs be aimed a t  reducing  e x c e s s i v e  usage 
where t h i s  o c c u r s ,  e s p e c i a l l y  i n  t h e  most h y d r o l o g i c a l l y - a c t i v e  areas 
and encouraging  t h e  u s e  of less  p e r s i s t e n t  materials.  

H e r b i c i d e s  used i n  c r o p s  o t h e r  t h a n  corn  have n o t  appea red  at o t h e r  
t h a n  t r ace  l eve l s  i n  a g r i c u l t u r a l  d r a i n a g e .  However, t h e s e  same materials 
are  used q u i t e  w i d e l y  f o r  c o n t r o l  of weeds on r o a d s i d e s ,  d i t c h e s ,  u t i l i t y  
c o r r i d o r s ,  e t c .  While a p p l i c a t i o n  p e r s o n n e l  are g e n e r a l l y  aware of t h e  
d a n g e r s  of  s p r a y s  damaging c r o p s  and garden  p l a n t s ,  a d d i t i o n a l  e d u c a t i o n  
i s  needed t o  keep s p r a y s  from contaminat ing  water i n  d i t c h e s  and streams 
around which weeds are b e i n g  c o n t r o l l e d .  

4 . 5 . 6 .  Organic  T o x i c a n t s  

The problems a s s o c i a t e d  w i t h  o r g a n i c  t o x i c a n t s  i n  Great Lakes waters  
a p p e a r  t o  b e  s e v e r e  and growing. Few l a n d  u s e s  are c o n t r i b u t i n g  t h e s e  t o x i c a n t s  
e x c e p t  by way of a t m o s p h e r i c  f a l l o u t .  I n d u s t r i a l  a i r  and w a t e r  d i s c h a r g e s ;  
i n d u s t r i a l  wastes i l l e g a l l y  dumped i n t o  s t r e a m s ,  r i v e r s  o r  l a k e s ;  and 
wastes b u r i e d  i n  l a n d  f i l l s  and wastes from d i s c a r d e d  equipment a l l  need t o  
be  s t r i c t l y  c o n t r o l l e d  and e l i m i n a t e d  where n e c e s s a r y .  The e f f e c t s  of o r g a n i c  
t o x i c a n t s  on Great Lakes water are f a r  from clear ;  t h u s ,  r i g o r o u s  
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enforcement  of s t r o n g  l e g i s l a t i v e  measures  a p p e a r s  t o  be  t h e  most 
f e a s i b l e  way of  d e a l i n g  w i t h  t h e  m a t t e r .  Better m o n i t o r i n g  and t o x i c o l o g i c a l  
examinat ion  o f  new chemica ls  i s  e s s e n t i a l ,  coupled  w i t h  c o n s t a n t  s u r v e i l l a n c e  
of t h e  environment  f o r  e v i d e n c e  of contaminat ion .  

4 . 5 . 7 .  Trace Elements 

Trace e lements  are c o n t r i b u t e d  by a l l  l a n d  u s e s .  I n  t h e  r u r a l  
area, t h e  l eve l s  are g e n e r a l l y  r e l a t e d  t o  t h e  n a t u r a l  c o n t e n t  of g e o l o g i c  
m a t e r i a l s ,  and l o a d i n g  ra tes  are d i r e c t l y  p r o p o r t i o n a l  t o  sediment  
y i e l d s .  L i t t l e  c a n  be  done i n  t h e s e  a r e a s  t o  reduce  t h e  l o a d i n g s  o t h e r  
t h a n  c o n t r o l l i n g  sediment  ( a l r e a d y  d i s c u s s e d )  and a v o i d i n g  contaminat ion  
from manmade i n p u t s  t o  t h e  r u r a l  environment such  as i n d u s t r i a l  o r  
m u n i c i p a l  waste d i s p o s a l  (e .g .  sewage s l u d g e  d i s p o s a l ) .  

I n  urban  areas,  trace metals are a s s o c i a t e d  p a r t i c u l a r l y  w i t h  
highway t r a f f i c .  A v a r i e t y  of e lements  are l o s t  from v e h i c l e s  such  as 
from wear of  me ta l l i c  p a r t s ,  t i r e s  and b r a k e  l i n i n g s .  The l e a d  contaminat ion  
from g a s o l i n e  consumption i s  an e s p e c i a l l y  s e r i o u s  problem w i t h  a r e a d i l y  
availab1.e s o l u t i o n ,  namely, e l i m i n a t e  leaded  f u e l s  a s  soon as p o s s i b l e .  

The d i v e r s i o n  of r u n o f f  from s t ree ts  and p a r k i n g  l o t s  i n t o  s e t t l i n g  
b a s i n s  o r  i n f i l t r a t i o n  areas would r e t a i n  most of t h e s e  t race  e lements  
i n  t h e  s o i l  r a t h e r  t h a n  c o n t i n u i n g  t h e i r  d i s c h a r g e  t o  w a t e r .  T h i s ,  however, 
creates a new problem--contaminated s o i l .  The problem is  widespread ,  
b e i n g  a s s o c i a t e d  w i t h  s o i l s  downwind of i n d u s t r i a l  a r e a s ,  s o i l s  i n  
sewage o r  i n d u s t r i a l  s l u d g e  d i s p o s a l  areas, and some s o i l s  which have 
been  used i n  t h e  p a s t  f o r  o r c h a r d s  and v e g e t a b l e  growing i n  which m e t a l l i c  
p e s t i c i d e s  were used .  A l l  of t h e s e  areas s h a r e  t h e  problem of i d e n t i f i c a t i o n  
Once i d e n t i f i e d ,  measures  t o  minimize s o i l  l o s s  t o  streams can be  a p p l i e d .  
T h i s  i s  e s p e c i a l l y  i m p o r t a n t  where massive d i s t u r b a n c e ,  such  as c o n s t r u c t i o n  
a c t i v i t i e s ,  t a k e s  p l a c e  on t h e s e  s o i l s .  

The u s e  of m e t a l - c o n t a i n i n g  p e s t i c i d e s  h a s  been v i r t u a l l y  e l i m i n a t e d ,  
b u t  t h e  d i s c h a r g e  of  contaminated  a i r b o r n e  wastes from i n d u s t r i a l  s o u r c e s  
c o n t i n u e s ,  and t h e  d i s p o s a l  of  i n d u s t r i a l  and munic ipa l  w a s t e s  i n  t h e  
r u r a l  environment  i s  a c c e l e r a t i n g .  P l a n s  f o r  d i s p o s a l  of i n d u s t r i a l  and 
urban  wastes should  emphasize r e c o v e r y  of t o x i c  materials r a t h e r  t h a n  
l a n d  o r  a tmospher ic  d i s p o s a l ,  whi.ch may e v e n t u a l l y  l e a d  t o  contaminat ion  
of s u r f a c e  and groundwater  r e s o u r c e s .  

4.5.8. Summary of  R e m e d i a l  Recommendations 

The f o r e g o i n g  d i s c u s s i o n  i n d i c a t e s  a number of o v e r l a p p i n g  measures  
which s u g g e s t s  t h e r e  a r e  some p a r t i c u l a r l y  e f f e c t i v e  approaches  which 
might  be  taken  t o  c o n t r o l  d i f f u s e  s o u r c e s  of p o l l u t i o n  i n  t h e  Great 
Lakes : 

and t h e  s e p a r a t i o n  of a l l  l and  u s e  a c t i v i t i e s  ( a g r i c u l t u r a l ,  urban,  
i n d u s t r i a l ,  r e c r p a t i o n ,  e t c . )  from s t r e a m s  by v e g e t a t e d  " n a t u r a l "  b u f f e r  
s t r i p s  would t a k e  care of  m u c h  of t h e  sed iment ,  phosphorus,  and t o x i c  
materials problem throughout  t h e  b a s i n .  

Stream r e n o v a t i o n ,  which i n c l u d e s  s t reambank s t a b i l i z a t i o n ,  r e v e g e t a t i o n ,  
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E d u c a t i o n  and enforcement  (where n e c e s s a r y )  programs t o  reduce  s o i l  
and sediment  movement t o  streams from e r o s i o n  of a g r i c u l t u r a l  s o i l s  and 
c o n s t r u c t i o n  s i t e s  are n e c e s s a r y .  Reduct ions i n  s o i l  e r o s i o n  would a l s o  
b e n e f i t  iarmers and d e v e l o p e r s  t o  some e x t e n t  which w i l l  h e l p  o f f s e t  
c o s t s  of r e m e d i a l  measures .  

The d e g r e e  of  h y d r o l o g i c  a c t i v i t y  of an a r e a  i s  a n  impor tan t  concept ,  
which w i l l  r educe  t-he need f o r  a r b i t r a r y  a p p l i c a t i o r j  of c o n t r o l  measures ,  
and will make compliance nore <icceptable  t o  t h e  p u b l i c  i f  t h e  m o s t  
a c t i v e  areas caii b e  ea5 i l  y i d e n t i f  ieci. 

Educa t ion  programs t o  encourage optimum usage of chemica ls  ( f e r t i l i z e r s ,  
road  s a l t ,  p e s t i c i d e s )  i n  t h e  environment by  a l l  l a n d  u s e r s  would have 
some water q u a l i t y  b e n e f i t s  w h i l e  be ing  sound long-term p o l i c y  f o r  
r e d u c i n g  wastes, r e d u c i n g  c o s t s ,  and g e n e r a l l y  s lowing r e s o u r c e  d e p l e t i o n .  

The b y p a s s i n g  of sewage t r e a t m e n t  p l a n t s  by over f low of  combined 
sewer sys tems i s  e n v i r o n m e n t a l l y  and s o c i a l l y  u n a c c e p t a b l e ,  and t h i s  
s i t u a t i o n  should  b e  c o r r e c t e d  by p h y s i c a l  i n s t a l l a t i o n  m o d i f i c a t i o n s  as 
soon as p o s s i b l e .  

Waste materials from urban and i n d u s t r i a l  s o u r c e s  cannot  c o n t i n u e  
t o  be  d i s p e r s e d  i n d e f i n i t e l y  i n t o  t h e  a i r  and l a n d  components of t h e  
environment  as a r e s p o n s e  t o  r e d u c i n g  d i s c h a r g e s  t o  water.  Environmental  
p l a n s  f o r  t h e  removal of  p a r t i c u l a t e s  from smokestacks,  n u t r i e n t s  from 
sewage t r e a t m e n t  p l a n t s ,  t o x i c  materials from i n d u s t r i a l  o u t f a l l s ,  e t c . ,  
must c o n s i d e r  t h e  u l t i m a t e  d i s p o s a l  of t h e s e  mater ia l s ,  and emphasis 
should  be  p l a c e d  on r e d u c i n g  t h e  need f o r  t h i s  d i s p o s a l  (e.g.  reduced 
n u t r i e n t  c o n t e n t  i n  d e t e r g e n t s ;  r e s o u r c e  recovery  i n t e r n a l i z e d  by industry!.  

The p r e s e n c e  of t o x i c  o r g a n i c  and i n o r g a n i c  materials i n  t h e  t o t a l  
environment  i s  a t h r e a t  t o  t h e  e n t i r e  e c o l o g i c  system (human a s  w e l l  as 
non-human), n o t  j u s t  t h e  Great Lakes.  The problem of compounds b e i n g  
produced w i t h o u t  knowledge of  t h e i r  p e r s i s t e n c e ,  t o x i c o l o g y  o r  s y n e r g i s t i c  
e f f e c t s ,  and i n  many i n s t a n c e s  w i t h o u t  methodology f o r  t h e i r  d e t e c t i o n  
arid monitoring, must b e  brought  t o  t h e  a t t e n t i o n  of t h e  p u b l i c  and 
measures  e n a c t e d  t o  c o r r e c t  t h i s  s i t u a t i o n .  The p u b l i c  must be made 
aware of t h e  p o t e n t i a l  c o s t s  of c o n t i n u i n g  t o  a c c e p t  ever more s o p h i s t i c a t e d  
and c h e m i c a l l y - o r i e n t e d  l i f e s t y l e s .  U l t i m a t e l y ,  c o r r e c t i v e  measures ,  
which should  f a l l  p r i m a r i l y  on i n d u s t r y ,  w i L l  r e s u l t  i n  f a r  g r e a t e r  
c o s t s  f o r  e x i s t i n g  and new materials and p r o d u c t s ,  and may Lower p e r c e i v e d  
s t a n d a r d s  of  l i v i n g .  
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5 ,  SIGNIFICANT GAPS AND FUTURE ACTIONS 
5 .1  RETROSPECTIVE V I E W  OF PILOT WATERSHED S T U D S  

Delays  encoun te red  i n  o b t a i n i n g  and i n s t a l l i n g  mon i to r ing  equipment 
s h o r t e n e d  t h e  d a t a  c o l l e c t i o n  p e r i o d  i n  s e v e r a l  i n s t a n c e s .  A c o l l e c t i o n  
p e r i o d  of f i v e  years would have provided  a more r e l i a b l e  d a t a  b a s e  so 
t h a t  c l i m a t i c  and o t h e r  d i f f e r e n c e s  between y e a r s  of r e c o r d  could  have  
been more f u l l y  e v a l u a t e d .  

Study o f  a g r e a t e r  number of wa te r sheds  would have provided  a d d i t i o n a l  
i n f o r m a t i o n  on t h e  g e o l o g i c ,  s o i l ,  and v e g e t a t i o n  f a c t o r s  f o r  u s e  i n  
modeling a c t i v i t i e s  and f o r  e x t r a p o l a t i o n  of d a t a  t o  t h e  e n t i r e  Great 
Lakes Bas in .  

I n s t a l l a t i o n  of adequa te  a tmosphe r i c  i n p u t  mon i to r ing  f a c i l i t i e s  
would have added m a t e r i a l l y  t o  t h e  v a l u e  of t h e  p i l o t  wa te r shed  s t u d i e s .  
A s  of now, i t  i s  n o t  known what p r o p o r t i o n  of t h e  pa rame te r s  c o l l e c t e d  
i n  a tmosphe r i c  c o l l e c t o r s  came from areas far-removed from t h e  c o l l e c t o r s  
and from r e s u s p e n s i o n s  n e a r  t h e  c o l l e c t o r s .  

S u f f i c i e n t  i n f o r m a t i o n  w a s  a v a i l a b l e  a t  t h e  s t a r t  of PLUARG s t u d i e s  
t o  name t h e  main p o l l u t a n t  parameters of concern  t o  t h e  Great Lakes,  
b u t  a l a r g e r  l i s t  of parameters was s e l e c t e d  f o r  mon i to r ing .  That 
s e l e c t i o n  p rov ided  i n f o r m a t i o n  a p p l i c a b l e  t o  some l o c a l  w a t e r  q u a l i t y  
i s s u e s .  However, i t  a l s o  r e s u l t e d  i n  t h e  e x p e n d i t u r e  of r e s o u r c e s  t h a t  
cou ld  have  been c o n c e n t r a t e d  on a more l i m i t e d  number of parameters of 
conce rn ,  which would have  provided  a b e t t e r  b a s i s  f o r  answering t h e  
q u e s t i o n s  posed i n  t h e  r e f e r e n c e .  

5 . 2  FUTURE NEEDS AND ACTIONS 

5 . 2 . 1  A c c e l e r a t e d  P u b l i c  Educat ion  Program 

Implementa t ion  of proposed r emed ia l  s t r a t e g i e s  w i l l  r e q u i r e  t h a t  
e l e c t e d  o f f i c i a l s  view t h e  main tenance  o r  improvement i n  water q u a l i t y  
of t h e  Great Lakes as s i g n i f i c a n t  n a t i o n a l  g o a l s .  Convincing d e c i s i o n  
makers of t h i s  r e q u i r e s  p u b l i c  s u p p o r t  and an a c c e l e r a t e d  p u b l i c  e d u c a t i o n  
program on nonpo in t  s o u r c e s  of p o l l u t i o n .  I n  l a r g e  measure,  t h i s  program 
can  b e  i n s t a l l e d  u s i n g  t h e  p r e s e n t  e x t e n s i o n  and e d u c a t i o n  programs i n  
t h e  U.S. and Canada. However, i t  is  e s s e n t i a l  t h a t  t h i s  i n f o r m a t i o n  be 
p r e s e n t e d  i n  a form t o  which t h e  p u b l i c  can re la te .  An e a r l y  a i m  should  
b e  t o  r epackage  i n f o r m a t i o n  g e n e r a t e d  by PLUARG i n  forms a c c e p t a b l e  t o  a 
d i v e r s i t y  of p u b l i c s .  T e c h n i c a l  i n f o r m a t i o n ,  economic and f i n a n c i a l  
e v a l u a t i o n s ,  b e n e f i t s  a c c r u i n g  from e x p e n d i t u r e s ,  and t h e  i m p l i c a t i o n  of 
r e m e d i a l  measures  on t h e  o v e r a l l  wel l -be ing  of t h e  c i t i z e n s  of t h e  
geograph ic  r e g i o n  need t o  b e  a s s e s s e d  and f o r c e f u l l y  p r e s e n t e d .  

5 .2 .2 .  Development of E a r l y  Warning System f o r  P o l l u t a n t  E n t r y  t o  
t h e  Great Lakes 

Development of an ea r ly  warning  sys tem shou ld  be unde r t aken  as 
q u i c k l y  as p o s s i b l e  as a p r e v e n t a t i v e  measure a g a i n s t  f u r t h e r  p o l l u t i o n  
of t h e  Great Lakes by t o x i c  and haza rdous  chemica ls .  The warning sys tem 
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shou ld  b e  deve loped  f o r  known env i ronmen ta l ly  hazardous  chemica l s ,  and 
a l s o  f o r  compounds s t i l l  t o  be s y n t h e s i z e d .  Phosphorus has  been emphasized 
i n  t h e  PLUAKG i n v e s t i g a t i o n s ,  b u t  i s  is l i k e l y  t h a t  t h e  e f f e c t s  of t h i s  
p o l l u t a n t  c a n  be  r e v e r s e d  by lower ing  t h e  l o a d i n g s  t o  t h e  l a k e s .  However, 
t h e  e f f e c t s  of  such  materials as t h e  p o l y c h l o r i n a t e d  b i p h e n y l s  may t a k e  
decades  t o  r e v e r s e  and no r emed ia l  p r a c t i c e  w i l l  r e v e r s e  such an e f f e c t .  
These are t h e  materials which a re  exceed ing ly  dangerous  t o  t h e  l a k e s  and 
t h e i r  i n h a b i t a n t s  as w e l l  as t o  p u b l i c  h e a l t h .  An e a r l y  warning sys tem 
suppor t ed  by s t r o n g  cease -and-des i s t  r e g u l a t i o n s  is t h e  on ly  mechanism 
by which some env i ronmen ta l  c a t a s t r o p h i e s  can be  avoided .  

5.2.3 Moni to r ing  i n  P i l o t  Watersheds 

T h i s  a c t i v i t y  shou ld  b e  con t inued  f o r  c o l l e c t i o n  of f low d a t a  and 
f o r  d e t e r m i n a t i o n  of  c o n c e n t r a t i o n s  of impor t an t  pa rame te r s .  Fur thermore ,  
i f  demons t r a t ions  of  r emed ia l  p r a c t i c e s  ( I t em 5.2.4) are t o  be made i n  
t h e  p i l o t  wa te r shed  a r e a s ,  t h i s  mon i to r ing  c a p a b i l i t y  ( a l r e a d y  i n  p l a c e )  
would a l l o w  an  e v a l u a t i o n  of  t h e  e f f e c t i v e n e s s  of t h e  r emed ia l  measures .  
A comple te  i n v e n t o r y  of  t r i b u t a r y  and o t h e r  l o a d i n g s  t o  t h e  Great Lakes 
i s  e s s e n t i a l .  

5.2.4 Demonst ra t ion  of  Remedial P r a c t i c e s  

A d i v e r s i t y  of  proposed  r emed ia l  p r a c t i c e  demons t r a t ions  shou ld  be 
e s t a b l i s h e d  a t  t h r e e  o r  f o u r  l o c a t i o n s  i n  t h e  Great Lakes Basin.  C a p i t a l  
and main tenance  c o s t s  shou ld  be a s s e s s e d  and t h e  e f f e c t i v e n e s s  of t h e  
p r a c t i c e s  shou ld  be  e v a l u a t e d  t o  de t e rmine  n o t  o n l y  t h e  e x t e n t  of  c o n t r o l  
ach ieved  b u t  any secondary  impacts  t h e  p r a c t i c e  may have. As o f  now, 
o n l y  g e n e r a l i z e d  c o s t s  can  be  a s s o c i a t e d  w i t h  t h e  b e n e f i t s  t o  be  d e r i v e d  
from t h e  a p p l i c a t i o n  o f  r emed ia l  measures ;  and ,  f o r  t h o s e  l and  u s e s  t h a t  
pose t h e  g r e a t e s t  t h r e a t s  t o  t h e  envi ronment ,  more adequa te  i n f o r m a t i o n  
i s  needed on t h e  "cos t s "  of  implementing o r  n o t  implementing remedia l  
p r a c t i c e s .  

5.2.5 Atmospheric  P o l l u t a n t s  

F u r t h e r  r e s e a r c h  i s  r e q u i r e d  t o  deve lop  methods f o r  d e t e r m i n i n g  t h e  
s o u r c e s  of  a i r b o r n e  p o l l u t a n t s .  Methods f o r  i d e n t i f y i n g  l o c a l l y  g e n e r a t e d  
p o l l u t a n t s  and t h o s e  g e n e r a t e d  e x t e r n a l  t o  t h e  l a n d  area of  concern  need 
t o  be  developed i n  o r d e r  t h a t  recommendations f o r  r emed ia l  c o n t r o l  can 
b e  made a t  t h e  p o i n t  of  o r i g i n .  

5.2.6 m s e  Models 

The r e l a t i o n s h i p  between n u t r i e n t  l o a d i n g s  -- both  s p a t i a l l y  and 
t empora l ly  -- and t h e  e u t r o p h i c a t i o n  p rocess  is i n  need of  new d a t a .  The 
q u e s t i o n s  of  phosphorus a v a i l a b i l i t y ,  d e l i v e r y  r a t i o s ,  and changes d u r i n g  
t r a n s p o r t  a r e  a s  y e t  un reso lved  and t h e i r  r e s o l u t i o n  w i l l  r e q u i r e  f u r t h e r  
r e s e a r c h .  Of p a r t i c u l a r  concern  is  t h e  development of  a more comple te  
u n d e r s t a n d i n g  of t h e  p h y s i c d l ,  b i o l o g i c a l  and chemica l  p r o c e s s e s  i n  
stream mouth a r e a s  and t h e  n e a r s h o r e  zones o f  t h e  l a k e s .  
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