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S U M M A I? Y 

I n  o r d e r  t o  make r a t i o n a l  recommendations f o r  managing d i f f e r e n t  l and  
r e s o u r c e s  i n  t e r m s  of t h e i r  p o t e n t i a l  p o l l u t i o n  t o  t h e  Great Lakes, it 
i s  mandatory t h a t  t h e  r e l a t i v e  c o n t r i b u t i o n s  and e f f e c t s  of - a l l  s o u r c e s  
of p o l l u t i o n  be  e s t a b l i s h e d .  T h i s  s tudy  p r o v i d e s  an estimate of t h e  t o t a l  
q u a n t i t y  and q u a l i t y  of material c o n t r i b u t e d  t o  t h e  l a k e s  from s h o r e l i n e  
e r o s i o n  which h a s  g e n e r a l l y  been p r e v i o u s l y  ignored  as a s o u r c e  of land-  
d e r i v e d  p o l l u t a n t s  t o  t h e  Great Lakes. 
1J.S. Task D ,  P o l l u t i o n  from Land U s e  Act ivi t ies  Reference  Group (PLUARG). 
The g e n e r a l  background f o r  t h i s  r e p o r t  w a s  developed i n  S u b a c t i v i t y  l - l ( a ) ,  
i n  which s a m p l e s  from t h e  U.S. Great Lakes s h o r e l i n e  were c o l l e c t e d  and 
ana lyzed  f o r  chemical c h a r a c t e r i s t i c s ,  and S u b a c t i v i t y  1 - l ( b ) ,  i n  which 
t h e  a v a i l a b l e  i n f o r m a t i o n  on Great Lakes s h o r e l i n e  e r o s i o n  rates w a s  com- 
p i l e d .  

It  completes S u b a c t i v i t y  1-2 of 

Average e r o s i o n  :!long t h e  U.S. Great Lakes s h o r e l i n e  i s  e s t i m a t e d  
t o  c o n t r i b u t e  about  4 0  m i l l i o n  m e t r i c  t o n s  of material t o  t h e  n e a r s h o r e  
waters each  y e a r .  T1ii.s f i g u r e  i s  about  n i n e  t i m e s  g r e a t e r  t han  t h e  pre-  
l i m i n a r y  I’LUAKG estimate of sedimenc c o n t r i b u t e d  by IJ.S. t r i b u t a r i e s  as a 
result of s h e e t  and  g u l l y  e r o s i o n .  The annual  volume of m a t e r i a l  eroded 
i s  a l s o  e s t i m a t e d  f o r  maxiaum and m b i m u m  e r o s i o n  c o n d i t i o n s .  During t h e  
l a s t  f e w  y -ea r s ,  h igh  : h k e  l e v e l s  have promoted i n t e n s i v e  c o a s t a l .  e r o s i o n  
so t h a t  c u r r e n t  l o a d i n g s  of  mater ia l  from s h o r e l i n e  e r o s i o n  may be  c l o s e r  
t o  che maximum estimai:ed l o a d i n g  ra te  of 70  m i l l i o n  metric t o n s  p e r  y e a r .  

The volume of material  eroded .along t h e  e n t i r e  U . S .  Great Lakes s h o r e l i n e  
w a s  c a l c u l a t e d  f o r  o v e r  1,300 s m a l l  r eaches  and summarized on a county ,  
p l ann ing  suba rea ,  l a k e  b a s i n ,  and t ’ o t a l  Great Lakes b a s i s .  The e r o s i o n  volume 
was c a l c u l a t e d  based on r e c e s s i o n  r a t e ,  b l u f f  h e i g h t ,  and r e a c h  l e n g t h .  The 
computed e r o s i o n  volume r e p r e s e n t s  on ly  t h e  b l u f f  e r o s i o n  o r  t h a t  volume 
of material e roded  from t h e  e l e v a t e d  segment of t h e  s h o r e l i n e  above t h e  
beach o r  beach t e r r a c e .  Recession r a t e  in fo rma t ion  w a s  d e r i v e d  from t h e  
a v a i l a b l e  l i t e r a t u r e  which w a s  compiled i n  S u b a c t i v i t y  1 - l ( b )  of U.S. Task 
D,  o r  from estimates made i n  t h i s  s t u d y  based on e x t r a p o l a t i o n  from known 
in fo rma t ion .  

Because of t h e  h r g e  volume of m a t e r i a l  eroded from t h e  b l u f f s  a l o n g  
t h e  U . S .  Great Lakes s h o r e l i n e ,  t h e  l o a d i n g s  of some chemica ls  ( t o t a l  
forms) a s s o c i a t e d  w i t ?  t h e  eroded material  are ve ry  h igh .  For example, t h e  
estimated amount of t f l t a l  phosphorus c o n t r i b u t e d  t o  Great Lakes as  a r e s u l t  
o f  ave rage  s h o r e  e r o s i o n  c o n d i t i o n s  i s  about 9,000 m e t r i c  t o n s  p e r  y e a r .  
Th i s  f i g u r e  is a b o u t  t h e  same as  a pre l imi i ia ry  PLUAKG e s t i m a t e  of t h e  t o t a l  
phosphorus l o a d i n g s  d2 r ived  from s h e e t  and g u l l y  e r o s i o n  i n  t h e  U . S .  b a s i n .  
T o t a l  phosphorus  l o a d i n g s  from s h o r e l i n e  e r o s i o n  va ry  acco rd ing  t o  geograph ic  
l o c a t i o n ,  w i t h  Lake Supe r io r  r e c e i v i n g  t h e  l a r g e s t  t o t a l  phosphorus l o a d i n g s  

1 



from U.S. s h o r e l i n e  e r o s i o n .  

Chemical l o a d i n p  were e s t i m a t e d  based on t h e  volume of s h o r e l i n e  
eroded and g e n e r a l i z z d  chemical  c h a r a c t e r i s t i c s  of t h e  s h o r e l i n e  s o i l s .  
In  S u b a c t i v i t y  1- l (a)  of T a s k  D ,  s h o r e l i n e  samples were c o l l e c t e d  from 11 
d i f f e r e n t  c o u n t i e s  a long  t h e  U.S. Great Lakes s h o r e l i n e  and ana lyzed  f o r  
p h y s i c a l  and chemical  c h a r a c t e r i s t i c s ,  i n c l u d i n g  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  
s p e c i f i c  g r a v i t y ,  n u t r i e n t s ,  p e s t i c i d e s ,  i n d u s t r i a l  o r g a n i c  p o l l u t a n t s ,  
metals and o t h e r  e l e n e n t s .  These d a t a  are  c a r e f u l l y  e v a l u a t e d  and i n t e r p r e t e d  
i n  t h i s  s t u d y .  It was found t h a t ,  f o r  some parameters ,  t h e r e  w a s  a rela- 
t i o n s h i p  between chemica l  c o n c e n t r a t i o n s  and p a r t i c l e  s i z e  d i s t r i b u t i o n  
o r  s o i l  t e x t u r e .  I n  g e n e r a l ,  c l a y e y  s o i l s  had h i g h e r  chemica l  c o n c e n t r a t i o n s  
t h a n  sandy s o i l s ,  and t r e n d s  developed from t h e s e  r e l a t i o n s h i p s  w e r e  used 
t o  estimate chemical  l o a d i n g s  f o r  t h e  whole U.S. s h o r e l i n e .  

I n  a d d i t i o n  t o  d a t a  on  t h e  t o t a l  amount of chemica ls  a s s o c i a t e d  
w i t h  e r o d i b l e  s h o r e l i n e  material ,  d a t a  on t h e  b i o l o g i c a l l y  a v a i l a b l e  f r a c t i o n  
of t h e  t o t a l  w a s  provided as a r e s u l t  of a n a l y s i s  of weak a c i d  e x t r a c t s  of 
s o i l  samples  i n  S u b a c t i v i t y  1 - l (a ) .  These d a t a  are  i n t e r p r e t e d  t o  p r o v i d e  
a measure of t h e  upper  l i m i t  of b i o l o g i c a l l y  a v a i l a b l e  c o n c e n t r a t i o n s .  Load- 
i n g s  w e r e  t h u s  c a l c u l a t e d  f o r  " e x t r a c t a b l e "  as w e l l  as t o t a l  chemica ls .  I n  
t h e  case of phosphorus,  t h e  e x t r a c t a b l e  phosphorus l o a d i n g s  iire approximate ly  
35-50 p e r c e n t  of  t h c  t o t a l  phosphorus l o a d i n g s .  

The e s t i m a t e d  . edictent and chemical  l o a d i n g s  from s h o r e  e r o s i o n  i n  
this r e p o r t  are o n l >  f i r s t  approximations o r  o r d e r  of magnitude estimates. 
The e s t i m a t e d  l o a d i r g s  a r e  in tended  p r i m a r i l y  t o  show t h e  r e l a t i v e  magnitude 
o f  s h o r e  e r o s i o n  loEdings ,  p a r t i c u l a r l y  i n  comparison t o  o r h e r  s o u r c e s  of  
sediment  and c h e a i c c  Is t u  t h e  Great J,akes. 

The  s h o r e  e ros jo i i  p r o c e s s  h a s  been o c c u r r i n g  f o r  thousands of y e a r s  
a l o n g  t h e  Great Lakes and loading:; from s h o r e l i n e  e r o s i o n  must be cons idered  
a n a t u r a l  occurrence'  and n o t  man-derived. Undoubtedly, l a r g e  p e r c e n t a g e s  
of chemica ls  a s s o c i a t e d  w i t h  t h e  eroded s h o r e l i n e  mater ia l  a re  r a p i d l y  l o s t  
t o  t h e  l a k e  sed iments  and do n o t  i n t e r a c t  t o  any degree  w i t h  lake waters. 
F u r t h e r ,  i n  some cac;es t h e  eroded p a r t i c u l a t e  material  may a c t u a l l y  remove  
d i s s o l v e d  c o n s t i t u e n t s ,  such  as phosphorus o r  heavy metals,  from l a k e  water 
through s o r p t i o n  o r  i o n  exchange processes .  N e v e r t h e l e s s ,  t h a t  p o r t i o n  of 
t h e  chemica ls  a s s o c - a t e d  w i t h  e r o s i o n  p r o d u c t s  t h a t  do become a v a i l a b l e  t o  
a f f e c t  b i o l o g i c a l  growth may b e  s i g n i f i c a n t  r e l a t i v e  t o  o t h e r  s o u r c e s  of 
b i o l o g i c a l l y  availalile chemicals .  For example, t h e  a v a i l a b l e  phosphorus 
l o a d i n g  t o  Lake S u p e r i o r  from U.S. s h o r e  e r o s i o n  i s  e s t i m a t e d  t o  h e  i n  t h e  
same r a n g e  a s  t h e  r c t ac t ive  phosphorus c o n t r i b u t e d  a n n u a l l y  by b o t h  IJ .S .  and 
Canadian t r 6 S u t a r i e s  t o  Lake S u p e r i o r .  Thus, d e s p i t e  t h e  f a c t  t h a t  s h o r e  
e r o s i o n  is  a n a t u r a l  p r o c e s s ,  i t  is impor tan t  t o  unders tand  i t s  impact SO t h a t  
t h e  s i g n i f i c a n c e  of o t h e r  iand-derived soi i rces  of p o l l u t a n t s ,  s u c h  as run- 
o f f  c a n  be p u t  i n  proper  p e r s p e c t i v e .  

2 
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CONCLUSIONS 

1. Shore e r o s i o n  c o n t r i b u t e s  a s i g n i f i c a n t  amount of  sediment ( s o l i d s )  
t o  t h e  Great Lakes each y e a r .  Average s h o r e l i n e  e r o s i o n  l o a d i n g  of sediment 
t o  t h e  Great Lakes fi-om t h e  U.S. s h o r e l i n e  i s  e s t i m a t e d  t o  be about  39 m i l l i o n  
me t r i c  t o n s .  T h i s  fLgure is  about  n i n e  t i m e s  g r e a t e r  t h a n  t h e  p r e l i m i n a r y  
PLUARG estimate of  sediment c o n t r i b u t e d  by U.S. Great Lakes t r i b u t a r i e s .  
The i n p u t  of s o l i d s  K O  t h e  Great Lakes from s h o r e l i n e  e r o s i o n  i s  a l s o  
h igh  r e l a t i v e  t o  o t h e r  s o u r c e s  of sediment ,  such  as atmospheric  i n p u t s  
and p o i n t  s o u r c e  i n p u t s .  S i n c e  e r o s i o n  h a s  been i n t e n s i f i e d  as  a r e s u l t  
of h igh  l a k e  l e v e l s  in rece.-l: y e a r s ,  c u r r e n t  l o a d i n g s  of sediment  may b e  
c l o s e r  t o  t h e  maximum e s t i m a t e d  l o a d i n g  ra te ,  70 m i l l i o n  metric t o n s  p e r  
y e a r .  

2 .  The amount of sediment  c o n t r i b u t e d  t o  t h e  Great Lakes by s h o r e  
e r o s i o n  v a r i e s  widel,$ from one s h o r e l i n e  county t o  a n o t h e r .  Leelanau County, 1 
Michigan (on Lake Michigan) ,  c o n t r i b u t e s  t h e  l a r g e s t  t o t a l  amount of 
sediment  v i a  shore1 iiie e r o s i o n .  Bayf ie ld  County, Wisconsin (on Lake S u p e r i o r ) ,  I 

I 

1 c o n t r i b u t e s  t h e  n e s t  ‘Largest amount. I n  terms of  loading  p e r  k i l o m e t e r  of 
s h o r e  Lint>, Al legan  County, Michigan which b o r d e r s  Lake Micliigan, h a s  t h e  1 

h i g h e s t  l o a d i n g  r a t e .  O n  a l a k e  b a s i s ,  Lake Michigan s h o r e l i n e s  have t h e  I 

h i g h e s t  e r o s i o n  ra te  p e r  k i l o m e t e r  of s h o r e l i n e ,  fol lowed by S u p e r i o r ,  Er ie ,  
O n t a r i o ,  and Huron ,  r e s p e c t i v e l y .  

3 .  Because t h e  r a t e  a t  which any g iven  s h o r e l i n e  r e a c h  w i l l  e r o d e  
var ies  g r e a t l y  from one y e a r  t o  t h e  n e x t ,  a n  average ,  maximum, and minimum 
e r o s i o n  v a l u e  l i k e l y  t o  occur  was genera ted  f o r  t h e  e n t i r e  U.S. Great Lakes 
s h o r e l i n e .  I n  g e n e r x l ,  t h e  maximum e r o s i o n  w a s  between 4 and 6 t i m e s  
g r e a t e r  t h a n  the  minimum e r o s i o n  ra te  and w a s  about  t w i c e  as g r e a t  as the 
a v e r a g e  e r o s i o n  ra te .  

4 .  The h e i g h t  3f t h e  e r o d i b l e  b l u f f  a p p e a r s  t o  b e  t h e  c o n t r o l l i n g  
p h y s i c a l  f e a t u r e  a f f 2 c t i n g  t h e  volume of material  eroded.  
c a n  have a v e r y  l a r g ?  r e c e s s i o n  r a t e ,  b u t  i f  i t  h a s  a low b l u f f  h e i g h t  t h e  
amount of material  c m t r i b u t e d  t o  t h e  1 . a k e i s  r e l a t i v e l y  small .  On t h e  
o t h e r  hand, a r e a c h  3f s h o r e l i n e  t h a t  h a s  a v e r y  h i g h  b l u € f  b u t  a s m a l l  
r e c e s s i o n  ra te  can s t i l l  c o n t r i b u t e  l a r g e  amounts of material t o  t h e  l a k e  
system. 

A s h o r e l i n e  r e a c h  

5. Of t h e  t o t a L  average  annual  volume of  s h o r e l i n e  mater ia l  eroded i n t o  
53 p e r c e n t  w a s  esti i i iated t o  b e  sandy m a t e r i a l ,  34 p e r c e n t  w a s  t h e  Great Lakes,  

cstirniit-ed t o  be  lonniy, and 1 3  p e r c e n t  was e s t i m a t e d  t o  be c layey  m a t e r i a l .  
Michigan s h o r e l i n e s  w e r e  found t o  have t h e  hi  &lest percentage  of sandy s o i l s  w h i l e  

Lake 



Lake S u p e r i o r  shore1  i.nes were found t o  have t h e  h i g h e s t  p e r c e n t a g e  of 
loamy and c l a y e y  s o i l s .  

6 .  E r o s i o n  volumes were c a l c u l a t e d  (on a r e a c h  by r e a c h  b a s i s )  based 
on r e c e s s i o n  ra tes ,  s h o r e  l e n g t h s ,  and b l u f f  h e i g h t s .  Recess ion  ra tes  
were o b t a i n e d  f rom;  1) S u b a c t i v i t y  1 - l ( b ) ,  i n  which e r o s i o n  of each  r e a c h  
was d e r i v e d  from a c t u a l  r e c e s s i o n  measurements ( f i e l d  measurements o r  aer ia l  
photo  i n t e r p r e t a t i o n : {  o r  f rom;  2 )  e s t i m a t e s  of r e c e s s i o n  made i n  t h i s  r e p o r t  
f o r  t h o s e  r e a c h e s  w i t h  no measured r e c e s s i o n  d a t a .  Approximately 44  p e r c e n t  of 
t h e  e r o d i b l e  U.S. s h o r e l i n e  had r e c e s s i o n  i n f o r m a t i o n  a v a i l a b l e  based on 
a c t u a l  measurements : f i e l d  measurements o r  a e r i a l  photo  i n t e r p r e t a t i o n s ) .  
T h i s  s a m e  p o r t i o n  of  s h o r e l i n e  c o n t r i b u t e d  66 p e r c e n t  of t h e  t o t a l  volume 
eroded from t h e  U.S. s h o r e l i n e  as  e s t i m a t e d  i n  t h i s  r e p o r t .  Thus, even 
though t h e  m a j o r i t y  of U. S .  e r o d i b l e  s h o r e l i n e  h a s  no "measured" r e c e s s i o n  
ra te  i n f o r m a t i o n ,  o n l y  34 p e r c e n t  of t h e  t o t a l  volume c o n t r i b u t e d  from U.S .  
Great Lakes s h o r e l i n z  e r o s i o n  i s  based on t h e s e  "est imated" r e c e s s i o n  ra tes .  
T h i s  i n d i c a t e s  t h a t  d a t a  are  a v a i l a b l e  on t h o s e  areas t h a t  c o n t r i b u t e  t h e  
most s i g n i f i c a n t  e r o s i o n  l o a d s .  

7. Because of t h e  l a r g e  amount o f  sediment c o n t r i b u t e d  t o  t h e  Great 
Lakes €rom s h o r e l i n e  e r o s i o n ,  some e f f e c t s  on water q u a l i t y  are l i k e l y  
t o  o c c u r ,  a l t h o u g h  l i t t l e  d i r e c t  documentation of  e f f e c t s  w a s  found. P r i n -  
c i p a l  p h y s i c a l  e f f e c t s  of eroded m a t e r i a l  are l i k e l y  r e l a t e d  t o  problems 
a s s o c i a t e d  w i t h  t u r b i d i t y  and sediment accumulat ion.  T u r b i d i t y  would b e  
most impor tan t  i n  a r e a s  where t h e  s h o r e l i n e  s o i l s  c o n s i s t  of f i n e l y  d i v i d e d  
p a r t i c l e s  such  as i n  c l a y  s o i l s .  I n  areas where t h e  s h o r e l i n e  c o n s i s t s  
mos t ly  of sand,  t h e  e f f e c t  of t u r b i d i t y  may b e  r e l a t i v e l y  small s ince c o a r s e  
g r a i n e d  sand p a r t i c l e s  s e t t l e  r a p i d l y .  In g e n e r a l ,  shore1 i n e  e r o s i o n  
probably  c o n t r i b u t e s  l a r g e r  s i z e d  s o i l  p a r t i c l e s  t o  t h e  Lakes than  s h e e t  
e r o s i o n  which would l i k e l y  remove the  f i n e r  s i z e d  p a r t i c l e s .  F u r t h e r ,  
s u r f a c e  s o i l s  are rernoved i n  s h e e t  e r o s i o n  w h i l e  i n  s h o r e  e r o s i o n  t h e  e n t i r e  
p r o f i l e  i s  eroded.  

8 .  Because of t h e  l a r g e  volLkme of  material eroded from t h e  b l u f f s  
a l o n g  t h e  U.S. Great Lakes s h o r e l i n e ,  t h e  l o a d i n g s  of  t h e  t o t a l  forms of 
various chemica ls  a s s o c i a t e d  w i t h  t h e  eroded material  i s  r e l a t i v e l y  h i g h ,  
a t  l eas t  for certain parameters .  Undoubtedly, a l a r g e  p e r c e n t a g e  of t h e  
chemica ls  a s s o c i a t e c  w i t h  t h e  eroded s h o r e l i n e  mater ia l  is  r a p i d l y  l o s t  t o  
t h e  l a k e  sed iments  2nd does n o t  i n t e r a c t  t o  any degree  w i t h  l a k e  waters. 
F u r t h e r ,  t h e  uptake  by t h e  eroded p a r t i c u l a t e  mater ia l  of c o n s t i t u e n t s  
d i s s o l v e d  i n  l a k e  w E t e r s ,  such a s  phosphorus o r  heavy metals, could  b e  j u s t  
as  impor tan t  e n v i r o r m e n t a l l y  as t h e  r e l e a s e  of contaminants .  N e v e r t h e l e s s ,  
d e s p i t e  t h e  f a c t  t h z t  t h e  f r a c t i o n  of chemical  t h a t  does  become a v a i l a b l e  
t o  a f t e c t  a l g a l  growth may b e  s m a l l  r e l a t ive  t o  t h e  t o t a l  amount of chemical  
a s s o c i a t e d  w i t h  t h e  s h o r e l i n e  material ,  i t  may, i n  some cases, be s i g n i f i c a n t  
r e l a t ive  t o  t h e  b i o l o g i c a l l y  avai:Lable chemicals  c o n t r i b u t e d  by o t h e r  s o u r c e s .  

9 .  Based on tlie a n a l y s i s  of s o i l  s a m p l e s  t a k e n  from Great Lakes 
s h o r e l i n e s ,  h i g h e r  chemical c o n c e n t r a t i o n s  of c e r t a i n  p a r a m e t e r s  , such as 
phosphorus,  i r o n ,  manganese, and aluminum, can b e  expec ted  i n  c l a y  s o i l s  
as compared t o  sandy s o i l s .  T h u s ,  e r o s i o n  of c l a y  s o i l  i s  likely t o  con- 



t r i b u t e  more t o t a l  n u t r i e n t s  and o t h e r  components t o  t h e  l a k e  than  e r o s i o n  
of sandy s o i l s .  

10. Chemical c c n c e n t r a t i o n s  found i n  s h o r e l i n e  s o i l s  were similar t o  
c o n c e n t r a t i o n s  found i n  o t h e r  i n l a n d  s o i l s  i n  t h e  Great Lakes Basin.  
Chemical c o n c e n t r a t i c n s  w e r e  h i g h l y  v a r i a b l e  from one  l o c a t i o n  t o  a n o t h e r  
and, i n  some cases, even w i t h i n  a given  s h o r e  p r o f i l e ,  b u t  t h i s  is expected 
when c o n s i d e r i n g  d i v e r s e  s o i l  systems. 

11. The t o t a l  phosphorus c o n t r i b u t e d  t o  t h e  Great Lakes by t h e  
a n n u a l  average  s h o r e l i n e  e r o s i o n  i s  s imilar  and i n  some cases g r e a t e r  t h a n  
estimates o f  t o t a l  phosphorus l o a d i n g s  from t h e  t r i b u t a r i e s .  Lake S u p e r i o r  
s h o r e  e r o s i o n  c o n t r i f i u t e s  several t i m e s  more t o t a l  phosphorus t h a n  t h e  t o t a l  
t r i b u t a r y  phosphorus i n p u t  from both  t h e  U.S. and Canada. Lake Michigan 
s h o r e l i n e s  c o n t r i b u t e  about  t h e  same a v e r a g e  amount of phosphorus a n n u a l l y  
from e r o s i o n  as is Cont r ibu ted  by Lake Michigan t r i b u t a r i e s .  Lakes Huron, 
O n t a r i o ,  and E r i e  have s h o r e l i n e  e r o s i o n  phosphorus i n p u t s  t h a t  are  somewhat 
less t h a n  t h e  t r i b u t a r y  i n p u t s .  These comparisons are based on average  
a n n u a l  s h o r e l i n e  e r o s i o n  rates. Overall, i t  a p p e a r s  t h a t  s h o r e l i n e  e r o s i o n  
can c o n t r i b u t e  on t h e  o r d e r  of 25 p e r c e n t  of t h e  t o t a l  phosphorus l o a d i n g s  
from a l l  U.S. s o u r c e s  t o  t h e  Great Lakes. This  i s  about  t h e  same percentage  
of t h e  t o t a l  l o a d  as  i s  c o n t r i b u t e d  by t r i b u t a r y  l o a d i n g s .  The average  
annual  e x t r a c t a b l e  (0.05 N H C 1  e x t r a c t i o n )  phosphorus l o a d i n g s  from shore-  
l i n e  e r o s i o n  were about  45 p e r c e n t  of t h e  average  t o t a l  phosphorus l o a d i n g s  
f o r  t h e  e n t i r e  U.S. s h o r e l i n e .  There is  some v a r i a t i o n  f o r  i n d i v i d u a l  l a k e  
c o a s t l i n e s  w i t h  Lake S u p e r i o r  s h o r e l i n e s  having t h e  h i g h e s t  r a t i o  of 
e x t r a c t  a b  le phosphorus l o a d i n g s  t o  t o t a l  phosphorus l o a d i n g s .  

1 2 .  The Lake Sriper ior  s h o r e l i n e  c o n t r i b u t e s  t h e  most t o t a l  phos- 
phorus p e r  k i l o m e t e r  of s h o r e l i n e  fol lowed by Lakes Michigan, E r i e ,  O n t a r i o ,  
and Huron s h o r e l i n e s ,  r e s p e c t i v e l y .  T h i s  i s  i n d i c a t i v e  of t h e  f a c t  t h a t  a 
l a r g e  p e r c e n t a g e  of :he Lake S u p e r i o r  s h o r e l i n e  i s  composed of c l a y  m a t e r i a l s  
which were found t o  lie g e n e r a l l y  h igh  i n  phosphorus c o n t e n t  compared t o  sandy 
s o i l s .  I r o n  County, Wisconsin,  L a k e  S u p e r i o r ,  has  t h e  h i b h e s t  phosphorus 
l o a d i n g  ra te ,  f o l l o w e d  by Douglas County, Wisconsin,  Lake S u p e r i o r .  

1 3 .  It i s  e s t i m a t e d  t h a t  t h e  a v a i l a b l e  phosphorus l o a d i n g  t o  Lake 
S u p e r i o r  l i e s  w i t h i n  t h e  range of  80 t o  2000 m e t r i c  t o n s  p e r  y e a r .  T h i s  
l o a d i n g  is s i g n i f i c a n t  r e l a t i v e  t o  o t h e r  a v a i l a b l e  n u t r i e n t  s o u r c e s  t o  Lake 
S u p e r i o r .  For example, s h o r e  e r o s i o n  may b e  c o n t r i b u t i n g  about  t h e  same 
o r d e r  of magnitude oE a v a i l a b l e  phosphorus as i s  d e r i v e d  from t r i b u t a r y  
l o a d i n g s  t o  Lake Sup'-r ior .  I n s u f f i c i e n t  d a t a  are a v a i l a b l e  f o r  o t h e r  l a k e s  
t o  d e t e r m i n e  a p o s s i 3 l e  range  of a v a i l a b l e  phosphorus.  However, a n  upper 
l i m i t  t o  phosphorus w a i l a b i l i t y  i s  provided by e x t r a c t i b l e  phosphorus 
l o a d i n g s .  S i n c e  s o l i t i o n  c o n c e n t r a t i o n s  i n  t h e  o t h e r  Great Lakes, p a r t i c u l a r l y  
t h e  lower l a k e s ,  are h i g h e r  t h a n  Lake S u p e r i o r  and because t h e  s h o r e l i n e s  
of o t h e r  l a k e s  c o n t a i n  less c layey  material ,  t h e  amount of a v a i l a b l e  phos- 
phorus c o n t r i b u t e d  by s h o r e l i n e  e r o s i o n  i n  t h e s e  l a k e s  i s  l i k e l y  t o  b e  a 
smaller p r o p o r t i o n  of  t h e  t o t a l  phosphorus than  found f o r  Lakc S u p e r i o r .  
However, i f  t h e  eroded m a t e r i a l  i s  s u b j e c t  t o  c e r t a i n  environmental  condi- 
t i o n s ,  such  as anoxia  which occurs  i n  t h e  c e n t r a l  bas in  of Lake Erie ,  a 
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release o f  a v a i l a b l e  phosphorus from eroded s h o r e l i n e  mater ia l  could  con- 
conce ivab ly  o c c u r .  

1 4 .  The e s t i m a t e d  n i t r o g e n  l o a d i n g s  t o  t h e  Great Lakes from shore-  
l i n e  e r o s i o n  were judged t o  be  sma.11 r e l a t ive  t o  n i t r o g e n  l o a d i n g s  from 
o t h e r  s o u r c e s .  Organic  carbon l o a d i n g s  w e r e  e s t ima ted  b u t  no c o n c l u s i o n s  
cou ld  b e  reached  fror i  t h e  d a t a .  S i l i c a  w a s  n o t  measured i n  t h i s  s t u d y ,  
b u t  because  s i l i c a  i s  a major component of s o i l s ,  p a r t i c u l a r l y  sandy s o i l s ,  
t h e  t o t a l  c o n t r i b u t i o n  would be  expec ted  t o  be r e l a t i v e l y  l a r g e .  The 
f r a c t i o n  of t h i s  s i l i ca  t h a t  becomes a v a i l a b l e  f o r  d ia tom growth i s  unknown, 
however. 

15. I n  g e n e r a l ,  metals a s s o c i a t e d  w i t h  eroded s h o r e  materials were 
n o t  judged  t o  be  impor t an t  as a s o u r c e  of p o l l u t a n t s  t o  t h e  Great Lakes. 
While l e v e l s  of t h e  t o t a l  forms of some metals may b e  s i g n i f i c a n t  rela- 
t i ve  t o  o t h e r  s o u r c e s ,  t h e  amount of t h e  t o t a l  metal t h a t  is  a v a i l a b l e  t o  
b i o t a  i s  probably  l o ~ .  
a much more impor t an t  i n f l u e n c e  on Great Lakes water q u a l i t y .  
l o a d i n g s  of metals would probably  b e  found i n  areas of t h e  s h o r e l i n e  w i t h  
h i g h  c l a y  c o n t e n t ,  such  as t h e  r e d  c l a y  area of  t h e  Lake S u p e r i o r  c o a s t l i n e .  
T o t a l  l o a d i n g s  of i r o n  and manganese appear  t o  b e  s i g n i f i c a n t  r e l a t i v e  t o  
e s t i m a t e d  t o t a l  t r i b u t a r y  l o a d i n g s  f o r  Lake Huron and Lake Super io r .  
f o r  comparison i s  n o t  a v a i l a b l e  f o r  t h e  o t h e r  l a k e s . )  

Anthropogenic s o u r c e s  of metals have undoubtedly 
Highes t  

(Data 

16.  A n a l y s i s  o f  s h o r e l i n e  s a m p l e s  € o r  trace p e s t i c i d e s  and o t h e r  
trace o r g a n i c  c o n t a n i n a n t s  r e v e a l e d  t h a t  c o n c e n t r a t i o n s  of t h e s e  pa rame te r s  
were q u i t e  l o w .  
organi-c contaminants from s h o r e l i n e  e r o s i o n  is ,  as might be  expec ted ,  
n o t  l i k e l y  t o  be q u s n t i t a t i v e l y  s i g n i f i c a n t .  

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

17. Sediment c i r  chemical l o a d i n g s  from s h o r e l i n e  e r o s i o n  developed 
i n  t h i s  r e p o r t  must be  cons idered  o n l y  as a f i r s t  approximat ion  o r  o r d e r  
of magnitude estimate. T h i s  r e p o r t  w a s  des igned  t o  p rov ide  t h e  r e l a t i v e  
magnitude of s h o r e l x e  e r o s i o n  l o a d i n g s  i n  o r d e r  t o  de t e rmine  whether  s h o r e l i n e  
e r o s i o n  i s  a potent : . a I ly  s i g n i f i c , a n t  s o u r c e  of p o l l u t i o n ,  p a r t i c u l a r l y  i n  
comparison w i t h  o t h e r  s o u r c e s  of p o l l u t i o n .  
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I M T R O D U C T I O ! J  

PLUARG BACKGROUND 

Both Canada and Uni tzd  S t a t e s  d e f i n e  t h e  major a c t i v i t i e s  under  Task D of 
t h e  P o l l u t i o n  from Land U;e A c t i v i t i e s  Reference Group (PLUARG) as (1)  assessment 
of s h o r e l i n e  e r o s i o n , ( 2 )  survey of r iver sed iments  and a s s o c i a t e d  water q u a l i t y  
and ( 3 )  assessment  of t h 2  e f f e c t s  of r iver i n p u t s  on Boundary waters. I n  A p r i l  
of 1975 a Pl.an of Study W ~ S  developed t o  f u r t h e r  d e f i n e  t h e  United S t a t e s  p o r t i o n  
of Task D. T h i s  P l a n  of Study posed t h e  f o l l o w i n g  g e n e r a l  q u e s t i o n s :  

1) Is s h o r e  e r o s i o n  a s i g n i f i c a n t  p o l l u t a n t  s o u r c e  t o  t h e  l a k e ?  

2) What i s  t h e  t r i b u t a r y  l o a d i n g  t o  t h e  l a k e  t h a t  i s  a t t r i b u t a b l e  
t o  land  d r a i n a g e ,  i n c l u d i n g  t h e  p o l l u t a n t  l o a d i n g  a s s o c i a t e d  w i t h  
r i v e r  sed iments?  

3)  How have r i v e r  i n p u t s  d e r i v e d  from l a n d  d r a i n a g e  a f f e c t e d  t h e  l a k e ?  

I n  order t o  answer t h e  f i r s t  q u e s t i o n ,  A c t i v i t y  1 of Task D,  w a s  broken down 
i n t o  two s u b a c t i v i t i e s :  1 - 1 ,  "Determinat ion of Quant i ty  and quality of Eroded 
P la t e r i a l "  and 1-2 "Overview Determinat ion of P o l l u t a n t  Loading from S h o r e l i n e  
Erosion".  

S u b a c t i v i t y  1-1 c o n s i s t e d  of two main p a r t s .  The f i r s t  p a r t ( a )  w a s  t h e  c o l l e c t i o n  
of samples  from t h e  U.S. Great Lakes s h o r e l i n e  and t h e  subsequent  chemical  a n a l y s i s  
of t h e s e  samples. The s6cond p a r t ( b )  c o n s i s t e d  of a t e c h n i c a l  r e p o r t  by t h e  Univer- 
s i t y  of Michigan i n  whict  t h e  q u a n t i t y  and q u a l i t y  of s h o r e l i n e  e r o s i o n  was 
e s t i m a t e d  f o r  t h o s e  s h o r e l i n e  r e a c h e s  where d a t a  were a v a i l a b l e  (Armstrong -I e t  a l .  1976) .  

S u b a c t i v i t y  1-2 ,  t h e  s u b j e c t  of t h i s  r e p o r t ,  is des igned  t o  provide  an 
estimate of t h e  t o t a l  q u z n t i t y  and q u a l i t y  of material c o n t r i b u t e d  t o  t h e  Lakes 
from s h o r e l i n e  e r o s i o n  ar.d t o  de te rmine  t h e  importance of s h o r e l i n e  e r o s i o n  as 
a p o t e n t i a l  s o u r c e  of p o l l u t i o n  t o  t h e  Great Lakes.  I n  o r d e r  t o  make r a t i o n a l  
recommendations f o r  manag,ing d i f f e r e n t  l a n d  r e s o u r c e s  i n  t e r m s  of t h e i r  p o l l u t i o n  
t o  t h e  Great Lakes, i t  is mandatory t h a t  t h e  r e l a t ive  c o n t r i b u t i o n s  and e f f e c t s  
o f  __ a l l  s o u r c e s  of po l lu t i . on  b e  e s t a b l i s h e d  i n  t h e  PLUARG s tudy .  
s h o r e  e r o s i o n  is ,  t h e r e f o r e ,  in tended  t o  provide  PLUARG w i t h  a more complete 
u n d e r s t a n d i n g  o f  t h e  t o t a l  l o a d i n g  of p o l l u t a n t s  t o  t h e  Great Lakes from all 
s o u r c e s .  

T h i s  s tudy  on 

GREAT LAKES EROSION PKOClSSSES -. 

On a g e o l o g i c  t i m e  scale,  t h e  L a u r e n t i a n  Great Lakes are  a r e c e n t  development. 
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The p r e s e n t  c o n f i g u r a t i o n  and o u t l e t s  of t he  Lakes probably  d a t e  back less t h a n  
5,000 years. Because o f  t h e  r e l a t i v e l y  young geo log ic  age  of t h e  area many 
dynamic p r o c e s s e s  are s t i l l  o c c u r r i n g  a t  a r a p i d  ra te .  The e r o s i o n  of t h e  Great 
Lakes s h o r e l i n e  i s  an example of one of t h e s e  p r o c e s s e s .  

The Great Lakes s h o r e l i n e  i s  composed of a v a r i e t y  of mater ia ls ,  many of 
which are unab le  t o  withsLand wind and wave a t t a c k .  Unconsol idated g l a c i a l  
t i l l s ,  s a n d s ,  s i l t s  and c l a y s  are  t h e  most commonly eroded materials found 
i n  t h e  Great Lakes.  
Lakes i n  v a r y i n g  degrees .  Lake Michigan has t h e  g r e a t e s t  number of  k i l o m e t e r s  
of  t h i s  s h o r e  t y p e  and L a k e  O n t a r i o  t h e  least .  
t h e  most U.S. s h o r e l i n e  which i s  h i g h l y  s u s c e p t i b l e  t o  e r o s i o n  and Lake O n t a r i o  
t h e  l ea s t .  The a b i l i t y  of t h e  s h o r e l i n e  t o  wi ths t and  t h e  d e s t r u c t i v e  forces  
e x e r t e d  by t h e  water depends upon t h e  composi t ion of t h e  s h o r e  f r o n t .  The rocky 
c o a s t  of  t h e  Door Penn insu la  (Wisc.) p o s s e s s e s  g r e a t e r  r e s i s t a n c e  t o  wave f o r c e s  
t h a n  do t h e  sandy beaches  of southwes t  Michigan o r  t h e  s i l t y  c l a y  b l u f f s  of 
Ohio. 

E r o d i b l e  b l u f f s  and low p l a i n s  occur  a l o n g  each  of t h e  Great 

I n  o t h e r  words,  Lake Michigan h a s  

The p r i m e  c a u s e  of s h o r e  e r o s i o n  i s  t h e  energy r e l e a s e d  by waves and c u r r e n t s  
d u r i n g  h igh  i n t e n s i t y  wind s torms .  The s h o r e  material b o t h  above and below t h e  
s t i l l  water l e v e l  i s  loosened  by t h e  waves and removed by t h e  c u r r e n t s .  
s t a b l e  c o n d i t i o n s  t h e  e x t r a c t e d  material i s  r e s t o r e d  by material d e p o s i t e d  from 
t h e  up-cur ren t  d i r e c t i o n .  I f  t h i s  t r a n s p o r t e d  material ( l i t o r a l  d r i f t )  i s  
i n t e r r u p t e d ,  t h e  e x t r a c t e d  material  is  n o t  r ep laced  and e r o s i o n  o c c u r s .  Th i s  
p r o c e s s  i s  i n t e n s i f i e d  a r  d magni f ied  when t h e  w a t e r  l e v e l  and /o r  t h e  waves are 
h igh  enough t o  enab le  thts waves t o  a c t  upon t h e  h i g h e r  l a n d  behind  the  beach.  
Removal  o f  matcr ia l  then  o c c u r s  a t  t h e  t o e  of t h e  b l u f f  which i s  of t e n  composed 
of u n s t a b l e  materiaLs. 
a c t i o n  of t h e  wind, r a i n  and f r o s t  c a u s e s  t h e  mater ia l  a long  t h e  b l u f f  f a c e  t o  
slum?. 
i t s e l f .  
upon t h e  l e v e l s  oE t h e  Likes. 
t o  produce s h o r e l i n e  ero:; ion.  

Under 

The b luf  E f a c e  becomes p r o g r e s s i v e l y  s t e e p e r  u n t i l  t h e  

Th i s  slumped material t h e n  forins t h e  new b l u f f  t o e  and t h e  p r o c e s s  r e p e a t s  
The r a t e  of t h i s  e n t i r e  p r o c e s s  u s u a l l y  i n c r e a s e s  or  d e c r e a s e s  dependirlg 

A t  a h igh  l a k e  l e v e l  i t  t a k e s  a much s m a l l e r  Storm 

S h o r e l i n e  e r o s i o n ,  ,3s used i n  t h i s  s t u d y  i s  synonymous w i t h  t h e  terms s h o r e  
e r o s i o n ,  b l u f f  erosion a i d  b l u f f l i n e  e r o s i o n .  
volume of material  e rode3  from t h e  e l e v a t e d  segment of t h e  s h o r e l i n e  above the  
beach o r  beach terrace. 
d u n a l  terrace o r  beach i s  n o t  cons ide red  t o  b e  a b l u f f .  Once mater ia l  i s  eroded  
from t h e  b l u f f  i t  i s  cons ide red  t o  be  a n  input- i n t o  t h e  l a k e  even  though a c c r e t i o n  
of some of t h e  e roded  mater ia l  can occur .  The term s h o r e l i n e  r e c e s s i o n  ( t h e  
l i n e a r  movement of  t h e  b l u f f l i n e  landward) i s  a l so  synonymous w i t h  t h e  terms 
s h o r e  r e c e s s i o n ,  b l u f f  r e c e s s i o n  and b l u f f l i n e  r e c e s s i o n ,  f o r  t h e  purposes  of 
t h i s  r e p o r t .  

These terms d e s c r i b e  t h e  t o t a l  

For t h e  purposes  of t h i s  s t u d y ,  an  e r o d i n g  and a c c r e t i n g  

CANADIAN SHORELINE STUDIES 

Concern by t h e  Canadian Government ove r  e r o s i o n  on t h e  Great Lakes and S t .  
Lawrence system r e s u l t e d  i n  t h e  fo rma t ion  i n  May of 1973 of a F e d e r a l  Task Force  
on a v a i l a b l e  in fo rma t ion  on s h o r e  e r o s i o n .  
t o  assemble and assess s l l  a v a i l a b l e  in fo rma t ion  011 shore e r o s i o n  i n  tlic Canadian 
Great Lakes-St. Lawrence system t o  a id  i n  F e d e r a l  po l i cy  development. 

The purpose of t h i s  t a s k  f o r c e  was 

Under t h e  
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a e g i s  o f  t h e  Task Force ,  t h e  r e p o r t  “Shore Eros ion  i n  t h e  Great Lakes-St. Lawrence 
System” (Brown - e t  a l . ,  1.973) was comp.iled d u r i n g  t h e  summer of  1973. This  r e p o r t  
i s  o r g a n i z e d  i n  t h r e e  p a r t s .  P a r t  1, t h e  summary, p r o v i d e s  a n  o v e r a l l  d e s c r i p t i o n  
of  s h o r e  e r o s i o n  i n  t h e  Canadian Great Lakes-St. Lawrence system and d i s c u s s e s  i ts  
c a u s e s ,  magnitude, and economic e f f e c t s .  P a r t  2 p r o v i d e s  a more d e t a i l e d  d e s c r i p -  
t i o n  of s h o r e  e r o s i o n  0 1 1  t h e  Canadian Great Lakes and P a r t  3 compiles and a n a l y z e s  
e r o s i o n  i n f o r m a t i o n  on t h e  Canadian S t .  Lawrence system. 

All a v a i l a b l e  i n f o r m a t i o n  r e l a t e d  t o  s h o r e  e r o s i o n  on t h e  Canadian s h o r e  of 
t h e  Great Lakes as of t h e  simmer of 1973 w a s  compiled and ana lyzed  i n  P a r t  2 of 
t h i s  r e p o r t .  The cause:; of e r o s i o n  are d i s c u s s e d  and p a s t  s t u d i e s  and surveys  
r e l a t i n g  t o  t h e  Great L,ikes s h o r e  e r o s i o n  have been reviewed. Informat ion  obta ined  
from t h e s e  s u r v e y s  and s t u d i e s  h a s  been used t o  d e s c r i b e  t h e  Canadian Great Lakes 
s h o r e l i n e  and t h e  f l o o d i n g  and e r o s i o n  problems t h a t  occur  t h e r e .  Remedial 
measures  a g a i n s t  s h o r e  e r o s i o n  damages are a l s o  reviewed. 

P a r t  2 of t h i s  r e p o r t  a l s o  p r o v i d e s  a summary of e r o s i o n  problems and s h o r e  
p r o t e c t i o n  on t h e  Canadian Great Lakes s h o r e l i n e .  Mileage f i g u r e s  f o r  each of 
t h e  Great Lakes and t h e i r  connec t ing  channels  are g i v e n  f o r  v a r i o u s  s h o r e  type  
c l a s s i f i c a t i o n s .  The  c l a s s i f i c a t i o n s  a r e :  

Nonerod i n g  , 

P r o t e c t e d  , 

Cr i t i ca l  s i g r i i f i c a i t  e ros ion ;  and 

N o n c r i t i c a l  s i g n i f i c a n t  erosion. 

T o t a l  r,ii.leage f i g u r e s  f 3 r  t h e  s h o r e l i n e  are a l s o  g iven .  Of t h e  11,152 k i l o m e t e r s  
(6 ,931  m i l e s )  of  Canadian s h o r e l i n e  w i t h  d a t a ,  about  7 1  p e r c e n t  w e r e  found t o  b e  
noneroding,  t h r e e  p r e c e n t  were p r o t e c t e d ,  t h r e e  p r e c e n t  had c r i t i c a l  s i g n i f i c a n t  
e r o s i o n  and about  24  p e r c e n t  had n o n c r i t i c a l  s i g n i f i c a n t  e r o s i o n .  

I n  October  of 1375 a t e c h n i c a l  r e p o r t  w a s  p u b l i s h e d  e n t i t l e d  “Canada-Ontario 
Great Lakes Shore Damage Survey” (Bouldin,  1975) .  T h i s  r e p o r t  was t h e  product  of 
a s t u d y  which began a f t e r  e x t e n s i v e  damages were i n c u r r e d  t o  t h e  Canadian Great 
Lakes s h o r e l i n e  d u r i n g  t h e  F a l l  of 1972 and S p r i n g  of 1973. Environment Canada 
and t h e  O n t a r i o  M i n i s t r y  of N a t u r a l  Resources e n t e r e d  i n t o  a n  agreement t o  survey  
t h e  n a t u r e  and e x t e n t  of  t h e s e  damages and t o  make p r e l i m i n a r y  recommendations 
r e l a t e d  t o  s h o r e l i n e  management and p lanning .  A c q u i s i t i o n  of  d a t a  on which t h e s e  
recommendations would b e  based commenced i n  t h e  S p r i n g  of 1973 and was completed 
i n  t h e  Summer of 1974.  

I n t e r p r e t a t i o n  of aer ia l  photos  and o t h e r  a v a i l a b l e  i n f o r m a t i o n  i n d i c a t e d  
Canadian s h o r e  damage has conf ined  t o  the lower Great Lakes.  Thus, t h e  survey  
w a s  r e s t r i c t e d  t o  t h e  e r o d i b l e  p o r t i o n  o f  t h e  Great Lakes from P o r t  Servern  on 
Georgian Bay t o  Gananoquc on t h e  East-ern end of Lake O n t a r i o .  
between Nnvcmher, 1972  and  November, 1973 arid inc luded  land u s e ,  land v a l u e ,  
l m d  ownersh ip ,  s h o r e l i n e  p h y s i c a l  c h a r a c t e r i s t  i c s ,  s h o r c  damage, and e x i s t i n g  
s h o r e  p r o t e c t i o n  in daninged areas.  These parameters, a long  w i t h  correspondinfi  
photomosaics and h i s t o f , r a m s  of recess ion-access ion  ra tes ,  are d e p i c t e d  on a 

Data were c o l l e c t e d  
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c o a s t a l  zone a t l a s  t h a t  accompanied t h i s  r e p o r t .  This  a t l a s  is  a v e r y  d e t a i l e d  
and e l a b o r a t e  document and is  a major c o n t r i b u t i o n  t o  t h e  s h o r e  e r o s i o n  l i t e r a t u r e .  

The s h o r e  damage s u r v e y  concluded t h a t  from November, 1972 t o  November, 1973 
a lmost  20 m i l l i o n  c u b i c  meters of  mater ia l  w a s  eroded i n t o  Lakes Huron, S t .  C la i r ,  
Erie,  and O n t a r i o .  The Canadian Lake Erie s h o r e l i n e  accounted f o r  most of t h i s  
volume, o r  about  88 p e r c e n t  of t h e  t o t a l  Canadian i n p u t  t o  t h e  Great Lakes. Lake 
O n t a r i o  s u p p l i e d  a n o t h e r  e i g h t  p e r c e n t ,  Lake Huron t h r e e  p e r c e n t ,  and Lake S t .  
C l a i r  had a n  i n p u t  of approximate ly  0.5 p e r c e n t .  It should b e  emphasized t h a t  
t h e s e  v a l u e s  were based on o n l y  one y e a r  of e r o s i o n  a c t i v i t y .  Because water 
l eve ls  were ext remely  h igh  a t  t h i s  t i m e ,  t h e s e  f i g u r e s  may n o t  b e  r e p r e s e n t a t i v e  
o f  t h e  a v e r a g e  e r o s i o n  s i t u a t i o n  on t h e  Canadian s h o r e l i n e  o v e r  l o n g  p e r i o d s  of 
t i m e ,  p a r t i c u l a r l y  d u r i n g  p e r i o d s  which i n c l u d e  lower w a t e r  levels .  

U. S . SHORELINE STUDIES _-- 
I n  1968, t h e  9 0 t h  Congress a u t h o r i z e d  t h e  N a t i o n a l  a p p r a i s a l  of s h o r e  e r o s i o n  

and s h o r e  p r o t e c t i o n  needs.  The r e s u l t i n g  N a t i o n a l  s h o r e l i n e  s t u d y  and t h e  
e x i s t i n g  F e d e r a l  s h o r e  p r o t e c t i o n  program recognized  beach and s h o r e  e r o s i o n  as  
a problem f o r  a l l  l e v e l s  of government. 
t h i s  s t u d y  was t h e  Great Lakes Region Inventory  Report  (U.S. Army Corps of 
Engineers ,  1 9 7 1 ) .  
and F e d e r a l  a g e n c i e s  who  were r e p r e s e n t e d  OR t h e  s h o r e  u s e  and e r o s i o n  work group 
f o r  t h e  Great Lakes Basin Commission's Framework Study. 

One of t h e  r e p o r t s  t h a t  r e s u l t e d  from 

T h i s  r e p o r t  w a s  a j o i n t  c o o p e r a t i v e  e f f o r t  of v a r i o u s  S t a t e  

T h i s  i n v e n t o r y  r e p o r t  i s  a n  a p p r a i s a l  i n v e s t i g a t i o n  in tended  o n l y  t o  d e f i n e  
t h e  o r d e r  of magnitude of t h s  region.31 s h o r e  e r o s i o n  problems. 
The Shore Use and E r L ) s . L o n  Appendix of t h e  Great Lakes Basin Framework Study,  (Grea t  
Lakes Bas in  Commission, 1975)  consid.?rs  f u t u r e  s h o r e  u s e  and development i n  g r e a t e r  
d e t a i l .  The maps  and 1,nsic d a t a  i n  both of t h e s e  r e p o r t s  a r e  t h e  same. 

A p a r a l l e l  s t u d y ,  

One set  of m a p s  developed by t h e  Amy Corps w a s  e n t i t l e d  P h y s i c a l  D e s c r i p t i o n ,  
Ownership, and E r o s i o n  and Flooding Problem Reaches (Great  Lakes Basin Commission, 
1 9 7 5 ) .  T l i i s  se t  o f  ma35 shows t h e  Army Corps' breakdown of t h e  s h o r e l i n e  i n t o  
1 0  d i f f e r e n t  s h o r e  t y p 3 s .  These t y p e s  are: 

A r t i f i c i a l  f i l l  area 

E r o d i b l e  h i g h  b l u f f ,  30 f t .  o r  h i g h e r  

Non-Erodible high b l u f f ,  30 f t .  o r  h i g h e r  

E r o d i b l e  low b l u f f ,  less t h a n  30 f t .  h i g h  

Non-erodible l o w  b l u f f ,  less  than  30 f t .  h i g h  

High sand dune, 30 f t .  h i g h  

Low sand dune, less t h a n  30 f t .  h i g h  

E r o d i b l e  low p l a i n  

1.2 



0 Non-erodible l o w  p l a i n  

0 Wetlands 

Shore  e r o s i o n  and f l o o d i n g  problems are a l s o  c l a s s i f i e d  on t h e s e  maps by t h e  
s e v e r i t y  of e r o s i o n  o r  f l o o d i n g  which t a k e s  p l a c e  over  t h e  d i f f e r e n t  reaches .  
Shoreland e r o s i o n  and f l o o d i n g  problems are c l a s s i f i e d  as f o l l o w s :  

Areas s u b j e c t  t o  e r o s i o n  g e n e r a l l y  p r o t e c t e d .  

0 Cri t ica l  e r o s i o n  areas n o t  p r o t e c t e d .  

N o n - c r i t i c a l  e r o s i o n  areas n o t  p r o t e c t e d .  

Reaches of s h o r e  s u b j e c t  t o  . lake f l o o d i n g .  

0 Reaches of s h o r e  n o t  s u b j e c t  t o  e r o s i o n  o r  f l o o d i n g .  

The U.S. EPA ana lyzed  s o i l  samples from 11 r e p r e s e n t a t i v e  c o u n t i e s  f o r  a 

The 
l a r g e  number of p h y s i c a l  and chemical  parameters  i n  complet ion of  S u b a c t i v i t y  l - I ( a ) .  
I n  1976 Armstrong -- e t  a l .  (1976) completed s u b a c t i v i t y  1-1 ( b )  of Task D. 
document they  submi t ted  f o r  t h i s  s u b a c t i v i t y  conta ined  a l l  known r e l i a b l e  r e c e s s i o n  
and e r o s i o n  i n f o r m a t i o n  a v a i l a b l e  f o r  t h e  U.S. s h o r e l i n e .  

A s t u d y  of Lake Er--e s h o r e l i n e  e r o s i o n  was conducted by t h e  Ohio D i v i s i o n  o f  
Geologica l  Survey ( C a r t e r ,  1 9 7 5 ) .  The  q u a n t i t y  and chemical  c h a r a c t e r i s t i c s  o f  
inaterial eroded i n t o  1,al;e Er ie  from t h e  U.S. s h o r e l i n e  w e r e  e s t i m a t e d  i n  t h i s  s tudy .  

Although t h e r e  have been many s t u d i e s  of l o c a l i z e d  e r o s i o n  problems i n  r e c e n t  
y e a r s  ( s e e  Armstrong e t  -- a l . ,  1976,  f o r  a review of t h e  l i t e r a t u r e ) ,  t h e  work under  
U.S. Task D of  PI,UARG(aid t h e  s u b j e c t  of t h i s  report3 has been t h e  o n l y  e f f o r t  t o  
examine t h e  t o t a l  U.S. ; h o r e l i n e  e r o s i o n  s i t u a t i o n .  T h i s  work h a s  c e n t e r e d  around 
Lakes S u p e r i o r ,  Huron, ciichigan and O n t a r i o ,  r e l y i n g  on t h e  i n f o r m a t i o n  developed 
by C a r t e r  (1975) f o r  a n  assessment  of Lake Er ie  s h o r e  e r o s i o n .  

GENERAL CHARACTERISTICS I OF U.S. SHORELINE 

F i g u r e  1 shows t h e  e n t i r e  U.S. c o a s t a l  zone. Demarkations have been made 
t o  d i f f e r e n t i a t e  t h e  U.S. s h o r e l i n e  a s s i g n e d  t o  each  l a k e .  For example, t h e  U.S. 
s h o r e l i n e  of Lake S t .  C l a i r  w a s  cons idered  t o  b e  p a r t  of t h e  t o t a l  Lake Erie  
c o a s t l i n e .  A l l  t h e  U.S. c o u n t i e s  which border  t h e  Great Lakes a r e  l i s t e d  i n  
Table  1. I d e n t i f i c a t i o n  numbers f o r  t h e  c o u n t i e s ,  a s s i g n e d  by t h e  U.S. Army Corps 
of E n g i n e e r s ,  are a l s o  inc luded  i n  t h i s  t a b l e .  

A number of d i f f e r e n t  s t a t i s t i c s  concern ing  t h e  Great Lakes s h o r e l i n e  are 
summarized i n  T a b l e  2 .  The s h o r e  d i s t a n c e s  (in k i l o m e t e r s )  f o r  each of t h e  Corps o f  
Engineers '  s h o r e  t y p e  d e s i g n a t i o n s  are given.  Of t h e  d i f f e r e n t  s h o r e t y p e s ,  t h e  
e r o d i b l e  low b l u f f  s h o r e  type  w a s  most abundant fol lowed by e r o d i b l e  p l a i n s -  
Over 70 p e r c e n t  of  t h e  5,979 k i l o m e t e r s  of Great Lakes s h o r e l i n e  i s  cons idered  
e r o d i b l e  a c c o r d i n g  t o  T a b l e  2 . T h i s  i s  c o n s i d e r a b l y  d i f f e r e n t  from t h e  Canadian 
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Minneso t n  
Cook County 
Lake County 
S t .  L o u i s  County 

Wisconsin 
Douglas County 
Bayf i e l d  County 
A s  hland Co un t y 
I r o n  County 

Michigan 
Gogebic County 
Ontonagon County 
Houghton County 
Keweenaw County 
Baraga County 
Marque t t e  County 
Alge r  County 
Luce County 
Chippewa County 
Mackinac County 
Schoolcrnf  t Count 7 
Del ta  County 
Menominee County 
Rerr i  en County 
V a n  Buren County 
Al legan  County 
Ottawa County 
Muskegon County 
Oceana County 
Mason County 
Planis tee  Counry 
B e n z i e  County 
Lee1 anau County 
Grand T r a v e r s e  County 
Antr im County 
Char levo i x  County 
E m m e t  County 

Wisconsin 
Mar ine t  te County 
Oconto County 
Erown County 
Kewaunee County 
Door County 
Mani towoc County 
Shcboygnn County 
Ozaukee County 
Milwaukee County 
Racine County 
Kenosha County 

1 
2 
3 

4 
5 
6 
7 

8 
9 

10  
11 
12 
13 
14 
1 5  
16 
1 7  
1 8  
1 9  
20 
21 
22 
2 3  
24 
2 5  
26 
27 
28 
29 
30 
31 
32 
3 3  
34 

35 
36 
37 
38 
39 
4 0 
4 1  
4 2  
4 3  
4 4  
4 5  

15 

I l l i n o i s  
Lake County 
Cook County 

I n d i a n a  
Lake County 
P o r t e r  County 
L a  P o r t e  County 

Michigan 
Cheboygan County 
P resque  I s l e  County 
Alpena County 
Alcona County 
Iosco County 
Arenac County 
Bay County 
Tusco la  County 
Huron County 
S a n i l a c  County 
S t .  Clair  County 
Macomb County 
Wayne County 
Monroe County 

Ohio 
Lucas County 
O t t a w a  County 
Sandusky County 
E r i e  County 
L o r a i n  County 
Cuyahoga County 
Lake County 
Ash tabu la  County 

Pennsy lvan ia  
Erie County 

N e w  York 
Chautauqua County 
Erie County 
Niaga ra  County 
O r l e a n s  County 
Monroe County 
Wayne County 
Cayuga County 
Oswego County 
J e f f e r s o n  County 

46 
47 

48 
49 
50 

51  
52 
5 3  
54 
55  
56 
57 
58 
59 
60  
6 1  
62  
6 3  

65  
66 
67 
68 
69 
7 0  
7 1  
7 2  

7 3  

7 4 
7 5  
7 6  
7 7  
7 8  
7 9  
80 
81 
82 



TABLE 2 

U. S .  GREAT LAKES SHOPS TYPES ( k i l o m e t e r s )  

C Lake b Shore Type Great Lake Lake Lake" Lake 
Lakes S u p e r i o r  Michigan IIuron E r i e  O n t a r i o  

- 

A A r t i f i c i a l  F i l l  Area 
(Non-Erodible) 305.6 9 .8  108.5 5.0 159 .1  23.2 

64.0 H9E High B l u f f ,  E r o d i b l e  891.3 95.7 
EBN High B l u f f ,  Non-Erodible 4 6 5 . 2  JbZ. 4 1 3 . 5  2. i3 J.L Lf . .A 
LBE Low B l u f f ,  E r o d i b l e  1 , 0 2 0 . 0  413.5 191 .3  111.0 139 .3  164.9 
LBN Low B l u f f ,  Non-Erodible 597.6 273.7 39.7 103.0 9 .8  171.4 
€32 High Sand Dune 231 .1  6 .4  224.6 0.0 0.0 0.0 
LD Low Sand Dune 292.5 124.9 118.1 29.6 19 .9  0 .0  
PE P l a i n ,  E r o d i b l e  1 , 0 0 2 . 4  99 .3  462.6 314.4 101.9 24 .3  
PN P l a i n ,  Non- E r o d i b l e  392.0 37 .6  279.2 73.0 2 . 1  9.0 
w Wet l a n d s  (Erod ib le )  675. G 44.1 152. U 364.0  58.7 56.8 

w WIPE Wet l ands /P la in ,  E rod ib le  89 .0  0.0 83.4 0 .0  5 .6  3.0 

E r o d i b l e  1 6 . 4  0.0 16.4 0 .0  0.0 0.0 

235.6 55.8 
- 0  ? I  7 

440.2 - _  

3 ;Y'/LBE WetlandslLow B l u f f ,  

528.7' 
T o t a l  S h o r e l i n e ,  U.S. Great 

T o t a l  E r o d i b l e  S h o r e l i n e  4 ,218 .3  783.9 1 ,688 .6  874.8 561.1 310.1' 
T o t a l  Lake S h o r e l i n e  Without 

T o t a l  E r o d i b l e  Lake S h o r e l i n e  

b Lakes 5 ,978 .7  1 ,467 .4  2,191.5 1,055.8: 735. 3b 

Connect ing Rivers 5,583.2 1 ,467 .4  2,191.5 909.1 550.3 466.0 

wi thou t  connec t ing  R ive r s  3,956.5 783.9 1,688.6 739.5 467.6 276.9 

To Convert  Frorn 
k i l o m e t e r s  (km) 

To 
Miles ( m i )  

M u l t i p l y  By 
0.62114 

I n c l u d e s  S t .  Mary's River 
I n c l u d e s  S t .  C la i r  R ive r ,  Lake S t .  Clair ,  D e t r o i t  River;  does n o t  i n c l u d e  Sandusky Bay 
I n c l u d e s  h ' iagara  River; does n o t  i n c l u d e  S t .  Lawrence River (243 km) 

a 

C 



i s h o r e l i n e ,  where, as mentioned p r e v i o u s l y ,  o n l y  about  30 p e r c e n t  i s  cons idered  t o  
be  e r o d i b l e  (Brown e t  a l . ,  1973) .  

SPECIFIC OBJECTIVES OF SUBACTIVITY 1-2 

i 
i -- 
I 

The p r i n c i p a l  o b j e c t i v e  of t h i s  s t u d y  is t o  d e t e r m i n e  whether s h o r e  e r o s i o n  
is l i k e l y  t o  b e  a s i g n i f i c a n t  p o l l u t a n t  s o u r c e  t o  t h e  Great Lakes. I n  o r d e r  t o  
accomplish t h i s ,  t h e  f o l l o w i n g  s p e c i f i c  t a s k s  have been under taken:  

(1) E s t i m a t e  t h e  volume of  material eroded and t h e  r e s u l t a n t  chemical  
l o a d i n g  f o r  a l l  U.S. Great Lakes s h o r e l i n e .  

(2 )  Determine t h e  importance of t h e  p a r t i c u l a t e  and chemical  l o a d i n g s  
from s h o r e  e r o s i o n  re la t ive t o  o t h e r  p o l l u t i o n  s o u r c e s .  

( 3 )  Assess t h e  potential impact t o  t h e  Great Lakes from any p a r t i c u l a t e  
o r  chemica l  p o l l u t i o n  a t t r i b u t e d  t o  U.S. s h o r e  e r o s i o n .  

Almost a l l  p a s t  i n c u i r i e s  i n t o  s h o r e  e r o s i o n  as a p o l l u t a n t  s o u r c e  have been 
d i r e c t e d  toward t h e  q u a r . t i t y  r a t h e r  t h a n  t h e  q u a l i t y  (chemical  c o n t e n t )  of t h e  
s h o r e l i n e  material which i s  eroded .  To be  s u r e ,  bo th  Canadian and U.S. s t u d i e s  
i n d i c a t e  t h a t  s h o r e l i n e  e r o s i o n  can be a s i g n i f i c a n t  s o u r c e  of  p a r t i c u l a t e  material 
o r  sediment  t o  t h e  l a k e .  For Lake Erie, t h e  i n p u t  of p a r t i c u l a t e  mater ia l .  has  
been e s t i m a t e d  i n  r tcer i t  s t u d i e s  t o  b e  a major s o u r c e  of sediment t o  t h e  Lake 
(Carter, 1975; Kemp - e t  -- a l . ,  1976) .  I n  f a c t ,  i t  a p p e a r s  t o  b e  a more important  
s o u r c e  of  p a r t i c u l a t e  mater ia l  t h a n  t h e  t r i b u t a r i e s ,  which i n  t h e  case of Lake 
Erie, d r a i n  a l a r g e  arnomt of a g r i c u l t u r a l  l a n d .  Consequent ly ,  because of t h e  
l a r g e  volumes be ing  d e a l t  w i t h ,  t h e  g e n e r a l  chemical c o n t e n t  O E  s l i o r e l i n e  m a t e r i a l  
eroded i n t o  t h e  Great Ldkes a s  w e l l  a s  t h e  p o t e n t i a l  e f f e c t  t h e s e  m a t e r i a l s  may 
have on t h e  Lakes is  impor tan t .  

D e s p i t e  t h e  f a c t  t h a t  s h o r e l i n e  e r o s i o n  may c o n t r i b u t e  l a r g e  amounts of 
s o i l  a s s o c i a t e d  chemica-Ls t o  t h e  l a k e s ,  t h e  b i o l o g i c a l  a v a i l a b i l i t y  ( p o t e n t i a l  
f o r  u p t a k e  by a l g a e  o r  o t h e r b i o t a )  m a y  b e  low. Consequent ly ,  even though l a r g e  
t o t a l  q u a n t i t i e s  are inTiolved, t h e  chemical  c o n t r i b u t i o n  from s h o r e l i n e  e r o s i o n  
may have l i t t l e  e f f e c t  on t h e  e u t r o p h i c a t i o n  o f  t h e  l a k e s  or t h e i r  w a t e r  quality 
i n  g e n e r a l .  

Canadian s t u d i e s  i n d i c a t e  t h a t  e r o s i o n  of  unconsol ida ted  b l u f f s  a l o n g  Lake 
E r i e  c o n t r i b u t e  most ly  < a p a t i t e  phosphorus,  a form which i s  r e l a t i v e l y  i n s o l u b l e  
and a p p a r e n t l y  c o n t r i b u t e s  l i t t l e  t o  t h e  b i o l o g i c a l  p r o d u c t i v i t y  of t h e  Lake. 
S t u d i e s  i n  t h e  U.S. on t h e  a v a i l a b i l i t y  of p o l l u t a n t s  a s s o c i a t e d  w i t h  p a r t i c u l a t e  
mater ia l  are  a l s o  b e i n g  made as p a r t  of PLUARG. 
answers .  For example, i o e s  t h e  amount of a v a i l a b l e  phosphorus i n  e r o d i b l e  shore-  
l i n e  v a r y  s i g n i f i c a n t l y  depending on t h e  l o c a t i o n  of t h e  s i t e  sampled? Could 
t h e  a d d i t i o n  of p a r t i c u l a t e  m a t e r i a l  from s h o r e  e r o s i o n  i n  some cases a c t u a l l y  
remove s o l u b l e ,  b i o l o g i x l l y  a v a i l a b l e  phosphorus from t h e  water (as a r e s u l t  
of s o r p t i o n  o r  chemical. e q u i l i b r a  r e a c t i o n s ) .  Obviously,  due to t h e  s i z e  of t h e  
system b e i n g  d e a l t  w i t h  and t h e  d i f f e r e n c e  from s i t e  t o  s i t e ,  r e s e a r c h  i n t o  t h i s  
t o p i c  is  o n l y  i n  i t s  in€ancy .  N e v e r t h e l e s s ,  for t h e  purposes  of PLUARG, t h i s  
s t u d y  a t t e m p t s  t o  p r o v i l e  a f i r s t  c u t  assessment  of t h e  q u a n t i t y  and q u a l i t y  of 
s h o r e l i n e  e r o s i o n  and h3w i t  may a f f e c t  the  Great Lakes.  

Many q u e s t i o n s  are i n  need of 
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A N A L Y S I S  O F  
S H O R E L I N E  S A H P L E S  

SAMPLING PROCEDURES 

I n  a c o o p e r a t i v e  e f f o r t  between U.S. Army Corps o f  Engineers  and t h e  U.S. S o i l  
Conserva t ion  S e r v i c e ,  s a m p l e s  were c o l l e c t e d  from 49 U.S. Great Lakes s h o r e l i n e  
p r o f i l e s ,  f o r  t h e  purpose of de te rming  t h e  l e v e l s  of n u t r i e n t s ,  trace e lements  
and o t h e r  components i n  e r o d i b l e  l a k e  s h o r e  mater ia ls .  The s a m p l i n e  p r o f i l e s  w e r e  
s e l e c t e d  from 11 U.S. c o u n t i e s  c u r r e n t l y  be ing  a s s e s s e d  f o r  s h o r e l i n e  damages by 
t h e  Corps of Engineers .  These p r o f i l e s  w e r e  i n t ended  t o  r e p r e s e n t  t h e  d i f f e r e n t  
e r o s i v e  c o n d i t i o n s  w i t h i n  t h e  U.S. Great Lakes. 

Sample C o l l e c t i o n  

Samples were c o l l e c t e d  by l o c a l  o r g a n i z a t i o n s  under c o n t r a c t  t o  t h e  U.S. Army 
Corps of Engineers  d u r i n g  t h e  months of May and June ,  1975. S o i l  s c i e n t i s t s  from 
t h e  S o i l  Conserva t ion  S e r v i c e  were made a v a i l a b l e  t o  work w i t h  each  sampling u n i t  
t o  h e l p  sample and  d e s c r i b e  t h e  s o i l .  p r o f i l e .  I n  most cases samples  were co l -  
l e c t e d  w i t h  t h e  a s s i s t a n c e  of  S o i l  Conserva t ion  S e r v i c e  pe r sonne l .  

Composite samples were genera1l.y t a k e n  from each major s o i l  h o r i z o n  w i t h i n  
t h e  b l u f f .  The number of samples needed t o  adequa te ly  sample t h e  s h o r e l i n e  p r o f i l e  
w a s  de te rmined ,  where p o s s i b l e ,  by a r e p r e s e n t a t i v e  of t h e  S o i l  Conserva t ion  
S e r v i c e .  I n  most c a s e s ,  composite s a m p l e s  were c o l l e c t e d  from each  major s o i l  
h o r i z o n  (A, B ,  and C ) .  A t  least  two o r  more samples from each  b l u f f  p r o f i l e  were 
obta ined .  S a m p l e s  wexe obta ined  so  as  t o  b e  as representative a s  p o s s i b l e  of 
unweathered material from t h e  h o r i z o n  which w a s  sampled. 

I n  some cases samples were ob ta ined  from both  t h e  t o p  of t h e  b l u f f  and b l u f f  f a c e  
(only  p r o f i l e s  w i t h i n  t h e  S t a t e  of Michigan).  
g e n e r a l l y  o b t a i n e d  by t a k i n g  a v e r t i c a l  c o r e  sample .  Samples from t h e  f a c e  of t he  
b l u f f  w e r e  o b t a i n e d  b] t a k i n g  a h o r i z o n t a l  c o r e  u s u a l l y  i n  t h e  C ho r i zon .  

Samples f r o m  t h e  t o p  of t h e  b l u f f  were 

D e s c r i p t i o n s  of t h e  b l u f f  as w e l l  as t h e  g e n e r a l  c h a r a c t e r i s t i c s  of t h e  s o i l  
were made i n  t h e  f i e l d  by t h e  c o n t r a c t o r  and t h e  r e p r e s e n t a t i v e  of t h e  S o i l  
Conserva t ion  S e r v i c e  ( i f  p r e s e n t ) .  The d e s c r i p t i o n  i n c l u d e s  in fo rma t ion  on t h e  
p r o f i l e  sampled, t h e  dep th  of t h e  s a m p l e  from t h e  t o p  of t h e  b l u f f ,  whether t h e  
sample w a s  t aken  from t h e  f a c e  o r  t h e  top  of t h e  b l u f f ,  the  c o o r d i n a t e s  o f  t h e  
p r o f i l e  l o c a t i o n ,  and a g e n e r a l  account  of t h e  t y p e  of s o i l  samples.  
i nc luded  t h e  s o i l  t e x t u r e ,  t h e  pH of t h e  s o i l ,  t h e  t y p e  of boundary between 
horizons, and o t h e r  a p p r o p r i a t e  i n fo rma t ion .  
were d e s c r i b e d  i n  t h e  same l e v e l  of d e t a i l .  
of Michigan were u s u a l l y  d e s c r i b e d  in  g r e a t e r  d e t a i l  t han  p r o f i l e s  from o t h e r  states. 

T h i s  account 

U n f o r t u n a t e l y ,  n o t  all p r o E i l e s  
P r o f i l e s  from c o u n t i e s  i n  t h e  S t a t e  
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There  were a l s o  more samples p e r  p r o f i l e  from Michigan c o u n t i e s  t h a n  normal ly  
found i n  o t h e r  c o u n t i e s .  S i x  o u t  of 11 c o u n t i e s  surveyed w e r e  i n  t h e  S t a t e  of 
Michigan and t h e  major::ty of t o t a l  samples o b t a i n e d  w e r e  a l s o  from t h i s  S t a t e  
so as a r e s u l t  most of t h e  t o t a l  p r o E i l e s  are f a i r l y  w e l l  d e s c r i b e d .  In  some 
cases, d e t a i l e d  maps w e r e  provided b,y t h e  c o n t r a c t o r s  c o l l e c t i n g  t h e  samples 
which s p e c i f i e d  unique  c h a r a c t e r i s t i c s  of t h e  p r o f i l e  o r  t h e  e x a c t  l o c a t i o n  of 
t h e  p r o f i l e .  A sumar:T of t h e  a v a i l a b l e  d e s c r i p t i o n s  as w e l l  as t h e  r e s u l t s  of  
t h e  chemica l  a n a l y s e s  of t h e  s a m p l e s  is  found i n  Appendix A . 
P r e s e r v a t i o n  and S t o r a E  

N o  s p e c i a l  a d j u s t n e n t s  w e r e  made t o  p r e s e r v e  o r  s t o r e  t h e  s a m p l e s  from t h e  
t i m e  t h e y  w e r e  c o l l e c t e d  u n t i l  t h e  t i m e  t h e y  were sh ipped  t o  t h e  C e n t r a l  Regional. 
Labora to ry  of t h e  U.S. Environmental  P r o t e c t i o n  Agency i n  October ,  1975. Once 
a t  t h e  EPA l a b o r a t o r y ,  samples were r e f r i g e r a t e d  ( b u t  n o t  f r o z e n ) .  S ince  s o i l  
i n  t h e  f i e l d  i s  c o n s t i n t l y  exposed t o  t h e  v a r i a b l e  weather c o n d i t i o n s  found i n  t h e  
Great Lakes ( f r e e z i n g ,  thawing) ,  i t  would be  expec ted  t h a t  no major changes 
would occur  i n  t h e  s a m p l e s .  However, i t  i s  r e a s o n a b l e  t o  expec t  t h a t  some changes ,  
i n  t h e  chemica l  form o r  a s s o c i a t i o n  of some s p e c i e s , a l t h o u g h  p robab ly  r e l a t i v e l y  
s m a l l ,  may have occur red .  For example, t h e r e  may have been some conve r s ion  from 
s o l u b l e  t o  p a r t i c u l a t e  phosphorus or v i c e  v e r s a  d u r i n g  t h e  s t o r a g e  p e r i o d .  S ince  
t h e  o b j e c t  of t h i s  s t u d y  w a s  t o  g e t  a g e n e r a l  i d e a  of t h e  chemica l  l o a d i n g  of 
m a t e r i a l s  t o  t h e  Great Lakes,  any changes which might occur  i n  t h e  chemica l  
composi t ion  of t h e  material ,  whether. chemical o r  b i o l o g i c a l ,  p robab ly  would n o t  
s i g n i f i c a n t l y  a f f e c t  t h e  l o a d i n g  e s t i m a t e s .  

- ANALYTICAL XETHODS 

A l l  a n a l y s e s  of  s h o r e l i n e  samp1.e~ were conducted by t h e  C e n t r a l  Reg iona l  
Labora to ry  of t h e  U.S .  Environmental  P r o t e c t i o n  Agency, Region V.  
c r i p t i o n  of t h e  a n a l y t i c a l  t echn iques  used ,  as provided  by t h e  U.S. Environmental  
P r o t e c t i o n  Agency, i s  g iven  below. 
t e c h n i q u e s  used, r e a d e r s  should  c o n s u l t  “Methods f o r  Chemical Ana lys i s  of Water 
and Waste” (EPA, 1974)  o r  the C e n t r a l  Regional  Laboratory of U . S .  EPA d i r e c t l y .  

A b r i e f  des- 

For more d e t a i l e d  in fo rma t ion  on t h e  a n a l y t i c a l  

Upon r e c e i p t  a t  t:he C e n t r a l  Regional  Labora to ry ,  s o i l  samples w e r e  r e f r i g e r a r e d .  
Sample p r e p a r a t i o n  c o n s i s t e d  of mixing samples g e n t l y  t o  i n s u r e  t h a t  a r e p r e s e n t -  
a t i v e  a l i q u o t  cou ld  be taken .  Three  a l i q u o t s  w e r e  t aken  f o r  a n a l y s i s .  

A l iquo t  A was o b t a i n e d  from a mi ld  a c i d  e x t r a c t i o n .  T h i s  t e c h n i q u e  w a s  
used t o  p r o v i d e  an  estimate of t h e  c o n c e n t r a t i o n  of “ a v a i l a b l e ”  m a t e r i a l s .  
two grams ( d r y  weight  b a s i s )  w e r e  added t o  200 m l  
c e n t r i f u g e  tube .  
s h a k e r  and then  c e n t r i f u g e d  a t  approximate ly  25,000 g f o r  15 minutes .  
decana ted  s u p e r n a t e  w a s  t h e n  used f o r  a n a l y s i s .  

One t o  
of 0.05N H C 1  i n  a 250 m l  

The mix tu re  w a s  shaken f o r  two hours  on a H u r r e l l  w r i s t  a c t i o n  
The 

A l i q u o t  B was d r i e d  a t  1 0 5 0 ~  t o  a c o n s t a n t  weight  and t h e  p e r c e n t  m o i s t u r e  
c a l c u l a t e d .  The d r i e d  s a m p l e  w a s  used f o r  a l l  t o t a l  parameter measurements. 
A l i q u o t  C w a s  a i r  d r k d  and used for particle size and s p e c i f i c  g r a v i t y  measure- 
ments. 



Nut r i e n  t 2a r a m  i e r s 
_---_x_ 

Table  3 d e s c r i b e s  t h e  parameters  and a n a l y t i c a l  methods used f o r  n u t r i e n t s :  

TABLE 3 .  PARAMETERS NJD METHODS FOK NUTRlENT ANALYSIS OF SHORELINE SOIL SAMPLES 

rl 
a 
U 
0 
H 

Parameter  - 

Ortho Phosphate-P 

T o t a l  Phosphorus X 

Ammonia-N 

N i t r a t e /N -i t r i t  e-N 

T o t a l  K je ldah l  N X 

T o t a l  Organic  Carbon X 

X 

Method 

Combined s i n g l e  c o l o r  r e a g e n t  method 
(EPA, 1974) 

X K j e l d a h l  d i g e s t i o n  fol lowed by combined 
s i n g l e  c o l o r  r e a g e n t  method (EPA, 1974) 

X C o l o r i m e t r i c  phenate  method (EPA, 1974) 

X Cadinium r e d u c t i o n  method (EPA, 1974) 

X K.jcldahl d i g e s t i o n  fol lowed by c o l o r i -  
m e t r i c  phenate  method 

X P e r s u l f a t e  o x i d a t i o n  followed by TR 
de t ec t i o n  -_ - 

Metal and Other  Elemental  Parameters  
----I__-- 

Two gram a l i q u o t s  of the  d r i e d  sample were passed through a # l o  s i e v e  and 
d i g e s t e d  i n  24 ml of 6 N h y d r o c h l o r i c  a c i d  f o r  one hour ,  u s i n g  a Technicon Block 
D i g e s t e r  a t  a d i g e s t i o n  tempera ture  o €  100 - 5 " ~ .  Samples were t h e n  d i l u t e d  t o  
100 ml and e i t h e r  f i l t e r e d  or centrifuged (or both)  to remove particulate matter. 
The s o l u t i o n  w a s  then  ana lyzed  f o r  Ag, A l ,  B, B a ,  C a ,  Cd, Co, C r ,  Cu, Fe, Mg, Mn, 
Mo, N i ,  P b ,  Sn, T i ,  V,  Y ,  and Zn u s i n g  a n  i n d u c t i v e l y  coupled a rgon  plasma 
emiss ion  s p e c t r o m e t e r .  
Ronan (1975). 
d i r e c t l y  i n t o  t h e  emiss ion  spec t rometer .  Mercury was measured u s i n g  f l a m e l e s s  
atonlic a b s o r p t i o n  d e t e c t i o n .  Samples f o r  t o t a l  mercury w e r e  f i r s t  d i g e s t e d  by 
t h e  automated method (EPA, 1974) .  

4- 

D e t a i l e d  i n f o r m a t i o n  on t h i s  method may be  o b t a i n e d  from 
The s o l u t i o n s  r e s u l t i n g  from t h e  mild a c i d  e x t r a c t s  were a s p i r a t e d  

Some samples f o r  metals were d - i lu t ed  ( g e n e r a l l y  L : 1 0 )  p r i o r  t o  a n a l y s i s .  
Consequently f o r  some samples t h e  r e p o r t e d  d e t e c t i o n  l i m i t s  w e r e  n o t  always 
uniform f o r  some of t b e  parameters .  The d e c i s i o n  on d i l u t i o n  w a s  based on t h e  
o c c u r r e n c e  of major  ccmponcnts (except  calcium) a t  a c o n c e n t r a t i o n  exceeding 
5000 )ig/p,. According t o  EPA' s C e n t r a l  Regional  Labora tory ,  t h i s  procedure was 
used because of curreii  t l y  undocumented i n t e r f e r e n c e  problems a s s o c i a t e d  w i t h  t h e  
analytical method. 



Trace  Organic  Parameters  - 

Eigh t  s a m p l e s  w e r e  e x t r a c t e d  o v e r n i g h t  i n  a s o x h l e t  e x t r a c t o r  u s i n g  a n  ace tone  
s o l v e n t .  The extracts w e r e  concen t r a t ed  t o  less  than  20 m l ,  added t o  one l i t e r  of 
water and t h e  waters bsck-ext rac ted  w i t h  15% methylene chor ide  i n  hexane. 
e x t r a c t s  w e r e  t hen  d r i e d  and ana lyzed  f o r  t r a c e  o r g a n i c s  by t h e  s t a n d a r d  semi- 
automated C e n t r a l  Regicna l  Labora tory  procedure  u s i n g  f l o r i s i l  and s i l i c i c  a c i d  
l i q u i d  chromatography, fo l lowed by dual-column g a s  chromatography. P e s t i c i d e s  
w e r e  s e p a r a t e d  from PCEis and o t h e r  o r g a n i c s  by e l u t i n g  w i t h  d i f f e r e n t  s o l v e n t  
mix tu res  i n  t h e  s t a n d a r d  f a s h i o n .  More d e t a i l e d  in fo rma t ion  on t h e  a n a l y t i c a l  
t echn iques  used f o r  trace o r g a n i c  a n a l y s i s  may be  ob ta ined  from t h e  C e n t r a l  Regional  
Labora tory  of t h e  U.S. Environmental  P r o t e c t i o n  Agency. 

The hexane 

P h y s i c a l  Pa rame te r s  

A l i q u o t  C w a s  used f o r  de t e rmin ing  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  acco rd ing  
t o  American S o c i e t y  f o r  T e s t i n g  and Materials (ASTM) procedure D422 ( sed imen ta t ion  
c y l i n d e r s ) .  Large s i z e  p a r t i c l e s  were s e p a r a t e d  us ing  t h e  s t a n d a r d  s i e v e  proce- 
dure .  S p e c i f i c  g r a v i t y  w a s  determined on Al iquo t  C u s ing  ASTM procedure  D854-58. 
The p e r c e n t  t o t a l  s o l i d s  i n  each s a m p l e  were determined from Al iquo t  B by d r y i n g  
a t  105 "C t o  a c o n s t a n r  weight .  

Q l a l i t y  Con t ro l  S t a t i s i i c s  

Q u a l i t y  c o n t r o l  d < i t a  from t h e  a n a l y s i s  of s h o r e l i n e  s o i l  samples ana lyzed  by 
1J.S. EPA a re  g iven  i n  'Table 4.  1111 s t a t i s t i c s  were provided by t h e  C e n t r a l  
Regional  Labora tory  of U. S .  EPA. 

Table  4 shows t h a t  t h e r e  i s  a c o n s i d e r a b l e  range i n  t h e  c o n c e n t r a t i o n  of 
The r e l a t i v e  v a r i o u s  Parameters  found i n  t h e  s o i l  samples ,  as would be  expec ted .  

s t a n d a r d  d e v i a t i o n  of ; > a i r e d  s a m p l e s  f o r  t o t a l  phosphorus w a s  lower  when t h e  
c o n c e n t r a t i o n  range  wa,; g r e a t e r  t han  100 mg/kg t h a n  when t h e  range  w a s  less than  
100 mg/kg. 
phosphorus w a s  q u i t e  low. The r e l a t i v e  s t a n d a r d  d e v i a t i o n  of p a i r e d  samples for 
n i t r o g e n  s a m p l e s  i s  reasonab le  c o n s i d e r i n g  t h e  o f t e n  encountered h i g h  v a r i a b i l i t y  
of n i t r o g e n  a n a l y s e s .  The range  i n  c o n c e n t r a t i o n s  of metals and o t h e r  expe r imen ta l  
parameters  is  l a r g e ,  a s  can b e  seen  i n  Table  4B. Gene ra l ly ,  s t a n d a r d  d e v i a t i o n s  
of p a i r e d  s a m p l e s  are given f o r  two d i f f e r e n t  c o n c e n t r a t i o n  r anges  when t h e r e  w a s  
a l a r g e  v a r i a b i l i t y  i n  c o n c e n t r a t i o n  r anges .  

The r e l a t i . r e  s t a n d a r d  d e v i a t i o n  of p a i r e d  samples f o r  e x t r a c t a b l e  

One of t h e  r e a s o n s  f o r  t h e  l a r g e  range  i n  t h e  c o n c e n t r a t i o n  of trace 
e lements  i n  s o i l  samples probably  l i e s  i n  t h e  f a c t  t h a t  h igh  amounts of one o r  
more common components i n  t h e  s o i l  can  d i l u t e  o u t  trace components. 
c o n c e n t r a t i o n s  i n  t h e  s o l i d  phase (weight  p e r  weight )  are n o t  d i r e c t l y  comparable 
t o  aqueous phase  c o n c e n t r a t i o n s  (weight  pe r  volume).  T h i s  is  because  t h e  refer- 
ence i n  water i s  a c o n s t a n t  w h i l e  t h e  r e f e r e n c e  i n  s o i l  o r  sed iment  ( t h e  bulk  
material )  has  a v a r i a b l e  composi t ion.  
have shown t h a t  most of  t h e  o l i g o t r o p h i c ,  unproduct ive  l a k e s  i n  n o r t h e r n  Wisconsin 
have h i g h e r  phosphorus c o n c e n t r a t i o n s  i n  the  sediments than  t h e  h i g h l y  f e r t i l e ,  
e u t r o p h i c  l a k e s  i n  the  sou the rn  p a r t  of  t h e  S t a t e .  

I n  o t h e r  words 

A s  an example, Bor t l e son  and Lee  ( 1 9 7 4 )  

Since  3.alte sed iments  t end  t o  
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TABLE 4 i 
t QUALITY CONTROL DATA FROM SHORELINE SOTL SNPLES 

ANALYSIS CONDUCTED BY U.S. EPA t 
A. N u t r i e n t  Parameters  

Parameter  

T o t a l  Phosphorus 
T o t a l  Phosphorus 
E x t r a c t a b l e  Phosphorus 
T o t a l  K j e l d a h l  N i t rogen  
To t a l  K j  e l d a h l  Ni t rogen  
E x t r a c t a b l e  K j e l d a h l  Nitrogen 

Conc. Range, mg/kg 

> . lo0  mg/kg < 100 mg/kg 

> l o 0  mg/kg < 100 mg/kg 

all 

a l l  

RS$ % 

26 
34 

6 
27 
18 
2 7  

B. Metals and o t h e r  Elemental  F’arameters (0.05N Hydrochlor ic  
Acid E x t r a c t a b l e )  

Parameter  Cone. Range, mg/& - n SD*, mg/kg 

H 
Ba 

B e  
Cd 
co 
C r  
cu 
Fe 

Mn 

Mo 
N i  
Pb 
Sn 
T i  
V 
Y 
Zn 

60-2500 
2500-4000 

5-1000 
1000-6000 

5-100 
I n s u f f  i c  i clnt Data 

5-50 

50-1000 
1-4 

0 , 5 - 4  
4-100 
0 .3  

0.5-1 
2 

0 .5  
2 

15-50 
50-400 

0.3-50 
50-150 

2 
I n s u f f i c i e n t  Data 

I n s u f f i c i e n t  Data 

I n s u f f i c i e n t  Data 

3-25 

0.3-4 

0.3-4 
2-5 

23 

9 59 
7 9 45 

10 32.7 
5 108 

1 5  2.5 

7 

9 
1 4  

8 
8 
3 

1 5  
5 
5 
6 
6 
9 

10 
6 
8 

3 

9 

1 0  
9 

1 . 5  

29.2 
0.17 
0.15 
1 . 7  
0.02 
0.07 
0.11 
0.09 
0.07 
2.6 
8 .7  
0.49 
3.3 
0.17 

1.5 

0.13 

0.18 
0 .5  



TAELE 4 (cont inued)  

C. Metal and Other Elemental  Parameters  - 6 N  Hydrochlor ic  Acid 
Diges ted  

Parameter  

C a  

Na 

Ag 
A 1  
B 

B a  
B e  
Cd 
co 

C r  
cu  
Fe 
I.ln 

Mo 
N i  
Pb 
Sn 
T i  
v 
Y 
Zn 

- Conc. Range, mg/& 

100-1500 
1500-7000 

50-500 
500-5000 

10-50 
50-500 

I r . su f  f icient Data 
200-1000 
1-10 

10-50 
1-100 

Irisuff i c i e n t  Data 
0 . 5  

1-20 
20-300 
1-50 
0.5-50 

10-100 
100-500 

' 500-5000 

n - 

18 
11 

7 
1 4  
20 
1 2  

1 8  
1 5  
1 2  
29 

5 
16  
1 2  
28 
27 
1.7 
17 
1 3  

SD*, mg/kg 

119 
1 9 1  
33.5 
2 7 3  
7.8 
39.2 

45 
0.74 
3 . 9  
2.39 

0.11 
1.06  
1 3 . 9  
1.58 
1.08 
2 3 9  
3 . 4  
35 

L i i s u f f i c i e n t  Data 
Ii isuf f i c i e n t  Data 

I n s u f f i c i e n t  Data 
5-2,0 6 0.9 

40-1000 26 34 
1-100 25 6 .8  

2-50 33  2.7 
I x i u f f i c i e n t  Data 

* RSD, Relative s t a n d a r d  d e v i a t i o n  of p a i r e d  samples 

SD, 2 Standard  d e v i a t i o n  of p a i r e d  samples  
kg 

24 



be  a s i n k  f o r  phosphorus; (Sonzogni -- e t  a l . ,  1976) i t  might be  expec ted  t h a t  t h e  
more f e r t i l e  l a k e s  would have h i g h e r  sediment phosphorus c o n c e n t r a t i o n s .  
t h e  n o r t h e r n  l a k e s  are  s o f t  water l a k e s  w i t h  l i t t l e  ca lc ium c a r b o n a t e  p r e c i p i t a t i o n ,  
w h i l e  t h e  s o u t h e r n  lake:; t y p i c a l l y  have v e r y  h a r d  water and h i g h  ra tes  of cal.cium 
c a r b o n a t e  p r e c i p i t a t i o n ,  
phosphorus and o t h e r  trace components so t h a t  t h e  c o n c e n t r a t i o n  on a weight p e r  
weight  b a s i s  i s  less f o r  t h e  more p r o d u c t i v e  l a k e s ,  even though t h e  d e p o s i t i o n  rates 
of t h e  t r a c e  e l emen t s  m,iy be  h i g h e r .  Thus,  when i n t e r p r e t i n g  s h o r e l i n e  chemica l  
d a t a ,  t h e  e f f e c t  of d i l i i t i o n  by major c o n s t i t u t e n t s  on t h e  t r a c e  e lement  composi- 
t i o n  must b e  c o n s i d e r e d .  

However, 

The c a l c i u m  c a r b o n a t e  c o n t e n t  of t h e  sediment d i l u t e s  t h e  

RESULTS OF ANALYSIS OF SHORELINE SA"= 

Appendix A p r o v i d e s  t h e  r e s u l t s  of t h e  a n a l y s i s  of the samples c o l l e c t e d  
from 49 d i f f e r e n t  s h o r e l i n e  p r o f i l e s  i n  11 c o u n t i e s .  Inc luded  w i t h  t h i s  chemica l  
and p h y s i c a l  d a t a  are t h e  n a r r a t i v e  d e s c r i p t i o n s  O E  t h e  p r o f i l e s  based  on t h e  
f i e l d  n o t e s  p rov ided  by t h e  a g e n c i e s  t h a t  ob ta ined  t h e  samples.  

No a n a l y s e s  w e r e  made on samples 153-3-1 through 153-3-4 i n  S c h o o l c r a f t  
County, Michigan due t o  e i t h e r  m i s s i n g  s a m p l e s  o r  t o  l a r g e  rocks  i n  t h e  s a m p l e  
which made r e p r e s e n t a t i v e  a n a l y s i s  imposs ib l e .  S i m i l a r l y ,  sample D33-3-5 i n  Chippewa 
County ( P r o f i l e  2 )  and sample NY-3-4 i n  Oswego County ( P r o f i l e  3 )  w e r e  n o t  ana lyzed .  

Nore d e t a i l e d  d e s c r i p t i o n s  o f  t h e  l o c a t i o n  of t h e  p r o f i l e s  may be found 
i n  t h e  Great Lakes Shore land  Damage Survey r e p o r t s  
surveyed  (U.S .  A r m y  Corps  of Eng inee r s ,  1976) .  

p rovided  f o r  t h e  11 c o u n t i e s  

T a b l e  5 co inparcs  t h e  c o n c e n t r a t i o n  r anges  of s e v e r a l  pa rame te r s  o b t a i n e d  
from t h e  a n a l y s i s  of t h e  s h o r e l i n e  s . lmples  from t h i s  s t u d y  w i t h  t h e  c o n c e n t r a t i o n  
r anges  found f o r  d i f f e r e n t  Great Lakes Basin s o i l  samples r e p o r t e d  i n  o t h e r  
s t u d i e s .  T h i s  t a b l e  i r d i c a t e s  t h a t  t he  c o n c e n t r a t i o n s  o b t a i n e d  i n  t h e  s h o r e l i n e  
p r o f i l e  a n a l y s e s  art3 w i t h i n  t h e  same range  as o t h e r  s o i l s  s t u d i e d  i n  t h e  Basin. 
The c o n c e n t r a t i o n s  of o t h e r  pa rame te r s  de te rmined  f o r  t h e  s h o r e l i n e  samples are 
a l s o  g e n e r a l l y  w i t h i n  Lhe c o n c e n t r a t i o n  r ange  found f o r  s imilar  s o i l s  (Brady, 1974; 
Carter, 1975; Helmke -_ e t  __ a l . ,  1976; Sommers -- e t  a l . ,  1975 ;  Veatch ,  1953 and Wilding 
and Logan, 1976) .  Thus, w h i l e  t h e r e  are s i g n i f i c a n t  variations i n  the concentra- 
t i o n s  r e p o r t e d  from one s h o r e l i n e  sample t o  a n o t h e r ,  t h e  c o n c e n t r a t i o n s  do f a l l  
w i t h i n  t h e  g e n e r a l  r a n g e s  found f o r  o t h e r  s o i l s  i n  the b a s i n .  

N u t r i e n t  Parameters 

C o n c e n t r a t i o n s  of t o t a l  phosphorus,  e x t r a c t a b l e  t o t a l  phosphorus,  e x t r a c t a b l e  
o r t h o  phosphorus,  e x t r s c t a b l e  ammonia n i t r o g e n ,  e x t r a c t a b l e  n i t r i t e / n i t r a t e  n i t r o @ , e n ,  
t o t a l  k j c l d a h l  n i t r o g e i ,  and t o t a l  and e x t r a c t a b l e  o r g a n i c  carbon are  r e p o r t e d  
i n  Appendix A . 
from 13-1400 p g / g  P. I n  g e n e r a l ,  t o t a l  phosphorus c o n c e n t r a t i o n s  t end  t o  be  
lowes t  i n  t h e  s h o r e l i n e  s o i l  s a m p l e s  t aken  from t h e  e a s t e r n  s h o r e  of Lake Michigar' 
and from t h e  w e s t e r n  s h o r e  of Lake Huron. 

T o t a l  phosphorus c o n c e n t r a t i o n s  as shown i n  Table  5 ranged 
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T o t a l  P 

Veatch (1953) 
Wilding and Logan (1.976) 
Carter (1975) 

T h i s  Study 
(Hydrolyzable  P)  

T o t a l  N 

Wilding 6 Logan (197 6) 
Th i s  Study 

T o t a l  Fe 

Veatch (195 ) 
Carter (1975) 
Th i s  Study 

T o t a l  Pb 

Carter (1975) 
Th i s  Study 

Range, Pgls 

70-300 
208-1834 

36-681 

13-1400 

336-11,508 
9-3 .* 600 

800-37,900 
1100-fi7,900 
468-41) ,900 

0-22 7 < 3-253 

n - 

18 
53 
20 

164 

n 

5 3  
164 

- 

33 
20 
164 

20 
164 

E x t r a c t a b l e  o r t h o  phosphorus a:?d e x t r a c t a b l e  t o t a l  phosphorus c o n c e n t r a t i o n s  
are g e n e r a l l y  v e r y  similar. E x t r a c t a b l e  phosphorus c o n c e n t r a t i o n s  f o r  most of  
t h e  s a m p l e s  are  l e s s  ihan 50 p e r c e n t  of t h e  t o t a l  phosphorus c o n c e n t r a t i o n s .  
However, f o r  some samples (S t .  Louis County, Minnesota s h o r e l i n e  s o i l s ,  f o r  
example) t h e  e x t r a c t a b l e  phosphorus c o n c e n t r a t i o n s  are about  as l a r g e  as t h e  t o t a l  
phosphorus concen t r a  t ions.  

E x t r a c t a b l e  n i t r r 3 t e / n i t r i t e - N  and e x t r a c t a b l e  ammonia-N concentrations are 
The h i g h e s t  n i t r i t e / n i t r a t e  c o n c e n t r a t i o n  i s  found ge r l e ra l ly  low b u t  v a r i a b l e .  

in Racine County ( s a m p l e  number R-4-1) when a v a l u e  of 60 pg/g  N w a s  found. The 
l a r g e s t  ammonia-N value,  36 pg/g N ,  i s  found i n  Douglas P r o f i l e  3 ( sample  number 
D - 3 - 1 ) .  Many e x t r a c t a b l e  ammonia val.ues w e r e  below t h e  d e t e c t i o n  l i m i t  f o r  t h e  

. a n a l y s i s .  

t h e  s h o r e l i n e  s o i l s  i s  shown i n  Table  4 . 
d i v e r s e  s o i l  s a m p l e s ,  t h e r e  is  a tremendous range  i n  t o t a l  N c o n c e n t r a t i o n s .  
The r ange  w a s  even g r e a t e r  f o r  streambank s a m p l e s  ana lyzed  f o r  PLUARG (Wilding and 
Logan, 1976) .  
a long  e a s t e r n  Lake Michigan and wes tern  Lake Huron. Organic  carbon c o n c e n t r a t i o n s  
are a l s o  q u i t e  v a r i a b l e ,  a g a i n  as wculd be  expec ted .  No t r e n d s  i n  o r g a n i c  carbon 
c o n c e n t r a t i o n s  are  appa ren t  from t h e  d a t a  i n  Appendix A - 

The range  of c o n - e n t r a t i o n s  r e p o r t e d  f o r  t o t a l  K j e l d a h l  n i t r o g e n  o b t a i n e d  f o r  
A s  would b e  expec ted  when comparing 

Somewhat lower t o t a l  N Concen t r a t ions  are p r e v a l e n t  from c o u n t i e s  

Metal and Other Elementa l  Parameters - 

A number of m e t a l s  were measured a l though  they  are n o t  i n c l u d e d  i n  Appendix A . 
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S i l v e r ,  bo th  t o t a l  and E x t r a c t a b l e ,  w a s  measured, bu t  was always found t o  be below 
t h e  d e t e c t i o n  l i m i t ,  which w a s  e i t h e r  1 o r  10  pg/g f o r  t o t a l  s i l v e r  and 1 o r  2 f o r  
e x t r a c t a b l e  s i l v e r .  The resul ts  f o r  s i l v e r ,  however, should a c t u a l l y  be  d i s r e -  
garded as I i C l  e x t r a c t i o n  and d i g e s t i o n  would p r e c i p i t a t e  r a t h e r  t han  e x t r a c t  
s i l v e r  due t o  t h e  formal.ion of h i g h l y  i n s o l u b l e  AgC1. Nicke l  w a s  a l s o  measured, 
b u t  n o t  i n c l u d e d  i n  Appendix A . A l l  t o t a l  n i c k e l  s amples  w e r e  less t h a n  5 o r  
50 pg/g excep t  s a m p l e s  :,53-3-1 through 153-3-4 ( 4 7 7  p g / g ) ,  sample SL-5-2 (148  p g / g ) ,  
and sample R-4-3 (96 pg,'g). 
than  3 ,  less than  5 ,  o r  less t h a n  10  ug/g.  T o t a l b e r y l l i u m  i s  n o t  r e p o r t e d  i n  
Appendix A s i n c e  a l l  vaLues were less t h a n  1 o r  less than  10  pg/g  depending on 
t h e  d i l u t i o n  used. S i m i l a r l y ,  e x t r a c t a b l e  b e r y l l i u m  was found t o  be always less  
t h a n  1 o r  less t h a n  0 .3  pg/g.  T o t a l  mercury w a s  ana lyzed  but  is  n o t  r e p o r t e d  i n  
Appendix A s i n c e  a l l  v a l u e s  w e r e  r e p o r t e d  t o  be less than  0.1 pg/g excep t  sample 
063-7-2 ( 0 . 2  p g / g ) .  E x t r a c t a b l e  mercury w a s  n o t  ana lyzed  due t o  t h e  low t o t a l  
v a l u e s .  

A l l  e x t r a c t a b l e  n i c k e l  v a l u e s  were r e p o r t e d  as less 

Calcium and magnesiun c o n c e n t r a t i o n s  r e p o r t e d  i n  Appendix A show a wide 
v a r i a b i l i t y .  However, sone  of t h e  samples from Lake Michigan and Lake Huron shore-  
l i n e s  have lower c o n c e n t r a t i o n s  than  samples from o t h e r  s h o r e l i n e s .  Sodium concen- 
t r a t i o n s  are  a l s o  q u i t e  v a r i a b l e  and many of t h e  samples r e p o r t  c o n c e n t r a t i o n s  less 
t h a n  250 pg/g.  Higher v a l u e s  can be  found f o r  t o t a l  sodium i n  St. Louis County 
and t h e  Wisconsin c o u n t i e s .  E x t r a c t a b l e  sodium is  v a r i a b l e ,  bu t  t ends  t o  be  
lowes t  i n  t h e  Michigan c o u n t i e s .  

The r ange  of c o n c e n t r a t i o n s  found f o r  t o t a l  i r o n  is  shown i n  Table  5 . The 
t o t a l  i r o n  Concen t r a t ions  r e p o r t e d  f o r  t h e  s h o r e l i n e  samples show t h e  same l a r g e  
range  as otht l r  s o i l  s a n p i c s .  Some c o u n t i e s  have s i g n i f i c a n t l y  lower c o n c e n t r a t i o n s  
than  o t h e r s ,  liuwever, e x t r a L + t a b l e  i r o n  is ~ e n r r n l l y  <-tn o r d e r  o f  m,ignit_udc less  t h m  
t o t d l  iron cor icent ra t icns  a n d  d i s p l a y s  s i m i  Iar v a r i a b i l i t y  from s a m p l e  t o  Sample.  

Nanganese c o n c e n t r a t i o n s  i n  t h e  s h o r e l i n e  s o i l s  do n o t  e x h i b i t  as g r e a t  a 
c o n c e n t r a t i o n  r ang?  as i r o n ,  b u t  t h e  p a t t e r n  over  v a r i o u s  s h o r e  p r o f i l e s  does seem 
t o  f o l l o w  t h a t  of i r o n  c o n c e n t r a t i o n s ,  as would be expected due t o  t h e  s i m i l a r  
chemis t ry  of i r o n  and  manganese. 
t h a n  t o t a l  manganese but  v a r i e s  from sample  t o  sample  i n  a manner s i m i l a r  t o  
t o t a l  manganese. 

E x t r a c t a b l e  manganese i s  a l s o  c o n s i d e r a b l y  less 

T o t a l  and e x t r a c t a b l e  aluminum also seem t o  vary  among s a m p l e s  i n  a f a s h i o n  
s imi la r  t o  i ron .  E x t r a c t a b l e  aluminum t e n d s  t o  b e  an o r d e r  of magnitude less  
than  t o t a l  aluminum c o n c e n t r a t i o n s .  T i tan ium c o n c e n t r a t i o n s  are  a g a i n  q u i t e  
v a r i a b l e ,  a l t h o u g h  t h e  Michigan c o u n t i e s  tend  t o  be  lower i n  t e r m s  of t i t a n i u m  
c o n c e n t r a t i o n s  compared t o  t h e  p r o f i l e s  from o t h e r  c o u n t i e s .  E x t r a c t a b l e  t i t a n i u m  
i s  g e n e r a l l y  low, p a r t i c u l a r l y  r e l a t i v e  t o  t o t a l  t i t a n i u m  v a l u e s .  

Most t o t a l  boron c o n c e n t r a t i o n s  were r e p o r t e d  t o  b e  below t h e  d e t e c t i o n  l i m i t ,  
Consequently,  v h i c h  is  much h i g h e r  t i a n  t h e  d e t e c t i o n  l i m i t  f o r  e x t r a c t a b l e  boron. 

e x t r a c t a b l e  boron i s  f r e q u e n t l y  r e p o r t e d  i n  Appendix A wi th  c o n c e n t r a t i o n s  
g e n e r a l l y  less  t h a n  10 yg/g.  
w e r e  measureable  i n  a ? r e n t e r  number of samples than  boron c o n c e n t r a t i o n s .  
c o n c e n t r a t i o n s  tend  t o  b e  l i i ghes t  i n  samples from t h e  Minnesota and Wisconsin 
counties. C a d m i u m  and c o b a l t  c o n c e n t r a t i o n s  were a lmost  a l l  r e p o r t e d  as below 

Both t o t a l  and e x t r a c t a b l e  barium c o n c e n t r a t  ions  
Barium 
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d e t e c t i o n  l i m i t s .  
below t h e  d e t e c t i o n  limit. Some h igh  t o t a l  chromium v a l u e s  were r e p o r t e d ,  how- 
eve r .  The h i g h e s t  t o t a l  chromium c o n c e n t r a t i o n  i s  found i n  a S c h o o l c r a f t  County 
samp1.e (153-1-2). Cop?er c o n c e n t r a t i o n s  are v a r i a b l e  and many s a m p l e s  have 
c o n c e n t r a t i o n s  of  bo th  t o t a l  and e x t r a c t a b l e  copper below t h e  l i m i t  of a n a l y t i c a l  
d e t e c t i o n .  The h i g h e s t  copper c o n c e n t r a t i o n s  t end  t o  be a s s o c i a t e d  w i t h  t h e  
w e s t e r n  s h o r e  of Lake Supe r io r  and some Lake O n t a r i o  s h o r e l i n e  samples.  

Chromium c o n c e n t r a t i o n s  i n  t h e  s h o r e l i n e  s o i l s  are a l s o  usually 

Most of t h e  t o t a l  molybdenum c o n c e n t r a t i o n s  w e r e  r e p o r t e d  as less t h a n  30 pg/g 
o r  less t h a n  300 pg/g depending on t h e  d i l u t i o n  used. 

g e n e r a l l y l o w  and many of them w e r e  r e p o r t e d  as below 2 o r  5 pg/g. 
c o n c e n t r a t i o n s  were r e p o r t e d  t o  b e  below t h e  d e t e c t i o n  l i m i t  which f o r  t o t a l  t i n  
i s  less t h a n  500 pg/g. E x t r a c t a b l e  t i n  g e n e r a l l y  i s  low, less t h a n  3 pg/g o r  
less t h a n  10  pg/g .  Sample R-1-2 (Racine County, P r o f i l e  1) has an e x t r a c t a b l e  
t i n  v a l u e  oE 32.7 ug/g .  KO t r e n d s  a r e  e v i d e n t  f o r  molybdenum o r  t i n .  

E x t r a c t a b l e  virlues are a l l  
Most t i n  

With t h e  e x c e p t i o n  of a f e w  samples,  most of t h e  c o n c e n t r a t i o n s  of vanadium 
i n  t h e  s h o r e l i n e  s o i l  samples are l e s s  than  t h e  d e t e c t i o n  l i m i t s  f o r  bo th  t o t a l  
and e x t r a c t a b l e  vanadium. S i m i l a r l y ,  most of t h e  y t t r i u m  c o n c e n t r a t i o n s  were 
r e p o r t e d  as below t h e  d e t e c t i o n  l i m i t .  A s  shown i n  Table  5 t o t a l  l e a d  r anges  
f r c m  below d e t e c t a b i l i t y  t o  ove r  200 pg/g, which i s  similar t o  t h e  r ange  r e p o r t e d  
by Carter (1975) i n  h i s  a n a l y s i s  of Lake E r i e  s h o r e l i n e  samples.  E x t r a c t a b l e  
l e a d  
l e a d  c o n c e n t r a t i o n s  a re  found i n  Racine County, Wisconsin. T o t a l  l e a d  concen t r a -  
t i o n s  a re  a l so  h ighes t  i n  t h i s  county .  Zinc c o n c e n t r a t i o n s  are v a r i a b l e  as shown 
i n  Appendix A . No t r e n d s  i n  z i n c  c o n c e n t r a t i o n s  are a p p a r e n t  from t h e  r e p o r t e d  
v a l u e s .  

i s  g e n e r a l l y  below t h e  de t ec t i -on  l i m i t ,  a l t hough  some s i g n i f i c a n t  e x t r a b l e  

- Trace Organic Pa rame te r s  c_ 

The f o l l o w i n g  sariples were ana lyzed  f o r  t r a c e  o r g a n i c  compounds: 001-1-1, 
033-3-2, 033-4-4, 063-5-1, 063-9-2, SL-3-1, NY-3-5, and D-3-1. These samples 
were ana lyzed  f o r :  h t~xachlorobenzene ,  €3-BHC, l i n d a n e ,  t r e f l a n ,  a l d r i n ,  z y t r o n  , 
i s o d r i n ,  h e p t a c h l o r  epoxide ,  ych lo rdane ,  o,p-DDE, p , p ' - D D E ,  o,p-DDD, o,p-DDT, 
p,p'-DDD, p,p'-DDT, carbophenoth ion ,  methoxychlor,  mirex, a r o c l o r  1016, a r o c l o r  
1248, a r o c l o r  1254, a r o c l o r  1260, d i b u t y l  p h t h a l a t e ,  d i e t h y l  h e x y l  p h t h a l a t e .  A l l  
o r g a n i c  pa rame te r s  w e r e  r e p o r t e d  below t h e  d e t e c t i o n  l i m i t  of 1 p g / g .  

P h y s i c a l  Pa rame te r s  

S p e c i f i c  g r a v i t y  and p e r c e n t  t o t a l  s o l i d s  r e s u l t s  are p r e s e n t e d  i n  AppendixA . 
P e r c e n t  t o t a l  s o l i d s  

S p e c i f i c  g r a v i t y  v a l u e s  range  from a low of 1.79 t o  a h i g h  of 2.97, a l t h o u g h  most 
of t h e  s p e c i f i c  g r a v i t y  v a l u e s  are i n  t h e  r ange  of 2.5 t o  2.7. 
r ange  from 99.8 t o  6 7 . 4  p e r c e n t  w i t h  most o f  t h e  v a l u e s  i n  t h e  8 0  and 90 p e r c e n t  
range .  

R e s u l t s  of p a r t i c l e  s i z e  d e t e r m i n a t i o n s  are shown i n  AppendixB . A s  mention- 
ed i n  t h e  methods s e c t i o n ,  l a r g e r  s i z e  p a r t i c l e s  were s e p a r a t e d  a c c o r d i n g  t o  t h e  
s t a n d a r d  s i e v e  t echn ique  w h i l e  s cd imen ta t ion  c y l i n d e r s  w e r e  used  f o r  t h e  f i n e r  
particle s i z e  classification. 
c o n s i s t  of p a r t i c l e s  of r c l a t i v e l y  l a r g e  s i z e .  
sand s i z e  p a r t i c l e s  r a t h e r  t h a n  c l a y  s i z e  p a r t i c l e s .  

A s  can be seen  from AppendixB , most of t h e  Snmpl.eS 
Th i s  i s  i n d i c a t i v e  of t h e  c o a r s e  
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DISCUSSION OF RESULTS OF SHORELINE SAMPLE ANALYSIS - 
i 
f 

Chemical Concen t r a t ions  V s .  S o i l  Texture  -- I 

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

of some chemica l s  between some of t h e  c o u n t i e s ,  p a r t i c u l a r l y  between c o u n t i e s  i n  I 
f. 
5 

I 

t h e  S t a t e  of Michigan compared t o  c o u n t i e s  from Wisconsin,  Minnesota,  o r  New York. 
S ince  t h e  c o u n t i e s  sampled i n  t h e  S t a t e  of Michigan tend  t o  have sandy s h o r e l i n e s  
r e l a t i v e  t o  o t h e r  Great Lakes s h o r e l i n e s ,  d i f f e r e n c e s  i n  s o i l  t e x t u r e  could be a 
p o s s i b l e  r e a s o n  f o r  c o n c e n t r a t i o n  d i f f e r e n c e s .  
t i o n ,  i t  w a s  dec ided  t o  de t e rmine  t h e  s o i l  t e x t u r e  f o r  each  s a m p l e ,  based  on t h e  
r e s u l t s  of t h e  p a r t i c l e  s i z e  a n a l y s e s .  

t I n  o r d e r  t o  e x p l o r e  t h i s  observa- 

S o i l  t e x t u r e  was determined acco rd ing  t o  t h e  p a r t i c l e  s i z e  a n a l y s i s  performed 
by U.S. EPA and shown i n  Appendix B . Par t i c l e  size r e s u l t s  were s e p a r a t e d  i n t o  
t h r e e  c a t e g o r i e s :  g r e a t e r  than  40 p ( s a n d ) ,  5 t o  40 1.1 ( s i l t )  and less than  5 p 
( c l a y )  u s i n g  t h e  sed imen ta t ion  c y l i n d e r  method. Th i s  g e n e r a l l y  conforms w i t h  
s t a n d a r d  d e f i n i t i o n s  of s o i l  separates,  a l though  c l a y  i s  o f t e n  c l a s s i f i e d  a s  
be ing  less  t h a n  2 p and s i l t  i s  c l a s s i f i e d  as  be ing  from 2 t o  59 p. The c l a s s i f i -  
c a t i o n  as t o  sandy s o i l s ,  loamy s o i l s ,  o r  c l ayey  s o i l s  w a s  made by f i r s t  u s i n g  
t h e  s t a n d a r d  graph  w h i c i  shows t h e  r e l a t i o n s h i p  between c l a s s  name of a s o i l  a n d  
i t s  p a r t i c l e  size d i s t r i b u t i o n  (Brady, 1974)  t o  g e t  t h e  b a s i c  s o i l  t e x t u r a l  c lass  
name ( e . g . ,  c l a y  loam, s i l t y  c l a y ,  e t c . )  The s o i l  t e x t u r e  w a s  g e n e r a l i z e d  f u r t h e r  
by grouping  t h e  s o i l s  i i t o  t h r e e  C a t e g o r i e s  - sandy, loamy and c layey-  u s i n g  thv  
U.S. Department of  A g r i c u l t u r e  c l a s s i f i c a t i o n  system as shown i n  Table 6 .  
Appendix B shows p a r t i c l e  s i z e  d i s t r i b u t i a n  and i n d i c a t e s  whether t h e  soil 
samples w e r e  c l a s s e d  a s  sandy, loamy o r  c l ayey .  

Table  7 p r e s e n t s  a summary of t h e  s o i l  t e x t u r e  c l a s s i f i c a t i o n s  determined 
from t h e  measured p a r t i c l e  s i z e  d i s t r i b u t i o n .  
and c l a y e y  s o i l s  i s  g iven  acco rd ing  t o  county and lake b a s i n .  Table  7 shows t h a t  
f o r  a l l  the s a m p l e s  obtained, m o s t  were sandy and r e l a t i v e l y  few were c l a s s i f i e d  
as hav ing  a c l a y e y  t e x t u r e .  
t h e  S t a t e  of Michigan, are q u i t e  sandy. A l s o ,  c o u n t i e s  b o r d e r i n g  Lake Huron are 
g e n e r a l l y  sandy, w i t h  v e r y  few c l a y e y  s o i l s .  
number of c l a y e y  s o i l s ,  r e f l e c t i v e  of t h e  r e d  c l a y  b l u f f s  found i n  wes te rn  Lake 
S u p e r i o r .  

The d i s t r i b u t i o n  among sandy, loamy, 

Count ies  a l o n g  Lake Michigan, p a r t i c u l a r l y  w i t h i n  

Lake Supe r io r  h a s  t h e  g r e a t e s t  

It  should  b e  r e a l i z e d  t h a t  t h e r e  is a v e r y  wide v a r i a b i l i t y  i n  t e r m s  of 
p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  each of t h e  t h r e e  g e n e r a l  s o i l  t e x t u r e s .  A s  s e e n  
i n  Table  6 , t h e  class name of a s o i l  and i t s  p a r t i c l e  s i z e  d i s t r i b u t i o n  is s0mewhE.t 
a r b i t r a r y .  Also,  as shown i n  Table  6 ,  t h e r e  are  a much l a r g e r  number of c lass  
names which are subd iv ided  under t h e  loamy s o i l s  c a t e g o r y  than  e i t h e r  sandy s o i l s  
o r  c l a y e y  s o i l s .  
t h e s e  c a t e g o r i e s  a r c  s r i l l  m i x t u r e s  and may tend  t o  go from one extreme t o  ano the r .  

Thus, d e s p i t e  t h e  grouping  of s o i l s  i n t o  t h e s e  t h r e e  c a t e g o r i e s ,  
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TABLE 6.  U . S .  DEPARTbfENT OF AGRICULTURE C L A S S I F I C A T I O N  SYSTEM FOR SOIL 
T E X T  3RE - 

Bas ic  S o i l  
Common N a m e s  

Sandy s o i l s  

Loamy soils 

Clayey  s o i l s  

Tex tu re  

Coarse 

Modera te ly  c o a r s e  

Medium 

Moderately f i n e  

F i n e  

T e x t u r a l  Class N a m e s  

Sandy 
Loamy s a n d s  

Sandy loam 
Fine sandy loam 
Very f i n e  sandy loam 
Lo am 
S i l t  loam 
S i l t  
Clay loam 
Sandy c l a y  loam I S i l t y  c l a y  loam 

1 

Sandy c l a y  
S i l t y  c l a y  
Clay 
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For example, a loamy s o i l  can be  e i t h e r  ve ry  c l ayey  o r  
c a t i o n  used i s  q u i t e  bro,ad, as a r e s u l t  a c o n s i d e r a b l e  
c h a r a c t e r i s t i c s  of t h e  s 2 i l  s a m p l e s  would be  expec ted .  

i 

very  sandy. The c l a s s i f i -  
v a r i a b i l i t y  i n  t h e  

t 

P 
b 

t 
PARTICLE S I Z E  DISTRIBUTION 3 

Table  7. SOIL TEXTURE CLASSIFICATIONS OF THE SHORELINE SAMPLES BASED ON MEASURED 

S u p e r i o r  

St. Louis  Co. 
Chippewa Co. 
Douglas Co. 
Tot a1 

Huron 

Alcona Co. 
Huron Co. 
T o t a l  

Michigan 

Manis tce  Co. 
Muskegon Co. 
S c h o o l c r a f t  Co. 
Rac ine  Co. 
Brown Co. 
T o t a l  

Number of Samples 
Loamy Clayey Sandy 

6 8 9 
14  0 0 

0 2 6 
20 10  15 

9 
11 
20 

7 
1 9  
20 
5 
4 

55 

0 
1 2  
1 2  

7 
0 
0 
8 
1 

16  

0 
0 
0 

O n t a r i o  

Oswego Co. 11 5 0 

Great Lakes T o t a l  106 4 3  19 - 
Following the grouping  of data according  to s o i l  t e x t u r e ,  chemica l  

Table  8 p r e s e n t s  t h e  mean pa rame te r s  found i n  t h e s e  s o i l  groups were examined. 
c o n c e n t r a t i o n s  of a nurrber of chemical parameters  a r r anged  by s o i l  t e x t u r e  (sandy, 
loamy, o r  c l ayey  s o i l ) .  As can  be  s e e n  from t h i s  t a b l e ,  mean c o n c e n t r a t i o n s  
t end  t o  i n c r e a s e  from sand  t o  c l a y  s o i l s  for a number of pa rame te r s .  
t h e  v a r i a n c e  is less  f o r  t h e  grouped d a t a  f o r  most of t h e  pa rame te r s  compared t o  
t h e  v a r i a b i l i t y  one would g e t  from t h e  ungrouped d a t a .  
s t i l l  q u i t e  h i g h  f o r  a number of pa rame te r s ,  bu t  t h i s  would s t i l l  be  expec ted ,  
c o n s i d e r i n g  t h e  v a r i a b j l i t y  of t h e  minera l  and o r g a n i c  composition of t h e  samples 
w i t h i n  t h e  t h r e e  t e x t u r a l  classes. 

F u r t h e r ,  

S tandard  d e v i a t i o n s  are 

The r e s u l t s  of a r.umber of samp:Les were n o t  used i n  c a l c u l a t i n g  t h e  s t a t i s t i c s  
i n  Table  8 . 
i n f o r m a t i o n  needed €or  t h e  computa t ions  a t  t h e  t ime t h ?  c a l c u l a t i o n s  were made 
and t h e  l a c k  of general. d e s c r i p t i v e  d a t a  concern ing  t h e  p r o f i l e s .  
121-3-3, and 121-3-3 f rom Muskegon County, Michigan P r o f i l e  number 2,were a l s o  

Brown County, Wisconsin, samples were n o t  used due t o  t h e  l a c k  of 

Samples 121-3-2, 
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TABLE 8 
RESULTS OF SOIL ANALYSIS GROUPED ACCORDING TO SOIL TEXTURE 

Soil T o t a l  P E x t r a c t a b l e  
Texture  - - T c t a l  P 

n - S -X X - n - S 
-X 

X - 

To t a l  K j  e l d a h l  
Xi t r o gen 

S 
- 

n - -X X - 

T o t a l  
- Magnes i urn 
- X S x n  - 

Sandy 103 109 90 5 2  58 9 i  166 340 93  4,134 7 ,218  93 
Loamy 380 176 42 109 i38 4 2  9 1 6  946 42 14,169 13,181 40 
r--.yPy 386 i nn  1 6  71 h 108 II: 108 159 1 6  16.188 6.807 16 

3 

4 Q 

$ 

4 
I- * 

S o i l  E x t r a c t a b l e  I Y 
"0 '4 Texture  Magnesium 

T o t a l  
I r o n  

E x t r a c t a b l e  
I r o n  

s 
-X 

n - s 
-X 

X - 

To tal 
Nanganese 

n - S 
-X 

.i 

I Sandy 1,748 2,267 93  5 ,507  6,777 93  81 95 93  1 0 8  139 7 A  
3 L02my 3,988 3,667 4 3  1 7 , 3 9 3  8 ,197  42 179 232 4 1  420 180 1 0  
? Clayey 3,925 2,119 16 30,938 10 ,407  16  258 115 15 524 146 1 6  

:3  4 
= >  
7 
5 : 

, i  
S o i l  E x t r a c t a b l e  T o t a l  T o t a l  To t a l  
Texture  - Manganese 

X n - S 
1c - 

Aluminum - 
n - S 

-X 
X - 

C a 1 c ium - 
n - S -x X - 

Lead - 
Sx n - - X - 

i 
2 

d - Sandy 2 1  33 9 3  1 , 4 6 3  2 ,675  93  8,432 14,288 92 K5 
1 Loamy 92 86 42 8 ,487  3,062 f+ 1 26,596 26,456 4 1  28 4 1  42 

Clayey 98 53 16  1 7 , 6 3 1  6 , 9 4 1  16  24,628 16,838 16 18 5 16 

n = number of samples 
K5 = Less than  5 ug /g  

- x = mean va lue  ug/g 



n o t  used due t o  s u s p e c t z d  sample contaminat ion  by t h e  U.S. EPA a n a l y s t s .  The 
f o l l o w i n g  samples  were a l s o  o m i t t e d  i n  a r r i v i n g  a t  t h e  s t a t i s t i c s  f o r  t h e  parameter:; 
i n  Table  8 : t o t a l  P ( \E-2-1,  001-5-2, 153-4-2); e x t r a c t a b l e  t o t a l  P (001-5-2, 
R-1-2, D-2-1); s p e c i f i c  g r a v i t y  (121-3-1, SL-2-3); e x t r a c t a b l e  i r o n  (SL-1-4, SL-2-5); 
t o t a l  ca lc ium (SL-2-5) t o t a l  manganese (033-2-2 through 033-3-7, 033-4-3, 063-4-3, 

NY-2-3, NY-1-2). These samples were r e j e c t e d  because  t h e  d a t a  s u p p l i e d  
by t h e  a n a l y s t s  were i l l e g i b l e ,  t h e  data w a s  r e p o r t e d  as  below t h e  d e t e c t i o n  l i m i t ,  
o r  t h e  samples had u n u s u a l l y  h i g h  o r  low c o n c e n t r a t i o n s  f o r  a p a r t i c u l a r  parameter .  

063-7-2, 101-4-1, 101-4-2, 101-5-1, 121-4-3 ,  121-7-2. 153-5-1, 153-5-2, 153-5-3, 

R e f e r r i n g  a g a i n  t o  Table  8 , i t  can be  seen t h a t  t h e  mean c o n c e n t r a t i o n  of 
t o t a l  and e x t r a c t a b l e  t o t a l  phosphorus i s  h i g h e r  f o r  c l a y e y  compared t o  sandy so i l s .  
For total phosphorus and f o r  e x t r a c t a b l e  phosphorus t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  
mean i s  l a r g e r  t h a n  t h e  d i f f e r e n c e  between sandy and loamy o r  loamy and c l a y e y  
s o i l s .  However, t h e r e  does seem t o  b e  a s i g n i f i c a n t  d i f f e r e n c e  between sandy 
and c l a y e y  s o i l s .  Tota l  K j e l d a h l  n i t r o g e n  does n o t  show t h e  same i n c r e a s i n g  
c o n c e n t r a t i o n  as one proceeds from a sandy s o i l  t o  a c l a y e y  s o i l .  I n  f a c t ,  loam 
s o i l s  tend  t o  be  much h i g h e r  i n  to t a l .  n i t r o g e n  t h a n  c l a y e y  or sandy s o i l s  a c c o r d i n g  
t o  Table  8 . 
q u i t e  h i g h ,  probably because  of t h e  d i v e r s e  s o i l  samples.  

S tandard  d e v i a t i o n s  f o r  t o t a l  K j e l d a h l  n i t r o g e n  measurements are  

The s p e c i f i c  g r a v i t y  of t h e  s o i l s ,  as shown i n  Table  8 , do n o t  v a r y  s i g n i f i -  
c a n t l y  between t h e  t h r e e  s o i l  t e x t u r e s .  T h i s  is c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  
t h e  average  a r a b l e  s u r f a c e  s o i l  h a s  a s p e c i f i c  g r a v i t y  of about  2 .65 (Brndy, 1 9 7 4 ) .  
S o i l s  r i c h  i n  o r g a n i c  n a t t e r  are  l i k e l y  t o  have a somewhat lower s p e c i f i c  g r a v i t y .  

Both i o t a 1  arid e x t r a c t a b l e  i r o n  di.splay qui.te d i f f e r e n t  mean c o n c e n t r a t i o n s  
brtc;cen sandy ,  loamy,  rnd  c l a y e y  s o i l s .  T h e  s t a n d a r d  d e v i a t i o n s  are r e l a t i v e l y  
h i g h ,  b u t  s t i l l  a t rend i s  c l e a r .  T h i s  i s  unders tandable  s ince  i r o n  o x i d e s  tend  
t o  b e  a s s o c i a t e d  w i t h  c l a y  r a t h e r  than sand inatsrials. T o t a l  and d i s s o l v e d  
manganese c o n c e n t r a t i 0 r . s  ~ISCJ t end  t o  be  h i g h e r  i n  c l a y e y  t h a n  i n  sandy s o i l s .  
However, t h e r e  i s  l i t t l e  ciiEEerence between loamy and c l a y e y  s o i l s ,  a l t h o u g h  
loamy s o i l s  t e n d  t o  be h i g h e r  i n  manganese than  sandy s o i l s .  Manganese shows a 
r e l a t i o n s h i p  s imi la r  t c i  i r o n .  
compared t o  sandy s o i l s  , a l t h o u g h  loamy s o i l s  have t h e  same mean c o n c e n t r a t i o n s  as 
c l a y e y  s o i l s .  

E x t r a c t a b l e  manganese i s  a l s o  h i g h e r  i n  c layey  s o i l s  

T o t a l  and e x t r a c t a b l e  aluminum Eollow t h e  same p a t t e r n  as i r o n  and manganese. 
There i s  a d i s t i n c t  d i f f e r e n c e  between t h e  mean aluminum c o n c e n t r a t i o n s  i n  sandy 
and c l a y e y  s o i l s  from t h e  b a s i c  m i n e r a l  composi t ion o f  c l a y  v e r s u s  sand  ( q u a r t z ) .  
Calcium i s  a l s o  h i g h e r  i n  samples made of c l a y e y  s o i l s  compared t o  sandy s o i l s ,  
a l t h o u g h  loamy s o i l s  have about t h e  Same mean c o n c e n t r a t i o n  compared t o  c layey  
s o i l s .  S tandard  d e v i a t i o n s  are q u i t e  h i g h  f o r  t o t a l  calcium. 

Tota l  o r g a n i c  carbon c o n c e n t r a t j o n s  tend t o  b e  h i g h e s t  i n  loam s o i l s ,  a l t h o u g h  
t h e  v a r i a b i l i t y  i s  t y p i c a l l y  high.  I t  i s  r e a s o n a b l e  t h a t  t h e  g r e a t e s t  o r g a n i c  matter 
would be  found i n  a loamy r a t h e r  t h a n  i n  e i t h e r  a predominant ly  sandy o r  a pre-  
dominant ly  c l a y e y  s o i l .  
e s t i m a t e  the t o t a l  o r g a n i c  c a r b o n  a c t u a l l y  found i n  s o i l s  since the p e r s u l f a t e  
d i g e s e i o n  method, w h i c h  w'is used ,  may n o t  r e l e a s e  t h e  more r e s i s t a n t  humic m a t e r i a l s  
(Wilding personal  communication, 1 9 7 5 ) .  

Also,  t h e  mcatliod used f o r  t o t a l  o r g a n i c  carbon may under- 
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D i f f e r e n c e s  i n  c o n c e n t r a t i o n s  between t h e  t h r e e  s o i l  t e x t u r e s  are n o t  as 
obvious  f o r  most of  t h e  heavy m e t a l s  p r i m a r i l y  because most c o n c e n t r a t i o n s  were 
a t  o r  below d e t e c t i o n  l i m i t s  which p r e v e n t s  meaningful  comparisons.  A p o s s i b l e  
excep t ion  i s  l e a d .  
c l a y e y  r e l a t ive  t o  sandy s o i l s  (Table  8). 
d e t a i l .  However, metin c o n c e n t r a t i o n s  of z i n c  are n o t  s i g n i f i c a n t l y  d i f f e r e n t  
i n  any of t h e  t h r e e  s o i l  groupings.  Most o t h e r  heavy metals do n o t  have enough 
d a t a  above t h e  d e t e c t i o n  l i m i t  t o  even cons ide r  c a l c u l a t i n g  mean v a l u e s  f o r  t h e  
t h r e e  d i f f e r e n t  s o i l  t l rpes  . 

Tat:al l e a d  does appear  t o  b e  found i n  g r e a t e r  amounts i n  
E x t r a c t a b l e  z inc  was a l s o  examined in 

The main conc lus ion  t h a t  can  b e  o b t a i n e d  from Table  8 i s  t h a t ,  a t  least  f o r  
c e r t a i n  parameters, onl? can expec t  h i g h e r  c o n c e n t r a t i o n s  i n  c l a y  s o i l s  t han  i n  
sandy s o i l s .  Thus, e r o s i o n  of c l a y  s o i l s  i s  l i k e l y  t o  c o n t r i b u t e  more n u t r i e n t s  
and o t h e r  components t o  t h e  l a k e  than  e r o s i o n  of sandy s o i l s .  

I n  o r d e r  t o  s u b s t a n t i a t e  t h e  v a l i d i t y  of t h e  t r e n d s  observed  i n  Table  8 , 
chemica l  a n a l y s i s  perf3rmed i n  o t h e r  s t u d i e s  on v a r i o u s  s o i l  t y p e s  have been 
grouped a c c o r d i n g  t o  s o i l  t e x t u r e  f o r  comparison. 
i s o n  a r e  a l l  from Great Lakes Basin s o i l s  and are thus  s u b j e c t  t o  t h e  g e n e r a l  
climate found i n  t h e  Bas in .  

The d a t a  used f o r  t h i s  compar- 

Tab le s  9 and 10show meanconcen t r a t ions  of a number of  d i f f e r e n t  parameters  
grouped accord ing  t o  s o i l  t e x t u r e  from e rod ing  streambank s o i l  s a m p l e s  c o l l e c t e d  
as p a r t  of a FLUARC, p r o j e c t  (Wilding and Logan, 1 9 7 6 ) .  Samples w e r e  ob ta ined  frorr 
t h e  Canascraga Watershed i n  N e w  York, t h e  Oatka Watershed i n  New York, t h e  
Mcnomonee \*latershed i n  l J i scons in  , arid t h e  M i l l  Creed Watershed i n  Michigan. 

TABLE 9. MEAN NUTKIE;?T CONCENTfCATIONS GROUPED ACCORD LNG TO SOIL TEXTURE FKOM 
P LJARG STREKIBANX SOIL S-i"?LES1 

___-_I- I- 

S o i l  
T e x t u r e  n Mean Concen t r a t ion ,  pg/g - 

TN -~ T o t a l  P Ava i l .  P 2  - N O S  - 

sandy 3 308 10.3 18.2 42 1 
loamy 44 6 79 8 . 9  22.9 24 75 
c l a y e y  6 8 9 4  1 4 . 5  58 .5  39 74  

sandy ( C  ho r i zon  2 304 2.6 2 3 . 8  304 

loamy 11 9 5 10 3 .4  1 6 . 4  1 1 2 4  
samples on:Ly) 

c l a y e y  I'  2 1077 20.8 1 0 4 . 9  5355 

1. Raw Data c o l l e c t e i  by Wilding,  1976 
2 Bray 1. e x t r a c t i o n  



TABLE 10. MEAN TOTAL ELEMENTAL CONCF,NTRATLONS OF SEVERAL PARMETERS GROUPED 
ACCORDING - TO SOIL TEXTURE FROM PLUARG STREAMBANK SOIL SN,fPLES1 -- 

S o i l  
T e x t u r e  

n Pfean Concent ra t ion  h s / g  1 
Ca - Mn - Fe - A 1  -. 

sandy 3 3 , 496 9 , 103  2 5 8  24 ,400 
loamy 44 1 1 , 5 6 4  20 ,190 54 7 23,806 
c l a y e y  5 19,840 31,200 719 1 1 , 9 4 0  

1 R a w  d a t a  ana lyzed  by U . S .  EPA C e n t r a l  Regional  Labora tory  u s i n g  same 
methods as d e s c r i b e d  f o r  s h o r e l i n e  sample a n a l y s e s .  

These samples  wercs c o l l e c t e d  i n  an a t tempt  t o  de te rmine  t h e  q u a n t i t y  and q u a l i t y  
of s t reambank e r o s i o n  h h i c h  u t i m a t e l y  c o n t r i b u t e s  suspended mater ia l  t o  t h e  Great  
Lakes themselves .  F u r t h e r  i n f o r m a t i o n  on c o l l e c t i o n  of samples o r  sampling 
methods may b e  o b t a i n e c  from PLUARG. It should b e  mentioned t h a t  t h e  s o i l  
t e x t u r e s  were determined from measured p a r t i c l e  s i z e  d i s t r i b u t i o n .  

In T a b l e  9 mean n u t r i e n t  c o n c e n t r a t i o n s  from t h e  streambank s o i l  samples 
are given.  R e s u l t s  art! shown f o r  t h e  a n a l y s i s  of all samples taken  ( a l l  h o r i z o n s )  
and a l s o  f o r  C h o r i z o n  samples o n l y .  A s  can b e  seen  a v e r y  l a r g e  number of samples, 
most ly  i n  t h e  loamy c a t e g o r y ,  were taken  from t h e  A o r  B h o r i z o n .  
e r o s i o n  t h e  upper h o r L z o n s  are l i k e l y  t o  be more impor tan t  as an i n p u t  t o  s t reams.  

For streambank 

T h e  d a t a  i n  Table  9 i n d i c a t e  similar r e l a t i o n s h i p s  between n u t r i e n t s  and s o i l  
t e x t u r e  as was found f o r  t h e  s h o r e l i n e  s m i p l e s .  T o t a l  phosphorus c o n c e n t r a t i o n  
i n c r e a s e  from sandy t o  c l a y e y  s o i l s  j u s t  as was found for t h e  s h o r e l i n e  samples. 
A v a i l a b l e  E', determinedl hy t h e  Bray 1 method ( d i s c u s s e d  i n  a f o l l o w i n g  s e c t i o n  
which i s  s i m i l a r  b u t  n o t  t h e  same as t h e  0.05 N H C 1  e x t r a c t i o n )  a l s o  tcnds  towards 
h i g h e r  v a l u e s  f o r  s o i l ;  wi th  a l a r g e r  c l a y  c o n t e n t .  S i m i l a r  r e s u l t s  are  found f o r  
n i t r a t e  N and t o t a l  n i t r o g e n .  
samples ,  b u t  t h e  t r e n d s  are n o t  c lear  and i n  f a c t  many oE t h e  samples had ammonia 
c o n c e n t r a t i o n s  below the d e t e c t i o n  l i m i t .  
found i n  a c l a y e y  s o i l .  

Ammonia N was a l s o  measured on t h e  streambank 

The h i g h e s t  ammonia c o n c e n t r a t i o n  i s  

Metals were a l s o  measured on a s e l e c t e d  number of t h e  streambank samples. 
Analyses  w e r e  made by t h e  U.S. EPA C e n t r a l  Regional  Labora tory  u s i n g  t h e  same 
t e c h n i q u e s  f o r  t o t a l  and a v a i l a b l e  metals as was used f o r  t h e  s h o r e l i n e  s a m p l e s .  
Tab le10  shows t h e  t r e n d s  f o r  c o n c e n t r a t i o n s  between sandy,  loamy, and c l a y e y  s o i l s  
f o r  s e v e r a l  d i f f e r e n t  parameters .  Aluminum, i r o n  and manganese all have h i g h e r  
c o n c e n t r a t i o n s  i n  c l a y e y  s o i l s  compared t o  sandy s o i l s ,  a l t h o u g h  ca lc ium does n o t .  
There is  a l o t  of v a r i a b i l i t y  i n  t h e  c o n c e n t r a t i o n s  w i t h i n  a g iven  s o i l  t e x t u r e ,  
e s p e c i a l l y  f o r  calciurr .  S h o r e l i n e  s a m p l e s  e x h i b i t  s imilar  v a r i a b i l i t y  ( see  T a b l e 8  1. 

U n f o r t u n a t e l y ,  tl-e d i s t r i b u t i o n  between sandy,  loamy and c l a y e y  s o i l s  is  n o t  
even and t h e  mean c o n c e n t r a t i o n s  f o r  sandy o r  c l a y e y  s o i l s  are  based on onLy a 
f e w  samples.  However, aluminum, i r o n  and manganese c o n c e n t r a t i o n s  do fo l low the 
S a m e  t r e n d  as w a s '  f o u r d  f o r  t h e  s h o r e l i n e  samples  and i n  f a c t  t h e  measured mean 
c o n c e n t r a t i o n s  f o r  thtb t h r e e  d i f f e r e n t  t e x t u r e s  are about  t h e  same f o r  b o t h  the 
s h o r e l i n e  and streambank s t u d i e s .  ] :xtractable m e t a l s  were a l s o  measured i n  the 
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st reambank samples  b u t  t h e  t r e n d s  between t h e  t h r e e  d i f f e r e n t  s o i l  t e x t u r e s  are 
n o t  as marked. E x t r a c t a b l e  aluminum and i r o n  c o n c e n t r a t i o n s  are h i g h e r  i n  c l ayey  
compared t o  sandy s o i l s ,  however. Many o t h e r  metals were measured i n  the stream- 
bank s t u d y  b u t  c o n c e n t r a t i o n s  are below d e t e c t i o n  l i m i t s .  

Netal c o n c e n t r a t i o n s  measured on t h e  streambank s a m p l e s  are somewhat h i g h e r  
t han  w a s  found f o r  t h e  s h o r e l i n e  s a m p l e s  as a comparison of Table  8 and Table  10 
w i l l  show. The avai lable  phosphorus as  measured by t h e  Bray 1 e x t r a c t i o n  on t h e  
s t r e a n b a n k s  s a m p l e s  i s  cons ide rab ly  less than  t h e  measured e x t r a c t a b l e  phosphorus 
on t h e  s h o r e l i n e  samples .  Th i s  may i n d i c a t e  t h a t  t h e  e x t r a c t a b l e  phosphorus 
measured f o r  t h e  s h o r e l i n e  samples i s  h igh  re la t ive  t o  t h e  amount t h a t  might be 
a v a i l a b l e  t o  t h e  a q u a t i c  environment.  Although e x t r a c t a b l e  n i t r a t e  is  n o t  shown 
i n  Table  8 , t h e  c o n c e n t r a t i o n s  i n  t h e  s h o r e l i n e  samples are g e n e r a l l y  lower 
than  t h e  concen t r a t ion5  r e p o r t e d  f o r  t h e  streambank samples i n  Table  9 . 

Some d a t a  are a v a j l a b l e  on t h e  n u t r i e n t  c o n t e n t  of d i f f e r e n t  s o i l s  from t h e  
Black Creek Study (Somriers -- e t  - a l . ,  1 9 7 5 ) ,  a s t u d y  of a small c r e e k  t r i b u t a r y  t o  t h e  
Maumee River and consequent ly  Lake E r i e ) .  Table  11 shows Some of t h e s e  d a t a  f o r  
t o t a l  n i t r o g e n  and phosphorus and e x t r a c t a b l e  phosphorus measured by t h e  Bray 1 
method. The s o i l  f r a c t i o n  f o r  c l ayey  s o i l s  t ends  t o  have h i g h e r  c o n c e n t r a t i o n s  
of n i t r o g e n  and phosphorus than  t h e  .Less c l ayey  s o i l s .  
of- t h e  i n d i v i d u a l  s and ,  s i l t ,  and c l a y  f r a c t i o n s  i n  Table  11 show t h a t  t h e  c l a y  
f r a c t i o n s  have s i g n i f i c a n t l y  h ighe r  c o n c e n t r a t i o n s  than  t h e  sand o r  s i l t  f r a c t i o n s .  
The phosphorus  v a l u e s  and n i t r o g e n  v a l u e s  r e p o r t e d  i n  Table  11 a r e  a g a i n  somewhat 
h i g h e r  t han  t h e  c o n c e n t r a t i o n s  found f o r  t h e  s h o r e l i n e  samples.  However, t h e  
c o n c e n t r a t i o n s  are  sim:.lar t o  t hose  r epor t ed  f o r  t h e  streambank s a m p l e s  (Wilding 
and Logan, 1 9 7 6 )  excepli t h a t  e x t r a c t a b l e  phosphorus c o n c e n t r a t i o n s  :ire c l o s e r  
t o  t h e  c o n c e n t r a t i o n s  -ound f o r  t h e  . sho re l ine  samples .  

TABLE 11. 

Also ,  r e su l t s  of a n a l y s i s  

ANALYSTS 0 7 S O I L  SIZE FRKTIONS FROM BLACK CREEK PRO.JECT1 (jlg/g) __ I_- 

S o i l  So - i l  
Tex tu re  Type 

F r a c t i o n  % - 
of Soil 

2 E x t r a c t  --- T o t a l  
P - N P 

1 o amy Haskins  loam Whole S o i l  100.0 1 0 2 1  364 46  
sand 4 3 . 0  166 168 29 
s i l t  44.5 710  240 36 
c l a y  12.4 4406 1135 1 5  5 

loamy Morely Whole S o i l  100.0 1240 366 12 .4  
c l a y  loam sand 23 .5  225 90 10.5  

s i l t  43.4  835 1 2  7 10.5 
c l a y  33 .O 2165 739 1 6 . 1  

loamy Nappanee Whole S o i l  100.0 1557 706 44 
c l a y  loam sand 28.9 182 39 9 2 1  

s i l t  41.6 9 72 335 34 
c l a y  29.5 3231  1109 75  

11 7 H o y t v i l l e  Whole S o i l  100.0 2969 1241 c l a y e y  
s i l t y  c l a y  sand 14.2 424 704 49 

s i l t  4 2 . 1  1794 756 102 
- 166 c l a y  43 .7  4466 1364 

1 Data from Sommers et  al. ( 1 9 7 5 )  
2 Bray  I Method 36 
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The h i g h e r  t o t a l  pnosphorus and t o t a l  n i t r o g e n  c o n c e n t r a t i o n s  i n  t h e  Black 
Creek Watershed samples  and PLUARG streambank samples compared t o  s h o r e l i n e  samples  
may r e f l e c t  d i f f e r e n c e s  i n  f e r t i l i z a t i o n  p r a c t i c e s .  I t  is  u n l i k e l y  t h a t  t h e  shore- 
l i n e  a l o n g  t h e  Great Lakes receives much o r  any a p p l i e d  f e r t i l i z e r .  There is  no 
i n d i c a t i o n  t h a t  any of  the s h o r e  p r o f i l e s  sampled were farmed o r  i n  f a c t  f e r t i l i z e d  
w i t h i n  t h e  recent p a s t .  

I n  a c lass ica l  stul3y of Michigan s o i l s ,  Veatch (1953) measured chemical con- 
c e n t r a t i o n s  f o r  a number of d i f f e r e n t  s o i l s  around t h e  s ta te .  The t o t a l  phosphor- 
u s  c o n c e n t r a t i o n s  from a v a r i e t y  of p a r e n t  material s o i l s ,  when grouped accord ing  
t o  s o i l  t e x t u r e  as done i n  Table  1 2 ,  show an  i n c r e a s i n g  c o n c e n t r a t i o n  from sandy 
t o  c l a y e y  s o i l s ,  a g a i n  i n d i c a t i n g  h i g h e r  phosphorus v a l u e s  i n  c l ayey  r e l a t i v e  
t o  sandy s o i l s .  

A s  p a r t  of  a s t u d y  of t r a c e  elements  i n  Lake Supe r io r  dredge  d i s p o s a l ,  con- 
c e n t r a t i o n s  of ce r t a in  trace e lements  were measured i n  samples  of r e d  c l a y  from 
t h e  Wisconsin s h o r e  of Lake Supe r io r  (Helmke et a l . ,  1976) .  In a d d i t i o n  t o  t o t a l  
sediment  c o n c e n t r a t i o n s ,  s i l t  p l u s  c l a y  and c l a y  f r a c t i o n s  w e r e  ana lyzed  f o r  t r a c e  
metal c o n c e n t r a t i o n s .  I n  most c a s e s  t h e  c l a y  f r a c t i o n  t e n d s  t o  have t h e  h i g h e s t  
metal c o n c e n t r a t i o n s  and i t  a p p e a r s  t h a t  most of t h e  metals are  a s s o c i a t e d  with 
t h e  c l a y  f r a c t i o n  of t h e  s h o r e l i n e  samples (Helmke g~ n l -  9 1976) - Elements 
measured inc luded  A s ,  B a ,  C e ,  Co, C r ,  C s ,  Cu, Eu, Y e ,  G a ,  H f ,  fig, K ,  L a ,  Lu, Na, 
Rb, Sc,  Sm, Tb, Th, U ,  Yb, and Zn. 

TABLE 1 2 .  TOTAL PI-IOSI'MORUS CONCENTIUTLONS I N  M'LCHIGAN SOILS FROM VEATCH (19.53) 
GROL'PEI) ACCORDING TO SOIL TEXTURE (PARENT MAATERIAL ONLY) - -- ._______ -- 

S o i l  Tex tu re  n - T o t a l  P 
pg /g  

Sandy 3 100 
Loamy 6 200 
Clayey 6 400 

Helmke -- e t  a l .  (1976) concluded from t h e i r  d a t a  t h a t  t h e  f i n e s t  g r a i n  s i z e  

The re fo re ,  t hey  f e l t  t h a t  sed iments  composed 
f r a c t i o n s  have t h e  h i g h e s t  c o n c e n t r a t i o n s  of each t r a c e  element  from t h e  s h o r e l i n e  
s o i l  s a m p l e s  t h a t  they  ana lyzed .  
mos t ly  of s i l t  and clay w i l l  g e n e r a l l y  have h igh  c o n c e n t r a t i o n s  of t r a c e  elements  
w h i l e  t h o s e  c o n t a i n i n g  a l a r g e r  p r o p o r t i o n  of q u a r t z  ( i . e . ,  sand)  are more c o a r s e  
g r a i n e d  and have  lower c o n c e n t r a t i o n s  of t h e  trace metals. 
w i t h  t h e  conc lus ion  reached from t h e  s h o r e l i n e  d a t a  o b t a i n e d  f o r  t h i s  and o t h e r  
s t u d i e s  and seems t o  apply  t o  some oE t h e  n u t r i e n t s  as w e l l  as t h e  trace elements  
s t u d i e d  by Helmke - e t  -- a:-. (1976) .  

This  i s  c o n s i s t e n t  

A number of  r e s e a r c h e r s  have found t h a t  s i z e  f r a c t i o n a t i o n  of s a m p l e s  ( i . e . ,  
s e p a r a t i n g  samples  acco rd ing  t o  s o i l  t e x t u r e )  b e f o r e  a n a l y s i s  e l i m i n a t e s  t h e  
l a r g e  sample-to-sample v a r i a t i o n s  t h a t  are o f t e n  ob ta ined  when sediment  samples 
are compared w i t h o u t  p r i o r  grouping.  (Williams - e t  -- a l . ,  
1974; Williams, I- e t  a l . ,  1976) .  

1971;  Bannerman, e t  
Obviously,  t h e r e  s t i l l  i s  some v a r i a b i l i t y  i n  
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c o n c e n t r a t i o n s  of  d i f f e r e n t  e lements  due t o  a number of d i f f e r e n t  n a t u r a l  p r o c e s s e s ,  
bu t  grouping  i n t o  d i f f e r e n t  p a r t i c l e  s i z e  f r a c t i o n s  i s  h e l p f u l  i n  removing a t  
l eas t  some of  t h e  v a r i ; . b i l i t y  (Helmke - e t  _. a1 3 1976) .  I f  a n a l y s i s  had been made 
on s p e c i f i c  f r a c t i o n s  of t h e  s h o r e l i n e  s a m p l e s  ( e . g . ,  a n a l y s i s  of t h e  c l a y  f r a c t i o n  
and t h e  s i l t  f r a c t i o n )  i t  i s  l i k e l y  t h a t  t h e  v a r i a b i l i t y  i n  t h e  r e s u l t s  would 
have been reduced  even less. Because t h e  p r o p o r t i o n  of sand ,  s i l t  and c l a y  i s  
s t i l l  v a r i a b l e  w i t h i n  t.he t h r e e  major s o i l  t e x t u r e  groupings used f o r  t h e  sho re -  
l i n e  s a m p l e s ,  t h e r e  i s  s t i l l  s i g n i f i c a n t  v a r i a b i l i t y  i n  t h e  r e s u l t s .  It seems 
l i k e l y ,  based on t h e  s c i i l s  l i t e r a t u r e  as w e l l  as t h e  r e s u l t s  t h a t  are p resen ted  
h e r e ,  t h a t  i f  t h e  c l a y  f r a c t i o n  had been measured s e p a r a t e l y ,  t h e  h i g h e s t  concen- 
t r a t i o n s  o f  many elements would have been c o n c e n t r a t e d  w i t h i n  t h a t  s i z e  f r a c t i o n .  

The r eason  t h a t  t h e  c l ayey  s o i l s  tend  t o  have h i g h e r  c o n c e n t r a t i o n s  of con- 
taminants t h a n  sandy s o i l s  i s  r e l a t e d  t o  t h e  chemis t ry  of t h e  m i n e r a l s ,  p a r t i c u -  
l a r l y  t h e  s u r f a c e  chem::stry. Helmke -- e t  a l .  (1976) Jenne  (1968) ,Lee (1970) and 
Stumm and Morgan (1970:i have a l l  reviewed t h e  r o l e  of t h e  hydrous o x i d e s  ( o x i d e s  
of i r o n ,  manganese, and aluminum) which o f t e n  c o a t  o r  are a s s o c i a t e d  wi th  c l a y  
m i n e r a l s  i n  t h e  sorpt:.on ( o r  d e s o r p t i o n )  of heavy metals, phosphorus and o t h e r  
s u b s t a n c e s .  Hydrous ox ides  and o r g a n i c  matter tend  t o  s o r b  i o n s  by i o n  exchange 
mechanisms. T h i s  mechanism seems t o  be  much more impor tan t  t han  t h e  i n c o r p o r a t i o n  
of trace metals and o t h e r  e lements  i n  t h e  l a y e r e d  c l a y  s t r u c t u r e .  
q u a r t z )  is  even less L ike ly  t o  have trace metals a s s o c i a t e d  w i t h  i t s  c r y s t a l l i n e  
s t r u c t u r e  than  c l a y .  l:urther, hydrous o x i d e s  and o rgan ic  material does  n o t  tend  
t o  c o a t  o r  a s s o c i a t e  w i t h  q u a r t z  mine ra l s .  

Sand (most ly  

The f i n e r  g r a i n  s i ze  f r a c t i o n s  i n  s o i l s ,  t h e n ,  tend t o  have t h e  h i g h e s t  
c o n c e n t r a t i o n s  of c o n t , m i n a n t s .  The hydrous ox ides  ( i r o n ,  manganese and aluminuin 
ox ides )  and t h e  o rgan i :  matter a s s o c i a t e d  w i t h  t h e  c l a y  mine ra l s  of t h e  s o i l  are  
probably  most r e s p o n s i 2 l e  f o r  t h e  h i g h e r  c o n c e n t r a t i o n s  r a t h e r  than  t h e  c l a y  
m i n e r a l s  themselves .  Zonsequently,  t h e  sandy s o i l s  a l o n g  t h e  e a s t e r n  s h o r e  of 
Lake Michigan should  w n t a i n  less t r a c e  m e t a l s  and o t h e r  chemicals  ( i . e .  phosphorus)  
which t end  t o  a s s o c i a t s  w i t h  hydrous ox ides  and o r g a n i c  mater ia l ,  compared t o  
s o i l s  w i t h  h i g h e r  c l a y  c o n t e n t s ,  such as t h o s e  a l o n g  t h e  wes tern  s h o r e  of  Lake 
S u p e r i o r .  
of area ( f o r  example, i r o n  d e p o s i t s ) ,  h igh  c o n c e n t r a t i o n s  of  contaminants  might  
b e  found. S t u d i e s  by Plumb and L e e  (1975) have  shown t h e  importance of iron ox ides  
which t end  t o  be a s s o c i a t e d  w i t h  t a c o n i t e  t a i l i n g s  de r ived  from i r o n  o r e  mining 
i n  n o r t h e r n  Minnesota and which have been d i sposed  of i n  Lake S u p e r i o r .  I n t e r -  
e s t i n g l y ,  Plumb and L e e  (1975) found t h a t  t h e s e  t a i l i n g s  t e n d  t o  show s i g n i f i c a n t  
s o r p t i o n  c a p a c i t y  f o r  netals  such  as copper ,  z i n c  and cadmium and f o r  phosphates  
when added t o  Lake S u p e r i o r  waters a s  a r e s u l t  of s o r p t i o n  by c o a t i n g s  of hydrous 
metal o x i d e s  on t h e  s u r f a c e  of t h e  t a c o n i t e  m i n e r a l  f ragments .  I t  i s  impor t an t  
t o  n o t e  t h a t  contaminants  sorbed  o n t o  hydrous ox ides  a s s o c i a t e d  w i t h  c l a y  m i n e r a l s  
may n o t  b e  t i g h t l y  bound. Thus, n o t  on ly  may c l a y  s o i l s  have h i g h  c o n c e n t r a t i o n s  
of some chemica l s ,  b u t  t h e  chemica l  contaminants  a s s o c i a t e d  w i t h  c l a y e y  s o i l s  are 
l i k e l y  t o  b e  more r e a d i l y  a v a i l a b l e  t h a n  chemica ls  i n  o t h e r  s o i l s .  
of b i o l o g i c a l  a v a i l a b i l i t y  w i l l  be d i s c u s s e d  f u r t h e r  i n  t h e  n e x t  s e c t i o n .  

I n  nonclayey  s o i l s  where hydrous o x i d e s  are p r e s e n t  due t o  t h e  geology 

The q u e s t i o n  

P o t e n t i a l  B i o l o g i c a l  A v a i l a b i l =  .- 

Because one of t h e  o b j e c t i v e s  of t h i s  s t u d y  was t o  inves t iga te  whether  eroded 
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s h o r e l i n e  material c o n t r i b u t e s  t o  t h e  chemical p o l l u t i o n  of t h e  Great Lakes, a n  
a t t e m p t  w a s  made t o  i n v e s t i g a t e  t h e  p o t e n t i a l  of chemical components i n  t h e  s o i l  
t o  b e  d i s s o l v e d  i n  l a k e  water and t h e  p o t e n t i a l  of t h e s e  components t o  be t aken  
up by t h e  b i o t a  O F  t h e  l a k e .  Data w e r e  p rovided  from t h e  a n a l y s i s  of weak a c i d  
e x t r a c t s  from t h e  U . S .  EPA s o i l  s a m p l e s .  These extractable c o n c e n t r a t i o n s ,  as 
r e p o r t e d  i n  Appendix A ,  were provided  i n  a n  e f f o r t  t o  g e t  some i d e a  of t h e  type  
and q u a n t i t y  of contaminants  t h a t  cou ld  b e  r e l e a s e d  from t h e  s o i l s  i n  t h e  a q u a t i c  
environment . 

The mild a c i d  e x t r a c t i o n  t echn ique  is  not: t h e  on ly  method which can be 
used  f o r  a s s e s s i n g  t h e  " a v a i l a b i l i t y "  of contaminants  a s s o c i a t e d  w i t h  p a r t i -  
c u l a t e  material ,  n o r  is i t  l i k e l y  t h e  b e s t  t echn ique  f o r  a s s e s s i n g  a v a i l a b i l i t y .  
N e v e r t h e l e s s ,  t h e  mild a c i d  e x t r a c t a b l e  d a t a  are t h e  on ly  d a t a  t h a t  w e r e  p rovided  
which can be  used t o  assess t h e  q u e s t i o n  of a v a i l a b i l i t y .  An under s t and ing  of 
t h e  chemis t ry  of mild a c i d  e x t r a c t i o n s  i s  e s s e n t i a l  t o  p rope r  i n t e r p r e t a t i o n  of 
t h e  d a t a .  

E x t r a c t i o n  t echn iques  used t o  de te rmine  t h e  amount of p o t e n t i a l l y  a v a i l a b l e  
materials i n  a s o i l  sample are based p r i m a r i l y  on r e s e a r c h  conducted i n  t h e  s o i l  
f e r t i l i t y  f i e l d  (B lack ,  1965; Jackson ,  1970) .  L e e  and Plumb (1974)  have reviewed 
some of t h e  e x t r a c t i o n  t echn iques  p r e s e n t l y  used t o  assess a v a i l a b i l i t y .  
e x t r a c t a n t s  they  s i t e  as be ing  most f r e q u e n t l y  used i n c l u d e  water, ammonium 
a c e t a t e ,  ammonium c h l o r i d e ,  d i l u t e  h y d r o c h l o r i c  a c i d ,  and d i l u t e  sodium hydroxide.  
According t o  L e e  and PLurnb ( 1 9 7 4 ) ,  ammonium c h l o r i d e  and ammonium a c e t a t e  g i v e  
an  estimate of r e a d i l y  exchangable material. In  t h e s e  e x t r a c t a n t s ,  t h e  ammonium 
i o n  r e p l a c e d  c a t i o n s  a s s o c i a t e d  w i t h  t h e  s o l i d s  ( u s u a l  Ly by a b s o r p t i o n ) .  D i l u t e  
a c i d  o r  d i l u t e  sod iun  hydroxide s i t b j e c t s  sed iments  t o  h a r s h e r  c o n d i t i o n s  a:id 
t h u s  g e n e r a l l y  g ives  a h i g h e r  r e s u l t .  The d i l u t e  e x t r a c t a b l e  procedure  p r o b a b l y  
measures n o t  on ly  rcac i i ly  cAxchangeable c a t i o n s  but  also c a t i o n s  sorbed  o r  t r apped  
i n  a c i d  s o l u b l e  Fe ta l  o x i d e s  and o t h e r  materials (Lee  and Plumb, 1 9 7 4 ) .  Thus, 
t h e  u s e  o E  t h e  a c i d  e x t r a c t i o n  i n  t h i s  p rocedure  is  probably  u s e f u l  i n  terms of  
p r o v i d i n g  311 upper e s t i m a t e  of t h e  amount of material a c t u a i l y  a v a i l a b l e  i n  
n a t u r a l  waters. I n  o t h e r  words, the  ac tua l .  amount of a v a i l a b l e  material is  
very  i i k e l y  less t h a n  t h a t  e x t r a c t e d  by t h e  d i l u t e  a c i d .  This  i s  t r u e  f o r  bo th  
l o n g  term and s h o r t  term " a v a i l a b i i i t y " .  

The  

AS L e e  and Plumb ( 1 9 7 4 )  a l so  p o i n t  o u t ,  t h e  d i l u t e  a c i d  e x t r a c t i o n ,  as w i t h  
all e x t r a c t i o n  p rocedures ,  must be  i n t e r p r e t e d  i n  terms of  volume of water 
a v a i l a b l e  f o r  d i l u t i o n  a s  w e l l  as t h e  chemical environment t h a t  t h e  element w i l l  
be s u b j e c t e d  t o  once i t  a c t u a l l y  r e a c h e s  t h e  Great Lakes. For example, material 
i n i t i a l l y  s o l u b l e  may be l o s t  from s o l u t i o n  i n  a p e r i o d  of t i m e  by s o r p t i o n  o n t o  
p a r t i c u l a t e  material, o r  perhaps  by o t h e r  chemical p rocesses .  L e e  and Plumb (19751, 
i n  a s t u d y  of  t a c o n i t e  t a i l i n g s  i n  Lake S u p e r i o r ,  found t h a t  some heavy metals 
w e r e  i n i t i a l l y  leachec,  from t h e  t a i l i n g s ,  b u t  a f t e r  a p e r i o d  of t i m e  they  were 
l o s t  from s o l u t i o n .  T h i s  l o s s  was a t t r i b u t e d  t o  s o r p t i o n  o n t o  p a r t i c u l a t e  
m a t  e r i a1 . 

Tab le  1 3  shows a c:omparison of e x t r a c t i o n s  by ammonium a c e t a t e  and 0.05 N 
h y d r o c h l o r i c  a c i d  of c:alcium, magnesium, and sodium. Tliese e x t r a c t i o n s  were 
performed on s e l e c t e d  s o i l  s a m p l e s  c o l l e c t e d  from d e s i g n a t e d  streambanks as p a r t  
of t h e  Task C e f f o r t  of PLUARG as  d i s c u s s e d  p r e v i o u s l y .  T h e  d a t a  i n d i c a t e  t h a t ,  

1 
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i n  g e n e r a l ,  mi ld  a c i d  e x t  ; a c t i o n s  p rov ide  h i g h e r  r e s u l t s  than  t h e  e x t r a c t  ions  
w i t h  ammonium acetate. T i i s  i s  c o n s i s t e n t  w i t h  t h e  premise  t h a t  t h e  a c i d  ex- 
t r a c t a b l e  r e s u l t s  p rov ide  a h igh  estimate o r  an upper  l i m i t  of  t h e  amount of 

While t h e  u s e  of e x t r a c t i o n  procedures  
h a s  been used r a t h e r  s u c c ~ ~ s s f u l l y  i n  t h e  s o i l  f e r t i l i t y  f i e l d ,  t h e r e  i s  s t i l l  
a g r e a t  d e a l  of u n c e r t a i n t y  invo lved  w i t h  o p e r a t i o n a l y  d e f i n e d  e x t r a c t i o n  pro- 
c.edures t o  estimate t h e  a g a i l a b i l i t y  i n  t h e  a q u a t i c  environment.  I n  c a l c a r e o u s ,  
a l k a l i n e  s o i l ,  e x t r a c t i n g  w i t h  0.05N H C 1  may be  comparable t o  e x t r a c t i n g  wi th  
d i s t i l l e d  water. T h i s  r e s u l t s  when t h e  a l k a l i n i t y  of t h e  sample n e u t r a l i z e s  t h e  
a c i d  e x t r a c t e d .  Thus, t h 2  r e s u l t s  of t h e  a c i d  e x t r a c t i o n s  depend t o  a c e r t a i n  
e x t e n t  on t h e  s o i l  t ype .  Unfo r tuna te ly ,  s o i l  pH w a s  n o t  measured i n  t h e  f i e l d  and 
t h u s  i t  is  n o t  p o s s i b l e  t 3  estimate t h e  p o t e n t i a l  f o r  n e u t r a l i z a t i o n  of t h e  a c i d  
e x t r a c t a n t .  However, based on t h e  f i e l d  d e s c r i p t i o n s  of s o i l  p r o f i l e s  when such  
i n f o r m a t i o n  w a s  a v a i l a b l e ,  t e w  of t h e  s a m p l e s  w e r e  determined t o  be  h i g h l y  
a l k a l i n e .  

a v a i l a b l e "  o r  exchangeable  material. I t  

T B L E  13 RESULTS OF I N  NK4-Ac AND 0.05N €IC1  EXTRACTION OF C a ,  Mg AND Na FROM 
PLUARG S T P ~ N I B M K  SOIL S A F P T ~ E S ~ , ~  ( P d d  

C a  Mg Na PLUARG 
Sample No. Tex tu re  Horizon NH4Ac 0.05N H C 1  NH4Ac 0.05N H C 1  NHi,Ac 0.05N E1 

1 
2 
4 
5 
6 
12 
1 3  
1 4  
1 5  
1.8 
15 
20 
21 
22 
30 
31 
32 
33  
36 
4 1  
50 

sand A 
B 
A 
B 

s i l t  C 
A 
B 

A 
A 
B 

s i l t  C 
A 

A 
B 

A 

A 
B 

sand  C & I I  c 

c l a y  II&III c 

sand  I1 c 

- 

50 
35 

1420 
650 
410 

3870 
1200 

3370 
35 30 
2900 
2020 
6820 
6810 
4 300 
2240 
14 30 
3320 
8810 
6 390 

385 

a50 

160 
80 

1760 
710 
585 

6000 
2100 
1860 
5600 
4560 
4370 
2950 

11300 
10500 

6000 
2610 
1910 
5400 

33700 
9150 

81.0 

10  
K5 

255 
190 
2 10 
3iO 
125 

95 
440 
5 70 
5 70 
565 
708 
520 
185 
190 
140 
955 

1590 
1120 

70 

1 A n a l y s i s  by U . S .  EPA C e n t r a l  Regional  Labora tory  
2 K i n d i c a t e s  less than  

20 
25 

32 5 
220 
250 
400 
2 30 
210 
605 
660 
795 

1000 
99s 
745 
335 
340 
2 85 

1950 
9900 
1670 

2 70 

K 2  5 K 2  5 
K2 5 K2 5 
K 2  5 K2 5 
K 2  5 K2  5 
K 2  5 K 2  5 
K2  5 K2 5 
K25 K 2  5 
K25  K25 
K2 5 K2  5 

50 45 
60  65 
50 so 
45 35 
60 75 
K2 5 K25 
K25 K2 5 

30 K 2  5 
40 R2 5 

K 2  5 45 
K 2  5 30 
K2 5 K25 

A number of o t h e r  e x t r a c t a n t s ,  such as sodium hydroxide ,  c i t r a t e - d i t h i o n i t e -  
b i c a r b o n a t e ,  ammonium o x a l a t e s ,  and an ion  exchange r e s i n s ,  are c u r r e n t l y  be ing  
used t o  assess a v a i l a b i l i t y  of p a r t i c u l a t e  material. It i s  h e l p f u l  t o  examine these 
e x t r a c t a n t s  and t h e  t e c h r i q u e s  used i n  o r d e r  t o  b e t t e r  i n t e r p r e t  t h e  0.05 N H C 1 .  
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e x t r a c t i o n  performed i n  t h i s  s t u d y .  

Sodium hydroxide e x t r a c t a b l e  i n o r g a n i c  phosphate  has  been shown by Sagher  -- e t  al. 
(1975) t o  provide  a n  estimate of  t h e  f r a c t i o n  of l a k e  sediment  phosphorus t h a t  
can be  r e a d i l y  t a k e n  up by a l g a e .  
hydroxide e x t r a c t a b l e  f r a c t i o n  i s  a measure of t h e  maximum amount of phosphorus 
a v a i l a b l e  t o  a l g a e  o v e r  a s e v e r a l  week p e r i o d  when t h e  a l g a e  are exposed to  l a k e  
sed iments  from t h e  p h o t i c  zone of phosphorus l i m i t e d  l a k e  waters. E x t r a c t i o n  of 
phosphorus u s i n g  a n  an ion  exchange r e s i n  appears  t o  s i m u l a t e  u p t a k e  of phosphorus 
by a l g a e  a t  low i n o r g a n i c  phosphorus c o n c e n t r a t i o n s  (approximately 1 pgP/ l .  
Thus, e q u i l i b r a t i o n  of sediment f o r  a s h o r t  t i m e  w i t h  an an ion  exchange 
r e s i n  i s  used t o  e s t i m a t e  t h e  f r a c t i o n  of phosphorus a v a i l a b l e  t o  a l g a e  on a s h o r t -  
t e r m  b a s i s .  Hence, i t  g i v e s  a measure of t h e  r e a d i l y  o r  immediately a v a i l a b l e  
phosphorus i n  t h e  sediment .  Oxala te  e x t r a c t i o n s  have been used (Shukla -- e t  a l . ,  1971) 
t o  e x t r a c t  metals  a s s o c i a t e d  w i t h  hydrous o x i d e s  such as  i r o n  and aluminum oxides .  
Ci t ra te  d i t h i o n i t e  b i c a r k o n a t e  is a c h e l a t i n g  r e s i n  and t h e  e x t r a c t i o n  procedure  
is similar t o  t h a t  u s i n g  a n  an ion  exchange r e s i n .  This  approach has  been used t o  
s i m u l a t e  t h e  release of  metals t o  l a k e  water where t h e  s o l u t i o n  c o n c e n t r a t i o n  of 
metals i s  low, such as wculd b e  expected i n  t h e  Great Lakes (Jenne -- et  a l . ,  1974).  

Sagher -- e t  a l .  (1975) have found t h a t  t h e  sodium 

Bannerman -- e t  - a l .  (1976) measured t h e  amount of d i l u t e  ( 1 N )  H C 1  e x t r a c t a b l e  
phosphorus i n  Lake O n t a r i o  sed iments  as  p a r t  of a series of s e q u e n t i a l  e x t r a c -  
t i o n s .  They found t h a t  l a r g e  amounts of  i n o r g a n i c  phosphorus (up t o  90%) were 
found i n  t h e  d i l u t e  H C 1  E x t r a c t  from t h e  g l a c i o l a c u s t i n e  c l a y  samples.  They 
concluded however t h a t  t h e  d i l u t e  HC1 e x t r a c t a b l e  f r a c t i o n  conta ined  mainly 
a p a t i t e - P ,  bnscd on t h e  works of  W i l l i a m s  and Mayer (1972) and Seyers  e t  al. 
(1973).  This  f r a c t i o n  of phosphorus was found t o  be  immobile, based on estimates 
of up take  o f  inorganic  ‘I’ i n  t h i s  f r a c t i o n  of sediment by a l g a e  (Sagher ,  1 9 7 4 ) .  
T h i s  w u l d  irid i c a t e  that t h e  e x t r a c t a b  Le phosphorus u s i n g  d i l u t e  € I C 1  is  probably 
<I higii  estimate of t h e  arliount of  reacliLy a v a i l a b l e  phosphorus. I t  i s  impor tan t  
t o  r e a L i z e  t h a t  s i g n i t i c a n t  d i f f e r e n c e s  can occur  i n  t h e  amount of phosphorus 
e x t r a c t e d  (Bannerman __ e t  __ a l . ,  1974) u s i n g  1 N  H C l  and t h e  amount e x t r a c t e d  from 
0.05N H C l .  

-- 

Will iams -- et -- a l .  (1076) have a l s o  r e c e n t l y  r e p o r t e d  on t h e  forms of phosphorus 
i n  Lake E r i e  sediments .  They have provided e s t i m a t e s  of a p a t i t e  P ,  n o n - a p a t i t e  
i n o r g a n i c  E’, and o r g a n i c  P. These t h r e e  forms were o p e r a t i o n a l l y  d e f i n e d ,  based 
on an  e x t r a c t i o n  procedure i n v o l v i n g  s e q u e n t i a l  e x t r a c t i o n s .  The sum of t h e  
a p a t i t e - ? ,  t h e  non-apat:.te i n o r g a n i c  P and t h e  o r g a n i c  P w a s  found t o  b e  
e s s e n t i a l l y  t h e  s a m e  (u s l l a l iy  s l i g h t l y  l e s s )  as t h e  t r u e  t o t a l  phosphorus f r a c t i o n .  
This  f r a c t i o n  w a s  p r e s e n t  mainly i n  t h e  f i n e  g r a i n e d  sediments  and w a s  found t o  
be r e l a t e d  t o  t h e  r e a c t i v e  i r o n  c o n t e n t  of t h e  sediments .  The a p a t i t e  P w a s  
t h e  f r a c t i o n  e x t r a c t e d  w i t h  d i l u t e  H C 1  fo l lowing  t h e  s e q u e n t i a l  e x t r a c t i o n s  of 
non-apa t i te  P and o r g a n i c  P i n  a manner s imilar  t o  t h a t  used by Bannerman e t  a l .  
( 1 9 7 4 ) .  Apntitch P w a s  Ihought t o  be u n a v a i l a b l e  t o  a l g a e .  

U n f o i - t i i n a t  e l y ,  due rn d i f f e r e n t  sequences i n  e x t r a c t i o n s  and d i f f e r e n t  € I C 1  

P f r a c t i o n  
con( .cntr : i t ions,  t h e  0.0514 M C l  e x t r a c t a b l e  phosphorus used i n  the s h o r e l i n e  sample 
itll:zIyst’s f o r  t h i s  p r o j e c t  i s  n o t  d i r e c t l y  comparable t o  t h e  a p a t i t e  
d e l i n e d  i n  W i J . l i a m s  -- e t  -- a l .  
t h a t  the O . O S N  HC1 e x t r a c t i o n  used i n  t h i s  s t u d y  is l e s s  t h a n  t h e  sum of t h e  
a p n t i t  (-1’ 

(‘1976) o r  Bannc>rmnn ct- 511. (1974).  I t  i s  l i k e l y  

and t h e  non-apa t l  tc. inorganic-P but  probably g r e a t e r  than  t h e  no*-- 

.‘ 

i , 

i 
I 
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a p a t i t e  i n o r g a n i c  P determined i n  W i l l i a m s  e t  a l .  (1976) .  Thus, ,based on t h e  
c u r r e n t  s t a t e  of t h e  a r t ,  t h e  0.05N H C 1  e x t r a c t i o n  performed by t h e  U.S. EPA 
C e n t r a l  Regional  Labora tory  probably  o v e r e s t i m a t e s  o r  p rov ides  an  upper  l i m i t  
t o  t h e  phosphorus p o t e n t i a l l y  a v a i l a b l e  t o  a q u a t i c  organisms. I n  t h e  p r e v i o u s  
s e c t i o n  s e v e r a l  a v a i l a b l e  phosphorus d a t a  were r e p o r t e d  which were de termined  
u s i n g  t h e  Bray 1 e x t r a c t i o n  method. T h i s  method is  commonly used i n  t h e  s o i l s  
f i e l d  and c o n s i s t s  of e x t r a c t i o n  w i t h  1 N  NH4F i n  0.03N H C 1  ( Jackson ,  1973) .  
g r e a t e r  s t r e n g t h  a c i d  used by t h e  U.S. EPA Central Regional Labora tory  w i l l  
p robably  l i b e r a t e  somewhat more phosphorus from s o i l  hydrous o x i d e s  t h a n  are 
normal ly  r e l e a s e d  us ing  t h e  Bray 1 e x t r a c t i o n .  

-- - 

The 

A s  r e p o r t e d  p r e v i o u s l y  t h e  e x t r a c t a b l e  o r t h o  phosphorus c o n c e n t r a t i o n s  were 
a lmost  always v e r y  s imilar  t o  t h e  e x t . r a c t a b l e  t o t a l  phosphorus c o n c e n t r a t i o n s  i n  
t h e  s h o r e l i n e  samples.  T h i s  would i n d i c a t e  t h a t  most of t h e  phosphorus i n  t h e  
d i l u t e  a c i d  e x t r a c t a n t  w a s  o r t h o  phosphate.  

Another t echn ique  u t i l i z e d  by some t o  measure a v a i l a b i l i t y  of n u t r i e n t s  
and o t h e r  materials t o  b i o t a  i n  t h e  a q u a t i c  environment i s  t h e  b ioassay  t echn ique .  
Th i s  t echn ique  bas ica1l .y  i n v o l v e s  expos ing  a n  organism o r  group of organisms 
t o  a p a r t i c u l a r  form of' contaminant and de terming  t h e  r e sponse  of t h e  organism. 
There  h a s  been a c o n s i i . e r a b l e  amount of r e s e a r c h  i n  t h i s  area i n  the p a s t ,  
i n c l u d i n g  t h e  p r o v i s i o r i a l  a l g a l  assay procedures  (EPA, 1971).  However, b ioas say  
tes ts  are o f t e n  v e r y  dependent upon t h e  expe r imen ta l  c o n d i t i o n s  used  and o f t e n  
do n o t  a c t u a l l y  r e f l e c t :  t r u e  envi ronmenta l  c o n d i t i o n s .  They are a l s o  much more 
d i f f i c u 1 . t  and time-consuming t o  pe r fonn  r e l a t i v e  t o  chemical e x t r a c t i o n  methods. 
I d e a l l y ,  a combination of chemical e x t r a c t i o i l  and b ioassay  t echn iques  should  be  
u t i l i z e d .  C u r r e n t l y ,  t h e r e  is  resea:rch be ing  c a r r i e d  o u t  t o  relate chemica l  
e x t r a c t i o n  techniques LO b i o a s s a y  t echn iques  (Cowen, 1974; Sagher - I  e t  nl. , 1975 ; 
Schroeder ,  1976  j . 

In summary, e x t r a c t i o n  methods, d e s p i t e  t h e i r  i n h e r e n t  problems are re la t ive ly  
easy  t o  pe r fo rm and probably  g i v e  a t  l eas t  a q u a l i t a t i v e  p i c t u r e  of t h e  a v a i l a -  
b i l i t y  q u e s t i o n .  P e r h q s  t h e  g r e a t e s t  v a l u e  of t h e  mi ld  a c i d  e x t r a c t i o n  i s  t h a t  
t h e  l a c k  of e x t r a c t a b l ( 2  phosphorus o r  o t h e r  s u b s t a n c e s  g e n e r a l l y  i s  a good i n d i -  
c a t i o n  t h a t  few contaminants  would b e  r e l e a s e d  from t h e  s o i l s  t o  t h e  a q u a t i c  
environment.  C u r r e n t l y ,  t h e r e  i s  much r e s e a r c h  be ing  conducted i n  t h i s  f i e l d .  
The q u e s t i o n  of b i o l o g i c a l  a v a i l a b i l i t y  of Contaminants a s s o c i a t e d  w i t h  p a r t i c u -  
l a t e  mater ia l  c o n t i n u e s  t o  b e  one  of t h e  key problems f a c i n g  t h e  P o l l u t i o n  from 
Land U s e  Ac t iv i t i e s  KeEerence Group and non-point s o u r c e  r e s e a r c h e r s  i n  g e n e r a l .  

Chemical C o n c e n t r a t i o n  v e r s u s  S o i l  Horizon 

Because samples were t aken  from d i f f e r e n t  s o i l  h o r i z o n s  w i t h i n  a g iven  p r o f i l e  
(where such  h o r i z o n s  e x i s t e d ) ,  i t  w a s  thought  t h a t  t h e r e  may be  a r e l a t i o n  
between chemica l  c o n c e n t r a t i o n  and s o i l  ho r i zon .  For example, one  might s u s p e c t  
t o  f i n d  d i f f e r e n c e s  i n  t h e  chemica l  c o n t e n t  01 c e r t a i n  s u b s t a n c e s  ( e . g . ,  
phosphorus) between t h e  A hor i zon  and the C ho r i zon .  However, no s p e c i f i c  
c o r r e l a t i o n  between chemica l  c o n c e n t r a t i o n s  and t h e  d i f f e r e n t  soi:L h o r i z o n s  was 
obvious .  Table  14 g i v e s  mean t o t a l  phosphorus c o n c e n t r a t i o n s  grouped accord ing  
t o  t h e  A, B ,  and C h o r i z o n  f o r  sandy s o i l s ,  loamy s o i l s ,  and c l a y e y  s o i l s .  
A s  can b e  seen, there d o e s  not: appear  t o  be any s i g n i f i c a n t  t r e n d s  o r  d i f f e r e n c e s  
i n  t o t a l  P c o n t e n t  between t h e  d i f f e r e n t  s o i l  ho r i zons .  Thus, i n  c a l c u l a t i n g  
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mean c o n c e n t r a t i o n s  f o r  t h e  t h r e e  d i f f e r e n t  s o i l  t ypes  (Table  8 ) as d i scussed  
earlier,  c a l c u l a t i o n s  were made i r r e s p e c t i v e  of t h e  s o i l  ho r i zon  of t h e  sample. 

The p o s s i b i l i t y  of a r e l a t i o n s h i p  between samples t aken  from t h e  f a c e  of t h e  
b l u f f  o r  t h e  top of t h e  b l u f f  w i th  chemical  c o n c e n t r a t i o n  w a s  a l s o  i n v e s t i g a t e d .  
The sampling procedure  used f o r  t h e  top and f o r  t h e  f a c e  of t h e  b l u f f  have been 
d e s c r i b e d  p r e v i o u s l y .  I n  g e n e r a l ,  t h e r e  w a s  found t o  b e  no r e l a t i o n  between 
chemical  c o n c e n t r a t i o n s  and whether samples were taken  from t h e  f a c e  of t h e  b l u f f  
or from t h e  t o p  o f  t h e  b l u f f .  
b l u f f  are a v a i l a b l e  on ly  f o r  Michigan c o u n t i e s ,  s o  t h e  number of samples a v a i l a b l e  
f o r  comparison are somewhat l i m i t e d .  
t h e  exposed p a r t  of the f a c e  of t h e  b l u f f  could have d i f f e r e n t  chemical  c h a r a c t e r -  
i s t i c s  compared t o  an  unexposed s a m p l e  t aken  from w i t h i n  t h e  b l u f f .  Exposure t o  
t h e  atmosphere and p o s ~ ~ i b l e  l e a c h i n g  by wave a c t i o n  could  p o s s i b l y  change some 
of t h e  chemical  c h a r a c t e r i s t i c s .  However, t h e r e  are no d a t a  a v a i l a b l e  t o  show 
whether  such  d i f f e r e n c e s  occur .  It i s  l i k e l y  t h a t  any d i f f e r e n c e s  would be  
small and s i n c e  t h e  exposed s u r f a c e  of t h e  s h o r e l i n e  would b e  s m a l l  r e l a t i v e  t o  
t h e  rest of t h e  b l u f f ,  i t  i s  doubtfu.1 t h a t  any such d i f f e r e n c e s  would be q u a n t i -  
t a t i v e l y  impor tan t  i n  t : e r m s  of chemical l each ing  to a lake. 
t h a t  might be  leached  from t h e  s h o r e l i n e  by wave a c t i o n  would probably  e n t e r  t h e  
l a k e  anyway. 

S e p a r a t e  d a t a  f o r  bo th  t h e  f a c e  and t o p  of t h e  

It i s  p o s s i b l e  t h a t  samples  t aken  from 

I n  f a c t ,  any chemicals  

TABLE 14 VARIATIONS OF TOTAL PHOSPHORUS WITH SOIL HORIZON OF SHORELINE SAMPLES 
--- --~________-_ 

C i g e v  S o i l s  - LoamL --- S o i l s  - -- Sandy Soils - 
€io r i z on X n X n x n 

A 86 25 432 10 - - 
B 2 11 7 366 7 340 4 

C 89 48 366 15 4 1 3  9 
- x 
n = number of s a m p l e s  

= mean c o n c e n t r a t i o n  i n  pg/g 

1. Value exc lud ing  t h r e e  B ho r i zon  s a m p l e s  from Oswego County t h a t  
had high phosphorus c o n c e n t r a t i o n s  
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S H O R E L I N E  L O A D I N G  
C A 1. C U L A  T I O  N PI  E T  1-1 0 D 0 LO G Y 

BACKGROUND DATA 

A s  p a r t  of  s u b a c t i v i t y  1 - l ( b ) ,  Armstrong e t  a l . ( l976)conducted  a d a t a  s e a r c h  
which c o n s i s t e d  o f  a l i t e r a t u r e  review and a m a i l  survey  of i n d i v i d u a l s  and a g e n c i e s  
l i k e l y  t o  have s h o r e  e r a s i o n  d a t a  of i n t e r e s t .  C o a s t a l  r e s e a r c h e r s  were r e q u e s t e d  
t o  send p u b l i s h e d  d a t a  and l i t e r a t u r e ,  c o p i e s  of unpubl ished d a t a ,  o r  i n f o r m a t i o n  
d e a l i n g  w i t h  on going  d ; t a  c o l l e c t i o n  e f f o r t s .  Through t h i s  s e a r c h  a l l  a v a i l a b l e  
i n f o r m a t i o n  on b l u f f  hei.ght,  r e a c h  l e n g t h ,  b l u f f  r e c e s s i o n  and o t h e r  s h o r e l i n e  
d a t a  w a s  o b t a i n e d .  
d a t a  s o u r c e  f o r  t h i s  s t u d y  ( S u b a c t i v i t y  1-2) .  

The Armstrong - e t  -- al. (1976)  review was used as t h e  pr imary 

I n  a d d i t i o n  t o  t h e  r e p o r t  of Armstrong - e t  -- a l .  ( 1 9 7 6 ) ,  t h e  Great Lakes Basin 
Commission Framework Study Appendix 1 2 ,  "Shore Use and Erosion" (Great  Lakes 
Basin Commission, 1 5 7 5 ) :  provided much background mater ia l  f o r  t h i s  r e p o r t .  Basic 
d a t a  011 lake s h o r e l i n e  I e n g t h s ,  s h o r e  t y p e s ,  and o t h e r  p h y s i c a l  s t a t i s t i c s  were 
o b t a i n e d  froin t h i s  work. 

GENERAL METHO1)OLOGY 

7'0 c a l c u l a t e  t h e  volume of eroded mater ia l  f o r  any l e n g t h  o t  s h o r e l h z ,  i n f o r -  
mat ion must b e  g a t h e r e d  on each of  t h e  three components t h a t  i n f l u e n c e  t h e  
volume of material  e n t e r i n g  t h e  l a k e :  b l u f f l i n e  r e c e s s i o n  r a t e ,  b l u f f  h e i g h t  and 
s h o r e l i n e  l e n g t h .  Eros ion  ra tes  can t h e n  b e  computed by m u l t i p l y i n g  t h e  b l u f f  
l i n e  r e c e s s i o n  ra te  by the  b l u f f  h e i g h t  and t h e  l e n g t h  of s h o r e l i n e  o r  r e a c h  
l e n g t h  of i n t e r e s t .  T h i s  approach,  known as t h e  r e c t a n g l u a r  prism method f o r  
e r o s i o n  ra te  d e r i v a t i o n ; ,  was used i n  t h i s  r e p o r t .  F i g u r e  2 shows how t h e s e  
t h r e e  dimensions are combined t o  g i v e  the v o l u m e t r i c  c o n t r i b u t i o n  t o  t h e  l a k e .  

Once t h e  e r o s i o n  r a t e  of a g iven  s h o r e l i n e  i s  known, chemical  l o a d s  c a n  b e  
c a l c u l a t e d  by m u l t i p l y i n g  t h e  e r o s i o n  rate by t h e  product  of t h e  chemical  concen- 
t r a t i o n  of e a c h  chemica l  c o n s t i t u e n t  and t h e  d e n s i t y  of t h e  s h o r e l i n e  s o i l .  In 
t h i s  way t h e  chemical  l o a d i n g  i n  k i lograms p e r  y e a r  ( o r  any convenient  u n i t )  can  
b e  o b t a i n e d .  The d e t a i l s  of  how t h e s e  c a l c u l a t i o n s  were made are d i s c u s s e d  below. 

BLUFF HEIGHT 

Bluf f  h e i g h t s  have n o t  a lways been r o u t i n e l y  measured by c o a s t a l  zone re- 
s e a r c h e r s .  The Task D S u b a c t i v i t y  1-1 (b) r e p o r t  by Armstrong e t  - al. (1976) p r o v i d e s  
probably  t h e  f i r s t  comprehensive l i s t i n g  of b l u f f  h e i g h t s  f o r  t h e  U.S. Great 
Lakes s h o r e l i n e .  Armstrong e t  al. (1976)  determined b l u f f  h e i g h t s  from a c t u a l  
f i e l d  measurement where a v a i l a b l e  or  from U.S. Geologica l  Survey 7 1 / 2  minute  
o r  15 minute  quandrangle  topographic  maps. Bluf f  h e i g h t s  determined from topo- 
graphic maps were f e l t  t o  be a c c u r a t e  t o  p l u s  o r  minus f i v e  f e e t .  The Corps of 
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EROSION RATE DERIVATION 
RECTANGULllR PKISM METHOD 

bluff l i n e  

r e a c h  
l e n g t h  

b l u f  E 
h e i g h t  

m e t e r s / y r +  I 
h lu f  f l i n e  
recess ion 

Eros ion  = hluff h e i g h t  X r eaches  l e n g t h  X r e c e s s i o n  ra te  
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Engineers  s h o r e  type  d e s i g n a t i o n s  i n c l u d e  in fo rma t ion  3n b l u f f  h e i g h t s  b u t  o n l y  
i n  t e r m s  of g r e a t e r  o r  less than  30 f e e t .  Bluf f  h e i g h t s  r e p o r t e d  by Armstrong 
e t  a l .  (1976) were usec, i n  t h i s  r e p o r t .  -- 

Although b l u f f  h e i g h t s  can change as e r o s i o n  exposes new s h o r e l i n e  w i t h  a 
d i f f e r e n t  topography, b l u f f  h e i g h t s  measured from USGS maps are on ly  a c c u r a t e  t o  
p l u s  o r  minus f i v e  f e e t  and t h u s  r e a s o n a b l e  f o r  the purposes  of t h i s  p r o j e c t .  
F i e l d  measurements g e n e r a l l y  p rov ide  more a c c u r a t e  d a t a  and were used where 
a v a i l a b l e .  

REACH LENGTH 

The U.S. s h o r e l i n e  w a s  d i v i d e d  up i n t o  1,330 d i f f e r e n t  s e c t i o n s  o r  r eaches .  
A n e w  r e a c h  s ta r t s  o r  ends  i n  a g iven  county  whenever t h e  sho re type  changes 
o r  t h e  a v e r a g e  b l u f f  h e i g h t  changes by more than  five f e e t .  By examining r e a c h e s  
i n d i v i d u a l l y ,  a r a t h e r  d e t a i l e d  view of e r o s i o n  t r e n d s  i n  a given  area can be 
o b t a i n e d  . 

Armstrong - e t  -_ a l .  (1975) p re sen ted  r e a c h  l e n g t h  d a t a  f o r  t h o s e  c o u n t i e s  
t h a t  had r e c e s s i o n  ra te  in fo rma t ion  a v a i i a b l e .  These d a t a  were r e p o r t e d  t o  t h e  
n e a r e s t  t e n t h  of  a m i l e  ( t h e  convers ion  t o  k i l o m e t e r s  w a s  a l so  g iven) .  I n  t h i s  
s t u d y  t h e  l e n g t h s  of t h o s e  r eaches  n o t  covered i n  Armstrong -- e t  -- n l .  (1976)  w e r e  
measured in o r d e r  t h a t  n i l e a g e  f o r  all U.S. s h o r e l i n e  r eaches  would b e  known. 
Measurements were made from U.S. Geo log ica l  Survey 7 1 / 2  minute  quad s h e e t s  where 
a v a t l a b l e  o r  1 5  minute  quad s h e e t s ,  u s i n g  a s t a n d a r d  mechanical map measure. 
Reach l e n g t h  measureernents ob ta ined  i n  t h i s  way when summed g i v e  t o t a l  s h o r e l i n e  
d i s t a n c e s  t h a t  a g r e e  reavonably  w e l l  w i t h  Corps of Eng inee r ' s  s h o r e l i n e  d i s t a n c e s  
g iven  i n  T a b l e  2 . 
RECESSION RATE 

Although b l u f f  h e i g h t  and r each  l e n g t h  are n o t  t i m e  dependent and can b e  
measured r a t h e r  a c c u r a t e l y ,  r e c e s s i o n  rate i s  a measurement of change o v e r  t i m e  
and i s  more d i f f i c u l t  t o  measure a c c u r a t e l y .  I n  p a r t i c u l a r ,  l a r g e  y e a r  t o  y e a r  
v a r i a t i o n s  i n  r e c e s s i o n  rate can  occur  s i n c e  r e c e s s i o n  depends on such  f a c t o r s  
as t h e  f r equency  of s to rms ,  l a k e  levels ,  topography, g e o l o g i c a l  fo rma t ion  of t h e  
c u r r e n t l y  exposed b l u f f ,  v e g e t a t i o n  and a v a r i e t y  of o t h e r  f a c t o r s .  Reach l e n g t h  
and b l u f f  h e i g h t  can a l s o  conce ivably  change as e r o s i o n  changes t h e  l e n g t h  of b l u f f  
exposed t o  wave a t t a c k  o r  exposes a h l u f f  of new topography, however such  changes 
are u s u a l l y  n e g l i g i b l e  compared t o  t h o s e  encountered  w i t h  r e c e s s i o n  rates. 
Recess ion  r a t e  is  c e r t a i n l y  t h e  most d i f f i c u l t  component t o  measu re  o r  estimate 
and i s  t h u s  t h e  most u n c e r t a i n  f a c t o r  of t h e  t h r e e  components used t o  c a l c u l a t e  
e r o s i o n  i n  t h i s  r e p o r t .  

Because of t h e  s h o r t  and long  term v a r i a b i l i t y  of r e c e s s i o n ,  an a t t e m p t  
h a s  been made t o  view maximum and minimum r e c e s s i o n  rates as w e l l  as t h e  ave rage  
o r  mean r a t e  l i k e l y  t o  occur  o v e r  a number of y c a r s .  
e r o s i o n  could  b e  c a l c u l a t e d  f o r  "average" r e c e s s i o n  c o n d i t i o n s  as w e l l  as f o r  
p e r i o d s  of h igh  r e c e s s i o n  and low r e c e s s i o n .  S ince  i t  i s  c u r r e n t l y  n o t  p o s s i b l e  
t o  know o r  p r e d i c t  recctssion w i t h  a high degree  of  accu racy ,  t h e  r anges  provided  
i n  t h i s  r e p o r t  should a t  leas t  provide. an i n d i c a t i o n  of where t h e  t r u e  v a l u e  is 

I n  t h i s  way s h o r e l i n e  

47 

i 



l i k e l y  t o  be  found. In S u b a c t i v i t y  1-1 Armstrong -_. e t  a l .  (1976) ga the red  a l l  
a v a i l a b l e  r e c e s s i o n  d a t a  on t h e  U.S. Great Lakes s h o r e l i n e .  They w e r e  a b l e  
t o  compile  maximum, minimum and average  ( a  weighted average  based upon t h e  
number of  p r o f i l e s  measured f o r  r e c e s s i o n  w i t h i n  a g iven  r each )  r e c e s s i o n  d a t a  
t o  cove r  approximate ly  40 p e r c e n t  of t h e  t o t a l  U.S. e r o d i b l e  s h o r e l i n e .  Thus, a 
major  t a s k  i n  t h i s  s t u d y  ( S u b a c t i v i t y  1-2) w a s  t o  'lestimate" r e c e s s i o n  ra tes  f o r  
t h o s e  r e a c h e s  where no e r o s i o n  rates are a v a i l a b l e .  I t  should  b e  mentioned a t  
t h i s  p o i n t  t h a t  a l though  s h o r e l i n e  r e c e s s i o n  had t o  b e  "est imated" 
60 p e r c e n t  of t h e  e r o d i b l e  s h o r e l i n e ,  most of t h e  U.S. s h o r e l i n e  e r o s i o n  occur s  
a long  t h e  40 p e r c e n t  of s h o r e l i n e  covered by r e c e s s i o n  "measurements". 
g e n e r a l ,  "measured" r e c e s s i o n  rates tend  t o  b e  found a l o n g  t h o s e  r eaches  where 
e r o s i o n  is most s e v e r e .  

f o r  about  

I n  

I n  o r d e r  t o  "estimate" r e c e s s i o n  rates f o r  t h o s e  r e a c h e s  w i t h  no d a t a ,  t h o s e  
r e a c h e s  w i t h  a v a i l a b l e  r e c e s s i o n  "measurements" as r e p o r t e d  i n  Armstrong -- e t  a l .  
(1976) w e r e  f i r s t  t a b u l a t e d .  Th i s  t a b u l a t i o n  w a s  t hen  examined t o  i l l u m i n a t e  t h e  
gaps  i n  t h e  r e c e s s i o n  i .nformation.  A maximum, minimum and ave rage  r e c e s s i o n  w a s  
t hen  gene ra t ed  f o r  r eaches  l a c k i n g  r e c e s s i o n  d a t a  by e x t r a p o l a t i n g  in fo rma t ion  
from similar r e a c h e s  as8 w e l l  as ana lyq ing  c h a r a c t e r i s t i c s  of t h e  r each  which may 
i n f l u e n c e  t h e  ra te  a t  which i t  recedes .  

Many f a c t o r s  must b e  cons idered  when e x t r a p o l a t i n g  r e c e s s i o n  in fo rma t ion  
from one r e a c h  t o  a n o t h e r .  The s i z e  and d u r a t i o n  of s torm induced waves h a s  a 
d i r e c t  i n f l u e n c e  on r e c e s s i o n .  These waves are dependent  upon t h e  v e l o c i t y ,  
d i r e c t i o n ,  d u r a t i o n ,  arid f e t c h  of t h e  wind. High l a k e  l e v e l s  a g g r a v a t e  ~rhe 
r e c e s s i o n  problem by a l lowing  smaller s to rm waves t o  s t r i k e  d i r e c t l y  a g a i n s t  
t h e  b l u f f .  While i t  i s  p o s s i b l e  t h a t  r e c e s s i o n  rates would l e s s e n  i f  l a k e s  were 
lowered they  would n o t  be  s topped .  Another f a c t o r  t o  c o n s i d e r  i s  t h e  p h y s i c a l  
makeup and l o c a t i o n  of t h e  bluEf.  Sandy b l u f f s  t h a t  are  s u s c e p t a b l e  t o  d i r e c t  
wave a t tack w i l l  r e c e d e  a t  a f a s t e r  rate than  a c l a y  b l u f €  t h a t  i s  i n  a p r o t e c t e d  
bay. Other  f a c t o r s  t o  c o n s i d e r  are man mada i n f l u e n c e s  such  as b reak  waters, 
bottom topography,  and t h e  s t r e n g t h  of t h e  l i t t o r a l  c u r r e n t .  D e s p i t e  t h e i r  
importance no a t t e m p t  vas made t o  mathmat ica l ly  account  f o r  t h e s e  p h y s i c a l  i n -  
f l u e n c e s .  
t h e  e x t r a p o l a t i o n  p rocess .  

However, t h e s e  f a c t o r s  al:L were cons idered  i n  a q u a l i t a t i v e  s e n s e  d u r i n g  

It is  recognized  t h a t  any e x t r a p o l a t i o n  of r e c e s s i o n  i n f o r m a t i o n  from one 
s h o r e l i n e  r e a c h  t o  a n o t h e r  is  judgemental  and s u b j e c t  t o  c o n s i d e r a b l e  e r r o r .  I n  
o r d e r  t o  p rov ide  a more r easonab le  "estimate", a range  of v a l u e s  l i k e l y  t o  occur  
was e s t i m a t e d  f o r  each  e r o d i b l e  r each  where p o s s i b l e .  
v a l u e s ,  s i m i l a r  t o  tfia.1 provided  by Armstrong -- e t  a l .  (1976)  in S u b a c t i v i t y  1-l(b), 
a b e t t e r  a p p r e c i a t i o n  of t h e  v a r i a b i l i t y  of r e c e s s i o n  rates can be ob ta ined .  The 
ave rage  o r  mean e s t i m a l e d  r e c e s s i o n  r a t e  w a s  n o t  meant t o  be  t h e  middle  o r  medium 
v a l u e  between t h e  maximum and minimum, b u t  w a s  meant t o  r e f l e c t  t h e  ave rage  r a t e  
based  on s i m i l i a r  r eaches .  

By p r o v i d i n g  a r ange  of 

A v a i l a b l e  r e c e s s i o n  in fo rma t ion  f o r  Lake E r i e  w a s  g e n e r a l l y  l i m i t e d  t o  a n  
ave rage  r e c e s s i o n  ra te  f o r  each  r e a c h d e r i v e d  from t h e  d a t a  of Carter (1975) .  
From t h e  i n f o r m a t i o n  a J a i l a b l e  on L a k e s  S u p e r i o r ,  Michigan and Huron (Armstrong 
- e t  -- a l . ,  
80 p e r c e n t  greater than  t h e  average ra te ,  and the  minimum recession r a t e  w a s  
g e n e r a l l y  about  60 pe r ] - en t  less t h a n  t h e  ave rage  rate. 

1976) i t  w a s  observed t h a t  t h e  maximum r e c e s s i o n  rate w a s  g e n e r a l l y  abou t  

Assuming such  a t r end  
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would hold  f o r  Lake Erie, a maximum and minimum r e c e s s i o n  rate f o r  Lake E r i e  w a s  
c a l c u l a t e d .  
g e n e r a t e  a maximum v a l u e  and by 0 .4  t o  g e n e r a t e  a minimum r e c e s s i o n  rate. 

The known average  ra te  f o r  each r each  w a s  m u l t i p l i e d  by 1 .8  t o  

Any r each  l e n g t h  t h a t  w a s  des igna ted  as none rod ib le  by t h e  U.S.  Army Corps 
of Engineers '  N a t i o n a l  S h o r e l i n e  Study w a s  g iven  a r e c e s s i o n  rate of  zero.  
e v e r ,  t h e r e  w e r e  some reaches  des igned  by t h e  Corps of Engineers  as nonerod ib le  
which had some "measureable" r e c e s s i o n  based on o t h e r  s t u d i e s .  Whenever such  a 
c o n f l i c t  a r o s e ,  t h e  a c t u a l  d a t a  w e r e  used. Those areas t h a t  w e r e  d e s i g n a t e d  as 
a r t i f i c i a l  f i l l  areas by t h e  Corps of Engineers  were a l s o  cons ide red  as none rod ib le .  

How- 

Because of t h e  latzk of r e c e s s i o n  measurements f o r  Lake O n t a r i o  s h o r e l i n e ,  t h e  
e s t i m a t i o n  of  r e c e s s i o n  ra tes  a long  t h i s  l a k e  n e c e s s i t a t e s  a somewhat d i f f e r e n t  
procedure .  Lake O n t a r i o  on ly  had r e c e s s i o n  in fo rma t ion  a v a i l a b l e  f o r  Oswego 
County and t h o s e  d a t a  were l i m i t e d  t o  average r e c e s s i o n  rates.  To compute a 
t o t a l  e r o s i o n  l o a d  t o  Lake On ta r io ,  t h e  Oswego County r e c e s s i o n  d a t a  were ex- 
t r a p o l a t e d  ove r  t h e  e n t i r e  U . S .  Lake On ta r io  sho re .  Oswego County has  s h o r e l i n e  
on bo th  t h e  sou th  and eas t  s h o r e  of Lake Ontar io .  The "measured" r e c e s s i o n  
rates r e p o r t e d  i n  Arms1:rong -- e t  a l .  
f o r  t h e  s o u t h e r n  s h o r e  and were 0.57 m/yr f o r  t h e  east shore .  
as w e l l  as from in fo rma t ion  on s h o r e l i n e  composi t ion,  wind r e c o r d s  and t h e  wave 
t r e n d s ,  s h o r e  r eaches  in Niagra ,  Or loans ,  Monroe, and wes te rn  p o r t i o n s  of Wayne 
County were a l l  a s s igned  an average  r eces s ion  rate of 0.25 meters p e r  yea r .  
The remaining p o r t i o n  of  Wayne C0unt.y and Cayuga County w e r e  a s s igned  an average  
r e c e s s i o n  of 0.37 m/yr  The r e c e s s i o n  r a t e  g iven  t o  r eaches  i n  J e f f e r s o n  County 
on t h e  east s h o r e  v a r i c d  from 0.57 m / y r  t o  0 .0  m/yr depending on t h e  l o c a t i o n  
and s h o r e l i n e  cornpositLon. Maximum <and minimum r e c e s s i o n  r a t e s  were a l s o  
gene ra t ed  f o r  t h e  e n t i r e  e r o d i b l e  U S .  1,ake On ta r io  s h o r e  u s i n g  t h e  procedure  
developed f o r  Lake E r i e  d e s c r i b e d  ear l ier .  

(1976) v a r i e d  from 0.25 m/yr t o  0.37 m/yr 
From t h e s e  d a t a  

EROSION RATE 

A f t e r  t h e  r eaches  i n  a g iven  county were a s s igned  r e c e s s i o n  rates o r  des ign-  
a t e d  as none rod ib le ,  e r o s i o n  rates were computed. Each r e a c h  w i t h i n  a county 
w a s  examined and a range  of e r o s i o n  rates w a s  computed by m u l t i p l y i n g  t h e  b l u f f  

maximum and minimum). 
t o  e r o s i o n  v a l u e s  i n  t h e  o t h e r  r eaches  i n  t h e  county y i e l d i n g  t h e  t o t a l  volume 
eroded f o r  t h a t  county, .  The c o u n t i e s  were t o t a l e d  t o  g i v e  t h e  e r o s i o n  i n  each  
p l ann ing  suba rea .  S im: i la r ly ,  t h e  p lanning  suba reas  w e r e  t o t a l e d  t o  g i v e  t h e  
e r o s i o n  t o  each l a k e ,  and t h e  l a k e s  were t o t a i e d  producing a f i n a l  range  of 
e r o s i o n  ra tes  l i k e l y  t o  occur  a long  t h e  U.S.  Great Lakes s h o r e l i n e .  
formula w a s  used t o  ca : t cu la t e  e r o s i o n  rates:  

h e i g h t  by t h e  r each  l e n g t h  and each  of t h e  t h r e e  r e c e s s i o n  r a t e  va lues  (average, 
These t h r e e  e r o s i o n  rate v a l u e s  f o r  each  r e a c h  were added 

The fo l lowing  

(Avg. Max. Min.) (Avg. Max. M i x i . )  
B luf f  Height  X Reach Length X Recession R a t e  = Eros ion  Rate 

(m) (m> Wrr> (m3 /Y 1:) 

Armstrong I e t  -- al. (1976) used t h i s  same procedure  f o r  each  r e a c h  w i t h  avai l -  
a b l e  "measured" recessLon rates t o  c a l c u l a t e  t h e  e r o s i o n  rates l i k e l y  t o  occur  
p e r  meter of reach. 
rates i n  c u b i c  y a r d s  p e r  y e a r  p e r  f o o t  of s h o r e l i n e .  
v e r t e d  i n t o  meters p e r  yea r  p e r  meter of s h o r e l i n e .  

The c a l c u l a t i o n s  were made i n  Eng l i sh  u n i t s  g i v i n g  e r o s i o n  
Th i s  number w a s  t hen  con- 

In t h i s  r e p o r t  a l l  c a l c u l a t i o n s  
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were made u s i n g  metric u n i t s .  Thus, when d a t a  on r e c e s s i o n  rate,  b l u f f  h e i g h t  o r  
r e a c h  l e n g t h  were o b t a i n e d  from Armst.rong e t  a l .  
t i o n ,  t h e  metric v a l u e s  w e r e  used and p r o p e r l y  roultded t o  avo id  convers ion  e r r o r s .  
The r e s u l t  of t h i s  methodoloy was t o  g e n e r a t e  an average ,  maximum, and minimum 
e r o s i o n  rate f o r  every  e r o d i b l e  r e a c h  a long  t h e  U.S. Great Lakes S h o r e l i n e .  A 
n o t a t i o n  w a s  made as t o  which of  t h o s e  r eaches  w e r e  based on a c t u a l  "measurements" 
from t h e  review of Armstrong -- e t  a l .  (1976) and which were d e r i v e d  from e x t r a -  
po la t ed"  r e c e s s i o n  i n f c r m a t i o n  as d e r i v e d  i n  t h i s  s tudy .  The volume of  material 
e roded  w a s  t o t a l e d  f o r  each county and a pe rcen tage  o€ t h e  volume eroded  t h a t  
w a s  a c t u a l l y  based on i n  "es t imated"  r a t h e r  t han  "measured" v a l u e s  w a s  computed. 
This  same p rocedure  was, done on a p lann ing  suba rea ,  l a k e  b a s i n ,  and Great Lakes 
Bas in  l e v e l .  

(1976) f o r  an  e r o s i o n  c a l c u l a -  -- 

11 

Example of E ros ion  Ca1c:ulation 

Tab le  15 i s  an  example o f  t h e  r each  by r each  approach used i n  computing 
e r o s i o n  rates f o r  Charl.evoix County, Michigan. This  procedure  w a s  used i n  eve ry  
county  a long  t h e  U.S. Creat Lakes s h o r e l i n e .  Every U.S. s h o r e l i n e  r each  w a s  
a s s i g n e d  a e i g h t - d i g i t  number i n  Armstrong - e t  _I a l .  (1976) i n d i c a t i n g  where t h e  
r each  began and ended. The number cor responds  t o  s p e c i f i c  p o l i t i c a l  boundar i e s .  
In t h i s  r e p o r t  t h i s  code w a s  reduced t o  t h e  county  number and a l e t t e r  c o r r e s -  
ponding t o  each  r each .  F igu re  3 shows t h e  l o c a t i o n  of Char levoix  County, Michi- 
gan,  and t h e  l e t t e r s  a:;signed t o  t h e  r eaches  i n  t h e  county.  A l i s t  of county  
numbers f o r  a l l  Great Lakes c o u n t i e s  can b e  found i n  t h e  I n t r o d u c t i o n  (Table  1 ) .  
Each r e a c h  a l s o  has  a ] a r t i c u l a r  s h o r e  t y p e  a s s igned  by t h e  U.S. Army Corps of 
Engineers .  Th i s  i n fo rma t ion  i s  provided i n  thn, second column of Table  15 . The 
l e n g t h  of t h e  reach and t h e  h e i g h t  oE t h e  b l u f f  found i n  t h a t  r each  are a l s o  g iven  
( i n  me te r s )  i n  Table 1 5  . 

I n  o r d e r  t o  e v a l u , i t e  t h e  v a l i d i t y  of  t h e  f i n a l  d a t a ,  a r eco rd  w a s  kept  on 
which r e a c h e s  had r e c e s s i o n  rates t h a t  w e r e  based on a c t u a l  "measurements" ( e i t h e r  
f i e l d  rncasurements o r  <:real photograph measurements) and which were based on 
" e x t r a p o l u t i o n s "  f r o n  the  "measured" d a t a .  
Form" column (column f i v e )  oE Table  15 . Recession rates compiled by Armstrong 
-- e t  a l .  
w e r e  designated as suc i  by the letter "M" for ''measured1' r e c e s s i o n .  E r o d i b l e  
r e a c h e s  t h a t  have no 'I neasured" r e c e s s i o n  d a t a  were as s igned  an "est imated" ( o r  
b e s t  guess )  r e c e s s i o n  rate based on in fo rma t ion  a v a i l a b l e  f o r  s imi la r  reaches. 
These "es t imated"  o r  "ex t r apo la t ed l i  v a l u e s  are i d e n t i f i e d  by t h e  l e t te r  "E" seen 
a l s o  i n c o l u m n  f i v e  (Table  15 To p rov ide  a more d e s c r i p t i v e  e v a l u a t i o n  of 
t h e s e  "E" r e c e s s i o n  ra te  v a l u e s  a s imple  r h r e e  l e t t e r  code w a s  developed t h a t  class- 
i f i e d  t h e  e s t i m a t e s  acco rd ing  t o  t h e  amount t h e  q u a l i t y  of i n fo rma t ion  on which t h e y  
were based.  I f  an  "estimate" w a s  based on t h e  r e c e s s i o n  rates found i n  a r e a c h  
t h a t  had a s imilar  c o n f i g u r a t i o n  then  t h a t  "estimate" w a s  cons ide red  t o  have  a 
- Good o r  "G" i n fo rma t ion  base .  I f  t h e  "es t imated"  r e c e s s i o n  ra tes  w e r e  d e r i v e d  
from a r e a c h  t h a t  had many b u t  n o t  a l l  of t h e  same c h a r a c t e r i s t i c s  t h e  "estimate" 
w a s  judged t o  have a F a i r  o r  "P' i n fo rma t ion  base .  F i n a l l y ,  if v e r y  l i t t l e  o r  no 
d a t a  e x i s t e d  f o r  a r&ch  s imi la r  t o  t h e  one i n  q u e s t i o n ,  t h e  "estimate" was based 011 P 
Poor o r  "P" i n f o r m a t i o n  base .  These codes arc used on ly  t o  d e s c r i b e  "es t imated"  
r e c e s s i o n  o r  e r o s i o n  rates and are used on county,  PSA, and Lake Bas in  t o t a l s  as 
well. These codes  are designed t o  p rov ide  t h e  r e a d e r  w i t h  a q u a l i t a t i v e  ova lua t icm 

Th i s  r e c o r d  i s  provided i n  t h e  "Data 

(1976)  i n  S u b a z t i v i t y  1-1 w e r e  d e r i v e d  from a c t u a l  o b s e r v a t i o n s  and 

). 
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TABLE 1 5  

CHARLEVOIX COUNTY, MICMIGPiIV EROSION CALCULATIONS BY REACH 

Ave. 

S o i l  Type C.O.E .  Reach Bluff a Eros ion  (rn 3 / y r >  Recess ion  (m/yr) Reach Shore Lengtha Height Data 
Number Form (Meters)  (Meters) Form Ave. Max. Min. Ave. Max. Min . 
3 3A 
3 3 B  
3 3c 
3 33 
3 3E 
3 3F 
33G 
33H 
331 
335 

PE 
PE 
PE 
?N 
PN 
PE 
PE 
PE 
PN 
LBN 

4020 
6600 
2254 
3380 
1 7 7 0  

800 
4020 

800 
9500 
3540 

5.33 
0 . 7 6  
5.33 
5.33 
0.76 
0 . 7 6  
5.33 
0.76  
0 . 7 6  
5.33 

M 
E F  
E F  

M 

E F  
E F  
E F  

- 

0.12 0 . 4 9  a c r e t i o n  2 , 5 7 1  1 0 , 4 9 9  
0 .1  0 . 5  0 502 2 ,508 
0.i 6.5 U i,l9$ J ,  77u 

0.37 1.19 0 .03  6 , 6 6 6  21,438 
0 0 0 0 0 

0.1 0.5 0 6 1  304 
0 . 1  0 . 5  0 2 , 1 4 3  1 0 , 7 1 3  
0.1 0 . 5  0 6 1  3 04 

0 0 0 0 0 
0 0 0 0 0 

n c n n r  

T o t a l  Volume Measured (m 
T o t a l  Volume Es t imated  

3 
3 

S o i l  Types 
Volume of Sand Eroded (m / y r )  
Volume of Loam Eroded (m / y r )  
Volume of Clay Eroded (m3/yr> 

0 
0 

5 4 0  
0 
0 
0 
0 
0 
0 

n v 

9,237 31,937 5 4 0  
3 , 9 6 6  1 9 , 8 2 5  0 

1 3 , 1 4 2  51,458 540 
6 1  304 0 

0 0  0 

Sand 
Sand 

Sand 

r,---l 
a a i L u  

Loam 
Sand 
Sand 

13,203 51,762 540 3 

1 3  52 1 3 3  T o t a l  Volume Eroded i n  County (10 m / y r >  
County T o t a l  (m / y r )  

d e r i v e d  from U of M E n g l i s h  measurements and rounded 
E - es t ima ted  r e c e s s i o n  rate E 
M - measured r e c e s s i o n  rate 
G - Good estimate 
F - Fa i r  estimate 
l? - Peer estimate 

3 meters (a> 
cub ic  neters (m ) 

M u l t i p l y  By To 
3 . 2 8 1  

3 35.319 'cubic feet  (ft 1 
f e e t  (ft) 



0 1 2 3 4 5  
l J - L l l A  

Scale 
Miles 

N 

I 
I 
I 

-- 

I 
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of t h e  r e l i a b i l i t y  of t h e  r e c e s s i o n  and e r o s i o n  estimates t h a t  w e r e  made. They 
a l s o  are in t ended  t o  i l l u m i n a t e  t h o s e  s h o r e l i n e  areas which might b e  cons ide red  
f o r  f u t u r e  r e c e s s i o n  measurements. Table  1 5  a l s o  i n d i c a t e s  t h e  ave rage ,  max- 
imum and minimum r e c e s s i o n  ra tes  f o r  each reach  i n  t h e  county  (columns 6-8). 
Based on t h e s e  r e c e s s i o n  rates, t h e  b l u f f  h e i g h t s  and t h e  r e a c h  l e n g t h s ,  t h e  
computed e r o s i o n  ra tes  are g iven  i n  Table  15 (columns 9-11). The l a s t  column 
i n  t h i s  t a b l e  c o n t a i n s  t h e  predominate s o i l  t e x t u r e  ( sand ,  loam o r  c l a y )  found 
i n  each  reach .  The importance of t h i s  i n fo rma t ion  i n  tenus of e s t i m a t i n g  chemica l  
l o a d i n g s  w i l l  be d i s c u s s e d  i n  a fo l lowing  s e c t i o n .  S o i l  t e x t u r e  w a s  determined 
based on a v a i l a b l e  tex t .ure  in fo rma t ion  where p o s s i b l e  o r  from p e r s o n a l  c o n t a c t  
w i t h  i n d i v i d u a l s  f a m i l i a r  w i t h  t h e  area. Where no o t h e r  i n f o r m a t i o n  could  be 
ob ta ined ,  pub l i shed  county  s o i l  su rveys  were consu l t ed  and a n  estimate of 
whether  t h e  composi t ion of t h e  s h o r e l i n e  w a s  predominant ly  sand ,  loam o r  c l a y  
w a s  made. Informat ion  on t h e  subsoi.Ls ( r a t h e r  t han  s u r f a c e  s o i l s )  g iven  i n  t h e  
s o i l  su rveys  w a s  used whenever p o s s i b l e .  

A f t e r  t h e  e r o s i o n  rates had been c a l c u l a t e d  f o r  each  r e a c h  they  were t o t a l -  
l e d  under several c a t e g o r i e s .  On T a b l e  15 t h e  "measured" volumes w e r e  t o t a l l e d  
s e p a r a t e  from t h e  "es t imated"  v a l u e s .  
of e r o s i o n  t h a t  w a s  ob ra ined  based on a c t u a l  "measurements" and t h e  amount based 
on t h e  "es t imated"  o r  "ex t r apo la t ed"  va lues .  The volume of each of t h e  t h r e e  s o i l  
t e x t u r e s  is  a l s o  t o t a l l e d  s e p a r a t e l y  f o r  u se  i n  computing chemical  l oad ings .  
F i n a l l y ,  a county  t o t a l  i s  p resen ted  and t h e  t o t a l  rounded of f  t o  t h e  n e a r e s t  
thousand (m3/yr) .  
t h e  procedure  used. 

Th i s  w a s  done t o  d i s t i n g u i s h  t h e  amount 

Both t h e  unrounded and rounded numbers are p resen ted  t o  show 

CftEMICRL LOADING 

A f t e r  c o n s i d e r i n g  a nuiiber of approaches f o r  t h e  c a l c u l a t i o n  of chemical 
l o a d i n g s ,  i t  w a s  dec idzd  t h a t  t h e  most r easonab le  approach w a s  t o  u s e  t h e  mean 
c o n c e n t r a t i o n s  of t h e  s h o r e l i n e  s a m p l e s  f o r  sandy s o i l s ,  loamy s o i l s ,  and c l ayey  
s o i l s  d i scussed  i n  a p rev ious  s e c t i o n  as r e p r e s e n t a t i v e  of ave rage  s o i l  c o n d i t i o n s .  
In  t h i s  way mean chemi-a1 c o n c e n t r a t i o n s  f o r  each s o i l  t ype  as p r e s e n t e d  i n  
Table  8 were assumed t o  be  r e p r e s e n t a t i v e  of s h o r e l i n e  s o i l  chemis t ry  throughout  
t h e  bas in .  

A f low c h a r t  showing t h e  procedure  used i n  c a l c u l a t i n g  l o a d i n g s  i s  g iven  i n  
F igu re  4 . Loadings were c a l c u l a t e d  f o r  ave rage ,  maximum, and minimum e r o s i o n  
ra tes .  S e p a r a t e  e r o s i o n  volumes were c a l c u l a t e d  f o r  t h e  sandy,  loamy, and c l a y e y  
s e c t i o n s  of s h o r e l i n e  w i t h i n  a given county,  a l though  o n l y  t h e  predominant s o i l  
t e x t u r e  w a s  used f o r  a r each .  These volumes were then  m u l t i p l i e d  by t h e  mean 
chemical  c o n c e n t r a t i o n s  of t h e  cor responding  s o i l s  (Table  8 ). The sum of t h i s  
product  w a s  m u l t i p l i e d  by t h e  d e n s i t y  of t h e  s o i l  and a u n i t  convers ion  f a c t o r  t o  
o b t a i n  l o a d i n g s  i n  ki lograms p e r  yea r .  The g e n e r a l  mathemat ica l  e x p r e s s i o n  used  
t o  c a l c u l a t e  t h e  chemical  l o a d i n g  i n  ki lograms p e r  y e a r ,  w i t h  t h e  a p p r o p r i a t e  
conve r s ions ,  i s  g iven  below: 

Conversion 
Fac to r  X Dens i ty  X 

Chemical - Eros ion  Chemical 
Lo ad i n g  Rate ( :oncent ra t ion  

- 
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The d e n s i t y  of t h e  s o i l  w a s  assumed to  be  e q u a l  t o  t h e  measured s p e c i f i c  g r a v i t y  
of t h e  sample  (i.e., t h e  weight  of s o i l  p e r  u n i t  volume of water i s  assumed t o  
be 1 . 0 ) .  
p r e v i o u s l y  d i s c u s s e d ,  t h i s  was t h e  mean measured s p e c i f i c  g r a v i t y  and v a l u e s  
v a r i e d  r e l a t i v e l y  l i t t l e  from t h e  mean. 

A s p e c i f i c  g r a v i t y  of 2 .6  w a s  used f o r  a l l  c a l c u l a t i o n s  s i n c e ,  as 

Only t o t a l  phosphorus,  e x t r a c t a b l e  t o t a l  phosphorus,  t o t a l  K j e l d a h l  n i t r o g e n ,  
t o t a l  magnesium, e x t r a c t a b l e  magnesium, t o t a l  i r o n ,  e x t r a c t a b l e  i r o n ,  t o t a l  
manganese, e x t r a c t a b l e  manganese, t o t a l  aluminum, t o t a l  ca lc ium,  and t o t a l  l e a d  
l o a d i n g s  were c a l c u l a t e d  u s i n g  t h i s  method. Loadings f o r  o t h e r  parameters  were 
n o t  c a l c u l a t e d  by t h i s  method due t o  l a c k  of a p p r o p r i a t e  d a t a  o r  low concent ra -  
t i o n s  i n  t h e  s o i l  s a m p l e s  t h a t  were analyzed.  Table 16 shows the r e s u l t s  of  
chemical  l o a d i n g  c a l c u l a t i o n s  f o r  Char levoix  County, Michigan. As w a s  t h e  case 
f o r  e r o s i o n ,  t h i s  c0unt.y i s  used t o  i l l u s t r a t e  t h e  method of  t h e  chemica l  l o a d i n g s  
c a l c u l a t i o n  p rocess .  Loadings w e r e  c a l c u l a t e d  f o r  ave rage ,  m a x i m u m  and minimum 
e r o s i o n  on a county b a s i s .  It should  be r e a l i z e d  t h a t  a l though  r e s u l t s  are 
p r e s e n t e d  t o  t h e  nea rez8 t  kg /y r ,  i t  i s  n o t  impl ied  t h a t  t h e  numbers are s i g n i f i c a n t  
a t  t h e  k i logram l e v e l .  S ince  county r e s u l t s  were summed t o  p rov ide  PSA l o a d i n g s ,  
PSA l o a d i n g s  were summed t o  p rov ide  l a k e  load ings  and so  on, t h e  numbers i n  
Table  16 have n o t  been rounded i n  o r d e r  t o  b e t t e r  show t h e  procedure  used.  
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TABLE 16 

CPAKEVOIX COUXTY, MICHIGAN: CHEMICAL LOADING (kg/yr )  County 33 

S o i l a  S o i l a  
Sand Loam T o t a l  C h e m i  ea 1 Sand Lo a m  T o t 2- .i Chemic a 1 

Tota l  Phosphorus 

E x t r a c t a b l e  Phosphorus 

T o t a l  K j  e lduh l  
N i t rogen  

T o t a l  Magnesium 

E x t r a c t a b l e  Magnesium 

Total I r o n  

Avg 3,401 
Max 16,901 
Min 150 

Avg l,/Ul 
Max 8,450 
Min 75 

Avg 5,782 
Mas 28,731 
Win 254 

Avg 140,475 
Max 698,002 
Min 6,174 

Avg 59,523 
Max 295,764 
Min 2 ,616  

Avg 187,413 
Max 931,233 
Min 8,237 

63 
31 6 

0 

i i j  
92 
0 

153 
7 65 
0 

2,358 
11,789 

0 

664 
3,320 

0 

2,896 
14,468 

0 

3 , 464 
17,217 

150 

.. 7 - n  
I, I 1 7  

8 , 542 
75 

5,935 
29,496 

254 

142,833 
709 , 791 

6,174 

60,167 
299,084 

2,616 

190,307 
945,701 

8,237 

E x t r a c t a b l e  I ron Avg 
Max 
Min 

E x t r a c t a b l e  Avg 
Nanganese Max 

Min 

T o t a l  Aluminum Ava 
Max 
Min 

T o t a l  Calcium A% 
Max 
Min 

Avg 
Max 
Min 

T o t a l  Lead 

2,721 
13,521 

120 

3 :  741 
18,591 

164 

680 
3,380 

30 

49,659 
246,751 
2,183 

286,731 
1,424,736 

12,603 

170 
845 
7 

30 
150 
0 

70 
349 
0 

15 
75 
0 

1,413 
7,064 

0 

4,426 
22,131 

0 

5 
25 
0 

2, i 5 . G  
13,67: 

1 2 0  

3,8i; 
18, s I, i! 

164 

635 
3,455, 

30 

51,072 
253, G15 

2,123 

291,157 
1, $46,5<' 

12,6G3 

175 
873 

7 

To conver t  from 
Kilograms (kg) 

-- . t o  
pounds ( l b )  

M u l t i p l y  by __ 
2.20246 

a sand - reaches  A-D, G ,  H 
loam - r eaches  F ,  
Clay - no c l a y  p r e s e n t  

Reaches E,  I ,  J are non-erodib le  



S H O R E L I N E  L 0 A D  I I\i G R E S U L T S  

The i n f o r m a t i o n  prl2sented i n  t h i s  s e c t i o n  c o n s i s t s  of t h e  p h y s i c a l  and chem- 
i c a l  s h o r e l i n e  l o a d i n g  v a l u e s  o b t a i n e d  f o r  each county  a l o n g  t h e  U.S. Great Lakes 
S h o r e l i n e .  Th i s  i n fo rma t ion  is  summarized on a county ,  p l a n n i n g  s u b a r e a ,  l a k e  
b a s i n ,  and Great Lakes Basin l e v e l .  These r e s u l t s  w e r e  o b t a i n e d  f rom l o a d i n g  
d e t e r m i n a t i o n s  done a t  t h e  s h o r e l i n e  r each  level as d i s c u s s e d  p r e v i o u s l y .  Shore- 
l i n e  l o a d i n g s  a t  t h e  r each  l e v e l  are n o t  r e p o r t e d  h e r e ;  however, t h i s  i n fo rma t ion  
i s  on f i l e  a t  t h e  o f f i c e s  of t h e  Grea t  Lakes Bas in  Commission. 

EROSION VOLUME 

County and PSA 

Table  1 7  p r o v i d e s  e r o s i o n  ra te  in fo rma t ion  f o r  each coun ty  and p l ann ing  
suba rea  i n  t h e  U.S .  Great Lakes Bas in . .  The county name and number have been 
provided  s t a r t i n g  w i t h  Lake S u p e r i o r  and fo l lowing  t h e  s h o r e l i n e  
through Lakes Michigan, Huron , Erie m d  f i n a l l y  On ta r io .  The county numbers, 
a s s i g n e d  by t h e  Corps of Engineers  i n  t h e i r  N a t i o n a l  S h o r e l i n e  S tudy ,  have been 
g iven  p r e v i o u s l y .  

S h o r e l i n e  l e n g t h s  i n  k i l o m e t e r s  are a l s o  p r e s e n t e d  f o r  each  county  and 
t o t a l l e d  f o r  t h e  p l ann ing  suba rea .  As d i s c u s s e d  p r e v i o u s l y ,  t h e s e  s h o r e l i n e  
l e n g t h s  are o n l y  approximate ,  having  been measured from 7 1 / 2  o r  15 minute  quad 
s h e e t s .  The n e x t  t h r e e  columns on t h e  t a b l e  r e p r e s e n t  t h e  a v e r a g e ,  maximum, 
and minimum e r o s i o n  r a t e s  l i k e l y  t o  ciccur f o r  each  county .  These v a l u e s  are 
based upon t h e  p e r i o d  c v e r  which r e c e s s i o n  measurements w e r e  made, which w a s  
g e n e r a l l y  abou t  35 y e a r s .  

The Percent  of Volume Estimated column i n  Table  17  i s  i n t e n d e d  t o  p rov ide  
a n  i n s i g h t  i n t o  t h e  r e l i a b i l i t y  o f  t h e  g iven  e r o s i o n  volume from any county  o r  
PSA.  For example, a two percent f i g u r e  i n  t h i s  column would i n d i c a t e  t h a t  on ly  
two p e r c e n t  of t h e  t o t 2 1  volume f o r  a g iven  county w a s  d e r i v e d  from "es t imated"  
r e c e s s i o n  rates and the' remain ing  98X w a s  o b t a i n e d  from "measured" r e c e s s i o n .  
I n  t h i s  example t h e  e r c s i o n  volume should  be  cons ide red  v e r y  r e l i a b l e .  I f  on 
the o t h e r  hand 75% of t h e  t o t a l  volume was d e r i v e d  from "es t imated"  d a t a  t h e n  
t h e  r e s u l t i n g  e r o s i o n  rates m u s t  b e  viewed c r i t i c a l l y .  

To f u r t h e r  a i d e  i n  t h e  i n t e r p r e t a t i o n  of t h e  r e s u l t s ,  a n o t h e r  code, t h e  
r e a l i a b i l i t y  index ,  was used t o  d e s c r i b e  t h e  r e l i a b i l i t y  o f  t h e  e s t i m a t e d  
volume. Th i s  r e l i a b i l i t y  index  is  meant t o  d e s c r i b e  o n l y  t h e  e r o s i o n  rates 
c a l c u l a t e d  from "es t imated"  r e c e s s i o n  i n  t h i s  s t u d y  ( s e e  p r e v i o u s  s e c t i o n  f o r  
expLanation of m e t h o d )  and n o t  t h e  t o t a 1 , e r o s i o n  f o r  any coun ty  o r  p l ann ing  
suba rea .  The "es t imated ' '  volume was ob ta ined  u s i n g  Good, Fa i r ,  o r  Poor (G,F,P) 
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TABLE 1 7  

VOLLJXE OF MATERIAL ERODED PER YEAR FROX COUNTIES AND 
?SA'S ALOSG THE U.S. GREAT LAKES S H O E L I N E  

( Lake Super ior  ) - 
County o r  PSA Shore 1 i n e  Eros ion  ( l o 3  n 3 / y r )  P e r  c e n t  of E s t  ina t e D 

Xurnbcr N a m e  (km) Est imated  
Length Average Maximum Minimum Vo l u n e  Index 

a 

1 Cook 
2 Lake 
3 S t .  Louis  
4 Eouglas 
5 Bayf ie ld  
G Ashland 
7 I r o n  
PSA 1.1 T o t a l  

159 
96 
35 
38 

143  
54 

6 
531 

8 Gogebic 5 1  
9 Ontonagon 9 1  

10 Houghton 89 
11 Keweenaw 147 
1 2  Earaga 122 
13 Flarquette 120 
1 4  Alger 137 
1 5  Luc e 52 
1 6  Chippewa 

(Lk. S u p e r i o r  P o r t i o n )  145 
PSA 1 . 2  T o t a l  954 

- 
U 
0 

33 
622 

1,202 
175 
18 3 

2,2ic3 

455 
65 

199 
204 
503 
2 01 
180 
125 

1 9 4  
2,120 

n v 
0 

49 
1,180 
1 , 8 9 7  

287 
271 

3,684 

666 
115 
299 
372 
616 
410 
315 
237 

329 
3,359 

n 
V 

0 
8 

248 
627 

92 
90 

1,065 

81 
33 
66 
87 

174 
89 
58 
38 

68 
694 

A " 
0 

100 
0 

48 
100  
100 

39 

54 
1 

100 
59 

100 
93 

100 
47 

76 
78 

F 
F 

a The volume that  w a s  n o t  e s t i m a t e d  w a s  d e r i v e d  from a c t u a l  measurements 

bDescr ibes  t h e  v a l i d i t y  of t h e  Est imated volume of eroded m a t e r i a l  o n l y .  G-Good estimate,  F-Fair estimate,  
P-Poor e s t i m a t e .  



TABLE 1 7  ( con t inued)  

VOLUME OF MATERIAL ERODED PER YEAR FROM COUNTIES AND 
PStl 'S ALONG THE U.S. GREAT LAKES SHORELINE 

(Lake Michigan) 

Erosion ( lo3  id3/yr) P e r c e n t  o f  Estimate County o r  PSA S h o r e l i n e  
Length Average Xaximum Minimum ' Volume Index  

Es t ima ted  Number Name (km) 

35 Marine t t e 
3 6  Oconto 
37 Brown 
38 Kewaun e e 
39 Door 
4 0  Kanitowoc 
4 1  S heboygan 
PSA 2.1  T o t a l  

4 2  Ozaukee 

44 Rac ine  
4 5  Keno s ha 
4 6  Lake Ill. 
47 Cook 
4 8  Lake Ind. 
49 P o r t e r  
50 LaPor t e  
PSA 2 . 2  T o t a l  

Ln 4 3  blilwaukee W 

36 
46 
5 8  
28 

230 
59  
4 4  

5 0 1  

45  
49 
26 
2 3  
47 
63  
3 8  
32 
11 

334 

4 
3 
4 

1 3 8  
1 8  

1 4 8  
7 6  

3 9 1  

590 
367 
1 7 2  

84  
286 

86 
29 

352 
53 

2,019 

- 
1 
10 
1 3  

1 6 3  
52 

212 
99 

556 

705 
4 7 4  
2 5 1  
101 
4 4 3  
1 3 7  

4 3  
4 7 9  

68 
2 , 7 0 1  

0 
0 
0 

57 
5 

53 
58 

ii 3 

5 1 9  
258 

95 
6 6  

1 2 9  
34 
2 1  

269 
4 4  

1 , 4 3 5  

7 nn 
A U W  

100 
100 

8 
100 

1 9  
3 1  
2 3  

10 
0 

6 4  
23 
10 
100 
100 

7 2  
8 5  
31  

G 

G 
G 
r 
F 
F 
F 
F 
F 

- 

- 



TA3LE 17 ( con t inued)  

V0LLJ.E OF MATERIAL ERODED PER YEAR FROM COUNTIES AND 
PSA'S ALONG THE U.S. GREAT LAKES SHORELINE 

(Lake Michigan) 

Coilnty o r  ?SA S horel. i n e  E r o s i o n  (lo3 m3/yr> P e r c e n t  of E s t i m a t e  
Index Yaximum Minimum ' Voiume Length Average - 

Es t ima ted  h'urnber Name (6) 
B e r r i e n  7 1  555 785 14 7 8 21 

LL van Eiuren LI 246 534 41 ii _. - -  _ -  
23 Allegan  41 827 1,317 427 1 
24 O t t a w a  43 ha1 1,036 80 0 
PSA 2.3 T o t a l  176 2,112 3,672 695 4 

25 Ilus keg on 45 
26 Oceana 44 
2 1  Mason 49 
28 Pian is  t ee 43 

43 
30 Leelanau  164 
31 Grand T r a v e r s e  123 
32 Antrim 41 
33 Char l evo ix  37 
34 Emet 121 
17 Plackinac ( p a r t  e f )  124 
18 S c h o o l c r a f t  70 
1 9  Delta 237 
20 Menominee 69 
PSA 2.4 T o t a l  1,210 

a\ o 29 Benzie 

379 
337 
346 
298 
363 

1,441 
209 
16 
13 

152 
154 
20 

113 
13 

3,854 

687 
808 
555 
604 
827 

3,163 
364 
29 
52 

259 
310 
32 

172 
23 

8,485 

37 
37 
1 

75 
20 

304 
2 
1 
1 
66 
48 
9 

73 
5 

679 

8 
0 
0 
0 
6 

29 
91 
0 

30 
91 
100 
91 
86 
58 
29 

- 
G 
P 
P 



TABLE 17 ( con t inued)  

, 

VOLUME OF MATERIAL ERODED PER YEAR FROM COUNTIES AND 
PSA‘S ALONG THE U.S. GREAT LAKES SHORELINE 

(Lake Iluron) 

County o r  PSA 
E r o s i o n  ( l o 3  m3//yr)  P e r c e n t  of Estimate S h o r e l i n e  

Length  Average Maxinum Minimum Volume Index 
E s t ima t ed ??umber Name (G) 

151 
17 Mackinac ( p a r t )  145  
51 Cheboygan 58 
5 2  Presque  Isle 1 2 3  
5 3  Alpena 106 
5 4  Alcona 42 

Iosco  57 55 
56 Arenac I I  

PSA 3 . 1  T o t a l  7 5 3  

111 < - -  -..- / - - -& \  i6 b ~ u p p t z w c t  \pa& c 1 

9 3  

57 Bay 76 
QI 5 8  Tuscola 32 

59 Huron 1 1 9  
6 0  S a n i l a c  6 3  
6 1  St. Clair ( p a r t )  22 
PSA 3.2  T o t a l  312 

w 

- 18 
22 
33 
2 1  
16  
32 
57 
33 

232 

37 
4 4  
67 
8 5  
4 3  
66 
8 5  
6?  

4 94 

K 
K 
0 
0 
0 
8 

34 
5 

47 

66 
100 

80 
83 
100 

94 
5 8  

100  
82 

15 30 1 100 
G 1 2  0 100 

48 116 8 100 
195 358 1 1 3  2 0  

22  4 8  1 100 
286 564 1 2 3  46 

3 3  K - less than 0.5 (10 m /yr> 



TABLE 17 ( c o n t i n u e d )  

VOLUME OF MATEIIIAL ERODED PER YEAR FROM COWTIES AND 
PSA'S ALONG THE U.S. GREAT LAKES SHORELINE 

(Lake Erie) 

County o r  PSA S h o r e l i n e  E r o s i o n  (lo3 u3/yr) Percen t  of Est ina t e 
Length  Average Maxinum Minimum Volume Index 

E s  t ima t ed Nunber Name (km) 

6 1  S t .  C l a i r  ( p a r t )  79 
62 Mac omb 45 
63 Wayne 72 
64 Monroe 54 
PSA 4.1 T o t a l  250 

65 Lucas 34 
66 Ottawa 7 7a 
67 S andu sky Ua 
68 Erie (Ohio) aaa 

m PSA 4.2 T o t a l  214a N 

69 Lora in  35 
70 Cuyahoga 37 
7 1  Lake (Ohio) 49 
72 Ashtabula  43 
PSA 4.3 Total 164 

73 Erie (Penn) 66 
74 Chautauqua 69 
75 Erie ( p a r t )  (N .Y. )  41 
PSA 4.4 T o t a l  176 

26 51 0 100 
2 3 0 100 
1 2 0 100 

27 47 9 4 
56 103 9 53 

52 102 26 0 
54 112 a 1 

77 14 3 34 46 
194 384 74 24 

11 27 6 100' 

54 92 23 
70 128 26 

14 a 270 55 
504 912 190 

232 422 a6 

GO2 1,095 
132 241 
37 67 
771 1,403 

223 0 
49 0 
14 0 
286 0 

G 
G 
G 
G 

a I n c l u d e s  p o r t i o n  of Sandusky Eay (57 ~ I : I  L - L - ' '  LU L d A /  



TABLE 17 ( con t inued)  

VOLUIIE OF MATERIAL ERODED PER YEAR FROM COUNTIES AND 
PSA'S ALONG THE U.S. GREAT LAKES SHORELINE 

(Lake O n t a r i o )  

County o r  PSA Shore l ine  Eros ion  ( l o 3  m3/yr) P e r c e n t  of Es t imate  

Nuruber Name (km) E s  t i m a  t ed 
Volume Index  Length Average Maximum Minimum 

7 5: Erie  NY ( p a r t )  12 
76" ?" i a g r a  108 
7 7  Or leans  40 
7 8  Monroe 60 

. PSA 5 . 1  T o t a l  220 

79 Wayne 6 1  
80 Cayuga 1 3  
81 Oswego 56 
PSA 5.2 T o t a l  130 

J e f f e r s o n  283 
S t .  Lawrence 152 

PSA 5 . 3  T o t a l  435 

Q\ 
W 

- 0 0 0 
79 1 4  1 31 100 
1 6  30 7 100 
79 14 2 32 100 

174 31 3 70 100 

106 194 4 1  100 
37 70 14  100 

131 233 47 0 
274 497 102 52 

103 185 40 100 
59 11s 0 100 

162 303 40 100 

P 
P 

P 
- 

P 
P 
P 

To Convert  from 
k i l o m e t e r s  (9) 

c u b i c  meters (m ) 

To 
miles (mi) 

c u b i c  feet  ( f t  ) 

M u l t i p l y  by 
0.62114 
35.319 

Niagara  River (63km t o t a l )  
I n c l u d e s  S t .  Lawrence R ive r  t243km t o t a l )  

a 
?2 



r e c e s s i o n  ra te  "estimates". 
acco rd ing  t o  t h e s e  t h r e e  terms w a s  s t r i c t l y  judgemental  and has  been p r e v i o u s l y  
d i s c u s s e d .  

The c r i te r ia  f o r  e v a l u a t i n g  t h e s e  "estimates" 

Lake Bas in  and Great Liikes Bas in  

Table  18 summarizes e r o s i o n  c a l c u l a t i o n s  on i n d i v i d u a l  *lake b a s i n  and Great 
Lakes Bas in  l e v e l .  T o r a l s  are d e r i v e d  from summing t h e  PSA i n fo rma t ion  and in -  
d i v i d u a l  l a k e  in fo rma t ion ,  r e s p e c t t v e l y .  S h o r e l i n e  l e n g t h  f i g u r e s  ( i n  k i l o m e t e r s )  
do n o t  a g r e e  e x a c t l y  w i t h  t h e  Corps of Engineers  s h o r e l i n e  l e n g t h  f i g u r e s  g iven  
ear l ier  i n  Table  2 . The reason  f o r  t h e  d i f f e r e n c e s ,  which are r e l a t i v e l y  
s m a l l ,  i s  t h e  d i f f e r e n t  methods used f o r  measuring s h o r e l i n e  l e n g t h  as d i scussed  
p r e v i o u s l y .  The Corps of Engineers  s h o r e l i n e  l e n g t h  v a l u e s  are mentioned on ly  
f o r  comparison purpose;  and were n o t  used i n  any c a l c u l a t i o n s .  

The p e r c e n t  of volume eroded and estimate index  f i g u r e s  were based upon 
in fo rma t ion  o b t a i n e d  from t h e  p lanning  s u b a r e a s  w i t h i n  t h a t  l a k e .  Rows f o u r  
through seven  on t h i s  t a b l e  p r e s e n t  t h e  sediment  load i n  metric t o n s  p e r  yea r .  
These v a l u e s  were o b t a i n e d  by m u l t i p l y i n g  t h e  e r o s i o n  rate v a l u e s  by a d e n s i t y  of 
2.6 g l c c .  

CHEMICAL LOADINGS 

- County and PSA 

Chemical l o n d i n g s  were computed f o r  each of t h e  U.S. Great Lakes s h o r e l i n e  
c o u n t i e s  anti p l ann ing  suba reas  f o r  1 2  d i f f e r e n t  chemical  parameters. An average ,  
m.ixim:im a i d  rriinirnum chemic21 l o a d i n g  w a s  computed i n  k i lograms p e r  y e a r  f o r  each  
county and PSA as shown i n  T a b l e  151 . A l l  resu l t s  i n  Table  1 9  have been rounded 
t o  t h e  n e a r e s t  1000 k i lograms.  

The range  of chemical  l o a d i n g s  f o r  each parameter  i s  based s o l e l y  on t h e  
range  of e r o s i o n  ra tes .  No a t t e m p t  w a s  made t o  i n c l u d e  p o s s i b l e  ranges  of d e n s i t y  
and chemical concentration for a particular soil t y p e  in t h e s e  c a l c u l a t i o n s .  A 
complete  d i s c u s s i o n  of t h e  v a r i a b i l i t y  of t h e  chemical  and p h y s i c a l  d a t a  ob ta ined  
from a n a l y s i s  of s h o r e l i n e  samples  (completed as p a r t  of S u b a c t i v i t y  1-1) may 
be found i n  n prev ious  s e c t i o n  of t h i s  r e p o r t .  It  should  b e  r e a l i z e d  t h a t  
chemica l  l o a d i n g s  d e r i v e d  i n  t h i s  s t u d y ,  a l though  based on t h e  b e s t  i n fo rma t ion  
a v a i l a b l e  a t  t h i s  t ime,  are  on ly  rough approximat ions .  

Lake, Bas in  and Great Lakes Basin 

Table  2 0  i s  a summary of t h e  chemical  l o a d i n g s  by l a k e  and f o r  t h e  t o t a l  U.S. 
Great Lakes S h o r e l i n e .  These v a l u e s  w e r e  o b t a i n e d  by adding  t h e  chemical l oad ing  
f o r  t h e  v a r i o u s  p lanning  suba reas  w i t h i n  t h e  Lakes and t h e  i n d i v i d u a l  Lakes t o  
g i v e  a Great Lakes Basin t o t a l .  
p re sen ted  f o r  1 2  d i f f e r e n t  parameters .  The s i g n i f i c a n c e  of t h e s e  load ings  w i l l  
be d i s c u s s e d  i n  d e t a i l  i n  t h e  fo l lowing  s e c t i o n .  

Average, maximum and minimum load ings  are  
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TABLE 18 
SEDIMXNT LOAD FROM SHORELINE EROSION 

U.S. GREAT LAKES 

U.S. 
([reat Lakes Lake Lake Lake Lake Lake 

T o t a l  S u p e r i o r  Michigan Huron Erie O n t a r i o  

Length of S h o r e l i n e  a 6,360 1 , 4 8 5  2,221 ' 1,065 804 785 
( k i l o m e t e r s )  

E ros jog  Volume 
(10 m / y e a r )  

Average :L5,367 
Maximum 27 , 4 30 
Minimum 5,682 

4,338 
7,043 8,376 518 1 ,525  610 

1 5  , 414 1 ,058  2,802 1,113 
1,759 2,982 1 7 0  559 212 

b Eros  'on Weight 3 (10 metric tons/yr) 
Average 39,954 11 , 279 21,778 1 ,347  3,965 1,586 
Maximum 71,318 18,312 40,076 2 ,751  7,285 2,C94 
Minimum 14,773 4 , 5 7 3  7,753 442 1 , 4 5 3  551 

P e r c e n t  of 
volume e s t i m a t e d  34 58 23  62 5 79 

Estimate Index I: F F F G P 

To convert f r o m  
k i l o m e t e r s  (km) 
c u b i c  meters (m ) 

To M u l t i p l y  By 
miles (mi) 3.281 
c u b i c  f e e t  ( f t  ) 35.319 

metric t o n s  e n g l i s h  s h o r t  tons 1.102 

a 

b Assuming a dens i t J r  of  2.6 g /cc  

I n c l u d e s  57 km of Sandusky Bay I:L. E r i e )  and 243 km of S t .  Lawrence River 
(Lake Ontario)  
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TABLE 1 9  
3 CHEMICN, LOADING FROM U.S. SHORELINE EROSION (10 kg/yr) 

Lake S u p e r i o r  

County or T o t a l  E x t r a c t a b l e  
Phosphorus Pho 5 2  ho r u s  PSA ~~~ 

# Same Avg. Max. Min. Avg. Max. E I i u .  

1 Cook 0 
2 Lake 0 
3 St. Louis  8 1 3  2 4 6 1  
4 Douglas  629 1 , 1 9 2  251  516 978 206 
5 B a y f i e l d  1 , 2 0 7  1 , 9 0 4  629 7 5 1  1 , 1 7 5  378 
6 Ashland  1 6 5  266 8 6  1 3 4  216 69 
7 I ron  1 8 5  275 92 1 5 2  226 75  
T o t a l  PSA 1.1 2 , i %  3 , 6 5 0  i , % O  i , 5 5 7  2 , t G l  72: 

8 Gogeb ic  452 658 80 1 3 1  1 9 0  23  
9 Ontonagon 43 79 21  14  26 7 
10 Houghton 1 5 5  247 62 47 75 18 
11 Keweenaw 9 8  197 4 1  36 70  15 
1 2  Baraga 497 609 1 7 2  1 4 4  1 7 6  50 
1 3  Marquet te  1 8 6  374 87 5 5  111 25 
14 A l g e r  47 82  1 5  2 3  41  7 
15 Luce 33  6 1  10 1 6  31  5 

T o t a l  PSA 1 . 2  1 , 5 8 7  2 ,437  509 5 0 0  779 1 6 1  
16 Chippewa ( p a r t )  76 1 3 0  2 1  34 59 11 

T o t a l  R j e l d a h l  
Nitrogen 

Avg. Elax. Hln.  

14  22 4 
501  949 200 

1 , 6 9 4  2 , 7 0 0  922 
136 219 7 1  
l i . 7  219 73  

2,1:2 I ; , l ? C  I,??(! 

1 , 0 9 5  
98 

368 
2 10 

1, i o 2  
447 

79 
55 

142 
3 ,696  

Tot31 - Magnesium 
~ v g .  Max. min. 

351 526 88  
26 ,130  4 9 , 4 8 7  1 0 , 4 2 6  
48 ,204  75.976 25 ,015  

6 , 8 4 0  1 1 , 0 4 8  3 ,554  
7 ,699  1 1 , 4 2 2  3.807 

8?,22/ .  1 4 8 , 4 5 9  4 2 , 8 9 0  

1 , 5 9 2  1 9 4  1 6 , 8 6 2  24 ,526  2 , 9 9 0  
1 8 3  49 1 , 6 2 0  3 , 0 0 1  817 
336 1 4 8  5 , 8 4 2  9 , 2 8 8  2 ,299  

1 , 4 7 5  416  1 8 , 5 2 0  22 ,712  6 , 4 1 4  
8 9 8  211 6 , 9 4 6  1 3 , 9 9 4  3 , 2 5 5  
1 3 9  2 5  1 , 9 3 0  3 ,384  618 
105 1 7  1 , 3 4 4  2 , 5 4 0  412 
244 34 3 , 0 2 0  5 , 1 6 9  850 

5 , 6 5 6  1 , 1 8 1  5 9 , 8 8 5  9 2 , 2 1 2  1 9 , 2 3 6  

434 a 7  3 , 8 0 1  7 , 5 9 8  1 ,581  

E x t r a c t a b l e  
Magnesium ... Avg. i i a x .  nl.11. 

1 4 9  223 37 
6 , 3 3 0  11 ,994  2 , 5 2 5  

1 2 , 3 3 6  1 9 , 4 6 9  6 , 4 3 9  
1 , 6 9 6  2 , 7 3 8  882  
1 , 8 6 4  2 ,766  922  

2 2 , 3 7 5  37 ,190  1 0 , 8 0 5  

4 , 7 4 8  
502 

1 , 7 1 3  
1 , 2 8 8  
5 , 2 1 5  
1 , 9 8 3  

818 
570 

1 , 0 8 1  
1 7 , 9 1 8  

6 , 9 0 6  
918 

2 ,717  
2 ,496  
6 ,395  
4 , 0 0 5  
1 , 4 3 4  
1 , 0 7 6  
1 , 8 4 6  

27 ,793  

8 4 2  
2 54 
654 
54 0 

1 , 8 0 6  
919 
262 
1 7 5  
333 

5 , 7 8 5  

T o t a l  
Iron -- .. ilvr:. &A. .. - L I .  

468 702 I:.] 
4 9 , 9 2 8  9 4 , 5 3 5  1 9 , 9 2 2  
8 0 , 6 0 4  1 2 6 , 5 9 1  4S, :G2 
1 2 , 9 4 5  2 0 , 9 1 3  6 , ? 2 . 1  
1 4 , 7 1 3  21 ,328  7 , 2 7 6  

1 5 8 , 6 5 8  2 6 4 , 5 6 9  8 3 . 1 1 9  

2 0 , 6 9 3  3 0 , 0 9 9  
2 , 0 2 3  3.739 
7 , 2 2 0  1 1 , 4 7 5  
4 , 8 2 8  9 , 5 9 3  

2 2 , 7 2 8  2 7 , 8 7 3  
8 , 5 4 5  1 7 , 2 2 2  
2 , 5 7 5  4,51L 

b.087 6 , 9 9 5  
7 4 , 4 9 2  1 1 4 , 8 9 8  

1 , 7 9 3  3 , 3 8 8  

K - Less than 0 . 5  (10' k g / y r )  



TABLE 1 9  (cont inued)  

CHEMICAL LOADING FROM U .  S. SHORELINE EROSION ( lo3  k g / y r )  

L a k e  S u p e r i o r  

County o r  E x t r a c t a b l e  To t a l  E x t r a c t a b l e  T o t a l  T o t a l  To t a l  
PSA I ron  Calcium Lead __ Mankazns- - ~- ?!nzgaD_cse Aluvinum 

Avg. Max. l ! i i i . -  /I Kame Avg. Max. N i n .  Avg. Max. M l n .  Avg. Max. Nin. Avg. Max. Min. Avg. Max. Min. - 
1 r-..i. 

""Y. .  

2 Lake 
3 S t .  Louis 
4 Douglas  
5 B a y f i e l d  
6 Ashland  
7 I r o n  
T o t a l  ?SA 1.1 

0 G o g e b i c  
9 Ontocgan 
10 i ioughton 
11 Kewtlenaw 

o\ 1 2  Bnraga 
U 1 3  M a r q u e t t e  

1 4  Alger  
15 Luce 
1 6  Chippewa ! p o r t )  
T o t a l  PSA 1.2 

n " 
0 
7 10 2 9 14 2 2 3 K 124  1 8 6  31 1 716 1,074 1 7 9  K I. 

7 :  420 795 167 839 1 , 5 8 9  335 1 6 1  306 64 28,443 58,842 11 ,350  39,761 75,318 1 5 , 8 6 2  32 6 1  ->  

718 1 ,129  369 1,507 2,373 779 301 474  156  44,243 69,409 22 ,495  79,327 125,264 41 ,503  74 1 1 8  3:) 
111 179 57 218 353 113 42 68  22 7 ,286  11 ,775  3,784 10.521 16,988 5,467 8 1 4  4 

1 ,380  2,296 656 2,820 4 ,646  1,351 554 922 266 88 ,480  152 ,650  41 ,806  142,038 236,021 68 ,803  124 208 6 ;  
124  1 8 3  6 1  241 367 122 48  7 1  24 8 ,384  12 ,438  4,146 11,713 17,377 5 ,792  10 1 4  < 

214 312 38 500 727 89 1 0 7  156  1 9  
23 42 11 47  87 24 1 0  18 5 
78  173  30 172 273 63 36 58 1 5  
59 113 25 108 218 45 22 44 9 

235 289 8 1  549 673 190  118  144  4 1  
89  1 8 1  4 1  205 413 96 44 88  2 0  
37 6 6  1 2  51 90 1 6  9 1 6  3 
26 49 8 36  68 11 7 12  2 
5 1  a7 1 6  85 1 4 6  23 17 28 4 

812 1 ,312  262 1 ,753  2 ,695  562 370 564 1 1 8  

10 ,103  
891  

3,383 
1,901. 

1 1 , 0 9 6  
4 ,115  

682 
475 

1,533 
34,179 

1 4 ,  695 
1 , 6 7 3  
5 ,389  
3,936 

13 ,608  
8 ,273  
1 , 1 9 6  

898  
2,633 

52 ,301  

1 ,792  
449 

1,366 
784  

3,843 
1 , 9 2 9  

218 
1 4 6  
392 

1 0 , 9 1 9  

31,653 46 ,041  
3,094 5,718 

11,044 17,552 

34,766 42,634 
13 ,071  26,343 

3,940 6,907 
2,744 5,184 
5,847 9,998 

113,545 175,052 

7 ,386  14,675 

5 ,614  36 52 
1 , 5 6 1  3 6 
4 , 3 2 4  1 2  19  
3,077 7 1 4  

1 2 , 0 3 9  39 48  
6 , 0 6 1  1 5  29 
1 , 2 6 1  2 4 

842 2 3 
1 , 6 7 1  5 8 

36,450 1 2 1  1 8 3  

6 

5 
3 

14 

I 

> 

I 

35 

3 K - Less t h a n  0.5 (10 k g / y r )  



T M L E  19 (continued) 

CHEMICAL LOADING FROM U. S . SHORELINE EROSION ( l o 3  kg/yr) 
Lake Michigan 

____--I_ --- . - - _ _ _  - -- 
County or T o t a l  Ex: rac  t a b l e  T o t a l  Klaldahl T o t a l  E x t r a c t a b l e  T o t a l  

Hagnesium - PSA Pho s pho ru  5 Phosphorus Nl tzogan  %i?Ee?-k!!!! - --.---I3 n-- _ _ _  __ 
# Name Avg. Max. Min. Avg. Ha%- Min. Avx. Max. Ptln. Avg. Wax. Min. Avg. - a x .  Min. Avg. !!ax. I !  _ _  
35 M a r i n e t t e  
36 Oconto 
37 Brovn 
33 Kcvaunee 
39 Zoor 
40 :.!nnitowoc 
4 1  Sheboygan 
T o t a l  PSA 2 . 1  

42 Ozaukee 
4 3  Milwaukee 
44 Racine  
45 Kenosha 
4 6  take  ( i i i . j  
47 Cook 
4 3  Lake ( I n d . )  
49 P o r t e r  
50 LaPorte 
T o t a l  PSA 2 . 2  

m 

21 Uerr ien  
22 Van Euren 
23 A l l e g a n  
24 Ottawa 
T o t a l  PSA 2 . 3  

25 Muskegon 
26 Oceana 
27 Nason 
28 Manis tee  
29 B e n z i e  
30 Lee lanau  
31 Grand Traverse  
32 Antrim 
33  C h a r l e v o i x  
34 E m e t  
1 7  Kackinac (part) 
1 8  S c h o o l c r a f  t 
1 9  D e l t a  
20 Henominee 
Total PSA 2.4 

4 7 
3 10 
2 8 

136 1 6 1  
1 6  48 

100 139 
7 1  9 1  

332 464 

583 697 
368 475 
1 3 1  192 

23  28 
268 4 i S  

84 1 3 5  
7 11 

9 1  1 2 5  
14  1 8  

1 , 5 6 9  2 ,099  

1 4 5  204 
64 139  

215 342 
1 2 5  269 
549 954 

99 231  
1 6 5  401 

9 0  248 
101 1 9 0  

9 5  215 
445 1 , 1 0 5  

58  102 
4 8 
3 1 7  

42 7 1  
40  Dl 

5 8 
111 1 6 9  

3 6 
1 , 2 6 1  2,852 

0 1  ? O  9 18 0 
0 1  3 0  8 25 0 
0 2  7 0  7. 8 0 

56 39 4 7  1 6  329 390 1 3 6  
4 8  21  3 25 9 5  4 

37 32 46 1 2  279 318 86 
5 s  21 27 1 6  1 7 0  220 1 3 1  

152  104 153  47 776 1 , 0 7 4  357 

513 169 202 1 4 8  1 , 4 1 1  1 , 6 8 7  
258  211 279 144 572 7 1 7  

306 450  7 1  41 60 22 
18 11 14  9 4 1  4 9  

i i 8  7 9  ii3 35 644 i,OO7 
34 24 39 1 0  205 327 

6 4  6 3  1 3  1 9  
7 0  46 62 35  1 5 5  212 
11 7 9 6  23  30  

1 , 0 9 9  592 794 412 3 , 3 7 0  4 , 4 9 8  

1 , 2 4 1  
4 13 
166 

32 
2s; 
8 2  

9 
119 

19 
2 , 3 6 4  

38 72 102  1 9  246 347 6 5  
11 32 69 5 110 23G 18 

111 107 1 7 1  5 6  365 582 1 8 9  
21  63 1 3 5  10 213 458 35 

181 274 477 9 0  934 1 . 6 2 3  307 

1 0  49 1 1 5  5 1 6 8  392 16  
10 60 146 5 356 8 6 9  1 6  

K 45 124 K 1 5 3  422 K 
36 44  8 6  1 3  1 9 6  355 7 8  
5 4 7  1 0 8  3 161 366 9 

9 1  202 472 4 2  826  2 , 1 5 4  1 6 5  
1 30 54 1 94 164 1 
K 2  4 K  7 13 K 
K 2  9 K  6 29 K 

.19 20 34 9 75 1 2 5  34 
13 20 40 6 68 1 3 7  2 1  
2 3  4 1  9 1 4  4 

72 32 49 21  270 4 1 0  174 
1 2  3 1  5 10 2 

2 6 0  558 1 , 2 4 8  107 2.394 5 , 4 6 0  5 2 0  

1 3 7  
1 2 8  

96 
5 , 0 6 6  

633  
3 , 7 8 0  

1 2 , 4 8 0  
2,6110 

274 
304 
362 

6 , 0 0 8  
1 , 8 4 4  
5 , 2 8 4  
3 , 4 1 9  

1 7 . 5 7 5  

0 
0 
0 

2 , 0 9 3  
1 5 5  

1 , 4 0 2  
2 ,037  
5 , 6 8 7  

2 1 , 7 3 1  25 .985  1 9 , 1 1 6  
1 4 , 5 4 9  1 8 , 8 3 1  1 0 , 1 7 1  

4 , 9 2 9  7 , 2 4 0  2 , 6 8 3  
954 1 , 1 5 0  750 

iO,OO2 i 5 , 6 2 2  4 , 4 1 8  
3 , 1 5 1  5 . 0 4 1  1 , 2 6 0  

307 4 6 0  230 
3 , 7 7 7  5 , 1 4 7  2 ,888  

569 733 469 
59 ,969  8 0 , 2 0 9  41 ,985  

5 ,972  8 , 4 3 1  1 . 5 7 3  
2 , 6 6 1  5 , 7 3 3  440 
8 , 8 7 5  1 4 , 1 3 8  4 , 5 9 0  
5 , 1 6 3  1 1 , 1 2 2  8 6 0  

2 2 , 6 7 1  3 9 , 4 2 4  7 , 4 6 3  

4 , 0 7 0  9 , 5 2 2  
6 , 3 8 9  1 5 , 5 3 0  
3 , 7 2 0  1 0 . 2 5 7  
4 , 0 6 0  7 , 6 5 9  
3 , 9 0 3  8 , 8 8 4  

1 8 , 0 0 1  4 4 , 0 8 2  
2 ,386  4 , 2 1 7  

1 7 0  316 
1 4 3  710 

1 , 7 3 4  2 , 9 1 8  
1 , 6 5 2  3 , 3 2 7  

215 339 
4 , 1 5 5  6 , 3 1 9  

139  2 5 0  
50 ,737  114.330 

396 
39 3 
10 

1 , 4 0 0  
212 

3 ,679  
47 
11 

6 
788 
519 

92 
2.675 

50 
1 0 , 2 8 6  

39 
36 
27 

1.427 
112 

1 , 1 6 2  
752 

3 , 6 1 5  

6.119 
3 , 7 7 5  
1 , 4 7 0  

394 
2,847 

887 
130 

1 , 6 0 0  
24 1 

1 7 , 4 6 3  

2 ,530  
1,128 
3 , 7 6 1  
2 , 1 8 8  
9 , 6 0 7  

1 , 7 2 5  
2.151 
1 , 5 7 6  
1 , 5 4 8  
1 , 6 5 4  
7 ,120  

975 
72 
60 

713 
7 00 

9 1  
1 , 1 7 0  

59 
1 9 , 6 1 4  

77 
108  

9 9  
1 , 6 9 2  

506 
1 , 6 3 5  

976 
5 , 0 9 3  

7 ,317  
4 , 8 6 7  
2 , 1 5 7  

475  
4 , 4 4 0  
1 , 4 2 0  

1 9 5  
2 , 1 8 1  

310 
23 ,362  

3 , 5 7 2  
2 ,429  
5 , 9 9 1  
4 , 1 1 3  

1 6 , 7 0 5  

4 , 0 3 5  
5 , 2 0 6  
4 , 3 4 6  
3 , 0 0 9  
3 , 7 6 5  

16.648 
1 ,711  

134 
299 

1 , 2 0 8  
1 , 4 1 0  

14 3 
1 , 7 7 9  

1 0 6  
43 ,799  

0 
0 
0 

559 
40 

427 
579 

I . ,  6 3 5  

5 , 3 8 3  
2 , 6 5 1  

802 
310 

1 , 2 6 5  
355 

97 
1,224 

1 9 9  
1 2 , 2 8 6  

667 
187 

1 , 9 4 5  
364 

3 , 1 6 3  

1 6 8  
167 

4 
4 7 5  

90 
1 , & 7 6  

1 5  
5 
3 

316 
2 20 

39 
7 5 3  

21  
3 , 7 5 2  

168  337 
157 4 7 1  
1 7  1 657 

6 , 2 1 7  7 , 3 7 3  
958 2 , 6 2 5  

4 , 7 1 2  6 , - ~ 9 6  
3 , 2 4 6  4 , 2 0 6  

1 5 , 6 2 9  22 .265  

26 ,669  3 1 , 8 9 0  
2 3 , 4 2 2  30.657 

6 , 1 1 1  8 , 9 7 4  
1 , 2 6 5  1 , 5 2 5  

1 2 , 2 3 8  i3.205 
3.867 6 , 1 8 7  

4 09 6J 4 
5 , 0 3 9  6 , 8 6 7  

759 977 
79 ,839  1 0 6 , 8 9 4  

7.967 1 1 , 2 4 8  
3 , 5 5 0  7 , 5 4 8  

1 1 , 8 4 1  1 8 , 8 6 8  
6 , 8 8 8  1 4 , 8 3 9  

30.246 5 2 , 6 0 3  

5 , 4 3 0  1 2 . 7 0 ~ 1  
8 , 1 0 6  1 9 , 6 8 5  
4 , 9 6 3  13 .685  
5 , 2 8 7  1 0 , 0 4 1  
5 , 2 0 7  1 1 . 8 5 3  

23 ,634  5 7 , 2 8 5  
3 ,296  5 . 8 6 7  

226 4 2 1  
190 9 4  6 

2.297 3 , 8 7 2  
2 ,204  4 , 4 3 9  

287 452  
5 , 0 9 9  7 , 7 5 5  

186 334 
66./1!2 149 .339  

3 K - Less than 0.5  (10 kg/yrf 



TABLE 19 (continued) 

CHEMICAL LOADING FROM U. S. SHORELINE EROSION ( LO3 kg/yr) 

Lake Michigan 

35 M a r i n e t t e  
36 O c o n t o  
37 Brown 
38 Kewaunee 
39 Door 
4 0  Manitowoc 
4 1  Sheboygan 
T o t a l  PSA 2 . 1  

4 2  Oznukee  
4 3  Nilwaub-.c 
44 R n c i n e  
4 5  Kenosha 
4 6  Lake (Ill.) 

4 8  Lake ( Ind . )  
4 9  P o r t e r  
50 La P o r t e  
T o t a l  PSA 2 . 2  

a 47 Cook 

2 1  B e r r i e n  
22 V a n  Buren 
2 3  A l l e g a n  
24 O t t a w a  
T o t a l  PSA 2 . 3  

2 5  
2 6  
27 
28  
2 9  
30 
31 
32  
3 3  
34 
1 7  
18 
19 
2 0  
T o t  

Mu 9 kegon 
O c e a n a  
Mason 
Manistee 
Benzle 
L e c l a  nau 
Grand T r a v e r s e  
Antrim 
C h a r  l e v o f  x 
E m e t  
Mackinac ( p a r t )  
S c h o o l c r a f t  
Delta 
Menominee 

a1 PSA 2.4 

2 
2 
7 

64 
9 

5 3  
34 

1 6 6  

276 
212 

66  
18 

1 2 9  
4 0  

6 
7 3  
11 

8 3 1  

116 
52 

172 
100 
4 4 0  

79  
98 
72 
7 1  
76  

32 3 
4 6  

3 
3 

3 3  
32 

4 
5 3  

3 
1196 

3 0  
5 0  
6 C  

76 27 
26 2 
74 19 
44 26 

234 74 

330 243 
276 1 4 7  

9 8  36  
22 1 4  

200  57 
64 1 6  

9 4  
100 5 6  

1 4  9 
1,113 582 

163 30 
111 9 
274 8 9  
215  1 7  
763 1 4 5  

184 8 
236 8 
199 K 
137 22 
1 7 2  4 
759 67 
80 1 

1 4  K 
5 5  14 
64 10 

6 2  
80 34 

5 1  
1 , 9 9 7  1 7 1  

6 . K  

4 8 0 5  
4 11 0 1  
-7 I! ! ! f :  

150 177 62 32 
19 56 5 4  

110 154 4 1  23  
78 101 6 0  1 7  

368 518 168 8 4  

644 770 567 138 
451 5 8 5  315 9 1  
144 212 79 30 

26 3 1  2 0  5 
296 462 1 3 1  63 

93 1 4 9  37 2 0  
8 1 2  6 1  

101 1 3 7  77 18 
1 5  2 0  13 3 

1,778 2 , 3 7 8  1 , 2 4 5  369 

1 5 9  225 4 2  29 
7 1  1 5 3  1 2  1 3  

236 377 1 2 2  4 3  
138 296 2 3  25 
604 1,051 1 9 9  110 

108 254 11 20 
182 4 4 3  10 37 

99 273  K 18 
112 209 4 0  2 1  
104 237 6 19 
490 1 , 2 1 7  100 9 3  
65 115 1 1 2  
5 8 K l  
4 1 9 K 1  

47 78 2 1  9 
44 8 9  1 4  8 

6 9 3 1  
123 1 8 7  79  26 

4 7 1 1  
1 , 3 9 3  3 .145  286 267 

2 
2 
2 

38 
1 2  
32 
22 
110 

1 6 5  
1 1 7  

4 5  
5 2  
9 9  
32 

2 
2 5  

4 
54 1 

4 1  
28  
68 
54 

191 

46 
9 0  
50 
4 0  
4 3  

235  
2 1  
1 
3 

1 4  
1 6  

2 
4 0  
1 

GO2 

0 
0 
e 

1 3  
1 
9 

1 3  
36 

1 2 1  
6 4 
I. 7 

4 
29 

8 
1 

1 4  
2 

260 

8 
2 

22 
4 

36 

2 
2 
K 
8 
1 

1 9  
K 
R 
K 
4 
3 
K 

1 7  
K 

56 

8 2  164  
77 230 

I, n _I_ J o n  ", 
3.032 3.586 

.500 1;347 
2 , 0 9 7  2 ,912  
1 , 5 6 7  2 , 0 2 6  
7 ,444  1 0 , 6 1 4  

1 3 , 0 2 0  1 5 , 5 6 9  
12 ,704  16,688 

2 , 8 1 0  4 , 1 3 4  
355 428 

5 , 9 4 0  9 , 2 8 9  
1,888 3 ,021  

108 1 6 2  
1 , 3 3 5  1 , 8 1 9  

201 259 
38.361 51 ,369  

2 .111  2 , 9 8 0  
9 4 1  2,027 

3,138 4 , 9 9 8  
1 , 8 2 5  3 ,932  
8 , 0 1 5  1 3 , 9 3 7  

1 , 4 3 9  3 , 3 6 6  
3 , 2 2 1  7 ,864  
1 .315  3 ,626  
1 , 7 3 4  3,116 
1 , 3 8 0  3 ,141  
7 , 2 4 1  1 9 , 0 9 3  

987 1,798 
60 112 
5 1  254 

650 1 , 0 8 1  
584 1,176 

76 1 2 0  
2 ,489  3 , 7 8 6  

4 9  88 
21 ,276  48.621 

0 258 515 O K  
o t i  0 

1 , 2 5 4  9 , 4 9 9  11.234 3 , 9 3 0  11  
2 4 6  1 1 5 3  1 , 0 9 9  3.28& 

785 7 , 2 0 8  1 0 , 0 9 0  2 , 6 6 9  7 
1 , 2 1 2  4 , 9 6 5  6 , 4 3 3  3 , 8 3 0  6 
3.4014 23.425 32 ,859  1 0 , 6 7 5  2 5  

n .. rn.. . c 1  240 721 
" W P I  J U L  LJV 

1 1 , 4 5 3  
8 , 7 3 7  
1 , 5 2 6  

2 78 
2 , 6 1 2  

755  
81 

1 , 0 2 1  
1 6 6  

2 6 , 6 2 9  

4 0 , 7 9 3  4 8 , 7 7 9  
2 4 , L l L  31.421 

9 , 3 4 7  1 7 , 7 2 6  
1 , 9 3 6  2.333 

1 8 , 8 1 2  29,374 
5,915 9 , 4 6 4  

626 939 
7 , 7 1 0  1 0 , 5 0 5  
1 , 1 6 1  1 , 4 9 5  

110 .7  14 14 8.036 

35,884 
1 7 , 1 7 1  
5,090 
1 .522  
8,318 
2 , 3 6 6  

4 69 
5 , 8 9 4  

958 
77 ,672  

4 6  
24 
IO 
1 

2 1  
7 
K 
5 
1 

1 1 5  

556 1 2 , 1 0 9  1 7 , 2 0 9  3 , 2 1 1  7 
156 5 , 4 3 2  11.701 899 3 

1 , 6 2 3  1 8 , 1 1 6  28,857 9 , 3 6 9  11 
304 10.538 22 ,702  1 , 7 5 5  6 

2 ,639  4 6 , 2 7 5  8 0 , 4 6 9  1 5 , 2 3 4  27 

140 8.308 19,437 808 5 

4 7,594 20.937 2 1  5 

75  7 , 9 6 7  18 ,134  4 3 3  5 

37 4 , 7 6 8  8 , 3 9 1  81 3 

1 3 9  1 2 , 3 9 9  30.114 8 0 2  11 

708 8,088 15.361 2 , 7 3 6  6 

1 , 4 4 5  3 6 , 1 5 7  8 7 , 6 3 7  7 , 4 1 4  2 5  

2 3  K G 346 644 
2 291 1 , 4 4 7  13 K 

300 3 ,514  5 ,924  1 , 5 7 3  2 
1 8 3  3 ,372  6 , 1 9 2  1 , 0 5 9  2 

32 438  691 1 8 7  K 
1 , 6 0 3  7 , 8 0 0  1 1 , 8 6 3  5 , 0 2 2  9 

18 284 511 102 K 
4 , 6 9 0  1 0 1 , 3 2 6  227.887 20.272 7 3  

1 
1 

1 3  
3 

1 0  
7 

3 5  

K 

5 5  
3n 
15 
1 

3 3  
1 1  
1 
6 
1 

I53 

10 
7 

1 7  
1 3  
h 7 

1 2  
2 8  
1 2  
11 
11 
66 

5 
K 
1 
4 
4 
R 

1 3  
K 

167 

0 
ti 

i. 
i~ 
1 
i. 

I i  

1' 

41 
1 7 

5 
1 
9 
3 
K 
3 
1 

8L 

2 
1 
G 
1 

I (  

K 
K 
K 
2 
K 
5 
K 
K 

1 
1 
K 
6 
K 

1 5  

3 K - L e s s  Than 0.5 (10 kg/yr) 



TABLE 1 9  (cont inued)  

CHEMICAL LOADING FROM U. S. SHORELINE EROSION ( l o 3  kg/yr) 

Lake Huron 

_____-- -__I_- _- -.- . - - . .- . - .--.- .. - __  ____ _ _  
Countv or T o t a l  E x t r a c t a b l e  T o t a l  K i e l d n h l  T o t a l  Ex lrar t  7h1e T o t a l  
PSA Phosphorus  Pho s pho rus N i t r o g e n  Magnesium MaKne? I urn 
# Name Avg. Max. Min. Avg&-Max. Y i n .  Avg. F!.x. Mln. Avg. Nax. M i l l .  _ _ _ _  Av_g !I??(. 

1 6  Chippewa 
1 7  M,cIr.jn,. ~ l v l ? ~ )  

51 Cheboygan 
52 Presque Isle 
53 Alpena 
54 Alcona 

56 Arenac 
T o t a l  PSA 3.1  

., 

5 5  r o s c o  

1 3  27 K 4 
h 1 1  K 3 
9 1 7  0 4 
5 22 0 3 
7 2 0  0 3 
8 1 8  2 4 

1s 22 9 7 
1 4  29 1 6 
77 1 6 6  1 2  34 

57 Bay 7 1 4  K 3 
58 T u s c o l a  2 3 0  1 
59 tluron 25 7 1  2 9 

1 7 8  334 100 53 
6 1  St. C l a i r  6 1 2  K 3 
T o t a l  PSA 3.2 218 434 102 6 9  

v 0 6 0  Sani lac  

9 
6 
9 

11 

9 
11 
11 
74 

a 

5 
2 

24 
9 8  

6 
1 3 5  

K 
K 
0 
0 
0 
1 
4 
1 
6 

K 
0 
1 

30 
K 

31 

31 6 3  K 506 
10 1 9  IC 231 
1 5  25 0 360 

9 38 0 221 
1 5  4 3  0 201 
14 29  4 344 
25 37 1 5  617 

6 0  2 563 30 
1 4 9  314 21  3 ,123 

1,018 
472 
719 
914 
7 9 1  
712 
909  

1 ,130  
6 ,665  

5 
5 
0 
0 
0 

88  
361 

54 
513 

1 5  31 K 277 555 11 
3 5 0  6 6  1 3 2  0 

56 1 6 0  4 980  2,698 9 0  
427 803 239 6 ,655 1 2 , 4 7 1  3 ,745 

10 21 1 231 514 15  
511 1,020 244 8,209 16 ,370  3 ,861 

1 5 2  300 
98 203 

152 305 
94 381 
96 270 

1 4 6  JC2 
?h  2 38 5 
L97 _ I .  

1.197 7 . 5 7 1  
10 ,: 

96 f 28 
28 5 6  

322 852 
1 ,907  3 . 5 5 4  

98 218 
2,/i’19 4 , 8 5 8  

2 628 
2 309 
0 480  
0 29s 
0 358 

37 4 58 
153 824 

23 7 1  9 
217 4 ,P7!  

1 , 2 6 4  
6 3 0  
95? 

1 , 2 2 0  
l., 007 

949  
1 , 2 i 3  
1 ,445  
8.687 

- - -  4 352 / l l >  I -  

0 US 176 
38 1,137 3,381 1 2 :  

1,080 8 ,192  15.337 4 , i * ! -  
6 709 686 ; 0 

1.128 1 0 , 1 7 8  20 ,285  4 , ; T i  

3 
K - Less than 0.5 (10 kg/yr) 



TABLE 1 9  (cont inued)  

CHEMICAL LOADING FROM U. S . S H O R E L I N E  E R O S I O N  ( lo3 kg/yr) 
Lake Huron 

E x t r a c t a b l e  T o t a l  Extractnblc? T o t a l  Total To t n  1 
Aluminum Calc ium Lend -.--HL!m%--- -SiaIuml%sL- ________ ____ _I_. - - _ _  __- - - - - I ron  County  or  

PSA Avg. Max. Min. Avg. Mcx. Min.  Avg. Pins .  Mfn. Avg. -Elax. Mfn.  Av&.-~f~~x. H i n .  A v g  -.-- Max. t l i . 1 .  .- 

1 6  C h i p p e v a  
1 7  Mqrkirnr 

51 Chebopgan 
52 Presque Is le  
5 3  Alpcna 
54 A l c o n a  
55  Iosco 
5 5  Arenac 
T o t a l  PSA 3 .1  

7 14  
4 ? 
7 14 
4 18 
4 1 2  
7 1 4  

1 2  18 
9 18 

54 1 1 7  

57 Boy 4 9 
58 T u s c o l a  1 3 
59 Huron 1 5  39 
60 Sanflac 8 6  160 
6 1  S t .  Clair  ( p a r t )  4 1 0  

4 T o t a l  PSA 3.2 1 1 0  221  
P 

K 15 30 K 3 
K 6 1 3  K 1 
0 10 1 9  0 2 
0 6 24 0 1 
0 8 22 0 2 
2 9 1 9  2 2 
7 1 6  24 10 3 
1 1 6  32 1 3 

1 0  86  183 1 3  1 7  

K 8 1 6  K 2 
0 2 4  0 K 
2 28 78 3 6 

49 1 9 7  3 6 9  110 42  
K 6 14  K 1 

51 241 4 8 1  113 5 1  

6 
2 
3 
4 
5 
3 
4 
6 

33  

3 
1 

16  
79 

2 
101 

K 207 
K 8 2  
( I  127 
0 76 
0 1 3 9  
K 1 2 1  
2 218 
K 270 
2 1 , 3 2 2  

K 1 3 9  
0 23 
K 506 

24 3 , 9 3 0  
K 8 2  

24 4 , 6 8 0  

576 
167 
254 
323 
392 
252 
321 
542 

2 , 8 2 7  

277 
47 

1 , 4 5 7  
7 , 3 9 9  

182  
9 , 3 6 2  

2 
1 
0 
0 
0 

31 
128 

1 9  
1 8 1  

4 
0 

32 
2 ,200  

5 
2 , 2 4 1  

961  
472 
134 
4 51  
548 
701 

1 , 2 6 0  
1.101 
6 , 2 2 8  

539 
135 

1 , 8 9 3  
12.530 

4 7 2  
15 ,569  

1 .933  
964 

L , 4 b l  
1,R66 
1.540 
1 . 4 5 3  
1 , 8 5 6  

1 3 , 2 9 0  2 , 2 1 1  

1 , 0 7 8  
270  

5.172 
2 3 , 4 6 0  
1,050 

31.030 

9 
10 

0 
0 

1 8 0  
737 
110 

1,046 

2 3  
0 

1 8 4  
7 , 0 5 9  

31 
7 ,297  

U 

1 
K 

K 
K 
K 
1 
1 
3 

K 
K 
2 

14  
K 

16 

K 

2 K 
1 i: 

1 0 
1 0 
1 K 
1 K 
2 K 
10 Y 

1 K 
1 0 
5 E 

26 5 
1 K 

34 e 

1 

3 K - Less than 0 . 5  ( 1 0  kg/yr) 



TAELE 19 (continued ) 

CHEMICAL LOADING FRON 3. S . SHORELINE EROSION ( lo3 kg/yr) 
Lake Er ie  

Coun ty  o r  E x t r a c t a b l e  T o t a l  E x t r a c t a b l e  T o t a l  T o t a l  T o t a l  --_ Lead---_ Ca 1 c ium --------- Alum inum Manga-nss---- 

6 1  S t .  C l a i r  ( p a r t )  11 22 0 2 2  115 0 5 9 0  530 1 , 0 6 0  0 1 , 3 3 0  2 ,660  0 1 3 0 
62 Hacomb 1 2 0  2 4  0 K 1 0  7 1  1 4 3  0 100 200 0 K K  0 
6 3  Wavne 1 1 0  1 2 0  K 39 79 0 55 110 0 
64 Monroe 18 32 6 36 6 3  1 3  7 1 2  2 1 , 2 3 7  2,137 432 1 , 7 2 9  2 , 9 8 5  6 0 3  1 2 K 
T o t a l  PSA 4 . 1  31 57 6 61 1 1 4  13  1.2 22 2 1 , 8 7 7  3 ,419  432 3,214 5 , 9 5 5  GO3 2 5  ii 

PSA Iron Hangqnese __ 
Avg. Max. Win. Avg.>. F i n .  Avg. Nax. Min. Avg. Elax. Min. AvF,. Max. t l h .  Avg -.-- !$: )!,&I:.- 

0 K K  K O  

6 5  L u c a s  
66  Ot t awa  
67 Sandusky 
68 E r i e  (Oh.) 
T o t a l  PSA 4.2 

69 Lorairr 
70 Cuyahogen 
7 1  Lake (Oh.) 
72 A s h t a b u i a  
T o t a l  PSA 4 . 3  

73 E r i e  (Penn. )  
74 Chau tauqua  
75 E r i e  (NY) 
T o t a l  PSA 4.4 

h3 

35 69 1 7  70 1 3 8  35 1h 26 7 
31 64 5 66 138 11 1 3  28 2 

7 1 8  4 1 4  36 8 3 7 1  
40 75 1 8  89 167  40  1 8  35 8 

113 226 44 239 479 94 4 3  96 1 8  

25 4 3  11 59 100 2 5  13 2 1  5 
47  86 1 8  9.5 1 7 3  35 18 33 7 
93 169 34 194 354 72 h0 73 15 
46 84 17 91 1 6 5  34 1 9  34 7 

211 382 80 439 792 166 90 1 6 1  34 

is4 280 57 261 475 97 5 1  94 19  
62 1 1 2  23 1 4 5  263 53 31 56 11 
1 7  32 6 40  74 1 5  9 1 6  3 

233 424 8 6  446 812  1 6 5  91  1 6 6  3 3  

2 ,382  4 ,664  1 , 1 7 5  
1 , 8 6 8  3 , 8 2 9  310 

4R2 1 , 2 1 7  264 
2,164 4.104 1 ,019 
6 , 8 9 6  13 ,814  2 ,768  

1,191 2.Oii 505 
3 , 2 1 8  5 , 8 5 6  1 , 1 9 1  
4 , 2 8 0  7 ,190  1 .584  
1 , 6 5 7  3 ,017  613  

1 0 , 3 4 6  18,686 3 , 8 9 3  

4 , 3 0 2  7 , 8 2 9  1 , 5 9 2  
2,922 5 ,319  1 , 0 8 1  

817 1 , 4 8 7  302 
8 , 0 4 1  1 4 , 6 3 5  2 ,975  

3 ,328  
3 ,556  

674 
5 ,206  

1 2 , 7 6 4  

3 ,732  
4 .495  

10 ,236  
6 ,080  

2 4 ,54 3 

1 8 , 4 0 2  
9.156 
2 ,560  

30 ,118  

6 ,516  
7 ,485  
1 , 7 0 1  
9 , 7 1 3  

2 5 , 4 1 5  

6 , 3 3 1  
8 , 1 8 1  

2 1 , 8 9 3  
1 1 , 0 6 6  
47 .471  

33,492 
1 6 , 6 6 3  
4 , 6 6 0  

54.815 

1 .642  
558 
369 

2 , 3 0 7  
4 , 0 7 6  

1 , 5 8 3  
1 , 6 6 3  
4 , 4 5 0  
2 , 2 5 0  
9 , 9 4 6  

6 , 8 0 9  
3 .388  

94 7 
1 1 , 1 4 4  

3 5  1 
3 7  1 
1 1 K 
5 10 2 

1 2  23 4 

4 7 2 
4 7 I 

4 1 2  2 2  
6 11 2 

26 47  9 

6 15  27 
10 19 4 

3 5 1 
28 51 11 

3 K - Less than 0 . 5  (10 kg/yr) 



TABLE 1 9  (cont inued)  

CHEMICAL LOADING FROH U.  S . SHORELINE EROSION (10' kg/yr) 

Lake Erie 

c o u n t y  or T o t a l  E x t r a c t a b l e  T o t a l  K j e l d a h l  T o t a l  E x t r a c t a b l e  T o t a l  
PSA P h o s p h o r u s  P h o s p h o r u s  N i t ro g en Magnesium Magnesiuni I m n  

Avg. Max. -MLn.._ # Name Avg. Max. Min. Avg. Nax. K i n .  Avg. Max. Mfn. Avp.. Max. Win. Av_$, Max. N i n .  - 

61 s t .  C l a i r  ( p a r t )  
bz  Macomb 
63  Xayne 
64 Honroe  
T o t a l  PSA 4 . 1  

65  L u c a s  
66 O t t a v a  
67 Sandusky 
68 E r i e  (Oh.) 
I y c e I  ?SA 4.2  

69 L o r a i n  
70 Cuyalioga 

w 71 Lake (Oh.)  
72 A s h t a b u l a  
T o t a l  PSA 4 . 3  

73 E r i e  (Penn.) 
74 C h a u t a u g a n  
75 Erie (NY) 
T o t a l  PSA 4 . 4  

.I.,. c - 1 

1 9  38 0 

1 2 0 

49 90 1 0  

5 3  1 0 3  26 
54 1 1 3  8 
11 27 6 
76 1 4 3  34 
194 386 ?r! 

5 3  9 0  2 3  
71  1 3 0  26 

1 7 0  310 63 
82  1 5 0  30  

376 680 1 4 2  

.. 
L 3 v 

27 4 7  i o  

237 4 3 1  8 8  

37 6 7  1 4  
405  736 1 5 0  

1 3 1  238 4 8 '  

9 1 8  0 36 72 0 
? c :  

1 1 0  1 1 0  
22 39 8 22 38  8 
33  6 1  8 60 1 1 4  8 

4 3  8 5  21 4 2  82  2 1  
31  6 3  5 82 1 7 9  1 2  

9 22 5 8 2 1  5 
33  6 3  1 6  1 5 2  280 64 

116 7 3 3  67 284 562 102 

1 5  26 7 1 2 9  219 5 5  
5 8  106  22 57 1 0 3  2 1  
6 9  1 2 5  25 351  639 1 3 0  
29 52 11 1 8 2  332 67 

1 7 1  309 6 5  719 1 , 2 3 3  273 

I . . 7 n  
J "  

95 1 7 4  35  4 8 1  876 1 7 8  

144 262 53 887 1 ,613  328 

38 6 9  14  317 576 117 
8 9  161 33 11 19 4 

742 
55  
36 

1 , 1 3 6  
1,980 

2 , 1 8 7  
2 , 1 2 5  

443  
2 , 9 3 1  
7.686 

1 .988  
2 ,955  
6 ,552  
3 ,156  

14,651 

9 , 3 4 3  
4 , 8 7 7  
1 , 3 6 4  

1 5 , 5 8 4  

1 . 4 8 5  

72 
1 , 9 6 2  
3 , 6 5 0  

4 , 2 8 3  
4 , 4 4 0  
1,118 
5 , 4 9 0  

1 5 . 3 3 1  

1 1 1  --- 

3 , 3 7 3  
5 , 3 7 8  

5 , 7 4 4  
1 1 , 9 2 5  

2 6 , 4 2 0  

1 7 , 0 0 3  
0 , 8 7 7  
2 , 4 8 2  

28.362 

0 

0 
396 
396 

1 , 0 7 9  
338 
242 

1 , 3 1 8  
2.977 

84 3 
1 , 0 9 3  
2 , 4 2 4  
1 , 1 6 8  
5 , 5 2 8  

3 , 4 5 7  
1 , 8 0 5  

5 0 5  
5.767 

214 

9 
275 
51 4 

530 
550  
107 
792 

1 , 9 7 9  

560 
715 

1 , 9 2 4  
1 , 0 2 4  
4 , 2 2 3  

3 ,381  
1 , 3 7 3  

5 , 1 3 8  

l h  -~ 

384 

427 
7 7  
1 8  

4 7 s  
952 

1 , 0 3 7  
1 .156  

271  
1 , 4 8 0  
3 ,944  

950 
1 , 3 0 2  
3 ,501  
1 , 8 6 3  
7 ,616  

6 , 1 5 3  
2 ,500  

699  
9 ,352  

0 
0 
0 

96 
96 

2 6 1  
87 
59 

353  
760 

2 37 
265 
574 
379 

1 , 4 5 5  

1 , 2 5 1  
508 
14  2 

1 , 9 0 1  

1 , 0 7 2  
1 2 5  

6 9  
2 , 1 7 1  
3 ,437  

4 , 1 8 0  
3 , 4 3 8  

846  
4 ,167  

1 2 . 6 3 1  

2 , 4 4 0  
5 , 6 4 7  
8.931 
3 , 9 7 5  

2 0 , 9 9 3  

1 2 , 0 2 9  
5 , 9 0 6  
1 , 6 7 4  

1 9 , 6 8 9  

2 ,144  
251 
1 3 8  

3 , 7 5 0  
6 ,783  

8,186 
7 , 0 8 1  
2 ,137  

2 5 , 2 7 8  

4 , 1 3 9  
10 .277  
1 6 , 2 5 5  

7 ,234  
37 ,905  

2 1 , 8 9 3  
10.894 

3 , 0 & 6  
3 5 , 8 3 3  

7 , 8 7 4  

3 K - Less t h a n  0 . 5  (10 kglyr) 



TABLE 1 9  (cont inued)  

CHEMICAL LOADING FRO; U. S. S H O R E L I N E  EROSION (lo3 kg/yr) 

Lake Ontar io  

--- - -- - - -  

Co21ty or T o t a l  E x t r a c t a b l e  To t a l  K j  c l d a h l  To t a l  Extractable Total 
PSA Phosphorus Phosphoru.; Nitrogen Magnesium Magnesium I ron  
d Nsrce Avg. k x .  Min. Avg. bhx. Min.__ivR. Max. Kin ,  Avg.-blax. Min. Avg. Ma?-. Min. A_vg,- Max. f ' .  + . - - -  
75 E r i e  NY (part )  0 
7 5  M l ? y - x  7R 1/10 71 77 

77 O r l e a n s  1 6  29 6 5 
78 Honroe 78 1 4 1  31 23 
T o t a l  PSA 5.1 1 7 2  310 6 8  50  

79 Wayne 104  1 9 1  41 30 
ao Cuyuga 37 69  14 11 
81 Oswego 67 1 1 9  25 24 
Total PSA 5.2 208 379 8 0  65 

82 Jef ferson  1 0 1  1 8 3  39 65 
8 3  St. Lawrence 57 1 1 3  0 1 7  

~ T o t a l  PSA 5 . 3  1 5 8  296 39 82 
c- 

Ln 

4 1  
8 9  

5 5  
20 
4 3  

a 

l is  

119 
33 

152  

9 1 R R  178 75 7 . 8 9 5  5,717 1,158 
2 39 7 1  1 6  605 1 , 0 8 9  242 
9 189 3 4 1  76 2 ,914  5 , 2 4 5  1 , 1 6 6  

20 4 1 t  750 1G7 6 ,414  1 1 , 5 4 6  2 ,566  

1 2  253 463 99 3,894 7 , 1 3 6  1 , 5 2 8  

9 1 4 5  260 5 4  2 , 5 7 3  4 , 6 0 7  953  
4 a8 167 33 1 , 3 6 2  2 , 5 7 7  515 

25 486 890 186  7 ,829  14,320 2 ,996  

2 6  134 240 50 4 , 0 5 1  7 , 3 5 2  1.586 
0 137  273 0 2 ,112  4 , 2 2 5  0 

26 2 7 1  513 50 6 , 1 5 3  1 1 , 5 7 7  1 , 5 8 6  

R 1 5  l , b 6 7  
170 307 
820 1 , 4 7 7  

1.805 3.251 

1 , 0 9 6  2 ,009  
384 726 

2,337 4 , 2 6 4  
a57 1 . 5 2 9  

1,033 1 , 8 7 2  
599 1 , 1 9 7  

1 , 6 3 2  3 , 0 6 9  

7 3 6  1.557 6 196 1 1. ' 

743 1 , 3 3 7  
328 68 3 , 5 7 6  6 . 6 3 7  I ,  I . - I  

722 7 , 8 7 2  ~ 4 , 1 7 3  3 . : e d  

430 4 , 7 7 8  8 , 7 5 8  1 , 3 7 5  
1 4 5  1 . 6 7 2  3 , 1 6 3  b j ?  
315 3.258 5,R28 l , f ' , S  
ago  9 , 7 0 8  17,749 3.7: 

402 6 , 8 9 1  1 2 , 5 5 8  2 , 7 3 2  
0 2 , 5 9 5  5 , 1 9 0  9 

402 9 .486  1 7 , 7 4 8  2 , 7 1 1  

3 K - L e s s  than 0.5 (10 kg/yr) 



TABLE 1 9  (continued), 

CHEMICAL LOADING FROM U . S . S H O P S L I N E  EROSION ( lo3 kg/yr) 

L a k e  Ontario 

75 Erie  NY (Pa r t )  
76  Niazra 
77 O r l e a n s  
78 Monroe 
Total PSA 5.1 

79  Wayne 
80 Cayuga 
81 Oswego 
Total PSA 5 . 2  

8 2  Jefferson 
83 St. Lawrence 
Total PSA 5 . 3  

4 
v1 

0 
37 66  

37 67  
a 14 

a2  147 

49 9 1  
1 7  33 
34 6 9  

1 0 5  1 9 3  

61  111 
1 2  25 
73 136  

1 5  86  1 5 4  34 le 
3 18 32 7 4 

1 5  a 6  1 5 5  3 5  1 9  
33 190 341 76 41 

1 9  115 212 4 5  25 
7 60 76 1 5  9 

1 4  73 1 3 2  27 1 5  
40 228 420 87 4 9 

24 1 2 7  2 3 1  50 25 
0 17 34 0 3 

24 144  265 5 0  28 

To Convert from 
kilograms (kg) 

1 , 7 3 5  3 , 1 2 3  694 
I L > O J  6 ; ;  iL5 " * -  

33  7 

33 7 1 ,746  3 ,143  698 
73 1 6  3 , 8 4 4  6 ,919  1.537 

45 10 2 , 3 3 3  4 , 2 7 6  915 
1 6  3 8 1 6  1 , 5 4 4  309 
27 6 1 , 3 1 5  2 ,359  491 
88 19 4,494 8 , 1 7 9  1.715 

46 1 0  3 ,796  6 , 9 2 5  1 , 5 1 0  
6 0 224 448 0 

52 1 0  4 , 0 2 0  7 , 3 7 3  1 , 5 1 0  

To -.-- 

pounds  ( l b )  

6,610 1 1 , 9 7 0  2.570 

7 , 9 0 5  1 4 , 5 5 9  2 , 5 7 0  
1 , 2 9 5  2 , 5 8 9  0 

-- M u l t i p l y  by 
2.20246 

6 

6 
1 3  

8 
3 
5 

1.6 

1 

6 
1 
7 

1 1  

11 L 
74 

15 j 

5 I 
8 

28 

7 ? 

11 

1 3  
2 ( '  

3 K - Lese than 0.5 (10 k g / y r )  



3 TABLE 20 
CHEMICAL LOADING FRO3 U. S .  SHOmLINE EROSION (10 k g / y r )  

U.S. GREAT LAKES EASIN 

- - 7 0 .  i a u p e r i o r  2, ,"I 

2 Mich igan  3 , 7 1 1  
3 Huron 295 
4 Erie 1,024 
5 O n t a r i o  538 
T o t a l  U . S .  S h o r e l i n e  9.349 

- 
L , U > ) /  5 , Z z  EYU 

6,369 1,692 1 , 5 2 8  2,672 656 
603 114 103 209 37 

1,892 376 4 6 4 865 1 7 3  
985 187 197 359 7 1  

, ,.-- . .,̂  
U , U O I  1 , > U Y  

5,333 3.938 4 ,349 7,485 1,827 

~ 

T o t a l  L x t r a c t a b l e  T o t a l  K j e l d a h l  T o t a l  
Lake Phosphorus  Phofiyhorus NLtrogen  Hagne B iurn 

B Kame Avg . Max. Mln. Avl.:.-- M A X .  __ M t l ,  Avx. Max. !in. Avp,. Max. % L a - -  __ 
6,166 5,840 2,451 14Y,lUY L 4 U . b l l  b L , l L b  
7,474 12 ,655 3,548 145,857 251 ,538  05,421 

660 1,334 265 11 ,332 23 ,035  4,374 
1 , 9 5 0  3,582 711 39,901 73 .763  14,668 
1 .173 2,153 403 20,406 37 ,443  7 ,148 
7,445 29,489 7,378 366,605 6 2 6 , 4 5 0  153,737 

U m 

L Z k C  E x t r a c t a b l c  T c t - 1  E X t T 3 C t 2 b l C  T 3 t 2 l  
F f f  nxan  e G e I r o n  Iron ____ Magnesium 

ti Name Avg . Mas Min. Avg . MIX. N in .  Avg . Max. Nin.  Avg . Flax, Min. __ 
I S u p e r i o r  40,243 64,983 16,590 233 ,150  379,467 1 0 7 , 1 7 6  2,192 3,608 918 4 ,573 7 , 3 9 1  1 ,913 
2 Mich igan  50,299 88,959 20.836 192.126 331,101 86 ,056  2,333 4,107 972 4 ,143 7 , 0 9 2  1,897 
3 Huron 3,646 7,419 1 ,345 1 4 , 2 4 9  28,972 5 ,455  164 338 61  327 664 126 

5 Ontarlo 5,774 10.584 2,014 27,066 49,657 9.553 2 60 476 97 562 1 , 0 2 6  213 
T o t a l  U.S. S h o r e l i n e  111,866 993,809 44,9Y7 523,341 894,506 229,252 5,537 9,018 2,264 10.790 1 8 , 3 7 0  4,587 

4 Erie 11,854 21,814 4,212 56,750 105,299 20,972 588 1 ,089 216 1,105 2.197 4 38 

Lake E x t r a c t a b l e  T o t a l  T o t a l  T o t a l  
ManRanese ALuziitium Calcium Lead 

ti Name Avg . Max. Nin. Avg. Max. Hin. Avg . Max. Min. Avg. Max. E L l I l .  __ 
1 Superior 924 1.486 384 122 ,659  204,951 52,725 255.583 411,073 105,253 245 391 100 
2 Mich igan  830 1,444 388 75 ,096 124,541 37.362 281,740 489,247 123,853 240 402 116 
3 Ruron 68 134 26 6 ,002 1 2 , 1 8 9  2,422 21,797 44 ,320 8,343 1 9  44  8 
4 Erie 241 445 87 27,160 50,552 1 0 , 0 6 8  7 0 , 6 3 9  133,656 26.569 68 126 24 
5 O n t a r i o  118 2 1 3  45 12 ,358 22,471 4 , 7 6 2  34,795 63,383 13,064 36 65 13 
T o t a l  U.S.  S h o r e l i n e  2,181 3.722 930 2 $ 3 , 2 7 5  414,704 107 ,339  664,554 1,144,679 277,082 608 1 ,028 261 

To C o n v e r t  from 
kilograms (kg) 

- To 
pound;? ( l b )  

Multiply by 
2.20246 



D I S C U S S I O N  O F  S H O ' R E L I N E  
L O A D I N G S  

ACCURACY OF ESTIMATES 

Eros ion  rates were ob ta ined  on a r each  by r e a c h  b a s i s  e i t h e r  from t h e  Sub- 
a c t i v i t y  1-1 work of Arnistrong _+ e t  a l .  (19761, i n  which e r o s i o n  of a r each  w a s  
d e r i v e d  from a c t u a l  recession "measurements" ( f i e l d  measurements o r  aerial  photo 
i n t e r p r e t a t i o n ) ,  o r  from "estimates" made i n  t h i s  s t u d y  ( S u b a c t i v i t y  1-21 f o r  
t h o s e  r eaches  w i t h  no "nieasured" r e c e s s i o n  d a t a .  A s  d i s c u s s e d  i n  d e t a i l  pre-  
v i o u s l y ,  estimates made i n  t h i s  s t u d y  were based on e x t r a p o l a t i o n  of i n fo rma t ion  - 
from t h o s e  r eaches  w i t h  r e l i a b l e  r e c e s s i o n  d a t a  a v a i l a b l e  as r e p o r t e d  i n  Armstrong 
- e t  -- a l .  (1976) .  However, even "measured" r e c e s s i o n  d a t a  as r e p o r t e d  i n  Armstrong 
-- e t  a l .  (1976) can be  oh ta ined  from an e x t r a p o l a t i o n  t echn ique ,  such as  when 
f i e l d  r e c e s s i o n  in fo rma t ion  from one o r  more p r o f i l e s  w i t h i n  a r each  i s  e x t r a -  
p o l a t e d  ove r  t h e  whole r each .  Thus, w h i l e  bo th  "measured" r e c e s s i o n  in fo rma t ion  
and "es t imated"  in fo rma t ion  are s u b j e c t  t o  c o n s i d e r a b l e  e r r o r  and a r e  a t  b e s t  
on ly  t i rs t  approximat ions ,  i t  is f e l t  t h a t  e r o s i o n  v a l u e s  based on a c t u a l  "mea- 
surements"  are inherent. .y more r e l i a b l e  than  e x t r a p o l a t i o n  of in fo rma t ion  from 
one r e a c h  t o  a n o t h e r .  : I t  was determined t h a t  approximate ly  44 percen t  of  t h e  
e r o d i b l e  U.  S. s h o r e l i n e  had "measured" r e c e s s i o n  in fo rma t ion  a v a i l a b l e .  Th i s  
sime p o r t i o n  of s h o r e l i n e ,  however, c o n t r i b u t e d  66 p e r c e n t  of t h e  t o t a l  volume 
eroded f r o m  t h e  U.S. s h o r e l i n e .  I n  o t h e r  words, most s h c r e l i n e  e r o s i o n  s t u d i e s  
have c e n t e r e d  on h i g h l y  s r o d i b l e  areas. A s  a r e s u l t ,  i n  s p i t e  of t h e  o v e r a l l  l o w  
a v a i l a b i l i t y  of "measured" r e c e s s i o n  rate i n f  o r n a t i o n ,  on ly  34 p e r c e n t  of t h e  
t o t a l  computed volur ,e t r  i c  c o n t r i b u t i o n  from t h e  U.S. Great Lakes s h o r e l i n e  i s  
based on "es t imated"  r e c e s s i o n  rates.  

Chemical l o a d i n g  d . l ta  m u s t  a l s o  b e  cons idered  as on ly  a f i r s t  approxi-  
mat ion o r  o r d e r  of magnitude estimate. Try ing  t o  p r e d i c t  chemical loading over 
t h e  whole Great' Lakes BG3sin from t h e  a n a l y s i s  of o n l y  a few s o i l  s a m p l e s  is i m -  
p o s s i b l e  t o  do w i t h  any degree  of accuracy .  However, t h e  a t t e m p t  h e r e  has  been 
t o . p r o v i d e  an o r d e r  of magnitude estimate t o  de te rmine  whether  s h o r e l i n e  e r o s i o n  
i s  a p o t e n t i a l l y  s i g n i E i c a n t  s o u r c e  of  p o l l u t i o n .  It i s  impor t an t  t o  r e a l i z e  
t h a t  t h e  chemical  l o a d i i g s  g iven  i n  t h i s  r e p o r t  should  n o t  b e  taken  as a b s o l u t e  
va lues .  They can  b e  coinpared w i t h  o t h e r  sou rces  o f  p o l l u t i o n  t o  see if indeed  
s h o r e l i n e  e r o s i o n  can b ?  a s i g n i f i c a n t  land-der ived  s o u r c e  of p o l l u t i o n  t o  t h e  
Great Lakes. 

Improving t h e  s t a t i s t i c a l  r e l i a b i l i t y  of l o a d i n g  measurements by g r e a t l y  
i n c r e a s i n g  t h e  sampling program wouid r e q u i r e  a tremendously expens ive  program. 
Thus, the method from wnich  chemical  l oad ings  are es t ima ted  (from a few d a t a  
p o i n t s )  is  probably  more s t a t i s t i c a l l y  e f f i c i e n t -  at  making a f i r s t  o r d e r  e s t i m a t e  
of tne s i g n i f i c a n c e  of s h o r e l i n e  e r o s i o n .  In f a c t ,  i t  probably  would have been 
p o s s i b l e  ,arid maybe just as l o g i c a l  t o  estimate chemical  l o a d i n g  from known g e n e r a l  
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chemica l  c h a r a c t e r i s t i c : ;  of s o i l  o b t a i n e d  from t h e  l i terature .  However, t h e  u s e  
of  t h e  EPA s o i l .  samples does  e n a b l e  comparison of  a c t u a l  s h o r e l i n e  d a t a  t o  t h e  
v a l u e s  found i n  t h e  l i t e r a t u r e .  

Every a t t e m p t  h a s  been made i n  t h i s  r e p o r t  t o  c l e a r l y  show t h e  procedures  used 
i n  e s t i m a t i n g  b o t h  e r o s i o n  and chemica l  l o a d i n g s  and t o  p o i n t  o u t  t h e  assumpt ions  
made. 
Great Lakes s h o r e l i n e ,  an  a t t e m p t  w a s  made t o  show t h e  p e r c e n t  of t h e  c a l c u l a t e d  
v a l u e  d e r i v e d  from "measured" r e c e s s i o n  d a t a  and t h e  p e r c e n t  d e r i v e d  from "esti- 
mated" r e c e s s i o n  d a t a .  S i m i l a r l y ,  an e v a l u a t i o n  of t h e  r e l i a b i l i t y  of t h e  "esti- 
mated" d a t a  w a s  made. L t  is  hoped t h a t  t h i s  r e p o r t  w i l l  s t i m u l a t e  a f u r t h e r  re- 
f inement  of t h e  l o a d i n g s  from s h o r e l i n e  e r o s i o n  as w e l l  as a re f inemen t  of t h e  
u n d e r s t a n d i n g  of t h e  e f f e c t  of t h i s  e r o s i o n .  

For example, i n  x e s e n t i n g  e r o s i o n  volumes f o r  d i f f e r e n t  areas of t h e  

REGIONAL EVALUATION OF :HOTRELINE EROSION -- 
The €allowing d i s c i s s i o n  w i l l  p r e s e n t  a d e s c r i p t i o n  of t h e  a v a i l a b l e  d a t a  

and a n  e v a l u a t i o n  of i t s  a p p l i c a t i o n .  For t h e  purposes  of t h i s  r e p o r t  a l l  non- 
e r o d i b l e  areas (as d e s i g n a t e d  by t h e  U.S. Army Corps of Engineers )  were cons ide red  
t o  have a n  e r o s i o n  rate of ze ro .  Also, f o r  converiience i n  d i s c u s s i n g  t h e  r e s u l t s ,  
ave rage  e r o s i o n  v a l u e s  d i l l  be p r i m a r i l y  used. 

Lake S u p e r i o r  
-I _I_ 

T h e  wes te rn  arm of Lake S u p e r i o r  (PSA 1.1.) has a g r e a t  d e a l  of r e c e s s i o n  
in fo rma t ion  a v a i l a b l e ,  p e r t i c u l a r l y  € o r  t h e  r e d  c l a y  area found i n  Douglas and 
B a y f i c l d  C o u n t i e s .  Not on ly  do  t h e s e  c o u n t i e s  c o n t r i b u t e  a heavy sediment load  
t o  t h e  lake 'out because  of t h e  c l ayey  s o i l  they  c o n t r i b u t e  a la rge  chemical load .  
A l l  of Douglas courity ;ilnd half of  E a y f i e l d  have "measured" r e c e s s i o n  rdte in -  
fo rma t ion  a v a i l a b l i  (Set? T a b l e  1 7  ) .  Cook and Lake Count ies  a re  
comprised of n o n e r o d i b l c  a a t e r i a l ,  as d e f i n e d  by t h e  U.S. Army Corps of Engineers ,  
and t h u s  assumed t o  have an e r o s i o n  ra te  of zero .  

Although o n l y  39 p e r c e n t  of  t h e  e r o s i o n  i n p u t  from p lann ing  suba rea  1.1 w a s  
d e r i v e d  from reaches having  "es t imated"  r e c e s s i o n  rates, t h o s e  r e a c h e s  are n o t  
similar t o  o t h e r  r eaches  with e x i s t i n g  in fo rma t ion .  A s  a r e s u l t ,  t h e  estimates 
are c o n s i d e r e d  t o  be poor .  

P l ann ing  Subarea  1 .2  has  v e r y  l i t t l e  "measured'l r e c e s s i o n  in fo rma t ion  a v a i l a b l e .  
However, because  of t h e  u n i f o r m i t y  i n  t h e  s o i l  t y p e  and t h e  d i s t r i b u t i o n  of t h e  
a v a i l a b l e  d a t a , t h e  e s t i m a t e s  d e r i v e d  f o r  t h o s e  reaches l a c k i n g  in fo rma t ion  were 
cons ide red  t o  be  a f a i r  r e p r e s e n t a t i o n  of t h e  a c t u a l  s i t u a t i o n .  A l l  t h e  c o u n t i e s  
i n  t h i s  p l ann ing  suba rea  c o n t r i b u t e  a f a i r l y  uniform amount of sediment t o  Lake 
S u p e r i o r .  

The t o t a l .  U.S. Lake S u p e r i o r  s h o r e l i n e  c o n t r i b u t e s  a n  ave rage  c)€ 4 . 3  x 106 
c u b i c  meters of  m a t e r i a l  every  y m r  (Tal)le 18).  Of  t h i s  v n l u e  58 p e r c e n t  was 
obta ined  by u s i n g  i fes t imated"  recession r a t e s  and these e s t i m a t e s  were judged  t o  
be  a f a i r  r e p r e s e n t a t i o n  of t h e  a c t u a l  s i t u a t i o n .  

78 



Lake Michigan 

I n  P lanning  Subar1.a 2 .1  f o u r  of t h e  seven c o u n t i e s  have no r e c e s s i o n  rate 
in fo rma t ion  a v a i l a b l e  ,it a l l .  However, as can be seen i n  Tab le  17  , t h e s e  f o u r  
c o u n t i e s  c o n t r i b u t e d  o , d y  about  7 p e r c e n t  of t h e  t o t a l  volume eroded from PSA 2.1. 
The remain ing  3 countii3.s (Kewaunee, Manitowoc, and Sheboygan) c o n t r i b u t e  abou t  
93 p e r c e n t  of t h e  t o t a l  volume of eroded material f o r  t h e  PSA. These 3 c o u n t i e s  
a l s o  have t h e  m a j o r i t y  of "measured" r e c e s s i o n  rate in fo rma t ion .  

P l ann ing  Subarea  2.2 c o n t r i b u t e s  o v e r . 2  x l o 6  c u b i c  meters of sediment  each  y e a r  
t o  Lake Michigan. O f  t h i s  volume, 31 p e r c e n t  w a s  "est imated".  Major d a t a  gaps 
i n c l u d e  Cook County, I l l i n o i s ,  Lake County, Ind iana ,  and LaPor te  Co., Ind iana .  
The "es t imated"  e r o s i o i i  rate is cons idered  t o  be  f a i r  r e p r e s e n t a t i o n  of t h e  achua l  
s i t u a t i o n .  

P lanning  Subarea 1.3 has  one of  t h e  s h o r t e s t  s h o r e l i n e s  i n  t h e  U . S .  Great 
Lakes Bas in ,  however i t  c o n t r i b u t e s  one of t h e  l a r g e s t  sediment  l oads .  Th i s  f o u r  
county r each  i s  v e r y  wl.11 documented w i t h  96 p e r c e n t  of t h e  eroded volume d e r i v e d  
from "measured" recess Lon rates. 
p e r c e n t  w a s  judged t o  y i e l d  a good approximation of a c t u a l  c o n d i t i o n s .  

The "est imated" e r o s i o n  f o r  t h e  remaining f o u r  

P lanning  Subarea 2.4 has  t h e  l o n g e s t  s h o r e l i n e  of any PSA i n  t h e  U.S. Great 
Lakes Basin.  The sou the rn  s i x  c o u n t i e s  (up t o  and i n c l u d i n g  Leweenaw County) 
are ve ry  s imi l ia r  t o  those  found i n  PSA 2.3. A g r e a t  d e a l  of r e c e s s i o n  in fo rma t ion  
e x i s t s  f o r  t h e s e  c o u n t i e s .  The n o r t h e r n  p o r t i o n  of t h i s  p lanning  suba rea  has  
s c a t t e r e d  r e c e s s i o n  ra:e informat ion .  However, because of  t h e  l o w  b l u f f  h e i g h t s ,  
a much s m a l l e r  volume of material  i s  c o n t r i b u t e d  by s h o r e l i n e  e r o s i o n  from t h e s e  
c o u n t i e s .  O f  t h e  volume e rod ing  from t h i s  PSA, 7 1  pe rcen t  w a s  d e r i v e d  from 
measured" r e c e s s i o n  r'ites. The remaining volume estimate was based on what was 

cons ide red  t o  be  a poor  in fo rma t ion  base. 
I 1  

Only 23 p e r c e n t  o.? t h e  8,376 x LO3 cub ic  meters eroded each  y e a r  i n t o  Lake 
Michigan w a s  d e r i v e d  fj:om "est imated" r e c e s s i o n  in fo rma t ion .  The o v e r a l l  relia- 
b i l i t y  of t h e  "e s t ima ted" recess ion  r a t e s  and, t h e r e f o r e ,  e r o s i o n  rates w a s  cons i -  
dered  t o  be  on ly  f a i r .  

Lake Huron 

Only 18 p e r c e n t  0:: t h e  eroded material  e n t e r i n g  Lake Huron from PSA 3.1 (which 
i n c l u d e s  t h e  S t .  Marys River )  w a s  d e r i v e d  from "measured" r e c e s s i o n  rates.  The 
remaining 82 p e r c e n t  0 2  t h e  volume w a s  based on "est imated" r e c e s s i o n .  
t h e  r e l i a b i l i t y  of t h e  ' ' es t imated" e r o s i o n  volume w a s  cons ide red  t o  be  f a i r .  
h a l f  of t h e  volume computed f o r  PSA 3.2 w a s  d e r i v e d  from judged "measured" r e c e s s i o n  
rates, b u t  t h e  "estimaired" rates w e r e  judged o v e r a l l  t o  b e  poor s i n c e  t h e  r eaches  
wi thou t  d a t a  w e r e  n o t  a t  a l l  s imilar  t o  r eaches  wi th  d a t a .  

However, 
Over 

I n  summary, 62 pel-cent of t h e  518,000 m3 eroded from t h e  U.S. Lake Huron 
s h o r e l i n e  w a s  d e r i v e d  from "es t imated"  e r o s i o n  in fo rma t ion .  The o v e r a l l  relia- 
b i l i t y  of t h e  ' ' e s t imated"  e r o s i o n  volumes w a s  cons idered  t o  b e  f a i r .  
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Lake Er ie  

For t h e  purposes  clf t h i s  r e p o r t  t h e  Lake Er ie  S h o r e l i n e  i n c l u d e s  t h e  S t .  
Clair  R ive r ,  Lake S t .  Clairy and t h e  D e t r o i t  River as w e l l  as a 57 k i lome te r  
p o r t i o n  of Sandusky Baj. .  Carter (1975) computed a t o t a l  sediment  l o a d  t o  Lake 
E r i e  from t h e  U.S. s h o r e l i n e .  From h i s  r e p o r t  cove r ing  r e c e s s i o n  a long  t h e  
Ohio, PA., and N.Y.  s e c t i o n s  of Lake Er ie ,  an average  r e c e s s i o n  and e r o s i o n  
rate w a s  d e r i v e d .  
A s  w a s  p r e v i o u s l y  d i s c u s s e d  t h e  maximum and mini-mum e r o s i o n  l i k e l y  t o  occur  a l o n g  
Lake Erie w a s  m a t h e m a t x a l l y  gene ra t ed  from t h i s  average  rate based on t r e n d s  
found f o r  t h e  o t h e r  Lakes. 

This  i n f o r m a t i o n  w a s  summarized i n  Armstrong -- e t  al. (1976) .  

Carter (1975) on ly  inc luded  a s m a l l  p o r t i o n  of PSA 4 . 1  s h o r e l i n e  i n  h i s  
r e p o r t .  As a r e s u l t  5'3 p e r c e n t  of t h e  vo lumet r i c  c o n t r i b u t i o n  of t h i s  PSA w a s  
d e r i v e d  from "es t imated"  e r o s i o n  v a l u e s .  PSA 4.2 i n c l u d e s  Sandusky Bay, Ohio. 
Because of s t u d i e s  on <:he Bay i t s e l f  and t h e  sur rounding  s h o r e l i n e ,  t h e  rela- 
t i v e l y  small volume c o n t r i b u t e d  by t h i s  PSA t h a t  was based on "est imated" 
r e c e s s i o n  ra tes  i s  conr;idered t o  have good r e l i a b i l i t y .  All of PSA 4 . 3  is 
covered  by "measured" r eces s ion  informat ion .  

The sediment  l o a d  v a l u e  d e r i v e d  by Carter (1975) f o r  PSA 4.4 appea r s  t o  b e  
low. Mien examining h i s  e s t ima ted  r e c e s s i o n  rates and c o n s i d e r i n g  t h e  a v a i l a b l e  
b l u f f  h e i g h t  i n f o r m a t i , j n  (Armstrong -- e t  a l . ,  1976)  i n  t h e  area, h i s  t o t a l  volumetri , :  
i n p u t  i s  less then  would be expected.  
s y l v a n i a ,  which has  maiy h igh  e r o d i b l e  b l u f f s  above 20 meters i n  e l e v a t i o n .  
C a r t e r  (1976) d e s c r i b e s  t h e  r e c e s s i o n  i n  t h i s  area as ve ry  s 1 . 0 ~  (0  t o  l f t / y r )  t o  
s l o w  (1 t o  3 E t / y r ) .  Even w i t h  t h e s e  l o w  ra tes  l a r g e  volumes are eroded ( s e e  
TnbLe 1 7  ) .  

Of p a r t i c u l a r  importance is Erie County, Penn- 

Lake Erie has  nor2 in fo rma t ion  a v a i l a b l e  on i t s  e r o d i b l e  s h o r e l i n e  t h a n  any 
o t h e r  Lake. Nine ty  f i v e  p e r c e n t  of t h e  vo lumet r i c  c o n t r i b u t i o n  t o  Lake E r i e  from 
s h o r e l i n e  e r o s i o n  w a s  de r ived  from "measured" v a l u e s .  These measured v a l u e s  w e r e  
based a lmost  e x c l u s i v e l y  on t h e  work. of Carter (1975) .  Much of t h e  5 p2 rcen t  
t h a t  w a s  "es t imated ' '  came from t h e  Flichigan p o r t i o n  of Lake Erie and was cons ide red  
t o  have good r e l i a b i l j t y .  

Lake O n t a r i o  

Lake On ta r io  i n c l u d e s  t h e  Niagara  River  which is  c l a s s i f i e d  none rod ib le .  
Oswego County i s  t h e  o n l y  County on t h i s  Lake that has  r e c e s s i o n  ra te  in fo rma t ion  
a v a i l a b l e .  Located i n  PSA 5.2 ,  t h i s  r e c e s s i o n  in fo rma t ion  w a s  e x t r a p o l a t e d  ove r  
t h e  remaining U.S. s h c r e l i n e  of Lake On ta r io  and t h e  S t .  Lawrence River t o  t h e  
New York - Canadian bcundary. I f  i t :  can b e  a s sumed- tha t  t h e  Oswego County 
r e c e s s i o n  ra tes  are r e p r e s e n t a t i v e  of t h e  e n t i r e  Lake, t hen  an e r o s i o n  volume 
can  b e  c a l c u l a t e d .  
t h i s  way i s  based  on "es t ima ted"  r e c e s s i o n  in fo rma t ion .  
r i v e d  by t h i s  procedure  are cons ide red  t o  have poor r e l i a b i l i t y  because  of t h e  
lack of s u p p o r t i n g  in fo rma t ion .  

IIcIwever, 79 p e r c e n t  of t h e  eroded material determined i n  
The e r o s i o n  volumes de- 
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H I G H  LOADING AREAS 
--^__ 

Sediment l o a d s  from s h o r e l i n e  e r o s i o n  va ry  wide ly  ove r  t h e  U.S. Great h k e s  
s h o r e l i n e .  T h e  con t ro l l . i ng  p h y s i c a l  f e a t u r e  appea r s  t o  be  t h e  he igh t  of  t h e  
e r o d i b l e  b l u f f .  An area can have a v e r y  h igh  r e c e s s i o n  rate b u t  i f  i t  h a s  a 
low b l u f f  i t  w i l l  contr: .bute a r e l a t i v e l y  minor amount of material t o  t h e  l ake .  
On t h e  o therhand,  a sec t ion  of s h o r e l i n e  t h a t  h a s  a v e r y  h i g h  b l u f f  and a low 
r e c e s s i o n  ra te  can  c o n t r i b u t e  l a r g e  amounts of material t o  t h e  l a k e  system. 

Table  2 1  r anks  t h e  c o u n t i e s  t h a t  c o n t r i b u t e  t h e  l a r g e s t  amounts of  material 
from t h e  U.S. Great Lakes s h o r e l i n e .  These c o u n t i e s  are a l l  c h a r a c t e r i z e d  by 
ve ry  h igh  u n s t a b l e  b l u f f s .  F igu res  5 through 9 i l l u s t r a t e  g r a p h i c a l l y  how t h e  
vo lumet r i c  con t r ibu t ion : ;  va ry  by county throughout  t h e  U . S .  Great Lakes shore-  
l i n e .  The v a l u e s  i n d i c , i t e d  on t h e s e  f i g u r e s  are t o t a l  s h o r e l i n e  material load ings  
f o r  each  county.  These f i g u r e s  were de r ived  from Table  1 7  . 

A s  can b e  s e e n  i n  Figure 5 t h e  most s i g n i f i c a n t  l o a d s  t o  Lake S u p e r i o r  are froin 
Douglas,  Bayf i e ld ,  Gogesic ,  and Barga Counties  and t o  a lesser e x t e n t  Marquet te  
and Keweenaw Count ies  wnich a l s o  have h igh  load ings .  
h igh  u n s t a b l e  b l u f f s  oczur ing  a long  t h e  e a s t e r n  s h o r e  of Lake Michigan, l a r g e  
volumes of material  a re  also eroded from t h i s  area each y e a r  (See F igu re  6 ).  
R e l a t i v e l y  smal l  amounts of m a t e r i a l  arc eroded each  yea r  i n t o  Lake Huron from t h e  
U.S. sho re .  S a n i l a c  County a t  t h e  extreme s o u t h  end of Lake Huron c o n t r i b u t e s  
t h e  l a r g e s t  amount (F igu re  7 ) .  Erie  County, Pennsylvania  and Lake County, 
Ohio ,  p rov ide  t h e  most s i g n i f i c a n t  t o t a l  load  t o  Lake Erie (See F igu re  8 ). 
Because oE t h e  u n s t a b l e  b l u f f s  and p r e v a i l i n g  wind i n  an  e a s t e r l y  d i r e c t i o n ,  t h e  
e a s t e r n  s h o r e  of Lake Ontario i s  thought  t o  be a major sou rce  of s o l i d s  t o  t h e  
Lake (See F i g u r e  9 ) . 
TAkLE 2 1  SIGNIFICANT V O L U l T R I C  CONTRIBUTION BY COUNTY 

Because of t h e  p r e v a l e n t  

.- - 
County 
_c__- 

Leelanau ,  Mich. 
Bayf i e ld ,  Wis. 
Allegan ,  Mich. 
Douglas,  W i s .  
E r i e ,  Penn. 
Ozaukee , V i s .  
B e r r i e n ,  Mich. 
Baraga , Mich. 

O t t a w a ,  Mich. 
Gogebic, Mich. 

10 3 3  m /yr - Lake __- 

l., 4 4 1  
l., 202 

82 7 
622 
602 
590 
556 
503 
481 
458 

Michigan 
Superior 
Michigan 
S u p e r i o r  
E r i e  
Michigan 
Michigan 
S u p e r i o r  
Michigan 
S u p e r i o r  

Another way t o  exzmine e r o s i o n  is  as a ra te  of material  i n p u t  p e r  k i l o m e t e r  
of s h o r e l i n e  r a t h e r  thzn  a s  a t o t a l  l oad  p e r  county.  Table  22 r anks  t h e  most 
s i g n i f i c a n t  c o u n t i e s ,  t h e  PSA’s and t h e  Lakes acco rd ing  t o  t h e i r  e r o d i b i l i t y  p e r  
k i l o m e t e r  of s h o r e l i n e .  The s h o r e l i n e  cons idered  i s  t h e  t o t a l  s h o r e l i n e  which 
i n c l u d e s  t h e  none rod ib le  as w e l l  as e r o d i b l e  s h o r e l i n e .  By examining t h i s  t a b l e  
a f u r t h e r  unde r s t and ing  of t h e  e r o d i b i l i t y  of  v a r i o u s  areas a long  t h e  U.S. 
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FIcum 9 
TOTAT, EROSION BY COUNTY 
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s h o r e l i n e  can  be  ob ta ined .  Tab le22  shows t h a t  t h r e e  of t h e  t e n  m o s t  e r o d i b l e  
c o u n t i e s  are a l l  l o c a t e d  i n  PSA 2.3.  I n  f a c t ,  t h e  rate of e r o s i o n  from PSA 2.3 
i s  twice t h a t  o f  any o t h e r  PSA. This  e r o d i b i l i t y  Table  r e f l e c t s  n o t  on ly  t h e  
r e c e s s i o n  rate w i t h i n  :in area b u t  t h e  s h o r e  type ,  composi t ion t h e  b l u f f ,  b l u f f  
h e i g h t  and t h e  amount of s h o r e l i n e  t h a t  is  e r o d i b l e .  

SIIORE EROSION COMPARED TO OT'HER SEDIMENT SOURCES 

There  are many soi i rces  of sediment  t o  t h e  Great Lakes. Some of t h e  more 
impor t an t  s o u r c e s  are a g r i c u l t u r a l  r u n o f f ,  urban r u n o f f ,  d i r e c t  p o i n t  s o u r c e  i n p u t s  
from m u n i c i p a l i t i e s  and i n d u s t r i e s ,  and s h o r e i i n e  e r o s i o n .  A g r e a t  d e a l  of work 
h a s  been done r e c e n t l y  t o  de te rmine  t h e  c o n t r i b u t i o n  t o  t h e  Great Lakes from t h e  
d i f f e r e n t  s o u r c e s  d r a i n i n g  i n t o  t h e  Great Lakes,  as w e l l  as v a r i o u s  p o i n t  sou rce  
d i s c h a r g e s .  One of t h e  main o b j e c t i v e s  of t h i s  s t u d y  w a s  t o  de te rmine  t h e  
impor tance  of s h o r e  e r o s i o n  relative t o  o t h e r  sou rces  of p o l l u t a n t s  t o  t h e  Great 
Lakes. 

Tab le  23  i s  a coriparison of sediment  l o a d s  from v a r i o u s  sou rces .  A s  can be 
s e e n  from t h i s  t a b l e ,  s h o r e l i n e  e r o s i o n  i s  a ve ry  s i g n i f i c a n t  s o u r c e  of sediment  
t o  t h e  Great Lakes.  
mated ave rage  annual  sediment y i e l d  f r o m  s h e e t  and g u l l y  e r o s i o n  from a g r i c u l t u r a l  
l a n d  f o r  each  l a k e  i n  1.he U.S. Bas in .  H e  a l s o  compiled sediment l oad ing  d a t a  
from urbanized  areas i n  t h e  Basin.  

M:.ldner ( 1 9 7 4 ) .  i n  a r e p o r t  compiled f o r  Task A of PLUARG, es t i -  

Mildner  ( 1 5 7 4 )  esi- imated t h a t  t h e  combined urban and a g r i c u l t u r a l  runoff  
from t h e  U.S. p o r t i o n  o f  t h e  Basin c o n t r i b u t e s  about  4 m t l l i o n  m e t r i c  t o n s  of 
sediment  t o  t h e  Great l a k e s  each y e a r .  S i g n i f i c a n t l y ,  t h i s  number i s  abou t  10 
t i m e s  smaller than  t h e  approximate ly  40 m i l l i o n  m e t r i c  t ons  p e r  yea r  e n t e r i n g  
t h e  Bas in  from U.S. s h o r e l i n e  e r o s i o n .  The t r i b u t a r y  loading of sediment f o r  
t h e  e n t i r e  U.S. E3s in  ..s 3 . 3  t imes  smaller than  s h o r e l i n e  e r o s i o n  even consid-  
e r i n g  t h e   nos t conse rv , i t i ve  s h o r e l i n e  e r o s i o n  estimate of about  15 m i l l i o n  m e t r i c  
t o n s  p e r  yea r  ( a s  seen  i n  ' fable 2 3  1 .  Since  t h e  s h o r e l i n e  i s  c u r r e n t l y  i n  a 
t i m e  o f  h igh  r e c e s s i o n  and e r o s i o n  r'ites, t h e  c u r r e n t  e r o s i o n  s i t u a t i o n  is more 
l i k e l y  c l o s e r  t o  t h e  maximum expected e r o s i o n  load .  The maximum l o a d i n g ,  over  
70 m i l l i o n  metric t o n s  p e r  y e a r ,  i s  ove r  16 t imes  g r e a t e r  t h a n  t h e  v a l u e  a t t r i b u -  
t e d  t o  t r i b u t a r i e s  by l l i l d n e r  (1974) .  The fo l lowing  s e c t i o n  w i l l  d i s c u s s  t h e  
sediment  l oad  s o u r c e s  on a Lake b a s i n  l e v e l .  

Lake S u p e r i o r  

I n  a r e p o r t  t o  t h e  1nternat iona.L J o i n t  Commission on t h e  s t a t u s  of t h e  upper 
Lakes (Upper Lakes Reference Group, :L916), i n fo rma t ion  on d i r e c t  mun ic ipa l ,  d i r e c t  
i n d u s t r i a l ,  t r i b u t a r y ,  and a tmospher ic  l o a d i n g s  t o  t h e s e  two l a k e s  from both  t h e  
U.S. and Canadian s i d e  w a s  p re sen ted .  The most impor tan t  s o u r c e s  of p a r t i c u l a t e s  
t o  Lake S u p e r i o r  as  g iven  i n  t h i s  s t u d y  are p resen ted  i n  Table  2 3  . A s  can b e  
s e e n  t h e  s h o r e l i n e  e r o s i o n  process , f rom t h e  U.S. s i d e  o n l y , c o n t r i b u t e s  ove r  7 t i m e s  
as much sediment  as t h e  t r i b u t a r i e s  from bo th  t h e  Canadian and U.S. d r a i n a g e  areas 
t o  Lake Supe r io r .  The j o i n t  industr .La1 i n p u t s  on t h e  o t h e r  hand are g r e a t e r  t h a n  
t h o s e  l o a d i n g s  from U.S. s h o r e l i n e  e r o s i o n ,  a p p a r e n t l y  as a r e s u l t  of t h e  d i s c h a r g e  
of t a c o n i t e  t a i l i n g s  i n t o  Lake Supe r io r  by Reserve Mining Company. 
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TABLE 2 3  
3 SEDIMENT LOADS TO THE GREAT LAKES (10 metric t o n s / y e a r )  

Source of 
Sediment 

Great Lakes Lake Lake Lake Lake Lake 
T o t a l  S u p e r i o r  Michigan Huron E r i e  On ta r io  

4,316 56 403e Tr ibu  tariesa 
U.S. on ly  
1973 

1 ,310  2 24e 2,325e 

m b I r i l u i a r i e s  
U. S. only 
1975 

- 4 ,  nnn 

T r i b u  t a r  iesC 
U.S. & Canada 
197 3-1975 

d co 
W T r i b u t a r i e s  

U.S. & Canada 
1975 

1,124e 1 ,522  

- 6,460e 

38 C Direct I n d u s t r i e s  
U.S. 6 Canada 
1973-1975 

- 1 2 , 1 9 1  

Avg . 39,954 1 1 , 2 7 9  2 Shore Eros ion  
U.S. on ly  

5 1,586 

Max. 71,318 18,312 40,076 2,751 7,285 2,894 

Min 14,773 4 ,573  7,753 442 1,453 551 

,778 193 7 3 ,9  

To Mul t ip ly  by 
1.102 

To Convert  From 
Metric Tons Engl i sh  S h o r t  Tons 
~ 

Mildner ,  W. F. (1974) 

Carter, C . H .  (1975) 

Upper Lakes Reference  Group (1976) 

U.S. Army Corps of Engineers  (1975) 

Does n o t  i n c l u d e  Load from Upstream Lake (i.e.,  S t .  Xarys River o r  D e t r o i t  R ive r ,  o r  Ningara  River )  

a 

C 

e 



There  is  a c o n s i d e r a b l e  d i f f e r e n c e  between t h e  urban and a g r i c u l t u r a l  i n p u t  
e s t i m a t e d  by Mi ldner  (1574) and t h e  l o a d i n g s  f r o x  t r i b u t a r i e s  r e p o r t e d  i n  
Upper  Lakes Reference  Group (1976). Ilased on Mi ldne r ' s  (1974) v a l u e s ,  t h e  sho re -  
l i n e  e r o s i o n  would be  about  200 t i m e s  g r e a t e r  i n  terms of sediment l o a d  t o  t h e  
l a k e s  t h a n  t h e  sed iment  l oad  from t r i b u t a r i e s .  

Lake Michigan 

I n f o r m a t i o n  on t o t a i  l o a d i n g  t o  Lake Michigan from t r i b u t a r i e s  i s  l i m i t e d  t o  
t h e  work of Mi ldner  (19;'4). The p a r t i c u l a t e s  e s t i m a t e d  t o  be  c o n t r i b u t e d  t o  the 
lakes from t r i b u t a r i e s  is a lmost  1 7  times less than  t h e  amount of mater ia l  c o n t r i -  
bu ted  by s h o r e l i n e  e r o s i o n .  

Lake Huron - 

The sediment l oad  Yrom t r i b u t a r i e s  p r e s e n t e d  i n  t h e  Upper  Lakes Reference  
Group r e p o r t  is  a lmos t  e q u a l  t o  the ave rage  e r o s i o n  from t h e  U.S. s h o r e l i n e .  How- 
e v e r ,  t h i s  v a l u e  f o r  t r - . b u t a r y  l o a d i n g  i n c l u d e s  t h e  Lake Huron, Georgian Bay, and 
t h e  North Channel. f o r  a.,l of t h e  U.S. and Canadian d ra inage  area. The in fo rma t ion  
a v a i l a b i e  from t h e  PLUARG Task A r e p o r t  (Mi ldner ,  1974 U.S. s i d e  on ly )  is 
approx ima te ly  6 t i m e s  less then  t h e  ave rage  l o a d i n g  expected from s h o r e l i n e  
e r o s  ion .  

Lake Erie ~ - -  
The PLUAIiG Taks A -eporL (Mjldner,  1474) e s t i m a t e d  t h a t  about  2 m i l l i o n  metric 

t o n s  p e r  y e a r  are  washed i i l to  Lake E r i e  from a g r i c u l t u r a l  and urbanized  a r e a s  from 
the V.S. s i d e .  'I'hjs va lue ,  which does n o t  i n c l u d e  t h e  D e t r o i t  River  i n p u t ,  i s  
a lmost  2 t h z s  smaller then t h e  estimated ave rage  i n p u t  from s h o r e l i n e  erosion. 
In fo rma t ion  on t r i b u t a r y  l o a d i n g s  t o  Lake E r i e  w a s  a l s o  p r e s e n t e d  as p a r t  oE 
t h c  Lake Erie  W a t  wate - Phnagement P r o j e c t  (Corps of  Engineers ,  1975) .  They 
estimated t h a t  t h e  t o t a l  sx l imen t  l o a 3  from t r i b u t a r i e s  on bo th  t h e  U.S .  and 
Canadian s i d e  w a s  ove r  s i x  m i l l i o n  m e t r i c  t o n s  p e r  y e a r .  
l o a d  f r o m  t h e  D e t r o i t  River  t h e  t o t a l  s o l i d s  i n p u t  from r i v e r s  i n c r e a s e s  t o  
n e a r l y  n i n e  m i l l i o n  m e t r i c  t o n s  p e r  year. These values are 1.6 and 2 . 2  times 
g r e a t e r ,  r e s p e c t i v e l y ,  t h a n  t h e  ave rage  e s t ima ted  e r o s i o n  load t o  Lake Erie. 
Carter (1975) e s t i m a t e d  t h a t  t h e  U.S. stream load  w a s  approximate ly  f o u r  m i l l i o n  
metric t o n s  p e r  y e a r .  Th i s  i s  about  e q u a l  t o  t h e  ave rage  e r o s i o n  load  t o  Lake 
E r i e  from t h e  U.S. s h o r e l i n e  as e s t i m a t e d  i n  t h i s  s tudy .  I f  khese t r i b u t a r y  
sediment l o a d s  are compared t o  t h e  maximum expec ted  U . S .  s h o r e l i n e  e r o s i o n  l o a d  
(ove r  seven  m i l l i o n  m e t r i c  t o n s ) ,  they  all are less then  t h e  s h o r e l i n e  e r o s i o n  i n -  
pu t .  

When they  i n c l u d e  t h e  

Carter (1975) e s t i m a t e d  t h a t  t h e  to t a l .  shore load  i n t o  Lake E r i e  w a s  approx- 
i m a t e l y  two m i l l i o n  m e t r i c  t o n s  p e r  y e a r .  T h l s  value c o i n c i d e s  c l o s e l y  w i t h  t h e  
minimum v a l u e  1 i k e l y  t o  occur as e s t i m a t e d  i n  t h i s  r e p o r t .  A s  d i s c u s s e d  p r e v i o u s l y ,  
Carter ' s  v a l u e s a p p e a r  t o  be  somewhat low i n  t h e  Pennsylvania  and N e w  York p o r t i o n s  
of t h e  Lake E r i e  s h o r e l i n e .  
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Lake O n t a r i o  

The sediment  l o a d  Erom s h o r e l i n e  e r o s i o n  i n t o  Lake On ta r io  from t h e  U.S. 
s i d e  (approximate ly  one and a h a l f  m i l l i o n  metric t o n s  p e r  yea r )  i s  a lmost  4 
times g r e a t e r  t h e n  t h e  t r i b u t a r y  load  compiled f o r  t h e  PLUARG Task A r e p o r t  
(Mildner ,  1974) .  

A s  can be s e e n  from Table  23 t r i b u t a r y  load  estimates va ry  wide ly .  Th i s  
i s  t o  be  expec ted  c o n s i d e r i n g  t h e  wide f l u c t u a t i o n s  i n  r a i n f a l l  and o t h e r  hydro- 
l o g i c  occurances  ove r  any g iven  p e r i o d  of s tudy .  Nonethe less ,  i t  is  ve ry  clear 
t h a t  ave rage  s h o r e l i n e  e r o s i o n  from t h e  U.S. s h o r e l i n e  de r ived  i n  t h i s  s t u d y  
is  g r e a t e r ,  and i n  some cases much g r e a t e r ,  t han  t h e  sediment  l o a d  a t t r i b u t e d  
t o  t r i b u t a r y  runof f  i n  t h e  U.S. Basin.  

POTENTLAL EFFECT OF PARTICULATE MATERIAL ON WATER QUALITY 

P r i n c i p a l  p h y s i c a l  e f f e c t s  of  p a r t i c u l a t e  material eroded from t h e  Great 
Lakes s h o r e l i n e  w i l l  be r e l a t e d  t o  t h e  problems a s s o c i a t e d  w i t h  t u r b i d i t y  and 
sediment  accumulat ion.  T u r b i d i t y  m a y  cause  reduced l i g h t  p e n e t r a t i o n  and sub- 
sequen t  i n t e r f e r e n c e  w i t h  pho tosyn thes i s ,  i n t e r f e r e n c e  w i t h  h e a t  t r a n s f e r ,  
f l o c c u l a t i o n  of a l g a e ,  as w e l l  as a g e n e r a l  d e t e r i o r a t i o n  of t h e  a e s t h e t i c  
q u a l i t y  of t h e  w a t e r .  Accumulation of sediment on t h e  bottom of t h e  l a k e  can  
bury b e n t h i c  organisms and i n t e r f e r e  w i t h  t h e  growth of macrophytes.  E f f e c t s  
of t u r b i d i t y  on water c u a l i t y  have been s t u d i e d  q u i t e  i n t e n s i v e l y  and a number 
of review p a p e r s  are a \ , a i l a b l e  on t h e  t o p i c  (May, 1973; C a i r n s ,  1968; H o l l i s ,  
__ e t  .- a l . ,  1964; Cordone and K e l l e y ,  1961) .  

Ca i rns  (1968) has  reviewed some of t h e  mechanisms of sediment  i n t e r a c t i o n .  
These i n c l u d e  mecnanical  o r  a b r a s i v e  a c t i o n ,  b lanket ing  a c t i o n  o r  sedimenta-  
t i o n ,  r e d u c t i o n  of l i g h t  p e n e t r a t i o n ,  a v a i l a b i l i t y  as a growth s u r f a c e  f o r  
b a c t e r i a  and f u n g i ,  s o r p t i o n  and d e s o r p t i o n  of chemica ls ,  and r e d u c t i o n  of 
t e m p e r a t u r e  f luc tu , i t io r i s .  A s  expla ined  by Ca i rns  (1968) t h e  s i g n i f i c a n c e  of 
t h e s e  mechanisms are dependent  upon ,3 number of f a c t o r s ,  such  as c o n c e n t r a t i o n  
of t h e  suspended sol id: ; ,  t h e  presence  of t o x i c  materials a s s o c i a t e d  w i t h  t h e  
suspended s o l i d s ,  t h e  c o n d i t i o n s  and phase i n  t h e  l i f e  c y c l e  of t h e  exposed 
organisms,  and t h e  type  of s o l i d  suspended. 
on o r  from suspended materials w i l l  b e  d i scussed  i n  d e t a i l  i n  a subsequent  
sect ion .  

S o r p t i o n  o r  d e s o r p t i o n  of chemica ls  

Hollis -- e t  a l .  (1964) d i scussed  t h a t  t u r b i d i t y  can  cause  a s h i f t  of s p e c i e s  
c o n c e n t r a t i o n  from game f i s h  t o  rough f i s h .  The importance of t h i s  e f f e c t  on 
Great Lakes f i s h  composi t ion i s  n o t  known, b u t  i t  would be  i n t e r e s t i n g  t o  
de t e rmine  i f  t h e  h igh  e r o s i o n  ra tes  i n  r e c e n t  y e a r s  had any e f f e c t  on f i s h  s p e c i e s  
composi t ion.  So many Eactors  can e f f e c t  s p e c i e s  composi t ion ,  some of which are 
random v a r i a b l e s  ( e . g . ,  random meteo ro log ica l  e v e n t s ) ,  t h a t  i t  i s  ext remely  
d i f f i c u l t  t o  separate o u t  s p e c i f i c  e f f e c t s  of t u r b i d i t y .  

Perhaps  t h e  most sbvious  and economical ly  impor tan t  e f f e c t  of t u r b i d i t y  i s  
t h e  water q u a l i t y  problems f t  can cause  i n  connec t ion  wi th  w a t e r  supp ly  i n t a k e s .  
High t u r b i d i t y  levels, caused at l ea s t  i n  p a r t  from s h o r e l i n e  e r o s i o n ,  have 
c r e a t e d  problems a t  a number of water i n t a k e s .  The c i t y  of Cloquet ,  Minnesota, 
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o b t a i n s  i t s  domest ic  wa te r  supp ly  from Lake S u p e r i o r .  Water o b t a i n e d  from t h i s  
i n t a k e  h a s  o f t e n  been tl>o t u r b i d  f o r  domestic u se .  Sydor (1975) found t h a t  t h e  
water o b t a i n e d  through the  Cloquet i n t a k e  exceeded t h e  d r i n k i n g  water s t a n d a r d s  
f o r  t u r b i d i t y  53 p e r c e n t  of t h e  t i m e .  
p r i m a r i l y  due t o  s h o r e  Izrosion as w e l l  as r e suspens ion  of bottom sediments .  

Sydor concluded t h a t  t h i s  t u r b i d i t y  w a s  

I m p o r t a n t l y ,  r e s u s p e n s i o n  of  bottom sed imen t s ,  as w e l l  as s h o r e l i n e  e r o s i o n ,  
C u r r e n t l y ,  U.S. can cause  a c o n s i d e r a b l ?  amount of t u r b i d i t y  i n  t h e  Great Lakes. 

Task D of PLUARG i s  e v a l u a t i n g  t h e  e f f e c t  of r e suspens ion  a t  a number of s i tes  
on t h e  U.S. p o r t i o n  of t h e  Great Lakes. Herdendorf (1976) i n  a s t u d y  unde r t aken  
f o r  U . S .  Task D h a s  found t h a t  a v e r y  l a r g e  amount of t u r b i d i t y  o c c u r s  along t h e  
U.S. s h o r e  of western Lake E r i e  t h a t  i s  n o t  d e r i v e d  from t r i b u t a r y  i n p u t .  
s o u r c e  of t h i s  t u r b i d i t y  a p p e a r s  t o  be a combination of s h o r e  e r o s i o n  and 
r e s u s p e n s i o n  of sha l low water sed iments .  C u r r e n t l y ,  t h e  r e l a t i v e  importance Of 
r e s u s p e n s i o n  and s h o r e l i n e  e r o s i o n  i s  n o t  w e l l  known, a l though  h o p e f u l l y  new i n f o r -  
mat ion  will b e  g e n e r a t e d  as p a r t  o f  U.S. Task D. To be  s u r e ,  bo th  s h o r e l i n e  
e r o s i o n  and r e s u s p e n s i o n  of bot tom sediments  c o n t r i b u t e  h e a v i l y  t o  t h e  t u r b i d i t y  
and suspended p a r t i c u l a t e  material found i n  Great Lakes waters. 

Tne 

The Wisconsin s h o r e l i n e  of Lake S u p e r i o r  i s  s u b j e c t  e x t e n s i v e  e r o s i o n  of r e d  
c l a y ,  as d i s c u s s e d  p r e v i o u s l y ,  and i s  r e s p o n s i b l e  f o r  much of t h e  s h o r e l i n e  
e r o s i o n  l o a d i n g s  t o  Lake  S u p e r i o r .  According t o  t h e  Upper Lakes Reference  Group 
(1976) ,  t h e  ave rage  open l a k e  suspended s o l i d  c o n c e n t r a t i o n  i s  approximate ly  0.7 
mg/ l ,  w h i l e  waters i n  t h e  western p o r t i o n  of t h e  l a k e  o f f s h o r e  of Duluth,  t h e  
a v e r a g e  suspended s o l j d  c o n c e n t r a t i o n  i s  abou t  2 . 8  mg/l. 
n e a r s h o r e  w a t e r s  can have c o n c e n t r a t i o n s  of up t o  1,000 mg/l. Both s h o r e l i n e  
e r o s i o n  and r e suspens ion  can c o n t r i b u t e  t o  t h e  i n c r e a s e .  

During i n t e n s e  s to rms  

Sydor  (1975), in a r,tLidy of r e d  c:lay e r o s i o n  and t r a n s p o r t  i n  Lake S u p e r i o r ,  
found t h a t  i n  t h e  western b a s i n  d u r i n g  t h e  open water season  (May-November) 70 
p e r c e n t  of t h e  t u r b i d i t y  was c o n t r i b u t e d  by s h o r e  e r o s i o n ,  20 p e r c e n t  by r e sus -  
pens ion  a n d  on ly  I -n p e r c e n t  by r iver  r u n o f f .  
t i m e s  when t h e  i a k e  is  i c e  f r e e  (December, J anua ry  and A p r i l )  Sydor e s t i m a t e d  
t h a t  r e suspens ion  cont r  i b u t e d  a d d i t i o n a l  suspended material , abou t  t w i c e  t h e  
amount c o n t r i b u t e d  d u r i n g  t h e  open w a t e r  s eason .  Th i s  would i n d i c a t e  t h a t  r e s u s -  
pens ion  i s  very  i m p o r t m t ,  b u t  that shore e r o s i o n  c o n t r i b u t e s  t h e  m a j o r i t y  of 
t h e  annua l  suspended s o l i d s  i n p u t  t o  t h e  wes te rn  b a s i n  of Lake Supe r io r .  

During t h e  w i n t e r  months f o r  

F i n a l l y ,  t h e  b i o l o g i c a l  e f f e c t  of  suspended s o l i d s  i s  h a r d  t o  de te rmine .  AS 
L e e  and Plum (1974) have po in ted  o u t ,  i t  i s  d i f f i c u l t  t o  de te rmine  t h e  e f f e c t  
of suspended s o l i d s  on b e n t h i c  f auna  and f l o r a  because  ve ry  l i t t l e  i s  known 
abou t  t h e  r e s p o n s e  of organisms t o  i n c r e a s e d  rates of s i l t a t i o n .  
s p e c i e s  may t o l e r a t e  01- even  t h r i v e  as a r e s u l t  of i n c r e a s e d  sed imen ta t ion .  
T u b i f i c i a e  and C h i r o n o r e  are examples of such  organisms. 
of t h e  v a r i a b i l i t y  of p o p u l a t i o n s ,  ra te  of s ed imen ta t ion ,  r e s p o n s e s  of d i f f e r e n t  
s p e c i e s ,  movement of  t h e  sediment by c u r r e n t s ,  and many o t h e r  i n t e r r e l a t e d  
f a c t o r s ,  i t  i s  v e r y  d i f f i c u l t  t o  e x p l i c i t l y  d e f i n e  r h e  e f f e c t  of t u r b i d i t y  on 
b e n t h i c  organisms.  

Some b e n t h i c  

However, because  

SIGNIFICANCE OF LOST SHORELINE -- 

S h o r e l h e  e r o s i o n  i s  a n a t u r a l  p rocess  which has  been going on f o r  thousands 
of y e a r s .  It  must b e  recognized ,  however, t h a t  t h e  eroded s h o r e l i n e  r e p r e s e n t s  a 
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l o s t  n a t u r a l  r e s o u r c e  t o  man n o t  o n l y  f o r  i t s  a e s t h e t i c  v a l u e s  b u t  p r o p e r t y  and 
material v a l u e  a s  w e l l .  I t  is  a l s o  p o s s i b l e  t h a t  t h e  eroded material  can have 
an  impor t an t  i m p a c t  on t h e  c o a s t a l  waters and water q u a l i t y  of t h e  e n t i r e  Great 
Lakes system. 

Tab le  18  i n d i c a t e s  t h a t  t h e  U.S. s h o r e l i n e  of Lake E r i e  i s  e r o d i n g  a t  a ra te  
of 1,525,000 m3/yr. 
A t  t h i s  ave rage  e r o s i o n  rate from t h e  U.S. s i d e  on ly ,  i t  would t a k e  o v e r  300,000 
y e a r s  t o  d i s p l a c e  the volume of water now p r e s e n t  i n  Lake E r i e .  The t o t a l  ave rage  
volume of m a  e r ia l  e roded  each  y e a r  from t h e  U.S. Great Lakes s h o r e l i n e  i s  e s t i m a t e d  a t  

The e n t i r e  volume of Lake E r i e  is  approximate ly  5 x 10" rn3. 

1 5 , 1 8 4 , 0 0 0  m 5 . T h i s  i s  e q u a l i v a n t  t o  a cube wi th  s i d e s  248 meters ( 8 1 2  f e e t )  long .  

Because t h e  ra te  a t  which any g iven  s h o r e l i n e  r e a c h  w i l l  e rode  varies 
g r e a t l y  from one y e a r  t o  t h e  n e x t ,  a r ange  of v a l u e s  h a s  been p resen ted  t o  r e f l e c t  
t h i s  occu r rence .  A s  d i s c u s s e d  p r e v i o u s l y ,  an  ave rage ,  maximum and minimum v a l u e  
l i k e l y  t o  o c c u r  i n  any g iven  r e a c h  have been gene ra t ed  f o r  t h e  e n t i r e  U.S. Great 
Lakes s h o r e l i n e .  The maximum v a l u e  1i.kely t o  occur  f o r  any l a k e  varies between 
f o u r  and s i x  t i m e s  t h e  rrinimum e r o s i o n  ra te  expec ted  and is  about  t w i c e  as g r e a t  
as t h e  ave rage  e r o s i o n  r a t e  l i k e l y  t o  occur .  
from r e a c h  t o  r each  b u t  i t  does  i n d i c a t e  t h e  wide v a r i a t i o n  i n  volumes eroded 
from y e a r  t o  yea r  i n  the  v a r i o u s  l a k e s .  

The range  w i l l  of c o u r s e  v a r y  wide ly  

POTENTIilL CHEMICAL 1MPF.CT FROM S H O E  EROSION 

Because of t h e  g r e a t  volume of eroded s o i l  from t h e  b l u f f s  a l o n g  t h e  Great 
Lakes,  p a r t i c u l a r l y  i n  t h e  l a s t  few y e a r s  when l a k e  levels  have been h i g h ,  i t  
is  n o t  s u r p r i s i n g  t h a t  l o z d i n g s  of v a r i o u s  chemical c o n s t i t u e n t s  from s o i l  are 
li lgh.  I t  i s  m o s t  p r o b ; b l e  t h a t  a l a r g e  pe rcen tagz  of t h e  chemica ls  a s s o c i a t e d  
wi th  t h e  eroded  s h o r e l i n e  materiai  e v e n t i a l l y  becomes b u r i e d  i n  t h e  lake sediment.  
Once p a r t o f  the h i s t o r i c a l .  sed iment ,  i t  i s  u n l i k e l y  t h a t  much i n t e r a c t i o n  w i t h  
t h e  o v e r l y i n g  waters  o c c u r s ,  a t  least  f o r  most of t h e  chemica l  components. The 
sed iments  of the  Grea t  Lakes act  as a n a t u r a l  s i n k  of chemica l  t o x i c a n t s ,  
whether they  are d e r i v e d  from s h o r e l i n e  e r o s i o n  o r  e l sewhere .  

Material  from s h o r e l i n e  e ros ion  m a y  actually increase the ra te  a t  which 
t o x i c  and o t h e r  chemica ls  are  t r a n s p o r t e d  t o  t h e  bottom by p r o v i d i n g  i n c r e a s e d  
o p p o r t u n i t y  f o r  s o r p t i o n  of chemical:; o n t o  p a r t i c u l a t e  material. The up take  
of trace m a t e r i a l s ,  such  as phosphorus o r  heavy m e t a l s ,  could  be j u s t  as impor t an t  
env i ronmen ta l ly  as t h e  release of contaminants  from t h e  s h o r e l i n e  materials.  

L e e  and Plumb (19?4) and L e e  -- e t  a l .  (1975) have d i s c u s s e d  t h e  u p t a k e / r e -  
lease of contaminants  a s s o c i a t e d  w i t h  t h e  d i s p o s a l  of dredged material. I n  
many ways t h e  e f f e c t s  of  d i s p o s i n g  dredged material  i n t o  t h e  Great Lakes are 
s imi la r  t o  t h e  e f f e c t s  of s h o r e l i n e  e r o s i o n  on t h e  water q u a l i t y .  Although some 
dredged m a t e r i a l  may b e  p o t e n t i a l l y  inore harmful than  s h o r e l i n e  material ,  t h e  
mechanisms which c o n t r o l  t h e  envi ronmenta l  consequence of add ing  d redge  s p o i l  
t o  a l a k e  are e s s e n t i a l l y  t h e  same a s  t h o s e  o p e r a t i n g  on s h o r e l i n e  material  eroded 
i n t o  a l a k e .  Consequently,  l i t e r a t u r e  from t h e  dredged material d i s p o s a l  f i e l d  
is  useFul  i n  g a i n i n g  an under s t and ing  of s h o r e l i n e  e r o s i o n  e f f e c t s  on water 
q u a l i t y .  
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The rnovement of contaminants  i n t o  o r  o u t  of s o l l u t i o n  i s  n o t  
e a s y  t o  p r e d i c t  and i s  a complex f u n c t i o n  of p h y s i c a l ,  chemica l ,  and b i o l o g i c a l  
i n t e r a c t i o n s .  F a c t o r s  a f f e c t i n g  t h e  uptake  o r  release of materials from p a r t -  
i c u l a t e  mater ia ls  such as pH, Eh and composi t ion  of t h e  p a r t i c u l a t e  material ,  
have been reviewed by Lee ( 1 9 7 0 ) .  Perhaps  t h e  most impor t an t  f a c t o r  i n  d e t e r -  
mining t h e  impor tance  of p a r t i c u l a t e  m a t e r i a l  as  a s i n k  o r  a s o u r c e  of po l lu -  
t a n t s  i s  t h e  amount of d i l u t i o n  a v a i l a b l e .  I n  g e n e r a l ,  t h i s  d i l u t i o n  would b e  
h i g h  f o r  p a r t i c u l a t e s  added by Grea t  Lakes s h o r e l i n e s ,  p a r t i c u l a r l y  s i n c e  t h o s e  
s h o r e s  t h a t  e rode  r a p i d l y  are l i k e l y  t o  have a n  open exposure  t o  t h e  main body 
of t h e  l a k e .  T h i s  would i n d i c a t e  t h a t  even i f  t h e r e  were a s i g n i f i c a n t  release 
of contaminants  from some of t h e  Great Lakes s h o r e l i n e  material ,  i t s  e f f e c t  on 
t h e  l a k e  would be temFered by t h e  tremendous d i l u t i o n  p o t e n t i a l .  

I n  a d d i t i o n  t o  t h e  r e d o x  p o t e n t i a l  and pH, t h e  physio-chemical s ta te  of 
chemica l s  i n  t h e  eroded s o i l  can  a l s o  a f f e c t  t h e  release of materials. A s  
d i s c u s s e d  p r e v i o u s l y ,  s o i l s  t h a t  c o n t a i n  l a r g e  c o n c e n t r a t i o n s  of hydrous o x i d e s  
w i l l  t end  t o  c o n c e n t r s t z  trace metals,  phosphorus,  and o t h e r  contaminants .  

Although s o r p t i o r / d e s o r p t i o n  r e a c t i o n s  are d i f f i c u l t  t o  p r e d i c t ,  one might 
e x p e c t  t h a t  s o r p t i o n  r e a c t i o n s  may be more impor t an t  i n  Lake E r i e  w h i l e  i n  Lake 
S u p e r i o r  d i s s o l u t i o n  r e a c t i o n s  may be more common s i n c e  s o l u t i o n  chemica l  con- 
c e n t r a t i o n s  i n  Lake E r i e  are g e n e r a l l y  h i g h e r  t nan  t h e  r e l a t i v e l y  p r i s t i n e  Lake 
S u p e r i o r  w d t e r s .  For example, d i s s o l v e d  o r t h o  phosphorus c o n c e n t r a t i o n s  i n  Lake 
E r i e  t end  t o  be 011 t h e  o r d e r  of 20 pg  P / 1 ,  w h i l e  t h o s e  i n  Lake S u p e r i o r  are on 
t h e  o r d e r  of 4 jug P / 1 .  Consequently,  due t o  t h e  d i f f e r e n t  s o l u t i o n  concent ra -  
t i o n s ,  t h e r e  would be a g r e a t e r  tendency € o r  phosphorus t o  be so rbed  i n  Lake 
E r i e  waters compared t o  Lake S u p e r i o r  water:;. However, o t h e r  f a c t o r s  may a f f e c t  
exchange r e a c t i o n s  bet ween d i s s o l v e d  and par t iculate  forms and, as Lee and Plumb 
(L974)  p o i n t  out, con< e n t r a t i o n  g r a d i e n t s  are  o f t e n  n o t  e f f e c t i v e  i n  p r e d i c t i n g  
t r a n s f e r  over the soli d-water i n t e r f a c e .  

Phosphor u s  - 

Cecxraphic  Di s t r ; . bu t ion  - of Total Phospnoms Loadings from Shore Eros ion .  
Phosphorus is perhaps  t h e  most  impor t an t  n u t r i e n t  component of s h o r e l i n e  

e r o s i o n  t o  c o n s i d e r ,  p a r t i c u l a r l y  i n  t e r m s  of t h e  management s t r a t e g i e s  be ing  
developed t o  c o n t r o l  phosphorus i n p u t  t o  t h e  Great Lakes. F i g u r e s  10  through 
14 show t h e  ave rage  i n p u t s  of t o t a l  phosphorus from s h o r e  e r o s i o n  from t h e  
v a r i o u s  U.S. c o u n t i e s  b o r d e r i n g  t h e  Great Lakes. I n  F igu re  1 0 ,  i t  can b e  seen 
t h a t  t h e  t o t a l  phosphcirus l o a d i n g  i:; h i g h  f o r  Douglas, E a y f i e l d ,  Ashland, I r o n ,  and 
Gogcbic cciunties i n  t h e  wes te rn  end of  Lake S u p e r i o r .  Th i s  is p r i m a r i l y  due 
t o  t h e  r e d  c l a y  e r o s i o n  which o c c u r s  i n  t h i s  area. On t h e  c o n t r a r y ,  t h e  rocky 
c o a s t l i n e  a l o n g  t h e  n o r t h  s h o r e  of Lake S u p e r i o r  produces v e r y  l i t t l e  t o t a l  
phosphorus from shore l . ine  e r o s i o n .  
l i n e s  n e a r  t h e  Keewanaw Pen insu la .  The s h o r e s  of Houghton County, Baraga County, 
and M a r q u e t t e  County a l s o  appear  t o  c o n t r i b u t e  l a r g e  amounts of t o t a l  phosphorus. 

Some h igh  l o a d i n g s  a l so  occur  from shore-  

For Lake Michigan (F igu re  11 ) t h e  h i g h e s t  phosphorus l o a d i n g s  are l o c a t e d  
j n  t h e  s o u t h e r n  h a l f  of che l a k e .  Ozaulcee and Milwaukee c o u n t i e s  i n  Wisconsin 
and Lake County i n  I1 . i n o i s  produce t h e  h i g h e s t  t o  t a l  phosphorus l o a d i n g s  from 
s h o r e l i n e  e r o s i o n  011 Lhc wes te rn  s i J e  of  Lake Michigan. On t h e  e a s t e r n  s i d e  of 
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t h e  Lake, Allegnn and Leelanau co i in t i e s  i n  Michigan have t h e  h i g h e s t  l o a d i n g s .  
Lake Huron s h o r e  e r o s i o n  t o t a l  phosphorus l o a d i n g s  ( F i g u r e  1 2  ) are  a l l  low 
e x c e p t  f o r  S a n i l a c  Cointy i n  Michigan, which is  e s t i m a t e d  t o  c o n t r i b u t e ,  on t h e  
a v e r a g e ,  1 5 1  met r ic  tms  of t o t a l  phosphorus from s h o r e  e r o s i o n  each  year. 

For Lake E r i e 7 h i 3 h e s t  t o t a l  phosphorus l o a d i n g s  from s h o r e l i n e  e r o s i o n  occur  
i n  Lake County, Ohio, and Erie County, Pennsylvania ,  as shown i n  F i g u r e  13  . 
Loading rates would b 3  s i g n i f i c a n t l y  h i g h e r  on t h e  Canadian p o r t i o n  of Lake 
E r i e ,  p r i m a r i l y  because of h i g h  unconsol. idated b l u f f s  a l o n g  t h e  Canadian shore-  
l i n e .  

Lake O n t a r i o  t o t 2 1  phosphorus l o a d i n g s  from s h o r e l i n e  e r o s i o n  are g iven  i n  
F i g u r e  14 . N o  county s h o r e l i n e  produced t o t a l  phosphorus l o a d i n g s  i n  excess  
of: 150 metric t o n s  p e r  yea r .  The h i g h e s t  l o a d i n g s  were found f o r  J e f f e r s o n  
County. It  should  b e  emphasized a g a i n  h e r e  t h a t  t h e  r e c e s s i o n  i n f o r m a t i o n  f o r  
t h e  Lake O n t a r i o  s h o r s l i n e  was ext remely  l i m i t e d .  Consequent ly ,  t h e  e r o s i o n  
volumes and chemica l  Loadings should be cons idered  as ex t remely  rough estimates. 

Of a l l  t h e  U.S. l o u n t i e s  b o r d e r i n g  t h e  Great Lakes,  I r o n  County, Wiscon- 
s i n ,  which b o r d e r s  Late S u p e r i o r ,  h a s  t h e  h i g h e s t  t o t a l  phosphorus l o a d i n g  p e r  
k i l o m e t e r  of s h v r e l i n - .  Other  c o u n t i e s  which were found t o  c o n t r i b u t e  l a r g e  
amounts of t o t a l  phos lhorus  a n n u a l l y  from s h o r e l i n e  e r o s i o n  a r e  p r e s e n t e d ,  i n  
o r d e r  of  their a n n u a l  c o n t r i b u t i o n  p e r  k i l o m e t e r  of s h o r e l i n e ,  i n  Table  2 4  . 
T h i s  t a b l e  shows t h a t  Douglas County, Wisconsin produccs t h e  second I a r g e s t  
ainount of  t o t a l  phosp iorus .  TabJe 24 also shows t h a t  t h e  c o u n t i e s  prodiiciilg t he  
l a r g e s t  amount of t o t i l  phosphorus p e r  k i l o m e t e r  a re  l o c a t e d  a long  t h e  shores of 
Lalie S u p e r i o r  and I,ak~> Nichigsn.  

TabLc- 25 shows t le total pilosphorus l o a d i n g  p e r  k i l o m e t e r  d f  s h o r 2 l i n e  on 
'+ p l a n n i n g  sub+ren  ba . ; i q .  L n  a d d i t i o n  t o  t o t a l  phosphorus,  t o t a l  l e a d  and t o t a l  
i r o n  arp i n c l u d e d  1.11 - h i s  t a b l e .  These parameters  w i l l  b e  d i s c u s s e d  subsequent ly  
A s  can be seen from t h i s  t a b l e ,  P lanning  Subarea 2 . 2  was found t o  c o n t r i b u t e  
t h e  most t o t a l  phosphorus from s h o r e l i n e  e r o s i o n .  P lanning  Subarea 2 . 2  covers  
t h e  Chicngo-Mi lwaukee complex and i n c l u d e s  p o r t i o n s  of t h e  s ta tes  of  I n d i a n a ,  
I l l i n o i s ,  and Wisconsin.  The p lanning  s u b a r e a  w i t h  t h e  second h i g h e s t  t o t a l  
phosphorus l o a d i n g  from s h o r e l i n e  e r o s i o n  w a s  1.1. T h i s  p lanning  s u b a r e a  en- 
compasses a l a r g e  porz ion  of t h e  western b a s i n  of  Lake S u p e r i o r  and i n c l u d e s  much 
of the r e d  c l a y  e r o s i o n  area. 

Table  25 a l s o  shcws t h e  t o t a l  phosphorus l o a d i n g s  p e r  k i l o m e t e r  of s h o r e l i n e  
on a Lake b a s i s .  Lakc Michigan h a s  t h e  h i g h e s t  i o a d i n g ,  fo l lowed by Lake Superior-,  
Lake Erie,  Lake O n t a r i o ,  and Lake Huron. 

A s  mentioned p r e k i o u s l y  t h e  h i g h  l o a d i n g s  t o  Lake S u p e r i o r  are r e l a t e d  t o  t h e  
r e d  c l a y  found along t h e  southwest  p o r t i o n  of tkle l a k e .  Based on the chemical  
a n a l y s i s  of  s h o r e  p r o f i l e s ,  c l a y  s o i  1s tend t o  have h i g h e r  phosphorus concent ra -  
t i o n s  t h a n  sandy s o i l s .  I n  o t h e r  words,  t h e  more c l a y  c o n t e n t  i n  t h e  s o i l  t h e  
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TABLE 24 

AVERAGE TOTAL E'HOSPHORUS LOAD PER KILOMETER 
OF SHORELLNE (SIGNIFICANT COUNTIES) 

- 
County rat  e ' ( kg / y r  / ltm > Lake 

I r o n ,  Wisc. 

Douglas, Wisc. 

Ozaukee, Wisc. 

Gogebic,  Mich. 

B a y f i e l d ,  Wisc. 

Milwaukee, Wisc. 

Lake, Ill. 

Allegan ,  Plich. 

Bacine,  Wisc. 

Kewaunee, Wisc. 

Barga,  Mich. 

Oceana, h i c h .  

E r i e ,  Penn.  

Lake, Ohio  

3 0 , 8 3 3  

1 6 , 5 5 3  

12,956 

8 , 8 6 3  

8 , 4 4 1  

7 , 5 1 0  

5,702 

5 ,244 

5 , 0 3 8  

4 ,857 

4 , 0 7 4  

3 ,750 

3 ,590 

3,469 

S u p e r i o r  

S u p e r i o r  

Michigan 

Sup e r i o  r 

S u p e r i o r  

Michigan 

M i  c h i  gan 

Michigan 

Michigan 

Michigan 

S u p e r i o r  

Michigan 

E r i e  

E r i e  
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TABLE 2 5  

AVERAGE CHElIICAL LOAD PER K I L O F E T E R  OF U .  S .  S H O E L I N E  ( k g l y r  /km) 
- 

T o t a l  Phosphorus 
P SA Rate  Lake 

T o t a l  Lead 
P SA Rate Lake 

- Total  I r o n  
PSA Rate Ltl:..C 

2.2  

1.1 

2.3 

4.4 

4 . 3  

1 . 2  

5.2 

2.4 

c1 4 . 2  

3.2 

2 . 1  

5.3 

4 . 1  

3 . 1  

4 , 698 
4 ,132 

3 , 1 1 9  

2,301 

2,293 

1 , 6 6 4  

1 , 6 0 0  

1 , 0 4 2  

907 
78 2 

699 

663 

363 

1 9 6  

1 0 2  

M 

S 

M 

E 

E 

S 

0 
M 

E 

0 

H 

M 

0 

E 

H 

2 .2  

1.1 

4.4 

4.3 

2 . 3 

1 . 2  

5 . 2  

2 . 4  

5 . 1  

4.2 

3 . 2  

2 . 1  

5.3  

4 .1  

3 . 1  

3 4 4  
2 34 

1 5 9  

1 5 9  

1 5 3  

127 

1 2 3  

6 0  

59 

56 

5 1  

5 0  

1 6  

8 

4 

M 

S 

E 

E 

M 

S 

0 

M 

0 

E 

H 

M 

0 

E 

H 

1.1 

2.2 

2.3 

4.3 

4 . 4  

1 . 2  

5.2 

4 .2  

2.4 

5 . 1  

3 . 2  

2.1 

5.3 

4 . 1  

3 . 1  

2 9 8 , 7 9 1  

239,039 

171,852 

1 2 8 , 0 0 6  

111 , 869 

7 8 , 0 8 4  

7 '  ,677 

59 ,023 

54,886 

3 5 , 7 8 2  

32,622 

31 , 196 

21,807 

1 3 , 7 4 8  

5 , 4 0 6  

Loading &te  By Lake -- 

2,546 S u p e r i o r  1 1 6 5  Super i o  r 1 157 3 003 Supe.;ic,r 1 

2 1 , 6 7 1  Mich i g an 

4 1 , 2 7 4  Erie 

5 685 On tar i o  

2 108 Michigan 

4 85 Erie 

5 59 Ontar io  

2 8 6 , 5 0 4  Michi ?.in 

4 7 0 , 5 8 5  Erie  

5 34 ,479 O n t a r i  c' 

3 1 3 , 3 7 9  Euroil 3 277 Huron 3 18 Huron 
-__ 

To Convert  f r o n  To Multiply b l  
Y i  1 agrams p e r  year p e r  k i l o n e t e r  (kg/yr /hn)  poiinds per  year per m i l e  ( l b / y r / m i )  3.547 



more phosphorus i s  l i k e l y  t o  be found. T h i s  can b e s t  b e  s e e n  by examining t h e  
Lake S u p e r i o r  and Lake Michigan d a t a  i n  Tables  18 and 20 (g iven  p r e v i o u s l y )  
and Table  26 which s k o w s  t h e  volume of each  s o i l  t e x t u r e  eroded from t h e  f i v e  
Lakes. 
t w i c e  that  of Lake Super ior .  However, s i n c e  75 p e r c e n t  of  t h e  volume eroded 
i n t o  Lake Michigan i s  sand (Table  26 ), compared t o  a n  83 p e r c e n t  loam/clay 
c o n t e n t  (which h a s  a b i g h e r  phosphorus c o n c e n t r a t i o n  t h a n  sand) i n t o  Lake 
S u p e r i o r ,  t h e  t o t a l  p iosphorus  l o a d s  i n  Table  20 fo r  both  o f  t h e s e  Lakes a re  
a b o u t  e q u a l .  

Table  18 i n d i c a t e s  t h a t  t h e  average  e r o s i o n  ra te  f o r  Lake Michigan is  

Comparison of  __- T o t a l  Phosphours Loadings from S h o r e l i n e  Eros ion  With Other  
_II_ Sources.  I n  o r d e r  t o  a p p r a i s e  t h e  r e l a t i v e  importance of t h e  phosphorus l o a d i n g s  
from s h o r e l i n e  e r o s i o n ,  Table  27  was prepared  which compares t h e  average ,  maximum 
and minimum l o a d i n g s  Srom s h o r e l i n e  e r o s i o n  w i t h  o t h e r  p o l l u t i o n  s o u r c e s .  Data 
i s  p r e s e n t e d  f o r  t h e  i ro t a l  Great Lakes,  as w e l l  as on a n  i n d i v i d u a l  Lake b a s i s .  

A s  Table  27  show:;, t h e  average  t o t a l  phosphorus i n p u t  from s h o r e l i n e  e r o s i o n  
i s  s i m i l a r  and i n  some cases g r e a t e r  t h a n  t h e  l o a d i n g  d e r i v e d  from t r i b u t a r i e s .  
T r i b u t a r y  i n p u t  i n c l u d e s  both  t h e  non-point s o u r c e  i n p u t  as w e l l  as t h e  p o i n t  
s o u r c e  i n p u t .  For t h -  t o t a l  Great Lakes t h e  s h o r e  e r o s i o n  l o a d i n g  i s  about  t h e  
same as t h e  i n p u t  froin t r i b u t a r i e s .  I n  Lake S u p e r i o r  s h o r e  e r o s i o n  c o n t r i b u t e s  
s e v e r a l  t ines  more t o t a l  phosphorus than  t h e  t r i b u t a r i e s .  Lake Michigan h a s  a 
t r i b u t a r y  i n p u t  of abSu t  t h e  same o r d e r  of magnitude as t h e  t o t a l  phosphorus i n p u t  
from s h o r e  e r o s i o n .  Both Lake Huron and Lake O n t a r i o  have h i g h e r  t o t a l  phosphorus 
l o a d i n g s  from the t r i J u t n r i e s  than  from s h o r e  e r o s i o n .  Lake Erie l o a d i n g  from 
t h e  U.S. p o r t i o n  of  t h c l  s h o r e l i n e  i s  also less t h a n  t h e  t r i b u t a r y  i n p u t .  Nonethe- 
less, i n  a l l  cases, t h e  s h o r e l i n e  e r o s i o n  i n p u t  is s i g n i f i c a n t .  When maximum 
s h o r e l i n e  t o t a l  p h o s p h o r u s  i n p u t s  a r e  c o n s i d e r e d ,  which nay be c l o s e r  t o  t h e  
a c t u a l  case c u r r e n t l y ,  t h e  loadings  a r e  even more s i g n i f i c a n t .  

S h o r e l i n e  e r o s i o n  i s  more s i g n i f i c a n t  than  a tmospher ic  i n p u t s  i n  terms of 
t o t a l  phosphorus f o r  a l l  l akes  except  Huron and Ontar io .  Compared to  d i rec t  
munic ipa l  i n p u t s  s h o r e l i n e  e r o s i o n  i n p u t s  are h i g h e r  e x c e p t  f o r  Lakes Erie and 
Ontario. Direc t  industrial i n p u t s  are much less than t h e  t o t a l  phosphorus l o a d i n g s  
from s h o r e l i n e  e r o s i o n  f o r  all t h e  Lakes. 

O v e r a l l ,  i t  appears  t h a t  s h o r e l i n e  e r o s i o n  can c o n t r i b u t e  on t h e  o r d e r  of 
25  p e r c e n t  of t h e  t o t a l  phosphorus l o a d i n g s  from a l l  s o u r c e s  t o  t h e  Great Lakes.  
T h i s  i s  about  t h e  sarre percentage  o f  t h e  t o t a l  l o a d  a s  c o n t r i b u t e d  by t r i b u t a r y  
l o a d i n g s  ( i n c l u d i n g  r u r a l  and urban r u n o f f ,  as w e l l  as p o i n t  s o u r c e  d i s c h a r g e s  
i n t o  t r i b u t a r i e s ) .  These l a r g e  l o a d i n g s  are unimportant  t o  t h e  l a k e ,  however, 
u n l e s s  a s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  phosphorus i s  a v a i l a b l e  f o r  u p t a k e  by 
t h e  b i o t a .  

A v a i l a b i l i t y  of Phosphorus Derived from S h o r e l i n e  Eros  ion. The impact of t h e  
----_____I____^__-_______ 

t o t a l  phosphorus c o n t r i b u t i o n  from shore1  i n c  e r o s i o n  i s  of c o u r s e  dependent on 
t h e  f r a c t i o n  of t h e  t o t a l  phosphorus t h a t  is  a v a i l a b l c  f o r  up take  by b i o t a .  AS 
w a s  d i s c u s s e d  i n  c o n s i d e r a b l e  d e t a i l  i n  a p r e v i o u s  s e c t i o n ,  e x t r a c t a b l e  phos- 
phorus (0 .0s  N H C 1  e > t r a c t l o n )  l o a d i n g s  were a l s o  c a l c u l a t c d  ( S e e  Table 2 0 )  - The 
a v e r a g e  e x t r a c t a b l e  phosphorus loat l ings are about  4 5  p e r c e n t  of t h e  a v e r a g e  t0ta.L 
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' TABLE 27 

a T r i b u t a r i e s ,  U.S. 

U.S. Canadae 
u. s. 

- A - tmncnheye  - -- - - 

a D i r e c t  Municipal U. S. 

e u. s. 
U.S. & Canada 

a D i r e c t  Indus t ry  U. S. 
G.S. & Cazadae 

Shore Erosion U.S. 

TOTAL PBOSPI 

1 0 , 8 6 8  - 
- 

4 , 9 6 5  

8 , 802 - - 
2 53 - 

Avg . 9 , 3 4 9  

Min . 3,938 

Max. 1 5 , 9 3 3  

3RUS LOADING DATA (Met r i c  t ons / :  e a r )  

To t a l  Lake Lake Lake Lake Lake 
Source Grea t  Lakes Supe r io r  Michigan Huron Erie Ontar  i o  
- 

6 4 7  

2 , 8 3 2  
- 

7 9 g e  

3 4  

13 2 

0 
99 

3 , 7 8 1  

6 , 0 8 7  

I, 569 

- 

4 , 2 3 1  
- - 

1, ooof 
1 , 0 6 7  - 

- 

6 1  - 
3 , 7 1 1  

6 ,369 

1 , 6 9 2  

1 , 247 

4,417 
- 

620e 

20 

1 9 0  

62  
8 1  

295 

600 

11 4 

- 

3 , 625b 
1 2 , 4 8 2  

- 

goob 

6 , 5 7 4  - - 
54 - 

1 , 0 2 4  

1 , 8 9 2  

37 6 

1,118 
2,077C'd - 
1 , 646' 

1 , 107 
607' - 

7 6  - 

538 

9 85 

1 8  7 

To Convert From 
Metr ic  Tons 

To 
Eng l i sh  Shor t  Tons 

Mul t ip ly  by 
1.102 

a IJC Surve i l lance  Sub-Corni t tee  ( 1 9 7 5 )  does  n o t  i n c l u d e  l o a d s  from upstream Lakes ( i . e . ,  St. Marys River  o r  

U.S. Army Corps ( 1 9 7 5 )  Does no t  i n c l u d e  D e t r o i t  River  

Casey and Salbach ( 1 9 7 4 )  

D o e s  n o t  i nc lude  Niagara River  (7 ,607 m e t r i c  t o n s / y e a r )  o r  S t .  Lawrence River  ( 7 , 8 6 9  metric t o n s / y e a r )  

IJC, ULRG ( 1 9 7 6 )  does n o t  i n c l u d e  S t .  Marys River  Load 

Murphy and Doskey ( 1 9 7 5 )  

D e t r o i t  River, o r  Niagara River )  

C 

d 

e 



phosphorus l o a d i n g s  f o r  the e n t i r e  U.S. s h o r e l i n e  of t h e  Great Lakes. There i s  
some v a r i a t i o n  € o r  i n d i v i d u a l  l a k e  c o a s t l i n e s .  1,ake S u p e r i o r  samples  have 
e x t r a c t a b l e  phosphorus c o n c e n t r a t i o n s  e q u a l  t o  about  53  p e r c e n t  of t h e  t o t a l  
phosphorus w h i l e  e x t r a c t a b l e  phosphorus i n  Lake Huron samples equal about  35 
p e r c e n t  of  t h e  t o t a l .  phosphorus.  T h i s  i n d i c a t e s  t h a t  a s i g n i f i c a n t  f r a c t i o n  of 
t h e  t o t a l  phosphorus could be  e x t r a c t e d  w i t h  0.05 N HC1. The i n t e r p r e t a t i o n  o f  
t h e  a c i d  e x t r a c t a b l e  d a t a  w a s  d e a l t  w i t h  p r e v i o u s l y ,  b u t  i n  g e n e r a l  t h e  extrac- 
t i o n  probably  measures  an upper limit of the f r a c t i o n  of t h e  t o t a l  phosphorus 
t h a t  i s  l i k e l y  t o  b e  a v a i l a b l e  f o r  b i o l o g i c a l  up take .  

A number of f a c t o r s  i n f l u e n c e  t h e  a v a i l a b i l i t y  of t h e  phosphorus whether  
i t  b e  s h o r t  t e r m  a v a i l a b i l i t y  o r  l o n g  t e r m  a v a i l a b i l i t y .  I n  many cases p a r t i -  
c u l a t e  material  may not release phosphorus immediately upon e n t e r l n g  t h e  l a k e  
water, b u t  phosphorus could  be  re1ea:;ed a t  a l a te r  t i m e  under cont inuous  l e a c h -  
i n g  p r e s s u r e  o r  perhaps  as a r e s u l t  o f  a change i n  envi ronmenta l  c o n d i t i o n s .  
For example, i f  phosphorus i s  r e l e a s e d  a t  a v e r y  slow r a t e  so t h a t  i s  d i € f i c u l t  - 
t o  measure o v e r  a shor t  p e r i o d  of  time, one might conclude t h a t  p a r t i c u l a t e  
m a t e r i a l  does  n o t  c o n t a i n  s i g n i f i c a n t  a v a i l a b l e  phosphorus. However, i f  one 
measures t h i s  release o v e r  long  p e r i o d s  of time, a s i g n i f i c a n t  t o t a l  release 
could  o c c u r  which may have an e f f e c t  on water q u a l i t y .  S i m i l a r l y ,  p a r t i c u l a t e  
mater ia l  exposed t o  o x j c  l a k e  water c o n d i t i o n s  may n o t  release much phos- 
phorus.  I f  t h e  p a r t i c u l a t e  material  i s  s u b s e q u e n t l y  exposed t o  a d i f f e r e n t  
envi ronmenta l  c o n d i t i o n  such  a s  a change i n  s o l u t i o n  pII, a d i f f e r e n t  Eh, o r  a 
d i f f e r e n t  s o l u t i o n  phosphorus c o n c e n t r a t i o n ,  S O i n e  phosphorus re lease could  
occur .  A s  a n  example, i f  p a r t i c u i a t e  m a t e r i a l  eroded from t h e  w e s t e r n  s h o r e  of 
Lake E r i e  was t r a n s p o r t e d  t o  t h e  c e n t r a l  b a s i n  where anoxic  c o n d i t i o n s  u s u 3 l l y  
occur  each simmer, rclttase of phosphorus could o c c u r  a t  t11j.t time. I f  i n  o t h e r  
Great Lakzs,  l o c a l i z e d  anoxic  c o n d i t i o n s  o c c u r ,  pllosphorus re lease c o u l d  occur  
i n  s u b s t a n t i a l  amomts .  T h i s  would be p a r t i c u l a r l y  t r u e  i f  t h e  phosphorus were 
a s s o c i a t e d  w i t h  par t iLi i la te  material  i n  connec t i  un w i t h  t h e  hydrous metal o x i d e s .  

I t  i s  a l s o  p o s s i b l e  f o r  t h e  w a t t e r  column t o  be  o x i c  w h i l e  a n o x i c  c o n d i t i o n s  
e x i s t  a t  t h e  sed iment /water  i n t e r f  acft. Under t h e s e  c o n d i t i o n s  even though 
t h e  o v e r l y i n g  water i s  o x i c ,  release couid  t a k e  p l a c e  a f t e r  t h e  p a r t i c u l a t e  
mater ia l  from s h o r e l i n e  e r o s i o n  h a s  s e t t l e d  onto  t h e  bottom (Sonzogni _ -  e t  al., 
1976) .  Some release of phosphorus from p a r t i c u l a t e  material could a l s o  occur  
a t  t h e  sediment  under  c x i c  c o n d i t i o n s .  This  could  o c c u r  as a r e s u l t  of  micro- 
b r i a l  a c t i o n  on t h e  s o i l  p a r t i c l e s .  S o i l s  r i c h  i n  o r g a n i c  matter would b e  
p a r t i c u l a r l y  i m p o r t a n t  i n  such i n s t a n c e s .  The importance of release of phos- 
phorus from l a k e  sed iments  under  ox ic  c o n d i t i o n s  h a s  been d i s c u s s e d  by Lee e t  a l . ,  
1 9 7 6 ) .  

Another impor tan t  e f f e c t  on t h e  p o t e n t i a l  release of phosphorus from s o l i d s  
i s  t h e  d e g r e e  of  mixinf ,  of t h e  s o i i d s .  L e e  - e t  a l .  (1975) i n  t h e i r  review of 
mechanisms by which phcsphorus can be r e l e a s e d  from d i s p o s a l  of dredged mater ia l ,  
has  d i s c u s s e d  t h e  importance of mixirig on t h i s  release from p a r t i c u l a t e  m a t e r i a l .  
I t  would a p p e a r  t h a t  mixing i s  more impor tan t  t h a n  molecular  d i f f u s i o n  i n  t h e  
t r a n s p o r t  of phosphorus a c r o s s  a s o l i d  water i n t e r f a c e .  I n  g e n e r a l ,  l a b o r a t o r y  
exper iments  show t h a t  r hosphorus release is increased w h e n  sediment  o r  p a r t  i- 
c u l a t e  samples  a re  a g i t a t e d .  S i n c e  s h o r e l i n e  e r o s i o n  o c c u r s  a lmost  e x c l u s i v e l y  
d u r i n g  p e r i o d s  of h igh  wind and s t o r m  ( i  . e . ,  h i g h  mixing) c o n d i t i o n s ,  newly eroded 

106 



material  i s  l i k e l y  h i g h l y  mixed w i t h  t h e  n e a r s h o r e  waters.  The lengt l i  of time 
t h e  s h o r e l i n e  mater ia l  remains d i s p e r s e d  i n  t h e  water would depend on many 
f a c t o r s  ( such  as t h e  p a r t i c l e  s i z e  and d e n s i t y  of t h e  material ,  o r  t h e  l e n g t h  
of  t h e  s t o r m ) ,  b u t  a t  l e a s t  d u r i n g  t h i s  t i m e  t h e  hydrodynamics would n o t  l i k e l y  
l i m i t  phosphorus release f'rom t h e  material .  

Another p o s s i b l e  fact .or t h a t  h a s  been d i s c u s s e d  as a mechanism c o n t r o l l i n g  
t h e  release of phosphorus from s e t t l e d  s o l i d s  in l a k e s  i s  t h e  c a p a c i t y  of  t h e  
sed iments  t o  b u f f e r  o v e r l j ? i n g  w a t e r  phosphorus c o n c e n t r a t i o n s .  According t o  t h i s  
t h e o r y ,  phosphorus i s  removed from t h e  water column o r  r e l e a s e d  from t h e  s e d i -  
ments u n t i l  a n  "equi l ibr i i im" c o n c e n t r a t i o n  is  reached.  However, i t  i s  d o u b t f u l  
t h a t  sediment  phosphorus c o n c e n t r a t i o n s  have a major  b u f f e r i n g  e f f e c t ,  a t  l eas t  
n 6 t  t o  t h e  e x t e n t  t h a t  i t  c o n t r o l s  phosphorus release o r  u p t a k e .  A s  d i s c u s s e d  
i n  an earlier s e c t i o n ,  sediment  phosphorus c o n c e n t r a t i o n s  do n o t  s e e m  t o  c o n t r o l  
movement o f  phosphorus a c r o s s  t h e  sediment-water i n t e r f a c e .  Sonzogni -- e t  a l .  
(1576) have p r e s e n t e d  ev idence  which i n d i c a t e s  t h a t  sed iments  d i d  n o t  ac t  as 
phosphorus b u f f e r s  i n  t h e  i n l a n d  l a k e s  in  which they  s t u d i e d .  

Bahnick (1975) conducted some l e a c h i n g  s t u d i e s  of r e d  c l a y  s o i l s  from t h e  
w e s t e r n  Lake S u p e r i o r  area.  H e  found t h a t ,  based on a seven  week l e a c h i n g  
s t u d y  ( u s i n g  Lake Superior.  water as t h e  l e a c h a t e ) ,  0.030 + .010 mg of o r t h o -  
phosphate  ( a s  P04) per  g cif c l a y  s o i l  sample and 0.036 + 5 .020  rng of t o t a l  
s o l u b l e  phosphorus p e r  6 cif soil w a s  r e l e a s e d .  
from t h e  samples and w i t h  the  r a t e  o f  r e l e a s e  d e c l i n i n g  t o  n e a r  zero ( w i t h i n  d e t e c t i o ~ l  
limits) w i t h i n  one day.  1 )e ion ized  water r e s t i l t e d  i n  i n c r e a s e d  rc leases .  S i m i l a r l y ,  a 
d e c r e a s e  i n  pH r e s u l t e d  i11 a n  i n c r e a s e  in the amount o f  phosphorus re leased .   em- 
pera tUrP W a s  found t u  ilFiVC 110 s i g n i f i c a n t  e f f e c t  on t h e  r e l e a s e .  111 g e n e r a l  Bahnick found 
a r e l e a s e  of 10 t o  G O  pg I i / g  s o i l  occurcd under  Lake S u p e r i o r  c-o:tdit.ions (0xi.c). 
S u r p - i s  i n g  Ly , h e  d i d  f i n d  ;1 Lower re lease o f  phosphorus under anoxic c o n d i t i o n s  - 
It should  b e  mentiofled t h ~ ! t  t h e  c l a y  s o i l s  used f o r  ?he leachino, s t u d i e s  were 
taken from Great  1,akes .;hcireline Z ~ c ~ ~ t f o n s  as w e l l  as st reambanks composed of 
e r o d i b l e  r e d  c l a y .  

Phosphorus was r e l e a s e d  r a p i d l y  

Bahnick (1975)  a l s o  conducted a number of o t h e r  s t u d i e s  i n  which h e  t r i e d  
t o  estimate t h e  exchange cif phosphorus between water and s o i l  a t  v a r i o u s  s o i l -  
t o - s o l u t i o n  r a t i o s .  H e  ccincluded from t h e s e  s t u d i e s  that a t  the n a t u r a l  solution 
c o n c e n t r a t i o n s  of phosphorus i n  Lake S u p e r i o r ,  o r thophosphate  would b e  r e l e a s e d  
from t h e  s o i l  samples .  Using a v a l u e  f o r  t h e  amount of s h o r e l i n e  s o i l  material 
eroded p e r  y e a r  t o  Lake SL,perior o f  8 x 106 metric t o n s  p e r  y e a r  (somewhat less 
than  t h e  v a l u e  o b t a i n e d  i r i  t h i s  s t u d y ) ,  Bahnick e s t i m a t e d  an a n n u a l  or thophos-  
phorus  ( a s  P )  i n p u t  t o  L a k e  S u p e r i o r  of 80 ( p l u s  o r  minus 25)  metric t o n s  p e r  
y e a r .  
160)  me t r i c  t o n s  p e r  y e a r  from s h o r e l i n e  e r o s i o n .  I m p o r t a n t l y ,  h e  i n d i c a t e d  t h a t  
h i s  e s t i m a t e d  i n p u t  v a l u e  w a s  p robably  a lower  l i m i t  t o  t h e  a c t u a l  i n p u t .  S i n c e  
t h e  e roded  c l a y  mater ia l  will probably  a t t a i n  low s o i l - t o - s o l u t i o n  r a t i o s  due 
t o  d i s p e r s a l  i n  t h e  l a k e  water d u r i n g  t h e  e r o s i o n  p r o c e s s ,  phosphorus r e l e a s e  
would be  encouraged based on h i s  s t u d i e s .  A l s o ,  orLhophosphorus r e l e a s e d  from 
t h e  c l a y  p a r t i c l e s  would be t aken  up q u i c k l y  by organisms i n  t h e  Lake S u p e r i o r  
water. T h i s ,  i n  t u r n ,  w o ~ l d  lower the s o l u t i o n  c o n c e n t r a t i o n  a n d  t h u s  c a u s e  a 
g r e a t e r  release of phosphclrus t o  t h e  water. He a l s o  i n d i c a t e d  t h a t  i t  w a s  
p o s s i b l e  tha t  some organisms may d i r e c t  Ly remove or thophosphorus  upon c o n t a c t  

He e s t i m a t e d  t h e  t c l t a i  s o l u b l e  phosphorus i n p u t  t o  b e  280 ( p l u s  o r  minus 

107 



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

These e f f e c t s  were n o t  accounted f o r  i n  t h e  l a b o r a t o r y  

Given t h e  r e s u l t s  of  Bahnick (1975) and t h e  r e s u l t s  of  t h i s  s t u d y ,  i t  i s  
now p o s s i b l e  t o  f u r t h e r  d e f i n e  t h e  a v a i l a b l e  phosphorus l o a d i n g  from s h o r e l i n e  
e r o s i o n  f o r  Lake S u p e r i o r .  
c o n s i d e r e d  t o  b e  t h e  l o w e r  l i m i t  of or thophosphorus ( a l l  a v a i l a b l e )  l o a d i n g  from 
s h o r e l i n e  e r o s i o n .  A s  d i s c u s s e d  p r e v i o u s l y ,  t h e  e x t r a c t a b l e  phosphorus l o a d i n g  
c a l c u l a t e d  f o r  Lake S u p e r i o r  i n  t h i s  s t u d y  was found t o  be about  2000 metric t o n s  
p e r  y e a r  and t h i s  w a s  thought  (as d iscu8sed  e a r l i e r )  t o  be  an upper  l i m i t  t o  
a v a i l a b l e  phosphorus 13ading.  The a c t u a l  a v a i l a b l e  phosphorus l o a d i n g  t o  Lake 
S u p e r i o r ,  t h e r e f o r e ,  l i k e l y  l i e s  between about  80 and 2000 met r ic  t o n s  per  
y e a r .  T h i s  l o a d i n g  i s  c e r t a i n l y  s i g n i f i c a n t  r e l a t i v e  t o  o t h e r  n u t r i e n t  s o u r c e s  
t o  Lake S u p e r i o r .  For example, t h e  mean annual  react ive phosphorus l o a d i n g  
(as P)  c a l c u l a t e d  f o r  Lake S u p e r i o r  from t r i b u t a r i e s  by t h e  Upper Lakes Reference 
Group (1976) w a s  found to be  6 4 2  metric t o n s  p e r  y e a r .  Although t h e  t o t a l  a v n i l -  
a b l e  phosphorus i s  l ik2Ly t o  be somewhat h l g h e r  t h a n  j u s t  t h e  r e a c t i v e  phosphorus 
( e s s e n t i a l l y  t h e  Saile is or thophosphorus) ,  i t  would appear  t h a t  s h o r e  e r o s i o n  
may b e  c o n t r i b u t i n g  a h u t  t h e  same o r d e r  of rnagriitude of a v a i l a b l e  phosphorus 
a s  i s  d e r i v e d  from t r i 2 i t t a r y  l o a d i n g s .  

Bahnick 's  l o a d i n g  of  80 m e t r i c  tons p e r  y e a r  w a s  

U n f o r t u n a t e l v ,  l e i c h i n g  t y p e  s t u d i e s  on o t h e r  soils f o r  o t h e r  Like shore-  
l i n e s  a r e  n o t  a v n i l a b l s .  However, given  t h e  Lracning r e s u l t s  of E a h n i c k  (1975) 
of approximate ly  80 met r i c  t o n s  p e r  year  and t h e  e x t r a c t a b l e  phosphorus l o a d i n g  
t o  Lake S u p e r i o r  from r h i s  s t u d y  of about  2000 m e t r i c  t o n s  p e r  y e a r ,  i t  can b e  
s e e n  t h a t  t h e  1owt.r l i n i t  i s  s l i g h t l y  over  4 p e r c e n t  of t h e  u p p e r  l i m i t .  Using 
t h i s  r e l a t i o n s h i p  f o r  Lhe o t h e r  lakes ,  t h e  a v a i l a b l e  phosphorus l o a d i n g  f o r  
Lake Nichigan and Lake Huron would r a n g e  from about  60 t o  1500 and 4 t o  100 
m e t r i c  t o n s  per y e a r ,  r e s p e c t i v e l y ,  and t h e  range  f o r  Lake E r i e  and  L o k e  O n t a r i o  
would b e  from about  20 t o  500 and about  8 t o  200 metric t o n s  p e r  y e a r ,  respec-  
t i v e l y .  S i m i l a r l y ,  f o r  t h e  t o t a l  U.S. s h o r e l i n e ,  t h e  a v a i l a b l e  phosphorus 
l o a d i n g  from s h o r e l i n e  e r o s i o n  would range  from about  160  t o  4,000 met r i c  t o n s  
p e r  y e a r .  These r a n g e ;  would, of c o u r s e ,  be  h i g h e r  if t h e  e x t r a c t a b l e  phosphorus 
Loadings f o r  maximum e - o s i o n  w e r e  used.  It  should  b e  r e a l i z e d  t h a t  t h e s e  r a n g e s  
are p r e d i c a t e d  on g r o s s  assumptions and are o n l y  used h e r e  t o  i l l u s t r a t e  t h e  
g e n e r a l  o r d e r  of  magni-ude of  avai lable  phosphorus l o a d i n g  t h a t  i s  p o s s i b l e .  
F u r t h e r ,  most of t h e  s o i l s  on t h e  Great Lakes s h o r e l i n e s  are sandy arid how much 
phosphorus might b e  l e a c h e d  from them is  n o t  known, b u t  i t  is  l i k e l y  t o  be  lower 
than  t h a t  l e a c h e d  from c l a y  s o i l s .  A l s o ,  phosphorus s o l u t i o n  c o n c e n t r a t i o n s  are  
h i g h e r  f o r  t h e  lower G-eat Lakes which may consequent ly  res t r ic t  release of 
phosphorus.  

I n  a n o t h e r  study,I:he U.S. Army Corps of  Engineers  (1975)  has e s t i m a t e d  t h e  
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phosphorus l o a d i n g  from s h o r e l i n e  e r o s i o n  t o  Lake Er i e .  The l o a d i n g s  are based 
on t h e  work o f  Carte.r  (.L975). They i n d i c a t e d  t h a t  a v e r y  l a r g e  amount of t o t a l  
phosphorus w i l l  e n t e r  t h e  l a k e  from s h o r e l i n e  e r o s i o n ,  p a r t i c u l a r l y  from t h e  
Canadian s h o r e l i n e .  However, based on Canadian s t u d i e s  by W i l l i a m s  e t  a l .  (1976) 
and Kemp -- e t  a i .  ( 1 9 7 6 ) ,  i t  w a s  concluded t h a t  phosphorus from s h o r e l i n e  e r o s i o n  
is  main ly  bound as a p p a t i t e .  A p p a t i t e  phosphorus is g e n e r a l l y  n o t  c o n s i d e r e d  t o  
be an a v a i l a b l e  sourcc: of phosphorus t o  b i o t a  and t h u s  w a s  n o t  cons idered  
f u r t h e r  as a n u t r i e n t  s o u r c e  t o  Lake Erie. It  would seem that  even though 
t h e  a v a i l a b l e  phosphorus p o r t i o n  from t h e  eroded m a t e r i a l  is  r e l a t i v e l y  small 
compared t o  t o t a l  phosphorus l o a d i n g ,  t h e  a v a i l a b l e  phosphorus l o a d i n g  s t i l l  
may be  s i g n i f i c a n t  i n  terms of o v e r a l l  l o a d i n g  t o  t h e  l a k e .  Leaching t e s t s  
uding l e a c h i n g  s o l u t i o n s  w i t h  phosphorus c o n c e n t r a t i o n s  s i m i l a r  t o  Lake Erie 
waters may p r o v i d e  i n s i g h t  i n t o  t h e  a v a i l a b i l i t y  of phosphorus a s s o c i a t e d  w i t h  
s h o r e l i n e  material  eroded i n t o  Lake E r i e  and t h e  lower l a k e s  i n  g e n e r a l .  

-- 

Other  N u t r i e n t s  

Other  t h a n  phosphorus,  n i t r o g e n  is  g e n e r a l l y  c o n s i d e r e d  t o  b e  t h e  most 
i m p o r t a n t  n u t r i e n t  a f f e c t i n g  l a k e  p r o d u c t i v i t y .  Although e x t r a c t a b l e  n i t r a t e  
and ammonia were measured on s h o r e l i n e  samples ( s e e  p r e v i o u s  d i s c u s s i o n ) ,  o n l y  
t o t a l  n i t r o g e n  l o a d i n g s  were c a l c u l a t e d .  The n i t r o g e n  l e v e l s  measured r e f l e c t  
t h e  n a t u r a l  v a r i a b i 1 i : y  o t  n i t r o g e n  i n  s o i l s  and as a r e s u l t  t h e  c3lcul: l ted t o t a l  
n i t r o g e n  l o a d i n g s  sholild b e  viewed wi th  c o n s i d e r a b l e  s k e p t i c i s m .  The a c t u a l  
t o t a l  n i t r o g e n  l o a d i n ;  could conce ivably  d i f f e r  from t h e  l o a d i n g  r e p o r t e d  by 
a few o r d e r s  of magnitude. 

Bahnick (1975) o J s e r v e d  l i t t l e  t o t a l  n i t r o g e n  be ing  r e l e a s e d  by r ed  c l a y  
s o i l s  i n  l a b o r a t o r y  12aching tests.  EIe e s t i m a t e d  t h a t  t h e  l e a c h a b l e  t o t a l  
K j e i d a h l  n i t r o g e n  l o a d i n g  Lo L a k e  S u p e r i o r  from shoreline e r o s i o n  w o u l d  be .Less 
t h a n  l b 0 0  metric t o n s  p e r  y e a r .  Ln t h i s  s t u d y ,  i t  w a s  e s t i m a t e d  t h a t  t h e  t o t a l  
K j c l d a h l  n i t r o g e n  1a.iding t o  Lake S u p e r i o r  (based on b u l k  Composition) was about  
6000 metric t o n s  p e r  year. T o t a l  n i t r o g e n  l o a d i n g s  t o  Lake S u p e r i o r  from t h e  
t r i b u t a r i e s  i s  e s t i m a t e d  t o  be about  36,500 metric t o n s  p e r  y e a r  f o r  L a k e  
S u p e r i o r  (IJpper Lakes Reference Group,1476). Atmospheric l o a d i n g  of t o t a l  
n i t r o g e n  w a s  even h i g h e r .  In  b o t h  cases, these values are s i g n i f i c a n t l y  h i g h e r  
than  w a s  e s t i m a t e d  f o r  s h o r e l i n e  e r o s i o n .  

Nitrate and ammonia l o a d i n g s  were n o t  c a l c u l a t e d  i n  t h i s  s t u d y ,  b u t  Bahnick 
(1975) e s t i m a t e d  t h a t  s h o r e l i n e  e r o s i o n  c o n t r i b u t e s  about  400 ( p l u s  o r  minus 4 U O )  
metric t o n s  p e r  y e a r  of l e a c h a b l e  n i t r a t e  n i t r o g e n  t o  Lake S u p e r i o r .  Again, 
i t  should  be emphasized t h a t  t h e s e  d a t a  were based on time dependent l e a c h i n g  
s t u d i e s .  

The release of ammonia from s o l i d s  is  of p a r t i c u l a r  c o n c e r n ,  s i n c e  ammonia 
can be t o x i c  t o  a q u a t i c  l i f e .  This h a s  prompted review of t h e  t o x i c  e f f e c t s  
of  ammonia on a q u a t i c  l i f e  i n  a s s o c i a t i o n  w i t h  dredging  and dredged material 
d i s p o s a l  (Lee _.- e t  a l . ,  1975). Ammciriia Concent ra t ions  wou1.d tend  t o  b e  h i g h  
i n  areas of  h i g h  b i o l o g i c a l  a c t i v i t y  o r  i n  areas of g r o s s  p o l l u t i o n .  However, 
i t  seems u n l i k e l y  t h a t  ammonia c o n c e n t r a t i o n s  i n  s h o r e l i n e  material would have 
any t o x i c  e f f ec t s  i n  the lake. Plumb and Lee (1976)  found l i t t l e  release of  
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ammonia from t a c o n i t e  t a i l i n g s  d isposed  i n  Lake S u p e r i o r .  They concluded t h a t  
t h i s  w a s  t h e  r e s u l t  o f  t h e  f a c t  t h a t  sed iments  were r e l a t i v e l y  i n e r t  and con- 
t a i n e d  few n u t r i e n t s .  While i t  would n o t  seem l i k e i y  t h a t  ammonia would be 
s i g n i f i c a n t  as a t o x i c a n t ,  low leve ls  of ammonia r e l e a s e d  could  have a n  e f f e c t  
as a p l a n t  n u t r i e n t .  

S i l i c a  i s  c o n s i d e r e d  t o  be a n u t r i e n t  e s s e n t i a l  f o r  d ia tom growth and 
i t  may p l a y  a major  r o l e  i n  t h e  b i o l o g i c a l  make up of t h e  Great Lakes. Schelske  
and Stoermer (1971) contend t h a t  s i l i c a  l i m i t a t i o n  f a v o r s  t h e  growth of less 
d e s i r a b l e  a l g a e ,  s u c h  as blue-green a l g a e .  U n f o r t u n a t e l y ,  s i l i c a  w a s  n o t  
measured by EPA i n  t h i s  s t u d y .  Obviously,  t h e r e  i s  a v e r y  l a r g e  t o t a l  s i l i c a  
l o a d  t o  t h e  Great Lakes as a r e s u l t  of  t h e  e r o s i o n  of sandy s h o r e l i n e s .  The 
p e r c e n t  o f  t h e  t o t a l  s i l i ca  t h a t  becomes d i s s o l v e d ,  however, a s  a r e s u l t  of  
s h o r e l i n e  e r o s i o n  i s  n o t  known. Carter (1975)  p r e s e n t e d  d a t a  on t h e  t o t a l  s i l i c a  
l o a d i n g s  t o  Lake E r i e  from s h o r e l i n e  e r o s i o n ,  which w a s  about  25 p e r c e n t  of t h e  
t o t a l  samples  ana lyzed .  No i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  p e r c e n t  of t h e  t o t a l  
s i l i c a  l o a d  which can  b e  u t i l i z e d  by a l g a e  i n  t h e  l a k e ,  however. 

Organic  carbon was measured from s h o r e l i n e  samples b u t  l o a d i n g s  were n o t  
c a l c u l a t e d .  P a r t i c u l a t e  o r g a n i c  carbon c o n t r i b u t e d  t o  t h e  l a k e  from s h o r e l i n e  
e r o s i o n  may e x e r t  a n  cxygen demand a l t h o u g h  t h e  importance of  t h e  oxygen demand 
of eroded s h o r e l i n e  m a t e r i a l  i s  n o t  known. It i s  n o t  l i k e l y  t o  be i m p o r t a n t  
u n l e s s  t h e  eroded m a t e r i a l  se t t les  i n  l a r g e  q u a n t i t i e s  i n  a bay w i t h  r e s t r i c t e d  
c i r c u l a t i o n  o r  i n  some o t h e r  area i n  which mixing r a t e s  w i t h  t h e  atmosphere 
o r  open water are  reduccd. Rased or1 s G m e  p r e i i m i n n r y  U.S. Task D s t u d i e s ,  
t h e r e  does  seem t o  be a s i g n i f i c a n t  amount of eroded s h o r e l i n e  material coming 
from t h e  w e s t e r n  b a s i n  of Lake Erie which a p p a r e n t l y  moves o u t  toward t h e  
c e n t r a l  b a s i n .  T h i s  n a t e r i a l  may be  s e t t l i n g  i n  t h e  c e n t r a l  b a s i n  and e x e r t i n g  
a n  oxygen demand whicl- c o n t r i b u t e s  t:o t h e  a n o x i c  c o n d i t i o n s  t h a t  f r e q u e n t l y  
deve lop  i n  t h e  c e n t r a l  b a s i n .  

Metals and Other  Elemental  Parameter’s 

The p o t e n t i a l  e f f e c t  of v a r i o u s  forms of  metals  on t h e  b i o t a  of  t h e  Great 
Lakes,  as  w e l l  as on ~ e o p l e  who d r i n k  water o r  consume f i s h  from t h e  Great Lakes,  
i s  of c o n s i d e r a b l e  concern.  The i n t . e r n a t i o n a 1  J o i n t  Commission has been t r y i n g  
t o  de te rmine  t h e  p o t e n t i a l  a v a i l a b i l i t y  of  d i f f e r e n t  forms of  metals and s e t  
c r i t e r i a  f o r  t h e s e  metal forms. The p r e s e n t  approach i s  t h a t  u n t i l  more d e t a i i e d  
knowledge i s  a v a i l a b l e  on t h e  tox ic i . t y  of v a r i o u s  forms of heavy metals,  c r i t e r i a  
should  be  set  f o r  t o t a l  heavy m e t a l  c o n c e n t r a t i o n s .  Recent ly ,  t h e  Water Q u a l i t y  
Board h a s  p u b l i s h e d  Proposed New and Revised Water Q u a l i t y  O b j e c t i v e s  (Grea t  
Lakes Water Q u a l i t y  Board, 1976) .  T h i s  r e p o r t  proposed s p e c i f i c  o b j e c t i v e s  f o r  
a r s e n i c ,  cadmium, chromium, l e a d ,  mercury, selenium, and z i n c .  I m p o r t a n t l y ,  
a l l  of t h e s e  o b j e c t i v e s  are based on t o t a l  q u a n t i t i e s  of m e t a l s .  Consequent ly ,  
t h e  s h o r e  e r o s i o n  l o a d i n g s  of  t o t a l  forms of metals,  as w e l l  as t h e  e x t r a c a b l e  
f r a c t i o n ,  need t o  be  c o n s i d e r e d .  Helmke, _ -  e t  a l .  (1976) h a s  reviewed some of  
t h e  p r o c e s s e s  a f f e c t i n g  t h e  a v a i l a b j l i t y  of trace m e t a l s .  They c i t e  t h r e e  d i f -  
f e r e n t  phases  i n  which t h e  components o f  t h e  t o t a l  amount of an e l e m t a t  i n  t h e  
sediment  may b e  found. 
phase ,  and a w a t e r  phase.  These phases  are tliought t o  be  i n  a s t e a d y  s t a t e  condi-  
t i o n  w i t h  each  o t h e r .  

Thcse i n c l u d e  a non-exchangable phase ,  a n  exchangable  

Reac t ions  be t  ween t h e  exchangable  and non-exchangable 
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phases  are thought  t o  be q u i t e  slow (on t h e  o r d e r  of y e a r s )  wh i l e  r e a c t i o n s  be- 
tween t h e  exchangable  and s o l u b l e  phases  are r a p i d  (on t h e  o r d e r  of hour s  o r  
days ) .  
i n  t h e  water column under normal c o n d i t i o n s .  S ince  t h e  r e l a t i v e  p r o p o r t i o n  of 
a m e t a l  w i t h i n  t h e s e  phases  i s  dependent on a number of  f a c t o r s ,  n o t  t h e  least  
of which is  t h e  method of measurement, i t  is  d i f f i c u l t  t o  de t e rmine  t h e  a v a i l -  
a b l e  f r a c t i o n .  It i s  f o r  t h i s  r eason  t h a t  t o t a i  measurements are o f t e n  cons id-  
e r e d ,  as i s  t h e  case f o r  t h e  new proposed w a t e r  q u a l i t y  s t a n d a r d s , f o r  c e r t a i n  
metals r a t h e r  t h a n  i n  a v a i l a b l e  form. 

Material i n  t h e  f i x e d  phase i s  thought  t o  b e  u n a v a i l a b l e  t o  organisms 

The d i f f i c u l t y  i n  t r y i n g  t o  i n t e r p r e t  t h e  e f f e c t  of metals on t h e  envi ron-  
ment i s  f u r t h e r  exernpl-ified by t h e  s t u d i e s  of Lopez ( 1 9 7 3 ) .  
m e t a l s  c o n t e n t  o f  bot tom sediments  and o v e r l y i n g  water i n  Torch Lake, Located on 
t h e  c o p p e r r i c h  Keewanaw P e n i n s u l a  O E  Michigan near Lake S u p e r i o r .  T h i s  l a k e  
h a s  r e c e i v e d  l a r g e  amounts of copper mine t a i l i n g s  and h i g h  l e v e l s  o f  copper 
are found i n  Torch Lake waters. Th i s  copper a p p a r e n t l y  ex i s t s  i n  a r e l a t i v e l y  
non- toxic  form s i n c e  t h e r e  a r e , a c c o r d i n g  t o  Lopez (1973),  s u b s t a n t i a l  amounts - 
of phytoplankton  and f i s h  i n  t h e  l a k e .  This  o c c u r s  d e s p i t e  t h e  f a c t  t h a t  t h e  
c o n c e n t r a t i o n s  of copper  ( i n  t h e  range  of 25-100 micrograms p e r  l i t e r )  are  
known t o  c a u s e  d e l e t e r i o u s  e f f e c t s  on a q u a t i c  l i f e .  Pe rhaps  t h e  copper i s  
complexed w i t h  o r g a n i c s  and t h u s  i s  n o t  a v a i l a b l e  f o r  b i o l o g i c a l  up take .  T h i s  
example p o i n t s  t o  t h e  f a c t  t h a t  d e s p i t e  h igh  metal c o n c e n t r a t i o n s  t h e  p o t e n t i a l  
e f f e c t  on t h e  l a k e  i s  n o t  always obvious.  Other examples may be found i n  L e e  
and Plum (1974) .  

H e  s t u d i e d  t h e  

Helmke e t  -- - al. (19;76) i n  t h e i r  s t u d y  of t h e  e f f e c t s  of dredged  material d i s p o s a l  
i n  L a k e  Superior determined  t h a t  c o n c e n t r a t i o n s  of 160 t o  750 p.irts per m i l l i o n  
(ppm) z i n c ,  65 t o  88 rlpm copper ,  and 0 .0  t o  0.4 ppm mercury would n o t  a f f e c t  
concent ra t i : ,ns  of t h e s e  e lements  i n  organisms (in a cornpanLon stludy Magnuson et 
a l .  (1976)  have repo; t cd  i n  d e t a i l  on t h e  environmencai eft 'ects -of meta l  contam- 
i n a t i o n  f r o m  dredged d i s p o s a l  inLakc: S u p e r i o r ) .  Exczpt f o r  one i s o l a t e d  i n s t a n c e ,  
a l l  z i n c  c o n c e n t r a t i o r s  measured on t h e  s h o r e l i n e  samples were below t h e  160 t o  
250 pprn range .  S i m i l c r l y ,  copper  c o n c e n t r a t i o n s  i n  t h e  s h o r e l i n e  p r o f i l e s  w e r e  
beiow t h i s  range  and ~ 1 1  mercury measurements were below d e t e c t i o n  l i m i t s .  Thus, 
based on t h e  above s t i d y ,  i t  would appear  t h a t  n e i t h e r  t h e  z i n c ,  copper o r  mercury 
c o n c e n t r a t i o n s  i n  e roced  s h o r e l i n e  material a f f e c t s  c o n c e n t r a t i o n s  of t h e s e  
e lements  i n  organisms. 

- 

Cogley (1974) has c a l c u l a t e d  l o a d i n g s  of l e a d  t o  Lake Michigan from the 
Chicago area. O f  t h e  d i f f e r e n t  s o u r c e s  he cons ide red ,  he  found t h a t  most of  t h e  
load  t o  s o u t h e r n  Lake Michigan w a s  d e r i v e d  from a tmospher ic  t r a n s p o r t  of automo- 
t i v e  l e a d  a e r o s o l s .  F r e c i p i t a t i o n  washout from t h e  atmosphere w a s  t h e  most 
impor t an t  mechanism f o r  l e a d  i n p u t  t:o Lake Michigan. However, he d i d  n o t  con- 
s i d e r  s h o r e l i n e  e r o s i o n  as a l e a d  source .  H e  e s t i m a t e d  t h a t  about  1,630 metric 
t o n s  p e r  y e a r  of l e a d  w a s  c o n t r i b u t e d  t o  t h e  s o u t h e r n  b a s i n ,  mainly from atmos- 
p h e r i c  p r e c i p i t a t i o n  washout. I n  t h i s  s t u d y  i t  w a s  e s t i m a t e d  t h a t  f o r  a l l  of 
Lake Michigan approximate ly  240 metric t o n s  pe r  y e a r  of t o t a l  l e a d  i s  c o n t r i -  
buted by s h o r e  e r o s i o n .  

Bahnick (1975) e s t i m a t e d  t h e  i n p u t  of v a r i o u s  metals and o t h e r  e l emen t s  
from shoreline e o r s i o n  based on his leaching s t u d i e s  of red c l 3 y  s o i l s .  Table  28 
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shows t h e  metal l o a d i n g s  from s h o r e l i n e  e r o s i o n  e s t i m a t e d  f o r  Lake S u p e r i o r  by 
Bnhnick (197.5) w i t h  t h e  estimates o b t a i n e d  from t h i s  s tudy .  Bahnick (1975) 
found t h a t  whether  a metal i s  r e l e a s e d  o r ,  i n  some c a s e s ,  i s  t aken  up by c l a y  
s o i l s  i s  a f u n c t i o n  of t h e  c o n c e n t r a t i o n  of t h e  m e t a l  i n  t h e  aqueous s y s t e m .  
H e  found t h a t  copper h a s  l i t t l e  tendency t o  be r e l e a s e d  from c l a y .  Clay 
p a r t i c l e s  c a n  remove copper from s o l u t i o n  when water c o n t a i n s  h i g h  copper con- 
c e n t r a t i o n s .  For exarrple, h e  found t h a t  s o i l  s amples  suspended i n  Lake 
S u p e r i o r  waters a t  a c o n c e n t r a t i o n  of  10 p a r t s  p e r  b i l l i o n  (ppb) copper would 
r e s u l t  i n  t h e  removal of 350 grams of copper p e r  t o n  of t h e  c l a y .  T h i s  i n f o r -  
mation is  i m p o r t a n t  from t h e  s t a n d p o i n t  t h a t  t h e r e  i s  a s i g n i f i c a n t  amount of 
cgpper t a i l i n g s  and ccppe r - r i ch  sedi-ment t h a t  f i n d s  i t s  way i n t o  Lake Supe r io r .  

TABLE 28 SHORELINE EILOSLON LOADINGS TO LAKE SUPERIOR BASED ON THE LEACHING 
STUDIES OF BAHNICK ANI) RESULTS OF THlS  STUDY 

Copper 
Manganese 
Ca dmium 
Zinc 
Lead 
Ct ir omium 
Aluminum 
i r c t r i  
Mer c u r y 

m e t r i c  t o n s l y e a r  
Bahnick (1975) T h i s  Study 

Leachable1  T o t a l  E x t r a c t a b l e  

+ 3.0 - 1 

0.008 

1 

76 2 S O  1 1 4 , 2 7 5  
6 4  2 10 218 , 43 7 2,068 
0.08 

56 4 , 3 2 6  8 76 

a 
a 

1.. Lake S u p e r i o r  Water used as. l e a c h a t e  

Table  28 shows t h a t  t h e  manganese l o a d i n g  t o  Lake S u p e r i o r  from s h o r e l i n e  
e r o s i o n  as c a l c u l a t e d  by Bannick (1975) w a s  c o n s i d e r a b l y  smaller than  t h e  l o a d i n g  
e s t i m a r e d  i n  t h i s  s t u d y  It should  be r e a l i z e d  t h a t  t h e  e x t r a c t a b l e  l o a d i n g  
f o r  manganese p robab ly  r e p r e s e n t s  an upper l i m i t  - t o  t h e  amount t h a t  can be re- 
l e a s e d  w h i l e  Bahnick':: d a t a  i s  probably  a lower l i m i t .  Bahnick ' s  d a t a  w a s  based  
on a shor t - t e rm leachi -ng  s tudy .  The release of manganese t o  Lake S u p e r i o r  
water i s  p a r t i c u l a r l y  impor t an t  s i n c e  Shap i ro  ( p e r s o n a l  communication, 1976) h a s  
i n d i c a t e d  t h a t  manganese may be n l l m i t i n g  t r a c e  n u t r i e n t  f o r  Lake Supe r io r  a l g a e , .  

Table  29  i s  a comparison of estimates of several e l e m e n t a l  l o a d i n g s  from 
s h o r e l i n e  e r o s i o n  t o  Lakc S u p e r i o r  iynd Lake Huron w i t h  t r i b u t a r y  l o a d i n g  esti-  
mates made by t h e  Upper Lakes Reference  Group (1976). Elements compared in-  
c l u d e  ca l c ium,  i r o n ,  :.ead,magnesium, and manganese. T r i b u t a r y  l o a d i n g s  are 
g e n e r a l l y  g r e a t e r  than  s h o r e l i n e  e r o s i o n  l o a d i n g s  excep t  f o r  i r o n  and manganese. 
Tota l  i r o n  l o a d i n g s  f o r  Lake Supe r io r  are c o n s i d e r a b l y  h i g h e r  t h a n  t r i b u t a r y  
l o a d i n g s .  However, Litke Huron s h o r e  e r o s i o n  l o a d i n g s  of i r o n  a r e  less than  t h o s e  
dtJr ivcd from t r ibutar . -es .  I n  a l l  cases, extractable l o a d i n g s  (when reported) 
a r e  c o n s i d e r a b l y  l ess  t h a n  t h e  t o t a l  l o a d i n g s  f o r  t h e  t r i b u t a r i e s .  It should  
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TABLE 29 

COMPARISON OF SHORELINE E R 3 S I O N  LOADINGS AND TRIBUTARY 

LOADINGS INTO L U E  SUPERIOR AND LAKE HURON 
( m e t r i  . .ons /year )  

Calcium 

Lead 

Yagn e s i u n  

Man g ane  s e 
i--1 
P 
w 

T c t - l  - 
T r i b u t a r y  - 

S u p e r i o r  -- Huror (Main Body) 

1 , 190,000 1 , c  9c ,000 

1,110 260 

351,000 : 4 3 , 0 0 0  

2 ,416 4 7 1  

V . S .  
S h o r e l i n e  E r o s i o n  

S u p e r i o r  
T o t a l  E x t r a c t  ab l e  

256 , 000 

233,000 2 , 2 0 0  

240 

149,000 4 0 , 0 0 0  

4 , 500 900 

Huron (Main Boti;lj 
T o t a l  Ex t r a c  t 3 b l e  

22 , 000 

14,390 160 

1 2  0 

11,000 4 , 000 

3 30 73 

-- 

1. Based on Upper Lakes Reference  Group Study (1976); i n c l u d e s  bo th  U.S. and  
Canadian t o t a l  t r i b u t a r y  i n p u t s  ( i n c l u d i n g  p o i n t  i n p u t s  t o  t h e  
t r i b u t a r i e s )  



be  r e a l i z e d  t h a t  t h e  1- r ibu tary  J.oaclingF; as well as s h o r e  e r o s i o n  l o a d i n g s  a r e  
n o t  t o t a l l y  a v a i l a b l e  b i o l o g i c a l l y .  For example, a l a r g e  p a r t  of t h e  i r o n  and 
manganese c a r r i e d  i n t o  t h e  l a k e  through t h e  t r i b u t a r i e s  i s  probably  a s s o c i a t e d  
w i t h  p a r t i c u l a t e  mater ia l .  

Loadings of o t h e r  t r a c e  t o x i c  metals from s h o r e l i n e  e r o s i o n  would l i k e l y  
b e  q u i t e  low based  on t h e  d a t a  on hand. 
p robab ly  be found i n  areas of t h e  s h o r e l i n e  h igh  i n  c l a y  c o n t e n t ,  such  as  t h e  
r e d  c l a y  area o f  Lake S u p e r i o r .  

Gene ra l ly ,  h i g h e s t  l o a d i n g s  would 

Atmospheric 1oad::ngs g e n e r a l l y  c o n t r i b u t e  less chemica ls  ( t o t a l  forms) 
t o  t h e  Great Lakes t h a n  s h o r e l i n e  e r o s i o n .  Excep t ions  t o  t h i s  are some t r a c e  
metals which may b e  p r i m a r i l y  t r a n s p o r t e d  t o  t h e  l a k e  via  t h e  atmosphere.  
Lead is a n  example of such  a trace element and h a s  been p r e v i o u s l y  d i s c u s s e d .  
I t  is i m p o r t a n t  t o  n o t e  t h a t  a tmosphe r i c  l o a d i n g s  are sp read  ove r  t h e  whole 
s u r f a c e  of  t h e  l a k e ,  w h i l e  s h o r e l i n e  e r o s i o n  l o a d i n g s  are conf ined  t o  t h e  
n e a r s h o r e  o r  c o a s t a l  :!one areas. Thus, t h e r e  is  a somewhat g r e a t e r  tendency 
f o r  d i l u t i o n  of a tmosphe r i c  i n p u t s  compared t o  s h o r e l i n e  e r o s i o n  i n p u t s .  
None the le s s ,  t h e  d i l u t i o n  p o t e n t i a l  w i t h i n  t h e  Great Lakes is  s t i l l  ex t remely  
g r e a t  f o r  b o t h  t h e  c o a s t a l  zone and t h e  whole l a k e  i n  g e n e r a l .  On t h e  o t h e r  
hand a tmosphe r i c  i n p u t s  may b e  c o n c e n t r a t e d  i n  s u r f a c e  f i l m s  w h i l e  t h e  t u r b u l e n c e  
of t h e  e r o s i o n  p r o c e s s  would tend  t o  thoroughly  mix s h o r e  e r o s i o n  i n p u t s .  

It  shou ld  b e  menlioned t h a t  t h c  release of d i f f e r e n t  metals from p a r t i c u l a t e  
m a t e r i a l  depends on many envi ronmenta l  f a c t o r s ,  such  as pH, Eh, and t h e  con- 
c e n t r a t i o n  g r a d i e n t  between t h e  s o l u t i o n  and t h e  s o l i d  phase ( F o r s t n e r ,  1976) .  
M i c r o b i a l  a c t i v i t i e s  r an  enhance re Lease of metals by forming i n o r g a n i c  com- 
pounds c a p a b l e  of complexing metal ions ,  by i n f l u e n c i n g  t h e  p h y s i c a l  p r o p e r t i e s  
and  t h e  pH-Eh condition.; ,  and by c o n v e r t i n g  i n o r g a n i c  p e t a l  compounds t o  
o r g a n i c  x o l s c u l e s  as a r e s u l t  o f  en:cematic r e a c t i o n s .  An example of t h e  l a t t e r  
is  t r a m f o r m a t i o n  oi: 7 norgan ic  mercury t o  o r g a n i c  mercury compounds. F a c t o r s  
which a € f e c t  t h e  release of phosphorus have been d i s c u s s e d  i n  sone  d e t a i l  p r e -  
v i o u s l y ,  and s i n c e  t h e  same mechanisms g e n e r a l l y  app ly  t o  m e t a l s ,  t h e  d i s c u s s i o n  
w i l l  n o t  b e  r e p e a t e d  h e r e .  

In g e n e r a l ,  i t  i E  n o t  f e l t  t h a t  m e t a l s  a s s o c i a t e d  w i t h  eroded s h o r e  ma te r i a l s  
a r e  impor t an t  as a s o u r c e  of p o l l u t a n t s  t o  t h e  Great Lakes. While t h e  levels  
of t h e  t o t a l  forms of some metals may b e  s i g n i f i c a n t  r e l a t i v e  t o  o t h e r  s o u r c e s ,  
t h e  amount of t h e  t o t a l  t h a t  i s  a v a i l a b l e  t o  b i o t a  i s  probably  low. Anthro- 
pogenic  s o u r c e s  of metals have undoubtedly a much more impor t an t  i n f l u e n c e  on 
t h e  l a k e .  However, i f  c e r t a i n  changes o c c u r  in t h e  chemis t ry  of t h e  w a t e r ,  
such  as t h e  deve1opmer.t of anox ic  c o n d i t i o n s ,  t h e  i n f l u e n c e  of  metals c o n t r i -  
bu ted  by s h o r e l i n e  e r c s i o n  can  b e  perhaps  s i g n i f i c a n t .  F o r s t n e r  (1976)  has  
e x p l a i n e d  t h a t  t h e  U S E  o f  s y n t h e t i c  complexing a g e n t s ,  such  as n i t r i l o t r i a -  
c e t i c  a c i d  (NTA), i n  c e t e r g e n t s  as it rep lacement  f o r  po lyphosphates  could  perhaps  
i n c r e a s e  t h e  s o l u b i l i z a t i o n  of heavy metals. T h i s  f u r t h e r  i n d i c a t e s  a l l  m a t e r i a l  
i n p u t s  on t h e  l a k e  car have an  e € f e c t  on t h e  l a k e  under c e r t a i n  envi ronmenta l  
c o n d i t i o n s .  

T race  Orrariic Contamir.ants 

A s  d i s c u s s e d  ear l ier  t r a c e  o r g a n i c  contaminants  such  as  YCBs arid p e s t i c i d e s  
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were n o t  d e t e c t i b l e  i n  t h e  s h o r e l i n e  s a m p l e s .  Consequent ly ,  l o a d i n g s  of these 
compounds v ia  s h o r e  e r o s i o n  i s  n o t  l i k e l y  t o  be  s i g n i f i c a n t .  On the  c o n t r a r y ,  
t h e  s h o r e l i n e  material added t o  Great Lakes waters may serve t o  remove organic: 
contaminants  from s o l u t i o n  by s o r p t i o n .  The o r g a n i c s  would be c a r r i e d  t o  t h e  
sediment  as t h e  s h o r e l i n e  material se t t les  t o  t h e  bottom of t h e  l a k e .  
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A P P E N D I X  

The samples shown i n  t h i s  Appencl-ix were c o l l e c t e d  by l o c a l  o r g a n i z a t i o n s  
under  c o n t r a c t  t o  t h e  U.S. Army Corps of Engineers  w i t h  t h e  a s s i s t a n c e  
of s o i l  s c i e n t i s t s ,  from t h e  U.S. S o i l  Conservat ion S e r v i c e .  Samples ,  
w e r e  ana lyzed  by t h e  U.S. Environmental  P r o t e c t i o n  Agency Region V 
Labora to ry  i n  Chic:ago, I l l i n o i s .  

A .  

U.S. SHORELINE SOIL SAMPLE DATA 

123  



ST. LOUIS COUNTY. MINNESOTA 

PROFILE NUMBER: 1 
LOCATION: Stoney P o i n t ,  West of d r i v e ,  SW 1/4, S e c t i o n  2 ,  T51N., Rl2W. 
SHORE TYPE: Non-erodible low b l u f f  { d e s p i t e  non-erodib le  d e s i g n a t i o n  by Corps 

DATE OF COLLECTION: June  4 ,  1975 
COLLECTORS: Minnesota Dept .  o f  N a t u r a l  Resources and Arrowhead Regional  Development 

of  Eng inee r s ,  b l u f f  found t o  b e  e r o d i b l e  by c o l l e c t o r s )  

Commissior, 
SUPPLEMENTAL INFORMATICIN : 

Sample 
Numk er Sample Depth -_ 

2-5"(5.1-12.7 cm) Si-1-1 

10-25"{25.4-  SL-1-2 
6 3 . 5  cm) 

25-40"(63.5-  SL-1-3 
101.6 cm) 

56-252" (142.2-  SL-1-4 
6 4 0 . 1  cm) 

252-432"+(640.1- SL-1-5 
1097.2+ cm)  

About 150 f e e t  east of p r o f i l e ,  bedrock i s  about  5 f e e t  
above l a k e  level ;  a complete  d e s c r i p t i o n  of t h e  s o i l  
c h a r a c t e r i s t i c s  f o r  a l l  dep ths  i s  a v a i l a b l e ;  on ly  
d e s c r i p t i o n s  f o r  t h e  dep ths  sampled are g iven  he re .  

- Sample D e s c r i p t i o n  

A2 hor i zon ;  d a r k  r e d d i s h  gray (5YR 512) s i l t  loam, 
weak f i n e  p l a t y  s t r u c t u r e ;  f r i a b l e ;  abundant f i n e  
and v e r y  f i n e  r o o t s ;  c lear  w a v y  boundary. 

B2T h o r i z o n ;  r e d d i s h  brown (2.5YR 4 / 4 )  c l a y ;  l acus -  
t r i n e ;  s t r o n g  f i n e  a n g u l a r  and subangular  blocky 
s t r u c t u r e ,  ve ry  p l a s t i c ;  c l e a r  wavy boundary. 

C1 c a  ho r i zon ;  r e d d i s h  brown ( 2 . 5  YR 4 / 4 )  clay: .  
l a c u s t r i n e ;  s t r o n g  f i n e  angu la r  and subangular  b1ock.y 
s t ruc t :u re ,  v e r y  p l a s t i c ;  many 1 t o  2 cm s o f t  ca rbona te  
c o n c r e t i o n s ;  s t r o n g  e f f e r v e s c e n c e  w i t h  H C 1 ;  g r adua l  
smooth boundary. 

IIC3 h o r i z o n ;  r e d d i s h  brown (5YR 4 / 4  t o  2.5YR 4 1 4 )  
loam €:lacia1 till;  mass ive  i n  p l a c e ,  medium a n g u l a r  
and subangular  b locky  s t r u c t u r e  when d i s p l a c e d ;  
about  10 p e r c e n t  c o a r s e  f ragments  most ly  0 . 2  t o  1 cr!; 
s l i g h t  e f f e r v e s c e n c e  wi th  HC1;  ab rup t  smooth boundary. 

I I I C 4  h o r i z o n ;  d a r k  r e d d i s h  brown (5YR 3 / 2 1  f i n e  
sandy g l a c i a l  till; massive i n  p l a c e ;  s t r o n g  c o a r s e  
p l a t y  s t r u c t u r e  when d i s p l a c e d ;  about  20% c o a r s e  
fragments  most ly  0 .2  t o  8 cm; s l i g h t  e f f e r v e s c e n c e  
w i t h  HC1.  
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PROFILE NUMBER: 2 
LOCATION: Duluth Tent and Trailer Park ;  SW 1 / 4 ,  Sec t ion  19 ,  T41N., R12W. 
SHORE TYPE: Non-erodible low b l u f f  ( d e s p i t e  non-erodib le  c l a s s i f i c a t i o n  by Corps 

DATE OF COLLECTION: June  5, 1975 
COLLECTORS: Minnesota Dept. of N a t u r a l  Resources and Arrowhead Regional  Development 

Commission 
SUPPLEMENT INFORMATION: 

of Engineers ,  t h e  c o l l e c t o r s  found t h a t  t h i s  area w a s  e r o d i b l e )  

No evidence  of bedrock a t  t h i s  s i t e .  

Sample 
Numb er Sample Depth -- Sample D e s c r i p t i o n  

0-3"(0-7.6 cm) SL-2-1 A 1  and A2 hor i zon ;  A 1  h o r i z o n  a v e r y  d a r k  gray  
(10YR 3/1)  sil t  loam w i t h  a s t r o n g  v e r y  f i n e  sub- 
a n g u l a r  blocky and g r a n u l a r  s t r u c t u r e ,  abundant 
f i n e  and ve ry  f i n e  r o o t s ;  a b r u p t  wavy boundary and 
f r i a b l e ;  A2 hor i zon  a d a r k  g r a y i s h  brown (5YR 5/2) 
si l t  loam w i t h  weak f i n e  p l a t y  s t r u c t u r e ,  abundant 
f i n e  and ve ry  f i n e  r o o t s ,  clear w a v y  boundary and - 
f r i a b l e .  

6 - 2 4 " ( 1 5 . 2 -  
61.0 cm) 

24-114" (61.0- 
289.6 cm) 

SL-2-2 B2T ho r i zon ;  r e d d i s h  brown ( 2 . 5 Y R  4 /4)  c l a y  l acus -  
t r i n e ;  s t r o n g  v e r y  f i n e  subangu la r  b locky  s t r u c t u r e ;  
ve ry  p l a s t i c ;  clear wavy boundary. 

SL- 2-3 C1 h o r i z o n ;  r e d d i s h  brown ( 2 . 5 Y R  4 / 4 )  c l a y  1 a c u s t r i . a e ;  
s t r o n g  c o a r s e  a n g u l a r  blocky s t r u c t u r e ;  few s l i c k e n -  
s i d e s ;  ve ry  p l a s t i c ;  s t r o n g  e f f e r v e s c e n c e  wi th  HC1;  
c a rbona te s  i n  f o r a  of hard  c o n c r e t i o n s ;  abrupt  smooth 
boundary . 

SL-2-4 r e d d i s h  brown (5YR 3 / 2 )  Iaam 
381.0 cm) wi th  few 5 t o  20 m strata  of da rk  r e d d i s h  gray  fine 

and ve ry  f i n e  sandy loam; probably  l o c a l  sed iments ;  
w e l l  s o r t e d ;  less than  1% coarse f ragments ;  c o a r s e  
a n g u l a r  b locky  s t r u c t u r e ;  h a r d ;  moderate  e f f e r v e s c e n c e  
w i t h  HC1,  ab rup t  smooth boundary. 

150-234"+(381.0- SL-2-5 I I I C 3  hor i zpn ;  da rk  r e d d i s h  brown (5YR 3 / 2 )  f i n e  
594.4+ cm) sandy loam g l a c i a l  till; massive i n  p l a c e  p a r t i n g  t o  

s t r o n g  c o a r s e  p l a t y  s t r u c t u r e  when d i s p l a c e d ;  about. 
15 t o  20% c o a r s e  f ragments  mos t ly  0.2 t o  80 cm. mainly 
d a r k  co lo red  igneous rocks ;  s l i g h t  e f f e r v e s c e n c e  w i t h  
HC1. 
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PROFILE NUPLBER: 3 
L M X T I O N :  Le i f  Er-ikson Pa rk ;  SE 1 / 4 ,  S e c t i o n  23, T50N., R14\?. 
SHORE TYPE: E r o d i b l e  .Low b l u f f  
DATE OF COLLECTION: June  6 ,  1975 
COLLECTORS: Minnesota  Dept. of N a t u r a l  Resources and Arrowhead Regional  Development 

Commission 
SUPPLEMENTAL INFORMATION : 

S amp1 e 
Numl ) e r - Sample Depth -~ 

2-16"(5.1-40.6 cm) SL-3-1 

16-30" (40.6- SL-3-2 
76.2 cm) 

30-108" (76.2- SI,- :$- 3 
274.3 cm) 

108-198"(274.3- S i - : b 4  
502.9 cm) 

198-360"(502.9- SL- 3- 5 
914.4 cm) 

A 1  h o r i z o n  d e s c r i b e d  b u t  n o t  sampled; bedrock ( l a v a  flow) 
found a t  d e p t h s  g r e a t e r  t han  360" (9.14 m). 

Sample D e s c r i p t i o n  

Bh i r  ho r i zon ;  r e d d i s h  brown (5YR 4/3) s i l t  loam t o  
v e r y  f i n e  sandy loam; weak v e r y  f i n e  subangu la r  
blocky s t r u c t u r e ;  about  2 t o  10% c o a r s e  fragments 
r ang ing  from 1 t o  4 c m ;  ve ry  f r i a b l e ;  a b r u p t  smooth 
boundary. 

IIB2T hor i zon ;  r e d d i s h  brown (2.5YR 4/4) c l a y  l a c u s -  
t r i n e ;  s t r o n g  f i n e  a n g u l a r  and subangu la r  b locky  
s t r u c t u r e ;  v e r y  p l a s t i c ;  c l a y  f i l m s  are n o t  d i s t i n c t :  
on ped f a c e s ;  ped s u r f a c e s  are g l o s s y ;  a b r u p t  i r r e g u l a r  
boundary. 

I I C l c a  ho r i zon ;  r e d d i s h  brown (2.5YR 4/4)  c l a y  
l a c u s t r i n e ;  s t r o n g  f i n e  t o  c o a r s e  a n g u l a r  and sub- 
a n g u l a r  blocky s t r u c t u r e ;  v e r y  p l a s t i c ;  s t r o n g  
e f f e r v e s c e n c e  w i t h  H C 1 ;  c a r b o n a t e s  are  i n  form of 
t h r e a d s  and c o n c r e t i o n s  about  1 t o  2 p e r c e n t  c o a r s e  
f ragments  r ang ing  from 0.5 t o  2 cm i n  t h e  lower 36 
i n c h e s  ; a b r u p t  smooth boundary. 

I I I C 2  h o r i z o n ;  d a r k  r e d d i s h  brown t o  r e d d i s h  brown 
(5YR :3 /3 t o  4 /3)  loam g l a c i a l  t i l l ;  mass ive  i n  p l a c e  
p a r t i n g  c o a r s e  a n g u l a r  b locky  s t r u c t u r e  when d i s -  
p l a c e d ;  abou t  10 t o  15 p e r c e n t  c o a r s e  f r a g n e n t s  r ang ing  
from 0 .2  t o  15 c m  most ly  d a r k  c o l o r  igneous  r o c k s ;  
s1igh.t e f € e r v e s c e n c e  w i t h  H C 1 ;  a b r u p t  smooth boundary. 

I V C 3  h o r i z o n ;  d a r k  g ray  t o  d a r k  r e d d i s h  brown (5YR 
3 / 1  t o  3 /2)  g r a v e l l y  f i n e  sandy loam g l a c i a l  till, 
massive i n  p l a c e  p a r t i n g  t o  medium c o a r s e  p l a t y  
s t r u c t u r e  when d i s p l a c e d ;  about  1 5  t o  20% c o a r s e  
f ragments  r ang ing  from 0.2 t o  2 . 5  c m  most ly  d a r k  co:lor 
igneous  rocks ;  dense  i n  p l a c e ;  f r i a b l e  when d i s p l a c e d ;  
s l i g h t  e f f e r v e s c e n c e  w i t h  H C 1 .  
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PROFILE NUMBER: 4 
LOCATION: Lake Avenue and 1 2 t h  S t r e e t  South 
SHORE TYPE: E r o d i b l e  l o w  p l a i n  
DATE OF COLLECTION: Jwe,  1975 
COLLECTORS: Minnesota Dept. of N a t u r a l  Resources and Arrowhead Regional  DeVelOpm@Rt 

SUPPLEMENTAL INFORMATION: 
Commission 

Sample 
Number Sample Depth -- 

3' (0.9 m> SL-4-1 

7'(2.1 m) SL-4-2 

Sample D e s c r i p t i o n  

L igh t  brown (7.5YR 4/ls.) c o a r s e  sand;  s i n g l e  g r a i n e d ,  
l o o s e ;  some f i n e  bedding. 

L igh t  brown (u.5YR 4/4)  c o a r s e  sand;  s i n g l e  g r a i n e d ,  
l o o s e ;  sone  f i n e  bedding. 

PROFILE NUMBER: 5 
LOCATION: South Park  P o i n t ;  T.49N., R.13W 
SHORE TYPE: E r o d i b l e  low p l a i n  
DATE OF COLLECTION: June 3, 1975 
COLLECTORS: Minnesota Dept .  of N a t u r a l  Resources and Arrowhead Regional  Developmerit 

SUPPLEMENTAL INFORMATICIN: 
Commission 

S q  l e  - 
~ u m k  er -- 

Z'(0 .6  m> s L- 5'- 1 Ligh t  brown (7.5YR 6 / 4 )  c o a r s e  sand;  s i n g l e  g r a i n e d ;  
loose; some f i n e  bedding. 

8 ' ( 2 . 4  m) SL-5,-2 Same as SL-5-1. 

PROFILE NUMBER: 6 
LOCATION: 2 1 s t  Avenue West 
SHORE TYPE: 
DATE OF COLLECTION: June  9 ,  1975 
COLLECTORS: Minnesota Dept. of N a t u r a l  Resources and Arrowhead Regional  Developmerit 

SUPPLEMENTAL INFORMATIClN: Materials a t  t h i s  s i t e  could  be  dredged from t h e  ha rbor , ,  
Commission 

s i n c e  t h e  e n t i r e  area appeared t o  t h e  c o l l e c t o r s  t o  b e  
f i l l  material. Only about  0.9 m cou ld  be p e n e t r a t e d  w i t h  
a hand auger  as c o n c r e t e  bou lde r s ,  wood, etc. w e r e  
encountered .  The f i r s t  10 i n c h e s  of t h e  p r o f i l e  was  
d e s c r i b e d  as t o  s o i l  c h a r a c t e r i s t i c s ,  b u t  no sample was 
t aken  . 
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Sample 
N u m ? ~  er -- Sample Depth Sample D e s c r i p t i o n  

10-24"(25.4-61.0 SL-5-1 Dark brown (10YR 3/3)  f i n e  loamy sand;  weak medium 
cm) subangular  blocky s t r u c t u r e ;  ve ry  f r i a b l e .  

24-36" (61.0- SL- 6-2 Very d a r k  g r a y i s h  brown (10YR 3/2)  f i n e  loamy sand;  
91.4 cm) weak medium subangular  b locky  s t r u c t u r e .  

PROFILE NUMBER: 7 
LOCATION: 81st Avenue West, Duluth;  NE 1 / 4 ,  NE 1 / 4 ,  S e c t i o n  2 4 ,  T49N, R15W 
SHORE TYPE: 
DATE OF COLLECTION: June  6 ,  1975 
COLLECTORS: Minnesota Dept. of N a t u r a l  Resources  and Arrowhead Regional  Development 

Commission 
SUPPLEMENTAL INFORMATION: 

Sample  
Sample Depth Number 

2-34"(5.1-61.4 SL-7-1 
cm) 

4 4 - S O t ' + (  111.8- SL- 7-2 
203.2+ c m )  

Sample s i te  w a s  r e p o r t e d  t o  have been d i s t u r b e d  by t h e  
c o l l e c t o r s .  The f i r s t  80 i n c h e s  (203.2 cm)  were d e s c r i b e 6  
as t o  s o i l  c h a r a c t e r i s t i c s ,  a l t hough  samples  were n o t  
t aken  f r am a l l  dep ths .  

Sarnple D e s c r i p t i o n  

Weak r ed  (10YR 4 / 4 1  c l a y ;  s t r o n g  moderate subangu la r  
blocky s t r u c t u r e ;  few ha rd  ca rbona te  c o n c r e t i o n s  
r ang ing  from 10 t o  20 mm across; few 5 t o  10" thick: 
seams of sand ;  s l i g h t  e f f e r v e s c e n c e  w i t h  HC1.  

Mixed materials c o n s i s t i n g  predominant ly  of r e d d i s h  
brown c l a y  w i t h  some d a r k  r e d d i s h  g ray  s i l t  loam 
s u r f a c e  and s u b s u r f a c e  s o i l .  
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ST. LOUIS PKOfILE 1 (mg/kg dry weight)* 

10- 2 5" ( SL-1-2 ) 25 -40" ( SL-1 - 3) 5 6- 2 52" ( SL-1-4 ) 2 52-4 30" ( SL-1-5 ) Sample Depth (Number) 2-5"(SL-1-1) __ _ _ _  - _ _ _ _ _ _  __ 
Parameter To ta l  Extr .  Total  E x t r .  _I_ !.O!.a~-EZLr* To ta l  Extr. To ta l  Extr .  To ta l  Extr, 

To ta l  Phosphorus 
Orthophosphate-P 
To ta l  Kje ldahl  Nitrogen 
Ni t ra te /Ni t r i te -N 
Ammonia-N 

Tota l  Organic Carbon 
Calcium 
Magnesium 
Sodium 
I ron  

Manganese 
Aluminum 
Ti tanlum 
% Tota l  S o l i d s  (105°C) 
S p e c i f i c  Gravi ty  (2OOC) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromfum 

Copper 
Molybdenum 

Lead 
Tin 

Vanadium 
Yttr ium 
Zinc 

210 

720 

8500 
1500 
3160 

K250 
109 20 

259 
5670 

240 
84.6 
2.67 

K150 
5 1  
K 1  

K250 

KSO 
11 

K300 
9 

K500 

K l O O  
K20 

KSO 

31 
31 
4 1  
26 
20 

4 00 
1440 
249 

23.2 

90.3 

8.4 
521 

1.8 

K2 
34.3 

K 1  
K2 

K l  
K1 

K5 
K10 
K L O  

K10 
K 1  

3.4 

320 

4 30 

4600 

5320 
105or) 

K2 5 0 

25100 

585 
ZLLWO 

6 30 

80.8 

2.55 

K150 
K50 

K 1  
K250 

K50 
K10 

K300 
1s 

K500 

140 
K20 

56 

2 00 

198 
41 

2 1  

15 

JW 
4 150 
1220 

61.4 
360 

11.9 
1z4u 

I 1 6  

t .1  
K2 

I1 

4.9 
xs 

K10 
M10 

K10 
4.0 

f . 3  

L 

200 

58  

2500 
54000 
19600 

890 

24000 

6 30 
i9800 

1220 
82.4 
2.60 

K150 
180 

i 
K250 

K50 

4 1  

K300 
2 fb 

K500 

207 
K20 

68 

190 
103 
10 

6 

K9 

200 

46700 

5600 

48.1 
K2 

92.7 
4 .O 

K 1  

3.8 
27.5 

K1 
K2 

K 1  

K l  

KS 
K10 
K 1 0  

K10 
K l  

K 1  

330 

60 

3400 
32000 
14000 

5 60 

20300 

4 90 
10900 

483 
82.8 
2.28 

Kl50 
120 

K 1  
K250 

K50 
36 

K300 

16 
K.500 

167 
KZO 

54 

360 
340 
48 

7 
15 

700 
30600 
5240 

68.8 
165 

127 
543  
€3 

3.7 
55.6 

1.1 
K2 

K 1  
3.7 
K5 

KlO 

K l O  

K10 
5.4 

4.6 

550 

K36 

400 
13200 
6870 

659 
21200 

390 

9300 
1200 

92.0 
2.65 

K150 
74 

K l  

K2 50 

KSO 

36 
K300 
10 

KS00 

170 
K20 

61  

310 
310 

29 
8 

1 7  

100 

8700 
1030 

96.7 
677 

118 
755 
1.6 

2.4 
11.9 

1.0 
3.0 

0.3 
12.7 

2 . 4  
K 3  
K 3  

K5 
4.4 

18.7 -__ -- 
*K i n d i c a t e s  "less than". 



P 
w 
0 

ST. LOUIS Pll0FII.E 2 (mg/kg dry  weight)* 
---- - - 

Sample Depth (Number) 0-3"(SL-2-1) 6-24"(5t4-2-1) 24-114"(SL-2-3) 114-150"(SL-2-4) 150-234"(SL-2-5) -_- -. - - -_ _- -_ __ - 
Parameter Total. E x t r .  -.___I.-__ Tota!. E x t r .  ____ Tota l  Extr. T o t a l  Exsr. Tota l  Ext r .  Tota l  Extr.  

Tota l  Phosphorus 
Orttiophospha te-P 
Total  Kjeldahl Nitrogen 

. Nitrate/Nitrite-N 

Amnia-N 

Tota l  Organic Carbon 
C c s i c i u m  

Hagnes ium 

Sodium 
Iron 

Manganese 
Aluminum 
Titanium 
X Tota l  S o l i d s  (105°C) 

S p e c i f i c  Gravity (20°C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

4 30 

2400 

29000 

34ou 

6260 
K 2  50 

17700 

420 

10500 
40n 

73.4 
2.04 

K l 5 O  

104 
K 1  

K250 

K50 
24 

K300 
28 

K 5 0 0  

130 
K20 

63 

95 
90 

31 
34 

12 

5 00 

44ju 

663 
26.7 
80.4 

52.5 

599 
7 1  

2.5 
62.1 
1.1 

K2 

K 1  

1 . 4  
K5 

K10 
K10 

K10 
K I  

7.5 

430  

4 70 

3000 

b6:lu 

11 50fl 
490 

27200 

550 

18800 

55n 

86.2 
2.51 

K15O 
191 

K 1  

K250 

K50 

49 
K300 

16  
K500 

1x0 

K20 

72  

3 80 

>a0 

19 
KG 

K9 

2 03 

IiJYJ 
1770 
50.6 

5 75 

64.7 

1315 
7.c 

2.1 
107 

K l  
2 . 9  

1.0 

6 . 2  

K5 
K l G  

K10 

K l 0  
6 .6  

7.0 

470 

340 

1100 

36300 

14903 
530 

24600 

540 

158CO 

722 

77.6 
2 .07  

Kl 50 

173 
K l  

K250 

K50 
4 3  

K300 
18 

K500 

210 

KZO 

7 fr 

4 10 

4 10 

17  
K6 

10 

100 

37100 
4090 
58.2 

824 

154 

9 79 
1 L  
L." 

3.4 
84.7 
1.1 
2.8 

1.5 
5 . 1  
K5 

K 1 0  

K l O  

K 1 0  
7.0 

7 .0  

580 

220 

1500 

16500 
8800 
500 

22300 

4 60 

10800 

870 
89.5 
2.20 

K150 
109 

K 1  

K250 

K50 

3 8  
1000 

11 
K500 

173 
K2 0 

66  

5 10 

540 
17  
K 6  
K9 

K l O O  

14500 
1870 
48.2 
955 

164 

478 
2.: 

3.1 

20.9 
1.2 

4.3 

Y 1  
16.8 
K5 

K10 
K 1 0  

K10 
5.7 

10.7 

500 

99 

500 

146000 
6800 

620 
22300 

410 

9430 
1370 

90.3 
2.76 

K l 5 O  
66 
Kl 

K250 

K50 
41 

K300 

10 

K500 

180 
K20 

63 

340 
320 

1 2  
8 

10 

KlOO 

30100 

1810 
39.8 
2580 

464 

358 
1 . 4  

4 . 6  
12.0 
1.6 
8.3 

1.0 

12.5 
K2 

K3 
K3 

K5 
7.6 

5.6 _ _  ____._____._ -. -- --___-.-.._-_I .- 
*K i n d i c a t e s  "less than". 



ST. LOUIS PRUFILE 3 (mg/kg d r y  weight)* ~- - 
Sample Depth (Number) 2-16"(SL-?-l) 16-30"(SL-3-:) 33-108"(SL-3-3) 108-198"(SL-3-4) 198-234"(SL-3-5) 

___I -- ---- T o t a l  Ext-c. Tota l  Extr, T o t a l  E x _ l l _ ,  Total--&xLrL~ Tota l  -. E x t r .  Total. -~ Extr .  -____--~ 
Total Phosphorus 
Orthophosphate-P 
Total  Kjeldnhl Nitrogen 
N l t r a t e / N i t r l  te-N 

Ammnia-A 

Tgtal  Organic Carbon 
Calcium 
Magnesium 
Sodium 
Iron 

Manganese 

i i i u m i n u m  

Titanium 
2 Tota l  Solids (105'C) 
S p e c i f i c  Gravity (20'C) 

aoron 
Barium 
Ca dm i um 
Cobalt 

Ch r omi um 
Copper 

No Iybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

4 70 

890 

11000 

4300 
4670 
K250 

19500 

608 
no-n  703u 

9 30 

85.3 
2.45 

Kl50 
90  
K1 

K250 

K50 

30 

K305 

15 

K5 00 

160 
K20 

57 

29 
26 
20 
16' 

10 

2 00 

2950 

359 
25.5 

162 

42.0 
rnn IW 

2.3 

K2 
38.3 

K 1  

K2 

K 1  

1.8 

KS 
K 1 0  

K10 

K 1 0  
X1 

3.5 

2 30 

220 

2 700 

1560 

5860 
K250 

19500 

446 
* n c n n  
L Y J l l "  

302 
83.8 
2.63 

KlSO 
114 
K1 

K250 

K50 
34 

K300 

9 

K500 

163 
KZO 

KSO 

340 

3h0 
23 
k 6 

1 2  

200 
4 0 'l 0 

C Z f t D  

4 1 . 2  

310 

29.6 

87? 
3.7  

2.2 
92.5 

K 1  
K 2  

R 1  

5 . 1  
k5 

K10 

K10 

K l O  
(1.4 

5 . 5  

430 

240 

1400 

25400 

14  300 
5 h h  

27300 

448 
1 ,-,cn 

825 

79.4 
2 . 5 1  

* r  23" 

Kl50 

168 
K 1  

K250 

E50 

68 

K330 
17  

K500 

196 
K20 

80 

3 70 

370 
19 
K f i  

9 

1 u u  
24700 

4260 

59.8 

173 

152 

5 8e 
K 1  

2 . 7  
78.1 

K l  

2.0 

K l  

4.9 

K f  
K10 

K I D  

K10 
4.7 

6 .9  

520 

160 

iiru 
15300 

9000 
530 

25000 

490 

I l l O l !  
770 

84.4 
1.79 

K150 
103 

K 1  
K2 50 

K50 
52 

R300 

12 
K500 

170 
K20 

71 

450 

460 

11 

K6 

9 

... ̂-  
h 1 V I I  

12900 

1710 
45.9 

273 

129 

664 
1.4 

K2 
43.4 

K1 

2.0 

K1 

11.1 

KS 
K 1 0  

KlO 

K l O  
5.0 

490 400 

3 70 
140 14 

7 
K9 

.nn "Inn 
V W W  I.*VV 

18000 5120 

11700 652 
720 6 8  

41400 433 

636 54.9 

i s m  919 

1190 1.3 
88.1 

2.62 

K150 K2 
105 11.1 

K 1  K1 

KZSO K2 

K5O K 1  

5G 13.8 

K300 K5 

1 4  K 1 O  

K500 K 1 0  

KlW K 1 0  
K20 4.3 

5.7 73 5 . 3  ____ - - r~.-  __--- I_---- ---_- 
*K i n d i c a t e s  "less than". 



t-J 
w 
N 

ST. LOUIS PROFILE 4 (mglkg dry weight)* -_ -- - 
Sample Depth (Number) 3'(SL-4-1) 7 '  (SL-4-2) --- ___- ---- 

T o t a l  Extr .  Tota l  Extr .  T o t a l  Ext r .  T o t a l  Ertr .  Tota l  Extr. Parameter TO t a _ l E x t L -  _ _ _ _ _ _ _ _ _ _ ~  
Tota l  Phosphorus 
Orthophosphate-P 
Tota l  Kjcldahl Nitrogen 
N i  trate/Ni tri te-N 
Ammonia-N 

Tota l  Organic Carbon 
Caicium 
Magnesium 
Sodium 
Iron 

Manganese 
Aluminum 
Titanium 
X Tota l  Sol ids  (105°C) 
S p e c i f i c  Gravity (ZO'C) 

Boron 

aarium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

130 

52 

400 

> i >  
514 
31 

3500 

31 
854 
101 

96.7 
2.60 

K15 
6 

KL 
K2 5 

K5 
2 

K30 
K5 

KS 0 

KlO 

K2 

8 

120 

105 
13 

K6 
K9 

100 
434 

35.4 
9 . 4  

13.7 

2 . 8  

96 
0 . 6  

K l  

2 .7  
0.6 

K 1  

KO. 3 
0.5 
K2 
K3 
K3 

KS 
0 .4  

2.4 

120 90 

89 
19 1 4  

8 
9 

K300 RlOO 

t l>O J11(1 
830 I l r , C  

K250 t!l ,r  
5500 62 .1  

290 5 , O  
1330 f)a 

7 90 81 
83.9 
2.70 

K150 XZ 
K50 3 , 6  

K 1  K l  
K250 KZ 

KSO 61 
K10 Y 1  

K300 K$ 
K5 i l 0  

K500 K I O  

K l O O  e ' KIO 
K20 K 1  

K50 t . 9  *----------- _--__ I_--- 

*K i n d i c a t e s  "less than". 
I 



Tota l  Phosphorus 
Orthophosphate-P 
Total  Kfeldahl  Nitrogen 
Ni t r a t e /Ni t r i t e -N  
Aanonia-N 

To ta l  Organic Carbon 
Calcium 
Hagnesium 
Sodiun 
Iron 

Manganese 
Aluminum 
T i  t a n i  um 
% Tota l  So l ids  (105°C) 
S p e c i f i c  Gravity (2O'C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Holy bGenum 
Le ad 

T i n  

Vanadium 
Yttrium 

170 

3a 

KJOO 

945 
940 

K250 
30800 

:;4 

1500 
1060 
96.8 
2.70 

100 100 
100 

11 4 5  

6 

RY 

K l O O  K300 
303 1300 

25.6 980 
6.6 K250 

67.1 10800 

7.0 167 
53 1600 

0.6 3 39 
90.0 

2.65 

5 3  

52 
13 

K6 
.- 

KY 

K I00 

2 96 

Z B .  3 
6 . 1  

49.6 

6 . 8  
58 

0 .5  

Kl5O K 1  K l S O  K 1  

K50 3.9 K 5 0  4 . 1  
K 1  K0.5 K 1  K0.5 

K250 K 1  K250 1(1 

KSO K0.3 490 C0.3 
KLO K0.3 K10 0.3 

K300 K2 K300 K2 

K 5  K 3  K5 K 3  

K500 K3 KSOO K3 

10 6 K5 K 1 0 0  K 5  

1uO 0.8 K2O 0.5 

- Zinc K50 2.5 199 2 . 7  
v-- - -- --____-- .-__--I-- 

*K i n d i c a t e s  "lese than". 
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ST. LOUIS PROFILE 7 (rng/kp. d r y  welg!it)* 
_ _ _ ~  

Sa-ple Depth (Number) 2-34"(5!,-7-1)_- 44-80"(S&-7-2) . 

Parameter T v t a l  EXtK. Tota l  Ext r .  T o t a l  E x t r .  EXLI. Tota l  Extr.------..--ktaltL 

Tota l  Phosphorus 
Orthophosphate-P 
Tota l  Kjeldahl Nitrogen 
N i t r a t e i N i t r i  te-N 

Ammonia-N 

Tota l  Organic Carbon 
Calcium 
Magnesium 
Sodium 
Iron 

Manganese 
Alumfnum 
Titanium 
X Total S o l i d s  (105°C) 
S p e c i f i c  Gravity (20.C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 

Copper 
Holybdenum 
Lead 
Tln 

Vanadium 
Y t t  K i  Um 

Zinc 

410 

3 30 

2200 
21700 
21400 
140 

49900 

673 

z 9 w  
700 

75.3 

2.76 

K150 
290 

Kl 
K250 

K55 
55 

lt300 

21 
6 0 0  

100 

K20 

89 

380 

390 

14 

K 6  

10 

KlOO 

25200 
3610 
60.9 

201 

158 

934 
Kl 

3.0 

139 
K1 

K l  

K1 

4 . 5  

KS 
K10 

KZO 

K10 
6.4 

4 . 1  

560 

360 

2300 

6h00 

13500 
69 0 

41200 

112 
22600 

1100 

76.7 

2.74 

K150 
210 
Kl 

KZ50 

52 
4 5  

K300 

1 5  
K500 

K100 

K20 
70 

150 

147 

2 5  
8 

9 

300 

3770 

1?80 
R 1 . 5  

259 

71.0 
ii7iij 

3 . 3  

2.0 

92 
K1 

K2 

K 1  

2.8 

K4 
K I O  

K10 

K10 

2.0 



DOUGLAS COUNTY, WISCONSIN 

PKOFILE NUMBER: 1 
LOCATION: 

SHORE TYPE: E r o d i b l e  h i g h  b l u f f  
DATE OF COLLECTION: May 28, 1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATICIN : 

A t  t h e  mouth of t h e  Bru1.e River ( e a s t  s i d e  nea r  park ing  l o t )  i n  S e c t i o n  10, 
T.49N.,  RJ.0F.I. 

U n i v e r s i t y  of Wisconsin-Superior and Wisconsin DNR 

Sample 
Number -- Sample Depth Sample D e s c r i p t i o n  

0- 3" (0- 7.6 cm) D- 1-1 A hor i zon .  

8' (2 .4  m) D-1-.2 Composite c l a y  sample.  

PROFILE NUMBER: 2 
LOCATION: A t  t e rminus  of road  and s h o r e l i n e  i n  S e c t i o n  18, T. 49N., R. 1OW. 
SHORE TYPE: E r o d i b l e  h igh  b l u f f  
DATE OF COLLECTION: May 28, 1975 
COLLECTORS: Un ive r s i t j ,  of Wisconsin--Superior 
SUPPLEMENTAL INFORMATION: B l u f f  edge approximate ly  50 f e e t  (15.2 m) above lake 

l e v e l .  Narrow beach a t  t o e  of b l u f f ,  approximate ly  2 
f e e t  (0.6 m) wide w i t h  a heavy c o n c e n t r a t i o n  of mag- 
n e t i t e - i l l m e n i t e .  

Sample Depth Number Sample D e s c r i p t i o n  

0" D-2--1 N o  A hor i zon ;  c l a y  ex tends  t o  s u r f a c e .  

12'(3.7 m) D-2--2 Clay at surface; sample site approximately 12 feet 
( 3 . 6  m) below b l u f f  edge. 
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PROFILE NUMBER: 3 
LOCATION: A t  t h e  t e rminus  of P e t e r s o n  Road and t h e  lakcshore i n  S e c t i o n  28, T. 4 9 N . ,  

DATE OF COLLECTION: May 28, 1975 
COLLECTORS: U n i v e r s i t y  of Wisconsin-Superior 
SUPPLEMENTAL INFORMATICN: Sample a t  b a s e  of b l u f f .  
S H O E  TYPE: E r o d i b l e  h i g h  b l u f f .  

R. 1 1 W .  

s a m p ' l e  
Sample Depth -- Numb, er  Sample D e s c r i p t i o n  

0" D-3-1 A h o r i z o n ;  b l a c k  s o i l .  

lCh'(3.0 m) D- 3-2 Clay, i n  p l a c e .  

PROFILE NUMBER: 4 
LOCATION: E a s t  of road  te rminus  i n  S e c t i o n  35, T. 49N., R. 13W. 
SHORE TYPE: E r o d i b l e  h i g h  b l u f f  
DATE OF COLLECTION: Niy 28, 1975 
COLLECTORS : Unive r s i tY  of Wisconsin-Superior 
SUPPLFNENTAL INFORMATION: Sand beach approximate ly  9 f e e t  (2 .7  m) wide a t  t o e  of 

b l u f f  . 
Sample 
Number 

~~ 

Sample  Depth _--- Sample D e s c r i p t i o n  

0" D--4-1 N o  s a i l h o r i z o n s ;  clay ex tends  t o  surface. 

lO'(3.0 m) D-4-2 Clay. 
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DOUGLAS PROFILE 1 (mg/kg d r y  weight)* 
_ _  _---__- 

- Sample Depth (Number) 0-3"(P1-1) 8' (D-1-2) -_  -I.___ ~ _ _ _  
T o t a l  Ext r .  T o t a l  Ext r .  Total Extr.  Tota l  Extr.  ~ Tots! Extr.  Parameter T o t a l  Extr.  

Tota l  Phosphorus 
Orthophosphate-P 
Total  Kjeldahl Nitrogen 
Ni t ra te lNi t r i te -N 
Amwnla-N 

Total Organic Corbon 
Calcium 
Magnesium 
Sodium 
Iron 

Xanganeae 
Aluminum 

?i :mi.;- 

% Total Sol ids  (105°C) 
S p e c i f i c  Gravity (20'C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanad i um 
Yttrium 
Zinc 

3 80 

2500 

22000 
2550 
4720 
K250 

21100 

406 
9560 

25s 
81.2 

2.18 

K150 
11s 

K l  
K250 

K50 
17  

K300 

34 
K5OO 

K l O O  

K20 
K50 

26 
25 
30 

28 
K9 

l O G O  

2370 
605 

47.3 
110 

10.6 

4 74 
1 2  c.2 

K2 
G5.8 

K 1  

K2 

K l  

1.8 

K 5  

K10 

K 1 0  

KIO 

K l  

9.2 

420 410 
4 20 

180 43 

ii6 
24 

7600 K l O O  

~ ( r o o o  z i a ~ o  

-~ _-, -*-,- --- 
*K i n d i c a t e s  "less than". ! 4  'i 

I *  1 

1 : .  . 
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DOUGLAS PROr1I.E 3 (rng/kg dry weight)* 

Sample Depth (Number) O"(D-3-1) ________ 10' (0-3-2) __ 
T o t a l  Extr .  Tota l  Extr .  T o t a l  Extr .  Tota l  Ext r .  Tota l  Extr. Parameter Tota l  Extr. 

Tota l  Phosphorus 
Orthophosphate-P 
Tota l  Kjeldahl Nitrogen 
Ni t ra te lNi t r i te -N 
Ammonia-N 

Tota l  Organic Carbon 

Calcium 
Hagnestum 
Sodium 
Iron 

Han gane s e 

Aluminum 
Titanium 
X Tota l  S o l i d s  (105-C) 
S p e c i f i c  Gravity (20'C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

360 

2600 

28000 

3200 

6060 

K250 

29000 

45 3 

16900 
210 

71.0 
2.01. 

K150 
K50 

K1 

K250 

GO 
K10 

K300 
20 

€300 

KlOO 

K20 

70 

12 

10 
60 

12 

36 

600 

2020 

722 

15.0 

161 

16.2 

1310 
2.L 

K2 

103 

K1 

K2 

K1 

K1 
K5 
K10 

KlO 

K10 

K1 

6.3 

460 140 

3 30 

160 K10 

' K6 

K9 

20409 387 
8821 I K1 

77.7 

2.55 

u 5 0  4 . 2  
217 76 
K1 K1 

K250 62 

--- 
*K i n d i c a t e s  "less than". 



WUGLAS Pi lOFlLE 4 (mglkg dry  weight)* 
___I -_ ---__ 

Sample Depth (Number) O"(U-4-1) lo'(&-4-2) 
Total Extr. ___-___ -___ ----- - 

Total Extr. Total E x t r .  l o t n l  Extr .  Total Extr. Parame ter To t32-KxGL*--.----.--- ~ _--I- 

Total Phosphorus 
Orthophcsphnte-P 
Total Kjeldahl h'itrogen 

NitratelNitrite-N 
Ammonia-N 

Total Organic Carbon 

Calcium 
blagnesium 
Sodium 

Iron 

Hangsnese 
Aluminum 
Titanium 
% Total Solids (105'C) 
Spec i f i c  Gravity (20'C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 

Copper 

Molybdenum 
Lead 

T i n  

Vanadium 
Y t  crium 
Zinc 

240 

4 10 

4000 

3270 
11200 

K250 
38300 

450 
215m 

260 
82.7 

2.73 

Kl50 

197 
K l  

K250 

K50 
40 

K300 
1 4  

moo 

K l O O  

K20 
53  

140 

140 

27 
K6 

1 4  

300 
3290 
1 7 7 0  

64.1 
164 

14.1 
913 
4 . 8  

K2 

105 
K1 

K2 

K 1  

2.3 

K5 
K 1 0  

K10 

K10 

2.1 
4.7 

460 

500 

2800 
36300 
23900 

940 
45900 

720 
* < o n 0  2w.Ju" 

715 
70.9 

2.63 

K150 

7 
K 1  

a 5 0  

55 
54 

K30O 
24 

K500 

KIOO 

K20 
84 

440 

4 4 e 
70 
K6 

18 

K l O O  

32400 

6110 

192 
22 1 

164 
75'- 

K 1  

3.0 

95 

K 1  
2.0 

1 .4  
5 .0  

KS 
K10 

KLO 

K10 

6.6 

14 .o 
-----. --- ------- 

*K indicates " l e s s  than". 



CHIPPEWA COUNTY. MICHIGAN 

PROFILE NUMBER: 1 
LOCATION: A t  Whi t e f i sh  P o i n t ;  approximate ly  NW 1 / 4 ,  SE 1 / 4 ,  Sec. 32, T51N, R5W. 
SHORE TYPE: Non-erodible  low b l u f f  (Desp i t e  t h i s  c l a s s i f i c a t i o n  a s s igned  by t h e  

U . S .  Army Corps of Eng inee r s ,  t h e r e  is  evidence  t h a t  t h i s  b l u f f  
e rodes .  ) 

DATE OF COLLECTION: June  23-25, 1975 
COLLECTORS: U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  
SUPPLEMENTAL INFORMATION: Water t a b l e  a t  approximate ly  200 c m .  Sample 033-4-4 

taken  from f a c e  of b l u f f .  

Sample 
Number Sample Depth -- Sample D e s c r i p t i o n  

0-27" (0-68.6 cm)  033-4-1 C 1  ho r i zon ;  w h i t e  (10YR 8/2)  sand;  s i n g l e  g r a i n e d ;  
l o o s e ;  h igh  p r o p o r t i o n  of d a r k  mine ra l s ;  s t r o n g l y  
a c i d ;  a .brupt  smooth boundary. 

27-35" (68.6- 033-4-2 C2 h o r i z o n ;  very p a l e  brown (10YR 7/3) sand;  s i n g l e  
88.9 cm) grained. ;  l o o s e ;  s t r o n g l y  a c i d ;  ab rup t  smooth boundary. 

35-60" (88.9- 033-4-3 C3 hor i zon ;  w h i t e  (10 YR 8/1 & 8 /2 )  s and ;  s i n g l e  
152.4 cm) g r a i n e d ;  l o o s e ;  h igh  p r o p o r t i o n  of da rk  m i n e r a l s ;  

strong1.y acid.  

0-60" (0-152.4 cm) 033-4-4 C 3  ho r i zon ;  s t r a t i f i e d  w h i t e  (10YK 8 / 2  & 8 /1 )  and 
ve ry  p a l e  brown (10YR 7/3)  sand;  s i n g l e  g ra ined ;  l o o s e ;  
v a r y i n g  p r o p o r t i o n s  of da rk  m i n e r a l s  i n  d i f f e r e n t  

. .  
sarata; strongPy a c i d .  

PROFILE NUMBER: 2 
LOCATION: A t  P a r a d i s e  a t  end of M-123 Extended (behind C u r l y ' s  Motel) ;  SE 1/4, 

SHORE TYPE: E r o d i b l e  low b l u f f  
DATE OF COLLECTION: June  23-25, 1975 
COLLECTORS: U n i v e r s i t y  of  Michigan C o a s t a l  Zone Labora tory  
SUPPLEMENTAL INFORMATION: Water t a b l e  below 200 cm. 

t aken  from f a c e  of b l u f f .  

SE 1/4, Section 22, T49N, R6W. 

Samples 033-3-7' and 033-3-8 

Sample 
Number Sample Depth ___- __ Sample D e s c r i p t i o n  

0-2"(0-5.1 c m )  033-3-1 A 1  hori .zon;  b l a c k  ( 1 0 Y R  2/1)  sand;  v e r y  weak f i n e  
g r a n u l a r  s t r u c t u r e ;  ve ry  f r i a b l e ;  ve ry  s t r o n g l y  
a c i d ;  ab rup t  smooth boundary. 

2-12" (5.1- 
30.5 c m )  

03 3- 3-2 A21 hor i zon ;  l i g h t  gray  (10 YR 7 /2)  sand;  s i n g l e  
g r a i n e d ;  loose; ve ry  s t r o n g l y  a c i d ;  g radua l  wavy 
boundary. 

1 4  2 



PKOFILE NUM3ER: 2 (corit: i:iued) 

Sample Depth 

12-36"(30.5- 
91.4 cm) 

36-44"(91.4- 
111.8 cm) 

44-50"(111.8- 
, 127.0 cm) 

50-62" (12 7.0- 
157 .5  cm) 

0-26"(0-66.0 c m )  

26-60" (66.0- 
152.4 cm) 

Sample 
Number -- 
033-3-3 

033-3-4 

033-3-5 

033-3-6 

03 3- 3- 8 

Sample D e s c r i p t i o n  

A22 hor i zon ;  l i g h t  y e l l o w i s h  brown (10YR 6/4)  sand;  
s i n g l e  g ra ined ;  loose; v e r y  s t r o n g l y  a c i d ;  g r a d u a l  
wavy boundary. 

A23 and B 1  ho r i zon ;  ve ry  p a l e  brown (10YR 7/3)(A} 
and brown (7.5YR 5/41 (B) f i n e  sand;  s i n g l e  g r a i n e d ;  
loose; v e r y  s t r o n g l y  a c i d ;  g r a d u a l  w a v y  boundary. 

B2 ho r i zon ;  d a r k  brown (7.5YR 4/4)  f i n e  sand;  s i n g l e  
g r a i n e d ;  l o o s e ;  s t r o n g l y  a c i d ;  ab rup t  wavy  boundary. 

C 1  ho r i zon ;  l i g h t  ye l lowish  brown (10YR 6/4)  f i n e  
sand;  s i n g l e  g ra ined ;  loose ;  s t r o n g l y  a c i d .  

C 1  ho r i zon ;  l i g h t  yellowish brown ( 1 0 Y R  6 / 4 )  f i n e -  
sand;  s i n g l e  g r a i n e d ;  l o o s e ;  ve ry  s t r o n g l y  a c i d ;  
g r a d u a l  wavy boundary. 

C2 ho r i zon ;  l i g h t  gray  (10YR 7/2)  f i n e  sand;  s i n g l e  
g r a i n e d ;  l o o s e ;  v e r y  s t r o n g l y  ac id .  

PROFILE NUMSER: 3 
LOCATION: East  of P a r a d i s e ;  on l i n e  between S e c t i o n  1 4  and 15, T47N,  R5W, a t  s h o r e l i n e .  
SHORE TYPE: E rod ib le  low p k i n  
DATE OF COLLECTION: June 23-25, 1975 
COLLECTDRS: U n i v e r s i t y  of Kichigan C o a s t a l  Zone Labora to ry  
SUPPLEFIENTAL INFORMATION: Water t a b l e  at about  100 cm.  

Samp1.e 
Number Sample Depth -- Sample D e s c r i p t i o n  

0-28"(0-71.1 cm) 033-2-1 C 1  ho r i zon ;  wh i t e  (10YR 8 / 2 )  c o a r s e  sand;  s i n g l e  
g ra ined ;  loose ;  s l i g h t l y  a c i d ;  ab rup t  smooth boundary. 

28-60" (71.1- 033-2-2 C2 hor izon;  ye l low (10YR 7 /6 )  c o a r s e  sand;  s i n g l e  
152.4 c m )  g r a i n e d ;  loose; s l i g h t l y  a c i d .  

14 3 



CHIPPEWA PRDYILE 1 (mg/kg dry weight)* 

Sample Depth (Number) 0-27"(033-4-1) 27-35"(033-4-2) 35-GO"(033-4-3) 0-60"(033-4-4) 
Parameter E e L . - E x t r .  Total --__- Extr. Tota l  Extr. - - Total  Extr. T o t e l  Extr. Tota l  Extr. 

~- ___.-_c ~ - _ _ _  

Tota l  Phosphorus 
Orthophosphate-P 
Total  Kje ldahl  Nitrogen 
H i t  r e te /Ni  t r i  te-N 
Ammonla-N 

Total  Organic Carbon 
Calcium 
Magnesium 
Sodium 
Iron 

Manganese 
Aluminum 
TItanfum 
% Tota l  Sol ids  (105°C) 
S p e c i f i c  Gravity (20°C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

77 

K38 

K300 
2 90 
250 

K250 
8840 

4 1  

389 
22G 

97.9 
2.79 

Kl50 
K50 

K 1  
K250 

K50 

K10 

woo 
Ks 

K500 

Kloo 
K10 

K50 

28 

24 

16 

6 

K9 

200 

106 
6.1 

8 
15.9 

0.4 

19.9 
KO. 3 

K 1  

0.7 
K0.5 

K 1  

KO. 3 

K0.3 
K2 
K3 
K3 

K5 
K0.3 

2.0 

49 

K3 7 

K300 
143 
178 

K25 
3500 

16  

297 
94 

97.9 
2.77 

K15 

1 5  
K 1  

K2 5 

K5 

K1 

K30 
K5 

K50 

K10 
KZ 

140 

110 

500 
460 
286 

K250 
15300 

K150 

4 8 0  

390 
96.9 
2.84 

K150 

K50 

K 1  
K250 

K50 

K I O  

K3OO 
6 

K500 

K l O O  

K2 0 

40 
39 
16 
6 

K9 

K l O O  

1 5 4  

8.0 
8 

20.4 

0 . 7  

25.2 
K0.3 

K 1  

1.2 
K0.5 

K 1  

K0.3 

KO. 3 
K2 
K3 
K3 

K5 
KO. 3 

92 

67 

K300 
672 
406 

K250 
28500 

134 

680 
899 

97.1 
2.54 

Kl50 
K50 

K1 

K250 

280 

K10 

K300 
K5 

K500 

114 
K20 

34 
34 
11 
K6 
K9 

K l O O  

148 

9.5 
5 

19.0 

1.0 

22.2 
K0.3 

K 1  

1 . 3  
K0.5 

K1 

KO. 3 

KO. 3 

K2 
K3 
K3 

K5 

K0.3 

K5 1:7 K50 ----.A 7.------- 3.5 K50 1.5 ---- 
*K i n d i c a t e s  " lees  than". 



CHIPPEWA PROFILE 2 (mglkg dry weight)* 
_- ___-__ __ 

3 . 4 4 "  ((-lll-l-Q 44-50"(033-3-5) 50-62"(03326)  Sample Depth (Number) &2XI32-.3:1].- W Q 3 5 - 3 5 3 -  J.&- 
Parameter Tot-cl Extr. ro ta1  Ext r .  Total Extr .  . Total E x t r a  To ta l  Extr.  Tota l  Extr.  

Total  Phosphorus 
Orthophosphate-P 
Total Kjeldahl Nitrogen 
h ' l t ra te /Ni t r i te -N 
Ammonia-N 

Total  Organic Carbon 
Calcium 
Xagnes i urn 
Sodium 
Iron 

Manganese 
Aluminum 

Ti t a n i  urn 
X Tota l  So l ids  (105°C) 
Spec i f i c  Gravity (20°C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 

Copper 
Molybdenum 
lead 
Tin 

Vanadium 
Y t tr iua  
Zinc 

110 

900 

13000 
297 
51 

K2 5 

1015 

K15 
538 

39 
89.8 
2.49 

Kl5 
18 
K 1  

K2 5 

K5 
2.0 

K30 
K5 

K50 

K l O  
K2 

8 

2 7  
24 

42 
12 

29 

200 

425 
20 

19 

24.2 

2.1 

4 IO 
0.8 

K 1  
16.8 
0.7 

K l  

K0.3 
KO. 3 

K2 
K3 
K3 

K5 
KO. 3 

31 

32 

19 

8CO 

24 

20 
K 2 5  

480 

K15 
Iji 

26 

97.7 
2.80 

K15 
K5 
K 1  

K2 5 

K5 
KL 

K30 

K5 
K50 

K10 
K2 
K5 

7 
2 

15  
n 
10 

KlOO 

58 
12 

8 

5.2 

KO. 3 
36. ii 
KO. 3 

Kl 
KO. 3 
KO. 5 

K 1  

KO. 3 

KO. 3 
K2 
K3 
K3 

KS 

KO. 3 
2 . 9  

23 

25 

GOO 

55 
57 

K2S 

468 

K15 
26 ; 
48 

96.9 
2.63 

K15 
K5 
K1 

K25 

K5 

K l  

K30 

K5 
K50 

K10 
K2 

K5 

12 
11 

2 1  
7 

K9 

200 
41 

7.1 
11 

14.8 

KO. 3 
69.4 

0.6 

K 1  

0.4 

K0.5 
K1 

KO. 3 
K0.3 

R2 

K3 
K3 

K5 
KO. 3 

1 . 6  

40 

26 

1000 

92 
1 4 7  
K25 

552 

K15 
636 

78 
96.3 
2.67 

K15 
x5 
K 1  
K2 5 

K5 
K l  

K30 
K5 

K5O 

K1O 
K 2  

KS 

37 
36 

20 

7 
K9 

GOO 

30 
5.4 

6 

68.1 

KO. 3 
XoQB 
3.3 

K 1  
0.9 
0.5 

K 1  

0.4 
0.4 

K2 
K3 
K3 

K5 

KO. 3 
2.2 

7 2  

68 

1 tjuu 
133 
262 
K2 5 

8 80 

18 

a 3 9  
87 

91.5 
2.69 

K1S 
K5 
K 1  

K25 

K5 
K 1  

ti30 
K5 

K 50 

K 1 0  

K2 

K 5  

66 
66 
38 
Kb 
K9 

..._ 
L N U  

56 
5.6 
10 

101 

1.8 
481 

5.4 

K 1  
2.6 
0.6 

K 1  

0.4 
0.3 

K2 
K3 
K3 

K5 
KO. 3 

94 

120 

---- 
LUUU 

143 
198 
K2 5 

6 95 

K15 
102 

5 1  
96.1 

2.77 

K15 
K5 
K 1  

K25 

K5 
K 1  

K30 
K5 

K50 

K 1 0  

K 2  

48 
43  

31 
K6 
K9 

*^" 
JUU 

101 

6 . 5  
5 

42.7 

1.2 

2 75 
2.0 

KI 
2.0 

K0.5 
K 1  

K0.3 
K0.3 

K2 
K3 
K3 

K5 
KO.)  

2.2 K 5  1 . 5  

*K indicates " lesa  than". 



P 
E- m 

CHIPPEWA PROFILE 2 (mg/kg dry  weight)* c o n t l n w d  _____-__- ____ ---- -- , - --- 0-26" (033-3- 7) Sample Depth (Number) -___ ---:--- ~- 
m a n e t e r  Tota l  Extr. Tota l  -Extr. T o t a l  Extr .  Tota l  Extr. Tota l  Extc. Tota l  Extr .  

Total  Phosphorus 
Orthophosphate-P 
Tota l  Kjeldahl Nitrogen 
NitratelNitcite-N 
Ammonia-N 

m e * - .  n ---- 1 -  ,---I.-_ 
*"...A ".*".,-.- "Y."",, 

Calcium 
Magnesium 
Sodium 
Iron 

Manganese 
Aluminum 
Titanium 
% T o t a l  Sol ids  (105.C)  

S p e c i f i c  Gravity (20.C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Holybdenum 
Lead 
T i n  

Vanadium 
Y t t r ium 
Zinc 

98 

5 9  

199 

218 
K25 
684 

K15 

722 
57 

95.7 
2.84 

K1S 
K5 
Kl 

K2 5 

K5 
K1 

K30 

K5 
KSO 

K10 
K2 
K5 

59 
58 
23 

6 
K9 

$2:: 

144 

49.3 

1.2 
295 
2.6 

K 1  

1.3 
KO. 5 

K 1  

K0.3 
KO. 3 

K2 

K3 

K3 

KO. 3 
1.1 --- ------ 

*K i n d i c a t e s  "less than". 



CHXP'ZEWA PROflLE 3 (mg/kg dry  weight)* 
----- 

Total Phosphorus 
Orthophosphate-P 
Total  Kjeldahl  Nitrogen 
NitratetNitrf te-N 
Amrmnla-N 

Manganese 
Aluminum 
Titanium 
Z Tota l  Solids (105OC) 
Spec i f i c  Gravity (20.C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Le ad 
Tin 

Vanadim 
Yttrium 

18 

K35 

Fnn 

275 
174 

24 

1550 

18 
364 

62 
98.6 
2.63 

Kl5 
K5 

K 1  

K25 

K5 
K1 
K30 

K5 
K50 

K 1 0  
K 2  

11 4 5  
11 

12 2 3  

7 
9 

Kino 600 

91  211 

9 .3  a7 
S K25 

9.0 1280 

2.0 K15 
13.3 304 
K0.3 26 

96.1 
2.71 

Kl K15 
0.8 K5 

K0.S K 1  

K 1  K25 

KO. 3 K5 
KO. 3 K l  

K2 X30 
K3 K5 
K3 K50 

K5 K 1 0  

KO. 3 K2 

1 6  
15 

11 

K6 
K9 

200 

135 

9.4 
10 

31.4 

0.4 
79.5 
K0.3 

R1 

1.0 

K0.5 

K l  

KO. 3 
KO. 3 

K? 
K3 
K3 

K5 ' 

KO. 3 

K 5  1.8 KS 8.6 -_----- Zinc 

*K i nd ica t e s  "less than". 
---- 



-I. BROWN COUNTY, WISCONSIN 

PROFILE NUMBER: 2 
LOCATION: T. 24N, R. i l E ,  S e c t i o n  23 ,  SW 1 / 4  
SHORE TYPE : 
DATE OF COLLECTION: Mz.y 23,  1975 
COLLECTORS: 

SUPPLEMENTAL INFORMATICIN: 

Wetland lz .keward/erodible  low p l a i n  landward 

Wisconsin Dept. of  N a t u r a l  Resources and Center  f o r  Great Lakes S t u d i e s ,  
U n i v e r s i t y  of  Wisconsin-Milwaukee 

P r o f i l e  1 w a s  a l a n d f i l l  and r i p - r a p  berm and no sample 
w a s  c o l l e c t e d .  P r o f i l e  s i t e  w a s  r e p o r t e d  t o  b e  a s t a b l e  
s l o p e .  

S amp 1 e 
Numher -- Sample Depth 

8 ' ( 2 . 4  m) B-2-1 

8 ' ( 2 . 4  m) B-2-2 

Sample D e s c r i p t i o n  

Upper s l o p e ;  no o t h e r  i n fo rma t ion  a v a i l a b l e .  

Lower s l o p e ;  no o t h e r  i n fo rma t ion  a v a i l a b l e .  

PROFILE NUMBER: 3 
LOCATION: T. 24N,  R. Z l E ,  S e c t i o n  1 2 ,  NW 1/4. 
SHORE TYPE: Non-erodible low p l a i n  
DATE OF COLLECTION: May 23, 1975 
COLLECTORS: 

SUPPLEMENTAL INFORMATION: P r o f i l e  desc r ibed  as a terrace. 

Wisconsin Dept.  of N a t u r a l  Resources  and Center  f o r  Great Lakes S t u d i e s ,  
Univer s i tj' of W i s  cons in--Milwaukee 

N i m h  e r Sample Depth -_. 
- Sample D e s c r i p t i o n  

3 ' (0 .9  m) B-3-1 Black sandy c l a y  and o r g a n i c  material. 

3'(0.4 m) B-3-2 Same as B-3-1; no o t h e r  i n fo rma t ion  a v a i l a b l e .  

PROFILE NUMBER: 4 
LOCATION: T. 25N, R. ;!lE, S e c t i o n  3 6 ,  SE 1 /4 .  
SHORE TYPE: 
DATE OF COLLECTION: May 23,  1975 
COLLECTORS: Wisconsin Dept. of N a t u r a l  Resources and Center  f o r  Great Lakes S t u d i e s ,  

SUPPLEMENTAL INFORMATION: P r o f i l e  s i t e  d e s c r i b e d  as a beach. 

Wetland l akeward /e rod ib le  low p l a i n  landward 

Univers  it)* of Wisconsin-Milwaukee 
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PROFILE NUMBER: 4 (con t inued)  

Sample 
Sample Depth Number Sample D e s c r i p t i o n  

2 ' ( 0 . 6  m) B-4-1 Beach sand;  vege ta t ed ;  no o t h e r  i n fo rma t ion  a v a i l a b l e .  

PROFILE NUMBER: 5 
LOCATION: T. 25N, R. 22E, S e c t i o n  14 ,  SE 1/4. 
SHORE TYPE: Non-erodible h igh  b l u f f  
DATE OF COLLECTION: May 23,  1975 
COLLECTORS: Wisconsin Dept. of N a t u r a l  Resources and Center  f o r  Great Lakes S t u d i e s ,  

SUPPLENENTAL INFORFIATION: P r o f i l e  s i t a  d e s c r i b e d  as 10 i n c h e s  s o i l  over  bedrock b l u f f  . U n i v e r s i t y  of Wisconsin-Milwaukee 

Sample 
Sample Depth Number Sample D e s c r i p t i o n  

0-10" (0-25.4 cm) B-5-1 S i l t y  loam. 

0-lO"(0-25.4 cm)  B-5-2 S i l t y  loam; no o t h e r  i n f o r m a t i o n  a v a i l a b l e .  

PROFILE NLINBER: 6 
LOCATION: T. 25N, R. 22E,, S e c t i o n  13,  NE 1/4. 
SHORE TYPE: E r o d i b l e  lo\. b l u f f  
DATE OF COLLECTION: May 21 ,  19.75 
COLLECTORS: l J i scons in  Ilt-lpt. of N a t u r a l  Resources and Center  for Great Lakes S t u d i e s ,  

SUPPLEMENTAL INFORMATION: P r o f i l e  sitce desc r ibed  as a s t a b l e  s l o p e  w i t h  3-fOOt 
U n i v e r s i t y  CI f Wiscons in-Wtlwaukee 

(0.9 m) b l u f f ;  t h i s  b l u f f  h e i g h t  is  i n c o n s i s t e n t  w i t h  
r e p o r t e d  s a p l i n g  depth  of 0 t o  10" (0 t o  25  c m ) ;  no o t h e r  
information available. 

SamPl€! 
Sample Depth I ____- Numb el' Sample D e s c r i p t i o n  

70 ' (21 .3  m) B- 6- 1 Beach sand on c a l c a r i o u s  r e d  c l a y .  

70 ' (21 .3  m) B-6-2 Same as B-6-1. 
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BROWN PROFILE 2 (mg/kg dry weight)* 
---- -_____ - - -__- 

-- Sample Depth (Number) 8' IB-2- 1) 8' (B-2-2) 15" ( 5-2-3) ________ -__- ~ - -  
Total Extr. Total Extr. Total Extr. Total Extr. Total Extr. Total Excr. ____- Paraseter ~___I___--I__-- 

.TOCd Phosphor- 
Orthophosphate-P 
Total Kjeldahl Nitrogen 
Nitrate iNi t r i te -N 

Ammnia-N 

Total Organic Carbon 

Calcium 

Hagnesiur 
Sodium 
Iron 

Manganese 

Aluminum 
t i t a n i a  

I Total S o l i d s  (105OC) 
S p e c i f i c  Gravity (20.C) 

Boron 

Barium 
Csdi ium 

Cobalt 

Chromium 

Copper 
)lolyMenla 
Lead 
Tin 

Vanadim 

Yttrium 

zinc 

1400 

1800 

16000 

29400 

17900 

K250 

15800 

500 

5600  

160 

92.5 

2.80 

K150 

K50 

K l  

K250 

IC50 

12 

K300 

136 
K500 

KlOO 

K20 

GO 

680 2 80 

h 70 

11 , 130 

14 

12 

400 3200 

10500 20600 

4190 14700 

31.1 K250 

78.4 DOOO 

119 162 
5 73 236C 

0.4 2 30 

96.2 

2.77 

5.8 K150 

39.6 RSO 

1.0 K1 

1.1 K250 

KO. 3 K50 

0.8 K10 

2.7 K300 

7.6 S 

7.9 KSOO 

KS KlOO 

2.2 K2O 

160 

' 167 

KlO 

KG 

K9 

KlOO 

13900 

6190 

19.3 

2 74 

68.3 

160 

U. b 

2.4 

3. I 
0.6 

1.1 

K0.3 

KO. 3 

K2 

K3 

R3 

R5 

1 . 3  

720 

3600 

26000 

10400 

4400 

R250 

6850 

u s 0  

2330 

95 

75.4 

2.51 

Kl50 
K50 

K1 

K250 

K50 

10 

K300 

6 

K500 

KlOO 
1120 

570 

570 

53 

18 

17 

300 
5680 

1190 

52.6 

158 

11.5 
467 

K1 

5.5  
16.3 

tu 
K2 

K1 

1.8 

1[5 

KlO 

K10 

KlO 

Xl 
68 8.0 18.4 2250 2.1 -- 

*K indicates  "less than". 



BROWN PR0FII.E 3 (mg/kg dry weight)* 
____ 

Samole Deoth (Number) 3' (0-3-1) 3 '  (0-3-2)  ~- - .--_____ __ . .  
Total  ExtrL Cotal Extr .  Parameter Total  Extr.  Total  Extr. Toto1 Extr. T o t a l  Extr.  

--I - ._ ___ __ __ - - - - 
Total Phosphorus 
Orthophosphate-P 
Total Kjeldahl  Nitrogen 
N i t r a t e l N i t r i  te-N 
hmonia-N 

Total  Organic Carbon 
Calcium 
Ha gne 8 ium 

Sodium 

I ron  

Manganese 
AI uminum 

Titanium 
1; Total  Solids (105OC) 
Specific Gravi ty  (20.C) 

Boron 

Barium 
Cadmium 
Coba 1 t 

Chrornium 
Copper 
3olybdenum 
Lead 

T i n  

Vanadium 

Yttrium 
Zinc 

2 60 

140 

4100 
44900 

31800 

K250 
10900 

20 3 
2233 

280 
92.0 
2.75 

K150 
WO 

K 1  

K250 

K50 
10 

K300 

12 
K500 

KlOO 
K20 
K50 

150 
135 

20 
Kh 
K9 

Kloo 
19900 

9080 

37.2 
497 

88.6 

35 
1.5 

5.0 

2.6 
1.2 

2.6 

0.6 
1.0 

4.1 
5.4 
21.3 

K5 

2.4 
2.2 

1400 

5 70 

3900 
79000 

64500 

3 76 
25900 

360 
; >m 

37 
87.3 
2.33 

K150 
K50 

Kl 
K250 

K50 
15 

K300 
28 

K500 

KlOO 

K20 

51 

1100 
1100 

20 

Kh 

1 2  

200  
17000 
89 30 

105 
173 

56.3 
'.18 

K 1  

4.5 
17.1 

K1 

K2 

K1 
K 1  

K5 
K l b  

20.0 

K 1 0  

2.7 
3.4 - ____I___----- 

*K i n d i c a t e s  "lees than". 



BHOWN PROFI1.E 4 (mp,/kg dry weight)* 

Total Phosphorus 
Orthophosphate-P 

Total Kjeldahl Nitrogen 
Nitrate/Ni t r i  te-N 

Ammonia-N 

Total Organic Carbon 
P..I^*.... 
-I - - "... 
Magnesium 
Sodium 
Iron 

Manganese 
Aluminum 
Titanium 
% Total Solids (105'C) 
Speci f ic  Gravity (20°C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Le ad 
T i n  

Vanadium 

Yttrium 
Zinc 

210 

280 

500 
7A-n 

*,""I, 

11200 
K250 
4200 

K150 
850 
186 

K150 
U O  

K1 

K250 

K50 
K10 

K300 
5 

K500 

K l O O  

K20 
KSO 

210 
206 

32 
K6 

K9 

K l O O  
oo,n " V I  v 

5210 
52.2 
240 

21.0 
54 .3  

K L  

8 5 . 1  
2 . 7 1  

3 . 6  
1 .0  

K 1  

K2 

K1 
K1 
K 5  

K10 

K10 

K10 

K 1  

1 . 5  
__ 

*K indicates  " l e s s  than". 



l3R0'dN PROFILE 5 (mg/kg d r y  weight)* 
____.I___--__._-__ ___- 

- Saqple k p t h  (Number) (0-5- 1) ( 0 - 5 - 2 )  
I_ __ -- 

Tota l  Extr. Tota i  Ext r .  T o t a l  Ext r .  Tota l  E x t r .  T c t a l  Extr. P a r a w t e r  __ To t : T L 9 % z - p - - -  ___ 
Tota l  Phosphorus 
Or t hoptiospha te-P 

Tota l  Kjeldahl Nitrogen 
Nitrate/Nltrite-N 

Ammonia-N 

Tota l  Organic Carbon 

Calcium 
Magnesium 
Sodium 
Iron 

Manganese 

Titanium 
X Tota l  Sol ids  (IOSOC) 
S p e c i f i c  Gravity (ZOOC) 

Boron 
Barium 

Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

1100 

2300 

24000 

1900 
2600 

K250 
18700 

187 

Insnn 
309 

76.2 

2.43 

K150 

K50 
K 1  

K250 

K50 
K l O  

K300 
15  

K500 

Fa00 

K20 
4 5  

270 
2 5 5  

43 
Kb 

20 

MU0 

1460 
329 
7.4 

118 

28.1 

1720 

2.5 

K2 

29.9 
x 1  
K2 

K1 
K 1  
K5 

K10 
K l O  

RIO 
K 1  

6.3 

739 

675 

r osir 

4 i n0  

4800 
K250 

20500 

200 
14200 

320 

81.8 
2 . 4 1  

K150 

K50 
Kl 

K250 

K50 

K 1 0  

K300 
14 

K500 

KlGQ 
K20 
K50 

10.0 

180 

32 
K 6  

1 . 2  

,I," 

2860 

1070 
1 3 . 8  

7 8 . 4  

20.1 
1000 

1 .5  

K Z  

30.0 
K 1  

K2 

K1 
K l  

KS 
KLO 

K10 

K 1 0  

1 . 3  
8.6 ____- -- 

*K i n d i c a t e s  "less than". 



BROWN P K O F I I  E 6 (rrg/kg dry  weight)* 
,._.- ~ - -- --- I- 

Sanple Depth (Number) 70' (8-6-1) 70'(B-h-2) - - - 
Paramrter T a l  Extr. T o t a l  Extr .  ' - Tota l  Extr .  Tota l  Extr .  Tota l  Ext r .  Tota l  Extr .  -__ ______..f_______ ____ 
Total  Phosphorus 
Orthophosphate-P 
Total  Kjeldahl Nitrogen 
Ni t ra te fNi t r i te -N 
Ammonia-N 

Total  Organic Carbon 
Calcium 
Ha gnes ium 
Sodium 
Iron 

Manganese 
Aluminum 
Ticanium 
X Tota l  Sol ids  ( l O S e C )  
Speci f ic  Gravity (20°C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Xolybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

200 

300 

4900 
13100 

8820 
K250 
2540 

K1S0 

720 

88 

96.8 
2.77 

KlSO 
KSO 

K 1  

K250 

K50 
K 1 0  

K300 

6 
K500 

K l O O  

K20 

K50 

140 
140 

16  
12 
K9 

K l O O  

5840 
3520 

22.0 

1 4  8 

1 7 . 4  
47.1 

u.3  

2.4 
2.2 
0.6 

Kl 

KO. 3 
K0.3 

K2 
K3 
6.8 

Ks 
KO. 3 

5.0 

650 

280 

2300 

58000 
29000 

39 5 
2 7000 

415 
13500 

310 

83.4 
2.81 

K150 
1 1 4  

K 1  

K2S0 

K50 

24 
K300 

21 

K500 

130 

K2 0 
WO 

2 50 

250 

11 

KG 

10 

100 
19703 

5330 
85.1 ' 

245 

59.5 
310 

K l  

4 .3  
24.5 

K 1  

K2 

K 1  

K 1  

y.5 
K10 

27.6 

K10 

2.3 
3.3 -- 

*K i n d i c a t e s  "lesa than". 



RACINE CPUNTY, WISCONSIN 

PROFILE NUMBER: 1 
LOCATION: Cres tv iew 
SHORE TYPE: E r o d i b l e  h igh  b l u f f  
DATE OF COLLECTION: June  5, 1975 
COLLECTORS: Wisconsin Department of ,Na tu ra l  Resources and t h e  Center  f o r  Great 

Lakes S t u d i e s  a t  t h e  U n i v e r s i t y  of Wisconsin-Milwaukee 
SUPPLEMENTAL INFORMATION : 

Sample 
Sample Depth -- Number Sample D e s c r i p t i o n  

2-6"(5.1-15.2 cm) R l - 1  A 1  hoxtizon; l i g h t  o l i v e  g r a y ,  s l i g h t l y  sandy c l a y  loam; 
low i q o r g a n i c s .  

5-6' (1.5-1.8 m) R1-2 Below t o p  of b l u f f ;  massive, d a r k  ye l lowish  brown, 
pebbly c l a y  t i l l ;  weathered.  

67 ' (20 .4  m) R1- 3 Massive, l i g h t  brownish g ray  t o  brownish g ray ,  cal- 
c a r i o u s ,  pebbly c l a y  t i l l ;  f r e s h ;  approximate ly  one 
f o o t  above b a s e  of b l u f f .  

PROFILE NUMBER: 2 
LOCATION: End of 5 1 / 2  Nile Road 
SHORE TYPE: E r o d i b l e  f i g h  b l u f f  
DATE OF COLLECTION: J m e  5 ;  1975 
COLLECTORS: Wisconsin D e p t .  of N a t u f a l  Resources and the Center  f o r  Great T.akes 

SUPPLEMENTAL INFORNATION : 

, 

S t u d i e s  )I U n i v e r s i t y  of Ibisconsin-Milwaukee 

Sample  
Number Sample D e s c r i p t i o n  Sample Depth -- 

2-6"(5.1-15.2 cm) R2-:. A 1  h o r i z o n ;  g r a y i s h  brown (SYR 3 /2 )  t o  dusky brown 
(5YR e / 2 ) ;  s l i g h t l y  damp; sandy s i l t  loam; moderate 
amount of o rgan ic s .  

3-4' (0.9-1.2 m) E-:! Thin ly  in t e rbedded  (beds few m i l l i m e t e r s  t h i c k )  clay, 
s i l t ,  and sand (very  f i n e  t o  f i n e  g r a i n e d ) ;  p a l e  
brown (5YR 5/2)(damp) t o  moderate  brown (5YR 4/41 
c l a y  [Layers t o  g r a y i s h  orange  (10YR 7/4)  t o  moderate  
ye l lowish  brown (10YR 5 /4)  sand l a y e r s .  

Approx. 32'  
(9 .8  m) 

R2- 3 Massive, d a r k  ye l lowish  brown (10YR 4/2)  t o  dusky 
ye l lowish  brown (10YR 2/2)  (damp) pebbly c l a y  till; 
Approkimately 10 feet ( 3  m) above b a s e  of b l u f f .  
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PROFILE " B E R :  3 
LOCATION: Wind P o i n t  Lighthouse  
SHORE TYPE: E r o d i b l e  h igh  b l u f f  
DATE OF COLLECTION: J u i e  5, 1975 
COLLECTORS: Wisconsin Dept. of N a t u r a l  Resources and t h e  Center  f o r  Great Lakes 

SUPPLEMENTAL INFORMATIOY : 
S t u d i e s ,  U n i v e r s i t y  of Wisconsin-Milwaukee 

Samp Le 
Numb,?r -- - Sample Depth Sample D e s c r i p t i o n  

2-6" (5.1-15.2 cm) R 3 - 1  A 1  ho r i zon ;  s i l t y  sand;  low i n  o rgan ic s .  

1-2'(0.3-0.6 m) R3-2 Yel lowish brown, s i l t y ,  f i n e  g r a i n e d  sand.  

PROFILE NUMBER: 4 
LOCATION: 
SHORE TYPE: E r o d i b l e  h igh  b l u f f  
DATE OF COLLECTION: June 5 ,  1975 
COLLECTORS: Wisconsin ' l e p t .  o f  N a t u r a l  Resources and t h e  Center  f o r  Great Lakes 

Ada lbe r t  Blaszczak  p r o p e r t y ,  400 f e e t  s o u t h  of  Case T r a c t o r  Foundary 

S t u d i e s ,  U n i v e r s i t y  of Wisconsin-Milwaukee 
SUPPLEMENTAL INFORHATIOI\I : 

Samp Le 
- Sample Depth Number 

2-6" (5.1-15.2 cm) R4-1 A 1  ho r i zon ;  brownish b l a c k  (dry)  s i l t y  loam; moderate  
o r g a n i c s .  

7-8' (2.1-2.4 IU) R4-2 In te rbedded  (wel l -def ined ,  l a t e r a l l y  cont inuance  beds  
approximate ly  s e v e r a l  mm t h i c k )  f i n e  t o  medium g r a i n  
sand and c l a y ;  moderate  ye l lowish  brown (10YR 5/4)  
(wet) sand and brownish g ray  (5YR 4/1)  ( w e t )  c l a y .  

Approx. 39'  
(11.9 m) 

R4- 3 Massive, l i g h t  brownish gray  (5YR 6/ l ) (damp and f r e s h )  
t o  o l i v e  g ray  pebbly sandy c l a y  till;  approximately 
5 f e e t  (1 .5  m) above b a s e  of b l u f f .  
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PROFILE NUMBER: 5 
LOCATION: D r .  Frank S a v a g l i o ' s  p r o p e r t y ,  1950 f e e t  n o r t h  of Racine/Kenosha County l i n e  
SHORE TYPE: E r o d i b l e  h i g h  b l u f f  
DATE OF COLLECTION: June  5, 1975 
COLLECTORS: 

SUPPLEMENTAL INFORMATION: 

Wisconsin D e p t .  of N a t u r a l  Resources and t h e  C e n t e r  f o r  Great Lakes 
S t u d i e s ,  U n i v e r s i t y  of WisEonsin-Milwaukee 

Sample 
Sample Depth Number Sample D e s c r i p t i o n  

2-6"(5.1-15.2 c m )  R5-1 A1 horizron; b l a c k ,  o r g a n i c  r i c h  sandy loam. 

5' (1 .5  m) R5- 2 In t e rbedded  f i n e  sand ,  s i l t ,  and  c l a y ,  as i n  
Sample 84-2. 

Approx. 32' R5-3 Pebbly q l a y  t ill  as i n  R4-3; approx ima te ly  4 feet (1.2 m) 
above b a s e  of b l u f f .  (9.7 m) 
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PACWE PROFILE 1 (mglkg dry weight)* 
- - - __ --___-- ------I_--- 

5'-6' (R-1-21 67' (R-1-3) -- --- Sample Depth (Number) 2-6"(R-1-1) 
Parameter Total  Extr. -_T~t&l- Extr .  TotaJ Extr. Total  Extr. Total--.&ELL Tota l  Extr .  _ _  
Total  Phosphorus 4 10 24 2 60 2 340 3 
Orthophosphate-P l h  2 K 1  

Total Kjeldahl Nitrogen 3300 21  460 KLO 390 10 

~ _ _ _  -- - 

N i t  rste/Nit r i  te-N 

Ammonia-N 
27 
13  

K6 
K9 

K6 
K 9  

4lUU LlUU 

Calcium 13100 10200 57000 24700 75800 35800 
Magnesium 6650 1740 33300 8830 43200 8920 
Sodium K250 14.7 K250 27.6 380 65.1 
Iron 18300 41.0 24400 251 14100 223 

---- .._-- 
l l U U  h l U V  

_..̂ ^̂  .-- 
JOUUU UUU 

c._&_. n _ _ _ _  *. "...L. 
."La* ".&-."LL C n L U V . 8  

Hanganese 674 73.3 520 106 590 143 
Aluminum 9080 393 11300 38.7 7260 10.5 

Titanium 85 K 1  225 K 1  255 K 1  

X Total  Solids (105°C) 75.2 86.6 89.1 
Spec i f ic  Grnvity (20'C) 2.49 2.86 2.63 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Le ad 
Tin 

K15O 4.8 K150 4.1 R150 3.7 
80 31.4 50 10.4 K50 11.8 
K l  K 1  1 1.2 K 1  K 1  

K250 K 2  K250 K2 K250 K2 

K50 K1 K50 K 1  K50 K 1  
14 K l  2 1  K 1  12 K 1  

K300 K5 K300 6.0 K300 K5 
47 R10 22 K 1 0  :9 K10 

K500 K10 K500 32.7 K500 K10 

Vanadium WOO K10 K l O O  K10 K l O O  K10 
Yttrium 1120 K 1  K20 K l  K20 K 1  

56 1 .2  8 2  1.4 Zinc 74 13.2 - 
*K i n d i c a t e s  "less than". 
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T o t a l  Phosphorus 
Orthophosphate-P 
Tota l  Kjeldahl Nitrogen 
Ni t ra te /Ni t r i te -N 
Ammnia-N 

Tota l  Organic Carbon 

Ca lcium 
n a p e s  i urn 
Sodium 
Iron 

Manganese 
Aluminum 
?i rsnilur? 

X T o t a l  Sol ids  (105.C) 
S p e c i f i c  Gravity (20.13 

Boron 

Barium 
Cadmium 
Cobalt  

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zi nc 

150 

420 

5900 
32400 

19900 
K250 
8280 

.280 
1550 

2 90 

97.8 
2.31 

K150 
K50 
K1 

K250 

K50 
K10 

K300 

55 
K500 

KlMl 

K2O 
69 

76 

69 
28 

30 
15 

200 
LhJW 

6 390 
33.8 

320 

105 
61.9 

0 . 5  

4.3  
6.4 
1 .2  
1.6 

0.6 
1.1 
2.6 

29.0 
7.3 

w 
1.1 

35.4 

130 44 

46 

140 15 

K6 
10 

900 KlOO 
.-. 

J>lUU LlblJU 

20600 8800 

K250 30.8 

6500 354 

254 114 
1170 26.8 

250 0.3 

95.5  

2.78 

K150 3.6 
K50 1.0 

2 0.7 

K250 1.6  

K50 0.5 
K 1 0  0.6 

K300 K2 
24 '6.3 

K500 K3 

K I M )  K I O  

K20 1.2 
K50 17.5 -- I--- 

*I; i n d i c a t e s  "leas than". 



RACINE PROFILE 4 (mglkg d r y  weight)* _ - ~ -  - __. - __ ~ 

7-8' (R-4-2) 39' (R-4-3) -- Sample Depth (Number) 2-6"(R-4-1) 
Parameter 

___-- - 
Total  Extr. Tota l  Extr. T o t a l  Extr. Tota l  Extr. Tota l  Extr. Tota l  Ext_r, 
_---------I-- - -- 

To t a l  Phosphorus 
Orthophosphate-P 
Tota l  Kjeldahl Nitrogen 
Nitrate/Nitri  te-N 

Ammonia-N 

Tota l  Organic Carbon 
Calcium 
Magnesium 
Sodium 
I r o n  

Manganese 
Aluminum 
Titanium 
Z Total  Sol ids  (105.C) 
S p e c i f i c  Gravity (20.C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 

Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Y ttriu.: 
Zinc 

800 

2800 

36000 
12500 

7800 
2 70 

26400 

450 
8TB6 

148 
83.2 
2.23 

Klso 
340 

K l  

K250 

K50 

56 
K300 

253 
K500 

KlOO 
K20 
4 20 

240  

240 
5 5  
60 

16 

400 
5730 

2130 
2 7 . 4  

160 

I l l  
5% 
1.6 

5.9 
84 
K 1  

2.6 

K1 

12.6 

K5 

81 

K1O 

K10 
1.6 
137 

250 

330 

9 500 

68900 
38300 
260 

12700 

4 86 
%# 

205 
83.2 
2.97 

K150 
K50 

2 
K250 

K50 

1 3  
K300 

25 
K500 

K100 
K20 

50 

75 
73 

30 

K6 

20 

100 

38800 
9860 
45.0 

225 

133 
f38 

K 1  

4.3 
15.8 

K 1  

K2 

K 1  
1.4 
K5 

K 1 0  

K 1 0  

K1O 

2.4 
27.1 

320 

320 

81100 
66900 
30600 
300 

15300 

560 
p& 

180 
88.7 
2.77 

K150 

K50 

1 

K250 

K50 

24 
K300 

26 
K500 

K l O O  

K2O 
442 

K1 

K 1  

18 

K6 

K9 

K l O 0  

25500 
8510 
4 1 . 7  
451 

170 

3- 2 
K 1  

5.3 
4.8 
1.3 

2.5 

K 1  

KI 

K5 

K10 
21.1 

K10 

K 1  
3.9 -.. ------ 

*K indicate. "less than". 



RACINE PROFILE 5 (mg/kg dry weight)* 
-- _ _ ~ ~ - ~  -__-- - 

-- 32' (R-5-3) --- Sample Depth (Number) 2-6"(R-5-1) 5' (R-5-2) 
Parameter Total- Extr. Total  Extr .  Tota l  Extr. Tota l  Extr. Tota l  Ext t .  Tota l  Extr. 

Total  Phosphorus 
Orthophosphate-P 
Total  Kjeldahl  Nitrogen 
N i t r a t d N i t r i t e - N  
Ammonia-N 

Total  Organic Carbon 

ca I c ium 
Hagnesium 
Sodium 
Iron 

Hanganese 
Aluminum 
Titanium 
2 Total  Sol ids  (105.C) 
Spec i f ic  Gravity (20.C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
L%lybdenum 
Lead 
T i  n 

Vanadium 
Yttrium 
Zinc 

360 

1800 

16000 
37000 
24500 
K250 

11200 

250 
4120 

169 
83.6 
2.61 

K150 
K50 

2 
U S 0  

K50 
15 

K300 

32 
K500 

Kloo 
WO 

70 

120 

92 
30 

34 

19 

K l O O  

19200 
7250 
26.1 

119 

125 
219 
M 

4.0 
13.2 

K 1  

K2 

K1 
2.3 
K5 

K10 
K l O  

KlO 

1.1 
14.1 

3 10 

580 

4 700 
88600 
48500 

280 

10500 

4 10 
3700 

l o g  
85.0 
2.97 

K150 
K50 

1 
K250 

K50 
11 

K300 
26 

K500 

K l O O  

K2 0 

53 

K 1  

K1 
18 

K6 

13  

LOO 

37300 
9180 
31.6 

83.5 

130 
11.6 

y.1 

3.6 
4.5 

K 1  
2.4 

K 1  
K l  

K5 
K10 
K10 

K l O  

K 1  
3.9 

98 

140 

3300 
74000 
41800 

350 
15200 

580 
8000 

215 
89.2 
2.39 

K150 
K50 

K 1  
K2  50 

K50 
1 2  

K300 
23 

K500 

woo 
K20 

56 

20 

12 
14 

K6 

K9 

K l O O  

25200 
8520 
58.3 
467 

161 
10.9 
KO.? 

5.3 
12.4 

1.3 
2.7 

KO. 3 
0.4 

3.7 
4.3 

20.4 

K5 

0.9 
3.5 

_ _ _ . ~ - _ _ _ -  
*K i n d i c a t e s  "less than". 



MUSKEGOP COUNTY, E-IICHIGAN 

PROFILE NUMBER: 1 
LOCATION: 
SHORE TYPE: High sand dune 
DATE OF COLLECTION: June 5, 1975 

Approximatelqr NE 1 / 4 ,  NW 114, Sec t ion  23, T.9 N . ,  R .17  W. 

COLLECTORS : Unive r s i ty  of 
SUPPLEMENTAL INFORMATION : 

Samp 1.e 
Number -- Sample Depth 

0-8" (0-20.3 cm) 121-1.-1 

8-13"(20.3- 1 2  1-1.-2 
33.0 cm) 

13-22" (20.3- 1 2  1-1.- 3 
55.9 cm) 

22-60" (55.9- 121-:.-4 
152.4 cm) 

0-60"(0-152.4 cm) 121-:!-1 

PROFILE NUMBER: 2 
LOCATION: NW 1 / 4 ,  NW U 4 ,  

Michigan Ccbastal Zone Laboratory 
Sample 121+2-1 t aken  from f a c e  o f  b l u f f  j u s t  w e s t  of 
o t h e r  sampies.  

Sample D e s c r i p t i o n  

All hoyizon; l i g h t  gray  (10YR 7/2) sand;  s i n g l e  
g ra ined ;  l o o s e ;  n e u t r a l ;  g r a d u a l  wavy boundary 

A12b hcprizon; p a l e  brown (10YR 6/3)  and very d a r k  
gray (IOYR 3/11 sand;  weak f i n e  g r a n u l a r  s t r u c t u r e ;  
ve ry  f t i a b l e ;  n e u t r a l ;  g r a d u a l  wavy boundary. 

B1 hor t zon ;  ve ry  p a l e  brown (10YR 7/3)  sand;  s i n g l e  
g r a i n e d ;  l o o s e ;  n e u t r a l ;  g r a d u a l  i r r e g u l a r  boundary. 

C hor izon;  p a l e  brown (10YR 6 /3 )  sand;  g ra ined ;  
l o o s e ;  mi ld ly  a l k a l i n e .  

C ho r i eon ;  p a l e  brown (10YR 6 /3 )  sand;  s i n g l e  
g ra ined ;  l o o s e ;  mi ld ly  a l k a l i n e ;  s l i g h t  e f f e rvescence .  

S e c t i o n  31, T . l l  N . ,  R .17  W. 
SHORE TYPE: E r o d i b l e  low b l u f f  
DATE OF COLLECTION: June 5, 1975 
COLLECTORS: Un ive r s i ty  of Michigan Cbas t a l  Zone Labora tory  
SUPPLEMENTAL INFORMATIO!g: Samples 1211-4-1 through 121-4-3 taken from face of b l u f f  

j u s t  w e s t  lof o t h e r  samples. 

Samp Le 
Numb'5.r Sample D e s c r i p t i o n  Sample Depth -- 

0-5" (0-12.7 cm) 121- 3-1 A 1  horl izon;  da rk  g r a y i s h  brown (10YR 4/2)  s and ;  weak 
f i n e  g r a n u l a r  s t r u c t u r e ;  v e r y  f r i a b l e ;  s l i g h t l y  
a c i d ;  c l e a r  wavy boundary. 

5-20'' (12.7- 1 2  1- 3-2 A2 hor i zon ;  p a l e  brown (10YR 6/31 sand;  s i n g l e  
50.8 cm) g ra ined ;  l o o s e ;  medium a c i d ;  clear i r r e g u l a r  boundary. 

20-33" (50.8- 121- 3-3 B 2 i r  hiorizon; s t r o n g  brown (7.5YR 5/6)  sand; weak 
83.8 cm) f i n e  g l ranular  s t r u c t u r e ;  s l i g h t l y  a c i d ;  g r a d u a l  wavy 

bounda,ry . 
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PROFILE NUMBER: 2 (con t inued)  

Sample 
Number Sample Depth -- 

33-60" (83.8- 12 1-3-4 
152.4 cm) 

0-5" (0-12.7 cm) 121-4-1 

5-18"(12.7- 
45.7 cm)  

1 2  1-4-2 

18-60" (45.7- 1 2  1-4-3 
152.4 c m )  

Sample D e s c r i p t i o n  

C ho r i zon ;  l i g h t  ye l lowish  brown (10YR 6/4)  sand;  
s i n g l e  g r a i n e d ;  l o o s e ;  n e u t r a l .  

A 1  ho r i zon ;  brown (10YR 4/3)  s and ;  weak f i n e  
g r a n u l a r  s t r u c t u r e ;  ve ry  f r i a b l e ;  s l i g h t l y  a c i d ;  
a b r u p t  smooth boundary. 

C 1  ho r i zon ;  l i g h t  ye l lowish  brown (10YR 6/41 and 
d a r k  brown (7.5YR 4/4)  s t r a t i f i e d  f i n e  sand;  ve ry  
f i n e  sand and s i l t  loam, weak f i n e  g r a n u l a r  s t r u c -  
t u r e ;  n e u t r a l ;  ab rup t  smooth boundary. 

C2 hor i zon ;  p a l e  brown (10YR 6/3)  c o a r s e  sand and 
g r a v e l ;  s i n g l e  g r a i n e d ;  l o o s e ;  modera te ly  a l k a l i n e ;  
s l i g h t  e f f e rvescence .  

PROFILE NUMBER: 3 
LOCATION: Approximatel], SW 1 / 4 ,  NW 1 / 4 ,  S e c t i o n  2 ,  T. 11 N. ,  R. 18 W. 
SHORE TYPE: E r o d i b l e  h igh  b l u f f  
DATE OF COLLECTION: June 5, 1975 
COLLECTORS: U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  
SUPPLEMENTAL INFORHATION: Sample 121-6-1 t aken  from f a c e  of b l u f f  j u s t  west of 

o t h e r  samples .  

Samp1.e 
Number Sample Depth -- _. Sample D e s c r i p t i o n  

0-6"(0-15.2 cm) 121-51-1 A 1  ho r i zon ;  brown ( 1 0 Y R  5/3) f i n d  sand;  s i n g l e  
grained; loose;  mildly a lkal ine;  gradual wavy 
boundary. 

6-17"(15.2- 121-51-2 C 1  ho r i zon ;  ve ry  p a l e  brown (10YR 7 / 3 ) . s a n d ;  s i n g l e  
43.2 cm) g r a i n e d ;  l o o s e ;  m i l d l y  a l k a l i n e ;  d i f f u s e  i r r e g u l a r  

boundary. 

17-60"(43.2- 12 1-5,- 3 C2 hor i zon ;  ve ry  p a l e  brown (10YR 7/31 sand;  s i n g l e  
152.4 cm) g r a i n e d ;  l o o s e ;  moderately a l k a l i n e ;  s l i g h t  e f f e r -  

vescenc:e. 

0-60"(0-152.4 cm) 121-61-1 C ho r i zon ;  ve ry  p a l e  brown (10YR 7/3)  sand;  s i n g l e  
g r a i n e d ;  l o o s e ;  moderately a l k a l i n e ;  s l i g h t  e f f e r -  
vescence.  
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PROFILE NUMBER: 4 
LOCATION: Approximately NW 1 / 4 ,  NE 1 / 4 ,  S e c t i o n  22 ,  T. 12  N . ,  R. 18 W. 
SHORE TYPE: E r o d i b l e  h igh  b l u f f  
DATE OF COLLECTION: June  5, 1975 
COLLECTORS: 
SUPPLEMENTAL INFORNATION: 

Un3.versit.y of Michigan Coas t a l  Zone Labora tory  
Sample 121-8-1 taken  from f a c e  of b l u f f  j u s t  w e s t  of 
o t h e r  saqiples. 

S anip l e  
Sample Depth -- Nunib er Sample D e s  cr i p  t i o n  

0-7" (0-17.8 cm) 121.-7-1 A 1  ho r i zon ;  brown (10YR 5/3)  and ve ry  d a r k  g ray  
(1OYW 3/11 f i n e  sand;  s i n g l e  g ra ined ;  l oose ;  m i l d l y  
a l k a l i n e ;  g radua l  wavy boundary. 

7-60"(17.8- 1 2  1.-7-2 C ho f i zon ;  p a l e  brown (10YR 6 / 3  f i n e  sand; s i n g l e  
152.4 cm) g r a i i e d ;  l oose ;  mi ld ly  a l k a l i n e .  

0-60"(0-152.4 cm) 121.-8-1 C holfizon; l i g h t  ye l lowish  brown (10YR 6/4)  sand;  
s i n g l e  g ra ined ;  l oose ;  m i l d l y  a l k a l i n e .  



MUSKEGON PROFILE 1 (mglkg dry ve ight )*  
~ ~ --- 

8-13"(121-1-2) 13-22"(121-1-3) 22-60"(121-1-4) 0-60"(121-2-1) -- Sample Depth (Number) 0-8"(121-1-1) 
PBTame te r ___ T o t a _ l _ E x t r . -  Tota l  _~ Extr .  Total Extr .  Total  Extr. Total  E x r ,  Tota l  Extr. 

~ 

Total  Phosphorus 
Orthophosphate-P 
Tota l  Kjeldahl  Nitrogen 
N i t r a t e / N i t r i  te-N 

Ammonia-N 

Total  Organic Carbon 
Calcium 

Magnesium 
Sodium 
I ton 

Manganese 
Aluminum 
Titanium 
2 Total  Sol ids  (105OC) 

S p e c i f i c  Gravity (20.C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

48 

5 8  

700 
1350 

a46 
K2 5 
2830 

32 
475 
101 

97.1 
2.59 

K15 

K5 
K L  

K25 

K5 
K 1  

K30 
Ks 

K50 

K10 
K2 

6 

26 
25 
16 
11 

K9 

100 
994 
417 
8.0 

25 .6  

9.6 
29.8 
K0.3 

K l  

1.6 
, 0 . 6  

K 1  

KO. 3 
K0.3 

K2 
K3 
K3 

K5 
KO. 3 

3.8 

48 

120 

1700 
1310 

713 
K2 5 

2190 

26 
4 08 

67 
94.8 
2.49 

K15 

K5 
K 1  

K25 

K5 
K 1  

K30 
K5 

K50 

K10 
K2 

7 

20 
20 
1 7  

?I 
11 

100 

1200 
463 
6.5 

23.4 

11.1 
31.8 
KO. 3 

1.0 

1 . 7  
0.6 

K l  

KO. 3 
KO. 3 

K3 
K3 

K5 
KO. 3 

4.2 

4 8 

GO 

700 
1150 

664 

K2 5 
2590 

28 
412 

81 
96.9 
2.57 

K15 

K5 
K 1  

K25 

K5 
K l  

K30 
K5 

K50 

K10 
K 2  

6 

23 
22  

15 
11 
K9 

K l O O  

1040 

463 
6.4 

24.9 

9.2 
27.8 
KO. 3 

K1 

1.6 
K0.5 

K 1  

KO. 3 
KO. 3 

K2 
K3 
K3 

K5 
KO. 3 

2 . 4  

4 5  

16 

500 

1520 

944 
K25 

34 70 

40 
563 
213 

98.6 
2.74 

K15 

K5 
K1 

K25 

K5 
K 1  

K30 
K5 

K50 

10 
K2 

6 

21 
2 1  
1 4  
9 

K9 

K l O O  

a4 2 

389 
9.3 

26.2 

7.9 
27.3 
KO. 3 

K 1  

1.5 
0.6 

K 1  

KO. 3 
K0.3 

K2 
K3 
K3 

K5 
KO. 3 

2.2 

38 

19 

300 
1240 

740 

K25 
19 70 

25 
400 

65 
97.3 
2.69 

Kl5 

K 5  
K 1  

K2 5 

K5 
K 1  

K30 
K5 

K5O 

K10 
K 2  

5 

18 
18 

15 

7 
11 

K l O O  

1150 

508 
7.9 

29.7 

8.9 
30.1 
K0.3 

Kl 

1.6 
0.6 

K 1  

K0.3 
K0.3 

K2 
K3 
K3 

K 5  
KO. 3 

18.0 



HWSKECON PROFILE 2 (mg/kg dry weight)* 
- ----- ~~~~ ~ 

5-18"(121-4-2) 0- 5" ( 121-4-1 ) - 
Total Extr .  

5-20" (1 21- 3-2) 20-33" ( 121- 3-3) 33-60" (1 21-34 ) Sample Depth (Number) 0-5"(121-3-1) 
Total ExLr. KrZme t e r  To t a l - E x t  r . Total Extr. Total Ext-r. Total  Extr. 

Total Phosphorus 
Orthophosphate-P 
Total Kjeldahl Nitrogen 

NitrateINitri  t e - N  

Ammonia-N 

Tct21 (?rg:-it C.zrhcn 

Calcium 
Hagnesium 
Sodium 

Iron 

Hanganese 
Aluminum 
Titanium 
X Total Sol ids  (105.C) 
Speci f ic  Gravity (20'C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 

Copper 

Molybdenum 
Lead 
Tin 

Vanadium 

Y t t r i m  
Zinc 

85 

650 

9?% 

741 
30 1 
K25 

3010 

59 
a48 
108 

90.3 

1.99 

K15 
Ks 

K 1  

K25 

K5 
K 1  

K30 

8 
K50 

K l O  
K2 

1s 

18 

16 
39 
29 
2 1  

2 CY.! 

478 
69.2 

8.4 
23.4 

15.3 
163 
2.3 

1.1 
5 . 4  
0.7 

K 1  

KO. 3 
0.3 

K2 

3.4 
K3 

K5 
KO. 3 

7.1 

4a 

40 

': M 

1140 
629 
K25 

1420 

17 
304 
42 

99.5 

2.69 

K 1 5  
K5 
K 1  

K25 

K5 
K l  

K30 

KS 

K50 

K l O  

K t  
6 

2 

2 
10 
K6 

K9 

K!!X 

33.9 
9.9 
9.0 

10.7 

0 .1  
100 
0.6 

K 1  
3.0 

K0.3 

K 1  

K0.3 
KO. 3 

K 2  

K3 
K3 

K5 
KO. 3 

3.1 

92 3 35 

b 70 4 5  4 5  
36 
35 

O!O? !Or? Rnn 
73 

149 
K25 

1020 

20 
991 

27 
95.9 
2.72 

K15 
K5 
K l  

1125 

K5 
K1 

K30 

K5 
K50 

K 1 0  
K2 
K5 

5 
4 

1 7  
9 
9 

2nn 

38.8 

105 

8.4 
8.8 

0.8 
2 4 1  
0 .3  

K 1  
2 . 5  
0.7 

K 1  

K0.3 
KO. 3 

K2 

K3 
K3 

K5 
KO. 3 

160 46 65 

37 
23 15 60 

Kb 
11 

l?nnn Yinn rim 
214 

254  
K25 

2550 

43 
82 1 
63 

92.4 

2.68 

K15 
9 

Kl 
K25 

K5 
1.4 

K30 

KS 
K5O 

K10 

KZ 

18 
18 
17 
LO 

K9 

200 

269 

48.7 
8.3 

13.7 

3.0 
16.7 
0.6 

K 1  

10 

0.6 
K 1  

K0.3 
0.4 

K2 

K3 
Y3 

K5 
2.4  

2 .0  K5 2.3 --- ---- 
*K indicates  "less than". 



HUSKEGON PROFILE 2 (mg/kg dry weight)* continued __ - - - __ ____-___ 
Sample Depth (Number) 18-60"(121-4-3) ____-- ~- - 
Parameter Tota l  Extr. Tota l  Extr. Tot31 Extr .  Tota l  Extr. Tota l  Extr. Tota l  Extr. 

Tota l  Phosphorus 
Orthophosphate-P 
Tota l  Kjeldahl  Nitrogen 
Ni t ra te /Ni t r i te -N 
Ammonia-N 

Tota l  Organic Carbon 
Calcium 
Hagneslum 
Sodium 
I r o n  

Uanganese 
Aluminum 
Titanium 
X Tota l  Solids (105.C) 
S p e c i f i c  Gravity (20°C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 

Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 

Zinc 

67 

140 

400 
26700 
10000 

K250 
1740 

K150 
649 

a2 

91.9 

2.68 

K150 
K50 

Kl 
K250 

KSO 
K10 

K300 

K 5  
K500 

K l O O  
K20 
K5O 

38 

34 
14 

7 
K9 

KlOO 
30400 

5030 

20.0 

102 

34 .4  
25 .5  

0.4 

2 . 8  

K0.3 
0.8 

K 1  

KO. 3 
KO. 3 

2.6 

K3 
11.9 

KS 
0.8 
2.5 

*K i n d i c a t e s  "less than". 



MUSKEGON PROFILE 3 (mglkg d r y  weight)+ 
-----..- - .~ -_-_______--__ ___ ___ 

Sample Depth (Number) 0-6"(121-5-1) 6-17"(121-5-2) 17-60"(121-5-3) 0-60"(121-6-1) 
~ --___-. _______ ---- Tota l  Extr .  Total E x t r . -  Total  Extr. Parameter Total Extr. Tota l  Extr .  Tota l  Extr .  

Total  Phosphorus 
Orthophosphate-P 
Total  Kjeldahl Nitrogen 
N i  t r a t e / N i t c i  te-N 
Ammonia-N 

Total  urganic Carbon 

Calcium 
Magnesium 
Sodium 
Iron 

Manganese 
A1 r l m i n t l g  

Ti taniun 
I Total  Sol ids  (10S.C) 
Speci f ic  Gravity ( 2 0 ' C )  

Boron 

Barium 
Cadmium 
Cobalt 

Chromfum 

Copper 
Molybdenum 
Le ad 
Tin 

Vanadium 
Yttrium 
Zinc 

40 

K38 

a3OU 
2630 
1230 
K2 5 

2370 

20 
291 

67 
98.5 
2.78 

K l S  
KS 
Rz 

K25 

K5 
K1 

K30 
Ks 

K50 

K l O  

K? 
K3 

21 40 
21 

i n  2s 
7 

K9 

.__^^ 
hJUU 

... --  
KLVU 

2690 3240 
1080 1460 

8.1 K2 5 
32.6 3 700 

8.0 24 
22.0 31 2 

0 . 4  86 
96.3 
2.63 

1.3 K 1 5  

1.1 K5 
0.7 K 1  

K 1  K25 

KO. 3 K5 

K0.3 K 1  
K2 K30 
K 3  K5 
K3 K50 

K5 11 
0.3 K 2  

2.3 K 5  

20 13 
18 

12 K78 
6 

K9 

..-,.- 
I\,"" 

... ̂ ^ 
K I W U  

31.70 2710  

1230 1130 

10.8 K2 5 
23.2 2 330 

6.3 18 
21,s 262 
KO. 3 65 

98.9 
2.69 

1.3 
1.0 
0.6 

K l  

K0.3 
K0.3 

K2 
K3 
K3 

K5 

K0.3 

K1S 
Ks 
K 1  

K2S 

KS 

K I  
K30 

KS 
KSO 

K10 

K2 

1 3  so 
13  
16 K36 
11 
11 

"*nn RJ"" .*. 
hl"" 

2680 3890 
9 76 1670 
7 . 4  K25 

22.5 4 800 

6.1 28 
23.1 299 
KO. 3 108 

96.1 
2.71 

18 
1s 

14 
9 

11 

Y ?  nn 
RLV" 

3460 
1240 
6.9 

26.1 

6.6 
22.9 
KO. 3 

1.3 

1.2 
KO. 5 

K 1  

KO. 3 
K0.3 

K2 
K3 
K3 

K5 

K0.3 

K15 1.5  
KS 1.1 

K 1  K0.5 
K25 K 1  

K5 K0.3 
K1 K0.3 

K30 K 2  
KS K3 

KSO K3 

18 K5 

K 2  K0.3 
8.2 5 2.2 K.5 20.4 -- 

W indicntes  " lesa  than". 



MUSKECON FROFILE 4 (mglkg dry weight)* - - - 
Sample Depth (Number) 0-7"(121-7-1)-~~ 7-60"(121-7-2) 0-60"(121-8-1) --- 
Parameter --~- - - - - -Tota>2XL-r- ! - . - - - - -  Tota l  Extr. Tota l  Extr. Tota l  Extr .  Tota l  J x t r .  Tota l  Extr. 

Total  Phosphorus 
Orthophosphate-P 
Total  Kjeldahl Nitrogen 
Nitrate/Nitr i te-N 
Ammonia-N 

Total  Organic Carbon 
Calcium 
Magnesium 
Sodium 
I ton 

Manganese 
Aluminum 
T i  ranium 
X Total Sol ids  (105.C) 
Spec i f ic  Gravity (20.C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

52 

140 

2000 
1310 

700 

K25 
4160 

24 
312 
105 

95.2 
2.71 

K15 
K5 
Kl 

K2 5 

K5 
K 1  

K30 
K 5  

K50 

K l O  
K2 

5 

19 
17 
21 

26 
K9 

200 

1230 

541 

l(r.3 
20.6 

5.8 
29.8 
KO. 3 

K 1  
1.4 
0.6 

K 1  

KO. 3 
0.3 
K2 

K3 
K3 

K5 

KO. 3 
3.2 

65 

40 

800 
1740 

884 

IC250 
4890 

KlSO 
319 
120 

95.8 
2.63 

K150 
K50 
K1 

K250 

K50 
K10 

K300 

K 5  
K500 

KlOO 

K20 
K50 

?O 
17 

10 

7 

K9 

K l O O  

950 
456 

13.8 
18.7 

2 . 9  
25.4 
KO. 3 

K 1  
1.1 

K0.5 
K 1  

KO. 3 
KO. 3 
K2 
K3 
K3 

K5 

KO. 3 

4 0  

M O  

K300 
129 
134 

K25 
1040 

K15 
280 

27 
96.1 
2.79 

K15 
K5 
K1 

K25 

K5 
K 1  
K30 

K5 
K50 

K l O  

K 2  

16 

16 

K 1 0  

K6 
K9 

K l O O  

92 
13.4 

5.4 
10.0 

1.4 
36.5 
K0.3 

K 1  

1.4 
0.6 
Kl 

KO. 3 
KO. 3 

K2 
K3 
K3 

K5 

K0.3 
3.0 KS 1.3 - 

*K i n d i c a t e s  " leas  than". 



MANISTEV COUNTY, M11:CIiIGAN 

PROFILE NUMBER: 1 
LOCATION: S e c t i o n  15, 11. 2 1  N ,  R. 17 W. 
SHORE TYPE: E r o d i b l e  h igh  b l u f f  
DATE OF COLLECTION: June  6 ,  1975 
COLLECTORS: U n i v e r s i t y  of Michigan CQastal Zone Labora tory  
SUPPLEMENTAL INFORMATIOIJ: Samples 1Oh-2-1 and 101-2-2 t aken  from f a c e  of b l u f f  

j u s t  w e s t  Of o t h e r  samples.  

Sample Depth 

0-7"(0-17.8 c m )  

7-15" (17.8- 
38.1 cm)  

15-24"(38.1- 
61.0 cm) 

24-.60"(61.0- 
152.4 cm)  

0-10" (0-2 5.4 cm) 

10-60" (25.4- 
152.4 c m )  

PROFILE NUMBER: 

Samp:Le 
Number 

101-.1-1 

-- 

101- 1-2 

101-1-3 

101-1-4 

101- 2-1 

10 1- 2-2 

2 
LOCATION: S e c t i o n  16 ,  T. 24 

Sample D e s c r i p t i o n  

A 1  ho r i zon ;  ve ry  d a r k  g r a y i s h  brown (10YR 3/2)  
loam; moderate  medium g r a n u l a r  s t r u c t u r e ;  f r i a b l e ;  
n e u t r a l ;  g radua l  wavy  boundary. 

B & A h o r i z o n s ;  p a l e  brown (10YR 6/3)  and brown 
(7.5YR, 5 /4)  c l a y  loam; moderate  medium subangular  
blocky s t r u c t u r e ;  f i rm;  n e u t r a l ;  g radua l  wavy 
boundary. 

B 2 t  h a r i z o n ;  brown (7.5YR 5/4)  heavy c l a y  loam; 
moderate  f i r m ;  n e u t r a l ;  g radua l  wavy boundary. 

C horllzon; brown (7 .5YR 5 /4 )  c l a y  loam; moderate  
c o a r s e  a n g u l a r  blocky s t r u c t u r e ;  f i rm;  moderately 
a l k a l i n e ;  s l i g h t  e f f e rvescence .  

C 1  holtizon: brown (7.5YR 5/4)  c l a y  loam; weak 
mediucp a n g u l a r  blocky s t r u c t u r e ;  f i rm;  s l i g h t  
e f f e r+escence .  

C2 ho$izon; l i g h t  brown ( 7 . 5 Y R  6/4)  s i l t  loam; 
massiye; f r i a b l e ;  s l i g h t  e f f e rvescence .  

N., R. a6 W. 
SHORE TYPE: E r o d i b l e  'Low b l u f f  
DATE OF COLLECTION: June 6 ,  1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: 

U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  
Samples 1101-4-1 and 101-4-2 t aken  from f a c e  of b l u f f  
j u s t  w e s t  of o t h e r  samples.  

Sample 
Number Sample Depth -- Sample D e s c r i p t i o n  

0-12"(0-30.5 cm) 101-3-1 A horlizon; brown ( 1 0 Y R  5/3)  sand;  s i n g l e  g r a i n e d ;  
loosa; m i l d l y  a l k a l i n e ;  g r a d u a l  wavy boundary. 

12-60" (30.5- 101-3-2 C h o r i z o n ;  p a l e  brown (10YR 6 / 3 )  sand;  s i n g l e  
152.4 cm) grair ied;  l o o s e ;  s l i g h t  e f f e r v e s c e n c e ;  moderately 

a lka l i ine .  
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PROFILE NUMBER: 2 (con t inued)  

Sample 
Numb e r Sample Depth -- SamDle Descr iDt ion  

0-lO"(0-25.4 cm)  101-4-1 A hor i zon ;  brown (10YR 5/3)  s and ;  s i n g l e  g ra ined ;  
l o o s e ;  s l i g h t  e f f e rvescence ;  g r a d u a l  wavy boundary. 

10-60"(25.4- 10 1- 4 - 2 C h o r i z o n ;  ve ry  p a l e  brown ( 1 0 Y R  7 /3)  sand;  s i n g l e  
152.4 c m )  g r a i n e d ;  l o o s e ;  s l i g h t  e f f e rvescence .  

PR~FILE NUMBER: 3 
LOCATION: S e c t i o n  3 ,  T. 24 N . ,  R. 16 W. 
SHORE TYPE: E r o d i b l e  h igh  b l u f f  
DATE OF COLLECTION: June  6 ,  1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: 

U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  
Sample 101-6-1 t aken  from f a c e  of  b l u f f  j u s t  west of 
o t h e r  samples .  

Sample 
Sample Depth -- Number Sample D e s c r i p t i o n  

0-20"(0-50.8 cm) 101-5-1 A 1  h o r i z o n ;  p a l e  brown (10YR 6/3)  f i n e  sand;  
s i n g l e  g ra ined ;  l o o s e ;  n e u t r a l ,  ab rup t  smooth 
boundary. 

20-24"(50.8- 10 1- 5 -2 I I A l  b ho r i zon ;  b l ack  (10YR 2/1)  s i l t y  c l a y  loam; 
61.0 cm) weak medium subangular  blocky s t r u c t u r e ;  f i rm;  

m i l d l y  a l k a l i n e ;  g radua l  wavy boundary. 

24-27" (61.0- 101- 5 - 3 IIB2 hor i zon ;  r e d d i s h  brown (5YR 5/3)  s i l t y  c l a y  
68.6 em) loam; moderate  medium angu la r  b locky  s t r u c t u r e ;  

f i rm;  m i l d l y  a l k a l i n e ;  ab rup t  smooth boundary. 

27-60"(68.6- 101-5-4 I I I C  ho r i zon ;  p a l e  brown (10YR 6/3)  sand;  s i n g l e  
152.4 cm)  g r a i n e d ;  l o o s e ;  moderately a l k a l i n e .  

0-60"(0-152.4 cm)  101-6-1 C ho r i zon ;  l i g h t  ye l lowish  brown (10YR 6/4)  sand;  
s i n g l e  g r a i n e d ;  l o o s e ;  moderately a l k a l i n e .  
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- - )  Sample Depth (Number) 0-7"(101-1-1) k l ~ " ( l O l - k Z 1  Ix(1OJ.-l=D 24-60 '1- W U - L  
Total  Extr.  Parameter Tota l  Extr. Tota l  Ext r .  To ta l  Extr. Tota l  Extr .  To ta l  Ext r .  

Tota l  Phosphorus 
Orthophosphate-P 
Tota l  Kjeldahl Nitrogen 
Ni t ra te lNi t r i te -N 
Ammonia-N 

Tota l  Organic Carbon 
Calcium 
Hagnesium 
Sodium 
Iron 

Manganese 
g& 

Titanium 
X Tota l  Sol ids  (10S.C) 
Spec i f i c  Gravity (20.C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Holybdenum 
Lead 
Tin 

Vanadium 
Yttrium 

Zinc 

6 10 

1700 

r>uu 
8640 
SOLO 
K250 

13400 

510 

LZm! 
290 

82.8 

2.32 

IUS0 
KSO 
Kl 

u s 0  

K50 

KlO 

K300 
132 

K500 

Kloo 
K10 
150 

200 
196 
47 
39 
K9 

600 

8510 
1990 
40.9 
75.1 

81.3 

834 
1.4 

6.5 
91.1 
1.1 

K l  

0.4 
7.5 
2.0 

68.3 
K3 

K5 
2.0 

11.8 

2 30 

280 

-. ̂^  
LLIUU 

2640 

2 900 
K250 
7890 

150 

2550 
170 

91.1 

2.64 

K150 
KSO 

K 1  
K250 

KSO 
K 1 0  

K300 
8 

K500 

KlOO 
KlO 
KSO 

150 
147 

70 
K6 
11 

I-.,. 
L vu 

2600 
70 8 

20.8  

154 

20.6 

h 7 1  
2.7 

2.1 
42.1 
0 .6  

K 1  

0.3 

0.9 
K2 
3.6 

K3 

K5 
2.0 
5.2 

240 

210 

. mmm L""" 

38100 
2 3 700 
K2S0 
8350 

294 

6 820 
255 

88.4 

2.58 

K150 
K50 

1 
u s 0  

K50 
K l O  
K300 

14 
K500 

KlOO 
KlO 

K50 

46 
21 
27 
16 
18 

"1 nO I\L"" 

28500 
11200 

35.3 
2.8 

61.6 

K10 
K0.3 

5.5 
7.7 
0 .9  
Kl 

0.7 
K0.3 

2.2 
K3 

4.3 

K5 
0.5 
0.8 

39 0 

340 

* nnn 

55700 
26200 

K2 50 
1086 

35s 

9120 
420 

87.2 

2.44 

---- 

K150 
62 
1 

K250 

K5O 
15 

K300 
18 

K500 

120 
K 1 0  

KSO 

57 
44 
15  

6 
9 

v1"" 

37400 
R690 
39.2 
0.8 

34.4 

K 1 0  
K0.3 

3.7 
4.9 
0.6 

K 1  

0.3 
K0.3 

K2 
K3 

5.0 

K5 
0.5 
0.9 

3 70 41 
25 

340 23 
12 
12 

15nn  inn 

46800 35800 
22500 9510 
K250 40.4 
9180 3.3 

239 74.6 

7240 K I O  
301 K0.3 

85.7 

2.51 

K150 4.9 
57 11.3 
1 0 . 7  

K250 K 1  

KSO 0.4 
12 K0.3 

K300 K2 
19 K3 

K500 7 . 4  

K l O O  KS 
KlO 0.5 
KSO 2.2 

80 35 
16 

34 K 1 0  
K6 
K9 

500 KlOO 

61300 35400 
28000 9390 
K250 27.8 
4650 3.3 

180 53.5 
2920 K l O  

182 0.3 

88.1 

2.68 

Klfo  4.5 
K50 4.7 

K 1  0.7 
K2SO K 1  

KSO 0.5 
K I O  KO.3 

K300 K2 
17 K3 

K500 K3 

K100 KS 
K 1 0  0.5 
KSO 0.4 --- ~- 

*K i n d i c a t e s  "le86 than". 



HANISTEE PROFILE 2 (mg/kg dry  weight)* 
-- __-___--- ~ ___-_.-________ ---- 

---- - Sample Depth (Number) 0-12"(101-3-1) 12-60"(101-3-2) 0-lO"(101-4-1) 10-60"(101-4-2) 
Parame cer Tot n 1 E x  t r . Tota l  EX!.!--.--.-.- Tota l  Extr. To ta l  Extr.  Tota l  - Extr.  To ta l  Extr.  

-- -._ - __ -- .- ._ -. 

Total Phosphorus 
Orthophosphate-P 
Total  Kjeldahl Nitrogen 

Ni t r a t e lNi t  ri te-N 
Ammonia-N 

Total  Organic Carbon 
Calcium 
Hagneaium 
Sodium 
Iron 

Manganese 
Aluminum 
T i  tan f uu, 
X Tota l  Sol ids  (105°C) 
Spec i f i c  Gravity (2O'C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Y t  t r ium 
Zinc 

19 

78 

GOO 

9870 
4070 

32 
1440 

22 
314 

5i 
98.2 
2.70 

K15 
K5 

K 1  
K25 

K5 
K 1  

K30 

K 5  
K50 

20 
1.5 
5 . 5  

12 

12 
17 

8 
10 

K l O O  

3h50 

1340 
12.5 
19.4 

6.8 
19.4 

KO. 3 

1.5 
0.8 

0.5  
K l  

K0.3 
KO. 3 

K2 

K3 
K3 

K5 
KO. 3 

6.4 

4 0  

30 

2lI00 
9820 

3810 
K25 

1000 

1 7  
283 

29 
96.2 

2.81 

Kl5 
K5 

K 1  
K2 5 

Ks 

K 1  
K30 

K5 
K50 

K 1 0  
K 1  
K5 

17 

14 

19 

7 

9 

K1 00 

11400 
3770 
14.7 
56.7 

9.2 
17 .1  

KO. 5 

2.4 
KO. 3 

0 .7  
K 1  

KO. 3 
KO. 3 

K2 

K3 
K3 

K5 
KO. 3 

6.9 

97 

120 

800 
19900 

8060 
K250 
8050 

K150 
637 

289 
97.5 
2.79 

K150 
K50 

K 1  
K250 

K5O 
K 1 0  

K300 

5 
K500 

K l O O  
K10 
KSO 

35 

36 
23 

7 
11 

100 

14500 
4980 
22.1 
77.0 

11*8 
20.3 
.., u.'4 

2.3 
0.6 

0.7 
K 1  

0.3 
K0.3 
K2 

K3 
K3 

K5 
0.7 
3.5 

65 

83 

2400 
23300 

8500 
K250 
1500 

K150 
444 

83 
96.5 
2.86 

K150 
K50 

K 1  
K250 

K50 
K 1 0  

K300 

K5 
K500 

K l O O  
K10 
K50 

29 
29 

K 1 0  

6 
K9 

K l O O  

15900 
4650 
14.4 
70.9 

11.4 
17.6 

0 . 3  

1.9 
K0.3 

0.5 
P l  

KO. 3 
KO. 3 

K2 

K3 
K3 

K5 
0.4 
2.7 -- __-________ 

*K i nd ica t e s  "less than". 



UANISTEE PROFILE 3 (mglkg dry weight)* 
--__ - 

Sample Depth (Number) 0-20"(101-5-1) 20-24"(101-5-2) 24-27"(101-5-3) 27-60"(101-5-4) 0-60"(101-6-1) 
Garoerrr  ' Tota l  Extr. Tota l  Extr .  Tot a e x t  r . Tota l  Extr .  Tota l  Extr .  Tota l  Extr .  

_ _ _ ~  _-__- ~ - -  ----- 

Total  Phosphorus 
Orthophosphate-P 
Total  Kjeldahl  Nitrogen 
Ni t ra te lNi  t r i  te-N 

Ammonia-N 

Total  Oramic  Carbon 
Calcium 
Magnes ium 
Sodium 
Iron 

Manganese 
Aluminum 
Titanium 
I Total  Solids (105°C) 
Speci f ic  Gravity (20'C) 

Boron 
Barium 
Cad mi um 

Cobalt 

Chromium 
Copper 
Holybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

4 5  

50 

1200 

6580 

2860 

K250 

5800 

K150 
350 

270 

98.2 

2.82 

Kl50 

Y50 
Kl 

K250 

K50 

€30 
K3 00 

K5 
K500 

KIOO 
K I O  
K50 

24 

23 

I1 

15 

10 

K l O O  

4690 

1990 

6.6 

32.9 

5.8 
21.5 
K0.3 

1.5 
0.4 
0.5 

K1 

KO. 3 
KO. 3 

K2 

K3 
K3 

K5 
KO. 3 
1.6 

670 

2400 

21000 

7400 

4500 

K250 

17500 

465 

12 800 

430 

78.8 

2.75 

K150 

96 
Kl 

K250 

I 5 0  
14 

K300 
13 

K500 

Kl00 
K10 
K50 

74 

73 

40 

50 

9 

500 

5820 

1310 

15.5 

72.1 

80.6 

1140 

2.2 

2.5 

56.2 
1.1 
K2 

K1 

1.3 
K5 
K5 

K5 

K10 
1.6 
4.7 

320 

4 SO 

3700 

9210 

7850 

K250 
14300 

333 

12900 

285 
82.4 

2.39 

Kl50 

K50 
K1 

K250 

K50 

17 
K300 

10 

K500 

K l O O  
K10 
K50 

100 

100 

46 

36 

27 

200 

8010 

3370 

26.6 
200 

32.0 

83.8 
2.9 

2.0 

63.3 
0.9 

K 1  

0.4 

2.7 
K2 
K3 

K3 

K5 
2.8 

4.6 

2 5  

2 5  

K30O 

11000 
4150 

27 

1650 

19 

226 
47 

97.6 

2.74 

K15 
K5 
K1 

K25 

K5 
K 1  

K30 
K5 

K50 

16 

K1 

K5 

l h  

14 

10 

K6 
K9 

K l O O  

9380 

3150 

7.9 

43.1 

7.3 

16.8 

K0.3 

1.5 
KO. 3 
0.6 

K 1  

K0.3 
0.4 
K2 

K3 

K3 

K5 
KO. 3 

48 

25 

1100 

56 70 

3410 

K25 
1190 

17 
462 

30 

96.4 

2.70 

~ 

Kl5 

115 
Kl 

K25 

K5 
K1 

1130 
K5 

K50 

K10 

Kl 

20 

19 
16 

K6 
9 

KlOO 

3340 

1790 

9.4 

37.4 

6.2 

70.4 

0.4 

1.a 
2.0 
0.6 

Kl 

K0.3 

K0.3 
K2 

K3 

1c3 

K5 
0.4 

K5 2.8 1.6 --- 
*K i n d i c a t e s  "less than". 



SCHOOLCRAFT COUNTY, EIICHIGAN 

PROFILE NUMBER: 1 
LOCATION: South of G u l l i v e r ;  approximate ly  SE 1 / 4 ,  SE 1 / 4 ,  SE 1 / 4 ,  S e c t i o n  11, 

SHORE TYPE: Low sand dune 
DATE OF COLLECTION: June  23-25, 1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: 

T41N, R14W. 

U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  
Samples 153-1-2 and 153-1-3 taken  from f a c e  of bluff 
j u s t  east of o t h e r  samples.  

Sample 
Number Sample Depth -- Sample D e s c r i p t i o n  

0-60"(0-152.4 cm) 153-1-1 C 1  ho r i zon ;  ve ry  p a l e  brown (10YR 7/3)  sand;  s i n g l e  
g r a i n e d ;  l o o s e ;  common r o o t s  i n  upper 18 inches ;  
e f f e r v e s c e n t .  

0-50" (0-127.0 cm) 153- 1-2 C 1  ho r i zon ;  v e r y  p a l e  brown (10YR 7/3) sand;  s i n g l e  
g r a i n e d ;  l o o s e ;  e f f e r v e s c e n t ;  clear smooth boundary. 

50-60"(127.0- 153-1-3 C2 h o r i z o n ;  l i g h t  ye l lowish  brown (10YR 6/4-wet) 
152.4 cm)  sand;  s i n g l e  g ra ined ;  common medium f a i n t  s t r o n g  

brown (7.5YR 5/6)  m o t t l e s  i n  lower 4 i n c h e s ;  many 
b a r k  f ragments  and p i e c e s  of b ranches ;  nons t i cky ;  
e f f e r v e s c e n t ;  water a t  60 inches .  

PROFILE NUMBER: 2 
LOCATION: A t  County Park ,  east of Manis t ique ;  approximate ly  SW 1 / 4 ,  NE 1 / 4 ,  

SHORE TYPE: 
S e c t i o n  11, 'T41N, R15W. 

Non-erodible l o w  p l a i n  (Desp i t e  t h i s  c l a s s i f i c a t i o n  a s s igned  by t h e  
U.S. Army Zorps of Engineers ,  t h e r e  is evidence  t h a t  t h i s  b l u f f  
e rodes .  ) 

U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  
DATE OF COLLECTION: Juie  23-25, 1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATIOX: Water t a b l e  a t  approximate ly  150 c m .  

Samp Le 
Numbw -- Sample Depth Sample D e s c r i p t i o n  

0-50"(0-127.0 cm) 153-2-1 C1 hor i zon ;  l i g h t  gray  (10YR 7/2)  sand;  s i n g l e  
g r a i n e d ;  l o o s e ;  common r o o t e  i n  upper 24 inches ;  
e f f e r v e s c e n t ;  ab rup t  smooth boundary. 

50-60"(127.0- 153-2-2 Alb ho r i zon ;  d a r k  g r a y i s h  brown (10YR 4 /2)  sand;  
152.4 c m )  s i n g l e  g r a i n e d ;  l o o s e ;  many medium f a i n t  d a r k  g ray  

( 1 0 Y R  4 /1)  and few f i n e  d i s t i n c t  r e d d i s h  ye l low 
(7.5YR 6/61 m o t t l e s ;  common r o o t  f ragments  and wood 
chips;  effervescent. 
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PROFILE NUMBER: 3 
LOCATION: South of  Coast Guard S t a t , i o n  i n  S e c t i o n  18, T41N, R14W. 
SHORE TYPE: Low sand dune 
DATE OF COLLECTION: June  23-25, 19715 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: Water tablle a t  about  130 c m ;  C l  ho r i zon  (0-5 i n c h e s )  was 

n o t  samp4ed b u t  c o n s i s t e d  of white (10YR 8/1) l imes tone  
cobb les  and f l a g s ,  2-10 i n c h e s  i n  d iameter .  It w a s  a l s o  
e f f e rvesc , en t  and had a clear smooth boundary. 

U n i v e r s i t y  of Michigan Coas t a l  Zone Labora tory  

Sample Depth 

548"  (12.7- 
45.7 cm) 

18-23"(45.7- 
58.4 cm)  

23-26"(58.4- 
66.0 cm) 

26-29"(66.0- 
73.7 cm) 

29-30"(73.7- 
76.2 cm) 

30-39" (76.2- 
99.1 cm) 

39-54"(99.1- 
137.2 c m )  

Sample 
Number -- 
153-3-1 

1 5  3-3-2 

153-3-3 

153-3-4 

1 5  3- 3- 5 

153-3-6 

153-3-7 

Sample D e s c r i p t i o n  

IIC2 hor i zon ;  ve ry  p a l e  brown v e r y  g r a v e l l y  and 
cobblly sand;  s i n g l e  g r a i n e d ;  l o o s e ;  80 p e r c e n t  
limesltone g r a v e l l y  and c o b b l e s  t o  6 i nches  i n  d i a -  
meteq;  e f f e r v e s c e n t ;  a b r u p t  smooth boundary. 

IIIC3 hor i zon ;  v e r y  p a l e  brown (10YR 7/3) s and ;  
s ingl ie  g ra ined ;  l o o s e ;  abou t  50 p e r c e n t  wood f r ag -  
mentd; 1/2-1 inch  i n  d i a m e t e r  and up t o  12  i n c h e s  
long;  e f f e r v e s c e n t ;  ab rup t  smooth boundary. 

IVC4  horizon; d a r k  g r a y i s h  brown (10YR 4/2) ve ry  
g r a v d l l y  loamy sand ;  massive; f i r m ;  over  90 p e r c e n t  
anguliar l imes tone  f ragments  1/8-3/4 inch  i n  d i ame te r ;  
e f fe r tvescent ;  ab rup t  smooth boundary. 

IVC5 hor i zon ;  brown (10YR 5/3) ve ry  g r a v e l l y  loamy 
sand;i massive;  f i r m ;  over  90 pe rcen t  angu la r  l imes tone  

e n t s  1/8-314 inch  i n  d i a m e t e r ;  e f f e r v e s c e n t ;  
t smooth boundary. 

VAlb ho r i zon ;  d a r k  gray  (10YR 4/1)  v e r y  g r a v e l l y  
loam$ sand;  s i n g l e  g ra ined ;  l o o s e ;  80 pe rcen t  
angu la r  l imes tone  f ragments  1-3 inches  i n  d i ame te r ;  
e f f e q v e s c e n t ;  ab rup t  smooth boundary. 

V I C l t i  ho r i zon ;  v e r y  p a l e  brown (10YR 7/3)  sand;  
s ingl le  g ra ined ;  l o o s e ;  e f f e r v e s c e n t ;  clear smooth 
boundary. 

VIICJb ho r i zon ;  ye l lowish  brown (10YR 5/4)  sand;  
s i n g l e  : gra ined ;  nan-s t icky;  common b l a c k  (10YR 2/11 
and d a r k  g r a y i s h  brown (10YR 4 /2)  s t r e a k s  and 
blotcihes of o r g a n i c  material;  e f f e r v e s c e n t .  
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PROFILE NUMBER: 4 
LOCATION: 

SHORE TYPE: Low sand dune 
DATE OF COLLECTION: June  23-25, 1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: 

E a s t  of Thompson a t  r o a d s i d e  park ;approximate ly  SW 1 / 4 ,  NE 1 / 4 ,  
S e c t i o n  28, T41N, R16W. 

U n i v e r s i t y  o f  Michigan C o a s t a l  Zone Labora tory  
Water t a b l e  a t  approximately 70 cm. 

Samp 1 e 
Number Sample Depth -- SamDle D e s  c r i D t  i o n  

0-ll"(0-27.9 cm) 153-4-1 C 1  ho r i zon ;  l i g h t  g ray  (10YR 7/2)  sand;  s i n g l e  
g r a i n e d ;  l oose ;  few l i v e  r o o t s ;  e f f e r v e s c e n t ;  
ab rup t  smooth boundary. 

11-14"(27.9- 153- 4-2 A l b l  ho r i zon ;  ve ry  d a r k  g ray  (10YR 3/1) sand;  ve ry  
35.6 cm) weak f i n e  g r a n u l a r  s t r u c t u r e ;  v e r y  f r i a b l e ;  few 

f i n e  prominent ye l lowish  r ed  (5YR 5/3) and many 
medium f a i n t  d a r k  g ray  (10YR 4/11 m o t t l e s ;  10-15 
p e r c e n t  woody f ragments ;  e f f e r v e s c e n t ;  ab rup t  smooth 
boundary. 

14-22" (35.6- 153- 4- 3 Clb ho r i zon ;  l i g h t  gray  (10YR 7/2)  sand;  s i n g l e  
55.9 em) g r a i n e d ;  l o o s e ;  few f i n e  prominent ye l lowish  r e d  

and few medium d i s t i n c t  s t r o n g  brown (7.5YR 5 / 6 )  
and r e d i s h  yel low (7.5YR 6/6)  m o t t l e s ;  less t h a n  
2 pe rcen t  woody f ragments ;  e f f e r v e s c e n t ;  ab rup t  
smooth boundary. 

22-24"(55.9- 153-4-4 Alb2 ho r i zon ;  gray (10YR 5/1)--dark g ray  ( 1 0 Y R  5 /1)  
61.0 cm) i n  upper 1 / 3  o r  horizon--sand; s i n g l e  g ra ined ;  

non-s t icky;  30-50 p e r c e n t  woody f ragments ;  e f f e r -  
v e s c e n t ;  a b r u p t  smooth boundary. 

24-50"(61.0- 153-4-5 Clb2 ho r i zon ;  g r a y i s h  brown (10YR 5 /2 )  sand;  s i n g l e  
127.0 c m )  g r a i n e d ;  non-s t icky;  e f f e r v e s c e n t ;  l o g  a t  50 cm.  

PROFILE NUMBER: 5 
LOCATION: South of Thompson; approxi.mately NE 1/4, NW 1/4, S e c t i o n  10 ,  T39N, 

SHORE TYPE: Non-erodible low p l a i n  (Desp i t e  t h i s  c l a s s i f i c a t i o n  a s s igned  by t h e  

I 
R17W. 

I 
U . S .  Army Corps of  Engineers ,  t h e r e  i s  evidence  t h a t  some e r o s i o n  
does  t a k e  p l a c e . )  

DATE OF COLLECTION: June  23-25, 1975 
COLLECTORS: U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  
SUPPLEMENTAL INFORMATION: Water tab1.e a t  approximate ly  75 cm. 

I 

1 7 8  



PROFILE NUMBER: S (con t inued)  

Sample 
Numb c!r Sample Depth -- 

0-11" (0-27.9 cm) 153-5-1 

11-17"(27.9- 153-li-2 
43.2 cm) 

17-50" (43.2- 153- 5- 3 
127.0 cm) 

Sample D e s c r i p t i o n  

C1 h o r i z o n ;  l i g h t  g ray  (10YR 7 /2 )  s and ;  s i n g l e  
g r a i n e d ;  l oose ;  e f f e r v e s c e n t ;  a b r u p t  smooth boundary. 

Alb h o r i z o n ;  d a r k  g ray  (10YR 4/1) sand;  ve ry  weak 
f i n e  g t a n u l a r  s t r u c t u r e ;  d i s c o n t i n u o u s  ve ry  d a r k  
brown I(1OYR 2/2) o r g a n i c  l a y e r  1 i n c h  t h i c k  at t a p  
of t h i g  ho r i zon ;  v e r y  f r i a b l e ;  e f f e r v e s c e n t ;  clear 
smooth boundary. 

Clb hokizon; l i g h t  g ray  ( IOYR 7/2) sand ;  s i n g l e  
g r a i n e d ;  non-s t icky;  common f i n e  and medium, pro- 
minent ye l lowish  r ed  (5YR 5/8) m o t t l e s  i n  upper 
19 i n c h e s ;  e f f e r v e s c e n t .  
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SCHOOLCRAFT PROFILE 1 (mg/kg dry weight)* 

Total Phosphorus 
Orthophosphate-P 
Total Kjeldflhl Nitrogen 
NitrateINitrite-N 
Ammonia-N 

Total Organic Carhon 
Calcium 
Hagnesium 
Sodium 
Iron 

Manganese 
Aluminum 
Titanium 
% Total S o l i d s  (105OC) 
S p e c i f i c  Gravity (20.C) 

Y 
b? 
0 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 

Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

60 

30 

400 
1960 
1090 

K2 5 
2050 

18 

227 
49 

99.1 
2.72 

K15 

K5 

Kl 

K25 

K5 
K 1  

K30 
K5 

K50 

K10 
K2 

K5 

27 
27 
19 
1 3  
15 

K l O O  

1900 
954 

10.4 

51.5 

7.0 
21.6 

K0.3 

1.1 
0.9 

KO. 5 
Kl 

KO. 3 
KO. 3 

K 2  
K3 

K3 

K5 
K0.3 

2.3 

80 

K38 

K300 
1550 
860 
1 2 4  

4990 

114 
771 

76 
96.6 
2.78 

K15 

16 
K l  

317 

963 
1 5  

K30 
K5 

K50 

K l O  
K2 

6 

2 h 

24 
I2 

9 
11 

K l O O  

1300 
64 7 
6 . 8  

47.8 

4.7 
2 1 . 1  
K0.3 

K1 

0.7 
0.5 
K1 

KO. 3 
K0.3 

K2 
K3 

K3 

K 5  
KO. 3 

2.6 

30 

32 

400 
1920 

123 
K25 

1170 

K15 
196 

2 1  
81.4 
2.60 

KlS 

K10 
K 1  

K25 

K5 
K1 

K30 
K5 

R50 

K10 
K 2  

K5 

16 
15 
18  
8 

K9 

2 0 0  

975 
86.0 
8.1 

61.1 

0.8 
34.3 

K 1  

K 2  

1.6 
K 1  
K2 

K 1  

K 1  
K5 

K10 
KlO 

KJ.0 
K 1  

21.1 
----- 

*K i n d i c a t e s  "leas than". 



SCHOOLCRAFT PROFILE 2 (mglkg dry ve ight )*  
- ~ - - -  

- Sample Depth (Number) O-SO"(153~2~~J- 1&60"(153-2-2) 
Parameter Tota l  Extr. Total  &tr. Total Extr. Tota l  Extr. 

Total  Phosphorus 40 18 40 8 

T o t a l  Extr. Tota l  Extr .  

Orthophosphate-P 18 8 

Total  Kjeldahl Nitrogen 45 11 180 14 
Ni t ra te lNi  t ri te-N 8 8 
Ammonia-N K9 K9 

Total  Oruanic Carbon 400 100 3400 KlOO 

Calcium 4140 4120 4730 3890 

Magnesium 2400 2120 2830 2030 

Sodium K25 10.9 K25 10.0 
Iron 1200 50.7 1360 40.0 

Uanganese 1 7  8.0 1 7  7.0 
Aluminum 
Titanium 

229 2 1 . 1  268 20.0 

25 K0.3 2a K 1  
X Total  Solids (105.C) 99.2 78.3 
Spec i f ic  Gravity (20'C) 2.76 2.64 

Boron 
Bariua 
Cadmium 
Cobalt 

Chromiuo 
Copper 

Molybdenum 
Lead 
Tin 

K15 1.4 K 1 5  1.9 
K5 0.7 K10 1.2 
K 1  0.6 Kl K0.5 

KZS K 1  K25 K2 

K5 K0.3 K5 K 1  
K l  K0.3 K 1  f l  
K30 K2 K 30 K5 
K5 K3 KS K10 

K50 K10 KSO K3 

Vanadium K10 K5 K10 K 1 0  
Yttrium K2 K0.3 K2 K 1  
Zinc K5 17.4 w 3.8  

*K i n d i c a t e s  "less than". 



SCHOOLCRAFT PROFILE 3 (mg/kg dry weight)* 

--- Sample Depth (Number) 
Paralaeter -__ Total Extr.  ~ - -  Tota l  Extr. - Tota l  - - -.--- Extr. Tota l  Extr. Tot a l s t  r . Tota l  E* 

29- 30" (153-3-5)- 30- 39" (I 5 3-3-6) 39- 54"( IS 3- 3- ?>e 

Total  Phonphorus 
Orthophosphate-€' 
Total  Kjeldnhl Nitrogen 
NitratelNitrite-N 

Amnwnia-N 

Total  Organic Carbon 
Calcium 
Magnesium 
Sodium 
Iron 

Manganese 
Aluminum 

Ti t a d  wg 
X Total  Sol ids  (105.C) 
Speci f ic  Gravity (20°C) 

Boron 
Barium 
Cadmium 
Cobalt 

Ch romium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 

Zinc 

K22 

K67 

11000 

57900 
27500 

K250 

2000 

2 20 

1470 
70 

94.3 

K150 
KSO 
1 

K250 

K50 
K10 

K300 
K30 
K500 

120 
K20 
K50 

6 

3 
18 
7 

10 

200 

32700 
8590 
31.6 

1.1 

21.4 

5.4 
KO. 5 

4.0 

2.3 

0.6 
K 1  

0 . 3  
KO. 3 

K2 

K3 
5.5 

KS 
0.3 

11.0 

32 

14 

300 

1290 
736 

K25 

1140 

K 1 5  

267 
24 

90.7 
2.80 

K15 
K5 
K 1  

K25 

K5 
K 1  

K30 
R5 
K50 

K10 
K 2  

K 5  

9 
9 

K10 

K 6  
K9 

KlOO 

860 
407 
6.2 

43.6 

3.4 

27.9 
KO. 3 

K 1  

1.1 
0.6 

Kl 

K0.3 
KO. 3 

K 2  
K3 
K3 

K5 

KO. 3 
2.5 

4 2 

68 

1600 

28fi 
110 
K25 

1090 

K l 5  

303 
Ztl  

82.8 
2.64 

K15 
K5 
K 1  

K25 

K5 
K 1  

K30 
K5 

K50 

K1  0 
K 2  
K5 

17 
1 7  

KlO 
K6 
K9 

K l O O  

353 
43.8 
35.7 

61.0 

4.0 

52.0 
K 1  

KZ 
2.0 
0.8 

K 2  

K 1  
K 1  

K 5  
K10 
K10 

K 1 0  
K 1  

4 . 3  ---_ 
*K i n d i c a t e s  "less than". 



SCHOCLCRAFI PROFI1.E 4 (rnglkg dry weight)" 
-- ----- - 

--- ~- Sample Depth (Number) 11-14"(153-4-2) 14-22"(153-4-3) 22-24"(153-4-4) 24-50"(153-4-5) 
Parame eer Totiti E x t r .  Total Extr. Total Extr.  Total Extr. To t_a_l_Jx t r . Total E x t L  

- ~ - - _  

Total Phosphorus 
Orthophosphate-P 
Total Kje ldahl  Nitrogen 
NitratelNiCrfte-N 
Ammonia-N 

Tnr_al  nrornlr Carhnn 

Calcium 
Hagnesium 
Sodium 

Iron 

Manganese 
Aluminum 
Titanium 
X Total Solids (105'C) 
Speci f ic  Gravity (20 .C)  

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 

Copper 

Molybdenum 

Lead 
Tin 

200 

280 

571313 

5880 
2730 

56 
2580 

81 

794 

69 
76.1 

2.72 

39 52 

39 
15 4 2  

9 
9 

200 500 
4780 6220 

2420 3600 
11.0 29 
135 2020 

50 19 
98.1 282 
K1 54 

81.9 

2 .82  

38 60 
37 
18 7 5  

K6 

9 

KlOO 2400 

5910 4960 
3270 2960 
1 3 . 4  35 

98 .8  2580 

7.3 23 

34.2 393 
K 1  113 

79.0 

2.76 

52 60 
45 
22 25 

K6 
13 

100 700 
5150 4220 
2790 2490 
25.6 K25 

84.6 2400 

7.0 19 
4 4 . 1  256 

K l  87 

81.0 

2.87 

27 
27 
1 8  

16 
13 

KlW 
2880 
1380 
11 .9  
44 .5  

4 . 1  
23.0 

x1 

K15 2.1 K15 2.1 K15 K2 u 5  K2 

17 K5 1 . 3  K5 1.2 K5 K1 
K1 K1 KL K1 Kl K1 Kl K1 

K25 K2 K2 5 K2 K25 K2 K2 5 K 2  

K5 Kl R5 Kl K5 K 1  K5 K 1  
4 K1 K 1  KJ Kl K1 K l  K1 

K30 R5 K30 K5 K30 KS K30 K5 
14 10.4 W K10 K5 KLO K5 K10 

K50 K10 KSO K10 K50 K l O  K50 KLO 

Vanadium 16 K10 13 110 13 K10 10 KlO 

Yttrium K2 K1 K2 Kl K2 K1 K2 Kl 
5 3 . 3  K5 2.9 Zinc 53 23.6 5 10.9 

*K indicates  "less than". 
-- ----- 



SCHWIXRAFT PROFILE 5 (mg/kg dry  ve ight )"  
. .- _-- -----. - 

Sample Depth (Number) 0-11" (153-5-1) Jr- 17" (15 3-5-21 17-50" e22-52 - 
Parameter Tota l  E x t : .  Tot&- Extr. ~- Tota l  Extr. T o t a l  Extr. T o t a l  Ext r .  Total  Extr .  

Tota l  Phosphorus 
Orthophosphate-P 
Tota l  Kje ldahl  Nitrogen 
NitratelNitrite-N 

Ammonia-N 

Tota l  Organic Carbon 

Calcium 
Uagneaium 
Sodium 
Iron 

Manganese 
Aluminum 
Ti :ani urn 
X T o t a l  S o l i d s  (105'C) 
S p e c i f i c  Gravity (20°C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Holybdenum 
Le ad 
Tin 

Vanadium 
Yttrium 
Zinc 

25 

46 

2200 

11900 
6830 

K250 

9 35 

IC150 

220 

3i 

98.5 

2.62 

K150 
K50 

K l  
K2 50 

K50 
K 1 0  

K300 
K5 

K500 

K100 
K20 

K50 

16 

13 
28 

28 

15 

K l O O  

8380 

4310 

15.7 
33.9 

5.8 

22.9 

KG. 3 

1.8 

KO. 3 

0.7 
K1 

KO. 3 

KO. 3 
K2 

K3 

K 3  

K5 

0.3 

2.2 

13 

2 30 

1900 

14700 

8490 

K250 

1200 

a 5 0  
250 

37 

93.0 

2.63 

K150 

KSO 
K l  

K250 

K50 

K l O  
K300 

K5 
G O O  

K l O O  

K20 

K50 

17 

13 
17 

9 

K9 

200 

9140 

4600 

15.8 

32.4 

12.3 

20.4 

K0.3 

1.8 

0.9 

0.6 

Kl 

K0.3 

KO. 3 

K2 

K3 
K3 

K5 
K0.3 

37 

150 

1500 

11400 

6560 

K250 

992 

K150 

177 

17 

89.5 

2.92 

Kl50 
K50 

K1 

1250 

K50 

K l O  
K300 

K5 
K500 

KlOO 

K2 0 

7 

4 

16 

7 

K 9  

KlOO 

3760 

2040 

13.4 

197 

2.1 

11.5 

KO. 3 

1.4 
0.6 

0.6 

K1 

KO. 3 

K0.3 

K2 

K3 

K3 

K5 
KO. 3 

3.4 K50 3.7 --- 
*K i n d i c a t e s  "lesa than". 



ALCONA COUNTY. MICHIGAN 

PROFILE NUMBER: 1 
LOCATION: S e c t i o n  14,  T. 25 N . ,  R. 9 E. 
SHORE TYPE: E r o d i b l e  low p l a i n  
DATA OF COLLECTION: June  1 9 ,  1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: 

U n i v e r s i t y  of  Michigan q o a s t a l  Zone Labora tory  
Sample 001-2-1 t aken  from f a c e  of b l u f f  j u s t  east of  
o t h e r  samgles .  

Sample 
Sample Depth -- Number Sample D e s c r i p t i o n  

0-7"(0-17.8 cm) 001-1-1 A 1  hoqizon;  l i g h t  ye l lowish  brown (10YR 6 /4)  sand; 
s i n g l e  g ra ined ;  l o o s e ;  m i l d l y  a l k a l i n e ;  d i f f u s e  
wavy 4oundary. 

7-60" (17.8- 001-1-2 C ho r i zon ;  p a l e  brown (10YR 6/3) sand;  s i n g l e  
152 .4  cm) g r a i n e d ;  l o o s e ;  s l i g h t  e f f e r v e s c e n c e .  

0-60" (0- 001-2-1 C ho r i zon ;  p a l e  brown (10YR 6/31 sand;  s i n g l e  
152.4 cm) g ra ined ;  l oose ;  s l i g h t  e f f e r v e s c e n c e .  

PROFILE NUMBER: 2 
LOCATION: S e c t i o n  1 2 ,  T .  27 N . ,  R. fl E. 
SHORE TYPE: 
DATE OF COLLECTION: June 1 9 ,  1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: 

E r o d i b l e  :low p l a i n  lakeward/wet lands landward 

U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  
Sample OOL-4-1 taken . f rom f a c e  of b l u f f  j u s t  east of 
o t h e r  samples. 

Sample 
Sample Depth -- N u m b e r  Sample D e s c r i p t i o n  

0-7"(0-17.8 cm) 001-3-1 A 1  hobrizon; brown (10YR 5/3) sand;  s i n g l e  g r a i n e d ;  
loose , ;  m i l d l y  a l k a l i n e ;  g r a d u a l  wavy boundary. 

7-24"(17.8- 001-3-2 C 1  h o r i z o n ;  l i g h t  ye l lowish  brown (10YR 6/4)  sand;  
61.0 c m )  s ing l ie  g ra ined ;  l oose ;  m i l d l y  a l k a l i n e ;  g r a d u a l  

wavy boundary. 

24-60"(61.0- 001-3-3 C2 hotrizon; p a l e  brown (10YR 6 /3 )  sand;  s i n g l e  
152.4 cm) g r a i q e d ;  l o o s e ;  s l i g h t  e f f e r v e s c e n c e .  

0-60"(0-152.4 cm) 001-4-1 C 1  h a r i z o n ;  p a l e  brown (10YR 6/3)  sand;  s i n g l e  
g ra ined ;  l oose ;  e f f e r v e s c e n t .  
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PROFILE NUMBER: 3 
LOCATION: T. 28 N . ,  R. 9 E. 
SHORE TYPE: E r o d i b l e  ].ow p l a i n  
DATE OF COLLECTION: June  1 9 ,  1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: N o  b l u f f  a long  t h i s  p r o f i l e ;  water t a b l e  a t  approximate1.y 

Un ive r s i t ) ?  of Michigan C o a s t a l  Zone Labora tory  

25.4 cm.  

Sample 
Number Sample Depth -- Sample D e s c r i p t i o n  

0- 2" (0-5.1 cm) 00 1-5- 1 A 1  h o r i z o n ;  ve ry  da rk  gray  (10YR 3/1) loamy f i n e  
sand;  weak f i n e  g r a n u l a r  s t r u c t u r e ;  ve ry  f r i a b l e ;  
n e u t r a l  g r a d u a l  smooth boundary. 

8-60'' (20.3- 001-5-2 Cg h o r i z o n ;  gray  (10YR 5/1)  f i n e  sand;  s i n g l e  
152.4 cm) g r a i n e d ;  l o o s e ;  m i l d l y  a l k a l i n e .  
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ALCONA PROFILE 1 (mg/kg d r y  weight)' 
-___ 

Total  Phosphorus 
Orthophosphate-P 
Total  Kjeldahl Nitrogen 
Ni t ra te lNi t r i te -N 
Ammonia-N 

Total  Organic Carbon 

C a  1 c i urn 

Hagnesiua 
Sodium 
Iron 

Manganese 
Aluminum 
Ti  tanium 
X Tota l  S o l i d s  (105.C) 
S p e c i f i c  Gravity (ZO'C) 

Boron 

Barium 
Cadmium 
Cobalt  

Chromium 

Copper 

Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

70 

1 3  

400 

4100 
2400 

30 
3100 

2a 
499 

1 2 2  
97.7 
2.65 

K 1 5  
K5 

Kl 
I u s  

K5 
kl 

K30 
K5 

K50 

14 
K2 

7 

35 
30 

K l O  

10 
K9 

K l O O  

4220 
1990 

11 

56.7 

9 .1  
19.0 
KO. 3 

1 . 3  
0.6 
0.6 

K l  

KO. 3 
KO. 3 

K2 

K3 

K3 

K5 
KO. 3 

4.0 

45 

K33 

400 

3400 
1800 

36 
2100 

25 
534 
127 

95.1 
2 .79  

Kl5 
K5 

K1 

1u5 

Ks 
Kl 
K30 

K5 
KSO 

K10 
K2 

24 
24 
1 8  
Kh 

9 

K l O O  

3340 
1520 

14 
52.8 

1.3 
18.4 
K0.3 

1.4 
0.7 

KO. 5 
K1 

KO. 3 
KO. 3 

K2 
K 3  
K3 

K5 
KO. 3 

21 

9 . 0  

300 

6810 
3100 

35 
2300 

28 
531 
106 

96.7 
2.73 

K15 

K5 
K 1  

K25 

K5 
K1 

K30 
K5 

K5O 

1 2  
K2 

23 
19  

K10 
7 

K9 

100 

4440 
1700 

11 

52.6 

8. a 
14.2 
K0.3 

1.3 

0.4 

K0.5 
Kl 

K0.3 

K0.3 

K2 

K3 
K3 

K5 
K0.3 

6 5 . 1  6 1.6 

*K i n d i c a t e s  "less than". 



Total  Phosphorus 
Orthophosphate-P 
Total  Kjeldahl Nitrogen 
Nitrate/Nltrlte-N 

Ammonia-N 

Tota l  Organir Carbon 

Ca ic i urn 

Hagnesium 
Sodium 
Iron 

Hanganese 
Aluminum 
Titanium 
X Tota l  S o l i d s  (105'C) 
S p e c i f i c  Gravity (20'C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Holybdenum 
Lead 
Tin 

Vanadium 

Yttrium 
Zinc 

62 

85 

1000 

IOU0 

3200 
44 

2960 

60 

725 
233 

98.2 
2.65 

K 1 5  
R5 
K 1  

K25 

K 5  
K 1  

K30 
K5 

K50 

1 6  
K2 

9 

30 
28 
16 

7 

K9 

K l O O  

5920 
2720 

8 
112 

14.5 
24.9 
KO.? 

1.7  
0.6 

0 .5  
K 1  

KO. 3 
KO. 3 

K2 

K3 
K 3  

K5 
KO. 3 

6.6 

52 

42 

900 
5790 
2900 

39 
2850 

37 
677 
20 1 

96.4 
2.78 

K15 
K5 
K l  

K25 

K5 
K 1  

K30 
KS 

K50 

14 
K2 

8 

27 
27 
11 
K6 
K9 

KlOO 

5200 
2530 

9 
120 

136 
24.1 
KC. 3 

1.4 
1 .7  

KO. 5 
K 1  

KO. 3 
KO. 3 

K2 
K3 
K3 

K 5  
KO. 3 

3.0 

61 

160 

700 

8720 
3800 

49 
2500 

38 
732 
iGi 

96.0 
2.70 

K15 
K 5  
K1 

K25 

u 
K 1  

K30 
K5 

K5O 

35 
K2 
13 

32 

32 
12 
K6 
K9 

700 

7240 
3110 

9 
120 

14.6 
20.8 
Kir. ; 

1 . 7  
K0.3 
K0.5 

Kl 

K0.3 
KO. 3 

K2 
K3 
K3 

K5 
K0.3 

4.0 

52 

28 

300 

24000 
3210 
126 

3140 

42 
626 
122 

96.6 

2.63 

1 7  
7 

Kl 
K2 5 

K5 
1.5 
K30 

KS 
54 

16 
K 2  

105 

31 

30 
2 1  
K6 
K9 

K l O O  

6340 
2730 

25 
117 

13.9 
20.6 
KO. 3 

1.5 
0.4 
0.6 

K l  

KO. 3 
K0.3 

K2 

K3 
113 

K5 
KO. 3 

2.2 - --- _-__-_---. 
*K i n d i c a t e s  "less than". 



ALCONA PROFILE 3 (mg/kg d r y  weight)* 
~~ --- 

Total  Phosphorus 110 79 600 140 
Orthophosphate-P 76 137 
Total  Kjeldahl  Nitrogen 320 42 180 23 
Ni t ra te lNi t r i te -N 1 2  9 
Ammonia-N 1 0  1 0  

Tota l  organlc  LarbOn 7YWO 3W 5900 200 
Calcium 7640 6670 9420 6920 
Uagnesium 3780 2920 4620 3400 
Sodium 55 2 1  24 2 1  
I ron  2620 139 2110 204 

tlanganeae 41  28.1 32 11.9 
*Itlrnlntla 862 5&2 pL8m 

Titanium 154 0.8 166 1.1 
X Total  Sol ids  (105.C) 71.9 73.2 
S p e c i f i c  Gravity (20.C)  2.56 2.46 

Boron 

Barium 
Cadmiua 

Cobalt 

Chromium 

copper 
Uolybdenum 
Lead 
Tin 

Vanadium 
Yttriuu 
Zinc 

K15 
K5 

K 1  
K2 5 

K5 

1.5 
1130 
K5 

KSO 

16 
K2 
11 

2.5 
3.2 
0.9 

K 1  

K0.3 

0.4 

K 2  
K3 
K3 

K5 
K0.3 

K15 
Ks 
K 1  

K25 

K5 

1.5  
K30 

K5 
K50 

K 1 0  
K2 

2.3 
1.8 
0.9 

K 1  

KO. 3 
KO. 3 

K2 

K3 
K3 

K5 
KO. 3 

- --- 6.9 12 7.8 _-_I___--. - - - - 
*K i n d i c a t e s  "less than". 
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HURON COUNTY, MICHIGAN 

PROFILE NUMBER: 1 
LOCATION: S e c t i o n  20, 'T. 15 N . ,  R. 16 E. 
SHORE TYPE: E r o d i b l e  h igh  b l u f f  
DATE OF COLLECTION: Juxe  20, 1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATIOIV: 

U n i v e r s i t y  of  Michigan C o a s t a l  Zone Labora tory  
Samples 063-10-1 and 063-10-2 t aken  from f a c e  of  b l u f f  
j u s t  east of o t h e r  samples .  

Sample Depth 

0-6"(0-15.2 cm)  

6-14"(15.2- 
35.6 cm) 

14-60"(35.6- 
152.4 cm) 

0-9" (0-22.9 cm) 

9-60" (22.9- 
152.4 cm) 

S amp .Le 
Number -- 
063-13-1 

063-!)-2 

063-!)-2 

063-1.0-1 

0 63-1.0-2 

Sample D e s c r i p t i o n  

A 1  ho r i zon ;  d a r k  g r a y i s h  brown (10YR 4/2)  s i l t  
loam; moderate  medium g r a n u l a r  s t r u c t u r e ;  f r i a b l e ;  
m i l d l y  alkaline; g r a d u a l  wavy  boundary. 

B2 hor i zon ;  brown (10YR 5/3) s i l t y  c l a y  loam; 
moderate  medium angu la r  blocky s t r u c t u r e ;  f i r m ;  
m i l d l y  a l k a l i n e ;  g r a d u a l  wavy  boundary. 

C ho r i zon ;  p a l e  brown (10YR 6 /3 )  s i l t  loam; w i t h  
common medium d i s t i n c t  ye l lowish  brown (10YR 5/6)  
m o t t l e s ;  weak medium subangular  blocky s t r u c t u r e ;  
e f f e r v e s c e n t  . 
C 1  h o r i z o n ;  brown (10YR 5/3)  s i l t  loam; weak 
medium subangular  blocky s t r u c t u r e ;  f r i a b l e ;  
e f f e r v e s c e n t ;  g r a d u a l  wavy boundary. 

C2 hor i zon ;  gray  (10YR 5/1) and ye l lowish  brown 
(10YR 5/6)  s t r a t i f i e d  ve ry  f i n e  sand and s i l t  loam; 
weak t h i n  p l a t y  s t r u c t u r e ;  f r i a b l e ;  e f f e r v e s c e n t .  

PROFILE NUMBER: 2 
LOCATION: S e c t i o n  29, 7'. 18 N . ,  R. 1 5  E. 
SHORE TYPE: E r o d i b l e  l c w  p l a i n  
DATE OF COLLECTION: June  20, 1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: Samples 063-8-1 and 063-8-2 taken  from f a c e  of b l u f f  

U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  

j u s t  east of o t h e r  samples .  

Sample 
Numb e r Sample Depth -L 

Sample D e s c r i p t i o n  

0-ll"(0-27.9 cm) 063-7-1 A 1  ho r l zon ;  d a r k  brown ( 7 . 5 Y R  3 /2 )  g r a v e l l y  sandy 
loam; moderate  medium g r a n u l a r  s t r u c t u r e ;  f r i a b l e ;  
75 p e r c e n t  g r a v e l ;  mi ld ly  a l k a l i n e :  clear wavy 
boundary. 
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PROFILE NUMBER: 2(cont inued)  

Sample Depth 

11-29" (27.9- 
73.7 cm) 

29-60" (73.7- 
152.4 cm) 

0-9"(0-22.9 cm) 

9-60" (22.9- 
152.4 cm) 

Sample 
Number -- SamDle Descr iDt ion  

063-7-2 B2 holtizon; d a r k  g r a y i s h  brown (10YR 4 / 2 )  g r a v e l l y  
sandy loam; weak medium g r a n u l a r  s t r u c t u r e ;  f r i a b l e ;  
75 pelicent g r a v e l ;  mi ld ly  a l k a l i n e ;  c l e a r  wavy 
bound4ry. 

063-7-3 I I C  hq r i zon ;  brown (10YR 5/3) s i l t  loam; weak medium 
angul4r  b locky  s t r u c t u r e ;  f i r m ;  40 pe rcen t  g r a v e l ;  
e f f e r v e s c e n t .  

06 3-8- 1 A 1  hoqizon; da rk  brown (7.5YR 3/2)  g r a v e l l y  sandy 
loam; moderate  medium g r a n u l a r  s t r u c t u r e ;  f r i a b l e ;  
50 pe$cent  g r a v e l ;  moderately a l k a l i n e ;  clear smooth 
boundary. 

063-8-2 I I C  h@r izon ;  brown (10YR 5/3)  s i l t  loam: weak medium 
angu la r  blocky s t r u c t u r e ;  f i r m ;  e f f e r v e s c e n t .  

PROFILE NUMBER: 3 
LOCATION: S e c t i o n  24 ,  T. 19 N . ,  R. 23 E. 
SHORE TYPE: Non-erodible low b l u f f  
DATE OF COLLECTION: June 20, 1975 
COLLECTORS: U n i v e r s i t y  of Michigan Coas t a l  Zone Laboratory 
SUPPLEMENTAL INFORMATION: No s i g n i f k c a n t  b l u f f  a t  t h i s  p r o f i l e  location. 

Sample 
Sample Depth -- NumDer Sample D e s c r i p t i o n  - 

0-8"(0-20.3 cm) 063-6-1 A 1  holrizon; brown (10YR 5/3)  sand;  s i n g l e  g ra ined ;  
loosel; mi ld ly  a l k a l i n e ;  g r a d u a l  wavy boundary. 

8-36"(20.3- 063-6-2 C1 hqr i zon ;  p a l e  brown (10YR 6/3)  sand;  s i n g l e  
91.4 cm) g r a i q e d ;  l o o s e ;  mi ld ly  a l k a l i n e ;  g radua l  w a v y  

boundary. 

36-60"(91.4- 063-6-3 C2 hdr i zon ;  brown (10YR 5/3) g r a v e l l y  sand;  s i n g l e  
152.4 cm) g ra ided ;  l o o s e ;  e f f e r v e s c e n t .  
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PROFILE NUMBER: 4 
LOCATION: S e c t i o n  8, 'I. 1 8  N. ,  R. 12  E. 
SHORE TYPE: Low sand dune 
DATE OF COLLECTION: June  20, 1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: 

U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  
Sample 063-5-1 taken  from f a c e  of b l u f f  j u s t  n o r t h  of 
o t h e r  samples .  

Sample 
Number Sample Depth -- Sample D e s c r i p t i o n  

0-6"(0-15.2 cm) 063-4-1 A 1  h o r i z o n ;  p a l e  brown (10YR 6/3)  f i n e  sand;  weak 
medium g r a n u l a r  s t r u c t u r e ;  v e r y  f r i a b l e ;  modera te ly  
a l k a l i n e ;  ab rup t  smooth boundary. 

6-lO"(15.2- 063- 4-2 I I C l  ho r i zon ;  d a r k  brown (10YR 3/3) loam; weak 
25.4 c m )  medium subangular  blocky s t r u c t u r e ;  f r i a b l e ;  

e f f e r v e s c e n t ;  a b r u p t  smooth boundary. 

10-60" (25.4- 063-4-3 IIIC2 hor i zon ;  p a l e  brown (10YR 6/3)  s and ;  s i n g l e  
152.4 cm) g r a i n e d ;  l o o s e ;  e f f e r v e s c e n t .  

0-60"(0-152.4 cm) 063-.5-1 C 1  ho r i zon ;  brown (10YR 5/3)  s i l t  loam; w i t h  common 
medium d i s t i n c t  ye l lowish  brown (10YR 5 /6 )  m o t t l e s ;  
weak medium subangular  blocky s t r u c t u r e ;  f r i a b l e ;  
e f f e r v e s c e n t .  

PROFILE NUMBER: 5 
LOCATION: S e c t i o n  4 ,  T ,  1 7  N . ,  R.  10 E. 
SHORE TYPE: E r o d i b l e  low b l u f f  
DATE OF COLLECTION: June 19 ,  1975 
COLLECTORS: 
SUPPLEMENTAL INFORMATION: 

U n i v e r s i t y  o f  Michigan C o a s t a l  Zone Labora tory  
Sample 063-3-1 taken  from f a c e  of b l u f f  j u s t  w e s t  of 
o t h e r  samplles. 

Samp 3.e 
Number Sample Depth -- Sample D e s c r i p t i o n  

0-8" (0-20.3 cm) 063-2-1 A 1  h o r i z o n ;  l i g h t  ye l lowish  brown (10YR 6 /4)  sand;  
s i n g l e  g r a i n e d ;  l o o s e ;  n e u t r a l ;  g r a d u a l  wavy 
boundary. 

8-60"(20.3- 063-2-3 C h o r i z o n ;  p a l e  brown (10YR 6 /3 )  sand;  s i n g l e  
152.4 cm) g r a i n e d ;  l o o s e ;  m i l d l y  a l k a l i n e .  

0-60"(0-152.4 cm) 063-3-1 C h o r i z o n ;  p a l e  brown (10YR 6 /3 )  sand;  s i n g l e  
g r a i n e d ;  l o o s e ;  e f f e r v e s c e n t .  
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PROFILE NUMBER: 6 
LOCATION: S e c t i o n  11, T. 16 N . ,  R. E. 
SHORE TYPE: Wetland 
DATE OF COLLECTION: June  1 9 ,  1975 
COLLECTORS: U n i v e r s i t y  of Michigan C o a s t a l  Zone Labora tory  
SUPPLEMENTAL INFORMATION: No b l u f f ;  water t a b l e  at  approximate ly  30 cm. 

S a m p  1 e 
Sample Depth -- Number Sample D e s c r i p t i o n  

0-8"(0-20.3 cm) 063-1-1 A l  hoxizon;  ve ry  d a r k  brown (10YR 2/2)  sandy loam; 
moderFte medium g r a n u l a r  s t r u c t u r e ;  e f f e r v e s c e n t ;  
clear wavy boundary. 

8-32" (20.3- 063-1-2 Cg hopizon;  gray  (10YR 5/1)  g r a v e l l y  sand; s i n g l e  
81 .3  cm) grainled; l oose ;  e f f e r v e s c e n t ;  g r a d u a l  wavy  boundary., 

32-60"(81.3- 063-1-3 IICg hor i zon ;  gray  (10YR 6/1)  c l a y  loam; w i t h  common 
152.4 cm) mediuip d i s t i n c t  ye l lowish  brown (10YR 5/4) m o t t l e s ;  

massive f i rm;  e f f e r v e s c e n t .  
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HURON PROFILE I ( m g k  dry weight)* 
-- -- --- 

6-14"(0639-2) 14-60"(063-9-3) 0-9"(063-10-1) 9-60"(063-10-2) --_. - Sample Depth (Number) 0-6"(063-9-1) 
Parameter T o t a 1 E x t r .  Tot a~Exrr.--- Total  Extr. - Tota l  Extr .  Tota l  Extr. 

--__ __ 
Tota l  E x t L  

Total  Phosphorus 
Orthophosphate-P 
Tota l  Kjeldahl Nitrogen 
N i  t r a t e / N i t r i  te-N 

&nia-N 

Tota l  Organic Carbon 
Calcium 
Magnesium 
Sodium 
Iron 

Manganese 
A 1  umin urn 
Titanium 
X Total  Sol ids  (105-C) 
Spec i f ic  Gravity (20°C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 

Copper 
Molybdenum 
Le ad 
Tin 

Vanadium 
Yttrium 

Zinc 

240 

1200 

13000 

4480 
32 03 
K250 

10800 

290 
8200 

92 
83.7 
2.58 

K150 
52 
K 1  

K250 

KSO 
K 1 0  

K300 

16 
K500 

n o 0  
K10 
K50 

38 
36 
29 

23 
10 

400 
5 100 

1110 
22 .7  
51.9 

47.7 
541 
1.0 

2.8 
31.5 
0.9 

K l  

KO. 3 
1.0 
K2 

4.2 
K3 

K 5  
1.5 
5.0 

310 

260 

1800 
49600 
17300 

K250 
14300 

370 
8980 
140 

88.8 

2.50 

K150 
58 
1 

K250 

K50 
1 3  

K300 
32 

K500 

100 
K10 
K50 

12 
6 

15 

6 

K9 

100 

42300 
6190 
26.5 
4.1 

44.4 
K10 

KO. 3 

3.4 
10.5 
0.6 
K1 

KO. 3 
K0.3 

2.4 
K3 

6.8 

K 5  
0.6 
0.5 

I 2 30 

140 

1200 

49900 
16 300 

K250 
8850 

240 
4080 

86 
91.0 
2.48 

K150 
K50 

1 
K2 50 

K50 
K10 

K300 

19 
K500 

KlOO 

K10 
KSO 

26 
26 
20 

22  
14 

K l O O  

37100 

6250 
26.7 
44.2 

68.4 
123 

KO. 3 

3.3 
10.2 
0.7 
1.2 

0 .3 
K0.3 

K2 
K3 
K3 

K5 
1.8 
2 . 1  

310 

640 

5200 
s 5 xon 
18300 
K250 
9890 

29 7 
4530 

75 
84.7 
2.60 

K150 
K50 

K 1  
K250 

K50 
K l O  

K300 
23 

K500 

n o 0  
K l O  
K50 

18 
9 

15 

9 
10 

200 
4n.m 

7780 
29.8 
14.1 

99.5 
11.9 
0.3 

4.0 
12.9 

0.8 
1.4 

0.5 
K0.3 

K2 

K3 
K3 

K5 
1.0 
2.1 

350 40 
10 

4 50 24 

8 
13  

18000 100 
1r7finn t i i n n  

23100 10200 
K250 46.3 

12300 224 

460 200 
4120 58.3 

109 0.8 
86.3 
2.62 

U S 0  4.9 
K50 6.9 

1 1.3 
K250 1.9 

K50 0.7 
K l O  1.6 

K300 2 . 1  

19 K3 
K500 K3 

no0 K.5 
K10 2.2  

50 4.2 

*K indicates " leas  than". 



HURON PROFILE 2 (mglkp; d ry  w i g h t ) *  __ 

Tota l  Phosphorus 
Orthophosphate-P 
Total  Kjeldahl Nitrogen 
N i t r a t e  / N i  t r i  te-N 

Ammonia-N 

Tota l  Organic Carbon 
Calcium 
Ma gneslurn 

Sodi urn 

Iron 

Uanganese 
Aluminum 
Titanium 
X Total Sol ids  (105.C) 
Spec i f i c  Gravity (2O.C) 

Bo ron 
Barium 
Cadmium 
Cobalt 

Chromium 

Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

450 

1800 

15000 
3240 
2 600 
K250 

31500 

1090 
6860 

27 
87.4 
2.32 

Kl50 

K50 
K 1  

a 5 0  

K50 

12 
K300 

30 

K500 

108 

KZO 
89 

3 

3 
21 
10 
K9 

K l O O  

2080 
209 

13 
63.3 

19.5 

448 
0.4 

1.9 
40.3 

0.7 

K1 

0.3 

0.4 
K2 
K3 
K3 

K5 

0.5 
6.4 

5 80 

1100 

9600 
2370 
2500 
K250 

2 7200 

K150 

WTO 
30 

88.9 
2.59 

RlSO 

K50 

K 1  
K250 

K50 

K10  
K300 
18 

K500 

K l O O  

K20 
KSO 

20 

19 
I8 

7 

10 

200 
1450 

202 
10 

1 1 4  

17.4 
m 3  
0.7 

1.8 

29.8 
0.7 

K 1  

K0.3 

0.6 
K2 
K3 
K3 

K5 

0.9 
5.2 

2 60 

440 

3100 
1 6SO0 

7 J R O  

2 90 

21600 

390 
mm 

44 
87.2 
2.73 

K150 

K50 

K1 
K290 

K5O 
16 

KlOO 
13 

K500 

K l O O  

K Z O  
71 

62 
57  
80 

8 
11 

100 
13R00 

3560 

29 
372 

146 
u35 
1.2 

3.4 

30.6 
0.9 
7.6 

0.6 

1.6 
2.4 

10.9 
K3 

K5 

2.8 

13.2 

5 30 

2100 

21000 
3120 
2470 
K250 

23100 

527 
m 

25 
86.8 
2.47 

Kl50 

65 

KJ. 

K250 

KSO 

K10  
K300 

26 
KS00 

K l O O  

K20 
64 

21 
18 

22 
23  
9 

300 
2570 

39 7 
6 

55.9 

59.3 
3x3 
0.5 

2.4 

31.6 
0.7 

K 1  

KB. 3 

0.9 
K2 

4.0  
K 3  

K5 

0 .9  
6 .1  

240 

380 

3800 
8830 
54 50 
K250 

23700 

410 
%688 

46 
87.7 
2.67 

K150 

52 
K 1  

a 5 0  

K50 

1 5  
K300 

14 
K500 

Klm 
K10 

68 

50 
50 
14 

6 
K9 

K l O O  

9120 
2270 

1.5 
2.94 

80.2 
w 
0.7 

2.5 

31.4 

0.9 
2.3 

0 . 4  

0 .9  
K2 
K3 
K3 

KS 

2.1 
4.1 

I .___--- 

*K i n d i c a t e s  "lea6 than". 



HURON PROFILE 3 (mg/kg dry weight)* 
- - - -. - - -__.__I_ 

Sample Depth (Number) O-E"(063-6-1) _ _  823>"(063-6-2) - 36-60"(063-6-3) 
Parameter - 

Total Extr. Total Extr. T o t a l  Extr. TotalExtr.---- Total _____ Extr. Total Extr. 

Total Phosphorus 
Orthophosphate-P 
Total Kjeldahl Nitrogen 

Nitrate/Nitri  te-N 

Ammonia-N 

Total Organic Carbon 
n - . -, . .- 
" a A C L Y Y  

Magnesium 

Sodlum 
Iron 

Manganese 
Aluminum 
Titanium 
Z Total Sol ids  (105.C) 
Spec i f i c  Gravity (20'C) 

Boron 
Rarium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 

Lead 
T i  n 

Vanadium 

Yttrium 
Zinc 

65 

130 

1400 
.... , 
>Y'+ 

403 

K2 5 

3990 

54  
1000 

32 

96.6 
2.50 

K15 
K5 

Kl 
K25 

KS 
1.2 

100 

K.5 
K50 

15 
K2 

10 

28 
27 
10 

9 
K9 

KlOO ".^ 
L'IU 

32.1 
3 

69.5 

14.3 
49.4 

K O . )  

K1 
2.1 

0.6 
K1 

K0.3 

K0.3 
K2 

K3 
i 3  

KS 

K0.3 

3.0 

18 

44 

600 

i93 

301 

K2 5 

3600 

54 
744 

22 

96.3 
2 . 6 7  

K15 
.6 

Kl 

K25 

K5 

1 .4  
K30 

K5 

K50 

13 

K2 

8 

15 

15 
19 

7 

K9 

KlOO _.-  
1 4 /  

20.7 

8 

24.8 

3.8 

31.6 

K O .  3 

Kl 
2.5 

0 . 7  
?a 

KO. 3 

KO. 3 
K2 

K3 

K3 

K5 

KO. 3 

1.7 

25 

76 

K300 
- -- 
I I Y  

240 
K2 5 

3740 

39 
505 

26 

80.3 

2.80 

K15 
K5 

K1 

K25 

K5 

1 .6  

K30 

K5 

K50 

14 
K2 
5 

20 

16 
18 

11 

11 

100 
- _. 
1 >I 

16 .1  
9 

63.1 

5 .2  
43.1 

K l  

K2 
2.6 

K1 
K2 

Kl 
K1 

K5 
K5 

K5 

K10 

Kl 

2.2 -------- 
+K indicates  " lees  than". 



HURON PROFILE 4 (mg/kg dry ve3ght)* 
- -- ---- 

6-lO"(063-4-2)- 10-60" (06 3-4- 3) 0-60"(063-5-1) Sample Depth (Number) 0-6"(063-4-1) 
Total Extr. Total Extr. Total Extr. Total Extr. Total Extr. Total Extr. Parameter _ _  

Total Phosphorus 80 42 250 120 29 24 210 90 
Orthophosphate-P 4 1  110 23 89 
Total Kjeldahl Nitrogen 61 10 750 31 4 1  K 1 0  500 16  
Nitrate lNitr i  te-N 12 11 K6 K6 
Ammonia-N K9 12 K9 K9 

s5uu LUU Total organic Carbon lUUU JUU lUUU LUU K3UU KlUU 

Calcium 2210 2480 29800 30500 2030 611 32900 36100 
Magnesium 1380 1110 12800 5800 1100 254 16800 8300 

Sodium K25 8 K250 29 K250 8 K250 40 

I ron  2260 54.4 8940 45.1 5910 22.0 9710 100.3 

Manganese 
Alrrmlnlla, 

Titanium 

32 16.3 190 76 K150 4.4 

49Q 45.1 6330 348 558 20.8 
40 K0.3 103 0.4 380 K0.3 

2 30 77 
6450 443 

109 2.7 
I Total Solids (105.C) 96.4 87.0 98.4 89.9 
S p e c i f i c  Gravity (20'C) 2.61 2.56 2 . 7 h  2.67 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 

Molybdenum 
Lead 
T i n  

Vanadiuu 
Y t trium 
Zinc 

Kl5 

K5 
K 1  

K25 

K5 
K 1  

K30 
K5 
K50 

11 

K2 

7 

1. a 
2.4 

KO. 5 
K 1  

KO. 3 
KO. 3 

K2 
3.6 
K3 

K5 

KO. 3 

K150 

KSO 
K 1  

K250 

K50 
10 

K300 
1 5  

K500 

K l O O  

KZO 

4.5 

18.5 
0.9 
1.5 

0.8 

0.6 
R2 
K3 

4.4 

4 

K5 

2.0 

K150 

K50 

RL 
K250 

K50 
K 1 0  

K300 
K 5  

G O O  

K l O O  

KZO 

K l  

0.5 
KO. 5 

K 1  

K0.3 
K0.3 

K2 
K3 
K3 

Ks 

KO. 3 

1150 

k50 
K l  

K250 

K50 
10 

k300 
16  

K500 

KlOO 

K20 

4 . 7  

24.2 
0.6 
1.4 

0.4 

0.7 
K2 

K3 
10.0 

K 5  

2.9 
K50 2.5 K50 2.0 KSO 4.8 - 5.2 - 

*I indicates  "1eas than". 



HURON PROFILE 5 (mg/kg dry  weight)* 
-- - 

Sample Depth (Number) 0-8"(063-2:J)- 8-60"(063-2-2) 0-60"(063-32) .  
Pa r a m  te c Tota l  Extr. Tota l  Ex_Cr. Total  ____ Extr .  Tota l  Extr. Tota l  Extr .  Total  Extr .  

Total  Phosphorus 
Orthophosphate-P 
Total Kjeldahl  Nitrogen 
Ni t ra te fNi t r i te -N 
Ammonia-N 

Total  Organic Carbon 
Calcium 
Hagne s i u a  
Sodium 
Iron 

Manganese 
Aluminum 
Titanium 
X Total  Sol ids  (105.C) 
Spec i f ic  Gravity (20°C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
blybdenum 
Le ad 
Tin 

Vanadium 
Yttrium 
Zinc 

50 

110 

1200 
874 

530 
K25 

1910 

24 
451 

82 
95.2 
2.57 

f35 

K5 
K l  

K25 

KS 
Kl 

K30 
K5 

K50 

K l O  
K2 

7 

31 
30 
29 
38 
13  

K l O O  

824 
243 

6 
22.8 

5.6 
26.2 
K0.3 

1.1 

0.7 
0.5 

K 1  

K0.3 
KO. 3 

K2 

K3 
K3 

K5 
K0.3 

2.9 

64 

23 

IO00 

785 

522 
K 2  5 

1880 

23 
386 

36 

96.4 
2.65 

K 1 5  
K 5  
K 1  

K2 5 

K5 
K 1  
K30 

K5 

K50 

KI.0 
K2 

K5 

22 

22 
14 

K6 
K9 

100 

626 
225 

8 
22.9 

6 . 2  
24.9 
K0.3 

1.1 

0 . 8  
0.5 

K 1  

K0.3 
K0.3 

K2 
K3 

K3 

K5 

KO. 3 

2.8 

I 

45 

42 

600 
90 7 

5/43 

K25 

1780 

19 
310 

36 
96.1 
2.78 

K15 

K5 
K 1  

K2 5 

KS 
K 1  

K30 
K 5  

K50 

K10 
K2 

K5 

23 
23  
28 
10 
20 

K l O O  

708 

283 
9 

20.5 

3.8 
18.0 

K0.3 

K 1  
0.6 

K0.5 
K 1  

K0.3 
K0.3 

K2 

K3 
K3 

K 5  
K0.3 

33 ____ -- 
*K ind ica te8  "lees than". 



HURON PROFILE 6 (mglkg dry weight)* 

Sample Depth (Number) 0-8"(063-1-1)-- 8-32" (063-1-2)- 32-60" (062-J-3) - -  
Tota l  ExLC.*-- _.__.__-I Total Extr. Tota l  Extr.-- Parane ter Tota l  ExLr. Tota l  Extr .  Total  Extr. 

Total  Phosphorus 
Orthophosphate-P 
Total Kjeldahl  Nitrogen 
N i  e r a t e l N i t r i  te-N 

Ammonia-N 

Total  Organic Carbon 
Calcium 
Ha p e s  ium 
Sodium 
Iron 

Hanganese 
Aluminum 
Titanium 

X Total  Sol ids  (105'C) 
Speci f ic  Gravity (20.C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 

Zinc 

160 

2200 

18000 

21400 

4280 

55 

2880 

66 

1070 

34 

70.5 
2.45 

~ ~- 

16 

14 

K 1  

K2 5 

6 

4 
K30 

39 

52 

29 

K2 

43 

43 

43 
57 

28 

13 

4 00 

24600 

3880 

34 
193 

53 

155 
0.9 

5.1 

11.1 
K l  

K2 

K 1  
1.2 

K5 

24 

K5 

K10 
Kl 
32 

69 31 K2 3 14 

31 2 

110 28 K69 14 

7 K6 

14 119 

800 200 1500 KlOO 

18100 26700 64100 52600 

4640 3730 18300 8260 

59 37 K2 50 39 

2220 132 7000 51 

38 28 184 102 

766 85 4200 25.6 
~ ~~ 

iii 0.6 57 0.8 

81.5 89.4 
2.61 2.75 

K15 2.5 K150 3.7 

7 4.3 K50 10.6 

K 1  K1 1 0.8 

K25 K2 K250 K1 

K5 K1 K50 K0.3 

2 Kl K l O  K0.3 

K30 K5 K300 2.6 

K.5 K5 19 K3 

K50 K5 K500 14 

26 K10 KlOO K5 

K2 K1 KZO 1.0 

7 2.1 K50 2.1 - - ~ - -  
*K i n d i c a t e s  "less than". 



OSWEGO COUNTY, NEW YORK 

PROFILE NUMBER: 1 
LOCATION: Mileage marker 123.515; approximately 80 f e e t  n o r t h  of a l imes tone  b lock  

revetment  n e a r  n o r t h  end of Sandy P o i n t  Beach; 2.325 inches  n o r t h  of t h e  
edge of a i r  photo mosaic 11-35-4372432. 

SHORE TYPE: 
DATE OF COLLECTION: J u l y  2 ,  1975 
COLLECTORS: S t .  Lawrence-Eastern On ta r io  Commission 

Low sand  dune lakeward/wet lands landward 

SUPPLEMENTAL INFORMATION: 

Sample 
Number Sample Depth -- 

6"(15.2 cm) NY- 1- 1 

l l ' ( 3 3 5 . 2  cm) NY-1-2 

PROFILE NUMBER: 2 
LOCATION: Mileage marker 

D e s p i t e  t h e  s h o r e  type  d e s i g n a t i o n  a s s igned  by t h e  Amy 
Corps of Engineers ,  t h e  sample c o l l e c t o r s  desc r ibed  t h i s  
p r o f i l e  as a h igh  (approximately 1 4  me te r s )  dune with 
beach (approximately 1 2  meters wide) .  Bluf f  p r o t e c t e d  
by beach and o f f s h o r e  sand ba r .  

Sample D e s c r i p t i o n  

Dune sand;  f i n e  g ra ined  and w e l l  s o r t e d ;  r o o t s  and 
f i n e  g ra ined  o r g a n i c  matter; sand c r o s s  bedded b u t  
d i f f i c u l t  t o  d e t e c t  due t o  ferromagnesium-rich 
mine ra l  g r a i n s .  

Dune sand;  f i n e  g ra ined  and w e l l  s o r t e d .  

125.347, at- Rainbow Shores;  p r o f i l e  t aken  nea r  a tree 
stump on t h e  back beach,  about  60 f e e t  s o u t h  of a s m a l l  d i r t  road  
l o c a t e d  on air photo mosaic 11-35-4312425; 2.46 inches  n o r t h  of t h e  
s o u t h e r n  edge. 

SHORE TYPE: Low sand dune lakeward/wetland landward 
DATE OF COLLECTION: J u l y  2 ,  1975 
COLLECTORS: St. Lawrence-Eastern Ontario Commission 
SUPPLEMENTAL INFORMATION: The 5.5 meter b l u f f  is p r o t e c t e d  by a g r a v e l  beach t h a t  

is  about  10 1 / 2  meters wide and rises t o  a h e i g h t  of 
about  1 .7  meters a t  t h e  t o e  of t h e  b l u f f .  The s t r a t o -  
g r a p h i c  u n i t s  are very v a r i a b l e  and change suddenly when 
t r a c e d  from n o r t h  t o  sou th .  9 meters s o u t h  of t h e  pro- 
f i l e ,  t h e  e n t i r e  b l u f f  c o n s i s t s  on ly  of a yellow-brown 
sand ( a  channel  f i l l  d e p o s i t ) .  The f i r s t  meter c o n s i s t s  
of yellow-brown si l t  of very  f i n e  g ra ined  sand. 
nex t  0 . 7  meter c o n s i s t s  of moderately s o r t e d ,  p a r t i a l l y  
i n d u r a t e d  cobb les ,  w i t h  a sandry  matrix. The next 
approximate ly  . 4  meters c o n s i s t s  of l o o s e ,  brown, pebbly 
c layey  sand.  The nex t  approximately 2 meters c o n s i s t s  of 
g ray  s i l t y  c l a y  o r  c l a y  s i l t .  

The 
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PROFILE NULXBEK: 2 (cont inued)  

Sample 
Num'Der Sample Depth -- Sample D e s c r i p t i o n  

0" NY-.2-1 A 1  hok i z  on 

10" (25.4 cm) NY-.2-2 B horttzon 

21"(53.3 cm) NY-.2-3 IIB hbr i zon  

42" (106.7 cm) NY- 2- 4 I I C  hb r i zon  

78"(198.1 cm)  NY- 2-5 I I I C  h o r i z o n  

PROFILE NUMBER: 3 
LOCATION: Mileage m a r k e r  135.88, a t  Hickory Grove; l o c a t e d  on a i r  photo mosaic 

SHORE TYPE: E r o d i b l e  l o w  b l u f f  
DATE OF COLLECTION: J u l y  2 ,  1975 
COLLECTORS: S t .  Lawrence-Eastern Onltario Commission 
SUPPLEMENTAL INFORMATI13N: 

11-35-392 t o  387, 2.71 inphes  east of  t h e  east bank of C a t f i s h  Creek. 

The  bluff^, which is approximate ly  6 meters h igh ,  is 
protected1 by a g r a v e l  beach t h a t  i s  about  4.5 meters 
wide and Which rises t o  a h e i g h t  of about  1 meter 
above law l e v e l .  
s o r t e d  pebb les ,  cobb les ,  and bou lde r s .  The f i r s t  3 
meters of t h e  b l u f f  c o n s i s t  of weathered ,  brownish- 
gray  t i l l ,  c o n t a i n i n g  several t h i n  l e n s e s  of sand 
overlying1 medium gray till. 
were f o u 4  a long  t h e  b l u f f .  

The g r a v e l  c o n s i s t s  of very  poor ly  

Numerous f r e s h  slump s c a r s  

S a m p l e  
Number Sample D e s c r i p t i o n  Sample Depth -- 

0" NY- 3- 1 A 1  hojr izon  

16" (40.6 cm)  NY- 3- 2 B hoaizon 

31"(78.7 cm) NY- 3- 3 B3 hdr i zon  

71" (180.3 cm) NY- 3-4 C hodizon 

142" (360.7 cm)  NY-3-5 C2 hq r i zon  

PROFILE NUMBER: 4 
LOCATION: Mileage marker 149.48; lolcated on Oswego campus of t h e  State  U n i v e r s i t y  

Co l l ege ,  40 f e e t  east of Johnson H a l l .  The p r o f i l e  l ies  18.3 f e e t  from 
t h e  c l d f f  edge (0.675 indhes  east of wes te rn  edge of a i r  photo mosaic 
11-35-3412336). 

SHORE TYPE: E r o d i b l e  low b l u f f  
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PROFILE NUMBER: 4 (con t inued)  
DATE OF COLLECTION: J u l y  :., 1975 
COLLECTORS: S t .  Lawrence-E:astern O n t a r i o  Commission 
SUPPLEMENTAL INFORMATION: The b l u f f  is about  8 meters h i g h  and a t  t h e  t o e  of t h e  

b l u f f  is a 5-6 meter wide beach of modera te ly  s o r t e d  
l a r g e  cobb les .  Some s m a l l  b o u l d e r s  are c o n c e n t r a t e d  
a t  t h e  s h o r e l i n e .  
a 15-20 meter wide subaqueous rock  p l a t f o r m  of t h e  
resistent Oswego sands tone  t h a t  l i e s  east of t h e  si te.  
The water dep th  i s  g e n e r a l l y  less t h a n  0 . 1  meters on 
t h e  p l a t fo rm.  The b l u f f  material is a medium gray  
sandy t i l l  which c o n t a i n s  about  25% s t o n e s  and weathers  
t o  a brownish c o l o r .  The upper 0.6-0.9 m e t e r  is  bad ly  
weathered.  Active slumping h a s  caused t h i s  b l u f f  t o  
r e c e d e  a t  a rate of about  .6  meters p e r  y e a r  s i n c e  
1972. P r i o r  t o  t h a t ,  t h e  b l u f f  w a s  f a i r l y  s t a b l e  and 
receded  a t  a rate of less than  0 . 1  meters p e r  yea r .  

The s h o r e  is p r o t e c t e d  somewhat by 

Sample 
Sample Depth Number Sample D e s c r i p t i o n  

0" NY-4-1 A 1  ho r i zon  

37"(94 cm) NY-4-2 B h o r i z o n  

67" (170.2 cm) NY- 4- 3 C hor i zon  

180"(457.2 cm) NY-4-4 C2 ho r i zon  



h) 
0 
W 

Sample Depth (Number) ll'(NY-1-2) 6"(NY-l-l) - ~ __-.- _---. ----- 
Parameter TotaJ Extr. Total Extr .  Tot a l _ E _ x t  r . Tota l  E x t r .  T o t a l  Extr, Tota l  Extr .  

Total  Phosphorus 
Orthophosphate-P 
Total Kjeldahl Nitrogen 
Ni t ra te /Ni t r i te -N 
Ammn f a -N 

i o t a i  urganic Carbon 

Calctum 
Magneaium 
Sodium 
Iron 

Manganese 
ALuulinm 
Ti tanf um 
X Total  S o l i d s  (10S.C) 
S p e c i f i c  Gravity (20.C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromtum 

Copper 
Molybdenum 
Lead 
Tin 

Vanadium 

Y t t r ium 
Zinc 

150 

K38 

... nn n>uv 

5 30 
540 

K250 

2830 

M50 

BLZ) 

36 
96.6 
2.74 

KlfO 
IC50 

K l  
K250 

KSO 

K 1 0  
K300 

K5 
KMO 

Kloo 

K20 
K50 

110 180 
110 

1 6  140 
K6 
K9 

Î,.,. 
L W U U  .I. ,.,. h A U U  

34 8 1120 
46.2 560 

5.4 48 

30.5 4170 

6.1 12 
24.8 902 

K0.3 289 
99.8 
2.22 

K l  

1.6 
KO. 5 
Kl 

KO. 3 

K0.3 
Iu 
K3 
K3 

KS 

0.7 
3.0 

Kl5 
K5 
K l  

K25 

K5 

K 1  
130 

K5 
K50 

11 

K2 
11 

180 
176 

15 
6 

K9 

..nn 
L"" 

666 
48.6 

8 . 5  

32.7 

.23.5 
58.1 
KO. 3 

K 1  
2.0 
0.6 
K1 

KO. 3 
K0.3 

K2 
K3 
K3 

K5 
0.8  

_ _  4.0 ---- --- 
*K i n d i c a t e s  "less than". 



OSWEGO PROFILE 2 (mg/kg dry ve ight )*  
-- -_I___ _ - - - ~  

SamDle DeDth (Number) O"(NY-2-1) 10"(NY-2-2) 2 1" (NY -2-3) 42" (NY-2-4 ) 78" (NY- 2-5) 
P a r a m t e r  Total  Extr. Tota l  Extr. Tota l  EzLr. Total- Extr. Tota l  gxtr .  

--_-- -~ 
Total  Excr. _-- 

Total  Phosphorus 
Orthophosphate-P 
Total Kjeldahl  Nitrogen 
Nitrate/Nitr i te-N 
Ammonia-N 

Total  Organic Carbon 
Calcium 
Magnes iurn 

Sodium 

Irun 

Manganese 
Aluminum 
Ti Ca?..ir?a 

X Total Solids (105.C) 
Spec i f ic  Gravity (20°C) 

Baron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
T i n  

Vanadi um 
Yttrium 

Zinc 4.8 ~ - - -  -- 
*K i n d i c a t e s  "less than". 

580 

1400 

18000 

l U l U  

750 
K250 
9540 

271 
4520 

108 

97.6 
1.95 

Kl50 
K50 

K 1  
a 5 0  

K50 

K10 
K300 

10 
K500 

K l O O  

K20 

K50 

120 

119 
33 
K6 

11 

600 

y o 3  

96 
6.0 

94 

65.8 
65 7 

1 .8  

K l  

15.9 
0.6 

K l  

KO. 3 
0.5 
2.1 
3.9 
K3 

Ks 

K0.3 
10.0 

320 

460 

7800 
- -- 
>OW 

1560 
K250 

12100 

306 

5360 

29 
95.4 
2.27 

K150 
K50 

K 1  

K250 

K50 
10 

K300 

7 
R500 

KlOO 

K2 0 
K50 

53 

5 2  
30 
K6 

10 

500 
Î. 

L 7" 

35.7 
1 . 4  

8 4  

12.0 
624 

1.2  

Kl 

10.1 
0.6 

K l  

K0.3 
3.5 
K2 
K3 
K3 

K5 

1 . 2  

5 . 6  

?a 

59 

500 
. O n  I1 <I 

3260 
K250 

17700 

13LO 
6620 

30 
97.3 
2.51 

K150 
K50 

K 1  
K250 

K50 
39 

K300 
5 

K500 

K l O O  

K20 

K50 

3 

3 
K10 

K6 
K9 

100 

1 1 9  a-2 

27.0 
3.0 

25.3 

11.0 

144 

0 .3  

K1 

9.7 
KO. 5 

Kl 

KO. 3 
0.8 

K2 
K3 
K3 

K5 

4.6 

2.3 

2 10 

60 

K300 

L?? 
2610 
K250 

13700 

470 
4980 

66 
92.6 
2.65 

Kl50 

K50 
K 1  

K250 

K50 
23 

000 

K5 
K500 

a00 

K20 

K50 

110 

106 
K l  0 

K6 
K9 

K l O O  

"'1 

45.3 
4.9 

45.3 

6.3 
2 7 7  

KO. 3 

K 1  
8.2 
0.6 

K 1  

K0.3 
0.4 

K2 
K3 
K3 

K5 
11.2 

1.6 

400 

55 

K300 
I 7nn 

2660 
K250 

12800 

350 
4270 

2 1 0  
86.3 
2.72 

K150 

K 5 0  
K 1  

K2 50 

K50 

10 

R300 

K5 
K500 

K 1 0 0  

K20 

K50 

360 

380 
18 
K6 
K9 

K l O O  

10300 

2150 
18.0 

172 

107 
234 

K 1  

K2 
15.1 

RI 
K2 

K 1  
K 1  
K5 

K10 
K10 

K10 

4.7 



OWEGO PROFILE 3 (mg/kg dry  weight)* 
--- --- 

- Sample Depth (Number) O"(NY-3-1) 16" (NY-3-2) 31"(NY-3-3) 142"(NY-3-5) 
Pararne ter Tot a l E x t  r . Total  Extr .  Tota l  Extr. T o t a l  Extr. Tota l  Extr. Tota l  Ex% 

~ - - -  --_-- _- 
Total  Phosphorus 
Orthophosphate-P 
Total  Kjeldahl  Nitrogen 
Ni t ra te lNi t r i te -N 
Ammonia-N 

Total  Orennic Carbon 
Calcium 
Magnesium 
Sodium 

I ron  

Manganese 
Aluminua 
Ti t an iua  
X Tota l  Sol ids  (1OS.C) 
S p e c i f i c  Gravity (20.C) 

Boron 
Barium 
Cadmium 
Cobalt 

Chromium 
Copper 

Molybdenum 
Lead 
Tin 

Vanadium 
Yttrium 
Zinc 

450 

1100 

13000 
1580 
2390 
K250 

15800 

2 70 
10200 

60 
94.7 
2.35 

Klw 
KSO 

K l  
K250 

K50 
K10 

IC300 
12 

K500 

Kloo 
K20 

57 

42 
34 

28 
K6 
1 2  

300 
2080 
431 

13.8 
87 

14.7 
4 70 
6.6 

M 
17.8 
0.7 

K 1  

K0.3 
0.9 

K2 
K3 
K3 

K5 

0.4 
6.9  

350 

220 

1000 
1330 
4270 
K250 

22300 

569 
9480 

7s 
89.8 
2.59 

Kl50 
K50 

K1 

K250 

K50 

23 

K300 
K 5  

K500 

a00 

K20 

K50 

150 
148 

34 
6 

10 

100 
14 30 
198 

17.3 
120 

14.0 
391 
0.4 

Kl 

19.4 
0.6 

K 1  

K0.3 
0.9 
K2 
K3 
K3 

IC5 

4.3 
16.4 

4 50 

85 

300 
1840 
35R0 
K250 

18200 

59 5 
6 160 
tf% 

88.1 
2.63 

Kl50 
K50 

K 1  
K2 50 

K50 

K10 

K300 
K5 

K50D 

Kl 00 
K20 
K50 

340 
330 

12 
K6 
K9 

Kloo 
2290 

324 
43.6 

360 

54.2 
52 7 
f .6 

K2 
18.8 

K 1  

K2 

K 1  
1.6 

KS 
K 1 0  
K10 

K 1 0  
5.7 
5.2 

690 

430 

1800 
18600 
12300 
K2 50 

32400 

690 
14300 

?4 
88.7 
2.75 

K l 5 O  
KSO 

Kl 
K250 

KSO 
26 

K300 

9 
K500 

KlOU 

K20 
60 

380 
390 

10 
K6 

9 

K l O O  
10000 

2140 
28.4 

851 

255 
177 
z.5 

3.4 
6.2 
1.1 
3.0 

K0.3 

6.0 

2.9  
4.4 

10.8 

K 5  
5.1 
2.6 -- 

*K i n d i c a t e s  "less than". 



OSWECO PROFILE 4 (mg/kg dry  weight)* 
--------____I ______ 

-- Sample Depth (Number) O"(NY-4-1) 37"(NY-4-2) 67" (NY-4-3) 180" ("f-4-4) 
Parameter Tota l  Extr. Tota l  Extr.  Tot a l E x t  r . Tota l  B t r .  Tota l  Extr.  

------ -~ ---I_- 

Tota l  Extr. -.-- 

Total Phosphorus 
Orthophosphate-P 
Tota l  Kjeldahl Nitrogen 
N i t r a t e l N i t r i  te-N 
Ammonia-N 

Tota l  Organic Carbon 
Calcium 
Hagnes iurn 
Sodium 
Iron 

tlanganese 
Aluminum 
Titanium 
% Tota l  Solids (105°C) 
Spec i f i c  G r a v i t y  (20'C) 

Boron 

Barium 
Cadmium 
Cobalt 

Chromium 
Copper 
Molybdenum 
Lead 
Tin 

Vanadi urn 
Yttrium 

Zinc 

370 

1400 

17000 

1400 
2600 
K2 50 

20200 

296 
11300 

9 7  
94.8 
2.20 

K150 

K50 
Kt 

K250 

KSO 
1 3  

K300 
52 

K500 

K l O O  
K20 

9 1  

32 

29 
35 

K6 
14 

600 

1040 
73.8 
13.2 
67.5 

11.4 
659 
0.6 

€3 
22.8 

1.2 
K 1  

KO. 3 
1.6 

K2 
24.1 

K3 

K5 
1.3 

15.6 

4 70 

160 

1800 
28700 

7 700 

K250 
13800 

354 
4170 

165 
90.1 
2.84 

K150 
K50 

K l  
K250 

K50 
1 2  

K300 
10 

K500 

K l O O  

K20 
K50 

230 

2 30 
K10 

K6 

K9 

K l O O  

21900 
2880 
24.5 
156 

108 
189 
i . 6  

3.0 
10.0 
0.9 

K 1  

KO. 3 
0.4 
4.0 

3.8 
2 1 . 7  

K5 
4.3 
3.1 

4 90 

85 

K ~ O O  

35900 
9040 
K250 

14700 

365 
4 330 

36 i 
91.7 
2.81 

K15O 
K 5 0  

K 1  

K250 

KSO 
12 

K300 
12 

K500 

K l O O  
KZO 

K50 

250 

250 
26 

K6 
10 

K l O O  

43100 
3690 

38.2 
229 

152 
180 
4.0 

2.2 
8.0 
0.8 
1 .6  

0.4 
0.9 

K2 
K 3  

3.8 

K5 

4.7 
3.1 

440 

260 

800 
37900 
10200 

K250 
14200 

380 
4920 

186 
91.9 
2.81 

K150 
K S O  

K 1  
K250 

KSO 
10 

moo 
12 

K500 

K l O O  

K20 
K50 

290 

275 
15 

7 
10 

K l O O  

37100 
61 70 
35.1 

532 

244 
129 
3.7 

2.9 
4.2 
0.7 
2.2 

0.6 
1.9 
K2 
K 3  
K3 

KS 
5 . 4  
2.9 ___--- -- 

*K i n d i c a t e s  "less than". 
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APPENDIX B 
P a r t i c  Le S i z e  Analys is  (microns) 

_- 
P r o f i l e  Sample S i e v e  T e s t  Sed imen ta t ion  Cy l inde r  S o i l  

Number Number > 850 1350-250 250-75 75-20 5 5-40 > 40  
Type* % % % % % % % 

-- 
S t .  Lou i s  Co. Minnesota  (!13y Lake S u p e r i o r )  

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 

SL-1-1 
SL-1-2 
SL-1-3 
SL-1-4 
SL-1-5 
SL-2-1 
SL-2-2 
SL-2-3 
SL-2-4 
SL-2-5 46  27 1 9  
SL-3-1 
SL-3-2 
SL-3-3 
SL-3-4 
SL-3-5 
SL-4-1 K 1  16  84 

SL-5-1 K 1  82  18 
SL-5-2 K 1  85 15  
SL-6-1 11 33 51 

SL-4-2 K 1  55 45  

SL-6-2 6 32 53 
SL-7-1 
SL-7-2 

Douglas Co. Wisconsin (a4  L a k e  S u p e r i o r )  

D-1-1 
D-1-2 
D-2-1 
D-2-2 
D-3-1 
D-3-2 
D-4-1 
D-4-2 

Chippewa Co. Michigan (/I16 Lake S u p e r i o r )  

1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 

033-4-1 
033-4-2 
033-4-3 
033-4-4 
033-3-1 
033-3-2 
033-3-3 
033-3-4 
033-3-5 
033-3-6 
033-3-7 

K 1  
K 1  
K 1  
f-” 
K 1  
K 1  
K 1  
K1 
K 1  
K1 

76 
84 
89  
72 
53 
60 
55 

4 
5 
5 
3 

24 
16  
11 
28 
39 
40  
44 
96  
94 
95 
95 

8 

K 1  
K 1  
K 1  
K 1  

5 
9 

K 1  
R 1  
K 1  
K 1  
2 

K 1  
1 

K 1  
1 

K 1  
2 

208 

35 29 
50 18 
62  26 
46  2 3  
1 3  11 
32 35 
4 8  32  
58 20 
1 9  31 

36  
3 2  
1 2  
31 
76 
33 
20  
22 
50 

8 1 4  78 
49  10 4 1  
58 18 24 
27 49  24 
25  28  47 

84  
55 

28 
56  
58 
64 
37 
7 5  

5 
53 

9 7 
28 1 7  

22 50 
1 7  27 
1 7  25  
1 6  20  
25 38 

9 16  
18 77 

6 4 1  

L 
C 
C 
C 
L 
L 
C 
C 
L 
S 
L 
C 
C 
L 
L 
S 
S 
S 
S 
S 
S 
C 
C 

L 
C 
C 
C 
L 
C 
S 
C 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 



3 033-2-1 4 94 2 
3 033-2-2 7 92 1 

Brown Co. Wisconsin (837, Lilke Michigan) 

2 
2 
2 
3 
3 
4 
5 
5 
6 
6 

B-2-1 
B-2-2 
B-2-3 
B- 3- 1 
B-3-2 
B-4-1 
B-5-1 
B-5-2 
B-6-1 
B-6-2 

40  
8 
3 

4 3  

K 1  
K 1  
1 
1 

40 
40  
8 6  
47 

22 
98  
97 
79 

17  
52 
10 

9 

78  
2 
2 

20 

Racine  Co .  Wisconsin (844, :Lake Michigan)  

1 
1 
1 
2 
2 
2 
3 
3 
4 
4 
4 
5 
5 
5 

R- 1- 1 
R-1-2 
R-1-3 
R-2-1 
R-2-2 1 2  6 74 
R-2-3 
R-3-1 4 8 5  10  
R-3-2 K 1  94 6 
R-4-1 
R-4-2 24 22 22 
R-4-3 
R-5-1 28 28 40 
R-5-2 
R-5-3 

Muskegon Co. Michigan (#25,  Lake Michigan) 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 

121-1-1 
121-1-2 
121-1-3 
121-1-4 
121-2-1 
121-3-1 
121-3-2 
121-3-3 
121-3-4 
121-4-1 
121-4-2 
121-4-3 
121-5-1 
121-5-2 
121-5-3 
121-6-1 
121-7-1 
121-7-2 
121-8-1 

K 1  
K 1  
K 1  
K 1  
K 1  
K 1  
K 1  

K 1  
K 1  
K 1  
23 
K 1  
K 1  
K 1  
K 1  
K 1  
K 1  
K 1  

73  
62 
68 
54 
55 
76 
70 

67 
50 
33 
72 
71 
79 
86  
88 
70 
54 
85  

27 
38 
32 
46  
45 
24 
30 

33 
50 
62 

5 
29 
2 1  
14  
1 2  
30 
46 
15 

K1 
K l  

3 
K1 
1 
1 

K1 
K1 
K1 
K 1  

8 

1 
K 1  

32 

4 

K 1  
K 1  
K 1  
K1 
K 1  
K 1  
K 1  

K 1  
K 1  

5 
K 1  
K 1  
K 1  
K 1  
K 1  
K 1  
K 1  
K 1  

45  

42 

1 6  
49 
32 
19  

40 

1 5  

28 

11 
33 

37 

17  

2 1  

23 
28 
22 
21  

37 

14 

33 

1 9  
34 

20 

S 
s 

S 
S 
S 
S 

38 C 
S 
S 
S 
S 

37 C 

61 L 
23 C 
46 L 
60 L 

S 
23 L 

S 
S 

71 L 
S 

39 L 
S 

70 L 
33 L 

S 
S 
S 
S 
S 
S 
S 

43 L 
S 
S 
S 
S 
S 
S 
S 
s 
SI 

$1 
5; 
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Manistee Co. Michigan (#28, Lake Michigan) 

1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
3 

101-1-1 
101-1-2, 
101-1-3 
101-1-4 
101-2-1 
101-2-2 
101-3-1 1 96 3 
101-3-2 K 1  99 1 
101-4-1 1 94 5 
101-4-2 fl 93 1 
101-5-1 K l  93 7 
101-5-2 
101-5-3 
101-5-4 KJ. 99 10  
101-6-1 ;I 97 1 

Schoolcraf t Co. Michigan (#18, Lake Michigan) 

1 
1 
1 
2 
2 
3 
3 
3 
4 
4 
A 
4 
5 
5 
5 

Alcona Co. 

153-1-1 
153-1-2 
153-1-3 
153-2-1 
153-2-2 
153-3-5 
153-3-6 
153- 3-7 
153-4-2 
153-4-3 
153-4-4 
153-4-5 
153-5-1 
153-5-2 
153-5-3 

K:: 
K:l 
K:L 
K:L 
K:L 

I- '? 
KL 

KL 
2 

K1 
K 1  
K 1  
K 1  

15 
1 7  
22 
11 
18 

75 
56 

22 
2 1  
32 
58 
46  
37 

No Data 

No Data 

Michigan (#54, Lake Huron) 
0 0 1- 1- 1 K 1  64 
001-1-2 K 1  65 
001-2-1 K 1  66 
001-3-1 K 1  72  
001-3-2 K . 1  83 
001- 3- 3 E . l  79 
001-4-1 E.1  90 
001-5-1 8.1 8 
001-5-2 E : l  11 

85 
83 
77 
89 
82 

23 
44 

78 
77 
68 
42 
54 
63 

36 
35 
34 
28 
1 7  
21  
10 
91  
88 

K 1  
K 1  
K 1  
K 1  
K 1  

K 1  
K 1  

K1 
K 1  
1 

K 1  
K 1  

K 1  
K 1  

K 1  
K 1  
K1 
K 1  
K1 
K 1  

K1 
K1 
K 1  
K 1  
K 1  
K 1  
K 1  
1 
1 

27 1 7  56 
26 10 64 
20 25 55 
29 2 1  50 
34 1 7  49 
1 7  22 61 

15 11 74 
59 26 15 

L 
L 
L 
L 
L 
L 
S 
S 
S 
S 
S 
L 
C 
S 
s 

S 
S 
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Huron C o .  Xichigan (#59, Lake Huron) 
1 063-9-1 
1 063-9-2 
1 063-9-3 52 28 
1 063-10-1 
1 063-10-2 
2 063-7-1 78 15 
2 063-7-2 
2 063-7-3 
2 063-8-1 45 44 
2 063-8-2 
3 063-6-1 1 62 
3 063-6-2 1 75 
3 063-6-3 1 8 5  
4 063-4-1 K 1  24 

4 063-4-3 K 1  76 
4 063-5-1 
5 063-2-1 K 1  4 3  
5 063-2-2 K1 4 3  
5 063-3-1 1 48 
6 063-1-1 7 73 
6 063-1-2 7 52 
6 063-1-3 

4 063-4-2 

Oswego Co. New York ( # 8 l ,  Lake Ontario) 

1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 

NY-1-2 
NY-1-1 
NY-2-1 
NY-2-2. 
NY-2-3 
NY-2-4 
NY-2-5 
NY- 3- 1 
NY-3-2 
NY-3-3 
NY-3-5 
NY-4-1 
NY - 4- 2 
NY-4-3 
NY-4-4 

K 1  
K 1  
1 

10 
27 

7 
1 2  

30 

26 

8 
1 2  

7 
1 2  
33 
66 
20 

17  

26 

20 

6 

9 

37 
24 
1 4  
75 

24 

57 
57 
51 
1 9  
38 

92 
88 
85 
7 3  
37 
26 
44 

28 

34 

1 6  
25  

15 
1 4  

7 
1 2  

1 4  

K1 

1 

2 

K1 
K1 
K1 
1 

K1 

K1 
K 1  
K 1  
1 
3 

23 

20 

17 

K1 
K 1  

7 
5 
3 
1 

24 
11 

7 

33 
11 

4 
1 6  

25 

14  

18 
21  

13 
44 

26 
28 

1 6  

13 

1 2  

10 

20 
1 9  

2 1  
13  

1 6  
8 

66 
54 

72 
42 

67 
60 

70 

64 

68 

73  

69 
74 

46 
76 

80 
76 

K-Less than va lue  shown 
*S-Sand 
L-Loam 
C-Clay 
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