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INTRODUCTION U.S. GREAT LAKES RIVER BASIN GROUPS
AND HYDROLOGIC AREAS

M a p  N o .  1  d i s p l a y s  t h e  1 5  r i v e r  b a s i n
groups (RBG's) and 72 hydrologic areas in the U.S.
G r e a t  L a k e s  b a s i n  a s  d e l i n e a t e d  b y  t h e  B a s i n
Commiss ion  fo r  p lann ing  purposes .  Reference  w i l l
b e  m a d e  t o  t h e s e  s u b d i v i s i o n s  t h r o u g h o u t  t h i s
r e p o r t .  A  c o m p l e t e  l i s t i n g  o f  U . S .  r i v e r  b a s i n
g r o u p s  w i t h  t h e i r  h y d r o l o g i c  a r e a s  i s  i n c l u d e d  a s
T a b l e  1 .

GREAT LAKES POLLUTANTS

PHOSPHORUS

I n  1 9 7 8  t h e  G r e a t  L a k e s  E n v i r o n m e n t a l
Planning Study (GLEPS) was initiated as a 3-year
special study in support of the Great Lakes Basin
Plan.  The major  object ive of  the study has been
to provide insight into the cumulative long-range
impacts on the Great Lakes that may result from
different planning and management strategies. To
accomplish this objective, studies were conducted
on topics such as exist ing and expected future
inputs of phosphorus and heavy metals to the lakes
f r o m  c e r t a i n  s o u r c e s ,  t h e  p o t e n t i a l  i m p a c t  o f
changes  in  wa te r  qua l i t y  on  f i she r ies ,  and  the
impacts of water conservation on the overall water
qua l i ty  o f  the  lakes .  By  the  t ime the  s tudy  is
c o n c l u d e d ,  o v e r  5 0  r e p o r t s  w i l l  h a v e  b e e n
completed by members of different organizations to
support the GLEPS work effort.

O f  a l l  t h e  p o l l u t a n t s  d e l i v e r e d  t o  t h e
G r e a t  L a k e s ,  p h o s p h o r u s  h a s  b e e n  t h e  m o s t
i n t e n s i v e l y  s t u d i e d  a n d  w a s  a l s o  t h e  f o c u s  o f
G L E P S .  T h i s  i s  b e c a u s e  o f  t h e  l i n k  b e t w e e n
p h o s p h o r u s  a n d  e u t r o p h i c a t i o n .  E u t r o p h i c a t i o n
r e f e r s  t o  t h e  p r o c e s s  o f  a d d i n g  n u t r i e n t s  t o  w a t e r
b o d i e s  a n d  t h e  e f f e c t s  o f  t h e s e  a d d i t i o n a l
n u t r i e n t s  ( m a i n l y  i n c r e a s e d  a q u a t i c  p l a n t
p r o d u c t i v i t y  a n d  o x y g e n  d e p l e t i o n )  H u m a n
ac t i v i t y  i s  a  ma jo r  con t r i bu to r  t o  t he  excess i ve
l o a d i n g  o f  a q u a t i c  p l a n t  n u t r i e n t s  t o  w a t e r ,
c o m m o n l y  t h r o u g h  s e w a g e ,  d e t e r g e n t s ,  a n d
a g r i c u l t u r a l  f e r t i l i z e r s .

Cladophora

T h e  i n t e n t  o f  t h i s  r e p o r t  i s  t o  p r e s e n t
a n  o v e r v i e w  o f  r e s u l t s  o b t a i n e d  f r o m  t h e  G r e a t
Lakes Environmental Planning Study in a relatively
s i m p l e ,  n o n - t e c h n i c a l  m a n n e r  t o  f a c i l i t a t e
understanding of  the reasons for  changes in  the
e n v i r o n m e n t a l  q u a l i t y  o f  t h e  l a k e s  a n d  t h e
di f ferences which ex is t  between var ious sectors  o f
t he  l akes .  To  accomp l i sh  th i s  t ask ,  a  g rea t  dea l
o f  i n f o r m a t i o n  h a s  b e e n  v i s u a l l y  d e p i c t e d  i n  a
s e r i e s  o f  e n v i r o n m e n t a l  q u a l i t y  m a p s ,  l o c a t e d  a t
t h e  e n d  o f  t h i s  r e p o r t .  T h e  t e x t  w h i c h
accompanies these maps provides a general overview
of  thei r  subject  matter  and highl ights many of  the
significant conclusions of previous GLEPS reports.
Sources o f  in format ion used in  deve lop ing the maps
are  l i s t ed  i n  Append ix  1 .

T h e s e  n u t r i e n t s  c a n  p r o d u c e  n u i s a n c e
growths of  a lgae, such as Cladophora (see Maps
N o . ' s  2  t o  6 ,  D i s t r i b u t i o n  o f  C l a d o p h o r a  i n  t h e
U.S.  Nearshore  Areas  o f  the  Grea t  Lakes)  and  o ther
a q u a t i c  p l a n t s  w h i c h  m a y  c a u s e  w a t e r  q u a l i t y
prob lems.  C ladophora grows a t tached to  rocks and
o t h e r  s u i t a b l e  s u b s t r a t e s  i n  t h e  n e a r s h o r e  w a t e r s

o f  e a c h  o f  t h e  G r e a t  L a k e s .  W h e n  C l a d o p h o r a
b r e a k s  o f f  i t s  s u b s t r a t e  ( s u c h  a s  a f t e r  a  s t o r m )
i t  o f t e n  w a s h e s  u p  o n  s h o r e  i n  h u g e  m a s s e s ,
f o u l i n g  t h e  b e a c h e s .  U n l i k e  m a n y  r e c e n t  c h a n g e s

W h i l e  t h e  f o c u s  o f  t h i s  e f f o r t  i s  o n  t h e
Grea t  Lakes  Env i ronmen ta l  P lann ing  S tudy ,  some
i n f o r m a t i o n  o b t a i n e d  f r o m  o t h e r  s t u d i e s  h a s  b e e n
included to give the reader a more comprehensive
pic ture of  Great  Lakes concerns.

1



i n  t h e  G r e a t  L a k e s  e n v i r o n m e n t  w h o s e  r e l a t i o n  t o
p o l l u t i o n  i s  n o t  a l w a y s  c l e a r ,  g r o w t h s  o f
C l a d o p h o r a  c a n  o f t e n  b e  d i r e c t l y  l i n k e d  w i t h
pollution, particularly phosphorus enrichment.

t h i s  f o r m  m a y  e x c e e d  t h e  s o l u b l e  p h o s p h o r u s
c o n t e n t  b y  t e n  t i m e s  o r  m o r e ,  i t  i s  l a r g e l y
u n a v a i l a b l e  f o r  b i o l o g i c a l  u s e .  W h e t h e r  o r  n o t
t h e  p a r t i c u l a t e  p h o s p h o r u s  b e c o m e s  b i o l o g i c a l l y
a v a i l a b l e  d e p e n d s  o n  a  h o s t  o f  f a c t o r s .  H e n c e ,
d e f i n i n g  t h e  i m p a c t s  t h a t  p h o s p h o r u s  l o a d s  f r o m
d i f f e r e n t  s o u r c e s  h a v e  h a d  o n  t h e  l a k e s  a n d  t h e i r
b i o t a  i s  a  c o m p l i c a t e d  p r o b l e m .

TOXIC CONTAMINANTS

I n  Lakes  E r i e  and  On ta r i o ,  t he  phospho rus
l e v e l  i s  g e n e r a l l y  h i g h  e n o u g h  t o  s u p p o r t
luxur iant  growths wherever  there is  proper  l ight
a n d  s u b s t r a t e .  C l a d o p h o r a  i s  w i d e l y  d i s t r i b u t e d
i n  t he  d i s tu rbed  nearshore  a reas  o f  Lake  M ich igan
a n d  p h o s p h o r u s  c o n c e n t r a t i o n s  i n  t h e  o f f s h o r e
waters  are  approach ing leve ls  wh ich may suppor t
g r o w t h  o n  a  l a k e w i d e  b a s i s .  I n  L a k e s  H u r o n  a n d
Superior, where phosphorus levels are generally
l o w ,  C l a d o p h o r a  i s  m o r e  o f  a  l o c a l  p r o b l e m .  M o s t
heavy Cladophora growths can be at t r ibuted to  a
n e a r b y  s o u r c e  o f  p o l l u t i o n .  T h e  s o u r c e  m a y  b e  a
m u n i c i p a l  t r e a t m e n t  p l a n t ,  a n  i n d u s t r i a l
discharge,  drainage f rom an urban area,  or  runof f
f r o m  f a r m e r s '  f i e l d s .  N u t r i e n t  i n p u t s  f r o m  t h e s e
sources may be qu i te  smal l  re la t ive  to  the lake as
a whole,  but  they can in f luence Cladophora growth
depending on where the d ischarge enters the lake
a n d  h o w  q u i c k l y  i t  i s  d i s p e r s e d .

G L E P S  a l s o  i n v e s t i g a t e d  t o x i c  i n p u t s  t o
t h e  l a k e s ,  p a r t i c u l a r l y  i n p u t s  o f  h e a v y  m e t a l s .
T h e  G r e a t  L a k e s  a p p e a r  t o  b e  e s p e c i a l l y
s u s c e p t i b l e  t o  t o x i c  c o n t a m i n a t i o n .  T h e i r
s u s c e p t i b i l i t y  r e s u l t s  n o t  o n l y  f r o m  t h e  l a k e s '
p r o x i m i t y  t o  2 0  p e r c e n t  o f  t h e  t o t a l  U . S .
popu la t ion  and  50  percen t  o f  Canada 's  popu la t ion ,
b u t  a l s o  f r o m  t h e  l i m n o l o g i c a l  c h a r a c t e r i s t i c s  o f
t h e  l a k e s ,  s u c h  a s  t h e i r  l o n g  h y d r a u l i c  r e s i d e n c e
t i m e s .  T h e  G r e a t  L a k e s  B a s i n  C o m m i s s i o n ' s

Committee on Research and Development,  composed of
G r e a t  L a k e s  s c i e n t i s t s ,  h a s  l a b e l e d  t o x i c
s u b s t a n c e  c o n t a m i n a t i o n  t h e  c u r r e n t  m a j o r
environmental problem facing both the research and
management communities.

B i o l o g i c a l  A v a i l a b i l i t y
P r o b a b l y  t h e  m o s t  w e l l  k n o w n  a s p e c t  o f

t o x i c  c o n t a m i n a t i o n  i n  t h e  G r e a t  L a k e s  i s  t h e

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

chemica l ,  po lych lor ina ted b ipheny l  (PCB) ,  and the
pes t i c i de  M i rex .  Hea l t h  wa rn i ngs  have  been  i s sued
on  consuming  ce r ta in  Grea t  Lakes  f i sh ,  and  in  some
l o ca l i t i es  t he  f i she ry  has  ac tua l l y  been  c l osed .

A s  d i s c u s s e d  i n  G L E P S  C o n t r i b u t i o n  N o .
4 0 ,  n o t  a l l  o f  t h e  p h o s p h o r u s  w h i c h  e n t e r s  t h e
l a k e s  i s  i n  a  f o r m  w h i c h  i s  b i o l o g i c a l l y  a v a i l a b l e
t o  s u s t a i n  p l a n t  g r o w t h .  B a s i c a l l y ,  t h e
p h o s p h o r u s  l o a d  d e l i v e r e d  t o  a  l a k e  i s  i n  t w o
f o r m s  -  s o l u b l e  p h o s p h o r u s  a n d  p a r t i c u l a t e
p h o s p h o r u s .  T h e  s o l u b l e  f o r m ,  a s  i t s  n a m e
d e n o t e s ,  i s  d i s s o l v e d  i n  w a t e r  a n d  i s  e s s e n t i a l l y
1 0 0  p e r c e n t  a v a i l a b l e  f o r  u p t a k e  b y  a l g a e  a n d
o t h e r  p l a n t s .  P h o s p h o r u s  i n  t h e  e f f l u e n t s  f r o m
sewage  t rea tmen t  p lan t s  i s  gene ra l l y  i n  t h i s  f o rm .

T h e  d i s t r i b u t i o n  o f  t o x i c  s u b s t a n c e s  i n

G r e a t  L a k e s  w a t e r s  i s  n o t  r e a d i l y  m a p p e d ,  s i n c e
m o s t  o f  t h e  c o n t a m i n a n t s  o f  c o n c e r n  a r e  f o u n d  i n
l a k e  w a t e r  i n  e x t r e m e l y  s m a l l  c o n c e n t r a t i o n s .  I t
i s  p o s s i b l e ,  h o w e v e r ,  t o  m a p  t h e  d i s t r i b u t i o n  o f
t o x i c  c o n t a m i n a n t s  i n  l a k e  s e d i m e n t s .  L a k e

s e d i m e n t s  t e n d  t o  b e  a  m a j o r  s i n k  f o r  t o x i c

P a r t i c u l a t e  p h o s p h o r u s  i s  a  s o l i d  f o r m
e i t h e r  a t t a c h e d  t o  e r o d e d  s o i l  p a r t i c l e s  o r
e x i s t i n g  a s  p a r t  o f  o r g a n i c  d e t r i t u s .  A l t h o u g h
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s u b s t a n c e s  i n  t h e  G r e a t  L a k e s .  M a n y  t o x i c
c h e m i c a l  c o n t a m i n a n t s  a s s o c i a t e  w i t h  p a r t i c u l a t e
m a t e r i a l  a n d  a r e  c a r r i e d  t o  t h e  l a k e  b o t t o m  a s  t h e
p a r t i c u l a t e s  s e t t l e .  G L E P S  C o n t r i b u t i o n  N o .  4 5
i nves t iga ted  the  geochemica l  charac ter  o f  bo t tom
s e d i m e n t s  i n  L a k e  M i c h i g a n .  M a p  N o .  7 ,  M e r c u r y
Dis t r i bu t ion  in  the  Upper  3  Cm o f  Lake  M ich igan
Sediments,  is  der ived f rom one of  a  ser ies of  maps
deve loped  f rom the  resu l t s  o f  th i s  s tudy .

and  sed iment  c rea te  wa te r  qua l i t y  p rob lems,  and  a
l a r g e  p a r t  o f  t h e i r  i n p u t  i s  d e r i v e d  f r o m  d i f f u s e
s o u r c e s .  T h e  d i f f u s e  l o a d  o f  p o l l u t a n t s  c o n s i s t s
o f  i n p u t s  s u c h  a s  r u r a l  r u n o f f ,  u r b a n  r u n o f f ,  a n d
c o m b i n e d  s e w e r  o v e r f l o w s .  I n  o t h e r  w o r d s ,  t h e
d i f f u s e  l o a d  c o n s i s t s  o f  t h e  p o l l u t a n t  l o a d  n o t
a t t r i b u t a b l e  t o  i d e n t i f i e d  p o i n t  s o u r c e s ,  s u c h  a s
i n d u s t r i a l  o r  m u n i c i p a l  s e w a g e  t r e a t m e n t  p l a n t
discharges.

FACTORS INFLUENCING THE MAGNITUDE OF POLLUTANT
LOADING TO THE LAKES

A  v a r i e t y  o f  f a c t o r s  i n f l u e n c e  t h e
m a g n i t u d e  o f  t h e  l a n d - d e r i v e d  p o l l u t a n t  l o a d  t o
t h e  l a k e s .  T h r e e  b r o a d  c a t e g o r i e s  c a n  b e
i d e n t i f i e d :  ( 1 )  t h e  n a t u r a l l y  o c c u r r i n g  p h y s i c a l
c h a r a c t e r i s t i c s  o f  t h e  l a n d ;  ( 2 )  m a n ' s  l a n d  u s e
ac t i v i t i es ;  and  (3 )  meteoro log ica l  cond i t i ons .

T o x i c  c o n t a m i n a n t s  i n  s u r f i c i a l  s e d i m e n t s
m a y  m o v e  f r o m  o n e  a r e a  t o  a n o t h e r .  F o r  e x a m p l e ,
i n  t h e  s h a l l o w  w a t e r s  o f  L a k e  S t .  C l a i r  a n d

w e s t e r n  L a k e  E r i e ,  b o t t o m  s e d i m e n t s  a r e
c o n t i n u a l l y  r e s u s p e n d e d  ( d u e  t o  w i n d - i n d u c e d
m i x i n g )  a n d  t r a n s p o r t e d  d o w n  t h e  s y s t e m .  T h u s ,
t h e  d e e p  w a t e r  a r e a s  t e n d  t o  a c c u m u l a t e  m o s t  o f
the  sed iment -assoc ia ted contaminants  over  the  long
te rm.  The deep ho le  depos i t ion  areas  o f  the  Great
Lakes  are  dep ic ted  in  Map No.  8 .

P h y s i c a l  C h a r a c t e r i s t i c s  o f  t h e  L a n d
M a p  N o .  9  s h o w s  c e r t a i n  " h o t  s p o t s "  o f

t o x i c  c o n t a m i n a t i o n  a s s o c i a t e d  w i t h  t h e  l a k e s .

I n  mos t  cases ,  a reas  o f  con tam inan t  d i scha rges  to
t h e  l a k e s  r a t h e r  t h a n  p r o b l e m  a r e a s  i n  t h e  l a k e s
themselves are shown. Some important  contaminated
harbors ,  such  as  Waukegan  Harbor  wh ich  con ta ins
high levels of PCBs, are depicted however.

B e c a u s e  t h e  f o c u s  o f  t h i s  r e p o r t  i s  t h e
w o r k  c o m p l e t e d  i n  G L E P S ,  r e f e r e n c e  i n  t h e
s u b s e q u e n t  d i s c u s s i o n s  w i l l  p r i m a r i l y  b e  m a d e  t o
t h e  p o l l u t a n t s  s t u d i e d  i n  G L E P S ,  p h o s p h o r u s  a n d
heavy  me ta l s .

NONPOINT SOURCE POLLUTION IN THE

U.S.  GREAT LAKES BASIN

T h e r e  a r e  a  n u m b e r  o f  f a c t o r s  r e l a t e d  t o

t h e  n a t u r a l  p h y s i c a l  c h a r a c t e r i s t i c s  o f  a n  a r e a
t h a t  a f f e c t  t h e  m a g n i t u d e  o f  t h e  d i f f u s e  l o a d
d e r i v e d  f r o m  i t .  T h e  m o s t  i m p o r t a n t  o f  t h e s e  i s
s o i l  t e x t u r e .  G e n e r a l l y ,  f i n e - t e x t u r e d  s o i l s
( t h o s e  w i t h  a  h i g h  p e r c e n t a g e  o f  c l a y )  y i e l d
greater  amounts  o f  sed iment  and sed iment - re la ted
p o l l u t a n t s  ( s u c h  a s  p h o s p h o r u s )  t h a n  d o  c o a r s e
( s a n d y )  o r  m e d i u m - t e x t u r e d  s o i l s  ( l o a m ) .  T h e r e
a r e  a  n u m b e r  o f  r e a s o n s  f o r  t h i s .  P e r c o l a t i o n  a n d

i n f i l t r a t i o n  r a t e s  a r e  g e n e r a l l y  l o w e r  i n  c l a y
s o i l s ,  t h e r e b y  p r o m o t i n g  h i g h e r  r u n o f f  r a t e s .
Also ,  c lay  pa r t i c les  a re  more  eas i l y  suspended  and
t r a n s p o r t e d  a n d  t h e y  d o  n o t  s e t t l e  o u t  a s  r a p i d l y
a s  l a r g e r  s o i l  p a r t i c l e s .  C l a y s  a l s o  h a v e  a
r e l a t i v e l y  h i g h  c a p a c i t y  t o  a d s o r b  c e r t a i n
p o l l u t a n t s  a n d  t h u s  s e r v e  a s  a  s i g n i f i c a n t
t r a n s p o r t  m e c h a n i s m .  M a p  N o . ' s  1 0  t h r o u g h  1 4
i l l u s t r a t e  t h e  p r e d o m i n a t e  s o i l  t e x t u r e s  i n  e a c h
o f  t h e  U . S .  l a k e  b a s i n s .

N o n p o i n t  s o u r c e  p o l l u t i o n  h a s  b e c o m e  a
p r i m a r y  c o n c e r n  i n  t h e  G r e a t  L a k e s  r e g i o n .
Substances such as phosphorus,  mercury,  PCB's  and
o t h e r  i n d u s t r i a l  o r g a n i c  c o m p o u n d s ,  p e s t i c i d e s ,
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N u m e r o u s  o t h e r  p h y s i c a l  c h a r a c t e r i s t i c s
i n f l u e n c e  d i f f u s e  l o a d i n g  o f  p o l l u t a n t s .  T h e s e
inc lude s lope,  phys iography,  chemica l  compos i t ion
o f  t h e  s o i l ,  d r a i n a g e  n e t w o r k ,  a n d  d e p t h  t o  a n d
qua l i t y  o f  g roundwate r .

l i t t l e  o v e r  1 0  p e r c e n t  o f  t h e  U . S .  b a s i n  w i t h  t h e
m a j o r i t y  o f  t h e  a c r e a g e  i n  t h e  L a k e  M i c h i g a n
b a s i n .  W e t l a n d s ,  b a r r e n  l a n d  a n d  h i g h  d e n s i t y
r e s i d e n t i a l  a n d  c o m m e r c i a l  l a n d  e a c h  a c c o u n t  f o r  a

very  sma l l  pe rcen tage  o f  the  U .S .  to ta l  l and  cover
a c r e a g e .

Land Use and Management W e t l a n d s  a c t u a l l y  r e d u c e  p o l l u t a n t  l o a d i n g s
t o  a  w a t e r b o d y  b y  " t r a p p i n g "  s e d i m e n t s  a n d
nu t r i en t s  f r om up land  sou rces .  See  GLEPS No .  27 .

Meteoro log ica l  Condi t ions

Over l y i ng  the  phys i ca l  cha rac te r i s t i cs  o f
t h e  l a n d  a n d  l a n d  u s e  i s  t h e  v a r i e t y  o f
m e t e o r o l o g i c a l  c o n d i t i o n s  w h i c h  e x i s t  a r o u n d  t h e
G r e a t  L a k e s  b a s i n .  T h e  a n n u a l  p r e c i p i t a t i o n ,
i n t e n s i t y  a n d  d u r a t i o n  o f  r a i n f a l l  e v e n t s ,  a n d
t i m i n g  o f  t h e  s p r i n g  t h a w  a l l  i n f l u e n c e  t h e  l e v e l
o f  p o l l u t a n t  l o a d i n g .

L a n d  u s e  a n d  m a n a g e m e n t  a r e  t w o
a d d i t i o n a l  f a c t o r s  a f f e c t i n g  t h e  d i f f u s e  l o a d i n g
of  phosphorus  and  o ther  po l lu tan ts  con t r ibu ted  by
a n  a r e a .  A g r i c u l t u r a l  a n d  u r b a n i z i n g  a r e a s ,  f o r
example, general ly contr ibute a greater pol lutant
l o a d  t h a n  u n d i s t u r b e d  f o r e s t s  o r  w e t l a n d s  b e c a u s e
t h e  s o i l  i s  m o r e  e x p o s e d  t o  w i n d  a n d  w a t e r
e r o s i o n .  A g r i c u l t u r a l  p r a c t i c e s ,  s u c h  a s  i m p r o p e r
o r  e x c e s s i v e  a p p l i c a t i o n  o f  c h e m i c a l  f e r t i l i z e r s ,
m a n u r e ,  a n d  p e s t i c i d e s ,  c a n  i n c r e a s e  p o l l u t a n t
l oad ing .  Urban  a reas ,  w i th  the i r  l a rge  amoun t  o f
imperv ious pavement and stormsewer systems may
c o n t r i b u t e  h i g h  l e v e l s  o f  r u n o f f .  T h e  d e p o s i t i o n
a n d  w a s h o f f  o f  v e h i c u l a r  e x h a u s t s ,  i n d u s t r i a l
e m i s s i o n s  a n d  a n i m a l  w a s t e s  a r e  s o m e  o f  t h e
sou rces  o f  po l l u t an t s  f r om  u rban i zed  a reas .

For  examp le ,  t he  re la t i onsh ip  be tween  the
d i f f u s e  p h o s p h o r u s  l o a d  a n d  t h e  a m o u n t  o f
s t r e a m f l o w  t o  t h e  l a k e s  c a n  b e  i l l u s t r a t e d  b y  t h e
S a i n t  L o u i s  R i v e r  i n  t h e  L a k e  S u p e r i o r  b a s i n .  I n
1 9 7 7 ,  a  v e r y  l o w  t o t a l  p h o s p h o r u s  l o a d  o f  7 0
m e t r i c  t o n s  p e r  y e a r  ( m t / y r )  w a s  c a l c u l a t e d  f o r
t h e  r i v e r ,  c o r r e s p o n d i n g  t o  a  l o w  f l o w  o f  9 9 6
c u b i c  f e e t  p e r  s e c o n d  ( c f s )  f o r  t h a t  w a t e r  y e a r .
T h e  m a r k e d  i n c r e a s e  i n  l o a d  ( t o  3 1 0  m t / y r )
e x h i b i t e d  d u r i n g  w a t e r  y e a r  1 9 7 8  c o r r e s p o n d s  t o  a
g r e a t l y  i n c r e a s e d  f l o w  o f  3 , 7 5 5  c f s .

Prec ip i ta t i on :  S tab le ,  Even t  and  Var iab le  Response
T r i b u t a r i e s .  T h e r e  a r e  a l s o  s i g n i f i c a n t  d i f f e r -
e n c e s  i n  t h e  w a y  a  t r i b u t a r y  r e s p o n d s  t o  r u n o f f
c a u s e d  b y  p r e c i p i t a t i o n ,  a s  d i s c u s s e d  i n  G L E P S
C o n t r i b u t i o n  N o .  4 6 .  I n  t u r n ,  a  r e l a t i o n s h i p
e x i s t s  b e t w e e n  t h e  t r i b u t a r y  t y p e  a n d  t h e
c o n c e n t r a t i o n s  o f  p o l l u t a n t s ,  s u c h  a s  s u s p e n d e d
s o l i d s  a n d  t o t a l  p h o s p h o r u s ,  w h i c h  i t  c a r r i e s  a t
d i f f e r e n t  l e v e l s  o f  f l o w .

A n  i n v e n t o r y  o f  1 0  m a j o r  c l a s s e s  o f  l a n d
c o v e r  i n  t h e  U . S .  p o r t i o n  o f  t h e  b a s i n  w a s
p r e p a r e d  f o r  t h e  G r e a t  L a k e s  B a s i n  C o m m i s s i o n
u t i l i z i n g  L a n d s a t  s a t e l l i t e  i m a g e r y .  D u e  t o
p r o h i b i t i v e  c o s t s  i t  w a s  n o t  p o s s i b l e  t o  i n c l u d e  a
c o m p o s i t e  o f  t h i s  i m a g e r y  i n  t h i s  r e p o r t .
H o w e v e r ,  A p p e n d i x  2  d e f i n e s  t h e  l a n d  c l a s s e s  a n d
Tab le  3  p resen ts  the  pe rcen tage  o f  t o ta l  l and  a rea
i n  e a c h  c l a s s  ( e x c l u d i n g  i n l a n d  w a t e r )  b y  l a k e
b a s i n .  A s  c a n  b e  s e e n ,  o v e r  h a l f  o f  t h e  U . S .
b a s i n ' s  a r e a  i s  f o r e s t e d  l a n d ,  w i t h  t h e  L a k e
M i c h i g a n  d r a i n a g e  b a s i n  a c c o u n t i n g  f o r  o v e r
o n e - t h i r d  o f  t h i s  a c r e a g e .  P l o w e d  f i e l d  a n d
b r u s h l a n d  e a c h  a c c o u n t  f o r  n e a r l y  1 5  p e r c e n t  o f
t h e  t o t a l  b a s i n  l a n d  c o v e r  a r e a .  T h e  l a r g e s t
a c r e a g e  o f  p l o w e d  f i e l d  i s  f o u n d  i n  t h e  L a k e  E r i e
b a s i n .  T h e  L a k e  M i c h i g a n  b a s i n  c o n t a i n s  t h e
g r e a t e s t  a c r e a g e  o f  b r u s h l a n d .  G r a s s l a n d  c o v e r s  a
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TABLE 3

1U.S. LAND COVER DATA BY LAKE BASIN

Total Land Area (km2)% Wetland% Forest%2 Brushland% Grassland% Barren% Plowed Field% High Density Residential% Commercial
Lake Superior Basin44,0006 . 185.34 . 42 . 60 . 80 . 60 . 20 . 0
Lake Michigan Basin117,4105 . 549.81 7 . 51 1 . 00 . 312.43 . 20 . 2
Lake Huron Basin41,9203 . 948.41 8 . 59 . 20 . 116.53 . 31 . 4
Lake Erie Basin55,5901 . 318.11 8 . 31 5 . 90 . 434.61 0 . 00 . 1

Lake Ontario Basin45,7701.564.310.211.50.18.93 . 40 . 1
U.S. Basin Total:304,6904 . 051.11 4 . 81 0 . 50 , 314.84 . 00 . 5

1Exc ludes  water .  Def in i t ions  o f  the  land  cover  c lasses  p resented  appear  in  Append ix  a

2
I nc ludes  bo th  dec iduous  and  con i fe rous  fo res ts

Source:  Monte i th  and Jareck i ,  1978.
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c l u s t e r  i n  c e r t a i n  a r e a s  o f  t h e  b a s i n .  F o r

e x a m p l e ,  t h e r e  i s  a  h i g h  i n c i d e n c e  o f  e v e n t
r e s p o n s e  t r i b u t a r i e s  i n  t h e  w e s t e r n  L a k e  E r i e  a n d
w e s t e r n  L a k e  S u p e r i o r  b a s i n s ,  w h i c h  h a v e  s o i l s
w i t h  a  h i g h  c l a y  c o n t e n t .  M a n y  s t a b l e  r e s p o n s e
t r i b u t a r i e s  a r e  l o c a t e d  i n  t h e  M i c h i g a n  p o r t i o n  o f
t h e  L a k e  M i c h i g a n  b a s i n ,  w h e r e  s a n d y  s o i l s  a r e
p r e v a l e n t .

CONTRIBUTORS TO NONPOINT SOURCE POLLUTION

T h r e e  c l a s s e s  o f  t r i b u t a r i e s  h a v e  b e e n
i den t i f ied  to  represent  th ree  d i f fe ren t  responses
t o  r u n o f f .  A  n u m b e r  o f  U .  S .  t r i b u t a r i e s  t o  t h e
lakes, classif ied by their response to runoff are
displayed on Maps No's 15 through 19,  Major
Stab le ,  Even t  and  Var iab le  Response  U .  S .
T r i b u t a r i e s  i n  t h e  G r e a t  L a k e s  B a s i n .  I n  s t a b l e
response tributaries the flows do not tend to vary
greatly over the short term. The concentrations
of pollutants such as suspended solids and total
p h o s p h o r u s  v a r y  g r e a t l y  w i t h  c h a n g e s  i n
f l o w .

U r b a n  a n d  R u r a l  R u n o f f

U n l i k e  s t a b l e  r e s p o n s e  t r i b u t a r i e s ,
event response streams are greatly influenced by
r u n o f f .  T h e  f l o w  i n  t h e s e  s t r e a m s  i s  m u c h  m o r e
v a r i a b l e  o v e r  t h e  s h o r t  t e r m .  T h e  c o n c e n t r a t i o n s
of pollutants, such as suspended solids and total
phosphorus, tend to increase with flow, with the
bulk  t ranspor ted by sediment .

A signi f icant number of  streams do not
c l e a r l y  f a l l  i n t o  t h e  s t a b l e  r e s p o n s e  o r  e v e n t
response groups.  Such t r ibutar ies  have been
c l a s s i f i e d  a s  " v a r i a b l e  r e s p o n s e , "  b e c a u s e  t h e y
e x h i b i t  c h a r a c t e r i s t i c s  o f  b o t h  c a t e g o r i e s .

G L E P S  e x a m i n e d  p r e s e n t  a n d  f u t u r e  l a n d -
d e r i v e d  i n p u t s  o f  p o l l u t a n t s  t o  t h e  l a k e s  a n d  a l s o
e v a l u a t e d  t h e  r e l a t i v e  c o s t - e f f e c t i v e n e s s  o f  a

v a r i e t y  o f  r e m e d i a l  p r o g r a m s  t o  c o n t r o l  n o n p o i n t
s o u r c e s .  F o r  e x a m p l e ,  p r o j e c t i o n s  o f  t o t a l
p h o s p h o r u s  l o a d i n g s  t o  t h e  G r e a t  L a k e s  f r o m  U . S .
sou rces  (GLEPS No .  11 )  i nd i ca te  t ha t  o f  t he  more
t han  27 ,000  me t r i c  t ons  o f  phosphorus  en te r i ng  the
l a k e s  i n  t h e  m i d - 1 9 7 0 ' s  f r o m  t r i b u t a r i e s ,  3 0
p e r c e n t  w e r e  a t t r i b u t a b l e  t o  r u n o f f  f r o m  r u r a l
a r e a s  ( e . g . ,  p l o w e d  f i e l d s ,  g r a s s l a n d ,  w e t l a n d ,
b r u s h l a n d ,  f o r e s t s ) .  U r b a n  l a n d  d r a i n a g e  ( e . g . ,
c o m m e r c i a l ,  h i g h  d e n s i t y  r e s i d e n t i a l )  a c c o u n t e d
f o r  2 0  p e r c e n t  o f  t h e  p o l l u t a n t  l o a d .  T h e
remain ing 50 percent  was cont r ibuted by munic ipa l
p o i n t  s o u r c e s .  T h e  s a m e  r e p o r t  i n d i c a t e d  t h a t
v e r y  l i t t l e  c h a n g e  i s  e x p e c t e d  i n  t h e  t o t a l
p h o s p h o r u s  l o a d  t o  t h e  l a k e s  f r o m  r u r a l  o r  u r b a n
land drainage over the next 20 years (assuming no
a d d i t i o n a l  r u n o f f  c o n t r o l  m e a s u r e s  a r e
implemented).

T h e r e  a r e  m a n y  f a c t o r s  i n f l u e n c i n g
whether  a  s t ream exh ib i t s  a  s tab le  response ,  even t
response  o r  va r i ab le  response .  However ,  t he
t e x t u r e  o f  t h e  s o i l  i n  t h e  w a t e r s h e d  a p p e a r s  t o  b e
the primary determinant. Streams draining sandy
s o i l s  h a v e  m o r e  s t a b l e  f l o w s  t h a n  t h o s e  d r a i n i n g
c lay  so i l s .  Genera l l y ,  so i l s  w i th  a  h igh  amount
o f  f i ne  c l ay -s i zed  pa r t i c l es  con t r i bu te  h ighe r
loads o f  suspended so l ids  and phosphorus than
coarse -g ra ined ,  sandy  so i l s .  The re fo re ,  wa te r
q u a l i t y  o f  t h e  r i v e r s  d r a i n i n g  s a n d y  s o i l s  i s
o f t e n  m u c h  b e t t e r  t h a n  t h a t  o f  t h e  r i v e r s  d r a i n i n g
c l a y .

M a p s  N o . ' s  2 0  t h r o u g h  2 4  d i s p l a y  y e a r l y
d i f f u s e  l o a d i n g s  o f  t o t a l  p h o s p h o r u s  i n  t h e  l a t e
1970 's .  Four  years  o f  data  are presented for  each
o f  t h e  l a k e s ,  e x c e p t  L a k e  E r i e ,  f o r  w h i c h  o n l y
t h r e e  o f  i n f o r m a t i o n  w a s  a v a i l a b l e .  A s  c a n
b e  s e e n ,  L a k e  E r i e  r e c e i v e s  t h e  l a r g e s t  d i f f u s e
l o a d .

The  impo r t ance  o f  so i l  t e x t u re  can  be
s e e n  w a y  t h e  t h r e e  c l a s s e s  o f  s t r e a m s
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pollutants to the Great Lakes each year. This is
i l l us t ra ted  i n  Maps  No .  ' s  25  th rough  29 ,  Ave rage
Vo lume  o f  Ma te r i a l  E roded  f r om  Coun t i es  a l ong  t he
U.S. Great  Lakes Shorel ines,  and Maps No. 's  53
th rough 57,  Major  Inputs  o f  Tota l  Phosphorus to
t h e  G r e a t  L a k e s  f r o m  t h e  U .  S .

T h e  c o m b i n e d  i n f l u e n c e  o f  s o i l  t e x t u r e ,
l a n d  u s e  a n d  t r i b u t a r y  t y p e  o n  t h e  d i f f u s e
p h o s p h o r u s  l o a d  i s  e v i d e n c e d  i n  c o m p a r i n g  t h e
G r a n d  R i v e r  i n  M i c h i g a n  a n d  t h e  M a u m e e  R i v e r  i n
O h i o .  T h e s e  w a t e r s h e d s  a r e  s i m i l a r  i n  s i z e  a n d

gene ra l  c l ima te ,  bu t  d i f f e r  ma rked l y  i n  dom inan t
s o i l  t e x t u r e ,  i n t e n s i t y  o f  a g r i c u l t u r a l  a c t i v i t y ,
and t r ibu ta ry  t ype .

The  Maumee wa te rshed  i s  l a rge l y  devo ted
to  agr icu l ture and conta ins extensive areas of
c l a y .  T h e  M a u m e e  R i v e r  i s  a n  e v e n t  r e s p o n s e
t r i b u t a r y ,  e x h i b i t i n g  a  c o r r e l a t i o n  b e t w e e n
pollutant load concentrations and changes in flow.
A s  c a n  b e  s e e n  o n  M a p  N o .  2 3 ,  t h e s e  f a c t o r s
c o m b i n e  t o  r e s u l t  i n  e x c e s s i v e l y  h i g h  d i f f u s e
phosphorus loads for water years 1975 to 1977.

S h o r e l i n e  e r o s i o n  i s  a  n a t u r a l l y
o c c u r r i n g  p r o c e s s  r e s u l t i n g  f r o m  t h e  d y n a m i c
forces act ing upon the coasta l  zone.  The pr imary
c a u s e  o f  s h o r e  e r o s i o n  i s  t h e  a c t i o n  o f  w a v e s  a n d
c u r r e n t s  d u r i n g  s e v e r e  w i n d  s t o r m s .  S h o r e
m a t e r i a l  a b o v e  a n d  b e l o w  t h e  s t i l l  w a t e r  l e v e l  i s
loosened by waves and removed by currents. This
process is intensi f ied when there is a temporary
r i s e  i n  t h e  w a t e r  l e v e l  o f  t h e  l a k e ,  s u b m e r g i n g
the beach and enabl ing the waves to reach higher
l a n d .  I n  r e c e n t  y e a r s ,  h i g h  l a k e  l e v e l s  h a v e
a c c e l e r a t e d  s h o r e l i n e  e r o s i o n .I n  c o m p a r i s o n ,  t h e  s u r f a c e  s o i l  t e x t u r e

of  the Grand River  watershed is  predominant ly  sand
and loam.  Agr icu l ture  is  less  in tens ive and more
l a n d  i s  d e v o t e d  t o  r e s i d e n t i a l  u s e .  T h e  G r a n d
R i v e r  i s  a  s t a b l e  r e s p o n s e  t r i b u t a r y  s h o w i n g
l i t t l e  o r  n o  c o r r e l a t i o n  b e t w e e n  p o l l u t a n t  l o a d
c o n c e n t r a t i o n s  a n d  f l o w .  T h e  l e v e l s  o f  d i f f u s e

loadings of total phosphorus for water years 1975
t o  1 9 7 7  ( a s  s e e n  o n  M a p  N o .  2 1 )  a r e  l e s s  t h a n
those of  the Maumee River by a factor  of  ten.

I n  a d d i t i o n  t o  t h e  c o m b i n e d  a c t i o n  o f

l a k e  l e v e l s  a n d  w a v e s ,  t h e  c o m p o s i t i o n  o f  t h e
s h o r e l i n e  i s  a  p r i m a r y  f a c t o r  i n  d e t e r m i n i n g  t h e
r a t e  a t  w h i c h  a  s h o r e l i n e  e r o d e s .  U n c o n s o l i d a t e d

g l a c i a l  t i l l s ,  s a n d s ,  s i l t s  a n d  c l a y s  a r e  t h e  m o s t
e r o d i b l e  m a t e r i a l s  f o u n d  i n  t h e  b a s i n .  L a k e

M i c h i g a n  h a s  t h e  l a r g e s t  n u m b e r  o f  m i l e s  o f  t h i s
s h o r e  t y p e  a n d  t h u s  i t s  s h o r e l i n e  i s  t h e  m o s t
s u s c e p t i b l e  t o  e r o s i o n .  A n o t h e r  a r e a  o f  l a r g e
sed iment  loads is  western  Lake Super io r  (see Map
N o .  2 5 ) .  T h i s  c o r r e s p o n d s  t o  a n  a r e a  o f  r e d  c l a y
s o i l  f o u n d  i n  D o u g l a s  a n d  B a y f i e l d  C o u n t i e s .  T h i s
s o i l  i s  e a s i l y  d i s l o d g e d  a n d  t r a n s p o r t e d  a n d  h a s  a
h i g h  c a p a c i t y  t o  a d s o r b  a n d  t r a n s p o r t  p o l l u t a n t s
such as phosphorus.

Another  GLEPS repor t  (GLEPS No.  12)
invest igated the re la t ive inputs  o f  heavy meta ls
f r o m  u r b a n  a n d  r u r a l  l a n d  d r a i n a g e .  T h e  s t u d y
f o u n d  t h a t  o f  t h e  t h r e e  U . S .  s o u r c e s  o f  p o l l u t a n t s
c o n s i d e r e d  ( r u r a l  r u n o f f ,  u r b a n  r u n o f f ,  a n d
munic ipal  po int  sources) ,  rura l  runof f  contr ibutes
t h e  h i g h e s t  m e t a l s  i n p u t  t o  L a k e s  S u p e r i o r ,
M i c h i g a n ,  H u r o n ,  a n d  O n t a r i o .  U r b a n  r u n o f f
accounts for  the greatest  load to  Lake Er ie .

S h o r e l i n e  E r o s i o n

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  a

s ign i f i can t  amoun t  o f  sed imen t  and  assoc ia ted

T o  s h o r e l i n e  p r o p e r t y  o w n e r s ,  c o a s t a l
e r o s i o n  i s  a  c o s t l y  a n d  p o t e n t i a l l y  h a z a r d o u s
p r o c e s s .  E r o d e d  m a t e r i a l  c a n  a l s o  h a v e  a n
i m p o r t a n t  i m p a c t  o n  t h e  c o a s t a l  w a t e r s  a n d  w a t e r
q u a l i t y  o f  t h e  e n t i r e  G r e a t  L a k e s  s y s t e m .  T h e
p a r t i c u l a t e  m a t e r i a l  e r o d e d  f r o m  t h e  s h o r e l i n e
i n c r e a s e s  t h e  t u r b i d i t y  o f  t h e  w a t e r .  B e s i d e s
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b o t h  n e a r  a n d  d o w n w i n d  o f  m a j o r  p o l l u t i o n  s o u r c e s
a n d  m e t e o r o l o g i c a l  p a t t e r n s  a r e  c o n d u c i v e  t o
d i s t r i b u t i o n  o f  e m i t t e d  p o l l u t a n t s  o v e r  t h e  b a s i n .

having a negative aesthetic impact, this creates
economically significant problems at water supply
i n t a k e s .  E x c e s s  s e d i m e n t a t i o n  a n d  t u r b i d i t y  m a y
a l s o  a d v e r s e l y  a f f e c t  f i s h  a n d  o t h e r  a q u a t i c
organisms in nearshore areas. Acid Prec ip i ta t ion.  As a  resu l t  o f  the combust ion

o f  t r e m e n d o u s  q u a n t i t i e s  o f  f o s s i l  f u e l s  s u c h  a s
c o a l  a n d  o i l ,  m i l l i o n s  o f  t o n s  o f  s u l f u r  d i o x i d e
a n d  o x i d e s  o f  n i t r o g e n  a r e  d i s c h a r g e d  i n t o  t h e
a t m o s p h e r e  e a c h  y e a r .  O n c e  a i r b o r n e ,  t h e s e
c o m p o u n d s  m a y  r e a c t  w i t h  w a t e r  v a p o r  t o  f o r m
s u b s t a n c e s  s u c h  a s  s u l f u r i c  a c i d  a n d  n i t r i c  a c i d ,
w h i c h  r e t u r n  t o  t h e  e a r t h  a s  c o m p o n e n t s  o f  e i t h e r
r a i n  o r  s n o w .  T h i s  i s  k n o w n  a s  a c i d  p r e c i p i t a -
t i o n .

S u l f u r  o x i d e s  a r e  p r i m a r i l y  e m i t t e d  f r o m
s t a t i o n a r y  s o u r c e s  s u c h  a s  e l e c t r i c a l  u t i l i t i e s
a n d  i n d u s t r i a l  b o i l e r s  b u r n i n g  c o a l  a s  a  f u e l .  I n
C a n a d a ,  t h e  s m e l t i n g  o f  s u l f u r - r i c h  o r e s  i s  a
m a j o r  c o n t r i b u t o r  t o  e m i s s i o n s  o f  s u l f u r  o x i d e s .
Ni t rogen ox ides  a re  emi t ted  f rom bo th  s ta t ionary
a n d  t r a n s p o r t a t i o n - r e l a t e d  s o u r c e s  s u c h  a s  c a r s
a n d  t r u c k s .

Because  o f  t he  l a rge  vo lume  o f  ma te r i a l
c o n t r i b u t e d  t o  t h e  G r e a t  L a k e s  b y  s h o r e l i n e
e r o s i o n ,  t h e  l o a d i n g  o f  t o t a l  p h o s p h o r u s
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  m a t e r i a l  i s  h i g h .
H o w e v e r ,  s t u d i e s  h a v e  i n d i c a t e d  t h a t  a  h i g h
p e r c e n t a g e  o f  t h i s  i s  b i o l o g i c a l l y  u n a v a i l a b l e
phosphorus. This does not mean that the potential
impact of  shorel ine erosion should be minimized,
however .  I f  cu r ren t  phosphorus  loads  a re  reduced
through improved wastewater treatment and better
land management practices, the relative importance
o f  s h o r e l i n e  e r o s i o n  w i l l  i n c r e a s e .  I n  a d d i t i o n ,
s i n c e  t h e  s h o r e l i n e  e r o s i o n  i n p u t  i s  n o t  e v e n l y
dis t r ibu ted,  loca l ized shore l ine  phosphorus inputs
may be relat ively important,  especial ly where the
amoun ts  con t r i bu ted  by  o the r  sou rces  a re  sma l l .
S u c h  i s  t h e  c a s e  i n  L a k e  S u p e r i o r  w h e r e  t h e
ava i lab le  phosphorus  f rom U.S .  shore  e ros ion  i s
e s t i m a t e d  t o  b e  a b o u t  e q u a l  t o  t h e  a v a i l a b l e
phosphorus from U.S. and Canadian tr ibutaries.

Atmospher ic  Pol lu t ion

E f f o r t s  t o  i m p r o v e  t h e  q u a l i t y  o f  t h e
G r e a t  L a k e s  i n v o l v e  n o t  o n l y  c o n t r o l l i n g
s u b s t a n c e s  c a r r i e d  b y  w a t e r c o u r s e s ,  b u t  a l s o
require reducing the level of airborne pollutants,
a  more  d i f f i cu l t  and  comp l i ca ted  p rob lem.  The re
i s  i n c r e a s i n g  i n d i c a t i o n  t h a t  a t m o s p h e r i c
deposi t ion may be a major  contr ibutor  of  t race
elements such as PCB's (GLEPS No. 46)

Maps No. 's  31  to  35  show the  loca t ion
o f  ope ra t i ng  f oss i l  f ue l  power  p l an t s  i n  t he  U .S .
p o r t i o n  o f  t h e  b a s i n .  E f f o r t s  t o  m i n i m i z e  l o c a l
a i r  p o l l u t i o n  a s s o c i a t e d  w i t h  p o w e r  p l a n t s  b y
i n c r e a s i n g  t h e  h e i g h t  o f  s m o k e  s t a c k s  h a v e  n o t
a l l e v i a t e d  t h e  a c i d  p r e c i p i t a t i o n  p r o b l e m ,  t h e y
h a v e  m e r e l y  t r a n s p o r t e d  i t .  T h e s e  t a l l  s t a c k s
e m i t  t h e  g a s e s  h i g h e r  i n t o  t h e  p r e v a i l i n g  w i n d s ,
a l l o w i n g  t h e m  t o  t r a v e l  s o m e  d i s t a n c e  b e f o r e
f a l l i n g  w i t h  t h e  r a i n  o r  s n o w .  F o r  e x a m p l e ,  t h e
c a u s e  o f  t h e  a c i d i f i c a t i o n  o f  l a k e s  i n  t h e
A d i r o n d a c k  M o u n t a i n s  o f  N e w  Y o r k  h a s  b e e n  t r a c e d
t o  t h e  s u l f a t e s  e m i t t e d  f r o m  i n d u s t r i a l  c e n t e r s  i n

Ohio,  Ind iana and Mich igan.
T h e  G r e a t  L a k e s  h a v e  t h e  l a r g e s t  s u r f a c e

area o f  any  body  o f  f resh  water  in  the  wor ld .
Thus, it is not surprising that atmospheric inputs
may contribute a large part of the total pollutant
l o a d  t o  t h e  l a k e s .  A d d i t i o n a l l y ,  t h e  l a k e s  a r e

As can  be  seen  f rom Map No.  36 ,  Areas  in
the U. S.  Great  Lakes Basin Subjected to Increased
A c i d i t y  i n  P r e c i p i t a t i o n  a n d  A r e a s  P a r t i c u l a r l y
Suscept ib le  to  the Ef fects  o f  Ac id  Prec ip i ta t ion,
t h e  i n c r e a s e  i n  t h e  a c i d i t y  o f  p r e c i p i t a t i o n
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I n c r e a s e d  a c i d i t y  m a y  a l s o  r e s u l t  i n  t h e
r e l e a s e  o f  t o x i c  h e a v y  m e t a l s  f r o m  l a k e  b o t t o m
sediments  and promote the leach ing o f  meta ls  f rom
s u r r o u n d i n g  s o i l s .  M e t a l s  m a y  a l s o  b e  e n t e r i n g
w a t e r c o u r s e s  d i r e c t l y  v i a  p r e c i p i t a t i o n  a s  a
r e s u l t  o f  e m i s s i o n s  f r o m  t h e  s a m e  s o u r c e s  o f
a i r b o r n e  a c i d i t y .

a c r o s s  t h e  G r e a t  L a k e s  b a s i n  i s  v a r i a b l e .
However,  a l l  parts of  the Great Lakes watershed
are receiving precipitation which contains 5 to 40
t imes  more  ac id  than  p rec ip i ta t ion  under  na tu ra l
c o n d i t i o n s .  G e n e r a l l y ,  h i g h e r  l e v e l s  o f  a c i d i t y
a r e  f o u n d  i n  t h e  e a s t e r n  h a l f  o f  t h e  b a s i n ,
r e f l e c t i n g  t h e  c o n c e n t r a t i o n  o f  p o l l u t a n t -
produc ing  ac t i v i t i es  and  the  d i rec t i on  o f  t he
p reva i l i ng  w inds .

I n  a d d i t i o n  t o  e f f e c t s  o n  w a t e r  q u a l i t y
and  aqua t i c  l i f e ,  ac id  p rec ip i t a t i on  may  adve rse l y
a f f e c t  c r o p l a n d  a n d  f o r e s t  p r o d u c t i v i t y ,  d r i n k i n g
w a t e r  s u p p l i e s  a n d  i n c r e a s e  c o r r o s i v e  d a m a g e  t o
c a r s  a n d  b u i l d i n g s .

Map No.  36 a lso ind icates areas h igh ly
s u s c e p t i b l e  t o  t h e  n e g a t i v e  e f f e c t s  o f  a c i d
prec ip i ta t ion based upon bedrock geology.  The
C a n a d i a n  S h i e l d ,  a  g e o l o g i c  f o r m a t i o n  w h i c h
e x t e n d s  t h r o u g h  u p s t a t e  N e w  Y o r k ,  t h e  w e s t e r n
por t ion of  Michigan 's  Upper  Peninsula,  nor thern
W i s c o n s i n  a n d  n o r t h e a s t e r n  M i n n e s o t a ,  i s  a
par t i cu la r l y  sens i t i ve  a rea .  I t s  bedrock  lacks
s u f f i c i e n t  c a l c a r e o u s  m a t e r i a l  t o  b u f f e r  a c i d i c
inputs over extended periods.

We do  no t  ye t  have  a  comp le te  p i c tu re  o f
t h e  c o n s e q u e n c e s  o f  a c i d  p r e c i p i t a t i o n  a n d  t h e
r a t e  a t  w h i c h  a c i d i f i c a t i o n  i s  o c c u r r i n g  i n  m o s t
p o r t i o n s  o f  t h e  b a s i n .  W e  d o  k n o w  t h a t  u n l e s s
e m i s s i o n s  a r e  s t r i c t l y  c o n t r o l l e d ,  t h e  o u t p u t  o f
s u l f u r  a n d  n i t r o g e n  o x i d e s  w h i c h  c a u s e  a c i d
prec ip i t a t i on  w i l l  i nc rease  ove r  t he  coming  yea rs
w i t h  t h e  i n c r e a s e d  b u r n i n g  o f  c o a l  t o  p r o d u c e
e n e r g y .  A s  a  r e s u l t ,  l o c a l i z e d  w a t e r  q u a l i t y
prob lems and damage to  aquat ic  l i fe  w i l l  con t inue
i n  many  a reas  o f  t he  bas in .

NONPOINT SOURCE CONTROL PROJECTS

S t u d i e s  h a v e  i n d i c a t e d  t h a t  t h e  p H  i n  t h e
open waters of the Great Lakes themselves is not
e x p e c t e d  t o  b e  l o w e r e d  s i g n i f i c a n t l y  b y  a c i d
prec ip i ta t ion because of  the large vo lume of  the
l a kes .  Howeve r ,  l o ca l i zed  i nc reases  i n  ac i d i t y  i n
no r the rn  Lake  Hu ron  and  Georg ian  Bay  as  we l l  as
n u m e r o u s  i n l a n d  l a k e s  h a v e  b e e n  o b s e r v e d .

T h e r e  a r e  a  n u m b e r  o f  w a t e r  q u a l i t y
s t u d i e s  a n d  p r o g r a m s  i n  t h e  b a s i n  w h i c h  a r e
develop ing deta i led in format ion on the causes and
c o n t r o l  o f  n o n p o i n t  s o u r c e  p o l l u t i o n .  M a p  N o .  3 7
displays the major  ongoing and completed nonpoint
s o u r c e  c o n t r o l  p r o j e c t s  i n  t h e  U .  S .  p o r t i o n  o f
t h e  b a s i n .  A  b r i e f  d e s c r i p t i o n  o f  e a c h  p r o j e c t
f o l l o w s  i n  T a b l e  4 .

As part of the Great Lakes Environmental
Planning Study, the potential impact of changes in
G r e a t  L a k e s  w a t e r  q u a l i t y  o n  f i s h e r i e s  w a s
investigated (GLEPS No. 26). The study noted that
i n c r e a s e d  a c i d i t y  a d v e r s e l y  a f f e c t s  f i s h  i n  a
number  o f  ways.  In  some spec ies ,  adu l t  f i sh  may
b e c o m e  s t u n t e d  o r  d e f o r m e d  u n d e r  a c i d  s t r e s s .  A
f a i l u r e  o f  f e m a l e s  t o  s p a w n  h a s  a l s o  b e e n  n o t e d .
A  s u d d e n  d r o p  i n  a  w a t e r  b o d y ' s  p H ,  a s  c a n  o c c u r
during major periods of snowmelt,  can cause severe
phys io log i ca l  s t ress  and  dea th  i n  f i sh  popu la -
t i o n s .

G L E P S  C o n t r i b u t i o n s  N o . ' s  1 1  a n d  1 2

r e v e a l e d  t h a t  w h i l e  l o w  c o s t ,  v o l u n t a r y  l a n d
management pract ices (e.g.  good land stewardship)
t o  c o n t r o l  r u r a l  r u n o f f  a r e  d e s i r a b l e  f o r  s u c h

t h i n g s  a s  s o i l  c o n s e r v a t i o n ,  t h e y  a r e  n o t  l i k e l y
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t o  s i gn i f i can t l y  r educe  e i t he r  phospho rus  o r
metals loadings to the lakes in compar ison to
munic ipa l  po in t  source cont ro l .  Urban runof f
controls (while expensive) were judged to have the
potential for signif icantly reducing heavy metal
inputs, but did not appear to be a cost-effective
o p t i o n  f o r  r e d u c i n g  t o t a l  p h o s p h o r u s  i n p u t s .
Exceptions to these scenarios were recognized,
however ,  g iven the var iab i l i t y  in  the  range o f
factors inf luencing the movement of  mater ials to
the lakes (e.g. soil texture, ti l lage practices).

f o r m  a v a i l a b l e  f o r  b i o l o g i c a l  u p t a k e .  E f f o r t s  t o
reduce the phosphorus content of sewage effluent
discharged to surface waters in the basin began in
t h e  l a t e  1 9 6 0 ' s  a n d  e a r l y  1 9 7 0 ' s  w i t h  t h e
upgrading of sewage treatment plants. In GLEPS
the  impact  tha t  improved wastewater  t reatment
would have on the total  phosphorus load from U.S.
municipal point sources in the basin (GLEPS No.
11)  was invest igated as wel l  as technologies
presen t l y  i n  use  fo r  con t ro l l i ng  phosphorus  a t
m u n i c i p a l  p l a n t s  ( G L E P S  N o .  1 4 )  a n d  t h e
implications for phosphorus control using land
application of wastewater (GLEPS No. 19). The
effect of a detergent phosphorus ban on municipal
wastewater  t rea tment  fac i l i t ies '  opera t ions  w i th in
the basin was also investigated (GLEPS No. 23) in
a d d i t i o n  t o  t h e  b e n e f i c i a l  e f f e c t s  a s s o c i a t e d  w i t h
water conservation (GLEPS No. 31).

Maps No.  38  to  42  Present  and  Fu tu re
Total Phosphorus Loadings to the Great Lakes from
U.S. Municipal Treatment Facilities by River Basin
Group show that dramatic reductions in loading are
expected in the next several years.

GLEPS Con t r i bu t i on  No .  20  took  a  de ta i l ed
l o o k  a t  t h e  i m p a c t s  a s s o c i a t e d  w i t h  c o n t r o l l i n g
crop land runof f  by  changing f rom convent iona l  to
c o n s e r v a t i o n  t i l l a g e  p r a c t i c e s .  T h e  s t u d y
r evea led  t ha t  as  much  as  a  55  pe rcen t  r educ t i on  i n
t o t a l  p h o s p h o r u s  l o a d i n g  t o  G r e a t  L a k e s
t r ibu ta r ies  f rom crop land runof f  cou ld  be  ach ieved
i f  n o - t i l l  f a r m i n g  w a s  i m p l e m e n t e d  o n  a l l  s o i l s
t h a t  w o u l d  s u p p o r t  i t  a n d  c h i s e l  p l o w i n g  w a s
a d o p t e d  o n  a l l  r e m a i n i n g  c r o p l a n d .  T h e  r e p o r t
conc luded  t ha t  conse rva t i on  t i l l age  a l so  p rov i des
s o m e  m o n e t a r y  b e n e f i t  t o  t h e  f a r m e r  s i n c e  i t
reduces his energy and equipment costs and labor.
However ,  concerns such as increased usage o f
i n s e c t i c i d e s  a n d  h e r b i c i d e s  a n d  p r o b l e m s  w i t h
f e r t i l i z e r  u t i l i z a t i o n  a n d  m o v e m e n t  w e r e  a l s o
n o t e d .

POINT SOURCE POLLUTION IN THE U.S.
GREAT LAKES BASIN

MUNICIPAL TREATMENT FACILITIES

B y  t h e  m i d - 1 9 7 0 ' s ,  a p p r o x i m a t e l y  1 3 , 0 0 0
mt /y r  o f  t o ta l  phosphorus  were  en te r i ng  the  l akes
f r o m  U . S .  s e w a g e  t r e a t m e n t  p l a n t s .  S i x t y  p e r c e n t
of  th i s  load  (7 ,900  mt /y r )  was  en te r ing  Lake  Er ie .
L a k e  O n t a r i o  r e c e i v e d  t h e  s e c o n d  l a r g e s t  l o a d
( 2 , 5 7 0  m t / y r ) .  L a k e  M i c h i g a n  r e c e i v e d  1 , 8 0 0
m e t r i c  t o n s ,  L a k e  H u r o n  -  4 8 0  m e t r i c  t o n s ,  a n d
L a k e  S u p e r i o r  -  1 8 0  m e t r i c  t o n s .  A l m o s t  9 0
pe rcen t  o f  t he  Lake  Hu ron  l oad  was  d i scha rged  t o
Saginaw Bay.

Phosphorus Inputs

A p r ima ry  componen t  o f  t he  po i n t  sou rce
p o l l u t i o n  i n p u t  t o  t h e  G r e a t  L a k e s  i s  m u n i c i p a l
was tewa te r .  Reduc t i on  o f  phosphorus  l oad ing  f rom
mun ic ipa l  t r ea tmen t  p lan t s  i s  espec ia l l y  impo r tan t
because  near ly  a l l  o f  the  phosphorus  inpu t  i s  in  a

P r o j e c t i o n s  i n d i c a t e  t h a t  b y  t h e  y e a r
1990 the tota l  phosphorus load to the lakes f rom
U . S .  m u n i c i p a l  p o i n t  s o u r c e s  w i l l  b e  l e s s  t h a n
h a l f  o f  t h e  m i d - 1 9 7 0 ' s  l o a d .  A  r e d u c t i o n  o f
approximately 7,500 mt/yr is expected. Lake Erie
should experience the greatest decrease (4,700
mt/yr).  As the maps indicate, a gradual increase
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mg/L concentration requirement would only reduce
loading to the lakes by an addit ional 2,200
mt/yr., and involve considerable more expense.

(550 mt/yr) in loading is expected between the
y e a r s  1 9 9 0  a n d  2 0 0 0 .  T h i s  i n c r e a s e  i s
attributable to population growth (see Map No.'s
43 to 47, Present and Future Populations Serviced
by U. S. Municipal Treatment Facilities). Land Application. Land application is the oldest

method of treating and disposing of wastes. In
th i s  p rocess  a  ser ies  o f  na tu ra l  phys ica l ,
chemical, and biological actions remove pollutants
f r o m  w a s t e w a t e r s .  A c t i n g  a s  a  f i l t e r i n g
mechanism, the soil removes suspended solids.
Bacteria and dissolved materials are broken down
biologically or ad sorbed by the soil. Vegetation
removes  wa te r  and  nu t r i en ts .

The large reduction in phosphorus loading
from sewage treatment plants reflects expected
implementation of a 1.0 mg/L total phosphorus
e f f l u e n t  s t a n d a r d  a t  p l a n t s  h a n d l i n g  a v e r a g e
w a s t e w a t e r  f l o w s  o f  1  m i l l i o n  g a l l o n s  p e r  d a y
(MGD) or greater. GLEPS Contribution No. 11
c o n c l u d e d  t h a t  " f u l l  i m p l e m e n t a t i o n  o f  t o t a l
phosphorus effluent limitations at municipal
sewage treatment plants represents the single most
c r i t i c a l  s t e p  i n  c o s t - e f f e c t i v e l y  r e d u c i n g
phosphorus inputs to the Great Lakes."

G L E P S  f o u n d  t h a t  u n d e r  a p p r o p r i a t e
c o n d i t i o n s  c e r t a i n  t y p e s  o f  l a n d  a p p l i c a t i o n
m e t h o d s  a r e  c o s t - e f f e c t i v e  m e a n s  f o r  t r e a t i n g
municipal wastewater achieving high levels of
phosphorus removal (GLEPS No. 19). The major
d r a w b a c k ,  h o w e v e r ,  i s  t h e  s i z e a b l e  l a n d
requirement for this type of treatment system.

The 285 sewage treatment plants in the
U.S. portion of the basin with average flows of at
l eas t  1  MGD con t r i bu te  a  to ta l  was tewa te r  f l ow  o f
approximately 3,300 MGD. The many smaller plants
a c c o u n t  f o r  a  t o t a l  f l o w  o f  o n l y  1 6 5  M G D .  T h u s ,
i t  is  easy to  see why implementat ion of  the 1.0
mg/L standard at the larger plants will have such
a  d r a m a t i c  e f f e c t  o n  p h o s p h o r u s  l o a d i n g  t o  t h e
l a k e s .  ( M a p s  N o . '  4 8  t h r o u g h  5 2  p i n p o i n t  t h e
l o c a t i o n  o f  t h e  l a r g e r  U . S .  s e w a g e  t r e a t m e n t
plants handling flows greater than 10 MGD).

Phosphorus Detergent Bans. As indicated in Table
5, f ive state legis latures in the Great Lakes
b a s i n  h a v e  a c t e d  t o  l i m i t  t h e  c o n t e n t  o f
phosphorus in household detergents. In GLEPS
C o n t r i b u t i o n  N o .  2 3 ,  t h e  e f f e c t s  o f  a  d e t e r g e n t
phosphate ban on total phosphorus loadings to the
lakes were investigated as well  as the effects on
c h e m i c a l  t r e a t m e n t  c o s t s  a t  s e w a g e  t r e a t m e n t
p l a n t s .G L E P S  C o n t r i b u t i o n  N o .  1 4  d e t e r m i n e d  t h a t

e a c h  o f  t h e  e i g h t  G r e a t  L a k e s  s t a t e s  c u r r e n t l y
requ i res  p lan ts  d ischarg ing  1  MGD or  g rea te r  to
s u r f a c e  w a t e r s  i n  t h e  b a s i n  t o  l i m i t  t h e i r  t o t a l
phosphorus effluent concentration to 1.0 mg/L or
l e s s .  B y  t h e  l a t e  1 9 7 0 ' s ,  a b o u t  3 5  p e r c e n t  o f
these plants were in compliance with the 1.0 mg/L
l i m i t a t i o n .

At plants where phosphorus control is not
practiced, a detergent phosphorus ban would result
in large reductions in the total phosphorus load
discharged. At plants where phosphorus removal is
pract iced,  the phosphorus ef f luent  load may be
u n a f f e c t e d .  H o w e v e r ,  b e c a u s e  a  p h o s p h o r  u s
detergent ban can substantially reduce incoming
phosphorus  concent ra t ions ,  cos ts  to  ach ieve a
g iven  e f f l uen t  l im i ta t i on  (e .g .  1 .0  mg /L )  a re
l e s s e n e d .  I t  s h o u l d  a l s o  b e  n o t e d  t h a t  a  b a n
resu l ts  in  phosphorus load reduct ions f rom other

T h e  a f o r e m e n t i o n e d  r e p o r t s  a l s o
invest igated the impact of  implementat ion of  a
more  s t r ingen t  s tandard  fo r  to ta l  phosphorus  in
t h e  e f f l u e n t .  T h e  s t u d i e s  i n d i c a t e d  t h a t  a  0 . 5
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T A B L E  b

STATUS OF LEGISLATION IN THE GREAT LAKES BASIN REGARDING
PHOSPHORUS L IM ITAT ION IN  DETERGENTS

JurisdictionPhosphorus Limitation in Decergents, (% by weight as elemental phosphorus)Effective DateComments
New York0 . 5July 1973
Indiana0 . 5Jan. 1973
Michigan0 . 5Oct. 1977

Minnesota0.5Jan. 1977Minnesota Pollution Control Agency was enjoined from enforcing the ban by court injunction, so legally the limit went into effect late although voluntary compliance was very good.
OhioN o n e- Under consideration in State Legislature. Still no ban.
City of Akron0 . 5-
PennsylvaniaN o n e-

Wisconsin0 . 5July 1979Legislation passed 1978. Became effective July 1979.
IllinoisN o n e Because of the phosphate ban in Chicago, other communities in the

Chicago0 . 5July 1972Illinois portion of the Great Lakes basin receive little, if any, phosphorus. detergents Still no statewide ban.
* As of March 31, 1978, from IJC (1978) ; updated to July 1979 by GLBC staff.
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w a s t e w a t e r  g e n e r a t e d  i n  i t s  b a s i n ,  L a k e  E r i e
should experience the largest decrease in loading.

INDUSTRIAL POINT SOURCES

sources  such  as  combined  sewer  over f lows  and
sept ic tank drainage, both of which have been
l i nked  to  loca l i zed  wa te r  qua l i t y  p rob lems in  the
b a s i n .

Phosphorus

B e c a u s e  o n l y  c e r t a i n  t y p e s  o f  i n d u s t r i a l
opera t ions  d ischarge  phosphorus  in  s ign i f i can t
q u a n t i t i e s ,  l o a d i n g  f r o m  t h i s  s o u r c e  i s  q u i t e
s m a l l  c o m p a r e d  t o  t h a t  f r o m  s e w a g e  t r e a t m e n t
p l a n t s .  B e c a u s e  o f  t h i s  f a c t ,  G L E P S  d i d  n o t
at tempt  to  quan t i f y  p resen t  o r  fu tu re  phosphorus
i npu ts  f rom indus t r i a l  sou rces .

Heavy Metals

Water  Conservat ion.  GLEPS Cont r ibut ion No.  31
determined that water conservat ion would resul t  in
reduced phosphorus loads in t reated wastewater
discharged to the Great Lakes, especially with a
1.0 mg/L phosphorus effluent limitation. This is
because the phosphorus load from a treatment plant
is equal to the product of the effluent phosphorus
c o n c e n t r a t i o n  m u l t i p l i e d  b y  t h e  f l o w  l e a v i n g  a
plant. Therefore, i f  the f low is reduced while
the  concent ra t ion  remains  the same,  the load ing is
r e d u c e d .  G i v e n  t h e  1 . 0  m g / L  r e q u i r e m e n t ,  t h e
largest reductions would be expected for Lakes
Michigan and Erie.

Heavy MetalsHeavy Metals

A s  p r e v i o u s l y  m e n t i o n e d ,  G L E P S
investigated the magnitude of current and future
meta l s  l oad ing  t o  t he  l akes  f r om U .S .  sou rces
(GLEPS No.'s 12 and 16). The analysis indicated
that point source inputs of metals are generally
lower than the amounts contr ibuted by ei ther rural
o r  u r b a n  r u n o f f .

G L E P S  C o n t r i b u t i o n  N o .  1 6  i n v e s t i g a t e d
t h e  r e l a t i v e  s i g n i f i c a n c e  o f  U . S .  i n d u s t r i a l  h e a v y
m e t a l  l o a d s  t o  t h e  l a k e s .  B a s e d  o n  i n f o r m a t i o n
obta ined  f rom Mich igan  and  Wiscons in  indus t r ies ,
i t  w a s  d e t e r m i n e d  t h a t  i n d u s t r i a l  i n p u t s  o f  m e t a l s
are  ac tua l l y  re la t i ve l y  sma l l  when  compared  w i th
i n p u t s  f r o m  o t h e r  s o u r c e s .  I t  s h o u l d  b e  n o t e d ,
h o w e v e r ,  t h a t  b e c a u s e  t h e y  a r e  p o i n t  s o u r c e s  o f
p o l l u t i o n ,  b o t h  i n d u s t r i a l  a n d  m u n i c i p a l  m e t a l s
i npu ts  may  s t i l l  cause  s i gn i f i can t  l oca l i zed  wa te r
qual i ty  prob lems.

SUMMARY OF MAJOR INPUTS OF TOTAL
PHOSPHORUS TO THE LAKES

The  maps  numbered  53  th rough  57 ,  Ma jo r
Inputs of Total Phosphorus to the Great Lakes from
U . S .  S o u r c e s  i n  t h e  M i d  t o  L a t e  1 9 7 0 ' s ,  i n c l u d e
e s t i m a t e s  o f  t h e  i n p u t s  f r o m  s h o r e l i n e  e r o s i o n ,
t r i b u t a r i e s ,  a n d  s e w a g e  t r e a t m e n t  p l a n t s .  A s  c a n
b e  s e e n ,  t h e  r e l a t i v e  m a g n i t u d e  o f  t h e  t o t a l
p h o s p h o r u s  l o a d  c o n t r i b u t e d  b y  e a c h  o f  t h e  t h r e e
s o u r c e s  v a r i e s  f r o m  o n e  a r e a  o f  t h e  b a s i n  t o
a n o t h e r .

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

GLEPS Cont r ibut ion No.  12 determined that
municipal point source inputs of the four metals
studied (lead, zinc, copper, and cadmium) should
e x h i b i t  a  s i g n i f i c a n t  d e c r e a s e  o v e r  t h e  n e x t
twenty years. This reduct ion wi l l  be largely the
result of implementation of phosphorus controls at
sewage treatment plants. Increased metal removal
e f f i c i e n c i e s  a r e  a n t i c i p a t e d  a t  t h e s e  p l a n t s .

A d d i t i o n a l l y ,  f u r t h e r  r e d u c t i o n s  i n  m u n i c i p a l
l oad ings  shou ld  resu l t  f rom imp lementa t ion  o f
n a t i o n a l  i n d u s t r i a l  p r e t r e a t m e n t  r e q u i r e m e n t s ,
w h e r e b y  i n d u s t r y  t r e a t s  i t s  e f f l u e n t  b e f o r e  i t  i s
d i s c h a r g e d  t o  t h e  m u n i c i p a l  t r e a t m e n t  p l a n t .
B e c a u s e  o f  t h e  l a r g e  v o l u m e  o f  m u n i c i p a l
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PROBLEMS RELATED TO GREAT LAKES NAVIGATIONphosphorus load contributed by shoreline erosion
is  most s igni f icant in the Lake Superior basin
w h e r e  t h e  c o n t r i b u t i o n s  f r o m  o t h e r  s o u r c e s  a r e
s m a l l .  T h e r e  a r e  f e w  m u n i c i p a l  t r e a t m e n t
fac i l i t ies  d ischarg ing to  sur face waters  in  th is
bas in  and d i f fuse  load ing  o f  to ta l  phosphorus  is
l o w .  T h u s ,  b e c a u s e  o n l y  a  s m a l l  a m o u n t  o f
a v a i l a b l e  p h o s p h o r u s  i s  e n t e r i n g  t h i s  l a k e ,
eutrophicat ion is  not  yet  a problem. Indeed,  Lake
Super ior  is  commonly referred to as the "c leanest"
o f  t h e  G r e a t  L a k e s .

Without  ques t ion ,  the  Great  Lakes  fo rm a
v i t a l  n a t i o n a l  a n d  i n t e r n a t i o n a l  t r a n s p o r t a t i o n
system. Navigat ion of  the Great Lakes is however,
a f f e c t e d  b y  c e r t a i n  f u n d a m e n t a l  c o n s t r a i n t s .
These include the depths of  harbors and connect ing
c h a n n e l s  o f  t h e  l a k e s ,  o v e r a l l  l e v e l s  o f  l a k e s  a n d
the abi l i ty  to  cont inue navigat ion on a year- round
b a s i s .  T h e s e  i s s u e s  a r e  c o n t r o v e r s i a l  o n e s  w i t h  a
d i ve rs i t y  o f  i n t e res t s  ho ld i ng  d i f f e ren t  op in i ons .
H o w  t h e s e  i s s u e s  a r e  r e s o l v e d  d i r e c t l y  a f f e c t s  t h e
env i ronmen ta l  qua l i t y  o f  t he  l akes .

DREDGING

The eut roph ica t ion  prob lems exper ienced
a t  G r e e n  B a y ,  W i s c o n s i n  a r e  n o t  s u r p r i s i n g
cons ide r ing  the  na tu re  o f  i t s  phosphorus  i npu ts
( s e e  M a p  N o .  5 4 ) .  T h e  F o x  R i v e r  t r a n s p o r t s  a
s izeab le  phosphorus load (which inc ludes inputs
f r o m  s e w a g e  t r e a t m e n t  p l a n t s )  t o  t h e  b a y  a n d
d i r e c t  m u n i c i p a l  i n p u t s  a r e  a l s o  s i g n i f i c a n t .  A s
a  r e s u l t ,  a  c o n s i d e r a b l e  a m o u n t  o f  t h e  t o t a l
p h o s p h o r u s  i n p u t  i s  b i o l o g i c a l l y  a v a i l a b l e .  A
s i m i l a r  s i t u a t i o n  e x i s t s  a t  S a g i n a w  B a y  w h e r e  t h e
S a g i n a w  R i v e r  t r a n s p o r t s  a  v e r y  l a r g e  t o t a l
phosphorus load to Lake Huron (see Map No. 55).

T h e  s i z e  o f  v e s s e l s  c a r r y i n g  g o o d s
t h rough  t he  l akes  has  i nc reased  s i gn i f i can t l y  i n
the past  severa l  decades.  Accommodat ion of  these
sh ips  and  ba rges  requ i res  con t inua l  ma in tenance
a n d ,  a t  t i m e s ,  e n l a r g e m e n t  o f  h a r b o r s  a n d
nav iga t ion  channe ls  by  d redg ing .  The  t rad i t i ona l
method of  d ispos ing of  the dredged lake sediments
has been dumping in  open lake water .  Th is  great ly
accentuates  sed imenta t ion  prob lems,  a f fec t ing  both
aquat ic  organisms and the i r  hab i ta t .As can  be  seen  on  Map No .  56 ,  Lake  Er ie

r e c e i v e s  t h e  l a r g e s t  l o a d i n g  o f  t o t a l  p h o s p h o r u s
o f  a n y  o f  t h e  G r e a t  L a k e s .  N u m e r o u s  s e w a g e
t r e a t m e n t  p l a n t s  c o n t r i b u t e  l a r g e  a m o u n t s  o f
a v a i l a b l e  p h o s p h o r u s  t o  t h e  l a k e .  I n  1 9 7 8 ,
Detro i t ' s  sewage t reatment  p lant  a lone d ischarged
a b o u t  2 , 3 0 0  m e t r i c  t o n s  o f  t o t a l  p h o s p h o r u s
a n n u a l l y .  D i f f u s e  l o a d i n g s  a r e  a l s o  h i g h .  T h e
tonnage contr ibuted annual ly by the Maumee River
b a s i n  t o  w e s t e r n  L a k e  E r i e  i s  p a r t i c u l a r l y
s i g n i f i c a n t .

Increasing pol lu t ion of  channel  sediments
prompted the U.S. Army Corps of Engineers in 1966
t o  s t u d y  t h e  e f f e c t s  o f ,  a n d  a l t e r n a t i v e s  t o  o p e n
w a t e r  d i s p o s a l .  I t  w a s  a r g u e d  t h a t  o p e n - w a t e r
d i s p o s a l  o f  p o l l u t e d  d r e d g e d  m a t e r i a l  w o u l d
f a c i l i t a t e  t h e  r e l e a s e  o f  h a r m f u l  o r g a n i c
c o n t a m i n a n t s  a n d  h e a v y  m e t a l s  i n t o  t h e  w a t e r .  O n e
a l te rna t i ve  to  open  wa te r  d i sposa l  wh ich  has  been
p u r s u e d  i s  t h e  c o n s t r u c t i o n  o f  d i k e d  d i s p o s a l
a r e a s  ( s e e  M a p  N o .  5 8 ,  U .  S .  C o m m e r c i a l  P o r t s  o n
the  Grea t  Lakes  and  D iked  D isposa l  Areas)  These
a r e  c o n f i n e d  a r e a s  w h i c h  s e p a r a t e  t h e  d r e d g e d
s e d i m e n t  f r o m  t h e  l a k e .  B y  1 9 8 0  t h e  C o r p s  o f
Engineers had completed 19 diked disposal areas in
t h e  G r e a t  L a k e s  r e g i o n .  H o w e v e r ,  c o n t r o v e r s y
s t i l l  e x i s t s  s u r r o u n d i n g  t h e  n e e d  f o r  s u c h

Municipal  point  source inputs and di f fuse
l oad ings  o f  to ta l  phosphorus  a re  a lso  la rge  in  the
L a k e  O n t a r i o  w a t e r s h e d .  B o t h  t h e  O s w e g o  a n d
G e n e s s e e  R i v e r s  c o n t r i b u t e  s i z e a b l e  p o l l u t a n t
l o a d s  t o  t h e  l a k e .  S h o r e l i n e  e r o s i o n  i s  a

r e l a t i v e l y  i n s i g n i f i c a n t  s o u r c e  o f  p h o s p h o r u s .
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s t ruck  be tween  the  w ide  va r i e t y  o f  i n te res ts  i n
a l l  t h e  l a k e s .

fac i l i t i es .  Dredged mater ia ls  a re  de te rmined to
be "po l lu ted , "  requ i r ing  d iked  d isposa l ,  based
u p o n  t h e i r  t o t a l  c h e m i c a l  c o m p o s i t i o n .  T h i s
a p p r o a c h  a s s u m e s  t h a t  a l l  c o n t a m i n a n t s  a r e
ava i lab le  to  the  env i ronment ,  wh ich  may  no t  be  the
case .  Add i t i ona l l y ,  t he re  i s  ev idence  tha t  due  to
problems with design and management, this method
of disposal may have greater adverse environmental
impac t  than  o r ig ina l l y  perce ived .

A s  p r e v i o u s l y  m e n t i o n e d ,  s h o r e l i n e
property owners want moderate lakes levels at all
t i m e s .  F l u c t u a t i n g  l a k e  l e v e l s  i s  t h e  p r i m a r y
c a u s e  o f  s h o r e l i n e  e r o s i o n  ( w i t h  a c c o m p a n y i n g
sed imen ta t i on  and  po l l u tan t  l oad ing )  and  f l ood
damage. However, navigation interests benefi t
from higher lake levels, which enable vessels to
be loaded to the i r  fu l l  capaci ty .  Power companies
prefer  a  fa i r ly  w ide range o f  water  leve ls  in
orde r  to  have  enough  s to rage  to  opera te  the i r
t u r b i n e s .  L a k e s  l e v e l s  a r e  a l s o  v i t a l l y  i m p o r t a n t
t o  w i l d l i f e  i n t e r e s t s .  C h a n g e s  o f  h a b i t a t ,
e s p e c i a l l y  i n  m a r s h l a n d  a r e a s ,  o c c u r  w i t h
f l uc tua t i ng  l ake  l eve l s .

WINTER NAVIGATION

In managing dredge wastes, constructive
u s e s  h a v e  b e e n  f o u n d  w h i c h  u t i l i z e  t h e  p o s i t i v e
at t r ibu tes  o f  the  mater ia l .  Dredge mater ia l  wh ich
i s  non tox i c  and  h i gh  i n  n i t r a tes  and  phospha tes
can be  app l ied  to  fa rmland as  fe r t i l i ze r .  Dredge
m a t e r i a l  h a s  b e e n  u s e d  f o r  b e a c h  n o u r i s h m e n t ,
shore protection and breakwater construction. One
of  the  secondary  benef i ts  a t t r ibu ted to  d isposa l
a r e a s  i s  t h e  c r e a t i o n  o f  n e w  l a n d  f o r  p o r t  a n d
r e s i d e n t i a l  d e v e l o p m e n t ,  a s  w e l l  a s  f o r  r e c r e a -
t ional purposes such as the Point Moui l lee State
G a m e  A r e a  o n  L a k e  E r i e  w h i c h  i s  m a n a g e d  f o r
wate r fow l  nes t ing  and  f i sh ing .

LAKE LEVELS

Navigat ion  on the  Great  Lakes is  most
clearly affected by cl imatic condit ions during the
w i n t e r  m o n t h s .  U n d e r  n a t u r a l  c o n d i t i o n s  t h e
off ic ia l  shipping season extends f rom Apr i l  1st
through December 15th, with thick ice during the
win te r  mon ths  p reven t ing  nav iga t i on .  However ,
f r o m  1 9 7 4  u n t i l  1 9 8 0 ,  i c e  b r e a k e r s  a n d  o t h e r
devices were used to keep the locks and channels
open year-round.

N a v i g a t i o n  i n t e r e s t s  i n  t h e  b a s i n  a r e
vitally concerned with changes in the levels of
the  Grea t  Lakes .  F luc tua t ing  lake  leve ls  have  a
n u m b e r  o f  c a u s e s ,  i n c l u d i n g  p r e c i p i t a t i o n ,
evaporation, storm winds and human activities such
as domestic water supply uses, power product ion
and agriculture. High lake levels are related to
long periods heavy rain and snow. Low lake
levels are caused by long periods of drought, high
t empera tu res  tha t  evapo ra t i on ,  and  human
u s e s  t h a t  c o n s u m e  w a t e r .

W i n t e r  n a v i g a t i o n  b e n e f i t s  t h e  G r e a t
Lakes sh ippers  o f  i ron  ore ,  coa l ,  g ra in  and o ther
cargo more  than any  o ther  g roup because year -
round navigat ion al lows for more ef f ic ient use of
s h i p s .  B e n e f i t s  a l s o  e x t e n d  t o  t h e  r e g i o n  a s  a
r e s u l t  o f  i n c r e a s e d  i n d u s t r i a l  p r o d u c t i v i t y  a n d
stable employment levels in the shipping industry.

L a k e  l e v e l s  a r e  a r t i f i c i a l l y  r e g u l a t e d  b y
changing the amount of water flowing through
locks, dams and power facilities located in the
r i v e r s  b e t w e e n  t h e  G r e a t  L a k e s .  I t  i s  a
complicated process requiring that a balance be

M u c h  o f  t h e  c o n t r o v e r s y  a b o u t  w i n t e r
nav iga t ion  centers  a round poten t ia l  env i ronmenta l
e f fec t s  on  t he  Grea t  Lakes  ecosys tem.  The  ma in
a r e a  o f  c o n c e r n  i s  t h e  e f f e c t  o n  a q u a t i c
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organisms, f ish and wi ldl i fe.  For example, the
migration patterns of deer, moose and wolves might
b e  d i s r u p t e d  b y  a  b r e a k - u p  o f  t h e  i c e .
Additionally, shore property owners are concerned
about shorel ine erosion and property damage from
ship induced waves the turbulence created by
i c e  m o v e m e n t .

A s  p r e v i o u s l y  m e n t i o n e d ,  i n c r e a s e d
l o a d i n g s  o f  n u t r i e n t s  ( e s p e c i a l l y  f r o m  s e w a g e
t r e a t m e n t  p l a n t s )  h a v e  s t i m u l a t e d  g r o w t h  o f
phytoplankton such as Cladophora (see Maps No.'s 2
t o  6 ) .  I n  t u r n ,  m o r e  v e g e t a t i v e  m a t e r i a l
d e c o m p o s i n g  a n d  s e t t l i n g  i n t o  b o t t o m  w a t e r s  h a s
i n c r e a s e d  t h e  r a t e  o f  o x y g e n  d e p l e t i o n ,  i m p a i r i n g
t h e  h a b i t a t  o f  f i s h  a n d  o t h e r  a q u a t i c  o r g a n i s m s .
A d d i t i o n a l l y ,  h e a v y  g r o w t h s  o f  a l g a e  n o w  c o v e r
m a n y  s a n d y  a r e a s  f o r m e r l y  u s e d  f o r  f i s h
spawning.

T h e  i s s u e s  o f  G r e a t  L a k e s  h a r b o r  a n d
channel dredging, regulation of lake levels and
winter navigation are indeed complex and there are
obviously many interests to balance. Given the
importance of navigation to the region, these will
undoubtedly remain controversial issues.

VESSEL-RELATED SPILLS

S e d i m e n t a t i o n  o f  w a t e r c o u r s e s  m a y  a l s o
a d v e r s e l y  a f f e c t  f i s h  p o p u l a t i o n s .  F o r  e x a m p l e ,
e x c e s s  s e d i m e n t a t i o n  m a y  c l o g  t h e  g i l l s  a n d
f i l t e r i n g  a p p a r a t u s  o f  f i s h ,  o r  i t  m a y  f i l l  i n
g r a v e l  b e d s ,  p r o h i b i t i n g  s a l m o n i d  s p e c i e s  f r o m
d e p o s i t i n g  t h e i r  e g g s  i n  t h i s  p r e f e r r e d  s u b s t r a t e .
Excessive amounts of suspended sediment reduce the
e f f i c i e n c y  o f  f o o d  c a p t u r e  b y  s i g h t - f e e d i n g  f i s h
s u c h  a s  w a l l e y e .

O f  r e l a t e d  c o n c e r n  i s  t h e  f a c t  t h a t  s o m e

cargo carried on the lakes could be hazardous or
tox ic  i f  i t  was  sp i l l ed  in to  the  water .  Wh i le  the
l i k e l i h o o d  o f  s u c h  a n  e v e n t  i s  s m a l l ,  G L E P S  d i d
investigate sites where spillage would most likely
occur and the types and amounts of pollutants that
c o u l d  e n t e r  t h e  l a k e s  i n  o r d e r  t o  e v a l u a t e
poss ib le  e f fec ts  on the Great  Lakes ecosystem
(GLEPS No. 24). The report concluded that harbors
a n d  c o n n e c t i n g  c h a n n e l s  a r e  t h e  s i t e s  w i t h
g r e a t e s t  p o t e n t i a l  a  s p i l l  o f
vesse l - t r anspo r ted  t ox i c  subs tances .  The  repo r t
a l so  revea led  t ha t  mos t  pas t  sp i l l s  on  t he  l akes
have  i nvo l ved  pe t ro leum p roduc ts .

EFFECTS OF POLLUTION ON FISHERIES

T o x i c  s u b s t a n c e  c o n t a m i n a t i o n  p o s e s  a
s ign i f i can t  p rob lem to  t he  G rea t  Lakes  f i she ry .
Mercury contamination closed the western Lake Erie
w a l l e y e  f i s h e r y  i n  1 9 7 0 .  O t h e r  p e r s i s t e n t
c o n t a m i n a n t s  w h i c h  h a v e  b e e n  i d e n t i f i e d  i n  G r e a t
L a k e s  f i s h  i n c l u d e  D D T ,  D D E ,  P C B ' s ,  a n d  M i r e x
( M i r e x  i n  L a k e  O n t a r i o  o n l y ) .  S t u d i e s  h a v e
d e m o n s t r a t e d  b o t h  r e d u c t i o n s  i n  s p a w n i n g  a n d
r e t a r d a t i o n  o f  g r o w t h  i n  s o m e  f i s h  s p e c i e s
f o l l o w i n g  e x p o s u r e  t o  c e r t a i n  l e v e l s  o f
c o n t a m i n a n t s .  A s  p r e v i o u s l y  d i s c u s s e d ,  a c i d
p r e c i p i t a t i o n  m a y  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y
a f fec t  f i sh  popu la t ions  in  nearshore  a reas  o f  the
l a k e s  a n d  i n l a n d  w a t e r s .

Water  qua l i t y  de te r io ra t ion  has  c rea ted
problems for fish populations in the Great Lakes,
e s p e c i a l l y  i n  n e a r s h o r e  a r e a s ,  h a r b o r s  a n d
e m b a y m e n t s .  T o g e t h e r  w i t h  t h e  i n v a s i o n  a n d
success fu l  es tab l i shmen t  o f  t he  sea  l amprey  and
alewife and overexploi tat ion of  certain species of
f i s h ,  i t  i s  a  m a j o r  f a c t o r  c o n t r i b u t i n g  t o  t h e
presen t  i ns tab i l i t y  o f  t he  f i she ry .

G L E P S  p r o v i d e d  a n  o u t l o o k  f o r  t h e
r e s p o n s e  o f  t h e  G r e a t  L a k e s  f i s h e r y  t o  c u r r e n t
p o l l u t i o n  c o n t r o l  i n i t i a t i v e s  ( G L E P S  N o .  2 6 ) .
G e n e r a l l y ,  i t  i s  e x p e c t e d  t h a t  i m p r o v e m e n t  i n
d e s i r a b l e  f i s h  p o p u l a t i o n s  w i l l  b e  m o s t  n o t a b l e  i n
t he  nearshore  zone ,  ha rbors  and  embayments .
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With a decrease in phosphorus loading to
the lakes algal production should decrease and the
habitat should improve for desirable f ish species
and the bot tom dwel l ing organisms on which they
f e e d .

T h e  U n i v e r s i t y  o f  W i s c o n s i n  S e a  G r a n t
Inst i tute has publ ished "Fish Spawning Grounds in
W i s c o n s i n  W a t e r s  o f  t h e  G r e a t  L a k e s . "  B a s e d  o n
i n t e r v i e w s  w i t h  c o m m e r c i a l  f i s h e r m e n ,  t h i s
document pinpoints spawning areas of a number of
f i s h  o n  d e t a i l e d  m a p s .

A survey  o f  the  ree fs  and  shoa ls  o f  Lake
Mich igan  and  the  Apos t le  I s lands  was  conduc ted
du r i ng  1979  by  a  r esea rch  g roup  a t  t he  Mar i ne
S t u d i e s  C e n t e r  o f  t h e  U n i v e r s i t y  o f  W i s c o n s i n  a t
M a d i s o n .  M a j o r  s p a w n i n g  g r o u n d s  u t i l i z e d  b y
severa l  spec ies  o f  f i sh  were  desc r ibed .

L o c a l i z e d  r e d u c t i o n s  i n  e r o s i o n  a n d
sedimentat ion are also expected as nonpoint source
controls gain acceptance. General ly, a decrease
in  s i l ta t ion and turb id i ty  would  have a  benef ic ia l
impact on f ish populat ions. Since sediments act
as  a  t ranspor t  mechan ism fo r  o the r  po l l u tan ts ,
(e.g., phosphorus), decreased sediment loads would
a l s o  r e d u c e  i n p u t s  o f  t h e s e  m a t e r i a l s  t o  t h e
lakes.  A l te rnat ive ly ,  s ince par t icu la te  mater ia ls
tend to sorb and carry to the lake bottom certain
forms of contaminants, decreased sediment loading
cou ld  cause  an  i nc rease  i n  t he  p resence  o f  t ox i c
substances and increased accumula t ion  in  f i sh .

F i n a l l y ,  t h e  U n i v e r s i t y  o f  M i c h i g a n  S e a
G r a n t  I n s t i t u t e  i s  d e v e l o p i n g  a  r e p o r t  o n  f a c t o r s
i n f l uenc ing  t he  d i s t r i bu t i on  o f  e i gh t  commerc ia l
f i s h  i n  L a k e  M i c h i g a n .  A  s e r i e s  o f  m a p s  w i l l  b e
i n c l u d e d  i n  t h i s  d o c u m e n t  w h i c h  s h o u l d  b e

completed this summer.

COASTAL ZONE AREAS
OF PARTICULAR CONCERN

C o n c e n t r a t i o n s  o f  s o m e  h a z a r d o u s

m a t e r i a l s ,  s u c h  a s  P C B ' s ,  a p p e a r  t o  b e  o n  t h e
d e c l i n e .  A t  t h e  s a m e  t i m e ,  h o w e v e r ,  n e w  t o x i c
subs tances  are  be ing  deve loped and ident i f ied  in
t h e  l a k e s .  M u c h  r e m a i n s  t o  b e  l e a r n e d  a b o u t  t h e

p r e s e n t  a n d  f u t u r e  e f f e c t s  o f  n e w  a n d  e x i s t i n g
c o n t a m i n a n t s  o n  G r e a t  L a k e s  f i s h .

T h e  F e d e r a l  C o a s t a l  Z o n e  M a n a g e m e n t
program p rov ided  fund ing  to  he lp  s ta tes  deve lop
p lans  f o r  manag ing  t he i r  coas t l i nes .  These  p l ans
f o l l o w  g e n e r a l  f e d e r a l  g u i d e l i n e s  w h i c h  a r e
f l e x i b l e  e n o u g h  t o  a l l o w  e a c h  s t a t e  t o  a d d r e s s
t h e i r  i n d i v i d u a l  n e e d s .  M i c h i g a n ,  P e n n s y l v a n i a ,
and Wiscons in  are  the  on ly  Great  Lakes  s ta tes  w i th
approved coastal management programs. The other
f i v e  s t a t e s  ( I n d i a n a ,  I l l i n o i s ,  M i n n e s o t a ,  N e w
York,  and Ohio)  a l l  par t ic ipated in the program in
the past ,  but  have s ince wi thdrawn.

T h e  d e l e t e r i o u s  e f f e c t s  o f  a c i d

precip i tat ion are expected to be conf ined to the
n e a r  s h o r e  z o n e  o f  t h e  G r e a t  L a k e s  a n d  c e r t a i n
i n l a n d  w a t e r s  i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e
b a s i n .  S e v e r e  e f f e c t s  a s s o c i a t e d  w i t h  a c i d
p r e c i p i t a t i o n  h a v e  a l r e a d y  b e e n  d o c u m e n t e d  i n
c e r t a i n  f i s h  p o p u l a t i o n s  ( i . e . ,  i n  t h e  A d i r o n d a c k
l akes  o f  New York  Sta te) .

I n  d e v e l o p i n g  t h e i r  c o a s t a l  p r o g r a m s ,
e a c h  s t a t e  w a s  r e q u i r e d  t o  d e s i g n a t e  a r e a s  o f
part icular concern (APCs). These APCs are areas
o f  s p e c i a l  s i g n i f i c a n c e  f o r  t h e i r  f r a g i l i t y ,
un iqueness ,  economic  po ten t ia l  o r  o ther  reasons .
S t a t e  a g e n c i e s  a n d  t h e  g e n e r a l  p u b l i c  w o r k e d
t o g e t h e r  i n  n o m i n a t i n g  a n d  d e s i g n a t i n g  t h e s e
areas.  APCs may e i ther  be gener ic  ( fo r  example ,

I n fo rma t ion  on  the  spawn ing  g rounds  and
s e a s o n a l  d i s t r i b u t i o n  o f  d e s i r a b l e  f i s h  s p e c i e s  ' i s
l a r g e l y  u n a v a i l a b l e  a t  t h e  p r e s e n t  t i m e .  T h u s ,
env i ronmen ta l  qua l i t y  maps  fo r  f i she r ies  have  no t
b e e n  i n c l u d e d  i n  t h i s  r e p o r t .  H o w e v e r ,  t h r e e
s t u d i e s  w e r e  f o u n d  w h i c h  h a v e  m a d e  a n  i n i t i a l

attempt at  gather ing and mapping this data.
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a l l  a r e a s )  o r  s p e c i f i c  ( a  h i s t o r i c
lighthouse, for example).

nonpo in t  con t ro l  measures  a imed a t  no t  on ly
reducing phosphorus loading to the lakes,  but
t o x i c  m a t e r i a l s  a n d  o t h e r  p o l l u t a n t s  a s  w e l l .  O u r
water quality management strategy must address the
whole  sys tem.

T h e  c r i t e r i a  u s e d  b y  e a c h  s t a t e  i n
designating APCs varies, but are consistent in
t h a t  a n  A P C  m u s t  b e  a  u n i q u e  r e s o u r c e  a r e a
requiring protection or enhancement. Also, the
approach that different states use to manage APCs
var ies wi th each state 's  leg is lat ive author i t ies
and  the  na tu re  o f  the  resource  i t se l f .

F i n a l l y ,  i t  w i l l  a l w a y s  b e  d i f f i c u l t  t o
accommodate each of  the groups wi th a specia l
i n t e r e s t  i n  t h e  m a n a g e m e n t  o f  t h e  l a k e s :  t h e
power  compan ies ,  shore l ine  p roper ty  owners ,
f i shermen,  and o thers .  However ,  i t  i s  v i ta l  tha t
a l l  i n t e r e s t s  b e  w e i g h e d  a n d  t h a t  i n t a n g i b l e
va lues  a lways be inc luded in  any  eva luat ion  o f
management alternatives.

There are hundreds of APCs designated by
Michigan, Pennsylvania, and Wisconsin. Many more
APCs were nominated by the remaining five Great
L a k e s  s t a t e s  w h i c h  w i t h d r e w  f r o m  t h e  p r o g r a m .
While was not possible to map al l  of  these APCs
at the scale chosen, the ecological s ignif icance
of many of these areas should be recognized. For
example, Wisconsin includes 12 fish management
a r e a s  a s  A P C s ,  o n e  o f  w h i c h  i s  a n  i m p o r t a n t
n o r t h e r n  p i k e  s p a w n i n g  a r e a .  I n  O h i o ,  a r e a s
proposed included coastal wetlands, which are of
particular value for f ish and wildl i fe habitat.

SUMMARY

I t  i s  e v i d e n t  t h a t  t h e  G r e a t  L a k e s  a r e  a

compl icated resource to manage, given the diverse
s o i l s ,  l a n d  u s e  p a t t e r n s ,  a n d  o t h e r  f a c t o r s
a f f e c t i n g  p o l l u t i o n  i n p u t s .  T h i s  u n d e r s c o r e s  t h e
need for  a water qual i ty  management strategy which
c a n  b e  t a i l o r e d  t o  s u i t  l o c a l  c o n d i t i o n s  a n d
n e e d s .  B e c a u s e  w a t e r  p o l l u t i o n  a b a t e m e n t  h a s
r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  i n  t h e  b a s i n
(perhaps more so than anywhere else in the U.S.)
Great Lakes managers are fortunate to have a broad
research  base  to  d raw f rom as  they  de te rm ine  cos t -
e f f e c t i v e  c o n t r o l  m e a s u r e s .

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

t o  t r ea t  po l l u t an t s  and  po l l u t an t  sou rces  one  a t  a
t i m e .  W e  n e e d  t o  e m p l o y  a  m i x  o f  b o t h  p o i n t  a n d
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U . S .  G r e a t  L a k e s  R i v e r  B a s i n  G r o u p s  a n d  H y d r o l o g i c  A r e a s 1

.

S e e  1  f o r  i d e n t i f i c a t i o n  o f  h y d r o l o g i c  a r e a s  a s s o c i a t e d  w i t h  n u m b e r s
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T A B L E  1

J.3 .  RIV R BAGIN CREDIS h.D HYDROLOGIC AREAS

R i v e r  B a s i n  4 . 3

Hydro log i c  A reas :
R i v e r  B a s i n  G r o u p  1 . 1

Hydro log i c  A reas :
R i v e r  B a s i n  2 . 4

H y d r o l o g i c  A r e a s :

4.3.1 Black-Rocky Complex
4 .3 .2  Cuyanoga  R i ve r
4 .3 .3  Chaqr in  Comp lex
4 . 3 . 4  G r a n d  R i v e r
4.3.5 Ashtabula-Conneaut  Complex

1.1.1 Superior Slope Complex
1 . 1 . 2  S a i n t  L o u i s  R i v e r
1.1 .3  Apos t le  I s land  Complex
1 . 1 . 4  B a d  R i v e r
1 . 1 . 5  M o n t r e a l  R i v e r  C o m p l e x

2 . 4 . 1  M u s k e g o n  R i v e r
2 . 4 . 2  S a b l e  C o m p l e x
2 . 4 . 3  M a n i s t e e  R i v e r

2 . 4 . 4  T r a v e r s e  C o m p l e x
2 .4 .5  Seu l  Cho i x -Groscap  Comp lex
2 . 4 . 6  M a n i s t i q u e  R i v e r
2 . 4 . 7  B a y  D e  N o c  C o m p l e x
2 . 4 . 8  E s c a n a h a  R i v e r

Rive r  Bas in  Group  1 .2
Hydro log ic  Areas :

R i v e r  B a s i n  4 . 4

Hydro log ic  Areas:

R i v e r  B a s i n  3 . 1

H y d r o l o g i c  A r e a s :

4.4.1 Er ie-Chautauqua Complex
4 . 4 . 2  C a t t a r a u g u s  C r e e k
4 .4 .3  Tonawanda Complex

R i v e r  B a s i n  5 . 1

Hydro log i c  A reas :

1.2.1 Porcupine Mountains Complex
1 . 2 . 2  O n t o n a g o n  R i v e r
1.2.3 Keweenaw Peninsula Complex
1 . 2 . 4  S t u r g e o n  R i v e r
1.2 .5  Huron Mounta in  Complex
1 . 2 . 6  G r a n d  M a r a i s  C o m p l e x
1 .2 .7  Tanquamenon  R ive r
1 . 2 . 8  S a u l t  C o m p l e x 5.1.1 Niagara-Orleans Complex

5 . 1 . 2  G e n e s e e  R i v e r

3 .1 .1  Les  Cheneaux  Complex
3 .1 .2  Cheboygan  R i ve r
3 . 1 . 3  P r e s q u e  I s l e  C o m p l e x
3 . 1 . 4  T h u n d e r  B a y  R i v e r
3 .1 .5  Au  Sab le  and  A l cona  Comp lex
3 . 1 . 6  R i f l e - A u  G r e s  C o m p l e x

Rive r  Bas in  Group  2 .1
Hydro log ic  Areas: R i v e r  B a s i n  3 . 2 R i v e r  B a s i n  5 . 2

Hydro log ic  Areas :H y d r o l o g i c  A r e a s :

5.2.1 Wayne-Cayuqa Complex
5 . 2 . 2  O s w e g o  R i v e r
5 . 2 . 3  S a l m o n  C o m p l e x

3 . 2 . 1  K a w k a w l i n e  C o m p l e x
3 . 2 . 2  S a g i n a w  R i v e r
3.2 .3  Tnumb Complex

2 . 1 . 1  M e n o n i n e e  C o m p l e x
2 . 1 . 2  M e n o m i n e e  R i v e r

2 . 1 . 3  P e s h t i g o  R i v e r
2 . 1 . 4  O c o n t o  R i v e r
2 . 1 . 5  S u a m i c o  C o m p l e x
2 . 1 . 6  F o x  R i v e r

2 .1 .7  Green  Bay  Comp lex
R i v e r  B a s i n  4 . 1

H y d r o l o g i c  A r e a s :
R i v e r  B a s i n  5 . 3

Hyd ro l og i c  A reas :

5 . 3 . 1  B l a c k  R i v e r
5 . 3 . 2  P e r c h  C o m p l e x

Rive r  Bas in  Group  2 .2
Hydro log ic  Areas:

5 . 3 . 3  O s w a g a t c h i e  R i v e r
2.2.1 Chicago-Milwaukee Complex 5.3.4 Grass-Raquette-St. Regis Comp.

R i v e r  B a s i n  G r o u p  2 . 3
Hydro log ic  Areas:

4 . 1 . 1  B l a c k ' R i v e r

4 . 1 . 2  S t .  C l a i r  C o m p l e x
4 . 1 . 3  C l i n t o n  R i v e r

4 . 1 . 4  R o u g e  C o m p l e x
4 . 1 . 5  H u r o n  R i v e r

4 .1 .6  Swan  C reek  Comp lex
4 . 1 . 7  R a i s i n  R i v e r

(S.Haven)
R i v e r  B a s i n  4 . 2

Hydro log i c  A reas :

2 . 3 . 1  S a i n t  J o s e p h  R i v e r
2.3.2 Black River (S.Haven) Complex
2 . 3 . 3  K a l a m a z o o  R i v e r
2.3 .4  B lack  R iver  (Ot tawa Co. )  Comp.
2 . 3 . 5  G r a n d  R i v e r

4 . 2 . 1  O t t a w a  R i v e r

4 . 2 . 2  M a u n e e  R i v e r

4 .2 .3  Toussa in t -Po r t age  Comp lex
4 . 2 . 4  S a n d u s k y  R i v e r
4 . 2 . 5  I l u r o n - V e r m i l i o n  C o m p l e x
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TABLE ?

TOXIC CONTAMINATION PROBLEM AREAS IN THE U.S.
GREAT LAKES BASIN

M a p  N o .  A r e a Contaminant(s) of Concern

A s b e s t i f o r m  f i b e r sI S i l v e r  B a y
2 Upper Portage Entry Copper  and  z inc  i n  m ine  ta i l i ngs
3 A r s e n i cM e n o m i n c e / M a r i n e t t e

PCBs and mercury4  G r e e n  B a y
PCBs and PAHS5  F o x  R i v e r

6 PCBsSheboygan River
7 M i l w a u k e e  H a r b o r PCBs. PAILS. and heavy metals
8 PCBsWaukeqan Harbor
9 Heavy metals

1 0
Great Lakes Naval Training Center
I n d i a n a  H a r b o r P C B s ,  P A H S ,  m e r c u r y ,  l e a d .

p h e n o l s ,  z i n c ,  a r s e n i c
11 PCBs, DOTMuskegon/Big Black Creek
1 2 Calor inated organ ics

A l d r i n1 3
14 PCBs.  PBBs.  d iox in
1 5 PCBs, DDT
1 6

W h i t e  L a k e

Alpena
Pine,  Ti t tabawassee, Saginaw Rivers
Saginaw Bay
S t .  C l a i r  R i v e r PCBs.  heavy  meta ls ,  ch lo r ina ted

o r g a n i c s
1 7 L a k e  S t .  C l a i r Mercury
1 8 D e t r o i t  R i v e r P A l l s .  i r o n ,  p h e n o l s
1 9 Wyandotte Chlor inated organics
2 0 M o n r o e PCBs and heavy metals
21 CopperSandusky River
2 2 H o r o n  R i v e r Arsen ic  and manganese
2 3 B l a c k  R i v e r P h e n o l s  h e a v y  m é t a l s
2 4 C l e v e l a n d Pheno ls  heavy  meta ls
2 5 G r a n d  R i v e r P h e n o l s
2 6 A s n t a b u l a  R i v e r I r o n ,  z i n c .  c o p p e r .  l e a d ,  H C B .

HCBD, PAHS
2 7 Conneau t I r o n  a n d  z i n c

2 8 Pheno l s  m i rex ,  PA ILS
2 9

B u f f a l o  R i v e r

Niaga ra  R i ve r Mirex, PCBs. PAILS, phenols
3 0 O l c o t t PCBs.  DDT,  mi rex
31 R o c h e s t e r  H a r b o r Phenols ,  heavy meta ls

H i r e x32 Oswego Harbor
3 3 S a c k e t s  H a r b o r Merciany
34 M a s s e n a D D T  a n d  P C B s

15 G r a s s  R i v e r PCBs

3 1



Key to Soi l  Texture:

S a n d

L o a m

C l a y

R  M u c k

3 2







3 5



1 4
P r e d o m i n a t e  S o i l  T e x t u r e  i n  t h e  U . S .  L .  O n t a r i o  B a s i n



3 7







4 0
Major Stable, Event, and Variable Response U.S. Tributaries in the L. Erie Basin



Major Stable, Event, and Variable Response U.S. Tributaries in the L. Ontario Basin
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Diffuse Loading (MT/Yr.) of Total P to L. Superior from Major U.S. Hydrologic Areas: WY's 1975-1978
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Dif fuse Loadings (MT/Yr . )  o f  Tota l  P to  L.  Er ie  f rom

Major  Hydro log ic  Areas:  WY's  1975-1977
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Diffuse Loadings (MT/Yr.) of Total P to L. Ontario from Major
U.S.  Hydrologic Areas:  WY's 1975-1978



Average Volume (MT/Yr.) of Material Eroded from Counties Along the U.S. Lake Superior Shoreline
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Average Volume (MT/Yr.) of Material Eroded from
C o u n t i e s  A l o n g  t h e  U . S .  L a k e  E r i e  S h o r e l i n e
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Average Volume (MT/Yr . )  o f  Mater ia l  Eroded f rom Count ies  A long the U.S.
L a k e  O n t a r i o  S h o r e l i n e
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11 Denotes County
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Foesil Fuel Power Plants In the U.S. L. Ontario Basin

Fossil Fuel Power Plants in the U.S. L. Erle Basin
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TABLE 4

MAJOR NONPOINT SOURCE CONTROL PROJECTS
IN THE U.S. GREAT LAKES BASIN

Project No.Pro jec t  NameS t a t u sL o c a t i o nPrinciple Problems Addressed

I Western Lake Superior Red Clay Frosion Study (Sec. 108(a) Denon- stration Project)CompleteSkunk Creek Watershed Minnesota; Little Balsam, Pine Creek Watershed, Spoon Creek Watershed, Madigan Beach and Indian Cemetery Beach, WisconsinStreambank, shoreline and roadside erosion
2 Agricultural Conservation Program (ACP) Small Fanner ProjectOngoingBaraga & Houghton Counties, MichiganSoil erosion problems resulting from high soil acidity, which deters establishment of long-tena vegetative cover
3 Lower Manitowoc River Watershed Study (Rural Clean Water Program)OngoingWisconsinPollution from manure carried in runoff from barnyards or frozen or saturated fields; erosion from streambanks and agricultural and construction activi- ties: septic system malfunctions, urban runoft
4 Onion River Watershed Study (Wisconsin Fund)OngoingWisconsinPollution from manure carried in runoff from frozen or saturated fields
5 Green Lake Watershed Study (Wisconsin Fund)OngoingWisconsinAgricultural nonpoint source pollution
6 Washington County Project (Sec. 108(a) Demonstration Project)CompleteWisconsinErosion from agricultural and construction activities; pollution from manure carried in runoff from unmanaged barnyards
7 Menomonee River Pilot Watershed StudyCompleteWisconsinNonpoint source pollution associated with urban residential land uses
8 Nationwide Urban Runoff Program (NURP) Prototype ProjectOngoingMilwaukee County WisconsinWater quality effects of a street sweeping program
9 Root River Watershed Project (Wisconsin Fund)OngoingWisconsinErosion and sedimentation from cropland and construction sites
1 0Mill Creek Pilot Watershed StudyCompleteMichiganPesticide losses from fruit orchards

11Nationwide Urban Runoff Program (NURP) Prototype ProjectOngoingLansing, MichiganEvaluation of three BMP's for urban storm drainage improvements
12Southeast Saqinaw Bay Control Drainage Basin Project (Agricultural Conservation Program)OngoingHuron & Tuscola Counties, MichiganSediment and nutrient runoff from agricultural lands; wind erosion
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13National Urban Runoff Program (NURP) Proto- type ProjectOngoingTroy, MichiganEvaluation of BMP's for control of excess runoff and sediment
14National Urban Runoff Program (NURP) Proto- type ProjectOngoingAnn Arbor, MichiganEvaluation of three BMP's for reducing or preventing pollutant loading from urban runoff
15Saline Valley Project (Rural Clean Water Program)OngoingWashtenaw & Monroe Counties, MichiganErosion and sedimentation from cropland, streambanks, and roadsides; wind erosion; manure carried in runoff from unmanaged barnyards
16Bean Creek Watershed Project (Lake Erie Wastewater Management Study)OngoingMichiganEvaluation of BMPs for control of erosion and sedimentation
17Ottawa Creek Watershed Project (Lake Erie Wastewater Management Study)OngoingO n i oEvaluation of BMPs for control of erosion and sedimentation
18Black Creek Project (Sec. 108(a) Demon- stration ProjectCompleteIndianaErosion and sedimentation from agricultural land
19Allen County Project (Sec. 108(a) Demon- stration Project)OngoingIndianaDemonstration and evaluation of voluntary conservation tillage systems; demonstratio of alternative rural sewage systems
20Defiance County Project (Sec. 108(a) Demonstration ProjectOngoingO h i oDomonstration and evaluation of a subsidized conservation tillage program

21Maunee River Pilot Watershed StudyCompleteOn ioSediment and nutrient losses from agricultural land as affected by seasonal changes and soil character- istics
22Sandusky River Watershed Project (LEWMS)OngoingO h i oEvaluation of BMPs for control of erosion and sedimentation
2 3Honey Creek Watershed Project (LEWMS)OngoingO n i oDemonstratio and evaluation of conservation tillage systems
2 4Loraine Harbor StudyOngoingO n t oStreambank erosion and sedimentation of the Black River
25West Branch of the Rocky River Watershed Project (LEWMS)OngoingO n t oEvaluation of BMPs for control of erosion and sedimentation
2 6Cuyahoqa RiverOngoingO n t oSteambank and upland erosion

27South Branch of the Cattaraugus Watershed Project (LEWMS)OngoingNew YorkEvaluation of BMPs for control of erosion and sedimentation
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2 6 .  " P o t e n t i a l  I m p a c t  o f  C h a n g e s  i n  G r e a t  L a k e s  3 7 .  " G r e a t  L a k e s  S u b r e g i o n a l  M o d e l s :  A n
W a t e r  Q u a l i t y  o n  F i s h e r i e s , "  N o v e m b e r ,  O v e r v i e w  o f  P o t e n t i a l  M a n a g e m e n t
1 9 8 0 .  A p p l i c a t i o n s , "  J a n u a r y  1 ,  1 9 8 1 .

2 7 .  " A n  E v a l u a t i o n  o f  M i c h i g a n ' s  W e t l a n d  3 8 .  " A  R e v i e w  o f  W a t e r  Q u a l i t y  &  R e l a t e d
P r o t e c t i o n  A c t  &  R e c o m m e n d a t i o n s  f o r  i t s  I n d i c e s , "  U n i v e r s i t y  o f  W i s c o n s i n ,  W a t e r
I m p l e m e n t a t i o n , "  A u g u s t ,  1 9 8 0 .  R e s o u r c e s  C e n t e r ,  F e b r u a r y  1 ,  1 9 8 1 .

2 8 .  " A n  O v e r v i e w  o f  W a t e r  Q u a l i t y  T r e n d s  &  3 9 .  " C h l o r i d e  B u d g e t  f o r  t h e  G r e a t  L a k e s  -  A
I s s u e s  i n  t h e  G r e a t  L a k e s  S t a t e s , "  C u r r e n t  A s s e s s m e n t , "  i n  p r e p a r a t i o n .
November, 1980.

4 0 .  " B i o a v a i l a b i l i t y  o f  P h o s p h o r u s  I n p u t s  t o
2 9 .  " S t a t e m e n t s  t o  t h e  I n t e r n a t i o n a l  J o i n t  L a k e s :  S i g n i f i c a n c e  t o  M a n a g e m e n t , "

C o m m i s s i o n  P r e s e n t e d  a t  P u b l i c  H e a r i n g s  o n  F e b r u a r y ,  1 9 8 1 .
P h o s p h o r u s  M a n a g e m e n t  S t r a t e g i e s  i n  t h e
G r e a t  L a k e s  B a s i n , "  N o v e m b e r ,  1 9 8 0 .  4 1 .  " E n v i r o n m e n t a l  Q u a l i t y  M a p s  f o r  t h e  U . S .

Grea t  Lakes  Bas in , "  June ,  1981 .
3 0 .  " O p t i m i z i n g  P h o s p h o r u s  C o n t r o l  S t r a t e g i e s

f o r  t h e  G r e a t  L a k e s  B a s i n :  A  L i n e a r  4 2 .  " A n  E n v i r o n m e n t a l  Q u a l i t y  I n d e x  f o r
P r o g r a m m i n g  A p p r o a c h , "  N o v e m b e r ,  1 9 8 0 .  N e a r s h o r e  W a t e r s  o f  t h e  G r e a t  L a k e s , "

M a r c h ,  1 9 8 1 .



4 3 .  " R i s k  A s s e s s m e n t  i n  D e c i s i o n  M a k i n g , "
February, 1981.

4 4 .  " M o d e l i n g  o f  W a t e r  Q u a l i t y  i n  L a k e  M i c h i g a n
a n d  t h e  E f f e c t  o f  t h e  A n o m a l o u s  I c e  C o v e r

of  1976-1977, "  February ,  1981.

4 5 .  " G e o c h e m i s t r y  o f  R e c e n t  L a k e  M i c h i g a n
S e d i m e n t s , "  A p r i l ,  1 9 8 1 .

4 6 .  " D e p o s i t i o n  o f  A t m o s p h e r i c  P o l l u t a n t s  i n t o
Lake Michigan,"  June, 1981.

4 7 .  " V a r i a t i o n s  i n  U . S .  G r e a t  L a k e s  T r i b u t a r y
Flows and Loadings," May, 1981.

4 8 .  " S t a t i s t i c a l  A n a l y s i s  o f  N e a r s h o r e  W a t e r
Index,"  in  preparat ion.

49. "Mapping Major Cladophora Populations in
the  Grea t  Lakes ,  Dra f t ,  June,  1981.

8 6



8 7



A P P E N D I C E S



8 9



APPENDIX 1

HOW THE MAPS WERE DEVELOPED

Map No.

1 Hydrologic areas shown were primari ly based on the hydrologic areas
and f lood f requency reg ions de l ineated in  the U.S.  Geolog ica l
Survey Water Supply Paper No. 1677. Hydrologic areas documented in
this paper are delineated on the basis of drainage area and runoff
c h a r a c t e r i s t i c s .  P o l i t i c a l  s u b d i v i s i o n s  w e r e  t a k e n  i n t o  a c c o u n t  i n
assigning hydrologic areas to river basin groups.

These maps are taken f rom GLEPS Contr ibut ion No. 49,  "Mapping of2 - 6
Major Cladrophora Populations in the Great Lakes," Draft, June, 1981.

7 This map is f rom GLEPS Contr ibut ion No. 45,  "Geochemistry of  Recent
Lake Michigan Sediments".

8  T h i s  m a p  i s  a l s o  f r o m  G L E P S  C o n t r i b u t i o n  N o .  4 5 .

9  I n fo rma t i on  f o r  t h i s  map  was  ob ta i ned  f r om  the  U .S .  Env i r onmen ta l
Protection Agency's report,  "Toxic Substances in the Great Lakes,"
and f rom the 1980 report  to the Internat ional  Joint  Commission by
the Great Lakes Water Qual i ty Board ent i t led, "1980 Report  on Great
L a k e s  W a t e r  Q u a l i t y . "

10-14  The  so i l  t ex tu re  maps  a re  de r i ved  f rom maps  i nc luded  i n  "C r i t i ca l
A s s e s s m e n t  o f  U . S .  L a n d  D e r i v e d  P o l l u t a n t  L o a d i n g s  t o  t h e  G r e a t
Lakes,"  which was prepared for the Internat ional  Joint  Commission's
Pollut ion From Land Use Activit ies Reference Group (PLUARG) Study.
The graphics in this report were original ly developed on the basis
o f  so i l s  da ta  co l lec ted  by  U .S .  Task  B  o f  PLUARG.  In  Maps  No  S  10
th rough 14  the  genera l  tex tu ra l  c lasses :  sand,  loam,  and c lay ,
inc lude the more speci f ic  textura l  c lasses speci f ied below:

S a n d  S a n d y
Lo amy sands
Sandy loam
Fine sandy loam
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L o  a m  V e r y  f i n e  s a n d y  l o a m
Lo am

S i l t  L o a m

S i l t

Clay Lo am
Sandy Clay Loam
Si l ty  Clay Lo am

C l a y  S a n d y  C l a y
S i l t y  C l a y
Clay

1 5  -  1 9  I n f o r m a t i o n  u s e d  t o  d e v e l o p  t h e s e  m a p s  w a s  o b t a i n e d  f r o m  G L E P S
C o n t r i b u t i o n  N o .  4 7 ,  " V a r i a t i o n s  i n  U . S .  G r e a t  L a k e s  T r i b u t a r y
F lows  and  Load ings . "

2 0  -  2 4  I n f o r m a t i o n  u s e d  t o  d e v e l o p  t h e s e  m a p s  w a s  o b t a i n e d  f r o m  t w o
r e p o r t s  c o m p l e t e d  b y  G L B C  s t a f f ,  " U n i t e d  S t a t e s  G r e a t  L a k e s
T r i b u t a r y  L o a d i n g s "  a n d  " P o s t - P L U A R G  E v a l u a t i o n  o f  G r e a t  L a k e s
Water Quali ty Management Studies and Programs, Vol.  I I ."

2 5  -  2 9  T h e  s h o r e l i n e  e r o s i o n  m a p s  w e r e  p r e p a r e d  f r o m  d a t a  p r e s e n t e d  i n
" U n i t e d  S t a t e s  G r e a t  L a k e s  S h o r e l i n e  E r o s i o n  L o a d i n g s , "  w h i c h  w a s
p r e p a r e d  b y  G L B C  s t a f f  f o r  t h e  P o l l u t i o n  f r o m  L a n d  U s e  A c t i v i t i e s
Reference Group (PLUARG) of the International Joint Commission.

3 0  T h e  s o u r c e  o f  t h i s  m a p  i s  a n  A r g o n n e  r e p o r t  e n t i t l e d ,  " D e p o s i t i o n
"  G L E P S  N o .  4 6 .o f  A t m o s p h e r i c  P o l l u t a n t s  i n t o  L a k e  M i c h i g a n , "

3 1  -  3 5  I n f o r m a t i o n  u s e d  t o  d e v e l o p  t h e s e  m a p s  w a s  o b t a i n e d  f r o m  a  l i s t i n g
prepared by Atomic  Indust r ia l  For  um,  Inc . ,  May,  1980.

3 6  T h e  s o u r c e  o f  t h i s  m a p  i s  t h e  " A n n u a l  R e p o r t  o f  t h e  S c i e n c e
Advisory Board,  Ju ly ,  1979,"  to  the In ternat ional  Jo int  Commiss ion.

3 7  I n f o r m a t i o n  u s e d  t o  d e v e l o p  t h i s  m a p  w a s  o b t a i n e d  f r o m  " P o s t - P L U A R G
E v a l u a t i o n  o f  G r e a t  L a k e s  W a t e r  Q u a l i t y  M a n a g e m e n t  S t u d i e s  a n d
P r o g r a m s ,  V o l s .  I  &  I I . "

3 8  -  4 2  I n f o r m a t i o n  u s e d  t o  d e v e l o p  t h e s e  m a p s  w a s  o b t a i n e d  f r o m  t h e  d a t a
b a s e  d e v e l o p e d  f o r  G L E P S  C o n t r i b u t i o n  N o .  1 1 ,  " F u t u r e  U . S .
P h o s p h o r u s  L o a d i n g s  t o  t h e  G r e a t  L a k e s :  A n  I n t e g r a t i o n  o f  W a t e r
Q u a l i t y  M a n a g e m e n t  P l a n n i n g  I n f o r m a t i o n . "  T h e  i n f o r m a t i o n  b a s e  f o r
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management plans prepared under Section 208 of the Federal Water
P o l l u t i o n  C o n t r o l  A c t  A m e n d m e n t s  o f  1 9 7 2 .  A  c o m p l e t e  d e s c r i p t i o n
of the data base may be found in the report  i tsel f .

43  -  47  I n fo rma t i on  used  to  deve lop  t hese  maps  was  ob ta ined  f rom the  same
source descr ibed above for  Map No -  S 36 to  40.

48 -  52  In format ion  used to  deve lop these maps was obta ined f rom the same
source  descr ibed above fo r  Maps No 's  36  to  40 .

5 3  -  5 7  I n f o r m a t i o n  o n  t h e  t o t a l  p h o s p h o r u s  l o a d  c o n t r i b u t e d  f r o m  e r o s i o n
o f  U . S .  s h o r e l i n e  w a s  o b t a i n e d  f r o m  " U n i t e d  S t a t e s  G r e a t  L a k e s
Shore l i ne  E ros ion  Load ings . "  Ave rage  va lues  we re  u t i l i zed  and
grouped by county, according to arbitrary reaches of shoreline
I n f o r m a t i o n  o n  t h e  l o a d  c o n t r i b u t e d  f r o m  m a j o r  t r i b u t a r i e s  w a s
obtained f rom the two reports descr ibed above for  Maps No. 's  20 to
24. A flow-weighted average annual load was determined using data
f r o m  w a t e r  y e a r s  1 9 7 5  t o  1 9 7 8 .  E a c h  t r i b u t a r y  l o a d  e s t i m a t e
includes inputs from both point and nonpoint sources located in the
watershed. Because a number of municipal sewage treatment plants
d i s c h a r g e  d i r e c t l y  t o  t h e  l a k e s  o r  b e l o w  t r i b u t a r y  g a u g i n g
stations, the phosphorus loads from these plants were presented
separa te ly .  These p lan ts  and the i r  phosphorus  loads  were
ident i f ied f rom the data base compi led for  "Uni ted States Great
Lakes Tributary Loadings" and the information base compiled for
GLEPS Contribution No. 11 (described above). Sewage treatment
plants dicharging 10 mt/yr or more of total  phosphorus were
included. All f igures were rounded-off to the nearest "tenth".

58  Sou rces  o f  i n f o rma t i on  f o r  t h i s  map  we re  "D redg ing  i n  t he  Grea t
Lakes - Implication of Dredging Policies to Transportation Planning
and Management in the U.S. Coastal Zone," completed by Great Lakes
Bas in  Commiss ion  s ta f f ,  and  the  U .S .  Army Ins t i tu te  fo r  Wate r
Resources 1978 "Map of Great Lakes and St. Lawrence Seaway Region
Waterways and Ports."
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APPENDIX 2

DEFINITIONS OF LAND COVER CLASSES

Bar ren  -  A reas  devo id  vege ta t i on ,  such  as  sand ,  beaches  and
a r e a s  o f  r e c e n t  c o n s t r u c t i o n .

Brushland -  Very low densi ty forest ,  harvested forest ,  scrub, and
neglected farms. Areas which are a mixture of barren and vegetated
l a n d  a r e  a l s o  u s u a l l y  i n c l u d e d  i n  t h i s  c l a s s .

C o m m e r c i a l  -  A r e a s  w i t h i n  c i t i e s  w h i c h  a r e  t o t a l l y  d e v o i d  o f
vegetation and areas which have been discolored by industrial
p r a c t i c e s .

F o r e s t  -  s e l f  e x p l a n a t o r y .

Grass land  -  Th is  c lass  rep resen ts  mos t  a reas  o the r  than  fo res t
which are completely and densely covered with lush vegetation. Its
main component is pastureland. Also included are open parks, golf
c o u r s e ,  a n y  g r a s s  c r o p s  c o v e r i n g  t h e  g r o u n d  w h e n  t h e
Landsa t  pho to  was  t aken .

High Densi ty  Res ident ia l  -  Th is  c lass is  espec ia l ly  d i f f icu l t  to
extract  f rom Landsat  imagery due to the wide range of  land cover
i n v o l v e d .  T h e  c l a s s  i s  q u i t e  g o o d  n e a r  t h e  l a r g e  p o p u l a t i o n
c e n t e r s  t h e  b a s i n  a n d  i n  s m a l l  c i t y  c e n t e r s .  I n  s o m e  o f  t h e
more remote  a reas  con ta in ing  on ly  smal l  v i l l ages ,  no  h igh  dens i ty
r e s i d e n t i a l  c l a s s  w a s  e x t r a c t e d .

P l o w e d  F i e l d  -  A r e a s  c h a r a c t e r i z e d  b y  b a r e ,  r e c e n t l y  c u l t i v a t e d
s o i l  o r  c r o p s  a  s m a l l  p e r c e n t  o f  g r o u n d  c o v e r a g e  a t  t h e  d a t e
of  the Landsat  image acquis i t ion.  Image dates were pr imar i ly  in
May, so one shortcoming is that any crops, such as winter wheat,
w h i c h  h a d  a c h i e v e d  f u l l  g r o u n d  c o v e r a g e  a r e  o m i t t e d .  I n
unpopula ted areas,  to ta l  agr icu l tura l  land wi l l  be the sum of
recently plowed f ields and grassland classes.

W e t l a n d s  -  T h o s e  l a n d  a r e a s  w h e r e  l a n d  c o v e r  i s  a  m i x t u r e  o f  w a t e r
and vegetation, and those areas inundated with water often enough
to  res t r ic t  vegeta t ion  to  marsh spec ies .  Fores ted wet lands wi th
nearly complete canopy closure are not included.
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APPENDIX  3

GLOSSARY OF TERMS

ALEWIFE: a smal l  f ish which is  a member of  the herr ing fami ly .  A lewives have
vastly increased in number in the lakes with the decrease in populations
of  lake t rout  and whi te f ish due to  sea lamprey predat ion.  The a lewi fe  has
a re lat ively low commercia l  value.

AREAS OF PARTICULAR CONCERN (APC's) coastal areas recongized by a State as
being especial ly s igni f icant for their  uniqueness, f ragi l i ty,  or other
r e a s o n s .

CANADIAN SHIELD: a broad geologic formation extending through the northern
portions of the Great Lakes basin.

CHISEL PLOW: conservation t i l lage system in which the seedbed is prepared
wi thout  comple te  invers ion  o f  the  so i l .

CLADOPHORA: type algae which has proliferated in the lower Great Lakes
with increased loading of nutr ients such as phosphorus.

COMBINED SEWER OVERFLOWS: discharge of a mixture of raw sewage and surface
runoff to a water body, usually occurs during wet weather when the sewage
treatment plant is unable to handle the increased f low.

CONSERVATION TILLAGE: the general term referring to tillage practices which
i n vo l ve  l ess  so i l  d i s t u rbance  and  t he  re ten t i on  o f  mo re  p l an t  r es i due  on
t h e  s u r f a c e  t h a n  c o n v e n t i o n a l  m e t h o d s

CUBIC FEET PER SECOND (cfs) :  a common uni t  used to descr ibe rate of
s t r e a m f l o w .  I t  i s  t h e  v o l u m e  o f  w a t e r  i n  c u b i c  f e e t )  f l o w i n g  p a s t  a n y
given stream section per second.

DIFFUSE LOAD: the pollutant load to a waterbody derived from nonpoint sources.

EFFLUENT:  the wastewater  d ischarged f rom po in t  sources.

EFFLUENT STANDARD: the maximum al lowable concentrat ion of  a  substance in  the
eff luent discharged to surface waters from a point  source such as a sewage
t r e a t m e n t  p l a n t .
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EUTROPHICATION: the sequence of enrichment of a waterbody by the gradual
add i t i on  o f  p l an t  nu t r i en t s  l ead ing  t o  abundan t  p lan t  g row th  and  changes
i n  t h e  a q u a t i c  e n v i r o n m e n t .  T h i s  n a t u r a l  a g i n g  p r o c e s s  i s  o f t e n
accelerated by man.

GLACIAL TILL: a mixture of rock fragments deposited directly by glacial ice.

HEAVY METALS: metals  such as cadmium, copper,  mercury,  z inc,  chromium, and
n i c k e l .

H Y D R O L O G I C  A R E A :  o n e  o f  7 2  s u b d i v i s i o n s  o f  t h e  G r e a t  L a k e s  b a s i n  d e l i n e a t e d
o n  t h e  b a s i s  o f  r u n o f f  c h a r a c t e r i s t i c s  a n d  d r a i n a g e  a r e a .  H y d r o l o g i c
areas in  the U.S.  por t ion of  the basin are assigned to one of  15 " r iver
b a s i n  g r o u p s " .

LAND APPLICATION: the appl icat ion of  wastewater  to  land to obta in t reatment
through a series of physical, chemical and biological actions involving
the  so i l ,  vegeta t ion ,  and micro-organ isms present .

LANDSAT: earth-orbi t t ing satel l i te which repet i t ively scans al l  port ions of
t h e  t e r r e s t r i a l  s u r f a c e  o f  t h e  e a r t h  t o  p r o v i d e  n a t u r a l  r e s o u r c e s
i n ven to r y  da ta .

L E A C H I N G :  t h e  l o s s  o f  m a t e r i a l  i n  s o l u t i o n  f r o m  a  s o i l .

METRIC TONS PER YEAR (mt/yr): a common unit used to describe the yearly
loading of a pollutant to a watercourse. A metric ton is equal to 2204.6
l b s .

MILLIGRAMS PER LITER (mg/L): a unit of concentration referring to the weight
of  a substance ( in  mi l l igrams) in  a uni t  vo lume (one l i ter )  of  water .

MILLION GALLONS PER DAY (mgd): a common unit used to describe the rate of
wastewater f low handled by a sewage treatment plant in one day.

NITROGEN OXIDE: a compound contain ing both ni t rogen and oxygen. A common
by-produc t  o f  the  burn ing  o f  foss i l  fue ls .

NO-TILLAGE (No-Ti l l ) :  a  crop-p lant ing method which involves no seedbed
preparat ion beyond provid ing a hole for  the seed.

NONPOINT SOURCE POLLUTION: water pollution resulting from surface runoff to
r e c e i v i n g  w a t e r s .

PBB's (Polybrominated Biphenyls): a class of organic compounds used as flame
r e t a r d a n t s  a n d  i n  o t h e r  r e l a t e d  a p p l i c a t i o n s .  T h e s e  c o m p o u n d s  d o  n o t
r e a d i l y  b r e a k  d o w n ;  t h u s ,  t h e y  m a y  p e r s i s t  i n  t h e  e n v i r o n m e n t  f o r  m a n y
y e a r s .



PCB's (Polychlorinated Biphenyls): toxic organic compounds of the same class
as PBB's, used in electrical transformers capacitors. They also
persist in the environment for many years.

pH: numerical value used to describe the degree acidity or alkalinity of a
substance. The scale from 0 to 14 with smaller values indicating
acidic conditions, larger indicating basic conditions, and a pH of
7 being neutra l .

PARTS PER BILLION (ppb): a unit of concentration.

PHOSPHORUS: one of the primary substances required for the growth of aquatic
vegetation. "Available" phosphorus that which is in a form readily
usab le  by  p lan ts .

PHYTOPLANKTON: minute floating plant life in a body of water (e.g., algae).

POINT SOURCE POLLUTION: water pollution resulting from discharges to surface
w a t e r s  f r o m  " p o i n t s "  a s  s e w a g e  t r e a t m e n t  p l a n t s .

PRETREATMENT: wastewater treatment provided by industry prior to discharge to
mun ic i pa l  sewers .

RURAL RUNOFF: the rainfall, melted snow and irrigation water which flows
across rural land picking up transporting pollutants to surface waters.

SALMONID: any fish which belongs to the same family as salmon or trout.

SEA LAMPREY: a large, non-native fish which resembles an eel. The sea
lamprey undergoes a 12 to 20 month parasitic stage during which it latches
onto f ish, draining them of blood and nutr ients. The sea lamprey is
a  p r i m a r y  t o  t h e  p r e s e n t  i n s t a b i l i t y  o f  t h e  G r e a t  L a k e s
f i s h e r y .

SOIL TEXTURE: the relative proportions of sand, si l t ,  or clay in a soil .

SULFUR a compound conta in ing both sul fur  and oxygen.  A common by
product of the burning of fossi l  fuel.

URBAN RUNOFF: water from rainfall and melted snow which flows across the
urban landscape picking up transporting pollutants to surface waters.

WATER YEAR (WY): a twelve month period which begins October 1st, when
streamflows are typically low, and ends September 30th.
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